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By an economic point of view, the cost-effectiveness of
IFX-therapy was demonstrated for UC patients suffering
from moderate to severe UC in a study based on a cost
estimation of the National Health Service of England and
Wales. However, the argument is debated.

Gianluca Rizzo, Claudio Coco, Department of Surgical Sciences, Complesso Integrato Columbus, Catholic University of the
Sacred Heart, 00168 Rome, Italy
Daniela Pugliese, Alessandro Armuzzi, Internal Medicine and
Gastroenterology Unit, Complesso Integrato Columbus, Catholic
University of the Sacred Heart, 00168 Rome, Italy
Author contributions: Rizzo G, Pugliese D, Armuzzi A and
Coco C equally participated in the conception, design, analysis,
interpretation of data and drafting of this article; all the authors
revised the article critically for important intellectual content and
gave final approval of the version to be published.
Correspondence to: Gianluca Rizzo, MD, Department of
Surgical Sciences, Complesso Integrato Columbus, Catholic University of the Sacred Heart, Via F. Moscati 31-33, 00168 Rome,
Italy. gianluca.rizzo1979@libero.it
Telephone: +39-6-3503618-622 Fax: +39-6-3503344
Received: November 1, 2013
Revised: February 6, 2014
Accepted: March 12, 2014
Published online: May 7, 2014

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Ulcerative colitis; Infliximab; Colectomy;
Post-operative complications; Cost-effectiveness; Inflammatory bowel disease
Core tip: The introduction of biologic therapy with Infliximab (IFX) has significantly modified the clinical
course of ulcerative colitis. In this study we systematically analyzed the role of IFX in reducing the colectomy
rate, the risk of post-operative morbidity in pre-operatively IFX-treated patients and the cost-effectiveness of
IFX therapy.

Abstract
Ulcerative colitis (UC) is an inflammatory bowel disease
affecting large bowel with variable clinical course. The
history of disease has been modified by the introduction
of biologic therapy, in particular Infliximab (IFX), that
has demonstrated efficacy in inducing fast symptoms
remission, promoting mucosal healing and maintaining
long-term remission. However, surgery is still needed
for UC patients: in case of failure of medical therapy
and if acute complications or a malignancy occurred.
Surgical treatment is associated with a short-term postoperative mortality and morbidity respectively of 0%-4%
and 30%. In this study we systematically analyzed: the
role of IFX in reducing the colectomy rate, the risk of
post-operative morbidity in pre-operatively IFX-treated
patients and the cost-effectiveness of IFX therapy. Four
of 5 analyzed randomized controlled trials demonstrated
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease,
of an unknown etiology, affecting the large bowel. It
is characterized by a contiguous mucosal inflammation
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starting in the rectum and proximally progressing in continuity in the colon for a different distance. According to
the Montreal Classification, which describes the maximal
macroscopic extent of the disease at colonoscopy, the
distribution of UC is commonly classified as: proctitis, left-sided and extensive colitis[1-4]. Disease activity is
grouped into remission, mild, moderate, or severe but
the clinical course of UC is variable and can range from
a long-standing remitting to a refractory or fulminant
disease[5-11]. Solberg et al[5], in a population-based cohort
study of 843 patients with inflammatory bowel disease,
enrolled in South-Eastern Norway and systematically
followed-up at 1, 5 and 10 years after diagnosis, identified 4 different clinical patterns: (1) initial high activity to
remission or mild severity (55%); (2) chronic intermittent symptoms (37%); (3) continuous symptoms (6%);
and (4) initial low activity to increased severity (1%)[12].
The main symptoms of UC are bloody diarrhea and
abdominal pain, associated with urgency and tenesmus.
UC is conventionally treated with a step-up approach,
based on the severity and extent of the disease, including
various agents such as 5-aminosalicylates, corticosteroids
and immunosuppressants (including thiopurines and cyclosporine). The primary aims of medical therapy in UC
should be inducing and maintaining long-term remission,
achieving mucosal healing, minimizing steroid-dependence, avoiding serious complications (hospitalization
and surgery) and improving patients’ quality of life[13-17].
However, standard therapy is not always able to achieve
these goals and patients become steroid-dependent or
experience frequent or severe relapse, with consequent
increased risk of hospitalization and surgery. The history
of disease has been partially modified by the introduction of biologic therapies. Infliximab (IFX) has demonstrated efficacy in inducing fast symptoms-remission,
promoting mucosal healing and maintaining long-term
remission[17-20]. It is currently approved for patients with
moderate to severe UC who have incomplete response,
are intolerant or have any medical contraindications to
corticosteroids and/or immunomodulators[21-24]. It is also
recommended as rescue therapy in severe steroid-refractory disease[25-27] and in steroid-dependent patients[28,29].
Surgery is still needed for UC patients, in case of
failure of medical therapy, occurrence of acute complications (such as fulminant colitis, toxic megacolon and
bowel perforation) or development of malignancy. Since
its first description (1978), restorative proctocolectomy
with ileal pouch anal anastomosis (IPAA) represents
the gold standard of surgical treatment of UC: all the
colon and rectum are removed and a J pouch is created
with terminal ileum and anatomized to the anal canal.
This restorative operation, avoiding a permanent stoma,
maintains intestinal continuity and preserves the patient’s
body image[30-33]. Moreover, the introduction of minimally
invasive approach significantly contributed in improving
the acceptance and tolerability of this procedure[34-37], reducing the rate of post-operative adhesions and post-operative hospital stay and improving cosmetic results[38-41].
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However, even if in skilled hands, proctocolectomy with
IPAA is not without risk and is associated with an estimated short-term mortality ranged between 0% and 4%
and a morbidity rate of about 30%, with an incidence of
pelvic sepsis ranging from 5% to 24% and a re-surgery
risk of about 16%[42,43].
If surgery represents a definitive solution for cessation of symptoms, withdrawing medical therapies and
reducing the cancer-risk, it is not free of long-term postoperative morbidity (as pouchitis, fecal incontinence,
female fecundity or fertility) with a relevant impact on
patients’ quality of life[44-46]. Population-based studies
have reported a 10-years cumulative risk of colectomy
ranging between 9%-30%, with some differences among
countries. Approximately, 4% to 9% of UC patients will
require colectomy within the first year of diagnosis and,
subsequently, the risk of colectomy increases of 1% per
year[47-50].
It is still under debate whether, in the long-term, the
biological therapies could be a valid approach for organsparing, rather than an expensive option to delay surgery.
Aim of this review was to evaluate the real impact of biological therapy on the rate of colectomy in UC patients.
A review of the literature searching for the terms
“anti-tumor necrosis factor-α (TNF-α)”, “infliximab”
matched with the terms “ulcerative colitis” and “surgery”
was performed, using PubMed, MEDLINE, EMBASE
and Cochrane databases. All relevant articles (both experimental and observational studies) in English between
January 2000 and July 2013 were reviewed.
Therapy with infliximab and rate of colectomy
We identified five randomized controlled trials[51-54], one
meta-analysis[55] and six observational studies[56-61] following literature search. Characteristics of the studies are
summarized in Table 1.

RANDOMIZED CONTROLLED TRIALS
AND META-ANALYSIS
Two randomized, double-blind, placebo-controlled trials, ACT 1 and ACT 2, demonstrated the efficacy of IFX
for induction (week 8) and maintenance (week 30 and
week 54 for ACT1) of clinical response and remission
in patients with moderate-to-severe UC, despite the use
of conventional therapy[51]. Further analysis, from ACT
1-2 open-label extension phase, focused on colectomy
and hospitalization rates during follow-up to 54 wk.
Compared with placebo, the cumulative incidence of
colectomy through 54 wk for IFX was significantly lower
(10% vs 17%, P = 0.02), with an absolute risk reduction
of 7% (95%CI: 0.01-0.12, HR = 0.59). Moreover, in
IFX-treated patients were recorded fewer (compared to
placebo group) UC-related hospitalizations and surgical
procedures per 100 patient-years of treatment (40 vs 20,
P = 0.003; 34 vs 21, P = 0.03 respectively)[52].
Previous controlled smaller studies have addressed
the risk of colectomy in patients with severe UC treated
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Table 1 Rate of colectomy after therapy with Infliximab
Ref.

RCT

Rutgeerts et al[51]
Sandborn et al[52]
Sands et al[53]

Y

Järnerot et al[25]

Y

Gustavsson et al[54]

Y

Aratari et al[56]
Teisner et al[57]
Ferrante et al[58]
Oussalah et al[59]

N
N
N
N

Desmond et al[60]
Garcia-Planella et al[61]

N
N

Y

Pts (w )

Tipe off disease

FU

364 (IFX)
Moderate to severe UC
54 wk (ACT1)
30 wk (ACT2)
364 (control)
8 (IFX)
Severe active steroid-refractory
2 wk
3 (control)
24 (IFX)
Severe to moderate UC not responding
3 mo
21 (control)
to conventional therapy
24 (IFX)
Severe to moderate UC not responding
36 mo
21 (control)
to conventional therapy
15 (IFX)
Severe steroid-refractory UC
26 mo
52 (IFX)
Acute, severe and chronic refractory UC
22 mo
121 (IFX)
Acute severe refractory UC
33 mo
191 (IFX)
UC
18 mo
Multicenter
21 (IFX)
UC
14 mo
22 (IFX)
UC
84 mo

Rate of colectomy Rate of colectomy
in IFX Pts
in control Pts

P value

9.5%

14.7%

< 0.05

50%

100%

NS

29.2%

66.7%

0.017

76%

0.012

50%
18%
27%
17%
18.8%

-

-

9.5%
27.3%

-

-

RCT: Randomized controlled trial; Pts: Patients; FU: Follow-up; IFX: Infliximab; UC: Ulcerative colitis; Y: Yes; N: Not.

with IFX as rescue therapy. In 2001 Sands reported data
on 11 patients with severe steroid-refractory disease, of
whom 8 treated with IFX and 3 with placebo. After 2 wk,
all patients treated with placebo underwent to surgery,
while only 50% of patients receiving IFX needed surgery;
however, the sample size was too small to detect a statistically significant benefit[53]. Later, 45 patients with moderate to severe UC were randomized to IFX or placebo
(24 vs 21 respectively) both after four day from the start
of corticosteroid treatment. In the placebo group more
patients (14/21, 66.7%) than IFX group (7/24, 29.2%)
had a colectomy (P = 0.017; OR = 4.9; 95%CI: 1.4-17)
within 3 mo after randomization[25]. After a follow-up of
3 years, 50% of patients in the IFX group and 76% in
the placebo group had a colectomy (P = 0.012)[54].
Recently, Costa et al[55] presented data from a metaanalysis on the benefit of IFX in reducing hospitalization
and/or major surgeries in patients with inflammatory
bowel disease. They analyzed 11 studies: 5 randomized
controlled trials (RCTs) and 6 observational studies. In
the RCTs, IFX treatment was associated with a significant
43% odds reduction of overall major surgery risk (OR =
0.57; 95%CI: 0.37-0.88) with a number-to-treat to avoid
colectomy of 11 (95%CI: 6-51) for 1.2 years. However, a
not significant increase was found in pooled results from
observational studies (OR = 1.43; 95%CI: 0.65-3.13).
The authors concluded that this discrepancy could be
explained by the heterogeneity of observational studies,
including patients at high risk of colectomy due to more
severe disease and refractoriness to previous treatment.

11 received IFX with short-term clinical benefit and 4
underwent urgent colectomy. In the long-term followup, another 6 patients underwent elective colectomy for
a disease relapse, with a total colectomy rate, following
the acute flare-up, of 19%. The long-term colectomy risk
was not different between patients treated with IFX and
steroid-responsive patients (18% vs 11%, respectively), as
IFX was able to avoid urgent colectomy, but not to reduce the risk of elective surgery[56]. The risk of long-term
colectomy in severe UC was also evaluated in a smaller
Danish study of 52 UC patients. Nineteen (37%) patients
had severe UC and 7 of them (37%) underwent colectomy after a median follow-up of 22 mo (range 4-57 mo).
Among the remaining patients with a chronic refractory
UC, the colectomy rate was 21%. The authors concluded
that IFX can avoid colectomy in two-thirds of the patients with acute, severe UC, but the beneficial effect on
colectomy rate in chronic, refractory UC seems less convincing[57]. Long-term data on colectomy in UC patients
treated with IFX come from referral centers studies. In
the Leuven’s cohort of 121 refractory UC patients (patients with acute severe attack, refractory to intravenous
steroids were excluded), 21 patients (17%) came to colectomy and 68% of initial responders achieved a sustained
clinical response during a median follow-up of 33 mo
(IQR 17-49.8). Lack of short-term clinical benefit, high
values of baseline C-reactive protein (CRP) and previous
intravenous steroid or cyclosporine treatment were identified as independent predictors of colectomy[58]. These results are similar to those reported in a French multicenter
study, in which, among 191 patients who received at least
one IFX infusion, 36 patients (18.8%) underwent colectomy during a median follow-up of 18 mo (IQR 8-32).
Independent predictors of colectomy were: no clinical
response after IFX induction, high baseline CRP value,
previous treatment with cyclosporine and IFX indication
for acute severe UC[59]. Furthermore, other experience
supported history of hospital admission as an indepen-

OBSERVATIONAL STUDY
The first data on the long-term risk of colectomy were
reported in a study of 314 UC patients from Italy.
Among them, 52 (16.5%) patients had severe UC and
were treated with intravenous corticosteroids for a median of 7 days. Of 15 patients who did not respond,
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Table 2 Rate of overall post-operative morbidity and post-operative infectious complications in patients pre-operatively treated with
Infliximab
Ref.

Schluender et al[64]
Selvasekar et al[62]
Mor et al[63]
Ferrante et al[65]
Gainsbury et al[66]
Rizzo et al[67]

RCT

Pts (IFX vs
control ) (n )

PO morbidity
(IFX vs control )

P value

N
N
N
N
N
N

17 vs 134
47 vs 254
46 vs 46
22 vs 119
29 vs 52
16 vs 22

36% vs 28%
62% vs 49%
34.8% vs 15.2%
11.1% vs 28.6%
44.8% vs 44.2%
37.5% vs 22.7%

> 0.05
0.10
0.004
> 0.05
0.96
> 0.05

PO infectious
complications (IFX vs
control)
18% vs 8%
28% vs 10%
21.7% vs 2.2%
9% vs 24%
17.2% vs 26.9%
18.7% vs 18.2%

P value

> 0.05
< 0.01
0.011
0.161
0.32
> 0.05

RCT: Randomized controlled trial; Pts: Patients; PO: Post-operative; IFX: Infliximab; Y: Yes.

dent predictor of the need of colectomy[60,61].

adult patients suffering from moderate to severe UC. In a
recent study, Park et al[70] created a Markov model simulating 2 cohorts of 21-year-old patients with severe UC, following them until 100 years of age or death, comparing
early colectomy with IPAA strategy to the standard medical therapy strategy (including IFX). In this study standard medical therapy accrued a discounted lifetime cost
of $236370 per patient; in contrast, early colectomy with
IPAA accrued a discounted lifetime cost of $147763 per
patient. QALY-gained for standard medical therapy was
20.78, while QALY-gained for early colectomy with IPAA
was 20.72; the resulting incremental cost-effectiveness ratio was approximately $1.5 million per QALY-gained. So,
the authors concluded that early colectomy with IPAA
after diagnosis of severe UC reduce health care expenditures and provides comparable quality of life compared
exhaustive standard medical therapy. Only an extremely
low quality of life after IPAA could maintain the standard medical therapy strategy as the optimal management
strategy in severe UC.

Peri-operative infliximab and post-operative outcome
An increasing number of patients undergo to surgery
after experienced biologic therapy. There is an emerging
concern on the safety profile of IFX in the peri-operative
setting in potentially pre-surgical patients. Many groups
have reported their experiences for UC patients and there
is not an agreement on the impact of these drugs on
post-operative complications[62-67]. The main characteristics of the studies are summarized in Table 2. Recently,
Yang et al[68] performed a high quality meta-analysis based
on five studies, including 706 patients, who were treated
with IFX before restorative procto-colectomy with IPAA.
The authors did not find a strong association between
pre-operative treatment with IFX and short-term infectious complications (OR = 2.24), but it was associated
with a significantly increased risk of short-term overall
post-operative complications (OR = 1.80). However,
these results need to be interpreted with caution. The
subgroup analysis was underpowered to assess the nature
of these complications because of the small sample size
and heterogeneity of the included studies (end-points,
patients’ characteristics and indication, type and timing
of surgery).

CONCLUSION
IFX has demonstrated efficacy in inducing and maintaining clinical and endoscopic remission in the long run.
IFX can also avoid urgent colectomy in patients with
severe acute UC refractory to intravenous steroids. The
real impact of biological therapy on the natural history
of UC is still controversial, whereas it is not clear if it
allows avoidance of colectomy or rather than a delay.
The median colectomy risk for UC patients treated with
IFX is about 10%-20% in both RCTs and observational
studies, with higher rate for patients with severe acute
attack. Data from RCTs support the efficacy of IFX in
reducing the risk of surgeries in the long-term, but none
was designed to assess IFX effects on surgeries. Real life
data from referral centers do not confirm this issue, but
each study includes patients with different baseline characteristics and risks of colectomy. From these evidences,
it seems that patients with more severe disease, high inflammation burden, refractoriness to intravenous steroids
and/or cyclosporine and history of hospitalizations, have
higher risk of colectomy. So, it is necessary for physicians
taking in account the risks and the benefits of medical

Infliximab and surgery: Cost-effectiveness
An important issue of IFX therapy is its cost-effectiveness. IFX is often perceived to be an expensive treatment
option for patients with IBD. Tsai et al[69] made a costeffectiveness analysis in UC patients based on a cost estimation of the National Health Service of England and
Wales for the year 2006-07. At analysis of responders
patients only, therapy with IFX was associated at an additional 0.753 quality-adjusted life year (QALYs) at an additional cost of £20662 compared to standard care without
IFX; the estimated incremental cost per QALY gained
for IFX against standard care was £27424. At analysis of
remission patients, therapy with IFX derived an additional 0.387 QALYs at an additional cost of £7615 compared
with standard care without IFX. The estimated incremental cost per QALY gained for IFX against standard
care was £19696. The authors conclude that therapy with
IFX appears to be a cost-effective treatment option for
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versus surgical therapy, concerning about cost and side
effects of medications, cost and morbidity of surgery and
patients’ quality of life. Prospective, specifically designed
studies are necessary to assess the long-term risk of colectomy in UC patients treated with IFX.
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Inflammatory bowel disease and celiac disease: Overlaps
and differences
Virginia Pascual, Romina Dieli-Crimi, Natalia López-Palacios, Andrés Bodas, Luz María Medrano,
Concepción Núñez
the bowel. The etiology and immunopathogenesis of
both conditions characterized by chronic intestinal inflammation, inflammatory bowel disease (IBD) and celiac disease (CeD), are not completely understood. Both
are complex diseases with genetics and environment
contributing to dysregulation of innate and adaptive immune responses, leading to chronic inflammation and
disease. CeD constitutes a particular disease because
the main environmental and genetic triggers are largely
known. IBD comprises two main clinical forms, Crohn’
s disease and ulcerative colitis, which most likely involve
a complex interplay between some components of the
commensal microbiota and other environmental factors
in their origin. These multifactorial diseases encompass a
broad spectrum of clinical phenotypes and ages of onset,
although the clinical presentation often differs depending
on childhood or adult onset, with greater heterogeneity
commonly observed in adults.
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Core tip: Inflammatory bowel disease and celiac disease
are two immune-mediated diseases characterized by
chronic intestinal inflammation. Recent findings demonstrate shared genetics and functional pathways. We reviewed the extension of these overlaps to other disease
features and suggest future research approaches.

Abstract
Recent findings demonstrate the common genetic basis
for many immune-mediated diseases, and consequently,
the partially shared pathogenesis. We collected these
findings and reviewed the extension of these overlaps to
other disease characteristics. Two autoimmune diseases
were selected that also share the specific target organ,
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prevalence of CeD is similar between IBD patients and
the general population[19]. In fact, CD and UC patients are
not considered a risk group for routine CeD screening.

org/10.3748/wjg.v20.i17.4846

INTRODUCTION

CLINICAL PRESENTATION

The immune system is essential for defense self against
external pathogens, and to maintain homeostasis. Dysregulation between those two processes contributes to
development of immune-mediated diseases. These diseases represent an important cause of chronic illness,
with a consequent high impact on public health. Different diseases can be found under this term, including
autoimmune and inflammatory conditions. In these cases,
it is common to find a specific organ affected, as occurs
in inflammatory bowel disease (IBD) and celiac disease
(CeD), both involving damage of the gastrointestinal
tract. The gut is highly exposed to exogenous and endogenous antigens and controlled inflammation is a key
process in maintaining homeostasis. Different factors can
contribute to alter this equilibrium and to disrupt health
status. Decades of research have focused on identifying
those contributing factors and the reason why one specific disease develops. Recent findings demonstrate the extensive overlap in the genetic basis of immune-mediated
diseases, including IBD and CeD.
The present review summarizes the current knowledge of different features related to the two major clinical
forms of IBD, Crohn’s disease (CD) and ulcerative colitis
(UC), and CeD, paying special attention to the overlaps
and differences between them. These two diseases share
genetic risk factors, and it would be interesting to know
whether this overlap also extend to other disease characteristics in order to gain knowledge about common
pathogenic mechanisms and possible shared treatments.
CeD is one of the most frequent immune-mediated
diseases. In Europe and the US the current prevalence
of CeD is around 1 per 100 individuals[1,2] and a similar
prevalence probably exists worldwide, although it has not
been as extensively studied[3,4]. IBD shows a lower prevalence with values ranging from 26 to 199 per 100000 individuals in CD and from 37 to 246 per 100000 individuals
in UC[5]. The prevalence of IBD is higher in developed
countries and urban areas. A recent increase in the prevalence of both CeD and IBD has been described as a
consequence of several factors[6-8]. In CeD these factors
include the development of more effective diagnostic
tools[9].
IBD affects both sexes similarly and the highest incidence is found between the second and the fourth decade
of life. CeD seems to be more frequent in women[10],
although this depends on the age at onset[11]. CeD can be
diagnosed in individuals at any age, but it appears more
frequently during childhood[12].
The prevalence of CeD in patients with IBD is not
clear. There are several cases in the literature describing
the coexistence of both diseases in the same family or
even in the same patient[13-18]. However, some authors
consider that this is an incidental association and the
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A wide spectrum of clinical symptoms characterizes IBD
and CeD. In addition, differences in the clinical presentation can be found depending on the age at diagnosis.
IBD manifests during childhood or adolescence in
at least 20% of patients. This presentation is commonly
more severe and extensive than that observed in adultonset disease[20]. In CD, involvement of the upper gastrointestinal tract is more frequently observed at early
onset[21]. Bloody, mucous diarrhea is the almost universal
hallmark of UC, although additional symptoms may be
also present. The initial symptoms of CD are more subtle
and varied, partly as a result of its diffuse and diverse anatomical location. The constellation of abdominal pain,
diarrhea, poor appetite and weight loss constitutes the
classical presentation of CD in all age groups, and is the
mode of presentation in nearly 80% of children and adolescents (with or without extraintestinal manifestations).
Abdominal pain is the most common single symptom at
presentation[22,23].
In CeD, the presentation may be variable, but diarrhea, which may be acute or insidious in onset, is the
most common presenting symptom in children. On the
contrary, mild and nonspecific gastrointestinal symptoms
are common in adults with CeD, with intermittent diarrhea, diffuse abdominal pain, dyspepsia, constipation,
asthenia, flatulence, bloating or abdominal discomfort
being the most frequently observed symptoms. In adults,
iron-deficiency anemia without response to any appropriate treatment is a frequently observed sign[24,25].
Extraintestinal manifestations may be present in IBD
and CeD. In IBD, most of the extraintestinal manifestations are shared by CD and UC. They may accompany
intestinal symptoms or, less commonly, precede or overshadow them. These manifestations seem to be related to
activity (relapse/remission) and location of the disease.
Although children and adults may share extraintestinal
manifestations, their frequency is usually different. Ocular
lesions seem to be less common in young patients and a
childhood-onset of IBD, particularly CD, may represent a
specific risk factor for long-term morbidity from clinical
osteoporosis[26].
In CeD, extraintestinal manifestations are usually a
consequence of nutrient malabsorption and may coexist with digestive symptoms. It is currently accepted that
extraintestinal signs and symptoms are common and may
be the only presenting manifestation, mainly in adults[25,27].
Table 1 summarizes the main clinical features for
IBD and CeD. Several overlapping characteristics can
be observed. Diarrhea and abdominal pain are digestive
symptoms commonly observed in both groups, but they
also share several extraintestinal manifestations, as irondeficiency anemia, short stature or osteoporosis. Some
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Table 1 Main clinical features associated with inflammatory bowel disease and celiac disease
IBD

CeD

Intestinal mucosal involvement
Clinical heterogeneity
Depending on location and severity
Symptomatic (relapses/remission)
Digestive signs or symptoms
Diarrhea (± rectorrhagia)
Abdominal pain (less predominant in UC)

Extraintestinal manifestations
Refractory iron-deficiency anemia
Short stature
Poor appetite
Weight loss (less prevalent and extreme in UC)
Sexual maturation delay
Pneumopathies
Psychological syndromes
Joints: arthritis and arthralgias (the most common in both CD and UC)
Ocular: acute episcleritis, uveitis, orbital myositis
Skin: erythema nodosum, pyoderma gangrenosum
Hepatobiliary system: primary sclerosing cholangitis (less predominant
in CD), autoimmune hepatitis (unusual)
Renal system: ureteral obstruction, hydronephrosis, urinary stones
Vascular system: thrombocytosis, hyperfibrinogenemia, elevated factor
Ⅴ–Ⅶ, depression antithrombin Ⅲ
Bone: osteoporosis (less predominant in UC)
Severe complications
Malnutrition with weight loss and emaciation
Fistulae
Abscesses
Obstruction
Perforation
Dysplasia and colorectal cancer

Intestinal mucosal involvement
Clinical heterogeneity
Depending on degree of gluten sensitivity and amount of gluten ingested
Commonly symptomatic (early onset)
Mono or oligosymptomatic (late onset)
Digestive signs or symptoms
Diarrhea
Abdominal distension
Abdominal pain
Constipation
Dyspepsia
Recurrent vomiting
Pyrosis and regurgitation
Irritable bowel syndrome with diarrhea predominance
Extraintestinal manifestations
Refractory iron-deficiency anemia
Short stature
Failure to thrive
Dermatitis herpetiformis
Vitamin B12 deficiency
Neurological symptoms
Menstrual disturbances
Bleeding diathesis (malabsorption of vitamin K)
Paresthesia, cramps and tetany (hypocalcemia)
Hepatobiliary system: hypertransaminasemia
Osteopenia, osteomalacia and osteoporosis
Edema, ascites and anasarca (hypoproteinemia)
Hypopituitarism and adrenal insufficiency
Recurrent mouth ulcers

Severe complications
(In refractory CeD or in patients who do not follow a GFD)
Collagenous CeD
Ulcerative jejunitis
T cell lymphomas

IBD: Inflammatory bowel disease; CeD: Celiac disease; UC: Ulcerative colitis; CD: Crohn's disease; GFD: Gluten-free diet.

differences are also observed. CeD patients can remain
asymptomatic, in contrast with the symptomatic IBD
patients.
The major complications of CeD, ulcerative jejunitis and intestinal lymphoma, cause more severe clinical
manifestations that may resemble CD, such as acute and
persistent abdominal pain, weight loss, signs of intestinal
obstruction or gastrointestinal bleeding, fever or signs
of marked malnutrition[28]. It has been suggested that
complicated CeD should be considered in CD patients
who do not respond to immunosuppressive or biological
treatments[29].

endomysial antibodies (EMA) and anti-TG2 antibodies.
Therefore, those two antibodies are the most specific
for CeD diagnosis. Although a high correlation exists
between anti-TG2 and EMA antibodies, the highest
specificity is observed for EMA, because anti-TG2 can
be present in individuals with other conditions, including CD and UC. However, it is difficult to know the frequency of anti-TG2 antibodies in IBD patients because
the studies developed with that aim have yielded different
results, probably partially caused by the wide variety of
commercial kits used[18,19,31-35].
On the contrary, the presence of specific antibodies
is not a common feature in IBD. Two major groups of
serological markers have been described in these patients:
those against microbial antigens and autoantibodies.
Their relevance for IBD diagnosis is not as strong as for
CeD, but they are useful to differentiate CD from UC
patients. Among the antibodies against microbial agents,
those against Saccharomyces cerevisiae (ASCAs) are the most
extensively studied and they are related to CD. These anti-

SEROLOGY
As frequently observed in autoimmune diseases, CeD is
characterized by the presence of autoantibodies, which
are currently included in the definition and diagnostic
guidelines for CeD[30]. Transglutaminase type 2 (TG2) is
the major autoantigen in CeD and the target antigen for
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bodies have also been described in CeD patients but they
disappear after taking a gluten-free diet (GFD), which
is supposedly due to the association of ASCAs with inflammation of the small bowel, and therefore, questions
their specificity for CD[36]. Regarding autoantibodies, antineutrophil cytoplasmic antibodies have a high prevalence
in UC[37].

first suggested by studies in mice, which showed a lack of
experimental colitis in animals kept in a germ-free environment[50]. Since then, numerous works have been published in this field. Although no final conclusions can be
drawn, it is clear that no single pathogen is associated with
the disease, and quantitative besides qualitative changes in
the microbiota influence disease development[51,52].
Microbiota alterations have also been related to CeD
risk, again with quantitative and qualitative changes
reported[53,54]. In CeD, an altered microbial diversity depending on the clinical presentation has been recently
described, with marked differences between patients
showing classical gastrointestinal symptoms and those
with extraintestinal manifestations[55].
The influence of diet (including breastfeeding) and
cigarette smoking or the increased risk of disease in children born by Cesarean section have been postulated to
be mediated through changes in the microbiota. These
changes have also been linked to the increasing incidence
of IBD and CeD in recent decades.
Nowadays it is clearly accepted that the intestinal
microflora differs between healthy individuals and those
showing CeD or IBD. It has been claimed that those differences could be a consequence of the disease. Among
other functions, commensal bacteria of the gut contribute to protection against external pathogens and participate in the maturation of the mucosal immune system,
supporting their role in the etiology of these diseases.
Recent genetic studies are also concordant with a causal
role[56]. Nevertheless, a complex situation exists because
the microbiome can be altered as a result of infection or
pathological processes.

ETIOLOGY
The causes underlying the development of IBD and CeD
have not been completely unraveled, but both diseases
show a multifactorial origin with a complex genetic and
environmental involvement.
Environment
In this regard, CeD is the best-understood immunemediated disease because the main environmental factor
involved is largely known. CeD is triggered by ingestion
of dietary wheat gluten or analogous proteins present in
other cereal grains, mainly rye and barley.
Although gluten intake is necessary to develop CeD,
other environmental factors may play a role. Infections
have been related to CeD development. Specifically, rotavirus[38] and hepatitis B and C virus infections have been
observed in CeD patients[39]. A protector role for breastfeeding at the moment of gluten introduction has also
been described[40].
Viruses have also been implicated in the origin of IBD.
The hygiene hypothesis establishes that lack of early exposure to microbial agents due to severe hygienic conditions
could increase the likelihood of developing autoimmune
and allergic disorders, and it has been used to explain the
rising prevalence of IBD observed in industrialized countries[41]. Although to a lesser extent, this hypothesis has also
been proposed for CeD[42]. Recent genetic findings support
a role of pathogens in IBD and CeD.
Other environmental factors contributing to IBD risk
are smoking and appendectomy. The effect of cigarette
smoking is opposite in both forms of IBD: beneficial in
UC and harmful in CD[43,44]. For appendectomy, it seems
that it reduces the risk of UC[45,46].
Vitamin D levels, diet, hormone use and stress have
also been postulated as risk factors for one or both main
forms of IBD, but they need to be further investigated[47].
The environmental influence in IBD pathogenesis
seems to involve complex mechanisms because its role in
disease risk may be modified by other factors such as sex,
geographic region, or genetic background[47]. Moreover,
environmental factors are probably influencing the natural history in addition to the origin of these diseases.

Genetics
The genetic contribution to disease risk differs between
CeD and IBD. The highest values are observed for CeD
(75% of concordance between monozygotic twins)[57],
followed by CD (44%-50%) and UC (16%)[58].
Knowledge of the genetic basis of immune-mediated
diseases has dramatically increased in recent years with
the advent of genome-wide association studies (GWAS).
These studies analyze hundreds of thousands of common [minor allele frequency (MAF) > 5%] genetic variants (single nucleotide polymorphisms, SNPs) across the
human genome, looking for variants with a different frequency between individuals showing the disease and the
general population. They need high numbers of affected
and unaffected individuals that provide enough statistical power to find significant associations. Initially, GWAS
included around 1000 individuals with each phenotype,
but this number has been increased in recent GWAS.
Moreover, follow-up of the nonsignificant most associated SNPs and meta-analysis of previously published
largescale studies have also been performed. Additionally,
cross-disease meta-analyses that combine data of previous GWAS have been performed to identify susceptibility loci common to different immune-mediated diseases.
Looking for variants shared between CD and CeD, these

Microbiota
An altered microbiota composition seems to be a common phenomenon in intestinal inflammatory disorders. In
IBD, an abnormal response to the normal commensal flora of the bowel is considered to cause the disease[48,49]. The
role of the microbiota in the pathogenesis of IBD was
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studies have identified four new shared loci[59]. New approaches to study the genetic basis of IBD and CeD
include the Immunochip Project, also based on the presence of a common genetic basis for immune-mediated
diseases but focused on deep replication and fine mapping[56,60]; and the recently published high-throughput
exon-sequencing of 25 GWAS risk genes[61].
GWAS are not based on prior hypothesis determined
by previously available information (e.g., gene function,
previous association studies, and animal models) and the
studied SNPs are selected to cover a high proportion of
gene variation across the genome. With this approach,
unexpected genes have been identified as related to disease susceptibility. The newly identified genes point out
functional pathways involved in particular phenotypes,
some of them also previously unexpected.
IBD and CeD show both a complex genetic basis that
is characterized by the presence of numerous common
susceptibility factors contributing a small risk to disease
susceptibility. In IBD, no factor seems either necessary
or sufficient to develop the disease, as it is commonly
observed in complex diseases. However, CeD constitutes
a particular case. It is commonly accepted that the main
genetic risk alleles, those coding the HLA-DQ2 or -DQ8
heterodimers, are necessary although not sufficient to
develop CeD, because they are present in almost all CeD
patients.
The influence of the HLA region in disease risk
marks more differences between IBD and CeD. This region, located on 6p21, contains hundreds of genes with
immunological functions and it is responsible for the
strongest association signals observed in most immunemediated diseases. However, HLA influence is different
between IBD and CeD, and these two diseases are at
opposite ends of the spectrum. HLA loci are the main
genetic susceptibility factors for CeD and they are responsible for 40% of the genetic risk; in addition, their
functional involvement in disease pathogenesis is well established. On the contrary, a weak and a weak-moderate
association is found in CD and UC, respectively. Moreover, the HLA alleles associated with IBD are markers of
still unknown HLA risk variants[62].
Additional to the HLA region, 163 loci have been
associated with IBD risk: 110 common to CD and UC,
30 specific for CD and 23 for UC[56]. For most of the
specific loci, the same direction of effect exists in the two
forms of IBD and only two loci (NOD2 and PTPN22)
have shown significant opposite effects between CD
and UC[56]. In CeD, 40 susceptibility loci have been described[60,61]. The number of associated SNPs is even
higher, because one SNP does not always account for the
risk overall attributed to one locus. The causal variant or
even the genes responsible for the reported associations
remain unknown for many of these regions. In CeD, the
individual gene involved is known for half of the associated regions. In both diseases, independent effects
of the associated variants have been reported, as well as
correlation of genotypes for many SNPs with expres-
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sion levels, and an important role of noncoding variants.
This last observation has been recently underscored by
the discovered negligible impact of rare variants (MAF
< 5%) within exons[61], until now considered as potential
relevant contributors to disease risk. The different number of variants associated with IBD and CeD is probably
mirroring the different sample sizes used in the studies.
The large sample sizes required by GWAS have been
achieved thanks to international collaborations, but this
necessary effort may overlook genetic factors associated
with specific populations. A new genetic region (22q13.2)
has been recently associated with CD risk in a GWAS
performed in a Southern European population[63]. This
encourages us to study homogeneous groups of patients
(in terms of ethnicity or clinical features) to look for new
genetic susceptibility factors.
GWAS have found similar genes associated with IBD
when considering childhood or adult onset[56], although
the severe inflammation that mutations in interleukin
(IL)-10RB cause in children suffering extreme phenotypes, identified through other kind of genetic studies,
must be highlighted[64]. In CeD, studies considering the
age of onset remain to be performed.
Seventy percent (113/163) of the IBD loci are shared
with other complex diseases, and 12% (20) with CeD. The
picture is different when the number of CeD risk regions
is used as a reference; 50% of the CeD loci are shared with
IBD. Independent of the real percentage, which is impossible to ascertain until scientific advances provide us with
a full knowledge of the genetic basis of these diseases, the
existence of a common genetic background is evident.
Despite the huge advance in the genetic basis of
these chronic diseases, only 14% of the genetic variance
is known in CD, 7.5% in UC, and approximately 50% in
CeD. The highest values of CeD are due to the strong
influence of the HLA, which accounts for 40% of the
genetic variance.

IMMUNOPATHOLOGY
The model of immunopathogenesis for CeD has long
been established. Dietary gluten induces innate and adaptive immune responses. The innate immune response is
characterized by the gluten-induced production of IL-15,
which acts on intraepithelial lymphocytes and licenses
them to kill epithelial cells. This increases permeability and facilitates that gluten peptides pass through the
impaired epithelial barrier into the lamina propria. In
this compartment, TG2 induces deamidation of glutenderived peptides, creating epitopes that bind efficiently
to HLA-DQ2/DQ8 heterodimers on antigen-presenting
cells, and thus elicits a T-cell response[65,66].
GWAS findings suggest four main processes underlying CeD: T-cell development in the thymus, innate
immune detection of viral RNA, T and B cell co-stimulation (or co-inhibition) and cytokines, chemokines and
their receptors. It seems now that a specific enrichment
for genes involved in natural killer (NK) cell activation
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and interferon γ production also exists. Thus, besides T
cells, other cell types may have special relevance in the
pathological process, as B cells, NK cells or neutrophils,
but the previous model of pathogenesis remains valid
and basically unchanged.
In IBD, the model of pathogenesis is based on the
dysregulation of the normally controlled immune response to commensal bacteria, which could be precipitated by infection or by defects in the mucosal barrier.
This involves infiltration of several cells of the immune
system and chemokine and cytokine production, which in
turn exacerbate the dysfunctional immune response and
activate either T helper (Th)1 or Th2 cells in the gut mucosa, associated with CD and less conclusively with UC,
respectively[67].
GWAS results have been crucial in advancing our
understanding of IBD pathogenesis. Two major findings
were the unsuspected role of autophagy and the implication of the Th17 immune response. The genes associated
with CD and UC risk point to shared pathways involved
in the pathogenesis of these two inflammatory conditions.
The genes shared between IBD and CeD are mainly
related to the innate immune response against pathogens
and to the activation of the immune system to produce inflammation, including T-cell differentiation and
immune-cell signaling. Specific pathways like autophagy
and Th17 response seem to be only involved in IBD.
Autophagy is responsible for degradation of intracellular
structures, but it is also important in removal and recognition of invasive pathogens. Its involvement in CD etiology was suggested after the association of ATG16L1,
LRRK2 and IRGM with CD risk. The implication of
Th17 cells marks an important difference between IBD
and CeD, because they have been associated with susceptibility to numerous immune-related diseases but not to
CeD[60,68], which is still considered to be a Th1-mediated
disease. Th17 cells are involved in defense against extracellular pathogens but they act as potent inducers of
autoimmunity through their involvement in tissue inflammation and are probably linked to innate and adaptive
responses[69]. IL23R was the first Th17 gene found in genetic association studies, but it was followed by numerous
related loci: IL22, IL17A, IL17F, TYK2, JAK2, CCR6
and STAT3.
In Figure 1, all the genes associated with IBD and
CeD in large scale studies are shown. They have been
grouped according to their predominant role in three major functions: innate immune response, adaptive immune
response, and epithelial barrier function. All the genes
with a different role or with still unknown function have
been grouped as “others”. The highest number of shared
genes between IBD and CeD is observed for genes involved in adaptive immunity. The specific association
with UC risk for most of the loci involved in barrier
function is noteworthy.
Both CeD and IBD need an environmental stimulus
that activates the immune system and leads to the pathological process. The amplification of the immune re-
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sponse involves release of cytokines, molecules involved
in intracellular signaling, and transcription factors. GWAS
have found many genes coding for products related to
these processes. The initial stimulus to trigger the disease
is different and it seems to be crucial in developing one
or other disease, probably in combination with the genes
specific for each disease.
Despite the scientific revolution prompted by GWAS,
some issues still hamper a direct translation to disease
pathogenesis: (1) in many regions, the genetic variant
or even the gene responsible for the association remain
to be identified; (2) many of the proteins detected are
pleiotropic, with different possible roles and with still
unknown functions; and (3) the immune responses, with
complex networks of interactions that include specific
molecules inducing up- or downregulation of the same
functional pathway depending on the microenvironment.

TREATMENT
There is no single effective treatment for all IBD patients.
Therefore, different treatments are used to manage the
disease, often several of them in the same individual.
Conventional immunosuppressive drugs, including azathioprine, mercaptopurine and methotrexate, are the
initial treatment for IBD. When the immunosuppressive
therapy losses efficacy or the patient continues with active
disease, alternative biological therapies based on tumor
necrosis factor (TNF)-α blockade are commonly used in
IBD. In recent years, infliximab and adalimumab became
standardized biological therapies in IBD. Infliximab is a
chimeric monoclonal IgG1 anti-TNFα and it is indicated
in refractory CD[70,71] and in acute severe UC[72]. Despite
the high efficacy of infliximab, some patients do not respond to this treatment. An alternative therapy for these
patients is adalimumab, an humanized TNF-α antibody,
which decreases the risk of developing antibodies[73-75];
one of the causes of non-response to infliximab[76]. Based
on the results of genetic studies, new biological therapies
are currently being tested or are already in clinical use in
IBD patients[77-80].
In CeD, treatment is a lifelong GFD. This is an effective and safe treatment, but there is a small group of
patients who do not respond. Refractory CeD patients
(RCeD) are defined as those showing persistent villous
atrophy, crypt hyperplasia, and high levels of intraepithelial lymphocytes despite strict adherence to a GFD for >
12 mo[81,82]. There are two categories of RCeD, depending on the presence (type Ⅰ) or not (type Ⅱ) of aberrant
intraepithelial T cells[83]. RCeD patients develop higher
severe malnutrition combined with an increased risk for
developing enteropathy-associated T-cell lymphoma[84].
Immunosuppressive therapy, similar to that used in IBD
patients and based on azathioprine, cyclosporine or antiTNF-α, is the current treatment for RCeD[84,85]. In the
bad prognosis of RCeD, primarily type Ⅱ RCeD, chemotherapy shows moderate clinical, histological and hematological efficacy[86,87].
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Figure 1 Immunopathology.
Overlap between inflammatory
bowel disease (IBD) [considering the two major forms Crohn’
s disease (CD) and ulcerative
colitis (UC)] and celiac disease
(CeD) for the loci identified by
large scale genetic studies.
Genes are grouped according
to their participation in three
main functional blocks: innate
immunity, adaptive immunity,
and intestinal barrier. All the
genes with still unknown function are grouped as “others”.
Note that some genes can be
found in more than one functional group.
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New therapeutic approaches in CeD have increased in
recent years. These therapies are focused on engineering
gluten-free grains, decreasing the intestinal permeability
by blockade of the epithelial zonulin receptor, inhibiting
gluten peptide presentation by HLA-DQ2 antagonists,
and inducing oral tolerance to gluten[88].
In both disorders, a delay in diagnosis or in proper
treatment carries an increased risk of future complications.
However, individuals with different autoimmune diseases
can present similar symptoms, which sometimes makes it
difficult to establish early diagnosis and treatment.
Reconstitution of the physiological flora remains an
interesting therapeutic aim for both IBD and CeD.

a partially common genetic background. Overlaps between both disorders are also observed for other specific
features; however, these conditions do not seem to be
more strongly correlated with each other than with other
immune-related disorders. The common clinical manifestations are probably a consequence of the target organ
affected: the gut. Shared genetics originates the altered
immune response and the inflammation characterizing
both diseases. Nevertheless, comparison of these two
diseases helps to understand what is specific for each
disease and what is common. Common features may be
useful to understand better the inflammatory processes
and to look for new shared therapies.

FUTURE PERSPECTIVES
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Venous thrombosis and prothrombotic factors in
inflammatory bowel disease
Fernando Magro, João-Bruno Soares, Dália Fernandes
in IBD: inflammatory activity, hospitalisation, surgery,
pregnancy, disease phenotype (e.g. , fistulising disease,
colonic involvement and extensive involvement) and
drug therapy (mainly steroids). There is also convincing evidence from basic science and from clinical and
epidemiological studies that IBD is associated with
several prothrombotic abnormalities, including initiation
of the coagulation system, downregulation of natural
anticoagulant mechanisms, impairment of fibrinolysis,
increased platelet count and reactivity and dysfunction
of the endothelium. Classical genetic alterations are not
generally found more often in IBD patients than in nonIBD patients, suggesting that genetics does not explain
the greater risk of VTE in these patients. IBD VTE may
have clinical specificities, namely an earlier first episode
of VTE in life, high recurrence rate, decreased efficacy
of some drugs in preventing further episodes and poor
prognosis. Clinicians should be aware of these risks,
and adequate prophylactic actions should be taken in
patients who have disease activity, are hospitalised, are
submitted to surgery or are undergoing treatment.
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Abstract
Patients with inflammatory bowel disease (IBD) may
have an increased risk of venous thrombosis (VTE).
PubMed, ISI Web of Knowledge and Scopus were
searched to identify studies investigating the risk of VTE
and the prevalence of acquired and genetic VTE risk
factors and prothrombotic abnormalities in IBD. Overall,
IBD patients have a two- to fourfold increased risk of
VTE compared with healthy controls, with an overall incidence rate of 1%-8%. The majority of studies did not
show significant differences in the risk of VTE between
Crohn’s disease and ulcerative colitis. Several acquired
factors are responsible for the increased risk of VTE
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Core tip: In inflammatory bowel disease (IBD), there is
an increased risk of venous thrombosis (VTE) due to inflammatory activity, hospitalisation, surgery, pregnancy,
disease phenotype and drug therapy. Classical genetic
alterations are not generally found more often in IBD
patients than in non-IBD patients, suggesting that genetics does not explain the greater risk of VTE in these
patients. IBD VTE may have clinical specificities, namely an earlier first episode of VTE in life, high recurrence
rate, decreased efficacy of some drugs in preventing
further episodes and poor prognosis.
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exclusion criteria to reduce the risk of bias and unnecessary observations included case reports on single patients,
book chapters and studies exclusively on arterial thrombosis. A total of 207 articles were studied to construct
this review.

Magro F, Soares JB, Fernandes D. Venous thrombosis and
prothrombotic factors in inflammatory bowel disease. World J
Gastroenterol 2014; 20(17): 4857-4872 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i17/4857.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i17.4857

RISK OF VTE IN IBD
A summary of the controlled studies comparing the risk
of VTE in IBD patients with the risk of VTE in nonIBD patients is presented in Table 1.

INTRODUCTION
The possible association between inflammatory bowel
disease (IBD) and venous thrombosis (VTE) was first
reported in 1936 by Bargen et al[1], who described 18
patients with thromboembolic disease (predominantly
venous) from among more than 1000 patients treated
for IBD at the Mayo Clinic. Since that time, several publications have suggested that patients with IBD have an
increased risk of VTE, including deep venous thrombosis (DVT), pulmonary emboli, portal vein thrombosis,
cerebral venous sinus thrombosis, Budd Chiari syndrome
and retinal vein thrombosis[2-5]. The overall incidence
rate of VTE in IBD patients has been estimated to be
1%-8%, although necropsy studies report an incidence
of 39%-41%[2-5]. One systematic review[4] and one metaanalysis[3] showed a higher VTE risk in IBD patients, even
after correction for known prothrombotic factors such as
smoking and obesity[3]. Nevertheless, other studies, such
as that of Grip et al[6], show a similar risk between IBD
and the background population. However, in that report,
where the incidence of VTE in the IBD cohort (0.15%
per year) was comparable with that of the background
population, the differences in age between the groups
could have affected the conclusions[6].
It is important to stress that most of the evaluated
studies were retrospective. When the IBD population was
compared with other patients or healthy controls, most
of the classical prothrombotic risks were not assessed,
and therefore a bias could have been present. Therefore,
the aim of this review was to assess the risk of VTE and
the prevalence of acquired and genetic VTE risk factors
and prothrombotic abnormalities in IBD.

General risk
In one of the earliest studies evaluating the incidence of
VTE in IBD patients, 61 out of 7199 patients (0.84%) developed VTE during an 11-year period from January 1970
to December 1980 at the Mayo Clinic, with similar rates of
VTE observed in patients with Crohn’s disease (CD) and
ulcerative colitis (UC)[7]. In 2001, Bernstein et al[8] published
the first study on the risk of VTE in IBD in a large population-based study using health administrative data from
the province of Manitoba, Canada, in which they applied
validated case ascertainment definitions of CD and UC
(Table 1). The incidence rate for VTE in IBD patients
was 45.6 per 10000 persons-year of follow-up, and IBD
patients were 3.5 times more likely to develop VTE than
the controls. Similar rates of VTE were observed in CD
and UC and in males and females. The highest rates of
VTE were observed among patients over 60 years old;
however, the highest incidence rate ratio (IRR) for VTE
was among patients younger than 40 years old (IRR =
6.02, 95%CI: 3.92-9.12). In 2004, Miehsler et al[9] compared the risk of VTE in patients with IBD and other
chronic inflammatory diseases (rheumatoid arthritis
and coeliac disease) with matched controls (Table 1).
The subjects with IBD had a significantly higher risk of
VTE compared with the matched controls [prevalence:
6.15% vs 1.62%; odds ratio (OR) = 3.6, 95%CI: 1.7-7.8],
whereas the subjects with rheumatoid arthritis or coeliac
disease had a risk of VTE similar to that of the controls.
In 2007, the risk of VTE among 17 chronic illnesses
was evaluated (Table 1)[10]. The relative risk (RR) of VTE
was nearly twofold higher in IBD patients than in the
matched controls (OR = 1.84, 95%CI: 1.29-2.63), with
only cancer and heart failure carrying a greater risk of
VTE than IBD.

SEARCH STRATEGY
A systematic review was conducted on published articles
that assessed the risk of VTE and the prevalence of
acquired and genetic VTE risk factors and prothrombotic abnormalities in IBD through a literature search
of PubMed, ISI Web of Knowledge and Scopus. This
search was performed in September 2013 using the following medical terms: “venous thrombosis IBD”, “acquired venous thrombosis risk factor IBD”, “genetic
venous thrombosis risk factor IBD”, “coagulation IBD”,
“fibrinolysis IBD”, “platelets IBD” and “endothelium
IBD”. Additionally, a comprehensive search of reference
lists of all review articles and original papers achieved by
this method was performed to identify additional reports
that could be included in the final analysis. Potential studies were initially screened by title and abstract. Potential
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IBD, activity, hospitalisation and surgery
Some studies have shown that the risk of VTE may be
higher in UC than in CD [11,12], with other showing the
opposite[13]; however, the majority of did not show significant differences in the risk of VTE between CD and
UC[3,4,8,14,15]. A recent meta-analysis showed similar risks
in patients with UC (RR = 2.57, 95%CI: 2.02-3.28; n =
6 studies) and CD (RR = 2.12, 95%CI: 1.40-3.20; n = 5
studies)[3].
Several studies reported IBD activity in 45% to 90%
of patients at the time of VTE diagnosis[8,9,16-18]. The asso-
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Table 1 Risk of venous thrombosis in inflammatory bowel disease patients relative to non-inflammatory bowel disease patients
Ref.

Design

Grip et al[6], 2000
Sweden

Bernstein et al[8], 2001
Canada

Miehsler et al[9], 2004
Austria

Bernstein et al[20], 2007
Canada

Huerta et al[10], 2007
United Kingdom

Nguyen et al[12], 2008
United States

Ha et al[148], 2009
United States

Nguyen et al[14], 2009
United States

Grainge et al[19], 2010
United Kingdom

Novacek et al[16], 2010
Austria

Population
Risk measure (95%CI)
Controlled variables
IBD
Controls
Retrospective cohort study
1253 patients
387 (significant
Incidence rate of VTE
Inpatients
age differences
1.5/1000 IBD per year
Records from 2 university
between the
(comparable to the
hospitals
IBD cohort and background population)
controls)
Retrospective cohort study
5529 patients
Approximately
DVT
Inpatients
55000 year, age,
RR 4.7 (3.5-6.3) CD
Manitoba Health
gender and postal
RR 2.8 (2.1-3.7) UC
administrative
area of residence
PE
1984-1997
matched members
RR 2.9 (1.8-4.7) CD
of the general
RR 3.6 (2.5-5.2) UC
population
Retrospective cohort study
618 patients
707 age and
Incidence rate of VTE
Operation, injuries, oral
Outpatients and inpatients
gender matched
6.2% IBD
contraceptive use, pregnancy,
Three outpatient clinics of
controls
1.6% Controls
body mass index and
Division of Gastroenterology
VTE
smoking
and Hepatology
aOR 3.6 (1.7-7.8) IBD
Retrospective cohort study
About 22000 to About 2.5 to 3.2
VTE
≥ 50 yr old
Inpatients
25000 patients
million age and
The Statistics Canada’s Health
gender matched
RR 1.3 (1.23-1.37) IBD
Person
controls
< 50 yr old
Oriented Information database
RR 1.57 (1.42-1.72) IBD
1994-2004
Prospective cohort study with
6550 patients 10000 age, gender
VTE
nested case-control analysis
and year matched OR 1.84 (1.29-2.63) IBD
Outpatients and inpatients
controls
General Practice Research
Database - GPRD
1994-2000
Retrospective cohort study
116842 patients 522703 controls
VTE
Age, gender, calendar year,
Inpatients
(73197 CD
aOR 1.48 (1.35-1.62) DC
health insurance payer,
Nationwide Inpatient Sample
and 43645 UC
aOR 1.85 (1.70-2.01) UC comorbidity, presence of IBD
1998-2004
patients)
related surgery, geographic
location, and hospital
characteristics
Retrospective cohort study
17487 patients 69948 age, gender
PVT
Hypertension, diabetes,
Outpatients and inpatients
(7480 CD and 9
and index date
aHR 6.2 (P < 0.05) IBD
hyperlipidemia, and,
MarketScan Commercial
968 UC patients) matched controls
DVT
in women, the use of
Claims and Encounters
aHR 2.3 (P < 0.0001) IBD
contraceptives
database - Thomson Reuters
PE
2001-2006
aHR 1.7 (P < 0.001) IBD
Retrospective cohort study
3740 patients
4.21 million
VTE
Maternal age, race/ethnicity,
Pregnant hospitalized women
(2372 CD
pregnant women aOR 6.12 (2.91-12.9) CD
median neighbourhood
Nationwide Inpatient Sample
and 1368 UC
aOR 8.44 (3.71-19.2) UC income, comorbidity, health
2005
patients)
insurance, geographical
region, hospital location and
teaching status and caesarean
delivery
Retrospective cohort study
13 756 patients 71672 age, gender,
VTE
Age, sex, body-mass index,
Outpatients and inpatients
(4835 CD
and general
aHR 3.4 (2.7-4.3) IBD
smoking, cancer diagnosis
General Practice Research
and 6765 UC
practice matched
and history of pulmonary
Database
patients)
controls
embolism or deep vein
1987-2001
thrombosis
Retrospective cohort study
86 patients
1255 controls with Recurrence 5 yr after Age, gender, factor V Leiden,
Outpatients
with history of unprovoked VTE
discontinuation of
prothrombin G20210A
IBD patients from 14 Austrian
unprovoked
anticoagulation therapy
mutation, high factor VIII
centers specializing in the
VTE
aRR 2.5 (1.4-4.2) IBD
(> 234 IU/dL), duration of
treatment of patients with
anticoagulation and body
IBD (2006-2008) and controls
mass index
patients from 4 centers in
Austria (1992-2008)
2006-2008
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Scarpa et al[147], 2010
Italy

Kappelman et al[13], 2011
Denmark

Merrill et al[23], 2011
United States

Rothberg et al[22], 2011
United States

Saleh et al[11], 2011
United States

Sridhar et al[21], 2011
United States

Bröms et al[15], 2012
Sweden

Prospective case-control study
Hospitalized patients who had
major colo-rectal surgery
Patients admitted for colorectal
surgery in the institute of
Clinica Chirurgica I of the
University
of Padova (Italy)
2004-2006
Retrospective cohort study and
nested case-control study
Danish National Patient
Registry
1980-2007

Retrospective cohort study
Surgical patients
National Surgical Quality
Improvement Program
2008
Retrospective cohort study
Inpatients
374 US hospitals
2004-2005
Retrospective cohort study
Inpatients
National Hospital Discharge
Survey
1979-2005
Cross-sectional study
Inpatients
Nationwide Inpatient Sample
2010
Retrospective cohort study
Pregnant women
Medical, Patient, and
Prescribed Drug
Registers of all residents in
Sweden
2006-2009

323 patients

432 controls

Incidence rate of VTE in
surgical IBD patients vs
surgical non IBD patients
(both with prophylactic
therapy)
1.9% vs 0%
VTE with prophylactic
therapy
OR 5.9 (0.9-39.7) UC
49799 patients
477504 age and
All VTE
Comorbidities and
(14211 CD
gender matched
HR 2.0 (1.8-2.1) IBD
medications
and 35 229 UC
members of
HR 2.2 (2.0-2.5) CD
patients)
the general
HR 1.9 (1.8-2.0) UC
population
Unprovoked VTE
HR 1.6 (1.5-1.8) IBD
HR 2.0 (1.6-2.5) CD
2249 patients
269119 patients
HR 1.5 (1.4-1.7) UC
Age, gender, race/ethnicity,
without IBD who
aOR 1.7 (1.3-2.2) IBD admitted from home, smoker,
were hospitalized
VTE
BMI > 30, medical history,
and underwent aOR 2.03 (1.52-2.70) IBD
clinical factor
surgery
814 patients
241924 controls
VTE
Age, gender, VTE
aOR 3.11 (1.59-6.08) IBD prophylaxis, length of stay
≥ 6 d, primary diagnosis,
comorbidities, cancer and
treatments
2932000 patients 918570000 age,
VTE
(1803000 CD
gender matched HR 1.08 (1.06-1.09) CD
and 1129000 UC
controls
HR 1.64 (1.62-1.66) UC
patients)
148229 patients 17261952 controls

1996 patients
(787 CD and
1209 UC
patients) who
gave birth to a
single infant

VTE (DVT, PE and/or
Hypertension, diabetes
PVT)
mellitus and hyperlipidemia
aOR 1.38 (1.25-1.53) IBD

10773 women
VTE
Age, parity, smoking, body
without IBD who aRR 2.65 (0.65-10.1) CD mass index and comorbidities
gave birth to a
(with inactive disease)
single infant
aRR 3.78 (1.52-9.38) UC

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; VTE: Venous thrombosis; DVT: Deep venous thrombosis; PE: Pulmonary
emboli; PVT: Portal vein thrombosis; aRR: Adjusted relative risk; aOR: Adjusted odds ratio; aHR: Adjusted hazard ratio.

patients than in non-IBD hospitalised patients regardless
of age (Table 1). IBD patients who were younger than 50
years had a higher RR than those who were older than 50
years (RR = 1.57, 95%CI: 1.42-1.72 vs RR = 1.30, 95%CI:
1.23-1.37)[20]. Nguyen et al[12] compared the risk of VTE
between hospitalised IBD patients and randomly selected
hospitalised non-IBD patients (Table 1) and reported that
IBD patients had an adjusted 1.7-fold [adjusted OR (aOR)
= 1.66, 95%CI: 1.33-2.06] increased rate of VTE compared with non-IBD patients. In 2011, three studies were
published showing a 1.1- to 3.1-fold higher risk of VTE
in hospitalised IBD patients (Table 1)[11,21,22].
The risk of VTE in IBD was also evaluated in the
surgical setting. Merrill et al[23] compared the risk of VTE
between patients with IBD and patients without IBD who
underwent surgery in 211 hospitals participating in the
American College of Surgeons National Surgical Quality
Improvement Program (Table 1). The incidence of VTE
was 2.5% in IBD patients (n = 57) vs 1.0% (n = 2608)

ciation of VTE and IBD flares was assessed using a large
primary care database from the United Kingdom (Table
1)[19]. According to the data from this assessment, the risk
of VTE was increased most prominently during a flare of
IBD [hazard risk (HR) = 8.4, 95%CI: 5.5-12.8], compared
with periods of chronic activity (HR = 6.5, 95%CI: 4.6-9.2)
and periods of clinical remission (HR = 2.1, 95%CI:
1.6-2.9). The RR at the time of a flare, compared with a
matched control, was higher during non-hospitalised periods (HR = 15.8, 95%CI: 9.8-25.5 vs HR = 3.2, 95%CI:
1.7-6.3). However, this finding must be interpreted with
caution because the lower RR during hospitalised periods
is related to a higher absolute risk (37.5 vs 6.4 per 1000
persons-years), and the treatment with corticosteroids in
patients with active disease may also be an additional risk
factor for the development of VTE. Moreover, the use of
VTE prophylaxis in hospitalised patients can also contribute to a lower RR of VTE during hospitalisation. Bernstein et al[20] showed higher VTE rates in hospitalised IBD
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Table 2 Prothrombotic risk factors and abnormalities associated with inflammatory bowel disease
Acquired prothrombotic risk factors
Infection or inflammation, previous thromboembolism, age, smoking, malignancy, central venous catheter, surgery, trauma, immobilization,
Pregnancy, drugs (oral contraceptives, steroids), antiphospholipid antibody syndrome, hyperhomocysteinemia, fluid depletion
Genetic prothrombotic risk factors
Factor V Leiden, prothrombin mutation, deficiency of protein C, deficiency of protein S, deficiency of antithrombin, PAI-1 mutation, factor XII
mutation and MTHFR mutation
Abnormalities of coagulation
↑ TF, factors VII, FXII, FXI, FX and FV, prothrombin and fibrinogen
↓ AT, protein C, protein S, EPCR, TM and TFPI
↑ Prothrombin fragment 1+2, TAT complexes, fibrinopeptide A and fibrinopeptide B
↓ Factor XIII
Abnormalities of fibrinolysis
↓ t-PA
↑ PAI-1 and TAFI
↑ D-dimer
Abnormalities of platelets
↑ Number, activation (CD40L and P-selectin) and aggregation
Abnormalities of endothelium
↓ NO
↑ vWF
PAI-1: Plasminogen activator inhibitor 1; MTHFR: Methylenetetrahydrofolate reductase; TF: Tissue factor; AT: Antithrombin; EPCR: Endothelial cell
protein C receptor; TM: Thrombomodulin; TFPI: Tissue factor-pathway inhibitor; TAT: Thrombin-antithrombin; t-PA: Tissue plasminogen activator; TAFI:
Thrombin-activatable fibrinolysis inhibitor; CD40L: CD40 ligand; vWF: von Willebrand factor.

to affect the risk of VTE. Nguyen et al[12] reported that
fistulising disease was independently associated with a
greater VTE risk (OR = 1.39, 95%CI: 1.13-1.70). Colonic
involvement in CD patients or extensive disease in UC
patients was also associated with an increased VTE risk.
A study by Solem et al[17] showed that CD patients with
VTE typically had colonic disease involvement (ileocolonic in 56% and colonic in 23%), and most UC patients
with VTE (76%) had pancolonic disease. Nguyen et al[12]
found a higher risk of VTE in CD patients with coloniconly disease that was 40% higher than the risk of VTE in
those with small bowel-only disease. In UC patients, 25%
experienced VTE after proctocolectomy, and VTE recurrence rates were not improved by proctocolectomy[17].

in the controls. IBD remained a significant predictor of
VTE after multivariate adjustment (OR = 2.03, 95%CI:
1.52-2.70). Another interesting finding of this was the observation that the risk persisted even when procedures on
small and large bowels were excluded, with IBD patients
undergoing non-intestinal procedures having a 4.45-fold
increased risk of VTE compared with non-IBD patients.
Furthermore, in a large cohort of surgical IBD patients,
bleeding disorders, steroid use, anaesthesia time, emergency surgery, haematocrit < 37%, malnutrition and functional status were identified as potentially modifiable risk
factors for postoperative VTE in IBD patients[24].
Pregnancy
The risk of VTE in IBD was also evaluated during pregnancy and puerperium. According to the Nguyen et al[14]
study, based on nationwide inpatient sample data (database containing discharge abstracts from 1054 hospitals
in the United States), the aOR of VTE was substantially higher in women with CD (aOR = 6.12, 95%CI:
2.91-12.9) and UC (aOR = 8.44, 95%CI: 3.71-19.2) compared with the non-IBD obstetric population, and this
increased risk was independent of whether the women
underwent a caesarean section (Table 1). A similar study
conducted by Bröms et al[15] in Sweden also showed an increased risk of VTE in pregnant IBD patients compared
with non-IBD pregnant patients but showed a lower
odds ratio (aOR = 2.65, 95%CI: 0.65-10.1 for CD; aOR
= 3.78, 95%CI: 1.52-9.38 for UC) (Table 1). For women
with UC, the increased risk of VTE seemed to be highest
during pregnancy and not during puerperium like in the
general population of women giving birth.

IBD-nonspecific acquired risk factors
In IBD, several nonspecific acquired risk factors, other
than those previously discussed, often increase the risk
of VTE, such as oral contraceptive/hormone substitution use, smoking and drug therapy (Table 2). In most
studies, at least one of the known clinical risk factors for
VTE was present in approximately 20%-50% of IBD
patients with VTE at the time a TE occurred[9,16,18,25]. Approximately 30% of these patients may have two or more
risk factors[9].

PROTHROMBOTIC ABNORMALITIES IN
IBD
Impact of inflammation on coagulation
Although the causes of the increased risk of VTE in
IBD are not yet completely understood, most studies
suggest that this risk is largely dependent on the biological and biochemical effects exerted by the activation of
the inflammatory pathways (e.g., cells and cytokines) in

IBD-phenotype risk factors
Several IBD-phenotype risk factors have been shown
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the haemostatic system. In fact, there is now convincing
evidence from clinical, epidemiological and experimental studies that inflammation and VTE are related[5,26-28].
Many inflammatory diseases other than IBD, such as
systemic lupus erythematosus, Behçet’s disease, polyarteritis nodosa and polymyositis/dermatomyositis, have
been associated with an increased risk of VTE in several
clinical and epidemiological studies[5,26-28]. This association appears to be the strongest when the time between
the exposure and the outcome is short, e.g., when the
inflammatory disease was experienced recently or, more
specifically, in the active stage of an inflammatory disease
(flare-up)[5,26-28]. In many inflammatory diseases, such as
systemic lupus erythematosus and Behçet’s disease, VTE
may be part of the presentation of those diseases. VTE
in IBD may complicate the differential diagnosis with
other inflammatory diseases that may also lead to VTE
and intestinal inflammation, such as Behçet’s disease.
The impact of inflammation on coagulation has been
confirmed by several experimental studies showing that
inflammatory mechanisms shift the haemostatic balance
to favour the activation of coagulation and, in the extremes, VTE[27].
Tumour necrosis factor-alpha (TNF-α) and CD40
ligand (CD40L), two inflammatory cytokines, and
C-reactive protein (CRP), a liver-synthesised acute phase
protein, have been shown to induce the expression of
tissue factor (TF) on the cell surface of leucocytes[29-31].
Interleukin (IL)-6, an inflammatory cytokine, and TNF-α
have been shown to lead to thrombin generation[32,33]. Of
the natural anticoagulant pathways, the protein C pathway
and heparin-antithrombin pathway have been shown to
be downregulated by IL-1β and TNF-α[34,35], whereas the
tissue factor pathway inhibitor (TFPI) has been shown to
be inhibited by CRP[36]. There is also evidence that CRP
increases the expression of plasminogen activator inhibitor type 1 (PAI-1) and decreases the expression of tissue
plasminogen activator (t-PA)[37,38].
Inflammatory mediators, such as IL-6, increase platelet production. The newly formed platelets appear to
be more thrombogenic. For example, the newly formed
platelets activate at lower concentrations of thrombin[39].
Thus, both the platelet count and platelet reactivity are
increased in response to inflammatory mediators.
Some authors have proposed the term “endothelial
stunning” for the endothelial dysfunction/activation that
may be induced by inflammatory cytokines and may thus
play a key-role in the association between inflammation
and VTE[40]. For example, CRP has been shown to induce
the release of von Willebrand factor (vWF)[41] and to reduce the production of nitric oxide (NO) by endothelial
cells[42].
As discussed above, in general for inflammatory diseases, there is also convincing evidence from basic science
as well as clinical and epidemiological studies that IBD is
associated with several prothrombotic abnormalities, including the initiation of the coagulation system, downregulation of natural anticoagulant mechanisms, impairment
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of fibrinolysis, increase in the platelet count and reactivity
and dysfunction of the endothelium (Table 3)[43-45].
The mechanisms underlying IBD-associated prothrombotic abnormalities have been the subject of recent experimental and clinical studies. For example, Yoshida et al[46,47]
showed that TNF-α and IL-1β are both implicated in the
enhanced extra-intestinal thrombosis that accompanies
experimental colitis [mice with dextran sodium sulphate
(DSS)-induced colitis]. The authors noted that exogenous
TNF-α and IL-1β enhanced thrombosis in the arterioles
of control mice and that the enhanced thrombus formation in the arterioles of mice with DSS-induced colitis was
significantly attenuated in wild-type colitic mice treated
with TNF-α or IL-1β blocking antibodies and in colitic
mice deficient for the TNF-α receptor or the IL-1 receptor. The IL-6 concentrations were positively correlated
with disease activity and thrombocytosis in patients with
UC[48]. Taken together, these data suggest that inflammatory cytokines such as TNF-α, IL-1β and IL-6 may play an
important role in the inflammation-mediated risk of VTE
in IBD.
Abnormalities of haemostasis associated with IBD
Abnormalities of coagulation: Quantitative alterations
in key sites of the coagulation cascade that favour clot
formation occur in patients with IBD[44]. These alterations include the elevation of circulating microparticles
(including TF-rich microparticles)[49,50], factor Ⅶa[51], factors XIIa and XIa[52], factors Ⅹa and Ⅴa[52,53], prothrombin[7,54-56] and fibrinogen[56,57]. The levels of antithrombin
(AT) are significantly lower in the plasma of patients with
IBD[56,58]. Reports on protein C and S deficiency in IBD
are conflicting[48,59-61]. There is also a significantly lower
expression of endothelial protein C receptor (EPCR)
and thrombomodulin (TM), which impairs protein C
activation leading to lower effective protein C activity[62].
TFPI levels were also shown to be reduced in patients
with IBD[63,64]. Alterations suggestive of the activation
of coagulation have also been reported in IBD. These
include elevated prothrombin fragment 1+2 (prothrombin F1+2), thrombin-antithrombin (TAT) complexes,
fibrinopeptide A (FPA) and B (FPB)[7,54-56] and decreased
factor XIII levels[57,65].
IBD treatment was also found to influence coagulation abnormalities associated with IBD. For example, the
treatment with infliximab induced a significant decrease
in the amounts of circulating microparticles in IBD patients[49].
Abnormalities of fibrinolysis: The circulating concentration of factors involved in the lysis of clots also
favours thrombosis in IBD. The plasma levels of t-PA
are significantly lower in IBD patients than these levels
in the general population[66,67]. There is also a significant
absolute increase in urokinase-type plasminogen activator (u-PA) activity and a decrease in t-PA activity in the
inflamed mucosa of IBD patients compared with the
control group[66]. Two proteins that inhibit fibrinolysis,
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Table 3 Controlled studies on the prevalence of inherited thrombophilias in inflammatory bowel disease
Ref.

Compared groups

Results
Mutation

Liebman et al[101], 1998
United States
Over et al[107], 1998
Turkey
Haslam et al[112], 1999
United Kingdom
Heliö et al[111], 1999
Finland
Grip et al[6], 2000
Sweden

11 IBD-VTE patients and
51 IBD patients without
VTE
63 IBD patients (20 CD
and 43 UC patients) and
36 HC
54 IBD patients (30 CD
and 24 UC patients) and
55 HC
563 IBD patients (235 CD
and 328 UC patients) and
142 HC
16 IBD-VTE patients, 99
C-VTE and 288 HC

1

CD

UC

Factor V Leiden

Factor V Leiden

4%

50%

3.4%
5.0%

5.2%
6.1%

Prothrombin
mutation
Factor V Leiden

Koutroubakis et al[61], 2000 84 IBD patients (36 CD
Greece
and 48 UC patients) and
61 HC
Papa et al[113], 2000
52 IBD patients (19 CD Factor V Leiden
Prothrombin
Italy
and 33 UC patients) and
mutation
156 HC
Vecchi et al[110], 2000
102 IBD (51 CD and 51
Factor V Leiden
Prothrombin
Italy
UC patients) and 204 HC
mutation
MTHFR
mutation
Guédon et al[102], 2001
15 IBD-VTE, 58 IBD
Factor V Leiden
France
patients without VTE, 110
Prothrombin
C- VTE and 84 HC
mutation
MTHFR
mutation
Mózsik et al[106], 2001
84 IBD patients (49 CD Factor V Leiden
Hungary
and 35 UC patients) and
57 HC
Nagy et al[108], 2001
78 IBD patients (49 CD Factor V Leiden
Hungary
and 29 UC patients) and
57 HC
Turri et al[103], 2001
18 IBD patients with
Factor V Leiden
Prothrombin
Italy
arterial or venous
mutation
thrombosis, 45 IBD
patients without
thromboembolic events
and 100 HC
Bjerregaard et al[120], 2002 106 IBD patients and 4188 Factor V Leiden
Prothrombin
Denmark
HC
mutation
Magro et al[119], 2003
116 IBD patients (74
Factor V Leiden
G20210A
Portugal
CD and 42 UC) and 141
Prothrombin
healthy controls
MTHFR
mutation
PAI-1 mutation
Saibeni et al[121], 2003
152 IBD patients (62 CD
Factor XIII
Italy
and 90 UC patients) and
mutation
130 HC
Törüner et al[118], 2004
62 IBD patients (28 CD Factor V Leiden
Prothrombin
Turkey
and 32 UC patients) and
mutation
80 HC
MTHFR
mutation
Mahmood et al[117], 2005
68 IBD patients (31 CD Factor V Leiden
Prothrombin
United Kingdom
and 37 UC patients) and
mutation
30 HC
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IBD-VTE

HC

C-VTE

36%

20%

Factor V Leiden

Factor V Leiden
Factor XIII
mutation
Factor V Leiden

IBD

Significance
Significant difference (OR
= 14.00, 95%CI: 1.55-169.25)

11%

9.3%

3.6%

Significant difference
for CD vs HC (OR = 6.5,
95%CI: 1.3-18.0)
Difference not significant

4.5%
5.7%

2.1%
3.3%

Differences not significant
Differences not significant

27%

11%

0%

1.8%

Significant difference for
IBD-VTE vs HC (OR = 3.0,
95%CI: 0.8-11.9)
7.10% Differences not significant

8.3%

4.9%

Difference not significant

1.9%
1.9%

1.9%
2.6%

Difference not significant
Difference not significant

1.5%
1.1%

1.2%
0.7%

Difference not significant
Difference not significant

41.1%

47.4%

Difference not significant

0%

14.3%

1.7%

14.3%

0%

0%

3.6% 15.50%

Significant difference for
IBD-VTE vs IBD (P < 0.05)
3.6% 11.80% Differences not significant
1.2%

0.90% Differences not significant
Significant difference for
CD and UC vs HC (P <
0.05)
Significant difference for
CD and UC vs HC (P <
0.05)
Differences not significant
Differences not significant

14.3%

27.5%

5.3%

14.3%

27.6%

5.3%

2.2%
0%

5.7%

0%
0%

28%

5%
2%

6.7%

Difference not significant
Difference not significant

7%
4%

2%
0%

1%
3%

Differences not significant
Differences not significant

14%

12%

10%

Differences not significant

11%

14%
5.3%

24%
5.4%

Differences not significant
Difference not significant

3.2%
0%

6.3%
2.5%

Difference not significant
Difference not significant

11.3%

6.3%

Difference not significant

1.5%
1.5%

0%
0%

Differences not significant
Differences not significant

0%
0%
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Oldenburg et al[98], 2005
Netherlands
Spina et al[105], 2005
Italy

Yilmaz et al[116], 2006
Turkey

22 IBD-VTE patients and
23 IBD patients without
VTE
47 IBD-VTE patients and
94 C-VTE

27 IBD patients and 27
HC

Factor V Leiden
Prothrombin
mutation
Factor V Leiden

Prothrombin
mutation
Factor V Leiden
Prothrombin
mutation
Factor XIII
mutation
MTHFR
mutation
PAI-1 mutation

Bernstein et al[109], 2007
Canada

492 IBD patients (327 CD Factor V Leiden
Prothrombin
and 165 UC) and 412 HC
mutation
Factor XIII
mutation
MTHFR
mutation
Koutroubakis et al[104], 2007
30 IBD patients with
Factor V Leiden
Greece
vascular complications,
Prothrombin
60 IBD patients without
mutation
vascular complications,
Factor XIII
30 controls with vascular
mutation
complications and 54 HC
MTHFR
mutation
PAI-1 mutation
Yasa et al[115], 2007
Turkey

Maher et al[114], 2010
Saudi Arabia
Novacek et al[16], 2010
Austria

0%
8.7%

20%
4.5%

Difference not significant
Difference not significant

2.1%

13.8%

8.5%

12.8%

Significant difference for
C-VTE vs IBD-VTE (P <
0.05)
Difference not significant

6.7%
3.3%

5%
6.7%

Difference not significant
Difference not significant

5%

0%

Difference not significant

3.3%

0%

Difference not significant

11.7%

8.3%

Difference not significant

6.4%
1.8%

4.2%
1.2%

6.1%
1.2%

Differences not significant
Differences not significant

8.7%

7.1%

4.3%

12.5%

9.9%

11.7%

Significant difference for
CD vs HC (P < 0.05)
Differences not significant

6.7%

20.0%

3.7%

5.0%

10.0%

1.9%

Significant difference for
IBD-VTE vs HC (P < 0.05)
13.3% Differences not significant

3.3%

0%

1.90%

0% Differences not significant

11.6%

6.6%

7.5%

13.3% Differences not significant

13.0%

Significant difference for
IBD-VTE vs HC (P < 0.05)
Difference not significant
Difference not significant

20%

27 IBD patients and 47
HC

Factor V Leiden
Prothrombin
mutation
MTHFR
mutation
26 IBD patients (7 CD and Factor V Leiden
19 UC patients) and 40
HC
102 IBD patients (77 CD Factor V Leiden
Prothrombin
and 25 UC) and 102 HC
mutation

11.1%
7.4%

43.3%

4.3%
0%

16.7%

36.7%

14.9%

6.3%

Difference not significant

3.8%

2.5%

Difference not significant

16.1%
1.7%

26.1%
6%

Difference not significant
Difference not significant

VTE: Venous thrombosis; CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; IBD-VTE: Inflammatory bowel disease with
venous thrombosis; HC: Healthy controls; C-VTE: Controls with venous thrombosis; OR: Odds ratio. 1Presented prevalence data refer to heterozygous and
homozygous carrier for FV Leiden and prothrombin mutation and to homozygous carrier for the other mutations.

PAI-1[66] and thrombin-activatable fibrinolysis inhibitor
(TAFI)[68], were found in higher concentrations in the
plasma of IBD patients. Increasing levels of D-dimer,
a fibrin degradation product, were also found in IBD,
mainly in patients with active disease[58]. As D-dimer is
generated from cross-linked fibrin, but not from fibrinogen, and elevated plasma concentration of D-dimer indicates recent or ongoing intravascular blood coagulation.

taneous platelet aggregation or platelet hypersensitivity to
low levels of aggregating agents occurs in nearly one-half
of patients with IBD[71] and appears to be independent
of the disease activity[57,71]. Such platelet hyperactivation
is mediated at least partly by the CD40-CD40L pathway,
a key regulator and amplifier of immune-inflammatory
reactivity and inducer of TF, which initiates the extrinsic coagulation pathway. Evidence for the involvement
of CD40L includes a markedly elevated expression of
CD40L protein by platelets from patients with IBD and
the release of larger amounts of soluble CD40L into
the plasma, leading to an approximately 15-fold increase
in the CD40L plasma levels[72,73]. There are also elevated
levels of CD40L in the mucosa that appear to be proportional to the degree of inflammation[72,74]. The activation
of platelets in IBD may also be mediated by P-selectin.

Abnormalities of platelets: In patients with IBD, there
are often increased circulating platelet numbers and platelet and leukocyte-platelet aggregates (PLAs)[69]. Greater
platelet aggregation has also been demonstrated in the
mesenteric vasculature compared with non-IBD controls,
supporting the hypothesis that platelet activity is stimulated in the mesenteric microcirculation[70]. Indeed, spon-
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IBD patients have been reported to have more platelets
expressing P-selectin (marker of platelet activation) than
healthy controls[69]. In the DSS model of murine colonic
inflammation, colonic inflammation has been reported be
associated with an increased number of circulating activated platelets, along with the formation of PLAs, which
can be inhibited by selectin blockade with fucoidin[75].
The IBD treatment may influence platelet abnormalities associated with IBD. Infliximab significantly reduced
plasma-soluble CD40L levels and eliminated CD40 from
mucosal microvessels[76], whereas IBD patients on thiopurines had fewer PLAs than those not taking them[69].
These findings suggest that IBD treatment may influence
platelet abnormalities associated with IBD.

than in the control population, with an average incidence
of 20%-30%, but the association with thrombosis in IBD
patients is less clear[83]. Similarly, the levels of antibodies
against b2-GPI, the cofactor that mediates the binding
of aCL antibodies to cardiolipin and a more specific
measure of the risk associated with thrombosis, has been
detected in 9% of patients with IBD compared with its
absence in healthy controls[84]. Lupus anticoagulants were
not detected in a small series of 16 patients with CD[85].
The levels of aCL antibodies and anti-b2-GPI antibodies
and of lupus anticoagulants were similar in a population of IBD patients with and without current or past
VTE events[84,86]. One of the causes of the appearance
of APLA in IBD may be anti-TNF-α therapy because
this therapy has been associated with the development of
APLA[87,88].
Hyperhomocysteinaemia may be both a genetic and
acquired abnormality. The most common genetic defect
is homozygosity for a thermolabile mutant of the enzyme
methylenetetrahydrofolate reductase (MTHFR)[89]. Plasma
homocysteine concentrations can also be increased by
deficiencies in vitamin B6, B12 or folic acid (dietary, genetic or drug-associated)[90]. Hyperhomocysteinaemia is
an independent risk factor for atherosclerotic vascular
disease, with the risk increasing in a graded fashion with
increasing plasma homocysteine concentrations [91,92].
Hyperhomocysteinaemia has also been associated with
an increased risk of VTE[93,94]. Reducing levels of homocysteine with B vitamin supplements, however, has not
resulted in a reduction in the incidence of recurrent VTE
or arterial thrombotic complications[95,96]. The association of folate deficiency and hyperhomocysteinaemia has
been evaluated in IBD patients. One study reported elevated serum homocysteine and low folate in 63 patients
with IBD, but these levels were not observed in 183
matched controls without thrombotic complications[97].
In a small study, fasting homocysteine levels in IBD
patients with a history of arterial or venous thrombosis
tended to be higher (although not significantly) than in
IBD controls[98]. Recently, Oussalah et al[99] conducted a
systematic review and meta-analysis to evaluate the association between homocysteine metabolism and IBD
and the association between hyperhomocysteinaemia and
thrombosis in IBD. The mean plasma homocysteine level
was significantly higher in IBD patients compared with
the controls. The mean plasma homocysteine level did
not differ between patients with UC and CD. The risk of
hyperhomocysteinaemia was significantly higher in IBD
patients compared with controls (OR = 4.65, 95%CI:
3.04-7.09). The risk of hyperhomocysteinaemia was not
higher among IBD patients who experienced thromboembolic complications (OR = 1.97, 95%CI: 0.83-4.67),
suggesting that hyperhomocysteinaemia may not be a
major contributor to VTE in IBD. Medication-associated
folate deficiency (e.g., methotrexate or sulfasalazine) may
be the most common explanation for hyperhomocysteinaemia in IBD patients, although deficiencies in vitamin
B6 and B12 and a MTHFR mutation may also play a role

Abnormalities of endothelium: Endothelial dysfunction has been clearly demonstrated in IBD patients and
involves several aspects of endothelium biochemical
physiology[77]. In particular, such dysfunction involves an
alteration in the NO and reactive oxygen species (ROS)
balance, which occurs when the endothelium fails to generate NO, a potent vasodilator and anti-aggregating agent,
and instead forms elevated levels of superoxide anion[78].
Decreased NO generation may result from an acquired
deficient transcription of nitric oxide synthase 2 (NOS2)
in chronically inflamed IBD endothelium[79] and from
the induction, by many inflammatory cytokines (e.g., IL-2
and TNF-α), of the enzyme arginase, which competes
with NOS[80]. The increased production of ROS in the
inflamed endothelium may also contribute to oxidative
stress in vWF molecules, which become unresponsive to
proteolysis by ADAMTS-13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member
13), leading to the accumulation of ultra-large vWF multimers[81]. The latter are the most haemostatically active
forms of vWF and, by favouring platelet adhesion and
aggregation, may contribute to microvascular thrombosis
in IBD. Increased levels of vWF were reported in IBD
patients, especially in those with active disease[58,82].
Thrombophilia and IBD
Acquired risk factors: Antiphospholipid antibodies
(APLA) and hyperhomocysteinaemia are two acquired
thrombophilias associated with arterial and venous
thrombosis. APLA are a group of prothrombotic antibodies directed against plasma proteins that are bound to
anionic phospholipids. Patients with APLA may present
with venous or arterial thrombosis, recurrent foetal loss
and/or thrombocytopaenia. The disorder may be primary
or may be associated with pregnancy or with inflammatory, post infectious and other disease states. This group
of antibodies includes anti-cardiolipin (aCL), anti-β2glycoprotein 1 (b2-GPI) and lupus anticoagulants, each
of which requires specific testing. Available studies in
IBD vary in the assessment of different antibodies, types
of IBD and disease activity level; therefore, the true prevalence of APLA in IBD patients remains unclear. The
prevalence of aCL antibodies in IBD patients is higher
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(see below). Taken together, the current data do not support a major role for APLA or hyperhomocysteinaemia
in IBD-associated VTE, but studies with a higher number of patients and a prospective design are needed.

have no increased prevalence among patients with IBD,
regardless of whether they have had a VTE[52,125-127].
The factor XIII val34leu mutation is associated with
a greater FXIII activation rate and leads to a 20%-40%
reduction of the risk of VTE for homozygous carriers[111,121]. A slightly greater prevalence of factor XIII
(val34leu) mutation carriers in CD was found in a recent
population-based study[109], but this prevalence could not
explain the greater risk of VTE in CD. Available data
suggest that there is no difference in the prevalence of
homozygous carriers of the factor XIII val34leu mutation
between IBD patients and healthy controls[111,116,121]. Finally, the prevalence of the factor XIII val34leu mutation
was similar in thrombotic IBD patients and non-IBD
thrombotic patients[104].
The MTHFR C677T mutation leads to a 25% increase in homocysteine plasma levels in homozygous carriers[128]. The effect of the MTHFR C677T mutation on
the risk of VTE varies among studies, and a recent metaanalysis found a weak effect (20% risk increase)[128]. The
prevalence of the MTHFR C677T mutation in IBD has
shown discordant results, most likely because of regional
and ethnic variations in the prevalence of this polymorphism in the general population. The allelic frequency of
MTHFR C677T has been reported to be higher in IBD
patients than in the reference population[119]. In a recent
population-based case-control study, some differences
were observed between patients with IBD and healthy
controls (with a decreased number of mutant allele carriers in UC); however, these differences did not explain
the excess risk of thrombosis[109]. No difference in the
prevalence of homozygous carriers of the MTHFR
C677T mutation was found between the IBD patients
and healthy controls in most studies[102,104,109,110,115,116,118,119].
The prevalence of C677T homozygosity between IBD
thrombotic patients and non-IBD thrombotic patients
showed no significant difference[102,104].
Several studies have demonstrated that the PAI-1
(4G) homozygosity is associated with enhanced PAI-1
expression[129] and contributes as an additional risk factor towards the development of VTE[130]. However, the
evidence regarding the relationship between an elevated
PAI-1 plasma level or PAI-1 4G polymorphism and the
risk of VTE is rather conflicting. The allelic frequency of
PAI-1 4G has been reported as being higher in IBD patients than in the reference population[119]. Moreover, a recent study showed a significantly higher allelic frequency
of PAI-1 4G in IBD patients with vascular complications
compared with IBD patients and healthy controls[104]. No
difference in the prevalence of homozygous carriers of
the PAI-1 4G mutation was found between IBD patients
and healthy controls in most studies[104,116,119]. The prevalence of this genotype does not differ in thrombotic IBD
patients compared with non-IBD thrombotic patients[104].
As in the general population, more than one thrombotic defect can occur among IBD patients with inherited thrombophilia, particularly factor Ⅴ Leiden[104,119]. A
higher prevalence of the carriage of two or more throm-

Inherited risk factors: A summary of controlled studies on the prevalence of inherited thrombophilias in IBD
is presented in Table 3. The rate of inherited thrombophilias in patients with IBD and VTE is estimated to be
15%-30%, which is similar to the rate in non-IBD patients
and VTE in most studies[6,17,25,98,100-104], although one study
has reported a lower rate of inherited thrombophilias
in patients with IBD and VTE[105]. Data comparing the
prevalence of inherited thrombophilias in the overall IBD
population and in the general population are conflicting.
Although some cohorts reported a higher prevalence in
the overall IBD population[106-109], most reported a similar
prevalence[6,16,61,102-104,109-121]. These data suggest that the
role of inherited thrombophilias in VTE in IBD patients
is similar to that in the general population.
The most prevalent thrombophilia reported in IBD
patients is factor Ⅴ mutation. Other genetic variants that
have been found in IBD patients include the prothrombin G20210A mutation, deficiencies in protein C, protein
S and antithrombin, the PAI-1 4G mutation, the factor
XII val34leu mutation and the MTHFR C677T mutation
(Tables 2 and 3). Factor Ⅴ mutation increases the risk of
thrombosis five- to eightfold for heterozygous carriers
and 50- to 80-fold for homozygous carriers[122]. A similar
frequency of factor Ⅴ Leiden was reported in IBD patients with thrombosis compared with thrombotic controls[6,102,104] and in the overall IBD population compared
with the general population[61,109]. However, the prevalence
of factor Ⅴ mutation in thrombotic IBD patients has
been shown to be significantly higher than that in IBD
patients without thrombosis, suggesting that factor Ⅴ
Leiden, when present, increases the risk of IBD-associated VTE[101,102]. Two recent meta-analyses confirmed this
conclusion. In the meta-analysis of Zhong et al[123], the
OR of VTE in IBD patients with factor Ⅴ mutation
was higher than in IBD patients (OR = 4.00, 95%CI:
2.04-7.87) and healthy controls (OR = 3.19, 95%CI:
1.38-7.36). Liang et al[124] showed a similar prevalence
of factor Ⅴ mutation in IBD patients and the general
population (summary OR = 1.13, 95%CI: 0.87-1.46). Of
note, the factor Ⅴ Leiden mutation was associated with
a signiﬁcantly higher risk of thromboembolism in IBD
patients (summary OR = 5.30, 95%CI: 2.25-12.48)[124].
The prothrombin G20210A mutation leads to greater
prothrombin plasma levels (heterozygous carriers have
approximately 30% higher PT levels than healthy controls) and increases the risk of VTE approximately threefold[122]. There is no difference in the prevalence of the
prothrombin G20210A mutation between IBD patients
and normal controls[110,120], between IBD patients with
thrombosis and non-IBD patients with thrombosis[6,102] or
between IBD patients with and without thrombosis[102,104].
Protein C, protein S and antithrombin Ⅲ deficiencies also
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let aggregation[138] and activation of endothelial cells[140]
induced by cyclosporine. Cyclosporine has also been
associated with impaired fibrinolysis through a decrease
in PAI-1 activity[141]. The in vitro thrombogenicity of cyclosporine has been confirmed in vivo by several studies
showing thrombotic events in patients taking cyclosporine[142].
Infliximab, an antibody against anti-TNF- α, may
decrease platelet activity through the downregulation of
the CD40/CD40L pathway in the mucosal microcirculation[76]. Additionally, in patients with active rheumatoid
arthritis, infliximab treatment has been shown to normalise the disease-associated impairment of the coagulation and fibrinolytic systems by decreasing the levels of
prothrombin F1+2 and D-dimer[143], t-PA antigen, PAI-1
antigen and PAI-1 activity[144]. Finally, infliximab induced
a significant decrease in the amounts of circulating microparticles in IBD patients[49]. Despite these potential
anticoagulant effects of the TNF-α blockade, there are
also case reports of thrombosis at several sites, such as
the retinal vein, in patients under anti-TNF-α therapy[145].
Moreover, the prothrombotic effects of anti-TNF-α
therapy may be mediated by antiphospholipid antibodies
(acquired thrombophilia) as anti-TNF-α therapy has been
associated with the development of APLA[87,88]. Nonetheless, a recent prospective observational cohort study
of biological safety in patients with rheumatoid arthritis
showed that VTE events are not increased in patients
with rheumatoid arthritis who are treated with anti-TNF
therapy[146].

bogenic polymorphisms has been found in IBD patients
compared with the reference population[119], but no significant difference has been found between thrombotic
and non-thrombotic IBD patients[104].
Taken together, these data show that genetic risk factors are generally not found more often in IBD patients
than in others, suggesting that genetics does not explain
the greater risk of VTE in CD and UC. However, when
genetic risk factors occur, patients with IBD (compared
with healthy controls) are more likely to suffer thromboembolic complications, suggesting that hereditary thrombophilia and inflammation-associated thrombogenicity
have at least an additive effect for the risk of VTE in
IBD.

PHARMACOLOGICAL EFFECT ON RISK
FACTORS
Almost all drugs used in the treatment of IBD have been
associated with abnormalities in the haemostatic system
in experimental and clinical studies. Corticosteroids have
been associated with both hypo- and hypercoagulating alterations[131,132]. A meta-analysis demonstrated that
dexamethasone-based chemotherapy was a risk for VTE
in patients with multiple myeloma[133]. Furthermore, in
a large cohort of surgical IBD patients, the use of steroids was identified as a potentially modifiable risk factor
for postoperative VTE in IBD patients[24]. Studies of
platelets from IBD patients treated with 5-aminosalicylic
acid (5-ASA) agents have shown conflicting results. In
vitro, 5-ASA significantly reduced both spontaneous and
thrombin-induced platelet activation[134]. In vivo, platelets
from IBD patients taking 5-ASA have decreased expression levels of P-selectin, a surface marker for platelet
activation [134], and lower plasma levels of RANTES
(Regulated upon Activation Normal T-cell Expressed
and Secreted), a prothrombotic platelet cytokine[135]. In
contrast to these findings, a study of six patients with
IBD (four with UC and two with CD) treated with 5-ASA
showed no changes in platelet aggregation or fibrinolytic
activity[136]. Sulfasalazine inhibits dihydrofolate reductase
leading to folate deficiency, which is a cause of hyperhomocysteinaemia (acquired thrombophilia; see above).
Plasma homocysteinemia levels have been reported to be
significantly increased in patients with ankylosing spondylitis under sulfasalazine therapy[137].
Azathioprine has been shown to inhibit platelet aggregation in vitro[138]. IBD patients taking thiopurines experienced fewer PLAs than patients who were not taking
them[69]. The in vitro data suggest an antithrombotic effect
from azathioprine and 6-mercaptopurine. Methotrexate, a folate antagonist, is a well-established contributor
to hyperhomocysteinaemia (which is associated with
thrombosis risk) when used in patients with rheumatoid
arthritis[139]. Nonetheless, no study associating methotrexate with hyperhomocysteinaemia is available for IBD. Cyclosporine has been associated with thrombogenicity in
vitro and in vivo. In vitro studies showed an increased plate-
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CONCLUSION
In IBD, there is an increased risk of thromboembolic
events due to inflammation, nutritional deficiencies, hospitalisations, surgery and inherited prothrombotic factors.
Moreover, beyond an increased risk, VTE may have clinical specificities in IBD. There is evidence that subjects
with IBD experience the first episode of VTE early in
life[6]. In IBD, the RR of VTE is inversely correlated
with age (i.e., younger IBD patients have a higher RR of
VTE); nevertheless, the actual incidence increases with
age[8,11,13,21]. The rate of recurrent VTE in the five years
after the discontinuation of anticoagulation therapy is
also increased in IBD [adjusted RR (aRR) = 2.5, 95%CI:
1.4-4.2][16]. Even with continued prophylaxis for VTE,
the risk of recurrence of VTE in IBD patients has been
reported to be 13%[17]. Low molecular weight heparin
(LMWH) has been shown to be less effective in preventing DVT in hospitalised subjects undergoing surgery for
IBD than in patients with non-IBD conditions, including
colorectal cancer and diverticular disease (aOR = 5.9,
95%CI: 0.9-39.7, for UC and DVT postoperatively)[147].
Importantly, VTE appears to carry a poorer prognostic outcome for patients with IBD than for the general
population. In a hospitalised cohort, the rate of VTE was
not only higher in IBD subjects than in the controls, but
the admissions for IBD subjects were also longer (11.7 vs
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6.1 d, P < 0.0001) and were associated with higher costs
($47515 vs $21499, P < 0.0001) and higher mortality (aOR
= 2.5, 95%CI: 1.83-3.43)[12].
Therefore, clinicians should be aware of these risks so
that adequate prophylactic actions can be taken in all IBD
patients with flares, particularly in patients who are hospitalised, submitted to surgery or undergoing treatment.

15

16

REFERENCES
1
2

3

4
5

6
7
8

9

10

11

12

13

14

Bargen J, Barker NW. Extensive arterial and venous thrombosis complicating chronic ulcerative colitis. Arch Intern Med
1936; 58: 17-31 [DOI: 10.1001/archinte.1936.00170110025002]
Murthy SK, Nguyen GC. Venous thromboembolism in
inflammatory bowel disease: an epidemiological review.
Am J Gastroenterol 2011; 106: 713-718 [PMID: 21407182 DOI:
10.1038/ajg.2011.53]
Yuhara H, Steinmaus C, Corley D, Koike J, Igarashi M, Suzuki T, Mine T. Meta-analysis: the risk of venous thromboembolism in patients with inflammatory bowel disease. Aliment Pharmacol Ther 2013; 37: 953-962 [PMID: 23550660 DOI:
10.1111/apt.12294]
Tan VP, Chung A, Yan BP, Gibson PR. Venous and arterial
disease in inflammatory bowel disease. J Gastroenterol Hepatol
2013; 28: 1095-1113 [PMID: 23662785 DOI: 10.1111/jgh.12260]
Tichelaar YI, Kluin-Nelemans HJ, Meijer K. Infections and
inflammatory diseases as risk factors for venous thrombosis. A systematic review. Thromb Haemost 2012; 107: 827-837
[PMID: 22437808 DOI: 10.1160/TH11-09-0611]
Grip O, Svensson PJ, Lindgren S. Inflammatory bowel disease promotes venous thrombosis earlier in life. Scand J Gastroenterol 2000; 35: 619-623 [PMID: 10912662]
Talbot RW, Heppell J, Dozois RR, Beart RW. Vascular complications of inflammatory bowel disease. Mayo Clin Proc
1986; 61: 140-145 [PMID: 3080643]
Bernstein CN, Blanchard JF, Houston DS, Wajda A. The
incidence of deep venous thrombosis and pulmonary embolism among patients with inflammatory bowel disease:
a population-based cohort study. Thromb Haemost 2001; 85:
430-434 [PMID: 11307809]
Miehsler W, Reinisch W, Valic E, Osterode W, Tillinger W,
Feichtenschlager T, Grisar J, Machold K, Scholz S, Vogelsang
H, Novacek G. Is inflammatory bowel disease an independent and disease specific risk factor for thromboembolism?
Gut 2004; 53: 542-548 [PMID: 15016749]
Huerta C, Johansson S, Wallander MA, García Rodríguez
LA. Risk factors and short-term mortality of venous thromboembolism diagnosed in the primary care setting in the
United Kingdom. Arch Intern Med 2007; 167: 935-943 [PMID:
17502535 DOI: 10.1001/archinte.167.9.935]
Saleh T, Matta F, Yaekoub AY, Danescu S, Stein PD. Risk of
venous thromboembolism with inflammatory bowel disease.
Clin Appl Thromb Hemost 2011; 17: 254-258 [PMID: 20211927
DOI: 10.1177/1076029609360528]
Nguyen GC, Sam J. Rising prevalence of venous thromboembolism and its impact on mortality among hospitalized inflammatory bowel disease patients. Am J Gastroenterol 2008; 103:
2272-2280 [PMID: 18684186 DOI: 10.1111/j.1572-0241.2008.02052.
x]
Kappelman MD, Horvath-Puho E, Sandler RS, Rubin DT,
Ullman TA, Pedersen L, Baron JA, Sørensen HT. Thromboembolic risk among Danish children and adults with inflammatory bowel diseases: a population-based nationwide
study. Gut 2011; 60: 937-943 [PMID: 21339206 DOI: 10.1136/
gut.2010.228585]
Nguyen GC, Boudreau H, Harris ML, Maxwell CV. Outcomes of obstetric hospitalizations among women with
inflammatory bowel disease in the United States. Clin Gas-

WJG|www.wjgnet.com

17
18

19

20
21

22

23

24

25

26
27
28

29

30

4868

troenterol Hepatol 2009; 7: 329-334 [PMID: 19027089 DOI:
10.1016/j.cgh.2008.10.022]
Bröms G, Granath F, Linder M, Stephansson O, Elmberg
M, Kieler H. Complications from inflammatory bowel
disease during pregnancy and delivery. Clin Gastroenterol
Hepatol 2012; 10: 1246-1252 [PMID: 22922307 DOI: 10.1016/
j.cgh.2012.08.018]
Novacek G, Weltermann A, Sobala A, Tilg H, Petritsch W,
Reinisch W, Mayer A, Haas T, Kaser A, Feichtenschlager T,
Fuchssteiner H, Knoflach P, Vogelsang H, Miehsler W, Platzer
R, Tillinger W, Jaritz B, Schmid A, Blaha B, Dejaco C, Eichinger
S. Inflammatory bowel disease is a risk factor for recurrent
venous thromboembolism. Gastroenterology 2010; 139: 779-787,
787.e1 [PMID: 20546736 DOI: 10.1053/j.gastro.2010.05.026]
Solem CA, Loftus EV, Tremaine WJ, Sandborn WJ. Venous
thromboembolism in inflammatory bowel disease. Am J Gastroenterol 2004; 99: 97-101 [PMID: 14687149]
Jackson LM, O’Gorman PJ, O’Connell J, Cronin CC, Cotter
KP, Shanahan F. Thrombosis in inflammatory bowel disease:
clinical setting, procoagulant profile and factor V Leiden.
QJM 1997; 90: 183-188 [PMID: 9093595]
Grainge MJ, West J, Card TR. Venous thromboembolism
during active disease and remission in inflammatory bowel
disease: a cohort study. Lancet 2010; 375: 657-663 [PMID:
20149425 DOI: 10.1016/S0140-6736(09)61963-2]
Bernstein CN, Nabalamba A. Hospitalization-based major
comorbidity of inflammatory bowel disease in Canada. Can J
Gastroenterol 2007; 21: 507-511 [PMID: 17703250]
Sridhar AR, Parasa S, Navaneethan U, Crowell MD, Olden K.
Comprehensive study of cardiovascular morbidity in hospitalized inflammatory bowel disease patients. J Crohns Colitis 2011;
5: 287-294 [PMID: 21683298 DOI: 10.1016/j.crohns.2011.01.011]
Rothberg MB, Lindenauer PK, Lahti M, Pekow PS, Selker
HP. Risk factor model to predict venous thromboembolism
in hospitalized medical patients. J Hosp Med 2011; 6: 202-209
[PMID: 21480491 DOI: 10.1002/jhm.888]
Merrill A, Millham F. Increased risk of postoperative deep
vein thrombosis and pulmonary embolism in patients with
inflammatory bowel disease: a study of National Surgical
Quality Improvement Program patients. Arch Surg 2012; 147:
120-124 [PMID: 22006853 DOI: 10.1001/archsurg.2011.297]
Wallaert JB, De Martino RR, Marsicovetere PS, Goodney
PP, Finlayson SR, Murray JJ, Holubar SD. Venous thromboembolism after surgery for inflammatory bowel disease:
are there modifiable risk factors? Data from ACS NSQIP.
Dis Colon Rectum 2012; 55: 1138-1144 [PMID: 23044674 DOI:
10.1097/DCR.0b013e3182698f60]
Papay P, Miehsler W, Tilg H, Petritsch W, Reinisch W, Mayer
A, Haas T, Kaser A, Feichtenschlager T, Fuchssteiner H, Knoflach P, Vogelsang H, Platzer R, Tillinger W, Jaritz B, Schmid
A, Blaha B, Dejaco C, Sobala A, Weltermann A, Eichinger S,
Novacek G. Clinical presentation of venous thromboembolism in inflammatory bowel disease. J Crohns Colitis 2013; 7:
723-729 [PMID: 23127785 DOI: 10.1016/j.crohns.2012.10.008]
Zöller B, Li X, Sundquist J, Sundquist K. Autoimmune diseases and venous thromboembolism: a review of the literature. Am J Cardiovasc Dis 2012; 2: 171-183 [PMID: 22937487]
Esmon CT. The interactions between inflammation and coagulation. Br J Haematol 2005; 131: 417-430 [PMID: 16281932
DOI: 10.1111/j.1365-2141.2005.05753.x]
Zöller B, Li X, Sundquist J, Sundquist K. Risk of pulmonary
embolism in patients with autoimmune disorders: a nationwide follow-up study from Sweden. Lancet 2012; 379: 244-249
[PMID: 22119579 DOI: 10.1016/S0140-6736(11)61306-8]
Lindmark E, Tenno T, Siegbahn A. Role of platelet P-selectin
and CD40 ligand in the induction of monocytic tissue factor
expression. Arterioscler Thromb Vasc Biol 2000; 20: 2322-2328
[PMID: 11031222]
Parry GC, Mackman N. NF-κB Mediated Transcription in
Human Monocytic Cells and Endothelial Cells. Trends Car-

May 7, 2014|Volume 20|Issue 17|

Magro F et al . Venous thrombosis and IBD

31

32

33

34
35

36

37

38

39
40
41

42

43

44

45

46

diovasc Med 1998; 8: 138-142 [PMID: 21235924 DOI: 10.1016/
S1050-1738(98)00002-4]
Cermak J, Key NS, Bach RR, Balla J, Jacob HS, Vercellotti
GM. C-reactive protein induces human peripheral blood
monocytes to synthesize tissue factor. Blood 1993; 82: 513-520
[PMID: 8329706]
Stouthard JM, Levi M, Hack CE, Veenhof CH, Romijn HA,
Sauerwein HP, van der Poll T. Interleukin-6 stimulates coagulation, not fibrinolysis, in humans. Thromb Haemost 1996;
76: 738-742 [PMID: 8950783]
van der Poll T, Büller HR, ten Cate H, Wortel CH, Bauer
KA, van Deventer SJ, Hack CE, Sauerwein HP, Rosenberg
RD, ten Cate JW. Activation of coagulation after administration of tumor necrosis factor to normal subjects. N Engl
J Med 1990; 322: 1622-1627 [PMID: 2188129 DOI: 10.1056/
NEJM199006073222302]
Fukudome K, Esmon CT. Identification, cloning, and regulation of a novel endothelial cell protein C/activated protein C
receptor. J Biol Chem 1994; 269: 26486-26491 [PMID: 7929370]
Klein NJ, Shennan GI, Heyderman RS, Levin M. Alteration
in glycosaminoglycan metabolism and surface charge on human umbilical vein endothelial cells induced by cytokines,
endotoxin and neutrophils. J Cell Sci 1992; 102 (Pt 4): 821-832
[PMID: 1429895]
Chen Y, Wang J, Yao Y, Yuan W, Kong M, Lin Y, Geng D,
Nie R. CRP regulates the expression and activity of tissue factor as well as tissue factor pathway inhibitor via NF-kappaB
and ERK 1/2 MAPK pathway. FEBS Lett 2009; 583: 2811-2818
[PMID: 19631649 DOI: 10.1016/j.febslet.2009.07.037]
Chen C, Nan B, Lin P, Yao Q. C-reactive protein increases
plasminogen activator inhibitor-1 expression in human
endothelial cells. Thromb Res 2008; 122: 125-133 [PMID:
17949793 DOI: 10.1016/j.thromres.2007.09.006]
Singh U, Devaraj S, Jialal I. C-reactive protein decreases tissue plasminogen activator activity in human aortic endothelial cells: evidence that C-reactive protein is a procoagulant.
Arterioscler Thromb Vasc Biol 2005; 25: 2216-2221 [PMID:
16123325 DOI: 10.1161/01.ATV.0000183718.62409.ea]
Burstein SA. Cytokines, platelet production and hemostasis.
Platelets 1997; 8: 93-104 [PMID: 20297930 DOI: 10.1080/09537
109709169324]
Bhagat K, Vallance P. Inflammatory cytokines impair endothelium-dependent dilatation in human veins in vivo. Circulation 1997; 96: 3042-3047 [PMID: 9386173]
Bisoendial RJ, Kastelein JJ, Levels JH, Zwaginga JJ, van den
Bogaard B, Reitsma PH, Meijers JC, Hartman D, Levi M, Stroes
ES. Activation of inflammation and coagulation after infusion
of C-reactive protein in humans. Circ Res 2005; 96: 714-716
[PMID: 15774855 DOI: 10.1161/01.RES.0000163015.67711.AB]
Hein TW, Singh U, Vasquez-Vivar J, Devaraj S, Kuo L, Jialal
I. Human C-reactive protein induces endothelial dysfunction
and uncoupling of eNOS in vivo. Atherosclerosis 2009; 206:
61-68 [PMID: 19268941 DOI: 10.1016/j.atherosclerosis.2009.0
2.002]
Danese S, Papa A, Saibeni S, Repici A, Malesci A, Vecchi M.
Inflammation and coagulation in inflammatory bowel disease: The clot thickens. Am J Gastroenterol 2007; 102: 174-186
[PMID: 17100967 DOI: 10.1111/j.1572-0241.2006.00943.x]
Scaldaferri F, Lancellotti S, Pizzoferrato M, De Cristofaro R.
Haemostatic system in inflammatory bowel diseases: new
players in gut inflammation. World J Gastroenterol 2011; 17:
594-608 [PMID: 21350708 DOI: 10.3748/wjg.v17.i5.594]
Zitomersky NL, Verhave M, Trenor CC. Thrombosis and
inflammatory bowel disease: a call for improved awareness
and prevention. Inflamm Bowel Dis 2011; 17: 458-470 [PMID:
20848518 DOI: 10.1002/ibd.21334]
Yoshida H, Russell J, Senchenkova EY, Almeida Paula LD,
Granger DN. Interleukin-1beta mediates the extra-intestinal
thrombosis associated with experimental colitis. Am J Pathol
2010; 177: 2774-2781 [PMID: 20971730 DOI: 10.2353/aj-

WJG|www.wjgnet.com

47

48

49

50

51
52

53

54

55

56
57

58

59

60

61

62

4869

path.2010.100205]
Yoshida H, Yilmaz CE, Granger DN. Role of tumor necrosis
factor-α in the extraintestinal thrombosis associated with
colonic inflammation. Inflamm Bowel Dis 2011; 17: 2217-2223
[PMID: 21987296 DOI: 10.1002/ibd.21593]
Larsen TB, Nielsen JN, Fredholm L, Lund ED, Brandslund I,
Munkholm P, Hey H. Platelets and anticoagulant capacity in
patients with inflammatory bowel disease. Pathophysiol Haemost Thromb 2002; 32: 92-96 [PMID: 12214155]
Chamouard P, Desprez D, Hugel B, Kunzelmann C, GidonJeangirard C, Lessard M, Baumann R, Freyssinet JM, Grunebaum L. Circulating cell-derived microparticles in Crohn’s
disease. Dig Dis Sci 2005; 50: 574-580 [PMID: 15810645]
Palkovits J, Novacek G, Kollars M, Hron G, Osterode W,
Quehenberger P, Kyrle PA, Vogelsang H, Reinisch W, Papay
P, Weltermann A. Tissue factor exposing microparticles in
inflammatory bowel disease. J Crohns Colitis 2013; 7: 222-229
[PMID: 22705067 DOI: 10.1016/j.crohns.2012.05.016]
Hudson M, Chitolie A, Hutton RA, Smith MS, Pounder RE,
Wakefield AJ. Thrombotic vascular risk factors in inflammatory bowel disease. Gut 1996; 38: 733-737 [PMID: 8707120]
Kume K, Yamasaki M, Tashiro M, Yoshikawa I, Otsuki M.
Activations of coagulation and fibrinolysis secondary to
bowel inflammation in patients with ulcerative colitis. Intern
Med 2007; 46: 1323-1329 [PMID: 17827828]
Zezos P, Papaioannou G, Nikolaidis N, Vasiliadis T, Giouleme O, Evgenidis N. Elevated plasma von Willebrand factor levels in patients with active ulcerative colitis reflect endothelial perturbation due to systemic inflammation. World J
Gastroenterol 2005; 11: 7639-7645 [PMID: 16437691]
Smith CJ, Haire WD, Kaufman SS, Mack DR. Determination
of prothrombin activation fragments in young patients with
inflammatory bowel disease. Am J Gastroenterol 1996; 91:
1221-1225 [PMID: 8651175]
Chamouard P, Grunebaum L, Wiesel ML, Frey PL, Wittersheim C, Sapin R, Baumann R, Cazenave JP. Prothrombin
fragment 1 + 2 and thrombin-antithrombin III complex as
markers of activation of blood coagulation in inflammatory
bowel diseases. Eur J Gastroenterol Hepatol 1995; 7: 1183-1188
[PMID: 8789309]
Lake AM, Stauffer JQ, Stuart MJ. Hemostatic alterations in
inflammatory bowel disease: response to therapy. Am J Dig
Dis 1978; 23: 897-902 [PMID: 717349]
Chiarantini E, Valanzano R, Liotta AA, Cellai AP, Fedi S, Ilari I, Prisco D, Tonelli F, Abbate R. Hemostatic abnormalities
in inflammatory bowel disease. Thromb Res 1996; 82: 137-146
[PMID: 9163067]
Souto JC, Martínez E, Roca M, Mateo J, Pujol J, González D,
Fontcuberta J. Prothrombotic state and signs of endothelial
lesion in plasma of patients with inflammatory bowel disease. Dig Dis Sci 1995; 40: 1883-1889 [PMID: 7555437]
Saibeni S, Vecchi M, Valsecchi C, Faioni EM, Razzari C, de
Franchis R. Reduced free protein S levels in patients with
inflammatory bowel disease: prevalence, clinical relevance,
and role of anti-protein S antibodies. Dig Dis Sci 2001; 46:
637-643 [PMID: 11318545]
Jorens PG, Hermans CR, Haber I, Kockx MM, Vermylen J,
Parizel GA. Acquired protein C and S deficiency, inflammatory bowel disease and cerebral arterial thrombosis. Blut
1990; 61: 307-310 [PMID: 2148695]
Koutroubakis IE, Sfiridaki A, Mouzas IA, Maladaki A, Kapsoritakis A, Roussomoustakaki M, Kouroumalis EA, Manousos ON. Resistance to activated protein C and low levels
of free protein S in Greek patients with inflammatory bowel
disease. Am J Gastroenterol 2000; 95: 190-194 [PMID: 10638581
DOI: 10.1111/j.1572-0241.2000.01683.x]
Faioni EM, Ferrero S, Fontana G, Gianelli U, Ciulla MM,
Vecchi M, Saibeni S, Biguzzi E, Cordani N, Franchi F, Bosari
S, Cattaneo M. Expression of endothelial protein C receptor and thrombomodulin in the intestinal tissue of patients

May 7, 2014|Volume 20|Issue 17|

Magro F et al . Venous thrombosis and IBD

63

64

65

66

67

68

69

70

71
72

73

74

75

76

77

with inflammatory bowel disease. Crit Care Med 2004; 32:
S266-S270 [PMID: 15118529]
Bernhard H, Deutschmann A, Leschnik B, Novak M, Hauer
A, Haidl H, Rosenkranz A, Muntean W. Calibrated automated thrombin generation in paediatric patients with inflammatory bowel disease. Hamostaseologie 2009; 29 Suppl 1:
S90-S93 [PMID: 19763358]
Bernhard H, Deutschmann A, Leschnik B, Schweintzger S,
Novak M, Hauer A, Muntean W. Thrombin generation in pediatric patients with Crohn’s disease. Inflamm Bowel Dis 2011;
17: 2333-2339 [PMID: 21287673 DOI: 10.1002/ibd.21631]
Chamouard P, Grunebaum L, Wiesel ML, Sibilia J, Coumaros G, Wittersheim C, Baumann R, Cazenave JP. Significance
of diminished factor XIII in Crohn’s disease. Am J Gastroenterol 1998; 93: 610-614 [PMID: 9576457 DOI: 10.1111/j.15720241.1998.174_b.x]
de Jong E, Porte RJ, Knot EA, Verheijen JH, Dees J. Disturbed fibrinolysis in patients with inflammatory bowel
disease. A study in blood plasma, colon mucosa, and faeces.
Gut 1989; 30: 188-194 [PMID: 2495239]
Gris JC, Schved JF, Raffanel C, Dubois A, Aguilar-Martinez
P, Arnaud A, Sanchez N, Sarlat C, Balmès JL. Impaired
fibrinolytic capacity in patients with inflammatory bowel
disease. Thromb Haemost 1990; 63: 472-475 [PMID: 2119529]
Saibeni S, Bottasso B, Spina L, Bajetta M, Danese S, Gasbarrini A, de Franchis R, Vecchi M. Assessment of thrombin-activatable fibrinolysis inhibitor (TAFI) plasma levels in inflammatory bowel diseases. Am J Gastroenterol 2004; 99: 1966-1970
[PMID: 15447757 DOI: 10.1111/j.1572-0241.2004.30203.x]
Irving PM, Macey MG, Shah U, Webb L, Langmead L,
Rampton DS. Formation of platelet-leukocyte aggregates
in inflammatory bowel disease. Inflamm Bowel Dis 2004; 10:
361-372 [PMID: 15475744]
Collins CE, Rampton DS, Rogers J, Williams NS. Platelet
aggregation and neutrophil sequestration in the mesenteric
circulation in inflammatory bowel disease. Eur J Gastroenterol
Hepatol 1997; 9: 1213-1217 [PMID: 9471028]
Webberley MJ, Hart MT, Melikian V. Thromboembolism in
inflammatory bowel disease: role of platelets. Gut 1993; 34:
247-251 [PMID: 8432482]
Danese S, Katz JA, Saibeni S, Papa A, Gasbarrini A, Vecchi
M, Fiocchi C. Activated platelets are the source of elevated
levels of soluble CD40 ligand in the circulation of inflammatory bowel disease patients. Gut 2003; 52: 1435-1441 [PMID:
12970136]
Menchén L, Marín-Jiménez I, Arias-Salgado EG, Fontela T,
Hernández-Sampelayo P, Rodríguez MC, Butta NV. Matrix
metalloproteinase 9 is involved in Crohn’s disease-associated
platelet hyperactivation through the release of soluble CD40
ligand. Gut 2009; 58: 920-928 [PMID: 19039088 DOI: 10.1136/
gut.2008.150318]
Sawada-Hase N, Kiyohara T, Miyagawa J, Ueyama H,
Nishibayashi H, Murayama Y, Kashihara T, Nakahara M,
Miyazaki Y, Kanayama S, Nezu R, Shinomura Y, Matsuzawa
Y. An increased number of CD40-high monocytes in patients
with Crohn’s disease. Am J Gastroenterol 2000; 95: 1516-1523
[PMID: 10894589 DOI: 10.1111/j.1572-0241.2000.01938.x]
Yan SL, Russell J, Harris NR, Senchenkova EY, Yildirim
A, Granger DN. Platelet abnormalities during colonic inflammation. Inflamm Bowel Dis 2013; 19: 1245-1253 [PMID:
23518812 DOI: 10.1097/MIB.0b013e318281f3df]
Danese S, Sans M, Scaldaferri F, Sgambato A, Rutella S, Cittadini A, Piqué JM, Panes J, Katz JA, Gasbarrini A, Fiocchi
C. TNF-alpha blockade down-regulates the CD40/CD40L
pathway in the mucosal microcirculation: a novel antiinflammatory mechanism of infliximab in Crohn’s disease. J
Immunol 2006; 176: 2617-2624 [PMID: 16456024]
Papa A, Scaldaferri F, Danese S, Guglielmo S, Roberto I,
Bonizzi M, Mocci G, Felice C, Ricci C, Andrisani G, Fedeli
G, Gasbarrini G, Gasbarrini A. Vascular involvement in

WJG|www.wjgnet.com

78

79

80

81

82

83
84

85

86

87

88

89

90
91

92

4870

inflammatory bowel disease: pathogenesis and clinical
aspects. Dig Dis 2008; 26: 149-155 [PMID: 18431065 DOI:
10.1159/000116773]
Hatoum OA, Binion DG, Otterson MF, Gutterman DD. Acquired microvascular dysfunction in inflammatory bowel
disease: Loss of nitric oxide-mediated vasodilation. Gastroenterology 2003; 125: 58-69 [PMID: 12851871]
Rafiee P, Johnson CP, Li MS, Ogawa H, Heidemann J,
Fisher PJ, Lamirand TH, Otterson MF, Wilson KT, Binion
DG. Cyclosporine A enhances leukocyte binding by human
intestinal microvascular endothelial cells through inhibition
of p38 MAPK and iNOS. Paradoxical proinflammatory effect on the microvascular endothelium. J Biol Chem 2002; 277:
35605-35615 [PMID: 12110686 DOI: 10.1074/jbc.M205826200]
Horowitz S, Binion DG, Nelson VM, Kanaa Y, Javadi P, Lazarova Z, Andrekopoulos C, Kalyanaraman B, Otterson MF,
Rafiee P. Increased arginase activity and endothelial dysfunction in human inflammatory bowel disease. Am J Physiol
Gastrointest Liver Physiol 2007; 292: G1323-G1336 [PMID:
17218473 DOI: 10.1152/ajpgi.00499.2006]
Lancellotti S, De Filippis V, Pozzi N, Peyvandi F, Palla R,
Rocca B, Rutella S, Pitocco D, Mannucci PM, De Cristofaro R.
Formation of methionine sulfoxide by peroxynitrite at position 1606 of von Willebrand factor inhibits its cleavage by
ADAMTS-13: A new prothrombotic mechanism in diseases
associated with oxidative stress. Free Radic Biol Med 2010; 48:
446-456 [PMID: 19969076 DOI: 10.1016/j.freeradbiomed.2009
.11.020]
Stevens TR, James JP, Simmonds NJ, McCarthy DA, Laurenson IF, Maddison PJ, Rampton DS. Circulating von Willebrand factor in inflammatory bowel disease. Gut 1992; 33:
502-506 [PMID: 1582595]
Koutroubakis IE. Role of thrombotic vascular risk factors in
inflammatory bowel disease. Dig Dis 2000; 18: 161-167 [PMID:
11279334]
Koutroubakis IE, Petinaki E, Anagnostopoulou E, Kritikos
H, Mouzas IA, Kouroumalis EA, Manousos ON. Anticardiolipin and anti-beta2-glycoprotein I antibodies in patients with inflammatory bowel disease. Dig Dis Sci 1998; 43:
2507-2512 [PMID: 9824143]
Hudson M, Hutton RA, Wakefield AJ, Sawyerr AM, Pounder RE. Evidence for activation of coagulation in Crohn’
s disease. Blood Coagul Fibrinolysis 1992; 3: 773-778 [PMID:
1489898]
Heneghan MA, Cleary B, Murray M, O’Gorman TA, McCarthy CF. Activated protein C resistance, thrombophilia, and
inflammatory bowel disease. Dig Dis Sci 1998; 43: 1356-1361
[PMID: 9635631]
Nosbaum A, Goujon C, Fleury B, Guillot I, Nicolas JF, Bérard F. Arterial thrombosis with anti-phospholipid antibodies induced by infliximab. Eur J Dermatol 1998; 17: 546-547
[PMID: 17951145 DOI: 10.1684/ejd.2007.0280]
Vereckei E, Kriván G, Réti M, Szodoray P, Poór G, Kiss E.
Anti-TNF-alpha-induced anti-phospholipid syndrome manifested as necrotizing vasculitis. Scand J Rheumatol 2010; 39:
175-177 [PMID: 20337548 DOI: 10.3109/03009740902832753]
Kang SS, Wong PW, Susmano A, Sora J, Norusis M, Ruggie
N. Thermolabile methylenetetrahydrofolate reductase: an
inherited risk factor for coronary artery disease. Am J Hum
Genet 1991; 48: 536-545 [PMID: 1998339]
McCully KS. Homocysteine and vascular disease. Nat Med
1996; 2: 386-389 [PMID: 8597939]
Klerk M, Verhoef P, Clarke R, Blom HJ, Kok FJ, Schouten
EG. MTHFR 677C--& gt; T polymorphism and risk of
coronary heart disease: a meta-analysis. JAMA 2002; 288:
2023-2031 [PMID: 12387655]
Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M.
Homocysteine level and coronary heart disease incidence: a
systematic review and meta-analysis. Mayo Clin Proc 2008;
83: 1203-1212 [PMID: 18990318 DOI: 10.4065/83.11.1203]

May 7, 2014|Volume 20|Issue 17|

Magro F et al . Venous thrombosis and IBD
93
94
95

96

97

98

99

100
101

102

103

104

105

106

107

108 Nagy Z, Nagy A, Karádi O, Figler M, Rumi G, Süto G, Vincze A, Pár A, Mózsik G. Prevalence of the factor V Leiden mutation in human inflammatory bowel disease with different
activity. J Physiol Paris 2001; 95: 483-487 [PMID: 11595479]
109 Bernstein CN, Sargent M, Vos HL, Rosendaal FR. Mutations in clotting factors and inflammatory bowel disease.
Am J Gastroenterol 2007; 102: 338-343 [PMID: 17156138 DOI:
10.1111/j.1572-0241.2006.00974.x]
110 Vecchi M, Sacchi E, Saibeni S, Meucci G, Tagliabue L, Duca
F, De Franchis R. Inflammatory bowel diseases are not associated with major hereditary conditions predisposing to
thrombosis. Dig Dis Sci 2000; 45: 1465-1469 [PMID: 10961731]
111 Heliö T, Wartiovaara U, Halme L, Turunen UM, Mikkola H,
Palotie A, Färkkilä M, Kontula K. Arg506Gln factor V mutation and Val34Leu factor XIII polymorphism in Finnish patients with inflammatory bowel disease. Scand J Gastroenterol
1999; 34: 170-174 [PMID: 10192195]
112 Haslam N, Standen GR, Probert CS. An investigation of
the association of the factor V Leiden mutation and inflammatory bowel disease. Eur J Gastroenterol Hepatol 1999; 11:
1289-1291 [PMID: 10563542]
113 Papa A, De Stefano V, Gasbarrini A, Chiusolo P, Cianci
R, Casorelli I, Paciaroni K, Cammarota G, Leone G, Gasbarrini G. Prevalence of factor V Leiden and the G20210A
prothrombin-gene mutation in inflammatory bowel disease.
Blood Coagul Fibrinolysis 2000; 11: 499-503 [PMID: 10937811]
114 Maher MM, Soloma SH. Assessment of thrombophilic abnormalities during the active state of inflammatory bowel disease. Saudi J Gastroenterol 2008; 14: 192-197 [PMID: 19568537
DOI: 10.4103/1319-3767.41743]
115 Yasa MH, Bolaman Z, Yukselen V, Kadikoylu G, Karaoglul AO, Batun S. Factor V Leiden G1691A, prothrombin
G20210A, and MTHFR C677T mutations in Turkish inflammatory bowel disease patients. Hepatogastroenterology 2007;
54: 1438-1442 [PMID: 17708272]
116 Yilmaz S, Bayan K, Tüzün Y, Batun S, Altintaş A. A
comprehensive analysis of 12 thrombophilic mutations and
related parameters in patients with inflammatory bowel
disease: data from Turkey. J Thromb Thrombolysis 2006; 22:
205-212 [PMID: 17111197 DOI: 10.1007/s11239-006-9032-5]
117 Mahmood A, Needham J, Prosser J, Mainwaring J, Trebble T,
Mahy G, Ramage J. Prevalence of hyperhomocysteinaemia,
activated protein C resistance and prothrombin gene mutation in inflammatory bowel disease. Eur J Gastroenterol Hepatol 2005; 17: 739-744 [PMID: 15947551]
118 Törüner M, Erkan O, Soykan I, Bozdayi M, Cetinkaya H,
Yurdaydin C, Uzunalimoğlu O, Ozden A. Factor V Leiden,
prothrombin G20210A and MTHFR gene mutations in
inflammatory bowel disease. Turk J Gastroenterol 2004; 15:
250-252 [PMID: 16249980]
119 Magro F, Dinis-Ribeiro M, Araújo FM, Pereira P, Fraga MC,
Cunha-Ribeiro LM, Tomé-Ribeiro A. High prevalence of combined thrombophilic abnormalities in patients with inflammatory bowel disease. Eur J Gastroenterol Hepatol 2003; 15: 1157-1163
[PMID: 14560147 DOI: 10.1097/01.meg.0000085474.12407.ce]
120 Bjerregaard LT, Nederby NJ, Fredholm L, Brandslund I,
Munkholm P, Hey H. Hyperhomocysteinaemia, coagulation pathway activation and thrombophilia in patients with
inflammatory bowel disease. Scand J Gastroenterol 2002; 37:
62-67 [PMID: 11843038]
121 Saibeni S, Vecchi M, Faioni EM, Franchi F, Rondonotti E,
Borsi G, de Franchis R. Val34Leu factor XIII polymorphism
in Italian patients with inflammatory bowel disease. Dig
Liver Dis 2003; 35: 32-36 [PMID: 12725605]
122 Dahlbäck B. Advances in understanding pathogenic mechanisms of thrombophilic disorders. Blood 2008; 112: 19-27
[PMID: 18574041 DOI: 10.1182/blood-2008-01-077909]
123 Zhong M, Dong XW, Zheng Q, Tong JL, Ran ZH. Factor V
Leiden and thrombosis in patients with inflammatory bowel
disease (IBD): a meta-analysis. Thromb Res 2011; 128: 403-409

Ray JG. Meta-analysis of hyperhomocysteinemia as a risk
factor for venous thromboembolic disease. Arch Intern Med
1998; 158: 2101-2106 [PMID: 9801176]
den Heijer M, Rosendaal FR, Blom HJ, Gerrits WB, Bos GM.
Hyperhomocysteinemia and venous thrombosis: a metaanalysis. Thromb Haemost 1998; 80: 874-877 [PMID: 9869152]
Martí-Carvajal AJ, Solà I, Lathyris D, Karakitsiou DE, Simancas-Racines D. Homocysteine-lowering interventions for
preventing cardiovascular events. Cochrane Database Syst Rev
2013; 1: CD006612 [PMID: 23440809 DOI: 10.1002/14651858.
CD006612.pub3]
den Heijer M, Willems HP, Blom HJ, Gerrits WB, Cattaneo
M, Eichinger S, Rosendaal FR, Bos GM. Homocysteine lowering by B vitamins and the secondary prevention of deep vein
thrombosis and pulmonary embolism: A randomized, placebo-controlled, double-blind trial. Blood 2007; 109: 139-144
[PMID: 16960155 DOI: 10.1182/blood-2006-04-014654]
Cattaneo M, Vecchi M, Zighetti ML, Saibeni S, Martinelli I,
Omodei P, Mannucci PM, de Franchis R. High prevalence of
hyperchomocysteinemia in patients with inflammatory bowel disease: a pathogenic link with thromboembolic complications? Thromb Haemost 1998; 80: 542-545 [PMID: 9798965]
Oldenburg B, Van Tuyl BA, van der Griend R, Fijnheer R,
van Berge Henegouwen GP. Risk factors for thromboembolic complications in inflammatory bowel disease: the role of
hyperhomocysteinaemia. Dig Dis Sci 2005; 50: 235-240 [PMID:
15745078]
Oussalah A, Guéant JL, Peyrin-Biroulet L. Meta-analysis:
hyperhomocysteinaemia in inflammatory bowel diseases.
Aliment Pharmacol Ther 2011; 34: 1173-1184 [PMID: 21967576
DOI: 10.1111/j.1365-2036.2011.04864.x]
Tsiolakidou G, Koutroubakis IE. Thrombosis and inflammatory bowel disease-the role of genetic risk factors. World J
Gastroenterol 2008; 14: 4440-4444 [PMID: 18680221]
Liebman HA, Kashani N, Sutherland D, McGehee W, Kam
AL. The factor V Leiden mutation increases the risk of venous thrombosis in patients with inflammatory bowel disease. Gastroenterology 1998; 115: 830-834 [PMID: 9753484]
Guédon C, Le Cam-Duchez V, Lalaude O, Ménard JF,
Lerebours E, Borg JY. Prothrombotic inherited abnormalities other than factor V Leiden mutation do not play a role
in venous thrombosis in inflammatory bowel disease. Am
J Gastroenterol 2001; 96: 1448-1454 [PMID: 11374681 DOI:
10.1111/j.1572-0241.2001.03797.x]
Turri D, Rosselli M, Simioni P, Tormene D, Grimaudo S,
Martorana G, Siragusa S, Mariani G, Cottone M. Factor V
Leiden and prothrombin gene mutation in inflammatory
bowel disease in a Mediterranean area. Dig Liver Dis 2001;
33: 559-562 [PMID: 11816544]
Koutroubakis IE, Sfiridaki A, Tsiolakidou G, Theodoropoulou A, Livadiotaki A, Paspatis G, Kouroumalis EA. Genetic
risk factors in patients with inflammatory bowel disease and
vascular complications: case-control study. Inflamm Bowel Dis
2007; 13: 410-415 [PMID: 17206678 DOI: 10.1002/ibd.20076]
Spina L, Saibeni S, Battaglioli T, Peyvandi F, de Franchis R, Vecchi M. Thrombosis in inflammatory bowel
diseases: role of inherited thrombophilia. Am J Gastroenterol 2005; 100: 2036-2041 [PMID: 16128949 DOI: 10.1111/
j.1572-0241.2005.42029.x]
Mózsik G, Nagy Z, Nagy A, Rumi G, Karádi O, Czimmer
J, Matus Z, Tóth G, Pár A. Leiden mutation (as genetic) and
environmental (retinoids) sequences in the acute and chronic
inflammatory and premalignant colon disease in human
gastrointestinal tract. J Physiol Paris 2001; 95: 489-494 [PMID:
11595480]
Over HH, Ulgen S, Tuğlular T, Tezel A, Avşar E, Geyik
G, Başgül S, Sayhan N, Ulusoy N, Kalayci C, Tözün N.
Thrombophilia and inflammatory bowel disease: does factor
V mutation have a role? Eur J Gastroenterol Hepatol 1998; 10:
827-829 [PMID: 9831402]

WJG|www.wjgnet.com

4871

May 7, 2014|Volume 20|Issue 17|

Magro F et al . Venous thrombosis and IBD
[PMID: 21831411 DOI: 10.1016/j.thromres.2011.07.014]
124 Liang J, Wu S, Feng B, Lei S, Luo G, Wang J, Li K, Li X, Xie
H, Zhang D, Wang X, Wu K, Miao D, Fan D. Factor V Leiden
and inflammatory bowel disease: a systematic review and
meta-analysis. J Gastroenterol 2011; 46: 1158-1166 [PMID:
21805067 DOI: 10.1007/s00535-011-0441-7]
125 Ghosh S, Mackie MJ, McVerry BA, Galloway M, Ellis A,
McKay J. Chronic inflammatory bowel disease, deep-venous
thrombosis and antithrombin activity. Acta Haematol 1983;
70: 50-53 [PMID: 6191510]
126 Yurekli BP, Aksoy DY, Aybar M, Egesel T, Gurgey A,
Hascelik G, Kirazli S, Haznedaroglu IC, Arslan S. The
search for a common thrombophilic state during the active state of inflammatory bowel disease. J Clin Gastroenterol 2006; 40: 809-813 [PMID: 17016137 DOI: 10.1097/01.
mcg.0000225603.33481.56]
127 van Bodegraven AA, Schoorl M, Linskens RK, Bartels PC,
Tuynman HA. Persistent activation of coagulation and fibrinolysis after treatment of active ulcerative colitis. Eur J Gastroenterol Hepatol 2002; 14: 413-418 [PMID: 11943956]
128 Den Heijer M, Lewington S, Clarke R. Homocysteine, MTHFR
and risk of venous thrombosis: a meta-analysis of published
epidemiological studies. J Thromb Haemost 2005; 3: 292-299
[PMID: 15670035 DOI: 10.1111/j.1538-7836.2005.01141.x]
129 Dawson S, Hamsten A, Wiman B, Henney A, Humphries S.
Genetic variation at the plasminogen activator inhibitor-1 locus is associated with altered levels of plasma plasminogen
activator inhibitor-1 activity. Arterioscler Thromb 1991; 11:
183-190 [PMID: 1670989]
130 Stegnar M, Uhrin P, Peternel P, Mavri A, Salobir-Pajnic B,
Stare J, Binder BR. The 4G/5G sequence polymorphism in
the promoter of plasminogen activator inhibitor-1 (PAI-1)
gene: relationship to plasma PAI-1 level in venous thromboembolism. Thromb Haemost 1998; 79: 975-979 [PMID: 9609232]
131 Frank RD, Altenwerth B, Brandenburg VM, Nolden-Koch M,
Block F. Effect of intravenous high-dose methylprednisolone
on coagulation and fibrinolysis markers. Thromb Haemost
2005; 94: 467-468 [PMID: 16116692]
132 Pandit HB, Spillert CR. Effect of methylprednisolone on coagulation. J Natl Med Assoc 1999; 91: 453-456 [PMID: 12656434]
133 El Accaoui RN, Shamseddeen WA, Taher AT. Thalidomide
and thrombosis. A meta-analysis. Thromb Haemost 2007; 97:
1031-1036 [PMID: 17549307]
134 Carty E, MacEy M, Rampton DS. Inhibition of platelet activation by 5-aminosalicylic acid in inflammatory bowel disease.
Aliment Pharmacol Ther 2000; 14: 1169-1179 [PMID: 10971234]
135 Fägerstam JP, Whiss PA, Ström M, Andersson RG. Expression of platelet P-selectin and detection of soluble P-selectin,
NPY and RANTES in patients with inflammatory bowel disease. Inflamm Res 2000; 49: 466-472 [PMID: 11071121]
136 Winther K, Bondesen S, Hansen SH, Hvidberg EF. Lack of
effect of 5-aminosalicylic acid on platelet aggregation and
fibrinolytic activity in vivo and in vitro. Eur J Clin Pharmacol
1987; 33: 419-422 [PMID: 2965019]
137 Wei JC, Jan MS, Yu CT, Huang YC, Yang CC, Tsou HK, Lee

138
139

140

141

142

143

144

145

146

147

148

HS, Chou CT, Tsay G, Chou MC. Plasma homocysteine status in patients with ankylosing spondylitis. Clin Rheumatol
2007; 26: 739-742 [PMID: 17024318 DOI: 10.1007/s10067-0060396-x]
Małyszko J, Małyszko JS, Takada A, Myśliwiec M. Effects of
immunosuppressive drugs on platelet aggregation in vitro.
Ann Transplant 2002; 7: 55-68 [PMID: 12221905]
van Ede AE, Laan RF, Blom HJ, Boers GH, Haagsma CJ,
Thomas CM, De Boo TM, van de Putte LB. Homocysteine
and folate status in methotrexate-treated patients with rheumatoid arthritis. Rheumatology (Oxford) 2002; 41: 658-665
[PMID: 12048292]
Bombeli T, Müller M, Straub PW, Haeberli A. Cyclosporineinduced detachment of vascular endothelial cells initiates
the intrinsic coagulation system in plasma and whole blood.
J Lab Clin Med 1996; 127: 621-634 [PMID: 8648267]
van den Dorpel MA, Veld AJ, Levi M, ten Cate JW, Weimar
W. Beneficial effects of conversion from cyclosporine to
azathioprine on fibrinolysis in renal transplant recipients.
Arterioscler Thromb Vasc Biol 1999; 19: 1555-1558 [PMID:
10364089]
Al-Shekhlee A, Oghlakian G, Katirji B. A case of cyclosporineinduced dural sinus thrombosis. J Thromb Haemost 2005; 3:
1327-1328 [PMID: 15946232 DOI: 10.1111/j.1538-7836.2005.01387.
x]
Ingegnoli F, Fantini F, Favalli EG, Soldi A, Griffini S, Galbiati V, Meroni PL, Cugno M. Inflammatory and prothrombotic
biomarkers in patients with rheumatoid arthritis: effects of
tumor necrosis factor-alpha blockade. J Autoimmun 2008; 31:
175-179 [PMID: 18707846 DOI: 10.1016/j.jaut.2008.07.002]
Ingegnoli F, Fantini F, Griffini S, Soldi A, Meroni PL, Cugno
M. Anti-tumor necrosis factor alpha therapy normalizes
fibrinolysis impairment in patients with active rheumatoid arthritis. Clin Exp Rheumatol 2010; 28: 254-257 [PMID:
20483049]
Puli SR, Benage DD. Retinal vein thrombosis after infliximab (Remicade) treatment for Crohn’s disease. Am J Gastroenterol 2003; 98: 939-940 [PMID: 12738486 DOI: 10.1111/
j.1572-0241.2003.07368.x]
Davies R, Galloway JB, Watson KD, Lunt M, Symmons DP,
Hyrich KL. Venous thrombotic events are not increased in
patients with rheumatoid arthritis treated with anti-TNF
therapy: results from the British Society for Rheumatology
Biologics Register. Ann Rheum Dis 2011; 70: 1831-1834 [PMID:
21784722 DOI: 10.1136/ard.2011.153536]
Scarpa M, Pilon F, Pengo V, Romanato G, Ruffolo C, Erroi
F, Elisa B, Frego M, Ossi E, Manzato E, Angriman I. Deep
venous thrombosis after surgery for inflammatory bowel
disease: is standard dose low molecular weight heparin prophylaxis enough? World J Surg 2010; 34: 1629-1636 [PMID:
20177681 DOI: 10.1007/s00268-010-0490-8]
Ha C, Magowan S, Accortt NA, Chen J, Stone CD. Risk of arterial thrombotic events in inflammatory bowel disease. Am
J Gastroenterol 2009; 104: 1445-1451 [PMID: 19491858 DOI:
10.1038/ajg.2009.81]

P- Reviewers: Arias M, Mezalek ZT, Ren J S- Editor: Wen LL
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

4872

May 7, 2014|Volume 20|Issue 17|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i17.4873

World J Gastroenterol 2014 May 7; 20(17): 4873-4882
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (3): Inflammatory bowel disease

New serological markers in pediatric patients with
inflammatory bowel disease
Márta Kovács, Katalin Eszter Müller, Mária Papp, Péter László Lakatos, Mihály Csöndes, Gábor Veres
of patients undergo surgery during the disease course.
Based on recent knowledge, serum antibodies are
qualitatively and quantitatively associated with complicated CD behavior and CD-related surgery. Pediatric
UC is characterized by extensive colitis and a high rate
of colectomy. In patients with UC, high levels of antiCBir1 and pANCA are associated with the development
of pouchitis after ileal pouch-anal anastomosis. Thus,
serologic markers for IBD can be applied to stratify
IBD patients into more homogeneous subgroups with
respect to disease progression. In conclusion, identification of patients at an increased risk of rapid disease
progression is of great interest, as the application of
early and more aggressive pharmaceutical intervention
could have the potential to alter the natural history of
IBD, and reduce complications and hospitalizations.
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Abstract

Core tip: Application of non-invasive diagnostic tests
for the diagnosis of inflammatory bowel disease (IBD)
and differentiation between ulcerative colitis (UC) and
Crohn’s disease (CD) would be useful in the pediatric
population. The combination of pancreatic autoantibodies and antibodies against Saccharomyces cerevisiae
antibodies/perinuclear cytoplasmic antibody improved
the sensitivity of serological markers in pediatric patients with CD and UC. In addition, serologic markers
for IBD can be applied to stratify IBD patients into
more homogeneous subgroups with respect to disease
progression. With this knowledge, clinicians will be able
to stratify patients accordingly with regards to the risk
of disease progression, create a personalized treatment
strategy, and attempt to modify disease course, thereby

The spectrum of serological markers associated with inflammatory bowel disease (IBD) is rapidly growing. Due
to frequently delayed or missed diagnoses, the application of non-invasive diagnostic tests for IBD, as well
as differentiation between ulcerative colitis (UC) and
Crohn’s disease (CD), would be useful in the pediatric
population. In addition, the combination of pancreatic
autoantibodies and antibodies against Saccharomyces
cerevisiae antibodies/perinuclear cytoplasmic antibody
(pANCA) improved the sensitivity of serological markers
in pediatric patients with CD and UC. Some studies suggested that age-associated differences in the patterns
of antibodies may be present, particularly in the youngest children. In CD, most patients develop stricturing
or perforating complications, and a significant number
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In pediatric studies, ASCA positivity increased with age
at diagnosis[13] and was predictive for a more relapsing
disease course [OR 2.9 (95%CI: 1.33-6.33)] in CD[14]. In
addition, Trauernicht and Steiner[15] reported that serum
ASCA antibodies are associated with lower anthropometric data (lower mean weight and height Z-scores) at
the diagnosis of pediatric CD. pANCA is noted for its
association with the ‘‘UC-like’’ phenotype in patients
with CD[16,17]. Testing for ASCA and pANCA alone may
have limited usefulness; therefore additional seromarkers are needed to improve the diagnosis, differentiation,
and stratification of IBD, as well as prediction of disease
course.

improving long-term prognosis.
Kovács M, Müller KE, Papp M, Lakatos PL, Csöndes M, Veres G.
New serological markers in pediatric patients with inflammatory
bowel disease. World J Gastroenterol 2014; 20(17): 4873-4882
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/4873.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.4873

INTRODUCTION
Inflammatory bowel diseases (IBD), Crohn’s disease
(CD), and ulcerative colitis (UC) are chronic relapsing
and remitting disorders of the digestive tract with unknown etiology[1]. Previous studies suggested that IBD
results from an aberrant innate and acquired immune response to commensal microorganisms in genetically susceptible individuals[2,3]. This hypothesis is supported by
the presence of antibodies directed to microbial antigens
and by the identification of genetic polymorphisms, such
as NOD2/CARD15 and toll-like receptor 4 variants in
CD[4]. Besides genetic predisposition and environmental
factors, innate immunity is assumed to be another major
contributor to pathogenesis in IBD.
Incidence of IBD is increasing, especially in pediatric
patients with CD[5]. It is estimated that 15%-25% of IBD
patients present in childhood. Recent studies showed that
up to 20% of pediatric patients and 5%-15% of adult
patients with colon only involvement had diagnostic difficulties if they had UC or colonic CD[6]. Serologic markers
may help to establish diagnosis of IBD and to differentiate CD from UC, particularly when they are combined. It
is especially important in the pediatric population, where
invasive diagnostic testing is less desirable. In CD, most
patients develop stricturing or perforating complications,
and a significant number of patients undergo surgery
during the disease course. Pediatric UC is more often
associated with pancolitis and colectomy. Besides their
diagnostic significance, current knowledge suggests that
serologic markers can be a valuable aid in stratifying patients according to disease phenotype and risk of complications in IBD.
Several circulating autoantibodies have been described
in IBD. The two most intensively studied conservative antibodies are atypical perinuclear anti-neutrophil
cytoplasmic antibodies (atypical pANCA), which are
primarily associated with UC and anti-Saccharomyces cerevisiae antibodies (ASCA), which are primarily associated
with CD[4,7]. In pediatric IBD, sensitivity/specificity of
pANCA in UC ranged between 57% to 83% and 65% to
97%, respectively, whereas in CD, ASCA showed a sensitivity/specificity in the range of 44% to 76% and 88%
to 95%, respectively[8,9]. ASCA positivity or high titers are
associated with complicated CD behavior (penetrating or
stenosing disease) and could be useful markers for predicting the need for surgery in adults and children[10-12].
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NEW SEROLOGICAL MARKERS
Crohn’s disease
Antibodies to Escherichia coli outer membrane porin C, Pseudomonas -associated sequence I2, and
bacterial flagellin CBir: Several antibodies against microbial components have been detected in serum samples
of patients with IBD, including ones against outer membrane porin C (anti-OmpC) of Escherichia coli, against
Pseudomonas-associated sequence I2 (anti-I2), and against
bacterial flagellin CBir (anti-CBir1). Adherent-invasive E.
coli has been found in ileal CD lesions, and OmpC has
been shown to be required for these organisms to adhere
to intestinal epithelial cells[18,19]. I2 was identified as a bacterial sequence from lamina propria mononuclear cells of
active CD patients, and was shown to be associated with
Pseudomonas fluorescens[20]. CBir1 is a flagellin related antigen that was initially identified in the gut flora of mice,
and has the ability to induce colitis in immunodeficient
mice[21].
Approximately 50% of adult patients with CD were
positive for these markers, which were insignificant in
adult patients with UC and healthy subjects[22,23]. The
prevalence of anti-OmpC and anti-I2 was found to be
11% and 56% in pediatric CD, respectively[10,13,24-28]. The
occurrence of antibodies varies in children of different
ages: children younger than 8 years old at diagnosis are
predominantly anti-CBir1 positive and ASCA and antiOmpC negative, while those older than 8 are more commonly both ASCA and anti-CBir1 positive[13]. In children
with CD, these strong serological responses to bacterial
flagellin CBir antigens suggest that this antigen may have
a potential role in the immunopathology of the disease.
Anti-glycan antibodies: The most recently described
serum markers directed against microbial antigens are
anti-glycan antibodies. Glycans are predominant cell
surface oligosaccharides found on microorganisms, immune cells, erythrocytes, and tissue matrices. In IBD,
the presence of anti-glycan antibodies results from the
interaction between the immune system and the glycosylated cell wall components of such pathogens as fungi,
yeast, and bacteria. Besides gASCA (which is very similar
to conventional ASCA IgG), certain novel anti-glycan
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antibodies were identified and associated with CD: antimannobioside carbohydrate antibodies (AMCA), antilaminaribioside carbohydrate antibodies (ALCA), antichitobioside carbohydrate antibodies (ACCA), antilaminarin carbohydrate antibodies (anti-L), and anti-chitin
(anti-C) carbohydrate antibodies.
Anti-glycan markers are significantly increased in CD
compared to UC and healthy controls[29,30]. However,
only 16.9%-30.5% of patients were positive for each of
AMCA, ALCA, ACCA, anti-L, and anti-C markers in
pediatric CD[31]. Since the presence of anti-L and anti-C
is low in ASCA-negative patients with CD, it has been
proposed that these markers may bind different epitopes.
Interestingly, the optimal cutoff values for anti-glycan
markers were different in children than in adult populations in a serological study by Rieder et al[31]; strikingly
lower cutoff points of gASCA, ACCA, ALCA, AMCA,
anti-L, and anti-C were observed in children compared to
adult patients with CD.

determined in the serum of patients with CD. However,
other studies found much higher (22%-24%) prevalence
of PAB in UC[42-44]. Although anti-GP2 only represents a
small proportion of PAB seropositive cases, anti-GP2 autoantibodies are detected in about 30% of patients with
CD and in 5%-12% of patients with UC[45-47].
Ulcerative colitis
Autoantibodies against intestinal goblet cells: Serological markers have been far less extensively studied
in UC than in CD. Autoantibodies against different colonic antigens have been found in patients with UC [e.g.,
goblet cell autoantibodies (GAB)]. In previous studies,
GAB has been detected in adult patients with UC, with
a prevalence of 28% to 30%. In contrast, other studies
suggested a much lower prevalence in both diseases[42-44].
These conflicting results are likely due to methodological
differences, such as enzyme-linked immunosorbent assay
antigen substrates and the evaluation of fluorescence patterns. GAB produce mucin that has multiple functions:
it serves as a lubricant, provides nonspecific protection
against unwanted microbial agents, and hosts the normal
bacterial flora. Through complicated and strictly regulated
glycosylation, mucins act as a decoy in binding a range of
different microbes and maintaining the normal intestinal
flora. The significance of these antibodies, however, has
not been established and thus remains unclear.

Pancreatic autoantibodies: Autoantibodies against
exocrine pancreas (PAB) were described for the first time
in 1984[32], but the autoantigenic targets of PAB were
identified only in 2009[33,34]. The recognition of glycoprotein 2 (GP2) as a major target antigen of the droplet-like
PAB (type I PAB) has been followed by the identification
of CUB/zona pellucida-like domain-containing protein
1 (CUZD1) as another major antigenic target of PAB
giving the reticulogranular, cytoplasmic pattern by indirect immunofluorescence (type II PAB). Both GP2 and
CUZD1 are glycosylated membrane proteins residing in
the acinar secretory storage granules of the pancreas. It
was previously believed that GP2 is exclusively expressed
by pancreatic acinar cells, but recent studies have shown
that GP2 is also present as a specific membrane-anchored
receptor on the microfold (M) intestinal cells of intestinal
Peyer’s patches, and is essential for host-microbial interaction and the initiation of bacteria-specific mucosal immune responses[35,36]. Notably, GP2 overexpresses at the
site of CD inflammation in contrast to UC[33,37]. Respective data regarding CUZD1 expression in the intestine
are sparse, with further research being needed to evaluate
the relevance of these autoantibodies in CD. Combined
determination of GP2 and CUZD1-specific autoantibodies by indirect immunofluorescence using recombinantly
expressed human embryonic-kidney cell autoantigens
represents a new method in the serological diagnosis of
IBD. Discrimination between positive and negative reactions is considered to be easier in transfected cells than in
primate tissues. The selective detection of anti-GP2 and
CUZD1 autoantibodies by enzyme-linked immunosorbent assay (ELISA) has also been recently developed[34].
PAB have been reported to be pathognomonic markers of CD. A prevalence of 27% to 39% of PAB was
present in patients with CD, compared with only 0%
to 5% in patients with UC[38-40]. Increased prevalence
of PAB has been found in unaffected first-degree relatives[41]. Stöcker et al[38] reported that PAB could only be
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DIAGNOSTIC VALUE OF NEW
SEROLOGIC MARKERS IN IBD
In diagnostic workup of IBD, a serologic test with high
sensitivity and specificity is desired. The diagnostic value
of the new serologic markers for IBD is limited due to
their low sensitivity and presence in other conditions,
such as celiac disease, autoimmune diseases, and liver cirrhosis[48-50]. Sensitivity can be increased by the combination of different antibodies. A role for serological testing
in screening for IBD was suggested by several studies,
but the low sensitivity of these assays only provide a
modest contribution to the identification of IBD[8,24,51-53].
The diagnostic value of the new serologic markers in
children with IBD is shown in Table 1. A retrospective
study of 300 pediatric patients tested in the IBD7 panel
(anti-OmpC, anti-CBir-1, ASCA, and ANCA, Serology 7,
Prometheus, Sandiego, CA, United States) for the evaluation of pediatric IBD resulted in a 67% sensitivity and
76% specificity. Consequently, this panel has a limited
clinical utility in screening for pediatric IBD[53].
In pediatric CD, each anti-OmpC, anti-I2, or antiCBir1 antibody was detected in 11%-55% of patients as a
single marker. In a prospective pediatric study using combined analysis (anti-OmpC, anti-I2, anti-CBir1 or ASCA),
77% of patients with CD were positive for at least one
microbial-driven antibody[26]. Therefore this method provided modest support for the diagnosis of CD.
Single glycan markers have limited clinical value for
the primary diagnostic workup for CD due to their low
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Table 1 Diagnostic value of the new serologic markers in children with inflammatory bowel disease
Marker

Sensitivity
CD

Anti-Omp
Anti-CBir
Anti-I2
gASCA
ACCA
ALCA
AMCA
Anti-L
Anti-C
PAB
Anti-GP2
GAB

11%-34%
52%-56%
44.4%-50%
60.7%-62.7%
8.7%-22%
19.7%-30.5%
12.2%-16.9%
18%-22%
10.2%-22%
34%-38.5%
30.2%
12.2%

Specificity
5%-25%
ND
41.7%-42%
11.1%-14.6%
3%-18.5%
7.6%-14.8%
7.6%-14.8%
3.3%-14.8%
2.3%-14.8%
20.4%-20.6%
8.8%
1.9%

PPV

NPV

Ref.

51.6%-53.3%
ND
51.1%-53.7%
52.2%-55.9%
32.4%-38.2%
35.9%-40.1%
31.9%-39.06%
33.3%-40.07%
33.3%-38.8%
54.7%-56.5%
56.7%
52.7%2

[8,24,25]
[10,13,26]
[27,28]
[301,31]
[301,31]
[301,31]
[301,31]
[301,31]
[301,31]
[44,451]
[45]1
[44]

CD vs UC

UC
75%-95%
ND
58%-58.3%
85.4%-88.9%
81.5%-97%
85.2%-92.4%
85.2%-96.7%
85.2%-96.7%
85.2%-97.7%
79.4%-79.6%
91.2%
98.1%2

57.9%-69%
ND
51.6%-54.3%
87.1%-92.5%
72.2%-83.3%
81.8%-81.6%
71.4%-86.3%
76.5%-90.3%
76.5%-83.3%
62.5%-65.1%
77.4%
86.5%2

Mixed pediatric and adult cohort; 2Ulcerative colitis (UC) vs Crohn’s disease (CD). ND: No data available; Anti-OmpC: Antibodies against outer membrane
porin C of Escherichia coli; Anti-CBir1: Antibodies against bacterial flagellin CBir1; Anti-I2: Antibodies against the Pseudomonas-associated sequence; ASCA:
Antibodies against Saccharomyces cerevisiae; AMCA: Anti-mannobioside carbohydrate antibodies; ALCA: Anti-laminaribioside carbohydrate antibodies;
ACCA: Anti-chitobioside carbohydrate antibodies; Anti-L: Anti-laminarin carbohydrate antibodies; Anti-C: Anti-chitin carbohydrate antibodies; PAB:
Pancreatic antibodies; Anti-GP2: Antibodies against glycoprotein 2; GAB: Antibodies against intestinal goblet cells; IBD: Inflammatory bowel disease; PPV:
Positive predictive value; NPV: Negative predictive value.
1

sensitivity. From the entire panel, gASCA came out as the
most accurate for the diagnosis of pediatric CD (sensitivity: 62.7%, specificity: 95.6% CD vs controls, and 88.9%
CD vs UC)[31]. With respect to the latest two novel markers, the addition of Anti-L and Anti-C to gASCA and
pANCA further improved discrimination between CD
and UC (P < 0.001) in a large pediatric and adult cohort
with IBD (n = 818, 517 CD, 301 UC)[30]. More specifically, nearly three-quarters of the patients with CD showed
seropositivity for at least one of the aforementioned seven anti-glycan antibodies[30,31]. Anti-glycan antibodies may
be particularly important in ASCA-negative patients with
CD. Rieder et al[31] found that 40.9% of ASCA-negative
pediatric patients with CD were positive for at least one
other anti-glycan marker, suggesting that these novel antibodies may further improve serological diagnosis for CD.
Similarly, other studies found that about half of ASCA
negative adult patients were positive for ALCA, ACCA,
or AMCA[29,54]. In concordance with the results published
by Rieder et al[55], Seow et al[30] demonstrated that all the
anti-glycan antibodies were highly specific for IBD, particularly for CD (85.4%-97.7%), and were more prevalent
in CD vs UC (P < 0.0015). In this large pediatric and
adult cohort with IBD, anti-C showed the highest specificity of 97.7, followed by ACCA at 97%, then anti-L at
96.7%. Due to the combined use of these markers, the
specificity for CD increases up to 100%[29,55].
While the specificity of PAB for CD is high, its
sensitivity is low. In our study the presence of PAB was
significantly higher in CD (34%) and UC (20.4%) compared with the pediatric control cohort (0%, P < 0.0001).
Specificity of PAB was 100%; however, sensitivity was
low. The combination of PAB and antibodies against
ASCA/pANCA improved the sensitivity of serological
markers in CD (87.4%) and in UC (79.6%); specificity
was 89.3% and 93.2%, respectively[44]. Combinations of
these antibodies, particularly with ASCA, have shown

WJG|www.wjgnet.com

increased sensitivity; therefore, it may be recommended
in the diagnostic procedure of IBD[42,44]. Diagnostic accuracy of the combined novel antibodies with conventional serological markers in children with IBD is shown
in Table 2[44].
In a recent study, Bogdanos et al[45] observed a significantly higher prevalence of PAB compared to anti-GP2
in UC (20.6% vs 8.8%, P < 0.003), whereas the difference
between PAB and anti-GP2 did not reach a statistically
significance level in CD (38.5% vs 30.2%, P = 0.108), respectively. Thus, anti-GP2 testing by ELISA assay seems
to be more specific for CD than for PAB testing, so it
may improve the differentiation between CD and UC.
In UC, the most frequently studied serological marker
is pANCA. Besides pANCA, in our study the prevalence
of GAB was significantly increased in patients with UC
in comparison to CD and controls (UC, 12.2%; CD, 1.9%;
controls, 1.9%; P = 0.02). Sensitivity can be significantly
increased with combinations of different antibodies. For
example, pANCA and/or GAB together had a sensitivity
of approximately 80% for UC[44].

ASSOCIATION WITH IBD PHENOTYPES
AND PROGNOSIS
In patients with CD at diagnosis, most patients have
inflammatory type disease[56,57]. Nevertheless, during the
disease course the development of complicated behavior
in the pediatric population is a common feature[58]. In the
largest pediatric cohort with CD (n = 989), the cumulative incidence of stricturing or penetrating complications
was found to be 13%, 27%, and 38%, 1, 5, and 10 years
after the diagnosis of IBD, respectively[58]. Furthermore,
small bowel disease is more frequently correlated with
the development of complicated disease behavior than
in isolated colonic disease. Based on these observations,
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Table 2 Diagnostic accuracy of the combined novel antibodies with conventional serological markers in children with inflammatory
[44,45]
bowel disease

CD vs controls

UC vs controls

Marker

Sensitivity

Specificity

PPV

NPV

Ref.

ASCA
PAB
Anti-GP2
pANCA
GAB
PAB and/or ASCA
Anti-GP2 and/or ASCA
PAB and/or ASCA and/or pANCA
PAB and /or ASCA/ pANCAASCA+/pANCApANCA
GAB
PAB
Anti-GP2
ASCA
ASCA2
PAB and/or pANCA
PAB and/or pANCA and/or GAB
Anti GP2 and/or ASCA
GAB+/pANCA+
PAB+/pANCA+
rPAB+/pANCA+
GAB+/PAB+/pANCA+

35.5%-72.8%
34.0%-43.8%
30.2%
33.0%
1.9%
79.6%
50.9%
87.4%
53.4%
51.5%
77.5%
12.2%
20.4%-23.5%
8.8%
6.9%-26.5%
16.3%
79.6%
79.6%
14.7%
12.2%
18.4%
22.4%
4.1%

95.2%-96.5%
100%
96%
94.2%
98.1%
95.2%
92.9%
89.3%
95.2%
95.2%
94.2%
98.1%
100%
96%
95.2%-96.5%
95.2%
94.2%
94.2%
92.9%
98.1%
100%
100%
100%

91%-93.8%
100%
88.3%
85.1%
50.0%
94.3%
87.8%
89.1%
91.8%
91.5%
93.0%
86.5%
100%
68.8%
66.3%-84.7%
77.3%
93.2%
93.2%
67.4%
86.5%
100%
100%
100%

59.9%-77.8%
60.2%
57.9%
58.4%
50.0%
82.3%
65.4%
87.6%
67.1%
66.2%
80.9%
52.8%
55.6%
51.3%
50.9%-56.4%
53.2%
82.2%
82.2%
52.1%
52.8%
55.1%
56.3%
51.0%

[44,451]
[44,451]
[45]
[44]
[44]
[44]
[45]
[44]
[44]
[44]
[44]
[44]
[44,451]
[45]1
[44,451]
[44]
[44]
[44]
[45]
[44]
[44]
[44]
[44]

1

Mixed pediatric and adult cohort; 2Diagnostic value of antibodies against Saccharomyces cerevisiae (ASCA) antibodies in ulcerative colitis (UC) patients
without primary sclerosing cholangitis (PSC). PAB: Pancreatic antibodies; Anti-GP2: Antibodies against glycoprotein 2; pANCA: Perinuclear antineutrophil cytoplasmic antibodies; GAB: Antibodies against intestinal goblet cells; IBD: Inflammatory bowel disease; CD: Crohn’s disease; PPV: Positive
predictive value; NPV: Negative predictive value.

CD[4,29,30,31,54,55,61,62]. This was also found in both qualitative
(number of positive antibodies) and quantitative (antibody
titers) immune response. In a cross-sectional pediatric
study, ALCA and anti-L had the strongest association
with complications[31]. In this pediatric population, most
of the anti-glycan markers, except for ACCA and anti-C,
were associated with complicated disease behavior and
ALCA with CD-related surgery. Only gASCA was associated with terminal ileal disease location. Surprisingly,
gASCA was inversely correlated with early disease onset
in this pediatric cohort[31], but this link was found to be
positive in adult CD[4,55,63]. This difference may arise from
the distinct nature of the intestinal immune system in
children.
There are conflicting results related to the association between PAB and CD phenotype in adult cohorts.
Increased prevalence of PAB was observed in patients
with early onset of disease, and stricturing or penetrating
phenotypes[39,40,42,43,64]. Lakatos et al[42] reported an association between PAB positivity, perianal disease, and EIMs.
However, in our pediatric study, we found that the presence of PAB was not associated with disease phenotype
in CD[44]. It is difficult to compare the data of these studies, since age may affect localization and behavior as well.
In some studies, the relation between anti-GP2 and
CD phenotype was also evaluated. In mixed pediatric and
adult cohort with CD (n = 169), humoral autoreactivity
to GP2 and ASCA applying ELISA has been reported
to be associated with ileocolonic location, suggesting a

a more aggressive treatment should be considered in this
large subgroup of pediatric patients with CD. Consequently, the evaluation of relevant phenotype-serotype
correlations may provide important prognostic information. Association of the new serologic markers with phenotype in pediatric CD is summarized in Table 3.
Antibodies directed to bacterial antigens were reported as being qualitatively (presence) and quantitatively
(titer) associated with aggressive disease behavior in
both children and adults[10,26,59,60]. The first prospective
pediatric study conducted by Dubinsky and co-workers
demonstrated that the degree of the immune response
to ASCA, anti-I2, anti-OmpC, and anti-CBir1 correlated
with internal penetrating, stricturing disease, and the
need for surgery in a large cohort with CD (n = 196).
The risk of developing penetrating and/or stricturing
CD was increased 11-fold in those subjects with immune
responses to all four antigens (anti-12, anti-OmpC, antiCBir1, and ASCA) compared to seronegative cases (OR
= 11, 95%CI: 1.5-80.4, P = 0.03). Moreover, in this study,
the highest antibody sum group and quartile sum score
group showed the most rapid disease progression [26].
These initial findings were confirmed in another larger
study of 796 pediatric CD patients using ASCA, antiOmpC, and anti-CBir1[10].
Recent studies demonstrated that seropositivity for
anti-glycan antibodies was associated with early disease
onset, small bowel disease, complicated disease behavior, and CD-related surgery in both adult and pediatric
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positive patients, but the risk of acute pouchitis was
unaffected by ANCA status. These data had a significant
influence on the patients’ treatment in post-operative
course. The studies could not demonstrate any association between the presence of GAB and clinical presentation, medical therapy, or need for surgery in patients with
UC.

Table 3 Association of the new serologic markers with
phenotype in pediatric Crohn’s disease
Marker
Anti-OmpC
Anti-CBir1
Anti-I2
ASCA
gASCA

ACCA
ALCA

AMCA
Anti-L

Anti-C

Anti-GP2 with ASCA

CD phenotype

Ref.

Complicated disease behavior
CD-related surgery

[10,26]

Early disease onset
Ileal disease location
Complicated disease behavior
Perianal disease
CD-related surgery
Complicated disease behavior CDrelated surgery
Ileal disease location
Complicated disease behavior CDrelated surgery
Complicated disease behavior
perianal disease
Ileal disease location
Complicated disease behavior
Perianal disease
CD-related surgery
Complicated disease behavior
Perianal disease
CD-related surgery
Early disease onset
Ileal location
Complicated behavior
Perianal disease

[301,31]

ASSOCIATION WITH THE RESPONSE TO
THERAPY AND DISEASE ACTIVITY
Recent studies have highlighted the connection of serologic markers with biologic therapies. Previous studies
demonstrated that ASCA signals do not predict response
to anti-tumor necrosis factor (TNF)-α therapies in CD[4,68].
Comparative findings were reported regarding the effect
of biological agents in the behavior of anti-GP2 antibodies. Belgian investigators did not find a robust effect of
infliximab and adalimumab in patients followed up for 6-44
mo[65].
No association was detected between anti-glycan
markers and the response to corticosteroids and disease
activity in children with CD[31]. Similarly, in our study, we
could not find any association between serum antibodies
of PAB, ASCA, and ANCA and response to therapy[44].
Dubinsky et al[69] reported that a combination of
phenotype, serotype, and genotype is the best predictive
model of non-response to anti-TNFα agents in pediatric
patients. In this study, anti-OmpC, anti-CBir1, anti-I2,
ASCA, and pANCA serum markers were analyzed. The
most predictive model included the presence of three
novel “pharmacogenetic” loci, the previously identified
BRWD1, pANCA, and UC diagnosis (P < 0.05). The
relative risk of non-response increased 15-fold when the
number of risk factors increased from 0-2 to ≥ 3 (P <
0.0001)[69].
Based on longitudinal analysis, the presence of antibodies in IBD is relatively constant during the disease
course[62,70]. However, the prevalence of ASCA, antiOmpC, and anti-I2 has been found to be more frequent
when the disease persists for a long time[12,60]. Furthermore, disease activity, CRP levels, or response to corticosteroids does not appear to influence marker levels in
longitudinal studies. Therefore, serial measurement of
antibodies may not provide additional information for
the evaluation of IBD[31,70].

[30]1
[301,31]

[301,31]
[301,31]

[30]1

[45]1

1

Mixed pediatric and adult cohort. Anti-OmpC: Antibodies against outer
membrane porin C of Escherichia coli; Anti-CBir1: Antibodies against
bacterial flagellin CBir1; Anti-I2: Antibodies against the Pseudomonasassociated sequence; ASCA: Antibodies against Saccharomyces cerevisiae;
AMCA: Anti-mannobioside carbohydrate antibodies; ALCA: Antilaminaribioside carbohydrate antibodies; ACCA: Anti-chitobioside
carbohydrate antibodies; Anti-L: Anti-laminarin carbohydrate antibodies;
Anti-C: Anti-chitin carbohydrate antibodies; Anti-GP2: Antibodies against
glycoprotein 2.

role for GP2 as a receptor on M cells in intestinal Peyer’s
patches[45]. Moreover, in this cohort, the presence of antiGP-2 was associated with younger age at the onset of
the disease (< 16 years), stricturing behavior, and perianal
disease in CD[45]. Similarly, Pavlidis et al[46] demonstrated
that patients with colonic CD do not show significant antibody reactivity against GP2 compared to those who had
ileal localization; the site of GP2-rich M cells. However,
a Belgian study by Op De Beéck et al[65] did not find any
association between anti-GP2 seropositivity and clinical
phenotype in CD (n = 164) using the same ELISA.
In patients with UC, both anti-CBir1 and pANCA
positivity correlated with the development of pouchitis
after ileal pouch-anal anastomosis. In a study by Fleshner
et al[66], diverse patterns of reactivity to microbial antigens
were manifested as different forms of pouchitis (n =
238, age range: 8-81 years). Anti-CBir1 positivity indicated acute pouchitis only in patients who have low-level
pANCA expression, with increased incidence of chronic
pouchitis only in patients who had high-level pANCA
expression. In a meta-analysis by Singh et al[67], the risk
of chronic pouchitis after IPAA was higher in ANCA-
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CONCLUSION
The correct diagnosis and classification of IBD as either CD or UC is essential for choosing the appropriate
therapy. Combined application of the novel antibodies
(PAB/GP2) with conventional serology markers (ASCA/
pANCA) increased sensitivity. Therefore, the use of
combinations may be advisable in the diagnostic work-up
of selected cases. Moreover, childhood-onset CD often
leads to complicated disease (stricturing or penetrating)
with increasing prevalence in parallel to disease duration.
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In CD, information gained from a serologic profile, both
qualitatively and quantitatively, may help to determine
the likelihood of a more severe phenotype. In addition,
pediatric UC is associated with pancolitis and a higher
risk of colectomy. In patients with UC, serologic markers
are associated with the development of pouchitis after
ileal pouch-anal anastomosis. With this knowledge, clinicians will be able to stratify patients regarding the risk
of disease progression, create a personalized treatment
strategy, and try to modify disease course, thus improving long-term prognosis. Further simultaneous prospective multicentric studies are needed to evaluate the exact
prognostic role of serologic markers which may help in
the individual therapeutic management of pediatric and
adult IBD.
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digestive system: Indications, limitations, and evidence
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experienced surgeon. However, the evidence for these
special indications is poor and a general recommendation cannot be given. In conclusion, laparoscopic surgery
has revolutionized the field of gastrointestinal surgery by
reducing perioperative morbidity without disregarding
surgical principles especially in oncological surgery.

Markus Alexander Küper, Department for General and Visceral
Surgery, Bundeswehr Hospital Berlin, D-10115 Berlin, Germany
Friederike Eisner, Alfred Königsrainer, Jörg Glatzle, Department for General, Visceral and Transplant Surgery, University
Hospital Tübingen, 72076 Tübingen, Germany
Author contributions: Küper MA, Eisner F, Königsrainer A
and Glatzle J all did literature research and wrote and revised this
manuscript.
Correspondence to: Markus Alexander Küper, MD, Department for General and Visceral Surgery, Bundeswehr Hospital
Berlin, Scharnhorststraße 13, D-10115 Berlin,
Germany. markus.kueper@med.uni-tuebingen.de
Telephone: +49-30-28411229 Fax: +49-30-28411043
Received: October 28, 2013 Revised: December 23, 2013
Accepted: February 16, 2014
Published online: May 7, 2014

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Laparoscopy; Gastrointestinal surgery;
Esophagus; Stomach; Cholecystectomy, Colorectal surgery; Liver resection; Pancreas resection; Laparoscopic
resection of gastrointestinal
Core tip: Laparoscopy is known for more than 100
years. In the last three decades there have been significant innovations in laparoscopic surgery that have
revolutionized the field of digestive surgery so that by
now every surgical procedure for any benign or malign
digestive disease has been performed laparoscopically.
This article gives an overview over the development
of laparoscopic surgery as well as presents the most
recent evidence for laparoscopic surgery with special
focus on morbidity and equivalency regarding oncological results compared to the open approach.

Abstract
The laparoscopic technique was introduced in gastrointestinal surgery in the mid 1980s. Since then, the
development of this technique has been extraordinary.
Triggered by technical innovations (stapling devices or
coagulation/dissecting devices), nowadays any type of
gastrointestinal resection has been successfully performed laparoscopically and can be performed laparoscopically dependent on the patient’s condition. This
summary gives an overview over 30 years of laparoscopic surgery with focus on today’s indications and
evidence. Main indications remain the more common
procedures, e.g. , appendectomy, cholecystectomy, bariatric procedures or colorectal resections. For all these
indications, the laparoscopic approach has become the
gold standard with less perioperative morbidity. Regarding oncological outcome there have been several highquality randomized controlled trials which demonstrated
equivalency between laparoscopic and open colorectal
resections. Less common procedures like esophagectomy, oncological gastrectomy, liver and pancreatic
resections can be performed successfully as well by an
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INTRODUCTION
Laparoscopy is known for more than 100 years. The
Swedish internist Hans Christian Jacobaeus performed
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the first laparoscopy in a human being in 1910[1]. Over
the following decades, laparoscopy became an important
diagnostic tool in the field of internal medicine until noninvasive imaging techniques like sonography or computed
tomography (CT) scans developed rapidly. And despite
of the visionary potential of the diagnostic and therapeutic use of laparoscopy it took more than 70 years until
the first laparoscopic intervention was performed. Again,
it was not a general surgeon but the German gynecologist
Semm[2] who performed the first laparoscopic appendectomy in 1982. While most surgeons took little notice, the
German surgeon Erich Mühe was fascinated by this new
technique and developed the idea to remove gallstones
via laparoscopy in the following years. However, his motives were also the fear of losing parts of surgical competence to other specialties[3]. Therefore he developed the
“Galloscope” and performed the first laparoscopic cholecystectomy on September 12th in 1985 in the Community
Hospital in Böblingen, Germany[4].
Initially, there was a strong opposition for this new
technique in the surgical community but the success
in the following years was overwhelming. It only took
about ten years until any gastrointestinal operation was
performed laparoscopically although the initial results
were not always promising due to limitations in technical aspects and instruments. However, in the past three
decades the field of laparoscopic gastrointestinal surgery
was one of the most highly developing fields in surgery.
Supported by the industrial lobby, surgeons developed
new instruments and devices to overcome surgical challenges like bleeding control or gastrointestinal resections.
Especially the development of stapling devices for the
laparoscopic use and the evolution of coagulation techniques by ultrasound or bipolar coagulation revolutionized the laparoscopic gastrointestinal surgery.
Until now, every gastrointestinal resection has been
performed through laparoscopy and there is no intraabdominal organ which cannot be approached laparoscopically. Therefore it is not surprising that the further development of the laparoscopic surgical technique focuses
rather on technical details than on medical indications.
Besides the introduction of High-Definition or 3D optical systems, the further minimization or even the complete avoidance of surgical accesses by accessing through
natural orifices natural orifice transluminal endoscopic
surgery are hot topics at the present time. In the future
there will be assisting systems based on robotic platforms
combined with intraoperative navigation systems which
shall reduce one of the biggest disadvantages of laparoscopic gastrointestinal surgery namely the missing tactile
perception by more precise preoperative imaging which
can be used for intraoperative navigation.
This summary gives an overview over the development as well as today’s indications and limitations of
laparoscopic surgery with main focus on high-quality
evidence regarding perioperative morbidity and especially
oncological outcome for the single intraabdominal organ
systems.
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GENERAL CONSIDERATIONS
Advantages of laparoscopic gastrointestinal surgery
Minimally invasive abdominal (laparoscopic) surgery
shows some significant advantages over open abdominal
surgery. It has been proven, that the patient’s recovery
is significantly shorter after laparoscopic surgery than
after open surgery[5-8]. In general, surgeries performed
laparoscopically have a lower surgical trauma, less blood
loss and less postoperative pain and a reduced incisional
hernia rate. The pulmonary function is better, the times
until the first bowel movement, full recovery and return
to work are shorter and finally the patients report a better
cosmetic result due to smaller incisions.
Disadvantages of laparoscopic gastrointestinal surgery
On the other hand, laparoscopic gastrointestinal surgery
has some major disadvantages compared to open surgery.
First of all and evaluated most critically is the missing
haptic perception, a surgical tool which is of major relevance in some fields of gastrointestinal surgery. Especially the exploration of the abdominal cavity in patients
with malignant diseases is compromised as liver or small
bowel cannot be palpated during laparoscopy. In elective
patients, an exact (and extended, e.g., intraoperative laparoscopic ultrasound of the liver) staging is necessary to
avoid missing out on metastases. Secondly, another disadvantage is the limited field of vision and the handling of
intraoperative complications (especially bleeding) which is
more difficult in laparoscopic than in open surgery due to
the limited intraabdominal space. Another disadvantageespecially in the context of the present discussion about
economic aspects of medical treatment-is the fact that
the procedural costs of laparoscopic surgery are higher
compared to open abdominal surgery[9,10].

UPPER GI TRACT
Laparoscopic upper GI surgery has been performed
since the early 1990s, when benign esophageal disorders
like gastroesophageal reflux, achalasia or hiatal and/or
paraesophageal hernias[11-15] as well as any bariatric procedure [16-18] became indications for the laparoscopic
approach. About 20 years later, today the laparoscopic
approach is gold standard for these indications and also
most revisions after failed primary surgery are performed
laparoscopically. Moreover, in the past few years more
and more gastrointestinal resections due to esophageal,
esophagogastric junction or gastric malignancies have
been performed minimally invasive.
Esophagus
The treatment for esophageal cancer includes thoracoabdominal esophagectomy with the reconstruction through
a gastric pull-up and intrathoracic or cervical esophagogastrostomy. Depending on the preoperative staging a
neo-adjuvant therapy should be performed (either radiochemotherapy or chemotherapy alone).
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The first minimally invasive (thoracoscopic) esophagectomy for esophageal cancer was reported by Law
et al[19] in 1997. In the following years there have been
several reports from separate centers which performed
laparoscopic or combined thoraco-/laparoscopic esophagectomy for esophageal cancer [20-23]. However, these
reports mainly focused on technical feasibility of this
complex procedure. In 2003, Luketich et al[24] reported
the first larger series with 222 patients who underwent
minimally invasive esophagectomy (MIE). They performed a thoraco-/laparoscopic esophagectomy with a
conversion rate of 7.2%. At first glance the morbidity
rate seems high with a major complication rate of 32%
and an anastomotic leakage rate of 11.7%. However
both rates do not appear increased compared to the open
surgical approach. On the other hand, the mortality rate
(1.4%) is very low compared to open esophagectomy
(8%-22%)[25]. In 2012, the authors reported results of
over 1000 patients who underwent MIE with similar results. Comparable to open esophagectomy patients with
intrathoracic anastomosis (Ivor-Lewis-Esophagectomy)
showed lower complication rates than patients with neck
anastomosis[26]. These results indicate that MIE is feasible
with very good perioperative outcomes and they were
confirmed by Biere et al[27] in 2012 when they presented
data from a randomized controlled trial (RCT) comparing
open and minimally invasive esophagectomy regarding
short-term postoperative complications and found benefits in the minimally invasive group especially regarding
pulmonary infections. However, the now widely spread
use of MIE is limited by the lack of high-quality studies
on the oncological outcome comparing open and laparoscopic approach[28] as well as a lack of high-quality clinical
studies comparing the gold standard (open Ivor-LewisEsophagectomy) to MIE[29].
Therefore, due to missing evidence, today’s MIE
should only be performed by surgeons in specialized centers who are experienced in minimally invasive esophageal surgery.

perform restrictive procedures like the sleeve gastrectomy, or malabsorptive procedures like the gastric bypass is
currently under investigation in good-quality prospective
trials[34]. However, laparoscopic bariatric surgery is still
the most frequently performed laparoscopic surgery in
the upper GI tract.
Other indications for laparoscopic gastric resections
are benign or malign lesions of the stomach or the esophagogastric junction. The first report of a laparoscopic
distal gastric resection was presented by Goh et al[35]. In
1995 Uyama et al[36] first reported a laparoscopic resection
of the proximal part of the stomach and the esophagogastric junction. One year later the first case series of
laparoscopic total gastrectomy was reported by Fowler
and White[37]. In the beginning, laparoscopic gastric resections were performed due to benign diseases, mainly
peptic ulcer disease. Later on, the range of indications
extended to resections for early gastric cancer[38-40]. However, the hope for a renaissance of gastric surgery[41] did
not last for long, as with the introduction of the protonpump-inhibitors in the late 1980s and the further development of endoscopic interventions (e.g., endoscopic
submucosal dissection or full-thickness-resection-techniques) today most of these diseases can be treated endoscopically. Therefore, beside bariatric surgery, modern
gastric surgery is mainly performed due to gastric cancer.
Subtotal or total gastrectomy is the surgical procedure
of choice. From the technical point of view there are no
limitations for the laparoscopic gastrectomy (LG) as it
had been proven since the mid 1990s[37]. So the remaining question is the analysis of oncological results of the
laparoscopical approach compared to the standard open
gastrectomy (OG) as surgery is the only curative option
in patients with gastric cancer. There are a few metaanalyses of LG vs OG for advanced gastric cancer[42-44].
Beside the known advantages of laparoscopic surgery
(less blood loss, shorter time until first bowel movement,
shorter hospital stay and fewer complications) they
found no difference regarding oncological parameters:
harvested lymph nodes, surgical radicalness, recurrence
rates and overall survival were idem in the laparoscopic
and the open surgery groups. However, all authors state
that LG should be performed by experienced minimally
invasive surgeons.
There is clear evidence that LG for gastric cancer
shows similar oncological results to the OG with fewer
surgical complications in the hands of skilled endoscopic
surgeons.

Stomach
Laparoscopic gastric resections have been performed
since the early 1990s mainly as bariatric procedures. The
advantages of laparoscopic surgery are evident especially in critically ill patients and also revolutionized the
bariatric surgery. However, laparoscopic gastric surgery
in general benefits from the experience of the bariatric
surgeon. By now, every type of gastric resection has been
performed laparoscopically. However, the evidence for
laparoscopic gastric surgery is still poor-except for bariatric surgery which may be the surgical field with the best
overall evidence.
It has been proven in many high-quality-studies that
bariatric surgery per se is superior to conservative weight
reduction programs in morbidly obese patients [30-33].
Especially regarding the long-term weight-loss[30,31] and
the relief of co-morbidities there is no such sufficient
therapy like bariatric surgery[32,33]. Whether it is better to
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HEPATOPANCREATOBILIARY SYSTEM
As described above, the era of laparoscopic gastrointestinal surgery was started in 1985 by the first laparoscopic
cholecystectomy performed by Erich Mühe[3,4]. While
today the gallbladder is resected laparoscopically in about
95% of the cases, laparoscopic surgery for liver and pancreatic diseases are not that widespread in the surgical
community. This might be due to the fact that these types
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of operations by far are less common. However, by now it
has been demonstrated that nearly any type of hepatopancreatobiliary resection can be performed laparoscopically.

vantages of laparoscopic surgery did not seem evident in
pancreatic surgery. In the same year, Cuschieri[76] reported
about his experience with laparoscopic pancreas surgery
and came to same conclusion. Interestingly, both authors
independently revised their opinion two years later, when
after a small series of laparoscopic distal pancreatectomies they concluded that the advantages of laparoscopic
surgery (less postoperative pain, shorter hospital-stay,
fewer perioperative complications) are also shown in pancreatic surgery, with a restriction to distal pancreatectomies for benign indications (mainly insulinoma or chronic
pancreatitis)[77-79]. However, during the following years,
laparoscopic pancreatic surgery concentrated on laparoscopic staging of pancreatic cancer and a few reports
with small numbers of drainage-procedures in cases of
post-pancreatitis pancreatic pseudocysts[80-87] were also
published. In 2001 the first larger series of 19 patients
with laparoscopic pancreatic resection was reported by
Patterson et al[88], again raising the question of the usefulness of laparoscopic pancreatic surgery[89]. A question which still seems to be current in 2013 as the total
number of laparoscopic resections is still quite small[90-95].
So by now, there is no evidence for the practicability of
laparoscopic pancreatic surgery as good-quality comparative studies are still lacking and thus laparoscopic pancreatic surgery should only be performed within the context
of clinical studies.

Liver/gallbladder
Since its introduction in 1985[4], it took only a few years
until laparoscopic cholecystectomy became the standard
technique for cholecystectomy. Indications were widened
over the time and today there are nearly no specific contraindications for laparoscopic cholecystectomy. Initially
there were reports of tumor cell seeding and surgical site
metastasis in cases of laparoscopic removal of gallbladder carcinomas[45-47]. With the introduction of removal
bags, these problems were eliminated and today gallbladders with masses of unknown dignity should also be removed laparoscopically.
The first reported laparoscopic liver operation was
a laparoscopic drainage of an amebic liver abscess in
1985[48]. Several reports of laparoscopic fenestration of
symptomatic liver cysts and laparoscopic atypic liver
resection followed[49-56], but it was not until 1996 that
the first laparoscopic major liver resections were performed[56,57]. The disadvantages of laparoscopic surgery
(the missing haptic perception and coagulation/dissecting
techniques) had to be overcome especially in laparoscopic
liver surgery. The development of laparoscopic ultrasound devices, as well as water jet or ultrasonic dissectors
and laparoscopic stapling devices, were necessary to take
the next step in laparoscopic liver surgery[58-64]. In the
following decade, every type of major hepatic resection
was performed laparoscopically[65-69] which had previously
been the same indications for open surgery. By now, minor atypical resections as well as left-lateral hepatectomies
are performed laparoscopically by default. Extended liver
resections like right-sided hepatectomy or even trisegmentectomy should only be performed by an experienced
hepatobiliary and laparoscopic surgeon due to the complexity of this procedures. Another indication for laparoscopic liver resection is the living-donor hepatectomy for
liver transplantation[70,71], either left-sided hepatectomy or
right-sided hepatectomy can be performed.
There is increasing evidence in high-quality meta-analyses that laparoscopic liver resection is equivalent to open
liver resection regarding mid-term and long-term oncological outcomes in cases of malignant diseases (primary
liver tumors as well as liver metastases). However, the
perioperative and short-term advantages of laparoscopic
surgery are also present in laparoscopic liver surgery[72-74].

LOWER GI TRACT
During the last 25 years colorectal surgery has profited
from two relevant innovations: The adoption of the
laparoscopic technique which was introduced in the mid
1980s[2-4] and the implementation of the concept of fasttrack postoperative rehabilitation by Henrik Kehlet in the
late 1990s[96,97]. Due to the fact that colorectal resections
for both benign and malign indications are-aside from
cholecystectomy-the most frequently performed visceral
operations, laparoscopic colorectal surgery has been
widely accepted in the surgical community and has been
investigated in many high-quality studies. Thus today the
laparoscopic technique should be preferred in colorectal
resections for most indications.
The first laparoscopic colorectal resections were
reported in 1991 with various indications[98-102]. The surgical community was skeptic and so numerous articles
raising questions about the effectiveness and safety of
laparoscopic colorectal surgery followed only one year
later[103,104]. Especially the question of oncological adequateness aroused over the following years[105,106], and it
was the group of Steven Wexner of the Cleveland Clinic
who claimed patience, since reliable oncological results
can only be achieved after five years at the earliest[107].
Also, there were the same problems in laparoscopic
colorectal surgery for colorectal cancer, similar to those
after cholecystectomy for gallbladder carcinomas[45-47],
namely surgical site metastasis at the trocar sites[108-110], a
topic which is still up to date[111]. However, the number

Pancreas
The first laparoscopic pancreatic resection was reported
in 1994 by the Canadian surgeon Michael Gagner, who
performed a laparoscopic pylorus-preserving pancreatoduodenectomy in a patient with chronic pancreatitis[75].
The complex reconstruction required gastrojejunostomy,
hepaticojejunostomy and pancreaticojejunostomy. With a
hospital stay of 30 d, Gagner concluded that laparoscopic
pancreatic head resection is feasible but the known ad-
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However, this final issue regarding the oncological
equivalency of laparoscopic rectal resections will soon be
answered. In 2013, preliminary results (e.g., perioperative
data like morbidity or histopathological findings) of the
COLOR-Ⅱ-trial were presented. This multicenter RCT
which compares the oncological safety of laparoscopic
rectal surgery to open surgery for rectal cancer investigated 1044 patients[121]. The authors found no difference
regarding oncological radicalness between both groups
but found the “typical” laparoscopic advantages in the
secondary endpoints such as less blood loss, shorter time
until bowel function or shorter hospital stay. Long-term
oncological data can be expected at the end of 2013.
So far, by now laparoscopic surgery for colon cancer
has been proven to be equivalent to open surgery regarding oncological outcomes with the additional general advantages of laparoscopic surgery and therefore should be
offered to the patients. Laparoscopic rectal surgery can
be offered by experienced surgeons but always with the
awareness that there is still a lack of a final prove that oncological safety is given in this subgroup of patients with
colorectal cancer.

of patients who underwent the laparoscopic surgery rose
quickly and in 1995 Ballantyne[112] presented a review of
752 patients who had undergone laparoscopic colorectal
resections. He came to the conclusion that patients who
undergo laparoscopic colorectal resections have fewer
complications, less pain and shorter hospital stay-which
is all the important advantages of laparoscopic gastrointestinal surgery-compared to open colorectal resections.
Interestingly, this was an accepted opinion during the following years, probably due to an appropriation of the results from other laparoscopic fields to colorectal surgery.
However, a recent review on the same topic concluded
that the impact of the laparoscopic technique on the
early postoperative outcome is not as high as expected[113]
but factors like patient co-morbidities or the severity of a
disease play a greater roll. This must be further evaluated
as there is still a lack of high-quality studies on this topic[114]. In the 2000s, indications for laparoscopic colorectal
surgery were further extended and today also include surgery for IBD[115] or acute diverticulitis[116] with promising
results of the postoperative outcome. Therefore today,
patients with any benign indication for colorectal surgery
should be offered the laparoscopic approach.
But what about the malign indications? There are the
same aforementioned problems of oncological adequateness and safety of the laparoscopic technique, compared
to the standard open surgical approach which seems to
be more relevant than in other organ systems due to the
frequency of this type of surgery. It took quite longer
than expected by Wexner, until in 2004 the question
concerning colon cancer was answered by the Clinical
Outcomes of Surgical Therapy Study Group[117]. Their
multicenter RCT included 872 patients at 48 institutions
and randomized them into two groups to either open or
laparoscopic resection for colon cancer. They found no
difference between both groups regarding the primary
endpoint time of tumor recurrence with a median of 4.4
years. The Colon Cancer Laparoscopic or Open Resection (COLOR) Study Group came to the same conclusion[118]. They investigated the oncological adequateness
of laparoscopic colonic resection for colon cancer in
1076 patients with a median follow-up of 53 mo. Despite a slightly higher 3-year-overall survival in the open
surgery group (84.2% vs 81.8%) the authors justify the
implementation of laparoscopic colonic resection for
colon cancer into clinical practice. The third large RCT
regarding laparoscopic colorectal resections for colorectal
cancer is the United Kingdom MRC CLASICC Trial[119].
The researcher investigated 794 patients who were undergoing surgery for colorectal cancer and randomized
them to either the laparoscopic group or the open surgical approach group. The overall survival, as well as the
disease-free survival showed equivalent numbers in both
groups for colonic resections and rectal resections. However, the circumferential resection in rectal cancer did not
show equally satisfying results in the laparoscopic group,
leaving some concerns regarding the recommendation to
perform rectal resections laparoscopically[120].
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CONCLUSION
In conclusion, laparoscopic gastrointestinal surgery has
evolved dramatically over the last three decades and provided an important improvement in the patient-centered
care. The perioperative morbidity and mortality could be
cut down significantly by reducing the surgical trauma.
From the technical point of view, any gastrointestinal resection can be performed laparoscopically today. For the
most frequent operations like appendectomy, cholecystectomy, bariatric procedures and colorectal resections it
exists high-quality evidence of the benefits or at least evidence of the equivalency of laparoscopy versus open surgical approach. Laparoscopic resection has become the
gold standard approach to these procedures no matter if
the indication results from a benign or malign disease in
the case of colorectal cancer. In the hands of experienced
minimally invasive surgeons, those more complex and
less frequently performed procedures (esophagectomy,
oncological gastrectomy, liver and pancreatic resections)
can be carried out safely. However, the question whether
there is an equivalent oncological outcome compared to
the open approach in these indications still is unanswered
by now and have to be proven by future studies.
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents the fifth
most frequent cancer[1], and the third most widespread
cause of cancer-related deaths in the world[2]. Most HCCs
develop within chronic liver disease, mainly chronic
hepatitis and cirrhosis. Screening for HCC among patients with chronic liver disease facilitates the early detection of small tumors, increasing the number of curative
therapeutic options available. Liver transplantation appears most attractive since it treats both the cancer and
the underlying disease. However, the scarcity of donors
does not permit transplantation in all patients with early
HCC[3]. Liver resection for HCC is currently known to be
a safer procedure than it was before because of technical
advances and improvement in postoperative patient management[4-7] and remains the first-line treatment for HCC
in compensated cirrhosis in many centers.
Many types of liver resections, including major hepatectomies, are now performed by laparoscopy in specialized centers[8]. Since 2000, more than 600 cases of laparoscopic resection for HCC have been reported. Recent
studies have confirmed that laparoscopic HCC resection
is safe and seems to additionally improve the postoperative course particularly for cirrhotic patients[9-11]. Followup data from a few study groups have suggested that
the long-term oncologic outcome has not been compromised by the laparoscopic approach compared with
open resection[9,11-13].
The aim of this review is to assess current indications,
advantages and limits of laparoscopic surgery for HCC
resections. We also discussed the possible evolution of

Abstract
Liver resection for hepatocellular carcinoma (HCC) is
currently known to be a safer procedure than it was
before because of technical advances and improvement
in postoperative patient management and remains the
first-line treatment for HCC in compensated cirrhosis.
The aim of this review is to assess current indications,
advantages and limits of laparoscopic surgery for HCC
resections. We also discussed the possible evolution of
this surgical approach in parallel with new technologies.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatocellular carcinoma; Laparoscopic liver resection; Hepatectomy; Minimally invasive; Review;
Laparoscopic resection of gastrointestinal
Core tip: We assess in this review current indications,
advantages and limits of laparoscopic surgery for hepatocellular carcinoma. We also discuss the possible
evolution of this surgical approach in parallel with new
technologies.
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this surgical approach in parallel with new technologies.
The information in this review was extracted from the
literature after a Medline search.

surgical procedures easier since intra-abdominal adhesions are reduced after laparoscopic surgery compared
with open surgery[20]. Although liver transplantation is
considered the best treatment for patients with early
HCC, resection may be the initial treatment in some patients, allowing salvage transplantation in case of delayed
and limited recurrences within the Milan criteria, or being
a selection tool providing complete information about
the pathology and prognostic characteristics of the resected tumour, and thus facilitating the selection of the
best candidates for further liver transplantation[25,26]. Performing the initial HCC resection by laparoscopy could
facilitate a subsequent liver transplantation. In a study by
Laurent et al[27], it has been shown that when the initial
liver resection is done by laparoscopy, the subsequent salvage transplantation is associated with reduced operative
time, blood loss, and transfusion requirements.
Screening and treatment of recurrence is another
major issue. Repeated hepatectomy is a potentially curative therapy, and offers patients the possibility of longterm survival[28]. In a study by Dagher et al[8], re-resection
after initial LLR was possible in 18.7% of recurrences.
The difficulty of reintervention is increased by modifications of the anatomy and the formation of adhesions
that can make a new surgical procedure more difficult
and less safe. Two studies comparing laparoscopic and
open redo surgery for recurrent HCC are available in the
literature[29,30]. Laparoscopic redo procedure was associated with lower intraoperative blood loss, transfusion
rates, postoperative morbidity, ascites and shorter hospital stay compared with open redo procedures whatever
the initial approach. Moreover, the operating time for
patients who underwent laparoscopic primary approach
was significantly shorter compared to patients who were
treated by primary open liver resection. With a minimally invasive approach, the formation of postoperative
adhesions seems to be minimized, and the adhesiolysis
procedure seems to be faster and safer in terms of blood
loss and risk of visceral injuries, as previously reported[31].
Therefore, the laparoscopic approach for the treatment
of HCC in cases of cirrhosis seems to be advisable as the
first procedure whenever feasible.

INDICATIONS AND CURRENT ROLE OF
LAPAROSCOPY
There are presently no formalized indications for laparoscopic liver resection (LLR) and selection criteria may
be varied among institutes. A consensus of experts who
met in Louisville, Kentucky, United States in 2008, said
the best indications for laparoscopy were solitary lesions,
less than 5 cm, located in the anterior segments, at a distance from the line of transection, the hepatic hilum, and
the vena cava[14]. Ever since this consensus conference
took place, surgical indications have continued to evolve:
tumor size on its own is no longer a contraindication to
laparoscopic surgery[15] and experienced centers perform
LLR for tumors in the posterior segments or central
liver[16,17]. Although tumors should be located at a safe
distance from the potential transection line on preoperative imaging, close proximity to the portal pedicle has
also become a debatable limit as laparoscopic magnification allows very precise extrahepatic portal dissection[18].
Furthermore, a recent study by Yoon[19] show that LLR
can be safely performed in selected patients with centrally located tumors close to the major hepatic veins, or
the inferior vena cava. Of course, open approach is still
required for some patients necessitating complex liver
resection or additional procedures such as vascular or
biliary reconstruction.
Most surgical teams consider non-compensated
cirrhosis as a contraindication for liver resection and
thereby for LLR[20]. An uncontrolled portal hypertension (esophageal varices > grade 1, platelet count < 8 ×
1010 /L) is usually considered as an exclusion criterion
for the laparoscopic approach[8]. Patients presenting an
American Society of Anesthesiologists (ASA) score ≥
3 and/or a major vascular invasion are also generally
excluded[8]. Moreover, neither previous upper abdominal
surgery[21] nor overweight is a contraindication to laparoscopic resection.
Although parenchymal-sparing resection is required
by the presence of underlying liver disease, anatomic resection is preferred when liver surgery is performed with
a curative intent for hepatocarcinoma due to the tumor’
s high propensity to invade the portal vein branches[22,23].
Indeed, anatomic resection independently improves longterm survival for patients with HCC, particularly in the
case of tumors more than 2 cm in diameter[24]. Laparoscopy allows anatomical resections for HCC[20] with
a previous control of portal pedicles including major
hepatectomies[8]. Our team even advocated that atypical
resections are paradoxically the most difficult and require
previous experience in minor anatomic LLR (left lateral
sectionectomy)[18].
Laparoscopy is well known for making subsequent
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OUTCOMES
Nineteen retrospective comparative studies of patients
undergoing liver resection for HCC are available in the
literature (Table 1), and five published meta-analysis have
investigated the advantages and disadvantages of the
LLR for HCC[32-36]. No randomized controlled trials comparing open to LLR have been reported.
Operative outcomes
LLR is associated with signiﬁcantly less intraoperative
blood loss and blood transfusion requirement, which can
partly be explained by the hemostatic effect of pneumoperitoneum[18] and the magnified vision afforded by laparoscopy[9,18,34]. Besides, transfusion rates have been identi-
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Table 1 Intraoperative outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via
laparoscopy or open approach
Ref.

Laparoscopies
(n )

Cheung et al[11], 2013
Kanazawa et al[10], 2013
Lee et al[12], 2011
Ker et al[46], 2011
Hu et al[69], 2011
Kim et al[70], 2011
Truant et al[13], 2011
Tranchart et al[9], 2010
Aldrighetti et al[71], 2010
Belli et al[30], 2009
Lai et al[72], 2009
Endo et al[73], 2009
Sarpel et al[74], 2009
Belli et al[48], 2007
Lee et al[75], 2007
Kaneko et al[76], 2005
Laurent et al[77], 2003
Shimada et al[78], 2001

32
28
33
116
30
26
36
42
16
54
25
10
20
23
25
30
13
17

Median blood loss, mL
L
150
88
150
139
520 g
452
364
258
297
260
100
350
620
400 g

O
300
505
240
1147
480 g
447
723
617
580
377
250
505
720
800 g

Blood transfusion

P value
0.001
0.0003
NS
< 0.001
NS
NS
< 0.0001
0.008
< 0.01
NS
NS
0.012
NS
NS
NS

L
0%
0%
6.1%
6.9%
19.2%
2.8%
9.5%
4%
11%
0%
4%
4%
5.9%

O
4.7%
4%
10%
50.9%
24.1%
3.8%
16.7%
6%
25.6%
17.3%
0%
28.6%
10.5%

Median operative time, min

P value

L

O

P value

NS
0.0379
NS
< 0.001
NS
NS
NS
NS
0.03
NS
0.036
NS
NS
NS

204
228
225
156
180
147
193
233
150
167
150
161
148
220
182
267
325

232
236
195
190
170
220
215
221
240
185
135
165
125
195
210
182
280

NS
NS
0.019
NS
NS
0.031
NS
NS
0.044
0.012
NS
NS
0.016
NS
NS
0.006
NS

L: Laparoscopy; O: Open; NS: Non significant.

fied as an independent prognostic factor for disease-free
survival in HCC[37,38], and blood loss was shown to be
independently associated with recurrence and decreased
survival rates after resection of HCC [39]. By decreasing the risk of transfusion, laparoscopy should improve
the prognosis of patients undergoing liver resection for
HCC[8].
Several transection devices, developed specifically for
LLR, were reported[40-44]. However, the superiority of
new hemostatic devices for parenchymal transection over
the conventional clamp crushing method[45] has yet to be
demonstrated. In a multicentric international retrospective study, Buell et al[43] advocated that stapler laparoscopic
hepatectomy might provides several advantages including
diminished blood loss and transfusion requirements however concerns existed regarding smaller surgical margins
in the stapler hepatectomy group
In a recent study by Soubrane et al[20], conversion to
laparotomy was necessary in 13% of 351 LLR performed
for HCC in nine French tertiary centers. An underlying
liver disease was observed in 85% of patients. The main
cause for conversion was bleeding. It is important to note
that conversion rates are not significantly different in
patients with cirrhosis compared with non-cirrhotic patients, as reported by Dagher et al[8].
There was no significant difference in operative time
in most studies[35], as observed in other indications.

ative morbidity result. Postoperative outcomes identified
in the recent French survey[20] found a 30-d postoperative
mortality rate of 2% and an overall morbidity rate of
22%.
The main clinical advantage of laparoscopy for cirrhotic patients is probably the significantly lower rate of
postoperative ascitic decompensation which was reported
in four comparative studies [9,10,46-48] and three metaanalysis[32-34]. This finding could be explained by the preservation of portosystemic venous collateral circulation
around the liver and parietal abdominal wall, limited mobilization and manipulation of the liver, restricted fluid
requirements and decreased blood loss[34]. Cannon et al[49]
advocated that the positive pressure of the pneumoperitoneum might exert a tamponade effect on bleeding from
intra-abdominal varices which are a low pressure system,
decreasing blood loss. Lower blood transfusion requirement is also an advantage of the laparoscopic approach
in this very risky group of patients[9].
The incidence of liver failure was also reported as lower after LLR when compared to open liver resection[9,32,34].
No significant difference was reported regarding the incidence of other specific complications such as bile leakage
and postoperative hemorrhage[10,32]. Concerning general
complications, the rate of pulmonary complications appears significantly lower after laparoscopic resection[33].
Meta-analysis reporting on length of hospital stay are
consistently favorable for LLR[32-36], consequently shortened by lower overall morbidity and incidence of intractable ascites.

Postoperative outcomes
Of all advantages of laparoscopy, the decrease of perioperative morbidity is paramount (Table 2). In a recent
meta-analysis by Yin et al[35], postoperative morbidity rates
after laparoscopic resections of HCC were significantly
decreased compared with open surgery. Ker et al[46] have
published the largest series and found a similar postoper-
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Oncologic outcomes
The main concern about the use of laparoscopic procedure for malignancies is the risk of inadequate tumor resection. A positive histologic margin was associated with
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Table 2 Oncologic outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via
laparoscopy or open approach
Ref.

Laparoscopies
(n )

Cheung et al[11], 2013
Kanazawa et al[10], 2013
Lee et al[12], 2011
Ker et al[46], 2011
Hu et al[69], 2011
Kim et al[70], 2011
Truant et al[13], 2011
Tranchart et al[9], 2010
Aldrighetti et al[71], 2010
Belli et al[30], 2009
Lai et al[72], 2009
Endo et al[73], 2009
Sarpel et al[74], 2009
Belli et al[48], 2007
Lee et al[75], 2007
Kaneko et al[76], 2005
Laurent et al[77], 2003
Shimada et al[78], 2001

32
28
33
116
30
26
36
42
16
54
25
10
20
23
25
30
13
17

Positive surgical margin

Overall survival

P value

L

O

3.0%1

2.0%1

NS

3.8%1
0%1
0%1
10%1
8.6%3
15.4%1
41.2%2

3.4%
18.7%1
40.8%1
26.8%1
0%3
14.3%1
50%2

NS
NS
NS
NS
NS
NS
NS

L
76.6%5
76%5
62.2%5
50%5
70%5
59.5%5
67%4
60%4
86.9%
61%5
89%4
-

O

Recurrence-free survival

P value

57%5
76.1%5
71.8%5
53.3%5
46%5
47.4%5
82.6%
62%5
55%4
-

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.04
NS

L
54.5%7
45.3%7
84.6%
35.5%7
60.9%6
52%6
52%6
31%7
46%6
-

O
44.3%7
55.9%7
82.8%
33.6%7
54.3%6
29%7
44%6
-

P value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
-

1

Tumor at surgical surface; 2Tumor invasion < 5 mm; 3Tumor invasion < 1 cm; Overall survival at 2, 34 or 55 years; Recurrence-free survival at 2, 36 or 57
years. L: Laparoscopy; O: Open; NS: Non significant.

a higher incidence of postoperative HCC recurrence[50],
and a wide margin (2 cm) was reported to be preferable
to the conventional 1-cm margin[51]. Most authors found
that rates of positive margins after LLR were lower or
similar to those after open hepatectomy, supporting that
a good surgical margin is provided by the appropriate
preoperative choice of the type of resection[9].
Laparoscopic surgery also was feared to increase the
risk of peritoneal carcinomatosis and trocar-site deposits[52,53]. In the series reviewed in this study, we observed
neither peritoneal carcinomatosis nor port-site recurrence.
Furthermore, in all studies comparing laparoscopic
and open liver resection for HCC, there was no significant difference in recurrence-free or overall survival, suggesting that laparoscopic surgery does not compromise
oncological principles (Table 3).

anatomic resection is planned. Intraoperative ultrasound
should be systematically used to locate the tumor, making it possible to keep the intended margin. Therefore,
a recent comparative study showed that sensitivity and
specificity of intra-operative sonography were equivalent,
whether performed via laparoscopy or laparotomy[54].
Fear of uncontrollable major bleeding or gas embolism explains the initial slow development of the laparoscopic approach. Nonetheless, there have not been any intra-operative deaths reported in the largest study on major
LLR[55] and though frequent embolisms of CO2 have been
shown to occur[56], it is without any clinical repercussion,
as shown in animal[57] as well as human studies[58].
The main criticism to LLR is its low reproducibility
and its confinement in few expert centers. The reasons
for such a limitation are 2-fold: the need of expertise in
both laparoscopic and hepatic surgery and the expected
long learning curve[14,59]. Vigano et al[60] observed a clear
“learning curve” effect over a 13-year period of 60 procedures before a significant improvement in terms of
operative time, conversion rate, blood loss, morbidity,
and hospital stay, suggesting that LLR is reproducible in
centers regularly performing liver surgery, but requires
specific training in advanced laparoscopy.

LIMITATIONS
Patient selection for laparoscopic hepatic resection is
challenging but the most important prerequisite of good
outcomes. Stringent selection criteria based on surgeon
experience, patient clinical characteristics, lesion size and
location must be employed. Thus, only 27% of patients
with HCC who are candidates for resection could be operated via laparoscopy in an experienced team[9].
It was initially feared that laparoscopic liver resection
would decrease the surgical margin due to the lack of palpation, except in the case of intra-abdominal hand-assisted LLR, though the haptic feedback transmitted through
laparoscopic graspers is limited. However, manual exploration of cirrhotic liver can be difficult even during open
surgery, and palpation probably is less important when an

WJG|www.wjgnet.com

PERSPECTIVES
Minimally invasive surgery
In an effort to make laparoscopy less and less invasive,
surgeons have tried to decrease the number of trocars
necessary to perform an operation. Several teams have
reported their experience with single incision LLR for
HCC[61,62]. The resections reported so far have mainly
been small, atypical resections or left lobectomies, al-
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Table 3 Postoperative outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via
laparoscopy or open approach
Ref.

Laparoscopies
(n )

Cheung et al[11], 2013
Kanazawa et al[10], 2013
Lee et al[12], 2011
Ker et al[46], 2011
Hu et al[69], 2011
Kim et al[70], 2011
Truant et al[13], 2011
Tranchart et al[9], 2010
Aldrighetti et al[71], 2010
Belli et al[30], 2009
Lai et al[72], 2009
Endo et al[73], 2009
Sarpel et al[74], 2009
Belli et al[48], 2007
Lee et al[75], 2007
Kaneko et al[76], 2005
Laurent et al[77], 2003
Shimada et al[78], 2001

32
28
33
116
30
26
36
42
16
54
25
10
20
23
25
30
13
17

Postoperative morbidity
L
O
P value
6.3%
18.8%
NS
10.7%
71.4%
< 0.0001
6.1%
24%
0.033
6%
30.2%
< 0.001
13.3%
10%
NS
3.8%
24.1%
NS
25%
35.8%
NS
21.4%
40.5%
NS
25%
43.7%
NS
19%
36%
0.02
16%
15%
NS
13%
47.8%
0.01
4%
4%
NS
10%
18%
NS
36%
50%
NS
5.9%
10.5%
NS

L
31.1%
3%
1.7%
13.9%
7.1%
0%
13%

Ascites
O
6.2%
18%
12.5%
22.6%
26.1%
1%
39.1%

8%
-

36%
-

P value
0.871
< 0.0001
0.002
0.3
0.03
NS
0.043
0.15
NS

Mean postoperative hospital stay, d
L
O
P value
4
7
< 0.0001
10
19
< 0.0001
5
7
< 0.0005
6.2
12.4
0.001
13
20
< 0.01
11
16
0.034
6.5
9.5
0.003
6.7
9.6
< 0.0001
6.3
9
0.039
8.4
9.2
NS
7
9
0.008
< 0.05
8.2
12
0.048
4
7
< 0.001
14.9
21.6
< 0.005
15.3
17.3
NS
12
22
< 0.001

L: Laparoscopy; O: Open; NS: Non significant.

Intra-operative guidance
LLR for small HCC remains a challenge because of limited tactile sensation, unidentifiable tumors, and complex
liver anatomy. Therefore, intra-operative guidance during
LLR is a future topic of interest. Intra-operative sonography has already been alluded to, but newer ingenious
procedures to guide the surgeon are under investigation.
Innovations in this direction have actually been attempted. Chopra et al[66] reported five case of LLR under
intra-operative MRI guidance in a porcine model without
employing ferromagnetic material, and Kenngott et al[67]
recently used robotic C-arm cone-beam computed tomography in a hybrid operating room for computer-assisted
guidance during laparoscopic resection for HCC in man.
Aside from some interferences between the camera and
the magnetic field in the first study and additional radiation
exposure for the patient and the need for the surgical team
to leave the operating room while performing imaging in
the second, the operations were performed under good
conditions.
The use of fluorescent imaging technique for detecting HCC has also been reported. Ishizawa et al[68] have
developed the use of indocyanine green (ICG), which
has been intravenously injected for a preoperative liver
function test, as a fluorescent source that enables the realtime identification of HCC during surgery. Since well or
moderately differentiated HCC tissues retain portal uptake
of ICG despite the lack of biliary excretion, small HCC
located just beneath the liver surface were detected using a
near-infrared light camera system, with high sensibility.

though in a recent case series, single port laparoscopic
major hepatectomy was performed in 2 patients with
HCC[62].
A few cases of Natural Orifice Translumenal Endoscopic Surgery LLR have also been reported[63]. However,
this approach is still anecdotal.
The use of these minimally invasive approaches for
more complex operations is certainly conceivable and will
probably be extended with robotic assistance.
Robotic surgery
Robots are an inevitable part of the future of surgery
and liver laparoscopy will undoubtedly follow along this
road. Lai et al[64] reported the largest series of robotassisted laparoscopic liver resection for HCC. In a
subgroup analysis of minor liver resection, the robotic
group had similar blood loss, morbidity rate, mortality
rate, and R0 resection rate when compared with the conventional laparoscopic approach. However a significantly
longer operative time was observed. Robotic assistance
in liver surgery could clearly allow simplification of certain complex procedures such as major LLR and could
facilitate additional procedures such as vascular or biliary reconstruction. It is possible that the learning curve
for robotic resections may be shorter than that of conventional laparoscopic liver surgery, because the three
dimensional imaging camera, wristed instruments, and
better ergonomics will help already experienced laparoscopic surgeons to quickly familiarize themselves with
the robotic procedure[65]. Most of the series reporting
on robotic liver resection have focused on short-term
perioperative outcomes. Long-term results and costeffectiveness are necessary before the advantages and
disadvantages of robotic liver resection can be conclusively stated.
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CONCLUSION
Review of the literature shows that in highly selected
patients LLR for HCC seems to be superior to the open
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liver resection in terms of perioperative results without
compromising the oncological outcomes, especially in
cirrhotic patients, in whom postoperative ascites is decreased by the use of laparoscopy. A prospective comparative study should be designed to confirm the advantages of laparoscopy for the management of HCC. The
development of new technologies and robotics will certainly expand the use of laparoscopy in the multimodal
management of hepatocarcinoma.
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Core tip: Despite its endorsement for colon cancer resection, laparoscopy for rectal cancer resection is still
considered investigational. This is mainly due to initial
concerns regarding the feasibility of laparoscopy to
achieve an adequate total mesorectal excision specimen. These concerns have been raised following early
studies demonstrating higher rates of circumferential
margins positivity following laparoscopic resection, as
compared to open surgery. In this review, we explore
the current relevant literature regarding laparoscopic
resection for rectal cancer, with respect to oncologic efficacy and short and long term benefits.

Abstract

Mizrahi I, Mazeh H. Role of laparoscopy in rectal cancer: A
review. World J Gastroenterol 2014; 20(17): 4900-4907 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i17/4900.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i17.4900

Despite established evidence on the advantages of
laparoscopy in colon cancer resection, the use of laparoscopy for rectal cancer resection is still controversial.
The initial concern was mainly regarding the feasibility
of laparoscopy to achieve an adequate total mesorectal
excision specimen. These concerns have been raised
following early studies demonstrating higher rates of
circumferential margins positivity following laparoscopic
resection, as compared to open surgery. Similar to colon resection, patients undergoing laparoscopic rectal
cancer resection are expected to benefit from a shorter
length of hospital stay, less analgesic requirements, and
a faster recovery of bowel function. In the past decade
there have been an increasing number of large scale
clinical trials investigating the oncological and perioperative outcomes of laparoscopic rectal cancer resection. In this review we summarize the current literature
available on laparoscopic rectal cancer surgery.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in males and the second most common in females,
with 1.2 million annual new cases worldwide. Over
143000 new cases of CRC are diagnosed annually in the
United States, and approximately 52000 Americans die of
the disease every year. These deaths account for approximately 9% of all cancer mortality[1].
Since its original implementation as a diagnostic tool,
laparoscopy has become widely accepted as the favored
approach for many procedures (e.g., appendectomy,
cholecystectomy, adrenalectomy, bariatric surgery). Not
surprisingly, laparoscopy was also utilized for colon and
rectal surgery. Laparoscopic colon resection was first
reported in 1991[2,3]. Initial reports raised the concern for
port site recurrence in up to 21% of the patients, as well
as concerns regarding the adequacy of disease clearance
by the laparoscopic approach[4-6]. These reports prompted
the initiation of several major comparative studies, and

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Table 1 Phase Ⅲ randomized controlled trials showing oncological outcomes
Study and design

Liang et al[17]
Single center
Kang et al[18]
"COREAN"
Multicenter
Jayne et al[19]
"CLASSIC"
update
Multicenter
Lujan et al[20]
Single center
Ng et al[21]
Single center

Ng et al[22]
Single center
Pechlivanides et al[23]
Multicenter
Braga et al[24]
Single center

Recurrence
lap vs open

Survival
lap vs open

Open

Lap

N/A

174

169

Lap-5.6
Open-5.3

170

170

53.2% vs 52.1% 60.3% vs 52.9%
P = 0.95, (5 yr) P = 0.13, (5 yr)

N/A

128

84.8% vs 81% 72.1% vs 75.3%
P = 0.9, (5 yr) P = 0.98, (5 yr)
82.9% vs 80.4% 83.5% vs 78%
P = 0.69, (10 yr) P = 0.59, (10 yr)

Lap-5.5
Open-6.2
12-15

78.1% vs 73.6% 75.2% vs 76.5%
P = 0.55, (5 yr) P = 0.2, (5 yr)

DR

LR

DFS

OS

N/A

N/A

N/A

N/A

N/A

N/A

76% vs 82.8%
P = 0.46, (44 mo)
N/A

21.9% vs
9.4% vs 7.6%
21.9%
P = 0.74, (5 yr)
P = 0.86, (5
yr)
N/A
4.8% vs 5.3%
P = 0.78, (5 yr)
12.3% vs
7.1% vs 4.9%
18.1%
P = 0.68, (10
P = 0.37, (10
yr)
yr)
15% vs 25%
5% vs 11%
P = 0.6, (5
= 0.6, (5 yr)
yr)
N/A
N/A
N/A

4% vs 5.3%
P = 0.97 (5 yr)

Patient
enrollment (n )

Tumor
location
(cm from AV)

N/A

N/A

N/A

No difference (5
yr)

LN harvested
(n )
lap vs open

CRM positivity
lap vs open

7.1 vs 7.4
P = 0.47
17 vs 18
P = 0.08

5% vs 7%
P = 0.77

253

N/A

N/A

103

101

77

76

13.6 vs 11.6
P = 0.02
11.5 vs 12
P = 0.7

4% vs 3%
P = 0.4
2.6% vs 1.3%
P = 0.62

≤5

48

51

12.4 vs 13
P = 0.72

5.8% vs 4.1%
P = NS

Lap-6
Open-8
Lap-9.1
Open-8.6

39

34

N/A

85

83

19.2 vs 19.2
P = 0.2
12.7 vs 13.6
P = NA

N/A

1.3% vs 2.4%
P = NA

AV: Anal verge; N/A: Not applicable; OS: Overall survival; DFS: Disease free survival; LR: Local recurrence; DR: Distant recurrence; LN: Lymph nodes;
CRM: Circumferential margins; NS: Non-significant; NA: Not available.

randomized controlled trials (RCT) comparing laparoscopic and open colon resection[7-15]. Results from these
studies clearly showed no difference in resection margin,
number of lymph nodes harvested, tumor recurrence
rates, and long term overall survival between the two surgical approaches. Additionally, laparoscopy benefited the
patients with earlier recovery of bowel function, reduced
blood loss, decreased post-operative pain and analgesic
use, and a shortened length of stay[7-11].
Despite its endorsement for colon resection, laparoscopy for rectal cancer resection is still considered investigational. As for laparoscopic colon resection, patients
undergoing laparoscopic rectal resection are expected
to benefit from a faster recovery. Nevertheless, it is of
paramount concern whether laparoscopy can achieve
an adequate oncological outcome, with total mesorectal
excision (TME) being the gold standard, ever since presented by Heald et al[16] in 1982. This concern is further
strengthened when considering the technical difficulties
in rectal surgery, derived from the narrow confines of the
bony pelvis, angling limitations of the stapling devices,
high body mass index, and the need for autonomic nerve
preservation.
The United Kingdom Medical Research Council
Conventional versus Laparoscopic Assisted surgery in
Colorectal Cancer (MRC CLASSIC) trial, was the first
RCT to include rectal cancer patients. In this RCT, the
rate of positive circumferential margins (CRM), was nonsignificantly higher in patients undergoing laparoscopic
anterior resection when compared to open resection (12
% vs 6%, respectively, P = 0.19)[8]. This observation raised
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concern about the standards of laparoscopic TME when
it is practiced by less experienced surgeons. Interestingly
the higher CRM positivity rate did not translate to an
increase in the 3 year follow-up local recurrence rate[12].
Many other clinical trials investigating the feasibility and
efficacy of laparoscopy for rectal cancer resection have
been published since.
In this review, we explore the current relevant literature regarding laparoscopic resection for rectal cancer,
with respect to oncologic efficacy and short and long
term benefits.

ONCOLOGICAL OUTCOMES
Randomized controlled trials
Following the concern raised by the MRC-CLASSIC trial
regarding the relatively higher rate of CRM positivity
following laparoscopic rectal surgery, several randomized controlled trials have been conducted in recent years
investigating the oncological efficacy of the laparoscopic
approach. Naturally, special attention was given to the
TME specimen, focusing on proximal, distal, and circumferential margin positivity, as well as, the number of
lymph nodes harvested.
Oncological outcomes of major phase Ⅲ randomized
controlled trials comparing laparoscopic and open rectal
resection are shown in Table 1[17-24]. Parameters investigated were overall (OS) and disease free survival (DFS),
ocal recurrence (LR) and distant recurrence (DR) rates,
number of lymph nodes (LN) harvested and circumferential margin (CRM) positivity.
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Table 2 Meta-analyses showing oncological outcomes
Ref.

Trials
(n )

Patients
(n )

Huang et al[25]

6

1033

Ohtani et al[26]

12

2095

Anderson et al[27]

24

3158

Aziz et al[28]

20

2071

OS
lap vs open

DFS
lap vs open

LR
lap vs open

HR = 0.76, P = HR = 1.13, P = 0.64, 3 RR = 0.55, P = 0.21,
0.11, 4 trials (3 yr)
trials (3 yr)
4 trials (3 yr)
N/A
OR = 1.17, P = 0.35 (5 OR = 0.93, P = 0.61
yr)
(5 yr)
72% vs 65%, P =
N/A
7% vs 8%, P = NS,
NS, 13 trials (3 yr)
16 trials (3 yr)
N/A
N/A
N/A

LN harvested
lap vs open (n )

CRM positivity
lap vs open

P = 0.43, 5 trials

7.94% vs 5.37%, P =
0.63, 5 trials (3 yr)
P = NS

P = NS
10 vs 11, P = 0.001
17 trials
P = NS

5% vs 8%, P = NS, 10
trials (3 yr)
9.5% vs 10.8%, OR =
0.93, P = 0.38

OS: Overall survival; DFS: Disease free survival; LR: Local recurrence; LN: Lymph nodes; CRM: Circumferential margins; HR: Hazard ratio; N/A: Not
applicable; NS: Non-significant; OR: Odds ratio.

Six trials presented data comparing OS after laparoscopic and open rectal resection. One trial identified
comparable 4 years OS (76% vs 82.8%, P = 0.46)[17],
four trials presented 5 years OS [range: 60.3%-76.0% vs
52.5%-82.8%, P = non-significant (NS)][19,20,22,24], and one
trial demonstrated comparable 10 years OS (83.5% vs
78%, P = 0.59)[21] for the laparoscopic and open groups,
respectively. Data regarding 5 years DFS was presented
in three trials (range: 53.2%-84.8% vs 52.1%-81%, P =
NS)[19,20,22], and one trial demonstrated no difference in 10
years DFS (82.9% vs 80.4%, P = 0.69), for laparoscopic
versus open resection[21].
Local recurrence rates after 5 years were presented
in four studies (range: 4.0%-9.4% vs 5.3%-11.0%, P =
NS)[19,20,22,24], and after 10 years in one study (7.1% vs 4.9%,
P = 0.68)[21]. Similar distant recurrence rates after 5 years
were presented in two studies (range: 15.0%-21.9% vs
21.9-25.0%, P = NS)[19,22], and after 10 years in one study
(12.3% vs 18.1%, P = 0.37), for the laparoscopic and
open groups, respectively[21].
Seven trials showed comparable results regarding the
number of lymph nodes harvested after laparoscopic
and open resection (range: 7.1-19.2 vs 7.4-19.2, P =
NS)[17,18,20-24]. Circumferential margin positivity was investigated in 5 trials, and no difference was shown between
the laparoscopic and open groups (range: 1.3%-5.8% vs
1.3%-7.0%, P = NS)[18,20-22,24].
To note, only two RCTs[20,21] described the relativity of
patients by tumor stage. As expected, a larger number of
patients in stage Ⅰ-Ⅲ than in stage Ⅳ, were observed in
these studies. Hypothetically, in the other RCTs presented
above, the number of patients with a lower stage could
have been larger in the laparoscopic group, hence causing
selection bias and skewing of results.
It is of extreme importance to acknowledge that surgical outcomes presented by all the RCTs above, except
for the CLASSIC trial, are a product of an experienced
and dedicated colorectal surgical team with experience in
the field of laparoscopic colorectal surgery. In the CLASSIC trial, surgeons needed to have performed more than
20 laparoscopic colon or rectal surgery. This number is
truly insufficient when considering the complexity of rectal surgery, and might explain the relatively higher rates
of local and distant recurrence, as well as lower rates of
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OS and DFS.
Meta-analyses
Four, large scale meta-analyses were published in recent
years comparing oncological outcomes between laparoscopic and open resection for rectal cancer[25-28]. No
difference was found between the groups in regards to
OS[25,27], DFS [25,26], LR rates [25-27], number of LN harvested[25-28], or the CRM positivity rate[25-28]. Data is shown
Table 2.
Perioperative outcomes
Over the past two decades, the true benefits of laparoscopy, such as, lower postoperative morbidity rates,
specifically wound infection rates, shorter time to recovery and discharge, and less pain and analgesic use, have
turned it in to the preferred surgical approach in many
surgical disciplines. This is true for rectal surgery as well,
especially when considering the potential advantage for a
faster recovery of the intestinal tract, the ability to surgically dissect deep down in a narrow pelvis, and the magnifying capabilities of the laparoscope, helping in nerve
preservation. Although less focused on, laparoscopy has
also a clear cosmetic advantage over the open approach.
This may become an important issue, as more patients
are diagnosed at a younger age[29].
Morbidity and mortality
Morbidity rates were presented by seven large scale
clinical trials[8,18,20-22,24,30]. Intraoperative complications
analyzed, included injury to the bowel or adjacent organs, hemorrhage, and anesthesia related complications.
Postoperative complications included anastomotic leak,
wound infection, and various cardiac, renal, pulmonary
or vascular complications. Intraoperative complication
rates ranged from 6.1%-21.2%, and 12.4%-23.5% for the
laparoscopic and open groups, respectively (P = 0.01, P
= 0.60). Postoperative complication rates ranged from
2.4%-45.1% and from 10.6%-52.1%, respectively (P =
0.01, P = 0.96). A recent meta-analysis published in 2013
by Arezzo et al[31] included 23 studies, representing 4539
patients, demonstrated a lower overall complication rate
in the laparoscopic group (31.8%) compared to the open
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Table 3 Operative time for laparoscopic and open rectal
resection data presented as mean ± SD, min
Ref.

Laparoscopy
[17]

Liang et al
Kang et al[18]
Lujan et al[20]
Ng et al[21]
Ng et al[22]
Braga et al[24]
Zhou et al[30]

138 ± 24
245 ± 75
194 ± 45
213 ± 59
214 ± 46
262 ± 72
120

Open
119 ± 22
197 ± 63
173 ± 59
154 ± 70
164 ± 43
209 ± 70
106

Table 4 Estimated intraoperative blood loss and transfusion
rate for laparoscopic and open rectal cancer resection

P value

Ref.

EBL (mL)
Lap

< 0.001
< 0.001
0.02
< 0.001
< 0.001
< 0.001
0.05

Liang et al[17]
Kang et al[18]
Lujan et al[20]
Ng et al[22]
Braga et al[24]
Zhou et al[30]

Open

P value

N/A N/A
N/A
200
217.5
0.006
127.8 234.2 P < 0.001
321.7 555.6 P = 0.09
150
350
P < 0.001
20
92
P = 0.05

Blood transfusion rate
Lap

Open

P value

2.4%
0%
N/A
N/A
7.2%
N/A

4.6%
0.005%
N/A
N/A
26.8%
N/A

0.38
P > 0.99
N/A
N/A
P = 0.002
N/A

SD: Standard deviation.

EBL: Estimated blood loss; N/A: Not applicable.

group (35.4%), RR = 0.83 (95%CI: 0.76-0.91, P < 0.001).
Importantly, this meta-analysis uniquely showed no difference in the leak rates between the two approaches. A
possible explanation may be the advent of new technologies, such as the ultrasonic scalpel, and articulated staplers
as well as improved surgical experience. In 2006, Gao
et al[32] published a meta-analysis demonstrating a lower
morbidity rate for patients assigned to laparoscopy than
for those assigned to open resection (OR = 0.63, 95%CI:
0.41-0.96, P = 0.96).
Short term postoperative mortality was reported
by six trials comparing laparoscopic and open resection[8,17,20-22,24]. No significant difference was detected
between the groups in either study. The “CLASSIC” trial
reported the highest mortality rates (laparoscopy -4% vs
open -5%, P = 0.57)[8]. The meta-analysis by Arezzo et
al[31] presented above, showed a mortality rate of 1% following laparoscopy and of 2.4 % following open resection, (RR = 0.46, 95%CI: 0.21-0.99, P = 0.048).

clinical parameters.
Operative time
Data from seven RCTs[17,18,20-22,24,30] comparing operative
time for laparoscopic and open rectal cancer surgery,
clearly show a significantly longer operative time for the
laparoscopic approach. Data from the RCTs is presented
in Table 3. In a meta-analysis published recently, including 11 non-RCTs and 7 RCTs, the mean operative time
was 219 vs 175 min for laparoscopy and open surgery,
respectively, with an overall mean difference of 42.8 min
(95%CI: 31.4-54.2, P < 0.001). Other trials evaluating
the impact of surgeon experience on surgical outcome,
showed that operative time decreased significantly with
number of operations performed (range: 40-90)[35-37].
Estimated intraoperative blood loss and transfusion rate
Five RCTs compared the estimated intraoperative blood
loss (EBL) in laparoscopic and open rectal cancer surgery[18,20,22,24,30]. All trials showed a significantly lower
EBL in the laparoscopic group (range: 20.0-321.7 vs
92.0-555.6, P = 0.05 to P < 0.001). The blood transfusion rate was non-significantly higher for the open group
in two RCTs[17,18], and significantly higher for the open
group in one study[24]. Data is shown in Table 4.

Conversion rate
Eight randomized controlled trials presented the rate of
conversion from a laparoscopic to an open rectal resection. Conversion rates ranged between < 1% to 34%[17-24].
A recent large scale meta-analysis showed that overall,
13% (260 of 2005) of laparoscopic procedures were converted to open surgery, 12.5% in the RCTs and 13.3% in
the prospective controlled trials[31]. Conversion was not
uniformly defined, but the main reasons for conversion
were obesity[33], narrow pelvic anatomy, uncontrollable
bleeding, ureteral injury, and advanced disease. To note,
that mobilization of the rectum can be performed with a
total laparoscopic approach or with a hybrid procedure.
In this hybrid approach, inferior mesenteric vessels division, mobilization of splenic flexure, and left-side colon
are performed laparoscopically, but TME of the rectum
is performed partially by technique of open dissection
through a Pfannenstiel wound, which is also used for
specimen extraction. In our opinion this approach is not
to be considered as a converted procedure, although a
mini-laparotomy is considered by some as conversion.
Since conversion is associated in several trials with increased morbidity and poorer oncological results [8,34],
patients should be routinely pre-operatively evaluated for
the potential risk of conversion, using radiological and
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Length of hospital stay
Seven RCTs reported data comparing length of hospital
stay (LOS) after laparoscopic and open surgery for rectal cancer[8,18,20-22,24,30]. Three trials showed a significantly
shorter LOS following laparoscopy[22,24,30], and the other
four RCTs presented a similar trend. This was supported
by two meta-analyses showing a shorter LOS by 2.67 d
[95%CI: -3.8-(-1.54), P = 0.06][28], and by 2.7 d [95%CI:
-3.6-(-1.7), P < 0.001] after laparoscopic rectal resection[31]. Data is shown in Table 5.
Bowel function recovery
Bowel function recovery after laparoscopic and open surgery for rectal cancer was assessed by six RCTs[8,17,18,21,22,30],
and two meta-analyses[28,31]. Variable parameters were
assessed such as, time to peristalsis, time to 1st flatus
or stool, and time to initiating of oral feeding. Time to
peristalsis was significantly shorter after laparoscopy in 3
RCTs[17,22,30], and in one meta-analysis[28]. Time to 1st fla-
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Table 5 Length of hospital stay
Ref.

Design

Table 6 Bowel function recovery

Measure

LOS
Lap

Guillou et al[8]
"CLASSIC"
Kang et al[18]
"COREAN"
Lujan et al[20]
Ng et al[21]

RCT

Ng et al[22]

RCT

Braga et al[24]
Zhou et al[30]
Aziz et al[28]
Arezzo et al[31]

RCT
RCT
MA
MA

RCT
RCT
RCT

Open

Median
13 (9-18)
11 (9-15)
(range)
Median
8 (7-12)
9 (8-12)
(range)
mean ± SD 8.2 ± 7.3
9.9 ± 6.8
Median
10.8 (5-27)
11.5 (3-38)
(range)
Median
8.4 (2-32)
10 (3-39)
(range)
mean ± SD
10 ± 4.9
13 ± 10
mean ± SD 8.1 ± 3.1
13.3 ± 3.4
MD (d) -2.67 d, 95%CI: -3.8-(-1.54)
MD (d)
-2.7 d, 95%CI: -3.6-(-1.7)

Ref.

P value

Time to peristalsis
Liang et al[17]
Ng et al[21]
Ng et al[22]
Guillou et al[8]
Zhou et al[30]
Aziz et al[28]

N/A
0.06
0.11
0.55
0.013

Time to 1st flatus
Ng et al[22]
Kang et al[18]
Time to 1st stool
Kang et al[18]
Liang et al[17]
Arezzo et al[31]

0.004
0.001
0.06
0.001

RCT: Randomized controlled trial; MA: Meta-analysis; LOS: Length
of stay; SD: Standard deviation; MD: Mean difference; CI: Confidence
intervall; N/A: Not applicable.

Arezzo et al[31]

Lap

Open

P value

RCT
RCT
RCT
RCT
RCT
MA

d
d
d
d
d
d

3.9
4.2
0.001
4.1
4.7
0.06
4.3
6.3
0.001
5
6
N/A
1.5
2.7
0.009
MD -1.52 d [95%CI:
-2.2-(-1.01), P = significant]

RCT
RCT

d
h

3.1
38.5

RCT
RCT
MA

h
d
d

96.5
3

Time to oral feeding initiation
Kang et al[18]
RCT
Guillou et al[8]
RCT
Ng et al[21]
RCT
Ng et al[22]
RCT
Aziz et al[28]
MA

tus was significantly shorter as well in 2 RCTs[18,22]. Arezzo et al[31] showed an approximate one day shorter hospital stay after laparoscopic surgery in their meta-analysis
[lap 3.3 vs open 4.4, median difference -0.96 d, 95%CI:
-1.3-(-0.6), P < 0.001][31]. Similar results were shown by 2
RCTs[17,18]. Time to initiation of oral feeding was shorter
by approximately one day in 2 meta-analyses [28,31]. A
Similar trend was observed in three RCTs[18,21,22]. Data is
shown in Table 6.

MA

h
d
d
d
d
d

4.6
60

0.001
0.001

123
0.001
3.3
0.001
3.3 vs 4.4
MD -0.96 d [95% CI
-1.3-(-0.6), P < 0.001]

85
93
0.001
6
6
N/A
4.3
4.9
0.001
4.3
6.3
0.001
MD -0.92 d [95%CI:
-1.35-(-0.5), P = significant]
3.8 vs 4.8
MD -1 d [95%CI: -1.4-(-0.7),
P < 0.001]

RCT: Randomized controlled trial; MA: Meta-analysis; MD: Mean
difference; N/A: Not applicable; CI: Confidence interval.

Postoperative pain and analgesic use
In a meta-analysis published in 2006 by Aziz et al[28] there
was no difference with regards to the analgesic use after
laparoscopic or open rectal cancer surgery[28]. However,
several RCTs published later showed that patients that
underwent laparoscopic resections, required fewer injections of analgesics (6 vs 11.4, P = 0.007 and 4.9 vs 8.3, P
= 0.001)[21,22], and lower doses of morphine (107.2 mg
vs 156.9 mg, P < 0.001). Through less analgesic use, pulmonary complications maybe reduced and a faster bowel
recovery may further benefit the patient. Future studies
should make use of monitored patient controlled analgesia, and strict drug documentation, led in specialized centers, to accurately measure and compare the true effect
of laparoscopy on postoperative pain.

= 0.063; erectile function: score difference -5.84, 95%CI:
-10.94-(-0.74), P = 0.068]. In women, there was no difference in sexual function. In this trial it was shown that
oncological requirement for TME (OR = 6.38; P = 0.054)
and conversion to open surgery (OR = 2.86; P = 0.041)
were independent predictors of postoperative sexual
dysfunction in men. Kang et al[18] demonstrated a higher
number of urinary problems after laparoscopy than open
surgery (P < 0.001), but no difference between the laparoscopic and open groups in regards to sexual function.
Adhesion formation and incisional hernia
Adhesion formation is an increasing problem after
colorectal surgery[39-41]. Laparoscopic colorectal surgery
may result in fewer adhesions because of reduced tissue
handling, and less environmental exposure of the bowel.
In a recently published study by Burns et al[41], patients
undergoing laparoscopic colorectal resection were found
to have a lower risk of developing clinically signiﬁcant
adhesions. Interestingly, a retrospective study, supplementary to the CLASICC trial[8], showed that more patients
undergoing colonic resection were admitted for adhesive
intestinal obstruction (AIO) in the open arm than in the
laparoscopic arm (4% vs 1.3%); however, this was reversed when considering patients with rectal cancer (2% vs
3.9%). Furthermore, more patients with rectal cancer who
underwent conversion to open surgery were admitted for
AIO than those who had open surgery or completed laparoscopic surgery (8%, 2% and 2% for converted, open

Bladder and sexual function
Jayne et al[38] published data regarding bladder and sexual
function from the MRC-CLASSIS trials’ patient database[8]. Overall questionnaire response rate was above
50%. No difference was observed in bladder function
between the laparoscopic and open groups. Approximately 30% of patients reported moderate to severe
urinary symptoms in each group. With regards to sexual
function, more than 50% of men and women reported
being sexually inactive in the questionnaires. In men,
overall sexual function and erectile function tended to be
worse after laparoscopic than open rectal surgery [overall
function: score difference -11.18, 95%CI: -22.9-0.63, P
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and laparoscopic surgery respectively). Surprisingly, this
trend was seen for incisional hernia as well. Although not
statistically significant (P = 0.78), more patients undergoing colonic resection developed incisional hernia in the
open arm than in the laparoscopic arm (10% vs 6.6%);
however, this was reversed when considering patients
with rectal cancer (9% vs 10.9%). This may partially be
explained by the relatively less experienced surgical team
(surgeons were required to perform only 20 laparoscopic
colorectal procedures for the trial eligibility), or by the
relatively small cohort of the rectal cancer subgroup. In
our opinion, laparoscopy has a clear advantage in these
aspects, however further randomized trials are needed to
clarify the impact of laparoscopy on adhesion formation
and incisional hernia in rectal surgery.

sional hernia rates, is still inconclusive, and needs further
investigation.
Undoubtedly, surgeon experience and competence
in laparoscopic colorectal surgery have a major impact
on oncological and other perioperative outcomes. This
has led both the American Society of Colon and Rectal
Surgeons and the Society of Gastrointestinal and Endoscopic Surgeons to recommend that laparoscopy for
rectal cancer resection should be practiced by expert,
trained surgeons in institutions where the outcomes can
be meaningfully evaluated.
Current large scale randomized controlled trial are
conducted worldwide, further investigating the oncological and clinical efficacy of laparoscopic rectal cancer
resection.

Current trials
At present, three large scale randomized controlled trials are being conducted. The European Colon Cancer
Laparoscopic or Open Resection (COLOR) Ⅱ trial is a
randomized, international, multicenter study comparing
the outcomes of laparoscopic and open resection of rectal carcinoma, with primary endpoint being locoregional
recurrence at 3 years. Secondary endpoints are recurrence-free and overall survival at 3, 5 and 7 years, rate of
distant metastases, port site and wound site recurrences,
microscopic evaluation of the resected specimen, 8-wk
morbidity and mortality, quality of life, and cost[42]. In the
United States, the American College of Surgeons Oncology Group (ACOSOG)-Z6051 trial, opened in 2008, and
is a phase Ⅲ randomized controlled trial with a non-inferiority design and a 1:1 randomization of laparoscopic
and open rectal resection. Primary endpoints include
circumferential and distal resection margins, number of
lymph nodes harvested, and integrity of the TME specimen. Secondary endpoints include disease free survival
and local recurrence at 2 years[43]. Finally, the Japanese
Clinical Oncology Group trial JCOG 0404, is a RCT
comparing laparoscopic and open surgery for colorectal
cancer, with overall survival and relapse free survival as
primary endpoints[44].

REFERENCES
1
2
3
4
5
6
7

8

9

CONCLUSION
Current evidence suggests that laparoscopic rectal cancer
resection results in similar oncological outcomes when
compared with the conventional open approach. Initial
concern regarding circumferential margin positivity, has
not been demonstrated in other large scale randomized
controlled trials or meta-analyses presented in this review.
Morbidity and mortality rates are at least comparable,
with some meta-analyses even showing reduced morbidity and mortality after the laparoscopic approach. Furthermore, the laparoscopic approach benefits patients with
a reduced need for analgesics, faster recovery of bowel
function, shorter length of stay, and less blood loss. The
impact of laparoscopy on bladder and sexual function as
well as clinically significant adhesion formation and inci-

WJG|www.wjgnet.com

10

11

12

4905

Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012.
CA Cancer J Clin 2012; 62: 10-29 [PMID: 22237781 DOI:
10.3322/caac.20138]
Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon resection (laparoscopic colectomy). Surg Laparosc Endosc
1991; 1: 144-150 [PMID: 1688289]
Fowler DL, White SA. Laparoscopy-assisted sigmoid resection. Surg Laparosc Endosc 1991; 1: 183-188 [PMID: 1669400]
Wexner SD, Cohen SM. Port site metastases after laparoscopic colorectal surgery for cure of malignancy. Br J Surg
1995; 82: 295-298 [PMID: 7795990]
Nduka CC, Monson JR, Menzies-Gow N, Darzi A. Abdominal wall metastases following laparoscopy. Br J Surg 1994;
81: 648-652 [PMID: 8044537]
Berends FJ, Kazemier G, Bonjer HJ, Lange JF. Subcutaneous
metastases after laparoscopic colectomy. Lancet 1994; 344: 58
[PMID: 7912321]
Clinical Outcomes of Surgical Therapy Study Group. A
comparison of laparoscopically assisted and open colectomy
for colon cancer. N Engl J Med 2004; 350: 2050-2059 [PMID:
15141043 DOI: 10.1056/NEJMoa032651]
Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith
AM, Heath RM, Brown JM. Short-term endpoints of conventional versus laparoscopic-assisted surgery in patients with
colorectal cancer (MRC CLASICC trial): multicentre, randomised controlled trial. Lancet 2005; 365: 1718-1726 [PMID:
15894098 DOI: 10.1016/S0140-6736(05)66545-2]
Lacy AM, García-Valdecasas JC, Delgado S, Castells A,
Taurá P, Piqué JM, Visa J. Laparoscopy-assisted colectomy
versus open colectomy for treatment of non-metastatic colon
cancer: a randomised trial. Lancet 2002; 359: 2224-2229 [PMID:
12103285 DOI: 10.1016/S0140-6736(02)09290-5]
Leung KL, Kwok SP, Lau WY, Meng WC, Lam TY, Kwong
KH, Chung CC, Li AK. Laparoscopic-assisted resection of
rectosigmoid carcinoma. Immediate and medium-term results. Arch Surg 1997; 132: 761-764; discussion 765 [PMID:
9230862]
Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ, Haglind E, Påhlman L, Cuesta MA, Msika S, Morino
M, Lacy AM. Laparoscopic surgery versus open surgery for
colon cancer: short-term outcomes of a randomised trial.
Lancet Oncol 2005; 6: 477-484 [PMID: 15992696 DOI: 10.1016/
S1470-2045(05)70221-7]
Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J,
Smith AM, Heath RM, Brown JM. Randomized trial of
laparoscopic-assisted resection of colorectal carcinoma:
3-year results of the UK MRC CLASICC Trial Group. J Clin
Oncol 2007; 25: 3061-3068 [PMID: 17634484 DOI: 10.1200/
JCO.2006.09.7758]

May 7, 2014|Volume 20|Issue 17|

Mizrahi I et al . Laparoscopy for rectal cancer
13

14

15
16
17

18

19

20

21

22

23

24

25

26

Law WL, Lee YM, Choi HK, Seto CL, Ho JW. Impact of
laparoscopic resection for colorectal cancer on operative outcomes and survival. Ann Surg 2007; 245: 1-7 [PMID: 17197957
DOI: 10.1097/01.sla.0000218170.41992.23]
Milsom JW, Böhm B, Hammerhofer KA, Fazio V, Steiger E,
Elson P. A prospective, randomized trial comparing laparoscopic versus conventional techniques in colorectal cancer
surgery: a preliminary report. J Am Coll Surg 1998; 187: 46-54;
discussion 54-55 [PMID: 9660024]
Zmora O, Gervaz P, Wexner SD. Trocar site recurrence in
laparoscopic surgery for colorectal cancer. Surg Endosc 2001;
15: 788-793 [PMID: 11443452 DOI: 10.1007/s004640080151]
Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal
cancer surgery--the clue to pelvic recurrence? Br J Surg 1982;
69: 613-616 [PMID: 6751457]
Liang X, Hou S, Liu H, Li Y, Jiang B, Bai W, Li G, Wang W,
Feng Y, Guo J. Effectiveness and safety of laparoscopic resection versus open surgery in patients with rectal cancer: a
randomized, controlled trial from China. J Laparoendosc Adv
Surg Tech A 2011; 21: 381-385 [PMID: 21395453 DOI: 10.1089/
lap.2010.0059]
Kang SB, Park JW, Jeong SY, Nam BH, Choi HS, Kim DW,
Lim SB, Lee TG, Kim DY, Kim JS, Chang HJ, Lee HS, Kim
SY, Jung KH, Hong YS, Kim JH, Sohn DK, Kim DH, Oh JH.
Open versus laparoscopic surgery for mid or low rectal cancer after neoadjuvant chemoradiotherapy (COREAN trial):
short-term outcomes of an open-label randomised controlled
trial. Lancet Oncol 2010; 11: 637-645 [PMID: 20610322 DOI:
10.1016/S1470-2045(10)70131-5]
Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM,
Guillou PJ. Five-year follow-up of the Medical Research
Council CLASICC trial of laparoscopically assisted versus open surgery for colorectal cancer. Br J Surg 2010; 97:
1638-1645 [PMID: 20629110 DOI: 10.1002/bjs.7160]
Lujan J, Valero G, Hernandez Q, Sanchez A, Frutos MD,
Parrilla P. Randomized clinical trial comparing laparoscopic
and open surgery in patients with rectal cancer. Br J Surg
2009; 96: 982-989 [PMID: 19644973 DOI: 10.1002/bjs.6662]
Ng SS, Leung KL, Lee JF, Yiu RY, Li JC, Hon SS. Longterm morbidity and oncologic outcomes of laparoscopicassisted anterior resection for upper rectal cancer: tenyear results of a prospective, randomized trial. Dis Colon
Rectum 2009; 52: 558-566 [PMID: 19404053 DOI: 10.1007/
DCR.0b013e31819ec20c]
Ng SS, Leung KL, Lee JF, Yiu RY, Li JC, Teoh AY, Leung
WW. Laparoscopic-assisted versus open abdominoperineal
resection for low rectal cancer: a prospective randomized
trial. Ann Surg Oncol 2008; 15: 2418-2425 [PMID: 18392659
DOI: 10.1245/s10434-008-9895-0]
Pechlivanides G, Gouvas N, Tsiaoussis J, Tzortzinis A,
Tzardi M, Moutafidis M, Dervenis C, Xynos E. Lymph node
clearance after total mesorectal excision for rectal cancer:
laparoscopic versus open approach. Dig Dis 2007; 25: 94-99
[PMID: 17384514 DOI: 10.1159/000099176]
Braga M, Frasson M, Vignali A, Zuliani W, Capretti G, Di
Carlo V. Laparoscopic resection in rectal cancer patients:
outcome and cost-benefit analysis. Dis Colon Rectum 2007; 50:
464-471 [PMID: 17195085 DOI: 10.1007/s10350-006-0798-5]
Huang MJ, Liang JL, Wang H, Kang L, Deng YH, Wang JP.
Laparoscopic-assisted versus open surgery for rectal cancer:
a meta-analysis of randomized controlled trials on oncologic
adequacy of resection and long-term oncologic outcomes.
Int J Colorectal Dis 2011; 26: 415-421 [PMID: 21174107 DOI:
10.1007/s00384-010-1091-6]
Ohtani H, Tamamori Y, Azuma T, Mori Y, Nishiguchi Y,
Maeda K, Hirakawa K. A meta-analysis of the short- and
long-term results of randomized controlled trials that compared laparoscopy-assisted and conventional open surgery
for rectal cancer. J Gastrointest Surg 2011; 15: 1375-1385
[PMID: 21557014 DOI: 10.1007/s11605-011-1547-1]

WJG|www.wjgnet.com

27

28

29
30

31

32

33

34

35

36

37

38

39

40
41

42

4906

Anderson C, Uman G, Pigazzi A. Oncologic outcomes of
laparoscopic surgery for rectal cancer: a systematic review
and meta-analysis of the literature. Eur J Surg Oncol 2008; 34:
1135-1142 [PMID: 18191529 DOI: 10.1016/j.ejso.2007.11.015]
Aziz O, Constantinides V, Tekkis PP, Athanasiou T, Purkayastha S, Paraskeva P, Darzi AW, Heriot AG. Laparoscopic
versus open surgery for rectal cancer: a meta-analysis. Ann
Surg Oncol 2006; 13: 413-424 [PMID: 16450220 DOI: 10.1245/
ASO.2006.05.045]
O’Connell JB, Maggard MA, Liu JH, Etzioni DA, Livingston
EH, Ko CY. Rates of colon and rectal cancers are increasing
in young adults. Am Surg 2003; 69: 866-872 [PMID: 14570365]
Zhou ZG, Hu M, Li Y, Lei WZ, Yu YY, Cheng Z, Li L, Shu
Y, Wang TC. Laparoscopic versus open total mesorectal
excision with anal sphincter preservation for low rectal cancer. Surg Endosc 2004; 18: 1211-1215 [PMID: 15457380 DOI:
10.1007/s00464-003-9170-1]
Arezzo A, Passera R, Scozzari G, Verra M, Morino M. Laparoscopy for rectal cancer reduces short-term mortality and
morbidity: results of a systematic review and meta-analysis.
Surg Endosc 2013; 27: 1485-1502 [PMID: 23183871 DOI:
10.1007/s00464-012-2649-x]
Gao F, Cao YF, Chen LS. Meta-analysis of short-term outcomes after laparoscopic resection for rectal cancer. Int
J Colorectal Dis 2006; 21: 652-656 [PMID: 16463181 DOI:
10.1007/s00384-005-0079-0]
Thorpe H, Jayne DG, Guillou PJ, Quirke P, Copeland J,
Brown JM. Patient factors influencing conversion from laparoscopically assisted to open surgery for colorectal cancer.
Br J Surg 2008; 95: 199-205 [PMID: 17696215 DOI: 10.1002/
bjs.5907]
Fleshman J, Sargent DJ, Green E, Anvari M, Stryker SJ, Beart
RW, Hellinger M, Flanagan R, Peters W, Nelson H. Laparoscopic colectomy for cancer is not inferior to open surgery
based on 5-year data from the COST Study Group trial. Ann
Surg 2007; 246: 655-662; discussion 662-664 [PMID: 17893502
DOI: 10.1097/SLA.0b013e318155a762]
Balik E, Asoglu O, Saglam S, Yamaner S, Akyuz A, Buyukuncu Y, Gulluoglu M, Bulut T, Bugra D. Effects of surgical
laparoscopic experience on the short-term postoperative outcome of rectal cancer: results of a high volume single center
institution. Surg Laparosc Endosc Percutan Tech 2010; 20: 93-99
[PMID: 20393335 DOI: 10.1097/SLE.0b013e3181d83e20]
Park IJ, Choi GS, Lim KH, Kang BM, Jun SH. Multidimensional analysis of the learning curve for laparoscopic resection in rectal cancer. J Gastrointest Surg 2009; 13: 275-281
[PMID: 18941844 DOI: 10.1007/s11605-008-0722-5]
Ito M, Sugito M, Kobayashi A, Nishizawa Y, Tsunoda Y,
Saito N. Influence of learning curve on short-term results after laparoscopic resection for rectal cancer. Surg Endosc 2009;
23: 403-408 [PMID: 18401643 DOI: 10.1007/s00464-008-9912-1]
Jayne DG, Brown JM, Thorpe H, Walker J, Quirke P, Guillou PJ. Bladder and sexual function following resection for
rectal cancer in a randomized clinical trial of laparoscopic
versus open technique. Br J Surg 2005; 92: 1124-1132 [PMID:
15997446 DOI: 10.1002/bjs.4989]
Parker MC, Wilson MS, van Goor H, Moran BJ, Jeekel J, Duron
JJ, Menzies D, Wexner SD, Ellis H. Adhesions and colorectal
surgery - call for action. Colorectal Dis 2007; 9 Suppl 2: 66-72
[PMID: 17824973 DOI: 10.1111/j.1463-1318.2007.01342.x]
Bhardwaj R, Parker MC. Impact of adhesions in colorectal surgery. Colorectal Dis 2007; 9 Suppl 2: 45-53 [PMID:
17824970 DOI: 10.1111/j.1463-1318.2007.01357.x]
Burns EM, Currie A, Bottle A, Aylin P, Darzi A, Faiz O.
Minimal-access colorectal surgery is associated with fewer
adhesion-related admissions than open surgery. Br J Surg
2013; 100: 152-159 [PMID: 23148018 DOI: 10.1002/bjs.8964]
van der Pas MH, Haglind E, Cuesta MA, Fürst A, Lacy AM,
Hop WC, Bonjer HJ. Laparoscopic versus open surgery for
rectal cancer (COLOR II): short-term outcomes of a ran-

May 7, 2014|Volume 20|Issue 17|

Mizrahi I et al . Laparoscopy for rectal cancer

43

domised, phase 3 trial. Lancet Oncol 2013; 14: 210-218 [PMID:
23395398 DOI: 10.1016/S1470-2045(13)70016-0]
Nandakumar G, Fleshman JW. Laparoscopy for rectal cancer. Surg Oncol Clin N Am 2010; 19: 793-802 [PMID: 20883954
DOI: 10.1016/j.soc.2010.08.003]

44

Kitano S, Inomata M, Sato A, Yoshimura K, Moriya Y.
Randomized controlled trial to evaluate laparoscopic surgery for colorectal cancer: Japan Clinical Oncology Group
Study JCOG 0404. Jpn J Clin Oncol 2005; 35: 475-477 [PMID:
16006574 DOI: 10.1093/jjco/hyi124]

P- Reviewers: Kita H, Maltz C, Scheidbach H S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

4907

May 7, 2014|Volume 20|Issue 17|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i17.4908

World J Gastroenterol 2014 May 7; 20(17): 4908-4916
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (15): Laparoscopic resection of gastrointestinal

Laparoscopic resection of pancreatic neuroendocrine
tumors
Abbas Al-Kurd, Katya Chapchay, Simona Grozinsky-Glasberg, Haggi Mazeh
Abbas Al-Kurd, Katya Chapchay, Haggi Mazeh, Department
of Surgery, Hadassah-Hebrew University Medical Center, Mount
Scopus, Jerusalem 91240, Israel
Simona Grozinsky-Glasberg, Neuroendocrine Tumor Unit,
Hadassah-Hebrew University Medical Center, Mount Scopus,
Jerusalem 91240, Israel
Author contributions: Grozinsky-Glasberg S, Mazeh H contributed the conception of the study; Al-Kurd A, Chapchay K,
Mazeh H contributed to the literature review and data acquisition; Al-Kurd A, Chapchay K drafted the manuscript; Chapchay
K contributed illustrations; Al-Kurd A, Chapchay K, GrozinskyGlasberg S, Mazeh H approved the final version.
Correspondence to: Haggi Mazeh, MD, Department of Surgery, Hadassah-Hebrew University Medical Center, Mount Scopus, PO Box 24035, Jerusalem 91240,
Israel. hmazeh@hadassah.org.il
Telephone: +11-972-25844550 Fax: +11-972-25844584
Received: October 28, 2013
Revised: December 6, 2013
Accepted: January 3, 2014
Published online: May 7, 2014

Core tip: Pancreatic neuroendocrine tumors (PNETs)
are a rare clinical entity, with surgery being the treatment modality of choice. Over the past several years,
laparoscopic techniques have gained popularity in the
surgical management of these tumors. This article reviews the available literature on laparoscopic resection
of PNETs, with an overview of the commonly-practiced
surgical procedures.
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INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs), also known
as islet cell tumors, are a rare form of endocrine neoplasms, accounting for a reported 1%-4% of all pancreatic tumors[1-3]. These tumors are associated with an annual
incidence of one per 100000 population, and their diagnosis has increased over the past 40 years, most likely due
to advances in imaging and histopathological methods[4-6].
PNETs can manifest at any age, however, most present
during the 4th to 6th decades of life. When considered as
a general entity, no gender predilection is demonstrated,
but the various subtypes when observed separately do
show slight gender predilection[7]. Although the majority of cases are sporadic, 10%-30% have been shown to
be associated with multiple endocrine neoplasia (MEN)
1 syndrome, and < 1% with (Von Hippel-Lindau) VHL
disease[8,9]. Other genetic syndromes in which PNETs
may present include neurofibromatosis type 1 and tuberous sclerosis[4]. PNETs can be classified as functional and
nonfunctional, the latter being far more common and

Abstract
Pancreatic neuroendocrine tumors (PNETs) are a rare
heterogeneous group of endocrine neoplasms. Surgery
remains the best curative option for this type of tumor.
Over the past two decades, with the development of
laparoscopic pancreatic surgery, an increasingly larger
number of PNET resections are being performed by
these minimally-invasive techniques. In this review article, the various laparoscopic surgical options for the
excision of PNETs are discussed. In addition, a summary of the literature describing the outcome of these
treatment modalities is presented.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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typically presenting late during disease evolution, with
symptoms related to mass effect, invasion into surrounding structures, or metastasis[3].
The most common form of functional PNET is
insulinoma, accounting for 70%-80% of cases. Ninety
percent are benign and solitary, and they are predominantly located in the body and the tail of the pancreas
(65%-80%). Due to the fact that symptoms of hypoglycemia dominate the clinical picture early in the course
of the disease, the majority are small in size (< 2 cm) at
the time of presentation, and compatible with surgical
resection[10-12]. This contrasts with gastrinomas, another
type of functional PNET, which in more than 50% are
extrapancreatic, tend to be larger in size, and present
with metastasis in 60%-70% of cases. Other rare types
include glucagonomas and vasoactive intestinal peptideproducing tumors (VIPomas), the majority of which are
also malignant (80% and 60%, respectively). Somatostatinomas are typically large neoplasms, causing mass effect
around the pancreatic head or periampullary region. The
majority of these tumors are malignant (70%)[13].
It is due to the above-mentioned characteristics that
the “non-insulinoma PNETs” are less suitable for surgical resection. That said, surgery remains the only curative
modality for neuroendocrine neoplasms of the pancreas,
and is the treatment of choice when technically feasible,
even in the presence of malignancy and occasionally locally advanced or metastatic disease[14-19].
With advances in minimally invasive surgery, laparoscopic resection has become a well-accepted modality in
the management of pancreatic tumors, with an increasing
number of surgeons utilizing these techniques[18]. The
use of laparoscopy in pancreatic surgery was initially introduced in 1994 by Gagner et al[20] and Cuschieri[21], and
two years later, Gagner et al[22] reported on their early experience with laparoscopic resection of islet cell tumors.
Since then, several publications have described laparoscopic pancreatic surgery, however, only a small number
of large series have described laparoscopic surgery in
the setting of PNETs[13,18,23,24]. The purpose of this article is to review the available literature on laparoscopic
resection of PNETs, with a focus on the various surgical
techniques, and compare laparoscopic surgery to open
pancreatic surgery in terms of results and complications.

cally appear hyperdense on arterial phase. Although there
is great variation in the literature regarding the reported
usefulness of this modality for the detection of PNETs,
it is generally accepted that it has a sensitivity of less than
50%-60%[25-27]. Nevertheless, one study reported a sensitivity of 94% for CT in the detection of PNETs[28]. MRI
has the advantage of decreased radiation when compared
with CT, and is commonly used to detect small PNETs
and to assess local invasion[29]. A sensitivity ranging from
30% up to 95% has been reported in the literature for the
detection of PNETs[30,31].
A study that has gained popularity due to increased
accuracy is endoscopic ultrasound (EUS), however,
the disadvantage of this technique is operator dependence[32-35]. It has a higher success rate in localizing tumors of the head and body than those of the tail. This
modality has been associated with a sensitivity of 80%
to 88% and a specificity of 95%[13]. One study reported
a sensitivity of 82% and a specificity of 95% for EUS
in the localization of PNETs not identified by CT or
angiography[36]. It is also worth noting that the combination of EUS with biphasic helical CT scanning has been
demonstrated to increase the diagnostic accuracy to
97%[13]. Although EUS has been shown to be effective
in the detection of regional lymph node involvement, its
usefulness in the diagnosis of liver metastasis is largely
limited[37].
Angiographic techniques with portal vein sampling
are invasive methods, and are typically reserved for patients in whom other less invasive diagnostic tests have
failed to localize the pathology. These methods have been
shown to provide accurate regionalization (but not exact
localization) in up to 90% of cases[38].
A functional study commonly utilized is somatostatin
receptor scintigraphy (octreotide scan)[39]. A relatively
new modality shown to be superior to the octreotide scan
in the diagnosis of neuroendocrine tumors is gallium-68
somatostatin receptor PET scan, which utilizes radio-labeled tracers with affinity to somatostatic receptors to localize these tumors[40]. A recently published meta-analysis
demonstrated that this imaging modality has a sensitivity
of 93% (when 68Ga-DOTATOC is utilized) and 96%
(when 68Ga-DOTATATE is utilized). The specificity was
shown to be 85% and 100%, respectively[41]. It should be
noted that the diagnostic yield of these tests is reduced
in insulinomas, which may not express somatostatin receptors. The use of FDG-PET CT for the diagnosis of
PNETs is limited, mainly due to the slow-growing nature
of these tumors[42]. However, the ability of this test to
detect more aggressive tumors (due to the fact that less
differentiated tumors consume more glucose) has been
proposed[43].
It appears that after establishing the localization of a
lesion by more than one noninvasive study (for example,
CT scan and MRI), it is reasonable to explore the patient
laparoscopically, and to perform an intraoperative ultrasound (discussed below)[44]. Due to the relative safety and
diagnostic accuracy of modern laparoscopic techniques
along with the use of intraoperative ultrasound, many

PREOPERATIVE LOCALIZATION
Preoperative localization of the neuroendocrine tumor
is of utmost importance in the management of these
neoplasms. Prior to considering laparoscopy, an expected
surgical strategy must be contemplated in accordance
with the findings on imaging studies.
Imaging studies provide information regarding the
location of the tumor, the extent of local invasion, and
the presence of metastatic lesions[7]. Localization studies commonly used include ultrasonography, computed
tomography (CT) scanning, and magnetic resonance imaging (MRI). CT is generally the initial test used by clinicians to localize PNETs. On CT scans, these tumors typi-
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recommend that the utilization of more invasive preoperative diagnostic methods, such as angiography, be
reserved for equivocal cases only[13].

vessels in order to enable adequate lymph node sampling.
Ligation of splenic vessels is also advocated when uncontrolled bleeding from the vessels at the upper border
of the pancreas is demonstrated intraoperatively[13]. This
procedure is less technically demanding and is associated
with shorter operation time. Ligation and transection of
the splenic vessels is performed at the level of the pancreatic resection and at the splenic hilum. Postoperatively, the
spleen receives its vascular supply from the short gastric
vessels and left gastroepiploic vessels[13].
When possible, spleen-preserving distal pancreatectomy with splenic vessel preservation is performed; however, this procedure requires higher technical expertise,
with separation of the splenic vessels from the pancreatic parenchyma, and the dissection and ligation of the
branching vessels supplying the pancreas. As a result, this
procedure is associated with a longer operating time[54-57].
Splenic preservation in these PNETs is generally encouraged when it is technically feasible; however, the occasional presence of hilar fibrosis due to previous inflammation can make splenic preservation difficult, and in
these cases, en bloc pancreaticosplenectomy appears to be
the safest option[58]. This is also true in malignant PNETs
that involve or are adjacent to the hilum of the spleen
and in these cases, the need for a complete oncologic
resection supersedes the benefits of splenic preservation.
That said, the avoidance of splenectomy can be achieved
in the majority of cases[54-56]. In Assalia and Gagner’
s publication, the rate of successful splenic salvage in
laparoscopic distal pancreatectomy for islet cell tumors
approached 85%[13].
It is worth mentioning that in the presence of a functioning PNET, medical control of the patient’s symptoms
prior to surgical intervention is of utmost importance.
Although a detailed discussion of these treatments is beyond the scope of this review, this generally entails strict
regulation of blood glucose levels in insulinomas, proton
pump inhibitor treatment in gastrinomas, etc. In addition,
a multidisciplinary approach involving the endocrinologist, surgeon, and anesthesiologist is essential in order to
ensure safe resection.

DETERMINATION OF SURGICAL
TECHNIQUE
Surgery remains the cornerstone of management of
PNETs, with increased utilization of the laparoscopic approach demonstrated over the past two decades[45]. The
planned surgical approach is governed largely by the findings in preoperative localization studies, but may commonly change in accordance with intraoperative findings.
There is no general consensus regarding the indications for and limitations of laparoscopic surgery for
PNETs. Although some have claimed that the presence
of a malignant PNET is a contraindication for laparoscopic resection[46], others have shown the feasibility
and safety of laparoscopic surgery in these malignant
tumors[24].
Laparoscopic enucleation is utilized in lesions less
than 3 cm in size which are noninvasive and located peripherally and thereby do not involve the main pancreatic
duct. When the above criteria are fulfilled, this procedure
may be applicable for tumors located in the pancreatic
head, body, or tail[47]. When the tumor is in proximity to
the Wirsung duct, enucleation is not suitable due to the
elevated risk of pancreatic fistula development[48]. Due
to the fact that insulinomas are typically small, single and
benign lesions, the use of laparoscopic enucleation for
surgical management of these tumors has been widely
described in the literature. The use of intraoperative ultrasound, however, is essential in order to rule out the
presence of other lesions before the decision to perform
enucleation is made, and to assess the proximity of these
tumors to the pancreatic duct and vascular structures[48].
When the PNET is not compatible with enucleation,
pancreatic resection is necessary[47]. In tumors involving the head of the pancreas, pancreaticoduodenectomy
(Whipple Operation) is indicated. This procedure is not
widely performed laparoscopically worldwide, due to the
associated technical difficulties. However, many studies
have shown the effectiveness and safety of this procedure, when performed by sufficiently-trained hepatobiliary or laparoscopic surgeons[49-52].
In tumors that are located in the body or the tail and
are not suitable for enucleation, laparoscopic distal pancreatectomy is the treatment of choice. This surgery can
be further divided into three different entities: spleenpreserving distal pancreatectomy with splenic vessel preservation, spleen-preserving distal pancreatectomy without
splenic vessel preservation, and distal pancreatectomy
with splenectomy[53]. The main factors which dictate the
procedure chosen are the location of the tumor within the
pancreatic body or tail, and its relation to the splenic vessels and splenic hilum. In addition, the presence or suspicion of malignant neuroendocrine tumors generally favors
more radical approaches, with the resection of splenic
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TECHNICAL ASPECTS OF
LAPAROSCOPIC SURGERY FOR PNETS
Various surgical techniques for laparoscopic pancreatic
surgery have been described in the literature with some
modifications that are based on surgeons’ experience
and preferences[13,22,48,53,55,59]. The following descriptions
outline the important aspects and steps that are the basis
for laparoscopic resections of PNETs. It is to be noted
that the procedural description of laparoscopic pancreaticoduodenectomy (Whipple Operation) will not be described in this review.
Enucleation of tumors of the pancreatic head
After appropriate exposure of the pancreas, intraoperative laparoscopic ultrasonography is performed. Due to

4910

May 7, 2014|Volume 20|Issue 17|

Al-Kurd A et al . Laparoscopy for PNET

A

B

D

E

C

Figure 1 Tumors of the pancreatic head. A: A pancreatic neuroendocrine tumor (PNET) involving the posterior aspect of the pancreatic head, after adequate
exposure by extensive kocherization and medial retraction of the pancreatic head, prior to enucleation; B: A PNET involving the inferior border of the body/tail of the
pancreas. Resection is being performed using the LigaSure device; C: PNETs located in the posterior aspect of the body/tail occasionally require partial resection
of the splenic vein in order to perform successful enucleation; D: The intraoperative appearance after performance of spleen-preserving distal pancreatectomy with
splenic vessel preservation; E: The intraoperative appearance after performance of spleen-preserving distal pancreatectomy without splenic vessel preservation.
Figure 1D and E represent patients with multiple endocrine neoplasia-1, with an additional PNET located in the head. This synchronous tumor will be excised by
enucleation.

electrocautery with the hook coagulator is utilized to dissect the parenchyma surrounding the tumor and perform
enucleation. In tumors located at the inferior surface of
the pancreatic head, the LigaSure device (Tyco, United
States Surgical Volleylab, Boulder, Co. United States) may
be used to incise the plane between the pancreas and the
tumor. A surgical drain is left at the excision bed[48].
Enucleation of tumors of the pancreatic body and tail
After sufficient surgical exposure and mobilization of the
pancreatic body and tail, laparoscopic ultrasonography is
performed for tumor localization and to identify the relationship with surrounding structures (the pancreatic duct
and splenic vessels). Figure 2 demonstrates the intraoperative sonographic appearance of an insulinoma involving
the pancreatic tail.
When the tumor is located anteriorly, an incision is
made in the pancreatic capsule using electrocautery, and
delicate dissection is carried out between the tumor and
the normal pancreatic parenchyma until successful enucleation of the mass is achieved. Bleeding is controlled by
clips and cautery.
Tumors located at the inferior pancreatic border are
commonly resected by hemostatic dissection using the
LigaSure device (Figure 1B).
Posteriorly-located tumors are commonly partially
covered by the splenic vein. The inferior border of the
pancreas is lifted up, allowing exposure of the posterior
pancreatic surface. Occasionally enucleation is only possible after local resection of the adjacent portion of the

Figure 2 An image from intraoperative ultrasound demonstrating an insulinoma involving the pancreatic tail.

the lack of tactile sensation in laparoscopic surgery, this
imaging tool is of utmost importance. It helps localize
the tumor, rules out the presence of multiple lesions, and
identifies the tumor’s relation to and distance from surrounding structures[60]. Depending on the location of the
tumor, focal dissection is continued in order to provide
maximal exposure prior to enucleation (Figure 1A shows
a PNET involving the posterior aspect of the pancreatic
head, following appropriate exposure). Laparoscopic
ultrasound is used to again identify the exact location of
the tumor and its relation to the Wirsung duct and the superior mesenteric vein (SMV). Under extensive care not
to damage these structures (which would lead to postoperative leak in the case of damage of the pancreatic duct),
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abdomen in two separate specimen bags. As in the previous procedure, a surgical drain is left in situ[13]. Note that
some surgeons use different methods to seal the bed of
tumor enucleation or the margins of resection, including
adhesive biologic materials or sutures.

vein (Figure 1C). In this process, injury to the splenic
artery must be avoided. After enucleation, the tumor bed
must be examined for evidence of pancreatic duct injury.
Tumors located in the distal portion of the tail of the
pancreas are in very close proximity to the Wirsung Duct,
and therefore enucleation of these tumors is commonly
not recommended[48].

SURGERY IN PANCREATIC
NEUROENDOCRINE CARCINOMA

Spleen-preserving distal pancreatectomy with splenic
vessel preservation
Exposure and mobilization of the body and tail of the
pancreas is performed, as is mobilization of the splenic
flexure. Adhesions are divided between the posterior
surface of the stomach and the pancreas; however, care
should be taken not to divide the short gastric and the
left gastroepiploic vessels. After detaching the inferior
pancreatic margin from the retroperitoneum, visualization
of the posterior aspect of the pancreas is now feasible, as
is identification of the SMV and the splenic vein forming
the portal vein. Blunt dissection around the splenic vein
is performed, with ligation of the small bridging vessels
that reach the pancreas. After identification and preservation of the splenic artery, the pancreas is divided using an
endoscopic stapler device. The body/tail of the pancreas
is then anteriorly retracted, allowing further separation
of small bridging vessels reaching the pancreas from the
splenic artery and vein. The resection is completed after
reaching the splenic hilum, and a surgical drain is left in
proximity to the pancreatic stump[48] (Figure 1D).

According to the WHO 2010 classification, neuroendocrine carcinomas (NECs) are defined histopathologically
as neuroendocrine tumors with a Ki-67 index above
20%[45]. These tumors are extremely invasive and aggressive, and fortunately they are rare, accounting for only
2%-3% of PNETs[45,61,62]. Radical surgery is generally indicated for locally advanced disease, followed by adjuvant
chemotherapy. When there is evidence or suspicion of
malignant disease, or when the tumor size is greater than
5 cm, it is recommended that a modified strasberg operation be performed[24]. This entails radical lymph node
dissection of the peri-pancreatic, portal, hepatic, and superior mesenteric areas.
Not only does the literature support surgical excision
of locally invasive disease, but a survival benefit has also
been demonstrated after excision of metastases (in addition to the primary tumor) when technically feasible.
Therefore, in selected patients with localized liver metastasis, it is recommended that a synchronous resection
of the primary tumor and liver metastases should be attempted[14-18,63-68]. Nevertheless, the role of laparoscopy
for these complicated procedures is yet to be clarified.
Despite case reports of successful laparoscopic synchronous excision of the primary tumor and metastases this
issue remains controversial as opponents claim that laparoscopic surgery may jeopardize the oncologic outcome
and a planned open procedure must be carried out. As
randomized controlled studies are unlikely this controversy will remain a matter of debate and it is reasonable
to limit these procedures to highly experienced laparoscopic pancreatic/hepatobiliary surgeons.

Spleen-preserving distal pancreatectomy without
splenic vessel preservation
This procedure follows the same course mentioned above
until visualization of the posterior aspect of the pancreas
and the splenic vein entering the SMV to form the portal
vein. At this stage, clips are applied to the splenic vein
and it is divided. The pancreas is then divided by endoscopic stapler, followed by ligation and division of the
splenic artery. The pancreatic body and tail are retracted
upwards (along with the attached splenic artery and vein),
and these vessels are clipped and divided between the
pancreatic tail and the splenic hilum. After this procedure, the sole remaining blood supply to the spleen is
from the short gastric vessels and left gastroepiploic vessels, indicating the importance of their preservation in
earlier steps[48] (Figure 1E).

SURGERY IN PNETS ASSOCIATED WITH
MEN-1
More than 75% of patients with PNETs and MEN-1
have multiple pancreatic tumors, therefore enucleation
alone in this clinical setting is likely to be inadequate[24,48].
Generally accepted indications for surgery in MEN-1
include the presence of a functioning PNET, in addition
to nonfunctioning tumors of more than 2 cm in size[9,69].
However, some authors consider the diameter of 1 cm
to be a safer cutoff, and advocate the surgical resection
of nonfunctioning PNETs of more than 1 cm in diameter[69,70]. Smaller nonfunctioning tumors must be closely
observed, and their rate of growth may subsequently
provide an indication for surgical resection. The recommended surgical procedure for these patients seems to be

Distal pancreatectomy with splenectomy
This procedure is similar to the previous technique
(Spleen-preserving distal pancreatectomy without splenic
vessel preservation) with a few exceptions. Unlike in
spleen-preserving procedures, the short gastric and
left gastroepiploic vessels can be ligated. In addition to
mobilizing the splenic flexure (thereby exposing the inferior splenic border), the spleen’s lateral aspect is also
mobilized, up to the left crus of the diaphragm. The
splenic vessels can be divided along with the pancreas or
separately. The specimens are typically extracted from the
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intraoperative laparoscopic ultrasonography, followed by
subtotal distal pancreatectomy (usually with splenic preservation), along with enucleation of any lesions in the
pancreatic head (Figures 1D and E).

scopic group, a 4.4% recurrence rate was demonstrated,
compared to a 15.3% recurrence after a median followup of 42.7 mo in the open surgery group. In the study
by Fernández-Cruz et al[24] which included 49 patients
undergoing laparoscopic surgery for PNETs, a higher
perioperative complication rate among patients undergoing laparoscopic enucleation compared to those who
underwent laparoscopic distal pancreatectomy (42.8% vs
22%, respectively, P < 0.001) was observed[24]. The main
complication was POPF which also occurred more frequently in the enucleation group (38% vs 8.7%, P < 0.001).
However, all fistulas following enucleation were successfully managed conservatively. No perioperative mortality
was demonstrated.
Assalia et al[13] reported their experience with 17 cases
of laparoscopically treated PNETs, and demonstrated
a perioperative complication rate of 23%, and a POPF
rate of 15.3%. No mortality or recurrence was shown,
although their series did not include patients with malignant neuroendocrine tumors. In the same publication,
a review of an additional 93 reported cases of laparoscopically managed PNETs from the literature was also
presented. These cases demonstrated a perioperative
complication rate of 28%, and a POPF rate of 17.9%.
Following enucleation, the fistula rate was higher than
that following distal pancreatectomy (30.7% vs 5.1%,
respectively). Fistulas were managed mainly by drainage
alone (11/14), with a combination of drainage and ERCP
with stenting (1/14), and two cases required reoperation.
No mortality was observed.
In the literature, the reported rate of “conversion to
open” in laparoscopic pancreatic surgery ranges from
8%-33%[24,77-82]. Reasons for conversion include intraoperative complications such as bleeding, inability to localize
the tumor, or location of the tumor in close proximity to
vital structures (such as the main pancreatic duct or portal vein) in which continuation of laparoscopic resection
would either jeopardize those structures or would prevent
an appropriate oncologic resection. However, as previously mentioned, the presence or suspicion of a malignant lesion in itself is not an indication for conversion or
open surgery. A multi-center study compared open distal
pancreatectomy with laparoscopic distal pancreatectomy
for adenocarcinoma, and similar short- and long-term
oncologic outcomes were demonstrated between the two
groups[83]. Unfortunately, similar studies are not yet available for pancreatic neuroendocrine carcinomas.

OUTCOMES OF LAPAROSCOPIC
PANCREATIC SURGERY FOR PNETS
As previously mentioned, surgery is the curative modality
of choice for PNETs, improving survival across all stages
of the disease. Recent years have shown a significant increase in the laparoscopic approach in these surgeries[18].
In several centers worldwide, almost all patients with
suspicious PNET of the pancreatic body or tail undergo
laparoscopic surgery[24,48,71,72].
In a recently published series, 75 laparoscopic procedures for PNETs were documented, of which 65
pancreatic resections or enucleations were performed[47].
The most common operation performed was distal
pancreatectomy with splenectomy (n = 28), and this was
followed by distal pancreatectomy without splenectomy
(n = 23). The status of splenic vessel preservation was
not clarified. Enucleation of a PNET of the head was
performed in 7 cases, and of the body or tail in another
7 patients. The most common surgical complication was
found to be post-operative pancreatic fistula (POPF), occurring in 21% of patients. This complication was more
common in patients undergoing enucleation (50%) a
finding that has been repeatedly shown in the literature,
with a reported incidence of 13%-50% of POPF following enucleation[23,73-75]. Other “non-fistula” surgical complications had an incidence of 21%, and no perioperative
mortality was demonstrated. In this study, a 5-year disease-specific survival of 90% was demonstrated, which
can be compared to another series of 125 patients who
underwent open surgical treatment of PNET and were
found to have a 5-year survival of 65%[76]. However, issues of selection bias in these two different retrospective
studies must be considered. DiNorcia et al[18] published a
retrospective series in which 45 laparoscopic procedures
for PNETs were compared to 85 open surgeries that
were performed at the same institution. The two groups
were similar with respect to gender, age, and race; however, as expected, a statistically significant difference was
observed with regard to pathological characteristics of
the tumors, with the laparoscopically operated group having smaller, lower-grade tumors, with less local and lymph
node invasion. This study showed no statistically significant difference in overall morbidity rate between the two
groups (48.9% vs 57.6%, P = 0.34, laparoscopic vs open
operations, respectively); however, major complications
were more prevalent in the open surgery group (11.1% vs
28.2%, P = 0.03). No perioperative mortality was seen in
the laparoscopic group, while in patients who underwent
open surgery, the perioperative mortality rate was 3.5%
(P = 0.55). Median length of hospital stay was found to
be significantly shorter in the laparoscopy group (6 d vs
9 d). Within the 25.4 mo follow-up period of the laparo-
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CONCLUSION
Laparoscopy is a safe modality for the surgical treatment
of PNETs. Retrospective studies demonstrated similar overall complication rates in comparison with open
pancreatic surgery for these tumors; however, there is
evidence that the rate of major complications is higher in
those undergoing open surgery. Laparoscopy, although
considered to be more technically demanding, is not
associated with a compromise in terms of oncologic
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outcome, and provides the benefits of decreased postoperative pain, better cosmetic results, shorter hospital stay,
and a shorter postoperative recovery period. Further prospective, multi-center, and randomized trials are required
for the analysis of these minimally invasive surgical techniques for the treatment of PNETs and their comparison
to traditional open pancreatic surgery.
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Peritoneal adhesions after laparoscopic gastrointestinal
surgery
Valerio Mais
before testing chemical anti-adhesive agents and antiadhesion barriers. Chemical anti-adhesive agents have
the potential to exert broad peritoneal cavity protection
against adhesion formation, but when these agents
are used alone, the concentrations needed to prevent
adhesions are too high and could cause major postoperative side effects. Anti-adhesion barriers have
been used mainly in open surgery, but some clinical
data from laparoscopic surgeries are already available.
Sprays, gels, and fluid barriers are easier to apply in
laparoscopic surgery than solid barriers. Results have
been encouraging with solid barriers, spray barriers,
and gel barriers, but they have been ambiguous with
fluid barriers. Moreover, when barriers have been used
alone, the maximum protection against adhesion formation has been no greater than 60%. A recent small,
randomized clinical trial suggested that the combination
of broad peritoneal cavity protection with local application of a barrier could be almost 100% effective in
preventing post-operative adhesion formation. Future
studies should confirm the efficacy of this global strategy in preventing adhesion formation after laparoscopy
by focusing on clinical end points, such as reduced incidences of bowel obstruction and abdominal pain and
increased fertility.
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Abstract
Although laparoscopy has the potential to reduce peritoneal trauma and post-operative peritoneal adhesion
formation, only one randomized controlled trial and
a few comparative retrospective clinical studies have
addressed this issue. Laparoscopy reduces de novo
adhesion formation but has no efficacy in reducing adhesion reformation after adhesiolysis. Moreover, several
studies have suggested that the reduction of de novo
post-operative adhesions does not seem to have a
significant clinical impact. Experimental data in animal
models have suggested that CO2 pneumoperitoneum
can cause acute peritoneal inflammation during laparoscopy depending on the insufflation pressure and the
surgery duration. Broad peritoneal cavity protection by
the insufflation of a low-temperature humidified gas
mixture of CO2, N2O and O2 seems to represent the
best approach for reducing peritoneal inflammation due
to pneumoperitoneum. However, these experimental
data have not had a significant impact on the modification of laparoscopic instrumentation. In contrast, surgeons should train themselves to perform laparoscopy
quickly, and they should complete their learning curves
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Core tip: Laparoscopy reduces de novo adhesion formation but does not reduce adhesion reformation.
Adhesion reduction does not necessarily impact clinical
outcomes. CO2 pneumoperitoneum causes peritoneal
inflammation depending on the insufflation pressure
and surgery duration. Broad peritoneal cavity protec-
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tion by insufflating a low-temperature, humidified gas
mixture of CO2, N2O, and O2 seems to represent the
best approach for reducing peritoneal inflammation due
to CO2 pneumoperitoneum. A global strategy to prevent
adhesion formation following laparoscopy should combine broad peritoneal cavity protection with the local
application of a barrier.

Table 1 Adverse factors causing peritoneal adhesions and
proposed preventive factors
Adverse factors

Proposed preventive factors

Surgical trauma
Infections
Mesothelial defects
Increased vessel permeability
Inflammatory exudate
Blood
Fibrin mass/fibrin bands
Ischemia

Mais V. Peritoneal adhesions after laparoscopic gastrointestinal
surgery. World J Gastroenterol 2014; 20(17): 4917-4925 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i17/4917.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i17.4917

Thermal injury
Foreign bodies (starch powder)

INTRODUCTION

Desiccation

Peritoneal adhesion formation is the most prevalent complication of abdominal and pelvic surgery[1-4]. Peritoneal
adhesions can cause small-bowel obstruction, infertility,
chronic abdominal pain, and increases in surgical time and
in the risk of bowel perforation during preoperative surgery[1-4]. Peritoneal adhesions are among the leading causes
of abdominal reoperations up to 10 years following abdominal or pelvic surgery[1,2,4]. Despite the high healthcare
costs associated with peritoneal adhesions and the medico-legal consequences of bowel damage due to adhesions
complicating preoperative surgery[5,6], the clinical and social problem of adhesions remains underestimated among
patients and surgeons[7,8]. In addition, informed consent
before surgery is very often inadequate regarding the risk
of post-operative adhesion formation[7,8].
The majority of papers dealing with the healthcare
and patient burdens of complications related to peritoneal adhesions have focused on the consequences
of laparotomy[1-4,9]. However, since the early 1990s[10-13]
laparoscopy has offered increasing advantages compared
to open surgery for a number of pelvic[12-14], abdominal[10,11,15,16], and cancer procedures[17-19]. The present review was aimed at retrieving all of the data available from
the experimental and clinical surgical literature to clarify
whether the progressive shift from open to laparoscopic
access for many abdominal and pelvic surgical procedures has already had or, in the near future, could have
the major impact of reducing post-operative peritoneal
adhesion formation.

Inflammation

Over-expression of PAI-1 and
PAI-2
Suppression of fibrinolytic
activity
High-pressure CO2
pneumoperitoneum
Long-duration CO2
pneumoperitoneum
High intra-peritoneal
temperature
100% CO2 pneumoperitoneum

Cooling of the peritoneal cavity
Lower CO2 concentration (gas
mixture)

NSAID: Non-steroidal anti-inflammatory drug; PAI: Plasminogen activator
inhibitor.

fibrin mass is entirely removed from the peritoneal cavity
when peritoneal fibrinolytic activity is normal, and complete mesothelial regeneration occurs within 8 d[20,21].
The main cause of incomplete removal of the fibrin
mass from the peritoneal cavity is the suppression of
peritoneal fibrinolytic activity due to ischemia or the inflammation-induced over-expression of plasminogen activator inhibitors 1 and 2[20,21]. When fibrin persists in the
peritoneal cavity, fibroblasts proliferate into fibrin bands,
and these fibrin bands organize into adhesions (pathological bonds) between organ surfaces[20,21]. Therefore, many
adverse factors can cause peritoneal adhesions, and many
preventive factors have been proposed (Table 1).

PATHOGENESIS OF ADHESION
FORMATION

ATRAUMATIC SURGICAL TECHNIQUE
FOR PREVENTING PERITONEAL
ADHESIONS

Peritoneal adhesion formation is the consequence of
abnormal repair of the peritoneum following different
peritoneal injuries[20,21]. Surgical trauma, endometriosis,
peritoneal infections, and peritoneal inflammation can
cause peritoneal mesothelial defects and/or increased
vessel permeability, which in turn produces inflammatory
exudate[20,21]. Inflammatory exudate results in the presence of a fibrin mass in the peritoneal cavity[20,21]. The

WJG|www.wjgnet.com

Minimal incisions (laparoscopy)
Minimal infection risk
Minimal tissue handling (good
surgery)
Corticosteroids and antihistamines
Corticosteroids and NSAIDs
Achieve hemostasis (good surgery)
Fibrinolytic agents
Maintenance of vascularity (good
surgery)
Avoidance of thermal injury (good
surgery)
Good surgery/laparoscopy (starchfree gloves)
Moistening of tissues (irrigation/
humidified pneumoperitoneum)
Corticosteroids and NSAIDs/
“peritoneum-friendly”
pneumoperitoneum
Reduction of inflammation/
“peritoneum-friendly”
pneumoperitoneum
Fibrinolytic agents/“peritoneumfriendly” pneumoperitoneum
Reduction of pneumoperitoneum
pressure
Rapid surgery

Although intraperitoneal adhesions can be due to several
injuries, such as cancer, peritoneal infections, or endometriosis, the trauma associated with surgery is the leading
cause of peritoneal adhesion formation[20,21]. The formation of post-operative adhesions depends primarily on
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impaired fibrinolysis and inadequate blood supply[3,9,20-22].
The operative factors that potentiate intraperitoneal postoperative adhesion formation after open surgery include
ischemia, thermal injury, infections, residual blood clots
left in the peritoneal cavity at the end of surgery, residual
macroscopic or microscopic foreign bodies in the peritoneal cavity and overly vigorous manipulation of structures distal to the operative sites[3,9,20-22].
To prevent post-operative adhesion formation after
standard open surgery, in 1980, Gomel[23] described an
open microsurgery technique for reconstructive tubal
surgery. To reduce the operative factors that could potentiate peritoneal post-operative adhesion formation after
standard open surgery, the key points of microsurgery include minimizing tissue handling and being gentle when
handling tissue, minimizing foreign bodies and using very
small sutures, avoiding the use of dry sponges and moistening tissues with constant irrigation, and achieving hemostasis while maintaining vascularity[23]. Since 1980, any
surgical procedure that conforms to microsurgery principles has been considered a “good” atraumatic surgery
that is able to reduce peritoneal trauma and post-operative peritoneal adhesion formation[24]. However, randomized clinical trials have not been performed in humans to
compare adhesion formation after standard open surgery
with adhesion formation after microsurgery[24].

open surgery[13,15,26,27].

PERITONEAL POST-OPERATIVE
ADHESION FORMATION AFTER
LAPAROSCOPY OR OPEN SURGERY IN
ANIMAL MODELS
Very few comparative experimental studies are available,
and the data have been equivocal, likely because of the
different animal models and experimental settings. In
1994, Marana et al[28] were unable to identify significant
differences in post-operative adhesion formation in female rabbits undergoing conservative ovarian surgery via
laparoscopy or laparotomy.
In 1998, Chen et al[29] reported fewer post-operative
adhesions in female pigs after pelvic and paraaortic lymphadenectomy performed via transperitoneal laparoscopy
than after the same procedure performed via transperitoneal laparotomy. Krähenbühl et al[30] evaluated postoperative adhesion formation after laparoscopic or open
fundoplication in male Sprague-Dawley rats and reported
a reduction in the number and severity of adhesions with
laparoscopy. Schippers et al[31] compared post-operative
adhesion formation after cecal resection and deserosation of the abdominal wall via laparoscopy or laparotomy
in dogs and found a significant reduction in adhesions
to the abdominal incision but no reduction in adhesions
at the site of cecal resection following laparoscopy. In
2009, Dubcenco et al[32] reported a significant decrease
in adhesion formation in female pigs undergoing liver
biopsy via laparoscopy compared to laparotomy. In 2013,
Shimomura et al[33] observed a decrease in post-operative
adhesion scores associated with the preservation of peritoneal fibrinolysis in male rats undergoing cecal cauterization via laparoscopy with CO2 pneumoperitoneum at 5
mmHg compared to rats undergoing the same procedure
through open surgery.
A possible interpretation of the above equivocal results
could come from the observations made by Jacobi et al[34]
in 2001 and by Arung et al[35] in 2012. The first authors reported a significant decrease in adhesion formation in rats
with peritoneal infections undergoing resection of the
cecum via laparoscopy with helium pneumoperitoneum
compared to rats with peritoneal infections undergoing
the same procedure through open surgery or laparoscopy
with CO2 pneumoperitoneum[34]. Arung et al[35] reported
a decrease in adhesion formation in male rats undergoing
peritoneal injury via laparoscopy with air pneumoperitoneum compared to rats undergoing peritoneal injury
through open surgery or laparoscopy with CO2 pneumoperitoneum. Thus, depending on the insufflation pressure, pneumoperitoneum with CO2 seems to induce peritoneal inflammation and ischemia of the intra-peritoneal
viscera[33-35]. In fact, high intra-peritoneal CO2 pressure
decreased the fibrinolytic activity of peritoneal tissue in
mice[36]. Severe alterations in the circulation of the intraperitoneal viscera with resulting tissue ischemia have been

LAPAROSCOPY AS A THEORETICALLY
ATRAUMATIC SURGICAL TECHNIQUE
Theoretically, laparoscopy has the potential to be a “good
surgery” for reducing peritoneal trauma and post-operative peritoneal adhesion formation[25]. In fact, laparoscopic access to the peritoneal cavity allows the surgeon
to perform only minimal incisions of the parietal peritoneum, to minimize tissue handling and to handle tissues
gently with atraumatic instruments, to minimize the risk
that foreign bodies might be introduced into and left in
the peritoneal cavity, and to avoid the use of dry sponges.
However, other key points of microsurgery depend on
the surgeon’s attitude and/or the surgical procedure to be
performed through laparoscopy.
Constant irrigation to moisten tissues, accuracy of hemostasis, the suturing technique, and attention to vascularity mainly depend on the surgeon’s attitude. Surgeons
very often underestimate the clinical problems of adhesions and their complications and only surgeons with
the proper perception and knowledge of the problem
of adhesions are likely to undertake adhesion prevention
during surgery[7,8].
Bleeding during surgery and residual blood left in the
peritoneal cavity at the end of surgery depend on the
surgical procedure to be performed through the laparoscopic access more than on the access itself. Some procedures, such as myomectomy, liver resection, or rectal
resection, are often complicated by excessive bleeding
although laparoscopic procedures have been reported to
decrease the need for blood transfusions compared to
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observed in dogs during 14 mmHg pneumoperitoneum
for 60 min using either CO2 or helium[37]. An experimental study in pigs demonstrated that the effects of intraperitoneal pressure on the blood circulation of the intraperitoneal viscera were independent on the gas (air or
CO2) when the intra-peritoneal pressure was greater than
12 mmHg[38].

GAS INSUFFLATION CHARACTERISTICS
DURING PNEUMOPERITONEUM
The above contradictory data obtained in clinical studies
can be explained by observations made in animal models.
Experimental data have suggested that CO2 pneumoperitoneum can cause peritoneal inflammation during laparoscopy depending on the insufflation pressure and the
duration of surgery[33-36].
Over the last ten years, using a laparoscopic mouse
model, Koninckx and coworkers have obtained an enormous amount of information aimed at understanding
the process by which CO2 pneumoperitoneum enhances
adhesion formation. In 2004, Binda et al[45] demonstrated
that reductions in body and intra-peritoneal temperatures, the addition of 3% of O2 to CO2, and peritoneum
humidification were all factors that were able to reduce
adhesion formation caused by CO2 pneumoperitoneum.
In the same year, Elkelani et al[46] reported that the ideal
concentration of O2 to be added to CO2 was 3% because
higher O2 concentrations added to CO2 were unable to
reduce adhesion formation caused by pneumoperitoneum. In 2006, Binda et al[47] confirmed that intra-peritoneal
cooling and the prevention of desiccation were important, mutually dependent factors for preventing adhesions
during CO2 pneumoperitoneum.
In 2011, Corona et al[48] demonstrated that inflammation of the peritoneal cavity not only resulted in adhesions of the entire cavity but also enhanced adhesion
formation at specific intra-peritoneal sites. The same
authors also reported that desiccation depended on CO2
flow rates and intra-peritoneal relative humidity, whereas
intra-peritoneal temperature depended on desiccation[49].
Therefore, with a specific CO2 humidifier, desiccation
could be prevented while maintaining a low intra-peritoneal temperature[49].
Very recently, using a laparoscopic mouse model,
Corona et al[50] investigated the effects of adding different concentrations of nitrous oxide (N2O) to CO2 pneumoperitoneum on peritoneal adhesion formation and
the effects of adding different amounts of whole blood,
plasma, or red blood cells to the peritoneum. N2O at a
10% concentration was the most effective in preventing
adhesion formation, while the presence of plasma in the
peritoneum increased adhesion formation in an amountdependent manner[50]. N2O at a 10% concentration was
able to reduce plasma-induced adhesions[50].
From all of the above data, we can conclude that the
combination of hemostasis accuracy and surgery with
broad peritoneal cavity protection, obtained by insufflating a low-temperature, humidified gas mixture of CO2,
N2O, and O2 should represent the best approach for the
prevention of peritoneal adhesion formation during laparoscopic surgery.

PERITONEAL POST-OPERATIVE
ADHESION FORMATION AFTER
LAPAROSCOPIC OR OPEN SURGERY IN
CLINICAL TRIALS
A few comparative clinical studies have addressed this
issue, but they have all agreed in suggesting that laparoscopic surgery results in a decrease in post-operative
peritoneal adhesion formation. In 2000, Audebert and
Gomel[39] showed that women undergoing laparotomy
via a midline incision had a 50% incidence of umbilical
adhesions, whereas women undergoing laparoscopy had
only a 1.6% incidence of umbilical adhesions.
Polymeneas et al[40] retrospectively compared postoperative peritoneal adhesion formation following laparoscopic or laparotomic cholecystectomy and showed that
patients treated via laparoscopy had significantly fewer
adhesions than patients treated via laparotomy. Dowson
et al[41] performed an observational study to compare
adhesion formation after laparoscopic colectomy with
that after open colectomy and reported that laparoscopic
colectomy resulted in a lower incidence of post-operative
peritoneal adhesions compared to open colectomy.

CLINICAL IMPACT OF LAPAROSCOPY
ON READMISSION RATES FOR SMALLBOWEL OBSTRUCTION
A recent meta-analysis of randomized clinical trials compared laparoscopic versus open resection for rectal cancer
and showed that laparoscopic rectal resection resulted in
a lower rate of readmissions for adhesion-related bowel
obstruction[26]. In contrast, several previous studies have
suggested that the reduction in peritoneal post-operative
adhesions in patients undergoing laparoscopy was not associated with a significant clinical impact[42-44].
Lower et al[42] performed a very large epidemiological
study that demonstrated similar adhesion-related readmission rates following gynecological laparoscopy or laparotomy. Taylor et al[43] reported similar readmission rates for
adhesion-related small-bowel obstruction in patients who
previously underwent laparoscopically assisted or open
surgical procedures for colorectal cancer. Schölin et al[44],
in a randomized trial comparing laparoscopic versus open
resection for colon cancer, reported that the incidence of
bowel obstruction episodes in patients treated via laparoscopy did not differ from the incidence in patients treated
via laparotomy.
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MULTI-PORT VS SINGLE-PORT
LAPAROSCOPY
The extension of the midline incision has been suggest-
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ed to be the key factor in inducing peritoneal adhesion
formation in open surgery[51]. Therefore, single-port
laparoscopy should have the potential to further reduce
peritoneal trauma compared to multi-port laparoscopy.
Unfortunately, no studies have investigated the differences between multi-port and single-port laparoscopy
with regard to post-operative peritoneal adhesion formation. Thus far, studies evaluating differences between
single-port and multi-port laparoscopic procedures have
compared operative outcomes, short-term post-operative parameters, complications, and cosmetic results
without addressing the issue of post-operative adhesion
formation[52].

CHEMICAL ANTI-ADHESIVE AGENTS
Theoretically, fibrinolytic agents, anticoagulants, and antiinflammatory agents (corticosteroids and non-steroidal
anti-inflammatory drugs) have the potential to be efficacious in reducing peritoneal adhesion formation[20,25].
However, systemic administration of fibrinolytic agents
is not safe because the concentration needed to prevent adhesions is too high and can cause post-operative
hemorrhage and delayed healing[20,25]. In contrast, intraperitoneal administration of fibrinolytic agents results in
absorption that is too rapid to be effective[20,25]. Similarly,
intra-peritoneal administration of heparin at low doses
is ineffective in reducing peritoneal adhesion formation
whereas high doses are effective in reducing adhesions,
but they can induce post-operative hemorrhage and delayed healing[20,25].
Non-steroidal anti-inflammatory drugs have been
used in experimental animal models, but no clinical trials
have been published[20,25]. Corticosteroids are effective
in the majority of animal models, but only limited clinical studies have reported contrasting results on adhesion
scores and the occurrence of some adverse events, such
as immunosuppression and delayed healing[20,25].

GENETICS AND SURGEONS’ LEARNING
CURVES FOR ADHESION PREVENTION
Technical factors play key roles in adhesion prevention
during laparoscopic surgery, but one should always bear
in mind that surgeons operate on living human beings,
and individuals can have different genetic constitutions.
In fact, Molinas et al[53] demonstrated that the extent of
adhesion formation in mice after laparoscopic surgery
depended on the different animal strains. These data
strongly suggest that genetics are a cofactor in peritoneal
adhesion formation.
In contrast, surgeons perform surgery and surgeons
are also human beings. Everyone knows that every surgical procedure must be learned well before the best possible results can be achieved. Therefore, the concept of
the learning curve should also be applied to “the good
surgery” aimed at preventing peritoneal adhesion formation. The impact of the learning curve on peritoneal
adhesion formation has already been demonstrated in a
laparoscopic mouse model[54]. In this model, peritoneal
adhesion formation decreased with the decreasing duration of surgery[54]. Training allowed both senior surgeons
and junior surgeons to decrease the duration of laparoscopy and, consequently, adhesion formation, although the
senior surgeons had shorter surgery durations compared
to the junior surgeons when starting training[54].
The concept that the effects of a laparoscopic learning curve also have an impact in clinical settings can be
inferred from the results of previous randomized, controlled clinical trials performed to test the efficacy of
different anti-adhesion barriers in the prevention of peritoneal adhesion formation after laparoscopic myomectomy[55,56]. In 1995, women included in a control group
undergoing only “good surgery” had an 88% incidence
of adhesions, whereas in 2006, the control group undergoing only “good surgery” had a 62% incidence of adhesions, a decrease of 26%[55,56].
The clinical importance of this observation is obvious. The impact of the surgeon’s learning curve in reducing adhesion formation in different laparoscopic clinical
settings should be always considered when planning future studies to test new anti-adhesion products.
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ANTI-ADHESION BARRIERS
A recent systematic review and meta-analysis of randomized, controlled trials evaluated the efficacy of and side
effects experienced with the intra-peritoneal application
of four anti-adhesion barriers (an oxidized regenerated
cellulose absorbable barrier, a sodium hyaluronate/carboxymethylcellulose absorbable barrier, a polyethylene
glycol sprayable barrier, and icodextrin 4% solution)
after abdominal surgery[57]. None of the barriers showed
serious side effects compared to controls[57]. Both the
oxidized regenerated cellulose absorbable barrier and the
sodium hyaluronate/carboxymethylcellulose absorbable
barrier significantly reduced peritoneal adhesion formation[57]. The sodium hyaluronate/carboxymethylcellulose
absorbable barrier reduced the incidence of small-bowel
obstruction[57].
The sodium hyaluronate/carboxymethylcellulose film
was not produced for laparoscopic application. In a recent experimental study in two animal models, its efficacy
was compared with that of a sodium hyaluronate/carboxymethylcellulose powder having the same composition as the film but developed for laparoscopic application[58]. Both the film and the powder reduced adhesions
to the same extent after local application to peritoneal
defects, but only the powder was able to reduce adhesions after application at sites distant from the peritoneal
defects[58].
New barrier gels have been produced in the last few
years. Some of these gels have already been evaluated in
clinical settings, such as an auto-cross-linked hyaluronan
gel[56,59-61]. Other gels, such as an ultrapure alginate-based
gel, have been efficacious in reducing peritoneal adhesion
formation only in experimental animal models[62].
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ANTI-ADHESION BARRIERS AND
LAPAROSCOPIC SURGERY

solution in reducing de novo adhesions after laparoscopic
surgery[73].

Data obtained in a laparoscopic mouse model by Binda
et al[62,63] demonstrated that further reductions in peritoneal adhesion formation could be achieved in the
model by adding the intra-peritoneal use of anti-adhesion
barriers to the broad protection of the peritoneal cavity
(obtained by insufflating a low-temperature, humidified
gas mixture). However, very few human clinical trials have
evaluated the effects of the intra-peritoneal use of antiadhesion barriers during laparoscopic surgery.
An oxidized regenerated cellulose absorbable barrier has been evaluated in four gynecological clinical trials dealing with laparoscopic surgery for myomectomy,
severe pelvic endometriosis, or electrosurgical treatment
for polycystic ovarian syndrome[55,64-66]. The barrier reduced peritoneal adhesion formation after laparoscopic
myomectomy and laparoscopic surgery for severe pelvic
endometriosis[55,64,66], but it was apparently unable to reduce ovarian adhesions after laparoscopic electrosurgical
treatment for polycystic ovarian syndrome[65].
A modified hyaluronic acid/carboxymethylcellulose
powder was recently evaluated in a multicenter, randomized, reviewer-blinded trial performed in women undergoing laparoscopic myomectomy[67]. The laparoscopic
application of this sprayable adhesion barrier was associated with a reduction in post-operative peritoneal adhesion development[67].
Polyethylene glycol has been evaluated in three clinical
trials investigating laparoscopic myomectomy[68-70]. This
sprayable barrier seems to be efficacious in reducing de
novo peritoneal adhesion development[68-70].
Auto-cross-linked hyaluronan gel has been evaluated
in women undergoing laparoscopic myomectomy[56,59-61].
The barrier gel not only significantly reduces post-operative peritoneal adhesion development[56,59,61] but also increases the pregnancy rates of women undergoing laparoscopic myomectomy and gel application compared to
women undergoing laparoscopic myomectomy alone[60].
The use of icodextrin 4% solution following gastrointestinal surgery has been investigated in 269 laparoscopies performed for adhesiolysis, cholecystectomy, hernia
repair, or bowel resection with anastomosis[71]. General
surgeons from five European countries considered icodextrin 4% solution to be easy to use and acceptable in
patients, demonstrating that this fluid barrier could be
safely used in a broad range of gastrointestinal surgical procedures[71]. However, this study was only a safety
study. The results of multicenter, randomized trials designed to assess the efficacy of icodextrin 4% solution
have been ambiguous and are difficult to understand[72,73].
In 2007, Brown et al[72] reported a significant reduction in
reformed adhesions after laparoscopic surgery for adhesiolysis using the solution, whereas in 2011, Trew et al[73]
reported no evidence of a clinical effect of the solution
in reducing de novo adhesion formation. Apparently,
icodextrin 4% solution had the same efficacy as Ringer’s

A GLOBAL STRATEGY FOR PREVENTING
ADHESIONS IN LAPAROSCOPY

WJG|www.wjgnet.com

To translate the concept of broad peritoneal cavity protection by insufflating ”peritoneum-friendly” pneumoperitoneum from animal models to humans, in December
2013, Koninckx et al[74] published the first randomized,
controlled trial aimed at evaluating the anti-adhesive efficacy of insufflation of a low-temperature (31°C), humidified gas mixture of 86% CO2, 10% N2O and 4% O2 at a
pressure of 15 mmHg in a clinical setting (laparoscopic
surgery for deep endometriosis).
To obtain the best protection of the entire peritoneal
cavity, the gas mixture was humidified by sprinkling Ringer’s solution with heparin 1000 IU/L, and the patients
also received dexamethasone (5 mg) intramuscularly at
the end of surgery[74].
Because site-specific, local treatment with barriers was previously demonstrated to be synergistic with
broad peritoneal cavity protection in preventing adhesion
formation in an animal model[63], auto-cross-linked hyaluronan gel was applied at the end of surgery in the same
patients undergoing broad peritoneal cavity protection[74].
The combination of broad peritoneal cavity protection with local application of a gel barrier was highly effective in preventing post-operative adhesion formation
compared to standard laparoscopic surgery with humidified CO2 pneumoperitoneum. Adhesions were completely absent in 12 of 16 patients, and the other 4 patients
who received broad peritoneal cavity protection and local
gel barrier application had very low adhesion score[74].
The trial included only a small number of patients (16
treated and 11 controls), but the results were very promising because the patients underwent laparoscopic surgery
for deep endometriosis, and endometriosis is one of the
primary adverse factors causing peritoneal adhesion formation and reformation[20,25,64].

CONCLUSION
The state of the art regarding the prevention of peritoneal adhesions after laparoscopic gastrointestinal
surgery is quite disappointing. Although laparoscopy
has the potential to be “the good surgery” for reducing
peritoneal trauma and post-operative peritoneal adhesion formation, only a few comparative clinical studies
have addressed this issue. Moreover, several studies have
suggested that the reduction of de novo post-operative
adhesions obtainable by operating via laparoscopy has no
clinical impact[42-44].
Experimental data in animal models have suggested
that CO2 pneumoperitoneum can cause peritoneal inflammation during laparoscopy depending on the insufflation pressure and duration of surgery[33-35]. Broad peritoneal cavity protection, obtained by insufflating a low-

4922

May 7, 2014|Volume 20|Issue 17|

Mais V. Adhesions after laparoscopic gastrointestinal surgery

temperature, humidified gas mixture of CO2, N2O, and
O2, represents the best approach for reducing peritoneal
inflammation due to CO 2 pneumoperitoneum [45-50].
However, as of December 2013, these experimental
data have had no impact in modifying laparoscopic instrumentation[74].
Anti-adhesion barriers have been used in laparoscopy.
Spray, gel, and fluid barriers are easier to apply in laparoscopic surgery than solid barriers. The results have been
encouraging for solid, spray and gel barriers, but have
been ambiguous for fluid barriers[55-57,59-61,67,68,71-73].
Future studies should evaluate the efficacy of a global
strategy to prevent adhesion formation during laparoscopy in larger numbers of patients. This global strategy
should combine broad peritoneal cavity protection, obtained by insufflating a low-temperature, humidified gas
mixture of CO2, N2O and O2, with low-dose intra-peritoneal heparin and low-dose intramuscular dexamethasone
and local treatment with barriers of proven efficacy.
These future studies should focus on specific clinical
end points, such as reduced instances of bowel obstruction and abdominal and pelvic pain and increased fertility,
rather than simply investigating adhesion reduction.
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Abstract
Open surgery for colorectal disease has progressed
significantly over the past century from humble beginnings to form the mainstay of treatment for colorectal
cancer and a number of benign conditions. Following
the introduction of laparoscopic abdominal surgery,
the next stage in the evolution of the specialty began
in the 1990s with the first laparoscopic colonic resection. Following some early concerns regarding its safety
and oncological efficacy during the latter part of that
decade, laparoscopic colorectal surgery rapidly came
into mainstream use in the early part of the current
century with evidence supporting its use being made
available from large scale randomised controlled trials.
This article provides an evidence-based summary of
this evolutionary process as it relates to both benign
and malignant colorectal disease, as well as discussion
of the next phase of new technologies such as robotic
surgery.

INTRODUCTION
The term “laparoscopy” is derived from the Greek words
“lapara”, meaning “the soft parts of the body between
the rib margins and hips”, and “skopein”, meaning, “to
see, view or examine”. Laparoscopy has therefore come
to describe the process of viewing the contents of the
abdominal cavity indirectly, i.e., using specially designed
instruments and a camera system controlled by the surgeon from outside the abdomen.
Following the work of early pioneers of open colonic
resection, such as Sir William Arbuthnot-Lane at Guy’s Hospital in London during the early part of the 20th century[1],
open surgery to resect the colon and rectum for a wide
range of diseases developed rapidly during the last century. Although Lane was ridiculed in 1913 for performing
total colectomy for patients with chronic constipation,
the technique soon became widely accepted for the management of a wide range of elective and emergency conditions, both benign and malignant.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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particularly for rectal prolapse in the form of rectopexy.
There is no doubt that colorectal disease associated with
a significant degree of inflammation, such as complicated
diverticular or inflammatory bowel disease, can present a
formidable challenge for the laparoscopic surgeon, which
has been reflected in evidence from large scale trials supporting laparoscopic resection for these indications lagging behind those relating to surgical oncology. This evidence, however, does support the view that this surgery
can be performed safely and effectively[9].
One might wonder if the early development of new
surgical techniques such as laparoscopic resection might
more appropriately be applied to benign conditions
rather than malignancy due to concerns over possible
inadequacy of oncological clearance, and it would appear
that this paradox is being replicated in the development
of robotic colorectal surgery. Perhaps this situation has
arisen due to concerns over the technical difficulties of
resecting inflammatory disorders such as diverticular
disease or inflammatory bowel disease, which frequently
involves adjacent structures, as opposed to relatively early
colorectal tumours, or a desire to pioneer new techniques
on the colon as opposed to in the relatively inaccessible
pelvis, for example to treat pelvic floor disorders. Another theory is that this situation reflects caseload mix,
with a larger number of resections being performed for
malignant disease.

DEVELOPMENT OF LAPAROSCOPIC
ABDOMINAL SURGERY
The 1980s heralded the development of laparoscopic
general surgical procedures, with the first laparoscopic
cholecystectomy being performed by Mühe in Germany
on September 12th 1985[2]. This was followed in 1991 by
the first reports of colonic resection performed with
laparoscopic assistance by Jacobs in Miami, Florida[3],
and separately by Fowler et al[4] in Kansas. The subsequent development of laparoscopic surgery resulted in
the development of a variety of new instruments that
have allowed increasingly complex procedures to be
performed in a safe and efficient manner. Laparoscopic
camera equipment is now available which can focus automatically, and even produce three-dimensional images if
required. A wide variety of instruments are now available
for retraction and dissection of tissues, as well as laparoscopic stapling devices to efficiently and safely divide
both bowel and vascular pedicles, even deep in the pelvis.
Several different types of energy devices have been developed or adapted from equipment used in open surgery
to dissect tissues and seal vessels, including monopolar
electrocautery scissors, ultrasonic coagulating shears and
electrothermal bipolar vessel sealers. The precise type of
device employed is largely determined by cost and surgeon preference, with no clear evidence suggesting the
superiority of any particular energy device[5].

BRIDGING THE DIVIDE
EARLY DEVELOPMENT OF
LAPAROSCOPIC COLORECTAL
TECHNIQUES

Several variations to the technique of laparoscopic
colorectal surgery have developed in an effort to bridge
the gap between conventional open surgery and minimally invasive approaches.

Throughout the 1990s concerns regarding the oncological safety and efficacy of laparoscopic colorectal resection, with little robust evidence as to its advantages over
open surgery, limited uptake of the procedure. These
concerns included high rates of abdominal port-site metastases reported in small case series and various theories
were proposed to explain this phenomenon, including
direct implantation of tumour cells either through close
contact of instruments coated with tumour cells and the
port, during the release of the pneumoperitoneum, or
during extraction of the specimen through a small incision. It was also thought to be a possibility that manipulation of the bowel using laparoscopic instruments may
lead to increased exfoliation of tumour cells in comparison with open techniques, or even that the gas used to
create the pneumoperitoneum could somehow be stimulating tumour growth[6,7]. Further data from larger series
in the latter part of the decade, showed that the incidence
of abdominal wall metastases could be reduced to an acceptable rate which was similar to that observed for open
surgery with the use of wound protection devices at the
extraction site[8]. Despite these concerns surrounding
surgery for colorectal cancer, the development of laparoscopic procedures for benign conditions continued,
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Laparoscopic-assisted techniques
Most surgeons would consider a laparoscopic colorectal
resection to imply intracorporeal division and control
of the major vascular pedicle involved, with bowel reanastomosis being performed either intra- or extracorporeally via a small extraction site made in the abdominal
wall. It is important to bear in mind that there is no universally accepted definition of what actually constitutes
“laparoscopic assistance” or even “conversion” from a
laparoscopic to an open procedure, resulting in significant differences in reporting of the rates that they occur
and are compared[10]. Various degrees of “laparoscopic
assistance” can be employed either due to complication
or expediency, such as laparoscopic mobilisation of the
left colon and division of the inferior mesenteric pedicle
for anterior resection, with subsequent rectal dissection
being performed open via a low midline or pfannenstiel
incision, avoiding a high midline wound which would potentially be more painful and reduce cosmesis.
Hand-assisted techniques
A hybrid technique, which attempts to provide the advantages of laparoscopic surgery while reducing the tech-
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Table 1 Summary of key papers on laparoscopic resection for colorectal cancer
Trial

Year of
publication

Type of study Numbers of
patients

Barcelona trial[14]
Lap-assisted vs open colectomy

2002

RCT
Single centre

219

COST study[15]
Lap vs open colectomy
COLOR trial[16]
Lap vs open colectomy
CLASICC trial[17,19]
Lap vs open colon and rectal cancers

2004

RCT
Multicentre
RCT
Multicentre
RCT
Multicentre

872

Abraham et al[48]
Short-term outcomes of lap vs open
Cochrane review[18]
Short-term outcomes after lap
Cochrane review[20]
Long-term results after lap

2009
2005
2010 (5 yr
follow-up)
2004

2005
2008

1248

Key findings
Improved perioperative outcomes and hospital stay in lap
group
Survival benefit in stage Ⅲ disease for lap group
Longer operating time but quicker recovery for lap
No difference in morbidity, mortality, recurrence or survival
Supported findings of COST

794 (2:1 lap: Equivalent perioperative and oncological outcomes 29%
open)
conversion rate
Higher CRM involvement for rectal cancers with lap
Meta-analysis
2521
Longer operative times, less morbidity and quicker recovery
of RCTs
12 RCTs
for lap
Mortality and oncological outcomes equivalent
Systematic
Less morbidity and quicker recovery for lap
review
Systematic
Equivalent oncological outcomes for lap vs open
review

RCT: Randomized controlled trial.

nical difficulty and increased operative time, is the handassisted approach. The authors believe that this technique
can be particularly useful for surgeons who are relatively
new to laparoscopic surgery as a useful adjunct to becoming proficient in fully laparoscopic colorectal surgery.
This technique involves the insertion of a bespoke port
into the abdominal wall that allows the surgeons’ hand
to enter the abdominal cavity to assist in the operation
while maintaining a pneumoperitoneum and therefore
continued visualisation of the abdominal contents with
the laparoscope. Although data comparing hand assisted
and laparoscopic colorectal surgery is limited in comparison to that comparing laparoscopic and open procedures,
a Cochrane review of randomised controlled trials concluded that there was a significant decrease in conversion
rates in the hand assisted group, although there was no
difference in complications or operating times[11].

this systematic review showed no clinically relevant differences in postoperative quality of life between laparoscopic and open colorectal surgery” [12] (Table 1).
What, therefore, are the advantages of laparoscopic
compared to open colorectal surgery? The smaller incisions required for insertion of laparoscopic ports obviously result in less surgical trauma to the abdominal wall,
and studies have demonstrated a reduced inflammatory
response, possibly as a result of less manipulation of the
small intestine during surgery[13].
Several landmark trials then emerged to mark the
turning point in laparoscopic colorectal cancer surgery. In
2002, the Barcelona group published a randomised trial
of 219 patients in the Lancet comparing laparoscopicallyassisted with open colectomy for colon cancer, in terms
of both short term perioperative outcomes as well as,
for the first time in a large scale randomised trial, tumour
recurrence and disease-specific survival[14]. The results
of this study suggested that there was a significant benefit for the laparoscopic group in terms of perioperative
morbidity and hospital stay, with superior rates of tumour recurrence and disease-specific survival for patients
with stage Ⅲ disease. However, the trial was criticised for
a 14% increased recurrence rate in the open group and a
poor lymph node harvest in both groups. Soon after, the
larger multicentre randomised COST trial reported from
the United States on the results of 872 patients treated
at 48 institutions for colon cancer by surgeons who had
completed at least 20 laparoscopic resections[15]. This
trial supported the findings of the Barcelona group that
hospital stay was shorter in the laparoscopic group, but
there was no significant difference in morbidity. There
was also equivalence in terms of recurrence and overall
survival at three years. This trial also largely answered the
concern over port-site recurrence, with the rate for both
groups being less than 1%. Further long-term data on the
equivalence of laparoscopic and open surgery for colon

EVIDENCE FOR LAPAROSCOPIC
COLORECTAL CANCER RESECTION
Although the concern regarding port site metastases had
been addressed by the turn of the century, and uptake
of laparoscopic colorectal surgery began to increase as a
niche interest, a lack of long term data evaluating oncological outcomes following cancer resection prevented its
use as a mainstream technique in the majority of units. At
this time, data from large, multicentre randomised controlled trials across the world was published which suggested that short term outcomes were at least equivalent
to open surgery and may have some advantages on perioperative outcomes. When patients were then surveyed
on their quality of life following both forms of surgery
using validated questionnaires, the authors of a recent
systematic review of all available randomised controlled
trials on this subject involving 2263 patients concluded
that: “based on presently available high-level evidence,
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LAPAROSCOPIC SURGERY FOR BENIGN
COLORECTAL DISEASES
Pelvic floor dysfunction
Much of the early experience of laparoscopy for functional colorectal disorders has been focussed on rectal
prolapse syndromes, including rectocele, intussusception
and procidentia. A case series of 84 patients undergoing
laparoscopic ventral mesh rectopexy for symptomatic
complex rectocele published in 2011 by this author
showed a significant decrease in vaginal discomfort and
obstructed defaecation symptoms, with 88% of patients
reporting an improvement in overall well-being (Figure
1). There was an acceptable conversion rate of 3.6%
and a perioperative morbidity rate comparable to open
rectopexy at 4.8% with no mortality, suggesting that the
laparoscopic technique is safe and effective for treating
symptomatic rectocele[22]. The advantages of laparoscopic compared to open surgery in terms of short term
perioperative outcomes, such as reduced blood loss, pain
and postoperative stay in hospital, demonstrated in trials
comparing the two techniques for colorectal cancer resection, have also been demonstrated in randomised trials comparing laparoscopic and open surgery for benign
indications such as rectopexy for rectal prolapse[23].

Figure 1 The author performing a laparoscopic rectopexy for rectal prolapse.

cancer in terms of disease-free survival has since been
provided by the European Colon Cancer Laparoscopic
or Open Resection (COLOR) trial of 1248 patients
published in 2009[16]. The large, multicentre, randomised
CLASICC trial was the first major trial including rectal
resections as well as colectomy to report that short-term
outcomes for laparoscopic compared to open colorectal
cancer resection were at least equivalent, but was limited
by the relative inexperience in laparoscopic surgery of
many participating surgeons. This probably accounted
for the high conversion rate to open surgery of 29% in
the laparoscopic group and the non-significantly higher
rate of circumferential resection margin involvement for
rectal cancers[17]. These concerns of increased rates of
CRM involvement did not, however, translate to a difference in local recurrence at three years. Meta-analysis of
randomised controlled trials evaluating the differences
in short term outcomes have shown that laparoscopic
surgery is associated with less intraoperative blood loss,
reduced postoperative pain and ileus, and improved
pulmonary function, resulting in reduced postoperative
stay in hospital[18]. Further results from the CLASICC
trial reported in 2010, as well as a Cochrane review,
have demonstrated that oncological outcomes following
laparoscopic surgery are not inferior to those in patients
undergoing open resection[19,20].
Concerns regarding the safety of laparoscopic surgery for rectal cancers are further being addressed by the
COLOR Ⅱ trial, which has randomised 1103 patients
with rectal cancer to laparoscopic or open resection with
a 2:1 ratio at 30 centres in 8 countries between 2004 and
2010. Initial results published at the beginning of this
year showed improved perioperative outcomes in the laparoscopic group in terms of blood loss and hospital stay,
with longer operative times, and there was equivalence
in terms of completeness of excision and perioperative
morbidity and mortality[21]. Data on rates of locoregional
recurrence are expected soon.

WJG|www.wjgnet.com

Inflammatory bowel disease
The available evidence would suggest that laparoscopic
surgery for small bowel Crohn’s disease is at least as safe
as open surgery, although there may be less of an advantage in terms of short term outcomes than for other
indications[24]. One of the areas in which the benefits of
a laparoscopic approach may be most obvious is in colectomy for ulcerative colitis necessitating ileostomy formation, whereby the colectomy specimen may be extracted
via the ileostomy site prior to formation of the stoma,
avoiding the need to make a separate abdominal incision
for extraction. The results of a meta-analysis of trials
comparing laparoscopic and open surgery for this indication published in 2007 seemed to support this view, with
reduced morbidity and hospital stay in the laparoscopic
group[25].

EMERGENCY LAPAROSCOPIC
COLORECTAL PROCEDURES
The initial experience with laparoscopic colorectal surgery
was almost exclusively restricted to elective procedures,
and there is little robust data to evaluate the role of laparoscopy for colorectal emergencies. As colorectal surgeons
become increasingly experienced in laparoscopic techniques, many are turning towards laparoscopy as a tool
for managing acute conditions such as complicated diverticular disease and inflammatory bowel disease as one
of the new frontiers in our specialty. In 2008, a study was
published of 100 patients who had undergone laparoscopy for perforated diverticulitis. The authors proceeded to
convert to standard open surgery if faecal peritonitis was
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In recent years, further techniques utilising minimally
invasive techniques have begun to be employed by colorectal surgeons, and technologies involving robotic, single
port and natural orifice instrumentation are now available
in many units across the world, although the paucity of
robust evidence on the effectiveness of these procedures
means that their role remains unclear[30].

randomized studies comparing robotic and laparoscopic
rectal resection including a total of 854 patients suggests
a lower conversion rate to open surgery for robotic procedures, with similar operative times and other shortterm outcomes[35]. It may be that the maximum benefit
of robotic surgery for colorectal resection may be in dissection of the rectum within the bony pelvis, where the
more stable platform provided by the robot to eliminate
tremor of the surgeons hand, improved imaging in three
dimensions controlled by the surgeon rather than assistant and wrist movement of robotic instruments allows
for more precise dissection of tissue planes[36]. A number
of authors had reported reduced rates of circumferential
resection margin involvement and autonomic nerve dysfunction in patients undergoing robotic total mesorectal
excision[33,37,38]. Although most of the published literature
on robotic colorectal resection is focused on rectal resection, presumably due to the perceived advantages being
maximal in this area, data from meta-analysis of 39 case
series or comparative non-randomised studies combining both rectal resections and abdominal colectomies also
concluded that conversion rates and perioperative morbidity was similar for the colectomy group, and considerably
lower for robotic anterior resection of the rectum, with an
adequate lymph node harvest[39].
In more recent years the range of procedures and
indications relating to prolapse of the pelvic floor has
expanded and begun to involve robotic technology. A
recent prospective analysis of 63 consecutive patients
undergoing robotic-assisted or laparoscopic ventral mesh
rectopexy for symptomatic complex rectocele showed a
significantly longer operating time in the robotic group,
but slightly less blood loss, with similar conversion rates
and hospital stay[40].

Robotic colorectal surgery
The use of robotic systems for performing minimally invasive colectomy was first reported in 2002 by Weber et al[31],
following earlier work in the fields of urological and cardiac surgery. Indeed, over 50000 robotic prostatectomies
were performed in the United States in 2007[32]. There
is no doubt that these robotic systems are significantly
more expensive than conventional laparoscopic or indeed
open colorectal procedures, so it is important that the
evidence base for these procedures is strengthened in the
future. To date, only one randomised study from South
Korea comparing robotic with conventional laparoscopic
surgery has been published, which focused on total mesorectal excision for rectal cancers and consisted of only
18 patients in each group[33]. This limited study did suggest that short-term outcomes for robotic surgery were
at least equivalent, with acceptable specimen quality on
pathological analysis for oncological status. Further data
from the international, multicentre randomised ROLARR
trial comparing robotic-assisted versus standard laparoscopic surgery for rectal cancer in terms of both short
term perioperative and longer term outcomes is awaited
in the coming years[34]. Meta-analysis of the available non-

Single incision laparoscopic colorectal surgery
Other devices have been developed to allow colorectal
procedures to be performed endoscopically via a single
incision as opposed to multiple ports, even in some centres utilising robotic systems to access the abdomen via
a single-access port. Evidence as to the efficacy of these
procedures from randomised trials is lacking, but several
reports including an early feasibility study by the authors
shown the safety and feasibility of such an approach in
right hemicolectomy[41]. The authors followed-up their
experience with a case cohort comparison of short-term
outcomes in 144 consecutive cases of laparoscopic and
single-incision right hemicolectomy performed at our
unit showed that there was at least no disadvantage of the
single-incision technique, with no significant difference
in operative time, lymph node clearance or recovery parameters (pain score, length of stay and complications[42]).
These findings have been replicated in much larger metaanalyses, with a study including 1075 procedures from 15
studies comparing single-incision approach with conventional laparoscopy finding no difference in conversion
rates or operation times between the two groups, with a
significantly shorter length of postoperative stay in hos-

revealed, with the remaining 92 receiving laparoscopic
lavage and drainage without bowel resection. The results
were encouraging, with low mortality and morbidity, and
only 2 patients being readmitted with recurrent diverticulitis at a median follow-up of three years[26]. These results
have subsequently been replicated in meta-analysis[27], and
the results of ongoing randomised trials are awaited[28].

TRAINING IN LAPAROSCOPIC
COLORECTAL SURGERY
There is no doubt that the surgical techniques required to
perform laparoscopic colorectal surgery are demanding,
both for surgeons in training and for those experienced
in open colorectal surgery. A recent systematic review
and international multicentre analysis of 4852 cases
performed by surgeons on this learning curve suggests
that it is indeed steep, at between 88 cases for blood loss
and 152 cases for conversion to an open procedure[29].
The results of this review also suggest that body mass
index and pelvic dissection, particularly in male patients,
increased the risk of complications and conversion, and
that increasing T stage of tumours and complicated inflammatory disease increased the complexity of the case.

NEW TECHNOLOGIES
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dure performed by a small number of pioneers in the
early 1990s, to today being firmly established in the
mainstream around the world. This has occurred despite
the fact that laparoscopic surgery is more expensive and
requires a longer operating time than the equivalent open
colorectal procedure[47]. Large-scale international multicentre randomised trial data has established that laparoscopic colorectal surgery is safe both in terms of shortterm perioperative outcomes and long-term oncological
efficacy, and we are now into the robotic era as perhaps
the next stage of minimally invasive colorectal procedures (Figures 2 and 3).
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Vitamin D improves inflammatory bowel disease outcomes:
Basic science and clinical review
Krista M Reich, Richard N Fedorak, Karen Madsen, Karen I Kroeker
ing, and genetics. Vitamin D normalization is associated
with reduced risk of relapse, reduced risk of IBD-related
surgeries, and improvement in quality of life. Vitamin
D is an inexpensive supplement which has been shown
to improve IBD outcomes. However, further research is
required to determine optimal serum vitamin D levels
which will achieve beneficial immune effects, and stronger evidence is needed to support the role of vitamin
D in inducing disease response and remission, as well
as maintaining this improvement in patients’ disease
states.
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Core tip: There is support for the importance of maintaining normal vitamin D levels in inflammatory bowel
disease (IBD) patients, demonstrated by its anti-inflammatory actions in the gut. A randomized controlled
trial examined the impact of vitamin D supplementation
on IBD outcomes and demonstrated a reduced risk of
relapse in vitamin D-treated Crohn’s disease patients.
Furthermore, vitamin D3 and active vitamin D have
been shown to reduce clinical disease activity and improve quality of life in IBD patients. Normalization of
vitamin D levels is also associated with a decreased risk
for IBD-related surgery. This vitamin has therapeutic
benefit in IBD patients.

Abstract
Vitamin D deficiency is commonly diagnosed among patients with inflammatory bowel disease (IBD). Patients
with IBD are at risk of low bone density and increased
fractures due to low vitamin D levels, long standing disease, and frequent steroid exposures; as a result, it is
well established that vitamin D supplementation in this
population is important. There is increasing support for
the role of vitamin D in strengthening the innate immune system by acting as an immunomodulator and
reducing inflammation in experimental and human IBD.
The active form of vitamin D, 1,25(OH)D3, acts on T
cells to promote T helper (Th)2/regulatory T responses
over Th1/Th17 responses; suppresses dendritic cell
inflammatory activity; induces antibacterial activity;
and regulates cytokine production in favor of an antiinflammatory response. Murine and human IBD studies
support a therapeutic role of vitamin D in IBD. Risk factors for vitamin D deficiency in this population include
decreased sunlight exposure, disease duration, smok-
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tissue. Once saturation of these tissues occur, 25(OH)D3
is released to circulate in the blood[4], where it is predominantly bound by DBPs and albumin, leaving little in the
free form[3,7]. DBPs transport 25(OH)D3 to the kidney,
where it is converted to its active hormonal form, 1α,25dihydroxycholecalciferol [1,25(OH)2D3], by the enzyme
25-hydroxyvitamin D3-1α-hydroxylase[6-9]. It can now act
on its receptor, the vitamin D receptor, in many target
tissues, including the intestine, kidney, and bone, thereby
altering transcription of target genes[10,11]. In the target
tissue, 24-hydroxylase catabolizes 1,25(OH)2D3 and
25(OH)D3 into their inactive metabolites, which are then
excreted as calcitroic acid in the urine[3,8,10].
The rate limiting enzyme in the metabolism of vitamin
D is 1α-hydroxylase. This enzyme is tightly regulated by
plasma parathyroid hormone (PTH) and 1,25(OH)2D3.
Active vitamin D production in the kidneys is directed by
PTH[4,6,8,9], which upregulates transcription of CYP27B1,
the gene encoding for 1α-hydroxylase[9]. This results in an
increased production of 1,25(OH)2D3 in the kidney. In
turn, 1,25(OH)2D3 takes part in a negative feedback loop
to suppress the transcription of PTH and CYP27B1,
thereby decreasing production of 1,25(OH)2D3[9]. Simultaneously, 1,25(OH)2D3 induces 24-hydroxylase production[8,9]. This is an autoregulatory mechanism to suppress
the actions of 1,25(OH)2D3[9]. An overview of vitamin
D sources and metabolism is outlined in Figure 1.

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the intestine that causes abdominal
pain, diarrhea, and weight loss and includes two forms,
Crohn’s disease and ulcerative colitis[1]. IBD reduces quality of life and may cause financial stress by increasing
disability and decreasing the capacity for work[1,2]. The
disease is complex and etiology is not completely understood; however, IBD is associated with abnormal immune
responses to the body’s natural intestinal bacteria [1,2],
which activate the gastrointestinal immune system. It is
expected that genetic and environmental interactions play
a role in the susceptibility of IBD[1,2]. As there is currently
no cure for IBD, medical therapy remains the mainstay
treatment for achieving and maintaining remission[2].
It is well-established that vitamin D plays a critical
role in improving bone health and is specifically important for patients who are at risk of low bone density. Low
bone mineral density is more prevalent among patients
with Crohn’s disease and ulcerative colitis compared to
healthy controls[3]. Long standing disease, multiple steroid exposures, and low serum 25-hydroxycholecalciferol
[25(OH)D3] levels are contributing factors to decreased
bone mineral density and increased fractures in patients
with IBD[3-5]. Therefore, vitamin D supplementation is
essential in this high-risk group. There is, however, growing support for non-traditional actions of vitamin D including anti-inflammatory, anti-proliferative, cell differentiation, and apoptotic effects[6]. These effects have led to
examination of vitamin D in the pathogenesis of autoimmune diseases such as IBD[6]. This review will address the
regulatory role of vitamin D on immune responses and
describe its relevance in regards to inflammatory bowel
disease.

Vitamin D receptor
The vitamin D receptor (VDR) plays an important role
in how vitamin D exerts its biological effects. It belongs
to a superfamily of nuclear hormone receptors and is
specifically activated by 1,25(OH)2D3[11,12]. In response to
1,25(OH)2D3 binding, VDRs regulate gene transcription,
thereby producing specific proteins to carry out vitamin
D3 biological activity. The DNA binding domain of
the zinc finger recognizes vitamin D response elements
(VDREs), which are specific DNA sequences on celltargeted genes[11]. 1,25(OH)2D3 binding results in the
formation of the VDR and retinoid X receptor (RXR)
heterodimer [12]. This complex binds to VDREs and
recruits large coregulatory complexes to these specific
genes through the VDR transactivation domain[11,12]. The
activities of coregulatory complexes may include nucleosomal remodeling, selective chromatic histone modification, or RNA polymerase Ⅱ recruitment and initiation.
All of these activities work to enhance or suppress gene
expression[11].
Multiple tissues and immune cells express VDRs and
the enzymes needed to produce local 1,25(OH)2D3[6,13-15].
This enzyme activity is regulated in a different manner compared to the enzymatic renal production of
1,25(OH)2D3; it is no longer under an endocrine feedback mechanism, but is induced by other factors[6]. These
findings have led to the examination of multiple roles of
vitamin D in the pathogenesis of autoimmune diseases
such as IBD[6].

VITAMIN D PHYSIOLOGY
Vitamin D metabolism
Vitamin D is present in two major forms. Vitamin D2
(ergocalciferol) is present in plants, yeast, and fungi[6,7],
while vitamin D3 (cholecalciferol) can be obtained from
animal sources such as oily fish and egg yolk[6-8]. Vitamin
D3 is also synthesized endogenously in the skin upon
ultraviolet light exposure. Sun light exposure to the skin
results in a photochemical conversion of 7-dehydrocholesterol to pre-vitamin D, which then rapidly converts to
cholecalciferol. This process is self-limiting to prevent
toxicity[6,8].
Vitamin D is fat soluble and absorbed in the small
intestine along with dietary fat. After incorporation into
chylomicrons, it is rapidly delivered into the venous
circulation[3,4]. It is then transported by vitamin D binding proteins (DBPs) to the liver where it is converted to
25(OH)D3 by hepatic 25-hydroxylase[6,7,9]. 25(OH)D3 is
inactive, however, it is the main circulating form of vitamin D and the best indicator of vitamin D status[6,9]. Vitamin D is primarily stored in the liver as well as in adipose

WJG|www.wjgnet.com

4935

May 7, 2014|Volume 20|Issue 17|

Reich KM et al . Vitamin D and inflammatory bowel disease

7-Dehydrocholesterol
Skin

Solar UVB radiation

Previtamin D3

(290-315 nm)

Heat
Vitamin D3

Chylomicrons

Diet

Inactive photoproducts

on

diati
UVB ra
Solar

Vitamin D

CH3

Vitamin D2

Solar UVB radiation

Fat cell

Circulation

Vitamin D3

Circulation

Vitamin D-25-hydroxylase
liver

CH2
HO
CH2

25(OH)D
(major circulating metabolite)

HO
Phophorus, calcium,
FGF-23, and other factors +/-

< 20 ng/mL

Reference range
20-100 ng/mL

> 150 ng/mL

Deficiency

Preferred range
30-60 ng/mL

Intoxication

1,25(OH)2D

24-OHase

1-OHase

Kidneys

1,25(OH)2D
Calcium resorption

Calcium absorption

Preosteoclast

CaBP

Osteoblast
RANK
RANKL

Calcitroic
acid

Bile

Parathyroid
hormone

VDR-RXR

VDR-RXR

TRPV6

Excreted

Calcium
Osteoclast

Bone

2+

Ca

2-

and HPO4

Parathyroid glands
2+

Calcification
Blood calcium and phosphorus

2-

Ca and HPO4
Absorption

Intestine

Figure 1 Vitamin D sources and metabolism[8]. Vitamin D can be obtained either from the diet or synthesized in the skin. Under solar ultraviolet (UVB) radiation, 7-dehydrocholesterol in the skin is converted into cholecalciferol (vitamin D3). Vitamin D from the diet enters chylomicrons, which transport it into circulation.
Vitamin D is stored in adipose tissue, but when released into circulation, vitamin D binding proteins direct it to the liver where it is converted into its major circulating
form, 25-hydroxyvitamin D3 [25(OH)D3] by 25-hydroxylase. In the kidneys, 25(OH)D3 is converted into 1α,25-dihydroxyvitamin D3 [1,25(OH)2D3], the active form,
by 1α-hydroxylase. It can now exert its biological effects including calcium absorption, resorption, and bone development. Parathyroid hormone released from the
parathyroid glands upregulates hepatic conversion of 1,25(OH)2D3 by stimulating 1α-hydroxylase production; however, autoregulatory mechanisms suppress these
actions through negative feedback loops. 1,25(OH)2D3 suppresses parathyroid hormone and 1α-hydroxylase production. Vitamin D is then catabolized by 24-hydroxylase and excreted as calcitroic acid. The recommended optimal range for vitamin D levels is 30-60 ng/mL (75-150 nmol/L). Copyright© 2007 Massachusetts Medical
Society. All rights reserved; VDR: Vitamin D receptor; RXR: Retinoid X receptor.

Vitamin D and T-cell differentiation
It has been established that vitamin D is an immune
system regulator through its role in targeting CD4+ cells
of T lymphocytes to suppress T helper type 1 (Th1)
cell driven immune responses[17-19]. Th1 cells produce
pro-inflammatory cytokines including IFN-γ, interleukin (IL)-2, and tumour necrosis factor-alpha (TNF-α),
which are important for reducing intracellular infections.
1,25(OH)2D3 works to inhibit the over production of
these pro-inflammatory cytokines[19].
Overall, the main action of 1,25(OH)2D3 on T-cells
is mediating T helper type 1 (Th1)/T helper type 2 (Th2)
development and differentiation[17,18]. Vitamin D3 affects

EFFECTS OF VITAMIN D ON THE
IMMUNE SYSTEM
Vitamin D is important in both the innate and adaptive immune systems[13]. Immune cells express VDRs
and the enzymes necessary to convert vitamin D3 and
25(OH)D3 into 1,25(OH)2D3, wherein locally produced
1,25(OH)2D3 can exert specific autocrine and paracrine
effects without producing unnecessary systemic effects[16,17]. 1,25(OH)2D3 can modulate the adaptive immune responses by altering the actions of activated T and
B cells, and it can modulate the innate immune responses
by regulating macrophages and dendritic cells[16].
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the Th1-Th2 balance in favour of Th2 cell development.
The development into either Th1 or Th2 from CD4+ T
cells is directed by cytokines[18]. Cytokine IL-12 induces
Th1 cell development whereas IL-4 induces Th2 cell
development. The effects these cytokines have on the
Th1-Th2 balance determines which cytokines will be
produced and therefore determine the type of immune
response. Th1 cells produce pro-inflammatory IFN-γ
and lymphotoxin, and Th2 produces anti-inflammatory
IL-4, IL-5, and IL-13[17,18]. The increased development
of Th2 is a result of direct action of vitamin D3 on
CD4+ cells[18], whereas the reduction in Th1 cell development is due to the effects of vitamin D3 on dendritic
cells[17,18]. Using mice Ag-specific T cells, Boonstra et al[18]
demonstrate that vitamin D3 increases the frequency of
IL-4 producing cells in vitro from 8.0%-55.8%, thereby
supporting a vitamin D induced Th2 profile. This study
also shows that vitamin D3 increases IL-10 and IL-5 producing cells and decreases IFN-γ producing cells[18]. The
role of vitamin D in regulating cytokine production has
been suggested to limit inflammatory tissue damage, but
it also reduces bacterial killing. IFN-γ augments toll-like
receptor (TLR) 2/1 induced expression of CYP27B1 and
bacterial killing, and IL-4 depresses TLR 2/1 activation
of bacterial killing[13]. Therefore, a balanced response is
important.
At the transcription level, c-maf and GATA-3 are
the transcription factors relating to Th2 development[18].
Vitamin D3 can directly target CD4+ cells to promote
Th2 development at the level of transcription[17,18]. In vitro
studies show a correlation between increased expression
of GATA-3 and c-maf and Th2 cytokine levels, IL-5,
IL-10, and IL-4, after vitamin D3 treatment. In addition,
there is a reduction in IFN-γ[18]. Boonstra et al[18] conclude
that vitamin D likely functions to diminish cell-mediated
immune responses by skewing toward a Th2 phenotype,
which fights extracellular infections.
Th17 cells are another vitamin D target because of
their ability to produce IL-17, a pro-inflammatory cytokine. Vitamin D reduces inflammatory tissue damage by
suppressing Th17 development and in doing so, reduces
IL-17 production[13]. Furthermore, 1,25(OH)2D3 increases the development of T regulatory cells by acting on
naïve CD4+ cells. Regulatory T cells are a group of CD4+
T cells that have immunosuppressive properties by depressing the proliferation of other CD4+ T cells[13]. Vitamin D in combination with another immunosuppressive
drug, dexamethasone, has been shown to increase IL-10
producing regulatory T cells. This supports the idea that
regulatory T cells located at sites of inflammation downregulate the immune response[19].
Research supports the immunosuppressive effect of
vitamin D due to its involvement in T-cell differentiation.
The evidence shows that vitamin D plays a role in maintaining a balance between the inflammatory response of
Th1/Th17 cells and the immunosuppressive response
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from Th2/Treg cells.
Vitamin D and dendritic cells
Dendritic cells (DCs) are antigen presenting cells (APCs)
and are important in initiating CD4+ T cells responses[20].
Vitamin D inhibits differentiation and maturation of human DCs in vitro[20] by suppressing the IL-12 production
from DCs and increasing IL-10 production[17,20]. This is
an important immunosuppressive activity as IL-12 is an
important cytokine in inducing Th1 development[17,18].
1,25(OH)2D3 inhibits the differentiation, maturation, and
immunostimulatory capacity of DCs[21]. Canning et al[21]
confirm that 1,25(OH)2D3 suppresses monocyte differentiation into DCs, thereby generating immature DCs. This
suppresses DC ability to stimulate T-cell proliferation.
Lipopolysaccharide (LPS) is a component of the
Gram-negative bacterial wall, which induces monocytes/macrophages to produce cytokines. After LPS
stimulation, DCs and monocyte-derived macrophages
(MACs) have a high local 1-α-hydroxylase production
of 1,25(OH)2D3, which positively modulates MAC differentiation and depresses actions of DCs and lymphocytes[14]. This mechanism facilitates a normal immune
response as some DCs still mature; vitamin D prevents
over stress of this immune response that may lead to
pathological effects[13]. Vitamin D skews the development of the immune response towards a non-specific
innate immune response and away from an antigenspecific immune response.
Antibacterial activity of vitamin D
As a fundamental part of the innate immune response,
human monocytes have been shown to locally produce
1,25(OH)2D3, which triggers increased autophagy, an
important mechanism for eliminating pathogens by
antibacterial proteins[15]. TLR expressed on monocytes
recognize pathogens, and under TLR 2/1 stimulation,
CYP27B1, the gene encoding for 1α-hydroxylase, and
VDR expression is upregulated[13,15]. 1,25(OH)2D3 acts
on monocytes to induce expression of the cathelicidin
antimicrobial peptide (CAMP) gene (LL-37), producing
a protein that enhances intracellular killing of bacteria[13,15,22]. The CAMP gene is a direct target of the vitamin
D receptor[22]. Furthermore, nucleotide-binding oligomerization domain-containing protein 2 (NOD2), a pattern
recognition receptor, has an important role in inducing
antibacterial activity. NOD2 activation by muramyl dipeptide, a product of Gram-negative and Gram-positive
bacteria, stimulates transcription factor nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB),
which induces gene expression for antimicrobial peptide
defensin β2 (DEFB2)[13,23]. Interestingly, 1,25(OH)2D3
induces NOD2 expression in many cell types, thereby
increasing cell sensitivity to these bacteria products; as a
result 1,25(OH)2D3 enhances NOD2 mediated DEFB2
transcription[13,23].
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Anti-inflammatory role of vitamin D
As a part of the innate immune system, macrophages
release proinflammatory cytokines and chemokines upon
stimulation. This leads to an inflammatory response to
protect the body from pathogenic microorganisms[24].
TNF-α is a proinflammatory cytokine that is produced
early in the course of inflammation by macrophages and
lymphocytes. It is involved in autoimmune diseases, including IBD[25]. Proinflammatory cytokines are positive
for host defense, but overproduction leads to unresolved
inflammation[26]. Muller et al[27] examine the effect of
1,25(OH)2D3 on LPS-stimulated human blood monocytes, and find it inhibits the release of IL-1α, IL-6, and
TNF-α. LPS binds to TLR4 on monocytes to mediate
activation of mitogen-activated protein kinase (MAPK)[26].
MAPKs are critical regulators of proinflammatory cytokine production, including IL-6 and TNF-α. 25(OH)D3
treatment has been shown to inhibit LPS-induced IL-6
and TNF-α production in peripheral blood mononuclear
cells (PBMC) of healthy donors via upregulation of
MKP-1 (MAPK phosphatase-1). MKP-1 switches off
cytokine production in monocytes/macrophages after
inflammatory stimuli. Interestingly, doses of 25(OH)D3
that relate to vitamin D sufficiency (> 30 ng/mL or 75
nmol/L) significantly inhibited mRNA production of
these cytokines[26].
Vitamin D analogues have also been proven to have
immunomodulatory effects. Stio et al[28] demonstrate the
vitamin D analogue KH 1060 and a monoclonal antiTNF-α antibody to work synergistically in significantly
inhibiting PBMC proliferation and TNF-α production in
healthy subjects. In vitro experiments using PBMCs from
healthy volunteers were also able to demonstrate the effect of paricalcitol, a vitamin D analogue, in reducing
both basal TNF-α and LPS-induced TNF-α[25].
The importance of VDRs in the inflammatory response has also been demonstrated. Chen et al[24] report
a more robust and prolonged production of pro-inflammatory cytokines TNF-α, IL-6, and IL-1β in bone marrow derived macrophages (BMDMs) from VDR-/- mice
compared to wild type (WT) mice after LPS exposure.
This suggests a dysregulated and over sustained innate
immune response in macrophages under attenuated VDR
signalling. Interestingly, 1,25(OH)2D3 and its analogue,
paricalcitol, have been shown to reduce LPS-induced
TNF-α and IL-6 cytokines in WT BMDMs[24].
Chen et al[24] have also examined novel anti-inflammatory effects of vitamin D by investigating its microRNA155-SOCS1 target. MicroRNAs (miRNAs) are small
noncoding RNAs that control gene expression. Recently,
miRNA-155 has been shown to regulate innate immune
responses and TLR signaling. It targets the “suppressor of cytokine signalling” (SOCS) family of proteins,
specifically SOCS1. miRNA profiling in mice cells was
examined after the treatment with LPS, with or without
1,25(OH)2D3. As a result, miR-155 increased the most
with LPS and was suppressed the most by vitamin D;
miR-155 were elevated in VDR -/- bone marrow derived
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macrophages (BMDMs) after exposure to LPS compared
to the WT BMDMs; and 1,25(OH)2D3 suppressed the
induction of miR-155 by LPS in these cells. Additionally, 1,25(OH)2D3 blocked TNF-α, IL-6, and miR-155
induction in human PBMCs. Overall, 1,25(OH)2D3 was
found to upregulate SOCS1 through its suppression of
miR-155. SOCS1 is important in the negative feedback
regulation of LPS-induced inflammation and inhibits
TNF-α, IL-6, and IFN-γ pathways. In the absence of
VDRs, the negative feedback loop is dysregulated[24].
Seasonal variations in serum vitamin D levels have
an effect on the innate immune response. The increase
in serum vitamin D levels during the summer months is
associated with a significant drop in LPS-induced TNF-α
(64%), IL-6 (33%), IL-1β (59%), and IFN-γ (46%) from
PBMCs in healthy individuals in vivo compared to LPSinduced levels during the winter months [29]. Caution
does need to be taken when considering the difference
in physiological up-regulation of vitamin D levels by
solar radiation and the doses of vitamin D employed in
vitro and in vivo; however, this data does support how the
innate immune response can be regulated by the physiological variation of serum vitamin D3 levels during the
four seasons of the year[29].
Role of vitamin D in gastrointestinal inflammation
There is support for the role of vitamin D in the immune
system, particularly in reducing inflammatory responses.
Recently, more studies have demonstrated the role for vitamin D specifically in gastrointestinal inflammation and
suggest deficiency is associated with IBD.
The importance of vitamin D in reducing the proinflammatory profile of IBD patients is demonstrated by
the impact of cytokine-induced apoptosis and cytokine
disruption of epithelial barrier function. Epithelial apoptosis occurs as a normal physiological event in the gastrointestinal tract and the mucosal barrier function is still
maintained; however, cytokine-induced apoptosis may
disrupt the barrier, leading to abnormal mucosal permeability, a common occurrence among IBD patients[30].
Bruewer et al[30] address the mechanisms by which proinflammatory cytokines disrupt the barrier through
non-apoptotic mechanisms. IFN-γ was demonstrated
to reduce epithelial gate function, and the effects were
increased when combined with TNF-α, resulting in intestinal epithelium paracellular permeability. The authors
suggest this allows for the barrier function to quickly
normalize when inflammatory cytokines are reduced[30],
stressing the importance of medical therapy in maintaining disease remission.
There is evidence to suggest that there are distinct
cytokine profiles in Crohn’s disease and ulcerative colitis.
Papadakis et al[31] report Crohn’s disease to show a Th1
type of immune response with elevated IL-12, TNF-α,
and IFN-γ cytokines, whereas ulcerative colitis presents
with increased IL-5 secretion. Specific pro-inflammatory
cytokines have been identified in the inflamed mucosa
of Crohn’s disease and ulcerative colitis patients such as
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IL-1, IL-6, IL-8, and TNF-α[31]. Each of these cytokines
upregulate the inflammatory cascade leading to more inflammation and tissue damage in the inflamed mucosa[31].
Vitamin D has been shown to target these inflammatory
pathways.
TNF-α is a central cytokine in the pathogenesis of
inflammatory bowel disease[31]. In the review by Papadakis et al[31], they report three lines of evidence to support
the importance of TNF-α in IBD. They explain that
anti-TNF therapy has been very successful in treatment
of IBD in humans and in animal models, and that a
“Crohn’s like” phenotype is expressed in mice that over
express TNF-α[31]. Interestingly, a vitamin D analogue
has recently been shown to work synergistically with infliximab, an anti-TNF therapy used in the treatment of
IBD, to reduce the cytokine TNF-α in human peripheral
blood monocytes[28]. Treatment with 1,25(OH)2D3 in the
colonic tissue of IL-10 knock-out (KO) mice has also
been shown to down-regulate TNF-α-associated genes in
these mice[32]. Furthermore, in vitro studies of CD4+ T-cells
of healthy controls and patients with Crohn’s disease
have shown that 1,25(OH)2D3 increases the production
of anti-inflammatory cytokine IL-10 and decreases the
production of pro-inflammatory IFN-γ, supporting a
therapeutic role of vitamin D in IBD[33].
Stio et al [34] examine the effects of vitamin D on
PBMCs from patients with active Crohn’s disease on infliximab, an anti-TNF therapy. After vitamin D treatment,
PMBC proliferation decreased in both responders and
non-responders, but to a greater extent in responders[34].
Interestingly, vitamin D analogue treatment increased
VDR expression in unresponsive patients and VDR levels did not change in responsive patients. The authors
suggest infliximab induces VDR expression in the presence of vitamin D in unresponsive patients; as a result,
there are differences in sensitivity to vitamin D between
responders and non-responders. This suggests that VDR
expression and PMBC proliferation may be useful indicators to predict response of Crohn’s disease patients to
infliximab therapy[34].
Studies have gone on to suggest that vitamin D deficiency and deficiency in its signaling pathways are contributing factors in the pathogenesis of IBD. Wu et al[35]
propose a mechanism by which vitamin D deficiency may
cause IBD through the changes in vitamin D receptor
signaling in autophagy homeostasis, including increases
in TNF-α-induced autophagy. Another study by Wang
et al[23] examine the role of vitamin D in NOD2 expression, as NOD2 deficiency, due to mutations in its gene,
has been linked to the pathogenesis of Crohn’s disease[22].
These authors show that 1,25(OH)2D3 signaling induces
NOD2 expression in human intestinal epithelial cells,
thus supporting the idea that vitamin D deficiency plays a
causative role in Crohn’s disease.
As discussed previously, local production of vitamin
D is an important part of regulating microenvironment
inflammatory profiles. DCs from healthy subjects convert
25(OH)D3 to the active form of vitamin D, 1,25(OH)2D3,
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which could be important in local control of inflammation in Crohn’s disease patients[36]. Bartels et al[36] isolate
peripheral monocytes from 20 Crohn’s disease patients
who were vitamin D deficient, which were then matured
into DCs in vitro. Addition of the active [1,25(OH)2D3]
and inactive [25(OH)D3] vitamin D3 metabolites inhibited LPS-induced DC maturation, and supplementation
changed the cytokine profile of LPS-matured DC cultures
compared to those not supplemented. The production of
TNF-α and IL-12 decreased, while unexpectedly, there
was a trend towards reduced IL-10 and IL-6 significantly
increased[36]. DCs of Crohn’s disease patients could be
exposed to LPS in the gut resulting in similar findings[36].
Furthermore, vitamin D supplementation reduced proliferation of the entire lymphocyte population and the
CD4+ lymphocytes; therefore, vitamin D could be protective against Crohn’s disease as inflammation in this
disease can be characterized as uncontrolled lymphocyte
development[36].
While the addition of vitamin D in vitro changes cytokine profiles, there may be differences in the effects of
vitamin D in in vivo studies. A study was conducted on
Crohn’s disease patients who were treated with 1200 IU
of vitamin D3 per day or placebo for 26 wk to assess differences in induced T-cell mediated immune function between the treatment and placebo groups during in vivo[37].
PBMCs were cultured from patients of each group, and
there was a significant increase in production of IL-6 in
T cells from vitamin D treated patients. IL-6 significantly
correlated with serum vitamin D [25(OH)D3] levels (P
= 0.02). In the vitamin D treated patients, there was also
a trend to increased IL-4 and no effect on TNF-α and
IFN-γ production[37]. There was no change in IL-10 production nor in the amount of T regulatory cells CD4+,
CD25+, FoxP3+ T cells; however, the amount of proliferating CD4+ cells significantly increased. IL-6 can induce
T cell IL-4 production, which may explain the increase in
IL-4[37].
There is strong evidence for a protective effect of
vitamin D against IBD related inflammatory responses;
however, there are mixed findings on the production
of IL-6 with the treatment of vitamin D. IL-6 has been
shown to increase in certain situations and decrease in
others under vitamin D treatment. Interestingly, in vitro
and in vivo studies examining vitamin D treatment of
LPS-matured DCs and PBMCs from Crohn’s disease
patients show increased IL-6 production, whereas these
studies examining healthy volunteers demonstrate a decrease in IL-6 after vitamin D treatment. IL-6 has been
reported to support Th17 development, which have
important anti-microbial roles[36]. Additionally, IL-6 may
have anti-inflammatory roles by reducing DC maturation
and increasing T cell IL-4 production[36,37]. Therefore,
vitamin D does have immunosuppressive properties;
however, instead of isolating vitamin D to this effect, it
may be better to suggest it is an immunomodulator that
strengthens the innate immune response and depresses
the adaptive immune reaction[36], which may explain the
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CD8 αα+ T cells in the gut, implying VDRs are important in regulating the growth and maintenance of CD8
+
[40]
αα T cells . Moreover, VDR-/- mice have significantly
reduced intestinal transepithelial resistance (TER) compared to VDR+/+ mice. TER is reduced when epithelial
barrier function is compromised, making it a good indicator of this malfunction. Additionally, tight junctions and
desmosomes are severely disrupted in VDR-/- colonic
mucosa[41]. The breakdown of the physical barrier that
separates the host from its gastrointestinal microorganisms results in intestinal permeability and the development of IBD. These studies demonstrate prominent role
of VDR signalling in maintaining the integrity of the epithelial barrier in the intestine and in its protection against
IBD[42].
Increased IL-17 production has also been reported
in VDR null mice. Th17 cells are pro-inflammatory and
have been associated with increased severity of IBD in
animal models. VDR KO mice have significantly higher
induced Th17 cell and IL-17 production compared to
WT mice [43]. Additionally, 1,25(OH)2D3-deficient T
cells overproduce IL-17 compared with WT cells[43]. Recombinase-activated gene 2 knockout mice lack mature
T and B cells. When WT CD4+ T cells are transferred
to VDR/Rag double KO mice, the colonic sections of
these recipients show significantly more hyperplasia and
inflammation compared to Rag KO recipients[43]. There
is an increased expression of IL-17 secreting cells in the
gut and periphery of these double KO mice, suggesting
VDRs on accessory cells direct Th17 development[43].
Conversely, there are some limitations of vitamin
D on host susceptibility to pathogens. While increased
production of Th1/Th17 cytokines is related to the
pathogenesis of Crohn’s disease, Th1/Th17 responses
are critical for the removal of many infectious bacteria[44].
Examining the role of 1,25(OH)2D3 in Citrobacter rodentium (C. rodentium) infected mice, Ryz et al[44] demonstrate
that mice treated with 1,25(OH)2D3 have significantly
increased scores for edema, goblet cell depletion, hyperplasia and infiltrating inflammatory cells compared to
vehicle-treated mice[44]. These mice also have a reduced
number of Th17 T cells in their colons and decreased
production of Th17 associated antimicrobial peptide
TEG3γ, which works as a host defense against infection with C. rodentium[44]. This study demonstrates the
potential negative consequences of vitamin D treatment.
It can protect against Th17 cell driven damage, but it is
important to note these responses are key in host defense
against pathogens[44].

different actions in healthy volunteers and IBD patients
who have intestinal mucosal injury.

EFFECT OF VITAMIN D IN ANIMAL
MODELS OF IBD
VDR KO mice models
Vitamin D and the vitamin D receptor have been shown
to have an important role in animal models of colitis. Vitamin D receptor KO mice treated with dextran sodium
sulfate (DSS) to induce colitis demonstrate markedly elevated levels of a number of tissue pro-inflammatory cytokines including TNF-α, IL-12p70, and IFN-γ, and have
significantly more intestinal injury, fewer intact crypts,
more epithelium loss, and more inflammation. This indicates that the absence of VDRs increases the sensitivity
of the intestinal mucosa to very low doses of DSS[38],
thereby increasing the susceptibility to chemical injury in
the gut. This confirms a prominent role of VDR signalling in the regulation of gut inflammation[38].
Oral intake of 1,25(OH)2D3 improves DSS induced
colitis in WT mice, and there is an upregulation of antiinflammatory cytokine IL-10 production, which may help
to reduce other cytokine responses[38]. Interestingly, rectal
administration of 1,25(OH)2D3 in the WT mice is more
effective than oral in regards to decreasing DSS colitis.
This is justified by obtaining the same results but only injecting half the dose of vitamin D in the rectum (site of
inflammation)[38].
Vitamin D and its receptors play important roles in
maintaining gut integrity and protecting the intestine from
pathogenic enteric bacterial infection. Wu et al[39] support
the role of vitamin D in suppressing bacterial-induced
NF-κB activity in the intestine. NF-κB is a regulator of
inflammatory cytokines such as IL-6, and after bacterial
invasion, VDRs inhibit its actions. Intestinal VDRs protect against bacterial infection, demonstrated by a 6-fold
increase in IL-6 and more severe inflammation after a Salmonella in VDR-/- mice compared to VDR+/+ mice[39].
Furthermore, after exposure to Salmonella, mice lacking
VDRs had more Salmonella invasion of the intestine
compared to WT[39]. Interestingly, VDR expression increased in WT mice as a direct result of an enteric bacterial infection, indicating a role of VDR signalling pathway
in responding to specific pathogenic bacteria. VDRs relocated from the surface of colonic epithelial cells to the
surface of crypts as well as in the middle and bottom of
the crypts after infection[39]. Furthermore, IL-6 was undetectable in VDR+/+ mice and present in VDR-/- mice;
as a result, this suggests that VDR-/- mice start with a
pre-inflammatory state even before being infected[39].
The intestinal epithelial layer contains a highly specialized immune system and physical barrier to protect
against the invasion of pathogens. Intraepithelial lymphocytes (IELs) are found in the intestinal epithelial layer,
and they are an important part of maintaining intestinal
integrity[40]. Specific IELs, CD8 αα+ T cells, aid in the
maintenance of gut health. VDR KO mice have fewer
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IL-10 KO mice models
VDR/IL-10 double KO mice develop severe IBD involving all areas of the small intestine and colon and
have the largest change in colon anatomy and inflammation compared to single VDR KO and IL-10 KO mice[45].
WT mice do not express any cytokines and VDR/IL-10
double KO mice express two-three fold higher levels of
IL-1β, IL-2, IFN-γ, and TNF-α mRNA in their colons
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compared to the single KO mice colons[45]. IL-10 KO
mice with normal VDR function experience a milder
form of disease; thus, VDR deficiency seems to intensify
IBD severity. Single VDR KO mice also express a milder
form of disease; therefore, IL-10 and VDRs have a collective effect on disease severity[45]. Furthermore, vitamin
D deficiency in IL-10 KO mice enhances inflammation
in the small intestine in comparison to vitamin D sufficient and vitamin D supplemented IL-10 KO mice[46].
Evidently, vitamin D deficiency augments disease severity; however, dietary intake of vitamin D can be problematic, as few foods are high in vitamin D and weight loss
is common in patients with IBD[46]. Therefore, vitamin D
supplementation to achieve and maintain sufficient levels
is critical.

treatment[50]. Lagishetty et al[49] examine the impact of
vitamin D status on antibacterial activity in DSS-induced
experimental colitis. The expression of an antimicrobial
protein, angiogenin-4 (Ang4), decreased in vitamin D
deficient mice[49]. Ang4 has bactericidal activity in the
intestine and a decreased expression resulted in a 50-fold
increase of bacterial infiltration in vitamin D deficient
mice[49]. It is worthy to note dietary restrictions in these
mice resulted in 25(OH)D3 concentrations less than 50
nmol/L, which is consistent with human parameters of
deficiency. The authors note that the consequences of
vitamin D deficiency resulted after treatment with DSS;
therefore, vitamin D deficiency may be important after
inflammation has occurred[49]. On the other hand, the expression of Ang4 was associated with vitamin D status;
therefore, the authors hypothesize impaired vitamin D
status may be a predisposing factor for IBD due to the
regulation of enteric bacteria[49].
Although these animal results are limited in their application to humans as chemical induced colitis in mice
may not fully be representative of human IBD forms,
they are important in examining treatment and disease
activity outcomes. Investigation into determining whether
other mouse models better replicate human IBD will be
important[50]. The differences in results between models
with impaired vitamin D status as opposed to deletion of
VDRs or the CYP27B1 gene expression are also important in determining IBD susceptibility[50].

Trinitrobenze sulfonic acid and DSS induced colitis mice
models
Colitis can be induced in mice with treatment of trinitrobenzene sulfonic acid (TNBS). While treatment alone with
calcitriol, a vitamin D analogue, significantly reduces colitis
in acute TNBS colitis, treatment with both calcitriol and
dexamethasone shows the best improvement in health[47].
This is demonstrated by the study by Daniel et al[47], which
showed weight gain and improvement in macroscopic,
microscopic, and immunological parameters of colitis
after treatment of TNBS-induced colitis with the combined therapies. Calcitriol treatment reduced Th1 mediators and increased IL-4, thereby promoting the Th2
subset[47]. Additionally, calcitriol upregulated IL-10 and
enhanced regulator T cell function, specifically transforming growth factor beta, and FoxP3 levels. Calcitriol
also decreased IL-12p70 and IL-23p19 expression, which
are DC mediators. As a result, calcitriol downregulates
the pro-inflammatory response of intestinal DCs and
counteracts Th1 action[47].
A vitamin D analogue has been shown to provide
similar results. ZK156979 is a new low calcemic vitamin
D analogue, and its use in treating TNBS-induced colitis in mice results in remarkable disease improvement.
Daniel et al[48] show a reduction in colitis-associated hypercalcemia and inflammation as a result of treatment of
TNBS-induced colitis with this vitamin D analogue. Infiltration of inflammatory cells, neutrophils and lymphocytes, ulcerations, loss of goblet cells, and fibrosis in the
colon were restored after vitamin D treatment[48]. TNF-α
and IFN-γ levels decreased, and the Th2 profile was induced with increased production of IL-4 and IL-10[48].
This analogue effectively treats Th1 colitis.
DSS treated vitamin D deficient and sufficient mice
both show increased expression of mRNAs for cytokines IL-1, IL-10, IL-17, and IFN-γ[49]. Both types of
mice show severe ulceration, granulation, and inflammation; however, symptoms are exacerbated in vitamin D
deficient mice[49]. Vitamin D acts to protect DSS treated
mice, as there is an increased expression of vitamin D
activating enzyme CYP27B1 in these mice[49] and CYP27B1 KO mice are more susceptible to colitis after DSS
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EFFECT OF VITAMIN D IN HUMAN IBD
Geographical distribution of vitamin D deficiency in IBD
Epidemiological evidence for a role of vitamin D in IBD
is seen in the geographical distribution of disease, with
higher incidences and prevalence in temperate climates
and lower risks in persons living near the equator[6,51,52].
Additional environmental, lifestyle, or genetic factors that
have similar associations with geographical location may
play a part in the association between sun exposure and
IBD[51]; however, this “north-south” gradient in the risk
of Crohn’s disease and ulcerative colitis is likely explained
by the variation in sun exposure, a major determinant of
vitamin D levels[51,52], thereby strengthening the role of
vitamin D in IBD.
Vitamin D deficiency has been well described in IBD
patients from all over the world with varying prevalence. In
Ireland, 63% of Crohn’s disease patients had 25-OH vitamin D levels < 50 nmol/L; however, using the higher cutoff to define vitamin D deficiency (< 80 nmol/L), 90% of
this Crohn’s disease cohort was vitamin D deficient[53]. The
frequency of vitamin D deficiency in Canada is approximately 8% (< 25 nmol/L) with an additional 22% having
insufficiency (< 40 nmol/L)[54]. A Japanese study found
that 27.3% of Crohn’s patients were vitamin D deficient
(< 10 ng/mL or < 25 nmol/L) compared to only 6.7%
of controls[55]. In an IBD cohort of children, adolescents,
and young adults from Philadelphia and Pennsylvania,
16% of the Crohn’s disease patients enrolled were vitamin
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D deficient (< 38 nmol/L)[56]. In a cohort study of IBD
patients in Wisconsin, 49.8% of patients had levels < 50
nmol/L with 10.9% having levels < 25 nmol/L[57]. Lastly,
in London, United Kingdom, 68% of the IBD cohort was
vitamin D deficient (< 50 nmol/L)[58].
Higher 25-OH vitamin D plasma levels, predicted on
the basis of a validate regression model in the Nurses’
Health Study, have been shown to be associated with
a lower incidence of Crohn’s disease and ulcerative
colitis[59]; therefore, obtaining and maintaining optimal
vitamin D levels are important, and yet, cut-off values
used to define vitamin D deficiency among studies are
variable. It is, however, generally accepted that vitamin D
deficiency is defined as a serum 25-OH vitamin D level <
75 nmol/L[8,60].

lifetime exposure to glucocorticoid therapy[56]. Other risk
factors may include decreased nutrition intake due to
Crohn’s associated anorexia[56,62], fear of GI discomfort
from dairy due to lactose intolerance, and active disease
associated with decreased physical activity resulting in reduced sun exposure[56].
Genetic variants in the VDR and DBP have been
shown to be associated with increased risk of IBD[63,64].
Analysis of the frequency of common genetic variants
in the DBP have shown the DBP 420 variant Lys to be
less common in IBD patients as compared to healthy
controls (P = 0.034)[63]. A meta-analysis found that VDR
gene polymorphisms are associated with the susceptibility to IBD. The TT genotype of TaqI was associated
with Crohn’s disease in Europeans (OR = 1.23; 95%CI:
1.02-1.49)[64]. This polymorphism is a base substitution
resulting in two encodings of isoleucine instead of an
amino acid change. It has been suggested to result in
lower VDR mRNA levels and less vitamin D/VDR inhibition on immune activation[64]. Additionally, this variant
was significantly associated with IBD in males. Furthermore, an increased risk of ulcerative colitis in Asians was
significantly associated with the ff genotype of FokI on
the promoter region of the VDR (OR = 1.65; 95%CI:
1.11-2.45)[64]. This was compared to the FF genotype in
Asians. The fourth finding was associated with decreased
Crohn’s disease susceptibility if one was a carrier of the
“a” allele (Aa + aa genotypes) of ApAI (OR = 0.81;
95%CI: 0.67-0.97)[64]. These studies demonstrate a genetic role explaining the high prevalence of vitamin D
deficiency among IBD patients.

Risk factors of vitamin D deficiency in IBD
Many risk factors for vitamin D deficiency in IBD have
been reported. Seasonal variation is evident in most studies with lower levels seen in winter months[53,54,56,58]. Lower
vitamin D levels have also been associated with longer
disease duration and smoking[53,57]. Poor health outcomes
such as the need for intestinal resection, a structuring
disease phenotype, the need for oral corticosteroids
within 3 mo of diagnosis, and a diagnosis of pancolitis in
ulcerative colitis are more prevalent in severely vitamin D
deficient patients (< 25 nmol/L) compared to those with
normal levels (> 50 nmol/L)[58]. Intestinal resection may
be a risk factor as the prevalence of at least one intestinal
resection is significantly higher in those with vitamin D
deficiency than those with adequate levels (P < 0.05)[58].
The role of ethnicity as a risk factor for vitamin D
deficiency in IBD has also been examined. A one year
prospective study was conducted to examine the association between vitamin D levels, ethnicity, and human IBD.
A significantly higher percentage of South Asian IBD patients were vitamin D deficient (< 50 nmol/L) compared
to Caucasians[61]. For both Caucasians and South Asians
with Crohn’s disease, an inverse relationship was found
between clinical disease severity and vitamin D levels.
For all IBD patients, CRP levels were inversely related to
vitamin D levels; however, none of these results reached
a significant association[61]. Chatu et al[58] also examine
ethnicity as a predictor of vitamin D deficiency in an
IBD cohort. No differences were found in median vitamin D levels among Crohn’s disease and ulcerative colitis
patients; however, the median vitamin D level was significantly lower in non-Caucasians (Asian and Black) compared to Caucasians. The multivariate regression analysis
showed a history of IBD related surgery and ethnicity to
be independently associated with vitamin D deficiency
in Crohn’s disease and ethnicity alone to be independently associated with vitamin D deficiency in ulcerative
colitis[58]. In an IBD cohort of children, adolescents, and
young adults from Philadelphia and Pennsylvania, deficiency was more prevalent among African American subjects, Crohn’s disease patients with upper gastrointestinal
tract involvement, and patients with a significantly greater

WJG|www.wjgnet.com

Vitamin D and disease activity
There is strong evidence to support a high prevalence
of significantly lower serum 25-OH vitamin D levels
among the IBD population, which have been shown to
correlate with increased disease activity. Vitamin D levels have been shown to correlate negatively with disease
activity assessed by the Harvey Bradshaw score[57,61,62,64]
or Crohn’s disease activity index (CDAI) score[65]. Joseph et al[66] show that Crohn’s disease patients have
significantly lower vitamin D levels than their age- and
sex-matched controls who were patients diagnosed with
irritable bowel syndrome[66]. Predictors of vitamin D
status in this study were disease activity and sun exposure. In regards to severity of disease, patients with mild
disease had vitamin D levels similar to the controls,
but vitamin D levels were significantly lower in patients
with moderate-severe Crohn’s disease[66]. As expected,
lower vitamin D levels were observed in patients who
had jejunal involvement of their disease[66]. This association has also been reported in patients with ulcerative
colitis. Blanck et al[67] conducted a cross-sectional study
and reported a larger number of patients with clinically
active disease, using the six-point partial Mayo index, in
the vitamin D deficient group compared to the vitamin
D sufficient group (P = 0.04). Patients were stratified
based on their vitamin D levels as either vitamin D suf-
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Vitamin D supplementation in IBD
Vitamin D supplementation has traditionally been recommended in patients with IBD for management of bone
disease. There is now increasing evidence for the potential immunomodulatory effects of supplementation. To
date, the optimal level of 25-OH vitamin D for immunomodulatory effects is not known[6].
Ananthakrishnan et al[72] demonstrate an increased
risk for IBD-related surgery in patients who have low
plasma 25(OH)D levels. This association was found to be
similar in both patients with Crohn’s disease and ulcerative colitis. Furthermore, Crohn’s disease patients who
initially had a low level, which then was normalized, were
significantly less likely to undergo surgery in comparison
to patients who continued to maintain a low vitamin
D level[72]. A significantly lower C-reactive protein was
also seen in these “normalized” patients. There was no
association seen in ulcerative colitis patients, which the
authors suggest may be due to a higher plasma 25(OH)D
threshold in these patients to obtain any immune effects.
Another explanation may be that vitamin D has a stronger interaction in Crohn’s disease vs ulcerative colitis[72].
Furthermore, Zator et al[73] report a significant association
between earlier cessation of anti-TNF therapy in IBD
patients who had insufficient vitamin D levels prior to
initiation of anti-TNF therapy, suggesting vitamin D may
be an important adjuvant treatment aiding in the maintenance of response to this therapy. These studies denote
the importance of repleting and maintaining sufficient
vitamin D levels in patients who have IBD, specifically
above 30 ng/mL (75 nmol/L), to reduce the risk of flares
and to maintain response to IBD-therapies[72,73].
One randomized placebo-controlled study has assessed the effectiveness of vitamin D supplementation
in improving Crohn’s disease activity. In comparison to
the placebo, oral vitamin D supplementation of 1200 IU
in adult patients with Crohn’s disease in remission was
shown to increase the 25-OH vitamin D levels and reduce the risk of relapse from 29% to 13% at 1 year (P =
0.06)[74]. Although this difference in relapse was not statistically significant, the difference is clinically meaningful
and does warrant further study. The authors did discuss
the risk of type Ⅱ error as an explanation for not reaching statistical significance[74,75].
A prospective study completed by Miheller et al[76] compares supplementation with active vitamin D (alfacalcidiol)
to non-active vitamin D (cholecalciferol) in Crohn’s patients. Looking at the clinical course of Crohn’s disease at
6 wk, disease activity significantly decreased in the active
vitamin D group; however, there was no difference by
the end of the trial at 12 mo[76]. Active vitamin D treatment resulted in a significant decrease in CDAI scores
and CRP levels, as well as improvement in quality of life
scores. It has prominent short-term effects and may be
due to improved immune responses[76].
A systematic review[75] was completed to examine the
efficacy of vitamin D supplementation for treating colitis

ficient, insufficient, and deficient, and there continued
to be a trend towards more active disease as vitamin D
levels decreased[67]. Furthermore, in a retrospective review of South Asian patients with IBD, patients with vitamin D deficiency appeared to have a more aggressive
disease course with 14% of deficient patients requiring
surgical management[68]; therefore, optimizing vitamin
D status and assessing the relationship between vitamin
D treatment and disease activity is important[68].
Despite a high prevalence of vitamin D deficiency
among IBD patients, serum vitamin D levels may not
always be associated with disease activity. Hassan et al[69]
found no association between low vitamin D levels and
increased disease activity in IBD patients. Vitamin D
deficiency may also be explained by the increased risk
of intestinal malabsorption among the IBD population,
particularly if patients have undergone small bowel resections or use cholestyramine for postresectional diarrhea.
Cholestryamine reduces bile acids, which are required for
vitamin D absorption[6]. It has been demonstrated that
Crohn’s disease patients with quiescent disease have on
average a 30% decrease in their ability to absorb vitamin
D in comparison to normal subjects after supplementation with 50000 IU of vitamin D2[70]. Furthermore,
Suibhne et al[53] report vitamin D deficiency to be common among Crohn’s disease patients in clinical remission.
Even in the summer, vitamin D deficiency among these
patients continued to remain high (50%). About 40%
of these patients were supplementing with vitamin D
(200-400 IU), but it was not enough to maintain optimal
vitamin D levels[53]. The location of disease, disease activity, or prior resection may not be the only factors affecting vitamin D bioavailability[70].
According to the previous studies, vitamin D status
has been reported to be inversely correlated with disease
activity[57,61,62,64,67]. However, Abreu et al[71] demonstrate a
significant positive correlation between modified Harvey
Bradshaw indices and 1,25(OH)2D3 levels in Crohn’s
disease patients taking corticosteroids. This correlation,
however, did not exist in the patients who were not taking this drug[71]. The increase in systemic 1,25(OH)2D3
may be a result of increased inflammation as a result of
Crohn’s disease[71]. This can be explained by the expression of 1α-hydroxylase in the intestine and increased
expression of 1 α -hydroxylase in inflamed biopsies
of Crohn’s patients[71]. The authors conclude that elevated 1,25(OH)2D3 is an additional risk factor for
osteoporosis in this study population as they determine
glucocorticoid use and high 1,25(OH)2D3 levels to be
independent risk factors for low bone mineral density.
They also suggest that 1,25(OH)2D3 may be a direct
cause of bone loss or a surrogate marker for the type
of intestinal inflammation leading to osteoporosis[71].
The evidence from this review would support the latter. It should be noted that the previous studies measured 25(OH)D3 to determine vitamin D status, not
1,25(OH)2D3 levels.
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Miheller et al[76]

Jørgensen et al[74]

Methodology

Aims

Compare the effects of active vitamin D and
plain vitamin D on bone health and disease
status in Crohn’s disease patients

A multi-centre
Assess the efficacy of vitamin D
randomized double supplementation in reducing the risk of relapse
blinded placebo
in Crohn’s disease patients compared to
controlled trial
placebo

Prospective single
cohort study

4944

18

Prospective clinical
pilot study

Establish the oral dose of vitamin D3 required
to achieve serum 25(OH)D3 concentrations
above 40 ng/mL (100 nmol/L) in mildmoderate Crohn’s disease patients
Assess improvement in disease activity and
quality of life after vitamin D supplementation
in Crohn’s disease patients

Definition of improvement

Conclusions

Assessment: Osteocalcin (OC) and beta- Significant reduction in βCL and OC concentrations
CrossLaps (βCL) concentrations
showed decelerated bone resorption and bone
CDAI, CRP, IBD-questionnaire (IBD-Q)
turnover in the active vitamin D group compared
Improvement: Significant decrease in OC to the plain vitamin D group at 6 wk and 3 mo (P <
and βCL concentrations
0.05)
Significant decrease in CDAI and IBDQ
Significant reduction in disease activity and
scores and CRP concentrations
improved quality of life in the active vitamin D
group at 6 wk (P < 0.05)
No difference at 12 mo
Treatment group: 1200 IU vitamin
Assessment: CDAI
Decreased risk of relapse (29% to 13%) at 1 yr with
D3 + 1200 mg calcium/d
Improvement: Decreased proportion of vitamin D treatment, but did not reach significance
Placebo group: placebo + 1200 patients who achieve a CDAI score of 150+
(P = 0.06)
mg calcium/d
and a 70 point increase in CDAI compared
to baseline
None
Assessment:
Low levels of vitamin D significantly increased risk
Risk of IBD-related surgery or
for IBD-related surgery and hospital admissions
(OR = 2.05; 95%CI: 1.53-2.75 for Crohn’s disease
hospitalization (OR);
and OR = 1.75; 95%CI: 1.21-2.52 for ulcerative
Improvement: Reduction in risk (OR < 1)
colitis)
for surgery or hospitalization
Achieving normal vitamin D levels decreased risk
of Crohn’s disease-related surgery
(OR = 0.56; 95%CI: 0.32-0.98)
Initiated on 1000 IU per day of Assessment: Dose of vitamin D3 and serum Vitamin D supplementation improved vitamin D
vitamin D3 for 2 wk. Increased
25(OH)D3 levels
status at 24 wk (P < 0.001). 78% of patients required
dose every two wk by 1000
CDAI and IBDQ
5000 IU/d of vitamin D3, suggesting this is an
IU/d until achievement of serum Improvement: Increase in serum 25(OH)D3 effective dose in raising serum 25(OH)D3 levels in
25(OH)D level of 40 ng/mL
levels
mild-moderate Crohn’s patients
Vitamin D treatment significantly improved
occurred or patients were taking Reduction in CDAI scores of > 70 points
disease activity and quality of life at 24 wk (P <
a total of 5000 IU/d
or achievement of CDAI score < 150, and
0.001)
increase in IBDQ scores

Intervention
Group A: 2 μg × 0.25 μg
alfacalcidiol (active vitamin D)
daily
Group B: 1000 IU cholecalciferol
daily (plain vitamin D)

in humans and animals. With a primary outcome of inducing or maintaining remission of the disease, the above study by Miheller et al[76] was included. The authors conclude
that the inability to sustain differences in clinical outcomes with active vitamin D does not undermine the efficacy of vitamin D[75]. It shows the additional improvement of the
active form to the plain form. In comparison, Yang et al[77] assessed the improvement in vitamin D status, clinical disease activity, and quality of life scores in 18 mild-moderate
Crohn’s disease patients who underwent vitamin D3 supplementation for 24 wk. Patients were started with 1000 IU/d of vitamin D3, and the dose was increased every two
wk by 1000 IU until serum 25(OH)D3 levels were above 40 ng/mL (100 nmol/L) or the patients were taking 5000 IU/d. After 24 wk, the maximum dose of 5000 IU/d was
required by 78% of patients and effectively raised serum 25(OH)D levels. The assessment of CDAI scores at 24 wk showed that 78% of patients achieved clinical response
defined by a decreased CDAI score of 70 points or more. Additionally, 67% of patients were in remission and disease-specific quality of life significantly improved[77]. Table 1
outlines the four studies examining vitamin D supplementation on IBD outcomes.

CDAI: Crohn’s disease activity index; CRP: C-reactive protein; IBD: Inflammatory bowel disease.

Yang et al[77]

Ananthakrishnan 3217 Retrospective study
Assess the association between plasma
et al[72]
25(OH)D3 levels and IBD related surgeries and
hospitalizations
Assess changes in these outcomes after
normalization of IBD patients’ vitamin D levels

n
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In a randomized clinical trial of children and adolescents with IBD, weekly high dose vitamin D2 (50000 IU)
or daily vitamin D3 (2000 IU) were superior to daily vitamin D2 (2000 IU) in raising the serum 25-OH vitamin
D level at 6 wk (25.4 ± 2.5, 16.4 ± 2.0, 9.3 ± 1.8 ng/mL,
respectively)[78]. Adherence may be improved with large
doses, and dosing according to individual levels may
achieve target levels most effectively[3]. Recent studies
have suggested that optimal targets for serum 25-OH vitamin D levels are greater than 30 ng/mL (75-80 nmol/L),
with levels between 21-29 ng/mL (51-74 nmol/L) being defined as insufficient and levels < 20 ng/mL (< 50
nmol/L) being defined as deficient[60].

9

10

11

12

13

CONCLUSION
14

Recent advances in the understanding of the effects and
mechanism of action of vitamin D on the mucosal and
systemic immune system and subsequently on intestinal
inflammation suggests it has a role to play in the therapeutic management of IBD. Furthermore, both epidemiologic and emerging retrospective and prospective
clinical evidence supports a significant beneficial role of
vitamin D supplementation in patients with IBD. While
the precise level of 25(OH)D3 that needs to be achieved
for these therapeutic effects is unknown, it has been established that levels of 75 nmol/L or higher are generally
adequate[3,8,26,60,72]. Given the safety profile and low cost of
vitamin D, its addition to the therapeutic armamentarium
as a supplement to induction and maintenance therapy
should be strongly considered.
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Core tip: The gastric microbiota consists of bacteria
from seven to eleven phyla, predominant with Proteobacteria , Firmicutes , Bacteroidetes , Actinobacteria and
Fusobacteria . Absence of bacterial commensal from
the stomach delays the onset of Helicobacter pylori induced gastric cancer, while presence of artificial microbiota accelerates the carcinogenesis. Altered gastric
microbiota may increase the production of N-nitroso
compounds, promoting the development of gastric cancer. Further investigations of the carcinogenic mechanisms of microbiota would benefit for the prevention
and management of gastric cancer.
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Abstract
There are a large number of bacteria inhabiting the
human body, which provide benefits for the health. Alterations of microbiota participate in the pathogenesis
of diseases. The gastric microbiota consists of bacteria
from seven to eleven phyla, predominantly Proteobacteria , Firmicutes , Bacteroidetes , Actinobacteria and Fusobacteria . Intrusion by Helicobacter pylori (H. pylori )
does not remarkably interrupt the composition and
structure of the gastric microbiota. Absence of bacterial commensal from the stomach delays the onset
of H. pylori -induced gastric cancer, while presence of
artificial microbiota accelerates the carcinogenesis. Altered gastric microbiota may increase the production of
N-nitroso compounds, promoting the development of
gastric cancer. Further investigation of the carcinogenic
mechanisms of microbiota would benefit for the prevention and management of gastric cancer.

WJG|www.wjgnet.com

INTRODUCTION
The surface of the human gastrointestinal mucosa is
inhabited by a huge number of microbes of diverse species[1,2]. They interact with each other, constituting an
integrated and functional ecosystem, the gastrointestinal
microbiota. It provides immune, nutritional and energetic
benefits for its host[3]. Disruption of the microbiota may
lead to the development of diabetes mellitus, asthma,
colorectal cancer and inflammatory bowel disease[4-7].
Gastric cancer is the fourth most common malignant
carcinoma and the second leading cause of cancer-related
death[8,9]. It is estimated that 989000 new cases of gastric
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cancer occur each year[10]. In East Asia, the incidence of
gastric cancer is much higher than that in the other regions[11]. The gastric microbiota has long been considered
an important factor contributing to the development of
cancer[12,13]. Secretion of gastric acid drops in patients
with mucosal atrophy. This reduces the acid inhibition
of bacterial growth, resulting in the overgrowth of bacteria in the stomach. Under the influence of bacterial
enzymes, the production of N-nitroso compounds in
the stomach is increased[14]. The latter causes DNA damages and methylation of epithelial cells, promoting the
carcinogenesis of gastric mucosa[15-17]. With the advance
of the sequencing technique, it is possible to examine
the microbiota in details. The role played by microbiota
in the gastric carcinogenesis has been re-evaluated. We
searched for publications related to gastric cancer and
microbiota in PubMed using key words including gastric
cancer, microbiota, pH and nitrite. Publications pertinent
to carcinogenesis associated with microbiota were selected. The current knowledge of the gastric microbiota and
its carcinogenic potentials is reviewed in this paper.

abundant phyla was Proteobacteria, Streptococcus and Prevotella are the most abundant genus found in the stomach in
H. pylori-negative subjects[26]. The compositions of gastric
microbiota from gastric antrum and corpus are nearly
identical. In preterm neonates, bacteria from gastric juice
were mainly composed of Firmicutes, Tenericutes, Actinobacteria and Proteobacteria in the first week of life, but the
abundance of Proteobacteria increased steadily, becoming
the predominant bacteria by the fourth week of life[27].
Roles of the diverse and abundant gastric microbiota in
the pathogenesis of gastric diseases have been explored
in recent years.

INFLUENCE OF GASTRIC MICROBIOTA
BY H. PYLORI
H. pylori is a Gram-negative carcinogenic bacterium colonizing the human stomach[28]. In addition, overgrowth
of bacteria in the stomach has been considered to be another risk factor for gastric cancer[12,13]. It is, therefore, a
great concern of whether there is an interaction between
H. pylori and gastric microbiota.
Using a high density 16S rRNA gene microarray, the
compositions of gastric microbiota have been analyzed
from eight H. pylori infected patients and four H. pylori
negative patients[29]. The relative abundance of Proteobacteria (excluding H. pylori) and Acidobacteria was higher
in H. pylori infected patients, whereas, greater relative
abundance of Actinobacteria and Firmicutes was found in
the gastric microbiota from H. pylori negative patients[29].
In experimentally H. pylori infected BALB/c mice, the
biodiversity of gastric microbiota was increased[30]. Vaccination against H. pylori prevented the alteration of gastric
microbiota[30]. Therefore, it appears that H. pylori infection
may alter the composition and biodiversity of the gastric
microbiota.
Contradicting findings, however, have been reported.
Acute or chronic infection of H. pylori did not alter the
compositions of murine gastric microbiota[31]. There is no
difference in the gastric microbiota between gerbils persistently infected with H. pylori and those uninfected[32].
A culture-based analysis of 29 healthy volunteers found
that the composition of gastric microbiota was similar
regardless of H. pylori status[23]. The composition and biodiversity of gastric microbiota were explored by analyzing
1833 sequences of 16S rDNA generated by broad-range
bacterial PCR from the gastric mucosa of 23 individuals[26]. Double principal coordinate analysis and redundancy analysis revealed no significant association between
phylotype distribution and H. pylori status. Hierarchical
clustering found no distinct cluster between H. pylori-negative and -positive subjects. These findings suggest that
the presence of H. pylori in the gastric mucosa does not
affect the composition of the gastric community. Thus, it
appears that H. pylori acts more like a commensal bacteria,
rather than an intruder, to the gastric microbiota. Further
studies are required to clarify the interactions between
H. pylori infection and the gastric microbiota. This would

COMPOSITION AND BIODIVERSITY OF
THE GASTRIC MICROBIOTA
The median pH of the stomach is 1.4. The high acidity
inhibits the survival and proliferation of bacteria in the
stomach. However, the gastric mucus forms a pH gradient, thus providing protection of bacteria from acid attack[18]. The presence of non-Helicobacter pylori (H. pylori)
bacteria in the gastric mucosa has been demonstrated
using histological methods[19]. A number of bacteria have
been isolated from gastric juice[20-22]. The bacterial counts,
however, appear to be lower in the stomach than in the
other parts of the gastrointestinal tract[23]. It is estimated
that there are 102-4 cfu/mL of bacteria in the gastric juice,
but 1010-12 cfu/mL in the colon. The results using bacterial culture methods show that gastric microbiota is mainly
composed of bacteria present in the upper respiratory
tract, oropharyngeal and intestinal microbiota. In healthy
individuals, Veillonella sp., Lactobacillus sp. and Clostridium
sp. are most frequently isolated bacteria from the gastric
mucosa[24]. However, the compositions of gastric microbiota vary remarkably between individuals and studies. A
study from Spain found that the most abundant bacteria
isolated from stomach were Propionibacterium, Lactobacillus,
Streptococcus and Staphylococcus[23]. Considering the limitations of the bacterial culture method, it is unattainable
to thoroughly examine the compositions of the gastric
microbiota.
With the advance of the sequencing technology, it is
achievable to analyze the gastric microbiota in detail by
sequencing the bacterial 16S rRNA gene. Molecular analyses reveal much more diverse microbial communities in
the stomach. It harbors more than 130 phylotypes representing seven to thirteen bacterial phyla[25,26]. Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria
are the major phyla in the gastric microbiota. The most
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For the H. pylori infected INS-GAS mice, colonization of
the stomach with an artificial Altered Schaedler’s Flora
including ASF356 Clostridium Species, ASF361 Lactobacillus murinus and ASF519 Bacteroides Species promoted the
development of cancer[34]. However, the incidence of
gastric cancer did not significantly differ from H. pylori
infected INS-GAS mice fed under specific pathogen free
conditions.
N-nitroso compounds, consisting of N-nitrosamines
and N-nitrosamides, are potent carcinogens[35,44]. Humans
are exposed to N-nitroso compounds from diet, tobacco
smoke and other environmental sources. Increased exposure to these exogenous N-nitroso compounds has
been linked to an increased incidence of gastric cancer[45].
The amount of endogenous formation of N-nitroso
compounds, however, is much higher than that of exogenous formation[46]. The study on a population of more
than a half million individuals revealed that endogenous
N-nitroso compounds are significantly associated with
gastric cancer[46]. Nitrite is a precursor of the endogenous
N-nitroso compounds. Bacterial cytochrom-cd1-nitrite
reductase catalyzes the conversion of nitrite to nitrosamines in the presence of secondary amines[47]. In gastric
cancer patients, the concentration of nitrite in gastric
juice may increase up to 107.6 µmol/L[48]. When the acid
output reduces, bacterial overgrowth occurs in the stomach. These bacteria contain both nitrate reductase and
nitrite reductase, which catalyze the reduction of nitrate
and nitrite, respectively. However, some bacteria have a
differential rate in nitrate reduction and nitrite reduction.
Veillonella parvula and Haemophilus parainfluenzae have a
higher capacity in nitrate reduction than nitrite reduction,
thus increasing nitrite accumulation in the gastric juice[42].
In nature, many bacteria produce enzymes influencing
the production of nitrite. Ammonia oxidizing bacteria
possess ammonia monooxygenase and hydroxylamine
oxidoreductase which catalyze the production of nitrite
from ammonia under aerobic conditions[49,50]. Ammonia
oxidizing bacteria mainly include species from the phylum
of Planctomycetes[50]. The phylum of Nitrospirae is a group
of nitrite oxidizing bacteria. They encode nitrite oxidoreductase which oxidizes the formation of nitrate from
nitrite[51,52]. Thus, they tend to decrease the production
of nitrite. These bacteria involved in the production of
nitrite are widely present in soil, water and marine, where
humans are frequently exposed to. Molecular analyses of
the gastric microbiota suggest their potential presence in
the stomach. Their participation in the accumulation of
nitrite in the stomach remains to be studied in the future.
Findings from current studies support a role of microbiota in the development of gastric cancer. However,
techniques used in many studies have limited powers in
examination of composition, richness and biodiversity of
gastric microbiota. With the application of the metagenomics and single cell genomics[53-55], we could further
understand the properties of carcinogenic microbiota
and mechanisms by which they participate in the genesis
of gastric cancer.

substantially enhance our understanding of the development of gastric pathologies, especially gastric cancer.

ROLES OF MICROBIOTA IN THE
DEVELOPMENT OF GASTRIC CANCER
It has been proposed that gastric microbiota plays a role
in the development of gastric cancer[12,13]. Lowered acid
secretion due to gastric atrophy favors overgrowth of
bacteria in the gastric fluid, enhancing the production of
carcinogenic N-nitrosamine compounds. Recent studies on animal models strongly support the fundamental
role of microbiota in the development of gastric cancer.
Transgenic INS-GAS mice over-expressing human gastrin
may spontaneously develop intramucosal carcinoma[33].
Gastric intraepithelial neoplasia developed in all specific
pathogen-free male INS-GAS mice with a complex microbiota 7 mo after H. pylori infection[34]. For germ free
male INS-GAS mice which were absent of microbiota,
however, the incidence of gastric intraepithelial neoplasia
was only 10.0%. The incidence merely increased to 44.4%
11 mo after H. pylori infection[34]. These results suggest a
role of microbiota in the carcinogenesis of the stomach.
Furthermore, colonization of the stomach by an artificial
intestinal microbiota (Altered Schaedler’s Flora, including
ASF356 Clostridium species, ASF361 Lactobacillus murinus
and ASF519 Bacteroids species) increased the incidence
of gastric intraepithelial neoplasia to 69.0% in male INSGAS mice 7 mo after H. pylori infection[35]. Antibiotic
treatments significantly delayed onset of gastric neoplasia
in helicobacter-free and specific pathogen-free INS-GAS
mice[36]. These findings indicate the involvement of microbiota in the development of gastric cancer.
Elevation of pH dramatically influences the bacterial growth. Treatments with acid inhibition drugs increase the luminal pH, and the total bacterial count is
increased[19,37,38]. It returns to normal after discontinuation
of the treatment. The increased pH and bacterial count
correlate with the enhanced production of nitrite in the
stomach[39]. This could be attributed to the increased
abundance of nitrate-reducing bacteria[40], which catalyse
the nitrite production from the nitrate reduction. Haemophilia and Veillonella reduce nitrate more rapidly than
nitrite. They could be responsible for the accumulation
of nitrite in the stomach[41,42]. An increased luminal pH is
common in precancerous conditions and gastric cancer.
This may lead to alterations of the compositions of gastric microbiota. In gastric cancer patients, gastric microbiota was predominated by Veillonella, Haemophilus along
with Streptococci, Lactobacillus, Prevotella and Neisseria[43].
These studies suggest that alterations of gastric microbiota occur under the influence of pH. Further studies
are required to investigate roles and mechanisms of these
alterations in the development of gastric cancer. A recent
study on H. pylori infected mice suggests that gastric microbiota promotes the carcinogenesis, but its composition does not influence the incidence of gastric cancer[34].
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Inhibition of autophagy signiﬁcantly enhances combination
therapy with sorafenib and HDAC inhibitors for human
hepatoma cells
Hang Yuan, Ai-Jun Li, Sen-Lin Ma, Long-Jiu Cui, Bin Wu, Lei Yin, Meng-Chao Wu
RESULTS: Autophagy inhibition enhances the inhibitory effects of vorinostat and sorafenib alone or in combination on HCC cell growth. Vorinostat and sorafenib
synergistically induced apoptosis and cell cycle alterations. Western blot data indicated that HDACIs and Beclin-1 knockdown increased the p53 acetylation level.
The knockdown of Beclin-1 enhanced the synergistic
effect of the combination of vorinostat with sorafenib.
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sorafenib treatment by regulating the acetylation level
of Beclin-1.
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Core tip: In this study, we investigated the antiproliferative effect of sorafenib in combination with the
histone deacetylase inhibitor vorinostatin in human
hepatoma cell lines (Hep3B, HepG2, and PLC/PRF/5).
We also examined whether the combination therapy
was enhanced by the inhibition of autophagy. Our results showed that the combination of vorinostat with
sorafenib synergistically reduced cell proliferation in
hepatocellular carcinoma cells by inducing apoptosis
and cell cycle arrest. Synergistic changes in cell cycle
and cell survival regulators were also observed.

Abstract
AIM: To clarify whether histone deacetylase inhibitors
histone deacetylase inhibitors (HDACIs) can sensitize
hepatocellular carcinoma (HCC) cells to sorafenib
treatment.
METHODS: Bax, Bcl-2, ATG5-ATG12, p21, and p27
protein levels in Hep3B, HepG2, and PLC/PRF/5 cells
were examined by Western blot. CCK8 and a fluorometric caspase-3 assay were used to examine cellular
viability and apoptosis levels. The effect of Beclin-1 on
sensitization of HCC cells to sorafenib was examined
by transfecting Beclin-1 siRNA into Hep3B, HepG2, and
PLC/PRF/5 cells.
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tosis signaling share common signaling pathways (such
as PI3K/Akt/mTOR, NF-κB, and ERK) and effector
proteins (such as Bcl-2, Bcl-xL, Mcl-1, Atg5, and p53),
suggesting that regulating the autophagy pathway should
improve HCC chemotherapy[14].
To overcome drug resistance, the combination of
HDACIs with existing chemotherapeutic agents has been
identified as a potential approach, due to the effect of reducing the dose of other anti-neoplastic drugs. However,
whether HDACIs can sensitize HCC cells to sorafenib
treatment remains largely unexplored, and very few studies have investigated the activation of the autophagy
signaling pathway and its related effects during the combined treatment with sorafenib and HDACIs.
The objective of the present study was to determine
the synergistic antiproliferative effect of sorafenib in
combination with HDACIs and examine the mechanisms underlying the synergistic antiproliferative effects.
In particular, we also explored the possibility that the inhibition of autophagy can enhance the synergistic effect
of the combination of vorinostat with sorafenib.

DOI: http://dx.doi.org/10.3748/wjg.v20.i17.4953

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
cause of cancer-associated mortality in China and one
of the leading causes of death in the world[1]. Due to the
lack of effective biomarkers for early detection, most patients diagnosed with HCC die within one year because
radical resection of the tumors is performed late in the
disease process, meaning that the options for these patients are chemotherapy, radiotherapy, or interventional
treatment[2]. Importantly, previous clinical trials have
shown that patients with HCC do not benefit from traditional systemic chemotherapy[3].
One area of cancer research interest concentrates on
epigenetic changes caused by modifications of histone
proteins. Acetylation of histones reduces the affinity of
histones for DNA, producing an open DNA structure
that facilitates gene expression[4]. Histone deacetylases
(HDACs) are overexpressed in many types of tumor
cells, including human hepatoma cells, and suppress the
expression of genes involved in tumor suppression and
differentiation[5]. HDACs, along with histone acetyltransferases, reciprocally regulate the acetylation status of the
positively charged NH2-terminal histone tails of nucleosomes[6]. HDAC inhibitors (HDACIs) are interesting
as cancer therapeutics due to their ability to induce cell
differentiation, growth arrest and apoptosis[7]. HDACIs
represent a variety of agents that block histone deacetylation genes, thereby modifying chromatin structure and
gene transcription[8].
Sorafenib, a multi-target biological agent that targets
cancer cells and that was jointly developed by Bayer
and Onyx, has shown significant inhibitory effects on
tumor cell proliferation and angiogenesis and has become the first clinical drug for HCC approved by the
US FDA[9]. By inhibiting the activity of the Raf serine
and threonine kinase in the ERK 1/2 signaling pathway,
sorafenib effectively controls tumor cell proliferation. In
addition, sorafenib also inhibits VEGFR and PDGFR,
thus blocking tumor angiogenesis [10]. Recent studies
also have found that sorafenib can activate tumor cell
autophagy[11]. Numerous drug studies have found that
the stimulation of the autophagy pathway can inhibit
apoptosis signals; on the contrary, inhibited autophagy
can promote apoptosis signals. For example, increased
p53 expression can induce rapid apoptosis in lymphoma
cells in a Myc-induced lymphoma mouse model, but
tumor recurrence occurs soon after. However, inhibition of the autophagy lysosomal pathway by clioquinol
(CQ) or Atg5 siRNA can enhance tumor cell apoptosis
and reduce recurrence[12]. Klappan et al[13] found that the
genetic interference of Beclin-l, Atg5, Atg10, and Atg12
by siRNAs could lead to the inhibition of autophagy,
which enhances nutritional deficiencies and causes HeLa
cell death. These studies show that autophagy and apop-
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MATERIALS AND METHODS
Materials and cell culture
Sorafenib (Nexavar) was purchased from Bayer Pharmaceuticals. Vorinostat and 3-methyladenine (3-MA) were
purchased from Sigma. For in vitro studies, various concentrations of sorafenib and vorinostat were dissolved
in DMSO. In all experiments, the maximal concentration
of DMSO in the medium was 0.02% (v/v), which does
not affect cell growth. Hep3B, HepG2, and PLC/PRF/5
human cell lines were obtained from the American Type
Culture Collection (ATCC). For cell culture, the following media were used: MEM for Hep3B and HepG2 cells
and DMEM for PLC/PRF/5 cells. The ATCC cell bank
performed cell line characterizations, and cells were passaged in the laboratory for fewer than 6 mo after thawing. Cells were treated with vorinostat or sorafenib in 5%
(v/v) FBS-containing RPMI 1640 medium. For sequential combination treatment with HDACI and sorafenib,
the cells were exposed to the former drug for 24 h and
then to the next drug for additional 48 h. The single
treatment time was consistent with the combined treatment group.
Antibodies for immunoblotting, such as Bax, Bcl-2,
ATG5-ATG12, p21, and p27, were obtained from Cell
Signaling. Commercially available validated short hairpin
RNA molecules to knock down RNA/protein levels
were obtained from Qiagen. All other chemicals were
purchased from Sigma if not stated otherwise.
Measurement of growth inhibition and cell viability
assay
Hep3B, HepG2, or PLC/PRF/5 cells were seeded at a
density of 10000 cells/well in 96-well plates and incubated with various concentrations of HDACI, sorafenib, or
the combination of the two. The cell number was evalu-
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Detection of apoptosis
The activity of caspase-3 was determined using the Fluorometric Caspase 3 Assay Kit (Sigma, United States),
and the cell lysates were prepared as described previously[15]. According to the manufacturer’s instructions, the
activity of caspase-3 was calculated from the cleavage
of the fluorogenic substrate, Ac-DEVD-AMC. The cell
lysates were incubated with substrate solution (caspase-3
substrate Ac-DEVD-AMC 20 mg/L, HEPES 20 mmol/
L, glycerol 100 mL/L, and DTT 2 mmol/L, pH 7.5) for
1 h at 37 ℃, and substrate cleavage was measured with
a VersaFluor fluorometer (excitation: 360 nm, emission:
460 nm).
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Cell cycle analysis
The cells were fixed with 70% ethanol overnight at 4 ℃,
and DNA was stained with 60 μg/mL propidium iodide
(Sigma, United States) containing 10 U/mL RNaseA for
30 min according to the manufacturer’s instructions. The
percentage of cells in the sub-G1 phase (apoptotic cells)
was measured by counting 10000 cells using a FACS Calibur flow cytometer (Becton Dickinson, United States)
with the ModFit LT 3.0 software.
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Western blot analysis
For SDS-PAGE and immunoblotting, the cells were
plated at 105 cells/mL in 6-well plates, treated with various types of drugs at the indicated concentrations, and
then lysed in whole cell lysis buffer (0.5 mol/L Tris-HCl,
pH 6.8, 2% SDS, 10% glycerol, 1% β-mercaptoethanol,
and 0.02% bromophenol blue). The samples were boiled
at 100 ℃ for 5 min. The boiled samples containing 30
μg of protein were subjected to gel electrophoresis. The
proteins were then transferred onto PVDF membranes
by electroblotting for 90 min. The blots were blocked
with 50 g/L non-fat dry milk in a TBS-Tween solution
for 1 h at room temperature and then incubated at 4 ℃
overnight with primary antibodies against different proteins. Anti-β-actin (1:5000) from Sigma served as a loading control. After incubation with horseradish peroxidase-coupled anti-IgG antibodies at room temperature
for at least 1 h, the blot was developed using enhanced
chemiluminescent detection (GE Healthcare) and subsequently exposed to Hyperfilm ECL ﬁlm.
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Figure 1 Antiproliferative effects of sorafenib, vorinostat, or the drug
combination on human hepatoma cell lines. HepG2 (A), Hep3B (B), and
PLC/PRF/5 (C) cells were treated with various concentrations of sorafenib, vorinostat, or the drug combination. The results are expressed as the percentage of
viable cells in the control group. The results are expressed as mean ± SD from
three independent experiments. aP < 0.05 and bP < 0.01 vs control as evaluated
by Student’s t test.

ated by crystal violet staining. For sequential combination treatment with HDACI and sorafenib, the cells were
exposed to the former drug for 24 h and then to the
next drug for an additional 48 h. Following the method
previously described[15], 10 g/L glutaraldehyde was added
to the cells in 96-well plates. Then, the cells were stained
with 1 g/L crystal violet in phosphate buffered saline
(PBS). The excess dye was removed by washing with
sterile water. Bound crystal violet was solubilized with
2 mL/L Triton X-100 in PBS. Light extinction, which
has a linear dependence on cell number, was read at 570
nm by a microplate reader. The number of cells was
determined from the absorbance of each well relative to
the average absorbance of the control wells (defined as

WJG|www.wjgnet.com

Transfection of cells with siRNA
Cells were seeded in 60-mm dishes and transfected
24 h after plating. For transfection, 10 nmol/L of the
annealed siRNA, the positive sense control doublestranded siRNA targeting GAPDH, or the negative
control were used. SiRNA (10 nmol/L; scrambled or
experimental for knockdown) was diluted in serum-free
medium. Five microliters of HiPerFect Reagent (Qiagen,
Valencia, CA) was added to this mixture, and the solution was mixed by pipetting up and down several times,
followed by incubation at room temperature for 10 min.
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Figure 2 Sorafenib, vorinostat, or the drug combination induces cell cycle arrest and apoptosis in human hepatoma cell lines. HepG2, Hep3B and PLC/PRF/5
cells were treated with various concentrations of sorafenib (Sor), vorinostat (Vor), or the drug combination. A: Cell cycle distributions were analyzed by flow cytometry,
and the percentage of cells in the G0/G1, S, or G2/M phases of the cell cycle is indicated; B: The apoptosis-speciﬁc caspase-3 activity induced by various concentrations
of sorafenib, vorinostat, or the drug combination. The results are expressed as mean ± SD from three independent experiments. bP < 0.01 using Student’s t test.

Synergistic induction of apoptosis and cell cycle
alterations by vorinostat and sorafenib
To determine the mechanism responsible for the antiproliferative effects of the combination of vorinostat with
sorafenib, we next examined the effect of vorinostat and
sorafenib individually or in combination on the cell cycle
and apoptosis. As shown in Figure 2A, incubating HCC
cells with 2.5 μmol/L vorinostat or sorafenib for 24 h
resulted in a significant arrest in the G0/G1 phase of the
cell cycle, whereas the proportion of cells in the S phase
and G2/M phase decreased. Notably, a significant increase in G0/G1 phase arrest and decrease in the S phase
and G2/M phase were observed in the vorinostat and
sorafenib combination treatment groups for all three
HCC cell lines. In addition, the vorinostat and sorafenib
combination treatment significantly increased the apoptosis rate, as determined by caspase-3 enzyme activity
in HCC cells compared to treatment with either agent
alone (Figure 2B).

The medium in each dish was swirled gently to mix and
then incubated at 37 ℃ for 2 h. Then, 1 mL of 10% (v/
v) serum-containing medium was added to each plate,
and the cells were incubated at 37 ℃ for 36 h before
treatment with vorinostat or sorafenib. Flow cytometry
assays and Western blot analyses were performed at the
time points indicated in each figure.
Statistical analysis
All data are presented as mean ± SD of more than three
individual experiments. Statistical significance was determined by the Student’s t-test.

RESULTS
Growth inhibitory effects of vorinostat and sorafenib
alone or in combination on HCC cells
Using the crystal violet staining test, we first determined
the growth inhibitory effects of sorafenib and the HDAC
inhibitor, vorinostat (Vor), on human hepatoma cell
lines (Hep3B, HepG2, and PLC/PRF/5). As shown in
Figure 1, treating different types of hepatoma cells with
0.5-2.5 μmol/L vorinostat or sorafenib for 48 h reduced
cell growth in a dose-dependent manner by up to 90%.
Moreover, the combination of vorinostat with sorafenib
significantly increased growth inhibitory effects in a dosedependent manner compared to the agents alone. These
results showed that the combination of vorinostat with
sorafenib synergistically reduces cell proliferation in HCC
cells (0.5-2.5 μmol/L vorinostat or sorafenib, P < 0.05, P
< 0.01).

WJG|www.wjgnet.com

Synergistic changes in cell cycle and cell survival
regulators
To identify the potential mechanisms of the combined
action of vorinostat and sorafenib, their effects on the
regulatory proteins that govern cell cycle and cell survival were investigated using Western blot. The HCC cells
treated for 48 h with vorinostat or sorafenib showed a
significant decrease in anti-apoptotic Bcl-2, whereas the
expression of pro-apoptotic Bax was increased in all cell
lines (Figure 3A). Furthermore, the changes induced by
the combination treatment were much more profound.

4956

May 7, 2014|Volume 20|Issue 17|

Yuan H et al . Inhibition of autophagy enhances the combination therapy

1.1 1.34 1.89 1.95 1.83 1.89 1.82

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

siBeclin-1

Vor + Sor

Vor (2.5)

VEH

siSCR

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

VEH

Sor (2.5)

A

1

1.21 1.22 1.35

1.83

1

1.71 1.71 1.52

1

0.91 1.21 1.32

1.1

1.22 1.22 1.33 0.59 0.22 0.22 0.33

1

1.01 1.11 1.22

1.1

1.33 1.63 1.84

1.8

1

1.21 1.21 1.32

1.1

1.33 1.33 1.44

1.1 0.33 0.33

BAX
1.1 1.62 1.78 1.74 1.1 1.62

1.92 1.93

Caspase 8
Beclin-1
1.33 1.67 1.44

ATG5
0.44

ATG7
1

1.21

1.21 1.32

1.1

1.72 1.73 0.83 1.1 0.22 0.22 0.33

1

0.99 0.99

0.88

1.1 0.88 0.88

0.77

1.1

0.88 0.88

0.77

1

0.99 0.99

0.88

1.1 0.88 0.88

0.77

1.1

0.88 0.88

0.77

LC3
Bcl-2
CDK2
1

1.11 1.20

1.12

1.1 1.32 1.32

1.43

1.1 1.32 1.32 1.43

P21
1

1.1

1

0.93

1.1 1.21

1.1 1.26 0.81 0.91

1.1

1.21

0.86 0.78

0.91 0.94 0.98 0.97 1.06 1.13

1.1

1.18 1.24 1.18

P27

β-actin

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

siBeclin-1

Vor + Sor

Sor (2.5)

VEH

siSCR

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

VEH

Vor (2.5)

B

Ac-P53
P53
β-actin

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

sip53

Vor + Sor

Sor (2.5)

VEH

siSCR

Vor + Sor

Sor (2.5)

Vor (2.5)

VEH

VEH

Vor (2.5)

C

Beclin-1

β-actin

Figure 3 Sorafenib, vorinostat, or the drug combination induces the modulation of apoptosis-, cell cycle- and autophagy-related proteins. A: Representative images of Western blot showing the effect of treatment with siBeclin-1 and vorinostat/sorafenib on apoptosis-, cell cycle-, and autophagy-related proteins in
HepG2 cells. siSCR, siRNA scramble; B: Representative images of Western blot showing the acetylated p53 level in HepG2 cells treated with or without siBeclin-1 or
vorinostat/sorafenib. siSCR, siRNA scramble; C: Protein level of Beclin-1 in HepG2 cells infected with sip53 combined with or without vorinostat/sorafenib. All experiments were performed independently in triplicate. siSCR, siRNA scramble.

WJG|www.wjgnet.com

4957

May 7, 2014|Volume 20|Issue 17|

Yuan H et al . Inhibition of autophagy enhances the combination therapy

Vor + Sor

Sor

Vor

VEH

Sor

si-Beclin1

4

b

3
2

si-Beclin1

siScr

Vor + Sor

Sor

Vor

VEH

Vor + Sor

0

Sor

1

Vor

Relative caspase 3 activity

Vor + Sor

Sor

Vor

VEH

Vor + Sor

1

siScr

Vor + Sor

Vor

VEH

Proportion of cells (%)
Vor + Sor

Vor

Sor

VEH

Vor + Sor

Vor

Sor

2

Vor

0

PLC/PRF/5

3

Sor

Vor

Vor + Sor
Vor + Sor

Sor

VEH

Vor + Sor

Sor

Vor

Vor

si-Beclin1

50

siScr

b

4

0

100

si-Beclin1

Hep3B

1

VEH

siScr

a

2

siScr

0

VEH

HepG2
3

0

50

Si-Beclin1

Relative caspase 3 activity

B

Sor

VEH

Vor + Sor

Vor

0

Sor

50

G0/G1
S
G2/M

PLC/PRF/5

100

VEH

Proportion of cells (%)

100

siScr

Relative caspase 3 activity

Hep3B

VEH

HepG2

VEH

Proportion of cells (%)

A

si-Beclin1

Figure 4 Knockdown of Beclin-1 enhances the synergistic effect of the combination of vorinostat with sorafenib. A: Knockdown of Beclin-1 enhanced the
vorinostat/sorafenib drug combination-stimulated cell cycle alterations. siSCR, siRNA scramble; B: Knockdown of Beclin-1 enhanced the vorinostat/sorafenib drug
combination-stimulated apoptosis. The results are expressed as mean ± SD from three independent experiments. aP < 0.05 and bP < 0.01 using Student’s t test.
siSCR, siRNA scramble.

Beclin-1 level was also increased in sip53 cells (Figure
3C).

Moreover, upon combination treatment, a more significant increase in the expression of p21 (Waf-1/CIP1) was
observed compared with the individual treatments. By
contrast, no obvious change in the cyclin-dependent kinase inhibitor p27 was observed in any treatment group.
Activation of autophagy has been reported to mediate drug resistance and promote the survival of cancer
cells. Therefore, we examined autophagy marker proteins, such as Beclin-1, ATG5, ATG7, and LC3, after
drug treatment. As shown in Figure 3A, a significant
increase in Beclin-1, ATG5, ATG7, and LC3 was observed in the cells treated with vorinostat or sorafenib,
suggesting that the combined action of vorinostat and
sorafenib generate a Beclin1-dependent protective form
of autophagy.

Knockdown of Beclin-1 or the autophagy inhibitor 3-MA
enhances the synergistic effect of the combination of
vorinostat with sorafenib
To observe whether the inhibition of autophagy can enhance the synergistic effect of the combination of vorinostat with sorafenib, the knockdown of Beclin-1 was
performed by transient transfection of small interfering
RNA (siRNA) oligos. The knockdown efficiency was
confirmed by quantitative RT-PCR (data not shown). As
shown in Figures 4 and 5, the knockdown of Beclin-1
increased the growth inhibitory effects of the combination of vorinostat with sorafenib, as well as the cell cycle
alterations and induction of apoptosis. Furthermore, the
knockdown of Beclin-1 also increased the expression of
Bax and p21 compared with the control group (Figure
3A). Consistently, the autophagy inhibitor 3-MA also enhanced the synergistic effect of the combination of vorinostat with sorafenib (Figure 5). These data indicate that
the inhibition of autophagy enhanced the synergistic
effect of the combination of vorinostat with sorafenib.

HDACIs induce p53 acetylation
HDACIs induced apoptosis of human hepatoma HepG2
cells in a p53-dependent manner[16]; therefore, Western
blot was used to further determine the acetylation and
protein levels of p53. The HCC cells treated for 48 h
with vorinostat or sorafenib or the combination (2.5
μmol/L) showed a significant increase in acetylated p53,
but not in the total p53 level. Moreover, the acetylation
of p53 increased noticeably after Beclin-1 knockdown,
which indicated that Beclin-1 might negatively regulate
the p53 acetylation level (Figure 3B). Furthermore, the
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Previous studies have confirmed that the inhibition of
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preclinical cancer models[20].
Sorafenib is the ﬁrst drug that was approved for the
clinical treatment of HCC and exhibits significant inhibitory effects on tumor cell proliferation and angiogenesis[9]. A better understanding of the mechanisms that
underlie these effects would allow for an understanding
of its efﬁcacy and assist in predicting synergistic effects
with other drugs. Recent studies also have found that
sorafenib can activate tumor cell autophagy[11], but the
precise role of autophagy in survival or death within
these studies was not investigated. The present study was
designed to explore the effect of combination treatment

HDAC activity stimulates apoptosis in a variety of cancers, including breast and prostate cancer, neuroblastoma, hepatoma, gastrointestinal neuroendocrine tumor
cells, and some types of hematologic malignancies[17].
HDACIs have been found to induce apoptosis, reduce
tumor growth, and inhibit angiogenesis in hematological malignancies and solid tumors[18]. Defective histone
acetylation regulatory enzymes have been identiﬁed in
malignant cells, and HDAC inhibition may have anticancer properties through the restoration of normal
acetylation[19]. Vorinostat has induced histone acetylation,
cell cycle arrest, apoptosis, and anti-tumor activity in
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with sorafenib and HDACI on HCC cells. Meanwhile,
we sought to determine the role of autophagy in the
response of tumor cells to sorafenib or vorinostat and
to understand how the levels of autophagy caused by
HDACI could cause the additional effect of cell death
by combined treatment with the multi-RTK inhibitor
sorafenib.
Our study found that sorafenib or vorinostat potently inhibited the growth of HCC cells HEPG2, HEP3B,
and PLC/PRF/5 in a dose-dependent manner, and the
combination treatment exhibited higher antiproliferative activity. Submicromolar concentrations of sorafenib
or vorinostat were sufficient to significantly inhibit the
proliferation of Hep3B, HepG2, and PLC/PRF/5 cells,
and the sorafenib or vorinostat concentration of halfmaximal anti-neoplastic effects (IC50) was approximately
1.0 and 1.2 μmol/L, respectively, in all cell lines. The
drug combination exhibited elevated anti-tumor effects
in vitro compared with the individual agents in HCC cells.
The mechanisms involved in the HDACI-induced
apoptosis are complex and differ among cell types[21].
HDACIs have been shown to up-regulate pro-apoptotic
Fas, a member of the tumor necrosis factor receptor superfamily, and the tumor necrosis factor-related apoptosisinducing ligand (TRAIL) receptors/death receptors
DR4 and DR5. Through these factors, HDACIs trigger an extrinsic pathway that is paralleled by the downregulation of the caspase-8 inhibitor c-FLIP, leading
to caspase-8 and subsequently caspase-3 activation[22].
Moreover, HDACIs have been reported to sensitize
AML cells to HDACIs via ROS-mediated activation of
the extrinsic apoptotic pathway[23]. Up-regulation of proapoptotic Bak and induction of the pro-apoptotic protein Bax can stimulate the mitochondrial apoptosis pathway[24]. HDACIs can also inhibit the expression of antiapoptotic proteins, such as Bcl-2, Bcl-xL, XIAP, Mcl-1,
and survivin[25]. Here, we demonstrated that the proapoptotic effect of HDAC inhibition by vorinostat or
sorafenib or the combination in HCC cells is regulated
by the activation of caspase-3 and a shift in the balance
of pro-apoptotic Bax over anti-apoptotic Bcl-2. The
combination of sorafenib with vorinostat significantly
increased the expression of caspase-3 compared with
the individual drug treatments. However, the knockdown
of Beclin-1 enhanced the efficacy of the three treatment
groups, indicating that autophagy may participate in the
additional increase in tumor cell inhibition caused by the
drugs alone or in combination.
Flow cytometry was performed to analyze the cell
cycle to further determine the growth inhibitory activity of sorafenib and vorinostat. After treatment with the
drugs, we found that cell cycle progression was blocked
in both the G 0/G1 and G2/M phases. The induction
of cell cycle arrest was connected with an increase in
the expression of the cyclin-dependent kinase inhibitor
(CDKI) p21 Waf-1/Cip1, which is a key component of
the cell cycle checkpoints, such as the G1/S and G2/M
checkpoints. Accordingly, sorafenib and vorinostat were
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found to inhibit both the G1/S and G2/M transition,
and the combination exhibited a higher inhibitory effect.
With the knockdown of Beclin-1, the percentage of
cells in the G0/G1 and G2/M phases increased again, in
agreement with the fact that autophagy was involved in
the additional levels of tumor cell inhibition caused by
the drug combination. However, no cell-specific inhibitory effect was observed during any of the experiments.
SiRNA knockdown partially reduced sorafenib HDACI
lethality in hepatoma cells. Because sorafenib and vorinostat therapy will soon be explored in a phase I trial in
hepatomas, our data suggest that the incorporation of
GX15-070 (obatoclax) together with sorafenib-HDACI
therapy may provide significant additional value in tumor
control, including tumors that lack extrinsic pathway signaling. As previously reported by other groups, autophagy either protects cells from toxic stress or facilitates the
toxicity of the stress, all of which seem to be based on
the stimulus[26].
In conclusion, our study indicates that HDACIs and
sorafenib interact in a highly synergistic manner to enhance the antiproliferative activity in HCC cells in vitro.
Autophagy is activated and plays a compensatory role
during treatment with sorafenib, vorinostat, or the drug
combination. Importantly, the knockdown of Beclin-1
enhanced the synergistic effect of the combination of
vorinostat with sorafenib, suggesting that the combination of HDAC inhibitors with sorafenib is a promising
approach to reduce the dose of other anti-neoplastic
drugs and to overcome drug resistance. Future animal
studies will be required to fully verify the importance of
autophagy in the treatment with sorafenib and vorinostat
(or other HDACIs) as a therapeutic in HCC.
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Naofen promotes TNF-α-mediated apoptosis of hepatocytes
by activating caspase-3 in lipopolysaccharide-treated rats
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labeling (TUNEL) assay.
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RESULTS: LPS significantly induced both naofen expression and caspase-3 activity in the rat liver, which
coincided with an increase in the number of TUNELpositive hepatocytes. The increase of TNF-α expression
induced by LPS was preceded by increases in naofen
and caspase-3 activity. Elevation of naofen expression
and caspase-3 activity was abrogated by pretreatment
with anti-TNF-α antibody. In KCs, LPS caused an increase in TNF-α that was almost consistent with that
in the liver of LPS-treated rats. In hepatocytes, neither
LPS nor TNF-α alone affected either naofen expression
or caspase-3 activation. The incubation of hepatocytes
with KC-CM significantly enhanced both naofen expression and caspase-3 activity. Moreover, the effects of the
KC-CM-induced increase in naofen expression and caspase-3 activity were blocked by anti-TNF-α antibody.
CONCLUSION: TNF-α released from KCs treated with
LPS may induce hepatic naofen expression, which then
stimulates hepatocellular apoptosis through activation
of caspase-3.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate whether naofen is involved in tumor necrosis factor (TNF)-α-mediated apoptosis of hepatocytes induced by lipopolysaccharide (LPS).

Key words: Naofen; Tumor necrosis factor-α; Apoptosis; Lipopolysaccharide; Kupffer cells; Caspase-3

METHODS: In vivo , rats were treated with LPS or antiTNF-α antibody, whereas in vitro , primary hepatocytes
and Kupffer cells (KCs) were separately isolated from
rat livers using collagenase perfusion, and primary
hepatocytes were cultured in medium containing LPS
or TNF-α, or in conditioned medium from LPS-treated
KCs (KC-CM)/KC-CM + anti-TNF-α antibody. Naofen
and TNF-α mRNA expression was examined by realtime reverse transcription-polymerase chain reaction.
Immunoblotting was used to measure protein expression. Hepatocyte apoptosis was determined by terminal
deoxynucleotidyl transferase-mediated dUTP nick end
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Core tip: Naofen, a WD40-repeat protein, is increased
in the liver but not in the kidneys, thymus or spleen of
rats injected with lipopolysaccharide (LPS). Increased
naofen expression is blocked by pretreatment with antitumor necrosis factor (TNF)-α antibody. TNF-α has no
effect on naofen expression or caspase-3 activation in
primary hepatocytes, but conditioned medium from
LPS-treated Kupffer cells (KC-CM) significantly enhances both. KC-CM-induced increase in naofen expression
and caspase-3 activity is blocked by anti-TNF-α antibody. LPS in the liver may enhance release of TNF-α
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surface. In contrast, caspase-9 is activated by cytochrome
c released from mitochondria. Proapoptotic signals activate an initiator caspase that, in turn, activates effector
caspases, for example, caspase-3. Sequential activation
of caspases results in cleavage of substrate proteins and
breakdown of DNA molecules, leading to apoptosis. So
far, although many studies of hepatocyte apoptosis have
been conducted, the precise molecular mechanisms remain incompletely defined. Therefore, the identification
of signal pathways in LPS-mediated hepatocyte apoptosis
would contribute to understanding the pathophysiological roles of apoptosis in liver diseases.
Recently, naofen was found as an intracellular protein
reactive to anti-verotoxin Ⅱ antibody and classified in the
aspartate-tryptophan (WD) 40-repeat protein family[16].
In deoxycorticosterone-induced renal hypertension in
rats, naofen is increased in vascular endothelial cells and
suppresses nitric oxide synthesis[16]. Naofen also induces
apoptosis in streptozotocin-induced diabetic rat kidney[17]
and mediates spontaneous and TNF-α induced apoptosis
in human embryonic kidney (HEK) 293 cells[18]. Furthermore, naofen was increased in hepatocytes, causing apoptosis in LPS-treated rat liver[19]. Thus, it was hypothesized
that naofen may be involved in TNF-α-induced apoptosis of hepatocytes. The present study was undertaken
to examine whether naofen participates in the TNF-αmediated apoptosis of hepatocytes in LPS-treated rats.
Moreover, the correlating mechanisms were evaluated,
utilizing primary cultures of KCs and hepatocytes.

from KCs, and induce hepatocyte apoptosis, for which
naofen promotes caspase-3 activity through the mitochondrial pathway.
Fan JH, Feng GG, Huang L, Tang GD, Jiang HX, Xu J. Naofen
promotes TNF-α-mediated apoptosis of hepatocytes by activating
caspase-3 in lipopolysaccharide-treated rats. World J Gastroenterol 2014; 20(17): 4963-4971 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i17/4963.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.4963

INTRODUCTION
Lipopolysaccharide (LPS) is a major structural component of the outer membrane of Gram-negative bacteria[1]. Under normal conditions, a small amount of LPS,
mainly from the intestine, can periodically be taken up
into the liver through the portal vein and then scavenged
by Kupffer cells (KCs), the resident macrophages in
the liver[2]. The liver functions as the first barrier to LPS
entering the circulation and as a detoxification organ,
therefore, it is deeply affected by endotoxemia. However,
in patients with severe trauma, burns, intestinal ischemia
and liver diseases, LPS can spill over into the systemic
circulation because of the increased permeability of the
intestinal wall and/or the decreased phagocytic ability
of liver KCs[3-5]. Under septic conditions, LPS-induced
hepatocyte death may have a role in liver dysfunction,
possibly associated with apoptosis of hepatocytes[5-7]. It is
clear that LPS does not directly have pathogenetic roles,
but rather the effects are mainly dependent on the production and release of potent inflammatory mediators,
such as tumor necrosis factor (TNF)-α, interleukin (IL)-1,
IL-6, and IL-10[8,9]. These mediators, especially TNF-α,
can induce apoptotic liver injury[10] and the infiltration of
inflammatory cells. The latter, in turn, can further exacerbate liver injury, which continues the vicious circle of
infiltration/liver injury[3,6-8]. A number of inflammatory
liver diseases in humans, including viral hepatitis, alcoholic liver disease, immune- or drug-induced liver injury
and ischemia/reperfusion liver failure, have been shown
to be dependent on TNF-α production[5,11,12]. Therefore,
to control liver damage under such pathological conditions, it may be important to understand the functions of
TNF-α in liver injuries.
Hepatocyte apoptosis, as a general feature, is the most
important event in the molecular mechanisms of hepatic
failure, because apoptosis is the first cellular response of
the liver to a wide range of toxic substances (including
LPS), and necrosis in hepatic tissues is often found to
follow the appearance of apoptosis[13-15]. It has been well
documented that the caspase cascade involved in apoptosis includes both initiator and effector caspases[13-15]. Two
main initiator caspases, caspase-8 and caspase-9, mediate distinct sets of death signals. Caspase-8 is activated
by death signals that bind to death receptors on the cell
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MATERIALS AND METHODS
Animal treatment
Male Sprague-Dawley rats (weighing 200-250 g; SLC Inc.,
Guangxi, China) were maintained in climate-controlled
rooms under a 12-h light-dark cycle. All experiments
were conducted in accordance with the Institutional
Guidelines of Guangxi Medical University for the care
and use of laboratory animals.
Rats were injected with LPS (500 μg/kg; Sigma, St.
Louis, MO, United States) via the femoral vein under
ether anesthesia, and saline was used as a control as previously reported[19]. A second set of experiments was
performed to determine the influence of anti-TNF-α
on the expression of naofen in response to LPS. Rats
received femoral vein injection of nonspecific IgG (2
mg/kg; Biosensis, Thebarton, SA, Australia) + LPS (500
μg/kg; Sigma), anti-TNF-α (2 mg/kg; R and D Systems,
Minneapolis, MN, United States) + LPS (500 μg/kg), saline + IgG (2 mg/kg), or saline + anti-TNF-α (2 mg/kg).
The anti-TNF-α and IgG were administered 24 h before
LPS. Ten rats were used for each time point. At 1, 3, 6, 9
and 12 h after injection, animals were anesthetized with
pentobarbital sodium (50 mg/kg intraperitoneally), and
blood samples were collected from the inferior vena cava.
The livers were removed, immediately frozen, and stored
in liquid nitrogen for RNA and protein extraction.
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Preparation of hepatocytes and KCs
Hepatocytes and KCs were separately prepared from the
livers of Sprague-Dawley rats using collagenase perfusion[20,21]. Hepatocytes were cultivated in Williams’ E
medium containing 10% calf serum, 2 mmol L-glutamate
and antibiotics (100 U/mL penicillin G and 100 μg/mL
streptomycin sulfate). KCs were cultured with RPMI
1640 medium containing 10% calf serum and antibiotics. Hepatocytes (1 × 106) and 5 × 105 KCs per well were
plated on a 6-cm plate and incubated at 37 °C under 5%
CO2 and 95% O2 for 6 and 1 h, respectively. The culture
medium was then changed to remove nonviable and unattached cells. The viability of cells tested by trypan blue
dye exclusion ranged between 87% and 95%. The purity
of hepatocytes examined by light microscopy and of
KCs identified by phagocytosis of latex beads (polystyrene
beads, mean particle size 1.1 μm; Sigma) ranged between
85% and 95%. Duplicate cultures were prepared for each
treatment, and independent experiments were performed
at least four times.

to PVDF membranes (Millipore, Billerica, MA, United
States) as reported previously[19]. Blots were incubated
with an anti-naofen antibody (anti-NF, 1:500), which was
designed and produced by Medical & Biological Laboratories (Nagoya, Japan) or antibodies (1:1000, respectively)
against TNF-α and GAPDH (Cell Signaling Technology,
Danvers, MA, United States), followed by incubation
with a peroxidase-conjugated goat IgG (1:5000; Sigma).
Proteins were visualized using ECL Plus Western blotting Reagent (GE Healthcare, Chalfont St Giles, Bucks,
United Kingdom). Changes in target protein levels were
measured quantitatively using Image J (free software
made by NIH initiative).
Assessment of caspase-3 activation
Caspase-3 activation was determined using a Caspase Fluorometric assay kit (Medical and Biological Laboratories)
as previously reported[19]. Free AFC cleaved by caspase-3
from the substrate, DEVD (Asp-Glu-Val-Asp)-AFC
(7-amino-4-trifluoromethyl coumarin), was quantified by
Fluoroskan Ascent FL (Labsystems, Helsinki, Finland)
with excitation/emission (Ex/Em) = 400/505 nm.

Preparation of Kupffer cell-conditioned medium
After 24 h of culture, KCs were incubated in medium
containing 100 ng/mL LPS for 1-12 h, and TNF-α expression was measured. In some experiments, KCs were
treated with LPS for 6 h, and the culture medium, as
Kupffer cell-conditioned medium (KC-CM), was collected and centrifuged at 15000 g at 4 ℃ for 10 min to
remove cell debris. To confirm the effects of TNF-α, an
antibody against TNF-α (500 ng/mL) was added to KCCM (6 h) and incubated at 37 ℃ for 1 h (6 h KC-CM +
anti-TNF-α). Hepatocytes were incubated respectively
with LPS (100 ng/mL), TNF-α (10 ng/mL), IgG (500
ng/mL), 6 h KC-CM or 6 h KC-CM + anti-TNF-α for
12 h, and the expression of naofen, TNF-α and caspase-3 activity was analyzed.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling assay
Livers were fixed with 4% paraformaldehyde in PBS and
embedded in paraffin. Serial 5-μm sections were made
for terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) assay, a method for detecting DNA fragmentation in apoptosis, using an ApopTag
Plus peroxidase in situ apoptosis detection kit (Millipore)
according to the manufacturer’s instructions[22]. For each
sample, five high-power fields (× 200) were randomly
selected, each containing an average of 400 cells, and the
number of apoptotic cells was counted for each field.
Apoptosis index (AI) (%) was calculated as number of
positive cells/number of total cells × 100%.

Real-time quantitative PCR
Total RNA (1 µg) was extracted from livers or primary
cells using TRIzol reagent (Invitrogen, Carlsbad, CA,
United States) and reversely transcribed using a ReverTra
Ace quantitative PCR (qPCR) RT kit (Toyobo, Osaka,
Japan) according to the manufacturer’s instructions.
Target mRNA expression was quantified using qPCR
as described previously[19]. The primers and probe for
naofen (forward primer 5’-CGATTTCTGCATTTTGGCCACAA-3’, reverse primer 5’-TCCAAGGGTGTGCCAATAGAATT-3 and TaqMan MGB probe
5’-CAAACTGAGGGTGATTTT-3’) and TaqMan Gene
Expression Assays for naofen (ID: Rn01769571_m1),
TNF-α (ID: Rn99999017_m1), GAPDH (ID:
Rn99999916_s1) and β-actin (ID: Rn00667869_m1) were
purchased from Applied Biosystems (Foster City, CA,
United States).

Statistical analysis
Results are expressed as mean ± SE (n = 10), unless otherwise indicated. Statistical analyses were performed using Kruskal-Wallis one-way analysis of variance. P < 0.05
was considered significant.

RESULTS
Changes of TNF-α and naofen expression in livers of
LPS-injected rats
Changes in the time course of TNF-α expression were
investigated in the livers of rats injected with 500 μg/kg
LPS + 2 mg/kg IgG for 1-12 h. TNF-α mRNA rapidly
increased by the greatest amount within 1 h after injection,
and then gradually decreased (Figure 1A). In the immunoblotting assay with anti-TNF-α (Figure 1C), compared
to the control saline + IgG in which TNF-α was almost
undetectable, LPS resulted in the strongest signal intensity
for TNF-α protein after 1 h injection, then diminished,
and recovered to an undetectable level within 12 h.

Immunoblotting assay
Protein samples (30-50 μg) were prepared from livers and
cells and separated by SDS-PAGE, followed by transfer
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Figure 1 Changes in tumor necrosis factor-α and naofen expression in the liver of lipopolysaccharide-treated rats. Rats were intravenously injected with
saline + IgG (control), LPS (500 μg/kg) + IgG (2 mg/kg) or LPS (500 μg/kg) + anti-TNF-α (2 mg/kg), and livers were removed to evaluate expression of TNF-α and
naofen. A: Time course of the effects of LPS on TNF-α mRNA expression; B: Effect of anti-TNF-α antibody on naofen mRNA expression at 9 h after LPS injection; total RNA was extracted using TRIzol reagent and relative mRNA was quantified using qPCR (n = 10). Tissue lysates were examined by Western blot; C: TNF-α protein
expression; D: Naofen protein expression (n = 6). Results are presented as ratios of target mRNA or protein normalized to internal GAPDH. aP < 0.05, bP < 0.01 and
d
P < 0.001 vs control; eP < 0.05 vs LPS + IgG. TNF-α: Tumor necrosis factor-α; LPS: Lipopolysaccharide.

As previously reported[19], the expression of naofen
was increased from 5 μg/kg LPS and peaked at 500
μg/kg. In addition, naofen mRNA increased from 3 h,
peaked at 9 h, and then diminished. Thus, changes in
naofen expression were investigated using 500 μg/kg LPS
+ 2 mg/kg IgG. In contrast to the control saline + IgG,
naofen expression was obviously increased at 9 h (Figure
1B). Immunoreactivity for naofen also appeared to have a
similar pattern with its mRNA expression (Figure 1D).
Gene expression and protein level for naofen were
found to be significantly reduced in rats treated with 2
mg/kg anti-TNF-α + LPS compared to LPS + IgG (Figure 1B and D). The expression of TNF-α and naofen
were not significantly different between saline and saline
+ IgG (data not shown).

ing caspase-3 activation and TUNEL assay. Caspase-3
activation in LPS-treated rat livers increased 9 h after LPS
+ IgG injection, while the increased caspase-3 activity
was significantly decreased by pretreatment with antiTNF-α (Figure 2A). Typical TUNEL results are shown
in Figure 2B and C. In the livers of LPS + IgG-treated
rats, approximately 25% of hepatocytes nuclei were
clearly stained 9 h after injection, whereas 2% positive
changes were observed in control saline + IgG rat livers. Although IgG did not suppress an increase in the
number of apoptotic hepatocytes, the addition of antiTNF-α significantly inhibited the appearance of hepatocyte apoptosis (Figure 2B and C).
LPS-induced TNF-α production in KCs
In unstimulated KCs (control saline + IgG), TNF-α was
hardly detected; however, KCs treated with LPS (100 ng/
mL) + IgG (500 ng/mL) showed marked production of

Liver apoptosis in LPS-injected rats
Liver apoptosis induced by LPS was confirmed by study-
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TNF-α at 1 h after addition, and then a gradual decrease
in mRNA and protein level (Figure 3A and B). Although
the expression of TNF-α mRNA in LPS-treated KCs
was similar to that obtained in LPS-treated rat livers,
there was even stronger signal intensity for TNF-α protein in the former, appearing as a clearly detectable band
6 h after LPS administration (Figure 3B).

treatment time to 6 h had a stronger effect. In the following experiments, KC-CM treated with LPS for 6 h was
used.
However, it was surprising that TNF-α alone did
not enhance naofen expression in hepatocytes (Figure
4A). We have showed that anti-TNF-α antibody inhibits
liver apoptosis induced by LPS (Figure 2), therefore, we
studied the effect of anti-TNF-α antibody on KC-CMinduced naofen expression. As expected, pretreatment
with 500 ng/mL anti-TNF-α antibody almost completely
inhibited the increase of naofen induced by KC-CM
(Figure 4A and B). An irrelevant antibody conferred no
effect, suggesting the possible participation of TNF-α in
the induction of naofen.
LPS alone did not affect caspase-3 activity, but in

Effect of TNF-α on expression of naofen and caspase-3
activity in hepatocytes
When LPS alone was added to hepatocytes (Figure 4A)
or KCs, no change in naofen was observed (data not
shown). As previously reported[19], KC-CM treated with
LPS (100 ng/mL) for 3 h significantly increased naofen
expression in hepatocytes, and extension of the LPS

WJG|www.wjgnet.com

4967

May 7, 2014|Volume 20|Issue 17|

Fan JH et al . Naofen and TNF-α-induced apoptosis
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A

mediated by TNF-α, which was released from KCs in the
presence of LPS, induced naofen expression and activated caspase-3. Our data suggested that hepatocyte apoptosis induced by KC-CM was associated with an increase in
naofen expression (Figure 4), which was consistent with
the results obtained in LPS-treated rats (Figure 1). Furthermore, naofen siRNA inhibited the increase in naofen
protein induced by 6 h KC-CM, and naofen-siRNA also
prevented KC-CM-induced caspase-3 activation in a previous study[19]. These results coincided with our recent
data that naofen overexpression enhanced apoptosis by
activating caspase-3 in HEK293 cells and, in contrast,
naofen-siRNA inhibited TNF-α-induced caspase-3 activation and apoptosis[18]. Such results suggest that naofen
is also involved in hepatocyte apoptosis induced by LPSactivated TNF-α. Previously, Morikawa et al[23] demonstrated that the injection of LPS and D-galactosamine
into mice caused apoptosis in the kidneys, thymus, spleen,
and lymph nodes besides the liver, whereas our findings
verified that the increase in naofen induced by LPS was
limited to the liver, and was not found in the kidneys,
thymus or spleen (data not shown). This indicates that
naofen, in LPS treated rats, may only make a limited contribution to liver injury.
Neither LPS nor TNF-α alone affected the expression of naofen in KCs or hepatocytes, whereas KC-CM
significantly increased naofen expression in hepatocytes
(Figure 4), indicating that the increase in naofen in the
liver caused by LPS may be closely associated with KCs.
As previously reported, the liver injury caused by LPS
was dependent on KC activation, as demonstrated both
in vitro and in vivo[8,9,24]. Intercellular signal transduction
between KCs and hepatocytes has now been proposed,
possibly mediated by cytokines such as TNF-α and IL,
and inflammatory mediators such as eicosanoids, NO,
and/or reactive oxygen species[6-9,25]. In particular, TNF-α
has been shown to be an important mediator of LPSinduced apoptosis of hepatocytes[10,23,24]. The present
study showed that LPS markedly enhanced TNF-α production in KCs in a time-dependent manner (Figure 4).
It was noted that the time course of TNF-α expression
in LPS-activated KCs accorded with that in LPS-treated
rat livers (Figures 1 and 4), suggesting that LPS-induced
TNF-α production in the liver may be ascribed to KCs,
but not to hepatocytes. Furthermore, the increased
naofen expression in LPS-treated rats, as well as the effects of KC-CM on naofen expression in hepatocytes,
was clearly blocked by pretreatment with anti-TNF-α
antibody (Figures 1 and 4), suggesting that TNF-α may
play an important role in naofen expression. Regarding
the little effect of TNF-α alone on naofen expression in
hepatocytes, other unknown mediators may be associated
with TNF-α, such as IL-1β, IL-6, IL-8, platelet-activating
factor or NO[6-8,26]. Inhibitors of nuclear factor (NF)-κB
may also be involved because blocking TNF-α-induced
NF-κB activation in primary hepatocytes[27] or the liver in
vivo[28] converts the hepatocellular TNF-α response from
proliferation to apoptosis. In order to identify the nature

1.0
800

d
0.5

600
400

0.0

d

Control

d

200

b

a

6

9

0
Control

1

2

3

12

LPS treatment time (h)

B

LPS treatment time (h)

Control

1

2

3

6
TNF-α

GAPDH

Relative TNF-α protein level
normalized by GAPDH

360

d

300
240
d
180
120

b

b

60
0

Control

1

2

3

6

LPS treatment time (h)

Figure 3 Effects of exposure period of Kupffer cells to lipopolysaccharide
on tumor necrosis factor-α production. Primary Kupffer cells (KCs) were
separated from rat livers using collagenase perfusion. After 24 h of incubation,
KCs were incubated with lipopolysaccharide (LPS) (100 ng/mL). A: Tumor necrosis factor (TNF)-α mRNA was quantified using qPCR (n = 6); B: Immunoblotting assay for TNF-α. KC lysates were analyzed with TNF-α antibody (n = 6).
GAPDH was used as an internal control. aP < 0.05, bP < 0.01 and dP < 0.001 vs
controls (without LPS treatment).

hepatocytes incubated with KC-CM for 6 h, caspase-3
activity significantly increased, which was clearly inhibited
by pretreatment with 500 ng/mL anti-TNF-α (Figure
4C). These findings suggested that liver injury caused by
LPS depended on TNF-α released from activated KC.

DISCUSSION
The results obtained in the present study demonstrated
that LPS induced both naofen and TNF-α expression in
rat liver. Naofen promotes TNF-α-mediated apoptosis
of hepatocytes by activating caspase-3 in LPS-treated
rats. In vitro, hepatocyte apoptosis caused by LPS was
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of these unknown mediators, the effects on naofen expression of combination of TNF-α with IL-1, IL-6 and
interferon-γ (10 ng/mL each) or inhibitors of NF-κB,
such as BAY 11-7082 and DHMEQ, have been examined. However, combination with TNF-α or metabolites
of TNF-α treated with trypsin failed to enhance naofen
expression in primary hepatocytes (data not shown). It
has been reported that the trend from TNF-α production to subsequent hepatocyte apoptosis may contribute to the development of several inflammatory liver
diseases, including viral hepatitis, alcoholic liver disease,
Wilson’s disease, drug-induced liver failure, and ischemia/
reperfusion liver damage[7-10,24]. Identification of the relationship between TNF-α and naofen in liver injury may
contribute to understanding the pathophysiological roles
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of apoptosis in liver diseases.
As previously reported, naofen is overexpressed in
hepatocytes and markedly downregulates the expression
of Bcl-2 and Bcl-xL, which is accompanied by the release
of cytochrome c from mitochondria, resulting in caspase-3 activation[19]. Bcl-2 and Bcl-xL have critical roles in
mitochondrial apoptotic signaling, through the controlled
release of cytochrome c in hepatocytes[8,15]. This suggests
that naofen is an upstream signal of Bcl-2 and Bcl-xL,
consequently inducing the mitochondrial apoptotic pathway. Translocation of cytochrome c from mitochondria
to cytosol has already been reported by many investigators, which forms a complex of Apaf-1 and procaspase-9, leading to the activation of caspase-9, followed by
activation of downstream caspase-3 and development of
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Applications

hepatocyte apoptosis[13-15]. Likewise, previous studies have
demonstrated that LPS-activated KCs also stimulate the
apoptosis of hepatic stellate cells by activating caspases-9,
-3 and -8[26,29]. Most importantly, naofen siRNA reverses
KC-CM-induced responses, resulting in prevention of
the decrease in Bcl-2 and Bcl-xL expression and increase
in capase-3 activity[19]. Overall, naofen may act on the
mitochondrial pathway in the KC-CM-induced apoptosis
of hepatocytes. Therefore, it is possible that naofen is an
intracellular mediator involved in TNF-α-mediated apoptosis of hepatocytes, and may be relevant to the investigation on LPS-induced hepatic injury.
In conclusion, naofen may be involved in part in
LPS-induced hepatocyte apoptosis, which is mediated by
mediators including TNF-α released from KCs. Naofen
elicits inhibition of the expression of Bcl-2 and Bcl-xL,
releasing cytochrome c from mitochondria, and activating caspase-3, finally leading to apoptosis of hepatocytes. Although the precise molecular mechanisms of
LPS-mediated hepatocyte apoptosis are still incompletely
defined, LPS-induced apoptotic mechanisms in relation to naofen may be relevant to understanding clinical
endotoxin or septic shock, and offer a new approach to
therapeutic applications.

The roles of naofen in LPS-induced apoptosis may be relevant to the understanding of clinical endotoxin/septic shock, and offer a new approach to therapeutic applications.

Terminology

LPS is a major structural component of the outer membrane of Gram-negative
bacteria, and causes hepatic dysfunction, possibly associated with apoptosis
of hepatocytes, which is mediated by inflammatory substances, such as TNF-α
released from KCs. Naofen was recently identified as an intracellular protein
reactive to anti-verotoxin Ⅱ antibody and classified in the WD 40-repeat protein
family.

Peer review

This was a follow-up study of previous studies published by the authors. The
study was novel and well designed. The study investigated the role of naofen in
TNF-α-mediated apoptosis of hepatocytes induced by LPS. It was concluded
that TNF-α released from KCs treated with LPS may induce hepatic naofen
expression and then stimulate hepatocellular apoptosis through activation of
caspase-3.
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apoptosis of primary hepatocytes, or affect naofen expression or caspase-3
activation in primary hepatocytes. To overcome these disadvantages, combination of TNF-α with IL-1, IL-6 and interferon-γ or inhibitors of nuclear factor-κB
was investigated. Conditioned medium from LPS-treated KCs (KC-CM) and
anti-TNF-α antibody were used for further experiments. In this study, elevation
of naofen expression and caspase-3 activity in LPS-treated rats was abrogated
by pretreatment with anti-TNF-α antibody. Furthermore, the KC-CM-induced increase in naofen expression and caspase-3 activity was blocked by anti-TNF-α
antibody. Naofen may be involved in part in LPS-induced hepatocyte apoptosis,
which is mediated by mediators including TNF-α released from KCs.
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RESULTS: Completed surveys were returned by 434
(29% aged 50-59, 37% 60-69, 34% 70-79, 52% women). Most participants (98%) responded they would use
MUST. In order of importance, respondents rated multicancer detection, absence of bowel preparation, safety
and noninvasiveness as most attractive characteristics.
For CRC screening, MUST was preferred over colorectal-only stool-DNA testing (53%), occult blood testing
(75%), colonoscopy (84%), sigmoidoscopy (91%), and
barium enema (95%), P < 0.0001 for each. Among
those not previously screened, most (96%) indicated
they would use MUST if available. Respondents were
confident in their ability to follow instructions to perform MUST (98%). Only 9% of respondents indicated
that fear of finding cancer was a concern with MUST,
and only 3% indicated unpleasantness of stool sampling as a potential barrier.
CONCLUSION: Patients are receptive to the concept of MUST, preferred MUST over conventional CRC
screening modalities and valued its potential feature of
multi-cancer detection.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To explore patient interest in a potential multiorgan stool-DNA test (MUST) for pan-digestive cancer
screening.

Key words: Stool-DNA testing; Colorectal cancer screening; Gastrointestinal cancer screening; Patient perceptions

METHODS: A questionnaire was designed and mailed
to 1200 randomly-selected patients from the Mayo
Clinic registry. The 29-item survey questionnaire included items related to demographics, knowledge of
digestive cancers, personal and family history of cancer, personal concern of cancer, colorectal cancer (CRC)
screening behavior, interest in MUST, importance of
test features in a cancer screening tool, and compari-
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Core tip: The value of stool DNA testing could be expanded beyond colorectal cancer screening by simultaneously targeting gastrointestinal cancers above the
colon. Early data suggest technical feasibility for such
pan-cancer detection. However, while multi-organ stool
DNA testing (MUST) would seem intuitively to have
broad appeal; patient perceptions have not been evalu-
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screening beyond that of CRC detection alone and address the existing gap in screening for upper gastrointestinal cancers. While the potential availability of MUST
would seem intuitively to have broad patient appeal, there
are no data on patient acceptability or perceptions of
such an approach.
Endorsed by the American Cancer Society, the US
Multi-society Task Force, and the American College of
Radiology, stool DNA testing has emerged as an approach to CRC screening[6]. Stool DNA testing offers
user-friendly features of noninvasiveness, avoidance of
unpleasant bowel preparation associated with other approaches[7-12], ease of access via off-site sample collection
and shipping, single rather than multiple stool sampling
per screen, no diet or medication restriction, and possibly
reduced screen frequency because of its capacity to detect precursor lesions[13,14]. With advanced next generation
technology, stool-DNA testing has proven highly accurate for detection of both CRC and advanced precancer[15,16], and an automated test is currently under review
by the FDA following evaluation in a general population[17]. In prior surveys, patients showed interest in using
stool-DNA testing for CRC screening and appeared to
prefer it over both fecal occult blood testing (FOBT) and
colonoscopy[9,18-22]. However, it is not clear if an expanded
capacity of stool-DNA testing for multi-cancer detection
would enhance or impede participation in a CRC screening application.
Knowledge of patient perceptions and preferences regarding screening tools is important to understand compliance to screening[22-26]. For example, patient concern
about pain, potential injury and discomfort with cathartic
preparations are recognized barriers to routine screening with colonoscopy, flexible sigmoidoscopy, or barium
enema[27,28]. While FOBT is a low risk and noninvasive
screening alternative, the variability in cancer detection
rates, inconvenient stool sampling, dietary restrictions,
and poor sensitivity for precursor lesions, may limit its acceptance by some[29-32]. If MUST is to be further considered for a potential future pan-digestive cancer screening
application, an early appraisal of patient attitudes would
be instructive.
In this exploratory study, we designed a questionnaire
to assess interest in and preferences for using MUST. We
examined and compared perceptions and preferences for
MUST against available CRC screening options.

ated. In this exploratory study, we demonstrate that
patients were interested in using MUST if it was available to them. The potential unique ability to detect
multiple cancers was its most distinguishing and attractive feature. General population surveys are warranted
to corroborate these early findings.
Yang D, Hillman SL, Harris AM, Sinicrope PS, Devens ME,
Ahlquist DA. Patient perceptions of stool DNA testing for pandigestive cancer screening: A survey questionnaire. World J
Gastroenterol 2014; 20(17): 4972-4979 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i17/4972.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i17.4972

INTRODUCTION
In aggregate, malignancies in the digestive track account
for roughly 1/4 of all cancer deaths in the United States[1]
and worldwide[2]. Although early stage detection and resection lead to a favorable prognosis with tumors at each
gastrointestinal site, only colorectal cancer (CRC) is currently screened at the population level in most countries.
It is remarkable that the common cancers above the colon remain unscreened despite the reality that their collective mortality substantially exceeds that of CRC alone[1].
Early studies suggest that supra-colonic gastrointestinal cancers can be detected noninvasively by stool
DNA testing. In 2009[3], our research group evaluated the
feasibility of stool-DNA testing for detection of common neoplasms throughout the gastrointrstinal GI tract.
We were able to detect specific mutations (TP53, KRAS,
APC, CDH1, CTNNB1, BRAF, SMAD4, and P16) present in primary tumor tissue from matched stools of
patients with diverse supra-colonic gastrointestinal malignancies. Target mutations were detected in stools from
71% (36/51) of patients with cancer overall [40% (2/5)
with oropharyngeal, 65% (11/17) with esophageal, 100%
(4/4) with gastric, 55% (6/11) with pancreatic, 75% (3/4)
with biliary or gallbladder, and 100% (4/4) with colorectal], while none were detected in the matched-control
groups. In the same year, a group from Japan[4] used a
novel fecal DNA methylation assay to detect increased
methylation of gene promoters in patients with gastric
and colorectal tumors (57%-75%) as opposed to only
10% of subjects without neoplasms. More recently, using
a similar approach, we evaluated aberrantly methylated
genes as non-invasive markers by stool DNA testing for
the detection of pancreatic cancer[5]. The results from
this study demonstrated that at 90% specificity, methylated BMP3 detected 51% of pancreatic cancer, while a
combined stool assay of methylated BMP3 and mutant
KRAS increased pancreatic cancer detection to 67%.
Overall, these early findings support the potential and
feasibility of a non-invasive multi-organ gastrointestinal
stool-DNA test for cancer screening.
Ideally, such multi-organ stool DNA testing (MUST)
would have the potential to expand the value of stool
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MATERIALS AND METHODS
Study population and data collection
A total of 1200 patients were randomly selected within
age and gender groups from the Mayo Clinic registry.
Questionnaires were mailed to 400 candidates (200 men,
200 women) in each of 3 average-risk sub-groups between 50-79 years of age (50-59, 60-69, and 70-79 years).
Sample size considerations: In this exploratory study,
we targeted a sample large enough to provide a 95%
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confidence interval within ± 10 percentage points; and
100 respondents would yield such confidence. Based on
1200 candidates, we assumed that 1000 would have a current address, 500 would respond to the survey, and 100
respondents would not have undergone routine CRC
screening.

on a 5-point Likert-like scale.
Statistical analysis
All responses were included for analysis when possible.
If there was any confusion over the intent of an answer,
the response was not included. All responses to surveys
were summarized descriptively. χ 2 tests were performed
to test for differences in baseline characteristics for all
categorical characteristics. The Rank Sum Test was used
to test for differences for all continuous characteristics.
Since only a small subset of items were available for nonrespondents, we also explored differences between early
and later respondents in order to better understand the
impact of potential non-response bias. χ 2 tests were used
for these comparisons. In addition, the Wilcoxon Sign
Rank Test was performed to compare the preference
rank for MUST when compared to each of the other 5
colorectal screening tests. A P value of < 0.05 was considered statistically significant.

Questionnaire survey
Questionnaire mailing from the Survey Research Center
included a cover letter explaining the nature and purpose
of the study and inviting the subject to complete the survey and return it in the stamped, pre-addressed envelope
provided. A waiver consent form was included with the
mailing and required signature for participation. Only
one mailing was sent per participant with no follow-ups
attempted.
Survey instrument: The questionnaire was designed in
collaboration with the Mayo Clinic Survey Research Center (Appendix). Question format was modeled after those
developed in the Health Information National Trends
Survey (HINTS) 2007 on perceived risk, screening behavior, knowledge and concern about cancer.
The 29-item survey questionnaire included items related to demographics, knowledge of airway and digestive
cancers, personal and family history of cancer, personal
concern of cancer, CRC screening behavior, interest in
MUST, importance of test features in a cancer screening tool, and comparison of MUST with available CRC
screening tests.
Respondents’ general knowledge of cancer was assessed by their ability to associate common risk factors
(i.e., age, smoking, obesity, alcohol consumption) with
cancer development. Patients who specified a personal
and/or family diagnosis of cancer (lung, breast, prostate,
colon or rectal, esophageal, stomach, pancreatic, melanoma, and/or other) were considered to have a positive
history of cancer. Personal concern of cancer was evaluated by asking how often (i.e., all the time, often, sometimes, rarely or never) patients worried about developing
any of the following cancers: lung, breast, colon or rectal,
esophagus, stomach, pancreas, prostate.
Patients were asked about their likelihood of using
MUST if it was available to them on a 5-point Likert-like
scale with the following response options: very likely, likely, unlikely, and not sure. Seven items were also included
describing possible reasons patients might choose MUST.
Patients were again asked to rate these test features in
terms of importance to them on a 5-point Likert-like
scale.
Patients were asked to rank order their preferences
for CRC screening tests among the following options:
MUST, FOBT, colorectal-only stool-DNA testing, colonoscopy, flexible sigmoidoscopy, and barium enema. Patients were asked to rate the importance of test features
(i.e., ability to detect pre-cancerous lesions, accuracy, risk
of injury, degree of discomfort, need for bowel preparation, cost) when choosing a regular CRC screening test
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RESULTS
Sample characteristics
Thirty-six percent (434 of 1200) of mailed out surveys
were completed and returned between November 14th,
2008 and January 16th, 2009. When respondents were
compared to non-respondents, there was no difference
in median age (66.0 years vs 64.4 years, P = 0.64), or in
the number of days since the patient was last seen at the
Mayo Clinic (82.5 vs 89.0, P = 0.16). Women accounted
for 52% of respondents compared to 49% of nonrespondents (P = 0.34).
Demographic and baseline characteristics of the
sample population are summarized (Table 1). The majority of respondents were white, from Minnesota, and with
the equivalent of a college degree or higher. A personal
history of cancer was reported by 44%, with 9% originating from the airway or digestive tract; and 67% indicated
a history of cancer in a first-degree relative. Most respondents acknowledged a personal concern with cancer
(74%).
Knowledge about digestive and airway cancers
Most subjects correctly identified age over 50 years (85%),
smoking (99%), alcohol consumption (74%) and obesity (76%) as factors that can increase a person’s risk of
developing cancer. Many understood that pain or other
symptoms are generally absent at early curative stages of
lung (65%), pancreas (60%), colorectal (63%), esophageal
(47%) and stomach (50%) cancers.
Perceptions of and interest in MUST
Responses regarding the likelihood of using MUST are
summarized (Table 2). Overall, most (98%) were interested in MUST and would likely use it, irrespective of
physician recommendation. Subgroup comparisons were
performed to assess whether likelihood of using MUST
varied by age, gender, prior CRC screening, or personal
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Median preference score

Table 1 Demographics and baseline characteristics of sample
population n (%)
Characteristics
Age (yr)
50-59
60-69
70-79
Sex
Female
Male
Race/ethnicity
White
Non-white
Education
Some high school
High school graduate or GED
Vocational, technical or business school
Some college or associate’s degree
4-yr college graduate or Bachelor’s degree
Graduate or professional school
Region
Minnesota
Other
Positive personal history of cancer
Aero-digestive cancer1
Other2
No
Positive familial history of cancer
Yes
No
Not sure
CRC screening history
Yes
No
Not sure
Personal concern with cancer3
Yes
No

Barium enema
Flexible sigmoidoscopy

Value

Colonoscopy

122 (28.6)
159 (37.2)
146 (34.2)

P < 0.0001
P < 0.0001

Fecal-occult blood test

P < 0.0001

Stool-DNA test

225 (51.8)
209 (48.6)

P < 0.0001

MUST
1
2
3
Least preferred

424 (98.4)
7 (1.6)

4

5

6
7
Most preferred

Figure 1 Median preference score for colorectal cancer screening. Scores
were assigned from 1 (least preferred) to 7 (most preferred) for currently used
screening approaches and for multi-organ stool-DNA test (MUST). P < 0.0001
using Wilcoxon sign rank test.

11 (2.6)
108 (25.2)
40 (9.3)
98 (22.9)
76 (18.8)
95 (22.2)

stool sampling represented a barrier to using MUST.

251 (57.8)
183 (42.2)

Perceptions and preferences regarding colorectal
cancer screening
Most respondents (85%) indicated that they had previously undergone CRC screening, including by colonoscopy (79%), FOBT (41%), flexible sigmoidoscopy (38%),
barium enema (28%), and/or stool-DNA testing (3%).
Among the respondent subset without prior CRC screening, most (> 95%) indicated that they would likely use
MUST if it was available. The most commonly cited barriers against CRC screening by those who had no prior
CRC screening and those who had been screened, but
did not intend to do so again, included the perceived low
risk of cancer in the absence of symptoms (57%), lack
of physician recommendation (56%), bowel preparation
(38%), unpleasant or embarrassing elements of the test
(29%), and concern about complications such as bleeding, perforation, or injury (22%).
Respondents were asked to rank different tests for
regular CRC screening, irrespective of cost or insurance
coverage in their decision-making process, by assigning
a number from 1 to 7 (1 representing the least preferred
and 7 the most preferred). Median preference score was
highest for MUST (7.0) and lowest for barium enema (2.0),
as shown in Figure 1. MUST was preferred over colorectal-only stool-DNA testing by 53% of respondents, over
occult blood testing by 75%, over colonoscopy by 84%,
over sigmoidoscopy by 91%, and over barium enema by
95%, P < 0.0001 for each. Most indicated the ability of a
test to detect pre-cancerous lesions (97%), test sensitivity
(95%), test specificity (94%), insurance coverage (62%)
and risk of injury (56%) as very important test features
when choosing the type of screening test (Table 3).

38 (8.8)
152 (35.0)
244 (56.2)
278 (66.8)
125 (30.0)
13 (3.1)
355 (84.9)
50 (12.0)
13 (3.1)
311 (73.5)
112 (26.5)

1

Includes responses from subjects who specified they had been diagnosed
with cancer from any of the following: lung, esophagus, stomach,
pancreas, colon or rectum; 2Includes responses from subjects who specified
they had been diagnosed with cancer from any of the following: breast,
prostate, skin (melanoma only), or specified as other. 3Defined as subjects
who responded ''all the time” or “often” when asked how often they
worry about getting one or all of the following cancers: lung, breast, colon
or rectal, esophagus, stomach, pancreas, prostate. GED: General equivalent
diploma; CRC: Colorectal cancer.

concern with cancer. “Very likely” and “likely” categories
were combined and considered a positive response towards likelihood of using MUST. Interest in using MUST
was high across all subgroups, and no statistically significant differences were observed.
MUST features rated as very important included its
multi-cancer detection (95%), noninvasiveness (85%),
avoidance of bowel preparation (81%), ability to perform
the test at home (74%), and other features (Table 3).
Subjects were provided with a description of the steps
required to complete MUST. Most (98%) were confident
in their ability to follow the instructions to complete the
test. Reasons for not choosing MUST included uncertainty about physician recommendation (21%), not enough
information on MUST (12%), and fear of finding cancer
(9%). Only 3% responded that the unpleasantness of
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P < 0.0001

Assessment of potential response bias
To evaluate the potential for response bias, participants
were stratified into early respondents (returned the survey in < 3 mo) and late respondents (returned survey > 3
mo). Early respondents were predominantly women (55%
vs 44%, P = 0.04) and from Minnesota (63% vs 46%, P
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Table 2 Likelihood of using multi-organ stool-DNA test
Characteristic (n )
Age (yr)
50-59 (121)
60-69 (157)
70-79 (145)
Sex
Female (219)
Male (204)
Prior CRC screening
Yes (352)
No (49)
Do not know (13)
Personal concern with cancer
Yes (311)
No (112)
Respondents2
Early (303)
Late (120)

Very likely

Likely

Unlikely

Very unlikely

Not sure

P value1

69.4%
82.2%
75.2%

25.6%
15.3%
20.7%

3.3%
1.3%
2.1%

1.7%
0.0%
0.0%

0.0%
1.2%
2.0%

0.56

76.2%
76.0%

20.1%
20.0%

1.8%
2.5%

0.5%
0.5%

1.4%
1.0%

0.89

75.6%
75.5%
76.9%

20.5%
20.4%
23.1%

2.6%
0.0%
0.0%

0.6%
0.0%
0.0%

0.9%
4.1%
0.0%

0.66

79.1%
67.9%

16.7%
29.4%

2.6%
0.9%

0.3%
0.9%

1.3%
0.9%

0.48

76.6%
75.0%

19.1%
22.5%

3.0%
0.0%

0.0%
1.7%

1.3%
0.8%

0.38

CRC: Colorectal cancer. 1χ 2 test; 2Comparing the likelihood of using a multi-organ stool-DNA test between early and late respondents.

Table 3 Respondents’ rating of test features in multi-organ stool-DNA test and routine screening tool

Stool-DNA test
Detects multiple cancers with single test
Safe noninvasive test
No need for bowel preparation
No need for sedation
No need to change diet or medications
Performed in the privacy of home
No need to take time off from work
A routine screening tool
Ability of test to detect pre-cancer or change in body before it becomes cancer
Accuracy of the test to say there is a cancer when there really is a cancer
Accuracy of the test to say there really is no cancer when there is no cancer
Whether test is covered by insurance
Risk of injury with test
How often the test has to be done
The cost of the test
Use of laxatives and/or enemas for bowel preparation
Discomfort associated with the test

Somewhat
important

Not at all
important

Not sure

95.1%
85.0%
80.8%
77.8%
75.4%
73.8%
56.8%

4.2
13.3
15.7
18.7
22.0
21.5
15.2

0.0
0.7
3.0
3.0
1.9
4.2
27.3

0.7
1.0
0.5
0.5
0.7
0.5
0.7

96.5%
94.7%
93.3%
62.2%
55.6%
34.9%
34.0%
27.8%
24.9%

3.0
4.6
5.3
27.7
31.4
43.1
44.4
46.5
48.2

0.2
0.0
0.5
8.5
10.2
19.2
17.8
22.9
24.2

0.2
0.7
0.9
1.6
2.8
2.8
3.8
2.8
2.6

tential use, and stool sampling per se was not perceived as
a barrier
Of note, MUST was perceived as the preferred test
for CRC screening, including a subset of respondents
who had not previously undergone routine CRC screening. The concept of a stool test with capacity to detect
both supra-colonic cancers and colorectal cancer was
highly rated by respondents when asked to choose a CRC
screening method. The majority of respondents identified accuracy, low risk of injury, and avoidance of bowel
preparation and sedation as very important features when
choosing a screening test. In this survey, noninvasive
tests (MUST, colorectal-only stool-DNA testing, and
FOBT) were preferred over invasive tests (colonoscopy,
flexible sigmoidoscopy, and barium enema). However, it
was the feature of multi-cancer detection that was most
distinguishing in favoring MUST. These results suggest
that multi-cancer detection is perceived as a value-add

= 0.001) when compared to late respondents (Table 4).
There was no difference in race/ethnicity or educational
background between early and late respondents. Interest
in using MUST was high in both early and late respondents, and no statistical significant difference was observed (Table 2).

DISCUSSION
This study found that most respondents to a survey
questionnaire were interested in using MUST if it was
available to them. The likelihood of using MUST did not
vary significantly on the basis of age, gender, prior history of CRC screening, or personal concern with cancer.
The potential to simultaneously screen cancer at multiple
organ sites was the most attractive feature of MUST. Our
results suggest that the concept of screening for multiple
digestive cancers with a stool test is an incentive to its poWJG|www.wjgnet.com

Very
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and the findings may not be generalizable. First, as a
majority of those contacted did not participate, response
bias may have influenced our results. However, the similarity in demographics between respondents and nonrespondents as well as the striking similarities in baseline
characteristics, perceptions, and preferences between early
and late respondents may be evidence against a major response bias. Second, the study population of this exploratory survey questionnaire lacked the demographic diversity reflective of the general population. Third, while this
study was adequately powered for its objectives, the small
sample size did not allow definitive co-variate analyses by
demographic subsets. Fourth, our study population was
well-informed. Their educational level and knowledge of
cancer characteristics may have contributed to the overall
positive response to using MUST. Fifth, this study was
designed as an exploratory questionnaire survey and thus,
the survey tool was not piloted and reliability analysis was
not performed. Last, MUST is a hypothetical rather than
an actual product at this point. Further research and development are needed before it can be offered for screening. Our survey can only assess perceptions, attitudes and
likelihood of using a hypothetical MUST in comparison
to already available CRC screening modalities. As such,
respondents’ perceptions of MUST may have been affected by its conceptual appeal and the lack of definite
information on actual performance on cancer screening. Whether the overall positive response to MUST will
translate to utilization once it is available remains to be
determined; however, these results encourage further development and testing of MUST.
In conclusion, this study found that our population
was interested in using MUST if it was available to them.
The potential unique ability to detect multiple cancers
was its most distinguishing and attractive feature. Other
highly valued test characteristics included its noninvasiveness, absence of bowel preparation and sedation, avoidance of medication or dietary changes, and convenience
of performing the test at home. MUST was preferred
over conventional screening tools for routine CRC testing. Further studies are needed to determine whether
a more diverse ethnic and socioeconomic population
would express similar perceptions and preferences for
MUST and CRC screening options.

Table 4 Demographics of early versus late respondents
Characteristics

Early
Late
P value
respondents respondents

Sex
Female
Male
Race/ethnicity
White
Non-white
Education
Some high school
High school graduate or GED
Vocational, technical or
business school
Some college or associate’s degree
4-year college graduate or
Bachelor’s degree
Graduate or professional school
Region
Minnesota
Other

1

0.040
55.0%
45.0%

44.0%
56.0%

98.7%
1.3%

97.6%
2.4%

2.9%
25.2%
10.8%

1.6%
25.4%
5.7%

23.5%
17.7%

21.3%
18.0%

19.9%

27.9%

62.8%
37.2%

45.6%
54.4%

0.400

0.340

0.001

1 2

χ test. GED: General equivalent diploma.

and that implementation of MUST has the potential to
enhance patient participation in CRC screening.
Barriers to screening must be considered with
the application of any new methods. Previous studies have identified lack of physician recommendation,
lack of awareness of cancer, absence of symptoms and
fear of finding cancer as common barriers to screening[7,9,18,19,21-28,33-35]. In our study, absence of provider recommendation was cited by some as a potential reason
for not choosing MUST, highlighting the influential role
of physicians in patient adherence to cancer screening.
Whether personal concern with cancer would negatively
impact patients’ attitudes towards multi-cancer screening
has not been previously assessed. In this study, fear of
finding cancer did not appear to be an obstacle to using
MUST, and the concept of multi-cancer detection was
positively perceived. Furthermore, nearly all respondents
indicated that stool sampling and collection per se was
not a barrier.
In this study, respondents identified other specific
test attributes, such as the ability to detect precancerous
lesions and accuracy for cancer detection as key features
when choosing a CRC screening tool. Recent studies have
demonstrated that next-generation stool DNA testing can
detect curable stage CRC and large precancerous lesions
with high sensitivity, irrespective of neoplasm site in the
colorectum[15,16]. In light of these advances in stool DNA
technology, recent studies have evaluated the possibility
of detecting supra-colonic gastrointestinal cancers in the
stool[3-5]. Clearly, more clinical studies will be required to
further develop and validate stool DNA testing for pandigestive cancer detection. The results of our survey suggest that this expanded detection capacity of stool-DNA
testing appeals to patients and that there are no obvious
perceptual barriers to pan-cancer screening.
This exploratory survey study has several limitations

WJG|www.wjgnet.com
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was preferred over conventional screening tools for routine CRC testing.
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This study highlights the potential ability to detect multiple cancers by MUST as
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Histological healing favors lower risk of colon carcinoma in
extensive ulcerative colitis
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severity in each of 6 segments when endoscopic appearance is normal. Two subgroups of patients were
compared: group 1 patients who developed CC/HGD
and group 2 patients who did not develop CC/HGD.
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RESULTS: Of 115 patients with longstanding UC reviewed, 68 patients met the inclusion criteria. Twenty
patients were in group 1 and 48 in group 2. We identified the number of times for each patient when the
endoscopic appearance was normal but biopsies nevertheless showed inflammation. Overall, histological
disease activity in the absence of gross/endoscopic
disease was found in 31.2% (95%CI: 28%-35%) of
colonoscopies performed on the entire cohort of 68 patients. Histological disease activity when the colonoscopy showed an absence of gross disease activity was
more common in group 1 than group 2 patients, 88%
(95%CI: 72%-97%) vs 59% (95%CI: 53%-64%).
Only 3/20 (15%) of patients in group 1 ever had a
colonoscopy completely without demonstrated disease
activity (i.e. , no endoscopic or histological activity) as
compared to 37/48 (77%) of patients in group 2, and
only 3.3% (95%CI: 0.09%-8.3%) of colonoscopies in
group 1 had no histological inflammation compared to
23% (95%CI: 20%-27%) in group 2.

Abstract

CONCLUSION: Progression to HGD or CC in extensive
ulcerative colitis of long standing was more frequently
encountered among those patients who demonstrate
persistent histological inflammation in the absence of
gross mucosal disease. Our findings support including
the elimination of histological inflammation in the definition of mucosal healing, and support this endpoint
as an appropriate goal of therapy because of its risk of
increasing dysplasia and colon cancer.

AIM: To search for the answer in extensive ulcerative
colitis as to whether histological inflammation persisting despite endoscopic mucosal healing serves to
increase the risk of colon cancer (CC) or high grade
dysplasia (HGD).
METHODS: This is a single center (Lenox Hill Hospital)
retrospective cohort and descriptive study of extensive
ulcerative colitis (UC) for 20 years or more with a minimum of 3 surveillance colonoscopies and biopsies performed after the first 10 years of UC diagnosis. Data
analyzed included: duration of UC, date of diagnosis of
(CC) or (HGD), number of surveillance colonoscopies,
and biopsies showing histological inflammation and its
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risk for neoplasia following multivariate analysis.
In patients with inflammatory bowel disease (IBD),
clinical remission is valuable for quality of life but does
not necessarily correlate with “mucosal healing”[9]. Increasingly, disease and treatment outcomes for IBD are
being assessed in terms of mucosal healing, which in
most trials is defined by the normal appearance of the
colonic mucosa as described by the endoscopist at colonoscopy[10-13]. Nevertheless, histological inflammation
of varying degrees is common even when the mucosa
appears normal. Though some may consider normal
appearing mucosa as healed, it is unknown whether histological disease activity even in the absence of gross
disease carries an increased risk for the development of
CC or HGD.
To help answer this question we conducted a retrospective cohort descriptive study of long-standing universal UC patients. Our primary goal was to determine if
there was a relationship between histological disease activity and risk for CC and HGD in the absence of gross
inflammation. Our secondary goal was to define the incidence of histological disease activity in the absence of
gross disease activity, possibly predisposing to the later
development of high grade dysplasia or colon cancer.

Core tip: Patients with long standing and extensive
ulcerative colitis who develop colon cancer rarely have
histological healing despite gross endoscopic healing.
The persistence of histological inflammation is common
in those who develop colon cancer (CC) or high grade
dysplasia (HGD). When surveillance colonoscopies in
ulcerative colitis of 20 years duration reveal persistent
histological inflammation, patients are at high risk for
the development of CC/HGD. Consideration of increasing drug therapy should arise, and the patient is entitled to share in this knowledge and contribute to the
decision.
Korelitz BI, Sultan K, Kothari M, Arapos L, Schneider J,
Panagopoulos G. Histological healing favors lower risk of colon
carcinoma in extensive ulcerative colitis. World J Gastroenterol
2014; 20(17): 4980-4986 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i17/4980.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.4980

INTRODUCTION
Ulcerative colitis (UC) is one of the two major chronic
inflammatory bowel diseases, almost always involving the
rectum and any or all segments of the colon proximally
in continuity. It is recognized that long-standing UC carries an increased risk for the development of colorectal
carcinoma (CC) and high grade dysplasia (HGD), with
estimates of risk as high as 20% following 30 years of
diagnosis[1]. This risk appears to be especially prominent
in cases of universal UC, which has traditionally been
defined by endoscopic evidence of disease proximal to
the mid-transverse colon on at least one occasion following diagnosis. Chronic macroscopic disease activity has
also been implicated as a risk factor for the development
for CC[2]. These observations have led to the practice of
surveillance by colonoscopy in cases of universal UC.
Current practice guidelines recommend that surveillance
be performed every 1-2 years in these patients beginning
8-10 years after the initial UC diagnosis[3]. Surveillance
typically involves four-quadrant biopsies of the colon,
either every 10 cm during withdrawal from the cecum,
or by colonic segments (e.g., cecum, ascending colon, etc.)
as well as biopsies of specific lesions when encountered.
While it is generally accepted that extent, duration
and chronicity of inflammation directly impact cancer
risk, less well studied is the role of the PERSISTENCE
of microscopic inflammation after gross inflammation
has subsided in the pathogenesis of colon cancer[4-6]. Recent case control and cohort studies have shown that the
severity of microscopic inflammation is also associated
with an increased risk for colorectal neoplasia[7,8]. Rutter
et al[7] noted that both endoscopic and histological severity of disease impacted cancer risk on univariate analysis,
only histological severity continued to show an increased
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MATERIALS AND METHODS
This is a study of UC patients utilizing the inflammatory
bowel disease data base of over 3000 patients followed
by the senior investigator Korelitz BI at Lenox Hill Hospital over a 50 year period. Inclusion criteria required
a diagnosis of universal UC defined by the presence
of endoscopically active disease proximal to the midtransverse colon on at least one colonoscopy following
the date of UC diagnosis.
Candidates were only included if they had at least 3
surveillance colonoscopies performed following 10 years
of UC diagnosis and a minimum of an additional 10
years (total ≥ than 20 years of disease). Data recorded
included gender, age at diagnosis, year of diagnosis, and
disease duration. A Microsoft excel spreadsheet was
constructed documenting each surveillance colonoscopy,
recording the presence or absence of gross endoscopic
disease, and the presence or absence of microscopic
inflammation in those macroscopically normal in each
colonic segment to include the cecum, ascending colon,
transverse colon, descending colon, sigmoid colon and
rectum. No specific index system for histological inflammation was used since none was available during most
of the study period. The slides had been read by the
institutional pathologists who all had extensive experience with surveillance biopsies in ulcerative colitis. All
cases of dysplasia were reviewed by a second pathologist
specializing in gastrointestinal diseases. Each subject’s
follow-up continued until either colectomy, the finding
of CC/HGD, or a duration of at least 10 additional years
of surveillance after the first 10 years of disease up until
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less than 3 documented colonoscopies during the second
10 years of ulcerative colitis. Patients were subsequently
divided into two groups, group 1 which was comprised
of 20 patients who developed CC and/or HGD, and
group 2 comprised of 48 patients who did not. Demographic data are summarized in Table 1. Overall, groups
1 and 2 were similar in terms of gender, age of UC
diagnosis and disease duration. More of the patients in
group 2 were diagnosed and treated in recent decades
than those in group 1.
Table 1 notes the decade during which the diagnosis
of extensive ulcerative colitis was recognized and records
the percentage of patients treated with immunosuppressives and/or biological during these decades.
Table 2 charts the number of surveillance colonoscopies done after 10 years of disease for Groups 1 and
2 and identifies the number of times for each when the
endoscopic appearance was normal but biopsies nevertheless showed inflammation. The 20 patients in group
1 had 120 surveillance colonoscopies, range 3-14, median 4. Of the 48 patients of group 2, 550 surveillance
colonoscopies were performed, range 3-28, median 8.5.
Overall, histological disease activity in the absence of
gross/endoscopic disease was found in 31.2% (95%CI:
28%-35%) of colonoscopies performed on the entire
cohort of 68 patients. Histological disease activity when
the colonoscopy showed an absence of gross disease
activity was more common in group 1 than group 2
patients, 88% (95%CI: 72%-97%) vs 59% (95%CI:
53%-64%). Only 3/20 (15%) of patients in group 1 ever
had a colonoscopy completely without demonstrated
disease activity (i.e., no endoscopic or histological activity) as compared to 37/48 (77%) of patients in group 2.
Among the 20 patients who developed CC/HGD, 17
(85%)(95%CI: 62%-98%) were found distal to the splenic flexure, including 11 (55%)(95%CI: 31%-37%) which
developed in the rectum. In only 2 of the 20 cases (10%)
(95%CI: 1%-32%) was carcinoma (CA)/HGD found
isolated proximal to the descending colon. In no case
was CA/HGD found in a colonic segment without prior
histological inflammation. Table 3 shows the segments of
the colon involved with histological inflammation when
the colonic mucosa appeared normal and the degree of
inflammation on a progressive scale of 1-5. The severity
of inflammation was much more marked in group 1 than
group 2. In these 20 patients of group 1 who did develop
neoplasia, both the persistence of histological inflammation and its severity was most marked in the rectum and
sigmoid where 12 of the cases of cancer (70.6%) and 10
with severe dysplasia were found. This finding was similar
to that reported by Goldstone et al[14] In only 2 of the 20
patients was CC/HGD found isolated proximal to the
descending colon and in no case was it found without
there having been previous inflammation. The severity
of inflammation was greater in all segments of group
1 than group 2. Features of the 20 patients with high
grade dysplasia and/or colon cancer are shown in Tables
4 and 5.

Table 1 Demographics, decades of surveillance, and probable
influence of advances in drug therapy
Characteristics
n = 68
Gender (% female)
Age at diagnosis (yr), range
Disease duration (yr), range
Treatment with 6 MP/IFX
Subjects/decades of diagnosis of UC
1930-1949
1950-1959
1960-1969
1970-1979
1980-1989
1990-1999

Group 1
CA/HGD
20
50%
27.3 (8-51)
27.3 (12-54)

Group 2
Non-CA/HGD
48
46%
25 (6-61)
29.6 (16-48)

Subjects received1

Subjects received2

1
1
7
9
2
0

0
0
5
17
16
10

1

1970-1989, 6-mercaptopurine (6MP) = 55%, infliximab (IFX) = 0%;
1960-1999, 6MP = 79%; 1980-1999, IFX = 27%. CA: Carcinoma; HGD:
High-grade dysplasia; UC: Ulcerative colitis.
2

the final documented surveillance examination. All colonoscopies were performed by the Senior Author alone or
with Fellows in Gastroenterology.
Ethical considerations
This study received approval of the Institutional Review
Board of Lenox Hill Hospital on September 15, 2009.
Statistical analysis
This is a retrospective cohort and descriptive study, of
greater than 20 year duration, which was undertaken to
assess the frequency and extent to which histological
inflammation is present in the absence of gross endoscopic findings amongst patients with long-standing
ulcerative colitis and whether this observation is more
prevalent amongst patients who later develop colon
cancer or high grade dysplasia. We report the observed
prevalence of histological inflammation and its associated 95%CI in the total cohort and the two groups; the
group which later developed colon cancer/dysplasia and
the group which did not.
These important observations result from a study the
strength of which is its long standing duration and the
relative limited variation associated with a single practice. Obviously, its retrospective nature places the usual
number of anticipated limitations so that the conclusions must be viewed with caution and taken to generate
a hypothesis. Due to the long standing duration required
to develop such a study, a prospectively controlled examination of this question in order to confirm these
observations is not feasible.

RESULTS
Of 115 patients with longstanding UC reviewed, 68 patients met the inclusion criteria. 47 were excluded either
for lack of the minimum of 20 years of surveillance or
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Table 2 Summary of colonoscopic outcomes with and without neoplasia n (%)
Colonoscopic outcome
Colonoscopies after 10 yr of UC
Colonoscopies with endoscopically active colitis
Colonoscopies without endoscopically active colitis but with histological inflammation1
Colonoscopies without gross/endoscopic or histological inflammation
% of endoscopically negative colonoscopies with histological inflammation2

Group 1

Group 2

Total

(n = 20)

(n = 48)

(n = 68)

120
Range 3-14 median 6
87 (72.5)
29 (24.2)
4 (3.3)
29 (88)

550
Range 3-28 median 11.5
243 (44.2)
180 (32.7)
127 (23.1)
180 (59)

670
330 (49.2)
209 (31.2)
131 (19.6)

1

Prevalence in all colonoscopies; 2Prevalence in all colonoscopies. UC: Ulcerative colitis.

32
33
34
35
36
37
38
39
40
41
42
43

Table 3 Segments of colon showing histological inflammation
and its degree when endoscopically normal
Case-index
1N
2N
3N
4N
5N
6N
7N
8N
9N
10N
11N
12N
13N
14N
15N
16N
17N
18N
19N
20N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Cecum

Asc colon

2
2, 4
3
1
3
2
1
2
2
3
3
1
3, 5
1
2
2
2
1
3
3
1
0
0
2
1
3
0
2
0
1
1
0
1
0
1
0
1
0
1
2
2
0
1
1
0
1
0
1
1
1
0

2
2, 4
3
1
3
2
1
2
2
3
3
1, 5
3, 5
2, 5
2
2
2
1
3
3
1
0
0
0
0
3
0
2
0
1
1
1
1
0
0
0
2
0
1
2
0
0
1
1
0
1
0
1
1
1
0

Trans
colon
2
2
3
1
3
3, 5
1
3, 5
2
3
3
1, 4, 5
3
2, 4
2
2
2
1
3
3
3
0
1
1
2
0
0
0
1
1
1
2
3
0
0
2
2
0
1
0
2
1
1
1
1
1
2
1
2
1
0
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Desc
colon
2
2, 4
3
1
3, 4
3
1
3
2
3, 4
3
2
3
2, 4
2, 5
3
3
1
3
3
2
0
1
1
2
0
0
0
1
1
1
2
2
0
1
1
2
0
1
2
2
1
1
1
1
3
2
2
1
1
1

Sigmoid

Rectum

2
2, 4
3
1, 5
3, 5
3, 5
2, 4, 5
3, 5
2, 4
3
3,5
2
3
1, 4
2
3, 4, 5
3
2, 4, 5
3
3, 4, 5
3
0
0
0
2
1
0
1
1
1
1
2
2
0
1
1
2
0
1
2
1
1
0
1
2
0
2
1
1
1
1

2, 4, 5
2, 4
3, 4
1, 5
3, 4, 5
2
2, 4
2
2, 4
3
3
2
3
1
2
3, 5
3, 5
2
3, 5
3, 5
3
1
1
3
2
2
0
1
1
1
1
1
0
0
1
0
2
0
1
0
2
1
0
0
2
2
2
1
3
1
1

2
2
0
1
1
1
0
1
1
0
1
1

0
2
0
1
1
1
0
1
1
0
0
1

2
0
0
1
1
0
1
1
1
3
2
1

2
2
1
3
2
0
1
1
1
0
2
0

1
2
0
1
3
2
1
1
2
0
2
1

1
2
0
1
2
2
0
0
2
0
2
1

Group 1 = 1N→20N (29 colonoscopies); Group 2 = 1→43 (180 colonoscopies). Degree of inflammation: 0, none; 1, mild; 2, moderate; 3, severe; 4,
dysplasia; 5, cancer.

DISCUSSION
Our study demonstrates an incidence of CC/HGD of
almost 30% following average disease duration of over
27 years. While this finding in a tertiary care/IBD specialty practice may not reflect community norms, it is
clearly in line with the incidence in prior observations[1,6].
While others have examined the risk of CC and dysplasia as a function of duration, extent and severity of
inflammation, our goal was to examine whether the persistence of microscopic inflammation was itself a risk
factor. We found that microscopic disease in the absence
of macroscopic disease was a common finding on surveillance in the group who developed CC/HGD as well
as the group who did not. However, a finding of both
endoscopic and histological healing was a rare event in
the CC/HGD group (3.3% of colonoscopies) vs the
non-CC/HGD group (23% of colonoscopies), and that
few patients in group 1 would ever demonstrate microscopic mucosal healing (15%), while a majority of those
in group 2 would at some point during their follow up
(77%). Furthermore, the severity of inflammation was
much greater for all biopsied segments for group 1 than
group 2. These findings add to those earlier observations
by reinforcing the prognostic benefits of histological
mucosal healing in addition to gross mucosal healing.
Additionally, we sought to determine the incidence
of histological disease activity when gross mucosal
healing was observed. Overall, we found that 31.2%
(95%CI: 28%-35%) of all colonoscopies that demonstrated grossly normal appearing colonic mucosa also
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Table 4 Features of 20 patients with high grade dysplasia or carcinoma of colon
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Totals

High grade dysplasia

Multiple sites of dysplasia

Low grade dysplasia

Colon cancer

Location of cancer

+
+
+
+
+
+
+
0
0
+
0
0
+
0
0
+
+
0
0
+
12

1
1
0
0
1
1
1
0
1
1
0
0
1
0
0
0
1
0
0
0
9

0
0
0
0
0
0
0
0
1
0
0
0
1
1
0
1
1
0
0
0
5

0
0
0
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
17

-1
-1
-1
Recto-sigmoid
Sigmoid
Sigmoid
Sigmoid
Distal transverse
Ileo-Anal pouch
Sigmoid
Sigmoid
Prox transverse
Cecum
Ascending
Descending
Recto-sigmoid
Rectum
Sigmoid
Rectum
Sigmoid

1

High grade dysplasia at multiple sites, not cancer.

Discussion on the value of surveillance for ulcerative
colitis provides a wide range of opinions. Higgins et al[25]
and Dhanda et al[26] raise the option of eliminating colonoscopy entirely since it contributes little to the degree
of ulcerative colitis activity beyond clinical activity as
reported by the patient; we feel that this should pertain
only to an index of activity but not to surveillance for
dysplasia and cancer. Rutgeerts et al[27], Regueiro et al[9],
and Pineton de Chambrun et al[13] emphasize the lack of
correlation between clinical and endoscopic findings and
support endoscopic healing for clinical trials but do not
include histological healing as a component of mucosal
healing for surveillance purposes. Baars et al[28] found an
incidence of histological inflammation of 49% when the
mucosa appeared endoscopically normal. Rutter et al[7],
Gupta et al[8] and Mathy et al[29] have recognized the importance of histological inflammation in providing a risk
factor for colon cancer in long-standing ulcerative colitis
and propose the inclusion of microscopic inflammation
in a grading system for risk stratification. Such histological grading scales have been proposed by Geboes et al[30]
and Korelitz[31].
The most notable drawback to our own analysis is
the discrepancy between the numbers of surveillance
colonoscopies performed between the two groups, with
a median number of examinations more than double in
group 2 who did not develop HGD/CC. While more examinations decreased the chance of missing HGD/CC,
it also increased the number of opportunities for the patients in the non-CC/HGD group to show histological
mucosal healing. As such, it is likely that the percentage
of individuals who had a colonoscopy with complete
mucosal healing would have been less if this groups’ surveillance frequency was closer to the HGD/CC group.

Table 5 Features of the patients with carcinoma of colon
Features

Colectomies

Cancer discovered at endoscopy led to colectomy
Colectomy for high grade dysplasia also disclosed
cancer
Colectomy for high grade dysplasia did not disclose
cancer
Cancer discovered by metastases (no colectomy)
Most cancers in sigmoid and rectum
Multiple areas of dysplasia
Low grade as well as high grade dysplasia
Alive in 2012
High grade dysplasia at multiple sites, not cancer

8
8
3
1
12/17
6
6
9
3/20

demonstrated evidence of microscopic inflammation.
To the experienced IBD gastroenterologist this finding
will come as no surprise. The persistence of histological
inflammation in ulcerative colitis without evident clinical
activity or abnormal endoscopic appearance was reported over 50 years ago by Truelove and Richards[15], Dick
and Grayson[16] and Matts[17]. Later Morson[18] and Dick
et al[19] further popularized the value of rectal biopsies
and Sommers et al[20] and Korelitz et al[21] introduced the
technique of mucosal cell counts for evaluating persistence of inflammation and for response to specific drug
therapy. Their findings were based mostly on finding an
excess of chronic inflammatory cells including plasma
cells and an apparent increase in polymorphonuclear leukocytes. Riley et al[22] reported the risk of relapse in UC
when biopsies showed any acute inflammatory infiltrate
histologicallyand Bitton et al[23] showed that the findings
of plasmacytes on biopsy specifically increased the likelihood of relapse. Bessissow et al[24] suggested optimizing
medical therapy when this finding is disclosed.
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Innovations and breakthroughs

Also, our comparison of the two groups does not
account for possible treatment differences. It is notable
that most of the patients in the non-CC/HGD group
were diagnosed and received treatment during an era of
increasing use of immunosuppressive and then biologics to treat UC, suggesting a beneficial effect of such
therapy. We have previously shown a trend toward a reduced risk for colon cancer in IBD patients treated with
6-mercaptopurine (MP)[32] but were unable to confirm
this statistically though a more recent analysis of the
CESAME cohort has shown a significant decrease in
the incidence of colon cancer in patients with extensive
colitis[33] treated with thiopurines. In the present study,
we show that the decades of treatment with 6 MP alone
coincide with reduced risk of neoplasia (6 MP used in
79% of group 2 vs 55% in group 1) and similarly with
infliximab (27% in group 2 vs none in group 1). Though
others have observed an association between CC and decade of disease diagnosis, the relationship of treatment
with 5-amino salicylic acid preparations and CC/HGD
rates in UC remains controversial, as the continuing pro
and con debate surrounding their role in CC prevention
bears out[34-37].
In conclusion, our findings clearly add to the argument in favor of defining mucosal healing not only by
endoscopic findings, but by histological healing as well.
Confirmation of gross mucosal healing has been advocated as an appropriate and objective measure of successful treatment in clinical trials[38,39], but this definition
of mucosal healing remains controversial[10,11,39,40]. Our
findings confirm previously reported high rates of CC/
HGD in patients with longstanding extensive colitis. We
show that progression to CC/HGD appears to be less
common in those patients who demonstrate histological mucosal healing compared to those who persistently
show microscopic disease activity. The endoscopist
should acknowledge that endoscopic healing and histological healing are not synonymous and surveillance biopsies should be performed even when the endoscopic
appearance is normal, and the results should be a part
of patient counseling regarding the goals and expected
outcomes in this high risk group.

Progression to HGD or CC in extensive ulcerative colitis of long standing was
more frequently encountered among those patients who demonstrate persistent
histological inflammation in the absence of gross mucosal disease. Their findings support including the elimination of histological inflammation in the definition of mucosal healing, and support this endpoint as an appropriate goal of
therapy because of its risk of increasing dysplasia and colon cancer.

Peer review

This is an interesting manuscript investigating the importance of histologic
inflammation in the development of HGD/CRC in UC. The evidence presented
here adds support to the fact that persistence of microscopic inflammation increases the risk of colon cancer in ulcerative colitis.
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RESULTS: There were 788 Hispanic participants included in the study after exclusions. The prevalence of
NAFLD was 29% (n = 225). Hispanics of Mexican origin
had a significantly higher prevalence of NAFLD (33%),
compared to Hispanics of Dominican origin (16%), (P <
0.01) and Hispanics of Puerto Rican origin (18%), (P <
0.01). After controlling for age, sex, BMI, waist circumference, hypertension, serum HDL, triglyceride and CRP
level and insulin resistance, Hispanics of Mexican origin
remained significantly more likely to have NAFLD than
those of Dominican and Puerto Rican origin.
CONCLUSION: United States Hispanics of Mexican
origin have a significantly higher prevalence of NAFLD
when compared to United States Hispanics of Dominican or Puerto Rican origin after controlling for known
risk factors. Care should be taken when performing risk
assessment in Hispanic populations not to make assumptions of homogeneity.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Non-alcoholic fatty liver disease; Prevalence; Hispanic subpopulations

AIM: To compare prevalence rates of non-alcoholic fatty
liver disease (NAFLD) between Hispanics of Mexican origin and Hispanics of Dominican and Puerto Rican origin.

Core tip: Hispanics have a significantly higher prevalence of non-alcoholic fatty liver disease (NAFLD) and
evidence of more advanced disease when compared
to other ethnic groups. As a consequence it has been
proposed that clinicians perform biopsies on Hispanics
diagnosed with NAFLD given the increased of fibrosis
development. Most of the studies examining Hispanics
with NAFLD evaluated those of Mexican descent. It is
unknown if this increased propensity to develop NAFLD
is uniform among all people classified as Hispanics or
if certain subpopulations are at higher risk. This study
aims to compare the prevalence rates of NAFLD between US Hispanic subgroups.

METHODS: We evaluated prevalence rates of NAFLD
between the two largest sub-populations of Hispanics
in the United States; Hispanics of Mexican origin and
Hispanics of Caribbean origin (Dominican and Puerto Rican), in the multi-ethnic study of atherosclerosis (MESA)
cohort. MESA is a large, population based, multi-center
cohort study comprised of 6814 healthy Caucasian,
African-American, Hispanic, and Asian men and women
aged 45-84. We utilized the baseline serum, anthropometric and radiographic measurements obtained between 2000 and 2002. NAFLD was measured via computed tomography scan and was defined as liver/spleen
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the prevalence of metabolic diseases among Hispanic
subgroups, such as type 2 diabetes, we hypothesize that
the tendency to develop NAFLD is not uniform among
all Hispanics[25]. The aim of this study is to compare
prevalence rates of NAFLD between the two largest
US Hispanic subgroups: Hispanics of Mexican origin
and Hispanics of Caribbean origin (Dominican and
Puerto Rican) in the multi-ethnic study of atherosclerosis
(MESA) database.

Fleischman MW, Budoff M, Zeb I, Li D, Foster T. NAFLD
prevalence differs among hispanic subgroups: The multiethnic study of atherosclerosis. World J Gastroenterol 2014;
20(17): 4987-4993 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/4987.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.4987

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common etiology of chronic liver disease in the United
States as well as worldwide[1-4]. While the true prevalence
of NAFLD is unknown, it is thought that up to 30% of
the adult United States population may have steatosis due
to NAFLD[1,5]. NAFLD is projected to be a major cause
of liver-related morbidity and mortality over the next
several decades in parallel with the obesity crisis with a
prevalence predicted to increase 50% by the year 2030[6].
While not all individuals with NAFLD develop liver-related complications, it is clear that up to 30% will develop
non-alcoholic steatohepatitis (NASH) and be at risk for
fibrosis, cirrhosis, portal hypertension and hepatocellular
carcinoma[7-11].
While central obesity, insulin resistance and dyslipidemia are well-established risk factors for the development
of NAFLD, not all individuals with these risk factors develop hepatic steatosis[12]. There also appears to be racialethnic variations in the propensity to develop NAFLD
with Hispanics being overrepresented in population
studies when compared to blacks and whites[13-15]. Furthermore, when compared to blacks and whites, Hispanics with NASH appear to have more advanced histology
on liver biopsy[16,17]. There is evidence that the increased
prevalence of NAFLD in Hispanics does not appear to
be solely attributable to an increased presence of metabolic risk factors associated with NAFLD such as insulin
resistance and obesity [15,18] The mechanism by which
Hispanics are at a higher risk to develop NAFLD and
NASH is unclear but may be attributable to increased intraperitoneal fat distribution[18]. Genetic polymorphisms
related to steatosis and hepatocyte injury may also explain such variation in the prevalence of NAFLD among
Hispanics[19]. The single amino acid isoleucine to mehtionine polymorphism in the Patatin-like phospholipase
domain containing 3 gene (PNPLA3) has been strongly
associated with hepatic steatosis across multiple racialethnic groups and has a higher frequency among Hispanics when compared to European and African American
individuals[20,21].
What is unclear is if the propensity to develop
NAFLD is uniform among all subgroups that fall under
the umbrella term Hispanic. The term Hispanic is nonspecific in that it encompasses a culturally and genetically
diverse collection of individuals, illustrated by the poor
concordance between genetic based ancestry models
and self-reported ethnicity among Hispanics[22-24]. Given
such genetic variability and the observed differences in
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MATERIALS AND METHODS
Study population
The MESA is a large, population based, multi-center
cohort study designed to describe risk factors related to
the development and progression of subclinical coronary
atherosclerotic heart disease. The cohort is comprised of
6814 Caucasian, African-American, Hispanic, and Asian
men and women aged 45-84 who were clinically free
from cardiovascular disease at baseline and followed for
a period of eight years. Study participants were recruited
from six communities (Los Angeles County, CA; Manhattan, New York, NY; Baltimore, MD; Chicago, IL; St.
Paul, MN and Forsyth County, NC) in the United States.
Internal Review Boards at each participating centers approved the studies and each participants gave written informed consent. Participants with active cancer, cognitive
impairment, or weight greater than 300 pounds (136 kg)
and pregnant individuals were excluded. This study has
been described in detail elsewhere[26].
In addition to the MESA exclusion criteria, we additionally excluded for the following: significant alcohol
consumption (defined as > 14 drinks on average per
week in men and > 7 drinks on average per week in
women), a history of Hepatitis C and the absence of a
visible liver and/or spleen on cardiac CT (Figure 1). This
study focused on comparing Hispanics of Mexican and
Caribbean Origin (Dominican and Puerto Rican). Hispanics of Cuban Origin were excluded due to the small
number of individuals with NAFLD; n = 2 out of total
n = 41 total participants. Hispanics that were described
as of Central American origin (n = 46), South American
origin (n = 66) and “other” were excluded (n = 12) in an
effort to maintain homogeneity.
Clinical parameters
We utilized the baseline serum, anthropometric and
radiographic measurements obtained between 2000
and 2002 of the MESA study. Information on sociodemographic factors (age, sex, and education), lifestyle
factors (alcohol consumption and smoking status) and
self-reported medical history (hypertension, diabetes,
liver disease and cirrhosis) were collected at the baseline
examination using standardized questionnaires. A central
laboratory (University of Vermont, Burlington) measured
levels of total and HDL cholesterol, triglycerides, plasma
glucose, and high-sensitivity C-reactive protein in blood
samples obtained after a 12 h fast. Waist circumference
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sufficient for measure. A final HU value for each liver was
calculated by averaging the four ROI analyzed. Similarly a
final HU value for the spleen was calculated by averaging
the two ROI analyzed. A liver/spleen attenuation ratio (LS
ratio) was then calculated comparing the final HU measurement between the liver and spleen on each CT scan.
NAFLD was defined as a LS ratio of < 1. LS ratio < 1
has an area under the receiver operating curve (AUROC)
of 0.991 when measuring hepatic steatosis > 30%, corresponding to moderate to severe steatosis on histology[28-31].

MESA participants
n = 6814
Exclusion for inadequate
imaging n = 2427

n = 4387
Exclusion for nonHispanic ethnicity
n = 3382
Exclusion for nonCaribbean or Mexican
origin n = 133

Statistical analysis
Results of summary outcome measures were reported as
mean ± standard deviation and proportions. Differences
between groups were tested using χ 2 analyses for categorical data and two sample Student’s t test for continuous
variables. Logistic regression was used to determine predictors of NAFLD using univariate and multivariate analysis. In our analytical models we included a core set of
covariates which included age (as a continuous measure),
gender and education (measured dichotomously; completed high school yes or no). We included the variables
that were significant with a P value of 0.20 or smaller on
univariate analysis into our multivariate model of the entire population. All analyses were performed using Stata
version 11.0 (StataCorp LP, College Station, Texas).

Exclusion for Cuban
origin n = 41

Exclusion for no Hispanic
subtype noted n = 29

n = 802
Exclusion for significant
alcohol use n = 5
Exclusion for selfreported history of
hepatitis C n = 9

Final study
population
n =788

RESULTS
Baseline characteristics of the study population
After applying our exclusion criteria there were a total of
788 participants available for analysis, baseline descriptive characteristics are reported in Table 1. The mean age
(years) of participants was 61 ± 10 and 54% of participants were female. Of the final study population, 67%
(n = 524) were of Mexican (MX) origin, 15 % (n = 121)
of Dominican (D) origin and 18% (n = 143) of Puerto
Rican (PR) origin. Diabetes was reported in 19% of the
population. A total of 225 (29%) participants had radiographic NAFLD at baseline as defined by LS ratio < 1.
Radiographic NAFLD was found in 34% of participants
of Mexican origin (n = 179), 17% (n = 21) of Dominican
origin and 17% (n = 25) of Puerto Rican origin (Figure 2).
There were several differences in the descriptive
baseline variables between participants of Mexican and
Dominican origin. When compared to participants of
Dominican origin, Hispanics of Mexican origin were
older, more likely to be male, have a higher BMI and
have a larger waist circumference. There were also several
physiologic and metabolic differences between these two
groups. When compared to participants of Dominican
origin, Hispanics of Mexican origin had lover HDL
levels, higher triglyceride levels and HOMA insulin resistance scores. They were more likely to have metabolic
syndrome but less likely to have hypertension (Table 2).
Participants of Puerto Rican and Mexican origin
were similar with respect to descriptive baseline variables
except that when compared to those of Puerto Rican ori-

Figure 1 Multi-ethnic study of atherosclerosis participants: Exclusion criteria. Study exclusion criteria. Participants without adequate imaging for liver:spleen
ratio calculations were excluded as were individuals with self-reported history of
hepatitis C and significant alcohol consumption (> 14 drinks per week in men, >
7 drinks a week in women); Non-Hispanic and Hispanics not of Caribbean origin
were excluded; Cubans, due to small number with non-alcoholic fatty liver disease
(n = 2) were also excluded. MESA: Multi-ethnic study of atherosclerosis.

was measured horizontally at the level of the umbilicus.
Hip girth was measured at the maximum circumference of the buttocks. Body mass index was calculated as
weight in kilograms divided by height in meters squared.
Homeostatic model assessment was used to measure insulin resistance (HOMA-IR) calculated as fasting glucose
(mg/dL) × fasting insulin (µU/mL) /405[27].
NAFLD definition and radiographic method
All participants in the MESA study obtained non-contrast
cardiac computed tomography (CT) scans at baseline that
included areas of the upper abdomen. Attenuation coefficients in HU were measured in four areas of the liver
and two areas of the spleen. Measurements for each area
included the minimum, maximum and mean HU for a 2
cm round or ellipse region of interest (ROI) in the right
and left lobes of the liver, as well as in the spleen. If sufficient tissue was not available for a 2 cm measure, a 1 cm
measurement was obtained. If less than 1 cm of tissue
was evident on the cardiac scan, the study was deemed not
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Table 1 Descriptive characteristics of the study populations

Table 2 Baseline demographic, anthropomorphic and
physiologic characteristics of the study population: Hispanics
of Mexican and Hispanics of Dominican origin n (%)

n (%)

Variable

Value
(n = 788)

NAFLD
Age (yr)
Male gender
Puerto Rican
Dominican
Mexican
BMI (kg/m2)
Waist circumference (cm)
Hypertension
C-reactive protein (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Diabetes
HOMA-IR
Metabolic syndrome
High school completion

225 (29)
61 ± 10.4
361 (46)
143 (18)
121 (15)
524 (67)
29.6 ± 5.1
100.9 ± 12.9
280 (36)
4.3 ± 5.3
198.5 ± 37.0
162.0 ± 103.0
119.8 ± 33.0
47.2 ± 13.0
148 (19)
2.2 ± 2.7
355 (45)
416 (53)

Variable

Mexican
(n = 524)

Dominican
(n = 121)

P value

NAFLD
Age (yr)
Male gender
BMI (kg/m2)
Waist circumference (cm)
Hypertension
C-reactive protein (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Diabetes
HOMA insulin resistance
Metabolic syndrome
High school completion

179 (34)
62 ± 10.3
256 (49)
30.1 ± 5.1
102.0 ± 12.4
172 (33)
4.5 ± 5.7
198.7 ± 37.8
176.7 ± 113.9
118.4 ± 32.5
46.1 ± 12.4
108 (21)
2.4 ± 3.2
266 (51)
266 (51)

21 (17)
59 ± 10.7
45 (37)
27.8 ± 4.6
96.5 ± 12.8
54 (45)
3.8 ± 5.6
197.9 ± 34.6
124.8 ± 61.3
124.4 ± 34.1
48.8 ± 12.7
15 (12)
1.5 ± 1.0
36 (30)
59 (49)

< 0.001
0.005
0.02
< 0.001
< 0.001
0.01
0.25
0.84
< 0.001
0.07
0.03
0.10
0.002
< 0.001
0.69

Data are expressed as n (%) or mean ± SD. NAFLD: Non-alcoholic fatty liver
disease; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.

Data are expressed as n (%) or mean ± SD. NAFLD: Non-alcoholic fatty liver
disease; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.

Table 3 Baseline demographic, anthropomorphic and
physiologic characteristics of the study population: Hispanics
of Mexican and Hispanics of Puerto Rican origin n (%)

40

Prevalence (%)

35
30
25
20
15
10
5
0

Mexican decent

Dominican decent Puerto Rican decent

Figure 2 Prevalence of non-alcoholic fatty liver disease by Hispanic
subgroup.

gin, Hispanics of Mexican origin had a lower rate of high
school completion. There were several differences with
respect to physiologic and metabolic parameters. When
compared to participants of Puerto Rican origin, Hispanics of Mexican origin had higher triglyceride and HOMA
insulin resistance levels, lower HDL levels and higher
rates of metabolic syndrome (Table 3).
Hispanics of Dominican and Puerto Rican origin
were similar with respect to baseline descriptive values
except that participants of Dominican origin had lower
BMI (kg/m2) and smaller waist circumference (cm) than
participants of Puerto Rican origin as well as lower rates
of high school completion. With respect to physiologic
and metabolic parameters, participants of Dominican
and participants of Puerto Rican origin were similar except that participants of Puerto Rican origin had higher
HOMA insulin resistance scores (Table 4).

Mexican
(n = 524)

NAFLD
Age (yr)
Male gender
BMI (kg/m2)
Waist circumference (cm)
Hypertension
C-reactive protein (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Diabetes
HOMA
Metabolic syndrome
High school completion

179 (34)
62 ± 10.3
256 (49)
30.1 ± 51
102.0 ± 12.4
172 (33)
4.5 ± 5.7
198.7 ± 37.8
176.7 ± 113.9
118.4 ± 32.5
46.1 ± 12.4
108 (21)
2.4 ± 3.2
266 (51)
266 (51)

Puerto Rican
(n = 143)

P value

25 (17)
60 ± 10.5
60 (42)
29.5 ± 5.2
100.3±14.0
54 (38)
4.2 ± 3.6
198.2 ± 36.6
139.5 ± 73.1
121.0 ± 33.7
49.6 ± 14.6
25 (17)
1.9 ± 1.5
53 (37)
91 (64)

< 0.001
0.07
0.14
0.29
0.16
0.27
0.52
0.89
< 0.001
0.40
0.01
0.61
0.05
0.003
0.01

Data are expressed as n (%) or mean ± SD. NAFLD: Non-alcoholic
fatty liver disease; LDL: Low-density lipoprotein; HDL: High-density
lipoprotein.

igin was associated with a significantly lower crude odds
ratio for the presence of NAFLD when compared to
being a Hispanic of Mexican origin. Similarly Hispanics
of Puerto Rican origin had significantly lower crude odds
ratio of NAFLD prevalence when compared to Hispanics of Mexican origin (Table 5).
We compared the predictors of NAFLD in individuals with NAFLD in each subgroup. There was no statistically significant difference in any predictor across groups
(Table 6). When we compared the groups to each other,
the only significant difference found was that Hispanics of Mexican origin with NAFLD had a significantly
higher BMI than Hispanics of Dominican origin with

Hispanic subgroup as a risk factor for NAFLD
Univariate analysis: Being a Hispanic of Dominican or-
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metabolic and anthropomorphic features. Despite these
similarities, Hispanics of Mexican origin had a much
higher frequency of NAFLD than Hispanics of Puerto
Rican origin in our study suggesting perhaps that additional factors other than the presence of the traditional
risk factors for NAFLD is related to the development
of steatosis in Mexican individuals. Although Hispanics
of Mexican origin were more likely to be diabetic and
have metabolic syndrome than Hispanics of Dominican
origin, Hispanics of Mexican origin were still more likely
to have NAFLD when these traditional NAFLD risk
factors were controlled for on multivariate analysis, again
suggesting other factors at play perhaps genetic increasing the predisposition of Hispanics of Mexican origin to
develop NAFLD compared to other Hispanic groups.
PNPLA3 has been shown to account for up to 72% of
the ethnic differences in the prevalence of NAFLD[32].
Further studies are necessary to see if this explains the
differences in prevalence we have found among Hispanic
subtypes living in the US.
Our study does have some limitations. This study is a
cross-sectional analysis of a prospective cohort population and causality cannot be determined. In our study,
NAFLD was defined indirectly by using radiographic
methods. Although there is a strong concordance between moderate to severe steatosis (> 30%) and LS ratios, the gold standard is liver biopsy and less severe steatosis may have been present in individuals but not seen
by radiographic methods. Additionally, due to the lack of
histologic data, we cannot comment on the prevalence
of NASH in Hispanics of Caribbean origin which has
been shown to be more severe in Hispanics of Mexican
origin[16,17]. Individuals with a weight greater than 300 lbs
were excluded from the MESA database and we were not
able to assess the prevalence rates of NAFLD in very
obese individuals based on Hispanic subgroups.
As far as we know, this is the first study to compare
the frequency of NAFLD between the major Hispanics subgroups living the United States. The majority of
studies describing NAFLD in Hispanic populations were
performed predominantly on Hispanics of Mexican
origin. Given that the current American Association for
the Study of Liver Disease guidelines recommend liver
biopsy in individuals with NAFLD deemed to be at high
risk of NASH and fibrosis, and count a Hispanic ethnic
background as a risk factor, it is important to determine
which specific Hispanic individuals are in fact are at high
risk for NAFLD. Such risk stratification could significantly decrease the number of invasive procedures performed. Our findings help clinicians to better determine
and ascribe the risk of NAFLD to the Hispanic patients
they see based on region of origin. Further studies are
needed to explore if there are similar differences in the
prevalence of NAFLD between other Hispanics subgroups not included in this study as well as determine
what genetic factors are contributing to these differences
seen. For now, care should be taken in generalizing studies related to NAFLD that involves Hispanics, especially

Table 4 Baseline demographic, anthropomorphic and
physiologic characteristics of the study population: Hispanics
of Puerto Rican and Hispanics of Dominican origin n (%)
Variable

Dominican
(n = 121)

Puerto Rican
(n = 143)

NAFLD
Age (yr)
Male gender
BMI (kg/m2)
Waist circumference (cm)
Hypertension
C-reactive protein (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Diabetes
HOMA
Metabolic syndrome
High school completion

21 (17)
59 ± 10.7
60 (42)
27.8 ± 4.6
96.5 ± 12.8
54(38)
3.8 ± 5.6
197.9 ± 34.6
124.8 ± 61.3
124.4 ± 34.1
48.8 ± 12.7
15 (12)
1.5 ± 1.0
36 (30)
59 (49)

25 (17)
60 ± 10.5
45 (37)
29.5 ± 5.2
100.3 ± 14.0
54 (45)
4.2 ± 3.6
198.2 ± 36.5
139.5 ± 73.1
121.0 ± 33.7
49.6±14.6
25 (17)
1.9 ± 1.5
53 (37)
91 (64)

P value
0.98
0.35
0.43
0.006
0.02
0.25
0.56
0.95
0.08
0.42
0.67
0.25
0.02
0.21
0.02

Data are expressed as n (%) or mean ± SD. NAFLD: Non-alcoholic
fatty liver disease; LDL: Low-density lipoprotein; HDL: High-density
lipoprotein.

NAFLD (P = 0.05) and Hispanics of Puerto Rican origin
with NAFLD had significantly more individuals with hypertension than those of Mexican origin (P = 0.04) with
NAFLD.
Multivariate analysis: Hispanics of Dominican and
Puerto Rican origin had a significantly lower risk for the
prevalence of NAFLD compared to Hispanics of Mexican origin on multivariate analysis after controlling for
age, sex, BMI, waist circumference, hypertension, level of
education, serum HDL, triglyceride and CRP levels and
HOMA. Adjusted odds ratios can be seen in Table 5.

DISCUSSION
While several studies have demonstrated a higher frequency of NAFLD among Hispanic individuals, little is
known about the distribution of NAFLD among various
Hispanic subgroups. Given the genetic and cultural variance among Hispanics, illustrated by poor concordance
between genetic ancestry markers and self-reported ethnicity, we hypothesized that the distribution of NAFLD
would not be uniform among Hispanic subgroups. Here
we demonstrate a significant difference in the frequency
of moderate to severe steatosis between the two largest
United States subgroups of Hispanics (those of Mexican
vs Caribbean origin) utilizing a large cohort database.
Hispanics of Mexican origin showed a higher prevalence of NAFLD when compared to both Hispanics
of Dominican and Puerto Rican origin, while there was
no significant difference in the frequency of NAFLD
between Hispanics of Dominican and Puerto Rican
origin. At baseline, Hispanics of Mexican origin were
more similar to Hispanics of Puerto Rican origin than
those of Dominican origin with respect to demographic,
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Table 5 Crude and adjusted odds ratios for non-alcoholic fatty liver disease by Hispanic subgroup with Hispanics of Mexican origin
as the reference population
Hispanic subgroup
Mexican
Dominican
Puerto Rican

Total (n )

With NAFLD
(n )

OR

179
21
25

1 (ref)
0.40
0.41

524
121
143

Crude

Adjusted

95%CI
0.24-0.67
0.26-0.65

P value

OR

95%CI

P value

< 0.001
< 0.001

1 (ref)
0.49
0.44

0.28-0.86
0.29-0.86

0.01
0.002

Multivariate regression analysis was performed, controlling for age, sex, BMI, waist circumference, hypertension, level of education (completion of high
school), serum HDL levels, serum triglycerides levels, serum C-reactive protein levels and homeostasis model assessment of insulin sensitivity. NAFLD:
Non-alcoholic fatty liver disease.

Table 6 Comparison of predictors in Hispanic subgroups with non-alcoholic fatty liver disease n (%)
Variable

Mexican
(n = 179)

Dominican
(n = 21)

Puerto Rican
(n = 25)

P value

Age (yr)
Male gender
BMI (kg/m2)
Waist circumference (cm)
Hypertension
C-reactive protein (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Diabetes
HOMA
Metabolic syndrome
High school completion

60 ± 9.9
86 (48)
32.0 ± 5.4
105.7 ± 12.5
68 (38)
5.1 ± 5.3
196.8 ± 41.4
202.4 ± 140.6
114.1 ± 31.1
43.3 ± 11.4
45 (25)
3.1 ± 2.1
117 (66)
87 (49)

62 ± 9.9
7 (33)
29.5 ± 5.0
103.7 ± 14.0
11 (52)
7.1 ± 8.2
190.0 ± 31.0
138.6 ± 54.8
117.6 ± 26.4
44.7 ± 9.5
3 (14)
2.3 ± 1.4
12 (57)
8 (38)

58 ± 10.5
11 (44)
32.2 ± 5.4
107.0 ± 13.9
15 (60)
5.9 ± 4.2
197.3 ± 31.6
173.5 ± 106.7
120.0 ± 108.7
44.4 ± 9.6
7 (28)
2.6 ± 1.5
16 (64)
16 (64)

0.43
0.43
0.67
0.07
0.24
0.74
0.08
0.62
0.80
0.80
0.14
0.74
0.20

Data are expressed as n (%) or mean ± SD. NAFLD: Non-alcoholic fatty liver disease; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.

”Puerto Rican” or “Cuban” - as well as those who indicate that they are “another
Hispanic, Latino, or Spanish origin”. They further state that origin can be viewed
as the heritage, nationality group, lineage, or country of birth of the person or
the person’s ancestors before their arrival in the United States and people who
identify their origin as Hispanic, Latino, or Spanish may be of any race.

of Mexican origin, to all groups that fall under the umbrella term Hispanic.
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Background

This is a cross-sectional observational study to compare prevalence rates of
NAFLD between the two largest subpopulations of Hispanics. NAFLD was diagnosed by computed tomography. The results of this study show that Hispanics
of Mexican origin had a significantly higher prevalence of NAFLD than Dominican or Puerto Rican origin.

Nonalcoholic fatty liver disease (NAFLD) is the most common etiology of chronic liver disease and is projected to soon be the leading cause of liver transplants. Hispanics are significantly more likely to have NAFLD when compared
to other ethnic groups. Hispanics with NAFLD are also more likely to have
advanced disease steatosis and fibrosis on histology compared to other ethnic
groups. As a result, it is recommended that liver biopsy should be obtained in
Hispanic patients found to have NAFLD according to American Association for
the Study of Liver Diseases guidelines. The term “Hispanic” applies to a very
diverse group of people and it is unclear if this increased risk and therefore the
need for liver biopsy is uniform.
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AIM: To determine calprotectin release before and
after colorectal cancer operation and compare it to tumor and histopathological parameters.
METHODS: The study was performed on patients with
diagnosed colorectal cancer admitted for operation. Calprotectin was measured in a single stool sample before
and three months after the operation using an enzymelinked immunosorbent assay (ELISA). Calprotectin levels
greater than or equal to 50 μg/g were considered positive. The compliance for collecting stool samples was
assessed and the value of calprotectin was correlated
to tumor and histopathological parameters of intra- and
peri-tumoral inflammation. Surgical specimens were
fixed in neutral buffered formalin and stained with hematoxylin and eosin. Staging was performed according
th
to the Dukes classification system and the 7 edition
tumor node metastasis classification system. Intra- and
peri-tumoral inflammation was graded according to the
Klintrup criteria. Immunohistochemical quantification
was performed for MPO, CD45R0, TIA-1, CD3, CD4,
CD8, CD57, and granzyme B. Statistical significance
was measured using Wilcoxon signed rank test, Kruskal
Wallis test and Spearman’s rank correlation coefficient
as appropriate.
RESULTS: Between March 2009 and May 2011, 80 patients with colorectal cancer (46 men and 34 women,
with mean age of 71 ± 11.7 years old) were enrolled
in the study. Twenty-six patients had rectal carcinoma,
29 had left-side tumors, 23 had right-side tumors, and
2 had bilateral carcinoma. In total, 71.2% of the patients had increased levels of calprotectin before the
operation (median 205 μg/g, range 50-2405 μg/g) and
experienced a significant decrease three months after
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the operation (46 μg/g, range 10-384 μg/g, P < 0001).
The compliance for collecting stool samples was 89.5%.
Patients with T3 and T4 tumors had significantly higher
values than those with T1 and T2 cancers (P = 0.022).
For all other tumor parameters (N, M, G, L, V, Pn) and
location, no significant difference in calprotectin concentration was found. Furthermore, the calprotectin levels
and histological grading of both peri- and intra-tumoral
inflammation was not correlated. Additional testing with
specific markers for lymphocytes and neutrophils also
revealed no statistically significant correlation.

and one light polypeptide chains. It is found in abundance in neutrophilic granulocytes, where it accounts for
60% of the cytosolic fraction, as well as in monocytes
and macrophages[11,12].
CRC is associated with a local acute inflammatory reaction of variable intensity. The recruitment of neutrophils
to the tumor site is hypothesized to be due to the local
release of chemotactic factors[4,6,7]. Calprotectin enters the
bowel lumen by migration rather than by bleeding or shedding of tumor cells. The neutrophilic infiltrate is variable
and might be related to the tumor size, suggesting calprotectin would be a less sensitive marker in smaller tumors[13].
To date, no correlation of calprotectin and tumor parameters including tumor localization, size or stages has
been found, as assessed by the Dukes classification or
older TNM classifications[6,7]. In our study, we used the
seventh edition of the TNM classification introducing
additional components (G, L, V and Pn)[14]. In addition,
our study contains the first systematic assessment of different histopathological markers to examine the correlation of calprotectin and parameters of peri- as well as
intratumoral inflammation. We measured fecal calprotectin concentrations in patients with proven CRC before
and after operation and correlated the results to tumor
and histopathological parameters. We hypothesized that
increased calprotectin levels were related to the T-stage,
as well as to the grading of peri- and intratumoral inflammation and specific neutrophil markers.

CONCLUSION: Fecal calprotectin decreases significantly after colorectal cancer operation. Its value depends exclusively on the individual T-stage, but not on
other tumor or histopathological parameters.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Calprotectin; Colorectal cancer; Inflammation; Tumor size; Granulocytes
Core tip: Colorectal cancer (CRC) patients have a significant increase of fecal calprotectin release. The mechanisms for this observation are unclear. In our study, we
examined the calprotectin release before and after operation of 46 CRC patients. This is the first study that
assessed the correlation of calprotectin with both tumor as well as histopathological parameters. Our study
contains the following new information: (1) the release
of calprotectin is exclusively correlated to the T-stage,
but to no histopathological parameters; and (2) except
the T-stage, all other tumor characteristics assessed by
the seventh edition of the tumor node metastasis classification are not correlated.

MATERIALS AND METHODS
Patients
Eighty patients with proven CRC, admitted for treatment
to one of the following hospitals: University Hospital
of Basel, St. Claraspital Basel and the Bruderholzspital,
Switzerland, were included. The study was carried out
according to the Principles of the Declaration of Helsinki and the protocol was accepted by the local ethical
committee. All patients gave written informed consent
before participating in any protocol-specific procedures.

Lehmann FS, Trapani F, Fueglistaler I, Terracciano LM, von
Flüe M, Cathomas G, Zettl A, Benkert P, Oertli D, Beglinger C.
Clinical and histopathological correlations of fecal calprotectin
release in colorectal carcinoma. World J Gastroenterol 2014;
20(17): 4994-4999 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/4994.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.4994

Measurement of fecal calprotectin
Calprotectin was measured in a single stool sample from
each patient collected in the hospital 24 h prior to the operation and 3 mo after hospital discharge. Samples were stored
at 4 ℃ before transfer to the laboratory (Viollier Laboratories, Basel, Switzerland) within 48 h for analysis. Calprotectin
is stable up to seven days at room temperature[3].
Fecal calprotectin levels were determined using an
enzyme-linked immunosorbent assay (ELISA) (Viollier
Laboratories, Basel, Switzerland). Aliquots of approximately 100 mg feces were homogenized in 5 mL extraction buffer. Two mL of the homogenate was centrifuged
for 5 min at 3000 g and 100 μL of the diluted supernatant (1:50 with incubation buffer) were incubated at
room temperature onto a microtiter plate coated with a
monoclonal capture antibody highly specific to the calprotectin heterodimeric and polymeric complexes. After

INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy in the world and accounts for more than 10%
of all cancer deaths[1,2]. Recent studies have shown that
stool parameters such as calprotectin and lactoferrin
are increased in many CRC patients[3-8]. The increase in
calprotectin in CRC patients is, however, highly variable
with levels ranging from insignificant to 100% sensitivity[9]. In fact, a meta-analysis by von Roon et al[10] revealed
the increase of calprotectin in CRC patients was not
recommended as screening tool for CRC. Calprotectin is
a small calcium-binding protein consisting of two heavy
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tibody overnight at 4 ℃ (CD45RO and TIA-1) Sections
were then incubated with peroxidase-labeled polymer
{K4005, EnVision + System-Horseradish Peroxidase
(HRP) [3-amino-9-ethylcarbazole (AEC)]; DakoCytomation} for 30 min at room temperature.
For visualization of the antigen, sections were immersed in AEC + substrate-chromogen [K4005, EnVision + System-HRP (AEC); DakoCytomation] for 30
min and lightly counterstained with Harris’s hematoxylin), Ventana BenchMark XT system was used for immunohistochemical analysis.

Table 1 Antibodies used for immunohistochemistry
Antibody
CD 45R0 (DAKO)
TIA-1 (IMMUNOTECH)
CD3 (VENTANA)
CD4 (VENTANA)
CD8 (VENTANA)
CD57 (VENTANA)
Granzyme B (VENTANA)

Clone

Dilution

Technique

UHCL-1
2G9A10F5
2GV6
SP-35
SP-57
NK-1
Polyclonal

1:1600
1:1000
Pre-diluted
Pre-diluted
Pre-diluted
Pre-diluted
Pre-diluted

ABC
ABC
Benchmark XT
Benchmark XT
Benchmark XT
Benchmark XT
Benchmark XT

incubation, washing, a second incubation with a specific
detection antibody, and a further washing step, tetramethylbenzidine (blue color formation) followed by a stop
solution (change to yellow color) were added. The absorption was determined at an optical density of 450 nm.
The measuring range of the test was 10-600 μg calprotectin/g feces with an intra- and inter-assay coefficient of
4.7% and 4.1%, respectively. Calprotectin levels greater
than or equal to 50 μg/g were considered positive. All
fecal samples were processed within 72 h after collection.
The laboratory personnel carrying out the analysis was
blinded to the clinical history of the patients.

Statistical analysis
The proportion of patients with pathological calprotectin
concentrations was estimated together with the 95%CI.
Pre- and post-operative calprotectin concentrations were
compared by a Wilcoxon signed rank test. For various descriptors, calprotectin concentrations between patients with
different factor levels were compared using Kruskal-Wallis
test. The correlation between calprotectin concentration
and various histopathological variables was assessed graphically as well as based on Spearman’s rank correlation coefficient. All analyses were performed with R (version 2.13.2).
A two-sided P value < 0.05 was considered significant.

Pathology
Surgical specimens were fixed in 10% neutral buffered
formalin and stained with hematoxylin and eosin. Staging was performed according to the Dukes classification
and the 7th edition of the TNM classification by the
Union for International Cancer Control[14]. Blinded senior pathologists examined all specimens.

RESULTS
Patients
Eighty patients with proven CRC (46 men, 34 women,
71 +/- 11.7 years old) were included in the final analysis.
A second calprotectin level 3 mo after the operation was
only determined if the first concentration was > 50 μg/g.
A second assay was not possible in nine patients, six
denied a second test, one was not operated on and two
could not be asked for ethical reasons. The compliance
for collecting stool samples was 89.5%. Baseline characteristics are shown in Table 2.

Histopathological assessment
Peri- and intratumoral inflammation were graded from
1-3 according to the Klintrup criteria as used by Richards et al[15]. Immunohistochemical quantification (score
0-3) was performed for MPO, CD45R0, TIA-1, CD3,
CD4, CD8, CD57 and granzyme B. Grading and immunohistochemistry were performed in 49 patients. Sections
(4 μm) of paraffin embedded tissue were immunostained
for the antibody (Table 1). Staining was carried out according to the manufacturer’s protocol (Table 1). Negative controls for all proteins consisted of omission of the
primary antibody. Three microscopic images (× 40) from
each sample were obtained as representative of tissue
type, distinct from lymphoid aggregation and within the
area of most positive staining. The number of positive
cells was counted in tumor and stromal tissue to give a
score of inflammatory cellular infiltrate.
Immunostaining was performed as described previously [16,17]. Briefly, after dewaxing and rehydration in
dH2O, sections for immunostaining were subjected to
heat antigen retrieval in a microwave oven (1200 W, 60
min) in 0.01 mol/L citrate buffer pH 7.0 for TIA-1.
Endogenous peroxidase activity was blocked using 0.5%
H2O2. After transfer to a humidified chamber, the sections were incubated with 10% normal goat serum (Dako
Cytomation) for 20 min and incubated with primary an-
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Calprotectin before and after operation
In 57 of 80 patients (71.2%, 95%CI: 60.1%-80.3%),
calprotectin was significantly increased (> 50 μg/g). The
median fecal calprotectin concentration was 205 μg/g
(range 50-2405 μg/g) before and 46 μg/g (range 10-384
μg/g) three months after the operation (P < 0.001, Figure 1).
Correlation of calprotectin and tumor parameters
Twenty-six patients had rectal carcinoma, 29 had tumors
of the left side, 23 had right-side tumors and two had a
double carcinoma. No significant difference in calprotectin concentration was found between the three locations.
Patients with T3 and T4 tumors had significantly higher
calprotectin values than those with T1 and T2 stages (P
= 0.022). For all other tumor parameters (N, M, G, L, V,
Pn), no significant difference in calprotectin concentration was found between the factor levels of the individual parameters. Further, no difference in calprotectin
release was found between Dukes B (n = 39) and Dukes
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Table 3 Spearman’s rank correlation coefficient between calprotectin and histopathological parameters

7

Spearman’s rho

6

CD45.R.intra
CD45.peri
CD3.intra
CD3.peri
CD8.intra
CD8.peri
CD4.intra
CD4.peri
TIA1.itra
TIR1.peri
Granzyma.intra
Granzyma.peri
CD57.intra
CD57.peri
MPO.intra
MPO.peri

5
4
3

Pre-operative

Post-operative

Time of mesurement

Figure 1 Boxplot of pre- and post-operative calprotectin concentration
(log-transformed) for 46 patients. Post-operative calprotectin concentration
was only determined if the pre-operative value was > 50 μg/g.

Table 2 Baseline characteristics n (%)

P value
0.18
0.74
0.85
0.47
0.76
0.31
0.64
0.66
0.66
0.71
0.57
0.52
0.91
0.31
0.4
0.55

vealed no statistically significant correlation (Table 3).

Characteristics

Statistics

Calprotectin
Demographic data

(n = 80)
Males
Age (yr)

46 (57.5)
71.1 ± 11.7

Left
Right
Rectum
Two locations

29 (36.2)
23 (28.7)
26 (32.5)
2 (2.5)

T1
T2
T3
T4
N0
N1
N2
M0
M1
G1
G2
G2-3
G3
V0
V1
Pn0
Pn1

5 (6.2)
12 (15.0)
49 (61.3)
13 (16.2)
44 (55.0)
16 (20.0)
18 (22.5)
71 (88.8)
8 (10.0)
1 (1.2)
57 (71.2)
3 (3.8)
13 (16.2)
62 (77.5)
14 (17.5)
64 (80.0)
12 (15.0)

DISCUSSION
We examined the calprotectin release before and after
operation of 46 colorectal cancer patients. This is the
first study that assessed the correlation of calprotectin
with tumor and histopathological parameters. We found
the release of calprotectin is exclusively correlated to the
T-stage, but not to histopathological parameters. Further, we found all tumor characteristics assessed by the
7th edition of the TNM classification, with the exception
of the T-stage, are not correlated with calprotectin.
Our results are in line with most previous studies
showing significantly increased levels of fecal calprotectin in CRC patients[3-7]. While patients with active Crohn’
s disease (CD) or ulcerative colitis (UC) exhibit more
consistent elevated calprotectin levels, those from CRC
patients are highly variable. In CRC, the sensitivity of
calprotectin varies between 100%[9] and not significant[10],
indicating it is not a suitable tool for CRC screening.
The significant fall in fecal calprotectin after surgical
tumor removal was first described by the study group of
Kristinsson et al[5] and Johne et al[18], although their participant numbers were smaller than in our study. Interestingly, that there is no corresponding decrease of elevated
calprotectin after polypectomy[19].
We found T3 and T4 cancers significantly induce
higher levels of calprotectin. This could be explained by
the hypothesis that they attract more neutrophils than
T1 and T2 tumors[13]. A correlation of fecal calprotectin
and tumor size or T-stage has not been shown[7], with
Kristinsson et al[5] providing the only indication that T1
and T2 tumors may be associated with lower calprotectin concentrations than T3 and T4 cancers. The lack of
correlation between calprotectin and tumor localization,
grading, as well as clinical stages in our patients is in line
with findings from previous studies[5-7]. In our analysis,
tumor characteristics have been assessed for the first time

Tumor location

Tumor classification

Data are presented as number of patients (%) and as mean ± SD.

C (n = 29) stages (P = 0.132).
Correlation of calprotectin and histopathological
parameters
Peri- and intratumoral inflammation was graded from
1 - 3 according to the Klintrup criteria as used by Richards et al[15]. Calprotectin levels and histological grading
of both peri- and intratumoral inflammation were not
correlated. Additional testing with specific markers for
lymphocytes and neutrophils such as CD3, CD4, CD8,
CD45, TIA-1, granzyme B and myeloperoxidase also re-
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-0.19
0.05
0.03
-0.1
-0.04
-0.14
-0.07
-0.06
0.06
0.05
-0.08
0.09
0.02
-0.14
0.12
0.09
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by the 7th edition of the TNM classification[14]. Previous
studies used either Dukes or older TNM classifications.
Our data revealed no difference in calprotectin release
between Dukes B (n = 39) and Dukes C (n = 29) stages
(P = 0.132). It would be of interest to correlate the calprotectin release with additional variables such as ESR,
plasma CRP, blood platelets, LDH, as well as patient
outcomes data (survival, time-to recurrence). However,
these analyses were beyond the scope of this study.
Our study contains the first systematic assessment of
different histopathological markers to examine the correlation of calprotectin and parameters of peri- as well as
intratumoral inflammation. Various inflammatory cells,
mainly along the invasive margin, infiltrate human CRC
tissue. In colorectal tumors, calprotectin reactivity is found
in granulocytes and macrophages, but not in neoplastic
cells[4]. Increased amounts of granulocytes have been described in the stool of patients with CRC, possibly due
to shedding from the ulcerated tumor[20,21]. It has been
postulated that circulating leukocytes may actively migrate
through neoplastic tissues in response to intraluminal
antigens[4]. Interestingly, the immunohistochemical expression of calprotectin correlates with the degree of neutrophilic infiltration[22]. However, these studies are hampered
by lack of a specific tissue marker. Kim et al[23] did show
significant expression of the two calprotectin subunits
S100A8 and S100A9 in tumor infiltrating lymphocytes.
In UC, calprotectin correlates significantly with clinical, endoscopic and histological parameters of disease
activity[3,24,25]. The level of calprotectin seems to correlate
more closely with the grading of histological than of endoscopic findings[26]. The concentration of calprotectin is
directly proportional to the intensity of the neutrophilic
infiltrate in the gut mucosa[26]. Active UC is characterized
by a 10-fold or more increased migration of neutrophils
from the circulation to the inflamed colon mucosa. Røseth et al[24] demonstrated the microscopic inflammation
was graded 0 (normal mucosa) to 3 (extensive crypt injury
with crypt abscesses and ulcerations). The correlation of
histological grading and calprotectin concentration was
statistically significant (P < 0001). In our study, the Klintrup score was used for histological grading of peri- and
intratumoral inflammation. Several clinical studies have
clearly shown that the grading of local inflammation as assessed by the Klintrup criteria is an independent predictor
of survival in colon and rectal cancers[15,27,28]. In contrast to
the findings in patients with UC, grading of tumor-associated inflammation was not correlated with calprotectin
concentrations. The lack of correlation applies to the individual markers for lymphocytes and neutrophils as well.
There are several explanations for this obvious discrepancy: (1) peri- and intratumoral inflammation are local.
This is also expressed by the lower calprotectin concentration in CRC in comparison to active IBD[10]; (2) the local
inflammatory reaction in CRC is of variable intensity; and
(3) tumor-associated inflammation is not uniformly characterized by a significant amount of neutrophils[9]. This is
in line with the observation that leukocyte scintigraphy is
only sometimes positive in CRC patients[21].
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In a current review of Gisbert et al[29], it has been questioned whether the need to collect one or several fecal
samples might be a disadvantage for clinical use of calprotectin. This could not be confirmed in our study. The
compliance rate in our study was 89.5% with only 6 out of
57 patients with increased calprotectin denying a second
stool test. This is in the same range as the compliance rate
of 96% in 602 patients referred for colonoscopy described
by Tibble et al[30]. For a longer follow-up period, the compliance rate might be lower.
In summary, we have shown that most colorectal
cancer patients have increased levels of fecal calprotectin,
which is followed by a significant fall after the operation.
Patients with T3 and T4 tumors have significantly higher
calprotectin values than those with T1 and T2 stages.
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Previous studies have shown a significant, but highly variable increase of fecal
calprotectin release in patients with colorectal cancer (CRC). The mechanisms
for this observation are not fully elucidated. CRC is associated with a significant
recruitment of neutrophils to the tumor site. Activated neutrophils, monocytes
and macrophages are believed to be the cellular source of calprotectin release.

Research frontiers

The increase of calprotectin in CRC is highly variable. The analysis of fecal calprotectin may have the potential for clinical CRC surveillance. In most previous
studies, no correlation of calprotectin and tumor parameters assessed by older
classification systems could be found. To better characterize the role of calprotectin in CRC, its correlation with tumor as well as histopathological parameters
should be examined.

Innovations

The study contains the following relevant information: (1) calprotectin shows a
significant decrease three months after the operation; (2) the release of calprotectin is exclusively correlated to the T-stage, but not to histopathological parameters; and (3) except the T-stage, all other tumor characteristics assessed
by the 7th edition of the TNM classification are not correlated.

Applications

The study results clearly indicate that fecal calprotectin cannot be used for
colorectal cancer screening. In patients with initially elevated calprotectin, its
role could be tested in the clinical follow up of CRC patients.

Terminology

Calprotectin is a small calcium-binding protein consisting of two heavy and one
light polypeptide chains. It is found in abundance in neutrophilic granulocytes,
in which it accounts for 60% of the cytosolic fraction, as well as in monocytes
and macrophages. It is a simple, rapid, sensitive, inexpensive and non-invasive
marker to detect and monitor intestinal inflammation, but is not disease-specific.
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This is a simple study with a clear message that at least in some cases the
tumor node metastasis classification may have advantages over the traditional
Dukes or Stage classification of CRC which are the dominant systems, even in
the reporting of clinical trials. The authors make the link between granulocytes
(neutrophils) and degree and extent of inflammation. It would be interesting to
learn if the authors measured some other variables in this context, such as the
ESR, or plasma CRP.
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Caecal pH is a biomarker of excessive colonic fermentation
Adam D Farmer, Sahar D Mohammed, George E Dukes, S Mark Scott, Anthony R Hobson
eters, compartmental transit times or maximal ileal pH
between the two groups. Caecal pH was significantly
lower in patients compared to controls (5.12 ± 0.05
vs 6.16 ± 0.15, P < 0.0001). The ileal:caecal Δchange
was greater in patients than controls (-2.63 ± 0.08 vs
-1.42 ± 0.11, P < 0.0001). There was a significant correlation between caecal pH and right colonic contractility (r = 0.54, P = 0.002).
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CONCLUSION: Patients with bloating and distension
have a lower caecal pH compared to controls. The
measurement of caecal pH using the WMC provides
a quantifiable biomarker of fermentation potentially
identifying those patients that may preferentially benefit from antibiotic or dietary interventions.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Colonic bacterial fermentation has been implicated in the pathogenesis of irritable bowel syndrome.
Hitherto, the measurement of fermentation in vivo in
humans has been invasive and technically challenging.
A major by product of colonic bacterial fermentation
are short chain fatty acids. These short chain fatty acids act to reduce colonic pH. Herein, we demonstrate
that the measurement of caecal ph using the wireless
motility capsule provides a quantifiable biomarker of
fermentation potentially identifying those patients with
irritable bowel syndrome that may preferentially benefit from antibiotic or dietary interventions.

Abstract
AIM: To ascertain whether caecal pH is different in patients with irritable bowel syndrome (IBS), whose primary symptoms are bloating and distension, to healthy
controls.
METHODS: Motility and pH data were reviewed from
16 patients with Rome Ⅲ defined IBS and 16 healthy
controls, who had undergone a wireless motility capsule (WMC) study using a standardized protocol. Motility measures were anchored around known anatomical
landmarks as identified by compartmental pH changes.
Sixty-minute epochs were used to quantify antral, duodenal, ileal, caecal and distal colonic contractility. The
maximum and minimum pH was measured either side
of the ileo-caecal junction.
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Caecal pH is a biomarker of excessive colonic fermentation.
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RESULTS: No differences were seen in motility param-
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linked to the development of bloating and distension,
it is not known whether the measurement of caecal pH
and the pH gradient across the ICJ, using WMC, offers a
relatively non-invasive objective surrogate biomarker of
this process. The WMC also allows examination of the
hypothesis that these pH changes influence motility and
transit parameters. In this retrospective study we aimed
to address these knowledge gaps.

INTRODUCTION
Bloating and distension are both common and vexatious
symptoms with community-based estimates of prevalence of 19% and 8.9% respectively[1]. Bloating is largely
regarded as a subjective sensation of abdominal swelling,
whereas distension refers to an observable increase in
abdominal girth[2]. Bloating is associated with a reduction
in quality of life, is a cause for healthcare seeking and
represents a considerable challenge to manage effectively[3,4]. Bloating and distension are common complaints in
patients with functional gastrointestinal disorders (FGID)
such as irritable bowel syndrome (IBS) and functional
dyspepsia[5-7].
The pathophysiological mechanisms that account
for bloating and distension are poorly understood. They
have been proposed to include disturbances in the handling of gas and its elimination from the gastrointestinal
(GI) tract[8], psychological factors[9], carbohydrate malabsorption[10], musculoskeletal abnormalities[11], sensorimotor aberrancies[5], small intestinal bacterial overgrowth
(SIBO)[12] and alterations within the GI microbiota[13].
The human microbiota is a complex symbiotic ecosystem residing largely in the GI tract. The composition
and concentration of the microbiota varies along the
length of the GI tract[14]. In humans, the colon receives
digested material from the small bowel where it is mixed,
stored and eventually excreted as faeces. The anaerobic
breakdown of carbohydrates and protein by bacteria,
largely occurring within the proximal colon, is through
a process known as fermentation, the principal products
of which are short chain fatty acids (SCFA)[15,16]. The
direct in vivo measurement of SCFA concentrations in
the human proximal colon is technically difficult and
invasive[17,18]. Given that the degree of bacterial fermentation is directly proportional to the concentration of
SCFA, the measurement of segmental intra-colonic pH
is an inverse surrogate proxy of the degree of fermentation occurring within that territory[19]. It has been over
40 years since the stereotypical pH profile of the GI
tract was first investigated using radio-telemetric techniques[20]. Upon entering the acidic environment of the
stomach there is an immediate fall in pH, followed by a
sharp rise on exiting the stomach, and a further fall in
pH some hours later, a fall hypothesized to occur across
the ileo-caecal junction (ICJ)[21]. Until recently, controversy remained as to the exact location of this fall in pH,
as previous methods directed at validating position of
the capsule within the GI tract were subject to limitations, particularly regarding accurate anatomical localization. These concerns were resolved in a study by Zarate
et al[22], using a dual-scintigraphic technique of direct GI
manometric measurements and pH evaluation using a
wireless motility capsule (WMC), demonstrating that the
drop in pH did indeed occur across the ICJ. The WMC
is an ambulatory and relatively non-invasive diagnostic
technique that continuously samples intraluminal pH,
temperature and pressure as it traverses the GI tract. As
changes in GI microbiota and fermentation have been
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MATERIALS AND METHODS
Subjects
Sixteen consecutive outpatients, whose chief complaint
and indication for the WMC investigation was bloating
and distension were enrolled in the study between June
2011 and August 2012. Sixteen healthy age and sexmatched participants were recruited as controls. All participants provided written informed consent to undertake the investigations and the retrospective analysis of
data was approved by the local institutional committee
and East London and The City Research Ethics Committee (reference no. 07/H0703/77, permission granted
March 2008).
Patients
All patients underwent a detailed clinical history and
physical examination. Standard haematological, biochemical, immunological, upper and lower GI endoscopy with
histology were performed in all patients prior to the
WMC study by their referring gastroenterologist to rule
out structural or biochemical causes for their symptoms.
Patients did not undergo direct small bowel visualisation
with enteroscopy or wireless capsule endoscopy. Bloating
and/or distension were the chief presenting complaint
in all patients. All patients fulfilled the Rome Ⅲ criteria
for IBS and had alternating bowel habit, characterized by
variable stool consistency and frequency[23,24].
Healthy controls
All healthy subjects had a normal bowel habit, defined
as between three bowel movements a per day and one
bowel movement every three days, with no symptoms of
suggestive of SIBO or a rectal evacuatory disorder. No
subject had any GI symptoms or history of metabolic,
neurogenic, or endocrine disorder known to influence
GI motor activity. In addition, no subject had undergone
GI surgery other than appendicectomy and none were
taking either laxatives or medications known to influence
GI motility or pH.
Exclusion criteria
The presence of a positive pregnancy test, “red flag”/alarm
symptoms (such as weight loss, anaemia or rectal bleeding), a positive microbiological, immunological or histological investigation suggesting another cause for symptoms, recent antibiotic use in the preceding 4 wk, recent
probiotic use in the last 2 wk, concurrent use of promotile or acid-suppressing medications, history of a systemic
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disorder with known GI manifestations (such as diabetes
mellitus, connective tissue disorders etc.) and previous GI
tract surgery were treated as criteria for exclusion. Specific contraindications to WMC were dysphagia, recent
abdominal surgery, Crohn’s disease and diverticulitis.

WMC left the stomach until it arrived at the cecum as
denoted by a pH drop of at least 1 pH unit, observed at
least 30 min after GET and persisting for a minimum of
10 min. Colonic transit time (CTT) was defined as the
elapsed time from the WMC accession at the ICJ until
the capsule’s exit from the body. The exit of the capsule
from the body was determined either by an abrupt cessation data being recorded in conjunction with a subject’
s report of passing the capsule coinciding with a bowel
movement entry in the subject’s activity diary or an
abrupt drop in temperature as the WMC exits the body.
Thus, whole gut transit time (WGTT) was defined as the
time from ingestion to excretion of the WMC.

Wireless motility capsule study
All subjects were kept nil-by mouth except for small
amounts of water from 9 pm on the before the study.
Prior to ingestion of the WMC, all subjects were given
a test meal (SmartBar, SmartPill Corporation, Buffalo,
United States), a cereal bar of known calorific and
nutritional content (260 kcal, 2% fat, 1 g fibre). The
WMC was then swallowed with 60 mL of water. Once
the communication was established between the WMC
and data receiver, and the capsule was confirmed to be
in the stomach (pH < 4), the patient was instructed in
receiver care and allowed to leave the unit. No further
meals or drinks were allowed for 6-h post capsule ingestion. After this, patients were allowed to eat and drink
normally. After each bowel movement, the patient was
instructed to wait for 1-min prior to flushing the toilet. Once they had flushed the toilet, they checked the
data receiver to see if the signal connection had been
lost and this confirmed exit of the capsule. The patient
would then call the department, be instructed in how
to turn the receiver off on return the box for download
of the data. Continuous pH and pressure data were
obtained by using the WMC system (SmartPill, Given
Imaging Ltd, Yoqneam, Israel). The WMC contains
sensors for pH, temperature and pressure and which
are transmitting to a data receiver worn by the subject
during ambulatory monitoring with data sensed at a
frequency of 434 MHz. The pH is accurate to within
± 0.5 units and pressure measurements are accurate to
± 5 mmHg below 100 mmHg. After completion of the
study, data was downloaded from the receiver to a compatible computer (Dell, Bracknell, United Kingdom)
via a USB docking station and was analysed using semiautomated pressure analysis software (MotiliGI; Given
Imaging Ltd, Yoqneam, Israel).

Motility measures
In addition to measuring transit times, the WMC also
measures intraluminal pressure across the GI tract thereby measuring frequency of contractions and amplitude
of contractions. Motility measures are presented as area
under the curve (AUC), anchored around the pH landmarks. Sixty-minute epochs were used to quantify antral,
duodenal, ileal, caecal and distal colonic motility.
Caecal pH, magnitude of pH drop across the ileocaecal
valve and caecal contractility
Caecal pH was defined as the fall in pH from the stable
ileal peak to its nadir value as the WMC passed from
the ileum into the cecum, as per the method defined by
Zarate et al[22]. The Δchange was derived from the caecal nadir to the stable ileal peak. Caecal contractility was
derived from the AUC for 1-h post passage through the
ICJ, see Figure 1.
Statistical analysis
Data distribution was analysed using the D’AgostinoPearson omnibus K2 normality test[26]. Results of quantitative data are presented either as median with interquartile ranges, for non-normally distributed data, or mean ±
standard deviation (SD) and range for parametric data.
Categorical data were summarised as the percentage of
the group total. For quantitative data, differences between the groups were assessed using the Student’s t-test.
Correlational analyses were performed using Pearson’s
correlation. Two-tailed tests were used throughout. P <
0.05 was adopted as the statistical criterion. All analyses
were performed using proprietary software (GraphPad
Prism 5, CA, United States).

Compartmental transit times
The position of the various physiological landmarks
within the GI tract, were determined from the physiological traces by two independent experienced investigators (Scott SM, Hobson AR) thus identifying gastric
emptying, exit from the ileum into the right colon and
excretion of the capsule. Disagreement regarding landmark locations was resolved by further review. The regional transit times were defined according to method
proposed by Sarosiek et al[25] and anchored around stereotypical pH changes. Briefly, gastric emptying time
(GET) was defined as the time between the ingestion of
capsule and a sharp abrupt, pH rise (> 3 pH units) from
gastric baseline to a pH > 4.0, marking the passage of
the capsule from the acidic antrum to the relative alkaline environment of the duodenum. Small bowel transit
time (SBTT) was defined as the time from which the
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RESULTS
Participant characteristics
Sixteen female patients (median age 31 years, range
24-52 years) and 16 age, sex matched healthy controls
(median age 38.5 years, range 21-74) completed the
study.
Compartmental transit times
There were no appreciable differences in GET, SBTT,
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Figure 1 A typical wireless motility capsule trace demonstrating temperature (blue line), pH (green line) and contractility (red line) across the ileo-caecal
junction. The pH drop was defined as the difference between the stable ileal pH and the caecal pH nadir. ICJ: Ileo-caecal junction.

Table 1 A comparison of the regional transit times between
patients and healthy controls
Transit time
(min)
GET
SBTT
CTT
WGTT

Patients

Controls

(mean ± SD)

(mean ± SD)

290 ± 76
305 ± 14.5
1443 ± 192.8
2039 ± 202

306 ± 55.9
270 ± 25.9
1861 ± 263.7
2437 ± 279.4

Table 2 A comparison of the regional motility pattern, given by areas under the curve, between patients and healthy
controls

P value
0.86
0.24
0.21
0.26

GET: Gastric emptying time; SBTT: Small bowel transit time; CTT: Colonic
transit time; WGTT: Whole gut transit time.

Motility

Patients

Controls

(AUC)

(mean ± SD)

(mean ± SD)

Antral
Duodenal
Ileal
Cecal
Recto-sigmoid

3590 ± 708.3
3909 ± 919
13414 ± 2203
4071 ± 531.2
20504 ± 4583

4710 ± 850.1
6000 ± 1310
12679 ± 2131
5176 ± 878
11894 ± 215

P value
0.32
0.20
0.81
0.29
0.09

AUC: Areas under the curve.

CTT or WGTT between patients and controls, see
Table 1.

DISCUSSION
In this study, we have demonstrated that patients with
lower abdominal symptoms typically associated with,
but not limited to, conditions such as IBS, have a significantly lower caecal pH compared to controls. This
relatively acidic environment is maintained by fermentation and subsequent SCFA production. In addition, we
have observed that excessive fermentation in the cecum
is correlated with a reduction in caecal contractility.
The measurement of bacterial fermentation products
demonstrate marked regional differences in their production across the colon such that SCFA concentrations are
greatest in the caecum (127 mmol/L) falling progressively
in the transverse (117 mmol/L) and distal colon (90 mmol/
L)[17]. These differences in SCFA concentration indicate
that fermentation occurs maximally within the right colon,
presumably where concentrations of the substrate, arriving from the small bowel, are at their highest[27]. Studies in
IBS patients, in which bloating and distension are prevalent symptoms, have demonstrated alterations in colonic
fermentation[28,29]. Mortensen et al[28] observed that SCFA
concentrations are increased in diarrhoea predominant-

Motility comparisons
There were no appreciable differences in antral, duodenal, ileal, caecal and colonic motility between patients
and controls, see Table 2.
Regional pH comparisons
There were no appreciable differences in ileal pH between patients and controls, 7.7 ± 0.1 vs 7.6 ± 0.1, P
= 0.17. However, caecal pH was significantly lower in
patients in comparison to controls, 5.12 ± 0.05 vs 6.16 ±
0.15, P < 0.0001.
Δchange ileo-caecal:caecal pH and relationship of
caecal pH to caecal contractility
Δ%change ileo-caecal:caecal pH was significantly higher
in patients compared to controls (-33.8% ± 0.84 vs -18.7
± 1.5, P < 0.0001), see Figure 2. For the whole cohort,
there was a moderate correlation between caecal pH
and right colonic contractility (r = 0.54, P = 0.002), see
Figure 3.
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obviating many of the limitations of the current microbial enterotyping techniques whilst also assessing for
motility disorders.
Another potential application of measuring fermentation by caecal pH may enable the early identification
of patients in whom a particular treatment may be more
efficacious, particularly given recent laudable progress in
therapeutic interventions. Nevertheless, given the heterogeneous nature of FGID populations, it is not surprising that the degree of therapeutic gain conferred by
these advances is somewhat variable. In this respect, two
areas where considerable furtherance has been made are
those of non-absorbable antibiotics and dietary modifications. Firstly, Pimentel et al[34] reported the pooled
results of two phase 3, double-blind, placebo-controlled
trials comparing adequate global relief of symptoms and
bloating in IBS patients without constipation who were
randomly assigned to received either rifaximin, a minimally absorbed oral broad spectrum antimicrobial agent,
or placebo. Patients treated with rifaximin had a significant reduction in global symptoms of IBS and it can be
derived that at 3 mo the numbers needed to treat (NNT)
weekly bloating symptoms is approximately 10. Secondly, the quantity of poorly absorbed short chain carbohydrates, which exert an intraluminal osmotic effect
and are rapidly fermented by bacteria, entering the colon
can be modified by dietary restriction[35]. Collectively
these short chain carbohydrates are known as fermentable oligosaccharides, disaccharides, monosaccharides
and polyols (FODMAPs) and reducing their intake has
proven successful in reducing bloating and abdominal
pain in IBS patients, with an approximate NNT with
respect to the former of 3[36]. However, these novel and
emerging interventions are notwithstanding concerns
regarding implications for healthcare expenditure, short
and long-term safety and patient compliance[35,37,38]. The
absolute practical utility of caecal pH measurement as a
marker of fermentation remains to be fully determined
but it may facilitate the identification of FGID patients
who may preferentially benefit from antibiotic or dietary
interventions.
In humans, 90%-95% of SCFA are composed of
acetate, propionate and butyrate and are plurifunctional
through their contribution to the maintenance of mucosal
integrity[39], stimulation of salt and water absorption[40],
regulation of colonic mucosal blood flow[18] as well as
having anti-carcinogenic [41] and immuno-modulatory
properties[42]. Moreover, SCFAs may also act as intraluminal chemical stimuli modifying GI motility but
whether these effects are stimulatory or inhibitory is
unclear and varies according to different experimental
paradigms, species and the region of the GI tract being
considered[43]. In humans, intra-colonic SCFA infusion
has not been shown to influence motility although it
is plausible to suggest that the infusion concentrations
used were insufficient to activate any putative sensorimotor mechanisms[44]. Our results demonstrate, in an
ambulatory relatively physiological setting, a correlation
between pH and caecal contractility. Therefore in this

Controls
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Figure 2 Differences (mean ± SD) in ileal, caecal and ileo-caecal junction
pH drop between patients and controls. Caecal pH significantly lower in patients than in controls and pH drop across the ICJ was lower in patients than in
controls. bP < 0.01 vs patients group. ICJ: Ileo-caecal junction.
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Figure 3 Caecal pH and caecal contractility was positively correlated (r =
0.54, P = 0.002). AUC: Area under the curve.

IBS (IBS-D) and decreased in constipation predominant
IBS (IBS-C) although Treem and colleagues reported
conflicting results in IBS-C[29]. These observations have
engendered the application of a diverse array of sophisticated molecular and culture independent approaches
to the evaluation of the GI microbiota in FGID. For
instance, Tana et al[30] determined SCFA concentrations
using high-performance gas chromatography, and found
that IBS patients had significantly higher concentrations,
which were associated with increased GI symptoms and
quality of life burden. A recent important study by Jeffery et al[31] performed a detailed pyrosequencing analysis
of faecal microbiota composition and demonstrated two
species specific subtypes of IBS, independent of symptom based classification derived from the Rome Ⅲ criteria. The first of these showed a microbial composition
similar to normal whereas the second was characterized
by an increase in Firmicutes-associated taxa in association
with a relative depletion of Bacteroides-related taxa. The
implication of this data is that in future GI microbial
enterotyping may facilitate stratifications of IBS subpopulations. However, at the present time such methods
have limited practicality as a routine clinical biomarker as
they are resource and labour intensive[32]. However, given
that a raised Firmicutes:Bacteroides has been positively correlated with increased concentrations of SCFA in a preclinical human model[33], an alluring speculation is that
the measurement of caecal pH, using the WMC, may
provide an attractive, readily available, surrogate marker
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situation it is possible that heightened fermentation in
the cecum with associated with elevated concentrations
of SCFA, inhibit proximal colonic motor activity potentially leading to a degree of stasis, or “caecoparesis.” In
an animal model, Dass et al[43] investigated the hypothesis
that SCFA may modulate colonic motility through the
G protein-coupled receptors. Interestingly they demonstrated that SCFA enhanced neuronally mediated contractions of rat distal colon yet increased the frequency
of peristaltic contractions in guinea-pig terminal ileum.
These data therefore suggest differential regional actions
of SCFA such that there is inhibition of motility in the
right colon followed by a pro-motility effect in the more
distal colon. Combined with increased fermentation in
the cecum leading to distension, caecoparesis may be the
long sort after alteration in motor function which differentiates IBS patients from healthy subjects and explains
why IBS preferentially experience pain in the right colon
and upper abdomen in response to balloon distension[45].
Whilst we were unable to accurately assess segmental colonic transit times using the WMC (due to technical limitations discussed earlier), further studies with techniques
such as MRI may help to prove this concept further.
The role of SCFA in modulating visceral perception
and nociception has been afforded considerable interest.
Whilst several investigators have examined the effect of
intra-colonic instillation of butyrate, results are conflicting. Bourdu et al[46] showed that the administration of
butyrate enemas in a rat model caused a sustained, dosedependent increase in sensitivity to colorectal distension,
in the absence of demonstrable microscopic or histological abnormality in the colonic mucosa, closely mimicking what is seen in a proportion of IBS patients. In studies of healthy human volunteers the converse effect has
been demonstrated where the administration of butyrate
rectal enemas, at physiologically relevant concentrations,
caused a dose-dependent decrease in rectal sensitivity[47]. However, a pertinent fundamental limitation of
this type of study remains as to whether distal colonic
administration of SCFA, even in physiologically relevant
concentrations, alters the composition in the proximal
colon where SCFA concentration is at its highest as retrograde colonic spread of rectal enemas is irregular and
formulation dependent[48]. Whether these data, derived
from a small group of healthy volunteers, are applicable
to larger cohorts of community-based patients with a
FGID currently is uncertain.
This study is not without significant limitations.
Firstly, we did not actively screen for diabetes mellitus,
thyroid dysfunction or smoking through HbA1c, thyroid
stimulating hormone or serum cotinine respectively. Secondly, the control group was marginally older, although
this difference did not reach statistical significance.
Thirdly, this was an unselected sample, SIBO not actively screened for and being a retrospective analysis. In
addition, our findings were unexpected. A further valid
criticism is the lack of dietary control but as all subjects
had fasted for at least 12 h prior to the study, and subsequently for a further 6 h after the standardized test
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meal, by the time the WMC capsule reached the cecum,
it is improbable, although not impossible, that further
intake could influence GI microbiota, fermentation and
thus caecal pH[49]. Nevertheless, whilst further validation
needed, the overall concept presented herein plausible
concept in IBS/functional bloating.
In conclusion the measurement of caecal pH using
the WMC provides a quantifiable biomarker of fermentation. In future, this may be used to sub-classify patients
with a broad spectrum of FGID and identify those that
may benefit most from antibiotic and dietary interventions providing novel insights into the pathophysiology
of lower GI symptoms and mechanism of actions of
novel treatments.
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Background

Irritable bowel syndrome is a common disorder of gastrointestinal function
whose pathophysiology is incompletely understood.

Research frontiers

There is an increasing body of evidence to suggest that the gastrointestinal
microbiota play a significant role in the genesis of symptoms in irritable bowel
syndrome. Within the colon, the microbiota ferments a number of substrates
whose main by products are short chain fatty acids. To date, the measurement
of short chain fatty acids in humans has been invasive and technically difficult.

Innovations and breakthroughs

In this study, authors have utilised wireless motility capsule technology to measure the pH as it traverses the gastrointestinal tract. They have demonstrated
that patients with lower abdominal symptoms typically associated with, but not
limited to, conditions such as irritable bowel syndrome, have a significantly
lower caecal pH compared to controls. This relatively acidic environment is
maintained by fermentation and subsequent short chain fatty acid production. In
addition, they have observed that excessive fermentation in the cecum is correlated with a reduction in caecal contractility.

Applications

By using such methodology, it may be possible to stratify patients with irritable
bowel syndrome in based on their caecal pH. For instance, patients with a low
caecal pH, thereby suggesting heightened fermentation and thus bacterial load,
may preferentially benefit from antibiotic and “substrate lowering” dietary interventions.

Terminology

The gastrointestinal microbiota is a complex symbiotic ecosystem, whose interactions with the host are complex and largely remain to be fully characterized.
This microbiota, in the right colon, ferment substrate arriving from the proximal
gastrointestinal tract whose end products are short chain fatty acids.

Peer review

It is an interesting and innovative paper of great clinical impact.
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RESULTS: About 13.3% of the cohort (four patients)
carried at least one mutant allele of 3020ins C of the
NOD2 /CARD15 gene. There were 20 males and 10
females with a mean age of 43.3 years (range 25-69
years). The mean follow up was 199.6 mo and a median of 189.5 mo. Sixteen sequence variations within
the NOD2 /CARD15 gene were identified, with 9 of
them occurring with an allele frequency of greater
than 10 %. In this study, there was a trend to suggest
that patients with the 3020ins C mutation have a higher
frequency of operations compared to those without
the mutation. Patients with the 3020ins C mutation had
a significantly shorter time between the diagnosis of
CD and initial surgery. This study included Australian
patients of ethnically heterogenous background unlike
previous studies conducted in different countries.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate the association between mutations in oligomerisation domain 2/caspase recruitment
domains 15 (NOD2 /CARD15 ) and the natural history
of Crohn’s disease (CD) to identify patients who would
benefit from early aggressive medical intervention.

Key words: Inflammatory bowel disease; Oligomerisation domain 2/caspase recruitment domains 15; Genotyping; Crohn’s disease; Natural history

CONCLUSION: These findings suggest that patients
carrying NOD2 /CARD15 mutations follow a rapid and
more aggressive form of Crohn’s disease showing a
trend for multiple surgical interventions and significantly shorter time to early surgery.

Core tip: This study conducted a full gene sequencing
of nNucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2 /CARD15 ) within
an Australian cohort of patient with Crohn’s disease
(CD). In this study, there was a trend to suggest that
patients with the 3020ins C mutation have a higher frequency of operations compared to those without the
mutation. Patients with the 3020ins C mutation had a
significantly shorter time between the diagnosis of CD
and initial surgery. The clinical significance of understanding pathogenic NOD2 /CARD15 mutations is to

METHODS: We recruited thirty consecutive unrelated
CD patients with a history of ileo-caecal or small bowel
resection during the period 1980-2000; Fifteen patients of these had post-operative relapse that required
further surgery and fifteen did not. Full sequencing of
the NOD2 /CARD15 gene using dHPLC for exons 3, 5,
7, 10 and 12 and direct sequencing for exons 2, 4, 6,
8, 9 and 11 was conducted. CD patients categorized as
carrying variants were anyone with at least 1 variant of
the NOD2 /CARD15 gene.
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ing an association with earlier age of disease onset[6,7,20].
This is consistent with genetic evidence that a younger
age of diagnosis identifies families with greater linkage
to the IBD1 locus[24].
Currently, little is known about the association between NOD2/CARD15 mutations and the requirement
for initial surgery and for surgical recurrences in CD.
Studies conducted to evaluate the direct association of
NOD2/CARD15 mutations with surgical requirements
have reported variable findings but generally there is
support for prediction of subsequent requirements for
surgery. Most of the published data have shown an increased association between NOD2/CARD15 mutations
with ileal surgery, and the mutation with the strongest association was found to be the 3020insC mutation[5,19,25-28].
In three independent studies, one carried out in Germany[20], another in Spain[21] another in Italy[29], patients with
mutations of the gene presented an increased risk of
repeated surgery, and such surgery was required earlier.
These findings were even reinforced within the pediatric
population whereby 2 studies have demonstrated that
NOD2/CARD15 mutations were a predictor of earlier
age of surgery within a pediatric population[30,31].
Perhaps the greatest shortcoming, though, is that all
associations between NOD2/CARD15 mutations and
the requirement of surgery have been based only on the
analysis of the three most common mutations within
the gene. One of the research studies only evaluated the
most common insertion mutation. None of these studies have fully sequenced the NOD2/CARD15 gene. The
current study was designed with the intention of fully
sequencing the NOD2/CARD15 gene in all recruited
patients to establish the frequency of variant alleles and
unravel other mutations in the aforementioned gene.
With that, this research aimed to determine if NOD2/
CARD15 mutations in CD patients are able to predict
disease progression including the need for early surgery
as well as post-operative relapse requiring re-operation,
with a view to predict those who may need early interventions to prevent a relapse from occurring. Full sequencing in itself will provide unique information with
regard to the distribution spectrum of NOD2/CARD15
mutations within the ethnically heterogeneous Australian
population.

shift management to a top down approach whereby
active medical therapy could be introduced at an early
stage to impact on aggressive disease behaviour in
mutation positive patients.
Bhullar M, Macrae F, Brown G, Smith M, Sharpe K. Prediction
of Crohn’s disease aggression through NOD2/CARD15 gene
sequencing in an Australian cohort. World J Gastroenterol 2014;
20(17): 5008-5016 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5008.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5008

INTRODUCTION
The pathogenesis of inflammatory bowel disease (IBD)
is complex and is thought to result from the interaction
of environmental factors with genetic predisposition[1].
Familial aggregation of the disease and studies of twins
have strongly suggested that genetic factors contribute
to IBD, especially Crohn’s disease[2] - a hypothesis that
was substantiated with the discovery of a susceptibility
locus in the pericentromeric region of chromosome 16
called IBD1[3]. Subsequently, two independent research
groups reported that the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2/
CARD15) gene located on chromosome 16 within the
IBD-1 region is associated with increased susceptibility
to CD[1,4] . This association was later confirmed by other
research groups[5-13].
Approximately 30% of Crohn’s patients carry one
copy of a mutated NOD2/CARD15 allele and about
17% of Crohn’s patients carry two mutated NOD2/
CARD15 alleles[14], conferring a 2 to 4 fold and 20-40
fold increased risk of developing CD respectively.
Studies have demonstrated three mutations or sequence variants which exhibit the strongest association
with the development of CD[7]. These are “3020insC” on
exon 11, which is a frameshift mutation[15], and the missense mutations located on exons 4 and 8; these lead to
the amino acid substitutions Arg702Trp and Gly908Arg
respectively. However, whilst it has been noted for 9 years
that these mutations are associated with Crohn’s disease,
the consequences of these mutations on their protein
function is yet unknown.
The only consistent finding to date regarding the
clinical impact of NOD2/CARD15 variants concerns
disease localization [6,8,10,16-21]. Some studies have also
reported an association between NOD2/CARD15 mutations and fibrostenotic behaviour[6,11,22], whilst others
have reported a higher incidence of fistulas in NOD2/
CARD15 variant patients[11,19,22,23]. The reasons for these
observations are unknown but are important for further
investigation as it will help in understanding the pathophysiology of NOD2/CARD15 mutations.
Several lines of evidence are compatible with a significant role of NOD2/CARD15 variants in determin-
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MATERIALS AND METHODS
The study was approved by the Human Resource Ethics
Committee at The Royal Melbourne Hospital and followed consent and privacy procedures.
Thirty unrelated Crohn’s disease patients were ascertained consecutively through a search of The Royal
Melbourne medical records and private records of RMH
consultants, filtering on patients with a history of ileocaecal or small bowel resections during the time period
of 1980-2000. The diagnosis of CD was based on standard clinical, radiological and histological criteria.
The patients were divided into two main groups: (1)

5009

May 7, 2014|Volume 20|Issue 17|

Bhullar M et al . NOD2 /CARD15 gene sequencing in Crohn’s disease

Fifteen patients who had post-operative relapse that
required surgical interventions; and (2) Fifteen patients
who did not have post-operative relapse that required
surgical interventions, composing the control group.
We defined surgery as an active procedural intervention including bowel resection, stricturoplasty and balloon dilatation of strictures. We included patients only
with a history of ileo-caecal or small bowel resections as
their initial type of surgery, as NOD2/CARD15 mutations have been associated with this group of patients,
and we wanted to enrich our genotyped population with
mutation carriers.
Although the recruited patients underwent initial
small bowel or ileo-caecal resection(s), we did not exclude patients with disease involvement in other parts of
the digestive tract. The location of disease was recorded
from information obtained in radiological, endoscopic
and histological examination, and updated in association
with later consultations.
Indication for the requirement of surgical interventions (initial or subsequent surgeries) was based according to clinical judgement of the caring consultant and/or
surgeon according to clinical presentation, pre-operative
diagnostic findings and intra-operative findings without
access to genotyping of NOD2/CARD15. Inconsistency in surgical decision making was minimized because
the overwhelming majority of surgical procedures were
done by the same integrated surgical team.
The indications for surgical interventions composed 5
main groups: (1) failed medical treatment; (2) symptomatic stricturing disease if persistent intestinal obstruction
was found on radiological, endoscopic, clinical or intraoperative findings; (3) perforating disease if complicated
enterocutaneous fistulae, intra-abdominal fistulae or
acute free perforations were present; (4) the presence of
intra-abdominal abscesses; and (5) others, including cancer, haemorrhage, toxic dilation.
Group 2 patients were selected from patients who
had one or more subsequent surgeries following the initial resection for the recurrence of CD, with the requirement for surgery being consistent with the indications
described above. Surgical procedures as a result of complications of the previous surgery, incomplete/abandoned surgery, ileostomy, colostomy and CD-unrelated
surgery were not included in interventions analysed in
the series. The number of subsequent surgeries undertaken and the time between the surgeries were recorded.
Disease behaviour was based on the Vienna classification: (1) perforating for enterocutaneous/intraabdominal fistulae, abscesses and inflammatory masses;
(2) stricturing for narrowing of the intestinal lumen
from fibrostenotic lesions; and (3) inflammatory for the
rest of CD patients. The Crohn’s disease activity index
was noted if present in the medical records.
Family history is of significance if one first or second
degree relative has CD. Smoking habit refers to smoking behaviour in July 2005 as reported by the patient,
with patients being divided into 3 groups: current smokers, non-smokers (patients who never smoked) and ex-
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smokers (patients who had given up smoking at least 1
year prior). Extra-intestinal manifestations were defined
as follows: Type 1 peripheral arthralgia/arthritis,primary
sclerosing cholangitis, affections of the skin (pyoderma
gangrenosum) or eye (iritis, uveitis, etc.).
The medical history of the patient was collected
through retrospective review of medical records and updated during later consultations and/or by phone. The
clinical and demographical data were collected in concordance to an established regional database. The demographic data included age, gender, race, smoking habits,
family history of IBD and dietary history. The clinical
data included disease phenotype, age of onset, age at initial and subsequent surgical interventions, date and type
of surgery, location of disease, disease phenotype, extraintestinal manifestations, and intra and post-operative
complications.
A sample of blood was collected from all patients for
the full sequencing of the NOD2/CARD15 gene using
dHPLC for exons 3, 5, 7, 10 and 12 and direct sequencing for exons 2, 4, 6, 8, 9 and 11. The investigators who
determined the genotypes were blinded to the clinical
characteristics of the patients. CD patients categorized
as carrying variants were anyone with at least 1 variant
of the NOD2/CARD15 gene.
Statistical analysis
Analysis was carried out using Minitab or R statistics
package. Categorical variables were compared using
Fishers exact test. Continuous variables were analysed
using Student t test (and some non-parametric equivalents, namely the Mann-Whitney test). The Mann-Whitney test was often used as the distribution of data was
often skewed and this test is a distribution-free test. All
P values were two sided, and a value of less than 0.05
was considered to be a statistically significant difference.

RESULTS
This cohort of 30 patients were CD patients with a history of ileo-caecal or small bowel resection during the
time period of 1980-2000. Group 1 consisted of 15 patients who had post-operative relapses requiring further
surgery and Group 2 consisted of 15 patients who did
not require further surgery. There were 20 males and
10 females with a mean age of 43.3 years (range 25-69
years). All patients were followed up until December
2005, with a mean follow up of 199.6 mo and a median
of 189.5 mo. Nine patients (30%) were current smokers,
3 (10%) were ex-smokers and 18 (70%) were non-smokers. There was no evidence of an association between
smoking behaviour and disease progression. None of
the patients reported a family history of CD in a first or
second degree relative.
In total, 16 sequence variations within the NOD2/
CARD15 gene were identified, with 9 of them occurring
with an allele frequency of greater than 10 %. The sequence variations are S178S nt534C>G (Exon 2), IVS225G>T (Exon 2), P268S nt 802C>T (Exon 4), R702W
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Figure 1 Pathogenic mutation within the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 gene. A: Physical map of the exonintron organization of the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2/CARD15) gene and the approximate positioning of
the mutations within the gene; B: Structural domain of the NOD2/CARD15 gene. Like the other members of the NOD/leucine rich repeat domain (LRR) protein family,
NOD2/CARD15 consists of three distinct functional domains: CARD, a centrally located NOD and a LRR.
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Figure 2 Time between Crohn’s disease diagnosis and initial surgery according to nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 status.

ation. Nine of these patients were heterozygous for the
P268S variation and 3 were homozygous. All 8 patients
with the pathogenic mutations possessed the P268S variant and both the patients who were compound heterozygotes for the pathogenic mutations were also homozygous for the P268S variation. The P268S change was not
found to independently reduce the time between surgery
and diagnosis (P = 0.067).
Patients with any pathogenic mutation showed a trend
to a higher frequency of operations. According to the
Mann-Whitney test performed, we found that patients
without any pathogenic mutation had a median of 0.79
surgical interventions per 100 mo whilst those with any
pathogenic mutation had 1.09 surgical interventions per
100 mo. However, this was not statistically substantiated (P
= 0.096). Among the remainder of the mutation negative
patients, 12 patients had 1 surgical intervention, 5 patients
had 2 surgical interventions, 3 patients had 3 surgical interventions and only 1 patient had 4 and 5 surgical interventions (Table 1). As all the patients had different lengths
of follow-up time, we assessed the number of operations
per 100 mo in relation to the NOD2/CARD15 mutation
to investigate whether the mutation predicted patients at a
higher risk of operation than those without.
Patients with any pathogenic mutation had a significantly reduced time between their diagnosis of CD and
initial surgery. The effect was even more pronounced
with the 3020insC mutation, with 3 out of 4 mutation
positive patients requiring their first resection almost immediately after CD diagnosis. The mean time between
age at diagnosis and 1st surgical resection for patients

Table 1 Number of surgical interventions according to nucleotide-binding oligomerisation domain 2/caspase recruitment
domains 15 gene status
Surgical interventions
1
2
3
4
5

Pathogenic mutation
positive (n = 8)

Pathogenic mutation
negative (n = 22)

2
1
1
3
1

12
5
3
1
1

nt 2104C>T (Exon 4), R459R nt 1377C>T (Exon4),
R587R nt 1761 T>G (Exon 4), L248R nt 743T>G (Exon
4), R703C nt 2107C>T (Exon 4), T294T nt882 T>A
(Exon 4), A611A nt 1833 C>T (Exon 4), IVS4+10 A>C
(Exon 4), IVS5+27G>A (Exon 5), IVS4-43C>T (Exon
5), G908R nt 2722G>C (Exon 8), V955l nt 2863G>A
(Exon 9), 3020insC (Exon 11). Of these mutations,
IVS2-25G G>T on Exon 2 has not been previously reported.
In total, 8 patients (26.6% of the CD patients) carried at least one known pathogenic mutation within the
NOD2/CARD15 gene located on chromosome 16 (Figure 1). The allele frequencies for the pathogenic mutations R702 W (Exon4), G908R (Exon 8) and 3020insC
(Exon 11) were 16.7%, 3% and 13.3%. One of the
patients was a simple homozygote, 2 patients were compound heterozygotes (R702W and 3020insC) and (G908R
and 3020insC) and the remainder 5 patients were simple
heterozygotes.
There were 12 patients with the P268S sequence vari-
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Table 3 Comparison of allele frequencies of nucleotide-binding oligomerisation domain 2/caspase recruitment domains
15 mutations

Table 2 Analysis of phenotypic characteristics of Crohn’s disease patients according to nucleotide-binding oligomerisation
1
domain 2/caspase recruitment domains 15 gene status
Characteristics
Disease behaviour
Perforating
Stricturing
Inflammatory
Location of CD lesions
Small bowel
Ileocaecal
Colonic
Anorectal
Others
No of locations involved
1
2
3
4+
Extraintestinal manifestations

3020ins C mutation 3020ins C mutation
positive (n = 4) negative (n = 26)
1
4
3

5
14
7

4
6
1
1
0

7
19
7
1
0

4
4
0
0
0

13
7
2
0
3

Study

NOD2 /CARD15 mutation
3020ins C

Present study
Hugot et al[4]
Hampe et al[5]
Vermeire et al[10]
Cavanaugh et al[13]

Australian
European
German/British
Canadian
Australian

13.3%
12%
16%
10.3%
7%

Exon 8

Exon 4

3%
6%
5.2%
2%

16.7%
11%
12.9%
11%

NOD2/CARD15: Nucleotide-binding oligomerisation domain 2/caspase
recruitment domains 15 gene.

There was also a trend to suggest that patients with the
pathogenic mutations have a higher frequency of operations compared to those without the mutation. These
findings were particularly significant in the presence of
the 3020insC mutation. If confirmatory studies establish these relationships, active medical therapy could be
introduced at an early stage to impact on aggressive disease behaviour.
There was a statistically significant association between the pathogenic NOD2/CARD15 mutations and
the requirement for early surgical intervention. Patients
with the mutation had a significantly reduced time between their diagnosis and 1 st surgical resection. This
association was found to be more significant in patients
with the 3020insC mutation. In fact, 3 out of 4 patients
with the 3020insC mutation required their first surgical
resection immediately after diagnosis. This data would
suggest that that the mutation leads to a more aggressive form of disease, which rapidly progresses requiring
early surgical intervention. NOD2/CARD15 mutations
seem to act by either impairing the regulatory immune
response (allowing patients to be vulnerable to infections
that set off CD at an earlier age) or initiating an enhancement of the effector limb of the immune response
to bacterial invasion (acting as an initiating factor in early
onset CD). In the same way, the mutation could cause a
more rapid and aggressive clinical course of disease because either an impaired immune response is unable to
adequately contain the bacterial invasion or the mutation
itself is fuelling the excessive inflammatory response.
The 3020insC mutation is a frameshift mutation resulting in the truncation of the protein in the leucine rich
repeat region, which is the main region implicated in the
immune regulation pathway, which may explain why the
3020insC mutation leads to an even more aggressive progression of disease compared to the other 2 pathogenic
mutations.
We then assessed the association between gene status and the pattern of disease, as previous studies have
reported that NOD2/CARD15 mutations are associated
with fibrostenosing disease. Our current results are inconclusive to date in analysing the relationship between
NOD2/CARD15 mutations and the behaviour of the
disease. Interestingly, however, all mutation positive patients have a stricturing disease behaviour, either alone or

1

Some patients had more than one clinical variable. CD: Crohn’s disease.

with any pathogenic mutation was 0.5 mo compared to a
median time of 48.5 mo for patients who were negative
for a NOD2/CARD15 pathogenic mutation (P = 0.027).
The mean time between time of diagnosis and surgery
for patients with a 3020insC mutation was 2.25 mo, with
a median of 0.5 mo whereas for patients with R702W or
G908R mutation, the median was 12 mo. The distribution of the patients, both positive and negative for the
3020insC mutation was skewed (Figure 2), as expected.
We analysed the phenotypic characteristics presented
by all 30 CD patients to determine if a positive 3020insC
mutation is associated with clinical variables that could
serve as predictors of patients at high risk of disease
relapse and re-operation. These clinical phenotypes include disease behaviour, location of disease, number of
diseased locations and extra-intestinal manifestations
of CD (Table 2). The data on clinical features were recorded from time of diagnosis to December 2005. In
our series, there was no significant association between a
positive pathogenic mutation and any of the aforementioned clinical features with a P < 0.05. Also, biallelic
carriers did not have more aggressive behaviour than
mono allelic carriers.
Interestingly, though not statistically significant,
all eight gene positive patients had stricturing disease
behaviour. None of the 3020insC mutation positive patients had extra-intestinal manifestations. Three patients
without the mutation displayed extra-intestinal manifestations. These were arthritis, marginal keratitis and
Sweets syndrome.

DISCUSSION
In this study, it was found that a NOD2/CARD15 mutation predicted initial disease aggressiveness in CD with
mutation positive patients having a significantly reduced
time between the diagnosis of CD and initial surgery.
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in combination with a perforating and/or inflammatory
pattern, irrespective of the nature of the indication for
their initial surgery. This means that our finding is consistent with previously reported data, though it has not
been statistically substantiated possible due to the small
sample size.
Following the clinical observation that one third of
patients need re-operation after initial surgery[21], we
questioned whether the NOD2/CARD15 mutation was
responsible for post operative relapses requiring further
surgery. A Spanish study published after the commencement of this research found that NOD2/CARD15
mutations are a predictive risk factor for surgical requirement due to stricturing lesions[21]. The proposed mechanism is that NOD2/CARD15 mutations predispose to
stricturing and fibrotic lesions, and these altered repair
mechanisms at the site of surgery would lead to earlier
surgical recurrences, irrespective of the cause of initial
surgery. It is also controversial whether the relationship
between the CARD15 variants and both stenosing phenotype and increased need for surgery in CD patients
is a true association or only reflects the high proportion
of ileal CD developing bowel stenosis and, therefore,
requiring surgery[32]. In our sample population, we found
that patients with a NOD2/CARD15 pathogenic mutation had a higher frequency of operations than those
without the mutation. This difference however was not
statistically significant (P = 0.096) but showed a trend
to more operations in mutation carriers. One limitation
of the Spanish study is that it only analysed 23 patients
who had subsequent surgery. Also, none of the recruited
patients had more than 2 surgical resections. Although
some of our patients have had up to 5 operations, our
study is also limited by a small sample size. The lack of
statistical significance in our study for this parameter of
multiplicity of operations could therefore be explained
by a Type Ⅱ error.
These findings add strength to the argument supporting the use of NOD2/CARD15 genotyping as a
prognostic tool in stratifying CD patients with a high risk
of initial or subsequent operations. The ability to predict the natural history of high risk patients could prove
useful in the application of top-down therapy, which
may not just prevent complications but also modify the
natural history of the disease[33,34]. Even if preventative
therapy is ineffective, these high risk patients should be
managed with close collaboration between physicians
and surgeons. Most clinicians are not willing to adopt
unrestricted top-down approach because a substantial
proportion of patients never develop aggressive disease
requiring biological therapy. The ability to predict those
that will would be a great asset in the management of
IBD given the effectiveness described by Oldenburg
and Hommes[33]. This is in contrast to the conventional
practice of starting with less invasive interventions and
working up the therapeutic ladder, which in the long
term may subject the patient to unnecessary and invasive
investigations, medications and procedures. Genotyping
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may prove to have a place in contributing to what often
is a quite complex decision-making especially since genetic-based classifications are stable compared to exclusive use of phenotypic characteristics which are subject
to change over time.
However, it remains to be determined whether full
NOD2/CARD15 gene sequencing during the diagnosis
of CD will be clinically useful and cost effective. Most
of the NOD2/CARD15 sequence variations identified
in this study are rare and have not been found to influence the natural history of the disease. Our studies do
suggest a place for at least the mutational analysis of
the most common pathogenic mutations which can be
done cheaply. From here, it would be useful to analyse
whether NOD2/CARD15 mutations are able to predict
response to therapy, particular biologics. Currently, there
are no NOD2/CARD15 mutations that predict which
patients might have sustained remission and which will
relapse rapidly after stopping infliximab[35].
Furthermore, this study is of significant importance
in highlighting the Australian population of Crohn’s
patients who are ethically heterogenous and genetically
diverse. In the present study, we observed allele frequencies of 13.3%, 3% and 16.7% for the 3020insC, G908R
mutation and R702R mutations respectively. We were
the first Australian study to conduct a full genotype sequencing of the NOD2/CARD15 gene (Table 3). We
now know that there is great ethnic and geographical
differences in the prevelance of NOD2/CARD15 mutations. The multicenter study published by Lesage et al[6],
which included several European countries, reported a
mutation carrier frequency of 50%. These findings have
been replicated by other European studies .In Great
Britain, the carrier frequency was found to be 38.5%[7],
46.3% in Belgium[36], 38.2% in Italy[25] , 38% in France[37],
and 36.5% in Germany[20]. Conversely, there was a lack
of mutant variants in the Asian populations of Japan[38],
Korea[39], China[40,41] and India[42]. In one Malaysian study,
none of the Malaysian patients with CD carried any of
the NOD2/CARD15 pathogenic mutations[43,44].
We would expect the frequencies of the NOD2/
CARD15 risk alleles found in our patients to be higher
than in other studies due to the enrichment of NOD2/
CARD15 variants within our cohort of patients with
small bowel and ileo-caecal disease, both of which are
disease locations associated with NOD2/CARD15 mutations. Furthermore, all patients in this cohort have had at
least one surgical resection and have more severe disease
(with surgery being a marker of severity), another clinical
feature suggested to be a result of NOD2 mutations.
In our study, the presence of a NOD2/CARD15 mutation especially the 3020insC mutation, predicted a more
aggressive form of disease which rapidly progressed and
showed a trend towards the need for multiple surgical
interventions and a significantly shorter time to surgery
after diagnosis. Full sequencing may not be relevant for
clinical management based on current information, but
our results do suggest a place for initial genotyping of
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the 3 pathogenic mutations. Further confirmatory studies may suggest that a top-down therapy approach could
be considered in mutation positive. There is substantial
optimism that NOD2/CARD15 genotyping could be
used in the development of clinical paradigms in the
management of Crohn’s disease, especially guiding the
need for more aggressive medical therapy or surgical intervention after diagnosis of CD.

5
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METHODS: ITB and CD patients were prospectively included at four South Indian medical centres from October 2009 to July 2012. Routine investigations included
case history, physical examination, blood biochemistry,
ileocolonoscopy and histopathological examination of
biopsies. Patients were followed-up after 2 and 6 mo of
treatment. The diagnosis of ITB or CD was re-evaluated
after 2 mo of antituberculous chemotherapy or immune
suppressive therapy respectively, based on improvement in signs, symptoms and laboratory variables. This
study was considered to be an exploratory analysis.
Clinical, endoscopic and histopathological features recorded at the time of inclusion were subject to univariate analyses. Disease variables with sufficient number
of recordings and P < 0.05 were entered into logistic
regression models, adjusted for known confounders.
Finally, we calculated the odds ratios with respective
confidence intervals for variables associated with either
ITB or CD.
RESULTS: This study included 38 ITB and 37 CD patients. Overall, ITB patients had the lowest body mass
index (19.6 vs 22.7, P = 0.01) and more commonly
reported weight loss (73% vs 38%, P < 0.01), watery
diarrhoea (64% vs 33%, P = 0.01) and rural domicile
(58% vs 35%, P < 0.05). Endoscopy typically showed
mucosal nodularity (17/31 vs 2/37, P < 0.01) and histopathology more frequently showed granulomas (10/30
vs 2/35, P < 0.01). The CD patients more frequently
reported malaise (87% vs 64%, P = 0.03), nausea (84%
vs 56%, P = 0.01), pain in the right lower abdominal
quadrant on examination (90% vs 54%, P < 0.01) and
urban domicile (65% vs 42%, P < 0.05). In CD, endoscopy typically showed involvement of multiple intestinal
segments (27/37 vs 9/31, P < 0.01). Using logistic regression analysis we found weight loss and nodularity
of the mucosa were independently associated with ITB,
with adjusted odds ratios of 8.6 (95%CI: 2.1-35.6) and

Abstract
AIM: To investigate whether routinely measured clinical variables could aid in differentiating intestinal tuber-
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Failing to diagnose ITB represents a considerable risk
of morbidity and mortality. However, misdiagnosing and
treating ITB as CD could potentially be lethal given the
immunosuppressive nature of CD therapy. Conversely,
empiric antituberculous chemotherapy (ATT) may complicate diagnosis of ITB at a later stage and facilitate the
development of Mycobacterium tuberculosis (M. tuberculosis)
drug resistance. Ultimately, ATT may critically delay
proper CD treatment and patients may be at risk of exacerbation or complications.
During the past decade, new diagnostic methods,
such as M. tuberculosis PCR, immunohistochemistry and
interferon-γ release assays have been evaluated for the
differentiation of the two diseases. Unfortunately, studies
on their sensitivity and specificity have been conflicting
and their diagnostic utility is uncertain. New diagnostic
algorithms or recommendations have emerged with nearly every paper published[9-13].
Traditional diagnostic modalities, such as acid-fast
staining of biopsies or sputum, M. tuberculosis culturing,
Mantoux tuberculin skin testing, and chest x-rays, are
often negative in extra-pulmonary TB[1,5,14]. Currently,
empiric prescription of standard ATT for eight weeks
followed by re-evaluation of the diagnosis remains the
commonly applied diagnostic modality[2,12,14,15].
In this prospective multi-centre study, we evaluated
routine clinical, endoscopic and laboratory variables currently applied for diagnosing ITB in Southern India. Using these variables we evaluated the ability to differentiate
ITB from CD.

18.9 (95%CI: 3.5-102.8) respectively. Right lower abdominal quadrant pain on examination and involvement
of ≥ 3 intestinal segments were independently associated with CD with adjusted odds ratios of 10.1 (95%CI:
2.0-51.3) and 5.9 (95%CI: 1.7-20.6), respectively.
CONCLUSION: Weight loss and mucosal nodularity
were associated with ITB. Abdominal pain and excessive intestinal involvement were associated with CD.
ITB and CD were equally common.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Intestinal tuberculosis (ITB) and Crohn’s disease (CD) may easily be confused with one another in
terms of clinical, laboratory, endoscopic and histopathological features. In this prospective multi-centre study
from Southern India, we found weight loss and mucosal nodularity were associated with ITB. Furthermore,
right lower abdominal pain and multi-segment intestinal involvement were associated with CD. The random
inclusion of as many CD as ITB patients suggests that
CD may be increasing in the region. Current diagnostic
modalities for differentiating ITB from CD are imperfect
and simple inexpensive tools for diagnosis are needed.
Larsson G, Shenoy T, Ramasubramanian R, Balakumaran LK,
Småstuen MC, Bjune GA, Moum BA. Routine diagnosis of intestinal tuberculosis and Crohn’s disease in Southern India. World
J Gastroenterol 2014; 20(17): 5017-5024 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i17/5017.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i17.5017

MATERIALS AND METHODS
Thirty-eight patients with ITB and 37 patients with CD
were prospectively included from four South Indian medical centres in a consecutive manner from October 2009 to
July 2012. Centre investigators identified patients with ITB
or CD. The inclusion/exclusion criteria were thoroughly
discussed at meetings and clarified in the study protocol
(Table 1). Although generally recommended in the literature, M. tuberculosis specific microbiologic diagnostics were
not routinely applied as our study was descriptive and
sought to reflect clinical practice in the region. All ITB patients were prescribed ATT for six months according to the
Indian Revised National Tuberculosis Control Program[16].
A detailed medical history was acquired prior to physical examination and further investigations, all of which
were recorded in standardised electronic questionnaires.
C-reactive protein (CRP) was analysed in blood serum. Retrograde video ileocolonoscopy with biopsies was
performed in each centre after proper colon preparation.
Any observed pathology was recorded on video and described according to standardised criteria: anatomic location of lesion(s), aphthous and/or deep ulcers nodularity
of mucosa, fissures, and strictures. All four centre investigators were senior consultant gastroenterologists and
classified pathology according to their clinical experience.
Tissue biopsies obtained during ileocolonoscopy were

INTRODUCTION
Intestinal tuberculosis (ITB) is commonly encountered
by gastroenterologists in India, and is presumably seen
more often than Crohn’s disease (CD)[1-3]. Nevertheless,
CD seems to be increasing in the area, as in other regions
of improved hygiene, sanitation and health care[4].
The presentation and pathologic findings in ITB may
vary, be non-specific and can easily be confounded with
other abdominal or gastrointestinal diseases such as CD
or ulcerative colitis[5]. CD is most commonly mistaken for
ITB, because the clinical appearance and the radiological,
endoscopic and histopathological manifestations may be
identical[2,6]. This poses diagnostic problems due to the lack
of awareness and the difficulty of confirming TB by bacteriological methods[7]. Skilled clinicians may make the correct diagnosis in approximately half of the patients based
on medical history, clinical signs and symptoms alone. By
adding results of radiological, endoscopic, histopathological and microbiological investigations, the correct diagnosis
may be achieved in up to 80% of the patients[8].
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Table 1 Inclusion and exclusion criteria for study participants
Criteria
Inclusion criteria
Intestinal tuberculosis (as per modified
Paustian’s criteria[31,32]: (a), and one or
more of (b) and (c) had to be fulfilled)

(a) Endoscopic apparent intestinal tuberculosis: transverse ulcers, pseudopolyps, involvement of fewer than
four intestinal segments, patulous ileo-coecal valve
(b) Histological evidence of tubercles/granulomas with caseation necrosis in intestinal biopsies
(c) Clinical response to antituberculous chemotherapeutic drug treatment (ATT) trial
Crohn’s disease (as per ECCO guidelines Exclusion of infectious enterocolitis
2010[33] and management consensus of
Endoscopic: ileal disease, rectal sparing, confluent deep linear ulcers, aphthoid ulcers, deep fissures, fistulae,
inflammatory bowel disease for the
skip lesions (segmental disease), cobble-stoning
Asia-Pacific region 2006[34])
Histological: focal (discontinuous) chronic (lymphocytes and plasma cells) inflammation and patchy chronic
inflammation, focal crypt irregularity (discontinuous crypt distortion) and granulomas (not related to crypt
injury)
Samples from ileum: irregular villous architecture
Exclusion criteria
Malignancy
HIV positive
Age below 18 yr

fixated in 10% formalin and preserved in blocks. Sections
of 4 µm thickness were cut from blocks and stained by
Haematoxylin-Eosin and then evaluated by pathologists.
Patients were scheduled to follow-up clinical evaluation after 8 wk of ATT or immune suppressive therapy.
Treatment response was evaluated on clinical grounds,
with improvement in signs and symptoms being regarded
as confirmatory for diagnosis.

RESULTS
Baseline data were completed for all participants. In total,
24 of 75 patients were lost to follow-up clinical evaluation: 19 ITB and 5 CD patients. Follow-up endoscopy
was only achieved in the minority of the patients, as
many either refused repeat endoscopy or were lost to
follow-up after clinical evaluation at 2 mo. Two patients
initially treated with ATT had their diagnosis revised to
CD after endoscopy at 6 mo. None of the CD patients
had their diagnosis revised to ITB.

Ethics
The study was approved by The Ethical Committee of
Sree Gokulam Medical College and Research Foundation,
Trivandrum, India. Written informed consent was obtained after explaining the study to the participants in their
preferred language.

Univariate analyses
Any possible associations between disease type (ITB or
CD) and symptoms, signs and other disease associated
factors are presented in Table 2. We found an association
(P < 0.05) between having ITB and experiencing weight
loss and watery diarrhoea. A diagnosis of CD was associated with pain in the right lower abdominal quadrant at
examination, malaise and nausea. Weight measurements
at examination revealed lower body weight in the ITB
patients (median: 52 kg, IQR 13) than in the CD patients
(median: 59 kg, IQR 12), P = 0.001.
ITB patients had a lower body mass index than the
CD patients, but cachexia observed by the centre investigators on physical examination was equally distributed
between the two groups. The duration of illness prior
to receiving care did not differ between the groups. Abdominal pain and altered bowel habits within the last year
were commonly reported by both patient groups. The
patients had the same average number of bowel evacuations per day. Chest symptoms were noted in four ITB
patients and none of the CD patients.
The median CRP was higher in ITB patients (10.7
mg/L, normal reference < 6.0 mg/L) than in CD patients (4.3 mg/L). However, the difference did not reach
statistical significance (Table 3).
Ileocolonoscopy showed that CD patients had a more
widespread disease with involvement of multiple intestinal
segments compared to the ITB patients’ more localised

Statistics
Due to the skewed distribution of data and limited sample size, the continuous variables were described with median and range, while the categorical variables were listed
as counts and percentages. Crude differences between
disease type and selected disease associated variables were
assessed with a Mann-Whitney Wilcoxon test for the
continuous variables. χ 2 tests were applied to compare
pairs of categorical variables.
First, all variables possibly associated with disease type
(ITB or CD) were subject to univariate logistic regression.
Then, variables with sufficient number of recordings and
P < 0.05 were entered into a multiple logistic regression
model (MLR). The results were expressed as odds ratios
(OR) with 95% confidence intervals (CI) and adjusted for
known confounders. ITB was used as a reference for the
ease of interpretation. All tests were two-sided. We considered our study to be an exploratory analysis, therefore
P < 0.05 was considered statistically significant and we
did not perform any correction for multiple testing.
All data were analysed in cooperation with a biomedical statistician using SPSS statistical software Version
18.1.
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Table 2 Symptoms, signs and disease associated factors of intestinal tuberculosis and Crohn’s disease n (%)
Symptoms, signs and factors
Duration of illness prior to care (mo), median
Min-Max
Body mass index, median
Min-Max
Waist circumference (cm), median (inter quartile range)
Change in bowel habit
Weight loss in history of current complaint
Malaise in history of current complaint
Abdominal pain in history of current complaint
Nausea in history of current complaint
Recent fever
Cachexia at examination
Current watery diarrhoea
Daily bowel evacuations, median, max (inter quartile range)
Pain in right lower abd. quadrant on exam

ITB (n = 38)

CD (n = 37)

6
0-60
19.6
11.2-26.0
77 (11)
28/37 (76)
27/37 (73)
23/37 (62)
35 (92)
20/37 (54)
17/37 (47)
22/36 (61)
21/33 (64)
3 (3)
15/28 (54)

6
1-78
22.7
15.6-31.2
80 (15)
34 (92)
14 (38)
32 (87)
33 (89)
31 (84)
9/36 (25)
21 (57)
12/36 (33)
3 (0)
27/30 (90)

P value
0.581
0.011
0.821
0.112
< 0.012
0.032
0.712
0.012
0.062
0.712
0.012
0.241
< 0.012

1

Mann Whitney Wilcoxon Test; 2Pearson χ 2 Test OR Fischer’s exact test if n in any cell < 5. ITB: Intestinal tuberculosis; CD: Crohn’s disease.

Table 3 Laboratory, endoscopic and histopathological
variables in intestinal tuberculosis and Crohn’s disease
Clinical variables

Table 4 Demographic data of intestinal tuberculosis and
Crohn’s disease patients n (%)

ITB
CD
P value
(n = 38) (n = 37)

CRP (mg/L), median
Min-max
Features on ileocolonoscopy, n
endoscopy reports
Localised intestinal inflammation, n
3 or more inflamed intestinal
segments, n
Aphtous ulcers, n
Deep ulcers, n
Mucosal nodularity, n
Histopathological evidence of
granulomas(s), n

10.7
0.2-70.5
31/38

4.3
0.3-49.8
37

12
9

4
27

12
19
17
10/30

16
24
2
2/35

0.131

Age, median
(min-max)
Male gender
Average monthly household income
(€), median
(min-max)
Urban domicile
High school degree or higher

0.012
< 0.012
2

0.71
0.902
< 0.012
< 0.012

33
(21-68)
22 (58)
64

33
(18-76)
24 (65)
114

(4-508)
15 (42)
20 (53)

(25-953)
24 (65)
27 (73)

0.621
0.542
0.101

0.052
0.072

1
Mann Whitney Wilcoxon Test; 2Pearson χ 2 Test OR Fischer’s exact test if n
in any cell < 5. ITB: Intestinal tuberculosis; CD: Crohn’s disease.

Logistic regression analyses
Logistic regression analysis was performed to evaluate
possible associations between selected disease variables
and the outcome (ITB or CD). Variables such as malaise,
nausea and watery diarrhoea were excluded from the
models due to their confounding potential.
Our first model contained clinical and epidemiological data and included four independent variables: weight
loss within last year prior to care, pain in the right lower
abdominal quadrant at examination, age and sex. The
distributions of the latter two were equal between the
groups and were excluded from the model.
Weight loss and abdominal pain remained independent predictors of ITB or CD. Patients with weight loss
but no abdominal pain were nearly 9 times more likely to
have ITB than patients with the opposite features, OR =
8.6, 95%CI: 2.1-35.6. Conversely, patients with pain in the
right abdominal quadrant on examination but no weight
loss were 10 times more likely to have CD, adjusted OR
10.1, 95%CI: 2.0-51.3 (Table 5).
Our second model contained endoscopic and epidemiological data and included four independent variables: 3 or more involved intestinal segments, nodularity

1

Mann Whitney Wilcoxon Test; 2Pearson χ 2 Test OR Fischer’s exact test if n
in any cell < 5. ITB: Intestinal tuberculosis; CD: Crohn’s disease.

disease, P < 0.01. Conversely, mucosal nodularity was
more frequent in the ITB patients, P < 0.01. None of the
other disease associated macroscopic features differed
between the groups (Table 3). Lesions observed on endoscopy were predominantly located in the ileocoecal area
and the ascending colon in both patient groups. However,
the number of lesions observed was higher in the CD
group of patients (110 lesions vs 64 lesions) (Figure 1).
Granulomas were more commonly detected in the
biopsies from the ITB patients than the CD patients, P <
0.01 (Table 3).
There were no differences between the groups with
regard to patient age and sex distribution. In the ITB
group, 42% of the patients reported living in urban areas,
and 53% held a high school degree or higher. Conversely,
65 % of the CD patients were urban dwellers and 73%
held a high school degree or higher. The median household income in the CD group was nearly twice the median household income of those with ITB [9000 rupees
(128 €) vs 5000 rupees (71 €)] (Table 4).
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ITB (n = 64)
CD (n = 110)

Location of lesions in ITB and CD
32

35

30

Number of lesions

30
25
20

18

28

20
14

15

9

10
5
0

9

5

Terminal ileum

Coecum

C. ascendens

5

C. transversum

2

C. descendens

2

Rectosigmoideum

Figure 1 Location of lesions in intestinal tuberculosis and Crohn’s disease. ITB: Intestinal tuberculosis; CD: Crohn’s disease.

Table 5 Multiple logistic regression analysis of symptoms, signs and endoscopic features of intestinal tuberculosis and Crohn’s
disease

Multiple logistic regression model 1
Weight loss
Pain in right lower abdominal quadrant on examination
Multiple logistic regression model 2
Mucosal nodularity
Multi-segment involvement (3 or more)

P value

OR

95%CI

Associated with

0.003
0.005

8.6
10.1

2.1-35.6
2.0-51.3

ITB
CD

0.001
0.005

18.9
5.9

3.5-102.8
1.7-20.6

ITB
CD

ITB: Intestinal tuberculosis; CD: Crohn’s disease.

of mucosa, age and sex. The age and sex distributions
were equal between the groups and these variables were
excluded from the model. Involvement of 3 or more
intestinal segments and nodularity of mucosa remained
associated with the type of diagnosis (ITB or CD). The
strongest independent predictor was mucosal nodularity.
ITB patients were 19 times more likely to present with
this feature on endoscopy when controlling for the other
factors in the model, OR = 18.9, 95%CI: 3.5-102.8. Conversely, a patient with involvement of 3 or more intestinal
segments on endoscopy was 6 times more likely to suffer
from CD, adjusted OR = 5.9, 95%CI: 1.7-20.6 (Table 5).

Weight loss may occur in patients with CD as well
and has been investigated in several previous studies. In
patients without small intestinal involvement and malabsorption other mechanisms may lead to weight reduction.
As in TB, a relative decrement in energy intake rather
than energy loss has been found to be a major contributor to loss of body mass in colonic CD[22]. Intestinal
inflammation may result in inadequate protein sparing
mechanisms. Weight loss may therefore be more pronounced in patients with low protein intake and intestinal
disease. CD patients with active disease also require excessive energy consumption compared to healthy people.
With respect to the drop in leptin production and decreased energy intake, weight loss in ITB seems stronger
than in CD. Weight loss was reported more frequently
in ITB patients, and their body weight at examination
was lower than in the CD patients. Data of our patients’
weight prior to receiving care was unavailable. Thus,
whether the ITB patients’ baseline body weight prior to
illness was lower than in the CD patients is unknown.
Pain in the right lower abdominal quadrant was more
frequently reported on physical examination in our CD
patients than in the ITB patients (P < 0.01). We made a
distinction between abdominal pain as a symptom in the
patient’s history and localised abdominal pain as a sign on
physical examination. Our findings of abdominal pain on
examination, predominantly in CD patients and only to a
lesser degree in ITB patients, may reflect a higher level of
inflammation and a lower threshold for pain in CD compared with ITB. This is further supported by the finding
of relatively more lesions in the ileocecal and ascending
colon areas in our CD patients. Abdominal pain as a

DISCUSSION
Weight loss is typically found in TB disease in general
and is traditionally referred to as “wasting”. The reasons
for loss of weight in TB may be multi-factorial. As cachectic patients lose body fat, their leptin production
subsequently drops, resulting in loss of appetite and
further weight reduction. Energy expenditure has not
been found to be increased in TB patients. Thus, wasting has been explained by decreased energy uptake rather
than increased energy consumption[17,18]. Weight loss as
a presenting symptom of TB has previously been found
in 45% of patients with pulmonary TB[19]. Interestingly,
73% of our ITB patients experienced weight loss prior
to care. Intestinal involvement may result in malabsorption of nutrients and decreased intestinal transit time[20,21].
Therefore, weight loss in ITB patients may not only
reflect the general wasting observed in TB, but also the
intestinal involvement itself.
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symptom of ITB is well known from the literature, but
distinguishing it from pain on physical examination has
not been described previously.
Previous reports have described skip lesions and extensive disease to be a more frequent finding of CD[2,23].
Our study confirms this with more CD patients suffering
from involvement of three or more intestinal segments
compared to those with ITB (P < 0.01). Thus, ITB is localised to the predilection site of M. tuberculosis infection,
usually the terminal ileum or coecum. Distal segments are
more frequently involved in CD. Although the phenotype
of CD in India seems similar to CD elsewhere, environmental triggers of disease may vary between different
geographical regions and possibly affect the distribution
of lesions[1,4,8].
Nodularity of the intestinal mucosa is a well known
feature of ITB[2,3,24]. We identified nodularity in 17 ITB
patients and two CD patients. Although nodular mucosa
may be a typical finding in ITB, a range of other aetiologies should be kept in mind[25].
With regards to patient demographics, a greater proportion of our CD patients were living in urban communities. We found a trend of CD patients having a
higher household income and level of education. This is
somewhat similar to the so-called “blue collar findings”
reported in studies on IBD, where CD as opposed to
ulcerative colitis seems more prevalent in persons with
higher socioeconomic status[4,26]. The median age of 33
years at diagnosis in both ITB and CD patients is equivalent to observations in previous reports[2,8,27].
Males were over-represented in our cohort with a
male to female ratio of 3 to 2. Other reports on CD in
Asia have described a similar 3:2 male predominance[8,27].
In India, this may reflect inequity in access to health
care[28].
Our ITB patients were mainly living in rural areas,
with a rural to urban ratio of 3 to 2. Epidemiological
studies on TB in India have shown different case detection between rural and urban dwellings[29,30]. It is known
that TB transmits more easily in communities with lower
socioeconomic status because people live more densely
with poorer ventilation and hygienic facilities. The relatively lower household income and educational level in
our ITB patients may simply reflect that our ITB patients
were predominantly rural dwellers with limited access to
higher education and income.
By chance, we recruited equal numbers of ITB and
CD patients during the 33-mo inclusion period. This
result may be a random finding, but it could also suggest
that the incidence of CD in South India is higher than
previously assumed. According to epidemiological studies throughout Asia the incidence of IBD including CD
could be increasing[4].
The study has some limitations. Of the four variables
found to be predictive of disease, “pain” and “nodularity”
could not be further sub-classified. Conversely, “weight
loss” and “number of involved intestinal segments” allowed for objective estimation: a significant difference
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in body weight was found between the groups and the
endoscopists scored the number of involved segments
according to pre-defined anatomic locations.
Our cohort of 75 patients only allows for crude statistical analyses. This is reflected by the wide confidence
intervals of the ORs established by logistic regression
analysis. Therefore, although statistically significant differences were found between the groups with regard to
selected variables, the precision of the estimates is limited. Furthermore, to draw any conclusions on differences
between the study groups or the background population
with regard to demographics or epidemiology is not feasible. Despite repeated attempts to contact patients for
scheduling appointments, one third of the patients were
lost to follow-up. Hence, we are unaware of their clinical
course and could not confirm their diagnosis.
As we sought to describe the current clinical practice
in Southern India, only diagnostic modalities routinely
available were evaluated. Although positive acid-fast
staining and/or culturing of M. tuberculosis from intestinal
biopsies have high positive predictive values for TB diagnosis, these methods were not applied, possibly due to
their low yield shown in previous studies[1,5,14]. Additionally, it may be unfavourable to leave a patient untreated
pending the result of a slow growing M. tuberculosis culture. As negative chest radiographs may not rule out ITB,
routine chest x-ray was not performed in our cohort.
Chest symptoms were recorded in four of our 38 ITB
patients. CT or MR enterography was not applied in the
participating centres during the study period.
Our multi-centre design including four study sites
strengthens the study as selection bias was avoided. The
standardisation of histopathological evaluation of biopsies between the different pathologists was limited and
microscopic features could only partially be pooled for
analysis. Similarly, although inter-observer variability was
reduced by use of standardised endoscopy report forms,
interpretations of pathology may have varied between the
endoscopists, Apart from endoscopy and histopathology,
all laboratory analyses were conducted by one person
and all case record forms were standardised to multiple
choice answers.
Of all clinical features, weight loss favoured a diagnosis of ITB while right lower abdominal pain on physical
examination favoured a diagnosis of CD.
Endoscopically, nodularity of the mucosa was found
to be a hallmark of ITB. Involvement of three or more
intestinal segments favoured a diagnosis of CD, whereas
the majority of our ITB patients had localised disease.
The features of our patients are consistent with previous
descriptions of ITB and CD from the Indian subcontinent. Interestingly, nearly as many CD patients as ITB
patients were recruited from the secondary and tertiary
centres of this study. This result suggests that CD is increasing in South India.
Currently, differentiating between ITB and CD is time
consuming, labour intensive and costly. Clinical features
distinguishing between the diseases may overlap, and a
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the field. Their study adds valuable clinical information that may help target the
development of simple and inexpensive diagnostics in the future.

range of other diseases may present identically to ITB
and CD. Simple, inexpensive and rapid diagnostic modalities applicable in populations of both high and low TB
endemicity are needed for the differentiation and diagnosis of ITB and CD.

Terminology

Polymerase chain reaction, or PCR, is a laboratory technique used to make multiple copies of a segment of DNA, i.e., mycobacterial DNA; Immunohistochemistry is a molecular biological method which detects antigens in tissue sections
by means of immunological and chemical reactions; Interferon-γ release assays
detect latent tuberculosis infection by measuring in vitro interferon-γ release in
response to antigens present in M. tuberculosis; Leptin is an adipocyte derived
hormone which regulates energy intake and expenditure, metabolism and behaviour.
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Dietary habits of colorectal neoplasia patients in
comparison to their first-degree relatives
Ivana Mikoviny Kajzrlikova, Petr Vitek, Josef Chalupa, Petr Dite
with colorectal neoplasias (143 men, 99 women; mean
age: 64 ± 12 years) and 160 first-degree relatives (66
men, 94 women; mean age: 48 ± 11 years). Fifty-five
of the first-degree relatives were found to have a neoplastic lesion upon colonoscopy, while the remaining
105 were without neoplasia. The control group contained 123 individuals with a negative family history for
neoplastic lesions (66 men, 57 women; mean age: 54 ±
12 years). Two hypotheses were tested. In the first, the
dietary habits of first-degree relatives with neoplasia
were more similar to those of patients with neoplasia,
while the dietary habits of first-degree relatives without
neoplasia were similar to those of the control group. In
the second, no sex-related differences in dietary habits
were expected between the particular groups. Indeed,
no significant differences were observed in the dietary
habits between the groups of patients, controls and
first-degree relatives with/without neoplastic lesions.
Nevertheless, statistically significant sex-related differences were observed in all groups, wherein women had
healthier dietary habits than men.
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Abstract
AIM: To compare the dietary habits between colorectal
neoplasia patients, their first-degree relatives, and unrelated controls.

CONCLUSION: In all groups examined, women had
healthier dietary habits than men. Modification of
screening guidelines according to sex may improve the
efficiency of screening programs.

METHODS: From July 2008 to April 2011, we collected
epidemiological data relevant to colorectal cancer from
patients with colorectal neoplasias, their first-degree
relatives, and also from a control group consisting of
people referred for colonoscopy with a negative family
history of colorectal cancer and without evidence of neoplasia after colonoscopic examination. The first-degree
relatives were divided into two groups following the colonoscopic examination: (1) patients with neoplasia or (2)
patients without neoplasia. Dietary habits of all groups
2
were compared. A χ test was used to assess the association between two dichotomous categorical variables.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal neoplasms; Family; Food habits;
Risk factors; Mass screening
Core tip: We compared the dietary habits of patients
with neoplasia (patients and their first-degree relatives
with neoplasia) and without neoplasia (first-degree
relatives without neoplasia and an unrelated control
group). We did not identify significant differences in
dietary habits between the groups; however, we did
identify statistically significant differences between the

RESULTS: The study groups consisted of 242 patients
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those of the control group. The second tested hypothesis
was that there are no sex-related differences of dietary
habits between the particular groups.

dietary habits of men and women in all groups. In all
groups, women had healthier dietary habits. Modification of screening guidelines according to sex may improve the efficiency of screening programs, although
further studies are needed to support this hypothesis.

MATERIALS AND METHODS
Study subjects and clinical data
From July 2008 to April 2011, we collected epidemiological data relevant to colorectal cancer, both from patients
with CRN and their FDR as well as from a control group.
Epidemiological data, including smoking status (current/
former vs never), fat intake (low vs high), body mass index
(BMI; < 30 vs ≥ 30 kg/m2), beer consumption (daily/
occasionally vs never), consumption of dairy products,
fruits, vegetables and red meat (daily vs less frequent)
and education attainment (primary vs secondary/tertiary), were collected from the patients with CRN, FDR
and controls by a medical doctor. A single specialist in
gastroenterology and nutrition performed the interview
about the respondent’s dietary habits (the amounts of red
meat, fat, dairy products, etc.) and made a categorization
according to the answers (high intake/low intake in each
category). Collection of epidemiological data was part of
The Family Project, a unique direct medical counseling
project targeting FDR that took place at a single center
(non-university), Hospital Frydek-Mistek. The goals of
the project were to promote proper colonoscopic surveillance of FDR and to identify FDR at highest risk
for CRN. The project was approved by the local ethics
committee. All participants signed an informed consent.
Simultaneously, an informative campaign was launched in
the local media to promote and support public awareness
of the project.
FDR were referred to colonoscopic examinations
and, dependent on the findings, were divided into FDR
with or FDR without neoplasia. The control group contained people with a negative family history that had been
referred for colonoscopy and were confirmed to be without neoplasia according to the findings from the colonoscopic examination.

Kajzrlikova IM, Vitek P, Chalupa J, Dite P. Dietary habits of
colorectal neoplasia patients in comparison to their first-degree
relatives. World J Gastroenterol 2014; 20(17): 5025-5030 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i17/5025.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i17.5025

INTRODUCTION
Colorectal cancer is the second leading cause of cancerrelated death in developed countries. The Czech Republic
has the highest prevalence of colorectal cancer in the
world. In 2008, the incidence of colorectal cancer in the
Czech Republic was 94.2/100000 men and 61.8/100000
women[1]. It is well established that colonoscopic screening reduces both the occurrence and mortality of
colorectal cancer[2]. In 2000, the Czech Republic introduced a nationwide cancer-screening program that included fecal occult blood testing of people over 50 years
of age. The program was then updated in 2009 to include
the possibility of a primary colonoscopy screening for
those over 55 years of age[3,4].
Colorectal neoplasias (CRN) are associated with nonhereditary as well as hereditary risks. Colorectal cancer
is the most common familial form of cancer. More than
30% of cases can be attributed to hereditary causes, of
which only 5% are due to hereditary cancer syndromes
such as familial adenomatous polyposis syndrome and
hereditary non-polyposis colorectal cancer[5]. First-degree
relatives (FDR) of patients with CRN (either colorectal
cancer or advanced adenomas) show up to a 4-fold increased risk for CRN when compared with the general
population and are at increased risk for advanced or multiple adenomas[6-9].
Non-hereditary risk factors for colon cancer include advanced age, male sex, alcohol consumption and
smoking[10-12]. Dietary factors, such as elevated red meat
consumption and low intake of fruit, vegetables, dairy
products and dietary fiber, have been associated with an
increased risk for CRN[13]. Obesity, sedentary lifestyle,
inflammatory bowel diseases and several other conditions
such as acromegaly, diabetes mellitus and ischemic heart
disease have also been shown to increase risk for colon
cancer[14-17].
The goal of this study was to compare the dietary
habits of patients with CRN and a control group with
the dietary habits of FDR with regard to the findings
obtained after a colonoscopy screening. The first tested
hypothesis was that dietary habits of FDR with neoplasia
are similar to those of patients with CRN and that the
dietary habits of FDR without neoplasia are similar to

WJG|www.wjgnet.com

Statistical analysis
Ages are presented as mean ± SD. The dietary habits of
all groups (patients with CRN, FDR with neoplasia, FDR
without neoplasia, and control group) were compared. A
2
χ or Fisher’s exact test was used to assess the association
between two dichotomous categorical variables. Because
of a heterogeneous representation of men and women in
the FDR without neoplasia group, the men and women
in all groups were compared separately.

RESULTS
The study groups consisted of 242 patients with CRN
(143 men, 99 women; 64 ± 12 years) and 160 FDR (66
men, 94 women; 48 ± 11 years). Fifty-five patients in the
FDR group were found to have neoplastic lesions upon
colonoscopy, while 105 patients had no evidence of neo-
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Table 1 Characteristics of the study groups n (%)
Characteristics
Male sex
Obesity
Smoking, current/former
High fat intake
High red meat consumption
Beer consumption
Low intake of dairy products
Low fruit and vegetable consumption
Primary education attainment

Patients

FDR with neoplasia

FDR without
neoplasia

Controls

P value (χ 2)

143/242 (59)
68/242 (28)
123/242 (51)
102/242 (42)
171/242 (71)
155/242 (64)
81/242 (33)
72/242 (30)
134/242 (55)

30/55 (56)
15/55 (27)
28/55 (51)
28/55 (51)
37/55 (67)
35/55 (64)
22/55 (40)
14/55 (25)
15/55 (27)

36/105 (34)
23/105 (22)
32/105 (30)
35/105 (33)
65/105 (62)
54/105 (51)
27/105 (26)
25/105 (24)
27/105 (26)

66/123 (54)
27/123 (22)
48/123 (39)
52/123 (42)
62/123 (50)
83/123 (67)
45/123 (37)
46/123 (37)
47/123 (38)

0.001
0.478
0.006
0.175
0.002
0.070
0.219
0.128
0.001

FDR: First-degree relatives.

2

Table 2 Comparison of dietary habits between colorectal neoplasias patients and first-degree relatives with/without neoplasia (χ /
Fisher’s exact test)
Comparison
Obesity
Smoking
High fat intake
High red meat consumption
Beer consumption
Low intake of dairy products
Low fruit and vegetable consumption
Education attainment

Male patients vs FDR
with neoplasia

Male patients vs FDR
without neoplasia

Female patients vs FDR
with neoplasia

Female patients vs FDR
without neoplasia

0.274
0.975
0.247
0.621
0.674
0.932
0.553
0.0021

0.101
0.001
0.912
0.738
0.263
0.976
0.794
0.0041

0.207
0.727
0.451
0.956
0.558
0.143
1.000
0.260

0.642
0.645
0.460
0.474
0.316
0.328
0.707
0.0011

1

Higher education attainment in first-degree relatives (FDR).

2

Table 3 Comparison of dietary habits between controls and first-degree relatives with/without neoplasia (χ /Fisher’s exact test)
Comparison
Obesity
Smoking
High fat intake
High red meat consumption
Beer consumption
Low intake of dairy products
Low fruit and vegetable consumption
Education attainment

Male controls vs FDR with
neoplasia

Male controls vs FDR
without neoplasia

Female controls vs FDR
with neoplasia

Female controls vs FDR
without neoplasia

0.816
0.281
0.281
0.284
0.0451
0.618
0.0491
0.095

0.833
0.078
0.090
0.187
0.749
0.522
0.780
0.188

0.379
0.289
0.375
0.052
0.456
0.215
1.000
0.444

0.959
0.578
0.685
0.0412
0.535
0.315
0.794
0.199

1

Male controls have higher beer consumption and lower consumption of fruits and vegetables; 2Female controls have higher red meat consumption. FDR:
First-degree relatives.

plasia. The control group consisted of 123 individuals
with a negative family history of colon cancer and without neoplastic lesion following colonoscopic examination
(66 men, 57 women; 54 ± 12 years). Characteristics of all
groups are presented in Table 1.
We first tested the hypothesis that dietary habits of
FDR with neoplasia are similar to those of patients with
CRN and that dietary habits of FDR without neoplasia
are similar to those of the control group. We next tested
the hypothesis that there are no sex-related differences
in the dietary habits between the particular groups. Comparisons of the groups are presented in Tables 2 and 3.
The comparison between men and women in all groups
is shown in Table 4.
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In summary, both of our hypotheses were disproven.
There were no significant differences in the dietary habits
between the groups of patients, controls and FDR with/
without neoplastic lesions. In all groups, however, there
were statistically significant differences in the dietary habits between men and women, despite no differences in
education attainment among them.

DISCUSSION
Our study was based on epidemiological data relevant to
colorectal cancer that was obtained from patients with
CRN, their FDR with neoplasia, FDR without neoplasia,
and from a control group.
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Table 4 Comparison of dietary habits in all groups: males vs females (χ /Fisher’s exact test)
Males vs females

Comparison
Obesity
Smoking
High fat intake
High red meat consumption
Beer consumption
Low intake of dairy products
Low fruit and vegetable consumption
Education attainment

Patients

FDR with neoplasia

FDR without neoplasia

Controls

0.023
0.001
0.001
0.004
0.001
0.024
0.016
0.756

0.472
0.044
0.044
0.294
0.102
1.000
0.537
0.104

0.659
0.646
0.002
0.045
0.001
0.026
0.098
0.727

0.831
0.002
0.004
0.005
0.001
0.028
0.001
0.508

FDR: First-degree relatives.

It is well established that risks for colorectal cancer can be either hereditary or non-hereditary. Nonhereditary risks are well described, as mentioned in the
Introduction. There is also an association of colorectal
cancer with the gut microbiome. Intestinal microbiota
can transform food compounds into genotoxic agents,
activate proto-oncogenes, or inactivate tumor suppressor
genes[18-20].
Genetic factors associated with an increased risk for
CRN include low-penetrant susceptibility loci and specific polymorphisms. Certain genetic variants and polymorphisms in a number of genes have been associated
with increased colon cancer risk; APC-I1307K, HRAS1VNTR and MTHFR variants represent the strongest
candidates for low penetrance susceptibility alleles[21,22]. In
genome-wide association studies, as many as 170 common but separate genetic variations have been implicated
in CRN susceptibility[23]. Based on current data, there
are three main pathways of colorectal carcinogenesis:
chromosomal instability, microsatellite instability, and
hypermethylation[24,25]. One important question, however,
is how hereditary risks may be confounded by familial
similarities in diet, physical activity level, or other environmental exposures.
Our first tested hypothesis was that the dietary habits
of FDR with neoplasia are similar to those of CRN patients, while the dietary habits of FDR without neoplasia
are different and more similar to those of the control
group. We hypothesized that both the controls and FDR
without neoplasia have a healthier lifestyle, while patients
with CRN and FDR with neoplasia have worse, shared
dietary habits. Because of the heterogeneous representation of men and women FDR without neoplasia, men
and women in all groups were compared separately.
To our surprise, all groups had very similar dietary
habits. We only observed a difference in the male CRN
patients, where there were significantly more smokers
than in the group of FDR males without neoplasia. It has
been shown that smoking can increase risk of colorectal
cancer by up to 18%[12]. Paradoxically, male controls consumed more beer and lower amounts of fruits and vegetables than FDR males with neoplasia. Female controls
consumed more red meat than FDR females without
neoplasia. It is surprising that we did not observe any as-
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sociation between poor dietary habits and occurrence of
neoplasia in patients with CRN and their FDR with neoplasia, despite all the proven non-hereditary risk factors.
The second tested hypothesis was that there would be
no sex-related differences between the particular groups.
Regardless of the colonoscopic findings in all groups,
however, males had worse dietary habits than females,
despite no difference in education attainment between the
men and women. It is well known that women gain more
health resources in their screening programs. This fact,
together with a known higher incidence of CRN in men,
places men at a disadvantage. Thus, we can assume that
the one-third higher incidence of colorectal cancer in men
could be, in part, attributed to their less healthy lifestyle.
Media campaigns should, therefore, be targeted to the
male population, since there is a great need for improvement of their lifestyle and dietary habits.
This study has several limitations. The sample size
of each group was relatively small and made up of individuals stemming from a population with the highest
prevalence of colorectal cancer in the world. The results,
therefore, are specific and may only apply to the Czech
population surveyed. Diabetes mellitus was not observed
throughout all groups (only in the CRN group of patients), so we cannot evaluate obesity and dietary habits
with respect to diabetes mellitus. The mean ages across
the groups examined were different and represent another weakness of the study.
In conclusion, we did not find significant differences
between patients and their FDR with/without neoplastic
lesions, although we did identify statistically significant
differences between the habits of men and women in all
groups. Women in all groups had healthier dietary habits.
We propose that media campaigns should be targeted
to the male population, due to a need to improve their
lifestyle. Modification of screening guidelines according
to sex may improve the efficiency of screening programs
but further studies are needed to support this hypothesis.
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adenomas, show up to a 4-fold increased risk for colorectal neoplasias when
compared to the general population.
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It is important to understand how hereditary risks may be confounded by familial similarities in diet, physical activity level or other environmental exposures
and whether it is possible to modify screening programs according to different
risk groups to achieve higher efficiency in reduction of colorectal neoplasia.
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The authors did not find significant differences between healthy controls,
patients and their first-degree relatives with/without neoplastic lesions. The
authors identified statistically significant differences between the dietary habits
of men and women in all groups. In all groups examined, women had healthier
dietary habits.
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Applications

The authors propose a media campaign to target the male population and promote ways to improve the health-related aspects of their lifestyle. Modification
of screening guidelines according to sex may improve the efficiency of screening programs, but further studies are needed to support this hypothesis.

Terminology

First-degree relatives: a family member who shares approximately 50% of their
genes with a particular individual in a family; first-degree relatives include parents, offspring and siblings.
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has clinical applications for understanding the risks of colorectal cancer.
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RESULTS: The serum TNF-a level was shown to be
correlated with the presence of ATI; ATI positivity was
significantly correlated with low trough levels of IFX.
ATIs were detected in 25% of IBD patients with loss of
response, side effects, or hypersensitivity, however no
association was revealed between these patients and
antibody positivity or lower serum IFX levels. Previous
use of IFX correlated with the development of ATI, although concomitant immunosuppression did not have
any impact on them.
CONCLUSION: On the basis of the present study, we
suggest that the simultaneous measurement of serum
TNF-a level, serum anti TNF-a concentration, and antibodies against anti TNF-a may further help to optimize
the therapy in critical situations.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The clinical utility of measuring serum tumor
necrosis factor-a (TNF-a), infliximab, and anti-infliximab
levels in the therapeutic decisions of patients with inflammatory bowel disease is still an outstanding question. In
this study we assessed TNF-a, infliximab concentrations,
and antibodies against infliximab molecules in patients
with inflammatory bowel disease who developed loss
of response, side effects, or allergic reaction during anti
TNF-a therapy. Our results showed that the simultaneous
measurement of serum TNF-a level, serum anti TNF-a
concentration, and antibodies against anti TNF-a may
further help to optimize therapy in critical situations.

Abstract
AIM: To assess tumor necrosis factor-a (TNF-a), infliximab (IFX) concentrations, and antibodies against IFX
molecules in patients with inflammatory bowel disease
(IBD) who develop loss of response, side effects, or allergic reaction during anti TNF-a therapy.
METHODS: Blood samples of 36 patients with response loss, side effects, or hypersensitivity to IFX
therapy (Group Ⅰ) and 31 patients in complete clinical
remission (Group Ⅱ) selected as a control group were
collected to measure trough serum TNF-a level, IFX,
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Table 1 Demographic and clinical data of patients participating
in the study

Mean age at diagnosis, yr
Mean disease duration at biological
therapy, yr
CD/UC
Male/female
Previous biological therapy
Concomitant steroid therapy
Concomitant thiopurine therapy
Previous surgery
Active disease

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are the
two types of inflammatory bowel disease (IBD) characterized by alternating periods of relapse and remission.
The introduction of anti-tumor necrosis factor (TNF)-α
therapy caused a dramatic change in the management
of IBD. Approximately 40% of patients that initially
responded to anti-TNF- α therapy will subsequently
lose that response, thus requiring dose intensification or
drug change[1]. The presence of antibodies against antiTNF-α agents and low drug serum concentrations have
been implicated as predisposing factors for therapeutic
failure. Dose intensification as a possible method for
managing therapeutic failure is only viable in cases of
low anti-TNF-α drug trough levels, while switching to
another drug may be useful if antibodies develop against
the biological agents[2]. Immunogenicity (the formation
of antibodies to the biological agents) is the major cause
of loss of response and adverse reactions. Scheduled
maintenance therapy, concomitant immunomodulators
therapy, and pretreatment with high-dose corticosteroids
may help to reduce immunogenicity[3].
Although anti-drug antibodies were initially considered to play a role in shorter response duration, recent
studies revealed that detectable infliximab (IFX) trough
levels, irrespective of anti-drug antibody status, may predict to clinical response and endoscopic improvement[4,5].
The role of TNF-α measurement, together with antibody
and drug serum concentration in therapeutic decisions,
has not previously been investigated in everyday practice; furthermore, pharmacokinetic monitoring of IFX
to control disease activity and optimize the treatment of
IBD is not standardized in the daily routine. The aim of
this study was to assess TNF-α, IFX concentrations, and
antibodies against IFX molecules in patients with IBD
who developed loss of response, side effects, or allergic
reaction during anti TNF-α therapy.

34.9 (17-67)
7.1 (1-20)

36.4 (17-66)
7.7 (1-21)

19/17
14/22
22
5
18
16
25

17/14
14/17
15
3
16
7
0

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel
disease.

(Group Ⅱ) selected as a control group were collected to
measure trough serum TNF-α level, IFX, and anti-IFX
antibody (ATI) concentration. The study was approved
by the Regional and Institutional Human Medical Biological Research Ethics Committee of the University of
Szeged. The 3 infusion induction phase was followed by
maintenance therapy in every patient. Data on patient
demographics, clinical characteristics, concomitant corticosteroid and azathioprine therapies, need of surgery,
C-reactive protein level, erythrocyte sedimentation rate
(ESR), hematocrit, leukocyte and serum iron levels, and
details on biological therapy were prospectively registered. Disease activity was measured by using the Crohn’s
disease activity index (CDAI) and partial Mayo score. The
patients’ demographic and clinical data are summarized
in Table 1.
We examined the correlation between loss of response,
side effects, or hypersensitivity and serum TNF-α, IFX
trough levels, and ATI concentrations.
Measurement of serum TNF-α , IFX trough levels, and
ATI
Enzyme-linked immunosorbent assay (ELISA) was applied to determine the serum levels of TNF-α, infliximab
trough levels, and ATI. Blood samples were obtained prior to application of IFX infusion. Q-INFLIXI ELISA,
Q-ATI ELISA, and Q-TNF-α ELISA kits were obtained
from Matriks Biotek, Ankara, Turkey.
Statistical analysis
Continuous data were analyzed using medians with an
interquartile range (IQR). All categorical data were compared between groups of patients using the Pearson χ 2
statistic. Mann-Whitney U and Fisher’s exact tests were
used for comparison of infliximab trough levels and
ATIs in a subgroup of patients. Relation between laboratory parameters, IFX trough levels, and ATI was analyzed
by Mann-Whitney U test. A P value less than 0.05 was
considered to be significant.

MATERIALS AND METHODS
Study population
Sixty-seven patients with CD and UC treated in our center with IFX between 2011 and 2012 were enrolled in
this prospective observational study and categorized into
two groups. Blood samples of 36 patients with response
loss, side effects, or hypersensitivity to IFX therapy
(Group I) and 31 patients in complete clinical remission
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ATI, and ATI positivity correlated significantly with low
trough levels of IFX. ATIs were detected in 25% of IBD
patients with loss of response, side effects, or hypersensitivity, however no association was revealed between these
patients and antibody positivity or lower serum IFX levels. Previous use of IFX correlated with the development
of ATI, although concomitant immunosuppression did
not have any impact on them.
The prevention and management of therapeutic failure with IFX is a significant challenge for clinicians in
the field of IBD. One of the major reasons for loss of
response is the development of ATI, which is frequently
caused by immunogenicity[6]. Immunogenicity induced by
IFX can be determined by measuring antibodies, concentrations of TNF-α, and IFX levels[7]. Use of concomitant
immunomodulators and maintenance vs episodic IFX
therapy has previously been shown to decrease the incidence of ATI[8,9]. Baert et al[4] revealed that ATIs reduce
serum IFX level, as well as increase the risk of infusion
reactions and loss of response. The role of ATI in loss
of response to IFX and the lower efficacy of IFX retreatment have also been confirmed by a study by Farrell
et al[5]. In this study, both increased TNF-α and decreased
IFX levels correlated with the presence of ATI, although
neither ATI nor serum IFX influenced the outcome of
the therapy. A recent meta-analysis also concluded that
the presence of ATIs is associated with a significantly
higher risk of loss of clinical response to IFX and lower
serum IFX levels in patients with IBD[10]. Although these
statements and consequences are logical, the results of
clinical practice are conflicting.
In a recently published systematic review, Chaparro
et al[2] assessed the relationship between the efficacy of
TNF-α blockers and their serum levels and the clinical
utility of testing for antibodies against TNF-α. A close
relationship was revealed between trough levels of antiTNF-α and maintenance of response. Maser et al[11] did
not find any difference in the duration of clinical response in patients with detectable IFX serum levels with
or without ATI. A higher serum IFX level was proved to
predict a longer duration of response and clinical remission by some studies both in CD and UC[9-12]. In contrast,
a Japanese study shown that the median trough levels
of IFX did not differ significantly in patients who maintained and lost response, suggesting a faster clearance in
cases of loss of response[13]. Because of these controversial data, the usefulness of monitoring the trough levels
and ATI concentrations in therapeutic decisions may
be questionable. Our results do not confirm the clinical
utility of trough level and antibody measurement in the
differentiation of “problematic” patients with loss of
response or adverse reactions vs those who respond appropriately to the biological therapy.
In a recently published study by Bortlik et al[14], the
median trough levels of IFX were significantly higher
and antibody titers significantly lower in patients with
concomitant thiopurines. In our study, previous biological therapy had a more significant effect on the
outcome of IFX therapy than the concomitant use of

Table 2 Serum infliximab and antibody levels in cases of
antibody positivity
Patients

Serum IFX level (µg/mL)

ATI level (µg/mL)

2.75
2.68
2.67
2.66
2.93
2.26
2.66
2.49
12.40
2.66
2.65
1.90
1.71
4.67

3194.90
258.55
1056.25
3055.04
3712.82
3343.07
129.54
4540.33
58.92
3679.21
536.57
555.53
810.87
46.34

1
2
3
4
5
6
7
8
9
10
11
12
13
14

IFX: Infliximab; ATI: Antibody.

RESULTS
The median CDAI in groups Ⅰ and Ⅱ were 138 (IQR
68-186) and 50 (IQR 34-70), respectively; the partial
Mayo score in the two groups were 5 (IQR 3-6) and 1
(IQR 0-1), respectively. The median serum TNF-α levels
were 10.5 (IQR 3.2-18-9) and 6.3 (IQR 1.5-15.7) pg/mL
in groups Ⅰ and Ⅱ, respectively. The median IFX trough
level was 3.1 (IQR 2.6-5.04) and 3.5 (IQR 2.6-4.7) µg/
mL in the two groups, respectively. Fourteen patients
were found to have ATI positivity with a median of 933
µg/mL (IQR 328-3306). ROC analysis revealed that the
cut off value of serum IFX for detecting ATI was 3.01
µg/mL. The serum TNF-α level was significantly higher
in the presence of ATI (24.23 pg/mL vs 6.28 pg/mL, P
= 0.005). ATI positivity correlated significantly with low
trough levels of IFX (2.66 µg/mL vs 3.86 µg/mL, P =
0.015). However, no difference was detected in serum
IFX and antibody levels between the two groups (2.67
µg/mL vs 2.66 µg/mL, P = 0.821). Serum IFX and ATI
levels in patients with ATI positivity are summarized in
Table 2. Two of the IBD patients with antibodies against
anti TNF-α developed side effects, 5 patients lost response, and an allergic reaction occurred in 3 patients. 37
patients were previously treated with biologicals, with development of ATI being more frequent those patients (P
= 0.048). Dose intensification was required in 9 patients.
No association was found between dose intensification
and the development of ATI. Concomitant immunosuppression had no impact on IFX trough levels or on
the development of ATI formation. Increased ESR and
C-reactive protein correlated significantly with lower
serum IFX level (P = 0.04 and P = 0.002). The serum
TNF-α level was higher in patients not treated concomitantly with steroids (P = 0.038).

DISCUSSION
In this prospective observational study, serum TNF-α
level was shown to be correlated with the presence of
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thiopurines. According to a study by Afif et al[15], dose
escalation was associated with a high clinical response
in patients with subtherapeutic IFX levels and negative
ATI, and better clinical outcome was achieved in ATI
positive patients switching to another anti TNF-α. On
the basis of previous studies, concomitant corticosteroid
therapy is suggested to decrease the effect of TNF-α
blocker[16,17], which was confirmed by our results regarding the higher TNF-α level in patients receiving steroids.
In conclusion, we found significant association between
serum TNF-α level and the presence of ATI, as well as
between ATI positivity and low trough levels of IFX.
However, antibody positivity and lower serum IFX levels
did not correlate with loss of response, side-effects, and
hypersensitivity. Previous use of IFX correlated with the
development of ATI. When previous studies determined
only ATI positivity or negativity, detectable IFX serum
concentration suggested many were false-negative results.
This factor was decreased by the quantification of ATI
titers in our study. On the basis of the present work, we
suggest that further prospective studies are needed to
determine whether the simultaneous measurement of
serum TNF-α level, serum anti TNF-α concentration,
and antibodies against anti TNF-α may help to optimize
therapy in critical situations.
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RESULTS: The GC rates, adjusted according to available hospital beds, decreased from 13.8 per 100000
in 2005 to 12.7 per 100000 in 2010. The GC rates decreased more among the younger age groups, in which
the male-to-female difference also decreased in comparison to the older age groups. Although the lethality
rates tended to increase with age, young patients were
proportionally more affected. The spatial GC distribution showed that the rates were higher in the south
and southeast. However, while the rates decreased
in the central-west and south, they increased in the
northern regions. A geographic analysis showed higher
rates of GC in more urbanized areas, with a coast-toinland gradient. Geographically, GC lethality overlapped
greatly with the hospital admission rates.
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CONCLUSION: The results of this study support the
hypothesis of a critical role for environmental factors in
GC pathogenesis. The declining rates in young patients,
particularly males, suggest a relatively recent decrease
in the exposure to risk factors associated with GC. The
spatial distribution of GC indicates an ongoing dynamic
change within the Brazilian environment.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract
AIM: To investigate the geographic distributions and
time trends of gastric cancer (GC) incidence and mortality in Brazil.

Core tip: Declining rates in young patients and changes
in the geographic distribution of gastric cancer suggest
a recent decrease in the exposure to risk factors within
the Brazilian environment.

METHODS: An ecological study of the DATASUS registry was conducted by identifying hospitalizations for GC
between January 2005 and December 2010. The data
included information on the gender, age, and town of
residence at the time of hospital admission and death.

Amorim CA, Moreira JP, Rial L, Carneiro AJ, Fogaça HS, Elia
C, Luiz RR, de Souza HSP. Ecological study of gastric cancer in
Brazil: geographic and time trend analysis. World J Gastroenterol 2014; 20(17): 5036-5044 Available from: URL: http://www.

WJG|www.wjgnet.com

5036

May 7, 2014|Volume 20|Issue 17|

Amorim CA et al . Gastric cancer in Brazil: hospitalization and lethality rates

were not evaluated.

wjgnet.com/1007-9327/full/v20/i17/5036.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5036

Study design, population, and variables
We conducted an ecological study with the DATASUS
registry by identifying hospitalizations for GC patients diagnosed between January 2005 and December 2010. The
analysis period was based on the most recent and consistent information and contained complete data entries.
We included patients for whom a diagnosis of malignant
neoplasm of the stomach was assigned; these patients
were classified as C16 (from C16.0 to C16.9), according
to the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10).
The data included information on the town of residence
at the time of hospital admission and death, and the patients were categorized by gender and age; for the latter,
patients were stratified as < 20 years, 20-49 years, 50-69
years, and > 70 years of age (for whom coexisting comorbidities might render meaningful comparisons more
difficult).
For the geographic distribution analysis, the GC hospitalization rates were obtained per 100000 inhabitants
in the individual municipalities. The results from this exploratory model were included in a platform to plot maps
depicting the estimates and distribution of GC.

INTRODUCTION
Gastric cancer (GC) is among the most common cancers worldwide and is estimated to be the second-leading
cause of cancer-related death[1]. At the time of diagnosis,
most patients already present with late-stage disease,
resulting in an overall low survival rate[1,2]. Although the
mechanisms that underlie gastric carcinogenesis development are not completely understood, GC likely results
from complex interactions between host and environmental factors[3].
Multiple risk factors for GC have been recognized,
including smoking and diet[4,5], but Helicobacter pylori (H.
pylori) infection and the resulting development of intestinal metaplasia appear to be of crucial importance[6,7].
Chronic inflammation secondary to H. pylori infection is
thought to be responsible for the development of a stepwise progression from chronic gastritis to pre-malignant
changes that eventually result in GC[8,9].
Although epidemiological data appear to indicate a
progressive reduction in the incidence of GC, particularly in developed countries within North America and
Western Europe, significant geographical[10] and ethnic[11]
variations exist. However, data from developing countries
remain limited, which renders global analyses difficult.
The aim of this study was to analyze the geographic distributions and time trends of GC incidence and mortality
in Brazil to identify the areas with differential risks and
outcomes for GC.

Statistical analysis
The statistical analysis was performed with the statistical software package SPSS for Windows (Version 10.0.1,
SPSS Inc., Chicago, IL, United States). Exploratory procedures were applied to the data, and summary descriptive statistics and graphical displays were generated either
for all cases or separately for groups of cases.

MATERIALS AND METHODS

RESULTS

Data source
Data from the Health Informatics Department of the
Brazilian Ministry of Health (DATASUS) were utilized
for this study (http://www2.datasus.gov.br/DATASUS).
DATASUS is a fundamental tool for the coordination of
the National Health Information System and maintains
reference tables and vocabularies used in information
systems throughout the entire country. This populationbased health and disease registry includes important information such as medical procedures, hospital admission
and discharge, and mortality, and it covers approximately
the entire Brazilian population. In addition, demographic
data, such as age, gender, and municipality, collected from
the Instituto Brasileiro de Geografia e Estatística (IBGE;
Brazilian Institute of Geography and Statistics), are also
available at the DATASUS website.
In this study, we used hospital discharge records for
GC patients as an estimate of the GC incidence. We assumed that hospital-based procedures for either GC diagnosis or treatment would in fact reflect the actual disease
numbers. Variables for which DATASUS does not collect
information, such as co-morbidities and treatment details,

In this study, we first present an overall picture of GC in
Brazil over time (from 2005-2010) by showing the total
cases registered per year, the rates per 100000 inhabitants,
and the lethality rates, including the distribution by gender.

WJG|www.wjgnet.com

Hospitalizations for gastric cancer
The total numbers of hospitalizations for GC were 19085
in 2005 and 17602 in 2010, of which 3232 and 3305
resulted in death, respectively. Nevertheless, in terms of
cases per 100000 inhabitants, the rates adjusted according to available hospital beds decreased from 13.8 per
100000 in 2005 to 12.7 per 100000 in 2010 (Figures 1 and
2 and Table 1). Regarding gender, the Brazilian numbers
confirm the world trend for male predominance, as male
patients accounted for 65% of all GC cases (Figure 1).
Next, we analyzed the population distribution of
GC according to the age at diagnosis, using nationwide
age-standardized rates of hospitalizations (Figure 3).
Relatively low rates of GC cases were detected within
the population < 50 years of age, whereas the rates were
higher among those > 50 years, as expected. However,
given the differences between 2005 and 2010, GC-related

5037

May 7, 2014|Volume 20|Issue 17|

A
Rates of gastric cancer by gender
per 1000000 inhabitants

16
14
12
10
8
6
4
2
0

2005

2006

2007

2008

2009

B

30

Lethality rates of gastric cancer
by gender (%)

Amorim CA et al . Gastric cancer in Brazil: hospitalization and lethality rates

25
20
15
10
5
0

2010

Female
Male

2005

2006

t (yr)

2007

2008

2009

2010

t (yr)

Figure 1 Gastric cancer incidence by gender (A), estimated from hospitalizations and lethality trends (B), in Brazil from 2005-2010.
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ranges of 0-10, 10-65, and > 65. The spatial distribution
of GC showed that the rates were higher in the south and
southeast, in contrast to those in the north and northeast
regions. However, while the GC hospitalization rates
decreased in the central-west and southern regions from
2005 to 2010, they increased in the northern regions. A
geographic analysis of the distribution of GC cases indicated the presence of higher rates in municipalities with
urbanized residency, those located in more industrialized
areas, and those with greater urban population concentrations. Moreover, the GC rates also demonstrated a coastto-inland gradient, which greatly overlaps with the urbanto-rural areas of the country (Figure 4). With respect to
GC lethality, the standardized rates defined four ranges
of < 25, 25-50, 50-75, and > 75. The geographic distribution of lethality overlapped considerably with the GC
hospitalization rates (Figure 5).
In 2005, the towns with the highest rates of GC per
100000 inhabitants were Cuiabá (38.0) in Mato Grosso
(central-west) and Curitiba (36.0) in Paraná (south),
whereas in 2010, the highest rates were observed in
Vitória (42.1) in Espírito Santo (southeast) and Boa Vista
(24.9) in Roraima (north). Notably, of the municipal areas
with the highest GC rates, 2 of the top 4 areas in 2005
were located in the south, in contrast to 2 of the top 6
that were located in the north in 2010. Table 1 includes
the hospitalization and lethality rates and populations of
each country region, federal unity, and capital.
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Figure 2 Number and distribution of hospital beds in Brazil from
2005-2010.

hospitalizations decreased proportionally more among
the < 50 years groups, in which the male-to-female difference also markedly decreased in comparison with the
older age groups (Table 2).
Lethality rates from gastric cancer
Regarding GC-associated mortality, although the differences were not significant, the lethality rates appeared
to indicate an increasing trend during the period from
2005-2010 (Figure 1 and Table 1). Although GC lethality was not related to gender, the use of standardized
age groups seemed to reveal differences. As expected,
the mortality rates increased linearly with age, ranging
from approximately 10% among patients < 50 years to
25% among patients > 70 years (Figure 3). Nevertheless,
lethality was proportionally greater among patients < 50
years, compared to the older groups (Table 2).

DISCUSSION
This study was the first to analyze the spatial distributions
and demographics of GC incidence rates and lethality
estimates over time in Brazil to identify the areas with differential risks and outcomes. Overall, the results of this
study indicate that the nationwide GC incidence declined
overall, whereas the lethality rate increased between 2005
and 2010. In particular, we observed a proportional decrease in GC hospitalization rates and the male-to-female
ratio among young individuals. Nevertheless, the GC lethality rates proportionally increased among the younger
population between 2005 and 2010. The geographic

Geographic distribution of gastric cancer
Regarding the geographic distribution, this study analyzed
the GC hospitalization rates per 100000 inhabitants within the individual municipalities. The obtained results were
plotted in maps that depicted the estimates and distributions of GC per region, including the south, southeast,
north, northeast, and central-west regions, in the years
2005 and 2010. The standardized rates defined three
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Table 1 Distributions of gastric cancer hospitalization rates and lethality in 2005 and 2010
Region,
Federal Unity and
Capital
Brazil
North
Rondônia
Porto Velho
Acre
Rio Branco
Amazonas
Manaus
Roraima
Boa Vista
Pará
Belém
Amapá
Macapá
Tocantins
Palmas
Northeast
Maranhão
São Luís
Piauí
Teresina
Ceará
Fortaleza
Rio Grande do Norte
Natal
Paraíba
João Pessoa
Pernambuco
Recife
Alagoas
Maceió
Sergipe
Aracajú
Bahia
Salvador
Southeast
Minas Gerais
Belo Horizonte
Espírito Santo
Vitória
Rio de Janeiro
Rio de Janeiro
São Paulo
São Paulo
South
Paraná
Curitiba
Santa Catarina
Florianópolis
Rio Grande do Sul
Porto Alegre
Central-West
Mato Grosso do Sul
Campo Grande
Mato Grosso
Cuiabá
Goiás
Goiânia
Distrito Federal
Brasília

Hospitalization
5
rate (per 10 )
10.4
6.0
2.9
2.4
9.7
11.4
8.9
16.2
1.5
1.7
5.4
11.9
2.9
2.8
6.8
9.1
6.4
5.5
9.4
4.5
4.7
9.4
15.2
15.7
20.1
8.8
8.9
2.9
3.7
7.6
10.0
3.3
6.6
5.2
6.2
11.9
14.3
14.5
9.3
13.1
8.8
9.0
12.1
11.1
15.9
17.2
20.0
17.1
22.2
14.1
11.9
10.2
10.6
8.0
13.2
23.6
8.0
8.8
11.2
11.2

2005
Population
Adjusted
hospitalization
5
rates (per 10 )
184184074
14698834
1534584
373917
669737
305730
3232319
1644688
391318
242179
6970591
1405873
594577
355405
1305708
208168
51018983
6103338
978822
3006886
788770
8097290
2374944
3003040
778038
3595849
660797
8413601
1501010
3015901
903464
1967818
498618
13815260
2673557
78472036
19237434
2375330
3408360
396324
15383422
6094182
40442820
10927985
26973432
10261840
1757903
5866590
487047
10845002
1428694
13020789
2264489
749770
2803272
533801
5619919
1201007
2333109
2333109

Lethality

Hospitalization
5
rate (per 10 )

17.0%
16.0%
11.4%
33.3%
13.8%
17.1%
12.1%
11.6%
0.0%
0.0%
22.0%
23.4%
29.4%
30.0%
10.1%
5.3%
16.0%
12.5%
21.7%
12.7%
18.9%
13.1%
15.8%
20.0%
32.7%
13.2%
15.3%
10.5%
16.4%
13.9%
10.0%
27.7%
30.3%
19.2%
25.7%
18.0%
17.0%
20.0%
13.6%
12.2%
26.4%
33.9%
17.1%
19.6%
16.0%
15.7%
13.6%
16.8%
23.9%
15.1%
21.8%
15.0%
17.0%
23.3%
14.0%
17.5%
12.7%
17.9%
19.8%
19.8%

9.2
6.7
4.7
4.2
7.1
11.0
8.9
16.4
18.0
23.9
4.6
9.6
6.9
8.0
11.3
4.8
6.5
4.2
12.3
6.8
9.8
8.9
9.5
10.2
12.6
7.1
6.8
7.4
8.7
3.0
3.1
2.9
2.5
5.8
8.5
11.0
12.0
12.3
10.6
29.3
7.6
7.1
11.9
11.2
11.5
14.3
11.5
5.6
1.7
12.1
9.9
7.9
11.0
13.5
7.4
10.3
6.0
7.5
9.8
5.0

13.8
7.4
4.2
4.0
10.5
13.1
10.8
22.0
1.6
1.7
6.7
17.4
3.3
3.4
7.9
11.6
7.6
6.4
12.3
5.0
6.0
11.4
20.3
18.7
29.5
10.5
11.9
3.5
4.7
8.7
12.2
3.8
8.1
6.3
8.7
17.0
18.7
22.7
12.4
18.0
12.5
14.5
18.4
19.6
21.4
22.7
36.0
21.9
28.0
19.8
16.7
13.8
13.8
11.9
17.4
38.0
10.9
13.4
16.2
16.2

distribution of GC indicates a higher concentration
throughout the south, southeast and central-west regions,

WJG|www.wjgnet.com

2010
Population
Adjusted
hospitalization
5
rates (per 10 )
190755799
15864454
1562409
428527
733559
336038
3483985
1802014
450479
284313
7581051
1393399
669526
398204
1383445
228332
53081950
6574789
1014837
3118360
814230
8452381
2452185
3168027
803739
3766528
723515
8796448
1537704
3120494
932748
2068017
571149
14016906
2,675,656
80364410
19597330
2375151
3514952
414586
15989929
6320446
41262199
11253503
27386891
10444526
1751907
6248436
515288
10693929
1409351
14058094
2449024
786797
3035122
551098
6003788
1302001
2570160
2570160

12.7
8.4
6.5
6.1
7.8
12.9
10.3
21.0
18.5
24.9
6.1
17.2
8.1
10.0
13.0
6.2
7.8
4.9
15.8
7.8
13.0
11.2
13.3
11.9
16.9
8.3
9.1
9.0
11.4
3.5
3.9
3.6
3.6
6.9
11.8
16.6
16.5
20.5
14.9
42.1
11.5
12.6
18.8
21.1
16.1
19.9
20.1
7.6
2.2
17.4
14.9
11.1
17.1
22.7
10.1
15.9
8.3
12.0
13.9
7.1

Lethality

18.8%
16%
10.8%
11.1%
9.6%
13.5%
9.1%
9.5%
12.3%
11.8%
28.3%
31.3%
28.3%
34.4%
6.4%
0.0%
17%
17.9%
18.4%
9.0%
18.8%
13.7%
14.2%
22.5%
25.7%
11.3%
6.1%
15.2%
20.9%
13.7%
13.8%
25.4%
21.4%
22.1%
27.3%
20.0%
18.9%
21.2%
21.7%
16.7%
23.9%
24.8%
19.5%
21.8%
18.0%
16.9%
17.8%
17.0%
42.9%
18.3%
24.5%
21.0%
22.6%
24.5%
22.1%
26.3%
20.6%
22.4%
17.9%
10.9%

in contrast to the lower rates in the northern regions. Interestingly, this study detected a decrease in the GC inci-
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Figure 3 Age-standardized gastric cancer incidences by gender, estimated from hospitalizations and lethality trends, in Brazil from 2005-2010.

to 2010, hospitalizations for GC consistently declined.
The time trends of the age-stratified groups show an
increase in the GC incidence in patients > 50 years with
an overall male predominance, a well-recognized phenomenon in GC that is usually attributed to possible
differential environmental exposure[14,15]. This suggests
that the risk factors for GC have been present in our
environment, but the exposure statuses to the relevant

dence in regions of higher concentration over time, but it
also unveiled a contrasting relative increase in cases in the
northern regions during the same period.
Several studies support the notion that the GC incidence is declining worldwide[12,13]. In accordance with
those findings, in the current study, we have presented
data from estimates of the GC incidence in Brazil to
show that although the population increased from 2005
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etiology of GC remains unknown, studies have identified potential genetic, environmental, and lifestyle risk
factors that might also account also for the geographical
differences. Several risk factors have been associated with
GC, including H. pylori infection, smoking, and diet[4,15,25].
Regarding dietary factors, ecologic studies have suggested
associations of GC incidence and mortality with salt consumption[26-28]. Studies of immigrants have shown that
changing patterns of incidence according to the location
where people live appear to reinforce the critical role of
dietary habits in the development of GC[28,29].
The differential occurrence in urban versus rural
municipalities constitutes another intriguing factor that
could contribute to additional geographical variations
in GC. In contrast to our results, a study conducted in
southern Spain showed a reduction in the mortality rates
in the most rural municipalities[30,31]. However, geographic
GC clustering remains evident in China, and high-risk
areas are located in rural areas, especially in the north[32,33].
Similar results from studies conducted in Lithuania[34],
South Korea[35], and Brazil[36], which reported higher risks
of GC incidence and mortality in rural areas, also appear
to agree with our findings and with those of another previous Brazilian study that estimated a specific reduction
in GC would occur in the state capitals ten years earlier
than in the inland municipalities[24]. These differences
might be explained at least in part by gaps in education
and preventive measures, together with lower access to
health-care services for populations residing outside of
larger urban centers.
H. pylori infection has been established as the most
important risk factor for GF, but its presence alone is
not sufficient to explain GC development[9,37]. H. pylori is
commonly observed and widely distributed throughout
the populations of developing countries [38,39], including Brazil[40], and the low socioeconomic level, which
includes variables indicative of a crowded environment
and deficient sanitation or habitation conditions, have
been confirmed in population-based studies to be critical
for infection acquisition[41,42]. Therefore, it is reasonable
to suppose that H. pylori infection would also account
for the high prevalence of GC in Brazil. In fact, GC has
been associated with socioeconomic status and, at an
individual level, this variable might be linked not only
with H. pylori infection but also with dietary patterns,
smoking, and possibly environmental and occupational
exposures[15,31,43,44]. However, the socioeconomic condition and its influence on H. pylori infection alone cannot
explain, for example, the high frequency of GC in Japan
or Korea, both of which have a high socioeconomic
level. Because of these discrepancies, potential synergistic
associations of H. pylori infection with different variables
have also been investigated with respect to GC development. Previously, in a cross-sectional study in Japan,
investigators found an association between H. pylori infection and the consumption of salted food[29]. Nevertheless,
the potential association between salt consumption and H.
pylori infection with respect to GC development was also

Table 2 Changes in gastric cancer-associated hospitalizations
and lethality rates among the standardized age ranges from
2005-2010

Hospitalization

Lethality

Age ranges

2005

2010

Difference

< 20 yr
20-49 yr
50-69 yr
> 70 yr
< 20 yr
20-49 yr
50-69 yr
> 70 yr

0.54
6.23
38.06
75.97
6.5
12.1
16.9
22.5

0.28
3.91
29.67
55.40
9.5
14.8
17.8
23.5

-48.1%
-37.2%
-22.0%
-27.1%
+46.2%
+22.3%
+5.3%
+4.4%

factors most likely differed between male and female
patients. However, our finding of decreasing GC rates,
especially in the younger age groups and proportionally
more among males, support the idea of relatively recent
environmental modifications in Brazil and appear to be
in accordance with a previous Japanese study, in which
the decreasing trend in younger groups was additionally
associated with intestinal-type GC[16].
Overall, more than 90% of the GCs are adenocarcinomas and comprise two well-differentiated types,
namely intestinal and diffuse[17]. The intestinal type, to
which the decrease in GC has been attributed[18,19], is usually more prevalent among men and the elderly and is
predominant in the lowest socioeconomic groups; diet
and H. pylori infection are major risk factors. The diffuse
type, in contrast, is more frequent among the young, with
an equal male-female distribution, and has been associated with constitutive-related factors[15]. Considering the
well-known differences in the pathogenic mechanisms of
the two GC subtypes, our results appear to corroborate
the trends of a 25-year study of a reference center in
Southern Brazil that showed a decrease in the intestinal
subtype paralleled by a steady increase in the diffuse
subtype of GC, predominantly in women < 45 years[20].
This fact might explain the tendency to select more severe or advanced cases with increasing lethality, which
are also compatible with the diffuse subtype of GC[21].
In agreement with our results, young patients in a large
population-based study of age-related GC outcomes in
the United States also presented with more advanced
disease. However, the prognosis of young patients with
GC remained better than that of the older patients[22].
Although this information appears paradoxical and might
also contradict our results, it is likely that the adjusted
stage-stratified relative survival would be more favorable
among young patients, compared to older patients, due to
their general health condition and possibly to differences
in the availability and quality of health care.
With respect to the incidence and associated mortality, marked geographic differences are characteristic of
worldwide GC epidemiology. The highest incidence rates
have been reported in Japan and Korea, whereas the lowest are in the United States and Western and Northern
European countries; Brazil has been considered to have
an intermediate-high pattern[10,23,24]. Although the precise
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Municipal rates of hospital admissions for gastric cancer per 100000 population
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Figure 4 Geographic distribution of gastric cancer in Brazil according to the municipal hospitalization rates (per 100000 inhabitants) in the years of 2005
and 2010. Standardized rates defined three ranges of 0-10, 10-65 and > 65. S: South; SE: Southeast; N: North; NE: Northeast; CW: Central-west.
Municipal rates of lethality for gastric cancer per 100000 population
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Figure 5 Geographic distribution of gastric cancer lethality in Brazil according to the municipal rates (per 100000 inhabitants) in the years of 2005 and
2010. Standardized rates defined four ranges of < 25, 25-50, 50-75 and > 75. S: South; SE: Southeast; N: North; NE: Northeast; CW: Central-west.

investigated in epidemiological studies and yielded inconsistent results[14,45,46].
Despite the potential limitations of this study, which
are basically related to the lack of disease details and information regarding co-morbidities and therapy, and the
fact that the data were based on hospitalization rates and
mortality, all procedures were thoroughly applied to generate a large database that contained nationwide information that was collected in a single, common, electronic
data-based system. Therefore, although an ecological
fallacy would still be possible in this study, this possibility was mitigated by the use of municipalities and the
simplicity and straightforwardness of the data entered in

WJG|www.wjgnet.com

the electronic system. However, it is important to cautiously interpret the results of this study because of some
additional methodological limitations. For example, the
concept of a municipal unit might be very different in
Brazil, compared to most countries. In addition to clear
geographic heterogeneities, Brazilian cities might present
great differences in terms of population. In addition to
the well-known global tendency towards urban concentration, considerable differences are observed among
the 5435 Brazilian municipalities. For example, populations might vary from one thousand to twenty million
inhabitants per city and yet, these would be considered
municipal units of the same level in our database. An-
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other potential caveat of this study is the precision of the
registries, which is likely related to the geographic socioeconomic differences, with repercussions on health-care
quality. Nevertheless, it is clear that GC will remain a significant societal burden and will unfortunately continue
to constitute a critical health issue in Brazil for many
years. Therefore, despite all the potential limitations and
criticism regarding this type of study, the information
generated by this unified database might allow the first
insights regarding the dynamics of GC in Brazil.
In conclusion, the results of this study appear to
support the hypothesis that environmental elements are
fundamental determinants of GC pathogenesis. Furthermore, the decline in GC incidence among younger patients, along with less discrepancy in the gender distribution during the analysis period, likely suggests a relatively
recent decrease in the population-level exposure to the
environmental risk factors associated with GC. However, the differential spatial distribution of GC suggests
a possible ongoing dynamic change within the Brazilian
environment, with shifts in incidence from the south towards the north and from more urbanized coastal areas
to inland areas.

distribution, and lethality. Another novel finding of this study is that of a coast-toinland gradient that greatly overlaps with the urban-to-rural areas of the country.
The authors believe that this observation reflects the geographic and socialeconomic features of Brazilian society within the analysis period. In addition,
this information might reinforce the notion that the interaction of people with
their geographic environments could determine or at least modulate economic
and social development, with consequent influences on demographics and
health issues.
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1158/813, 57.5 ± 11.9 years] who visited a single institute for annual health checkups. Transnasal EGD was
performed in 1394 patients and transoral EGD in 577.
EGD-associated discomfort was assessed using a visual
analog scale score (VAS score: 0-10).
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RESULTS: Multivariate analysis revealed gender (M vs
F: 4.02 ± 2.15 vs 5.06 ± 2.43) as the only independent predictor of the VAS score in 180 patients who
underwent EGD for the first time; whereas it revealed
gender (M vs F 3.60 ± 2.20 vs 4.84 ± 2.37), operator,
age group (A: < 39 years; B: 40-49 years; C: 50-59
years; D: 60-69 years; E: > 70 years; A/B/C/D/E: 4.99
± 2.32/4.34 ± 2.49/4.19 ± 2.31/3.99 ± 2.27/3.63 ±
2.31), and type of insertion as independent predictors
in the remaining patients. Subanalysis for gender, age
group, and insertion route revealed that the VAS score
decreased with age regardless of gender and insertion
route, was high in female patients regardless of age
and insertion route, and was low in males aged over
60 years who underwent transoral insertion.
CONCLUSION: Although comprehensive analysis
revealed that the insertion route may not be an independent predictor of the VAS score, transoral insertion
may reduce EGD-associated discomfort in elderly patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Esophagogastroduodenoscopy; Ultrathin
endoscope; Visual analog scale

Abstract
AIM: To evaluate the discomfort associated with esophagogastroduodenoscopy (EGD) using an ultrathin endoscope through different insertion routes.

Core tip: To evaluate the effects of insertion route for
unsedated surveillance esophagogastroduodenoscopy
(EGD), this retrospective study included 1971 consecutive patients who visited a single institute for annual
health checkups. EGD-associated discomfort was as-

METHODS: This study (January 2012-March 2013)
included 1971 consecutive patients [male/female (M/F),

WJG|www.wjgnet.com

5045

May 7, 2014|Volume 20|Issue 17|

Ono S et al . A preferable insertion route for ultrathin endoscopes

sessed using a visual analog scale (VAS). Statistical
analysis using VAS revealed that the VAS score decreased with age regardless of gender and insertion
route, was high in females regardless of age and insertion route, and was low in males aged over 60 years
who underwent transoral insertion.

Table 1 Profiles of all patients

Gender
Male
Female
Operator
a
b
c
d
e
Age group (yr)
< 39
40-49
50-59
60-69
> 70
Insertion route
Transnasal
Transoral
VAS score
Examination time (s)

Ono S, Niimi K, Fujishiro M, Takahashi Y, Sakaguchi Y,
Nakayama C, Minatsuki C, Matsuda R, Hirayama-Asada I, Tsuji Y,
Mochizuki S, Kodashima S, Yamamichi N, Ozeki A, Matsumoto
L, Ohike Y, Yamazaki T, Koike K. Evaluation of preferable
insertion routes for esophagogastroduodenoscopy using ultrathin
endoscopes. World J Gastroenterol 2014; 20(17): 5045-5050
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/5045.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.5045

INTRODUCTION
Recently, because of the development of endoscopic
treatment, the importance of early detection of gastrointestinal neoplasms has become extremely important[1-5].
In addition, gastrointestinal endoscopic technology has
advanced considerably with improved resolution and
image enhancement[6-10]. Inevitably, the importance of
surveillance esophagogastroduodenoscopy (EGD) in
detecting upper gastrointestinal neoplasms has become
noticeable, particularly for superficial squamous cell carcinomas and early gastric cancers.
On the other hand, remarkable breakthrough in technology has led to the development of endoscopes of
smaller diameter with high-resolution pictures. Ultrathin
endoscopes have enabled us to perform surveillance
EGD through transnasal insertion, and their role in
minimally invasive EGD has been reported from various
institutes[11-19]. Therefore, transnasal EGD has been accepted as a preferable choice for surveillance EGD, particularly among younger patients.
However, transnasal insertion sometimes cannot be
performed because of various reasons such as pain or
nasal hemorrhage, resulting in a switch to transoral insertion using the same ultrathin endoscope in daily clinical
practice. Our previous study revealed that elderly patients prefer transoral EGD to transnasal EGD[20]. Although patients are reluctant to undergo EGD because
of uncomfortable insertion, even if an annual check-up
is recommended, a preferable choice of ultrathin endoscope insertion route in patients with different profiles
has not been evaluated.
Therefore, this study aimed to evaluate preferable insertion routes during unsedated EGD using an ultrathin
endoscope in patients with different profiles.

Type of scope
a
b
c
d
e
f
g

Patients who
nd
underwent 2 or
subsequent EGD

98
82

1060
731

128
49
0
2
1
49.3 ± 13.2 54
39
45
29
13

1144
599
28
16
4
58.3 ± 11.5
115
320
464
588
304

139
41
4.50 ± 2.33

1255
536
4.11 ± 2.35

306.0 ± 60.0

302.1 ± 61.8

78
66
19
8
4
3
2

690
739
162
69
36
67
28

P value

NS

NS

< 0.05

< 0.05

< 0.05
NS
NS

EGD: Esophagogastroduodenoscopy; VAS: Visual analog scale score; NS:
Not significant.

kyo Hospital from January 2012 to March 2013. After
excluding patients with invalid data, the study included
patients who had an endoscopic procedure including
biopsy, patients with a past history of upper gastrointestinal tract surgery, or patients with a change of insertion
route because of nasal hemorrhage or intolerable pain;
1971 consecutive patients who underwent EGD with the
use of ultrathin endoscopes during a medical checkup
were enrolled. The profiles of these patients are shown
in Table 1.
Each patient was allowed to choose their insertion
route. Pre-EGD preparation for both insertion routes
included an oral administration of dimethicone (Gascon
drop; Kissei Pharmaceutical Co., LTD.; Nagano, Japan)
and pronase (PronaseMS; Kaken Pharmaceutical Co.,
LTD.; Tokyo, Japan). For local anesthesia, oral administration of a viscous gel of 2% lidocaine hydrochloride
and modified spray method was provided for both
transoral and transnasal insertion routes. The modified
spray method involved spraying 0.05% naphazoline nitrate into each nostril, followed by an injection with a
viscous gel of 2% lidocaine hydrochloride. Conscious
sedation was not performed in any patient. For transoral
insertion, a thin-type mouthpiece and tongue depressor
(Endo-leader; Top Corp.; Tokyo, Japan) was used[21].
All EGDs were performed by well-trained endos-

MATERIALS AND METHODS
This study was conducted at the Center for Epidemiology and Preventive Medicine in the University of To-
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Patients who
st
underwent 1
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Table 2 Univariate and multivariate analyses against the vist
sual analog scale scores in patients who underwent 1 esophagogastroduodenoscopy
st

Patients who underwent 1 EGD
Gender
Male
Female
Operator
a
b
c
d
e
Age group
< 39
40-49
50-59
60-69
> 70
Insertion route
Transnasal
Transoral
Examination time (s)
Type of scope
a
b
c
d
e
f
g

VAS score

Table 3 Univariate and multivariate analyses against the
nd
visual analog scale scores in patients who underwent 2 or
subsequent esophagogastroduodenoscopy
nd

Univariate Multivariate
P < 0.05

Patients who underwent 2
or subsequent EGD

P < 0.05

Gender
Male
Female
Operator
a
b
c
d
e
Age-group
< 39
40-49
50-59
60-69
> 70
Insertion route
Transnasal
Transoral
Examination time (s)

4.02 ± 2.15
5.06 ± 2.42
NS

NS

4.47 ± 2.30
4.51 ± 2.49
6
4
NS

NS

4.93 ± 2.12
4.44 ± 2.54
4.11 ± 2.33
4.34 ± 2.18
4.54 ± 2.93
NS

NS

4.50 ± 2.26
4.46 ± 2.59
r2 = 0.0336

P < 0.05

NS

NS

NS

Type of scope
a
b
c
d
e
f
g

4.60 ± 2.36
4.76 ± 2.33
3.95 ± 2.41
3.13 ± 1.64
5.25 ± 2.75
2.33 ± 1.53
4

EGD: Esophagogastroduodenoscopy; VAS: Visual analog scale score; NS:
Not significant.

Univariate

Multivariate

P < 0.05

P < 0.05

P < 0.05

P < 0.05

P < 0.05

P < 0.05

P < 0.05

NS

NS

NS

NS

NS

3.60 ± 2.20
4.84 ± 2.37
3.95 ± 2.36
4.43 ± 2.34
3.57 ± 2.04
4.69 ± 2.06
2.50 ± 1.00
4.99 ± 2.32
4.34 ± 2.49
4.19 ± 2.31
3.99 ± 2.27
3.63 ± 2.31
4.19 ± 2.27
3.93 ± 2.53
r2 = 0.000843
4.22 ± 2.35
4.11 ± 2.36
3.93 ± 2.29
3.98 ± 2.48
4.64 ± 2.11
3.25 ± 2.24
3.82 ± 2.57

EGD: Esophagogastroduodenoscopy; VAS: Visual analog scale score; NS:
Not significant.

copists who has performed more than 1000 EGDs
respectively and were certified by the Japanese Gastroenterological Endoscopy Society. Seven types of ultrathin
endoscopes were used in this study: GIF-XP260N and
GIF-XP260NS (Olympus Corp, Tokyo, Japan), EG580NW, EG-530NW, and EG-530N (Fujifilm Holdings
Corp, Tokyo, Japan), and EG16-K10 and prototype
EG17-K10 (Hoya Corp, Tokyo, Japan). The Prototype
EG17-K10 was used as a part of collaborative effort by
the University of Tokyo Hospital and Hoya Corporation. These endoscopes are indicated as a, b, c, d, e, f,
and g, respectively, in the tables.
Each patient rated EGD-associated discomfort on a
visual analog scale (VAS) score of 0-10, with ten being
rated as maximum discomfort[22-24]. These questions were
part of examination routines and the feedback was used
to improve our clinical practice. This study was conducted as a retrospective chart review of consecutive patients
and was approved by the Ethics committee.
The parameters, such as gender, age group, previous
experience with EGD, insertion route, operator, examination time, and the VAS score, were evaluated. Age groups
were defined as A, B, C, D, and E in patients aged below
40 years, 40-49 years, 50-59 years, 60-69 years, and over
70 years, respectively. Statistical analyses were performed
using the student’s t-test for numerical variables, the Chisquare test for categorical variables, and the Jonckheere-
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VAS score

Table 4 Jonckheere-Terpstra test of the visual analog scale
score and age group in addition to gender and insertion route
Jonckheere-Terpstra test
Male-transnasal insertion
Female-transnasal insertion
Male-transoral insertion
Female-transorai insertion

P value
NS
NS
NS (P = 0.0833)
P < 0.05

NS

P < 0.05

P < 0.05

NS: Not significant.

Terpstra test for trend analysis. Multivariate analyses
were performed using a stepwise regression analysis. All
analyses except for the Jonckheel-Terpstra test were performed using a JMP software (SAS Institute Inc., Cary,
NC, United States). A P value < 0.05 was considered significant.

RESULTS
Of 1971 patients (male/female: 1158/813, mean age, 57.5
± 11.9 years, range, 25-89 years), 180 and 1791 patients
underwent a 1 st EGD and a 2 nd or subsequent EGD,
respectively. Patients who underwent 1st EGD were significantly younger than other patients. Furthermore, the
number of patients receiving transnasal EGD and the
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6.5

Male-transnasal insertion

Male-transoral insertion

6.0

Female-transnasal insertion

Female-transoral insertion

5.5
5.0

VAS

4.5
4.0
3.5
3.0
2.5
2.0

< 39

40-49

50-59

60-69

> 70

Age group (yr)

Age group

Male-transnasal
insertion (n = 769)
Male-transoral
insertion (n = 291)

< 39

4.41 ± 2.00
(n = 58)

40-49

50-59

60-69

> 70

3.65 ± 2.04
3.77 ± 2.09
(n = 255)
(n = 95)
4.37 ± 2.24
3.91 ± 2.30
3.54 ± 2.17
3.51 ± 2.15
3.27 ± 2.18
a
a
(n = 71)
(n = 185)
(n = 261)
(n = 357)
(n = 186)
4.15 ± 3.21
4.68 ± 2.68
3.38 ± 2.04
3.15 ± 2.36
2.76 ± 2.16
(n = 58)
(n = 31)
(n = 54)
(n = 102)
(n = 91)

Female-transnasal
insertion (n = 486)

6.06 ± 2.09
(n = 31)

Female-transoral
insertion (n = 245)

5.85 ± 1.91
(n = 13)

6.00 ± 2.09
(n = 44)

3.75 ± 2.19
(n = 154)

3.56 ± 2.20
(n = 207)

a

a

a

a

4.84 ± 2.58
(n = 94)

5.10 ± 2.12
(n = 139)

4.84 ± 2.21
(n = 161)

4.28 ± 2.35
(n = 61)

5.15 ± 2.79
(n = 41)

4.93 ± 2.64
(n = 135)

4.86 ± 2.45
(n = 64)

5.03 ± 2.23
(n = 203)

4.50 ± 2.41
(n = 70)

4.74 ± 2.27
(n = 231)

a

4.12 ± 2.49
(n = 57)

4.20 ± 2.41
(n = 118)

a

( P < 0.05)

Figure 1 Visual analog scale score score and age groups in addition to gender and insertion route. aP < 0.05 between male and female groups.

VAS score were significantly higher in those who underwent their 1st EGD than in other patients.
Although univariate analysis revealed a significantly
higher VAS score in females than in males and a positive
correlation with examination time, multivariate analysis
revealed gender as the only independent predictor of the
VAS score (Table 2).
For patients who underwent their 2nd or subsequent
EGD, multivariate analysis revealed gender, operator,
and age group as independent predictors of the VAS
score. Although the VAS score for transnasal insertion
was significantly higher than that for transoral insertion,
multivariate analysis indicated that the insertion route
may not be an independent predictor of the VAS score
(Table 3).
For further evaluation, subanalysis performed by combining gender, age group, and insertion route (Figure 1)
revealed that the VAS scores were significantly higher in
females than in males, regardless of age group and insertion route. With regard to the insertion route, among
the male patients aged over 60 years old, the VAS scores

WJG|www.wjgnet.com

were significantly lower in patients receiving transoral insertion than in those receiving transnasal insertion. The
Jonckheere-Terpstra test revealed that the VAS scores
decreased with age (Table 4). In particular, these scores
markedly decreased with age in patients who underwent
transoral insertion.

DISCUSSION
This study revealed the relationship between the profiles
of patients and EGD-associated discomfort using an
ultrathin endoscope. To minimize the discomfort during a surveillance EGD, it may be better to recommend
transnasal insertion for younger patients and transoral
insertion for elderly patients, particularly in males aged
over 60 years.
Although the reason why gender difference affected
the VAS score in this study is not clear, higher VAS
scores in females have previously been reported with
regard to postoperative pain[25]. Aubrun et al[25] evaluated
postoperative pain using VAS scores and morphine dos-
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medical checkups has been accepted as a less invasive technique, because of
the discomfort due to an uncomfortable insertion route, patients may become
reluctant to undergo EGDs during annual health checkups.

age and reported a significantly higher VAS score and
dosage in females. The authors speculated that women
had a lower pain threshold and less tolerance to experimental pain compared with men. Our study also supports their speculation.
With regard to the decreasing trend in the VAS score
with age, we speculated that it may be due to weakening
of the gag reflex. On the other hand, any discomfort
associated with transnasal insertion to the hypopharynx
primarily includes nasal pain rather than weakening of
the gag reflex. We speculated that age is more strongly
associated with weakening of the gag reflex than with
nasal pain. In addition, male gender has been reported to
be a risk factor for aspiration pneumonia in a systematic
review[26]. This report indicates that age-related weakening of the gag reflex is greater in males than in females.
Nasal pain does not seem to be related to age, which
results in lower VAS scores for transoral insertion in elderly individuals, particularly males.
The main limitation of this study is a lack of objectivity when assessing discomfort using the VAS score.
EGD-associated discomfort also includes anxiety, abdominal fullness due to insufflation, and various other
factors in addition to nasal pain and weakening of the
gag reflex. However, it may be difficult to objectively
evaluate each factor. In addition, the difference in discomfort associated with transnasal and transoral insertions may be limited to discomfort associated with
insertion to the hypopharynx. With regard to this short
route, the difference in discomfort associated with both
insertion routes is primarily attributed to nasal pain and
weakening of the gag reflex. Therefore, we used the VAS
score as a relatively reliable and simple objective assessment method to compare these two insertion routes.
In conclusion, this study demonstrated age-related
and gender-related discomfort associated with transoral and transnasal EGD using ultrathin endoscopes.
Although further data collection is necessary, the appropriate choice of insertion route may easily convince
patients who are reluctant to undergo surveillance EGD.

Innovations and breakthroughs

The authors’ study investigating discomfort that accompanies unsedated EGD
using ultrathin endoscopes demonstrated a correlation between discomfort and
insertion route with regard to gender and age group.

Applications

To decrease unsedated EGD-associated discomfort while using ultrathin endoscopes, transnasal insertion should be chosen except for elderly males. For
elderly males aged over 60 years, transoral insertion may be preferred rather
than transnasal insertion.

Terminology

An ultrathin endoscope is an endoscope with a tip diameter of approximately 6
mm. It enables transnasal insertion and is widely used for a medical checkup
using EGD in Japan.

Peer review

This study demonstrated age-related and gender-related discomfort associated
with transoral and transnasal EGD using ultrathin endoscopes. It’s a good study
with important clinical applications.
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Simplified fistula dilation technique and modified stent
deployment maneuver for EUS-guided hepaticogastrostomy
Woo Hyun Paik, Do Hyun Park, Jun-Ho Choi, Joon Hyuk Choi, Sang Soo Lee, Dong Wan Seo, Sung Koo Lee,
Myung-Hwan Kim, Jung Bok Lee
deploying the metal stent inside a bile duct (half of the
stent) under EUS and fluoroscopic guidance and gently
pulling the echoendoscope after full deployment of the
stent inside the echoendoscope channel (remaining
portion of the stent) under fluoroscopic guidance. This
cohort was compared with a matched historical cohort.
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RESULTS: In phase Ⅰ, the technical and clinical success with the modified method was 96% (27/28) and
89% (24/27 as per-protocol analysis). The overall adverse event rate was 7%. In phase Ⅱ, there was no
difference in technical and clinical success, stent patency and overall adverse events in each group. However,
the procedural time (15.3 ± 5.2 min vs 22.3 ± 6.0 min,
P < 0.001) and early adverse events (0% vs 26%, P =
0.02) were statistically improved in case cohort compared with control cohort.
CONCLUSION: Compared with the conventional EUSHGS technique, the procedural time was shorter and
early adverse events were less frequent with our simplified and modified technique.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Endoscopic ultrasonography; Biliary drainage; Hepaticogastrostomy; Treatment outcome; Adverse event

Abstract
AIM: To evaluate the success rates, procedural time
and adverse event rates of the modified methods in endoscopic ultrasonography-guided hepaticogastrostomy
(EUS-HGS).

Core tip: Endoscopic ultrasonography-guided hepaticogastrostomy (EUS-HGS) with direct transluminal
stenting is a complex procedure in terms of guidewire
manipulation, fistula dilation and stent deployment.
We prospectively evaluated our simplified and modified EUS-HGS technique; fistula dilation with a 4 mm
balloon dilation catheter with a stainless steel stylet
and stent deployment maneuver with an 8 mm fully
covered metal stent with dual flaps. The technical and
clinical success was 96% (27/28) and 89% (24/27).
The overall adverse event rate was 7%. Compared with

METHODS: Twenty-eight patients in a prospective
case series who underwent EUS-HGS (phase Ⅰ). Fortysix patients in a matched case-control study (phase
Ⅱ). The simplified technique for fistula dilation was the
primary use of a 4 mm balloon catheter with a stainless steel stylet. The stent deployment was modified by
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ward for identification of the distal end of the deploying
stent, and the stent will be placed in a more inner side
of the intrahepatic duct during stent deployment[16]. This
placement may result in proximal stent migration after
stent deployment[2]. Furthermore, distal stent migration in
EUS-HGS may occur during follow-up periods[9].
Thus, a simple step for fistula dilation, troubleshooting of stent deployment, and a stent with a modified
design are needed to prevent proximal or distal migration
in EUS-HGS. During EUS-guided drainage of pancreatic pseudocysts, we found that a direct 4 mm balloon
catheter (Hurricane RX, Boston-Scientific, Natick, MA)
was usually successful for fistula dilation. This device
has a low-profile 5.8 F balloon shaft designed to reduce
resistance and increase pushability. It also features a 4
F tip and stainless steel stiffening stylet inserted in the
proximal portion of the catheter shaft, thereby ensuring
less trauma and pushability (Figure 1A). We introduced
this device for fistula dilation in EUS-HGS. In our previous study[17], a fully covered self-expandable metal stent
(FCSEMS) with an anchoring flap showed excellent
antimigration compared with FCSEMS with flared ends
in patients with benign distal biliary stricture. In the present study, we prospectively evaluated the role of a 4 mm
balloon dilation catheter with a stainless steel stylet and
modified stent deployment maneuver with an 8 mm fully
covered metal stent with dual flaps for EUS-HGS (Figure
1B). To determine whether this simplified and modified
technique affects the procedural time or adverse events,
we also performed a case-control study.

the conventional EUS-HGS technique, the procedural
time was shorter and early adverse events were less
frequent with our modified technique.
Paik WH, Park DH, Choi JH, Choi JH, Lee SS, Seo DW, Lee
SK, Kim MH, Lee JB. Simplified fistula dilation technique and
modified stent deployment maneuver for EUS-guided hepaticogastrostomy. World J Gastroenterol 2014; 20(17): 5051-5059
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/5051.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.5051

INTRODUCTION
Endoscopic ultrasonography-guided biliary drainage
(EUS-BD) is an emerging alternative to percutaneous
transhepatic biliary drainage (PTBD) or surgery after
failed endoscopic retrograde cholangiopancreatography
(ERCP)[1-3]. EUS-BD can be completed in 3 ways: EUSguided hepaticogastrostomy, choledochoduodenostomy,
and rendezvous therapy[2,4-10]. EUS-guided rendezvous
therapy seems to be the safest of all 3 approaches[11].
However, this technique is not always successful. Although an enhanced guidewire manipulation protocol
has been introduced, 44% of patients may still require
EUS-guided hepaticogastrostomy or choledochoduodenostomy after failed ERCP[12]. EUS-guided hepaticogastrostomy with direct transluminal stenting (EUS-HGS)
may be a viable option for patients with surgically altered
anatomy, proximal bile duct obstruction, and duodenal
invasion after failed ERCP[2]. EUS-guided hepaticogastrostomy is one of the most complex procedures in
terms of guidewire manipulation, fistula dilation, and
stent deployment[11,13]. With regard to guidewire manipulation, the intrahepatic approach appears to present a
challenge because the overall technical success rate of
EUS-guided rendezvous and antegrade biliary stenting/balloon dilation has been reported to be lower than
that of the extrahepatic rendezvous method[14]. Thus, a
substantial number of patients in which the intrahepatic
approach of guidewire manipulation was used may eventually require EUS-HGS[12].
For fistula dilation in EUS-HGS, graded dilation with
a 4 F cannula and a 6 F and 7 F bougie dilator may be
preferred because this step-by-step procedure seems to be
safe[12]. However, this procedure is not always successful.
The procedural time may also be increased because of the
need for accessory changes and difficulties with the advancement of each bougie dilator. Furthermore, accidental loss of the guidewire may occur during this step-bystep maneuver. A needle knife may eventually have to be
used in some cases due to the difficulty of graded dilation
of the fistula tract. The use of a needle knife for fistula dilation in EUS-BD may be associated with postprocedure
adverse events[4]. Another difficulty in EUS-HGS is transgastric stent deployment[4,15]. Scope position will be back-
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MATERIALS AND METHODS
Patients
Between August 2012 and August 2013, 2042 ERCPs
were carried out by a single experienced endoscopist (Park
DH). In this study period, 1109 cases needed biliary decompression for benign or malignant biliary obstruction.
Of these 62 (5.6%) patients were candidates for alternative
or complementary techniques other than ERCP for biliary decompression. Among the 62 patients, 59 underwent
EUS-BD as follows: 28 hepaticogastrostomy, 11 antegrade
biliary stenting, 9 rendezvous technique, 8 choledochoduodenostomy, and 3 hepaticoduodenostomy. Trainees were
not involved in the ERCP. The EUS-BD was performed at
the time of a failed ERCP in the same session.
The inclusion criteria for EUS-HGS were failure of
initial biliary cannulation or bile duct decompression
through ERCP or EUS-guided rendezvous because of
accompanying duodenal obstruction, surgically altered
anatomy, high-grade hilar biliary stricture, or failed
guidewire manipulation in EUS-guided rendezvous or
antegrade therapy. Patients who refused PTBD were also
included. The exclusion criteria were (1) refusal to participate in the study protocol; (2) pregnancy; and (3) patient
age younger than 18 years. All enrolled patients were
given antibiotics pre- and postprocedure. CO2 insufflation was routinely applied during ERCP and EUS before
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A

B

Figure 1 Balloon dilation catheter and metal stent. A: A 4 mm balloon dilation catheter with stainless steel stiffening stylet to augment pushability (arrow); B: An 8
mm in diameter, dual-flap fully covered metal stent.

A

B

Figure 2 Endoscopic ultrasonography-guided hepaticogastrostomy using a 4 mm balloon dilation catheter with stainless steel stylet and an 8 mm fully
covered metal stent with dual flaps. A: A 0.035-inch guidewire was introduced into the bile duct and fistula dilation was performed in two sites (liver parenchyma
and fistula tract) using a 4 mm biliary balloon dilatation catheter; B: The dual-flap fully covered metal stent was deployed within the bile duct (half of metal stent) under
echoendoscopic and fluoroscopic guidance, and echoendoscope channel (remained portion of metal stent) under fluoroscopic guidance, and then placed in hepaticogastrostomy site.

the commencement of this study (January 2010).

was placed toward the left peripheral intrahepatic duct
instead of the hilum, a 4 F cannula (Glo-tip; Cook Medical, Winston-Salem, NC) was used as a stiff instrument
to advance through the fistula tract and into the left intrahepatic duct[12]. When the guidewire was placed into the
desired intrahepatic duct (proximal left, right intrahepatic
duct, or hilum), the 4 mm balloon catheter was applied
for fistula dilation. After full expansion was confirmed
under fluoroscopy, the balloon was kept for 5-10 s. This
4 mm balloon catheter was dilated in two points (between
the left hepatic duct and the hepatic parenchyma and between the hepatic parenchyma and the stomach) to facilitate the deployment of the metal stent (Figure 2). In the
case of resistance to the advance of the 4 mm balloon
catheter, graded dilation with 4 F cannula and tapered
biliary dilators was applied. If 4 F cannula was failed to
advance repeatedly, needle knife was used finally to prevent the loss of mounted guidewire.

Prospective EUS-HGS protocol
EUS was performed by using a GF-UCT 240 linear-array
echoendoscope (Olympus Medical System, Tokyo, Japan).
The echoendoscope was placed in the cardia or in the
lesser curvature of the stomach and was oriented to view
the intrahepatic duct. Color Doppler imaging was used
to identify the regional vasculature. Dilated intrahepatic
bile duct puncture was carried out with a 19-gauge needle
(EUSN-19-T, Cook Endoscopy, Winston-Salem, NC),
and bile juice was aspirated. Then, a contrast medium
was injected into the punctured bile duct to confirm successful biliary access. Tract dilation was then carried out.
To simplify the tract dilation, a 4 mm balloon dilation
catheter was used initially. For the facilitation of the advance of a balloon catheter to intrahepatic bile duct, the
balloon catheter was in a plane with the axis of the wire
as it entered the bile duct on EUS. If the guidewire was
placed in the right intrahepatic duct, hilum, or proximal
left intrahepatic duct, the 4 mm balloon dilation catheter
was directly used for fistula dilation. If the guidewire
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Modified technique for the deployment of the
transluminal stent
To stabilize the position/attachment of the endoscope in
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events included complications of abdominal pain, pneumoperitoneum, bleeding and stent migration. Abdominal
pain was defined as pain not caused by pancreatitis or
perforation[18]. Proximal stent migration was defined as
any migration of the FCSEMS into the bile duct or abdominal cavity, preventing its easy removal[19]. Distal stent
migration was classified as spontaneous or gastric migration. Spontaneous migration was defined as distal migration without the stent becoming lodged in the bowel[17].
Gastric migration was defined as a partially migrated stent
impacting in the distal hepaticogastrostomy site.
Technical success was defined as follows: (1) success
of fistula dilation with the 4 mm balloon catheter and deployment of the metal stent with the modified method;
and (2) the passage of the metal stent across the stomach
or esophagus, along with the flow of contrast medium
and/or bile through the stent. Functional success was
defined as a decrease of bilirubin to < 75% of the pretreatment value within the first month[7]. The functional
success rate was calculated for the patients for whom
the procedure was technically successful (as per-protocol
analysis). Stent occlusion was defined as the recurrence
of jaundice and cholestasis and/or evidence of a dilated
biliary system on images, which in all cases would require
biliary intervention.
Conventional method was performed as follows.
Graded dilation with 4 F cannula and tapered biliary dilators (6 F, and 7 F, catheter tip, 4 F; Cook) was applied
initially for fistula dilation. In the case of resistance to the
advance of the bougie dilator, graded dilation with a 4 F
cannula was repeated again. At that time, a needle knife
was used only when repeated graded dilation failed and
the risk of failing guidewire maintenance was increased
because our previous study found that the use of a
needle knife was a risk factor for postprocedure adverse
event after EUS-BD[4]. The metal stent was deployed
under echoendoscopic and fluoroscopic guidance as per
previous studies[4,7].
All the patients provided written informed consent to
participate in this study. For the two phases of the study,
our institutional review board approved the study protocol (phase Ⅰ, IRB No. 2012-0608) and the retrieval and
analysis of previous collected data for comparison with
the prospective cohort (phase Ⅱ, matched case-control
study, IRB No. 2013-0664).

Figure 3 Determination of stent length. The length of an endoscopic ultrasonography needle between gastric wall and punctured left hepatic duct was
4.48 cm (4.48 cm × 2 + 1 cm = 9.96 cm). Based on our formula, a 10 cm fully
covered metal stent was placed for this patient.

the high body of the stomach or the cardia during insertion of the stent in EUS-HGS, we deployed the front
one-half of the dual-flap metal stent (8 mm in diameter,
5-10 cm in length, dual-flap fully covered metal stent, M.I.
Tech, Gyeonggi-do, South Korea) with a 8.5 F introducer
under echoendoscopic and fluoroscopic guidance. After
deploying the remainder of the stent within the channel of echoendoscope under fluoroscopic guidance, the
echoendoscope was pulled out gently, and the stent was
left in the hepaticogastrostomy site. The length of a stent
was determined by our formula [the length (cm) of an
EUS needle between gastric wall and punctured left hepatic duct on the EUS (representative as approximately
half of a stent in hepatic parenchyma) multiply two
(representative as remaining half of a stent in deploying
inside the echoendoscope, including possible stent shortening) plus 1 cm] (Figure 3). This 1 cm was considered as
the intrahepatic bile duct portion of a metal stent. To reduce the resistance of stent deployment inside the channel of echoendoscope, an 8 mm in diameter FCSEMS
was applied. Clinical data, including the technical success,
adverse events, and other variables, were prospectively
recorded and evaluated.
Follow-up
We followed the patients in phase I after the procedure
until October 2013. To check migration of the stent, biochemical parameters and a simple abdominal film were
assessed 1, 3 and 6 mo after the EUS-HGS. Follow-up
data were collected prospectively.

Statistical analysis
In phase Ⅰ, our previous study showed 74% of successful graded dilation for fistula dilation in EUS-HGS[4]. To
detect a 21% increase in successful fistula dilation with
the 4 mm balloon dilation catheter in EUS-HGS, we
needed 25 patients to have an 80% chance of rejection
the hypothesis of no difference at the 0.05 level (2-tailed).
As a 10% dropout rate was considered, 28 patients were
invited to participate in this study. This sample size was
then used as the stopping rule for patient recruitment in
the phase Ⅰ study. For the phase Ⅱ study, clinical data
were retrieved on 36 patients who underwent EUS-HGS

Definitions
The procedural time was defined as the time between the
puncture of the intrahepatic bile duct with the EUS needle and the placement of FCSEMS. The procedural time
is important because it represents the technical difficulty.
Shortening the procedural time would help to increase
success rates and reduce procedure-related adverse events.
Overall adverse events included early adverse events (up
to 14 d) and late adverse events (later than 14 d). Adverse

WJG|www.wjgnet.com

5054

May 7, 2014|Volume 20|Issue 17|

Paik WH et al . Modified technique for EUS-guided hepaticogastrostomy
Table 1 Baseline characteristics of the study population n (%)
Characteristics
Median age (range, yr)
Male
Indication
Malignant (n = 25)
Cholangiocarcinoma
Pancreatic cancer
Gallbladder cancer
Stomach cancer
Ampulla of Vater cancer
Colon cancer
Duodenal cancer
Hepatocellular carcinoma
Intraductal papillary neoplasm of bile duct
Lymphoma
Benign (n = 3)
Benign IHD stricture
Postoperative anastomosis site stricture
IgG4-related sclerosing cholangitis
Surgically altered anatomy

Table 2 Outcome of endoscopic ultrasonography-guided
hepaticogastrostomy n (%)

EUS-BD (n = 28)
63 (29-87)
20 (71)

Technical success rate
Clinical success rate
Median length of stent (range), cm
Procedure time, mean ± SD, min
Median stent patency (95%CI), d
Early adverse event
Late adverse event
Overall survival (95%CI), mo

10
5
2
2
1
1
1
1
1
1

27 (96)
24 (89)
8.5 (5-10)
15.6 ± 5.8
150 (5-295)
0
2 (7)
7.5 (5.0-12.0)

Late adverse events: Pseudoaneurysm (1), partial distal migration (1). Data
are expressed as n (%) or mean ± SD. EUS-HGS: Endoscopic ultrasonographyguided hepaticogastrostomy.

1
1
1
6 (21)

guidewire in place in the desired intrahepatic duct. In the
remaining patients, direct use of the 4 mm balloon catheter for fistula dilation was performed after the guidewire
was placed in the desired left hepatic duct. Serum total
bilirubin decreased significantly within 1 mo after EUSHGS (10.3 ± 9.4 to 3.7 ± 5.1 mg/dL, P < 0.001). During
mean follow-up period of 5.2 mo, no patients received the
second treatments such as pancreaticoduodenectomy or
gastrojejunostomy after EUS-HGS.
The overall adverse event rate was 7% (2/28). There
were no early adverse events after EUS-HGS with the
modified technique. However, two late adverse events
were reported: gastric migration of the stent and bleeding from a pseudoaneurysm. The partially migrated stent
was removed successfully with a rat tooth forceps, and
a new FCSMES was inserted through the fistula tract.
The patient with pseudoaneurysm was presented as
hematemesis 8 mo after EUS-HGS. There was huge fresh
blood clot attached to stent in endoscopic finding (Figure
4A). Since pseudoaneurysm from left hepatic artery was
noted around the proximal end of hepaticogastrostomy
stent in CT (Figure 4B), hemostasis was achieved by urgent embolization of the feeding vessel from the left hepatic artery (Figure 4C). After embolization, the patient
fully recovered and remained alive without any biliary reintervention 6 mo later.

EUS-BD: Endoscopic ultrasonography-guided biliary drainage.

with conventional technique from January 2010 to July
2012 (historical cohort). The patients in historical cohort
were 1:1 blindly matched with our prospective cohort by
age and etiology of biliary obstruction by a statistician
(Lee JB) who was unaware of the purpose of this study.
Finally, 23 patients in each cohort were enrolled in phase
Ⅱ study. As the focus of this research was to highlight
potential differences, the resultant significant P values
were not corrected for the multiple testing of data. Categorical and binary variables were tested using the χ 2 test
or Fisher’s exact test according to the EUS-HGS methods. The Mann-Whitney U test or Wilcoxon signed-rank
test was used for continuous variables. Stent patency and
overall survival were compared using the Kaplan-Meier
method with a log-rank test. All statistical analyses were
performed with SPSS v.18.0 (IBM, Armonk, NY), with
results considered significant at a P value < 0.05.

RESULTS
Outcomes of the modified technique for EUS-HGS
(phase Ⅰ )
In phase Ⅰ, 28 patients underwent EUS-HGS with the 4
mm balloon dilation catheter with a stainless steel stiffening stylet and an 8 mm fully covered metal stent with dual
flaps. The median age of the study population was 63 years
(range, 29 to 87 years), and the male to female ratio was
2.5 (Table 1). The indications for EUS-HGS are described
in Table 1. The technical and clinical success of EUSHGS with the modified method was 96% (27/28) and
89% (24/27) as per-protocol analysis (Table 2). The fistula
dilation with the 4 mm balloon catheter was successful in
27 patients. A needle knife was used in one patient since
the 4 mm balloon catheter and 4 F cannula were not able
to be advanced into the puncture site. The 4 F cannula
was initially used in 7 patients (25%) to manipulate the
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EUS-HGS (n = 28)

Outcome

Matched case-control study (phase Ⅱ )
In the age and etiology matched case-control study, there
was no difference in baseline characteristics, technical
success, clinical success, median stent patency, and overall adverse events in each group (Table 3). However, the
procedural time (15.3 ± 5.2 vs 22.3 ± 6.0 min, P < 0.001)
and early adverse events (0% vs 26%, P = 0.02) were statistically improved in the case cohort compared with the
control cohort (Table 3).

DISCUSSION
Although many studies of EUS-BD have shown promising results in terms of the technique’s efficacy and
safety[4,6,7,20], studies on standard techniques or dedicated
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A

B

C

Figure 4 Development of pseudoaneurysm as a late adverse event after endoscopic ultrasonography-guided hepaticogastrostomy. A: There was huge
fresh blood clot attached to stent in endoscopic finding; B and C: Since pseudoaneurysm from left hepatic artery was noted in CT and angiography, hemostasis was
achieved by embolization of the feeding vessel from the left hepatic artery (arrow).

Table 3 Age and etiology matched case-control results n (%)
Characteristics
Age mean ± SD, yr
Male
Etiology of bile duct obstruction
Benign
Perihilar lesion
Periampullary lesion
Peribiliary or metastatic lymph node
Surgically altered anatomy
Failed guidewire manipulation during ERCP or EUS-guided rendezvous
Technical success rate1
Functional success rate2
% of needle knife use in two groups
Procedure time, mean ± SD, min
Median stent patency (95%CI), d
Total adverse event (%)
Early
Late
Overall survival (95%CI), mo

Modified method
(n = 23)

Conventional method
(n = 23)

P value

62.9 ± 14.6
17 (74)

64.1 ± 12.8
12 (52)

0.88
0.13
> 0.99

1
15
5
2
6
9
22 (96)
20 (91)
1 (4)
15.3 ± 5.2
216 (73-359)
2 (9)
0
2 (9)
7.5 (5.6-9.4)

1
15
5
2
6
7
21 (91)
16 (76)
1 (4)
22.3 ± 6.0
129 (64-194)
8 (35)
6 (26)3
2 (9)4
4.3 (1.8-6.8)

> 0.99
0.54
> 0.99
0.24
> 0.99
< 0.001
0.73
0.07
0.02
> 0.99
0.27

1

Intention-to-treat analysis; 2Per-protocol analysis; 3Pneumoperitoneum (2), proximal migration (1), partial proximal migration (1), partial distal migration (1),
abdominal pain (1); 4Distal migration (2).

devices for EUS-BD are lacking. The absence of such
studies may limit the general popularity of EUS-BD and
cause it to be performed only by experts in a few tertiary
centers. Graded dilation may be preferred to cautery dilation for the creation and dilation of the fistula in EUSBD in terms of safety. However, graded dilation is not
always successful, and it can result in a longer procedural
time. Although needle knife cautery may reduce the procedural time, postprocedure adverse events may occur[4].
In the present study, one-stage fistula dilation was possible
in 96% of cases by using a 4 mm-balloon dilation catheter
with a stainless steel stylet. This simple step may shorten
the procedural time in EUS-HGS without increasing
postprocedure adverse events. We used a modified deployment technique with a metal stent with dual flaps for
the prevention of proximal and distal migration during
the procedure and follow-up periods. As in our previous
study[17], this stent showed a reliable antimigration effect.
In spite of repeated graded tract dilations with bougie
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catheter were done to prevent the use of a needle knife
in patients with conventional method, the adverse events
were not decreased compared to previous study[4]. The
dilation force of a bougie dilator or a needle knife is axial.
The axial force by bougie dilator may widen the gap between the liver and the stomach during fistula dilation[21],
which can lead to increase the stent migration or pneumoperitoneum. Actually, almost postprocedural adverse
events occurred in conventional group were stent migration (3/6) or self-limited pneumoperitoneum (2/6). In
contrast, because the dilation force of a balloon catheter
is radial, the separation of tissue planes is minimized and
the tract dilation can be done stably within a short period
of time. Since the radial force tends to increase the risk
of perforation[21], we performed the tract dilation with a
balloon catheter in limited points shortly and used CO2
insufflation during procedure. Furthermore, this minimal
dilation in the fistula tract may result in easy deployment
of the metal stent because 4 mm balloon in the fistula
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tract and fistula site may obviate the resistance of the deployed metal stent and reduce the distance between the
gastric wall and liver during a stent placement. This may
minimize the chance of a bile leak or pneumoperitoneum.
Our previous two studies showed a comparable procedural time and no reduction in the procedural time,
despite possible technical proficiency with time trends[6,7].
The simple dilation method in the present study with the
modified stent deployment, which shortened the procedural time, may be used by endoscopists with various
experiences of EUS-BD. Although there are various sizes
of balloon catheter, we chose the smallest, a 4 mm (12
F) balloon catheter, because the minimal fistula dilation
obtained with this size of catheter is sufficient to insert
any commercially used catheters or stent delivery devices
without resistance.
During stent deployment, echoendoscopic and fluoroscopic findings may be more important than endoscopic findings because the latter in the high body of the
stomach or cardia during stent deployment may lead to
instability of the proximal and distal position of the metal
stent. In this study, we used an 8 mm diameter metal stent
with dual flaps for stent deployment inside the bile duct
(half of metal stent) and echoendoscope channel (remaining portion of the metal stent). This modified deployment
maneuver may secure the stable position of the deployed
metal stent and reduce the chance of proximal and distal
migration. Usually, longer stents (up to 12 cm in length)
are used to prevent proximal or distal migration[2]. However, such stents may result in the need for stent revision
or encourage sludge formation[22]. Using the modified
technique of stent deployment described herein, a stent
with a more appropriate length may be placed.
In one patient with malignant hilar stricture, hematemesis from a left hepatic artery pseudoaneurysm
occurred 8 mo after successful EUS-HGS (8 mm in diameter, 7 cm in length). Urgent feeding artery embolization was performed. As a hepatic artery pseudoaneurysm
may occur after PTBD and after PTBD-assisted metal
stent placement[23-25], EUS-HGS with long-dwelling metal
stents may be associated with left hepatic artery pseudoaneurysm. After intrahepatic biliary decompression, the
relatively large diameter of FCSEMS may erode the intrahepatic bile duct, resulting in a left hepatic artery pseudoaneurysm. The presence of pseudoaneurysm at the tip of
the stent may suggest the possibility of its development
due to compression of the arterial wall by the metal stent.
Further larger studies of metal stents with a modified
proximal tip (e.g., an uncovered portion without flared
ends or a flap or with a smaller diameter) may be needed
to address this issue.
This study has some limitations. In phase Ⅱ, our prospective case series was retrospectively compared with a
matched control. Although a matched case-control study
may eliminate various confounding factors, it may provide less evidence for causal inference than randomized
controlled trials. As our previous study showed a relatively
higher postprocedural adverse event rate with the use of
a needle knife when graded dilation was not feasible for
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fistula dilation and one intraperitoneal stent migration
with a conventional stent deployment[12], a randomized
trial comparing our modified with conventional method in
EUS-BD may be impractical. Therefore, we performed a
matched case-control study rather than a randomized trial.
The difference of stent design might have affected
the postprocedural stent migration. With regard to the
antimigration effect of FCSEMS for benign biliary
stricture, the anchoring flap design was superior to the
flared end design[17]. However, the FCSEMS with a flared
end may be enough preventing migration for very tight
biliary stricture[6,7]. There is a waist in the middle of the
stent at the site of hepaticogastrostomy site when the
metal stent is initially inserted. Therefore, it seems that
the difference of stent design would not be a significant
factor affecting early stent migration in EUS-HGS.
However, if the hepaticogastrostomy site is dilated by the
expansion of metal stent, there could be a difference of
stent migration between anchoring flap and flared end
like benign biliary strictures. Since the follow-up period
was not enough in this study, there was no significant
difference of late stent migration between two groups. In
order to verify about this issue, further long-term studies
will be required.
The procedural time and adverse event rate may be
associated with proficiency in time trend. After about 60
cases of EUS-BD were performed, cohort control with
prospectively maintained database were collected before
the phase I period. Therefore, the effect of the difference
in the technical proficiency of the operator on procedural
time trends is likely minimal. Furthermore, CO2 insufflation was applied in both the case and the control cohort.
These efforts may minimize the selection bias from the
two groups in terms of safety.
PTBD is still standard care in patients with unsuccessful biliary decompression of ERCP[26]. For randomized
trials of EUS-BD and PTBD for biliary decompression
after failed ERCP, a standard protocol with a dedicated
device for EUS-BD may be a prerequisite because previous multicenter studies with nonstandardized protocols
and dedicated devices for EUS-BD showed relatively
higher adverse event rates[27-29]. EUS-BD is still an evolving technique. Thus, standard and internationally accepted protocols for EUS-BD may be required before
randomized trials of EUS-BD and PTBD.
In summary, our simplified and modified technique
for EUS-HGS with a 4 mm balloon catheter with a stainless steel stylet and stent deployment maneuver inside the
bile duct and echoendoscope channel appears to shorten
the procedural time and reduce postprocedure adverse
events compared with the conventional method. A multicenter study may be warranted to confirm our results.
Based on our experience, a 4 mm balloon catheter with a
stainless steel stylet may be considered as a platform for a
dedicated EUS-HGS device for fistula dilation.
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COMMENTS
Background

Endoscopic ultrasonography-guided hepaticogastrostomy with direct transluminal stenting (EUS-HGS) is a complex procedure in terms of guidewire manipulation, fistula dilation, and stent deployment.
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Research frontiers

EUS-guided biliary drainage is an emerging alternative to percutaneous transhepatic biliary drainage or surgery after failed endoscopic retrograde cholangiopancreatography. A substantial number of patients in which the intrahepatic
approach of guidewire manipulation was used may eventually require EUS-HGS.
However, the standard technique for EUS-HGS has not been established yet.
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10

Innovations and breakthroughs

To increase the success rate and to decrease the adverse events rate in EUSHGS, maintaining the scope position during the procedure and shortening
the procedural time are important. The simplified and modified technique for
EUS-HGS with a 4 mm balloon catheter with a stainless steel stylet and stent
deployment maneuver inside the bile duct and echoendoscope channel appears to shorten the procedural time and reduce postprocedure adverse events
compared with the conventional method.

11

Applications

The study results suggest that a 4 mm balloon catheter with a stainless steel
stylet may be considered as a platform for a dedicated EUS-HGS device for
fistula dilation.
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Terminology

EUS-HGS: The dilated intrahepatic bile duct is punctured under EUS-guidance.
Then bile duct is opacified by injection of contrast medium under fluoroscopic
guidance. After identifying the biliary obstruction, the fistula is dilated and a
stent is placed across the fistula to drain the bile juice.
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Peer review

The authors suggested the simplified and modified EUS-HGS technique, and
compared with conventional method. The simplified technique for fistula dilation
with 4 mm balloon catheter with stainless steel stylet and modified stent deployment maneuver in EUS-HGS was associated with shortened procedural time
and reduced postprocedure adverse event.
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Hepatitis B and C viruses are not risks for pancreatic
adenocarcinoma
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controls who received a screening program in a community located in Northern Taiwan. Blood samples were
tested for the presence of HCV antibodies (anti-HCV),
HBV surface antigen (HBsAg), antibodies against HBsAg
(anti-HBs), and hepatitis B core antigen (anti-HBc) in
all cases and controls. The odds ratio (OR) of PDAC was
estimated by logistic regression analysis with adjustment diabetes mellitus (DM) and smoking.
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RESULTS: HBsAg was positive in 73 cases (12.5%)
and 213 controls (12.4%). Anti-HCV was positive in
22 cases (3.8%) and 45 controls (2.6%). Anti-HBs
was positive in 338 cases (57.8%) and 1047 controls
(61.0%). The estimated ORs of PDAC in multivariate
analysis were as follows: DM, 2.08 (95%CI: 1.56-2.76,
P < 0.001), smoking, 1.36 (95%CI: 1.02-1.80, P =
+
+
0.035), HBsAg /anti-HBc /anti-HBs , 0.89 (95%CI:
+
+
0.89-1.68, P = 0.219), HBsAg /anti-HBc /anti-HBs , 1.03
(95%CI: 0.84-1.25, P = 0.802).
CONCLUSION: HBV and HCV infection are not associated with risk of PDCA after adjustment for age, sex,
DM and smoking, which were independent risk factors
of PDAC.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis B virus; Hepatitis C virus; Pancreatic ductal adenocarcinoma; Risk; Endemic disease;
Diabetes mellitus

Abstract

Core tip: Previous studies on hepatitis B virus (HBV)
status and pancreatic cancer risk have produced conflicting results. This study is the first study to use controls from the general population compared to previous
hospital-based case-controls studies with age- and sexmatched controls. HBV infection was determined by
measuring antibodies against hepatitis B core antigen
and HBV surface antigen. The risk of HBV/hepatitis C
virus infection was evaluated after adjustment for im-

AIM: To investigate whether hepatitis B virus (HBV)
and hepatitis C virus (HCV) increase risk of pancreatic
ductal adenocarcinoma (PDAC).
METHODS: We recruited 585 patients with cytological
and/or pathologically confirmed PDAC in National Taiwan University Hospital from September 2000 to September 2013, and 1716 age-, sex-, and race-matched
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and Welfare, http://www.hpa.gov.tw/. More importantly,
the REVEAL-HBV cohort study did not adjust for DM.
DM is a well-known risk factor for PDAC and accounted
for about two times the risk, which might have confounded their result. The REVEAL-HBV cohort study
gave an odds ratio (OR) of 1.95, which meant that those
with hepatitis B were about twice as likely to develop
pancreatic cancer as those who were not infected. However, only a small increase in absolute risk, about 0.08%,
was observed in the REVEAL-HBV cohort study[15]. It is
mandatory to validate the association of HBV infection
in histologically proven PDAC with adjustment for important risk factors including DM and smoking.
Taiwan is an endemic area of HBV infection with a
prevalence of about 15%[8,10,11]. The prevalence and incidence of PDAC in Taiwan (http://www.hpa.gov.tw/) are
lower than in the United States[1]. It is important to know
whether there is an association between HBV infection
and PDAC in HBV-endemic areas because it could influence the attitude and strategy to screening for PDAC.
Therefore, we conducted a large case-control study to
evaluate whether HBV and HCV infections are possibly
associated with histologically proven PDAC in Taiwan,
with adjustment for known risk factors.

portant risk factors such as age, sex, diabetes mellitus
and smoking in a high-endemic HBV area.
Chang MC, Chen CH, Liang JD, Tien YW, Hsu C, Wong JM,
Chang YT. Hepatitis B and C viruses are not risks for pancreatic
adenocarcinoma. World J Gastroenterol 2014; 20(17): 5060-5065
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/5060.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.5060

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of
the most lethal malignant tumors with an average 5 year
survival rate of < 5%. Early diagnosis followed by surgery with curative intent is the only way to improve the
outcome of PDAC. Diabetes mellitus (DM), smoking,
chronic pancreatitis, and family history of PDAC are well
known risk factors of PDAC[1]. Screening high-risk individuals for PDAC might shed some light on detection of
the early stage of the disease.
Several studies on hepatitis B virus (HBV) status and
pancreatic cancer risk have produced conflicting conclusions[2-6]. The previous studies were conducted with a
different design and population in regions with different
HBV or hepatitis C virus (HCV) prevalence rate. The
prevalence of HBV and HCV infection varies widely
among different regions of the world, ranging from <
0.5% in western countries to 8%-25% in endemic countries in East Asia[7,8]. HBV or HCV infection is a global
challenge[9] and it is nowadays regarded as a major risk
for hepatocellular carcinoma (HCC) [8]. In Taiwan, a
HBV-endemic area with about 15% carrier rate, chronic
HBV infection has the strongest association with the
development of HCC and accounts for 75%-80% of all
HCC cases[8,10,11]. Besides, an association between HBV
or HCV infection and extrapancreatic cancers has been
reported in non-Hodgkin’s lymphoma[12]. One study from
the United States has demonstrated that past exposure to
HBV may be associated with pancreatic cancer development[2] with low prevalence of chronic HBV or HCV
infections (< 2%)[13]. Studies from an HBV-endemic area
have shown contradictory results[4,5]. A cohort study by
Iloeje et al[14] conducted in Taiwan suggested that chronic
HBV carriers had an increased risk of pancreatic cancer,
with an adjusted hazard ratio of 1.95 (95%CI: 1.01-3.78).
However, only about 69% of cases of pancreatic cancer were proven histologically to be adenocarcinoma.
Furthermore, the incidence rate of pancreatic cancer in
that cohort was 12.7 cases/100000 persons, even among
those without hepatitis B infection (20.4 cases/100000
person among those with hepatitis B). In fact, the officially reported incidence rate of pancreatic cancer in
Taiwan was 2.15-6.18 cases/100000 persons in the same
period during the REVEAL-HBV cohort study, provided
by Health Promotion Administration, Ministry of Health
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MATERIALS AND METHODS
Study population
Cases were patients with histologically or cytologically
proved PDAC in National Taiwan University Hospital
between September 2000 and September 2013. Controls
were individuals recruited from a free screening program
in a community located in Northern Taiwan supported
and sponsored by the Liver Disease Prevention and
Treatment Research Foundation. A total of 1716 age-,
sex- and race-matched controls were randomly selected
from 6000 individuals who participated in the screening activity. The patients and controls were frequency
matched by age and sex in a narrow-confined area in
Taiwan, which was considered to have the same ethnicity
(Taiwanese). The study was approved by our Institutional
Review Board. All the cases and controls were born before the launch of the vaccination program for HBV in
Taiwan[16].
Serology and definition of HBV and HCV infection
Blood samples were collected from patients and controls.
Serum samples were tested for aspartate aminotransferase, alanine aminotransferase, HCV antibodies (antiHCV), HBV surface antigen (HBsAg), antibodies against
HBsAg (anti-HBs), and antibodies against HBV core antigen (anti-HBc) (General Biologicals Corporation, Hsinchu, Taiwan)[17]. Anti-HBs was considered positive if the
titer was ≥ 10 mIU/mL. The laboratory researcher running these assays was blinded to the disease status (cases
or controls) of the participants’ blood samples. Blood
samples were drawn from patients with pancreatic cancer
before treatment (operation or chemotherapy). HBV
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infection was defined by the presence of HBsAg. Positivity of anti-HBs confers protective immunity and was
detectable in patients who recovered from HBV infection
or were immunized with HBV vaccine[16,18]. Patients who
were positive for anti-HBc were defined as previously
exposed to HBV. Individuals with chronic HCV infection
were defined as those with positive HCV antibodies[19].

Table 1 Characteristics of study population n (%)
Characteristics
Age, yr
Median
mean ± SD
Sex
Female
Male
DMb
Smokinga

Statistical analysis
Statistical analysis was performed by SPSS version 17
(SPSS, Chicago, IL, United States). We compared the demographic characteristics among patients and controls.
The t test was used to compare the mean age between
patients and controls. The χ 2 test was used to compare
proportions. We performed multivariate unconditional
logistic regression analyses using all variables significant at
P < 0.05 in the single-factor analyses. For each factor, we
calculated the OR and 95%CI using maximum likelihood
estimation.

Controls (n = 1716)

62.00
63.81 ± 13.73

62.00
63.11 ± 8.89

273 (46.7)
312 (53.3)
137 (23.4)
117 (20.0)

837 (48.8)
879 (51.2)
155 (9.0)
240 (14.0)

P < 0.05, bP < 0.01 vs the control group.

a

0.001). Smoking was also associated with risk of PDAC
in univariate analysis (OR: 1.54, 95%CI: 1.20-1.96, P
= 0.01) and multivariate analysis (OR: 1.36, 95%CI:
1.02-1.80, P = 0.035).
We also stratified the age into two groups, > 50 years
and < 50 years. The risk of PDAC was not significantly
different in those with or without HBV or HCV infection, regardless of age > 50 or < 50 years.

RESULTS
There were no significant difference in age and sex between cases and controls (Table 1). The mean age (± SD)
for PDAC patients was 63.81 ± 13.73 years and 63.11 ±
8.89 years for controls (P > 0.05). Male sex accounted for
51.2% and 53.3% in cases and controls, which did not
have a significant difference. About 9% of the controls
had DM and 23.4% of the PDAC patients had DM (P
< 0.0001). Smokers accounted for 14.0% in the controls
and 20.0% in the PDAC group (P < 0.001) (Table 1).
The prevalence of anti-HCV was not significantly
higher among patients with PDAC (3.8%) than in the
controls (2.6%) (Table 2). With respect to HBV, HBsAg
was detected in 73 (21.5%) and 213 (12.4%) in the PDAC
and control groups, respectively, which showed a similar frequency of positivity for HBsAg between the two
groups (Table 2). The overall prevalence of anti-HBs
with evidence of protective immunity in PDAC and controls was 338 (57.8%) and 1047 (61.0%), respectively. In
univariate analysis, HBsAg, anti-HBs and anti-HBc positivity was not associated with an increased risk of PDAC
(Table 2).
HBV infection status in a high-endemic area was determined by HBsAg, anti-HBs and anti-HBc, therefore,
we further divided the cases and controls into subgroups
for further analysis according to the serological markers:
HBsAg-/anti-HBc-/anti-HBs-: HBV infection naïve; HBsAg+/anti-HBc+/anti-HBs-: chronic HBV infection; HBsAg-/anti-HBc+/anti-HBs+: past infection with acquired
immunity to HBV. In both univariate and multivariate
analyses, chronic HBV infection (HBsAg+/anti-HBc+/
anti-HBs-) and past infection with acquired immunity to
HBV (HBsAg-/anti-HBc+/anti-HBs+) were not associated with risk of PDAC (Table 2).
DM was associated with PDAC in both univariate
analysis (OR: 3.08, 95%CI: 2.39-3.97, P < 0.001) and
multivariate analysis (OR: 2.08, 95%CI: 1.56-2.76, P <

WJG|www.wjgnet.com

Cases (n = 585)

DISCUSSION
We did not find any positive association between HBV or
HCV infection and PDAC after adjustment for age, sex,
DM and smoking. This result differed from the previous
REVEAL-HBV cohort study[14]. First, in the REVEALHBV cohort study, the researchers did not adjust DM as
a risk factor, which might have confounded the result.
In our study, DM was an independent risk factor for
PDAC in multivariate analysis, which increased the risk
by twofold. This was similar to previous studies from
China and South Korea[4,5,20]. Second, the incidence rate
of pancreatic cancer in patients without HBV infection
in the REVEAL-HBV cohort study was 12.7/100000
person-years, which was nearly twice the incidence rate
officially reported by the Health Promotion Administration, Ministry of Health and Welfare, Taiwan. Not all the
PDAC cases in both databases were verified by cytology
or histopathology. This observation raises an important
issue; namely, that studies from registered databases
where the results are not confirmed by histopathology
or cytology should be used with care and require verification. With the increased use of abdominal imaging in
health checkups, an increase in the number of incidentally found pancreatic neoplasms, such as neuroendocrine
tumors and solid pseudopapillary neoplasms, could confound the use of the database if the disease register is
not based on histological confirmation. Concern about
histologically proven types of pancreatic cancer was also
emphasized[3,15].
One recent meta-analysis of HBV or HCV infection
and risk of pancreatic cancer described some problems
with previous observational studies[21]. They concluded
that the findings underscore the need for more studies to confirm this potential relationship[14]. One of the
problems came from the selection of controls. The five
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Table 2 Pancreatic cancer risk factors and association of pancreatic cancer with hepatitis C virus and hepatitis B virus infection:
univariate and multivariate logistic regression analysis
Cases (n = 585)

Variables
Hepatitis C
Anti-HCV+
Hepatitis B
HBsAg+
Anti-HBs+
Anti-HBc+
HBsAg-/anti-HBc-/anti-HBsHBsAg+/anti-HBc+/anti-HBsHBsAg-/anti-HBc+/anti-HBs+
Age
Male sex
DM
Smoking

Controls (n = 1716)

Univariate analysis

Multivariate analysis

OR

95%CI

OR

95%CI

1.36

0.80-2.31

1.00
1.22
1.03
1.01
1.13
2.08b
1.36a

Ref
0.89-1.68
0.84-1.25
0.99-1.02
0.91-1.40
1.56-2.76
1.02-1.80

3.8%

2.6%

1.45

0.86-2.43

12.5%
57.8%
66.0%
15.2%
10.3%
42.7%

12.4%
61.0%
66.4%
13.6%
12.4%
41.0%

1.01
1.14
1.02
1.14
1.24
1.07

0.86-1.34
0.95-1.39
0.84-1.24
0.88-1.49
0.92-1.68
0.89-1.29

53.3%
23.4%
20.0%

51.2%
9.0%
14.0%

1.08
3.08b
1.54a

0.89-1.30
2.39-3.97
1.20-1.96

P < 0.05, bP < 0.01 vs the control group in regression analysis. Blood samples were tested for the presence of anti-HCV, HBsAg, anti-HBs, and anti-HBc in
all cases and controls. HBsAg-/anti-HBc-/anti-HBs-: HBV infection naïve; HBsAg+/anti-HBc+/anti-HBs-: chronic HBV infection; HBsAg-/anti-HBc+/antiHBs+: acquired immunity to HBV infection.
a

previous case-control studies were all based on hospitalized cases and controls[2,4,20-22]. Therefore, the controls selected from hospitalized patients could not represent the
general population. In our study, the controls came from
a screening program in Taiwan but not from hospitalized
patients or outpatients. The frequencies of HBsAg, antiHBs and anti-HBc in our controls were similar to those
reported in the general population in Taiwan[8,11]. Our
study is the first case-control study to address the association of HBV and HCV infection with histologically
proven PDAC and with age- and sex-matched controls
from the general population.
Cohort studies theoretically might be more informative than case-control studies in terms of design. There
were three cohort studies regarding this issue. The first
two cohort studies, which did not adjust for DM as a
risk factor[14,23], drew a positive conclusion. However, a
recent study did not show a significant positive association between HBV infection and pancreatic cancer after
adjustment for DM as a risk factor[6]. To the best of our
knowledge, DM is a risk factor of pancreatic cancer with
an average OR of about 2[1]. Whether the association of
DM, HBV infection and PDAC was the same as in the
previous two cohorts awaits our attention.
We defined HBsAg-/anti-HBc- as “never exposed
to HBV”, and HBsAg-/anti-HBc+ as “past exposure to
HBV”. In a relatively low-prevalence region in the United
States, only 1/879 (0.1%) controls were HBsAg+, 20/879
(2.3%) were anti-HBs+, and 54/879 (6.14%) were antiHBc+. In our study, the positive frequency of HBsAg,
anti-HBs and anti-HBc was 12.4% (213/1716), 61.1%
(1048/1716) and 66.4% (1140/1716) in our controls. Besides, all negative serology markers (HBsAg-/anti-HBc-/
anti-HBs-) was considered seronegative for HBV infection in Taiwan rather than only HBsAg-/anti-HBc-[18,24]. It
was more appropriate to do subgroup analysis including
all these three serology markers (HBsAg, anti-HBc and
anti-HBs) simultaneously to calculate the risk of HBV in
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PDAC in a high-endemic area. In the analysis by El-Serag
et al[23] from the United States, only the cohort studies
included all three of these markers. They did not stratify
DM as a risk factor, which could have confounded the
results because the study was in a region with a low
prevalence of HBV and high incidence of pancreatic
cancer. Three case-control studies have taken anti-HBc
into consideration in their analysis. All three came from
hospital-based population in an HBV-endemic area but
with conflicting results[4,5,22]. Only one of these studies
concluded that HBV was a risk factor for pathologically
confirmed PDCA after adjustment for DM[4]. The other
two studies showed contradictory results and neither of
them adjusted for factors such as DM and smoking.
Our study is believed to be the first to address the
association between HBV/HCV infection and PDAC
in a high-endemic HBV area by using population-based
controls and histopathologically or/and cytologically
confirmed PDAC, with adjustment for age, sex, DM and
smoking. We showed that HBV or HCV infection was
not associated with the development of PDAC. HBV
and HCV infections are considered major risk factors
for HCC, and HBV accounts for 75%-80% of all HCC
cases in Taiwan[8,10,11]. It is reasonable that the incidence
of PDAC in Taiwan should be higher if HBV infection
is really associated with increased risk of PDAC. According to the National Cancer Registry data, the incidence
of HCC in Taiwan is about 30 per 100000 persons in
contrast to 7-8 per 100000 persons for PDAC[25]. In our
PDAC patients, we did not find any differences in the age
at diagnosis with cancer staging, clinical outcome, and
survival between patients with or without HBV infection.
We also analyzed the hepatitis B e antigen (HBeAg) and
anti-HBe status and/or HBV DNA in our PDAC cases
who were infected by HBV. There was still no difference
between patients with or without HBeAg. It is difficult to
understand the biological explanation for PDAC risk in
patients with HBV infection. In the meta-analysis, posi-
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and smoking in a high-endemic HBV area.

tive HBeAg was not a risk factor for pancreatic cancer, in
contrast to HBsAg+ or HBsAg-/anti-HBc+/anti-HBs-[21].
The progression from active hepatitis virus infection to
chronic inflammatory response in PDAC carcinogenesis
is still unknown.
There were some merits to our study. First, we had
a good case-control study matched by age and sex. All
the PDAC cases were diagnosed with histological and/or
cytological confirmation. The risk of HBV infection
was evaluated by using HBsAg, anti-HBc and anti-HBs
simultaneously with adjustment for DM and smoking.
Second, the controls were from the general population
and not a hospital-based population. Our controls were
from a community taking part in a free hepatitis screening program in Northern Taiwan, which could have represented the normal population better, without selection
bias caused by socioeconomic differences in recruitment,
such as control data from those taking part in paid health
checkups.
Our study had some limitations. It was a retrospective
case-control study. The reported risks of pancreatic cancer such as family history and body mass index[1,26] could
not be obtained in our controls because the aim of the
screening campaign was for detection of HBV and HCV
infection. In determining the HBV status, we could now
examine the HBV DNA to clarify the HBV status more
clearly. Analysis of viremia is more accurate to determine
HBV status compared to serological markers. Only some
of our PDAC patients were checked for HBV DNA. Our
study could not establish whether the viral load increased
the risk of PDAC.
In conclusion, our study is believed to be the first to
address the association of HBV and HCV infection with
histologically proven PDAC in an endemic area of Taiwan, with controls coming from the general population.
HBV and HCV infection was not associated with the risk
of PDAC. The exact role and association of risk of HBV
infection and PDAC awaits further studies conducted in
other endemic and non-endemic areas, with adjustment
for well-documented risk factors of PDAC.

Applications

Negative results in a good quality controlled study are important. It is useful
to know whether there is an association between HBV infection and PDAC in
endemic area for HBV because it could influence the attitude and strategy to
screen for PDAC.

Peer review

The manuscript is well presented and of interest, and the design of this study
was appropriate. The study was done well and the results could contribute to
our knowledge of this topic.
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BRIEF ARTICLE

Solitary fibrous tumors in abdomen and pelvis: Imaging
characteristics and radiologic-pathologic correlation
Xue-Ming Li, Jing Reng, Peng Zhou, Ying Cao, Zhu-Zhong Cheng, Yan Xiao, Guo-Hui Xu
enhanced CT revealed a heterogeneous isodense mass
in 7 cases, homogeneous isodense mass in 3 cases,
and punctuated calcification in one case. On MRI, most
of the lesions (6/7) were heterogeneous isointense
and heterogeneous hyperintense on T1-weighted images and T2-weighted images, respectively. All tumors
showed moderate to marked enhancement. Heterogeneous enhancement was revealed in 11 lesions, and 7
of these had cysts, necrosis, or hemorrhage. Early nonuniform enhancement with a radial area that proved
to be a fibrous component was observed in 4 lesions,
which showed progressive enhancement in the venous
and delayed phase. No statistical difference in the imaging findings was observed between the histologically
benign and malignant lesions. Three patients had local
recurrence or metastasis at follow-up.
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Abstract

CONCLUSION: Abdominal and pelvic SFTs commonly
appeared as large, solid, well-defined, hypervascular masses with variable degrees of necrosis or cystic
change that often displaced adjacent structures.

AIM: To describe the imaging features of solitary fibrous tumors (SFTs) in the abdomen and pelvis, and
the clinical and pathologic correlations.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

METHODS: Fifteen patients with pathologically confirmed SFTs in the abdomen and pelvis were retrospectively studied with imaging techniques by two radiologists in consensus. Patients underwent unenhanced
and contrast-enhanced imaging, as follows: 3 with
computed tomography (CT) and magnetic resonance
imaging (MRI) examination, 8 with CT examination
only, and 4 with MRI examination only. Image characteristics such as size, shape, margin, attenuation or intensity, and pattern of enhancement were analyzed and
correlated with the microscopic findings identified from
surgical specimens. In addition, patient demographics,
presentation, and outcomes were recorded.

Key words: Abdominal imaging; Solitary fibrous tumors;
Computed tomography; Magnetic resonance imaging
Core tip: Few studies have investigated the imaging
features of solitary fibrous tumors (SFTs) in the abdomen and pelvis. We present the computed tomography and/or magnetic resonance imaging features of
fifteen cases, and correlated them with histopathological results. We found that the imaging features of
abdominal and pelvic SFTs predominantly appeared
as large, well-defined, hypervascular masses with
variable degrees of necrosis, cystic change, or hemorrhage that tended to displace adjacent structures.
SFTs usually manifested as heterogeneous hyperintensity on T2-weighted images with low signal intensity
areas representing flow voids, fibrosis, or collagen.

RESULTS: Of the 15 patients evaluated, local symptoms related to the mass were found in 11 cases at admission. The size of the mass ranged from 3.4 to 25.1
cm (mean, 11.5 cm). Nine cases were round or oval, 6
were lobulated, and 10 displaced adjacent organs. Un-
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were scanned using a 64 multi-detector CT (Lightspeed
VCT, GE Healthcare, Chalfont St Giles, United Kingdom) with an X-ray tube voltage of 120 kV, current of
200 mA, width of collimator 64 mm × 0.625 mm, and
collimation and intervals of 5-10 mm. MRI scans were
performed with a 1.5 T scanner (Avanto, Siemens Medical Systems, Munich, Germany). The scanning parameters
were as follows: a T1-weighted gradient-echo sequence
(TR: 90-180 ms, TE: 2-5 ms, ﬂip angle: 70°), T2-HASTE
sequence (TR: 4000-6000 ms, TE: 80-100 ms, ﬂip angle:
20°), and T1-weighted VIBE sequence (TR/TE: 4.8/2.2
ms, ﬂip angle: 70°).

SFTs should be considered when the aforementioned
imaging features are encountered.
Li XM, Reng J, Zhou P, Cao Y, Cheng ZZ, Xiao Y, Xu GH. Solitary fibrous tumors in abdomen and pelvis: Imaging characteristics and radiologic-pathologic correlation. World J Gastroenterol
2014; 20(17): 5066-5073 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i17/5066.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5066

INTRODUCTION

Imaging analysis
The images were reviewed by two radiologists working
in consensus-one with 20 years of experience in abdominal imaging and one a fellow. Each was only aware of
the histological diagnosis, but did not review the official
preoperative radiology reports. The CT and MR images
were evaluated for location, size, shape, margin, internal
architecture, CT density, and MRI signal intensity compared with adjacent muscle, pattern of enhancement,
and changes in adjacent structures. The degree of mass
enhancement was assessed subjectively and categorized
as follows: mild, when the enhancement was similar to
that of adjacent muscle; moderate, when the enhancement was higher than that of muscle but lower than that
of blood vessels; marked, when the enhancement was
approaching that of blood vessels. These imaging findings were correlated with the microscopic findings of the
surgically obtained specimens, and compared between
the histologically benign and malignant groups. In addition, review of the patients’ charts was performed to
determine demographic data, clinical presentation, and
postsurgical outcome.

Solitary fibrous tumors (SFTs) were first described by
Klemperer and Rabin in 1931 as a localized fibrous mesothelioma[1]. The origin of SFTs has been controversial,
and it is now considered to be a pathologically diverse,
ubiquitous mesenchymal neoplasm of fibroblastic or
myofibroblastic origin that can be either benign or malignant[2,3]. Clinically, they are often misdiagnosed as other
hypervascular tumors by radiological and pathologic
examination. Although SFTs may occur in any site of
the body, they have been predominantly localized in the
pleura, followed by the head and neck, and their presence
in the abdomen and pelvis is rare.
Although the histopathological features of SFTs are
well characterized, the appearance of these tumors on
imaging is not well documented. To date, the most extensive reports regarding the imaging characteristics of
SFTs in the abdomen and pelvis is by Shanbhogue et al[4],
Zhang et al[5], and Ginat et al[6], and others focused on
case reports[7-10]. To better characterize the radiological
features of this rare disease, we present the computed
tomography (CT) and/or magnetic resonance imaging
(MRI) features of 15 cases of SFTs within the abdomen
and pelvis, and correlated them with the histopathological
findings. To our knowledge, this is the largest and most
detailed radiologic case series reported to date for SFTs.

RESULTS
Clinical results
The study group consisted of 12 men and 3 women with
a median age of 65.2 years (range, 1-76 years). Of these
15 patients, 11 (73%) had local symptoms at admission,
including a palpable mass (n = 4), abdominal pain or discomfort to various degrees (n = 5), difficulty in defecation (n = 3), urinary frequency or retention (n = 4), gross
hematuria (n = 1), and a sexual disorder (n = 1). A firm
and non-tender mass was revealed in 10 patients upon
digital rectal examination. However, none had systemic
symptoms; and all the routine laboratory studies were
unremarkable. A Foley catheter was placed in the urethra
with complete resolution of urinary symptoms in patients
with urinary retention. Surgical excision was successfully
performed in all patients; and embolization prior to surgery was performed in one patient to prevent excessive
surgical hemorrhage. At follow-up 0-62 mo (median, 20.3
mo) after surgery, 2 patients had local recurrence and one
had hepatic metastasis, and all were classified as malignant at initial pathological examination.

MATERIALS AND METHODS
Study population and imaging protocol
CT and MRI findings of 15 patients with pathologically
confirmed SFTs in the abdomen and pelvis were retrospectively reviewed. Of these 15 patients, three underwent both CT and MRI examination, 8 had CT examination only, and 4 had MRI examination only. This study
was conducted according to the ethical standards of our
institution and was approved by our review board.
Due to the retrospective nature of the study, the CT
and MR images were acquired with varied parameters.
Contrast-enhanced CT was acquired 45-60 s after intravenous injection of Ominipaque-based CT contrast agent;
and contrast enhanced MRI scans were acquired 25-30 s
(arterial phase), 45-60 s (venous phase), and 3 min (delayed
phase) after intravenous administration of gadoliniumbased MRI contrast agent. For CT examinations, patients
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Table 1 Radiological findings of the 15 cases with solitary fibrous tumors
No/age/sex

2

Benign/
malignant

Location

Size (cm )

1/1/M
2/76/M
3/39/M
4/41/M
5/29/F

Benign
Benign
Benign
Benign
Benign

Adrenal region-L
Pararectal space-L
Rectovesical space
Paravesical space-R
Paravesical space-L

6/43/F

Benign

Presacral space

15.3 × 18.0

7/60/F

Benign

Intraperitoneal

18.0 × 20.2

8/33/M

Benign

Presacral space

11.3 × 12.0

Shape, margin

3.4 × 3.4
Rounded, well-deﬁned
4.0 × 4.1
Oval, well-deﬁned
11.3 × 11.5 Lobulated, well-deﬁned
10.8 × 14.0
Oval, well-deﬁned
8.1 × 6.3
Oval, well-deﬁned

9/69/M
10/59/M
11/52/M
12/61/M
13/47/M

Malignant
Malignant
Malignant
Malignant
Malignant

Retroperitoneal
Prevesical space
Intraperitoneal
Paravesical space-R
Rectovesical space

15.3 × 20.8
9.3 × 10.2
7.4 × 8.1
11.6 × 12.0
10.4 × 11.3

14/51/M

Malignant

Retroperitoneal

15.0 × 25.1

15/57/M

Malignant

Rectovesical space

4.7 × 4.8

CT density/MRI intensity

Isodensity with dot calcification
Homogeneous isodensity
Isodensity with patchy necrosis
Isodensity with patchy necrosis
Homogeneous isodensity
Homogeneous isointensity (T1WI)
Homogeneous hyperintensity (T2WI)
Oval, well-deﬁned
Isodensity with patchy necrosis
Heterogeneous isointensity with
patchy hyperintensity (T1WI)
Heterogeneous hyperintensity with
patchy hypointensity (T2WI)
Lobulated, well-deﬁned
Heterogeneous isointensity with
patchy hypointensity (T1WI)
Heterogeneous hyperintensity (T2WI)
lobulated, well-deﬁned Isointensity with radial hypointensity
(T1WI)
Heterogeneous hyperintensity with
radial hypointensity (T2WI)
Lobulated, ill-defined
Isodensity with patchy necrosis
Oval, well-deﬁned
Homogeneous isodensity
Lobulated, well-deﬁned
Isodensity with patchy necrosis
Oval, well-deﬁned
Isodensity with patchy necrosis
Oval, well-deﬁned
Isodensity with patchy necrosis
Heterogeneous isointensity with
patchy hypointensity (T1WI)
Heterogeneous hyperintensity (T2WI)
Lobulated, ill-deﬁned
Heterogeneous isointensity with
patchy hypointensity (T1WI)
Heterogeneous hyperintensity (T2WI)
Oval, well-deﬁned
Isointensity with radial hypointensity
(T1WI)
Heterogeneous hyperintensity with
radial hypointensity (T2WI)

Degree, pattern of
enhancement
Moderate, homogeneous
Moderate, homogeneous
Marked, heterogeneous
Moderate, heterogeneous
Marked, homogeneous

Marked, heterogeneous

Marked, heterogeneous
Progressive enhancement
Marked, heterogeneous
Progressive enhancement
Moderate, heterogeneous
Moderate, homogeneous
Marked, heterogeneous
Marked, heterogeneous
Moderate, heterogeneous

Marked, heterogeneous
Progressive enhancement
Marked, heterogeneous
Progressive enhancement

M: Male; F: Female; L: Left; R: Right; CT: Computed tomography; MRI: Magnetic resonance imaging; T1WI: T1-weighted imaging; T2WI: T2-weighted imaging.

Imaging findings
The CT and MR imaging features of the 15 patients with
SFTs are shown in Table 1. Three masses were found in
the upper abdominal retroperitoneum, 2 in the peritoneal
cavity, and 10 in the pelvis including 2 in the presacral
space, one in the pararectal space, 3 in the rectovesical
space, 3 in the paravesical space, and one in the prevesical space. All patients demonstrated a solitary mass with
sizes ranging from 3.4 cm × 3.4 cm to 25.1 cm × 15.0
cm, with 10 masses larger than 10 cm in maximum diameter. Thirteen cases were well-defined, and 2 were illdefined; 9 cases were round or oval, and the other 6 were
lobulated. Thirteen cases displaced and compressed the
adjacent organs, such as the pancreas, prostate, uterus,
bladder, intestine, or vessels, and could not be delineated
on CT and MR imaging. In addition, one of the patients
with ill-defined margins showed invasion of the posterior
stomach wall and envelopment of the celiac trunk and its
branches (Figure 1). However, no lymphadenopathy or
distant metastases were detected on the CT and MR images at initial evaluation.
On unenhanced CT images, all 11 cases with CT
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scans manifested as an isodense mass, of which 7 had
relatively hypodense necrotic or cystic areas, 3 were homogeneous, and one had punctuated calcification. In
total, 7 patients underwent MRI scans. On T1-weighted
images, almost all lesions were isointense, in which 5
cases exhibited mostly isointense signals with patchy or
radial areas of low intensity (Figure 2A), one case had
mostly an isointense signal with a patchy area of mild hyperintensity (Figure 3A), and one case had homogeneous
isointensity. On T2-weighted images (T2WI), one lesion
exhibited homogeneous hyperintensity, and the others
had heterogeneous hyperintensity, in which 3 cases had a
patchy or radial area of hypointensity (Figures 2B, 3B). In
addition, intra- or extra-tumoral flow voids were found in
4 cases on T2WI (Figure 2B).
After intravenous injection of contrast material, feeding vessels (vascular pedicle) were seen in 4 of the 15 cases (26.7%) (Figure 2C). The degree of mass enhancement
on CT and MRI varied from moderate to marked; and in
patients with MRI examination, it was marked in the arterial phase and persisted in the portal venous and delayed
phase. Of these 15 cases, homogenous enhancement was
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A

B

Figure 1 Computed tomography findings of a solitary fibrous tumor in the retroperitoneum. A: Contrast-enhanced axial image showing a lobulated, ill-defined,
and heterogeneously moderate enhancing mass in the retroperitoneum. The mass invades the pancreas and stomach (arrows), and the celiac trunk and its branches
were enveloped; B: The contrast-enhanced coronal reconstruction image shows envelopment of the branches of the celiac trunk.

A

B

C

D

E

F

Figure 2 Magnetic resonance images of a solitary fibrous tumor in the presacral space. A: T1-weighted Magnetic resonance (MR) image showed that the
mass is lobulated and almost isointense to the muscle. Radial hypointensity is seen in the center; B: Axial fat-suppressed T2-weighted MR image shows that the
mass is predominantly hyperintense with radial areas of low signal intensity. In addition, intra- and extra-tumoral flow voids can be detected (arrows); C: Sagittal
fat-suppressed T2-weighted MR image showing that the rectum is compressed anteriorly by the mass (arrow); D: The mass demonstrated intense heterogeneous
enhancement in the arterial phase. The feeding vessels (vascular pedicle) can be demonstrated clearly (arrows); E, F: The mass showed persistent and progressive
enhancement in the portal venous (E) and delayed phase (F).

Pathological findings
Of the surgical specimens, 9 tumors were rounded or
ovoid, 6 were lobulated, and 10 were encapsulated. The
cut surfaces were grayish-white or yellowish-white in
color, and fish meat-like in texture. Radial or ﬁssured regions of the abundant fibrotic component were revealed
in the center of 4 cases, cystic or necrotic foci in 7 cases,
and hemorrhage in one case.
Histological examination demonstrated that the tumors had a haphazard patternless architecture of spindle
or ovoid cells with a varying degree of collagenous tis-

observed in 4 cases and heterogeneous enhancement in
11 cases. In the latter cases, 7 lesions showed necrotic
or cystic areas on enhanced CT and/or MR images, and
the other 4 lesions demonstrated early non-uniform enhancement with the center showing a radial or ﬁssured
region which showed progressive enhancement spreading
from the periphery to the center in the portal venous and
delayed phases on enhanced MR images (Figures 2D-F,
3C). However, in our case series, there was no statistical
difference in the imaging findings between the histologically benign and malignant lesions.
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A

B

C

Figure 3 Magnetic resonance images of a solitary fibrous tumor in the rectovesical space. A: T1-weighted Magnetic resonance (MR) image showing an oval
isointense mass with patchy mild hyperintensity (arrow). The patchy mild hyperintensity was proven to be a hemorrhage; B: Fat-suppressed T2-weighted MR images
reveal a mass with heterogeneous hyperintensity and patchy hypointensity; C: Contrast-enhanced MR images demonstrate moderate heterogeneous enhancement of
the mass, which displaces the bladder anteriorly and rectum posteriorly (arrows).

A

B

C

D

Figure 4 Pathologic features of the solitary fibrous tumor. A: Hematoxylin and eosin staining, × 40, indicates monotonous spindle cell proliferation with a hemangiopericytoma-like vascular growth pattern; B-D: Immunohistochemical staining, x 40, indicates that the tumor is diffusely positive for CD34 (B) and Bcl-2 (C), and the
proportion of Ki67 positive cells is 15% (D).

sues and a hemangiopericytoma-like appearance with
prominent thin-walled vascular vessels (Figure 4A).
The degree of cellularity varied for each tumor and was
inversely related to the collagenous tissues. Immunohistochemical staining revealed that CD34 (Figure 4B) was
positive in all cases, CD99 in 12 cases, B-cell lymphoma
2 (bcl-2) (Figure 4C) in 14 cases, S-100 in 4 cases, while
all lesions were negative for desmin. The proportion
of Ki-67 positive cells was greater than 10% in 4 cases
(Figure 4D), and less than 5% in the other cases. In total, 8 patients were classified as benign and 7 presented
malignant criteria at pathological analysis of the surgical
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specimens. All 7 malignant tumors were hypercellular lesions, in which 3 each had mild to moderate atypia, and 4
displayed marked atypia.

DISCUSSION
SFT is a rare spindle cell mesenchymal neoplasm with
age of onset around 50-60 years, and equal distribution
in men and women. Patients in our series ranged from
1 to 76 years, but the incidence was higher in men than
in women with a sex ratio of 4:1. To the best of our
knowledge, we report the first case of SFT in an infant.
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Although SFTs were thought to occur most frequently
in the pleura, they may develop virtually anywhere
throughout the body, while involvement of the abdomen
and pelvis is particularly rare[2]. Despite its characteristic
histological and immunohistochemical features, SFTs in
the abdomen and pelvis remain a diagnostic challenge
to both clinicians and radiologists; it is often poorly recognized and frequently confused with other neoplasms
that more commonly occur at this site. Although rare,
radiologists and surgeons must be aware of SFTs in the
abdomen and pelvis.
Extrapleural SFTs were typically demonstrated as
large, slow-growing soft tissue tumors[4]. Symptoms related to the site are frequent in these locations, such as a
palpable mass, pain, gross hematuria, bowel obstruction,
and urinary retention or obstruction[11,12], as seen in some
of our patients. Systemic symptoms such as hypoglycemia (< 5% patients), arthralgia, hypertrophic osteoarthropathy, and clubbing have also been documented in
the literature[4,13]; however, they were not present in any
of our patients. These symptoms usually resolve upon
removal of the tumor.
In the last 20 years, the classification of SFTs and
hemangiopericytoma has changed, and most hemangiopericytomas are now thought to be cellular variants of
SFTs[2,3]. Overall, SFTs are usually well-demarcated and
partially encapsulated in neoplasms[2]. These tumors are
highly vascular and have a propensity to undergo hemorrhage, necrosis, and myxoid degeneration. Microscopically, they show a wide range of morphological features,
from predominantly ﬁbrous lesions containing alternating
fibrous areas and hyalinized thick-walled vessels (fibrous
variants) to more cellular and less ﬁbrous neoplasms
with a “patternless pattern” (a monotonous appearance)
and thin-walled branching vessels (cellular variant)[2,3,14].
Immunohistochemically, both of them variably express
CD34, CD99, and bcl-2 antigens; and the fibrous form
demonstrates strong reactivity with CD34, whereas the
cellular form demonstrates weak reactivity[2].
General histological features that may help to identify
a malignant lesion include large size, infiltrative margins,
hypercellularity, nuclear atypia, mitotic activity (≥ 4/10
high-power fields), and the presence of necrosis and
hemorrhage[2,15,16]. In addition, malignant SFTs tend to
lose CD34 immunoreactivity and overexpress Ki-67, P53,
and S-100[17]. In our cases, 8 tumors were classified as
benign, and 7 as malignant. Although most extrapleural
SFTs have been reported to be benign histologically, approximately 10%-15% of SFTs demonstrate malignant
behavior in the form of recurrence or metastasis[2,18]. Local recurrences and distant metastases may be expected
in malignant SFTs, as seen in three of our patients. Although none were found in our patients, some cases of
‘‘histologically benign’’ SFTs that do recur or metastasize
have been reported in the literature[19,20]. The most important risk factor for recurrence is invaded surgical margins.
Therefore, complete resection with negative surgical margins is the treatment of choice, and long-term follow-up
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of all patients is highly recommended, regardless of anatomic location[20,21]. The vascular nature and the presence
of large feeding vessels made surgical removal technically
difficult and preoperative embolization that can reduce
intraoperative hemorrhage may be required[22], as seen in
one of our patients.
Radiological information provides useful information,
such as detection, characterization, and localization of
tumors. In addition, it can depict the local extent, possible invasion into adjacent structures, and locoregional
and distant metastases. Importantly, these images provide
a road map in the future for the operating surgeons. The
most common imaging finding, recently reported in the
literature, was a large, well-defined, round, oval, or lobulated hypervascular mass that tended to displace or invade
adjacent structures such as the bowel, urinary bladder,
seminal vesicle, ureter, and vessels[4,5,12]. The largest mass
measured in our cases was 25.1 cm × 15.0 cm. The site
of origin of the mass could not be defined on some images because margins blended in with adjacent structures.
We inferred that the lobulated shape was due to different
growth rates of the tumor. In addition, the difference in
the resistance against the growth of the tumor may also
be an important factor.
Most of our patients with plain CT scans demonstrated an isodense mass with patchy hypodensity. The
attenuation likely depended upon the collagen content, as
hyperdense lesions have abundant collagen[6]. Calcification is rare and can be seen in large benign or malignant
tumors, but its presence or absence is not necessarily a
helpful distinguishing feature[4,6]. On MRI, SFTs were
usually isointense or slightly hyperintense on T1WI and
heterogeneously hyperintense on T2WI, relative to muscle. Heterogeneous signal intensity was observed in some
cases and was likely related to the components of hemorrhage, necrosis, cystic, or myxoid degeneration, and
hyalinized stromal content[4,5,7]. However, the presence
of low-signal-intensity foci on both T1WI and T2WI
were mainly attributed to the components of dense collagen and fibrosis, low cellularity, and associated reduced
proton mobility[6]. In addition, lesions with high fibrous
content may demonstrate progressive enhancement during the arterial and portal phases that become marked on
delayed images[5,8], as seen in some of our patients.
SFTs were highly vascular and vigorously enhancing
on both enhanced CT and MR images. These tumors are
usually heterogeneous, with hypervascular areas showing
early intense enhancement, hypercellular areas showing
moderate enhancement, and areas of necrosis or of cystic or myxoid degeneration showing no enhancement[5,23].
In addition, hypercellular areas demonstrated persistent
enhancement in the venous and delayed phases. However, there is considerable overlap in the type of enhancement, during which 100% of malignant and 60%
of benign SFTs show heterogeneous enhancement[23], as
seen in our patients. Enhanced CT and MR images can
depict the supplying arteries, and intra- or extra-tumoral
flow voids can be readily revealed on unenhanced T2WI.
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Wignall et al[24] and Garcia-Bennett et al[25] thought that
the presence of a vascular pedicle, although not specific,
is a useful distinguishing feature of SFTs; it was seen in
4 of our patients.
The differential diagnosis for these imaging characteristics includes other hypervascular tumors or tumors with
predominant fibrous content, such as leiomyosarcoma,
neurogenic tumor, pheochromocytoma, lymphoma, desmoid tumor, malignant fibrous histocytoma, mesothelioma, and fibroma. Using imaging findings alone, differentiating among these is not possible. Therefore, complete
excision and histopathologic examination are necessary
to establish the diagnosis.
In conclusion, the imaging features of SFTs in the
abdomen and pelvis predominantly appeared as welldefined, hypervascular masses with variable degrees of
necrosis, cystic change, or hemorrhage. They usually
manifested as heterogeneous hyperintensities on T2WI
with low signal intensity areas representing flow voids,
fibrosis, or collagen. Although we believe that the radiologist may diagnose SFT when a mass presents with the
aforementioned imaging features, histopathologic examination remains necessary to confirm the diagnosis.
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METHODS: This was a multicenter population-based
study conducted in eight high-risk areas in China. A
total of 37396 participants underwent endoscopic examination. Biopsies were obtained from visible mucosal
abnormalities or from normal-appearing mucosa at the
high incidence spot of esophagogastric junction cancer
when no abnormality was detected. Specimens showing high-grade intraepithelial neoplasia (HIN) or higher
grade lesions were deemed as pathologically “positive”.
The ratios of positive pathologic diagnosis between participants with abnormal and normal-appearing mucosa
2
were compared using the Pearson χ test. Odds ratios
and 95% confidence intervals, adjusted for potential
confounders, were calculated using logistic regression.
RESULTS: A total of 37520 individuals participated in
this study and 37396 (99.7%) participants had full information and were suitable for analysis. During endoscopic examinations, 9.11% (3405/37396) participants
were found to have visible mucosal lesions. Of the
participants who had normal-appearing mucosa at the
EGJ, only 0.28% (94/33991) were diagnosed with HIN
or higher grade lesions, whereas 6.05% (206/3405) of
participants with abnormalities at the EGJ had a positive pathologic result. After controlling for other variables, visible abnormal mucosa detected under endoscopy strongly predicted a positive pathologic result (OR
= 32.51, 95%CI: 23.96-44.09). The proportion of participants with “positive” pathologic diagnoses increased
as the total number of endoscopic examinations performed by the doctors increased (< 5000 cases vs
5000-10000 cases vs > 10000 cases, Z = -2.7207, p =
0.0065, Cochran Armiger trend test). The same trend
was found between the proportion of participants with
positive pathologic diagnoses and the total number of
years the doctors performed endoscopy (< 5 years vs
5-10 years vs > 10 years, Z = -10.3222, p < 0.001,

Abstract
AIM: To explore whether routine biopsies at the high
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tion of lesions at the EGJ have also been found in Iran[4]
and Japan[11,12] where a high incidence of upper gastrointestinal cancers (UGIC) have been reported. These
findings were adopted by the Chinese Ministry of Health’
s cancer screening guidelines (2005), named The Practice
of Screening, Early Diagnosis and Early Treatment for
Esophageal and Cardiac Cancer. The preliminary version
of the guidelines recommended endoscopists take multiple biopsies from visible abnormal mucosa at the EGJ at
endoscopy or a routine biopsy at the high incidence spot
of EGJ when no mucosal abnormality was detected[13].
However, the additional routine biopsy at the high
incidence spot of the EGJ remains controversial among
doctors conducting these screening programs in high-risk
populations. Several recent investigations have shown
that 90% of EGJ cancers could be detected via mucosal
abnormalities at endoscopy, including congestion, roughness, erosion, and nodularity[14,15], and have suggested that
contrary to the current guidelines, biopsies should only
be taken from visible gross lesions at the EGJ, thereby
avoiding excessive biopsies. However, other studies have
pointed out that a significant proportion of early stage
EGJ adenocarcinomas were diagnosed from biopsies of
asymptomatic mucosa via endoscopy[16]. In addition, it
was observed that 5% of normal-appearing and pathologically-confirmed healthy mucosa progressed to EGJ
cancers in a high-risk Chinese population taking part in
a 15-year prospective study[17]. Moreover, the detection
of endoscopically recognizable lesions usually requires
examination by highly skilled and experienced endoscopists, whereas village doctors conducting these screening
projects are typically from community-based hospitals in
rural China and have only received basic medical training.
In order to reduce the missed diagnoses among these endoscopists, they continued to use the first version of the
guidelines given that additional routine biopsy played a
crucial role in the early detection of EGJ cancers. These
inconsistent findings were mainly from hospital-based
studies that were limited in sample size or restricted to
only one high-risk area in China. To provide more population-based evidence to determine whether additional
routine biopsies at the high incidence spot of EGJ cancer
are necessary, we performed a population-based study in
eight high-risk areas for upper gastrointestinal tract cancers in China.

Cochran Armiger trend test).
CONCLUSION: Additional routine biopsies from the
high incidence spot of EGJ cancer are of limited value
and are unjustified.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Esophagogastric junction cancer; High incidence spot; Screening; Endoscopy; Biopsy
Core tip: Our findings offer population-level evidence
for the high incidence spot of esophagogastric junction (EGJ) cancer. It is also the first study to evaluate
whether the findings at the high incidence spot could
be used in endoscopic screening in high-risk populations to increase the detection rate. We found that
visible mucosal abnormalities of the EGJ at endoscopy
were strongly associated with pathologic diagnoses of
high-grade intraepithelial neoplasia or higher grade lesions. When no abnormalities were detected, routine
biopsies from normal-appearing mucosa at the high
incidence spot in endoscopic screening were unjustified
in high-risk populations.
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INTRODUCTION
In the past two decades, studies from Western countries[1,2], China[3], Iran[4] and Japan[5] have all reported
an increasing incidence of cancers arising from the
esophagogastric junction (EGJ). In China, cancer registry data from 1998 to 2002 showed that the world agestandardized incidence rates of EGJ cancers for males
were 46.7/105, 82.8/105, 40.8/105 and 89.1/105 in Cixian,
Yangcheng, Linzhou and Shexian, respectively[6], making
it the third most common malignancy in these regions.
Recently, an asymmetrical circumferential distribution
of EGJ cancers has been described in Chinese patients.
Wang et al[7] found that over 75% of EGJ cancers were
located at the right anterior side of the EGJ at endoscopy, specifically at the most proximal gastric rugae of the
lesser curvature. Subsequent observations indicated that
91%-95% of early stage EGJ cancers and precancerous
lesions originated from this specific site[8-10]. Thus, this
circumferential asymmetry in the formation of pathological lesions at the EGJ led to the identification of the high
incidence spot of junctional lesions in China. Similar
findings of such an asymmetrical circumferential distribu-
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MATERIALS AND METHODS
Study design and participants
This was a multicenter population-based, cross-sectional
study conducted in eight counties with a high incidence
of upper gastrointestinal tract cancers, namely Linzhou, Cixian, Shexian, Feicheng, Yangzhong, Taixing,
Yangcheng and Yanting. Based on previous field studies
and population registry data, each county has 10-20 villages. The target population (aged 38-72 years) accounted
for approximately 25% of total residents in each county.
The number of villages (two to five, respectively)
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selected was based on the health resources and research
capacity of each county. One study investigator visited
the local health facility in each village to notify them of
the impending study and arranged a date to drive the
participants to the hospitals. Eligible participants were
healthy locals, who were aged 38 to 72 years without contraindications for endoscopic examinations (e.g., severe
cardiovascular or respiratory disease). Participants with a
history of upper gastrointestinal surgeries, liver cirrhosis,
esophageal varices, hematemesis, severe bleeding diathesis, unstable angina, psychiatric diseases or allergy to
lidocaine were excluded. All eligible subjects in each village were invited to participate. In total, 27 villages were
selected and over 70% of eligible residents from these
villages participated in our study and signed a voluntary
written informed consent document at the time of entry
into the study.
All phases of this study were approved by the Institutional Review Board of the Cancer Foundation of China.

ings, and pathologic diagnoses were made according to
the definitions in the World Health Organization (WHO)
Classification of Tumours Pathology and Genetics Tumours of the Digestive System (2000). Findings with
clinical implications, specifically high-grade intraepithelial
neoplasia (HIN) or higher grade lesions were deemed
as pathologically “positive” in our study. These patients
were offered endoscopic mucosal resection or surgery,
depending on the pathological grade. Other participants,
including those with low-grade intraepithelial neoplasia
(LIN), were regarded as pathologically “negative”. Different follow-up schemes were provided to participants
according to their pathologic diagnoses.
Statistical analysis
All analyses were performed using SAS 9.2 (SAS Institute
Inc, Cary NC, United States). p ≤ 0.05 was considered
statistically significant. Proportions of diagnoses between
participants with abnormal and normal-appearing mucosa were compared using the Pearson χ 2 test. Evidence
for associations between pathologic diagnoses and the
total number of endoscopic examinations performed by
endoscopists and years of performing endoscopy were
further assessed using the Cochran Armiger trend test.
Univariate binary logistic regression was performed to
choose variables that may be associated with the presence
of “positive” pathology diagnosis. These variables were:
age (continuous), gender (dichotomous), county (eight
categories), endoscopic manifestations (dichotomous),
total number of endoscopic examinations performed by
a given endoscopist (three categories) and total number
of years performing endoscopy (three categories). Variables showing a significant association (p ≤ 0.05) were
further analyzed using multivariate logistic regression.

Endoscopic examination
All endoscopic examinations were conducted in eight
local cancer hospitals, respectively, using the following
procedure: after signing the informed consent, participants were anesthetized with 5 ml 1% lidocaine per os
for 5 min. Participants were then placed in the left lateral
position. The entire esophagus and stomach were examined, but only the EGJ was analyzed. The EGJ was
recognized as the most proximal extent of the gastric
fold at endoscopy. Tumors with an epicenter lying at the
EGJ, or within 1 cm proximally and distally were defined
as EGJ cancers. During examination, suspicious lesions
showing congestion, bleeding, roughness, erosion, plaque
and nodularity were targeted and 3-4 endoscopic biopsies
were taken. If no mucosal abnormality was detected, 1-2
additional routine biopsies were obtained from the high
incidence spot, which is at the right side of the EGJ from
the axial view, specifically at the most proximal gastric
rugae of the lesser curvature. Visual endoscopic manifestations of the EGJ mucosa were recorded as “normalappearing” and “abnormal”. All endoscopic examinations were performed by board-certified endoscopists
trained by the Cancer Institute/Cancer Hospital, Chinese
Academy of Medical Sciences. The skill and experience
of the endoscopists were measured by the total number
of endoscopic examinations performed (< 5000 cases;
5000-10000 cases; > 10000 cases) and the total number
of years performing endoscopy (< 5 years; 5-10 years; >
10 years). Twenty four endoscopists were involved in this
study. All endoscopic examinations were performed using
the same type of endoscope (Olympus GIF-H260).

RESULTS
From 2006 to 2008, a total of 37520 individuals participated in this study and 37396 (99.7%) participants had
full information and were suitable for analysis. The mean
age of the 37396 participants was 51.52 ± 7.92 years.
During endoscopic examinations, 9.11% (3405/37396)
of participants were found to have visible mucosal lesions. Endoscopic records also showed the percentages
of participants with abnormal mucosa by individual
county, which ranged from 1.00% (Yangting, 59/5911)
to 33.96% (Feicheng, 1016/2992). Pathologic results indicated that there were 300 positive cases, 144 of which
came from Linzhou. As shown in Table 1, Linzhou also
had the largest proportion of total participants (18.08%,
6763/37396), while only 8.02% (2999/37396) were from
Yangcheng.
Table 2 shows the frequency distribution in terms
of different pathologic and endoscopic results. Among
participants who had normal-appearing mucosa at the
EGJ, only 0.28% (94/33991) were diagnosed with HIN
or higher grade lesions, whereas 6.05% (206/3405) of
participants with abnormalities at the EGJ had a positive

Pathologic diagnosis
Biopsy specimens were fixed in 10% buffered formalin, embedded in paraffin, cut into 5 μm sections, and
stained with hematoxylin and eosin. Each biopsy slide
was read by two unified-trained local pathologists (16 in
total) without knowledge of the visual endoscopic find-
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Table 1 Distribution of demographic characteristics, pathology and endoscopy results by county n (%)
County
Linzhou
Cixian
Shexian
Feicheng
Yangzhong
Taixing
Yangcheng
Yanting
Total

Median age (range, yr)
51 (32)
50 (33)
50 (32)
52 (32)
49 (34)
52 (34)
51 (34)
53 (29)
51 (34)

Gender

Endoscopy
Female

Normal

Abnormal

Positive

Negative

2876 (42.53)
3004 (46.47)
1933 (45.82)
1552 (51.87)
2367 (49.59)
1345 (41.08)
1521 (50.72)
3118 (52.75)
17716 (47.37)

3887 (57.47)
3461 (53.53)
2286 (54.18)
1440 (48.13)
2406 (50.41)
1929 (58.92)
1478 (49.28)
2793 (47.25)
19680 (52.63)

6159 (91.07)
5512 (85.26)
3588 (85.04)
1976 (66.04)
4721 (98.91)
3219 (98.32)
2964 (98.83)
5852 (99.00)
33991 (90.89)

604 (8.93)
953 (14.74)
631 (14.96)
1016 (33.96)
52 (1.09)
55 (1.68)
35 (1.17)
59 (1.00)
3405 (9.11)

144 (2.13)
45 (0.70)
7 (0.17)
30 (1.00)
41 (0.86)
20 (0.61)
3 (0.10)
10 (0.17)
300 (0.80)

6619 (97.87)
6420 (99.30)
4212 (99.83)
2962 (99.00)
4732 (99.14)
3254 (99.39)
2996 (99.90)
5901 (99.83)
37096 (99.20)

Pathology
Positive

Total

P value

Negative

Mucosa manifestation (at endoscopy)
Abnormal
206 (6.05)
3199 (93.95)
Normal
94 (0.28) 33897 (99.72)
Total number of endoscopies performed
< 5000
46 (0.55)
8275 (99.45)
5000-10000
19 (0.92)
2053 (99.08)
> 10000
235 (0.87) 26768 (99.13)
Years of performing endoscopy
<5
11 (0.18)
6009 (99.82)
5-10
86 (0.50) 16952 (99.50)
> 10
203 (1.42) 14135 (98.58)

< 0.0011
3405
33991
8321
2072
27003

0.00651

< 0.0011

6020
17038
14338

6763 (18.08)
6465 (17.29)
4219 (11.28)
2992 (8.00)
4773 (12.76)
3274 (8.75)
2999 (8.02)
5911 (15.81)
37396 (100.00)

DISCUSSION
In China, government-sponsored screening projects for
seven cancers have been initiated in high-risk areas since
2005, namely cancers of the cervix, esophagus, colorectum, liver, nasopharynx, stomach and breast. The technical support unit of these projects, the Cancer Foundation
of China, established the committee of experts and developed the preliminary version of screening guidelines
for each cancer. These preliminary versions were largely
based on limited clinical studies and experience from
cancer screening programs in other countries. However,
most of the recommendations lacked solid evidence from
large Chinese populations. Therefore, revisions based on
evidence from research and clinical practice in China is
of great importance. The aim of our study was to clarify
the existing controversy among doctors regarding the use
of routine biopsy of the high incidence spot of the EGJ
using population-level data.
The findings from our study suggest that routine biopsies from the high incidence spot of EGJ cancers are
of limited value and are unjustified. Taking biopsies from
the 3405 participants with visible abnormal mucosa at
endoscopy enabled the detection of 6.05% (206/3405)
of patients with HIN or higher grade lesions at the EGJ.
When adjusted for potential confounders, a strong association between visible mucosal abnormality and positive
pathologic result was also observed in the multivariate
analysis. Compared with participants who showed normal-appearing mucosa at endoscopy, the risk of HIN or
higher grade lesions was 32 times higher in patients with
visible lesions at the EGJ. In contrast, routine biopsies of

1

Statistically significant (P < 0.05).

pathologic result. This difference was significant by Pearson’s χ 2 test (χ 2 = 1296, p < 0.001).
Overall, 72% (27003) of endoscopies in this study
were conducted by senior endoscopists who had performed more than 10000 endoscopic examinations and
83.9% of the doctors had practiced endoscopy for more
than 5 years. A statistically significant trend between
pathologic diagnoses and total number of endoscopies performed by a given endoscopist was found. The
proportion of participants with “positive” pathologic
diagnoses increased as the total number of endoscopic
examinations performed increased (< 5000 cases vs
5000-10000 cases vs > 10000 cases, Z = -2.7207, p =
0.0065, Cochran Armiger trend test). The same trend was
found between the proportion of participants with positive pathologic diagnoses and the total number of years
the doctor had performed endoscopy (< 5 years vs 5-10
years vs > 10 years, Z = -10.3222, p < 0.001, Cochran Armiger trend test). Biopsies taken by more experienced or
skilled endoscopists had a higher proportion of positive
pathologic diagnoses.
Univariate logistic regression analysis demonstrated
significant associations (p ≤ 0.05) between positive
pathologic diagnoses and six variables, respectively: age,
gender, county, endoscopic manifestations, the total number of endoscopic examinations performed by a given
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Total

endoscopist and his/her total number of years performing endoscopy. Thus, these six variables were all included
in the subsequent multivariate logistic regression model.
Using a stepwise approach (SLE = 0.05, SLS = 0.05),
age, gender, county, endoscopy manifestations and the
total number of endoscopic examinations performed by
a given endoscopist were significantly associated with a
positive pathologic diagnosis in the final multivariable
model (Table 3). After controlling for other variables,
visible abnormal mucosa detected at endoscopy strongly
predicted a positive pathologic result (OR = 32.51,
95%CI: 23.96-44.09).

Table 2 Distribution of pathologic diagnoses by mucosa
manifestation, total number of endoscopies performed and
number of years performing endoscopy n (%)
Distribution

Pathology

Male
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Given the strength of evidence from our study, the
Chinese Expert Committee of Early Detection and Early
Treatment of Cancer accepted our unpublished findings
and promptly revised the recommendation for routine biopsy at the high incidence spot in 2011. At this time, patients undergoing endoscopic screening for EGJ cancers
have biopsies taken only in the setting of visible mucosal
lesions[22]. In order to reduce the percentages of missed
diagnoses, an additional retroflex view of EGJ mucosa is
now recommended when screening for junctional cancers
at endoscopy. Following the straight view examination,
the additional retroflexion may increase the chances of
doctors detecting visible mucosal lesions, especially when
the endoscopists are less skilled or experienced. The
procedure is easily performed without causing additional
complications and is well tolerated by patients. Based on
limited feedback from doctors performing endoscopy
according to the revised guidelines, the EGJ is easier to
identify and mucosal abnormalities of the EGJ are clearer
and more apparent when utilizing the retroflex maneuver.
In fact, since adopting the revised guidelines, no obvious
decrease in the detection rate has been reported by endoscopists from these high-risk regions. Further studies
are needed to provide more population-level evidence on
the revised guidelines for screening EGJ cancers.
The eight study sites chosen were formerly known as
high-risk areas of esophageal squamous cell carcinoma
(OSCC), but recent studies have found that EGJ cancers
and distal gastric carcinomas are increasingly prevalent
and the clustering of UGIC was observed in all of these
regions[6]. For instance, Cancer registry data from 2009
showed that the age-standardized incidence of gastric
cancer and esophageal cancer was 198.55 and 111.99
per 100000 for men and 69.50 and 53.61 per 100000
for women, respectively, in Shexian[23]. Cancers of the
EGJ are still classified as gastric cardia cancer (GCC) in
the cancer registry and accounted for over 50% of new
cases of gastric cancer in four high-risk areas of UGIC,
namely Cixian, Shexian, Linzhou and Feicheng, from
2006 to 2008[24]. Our results showed that 0.802% of the
target population had HIN or higher-grade lesions, which
is consistent with previous reports regarding high EGJ
cancer prevalence among these high-risk areas.
Despite the consistent findings of a remarkably high
and rapidly rising incidence of junctional cancers, the
etiology of cancer at this site varies geographically. In
most Western countries, junctional cancers are strongly
associated with esophagogastric reflux and intestinal
metaplasia[25-27]. Nevertheless, other studies, mainly from
Eastern countries, demonstrated a significant association
between EGJ cancers and H. pylori-induced atrophic gastritis, which is more similar to distal gastric cancer[20,21,28-30].
Thus, some gastroenterologists postulated that cancers of
the esophagus-gastric junction may have two distinct etiologies, with some resembling esophageal adenocarcinomas and others resembling non-cardia gastric cancers[31-33].
Different classification systems for junctional tumors may
contribute to these different findings, however, whether

Table 3 Multivariate logistic regression analysis: Independent
variables and corresponding odds ratios for positive pathologic
diagnosis
Selected variables

b

OR

Age (yr)
0.08
1.09
Gender
Male
0.42
2.32
Female
0.00
1.00
County
Linzhou
0.00
1.00
Cixian
-0.39
0.20
Shexian
-1.76
0.05
Feicheng
-0.72
0.14
Yangzhong
2.03
2.19
Taixing
0.66
0.56
Yangcheng
-0.55
0.17
Yanting
-0.51
0.17
Endoscopy
Abnormal
1.74
32.51
Normal
0.00
1.00
Total number of endoscopies performed
< 5000
-0.47
0.45
5000-10000
0.00
1.00
> 10000
0.13
0.81

OR, 95%CI

P value

1.07, 1.10

< 0.00011

1.75, 3.06

< 0.00011

0.02, 0.11
0.09, 0.22
1.27, 3.76
0.33, 0.93

23.96, 44.09

0.22, 0.91

0.0508
< 0.00011
0.00041
< 0.00011
0.00691
0.3177
0.0975
< 0.00011

0.01101
0.3014

1

Statistically significant (P < 0.05).

33991 patients with normal-appearing mucosa only identified 94 additional pathologically positive cases (0.28%).
Thus, following the original guidelines unnecessarily exposed 33897 (90.6% of the total population) participants
to the risks of biopsy, compared with taking biopsies only
from those with visibly abnormal mucosa. Furthermore,
a diagnostic biopsy for high risk areas of upper gastrointestinal carcinomas (UGIC) typically costs 100 Yuan
(approximately $16.0) before taking into account medical
resources; therefore the cost of 33897 excess biopsies is
considerable.
Although 31.33% (94/300) of the patients with
pathologically positive biopsies in this study were identified via routine biopsy of the high incidence spot of the
EGJ, this finding should be interpreted carefully. Results
from several prospective studies have suggested that
precancerous lesions, such as HIN were reversible[18,19].
Therefore, the actual number of patients who may have
developed clinically significant junctional cancers is likely
to be less than 94, this regression of premalignant lesions
may be attributed to treatment such as Helicobacter pylori (H.
pylori) eradication given the positive association between
EGJ cancers and H. pylori infection in the Chinese population[20,21]. Further research is needed to elucidate the
mechanisms of this regression using a globally consistent
diagnostic criterion. In lieu of performing biopsies in
participants with normal-appearing mucosa as previously
recommended, a more plausible approach for identifying the additional cases missed by traditional endoscopy
would be the development of alternative screening strategies to detect patients at risk of EGJ cancers. Ideally, endoscopy should be performed in individuals found to be
positive in a filter selection test.
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adenocarcinomas of the EGJ have heterogeneous etiologies, although of great academic and surgical importance,
is not the main concern of this article. In this study, we
are interested in the rationality of guidelines for cancer
screening programs carried out in these high-risk regions
for UGIC. Currently, there are two screening schemes for
EGJ cancers: one is combined with esophageal cancer
screening via endoscopic biopsy examinations with Lugol’
s iodine staining; the other is combined with gastric cancer screening using the serum pepsinogen test and endoscopy. Regardless of the clustering of UGIC and similar
endoscopy methods adopted in screening, no program or
study has focused on integrating screening for esophageal,
junctional and gastric cancers together in one examination. In our study population, for example, the number of
missed diagnoses may have been reduced if a serum pepsinogen test and/or questions regarding family history of
UGIC and gastrointestinal symptoms had been used as a
primary screening method before endoscopy.
Observations of an asymmetrical circumferential
distribution of lesions in the gastrointestinal tract are
not uncommon. For instance, the uneven distribution
of benign gastric ulcers, primarily found on the lesser
curvature or the anterior and posterior walls close to
the lesser curvature, has offered crucial information to
distinguish benign and malignant gastric ulcerative lesions. When it comes to the circumferential asymmetry
in the formation of pathological lesions at the EGJ, the
mechanism is largely unknown. One possible explanation
is that the pressure on the left posterior side of the lower
esophageal sphincter (LES), an important antireflux barrier, is higher compared to the right anterior side, which
may also be the reason why reflux esophagitis, Barrett’
s esophagus and Barrett’s esophagus-related cancers are
more frequently found on the right anterior wall[12]. However, the prevalence of esophagogastric reflux disease,
Barrett’s esophagus and esophageal adenocarcinoma are
relatively low in East Asia compared to Western countries[34,35]. EGJ cancers are significantly associated with H.
pylori-induced atrophic gastritis in Chinese patients[20,21].
Whether the asymmetrical circumferential pressure of
the LES could also play a significant role in the development of EGJ lesions in Asian high-risk populations
requires further investigation. The main concern in this
study is whether identification of the asymmetrical circumferential distribution of lesions at the EGJ or the socalled high incidence spot could be used in the design of
screening guidelines for this cancer in high-risk populations. Our study assessed the effect of additional routine
biopsies from this specific site at the EGJ and found that
routine biopsies can improve the detection rate. However, biopsies from 125 (37396/300) subjects are needed
before identifying one positive case based on our study,
while biopsies from 17 (3405/206) subjects are needed to
identify one positive case if biopsies are only taken from
areas with mucosal abnormalities at the EGJ. These findings provide crucial information for other countries with
a high incidence of EGJ cancers, especially when national health authorities attempt to adopt endoscopy as a
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primary detection procedure in mass screening programs,
such as in Iran, Japan or South Africa. Instead of trying
to identify all potential patients, training enough qualified
endoscopists as well as pathologists for understaffed local
hospitals may be a more cost-effective and wise option.
Certain weaknesses in our study merit further discussion. First, this was a cross-sectional study conducted in
eight high-risk regions, however, the number of villages
selected varied among the counties. In Linzhou, one of
the most well-established cancer prevention centers, five
villages were selected and enrolled the largest proportion of total participants (18.08%) due to their very experienced screening team with sufficient personnel and
working capacity. Whereas, in Feicheng two villages were
selected and only made up 8.00% of total subjects due to
limited study resources. This uneven sampling could have
resulted in heterogeneity within our study population.
However, the purpose of this study was not to compare
frequency distributions by counties, and the descriptive
analysis of demographic characteristics showed similar
mean ages and sex ratios (Table 1). Second, biopsies obtained from subjects with normal-appearing mucosa were
all targeted at the high incidence spot of EGJ cancers,
whereas biopsies from participants with mucosal abnormalities were only taken from visible lesions regardless
of the anatomic sites at the EGJ. If all subjects had been
biopsied from the high incidence spot of junctional cancers, we would have had more information regarding the
prevalence of lesions at this site. Nevertheless, the aim of
our study was not to investigate the prevalence of lesions
originating from the high incidence spot. Furthermore, it
would not have been ethical or efficient to obtain unnecessary biopsies from participants given the primary goal
of our study was to reduce the overall risk involved with
endoscopic screening for EGJ cancers. Third, the diagnostic criterion for EGJ cancers in this study was tumors
with an epicenter lying at the EGJ, or within 1 cm proximally and distally. This diagnostic criterion is largely based
on the assumption that endoscopists can identify the
EGJ at endoscopy, which is defined as the most proximal
extent of the gastric folds. However, this landmark is affected by patients’ constantly changing physical conditions
such as respiration, gut motor activity, and the degree of
distention of the esophagus and stomach[36]. Our diagnostic criteria for EGJ cancers were mainly derived from the
previous widely used concept, gastric cardia cancer, and
revised according to the Siewert type Ⅱ junctional cancer.
However, it is conceptually unclear why the definition of
EGJ cancer should be limited to within 1 cm distal and
proximal to the EGJ. Despite its shortcomings and given
the absence of compelling evidence for a universally accepted definition or diagnostic criteria, we continued to
use the current definitions described above.
In summary, this is the first multicenter, populationbased study to investigate the role of routine biopsies
from normal-appearing mucosa at the high incidence
spot of EGJ cancers when screening for junctional adenocarcinomas. Our findings did not support the use of
routine biopsies from this specific site to detect HIN or
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population-level data. This study determined whether identification of the asymmetrical circumferential distribution of lesions at the EGJ or the so-called high
incidence spot could be used in the design of screening guidelines for this cancer in high-risk populations. The study assessed the effect of additional routine
biopsies from this specific site at the EGJ and found that routine biopsies can
improve the detection rate, but unnecessarily exposed the majority of participants to the risks of biopsy, compared with taking biopsies only from those with
visibly abnormal mucosa. When adjusted for potential confounders, a strong
association between visible mucosal abnormality and a positive pathologic result was also observed in the multivariate analysis. Compared with participants
who showed normal-appearing mucosa at endoscopy, the risk for high-grade
intraepithelial neoplasia or higher grade lesions was 32 times higher in patients
with visible lesions at the EGJ.

higher-grade lesions in high-risk populations without visible mucosal lesions. In contrast, visible mucosal abnormalities of the EGJ are strongly associated with positive
pathologic diagnoses and it is advisable to consider these
pathological manifestations as an indication for biopsies
during endoscopic examinations. As a direct result of our
findings, the guidelines for EGJ cancer screening in China
have already been adapted to reduce unnecessary risks
and expenditure. However, further studies are needed to
identify less invasive methods for the primary prevention
of junctional cancers in order to reduce the overall rates
of missed diagnoses. In addition, follow-up studies are
necessary to examine the impact of screening guidelines
on cancer mortality, the ideal age of screening initiation,
the optimal intervals for repeat examinations, and appropriate follow-up for patients with different precancerous
lesions.

Applications

This study suggests that routine biopsies from the high incidence spot of EGJ
cancers are of limited value and are unjustified. Visible mucosal abnormalities
of the EGJ are strongly associated with positive pathologic diagnoses, and it
is advisable to consider these pathological manifestations as an indication for
biopsies during endoscopic examinations. The findings provide crucial information for other countries with a high incidence of EGJ cancers, especially when
national health authorities attempt to adopt endoscopy as a primary detection
procedure in mass screening programs, such as in Iran, Japan or South Africa.
Instead of trying to identify all potential patients, training enough qualified
endoscopists as well as pathologists for understaffed local hospitals may be a
more cost-effective and wise option.
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Terminology

Esophagogastric junction cancers: esophagogastric junction cancers are
tumors with an epicenter lying at the esophagogastric junction, or within 1 cm
proximally and distally.

Peer review

This is a multicenter study that was aimed to explore whether routine biopsies
at the high incidence spot of oesophagogastric junction cancer were justified in
endoscopic screening.
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Dukes’ stage, location of cancer and degree of differentiation) in both Han and Hui patients were identified
as prognostic factors (P < 0.05). Multivariate analysis
showed that age of onset (P = 0.002), diet (P = 0.000),
Dukes’ stage (P = 0.000) and degree of differentiation
(P = 0.000) are prognostic factors affecting both ethnic
groups. Comparison of prognostic factors between Han
and Hui patients with CRC showed that dietary structure was a statistically significant factor, and diet varied
significantly between the two ethnic groups.

Mei Zhang, Qu-Chuan Zhao, Yan-Peng Liu, Lei Yang, HongMing Zhu, Jagadish K Chhetri, Department of Gastroenterology, Xuanwu Hospital, Capital Medical University, Beijing
100053, China
Author contributions: Zhang M was responsible for the conception and drafting of the paper; Liu YP and Yang L supervised
the study; Chhetri JK critically reviewed and revised the paper;
Zhao QC collected the source material and analyzed the preliminary data; Zhu HM analyzed the data and performed statistical
analysis.
Correspondence to: Mei Zhang, Chief Physician, Professor, Department of Gastroenterology, Xuanwu Hospital, Capital
Medical University, No. 45 Changchun Street, Xuanwu District,
Beijing 100053, China. zhang2955@sina.com
Telephone: +86-10-83198899 Fax: +86-10-83198899
Received: February 17, 2014 Revised: February 27, 2014
Accepted: March 12, 2014
Published online: May 7, 2014

CONCLUSION: Dietary structure has a significant influence on colon cancer prognosis among Han and Hui
patients with colon cancer in Beijing, which may cause
a difference in their survival rates.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colon cancer; Colorectal cancer; Han patients; Hui patients; Prognosis; Multivariate analysis

Abstract
AIM: To investigate the relevant prognostic factors and
their differences between colorectal cancer (CRC) patients of Chinese Han and Hui ethnicities in the Beijing
region.

Core tip: Beijing is one of the cities with a high incidence rate of colorectal cancer (CRC) in China. No prior
investigation has been made, based on Han and Hui
ethnicities in the Beijing region. Our study compares
the clinical features and prognosis of CRC patients of
these two ethnicities. The results showed a difference
in the 5-year survival rate between the two ethnicities,
which may be contributed by various risk factors like
age, sex and dietary habits. This is the first retrospective study conducted in Beijing region to investigate the
clinical features and prognosis of CRC patients of two
major ethnicities, Han and Hui.

METHODS: A retrospective analysis of 880 patients
diagnosed with CRC at Xuanwu Hospital, Capital Medical University between September 2001 and September
2011 was performed. Among the 880 patients, 398 and
482 were Hui and Han, respectively. Characteristics
including sex, age, diet, tumor size, primary tumor site,
Dukes’ stage and degree of differentiation were analyzed for their influence on prognosis. Data on dietary
structures were recorded through a questionnaire survey conducted during the patient’s first visit, return visit
or follow-up checkups.

Zhang M, Zhao QC, Liu YP, Yang L, Zhu HM, Chhetri JK.
Prognostic analysis and comparison of colon cancer in Han and
Hui patients. World J Gastroenterol 2014; 20(17): 5082-5086
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/5082.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.5082

RESULTS: Among patients with colon cancer, the
5-year survival rate for patients of Hui ethnicity was
lower than that for Han patients (P = 0.025). Six risk
factors (age of onset, dietary structure, tumor size,
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Statistical analysis
The Kaplan-Meier statistical method was employed to
determine the probability of survival and log-rank test
to compare those. Cox regression was used to determine
prognosis factors. All calculations were carried out with
SPSS ver. 13.0 statistical software. Data were collected
into Excel before statistical analysis. Skewed distribution
of measurement data was described by M (QR). The Kaplan-Meier statistical method was employed to calculate
the survival rates which were compared by log-rank test
in univariate analysis. The significant variables from univariate analysis were then assessed by stepwise methods
in Cox regression which isolated the effects of other variables to determine the independent prognostic factors. P
< 0.05 was considered to indicate a statistically significant
result for all analyses.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignant tumors of the gastrointestinal tract, representing
the third and second most common cancer worldwide
and in Western developed countries, respectively[1,2]. In
China, the incidence rate of CRC ranks fourth in men
and third in women[3]. Beijing is one of the cities with a
high incidence of CRC in China, with an upward trend
in both incidence rate and mortality rate[4]. Beijing has a
population of diverse ethnicities including Han and Hui,
which are among the most populous ethnicities. As the
only Tier 3 hospital in the district with the biggest Hui
community in Beijing, our hospital receives the highest
number of Hui patients in Beijing, which facilitates this
study on the clinical characteristics of Hui patients. There
has been limited research on clinical features of Han and
Hui people who exhibit significant differences in aspects
such as religious practices, environment, lifestyle and dietary habits. Therefore, we collected clinical information
from 398 and 482 CRC patients of Hui and Han ethnicity, respectively, in the Beijing region and performed a
10-year retrospective study of prognostic factors in Hui
and Han patients.

RESULTS
Follow-up result and survival rates
One hundred and sixty of the 398 Hui patients (40.2%)
and 186 of the 482 Han patients (38.6%) died of CRC
recurrence or metastasis. The follow-up rate was 91.7%,
with 73 cases lost. The 3-, 5- and 10-year survival rates
for Hui patients were 62.1%, 49.7% and 25.2%, respectively, and those for Han patients were 63.2%, 53.3% and
25.9%, respectively. Hui patients showed a significantly
lower 5-year survival rate than Han patients (P = 0.025).

MATERIALS AND METHODS
Study group
From September 2001 to September 2011, 398 Hui and
482 Han inpatients who had been histopathologically
diagnosed as having CRC at Xuanwu Hospital, Capital
Medical University were studied; there were 259 men and
139 women in the Hui group vs 302 men and 180 women
in the Han group. The median age in the Hui group was
63 years with a range of 30-93 years. The median age in
the Han group was 65 years with a range of 25-95 years.

Univariate analysis of prognostic factors for CRC
For univariate analysis, we identified six risk factors (age
of onset, dietary structure, tumor size, Dukes’ stage, location of cancer and degree of differentiation) in both Han
and Hui patients as prognostic factors (P < 0.05) (Tables
1 and 2).
Multivariate analysis of prognostic factors for CRC
Through running the multivariate Cox regression on the
six prognostic factors from univariate analysis, we identified age of onset (P = 0.002), dietary structure (P = 0.000),
Dukes’ stage (P = 0.000) and degree of differentiation (P
= 0.000) to be independent prognostic factors (P < 0.05)
for CRC, whereas tumor size (P = 0.632) and location of
tumor were not independent factors (P > 0.05).

Methods
Medical records were collected, and CRC clinical characteristic forms were formulated so that patients were categorized based on their clinical characteristics, including
sex, age of onset, dietary structure, tumor size, Dukes’
stage, tumor location and degree of differentiation. Data
on dietary structures were recorded through a questionnaire survey conducted during the patient’s first visit, return visit or follow-up checkups. The prognostic factors
under investigation were categorized as follows: age (three
groups: ≤ 40, 41-60 or > 60 years); dietary structure
(four groups: fat > 35% and dietary fiber < 35%, fat >
35% and dietary fiber > 35%, fat < 35% and dietary fiber
> 35%, and fat < 35% and dietary fiber < 35%); tumor
size (two groups: ≤ 5 and > 5 cm); tumor location (three
groups: rectum, left-sided colon and right-sided colon);
and degree of differentiation (three groups: high, medium and low). Follow-up phone calls started from the
date of discharge till the date of death due to recurrence
or metastasis or June 2012.

WJG|www.wjgnet.com

Comparison of prognostic factors between Han and Hui
patients with CRC
Student’s t test showed that dietary structure was a statistically significant factor between Han and Hui patients,
while other prognostic factors like age of onset, Dukes’
stage and degree of differentiation were not.

DISCUSSION
Relationship of age of onset, Dukes’ stage and degree of
differentiation with CRC prognosis
Despite controversy over whether age could be an inde-
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Table 1 Results of univariate analysis of clinical data from Han colorectal cancer patients
Characteristic
Sex
Age

Dietary
structure

Tumor size
Dukes’ stage

Location of
tumor
Degree of
differentiation

Male
Female
≤ 40 yr
41-60 yr
> 60 yr
Fat > 35% and dietary fiber < 35%
Fat > 35% and dietary fiber > 35%
Fat < 35% and dietary fiber > 35%
Fat < 35% and dietary fiber < 35%
≤ 5 cm
> 5 cm
A
B
C
D
Rectal cancer
Left-sided colon cancer
Right-sided colon cancer
High
Medium
Low

n

Average survival time

302
180
18
147
317
106
136
80
160
322
160
82
148
169
83
247
98
137
83
329
70

72.81 ± 1.96 × 2.45
74.03 ± 1.96 × 3.08
69.10 ± 1.96 × 8.07
86.65 ± 1.96 × 3.30
65.77 ± 1.96 × 2.30
59.71 ± 1.96 × 6.05
63.75 ± 1.96 × 2.24
86.79 ± 1.96 × 5.15
76.79 ± 1.96 × 5.15
77.24 ± 1.96 × 2.24
64.22 ± 1.96 × 3.65
100.60 ± 1.96 × 3.45
96.63 ± 1.96 × 3.29
70.25 ± 1.96 × 3.37
23.90 ± 1.96 × 0.66
77.82 ± 1.96 × 2.69
73.06 ± 1.96 × 4.14
65.77 ± 1.96 × 3.55
88.96 ± 1.96 × 4.08
78.30 ± 1.96 × 2.42
35.92 ± 1.96 × 3.11

pendent risk factor for CRC in previous studies[5,6], this
study shows that age of onset is a risk factor for CRC
in both ethnic groups through univariate and multivariate analyses. The data show that the survival rate of the
young group is on the low side. Possible causes include
ignorance of symptoms, late presentation to medical
care and misdiagnosis of malignant tumors as benign in
the young group of patients. Besides, young patients are
often diagnosed with undifferentiated or low differentiated CRC at a relatively late Dukes’ stage with a lower
chance of eradication by surgery[7,8], which leads to a
lower survival rate than the middle age group. This suggests that clinicians should pay greater attention to young
patients and change their traditional means of diagnosis
in order to enhance the rate of early diagnosis and treatment, improving the prognosis for young CRC patients.
On the other hand, the survival rate for the elderly group
was also lower than that for the middle age group due to
older age, lower tolerance of surgery and chemotherapy,
and higher rates of complications and postoperative
complications. This study also identifies Dukes’ stage as
an important prognostic factor for CRC in the two ethnic
groups. The survival rate drops as Dukes’ stage goes up,
consistent with most other previous studies on Dukes’
stage in CRC patients[9,10]. For each degree that Dukes’
stage increases, the mortality rate rises by 2.92-fold.
Therefore, Dukes’ stage should be determined as early
as possible in order to decide if early surgical treatment
is given, because the prognosis improves as the opportunity of radical excision increases. However, the chance
of undergoing radical excision decreases as Dukes’ stage
increases. When patients can only receive palliative surgeries or even lose the chance to receive any surgery, their
prognosis is poorer. Degree of differentiation is another
important prognostic factor for CRC[11,12]. Some studies
show a high correlation between degree of differentia-
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3-yr survival rate 5-yr survival rate
63.5%
62.6%
56.8%
72.8%
59.1%
53.7%
60.8%
80.2%
63.7%
66.9%
54.8%
97.0%
87.9%
58.9%
4.2%
68.7%
62.5%
54.1%
83.5%
68.4%
19.6%

10-yr survival rate P value

52.2%
55.0%
46.5%
68.1%
47.0%
39.6%
48.2%
66.3%
54.3%
59.1%
38.5%
90.0%
71.4%
51.8%

23.0%
30.9%
19.3%
33.4%
15.4%
23.1%
24.0%
32.2%
25.6%
26.9%
23.8%
53.0%
48.9%
25.2%

0.954

58.4%
57.6%
41.5%
69.4%
59.5%
12.8%

23.8%
27.9%
23.4%
34.3%
28.6%
6.3%

0.005

0.000

0.000

0.000
0.000

0.000

tion in CRC and postoperative survival. The survival rate
is lower for cancer of low differentiation compared to
that for cancer of medium and high differentiation[13].
The lower the degree of differentiation, the higher the
malignancy and probability of metastasis. The low degree
of differentiation also lowers the opportunity for radical
excision and leads to poorer prognosis.
Influence of dietary structure on prognosis of CRC in
the two ethnic groups
Hui people practice the Islamic religion, one of the three
major world religions along with Buddhism and Christianity. As of the end of 2009, the population of Muslims,
the adherents of Islam, is 1.57 billion, accounting for
23% of the world’s population, which are distributed
across 204 countries[14]. Thus, research on the clinical
features for this group is not without its significance.
CRC results from polygenic alterations of colonic epithelium caused by multiple factors such as genetic and
environmental causes. Much epidemiological research on
CRC shows that it can be caused by economic development, changes in lifestyle, especially dietary structure, and
other factors including environmental and hereditary factors[15,16]. The present study indicated that the 5-year survival rate of CRC patients from the Hui group was significantly lower than that of patients from the Han group,
suggesting the important role that dietary structure
played in determining the difference in survival between
the two ethnic groups[17]. Based on survey results, the Hui
people were found to have higher consumption of beef
and lamb while abstaining from consumption of pork.
Their daily fat intake is higher and dietary intake in each
meal is lower than the Han people. Despite the fact that
Hans consume a diverse range of meat types, including
pork, chicken, beef and lamb, their daily intake of meat is
lower while their intake of vegetable, fruits and grains is

5084

May 7, 2014|Volume 20|Issue 17|

Zhang M et al . Colon cancer in Han and Hui patients
Table 2 Results of univariate analysis of clinical data from Hui colorectal cancer patients
Characteristic
Sex

Male
Female
≤ 40 yr
Age
41-60 yr
> 60 yr
Dietary
Fat > 35% and dietary fiber < 35%
Fat > 35% and dietary fiber > 35%
structure
Fat < 35% and dietary fiber > 35%
Fat < 35% and dietary fiber < 35%
≤ 5 cm
Tumor size
> 5 cm
Dukes’ stage A
B
C
D
Tumor
Rectal cancer
Left-sided colon cancer
location
Right-sided colon cancer
Degree of
High
differentiation Medium
Low

n
259
139
16
127
255
159
104
51
84
266
132
69
126
130
73
199
80
119
66
273
59

Average survival time 3-yr survival rate 5-yr survival rate 10-yr survival rate P value
69.70 ± 1.83 × 2.14
71.22 ± 1.83 × 3.25
67.28 ± 1.83 × 7.17
82.04 ± 1.83 × 4.45
66.36 ± 1.83 × 3.50
58.23 ± 1.83 × 7.12
62.05 ± 1.83 × 3.04
87.66 ± 1.83 × 4.97
73.98 ± 1.83 × 5.77
78.13 ± 1.83 × 2.88
62.74 ± 1.83 × 2.96
99.96 ± 1.83 × 4.36
96.63 ± 1.83 × 3.29
70.25 ± 1.83 × 3.37
23.90 ± 1.83 × 0.66
76.29 ± 1.83 × 2.33
72.13 ± 1.83 × 4.65
63.55 ± 1.83 × 3.26
89.04 ± 1.83 × 5.07
76.25 ± 1.83 × 2.02
33.28 ± 1.83 × 2.96

higher. Americans, who have a high CRC incidence rate,
consume fat, which is made up of primarily saturated fat,
as 41.8% of their daily caloric intake[18-20]. Japanese who
have low incidence of CRC, consume fat, which is mainly
unsaturated fat, as 12.2% of daily caloric intake. Some
animal studies show that high consumption of fat can
increase CRC incidence, induce earlier tumor formation,
exacerbate tumor malignancy, increase the rate of metastasis and shorten survival time in experimental animals. A
high-fat diet can increase the incidence rate of CRC[21-23],
possibly through the following mechanisms: (1) changing
the concentration of cholic acid in feces; (2) increasing
intestinal bacterial enzyme activities and promoting the
formation of carcinogens; and (3) incorporating a higher
intake of meat which produces carcinogenic heterocyclic
amine in the frying or grilling process. A high-fiber diet is
negatively correlated to, and has significant dose-response
relationship with, the risk of morbidity in CRC[24-26]. It
possibly works through the following mechanisms: (1)
increasing the bulk of the feces, diluting carcinogens,
shortening the passage time through the intestinal tract,
reducing the contact between colonic mucosa and the
carcinogen in the feces, and thereby reducing the risk of
CRC; (2) regulation of lipid metabolism by lowering the
concentration of deoxy bile acid in the colon through
control of reabsorption, dilution and effects of absorption and chelation; (3) changing colonic flora which influences the structure and function of colonic mucosa and
colonic epithelial growth and regulation of pH of the intestinal tract; and (4) alleviation of the damage to colonic
epithelium by toxic agents through strengthening protective barrier function of the colonic mucosa. Hence, we
recommend a low-fat and high-fiber diet for prevention
of CRC and improvement of prognosis.
In summary, this study concludes that age of onset,
dietary structure, Dukes’ stage and degree of differentia-
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62.9%
61.8%
55.6%
70.2%
58.4%
50.6%
59.7%
79.5%
64.2%
67.1%
55.3%
95.6%
86.1%
56.3%
4.0%
68.2%
61.2%
53.6%
82.4%
67.8%
20.3%

48.5%
51.2%
43.4%
64.6%
46.8%
38.9%
45.2%
65.6%
53.5%
58.0%
37.2%
86.7%
64.4%
51.8%

24.2%
30.1%
18.9%
34.0%
16.2%
22.4%
24.9%
33.0%
25.1%
25.8%
22.7%
50.3%
44.1%
23.6%

0.836

56.1%
56.4%
40.3%
68.4%
57.9%
13.1%

22.3%
26.9%
23.6%
32.8%
27.0%
5.1%

0.015

0.000

0.000

0.000
0.000

0.000

tion are the common prognostic factors for CRC in both
Han and Hui patients. There are significant differences in
dietary structure between the two ethnic groups, which
thereby cause a difference in their survival rates. The
above prognostic factors for CRC strongly emphasize the
importance of early diagnosis and treatment and suggest
reasonable and healthy dietary habits so as to improve the
prevention and prognosis of CRC.
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gastrointestinal tract worldwide. It is one of the major causes of morbidity and
mortality in China, and Beijing is one of the cities with a high incidence rate.
Beijing has a population of diverse ethnicities including Han and Hui which are
among the most populous ethnicities. Studies have shown the CRC incidence
rate vary from different races and ethnic population. There has been limited research on clinical features of Han and Hui people who exhibit significant differences in aspects such as religious practices, environment, lifestyle and dietary
habits.

Research frontiers

Various studies have shown the CRC incidence and mortality vary from different
races, ethnicities, age and gender. Familial and hereditary factors could be the
major risk factors, while environmental factors like nutritional practices, physical
activity, obesity, use of alcohol and tobacco could be the other risk factors. No
prior research has been conducted regarding the differences in clinical features
and prognosis of Han and Hui CRC patients in the Beijing region.

Innovations and breakthroughs

This study investigated the different clinical features and prognosis of Han and
Hui CRC patients in the Beijing region. The sample size was relatively large and
reliability was strong. The study concluded that age of onset, dietary structure,
Dukes’ stage and degree of differentiation are the common prognostic factors
for both Han and Hui CRC patients. The 5-year survival rate for patients of Hui
ethnicity was lower than that for Han patients. Significant dietary differences
between the two ethnic groups exist, which may cause a difference in their survival rates.

Applications

This study strongly emphasizes the importance of early diagnosis and treatment in CRC patients and suggests reasonable and healthy dietary habits so as
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to improve the prevention and prognosis of CRC. This study can act as a guide
for clinical prevention and further research of CRC.

Peer review

In the present manuscript, the authors analyzed the differential factors between
colorectal cancer patients of Han and Hui ethnicities in the Beijing region. This
is the first retrospective study conducted in Beijing region to investigate the
clinical features and prognosis of CRC patients of two major ethnicities, Han
and Hui. Overall, the manuscript is very well written.
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Value of a new stick-type rapid urine test for the diagnosis
of Helicobacter pylori infection in the Vietnamese population
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RESULTS: We enrolled 200 patients with a mean age
of 36 (range, 18-76) years. There were 116 females and
84 males. Of the 200 patients, 111 (55.5%) were diagnosed as being H. pylori positive. The sensitivity, specificity, and accuracy of the Stick test were 84.7%, 89.9%,
and 87.0%, respectively. There were 17 (8.5%) falsenegative patients and 9 (4.5%) false-positive patients.
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CONCLUSION: The Rapirun® Stick test has high sensitivity, specificity, and accuracy for the diagnosis of H.
pylori infection in the Vietnamese population. The test
can be clinically applied in Vietnamese populations.
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Core tip: The Rapirun® Helicobacter pylori (H. pylori )
Antibody Stick (Rapirun® Stick) has recently been developed to detect anti-H. pylori antibody in urine. This test
requires fewer processing steps and provides quicker
results. This study attempted to assess the value of
this new test for the diagnosis of H. pylori infection in
a Vietnamese population. The sensitivity, specificity,
and accuracy of the Stick test were 84.7%, 89.9%, and
87.0%, respectively. The Rapirun® Stick test has high
sensitivity, specificity, and accuracy for the diagnosis of
H. pylori infection in the Vietnamese population. The
test can be clinically applied in Vietnamese populations.

Abstract
AIM: To assess the value of a new test for the diagnosis of Helicobacter pylori (H. pylori ) infection, Rapirun®
H. pylori Antibody Stick (Rapirun® Stick), in a Vietnamese population.
METHODS: Eligible patients without previous history of

Quach DT, Hiyama T, Shimamoto F, Le QD, Ho LX, Vu NH, Yoshihara M, Uemura N. Value of a new stick-type rapid urine test
for the diagnosis of Helicobacter pylori infection in the Vietnamese population. World J Gastroenterol 2014; 20(17): 5087-5091
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i17/5087.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i17.5087

H. pylori eradication were recruited. Rapid urease test

(RUT) and histologic examination were used to diagnose
the H. pylori infection. Patients were considered H. pylori
positive when the RUT results were positive and/or the
bacteria were detected histologically. Rapirun® Stick tests
were performed using urine samples, and the results
were compared with the other 2 methods.
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Gastric biopsies
During upper gastrointestinal endoscopy, endoscopic
lesions were recorded. Three biopsies were taken from
each patient: 2 for histologic examination and 1 for rapid
urease test (RUT). The 2 biopsies for histological examination were taken from the greater curvature, one in the
antrum and the other in the corpus, and were sent for
Haematoxylin and Eosin and Giemsa staining. Tissue
specimens were examined by an experienced pathologist
(FS) who was blind to all clinical information.
The biopsy for RUT was taken from the greater
curvature of the corpus, about 2 cm above the atrophic
border. This biopsy location has been reported to optimise the sensitivity of the RUT to detect H. pylori in a
Vietnamese population[13]. PyloriTek® (Serim Research
Co., Elkhart, IN, United States) was used and the colour
change was read within 1 h after incubation. This RUT
has been validated in several previous studies and has
shown very high sensitivity and specificity (90%-98.5%
and 97%-100%, respectively)[14-17].

INTRODUCTION
Helicobacter pylori (H. pylori) infection plays an important
role in the pathogenesis of chronic gastritis, peptic ulcer
disease, gastric adenocarcinoma, and mucosa-associated
lymphoid tissue lymphoma[1]. Recent studies have demonstrated that a strategy to test and treat H. pylori in
uninvestigated, dyspeptic patients in primary care is safe
and reduces the need for endoscopy[2,3]. In addition, the
indications to test and eradicate H. pylori have expanded
even to subjects who do not have upper gastrointestinal
symptoms, including first-class relatives of patients with
gastric cancer and patients requiring long-term therapy
with aspirin or non-steroidal anti-inflammatory drugs[4].
Therefore, there is an increasing need for non-invasive
methods to diagnose H. pylori infection.
Several methods to diagnose H. pylori infection have
been developed, among which the urea breath test (UBT)
is currently regarded as the most accurate assay. However,
the UBT is still expensive and not widely available in
many countries, including Vietnam. An ideal non-invasive
diagnostic test should be simple, inexpensive, rapid, and
processed without special equipment and expertise but
which delivers acceptably accuracy. A rapid urine test
based on enzyme-linked immunosorbent assay (ELISA)
has been developed for the detection of anti-H. pylori antibody in urine. One of these urine-based ELISA kits, the
Rapirun® H. pylori Antibody Detection Kit (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), has been reported
to have high sensitivity and specificity in several trials in
different geographic areas, including Vietnam[5-11]. Recently, a new stick-type rapid urine test, Rapirun® H. pylori
Antibody Stick (Rapirun® Stick) (Otsuka Pharmaceutical
Co., Ltd.), has been developed that requires less labour
and which provides results more rapidly than the conventional Rapirun® kit. It takes 15 min to evaluate the result
with the Rapirun® Stick, whereas 20 min is required for
the conventional Rapirun® kit. This method was reported
to have an agreement rate of 98.4% compared with the
conventional method in a Japanese population[12]. However, it has not been evaluated in other populations. This
study therefore aimed to assess the value of the Rapirun®
Stick test for the diagnosis of H. pylori infection in a Vietnamese population.

Rapirun® H. pylori Antibody Stick test
After endoscopy, urine samples were collected and were
processed within 1 h of collection for the detection of
antibodies against H. pylori using the Rapirun® Stick. The
test measures human immunoglobulin G (IgG) antibodies against H. pylori in urine using the principle of immunochromatography.
The antigen used is a crude extract from a clinically
isolated H. pylori strain, the OHPC-040 strain, taken from
a Japanese patient with chronic gastritis. A previous report demonstrated that OHPC-040 was the most suitable
isolate to detect urinary antibodies to H. pylori among 20
clinical isolates extracted from patients with disorders of
the upper digestive tract and that OHPC-040 was positive
for the vacA, ureB, and cagA genes based on the results of
DNA analysis[18]. The test stick contains colloidal goldconjugated anti-human IgG (Fc) polyclonal antibody
(goat). The test line and control line in the evaluation
section of the stick are immobilised with H. pylori antigen
and anti-human IgG polyclonal antibody, respectively.
The Rapirun ® Stick test procedure consisted of
2 steps: (1) taking approximately 0.3 mL of the urine
sample, as indicated by the measurement guide on the
pipette included in the kit, then adding it to a container
holding the sample diluent (0.3 mL) and mixing them
(an approximately 2-fold dilution); and (2) standing a test
stick in the container that holds the mixture of urine and
diluent (as described above) with the sample absorption
section of the test stick submerged in the diluted sample. After leaving the kit undisturbed for 15 min at room
temperature (25 ℃-30 ℃), we then confirmed visually
whether any red lines appeared in the evaluation section.
The appearance of 2 distinct red bands (one control
and one test line) indicates a positive test (Figure 1). The
appearance of the control line only indicates a negative
result. The absence of a control line indicates an invalid
result.

MATERIALS AND METHODS
Patient population
From October 2012 to December 2012, patients undergoing upper gastrointestinal endoscopy at the Department of Endoscopy, University Medical Center in Ho
Chi Minh, Vietnam, were recruited. Exclusion criteria
for the patients included those with a past history of
H. pylori eradication therapy or previous gastric surgery
and patients taking any type of antibiotics, H2-receptor
blockers, bismuth or proton pump inhibitors in the last 4
weeks before endoscopy. Informed written consent was
obtained from all patients participating in the trial. This
study was approved by the local ethics committee.
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Table 2 Diagnostic accuracy of Rapirun® Stick test
Rapirun® Stick test

Positive

Positive (103)
Negative (97)
Total

Negative

Table 1 Demographic characteristics and clinical diagnostics
of the patients evaluated

Mean age (range) (yr)
Sex (female/male)
Diagnosis
Normal gastroduodenal tract
Gastritis and/or duodenitis
Gastric ulcer
Duodenal ulcer
Reflux esophagitis
Reflux esophagitis and peptic
ulcer disease

positive
(n = 111)

H. pylori

negative
(n = 89)

Total
(n = 200)

35.5 (18-62)
59/52

36.6 (18-76)
57/32

36 (18-76)
116/84

1
83
4
16
5
2

6
66
1
1
15
0

7
149
5
17
20
2

H. pylori: Helicobacter pylori.

Definition of H. pylori infection
The results of the RUT and Rapirun® Stick test were read
by different researchers who were not aware of the results of the other methods used to diagnose H. pylori infection. The definition of H. pylori infection in this study
required at least one positive test of 2 tests, the RUT and
histologic examination. Absence of H. pylori infection required both of these tests to be negative. Equivocal tests
were excluded from the analysis.

DISCUSSION
To our knowledge, this study is the first to determine the
validity of the Rapirun® Stick in a Vietnamese population. The assay is noninvasive, easy to handle, and the
cost of using urine as a sample is low. The test can be
clinically applied in populations of developing countries
such as Vietnam.
Vietnam is one of the countries with a high prevalence of gastric cancer. The mortality rate for gastric
cancer is 18.6/100000 for males and 8.4/100000 for females[19]. Among cancer deaths in Vietnam, gastric cancer
is the second leading cause followed by lung cancer for
males, and fourth, followed by breast, cervix, uterine, and
colorectal cancer, for females during 2006 and 2007[20].
The reason of the high mortality from gastric cancer may
mainly be the high prevalence of infection from H. pylori,
a definite carcinogen of gastric cancer. H. pylori infection
was detected in 65.6% of the hospital-based population
(mean age, 42.5 years)[21].

Statistical analysis
Analysis to determine the sensitivity, specificity, positive and negative predictive values, and accuracy of the
Rapirun® Stick test was performed with SPSS software
for Windows, version 20 (SPSS Inc., Chicago, IL, United
States).

RESULTS
We recruited 200 patients in this study. The quality of
gastric biopsies for histologic examination to detect H.
pylori was excellent in all patients. There were no invalid
results with the Rapirun® Stick; therefore, we included
data from all 200 patients in the analysis.

WJG|www.wjgnet.com

9
80
89

All patients were ethnic Vietnamese. The demographic characteristics of the patients are indicated in Table 1.
The mean age of the patients was 36 (range, 18-76) years.
There were 116 (58.0%) females and 84 (42.0%) males.
Of the 200 patients, 111 (55.5%) were diagnosed as
being H. pylori positive: among them, 16 (14.4%) had
duodenal ulcer, 5 (4.5%) had reflux esophagitis, 4 (3.6%)
had gastric ulcer, and 2 (1.8%) had both gastro-duodenal
ulcer and reflux esophagitis. Eighty-nine (44.5%) patients
were H. pylori negative: among them, only one (1.1%) had
gastric ulcer and one (1.1%) had duodenal ulcer, whereas
15 (16.9%) had reflux esophagitis. Of the 24 patients
with gastro-duodenal ulcer, 22 (91.7%) had H. pylori infection. However, 7 of 22 (31.8%) patients with reflux
esophagitis also had the infection.
The sensitivity, specificity, positive and negative predictive values, and accuracy of the Rapirun® Stick test
were 84.7%, 89.9%, 91.2%, 82.5%, and 87.0%, respectively (Table 2). There were 17 (8.5%) false-negative
patients including 3 with duodenal ulcer, 1 with reflux
esophagitis, and 13 with gastritis/duodenitis. Among
them, 14 had both a positive RUT and positive histologic
examination, 2 had only a positive histologic result, and
1 had only a positive RUT result. There were 9 (4.5%)
false-positive patients including 1 patient with reflux esophagitis and 8 with gastritis/duodenitis.

Figure 1 Rapirun® Helicobacter pylori Antibody Stick. The sample is considered positive when 2 red bands at the test line and control line (arrows) are
observed 15 min later and is considered negative when only the control line is
observed. The absence of a control line indicates an invalid result.

H. pylori

Negative

94
17
111

Sensitivity, 84.7% (94/111); specificity, 89.9% (80/89); positive predictive
value, 91.2% (94/103); negative predictive value, 82.5% (80/97), and
accuracy, 87.0% [(94 + 80)/(111 + 89)]. H. pylori: Helicobacter pylori.

Invalid

Characteristics

H. pylori infection status
Positive
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To reduce the incidence of gastric cancer in Vietnam, a nationwide H. pylori eradication treatment may be
recommendable because H. pylori has been regarded as a
definite carcinogen, and several studies have shown that
its eradication reduces the incidence of gastric cancer
development[22,23].
To carry out H. pylori eradication treatment, a simple,
low-cost, and accurate method is needed to diagnose
the infection. There are various methods to detect the
infection so far: RUT, bacteriologic culture, histologic
examination, UBT, serum antibody assay, and detection
of anti-H. pylori antibody in urine and H. pylori antigen in
stool. RUT, bacteriologic culture, and histologic examination require endoscopic biopsy. UBT is regarded as the
most accurate assay; however, it requires special apparatus and is expensive to perform. If sensitive screening
for H. pylori infection were possible using urine samples,
it would not only be more convenient in clinical practice
but would also be very useful for mass screening. The
Rapirun® Stick, a newly developed detection kit for anti-H. pylori antibody in urine, is very simple and requires
only 15 min to complete. Furthermore, the test does not
require technical expertise, special sample handling, or
any additional equipment and thus allows considerable
savings of diagnosis-related costs. The kit is a candidate
test method that would be applicable for use with the Vietnamese population.
The sensitivity, specificity, and accuracy of the conventional Rapirun® kit in a Vietnamese population were
reported to be 79.5%, 90.7%, and 84.5%, respectively[11].
In the present study, the sensitivity, specificity, and accuracy of the new Rapirun® Stick test, were 84.7%, 89.9%,
and 87.0%, respectively. The values are relatively better
in the present study compared with the study using the
conventional Rapirun® kit. This may be due to the difference in the populations tested and the methods used to
investigate H. pylori infection: bacterial culture, histologic
examination, and serum ELISA in the study of the conventional Rapirun® kit, and RUT and histologic examination in the present study. Although the antigen used in the
Rapirun® Stick is a crude extract from a clinically isolated
H. pylori strain taken from a Japanese patient, our study
clearly demonstrates the usefulness of the Rapirun® Stick
in the Vietnamese population. This is truly the first report on the usefulness of the kit external to the Japanese
population.
In the present study, 8.5% were false-negative patients. This may be due to the H. pylori polymorphism,
the host factors in different geographic areas, and the
extremely low level of anti-H. pylori-specific IgG in the
urine of the patients. In contrast, 4.5% were false-positive patients. Graham et al[9] reported that 2 patients who
had been treated for H. pylori infection more than 32 and
42 mo previously, respectively, had positive Rapirun® test
results, suggesting that the urine test results may remain
positive for an extended time after successful cure of the
infection. H. pylori in our false-positive patients might
have been eradicated intentionally or unintentionally. The
reasons for the incidence of the false-positive and false-
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negative results should be investigated to improve the
sensitivity, specificity, and accuracy of the kit.
Evaluation of the diagnostic performance of the
conventional Rapirun® kit in various countries, including Japan, Taiwan, South Korea, Vietnam, United States,
and European countries (Austria, France, Germany, and
Italy), showed a sensitivity of 77.4%-96.7%, specificity
of 83.3%-97.4%, and accuracy of 80.4%-96.1%[11,24]. The
present study showed high sensitivity, specificity, and accuracy for the new Rapirun® Stick. In addition, the Rapirun® Stick has been reported to have an agreement rate
of 98.4% compared with the conventional Rapirun® kit
in a Japanese population[12]. Therefore, the Rapirun® Stick
can be applicable in many countries, at least in the abovementioned countries.
There are several limitations in the present study.
First, the patients were enrolled in only one hospital in
Ho Chi Minh, in southern Vietnam. There are reports
showing differences in the prevalence of gastrointestinal
diseases such as peptic ulcer and gastric cancer and of
vacA-positive H. pylori between Hanoi, in northern Vietnam, and Ho Chi Minh[19]. Therefore, the study population may not be representative of the entire Vietnamese
population. Second, RUT and histologic examination
were used to diagnose the infection in the present study.
In several patients, these methods produced false-negative or false-positive results, leading to the possible misdiagnosis of H. pylori infection.
In conclusion, we demonstrated the usefulness of the
Rapirun® Stick test for the diagnosis of H. pylori infection
in a Vietnamese population: the sensitivity, specificity, and
accuracy of the Rapirun® Stick test were high. The test
can be clinically applied in Vietnamese populations.

COMMENTS
COMMENTS
Background

The Rapirun® Helicobacter pylori (H. pylori) Antibody Stick (Rapirun® Stick)
has recently been developed to detect anti-H. pylori antibody in urine. This test
requires fewer processing steps and provides quicker results. This study attempted to assess the value of this new test for the diagnosis of H. pylori infection in a Vietnamese population.
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The Rapirun® Stick was reported to have an agreement rate of 98.4% compared with the conventional method in a Japanese population. However, it has
not been evaluated in other populations.
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This study is the first to determine the validity of the Rapirun® Stick in a Vietnamese population. The assay is noninvasive, easy to handle, and the cost of
using urine as a sample is low.
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The Rapirun® Stick can be clinically applied in populations of developing countries such as Vietnam.
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Rapid urease test is a rapid test for diagnosis of H. pylori. The basis of the test
is the ability of H. pylori to secrete the urease enzyme, which catalyzes the conversion of urea to ammonia and carbon dioxide.
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The authors examined the value of new test for the diagnosis of H. pylori infection, Rapirun® Stick, in a Vietnamese population. The Stick test has high sensitivity, specificity, and accuracy for the diagnosis. The results are interesting, and
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Chromoendoscopy of gastric adenoma using an acetic acid
indigocarmine mixture
Yoshiyasu Kono, Ryuta Takenaka, Yoshiro Kawahara, Hiroyuki Okada, Keisuke Hori, Seiji Kawano,
Yasushi Yamasaki, Koji Takemoto, Takayoshi Miyake, Shigeatsu Fujiki, Kazuhide Yamamoto
2011 and January 2012. AIM-chromoendoscopy (AIMCE) was performed followed by ESD. AIM solution was
sprinkled and images were recorded every 30 s for 3
min. Clinical characteristics such as tumor size (< 2
cm, ≥ 2 cm), surface color in white light endoscopy
(WLE) (whitish, normochromic or reddish), macroscopic
appearance (flat or elevated, depressed), and reddish
change in AIM-CE were selected as valuables.
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RESULTS: En bloc resection was achieved in all 54 cases, with curative resection of fifty two lesions (96.3%).
Twenty three lesions (42.6%) were diagnosed as welldifferentiated adenocarcinoma and the remaining 31
lesions (57.4%) were gastric adenoma. All adenocarcinoma lesions were well-differentiated tubular adenocarcinomas and were restricted within the mucosal layer.
The sensitivity of reddish color change in AIM-CE is
significantly higher than that in WLE (vs tumor size ≥
2 cm, P = 0.016, vs normochromic or reddish surface
color, P = 0.046, vs depressed macroscopic type, P =
0.0030). On the other hand, no significant differences
were found in the specificity and accuracy. In univariate analysis, normochromic or reddish surface color in
WLE (OR = 3.7, 95%CI: 1.2-12, P = 0.022) and reddish change in AIM-CE (OR = 14, 95%CI: 3.8-70, P <
0.001) were significantly related to diagnosis of early
gastric cancer (EGC). In multivariate analysis, only reddish change in AIM-CE (OR = 11, 95%CI: 2.3-66, P =
0.0022) was a significant factor associated with diagnosis of EGC.

Abstract
AIM: To investigate the usefulness of chromoendoscopy, using an acetic acid indigocarmine mixture (AIM),
for gastric adenoma diagnosed by forceps biopsy.

CONCLUSION: AIM-CE may have potential for screening EGC in patients initially diagnosed as gastric adenoma by forceps biopsy.

METHODS: A total of 54 lesions in 45 patients diagnosed as gastric adenoma by forceps biopsy were
prospectively enrolled in this study and treated by endoscopic submucosal dissection (ESD) between January

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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doscopy unit at the Tsuyama Chuo Hospital, following
a preliminary study. From January 2011 to January 2012,
a total of 54 lesions in 45 patients with an endoscopic
diagnosis of gastric adenoma by forceps biopsy were
treated by ESD following AIM-CE. All patients were recruited prospectively and each provided written informed
consent. The study design was approved by the Tsuyama
Chuo Hospital Clinical Ethics Committee on Human Experiments, in accordance with the Helsinki Declaration.

gastric cancer; Gastric adenoma; Reddish change; Endoscopic submucosal dissection
Core tip: A novel chromoendoscopy procedure using an
acetic acid indigocarmine mixture (AIM) is effective for
recognizing the margins of early gastric cancer (EGC).
In some cases the color of the EGC area gradually becomes reddish after instillation of the AIM solution. The
study shows that the sensitivity of AIM-chromoendoscopy (AIM-CE) in the diagnosis of EGC was significantly
higher than that of white light endoscopy, but the specificity and accuracy were not. AIM-CE may have potential for screening EGC in patients initially diagnosed as
gastric adenoma by forceps biopsy.

Endoscopic procedures
The lesions were initially observed by WLE, after which
20 mL of 0.4% indigo carmine (IC) solution was sprinkled onto the lesions through the accessory channel of
the endoscope. Images from WLE and IC observation
were recorded using a digital filing system. After washing away the IC solution, 40 mL AIM solution (0.6%
acetic acid with 0.4% IC) was sprinkled onto the lesions
and images were recorded again every 30 s for 3 min[14].
Before the lesions were treated, clinical variables such
as tumor size (< 2 cm, ≥ 2 cm), surface color in WLE
(whitish, normochromic or reddish), macroscopic appearance (flat or elevated, depressed), and reddish color
change in AIM-CE, were evaluated. Images of WLE and
AIM-CE were evaluated by two endoscopists (Kono Y
and Takenaka R) who were blinded to the final histology.

Kono Y, Takenaka R, Kawahara Y, Okada H, Hori K, Kawano
S, Yamasaki Y, Takemoto K, Miyake T, Fujiki S, Yamamoto
K. Chromoendoscopy of gastric adenoma using an acetic
acid indigocarmine mixture. World J Gastroenterol 2014;
20(17): 5092-5097 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5092.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5092

INTRODUCTION
Histological diagnosis by forceps biopsy before endoscopic resection (ER), such as endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD),
is important to determine whether ER should be performed[1]. However, forceps biopsy specimens represent
limited local pathological findings of the whole lesion. In
fact, disagreement between the histological results of the
forceps biopsy and the pathological results of endoscopically resected specimens has been reported[2-7].
The use of narrow band imaging (NBI) and acetic
acid with magnifying endoscopy for the diagnosis of
gastric cancer has been reported[8-12],but it is difficult to
predict a coexisting gastric cancer component in borderline lesions. We previously reported that a novel chromoendoscopy procedure using an acetic acid indigocarmine
mixture (AIM) was effective for recognizing the margins
of early gastric cancer (EGC)[13], and that the color of the
EGC sometimes turned reddish by degrees after instillation of the AIM solution[14]. It has been reported that the
characteristics of gastric adenomas, such as size, red color
and depressed type, are significant variables that may be
seen by white light endoscopy (WLE)[15]. However, there
have been no reports of AIM-chromoendoscopy (AIMCE) for diagnosing a coexisting gastric cancer component in gastric adenomas.
The aim of this study was to evaluate the usefulness
of AIM-CE for lesions initially diagnosed gastric adenoma by forceps biopsy.

Endoscopic dissection
ESD was performed using an IT knife 2, needle knife
and/or dual knife. The histological diagnosis of biopsy
specimens and the curability of ESD were evaluated according to the standards in Japanese Classification of
Gastric Cancer[16]. The specimens obtained by forceps
biopsy and ESD were reviewed by a single pathologist
(Miyake T).
Preliminary evaluation
Before this prospective study, we designed a preliminary
retrospective study to estimate the beyond-chance agreement. Twenty lesions in 16 patients, previously diagnosed
as gastric adenoma by forceps biopsy, were evaluated
between two endoscopists’ diagnosis of AIM-CE and
the κ -index was calculated. A κ value < 0.4 cases was regarded as representative of poor agreement; 0.41 to 0.60,
fair agreement; 0.61 to 0.80, good agreement and > 0.80,
excellent agreement.
Statistical analysis
Fisher’s exact test or χ 2 test was used for all categorical
variables, and the Mann-Whitney U test was used for
continuous valuables. McNemar’s test was used for comparison of diagnostic ability between WLE and AIM-CE.
Univariate and multivariate logistic regression analyses
were used to determine the significant factors contributing to diagnosis of EGC. Variables found in the univariate analysis to be significantly associated with diagnosis
of EGC were included in a multivariable logistic regression analysis. All statistical calculations were carried out
using JMP software (for Windows, version 10). P values

MATERIALS AND METHODS
Subjects
This was a prospective study carried out at a single enWJG|www.wjgnet.com
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A
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Figure 1 A case of tubular adenoma (no change in acetic acid indigocarmine mixture-chromoendoscopy). A: Whitish superficial elevated lesion is shown at
the greater curvature of the antrum in white light endoscopy (indicated by yellow arrows); B: After sprinkling indigo carmine solution; C: 3 min after sprinkling acetic
acid indigocarmine mixture (AIM) solution. Compared to B, there was no surface color change (no change in AIM-chromoendoscopy); D: Histology after endoscopic
submucosal dissection.

< 0.05 were considered to be statistically significant in all
tests.

pilot study. There was excellent inter-observer agreement
on the findings made by AIM-CE (κ index = 0.90).
Table 2 shows the diagnostic ability of WLE and
AIM-CE. The sensitivity of reddish color change in
AIM-CE is significantly higher than that of WLE (vs tumor size ≥ 2 cm; P = 0.016, vs normochromic or reddish
surface color; P = 0.046, depressed macroscopic type; P
= 0.0030). On the other hand, no significant differences
were found in the specificity and accuracy.
In the univariate analysis, normochromic or reddish
surface color in WLE (OR = 3.7, 95%CI: 1.2-12, P =
0.022) and reddish color change in AIM-CE (OR = 14,
95%CI: 3.8-70, P < 0.001) were significantly related to diagnosis of EGC. In the multivariate analysis, only reddish
change in AIM-CE (OR = 11, 95%CI: 2.3-66, P = 0.0022)
is a significant factor associated with diagnosis of EGC
(Table 3).

RESULTS
In AIM-CE, the reddish color change was recorded
as positive when the surface color was judged to have
turned reddish compared to the surrounding mucosa.
Figures 1 and 2 show the typical cases of no change and
reddish color change in AIM-CE, respectively.
Clinical parameters in all cases
Table 1 shows the clinical characteristics of the 54 cases.
The difference of mean ages between the adenocarcinoma group and the adenoma group was not significant
(P = 0.85). The gender ratio differed significantly different between the adenocarcinoma group and the adenoma
group (P = 0.047)
All adenocarcinoma lesions were well-differentiated
tubular adenocarcinomas and were restricted within the
mucosal layer. The adenocarcinoma lesions were significantly larger in diameter than the adenoma lesions (Z =
2.3, P = 0.019, Man-Whitney U test). There were no significant differences between the adenocarcinoma group
and the adenoma group in tumor location and macroscopic type (P = 0.33 and P = 0.84, respectively).

DISCUSSION
Gastric adenomas are reportedly associated with synchronous gastric cancers with varying frequencies, ranging
from 8% to 59%[17]. Even using forceps biopsy, a definite
diagnosis of cancer may be difficult before endoscopic
resection. Discrepancies may exist between forceps biopsy samples and resected specimens[17]. In this study,
AIM-CE was found to be useful to predict gastric malignancy in the lesions initially diagnosed as gastric adenoma
by forceps biopsy. This provides a treatment strategy for

Diagnostic ability of WLE and AIM-CE
Before this prospective study, we designed a preliminary

WJG|www.wjgnet.com
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Figure 2 A case of well-differentiated adenocarcinoma (reddish color change in acetic acid indigocarmine mixture-chromoendoscop). A: A normochromic
superficial elevated lesion is shown at the lesser curvature of the antrum in white light endoscopy (indicated by yellow arrows); B: After sprinkling indigo carmine solution. The margin of the lesion was not clear; C: 3 min after sprinkling acetic acid indigocarmine mixture (AIM) solution. The margin of the lesion became clear and the
surface color turned reddish (reddish change in AIM-chromoendoscopy); D: Histology after endoscopic submucosal dissection.

Table 1 Data from the clinical characteristics of 54 cases n (%)
Characteristics
Age (mean ± SD), yr
Gender (male/female)
Tumor size (mm, mean ± SD)
Location
Upper third of the stomach
Middle third of the stomach
Lower third of the stomach
Macroscopic type
0-Ⅰ
0-Ⅱa
0-Ⅱc

Adenoma
(n = 31)

Table 2 Data from the diagnostic ability of white light
endoscopy and acetic acid indigocarmine mixturechromoendoscopy

Adenocarcinoma P value
(n = 23)

71 ± 6.8
15/16
12 ± 5.5

71 ± 7.4
18/5
19 ± 11

0.850
0.047
0.019

1 (3.2)
13 (42)
17 (54.8)

3 (13)
7 (30)
13 (57)

0.330

1 (3.2)
25 (80.7)
5 (16.1)

1 (4.3)
17 (74)
5 (21.7)

0.840

Parameters

47.8%a
56.5%a

77.4%
74.2%

64.8%
66.7%

21.7%b
87.0%

83.9%
67.7%

57.4%
75.9%

a

P < 0.05, bP < 0.01 vs Reddish change in AIM-CE using McNemar’s test.
WLE: White light endoscopy; AIM: Acetic acid indigocarmine mixture;
CE: Chromoendoscopy.

en bloc resection rate was higher, the concordance rate
could be lower.
The rate of malignant transformation of gastric
adenomas increases with the size of the tumor[17,24,25].
The surface appearance of gastric adenomas also may
be an important factor contributing to the diagnosis of
carcinoma[17]. In 2005, Kitoh et al[26] reported that two
endoscopic findings, focal redness and lack of glossiness,
were significant factors associated with gastric cancer. In
our study, the adenocarcinoma lesions were significantly
greater in diameter than the adenomatous lesions and
more frequently had a red color in WLE, as described
previously. However, these factors did not contribute to
diagnosis of EGC in multivariate analysis. Only AIM-CE

such lesions when the surface color of the lesions changes to a reddish color after applying AIM solution.
EMR or ESD allows en bloc resection of the entire
mucosal lesion[2-7]. However, application of EMR/ESD
for all gastric adenoma lesions may excessively increase
time and costs. In addition, we should take care of complications such as bleeding and perforation. If we could
predict malignant transformation, EMR/ESD could
be selectively performed for high-risk gastric adenoma
patients. According to the results of several studies, the
concordance rates between endoscopic forceps biopsied
samples and post-treatment specimens are 65%-90%[18-23].
In this study, lesions were resected in en bloc fashion by
ESD and, because the sample number was lower and the

WJG|www.wjgnet.com
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Tumor size (≥ 2 cm)
Surface color in WLE
(normochronic or reddish)
Macroscopic appearance (depressed)
Reddish change in AIM-CE
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to predict a coexisting gastric cancer component before performing endoscopic
mucosal resection (EMR) or endoscopic submucosal dissection (ESD).

Table 3 Data from the logistic regression analysis of factors
contributing to diagnosis of early gastric cancer
Parameters

Subgroup

Tumor size

< 2 cm
≥ 2 cm
Surface color in Whitish
Normochromic
WLE
or reddish
Macroscopic
Flat or elevated
Depressed
appearance
Reddish change No
Yes
in AIM-CE

Univariate OR
(95%CI)

Multivariate OR
(95%CI)

1.0
3.1 (0.99-11)
1.0
3.74 (1.2-12)a

1.0
1.1 (0.25-5.0)
1.0
1.8 (0.44-7.2)

1.0
1.4 (0.35-5.9)
1.0
14 (3.8-70)b

1.0
11 (2.3-66)b

Research frontiers

In white light endoscopy (WLE), the clinical characteristics of gastric adenomas
which are related to malignant potential have been investigated, but there have
been no reports of acetic acid indigocarmine mixture-chromoendoscopy (AIMCE) for diagnosing coexisting gastric cancer components in gastric adenomas.
The color of the early gastric cancer (EGC) sometimes changes to reddish by
degrees after instillation of the AIM solution. The authors aimed to evaluate the
usefulness of AIM-CE for lesions initially diagnosed gastric adenoma by forceps
biopsy.

Innovations and breakthroughs

The use of NBI and acetic acid with magnifying endoscopy for the diagnosis of
EGC is effective, but magnifying endoscopy is often difficult because it needs
an endoscopists’ technique. Authors consider that AIM-CE is a safe, easy and
cost-effective method for diagnosis of EGC.

a

P < 0.05, bP < 0.01 vs Reddish change. OR: Odds ratio; WLE: White light
endoscopy; AIM: Acetic acid indigocarmine mixture; CE: Chromoendoscopy.

Applications

They consider AIM-CE may have potential for screening EGC in patients initially
diagnosed as gastric adenoma by forceps biopsy. They recommend EMR or
ESD if the color of gastric lesions changes reddish in AIM-CE.

contributed to predictive diagnosis of borderline lesions,
although it was difficult to predict malignant potential
from tumor size, surface color, and macroscopic appearance in WLE.
Although the use of NBI and acetic acid with magnifying endoscopy for the diagnosis of gastric cancer
is effective[8-12], there are some clinical problems. First,
magnifying endoscopy is available only in a limited number of medical institutions. Second, because magnifying
endoscopy is used near the lesion, an accidental touch of
the mucosa often causes bleeding, making examinations
difficult thereafter. We consider that AIM-CE is a safe,
easy and cost-effective method for diagnosis of EGC.
It is not fully understood why the cancerous lesions
diagnosed by forceps biopsy as borderline malignancy
may turn a reddish color after spraying the AIM solution
is sprayed. After spraying the acetic acid solution, the
duration of whitening differed between the gastric cancer
and noncancerous mucosa: aceto-whitening disappeared
earlier from the gastric cancer than the noncancerous
mucosa. Furthermore, while non-cancerous mucosa
whitens when it comes into contact with acetic acid,
cancer cells do not, producing a good contrast between a
pinkish cancer lesion and the surrounding non-cancerous
tissue[27]. We speculate that adding indigocarmine makes
this contrast even clearer. However, in this study, a reddish change in AIM-CE was determined by the subjective
judgment of two endoscopists. Therefore, we are planning a quantitative analysis of color change in AIM-CE
between the adenomas and cancers diagnosed by ESD.
In conclusion, AIM-CE may have potential for
screening EGC in patients initially diagnosed as gastric
adenoma by forceps biopsy. If the surface color of the
lesions changes to reddish after applying the AIM solution, we should consider an endoscopic treatment such as
EMR or ESD.

Peer review

For successful treatment (endoscopic mucosal/submucosal resection or laparoscopic gastrectomy) in patients with EGC it is crucial to determinate the lateral
extent of the tumor. In this paper the authors evaluated the usefulness of novel
chromoendoscopy procedure using AIM-CE for detection of EGC in lesions
initially diagnosed as gastric adenoma by forceps biopsy. The procedure was
followed by ESD. It was found that the sensitivity of AIM-CE for recognizing the
margins of EGC is significantly higher than that of WLE, but there is no difference in specificity and accuracy. The authors conclude that AIM-CE is a safe,
easy and cost-effective method for the diagnosis of EGC. The results are interesting and promising for clinical practice as a screening test for EGC.
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higher level of VEGF compared with the 30 healthy
controls before radiotherapy (P < 0.01), and the VEGF
level was significantly correlated with primary tumor
size, lymph node metastasis, histopathologic type, and
clinical stage (P < 0.01). Of 83 evaluable cases, VEGF
level was significantly decreased after radiotherapy in
32 patients in the drug group (P < 0.05), with an effective rate of 71.88%. The incidence of dizziness and/or
burnout in the drug group and non-drug group was
62.50% and 15.69%, respectively (P = 0.000), and
the incidence of somnolence was 12.50% and 0%, respectively (P = 0.019). No significant differences were
observed.
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CONCLUSION: Thalidomide can down-regulate serum
VEGF level in EC patients, and combined with radiotherapy may improve treatment outcome. Thalidomide
was well tolerated by EC patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract
AIM: To investigate the short-term efficacy and tolerability of radiotherapy plus thalidomide in patients with
esophageal cancer (EC).

Core tip: Vascular endothelial growth factor (VEGF)based individualized radiotherapy for esophageal cancer (EC) was achieved in this clinical study. EC patients
undergoing radiation treatment may receive different
protocols: thalidomide combined with radiation or radiation alone, according to their VEGF level. This study
was designed to set appropriate radiotherapy regimens
for different patients, improve sensitivity, and decrease
resistance in radiation oncology.

METHODS: Serum samples from 86 EC patients were
collected before, during, and after radiotherapy, and
the vascular endothelial growth factor (VEGF) level was
examined by ELISA. According to the change in serum
VEGF level during radiotherapy, the patients were divided into two groups: in the drug group, VEGF level
was increased or remained unchanged, and thalidomide was administered up to the end of radiotherapy;
in the non-drug group, VEGF level was decreased and
radiotherapy was given alone. Thirty healthy volunteers
served as controls. The efficacy and safety of radiotherapy plus thalidomide therapy were investigated.

Yu JP, Sun SP, Sun ZQ, Ni XC, Wang J, Li Y, Hu LJ, Li DQ.
Clinical trial of thalidomide combined with radiotherapy in
patients with esophageal cancer. World J Gastroenterol 2014;
20(17): 5098-5103 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5098.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5098

RESULTS: The 86 EC patients had a significantly
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cording to the CT staging strategy for EC proposed by
Kienle et al[18], 15 cases were at stage Ⅰ, 45 at stage Ⅱ,
9 at stage Ⅲ, and 17 at stage Ⅳ. Histopathologic typing
identified squamous cell carcinoma in 81 cases, adenocarcinoma in 3 cases, and small cell carcinoma in 2 cases.
X-ray pathologic typing showed marrow type in 76 cases,
massive type in 5, ulcer type in 3, and narrow type in 2.
The blood specimens from 30 healthy volunteers (including 18 males and 12 females, with a median age of 33.3
years and a range of 26-45 years) were used as controls.
An increase or decrease in VEGF of 10% compared with
the VEGF level before radiotherapy was deemed clinically
significant. The study was approved by the Institutional
Review Board (IRB) of the Second People’s Hospital of
Changzhou. All patients were well-informed of the possible treatment side effects, toxicities, and complications,
and informed consent was obtained from each patient.

INTRODUCTION
In 1971, Folkman proposed that tumor growth is angiogenesis-dependent, which resulted in a new concept
for the control of tumor growth. Previous studies also
demonstrated that, of all the angiogenesis-related factors,
vascular endothelial growth factor (VEGF) is the most
important. Many researchers have reported that VEGF
is an independent prognostic factor of esophageal cancer (EC) that plays a decisive role in the recurrence and
metastasis of EC[1-4]. Moreover, research has indicated a
negative relationship between VEGF expression in tumor tissue and radiosensitivity; tumors with high VEGF
expression have poor sensitivity to radiotherapy, and thus
predict a poor prognosis[5-8]. Given these findings, radiotherapy combined with an anti-VEGF-mediated antiangiogenesis protocol is expected to cast new light on EC
treatment.
Thalidomide[9-13] was marketed as a non-prescription
sedative in Europe in 1956, and was withdrawn from the
market in the early 1960s due to strong teratogenic effects. Surprisingly, in the 1990s, thalidomide was reported
to be effective in the treatment of AIDS complications,
multiple myeloma, and other tumors, which was largely
attributable to its anti-neoangiogenetic effect. Therefore,
in 1998 thalidomide was again approved by the FDA for
the treatment of tumors. Subsequent studies confirmed
that thalidomide could inhibit VEGF and basic fibroblast
growth factor (bFGF) secretion, and had immunoregulatory, anti-tumor proliferation, and metastasis effects[14-17].
In the present study we used thalidomide to downregulate VEGF expression in EC patients receiving radiotherapy, with the intention of improving the radiotherapy
outcome of EC patients. From July 2009, we divided EC
patients receiving radiotherapy into two groups according to the change in serum VEGF levels. Patients with
increased or unchanged VEGF levels during radiotherapy
were also given thalidomide. The efficacy, side effects
(SE), and toxicity of the combination therapy were determined.

Radiotherapy
The patients were placed in the supine position, with
both hands on their head and fixed using a mold immobilizing technique. Twenty patients received conventional
X-ray simulation and three-field radiotherapy; one anterior (width 6 cm) and two posterior (width 4.5-5.5 cm),
with both upper and lower margins being 3-5 cm. Fortyseven patients received CT simulation and three-dimensional conformal radiation therapy (3DCRT). The gross
target volume (GTV) consisted of thickened esophagus
wall according to CT (the results of esophagography and
esophagoscopy were also considered) and enlarged lymph
nodes with a diameter ≥ 1 cm. Clinical target volume
(CTV) covered the GTV + 2.5-3.0 cm of the craniocaudal margin + 0.5-0.8 cm of the transverse and anteroposterior margin + the corresponding lymphatic drainage
region. A 0.5 cm isotropic margin was added to the CTV
to make up the planning target volume (PTV). This ensured that the prescribed dose covered 95% of the PTV,
with the maximum dose for spinal cord < 45 Gy and for
both lung V20 < 30%. 1.8-2.0 Gy/fraction, 5 fractions a
week, with a total dose of 60-72 Gy, were delivered to all
patients by a 6-MV-X-ray linear accelerator.

MATERIALS AND METHODS

VEGF determination
Peripheral venous blood samples were obtained within
one week before, during (3-4 wk), and within one week
after radiotherapy. The samples (2 mL for each) were
well mixed and centrifuged (4 ℃, 3000 r/min, radius was
10 cm) for 10 min, and the obtained sera were stored at
-70 ℃ until use. Serum VEGF level was determined by
enzyme-linked immunosorbent assay (ELISA) (Purchased
from 4A Biotech Co., Ltd, Beijing).

Eligibility and baseline parameters
Between July 2009 and March 2011, 86 patients with
pathologically-confirmed EC with no prior treatment were
enrolled in this study, including those classified as having early esophageal carcinoma that had rejected surgical
therapy for underlying diseases or other personal reasons.
The clinical baseline evaluation on admission included
general and baseline investigations. General investigations
included a complete medical history, physical examination,
routine blood examination, blood biochemistry, routine
urine examination, routine stool examination, abdominal
Doppler ultrasound, and an electrocardiogram (ECG).
Baseline investigations included chest computed tomography (CT), upper gastroenterography, and serum VEGF
level. The 86 patients included 62 males and 24 females,
with a median age of 66.4 years (range, 40-86 years). Ac-
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Administration of thalidomide
Serum VEGF level was determined in EC patients 3-4
wk after the initiation of radiotherapy, and patients with
increased or unchanged VEGF levels compared with
levels before radiotherapy were also given thalidomide. In
the first week, thalidomide was given at 100 mg/d before
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reduction or volume increase (by less than 25%). CR and
PR were considered to demonstrate effective treatment,
while MR and NC denoted ineffective treatment.

Table 1 Relationship between pre-radiotherapy serum
vascular endothelial growth factor level and clinical
characteristics of esophageal cancer patients
Variable

Cases

Sex
Male
Female
Age, yr
< 55
≥ 55
Lesion site
Cervical and upper thoracic
segment
Middle thoracic segment
Lower thoracic segment
Histopathologic type
Squamous cell carcinoma
Adenocarcinoma
Small cell carcinoma
X-ray pathologic types
Marrow
Massive
Ulcer
Narrow
Primary foci
T1 + T2
T3 + T4
Lymph node metastasis
N0
N1-2
Distant metastasis
M0
M1
Clinical stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

VEGF (ng/L)

62
24

120.78 ± 44.72
135.92 ± 61.00

71
15

126.96 ± 51.37
115.73 ± 42.47

22

131.00 ± 59.42

36
28

119.50 ± 36.04
127.36 ± 57.71

81
3
2

122.26 ± 45.91
196.67 ± 115.14
128.50 ± 19.09

76
5
3
2

126.89 ± 52.3
120.40 ± 14.00
94.67 ± 23.07
110.00 ± 31.11

29
57

99.66 ± 22.64
137.89 ± 54.95

30
56

89.80 ± 12.80
144.50 ± 51.69

65
21

128.15 ± 49.71
115.23 ± 50.36

60
26

115.08 ± 39.76
149.40 ± 63.20

t (F ) P value
1.11

> 0.05

0.89

> 0.05

0.40

> 0.05

3.40

< 0.01

0.47

> 0.05

4.55

< 0.01

7.50

< 0.01

1.02

> 0.05

2.52

< 0.01

Statistical analysis
All data were analyzed by SAS 9.0. Mean values for measurement data were presented as mean ± SD, differences
in measurement data and enumeration data were compared using analysis of variance and χ 2 test, respectively.
A P value less than 0.05 was considered statistically significant.

RESULTS
Relationship between pre-radiotherapy VEGF level and
clinical characteristics of EC patients
The mean pre-radiotherapy serum VEGF level in the 86
EC patients was 125.00 ± 49.89 ng/L, which was significantly higher than that in the 30 healthy controls (79.63
± 39.17 ng/L, P < 0.01). The pre-radiotherapy serum
VEGF level in the 86 EC patients was significantly correlated with primary tumor size, lymph node metastasis,
histopathologic type, and clinical stage, but was not correlated with lesion site, distant metastasis, X-ray pathologic types, gender, or age (Table 1).
Dynamic changes in VEGF level
Serum VEGF levels were determined in all 86 EC patients before radiotherapy. Radiotherapy was discontinued in 3 cases due to intolerable complications. Of the
remaining 83 evaluable EC cases, VEGF levels were
significantly increased in 32 cases during radiotherapy
(P < 0.01); these patients were given thalidomide with
radiotherapy (drug group), and their VEGF levels were
significantly decreased at the end of treatment compared
with those during radiotherapy (P < 0.05). The other 51
patients, whose VEGF levels were significantly decreased
during radiotherapy compared with before radiotherapy (P
< 0.01), received radiotherapy as initially planned (nondrug group); the VEGF levels in these patients were not
significantly different during and after radiotherapy (P >
0.05) (Table 2).

Vascular endothelial growth factor (VEGF) level in 86 esophageal cancer
(EC) cases was significantly correlated with primary tumor size, lymph
node metastasis, histopathologic type, and clinical stage of EC (P < 0.01),
but was not correlated with lesion site, distant metastasis, X-ray pathologic
type, gender, or age (P > 0.05).

sleep; if no side effects were observed, 200 mg/d was
started from the next week up to the end of radiotherapy.
Evaluation of short-term effect
Esophageal barium examination was performed in the
fourth week and at the end of radiotherapy in all patients. The short-term effect was assessed according to
the criteria of the International Union Against Cancer
(UICC). Complete response (CR): mass shadow disappeared, mucosa returned to normal or became coarse,
barium agent passed smoothly, no or slight rigidity of
the esophagus, and no or slight stenosis. Partial response
(PR): no obvious distortion or ulceration, tumor volume
reduced by more than 50%, barium agent passed fairly
smoothly, border not so smooth (with a little filling-defect or crater), or a smooth border, but with obvious stenosis. Minor response (MR): broadened lumen, improved
distortion, and ulceration and tumor volume reduced by
less than 50%. No change (NC): obvious filling-defect or
crater, aggravated stenosis, no noticeable tumor volume

WJG|www.wjgnet.com

Short-term response
The response rate (CR + PR) was 71.88% for 32 patients
in the drug group and 78.43% for 51 patients in the nondrug group (Table 3).
Side effects
The incidence of dizziness and/or burnout in the drug
and non-drug groups was 62.50% and 15.69%, respectively (P = 0.000), and the incidence of somnolence was
12.50% and 0%, respectively (P = 0.019). These differences were significant. In the drug and non-drug groups,
the incidence of grade Ⅲ-Ⅳ esophagitis was 12.50% and
11.76% (P = 0.812), grade Ⅲ-Ⅳ leukocyte decrease was
6.25% and 9.80% (P = 0.864), grade Ⅲ-Ⅳ platelet decrease was 3.13% and 5.88% (P = 0.961), and grade Ⅲ-Ⅳ
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Table 2 Dynamic changes in vascular endothelial growth
factor levels in 83 evaluable esophageal cancer patients
n

Group
Drug group
Non-drug
group

32
51

Before
radiotherapy

During
radiotherapy

After
radiotherapy

98.56 ± 28.74
141.76 ± 53.78

122.69 ± 43.03d
100.94 ± 22.61f

109.53 ± 32.48b
100.31 ± 23.45

Table 3 Response rate of 83 evaluable esophageal cancer
patients n (%)
n

CR

PR

MR

NC

Drug group
Non-drug group

32
51

10 (31.25)
26 (50.98)

13 (40.63)
14 (27.45)

7 (21.87)
7(13.73)

2 (6.25)
4 (7.84)

CR: Complete response; MR: Minor response; PR: Partial response; NC:
No change.

b

P < 0.01 vs during radiotherapy (drug group); dP < 0.01 vs before
radiotherapy (drug group); fP < 0.01 vs before radiotherapy (non-drug
group).

Table 4 Side effects in 83 evaluable esophageal cancer cases

nausea and vomiting was 9.38% and 27.45%, respectively
(P = 0.089). Anaphylaxis was not observed in the two
groups (P = 1.000) (Table 4). All patients tolerated the
side effects, and there were no withdrawals due to them.

Side effects

χ

Group

2

P value

Drug group Non-drug group
Dizziness or burnout
Somnolence
Grade Ⅲ-Ⅳ
esophagitis
Grade Ⅲ-Ⅳ leukocyte
decrease
Grade Ⅲ-Ⅳ platelet
decrease
Grade Ⅲ-Ⅳ nausea
and vomiting
Anaphylaxis

DISCUSSION
EC is one of the most common malignant tumors in
China, and radiotherapy is currently the main treatment
for EC. However, the efficacy of radiotherapy has not
improved over the past 30 years, with the 5-year survival
rate being 15%-39%[19]. Improvements in treatment efficacy and patient compliance, and a reduction in recurrence, metastasis, and side effects are still the focus of
EC studies.
Tumor growth is neo-angiogenesis-dependent, and
VEGF has been demonstrated to be an independent
prognostic factor for EC, and plays a key role in the recurrence and metastasis of EC. It has been reported that
a high expression of VEGF may indicate poor radiosensitivity and prognosis of tumors. Recent research has
confirmed that thalidomide can inhibit VEGF secretion,
tumor proliferation, and metastasis. In 1999, thalidomide
was first reported by Singhal et al[14] in the treatment of
refractory multiple myeloma, which yielded a clinical
remission rate of 32%. Thalidomide was subsequently
found to have definite effects on several malignant hematological tumors. Thalidomide, as an angiogenesis inhibitor, has become an important choice in the comprehensive treatment of solid tumors[20-22].
Reports on the relationship between thalidomide
and radiosensitivity of esophageal tumors are very rare.
Between 2009 and 2010, we explored the relationship between thalidomide and the radiosensitivity of esophageal
carcinoma cells, and found that thalidomide enhanced
the radiosensitivity of esophageal carcinoma cells both
in vitro and in vivo, probably by down-regulating VEGF
expression in esophageal carcinoma cells[23,24]. In addition,
our previous clinical research also demonstrated that the
response rate to radiotherapy was 61.90% in EC patients,
with increased VEGF level during radiotherapy and
90.25% in those with decreased VEGF level, suggesting that patients with increased VEGF were resistant to
radiotherapy. Therefore, the dynamic variation in serum
VEGF plays a key role in predicting the radiosensitivity
of EC patients. In the present study, we found that the

WJG|www.wjgnet.com

Group

20
4
4

8
0
6

19.28
0.06

0.000
0.019
0.812

2

5

0.03

0.864

1

3

0.02

0.961

3

14

2.913

0.089

0

0

-

1.000

pre-radiotherapy VEGF level in 86 EC cases was significantly higher than that in the healthy controls, and was
correlated with primary tumor size, lymph node metastasis, histopathologic type, and clinical stage of EC, and
was not correlated with lesion site, distant metastasis,
X-ray pathologic type, gender, or age. These results indicated that high VEGF levels help to maintain hypertonic
status, and can increase tumor vessel permeability, thus
exerting a significant influence on the invasion and metastasis of EC cells. These findings suggest that VEGF
is a key indicator for evaluating biological behavior and
predicting the prognosis of EC. In this study, VEGF
level was significantly increased in 32 EC patients during
radiotherapy, and when thalidomide was given concurrently with radiotherapy, this resulted in a significantly decreased VEGF level at the end of treatment; 32 patients
had a response rate (CR + PR) of 71.88%. These results
indicate that thalidomide may improve the radiosensitivity of EC patients with high VEGF expression by downregulating the VEGF level and improving the outcome
of radiotherapy.
Teratogenesis is the main side effect of thalidomide,
and other frequent side effects include central nervous
system symptoms such as dizziness, burnout, and somnolence, followed by peripheral neuropathy; venous
thromboembolism (VTE) is the most severe side effect[25]. Neither VTE nor other severe side effects were
observed in the 32 EC patients who received thalidomide
in this study; only dizziness, burnout and/or somnolence
were observed, which were tolerable after expectant
treatment. It has been reported that the side effects of
thalidomide are dose-related, and 90% of patients could
tolerate a dose of 400 mg/d with few severe side effects;
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radiation to down-regulate VEGF and enhance radiosensitivity in EC patients.

the adverse reactions of thalidomide were alleviated or
disappeared in most patients following dose reduction or
drug discontinuation[26].
Generally, EC patients have different degrees of
psychological disorders, such as depression, anxiety, and
dysphoria, resulting in insomnia, decreased quality of
life, and in some cases radiotherapy has to be withdrawn.
Thalidomide has been shown to have a satisfactory sedative effect, and in this study we noted that EC patients
who received thalidomide had a better sleep and diet pattern, and their quality of life and treatment compliance
were greatly improved. All patients in the drug group received radiotherapy up to the end of the treatment period without interruption. We also found that thalidomide
could achieve a satisfactory sedative effect in advanced
EC patients with persistent insomnia. Wijermans et al[27]
and Tassinari et al[28] also demonstrated that thalidomide,
as a TNF-α inhibitor, improved the quality of life of EC
patients.
Currently available anti-angiogenesis drugs include
Avastin and endostatin; however, they are very expensive
and most patients cannot afford them, which greatly limits the clinical application of anti-angiogenesis therapy.
In comparison, thalidomide has the advantages of low
price, oral administration, and fewer side effects, making
it an affordable agent for anti-angiogenesis-based target
therapy.
These findings indicate that thalidomide has the potential to down-regulate serum VEGF in EC patients
during radiotherapy, and the combination of thalidomide
and radiotherapy can not only increase the response rate
of EC patients to radiotherapy, but also improve their
quality of life and treatment compliance. Considering the
relatively small sample size of the present study, we plan
to conduct a clinical randomized controlled trial with a
larger sample size to further investigate the efficacy, side
effects, and influence on long-term survival of this combined therapy, with the hope of providing a new treatment strategy for EC patients.

Peer review

This study mainly focused on VEGF change in EC patients during radiation
treatment under thalidomide intervention, as well as its influence on the patients’ response and tolerance to radiotherapy.
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OBSERVATIONAL STUDY

TNM staging of colorectal cancer should be reconsidered by
T stage weighting
Jun Li, Bao-Cai Guo, Li-Rong Sun, Jian-Wei Wang, Xian-Hua Fu, Su-Zhan Zhang, Graeme Poston, Ke-Feng Ding
observed survival (OS). The relative weights of the T
and N stages were calculated by multiple linear regressions based on their impact on survival. Risk scores for
25 TN categories were then calculated from the T and
N stage relative weights, and a rearranged tumor node
metastasis (TNM) staging system was proposed via a
cluster analysis of the TN scores.
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RESULTS: Both T and N stages significantly affect the
OS of patients with colorectal cancer. Moreover, the T
stage has greater weight than the N stage in the TNM
staging system of colorectal cancer. For colon cancer,
the relative T and N stage weights were 0.58 and 0.42,
respectively, and for rectal cancer, the relative T and
N stage weights were 0.61 and 0.39, respectively. On
the basis of cluster analysis of the TN scores, T1N1a
was classified to stage Ⅰ, and T2N1a-1b and T1N1b2a were classified to stage Ⅱ in our revised TNM staging system for both colon and rectal cancer. For colon
cancer, T4bN0 was classified to stage Ⅲa, but for rectal
cancer, it was classified to stage Ⅲb.
CONCLUSION: As the T stage affects colorectal cancer
survival more significantly than the N stage, the TNM
staging should be revised by relative T stage weight.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal cancer; Neoplasm staging; Cluster analysis; Survival analysis; Observational study
Core tip: The 7th edition of the American Joint Committee on Cancer (AJCC) tumor node metastasis (TNM)
staging system for colorectal cancer can not predict
survival linearly by stage. We propose that the T stage
has greater weight than the N stage, more especially in
rectal cancer than in colon cancer. Moreover, in this arth
ticle, we propose a revised scheme for the 7 edition of
the AJCC TNM staging system. In our revised scheme,
T4bN0 is classified to stage Ⅲa in colon cancer, but to

Abstract
AIM: To verify that the T stage has greater weight
than the N stage in the staging of colorectal cancer.
METHODS: Open data from the Surveillance, Epidemiology, and End Results program were reviewed and analyzed according to the T stage, N stage, and patients’
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were reviewed[2,3], and data on colon cancer and rectal
cancer were analyzed separately. Patients with stage 0 and
Ⅳ disease were excluded from the study. 5-year OS rate
data were extracted according to 25 combinations of the
T stage (1 = T1, 2 = T2, 3 = T3, 4 = T4a, and 5 = T4b)
and N stage (0 = N0, 1 = N1a, 2 = N1b, 3 = N2a, and
4 = N2b). Stage N1c (tumor deposit) was also excluded
from the study because no data were available.
As T and N stage scores are independent variables,
and 5-year OS rates are dependent variables, threedimensional (3D) scatter plots were constructed to demonstrate the relationships of the T stage, N stage and OS.
In addition, multiple linear regressions were calculated to
elucidate the quantitative relationships of these parameters. For example:
OS = (c-b1 × T - b2 × N) × 100%
where c is the survival constant, and b1 and b2 are the
mean coefficients of regression of T and N. According
to the coefficients of regression, we get:
αOS/αT = b1, αOS/αN = b1
This means that when the T stage changes by one
unit, the relative influence on OS is b1, and when the N
stage changes by one unit, the relative influence on OS
is b2. Therefore, the relative influence on OS of the T
stage and N stage is b1:b2. Since OS is only influenced by
2 indicators, T and N, according to the relative influence
on OS of T and N, we can calculate the normalization
weights of the indicators T and N. For example, the
weight of T is:
WT = b1/(b1 + b2) × 100%
and the weight of N is:
WN = 1 - WT.
The scores of TN combinations are the scores of
each stage multiplied by its weight. For example, TN
scores for T4aN0 = WT × 4 + WN × 0, and TN scores
for T2N2b = WT × 2 + WN × 4 (WT is the weight of
T, and WN is the weight of N). This concept was derived
from a comprehensive evaluation of all the available data,
which balances the various indicators. Using this method,
the scores of 25 TN combinations of T stage and N
stage were calculated.
Subsequently, we used cluster analysis (also called
group analysis; a statistical analysis method for studying
the classification of samples or indicators[5]) of the TN
scores to rearrange the TNM staging system.

stage Ⅲb in rectal cancer. This is the first attempt to
revise the established TNM staging system for colorectal cancer by shaking the keystone of present classification based on the lymph nodes status.
Li J, Guo BC, Sun LR, Wang JW, Fu XH, Zhang SZ, Poston
G, Ding KF. TNM staging of colorectal cancer should be reconsidered by T stage weighting. World J Gastroenterol 2014;
20(17): 5104-5112 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5104.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5104

INTRODUCTION
The American Joint Committee on Cancer (AJCC) tumor
node metastasis (TNM) staging system is widely used to
predict the prognosis for patients with colorectal cancer
and to guide adjuvant therapy after potentially curative surgery. The 7th edition of the AJCC TNM staging
system was published in 2010[1]. Patients with colorectal
cancer, which directly invades or is adherent to other
organs or structures, have poorer prognoses. As a result,
stage T4 was stratified to T4a and T4b, and patients with
T4bN0 lesions were reclassified from stage Ⅱb to Ⅱc.
Similarly, T1-2N2 was moved from stage Ⅲc to Ⅲa/Ⅲ
b. These changes reflect the fact that the T stage affects
survival in colorectal cancer patients more significantly
than previously believed.
The most obvious drawback of the AJCC TNM staging system is that the relative weighting of the N stage
is over-estimated. Except for patients in stage Ⅳ, all patients with lymph node involvement are defined as stage
Ⅲ. However, data from the Surveillance, Epidemiology,
and End Results (SEER) program has shown that the
5-year observed survival (OS) of stage Ⅲa patients (T12N1 and T1N2a) matches that of stage Ⅰ patients[2,3]. On
the other hand, stage Ⅱc patients have a poorer prognosis, equivalent to that of stage Ⅲb patients (Figure 1).
In other words, the 7th edition of the AJCC TNM staging system fails to predict survival linearly by stage. In a
study in which survival data for 1165 Japanese colorectal
cancer patients were calculated according to 7th edition
of the AJCC TNM staging system, it was found that after
stage Ⅰ, patients in stage Ⅲa unexpectedly showed the
best prognosis[4].
As we were concerned that the T stage may have a
greater impact on the survival of colorectal cancer patients following potentially curative surgery than that
proposed in the updated 7th edition of the AJCC TNM
staging system, we analyzed open SEER data further to
clarify the impact of different T and N stage weights on
survival. In doing so, we propose a revised scheme for
the 7th edition of the AJCC TNM staging system.

Statistical analysis
All statistical analyses were performed using SPSS® version 16.0. A P value < 0.05 was considered statistically
significant.

RESULTS
Multiple linear regressions of T stage, N stage and OS
Both T and N stages significantly affect the OS of patients with colorectal cancer. The 3D scatter plots of T
and N stages and 5-year OS for colon cancer are shown
in Figure 2A and B. The multiple regression equation

MATERIALS AND METHODS
Open SEER population-based data from 1992 to 2004
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Figure 1 Relationship between survival of colorectal cancer patients and stages of the American Joint Committee on Cancer 7th edition tumor node metastasis staging system. A: The 5-year observed survival rate of colorectal cancer patients according to 25 combinations of T and N stages of the American Joint
Committee on Cancer (AJCC) 7th edition tumor node metastasis (TNM) staging system; B: The median 5-year observed survival rate of colorectal cancer patients for
overall stages (Ⅰ, Ⅱ, Ⅲa, Ⅲb and Ⅲc) according to the 7th edition of the AJCC TNM staging system. Colon cancer is represented by the solid black grids. Rectal
cancer is represented by the white grids (Surveillance, Epidemiology, and End Results open data).

for colon cancer is: OS = (97.432 - 10.56T - 7.812N) ×
100%. The relative weight of T = 0.58, and the relative
weight of N = 0.42. These calculations indicate that the
T stage affects colon cancer survival more significantly
than the N stage.
The 3D scatter plots of T and N stages and 5-year
OS for rectal cancer are shown in Figure 2C and D. The
multiple regression equation for rectal cancer is: OS =
(99.108 - 11.356T - 7.194N) × 100%. The relative weight
of T = 0.61 and the relative weight of N = 0.39. Thus,
the T stage appears to have greater weight in rectal cancer
than in colon cancer.

proposed TNM staging system according to these TN
scores fits well with the 5-year OS of colorectal cancer
patients after potentially curative surgery (Figures 3 and 4).
The summary of our proposed TNM staging system is
shown in Table 3.

DISCUSSION
The present study and Mori’s report[4] both found that
the 7th edition of the AJCC TNM staging system cannot
accurately predict the survival of patients with colorectal
cancer, especially for stages Ⅱc and Ⅲa[4]. It is easy to
misinterpret the prognosis of Ⅱc as being better than
that of Ⅲa. This defect of the current TNM staging
system originates from the inherent notion that lymph
node metastases (N stage) affect the prognosis more significantly than local invasion (T stage), and this opinion is
reflected in the current classification of stages Ⅱ and Ⅲ
colorectal cancer. Although patients with T4bN0 have a
lower 5-year survival rate than many stage Ⅲa/b patients,
they are still currently classified as stage Ⅱc. Recent data

TN scores and cluster analysis
The 25 combinations of T and N stages and the corresponding 5-year OS of colon cancer and rectal cancer are
shown in Tables 1 and 2, respectively. According to the
TN scores, the TNM staging system can be rearranged
to stage Ⅰ (TN score ≤ 1.0), stage Ⅱ (1.0 < TN score
≤ 2.0), stage Ⅲa (2.0 < TN score ≤ 3.0), stage Ⅲb (3.0
< TN score ≤ 4.0), and stage Ⅲc (TN score > 4.0). The
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Figure 2 Scatter plots for T stage, N stage and the 5-year observed survival of colorectal cancer patients. A: Highlight of the T stage of colon cancer; B: Highlight of the N stage of colon cancer; C: Highlight of the T stage of rectal cancer; D: Highlight of the N stage of rectal cancer.

standardized colorectal cancer surgery, with their greater
lymph node yields, has reduced loco-regional recurrences
and thereby improved survival rates[10,11]. On the other
hand, patients with locally advanced (especially T4) tumors have a higher risk of local recurrence and peritoneal
and distant metastases, resulting in poorer outcomes[12].
The findings of the present study support the hypothesis that the weight of T stage has been under-estimated in colorectal cancer patients. The relative weights
of the T and N stages were 0.58 and 0.42, respectively,
in colon cancer, and 0.61 and 0.39, respectively, in rectal
cancer. To confirm that the T stage should carry more
weight in the TNM staging system, our study calculated
25 categories of TN scores according to different T/N
weightings. The survival rate decreased with increasing
TN scores with good linear relationships. In addition,
the proposed rearrangement of TNM stages according
to the TN scores also showed good linear relationships
with survival. Consequently, the traditional classification
system, which relied more on the N stage, needs to be
revised to place more emphasis on the T stage.
It is worth noting that the T stage has even greater
weight in rectal cancer than in colon cancer, which probably indicates a higher risk and worse local recurrence
consequences in rectal cancer. As a result, we propose
that T4bN0 should be reclassified to stage Ⅲa for colon

have shown that adjuvant chemotherapy improves both
the progression-free survival and overall survival of patients with stage Ⅱ colon cancer[6], implying that there
must be some problems with the existing staging system,
especially in the identification of stages Ⅱ and Ⅲ.
There are 2 considerations that may be the root of
the problem. Firstly, the TNM staging system traditionally relies on anatomical staging. The current system
omits survival benefit because of the advances in surgery
and adjuvant therapy in recent decades. As is well known,
chemotherapy with oxaliplatin and fluorouracil and adjuvant radiotherapy have significantly improved the prognosis of patients with stage Ⅱ/Ⅲ colorectal cancer[7].
The data on which the 7th edition of the AJCC staging
system for colorectal cancer were based were derived
from the SEER outcome data of 1998-2002, well before
the findings of adjuvant trials in stages Ⅱ and Ⅲ became
available, and they certainly do not reflect current practice
and prognosis[8,9].
Secondly and more importantly, our data indicate that
the weight of the N stage has been over-estimated, and
that this has been accompanied by an under-estimation
of the T stage. This traditional concept needs to be reconsidered and correlated with contemporary survival
data. The widespread application of complete mesocolic
excision (CME) and total mesorectal excision (TME)
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Table 1 Tumor node scores and cluster analysis for colon cancer
th

AJCC 7 ed
TNM stage
Ⅰ
Ⅱa
Ⅱb
Ⅱc
Ⅲa

Ⅲb

Ⅲc

TN
combinations

Patients
(n )

TN score

T1N0
T2N0
T3N0
T4aN0
T4bN0
T1N1a
T2N1a
T1N1b
T2N1b
T1N2a
T2N2a
T3N1a
T4aN1a
T3N1b
T1N2b
T2N2b
T4aN1b
T3N2a
T4aN2a
T3N2b
T4bN1a
T4bN1b
T4bN2a
T4aN2b
T4bN2b

10930
12931
40338
5020
3088
643
1270
325
896
77
300
8759
1311
9107
27
95
1460
5331
982
3235
845
929
730
671
653

0.58
1.16
1.74
2.32
2.90
1.00
1.58
1.42
2.00
1.84
2.41
2.16
2.74
2.58
2.26
2.84
3.16
3.00
3.58
3.42
3.32
3.74
4.16
4.00
4.58

5-yr OS

Proposed
TNM stage

78.7%
74.3%
66.7%
60.6%
45.7%
76.7%
72.1%
65.8%
67.7%
57.4%
66.6%
58.2%
52.2%
51.7%
55.0%
51.0%
42.1%
42.8%
32.5%
30.4%
30.6%
25.4%
18.3%
17.5%
12.9%

I
Ⅱ

Ⅲa

Ⅲb

Ⅲc

TN
combinations

Patients
(n )

TN score

5-yr OS

T1N0
T1N1a
T2N0
T1N1b
T2N1a
T3N0
T1N2a
T2N1b
T3N1a
T1N2b
T4aN0
T2N2a
T3N1b
T4aN1a
T2N2b
T4bN0
T3N2a
T4aN1b
T4bN1a
T3N2b
T4aN2a
T4bN1b
T4aN2b
T4bN2a
T4bN2b

10930
643
12931
325
1270
40338
77
896
8759
27
5020
300
9107
1311
95
3088
5331
1460
845
3235
982
929
671
730
653

0.58
1.00
1.16
1.42
1.58
1.74
1.84
2.00
2.16
2.26
2.32
2.41
2.58
2.74
2.84
2.90
3.00
3.16
3.32
3.42
3.58
3.74
4.00
4.16
4.58

78.7%
76.7%
74.3%
65.8%
72.1%
66.7%
57.4%
67.7%
58.2%
55.0%
60.6%
66.6%
51.7%
52.2%
51.0%
45.7%
42.8%
42.1%
30.6%
30.4%
32.5%
25.4%
17.5%
18.3%
12.9%

OS: Observed survival. AJCC: American Joint Committee on Cancer; TNM: Tumor node metastasis.

Table 2 Tumor node scores and cluster analysis for rectal cancer
th

AJCC 7 ed
TNM stage
Ⅰ
Ⅱa
Ⅱb
Ⅱc
Ⅲa

Ⅲb

Ⅲc

TN
combinations

Patients
(n )

TN score

5-yr OS

T1N0
T2N0
T3N0
T4aN0
T4bN0
T1N1a
T2N1a
T1N1b
T2N1b
T1N2a
T2N2a
T3N1a
T4aN1a
T3N1b
T1N2b
T2N2b
T4aN1b
T3N2a
T4aN2a
T3N2b
T4bN1a
T4bN1b
T4bN2a

3348
6613
10615
818
769
274
923
170
641
62
302
2758
218
3029
24
120
262
1964
199
1791
201
222
156

0.61
1.22
1.83
2.44
3.05
1.00
1.61
1.39
2.00
1.78
2.39
2.22
2.83
2.61
2.17
2.78
3.22
3.00
3.61
3.39
3.44
3.83
4.22

81.4%
75.7%
64.0%
55.7%
44.7%
75.7%
72.7%
75.9%
68.9%
73.8%
58.2%
55.4%
53.2%
49.7%
53.2%
41.7%
43.9%
42.5%
44.3%
32.0%
24.4%
24.0%
18.5%

T4aN2b
T4bN2b

198
152

4.00
4.61

24.5%
12.3%

Proposed
TNM stage
I
Ⅱ

Ⅲa

Ⅲb

Ⅲc

TN
combinations

Patients
(n )

TN score

5-yr OS

T1N0
T1N1a
T2N0
T1N1b
T2N1a
T1N2a
T3N0
T2N1b
T1N2b
T3N1a
T2N2a
T4aN0
T3N1b
T2N2b
T4aN1a
T3N2a
T4bN0
T4aN1b
T3N2b
T4bN1a
T4aN2a
T4bN1b
T4aN2b

3348
274
6613
170
923
62
10615
641
24
2758
302
818
3029
120
218
1964
769
262
1791
201
199
222
198

0.61
1.00
1.22
1.39
1.61
1.78
1.83
2.00
2.17
2.22
2.39
2.44
2.61
2.78
2.83
3.00
3.05
3.22
3.39
3.44
3.61
3.83
4.00

81.4%
75.7%
75.7%
75.9%
72.7%
73.8%
64.0%
68.9%
53.2%
55.4%
58.2%
55.7%
49.7%
41.7%
53.2%
42.5%
44.7%
43.9%
32.0%
24.4%
44.3%
24.0%
24.5%

T4bN2a
T4bN2b

156
152

4.22
4.61

18.5%
12.3%

OS: Observed survival; AJCC: American Joint Committee on Cancer; TNM: Tumor node metastasis.

cancer, but to stage Ⅲb for rectal cancer. In addition,
T1N1a should be reclassified to stage Ⅰ, rather than
stage Ⅲa in the 7th edition of the AJCC TNM staging
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system, and T2N1a-1b and T1N1b-2a should be reclassified to stage Ⅱ, rather than stage Ⅲa in the 7th edition of
the AJCC TNM staging system. Our proposed rearrange-
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Combinations of T and N stages of colon cancer according to TN scores
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Figure 3 Relationship between survival of colon cancer patients and stages of the revised tumor node metastasis staging system. A: The 5-year observed
survival rate of colon cancer patients for combinations of T and N stages according to TN scores. The observed survival rate is represented by the solid black grids.
TN scores are represented by the white grids; B: The median 5-year observed survival rate of colon cancer patients for the proposed tumor node metastasis (TNM)
staging system according to TN scores.

ment of the TNM staging system reflects the significance
of the T stage in colorectal cancer and abandons the rigid
classification by lymph node status, similar to the TNM
staging system for gastric cancer[13]. It should be noted,
however, that there may be potential biases arising from
the SEER database, because the survival of patients can
also be affected by factors such as surgical procedures,
adjuvant therapies, and the number of lymph nodes, etc.
Consequently, the reliability of our findings should be
validated not only with regard to individual SEER data
and other datasets, but also with regard to other staging
systems, such as the 5th edition of the TNM staging system, which is used in Europe[4,14,15].
As mentioned above, patients who previously were
classified as stage Ⅲa (T1-2N1 and T1N2a) should now
be reclassified as stage Ⅰ or Ⅱ. As the use of adjuvant
therapy remains problematic for patients with colon cancer, information on treatment approaches was omitted in
our study. In this regard, there are 2 factors to be considered. Firstly, stage Ⅲa patients receive adjuvant therapy
to improve their prognosis. Secondly, patients who have
a good prognosis do not need either adjuvant therapy or
intensive adjuvant therapy. Considering that patients with

WJG|www.wjgnet.com

both stages Ⅱ and Ⅲ rectal cancer previously received
adjuvant radiochemotherapy, some stage Ⅲa patients still
have a better prognosis than those in stage Ⅱ. It is speculated that some stage Ⅲa colorectal cancer patients have
a naturally good prognosis, no matter which treatment is
offered. As stage Ⅲ patients traditionally receive adjuvant
therapy, this issue should be clarified in future trials.
The question as to how to classify tumor deposits
was not considered in this study. Peri-tumor deposits
first emerged as prognostic indicators in the 5th edition
of the AJCC TNM staging system in 1997[14]. A tumor
nodule > 3 mm in diameter in the perirectal or pericolic
adipose tissue, without histologic evidence of residual
lymph node tissue, is classified as a regional lymph node
metastasis (N category). A tumor nodule up to 3 mm in
diameter is classified within the T category. These definitions are called the 3 mm rule. In the 6th edition of the
AJCC TNM staging system published in 2002, the 3 mm
rule was replaced by the contour rule[16]. A tumor nodule
without histologic evidence of a residual lymph node is
now classified within the N category if the nodule has
the form and smooth contour of a lymph node. If the
nodule has an irregular contour, it is classified within the
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Figure 4 Relationship between survival of rectal cancer patients and stages of the revised tumor node metastasis staging system. A: The 5-year observed
survival rate of rectal cancer patients for combinations of T and N stages according to TN scores. The observed survival rate is represented by the grey grids. TN
scores are represented by the white grids; B: The median 5-year observed survival rate of rectal cancer patients for the proposed tumor node metastasis (TNM) staging system according to TN scores.

adjacent tumor deposit but no lymph node metastasis is
now classified as N1c. The definition and classification of
tumor deposits have kept changing in recent editions of
TNM staging systems on the basis of expert consensus
instead of high level evidence. There is some evidence
to support the view that the 5th edition of TNM staging
system is the best choice to define peri-tumoral tumor
deposits in colorectal cancer[17,18].
The average number of lymph nodes within the
SEER dataset was not well defined. Of the 109953 colon cancer cases in the SEER dataset, 13 or more lymph
nodes were harvested in 37% of patients. As a result,
it is easy to see how understaging can occur within the
SEER dataset, especially for stage Ⅱ patients. However,
in terms of the average number of lymph nodes, the
SEER dataset is equivalent to other databases. For example, in US hospital data, more than 60% of hospitals
(792/1296) failed to archive a compliance benchmark
for the 12-node measure[19]. A nationwide populationbased study in the Netherlands showed that the median
number of lymph nodes harvested in colon cancer was
only 8[20]. However, the latest study based on SEER data

Table 3 Summary of proposed tumor node metastasis staging
system
Proposed TNM
stage for colon
cancer
Ⅰ
Ⅱ

Ⅲa

Ⅲb

Ⅲc

TN
combinations

Proposed TNM
stage for rectal
cancer

TN
combinations

T1N0-1a
T1N1b-2a
T2N0-1b
T3N0
T1N2b
T2N2a-2b
T3N1a-2a
T4aN0-1a
T4bN0
T3N2b
T4aN1b-2b
T4bN1a-1b
T4bN2a-2b

Ⅰ
Ⅱ

T1N0-1a
T1N1b-2a
T2N0-1b
T3N0
T1N2b
T2N2a-2b
T3N1a-2a
T4aN0-1a

Ⅲa

Ⅲb

Ⅲc

T3N2b
T4aN1b-2b
T4bN0-1b
T4bN2a-2b

TNM: Tumor node metastasis.

T category. In the 7th edition of the AJCC TNM staging system, the definition of tumor deposits is left to the
discretion of the pathologist[1]. Colorectal cancer with an
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shows that the detection of fewer lymph nodes does
not result in understaging. Although the proportion of
patients with 12 or more lymph nodes has increased over
the period 1988 to 2008 (from 34.6% in 1988-1990 to
73.6% in 2006-2008, P < 0.001), this has not resulted in
a significant overall increase in the proportion of nodepositive cases (40% in 1988-1990 vs 42% in 2006-2008, P
= 0.53). Therefore the “upstaging” hypothesis as the primary basis for improved survival in patients with more
lymph nodes is questionable[21].
It is difficult to evaluate the accurate stage for many
patients with advanced rectal cancer who receive neoadjuvant chemoradiotherapy. While some cases of rectal
cancer will respond and downstage, a stratified analysis
was not possible in this study because adjuvant and palliative treatments are anfractuous between patients, and also
because fewer patients received neoadjuvant treatment at
the time the SEER data were collected (1998-2002). As
a result, rectal cancer patients who did or did not receive
neoadjuvant treatment were included together in this
study without stratification. There are 3 reasons supporting the lack of stratification in this study. Firstly, the
outcomes of rectal cancer after preoperative treatment
are decided by the post-treatment pathologic stage rather
than preoperative stage[22]. Secondly, pretreatment stages
are not absolutely accurate, even when magnetic resonance imaging (MRI) or endorectal ultrasound have been
employed[23]. Thirdly, the proposed TNM staging system
for rectal cancer in this study is remarkably similar to that
for colon cancer, but with no stratification for treatment.
T4b is the exception in rectal cancer. Although our study
showed that T4b has greater weight in rectal cancer than
in colon cancer, it is not clear whether this is an intrinsic
fact or a fault due to the lack of stratification for treatment. As mentioned above, the influence of treatment is
difficult to assess considering the various treatments, especially after cancer recurrences. Prospective, randomized
clinical trials comparing the prognosis of patients with
high T stages but negative lymph nodes and patients with
low T stages and low-positive N stages who received the
same adjuvant therapy may be helpful to clarify this problem. It is worth noting that the MERCURY study found
that postoperative ypT stage and circumferential resection margin (CRM), but not the post-treatment N status,
were important predictors of the outcome of locallyadvanced rectal cancer after neoadjuvant therapy[24,25].
This finding also implies that the T stage may affect the
outcome of rectal cancer more significantly than the N
stage. In the future, a separate staging system should be
made for rectal cancer which emphasizes the T stage and
the CRM status.
In conclusion, in the present study, we found that the
T stage affects colorectal cancer survival more significantly than the N stage. Therefore, it is reasonable to stratify
TNM stages according to relative T and N weightings. In
our proposed rearrangement of the TNM staging system, T4bN0 should be reclassified as stage Ⅲa in colon
cancer and stage Ⅲb in rectal cancer, while patients previously classified as Ⅲa (T1-2N1 and T1N2a) should be

WJG|www.wjgnet.com

reassigned to stage Ⅰ or Ⅱ. Our proposed TNM staging
system based on relative T and N weightings should be
examined in future prospective, randomized controlled
trials and stratified studies.
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Background

The American Joint Committee on Cancer (AJCC) TNM staging system is widely used to predict the prognosis for patients with colorectal cancer and to guide
adjuvant therapy after potentially curative surgery. The 7th edition of the AJCC
TNM staging system for colorectal cancer, which was published in 2010, cannot
predict survival linearly by stage. For example, the 5-year observed survival of
stage Ⅲa patients (T1-2N1 and T1N2a) matches that of stage Ⅰ patients. On
the other hand, stage IIc patients have a poorer prognosis, equivalent to that of
stage Ⅲb patients.

Research frontiers

In the 7th edition TNM staging system, stage T4 was stratified to T4a and T4b,
and patients with T4bN0 lesions were reclassified from stage Ⅱb to Ⅱc. These
changes reflect the fact that the T stage affects survival in colorectal cancer
patients more significantly than previously believed.

Innovations and breakthroughs

Authors found that for colon cancer, the relative T and N stage weights were 0.58
and 0.42, respectively, and for rectal cancer, the relative T and N stage weights
were 0.61 and 0.39, respectively. It appears that T stage has greater weight in
rectal cancer than in colon cancer (which would be consistent with the greater
risk of local recurrence seen with rectal cancer). Moreover, the authors propose
a revised scheme for the 7th edition tumor node metastasis (TNM) staging
system. Consequently, T4bN0 is classified to Ⅲa in colon cancer, but to Ⅲb
in rectal cancer. It is the first try to revise established TNM staging system for
colorectal cancer by shaking the keystone of lymph nodes status (N stage).

Applications

In the present study, authors found that the T stage affects colorectal cancer
survival more significantly than the N stage. Therefore, it is reasonable to
stratify TNM stages according to relative T and N weightings in future revision
of the TNM staging system.

Terminology

Cluster analysis, also called group analysis, is a statistical analysis method for
studying the classification of samples or indicators. In this study, the TNM staging system is rearranged according to the cluster analysis results of TN scores.

Peer review

The authors analyzed the relationship between the survival and stages of
colorectal cancer using AJCC 7th edition TNM staging system. They found the
7th edition TNM staging system for colorectal cancer cannot predict survival
linearly by stage, but the relative weight of T stage has more impact on patients
survival based on multiple linear regression analysis. Even the criteria used
in the TNM system have varied over time according to the different editions
that AJCC and UICC have released, one aim for adopting a global standard is
to give an indication of prognosis and assist in the evaluation of the results of
treatment. To predict the survival of colorectal cancer more accurate, more and
new factors should be introduced into the evaluation system. The authors found
the relative weight of T/N stage is a factor that could predict survival effectively.
It is novel for TNM staging system.

REFERENCES
1

5111

Edge SB, Byrd DR, Compton, CC, Fritz AG, Greene FL,
Trotti A. AJCC Cancer Staging Manual. 7th ed. New York:
Springer, 2010

May 7, 2014|Volume 20|Issue 17|

Li J et al . Revised TNM staging system for CRC
2

3

4

5
6

7

8

9

10

11

12

13

14

Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart AK. Revised TN categorization for colon cancer based
on national survival outcomes data. J Clin Oncol 2010; 28:
264-271 [PMID: 19949014 DOI: 10.1200/JCO.2009.24.0952]
Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart
A. Revised tumor and node categorization for rectal cancer based on surveillance, epidemiology, and end results
and rectal pooled analysis outcomes. J Clin Oncol 2010; 28:
256-263 [PMID: 19949015 DOI: 10.1200/JCO.2009.23.9194]
Mori T. A comparison of the new (planned) TNM classification and Japanese general rule for staging colorectal cancer.
Cancer Invest 2010; 28: 387-392 [PMID: 19905908 DOI: 10.310
9/07357900903287055]
Frades I, Matthiesen R. Overview on techniques in cluster
analysis. Methods Mol Biol 2010; 593: 81-107 [PMID: 19957146
DOI: 10.1007/978-1-60327-194-3_5]
McKenzie S, Nelson R, Mailey B, Lee W, Chung V, Shibata S,
Garcia-Aguilar J, Kim J. Adjuvant chemotherapy improves
survival in patients with American Joint Committee on Cancer stage II colon cancer. Cancer 2011; 117: 5493-5499 [PMID:
21692068 DOI: 10.1002/cncr.26245]
Lombardi L, Morelli F, Cinieri S, Santini D, Silvestris N,
Fazio N, Orlando L, Tonini G, Colucci G, Maiello E. Adjuvant colon cancer chemotherapy: where we are and where
we’ll go. Cancer Treat Rev 2010; 36 Suppl 3: S34-S41 [PMID:
21129608 DOI: 10.1016/S0305-7372(10)70018-9]
André T, Boni C, Navarro M, Tabernero J, Hickish T, Topham
C, Bonetti A, Clingan P, Bridgewater J, Rivera F, de Gramont A. Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment in stage II or
III colon cancer in the MOSAIC trial. J Clin Oncol 2009; 27:
3109-3116 [PMID: 19451431 DOI: 10.1200/JCO.2008.20.6771]
Haller DG, Tabernero J, Maroun J, de Braud F, Price T,
Van Cutsem E, Hill M, Gilberg F, Rittweger K, Schmoll HJ.
Capecitabine plus oxaliplatin compared with fluorouracil
and folinic acid as adjuvant therapy for stage III colon cancer. J Clin Oncol 2011; 29: 1465-1471 [PMID: 21383294 DOI:
10.1200/JCO.2010.33.6297]
Hohenberger W, Weber K, Matzel K, Papadopoulos T,
Merkel S. Standardized surgery for colonic cancer: complete
mesocolic excision and central ligation--technical notes and
outcome. Colorectal Dis 2009; 11: 354-364; discussion 364-365
[PMID: 19016817 DOI: 10.1111/j.1463-1318.2008.01735.x]
Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK.
Rectal cancer: the Basingstoke experience of total mesorectal
excision, 1978-1997. Arch Surg 1998; 133: 894-899 [PMID:
9711965 DOI: 10.1001/archsurg.133.8.894]
Howlader N, Noone AM, Krapcho M, Neyman N, Aminou
R, Waldron W, Altekruse SF, Kosary CL, Ruhl J, Tatalovich Z, Cho H, Mariotto A, Eisner MP, Lewis DR, Chen HS,
Feuer EJ, Cronin KA, Edwards BK, editors. SEER Cancer
Statistics Review, 1975-2008. Bethesda, MD: National Cancer Institute. Available from: URL: http://seer.cancer.gov/
csr/1975_2008/
National Comprehensive Cancer Network. Gastric Cancer
Version 2, 2011. Available from: URL: http://www.nccn.
org/professionals/physician_gls/pdf/gastric.pdf

15

16
17

18

19

20

21

22

23
24

25

Fleming ID, Cooper JS, Henson DE. AJCC Cancer Staging
Manual. 5th ed. Philadelphia, PA: Lippincott Raven, 1997
Morris EJ, Forman D, Thomas JD, Quirke P, Taylor EF, Fairley L, Cottier B, Poston G. Surgical management and outcomes of colorectal cancer liver metastases. Br J Surg 2010;
97: 1110-1118 [PMID: 20632280 DOI: 10.1002/bjs.7032]
Greene FL, Page D, Fleming ID. AJCC Staging Handbook.
6th ed. New York: Springer, 2002
Quirke P, Williams GT, Ectors N, Ensari A, Piard F, Nagtegaal I. The future of the TNM staging system in colorectal
cancer: time for a debate? Lancet Oncol 2007; 8: 651-657
[PMID: 17613427 DOI: 10.1016/S1470-2045(07)70205-X]
Nagtegaal ID, Tot T, Jayne DG, McShane P, Nihlberg A,
Marshall HC, Påhlman L, Brown JM, Guillou PJ, Quirke P.
Lymph nodes, tumor deposits, and TNM: are we getting
better? J Clin Oncol 2011; 29: 2487-2492 [PMID: 21555695
DOI: 10.1200/JCO.2011.34.6429]
Bilimoria KY, Bentrem DJ, Stewart AK, Talamonti MS,
Winchester DP, Russell TR, Ko CY. Lymph node evaluation
as a colon cancer quality measure: a national hospital report
card. J Natl Cancer Inst 2008; 100: 1310-1317 [PMID: 18780863
DOI: 10.1093/jnci/djn293]
Elferink MA, Siesling S, Visser O, Rutten HJ, van Krieken
JH, Tollenaar RA, Lemmens VE. Large variation between
hospitals and pathology laboratories in lymph node evaluation in colon cancer and its impact on survival, a nationwide population-based study in the Netherlands. Ann Oncol
2011; 22: 110-117 [PMID: 20595447 DOI: 10.1093/annonc/
mdq312]
Parsons HM, Tuttle TM, Kuntz KM, Begun JW, McGovern
PM, Virnig BA. Association between lymph node evaluation
for colon cancer and node positivity over the past 20 years.
JAMA 2011; 306: 1089-1097 [PMID: 21917579 DOI: 10.1001/
jama.2011.1285]
Quah HM, Chou JF, Gonen M, Shia J, Schrag D, Saltz LB,
Goodman KA, Minsky BD, Wong WD, Weiser MR. Pathologic stage is most prognostic of disease-free survival in
locally advanced rectal cancer patients after preoperative
chemoradiation. Cancer 2008; 113: 57-64 [PMID: 18442099
DOI: 10.1002/cncr.23516]
Fleming FJ, Påhlman L, Monson JR. Neoadjuvant therapy
in rectal cancer. Dis Colon Rectum 2011; 54: 901-912 [PMID:
21654259]
Patel UB, Taylor F, Blomqvist L, George C, Evans H, Tekkis P, Quirke P, Sebag-Montefiore D, Moran B, Heald R,
Guthrie A, Bees N, Swift I, Pennert K, Brown G. Magnetic
resonance imaging-detected tumor response for locally advanced rectal cancer predicts survival outcomes: MERCURY
experience. J Clin Oncol 2011; 29: 3753-3760 [PMID: 21876084
DOI: 10.1200/JCO.2011.34.9068]
Taylor FG, Quirke P, Heald RJ, Moran BJ, Blomqvist L,
Swift IR, Sebag-Montefiore D, Tekkis P, Brown G. Preoperative magnetic resonance imaging assessment of circumferential resection margin predicts disease-free survival and
local recurrence: 5-year follow-up results of the MERCURY
study. J Clin Oncol 2014; 32: 34-43 [PMID: 24276776 DOI:
10.1200/JCO.2012.45.3258]
P- Reviewers: Lu F, Tepes B S- Editor: Wen LL
L- Editor: Wang TQ E- Editor: Ma S

WJG|www.wjgnet.com

5112

May 7, 2014|Volume 20|Issue 17|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i17.5113

World J Gastroenterol 2014 May 7; 20(17): 5113-5118
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

PROSPECTIVE STUDY

Sedated vs unsedated colonoscopy: A prospective study
Abdulrahman M Aljebreen, Majid A Almadi, Felix W Leung
Abdulrahman M Aljebreen, Majid A Almadi, Gastroenterology
Division, King Khalid University Hospital, King Saud University, Riyadh 11461, Saudi Arabia
Majid A Almadi, Gastroenterology Division, McGill University
Health Center, McGill University, Montreal, Quebec H3G 1A4,
Canada
Felix W Leung, Research and Medical Services, Sepulveda
Ambulatory Care Center, Veterans Affairs Greater Los Angeles
Healthcare System, and David Geffen School of Medicine at
UCLA, Los Angeles, California, CA 91343, United States
Author contributions: Aljebreen AM designed the study; Aljebreen AM, Almadi MA and Leung FW performed the research;
Almadi MA analyzed the data; Aljebreen AM and Almadi MA
wrote the paper; and Leung FW revised the manuscript for final
submission.
Supported by Partially by College of Medicine Research Center, Deanship of Scientific Research, King Saud University
Correspondence to: Abdulrahman M Aljebreen, MD, FRCPC, Gastroenterology Division, King Khalid University Hospital, King Saud University, PO Box 2925, Riyadh 11461,
Saudi Arabia. amaljebreen@gmail.com
Telephone: +966-1-4671215 Fax: +966-1-4671217
Received: November 17, 2013 Revised: January 1, 2014
Accepted: February 20, 2014
Published online: May 7, 2014

RESULTS: Among the 403 observed patients, more
males were observed in the unsedated group (66.2%
vs 55.2%, P = 0.04). Additionally, the unsedated group
patients were less anxious prior to the procedure (5.1
vs 6.0, P < 0.01). The colonoscopy completion rates
were comparable between the 2 groups (85.9% vs
84.2%, P = 0.66). The time to reach the cecum was
also comparable (12.2 min vs 11.8 min); however, the
total discharge times were shorter in the unsedated
group (20.7 min vs 83.0 min, P < 0.01). Moreover, the
average patient pain score (3.4 vs 5.7, P < 0.01) was
lower in the sedated group, while the satisfaction score
(8.8 vs 7.8, P < 0.01) was significantly higher. There
was no significant difference, however, between the
groups in terms of willingness to repeat the procedure
if another was required in the future (83.3% vs 77.3%,
P = 0.17).

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

CONCLUSION: Unsedated colonoscopy is feasible in
willing patients. The option saves the endoscopy units
up to one hour per patient and does not affect the patient willingness to return to the same physician again
for additional colonoscopies if a repeated procedure is
needed.

AIM: To compare sedated to unsedated colonoscopy in
terms of duration, pain and the patient’s willingness to
repeat the procedure.

Key words: Sedation; Colonoscopy; Unsedated; Screening; Endoscopy

METHODS: Consecutive patients who underwent colonoscopies over a 2-year period were invited to participate. All patients who were to undergo our endoscopy
unit were offered sedation with standard intravenous
sedatives and analgesics, or an unsedated colonoscopy
was attempted. Demographic details were recorded.
The patient anxiety level prior to the procedure, time
to reach the cecum, total discharge time, patient and
endoscopist pain assessments, satisfaction after the examination and the patient’s willingness to return for the
same procedure in the future were recorded.

WJG|www.wjgnet.com

Core tip: Published information indicates that unsedated colonoscopies are acceptable in many countries;
however, sedation is still a usual practice in many countries. Its burden includes escort requirement, time for
recovery and activity restrictions. This study showed
that unsedated colonoscopy is feasible in willing patients and it saves the endoscopy units up to one hour
per patient. Contrary to some endoscopist’s fears, patients were still willing to return to the same physician
for colonoscopy if a repeat procedure was needed.

5113

May 7, 2014|Volume 20|Issue 17|

Aljebreen AM et al . Sedated vs unsedated colonoscopy

Demographic details, including age, gender, education
level, prior endoscopic procedures, CS experience, weight
and the procedure indications were recorded. Additionally, patient anxiety levels prior to the procedure were
assessed using a 0-10 scale, whereby 0 indicated no anxiety at all, 5 indicated moderate anxiety and 10 indicated
extreme anxiety.
Patients who choose to have sedation were given intravenous pethidine and midazolam in a ratio of 25:1 mg
before the colonoscopy initiation. Additionally, dosages
were adjusted according to the patient’s age and weight.
Patients who chose the non-sedated arm were given the
option to ask for sedation if they felt it was necessary for
procedure continuation.
The endoscopic findings and immediate complications (within 24 h of the procedure) were recorded in addition to documenting the quality of the preparation. All
patients were monitored for cardiorespiratory depression
with a pulse-oximeter.
Data recorded during the procedure included the time
required to reach the cecum, patient discharge times from
the endoscopy unit, any interventional procedures (such
as biopsies or polypectomies), any medications given, the
maximum drop in systolic blood pressure from baseline
and the need for supplemental oxygen.
The time required to reach the cecum was the time
from colonoscope insertion into the anus to the identification of all cecal landmarks. The discharge time was
the time from colonoscope insertion until the patient was
released from the endoscopy unit.
Just before releasing the patient from the endoscopy
unit, a research assistant (non-blinded) asked the patient
about their pain score and satisfaction level. Pain was
evaluated by a visual analog scale from 0 to 10 (0: no
pain, 10: worst pain). According to the scale in Table 1[10],
the endoscopist was asked to rate the patient’s pain level
during the procedure, his procedure satisfaction level and
the technical ease of the procedure just after procedure
completion. Patients were also asked about their willingness to return to the same physician again, if a repeat
colonoscopy procedure were required. The King Khalid
University Hospital Institutional Review Board approved
this study.

Aljebreen AM, Almadi MA, Leung FW. Sedated vs unsedated
colonoscopy: A prospective study. World J Gastroenterol 2014;
20(17): 5113-5118 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5113.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5113

INTRODUCTION
Colonoscopy has become an indispensable gastroenterologist tool, and although the procedure has evolved over
time, discomfort and pain remain one of the major concerns for patients undergoing colonoscopies[1]. To overcome these concerns, endoscopists commonly use conscious sedation (CS); however, their use does have some
drawbacks, especially for elderly patients[2,3]. Additionally,
sedation has been identified as a colorectal cancer screening barrier for colonoscopy use, whereby 14% of patients
cited the need for an escort and time-off following sedation as the reasons for non-adherence to the recommended screening[4]. Moreover, the limited procedure numbers
that can be performed due to the prolonged turnaround
time for the recovery time after sedation have also been
described as a barrier for colonoscopy use. A United
States study, based on detailed patient diaries, revealed
that a median of 39.5 h is spent for colonoscopies. After a
colonoscopy, the median recovery time is 1.8 h and an additional 15.8 h is required to return to daily routines[5].
Published information indicates that unsedated colonoscopies are acceptable in many countries[6-11]. In the
United States, unscheduled and unsedated colonoscopies
have been offered to approximately 1% to 2%[12] of patients who are without an escort.
The main objective of this study was to compare sedated with unsedated colonoscopies in terms of time until
discharge, willingness to repeat the procedure with the
same endoscopist if future colonoscopies are required,
pain levels and the patient and physician satisfaction levels.

MATERIALS AND METHODS
Patients and methods
Consecutive patients undergoing colonoscopy at our endoscopy unit from January 2010 to December 2012 were
invited to participate in the study by a research assistant.
As is our practice, all patients who were to undergo
colonoscopy in our endoscopy unit were offered sedation
with standard intravenous sedatives and analgesics or an
attempt at an unsedated colonoscopy. No attempt was
made to pressure or coerce patients into having unsedated procedures. Patients were only excluded if they were
undergoing both gastroscopy and colonoscopy at the
same time, if interventional procedures were planned
ahead of the colonoscopy or if they refused to participate in the study. All endoscopists, including supervised
gastroenterology fellows, were invited to participate in
the performance of sedated or unsedated colonoscopy
examinations.

WJG|www.wjgnet.com

Statistical analysis
To estimate the sample size, we assumed that patients
receiving routine sedation would find the procedure to
be very acceptable and would have a mean pain score of
2. The smallest difference in pain score that was clinically
important to detect was judged to be 2 units or a mean
score of 4. Thus for mean pain score values of 2 and 4,
estimated standard deviations of 2.5 and 3.5, respectively,
α of 0.05, and power of 0.8, recruitment of 74 participants was required.
Data analyses included descriptive statistics computed
for continuous variables, including means, standard deviations, minimum and maximum values as well as 95%CI.
Frequencies were used for categorical variables. Univariate
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Table 1 Pain and satisfaction scores
Pain and satisfaction scores
Doctor’s assessment of the patient’s discomfort level
5
Patient complained bitterly; asked to stop multiple times; numerous delays; pain very distracting for doctor
4
Patient complained multiple times; asked to stop; several delays; would not allow repeat examination with this level of discomfort
3
Few transient delays; overall pain reasonable; doctor would be comfortable repeating examination with this pain level
2
Minor transient pain on insertion only or withdrawal only; patient would do very well with a repeat examination with this level of sedation
1
No pain
Overall level of satisfaction with colonoscopy
Very satisfied with examination
Somewhat satisfied with examination
Somewhat unsatisfied with examination
Very unsatisfied with examination

A total of 403 patients were enrolled in the study with
a mean age of 45.1 years (16) (range was from 9 to 85
years) and 58.8% of the subjects were male. 372 (92.3%)
patients were Saudis, 37 (9.2%) were smokers, 35 (8.7%)
were known to have inflammatory bowel disease (IBD)
and 70 patients (17.5%) had a history of non-steroidal
anti-inflammatory medication use. There were more
males in the unsedated group (66.2% vs 55.2%, P = 0.04)
and they were older (48.5 vs 43.4, P = 0.002), more likely
to be outpatients (89.5% vs 66.7%, P = 0.001) and had
fewer previous sedated colonoscopies and gastroscopies
than the sedated group (8.3% vs 18.5%, P = 0.0003 and
6% vs 20.4%, P = 0.0001, respectively). Prior to the procedure, the sedated group patients were more anxious (6.1
± 3.7, 95%CI: 5.7-6.6) than the unsedated group patients
(5.2 ± 3.6, 95%CI: 4.6-5.8) (P = 0.009). Additionally,
the education level of these patients was less than high
school in 174 (43.2%), high school in 66 (16.4%), some
college in 50 (12.4%), 102 (25.3%) had completed college
or higher level of education and 11 (2.7%) were physicians. There were no significant differences between the
groups.
The procedure outcomes are shown in Table 3. The
colonoscopy completion rates between the 2 groups
were comparable (85.9% vs 84.2%, P = 0.66), while the
terminal ileum intubation rates were 41.8% in the sedated
group compared with 27.7% in the unsedated group (P =
0.01).
The average midazolam and pethidine dosages used
to achieve CS were 3.3 ± 1.3 mg and 43.4 ± 20.2 mg,
respectively. Eight patients in the unsedated group required sedation after starting the procedure, with average midazolam and pethidine dosages of 2.5 and 40 mg,
respectively.
Only 4 patients (1.5%) in the sedated group had transient oxygen desaturation, and no other complications
were observed in either group.
Although the time required to reach the cecum was
comparable between the sedated (12.2 ± 9.4 min, 95%CI:
11.1-13.4) and unsedated groups (11.8 ± 8.8 min 95%CI:
10.2-13.3, P = 0.68), the total discharge time for the sedated group was 82.9 ± 58.4 min (95%CI: 75.9-89.9) vs 20.7
± 21.8 min (95%CI: 16.9-24.5) for the unsedated group
(P < 0.0001). The average technical ease according to the

Table 2 Patient characteristics n (%)
Characteristics

Sedated

Total
270
Male
149 (55.2)
Female
121 (44.8)
Average age (yr)
43.4 ± 17
Outpatient
180 (66.7)
Weight (kg)
70.2 ± 18.2
Smoking
25 (9.3)
NSIADs use
50 (18.7)
Education level
Less than high school
111 (41.1)
High school
44 (16.3)
Some college
36 (13.3)
College or more
70 (25.9)
Physicians
9 (3.3)
Abdominal pain
139 (51.5)
IBS
67 (24.8)
IBD
23 (8.5)
Previous pelvic surgery
35 (13)
Previous abdominal surgery
65 (24.1)
Anxiety level prior to colonoscopy 6.1 ± 3.7
Previous sedated colonoscopy
50 (18.5)
Previous sedated gastroscopy
55 (20.4)
Preparation quality
Good
139 (50.2)
Fair
92 (34.1)
Poor
39 (14.1)

Unsedated
133
88 (66.2)
45 (33.8)
48.4 ± 13.7
119 (89.5)
77.9 ± 16.7
12 (9.1)
20 (15)

P value
0.04
0.002
0.001
0.0004
0.72
0.4

63 (47.4)
22 (16.5)
14 (10.5)
32 (24.1)
2 (1.5)
74 (55.6)
47 (35.3)
12 (9.1)
29 (22)
39 (29.3)
5.2 ± 3.6
11 (8.3)
8 (6)

0.67

64 (48.1)
51 (38.3)
18 (13.5)

0.72

0.45
0.03
0.85
0.03
0.28
0.008
0.0003
0.0001

Data are frequency counts (percentage of total) or mean ± SD. IBS: Irritable
bowel syndrome; IBD: Inflammatory bowel disease.

and multivariate logistic regressions were used to examine
associations between independent and dependent variables. The independent variables included: age, gender,
anxiety level, patient pain score, patient satisfaction level,
physician pain level assessment, physician satisfaction
level, education level and prior pelvic surgery history. Additionally, odds ratios (OR) and 95%CI were calculated.
We used the STATA 11.2 software package (Stata
Corp, TX, United States) for our analyses. A statistical
significance threshold of P = 0.05 was adopted. No attempt at imputation was made for missing data.

RESULTS
The patient demographic details are shown in Table 2.

WJG|www.wjgnet.com

5115

May 7, 2014|Volume 20|Issue 17|

Aljebreen AM et al . Sedated vs unsedated colonoscopy
Table 3 Procedure outcomes n (%)
Outcomes

Sedated
(n = 270)

Completed
232 (85.9)
TI intubation
97 (35.9)
Findings
Normal
126
Diverticulosis
14
Ulcerative colitis
18
Crohn’s disease
22
Polyps
36
Tumor
16
Incomplete endoscopy reason
Poor preparation
7
Pain
12
Technical difficulty
6
Obstruction
7
Others
6
Time to cecum (min)
12.2 ± 9.4
Total time until discharge
83 ± 58
Average technical ease
8 ± 1.8
Polypectomy
4
Complications
Oxygen desaturation
4 (1.5)

Table 4 Pain score and anxiety level comparisons n (%)
Unsedated
(n =133)

P value

112 (84.2)
31 (23.3)

0.66
0.01

55
13
9
1
21
3

0.34
0.09
1.00
0.001
0.54
0.13

4
12
4
1
0
11.8 ± 8.8
20.7 ± 21.8
7.9 ± 2
3

0.76
0.077
0.74
0.28
0.18
0.68
< 0.0001
0.45
0.63

0

NA

P value

Average pain score by the
3.4 ± 3.4
5.7 ± 3.2
patient
Average pain score via
3.3 ± 2.5
4.1 ± 3
physician assessment
Average patient satisfaction
8.8 ± 2.2
7.7 ± 2.6
score
Patient satisfaction
Very satisfied
221 (81.9)
88 (66.2)
Somewhat satisfied
36 (13.3)
27 (20.3)
Somewhat unsatisfied
5 (1.9)
7 (5.3)
Unsatisfied
8 (2.9)
11 (8.3)
Physician assessment of the patient discomfort level
No pain
56 (20.8)
15 (11.3)
Minor transient pain
133 (49.4)
74 (55.6)
Few transient pain
46 (17.1)
19 (14.3)
Complained multiple times
28 (10.4)
16 (12)
Complained bitterly
6 (2.2)
9 (6.8)
Could not recall the procedure
124 (45.9)
51 (3.8)
Patients willing to repeat the
225 (83.3)
103 (78.6)
procedure
Average physician satisfaction
8.4
7.8 ± 1.9

< 0.0001

Sedated
(n = 270)

0.007
< 0.0001

0.0007
0.08
0.07
0.02
0.02
0.24
0.56
0.01
0.007
< 0.0001
0.16
0.001

Data are frequency counts (percentage of total) or mean ± SD. 1All received
sedation.

Data are frequency counts (percentage of total) or the mean ± SD. CD:
Crohn’s disease; TI: Terminal ileum; UC: Ulcerative colitis; NA: Not
applicable.

different between the sedated group (8.4 ± 1.6, 95%CI:
8.2-8.6) and unsedated group (7.8 ± 1.9, 95%CI: 7.6-8.3)
(P = 0.01).
Additionally, 45.9% of the sedated group did not
remember the procedure, compared with 3.7% of the
unsedated group, and 8 patients (6%) of the unsedated
group asked for sedation after the procedure began.
83.3% sedated group patients were willing to repeat
the colonoscopy in the future if needed compared with
78.6% of the unsedated group. No significant difference
was observed between the groups (P = 0.27).
Following univariate analyses (Table 5), male gender,
lower anxiety scores prior to the procedure, high patient
and physician satisfaction scores and a higher education
level predicted the willingness to repeat the procedure in
the future if required, while higher pain scores (whether
assessed by the patient or the physician), higher anxiety
level prior to the procedure, female gender, pelvic surgery and irritable bowel syndrome histories all predicted
an unwillingness to repeat the procedure with the same
sedation. With the multivariate analyses, however, only
a higher satisfaction level (OR: 0.53, P = 0.01, 95%CI:
0.32-0.89) and a higher education level (OR: 1.37, P =
0.01, 95%CI: 1.05-1.79) predicted patient willingness to
repeat the procedure by the same endoscopist if needed
in the future.

endoscopist was 8 ± 1.8 among the sedated group and 7.9
± 2 in the unsedated group; however, no significant differences were observed between the groups (P = 0.45).
The average pain score reported by the patients was
3.4 ± 3.4 (95%CI: 3-3.8) in the sedated group vs 5.7 ± 3.2
(95%CI: 5.2-6.3) in the unsedated group (P < 0.0001),
while the average pain score as assessed by the physician
was 3.3 ± 2.6 (95%CI: 3-3.6) in the sedated group vs 4.1
± 3 (95%CI: 3.6-4.6) in the unsedated group (P = 0.007)
(Table 4). According to the endoscopists, 235 (87.3%) sedated group patients had no pain (20.8%) or complained
of minor transient pain (49.4%) or little transient pain
(17.1%), while only 34 (12.7%) patients complained multiple times (10.4%) or complained bitterly (2.3%). In contrast, 108 unsedated group patients (81.2%) had no pain
(11.3%) or complained of minor transient pain (55.6%)
or little transient pain (14.3%), while only 25 (18.8%)
patients complained multiple times (12%) or complained
bitterly (6.8%). A P = 0.03 was noted between the sedated and unsedated groups. According to the patients,
7 (2.6%) of the sedated group had a very bad experience
compared with 10 (7.5%) of the unsedated group (P =
0.0001).
The average patient satisfaction score was 8.8 ± 2.2
(95%CI: 8.5-9) in the sedated groups vs 7.7 ± 2.6 (95%CI:
7.3-8.2) in the unsedated group (P < 0.0001). Moreover,
81.6% of the sedated group were very satisfied compared
with 66.2% of the unsedated group (P = 0.0001), while
only 3% of the sedated group were unsatisfied compared
with 8.3% of the unsedated group (P = 0.02). In line with
the patient satisfaction after the procedure, the average
physician satisfaction after the procedure was significantly

WJG|www.wjgnet.com

Unsedated
(n =133)

Pain score and anxiety level

DISCUSSION
Although sedation remains the dominant practice in
the United States (US), unsedated colonoscopies have
continued to be practiced in many parts of the world[13].
Twenty-eight percent of the US community[14] and 75%
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foregoing) of CS for colonoscopy procedures. In our study,
the cecal intubation rate was the same between the sedated
(85.9%) and the unsedated groups (84%). In general, the
cecal intubation success rate during unsedated colonoscopy
was > 90% when the attending staff performed the examinations[10,14,20], but was only 81% in the hands of supervised
trainees[18], which was also the case in our study.
Although the discharge time was significantly shorter
in the unsedated group, given no recovery time was needed, we found no differences between the groups when we
compared cecum times. Consistent with our study, Petrini
et al[14] demonstrated that the cecum times were comparable for both sedated and unsedated groups (9.71 min
vs 9.87 min). When comparing sedated colonoscopy to
“sedation on demand”, Rex et al[10] observed that cecum
times were significantly shorter in the sedated groups;
however, the discharge times were significantly longer (55
min vs 10 min).
The factors that predicted willingness to attempt an
unsedated colonoscopy, with a high performance success
level and maintenance of satisfaction, included male gender, older age, abdominal pain absence, prior abdominal
surgery, previous endoscopic procedure experience, the
instruments used, endoscopist skill and higher education
levels, particularly graduate level education[1,10,21-23].
In our study, male gender, lower anxiety score prior
to the procedure, high patient and physician satisfaction
scores and higher education levels all predicted the willingness to repeat the procedure in the future if required.
Despite the significant publications regarding sedation
free colonoscopy, we think our study was closer to reality
than what is observed in most endoscopy units, in terms
of gastroenterology trainee involvement. Additionally,
we demonstrated that unsedated colonoscopy can save
up to 62 min per patient, which is a very important factor in most busy academic endoscopy units, and despite
the pain scores, this finding was statistically significantly
higher in the unsedated group. Moreover, the willingness
to undergo the same procedure without sedation was
similar in the sedated group, which is an important factor
for endoscopists to consider if they consider performing
unsedated colonoscopy on their patients. In contrast, the
shortcomings of this study included the small study size,
lack of documentation of the patient acceptance rate for
unsedated colonoscopy, the non-randomized and unblinded design, and asking about the patient satisfaction
level just after the procedure.
In conclusion, unsedated colonoscopy is feasible in
patients who are willing to undergo this procedure without sedation and can save endoscopy units up to one
hour per patient. Additionally, contrary to some endoscopists’ fears, patients are still willing to undergo the same
procedure in the future if required.

Table 5 Univariate analysis of potential predictors of the
willingness to repeat the colonoscopy
Odds ratio P value

Variable
Age
Gender (female)
Anxiety
Patient satisfaction score
Physician satisfaction score
Prior pelvic surgery
Physician assessment of pain
Education level: college or more
Patient pain score
Time to cecum
Ability to recall the procedure
Discharge time
Abdominal pain
IBS
Physician assessment of discomfort level
Complained multiple times
Complained bitterly
Technical ease

95%CI

1.02
0.44
0.85
1.43
1.20
0.45
0.84
3.04
0.84
1.00
0.82
1.00
0.78
0.56

0.04
0.002
0.003
0.0001
0.004
0.01
0.001
0.003
0.0001
0.92
0.49
0.20
0.35
0.03

1.00-1.04
0.26-0.74
0.79-0.92
1.29-1.59
1.06-1.38
0.25-0.83
0.77-0.92
1.45-6.37
0.78-0.90
0.97-1.02
0.47-1.40
0.99-1.00
0.47-1.31
0.33-0.96

0.16
0.11
1.14

0.001
0.001
0.03

0.06-0.46
0.03-0.39
1.01-1.29

IBS: Irritable bowel syndrome.

of Veterans Affairs[15] patients accept the on-demand
sedation option. Amongst these, 77% to 81% were completed without sedation and reported minimal discomfort. With good bowel preparation, the cecal intubation
success rate during unsedated colonoscopies, provided in
as-needed or on-demand sedation forms, is > 90% when
the attending staff performed the examinations[10,14-16].
Despite the significant difference between the groups
in our study in terms of patient and physician pain assessments and satisfaction in favor of sedation, there
was no significant difference found with regard to the
willingness to repeat the procedure by the same physician
if required in the future (83.3% vs 78.6%). One potential
explanation for this finding is that the measured pain and
satisfaction level differences, although significantly different, were not great enough to be clinically important.
Among the 451 who underwent unsedated screening
colonoscopies, Thiis-Evensen et al[7] found the rate of cecal intubation was 82%, 90% of these patients stated that
they would undergo a repeat colonoscopy in 5 years. In
another smaller study among 40 patients who underwent
“sedation on demand” colonoscopy, 93% of these patients were willing to undergo another colonoscopy without prior sedation[17]. In a more recent US study, among
578 patients (27.6%) who chose to start the procedure
without sedation, 81.1% of those completed the examination without medication and 97.4% were satisfied with
their comfort level during the procedure and were willing to have their next colonoscopies performed without
sedation[18]. Comparing sedated colonoscopy to “sedation
on demand”, Terruzzi et al[19] showed that the proportion
of those stating they would not undergo a colonoscopy
again in the future (22% vs 9.7%, P < 0.005) was significantly higher in the “on demand” sedation group.
The cecal intubation rate has been traditionally used as
one of the benchmarks in studies investigating the use (or
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Core tip: Ilaprazole, a proton pump inhibitor (PPI), is
a newly developed medicine in the management of
acid-related disorders. This meta-analysis showed that
ilaprazole was a highly effective and safe PPI compared
with other PPIs in the treatment of duodenal ulcer.
Ilaprazole can be recommended as a therapy for acidrelated disorders, especially in Asian populations.

Abstract
AIM: To compare the efficacy and tolerance of ilaprazole compared with other proton pump inhibitors (PPIs)
in the treatment of duodenal ulcer.

Ji XQ, Du JF, Chen G, Chen G, Yu B. Efficacy of ilaprazole
in the treatment of duodenal ulcers: a meta-analysis. World J
Gastroenterol 2014; 20(17): 5119-5123 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i17/5119.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i17.5119

METHODS: An electronic database search of Medline,
Embase, the Cochrane controlled trials register, Web
of Science, PubMed, and the Chinese Biomedical Literature Database (updated to July 2013), and manual
searches were conducted. A meta-analysis of randomized controlled trials comparing the efficacy and tolerance of ilaprazole and other PPIs in the treatment of
duodenal ulcers was performed.

INTRODUCTION
Duodenal ulcer (DU) is a very common digestive disease
with a high incidence all over the world[1-4]. As the first
proton pump inhibitor (PPI), omeprazole has been used
therapeutically for many years, and shown great efficacy
in treating peptic ulcers[5-7]. Currently, research is focused
on more effective PPIs with a lower dose and comparative safety[8-11].
Ilaprazole (also known as IY-81149), the latest pro-

RESULTS: Five articles involving 1481 patients were included. The meta-analysis showed no difference in the
4-wk healing rate between ilaprazole and other PPIs
[89.7% vs 87.0%; relative risk (RR) = 1.02; 95%CI:
0.98-1.06; Z = 1.00; P = 0.32]. The results did not
change in the sensitivity analyses. The meta-analysis
indicated that the adverse effect rate in the ilaprazole
group was lower than that in the control group, but the
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ton pump inhibitor (PPI), has been less well reported in
clinical practice, as a newly developed medicine in the
management of acid related disorders[12,13]. Ilaprazole is
synthesized by Il-Yang (South Korea) and presently developed by Livzon Pharmaceutical Group Inc. (China),
and has been approved by the State Food and Drug Administration of China (license ID: CN 1121714A) with
a recommended dose of 10 mg/d for peptic ulcers. The
mechanism of ilaprazole’s action to suppress gastric acid
secretion is almost the same as omeprazole, in which the
protonated substituted benzimidazoles suppress gastric
acid secretion through inhibition of the H+/K+-ATPase
at the secretory surfaces of gastric parietal cells[14,15].
Preclinical research found that ilaprazole had a more
prolonged half-life and higher suppression of gastric
acid secretion in a dose-dependent manner, and similar
safety compared with omeprazole. A comparative pharmacodynamic study on patients with gastroesophageal
reflux disease reported that ilaprazole, at a dose of 5 mg,
provided gastric pH control comparable with the use of
20 mg omeprazole, and at doses of 10 and 20 mg it was
found to have a more powerful and longer-lasting acidsuppressant effect than omeprazole at a dose 20 mg[16].
There have been several clinical trials comparing ilaprazole and other PPIs in the treatment of duodenal ulcer, which showed that ilaprazole had a high 4-wk healing
rate[17-19]. The aim of the present study was to conduct
a pooled meta-analysis of randomized controlled trials
(RCT) comparing the efficacy and tolerance of ilaprazole
with other PPIs in the treatment of duodenal ulcers.

pared and discrepancies were resolved.
Data extraction
Data were independently abstracted from each trial by 2
researchers, and disagreement was resolved by consensus.
Data were extracted with a pre-designed review form.
Data to be extracted were as follows: study design, number of patients in each treatment arm, duration of treatment, drug regimen, percentage of adverse effects, and
quality score.
Quality of methodology
The methodological quality of studies included in the
meta-analysis was scored with the Jadad composite scale
(including items of randomization, double-blinding, and
description of withdrawal/dropouts)[20,21]. This is a 5-point
quality scale, with low quality studies having a score of ≤
2 and high quality studies a score of ≥ 3[21,22]. Methodological quality assessment was independently performed
by 2 of the present authors. Each study was given an
overall quality score based on the above criteria, which
was then used to rank studies.
Statistical analysis
The meta-analysis was performed using the MantelHaenszel method (fixed effects model) or the DerSimonian and Laird method (random effects model) with
Review Manager Software (RevMan 5.1, Cochrane Collaboration, Oxford, England). The relative risk (RR) for
each clinical event was presented with 95% confidence
interval (CI). Heterogeneity was tested using the χ 2 test
(with P ≤ 0.05 indicating significant heterogeneity) and
I2 test (25%, 50%, and 75%, represent low, moderate, and
high heterogeneity, respectively). The RR for each clinical
event was pooled with the fixed effects model, and if the
2
2
χ test and I test for heterogeneity were significant, the
analysis was also done with random effects model.

MATERIALS AND METHODS
Literature search
Relevant studies were identified and selected by searching the databases, Medline (1990 to July 2013), Embase
(1990 to July 2012), Cochrane controlled trials register
(Cochrane Library Issue 2, 2013), Web of Science (1990
to July 2013), PubMed (updated to July 2013) and Chinese Biomedical Literature Database (1989 to July 2013)
under the search term “ilaprazole”. We also performed a
full manual search from the bibliographies of each peerreviewed paper selected. No language or date limitations
were imposed. Furthermore, there was no limitation in
publication form.

RESULTS
Description of selected studies
The search strategy generated 32 studies. From these,
we identified 5 trials involving 1481 patients comparing
ilaprazole with other PPIs in the treatment of duodenal
ulcer, which fulfilled the criteria for the meta-analysis.
Four papers were published as peer-reviewed articles,
and one as a meeting abstract[18]. Four were published in
English and the other was published in Chinese[19]. The
baseline characteristics of the 5 articles are listed in Table
1. All the trials were based on intention-to-treat analysis.
All trials were of high quality except one[18] (Table 1). The
results of the 5 trials are shown in Table 2[17-19,23,24].

Study selection criteria
The selection criteria for inclusion in the meta-analysis
were: (1) RCT comparing ilaprazole 10 mg/d and other
PPIs in the treatment of duodenal ulcers; (2) duodenal
ulcers must have been diagnosed by upper gastrointestinal endoscopy; (3) the patients should not receive other
medical therapies before the trial, except the standard
triple therapy for Helicobacter pylori (H. pylori) eradication;
and (4) the duration of the trials should be 4 wk, and ulcer healing was also assessed by endoscopy after 4 wk of
therapy. The decision to include or exclude any trial was
made by 2 researchers separately. The 2 lists were com-
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mg/d with other PPIs on the 4-wk healing rate and rate
of adverse effects (Figure 1). There was no statistical heterogeneity in the 4-wk healing rate among the 5 trials and
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Table 1 Baseline characteristics of trials included in the meta-analysis
Ref.

Language

Publication type

Time

Patients (n )

Duration (wk)

Jadad score

Ho et al[17], 2009
Zhou et al[19], 2009
Song et al[18], 2010
Wang et al[23], 2011
Wang et al[24], 2012

English
Chinese
English
English
English

Full text
Full text
Abstract
Full text
Full text

2002-2004
2005-2006
Not reported
2004-2005
2005-2006

202
510
156
117
496

4
4
4
4
4

5
5
2
5
5

10 mg/d and omeprazole (RR = 1.02; 95%CI: 0.98-1.07;
Z = 1.16; P = 0.25).

Table 2 Results of the randomized controlled trials with
intention-to-treat analysis
Ref.

Regimen
[17]

Ho et al , 2009
Zhou et al[19],2009
Song et al[18], 2010
Wang et al[23], 2011
Wang et al[24], 2012

I 10 mg/d
O 20 mg/d
I 10 mg/d
O 20 mg/d
I 10 mg/d
E 40 mg/d
I 10 mg/d
O 20 mg/d
I 10 mg/d
O 20 mg/d

4-wk healing rate
78.6% (77/98)
78.8% (82/104)
90.3% (307/340)
87.6% (149/170)
85.9% (67/78)
87.2% (68/78)
93.1% (54/58)
89.8% (53/59)
95.0% (307/331)
90.0% (149/165)

Rate of adverse
effects

DISCUSSION

23.5% (23/98)
22.1% (23/104)
8.2% (28/340)
11.2% (19/170)
6.4% (5/78)
7.5% (6/78)
6.9% (4/58)
13.6% (8/59)
8.5% (28/331)
11.6% (19/165)

PPIs are highly effective medications widely used in the
management of peptic diseases including gastric and
duodenal ulcers, gastroesophageal reflux disease and
Zollinger-Ellison syndrome[25]. Many new therapeutic
drugs with similar structures and better therapeutic
outcomes have been developed since omeprazole first
entered the market, including rabeprazole, pantoprazole,
lansoprazole, esomeprazole, and the new molecule we
studied in this analysis, ilaprazole. Because ilaprazole was
currently only approved in a number of Asian countries,
the clinical studies on ilaprazole were not regularly reported in international journals, and most were conducted in
China and published in Chinese. Thus, this study aimed
to perform a systematic review and meta-analysis on the
effect of ilaprazole on the healing of duodenal ulcers.
The current standard dose of ilaprazole recommended for the management of peptic diseases is 10 mg/d.
The meta-analysis showed no difference between 10
mg/d ilaprazole and other PPIs with standard or higher
doses. In addition, the sensitivity analyses also confirmed
the results of the primary meta-analysis. The meta-analyses documented that ilaprazole was a highly effective PPI
compared with other PPIs.
Ilaprazole shows major suppression of gastric acid secretion. As an inhibitor of acid output, ilaprazole is more
powerful than omeprazole. An experimental study in a
surgically-induced rat reflux esophagitis model showed
that ilaprazole had a much lower ED50 than omeprazole[26]. Ilaprazole at a dose of 5 mg provided gastric pH
control comparable with 20 mg omeprazole[16].
As for the safety and tolerability profile, the metaanalysis on adverse effects also revealed fewer adverse
effects in the ilaprazole group, though the difference was
not significant. Wang et al[23] reported that ilaprazole at
a dose of 5, 10, or 20 mg/d is comparable to 20 mg/d
omeprazole. Considering the rate of adverse effects of
PPIs is low, and the adverse effects are usually mild, we
may conclude that ilaprazole is a safe drug with minor
adverse effects.
There were several limitations in this study. First, the
low quality of 2 individual trials was a major limitation.
Second, due to the fact that ilaprazole is only approved in
Asian countries, the trials included in this study all come
from Asian countries, and thus further trials are needed

I: Ilaprazole; O: omeprazole; E: esomeprazole.

the fixed effects model was used (χ 2 = 0.62; P = 0.96; I2 =
0%) The meta-analysis showed no difference between the
ilaprazole and other PPIs in 4-wk healing rate (89.7% vs
87.0%; RR = 1.02; 95%CI: 0.98-1.06; Z = 1.00; P = 0.32).
Regarding adverse effects, there was no statistical heterogeneity found by the χ 2 test (χ 2 = 1.96; P = 0.74) or I2 test
(I2 = 0%), and the fixed effects model was used. The meta-analysis indicated that the rate of adverse effects in the
ilaprazole group was lower than that in the control group,
but the difference was not significant (9.7% vs 13.0%; RR
= 0.81; 95%CI: 0.60-1.07; Z = 1.47; P = 0.14).
Sensitivity analysis
The funnel plots for the 4-wk healing rate comparing
ilaprazole at a dose of 10 mg/d with other PPIs showed
some asymmetry, suggesting the possibility of publication
bias (Figure 2). Thus, we further performed a sensitivity
analysis to assess the stability and reliability of the results
of the primary meta-analysis (Table 3). The sensitivity
analysis only included the 4 trials of high quality (Jaded
score ≥ 3). The analysis indicated no difference in the
4-wk healing rate between 10 mg/d ilaprazole and other
PPIs (RR = 1.02; 95%CI: 0.98-1.07; Z = 1.16; P = 0.25).
Four trials were published in English and the other
was published in Chinese. A further sensitivity analysis
was made only including the studies published in the
English. The analysis revealed no difference between the
10 mg/d ilaprazole and other PPIs in the trials published
in English (RR = 1.01; 95%CI: 0.97-1.07; Z = 0.61; P =
0.54).
A final sensitivity analysis was performed only including trials using omeprazole as control. The analysis indicated no difference between the ilaprazole at a dose of
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A
Study or subgroup

Ilaprazole
Events Total

Zhou 2009
Ho 2009
Song 2010
Wang 2011
Wang 2012

307
77
67
54
307

Control
Events
Total

340
98
78
58
331

149
82
68
53
149

Weight

170
104
78
59
165

33.2%
13.3%
11.4%
8.8%
33.3%

Total (95%CI)
905
576
Total events
812
501
2
Heterogeneity: χ = 0.62, df = 4 (P = 0.96); I ² = 0%
Test for overall effect: Z = 1.00 (P = 0.32)

100.0%

Risk ratio
M-H, fixed, 95%CI
1.03 [0.96,
1.00 [0.86,
0.99 [0.87,
1.04 [0.93,
1.03 [0.97,

1.10]
1.15]
1.12]
1.16]
1.09]

Year

Risk ratio
M-H, fixed, 95%CI

2009
2009
2010
2011
2012

1.02 [0.98, 1.06]
0.5
0.7
Favours control

1

1.5
2
Favours ilaprazole

B
Study or subgroup

Ilaprazole
Events Total

Weight

Risk ratio
M-H, fixed, 95%CI

Year

104
170
78
59
165

25.7%
29.1%
6.9%
9.1%
29.2%

1.06 [0.64, 1.76]
0.74 [0.42, 1.28]
0.83 [0.27, 2.62]
0.51 [0.16, 1.60]
0.73 [0.42, 1.28]

2009
2009
2010
2011
2012

Total (95%CI)
905
576
Total events
88
75
2
Heterogeneity: χ = 1.96, df = 4 (P = 0.74); I ² = 0%
Test for overall effect: Z = 1.47 (P = 0.14)

100.0%

0.81 [0.60, 1.07]

Ho 2009
Zhou 2009
Song 2010
Wang 2011
Wang 2012

23
28
5
4
28

Control
Events
Total

98
340
78
58
331

23
19
6
8
19

Risk ratio
M-H, fixed, 95%CI

0.2
0.5
1
Favours ilaprazole

2
5
Favours control

Figure 1 Meta-analysis chart. A: Meta-analysis of 4-wk healing rate comparing ilaprazole at 10 mg/d with other proton pump inhibitors (PPIs); B: Meta-analysis of
adverse effects comparing 10 mg/d ilaprazole with other PPIs.
0

Table 3 Sensitivity analysis of the included trials

SE (log[RR])

0.02

0.04

n

RR (95%CI)

P value

High quality studies
English studies
Studies using omeprazole as control

4
4
4

1.02 (0.98–1.07)
1.02 (0.97–1.07)
1.02 (0.98–1.07)

0.25
0.54
0.25

RR: Relative risk.

0.06

the treatment of duodenal ulcers which showed that ilaprazole had a high 4-wk
healing rate.

0.08

0.1

Analysis

Innovations and breakthroughs

RR
0.5

0.7

1

1.5

The authors conducted a meta-analysis of randomized controlled trials comparing the efficacy and tolerance of ilaprazole with other PPIs in the treatment of
duodenal ulcer.

2

Applications

Figure 2 Funnel plot of the included trials comparing 10 mg/d ilaprazole
with other proton pump inhibitors.

Ilaprazole is a highly effective and safe PPI in the treatment of duodenal ulcer.
Ilaprazole can be recommended as a therapy for acid-related disorders, especially in Asian populations.

in Western populations. Third, there were few trials comparing ilaprazole at a dose of 5 mg/d with other PPIs.
In conclusion, ilaprazole is a highly effective and safe
PPI in the treatment of duodenal ulcers. Ilaprazole can
be recommended as a therapy for acid-related disorders,
especially in Asian populations.

Peer review

This study evaluated the efficacy and tolerance of ilaprazole with other PPIs in
the treatment of duodenal ulcer by conducting a meta-analysis. The findings are
useful in the management of duodenal ulcer.
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EC in any of the genetic models (OR = 1.00, 95%CI:
0.70-1.48 for Tyr/His vs Tyr/Tyr; OR = 1.10, 95%CI:
0.77-1.57 for His/His vs Tyr/Tyr; OR = 1.06, 95%CI:
0.75-1.49 for a dominant model; OR = 1.09, 95%CI:
0.89-1.34 for a recessive model). Similar results were
obtained from the p.His139Arg polymorphism analysis
(Arg/His vs His/His: OR = 1.02, 95%CI: 0.84-1.23; Arg/
Arg vs His/His: OR = 0.96, 95%CI: 0.60-1.54; OR =
1.03, 95%CI: 0.78-1.37 for the dominant model; OR =
0.97, 95%CI: 0.61-1.56 for the recessive model). Subgroup analyses for ethnicity, subtype of EC, and source
of controls (population-based or hospital-based) showed
trends that were consistent with the pooled analysis
(reported above), with no significant associations found.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

CONCLUSION: This meta-analysis suggests that the
p.Tyr113His and p.His139Arg polymorphisms in EPHX1
may not be associated with EC development.

AIM: To summarize the relationship between p.Tyr113His
and p.His139Arg polymorphisms in microsomal epoxide
hydrolase (EPHX1 ) and risk for esophageal cancer (EC).

Key words: Esophageal cancer; Squamous cell carcinoma; Adenocarcinoma; EPHX1 ; Polymorphism; Metaanalysis

METHODS: The MEDLINE/PubMed and EMBASE databases were searched for studies of the association
between EPHX1 polymorphisms and EC risk that were
published from the database inception date to April
2013. A total of seven case-control studies, including
seven on p.Tyr113His (cases, n = 1118; controls, n =
1823) and six on p.His139Arg (cases, n = 861; controls, n = 1571), were included in the meta-analysis.
After data extraction by two investigators working independently, the meta-analyses were carried out with
STATA 11.0 software. Pooled odds ratios and 95%CI
were calculated using a fixed-effects model or a random-effects model, as appropriate.

Core tip: A meta-analysis was performed to determine
if the p.Tyr113His and p.His139Arg polymorphisms in
microsomal epoxide hydrolase (EPHX1 ) are associated
with an increased risk for esophageal cancer (EC). A total of seven studies of the association between EC risk
and the EPHX1 polymorphisms (p.Tyr113His in seven
and p.His139Arg in six) were included in the analysis. No significant association was found in any of the
genetic models for the p.Tyr113His polymorphism in
EPHX1 and EC. Similar results were obtained from the
p.His139Arg polymorphism analysis. Subgroup analyses
for ethnicity, subtype of EC, and source of controls also
showed no significant association of EPHX1 polymorphisms with EC risk.

RESULTS: The pooled EPHX1 p.Tyr113His polymorphism data showed no significant association with
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tabase inception date to April 2013. The following search
terms were used: microsomal epoxide hydrolase, EPHX1,
esophageal cancer, and polymorphism. No restrictions
were applied. The references section of reviews and retrieved articles were searched in an effort to identify any
additional eligible studies. If identified articles overlapped
or were duplicated, only the most recent, largest or most
complete study was selected.

INTRODUCTION

Inclusion and exclusion criteria
We reviewed titles and abstracts of all citations and retrieved studies. The inclusion criteria were as follows: (1)
case-control studies conducted to evaluate the association between EPHX1 (p.Tyr113His and/or p.His139Arg)
polymorphisms and EC risk; (2) sufficient genotype or allele data were presented to calculate the odds ratios (ORs)
with 95% confidence intervals (CIs); and (3) the paper
clearly described the sources of cases and controls. The
following exclusion criteria were applied due to insufficient data for analysis: reviews, editorials, commentaries,
and duplicated studies.

Esophageal cancer (EC) is one of the most common
fatal malignancies[1] and the sixth leading cause of cancer
deaths worldwide[2]. Two histological subtypes of EC
are characterized: esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma (EADC). The
pathogenesis of EC, however, remains poorly understood. Previous epidemiological studies have indicated
that exposure to environmental carcinogens plays an important role in the development of EC[3,4].
Genetic susceptibility, in the form of phase Ⅰ and
phase Ⅱ metabolizing enzyme polymorphisms, may also
be associated with an increased risk for EC[5]. Microsomal
epoxide hydrolase (EPHX1) plays a dual role in the response to environmental carcinogens, in that EPHX1
both activates and detoxifies toxins. In response to environmental carcinogens, EPHX1 not only produces
trans-dihydrodiols that can be metabolized to mutagenic,
poisonous and carcinogenic polycyclic hydrocarbon diol
epoxides, but also generates products necessary for the
detoxification reaction. It has been shown previously that
EPHX1 can catalyze hydrolysis of alkene and arene oxides to water-soluble trans-dihydrodiols[6,7].
The EPHX1 gene, located on chromosome 1q42, is
expressed in nearly all human tissues. EPHX1 activity
varies widely among individuals, though the molecular
basis of this variability is not fully understood. Genetic
polymorphisms in exon 4 (A>G, p.His139Arg) and
exon 3 (T>C, p.Tyr113His) of EPHX1, however, have
been shown to alter the protein’s function. In exon 4,
the 139Arg polymorphism enhances EPHX1 activity by
25%. Alternatively, the 113His allele in exon 3 has a negative effect on enzymatic activity, reducing it by at least
50%[8]. Polymorphisms that alter EPHX1 enzyme activity
may then lead to inter-individual differences in sensitivity
to chemical carcinogens.
To date, a number of studies have investigated the association between EPHX1 polymorphisms and EC risk
in different populations[5,9-16]. The results, however, have
been conflicting. In order to establish a comprehensive
estimation of the association between EPHX1 polymorphisms and EC risk, we conducted a meta-analysis of all
available published studies.

Data extraction
Two investigators (Li QT and Kang W) independently
extracted relevant data from all eligible publications meeting the inclusion criteria. Disagreements were resolved
by discussion. The characteristics of each included study
were collected as follows: the first author’s name, year
of publication, the country of participants, participants’
ethnicity, number of cases and controls, source of control group [e.g., population-based (PB) or hospital-based
(HB)], and genotypes of cases and controls. For our
analysis, a PB case-control study was defined by the use
of controls obtained from the general population, while
an HB case-control study had obtained controls from a
hospitalized patient population. In addition, we contacted
the authors to collect further information when necessary.
Statistical analysis
The strength of the association between EC risk and
EPHX1 polymorphisms was estimated using ORs, with
corresponding 95%CIs. For the EPHX1 p.Tyr113His
polymorphism, we assessed the association using a codominant model (His/His vs Tyr/Tyr and Tyr/His vs Tyr/
Tyr), a dominant model (His/His + Tyr/His vs Tyr/Tyr),
and a recessive model (His/His vs Tyr/His + Tyr/Tyr).
The same models were used in the EPHX1 p.His139Arg
analysis.
Both the Cochran’s Q test for heterogeneity[17] and the
2
I test to quantify the proportion of the total variation
due to heterogeneity[18] were calculated. A P value less
than 0.10 for the Q statistic indicated that heterogeneity
was observed across studies and a random-effects model
(the DerSimonian and Laird method) was used[19]; otherwise, a fixed-effects model (the Mantel-Haenszel method)
was applied[20]. Subgroup analyses for ethnicity, subtype
of EC, and source of controls (HB or PB) were conducted. Sensitivity analyses were conducted to estimate

MATERIALS AND METHODS
Data sources and search strategy
We searched the MEDLINE/PubMed and EMBASE
databases for all articles published on the association between EPHX1 polymorphisms and EC risk from the da-
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Table 1 Characteristics of the studies included in the meta-analysis
Study

Year

Dura et al[9]
Ihsan et al[10]
Jain et al[11]
Casson et al[16]
Lin et al[13]
Zhang et al[14]
Wang et al[15]

2012
2010
2008
2006
2006
2003
2003

Country

Ethnicity

The Netherlands Caucasian
India
Asian
India
Asian
Canada
Caucasian
China
Asian
China
Asian
China
Asian

Cases Controls
349
142
107
56
145
257
62

581
185
320
95
352
252
38

Source of controls

Type of cancer

DNA source

PB
PB
PB
HB
PB
HB
PB

ESCC and EADC
ESCC
ESCC
EADC
ESCC
ESCC
ESCC

Blood and tissue samples
Blood samples
Blood samples
Blood samples
Blood samples
Blood samples
Tissue samples

EPHX1: Microsomal epoxide hydrolase; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma; PB: Population-based controls;
HB: Hospital-based controls.

because of the use of overlapping subjects. As a result,
seven case-control studies[8-10,12-15] were included in this
meta-analysis (Figure 1).

Potentially relevant studies identified by searching the
PubMed and EMBASE databases (n = 13)

Characteristics of the included studies
The included studies were all reported in English. Five
articles utilized Asian populations and two utilized Caucasian populations. Five of the studies obtained DNA
for genotyping from blood samples, while two studies
obtained DNA from EC tissue samples. To analyze the
ESCC subtype, six studies were eligible with a total sample size of 804 cases and 1147 controls. To analyze the
EADC subtype, two studies were pooled for analysis and
included 314 cases and 676 controls. The main characteristics of all included studies are presented in Table 1.

Abstracts and full-text excluded during
first screening (n = 4)

Studies retrieved for more detailed assessment (n = 9)

Studies excluded (n = 2)
Duplicated/overlapped articles: 1
Insufficient data: 1

EPHX1 p.Tyr113His polymorphism and EC risk
To analyze the EPHX1 p.Tyr113His polymorphism in
relation to EC risk, seven studies with a total of 1118
cases and 1823 controls were pooled for analysis. The
combined results showed that no significant association
was observed in any of the genetic models applied (Figure
2; Table 2). The subgroup analysis for ethnicity, EC subtype, and source of controls also showed no evidence of
association in any of the genetic models (Table 2).

Studies included in this meta-analysis (n = 7)

Figure 1 Flow diagram of the study selection strategy for this metaanalysis.

EPHX1 p.His139Arg polymorphism and EC risk
Six studies with 861 cases and 1571 controls were eligible
to analyze the association of the EPHX1 p.His139Arg
polymorphism and EC risk. The EPHX1 p.His139Arg
polymorphism analysis showed that the Arg allele had no
significant association with EC susceptibility when compared to the His wild-type allele (Table 3). Similar results
were obtained from the subgroup analysis for ethnicity,
EC subtype, and source of controls; the results are summarized in Table 3.

the stability of the results such that each study was omitted one at a time to reflect the influence of the individual
data set on the pooled OR.
Potential publication bias was assessed by visual inspection of funnel plot asymmetry, the Begg’s rank correlation method[21] and the Egger’s weighted regression
method[22]. All statistical analyses were conducted using
the STATA software, version 11.0 (STATA Corp., College Station, TX, United States). All P values were twosided.

Sensitivity analysis
We conducted a sensitivity analysis to assess the stability
of this meta-analysis. When any one study was omitted,
the results were not altered (data not shown). These data
suggest that our results are stable and credible.

RESULTS
Study selection for the meta-analysis
We preliminarily identified 13 studies based on the search
terms applied. After the abstracts were screened and the
full text of each article was assessed, a total of nine articles met the inclusion criteria. However, one article by
Wang et al[12] was excluded due to insufficient data and
another study conducted by Casson et al[16] was excluded

WJG|www.wjgnet.com

Publication bias
After performing the Begg’s test and the Egger’s test for
publication bias, we observed no obvious bias in this me-
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Table 2 Distribution of epoxide hydrolase p.Tyr113His genotypes in controls and esophageal cancer patients
Variable
Tyr/His vs Tyr/Tyr
Total
Caucasian
Asian
ESCC
EADC
PB
HB
His/His vs Tyr/Tyr
Total
Caucasian
Asian
ESCC
EADC
PB
HB
His/His + Tyr/His vs Tyr/Tyr
Total
Caucasian
Asian
ESCC
EADC
PB
HB
His/His vs Tyr/His + Tyr/Tyr
Total
Caucasian
Asian
ESCC
EADC
PB
HB

Studies

Cases/controls

OR (95%CI)

P value

P for heterogeneity

I2

Model

7
2
5
6
2
5
2

1118/1823
405/676
713/1147
804/1147
314/676
805/1476
313/347

1.00 (0.70-1.48)
0.92 (0.71-1.20)
1.14 (0.65-2.00)
1.08 (0.69-1.69)
0.95 (0.71-1.26)
1.04 (0.66-1.66)
0.95 (0.39-2.28)

0.928
0.555
0.638
0.746
0.729
0.857
0.902

0.001
0.192
0.001
0.001
0.160
0.001
0.057

72.8
41.2
79.9
75.6
49.2
78.3
72.4

R
F
R
R
F
R
R

7
2
5
6
2
5
2

1118/1823
405/676
713/1147
804/1147
314/676
805/1476
313/347

1.10 (0.77-1.57)
0.74 (0.48-1.13)
1.23 (0.94-1.60)
1.18 (0.92-1.52)
0.72 (0.45-1.15)
1.18 (0.78-1.78)
0.78 (0.24-2.58)

0.592
0.165
0.137
0.196
0.163
0.423
0.688

0.046
0.172
0.120
0.158
0.183
0.079
0.034

53.3
46.5
45.3
37.2
43.7
52.1
77.7

R
F
F
F
F
R
R

7
2
5
6
2
5
2

1118/1823
405/676
713/1147
804/1147
314/676
805/1476
313/347

1.06 (0.75-1.49)
0.76 (0.42-1.38)
1.23 (0.77-1.98)
1.15 (0.78-1.70)
0.77 (0.41-1.46)
1.13 (0.74-1.70)
0.87 (0.33-2.26)

0.753
0.367
0.382
0.484
0.421
0.575
0.769

0.001
0.088
0.001
0.002
0.074
0.002
0.017

74.0
65.6
77.8
74.0
68.6
77.0
82.4

R
R
R
R
R
R
R

7
2
5
6
2
5
2

1118/1823
405/676
713/1147
804/1147
314/676
805/1476
313/347

1.09 (0.89-1.34)
0.77 (0.51-1.16)
1.23 (0.97-1.55)
1.20 (0.95-1.50)
0.91 (0.29-2.84)
1.14 (0.89-1.45)
0.97 (0.66-1.43)

0.416
0.213
0.093
0.121
0.878
0.294
0.888

0.188
0.281
0.388
0.469
0.041
0.210
0.111

31.4
13.9
3.3
0.0
76.1
31.8
60.6

F
F
F
F
R
F
F

EPHX1: Microsomal epoxide hydrolase; OR: Odds ratio; R: Random-effects model; F: Fixed-effects model; ESCC: Esophageal squamous cell carcinoma;
EADC: Esophageal adenocarcinoma; PB: Population-based controls; HB: Hospital-based controls.

Study
ID

OR (95%CI)

% weight

Dura et al

0.99 (0.75, 1.31)

18.77

Ihsan et al

0.51 (0.31, 0.85)

15.14

Jain et al

2.01 (1.22, 3.31)

15.30

Casson et al

0.58 (0.28, 1.23)

11.44

Lin et al

0.75 (0.47, 1.19)

15.93

Zhang et al

1.43 (0.82, 2.48)

14.44

Wang et al

2.20 (0.86, 5.66)

8.98

2

1.02 (0.70, 1.48)

100.00

Overall (I = 72.8%, P = 0.001)
NOTE: Weights are from random effects analysis
0.177

1

5.66

Figure 2 Odds ratios with 95%CI for the microsomal epoxide hydrolase p.Tyr113His polymorphism and risk of esophageal cancer (Tyr/His vs Tyr/Tyr).

ta-analysis (Begg’s test, P = 1.00; Egger’s test, P = 0.852)
(Figure 3).

of these studies have been inconsistent, it is necessary
to perform a meta-analysis of the studies performed to
date. In the meta-analysis presented herein, seven studies
on EPHX1 polymorphisms were analyzed to provide the
most comprehensive assessment to date of the association between EPHX1 polymorphisms and EC risk. We
observed no significant association of the p.Tyr113His
and p.His139Arg polymorphisms in EPHX1 with EC
risk, even when a subgroup analysis for ethnicity, EC

DISCUSSION
Summary of results
In recent years, there has been increased interest in
investigating the potential association of EPHX1 polymorphisms and susceptibility to EC. Because the results
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Table 3 Distribution of the microsomal epoxide hydrolase p.His139Arg genotypes in controls and esophageal cancer patients
Variable

Studies

Arg/His vs His/His
Total
6
Caucasian
2
Asian
4
ESCC
5
EADC
2
PB
5
HB
1
Arg/Arg vs His/His
Total
6
Caucasian
2
Asian
4
ESCC
5
EADC
2
PB
5
HB
1
Arg/Arg + Arg/His vs His/His
Total
6
Caucasian
2
Asian
4
ESCC
5
EADC
2
PB
5
HB
1
Arg/Arg vs Arg/His + His/His
Total
6
Caucasian
2
Asian
4
ESCC
5
EADC
2
PB
5
HB
1

OR (95%CI)

P value

P for heterogeneity

I2

Model

861/1571
405/676
456/895
547/1319
314/676
805/1476
56/95

1.02 (0.84-1.23)
0.97 (0.74-1.27)
1.09 (0.69-1.73)
0.99 (0.67-1.46)
1.05 (0.79-1.40)
1.02 (0.84-1.24)
0.95 (0.47-1.91)

0.869
0.824
0.709
0.954
0.718
0.833
NA

0.176
0.955
0.060
0.052
0.755
0.106
NA

34.8
0.0
59.4
57.5
0.0
47.5
NA

F
F
R
R
F
F
NA

861/1571
405/676
456/895
547/1319
314/676
805/1476
56/95

0.96 (0.60-1.54)
0.61 (0.31-1.21)
1.59 (0.80-3.16)
1.28 (0.72-2.30)
0.60 (0.28-1.27)
1.08 (0.66-1.76)
0.22 (0.03-1.90)

0.855
0.158
0.184
0.402
0.178
0.765
NA

0.206
0.308
0.324
0.346
0.313
0.251
NA

30.6
3.9
13.6
10.6
1.8
25.5
NA

F
F
F
F
F
F
NA

861/1571
405/676
456/895
547/1319
314/676
805/1476
56/95

1.03 (0.78-1.37)
0.92 (0.71-1.20)
1.14 (0.71-1.81)
1.02 (0.68-1.53)
1.00 (0.75-1.31)
1.07 (0.78-1.48)
0.82 (0.42-1.62)

0.810
0.555
0.593
0.918
0.976
0.676
NA

0.095
0.719
0.042
0.028
0.550
0.062
NA

46.6
0.0
63.5
63.1
0.0
55.5
NA

R
F
R
R
F
R
NA

861/1571
405/676
456/895
547/1319
314/676
805/1476
56/95

0.97 (0.61-1.56)
0.62 (0.31-1.21)
1.66 (0.84-3.30)
1.36 (0.76-2.45)
0.58 (0.28-1.24)
1.10 (0.67-1.80)
0.23 (0.03-1.91)

0.911
0.163
0.148
0.297
0.160
0.704
NA

0.247
0.307
0.454
0.480
0.328
0.312
NA

25.0
4.0
0.0
0.0
0.0
16.1
NA

F
F
F
F
F
F
NA

Cases/controls

EPHX1: Microsomal epoxide hydrolase; OR: Odds ratio; R: Random-effects model; F: Fixed-effects model; ESCC: Esophageal squamous cell carcinoma;
EADC: Esophageal adenocarcinoma; PB: Population-based controls; HB: Hospital-based controls; NA: Not available.

logically by the progression from metaplasia to dysplasia
to carcinoma. The recent identification of molecular
markers lends further insight into the molecular pathogenesis of the different EC subtypes and there is no distinction between ESCC and EADC.
We found that the EPHX1 p.Tyr113His and
p.His139Arg polymorphisms were not associated with
EC risk. Previous studies have also found no association between EC and polymorphisms in the cytochrome
oxidase genes of CYP1A1, CYP1B1, CYP2A6 and
CYP2E1, the glutathione S transferase genes of GSTM1
and GSTP1 or EPHX[4]. Concurrently, other studies have
demonstrated that polymorphisms in EPHX1 are risk
factors for hepatocellular carcinoma, colorectal cancer,
lung cancer, and cervical cancer. Zhong et al[23], however,
demonstrated that the p.His139Arg microsomal epoxide
hydrolase genotype may not be associated with hepatocellular carcinoma, while Liu et al[24] provided data that the
EPHX1 p.Tyr113His polymorphism had no association
with colorectal cancer development.
We performed a subgroup analysis for ethnicity[5,25,26]
and observed no difference in the association between
the polymorphisms and EC risk in Caucasians or Asians.
The lack of an observed association may be due to the
limited number of studies included in this meta-analysis.

Begg's funnel plot with pseudo 95% confidence limits

LogOR

0.5

0

-0.5
0

0.1

SE of: logOR

0.2

0.3

Figure 3 Funnel plot of the EPHX1 p.Tyr113His polymorphism to determine if publication bias was present (Tyr/His vs Tyr/Tyr).

subtype, or source of controls was performed.
Explanations for absence of EC association with the
EPHX1 polymorphisms
The ESCC and EADC EC subtypes are reflected histo-
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The allele and genotype frequencies of polymorphisms
and their effects on EC risk varied in different ethnicities.
Larger and well-designed multi-center studies using Caucasian and Asian populations are needed to re-evaluate
such an association. Moreover, different sources of controls may be a confounding factor that influenced the
conclusion of our study.
Some studies in this meta-analysis used PB controls
as the reference group, while others used HB controls as
the reference group. In order to eliminate the potential
bias from this confounding factor, subgroup analysis by
source of controls was conducted. The pooled results
indicated that no significant association between EPHX1
(p.His139Arg and p.Arg139His) polymorphisms and EC
risk was observed in PB or HB studies. HB studies are
prone to selection biases because some of the controls
may actually be ill (so that they are more similar to the
cases). HB controls are not representative of the general
population, especially when the investigated genotypes
were patient controls. A proper PB control subject may
be the superior choice to reduce potential biases in genetic association studies.

association.

COMMENTS
COMMENTS
Background

Esophageal cancer (EC) is the sixth leading cause of cancer death, but the
underlying pathogenic mechanism is not yet fully elucidated. Several studies
have investigated the potential association between polymorphisms in the
microsomal epoxide hydrolase (EPHX1) gene and susceptibility to EC development. Polymorphisms in EPHX1 alter its enzymatic activity and may thus lead to
inter-individual differences in sensitivity to chemical carcinogens. However, the
association of these polymorphisms with genetic susceptibility is currently unclear.

Research frontiers

Over the past two decades, many studies have been performed in diverse
populations to determine if associations exist between EPHX1 polymorphisms
and risk for EC. The results, however, have been conflicting and no consistent
conclusion has been reached.

Innovations and breakthroughs

The findings in this meta-analysis are of great value. The EPHX1 p.Tyr113His
and p.His139Arg polymorphisms may be not associated with EC development.
Subgroup analyses for ethnicity, subtype of EC, and source of controls [hospital-based (HB) or population-based (PB)] were conducted; yet, no significant
association was observed for any of these subgroups. No evidence of publication bias was found.

Applications

EPHX1 p.Tyr113His and p.His139Arg polymorphisms, ethnicity, subtype of EC,
and source of controls (HB/PB) may be not associated with EC development.
An exploration of this association may not be relevant to EC development.

Potential confounders
In the current study, a Begg’s funnel plot and the Egger’s test
were performed to assess potential publication bias. The
funnel plots were symmetric in shape and the statistical
results did not reveal any publication bias. Moreover, the
results were consistent when the sensitivity analysis was
performed, which implied that the results were reliable.

Terminology

EPHX1 is a critical biotransformation enzyme that converts epoxides to transdihydrodiols during aromatic compound degradation. The epoxides can be
conjugated and excreted from the body. EPHX1 functions in both the activation
and detoxification of epoxides.

Peer review

This manuscript presents a well-performed meta-analysis that assesses the
association of two EPHX1 polymorphisms with esophageal cancer risk. The
authors show clearly that neither of the EPHX1 polymorphisms, p.Tyr113His or
p.His139Arg, is associated with an increased risk for EC.

Limitations
Several limitations should be acknowledged for this
analysis. Heterogeneity is a potential problem when interpreting the results of a meta-analysis and the sources
of heterogeneity are usually explored in most metaanalyses. EC is a multi-factorial disease and potential
gene-gene and gene-environment interactions should
be considered. Different ethnicities have diverse genetic
backgrounds and varied environmental exposures. In
the present study, significant heterogeneity was detected
in overall comparisons for the EPHX1 polymorphisms.
Although we performed a careful database search for
published studies, used strict criteria for study inclusion,
and performed precise data extraction and original data
analysis, signiﬁcant heterogeneity still existed in some of
our comparisons. However, in the subgroup analysis for
ethnicity, the signiﬁcant heterogeneity persisted in some
genetic models in both the European and Asian populations. Small sample size may have contributed to limited
statistical power to estimate the possible EC risk with
EPHX1 polymorphisms. A consortium based on thousands of individuals would be more ideal for this type of
association study.
This meta-analysis suggests that the EPHX1 p.Tyr113His
and p.His139Arg polymorphisms may be not associated
with EC development. Further studies with a larger sample size are needed to further assess the presence of an
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CASE REPORT

One case of intrahepatic cholangiocarcinoma amenable to
resection after radioembolization
Cecilia Servajean, Marine Gilabert, Gilles Piana, Geneviève Monges, Jean-Robert Delpero, Isabelle Brenot,
Jean-Luc Raoul
scan, a partial response was observed; the tumor was
far less hypervascularized, and a margin was observed
between the tumor and the right hepatic vein. A left
hepatectomy enlarged to segment Ⅷ was performed.
On pathological exam, most of the tumor was acellular,
with dense fibrosis around visible microspheres. Viable
cells were observed only at a distance from beads. Radioembolization can be useful in the treatment of cholangiocarcinoma, allowing in some cases a secondary
resection.
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Core tip: A 57-year-old man with abdominal pain was
diagnosed with a large unresectable hepatic tumor. On
liver biopsy, this intrahepatic cholangiocarcinoma was
observed within the normal liver parenchyma. After 2
systemic chemotherapy regimens, the tumor remained
stable. A radioembolization (SIRS-Spheres®) delivering 120 Gy to the tumor, 7 Gy to the normal liver and
4 Gy to the lungs was performed. Three months later,
the tumor was less vascularized and had shrunk, and a
resection could be performed. On pathological examination, most of the tumor was acellular with fibrosis
centered on microspheres, and only a few viable cells
were noticed.

Abstract
We report the case of a 57-year-old man who was diagnosed with a large unresectable cholangiocarcinoma
associated with 2 satellite nodules and without clear
margins with the right hepatic vein. Despite 4 cycles of
GEMOX (stopped due to a hypertransaminasemia believed to be due to gemcitabine) and 4 cycles of FOLFIRINOX, the tumor remained stable and continued to
be considered unresectable. Radioembolization (resin
microspheres, SIRS-spheres®) targeting the left liver
(474 MBq) and segment IV (440 MBq) was performed.
This injection was very well tolerated, and 4 more
cycles of FOLFIRINOX were given while waiting for
radioembolization efficacy. On computed tomography
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INTRODUCTION

A

Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary liver cancer[1,2] after hepatocellular
carcinoma, with approximately 10000 new cases/year in
Europe[3], and exhibits a dismal prognosis. The incidence
of ICC is growing in many countries[4]. Cure can be
expected only from surgical resection[5] and in the early
stages. However, the vast majority of patients presents
with advanced disease or experience tumor recurrence
after initial resection. In locally advanced or metastatic
patients, systemic chemotherapy combining cisplatin and
gemcitabine is the current gold standard[6], but tumor
response and overall survival remain poor. Intra-arterial
treatment in locally advanced unresectable cases seems
promising in cases of liver-confined disease. Radioembolization with 90Y-loaded beads has been reported in a
few studies as efficient in ICC. We present the case of a
locally advanced ICC receiving systemic chemotherapy
without major efficacy, followed by treatment with 90Y
radioembolization (resin microspheres) that permitted
resection with major (near complete) histologic response
related histologically to the radioembolization.

Diameter = 135 mm

B

Diameter = 85 mm

CASE REPORT

Figure 1 Magnetic resonance imaging. A: MRI before treatment revealing
a large intrahepatic cholangiocarcinoma and 2 small satellites nodules; there
was no clear margin with the right hepatic vein (arrows); B: After systemic chemotherapy and one intra-arterial injection of 90Y-resin microspheres, the tumor
size decreased, the tumor appeared less vascularized, and the margin between
the tumor and hepatic vein appeared free (arrows).

A 57-year-old man without any past history presented
with abdominal pain on his right side in December 2011.
Ultrasound (US) and computed tomography (CT) scan
demonstrated a large tumor on the median part of the
liver without any abdominal lymph nodes or extrahepatic tumors. Alpha-fetoprotein levels were 29 ng/mL
(ULN = 5 mg/mL), and carcinoembryonic antigen and
carbohydrate antigen 19-9 serum levels were normal.
On magnetic resonance imaging, an 11-cm nodule with
two satellite tumors was identified. The main tumor was
invading the left portal pedicle and the left and median
supra-hepatic veins and exhibited no security margin with
the right supra-hepatic vein (Figure 1A) and the right hepatic artery. Colonoscopy and gastroscopy were normal.
Pathological analysis of the liver biopsy confirmed an
ICC; the surrounding liver parenchyma was normal.
The patient was treated with a GEMOX regimen
(gemcitabine 1000 mg/m² D1 and oxaliplatin 100 mg/m²
D2) every 2 wk. After the fourth cycle, the appearance of
hepatic cytolysis likely due to gemcitabine led us to stop
this treatment and to shift to a FOLFIRINOX regimen.
After 4 cycles, the CT scan revealed a stable disease, and
resection was considered impossible.
Local hepatic treatment with radioembolization was
subsequently attempted. A biodistribution analysis of
99 mTc macroaggregated albumin injected in the target
arteries did not reveal any lung shunting of extrahepatic
uptake. The therapeutic injection was performed on 23rd
July 2012 with two selective injections: one in the left
hepatic artery of 474 Mbq of 90Y-resin microspheres
(SIRS-Spheres®, Sirtex Medical, Lane Cove, Australia)
and the other of 440 Mbq in the segment IV artery arising from the right hepatic artery. Dosimetry calculations
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(BSA method) corresponded to 120 Gy delivered to the
tumor, 7 Gy to the non-tumorous liver and 4 Gy to the
lungs. No side effects were noted, and 4 more cycles of
FOLFIRINOX were administered. In September 2012
(2 mo after the radioembolization), the CT scan revealed
a partial response (Figure 1B), but at the arterial phase,
the hypervascular component of the tumor had clearly
declined, and a margin between the tumor and the right
hepatic vein could be observed. The volume of the left
lobe only slightly increased after radioembolization from
1323 mL up to 1420 mL.
A left hepatectomy enlarged to segment Ⅷ was performed on October 30th, 2012 without major difficulty.
The pathological examination revealed that most of the
tumor was composed of acellular, dense, collagen fibrosis
with many beads included. The center of the tumor was
entirely fibrotic; at the periphery of the tumor (Figure 2),
some neoplastic cords could be identified in the fibrosis
at a distance from beads; these cords were largely unicellular and sometimes organized around a glandular cavity.
This response was classified as a major tumoral regression with a R0 resection. The patient was alive without
evidence of recurrence 1 year after the surgery.

DISCUSSION
This case of partial radiologic tumor response allowing
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lization of the contralateral lobe[11]; this increase was not
obvious in our case.
Therefore, in unresectable but localized ICC, radioembolization can be considered a useful tool that results
in curative resection in some cases. This option should be
considered in some borderline cases for surgical resection.

COMMENTS
COMMENTS
Case characteristics

Authors report the case of a 57-year-old man who was diagnosed with a large
unresectable cholangiocarcinoma associated with 2 satellite nodules and without clear margins with the right hepatic vein.

Clinical diagnosis

Figure 2 Pathologic examination. Pathologic examination of the resected
specimen exhibiting multiple microspheres mainly in the vessels (arrows), the
microspheres were surrounded by intense fibrosis (black arrow heads) with
tumor cells only on the tumor periphery (white arrow head).

Despite 4 cycles of GEMOX (stopped due to a hypertransaminasemia believed
to be due to gemcitabine) and 4 cycles of FOLFIRINOX, the tumor remained
stable and continued to be considered unresectable. Radioembolization (resin
microspheres, SIRS-spheres®) targeting the left liver (474 MBq) and segment
IV (440 MBq) was performed.

Laboratory diagnosis

a complete R0 tumor resection and major histological tumor response after chemotherapy and one single
radioembolization illustrates the usefulness of multidisciplinary approaches in locally advanced liver tumors,
particularly ICC, and the efficacy of radioembolization.
In this case, pathological examination revealed a close
relationship between the presence of beads and severe
necrosis/fibrosis; conversely viable tumor cells were only
observed at the periphery of the tumor, at considerable
distances from beads.
Radioembolization involves the injection of microspheres loaded with 90Y into the feeding artery. These
spheres had a diameter ranging from 25 to 60 μm. Currently, two different types of microspheres are available,
glass (TheraSphere®, Nordion, Canada) and resin (SIR
Sphere, SIRTEX, Australia), and these differ in size and
activity per sphere, which is important for glass spheres
but less important for resin microspheres. This treatment
achieves the microembolization of tumorous vessels and
delivers local irradiation; 90Y is a very energetic isotope
with a cytotoxic range of several millimeters (median 2.5
mm) and a short half-life of 64.2 h. This isotope is only a
beta emitter, and patients can be discharged the same day.
This treatment is a therapeutic option in hepatocellular
carcinoma and in hepatic colorectal metastases. Largescale randomized trials are ongoing to determine the best
place for these loco-regional treatments.
Few data are available on 90Y radioembolization in
advanced cholangiocarcinoma[7-9]; both resin and glass
microspheres have been used. All series are retrospective
and have confirmed tolerance to this therapeutic option.
The response rate is difficult to summarize, as some series used the classical Response Evaluation Criteria In
Solid Tumors (RECIST)/WHO criteria, whereas others
used EASL criteria or mRECIST more “logically” with
this approach to measure the vascularized part of the
tumor. The response rate was approximately 25%-30%
using WHO or RECIST and higher (73%) with EASL. In
one series, 5 of 46 patients benefited from downstaging
from an R0 surgery[10], as in our case. In most cases, the
future remnant liver volume increased after radioembo-
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On computed tomography scan, a partial response was observed; the tumor
was far less hypervascularized, and a margin was observed between the tumor
and the right hepatic vein. A left hepatectomy enlarged to segment VIII was
performed.

Treatment

Radioembolization can be useful in the treatment of cholangiocarcinoma, allowing in some cases a secondary resection.

Peer review

Interesting case report dealing with the value of radioembolization in the treatment of initially unresectable CCC. Useful aspect of a multimodal pathway.
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Core tip: Clostridium difficile infection (CDI) in patients
with ulcerative colitis (UC) can worsen the disease and
increase the risk of colectomy and death, thus requiring
an escalation of treatment. This report reveals a case
of UC worsened by recurrent CDI, which likely activated
the patient’s immune response and stimulated the relapse of UC. Lack of response to infliximab therapy was
indicated by low trough levels, and a high-dose infliximab regimen yielded better clinical results. Infliximab
trough levels were found to correspond with patient
outcome, and thus may serve to guide treatment in
similar cases of UC with CDI.

Abstract
The incidence of Clostridium difficile (C. difficile ) infection (CDI) is 1.8%-5.7% in admitted patients with ulcerative colitis (UC). CDI can worsen UC and increase
the risk for colectomy or even death, thus necessitating therapy escalation, such as increasing the corticoid
therapy or starting a biologic treatment. Several reported cases with infliximab therapy have provided favorable outcomes in UC patients with CDI, suggesting that
infliximab treatment may be protective; however, the
optimal infliximab treatment regimen for UC patients
with CDI remains to be established. Here, we report
a case of worsening UC in the presence of recurrent
CDI. The patient had received prior ciprofloxacin and
immunosuppressive therapy during a prolonged hospital stay. The deterioration in the patient’s condition
likely resulted from the ability of C. difficile to promote
relapsing of UC by activating the immune response. Ultimately, the patient was treated with a high dose of infliximab after a low trough level of infliximab at week 8
was identified, yielding better clinical results. Infliximab
was found to be safe after repetitive episodes of CDI.
The trough level of infliximab was therefore a useful
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INTRODUCTION
Clostridium difficile (C. difficile) infection (CDI) represents
an important cause of morbidity and mortality in patients
with inflammatory bowel disease (IBD), resulting in longer hospital stays and higher healthcare expenses[1,2]. CDI
has been reported to occur in 0.9%-2.2% of admissions
for Crohn’s disease and 1.8%-5.7% for ulcerative colitis
(UC); these incidence rates are higher than in the general
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Figure 1 Pseudomembranous colitis in the ulcerative colitis patient. Colonoscopy image showing pseudomembranes in the descending colon, with a
loss mucosal vascular pattern.

Figure 3 Severe endoscopic aspect of ulcerative colitis. Ulcerations, loss
of vascular pattern and edema of the mucosae were noted in the rectum.

ing, diarrhea (9-10 stools/d) and fever (38 ℃), which
was treated with mesalamine and steroids accompanied
by ciprofloxacin to address a concomitant urinary infection. Despite the therapy, the status worsened, with the
patient experiencing fever of 38.4 ℃, 20 stools/d, and
abdominal distension without tenderness. A colonoscopy
performed in a different hospital revealed the presence
of pseudomembranes, supporting the diagnosis of CDI
superimposed on UC. Metronidazole and vancomycin
were administrated for 5 d.
On admission to our hospital, the patient had more
than 20 stools/d, fever, and leukocytosis (24000/mm3),
with 87% neutrophilia, normal C-reactive protein (CRP)
level, no anemia, hypoproteinemia (5 g/dL), and hypoalbuminemia (2.6 g/dL). A stool culture, including C. difficile toxins, was negative. The presence of pseudomembranes with a diminished vascular pattern of the mucosa
from the cecum to the sigmoid colon was noted on a
repeat colonoscopy; however, the rectum appeared normal (Figure 1). Colonic biopsy showed leukocytes, fibrin,
mucus, and epithelial cells adherent to the surface of the
underlying inflamed and necrotic mucosa, supporting the
diagnosis of pseudomembranous colitis (Figure 2). X-ray
radiography revealed no distension of the transverse or
right colon, but the transabdominal ultrasound showed
the presence of ascites. With respect to the potential
diagnosis of relapsing CDI, the patient was started on
oral vancomycin (125 mg qid, continued for 14 d); three
days later, azathioprine and a higher dose of steroids was
administered, which resulted in clinical improvement.
Within 15 d of discharge, the patient reported a relapse
with 8 stools/d, at which time he self-administered oral
metronidazole for 10 d without consulting the doctor,
but which provided a favorable outcome.
Three months after the initial admission to our hospital, the patient presented again with 6 stools/d, bleeding,
and urgency. His temperature was normal, CRP level was
slightly elevated, and C. difficile toxins were again negative. Proctosigmoidoscopy revealed multiple ulcerations,
friability, mucosal edema, and loss of vascular pattern.
Histopathologic examination with hematoxylin and eo-

Figure 2 Colonic histology of Clostridium difficile infection superimposed
on ulcerative colitis. Necrosis of superficial crypts with a dense infiltrate of
neutrophils, fibrin, and cellular debris covering the mucosal surface.

population (0.48%)[1,3] and have shown an increasing
trend in recent years[2]. It has also been reported that 8.2%
of UC patients and 1% of those with Crohn’s disease
are silent carriers, without distinct episodes of CDI[4].
The major risk factors for CDI in IBD are drug-related,
including the use of antibiotics such as fluoroquinolones,
clindamycin, cephalosporins, and penicillins [2,4,5], as
well as proton pump inhibitors or immunosuppressive
therapies[6]. Baseline or newly initiated therapies with
corticoids triple the risk of CDI and double the mortality
rate, in a dose- and duration-independent manner[7,8];
furthermore, immunomodulators, such as azathioprine,
methotrexate and 6-mercaptopurine, increase the risk of
CDI, especially in UC patients[2,4]. Other CDI risk factors are host-related, such as a patient age over 65 years,
prolonged hospital stay, and history of gastrointestinal
surgery[4].

CASE REPORT
A 37-year-old male patient with a history of UC in the
last 2 years, with frequent flare-ups (more than six per
years) treated with steroids and mesalamine, was admitted to our hospital. One month before admission, the
patient had experienced a new relapse with rectal bleed-
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IBD patients[6]. Pseudomembranes containing mucus,
protein, and inflammatory cells are usually detected on
colonoscopy in isolated CDI, but they may be absent if
the patient is taking immunomodulators[2,17], though their
presence does not influence the clinical outcome[18].
The long-term outcome of the patient in the present
case was very good after only two high doses of infliximab, with complete remission one year later. This is in
agreement with several other reported CDI-UC cases
treated with infliximab[19]. It has been postulated that
infliximab therapy may even protect against CDI[10]. The
initiation of infliximab therapy is not associated with
CDI[7], based on a pooled analysis of three UC studies
and seven Crohn’s disease studies[20]. One study reported
that despite similar short-term outcomes for CDI-IBD
and IBD patients in terms of cyclosporine use and length
of hospitalization, the patients with CDI-IBD may have
worse long-term outcomes[21], with 37%-50% requiring
hospitalization for treatment of flare-ups[2,22]. Furthermore, intensification of treatment for IBD occurs more
often after CDI[22,23], either by initiation or escalation of
biologic therapy or immunosuppressants[24]. However,
the escalation of IBD treatment should be avoided in
the first 72 h after starting CDI therapy[16], as demonstrated in the present case. The mortality in CDI-IBD
patients is 3.2-6 times greater than in patients with IBD
alone[6,18,25,26], with a mortality rate as high as 25%[5]. It has
been reported that 10%-35% of CDI patients ultimately
require a colectomy[2,4,18,21,22,24]. Patients with CDI-IBD
should be followed up carefully and their IBD aggressively managed.
CDI recurs in about 11%-30% of patients after the
initial course of treatment[6,14,27] by reinfection with the
initial strain or with a new strain, which usually occurs 1-3
wk after antibiotic discontinuation. Treatment with metronidazole is not recommended beyond the first recurrence due to concerns for peripheral neuropathy following extended use, especially in the elderly. Moreover, oral
administration of metronidazole has a poor treatment
outcome, with a reported failure rate of up to 50%[28].
As a result, the direct use of oral vancomycin has been
recommended as an initial therapy for CDI-IBD[2], with
prolonged, tapered and pulsed-dose vancomycin as the
preferred approach for multiple recurrences of CDI[29].
Alternative treatments for recurrence include fecal microbiota transplantation, which has shown a high rate of
success[30]. 5-aminosalicylic acid (5-ASA) therapy is considered a protective option for patients with CDI-IBD[4];
although, the prescribed mesalamine was ineffective in
the current case. Combination treatment with antibiotics
and immunosuppressants has been associated with colectomy or death in 12% of cases at the 3-mo follow-up[6],
though this was not confirmed in other small studies[13].
Newer antibiotics, probiotics, and immunotherapy may
be beneficial, but more investigation is needed[16].
In the case reported here, CDI worsened the shortterm outcome of UC, most probably because C. difficile

sin staining and immunohistochemistry indicated severe
UC and no cytomegalovirus (CMV)-induced cytopathic
damage (“inclusion bodies”). After an infliximab (5
mg/kg per day) induction regimen at 0, 2 and 6 wk, the
patient was still experiencing 6 stools/d, showed signs
of severe colitis in endoscopy (Figure 3), and had a twofold increase in CRP level. The trough level of infliximab
measured at 8 wk after initiation was 0.062 µg/mL, and
the anti-infliximab antibodies were negative (ELISA kit,
Immundiagnostik, Bensheim, Germany). The low trough
level suggested a partial response, and the dose of infliximab was consequently increased to 10 mg/kg per day;
the patient showed a rapid clinical remission after the
first administration, as evidenced by 1 stool/d, without
blood. Remission was confirmed endoscopically after
the administration of the second 10 mg/kg per day dose,
and the patient was returned to 5 mg/kg per day, with
a detectable trough infliximab level of 3 µg/mL. After
a 12-mo follow-up, the patient remained in steroid-free
remission.

DISCUSSION
C. difficile is a gram-positive, spore-forming anaerobic
bacterium that is revealed when the normal colonic flora
is disrupted[9]. The bacteria produce enterotoxin A and
cytotoxin B, which bind to specific receptors in colonic
mucosal cells and gain entry to the intracellular space,
leading to a systemic inflammatory response (fever,
multi-organ failure), toxic megacolon, and perforation.
The capability of bacterial adherence to the mucosa is
genetically determined, influenced by polymorphisms of
the host TNFRSF14 gene[10]. Colonic infection is common[2], but small intestinal involvement or pouchitis have
been reported with CDI[11,12]. Although IBD patients with
CDI acquire their infection in an outpatient setting in
47%-79% of cases[2,4,13], the number of in-hospital infections is increasing.
The clinical manifestations of CDI-associated IBD
are usually indistinguishable from those of IBD alone,
such as watery diarrhea or bloody stools, with systemic
signs of severity (fever, tachycardia, hypotension), abdominal distention, or signs of complications (fulminant
colitis, toxic megacolon, or bowel perforation)[6]. Leukocytosis sometimes occurs, even before diarrhea[14], indicating the need to test for CDI[11], as high numbers of
leukocytes and increased serum levels of creatinine are
associated with the development of severe-complicated
CDI[15]. Hypoalbuminemia is related to severe diarrhea as
a result of protein-losing enteropathy and negative acutephase proteins[16], which may explain the ascites in our
patient. Though not observed in the present case, ascites
associated with the distention of the transverse colon can
also suggest toxic megacolon and bowel perforation. The
diagnosis of CDI is based on toxin detection in stool
samples, with low sensitivity, or on colonic histology,
which has only been reported as positive in 5% of CDI-

WJG|www.wjgnet.com

5137

May 7, 2014|Volume 20|Issue 17|

Seicean A et al . Infliximab in Clostridium difficile ulcerative colitis

Laboratory diagnosis

alters the natural history of UC by activating an innate
immune response to the organism that activates the
UC[19]. This case highlights the clinical challenges that can
be encountered during UC therapy, with the potential
benefit of escalating infliximab dosage to a high level in
order to resolve a recurrent CDI. This approach led to
a good long-term (12-mo) outcome, but no guidelines
for the use of infliximab trough level to guide modification of therapy are yet available for such situations. It is
important to note that our patient had a prolonged hospital stay and previous ciprofloxacin and corticosteroid
therapy, which represent risk factors for CDI.
The decision for the escalation of infliximab in this
case rather than a colectomy after the induction period
was based on clinical findings and the trough level of infliximab. A level below 0.5 µg/mL indicates the need for
dose escalation or a shortening of the interval between
infusions[31]. Detectable trough serum infliximab after
an induction period predicts clinical remission, endoscopic improvement, and a lower risk for colectomy in
UC patients[32], which corresponds to the improved longterm outcome in our patient. However, a recent study
has shown that a low level of infliximab (< 2.2 µg/mL)
at week 14 leads to the formation of anti-infliximab antibodies and infliximab discontinuation[33]. However, in a
retrospective study of IBD patients who were no longer
responding to infliximab, the clinical improvement upon
intensification of infliximab therapy occurred irrespective
of infliximab serum trough levels or antibodies [34].
Though not detected in our patient, particular attention
must be paid to concomitant CMV infection, which can
be diagnosed by hematoxylin and eosin staining for evidence of cytopathic damage in epithelial cells, or by immunohistochemistry, PCR DNA detection, or serum IgM
detection[35].
In conclusion, this case highlights some of the difficulties in treating CDI-UC. The short-term outcome of
the patient was worsened by CDI, possibly resulting from
C. difficile activation of an innate immune response that
stimulated the UC[21]. As demonstrated here, low trough
levels of infliximab prompted the administration of a
higher dose with a favorable treatment result, however
no guidelines for the use of trough levels are yet available
for such situations. Thus, trough levels of infliximab may
be useful and safe for guiding the treatment of UC worsened by CDI.

Leukocytosis, hypoalbuminemia, negative stool toxins for C. difficile.

Imaging diagnosis

The initial colonoscopy performed showed pseudomembranes with diminished
vascular pattern. A second colonoscopy showed multiple ulcerations, friability,
mucosal edema, loss of vascular pattern with histopathological appearance
suggesting severe UC.

Pathological diagnosis

The initial pathological examination showed leukocytes, fibrin, mucus, and
epithelial cells adherent to the surface of the underlying inflamed and necrotic
mucosa, which sustained the diagnosis of pseudomembranous colitis on UC.
The second examination using hematoxylin-eosin staining and immunohistochemistry showed no CMV-induced cytopathic damage (“inclusion bodies”).

Treatment

For severe flare-up of UC after recurrent CDI, an infliximab induction regimen (5
mg/kg per day) was administered at weeks 0, 2 and 6. After a low trough level
of infliximab was detected at week 8, a high-dose infliximab regimen (10 mg/kg
per day) was given at weeks 14-22. When the trough level increased, the dose
was reduced to 5 mg/kg per day and the patient was found to be in clinical remission at the 1-year follow-up appointment.

Term explanation

Detectable but low trough level of infliximab represents an indication for increasing the dose or shortening the interval. The optimal trough level has not
yet been established.

Experiences and lessons

Trough level of infliximab is a useful tool in guiding treatment of UC worsening
associated with CDI.

Peer review

Infliximab therapy was safe in the patient with worsened UC associated with
recurrent CDI. Measurement of the trough level of infliximab was helpful in
guiding an increase in infliximab therapy. The presence of ascites, in this case,
was a sign of hypoalbuminemia correlated with severe diarrhea as a result of
protein-losing enteropathy; however, ascites associated with distention of the
transverse colon can sugest toxic megacolon and bowel perforation, which was
not the case for this particular patient.
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F-FDG PET/CT imaging for a gastrointestinal mantle cell
lymphoma with multiple lymphomatous polyposis
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Tatsuro Irie, Masanori Tanaka, Masanobu Morioka, Eriko Tsukamoto
aging in a patient with gastrointestinal tract involvement
of MCL showing continuous MLP from the stomach to
the rectum and intestinal intussusception. FDG-PET/CT
findings were false negative in typical MLP spreading
widely over the gastrointestinal tract, but uptake was
noted in large lesions with deep infiltration considered
atypical as MLP. On FDG-PET/CT imaging, the Ki-67
proliferative index, which is a cell proliferation marker,
showed neither correlation with the presence of uptake
nor the maximum standardized uptake value.
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Core tip: To the present, there have been no reports on
18
[fluorine-18]-fluorodeoxy-glucose ( F-FDG)-positron
emission tomography (PET)/computed tomography
(CT) imaging of gastrointestinal mantle cell lymphoma
(MCL) with multiple lymphomatous polyposis (MLP). In
18
this report, we present the results of F-FDG PET/CT
imaging in such a MCL patient showing continuous MLP
from the stomach to the rectum. We also compared
FDG-PET/CT imaging with the Ki-67 proliferative index,
an index of cell proliferation, and found that their
relationship was inconsistent. The findings of FDG-PET/
CT were false negative in typical MLP, but uptake was
noted in larger lesions with deep infiltration considered
atypical MLP, regardless of the Ki-67 proliferative index.

Abstract
Multiple lymphomatous polyposis (MLP) is an uncommon
type of gastrointestinal lymphoma characterized by the
presence of multiple polyps along the gastrointestinal
tract. Most of this entity is in fact considered the counterpart of gastrointestinal tract involvement for mantle
cell lymphoma (MCL). To our knowledge, there have
been no reports on [fluorine-18]-fluorodeoxy-glucose
18
( F-FDG)-positron emission tomography (PET)/computed tomography (CT) imaging for gastrointestinal MCL
18
with MLP. We present the results of F-FDG PET/CT im-
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Table 1 Correlation between fluorodeoxy-glucose-positron
emission tomography/computed tomography and the Ki-67
proliferative index
PET (-)

INTRODUCTION
Multiple lymphomatous polyposis (MLP) is a term applied to a specific lymphoma characterized by a distinctive pattern of gastrointestinal tract involvement in which
long segments of the intestine are superficially infiltrated
by multiple white nodular or polypoid tumors, ranging
in size from 0.2 to 2 cm[1,2]. In most of MLP, lymphoma
cells originate in the mantle zone of the lymphoid follicle,
so this disease is actually considered a subtype of malignant lymphoma called mantle cell lymphoma (MCL)[3,4].
Since Cornes’ report in 1961, various documented cases
of MLP have been reported in the literature[5,6]. However,
to the present, there have been no reports on [fluorine18]-fluorodeoxy-glucose (18F-FDG)-positron emission
tomography (PET)/computed tomography (CT) of gastrointestinal MCL cases with MLP. We encountered a rare
case of gastrointestinal MCL showing continuous MLP
from the stomach to the rectum and intestinal intussusception, and present the results of 18F-FDG PET/CT
imaging in this report. Additionally, we closely evaluated
its relationship with FDG-PET/CT imaging and the
Ki-67 proliferative index, a cell proliferation marker. This
is the world’s first report studying the causes of the low
sensitivity of FDG-PET/CT for the detection of MCL
with gastrointestinal tract involvement.

Ki-67

Stomach
Duodenum
(descending)
Transverse colon

43.8%
32.7%

Duodenum (bulb)
Ascending colon

5.1
7.7

50.2%
30.1%

Ki-67

34.7%

Rectum

6.9

32.1%

SUVmax: Maximum standardized uptake value; Ki-67: Ki-67 proliferative
index.

Radiological and endoscopic features
CT showed enlargement of systemic lymph nodes, and
also revealed tumorous lesions in the gastrointestinal tract,
as well as clear thickening of the gastric wall (Figure 1A).
Whole-body 18F-FDG PET/CT was performed using
a PET/CT system (Gemini-GXL 16; Philips Medical Systems, Inc., Cleveland, Ohio). She was instructed to fast
for 6 h before the injection of 18F-FDG. The serum glucose level before injection was 85 mg/dL. The injected
dose of 18F-FDG was 199.6 MBq. A scan was performed
70 minutes after injection. An expert nuclear medicine
physician (Tsukamoto E) interpreted the PET/CT imaging. The maximum standardized uptake value (SUVmax)
was measured semi-quantitatively. On FDG-PET/CT, as
well as in various lymph nodes, uptake of SUVmax 5-7 was
observed in the tumorous lesions in the duodenal bulb,
ileocecal region, ascending colon, and rectum (Figure 2A,
Table 1), which were also observed on CT. Except for
these lesions, no uptake was noted in the other gastrointestinal tract.
Gastrointestinal endoscopy showed MLP spreading
over a wide area of the stomach (Figure 1B). Three large
tumorous lesions with central depressions were observed in
the duodenal bulb (→PET positive, Figure 2B and C), and
MLP extended continuously on its anal side (Figure 1C).
Before chemotherapy, colonoscopy showed MLP
consisting of large nodules in the rectum (→PET positive, Figure 2D and E). The ascending colon was intussuscepted due to a large tumor (→PET positive, Figure
2F and G), and MLP spread from the anal side of this
site to the rectum (Figure 1D).
X-ray imaging of the small intestine yielded findings
compatible with MLP mainly in the ileum (not shown).
X-ray imaging of the colon showed large tumors in the
ascending colon and cecum (→both were PET positive,
Figure 2F, H and I).
After chemotherapy, insertion of the colonoscope
to the ileocecal region became possible and MLP was
also confirmed in the terminal ileum (Figure 1E). It was
found that there were intussuscepted at tumors in the
ascending colon arising at and around the ileocecal valve
and the cecal tumor arose near the appendiceal orifice (not
shown).

CASE REPORT
Clinical presentation of the patient
A 49-years-old Japanese female who had noted lumps in
the cervical and inguinal regions for about half a year to
1 year developed right abdominal discomfort and constipation for 2 wk. She was suspected to have malignant
lymphoma on contrast-enhanced CT and was referred to
our hospital. Examinations on admission revealed mild
anemia (hemoglobin: 10.9 g/dL), hypoproteinemia (total
protein: 5.4 g/dL), and hypoalbuminemia (albumin: 3.1
g/dL), and the soluble interleukin 2 receptor level was
elevated at 4460 U/mL (normal range: 124-466 U/mL).
Inguinal lymph node biopsy was performed, immunophenotype with double-color flow cytometry showed strong
positivity (80%-90% ≤) for CD5, CD19, and CD20, and
fluorescence in situ hybridization showed IgH/CCND1
(bcl1) in 97.0%. As below mentioned, a histopathological
diagnosis of MCL was made. She received hyper-CVAD
chemotherapy (hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone combined with
high dose cytarabine and methotrexate) with rituximab
for 8 courses. Lymphoma lesion in the duodenal bulb was
perforated after chemotherapy for 3 courses, however, a
favorable response to hyper-CVAD chemotherapy was
obtained. She is alive at present for more than 2.6 years
after initial therapy, with no recurrence.
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Pathological features
Duodenal bulb was perforated and surgically resected
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A

B

C

D

E

Figure 1 Images of typical type multiple lymphomatous polyposis. A: Abdominal CT: thickening of the gastric wall (arrow head) was clearly observed; B, C:
Gastrointestinal endoscopy: stomach (dye spraying) (B), descending portion of the duodenum (C); D, E: Colonoscopy: transverse colon (D), terminal ileum (E). B-E
detected typical multiple lymphomatous polyposis, but none showed uptake on fluorodeoxy-glucose-positron emission tomography/computed tomography.

(Figure 3A). Histopathological examination showed that
lymphoma lesion invaded deep into the muscularis propria (Figure 3B), and tumor cells varying in size from
small to middle-sized proliferated densely (Figure 3C).
Lymphoma cells were positive for CD20, CD5, and Cyclin D1 on immunohistochemical staining (Figure 3D-F).
These features were compatible with MCL.
Proliferation indices were assessed by staining representative slides with the monoclonal MIB1 antibody
(DAKO, Tokyo, Japan) directed against the Ki-67 antigen.
Before chemotherapy, biopsy was performed from each
of the 6 gastrointestinal lesions shown in the figure, and
the Ki-67 proliferative index was evaluated (Figure 3G).
It was 43.8%, 32.5%, and 34.7% in the stomach, duodenum (descending portion), and transverse colon, respectively, which were compatible with typical type MLP
negative on PET. On the other hand, Ki-67 proliferative
index was 50.2%, 30.1%, and 32.1%, and SUVmax was
5.1, 7.7, and 6.9, respectively, in the lesions of the duodenum (bulb), ascending colon, and rectum, which were
positive on PET and appeared atypical as MLP (Table 1).
The Ki-67 proliferative index was neither related to the
presence or absence of uptake nor the SUVmax on FDGPET/CT imaging.

MCL showing continuous MLP from the stomach to the
rectum. Gastrointestinal tract involvement for MCL presents a variety of lesions[7], ranging from the characteristic
MLP to mucosal changes that are too vague to be identified endoscopically and can only be diagnosed through
biopsy[8,9]. We previously advocated that lymphoma cells
of MCL had invaded the lamina propria to submucosal
layer before MLP developed[10].
FDG-PET is a non-invasive imaging technique, commonly performed on patients with malignant lymphoma
and recommended for initial staging in diffuse large B-cell
and Hodgkin lymphoma[11]. The usefulness of FDG-PET
in MCL was also reported, with pretreatment PET scans
being positive in 94%-100%[12,13], however, PET scans
have too low of a sensitivity (11%-20%) to detect gastrointestinal tract involvement for MCL[13,14]. These reports
did not discuss the causes of the low sensitivity of FDGPET for the detection of MCL with gastrointestinal tract
involvement, and the morphological characteristics of
a picked up lesion as those of MLP. Our case was the
first report to present PET/CT imaging of MCL case
with multiple MLP from the stomach to the rectum. The
findings of FDG-PET/CT were false negative in typical
MLP, particularly, gastric lesions were detected by CT,
and the sensitivity of FDG-PET/CT was lower than that
of CT. Meanwhile, we do not deny the possible contribution of not administering a H2-blocker or proton pump
inhibitor, the duodenal bulb had been perforated in the

DISCUSSION
This report presented a rare case of gastrointestinal
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Figure 2 Images of atypical type multiple lymphomatous polyposis. A, B, D, F, H: [fluorine-18]-fluorodeoxy-glucose -positron emission tomography/computed tomography: (A) Uptake in the gastrointestinal tract was noted at the 4 sites shown in longitudinal images. The SUVmax was 5.1, 6.9, 7.7, and 6.5 in the duodenal bulb (B),
rectum (D), ascending colon (F), and cecum (H), respectively; C: Gastrointestinal endoscopy: Three large tumorous lesions circumferentially surrounding the duodenal
bulb were observed; E, G: Colonoscopy: Multiple larger nodules than usual type MLP were observed in the rectum (E). The ascending colon was intussuscepted due
to a large tumor (G); I: X-ray imaging of the ascending colon and cecum: Large tumorous lesions were observed in the ascending colon and cecum (arrowheads).

present case because lymphoma cells had deeply invaded
the muscularis propria. Uptake was noted on FDGPET/CT imaging in atypical type MLP, probably because
the lesions were larger and infiltrated deeper than in typical type MLP regardless of the histologic malignant potential, the Ki-67 proliferative index of lymphoma cells.
Gastrointestinal MCL lesions are generally shallow[1,10].
This may reduce the sensitivity of FDG-PET/CT for
gastrointestinal MCL.
It has also recently been reported that a relationship
between SUVmax in 18F-FDG PET/CT imaging and Ki67-positive tumor cells was revealed in untreated patients
with non-Hodgkin lymphoma including MCL[15]. On
the other hand, there have been no reports of evaluation of the Ki-67 proliferative index in gastrointestinal

WJG|www.wjgnet.com

MCL showing MLP. In this study, the lack of statistical
relationship between SUVmax and the percentage of Ki67-positive cells may be explained by the fact that the
highest SUVmax is determined by analysis on the whole
body, while Ki-67 immunostaining is restricted to tissue
biopsies in which sampling errors are possible.
Gastrointestinal lesions, including MLP, frequently
reflect the pathogenesis of MCL. However, 18F-FDG
PET/CT is not useful for the accurate initial staging of
MCL before treatment because of the low detection rate
of gastrointestinal lesions. In the future, more gastrointestinal MCL patients should be examined the findings of
18
F-FDG PET/CT uptake, which is observed exclusively
in large and deeply infiltrating lesions as shown in the
present study.
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Figure 3 Pathological findings. A: Macroscopic specimen showed perforation in the duodenal bulb; B: Histopathologically, lymphoma lesion in the duodenal bulb
invaded deep into the muscularis propria (HE stain, x 20); C: Tumor cells varying in size from small to middle-sized densely proliferated (HE stain, x 200); D-F: These
tumor cells were positive on immunohistochemical staining for CD20 (D), CD5 (E), and Cyclin D1 (F), findings compatible with mantle cell lymphoma (x 200); G: Ki-67
proliferative (MIB-1) index in the duodenal bulb was 50.2% (1397 cells/2781 cells) (x 200).

In conclusion, the findings of FDG-PET/CT were
false negative in typical MLP, but uptake was noted in
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larger lesions with deep infiltration considered atypical
MLP, regardless of the Ki-67 proliferative index.
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COMMENTS
COMMENTS
Case characteristics

5

A 49-years-old female with lumps in the cervical and inguinal regions developed
right abdominal discomfort and constipation.

Clinical diagnosis

Bilateral cervical and inguinal lymph nodes were palpable and mild tenderness
was found in the right-sided abdomen.

6

Differential diagnosis

Colon cancer with lymph nodes metastases.

Laboratory diagnosis

7

Hemoglobin 10.9 g/dL; total protein 5.4 g/dL; albumin 3.1 g/dL; soluble interleukin 2 receptor 4460 U/mL; other laboratory data were within normal limits.

Imaging diagnosis

(fluorine-18)-fluorodeoxy-glucose (18F-FDG)-positron emission tomography
(PET)/computed tomography (CT) showed tumorous lesions in the duodenal
bulb, ileocecal region, ascending colon, and rectum with SUVmax of 5-7, as well
as in various lymph nodes, in addition to multiple lymphomatous polyposis (MLP)
in the other gastrointestinal tract with no FDG activity.

8

Pathological Diagnosis

Gastrointestinal biopsy and resected duodenal bulb revealed mantle cell lymphoma (MCL), positive for CD20, CD5, and Cyclin D1.

9

Treatment

The patient was treated with hyper-CVAD (hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone combined with high dose
cytarabine and methotrexate) with rituximab for 8 courses.

Related reports
18

F-FDG PET/CT have too low of a sensitivity (11%-20%) to detect gastrointestinal tract involvement for MCL and there have been no reports on 18F-FDG PET/
CT imaging for gastrointestinal MCL with MLP. On the other hand, there have
been no reports of evaluation of the Ki-67 proliferative index in gastrointestinal
MCL showing MLP.

10

Term explanation

11

Ki-67 proliferative index is a cell proliferation marker. According to recently
report, a relationship between SUVmax in 18F-FDG PET/CT imaging and Ki67-positive tumor cells was revealed in untreated patients with non-Hodgkin
lymphoma including MCL

Experiences and lessons
18

F-FDG PET/CT findings were false negative in typical MLP spreading shallow,
but uptake was noted in large lesions with deep infiltration considered atypical
as MLP regardless of the Ki-67 proliferative index of lymphoma cells.

12

Peer review

This report presented a rare case of gastrointestinal MCL with MLP, and the
presentation on 18F-FDG PET/CT imaging was shown and well discussed.

13
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CASE REPORT

Intrathoracic caudate lobe of the liver: A case report and
literature review
Ying-Yi Chen, Tsai-Wang Huang, Hung Chang, Hsian-He Hsu, Shih-Chun Lee
of a supradiaphragmatic heterotopic liver, which passed
through the inferior vena cava foramen and was coincidentally combined with an intralobar pulmonary
sequestration that was found intraoperatively. We discussed its successful management with surgical resection via a thoracic approach and reviewed the published
literature.
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Core tip: Heterotopic supradiaphragmatic livers are rare.
A total of 23 cases of primary supradiaphragmatic liver
have been reported in the literature. The simultaneous
detection of intrathoracic accessory liver and pulmonary
sequestration is extremely rare. It is difficult to make a
correct diagnosis preoperatively. We reported the first
case of a supradiaphragmatic heterotopic liver passing
through the inferior vena cava foramen that coincidentally combined with intralobar pulmonary sequestration.
We discussed the successful operation via a thoracic
approach and reviewed the published literature.

Abstract
Heterotopic supradiaphragmatic livers are rare. A total
of 23 cases of primary supradiaphragmatic livers have
been reported in the literature. The clinical presentations of heterotopic supradiaphragmatic liver are variable. The simultaneous detection of intrathoracic accessory liver and pulmonary sequestration is extremely
rare, and only one case has previously been reported.
It is difficult to make a correct diagnosis preoperatively.
We presented a 53-year-old woman with complaints
of an intermittent, productive cough and dyspnea for
two months that was refractory to medical treatment.
She had no previous history of trauma or surgery. A
chest radiograph only showed a widening of the mediastinum. Contrast-enhanced computed tomography of
the chest revealed a well-circumscribed homogenous
soft-tissue mass, approximately 4.35 cm × 2.5 cm ×
6.14 cm in size, protruding through the right diaphragmatic crura to the right pleural cavity, attached to the
inferior vena cava, esophagus and liver. There was no
conclusive diagnosis before surgery. After the operation, we discovered that this patient was the first case
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INTRODUCTION
Heterotopic supradiaphragmatic livers are exceedingly
rare. Abnormally positioned liver tissues have been described, but these are more commonly observed in the
abdominal cavity than in the thoracic cavity. This is one
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Figure 1 Computed tomography of the patient’s chest showing a well-circumscribed soft-tissue mass (white arrow), approximately 4.35 cm × 2.5 cm × 6.14
cm in size, over the middle mediastinum, with mild compression on the esophagus. A: Sagittal view; B: Transverse view.

of the first examples of a supradiaphragmatic heterotopic liver in the literature[1]. The clinical presentations of
heterotopic supradiaphragmatic livers are variable. The
simultaneous detection of an intrathoracic accessory liver
and pulmonary sequestration was reported as the first
and only one case in 2008[2]. The etiology of an introthoracic liver coinciding with pulmonary sequestration is
not well known. Herein, we describe the first case of a
supradiaphragmatic heterotopic liver passing through the
inferior vena cava foramen and coincidentally combined
with intralobar pulmonary sequestration.

IVC from the cardiophrenic angle of the right hemidiaphragm was found (Figure 2). Due to the limited area of
the sequestrated lung of RLL, a wedge resection with an
Endo-GIA staple instrument was performed. Due to the
indeterminate nature of the mass and the location close
to the IVC, we converted the operation to a right limited
thoracotomy. The tumor was biopsied, and the frozen
section showed reactive liver tissue with cirrhotic change.
Therefore, we resected the tumor, which was extruding
from the right pleural cavity, and then repaired the foramen of the IVC. The pathologic report showed liver
tissue with chronic inflammation and cirrhotic changes
(Figure 3). The patient had a good recovery after the
surgery and was discharged home one week later. CTangiography of the chest was conducted after the surgery
to retrospectively evaluate the pulmonary sequestration
(Figure 4). The aberrant arteries were identified from the
abdominal aorta.

CASE REPORT
A 53-year-old woman was referred to our center from
an outside clinic complaining of intermittent productive cough and dyspnea over the previous 2 mo that was
refractory to medical treatment. She denied any previous
history of trauma or surgery. There were no positive findings on the physical examination. A chest roentgenogram
only showed a widening of the mediastinum. Despite
adequate medical treatment, her symptoms persisted.
Contrast-enhanced computed tomography (CT) of the
chest revealed a well-circumscribed homogenous soft-tissue mass, approximately 4.35 cm × 2.5 cm × 6.14 cm in
size, protruding through the right diaphragmatic crura to
the right pleural cavity attached to inferior vena cava (IVC),
esophagus and liver (Figure 1). There was no pulmonary
consolidation or other abnormalities of the bilateral lungs
in imaging studies. In addition, the esophagram showed
no submucosal lesions. Based upon these imaging findings, the tumor at middle mediastinum and right pleural
cavity provoked discussion of a surgical resection.
Video-assisted thoracoscopic surgery (VATS) through
the right chest wall was performed initially, and the
operative findings revealed hypoplasia and regional
hyperemic changes at the pleural surface of the right
lower lobe (RLL) of the lung, with two obvious aberrant
vessels from the right hemidiaphragm. After dissecting
the visceral pleura and the tense capsule, the inferior
pulmonary vein was identified, and a well-defined, redbrown, 7 cm × 4.5 cm × 2 cm solid mass abutting the
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DISCUSSION
Supradiaphragmatic, intrathoracic liver tissue is very rare.
A total of 23 cases of intrathoracic liver have been reported in the literature[1-23]. We introduced a rare case of
an accessory liver lobe herniation from the IVC foramen
to the right pleural cavity, combined with an intralobar
sequestration of the RLL. This is the second case of a
simultaneous detection of intrathoracic liver and pulmonary sequestration. The first case was reported in 2008,
and the multiple cystic lesions in the right upper lobe,
which were thought to constitute a congenital cystic malformation, were in fact an intralobar pulmonary sequestration[2]. However, the sequestrated lung of the above
case was not typically located at the lower lobe, and the
aberrant vessels were not visible. We found the sequestrated lung during the operation and then followed up with
CT angiography to identify the feeding arteries of the
sequestrated lung. Table 1 showed that seven cases (7/24,
29%) had diaphragmatic defects, and only the present supradiaphragmatic liver passed through the IVC foramen.
There were 18 cases (18/24, 75%) associated with rightside intrathoracic livers. The majority of the intrathoracic
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Figure 2 Intraoperative picture. Intraoperative picture showing the exposure of the abnormal lung with hypervascularity at the posterior basal segment (A) (short
arrow) and aberrant vessels (B) (long arrow) passing through diaphragm. The mass (C) (dotted arrow), covered by the sac, abutted the inferior vena cava (IVC), posterior chest wall and diaphragm. After dissecting the covering sac, a herniated liver (D) (dotted arrow) was impressed.

can be found. Of those cases reported in the literature,
almost all were misdiagnosed, most often as a pulmonary
tumor and sometimes as pulmonary sequestration or hydatid cyst[12,21]. The misdiagnosis of such cases often leads
to potentially unnecessary or inappropriate thoracotomies
and the resection of the ectopic liver tissue. Although
heterotopic liver tissue may be acquired secondary to
trauma or diaphragmatic hernia repair, previous reports
have speculated that this condition mostly represents a
developmental defect of the septum transversum[10]. The
most probable explanation is the development of an accessory liver lobule, with atrophy or regression of the
original connection to the abdominal liver[10]. Retrospectively re-examining the clinical evidence, we found at least
two signs implying the possibility of an accessory liver
lobe in the thoracic cavity. First, the mass was homogeneous, with a density similar to that of a normal liver.
Second, the mass was adjacent to the hemidiaphragm
and connected to caudal lobe of liver through a defect of
the right crus. An intrathoracic ectopic or accessory liver
lobe is rarely of clinical significance[12,16]. Surgery is not
always required for such a condition. However, the cases
reported were almost always respected because of their
inappropriate diagnoses. There were a few cases that did
have symptoms, such as chest pain, hemoptysis, or dry
cough[12,21], that may or may not have been related to the
underlying condition. Such abnormal tissue could lead to
further liver pathologies, such as cancer, hepatitis, and tissue ischemia secondary to torsion[21]. To avoid malignant

Figure 3 Cutting surface of the resected specimen showed liver tissue
with cirrhotic changes.

ectopic or accessory liver lobes were connected to the orthotopic liver by means of a small pedicle that pierced the
diaphragm or passed through a small hiatus[1,9,12,15-17,19,21].
In the presenting case, the caudate liver connected with
the main portion of the liver just beneath the IVC. However, the pre-operative CT scan of the chest was not able
to demonstrate this clearly, and it was difficult to make
appropriate diagnosis before the operation.
Such events are most often found in the vicinity of
the liver, such as in the gallbladder, spleen, pancreas,
umbilicus, adrenal gland, or omentum, and usually some
connective tissue or mesenteric attachment to the liver
remains[10]. Very rare cases involving the thoracic cavity
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Table 1 Literature review of published cases associated with primary intrathoracic supradiaphragmatic livers
Ref.

Sex/age

Location of mass

Hansbrough et
al[1]
Kaufman et al[3]

M/26 yr

Right CP angle

Associated
anomalies

Preoperative diagnosis

None

Mesothelioma

None

None

Le Roux et al[4]

Abdominal
pain
F/48 yr Right cardiophrenic
None
angle
M/18 yr
Right CP angle
None

None

None

Hudson et al[5]

M/21 yr

None

None

Diaphragmatic tumor

Caron et al[6]

F/26 yr

Asthenia

None

Sehdeva et al[7]

F/21 yr

Desvignes et al[8]

F/7 yr

Desvignes et al[8]

F/20 yr

Hemoptysis

Bochdaleck
hernia

Hydatid cyst

Lasser et al[9]

M/51 yr

None

Pleural tumor

-

Solitary pulmonary
mass
-

Mendoza et al[10]
Shah et al[11]

Right
diaphragmatic
dome
Right CP angle

Symptoms

Benign tumor of the
pleura or diaphragm
Left diaphragmatic Chest pain
None
Pleural or
dome
diaphragmatic tumor
Right cardiophrenic
None
Right mirror
Pulmonary
angle
lung, no scissure
sequestration
Parenchyma of
right lower lobe

Right thoracic
Chest pain
cavity
F/6 mo
Parenchyma of
Respiratory
right lower lobe
distress
F/1 d
Left thoracic cavity Respiratory
(36w GA)
distress

Rendina et al[12]

F/19 yr

Right CP angle

None

None

Benign pleural tumor

Shapiro et al[13]

F/1 d
(26w GA)

Right
diaphragmatic
dome
Right thoracic
cavity

Respiratory
distress

-

-

Mild
asymmetry
of chest
Recurrent
pneumonia

None

Benign pleural tumor

None

Iber et al[14]

M/6 yr

Babu et al[15]

M/17 mo

Beiler et al[16]

M/1 d
Left diaphragmatic Respiratory
(39w GA)
dome
distress

Right CP angle

Bedii Salman et
al[17]

F/6yr

Left thoracic cavity

Luoma et al[18]

F/full
term

Left thoracic cavity Respiratory
distress

Chen et al[20]

M/13 mo

Choi et al[2]

M/3 yr

Right
Respiratory
diaphragmatic
distress
dome
Right cardiophrenic Cough and
angle
fever

Han et al[21]

F/26 yr

Wang et al[22]

M/39 yr

An et al[23]

F/48 yr

Left CP angle

-

Bochdaleck
hernia
Left
diaphragmatic
hernia
Left
hydrothorax
Repeated
pneumonia

Intralobar
pulmonary
sequestration of
right upper lobe
Dry cough
None

Right thoracic
Chest pain
cavity
Right cardiophrenic Cough and
angle
dyspnea

None
None

Surgical
procedure

Diaphragm

Histology

Right
Intact
Atypical
thoracotomy
cirrhosis
Right
Intact
Normal liver
thoracotomy
Right
Right
Normal liver
thoracotomy diaphragmatic
defect
Right
Intact
Abundant bile
thoracotomy
ducts
Right
Intact
thoracotomy
Left
Intact
thoracotomy
Right
Right
thoracotomy diaphragmatic
defect
Right
Right
thoracotomy diaphragmatic
defect
Right
thoracotomy
Autopsy
Intact
Autopsy

Right
thoracotomy
Autopsy

Chronic
inflammation
Centrilobular
congestion
Signs of
pycnosis
Normal liver

Hyperplasia
Normal liver

Left
Normal liver
diaphragmatic
defect
Intact
Normal liver
-

Normal liver

Right
thoracotomy

-

-

Diaphragmatic hernia
with a sequestrated
lung or herniated
liver
Diaphragmatic hernia

Right
thoracotomy

Intact

Normal liver

Left diaphragmatic
hernia

Laparotomy

Left paramediastinal
mass with massive
hydrothorax
Pleural or
diaphragmatic tumor

Left
thoracotomy
Right
thoracotomy

Intact

Normal liver

Pulmonary
sequestration

Right
thoracotomy

Intact

Normal liver

Pulmonary
sequestration
A benign tumor of
right lung
Benign fibrous
tumor of the pleura
or peripheral lung
carcinoid tumor

Left
thoracotomy
Right
thoracotomy
Right
thoracotomy

Intact

Normal liver

Intact

Normal liver

Intact

Normal liver

Laparotomy

Left
Normal liver
diaphragmatic
defect
Left
Normal liver
diaphragmatic
defect
Intact
Normal liver

F: Female; M: Male.
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Figure 4 Postoperative computed tomography angiography confirmed the cutting end of the aberrant vessels. A-D: Showed the trend of the aberrant vessel.
The remnant aberrant vessel from abdominal aorta (long arrow), engorged aberrant vessels (short arrow).

changes in this loco-regional cirrhosis of the liver[24], surgical resection was the first choice for treatment.
Because heterotopic supradiaphragmatic livers are
extremely rare and occur at tricky anatomic locations, it is
difficult to make an appropriate diagnosis preoperatively.
In our case, we also misdiagnosed the liver as a pulmonary sequestration before surgery. The intralobar pulmonary sequestration was found incidentally at the time of
the operation because of the engorged aberrant vessels
from systemic circulation; it was then divided by stapled
Endo-GIA due to the small area of the sequestrated lung
of the RLL. The pathological report of the sequestrated
lung showed inflammation, mucus accumulation, microcystic changes and dilated lymphatic channels. Pulmonary
sequestration is a rare congenital malformation of the
lower respiratory tract[25] that consists of a nonfunctioning mass of lung tissue that lacks normal communication
with the tracheobronchial tree and receives its arterial
blood supply from the systemic circulation[26]. There are
intralobar and extralobar forms, the former of which is
embedded in a normal lung and the latter, separated from
the adjacent lung by its own visceral pleural investment[27].
Misdiagnosis or delayed diagnosis of such pulmonary
malformations results in unnecessary treatments and hospitalizations, as well as in frequent, recurrent infectious
complications. The definitive treatment for sequestrated
lung diseases is surgical resection, which is curative and
has low morbidity and mortality rates[28].
In addition, a multi-detector spiral CT scan with
multi-planar reconstruction and magnetic resonance
imaging can also reveal the location of the mass and its
WJG|www.wjgnet.com

relation to the normal liver parenchyma[19]. Furthermore,
with enhanced scanning and hepatic angiography, if the
hepatic vessels extend to the mass, the diagnosis of an
accessory liver lobe is more definitive[19]. Thoracoscopy is
also effective in the diagnosis of the intrathoracic accessory liver lobes in suspected patients, and conveniently,
the lesion might be resected with minimally invasive procedures under thoracoscopy, if the connecting pedicle
is not too large in size[22]. If an intrathoracic mass is
suspected to be a pulmonary or chest wall benign tumor,
abnormal liver tissue should enter the scope of a differential diagnosis to avoid potentially unnecessary or
inappropriate surgical interventions[22]. Table 1 revealed
that 19 cases underwent thoracotomy, and only two had
laparotomy. We attempted to use VATS with the removal
of the mediastinal tumor at first, but we finally converted
to thoracotomy because of the unclear anatomic view
and our diminished confidence.
We presented a very interesting case of supradiaphragmatic heterotopic liver coincidentally combined
with intralobar pulmonary sequestration. The ectopic
liver was the first case to pass through IVC foramen. To
our knowledge, these two anatomic abnormalities are
congenital and developmental problems and may constitute a specific type of syndrome.
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Case characteristics

A 53-year-old woman was referred to the authors’ center from an outside clinic
complaining of intermittent productive cough and dyspnea over the previous 2
mo that was refractory to medical treatment.
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Clinical diagnosis

A middle mediastinal tumor was impressed initially.
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Differential diagnosis

Differential diagnoses included an esophageal cyst, pulmonary tumor or metastatic mediastinal lesions by computed tomography (CT) imaging before surgery.

Laboratory diagnosis

13

No laboratory data could help to diagnosis in this case.

Imaging diagnosis

Contrast-enhanced CT of the chest revealed a well-circumscribed homogenous
soft-tissue mass, approximately 4.35 cm × 2.5 cm × 6.14 cm in size, protruding
through the right diaphragmatic crura to the right pleural cavity attached to inferior vena cava, esophagus and liver.

14
15

Pathological diagnosis

The pathologic report showed liver tissue with chronic inflammation and cirrhotic changes.

16

Video-assisted thoracoscopic surgery with wedge resection of right lower lobe
of lung through the right chest wall was performed initially, and then converted
right limited thoracotomy with resection of intrathoracic liver.

17

Intrathoracic liver or pulmonary sequestration should be included in differential
diagnoses of patient with unknown etiology of mediastinal lesions.

18

This strengths included the first case of a supradiaphragmatic heterotopic liver
passing through the inferior vena cava foramen that coincidentally combined
with intralobar pulmonary sequestration and literature review in intrathoracic
ectopic liver.

19

Treatment

Experiences and lessons
Peer review
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Core tip: Solitary plexiform neurofibroma (PN) is extremely rare. We report a case of solitary PN of the
stomach in a 38-year-old male who underwent laparoscopic surgery. The case was not associated with von
Recklinghausen disease, and the patient was in good
condition 6 mo after surgery, with no tumor recurrence.
To our knowledge, this is the first reported case of
isolated stomach PN undergoing laparoscopic surgery.
Endoscopic treatment is technically feasible and may
be considered as the procedure of choice for solitary
PN treatment. A long-term follow-up endoscopy of the
upper gastrointestinal tract is greatly needed.

Abstract
Plexiform neurofibroma (PN) of the digestive tract is
very rare and usually part of the generalized syndrome
of neurofibromatosis type 1 (von Recklinghausen disease). Solitary PN of the stomach is extremely rare
and has not been reported in the literatures. Here we
present a case of solitary PN of the stomach, which
was not associated with von Recklinghausen disease. A
38-year-old male presented abdominal pain and distention for 7 d. The patient underwent endoscopy of the
upper gastrointestinal tract, which revealed a 3.5 cm
protruding and cauliflower-shaped mass with a shallow
1 cm central ulcer in the greater curvature of the stomach. The lesion was removed by laparoscopic surgery.
Histological examination demonstrated characteristic
histological findings of spindle-shaped cells. Immunohistochemical analysis showed that the tumor cells
were positive for S-100 protein, but negative for CD34,
KI-67, CD117, and actin. Based on histological findings,
gastrointestinal stromal tumor could be excluded, and
thus the case was confirmed as PN. We described the
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INTRODUCTION
Plexiform neurofibroma (PN) is a rare benign peripheral
nerve sheath tumor mainly associated with von Recklinghausen disease. PN is rarely presented as a sporadic lesion
in a patient without features of generalized neurofibromatosis[1]. Up until now, there were no reports of solitary
PN of the stomach without evidence of neurofibromatosis type 1 (NF1) in the literature. Here we describe a rare
case of a solitary PN of the stomach in a patient without
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features of NF1.

CASE REPORT
A 38-year-old man was admitted to our department due
to abdominal pain and distention for 7 d. Informed consent was obtained from the patient. No other signs of
von Recklinghausen disease were found in this patient
or his family. Physical examination revealed moderate
tenderness on palpation of the upper abdominal region.
Physical examination of the lungs, heart, and other systems revealed no abnormal features. The patient had no
significant medical background or family history. No abnormal findings were revealed by laboratory tests. Chest
X-ray, electrocardiography, and abdominal sonogram
showed no abnormal features. For diagnostic purposes,
an endoscopy of the upper gastrointestinal tract was
performed, which revealed a 3.5 cm protruding and cauliflower-shaped mass with a shallow 1 cm central ulcer in
the greater curvature of the stomach (Figure 1). Further
endoscopic examination revealed no lesions in the small
bowel or colon. Computed tomography (CT) imaging
with and without contrast medium revealed a soft tissue
mass-like lesion about 2.5 cm × 3.5 cm in the greater
curvature of the stomach (Figure 2). Upper gastrointestinal radiography showed a mass in the greater curvature
of the stomach (Figure 3). The patient underwent an
endoscopic submucosal dissection for the en-bloc resection of the lesion. Injection of saline into the submucosa
during gastroscopy did not completely elevate the tumor.
Therefore, local gastroscopic resection was not indicated.
Laparoscopic surgery was successfully performed.
The tumor was diagnosed as sporadic PN, which
rarely occurs in the digestive tract. The diagnosis was
confirmed by laparoscopic surgery with complete resection. Histological examination demonstrated characteristic histological findings of spindle-shaped cells. Immunohistochemical analysis showed that the tumor cells
were positive for S-100 protein (Figure 4), but negative
for CD34, KI-67, CD117, and actin. Gastrointestinal
stromal tumor (GIST) could thus be excluded in our
case and confirmed as PN. Furthermore, we performed
PCR and sequencing on a blood sample from the patient
and found no any mutations in the NF1 gene (data not
shown). We performed upper gastrointestinal endoscopy
six months post-operatively for follow-up, and found no
evidence of recurrence.

Figure 1 Endoscopic examination revealed a 3.5 cm protruding and
cauliflower-shaped mass with a shallow 1 cm central ulcer in the greater
curvature of the stomach.

A

B

Figure 2 Radiological images of the abdomen. A: Computed tomography
(CT) showed a soft tissue mass-like lesion about 2.5 cm × 3.5 cm in the greater
curvature of the stomach (arrow); B: Post-contrast abdominal CT shows the
same area not representing the contrast-enhanced appearance (arrow).

gene on chromosome 17 causes tumors of the peripheral
nerves known as neurofibromas. NF2 is an autosomaldominant disorder that induces tumor development.
NF-1 is a systemic disorder that may affect any organ in
the body, with clinical presentation depending upon the
body system involved. Diagnosis of NF1 is based upon
a series of clinical criteria as defined by the National Institutes of Health Consensus Statement[3]: (1) at least six
so-called “café-au-lait” spots in post-pubertal patients;
(2) at least two neurofibromas of any type or one PN; (3)
axillary or groin freckling; (4) at least two so-called “Lisch

DISCUSSION
Neurofibromatosis is a benign peripheral nerve sheath
tumor. It is a neurocutaneous disorder with two clinical
forms: (1) NF1, described by von Recklinghausen; and (2)
central type 2, described as a central neurofibromatosis
that mainly affects the central nervous system[2]. NF1 is
the most common type of neurofibromatosis and accounts for about 90% of all cases. An autosomal-dominant mutation of the neurofibromin (tumor suppressor)
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A

B

Figure 3 Upper gastrointestinal radiography showed a mass in the greater curvature of the stomach (arrow).

nodules”; (5) optic glioma; (6) distinctive osseous bony
dysplasia (such as thinning of the long bone cortex or
sphenoid wing dysplasia; and (7) a close family member
with NF1. The patient should have at least two of the
previous criteria to be considered as NF1.
PN has a network-like growth involving multiple fascicles of a nerve, and may include multiple branches of a
large nerve trunk. PN is a rare benign tumor developing
from Schwann cells of the peripheral nervous system, often associated with NF1. Isolated PN in other locations
without NF1 features has been very rarely encountered
in clinical practice. The few cases have been reported so
far have been in the oral cavity[4], submandibular salivary
gland[1], lesser omentum[5], penis[6], cheek mucosa[7], and
intraparotid facial nerve[8]. The specific cause and development of solitary PN are not known, but the possibility
of mosaicism of NF-1 or a related gene has been considered. It is supposed that solitary PN may be caused
by a sporadic localized mutation of the NF1 tumor suppressor gene[9]. However, in this case, we found no direct
evidence of NF1 mutation.
To our knowledge, this is the first report on the rare
case of PN in the stomach. The 38-year-old male patient was diagnosed as PN based on clinical appearance,
physical examination, and histological features. Our case
should be distinguished from GIST, which usually occurs
in the small intestine as multiple and clinically indolent
tumors. GIST is consistently CD117 (KIT)-positive, generally CD34-positive, occasionally actin-positive, and rarely S-100-positive[10]. According to immunohistochemical
analysis, the tumor from this case was positive for S-100
protein, but negative for CD34, KI-67, CD117, and actin.
Thus, GIST could be excluded in this case.
Although the cause and development of this rare
case remain speculative, due to the malignancy potential, surgical resection, such as open surgery, combined
endoscopic/laparoscopic intragastric resection, and laparoscopically gastroesophageal resection, is advocated[11].
The pre-operative diagnosis of PN is often difficult. As
a result, PN usually needs to be resected surgically. The
application of fine needle aspiration (FNA), including
computed tomography guided, transabdominal ultraso-
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Figure 4 Histological examination of the gastric lesion. A: Histological
findings showing irregularly distorted, enlarged nerve bundles (× 40); B: Histopathological examination revealed nuclear and cytoplasmic reactivity with S-100
protein immunostain (× 400).

nography guided, and endoscopic ultrasonography guided
FNA, facilitates the diagnosis of GIST[12]. However, FNA
evaluation should not replace subsequent examination of
resected specimens[13].
With the wide application of novel techniques, including endoscopic mucosal resection and endoscopic
submucosal dissection, endoscopic resection has recently
been performed as a curative treatment for adenoma and
early colorectal cancer[14]. Endoscopic resection provides
a better quality of life for the patient than conventional
open surgery, as it is minimally invasive, brings complete
resection, and supports detailed histopathologic evaluation of the specimens.
Although PN is generally benign, prompt resection
is recommended because of a risk of malignant transformation. We advocated that endoscopic treatment is
technically feasible and may be considered as the procedure of choice for solitary PN. Furthermore, a long-term
follow-up endoscopy of the upper gastrointestinal tract is
greatly needed.

COMMENTS
COMMENTS
Case characteristics

A 38-year-old male was admitted to their department on an emergency basis
because of abdominal pain and distention for 7 d.

Clinical diagnosis

Physical examination revealed moderate tenderness on palpation of the upper
abdominal region.
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Differential diagnosis

4

Immunohistochemical analysis showed that this case could be excluded as
gastrointestinal stromal tumor.

Laboratory diagnosis

No abnormal findings were revealed by routine laboratory tests.

5

Imaging diagnosis

Computed tomography and upper gastrointestinal radiography showed a mass
in the greater curvature of the stomach.

Pathological diagnosis

6

Histological examination demonstrated characteristic histological findings of
spindle-shaped cells.

Treatment

7

Laparoscopic surgery was successfully performed.

Related reports

Isolated plexiform neurofibroma (PN) in other body organs without features of
NF1 has been very rarely encountered in clinical practice. The few cases of
isolated PN that have been reported so far have been located in the oral cavity, submandibular salivary gland, lesser omentum, penis, cheek mucosa, and
intraparotid facial nerve.

8

Term explanation

Plexiform neurofibroma is a rare benign peripheral nerve sheath tumor mostly
associated with von Recklinghausen disease and rarely presenting as a sporadic lesion in a patient without features of generalized neurofibromatosis.

9

Immunohistochemical analysis should be performed to distinguish plexiform
neurofibroma from gastrointestinal stromal tumors.

10

Experiences and lessons
Peer review

This is the first report on a rare case of plexiform neurofibroma in the stomach.
The authors described the clinical features, physical examination, endoscopic
findings, and histopathological examination of this case. However, further information on the expression of the NF1 gene and histological diagnosis will help
us further understand the pathogenesis of this case.

11

12
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Clinical and computed tomography features of adult
abdominopelvic desmoplastic small round cell tumor
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such as ascites, hepatic metastases, lymphadenopathy, hydronephrosis and hydroureter. The prognosis
and overall survival rates were generally poor. Commonly used treatment strategies including aggressive
tumor resection, polychemotherapy, and radiotherapy,
showed various therapeutic effects. CT of DSRCT
shows characteristic features that are helpful in diagnosis. Early discovery and complete resection, coupled
with postoperative adjuvant chemotherapy, are important for prognosis of DSRCT. Whole abdominopelvic
rather than locoregional radiotherapy is more effective
for unresectable DSRCT.
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Core tip: Desmoplastic small round cell tumor (DSRCT)
is a rare abdominopelvic malignancy with multicentric growth. The third decade may be a peak period
of incidence, and the disease can also occur in older
people. Computed tomography can display characteristic features that are helpful in diagnosis of DSRCT.
Prognosis and overall survival rates are generally poor.
Early discovery and complete resection, coupled with
postoperative adjuvant chemotherapy, are important
for prognosis of DSRCT. Whole abdominopelvic rather
than locoregional radiotherapy is more effective for unresectable DSRCT.

Abstract
To investigate the clinical and computed tomography
(CT) features of desmoplastic small round cell tumor (DSRCT), we retrospectively analyzed the clinical presentations, treatment and outcome, as well as
CT manifestations of four cases of DSRCT confirmed
by surgery and pathology. The CT manifestations of
DSRCT were as follows: (1) multiple soft-tissue masses
or diffuse peritoneal thickening in the abdomen and
pelvis, with the dominant mass usually located in the
pelvic cavity; (2) masses without an apparent organbased primary site; (3) mild to moderate homogeneous or heterogeneous enhancement in solid area
on enhanced CT; and (4) secondary manifestations,
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a solitary, slightly enlarged pelvic lymph node and multiple
homogeneous tumor nodules reappearing in the retrovesical and pararectal regions (Figure 1E). Six months later,
CT showed that the pelvic tumor nodules had enlarged
rapidly, forming a multinodular confluent tumor (Figure
1F). The patient died of serious complications caused by
recurrence and metastases 42 mo after surgery.

INTRODUCTION
Desmoplastic small round cell tumor (DSRCT) is a rare
and highly aggressive malignancy with poor prognosis, which was first described by Gerald et al[1] in 1989.
Since then, more then 200 cases have been reported in
the literature, and nearly one-third of them have been
reported in the radiological literature. DSRCT primarily
occurs in adolescents and young adults aged 15-25 years
and develops in the abdominopelvic cavity with metastases commonly found in the peritoneum, liver, and lymphoid tissues. There is a strong male predilection, with
male/female ratios ranging from 3:1 to 9:1[2-5]. Clinical
presentations are notoriously nonspecific. Vague abdominal pain or discomfort, abdominal distension, change
in bowel habits, and palpable abdominal mass are common[3-7]. Most patients are diagnosed in the advanced
stages and have a poor prognosis. Bulky peritoneal softtissue masses without an apparent organ-based primary
site are the imaging characteristics of abdominopelvic
DSRCT.
Here, we report the appearance on computed tomography (CT) and the clinical features of four patients
(two men and two women; age range, 24-64 years;
mean, 35.5 years) with abdominopelvic DSRCT. This
retrospective study was approved by the institutional review board of our hospital, which waived the need for
informed consent.

Case 2
A 28-year-old woman presented to our emergency department complaining of persistent pain in the right
lower abdomen for 2 d, and the pain became worse for
1 d and slight fever developed. Physical examination
revealed a large pelvic non-tender mass. US and CT
showed a 150 mm × 120 mm solid-cystic mass located
in the pelvis and the right lower abdomen, with a small
amount of ascites. The solid area of the tumor showed
slight enhancement on contrast-enhanced CT. The tumor was considered to be ovarian cancer by US and
CT, and total hysterectomy and bilateral adnexectomy
were performed. During the operation, a large mass was
found originating from the right broad ligament, and
several 20 mm × 20 mm nodules were discovered in
the rectouterine space and greater omentum. Acute appendicitis with yellow to tan exudate and hyperemia was
seen at the same time. Intraperitoneal perfusion chemotherapy with 20 mg nitrogen mustard was administered
before closing the abdomen.
Histopathological evaluation of the excised tumor
and nodules showed sheets and clusters of well-demarcated nests of tumor cells with areas of necrosis and
hemorrhage. The cells were small and monomorphic
with hyperchromatic nuclei, and the immunohistochemical stain was positive for cytokeratin (CK), CD99, EMA,
NSE, and desmin. The disease was ultimately diagnosed
as DSRCT.
After surgery, she was treated with CAP chemotherapy (cyclophosphamide, adriamycin and cisplatin) for four
cycles, then with paclitaxel and cisplatin for one cycle.
However, the tumor recurred only 4 mo postoperatively,
with symptoms of bowel obstruction and uroschesis.
She then received transcatheter arterial chemoembolization and γ ray stereotactic radiotherapy. The recurrent mass volume reduced slightly shortly after γ-knife
therapy, but soon it continuously enlarged again (Figure
2A). She died of abdominal widespread tumor implantation and metastases (Figure 2B and C) and uncontrolled
recurrence 13 mo after initial surgery.

CASE REPORT
Case 1
A 26-year-old man had a hypoechoic mass with an echoless area in the left mid-abdomen upon ultrasound (US)
examination. On subsequent abdominal and pelvic CT,
a 40 mm × 60 mm, well-defined, solid cystic tumor was
discovered in the corresponding area (Figure 1A and
B). A 24 mm × 27 mm soft tissue mass located on the
left side of the pelvic cavity near the rectum was also
found (Figure 1C). The pelvic mass, as well as the solid
area of the left mid-abdominal mass, showed slight enhancement on contrast-enhanced CT (Figure 1B). The
patient underwent resection of the abdominal and pelvic tumors, which were found to have arisen from the
greater omentum and peritoneum, respectively. The two
masses were subjected to histopathological examination.
Microscopic evaluation showed that the tumor cells were
small and round with hyperchromatic nuclei and scant
cytoplasm (Figure 1D), and immunohistochemical staining was positive for CD99, epithelial membrane antigen
(EMA), chromogranin A (CgA), neuron-specific enolase
(NSE) and vimentin (Vim). The above features were
compatible with DSRCT.
During the subsequent postoperative 6 mo, chemotherapy consisting of ifosfamide, pegylated liposomal
doxorubicin, and diamminedichloroplatinum (IEP) was
administered for six cycles. The patient was discharged
from hospital after recovery.
Thirty-three months after surgery, follow-up CT showed
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Case 3
A 64-year-old woman was admitted to hospital with frequent urination and low back pain lasting for 2 wk. On
physical examination, a large, medium hardness, poorly
defined, non-tender palpable mass was seen predominantly in the mid-right lower abdomen. She also had
positive percussion pain in the right kidney area. On US,
the tumor was heterogeneous and hypoechoic with surrounding blood flow signals (Figure 3A). CT showed a
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Figure 1 A 26-year-old man without any clinical symptoms. A-C: Preoperative plain and contrast-enhanced computed tomography (CT) showed a solid-cystic
mass (m) in the left mid-abdomen and a homogeneous soft-tissue mass (arrows) in the pelvis (A and C: Plain scan, B: Enhanced scan). The solid area of the abdominal tumor showed slight enhancement; D: Photomicrograph of surgical specimen showed nests or clusters of small tumor cells outlined by characteristic desmoplastic
stromal bands (hematoxylin and eosin staining, × 400); E: CT re-examination 33 mo after surgery showed multiple homogeneous tumor nodules (arrows) reappearing
in the retrovesical and pararectal regions; F: Six months later, CT showed that pelvic tumor nodules had enlarged rapidly forming a multinodular confluent tumor (m),
as well as a slightly enlarged lymph node (arrow).

Gy. Follow-up CT at the later stage of radiotherapy
showed that all of the masses were significantly reduced
in size (Figure 3D and E). However, extensive peritoneal
and hepatic metastatic tumors, as well as lymphatic metastasis appeared shortly thereafter, although the largest
mass regressed to 35 mm × 36 mm (Figure 3F). The patient only survived for 4 mo after initial presentation.

114 mm × 175 mm confluent solid mass in the lower abdomen and pelvic cavity with moderate, heterogeneous
enhancement, and several other soft-tissue masses in the
pelvic cavity (Figure 3B), as well as lymphadenopathy
within the retroperitoneum (Figure 3C). The right midlower ureter was invaded with moderate hydronephrosis.
In addition, mild ascites on the surface of the liver and
spleen and in the rectouterine fossa was seen on US and
CT. One week later, an incisional biopsy was taken and
subjected to histopathological evaluation. Immunohistochemical staining was positive for CK, EMA, NSE, CgA,
synaptophysin (Syn), CD3 and CD56. Two weeks after
exploratory laparotomy, the patient commenced palliative radiotherapy.
For nearly a month, she received a total dose of 54
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Case 4
A 24-year-old man presented with a 2-mo history of fatigue and faint abdominal pain and low-grade fever for 2
wk. On physical examination, abdominal distension with
shifting dullness was discovered. The patient underwent
abdominopelvic CT, which showed diffuse, wavy, omental soft-tissue masses and mesenteric nodules, diffuse
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Figure 2 A 28-year-old woman with a large abdominopelvic desmoplastic small round cell tumor. A: Enhanced computed tomography (CT) 4 mo after surgery
showed a bulky heterogeneous pelvic mass with areas of low attenuation, and the solid portion of the mass showed obvious enhancement; B, C: Enhanced CT scan 1
mo later showed well-enhanced, lobulated mesenteric masses (m) in the right lower quadrant. A small amount of peritoneal effusion (arrowhead), enlarged para-aortic
lymph node (l), right hydroureter (white arrow), omentum nodules (n), and liver metastases (black arrow) were also present.

DISCUSSION

Table 1 Abdominopelvic findings on computed tomography,

n (%)

CT findings

DSRCT is a small round blue cell tumor similar to other
tumors such as Ewing’s sarcoma, rhabdomyosarcoma,
neuroblastoma, and Wilm’s tumor. Typical pathological findings include abundant desmoplastic stroma and
poorly differentiated small cells. The tumor is uniquely
different from other tumors in that it expresses epithelial, neural, myogenic, and mesenchymal markers. Also,
DSRCT generally contains a specific chromosomal abnormality (t11; 21)(p13; q12)[3,7-10]. Most DSRCTs arise
in the peritoneal cavity without a primary visceral site
of origin, and most investigators believe that the tumor
originates from the mesothelium (or from submesothelial or subserosal mesenchyme), which is most extensive
in the peritoneum[2,3].
Previous studies have indicated that DSRCT most
commonly affects male adolescents and young adults.
In our study, distribution by sex did not confirm this
male preponderance. The typical age range at diagnosis
is 18-25 years[2,11]. In our series, the mean age at diagnosis was 35.5 years (range, 24-64 years), and three (75%)
patients were in the third decade of life, and the other
was in her 60s. We suppose that the third decade may be
a peak period of incidence for DSRCT, and this disease
can also occur in older people.
The presenting symptoms of DSRCT are nonspecific, and usually related to the site of involvement. One

Patients
Initial diagnosis Follow-up period
(n = 4)
(n = 3)

Omental/mesenteric/serosal masses
Pelvic dominant mass
Tumor calcification
Liver metastases/infiltration
Abdominal/pelvic lymphadenopathy
Ascites
Urinary tract obstruction
Bowel obstruction

4 (100)
2 (50)
1 (25)
1 (25)
1 (25)
2 (50)
1 (25)
1 (25)

3 (100)
3 (100)
0 (0)
2 (67)
3 (100)
2 (67)
2 (67)
1 (33)

The fourth patient did not undergo computed tomography (CT) examination during follow-up period.

peritoneal thickening scalloping the liver edges with liver
infiltration, along with massive ascites. The density of
the masses was homogeneous on plain scanning, except
for punctate calcification, and showed slight to moderate
enhancement on contrast-enhanced CT (Figure 4A and
B). Laparoscopic exploration was undertaken, and the
resultant biopsy revealed a DSRCT. The patient refused
further treatment, and died 3 mo after initial presentation.
Abdominopelvic CT findings of all the four patients
are summarized in Table 1.
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Figure 3 A 64-year-old woman with frequent urination and low back pain. A: Abdominal US demonstrated a large heterogeneous hypoechoic mass with surrounding blood flow; B, C: Contrast-enhanced computed tomography (CT) before treatment showed multiple well-enhanced masses with variable sizes in the pelvic
cavity, as well as a small amount of ascites (arrowheads) and lymphadenopathy within the retroperitoneum (l); D: Enhanced CT at the later stage of radiotherapy,
showed marked shrinkage of the pelvic tumors (“u” for uterus), along with a small volume of ascites (arrowhead); E, F: Enhanced CT 3 wk after radiotherapy showed
further reduced volume of the masses (“u” for uterus). At the same time, diffuse and nodular serous membrane thickening (arrows) with liver infiltration and innumerable mesenteric masses of variable size in the left upper quadrant, and lymphadenopathy (l) within the retroperitoneum and hepatic portal region, along with a moderate volume of ascites (arrowhead), were demonstrated. All of the tumor tissues presented with heterogeneous moderate enhancement.

of our patients complained of frequent urination, and
we speculate that tumors compressing the bladder might
contribute to this clinical manifestation by sharply reducing bladder capacity.
Patients often initially present with abdominal pain or
large, palpable abdominal masses, therefore, CT is most
often used for initial diagnosis. Moreover, at the time
of initial diagnosis, disseminated tumor with multiple
abdominopelvic masses and metastases often exists, and
CT is most often used for staging and follow-up[3]. Some
studies have reported that the most common anatomical site for this disease is the pelvis, and the second most
common site is the peritoneum, with widespread surface
masses and nodules[2-7]. Among our cases, three had one

WJG|www.wjgnet.com

or more pelvic masses and two had peritoneal surface
masses at the time of initial diagnosis. As the volume of
pelvis is far less than the abdomen, pelvic masses always
merge into a bulky lobulated mass as they grow, resulting
in the presence of a dominant mass in the pelvis for patients with DSRCT. On CT, the hallmark imaging feature
is multiple, lobulated, low-attenuation, heterogeneous
soft-tissue masses in the omentum or mesentery or
along the abdominopelvic peritoneal surfaces, without a
distinct organ of origin[3,12-14]. Punctate calcification may
be present within tumors in a few cases.
In our cases, solitary peritoneal tumors were found
in one patient who did not have any clinical symptoms
at initial diagnosis, and with lesions located in the omen-
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Figure 4 A 24-year-old man with faint abdominal pain. A: Plain computed tomography (CT) demonstrated a large, wavy, omental soft-tissue mass (m) with foci of
calcification (arrow), and massive ascites (arrowhead); B: Enhanced CT showed diffuse thickening of the perihepatic parietal peritoneum with liver infiltration (arrows),
and omental mass (m). All of the tumor tissues presented with slight uniform enhancement.

tum and pararectal region. However, when re-examined
33 mo after surgery, multiple recurrent irregular nodules
were seen in the retrovesical space. Thus, we conclude
that DSRCT is multicentric in origin, even if it occasionally appears solitary at the time of early detection.
On enhanced CT, large masses always show heterogeneous enhancement after intravenous administration
of contrast medium, and the degree of enhancement is
mild to moderate. Focal areas of non-enhancement or
low attenuation on contrast-enhanced abdominopelvic
CT possibly represent high fibrotic content, in addition
to necrosis and intratumoral stale hemorrhage[3,7,12-14].
We found that most smaller masses and peritoneal nodules were almost homogeneous whether on plain or
enhanced scanning, such as the first case of ours, the
large mass in the mid-abdomen appeared with inhomogeneous cyst, but the small nodule in the pelvis appeared
with uniform soft-tissue density.
Apart from multiple peritoneal masses, ascites, lymphadenopathy or liver metastases are often found, and most
patients may be asymptomatic for a long period of time
and diagnosis is only made when tumor burden is large.
Pattern of disease spread includes direct seeding along
the peritoneal and serosal surfaces and lymphatic and hematogenous spread[15]. Ascites occurs when the tumor is
so extensive that little peritoneal surface remains for absorption of physiological intraperitoneal fluid, and massive ascites implies dismal prognosis. In our cases, ascites,
enlarged lymph nodes, and hematogenous dissemination
or direct invasion to the liver, as well as hydronephrosis
and hydroureter, were also common manifestations at
initial or follow-up CT. Hepatic parenchyma is the most
common site of extraperitoneal involvement in DSRCT,
followed by lung, bone, splenic parenchyma, pleura, and
soft tissue[6,15-17]. As for our cases, no metastases to the
lungs or other organs, except for the liver, were seen on
initial diagnosis or during postoperative follow-up. Urinary tract and bowel obstruction can also be present in
the progressive stage secondary to obstruction by tumor.
Ultrasound may be helpful in guiding percutaneous
biopsy of relatively superficial lesions but it does not
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help characterize lesions further, typically demonstrating lobulated, heterogeneous hypo-echoic lesions[18]. 18Ffluoro-2-deoxy-D-glucose positron emission tomography (18F-FDG PET-CT) may play an important role in
patient management, allowing detection of early recurrence of disease and consequent change in treatment
strategy[7,19]. None of our cases had undergone PET-CT
examination.
A diagnosis of DSRCT usually can be favored by
a combination of factors. The radiologic differential
diagnosis for multiple solid peritoneal masses is extensive and includes various neoplastic, inflammatory, and
miscellaneous processes. Leiomyomatosis peritonealis
disseminata, a rare condition affecting premenopausal
women, can appear similar to desmoplastic small round
cell tumor on imaging. Malignant mesothelioma of the
peritoneum is usually infiltrative, but may also manifest
as discrete tumors, which are usually accompanied by a
variable amount of ascites. Rhabdomyosarcoma is most
common in younger children, generally < 10 years of
age. Desmoid fibromatosis, peritoneal tuberculosis, fibrosing mesenteritis, splenosis, and amyloidosis are other
disorders whose infiltrative and/or tumefactive manifestations overlap with the appearance of DSRCT[12,14].
DSRCT is an aggressive disease with a poor prognosis and a mean survival time of 23 mo and an overall
5-year survival rate of 15%[3,20]. Timely diagnosis is therefore critical to the management of these patients. Combination chemotherapy, radiotherapy, and gross total tumor resection or debulking surgery have been advocated
to treat patients with DSRCT. Only one of our patients
had a relatively good prognosis and survived 42 mo, who
had solitary peritoneal tumors discovered incidentally
by health examination. The rest who were in advanced
stage at initial diagnosis all had extremely poor prognosis
and only survived 3-13 mo, even when comprehensive
treatment was given. We suggest that early discovery and
complete resection, in addition to postoperative adjuvant chemotherapy, should be key to good prognosis of
DSRCT.
There is no standard chemotherapy regimen for DSRCT.
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soft-tissue mass with mild to moderate enhancement after intravenous contrast
medium administration, along with omental, mesenteric, peritoneum or serosal surface masses, is a characteristic computed tomography (CT) feature of
DSRCT.

Similar to other small round-cell tumors, DSRCT is
alkylator-sensitive and dose-responsive. Kushner et al[21]
reported a 100% response rate using a chemotherapy
regimen (P6 protocol) consisting of vincristine, doxorubicin, cyclophosphamide, ifosfamide, and etoposide in
10 patients with DSRCT. Hayes-Jordan et al[6] and Mrabti
et al[22] thought anthracycline-based therapy regimens
(doxorubicin, etoposide, cisplatin, cyclophosphamide)
may be best used for recurrent disease[6,22]. Some patients
have been reported to achieve complete radiological remission after chemotherapy [21,23,24]. Goodman et al[24] reported whole abdominopelvic irradiation in 21 patients
who had received chemotherapy followed by debulking
operation, and the median time to relapse was 19 mo
and median overall survival was 32 mo. In one of our
cases, pelvic palliative radiotherapy was administered
which resulted in a favorable response by shrinking
the local tumor, but a large number of new lesions still
emerged in the abdomen at the same time. Therefore,
whole abdominopelvic irradiation, rather than locoregional radiotherapy, is a more effective treatment strategy for unresectable DSRCT, because the tumor has the
property of multicentric growth in the abdominopelvic
cavity.
In conclusion, DSRCT is a rare abdominopelvic malignancy with multicentric growth. The third decade may
be a peak period of incidence, and the disease can also
occur in older people. CT can display characteristic features that are helpful in diagnosis of DSRCT. The presence of a pelvic dominant, lobulated, low-attenuation,
heterogeneous soft-tissue mass with mild to moderate
enhancement after intravenous contrast medium administration, along with omental, mesenteric, peritoneum
or serosal surface masses, is a characteristic feature of
DSRCT. Ascites, hepatic metastases, lymphadenopathy,
hydronephrosis and hydroureter are also commonly
encountered in patients with DSRCT. Prognosis and
overall survival rates are generally poor. Early diagnosis
and complete resection, in addition to postoperative
combination chemotherapy, are important for prognosis
of DSRCT. Whole abdominopelvic radiotherapy, rather
than locoregional radiotherapy, is more feasible for unresectable DSRCT.

Pathological diagnosis

Typical pathological findings include abundant desmoplastic stroma and poorly
differentiated small cells.

Treatment

Early diagnosis and complete resection, in addition to postoperative combination chemotherapy, are important for prognosis of DSRCT. Whole abdominopelvic radiotherapy, rather then locoregional radiotherapy, is more feasible for
unresectable DSRCT.

Related reports

Hepatic parenchyma is the most common site of extraperitoneal involvement in
DSRCT, followed by lung, bone, splenic parenchyma, pleura, and soft tissue.

Term explanation

No uncommon terms are present in the case report.

Peer review

These are well described and the CT scans nicely illustrate the tumors.
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CASE REPORT

Hepatitis B surface antigen seroconversion after HBV
reactivation in non-Hodgkin’s lymphoma
Wei-Ping Liu, Wen Zheng, Yu-Qin Song, Ling-Yan Ping, Gui-Qiang Wang, Jun Zhu
lymphoma. HBV reactivation developed following cessation of prophylactic LAM therapy. The patient subsequently received treatment with entecavir (ETV), which
led to a rapid and sustained suppression of HBV replication and HBsAg seroconversion. We also appraised
the literature concerning HBV reactivation and the role
of ETV in the management of HBV reactivation in lymphoma patients. A total of 28 cases of HBV reactivation
have been reported as having been treated with ETV
during or after immunosuppressive chemotherapy in
lymphoma patients. We conclude that ETV is an efficacious and safe treatment for HBV reactivation following LAM cessation in lymphoma patients treated with
rituximab-based immunochemotherapy.
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Core tip: We describe the case of a 68-year-old hepatitis B surface antigen (HBsAg)-positive male patient
who received rituximab-based immunochemotherapy
for follicular lymphoma, and experienced hepatitis B
virus (HBV) reactivation following cessation of lamivudine prophylaxis. Subsequent entecavir treatment
produced rapid, sustained viral suppression and HBsAg
seroconversion. Lamivudine prevents HBV reactivation
but resistance rates may be as high as 17% in lymphoma patients. Available data suggest that entecavir
is effective and safe for the treatment of HBV reactivation in lymphoma patients. Prophylactic antiviral
therapy is recommended for patients with active or
occult HBV infection following chemotherapy or immunochemotherapy. Potent antiviral drugs with a high
genetic barrier to resistance should be considered in
these cases.

Abstract
Reactivation of hepatitis B virus (HBV) can occur in
lymphoma patients infected with HBV when they receive chemotherapy or immunotherapy. Prophylactic
administration of lamivudine (LAM) reduces the morbidity and mortality associated with HBV reactivation.
However, what defines HBV reactivation and the optimal duration of treatment with LAM have not yet been
clearly established. HBV reactivation may occur due to
the cessation of prophylactic LAM, although re-treatment with nucleoside analogs may sometimes result
in hepatitis B surface antigen (HBsAg) seroconversion,
which is a satisfactory endpoint for the management
of HBV infection. We report a case of HBV reactivation
in a 68-year-old HBsAg-positive patient who received
rituximab-based immunochemotherapy for follicular
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copies/mL. His ALT, HBsAg, and anti-HBs levels were
24 U/L, 121 IU/mL and 0.18 mIU/mL, respectively.
Reactivation of HBV infection was considered and antiviral treatment with ETV 0.5 mg daily was administered
immediately. In March 2010, 1 mo after ETV initiation
and while still receiving ETV therapy, the patient’s HBV
DNA concentration fell below detectable levels, while
his ALT level increased to 62 U/L. In April 2010, 2 mo
after ETV initiation, the patient achieved clearance of
HBsAg and normalization of ALT levels. In July 2010,
4 mo after ETV initiation, the patient became antiHBs-positive (titer: 13.5 mIU/mL), indicating HBsAg
seroconversion. In December 2010, 7 mo after HBsAg
seroconversion, ETV treatment was stopped (total: 10
mo). In March 2011 (4 mo after discontinuing ETV
treatment), his HBsAg level was still negative and the
patient’s anti-HBs titer had increased to 93.6 mIU/mL.
The patient’s ALT levels remained normal and his HBV
DNA level was undetectable. Until September 2012,
21 mo after ETV discontinuation, his HBsAg level
remained negative and the patient’s anti-HBs titer had
increased to 112.3 mIU/mL (Figure 2). His ALT levels
also remained normal, while the HBV DNA concentration was undetectable at the patient’s last two visits
(Figure 1). Administration of ETV was well tolerated
throughout the treatment period.

in non-Hodgkin’s lymphoma. World J Gastroenterol 2014;
20(17): 5165-5170 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/5165.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i17.5165

INTRODUCTION
Hepatitis B virus (HBV) is highly prevalent in many
malignancies, such as hepatocellular carcinoma and nonHodgkin’s lymphoma (NHL)[1,2]. In recent years, rituximab, a chimeric monoclonal antibody directed against
the CD20 antigen on B cells, has greatly improved the
prognosis and outcome of patients with NHL[3,4]. However, rituximab induced profound and persistent depletion of the circulating population of B cells, leading to
dysregulation of host immunity to HBV and increased
risk of HBV reactivation[5,6]. Consequently, viral reactivation is an area of concern whenever an HBV-positive
patient receives chemotherapy or immunochemotherapy[7]. Prophylactic administration of antiviral agents may
reduce the incidence of HBV reactivation but flares do
occur in 60% of patients following discontinuation of
antiviral treatment[8]. We report a case of HBV reactivation following cessation of prophylactic lamivudine
(LAM) in a patient with NHL who received rituximabbased treatment. Early administration of entecavir (ETV)
successfully prevented further progression of HBV
infection, leading to hepatitis B surface antigen (HBsAg)
seroconversion.

Other reported cases
The nucleoside analog ETV provides the advantage of
a higher genetic barrier to resistance than LAM for the
treatment of chronic hepatitis B[9]. ETV has also been
used to prevent HBV reactivation during chemotherapy
or immunosuppressive therapy, although this experience
is limited[10]. Several studies have examined the use of
ETV in the treatment of HBV reactivation in lymphoma
patients and suggest its effectiveness and safety[11-13]. A
total of 28 cases of HBV reactivation reported in the
literature involved ETV administration during or after immunosuppressive chemotherapy in patients with
lymphoma (Table 1). Nine cases of HBV reactivation
developed during chemotherapy or immunochemotherapy[11-17], while the remaining cases occurred after chemotherapy or immunochemotherapy[11,14,18-22]. Twenty-four
patients received rituximab-based immunochemotherapy
regimens[12-22]. Five patients died of hepatic failure following HBV reactivation[11,15,17,20,22], 4 of whom received
rituximab-based regimens[15,17,20,22]. Clearance of HBsAg
was observed in only 5 patients[11,19,21]. LAM was administered with the intention of preventing HBV reactivation in 4 patients from 2 different studies[11,18]. Of these,
3[18] developed HBV reactivation-related hepatitis 2-4 mo
after discontinuation of LAM while the remaining case
of HBV reactivation occurred 8 mo after cessation of
LAM treatment[11].

CASE REPORT
A 68-year-old male was admitted to our hospital for follicular lymphoma in March 2009. He had chronic HBV
infection for more than two decades. On admission, his
alanine aminotransferase (ALT) levels were within the
upper limit of normal (< 40 U/L). The patient’s serology
was found to be positive for HBsAg, hepatitis B surface
antibody (anti-HBs), hepatitis B envelope antibody (antiHBe), and hepatitis B core antibody (anti-HBc). However, he was HBeAg-negative. His HBsAg and anti-HBs
titers were > 250 IU/mL and 45.81 mIU/mL, respectively, as measured by chemiluminescence microparticle
immunoassays. His serum HBV DNA concentration
was undetectable (limit of detection by polymerase chain
reaction: 1000 copies/mL). The time course of the levels
of liver enzymes and HBV DNA is shown in Figure 1.
From March 2009 to July 2009, administration of
5 cycles of immunochemotherapy (rituximab, fludarabine, cyclophosphamide) led to partial remission of
the patient’s lymphoma. No additional treatment with
anticancer drugs or corticosteroids followed. Prophylactic LAM (100 mg daily) was administered on the first
day of immunochemotherapy and continued for 4 mo
after completion of immunochemotherapy (total: 8 mo).
In February 2010, 3 mo following cessation of LAM
therapy, the patient’s HBV DNA level rose to 8.15 × 104
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tic antiviral therapy should be administered to HBsAgpositive cancer patients if they receive immunochemotherapy. LAM has been shown to be clinically effective in
reducing the incidence and severity of HBV reactivation,
but treatment guidelines differ in their recommendations
for prophylactic antiviral therapy[26-28]. In addition, the
optimal duration of prophylactic LAM therapy has not
yet been clearly established. For instance, the incidence
of YMDD mutation and HBV reactivation following
withdrawal of LAM in patients with NHL were similar
to that for patients with chronic hepatitis B. In a longterm study, 17% of HBsAg-positive NHL patients developed YMDD mutation during LAM therapy (median
duration: 11.5 mo), and 4% developed HBV reactivation
following LAM withdrawal[29]. In one prospective study,
23.9% of 46 patients with hematological malignancies
developed HBV reactivation after withdrawal of LAM
prophylaxis[30]. HBV reactivation was more likely to develop in patients with elevated HBV DNA levels prior
to chemotherapy. A prolonged administration of antiviral therapy may be necessary in these patients; however,
drug resistance must be considered. ETV may be the
preferred drug because of its high antiviral potency and
high barrier to resistance. In a retrospective study, ETV
showed a very low rate of prophylaxis failure. HBV
reactivation was not detected in 31 HBsAg-positive patients treated with ETV prophylaxis (median duration:
17 mo)[31]. A randomized controlled trial confirmed that
ETV prophylaxis until 3 mo after completion of chemotherapy was insufficient even in patients with undetectable hepatitis B. One of the 41 patients in the ETV
prophylaxis group had delayed HBV reactivation, almost
7 mo after discontinuing ETV prophylaxis. Therefore, it
is important to routinely monitor HBV DNA levels after
discontinuation of ETV[32].
In a community-based follow-up study, spontaneous clearance of HBsAg from serum occurred in 562
chronic hepatitis B patients during 24829 person-years
of follow-up evaluation, resulting in an overall annual
seroclearance rate of 2.26%[33]. The levels of HBV DNA
at baseline and follow-up evaluation were the most significant predictor of HBsAg seroclearance[34]. To our
knowledge, there has been no report to date of spontaneous HBsAg seroclearance following HBV reactivation.
It is therefore unclear whether the HBsAg seroconversion observed in our patient could be attributed to the
ETV treatment or considered spontaneous.
In conclusion, prophylactic antiviral therapy is highly
recommended in patients with active or occult HBV
infection who receive chemotherapy or immunochemotherapy. In the event of HBV reactivation at the time
HBV prophylaxis is stopped, administration of a potent
antiviral agent with a high genetic barrier to resistance
should be considered.
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Figure 2 Time course of quantitative titers of hepatitis B surface antigen
and hepatitis B surface antibody antibodies after entecavir treatment. AntiHBs: Hepatitis B surface antibody; HBsAg: Hepatitis B surface antigen.

mortality, despite the fact that the long-term prognosis
of patients with diffuse large B cell lymphoma has improved following the introduction of immunochemotherapeutic agents, such as rituximab[23]. The occurrence
of HBV infection has been associated with lymphoma
and hepatocellular carcinoma[24]. In addition, reactivation
of HBV may be a fatal complication in patients with
HBV infection who receive immunochemotherapy for
lymphoma, especially rituximab-based regimens. While
the exact definition of HBV reactivation differs among
investigators[25], reactivation of HBV is deemed to occur
in both HBsAg-positive or -negative patients. Among
patients who only present with anti-HBc antibodypositive serology, the risk factors for HBV reactivation
include male gender and low anti-HBs titer[14].
Given the substantial morbidity and mortality associated with HBV reactivation and hepatitis flares, prophylac-
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Table 1 Hepatitis B virus reactivation in patients with lymphoma and treated with entecavir
Patients (n ) Hematologic
malignancy

Author

Ferreira et al[22]

1

DLBCL

Niitsu et al[14]
Chung et al[15]

6
1

DLBCL
DLBCL

Lee et al[16]

1

FL

Stange et al[17]

2

B cell lymphoma

Brost et al[11]

4

Sanchez et al[12]
Colson et al[13]

1
1

Mimura et al[18]

3

Matsue et al[19]

5

Wu et al[20]

1

AML and
lymphoma
CLL
B cell lymphoma
B cell lymphoma
B cell lymphoma
DLBCL

Fukushima et al[21]

2

NHL, DLBCL

Pre-treatment
HBV markers

Rituximab- Time of HBV reactivation
Prophylaxis
with anti-viral based regimen (during/after anti-tumor
therapy)
drugs

Outcome
(alive/died)

HBsAg
clearance
(yes/no)

HBsAg-, antiHBs+, anti-HBcHBsAgHBsAg-, antiHBs+, anti-HBc+
HBsAg-, antiHBs+
unknown

No

Yes

0/1

0/1

NR

No
No

Yes
Yes

2/4
1/0

5/11
0/1

NR
0/1

No

Yes

1/0

1/0

NR

No

Yes

2/0

1/1

NR

Unknown for all

1 Yes, 3 No

No

2/2

3/1

3/1

HBsAgHBsAg-, antiHBs-, anti-HBc+
HBsAg+

No
No

Yes
Yes

0/1
1/0

1/0
1/0

NR
NR

Yes

Yes

0/3

3/0

NR

HBsAg-

No

Yes

0/5

5/0

1/4

HBsAg-, antiHBc+
HBsAg-

No

Yes

0/1

0/1

0/1

No

Yes

0/2

2/0

1/1

DLBCL: Diffuse large B cell lymphoma; FL: Follicular lymphoma; AML: Acute myeloid leukemia; CLL: Chronic lymphocytic leukemia; NHL: Non-Hodgkin’s lymphoma; NR: Not reported. 1Patient died of lymphoma-related causes.
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.
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lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
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the narration, the coding number and square brackets should be
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Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
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Copyright assignment form
Please download a Copyright assignment form from http://
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Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.
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carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
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time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.
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Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
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Chun-You Wang, Wuhan
Ge Wang, Chongqing
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Wai Man Raymond Wong, Hong Kong
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Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
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Nathalie Janel, Paris
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Mariano Malaguarnera, Catania

March 26, 2014

Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
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Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
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Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
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Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
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Osamu Kanauchi, Tokyo
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Shigeyuki Kawa, Matsumoto
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Tsuneo Kitamura, Urayasu
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Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
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Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
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Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
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Naoaki Sakata, Sendai
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Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
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Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
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Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
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Hidekazu Suzuki, Tokyo
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Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Akihiro Tamori, Osaka
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individuals, should become the new standard.
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INTRODUCTION
Propofol is an ultra-short acting hypnotic agent with no
analgesic properties that acts quickly and efficaciously to
sedate patients. The food and drug administration have
approved its use for the induction and maintenance of
anesthesia, and also recommend that individuals with
training in general anesthesia should administer it [1].
Historically, propofol delivered by anesthetists for endoscopic procedures is considered to be a safe but costly
practice. In the setting of increasing financial burdens on
health care systems, alternatives need to be addressed.
The use of moderate, or “conscious” sedation with
benzodiazepines and analgesics for routine endoscopic
procedures such as esophagogastroduodenoscopy (EGD)
and colonoscopy is well established, and generally accepted by patients and endoscopists. With advancements
in endoscopic technology and expertise however, therapeutic procedures are becoming increasingly complex.
Advancing age and co-morbidity also seems to be less
of a deterrent for endoscopic therapy, particularly when
alternatives may involve general anesthesia and surgical
intervention.
Compared to standard endoscopy, endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic
ultrasound (EUS) are often lengthier and more complex,
thus requiring higher doses of sedatives for patient comfort and compliance[2]. Naturally this may increase risk

Abstract
Compared to standard endoscopy, endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic ultrasound (EUS) are often lengthier and more
complex, thus requiring higher doses of sedatives for
patient comfort and compliance. The aim of this review
is to provide the reader with information regarding the
use, safety profile, and merits of propofol for sedation
in advanced endoscopic procedures like ERCP and EUS,
based on the current literature.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: There is a plethora of data to support the
safety profile of propofol in general endoscopy, and
many studies that support non-anesthesiologist administered propofol. There are also compelling data that
support its use in endoscopic retrograde cholangiopancreatography and endoscopic ultrasound. In the world
of advanced therapeutic endoscopy, where patient bur-
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ble to published data on general anesthesia administered
by anesthetists. The incidence of bag-mask ventilation
during this review was 0.1%, and a total of 11 out of
646000 cases required endotracheal intubation, of which
7 quickly recovered and 4 died. The 4 patients that died
each had significant co-morbidity including severe mental
retardation and advanced malignancy. From this extensive
review, the overall mortality rate for endoscopist directed
administration of propofol would be 1 in 161515 cases[4].
Interestingly, the published safety profiles of benzodiazepine and opiate use for conscious sedation during
endoscopy is worse, with a recent retrospective review of
324727 cases showing 39 deaths (11 per 100000)[5]. The
data from older studies is even more disconcerting, with
mortality rates of up to 1 in 1000[6].
Nonanesthesiologist-administered propofol (NAAP)
during endoscopy describes the drug either as a single
agent or in combination with benzodiazepines and opiates being given by a physician who has not been trained
as an anesthesiologist. Nurse-administered propofol sedation (NAPS) is typically the administration of propofol
as a single agent by a nurse, under physician direction.
Several published studies regarding safety profiles use a
combination of both practices and show reproducible
safety profiles. Cohen et al[7] in 2003 published a retrospective review of over 800 consecutive endoscopies
during which propofol was administered in conjunction
with small doses of midazolam and meperidine under the
direction of a gastroenterologist. None of the patients
required pharmacological reversal or mechanical ventilation during or after the procedure. Another study by Rex
et al[8] evaluated over 2000 endoscopic procedures during
which propofol was administered by nurses under the direction of an endoscopist. 4 patients required brief mask
ventilation for low oxygen saturations, but no patients
required endotracheal intubation or suffered long-term
sequelae from propofol administration.
A systematic review and meta-analysis of 36 randomized, controlled trials of moderate sedation for routine
endoscopic procedures found no difference in adverse
events between midazolam plus narcotics and propofol[9]. Coté et al[10] identified that male sex, raised Body
mass index (BMI), and American Association of Anesthesiologist (ASA) class Ⅲ or higher were independent
predictors of requirement of airway manoeuvres. During
complex procedures, it may be challenging to adequately
monitor the patient’s respiratory rate for signs of apnea.
Capnographic monitoring of end tidal carbon dioxide
can potentially detect subtle changes in respiratory status
before peripheral pulse oximetry. Qadeer et al[11] showed
that capnographic monitoring during ERCP and EUS
reduced the frequency of hypoxemia and apnea.
Monitored anesthetic care (MAC) during endoscopy
involves specialist care provided by a trained anesthesiologist, and may involve deep sedation. This spectrum
may encompass general anesthesia requiring endotracheal
intubation. As evidenced by the aforementioned studies,
the rate of complication from NAAP during endoscopy

Table 1 Characteristics of commonly used pharmacological
agents used during endoscopy
Agent

Onset of
Duration of
action (min)
action

Half life

Metabolism
Hepatic and
intestinal
Hepatic
Hepatic
Hepatic

Midazolam

1.0-2.5

2-6 h

1.8-6.4 h

Fentanyl
Meperidine
Propofol

< 1.5
5
>1

1-2 h
2-4 h
3-10 min

2-7 h
2-7 h
Triphasic: 2.2
min, 20 min, 8 h

Modified from Triantafillidis et al[30].

of sedation related complication along with prolonged
recovery times.
The aim of this review is to provide the reader with
information regarding the use, safety profile, and merits
of propofol sedation in advanced endoscopic procedures
like ERCP and EUS, based on the current literature.

PROPOFOL IN GENERAL ENDOSCOPY
Propofol is 98% plasma protein bound and highly lipophilic, which enables it to cross the blood-brain barrier
easily. This results in both a rapid onset of action and
short half-life as it redistributes into peripheral tissues
quickly. It delivers rapid sedation compared to benzodiazepines and opiates, and has a shorter recovery profile,
see Table 1. Although it has a rapid onset of action and
short half-life, propofol also has a relatively narrow therapeutic index, which carries a greater potential for complication, particularly if administered by inexperienced
individuals.
There is no doubt, however, that the use of standard,
conscious sedation with benzodiazepines and opiates is
not always ideal. Virtually every endoscopist will have had
the experience of administering medication and performing a procedure on a sub-optimally sedated patient, only
to have them sleep deeply afterwards. This usually results
from the procedure starting before the medication is in
full effect, followed by “top-up” medication given in an
attempt to placate the struggling individual. This may
result in delayed sedation, cardio-respiratory compromise
and delayed discharge from the endoscopy unit. A prospective, randomized study has shown that not only were
patient and endoscopists more satisfied with propofol
compared to standard sedation practices, but that they
have significantly shorter recovery times and quicker return to baseline activities and diet[3].

PROPOFOL: SAFETY PROFILE
For the last three decades, the use of propofol during
endoscopic procedures in non-ventilated patients has
been increasing. In a world-wide safety review by Rex et
al[4] in 2009, over 646000 cases, of which approximately
220000 were published, the incidence of adverse events
related to propofol use during endoscopy was compara-

WJG|www.wjgnet.com

5172

May 14, 2014|Volume 20|Issue 18|

Cheriyan DG et al . Propofol use in ERCP and EUS

peared to be as effective to balanced sedation practices.
This comprehensive study of over 200 patients undergoing ERCP or EUS showed significantly shorter recovery
times with propofol (13.4 ± 6.24 min) compared to propofol with midazolam and fentanyl ( 18.37 ± 7.86 min).
Patient satisfaction, tolerance, recollection of the procedure or experience of pain did not differ between the
groups[16]. This data demonstrates that propofol monosedation, administered effectively by trained personnel, may
be a viable practice.

Table 2 American Society of Gastrointestinal Endoscopy
training guidelines for nonanesthesiologist-administered
propofol for gastrointestinal endoscopy
Didactic training
Pharmacological overview of propofol
Review of continuum of sedation
Patient assessment specific to propofol
Examination
Airway workshop
Training to recognize and manage respiratory complications
Airway assessment
Restore airway patency with manual, oral or nasopharyngeal
techniques
Bag-mask ventilation
Basic and advanced cardiac life support
Review of physiologic monitoring techniques (capnography)
Simulation training
Clinical simulators with trained instructors
Preceptorship
Adopt and institute a propofol sedation program within endoscopy
unit
Formulate set of policies and procedures pertaining to NAAP
Train all relevant members of staff
Institutional approval
Performance measures designed to assess patient safety and
satisfaction

PROPOFOL FOR ERCP
ERCP is a technically challenging and unique modality to diagnose and therapeutically manage disorders of
the pancreas and biliary tract. Over the last five decades,
ERCP has progressed from a diagnostic aid to the mainstay for management of complex stone disease along
with benign and malignant strictures. Despite the use of
conscious sedation with benzodiazepines and opiates,
this procedure can be time consuming, painful, and difficult for patients to endure. ERCP also requires patient
cooperation during critical junctures such as cannulation,
sphincterotomy and complex stent placement. Poor cooperation may result in increased risk of complications
or failed procedures. In an effort to settle a patient, endoscopists may request for more sedation or analgesia
to be given, potentially increasing the risk of sedation
related complication. Patel et al[2] showed that ERCP is an
independent risk factor for deep sedation in elective endoscopy.
Patients with chronic biliary disease such as primary
sclerosing cholangitis may also undergo multiple procedures highlighting the importance of making it bearable.
A study from The Netherlands demonstrated that nearly
50% of patients undergoing ERCP for a variety of indications experience pain and discomfort during and immediately after ERCP. Younger age was also a factor for
significantly increased patient discomfort[17].
A prospective, controlled study of 198 consecutive
patients undergoing ERCP with midazolam or propofol
for sedation concluded that propofol was safe, more effective for sedation with higher patient cooperation, and
had significantly shorter recovery times[18]. A Cochrane
database review of 124 papers and 4 randomized controlled trials performed by Garewal et al[19] concluded
that patients who underwent ERCP with midazolam and
meperidine had longer recovery times and no less adverse
events than those who had the procedure with propofol.
This review, however, was limited by the fact that data on
anesthesia involvement in propofol administration was
not clear.
Elderly patients who undergo advanced endoscopic
procedures may be at greater risk of adverse events related to sedation. With an aging population and more access
to endoscopic services; however, ERCP is commonly
performed in this cohort of individuals. A randomized,
controlled study from Germany evaluated the use of

Adapted from Vargo et al[28]. NAAP: Nonanesthesiologist-administered
propofol.

appears so low that the benefit of MAC is negligible in
routine endoscopy[12]. The American Society of Gastrointestinal Endoscopy (ASGE) guidelines on NAAP recommend appropriate training in order to ensure competence
and maximise safety, see Table 2.

BALANCED PROPOFOL SEDATION
Using propofol in combination with benzodiazepines
and opiates may reduce the amount of propofol required
to provide a satisfactory level of sedation and thereby
reduce adverse events. An Italian study of over 1500
consecutive patients undergoing diagnostic colonoscopies with non-anesthesiologist administered propofol and
midazolam demonstrated that concurrent administration
yielded moderate sedation with relatively small doses of
propofol (median 70 mg, range: 40-120 mg)[13]. A prospective, randomized study from Greece evaluated 120
consecutive patients undergoing colonoscopy. 64 patients
were randomized to midazolam and propofol, and 56
received midazolam and pethidine. A multivariate logistic
regression analysis demonstrated that the only factor that
improved both patient comfort and recovery time was
synergistic sedation with midazolam and propofol[14]. This
outcome was also seen in a study by Levitzky et al[15], who
demonstrated that balanced propofol sedation targeted to
moderate sedation, administered by trained endoscopists
during EGD, resulted in superior patient satisfaction and
shorter recovery times.
A randomized, double-blind study from Korea
however, demonstrated that propofol monosedation ap-

WJG|www.wjgnet.com

5173

May 14, 2014|Volume 20|Issue 18|

Cheriyan DG et al . Propofol use in ERCP and EUS

propofol in 150 consecutive patients aged over 80. These
patients were considered to be high risk with at least 91%
of them being ASA grade Ⅲ or higher. Half of the patients were randomized to midazolam plus meperidine,
and half to propofol alone. The group who received
propofol demonstrated significantly higher levels of cooperation, shorter recovery times, and significantly lower
number of desaturation events[20].
Patient controlled sedation is an evolving area in therapeutic endoscopy. A recent Finnish randomized comparison study of target-controlled propofol infusion to
patient controlled sedation during ERCP demonstrated
that the latter group required less propofol and recovered faster. In this study, 82 patients undergoing elective
ERCP were randomized to receive propofol as a target
controlled infusion (target effective- site concentration of
2 μg/mL) or patient controlled administration (1 mL of
propofol administered whenever patient pressed the button, with no lock out period). Patients with a history of
alcohol abuse, substance abuse, and those with an ASA >
Ⅲ were excluded. An anesthesiologist was present during
the procedures. There were no significant differences in
patient experience, satisfaction, sedation preference, or
endoscopist evaluation of the procedure, however recovery time was significantly shorter in the patient controlled
sedation group (5 ± 6 min, vs 10 ± 13 min)[21].

Currently there are no studies which evaluate the use
of propofol or BPS compared to standard sedation practices in complex procedures such as EUS guided necrosectomy and cyst gastrostomy. Given the wealth of evidence supporting the safety profile of propofol in other
endoscopic procedures, its use is justified, with the caveat
that these patients may have added co-morbidity, possibly
requiring the supervision of anesthetic personnel.

PROPOFOL: ADMINISTRATION
Protocols for propofol administration will vary between
centers, however most published data have similar guidelines. One study which compared bolus propofol administration to continuous infusion outlines an initial bolus
depending on body weight (< 70 kg: 40 mg; > 70 kg: 60
mg), followed by 10-20 mg bolus doses as required. The
continuous infusion group had an initial bolus of 1 mg/kg,
followed by an infusion of 6 mg/kg. Patients in both
groups also received an initial bolus of midazolam 3 mg.
No differences were noted in patient experience, however
recovery was signifantly longer in the infusion group[25].

PROPOFOL: COST EFFECTIVE?
Cost and efficiency are two potentially conflicting entities. There are several studies which demonstrate more
rapid induction of sedation and faster recovery with propofol compared to standard sedation. Dewitt et al[26] evaluated the utility of NAPS compared to midazolam and
meperidine for EUS in an outpatient setting. Compared
to standard sedation, NAPS for EUS had a significantly
faster induction of sedation, full recovery time, patient
satisfaction and similar total cost to perform. In 2002,
Vargo came to similar conclusions that propofol delivered by a registered nurse would reduce cost compared
to physician administration[3]. Given the weight of evidence that supports the safety profile of NAAP, it now
seems unnecessary to consider the financial implication
of MAC, which may be significant depending on institution and country[27]. The American Society of Gastrointestinal Endoscopy (ASGE) position statement recommends that NAAP is more cost effective than standard
sedation for ERCP and EUS, based on a high grade (IB)
of evidence[28].
In 2000, Chapman et al[29] published that the accepted
cost-effective threshold was $50000-$100000 per life-year
saved. Rex et al[4] considered that the 4 deaths in a worldwide safety review of over 646080 endoscopic procedures using NAAP may have been prevented if an anesthetist had been present. Given the averaged published
cost of an anesthetist to deliver sedation in endoscopy
($286)[12], a total of $184778880 would have prevented
the loss of 35.08 years. This renders the cost per year of
life saved to be $5.3 million. In order to make anesthetist
delivered sedation a financially viable practice, Rex et al[4]
suggest a service cost between $2.70 and $5.40 per case.

PROPOFOL FOR EUS
Endoscopic ultrasound is a highly effective, increasingly
utilized modality to assess gastrointestinal (GI) pathology.
Pancreatic cysts are frequently found on other imaging
studies and referred for EUS and potential fine needle
aspiration (FNA). While routine diagnostic EUS carries
relatively low risk, it generally is more time consuming
and potentially more uncomfortable than a diagnostic
EGD. Procedures that involve intentional visceral puncture with a needle, such as FNA or celiac plexus block,
require that a patient be cooperative. The same is true for
more advanced, therapeutic EUS guided procedures such
as cyst gastrostomy and necrosectomy.
Yusoff et al[22] studied 500 prospective patients who
received propofol administered by a trained endoscopist.
Patients who were ASA Ⅲ and above were excluded.
No procedural complications were encountered and all
patients stated that they would prefer the same method
of sedation for repeat procedures. Another study from
Spain specifically investigated the use of propofol for
EUS in average to high-risk patients. This prospective
observational study of 446 patients included 138 highrisk individuals with an ASA of Ⅲ-Ⅳ. A trained nurse
under the direction of the endoscopist administered
propofol, and no procedural related complications were
noted[23]. A further study of 112 patients who underwent
EUS with FNA with BPS showed no significant sedation
related complications. This study, however, involved two
gastroenterologists per procedure; one to perform the
EUS, and one to administer the propofol[24].
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CONCLUSION
There is a plethora of data to support the safety profile
of propofol in general endoscopy, and many studies that
support NAAP. There are also compelling data that support its use in ERCP and EUS. Balanced propofol sedation appears to be an accepted method of delivering high
quality sedation with potentially less risk, though propofol monosedation is also safe and effective. With faster
recovery times and expedited patient turn over, propofol
use also seems to be cost intuitive. Clearly patient selection and appropriate training is a requisite in order to
maximise safety. In the world of advanced therapeutic
endoscopy, where patient burden, risk, and cost are high,
propofol based sedation delivered by non-anesthetic, but
appropriately trained individuals, should become the new
standard.
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Obesity and colorectal cancer: Role of adipokines in tumor
initiation and progression
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favorable niche for tumor development. The adipocyte
itself participates as a central mediator of this inflammatory response in obese individuals by secreting hormones, growth factors and proinflammatory cytokines,
which are of particular relevance for the pathogenesis
of CRC. Among adipocyte-secreted hormones, the most
relevant to colorectal tumorigenesis are adiponectin,
leptin, resistin and ghrelin. All these molecules have
been involved in cell growth and proliferation, as well
as tumor angiogenesis and it has been demonstrated
that their expression changes from normal colonic
mucosa to adenoma and adenocarcinoma, suggesting
their involvement in multistep colorectal carcinogenesis. These findings have led to the hypothesis that an
unfavorable adipokine profile, with a reduction of those
with an anti-inflammatory and anti-cancerous activity,
might serve as a prognostic factor in CRC patients and
that adipokines or their analogues/antagonists might
become useful agents in the management or chemoprevention of CRC.
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Abstract
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Obesity-associated diseases account for a large portion
of public health challenges. Among obesity-related disorders, a direct and independent relationship has been
ascertained for colorectal cancer (CRC). The evidence
that adipocyte hypertrophy and excessive adipose tissue accumulation (mainly visceral) can promote pathogenic adipocyte and adipose tissue-related diseases,
has led to formulate the concept of “adiposopathy”, defined as adipocyte and adipose tissue dysfunction that
contributes to metabolic syndrome. Adipose tissue can,
indeed, be regarded as an important and highly active
player of the innate immune response, in which cytokine/adipokine secretion is responsible for a paracrine
loop between adipocytes and macrophages, thus contributing to the systemic chronic low-grade inflammation associated with visceral obesity, which represents a
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Core tip: Obesity-associated diseases account for a
large portion of public health challenges, and adipose
tissue can be regarded as an important and highly active player of the innate immune response, in which
cytokine/adipokine secretion is responsible for a paracrine loop between adipocytes and macrophages. This
interplay contributes to the systemic chronic low-grade
inflammation associated with visceral obesity, which
represents a favorable niche for tumor development.
Available findings suggest that an unbalanced adipokine
profile might serve as a prognostic factor in colorectal
cancer patients and that adipokines or their analogues/
antagonists might become useful agents in the man-
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tastasis (Figure 1). In this respect, it is worth noting that
obesity appears to be associated with worse cancer outcomes, both in terms of cancer recurrence and mortality
(reviewed in[12]).
In order to relate CRC to obesity, the biochemical behavior of adipose tissue must be considered.

agement or chemoprevention of colon cancer.
Riondino S, Roselli M, Palmirotta R, Della-Morte D, Ferroni P,
Guadagni F. Obesity and colorectal cancer: Role of adipokines
in tumor initiation and progression. World J Gastroenterol 2014;
20(18): 5177-5190 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i18/5177.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5177

BIOLOGY OF ADIPOSE TISSUE
Adipose tissue, which has long been regarded to have
only energy storage, thermal regulation and mechanical
protection functions, it is now recognized as an endocrine/metabolic organ[13]. Two different tissues differing
in structure, function, and lineage must be distinguished:
white adipose tissue (WAT) and brown adipose tissue
(BAT). Of the two, WAT is known to produce cytokines
and chemokines that induce inflammation[14], while BAT
is highly metabolic and produces heat through a specialized metabolic pathway mediated by the expression of
the tissue-specific uncoupling protein 1[15]. Contrary to
what previously believed, it has been recently demonstrated that functional BAT is prevalent in adult females and
that BMI is inversely correlated with the amount of BAT,
thus suggesting a possible role of BAT in protecting
against obesity[15]. On the other hand, the accumulation
of WAT in the abdominal cavity represents the visceral
adipose tissue (VAT), which exhibits increased insulin resistance, lipolysis, and inflammatory cytokine expression
respect to subcutaneous adipose tissue (SAT).
The evidence that adipocyte hypertrophy and excessive adipose tissue accumulation can promote pathogenic
adipocyte and adipose tissue effects, has led to formulate
the concept of “adiposopathy”, defined as adipocyte and
adipose tissue dysfunction that, together with other factors (any two of raised TG levels, reduced HDL cholesterol, raised blood pressure, or impaired glucose metabolism) contributes to the onset of metabolic syndrome[16].
Adiposopathy is also characterized by recruitment of
committed mesothelial stem cell progenitors of preadipocytes[17]. Moreover, the increasing knowledge on the
role of WAT in immunological responses, vascular diseases, and appetite regulation has evoked adiposopathy to
define the association among obesity, inflammation and
metabolic/vascular complications as a formal disease[18,19].

OBESITY
The incidence of obesity, defined as abnormal fat accumulation in adipose tissue that may impair health (http://
www.who.int/mediacentre/factsheets/fs311/en, updated
March 2013), is increasing worldwide, and obesity-associated diseases account for a large portion of public health
challenges. Among obesity-related disorders, a direct
and independent relationship has been ascertained for
colorectal cancer (CRC)[1].
Previous studies indicated that the carcinogenic effect of excess weight differs among cancer sites and
gender[2,3]. Several systematic reviews and meta-analyses
summarized the evidence that while the relative risk associated with obesity [defined by a body mass index (BMI)
2
≥ 30 kg/m ] was higher for colon cancer than for rectum cancer and it was higher in men than in women, abdominal adiposity (as determined by waist circumference
or waist-to-hip ratio) had a strong association with colon
cancer in both sexes[4-6]. This evidence suggests that, in
women, fat localization is a more important risk factor
for colon cancer than body weight or BMI. It is worth
noting that when abdominal obesity is measured by waist
circumference (WC), which is more closely related to
metabolic changes compared to general obesity as determined by BMI, weight change is associated with excess
colon cancer risk in people with attained high WC at age
50 years, but not in those having low WC[7]. Conversely,
no differences can be attained for BMI[7]. Although the
association between obesity and colon cancer is strongest, a weak correlation has been observed between waist
circumference and fat mass and risk of rectal cancer[8].
However, given all the above, there is one consideration
that should be outlined, since it might represent a strong
bias in the correct interpretation of the study results, that
is the choice of the measurement and, most of all, the
use of self-reported measures. Thus, it should be advisable to adjust the data according to morphometric cut
offs.
Despite these limitations, several mechanisms linking adiposity to CRC risk have been proposed, among
these, obesity-related insulin resistance, hyperinsulinemia,
sustained hyperglycemia, oxidative stress[9], adipocytokine
production[10] and hyperinsulinemia-related increase of
insulin-like growth factor-1 (IGF-1)[11], all responsible
for cancer promoting effects, favoring tumor growth,
increasing cell migration, and ultimately leading to me-
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VISCERAL FAT AS AN INFLAMMATORY
ORGAN
Existing evidence suggest that VAT is more predictive
than SAT of obesity-associated comorbidity and mortality[20]. This has been related to the unique architecture
of VAT that is highly cellular, vascular and innervated
and contains cells with inflammatory and immunological
functions[21]. Moreover, the close proximity of VAT to
the portal vein causes drainage of excess free fatty acids
and inflammatory mediators directly to the liver, thus affecting metabolism[22] and creating a condition of lowgrade chronic inflammation, a favorable niche for tumor
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Figure 1 Mechanisms linking adiposity to colorectal cancer carcinogenesis. Among these, obesity-related insulin resistance, inflammation and adipocytokine
production. Adipose tissue macrophages infiltrating visceral adipose tissue exhibit a phenotypic switch from an anti-inflammatory and adipostatic to a proinflammatory
and pro-adipogenic phenotype, thus contributing to obesity-related inflammation and insulin resistance. IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBPs:
Insulin-like growth factor binding protein; TNF-α: Tumor necrosis factor-α; VEGF: Vascular endothelial growth factor; PPAR-γ: Peroxisome proliferator-activated
receptor-γ.

development. Epidemiological and clinical evidences, in
fact, support the concept that longstanding inflammation
represents a risk factor for the development of CRC arising in individuals with colitis-associated CRC[23].
The possibility of a direct involvement of VAT in
inflammatory processes has been suggested by the direct
finding that preadipocytes could function as macrophagelike cells[24], that adipocytes exert phagocytosis and microbicidal activities similar to macrophages[25] and that
adipose tissue is infiltrated by significant numbers of
macrophages[26]. Adipose tissue macrophages that infiltrate into VAT exhibit a phenotypic switch from an antiinflammatory and adipostatic (M2) to a proinflammatory
and pro-adipogenic (M1) phenotype, thus contributing
to obesity-related inflammation and insulin resistance[27].
M1 macrophages express a series of proinflammatory
cytokines [e.g., tumor necrosis factor-α (TNF-α), Interleukin-1 (IL-1), IL-6, IL-12, and IL-23] and release high
levels of superoxide anions, oxygen radicals, and nitrogen
radicals[28]. The M1/M2 balance is also actively involved
in the microenvironment of tumor growth [28]. Once
activated, macrophages are a further source of growth
factors and cytokines, which contribute to affect the local
microenvironment (Figure 1).
Adipose tissue can thus be regarded as an important
and highly active player of the innate immune response,
in which cytokine/adipokine secretion is responsible for
a paracrine loop between adipocytes and macrophages,
thus contributing to the systemic chronic low-grade
inflammation associated with visceral obesity[29]. The
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adipocyte itself participates as a central mediator of this
inflammatory response in obese individuals by secreting
hormones (e.g., leptin, adiponectin), growth factors [e.g.,
IGF-1, vascular endothelial growth factor (VEGF)] and
proinflammatory cytokines (e.g., TNF-α and IL-6)[14],
which are of particular relevance in the pathogenesis of
CRC. These altered factors act on a common pathway,
through phosphoinositide kinase-3 (PI3K)/serine-threonine-protein kinase (AKT) activation, which, in turn,
regulates downstream targets leading to increased cell
survival and cell growth[30], ultimately causing hyperplasia,
proliferation and carcinogenesis in colonic cells[31].
It is worth mentioning that in the tumor microenvironment, cancer cells interact with normal colonocytes
and that in the presence of cancer cells, adipocytes can
revert from mature, differentiated adipocytes to preadipocytes[32]. Adipocytes, thus represent a major source
of energy for the cancer cell. Indeed, among the factors
evoked to represent important contributors to tumor
progression there are several energy balance-associated
factors[33], of which adipokines are directly involved in
colon carcinogenesis and tumor development.

ADIPOKINES IN HEALTH AND
PATHOLOGY
Adipokines have a wide variety of functions, acting not
only as local paracrine signaling cytokines, but also at distant levels, through secretion in the circulation.
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is capable of stimulating an angiogenic response in vitro,
in a manner that resembles that observed with fibroblast
growth factor 2 (FGF-2)[61], thus playing a critical role in
the maintenance and regulation of vascular permeability
in the adipose tissue[62]. The possible effects of leptin
on tumor angiogenesis have not been fully elucidated.
Among the raised hypothesis, a paracrine stimulation of
leptin-related local new blood vessel formation by leptin
receptor-expressing endothelial cells[62,63] and an effect
similar to that of IGF-1 gained the highest consents[64].

As the adipose tissue expands, the vasculature is insufficient to adequately oxygenate the adipocytes, thus, the
resulting hypoxia and oxidative stress contribute to the
overproduction of cytokines in obesity. Indeed, hypoxia,
probably mediated by hypoxia-inducible factor-1 (HIF-1),
initiates an inflammatory/angiogenic response similar to
that operating in tumor growth[34]. In addition, adipocyte
hypertrophy generates cellular metabolic and structural
changes leading to endoplasmic reticular (ER) stress that,
through activation of nuclear factor κB (NF-κB), stimulates the production of adipokines[35,36]. Finally, IR and
impaired glucose metabolism in obesity may result in oxidative stress further amplyfing this pathogenetic loop[37].
Whatever the mechanism involved, adipokines may exert
direct pro-tumorigenic properties in the gastrointestinal
tract, although it is not yet known whether they act directly on gastrointestinal mucosal cells in an endocrine
manner and/or in a paracrine manner through induction
of local tissue inflammation[38]. Among adipocyte-secreted
hormones, the most relevant to colorectal tumorigenesis
are adiponectin, leptin, resistin and ghrelin (Figure 2).

Resistin
Resistin is a 12.5-kDa protein of the “resistin-like molecules” (RELMs) family[65], produced by the stromovascular fraction of adipose tissue and peripheral blood monocytes. It has been postulated that a transient upregulation
of resistin expression is important for accumulation of
intracellular lipid content[66], which has been recently described as a potential factor in obesity-mediated IR, type
2 diabetes and inflammation[67]. Indeed, the involvement
of monocytes in resistin production supports the evidence of a role exerted by adipose tissue in the generalized inflammatory process of which monocyte activation
is part (Figure 2). Such activity led to suggest that high
resistin levels are related to cancer-associated chronic
inflammation. To date, it is widely accepted that resistin
plays a pivotal role in several inflammatory conditions
and in malignancies, such as breast cancer[68] and nonsmall cell lung cancer[69], however, its role in colorectal
carcinogenesis is still not fully elucidated[70].

Adiponectin
Adiponectin is a 30-kDa insulin-sensitizing protein hormone with a collagen-like motif, sharing homologies with
complement factors and TNF-α[39-42]. It is an adipose
tissue-derived protein, exclusively secreted from adipocites[28], capable of stimulating insulin secretion, as well as
increasing fatty acid combustion and energy consumption[41]. Evidence exists that adiponectin levels inversely
correlate with IR and visceral obesity[42,43] and it has been
suggested that low levels of adiponectin may provide a
link between obesity, IR, and the risk of CRC[44,45]. In this
regard, a protective role of adiponectin for several malignancies, including CRC has been proposed. Since colon
epithelium expresses both isoforms of the adiponectin
receptor, AdipoR1 and AdipoR2[46], such a protective role
might be exerted either directly on cancer cells by affecting signal pathways involved in cell growth and proliferation[47] or indirectly by altering hormone and cytokine
levels thus regulating whole-body insulin sensitivity[48].

Ghrelin
Ghrelin is a novel orexigenic peptide and represents an
endogenous ligand for growth hormone secretagogue
receptor type 1a (GHS-R1a)[71]. Ghrelin has a strong
stimulatory effect on growth hormone (GH) release,
modulates the secretion of other pituitary hormones,
participate to glucose homeostasis, stimulates adipogenesis and changes the growth processes of neoplastic
tissues[72,73]. Ghrelin exists in the circulation in two molecular forms: acylated (G) and unacylated (UAG). The
latter form predominates in circulation and it is active in
ghrelin-regulated processes, such as adipogenesis[74] and
neoplastic growth influencing proliferation and apoptosis[75,76]. Interestingly, it has been demonstrated that ghrelin may act as either antiapoptotic or pro-apoptotic factor
in different cancer cells. Moreover, some cancers possess
ghrelin binding sites other than GHS-R1a[75,77]. An alternative hypothesis explaining the role of ghrelin in the development of several neoplasms, including colon cancer,
derives by the evidence that ghrelin is a potent regulator
of the GH/IGF-I axis, whose inappropriate regulation is
known to be positively involved in colon cancer carcinogenesis (Figure 2)[78].

Leptin
Leptin, a 167-amino acid peptide in humans, is a product of the Ob gene produced primarily by fat cells, it is
involved in the control of food intake and energy expenditure[49,50], and it has proven to be able to regulate cell
proliferation in various normal and neoplastic cell types.
Indeed, in CRC leptin acts as a potent mitogen[51-53] and
antiapoptotic cytokine (Figure 2)[54-57] and promotes the
invasiveness of familial adenomatous colonic cells[58].
Accordingly, leptin expression has been reported to be elevated as tumorigenesis progresses[59]. Indeed, it has been
shown that leptin expression dramatically increases from
normal colonic mucosa to adenoma and adenocarcinoma, suggesting its involvement in multistep colorectal
carcinogenesis[60].
Similarly to what reported for other adipokines, leptin
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EVIDENCES FROM IN VITRO STUDIES
In vitro studies have demonstrated that adiponectin sup-
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Figure 2 Systemic release of adipokines by visceral abdominal fat and paracrine, adipokine-mediated crosstalk between adipose tissue and different cellular activation through their downstream signalling pathways. ADIPOR: Adiponectin receptor; AMPK: Adenosine monophosphate-activated protein kinase; GH:
Growth hormone; IGF-1: Insulin-like growth factor-1; STAT: Signal transducers and activators of transcription.

presses colon cancer tumor growth and that it negatively correlates with obesity, insulin resistance, immune
responses, angiogenesis regulation and intracellular
signaling pathways. Adiponectin directly controls cell
proliferation, adhesion, invasion and colony formation
and regulates metabolic [AMP-activated protein kinase
(AMPK)/S6], inflammatory [signal transducer and activator of transcription 3 (STAT3)/VEGF] and cell
cycle (p21/p27/p53/cyclins) signaling pathways in both
mouse MCA38 and human HT29, HCT116 and LoVo
colon cancer cell lines in a LKB1 (a tumor suppressor
gene)-dependent way[79]. Moreover, recent experimental
evidence suggests that full-length adiponectin is a direct
angiogenesis inhibitor that preferentially induces apoptosis in activated endothelial cells in pathological neovascularization[80], whereas globular adiponectin appears to
exert opposite effects[81]. Among other cytokines influenced by adiponectin, the reduced TNF-α production in
macrophages and its action on endothelial cells, suggests
that low levels of this adipokine could potentially lead
to carcinogenesis by changing the influence of TNF-α
on tumor cell proliferation[47]. Studies have advanced the
hypothesis that adiponectin might suppress colon cancer
cells through its own receptor mediated AMPK activity
(Table 1)[82].
In vitro evidences in support of a role for leptin have
been also reported. In particular, leptin has been shown
to participate in the malignant behavior of cells stimu-
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lating the invasive capacity of early neoplastic cells by
enhancing cell motility through increased formation of
lamellipodial structures[83] (Table 1). Furthermore, it has
been demonstrated that leptin stimulates two oncogenic
pathways in colonic adenocarcinoma cell lines, MitogenActivated Protein Kinase (MAPK) and NF-κB, with
resulting mitosis[64]. Indeed, in the CRC cell line HT-29,
leptin (1 nmol/L) treatment increased cell proliferation
and p42/44 MAPK phosphorylation, the number of
HT-29 cells in S and G2/M phase, cyclin D1 expression
in G0/G1 and prevented apoptosis of HT-29 cells, via
downstream NF-κB and extracellular signal-related kinase (ERK)1/2 signaling pathways[55]. More recently, by
analyzing the association between the regulatory effect of
leptin (100 ng/mL) on colon cancer and phosphoinositide kinase-3 (PI3K)/protein kinase B/mammalian target
of rapamycin (mTOR) signal transduction, it has been
demonstrated that leptin could regulate proliferation and
apoptosis of CRC through this signaling pathway[84]. In
a human colorectal adenoma-carcinoma sequence it has
been observed a role for signal transducer and activator
of transcription 3 (STAT3)-mediated leptin signaling
through the activation of the long form leptin receptor
(ObRL) in colorectal carcinogenesis (Figure 3)[85].
Evidence that leptin stimulates proliferation of colon
cells dependent on Apc genotype to induce auto/paracrine signaling cascades of inflammatory mediators and
growth factors also arises from experimental models
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Table 1 Role of adipokines in colorectal cancer at the various levels of evidence
Adipokine
Adiponectin
Inverse association

Leptin
Direct association

Resistin
Direct association

Ghrelin
Conflicting

In vitro evidence

In vivo animal studies

Translational studies

Proposed mechanism(s)

Suppression of colon cancer
cells by its receptor-mediated
AMPK activity[82]

Exogenous adiponectin in
ApcMin/+ mice is capable
of reducing the growth of
intestinal polyps[93]
Adiponectin knockout mice
are more prone to chronic
inflammation-induced colon
cancer compared to C57BL/6
wild type mice[94,95]

Inhibition of cell proliferation,
adhesion, invasion and colony
formation

Reduction of TNF-α levels;
regulation of metabolic
(AMPK/S6), inflammatory
(STAT3/VEGF) and cell
cycle (p21/p27/p53/cyclins)
signaling pathways[79]

Involvement in CRC
carcinogenesis only after the
tumor initiation stage[99]
Direct correlation with cancer
progression[111,112]

Regulation of proliferation and
apoptosis through PI3K/AKT/
mTOR signaling pathway
Enhanced expression of VEGF
and VEGF-R2, via PI3K, JAK2/
STAT3, and ERK1/2 signaling
pathways[63]

Stimulation of the invasive
Obese C57BL/6J-Lep (ob) male
capacity of early neoplastic
mice do not display increased
cells by enhancing cell motility tumorigenesis as compared to
through increased formation of
their lean littermates[97]
lamellipodial structures[83]
C57BL/KsJ-db/db obese and
diabetic mice have a significant
increase in the multiplicity of
premalignant lesions[98]
Overexpression in a human
colon cancer cell line, LS174T
and in the colonic epithelium
of many human colon cancer
tissues[88]

None reported

Association with the chronic
inflammation that leads to
cancer pathogenesis[105]
Gradual increase with
progression in tumor stage[125]

Interference with adipogenesis

Induction of apoptosis
in human CRC cells[89]
Overexpression and enhanced
production in malignant
intestinal epithelial cells[127]

None reported

Stage-dependent correlation
of locally produced autocrine
tissue ghrelin with colorectal
cancer[127]
Gradual decrease with
progression in tumor stage[128,129]

Inhibition of the ubiquitinproteasome system and
autophagy activation[90]

AMPK: AMP-activated protein kinase; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBPs: Insulin-like growth factor binding protein; TNF-α:
Tumor necrosis factor-α; VEGF: Vascular endothelial growth factor; STAT3: Signal transducer and activator of transcription 3; PI3K: Phosphoinositide kinase-3; AKT: Serine-threonine-protein kinase; mTOR: Mammalian target of rapamycin; ERK: Extracellular-signal-regulated kinase; CRC: Colorectal cancer.

using normal colon epithelial cells, young adult mouse
colon cells; Apc+/+ (YAMC), isolated from an immortalized murine cell line model mimicking a genetic mutation
in cells linked to stages of carcinogenesis, and ImmortoMin colonic epithelium cells; ApcMin/+ (IMCE), harboring
a mutation in Apc, a “gatekeeper” gene linked to human
colon cancer. In such a model, the response to leptin at
concentrations varying from 0.01 to 50 ng/mL, i.e., a
range similar to that detected in mouse serum[86], caused
a reduced proliferation and apoptosis in YAMC, and an
increased proliferation and inhibition of apoptosis in
IMCE[87]. Moreover, beside IMCE proliferation, leptin induced chemokine production, macrophage activation and
chemotaxis[88]. These data further highlight leptin-induced
cross-talk between preneoplastic epithelial cells and immune cells in the promotional phase of carcinogenesis[88].
If the role of the two former adipokines in colorectal
carcinogenesis has been extensively investigated in vitro,
only scattered information is available regarding the biochemical mechanisms linking resistin and ghrelin to CRC
(Table 1). As regards the family of tissue-specific resistinlike molecules, RELM β has been found to be overexpressed in a human colon cancer cell line, LS174T and
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in the colonic epithelium of most human colon cancer
tissues analyzed[89]. In a recent study[90] the direct inhibitory effects of both forms of ghrelin (G and UAG) and of
the ghrelin receptor type 1a antagonist (D-Lys-GHRP-6;
GHS-RA), applied alone or jointly, were analyzed on the
growth of colon and prostate cancer cell lines (murine
colon cancer MC38 and human prostate cancer DU145),
demonstrating an involvement of the ghrelin axis in the
growth regulation of colon and prostate cancers. Indeed,
the different members of the ghrelin axis, and the ghrelin
receptor type 1a antagonist, affected the growth of MC38
colon cancer and DU145 PCa cell lines with diverse potencies, depending on the type of the cancer cell line, the
applied substance and the concentration used[90]. More recent evidences indicated that ghrelin (1 μmol/L) induced
apoptosis in human colorectal carcinoma cells (HCT116
cells) by inhibiting the ubiquitin-proteasome system and
by activating autophagy, two proteolytic pathways strictly
related to cell cycle regulation and cell death[91].

EVIDENCE FROM ANIMAL MODELS
Diet-induced obesity mouse models have been employed
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to verify the epidemiological data linking obesity to colon
cancer development. Recent studies aimed at determining whether wild-type diet-induced obese (DIO) mice
were at greater risk of colon cancer than their lean male
littermates, indicated that DIO mice showed significantly
more aberrant crypts and aberrant crypt foci as well as
increased proliferation of colonocytes per mouse compared to wild-type control mice, when injected with the
procarcinogen azoxymethane[92]. In a similar setting, mice
with disruptions in APN developed more intestinal tumors, compared with wild-type mice[93].
At the same time, other studies have used different
animal models to gain evidence on the association between adiposopathy and CRC (Table 1). In this context, it
has been demonstrated that exogenous administration of
adiponectin in a ApcMin/+ mouse model of intestinal carcinogenesis is capable of reducing the growth of intestinal
polyps[94] and that adiponectin knockout mice are more
prone to chronic inflammation-induced colon cancer
compared to wild type mice[95,96].
The idea that adiponectin deficiency contributes to
inflammation-induced colon cancer, was further supported by the finding that, when inflammation and colon
cancer were induced in both adiponectin knockout and
C57BL/6 wild type mice, adiponectin proved to play an
important role in CRC prevention by modulating genes
involved in chronic inflammation and tumorigenesis[95].
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Finally, in adiponectin-deficient mice or wild type mice,
fed with either a high-fat (HF) or a low-fat (LF) diet,
adiponectin administration suppressed the increase in
epithelial cell proliferation[97] and the implanted tumor
growth, causing larger central necrotic areas[79]. Moreover, adiponectin treatment suppressed expression of
angiogenic factors (CD31, VEGFb and VEGFd) in tumors obtained from all HF mice and from adiponectindeficient mice either on HF or on LF diet, decreased serum insulin levels in HF mice and increased serum IL-12
levels in all adiponectin-deficient mice[79].
In analogy to what has been shown for adiponectin,
the role exerted by leptin in the increased risk of colon
cancer associated with obesity has been highlighted by
demonstrating that obese C57BL/6J-Lepob male mice, deficient in leptin, did not show signs of increased tumorigenesis, as compared to their lean littermates, suggesting
that leptin might serve as a key hormone mediating the
increased risk of colonic tumorigenesis associated with
obesity[98]. These data further support previous findings
that in C57BL/KsJ-db/db obese and diabetic mice with
hyperleptinemia and hyperinsulinemia due to disruption
of the leptin receptor, a significant increase in the multiplicity of premalignant lesions was found, as compared
to their lean littermates[99]. Of interest, in another animal
model of syngeneic mice, leptin was also shown to enhance the expression of VEGF and VEGF-R2, via PI3K,
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Janus kinases 2 (JAK2)/STAT3, and ERK1/2 signaling
pathways, thus suggesting its possible role in stimulating
tumor neoangiogenesis[63]. Finally, in experimental studies
on leptin-deficient and leptin receptor (ObR)-deficient
models of obesity, a significant decrease of tumor cell
proliferation was observed in leptin-deficient tumors,
concomitantly with a higher ObR expression levels in
the colon tumors as compared to normal epithelium
(Figure 3)[100]. In the colorectal adenoma (CRA) tissues,
a significant increase in the phosphorylation level of the
JAK/STAT signaling pathway molecules, and transcriptional regulation of STAT3-downstream target molecules
were observed, and in colon tumors the proliferative and
survival effects of leptin were found to be mediated by
ObRL/STAT3 signaling[100]. Accordingly, tumor growth
was dramatically inhibited in leptin-deficient and leptinreceptor-deficient mice despite their severe obesity[100].
Interestingly, it seems that leptin stimulates the proliferation of tumor cells in which Wnt signaling pathway is
activated (Figure 3)[100].
As regards resistin, it has been demonstrated that in
primary preadipocytes derived from Zucker obese rats,
adipokine expression differed significantly in visceral adipose tissue as compared to lean animals[101]. Indeed, while
resistin showed a characteristic expression profile during differentiation and maturation of 3T3-L1 cells and
primary preadipocytes, its expression was lower in the
visceral adipose tissue of Zucker obese rats[101] suggesting
that this adipokine strongly influences adipogenesis of
3T3-L1 cells in the early maturation period[66].

of CRC and the grade of adiponectin receptors, AdipoR1
and AdipoR2, expression[120]. Indeed, abundant expression of adiponectin receptors in CRC tissue may facilitate
the anticarcinogenic effect of adiponectin; conversely, low
expression levels of AdipoRs may promote progression
of CRC by counteracting the protective effects of adiponectin (Figure 3)[120].
Recent studies exploring high-molecular weight
(HMW) adiponectin, which is involved in insulin sensitivity regulation and non-HMW adiponectin fractions in relation to CRC risk, showed that, when stratified by cancer
site, non-HMW adiponectin was inversely associated with
both colon and rectal cancer, suggesting an important
role of the relative proportion of non-HMW adiponectin in CRC pathogenesis[121]. Meanwhile, evidence from
a large prospective study evaluating the association of
plasma adiponectin and soluble leptin receptor (sObR)
with CRC risk demonstrated that plasma adiponectin
was significantly associated with reduced risk of CRC
among men, but not among women and that sObR was
significantly associated with increased risk of rectal cancer but not colon cancer[122]. Recently, the hypothesis that
an unfavorable adipokine profile [as indicated by a high
leptin/adiponectin (L/A) ratio] might serve as a prognostic factor in CRC patients has been proposed[109,119]. In
particular, the evidence that a high L/A ratio had a negative prognostic value with respect to both disease-free
and overall survival in CRC patients suggested that combined measurement of both adipokines may represent an
adjunctive tool in risk prediction for CRC recurrence[119].
Of interest, the negative prognostic value of L/A ratio
was independent of gender (Figure 4)[119], contrarily to
what previously demonstrated for adiponectin alone[122].
Leptin is also directly correlated with the risk of
CRC[112,113] and a more aggressive tumor phenotype, as
demonstrated by the association with stage[114,119], microvascular invasion[115] or decreased relapse free survival[119],
although low or undetectable leptin concentrations were
observed in other studies[116,117,123]. It appears that leptin is
not involved in the early-stage CRC carcinogenesis but,
rather, only after the tumor initiation stage[100]. As regards
the sex-specific differences observed in relating leptin
to CRC risk, there is no agreement, since some Authors
reported an association in men but not in women[111,112],
while others found an association also in women[113].
Resistin is another adipokine that has been recently
proposed as an independent predictor of CRC[106,112,124],
independently of different anthropometric measures of
adiposity, such as WC[124-127]. Indeed, as no association
between resistin and IR has been detected, the hypothesis
that resistin may play a role in CRC independently of
obesity, but due to its close association with the chronic
inflammation that leads to cancer pathogenesis has been
advanced[106]. In this regard, although resistin levels positively correlated with inflammatory markers, association
with tumor stage is debated. In fact, while some studies
reported no differences between early and late stages
CRC[125], Nakajima et al[126] showed that resistin levels

EVIDENCES FROM TRANSLATIONAL
STUDIES
Several clinical and epidemiological studies have demonstrated that altered circulating levels of adipokines are
inversely correlated with the risk of CRC (Table 1)[99-117].
Results from meta-analyses suggest that changes in the
levels of adipocytokines may indicate the initiation and
progression of CRC and adenoma but conflicting results
have been reported in other studies[107-109]. Decreased concentrations of plasma adiponectin have been associated
with the development of colon adenomas in Japanese patients[118], the association being particularly significant with
the number/size of tumors and histological progression
from tubular to tubulovillous/villous adenomas[118]. A
large prospective study demonstrated that men with low
plasma adiponectin levels had a higher risk of CRC than
men with higher levels, the association being independent
of BMI, waist circumference, WHR and physical activity[102]. Furthermore, several case-control studies[104-106] have
confirmed the occurrence of lower adiponectin levels
in patients with CRC than in healthy controls and it has
been recently suggested that adiponectin might represent
a prognostic parameter in risk prediction for CRC recurrence[104,119]. In support of the hypothesis that adiponectin
can inhibit the growth of CRC, immunostaining studies
demonstrated an inverse correlation between the T stage
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gradually increased with progression in tumor stage.
Similarly, no study, so far, has reported any association
between resistin and age, sex, BMI or lifestyle parameters, rather than C-reactive protein levels[127]. Notably,
enhanced expression of tissue-specific resistin-like molecules RELMβ has been positively correlated with the
differentiation degree of colon adenocarcinoma and mucinous carcinoma, while loss of expression was observed
in undifferentiated carcinoma[89]. Based on these findings,
it has also been suggested that, independently from BMI,
resistin may be a good biomarker of CRC, while adiponectin may be superior in CRA[126].
As regards the role of ghrelin axis in CRC development, studies on CRC progression showed that malignant
intestinal epithelial cells differentially overexpress ghrelin receptors and produce more ghrelin as compared to
normal human colonocytes, thus causing their enhanced
proliferative and invasive behavior[128]. Contrasting results were obtained when comparing locally produced
autocrine ghrelin with its sistemically available form. In
support of the role of ghrelin in promoting malignancy
in CRC patients, it has been demonstrated that while locally produced autocrine ghrelin correlated with CRC in a
stage-dependent manner, systemically available endocrine
ghrelin levels did not exhibit significant correlation with
any tumor stage or grade[128]. These data were in contrast with an earlier study in which ghrelin serum levels
showed a decreasing pattern from early to advanced stage
of disease in CRC patients[129,130].

increased consumption of high-energy diets and reduced
consumption of fruit, vegetables and fibre, a sedentary
lifestyle and increased age, have proven to influence
adipose tissue functionality and to provide a common
soil for a strong link between obesity-driven chronic inflammation and CRC[133]. Reversing obesity-associated
inflammation and adiposopathy by lifestyle interventions,
including weight loss, physical activity and dietary modifications, might have a clinically relevant role in reducing
CRC risk or progression[134-136] and survival outcomes of
patients with recurrent colon cancer[137]. The mechanistic
and pathophysiology studies on adipokines highlight the
important role of these adipocyte-secreted hormones
in colon cancer. Literature data agree in indicating that
adiponectin or analogues might become useful agents in
the management or chemoprevention of CRC[79]. In conclusion, dissecting the mechanisms underlying adipokine
involvement in obesity-driven CRC will be of utmost
importance in risk reduction and design of tailored therapies to prevent chemoresistance and recurrence.
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History of Helicobacter pylori , duodenal ulcer, gastric ulcer
and gastric cancer
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and vegetables, especially in winter, vitamin deficiencies, and frequent febrile infections in childhood). The
th
latter part of the 19 century saw improvements in
standards of living, sanitation, and diets with a corresponding decrease in rate of development of atrophic
gastritis allowing duodenal ulcers to become more
th
prominent. In the early 20 century physician’s believed they could diagnose ulcers clinically and that the
diagnosis required hospitalization for “surgical disease”
or for “Sippy” diets. We show that while H. pylori remained common and virulent in Europe and the United
States, environmental changes resulted in changes of
the pattern of gastritis producing a change in the manifestations of H. pylori infections and subsequently to a
rapid decline in transmission and a rapid decline in all H.
pylori -related diseases.

David Y Graham, Michael E DeBakey VA Medical Center, Baylor College of Medicine, Houston, TX 77030, United States
Author contributions: Graham DY wrote this work without assistance.
Supported by In part by the Office of Research and Development Medical Research Service Department of Veterans Affairs,
Public Health Service grants No. DK062813 and No. DK56338
which funds the Texas Medical Center Digestive Diseases Center
Correspondence to: David Y Graham, MD, Michael E DeBakey VA Medical Center, Baylor College of Medicine, 2002
Holcombe Blvd., Rm 3A-318B (111D), Houston, TX 77030,
United States. dgraham@bcm.edu
Telephone: +1-713-7950232 Fax: +1-713-7901040
Received: September 26, 2013 Revised: October 28, 2013
Accepted: January 14, 2014
Published online: May 14, 2014

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
Helicobacter pylori (H. pylori ) infection underlies gastric

Key words: Helicobacter pylori ; Duodenal ulcer; Gastric
ulcer; Gastric cancer; Medical history; Ulcer surgery;
Epidemiology; Gastritis; Atrophic gastritis; Antiquity

ulcer disease, gastric cancer and duodenal ulcer disease. The disease expression reflects the pattern and
extent of gastritis/gastric atrophy (i.e. , duodenal ulcer
with non-atrophic and gastric ulcer and gastric cancer
with atrophic gastritis). Gastric and duodenal ulcers
and gastric cancer have been known for thousands of
th
years. Ulcers are generally non-fatal and until the 20
century were difficult to diagnose. However, the presence and pattern of gastritis in past civilizations can be
deduced based on the diseases present. It has been
suggested that gastric ulcer and duodenal ulcer both
th
arose or became more frequent in Europe in the 19
century. Here, we show that gastric cancer and gastric
th
th
ulcer were present throughout the 17 to 19 centuries
consistent with atrophic gastritis being the predominant
pattern, as it proved to be when it could be examined
th
directly in the late 19 century. The environment before
th
the 20 century favored acquisition of H. pylori infection and atrophic gastritis (e.g. , poor sanitation and
standards of living, seasonal diets poor in fresh fruits
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Core tip: Helicobacter pylori (H. pylori )-related diseases
reflect the pattern and extent of gastritis/atrophy (i.e. ,
duodenal ulcer signifies the presence of non-atrophic
gastritis whereas gastric ulcer and gastric cancer signify
atrophic gastritis). While, it has been suggested that
gastric ulcer and duodenal ulcer both arose or became
th
more frequent in Europe in the 19 century, the available data are more consistent with a change in the
pattern of gastritis related to environmental conditions
which previously had resulted primarily in atrophic
gastritis. Duodenal ulcer then dominated clinically until
the rapid decline in H. pylori transmission resulted in a
rapid decline in all H. pylori -related diseases.
Graham DY. History of Helicobacter pylori, duodenal ulcer,
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INTRODUCTION
It has been suggested that peptic ulcer disease, gastric and
duodenal arose or became remarkably more prevalent in
Western countries in the 19th century possibly because
of a change in the epidemiology of Helicobacter pylori (H.
pylori) infections[1]. That hypothesis was largely based in
studies of hospital admissions and clinical presentations
during that period (Figure 1). This review looks at the
history of H. pylori-related diseases particularly gastric
cancer, gastric ulcer, and duodenal ulcer over the last 2
millennia. We show that while H. pylori as been prevalent
throughout human history the clinical manifestations
changed recently in some Western countries. We also explain why duodenal ulcer disease appeared to appear suddenly in the late 19th century.
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Figure 1 Admissions for gastric ulcer and duodenal ulcer in 12 London
hospitals associated with a medical school presented as mean rates per
10000 admissions in each of five year periods plotted as the moving average of three consecutive time periods. Adapted from[1] with permission. GU:
Gastric ulcer; DU: Duodenal ulcer.

While we might decry the fact that PubMed only
indexed medical literature after the mid-1960’s, recent
advances in computer technology and the introduction
of the “Web” has begun to compensate for that shortcoming as investigators have begun to have resources
undreamed of by our forefathers. Who would have imagined that thousands of old medical books would have
been scanned and indexed making their contents almost
instantly available to anyone and anywhere. Portals such
as Google books allow anyone to read and download
much previously functionally lost material. For example,
if one “goggles” “Moynihan Ulcer History” in Google
books, one is presented with the chapter “History” in
Moynihan’s 1910 book, Duodenal Ulcer[2]. Here one can
read “The earliest mention of duodenal ulcer in medical literature occurs in the London ‘Medico-chirurgical
Transactions’ of 1817 (viii, 232). Mr. Travers there reports the following case: Case 1, Mr..., aged thirty-five,
of a strumous habit...” and goes on to describe two
cases, their history, physical, and autopsies. Moynihan
quotes John Abercrombie who in the second edition of
“Pathological and Practical Research on Diseases of the
Stomach,” (Edinburgh, 1830, pp. 103 et seq.) collected 5
cases from the literature. Moynihan cites Abercrombie
as the first to describe the patients history with duodenal
ulcer when he wrote “The leading peculiarity of disease
the duodenum, so far as we are presently acquainted with
it, seems to be that the food is taken with relish, and the
first stage of digestion is not impeded; but the pain begins about the time when the food is passing out of the
stomach or from two to four hours after a meal.” and
goes on to describe duodenal ulcer disease in the 19th
century. A few clicks will bring us Abercrombie’s paper
where we can read the report of his cases of duodenal
ulcer, gastric ulcer, and gastric cancer. This technology
allows one to almost immediately to identify and read
much of the basis for modern thought and without a trip

Historical background
For centuries traditional learning focused on classic thinking and literature extending back to ancient Greece and
scholars took great pride in their knowledge of works
from preceding centuries. By the mid to late-20th century
that tradition waned coincidence with an overwhelming
outpouring of new information making it no longer possible even to stay abreast of current knowledge resulting in increasing specialization; observations from pre20th century Medicine were largely ignored or forgotten.
This process was aided and abetted by the introduction
of electronic databases which made current literature increasingly available but failed to index the literature from
before the mid-1960’s.
The last half of the 19th century and the first half
of the 20 century in European counties and the United
States saw major changes in the clinical manifestations of
H. pylori infection including changes in type and incidence
of peptic ulcer disease and a fall in gastric cancer. These
changes were not worldwide and were largely limited to
what are now considered developed Western countries.
As will be discussed later, similar changes are now occurring in many Asian countries as they change their status
from developing to developed.
The period between 1800 and 1950 saw major changes in every aspect of life and any changes in the clinical
manifestations of H. pylori and its related diseases must
be considered within the context of what else was changing during the same interval. A survey of all the changes
that occurred from 18th through the mid-20th centuries is
not possible within the limitations of this essay, however
I will attempt to provide an overview and point those
interested to literature that will take them deeper if they
desire.

WJG|www.wjgnet.com

DU

5192

May 14, 2014|Volume 20|Issue 18|

Graham DY. History of H. pylori -related disease

occur, wane, and recur over long periods. H. pylori is trophic for gastric type epithelium and thus H. pylori ulcers
occur in the stomach and in the duodenum were H. pylori
infects metaplastic gastric epithelium[12].
The site of a peptic ulcer is determined by the extent
and distribution of gastritis. Normally, H. pylori cannot
establish infections in the duodenum because the organism is inhibited by bile[12]. However, because low pH
precipitates glycine conjugated bile acids, duodenal ulcers
can occur if acid secretion is sufficient to chronically
lower the pH in the duodenal bulb to allow the organism
to infect and inflame the metaplastic or heterotopic gastric mucosa within the duodenal bulb[12]. Duodenal ulcer
has a complicated pathophysiology that includes H. pyloriinduced alterations in the regulation of acid secretion as
well as alternations in duodenal bicarbonate secretion due
to mucosal damage frequently compounded by smokinginduced inhibition of duodenal bicarbonate secretion.
The presence and maintenance of a duodenal ulcer
requires that the stomach be able to secrete at least 12
moles of acid per hour and this requires a normal or near
normal gastric corpus. Ulcers in the prepyloric area of
the stomach are also associated with high acid secretion.
The location of an ulcer in the gastric corpus is generally
dictated by the location of the advancing atrophic border
(see below)[13] (Figure 2). Figure 2 shows that duodenal
ulcer (panel 1) is associated with normal or at most superficial gastritis. In contrast, as the site of gastric ulcers
moves proximately in the stomach, the extent and severity of corpus gastritis/atrophy increases.
Although H. pylori can survive in an acid environment,
it senses and moves away from acid so as to primarily
reside on or near the mucosal surface where the pH is
highest. The organism normally cannot survive in gastric
pits of the gastric corpus, a region into which parietal
cells secrete approximately 160 mmol/L HCl (pH < 1)
for transport to the lumen of the stomach. H. pylori density and involvement of the gastric pits is initially greatest
in the non-acid secreting portion of the stomach, (i.e.,
the antrum) and thus gastritis tends to initially be most
severe in the antrum and than to progress proximally into
the acid secreting corpus. This progression occurs as an
advancing front of a transitional zone of atrophic gastritis that borders the more normal corpus epithelium. The
advancing front leaves an increasingly large lawn of atrophic mucosa where parietal cells are rare or absent which
is variously called mucus, pyloric or spasmolytic polypeptide-expressing metaplasia[14]. Patchy areas of intestinal
metaplasia probably arise from and occur within regions
of pyloric metaplasia and their patchy nature was responsible for the erroneous belief that the atrophic process
was multifocal when in fact it is typically more uniform (as
a lawn) with multifocal areas of intestinal metaplasia.
Gastric ulcer tends to occur at the advancing atrophic
front and therefore the site of an H. pylori gastric ulcer
provides information regarding the extent and severity
of gastritis, atrophy as well as acid secretion[13] (Figure
2). Just as duodenal ulcer disease equates with corpus-

to the rare book room of a medical library.

Peptic ulcer disease in antiquity
Peptic ulcer disease was well known in antiquity. It is not
clear when the medical history of peptic ulcer was first
written, possibly with the Egyptians, or with Hippocrates
[born 460 BCE, or Diocles of Carystos (4 th century
BCE)][3]. One of the earliest descriptions is carved on
a pillar of the temple of Aesculapius at Epidaurus (4th
century BCE) where what might be considered the first
surgery for a gastric ulcer was described by Goldstein “A
man with an ulcer in his stomach. He incubated and saw
a vision; the god seemed to order his followers to seize
and hold him, that he might incise his stomach. So he
fled, but they caught and tied him to the doorknocker.
Then Asklepios opened his stomach, cut out the ulcer,
sewed him up again, and loosed his bonds. He went away
whole, but the chamber was covered with his blood”[3].
The first definite peptic ulcer in a human was described
in the 20th century was from the autopsy of a mummy of
a man from the Western Han dynasty who died in 167
BCE. The autopsy showed a clearly visible perforated
prepyloric ulcer resulting in acute diffuse peritonitis complicated by disseminated coagulopathy[4]. So much for
peptic ulcer as a modern disease!
Numerous authors in the 16th, 17th century, 18th and
th
19 centuries wrote on the topic and those interested in
details are directed to excellent chapters on the history
of peptic ulcer by Wilber[5] and Smith and Rivers[6] and
two outstanding papers by Goldstein[3,7]. Besides these
chapters and papers on the history of peptic ulcers, historically interested individuals should consider William
Brinton’s 1857 book on ulcer of the stomach[8] where he
describe his extensive experiences with ulcer disease and
gastric cancer. The historical era probably culminated
about 1910 with Moynihan’s books on duodenal ulcer[9,10].
However, the late 19th century which was a time of intense interest in the stomach and gastric physiology and
there are many other important individuals and works
not discussed here such as those by Ivan Pavlov, Walter
Cannon, Theodor Billroth, and William Mayo.

GASTRIC AND DUODENAL ULCERS AND
GASTRIC CANCER ARE SURROGATES
FOR THE PATTERN OF GASTRITIS
Endemic or common peptic ulcer is a complication of
an H. pylori infection. A peptic ulcer occurs in areas exposed to acid and pepsin and is defined as a break in the
mucosa lining the stomach or proximal intestine extending through the muscularis mucosae. Classic peptic ulcer
disease is a chronic recurring disease that represented defective wound healing[11]. Peptic ulcer disease is typically a
non-fatal disease that primarily presents with symptoms
of epigastric pain typically relieved by food or alkali.
Symptoms often exhibit periodicity meaning that they
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Figure 2 Examples of the relation of the site of a peptic ulcer and its relation to the extent and severity of corpus gastritis/gastric atrophy. The number of
cases sampled for each ulcer site are shown. The control group consisted of 158 individuals without a peptic ulcer. Adapted from[13] with permission. N: Normal; SG:
Superficial gastritis; A: Atrophy.

sparing or non-atrophic corpus gastritis with normal to
high acid output, a gastric ulcer in the body of the stomach signifies the presence of corpus gastritis; the more
proximal the ulcer the more extensive and severe the
gastritis (Figure 2). Gastric cancers are also strongly associated with pangastritis. The incidence of gastric cancer
increases with the extent and severity of the gastritis[15-17]
such that gastric ulcer and gastric cancer form one axis
(e.g., atrophic pangastritis) whereas duodenal ulcer forms
another (antral predominant or corpus sparing gastritis).
As such while gastric ulcer and gastric cancer can evolve
from those with duodenal ulcer but the opposite cannot
occur.
Decades ago it was recognized that patients with
duodenal ulcer rarely got gastric cancer and that observation has been repeated confirmed in the H. pylori era.
However, because duodenal ulcer disease and gastric
cancer represent different stages in the same process, the
concept that patients with active duodenal ulcer disease
are somehow “protected” against gastric cancer is largely
an artifact reflecting the differences in the extent of H.
pylori gastritis and acid secretion. Long ago it was suggested that the natural history of duodenal ulcer disease
may be to “burn out” which reflected the fact that as the
gastritis advanced into the corpus it would reduce gastric
acid secretion below the level required to maintain active duodenal ulcer disease[15,18,19]. Thus, in regions where
atrophic gastritis occurs early, such as Korea or Japan,
there may only be brief window of time when the gastric
corpus retains sufficient active parietal cells to allow duodenal ulcer to become manifest before burning out. This
is also consistent with the fact that in areas where gastric
cancer is common, scars of past duodenal ulcer disease
are found in 1% to 7% of those with gastric cancer[20-28].
A change in the most common pattern of gastritis
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from the rapid onset of atrophic gastritis to a predominantly non-atrophic pattern would also result in a change
the disease pattern from gastric ulcer and gastric cancer
to predominantly duodenal ulcer. This is what we believed happened in the West and is responsible for the
changes that have been observed. This paper will present
the evidence and also speculations regarding how and
why. It will be largely from the Eurocentric or Westerncentric perspective since the available data and hypotheses are largely derived from data from those regions.

ULCERS DISEASE IN THE 19th CENTURY
Although ulcers have long been known to medical science, ulcer disease only became a popular diagnosis in the
late 19th century. This change in frequency of diagnosis
can reflect a change in incidence or a change in diagnosis
(i.e., the symptoms of ulcer disease were previously attributed to some other process). Alternatively, the prevalence or virulence of H. pylori might have changed such
that new disease patterns emerged. There are examples
of populations where H. pylori is rare, such as ethnic Malays in whom peptic ulcer and gastric cancer were long
recognized to be rare[29-32]. While, it is possible that H.
pylori was either largely absent from Western countries or
became widespread or more virulent in the 18th and 19th
centuries[1,33], there is little to support those hypotheses
and there are strong data against them (Table 1).
Using molecular techniques one can trace the migration of people by comparing their H. pylori strains and
this approach has led to the recognition that H. pylori has
traveled with mankind since at least the time that humans
migrated out of Africa[34-36]. The initial studies of populations now living in the Americas found that their strains
were of Western origin leading to the hypothesis that H.
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Table 1 Possibilities why duodenal ulcer seemed to appear in Europe at the end of the 19 century
Change in prevalence of the infection (e.g., acquisition of a new pathogen or increased prevalence of existing pathogen)
Change in the age of acquisition of the infection resulting in different clinical manifestations
Change in virulence of Helicobacter pylori (H. pylori)
Change in host-H. pylori interaction (e.g., resulting in change in the intensity of inflammation)
Change in the host-bacterial-environmental interactions such that the host is better able, or less able to defend against the infection or the effects of the
infection as reflected in the pattern and extent of gastritis/atrophy

pylori might have been absent from the native American
populations and were introduced as part of the post Columbus transmission of infectious agents[37]. However,
subsequent studies showed that H. pylori strains in native
Americans were derived from archaic North Western
Asia strains[38]. It is now thought that the widespread
presence of Western strains in the Americas reflects the
fact that the original strains were replaced by Western
strains. These data are consistent with H. pylori being
widely present among Europeans during the 16th through
the 19th century and has been confirmed studies of European strains among European populations.
If H. pylori prevalence did not change, did its virulence change? This possibility is not supported by the
available data. Although the risk of a clinical disease
outcome is approximately doubled when infected with a
more virulent strain (e.g., containing the cag pathogenicity
island or cag PAI), all known H. pylori are associated with
peptic ulcer and gastric cancer independent of whether
they possess one or more putative virulence factors (i.e.,
the differences are in degree of risk not in risk per se).
The incidence of gastric ulcer and gastric cancer is
dependent in part on the presence of a reasonably sized
population over 50 years age as well as the prevalence
of atrophic gastritis. As noted above, gastric cancer was
well known in the early 19th century[39] (e.g., Brinton in the
mid-19th century was able to find many cases)[8] and when
records of gastric cancer were first being collected, Europeans led the world in incidence[40]. Since gastric atrophy
generally requires decades to develop, the presence of
gastric cancer despite the relatively short life expectancy
reflects a high prevalence of H. pylori in birth cohorts in
Europe extending back at least into the mid-17th century.
Area of in South and Central America have some of
the highest gastric cancer/atrophic gastritis incidences
in the world and the H. pylori strains currently infecting those populations are descendents of those strains
brought to the Americas by European colonists. This also
speaks against a relative absence or avirulence of H. pylori
in European populations at that time. The ability of Europeans to export gastric cancer/atrophic gastritis to the
Americas[41] does not support the suggestion that there
was a sudden appearance of H. pylori or change in its
virulence in the West during the periods when it has been
speculated that peptic ulcers appeared as a new disease.
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Gastric cancer as a index of the
prevalence of atrophic gastritis
in the 19th and 20th centuries
Gastric cancer was well known in the early 19th century
(e.g., in the 1830’s both Cruveilhier and Rokitansky noted
the coexistence of gastric cancer and gastric ulcer and
William Brinton was able to pull together more than 200
cases)[39]. A turning point came in 1879 when von den
Velden reported a link between achlorhydria and gastric cancer[17]. Because gastric cancer was then the most
common type of cancer, his observation prompted an
outpouring of research on gastritis, gastric acid secretion,
and methods to diagnose gastric cancer other than autopsy (reviewed in reference[17]). The widespread interest in
gastric cancer is reflected in the publications of Turck[42],
Schlesinger and Kaufmann[43], Boas and Oppler[44] in
1895 when they all reported on the use of bacteriology
of the stomach to diagnose gastric cancer which lead to
a number of studies over the next two decades regarding
the role of the Boas-Oppler bacillus (Lactobacillus) in the
diagnosis of gastric cancer. Clearly, Lactobacillus was, and
is, a common accompaniment of atrophic gastritis and it
appears unlikely that changes in its consumption played a
significant role in the change in the manifestations of H.
pylori-related diseases[33].
Another major advance occurred during the late 19th
and early 20th centuries, when Faber revolutionized gastric
histopathology by the early post mortem administration
of formalin directly into the abdominal cavity and into
the stomach to allow gastric histology to be examined
without the autolytic changes that had plagued earlier
studies[45,46]. Development of atrophic gastritis and gastric atrophy at an early age was very common during the
late 19th and early 20th century in both Northern Europe
and in Northern United States) consistent with the high
incidence of gastric cancer in both areas[17,45,46] (Figure 3).
However, this was the same period that the incidence of
duodenal ulcer was increasing and thus was a harbinger
of the future as it signaled that the pattern of gastritis
was changing from one of the early acquisition of atrophic gastritis to either a slower development of atrophy
or to a predominantly non-atrophic gastritis which allowed the appearance of clinical duodenal acid disease[47]
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Figure 3 Prevalence of atrophic gastritis/atrophy in the early twentieth century. Example of studies in the United States and Europe showing the high prevalence of atrophic gastritis/atrophy as evidenced by the age-related prevalence of achlorhydria (from[17], with permission).

in those born in the United States. One suspects that if
the samples had been taken in both groups earlier (e.g.,
1880, they would have been similar as the incidence of
gastric cancer in the past was high in both countries.
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Because peptic ulcer is typically a non-fatal disease it
was difficult to diagnose reliably before the 20th century
when surgery, radiology and endoscopy became available. Dyspepsia has been common throughout history
but the cause(s) remained both unknown and generally
unknowable. Until recently, autopsy was probably the
only method allowing one a peek at which diseases had
occurred during life. An autopsy can both identify what
caused death as well as function as an form of medical
archeology allowing the careful observer to obtain an inkling about what diseases might have occurred earlier in
life. In their 1950 encyclopedic book summarizing peptic
ulcer disease, Ivy, Grossman, and Bachrach included a 49
page chapter entitled “Postmortem incidence in relation
to pathogenesis” where they analyzed the relevant autopsy data available from Europe during the 19th century[48].
Importantly, they used strict criteria for inclusion of an
autopsy study and carefully considered factors that could
potentially have biased the results. The studies the chose
were required to have a sufficient number of cases (e.g.,
≥ 1000), the authors must have specifically examined for
open ulcers and for ulcer scars, the data must have represented the population studied, the data were restricted
to adults (or > 10 years old, as most deaths were in very
young children), and finally, there must be a sufficient
number age 50 or over (as gastric ulcer and gastric cancer
are most common after age 50). They included 29 studies
including 10 European studies performed between 1844
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Figure 4 Comparison of the prevalence of intestinal metaplasia on gastric
antral biopsies in two areas of Japan and in one area in Minnesota, United
States. Adapted from[47] with permission.

(Figure 4). In Figure 4 the Japanese samples were taken in
the late 1960’s where as those in the United States were
collected in the early 1940’s. Japan remains a country
with a high risk of gastric cancer. The United States saw
a marked decline in gastric cancer incidence that became
evident in the first half of the 20th century. The plot suggests that those born after 1910 (e.g., more than 30 years
old when the biopsies were taken, experienced a different environment than those born before that time. The
rate of acquisition of intestinal metaplasia was also less
among all those born in the United States (e.g., the degree
of atrophy among those of similar age was markedly less
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Figure 5 Autopsy data from Europe showing the proportion of adults (i.e.,
10 or older) from large autopsy studies in which the presence of an ulcer
or ulcer scar was specifically examined showing the increase in the incidence of duodenal ulcer in the latter part of the 19th and early 20th century.
Data from refererence[48].

Figure 6 Health, height, and welfare: Britain between 1700 and 1980
based on the human development index which is a composite statistic of
life expectancy, education, and income indices used to rank human development. A score below 0.5 signifies low development and 0.8 or greater, high
development. Data from[59].

and 1899 which represented birth cohorts extending well
back into the 18th century. On the basis of their analysis,
they concluded that although the incidence of peptic
ulcer was variable, there was no evidence of a change in
incidence in gastric ulcer during the 19th century including the early 20th century. In contrast, the found clear evidence of an increase in duodenal ulcer in the last quarter
of the 19th century that extended into the 20th century
(Figure 5). Because duodenal ulcer and gastric ulcer represent entirely different patterns of gastritis, these data
suggest that the incidence of H. pylori did not change,
rather the pattern of gastritis changed or was changing.

single dark room shared day and night with wife, children
and livestock. His only source of heat was a smoky wood
fire. He owned a single set of clothing. He traveled no
further than his feet could carry him. His only recreations
were sex and poaching. He received no medical attention. He was like illiterate. In good times, he ate only the
coarsest foods - wheat and barley in the form of mush
or bread. Clark estimated that the average British farm
laborer consumed an average of only 1500 calories per
day. Even potatoes were a luxury beyond his reach.”
(quoted from Nasar[49]). Prentice described life in the
United Kingdom in 1844 as: “Full 1/3 of our population
(in the United Kingdom) subsist almost entirely, or rather
starve, upon potatoes alone, another 1/3 have, in addition to this edible, oaten or inferior wheaten bread with
one or two meals of fat pork, or the refuse of shambles,
per week; while a considerable majority of the remaining
1/3 seldom are able to procure an ample daily supply of
good butcher’s meat or obtain the luxury of poultry from
year to year. On the Continent of Europe, population is
still in worse condition”[50]. The average height fell in first
quarter of 19th century and then began to improve. Infant
mortality was high but declined after 1845 and life expectancy at birth rose after 1860 having been persistently below 50 overall and below 60 for males who survived the
age of 5 for the first half of the century. Life expectancy
for males who survived age 5 did not achieve 60 years
until approximately 1910 (Figure 6). Figure 6 shows the
human development index, a composite statistic of life
expectancy, education, and income indices used to rank
human development based on life expectancy at birth (an
index of population health and longevity), knowledge
and education (adult literacy rate), and the standard of
living based on the gross national produce. Because of
the short life expectancy both gastric ulcer and gastric
cancer were less prevalent than in later years. In the last
quarter of the century diets improved and homelessness,

THE 19th CENTURY
The 19th century was a time of incredible change. It was
the era of the industrial revolution and one with marked
changes in transportation, diet, farming, food preservation, and type of work (i.e., essentially every aspect of
life). It was the time of Charles Dickens and Jane Austin;
Dickens described the fate of the poor whereas Jane
Austin dealt primarily with the upper classes. During this
time that Reverend Robert Malthus provided his dire predictions of population growth and it effects on the future
and when a number of individuals whose concerns for
the poor had major future consequence (e.g., Friedrich
Engles, Karl Marx, and Henry Mayhew)[49]. The Napoleonic wars overlapped the beginning of the century and
war within Europe remained endemic throughout the
entire 19th century.

LIFE IN 19th CENTURY EUROPE
The typical Englishman was a farm laborer. He was described by the English economic historian Gregory Clark
as “his material living was not much better than that
of the average Roman slave. His cottage consisted of a
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begging declined and life expectancy increased.
“In 1842 the United Kingdom population was described as prolific, hungry and angry”[51]. The towns were
described as “ill drained and ill built, of dirty brick and
grimy stone, with large brutal factory buildings, were
probably more like hell than should be the dwelling places of any children of God” and the people frequently out
of work (e.g., in 1841 in Paisley Scotland “between 10000
and 13000 persons, out of a population of about 60000
were dependent on relief ”[51]. Such were the times during
which Charles Dickens wrote his novel “Hard Times”.
The 19th century was also the time of major advances.
Water borne transportation was the only practical means
of moving heavy or bulk cargo. Canal building began
in Europe in the late 18th century and continued until
supplanted by railroads. There were advances in transportation throughout the 19th century, first with canals,
then railroads, and finally improved roads[52-54]. Improved
transportation, farming land ownership, methods of
farming and food preservation and development of synthetic fertilizers during this century markedly reduced the
frequency of famine which however remained a regular
occurrence well into the 20th century[50,52,55-59]. Entrepreneurship was developed which lead to new processes, inventions, management ideas, tools, training, etc. which led
to improved productivity (i.e., more output per worker).
Work thus became “worth more” and workers became
more difficult to replace and better paid and thus, workers experienced improved lifestyle, diet, housing, and sanitation[49,58]. It is hard for someone living today to imagine
this time or even the world before world war Ⅱ.

tric cancer typically declines following the introduction
of refrigerators[64,65], refrigerators themselves cannot be a
direct cause but rather are a surrogate for the change in
food preservation and likely for the increased consumption of a fresher and more varied diet and less salt. The
association of a reduction of gastric cancer incidence in
relation to intake of fresh fruits and vegetables also suggests a role for phyto-nutrients in maintaining the health
of the gastric corpus. Likely vitamin C plays an important role as ascorbic acid deficiency is associated with all
forms of gastritis (e.g., autoimmune, chemical, and infectious) whether due to insufficient intake, increased metabolic requirements, or destruction within the GI tract[61].
Importantly, gastritis-associated abnormalities in gastric
ascorbic acid metabolism are reversed by H. pylori eradication[61] and diets rich in naturally occuring ascorbic acid
are associated with protection of the gastric corpus from
atrophy as well as a reduction in the incidence of gastric
cancer possibly through the ability of ascorbic acid to
reduce oxidative damage to the gastric mucosa by scavenging free radicals and attenuating the H. pylori-induced
inflammatory cascade.
As noted above, H. pylori normally move away from
acid environments which restricts their location to the antrum and to remain superficial in the acid producing corpus[62]. However, when acid secretion is decreased H. pylori can invade the gastric pits in the corpus which results
in an extension of inflammation deeper into the mucosa.
IL1β, a potent antisecretory agent, is stimulated by the
inflamed mucosa and further suppresses acid secretion
further enhancing the ability of H. pylori to permanently
occupy a position near the replicative zone in the gastric
pit of the corpus mucosa and likely accelerating both the
rate of development and the severity of atrophic gastritis.
This process has been clearly illustrated following highly
selective (parietal call) vagotomy in patients with duodenal ulcer disease which is associated with a rapid expansion of gastritis into the corpus gastritis[15,69]. This process
also occurs following institution of therapy with a proton
pump inhibitor[70]. Probably the most important factors
leading to early development of atrophic pangastritis in
the past were the limited diets and the associated vitamin
deficiencies which was exacerbated by frequent febrile illnesses which also inhibit acid secretion[62,71].
Finally, diphtheria can cause gastric damage and may
even be a cause of gastric atrophy[46,62]. The role played by
diphtheria and the effects of immunization against diphtheria in the prevention of early-onset atrophic gastritis
remains unknown.

WHAT WAS RESPONSIBLE FOR A
CHANGE IN THE PATTERN OF GASTRITIS
IN THE 19th CENTURY?
Improvements in sanitation and standards of living resulted in a marked reduction in the incidence of deaths
from infectious diseases, especially after 1850[60]. The improvements in transportation, farming, and income led to
improved diets such that they were more varied and more
likely to contain fruits and vegetables (i.e., vitamin C)[61].
Improvements in life expectancy was evident both in a
reduction in infant mortality and in overall survival such
that the number of persons over age 50 increased. These
improvement in standards of living, sanitation, and diet,
especially the change in diets from seasonal to more varied and more fresh and less preserved foods are thought
to be the critical elements in determining the rate of
development of atrophic gastritis[62]. Changes in the pattern of gastritis were likely to first become evident in the
upper classes as they were better able to take advantage
of improvements[63]. However, over time any advantages
would have extended to the entire society especially when
food preservation changed from smoking and salting to
refrigeration[64-68] and changes in farming and transportation became widespread. Although the incidence of gas-

WJG|www.wjgnet.com

Modern examples of changes in
the pattern of gastritis
The changes that resulted in a change in the pattern of
gastritis in the Western world in the late 19th and early
20th century are currently occurring in Japan, South Korea, and likely other Asian area where rapid development,
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Figure 7 Changes in the incidence of gastric cancer and Helicobacter pylori infection among Japanese men age 65-69 during the latter half of the
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improved sanitation, diet and methods of food preservation have occurred. For example, in Japan the incidence
of gastric cancer has rapidly fallen (e.g., by approximately
60% between 1965 and 1995) and this has occurred in all
age groups (Figure 7). As shown in Figure 8, in this 65
year old cohort the change in gastric incidence occurred
without a change in the prevalence of H. pylori. During
this short interval there was also no change in the virulence of the common H. pylori strain or in the host genetics showing the impact of improved standards of living,
diet, and change in food preservation, etc. thus mirroring
what had happened in the West a century before.

Duodenal ulcer
1750

1800
Atrophic gastritis

1950

Non-atrophic gastritis

Figure 8 In this 65 years old cohort the change in gastric incidence occurred without a change in the prevalence of Helicobacter pylori. A: Model
showing that gastric ulcer and gastric cancer were present and relatively common until the early 20th century when changes in the pattern of gastritis and
also the prevalence of Helicobacter pylori (H. pylori) infection separately led to
a reduction in incidence. In contrast, the change in the pattern of gastritis and
new diagnostic modalities led to ascendance of duodenal ulcer until the rise
was overtaken by the fall in H. pylori prevalence (the scale is arbitrary); B: The
same results shown in relation to the underlying pathology, atrophic pangastritis
which manifests clinically as gastric ulcer or cancer and non-atrophic gastritis
which manifests as duodenal ulcer.

Birth cohorts
As noted above, the 19th and early 20th century were a
time of tremendous change in standards of living, diet,
and food preservation such that each birth cohort was
born into a different world and thus experienced different risks of developing any particular pattern of gastritis.
The use of birth cohort techniques to analyze the data allows one to estimate when the changes started to appear.
This technique is particularly applicable to times of great
change when almost any feature of the life that changed
will exhibit a relation to birth cohorts. However, it cannot
tell us the mechanisms. Overall, the current data support
the concept that the pattern of gastritis is most related to
changes in host, bacteria, and environmental interaction
which is dominated by environmental changes likely diet.

one week followed by sudden acute pain, vomiting and
collapse[23,72]. He was operated on second day by Sidney
Jones. He died. The second was a 31 year old who had an
acute attack resembling intestinal obstruction with peritonitis. He was operated by John Croft on the third day and
also died. Until this time, such patients were not brought
to the attention of surgeons, or if they were, they were
considered inoperable. However, Mackensie pointed
out that these patients had conditions that were potentially surgical[23,72] and surgeons took up the challenge. In
1901 Moynihan was able to compile 51 cases operated
in Europe on between 1888 and 1901 involving 40 different surgeons; 8 survived[73]. However duodenal ulcer
and perforated ulcer was not a new problem having been
recognized centuries before[2,3,6,22]. For example Moynihan
noted that “In 1865 appeared Krauss ‘Das perforirende
Geschwur im Duodenum’ [the perforating Ulcer in the
duodenum] (Berlin, Aug. Hirschwald). In this pamphlet
there are 80 case records, for the most part in full detail.
Between 1863 and 1882 a series of Paris theses appeared,

Effect of the surgeons
Until the late 19th century, the abdomen was considered
off-limits to the surgeon. In 1879 Pean reported the first
partial gastrectomy; the patient died[5]. In the Lancet of
December 1, 1888, Mackensie reported two patients
operated on for perforated ulcers: one was a 35 year old
alcoholic who presented with indefinite epigastric pain,
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in which a few additional cases were recorded, but nothing material was added to our knowledge”[2].
The late 19th and early 20th century was an era with
a flurry of new surgical operations (i.e., Billroth: 1891
performed the successful gastrectomy in 1891[5] and
Codivilla operated for chronic duoden ulcer in 1893)[2].
Moynihan began operating on duodenal ulcer in 1899
and Moynihan in Leeds, and Mayo in the United States
greatly popularized the surgical treatment of ulcer disease
in the early 20th century.
In 1910 Moynihan published his classic book “Peptic Ulcer” (available as a free e-book on Google books)
which was updated in 1912[9,10]. Details of the cases he
operated on including history, physical examination,
operative finding, and follow-up are given; he included
305 cases in the 1912 edition. The diagnosis of ulcer
was based on symptoms and confirmed by operation[74].
Moynihan stated (on page 159) “I believe it to be true to
say that the significance of the symptoms in these attacks
has never yet been fully recognized by the physician. It
has not been realized that these symptoms are due to a
structural lesion, and consequently (after a diagnosis of
“acid gastritis” or “neurosis”) treatment has been perfunctual and brief. Up to the present time it is, with the
exception of a single case I have mentioned, only after
repeated attacks, sustained often over a period of years,
that the surgical needs of the case have been recognized.
If the first of the attacks be due to duodenal ulcer, then
medical treatment of a sufficiently protracted and careful character should be tried. But when the attacks recur
in the typical manner I have described, the lesion found
is of such a nature that anything other than surgical
treatment is not worth considering. It is safe, speedier,
and more certain than any other mode of treatment”[9].
Moynihan reported that using history alone in a consecutive series he correctly (i.e., confirmed surgically) diagnosed ulcer in 97 of 100 cases. His incorrect diagnoses
included gall stones in 2 and gall stones and appendicitis
in 1[75].
Within one generation, duodenal ulcer went from being largely unknown to being a surgical condition! However, the world was soon to change again for in 1915 Bertram W. Sippy published his “medical cure by an efficient
removal of gastric juice corrosion” where he proposed
diet therapy for both gastric and duodenal ulcers[76].
Sippy’s therapy consisted of hourly small feedings to provide nutrition while not distending the stomach to cause
it to secrete excessively alternating with antacids for 12 h
per day. Importantly this was recommended to be done
in hospital. Feedings started with milk and cream and
gradually expanded into a diet. Diet therapy remained in
vogue until the advent of H2-receptor antagonists and
during this time many doctors would prescribe the Sippy
regimen or a variant of published “ulcer diets” along
with antacid therapy. Because both surgical and medical
therapy were hospital-based therapies, it should come
as no surprise that the frequency of hospitalization for
peptic ulcer increased rapidly in the first part of the 20th
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century (Figure 8).
The 1920’s brought increasing use of contrast radiology. One of the early practitioners stated “we are told,
with the most dogmatic assurance, that given a clinical
history of recurrent pain, located in the epigastric region,
occurring at certain intervals, varying from half an hour
to three or four hours after means, relieved by food or
baking soda, with variable periods of complete or partial
remission, during which the patient suffers from little or
no annoyance, that we have all that is essential to make a
diagnosis of peptic ulcer. In fact, Moynihan goes so far
as to maintain that any recurring hyperchlorhydria means
ulcer”[77]. Ulcers were recognized radiologically by the
presence of an ulcer niche, deformity, gastric hypermotility, or 6th hour retention with a differential for X-ray
features of ulcer, gall stones, or chronic appendicitis. It
would however take decades before the limitations of
barium X-ray were fully recognized.

Could duodenal ulcer have been
common and not been recognized?
It is difficult to believe that the epidemic of perforated
ulcers reported by European surgeons in the late 19th
century or the 305 ulcer cases operated on my Moynihan
in the first decade of the 20th century represented an
epidemic of a new disease rather than the result of the
availability of new therapies (i.e., surgery for the acute
abdomen and for a easily recognizable chronic dyspeptic
syndrome). The leaders at the time commented on the
fact that physicians were now able to diagnose ulcer disease clinically. For example, Faber remarked “...it seemed
as the scales fell from the eyes of the internists. The
nervous secretion anomalies, the neurotic attacks of pain
- the entire treasure house of nervous dyspepsia was broken into and plundered. Anatomical diagnosis had scored
another triumph in medicine”[46].
Dyspepsia has been a common complaint throughout
history and had long been recognized as particularly common in United States[78]. These physicians could distinguish episodic dyspepsia form heartburn, water-brash and
pyrosis which were also widely recognized and prevalent.
For example, in 1841 Thomas West published “A treatise
on pyrosis idiopathica or water-brash as contrasted with
certain forms of indigestion and of organic lesions of
the abdominal organs, together with the remedies dietetic
and medicinal”[79]. In his book he clearly described the
clinical features of gastroesophageal reflux and its natural
history. He noted that pyrosis was a chronic rather than
an episodic condition that was best treated by alkali and
contrasted the clinical condition with “episodic or spasmodic dyspepsia” which are more typical in peptic ulcer
disease. Abercrombie, West and Brinton all had the ability to distinguish between different dyspeptic conditions
and target the best available therapies despite the lack
of knowledge of the causes of the symptoms. For example, these early workers preferred alkali for symptoms
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more frequently misdiagnosed[84]. Examples include the
so called debunked enigmas such as the “African enigma”
which postulated that in Africa H. pylori was common but
it rarely was associated peptic ulcer or gastric cancer[85,86].
There a examples prior to the H. pylori era as in Uganda
where it was reported that peptic ulcer was rare. However, Roberts noted “the native of Uganda has sheltered
gastric and duodenal ulcer from view under the cloak of
kifuba (pain in the chest). Attention was drawn to this
subject by the admission of a case of perforated duodenal ulcer in June 1931. Since then fourteen cases of kifuba
have undergone surgical treatment for gastric and duodenal ulcer”[87].
Moynihan. despite his somewhat dogmatic statements.
experienced a learning curve in diagnosing duodenal
ulcer. For example, Collinson reviewed all of the cases
Moynihan operated on and noted “In examining the case
histories one is impressed by two facts: First, that in the
earlier cases the clinical picture which we are now accustomed to associate with the presence of duodenal ulcer is
only imperfectly indicated in the account of the patient’
s symptoms, whilst in the majority of the later cases the
patient’s account of his symptoms given after careful
enquiry is typical. The second point of interest is that in
the early cases operation was in a large proportion of the
cases undertaken for the more serious complications of
duodenal ulceration rather than for the relief of symptoms due to the ulcer itself… The details of the cases
mark the gradual increase of our knowledge of duodenal
u1cer: in the earlier period symptoms were little understood, accurate information as to. the time of onset of
pain was not sought, and it was only the grosser and more
serious results of ulceration which brought the patient
into the hands of the surgeon; as our knowledge of, and
familiarity with, the condition have increased, so the cases
have been seen earlier, their symptoms more carefully investigated, and operation advised and performed in most
cases before the onset of dangerous complications”[74].
The main problem with knowing the incidence and
prevalence of peptic especially duodenal ulcer is that correct diagnosis requires a reliable method for diagnosis
and before the 20th century duodenal and gastric ulcers
were likely lumped with the vast group of nervous diseases of the stomach mentioned by Moynihan and Faber.
In the early 20th century Boas, in his textbook “Diseases
of the Stomach” (translated from German in 1907),
which included sections on “round ulcer of the stomach”, devoted more than 90 pages to “Nervous diseases
of the stomach”[88]. This section discusses numerous diseases of the stomach of nervous origin that were soon to
largely disappear from medical textbooks. As peptic ulcer
declined and it became clear that classic ulcer symptoms
were not, or were no longer, diagnostic and even now
we are required to use endoscopy to separate ulcer dyspepsia from uninvestigated dyspepsia (i.e., organic from
presumed functional diseases). It seems that some things
never change.
Peptic ulcer is generally a non-fatal illness whose re-

of what we now call reflux esophagitis and bismuth for
symptoms later to be described as characteristic of peptic
ulcer.
John Eberle in his book “A treatise of the Materia
Medica and Therapeutics” published in 1834 noted that
bismuth had been introduced in 1697 by Jacobi and was
popularized by Dr. Odier of Geneva, and De la Roche,
of Paris [80]. Eberle stated”At present employment is
chiefly confined to the cure of gastrodynia, pyrosis, and
cardialgia. In these afflictions it seems to be pretty generally admitted to be a medicine of much value. Dr. Marcet,
whose testimony deserves great respect, in a paper read
in 1801 before the London Medical Society, says, “I have
since had frequent opportunities, at Guy’s Hospital of
trying the oxide of bismuth in spasmodic conditions of
the stomach, and those trials have fully confirmed the
opinion which I formerly gave of the utility of this medicine.” Dr. Samuel W Moore, of New York, in his excellent dissertation on the medical virtues of the white oxide
of bismuth, relates three case of painful affections of the
stomach, in which this remedy was employed with much
success. I have employed it in several cases of spasmodic
pain of the stomach, and in two the effects were decidedly beneficial; though in the others, which appeared to me
perfect cases of gastrodynia, it had not the slightest effect whatsoever. Upon the whole, however, the evidence
we have in favour of the powers of this remedy, in the
diseases mentioned, entitles it to much attention from the
profession[80]. Bismuth was widely used throughout the
19th century[81] and continued to be used successfully up
to the discovery of H. pylori when finally its mechanism
of action as an antimicrobial was identified[82,83].

CONCLUSION
I believe that the available data overwhelming support the
hypothesis that in what are now called Western countries,
H. pylori was prevalent throughout history and its most
common manifestation was to cause chronic atrophic
gastritis at an early age. Life spans were short and thus
while the late manifestations of H. pylori disease, gastric
ulcer and gastric cancer were uncommon they were well
known. Duodenal ulcer disease was likely largely limited
to the young and would then typically “burn out” as the
gastritis reduced acid secretion below the level required
to support ulcer disease. Improvements in diet and standards of living resulted in a change in the pattern of
gastritis such that non-atrophic gastritis became more
common allowing duodenal ulcer to appear as a clinical
problem and the ratio of gastric ulcers turned from positive to negative. Later, improvements in sanitation would
lead to a decline in all H. pylori related diseases (Figure 8).
Throughout the 19th century duodenal ulcer remained
particularly difficult to diagnose and as pointed out by
Ivy et al[48] critical examination of the duodenum was
infrequent even among those doing the most careful autopsies. There are many modern examples of duodenal
ulcer being common but remaining underdiagnosed or
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ported prevalence depended largely on the physician’s
ability to diagnose it. Chronic duodenal ulcer was likely
relatively uncommon in adults until the second half of
the 19th century but may have been a common cause of
symptoms in young people. Its rapid increase was a combination of an actual increase caused by a change in the
rate of development of atrophy gastritis coupled with
newly acquired abilities to diagnose it clinically and because both required that medical and surgical treatment
include hospitalization. The 19th century was a remarkable
period in history where standards of living, life expectancy, productivity, methods of production, transportation,
increased more than in the prior two thousand years.
At the same time common infectious diseases such as
whooping cough, tuberculosis, measles, and diarrheal disease all underwent rapid declines in incidence and death
rates and other diseases increased in prevalence even to
the point of appearing to be new diseases (e.g., paralytic
polio, infectious hepatitis, and duodenal ulcer). These
changes in disease reflected changes in standards of living and sanitation and in some instances represented a
change in the clinical behavior of a disease (e.g., polio or
infectious hepatitis) related to a delay in the age of acquisition from infancy to later in life. This hypothesis was
considered for H. pylori related diseases[89] but data from
developing countries disproved it as in these countries
the primary manifestation was duodenal ulcer despite the
infection be acquired at a very early age[90].
Duodenal ulcer appeared to burst on the scene in the
late 19th and early 20th century. However, duodenal ulcer,
gastric ulcer, gastric cancer, and atrophic gastritis are all
manifestations of the same root cause, H. pylori infection and more specifically to different host, bacterial and
environmental interactions. The changes that occurred in
the West 100 or so years ago and now occurring in Asian
countries where gastric cancer is still endemic allowing
us to study the past by examining the present. We have
come a long way and followed many false paths. While it
is useful to look back and see how wrong we were, hopefully, in the near future, all H. pylori-related diseases will
become only of historic interest.
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Core tip: Eradication of Helicobacter pylori (H. pylori )
has become hard to achieve, mainly because of the
decrease of standard therapies and the rise of antibiotic resistance. The role of antibiotic susceptibility testing
in the management of H. pylori infection is therefore
becoming greater than in the past. This paper provides
an overview of data in the literature about the cultureguided approach against H. pylori infection.

Abstract
The progressive loss of efficacy of standard eradication
therapies has made the treatment of Helicobacter pylori (H. pylori ) more challenging than ever. Endoscopicguided antibiotic susceptibility testing had previously
been suggested to guide treatment after failure of
second-line therapies. However, its role has expanded
over the years, in accordance with the current Maastricht Guidelines. Several authors have dealt with this
topic, developing both efficacy trials and cost-effectiveness trials against resistant H. pylori infections as well
as infections in naïve patients. However, results are
not homogeneous enough to provide definite advice,
because antibiotic resistance is not the only reason
for treatment failure. Moreover, the culture-guided approach is surrounded by many practical issues, such
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INTRODUCTION
Helicobacter pylori (H. pylori) is probably the most common
human pathogen, affecting at least 50% of the population worldwide[1]. It plays a relevant role in the pathogenesis of chronic gastritis, peptic ulcer disease, gastric neo-
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plasms [gastric adenocarcinoma and mucosa-associated
lymphoid tissue (MALT) lymphoma of the stomach],
and is also associated with many extra-digestive diseases
(such as idiopathic thrombocytopenic purpura or iron
deficiency anemia)[2]. H. pylori was classified by the International Agency for the Research on Cancer (which
forms a part of the World Health Organization) as a
class Ⅰ human carcinogen[3]. Because of these reasons,
H. pylori eradication represents a major clinical need.
Unfortunately, fighting against H. pylori has turned out
to be more and more challenging over the years, mainly
because of the huge decrease of efficacy of standard
eradication therapies.
The objective of the present paper is to review previous research evidence about the efficacy and safety of the
culture-based treatment approach for H. pylori infection.

for physicians, because of several factors that can be
respectively grouped into microorganism-related factors,
host-related factors, treatment-related factors. H. pylori
antibiotic resistance is widely recognized as the main reason for treatment failure[6].
Since amoxicillin resistance is rare worldwide (< 1%)
and bacterial resistance to metronidazole does not significantly affect eradication rates[6], the main concern is
about clarithromycin.
Prevalence of primary clarithromycin resistance is
increasing worldwide. It markedly reduces H. pylori eradication rates following standard therapies. Three main
rRNA-point mutations (A2143G, A2142G, A2142C of
domain Ⅴ) are responsible for more than 90% of clarithromycin resistance cases, and different prevalence rates
of such mutations have been reported worldwide. These
point mutations have been associated with both different levels of resistance and variable eradication rates.
A2143G is associated with a higher eradication rate; it is
also the most common point of mutation in the Italian
population[7].
Prevalence of primary clarithromycin resistance has
been extensively studied during the last years, and data
are currently available from almost all areas in the world:
it ranges from that seen in low-prevalence areas (<
15%-20%, according to Maastricht Guidelines) of Northern Europe (< 10%), Senegal (1%), Canada (4%), South
Korea (4.5%), United States (12%), Italy (9.9%, even if
highly variable, ranging from 0% to 25%), Japan (13%),
to that seen in high-prevalence areas (> 15%-20%) of
Southern Europe (> 20%), Iran (17%) or Pakistan (>
20%)[6-12].
Primary resistance rate has been assessed not only
for clarithromycin, but also for other antibiotics: according to a large multicenter analysis by Mégraud et al[8], H.
pylori resistance rates were 14.1% for levofloxacin and
34.9% for metronidazole in a European adult population, and were significantly higher for clarithromycin and
levofloxacin in Western/Central and Southern Europe (>
20%) than in Northern European countries (< 10%)[8].
Moreover, antibiotic resistance should be considered
as a dynamic concept, since its prevalence can change
not only among different countries, but also between
two different periods in the same area, as proven by both
Eastern[13,14] and Western reports[15,16].
Finally, antibiotic resistance has been shown to be
associated with the number of failing eradication treatments: the greater the number of unsuccessful attempts,
the higher the rate of antibiotic resistance. This is especially true for clarithromycin, metronidazole and levofloxacin[17]. Recently, Mégraud et al[8] confirmed this data:
a significant association was found between outpatient
use of quinolones and the rate of levofloxacin resistance
(P < 0.0013) and between the use of long-acting macrolides and clarithromycin resistance (P < 0.036).
In this context, the role of antibiotic susceptibility
testing has been enlarged and enhanced, in accordance
with official guidelines.
The latest Maastricht Guidelines indeed suggest per-

ANTIBIOTIC TREATMENT OF H. PYLORI
INFECTION: THE CURRENT SCENARIO
In reality, standard triple therapy [a seven-day treatment
consisting of clarithromycin, amoxicillin or metronidazole and proton-pump inhibitors (PPIs)], proposed at
the beginning as first-line treatment for H. pylori infection, has partially lost its initial efficacy, with inadequate
eradication rates in most areas[4]. According to the latest
Maastricht Guidelines developed by the European Helicobacter Study Group, in regions of low clarithromycin resistance, clarithromycin-containing therapies or
bismuth-containing (bismuth salts, PPIs, tetracycline and
metronidazole) quadruple therapy are recommended for
first-line empirical treatment. Better results in first-line
treatment can be achieved in several manners: increasing
the dose of PPIs, prolonging the length of therapy, adding an adjuvant treatment (such as certain probiotics or
prebiotics)[5], or changing amoxicillin to metronidazole as
the second antibiotic. In regions of high clarithromycin
resistance, the bismuth-containing quadruple therapy has
been proposed as first-line treatment. In case of unavailability of this therapy, non-bismuth (three antibiotics
plus PPIs) quadruple therapy and the so-called “sequential therapy” (that includes five days of PPIs plus amoxicillin followed by five more days of PPIs plus tinidazole
and clarithromycin)[5] have been recommended as an alternative. Levofloxacin-based triple therapy or bismuthcontaining quadruple therapy have been recommended
as second-line treatment[5]. Finally, although many empirical rescue therapies have been attempted after failure
of second-line treatment[6], both current and previously
published Maastricht Guidelines[3,5] suggest antibiotic
susceptibility testing to guide further therapies in this
case, when possible.

ROLE OF ANTIBIOTIC SUSCEPTIBILITY
TESTING IN THE ERA OF BACTERIAL
RESISTANCE ISSUE
Failure of antibiotic treatment has become a real issue
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step strategy for H. pylori in a large cohort (n = 2606) of
patients. In this setting, 49 subjects were still infected
after the second antibiotic course, and underwent upper
endoscopy with H. pylori culture. They then received a
third-line therapy consisting of a one-week quadruple
bismuth-based scheme, established on H. pylori antibiotic
sensitivity. H. pylori culture with antibiotic susceptibility
testing was carried out in 39 out of 49 patients (80%),
showing an overall high prevalence of multi-drug resistant H. pylori strains. In particular, macrolide resistance
rates were higher for erithromycin (62%) and azithromycin (68%) than for clarithromycin (56%, which was
the same for nitroimidazoles), while a low prevalence of
tetracycline resistance (12%) and no resistance for amoxicillin were observed. The tailored quadruple therapy,
based on the in vitro sensitivity of the tested antibiotics,
achieved an eradication rate of 77% by per-protocol
analysis and 52% by intention-to-treat analysis.
Some years later, Cammarota et al[26] treated 94 resistant patients with a culture-guided, third-line regimen
(89 patients with a 1-wk quadruple regimen including
omeprazole, bismuth, doxycycline and amoxicillin, and 5
patients with a 1-wk triple regimen containing omeprazole, amoxicillin and levofloxacin or clarithromycin) with
excellent results: overall, 90% of patients eradicated H.
pylori. The quadruple regimen was effective in 81 out of
89 subjects (92% by per-protocol analysis and 91% by
intention-to-treat analysis) and the triple regimen in 4
out of 5 subjects (80%, both by per-protocol and intention-to-treat analysis). H. pylori strains were resistant to
metronidazole in 100% of patients, in 95% to clarithromycin, in 31% to levofloxacin and in 5% to tetracycline;
no resistance to amoxicillin was found in any patient. All
subjects showed multiple (double or triple) resistance.
Furthermore, primary resistance rates (considering drugs
not included in any of the previously failed eradication
regimens) were 86% for clarithromycin, 100% for metronidazole, 9% for levofloxacin.
These good results have not been reproduced in other studies. In two different trials from Spain[27,28], a twoweek quadruple therapy driven by antibiotic susceptibility testing was administered as a third-line eradication
attempt to patients with H. pylori resistant infection and
peptic ulcer. Eradication rates ranged, respectively, from
36% to 52% in the first trial[27] and from 47.4% to 73.7%
in the second one[28], depending on the given antibiotic
regimen.
Only once was the role of antibiotic susceptibility
testing evaluated in a selected setting of resistant subjects with at least four prior H. pylori eradication failures:
in an open-label randomized controlled trial, Cammarota et al[29] assessed the efficacy of a pre-treatment with
N-acetyl-cysteine (NAC) before a culture-guided antibiotic regimen in obtaining eradication. While in the NAC
pre-treatment group H. pylori was eradicated in 65% (13
out of 20) of patients, only 20% (4 out of 20) of patients who were treated with a culture-based approach
alone were successfully treated (P < 0.01).

forming cultures of gastric biopsies and antibiotic susceptibility testing, not only after the second treatment
failure, but also before the administration of a first-line
therapy containing clarithromycin, at least in areas of
high clarithromycin resistance, and prior to prescribing a
second-line treatment. If upper endoscopy is performed
for other reasons, in all regions worldwide, authors consider this approach as possibly cost-effective, and sensible in areas of high clarithromycin resistance anyway[5].
Even if sound, this recommendation has reached only
a grade D, which is an expert opinion. However, several
authors have faced the issue of antibiotic susceptibility
testing, developing both efficacy trials and cost-effectiveness ones.

CULTURE-GUIDED APPROACHES FOR H.
PYLORI
The efficacy of antibiotic susceptibility testing in driving
the antimicrobial treatment for the eradication of H. pylori has been extensively investigated. Most authors have
experience of a culture-based eradication strategy against
resistant H. pylori infection, but some have applied it also
in naïve patients.
Susceptibility of H. pylori to antimicrobial agents
can be assessed by both invasive and non-invasive tests.
Upper endoscopy with culture of gastric mucosal specimens and determination of mean inhibitory concentrations for each antibiotic is the most diffused test; nevertheless, this method is hampered by a relatively high rate
of false negatives, showing a reported sensitivity that
ranges from 70% to 90%[18].
Growth of H. pylori can be affected by many environmental factors, e.g., the number of retrieved gastric
specimens, the temperature and duration of the transport period, the features of the transport medium, the
microaerophilic conditions and the selectivity of the culture media[19]; moreover, certain drugs such as antibiotics, bismuth salts, omeprazole and benzocaine influence
H. pylori detection[20]. As recently shown[21], the sensitivity
of culture is also greatly reduced by bleeding in patients
with peptic ulcer.
Finally, antibiotic susceptibility testing is not available
everywhere, and its cost may be hard to afford; in this
regard, cost-effectiveness trials have been performed to
assess the benefit of this perspective.
Recently, fecal tests have been developed to detect
clarithromycin resistance of H. pylori in a non-invasive
manner, with promising results[22,23].
Culture against resistant H. pylori
In the earliest Maastricht Consensus Conferences[24], the
utilization of antibiotic susceptibility testing prior to antibiotic therapy had been suggested only after failure of
the second-line treatment. In this regard, many studies
were developed around the early years of the millennium, with mixed results.
Gasbarrini et al[25] showed the efficacy of a multi-
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tention-to-treat (96% vs 70%, P < 0.001) and at the perprotocol analysis (97% vs 70%, P < 0.001). Furthermore,
the mean cost for successful eradication of H. pylori per
patient was cheaper in the tailored regimen group ($657)
than in the standard regimen group ($669)[35].
Finally, a tailored non-invasive approach, based on
the detection of clarithromycin resistance (through assessment of H. pylori 23S rRNA genotypes) in human
fecal specimens, was attempted by Kawai et al[23] in a
recent randomized controlled trial. The tailored group
achieved significantly higher eradication rates than the
control group (94.3% vs 71.4% at intention-to-treat analysis; 94.3% vs 78.2% at per-protocol analysis).

A culture-based strategy has also been experienced
as second-line therapy. Susceptibility-guided treatment
was compared to empiric therapy in a setting of 98 patients suffering from H. pylori infection despite at least
one treatment attempt, showing significantly higher
eradication success (86%, 42 patients in guided-therapy
group vs 63%, 31 patients in empiric-therapy group, P =
0.02)[30]. Fiorini et al[31] also achieved excellent results in a
population of 236 consecutive H. pylori-positive subjects
with a history of one or more treatment failures. Assessment of antibiotic susceptibility revealed a resistance
rate of 44.5% for levofloxacin, 92.4% for clarithromycin
and 72.9% for metronidazole, with high rates of multiple resistance. Patients received either a levofloxacinbased triple therapy or a rifabutine-based triple therapy,
depending on their susceptibility to fluoroquinolones.
Eradication rates ranged between 88.6% and 90%, depending on administered therapy.

Is the culture-guided approach cost-effective?
A culture-based eradication strategy consists of several
parts, each of which has a precise cost, such as endoscopic and biopsy procedures and materials, antibiotic
susceptibility testing, administered drug regimens, workhours of physicians and other professionals. Over the
years, few authors have tried to assess the cost-effectiveness of such approach.
In a cost-effectiveness study performed in 1999, Breuer
and Graham[36] showed that an eradication strategy driven
by antimicrobial susceptibility testing would be able to save
$37 000 per 1000 patients treated in a US population.
Later, the culture-based eradication strategy showed
cost-effectiveness in several trials, even as first-line treatment.
Romano et al[37] achieved savings of approximately $5
US per patient, in a setting of 150 treatment-naïve Italian patients.
As previously described, the culture-based approach
was more cost-effective than standard first-line therapy
in reports from Cosme et al[34] (€571 vs €666 per patient)
and from Furuta et al[35] ($657 vs $669 per patient).
Cost-effectiveness can be defined as money saved per
patient by using one particular approach over another,
while achieving similar effectiveness (cure rates)[36]. Since
H. pylori cure rates depend on several factors (i.e., eradication regimen, behavior and compliance of patient,
number of prior eradication therapies, geographical areas, and many others), obviously the cost-effectiveness
of a strategy will also depend on them. Moreover, prospective savings of a strategy are strictly linked with the
characteristics of the involved setting: performing pretreatment susceptibility testing in patients with previous,
independent indication to upper endoscopy or patients
with peptic ulcer may be more or less economically suitable according to the target population.
Probably, the cost-effectiveness of the culture-based
approach may change depending on these factors, and
may be higher in some settings than in others. Nevertheless, available studies have involved wide populations
without any stratification. Further cost-effectiveness trials, focused on targeted samples, or at least providing
subgroup analyses, will probably clarify this issue.

Culture in first-line therapy
In order to overcome macrolide primary resistance, susceptibility testing-based regimens have also been attempted in naïve H. pylori-positive patients. In an openlabel randomized controlled trial by Toracchio et al[32],
56 patients received a standard first-line triple therapy
and 53 were treated according to the susceptibility test.
Eradication rates in the standard group were, respectively, 81% and 75% by per-protocol and intention-totreat analysis, while in the second group they were 98%
and 91% (P < 0.05).
More recently, antimicrobial susceptibility testing was
used in an open-label randomized trial by Molina-Infante
et al[33] to treat naïve patients according to clarithromycin
susceptibility or resistance. These authors compared tailored non-bismuth quadruple (concomitant) therapy to
either standard triple therapy (in clarithromycin-susceptible H. pylori group) or sequential therapy (in clarithromycin-resistant H. pylori group). Tailored concomitant
therapy was proven to be better than triple therapy and
at least as effective as sequential strategy.
Cosme et al[34] showed that, in a population with high
clarithromycin resistance, a first-line triple therapy (including omeprazole, clarithromycin and amoxicillin) achieves
better eradication rates if patients are diagnosed by antimicrobial susceptibility testing rather than by C13 Urea
Breath test (88% vs 49% eradication rate); this approach
was also more cost-effective than standard empirical therapy (€571 vs €666 per patient).
Eastern reports have also shown interesting results,
even with cutting-edge techniques. A pharmacogenomics-based personalized strategy, in which dosage of PPIs
and selection of antibiotic regimen were assessed according to the respective patient CYP2C19 and H. pylori
23S rRNA gene polymorphisms (using the serial invasive
signal amplification reaction assay), was compared to the
standard therapy in 300 H. pylori-positive patients. The
tailored regimen group experienced significantly higher
eradication rates than the control group both at the in-
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Table 1 Summary of the available literature data
Line of tailored therapy

Ref.
Toracchio et al[32]
Molina-Infante et al[33]
Cosme et al[34]
Furuta et al[35]
Kawai et al[23]
Yahav et al[30]
Gasbarrini et al[25]
Cammarota et al[26]
Cammarota et al[26]
Gomollón et al[27]
Vicente et al[28]
Fiorini et al[31]

First

Second
Third

Fourth

Type of therapy Patients (n ) Tailored therapy eradication rates per protocol/intention-to-treat analysis
Triple
Quadruple
Triple
Triple
Triple
Triple
Quadruple
Quadruple
Triple
Quadruple
Quadruple
Triple

53
89
117
150
35
49
49
89
5
31
39
236

98%/91%
92%/91%
88%/NR
97%/96%
94%/94%
86%/63%
77%/52%
92%/91%
80%/80%
36%-52%/NR
47%-74%/NR
89%-90%/NR

NR: Not reported.

available everywhere, and microbiology laboratories performing antibiotic susceptibility testing are even fewer.
Furthermore, the whole process needs a standard of
quality (in terms of both materials used for culture and
skill of the microbiologist to grow H. pylori) that cannot
be assured everywhere.
Another issue is that, as seen above, the real efficacy
(in terms of eradication rate) of the culture-based approach can range widely, because antibiotic resistance
is not the only reason for treatment failure. As an example, biofilm formation by H. pylori can lead to several
unsuccessful eradication attempts regardless of genetic
antimicrobial resistance, and targeted adjuvant therapies
can improve the eradication rate of a culture-guided
treatment[22]; further studies are needed in this regard.
Moreover, since CYP2C19 genotype polymorphisms influence serum concentrations of PPIs and their ability in
inhibiting gastric acid secretion (and, consequently, the H.
pylori eradication rates of PPI-based regimens)[39-44], the
assessment of CYP2C19 status and consequent modulation of PPI dosages may be part of a tailored therapy, as
demonstrated by Furuta et al[35] with excellent results.
In conclusion, the few studies available so far have
shown the feasibility of a culture-based approach for the
eradication of H. pylori (Table 1). However, this should
not be considered as the end of the line, but the forerunner of future large trials, specifically designed to assess
the utility of antibiotic susceptibility testing as part of a
personalized strategy to overcome H. pylori infection.

CONCLUSION
Since H. pylori antibiotic resistance is rapidly growing
worldwide, an eradication strategy based on pre-treatment susceptibility testing is going to get more interesting than in the past.
Culture of gastric specimens to assess antimicrobial
susceptibility of H. pylori was initially applied as part of a
rescue strategy against multi-resistant infections. As described above, such an approach achieved mixed results,
probably related to the relatively high rate of false negatives. The procedure is indeed influenced by both hostrelated factors (bleeding, use of certain drugs)[32-34] and
methodology-related factors (number of gastric biopsies,
conditions of transport, laboratory characteristics)[35,36].
Moreover, H. pylori resistance of H. pylori strains often
involves more than one antibiotic and the administration of the right therapy may be burdensome as a result.
Empiric treatments including many antimicrobials, such
as sequential regimens, could therefore be ineffective in
cases of multiple resistance to antibiotics.
Resistant strains have shown higher susceptibility
rates to amoxicillin, tetracycline and (to a lesser extent)
levofloxacin, than to macrolides or nitroimidazoles.
However, prior to choosing the optimal eradication regimen, several aspects should be considered, such as the
number of former therapeutic failures[17,38], previous adverse reactions to a specific antibiotic, or the compliance
of the patient. Moreover, the addition of non-antibiotic
treatments, such as N-acetyl-cysteine[29], may be taken
into account.
Over the years, the worldwide diffusion of primary
clarithromycin resistance to H. pylori has become both
a health and an economic burden. The culture-based
strategy has therefore been experienced even in naïve
patients, showing not only higher efficacy but also better
cost-effectiveness than standard therapy. Such an approach would thus appear to be reasonable, for both the
health of patients and economic reasons.
However, as of now, a culture-guided approach for
the eradication of H. pylori cannot be applied everywhere, for several reasons. Endoscopy services are not
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Brain-gut axis in the pathogenesis of Helicobacter pylori
infection
Jacek Budzyński, Maria Kłopocka
thermore, disturbances in the upper and lower digestive tract permeability, motility and secretion can occur,
mainly as a form of irritable bowel syndrome. Many
of these abnormalities disappear following H. pylori
eradication. H. pylori may have direct neurotoxic effects
that lead to alteration of the brain-gut axis through the
activation of neurogenic inflammatory processes, or by
microelement deficiency secondary to functional and
morphological changes in the digestive tract. In digestive tissue, H. pylori can alter signaling in the brain-gut
axis by mast cells, the main brain-gut axis effector, as H.
pylori infection is associated with decreased mast cell
infiltration in the digestive tract. Nevertheless, unequivocal data concerning the direct and immediate effect of
H. pylori infection on the brain-gut axis are still lacking.
Therefore, further studies evaluating the clinical importance of these host-bacteria interactions will improve
our understanding of H. pylori infection pathophysiology and suggest new therapeutic approaches.
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Abstract

Key words: Helicobacter pylori ; Brain-gut axis; Behavior; Motility; Gastric acid; Visceral hypersensitivity

Helicobacter pylori (H. pylori ) infection is the main

pathogenic factor for upper digestive tract organic
diseases. In addition to direct cytotoxic and proinflammatory effects, H. pylori infection may also induce
abnormalities indirectly by affecting the brain-gut axis,
similar to other microorganisms present in the alimentary tract. The brain-gut axis integrates the central,
peripheral, enteric and autonomic nervous systems, as
well as the endocrine and immunological systems, with
gastrointestinal functions and environmental stimuli,
including gastric and intestinal microbiota. The bidirectional relationship between H. pylori infection and the
brain-gut axis influences both the contagion process
and the host’s neuroendocrine-immunological reaction to it, resulting in alterations in cognitive functions,
food intake and appetite, immunological response, and
modification of symptom sensitivity thresholds. Fur-
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Core tip: His manuscript is the first review concerning
the interplay between Helicobacter pylori (H. pylori )
infection and the brain-gut axis. Data from relevant
publications, including both human and animal studies,
were grouped and discussed according to the pathophysiological mechanisms of interactions between H.
pylori and host reaction.
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nervous system activity and, in turn, communicate with
the brain-gut axis through endocrine, immunological and
neural messages[6,18,20,26-28]. Such bidirectional interactions
are suspected on the basis of the following observations:
(1) stress and mental disorders have a harmful effect on
digestive tract function and intestinal bacterial flora[5,6,29];
(2) patients with digestive tract disorders have a high
prevalence of neuropsychological comorbidities, such as
depression, anxiety and alexithymia[13]; (3) changes in cognitive function occur after diet-induced gut-dysbiosis[18]
or with alimentary tract diseases (e.g., hepatic encephalopathy) which may be altered after antibiotics, probiotics
or laxative administration[15,30]; (4) patients with major depression show altered intestinal fermentation profiles[31];
(5) individuals with autism have abnormal microbiota and
experience shorter antibiotic effects[32-34]; (6) some patients with digestive tract disorders demonstrate an ANS
imbalance[6,14,15,21,22,29,35-39]; and (7) digestive tract stimulation and/or infection can produce abnormalities in brainimaging techniques that show the activation (evoked
potentials) or deactivation of specific brain regions, such
as functional magnetic resonance imaging, positron emission tomography, magnetoencephalography and electroencephalography[40].
As a gastric mucosa-colonizing microorganism, H.
pylori may contribute to the bidirectional nature of the
brain-gut axis as evidenced by: (1) the overlapping of upper and lower digestive tract functional symptoms in H.
pylori infected patients[18,41-43] and the effect of H. pylori infection on IBS symptoms[43] (but see Breckan et al[44]) and
pancreatic juice secretion[45]; (2) the protection against
IBD appearance by H. pylori infection[17,46] resulting from
changes induced in brain-gut axis function (neuroendocrine-immune crosstalk)[6,15,21,22,26,47,48]; (3) the association
of H. pylori infection with ANS-related extra-digestive
diseases, such as atherosclerosis or cardiac arrhythmia[3,35];
(4) the improved physical and psychological health-related quality of life and sexual relationships after digestive
tract symptom alleviation and H. pylori eradication[49,50];
(5) the proposed association between H. pylori infection and the development of axonal type Guillain-Barré
neuropathy, multiple sclerosis and epilepsy[51-53], and case
reports of gastric MALT lymphoma followed by primary
CNS lymphoma[54]; and (6) the modulation of ANS balance by H. pylori infection[35]. Furthermore, H. pylori can
potentially regulate esophageal motility[55], gastric emptying, gastric accommodation of ingested food, gastric acid
secretion, mucosal blood flow, hypersensitivity to chemoand mechano-stimulants[56], food intake[6,19], digestive tract
endocrine and immune functions and the composition
of gut microbiota[6,18,21,22], by influencing the release of
various neurotransmitters, including acetylocholine (vagal
nerve, parasympathetic part), noradrenaline, adrenaline
and sympathetic dopamine, as well as the neuropeptides
leptin, ghrelin, calcitonin gene-related peptide (CGRP),
nitric oxide, neuropeptide Y, substance P (SP), somatostatin (STS) and cholecystokinin (CCK). Moreover, H. pylori
infection is associated with the up-regulation of toll-like

BRAIN-GUT AXIS AND HELICOBACTER
PYLORI
Upper digestive tract diseases, including both functional
dyspepsia and dyspeptic symptoms in the course of gastritis or peptic ulcers, were considered for many years to
be psychosomatic[1,2]. However, Helicobacter pylori (H. pylori)
infection has been recognized as the main risk factor for
many upper digestive tract disorders and complications,
including life-threatening bleeding from the digestive
tract, gastritis, non-ulcer dyspepsia, mucosa-associated
lymphoid tissue (MALT) lymphoma and gastric cancer[3,4],
and a risk factor for stress-induced peptic ulcers[2,5-8]. As
a result, the role of psychosomatic factors in the pathogenesis of these diseases has since lost favor[1,9]. However,
the presence of H. pylori-negative upper digestive tract
abnormalities, such as peptic ulcers[10,11], and the fact that
not all H. pylori-infected patients develop ulcers, with only
10%-15% of them presenting dyspeptic symptoms[3], suggest a role for other individual factors, including nervous
system imbalance, as an indispensable cofactor in gastritis
or ulcer disease pathogenesis[12]. These arguments imply
that H. pylori infection may induce changes in the function and morphology of the digestive tract both directly
through cytotoxin (CagA, VacA) release and inflammatory process activation, and indirectly, via the brain-gut
axis[13]. This review presents and discusses the interaction
between H. pylori infection and the brain-gut axis and the
clinical implications for digestive tract function.
The brain-gut axis is anatomically based in the central (CNS), peripheral (PNS, enteric nervous system, or
“little brain”), and autonomic nervous systems (ANS),
and modulates gastrointestinal function via the regulation of the gastrointestinal immune system, mucosal
inflammation and intestinal microbiota in response to
stress, emotions and environmental influences[6,14,15]. This
circuitry acts bidirectionally, playing a role both in upper
(peptic ulcer, functional dyspepsia) and lower [irritable
bowel syndrome (IBS), inflammatory bowel disease
(IBD)] digestive tract homeostasis, appetite and weight
control[6,15-17], modulation of the gut-associated immune
system and in the coordination of the gastrointestinal
tract with the overall physical and emotional state of the
organism[18]. However, so many interactions and functions work not only via the nervous system, but also
through the endocrine, immunological and metabolic
pathways (neuroendocrine-immune crosstalk)[6,15-22]. The
main endocrine role is played by the hypothalamus-pituitary-adrenal (HPA) axis, along with the highly significant
neuroendocrine-immune response modulator corticotropin releasing factor (CRF). CRF regulates inflammation,
gut permeability, visceral hypersensitivity, gut motility and
HPA axis activity, and is recognized as the major endocrine system response to stress[6,14,21-25].
Intestinal bacteria also play an important and proven
role in the above-described relationships (“brain-gutenteric microbiota axis,” or “microbiome-gut-brain
axis”), whose composition and function are related to
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dyspepsia, independent of inflammation[70], as well as in
subjects with H. pylori-associated gastritis[71-75]. MCs are
actively involved in the pathogenesis of H. pylori-infected
gastritis acting as important effectors of the brain-gut
axis by translating stress signals into the release of a wide
range of neurotransmitters and proinflammatory cytokines capable of altering gastric nerve and muscle function[6,70]. Furthermore, MCs may act via gastritis maintenance and reparation of injured tissue. MCs can initiate
and promote edema by secreting multiple, degranulated
chemotactic factors that induce the infiltration of inflammatory cells[73], as well as promote tissue turnover by
stimulating the degradation of pericellular matrices and
the growth of cells in their vicinity. In chronic H. pylori
infection, these processes continue until the bacteria are
eradicated. In this way, both acute and chronic H. pylori
infection could contribute to the pathogenesis of functional dyspepsia and gastritis symptoms[9,70], especially in
patients who have acquired excessive responsiveness to
stress, such as a result of environmental influences during early life, genetic abnormalities, residual inflammation
after gastrointestinal infections, psychophysiological abnormalities, abnormal secretion of gastric acid, diet and
lifestyle[6,76]. Moreover, as with every acute infection, H.
pylori may evoke flu-like symptoms and neuroendocrine
alterations. Oral administration of Campylobacter jejuni or
Citrobacter rodentium leads to the activation of vagal sensory neurons and brain regions associated with viscerosensory pathways and the central autonomic network in
mice[77]. These local stomach and gut infections were associated with increased anxiety-like behavior, reminiscent
of the sickness syndrome typically seen following systemic administration of bacteria or bacterial products, such
as lipopolysaccharides. Furthermore, H. pylori-infected
mice show an upregulation of SP expression, which may
increase visceral mechanosensitivity in the spinal cord[56].
The pathophysiological interactions between H.
pylori and the brain-gut axis likely involve (Figure 1):
(1) axon injury or stimulation (neuroinflammation) by
bacterial cytotoxins (VacA)[60,72,78], neutrophil-attractant
chemokine IL-8[79], and/or neutrophil-activating protein
(H. pylori-NAP)[75,79]; (2) axon damage or stimulation by
autoimmunological reactions due to mimicry of VacA,
bacterial aquaporin (AQP), H. pylori-NAP and human
antigens[51,53,79,80]; (3) H. pylori-induced production of free
radicals[80-82], cytotoxins and cytokines[57-61,78], which may
also result in blood-brain barrier disruption; (4) changes
in neurotransmitter secretion in gastric mucosa and
spinal cord[56,72,75,81,83-85]; (5) neuron injury resulting from
gastric mucosa atrophy and a decrease in vitamin B12
absorption[86]; and (6) changes in stomach and intestinal
microbiota[6,87-89].

receptors and cytokine overproduction, especially tumor
necrosis factor (TNF)-alpha, interleukin (IL)-1, IL-6, and
IL-8[57-59], thereby indirectly influencing the brain-gut axis.
These immune-mediators may stimulate mast cells (MC)
in the gastric mucosa, as well as the hypothalamus and
brain stem (via neuroendocrine-immuno crosstalk)[6,22],
thereby activating the sympathetic ANS and pituitary-suprarenal axis, resulting in increased cortisol and adrenalin
secretion[6,21,22,60,61].

ROLE OF THE BRAIN-GUT AXIS IN
ACUTE H. PYLORI INFECTION
H. pylori infection occurs via the oral route and, like other
contagions, depends on the balance between bacteria
virulence (urease, AmiE, AmiF, hydrogenase and arginase, BabA, SabA and ureaseA), host immunity and environmental factors[62]. The brain-gut axis may modulate
the local immunological resistance related to gastric and
gut-associated lymphoid tissue (neuroendocrine-immune
crosstalk). However, these interactions are bidirectional
and seem to be more complicated with regard to H. pylori
infection. For example, nervous system disorders and the
lack of MC in the gastric mucosa may predispose an individual to H. pylori infection, while at the same time, acute
H. pylori infection may change both CNS and ANS activity[2,22,29,37,63,64]. Autonomic neuropathy facilitates gastric
mucosal colonization and hinders H. pylori eradication via
the slowing of gastric emptying, changes in gastric mucosal blood flow and immunosuppression of relative hypersympatheticotonia[2,37,60,63,64]. In an animal model, Guo et
al[63] found that psychological stress increased H. pylori
colonization and gastric mucosal injury. Studies by Gulcelik et al[65] and Gentile et al[37], demonstrated a higher prevalence of H. pylori in type 2 diabetics with cardiovascular
autonomic neuropathy, but not with other common diabetic complications, such as nephropathy and retinopathy.
Diabetic patients also commonly experience dyspeptic
symptoms as a result of disturbances in gastric emptying,
gastric wall accommodation and visceral hypersensitivity.
These abnormalities, particularly efferent and vagal dysfunction, may be secondary to ANS activity[66,67]. Testoni
et al[68] also showed a significantly greater prevalence of
H. pylori infection in patients without evidence of gastric
phase Ⅲ of the migrating motor complex. Collectively,
these data indicate that the coexistence of ANS dysfunction and H. pylori infection is a necessary condition for H.
pylori invasion, as well as for chronic gastritis and peptic
ulcer formation[6,14,15,21,22,29,35-39] (but see Chang et al[69]).
While it is known that acute intestinal infection during psychological or physical stress may evoke gastrointestinal symptoms and lead to increased mucosal MC
infiltration[19], there is little information available concerning the effect of acute H. pylori infection on brain-gut
axis function. The main mechanism for post-infectious
IBS is infiltration and long-term maintenance of MCs in
the digestive tract[6,16,21,22]. MC number and activity are increased in the gastric mucosa of patients with functional
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ROLE OF THE BRAIN-GUT AXIS IN
CHRONIC H. PYLORI INFECTION
Reports concerning chronic H. pylori infection show abnormalities in neuroendocrine activity and in the digestive
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Figure 1 Pathophysiology of Helicobacter pylori infection on the brain-gut axis. CRF: Corticotropin releasing factor; TNF-α: Tumor necrosis factor-alpha; IL:
Interleukin; NAP: Neutrophil-activating protein; H. pylori: Helicobacter pylori; NAC: Neutrophil activating capacity.

tract related to H. pylori virulence, and disappearance following eradicative therapy. Li et al[83] showed greater neuronal expressions of c-fos, vasoactive intestinal peptide (VIP)
and CGRP in the stomach and spinal cord of H. pyloriinfected animals, which they proposed could form a basis
for the appearance of functional dyspeptic symptoms in H.
pylori-infected patients, as these neuropeptides are involved
in the sensitization of afferent neuronal pathways [84].
Similarly, Bercík et al[56] showed a decrease in acetylcholine
release by electric field stimulation and a higher density
of SP-, CGRP-, and VIP-immunoreactive nerves in the
stomach and spinal cord as well as an increase in pro-opiomelanocortin (POMC) secretion[19] in H. pylori-infected
mice. Eradication of H. pylori-normalized functional and
morphological abnormalities, except for the increased
density of gastric SP- and CGRP-immunoreactive nerves,
which may be the basis for neuromuscular changes that
produce dysmotility and hyperalgesia. This observation
may have many clinical consequences, as POMC is a precursor for several important biologically active substances,
including N-terminal peptide of pro-opiomelanocortin (or
pro-γ-MSH), γ-melanotropin, adrenocorticotropic hormone, α-melanocyte-stimulating hormone, corticotropin-
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like intermediate peptide, β -lipotropin, γ -lipotropin,
β-melanotropin, β-endorphin and met-enkephalin.
Neuronal and non-neuronal levels of SP, VIP, CGRP
and neprilysin activity were examined in freshly frozen biopsies taken from patients with chronic gastritis or ulcers
in a study by Erin et al[85] showing that neuronal SP, mucosal VIP and neprilysin levels decreased significantly in
normal appearing mucosa in patients with gastritis, while
levels of mucosal SP increased in areas of gastritis and
ulcer. In this study the presence of H. pylori was associated with further decreases in SP levels. Hydrolysis of SP
by neprilysin is known to have gastroprotective effects,
therefore the decreased levels of VIP, SP and neprilysin
were considered by the authors as a predisposition to cellular damage. In contrast, Dömötör et al[90] concluded that
capsaicin-sensitive afferent nerves with gastroprotective
properties do not participate in the harmful effects of H.
pylori as they found that although the expression of the
capsaicin receptor, CGRP and SP were significantly higher in the mucosa of patients with chronic gastritis, there
were no significant differences between H. pylori-positive
and H. pylori-negative cases.
A proportion of H. pylori effects on the brain-gut axis
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and secreted by the gastric mucosa[106]. An animal model
of H. pylori infection also showed abnormal feeding behavior observed as an increase in eating frequency and a
decrease in the quantity of food consumed per meal[56].
These changes in feeding behavior were accompanied by
elevated plasma ghrelin, postprandial CCK and higher
TNF-alpha, along with reduced POMC mRNA in the arcuate nucleus of the brain. However, eradication therapy
had no effect on eating behavior in this study, despite the
normalization of gastric emptying and sensitivity.
A study of dyspeptic patients by Ulasoglu et al[55]
found decreased ghrelin and increased obestatin blood
levels after H. pylori eradication, which were greatest in
overweight and male patients. However, Francois et al[102]
reported a postprandial increase in ghrelin and leptin levels, and an increase in body mass index (BMI) in subjects
7-18 mo after successful H. pylori eradication treatment.
Restored tissue levels of ghrelin and an improved appetite were also achieved after gastric ulcer healing and H.
pylori eradication in studies by Roper et al[106], Jang et al[107]
and Osawa et al[108]. Similar results were also obtained by
Yang et al[101], who found lower serum ghrelin levels, reduced body weight and height and lower BMI and body
weight gain in H. pylori-infected children, with restored
ghrelin levels and increased growth observed one year
after H. pylori eradication. Increased plasma and gastric
mucosal ghrelin levels after H. pylori eradication were also
shown by Deng et al[103] in 50 children with H. pylori-associated functional dyspepsia. However, a study reported
by Choe et al[109] failed to show a relationship between
H. pylori infection and stomach mucosal ghrelin levels,
with no effect of eradication therapy. It should be noted
that a greater BMI and corpus predominant gastritis are
recognized as independent risk factors for eradication
failure[110].

may be secondary to central and peripheral nerve demyelination and blood-brain barrier disruption[79]. The crossmimicry between VacA and H. pylori-NAP is recognized
as the most important immunological reaction[79], which
induces autoreactive T cells and initiates or worsens gastric autoimmunity leading to atrophic gastritis and gastric
cancer[91,92]. Cross-reactivity of anti-VacA antibodies with
ion channels in Schwann cell plasmalemma could potentially induce demyelination, since cross-mimicry between
H. pylori VacA and the human Na+/K+-ATPaseA subunit
was identified by sequence homology. Cross-mimicry
between H. pylori-NAP and/or anti-bacterial AQP antibodies and neural tissues is also possible. Whereas bloodbrain barrier disruption may be secondary to the effects
of H. pylori-induced inflammatory mediators, it can lead
to increased brain vessel permeability for immunomediators, non-specific antibodies, AQP4-specific antibodies
and inflammatory cells (e.g., lymphocytes), which can
evoke many pathological processes in the CNS, including demyelination, local edema and neuroinflammation.
These processes are recognized as important for associations between H. pylori infection and the pathogenesis
of demyelination, multiple sclerosis and neuromyelitis
optica[51,52,79].
Intermediate effects of chronic H. pylori infection on
brain-gut axis function have been clinically observed as:
(1) the alteration of feeding patterns[15,19]; (2) cognitive
and memory dysfunction[18,19,27,82,93], increased vulnerability to stress[15,19,27] and anxiety- and depressive-like
behaviors[19]; (3) alterations in endocrine functions of
the stomach, including the production of SP, VIP, CCK,
STS, gastrin and ghrelin[81,94]; (4) changes in visceral ANS
balance and the action of vagal visceral reflexes[95]; (5)
alterations in gastrointestinal motility[21]; (6) increased
visceral perception (chemo- and mechano-hypersensitivity)[67,96]; (7) changes in gastrointestinal secretion[21,45];
(8) increased intestinal permeability[23,61]; (9) intestinal
microbiota[87-89], with indirect effects on the brain-gut
axis[27,28,97-99]; (10) alterations in immunological reactivity,
resulting in decreased prevalence of food allergies and
inflammatory bowel diseases[46,100]; and (11) the overlapping of gastrointestinal disorders from upper and lower
parts of the digestive tract[43]. Moreover, H. pylori eradication has also been shown to normalize some of these
alterations[55,95,100-103].

H. PYLORI INTERACTIONS WITH
THE BRAIN-GUT AXIS IN BEHAVIOR,
COGNITIVE FUNCTION AND MENTAL
DISORDERS
The participation of the brain-gut axis in associations between bacterial flora in the bowel and some behavior patterns, and cognitive and mental disorders as well as their
improvement following antibiotic, pre- and/or probiotic
administration, have been reported previously, both in
animals[19,24,25,93,97-99] and in humans[6,14,27,28]. It is also possible that psychiatric disorders in H. pylori-infected subjects
result from disease overlap, with comorbidity in 40% of
patients with functional dyspepsia, of which depression
is the most prevalent (24%)[111].
Bacterial infection of germ-free mice evokes anxietylike behavior, which is relieved after introducing normal
gut microbiota[19,24,25,97-99]. A corresponding increase in
brain-derived neurotrophic factor (BDNF) in the hippocampus and amygdala was observed that also diminished after antibiotic therapy in these mice[19]. BDNF is

H. PYLORI INTERACTIONS WITH THE
BRAIN-GUT AXIS IN THE REGULATION
OF FEEDING PATTERNS, APPETITE AND
WEIGHT CONTROL
Clinical practice shows appetite improvement and increased body weight following H. pylori eradication[104,105].
Furthermore, corresponding changes in plasma and/or
the gastric mucosal levels of hormones regulating appetite
and/or energy expenditure were identified, such as ghrelin and leptin, two hormones primarily produced, stored
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involved in the neurobiology of depression[112], and is
also considered a biomarker for gastric hypersensitivity
and an overactive bladder[113,114]. Moreover, stress-induced
memory dysfunction in mice after bacterial infection was
reported by Gareau et al[93].
In a large, cross-sectional study of United States
adults by Beydoun et al[115], H. pylori-seropositivity was
associated with poor cognition based on declining verbal memory test performance. H. pylori, as with other
urease-positive bacteria that produce ammonia, is also
recognized as a cause of liver-like encephalopathy[116]. In
a study by Roubaud Baudron et al[117] who followed-up
individuals aged 65 years or older for 20 years, H. pylori
infection was recognized as a significant risk factor for
the development of dementia as a result of enhanced
neurodegenerative processes, a hypothesis that has been
suggested by Deretzi et al[80]. Moreover, a study by Muhsen et al[118] indicated that H. pylori might also negatively
affect early cognitive development. In our own study,
depressive and alexithymic alcoholics had less intensive
H. pylori antral colonization than subjects with lower Beck
Depression Inventory and Toronto Alexithymia Scale
scores[29]. In a study by Ozdemir et al[119], a significant
association was observed between schizophrenia and
diminished risk of duodenal and gastric but not gastrojejunal ulcers. The authors concluded that schizophrenia
and attendant neurobiological mechanisms (e.g., variability
in dopamine pathways) may therefore modify the risk of
gastric and duodenal ulcers as both central and peripheral
dopamine pathways influence ulcer pathogenesis, and dopamine agonists preclude antagonists from augmenting
stress - and chemically - induced gastrointestinal ulcers in
preclinical models.
Probiotics reduce the adverse effects, prevent complications and improve the outcome of H. pylori-eradicative
therapy [120]. Furthermore, Bifidobacterium bifidum YIT
4007 in fermented milk suppresses H. pylori growth[100].
However, research concerning the effect of probiotic
supplementation on brain-gut axis function and mental
disorders in subjects with H. pylori is lacking, as is data regarding the adverse effect of eradicative therapy on intestinal microbiota for a sub-form of dysbiosis in the stomach[89]. Myllyluoma et al[88] showed that the triple standard
H. pylori-eradicative therapy (clarithromycin, amoxicillin
and lansoprazole) significantly changed the quantities
of the predominant bacterial groups both in H. pyloripositive and H. pylori-negative patients, with disturbances
observed up to nine weeks after treatment completion. In
their study, a combination of probiotics containing Lactobacillus rhamnosus GG, L. rhamnosus LC705, Propionibacterium freudenreichii spp., Shermanii JS and Bifidobacterium breve
Bb99 only slightly counteracted the effects of anti-H. pylori treatment, seen as significantly fewer alterations in the
total numbers of aerobes and lactobacilli/enterococci.
However, it was found that probiotics in animal models
reduced vagal-dependent activation of GABA receptors
in response to physical or psychological stress[6,19]. Moreover, probiotics prevented stress-induced memory defi-
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cits in mice, reduced BDNF and c-fos expression in the
hippocampus, as well as attenuated corticosterone release
in response to stress[27,93,97-99].

H. PYLORI AND ANS ACTIVITY
The ANS is the most important part of the brain-gut
axis, containing afferent and efferent pathways regulating saliva and gastric juice secretion, mucosal blood flow,
inflammatory process activity, digestive tract motility and
visceral pain threshold (visceral sensitivity)[15,21,22,35,56]. Disturbances in ANS balance are observed in patients presenting with H. pylori infection and functional and organic
digestive tract disorders[10,14,15,21,22,29,35-39]. Our study found
that among patients diagnosed as a result of atypical
chest pain, subjects infected with H. pylori had increased
ANS activity, an effect that was confirmed by multifactorial analysis[35]. Moreover, our study showed negative
relationships between H. pylori infection and esophageal
sensitivity to acid, the number of acid gastroesophageal
refluxes, and time spent at a gastric pH < 4, as well as
positive relationships between H. pylori and the efficacy
of esophageal peristalsis, and the amplitude and duration of esophageal contractions. We therefore concluded
that gastric mucosal colonization by H. pylori affects ANS
activity and can evoke disturbances in esophageal and
gastric function. Vagal nerve predominance, as diagnosed
by heart rate variability analyses, was also recognized as
a risk factor for duodenal ulcer development[2,38-39,121].
Lugon et al[122] reported blunted sympathetic reactivity
and an exacerbated vagal response to feeding in H. pyloripositive subjects. However, Katoh et al[36] have shown that
H. pylori eradication in duodenal ulcer patients does not
change nocturnal sympatheticotonia or parasympatheticotonia, which may be the cause for persistently increased
gastric acid secretion, gastric mucosal vasoconstriction
and ulcer recurrence[38,121], though the time course between eradication and ANS evaluation may have been too
short to reveal statistically significant differences. Indeed,
Stanghellini et al[123] suggest there is long-term recovery
of H. pylori-induced neuroplastic changes in the ANS and
highlight the importance of an incomplete resolution of
gastritis and the presence of a persistent production of
inflammatory mediators even after successful H. pylori
eradication. However, Thor and Blaut[124] suggest that H.
pylori eradication restores the parasympatheticotonic imbalance via a ghrelin-leptin interplay. Shahabi et al[125] further suggest that H. pylori infection of the gastric mucosa
may induce a T-helper-1-like immune response and production of proinflammatory cytokines, which can inhibit
local, and increase systemic, sympathetic and cholinergic
tone. Such ANS changes can inhibit inflammation in the
esophagus and stomach.
It is known that the brain-gut axis, including the CNS,
PNS and ANS, modulates visceral reflex activity. This
activity is responsible for the local regulation of digestive
tract function, such as the gastric and intestinal phase of
gastric or pancreatic juice secretion, esophageal, gastric
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pylori infection in the symptoms of functional dyspepsia
was also confirmed by a Cochrane review, which reported
that eradication of H. pylori had a small but statistically
significant long-term effect on symptom relief when
compared with a placebo, lasting at least 12 mo after one
week of eradication therapy, expressed more in patients
from Asian rather than Western countries[92,127]. However,
Mearin et al[128] found that H. pylori-infected patients with
functional dyspepsia presented no distinctive symptoms compared to their H. pylori-negative counterparts.
Furthermore, additional placebo-controlled trials and a
meta-analysis did not show improvement in dyspeptic
symptoms with H. pylori eradication[129-131]. Discrepancies
regarding symptomatic response to H. pylori eradication
may relate to commonly occurring comorbid psychiatric
disorders, which can affect treatment outcome[111]. H. pylori infection is also considered a cause of visceral hypersensitivity in patients with IBS, as individuals reporting
typical abdominal discomfort after rectal barostat testing
were more frequently H. pylori positive[42,43].
Disturbances in ANS activity, particularly hyperparasympatheticotonia, should also be recognized as a factor
responsible for the clinical manifestation of lowered pain
thresholds. H. pylori infection may increase sympathetic
ANS activity via induction of gastritis and overproduction
of systemic inflammatory mediators through a pathogenburden mechanism[61]. Increased ANS activity is related to
symptom thresholds in patients with peptic ulcers[38-39,121],
in acid-sensitive and insensitive patients with non-cardiac
chest pain[67], in patients with non-specific disorders of
esophageal motility[132], as well as in individuals with functional dyspepsia[9,21,42,66,76,94,126,133] and IBS[134]. Such a pathway is also considered as one of the causes of pain in H.
pylori-infected patients with fibromyalgia[96].

and jejunal motility and visceral sensitivity. Furthermore,
visceral reflexes regulate the remote effect of gastrointestinal stimulation, including the cardio-esophageal or
gastro-cardiac reflexes responsible for coronary artery
spasm in response to esophageal acidification or distension. In return, coronary angioplasty can induce esophageal motility abnormalities, a decrease in the pain threshold and esophageal and gastric hyperalgesia, via cardioesophageal reflex activation[67,95]. As these effects were
only observed in 56% of subjects with non-cardiac chest
pain[95], reciprocal modulation by the brain-gut axis may
have had further influence along with individual reactions
to stress[6,21,22]. Thus, more research is needed concerning
the effect of H. pylori infection on visceral reflexes.

H. PYLORI AND VISCERAL SENSITIVITY
Visceral hypersensitivity is a symptom of functional
digestive tract disorders that may be modulated by H.
pylori infection and the brain-gut axis[76]. The brain-gut
axis plays an important role in the tonic or phasic up- or
downregulation of afferent and efferent nerve sensitivities[18,21,22]. Visceral afferent pathways (enteric, spinal and
vagal) transmit signals from the stomach to the CNS.
As mentioned above, these afferents may also modulate
emotion, pain, satiety and immunity in response to emotional influences or environmental demands. Visceral
hypersensitivity may also be affected by hypersympatheticotonia. However, both hypervagotonia and hypersympatheticotonia may change efferent nerve activity due
to modulation of vagal visceral reflex activity and the
patient’s digestive tract response to visceral or environmental stimuli[67].
H. pylori infection may additionally affect brain-gut
axis function and visceral sensitivity by neurotransmitter and hormone release and activation of inflammatory
processes[61], as well as induce digestive tract dysmotility
and trigger neuroplastic changes in the afferent neural
pathways leading to visceral hyperalgesia[123]. A reduction
in central antinociceptive control systems, visceral pain
modulators both in digestive tract disorders and extragastric syndromes, may also play a pathophysiological
role in H. pylori infection.
Bercík et al[56] found that an increase in visceral perception (mechanosensitivity) in H. pylori-infected mice
was related to an increase in vagal SP expression. Similarly, Mönnikes et al[126] showed that discomfort and pain
thresholds on gastric distension were lower in patients
with functional dyspepsia that were H. pylori-positive.
These patients also showed higher antral mucosal levels
of CGRP and SP, which negatively correlated with the
levels of discomfort and pain thresholds, demonstrating
the role of the brain-gut axis in hypersensitivity and SP
and CGRP involvement in the sensitization of afferent
neuronal pathways, which result from chronic inflammation[84,126]. Similar inflammation-related changes in sensory-motor function have been observed in subjects with
intestinal mucosal inflammation[9,11,123]. The role of H.
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H. PYLORI AND DIGESTIVE MOTILITY
Digestive tract motor disorders are a source of functional
symptoms originating from the upper and lower parts of
the digestive tract[76]. Typical gastric motility abnormalities involve impaired fundic accommodation and reduced
compliance to meals, impaired initial distribution of a
meal, antral hypomotility, altered myoelectric activity and
gastric emptying and disturbed gastro- and duodenojejunal motor coordination[133]. Delayed gastric emptying
has been described in about 30%-80% of patients with
functional dyspepsia as a result of antral or fundal hypomotility, uncoordinated antro-pyloro-duodenal activity
or inhibitory feedback of the intestine[135]. Symptoms of
motility disorders may be evoked through the activation
of chemo- (delayed clearance) and mechano-receptors
(digestive tract tube contraction or extension due to hypertensive spasm or dilatation proximal to contraction),
via activation of viscerosomatic reflexes, and somatic
receptors localized in the distended abdominal wall in the
course of bloating, especially in individuals with hypersensitivity to stress. Furthermore, symptoms relating to reflux
of gastric content into the esophagus, or other causes of
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delayed gastric emptying and/or its accommodation impairment, may appear in patients with gastroparesis[136].
The effect of H. pylori infection on digestive tract motility may result from its direct local action, or an intermediate effect via the above-described ANS and endocrine
effects (i.e., due to alteration in gastrin, STS, CCK and
plasma and mucosal ghrelin levels)[137-140]. However, there
are no recent studies on the effect of H. pylori infection
and its eradication on esophageal and gastric motility.
Chiloiro et al[140] showed higher gastrin and lower CCK
plasma levels in H. pylori-infected patients with functional
dyspepsia, but did not find a difference in gastric emptying. Similarly, Schenk et al[137] showed that severe hypergastrinemia during omeprazole maintenance therapy for
gastroesophageal reflux was associated with the duration
of therapy and H. pylori infection, but not with abnormalities of gastric emptying or vagal nerve integrity. Currently, there are no reports concerning the effect of H. pyloriinduced hypergastrinemia secondary to hypochloremia
in the course of H. pylori infection-related gastric corpus
mucosa atrophy. However, an in vitro study showed that
eradication of H. pylori did not affect muscle contractility
and acetylcholine release but augmented antral relaxation
after nerve electrical field stimulation[56].
A study by our group found positive relationships
between H. pylori infection and the efficacy of esophageal
peristalsis and the amplitude and duration of esophageal contractions in patients with atypical chest pain[35].
However, Tsai et al[141] and Zerbib et al[142] did not find any
differences in the patterns of esophageal motility and
transient lower esophageal sphincter relaxations between
H. pylori-positive and H. pylori-negative subjects. Similarly,
Tanaka et al[143] did not observe changes in gastric and
esophageal function after H. pylori eradication, besides an
increase in gastric acidity at night, suggesting that H. pylori
does not produce esophageal-motility-related chest pain,
although it induced a more active inflammatory process
in esophageal mucosa[142].
The presence of H. pylori infection also did not significantly affect gastric emptying rates for solids and liquids,
discomfort sensitivity thresholds, or meal-induced gastric
relaxation in dyspeptic patients[144]. H. pylori-positive and
-negative patients in a study by Mearin et al[128] also suffered from similar severity and frequency of dyspeptic
symptoms and global symptom scores, and presented no
differences in gastric compliance. However, postprandial
antral motility in H. pylori-positive patients was significantly decreased, though without an increase in their
perception of gastric distension. A report by Thumshirn
et al[145] showed that impaired gastric accommodation is
frequent in non-ulcer dyspepsia, but unrelated to H. pylori
infection and vagal efferent dysfunction. Additionally, a
placebo-controlled double-blind study showed that H.
pylori eradication in patients with functional dyspepsia
had no impact on gastric emptying as estimated using a
standardized scintigraphic double-tracer[146]. Furthermore,
a decreased prevalence of normal electrogastrography
(EGG) patterns was found in both H. pylori-positive and
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-negative patients with functional dyspepsia compared
to healthy controls, though only subjects with delayed
gastric emptying achieved symptom improvement and
normalization of the EGG pattern after H. pylori eradication[135]. In contrast, a study by Simrén et al[20] indicated
that H. pylori infection was independently associated with
the presence of unsuppressed phasic fundic contractility
after a meal, which induced a transient increase in gastric
wall tension that was observed in 15% of subjects. Lin
et al[147] found abnormal gastric myoelectrical activity in
approximately 40% of H. pylori-infected patients with
functional dyspepsia, which was normalized in some
following H. pylori eradication, with similar observations reported by Thor et al[148]. In a double-blind study
performed in patients with duodenal ulcers, Konturek et
al[139] showed that H. pylori infection was accompanied by
enhanced gastric emptying and reduced luminal release
of STS, although a CCK antagonist had no effect in H.
pylori-infected subjects. The authors therefore concluded
that, since gastric motor function and STS secretion were
normalized after H. pylori eradication, CCK and STS contribute to the normalization of gastric emptying following H. pylori eradication in patients with duodenal ulcer.
Current data demonstrate contrary outcomes of the
effect of H. pylori-infection on digestive tract motor function, and further studies are therefore needed to address
these discrepancies as well as the involvement of the
brain-gut axis. Indeed, this has been suggested by Manes
et al[149] who highlighted the low quality of the studies
performed, methodological problems relating to the
small numbers of patients, differences in methodological
approaches and the well-known difficulties in studying
both gastrointestinal motility and functional dyspepsia.

H. PYLORI AND GASTROINTESTINAL
SECRETION
The known phrase, “no acid - no ulcer” emphasizes the
important role of gastric acid secretion in the pathogenesis of upper digestive tract symptoms and injuries. As
H. pylori infection is recognized as the main ulcerogenic
factor, it is an important pathomechanism of direct and
immediate harmful H. pylori action via the brain-gut axis.
The effect of H. pylori infection on gastric acid secretion
depends on the location of the gastritis. In localization
of the antral inflammatory process, acid hypersecretion
was observed, leading to stomach mucosal atrophy and
hypochlorhydria in patients with corporal gastritis or pangastritis[141]. After H. pylori eradication, intragastric pH in
the postprandial period was significantly lower, whereas
baseline pH remained unchanged[150]. These changes were
expressed particularly in patients with the proinflammatory IL-1B genotype, which is associated with an increased
risk of gastric mucosa atrophy, lower gastric acidity and
gastric carcinoma[151].
Chronic gastritis also affects a variety of endocrine
functions of the stomach, including the production of
STS, gastrin and ghrelin[94]. As gastric parietal cells are
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regulated by hormones and neurotransmitters, such as
gastrin, histamine and acetylocholine, analysis of the effect of H. pylori-infection on the brain-gut axis is reasonable. H. pylori infection leads to a decrease in gastric acid
secretion due to mucosal atrophy and vagal nerve dysfunction[81], which may result in alteration of both gastric
motility and secretion, as well as food intake.
Abnormal vagal nerve activity should be considered as
a potential mediator of H. pylori-induced changes in secretion of gastric acid, gastrin and ghrelin. However, there
are no recent studies investigating the effect of H. pylori
infection and eradication on gastric acidity. Lucini et al[39]
examined the association between ANS activity and gastric acid secretion and found that sham-fed patients with
duodenal ulcers had greater vagal and lower sympathetic
nerve activities using heart rate variability (HRV) analyses.
In these patients, the sham feeding to basal acid output
ratio value correlated with markers of ANS activity. A
study by Nada et al[121] reported high sympatho-vagal tone
at night in patients with peptic ulcers, which can result in
gastric artery spasms and excess secretion of gastric acid.
In the same study, HRV markers of vagal nerve activity
and gastric juice secretion increased in adult mongrel dogs
following an intravenous injection of insulin.
H. pylori-positive patients with duodenal ulcers showed
increased plasma gastrin concentrations in a study by Iijima et al[152], while H. pylori-positive patients with gastric
ulcers showed lower concentrations compared to H. pylorinegative counterparts. In both groups, the gastrin plasma
levels changed after H. pylori eradication, decreasing in individuals with duodenal ulcers, and increasing in those with
gastric ulcers. Ghrelin is also secreted by gastric mucosa
cells, and not only regulates food intake, but also exhibits
an effect on gastroprotection and increases esophageal and
gastric motility and gastric acid secretion[6,14,124,148,153].
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Metabolic consequences of Helicobacter pylori infection and
eradication
György Miklós Buzás
eradication of the infection will prevent these conditions.
In case of glucose metabolism, the most consistent association was found between H. pylori and insulin resistance: again, proof that eradication prevents this common metabolic disturbance is expected. The results of
eradication with standard regimens in diabetics are significantly worse than in non-diabetic patients, thus, more
active regimens must be found to obtain better results.
Successful eradication itself led to an increase of body
mass index and cholesterol levels in some populations,
while in others no such changes were encountered. Uncertainities of the metabolic consequences of H. pylori
infection must be clarified in the future.
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Abstract
Helicobacter pylori (H. pylori ) is still the most prevalent

Key words: Diabetes mellitus; Cytokines; Glucose homeostasis; Growth; Helicobacter pylori ; Interleukins;
Lipid metabolism; Metabolic syndrome

infection of the world. Colonization of the stomach by
this agent will invariably induce chronic gastritis which
is a low-grade inflammatory state leading to local complications (peptic ulcer, gastric cancer, lymphoma) and
remote manifestations. While H. pylori does not enter
circulation, these extragastric manifestations are probably mediated by the cytokines and acute phase proteins
produced by the inflammed mucosa. The epidemiologic
link between the H. pylori infection and metabolic changes is inconstant and controversial. Growth delay was
described mainly in low-income regions with high prevalence of the infection, where probably other nutritional
and social factors contribute to it. The timely eradication
of the infection will lead to a more healthy development
of the young population, along with preventing peptic
ulcers and gastric cancer An increase of total, low density lipoprotein and high density liporotein cholesterol
levels in some infected people creates an atherogenic
lipid profile which could promote atherosclerosis with
its complications, myocardial infarction, stroke and peripheral vascular disease. Well designed and adequately
powered long-term studies are required to see whether
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Core tip: Although Helicobacter pylori (H. pylori ) in considered the main cause of peptic ulcer, gastric cancer
and mucosa-associated lymphoid tissue lymphoma, the
infection could induce many extragastric manifestations: among them, the metabolic disturbances are less
well debated. Growth-as expression of general metabolism-could be delayed especially in low income-high
infection prevalence regions and this can be restored
by timely eradication of the infection. H. pylori infection
may be associated with increased total and low density
lipoprotein cholesterol and decrease of high density
liporotein, creating an atherogenic lipid profile and promoting atherosclerosis. H. pylori is consistently associated with insulin resistance. In the future, larg-scale
studies are needed to clarify if eradication of H. pylori
will result in restoration of normal growth, decrease of
atherosclerotic disease, type 2 diabetes mellitus and
metabolic syndrome.
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found in coronary plaques obtained from 46 patients undergoing bypass sugery, suggesting a direct involvement
of bacteria in plaque progression[4]. Virulence factors of
H. pylori induce the recruitment of immunologically active cells, which release cytokines, tumor necrosis factor
(TNF) α, interferons (IFNs) that can act remotely from
the natural habitat of H. pylori. Their specific roles are
summarized below.

Buzás GM. Metabolic consequences of Helicobacter pylori infection and eradication. World J Gastroenterol 2014; 20(18):
5226-5234 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i18/5226.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5226

INTRODUCTION

Acute phase proteins
C-reactive protein (CRP) is synthetised in liver upon
interleukin 6 (IL-6) and TNF α stimulation and in adipocytes by TNF α and resistin. CRP increases the production of intercellular adhesion molecule 1 (ICAM-1)
and monocyte chemoattractive protein-1 (MCP-1) by the
endothelial cells and these molecules are involved in atherogenesis[3]. Elevated levels of CRP are associated with
obesity, diabetes, coronary heart disease, smoking and
sedentarism. CRP levels determined by high-sensitivity
assay showed mild and variable increases in H. pylori
infection. In a recent meta-analysis of 10 retrospective
case-control studies, a positive association was found
between CagA+ status and ischemic heart disease (OR =
1.87, 95%CI: 1.46-2.40) and cerebrovascular disease (OR
= 2.43, 95%CI: 1.89-3.13)[5]. In coronary heart disease
patients infected with CagA+ strain, a positive correlation
was found between severity of vascular changes and CRP
levels[6]. These results were confirmed by a later metaanalysis of 4241 cases, and anti-CagA antibodies were
found inside coronary plaques, suggesting that in a subset
of patients with coronary heart disease, the immune response to CagA antigen mediated plaque instability, leading to angina[6]. Further studies are needed to shed light
on the role of CRP on this process.

If it is not cleared shortly after being acquired, Helicobacter pylori (H. pylori) infection invariably leads to a
chronic, low-grade inflammation (CLGI) of the gastric mucosa. The inflammation could by limited to
the antrum, angulus or extended to corporeal mucosa
(pangastritis), according to the phenotype of the host.
Inflammation is classically defined as a complex biological response of the tissues to pathogens, damaged cells
and irritants[1,2]. Common factors to chronic gastritis,
atherosclerosis, metabolic syndrome, obesity and type 2
diabetes are increased levels of tissue and circulatory cytokines produced by different cell types and secreted into
the circulation, where they regulate metabolic processes
through local, central and peripheral actions[3]. Classical
acute inflammation differs in many ways from chronic
low-grade inflammation. The cardinal signs of inflammation described by Aulus Cornelius Celsus (30 BC-38 AD)
and Claudius Galen (AD 129-200) (calor = heat, dolor =
pain, rubor = redness, tumor = swelling + functio laesa
= loss of function), all are lacking in CLGI, which does
not led to pus, abscess, granuloma, serous fluid formation or sepsis. Acute inflammation, if unresolved, could
led to chronic process with an outcome affecting the rest
of patient’s lifetime: this is the case of chronic gastritis
and its complications, as peptic ulcer disease, gastric cancer and the manifold extragastric manifestations. Additionaly, CLGIs can influence the overall health status far
from the site of inflammation[3].
CLGI the gastric mucosa caused by H. pylori could
lead to some metabolic disturbances which have much in
common with other similar states, creating pathogenetic
interfaces. The pro-inflammatory cytokines released will
have different metabolic effects which could influence
the outcome and complications of these states, as outlined below.

Cytokines
CLGI states are characterized by mild, two- to three-fold
increase in plasma concentrations of several cytokines.
Up to now, 35 cytokines have been described: most of
them, have pro-inflammatory and some anti-inflammatory action. In case of human gastric mucosa, elevated levels of IL-1β, IL- 6, IL-8, IL-10, and IL-17 were described:
their selected features and actions are presented in Table
1[7-12]. The ILs could excite their pathogenic effect with
increased tissue and plasma levels, or with genetic changes
resulting modified gene products. Thus, recent metaanalyses showed that IL-8 gene -251 T/A polymorphism
increased the risk of peptic ulcer but not that of gastric
cancer[7,8]. In another study, no association of IL-1β 511
C/T polymorphism and risk of duodenal ulcer was found
and the T allele state was even protective against the
disease[9]. It is not known whether or not these polymorphisms have any role in the extragastric manifestations of
the infection. Much of IL studies have been performed
in vitro, so that their in vivo importance is less clear. INFγ
was also found to be increased both in H. pylori induced
gastritis, diabetes and metabolic syndrome. Some ILs are
envisaged as therapeutic targets in the future.

ACUTE PHASE PROTEIN AND CYTOKINE
PROFILE IN H. PYLORI-INDUCED
CHRONIC GASTRITIS
Colonisation of the gastric mucosa with H. pylori inevitably results in chronic-active or inactive-gastritis: this
creates a CLGI state (see above). While H. pylori does not
enter the circulation, the remote effects of the infection
are probably induced by circulating cytokines, acute phase
proteins and other mediators. H. pylori itself was not
isolated from atherosclerotic lesions, but its DNA was
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Table 1 Profile of cytokines involved in Helicobacter pylori infection
Cytokine

Cellular origin

Role in gastric mucosa

IL-1β

Mucosal and circulating
monocytes, mast
cells, epidermic and
endothelial cells

Proinflammatory molecule, its expression is increased in the
infected gastric mucosa. Mast cells stimulated by VacA toxin
also produce IL-1β. Certain polymorphisms of IL-1β gene
might promote atrophic gastritis and adenocarcinoma[2,9]

IL-6
IL-8

Monocytes, epithelial
and endothelial cells
Monocytes, fibroblasts,
epithelial and
endothelial cells

IL-10

Th2 cells

IL-17

Th17 cells

TNF α

Macrophages, T cell,
natural killer cells

Innate immune recognition of H. pylori is mediated by TLR4
and induces increased expression of IL-6, IL-8, IL-10,IL-12[2]
Secreted upon stimulation by IL-1β and TNF α, Il-8 induces
polymorph neutrophil infiltration. H. pylori-infected gastric
mucosa and gastric carcinoma cells express increased levels
of IL-8. Recruited leucocytes phagocytose opsonized bacteria
and produce reactive oxygen and nitrogen species[2,10]
Antiinflammatory cytokine but IL-10 gene polymorphism
could reduce its production and enhance the risk of gastric
cancer[2]
IL-17 regulates the Th2 response to H. pylori and has antiinflammatory effect[11]
Elevated production TNF α and/or polymorphism of its
gene (308 G > A) increase the risk of atrophic gastritis and
distal gastric cancer. TNF α inhibits acid secretion[1,2]

IFNγ

Th1 cells

Implications in metabolic processes
IL-1β in vitro induces distruction of pancreatic
β cells, in insulin-sensitive organs produces
inflammation and insulin resistance. It is
increased in type 2 DM and mediates thrombotic
complications[3]
IL-6 is increased in diabetes mellitus and in vitro
downregulates adiponectin mRNA expression[3]
Circulating monocyte IL-8, and TNF α levels are
increased in type 2 DM with peripheral vascular
disease[3]

Idem as IL-8

Unknown

Elevated levels in diabetes, obesity and metabolic
syndrome alters insulin sensitivity, decreases
glucose-transporter 4 and supresses adiponectin,
increases the expression of IL-6 and MCP1 genes,
promoting atherosclerosis[3]
INFγ expressed in higher proportion of H. pylori-infected
Serum IF is increased in autoimmune type 1
persons than those uninfected, inducing expression of IL-1β, diabetes. Polymorphism of IFγ is implicated in
IL-6, IL-8 and TNF α
the pathogenesis of proliferative retinopathy is
Type 1 and 2 DM. INFγ is increased in metabolic
syndrome[3]

DM: Diabetes mellitus; H. pylori: Helicobacter pylori; IFN: Interferon; MCP-1: Monocyte chemotactic protein-1; TLR: Toll like receptor; IL: Interleukin; TNF:
Tumor necrosis factor.

TNF α promotes inflammation and endothelial activation
Chronically elevated levels are detrimental to both gastric
mucosa and glucose metabolism. TNF α alters insulin
sensitivity, decreases glucose-4-transporter expression,
suppresses adiponectin production and increases the expression of genes encoding other pro-inflammatory cytokines and proteins promoting atherosclerosis[3]. Tip-α is a
new virulence factor of H. pylori which induces increased
expression of TNF α, IL-1β and IL-8 in gastric epithelial
cell lines and cancer cells[10]. This factor possesses DNAbinding activity and exerts its action by binding to nuclear
factor κB. The role of this factor in the pathogenesis of
gastric and extragastric actions of H. pylori must be investigated further[12].

was related with low nutrient and socioeconomic status intake rather than H. pylori infection[14]. In an uncontrolled French study, 426 children were examined
endoscopically and H. pylori was detected in 18.1%, but
the prevalence of infection was 55% in of children investigated for short stature[15]. In a Scottish study, 554
schoolchildren from Edinburgh were investigated and the
growth in height between 7 and 11 years was diminshed
in infected cases, but this was confined largely to girls[16].
In schoolchildren aged 3 to 14 years in Italy, 16.3% of infected children were below of 25th percentile for height
compared with only 7.8% in H. pylori negative children,
especially in those older than 8.5 years, suggesting that
once acquired, the infection takes several years before to
affect growth[17]. In another Italian study, the prevalence
of anti-CagA IgG antibody was not different in normal
and short children, suggesting H. pylori plays no role in
short stature[18].
In a cross-sectional populational survey of 3315 German boys 5 to 7 years old, those infected were smaller
than those H. pylori negative[19]. Other authors found a
growth delay around the time of puberty in H. pylori positive children in Turkey and China[20,21]. In lower-middle
class Columbian children aged 12 to 60 mo the growth
velocity monitored for 2.5 years was lower in cases of
new H. pylori infection, as determined by 13C-UBT[22]. In
another Turkish study, a positive association was found
between recurrent abdominal pain, H. pylori infection and

GROWTH, STATURE AND H. PYLORI
In most individuals-regardless to geographic region-H.
pylori infection is acquired during early childhood. In
the first two decades of life, growth is an expression of
general metabolism. Chronic inflammation of the gastric
mucosa could be associated with disturbances of growth
and stature; however, the published results are controversial and the results obtained in paediatric and adult populations are discordant[13-24].
Children
In a Peruvian paediatric population, that short stature
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growth delay[23]. Finally, in the most recent study, H. pylori
infection in Columbian Andean children was found to
impair growth velocity as compared to uninfected children, followed-up between 2004 and 2010. The results
were not adjusted for socioenvironmental factors[24].
The mechanisms of growth retardation associated
with H. pylori infection are hypothetical. The role of
dyspeptic symptoms is uncertain, because they appear
only in a fraction of infected children and no assocation
was found between these variables. The infection could
result in low energy intake and malnutrition; however,
these could preceed its aquirement, especially under low
economic standards. Finally, the low grade inflammation
of gastric mucosa induces the release of cytokines which
in turn affect growth: in this respect, the role of IL-8 IgA
autoantibodies was assumed and in children with inflammatory bowel disease, serum levels of TNF α may be
associated with growth failure[10,25]. No such studies were
performed in H. pylori infected and healthy children.
A long-term follow up study in Columbia showed
that in children who were always negative and those who
received successful eradication treatment, grew significantly faster than those infected with H. pylori even after
adjusting for covariates[26].
In a large cohort of 1222 Chinese children, H. pylori
infection was associated with growth retardation and low
serum acetylated ghrelin, while successful eradication restored ghrelin levels and increased net weight gain[27].

not significant[32]. There was no association between H.
pylori CagA+ or CagA-, H. pylori status and serum leptin
levels.
Successful eradication of the infection, however, induced an increase in body weight and BMI in Japanase
workers, probably by cessation of dyspepsia, increased
acid secretion, improved apetite and nutrition[33,34]. In a
British randomised trial including 1558 patients, it was
shown that eradication increased significantly BMI from
27.5% to 27.8% at 6 mo as compared to placebo[35]. In
adults, in a systematic review of 592 cases, no change
of circulating ghrelin levels was reported after eradication, although the treatment increased mucosal ghrelin
mRNA[36].
It is difficult to interpret these data. In children, most
of studies were performed in low-income populations
with high prevalence of H. pylori; in adults, studies are
coming from industrialized western countries, with low
prevalence of infection. This implies the intervention
of unmeasured factors such as eating habits, nutritional
intake in the period of H. pylori acquisition and adulthood. Hormonal influences could have a role in females,
where it was suggested that cytokines released by H. pylori
disturb ovarian functions[16]. The mechanisms leading to
H. pylori-associated growth delay/retardation in children
and overweight/obesity in adults are probably different
and undefined as yet. Determination of gastric mucosal
and circulating cytokine profile in infected/uninfected
children and adults will probably be of some help. The
decrease of H. pylori and increase of overweight/obesity
prevalence in western countries will generate further controversies in interpreting the correlation between growth,
stature and H. pylori infection.

Adults
Data in adults are scarce and controversial. In a 4742 cohort of subjects from North Ireland, H. pylori infection
was not associated with height in males, but mean height
in infected women was lower even after adjusting for
age and socioeconomic status. Body mass index (BMI)
was not different in sero-positive and negative males
and females[28]. In a Danish adult population with 2913
participants, people with upper quartile of BMI (> 26.8
kg/m2) were more likely to be seropositive to anti-H.
pylori IgG (OR = 1.6, 95%CI: 1.1-2.4) than persons with
a lower BMI[29]. In 598 Swedish subjects, combined positive serology for H. pylori and Chlamydia pneumoniae was
associated with higher BMI (27.3% vs 25.8%), therefore
the authors considered that obesity might be a marker for
greater susceptibility to infections[30]. In Leeds, height was
measured in 2932 persons and H. pylori status determined
by 13C-UBT. H. pylori infected women were 1.4 cm and
men 0.7 cm shorter than the infected cases but this was
considered to be due to residual confounding[31]. In 2436
Czeh subjects, H. pylori status was assessed by 13C-UBT a
H. pylori positivity was associated with lower BMI il children under 15 years and a higher prevalence was found in
older, overweight or obese subjects[13].
In the United States, the Third National Health and
Nutrition Survey evaluated 7003 subjects between 1998
and 2004, the unadjusted odds of being overweight were
significantly higher in CagA+-H. pylori infected persons,
but after adjustment for confounding variables, they were
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LIPID METABOLISM AND H. PYLORI
CLGIs may modify serum lipid profile. The association of H. pylori infection with lipid profile changes was
observed in 1996 in Finnish subjects, where serum cholesterol (C) and triglicerid levels were significantly higher
in H. pylori infected male persons, after adjustment for
age, BMI and smoking status[37]. Since then, some studies
have been performed in different populations: the results
are given in Table 2. The results, although equivocal,
suggest that H. pylori infection in different populations
is associated either with elevated total C or low density
lipoprotein (LDL)-L and lower high density liporotein
(HDL)-C and apo A and B. Serum triglycerides were
found also elevated in some, but not all, studies. The
elevated C and LDL-C along with decreased HDL-C creates an atherogenic lipid profile which promotes atherosclerosis in different sites (carotid, cerebral, coronary and
peripheral vessels)[38-45]. Two studies demonstrated a positive correlation between the degree of mucosal inflammation and lipid levels[42,43]. While the CLGI is a lifelong
condition, the alterations of lipid profile induced are also
long-lasting.
The mechanism by which H. pylori infection increases
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Table 2 Lipid metabolism alterations in Helicobacter pylori infection
Year

Ref.

Population

No. of cases

No.of controls

Results

Comments

(H. pylori positive) (H. pylori negative)
1996

[37]

Finnish

72

62

1999

[38]

Finnish

467

423

2003

[39]

Italian

144

65

2003

[40]

French

82

56

2008

[41]

Greek

2009

[42]

Chinese

668

383

2009

[43]

Turkish

163

81

2010

[44]

Japanese

2375

2702

2011

[45]

South Korea

193

261

T level was higher, HDL-C was
H. pylori could modify lipid
lower in controls and H. pylori
concentrations in a way that could
positive patients with confirmed
increase the risk of CHD
CHD
Serum T and total C was higher in
Adjustment for age, BMI and social
males infected with H. pylori
class had no influence on the association
Total and LDL-C and lipoprotein A
The differences persisted after
increased in infected subjects
adjustment for covariates, especially in
cagA+ cases
Trend to lower total C in infected
HDL-C, LDL-C , apoA and B all were
cases; duodenal ulcer cases has lower
lower in duodenal ulcer patients
C than H. pylori positive or negative
dyspeptic patients
DU patients have lower C as
None
compared with dyspepsia cases,
regardless of H. pylori status
HDL-C were lower in H. pylori
No association of H. pylori with the
positive cases
severity of coronary atherosclerosis
Total C and LDL-C were significantA positive correlation was found
ly higher in H. pylori positive cases
between LDL-C and updated Sydney
System score
LDL-C levels were higher, HDL-C
In Japanese males, high LDL and low
lower in H. pylori positive cases in
HDL-C is significantly associated with
males but not in females
H. pylori infection
Total C, LDL-C levels were higher in The OR of H. pylori infection for high
H. pylori positive cases; no associaLDL-C level was 3.1
tion with HDL and T was found

H. pylori: Helicobacter pylori; LDL: Low density lipoprotein; HDL: High density liporotein; BMI: Body mass index; DU: Duodenal ulcer.

lipid synthesis remains to be elucidated. An early study
from 1992 showed that H. pylori in vitro adsorb C from
serum and egg yolk, suggesting that it even decrease the
absorbtion of alimentary C[46]. An experimental study
has shown that IL-8-which is overexpressed in H. pylori
infected mucosa[10]-production is stimulated by oxidized
LDL by monocytes and thus, these potent chemoattractant cytokine increase the recruitment of T lymphocytes
and smooth muscle cells, contributing to plaque fomation[47]. IL-10 production by mononuclear cells is also
is also influenced by the inflammation and conversely,
HDL-C itself could also modulate cytokine production[48]. However, there are no human studies.
An argument favouring the role of CLGI in the lipid
profile alterations is that successful eradication of H. pylori infection induced an increase of HDL-C, apo A, while
total C and LDL remained unchanged[48,49]. These results
were not reproduced in large Spanish and Chinese trials
and the minor changes of blood lipids were attributed
rather to lifestyle modifications[50-52].
In summary, at least some of the infected patients,
H. pylori induces a long-standing atherogenic lipid profile
which could promote atherosclerosis, with its manyfold
clinical manifestations (coronary heart disease, stroke, peripheral vascular occlusive disease).
Identification of patients at risk for this association
and eradication of the infection might reduce the prevalence of these conditions and their complications: this
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warrants further studies.

GLUCOSE HOMEOSTASIS AND H.
PYLORI
Diabetes mellitus (DM), metabolic syndrome and obesity
have a mild (2-3-fold) increase of circulating cytokines
in common[3]. The cytokine profile of chronic gastritis
and DM shows some similarities and CRP, IL-6, TNF α
are increased in both conditions. The prevalence of H.
pylori infection in type 1 and 2 DM was found to be either
increased, decreased or equal with non-diabetic controls:
an analysis of these studies is beyond the scope of this
article. Even if the causal association of DM and H. pylori
infection is controversial, the later could induce changes
of glycaemic control in diabetics.
H. pylori infection could lower fasting blood glucose
level: several studies detected in H. pylori infected diabetics lower fasting plasma glucose than in non-infected
controls[53-55] because both basal and meal-stimulated
glucose is decreased. Antral gastrin release is increased
by H. pylori and this, in turn, inhibit glucose absorbtion
in the small intestine and amplifies glucose-stimulated
insulin release in females, but not in men[56]. This could at
least theoretically, even protect against development of
type 2 DM in cases where the infection is acquired before
occurrence of diabetes: this was not substantiated by the
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epidemiological data.
HgbA1c is the most valuable indicator of long-term
glycaemic control. The relationship between H. pylori
infection and HgbA1c levels is also controversial. In children with type 1 DM, H. pylori infection was associated
either with similar[57-59]. or increased[60] HbA1c values as
compared to non-infected controls. In 141 type 2 DM
patients and 142 non-diabetic subjects, no differences of
fasting blood glucose and HbA1c levels were encountered, although neuropathy was more frequent than in
infected cases[61]. Conversely, in 2060 Chinese diabetic
participants, HbA1c levels were significantly higher in
those H. pylori infected, especially in elderly patients[62].
In a recent study on 7417 participants in the National
Health and Nutrition Examination Survey, H. pylori and
especially CagA+ status was associated with increased
HbA1c levels and BMI after exclusion of confounders[63].
Insulin resistance is a central pathogenetic element in
type 2 DM, metabolic syndrome and obesity. It can be
measured with a homeostasis model assessment model
of insulin resistance (HOMA-IR). In 63 Turkish patients, the HOMA-IR level was significantly higher is H.
pylori positive patients as compared to negative cases[64].
Another Turkish study found in dyspeptic, non-diabetic
patients the insulin resistance higher, the total antioxidant
capacity lower in H. pylori infected patients[65] Conversely,
in asymptomatic Japanese subjects, H. pylori seropositivity
was significantly higher in insulin resistant cases as compared to those without resistance (39.4% vs 28.7%) after
adjustment for gender, age, alcohol consumption, dietary
habits, thus suggesting that the infection independently
promotes insulin resistance in asymptomatic population[66]. In Iranians, there was no difference of mean
fasting glucose, BMI, age and gender, but the HOMA-IR
score was significantly higher and associated with seropositivity[67]. In a cohort of 5889 South Korean subjects,
metabolic syndrome was more strongly associated with
histologic (OR = 1.16, 95%CI: 1.08-1.48) than serologic
H. pylori positivity (OR = 1.12, CI: 0.95-1.32): however,
no data on glucose homeostasis were reported[68].
In a systematic review of 7 cross-sectional and 2
non-randomised open label trials, a potential association
between H. pylori infection and insulin resistance was
found in all but one study[69]. This could be of pivotal
importance in obesity and metabolic syndrome, where
circulating adiponectin levels are decreased and correlated
with insulin sensitivity. Adiponectin levels have not been
determined in relation to H. pylori infection, but epidemiologic data suggest that the prevalence of infection is
increased in obese as compared to slim people[70].
An association of metabolic syndrome and CRP,
E-selectin and vascular cell adhesion molecule 1,but not
with IL-1β, IL-2, IL-4, IL-8, IL-10, TNF α and INF was
found in a Swedish study[71], while in Brazilian patients,
the metabolic Z score correlated with BMI, waist circumference, INFγ and TNF α levels as well as HOMA-IR
values[72]. In 180 type 2 DM Romanian patients, increased
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levels of IL-1β and high C were associated with increased
risk of thrombotic complications, but the H. pylori status
was not included in this study[73].
Based on these data, some experts suggested to perform large interventional trials aimed at evaluating the
benefit of H. pylori eradication on the prevention of
metabolic syndrome and type 2 DM[74]. In the most recent study of 308 Lebanese subjects, no association of H.
pylori with insulin resistance and metabolic syndrome was
found and the authors concluded, that eradication of the
infection to prevent these conditions is not warranted.
The study had, however, methodological drawbacks[75].
Metabolic syndrome, however, is a multifactorial
condition in which H. pylori infection seems to play only
a minor, if any role. The prevalence of the infection is
decreasing spontaneously in the developed countries,
while that of metabolic syndrome is constantly increasing: parallel epidemiologic studies of these 2 conditons
have not been performed and it would be intriguing to
see whether spontaneous and/or eradication-induced decrease of H. pylori burden of the general population will
result any change in the development and natural course
of metabolic syndrome.
Although the association of H.pylori with glucose metabolism abnormalities is varied and differs between populations, the most consistent findings confirming the relationship of H. pylori and diabetes came from therapeutic
trials, where both in type 1 and type 2 DM the rates of
eradication of infection were significantly lower in diabetics than in nondiabetic patients. In a meta-analysis of 16
papers published until 2011, including 371 diabetic and
281 non-diabetic cases, we have shown a pooled eradication rate of 60.5% (95%CI: 52.8-69.3) in diabetics and
79.3% (95%CI: 68.1-91.3, P = 0.03) in non-diabetics. The
number of cases included was rather low and the studies
were heterogenous. Being diabetic increase the OR of
unsuccessful treatment to 1.7 (95%CI: 1.5-2.0)[76]. Clarithromycin resistance is also more frequent in type 2 diabetics and influences negatively the eradication results[77].
A decrease in gastric mucosal blood flow was assumed
to contribute to the poor eradication rates in diabetics.
None of the international guidelines includes special recommendations of eradication in diabetics.
It was also shown that fasting insulin, HOMA-IR, C,
CRP and C-LDL levels decreased in H. pylori positive patients 6 wk after successful eradication with a sequential
regimen, suggesting a beneficial effect on atherogenic
metabolic abnormalities and CLGI[78]. Other authors confirmed the improvement of lipid and haemostasis parameters (plasminogen activator inhibitor, CRP, fibrinogen,
thrombin/antithrombin complex and von Willebrand
antigen) contributing to improvement of cardiovascular
risk factors[79].
In the most recent survey, successful eradication of
H. pylori infection with triple and quadruple regimen in
type 2 DM did not led to significant decrease of plasma
glucose and HbA1c levels as compared to pre-treatment
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levels and values found in non-diabetic controls[80].

7

CONCLUSION
In conclusion, H. pylori infection could induce metabolic
disturbances mediated by the cytokines produced in
the inflammed gastric mucosa. The epidemiologic link
between the infection, growth disturbances, alterations
of lipid and glucose metabolism are multi-faceted, and
controversial. Delayed growth was described mainly in
the low-income regions with high prevalence of H. pylori
and eradication of infection will lead to a healthier development of the young population, along with preventing
peptic ulcer/gastric cancer. Increase of C and LDL-C
and decrease of HDL-C levels in a part of infected
people creates an atherogenic lipid profile which could
promote atherosclerosis with its complications. It must
be proven, however, by future controlled long-term trials,
whether eradicating the infection will result prevention
of these conditions. In case of glucose metabolism, the
most consistent association was found between H. pylori
and insulin resistance: again, proof that eradication prevents this common metabolic abnormality by eradication
is expected. Optimal regimens for eradication of the infection in diabetics must be found in the future.
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of infection and the main cytokine gene polymorphisms
associated with resistance/susceptibility to Helicobacter
pylori . We also discuss how such polymorphisms may
influence infection/disease outcomes.
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Abstract
Helicobacter pylori (H. pylori ) is a flagellated, spiral-

HELICOBACTER PYLORI

shaped, microaerophilic Gram-negative bacillus that
colonises the gastric mucosa of more than 50% of the
human population. Infection is a risk factor for gastritis,
ulcer disease and stomach cancer. Immunity against H.
pylori is mainly related to Th1/Th17 skewing, and the
activation of regulatory T cells is the main strategy used
to limit inflammatory responses, which can result in the
pathogen persistence and can lead to chronic gastrointestinal diseases, including cancer. Furthermore, host
genetic factors that affect cytokines may determine differences in the susceptibility to many diseases. In this
review, we present the cytokine profiles and the main
cytokine gene polymorphisms associated with resistance/
susceptibility to H. pylori and discuss how such polymorphisms may influence infection/disease outcomes.
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Helicobacter pylori (H. pylori) is a flagellated, spiral-shaped,
microaerophilic Gram-negative bacillus that colonises
the gastric mucosa, causing gastroduodenal diseases such
as chronic gastritis, ulcer disease and gastric cancer[1]. H.
pylori infection is the major environmental risk factor for
non-cardia gastric adenocarcinoma. Although it is estimated that 50% of the population worldwide is infected
by this bacterium, only a subset of 1% to 2% of those
individuals will develop gastric malignancies [2,3]. The
prevalence of H. pylori infection may vary depending on
the studied population. Furthermore, researchers have
associated the increased prevalence of H. pylori infection
with socioeconomic indicators, as the incidence of infection is higher in developing countries[4].
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H. pylori infection is associated with poor hygiene
conditions[5]. Although the transmission mechanism of
H. pylori has not been completely elucidated, evidence
suggests that human-to-human spread via oral-oral or
faecal-oral routes are important mechanisms[6]. The main
mechanism of H. pylori survival in the stomach is due to
the action of urease, which hydrolyses the urea present
in the stomach into CO2 and ammonia, which then neutralise stomach acidity. These components are essential
for neutralising gastric acid and promoting a favourable
environment for H. pylori survival in the stomach[7,8].
H. pylori starts colonisation of the gastric mucosa by
crossing the gastric mucus layer and adhering to the gastric epithelium, where it obtains the necessary nutrients
and simultaneously avoids attack by the host immune
system[1]. The inflammation caused by H. pylori infection
is generated by multiple pathways from both the gastric
epithelial cells, which are the host first line of defence
against this organism, and the circulating immune cells
recruited to the site of infection[9].
Several mechanisms of H. pylori pathogenicity have
been described, including modification on host gene
expression, decreased gastric acid secretion, infectioninduced cell proliferation, epithelial cell elongation,
degradation of cell-cell junctions and the production of
systemic and mucosal IgA and IgG antibodies. However,
the effect of antibody production on bacterial colonisation has not been completely elucidated[10].
The major pathogenicity factors of H. pylori include the virulence components vacuolating toxin
(VacA), cytotoxin-associated gene A product (CagA) and
γ-glutamyltranspeptidase (GGT), in addition to pathogenassociated molecular patterns (PAMPs) including lipopolysaccharide (LPS) and flagella[11]. The CagA+ strains
are more potent in causing gastric mucosal damage than
the CagA- strains[12]. Several studies have shown the importance of CagA in H. pylori-induced inﬂammation and
suggest that CagA plays a role in nuclear factor kappa-B
(NF-κB) activation and interleukin-8 (IL-8) production[2].
Moreover, the ectopic expression of CagA induces NFκB nuclear translocation and IL-8 production in gastric
epithelial cells[12].
Another crucial element required for the persistence
of H. pylori infection is related to the secretion of the
VacA protein, which is reported to inhibit both T cell
proliferation and the production of the transcription factors necessary for IL-2 production[13]. VacA also induces
the production of pro-inflammatory cytokines, such as
tumour necrosis factor-alpha (TNF-α), macrophageinflammatory protein-1α, IL-1β, IL-6, IL-10 and IL-13 in
a dose-dependent manner without causing the degranulation of mast cells[14]. Thus, H. pylori virulence factors
play an important role in the infection and act by downmodulating immunity against the bacterium.

matory response and recruits neutrophils, lymphocytes,
macrophages and dendritic cells (DCs) to the gastric mucosa (Figure 1)[15]. The molecular mechanisms by which H.
pylori triggers and maintains the local immune response
are complex, but there is evidence that cytokines produced by both innate and adaptive immune systems can
lead to the development of ulcer disease, gastric adenocarcinoma and gastric mucosa-associated lymphoid tissue
lymphoma[13].
The initial interaction between H. pylori and the innate host immune response is mediated through surface receptors expressed on gastric epithelial cells and
antigen-presenting cells (APCs - DCs and macrophages).
Integrins may recognise virulence factors excreted by
the bacterium, and pattern recognition receptors (PRRs)
such as Toll-like receptors (TLR) and Nucleotide-binding
oligomerisation domain receptor 1 (NOD1) interact with
bacterial PAMPs[14,16].
The activation of human gastric DCs by H. pylori directs naïve CD4+ T cells to Th1 differentiation through
IL-12 production and enables these cells to secrete cytokines such as IL-1, IL-6, TNF-α and IFN-γ by activation
of the transcription factors T-bet (T box expressed in T
cells) and Stat 4 (signal transducer and activation of transcription factor 4)[17]. This differentiation is dependent
on IL-18, which is a Th1-related cytokine that promotes
IFN-γ production by T cells and natural killer (NK) cells
in the presence of IL-12 and is correlated with gastric
inflammation[18,19]. The initial Th1 response aims to eradicate the H. pylori infection. However, in some individuals
Th1 cell-producing cytokines sustain the mucosal inflammation and contribute to the development of the infection-associated gastric preneoplastic immunopathology
that manifests histologically as atrophic gastritis, epithelial
hyperplasia and intestinal metaplasia[17].
Although it is expected that Th2 immune responses
are required for protection against extracellular bacteria,
Th2 cells are weakly associated with H. pylori infection[20].
However, a predominant Th2 immune response is characterised by IL-13 secreting cells. A Th2 response has
been observed in patients with H. pylori-related intestinal
metaplasia and intestinal-type gastric cancer, suggesting
that Th2 cells could be involved in different outcomes of
H. pylori infection[21].
In infected individuals, a Th2 response induces IgG1
production while a Th1 response contributes to significant increase in the overall levels of IgG2 through IL-2
and IFN-γ production. IgG2 titres are higher than IgG1
titres in H. pylori-infected patients, particularly those with
ulcer disease[22]. Studies have reported that gastric cancer
risk is positively correlated with higher serum antibody
levels against H. pylori[23]. However, it has also been shown
that weak serum IgG antibody responses against CagA
may be associated with the risk of gastric cancer development, suggesting that CagA might play a role in carcinogenesis[24].
In addition to Th1/Th2 immune responses, Th17
cells also contribute to mucosal host defence by function-

IMMUNITY TO H. PYLORI
Colonization of the stomach by H. pylori elicits an inflam-
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Figure 1 Immunological response elicited by Helicobacter pylori infection. The presence of Helicobacter pylori (H. pylori) cytotoxins (VacA, CagA, CagL and
GGT) and PAMPs (flagella, lipopolysaccharide) in the gastric mucosa activate antigen-presenting cells (APCs), such as dendritic cells and macrophages. These cells
stimulate the adaptive immune response through the production of cytokines, such as IL-12 and IL-23, which activate Th1 and Th17 cells, respectively. The cytokines
induce an inflammatory process characterization by the recruitment of neutrophils, lymphocytes, macrophages and dendritic cells. Th1 cells release IL-2 and IFN-γ
and stimulate B cell differentiation and anti-H. pylori IgG production from secretory plasm cells. Furthermore, epithelial cells recognize the H. pylori antigens and produce IL-32, which induces chemokines and contributes to inflammation. In individuals infected with CagA+ H. pylori, Treg cells are activated by APCs through IL-18
and IL-1β to modulate the immune response and contribute to persistent infection. Consequently, H. pylori-associated pathologies, such as chronic gastritis and gastric adenocarcinoma, may develop. MF: Macrophages; DC: Dendritic cells; PAMPs: Pathogen-Associated Molecular Patterns.

essential for the spontaneous control of Helicobacter infections. These data suggest that both Th subsets act synergistically or that there might be other Th subsets involved
in the process[29]. Recently, it was shown that the expression of the intracellular pro-inflammatory cytokine IL-32
is induced in gastric epithelial cells by H. pylori in a Cag
Pathogenicity Island (PAI)-dependent manner. IL-32 activates NF-κB and stimulates the production of cytokines
and chemokines, including IL-8, CXCL1, CXCL2, and
TNF-α; IL-32 high levels are also related to human gastritis and gastric cancer[30]. Further studies are necessary
to clarify the role of IL-32 in H. pylori-infected gastric
mucosa.
Despite inciting inflammation, the clearance of
H. pylori is often incomplete due to the activation of
CD4+CD25hi forkhead box protein 3 (Foxp3+) regulatory
T cells (Tregs). Treg cells are potent suppressors of T cell
effector function and regulate the balance between immunity and infection[31]. Treg cells have been implicated in
limiting inflammatory responses to H. pylori by producing
anti-inflammatory cytokines such as IL-10 and TGF-β
that, in some circumstances, result in pathogen persistence

ing as mediators of the inflammation associated with the
production of IL-17, IL-8 and granulocyte macrophage
colony-stimulating factor (GM-CSF), which are used
to attract granulocytes. An increased IL-17 response
depends on IL-6, IL-23 and CCL20 expression by H.
pylori-stimulated macrophages and is regulated by Stat3
and the NF-κB pathway[25]. H. pylori-stimulated DCs are
potent inducers of Th17 cells by regulating IL-1β/IL-23
production, and the virulence factor CagA may play an
important role in mediating this process[26].
H. pylori-specific Th17 cells persist in the blood and
gastric mucosa of individuals after H. pylori eradication
and can be associated with the persistence of gastric
inflammation following H. pylori eradication observed in
both animal models and humans[27]. Th17 persistence has
been shown to be a consequence of IL-1β levels, which
remain elevated in the gastric mucosa and might favour
the low-level proliferation of Th17 cells previously recruited into the gastric mucosa during active H. pylori
infection[28].
In contrast to potent pro-inflammatory responses,
neither Th1 nor Th17 cells are by themselves absolutely
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to limit tissue injury. This process is positively correlated
with chronic gastritis and gastric adenocarcinoma[31,32].
H. pylori infection is known to suppress host immune
responses. However, the mechanism of this suppression
is poorly understood, although it is hypothesised that the
suppression is caused by efficient DC re-programming
toward a tolerance-promoting phenotype via IL-1β and
IL-18. These DC cells have the capacity to induce Treg
cell production through mucosal expression of transforming growth factor-beta 1 (TGF-β1) and IL-10[33-35].
This regulation seems to be dependent on the CagA virulence factor, and only CagA+ H. pylori promotes IL-10
expression, inhibiting DC maturation and inducing DCs
to have a tolerogenic phenotype which can suppress the
proliferation of CD4+ and CD8+ effector T cells[36]. The
functional outcome is the suppression of H pylori-specific
Th17 and Th1 immunity and chronic colonization of the
stomach[36,37].
Previous reports have demonstrated that the gastric
mucosa of H. pylori-infected children contained higher
numbers of Treg Foxp3+ cells and increased levels of
IL-10, TGFβ1 and IL-6 compared to infected adults[38,39].
Thus, reduced gastric inflammation, including diminished
neutrophil accumulation, in H. pylori-infected children
compared to infected adults is likely due to the downregulation of gastric Th17 and Th1 responses caused by enhanced mucosal regulatory T-cell activity in children[39,40].
The down-regulated Th17 responses in the gastric
mucosa of H. pylori-infected children might account for
the susceptibility of children to the infection and to the
persistence of infection. Additionally, there may be important implications in the development of an effective
anti-H. pylori vaccine because IL-17 has been described as
a key mediator of vaccine-induced reduction of H. pylori
infection[39,41].
The enhanced Treg response induced by H. pylori
chronic infection has been shown to modulate coexisting
inflammatory disease by conferring protection against
allergies, asthma and inflammatory bowel diseases[42]. An
epidemiological study revealed an inverse association of
asthma with seropositivity to H. pylori that was CagA-dependent. This result demonstrates the importance of the
CagA virulence factor in inducing immune regulation[43].
The way certain individuals respond to H. pylori infection and how the immune cells are recruited to H.
pylori may determine their susceptibility/resistance immune profiles to the bacterium. Furthermore, cytokine
polymorphisms may play important roles in H. pylori
pathogenicity.

els of gene transcription, splicing, stability and levels of
mRNA translation[44]. Polymorphisms in cytokine genes
may influence the development of several diseases[45].
Susceptibility to many diseases is associated with a particular ‘‘pro-inflammatory’’ profile that can be explained by
individual genetic determinants. Host genetic factors that
affect cytokine polymorphisms may determine why some
individuals infected with H. pylori develop gastric cancer
while others do not[46].
Several studies have evaluated the direct association
of H. pylori infection with cytokine gene polymorphisms.
Figure 2 presents the gene polymorphisms that were
previously evaluated in association studies with risk for
H. pylori infection. These genes include the following: IL1R, IL-1B, IL-1A, TNF-α , IL-6, IL-4, IL-13, IL-12, IL-2
and IL-10[47-52]. To generate Figure 2, a systematic literature search was performed using Web of Science and
PubMed. We searched for articles published from March
2000 until May 2013 using the following keywords: “H.
pylori infection”, “H. pylori and polymorphism”, and “H.
pylori and cytokine polymorphism and association”. We
excluded the articles that had no full text available. Our
results indicate that statistically significant associations
were observed for IL-1R, IL-1A, IL-2 and TLR polymorphisms.
Many studies have examined the potential modulatory
effect of H. pylori infection on the association between
genetic polymorphisms and the risk of gastric cancer,
ulcer disease, gastritis and lymphoid follicle lymphoma
development[53-60]. Several gene polymorphisms have been
reported; the most frequently studied are in the IL-1,
IL-10 and TNF-α genes.
There are three members of the interleukin IL-1 gene
family: IL-1A, IL-1B, and IL-1RN, which encode the
pro-inflammatory cytokines IL-1α, IL-1β and the endogenous anti-inflammatory cytokine IL-1ra, respectively.
The IL-1 gene cluster is located on chromosome 2q and
contains three related genes within a 430-kb region[61].
The IL-1RN gene has a penta-allelic 86-bp variable
number tandem repeat in intron 2. The IL-1RN gene is
associated with a wide range of chronic inflammatory
diseases and enhanced IL-1β secretion[62].
Tseng et al[52] investigated the relationship between
the risk of H. pylori antibody seropositivity and cytokine
gene polymorphisms among Jamaican children. They observed a negative association between IL-1A -889 allelic
polymorphisms and the presence of H. pylori antibodies.
Hartland et al[48] reported a positive association for IL-1R
+1622 and H. pylori infection. However, no association
was observed for IL-1RN polymorphisms[48,50] or the IL1R +1498 polymorphism[48] and the risk of H. pylori infection.
Two diallelic polymorphisms at positions -511 and
-31 in IL-1B have been extensively studied in several
diseases. El-omar et al[46] reported that interleukin-1 gene
cluster polymorphisms are associated with an increased
risk of both hypochlorhydria induced by H. pylori and
gastric cancer. Based on their results, several studies have

CYTOKINE POLYMORPHISMS AND H.
PYLORI INFECTION RISK
The exon sequences of genes encoding cytokines and cytokine receptors are generally conserved. However, mutations in other gene regions that do not affect the amino
acid sequence can be found. These polymorphisms may
affect protein expression in various ways, including lev-

WJG|www.wjgnet.com

5238

May 14, 2014|Volume 20|Issue 18|

Figueiredo CV et al . Cytokines, gene polymorphisms and H. pylori

IL-10

47, 52

TNF-a

48, 50, 51

IL-1R

48
47, 52, 50, 51

IL-1B
49

TLR

48, 50, 47, 52, 51

52, 51
52

51

IL-2

52

52

IL-13

IL-6
IL-12

52
IL-4

IL-1A

52

52

Negative associations
Positive associations

Figure 2 Diagram of the polymorphisms evaluated for risk of Helicobacter pylori infection. The black boxes contain the cytokines that were studied. In the
green boxes on the left are the references of works that identified associations between polymorphisms and Helicobacter pylori (H. pylori) infection, and the red boxes
on the right contain the references of publications that identified no associations of polymorphisms with H. pylori infection.

examined the relationship of IL-1 polymorphisms with H.
pylori infection in gastrointestinal diseases[63-66].
Studies have shown that gastric adenocarcinoma and
ulcer disease have distinct effects on gastric secretions.
Gastric cancer is associated with low gastric acid production, whereas ulcer disease is associated with high levels
of gastric acid secretion[67,68]. IL-1β is also a potent inhibitor of gastric acid secretion[69,70]. IL-1β is upregulated
in the presence of H. pylori and plays an important role
in the initiation and amplification the inflammatory responses to infection[71-73].
The IL-10 gene is located on chromosome 1 (1q311q32). Many single-nucleotide polymorphisms (SNPs)
have been identified in the IL-10 gene promoter region.
Three polymorphic promoter variants in IL-10 are located at positions -1082, -819 and -592. These SNPs have
been frequently studied, and gene variants are associated
with increased IL-10 production[74,75].
Our group recently submitted a study that evaluates
IL-10 gene polymorphisms and the risk of H. pylori infection. We identified associations for 4 SNPs that were risk
factors for H. pylori infection (data not shown). Furthermore, 8 SNPs were associated with spontaneous IL-10
production, suggesting that IL-10 polymorphisms can
modulate the levels of cytokine production and can thus
modify the risk of H. pylori infection. Interestingly, statistically significant associations were identified between the
IL-10 polymorphisms at positions -1082[57] and -592[63] and
gastric cancer risk only in individuals infected by H. pylori.
An increased risk of gastric cancer was observed in patients who carry these polymorphisms and are infected by
H. pylori, suggesting a synergistic effect for the combina-
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tion of host genotype and the presence of the bacterium.
The TNF-α gene is located within the human major
histocompatibility complex (MHC) on chromosome
6p21.3. An important SNP that has been studied is located at position -308 in the promoter region. One mechanism regulating the expression of TNF-α occurs at the
transcriptional level. Studies evaluating the relationship
between TNF-α polymorphisms and H. pylori infection
have found no associations[47,52]. However, many studies
suggest that TNF-α polymorphisms are potential determinants of gastric disease susceptibility[76]. In contrast,
Chakravorty et al[54] observed a negative association between the TNF-α -1031 polymorphism and ulcer disease
only in patients infected by H. pylori.
The SNP TLR -113T/A was negatively associated
with H. pylori seroprevalence[49]. However, no association
with H. pylori seroprevalence was found with SNP TLR
+636[52]. Furthermore, there were no significant associations between SNPs on TLR2 Arg677Trp, TLR2 Arg753Gln, TLR4 Asp299Gly and TLR5 392STOP and the
risk of H. pylori infection[51].
No significant associations were found for SNPs IL-6
-597 G/A, IL-6 -572G/C, IL-6 -174 G/C, IL-4 -524 T/C
and IL-13 -1069C/T[52]. These results suggest that more
studies are needed to elucidate the roles of these polymorphisms as risk factors for H. pylori infection.
In the IL-2 gene, the T330G polymorphism was
negatively associated with H. pylori infection and was responsible for increasing the serum IL-2 levels in H. pyloripositive adults and children[51]. The same polymorphism
in the IL-2 gene was not an important contributor to the
pathogenesis of ulcer disease, gastric cancer and ulcer
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disease in Korean patients[65]. This result suggests that
genetic variations between ethnicities could influence H.
pylori susceptibility and infection outcomes.
Sequencing of the IL-12 p40 gene revealed a TaqI
restriction fragment length polymorphism in the 3′-untranslated region at position 1188 (A>C). Although there
are inter-individual variations in IL-12 production levels,
this cytokine is not involved in defining the genetic basis
for peptic ulcer susceptibility[77,78]. Several studies have
evaluated the impact of IL-12 gene SNPs in H. pylori-infected patients. Three SNPs tested in IL-12A (IVS2 -798
A>T, IVS2 -701 A>C and Ex7 +277 A>G) were not related to gastric cancer risk[79], while the other 2 SNPs (IL12A 2504 and IL-12B +15485) were correlated with noncardia gastric adenocarcinoma[80].
These studies support the hypothesis that a combination of host genotype and the presence of H. pylori could
be crucial for the development of gastric diseases. More
studies are necessary to explain the consequences of genetic polymorphisms at the cytokine level and their functions in and impacts on H. pylori susceptibility. Additional
studies may provide support for new strategies of vaccine
production against this infection.
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Core tip: Toll-like receptors (TLRs) play important roles
not only in the first line of defense against Helicobacter pylori (H. pylori ), but also in gastric carcinogenesis. TLR signaling initiated by pathogen-associated
molecular patterns of H. pylori consequently works to
establish antigen-specific acquired immune responses.
Simultaneously, damage-associated molecular patterns
produced by chronic inflammation may contribute to
gastric cancer development. A better understanding
of TLRs will provide new insights into new diagnostic/
predictive biomarkers and therapeutic targets for H.
pylori -associated gastric cancer.

Abstract
Helicobacter pylori (H. pylori ) infects the human stom-

ach during infancy and develops into chronic active
inflammation. The majority of H. pylori tend to colonize within the mucous gel layer of the stomach. The
stomach lacks its own immune function, thus innate
immunity as the first line of defense is vital for specific
immunity against H. pylori . We review recent discoveries in the pathophysiologic roles of toll-like receptors
(TLRs), mainly TLR2 and TLR4, in H. pylori -induced inflammation. In addition, the TLR pathways activated by
H. pylori -induced inflammation have been shown to be
closely associated not only with gastric carcinogenesis,
but also with formation of the tumor microenvironment
through the production of pro-inflammatory cytokines,
chemokines, and reactive oxygen species. Although
the correlation between single nucleotide polymorphisms of TLRs and gastric cancer risk remains unclear,
a recent study demonstrated that STAT3-driven upregulation of TLR2 might promote gastric tumorigenesis independent of inflammation. Further research on
the regulation of TLRs in H. pylori -associated gastric
carcinogenesis will uncover diagnostic/predictive biomarkers and therapeutic targets for gastric cancer.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative, spiralshaped, microaerophilic bacteria which infects the human
stomach during infancy. The majority of H. pylori tend
to colonize within the mucous gel layer of the stomach
and result in life-long inflammation in the human gastric
mucosa[1-3]. A variety of gastric diseases, including peptic
ulcers, gastric mucosa-associated lymphoid tissue lymphomas and gastric cancers, are strongly associated with
H. pylori-induced gastritis[1,2].
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A distinguishing characteristic of H. pylori-induced
gastritis is chronic active inflammation, which consists
of intraepithelial infiltration of neutrophils and acquired
immune response by adaptive T helper type 1 lymphocytes[4]. The production of cytokine-associated gene A
protein and vacuolating toxin are reported to be the major virulence factors of H. pylori, and harmful alterations
can occur when the microbe directly interacts with the
gastric epithelium[5-9]. These intra-bacterial virulent factors can evoke active inflammation to ward off the infection, but most H. pylori infections progress to chronic
gastritis due to the specific immune response against H.
pylori. In fact, not all H. pylori strains harbor these intrabacterial factors, and less than 20% of the bacterial population binds to gastric epithelial cells[3]. Furthermore,
the stomach lacks intraepithelial T lymphocytes and a
coordinating lymph system[10]. These issues lead to the
question of how the human stomach acquires adaptive
immunity towards H. pylori?
All human beings have innate immunity, which serves
as a first line of defense against foreign agents. This innate immunity is able to discriminate quickly between
self and microbial non-self in a non-specific manner[11],
and maintain mucosal homeostasis by recruiting immune
cells and activating additional immune responses[12]. Thus,
the innate immunity within gastric mucosa is vital to the
establishment of adaptive immune responses against H.
pylori. In this review, we aim to clarify recent discoveries
in the role of pattern recognition systems in the innate
immunity against H. pylori-related carcinogenesis.

genes, such as inflammatory cytokines, type-Ⅰ interferon
(IFN), and chemokines in the inflammation[17-19]. Additionally, these signaling cascades can induce several costimulatory molecules, essential for initiation of adaptive
immune responses in the host[20].
A new discovery is that TLRs are also able to recognize damage-associated molecular patterns (DAMPs) as
endogenous ligands produced under stress conditions,
such as heat-shock protein 60, extra domain A of fibronectin, hyaluronan fragments, chromatin-associated protein high-mobility group box 1, and neutrophil activating
protein (NAP)[21-23]. The recognition of DAMPs accordingly directs the wide-ranging responsiveness of TLRs
not only to foreign agents, but also to internal organisms
denatured by inflammation.

ROLE OF TLRS IN INNATE IMMUNITY
AGAINST H. PYLORI IN GASTRIC
MUCOSA
Previous studies using an inflammatory cDNA array assay demonstrated strong involvement of TLRs, along
with adhesion molecules, chemokines, and interleukins, in
the mucosal response in H. pylori-associated gastritis[24].
H. pylori is a gram-negative bacteria; therefore, H.
pylori-derived LPS is considered a direct stimulator of
TLR4-mediated innate immunity (Figure 2). Previous
immunohistochemical studies revealed that the expression of TLR4 in H. pylori gastritis was higher than that in
uninfected gastric mucosa. The increased expression of
TLR4 at the apical site of gastric epithelial cells was also
characteristic of H. pylori-infected epithelium in comparison to the basolateral site of non-inflamed gastric
epithelial cells[25-29].
H. pylori-LPS initiates the NF-κB pathway through
ligation with TLR4 and then activates the promoter
of pro-inflammatory cytokines, such as the IL-8 pathway[26-30]. H. pylori-LPS has also been reported to promote
gastric cancer through the TLR4 pathway with suppressive effects on the anti-tumor reaction of mononuclear
cells[31].
However, the participation of TLR4 in gastric innate
immunity against H. pylori infection is still controversial.
Some studies demonstrated that H. pylori-LPS-induced
production of inflammatory cytokines in gastric epithelial cells or human macrophages was independent of
TLR4[32-34]. Contrary to expectations, H. pylori-LPS is a
weak stimulus of the immune response in comparison
to LPS from other gram-negative bacteria owing to the
unique structure of lipid core A of H. pylori-LPS[35,36].

TOLL-LIKE RECEPTORS IN INNATE
IMMUNITY
Toll-like receptors (TLRs) are important pattern recognition receptors on cellular surfaces in the innate immune
system[13]. TLRs are characterized by N-terminal leucinerich repeats, a trans-membrane region and a cytoplasmic
toll/interleukin (IL)-1R homology (TIR) domain. TLRs
can sense structurally conserved molecules (pathogenassociated molecular patterns, PAMPs), such as lipopolysaccharide (LPS), peptidoglycan, lipoteichoic acid,
lipoprotein, and unmethylated DNA with a CpG motif,
from invading pathogens outside of the cell and in
intracellular endosomes and lysosomes[14,15]. Although
thirteen TLRs have been discovered in mammals, ten
types of TLRs have been identified in humans. The intracellular signal propagation of human TLRs and their
representative ligands are described in Figure 1[14-16].
TLR ligands (TLRs bound to their specific ligand)
transmit signals through myeloid differentiation primary
response protein-88 (MyD88), TIR domain, and tumor
necrosis receptor associated factor 6 (TRAF6). Downstream signaling pathways then activate phosphorylation
of inhibitor of kappa B kinase (IKK) enzyme complex
and mitogen activated protein (MAP) kinases. Eventually, nuclear factor-kappa B (NF-κB) activation translocates the nucleus for transcription of pro-inflammatory
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PARTICIPATION OF TLR2 IN H. PYLORI INDUCED INNATE IMMUNITY
TLR2 can recognize a variety of PAMPs from grampositive bacteria and mycobacteria [14,15], but TLR2 is
believed to ligate different structures of LPS recognized
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Figure 1 Intracellular signal propagation of human toll-like receptors and corresponding ligands in innate immunity. Toll-like receptors (TLRs) and ligands
in human are revealed in the figure. Individual TLRs recognize specific (pathogen-associated molecular patterns, PAMPs) or damage-associated molecular patterns
(DAMPs) of corresponding ligands. TLR signaling is propagated by activation of its cytoplasmic TIR (Toll/IL-1R) domain and cooperation with various adaptor molecules, such as myeloid differentiation factor 88 (MyD-88), toll-interleukin 1 receptor (TIR) domain-containing adapter protein (TIRAP), toll interacting protein (TOLLIP),
(IRAK), (TRAF), TIR domain-containing adapter inducing interferon (IFN)-beta (TRIF), and TRIF-related adapter molecule (TRAM). TLR signaling consists of two distinct pathways, MyD-88-dependent and MyD-88-independent: (1) MyD-88-dependent pathway: The MyD88 dependent pathway is down-stream of TLR1, TLR2, TLR4,
TLR5, TLR6, TLR7 and TLR9. This pathway leads to the production of proinflammatory cytokines and is triggered by the association of activated TIR domain and
MyD-88, recruitment of IRAK1, IRAK4 and TRAF6 to the TLR-MyD-88 complex and consequent phosphorylation of IRAK1 and TRAF6. The signal is propagated by
this phosphorylated adaptor molecular complex to the down-stream MAP kinases-AP1 and IKK complex-NF-κB; (2) MyD88-independent pathway: This is associated
with the induction of INF-beta mediated by TLR3 or TLR4 activation. Intracellular signaling via the MyD-88 independent pathway is propagated by the action of TRIF
and TRAM as adaptor molecules. The signal consequently activates the IKK pathway to produce INF-beta.

by TLR4[14]. A comprehensive microarray study revealed
that TLR2-transfected HEK-293 cells stimulated by H.
pylori up-regulated the expression of 28 key genes of
inflammatory mediators through the TLR2 pathway[37].
Smith et al[38] showed that TLR2 of gastric epithelial
cells initiated the Tribbles 3-NF-κB signaling pathway
by stimulation of H. pylori-LPS. NAP has also been
reported to work as a ligand of TLR2 via DAMP recognition[39]. Therefore, TLR2 is considered an important
participant in the formation of gastric innate immunity
against H. pylori[37-42].

also shown to enhance the expression of TLR4 via the
MAP/ERK 1/2 kinases pathway during proliferation of
gastric epithelial cells[43]. Yet, other studies have reported
that TLR2 and TLR4 work in isolation. Lepper et al[44]
demonstrated that, although H. pylori LPS induced an inflammatory response through TLR2, H. pylori-LPS from
some strains possibly antagonized TLR4. Obonyo et al[45]
showed that TLR2 induced proinflammatory cytokines,
IL-1 and IL-6, in the presence of H. pylori, whereas
TLR4 induced immune regulatory cytokines IL-10 and
IL-12.
Due to differences in the study model, cell context,
H. pylori strains, and purity of H. pylori-LPS, study results
to date have been inconclusive regarding the responsiveness of TLR2 and TLR4 in H. pylori-infected gastric
mucosa[46]. However, the cooperation between TLR2 and
TLR4 is advantageous to enhance and establish innate
and acquired immunity. In the low acidic environment
of H. pylori-infected atrophic gastric mucosa, the interaction of TLR2 and TLR4 increases the susceptibility to a
variety of H. pylori virulence determinants and concomitant infection with gram-positive bacteria from salivary

COOPERATION BETWEEN TLR4 AND
TLR2 IN H. PYLORI - INDUCED INNATE
IMMUNITY
Previously, we reported that H. pylori-LPS was able to
augment TLR2 expression through TLR4 signaling,
which was propagated through the extracellular-signalregulated kinase (ERK)-NF-κB pathway in human gastric
epithelial cells[19]. TLR2 activation by H. pylori-LPS was

WJG|www.wjgnet.com

5246

May 14, 2014|Volume 20|Issue 18|

Uno K et al . Recent discoveries in the roles of TLRs

PAMPs

remodeling, and angiogenesis [56]. The TLR pathways
activated by H. pylori-induced inflammation may be implicated not only in gastric carcinogenesis, but also in
formation of the tumor microenvironment through the
production of pro-inflammatory cytokines, chemokines,
and reactive oxygen species.
The degree of expression of TLR2, TLR4, and TLR5
gradually increases from intact gastric epithelium, to
metaplasia, to dysplasia, and adenocarcinoma[49]. In addition, their localization shifts diffusely and homogeneously
into the cytoplasm in gastric cancer cells, as compared to
that in H. pylori-infected gastric mucosa[49]. In late-stage
gastric carcinogenesis, their intense expressions in cancerous cells are likely to activate pro-oncogenic processes
through prolonged stimulation of TLRs[57].
Recently, Tye et al[58] revealed that STAT3-driven upregulation of TLR2 promoted gastric carcinogenesis using the gp130F/F preclinical mouse model, which would
lead to gastritis and gastric cancer through activation of
STAT3 even in a non-infectious condition. STAT3 signaling is initiated by the action of the IL-6 cytokine family, the production of which is facilitated by the interaction between TLR2 and H. pylori. As a result, TLR2 and
IL-6/STAT3 signaling possibly form a positive feedback
loop in H. pylori-infected gastric mucosa[59,60]. STAT3 was
also reported to correlate with lymph node metastasis
and immortality of gastric cancer cells[61]. Therefore, a
TLR2/IL-6/STAT3 loop might play an important role
in gastric carcinogenesis.
Other studies have shown that up-regulation of DAMPs
may augment TLR4-mediated immune and non-immune
signaling in the development of colitis-associated colon
cancer[59]. Additional roles of DAMPs-activated TLR
pathways probably contribute to gastric carcinogenesis
caused by H. pylori infection.

DAMPs

TLRs
TLR2
TLR4

reference
↑ [19,37-46]
↑ [19,25-31,43,45,46]
[32-39,44]

TLR9

↑

TLR5

↑ [25,48-50]
↑ [25,53,54]

Mucosal response

Figure 2 Role of toll-like receptors in Helicobacter pylori induced innate
immunity. Toll-like receptors (TLRs) can sense structurally conserved molecules
(pathogen-associated molecular patterns, PAMPs) as well as damage-associated molecular patterns (DAMPs) produced under stress conditions. These
recognition systems direct the wide-ranging responsiveness of TLRs not only to
foreign agents, but also to internal organisms denatured by inflammation.

or dietary contamination[19,47].

OTHER TLRS RELATED TO H. PYLORI
INFECTION
In addition to TLR2 and TLR4, other TLRs are related
to H. pylori infection. H. pylori possess multiple flagella.
H. pylori-flagellin A (FlaA) is a component protein of
flagella, which is recognized by flagellin receptor TLR5.
In general, TLR5 signaling is known to induce IL-8 secretion via p38 MAP kinase signaling initiated by recognition of a bacterial ﬂagellin[48-50]. However, some studies
showed that FlaA was a very weak activator of IL-8 induction[51,52].
TLR9 has been shown to recognize H. pylori unmethylated CpG DNA, resulting in the production of
type- Ⅰ IFN[53]. Rad et al[54] showed that TLR9 stimulated
by H. pylori induced proinflammatory cytokines, such as
IL-6 and IL-12. Moreover, according to immunohistochemical studies, the apical and basolateral expressions
of TLR5 and TLR9 identified in non-inflamed gastric
epithelium dynamically acquired a basolateral distribution in H. pylori-infected mucosa[25,50].

GENE POLYMORPHISMS OF TLRS IN
GASTRIC CARCINOGENESIS
H. pylori is a major cause of gastric cancer, but only
1%-2% of H. pylori-infected individuals develops gastric
cancer[62]. Recently a meta-analysis of large populationbased cohort studies in Europe revealed an association
between a variation of TLR1 genetic loci (4p14) and
H. pylori seroprevalence[63]. The study was conducted in
White populations, therefore some sample bias should
be considered in different races. However, the polymorphisms of TLRs might play an important role in
modulation of the direction and magnitude of the host
response against infection. This might also encourage a
possible link between genetic polymorphisms of TLRs
and H. pylori-associated carcinogenesis. Recent studies revealed the presence of single-nucleotide polymorphisms
(SNPs) of TLRs and their relationships with gastric cancer development (Table 1). However, the implications of
SNPs in genetic function have not been fully clarified.
The TLR4 gene is located in chromosome 9q32-q33
and contains 4 exons. TLR4 Asp299Gly (rs4986790)

RELATIONSHIPS BETWEEN TLRS AND
GASTRIC CARCINOGENESIS
H. pylori was classified as a group Ⅰ definite carcinogen
in 1994 by the International Agency for Research on
Cancer[55]. The inflammation-cancer association plays an
important role in formation of the tumor microenvironment, characterized by infiltration of tumor-associated
macrophages, activation of fibroblasts, epithelial cell
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Table 1 Associations between polymorphisms in toll-like receptor genes and risk of gastric cancer
TLR

SNP

TLR2

196 to 174 del

TLR4

Asp299Gly

rs4986790

AspThr399ll3

rs4986791

3725 G>C

rs11536889

889 T>C
1486 T>C
1237 T>C

rs5744174

TLR5
TLR9

SNP number

Population

Case

Control

OR

95%CI

Genotyping

Ref.

Chinese
Brazilian
Chinese
Japanese
Japanese
Brazilian
Chinese
Italian
Polish
United States
Mexican
Brazilian
Italian
Mexican
Chinese
Germany, Lithuania, Latvia
Japanese
Chinese
Chinese
Polish
United States

69
200
248
583
289
174
60
171
312
211
78
174
171
78
68
113
583
248
314
312
211

212
240
496
1097
455
225
162
151
419
184
236
225
151
236
203
238
1056
496
314
419
184

1.3
2.32
0.71
1.08
1.34
2.68
0.15
1.05
2.5
2.1
1.07
1.97
3.9
0.23
1.89
1.03
0.99
1.43
1.49
0.9
0.6

0.87-1.95
1.56-3.46
0.56-0.89
0.93-1.26
1.07-1.67
1.24-5.81
0.02-1.15
0.46-2.37
1.6-4.0
1.1-4.2
0.41-2.77
0.69-5.57
1.30-11.72
0.03-1.76
1.23-2.92
0.62-1.71
0.84-1.16
1.03-1.97
1.07-2.07
0.6-1.3
0.4-1.0

Allele specific PCR
Allele specific PCR
DHPLC
PCR-CTPP
Allele specific PCR
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
Mass spectrometry
PCR-CTPP
PCR-CTPP
DHPLC
PCR-RFLP
PCR-RFLP
PCR-RFLP

[70]
[65]
[74]
[72]
[73]
[65]
[66]
[67]
[68]
[68]
[69]
[65]
[67]
[69]
[70]
[71]
[72]
[74]
[75]
[76]
[76]

TLRs: Toll-like receptors; PCR: Polymerase chain reaction; SNPs: Single-nucleotide polymorphisms.

and Thr399Ile (rs4986791) are located in the coding sequence in amino acid substitutions associated with the
TLR4 extracellular domain[64]. TLR4 Asp299Gly polymorphism can functionally diminish the binding affinity
of bacterial ligands, resulting in a diminished response
to H. pylori-LPS. These alterations might contribute to
prolonged infection, subsequent chronic inflammation,
and carcinogenesis. However, there are discrepancies in
the association between TLR4 Asp299Gly[65-69] or TLR4
Thr399Ile[65,67,69] polymorphism and gastric cancer incidence, i.e., a Chinese case-control study showed a positive
association between TLR4 3725G/C polymorphism and
gastric cancer risk[70], but the association was not confirmed by Caucasian or Japanese case-control studies[71,72].
TLR2 is located in the long arm of chromosome 4
comprising two 5’ non-coding exons followed by a third
coding exon. A TLR2 -196 to -174del polymorphism by a
22-bp deletion can affect the promoter activity of TLR2.
A Brazilian study and a Japanese study both revealed a
positive relationship between TLR2 -196 to -174del polymorphism and the development of gastric cancer[69,73], but
a Chinese study revealed a negative relationship[74], and
another study carried out in Japan showed no significant
association[72].
Neither SNPs of TLR5 (889T/C[74]) nor TLR9 (1486T/
[75]
C , 1237T/C[75,76]) is associated with gastric cancer incidence. Studies of the association between SNPs of TLRs
and gastric cancer incidence are still limited and conflicting.
A recent study by de Oliveira et al[65] demonstrates that a
combination of polymorphisms of cytokines and TLRs
strongly indicates a higher risk of developing gastric cancer. Therefore, further studies are warranted to assess the
pathophysiologic significance of SNPs of TLRs.
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CONCLUSION
In this review, we have provided a summary of novel
TLR-related research. The role of TLRs in gastric innate
immune responses against H. pylori should be carefully
interpreted with close attention to differences in study
models, such as cell-contexts, strains of H. pylori, and
ethnicity of study subjects. The role of TLRs in gastric
carcinogenesis remains unclear, since there is a possibility that the dual role of TLR signaling in carcinogenesis
might act as a double-edged sword, i.e., tumor progression and suppression dependent on the cellular origin
or the types of TLRs. However, TLR-associated innate
immunity is essential in first-line defense and the initiation of acquired immunity against H. pylori infection.
The pathophysiologic roles of TLRs in gastric cancer
development, including their SNPs, remain unknown.
Both PAMPs derived from H. pylori and DAMPs from
H. pylori-induced inflammation may be implicated in the
various processes of gastric cancer development. In future, TLR targeting therapy might provide a foresight of
gastric cancer treatment. Further studies are warranted
to assess the association between H. pylori infection and
gastric cancer development.
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Core tip: There is no uniform and definite therapeutic
regimen for the Helicobacter pylori (H. pylori ) eradication currently. Increasing rates of antimicrobial resistance present challenges in maintaining optimal eradication rates. Knowledge of local antibiotic resistance
and antibiotic consumption pattern is important in
selecting a reliable regimen. In addition, adverse effect
profiles of therapeutic regimens are important to enhance compliance rates. Bismuth-containing quadruple,
sequential, concomitant, and levofloxacin-based triple
therapies are replacing the long-standing standard of
the triple regimen. Although various novel regimens
and additive agents have indicated favorable outcomes,
more studies or validations are needed to become a
mainstream H. pylori therapy.

Abstract
Increasing rates of antimicrobial resistance to clarithromycin and metronidazole present challenges in maintaining optimal eradication rates. Knowledge of local
antibiotic resistance and consumption pattern is important in selecting a reliable regimen. In addition, adverse
effect profiles of therapeutic regimens are important
and must be addressed to enhance compliance rates.
Various methods of enhancing the eradication rates of
Helicobacter pylori (H. pylori ) have been investigated,
including changing combinations or durations of established drugs, adding adjuvant drugs, or development
of new molecules or agents. Bismuth-containing quadruple, sequential, concomitant, and levofloxacin-based
triple therapies are replacing the long-standing standard of the triple regimen. Despite the encouraging results of these regimens, individualized approaches like
treatment after antibiotics resistance test or CYP2C19
genotyping would be the mainstream of future therapy.
Because scientific, economic, and technical problems
make these advance therapies unfit for widespread use,
future development for H. pylori therapy should be directed to overcome individualized antibiotic resistance.
Although various novel regimens and additive agents
have indicated favorable outcomes, more studies or
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INTRODUCTION
Helicobacter pylori (H. pylori) is the most common, but not
yet overcome chronic bacterial infection in humans. This
can produce diseases of upper gastrointestinal tract such
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of antibiotics[11]. Most notably, the triple therapy as an
initial regimen is losing its efficacy in areas with high incidence of clarithromycin resistance (over 15% to 20%).
Novel regimens aimed at achieving > 90% per protocol
(PP) eradication rates and > 80% intention-to-treat (ITT)
eradication are being tested. Current recommended first
line therapies are listed in Tables 1 and 2. Among many
novel therapeutic regimens, only four treatment options
including 7 to 14 d triple therapy, 10 to 14 d bismuthcontaining quadruple therapy, 10-d sequential and 10-d
concomitant therapy are recommended as the first line
options in consensus guidelines[6,14-17].

as gastritis, peptic ulcer, gastric cancer, and marginal zone
B-cell lymphoma. Moreover, association with other malignancies including colonic and pancreatic cancer has
been proposed and evaluated[1-3]. Recently, various novel
extraintestinal associations of H. pylori have been investigated for many diseases, including immune thrombocytopenic purpura, refractory iron deficiency anemia, vitamin
B12 deficiency, insulin resistance (metabolic syndrome),
Henoch-Schönlein purpura, atherosclerosis (coronary
heart disease or cerebrovascular disease), Parkinson’s disease, chronic idiopathic urticaria, and functional gastrointestinal disorders[4-6].
Despite many studies, there is no uniform and definite
therapeutic regimen for the H. pylori eradication currently.
The continuous rising of antimicrobial resistance is the
cause of decreased efficacy for the long-standing used
regimen. Recent data showed that decreased eradication
rate less than 80% in most countries that is unacceptable
regarding infectious disease which could promote severe
outcome[7-9]. Various attempts have been made to overcome antimicrobial resistance, from changing medication
regimens, increasing dose or extending the duration, adding adjuvant medications, treatment after antimicrobial
susceptibility test, and even to the development of vaccine. However, different resistance patterns across geographic areas or individuals make it difficult to apply a
uniform anti-H. pylori regimen. This article will review the
first-line eradication regimens according to the updated
consensus guidelines and introduce novel regimens or attempts to enhance the eradication rate of H. pylori.

Bismuth containing quadruple therapy
Bismuth containing quadruple therapy with PPI, bismuth,
metronidazole and tetracycline is the first line treatment
in areas of high clarithromycin or metronidazole resistance and for patients with recent or repeated exposure
to clarithromycin or metronidazole[6,18]. In addition, this
regimen is an alternative to standard clarithromycincontaining treatments in areas of low clarithromycin
resistance[6,14,15] and is also included as the second line
treatment in most guidelines[6,14,15,17]. The main advantage
of this regimen is that free of clarithromycin resistance
and minimal impact of metronidazole resistance which
could be overcome by extended duration [19]. Metaanalysis of studies from either clarithromycin or metronidazole resistant areas have shown improved outcomes
for bismuth containing quadruple therapy compared to
the standard triple therapy[20]. In countries where tetracycline and bismuth salts are not available, doxycycline or
amoxicillin could be substitutes, although the results are
conflicting[21-24]. Limited compliance due to the increased
number of drugs and frequent dosing (four times daily)
have led to the development of combination capsules
containing bismuth, metronidazole, and tetracycline[25].
As the decreased number of pills and simplified regimen,
quadruple therapy including combination capsules with
PPI has shown promising eradication rates[25-27].

FIRST-LINE THERAPY
Standard triple therapy
The effectiveness of antibiotics is related not only to
the antimicrobial strength, but also to cost, side effects,
duration, tolerability of drugs, local antibiotic use, and
bacterial resistance. The triple therapy with proton pump
inhibitor (PPI), clarithromycin and amoxicillin or metronidazole has been the standard first line therapy in
most of guidelines until recently. Metronidazole can be
used for penicillin allergic patients with equivalent effectiveness to amoxicillin[10]. The regimen is simple and
has been used widely for more than a decade. However,
the decreasing efficacy of this triple therapy has elicited
research about potential causes. Subsequently, increased
antibiotic resistance especially to clarithromycin was
suspected as the core problem, in addition to compliance issues, type of strains, high bacterial load, and gastric acidity[6]. Resistance rates to clarithromycin ranges
from 0% in India to 49.2% in Spain, with an overall rate
17.2% in a survey across 21 countries[11,12] and 17.5% in
another study involving 18 European countries[13]. Such
research findings, however, require careful interpretation because the prevalence of bacterial resistance and
patterns of antibiotic use varies according to geographic
areas studied and discordant methods of evaluating the
minimal inhibitory concentration (MIC) and resistance
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Sequential therapy
The 10-d sequential therapy consist of PPI and amoxicillin for 5 d followed by PPI, clarithromycin, and metronidazole (or tinidazole) for 5 subsequent days is an alternative to standard triple therapy in high clarithromycin
resistance areas[6,16]. Levofloxacin could be a substitute
for clarithromycin in patients with penicillin allergy or in
areas of high clarithromycin resistance[28]. Even though
clarithromycin is included in this regimen, amoxicillin
given earlier causes bacterial wall disruption and prevents
development of efflux channels for clarithromycin, which
is one of the mechanisms of clarithromycin resistance[29].
However, another explanation is that the large number
of antibiotics itself is the cause of effectiveness rather
than the sequential administration of the medications. In
areas of dual resistance to clarithromycin and metronidazole, tinidazole could be a substitute for metronidazole[30].
Extended duration to 14 d did not improve eradication
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Table 1 Treatment regimens for Helicobacter pylori eradication
Treatment

Regimens

Duration

Standard triple therapy

PPI (standard dose), amoxicillin (1 g), and clarithromycin (500 mg) twice daily
PPI (standard dose), metronidazole (500 mg), and clarithromycin (500 mg) twice daily
Bismuth containing quadruple therapy PPI (standard dose) twice daily, bismuth (standard dose), metronidazole (500 mg), and tetracycline
(500 mg) four times daily
Sequential therapy
PPI (standard dose) and amoxicillin (1 g) twice daily for 5 d, followed by PPI (standard dose),
metronidazole (500 mg), and clarithromycin (500 mg) twice daily for 5 d
Concomitant therapy
(Non-bismuth quadruple therapy)
Hybrid therapy
Levofloxacin-based triple therapy
LOAD regimen
Rifabutin-based triple therapy
Furazolidone-based quadruple
therapy
Novel quadruple therapy

High dose dual therapy

7-14 d
10-14 d
10 d

PPI (standard dose), amoxicillin (1 g), metronidazole (500 mg), and clarithromycin (500 mg) twice
10 d
daily
PPI (standard dose), amoxicillin (1 g) twice daily for 7 d, followed by PPI (standard dose), amoxicillin
14 d
(1 g), metronidazole (500 mg), and clarithromycin (500 mg) twice daily for 7 d
PPI (standard dose), amoxicillin (1 g), and levofloxacin (500 mg) twice daily
10 d
Levofloxacin (250 mg) with breakfast, omeprazole (40 mg) before breakfast, nitazoxanide (500 mg)
7 d or 10 d
twice daily with meals, and doxycycline (100 mg) at dinner
PPI (standard dose), amoxicillin (1 g), and rifabutin (150 mg) twice daily
7-14 d
Lansoprazole (30 mg), tripotassiumdicitratobismuthate (240 mg), tetracycline (1 g), and furazolidone
7d
(200 mg) twice daily
PARC; rabeprazole (20 mg, thrice daily for 10 d), amoxicillin (1000 mg, thrice daily for 10 d), rifabu10 d
tin (150 mg, starting from day 6, twice daily for 5 d), and ciprofloxacin (500 mg, starting from day 6,
twice daily for 5 d)
PBRC (allergic to amoxicillin); rabeprazole (20 mg, thrice daily for 10 d), bismuth subcitrate (240 mg,
4 times daily for 10 d), rifabutin (150 mg, twice daily for 10 d), and ciprofloxacin (500 mg, twice daily
for 10 d)
Lansoprazole (30 mg) and amoxicillin (750 mg) thrice daily
14 d

PPI: Proton pump inhibitor.

rates, compared to the 10 d regimen[30]. Several meta-analyses and a pooled analyses indicated that the sequential
therapy was beneficial effects when compared to standard triple therapy, although most of the enrolled data
were collected in Italy where the rates of clarithromycin
resistance are relatively high across the peninsula[30-34]. Recent data from Asian countries expanded these beneficial
effects of sequential therapy more clearly[35-37], although
some conflicting results continue to remain[38].

cation rates in one RCT executed in Thailand support
this theory (96.4% in 10 d vs 89.1% in 5 d concomitant
therapy)[45]. The main advantage of concomitant therapy
is the efficacy against dual resistance strains (clarithromycin and metronidazole), which is better than that of the
sequential therapy[32,42,46]. Another advantage is the higher
compliance rates compared to the sequential therapy.

Concomitant therapy
A return to the old regimen called for concomitant or
non-bismuth quadruple therapy as an alternative option to bismuth containing quadruple therapy in high
clarithromycin resistance areas[6]. The regimen consists
of PPI, clarithromycin, amoxicillin, and metronidazole
for at least 10 d. This relatively short duration (3 to 5 d)
therapy was proposed more than 10 years ago and had
been abandoned. However, it is making a comeback as
the first line therapy[39,40]. Recent randomized clinical trials
(RCTs) indicated that concomitant therapy is superior or
equivalent to standard triple therapy in antibiotic resistant
areas[41,42]. A meta-analysis showed > 90% PP and > 80%
ITT eradication rates for concomitant therapy, which
was an improvement over the standard triple therapy,
although all 5 RCTs included in the analysis had been
executed more than 10 years ago[43]. Subsequently, a more
recent meta-analysis found ITT eradication rates of 90%
with concomitant vs 78% with standard triple therapy[44].
Regarding the favorable outcomes despite the short duration of concomitant therapy in enrolled RCTs, extended
duration is expected to achieve better results. The eradi-

Hsu et al[47] proposed a hybrid (dual concomitant) therapy
consisting of dual therapy with PPI and amoxicillin for
7 d, followed by a concomitant quadruple therapy with
PPI, amoxicillin, clarithromycin and metronidazole for
another 7 d. The result of eradication rate was excellent with 99% in PP and 97% in the ITT analysis, even
when considering dual clarithromycin and metronidazole
resistance strains[47]. The main mechanism seems to be
the extended use of amoxicillin for 14 d, compared to
sequential or concomitant therapy. One RCT indicated
that the hybrid therapy had equivalent eradication rates to
14-d concomitant therapy[48,49]; however, more validation
is needed.
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HYBRID THERAPY

QUINOLONE-BASED THERAPY
Levofloxacin is the most validated quinolone antibiotics in various combination regimens. Levofloxacinbased triple therapy consists of PPI, levofloxacin, and
amoxicillin for 10 d. Based on a large body of published
clinical trials, the eradication rate of levofloxacin-based
triple therapy has been found to range from 74% to 96%
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Table 2 Current recommended first line regimens of Helicobacter pylori eradication
Guidelines

Regimens

Maastricht IV/Florence (2012)[6]

Asian Pacific (2009)[15]
American College (2007)[14]

South Korea (2013)[82]
Japan (2009)[16]
Canada (2005)[112]
ESPGHAN and NASPGHAN for
children (2011)[113]

Duration

Clarithromycin containing treatments in areas of low clarithromycin resistance (Bismuth-containing
quadruple treatment is an alternative)
Bismuth-containing quadruple treatment in areas of high clarithromycin resistance (if not available,
sequential treatment or non-bismuth quadruple treatment is recommended)
Standard PPI-based triple therapy
(Bismuth-containing quadruple treatment is an alternative)
Standard PPI-based triple therapy OR
Bismuth-containing quadruple treatment
(Sequential therapy may be an alternative)
Standard PPI-based triple therapy
(Bismuth-containing quadruple treatment is an alternative)
Standard PPI-based triple therapy
Standard PPI-based triple therapy
Standard PPI-based triple therapy
Bismuth-containing quadruple treatment
Sequential therapy

7-14 d
7d
14 d
10-14 d
7-14 d
7-14 d
7d
14 d
10-14 d
10 d

PPI: Proton pump inhibitor; ESPGHAN and NASPGHAN: European and North American Societies of Pediatric Gastroenterology Hepatology and Nutrition.

(ITT analysis), which was similar for therapies including moxifloxacin[50]. Moxifloxacin-based triple therapy
showed slightly superior efficacy to the bismuth containing quadruple therapy which is statistically insignificant,
but when analyzed only as a rescue therapy, showed
slightly inferior efficacy[51]. Another regimen consisting of
levofloxacin, omeprazole, nitazoxanide, and doxycycline
(LOAD regimen) for 7 or 10 d had been introduced.
The LOAD regimen demonstrated a higher eradication
rate than standard triple therapy as the first line treatment[52]. However, the subsequent results are limited. The
eradication success of levofloxacin-based triple therapy
seems not to be affected by clarithromycin and/or metronidazole resistance[53-55]. However, this regimen is not
generally recommended as the first line treatment because quinolone resistant strains have increased as the
consumption of quinolones have increased for infections
of respiratory and urogenital tracts[50]. Presently, it might
be considered to be an efficient alternative regimen in
populations with clarithromycin resistance > 15%-20%
and quinolone resistance < 10%. In recently published
guidelines, levofloxacin-based triple therapy is considered
to be the second line treatment when the first line treatments has failed (standard triple therapy in low clarithromycin resistance areas and bismuth containing quadruple,
sequential and concomitant therapy in high clarithromycin resistance areas)[6]. Although a third line treatment is
recommended based on the results of individual antibiotic susceptibility tests, levofloxacin-based triple regimen
could be used as an empiric salvage treatment after the
failures of first and second line therapy in low quinolone
resistance areas. Levofloxacin-based quadruple therapy
including rabeprazole, bismuth subcitrate, amoxicillin and
levofloxacin for 10 d has also shown 84% eradication
rate in ITT and PP analysis after the failure of the firstline and second-line treatments[56]. Studies using the novel
quinolone, sitafloxacin, demonstrated low antibiotic re-

WJG|www.wjgnet.com

sistance and promising results as a third line treatment in
Japan[57-59]. Garenoxacin and rufloxacin also could be a
candidate as rescue regimen, although these quinolones
are not yet available in many countries[60,61]. However,
selection of quinolone should be based on the results
of antibiotics susceptibility test or geographic resistance
patterns as shown in a study of gatifloxacin[62] because of
rapid increases in resistant strains.

RIFABUTIN-BASED TRIPLE THERAPY
Based on in vitro studies, an anti-tuberculous agents, rifabutin, was introduced as part of a rescue therapy for H.
pylori eradication[63]. A triple regimen that includes amoxicillin, PPI and rifabutin showed encouraging effects as
a salvage treatment[64-66]. However, optimal duration of
therapy remains unclear (7 d vs 10 d vs 14 d), and although
rare, myelotoxicity is a significant complication which
should be overcome for widespread applications[65]. Because of potential for mycobacterial resistance, this regimen should be reserved or used only in rescue treatment.
Rifabutin-based triple therapy is listed in recent published
guidelines as an empiric third line salvage treatment and
could be used in areas where bismuth and tetracycline are
not available[6,65].

FURAZOLIDONE-BASED QUADRUPLE
THERAPY
Furazolidone-based therapy is another salvage treatment
option. In a study, a single week therapy with lansoprazole, tripotassiumdicitratobismuthate, tetracycline and
furazolidone after second line treatment failure (Bismuth
containing quadruple therapy for 1 wk) had achieved
90% eradication rate in ITT and PP analysis[67]. However
problems of cross resistance with metronidazole and
high incidence of side effects need to be addressed[68].
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tabolism and efficacy of PPIs[15]. According to the metaanalysis, CYP2C19 polymorphism affects the H. pylori
eradication rate, especially for omeprazole and less for
than lansoprazole and rabeprazole[78]. Extensive PPI
metabolizer and MDR T/T genotype are found to have
associations with lower eradication rates[78,79]. In Asia, the
impact of CYP2C19 polymorphism would be significant
because poor metabolizer genotype was estimated in at
least 15% of study populations[80,81]. At this time however,
choice of PPI and/or dose are preferred than CYP2C19
genotyping tests because evidences for these tests are still
lacking and not clinically available in most countries[15,82].

NOVEL QUADRUPLE THERAPY
Rifabutin and ciprofloxacin-based novel quadruple therapy was introduced in an Australian study[69]. Rifabutinbased, quinolone of ciprofloxacin added new regimen
has achieved eradication rates over 90% in patients having at least one treatment failure. However, this combination regimen was made and introduced according to the
results of pre-treatment antibiotics susceptibility test, and
it might not be used in the same combination of medications because of different geographic antimicrobial resistance patterns. At this time, this regimen cannot be included in the quinolone based or rifabutin based therapy.
It seems to be the one example of culture based therapy.

ADJUVANT THERAPY
Probiotics
Probiotics were proposed as an adjuvant therapy to increase the eradication rate and to decrease the side effects
of therapeutic regimens, especially antibiotic-associated
diarrhea. Saccharomyces boulardii and Lactobacillus species are
the main probiotic strains used, and meta-analysis of this
adjuvant therapy showed an increased eradication rate (RR
= 1.13 for Saccharomyces boulardii and OR = 1.78 for Lactobacillus species) and decreased rates of therapy-related
adverse effects (RR = 0.46 for Saccharomyces boulardii and
OR = 0.49 for Lactobacillus species)[83,84], although contradictory results remain[85,86]. A more recent trial showed
pretreatment with Lactobacillus gasseri before therapy regimens improved eradication rates from 69.3% to 82.6%
in clarithromycin resistant areas[87]. Also, fermented milk
containing probiotics, kefir, was demonstrated to increase
eradication rates from 50% to 78%[88]. The exact mechanism behind this improvement is uncertain. Some possible explanation is the competition against the H. pylori
bacteria and the restoration of normal gut-flora[89].

HIGH DOSE DUAL THERAPY
Based on the fact that sustained intragastric pH > 4.0
is associated with successful H. pylori eradication rate, a
high-dose dual therapy that consists of PPI and amoxicillin three times a day for 14 d was proposed and evaluated
in high clarithromycin resistance areas[70,71]. The eradication rate was 82.8% for standard triple therapy for 14 d
and 78.4% for high dose dual therapy, between which the
difference was statistically not different[70]. Regarding fewer side effects and better compliance of high dose dual
therapy, larger studies are needed before this regimen can
be established as a main therapeutic regimen[72].

CULTURE BASED THERAPY
After the failure of second-line treatments, antimicrobial
susceptibility test is recommended to guide the following
optimal regimen[6]. In one study from Italy, treatments
tailored to the results of antimicrobial susceptibility test
achieved over 90% eradication rate after second-line
therapy failure[73]. However, the sensitivity of antimicrobial susceptibility test is less than 60%[74]. Also, the test
cannot detect or reflect the whole geographic or interpersonal variations in antimicrobial susceptibility of H.
pylori. Another problem is mixed-infections of antibiotic
susceptible and resistant H. pylori strains[75]. Moreover, the
test is expensive and invasive. The dual-priming oligonucleotide-based multiplex PCR (DPO multiplex PCR)
test recently introduced showed higher sensitivity and
specificity for the detection of H. pylori and antimicrobial
resistance[76,77]. Recent advancement in third-line empiric
regimens could be a prior option for salvage treatment
over the ideal culture-based therapy.

Statin
HMG-CoA reductase inhibitors are known to have many
pleiotropic effects, and were added to the standard triple
therapy in one RCT[90]. Better eradication rate was observed for the group treated with the addition of statin
(simvastatin). However, only a small number of patients
were enrolled in this study, and considerations about lipid
have to be overcome.
Histamin-2 receptor blocker
Pretreatment with histamine-2 receptor blocker (ranitidine) followed by standard triple therapy had achieved
a slightly higher eradication rate compared to a control
group without a pretreatment. However, this difference
was not statistically insignificant[91].

CYP2C19 GENOTYPING

Aspirin
A recent study from Turkey demonstrated a higher
eradication rate for aspirin plus standard triple therapy,
compared to standard therapy alone[92]. However, the trial
included a small number of patients, and the eradication
rate of the standard therapy was below established stan-

PPIs have anti-H. pylori effect and increase eradication
rates by enhancing the concentration of other antibiotics in the stomach[78]. Metabolism of PPI depends on
the cytochrome P450 (CYP450) enzyme of the liver,
and CYP2C19 genotype and multidrug resistance gene
1 (MDR1) polymorphism are known to affect the me-
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experimental rodent model, and anti-H. pylori property
was revealed using the agar dilution method[105]. Continuous efforts to find the additive phytomedicine to the established therapeutic regimens are anticipated. However,
the development of clinically available drugs seems to
need more time and studies.

dards for first line therapy. Further large-scale studies are
needed to confirm this result.
Vitamin
Vitamin C and E are potent antioxidants that reduce
the damage caused by reactive oxygen species in gastric
mucosa. Based on this concept, vitamin supplements as
adjuvant therapy was evaluated in H. pylori eradication.
One RCT from Turkey reported improved outcomes for
the vitamin supplement group (ITT 63.8%, PP analysis 66.2%) over the standard triple therapy group (ITT
42.5%, PP analysis 44.7%)[93]. However, the result of a
meta-analysis did not show beneficial effects from vitamin C or E because of small sample sizes and methodological problems of enrolled studies[94].

IMMUNOTHERAPY
From the results of passive immunization with orally
administered bovine antibodies for the prevention and
eradication of H. pylori in animal studies, a first-line immunotherapy had been performed in human subjects[106],
in which the whey protein concentration from milk of
H. pylori-immunized cows were administered to H. pylori
infected individuals. However, the immunotherapy was
ineffective in reducing H. pylori colonization[106].

Pronase
Pronase is a kind of proteolytic enzyme which is known
to cause degradation of gastric mucus and breaking the
barrier of the surface mucous gel layer (SMGL)[95,96]. It
is widely used premedication for endoscopy to improve
endoscopic visibility of gastric mucosa prescribed with
sodium bicarbonate. Based on the concepts that H. pylori colonizes not only on the apical surface of gastric
surface mucous cells but also the SMGL, and pronase
has dissolving function of SMGL, the additive effect
of pronase combined with standard triple therapy for
H. pylori eradication were evaluated[97]. Only one RCT
revealed that LAMP (lansoprazole once daily, 500 mg of
amoxicillin, 250 mg of metronidazole and 18000 tyrosine
units of pronase thrice daily for 2 wk) group showed a
significant higher eradication rate than LAM group (ITT:
94% vs 76.5%, P = 0.0041)[97]. Another study which used
pronase 18000 tyrosine units twice a day for 2 d showed
the potential benefits of pronase on H. pylori eradication,
although combined with topical anti-Helicobacter treatment
which is not used now and not a well-designed study to
prove the efficacy of pronase[98]. More validation is needed because regimens of these studies are not used now.

VACCINE
While most novel approaches focus on overcoming antimicrobial resistance, prevention of infection through active immunization has been studied using animal models.
From the promising results of experimental vaccines in
preclinical efficacy studies, few clinical trials were performed with urease-based vaccines, administered either
as a purified recombinant protein along with mucosal
adjuvants or as a salmonella-vectored vaccine. Although
efficacy was limited, the vaccine showed good immunogenicity and safety profiles in phase Ⅰ trial. However,
lacking financial support from the industrial sector, no
further clinical trials are expected at the moment[107,108].

ADHERENCE TO TREATMENT
Patient adherence to treatment is the important factor
predicting successful eradication of H. pylori. According
to the study which evaluated the association between
adherence with prescribed regimen and eradication rate,
successful eradication was observed in 96% of patients
who took more than 60% of medication that is larger
than that of who took less[109]. This result is consistent
with the study which evaluated the efficacy of two eradication regimens. In that study, 90% of the patients took a
full dose of prescribed medication correctly and that was
suspected as the cause of encouraging outcomes of this
study[110]. To enhance the adherence, one RCT demonstrated that enhanced compliance program (ECP) which
is medication counseling (written and oral) from a pharmacist, along with a medication calendar and a minipillbox, as well as a follow-up telephone call after initiation
of therapy, increased the number of patients who took
more than 90% of the medications[111]. Combination capsule containing bismuth, metronidazole, and tetracycline
described in the section of Bismuth containing quadruple
therapy is also one of the methods to enhance the adherence of patients[25-27].

PHYTOMEDICINE
Many studies have aimed at finding potent phytomedicine for H. pylori infection. Terminalia macroptera (Combretaceae) root and Eucalyptus tolleria leaf with clarithromycin
showed anti-H. pylori effect, and minimal inhibitory concentration (MIC) was measured from in vitro studies[99].
Among in vitro studies on phytomedicine, effects on antimicrobial resistant strains were observed for Combretum
molle and Sclerocarya birrea[100,101]. The eupatilin component
was found to have anti-H. pylori effect as well as antiinflammatory effect from in vitro study, although clinical
evidence is limited[102]. The urushiol component in the
sap from the Korean lacquer tree (Rhus verniciflua Stokes)
was found to have a potent anti-H. pylori effect in in vitro
and mouse model studies[103,104]. A traditional Chinese
medicine formula, HJZW, had been evaluated using an
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CONCLUSION
13

The standard triple regimen is losing its efficacy for H. pylori eradication in many countries. Novel therapies such as
bismuth-containing quadruple, sequential, concomitant,
and levofloxacin-based triple regimens are replacing the
main therapy, although cannot be generalized unanimously. Despite the encouraging results of novel regimens or
adjuvant medications, attempts to overcome antibiotic
resistance like treatment after antibiotics resistance test
or CYP2C19 genotyping are expected to be reliable and
promising approaches.
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Vacuoles of Candida yeast as a specialized niche for
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environmental stresses and provides essential nutrients,
including ergosterol, for its growth and multiplication.
This intracellular establishment inside the yeast vacuole
likely occurred long ago, leading to the adaptation of
H. pylori to persist in phagocytic cells. The presence
of these bacteria within yeasts, including foodborne
yeasts, along with the vertical transmission of yeasts
from mother to neonate, provide explanations for the
persistence and propagation of H. pylori in the human
population. This Topic Highlight reviews and discusses
recent evidence regarding the evolutionary adaptation
of H. pylori to thrive in host cell vacuoles.
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Abstract
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Vacuole

Helicobacter pylori (H. pylori ) are resistant to hostile

gastric environments and antibiotic therapy, reflecting
the possibility that they are protected by an ecological
niche, such as inside the vacuoles of human epithelial
and immune cells. Candida yeast may also provide such
an alternative niche, as fluorescently labeled H. pylori
were observed as fast-moving and viable bacterium-like
bodies inside the vacuoles of gastric, oral, vaginal and
foodborne Candida yeasts. In addition, H. pylori -specific
genes and proteins were detected in samples extracted
from these yeasts. The H. pylori present within these
yeasts produce peroxiredoxin and thiol peroxidase, providing the ability to detoxify oxygen metabolites formed
in immune cells. Furthermore, these bacteria produce
urease and VacA, two virulence determinants of H. pylori that influence phago-lysosome fusion and bacterial
survival in macrophages. Microscopic observations of H.
pylori cells in new generations of yeasts along with amplification of H. pylori -specific genes from consecutive
generations indicate that new yeasts can inherit the
intracellular H. pylori as part of their vacuolar content.
Accordingly, it is proposed that yeast vacuoles serve as
a sophisticated niche that protects H. pylori against the
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Core tip: Helicobacter pylori (H. pylori ) have been observed within yeast vacuoles by light and fluorescence
microscopy, and their presence has been confirmed by
the detection of H. pylori -specific genes and proteins in
yeast extracts, such as VacA subunits, UreA, peroxiredoxin and thiol peroxidase. Moreover, non-culturable H.
pylori cells have been found in subsequent generations
of yeasts, indicating the generational transmission of
the bacteria is part of the transfer of vacuolar content.
H. pylori are therefore well-equipped to establish in the
vacuoles of yeast, which provide them with essential
nutrients such as ergosterol for multiplication, as a preadaptation for invasion of human cells.
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most well-studied example involves the early evolutionary
establishment of endobacteria in arbuscular mycorrhizal
(AM) fungi[15], a plant root-associated fungus that dates
back to 300-400 million years ago[16]. Fungal endobacteria
have been localized inside membrane-bound vacuoles using light, electron[17,18], and confocal[15] microscopy, similar
to other prokaryotic-eukaryotic endosymbioses[19]. The
endosymbiotic bacteria of AM fungi have been identified
as a new taxon based on ribosomal sequences, Candidatus
Glomeribacter gigasporarum[17], which is related to Burkhoderia cepacia, a species of free-living bacteria with the
potential to behave as saprophytes or pathogens. Similar
to many other pathogenic bacteria, such as Legionella[20],
Pseudomonas[21], and Mycobacteria[22], B. cepacia could survive
in the vacuoles of eukaryotic cells, ranging from freeliving amoebae[23], to macrophages[24], epithelial cells[25],
and pneumocytes[26]. It is believed that this intracellular
establishment protects the pathogenic bacteria against environmental stresses or the immune system of the host,
and facilitates the transmission to a new host[27]. While the
basis for the interaction between bacteria and AM fungi
is not clear[16], it is proposed that fungal vacuoles provide
a nourishing and protective niche for the endosymbiotic
bacterium, facilitating its replication and transmission to
the next generation[28].

INTRODUCTION
It is currently unknown how Helicobacter pylori (H. pylori)
persist in the environment and food supply. Moreover,
the factors facilitating their entry to human gastric epithelium and the mechanism of their transmission from person to person are equally unclear. The ability to trace H.
pylori from environmental sources to the human stomach
is hampered by the fastidiousness of the bacterium, the
chronic nature of bacterial infection, lack of outbreaks
and a high prevalence of asymptomatic infected individuals. The failure to isolate H. pylori from environmental
sources indicates the bacteria require a habitat that offers
protection from environmental stresses, such as lack of
nutrients and presence of biocides, for survival outside of
the human stomach. Thus, the presence of an unknown
environmental reservoir has been proposed, which could
play a crucial role in the survival and spread of H. pylori[1].
Many bacteria, including pathogenic species, persist despite stressful conditions by establishing inside eukaryotic
microorganisms. The intracellular life of prokaryotes
inside eukaryotes is considered a significant evolutionary
phenomenon that led to the adaptation of prokaryotes to
a wide range of environmental niches, though details of
this relationship have not been elucidated, largely due to
the non-culturability of these intracellular bacteria[2].
Human gastric epithelial and immune cells have been
recognized as the sole specialized eukaryotic cells that
host H. pylori[3,4], with microscopic observations of H.
pylori in the vacuoles of epithelial cells[5-7], macrophages[8]
and dendritic cells[9]. Thus, H. pylori have been described
as facultative intracellular bacteria, which have evolved
to utilize the vacuoles of eukaryotic cells as a protective
niche, allowing the bacteria to multiply and persist for a
long time[3,4,6]. However, there are no reports documenting a stable intracellular association of H. pylori with
a eukaryotic microorganism. This review presents the
research works concerning H. pylori inside Candida yeast.
As Candida yeast are remarkably resistant to stressful
conditions[10], they could serve as an alternative host to
shelter H. pylori against stressful conditions outside the
human stomach, provide nutrients for its multiplication
and act as a mediator for the spread of the bacterium in
the environment and within human populations. In this
regard, it is proposed that the yeast vacuole provides a
unique and sophisticated niche for H. pylori that evolved
when eukaryotic cells began to phagocytose prokaryotes
as prey[11].

VACUOLES
The fungal vacuole is an acidic storage compartment
with certain similarities to plant vacuoles and mammalian
lysosomes. The various functions of vacuoles include
glycoprotein turnover and hydrolysis, storage of Ca2+,
phosphate and amino acids, pH and osmotic regulation,
ion homeostasis and cytoplasmic detoxification [29,30].
Vacuoles also incorporate membranes from biosynthetic,
endocytotic and autophagic cellular pathways[31]. Ergosterol in unicellular invertebrates, akin to cholesterol in
vertebrates, is an important constituent of membrane
lipids, and is implicated in several fungal cell processes,
including plasma membrane fusion during mating and
endocytosis[32]. Accordingly, a considerable amount of
ergosterol is found in the membranes of vacuoles and
other intracellular organelles[33]. Interestingly, a unique
property of members of the genus Helicobacter is the incorporation of a large amount of ergosterol in their cell
membrane. Ergosterol comprises up to 70% of cellular
neutral lipids in H. pylori, much higher than in Escherichia
coli (E. coli) (17%), which may have developed as a consequence of the symbiotic association with eukaryotic
hosts[34]. The incorporation of cholesterol is important
for H. pylori colonization of the host[35], pathogenicity[36]
and antibiotic resistance[37].

EVOLUTION OF INTRACELLULAR
BACTERIUM
The intracellular establishment of bacteria inside fungi
is regarded as an unusual evolutionary phenomenon, as
the cell wall of fungi restricts endocytosis and bacterial
uptake[12]. In contrast to other eukaryotes, such as protozoa, bivalves and insects[13], there are a limited number of
examples of fungi harboring intracellular bacteria[14]. The
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H. PYLORI AND CANDIDA
The relationship between bacteria and yeast has largely
been focused on extracellular associations, such as those
occurring in food materials[38] and human mucosal sur-
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faces[39,40]. Although bacteria and yeast have co-existed
for billions of years, the biological relevance of this interdomain microbial interaction remains largely unknown[41].
The most well-studied interactions are in polymicrobial
biofilms of Candida albicans (C. albicans) and bacterial
species within the human host environment that exhibit
resistance to the immune system and antimicrobials[42].
Shedding light on the details of such interactions could
provide important information for the management of
infectious diseases, especially those that exhibit resistance
to antimicrobial therapy[43].
Yeasts are highly sophisticated microorganisms with
a remarkable ability for rapid change and adaptation to
environmental stresses[44], including antimicrobials, the
host immune system and a change in body location or
host physiology[45]. C. albicans mostly occur in association
with humans, thriving on the mucosal surfaces of the gastrointestinal (GI) and genitourinary tracts and skin[39,40,45].
H. pylori are also found in the human GI tract, indicating
that both microorganisms are well-adapted to this unique
niche[46,47]. The interaction between these two microorganisms may have begun long ago and led to the intracellular
establishment of H. pylori inside the yeast vacuole, as a
pre-adaptation for the invasion of and persistence within
human epithelial and immune cells. The resistance of intracellular bacteria to destruction in the phagosome may
have originally occurred as a adaptation for survival within free-living amoebae[20], reflecting a long co-evolutionary
process that began more than one billion years ago[48].
An association between H. pylori and Candida was
first proposed in 1998 when yeast colonies were found
as contaminants in gastric biopsy cultures on blood agar
plates. Light microscopy revealed the presence of fastmoving bacterium-like bodies (BLBs) inside the vacuoles
of 18 gastric yeasts cells that were purified and identified as Candida species based on their morphology and
formation of blastoconidia on Sabouraud dextrose agar.
The recruited yeasts were sub-cultured on yeast extractglucose agar containing chloramphenicol several times
to ensure the absence of bacterial contamination. Since
BLBs from disrupted yeasts were not culturable, polymerase chain reaction (PCR) was used to reveal their
bacterial nature. The H. pylori-specific ureA gene product,
similar in size to control H. pylori, was amplified from
12/18 (67%) gastric yeast extracts. Furthermore, yeasts
and pure cultures of control H. pylori were tested for tolerance to elevated temperatures, desiccation, acidic pH
and biocides. The control H. pylori were inactivated upon
exposure to stresses, however, yeasts were not inactivated
and the intracellular H. pylori showed active movement[49].
There are many reports that indicate the tolerance of
yeasts to stressful conditions[50,51]. Accordingly, it was
proposed that concurrence of H. pylori and Candida in
the human GI tract indicates the existence of a more
intimate relationship, with the yeast serving to protect H.
pylori from environmental stresses[49].
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H. PYLORI IN THE ORAL CAVITY
There are discrepancies concerning the permanence
or transience of H. pylori in the oral cavity, and it is not
clear whether the oral cavity creates sufficiently favorable
conditions for H. pylori growth[52]. Bacterial DNA has
been detected in the oral cavity[53,54], dental plaque[55] and
saliva[56], thus implicating oral-oral and fecal-oral transmission modes of H. pylori[57]. However, the failure to cultivate H. pylori from the oral cavity and feces[58,59] indicates
unfavorable survival conditions, likely due to antagonistic
materials secreted by the microfloras of the oral cavity[60]
and intestine[58]. On the other hand, persistence of H.
pylori in the oral cavity after eradication therapy for gastric infection[61], as well as the resistance of the bacteria
against antimicrobial products of oral microflora, suggest that H. pylori must somehow be protected in the oral
cavity[62]. Accordingly, it remains unclear whether the oral
cavity serves as a potent reservoir for H. pylori gastric reinoculation[63].
Candida spp. yeasts isolated from oral samples of dyspeptic patients were shown to contain fast-moving and
non-culturable BLBs inside their vacuoles (Figure 1)[64]. H.
pylori-specific 16S rRNA and cagA[64], as well as vacuolating cytotoxin A (vacA) and ureAB[65], were amplified from
these yeasts, showing 98% homology with those of the
control H. pylori. These findings indicated that H. pylori
are accommodated within the vacuoles of the Candida
that thrive on the mucosa of the human oral cavity, and
may explain the persistence of H. pylori in the oral cavity, increased risk for reinoculation of the stomach and
spread of the bacterium from person-to-person. Accordingly, oral hygiene was suggested as a way to effectively
reduce the yeast content in the oral cavity and control H.
pylori transmission[64,65].

H. PYLORI IN FOOD SOURCES
Although it is well known that H. pylori are gastric colonizers that likely enter the human GI tract through intake
of contaminated water or food[66], culturable forms of H.
pylori have not been recovered from water[56] or food[67,68]
sources. There is no indication for long-term survival
or growth of H. pylori in water[69] or food materials such
as beef[70], raw chicken, lettuce, milk[71] and yogurt[71,72],
due to the presence of oxidation and desiccation[71,73],
acidic pH[72], unfavorable temperatures[74] and H. pyloriinhibitory products secreted by food microbiota[71]. Furthermore, it is not known whether the coccoid or nonculturable forms of H. pylori remain viable in food[75] or
are able to infect humans[73,76]. Thus, the presence of H.
pylori DNA in food and water sources has been thought
to result from contamination with either naked DNA or
dead bacteria[74,77]. However, reports have indicated that
certain pathogenic bacteria, such as L. pneumophila[48], Vibrio cholera[78], Listeria monocytogenes[79], E. coli[80], Campylobacter
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Figure 1 Bacterial movement within yeast vacuoles. Light micrographs taken at four time intervals (A, B, C and D) show fast-moving bacterium-like bodies (BLB)
inside the vacuoles (V) of Candida yeast cells (magnification × 1250)[64].
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Figure 2 Visualization of bacterium within yeast vacuoles. Fluorescence micrographs of Candida yeast stained by a live/dead-BacLight kit show live (green)
bacterium-like bodies (BLB) inside the vacuoles (V) of (A) yeast cells and (B) hyphae (N: Nucleus; M: Mitochondrion) (magnification × 1000)[87].

jejuni[81] and H. pylori[82], have evolved to establish in the
vacuoles of free-living amoebae, the inhabitants of water,
soil and air, which resist environmental stresses by encysting[83]. Amoebae can protect bacteria against the stressful conditions, provide them with nutrients and serve as
mediators for their spread in the environment and within
hosts[84,85]. Accordingly, the presence of amoebae in water
or the environment could be an important marker of
contamination with these pathogenic bacteria[48].
Yeast, another free-living microorganism that exhibits
a remarkable resistance to environmental stresses[10,86],
can similarly accommodate pathogenic bacteria within
vacuoles[87]. In this regard, foodborne yeasts, which are
frequently recruited as primary tools for preparation of
fermented foods or enter food as environmental contaminants[88,89], may play a crucial role in the transmission
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of H. pylori. Foodborne yeasts that occur in a variety
of food materials such as dairy products[89], fermented
foods[90,91] and fruits[92] are able to withstand the stressful
treatments applied in food processing, such as high temperatures, desiccation, acidic pH, high salt concentration
and sanitization[10,93]. Accordingly, it was proposed that
the intracellular establishment of H. pylori in the vacuoles
of foodborne yeasts could protect the bacteria against
these stressful conditions and play a crucial role in bacterial survival in food[87]. Indeed, H. pylori-specific genes
ureAB and babAB were detected in Candida yeasts from
Iranian traditional breads (Sangak, Taftoon and Barbary),
yogurt, banana skin, grape juice and quince jam, which
carried vacuolar fast-moving and non-culturable BLBs
(Figure 2)[87]. Thus, foodborne yeasts originating from the
environment, which were once considered as harmless
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Figure 3 Helicobacter pylori movement in dividing yeast. Fluorescence micrographs from three experiments (A, B and C) using a live/dead-BacLight kit showing
live (green) fast-moving Helicobacter pylori (HP) cells (arrows and arrowhead) inside the vacuoles (V) of mother (M) and daughter (D) Candida cells taken at 0, 2 and
4 s (magnification × 1000)[108].

microorganisms when ingested through fermented foods
such as dairy products[38,89], including kefir and kumis[94,95],
could now be pinpointed as a public health problem
source. In this regard, occurrence of yeast in food and
environment can be considered as an important indicator of contamination with H. pylori and other pathogenic
bacteria. Therefore, a key approach for the control of
H. pylori infection may be to reduce the yeast content
of foods through proper hygienic practice, especially by
food handlers and during food processing[87].

vaginal delivery has been considered to be one important
mechanism for H. pylori transmission. Although there
are no published reports to show vaginal isolation of H.
pylori[96], it is plausible to propose that since H. pylori can
inhabit the squamous epithelium of the oral cavity, it may
therefore be able to survive on the vaginal mucosa[97]. The
vagina supports the growth of a number of microaerophilic organisms, suggesting that a coexisting infection
could provide conditions favorable for the growth of
H. pylori[98-100]. In this regard, a mother’s oral and vaginal
yeasts were proposed to play a crucial role in the transmission of H. pylori to the neonate[101].
The mucosal surfaces of the human oral cavity and
vulva-vagina are the areas that are the first and second
most frequently colonized with yeasts, respectively[46]. A

MATERNAL TRANSMISSION OF H.
PYLORI
Vertical transmission from mother to neonate during
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Figure 4 Immunolabeling of Helicobacter pylori. Immunofluorescence micrographs showing: A: Localization of Helicobacter pylori (H. pylori) (green) inside the
Candida yeast, some of which appear red due to diffusion of the counterstain (magnification × 4000); B: Control H. pylori (green; arrows) (magnification × 1000); and C:
Absence of bacteria in heat-killed yeast (magnification × 1000)[108].

yeast oral carriage rate of up to 75% has been reported
in healthy individuals[102], and a considerable proportion
(5%-35%) of asymptomatic healthy women have positive vaginal cultures for C. albicans[103], with the highest
level of colonization in the vagina compared to other
body sites[104]. As the incidence of vaginal yeast colonization during pregnancy can be up to 46%, Candida spp. in
infants may be acquired vertically from the mother when
passing through the birth canal via cutaneous contact or
swallowing of fungi[105,106]. When examining yeasts from
pregnant woman, vaginal yeasts were twice as likely to
contain the H. pylori-specific genes 16S rRNA and vacA
s1 when compared to oral yeasts[101]. Furthermore, the
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carriage rate of oral yeast was found to be significantly
higher in normally delivered neonates compared to those
from a cesarean delivery. Moreover, a significant correlation was found between the frequency of H. pylori genes
in vaginal yeasts and in oral yeasts of normally delivered
neonates, indicating a common source[101].

ENDOSYMBIOTIC CHARACTERISTICS OF
H. PYLORI
The inheritance of vacuoles by yeast daughter cells is a
highly regulated process[107]. Fluorescence microscopy revealed the occurrence of H. pylori cells inside the vacuoles
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of mother and daughter cells in consecutive subcultures
of yeasts (Figure 3)[108]. Some yeasts contained more than
one H. pylori cell, indicating the potential for endobacterial cells to multiply and transmit within the vacuole to
the next generation of yeast. As a hallmark of endosymbiosis is that both partners need to be alive[109], the mutual
adaptation of intracellular bacteria and their eukaryotic
hosts would often allow both partners to survive the entire lifespan with the endobacteria transmitted to the next
generation[17,110]. Many intracellular bacteria have evolved
to recruit certain proteins for protecting the membranebound vacuole and promoting intracellular partnership[111]. H. pylori-specific genes, encoding proteins such
as VacA, urease and peroxiredoxin, have been detected
in the extracts of oral and gastric yeasts[112]. Furthermore,
western blotting performed on yeast extracts with antibodies raised against H. pylori revealed the presence of
proteins with molecular weights of 56, 36, 32, 26 and
21 kDa, corresponding to the VacA large subunit, VacA
small subunit[113,114], urease A subunit[115], peroxiredoxin
and thiol peroxidase[116], respectively. These proteins were
detected with antibodies such as the IgY-Hp polyclonal
antibody, which is used as a powerful tool for detection
of H. pylori immunodominant proteins, such as the urease A and B-subunits, Hsp60, peroxiredoxin and thiol
peroxidase[116]. Peroxiredoxin and thiol peroxidase may
allow the bacteria to detoxify oxygen metabolites formed
during processes such as the respiratory burst of immune
cells[111]. The bacterial urease and VacA have been recognized as the two important H. pylori virulence factors that
influence phago-lysosome fusion and bacterial survival in
macrophages[46,117].
The IgY-Hp antibody has also been used as a marker
for localization of H. pylori inside vacuoles of yeast (Figure 4)[108]. Additionally, whole cell H. pylori and H. pyloriimmunoreactivity have been observed in lamina propria
of gastric biopsy specimens[118]. Furthermore, the specific
identity and localization of immunoreactive H. pylori
within defined membrane-bound vacuoles has been revealed with confocal[119] and ultrastructural[120] microscopy.
The preserved ultrastructural morphology and presence
of H. pylori-specific mRNA, detected with fluorescence in
situ hybridization, indicated the viability of these intracellular bacteria[119,120].

tract environment. It is possible that the unique property
of ergosterol dependence in H. pylori evolved as the result of adaptation to life inside the yeast vacuole, showing the crucial role of this organelle in the evolution and
persistence of H. pylori. Further studies will elucidate how
the intracellular life of H. pylori inside yeast influenced
its adaptation for existence in the human stomach and
long-term colonization of gastric epithelium, as well as
provide insight regarding the remarkable heterogeneity
of virulence determinants, and resistance to antibiotics
and the immune system. Furthermore, examination of
individuals within a population, with consideration of
their yeast carriage, consumption of foods containing live
yeast and H. pylori infection status, will guide understanding of the spread of H. pylori among humans.
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Management of Helicobacter pylori infection after gastric
surgery
Yang-Sheng Lin, Ming-Jen Chen, Shou-Chuan Shih, Ming-Joug Bair, Ching-Ju Fang, Horng-Yuan Wang
stump cancer in the residual stomach after gastrectomy. The purpose of this review is to provide an update which may help physicians to properly manage H.
pylori infection in patients who have undergone gastric
surgery. This review focuses on (1) the microenvironment change in the stomach after gastrectomy; (2)
the phenomenon of spontaneous clearance of H. pylori
after gastrectomy; (3) the effects of H. pylori on gastric
atrophy and intestinal metaplasia after gastrectomy;
(4) incidence and clinical features of ulcers developing after gastrectomy; (5) does eradication of H. pylori
reduce the risk of gastric stump cancer in the residual
stomach? (6) does eradication of H. pylori reduce the
risk of secondary metachronous gastric cancer in the
residual stomach? and (7) optimal timing and regimens
for H. pylori eradication, diagnostic tools and follow-up
strategies for patients undergoing gastrectomy.
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Core tip: For patients undergoing gastric surgery due to
acute complications of peptic ulcer diseases or gastric
cancer, this surgical procedure may increase the occurrence of biliary enterogastric reflux and potentially
inhibit the growth of Helicobacter pylori (H. pylori ) in
the stomach. Bile reflux and H. pylori infection appear
to have a synergistic effect on cell proliferation in the
gastric remnant and may explain the increased risk of
cancer after gastrectomy. First-line triple therapy is effective for the eradication of H. pylori in gastrectomized
patients. Serology is the only test that is not affected
by local changes in the stomach, and could be used
to avoid the false-negative results obtained with other
tests.

Abstract
The Maastricht IV/Florence Consensus Report and the
Second Asia-Pacific Consensus Guidelines strongly recommend eradication of Helicobacter pylori (H. pylori )
in patients with previous gastric neoplasia who have
undergone gastric surgery. However, the guidelines
do not mention optimal timing, eradication regimens,
diagnostic tools, and follow-up strategies for patients
undergoing gastrectomy and do not indicate if eradication of H. pylori reduces the risk of marginal ulcer or
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Campylobacter, H. pylori, C. pylori; gastrectomy[MeSH],
gastrectom*, hemigastrectom*, gastric surger*, stomach
surger*; gastric stump[MeSH], stump*, residual, remnant*; eradicat*; spontaneous remissions[MeSH], spontaneous clearance, spontaneous regression*, spontaneous
eradicat*; atrophic gastritis[MeSH], atrophy[MeSH],
atroph*, dysplas*; metaplasia[MeSH], metaplas*; peptic ulcer[MeSH], ulcer*; stomach neoplasms[MeSH],
local neoplasm recurrence[MeSH], second primary
neoplasms[MeSH], cancer*, maliganc*, carcinoma*,
cancerogen*, carcinogen*, neoplasmogen*, oncogen*,
tumorigen*. The keywords based on PubMed syntax
were adequately revised for the remaining databases. The
complex search strategies for the individual sub-topics
were properly established, including the combinations of
the keywords and the filter of the articles (principally according to the Oxford level of evidence).

Lin YS, Chen MJ, Shih SC, Bair MJ, Fang CJ, Wang HY. Management of Helicobacter pylori infection after gastric surgery.
World J Gastroenterol 2014; 20(18): 5274-5282 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i18/5274.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i18.5274

INTRODUCTION
Helicobacter pylori (H. pylori) is a human pathogen that has
infected half the global population, and its discovery has
revolutionized the concept of gastroduodenal diseases.
H. pylori infection is an important etiologic factor in gastritis, peptic ulcer, and gastric malignancy. In 2012, the
Maastricht IV/Florence Consensus Report reinforced
the finding that H. pylori infection is the most commonly
proven risk factor for gastric cancer in humans[1]. Eradication of H. pylori has been shown to prevent gastric cancer
in patients with this infection; a pooled analysis of 6 studies with mostly Asian participants followed up for 4-10
years showed that the relative risk of gastric cancer after
eradication of H. pylori was 0.65 (95%CI: 0.43-0.98), and
a significant reduction in cases of gastric cancer was seen
in subjects with eradication before the development of
atrophic gastritis or intestinal metaplasia[2]. The authors
suggest that H. pylori eradication treatment reduces the
risk of gastric cancer, however, the risk is not abolished.
Currently, eradication of H. pylori is strongly recommended in (1) patients with gastroduodenal diseases such
as peptic ulcer disease and low-grade gastric mucosaassociated lymphoid tissue lymphoma; (2) patients with
atrophic gastritis; (3) first-degree relatives of patients
with gastric cancer; (4) patients with unexplained iron deficiency anemia; and (5) patients with chronic idiopathic
thrombocytopenic purpura[3]. Prophylactic eradication of
H. pylori after endoscopic resection of early gastric cancer
should be used to prevent the development of metachronous gastric carcinoma[4]. However, the effect of H. pylori
eradication on the gastric remnant after surgical resection
has not been clearly determined[5]. There is some new
evidence regarding this, and the Maastricht IV/Florence
Consensus Report and the Second Asia-Pacific Consensus Guidelines strongly recommend eradication of H.
pylori in patients with previous gastric neoplasia who have
undergone subtotal gastric resection[1,6]. However, the
guidelines do not mention optimal timing, eradication
regimens, diagnostic tools, and follow-up strategies for
patients undergoing gastrectomy and do not indicate if
eradication of H. pylori reduces the risk of ulcer or stump
cancer in the residual stomach after gastrectomy.
The purpose of this review is to provide an update
which may help physicians to properly manage H. pylori
infection in patients after gastric surgery. A literature
search was conducted mainly in PubMed (1948-), and
a supplementary search in Embase (1974-) and Google
Scholar. Search keywords used controlled vocabulary
(MeSH or Emtree) and text words, including: Helicobacter
pylori[MeSH], Helicobacter infections[MeSH], Helicobacter,
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MICROENVIRONMENT CHANGE IN THE
STOMACH AFTER GASTRECTOMY
Food retention and bile reflux have frequently been observed in patients with gastric cancer following subtotal
gastrectomy[7]. After gastric surgery, the biochemical
profile, microbiological profile, or pH of the gastric
juice is dramatically altered. A previous study assessed
the presence of N-nitrosamine compounds and bacteria
in the gastric juice after gastric surgery[8] and showed
that patients who underwent gastric resection with both
Billroth (B)-Ⅱ and B-Ⅰ gastrectomies had higher mean
pH, N-nitrosamine concentrations, nitrate reductasepositive bacterial counts, and anaerobic bacterial counts.
In a higher pH microenvironment, the stomach will
subsequently reduce concentrations of ascorbic acid,
which is an antioxidant that scavenges carcinogenic N-nitrosamines and reactive oxygen species. Oxygen radicals
induced by inflammation could contribute to the risk of
developing gastric cancer, and variation in the biochemical and microbiological microenvironment in the gastric
juice may also play a role.
Residual mucosa in the stomach after gastrectomy is
considered a risk factor for the development of cancer in
the gastric remnant. Chronic inflammation due to biliary
enterogastric reflux results in hyperplastic changes in the
gastric epithelium of the remnant. Bechi et al[9] found that
the hyperplastic changes gradually decreased with increasing distance from the anastomosis, which means that the
gastric histological findings after partial gastrectomy were
affected by reflux.
Fukuhara et al[10] evaluated the association between
bile reflux and gastritis in 62 patients who underwent curative gastrectomy for gastric cancer. The period of bile
reflux into the gastric remnant was measured with the
Bilitec 2000, and remnant gastritis was semiquantified using the neutrophil infiltration score based on the updated
Sydney System 12 wk after surgery. The results showed
that the correlation was independent for H. pylori infection, and the investigators concluded that biliary entero-
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gastric reflux after distal gastrectomy can cause remnant
gastritis.

EFFECTS OF H. PYLORI ON GASTRIC
ATROPHY AND INTESTINAL
METAPLASIA AFTER GASTRECTOMY

PHENOMENON OF SPONTANEOUS
CLEARANCE OF H. PYLORI AFTER
GASTRECTOMY

After gastrectomy, a potential cause of remnant gastritis
is H. pylori infection accompanied by biliary enterogastric reflux[17]. If eradication of H. pylori in patients after
gastrectomy is beneficial, what would be the effect of
H. pylori eradication on gastric atrophy and intestinal
metaplasia at the gastric remnant? Fukuhara et al[18] investigated concentrations of interleukin (IL)-8, a sensitive
marker of inflammation in the gastric mucosa, 3 mo
after surgery. In the absence of H. pylori infection, IL-8
concentrations were 13, 56, and 87 pg/mg in groups A
(Roux-en-Y), B (B-Ⅰ), and C (B-Ⅱ), respectively (P <
0.05). In the presence of H. pylori infection, IL-8 concentrations were 61, 161, and 234 pg/mg protein in groups
A, B, and C, respectively (P < 0.01)[18]. Both bile reflux
and H. pylori infection are independent risk factors for
the development of gastritis and intestinal metaplasia in
the remnant stomach after distal gastrectomy. Cho et al[19]
found that in the absence of H. pylori, regardless of eradication, treatment or spontaneous clearance may lead to
regression of gastric atrophy and intestinal metaplasia in
the remnant stomach with time. It is difficult to separate
causally relevant factors of bile reflux and H. pylori infection from co-incidences or collateral changes. Abe et al[20]
examined the severity of remnant gastritis in 184 patients
who had undergone distal gastrectomy performed using
the B-Ⅰ (n = 106), B-Ⅱ (n = 36) and jejunal interposition
(n = 42). H. pylori infection was confirmed in 55.6% of
the B-I patients and in 76.1% of the jejunal interposition
patients. The rate of H. pylori infection was higher for
jejunal interposition patients than for B-Ⅰ (P < 0.05)[20].
The severity of chronic and active inflammatory cellular
infiltration tended to have an inverse proportional relation to the endoscopic severity of the remnant gastritis.
We still do not know if bile reflux with its subsequently
decreased H. pylori incidence may neutralize the effect on
cancer development.
Ando et al[5] found that chronic inflammation and
atrophy scores were improved after eradication and no
secondary stomach cancers were found on endoscopy. In
a study by Kato et al[21], the pH of gastric juice was measured in 112 H. pylori-positive patients who underwent
distal gastrectomy and H. pylori eradication therapy. The
pH of the gastric juice showed an inverse correlation
with the serum pepsinogen Ⅰ/Ⅱ ratio, which could be a
suitable surrogate marker of gastric mucosal atrophy. The
investigators concluded that eradication therapy for the
remnant stomach contributes to the possible improvement of stomach conditions by normalizing the pH of
gastric juice.

Whether H. pylori can survive in the altered environment
after gastrectomy remains an interesting issue. Suh et
al[11] reported an overall spontaneous clearance rate of
H. pylori infection of 38.6% (27/70 patients) during a
mean period (from surgery to follow-up tests) of 1.02 ±
0.5 years. The activity and chronic inflammation scores
were significantly decreased in the spontaneous clearance
group.
The influence of different procedures and duration
after surgery on spontaneous clearance of H. pylori has
been addressed. Generally, with B-Ⅰ anastomosis, the
gastrointestinal tract has normal continuity and the remaining duodenum offers more resistance to recurrent
ulceration than the jejunum. The prevalence of H. pylori
infection was significantly higher in patients who had
a partial wedge resection compared with subtotal gastrectomy, because wedge resection results in less biliary
enterogastric reflux due to preservation of the pylorus[12].
The lower rate of H. pylori infection found in patients
who underwent B-Ⅱ may reflect the role of bile reflux,
which may interfere with colonization of H. pylori[13].
There was a trend toward a decreasing prevalence of
H. pylori colonization as the length of time after surgery
increased. In our previous study, the prevalence of H.
pylori 1 to 15 years after surgery was 29.5%, after 16 to 30
years it was 13.6%, and after more than 30 years it was
10%[13]. The overall spontaneous clearance rate of H. pylori after partial gastrectomy was 43%. We also confirmed
that B-Ⅱ was associated with a higher rate of bile reflux
and lower prevalence of H. pylori infection than the BⅠ procedure.
It was assumed that the microenvironment for H.
pylori colonization after surgical interventions changes
dramatically and thus influences their survival. First, the
hypochlorhydric environment due to antrectomy is an
unfavorable factor for the growth of H. pylori[14]. Second,
biliary enterogastric reflux emerges due to loss of the pyloric ring, which may inhibit H. pylori growth. Third, the
substitution of intestinal-type epithelium for gastric parietal cells makes the mucosa more resistant to H. pylori infection[15]. Finally, loss of the usual site of infection plays
a major role because the prevalence of H. pylori remains
high after vagotomy, which carries only the hypochlorhydric environment[16]. All of these factors may make the
microenvironment unfavorable for H. pylori.
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risk increased over time, and the median interval between the initial gastrectomy and diagnosis of GSC was
25 years[24]. The occurrence of GSC is higher in patients
with an initial diagnosis of gastric rather than duodenal
ulcer and after B-Ⅱ reconstruction[27], and GSC is predominantly found in men[24]. A meta-analysis of 22 studies showed that the overall relative risk for GSC was 1.66
(95%CI: 1.54-1.79)[27]. Patients who underwent surgery
15 or more years previously had a weighted mean relative
risk of 1.48 (95%CI: 1.31-1.67). Spontaneous clearance
of H. pylori after partial gastrectomy was noted with time
after surgery[13,19] and had an inverse association with the
occurrence of GSC. Biliary enterogastric reflux may impair the growth of H. pylori.
The cause of cancer in the gastric stump is multifactorial, and the increased mucosal cell proliferation
caused by bile reflux has been claimed to increase the
risk of GSC[28]. Leivonen conducted a retrospective study
of 130 patients who underwent partial gastrectomy for
peptic ulcer. Cell proliferation was determined using immunohistochemical staining of Ki-67 antibodies from
gastric remnants, and there was no clear association
between proliferation and H. pylori. However, a significant difference was seen between reconstruction types,
which is known to be associated with bile reflux[29]. One
large population-based study from Sweden revealed an
increased risk of cancer in the gastric remnant only 30
years or more after gastric resection for benign disease,
whereas other factors did not influence this risk[30]. Rouxen-Y reconstruction has been shown to eliminate the
symptoms of bile reflux gastritis. Twenty-nine patients
partially gastrectomized for peptic ulcer were reoperated
4-13 years later with a Roux-en-Y reconstruction due to
reflux gastritis in 12 patients and severe gastric dysplasia/
early gastric cancer in 17 patients[31]. The prevalence of H.
pylori infection was not statistically different between the
patients with reflux gastritis (6/12) and those with severe
dysplasia or gastric neoplasms (12/17). This meant that H.
pylori plays less of a role in GSC after gastric surgery for
peptic ulcer. The subsequent biopsies from the new anastomotic region were taken 5-17 years after Roux-en-Y
reconstruction and were evaluated for active chronic
gastritis, atrophy, intestinal metaplasia and dysplasia. The
progression of active chronic gastritis, atrophy, intestinal
metaplasia and dysplasia was seen even when an attempt
to divert reflux after Roux-en-Y reconstruction was
made, but was independent of H. pylori infection.
In the intact stomach, H. pylori-associated gastritis is
considered a major risk factor for cancer and as for other
cancers; removing one factor does not prevent all gastric
cancers. Based on these clinical observations, it is difficult
to determine the role of H. pylori eradication in the prevention of GSC[32]. A cohort study to assess the clinical
relevance of H. pylori eradication under these circumstances is therefore necessary.

INCIDENCE AND CLINICAL FEATURES
OF ULCERS DEVELOPING AFTER
GASTRECTOMY
The need to perform gastrectomy on patients with peptic
ulcer disease has decreased since the discovery of H. pylori and the development of proton pump inhibitors. The
sequelae of gastrectomy are recurrent ulcers, especially
marginal ulcers, or cancer of the gastric remnant.
It has been reported that the incidence of marginal
ulcers varies from 0.6% to 16%[22,23]. Development of a
marginal ulcer after gastrectomy for a bleeding ulcer is
a serious threat to the patient. H. pylori infection is the
primary risk factor for gastric ulcers. However, its role in
marginal ulcers after surgery is unclear. A study by Chung
et al[24], which included a consecutive series of 78 patients
with endoscopic ulcers and 759 patients without ulcers
after gastrectomy, showed that the incidence of ulcers
after gastrectomy was 9.3% and the majority (92%) were
marginal ulcers. Ulcers were more common in patients
with B-Ⅱ anastomosis and pre-existing peptic ulcer disease. Infection rates of H. pylori did not differ significantly
between the 2 groups and suggested that H. pylori is not
an important factor in ulcerogenesis after gastrectomy.
In a study by Leivonen et al[25], 41 of 155 patients had
an ulcer at the site of anastomosis or in the gastric stump
after a median interval between surgeries of 4 years. The
recurrence rate was higher after B-Ⅱ (34%) than after
Roux-en-Y (14%) or B-Ⅰ reconstruction (24%). Interestingly, recurrent ulcer was less often found in those with H.
pylori-positive gastritis (18%) than H. pylori-negative gastritis (26%). It seems that H. pylori infection plays a minor
role in the pathogenesis of ulcer recurrence after partial
gastrectomy. Eradication of H. pylori of the remnant
stomach is therefore presumably not effective in preventing ulcer recurrence. A randomized controlled study on a
larger scale to assess the clinical relevance is therefore still
necessary.

DOES ERADICATION OF H. PYLORI
REDUCE THE RISK OF GASTRIC STUMP
CANCER IN THE RESIDUAL STOMACH?
Gastric stump cancer (GSC) is defined as a carcinoma
developing in the gastric remnant more than 5 years after surgery for benign disease[26]. It is recommended that
patients with previous gastric neoplasia already treated by
subtotal gastric resection undergo eradication therapy[1,6],
however, the recommendations do not mention the need
for eradication of H. pylori to prevent GSC in patients
who have undergone gastrectomy for benign lesions such
as ulcer with bleeding, perforation, or obstruction.
In a study by Chung, GSC was found in 6 (0.7%) of
837 patients who underwent gastrectomy[24]. The overall
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Table 1 Effect of Helicobacter pylori eradication in preventing metachronous gastric cancer after endoscopic surgery in prospective
randomized controlled trials
Ref.

Year

Treatment
method

Case
number

Metachronous
cancer

Metachronous
cancer

Choi et al[35]

2013
RCT

Endoscopic
submucosal
dissection
Endoscopic
submucosal
dissection
Endoscopic
submucosal
dissection

901

Eradication
10/444

No eradication
17/457

268

15/177

13/91

544

9/272

24/272

Maehata et al[34]

Fukase et al[33]

2012
Restropective
2008
RCT

Definition of new cancers

P value

Follow-up,
yr

New carcinoma in areas other than
the site of primary gastric cancer

0.150

3

New carcinoma in areas other than
the site of primary gastric cancer; at
least 1 yr after endoscopic resection
New carcinoma in areas other than
the site of primary gastric cancer

0.262

3

0.007
0.009

5
3

RCT: Randomized controlled trial.

did not differ significantly at 1, 2, 3, and 4 years after H.
pylori eradication. To determine the long-term effect of H.
pylori eradication on the development of gastric cancer,
long-term follow-up is necessary. During a mean followup period of 5 years, metachronous gastric carcinoma
developed in 22 patients in the eradication group and 43
in the control group (HR = 0.497; P = 0.008), these results were presented at DDW2012 by Kato et al[36]. These
findings suggested that H. pylori eradication prevented the
development of metachronous gastric cancers during the
long-term follow-up period.

DOES ERADICATION OF H. PYLORI
REDUCE THE RISK OF SECONDARY
METACHRONOUS GASTRIC CANCER IN
THE RESIDUAL STOMACH?
In patients with endoscopic resection of early gastric
cancer
EGC is thought to develop from precursor lesions such
as chronic atrophic gastritis, intestinal metaplasia, and
dysplasia. Uemura et al[4] provided the first evidence that
eradication of H. pylori had a direct effect on decreasing
the occurrence of secondary metachronous gastric cancer in patients undergoing endoscopic resection. However, the results were limited by a non-randomized study
design.
The effect of H. pylori eradication in the prevention
of metachronous gastric cancer remains a controversial
issue. We reviewed recent randomized controlled trials to highlight the controversy (Table 1). Fukase et al[33]
confirmed that eradication of H. pylori after endoscopic
resection of EGC was beneficial after 3 years of followup in a randomized controlled trial. However, the results
were limited by the open-label study and by non-blinded
follow-up endoscopy. Many synchronous cancers, which
were detected within 1 year were included in the study.
A recent retrospective study conducted by Maehata et
al[34] in patients with metachronous gastric cancer after
endoscopic resection of EGC showed that the rates of
metachronous cancer were 14.3% in the persistent infection group and 8.5% in the eradicated group (P = 0.262).
Because the median follow-up period in the retrospective
study was 3.0 years, there was uncertainty based on the
small sample size and short-term follow-up. When the
follow-up period was 5 years, the incidence rate in the
eradicated group was lower than that observed in the persistent infection group (P = 0.007).
There are controversial results to show that there were
no significant differences in the development of metachronous cancers in a prospective, randomized, open-label trial conducted by Choi et al[35]. In this study, the incidence of metachronous carcinoma between the 2 groups
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In patients with subtotal gastrectomy
A well-designed prospective study revealed that H. pyloripositive patients undergoing gastrectomy for cancer had a
higher risk of precursor malignant lesions compared with
H. pylori-negative patients in the cancer group (OR = 4.20;
95%CI: 1.10-15.96), and the odds ratio was less significant when compared with that of H. pylori-positive and
H. pylori-negative patients undergoing gastrectomy for
duodenal ulcer (OR = 1.59; 95%CI: 0.44-5.73)[37]. This
may be indirect evidence that H. pylori eradication therapy
prevents the development of metachronous gastric cancer after previous gastrectomy[37].
In contrast, a recent randomized clinical trial from
Korea showed that 4 of 190 patients had metachronous
gastric cancer in the remnant stomach after gastrectomy
during a median follow-up of 5 years[19]. There was no
difference in the development of metachronous gastric
cancer according to eradication of H. pylori (3 patients)
or not (1 patient). A possible limitation of this study was
the small number of target patients, short observation
period, and the baseline mucosal conditions differed in
many aspects. A meta-analysis showed a favorable overall
survival in gastric cancer patients with H. pylori infection
(HR = 0.71; P = 0.001)[38]. H. pylori might contribute to
an improved anti-tumor immune response and microsatellite instability[38]. However, the study was limited by
heterogeneity and it included non-randomized and retrospective data. In addition, patients with advanced gastric
cancer and H. pylori negative status had a poor prognosis
which may have been related to post-operative bile reflux
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which eradicated H. pylori and destroyed parietal cells.
Taken together, these results indicate that the incidence of metachronous gastric cancer after endoscopic
resection does not decrease unless there is early eradication before the progression of gastric mucosal atrophy[35].
To determine the long-term effect of H. pylori eradication
on the development of metachronous gastric cancer
after endoscopic resection of EGC, long-term followup seems to be necessary. This approach also prevented
the development of metachronous gastric cancer in
the remnant stomach after subtotal gastrectomy[39,40].
The Maastricht IV/Florence Consensus Report recommended eradication of H. pylori in patients with previous
gastric neoplasia treated with endoscopic or subtotal
gastric resection, which seems to broaden the indication
to include adenoma or dysplasia under the terminology
of neoplasia[1]. The risk of gastric cancer may be more
effective if eradication occurs before the development of
preneoplastic conditions[1,41]. Recent studies showed that
eradication of H. pylori in the remnant stomach significantly decreased inflammation and activity scores[42,43]. IL1β was confirmed to be a potent inhibitor of gastric juice
secretion, and Kato et al[44] proved that IL-1β messenger
RNA levels, which lead to gastric dysplasia, correlated
with the pH in the remnant stomach after eradication of
H. pylori. However, a meta-analysis of the role of IL-1β
and IL-1 receptor antagonist gene polymorphisms on the
risk of gastric cancer showed only an association in white
patients, but not in Asian patients[45]. The effects of H.
pylori eradication in preventing metachronous gastric cancer should be carefully and continually evaluated in welldesigned, long-term follow-up studies.

patients with gastrectomy, thus a short triple therapy regimen might be effective. In addition, there was no difference in the eradiation rates between the 3-day and 7-day
treatment groups (90.9% vs 93.8%)[49]. Temporary minor
side effects were noted in 3 of 20 cases[42,48]. The effect
of H. pylori eradication was similar whether it occurred
postoperatively or preoperatively[50].
For a good diagnostic tool with a sensitivity of more
than 80%, a histological test is better than either the urea
breath test (UBT) or rapid urease test (RUT) after gastrectomy[51]. The reduced stomach size and bile reflux
decrease the chance of H. pylori survival after gastrectomy. In addition, because the test urea passes through
the residual stomach faster, UBT is not recommended in
patients who have undergone gastrectomy[52]. A modified
UBT with a change in body position and using a filmcoated 13C-urea table[53] or endoscopic sprayed UBT[54] has
been suggested, but these procedures are complicated. Although the RUT is superior to UBT, the pooled sensitivity was 79%, which is still less than 80%[51]. When RUT is
considered, the preferred site for biopsy is the fundus[55,56]
or corpus[57]. Bile reflux disturbs the environment for H.
pylori colonization in the distal gastric remnant and leads
to a lower density of H. pylori. It is also recommended
that more than one diagnostic method be used to decrease the false-negative rate in such circumstances.
According to the present Maastricht IV/Florence
Consensus Report, serology is the only test that is not affected by local changes in the stomach, which may avoid
false-negative results[1]. This is attributable to the fact that
antibodies against H. pylori and especially against its most
specific antigen, CagA, remain elevated despite transient decreases in the bacterial load and for long periods
(months, even years) after the disappearance of H. pylori
from the stomach[58]. By selecting a suitable cutoff value
of 0.14, the H. pylori stool antigen test is also a reliable
noninvasive diagnostic tool with a sensitivity of 93% and
specificity of 100%[49].

OPTIMAL TIMING AND REGIMENS FOR
H. PYLORI ERADICATION, DIAGNOSTIC
TOOLS AND FOLLOW-UP STRATEGIES
FOR PATIENTS UNDERGOING
GASTRECTOMY

CONCLUSION

The optimal timing for eradication of H. pylori in gastrectomized patients is not clear. The efficacy of H. pylori
eradication therapy depends on the gastric pH, bacterial loads, the level of drug in the gastric mucosa, and
acquired resistance. Liou et al[46] showed that antibiotic
resistance, rather than host CYP2C19 polymorphisms
or bacterial virulence, was the most important factor for
successful eradication of H. pylori. Bacteria may produce
β-lactamase in the gastric juice of patients with a remnant stomach, leading to the transfer of drug resistance
genes and interference with the efficacy of eradication[47].
The eradication rate in the remnant stomach was 90%
after first-line triple therapy, which was comparable to
the rates of 85%-88% in nonsurgical patients[42,48]. After
gastrectomy, alkaline duodenopancreatic juice neutralized
gastric acid which inhibited the growth of H. pylori. The
bacterial load of H. pylori would be considered small in
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It has been suggested that the biochemical and microbiological profiles of the gastric juice dramatically change after gastric surgery. We believe that this surgical procedure
might increase the occurrence of biliary enterogastric
reflux and potentially inhibit the growth of H. pylori in
the stomach. Compared to the B-Ⅰ procedure, the B-Ⅱ
procedure had a higher bile reflux rate and was associated
with a lower prevalence of H. pylori infection. There was
a trend toward a decrease in the prevalence of H. pylori
colonization with time after operation. Bile reflux and
H. pylori infection appear to have a synergistic effect on
cell proliferation in the gastric remnant and may explain
the increased risk of cancer after gastrectomy. H. pylori
is not an important factor in ulcerogenesis after gastrectomy. Eradication of H. pylori in the remnant stomach is
presumably not effective in preventing ulcer recurrence.
H. pylori does not appear to be an important risk factor
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for GSC; therefore, a cohort study to assess the clinical relevance of H. pylori eradication is necessary. The
Maastricht IV/Florence Consensus Report recommends
eradication of H. pylori in patients with previous gastric
neoplasia already treated with endoscopic or subtotal gastric resection, which seems to broaden the indication to
include adenoma or dysplasia. First-line triple therapy is
effective in the eradication of H. pylori in gastrectomized
patients. Serology is the only test that is not affected by
local changes in the stomach, a combination of serology
with a histological test or H. pylori stool antigen test could
be used to avoid false-negative results.

11

12

13

14

REFERENCES
1

2

3

4

5

6

7

8

9
10

Malfertheiner P, Megraud F, O’Morain CA, Atherton J,
Axon AT, Bazzoli F, Gensini GF, Gisbert JP, Graham DY,
Rokkas T, El-Omar EM, Kuipers EJ. Management of Helicobacter pylori infection--the Maastricht IV/ Florence Consensus Report. Gut 2012; 61: 646-664 [PMID: 22491499 DOI:
10.1136/gutjnl-2012-302084]
Fuccio L, Zagari RM, Eusebi LH, Laterza L, Cennamo V, Ceroni L, Grilli D, Bazzoli F. Meta-analysis: can Helicobacter
pylori eradication treatment reduce the risk for gastric cancer? Ann Intern Med 2009; 151: 121-128 [PMID: 19620164]
Malfertheiner P, Megraud F, O’Morain C, Bazzoli F, ElOmar E, Graham D, Hunt R, Rokkas T, Vakil N, Kuipers EJ.
Current concepts in the management of Helicobacter pylori
infection: the Maastricht III Consensus Report. Gut 2007; 56:
772-781 [PMID: 17170018 DOI: 10.1136/gut.2006.101634]
Uemura N, Mukai T, Okamoto S, Yamaguchi S, Mashiba
H, Taniyama K, Sasaki N, Haruma K, Sumii K, Kajiyama G.
Effect of Helicobacter pylori eradication on subsequent development of cancer after endoscopic resection of early gastric cancer. Cancer Epidemiol Biomarkers Prev 1997; 6: 639-642
[PMID: 9264278]
Ando T, Sakakibara M, Ishiguro K, Maeda O, Watanabe O,
Kamiya T, Mimura S, Ujihara M, Hirayama Y, Morise K,
Maeda K, Matsushita M, Funasaka K, Nakamura M, Miyahara R, Ohmiya N, Goto H. Helicobacter pylori eradication
improved precancerous lesions of the gastric remnant. J
Gastroenterol Hepatol 2012; 27: 404 [DOI: 10.1111/jgh.12006]
Fock KM, Talley N, Moayyedi P, Hunt R, Azuma T, Sugano K, Xiao SD, Lam SK, Goh KL, Chiba T, Uemura N,
Kim JG, Kim N, Ang TL, Mahachai V, Mitchell H, Rani AA,
Liou JM, Vilaichone RK, Sollano J. Asia-Pacific consensus
guidelines on gastric cancer prevention. J Gastroenterol
Hepatol 2008; 23: 351-365 [PMID: 18318820 DOI: 10.1111/
j.1440-1746.2008.05314.x]
Jung HJ, Lee JH, Ryu KW, Lee JY, Kim CG, Choi IJ, Kim
YW, Bae JM. The influence of reconstruction methods on
food retention phenomenon in the remnant stomach after
a subtotal gastrectomy. J Surg Oncol 2008; 98: 11-14 [PMID:
18461561 DOI: 10.1002/jso.21076]
Guadagni S, Walters CL, Smith PL, Verzaro R, Valenti
M, Reed PI. N-nitroso compounds in the gastric juice of
normal controls, patients with partial gastrectomies, and
gastric cancer patients. J Surg Oncol 1996; 63: 226-233 [PMID:
8982366 DOI: 10.1002/(sici)1096-9098(199612)63:4<226::aidjso3>3.0.co;2-e]
Bechi P, Amorosi A, Mazzanti R, Romagnoli P, Tonelli L.
Gastric histology and fasting bile reflux after partial gastrectomy. Gastroenterology 1987; 93: 335-343 [PMID: 3596171]
Fukuhara K, Osugi H, Takada N, Takemura M, Lee S, Taguchi S, Kaneko M, Tanaka Y, Fujiwara Y, Nishizawa S,
Kinoshita H. Correlation between duodenogastric reflux
and remnant gastritis after distal gastrectomy. Hepatogastro-

WJG|www.wjgnet.com

15

16

17
18

19

20

21

22

23

24

25

5280

enterology 2004; 51: 1241-1244 [PMID: 15239287]
Suh S, Nah JC, Uhm MS, Jung YM, Kim N, Lee DH, Jung
HC, Song IS. Changes in prevalence of Helicobacter pylori
infection after subtotal gastrectomy. Hepatogastroenterology
2012; 59: 646-648 [PMID: 22353533 DOI: 10.5754/hge10277]
Nagahata Y, Azumi Y, Numata N, Yano M, Akimoto T,
Saitoh Y. Helicobacter pylori may cause “reflux” gastritis
after gastrectomy. J Gastrointest Surg 1997; 1: 479-486 [PMID:
9834382 DOI: 10.1016/S1091-255X(97)80137-0]
Bair MJ, Wu MS, Chang WH, Shih SC, Wang TE, Chen CJ,
Lin CC, Liu CY, Chen MJ. Spontaneous clearance of Helicobacter pylori colonization in patients with partial gastrectomy: correlates with operative procedures and duration
after operation. J Formos Med Assoc 2009; 108: 13-19 [PMID:
19181603 DOI: 10.1016/s0929-6646(09)60027-9]
O'Connor HJ, Dixon MF, Wyatt JI, Axon AT, Ward DC,
Dewar EP, Johnston D. Effect of duodenal ulcer surgery
and enterogastric reflux on Campylobacter pyloridis. Lancet
1986; 2: 1178-1181 [PMID: 2877324]
Onoda N, Maeda K, Sawada T, Wakasa K, Arakawa T,
Chung KH. Prevalence of Helicobacter pylori infection in
gastric remnant after distal gastrectomy for primary gastric
cancer. Gastric Cancer 2001; 4: 87-92 [PMID: 11706766 DOI:
10.1007/s101200100033]
Danesh J, Appleby P, Peto R. How often does surgery for
peptic ulceration eradicate Helicobacter pylori? Systematic review of 36 studies. BMJ 1998; 316: 746-747 [PMID:
9529411]
Ritchie WP. Alkaline reflux gastritis: a critical reappraisal.
Gut 1984; 25: 975-987 [PMID: 6381247]
Fukuhara K, Osugi H, Takada N, Takemura M, Ohmoto Y,
Kinoshita H. Quantitative determinations of duodenogastric
reflux, prevalence of Helicobacter pylori infection, and concentrations of interleukin-8. World J Surg 2003; 27: 567-570
[PMID: 12715225 DOI: 10.1007/s00268-003-6796-z]
Cho SJ, Choi IJ, Kook MC, Yoon H, Park S, Kim CG, Lee
JY, Lee JH, Ryu KW, Kim YW. Randomised clinical trial:
the effects of Helicobacter pylori eradication on glandular
atrophy and intestinal metaplasia after subtotal gastrectomy
for gastric cancer. Aliment Pharmacol Ther 2013; 38: 477-489
[PMID: 23822578 DOI: 10.1111/apt.12402]
Abe H, Murakami K, Satoh S, Sato R, Kodama M, Arita T,
Fujioka T. Influence of bile reflux and Helicobacter pylori
infection on gastritis in the remnant gastric mucosa after
distal gastrectomy. J Gastroenterol 2005; 40: 563-569 [PMID:
16007389]
Kato S, Matsukura N, Matsuda N, Tsuchiya S, Naito Z,
Tajiri T. Normalization of pH level and gastric mucosa after
eradication of H. pylori in the remnant stomach. J Gastroenterol Hepatol 2008; 23 Suppl 2: S258-S261 [PMID: 19120908
DOI: 10.1111/j.1440-1746.2008.05447.x]
Sacks BC, Mattar SG, Qureshi FG, Eid GM, Collins JL,
Barinas-Mitchell EJ, Schauer PR, Ramanathan RC. Incidence
of marginal ulcers and the use of absorbable anastomotic
sutures in laparoscopic Roux-en-Y gastric bypass. Surg
Obes Relat Dis 2006; 2: 11-16 [PMID: 16925306 DOI: 10.1016/
j.soard.2005.10.013]
Higa KD, Boone KB, Ho T. Complications of the laparoscopic Roux-en-Y gastric bypass: 1,040 patients--what have
we learned? Obes Surg 2000; 10: 509-513 [PMID: 11175957
DOI: 10.1381/096089200321593706]
Chung WC, Jeon EJ, Lee KM, Paik CN, Jung SH, Oh JH,
Kim JH, Jun KH, Chin HM. Incidence and clinical features
of endoscopic ulcers developing after gastrectomy. World
J Gastroenterol 2012; 18: 3260-3266 [PMID: 22783050 DOI:
10.3748/wjg.v18.i25.3260]
Leivonen MK, Haglund CH, Nordling SF. Helicobacter pylori infection after partial gastrectomy for peptic ulcer and
its role in relapsing disease. Eur J Gastroenterol Hepatol 1997; 9:
371-374 [PMID: 9160200]

May 14, 2014|Volume 20|Issue 18|

Lin YS et al . Management of H. pylori after gastrectomy
26
27

28
29

30

31

32
33

34

35

36
37

38

39

40

41

Helsingen N, Hillestad L. Cancer development in the gastric stump after partial gastrectomy for ulcer. Ann Surg 1956;
143: 173-179 [PMID: 13292871]
Tersmette AC, Offerhaus GJ, Tersmette KW, Giardiello FM,
Moore GW, Tytgat GN, Vandenbroucke JP. Meta-analysis
of the risk of gastric stump cancer: detection of high risk patient subsets for stomach cancer after remote partial gastrectomy for benign conditions. Cancer Res 1990; 50: 6486-6489
[PMID: 2145061]
Safatle-Ribeiro AV, Ribeiro U, Reynolds JC. Gastric stump
cancer: what is the risk? Dig Dis 1998; 16: 159-168 [PMID:
9618135]
Leivonen M, Nordling S, Haglund C. Does Helicobacter
pylori in the gastric stump increase the cancer risk after certain reconstruction types? Anticancer Res 1997; 17: 3893-3896
[PMID: 9427799]
Lagergren J, Lindam A, Mason RM. Gastric stump cancer
after distal gastrectomy for benign gastric ulcer in a population-based study. Int J Cancer 2012; 131: E1048-E1052 [PMID:
22532306 DOI: 10.1002/ijc.27614]
Johannesson KA, Hammar E, Staël von Holstein C. Mucosal changes in the gastric remnant: long-term effects of bile
reflux diversion and Helicobacter pylori infection. Eur J Gastroenterol Hepatol 2003; 15: 35-40 [PMID: 12544692]
von Holstein CS. Long-term prognosis after partial gastrectomy for gastroduodenal ulcer. World J Surg 2000; 24:
307-314 [PMID: 10658065]
Fukase K, Kato M, Kikuchi S, Inoue K, Uemura N, Okamoto S, Terao S, Amagai K, Hayashi S, Asaka M. Effect of
eradication of Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic resection of early
gastric cancer: an open-label, randomised controlled trial.
Lancet 2008; 372: 392-397 [PMID: 18675689 DOI: 10.1016/
s0140-6736(08)61159-9]
Maehata Y, Nakamura S, Fujisawa K, Esaki M, Moriyama
T, Asano K, Fuyuno Y, Yamaguchi K, Egashira I, Kim H,
Kanda M, Hirahashi M, Matsumoto T. Long-term effect of
Helicobacter pylori eradication on the development of metachronous gastric cancer after endoscopic resection of early
gastric cancer. Gastrointest Endosc 2012; 75: 39-46 [PMID:
22018552 DOI: 10.1016/j.gie.2011.08.030]
Choi J, Kim SG, Yoon H, Im JP, Kim JS, Kim WH, Jung
HC. Eradication of Helicobacter pylori After Endoscopic
Resection of Gastric Tumors Does Not Reduce Incidence
of Metachronous Gastric Carcinoma. Clin Gastroenterol
Hepatol 2014; 12: 793-800.e1 [PMID: 24100112 DOI: 10.1016/
j.cgh.2013.09.057]
Kato M, Asaka M. Recent development of gastric cancer prevention. Jpn J Clin Oncol 2012; 42: 987-994 [PMID:
23018579]
Giuliani A, Galati G, Demoro M, Scimò M, Pecorella I,
Basso L. Screening of Helicobacter pylori infection after gastrectomy for cancer or peptic ulcer: results of a cohort study.
Arch Surg 2010; 145: 962-967 [PMID: 20956764 DOI: 10.1001/
archsurg.2010.211]
Wang F, Sun G, Zou Y, Zhong F, Ma T, Li X. Protective role
of Helicobacter pylori infection in prognosis of gastric cancer: evidence from 2,454 patients with gastric cancer. PLoS
One 2013; 8: e62440 [PMID: 23667477]
Lee JY, Choi IJ, Cho SJ, Kim CG, Kook MC, Lee JH, Ryu
KW, Kim YW. Endoscopic submucosal dissection for metachronous tumor in the remnant stomach after distal gastrectomy. Surg Endosc 2010; 24: 1360-1366 [PMID: 19997930 DOI:
10.1007/s00464-009-0779-6]
Nozaki I, Nasu J, Kubo Y, Tanada M, Nishimura R, Kurita A.
Risk factors for metachronous gastric cancer in the remnant
stomach after early cancer surgery. World J Surg 2010; 34:
1548-1554 [PMID: 20217411 DOI: 10.1007/s00268-010-0518-0]
Wong BC, Lam SK, Wong WM, Chen JS, Zheng TT, Feng
RE, Lai KC, Hu WH, Yuen ST, Leung SY, Fong DY, Ho

WJG|www.wjgnet.com

42

43

44

45

46

47

48

49

50

51

52

53

5281

J, Ching CK, Chen JS. Helicobacter pylori eradication to
prevent gastric cancer in a high-risk region of China: a randomized controlled trial. JAMA 2004; 291: 187-194 [PMID:
14722144 DOI: 10.1001/jama.291.2.187]
Matsukura N, Tajiri T, Kato S, Togashi A, Masuda G, Fujita
I, Tokunaga A, Yamada N. Helicobacter pylori eradication
therapy for the remnant stomach after gastrectomy. Gastric
Cancer 2003; 6: 100-107 [PMID: 12861401 DOI: 10.1007/
s10120-003-0234-7]
Hamaguchi K, Ogawa K, Katsube T, Konno S, Aiba M.
Does eradication of Helicobacter pylori reduce the risk of
carcinogenesis in the residual stomach after gastrectomy
for early gastric cancer? Comparison of mucosal lesions in
the residual stomach before and after Helicobacter pylori
eradication. Langenbecks Arch Surg 2004; 389: 83-91 [PMID:
14767774 DOI: 10.1007/s00423-003-0451-x]
Kato S, Matsukura N, Matsuda N, Tsukada K, Naito Z,
Tajiri T. Helicobacter pylori eradication therapy modulates
acidity and interleukin-1β mRNA levels in un-operated
stomach and in remnant stomach after gastrectomy in gastric cancer patients. Aliment Pharmacol Ther 2006; 24 Suppl 4:
278-284 [DOI: 10.1111/j.1365-2036.2006.00057.x]
Camargo MC, Mera R, Correa P, Peek RM, Fontham ET,
Goodman KJ, Piazuelo MB, Sicinschi L, Zabaleta J, Schneider BG. Interleukin-1beta and interleukin-1 receptor
antagonist gene polymorphisms and gastric cancer: a metaanalysis. Cancer Epidemiol Biomarkers Prev 2006; 15: 1674-1687
[PMID: 16985030 DOI: 10.1158/1055-9965.EPI-06-0189]
Liou JM, Chen CC, Chen MJ, Chen CC, Chang CY, Fang
YJ, Lee JY, Hsu SJ, Luo JC, Chang WH, Hsu YC, Tseng CH,
Tseng PH, Wang HP, Yang UC, Shun CT, Lin JT, Lee YC,
Wu MS. Sequential versus triple therapy for the first-line
treatment of Helicobacter pylori: a multicentre, open-label,
randomised trial. Lancet 2013; 381: 205-213 [PMID: 23158886
DOI: 10.1016/S0140-6736(12)61579-7]
Kubota K, Shimizu N, Nozaki K, Takeshita Y, Ueda T,
Imamura K, Hiki N, Yamaguchi H, Shimoyama S, MaFune
K, Kaminishi M. Efficacy of triple therapy plus cetraxate for
the Helicobacter pylori eradication in partial gastrectomy
patients. Dig Dis Sci 2005; 50: 842-846 [PMID: 15906755]
Bertoli Neto JL, Lourenço LG, Bertoli CF, Ulbrich FS,
Sabbi AR, Bueno AG. Evaluation of the efficacy of triple
therapy regimen for Helicobacter pylori eradication in gastrectomized patients with gastric adenocarcinoma. Gastric
Cancer 2006; 9: 291-294 [PMID: 17235631 DOI: 10.1007/
s10120-006-0393-4]
Sheu BS, Yang HB, Wang YL, Kao AW, Chuang CH, Lin
PW, Chang YC. Stool antigen assay to screen H. pylori infection and to assess the success of 3-Day and 7-Day eradication
therapy in the patients with partial gastrectomy. Helicobacter
2002; 7: 199-204 [PMID: 12047326]
Kim CG, Song HJ, Kook MC, Hong EK, Park S, Lee JY, Lee
JH, Ryu KW, Kim YW, Bae JM, Choi IJ. Preoperative versus postoperative Helicobacter pylori eradication therapy
in gastric cancer patients: a randomized trial. Am J Gastroenterol 2008; 103: 48-54 [PMID: 17714557 DOI: 10.1111/
j.1572-0241.2007.01482.x]
Tian XY, Zhu H, Zhao J, She Q, Zhang GX. Diagnostic performance of urea breath test, rapid urea test, and histology for
Helicobacter pylori infection in patients with partial gastrectomy: a meta-analysis. J Clin Gastroenterol 2012; 46: 285-292
[PMID: 22392025 DOI: 10.1097/MCG.0b013e318249c4cd]
Sheu BS, Lee SC, Lin PW, Wang ST, Chang YC, Yang HB,
Chuang CH, Lin XZ. Carbon urea breath test is not as accurate as endoscopy to detect Helicobacter pylori after gastrectomy. Gastrointest Endosc 2000; 51: 670-675 [PMID: 10840298]
Togashi A, Matsukura N, Kato S, Masuda G, Ohkawa K,
Tokunaga A, Yamada N, Tajiri T. Simple and accurate
(13)C-urea breath test for detection of Helicobacter pylori in
the remnant stomach after surgery. J Gastroenterol 2006; 41:

May 14, 2014|Volume 20|Issue 18|

Lin YS et al . Management of H. pylori after gastrectomy

54

55

56

127-132 [PMID: 16568371 DOI: 10.1007/s00535-005-1731-8]
Urita Y, Maeda T, Ishihara S, Sugimoto M, Watanabe T,
Domon K, Miki K. Endoscopic 13C-urea breath test for
detection of Helicobacter pylori infection after partial gastrectomy. Hepatogastroenterology 2007; 54: 1891-1894 [PMID:
18019742]
Adamopoulos AB, Stergiou GS, Sakizlis GN, Tiniakos DG,
Nasothimiou EG, Sioutis DK, Achimastos AD. Diagnostic
value of rapid urease test and urea breath test for Helicobacter pylori detection in patients with Billroth II gastrectomy: a prospective controlled trial. Dig Liver Dis 2009; 41:
4-8 [PMID: 18606579 DOI: 10.1016/j.dld.2008.05.010]
Schilling D, Jakobs R, Peitz U, Sulliga M, Stolte M, Riemann

57

58

J, Labenz J. Diagnostic accuracy of (13)C-urea breath test
in the diagnosis of Helicobacter pylori infection in patients
with partial gastric resection due to peptic ulcer disease:
a prospective multicenter study. Digestion 2001; 63: 8-13
[PMID: 11173894]
Leung WK, Lee YT, Choi CL, Chan FK, Ching J, Sung JJ.
Diagnosis of Helicobacter pylori infection after gastric surgery for peptic ulcer: is the rapid urease test useful? Scand J
Gastroenterol 1998; 33: 586-589 [PMID: 9669628]
Ekström AM, Held M, Hansson LE, Engstrand L, Nyrén O.
Helicobacter pylori in gastric cancer established by CagA
immunoblot as a marker of past infection. Gastroenterology
2001; 121: 784-791 [PMID: 11606491]

P- Reviewers: Herbella FAM, Klinge U, Lee YC S- Editor: Qi Y
L- Editor: Webster JR E- Edito: Ma S

WJG|www.wjgnet.com

5282

May 14, 2014|Volume 20|Issue 18|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i18.5283

World J Gastroenterol 2014 May 14; 20(18): 5283-5293
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (6): Helicobacter pylori

Treatment of Helicobacter pylori infection: Current status
and future concepts
Jyh-Chin Yang, Chien-Wei Lu, Chun-Jung Lin
resistance of H. pylori to amoxicillin is generally low, an
optimized high dose dual therapy consisting of a PPI
and amoxicillin can be an effective first-line or rescue
therapy. In addition, the concomitant use of alternative medicine has the potential to provide additive or
synergistic effects against H. pylori infection, though its
efficacy needs to be verified in clinical studies.
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Core tip: This article provides a review of therapeutic
agents and therapies that have been used in the treatment of Helicobacter pylori infection. Factors that may
affect treatment outcome are described and therapeutic strategy is recommended.

Abstract
Helicobacter pylori (H. pylori ) infection is highly associ-

ated with the occurrence of gastrointestinal diseases,
including gastric inflammation, peptic ulcer, gastric
cancer, and gastric mucosa-associated lymphoid-tissue
lymphoma. Although alternative therapies, including
phytomedicines and probiotics, have been used to
improve eradication, current treatment still relies on a
combination of antimicrobial agents, such as amoxicillin, clarithromycin, metronidazole, and levofloxacin, and
antisecretory agents, such as proton pump inhibitors
(PPIs). A standard triple therapy consisting of a PPI
and two antibiotics (clarithromycin and amoxicillin/metronidazole) is widely used as the first-line regimen for
treatment of infection, but the increased resistance of H.
pylori to clarithromycin and metronidazole has significantly reduced the eradication rate using this therapy
and bismuth-containing therapy or 10-d sequential
therapy has therefore been proposed to replace standard triple therapy. Alternatively, levofloxacin-based triple therapy can be used as rescue therapy for H. pylori
infection after failure of first-line therapy. The increase
in resistance to antibiotics, including levofloxacin, may
limit the applicability of such regimens. However, since
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INTRODUCTION
Helicobacter pylori (H. pylori), initially named Campylobacter
pyloridis, was first identified in humans and cultured by
Marshall and Warren[1]. It is a microaerophilic, spiralshaped, Gram negative bacterium, with several polar
flagella for mobility. It can only survive at a periplasmic
pH of 4.0-8.5 and can only grow at a periplasmic pH of
6.0-8.5. One well-known biochemical characteristic of H.
pylori is its ability to produce urease, which can hydrolyze
gastric urea to liberate ammonia, neutralizing the gastric
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acid and increasing the periplasmic pH to 4.0-6.0, thus
protecting H. pylori from gastric acid[2,3].
The exact routes of H. pylori transmission remain
unclear. However, epidemiologic studies have shown
that exposure of food to contaminated water or soil may
increase the risk of H. pylori infection, suggesting that
person-to-person transmission by oral-oral, fecal-oral, or
gastro-oral exposure is the most likely path for H. pylori
infection[4]. Accordingly, improvements in hygiene and
living conditions are important factors in decreasing the
prevalence of infection[5]. More than 50% of the world’
s population has been infected by H. pylori and the prevalence of infection in developing countries is greater than
80% in adults over 50 years of age. Infected individuals
usually acquire H. pylori before 10 years of age and grow
up with the infection[6]. In Asia, the prevalence of H.
pylori infection varies in different countries, the reported
overall seroprevalence rates being about 31% in Singapore, 36% in Malaysia, 39% in Japan, 55% in Taiwan,
57% in Thailand, 58.% in China, 60% in South Korea,
75% in Vietnam, 79% in India, and 92% in Bangladesh[7].
H. pylori infection is highly associated with gastrointestinal diseases, including gastric inflammation, peptic
ulcer, gastric cancer, and gastric mucosa-associated
lymphoid-tissue lymphoma[8-11]. It has been classified as
a group 1 carcinogen (i.e., infection with H. pylori is carcinogenic in humans) by the International Agency for
Research on Cancer consensus group since 1994[12] and
many guidelines have been established for treatment of H.
pylori infection[13-16].

strains are > 1 μg/mL and > 8 μg/mL, respectively, as
determined by the European Committee on Antimicrobial Susceptibility Testing[21]. In contrast to the effects of
the concentration-dependent antibiotics, the bactericidal
effect of amoxicillin against H. pylori is time-dependent,
i.e., its efficacy is proportional to the time that the plasma concentration is higher than the MIC[22-24], and the
breakpoint proposed for resistant strains is usually > 0.5
μg/mL, although a more stringent breakpoint (> 0.12
μg/mL) was determined by the European Committee
on Antimicrobial Susceptibility Testing for H. pylori resistance to amoxicillin[21]. Many bismuth salts are poorly
soluble in water and are therefore very weakly absorbed
and thus exert their activity by local action in the gastrointestinal tract. The MIC for bismuth to prevent the
growth of 90% of H. pylori has been reported as 4 to 32
ng/L[25]. A post-antibiotic effect against H. pylori has been
demonstrated for clarithromycin and levofloxacin[26,27].
In terms of resistance, a change in the properties of
penicillin-binding protein, either a decreased affinity for
amoxicillin[28] or point mutation in the pbp1A gene[29], is
the main mechanism leading to amoxicillin resistance of
H. pylori. Other mechanisms for amoxicillin resistance
may include a reduced membrane permeability, leading
to low accumulation of amoxicillin[30]. For clarithromycin, the major mechanism for resistance is point mutation in the 23S rRNA gene, the most frequent being at
A2143G (69.8%), followed by A2142G (11.7%) and
A2142C (2.6%)[31]. Point mutation of gyrA, coding for
DNA gyrase, in the codons coding for amino acid 87,
88, 91, or 97 has been observed in levofloxacin-resistant
isolates[32,33]. For metronidazole, null mutations in the
rdxA gene, which codes for oxygen-insensitive NADPH
nitroreductase (RdxA), have been identified in metronidazole-resistant strains of H. pylori. Other genes, such as
frxA (coding for NADPH flavin oxidoreductase), and
fdxB (coding for ferredoxin-like enzyme), also play a role
in the mechanisms of resistance to metronidazole[34-36].
For rifabutin, H. pylori mutants with mutations in codons
524-545 or codon 585 of the rpoB gene are resistant to rifabutin[37,38]. Additionally, cross resistance between rifabutin and rifampin has been reported[39]. The prevalence of
rifabutin resistance is 1.3% overall, but can be as high as
31% in post-treatment patients[40]. H. pylori resistance to
bismuth salts is rare[41], and colloidal bismuth subcitrate
has been reported to prevent the development of H. pylori resistance to nitronidazole[42].

TREATMENT OF H. PYLORI INFECTION
Treatment of infection relies on a combination of antimicrobial agents and antisecretory agents, the elevation
of the gastric pH by antisecretory agents being required
for the bactericidal effect of the antimicrobial agents. Alternatively, although the mechanism of action is not yet
clear, phytomedicines and probiotics have been used to
improve eradication of H. pylori.
The effect of antimicrobial agents and antisecretory
agents depends not only on their pharmacological activities, but also on their pharmacokinetic properties. Many
antimicrobial agents, including amoxicillin, clarithromycin, levofloxacin, metronidazole, tetracycline, rifabutin,
and bismuth-containing compounds, have been used for
H. pylori therapy, while the main antisecretory agents used
are proton pump inhibitors (PPIs).

Antisecretory agents-PPI
Although H2-receptor antagonists can be used as antisecretory agents, PPIs are more effective in increasing the gastric pH. PPIs inhibit the gastric acid pump
(H+/K+ATPase), which is responsible for the secretion
of hydrochloric acid and is located in the canalicular
membrane of gastric parietal cells[43]. At low pH, PPIs are
protonated, then undergo cyclization to form a tetracyclic sulfonamide, which binds irreversibly to cysteines in
the α subunit of the H+/K+ATPase and inhibits the H+/

Antimicrobial agents
The effect of most antimicrobial agents used for H. pylori
treatment, including clarithromycin, levofloxacin, and
metronidazole, is concentration-dependent, i.e., their efficacy is proportional to their plasma concentration[17-19].
In the case of clarithromycin, the breakpoint proposed
for susceptible strains is 0.25 μg/mL and that for resistant strains > 0.5 μg/mL[20], while, for levofloxacin and
metronidazole, the breakpoints proposed for resistant
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Phytomedicines
There is increasing evidence that traditional Chinese
medicines (TCMs) are efficacious in the treatment of
various diseases. The efficacy and safety of TCMs for the
treatment of H. pylori have been reviewed and the average
eradication rate was found to be about 72%[58], suggesting
that TCMs may not be a stand-alone therapy for H. pylori infection Nevertheless, the role of TCMs in H. pylori
treatment remains to be clarified. In addition to TCMs,
other phytomedicines that have been used for the treatment of H. pylori infection are green tea catechins, garlic
extract, cranberry juice, and propolis[59]. For example, it
has been demonstrated that a combination of catechins
and sialic acid can effectively prevent H. pylori infection
in animals and improve the eradication rate[60,61]. As catechins and sialic acid have different anti-bacteria actions,
the additive or synergistic effects caused by such a combination may provide a potential strategy for treating H.
pylori infection in the future. However, since most studies
have been carried out in vitro or in animals, the efficacy of
phytotherapy in humans needs to be verified by suitable
clinical trials.

K+ATPase[44]. Thus, the accumulation and action onset
of PPIs rely on their acid ionization constant (pKa), with
a higher pKa allowing greater conversion to the active sulfonamide. Of the PPIs, rabeprazole has the highest pKa
(pKa = 4.9), followed by omeprazole (pKa = 4.13), lansoprazole (pKa = 4.01), and pantoprazole (pKa = 3.96)[45].
Most PPIs are primarily metabolized by the hepatic
cytochrome P450 enzymes CYP2C19 and CYP3A4.
Thus, their pharmacological effects are influenced by
endogenous (e.g., pharmacogenetic polymorphism) and
exogenous (e.g., drug-drug interaction) factors. The
CYP2C19 genotype is known to influence the pharmacokinetic properties of PPIs. The ratios of the halflife (t1/2) value in CYP2C19 poor metabolizers to that in
extensive metabolizers (EMs) is 2.2, 2.1, 1.9, and 1.4 for
omeprazole, (-) pantoprazole, lansoprazole, or rabeprazole, respectively, and the corresponding ratios of the
area under the curve (AUC) values are 7.4-6.3, 10.7-2.5,
4.3-1.9, and 1.8-1.2[46-51]. While most PPIs are used as racemic mixtures of two optical isomers, esomeprazole, the
S-isomer of omeprazole, is available on the market, and
an in vitro study showed that, compared to omeprazole,
it is metabolized to a greater extent by CYP3A4 and to a
lesser extent by CYP2C19 and that esomeprazole itself is
mainly metabolized by CYP3A4[52]. However, in patients
receiving esomeprazole, the CYP2C19 genotype still plays
an important role in the acid-inhibitory effect and H. pylori eradication[53,54], and this also applies to patients taking
dexlansoprazole, the R-isomer of lansoprazole[55].
PPIs also have a direct antimicrobial activity against H.
pylori. Nakao and Malfertheiner[56] compared the growth
inhibitory activity of omeprazole, lansoprazole, and
pantoprazole against 58 clinical isolates of H. pylori. and
found that the MIC90 for lansoprazole was 6.25 μg/mL,
lower than that of omeprazole (25 μg/mL) or pantoprazole (100 μg/mL). Kawakami et al[57] compared the anti-H. pylori activity of rabeprazole, rabeprazole thioether,
lansoprazole, omeprazole, and three antibiotics (amoxicillin, clarithromycin, and metronidazole) and found MIC90
values of 0.5 μg/mL for rabeprazole, 0.25 μg/mL for
rabeprazole thioether, 1 μg/mL for lansoprazole, 16 μg/
mL for omeprazole, 0.031 μg/mL for amoxicillin, 1 μg/
mL for clarithromycin, and 16 μg/mL for metronidazole.

Probiotics
Probiotics are living organisms that are administered orally to confer a health benefit on the host. In recent years,
the application of probiotics in the treatment of H. pylori
infection has become an active research field. Several probiotics, including Saccharomyces boulardii (S. boulardii) and
Lactobacillus strains, have been combined with antibioticcontaining therapies to treat infection. Compared to standard triple therapy, although addition of S. boulardii significantly reduced the incidence of antibiotic-associated
diarrhea, it did not significantly improve the eradication
rate of H. pylori[62-64]. Likewise, addition of Lactobacillus
GG significantly reduced the incidence of diarrhea, but
did not improve the eradication rate of triple therapy[62,65].
Addition of Lactobacillus acidophilus was reported to significantly increase treatment outcome of triple therapy[66],
but, in another study, addition of the combination of
Lactobacillus acidophilus and Bifidobacterium lactis failed to
show an improvement in H. pylori eradication[62]. Intriguingly, in contrast to the capsule/sachet-based probiotic
preparations, fermented milk-based probiotics have been
reported to improve H. pylori eradication rates by about
5%-15%[67], possibly because some of contain additional
components (e.g., lactoferrin and glycomacropeptide) that
may inhibit H. pylori.

ALTERNATIVE THERAPIES FOR H.
PYLORI INFECTION
While antibiotics are the main agents used in the therapy
of H. pylori infection, the development of resistance has
limited their application. Also, administration of antibiotics perturbs the microbiota, the microorganisms that
colonize the human gastrointestinal tract, and thus causes
side effects, such as diarrhea. Because of this, alternative therapies, including the use of phytomedicines and
probiotics, have been used for the treatment of H. pylori
infection.
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GUIDELINES AND THERAPEUTIC
REGIMENS
Various combinations of PPIs and antimicrobial agents
have been designed to treat H. pylori infection. These
regimens include triple therapy, bismuth-containing
quadruple therapy, sequential therapy, and concomitant
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Table 1 Treatment regimens proposed for the management of Helicobacter pylori infection in different geographic areas
Treatment

Asia-Pacific region

[13]

First-line

Triple therapy
(PPI + CLA + AMO/MET)
BIS-based quadruple therapy
(PPI + BIS + MET + TET)

Second-line

BIS-based quadruple therapy
(PPI + BIS + MET + TET)
LEV-based triple therapy
(PPI + LEV + AMO)
RIF-based triple therapy
(PPI + RIF + AMO)
RIF-based triple therapy

Third-line

(PPI + RIF + AMO)

Developing countries

[14]

Europe

[15]

[16]

United States

Triple therapy
(PPI + CLA + AMO/FUR)
Quadruple therapy
(PPI + CLA + AMO + BIS/MET or
PPI + BIS + MET + TET)

Triple therapy
Triple therapy
(PPI-CLA-containing regimen)
(PPI + CLA + AMO/MET)
BIS-based quadruple therapy
BIS-based quadruple therapy
(for high clarithromycin
(BIS + MET + TET + RAN)
resistance)
Sequential therapy
Sequential therapy
Sequential therapy
(for high clarithromycin
(PPI + AMO and PPI + CLA + TIM)
(PPI + AMO and PPI + CLA + NIT)
resistance)
BIS-based quadruple therapy
BIS-based quadruple therapy
BIS-based quadruple therapy
(PPI + BIS + TET + MET/FUR)
LEV-based triple therapy
(PPI + TET + BIS + MET)
LEV-based triple therapy:
LEV-based triple therapy
(PPI + LEV + BIS/FUR/AMO)
(PPI + AMO + LEV)

LEV-based or FUR-based triple
therapy
(PPI + AMO + LEV/RIF or
PPI + FUR + LEV)

Guided by antimicrobial
susceptibility testing

AMO: Amoxicillin; BIS: Bismuth; CLA: Clarithromycin; FUR: Furazolidone; LEV: Levofloxacin; MET: Metronidazole; NIT: Nitronidazole; RAN: Ranitidine;
RIF: Rifabutin; TET: Tetracycline; TIM: Timidazole; PPI: Proton pump inhibitor.

therapy (non-bismuth quadruple therapy). The Maastricht I Consensus Report recommended that treatment
regimens should achieve an eradication rate of at least
80% and proposed a standardized report card to be used
to evaluate the outcome of new therapeutic regimens for
H. pylori infection[68], on which the efficacy of an anti-H.
pylori regimen is graded as A or excellent if the eradication rate is 95%-100% in the intention-to-treat analysis,
while an eradication rate of 90%-95% is considered as B
or good, 85%-89% as C or fair, 81%-84% as D or poor,
and ≤ 80% as F or unacceptable.
Guidelines for the management of H. pylori infection
are still evolving and, depending on the geographic areas,
first-line, alternative first-line, second-line, or even thirdline therapies have been proposed. Recent guidelines
proposed for Asia-Pacific regions, developing countries,
Europe, and United States are summarized in Table 1.
Despite these guidelines being proposed for different areas, the regimens suggested for first-line and rescue treatments are generally similar.

eradication rate. Although this pharmacogenomics-based
strategy is promising, it requires genotype testing in advance and the cost-effectiveness remains to be verified.
Alternatively, the new version of the Maastricht IV/Florence Consensus Report[15] has updated the recommendations for first-line therapy, and bismuth-containing
quadruple therapy has been officially substituted for standard triple therapy in areas in which the clarithromycin
resistance rate is over 15%-20%. However, due to side
effects, bismuth is no longer available in many countries,
including Japan, Malaysia, and Australia, and, as a result,
bismuth-containing therapy is not used in these areas, so
sequential treatment or a non-bismuth quadruple therapy
(concomitant treatment) is recommended as the alternative first-line treatment in high clarithromycin resistance
area.
Ten-day sequential therapy, with an eradication rate
of 98%, was proposed in 2000[71]. It consists of 5-d dual
therapy (PPI plus amoxicillin), followed by 5-d triple
therapy [PPI plus clarithromycin and a nitronidazole
(metronidazole or tinidazole)]. Compared to 7-d standard
triple therapy, sequential therapy was found to result in
higher eradication rates (intention-to-treat 92% vs 75%;
per-protocol 95% vs 77%)[72]. A meta-analysis of 10 randomized controlled trials with 3011 patients calculated
eradication rates of 91.0% (95%CI: 89.6-92.1) for sequential therapy and 75.7% (95%CI: 73.6-77.7) for standard triple therapy[73]. Using the suggested report card
classification, sequential therapy was scored as B or good,
while standard triple therapy was only scored as an F or
unacceptable[68]. Sequential therapy is therefore recommended as an alternative to standard triple therapy for H.
pylori infection[14-16]. Nonetheless, a study conducted at 7
Latin American sites demonstrated that 14-d triple therapy was superior to 10-d sequential therapy in eradication
of H. pylori infection[74], suggesting that the application of

First line treatments
According to current guidelines, standard triple therapy
containing a PPI and two antibiotics, clarithromycin and
amoxicillin/metronidazole, is the first-line regimen for
treatment of H. pylori infection[13-16]. The recommended
therapeutic duration of standard triple therapy is 7 d in
Europe and Asia, but 10-14 d in the United States. Although triple therapy is considered to be a standard firstline therapy, the most recent data show that the efficacy
of standard triple therapy is decreasing and that the
eradication rate of standard triple therapy in some areas
is less than 80%[32,69]. To improve the eradication rate of
triple therapy, Furuta et al[70] proposed a tailored regimen
based on CYP2C19 genotype and bacterial susceptibility
to clarithromycin, and showed a 96% intention-to-treat
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CYP2C19 genetic polymorphism
Dose and frequency

PPIs

Dietary habits
IL-1β genetic polymorphism

Intragastric acidity

H.pylori eradication

Smoking

Antibiotic resistance
Dose and frequency

Antimicrobial agents

Figure 1 Factors that may affect treatment outcome for eradication of Helicobacter pylori infection. The dotted lines indicate a probable positive association.
PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori; IL: Interleukin.

sequential therapy as first-line therapy still requires validation in certain areas.
Although containing two dosing periods, sequential
therapy is basically a quadruple therapy consisting of one
PPI and three antibiotics. In 1998, before sequential therapy was proposed, two groups of investigators reported
the use of a non-bismuth based quadruple therapy (i.e.,
concomitant quadruple therapy) containing omeprazole,
amoxicillin, metronidazole, and clarithromycin/ roxithromycin for 5 d or 1 wk and showed an eradication
rate higher than 90%[75,76]. The result of meta-analysis of
randomized controlled trials conducted during 1998 and
2007 showed that concomitant quadruple therapy was superior to standard triple therapy in terms of intention-totreat and per-protocol[77]. Compared to sequential therapy,
concomitant quadruple therapy has been demonstrated
to be safe and equally effective in eradication of H. pylori
infection[78], and the same study demonstrated that dual
resistance to clarithromycin and metronidazole did not
influence the eradication rate of concomitant quadruple
therapy, but did significantly affect that of sequential
therapy.

when used as rescue treatment, levofloxacin-based triple
therapy achieved a higher eradication rate than clarithromycin-based triple therapy (76.9% vs 60%, P = 0.154). In
addition, the overall eradication rate of clarithromycinbased triple therapy followed by levofloxacin-based triple
therapy was significantly higher than that achieved using
the reverse sequence (93.0% vs 85.3%, P = 0.01). These
findings suggest that levofloxacin-based triple therapy
should be used as second-line treatment, rather than firstline treatment.

FACTORS THAT AFFECT THE
MANAGEMENT OF H. PYLORI INFECTION
In addition to patient adherence, a number of other
factors can influence treatment outcome; these include
antibiotic resistance, genotypes [CYP2C19 and IL: Interleukin (IL)1-β polymorphisms], and intragastric acidity.
Since PPIs and antibiotics are the major agents used to
eradicate H. pylori, factors that affect the pharmacokinetics (e.g., CYP2C19 polymorphism for PPIs) or pharmacodynamics (e.g., drug resistance or time/concentrationdependency of antibiotics) of these drugs can determine
the evolution of the management of H. pylori infection
(Figure 1). The impact of CYP2C19 genotype on the
pharmacokinetics and pharmacodynamics of PPIs in H.
pylori treatment has been reviewed previously[81].
The major effect of PPIs in the treatment of H.
pylori infection is to increase the intragastric pH, as the
intragastric pH is important not only for the efficacious
effect of antibiotics, but also for the growth of H. pylori.
In two studies[81,82], the mean percentage of time that the
intragastric pH was higher than 4 was found to be longer
in patients cured of H. pylori infection than in those who
were not cured (84% ± 11% vs 58% ± 9%, P < 0.001),
and patients who were cured had a mean 24-h intragastric
pH higher than 5.5. Factors that can influence the intragastric pH include CYP2C19 genotype, IL-1β genotype,

Rescue therapy
After failure of first-line therapy for H. pylori infection,
in addition to bismuth-containing quadruple therapy,
levofloxacin-based triple therapy is recommended as
rescue therapy. The efficacy of one-week levofloxacinbased triple therapy containing a PPI plus levofloxacin
and amoxicillin/nitroimidazole (metronidazole or tinidazole) was first evaluated as a first-line treatment in 2000,
and a high eradication rate of 90%-92% was observed[79].
However, when it was compared to 7-d clarithromycinbased triple therapy as either a first-line or rescue therapy
in a cross-over design study[80], when used as first-line
treatment, clarithromycin-based triple therapy gave a significantly higher eradication rate than levofloxacin-based
triple therapy (83.7% vs 74.2%, P = 0.015); however,
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In addition to clarithromycin resistance, resistance to
metronidazole is also important. The metronidazole resistance rate varies greatly in different geographical areas,
being 92.4% in Africa, 44.1% in America, 37.1% in Asia,
and 17.0% in Europe[89]. The prevalence of metronidazole resistance in developing countries is much higher
than in developed countries, possibly due to the common
use of metronidazole to treat parasitic infections in developing countries[94]. Metronidazole resistance also affects
the efficacy of standard triple therapy containing a PPI,
clarithromycin, and metronidazole. In metronidazolesusceptible strains, the eradication rate of triple therapy
was found to be 97%, much higher than the value of
72.6% for metronidazole-resistant strains[3,93]. In contrast
to clarithromycin and metronidazole resistance, the prevalence of amoxicillin resistance is usually less than 1%[69],
and the impact of amoxicillin resistance on treatment
outcome is still unclear. On the other hand, although the
use of quinoline antibiotics, such as levofloxacin, has resulted in sufficiently satisfactory therapeutic outcomes to
allow its use instead of clarithromycin in standard triple
therapy regimen, the rapid acquisition of levofloxacin resistance may reduce its effectiveness and should be taken
into account[15].

Table 2 Prevalence of antibiotic resistance in different
[89,95,101-109]
regions

Amoxicillin
Clarithromycin
Metronidazole
Levofloxacin

Africa

Asia

Europe

United States

17.8%
13.4%
86.2%
NA

1.9%
21.0%
38.1%
14.0%

0.5%
11.1%
17.0%
24.1%

2.2%
29.3%
44.1%
NA

NA: Not available.

and dose frequency of PPIs. When 40 mg rabeprazole
was given once daily, the median intragastric pH was 4.3,
4.7, and 5.9 in patients who were CYP2C19 EMs, intermediate metabolizers (IMs), and PMs, respectively[83].
On the other hand, a regimen of rabeprazole 10 mg
four times daily maintained the intragastric pH at a value
higher than 6.5 regardless of CYP2C19 genotype[83,84],
showing that a dose frequency of four times daily is beneficial in providing sufficient inhibition of acid production in patients whose CYP2C19 genotype is not known.
However, CYP2C19 polymorphism is not the only factor
to consider, as it has been shown that H. pylori-infected
patients with the IL-1β-511 T/T genotype have higher
mucosal levels of IL-1β[85], a potent inhibitor of gastric
acid secretion, which leads to an increase in the gastric
pH, which plays a role in the therapy of H. pylori infection. The IL-1β -511 T/T genotype has been found to be
related to a better outcome of standard triple therapy using omeprazole, lansoprazole, or rabeprazole[86,87].
In terms of the effects of antibiotics, as described in
previous sections, the dose and frequency of dosing of
antimicrobial agents should be determined by whether
their efficacy is time- or concentration-dependent. For
time-dependent antibiotics (e.g., amoxicillin), it is more
important to prolong the time that the plasma concentration is higher than the MIC, rather than achieve higher
drug levels. On the other hand, for concentration-dependent antibiotics (e.g., clarithromycin, levofloxacin, and
metronidazole), it is more important to achieve higher
plasma levels, within a reasonable range. A regimen
chosen by considering these characteristics can improve
treatment outcome. In addition to the dosing regimen,
the increase in H. pylori resistance to antibiotics has also
become an important factor in the efficacy of therapeutic
regimens. The resistant rates of H. pylori to amoxicillin,
clarithromycin, metronidazole, and levofloxacin are different among geographic areas (Table 2). Among these,
the most important one is probably the resistance to
clarithromycin, which is the key component of many
regimens. The prevalence of clarithromycin resistance is
more than 20% in China, Japan, and most countries in
Europe[69,88-90]. Between 1998 and 2008, the clarithromycin
resistance rates in Europe and Japan increased, respectively, from 9% to 17.5% and from 6.4% to 27.1%[88,91,92].
A meta-analysis showed that clarithromycin resistance
caused a 66% reduction in the eradication rate of standard triple therapy containing a PPI, clarithromycin, and
amoxicillin[93].
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PAST AND FUTURE USE OF HIGH DOSE
DUAL THERAPY
The high resistance rate of H. pylori to clarithromycin
and metronidazole can significantly affect the efficacy of
any regimens containing these medications. In contrast,
worldwide primary amoxicillin resistance of H. pylori is
generally low and secondary resistance to amoxicillin is
also rare, even though it is a common medication in standard triple therapy[95-97], and it is therefore advantageous
to use amoxicillin in the treatment of H. pylori infection.
Dual therapy using the combination of a PPI (omeprazole) and amoxicillin was first investigated in 1989 and
resulted in a better eradication rate (62.5%) than treatment with either PPI alone (0%) or amoxicillin alone
(14.2%)[98]. High dose dual therapy consisting of 40 mg
omeprazole and 750 mg amoxicillin given three times
daily was first proposed in 1995 and gave an eradication
rate for H. pylori infection greater than 90%[99]. In contrast
to regular dual therapy, in high dose dual therapy, the
PPI is given three or four times daily, rather than once or
twice daily (Table 3). High dose dual therapy also seems
to ameliorate the impact of CYP2C19 genotype. Furuta et
al[100] evaluated the eradication rate for H. pylori in patients
with different CYP2C19 genotypes receiving rabeprazole
(10 mg) and amoxicillin (500 mg) four times daily and
found eradication rates of 100% in both the EM and IM
groups.
Despite the advantage of the low resistance rate to
amoxicillin, the eradication rate of high dose dual therapy
has been found to vary in different studies. There have
only been a few randomized, large scale prospective studies examining the efficacy, adverse events, and patient ad-
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Table 3 Use of different high dose dual therapies for Helicobacter pylori infection
Author

Role

Bayerdörffer et al[99]
Miehlke et al[110]
Furuta et al[100]
Furuta et al[111]
Shirai et al[112]
Graham et al[113]
Kim et al[114]
Goh et al[115]

1st
2nd
2nd
2nd
2nd
1st
1st
2nd

Patients, n

Regiment

OME 40 mg and AMO 750 mg tid for 14 d
OME 40 mg and AMO 750 mg qid for 14 d
RAB 10 mg and AMO 500 mg qid for 14 d
LAN 30 mg and AMO 500 mg qid for 14 d
RAB 10 mg and AMO 500 mg qid
ESO 40 mg and AMO 750 mg tid for 7 d
LAN 30 mg and AMO 750 mg tid for 14 d
RAB 20 mg and AMO 1 g tid for 14 d

139
41
12
32
66
36
104
149

Eradication rate
ITT

PP

89.0%
75.6%

90.6%
83.8%
100.0%
96.9%
93.8%
74.2%
78.4%
75.4%

90.9%
72.2%
67.3%
71.8%

CYP2C19
EM

IM

PM

100.0%
95.7%

100%
100%

100%

ITT: Intention-to-treat; PP: Per-protocol; OME: Omeprazole; AMO: Amoxicillin; RAB: Rabeprazole; LAN: Lansoprazole; ESO: Esomeprazole; tid: Three
times daily; qid: Four times daily; 1st: First-line treatment; 2nd: Rescue treatment; EM: Extensive metabolizer; IM: Intermediate metabolizer.

herence of high dose dual therapy as first-line or rescue
regimen for H. pylori eradication and more are required
to explain the discrepancies in the eradication rate; factors to be considered may include intragastric pH and
dose frequency. As described above, an intragastric pH
of 5 or higher is important for treatment outcome, and
this is controlled by a number of factors, including PPI
dose frequency, CYP2C19 genotype, and IL-1β genotype.
In addition, since the bactericidal effect of amoxicillin
is time-dependent, the strategy for therapy is to increase
duration of exposure, rather than increase the maximum
concentration. Thus, for maximal pharmacodynamic effect, it is better to give amoxicillin in smaller and more
frequent doses (e.g., 500 mg four times daily), rather than
higher and less frequent doses. In this regard, an optimized high dose dual therapy (e.g., both PPI and amoxicillin given four times daily) has the potential to be used
as first-line or rescue therapy for treatment of H. pylori
infection. Alternatively, to improve patient compliance,
sustained-release dosage forms could be used.

tion of optimized high dose dual therapy and alternative
medicines as first-line or rescue treatment for H. pylori
infection.
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Core tip: Helicobacter pylori (H. pylori ) neutrophilactivating protein (HP-NAP) acts as a virulence factor to
play a pathogenic role in H. pylori infection. However,
the unique immune properties and biological function
of HP-NAP make it a potential candidate for clinical applications, including vaccine development, clinical diagnosis, and drug development.

Abstract
Helicobacter pylori (H. pylori ) neutrophil-activating pro-

tein (HP-NAP) was originally identified as a virulence
factor of H. pylori for its ability to activate neutrophils
to generate respiratory burst by releasing reactive
oxygen species. Later on, HP-NAP was also found to
be involved in the protection of H. pylori from DNA
damage, supporting the survival of H. pylori under
oxidative stress. This protein is highly conserved and
expressed by virtually all clinical isolates of H. pylori .
The majority of patients infected with H. pylori produced antibodies specific for HP-NAP, suggesting its
important role in immunity. In addition to acting as a
pathogenic factor by activating the innate immunity
through a wide range of human leukocytes, including
neutrophils, monocytes, and mast cells, HP-NAP also
mediates adaptive immunity through the induction of
T helper cell type Ⅰ responses. The pro-inflammatory
and immunomodulatory properties of HP-NAP not only
make it play an important role in disease pathogenesis
but also make it a potential candidate for clinical use.
Even though there is no convincing evidence to link
HP-NAP to a disease outcome, recent findings supporting the pathogenic role of HP-NAP will be reviewed. In
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INTRODUCTION
Helicobacter pylori (H. pylori) was first isolated in 1982 from
human gastric biopsy[1]. Today, it is a well-recognized
pathogen that chronically infects up to approximately
half of the world’s human population[2,3]. Infection with
H. pylori causes chronic gastritis and peptic ulcer disease.
Also, chronic H. pylori infection was found to be associated with an increased risk of gastric adenocarcinoma
and gastric mucosa-associated lymphoid tissue (MALT)
lymphoma[4]. In 1994, H. pylori was classified as a carcino-
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gen in humans by the International Agency for Research
on Cancer of the World Health Organization. In order
to develop novel and more effective strategies in the prevention and treatment of H. pylori infection to overcome
the increasing failure of standard triple therapy for H.
pylori, great efforts have been made to identify the virulence factors contributing to the pathogenesis of H. pylori
infection. Several virulence factors, such as urease, vacuolating cytotoxin (VacA), cytotoxin-associated gene A
(CagA), and neutrophil-activating protein (NAP), are well
characterized for their roles in bacterial colonization and
gastric inflammation during H. pylori infection[5,6]. These
factors are also immunodominant antigens of H. pylori[7].
Among them, H. pylori neutrophil-activating protein (HPNAP) might play a crucial role in H. pylori-induced gastric inflammation due to its ability to attract and activate
neutrophils.

mediated binding of sialylated antigens on the host cell
surface[15]. An additional study further showed that this
napA knock-out mutant strain is more sensitive to oxidative stress[16]. The concentration of free iron ions and the
degree of DNA damage are much higher in the napA
knock-out mutant strain than those in the wild-type
strain[16]. One mode in which HP-NAP protects DNA
from damage may be due to its ability to bind DNA and
thus to prevent DNA from attack by free radicals. Interestingly, only the iron-loaded HP-NAP, not apo-HPNAP, was able to bind DNA[16]. However, a later study
reported that iron loading did not affect the ability of
HP-NAP to bind DNA[17]. Further analysis using gel mobility assays and atomic force microscopy imaging in that
report showed that the positively charged protein surface
of HP-NAP was mainly responsible for binding and condensing DNA[17], which is quite different from the DNA
binding by the other Dps proteins. As for E. coli Dps,
its positively charged N-terminus is responsible for the
binding of DNA[18]. The other mode of DNA protection
by HP-NAP might be due to its iron-sequestering ability
to reduce the oxidative stress produced in ferrous ionmediated Fenton reactions[19]. In an animal study to investigate H. pylori colonization in mice infected with both
the wild-type and napA mutant strains, the degree of
survival of the napA mutant strain was found to be much
lower than that of the wild-type strain[16]. Thus, HP-NAP
plays a role in bacterial protection and survival primarily
by preventing DNA damage from oxidative stress and
probably also by facilitating the adherence of H. pylori for
its colonization.

PATHOGENIC ROLES OF HP-NAP
HP-NAP was first identified from the water extract of H.
pylori for its ability to stimulate the production of reactive oxygen species (ROS) in neutrophils and promote
neutrophil adhesion to endothelial cells[8]. This protein
is mainly localized in the bacterial cytosol[9] and may be
released upon autolysis. In addition to direct interaction
with neutrophil glycosphingolipids[10], HP-NAP might
act as an adhesin to bind specifically to sulfated carbohydrates on mucin[11]. HP-NAP is a spherical dodecameric
protein consisting of twelve identical monomers[12,13].
Each monomer is a four-α-helix bundle protein with
a molecular weight of 17 kDa[12,13]. According to the
sequence analysis, HP-NAP belongs to the family of
DNA-protecting proteins from starved cells (Dps)[12,14],
whose structures are similar to those of the family of
ferritin proteins. HP-NAP, just like ferritins and Dpslike proteins, is capable of binding iron[12]. This protein
might originally have been an iron-binding and/or ironregulated protein and later evolved as a pro-inflammatory
molecule[5]. However, whether the iron-binding ability
of HP-NAP is related to the pathogenesis of H. pylori
infection is not clear. In addition, a large number of positively charged residues are present on the surface of HPNAP[13]. This specific characteristic of HP-NAP might
account for its unique ability in activating human leukocytes to stimulate the immune response during H. pylori
infection.

Role of HP-NAP in host inflammation
The hallmark of chronic gastritis caused by H. pylori infection is infiltration of neutrophils and mononuclear
cells into gastric mucosa. In patients infected with H.
pylori, the degree of gastric mucosal damage is associated
with an increase in neutrophil infiltration[20,21]. Infiltrating
leukocytes synthesize and secrete inflammatory mediators
to recruit and activate additional leukocytes to the injured
mucosa, thus amplifying the pathogenic signals which lead
to more severe damage of the stomach. HP-NAP plays a
critical role in recruiting neutrophils to inflamed mucosal
tissue to trigger the gastric inflammatory response during
H. pylori infection. This protein activates neutrophils by
stimulating the production of ROS and secretion of myeloperoxidase[8,22]. HP-NAP also induces chemotaxis and
upregulates the expression of β2 integrin (CD18) in both
neutrophils and monocytes[23]. In an in vivo study using
intravital microscopy analysis, HP-NAP has been shown
to cross the endothelia to promote neutrophil adhesion
to endothelia of rat mesenteric microvessels[24]. This HPNAP-induced adhesion depends on the acquisition of
a high affinity state of β2 integrin on the plasma membrane of neutrophils[24]. In another study using a transwell chamber system, live H. pylori induced significantly
increased transendothelial migration of neutrophils, but
formalin-killed bacteria did not[25]. Also, the transendo-

Role of HP-NAP in bacterial protection and survival
To establish a persistent infection, H. pylori must survive
and colonize in the harsh environment of the stomach.
HP-NAP has been reported to participate in the adherence of H. pylori to host cells. This protein may expose
on the surface of bacterial outer membrane and act as
an adhesion molecule by binding to mucin to mediate
H. pylori adhesion to gastric mucosa[11]. In a study using
a napA knock-out mutant H. pylori strain, HP-NAP was
proposed to facilitate sialic acid-binding adhesin (SabA)-
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thelial migration of neutrophils induced by the culture
filtrate of the H. pylori isogenic HP-NAP deletion mutant
is much less than that induced by the culture filtrate of
the wild-type strain[25]. These findings support the idea
that HP-NAP could be released or secreted from live H.
pylori to contribute to the recruitment of neutrophils to
the gastric mucosa. Once the released HP-NAP encounters monocytes, this bacterial protein could promote the
survival of these cells by stimulating their secretion of
the endogenous mediator, IL-1β[26]. In the presence of
monocytes, HP-NAP could further increase the lifespan
of neutrophils[26]. Thus, HP-NAP may play roles in triggering and maintaining gastric inflammation through prolonged activation of myeloid cells.
In addition to the stimulation of ROS production
in neutrophils and monocytes[8,23], HP-NAP induces the
synthesis and release of interleukin-8 (IL-8, also termed
CXCL8), macrophage inflammatory protein 1 alpha (MIP1α, also termed CCL3), and MIP-1β, also termed CCL4,
by neutrophils[24]; the production of tissue factor (TF) and
plasminogen activator inhibitor-2 (PAI-2) by human blood
mononuclear cells (MNCs)[27]; the secretion of tumor
necrosis factor alpha (TNF-α), interleukin-6 (IL-6), and
IL-8 by monocytes[28]; and the release of β-hexosaminidase
and IL-6 by mast cells[29]. HP-NAP-induced production
of TF and PAI-2 by human blood MNCs might also
contribute to the development of gastritis and tissue damage during H. pylori infection since tissue healing could
be inhibited due to the procoagulant and antifibrinolytic
activities of TF and PAI-2[27]. In addition, TNF-α and
interferon gamma (IFN-γ) have been shown to prime human neutrophils to potentiate the effect of HP-NAP on
ROS production[23]. HP-NAP and these cytokines may
also act synergistically to induce the production of ROS.
The production of ROS and the above mentioned cytokines and/or chemokines induced by HP-NAP could act
as a pro-inflammatory signal to activate inflammation and
oxidative damage of stomach mucosa, which would promote the growth of H. pylori by means of nutrient factors
released from the inflamed tissue.
The ratio of pro-inflammatory to anti-inflammatory
cytokines produced by the host in response to H. pylori
infection could determine the outcome of H. pyloriassociated pathology. The T helper (Th) cells, a type of
T-lymphocytes, produce enormous amounts of these two
types of cytokines. The helper type Ⅰ (Th1) cytokines
produced by Th1 cells produce a pro-inflammatory response to stimulate the phagocytosis and destruction of
microbial pathogens, whereas Th2 cytokines produced by
Th2 cells produce an anti-inflammatory response to avoid
the extensive inflammatory tissue injury and to promote
allergic responses. The predominance of Th1 and Th2
responses not only provides the strategy for host protection against pathogens but also determines the pathological outcomes of a disease[30]. It has been reported that
acute infection with H. pylori induces a Th1 dominant
response, which is found to be associated with gastric
pathology in H. pylori-infected humans[31,32]. Whether HP-
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NAP plays a role in this cell-mediated immunity has also
been studied. HP-NAP stimulates neutrophils and monocytes to express IL-12, which favors Th1 responses[28]. In
addition, this protein induces monocytes to express IL-23
and to differentiate to dendritic cells[28] and stimulates human macrophages to express the major histocompatibility
complex class Ⅱ[33]. Therefore, HP-NAP should be capable of promoting the induction of Th1 responses. Indeed, the addition of HP-NAP into a culture of antigeninduced T cell lines resulted in a significant shift from a
polarized Th2 to cytotoxic Th1 response as shown by
the increased number of IFN-γ-producing T cells and
the decreased number of IL-4-secreting T cells[28]. Thus,
HP-NAP might also contribute to the pathogenesis of
H. pylori by inducing the Th1 response. The models of
how HP-NAP exerts its pathological effects by promoting leukocyte recruitment, secreting pro-inflammatory
cytokines, and subsequently stimulating its immunomodulating activity are well illustrated in the other literature
reviews[34,35].
The molecular mechanisms by which HP-NAP
stimulates ROS production by neutrophils have been
studied extensively. ROS is produced by the activation of
nicotinamide adenine dinucleotide phosphate hydrogen
(NADPH) oxidase on the plasma membrane. The signal
pathway involves pertussis toxin-sensitive heterotrimeric
G protein, phosphatidylinositol 3-kinase (PI3-K), Src
family tyrosine kinase, and an elevation of cytosolic calcium level[23]. Extracellular regulated kinase (ERK) and
p38-mitogen-activated protein kinase (p38-MAPK) are
also important in eliciting the HP-NAP-induced respiratory burst, adhesion, and chemotaxis by neutrophils[36].
The involvement of heterotrimeric G protein in the
signaling events induced by HP-NAP indicates that the
receptor of HP-NAP should be a G protein-coupled
receptor (GPCR). However, the identity of this receptor
awaits further investigation. HP-NAP-induced production of TF and PAI-2 by human blood MNCs requires
protein kinase C, protein tyrosine kinase, and nuclear
factor-kappa B (NF-κB), but not NADPH oxidase[27]. It
is not clear whether the production of TF and PAI-2 is
also mediated by GPCRs. In addition to the unidentified
GPCR, Toll-like receptor 2 (TLR2) has been shown to be
the receptor of HP-NAP. A study using NF-κB luciferase
reporter assay indicates that HP-NAP induced the NFκB activation only in HEK293 cells expressing TLR2 but
not other TLRs[28]. The engagement of TLR2 seems to
be related to HP-NAP-induced production of cytokines
by monocytes. In a study using a TLR2-blocking antibody, TLR2 was shown to be involved in HP-NAP-stimulated release of IL-6 in splenocytes[37]. The identification
of inhibitors to specifically block the interaction between
HP-NAP and its receptor might provide an alternative
approach for the treatment of H. pylori infection.
Disease associations with HP-NAP
Infection with H. pylori is associated with gastritis, peptic ulcer disease, gastric adenocarcinoma, and gastric
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Vaccine development
Many efforts have been devoted to the development of
vaccines against H. pylori in humans for either prophylactic or therapeutic purposes since the discovery of H. pylori almost two decades ago. The progress in vaccine development against H. pylori has been reviewed elsewhere[45,46].
Through the identification and characterization of the
virulence factors of H. pylori, the development of a vaccine against H. pylori has become possible and feasible
in humans. Among these virulence factors, HP-NAP is
highly immunogenic in humans[23] and thus has become
an attractive candidate antigen for the design of H. pylori
vaccine. HP-NAP was demonstrated to be effective as a
vaccine immunogen in both prophylactic and therapeutic
protection against H. pylori in animal models. Oral immunization of mice with recombinant HP-NAP protected
80% of animals from H. pylori infection[23], supporting
that HP-NAP is a protective antigen and a vaccine candidate for H. pylori prophylaxis. Furthermore, immunizations with the vaccine containing recombinant HP-NAP
and CagA proteins in mice through the mucosal priming
followed by systemic boosting had enhanced both local
and systemic immune responses to these two H. pylori antigens[47]. In another study, intramuscular administration
of the multicomponent vaccine containing recombinant
HP-NAP, CagA, and VacA proteins formulated with
aluminum hydroxide in experimentally H. pylori-infected
beagle dogs reduced the colonization of H. pylori and the
severity of gastric pathology in these animals[48]. Therefore, parenteral vaccination with this protein vaccine
containing HP-NAP as one of the components might be
used as a therapeutic means to eradiate H. pylori infection.
This same protein vaccine has further been demonstrated
to be safe and immunogenic in humans[49]. However,
whether such a multicomponent protein vaccine can be
used for immunoprophylaxis against H. pylori infection in
humans needs to be further evaluated.
In addition to being administered as a purified antigen, HP-NAP has also been delivered into mice by
live vectors, such as attenuated Salmonella typhimurium[50],
Lactococcus lactis[51], and attenuated measles virus vaccine
strains[52]. Positive antibody responses to HP-NAP were
detected in the animal sera in all three studies[51-53]. HPNAP-specific cell-mediated immunity was also stimulated
as determined by antigen-specific induction of IFN-γ
expression in the study using attenuated measles virus[52].
Recently, a study using live attenuated measles virus expressing HP-NAP-tagged chimeric antigens showed that
HP-NAP can act as an immunostimulator to enhance the
immunogenicity of poor immunogens[53]. Thus, HP-NAP
could play a dual role in vaccine development by acting as
either an immunogen in a vaccine against H. pylori or an
immunoadjuvant in a DNA vaccine.

MALT lymphoma[4]. A possible association of H. pylori
infection with extragastroduodenal diseases, including
iron deficiency anemia (IDA), has also been reported[38].
Investigation of whether and how HP-NAP is involved
in these reported associations might lead to a better understanding of the role of HP-NAP in the pathogenesis
of diseases caused by H. pylori. For gastroduodenal diseases, only one study showed that the level of HP-NAPspecific antibodies in sera from H. pylori-infected patients
with gastric cancer was significantly higher than that from
patients with chronic gastritis[39]. No report has shown
the direct association of HP-NAP with H. pylori-induced
gastric inflammation in patients. However, NapA of Borrelia burgdorferi (B. burgdorferi), a member of the Dps-like
protein family, has been shown to promote the recruitment of both neutrophils and T lymphocytes and the
Th17 cell-mediated inflammatory responses in B. burgdorferi-induced arthritis[40]. Of interest, both HP-NAP from
H. pylori and NapA from B. burgdorferi activate TLR2 and
elicit innate but slightly different T cell pro-inflammatory
responses[28,40]. Thus, HP-NAP should also play roles in
inducing chronic inflammation in patients with H. pylori
infection. As for extragastroduodenal diseases, a positive
correlation between polymorphism in HP-NAP and IDA
has been reported recently. At amino acid residue No. 70,
both serine and threonine were found in the napA gene in
H. pylori strains derived from the infected patients[41]. The
frequency of the napA gene encoding threonine at amino
acid residue No 70 in H. pylori derived from patients with
IDA was much higher than that from H. pylori-infected
patients without IDA[41]. The iron-uptake ability of H.
pylori strains with Thr70-type HP-NAP has also been
found to be much higher than that of strains with Ser70type HP-NAP[41], suggesting that the enhanced ability
of iron-uptake by Thr70-type HP-NAP is related to the
pathogenesis of IDA. However, biochemical analysis of
these two types of HP-NAP is needed for a direct proof
of their iron-uptake activities. In addition, HP-NAP has
been suggested to contribute to the pathology of antiaquaporin-4 (anti-AQP4) antibody-related neural damage
in Japanese patients with multiple sclerosis (MS) and neuromyelitis optica (NMO) by acting as a systemic inflammatory stimulus targeting neutrophils[42]. This implication
is based on the finding of the positive correlation of antiHP-NAP antibody response with anti-AQP4 in those
patients[42]. Hence, more convincing evidence needs to be
provided to support the idea that HP-NAP is involved in
anti-AQP4 antibody-related neural damage in MS/NMO
patients.

CLINICAL APPLICATIONS OF HP-NAP
Because of the unique immune properties and biological
functions of HP-NAP, this protein has a range of potential clinical applications, including vaccine development,
clinical diagnosis, and drug development. Also, strategies
for efficient purification of recombinant HP-NAP have
been developed to fulfill the needs for its clinical use[43,44].
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Clinical diagnosis
There are several clinical tests to diagnose H. pylori infection. Although a biopsy check during endoscopy with
rapid urease test (RUT), histological examination, and
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tive for detection of native HP-NAP[59] and can be applied in characterization of the HP-NAP-based vaccine.

microbial culture are more reliable for the detection of
H. pylori infection, noninvasive clinical tests, including
13
C-urea breath test (UBT), serological test, and stool
antigen test, are more easily accepted by patients[54]. Serological tests that detected anti-H. pylori IgG antibody
are widely used since they are convenient and economical
for both patients and physicians[54]. Common designs of
an antibody-based serological test include enzyme-linked
immunosorbent assay (ELISA), immunoblot test, and immunochromatographic test. However, the performance
of these various assays for the serological test is largely
dependent on the nature of the antigens used. A study
evaluating the performance of commercially available
immunoblot and immunochromatographic tests covering the current infection marker (CIM) and conventional
ELISA for the diagnosis of H. pylori infection in adult
dyspeptic patients showed that immunoblot and immunochromatographic tests with CIM were more specific
and accurate than the conventional ELISA [55]. CIM,
which was originally identified by screening immunogenic
proteins of H. pylori from the cDNA Genelab library,
acts as an indicator of current infection with H. pylori[56].
Whether HP-NAP, which is highly immunogenic in humans[23] and is highly conserved and expressed by virtually all clinical isolates, could be used as one of the CIMs
to improve the performance of the test still needs further
investigation.
The possibility of using HP-NAP as a target to develop an ELISA for clinical diagnosis of H. pylori infection by detection of the antibodies against HP-NAP in
humans has been explored. A recombinant HP-NAPbased ELISA has been applied to detect serum antibodies against HP-NAP in H. pylori-infected patients. The
reported positive rates of HP-NAP antibody production
in H. pylori-infected patients are 60% (21 out of 35)[23]
and 89.4% (135 out of 151)[57]. This discrepancy may be
due to the different ethnics groups used for the serological tests in these two studies. It is not sure whether the
production rate of HP-NAP-specific antibody is higher
in the Chinese population.
In addition, whether HP-NAP can serve as a diseaserelated biomarker to predict a particular clinical outcome
of H. pylori infection has also been reported. A Chinese
study showed that HP-NAP-specific antibody response
was significantly higher in H. pylori-infected patients with
gastric cancer than that in patients with chronic gastritis[39]. In another study using a proteomic approach based
on surface-enhanced laser desorption/ionization-time-offlight-mass spectrometry, the protein levels of HP-NAP
in the H. pylori strains isolated from H. pylori-infected
Colombian patients with gastric cancer were higher than
those from patients with duodenal ulcer[58]. Thus, HPNAP could serve as a biomarker for the development of
diagnostic kits to predict the evolution of gastric cancer
in H. pylori-infected patients. Recently, a quantitative capture ELISA for detection of HP-NAP has been developed and may be used for this purpose. This monoclonal
antibody-based immunoassay is highly specific and sensi-
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Drug development
The standard first-line treatment for H. pylori infection is
a one week “triple therapy” consisting of proton pump
inhibitors such as omeprazole and the antibiotics clarithromycin plus either amoxicillin or metronidazole[60].
However, rising antibiotic resistance in H. pylori-related ulcer therapy has lead to the development of new therapeutic
strategies, including sequential, bismuth-based quadruple
and nonbismuth-based quadruple therapies[61]. Recently,
the expression of HP-NAP was found to be induced in H.
pylori treated with colloidal bismuth subcitrate, a component of the bismuth-based antiulcer drug[62], suggesting
that the level of HP-NAP in H. pylori-infected patients
treated with bismuth-based drugs could be increased, and
thus the inflammation might be enhanced in those patients during the treatment.
HP-NAP could act as a target for new drugs against H.
pylori-induced inflammation[63]. Arabinogalactan proteins
(AGPs) extracted from Chios mastic gum (CMG) were
found to be able to inhibit HP-NAP-induced neutrophil
adhesion to endothelial cells[64]. A further study showed
that CMG, a natural product from the plant Pistacia lentiscus var Chia, could benefit patients infected with H.
pylori by inhibiting HP-NAP-induced ROS production
in neutrophils[65]. The finding that AGPs bound to specific membrane proteins from human neutrophils suggests that AGPs might interact with the receptor of HPNAP[65]. However, whether AGP acts as an antagonist
of the receptor of HP-NAP needs further investigation.
Although blocking the action of HP-NAP might not be
able to eradicate H. pylori infection, identification of the
drugs against the action of HP-NAP should lead to the
discovery of novel therapeutic agents for reducing the
gastric inflammation in patients infected with H. pylori.
Since all H. pylori strains contain HP-NAP with a high
degree of protein sequence homology, HP-NAP should
still be a good target for the drug development to alleviate H. pylori-related diseases.
In addition to acting as a drug target for the treatment
of H. pylori infection, recombinant HP-NAP itself could
serve as a potential drug candidate in the treatment of
allergic diseases and immunotherapy of cancer. HP-NAP
has been shown to act as an immune modulating agent
to suppress Th2 responses in ovalbumin-induced allergic
asthma and Trichinella spiralis infection[37,66]. By activating
cytotoxic Th1 responses, HP-NAP inhibits the growth
of bladder cancer[67]. In addition, expression of secreted
HP-NAP by oncolytic measles virus and adenovirus has
been shown to enhance the antitumor activity of these
viruses in the treatment of metastatic breast cancer and
neuroendocrine tumors, respectively[68,69]. Since all these
studies were done in mouse models, whether HP-NAP
can be applied to treat allergic diseases and certain cancers in humans awaits the results from clinical studies.
However, HP-NAP definitely offers a novel therapeutic
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approach for these diseases.
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Core tip: Helicobacter pylori (H. pylori ) is a prevalent,
worldwide, chronic infection. The ideal therapy regimen
for H. pylori infection should achieve an eradication rate
≥ 80%. Triple therapy remains an appropriate firstline therapy in areas of low clarithromycin resistance,
and quadruple therapy should be the first-line therapy
in areas of high clarithromycin resistance. Sequential
therapy can be an alternative. Levofloxacin-containing
regimens or concomitant therapies can be good choices
for second-line therapy. Choice of treatment regimen
for H. pylori infection should be done cautiously and
antibiotic-resistance rates should be taken into consideration.

Abstract
Helicobacter pylori (H. pylori ) is a prevalent, worldwide,

chronic infection. Choice of treatment can be modified
according to antibiotic-resistance rates of H. pylori . The
ideal therapeutic regimen for H. pylori infection should
achieve an eradication rate of ≥ 80%. In some countries, triple therapy with a proton-pump inhibitor (PPI),
clarithromycin, and amoxicillin or metronidazole is still
the best option. Bismuth-containing quadruple therapy
consisting of bismuth salts, tetracycline, metronidazole
and PPI, may be the preferred option in countries with
clarithromycin resistance > 20%. Sequential therapy including a PPI and amoxicillin given for the first 5 d, followed by triple therapy including a PPI, clarithromycin,
and nitroimidazole antimicrobial (all twice daily) for the
remaining 5 d, can be another option for the first-line
treatment of H. pylori . Recent data suggest that treatment with PPI, levofloxacin, and amoxicillin for 10 d is a
good choice for second-line therapy. Concomitant therapy consisting of PPI, amoxicillin, clarithromycin and metronidazole is another option for second-line treatment.
If second-line treatment also fails, it is recommended
to culture H. pylori from biopsy specimens and perform
antimicrobial susceptibility testing. Rescue treatment
should be based on antimicrobial susceptibility.
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INTRODUCTION
The ideal therapeutic regimen for Helicobacter pylori (H.
pylori) infection should achieve an eradication rate of ≥
80%. Treatment may depend on the patient, treatment
indication, local antibiotic-resistance profile, and whether
the patient was treated previously for H. pylori infection.

FIRST-LINE THERAPY
Triple therapy
Triple therapy, comprising two antibiotics, amoxicillin
and clarithromycin, and a proton pump inhibitor (PPI)
for 1 or 2 wk (Table 1), was recommended as the initial
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In a meta-analysis comprising 51 trials to 2004, it was
reported that quadruple therapy cures > 85% of H. pylori infections[12]. These data were supported by another
meta-analysis that reported an eradication rate of 82.6%
with bismuth-containing quadruple therapy[13].
The success rate of bismuth-containing quadruple
therapy is reported as > 90% from different parts of
the world[14-16]. In a meta-analysis comprising four randomized control trials (RCTs), eradication rates with
bismuth-containing quadruple therapy vs clarithromycincontaining triple therapy were reported as 81% vs 78%
(OR = 0.83; 95%CI: 0.61-1.14; P = 0.3)[17]. According
to these data, quadruple and triple therapies seem to be
equivalent in terms of effectiveness, compliance and sideeffect proﬁle when administered as ﬁrst-line treatment
for H. pylori infection. Another meta-analysis reported
similar eradication rates for quadruple and triple therapies
as first-line therapy for H. Pylori infection. They reported
a quadruple-therapy eradication rate of 78.3%, whereas
the eradication rate of triple therapy was 77.0% (RR =
1.002, 95%CI: 0.936-1.073)[18]. A recent meta-analysis
showed that eradication rate of quadruple therapy was
77.6%, whereas triple therapy was 68.9% [risk difference
(RD) = 0.06, 95%CI: 0.01-0.13]. In the subgroup analysis of treatment duration, the 10-d quadruple therapy
achieved eradication rate of 82.5%, whereas triple therapy achieved an eradication rate of 57.7% (RD = 0.25,
95%CI: 0.18-0.32). Thus, 10-d quadruple therapy was
shown to be more effective than the 7-d triple therapy[19].
It is suprising that in these reports both therapies yielded
overall similar but suboptimal eradication rates, as distinct
from the success rate of quadruple therapy trials.
In contrast, there are trials showing that quadruple
therapy is better than triple therapy. In a trial consisting
of 440 patients, H. pylori eradication rate of quadruple
therapy in intention-to-treat analysis was 80%, whereas
eradication rate of triple therapy was 55% (P < 0.0001).
H. pylori eradication rate of quadruple therapy in per-protocol analysis was 93%, whereas eradication rate of triple
therapy was 70% (P < 0.0001)[20]. In another study, the
intention-to-treat eradication rates in quadruple and triple
therapies were reported as 89.4% and 63.5%, respectively
(P < 0.05). By per protocol analysis, the eradication rates
of the two groups were 91.6% and 65.1%, respectively (P
< 0.05)[21].

Table 1 Eradication regimens
Name of therapy

Time (d)

Contents of therapy

Triple therapy

7-14

Quadruple
therapy

10-14

Levofloxacin
therapy

7-10

Proton pump inhibitor (PPI) (twice
daily) + clarithromycin (500 mg twice
daily) + amoxicillin (1 g twice daily) or
metronidazole (500 mg twice daily)
PPI (twice daily) + bismuth subsalicylate (525 mg 4 times daily) + metronidazole (250 mg 4 times daily) +
tetracycline (500 mg 4 times daily)
PPI (twice daily) + levofloxacin (250
mg twice daily) + amoxicillin (1 g
twice daily)
PPI (twice daily) + amoxicillin (1 g
twice daily) for the first 5 d, followed
by PPI + clarithromycin (500 mg twice
daily) + nitroimidazole/tinidazole
(500 mg twice daily)
PPI (twice daily) + amoxicillin (1 g
twice daily) + clarithromycin (500 mg
twice daily) + metronidazole
PPI +amoxicillin (1 g twice daily) for
the first 5 d followed by PPI + levofloxacin (500 mg daily) + metronidazole
(500 mg twice daily)

Sequential
therapy

10

Concomitant
therapy
Levofloxacincontaining
sequential
therapy

10

treatment of choice at several consensus conferences[1,2].
Eradication rates with triple therapy range between 70%
and 85%[3-5]. Most studies support that 1 and 2 wk triple
therapy is associated with similar eradication rates[6,7].
In contrast, the superiority of 2-wk triple therapy over
1-wk triple therapy has been confirmed by a recent large
randomized single center trial from Italy. In an intentionto-treat analysis, 2-wk triple therapy with omeprazole,
amoxicillin and clarithromycin achieved a significantly
higher eradication rate than 1-wk triple therapy (70% vs
57%, P = 0.05)[8]. The most frequently reported side effects include gastrointestinal (GI) upset, diarrhea, and
altered taste for clarithromycin, and GI upset, headache,
and diarrhea for amoxicillin. However, rates of H. pylori
eradication using traditional clarithromycin-containing
triple therapies have decreased because of increasing clarithromycin resistance[9].
Quadruple therapy
Triple therapy regimens are becoming less effective, therefore, alternative therapies are needed. Quadruple therapy
containing PPI, bismuth, metronidazole and tetracycline
given for 10-14 d (Table 1) is a good alternative for firstline treatment of H. pylori infection[2,10]. Success rates
range between 75% and 90%. Side effects of metronidazole include a metallic taste in the mouth, dyspepsia, and
a disulfiram-like reaction with alcohol consumption. Side
effects of tetracycline include GI upset and photosensitivity. Bismuth compounds have been associated with
darkening of the tongue and stools, nausea, and GI upset[11]. According to the Maastricht Ⅲ and Maastricht Ⅳ
Consensus, bismuth-containing quadruple therapy is recommended as first-line therapy, especially in areas with a
high prevalence (> 20%) of clarithromycin resistance[1,10].
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Sequentıal therapy
The sequential regimen is a simple dual therapy including a PPI plus 1 g amoxicillin (both twice daily) given for
the first 5 d, followed by triple therapy including a PPI,
500 mg clarithromycin, and a nitroimidazole antimicrobial (all twice daily) for the remaining 5 d (Table 1). Its
initial reported success rate was > 90%[22,23]. Initial studies
of sequential therapy suggested that its superiority over
standard triple therapy might be due to improved eradication of clarithromycin-resistant strains[24,25]. In a recent
study comparing sequential and triple therapy, H. pylori
eradication rates were 77.8% vs 62.2%, respectively (P =
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0.002)[26]. In this study, the reported eradication rate of
sequential therapy was lower than in previous studies. In
a multicenter study from Latin America comprising 1463
patients, sequential therapy was not significantly better
than standard triple therapy. Eradication rates were 82.2%
vs 76.5% for triple and sequential therapy, respectively[27].
In an other meta-analysis, the overall eradication rate of
sequential therapy was reported to 84.3%, and it was not
superior to 14-d triple therapy, bismuth-containing quadruple therapy, and non-bismuth quadruple therapy[28].
It has been suggested that levoﬂoxacin rather than
clarithromycin can achieve better eradication rates in
sequential regimes. Eradication rates of levofloxacin containing sequential therapy were reported as 95.1% and
90% from Taiwan and Turkey, respectively[29,30].

eradication rate of 90% vs 78%, respectively[39].

RESCUE THERAPY
Rifabutin-based rescue therapy constitutes an encouraging strategy after previous eradication failures with key
antibiotics such as amoxicillin, clarithromycin, metronidazole, tetracycline and levofloxacin[40]. Rifabutin can be an
alternative to bismuth-based quadruple salvage therapy.
In trials using rifabutin-based therapy, eradication rates
are reported at > 80%[41,42]. Side effects of rifabutin
include rash and GI upset such as nausea, vomiting,
dyspepsia and diarrhea, and red discoloration of urine.
Rarely, rifabutin is associated with myelotoxicity and ocular toxicity[43].
If second-line treatment also fails, it is recommended
to culture H. pylori from biopsy specimens and perform
antimicrobial susceptibility testing[10,44].

SECOND-LINE THERAPIES
In patients who were treated for H. pylori infection, and
did not achieve eradication, second-line therapy is required. The Maastricht Ⅳ consensus states that if triple
therapy fails, either a bismuth-containing quadruple therapy or levofloxacin-containing triple therapy can be used
as second-line therapy[10].
Levofloxacin-containing therapy can be used as second-line therapy in case of triple-therapy failure[31-33] or
as second-line therapy in case of failure of bismuth-containing quadruple therapy in areas of high clarithromycin
resistance. Levofloxacin-containing therapy consists of
PPI, levofloxacin and amoxicillin and is used for 10 d
(Table 1). Side effects of levofloxacin consist of anorexia,
nausea, vomitting and abdominal discomfort. It may also
cause mild headache and dizziness.
In two different meta-analyses it has been shown that
levofloxacin therapy was superior to quadruple therapy as
second-line treatment of H. pylori infection. Meta-analysis
also showed that levofloxacin-based triple therapy has
fewer adverse effects and is better tolerated than quadruple-therapy regimens. After H. pylori eradication failure,
levofloxacin triple therapy is more effective and better
tolerated than bismuth-containing quadruple therapy[34,35].
In spite of these results, levofloxacin therapy should be
used cautiously because of rising rates of levofloxacin
resistance.
Levofloxacin therapy can also be good as an alternative after failure of non-bismuth-containing quadruple
sequential or concomitant treatment to eradicate H. pylori
infection[36].
Classical concomitant or non-bismuth-based quadruple therapy consists of PPI, amoxicillin, clarithromycin
and metronidazole (Table 1). Eradication rates of 94.9%
and 91.4% were obtained with non-bismuth-containing
quadruple therapy in studies from Japan and Greece,
respectively[37,38]. A meta-analysis comprising 19 studies
(2070 patients) revealed a mean H. pylori eradication rate
of 88% for non-bismuth- containing quadruple therapy.
In this meta-analysis, it has been shown that concomitant
therapy was more effective than triple therapy with an
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PENICILLIN ALLERGIC PATIENTS
PPI, clarithromycin and metronidazole therapy can be
first-line treatment for the patients with penicillin allergy
living in areas of low clarithromycin resistance[45]. PPI,
tetracycline and metronidazole regimens or bismuth-containing quadruple therapy can be used in areas of high
clarithromycin resistance[46]. As an alternative treatment
PPI, bismuth subcitrate, rifabutin and ciprofloxacin are
used for patients with penicillin allergy and this therapy
gave an eradication rate of 94.2%[47].

EXPERIMENTAL TREATMENTS
There is some evidence that adding 500 mg vitamin C
plus 200 U vitamin E twice daily for 30 d may increase
H. pylori eradication rate[48,49]. Similarly, adding bovine
lactoferrin to H. pylori eradication therapy potentially
improves H. pylori eradication rates without any impact
on adverse effects, but available evidence is limited and
further research is necessary to confirm the findings[50].
In a study from Turkey, it has been shown that Saccharomyces boulardii had no significant affect on the rate of
H. pylori eradication[51]. In contrast, S. boulardii improved
antibiotic-therapy-associated diarrhea, epigastric discomfort, and treatment tolerability[51,52]. However, systemic
review of five RCTs evaluating addition of S. boulardii to
triple therapy showed that S. boulardii given along with
triple therapy significantly increased the eradication rate
(4 RCTs, n = 915, RR = 1.13, 95%CI: 1.05-1.21) and reduced the risk of overall H. pylori therapy-related adverse
effects, particularly of diarrhea (4 RCTs, n = 1215, RR =
0.47, 95%CI: 0.32-0.69)[53].

OTHER FACTORS
There are some factors affecting eradication success.
Cytochrome P450 2C19 (CYP2C19) and P-glycoprotein
(MDR1) gene polymorphisms, which influence the clear-
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ance of PPIs, and thus their effect on gastric acid secretion, may affect the therapeutic efﬁcacy of a PPI-based
eradication therapy for H. pylori infection[54]. In particular,
T/T genotype of the MDR1 C3435T polymorphism
could be a predictive indicator of the lower eradication
rate of a PPI-based eradication therapy[55]. The usage
of high-dose PPI instead of standard dose can increase
the efficacy of treatment. According to a meta-analysis,
high-dose PPI is more effective than standard dose, and
increases eradication rate by approximately 8%[56].
Smoking decreases the treatment success rate for H.
pylori eradication. In a meta-analysis consisting of 22 published studies, it has been reported that the mean difference in eradication rates between smokers and nonsmokers was 8.4%[57].

8

9
10

11

CONCLUSION

12

Triple therapy remains an appropriate first-line therapy in
areas of low clarithromycin resistance; conversely, quadruple therapy should be the first-line therapy in areas of
high clarithromycin resistance. The usage of sequential
therapy has become increasingly common, however,
more data are needed before recommending sequential
therapy as first-line therapy. Levofloxacin-containing regimens or concomitant therapies can be good choices for
second-line therapy. Choice of treatment regimen of H.
pylori should be done cautiously and resistance rates of
antibiotics should be taken into consideration.
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Core tip: Transarterial chemoembolization (TACE) and
radiofrequency ablation are effective in down-staging
intermediate staged hepatocellular carcinoma (HCC) to
fulfill Milan criteria for liver transplantation (LT). New
techniques using drug eluting beads-TACE, transarterial radioembolization and stereotactic radiation therapy
have shown promising results in the treatment for advanced HCC over conventional TACE. In current practice, use of multimodality approach, taking advantage
of the benefits of different locoregional therapy for
HCC have been adopted as down-staging and bridging
therapy for LT. Use of mandatory observation period
prior to LT can exclude highly aggressive liver cancer
that might not benefit from LT.

Abstract
Liver transplantation (LT) for hepatocellular carcinoma
(HCC) within Milan criteria is a widely accepted optimal
therapy. Neo-adjuvant therapy before transplantation
has been used as a bridging therapy to prevent dropout during the waiting period and as a down-staging
method for the patient with intermediate HCC to
qualify for liver transplantation. Transarterial chemoembolization and radiofrequency ablation are the most
commonly used method for locoregional therapy. The
data associated with newer modalities including drugeluting beads, radioembolization with Y90, stereotactic
radiation therapy and sorafenib will be discussed as
a tool for converting advanced HCC to LT candidates.
The concept “ablate and wait” has gained the popularity where mandated observation period after neoadjuvant therapy allows for tumor biology to become
apparent, thus has been recommended after downstaging. The role of neo-adjuvant therapy with conjunction of “ablate and wait” in living donor liver trans-
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INTRODUCTION
Hepatocellular carcinoma (HCC) in cirrhotic patients

5308

May 14, 2014|Volume 20|Issue 18|

Fujiki M et al . Neo-adjuvant therapy for HCC

has been considered to be a contraindication for liver
transplantation (LT) due to poor clinical outcome posttransplant until Bismuth et al[1] reported good 5-year
survival after LT for HCC with early stage. Mazzaferro
et al[2] validated this outcome using the Milan criteria
(one lesion ≤ 5 cm, or two to three lesions ≤ 3 cm) and
showed that outcomes of LT for HCC within the criteria
to non HCC patients was equivalent. Currently the Milan criteria (MC) is widely adopted as a criteria of LT for
HCC, therefore the priority to the organ from deceased
donor has been given to HCC patients within Milan criteria world wide[3-5].
Use of neo-adjuvant therapy on HCC patients prior
to LT has two objectives. First rationale is to prevent
drop-out from the waiting list due to tumor progression.
The concept of “bridging therapy” is now the standard
of care in most transplant centers. “Bridging strategies
might be appropriate for patients with United Network
for Organ Sharing (UNOS) T2 (one nodule 2-5 cm or
two or three nodules each ≤ 3 cm) HCC and a likely
waiting time longer than 6 mo.” However, there is no
evidence that bridging therapies are of any benefit in
patients with UNOS T1 (one nodule < 2 cm) or short
waiting time.
Another indication of neo-adjuvant therapy for possible transplant candidates is down-staging HCC with
intermediate stage into the Milan criteria or other criteria
which allows entry to the waiting list for LT. Various locoregional therapy (LRT) for HCC have evolved during
the past two decades, and made down-staging feasible
with reasonable success rates[6-8]. Grown literatures have
demonstrated the efficacy of LRT with transarterial chemotherapy (TACE) and radiofrequency ablation (RFA)
for down-staging as well as bridging purposes[9,10]. Several other promising LRT and systemic therapy that have
been used in advanced HCC have now been brought
into the field of neo-adjuvant therapy for transplant candidates. These modalities include TACE using drug-eluting beads (DEB-TACE), transarterial radioembolization
(TARE) with Y90, external beam radiotherapy (EBRT),
and sorafenib[11-15].
The goal of down staging HCC in transplant candidates is to achieve comparable post-transplant outcomes
with that of non-HCC patients. Five-year survival after
LT for non-HCC was 65%-87% according to the reports
from European Liver Transplant Registry (ELTR), Organ Procurement and Transplantation Network (OPTN),
and Australia and New Zealand Liver Transplant Registry (ANZLTR)[16-19]. Based on this, a 5-year post-transplant survival rate of approximately 60% would be necessary for outcomes that would justify LT for patients
with intermediate staged HCC[16]. Two prospective studies showed that post-transplant survival in patients with
intermediate HCC successfully down staged with LRT
was comparable to survival in patients who initially met
the criteria for LT[6,8]. These studies proved that even
patients with large tumor burden can possibly become
acceptable candidates for LT after successful down stage
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strategy, although cumulated evidence level in this area is
still scarce compared to bridging therapy.
Pre-operative predictors for post-transplant HCC recurrences includes tumor volume, histologic grade, and
serum AFP level[20-24]. In addition to these well-known
predictors, recent studies indicated that observing tumor stability over a period of time after the treatment
is useful to select low risk candidates in terms of posttransplant recurrences[6,25,26]. This concept “ablate and
wait” has gained popularity among transplant centers.
Several groups advocate the mandated observation time
after successful down stage when LT is offered for the
patients with advanced HCC[3].
In this article, we review the current evidences of
neo-adjuvant therapy for HCC before LT for both bridging and down staging purposes. The concept of “ablate
and wait” after neo-adjuvant therapy for deceased donor
liver transplantation (DDLT) as well as living donor liver
transplantation (LDLT) are discussed.

Conventional LRT with TACE and
RFA
The most commonly used LRT in transplant candidates
is conventional TACE followed by RFA[6,27-29]. Most evidence in the field of neo-adjuvant therapy for transplant
candidates are based on studies mainly using these two
modalities.
The concept of LRT prior to LT was first introduced
in 1997 with the study using TACE[30]. The study showed
successful down-stage rate of 62%, and down-staging of
tumors > 3 cm (19 of 35 patients, 54%) was associated
with better 5-year disease-free survival than either incomplete response to TACE or no TACE (71 % vs 29%
and 49%, P = 0.01 and 0.09). Successful down-staging
rates with TACE have been reported to range from 31%
to 61%[12,25,31,32].
TACE is now widely accepted as the most popular
LRT for bridge therapy and down-staging prior to LT.
Pathological studies showed a marginal advantage for
RFA over TACE in terms of tumor necrosis. The ideal
indications of RFA include the tumor size ≤ 3 cm, ≤
3 nodules, and no major vascular or biliary structure
near the target lesions[33,34]. RFA has been used mainly as
a bridge therapy rather than for down-staging because
of its limited efficacy for large tumors. Two large single
center studies using RFA for neo-adjuvant therapy were
published in 2000’s. The study by Mazzaferro et al[33] reported 50 transplant candidates with HCC, 40 of which
are within MC after treatment with single RFA session. Four patients (8%) had major complications that
required admissions. No drop out was reported with
a mean waiting time of 9.5 mo. The UCLA group reported another series containing 52 patients in which 43
patients were within Milan criteria after treatment with
RFA[34]. Three patients (5.8%) experienced significant
treatment related complications, and 3 patients (5.8%)
were reported to drop out due to tumor progression
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with a mean waiting time of 12.7 mo.
Currently there is no level 1 evidence to support one
LRT modality over another. Based on this, international
consensus stated that no recommendation can be made
for any type of LRT in patients listed for LT or in those
entering a down-staging protocol[16].

eraSphere® (glass based) and SIR-Spheres® (resin based).
Radiolabeled particles are trapped at the precapillary
level within the tumor vasculature, thus limits exposure
to the surrounding normal parenchyma. Thereby this
allows higher dose delivery than with an external beam
radiation therapy. Glass based microspheres have smaller
particle size and lower number of spheres than resin
based microspheres. Therefore, TheraSphere® has less
embolic effect compared to SIR-Spheres®[38]. Clinical experience with TheraSphere® has shown a low incidence
of post-embolization syndrome, directly supporting its
minimally embolic effect[39].
One advantage of TARE is its use in HCC with
portal vein thrombosis (PVT). Majority of PVT is bland
(non-malignant) thrombus due to cirrhosis. Regardless
the nature of PVT (bland or malignant), TheraSphere®
has been widely used safely in the setting of PVT without compromising blood flow to the hepatic parenchyma[40,41]. SIR-Spheres® has been also used in the patient
with PVT as well[42].
In non-transplant setting, there have been growing literatures supporting the role of TARE over conventional TACE in intermediate HCC especially with
PVT. Two large cohort studies of TARE for unresectable HCC showed excellent partial response rate of
57%-70% based on European Association for the Study
of the Liver (EASL) criteria with acceptable bilirubin
toxicity (19%-31%)[39,40]. Kulik et al[40] reported a phase Ⅱ
trial of 108 HCC patients treated with TARE, 37% with
PVT. There was no increased risk of hepatic failure,
encephalopathy or hyperbilirubinemia in patients with
branch PVT compared to no PVT.
Recently a comparative analysis was published including 463 patients with intermediate HCC treated
with either TACE or TARE[43]. The case with PVT was
excluded for comparison because it was contraindication
for TACE, leaving 123 TARE and 122 TACE treated
patients without PVT. Response rate based on EASL
criteria were similar (TARE 72% vs TACE 69%, P = 0.75),
although TARE had significantly better time to progression than TACE (13.3 mo vs 8.4 mo, P = 0.046).
Utilization of TARE as a neo-adjuvant therapy before LT is limited. Lewandowski et al[12] compared downstaging efficacy of glass based TARE (n = 43) vs TACE
(n = 43) from T3 stage HCC to T2 to make patients
transplant candidates. Partial response and down staging
to T2 stage were significantly better in the TARE group
(61% vs 37%, 58% vs 31%, respectively). Furthermore,
time to progression favored TARE vs TACE (33.3 mo vs
18.2 mo).
Barakat et al[44] used resin-based TARE in their multimodal treatment protocol for down-staging advanced
HCC to Milan criteria. TARE was used after TACE in
patients with large (> 6 cm), multifocal (≥ 4) lesions or
with residual lesions that failed to respond to combined
TACE and RFA. Thirty two patients underwent multimodality treatment, and 18 of them (56%) were successfully down-staged to Milan criteria. Fourteen patients

Emerging LRT; DEB-TACE, TARE, and
EBRT
Recent advance in trans-arterial and ablative treatments
have widened the choice of LRT for intermediate staged
HCC. These modalities include DEB-TACE, TARE and
EBRT. Generally recent modalities tend to be more tolerable compared to conventional TACE. These modalities have been used in non-transplant setting first, and
are now introduced to neo-adjuvant therapy for transplant candidates. In this section, the studies of these
emerging LRTs in non-transplant setting are summarized
along with several important studies in neo-adjuvant setting.
DEB-TACE
TACE with drug-eluting beads (DEB-TACE) uses beads
loaded with chemotherapy agents which are gradually
released to reduce systemic side effects and to enhance
tumor drug delivery. The PRECISION study compared
DEB vs conventional TACE. Among 212 intermediate
staged HCC in non-transplant setting, the study demonstrated comparable disease control [complete response
(CR) + partial response (PR) + stable disease (SD)] rate
(63.4% vs 51.9%) and comparable adverse events [35].
However, sub-set analyses of the study showed that
in patients with more advanced disease (Child Pugh B,
ECOG 1, bilobar or recurrent disease), disease control
rates were significantly higher in DEB-TACE (P = 0.026).
Recent subanalysis of the trial revealed that liver toxicity and cardiac toxicity were significantly lower in DEBTACE[36]. A recent study of 104 patients treated with
DEB-TACE also validated the safety (9.6% major complication rate) and efficacy (median survival 48.6 mo) of
DEB-TACE[37].
In the transplant setting, there is one small retrospective study comparing tumor response in explanted livers
after DEB-TACE vs bland embolization that showed
favoring DEB-TACE in CR rate without significant adverse effects[11].
These studies indicate that DEB-TACE is equally
effective and safer compared with conventional TACE
especially for the patients with advanced liver disease
with comorbid diseases. These studies showed the DEBTACE can also be incorporated into neo-adjuvant setting for transplant candidates as well.
Trans-arterial radio-embolization
Radioembolization with Yttrium-90 is a novel liver-directed brachytherapy using insoluble microspheres. There are
two available devices for Yttrium-90 administration; Th-
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Table 1 Studies of external beam radiotherapy for hepatocellular carcinoma before liver transplant
Ref.

n

Sandroussi et al[50]
Andolino et al[13]
Katz et al[14]
O'Connor et al[49]

10
60
18
10

Medial dose (Gy)/ Tumor (n )
Size of
Child C
fractions (n )
tumor (cm) n (%)
33/6
48/3
50/10
51/3

2 (1-10)
1 (1-3)
1 (1-2)
1 (1-2)

6.3 (2.2-10.8)
3.1 (1.0-6.5)
4.0 (1.2-6.5)
3.4 (2.5-5.5)

1 (10)
0
4 (22)
1 (10)

Patients who failed
previous LRT

Radiological
CR/PR

Transplanted
after EBRT

HCC recurrence
after LT

5
23
3
4

0/7
18/24
0/4
NA

5
23
11
10

0
2
0
0

HCC: Hepatocellular carcinoma; LRT: Locoreginal therapy; CR: Complete response; PR: Partial response; EBRT: External beam radiotherapy; NA: Not
available.

0%-30% in explant examinations[13,49].
The group of University of Toronto used 3D-CRT
as a neo-adjuvant therapy in 10 HCC patients (Child
A/B/C, 4/5/1) who failed prior LRT (3 TACE, 2 RFA)
and were considered unsuitable for other modalities due
to advanced liver disease or because of anatomical reasons[50]. Eight out of the 10 patients were beyond Milan
criteria. Local tumor control was 100% (PR in 7 patients)
with the median follow up of 14 mo, but two patients
developed metastatic lesions outside the field. Five patients underwent LT with standard vascular reconstructions except one case in which jump arterial graft was
used.
The largest case series was reported from Indiana University that contained 60 Child A/B patients[13] treated with
SBRT. Eight patients (13%) experienced an increase in
hematologic/hepatic dysfunction greater than 1 grade.
Radiological CR and PR were 30% and 40%. Among
them, 23 patients underwent LT with a median time to
transplant of 7 mo. Before LT, no patient experienced
local control failure, but 4 patients developed new intrahepatic HCC outside the irradiated volume. Following
transplant, 2 patients developed distant metastases.
Rochester University reported neo-adjuvant SBRT
on 18 patients (including 4 patients with Child C) with
21 HCC[14]. Three of 18 patients dropped out due to
tumor progression. Eleven patients underwent LT, and
one patient underwent liver resection after completion
of SBRT. All patients were disease-free after LT or hepatic resection at a median follow-up of 19.6 mo.
The role of EBRT has been gradually expanded
from a palliative intent to a curative intent in intermediate HCC. EBRT is being recognized as an effective therapy for HCC in adjunct to other modalities especially
for patients who failed LRT or large tumors not suitable
for other LRT. Although its clinical experience is still
limited, EBRT can potentially become a viable option
for bridging or down-staging therapy especially for those
who failed other LRT.

underwent LT after down-stage.
TARE is a novel modality with lower post-embolization syndrome, less hospitalization and equivalent
response rates, thus seems to be promising modality for
neo-adjuvant therapy before LT especially in patients
with large tumor or bland PVT. In the case with PVT,
tumor thrombus must be ruled out since it is an absolute
contraindication of LT.
EBRT
The relative radiosensitivity of the liver has traditionally
limited the use of radiation therapy in HCC. However,
the recent development of three-dimensional conformal
radiotherapy (3D-CRT) made it feasible to deliver the radiation to large HCC without damaging the surrounding
normal liver tissue. Stereotactic body radiation therapy
(SBRT) uses fewer fractions of potent doses with high
geometric precision[15]. With these technical advances,
EBRT is being recognized as an effective therapy for intermediate/advanced HCC, although clinical experience
of EBRT is still very limited.
EBRT has been used in intermediate HCC and reported to have excellent radiological response with mild
adverse effect. It was noted that EBRT alone treatment
resulted in more intrahepatic tumor recurrences outside
the irradiated volume compared to the combined treatment with TACE[45,46]. Combined use of EBRT with other modalities such as TACE and sorafenib was employed
with intent to reduce the intrahepatic recurrence outside
the irradiated volume[47,48]. Additionally, reduction of
tumor volume after TACE may allow less irradiation for
normal liver parenchyma, permitting the use of higher
doses of radiation with less toxicity[15].
A recent meta-analysis of 17 Asian trials comparing TACE in combination with EBRT vs TACE alone
for unresectable HCC involving 1476 patients showed
significant improvement with combined therapy with
higher CR rate and 5-year survivals with comparable adverse effects[47].
EBRT is now being evaluated as a neo-adjuvant therapy. However, the experience of EBRT in LT candidates
is limited to small single center cohort studies[13,14,49,50]
(Table 1). Most of neo-adjuvant EBRT were performed
in Child A/B patients with T2-3 tumors. The results
showed excellent local control. No patients experienced
≥ Grade 3 toxicity or radiation induced liver disease in
these series. Pathological CR rates were reported to be
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Sorafenib
Sorafenib is an oral multikinase inhibitor with anti-angiogenic activity, which has shown to prolong survival in
advanced HCC patients based on two large randomized
studies[51-53].
However due to its low response rate, sorafenib single
therapy has not been used as a neo-adjuvant therapy prior
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to LT. However, because of its anti-angiogenic effect,
sorafenib is expected to have synergistic effect when
combined with LRT[54]. For example, several ex vivo studies indicated that radiation alone may enhance HCC cell
invasiveness through PI3K signaling pathway[55] which
may explain increased intrahepatic recurrence after EBRT.
Sorafenib may suppress this process[56] thus reducing the
risk of recurrence outside the radiation field. Combination
of TACE and sorafenib also represent a potentially powerful therapeutic approach. TACE blocks blood flow, causing
necrosis and angiogenic conditions, while sorafenib inhibits
angiogenesis and slows tumor progression.
At present, there are multiple ongoing clinical trials evaluating outcomes with combining sorafenib and
other modalities including EBRT, TACE, and TARE in
the adjuvant setting or following transplant for high-risk
patients[15,57-59].

affect post-transplant recurrence, but sustained tumor
response to TACE was associated with low recurrence
rate. Five-year recurrence-free rate was 94.5% in patients
(n = 39) who did not progress with TACE during the
waiting time which was significantly better than 35.4%
in patients (n = 11) who had responded initially but progressed prior to LT. The study demonstrated successful
down-staging potential of TACE and indicated that
tumor behavior during the waiting time can become a
good surrogate marker of tumor biology. These findings
were supported by several studies showing prolonged
radiological response of tumor to neo-adjuvant therapy
was associated with improved post-transplant outcomes[6,25,28].
With the advent of newer LRT, most centers have
adopted multimodality approach for down-staging HCC.
The University of California at San Francisco (UCSF)
group reported their experience in multimodality neoadjuvant therapy approach [6]. The group limited the
inclusion criteria for down-staging and used the UCSF
criteria (solitary tumor up to 6.5 cm, or up to 3 nodules
with the largest being up to 4.5 cm and total a tumor
diameter up to 8 cm) as a transplant eligible criteria.
Neo-adjuvant LRT using TACE, RFA, and resection
successfully down-staged 43 out of 62 (71%) enrolled
patients. Thirty-five patients underwent LT after median
treatment sessions of 1.25 and median waiting time of
8.2 mo. Recurrence free survival after LT was 92% at 2
years.
Another study of multimodality approach from Bologna Italy showed similar results[8]. The neo-adjuvant
LRTs used were TACE, RFA, percutaneous ethanol
injection, and resection. Their LT criteria after downstaging was Milan criteria with AFP ≤ 400 ng/mL. The
down-staging to Milan criteria was achieved in 32 (67%)
patients, and all of the 32 patients underwent LT after
median waiting time of 6 mo. Recurrence free survival
after LT was 71% at 3 years.
Although many studies reported successful down
staging using various approaches, most of these are uncontrolled observational studies. However, two prospective studies did demonstrate similar post-transplant survival in HCC patients who were successfully down staged
compared to those patients who initially met the criteria
for LT. Those studies potentially justifies the strategy of
transplanting high risk patients following down-staging
in the setting of organ shortage[10,12]. However large randomized trials are still lacking and more studies with longer follow up that can assess the post-transplant tumor
recurrence are needed to confirm the current practice of
down-staging advanced HCC prior to liver transplant.

Down-staging intermediate stage
HCC before LT
For the last decade, there has been world-wide effort to
expand the criteria of LT for HCC beyond the Milan
criteria[20,22,23,60,61]. In Asian countries where live donor
is the main organ source, transplant programs tend to
have more extended institutional criteria because of the
less need to share the organ from deceased donation
pool[20,60,61]. In the Western hemisphere, where limited deceased donor is the largest source of transplants, downstaging advanced HCC to Milan criteria is the favored
approach. Several studies using neo-adjuvant therapy as
a method of down-staging were published from Western
countries[10,24,28,32,62,63] (Table 2).
In 1997, Majno et al[30] first reported the use of TACE
as a neo-adjuvant therapy in 113 patients with unresectable HCC before liver resection or liver transplantation.
The study compared 54 patients treated with TACE vs
57 patients without treatment. Both groups included
all stages of HCC, not limited to HCC beyond Milan
criteria. The results showed that 28 (52%) patients had
> 50% reduction of the largest lesions after TACE.
Although there was no difference in overall survival between the two groups, subgroup analysis in the patients
with tumors > 3 cm showed that those who had > 50%
tumor reduction by TACE (19 of 35, 54%) had a significant better 5-year disease-free survival than patients
whose tumor reduction was < 50%, or who did not receive TACE (71%, 29%, and 49%, respectively).
The concept of down-staging advanced HCC with
LRT to make patients transplant candidates have evolved
in the last decade. Otto et al[25] reported neo-adjuvant
therapy by TACE for 34 patients within Milan criteria and 62 patients beyond Milan criteria. Thirty four
(55%) patients beyond Milan criteria were listed upon
successful downstaging by TACE with 3 median sessions of TACE. After median waiting time of 6 mo, 27
patients who were originally beyond MC underwent LT.
The results showed that the initial tumor stage did not
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LT criteria for advanced HCC
after down-stagING
Morphological tumor size and number
It is recently recognized that there are other variables
beyond Milan criteria which can predict favorable post-
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Table 2 Studies of neo-adjuvant therapy for down-staging hepatocellular carcinoma before liver transplant
n

DS
LT
rate (patients)

Waiting
time to
LT (mo)

No

NA

55%

27

TACE

Beyond MC 30% decrease
in size
Beyond MC
MC

3-4

NA

24%

17

5.9
(1.9-19.3)
5.8 ± 3.5

TACI

Beyond MC

No

Not
significant

63%

15

10.9

73%
at 5 yr
94%
at 5 yr
79%

(0.7-114.1)

at 3 yr

8.2 (3-25)

92%

92%

at 2 yr

at 2 yr

NA

78%, 71%

Year

Transarterial therapy
alone
Otto et al[25]

2006 62

TACE

Chapman et al[28]

2008 76

De Luna et al[32]

2009 27

LRT

MC

Multimodal approach
Yao et al[6]
2008 61

Ravaioli et al[8]

Barakat et al[44]

Patient Recurrencesurvival free survival
after LT
after LT

Inclusion Successful DS Mandatory The role of
AFP
criteria
waiting time
criteria for
prior to LT
DS protocol
(mo)

Ref.

TACE, One lesion,
MC for
RFA,
5-8 cm
DDLT
Resection 2-3 lesions, UCSF criteria
3-5 cm,
for LDLT
total diameter ≤ 8 cm
4-5 lesions,
≤ 3 cm,
total diameter ≤ 8 cm
2008 48 TACE, One lesion, MC and AFP
≤ 400 ng/mL
RFA
5-6 cm
PEI,
2 lesions 3-5
resection
cm
3-5 lesions,
≤ 4 cm, total
diameter ≤
12 cm
2010 32 TACE, Beyond MC
RFA,
TARE,
resection

MC

3

3

No

AFP > 1000
ng/mL
Predicts DS
failure

71%

35

AFP ≤ 400 67%
ng/mL, listing criteria
AFP > 30 ng/
mL, predictor
of recurrence
after LT

32

Failed vs suc- 56%
cessful DS
5670 ng/mL
vs 799 ng/mL

14

6

68% at 5 yr
100%, 50%
at 3, 5 yr
NA

at 1, 3 yr

11.2

92%, 75%

(4.4-22.6) at 1, 2 yr

2 patients
Recurrence

HCC: Hepatocellular carcinoma; LRT: Locoreginal therapy; DS: Down-stage; LT: Liver transplant; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization; MC: Milan criteria; TACI: Transarterial chemo-infusion; RFA: Radiofrequency ablation; UCSF: University of California at San Francisco; PEI:
Percutaneous ethanol injection; NA: Not available.

transplant outcomes. Several centers developed institutional LT criteria based on the outcome data. These
outcome studies showed several predictors for posttransplant HCC recurrence that included tumor volume
(size and number of the tumors), pathological findings
(microvascular invasion, and poorly differentiation) and
serum AFP levels[21,22,64]. Although the microvascular invasion is the strongest predictors for recurrence in most
studies, it cannot be incorporated into the patient selection criteria as pathological information is not available
before transplant. Therefore, most of the new proposed
HCC criteria were created by extending Milan criteria[22,23,61]. Among the proposed LT criteria for HCC, only
UCSF criteria has been validated from other centers, and
widely accepted as expanded LT criteria for HCC.
Presence of vascular invasion and extrahepatic disease are still considered to be contraindications to LT[16].
To evaluate the response to neo-adjuvant therapy, EASL
guidelines suggest that the treatment effect should be
assessed based on the amount of viable tumor load, not
just a reduction in overall tumor size[65]. Overall assess-

WJG|www.wjgnet.com

ment should include the combined results of target lesions, non-target lesions, and new lesions based on modified Response Evaluation Criteria in Solid Tumors[66].
Three month interval reassessment of radiological image
along with AFP sampling is widely accepted in clinical
practice[67].
In terms of morphological criteria for down-staging
of intermediate HCC, Milan criteria is the worldwide accepted LT criteria. However, UCSF criteria is also being
used in some regions in US as well.
Tumor markers
There is the need to identify surrogate markers for tumor biology in addition to morphological tumor size
and number to explore optimal criteria. Because of its
association with pathological feature and tumor biology, tumor markers such as AFP and protein induced by
vitamin K absence (PIVKA-Ⅱ) have gained attention.
Several studies from Japan suggested that PIVKA-Ⅱ
correlate well with microvascular invasion[20,68]. Positive
and negative correlations of AFP with microvascular
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invasion have been reported as well. AFP is recognized
as predictive factor for post-transplant recurrence and
should be included for the LT criteria after down-staging
of advanced HCC[3].
Bologna group included AFP ≤ 400 ng/mL after
down-stage as one of the criteria prior to LT[8]. This
group of patients exhibited 3-years disease free survival
equivalent to those meeting Milan criteria without downstaging (71% vs 71%). Several studies also showed a preoperative AFP level > 1000 ng/mL to be a strong independent predictor of post-transplant tumor recurrence.
Based on those findings US national conference on liver
allocation recommended that for patients who had an
initial AFP > 1000 ng/mL, successful down-staging
should include a decrease to AFP levels < 500 ng/mL.
Furthermore, all subsequent AFP levels must also be <
500 ng/mL prior to LT as well[3]. Merani et al[24] studied
6817 patients with HCC in SRTR data and validated
those findings. According to their study, AFP downstaging to ≤ 400 ng/mL was associated with good survivals even if the initial value was > 1000 ng/mL. Only
the pre-transplant AFP independently predicted posttransplant survival. Although there is no consensus in
the cut-off value of AFP, reduction of AFP should be
included as a criterion of successful downstage.

These studies support evidence that waiting time
after down-staging helps exclude the high risk patients
who have tumors with unfavorable biology in HCC. The
period of mandate waiting time is debatable. The 3-mo
observational period was accepted in US national conference on liver allocation[3]. However, some investigators
claimed 6-mo observation is needed because the median
waiting time of above mentioned studies are generally >
6 mo[26,62].

Should we treat patients within
Milan criteria HCC?
The recent advance in LRT has significantly reduced
major treatment-related complications thus preventing
further drop out from the transplant list (2.5%-15%[9,31,69]
to 0%-5%[10,28]). With respect to the benefit vs the risk of
bridging therapy for patients within Milan criteria, the
benefit for patients whose waiting time is longer than 6
mo certainly overweighs the risk from therapy related
complications. The rate of drop-out due to tumor progression at 6 mo on the wait list is reported > 15%[70].
Studies on bridging therapy were summarized in Table
3. The median waiting time to LT in these studies ranges
from 6 to 12.7 mo. Current evidences support the use of
bridging therapy for those who is likely to wait 6 mo or
more to LT[66].
In contrast, international consensus stated that there
is no strong evidence for the need of neo-adjuvant treatments for HCC within MC if the expected waiting time
for LT is shorter than 6 mo[16]. The statement is due to
the paucity of the evidence in this area that includes data
according to detailed classification of HCC within MC
and the studies using more recent and tolerable bridging
therapies.
Dropout rates are associated not only with waiting
period but also with tumor characteristics. HCC within
Milan criteria contains a heterogeneous group of HCC.
Several investigators reported that patients with single
tumors > 3 cm, 3 lesions, or high AFP have a higher
risk of wait list dropout due to tumor progression[3,69].
A most recent study based on the Scientific Registry of
Transplant Recipients by Toso et al[71] including 50000
LT candidates validated these findings. The study found
that dropout risk of HCC patients was independently
associated with MELD score, tumor size, and number,
and AFP. The authors developed formula to calculate
estimated drop-out rate based on these factors. The indication of LRT for high risk patients can be considered
more aggressively.
Furthermore, in the clinical practice there is a commonly accepted attitude that most patients on the waiting list are treated with bridging therapies. This approach
can be justified with extremely low complication rate
from LRT reported by previous studies mainly using
conventional TACE and RFA.
Another possible benefit from bridging therapy on
the patients within Milan criteria is reduction in post-

The concept of mandatory waiting time after LRTs
Currently there are no biomarkers that can predict or
prognosticate HCC patients prior to LT other than AFP.
Tumor behavior during the waiting time has been considered as a surrogate marker for tumor biology. During period of waiting time after down-stage, the tumor
biology is allowed to become apparent by radiological
study. This concept “ablate and wait” has recently gained
popularity among transplant community[26].
Several studies demonstrated that sustained response
to LRT during waiting time was associated with low
post-transplant tumor recurrence. As described in above
study by Otto et al[25] demonstrated that tumor recurrence was significantly higher in patients (n = 11) who
progressed after initial response to TACE before LT
compared to patients (n = 39) who maintained response.
In the study from UCSF group, multimodality LRT
down-staged 43 out of 62 (71%) enrolled patients[6]. The
median waiting time from the fist LRT and LT was 8.2
mo. Although the waiting time is related to donor scarcity, this requisite time allows HCC to show its biology
and about 30% of patients will drop out due to tumor
progression. However, the patients who made it to LT
had an excellent 2-year recurrence-free survival of 92%.
Interestingly, explant histopathological examination revealed that none of the 35 patients who underwent LT
had poorly differentiated grade tumors, and only one
had microvascular invasion. This finding supported the
hypothesis that the patients who sustained tumor respond over the waiting period have better tumor biology
that likely to contribute to excellent post-transplant outcomes.
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Table 3 Studies of bridging therapy for hepatocellular carcinoma before liver transplant n (%)
Ref.

Treatment

Graziadei et al[9]
Yao et al[69]
Hayashi et al[29]
Maddala et al[27]

TACE
TACE, RFA,
PEI, resection
TACE
TACE

Mazzaferro et al[33]

RFA

Lu et al[34]

RFA

Millonig et al[10]
De Luna et al[32]

TACE
TACI

Tumor stage (n ) Number of
treatments

Exclusion
Tumor
Waiting time
for LT progression to LT (mo)

Intention to
treat survival

Transplanted Patient survival
patients
after LT

Within MC (48)
Within MC (70)

2.5 (1-8)
3.1 (1-8)

MC
UCSF

0 (0)
18 (26)

6.0 (0.9-15)
6.1

94% at 5 yr
57% at 3 yr

41 (85)
38 (54)

94% at 5 yr
NA

Within MC (20)
Within MC (47),
Beyond MC (7)
Within MC (40),
Beyond MC (10)
Within MC (42),
Beyond MC (10)
Within MC (68)
Within MC (95)

?
3 (1-4)

MC
MC

4 (20)
6 (11)

11.4 ± 9.8
7.0 (1-36)

61% at 5 yr
61% at 5 yr

12 (60)
46 (85)

100% at 4 yr
74% at 5 yr

1

MC

0 (0)

9.5 (2-47)

NA

50 (100)

83% at 3 yr

1.5

MC

3 (6)

12.7

74% at 3 yr

41 (79)

76% at 3 yr

2.7 ± 1.7
1.8 ± 1.1

UCSF
MC

2 (3)
6 (6)

9.0 (1.2-34)
11.4 (1.0-133)

70% at 5 yr
85% at 3 yr

66 (97)
68 (72)

NA
82.4% at 3 yr

HCC: Hepatocellular carcinoma; LT: Liver transplant; TACE: Transarterial chemoembolization; MC: Milan criteria; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; UCSF: University of California at San Francisco; TACI: Transarterial chemo-infusion; NA: Not available.

transplant HCC recurrence.
Historically pre-transplant TACE failed to show benefit in post-transplant recurrence. French multi-center
study[72] compared 100 patients treated TACE with 100
matched non-treated patients. In both groups, 66 patients were within Milan criteria. With a mean waiting
period of 4.2 mo and 1 TACE session, pre-LT TACE
did not influence post-LT overall survival and diseasefree survival. There were no differences in outcome of
patients within Milan criteria either.
Contrarily, a recent Austrian cohort study appeared
to show that the response to neo-adjuvant TACE was
associated with better post-transplant survival in patients
within Milan criteria[10]. The study included 68 patients
within Milan criteria. A median waiting time was 9 mo
and mean TACE sessions was 2.7. Two patients (2.9%)
dropped off the list due to tumor progression. Repeated
treatments resulted in pathological CR rate of 27% of
all 106 transplanted patients including beyond Milan
criteria. Patients with Milan criteria who had radiological
CR and PR after TACE had better 1 year post-transplant
survival than those with stable or progressive disease
(89%, 94%, and 38%). The result of the study may advocate a period of tumor surveillance after LRT for patients within Milan criteria as well as those beyond Milan
criteria before LT. However, tumor recurrence rate in
Milan criteria patients is 7.6% (5 patients), and authors
did not provide the tumor recurrence rate according to
the response rate to TACE.
Therefore the data for bridging therapy for Milan
criteria patients in order to reduce post-transplant HCC
recurrence is lacking. But for preventing drop-out, there
is strong evidence for the bridging therapy if waiting
time is longer than 6 mo.

Western countries where DDLT prioritization is limited
to those within Milan criteria. The use of living donor
benefits other patients’ chance of getting organs from
shared organ pool. However, considering for the risk of
complications or death of a healthy donor, international
consensus group recommended that LDLT should be
offered to patients who have an expected 5-year survival
similar to patients receiving DDLT[16].
Accumulated experience of LDLT in USA led to
the multi-center study comparing outcomes following
LDLT and DDLT for HCC[73]. The study showed higher
recurrence rate in LDLT due to advanced staged tumors
in LDLT group. More importantly, a short observation
time between LRT and LDLT might allow aggressive
HCC to undergo LDLT. Considering a mandated observation time after LRT when LDLT was offered for
advanced HCC to document response and a decline in
AFP is suggested. The concept of mandated observation time before LDLT has not gained popularity in
Eastern countries where live donor is the main source
for transplant organs[4,60]. The most programs in Asia are
likely to support LDLT even for patients with a dismal
prognosis, to maximize individual patient benefit. Using this approach, Asian programs have expanded their
LDLT criteria for advanced HCC with acceptable outcomes[60,61].
Kyoto university group reported the experience of
93 LDLT for HCC showing that patients with 1-2 pretransplant treatments had significantly lower recurrence
rates than those with > or = 3 treatments (9% vs 37%,
P = 0.04). The higher recurrence rate in the latter group
may just indicate biologically aggressive tumors requiring
more treatment before LDLT.
It is difficult to establish general consensus in regards
to the use of neo-adjuvant therapy before LDLT due
to the differences in each program’s approach to LDLT.
Clear endpoints of neo-adjuvant therapy before LDLT
for advanced HCC need to be set in each program including tumor volume and tumor markers to have satisfactory outcomes. It might be reasonable to have a man-

role of neo-adjuvant therapy in
advanced HCC before LDLT
In the context of organ shortage, LDLT has emerged as
an attractive option for patients with advanced HCC in
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datory waiting time (e.g., 3 mo) between LRT and LDLT
for advanced HCC as well.
9

CONCLUSION
Conventional LRT are effective in down-staging intermediate staged HCC to fulfill Milan criteria for LT
resulting in acceptable post-transplant outcomes. DEBTACE, and TARE showed promising results in the
treatment for advanced HCC over conventional TACE
in terms of tolerability. In the current practice, these
emerging modalities are being included in the multimodality approach showing promising results. Bridging
therapy should be considered with expected waiting time
more than 6 mo, or those with high risk characteristics
of HCC. Certain mandatory observation period after
successful down-stage is important tool to unveil tumor
biology, thus should be added before DDLT and may be
considered before LDLT as well.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
projected to become the most common indication for
liver transplantation in the United States by 2030 with
high risk for disease recurrence after transplantation.
De novo NAFLD may develop in patients transplanted
for other indications due to the high prevalence of
obesity and metabolic syndrome. The optimal management of NAFLD after liver transplantation requires
future studies.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is becoming
rapidly one of the most common indications for orthotopic liver transplantation in the world. Development of
graft steatosis is a significant problem during the posttransplant course, which may happen as a recurrence
of pre-existing disease or de novo NAFLD. There are
different risk factors that might play a role in development of graft steatosis including post-transplant metabolic syndrome, immune-suppressive medications, genetics and others. There are few studies that assessed
the effects of NAFLD on graft and patient survival;
most of them were limited by the duration of follow up
or by the number of patients. With this review article
we will try to shed light on post-liver transplantation
NAFLD, significance of the disease, how it develops,
risk factors, clinical course and treatment options.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is seen worldwide and is the most common liver disorder in Western
industrialized countries, where the major risk factors for
NAFLD, central obesity, type 2 diabetes mellitus, dyslipidemia, and metabolic syndrome are common[1]. There appear to be ethnic differences in the prevalence of NAFLD,
with a higher prevalence of hepatic steatosis in Hispanics
compared to Caucasians or African Americans[2].
NAFLD is characterized by fat accumulation within
liver cells when no other etiologies for hepatic fat accumulation (e.g., heavy alcohol consumption) are present.
NAFLD is known to progress to cirrhosis and is likely
an important cause of cryptogenic cirrhosis[3]. The development of the NAFLD fibrosis scoring system and
the realization that non-alcoholic steatohepatitis (NASH)
can progress to cirrhosis (in 8 to 10 years) has dramatically decreased the diagnosis of cryptogenic cirrhosis[4].

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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NAFLD is recognized as a spectrum of closely related
disorders that includes nonalcoholic fatty liver (NAFL)
and NASH. In NAFL, hepatic steatosis is present without
evidence of significant inflammation, whereas in NASH,
hepatic steatosis is associated with hepatic inflammation
and hepatocyte ballooning that may be histologically
indistinguishable from alcoholic steatohepatitis[5]. Differentiation between simple steatosis and NASH in the
management and prognosis of NAFLD is important, as
the progression of NASH to cirrhosis is an indication
for liver transplant.
Development of graft steatosis is a significant problem during the post-transplant course. The recurrence of
steatosis is common in patients who undergo liver transplant for NAFLD[6]. In addition, a reasonable proportion of liver transplant recipients without steatosis prior
to transplantation develop de novo fatty liver disease after
transplant[7]. About 40% of the transplant recipients may
develop steatosis within 3 to 4 years after transplant, indicating that post-transplant steatosis is common. Longer follow-up is needed, however, as NAFLD is typically
a slowly progressive disease and more patients may develop steatohepatitis and fibrosis over a longer follow up
period[8].
Although exact pathogenesis and underlying mechanism of graft steatosis is not fully understood, there
is growing evidence that genetics in conjunction with
development of metabolic syndrome or its components
may play a role[9-11].

at any time after liver transplantation. The proportion
of NASH recipients developing stage Ⅲ chronic kidney
injury compared with matched recipients for other indications is 31 vs 8% (P < 0.009)[13,14].

METABOLIC SYNDROME
POST-TRANSPLANT: FERTILE SOIL FOR
NAFLD
Metabolic syndrome is common among patients who
have undergone liver transplantation. It is defined by a
combination of hypertension, insulin resistance, dyslipidemia, and obesity. Liver transplant recipients may meet
criteria for metabolic syndrome prior to OLT, in which
case immunosuppressive medications exacerbate the
problem. A study of 252 liver transplant patients found
that 52% had metabolic syndrome following transplantation, compared with only 5% prior to transplantation[15].
This suggests that metabolic syndrome is a common
problem post OLT.
Following transplantation, treatment with steroids or
calcineurin inhibitors (CNI) predispose to weight gain.
Obesity, insulin resistance, and diabetes are common
metabolic complications in liver transplant recipients
and are risk factors for increased morbidity and mortality[16]. Approximately one-third of patients will become
obese following transplantation[17,18]. For example, in one
study of 774 patients, mean body mass index increased
from 24.8 kg/m2 at baseline to 27.0 kg/m2 at year one,
to 28.1 kg/m2 at year two[19]. Another recent study of
492 patients showed that post-transplant recipients with
steatosis at year 5, have BMI of 28.7 kg/m2 compared to
25.4 kg/m2 for those who didn’t develop steatosis.

NASH CIRRHOSIS: THE MOST COMMON
INDICATION FOR LIVER TRANSPLANT IN
2030?
In the United States, the prevalence of NAFLD has
been rising over time, becoming an increasingly frequent
indication for orthotopic liver transplantation (OLT)[12].
Approximately 10% of liver transplants performed in
the United States are for NASH cirrhosis[2].
Between 1988 and 1994, the prevalence of NAFLD
as an etiology for chronic liver disease was 47%[1], accounting for 5.5% of patients undergoing OLT. Those
numbers increased to 63% and 9.8%, respectively, between 1999 and 2004. Astonishingly, between 2005-2008
NAFLD accounted for 75% of chronic liver disease and
11% of patients undergoing OLT, making it the third
most common indication for OLT in the United States
after hepatitis C virus (HCV) and alcohol[1]. With this
increasing trend in the prevalence of NAFLD, coupled
with expected improvements in HCV therapy, NAFLD
may surpass HCV and alcohol as the most common indication for OLT in the near future.
One and 3-year survival for recipients undergoing liver transplantation for NASH were comparable to those
for other indications (84% and 78%, vs 87% and 78%
respectively). NASH as an indication for liver transplantation is independently predictive for renal dysfunction
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POST-TRANSPLANT NAFLD
Post-transplant NAFLD is a newly recognized disease.
Although the risk factors, histological features and risk
of progression have been extensively analyzed in native
livers, it is unknown how much of this information can
be applied to the post-transplant population. It is well
known that proper control of NAFLD risk factors is
not a requirement for transplant eligibility. Therefore,
risk factors for NAFLD may persist or even worsen
after transplantation[6]. The reported incidence of posttransplant NAFLD is variable and ranges between 25%
to 60%. However, most of these studies are limited,
by small sample size or limited follow-up [20-25]. Posttransplant NAFLD occurs either as recurrence of pretransplant existing disease, or development of de novo
NAFLD which was not present before transplant. Recurrent fatty liver disease was first documented in 1992
by Burke et al[26], while first case series of de novo NAFLD
were reported in 2003 by Poordad et al[27] where four patients developed de novo NAFLD within 3 mo of transplant.
Development of post-transplant NAFLD depends
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Figure 1 Development of post-transplant nonalcoholic fatty liver disease depends on a combination of host and graft factors. Schematic representation of
potential mechanistic pathways that lead to development of post-transplant nonalcoholic fatty liver disease including genetic background, metabolic syndrome, insulin
resistance and the effects of immunosuppressive medications. Recurrent of de novo nonalcoholic steatohepatitis (NASH) may eventually lead to the development of
graft cirrhosis and the need for re-transplantation. IL28B: Interleukin 28B; PNPLA3: Patatin-like phospholipase domain-containing protein 3; DM: Diabetes mellitus;
HTN: Hypertension.

on a combination of host and graft factors (Figure 1),
which is why liver transplant has always been an interesting model to study the natural history and the determinants of post-transplant liver steatosis. As it still remains
unclear which determinants are the main contributing
factors for development of post-transplant steatosis.
According to most of the studies in native livers,
none of the non-invasive methods, including serology
testing [28], imaging techniques [29], and biomarker assays[30-32], can reliably distinguish steatosis from NASH;
which means that histological assessment remains the
gold standard for establishing a diagnosis and assessing
the progression of NASH. Therefore, it is reasonable to
assume the same for recurrent disease in the transplant
recipient. The question of when to proceed to liver biopsy should be raised, given there is currently no documented protocol for post-transplant biopsies except in
individuals transplanted for HCV.
Although liver biopsy is the only method of confirming the presence of NAFLD, its role in the diagnosis and
management of post-transplant NAFLD and NASH is
still evolving. Liver biopsies may be helpful in assessing
disease stage and determining response to medical treatment, which may dictate changes in the immunosuppressive regimen, but are associated with morbidity and
cost. We know that relying on alanine aminotransferase
(ALT) is not helpful, as the entire histologic spectrum
of NAFLD can be seen in individuals with normal ALT
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values. Furthermore, the histologic spectrum is not significantly different among patients with normal ALT
in comparison to those with elevated ALT levels[33]. As
NASH can recur and be severe, there may be a role for
protocol-based liver biopsies. In some instances, a combination of normal ALT (< 40 IU/L) and ultrasound
examination for steatosis has a 100% negative prediction
for presence of NASH on liver biopsy. Charlton[34] recommend considering a liver biopsy in liver transplant recipients with a history of NASH who also have steatosis
on ultrasound examination and/or persistently abnormal
ALT, which cannot be explained by other causes.
Recurrent NAFLD
Increasing number of cases with recurrent NASH post
OLT has been reported[6,24,25]. Factors that predict the
presence of NAFLD in the pre-transplant setting include older age, increased BMI, and presence of diabetes mellitus[35]. More recently, studies have shown that
genetics play an important role in NAFLD, with special
consideration given to both patatin-like phospholipase
domain-containing protein 3 (PNPLA3) polymorphism
I148M and interleukin 28B (IL28B)[20,36-39]. These same
factors may play a significant role in the development of
NAFLD recurrence post-OLT.
Not surprisingly, at 1-year post OLT those individuals transplanted for NASH cirrhosis (60%) had the highest risk or developing steatosis, followed by alcoholic
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cirrhosis (15%), HCV (15%) and cholestatic diseases
(5%)[23]. Recurrence of fibrosis is less frequent, with 5%
of patients with NASH cirrhosis post OLT developing
cirrhosis at 10-year follow-up[23]. A recent study assessing
the frequency of steatosis recurrence in the transplanted
graft over a 5-year period found that steatosis paralleled
increase in body mass index [20]. A summary of studies that assessed for NAFLD recurrence is provided in
Table 1.

served in Hispanics compared to European and AfricanAmerican populations[43]. Hepatic triglycerides content
is more than 70% higher in those with rs703409-GG
genotype, than in those with rs703409-CC genotype. It is
well established that those with rs738409-GG genotypes
are more prone to develop advanced liver disease[48]. Besides its association with fatty liver, this PNPLA3 variant
is also linked to both higher serum levels of ALT and an
increased risk and severity of NAFLD disease[49,50]. The
rs738409-G allele of PNPLA3 is considered an independent risk factor for progression of steatosis, fibrosis, cirrhosis and hepatocellular carcinoma in NAFLD[49].
A recent study from Austria demonstrated that the
frequency of the 148M allele is significantly higher in
patients with end stage liver disease undergoing OLT
than in the donor cohort[20]. The functional link between
impaired triglyceride lipase activity and hepatic steatosis
remains unresolved. Liver transplantation allows investigation into the effect of donor and recipient PNPLA3
genotype on determining the rate of hepatic fat accumulation. The same study demonstrated that the prevalence of hepatic steatosis increases over time in liver
transplant recipients. In particular, steatosis five years
after OLT was associated with the recipient but not with
the donor PNPLA3 risk allele[20]. This suggests that the
recipient genotype determines the rate of hepatic triglyceride accumulation regardless of adiponutrin activity in
the donor liver. It was suggested by He et al[44], that reduced intracellular triglyceride breakdown is the primary
cause for hepatocellular lipid accumulation in carriers of
rs738409-G. However, recent data suggest that reduced
PNPLA3 activity in extra-hepatic tissues may also be associated with hepatic fat accumulation. This hypothesis
is supported by a recent finding that the recipient not
the donor PNPLA3 genotype is associated with the development of obesity and diabetes mellitus after OLT[39].
Some studies have linked PNPLA3 polymorphisms with
obesity following OLT. A greater increase was observed
in BMI post-transplant associated with the G allele. Additionally, over 82% of patients with PNPLA3 GG polymorphism are obese (BMI > 30 kg/m2) at 3 years posttransplant. Non-obese patients with CC genotype were
less likely to become obese in comparison to patients
with CG or GG genotype post OLT[39,51].
There is also evidence of a significant link between
PNPLA3 gene polymorphisms and development of diabetes/impaired fasting glucose in the liver transplant recipient[39]. The ability to identify high-risk patient before
liver transplant may help physicians establish aggressive
weight management plans in the perioperative and postoperative period.

De novo NAFLD after OLT
Recurrence of NAFLD is common after OLT, but few
studies have examined de novo NAFLD post OLT. Garcia et al[40] reported 4 cases of NASH post OLT with
fatty infiltration observed within a mean of 21 mo and
subsequent development of steatohepatitis and early
fibrosis within a mean of 60 mo. Interestingly, early
post-transplantation de novo NAFLD in the absence of
predisposing factors, such as diabetes mellitus or obesity,
has also been reported[27]. A retrospective study reported
an 18% incidence of de novo NAFLD and 9% for de novo
NASH after an average follow-up of 28 mo following
liver transplantation. In this study, de novo NAFLD was
associated with significant weight gain after liver transplantation. A 10% increase in BMI after OLT has been
associated with a higher risk of developing NAFLD[7].
Zahmatkeshan et al [41], reported three cases of posttransplant NASH, all related to vascular complications.
They concluded that vascular complications such as
thrombosis of the portal system should be suspected in
cases of early fatty infiltration of the liver after transplantation.
Although steatosis is not a predictor of survival following liver transplantation, cardiovascular morbidity
is common in transplant recipients with NAFLD and
cardiovascular events are a major cause of death during
long-term follow-up[25,42].

GENETIC BACKGROUND IN NAFLD
AFTER LIVER TRANSPLANTATION
PNPLA3
Adiponutrin (ADPN) is a triacylglycerol lipase that mediates triglycerides hydrolysis in hepatocytes. ADPN is
encoded in the PNPLA3 gene, and certain well-known
polymorphisms within the gene are highly associated
with development and progression of NAFLD - specifically, polymorphism at position 148 of PNPLA3 resulting in substitution of isoleucine (rs738409-C) with methionine (rs738409-M)[43]. This substitution reduces the
hydrolytic activity of the enzyme to triglycerides[44]. The
encoded ADPN protein, which appears to be membrane
bound, may be involved in the balance of energy usage/
storage in adipocytes, as the gene is also expressed in the
adrenal glands and adipose tissue[45-47].
This PNPLA3 polymorphism was associated with
higher liver fat content, with the strongest effect ob-

WJG|www.wjgnet.com

IL28B
IL28B polymorphisms are strongly associated with response to treatment for HCV infection. IL28B acts on
interferon-stimulated genes via the JAK-STAT pathway,
which has been implicated in development of insulin
resistance[52,53]. IL28B is associated with hepatic steatosis
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Table 1 Summary of studies that evaluated post-transplant nonalcoholic fatty liver disease and metabolic syndrome
Patient (n ) Follow up period

Ref.
Kim et al[25]

8

Contos et al[22]

Charlton et al[57]

Ayata et al[58]
Seo et al[7]

Malik et al[59]

15 mo

30

> 4 yr

31

> 4 yr

9

2 yr

68

> 4 yr

98

Around 2 yr
(461 d)

Outcomes post OLT n (%)

Metabolic syndrome post OLT

5/8 (63) → NAFL in 4 mo
1/8 (13) → NASH in 6 wk

BMI was higher in patients that developed steatosis
Hyperlipidemia was observed in 5 patients who developed
steatosis

No cirrhosis within the follow up
period
4/27 (15) → NAFL in 6 mo
1/27 (4) → NASH in 1 yr
2/27 (7) → NASH in 3 yr
3/27 (11) → NASH in > 4 yr
1/30 (3) → cirrhosis, no time range
was specified
9/15 (60) → NAFL in 4 mo
2/15 (13) → NASH in 4 mo
4/15 (27) → NASH in 1 yr
5/15 (33) → NASH in 2 yr
3/15 (20) → fibrosis < 1 yr
5/15 (33) → cirrhosis in > 4 yr
Didn’t report steatosis or cirrhosis
2/9 (22) → NASH in 2 yr
12/68 (18) → NAFL, no time range
was specified

6/68 (9) → NASH, no time range
was specified
Did not report cirrhosis
36/79 (45) → NAFL in 1 yr
19/79 (24) → NASH in < 2 yr

Bhagat et al[21]

Yalamanchili et al[60]

Finkenstedt et al[20]

71

227

237

4 yr

14/79 (18) in < 2 yr
Didn’t report steatosis

20 yr

21/64 (33) → NASH in 6 mo
No cirrhosis in 4 yr
8.2% → NAFL in 1 yr

5 yr

13.6% → in 2 yr
25% → NAFL in 5 yr
33% → NAFL in 10 yr
6% → NASH 20 yr
5% → cirrhosis in 5 yr
10% → cirrhosis in 10 yr
11.6% → NAFL in 1 yr
27.5% → NAFL in 3 yr
32.6% → NAFL in 5 yr
No biopsies, no report on NASH
No cirrhosis by imaging in 5 yr

BMI and steroid use were higher in patients that developed
steatosis
DM prevalence was higher post OLT

MetS was observed more in the post-transplant setting
No detailed reports on MetS components

No detailed report on post OLT metabolic syndrome
MetS was higher in post OLT
BMI increased in 35%
HTN developed in 69%
DM was developed in 38%
Hypertriglyceridemia in 25%
MetS was higher post OLT and
BMI increased post OLT
HTN developed more frequently post OLT
DM was higher post OLT compared to pre-transplant period
Hypertriglyceridemia was higher in post OLT setting
BMI increased in 17%
HTN developed in 35%
DM was developed in 16%
Hypertriglyceridemia in 18%
BMI increased post OLT and statistically significant compared to pre transplant BMI
HTN developed in 52%
DM developed in 36%

BMI was higher in patients with steatosis 28.7 compared to
those without 25.4 (P = 0.005)
DM was higher in patients who developed steatosis
HTN development was not different between groups
Hypertriglyceridemia did not show difference

BMI: Body mass index; MetS: Metabolic syndrome; DM: Diabetes mellitus; HTN: Hypertension; NAFL: Nonalcoholic fatty liver (steatosis); NASH: Nonalcoholic steatohepatitis; OLT: Orthotopic liver transplantation.

prevalence and severity in Caucasians with HCV genotype 1, suggesting differing genetic pathways to steatosis[54]. Although some suggestions have linked IL28B
with post-transplant metabolic syndrome[55], the exact
role of IL28B and its association with graft steatosis remains undetermined and requires further study.
It has been suggested that IL28B might play a significant role in post-transplant graft steatosis by promoting
underlying risk factors for metabolic syndrome. Veldt
et al[55], demonstrated that the risk of developing post-
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transplant DM is significantly increased in recipients carrying the TT polymorphism of the IL28B gene. However, there was no difference in overall graft survival
according to recipient IL28B polymorphism. A study by
Watt et al[39], did not find a strong association between
IL28B genotype and post-transplant DM or obesity.
In summary, given the established association between PNPLA-3 and steatosis in NAFLD, alcoholic liver
disease and chronic HCV, it is likely the overall effect
of PNPLA-3 and the combination of PNPLA-3 and
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(15.3% and 19.3%) as compared to all other etiologies[61].
The risk of CV events after OLT is likely due to the
increased prevalence of metabolic syndrome in patients
having undergone a liver transplant. The prevalence of
metabolic syndrome in patients after liver transplantation
has been reported to be between and 44% and 58%[18,62].
The high prevalence of CV events and metabolic syndrome post-transplant is important to recognize for
long-term management of this special population. Cardiovascular health and its potential consequences must
be emphasized, and the physician should identify those
patients who are at an elevated risk of experiencing a
cardiovascular event.

IL28B on diabetes/IFG in the liver transplant population is significantly underestimated. These findings
indicate that patients who are known to have PNPLA3
polymorphisms should undergo aggressive control
of other risk factors associated with development of
NAFLD, especially obesity and insulin resistance, as well
as the other components of the metabolic syndrome.
As genetic screening continues to become more relevant
in the clinical setting, it may be appropriate to carry
out PNPLA3 genotyping on OLT-recipients in order
to identify those who may be at risk of early progression of NAFLD[20,39,52]. However, further research into
PNPLA3 polymorphisms and other genetic components
of NAFLD should be carried out.

MANAGEMENT OF NAFLD IN THE OLT
RECIPIENT

THE EFFECT OF GRAFT STEATOSIS
ON TRANSPLANT OUTCOME AND
SURVIVAL

The goal of management with NAFLD in the OLT recipient is primarily to prevent its progression to NASH,
as is the case with pre-OLT NAFLD. Much of what is
known about the management of NAFLD is within the
non-transplant population, with data regarding management in post-transplant patients remaining limited.
Pharmacologic therapy, mitigation of components of
metabolic syndrome, alterations in immunosuppressive
regimens, and bariatric surgery are all involved in the
management of NAFLD in the post-transplant setting.

Graft function
Post-transplant steatosis is a common occurrence, and
due to the slowly progressive nature of NAFLD, more
post-transplant patients are likely to progress to steatohepatitis[8]. Graft survival may be significantly altered by
the fibrosis and cirrhosis associated with progression of
NASH, and thus it is important to recognize risk factors
and extend post-transplant follow up to accommodate
for the lengthy progression of NAFLD. Pre-transplant
BMI has been identified as a risk factor associated with
development of graft steatosis, emphasizing the need for
weight management in the transplant recipient, both before and after surgery[8]. There are some indications that
graft steatosis may be more aggressive in its progression
to NASH than in the pre-transplant setting, and this was
indeed the case in one study[7] where 9% of patients developed NASH within 12 mo. However, the long-term
implications of post OLT NAFLD remains unclear.
A recent review by Patil et al[56], analyzed the survival
data from seven post OLT NAFLD recurrence studies[21,22,25,57-60], and determined that cirrhosis is a relatively
infrequent event in this subset of patients. Studies from
Kim et al[25], Malik et al[59], Contos et al[22] and Bhagat et al[21]
documented no cases of cirrhosis at 4 year follow-up, in
a total of 168 patients. These studies suggest that cirrhosis is relatively uncommon in individuals who develop
NAFLD post OLT, at least within the follow-up timeframe.

Pharmacologic therapy
None of the pharmacological therapies for NAFLD
have been extensively studied in the post-transplant setting. Currently, vitamin E and pentoxifylline (PTX) are
being used as therapy for NAFLD. Vitamin E has antioxidant effects and has been shown to replete glutathione stores and reduce oxidative stress in a mouse model
of NASH[63]. The PIVENS protocol, which was studied
in a large randomized control trial carried out by Sanyal
et al[64], showed that treatment with vitamin E improved
the histological features of NASH in a cohort of 247
patients when compared to pioglitazone or placebo.
PTX, a phosphodiesterase inhibitor, has been shown
to have immunomodulatory effects by decreasing tumor
necrosis factor-alpha (TNFα) transcription[65]. Randomized placebo control trials have shown PTX to be a
well-tolerated treatment that can improve histological
features of NASH, possibly through decreasing lipid
oxidation[66,67]. Serum levels of ALT, aspartate aminotransferase, in addition to TNFα levels were decreased in
several other clinical trials[68], with nausea being the only
reported adverse outcome. While these results are encouraging for treatment of NASH in the pre-transplant
setting, the immunomodulatory effects of PTX have not
been studied in the post-transplant setting, and thus caution should be exercised until further data is available.
The use of angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor blockers (ARB) as
a potential therapy for NAFLD is currently being explored. The use of ACE-inhibitors was associated with

Cardiovascular risk
As improved surgical techniques and advances in medical management lead to an increase in the number of
long-term survivors post-OLT, post OLT cardiovascular
(CV) events has become the leading cause of non-graftrelated deaths in OLT patients[42]. In a recent study[61] the
cumulative risk of CV events post OLT was reported to
be 4.5% and 10.1%, at 1 and 3-year respectively. Interestingly, this 1- and 3-year cumulative risk was significantly
higher in patients undergoing transplantation for NASH
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a reduced risk of developing de novo heaptatic steatosis
in a study by Seo et al[7] While data from human studies
remain limited, there have been several studies[69-73] that
demonstrate a therapeutic benefit of ARBs in patients
with HCV as well as patients with NAFLD. The administration of ARBs led to an improved fibrosis score[71],
down-regulation of hepatic expression of fibrogenic
genes[69], improvements in insulin resistance, serum levels
of ALT[70] and plasma transforming growth factor-1[72].
Both ACE inhibitors and ARBs may improve insulin
sensitivity and hepatic steatosis by increasing circulating
adiponectin and hepatic adipoR2 levels, in addition to
reducing pro-inflammatory cytokine levels.
While these results seem to indicate the use of RAASinhibitors as a therapy for NAFLD and NASH, there is
limited data on the subject and the studies remain contradictory, as well as a need for more randomized control trials on the effects of ACE inhibitors and ARBs[74].
Indeed, there is evidence that the use of ACE inhibitors
in liver transplant recipients may exacerbate calcineurin
inhibitor-induced hyperkalemia, and therefore caution
should be exercised[34].
Other pharmacological therapies for NAFLD are
currently being explored. Obeticholic acid (OCA) has
shown promise as a potential therapy in NAFLD. OCA
is a derivative of chenodeoxycholic acid, the natural
agonist of the farnesoid X receptor, which is a nuclear
hormone receptor that regulates glucose and lipid metabolism[75]. A recent double-blind, placebo-controlled
clinical trial by Mudaliar et al[75], showed that daily OCA
over a period of 6 wk increased insulin sensitivity and reduced markers of liver inflammation fibrosis in patients
with NAFLD and type Ⅱ diabetes mellitus. Additionally,
studies investigating the role of simtuzumab, a monoclonal antibody with immunomodulatory effects, as a treatment for fibrosis and cirrhosis secondary to NASH are
currently underway.

dinediones in NASH patients has been associated with
weight gain[34].
Approximately 65%-70% of liver transplant recipients develop hypertension following transplantation[79]. The cause of hypertension is multifactorial but
is mostly related to the use of calcineurin inhibitors (e.g.,
cyclosporine or tacrolimus) and glucocorticoids[80]. The
hyperlipidemia observed in liver transplant recipients is
mostly related to the side effects of glucocorticoids, cyclosporine, and tacrolimus, however tacrolimus appears
to have a less prominent effect on lipids than cyclosporine, and there is some evidence that conversion from
cyclosporine to tacrolimus can improve lipid profiles in
liver transplant patients[81]. Sirolimus is a potent immunosuppressive drug that is used by more liver transplant
programs as part of CNI-sparing regimens; however,
dyslipidemia is a well-recognized side effect of sirolimus
therapy which may contribute to the development of
metabolic syndrome.
Many risk factors predisposing patients to insulin
resistance are commonplace in the post-transplant setting, including sedentary lifestyle, hepatic denervation,
and immunosuppression[82]. Immunosuppression may
be partly responsible for the prevalence of diabetes in
post-transplant patients, as prednisone, tacrolimus, and
cyclosporine have been shown to be diabetogenic[83]. The
insulin-sensitizing agent metformin has been studied
extensively in the setting of NASH, and its use has no
significant effect on liver histology[84]. While the literature contains varying results of metformin’s impact on
aminotransferases and hepatic insulin sensitivity[85-87], a
recent meta-analysis concluded that lifestyle intervention
and metformin for 6-12 mo did not improve aminotransferases or liver histology[88].
Immunosuppression
As discussed in the previous section, immunosuppression following OLT is associated with increased risk of
developing hypertension, insulin resistance, dyslipidemia,
and weight gain. Immunosuppression is known to have
a profound effect on hypertension in the post-transplant
setting[89]. Tacrolimus and cyclosporine are associated
with an increased risk of hypertension. Evidence has
shown that switching an immunosuppressive regimen
from cyclosporine to tacrolimus can lower mean systolic
blood pressure, however tacrolimus is associated with an
increased risk of post-transplant diabetes mellitus[90-93].
Glucocorticoids, cyclosporine, tacrolimus, and weight
gain also predispose to the development of diabetes
following liver transplantation. Around 5%-30% of recipients develop de novo diabetes[17,39,94-96]. A meta-analysis
that included 16 studies with 3813 liver transplant recipients found that the risk of developing de novo insulin-requiring diabetes was significantly higher among patients
treated with tacrolimus compared with those treated
with cyclosporine[97].

Management of metabolic syndrome
As discussed earlier, metabolic syndrome is a common
occurrence in the post-transplant setting. Prevention
and management of hypertension, dyslipidemia, insulin
resistance, and obesity are critical to preventing the progression of NAFLD to NASH as well as reducing the
patient’s risk of experiencing cardiovascular events.
In non-transplant patients, BMI and metabolic syndrome are highly associated with the development of
NAFLD[76,77], and based on limited data this association
appears to extend to the post-transplant population as
well[8]. The first-line therapy for obese patients in need
of weight reduction prior to liver transplant is a multidisciplinary approach centered on behavioral management
and restricting dietary intake. A recent study from Ryan
et al[78], concluded that the Mediterranean diet led to a reduction in liver steatosis and improved insulin sensitivity
in an insulin-resistant population with NAFLD. Other
options for obese NAFLD patients beyond dietary and
lifestyle changes include pharmacotherapy and bariatric
surgery. It is also worth noting that the use of thiazoli-
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Bariatric surgery remains an option for patients who
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have undergone liver transplantation and are unable to
sustain weight reduction. Sustained weight reduction
is difficult to achieve in the post-transplant patient. A
recent study[98] analyzed the effectiveness of a multidisciplinary protocol for obese patients requiring OLT,
including a noninvasive pre-transplant weight loss program, and a combined OLT plus sleeve gastrectomy for
obese patients who failed to lose weight prior to OLT.
This method was used successfully in three patients and
resulted in effective weight loss and was associated with
fewer post-OLT metabolic complications. While further
follow-up is needed, this novel strategy may provide an
alternative means of weight management in the posttransplant setting. It is important to note that there have
been reports[99] of postoperative hepatic decompensation occurring in patients with NASH having undergone
bariatric surgery. This rare occurrence developed due to
the rapid mobilization of peripheral triglycerides, which
exacerbates hepatic steatosis resulting in rapidly progressive cholestasis and encephalopathy.
Data concerning bariatric surgery as a pre-transplant
procedure in patients with liver cirrhosis is limited. Shimizu et al[100] concluded that laparoscopic roux-en-y gastric bypass and laparoscopic sleeve gastrectomy could be
performed in select patients with cirrhosis with improvement in obesity and obesity-related co-morbidities and
without prohibitive complication rates. Additionally, it
should be noted that NASH was not associated with an
increased risk for postoperative complications following
bariatric surgery[101].
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CONCLUSION
NAFLD prevalence is increasing rapidly with the potential of becoming the most common indication in the
near future. Graft steatosis is a common problem following liver transplant but its impact on long term outcomes
in not well understood. Hepatologists and transplant
surgeons should be aware of the risk of NAFLD recurrence and de novo NAFLD. The need for routine liver
biopsy following transplant remains controversial. Careful pre-operative evaluation for patients with pre-existing
risk factors for NAFLD should be taken with special
attention for those risk factors in post-operative course.
The role of bariatric surgery and pharmacotherapy in
the post-transplant NAFLD and metabolic syndrome is
to be determined.
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Liver transplantation for malignancy: current treatment
strategies and future perspectives
Christina Hackl, Hans J Schlitt, Gabriele I Kirchner, Birgit Knoppke, Martin Loss
offering liver transplantation to patients diagnosed
with limited hepatocellular carcinoma. Since then, liver
transplantation for malignant disease is an ongoing
subject of preclinical and clinical research. In this context, several aspects must be considered: (1) Given
the shortage of deceased-donor organs, long-term
overall and disease free survival should be comparable
with results obtained in patients transplanted for nonmalignant disease; (2) In this regard, living-donor
liver transplantation may in selected patients help to
solve the ethical dilemma of optimal individual patient
treatment vs organ allocation justice; and (3) Ongoing
research focusing on perioperative therapy and antiproliferative immunosuppressive regimens may further
reduce tumor recurrence in patients transplanted for
malignant disease and thus improve overall survival.
The present review gives an overview of current indications and future perspectives of liver transplantation
for malignant disease.
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Core tip: Liver transplantation for malignancy is a medical and ethical challenge with regard to oncologic
outcome and allocation justice. Childhood hepatoblastoma, epithelioid hemangioendothelioma, limited
hepatocellular carcinoma and fibrolamellar carcinoma
are proven indications for liver transplantation. Recent
clinical trials have suggested cholangiocellular adenocarcinoma and hepatic metastases originating from
neuroendocrine tumors as new indications in selected
patients. Ongoing research may further widen indications for liver transplantation in malignant disease
and therefore also complicate organ allocation. Livingdonor liver transplantation may offer a solution for selected patients.

Abstract
In 1967, Starzl et al performed the first successful liver
transplantation for a patient diagnosed with hepatoblastoma. In the following, liver transplantation was
considered ideal for complete tumor resection and
potential cure from primary hepatic malignancies.
Several reports of liver transplantation for primary and
metastatic liver cancer however showed disappointing results and the strategy was soon dismissed. In
1996, Mazzaferro et al introduced the Milan criteria,
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recipients with malignancies.
In many East-Asian countries, deceased-donor liver
donation (DDLT) is very rare due to religious and political reasons. This has led to sound establishment of
living-donor liver transplantation (LDLT)[7-9] and might
serve as an example for Western countries to reduce donor organ shortage.

Hackl C, Schlitt HJ, Kirchner GI, Knoppke B, Loss M. Liver
transplantation for malignancy: current treatment strategies and
future perspectives. World J Gastroenterol 2014; 20(18): 5331-5344
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i18/5331.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i18.5331

INTRODUCTION

SHORT HISTORY OF LIVER
TRANSPLANTATION

Liver transplantation (LT) is the only curative treatment
option for patients with irrevocable acute or chronic
liver failure and, in the last four decades, has developed
from an experimental approach with very high mortality to an almost routine procedure with good short and
long-term survival rates. During the last 15 years, survival rates world-wide are relatively stable with an overall
survival (OS) of > 80% in the first year and > 70% at
5 years [1,2]. However, approximately 10% of patients
listed for LT die on the waiting list[3] and many potential
candidates, including patients diagnosed with primary
or metastatic liver cancer, are not listed due to shortage
of deceased-donor organs. While liver cirrhosis caused
by chronic viral hepatitis and alcohol abuse are the two
major causes for end-stage liver disease, most malignant
diseases remain contraindications for LT.
Timing is crucial for the success of LT. On the one
hand, best results are achieved if the patient is in a good
general condition. On the other hand, decompensated
and sickest patients most urgently need transplantation - but have the worst outcome. Due to shortage of
deceased-donor organs, different allocation solutions are
intensively discussed and permanently adapted. A model
for the sickest first policy, the Model of End Stage Liver
Disease (MELD), was implemented in the allocation
procedure within the UNOS in 2002 and within the Eurotransplant network in 2007 (Patient based allocation).
It is calculated of serum creatinine, international normalized ratio (INR) and bilirubin. The MELD was originally
developed to predict 3-mo survival after transjugular intrahepatic portosystemic shunt placement[4,5]. Since implementation of the MELD system, the waiting list mortality
for LT has declined. However, patients with very high
laboratory MELD scores (> 35) are normally ICU bound,
on dialysis and often require vasopressor support and
artificial ventilation. Priorization of these patients led to a
deterioration of the OS rates after LT since introduction
of the MELD score for LT allocation in some countries
like Germany[6]. In contrast, patients diagnosed with primary hepatic malignancy or hepatic metastases normally
present in good clinical condition with low MELD score
and exception MELD scoring is needed to enable transplantation before excessive tumor progress. Center based
allocation is in use especially in countries with few transplant centers, e.g., in Australia, United Kingdom, and Austria. Moreover, it is used in parallel to the MELD system
for extended criteria donor organs. The advantage of the
center-based allocation is that the physicians can match
the organ to the patient, which also enables allocation to
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The pioneer of human orthotopic LT, Thomas E. Starzl,
learned about experimental auxiliary liver transplant
models in dogs while attending a lecture by C. Stuart
Welch in 1957[10]. After discussing and refining these
canine models, Starzl was the first to attempt an orthotopic liver transplant into a 3 years old human recipient
suffering from biliary atresia in 1963[11]. The patient did
not survive the operation. After several equally unsuccessful attempts, Starzl et al[12] succeeded in performing
an orthotopic liver transplant in a patient diagnosed with
hepatoblastoma in 1967. LT for malignancy thus became
the first successful LT in humans. The patient survived
for 18 mo before dying from metastatic disease. During the subsequent years, major breakthroughs such as
the expansion of the organ donor pool by introduction
of the brain death criteria in 1968[13], refined surgical
techniques and especially ongoing research in immunology leading to the introduction of immunosuppressive
medication such as cyclosporine in 1979[14,15] lead to significant increase in LT. In 1983, the NIH declared that
LT was a valid therapy for end-stage liver disease[16] and,
a few years later, the United Network for Organ Sharing
(UNOS) was founded[17]. Already in 1967, Eurotransplant International Foundation (ET) had been founded
in Leiden, The Netherlands. In 1988, Rudolph Pichlmayr
was the first to perform a split LT, offering one liver to
two recipients[18].

INDICATIONS FOR LIVER
TRANSPLANTATION
Indications for LT are manifold and can be classified
into end-stage liver disease, acute liver failure and certain
benign and malignant liver tumors. LT should be considered for any patient in whom anticipated OS exceeds life
expectancy of the underlying disease or where significant
increase in quality of life can be achieved. These criteria
may also be valid for many patients diagnosed with primary liver tumors or hepatic metastases. However, LT
for malignant disease is a medical and ethical challenge
with regard to long-term oncologic outcome under immunosuppressive therapy and with regard to allocation
justice due to organ shortage. Ongoing improvements
in multimodality cancer therapy may in future widen
indications for LT in malignant disease. Table 1 gives an
overview of current indications for LT in malignancy

5332

May 14, 2014|Volume 20|Issue 18|

Hackl C et al . Liver transplantation for malignancy

for each patient individually. Components are steroids,
anti-lymphocyte antibodies, calcineurin-inhibitors and
inhibitors of B-/and T-cell proliferation[32]. Steroids are
the back-bone of all immunosuppressive regimens. They
inhibit T-cell activation and block IL-1 and IL-2 synthesis. Steroids are given already before reperfusion of the
transplanted organ intra-operatively and are continued
in high doses during the early postoperative phase, followed by dose reduction schemes. In many patients, steroids can be tapered six months after transplantation[33].
The chimeric monoclonal T-cell IL2-receptor antibody basiliximab is given on day 0 and day 4 after liver
transplant for induction therapy. Mycophenolate mofetil
(MMF), a reversible inhibitor of inosine monophosphate
dehydrogenase in purine synthesis, reduces proliferation
of B- and T-cells and is well tolerated in LT patients[34].
Calcineurin-inhibitors such as cyclosporine inhibit T-cell
production and excretion of IL-2. In cyclosporine A-based
regimens, lowest-possible target levels have been linked to
reduced tumor recurrence[35,36]. mTor-inhibitors such as
sirolimus and everolimus also inhibit the proliferation
of B- and T-cells. In contrast to calcineurin-inhibitors,
mTor-inhibitors show no renal toxicity[37]. In LT for malignant disease, m-TOR inhibitors are highly promising
immunosuppressive drugs, as they also block angiogenesis and tumor cell proliferation[38,39] and lower the risk
of cancer recurrence[40].
Future immunosuppressive strategies in LT have to
imply 3 main goals: (1) reduction of side effects like renal insufficiency; (2) reduction of cancer recurrence and
de novo cancer after transplantation (particularly in LT for
malignant disease); and (3) induction of tolerance. Studies are ongoing which try to induce tolerance by either
stem cell therapy[41-43] or by transfusion of regulating
cells in the setting of living donation (www.onestudy.org).

Table 1 Indications and contraindications for liver transplantation in malignancy
Standard indications
HCC in cirrhosis within Milan criteria
FLC
Hepatoblastoma (pediatric patients)
Epithelioid hemangioendothelioma
Investigational indications
HCC in cirrhosis exceeding Milan criteria
HCC without cirrhosis
CCA
Neuroendocrine liver metastases
Contraindications
HCC with extrahepatic disease or macro-invasion into portal vein
Hepatoblastoma with uncontrolled extrahepatic disease
Malignancies other than the indications mentioned
Cancer Survivors with complete remission < 2-5 yr[153]
HCC: Hepatocellular carcinoma; FLC: Fibrolamellar carcinoma; CCA:
Cholangiocellular adenocarcinoma.

within the UNOS and ET network.

LIVING-DONOR LIVER
TRANSPLANTATION
Living-donor liver transplantation (LDLT) was successfully introduced in 1988 and 1989 respectively in the
adult-to-pediatric and adult-to-adult setting[19]. In most
East-Asian countries, LDLT is an established procedure
and the main form of LT due to scarcity of deceased
donor organs[7]. In western countries and especially in
the UNOS area, use of living-donor organs for LT is less
frequent and within UNOS even declining to currently <
10% of LT, although retrospective analyses have shown
favorable or equal results as compared to DDLT[20-28].
The advantage of LDLT is the use of an optimal healthy
donor, minimal ischemic time, elective surgery and timing of transplantation due to the recipients’ need, which
is particularly relevant for patients diagnosed with malignant disease. LDLT can also enable LT for patients not
qualifying for deceased-donor LT according to allocation rules as well as early LT before the tumor exceeds
transplantability. However, living donation is not without
risk for the healthy donor and LDLT is surgically more
demanding than whole organ transplantation. For the donor, major complications (exceeding Clavien grade Ⅱ) of
up to 44% after right-lobe LDLT and a mortality risk of
up to 0.8% have been described[29-31]. Increasing the use
of left-lobe liver donations also for adult recipients may
here offer a solution[30]. A careful risk to benefit evaluation for the donor and the recipient must be performed
in a multidisciplinary team for each individual case.

LIVER TRANSPLANTATION FOR
PRIMARY MALIGNANCIES
Hepatocellular carcinoma
Hepatocellular carcinoma presents the sixth most common malignancy, and the third leading cause of cancerrelated deaths world-wide[44]. Incidences vary from 38
per 100000 in male Chinese (14 per 100000 in female
Chinese) to < 5 per 100000 in Northern Europe and
North America[44]. Main risk factors for Hepatocellular
carcinoma (HCC) are liver cirrhosis in the context of
chronic HBV or HCV infection. Furthermore, alcoholinduced cirrhosis, aflatoxin intake, diabetes, obesity and
hemochromatosis have been associated with a higher
risk for developing HCC[45-48]. R0 resection combined
with cure from the underlying liver pathology can only
be achieved by LT. Disappointingly, first results of LT in
HCC had shown a high perioperative mortality, 80% tumor recurrence and 5-year OS of 15.2%[49]. However, in
1991, Iwatsuki et al[50] could show that in the context of
cirrhosis, long-term survival after LT for HCC was significantly higher than after liver resection with not signif-

IMMUNOSUPPRESSION
A highly relevant subject of translational research is posttransplant immunosuppression. In the early post-transplant phase, immunosuppressive therapy consists of
complex combinations of drugs and needs to be adapted
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icantly different tumor recurrence rates (50% and 43%
after resection and LT, respectively). Retrospective analysis of patients where incidental, small HCC were found
in the explanted liver after LT for cirrhosis showed no
significant difference in OS compared to recipients
transplanted for cirrhosis without incidentalomas[51]. In
1996, a landmark paper by Mazzaferro and colleagues established LT as standard indication for HCC within the
“Milan criteria”, i.e., limited HCC (1 lesion ≤ 5 cm, or 2
to 3 lesions each ≤ 3 cm), no macro-vascular invasion
and no regional nodal or distant metastasis[52]. Patients
who, after retrospective pathologic review, met these criteria, showed a 4-year OS of 85%. In contrast, patients,
in which HCC size, after retrospective pathologic review,
exceeded these criteria, had a 4-year OS of 50%[52]. In
the following, many retrospective analyses have confirmed these results[53] and a 2012 meta-analysis of 1763
patients undergoing liver resection vs LT for HCC within
the Milan criteria confirmed a survival advantage for LT
(5-year OS 63% vs 53%, OR = 0.581, 95%CI: 0.359-0.939,
P = 0.027)[54].
Patients diagnosed with HCC often show sufficient
liver function and thus, their urgency for LT is not
adequately represented in their MELD scores. Therefore, cirrhotic HCC patients within the UNOS and ET
network receive exception MELD (eMELD) scoring
when diagnosed as American Liver Tumor Study Group
(ALTSG) stage Ⅱ HCC (i.e., single HCC 2-5 cm or 2-3
lesions < 3 cm) for UNOS patients and within Milan criteria for ET patients. The eMELD given is equivalent to
a 15% probability of death within 3 mo and, at present,
is 22. Subsequently, the eMELD is increased every 3 mo
by the number of points equivalent to a 10% increase
in mortality until transplantation or drop-out of Milan
criteria. Continued documentation to prove that patients
are still within the Milan criteria must be made by abdominal CT or MRI scanning every 3 mo[55]. Therefore,
surgical resection and therapeutic interventions to control HCC progress during the waiting period (= “bridging”) are a focus of ongoing clinical research[56]. Bridging
can be achieved by local interventional measures such as
radiofrequency ablation (RFA), transarterial chemoembolization (TACE), percutaneous ethanol injection (PEI),
selective internal radiation therapy (SIRT) and irreversible electroporation (IRE) or surgical resection [57-64].
Bridging has shown to reduce drop-out rate of HCC patients listed for LT by 10%-20%[65-67]. Furthermore, good
response after interventional bridging has been described
as positive predictive factor for improved outcome after
LT[68-70].
LT for patients exceeding Milan criteria is controversially discussed. In 2001, Yao[56] showed comparable
long-term outcome for LT in patients exceeding Milan
criteria, and defined the “UCSF-criteria” as single lesion
< 6.5 cm or up to 3 lesion with a total diameter of < 8
cm, the largest nodule being ≤ 4.5 cm in diameter[51].
In Australia and New Zealand, liver allocation for HCC
is performed according to the UCSF criteria. In 2012,
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an international European-North American consensus
agreed upon restriction of LT for HCC to patients meeting Milan criteria[71]. Listing of patients exceeding Milan
criteria and/or neoadjuvant interventional downstaging
of HCC patients to meet Milan criteria is recommended
as individual center specific regulation within UNOS
and limited to randomized clinical trials within the Eurotransplant network[67].
LDLT can offer a treatment option for selected HCC
patients to minimize waiting time[22]. Due to very limited access to deceased-donor organs, LDLT is an established procedure and the main form of LT in most EastAsian countries[7]. In contrast, within the UNOS, only
5% of all LT are LDLT although retrospective analyses
have shown favorable or equal results as compared to
DDLT[20-25]. Furthermore, LDLT can enable LT also for
patients exceeding Milan criteria. In 2012, an international European-North American consensus stated that
LDLT is an acceptable procedure for patients with expected 5-year OS similar to DDLT[67]. Based on a datacollection of > 1200 HCC patients transplanted outside
the Milan criteria, the “Metroticket”-calculator has been
developed to predict survival of patients with HCC
listed for LT[72]. Based on these data, individual evaluation of the potential risks and benefits has to be carefully discussed with each potential donor and recipient
of LDLT.
Ongoing research in LT for HCC is focusing on mTorbased immunosuppressive regimens. In a first meta-analysis, the mTor-inhibitor sirolimus significantly decreased
tumor recurrence in LT for HCC (OR = 0.30, 95%CI:
0.16-0.55)[73]. At present, a first randomized phase 3 clinical trial investigates the role of mTor-inhibition in LT for
HCC (www.clinicaltrials.gov: NCT00355862)[37].
Fibrolamellar carcinoma
Fibrolamellar carcinoma is a very rare primary hepatic
malignancy with an incidence of 0.02 per 100000[74]. In
contrast to HCC, it mostly occurs in young adults (median age at diagnosis: 33 years) with no underlying liver
pathology and no known risk factors. Overall survival
in fibrolamellar carcinoma (FLC) patients is 32% at 5
years[74]. Surgical resection is the standard therapeutic
approach for FLC and 5-year OS rates of 45% to 80%
have been described[75-77]. In unresectable cases, LT has
been described with acceptable 1- and 5-year OS rates
of 90% and 50%, respectively[76,78]. Other than HCC
patients, FLC patients listed for LT are not prioritized
within the MELD score. Therefore, LDLT should be
considered in unresectable FLC patients. For this decision, however, the high rate of early lymph node metastasis of this tumor - which may be a cause for early
recurrence after LT, has to be considered.
Cholangiocellular adenocarcinoma
Cholangiocellular adenocarcinoma, although being the
second most common primary hepatic malignancy, is a
rare tumor with an incidence of < 2 per 100000 in the
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must be completed[91], followed by operative abdominal
staging to exclude regional hepatic lymph node metastases, intrahepatic metastases, and/or extrahepatic disease.
Thoracic metastases must be excluded by chest CT.
UNOS can then grant exception MELD scoring of 22,
increasing every 3 mo by the number of points equivalent to a 10% increase in mortality until LT or drop-out.
Chest and abdominal CT restaging to prove listing criteria must then be performed every 3 mo[90].
Within the ET network, CCA is generally not regarded as indication for LT outside clinical trials. In Italy,
a 2010 consensus statement has agreed upon performing LT for CCA in experimental settings[92]. However,
an Italian clinical trial to validate the Mayo Clinic results
is underway ( www.clinicaltrials.goc NCT01549795).
Also in the United States, a clinical trial to validate the
Mayo Clinic results is performed (www.clinicaltrials.goc
NCT00301379) and results are expected in 2015. At
the Mayo Clinic, a pilot phase 1 clinical trial is testing
application of sirolimus, gemcitabine and cisplatin for
patients at high risk of CCA recurrence after LT (www.
clinicaltrials.goc NCT01888302) and results are expected
in 2014.
Since DDLT for CCA remains investigational and, in
many countries, is not indicated, LDLT may offer a treatment option for highly selected CCA patients. First clinical results of LDLT for CCA have shown results comparable to DDLT[93-95]. Further research is needed to identify
prognostic factors for transplant candidate selection.

Western World. However, higher incidences have been
reported in several East-Asian countries[79]. Risk factors
associated with cholangiocellular adenocarcinoma (CCA)
are primary sclerosing cholangitis, ulcerative colitis,
choledochus cysts, hepatic tremadodes, hepatolithiasis
and HCV[79]. In contrast to HCC, CCA originates in the
bile duct epithelium and can be defined as intrahepatic,
perihilar, or distal CCA[80]. If untreated, the 5-year OS
of CCA is < 10%. Surgical resection, which is feasible in
70%-75% of CCA patients, results in a 5-year OS of <
50%[81-83]. For lymph node negative patients, long-term
survival rates of up to 67% after R0 resection have been
described[81-83]. A nomogram to predict long-term OS
after CCA resection, based on retrospective analysis of
367 patients undergoing partial hepatectomy for intrahepatic CCA and using the parameters CEA, CA19-9, vascular invasion, lymph node metastasis, local metastasis,
number of tumor nodules and diameter of the tumor,
has been published by Wang et al[84].
First results of LT in CCA have shown a high perioperative mortality, 100% tumor recurrence and a 1-year OS
of 20%[85]. A European transplantation registry analysis
of 187 patients after LT for CCA showed a 5-year OS
of 29% and a > 40% rate of recurrence[85,86]. CCA was
thus not considered an indication for LT. By establishing a strict selection protocol and a neoadjuvant chemoradiotherapy regime, combined with staging laparotomy
to exclude metastatic disease, the Mayo Clinic has in
2005 re-established CCA as investigational indication
for hilar, lymph-node negative CCA in PSC patients[87].
In this landmark publication, 1-/3-/5-year OS rates after LT were 92%, 82%, and 82% vs 82%, 48%, and 21%
in patients undergoing liver resection. Furthermore,
recurrence rate after LT was significantly lower than
after liver resection (13% vs 27%)[87]. A weakness of this
study was the high rate (7 of 38 transplanted patients)
of absent histologic CCA confirmation prior to LT
combined with negative histology in hepatectomy specimen after LT. A consecutive intention-to-treat analysis,
however, showed 1-/3-/5-year OS rates of respectively
82%, 63%, and 55% after LT for CCA[88]. In subsequent
years, several analyses have confirmed these results for
selected patients and in 2012, a first meta-analysis of
605 patients undergoing LT for CCA during 1995-2009
has shown pooled 1-/3-/5-year OS rates of 75%, 42%
and 39%[89]. Importantly, in patients transplanted after
neoadjuvant therapy, 5-year OS was 65% and is thus
comparable to survival rates of LT for HCC within the
Milan criteria.
Within the UNOS, individual patients diagnosed with
unresectable hilar CCA can be listed for LT by individual
transplant centers[90]. For approval of exception MELD
scoring for these patients, transplant centers need to submit a written application to the UNOS transplantation
committee. Patients potentially qualifying for LT must
have a tumor of < 3 cm in abdominal CT, ultrasound or
MRI. Transperitoneal biopsy should not be performed
to avoid tumor spread. A neoadjuvant therapy protocol
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Hepatic epithelioid hemangioendothelioma
Epithelioid hemangioendothelioma was first described
and characterized as soft tissue low-grade malignant tumor in 1982[96]. Clinicopathologic characteristics of hepatic epithelioid hemangioendothelioma (HEHE) were
defined by Ishak and colleagues[97] and a first series of
LT for this malignancy was published in 1988[98].
HEHE shows an incidence of one per million [99]
and diagnosis often is challenging. Clinical presentation
is unspecific with abdominal pain, hepatomegaly, and
fatigue[100,101] and clinical course varies between almost
benign behavior like hemangioma to rapid progress like
angiosarcoma[102]. Histologic characteristics combined
with immunohistochemical diagnostic markers (factorⅧ related antigen, CD31, CD34, cytokeratin, podoplanin), together with ultrasound/CT/MR imaging are
needed to confirm diagnosis. Although CEA and CA19-9
have been reported to be elevated in some patients with
HEHE[101,103], there are no confirmed tumor markers
identified for HEHE so far[102]. No clinical, radiological or histological markers exist to individually predict
the natural course of HEHE. Although yearlong stable
disease has been described, 5-year survival rates of untreated patients have been shown to be 5%[102].
The majority of patients diagnosed with HEHE show
extensive, multifocal intrahepatic disease at time of diagnosis and up to 37% of patients present with synchronous extrahepatic metastases[102]. For patients diagnosed
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Table 2 Liver transplantation for hepatic epithelioid hemangioendothelioma
Database
Mayo
UNOS

Author
Grotz

Year Year of LT

n Age of patients Female

2010

11

Rodriguez 2008

1984-2007

1987-2005 110

Canada

Nudo

2008

1991-2005

11

Europe

Lerut

2007

1989-2004

59

Review
Mehrabi 2006
Pittsburgh Madariaga 1995
Review
Yokoyama 1990
Pittsburgh
Marino
1988

1984-2006 128
1976-1993 17
1980-1988
8
1963-1987 10

21-79 yr
(mean 46.7 yr)
0-70 yr
(median 36 yr)
18-52 yr
(mean 38.7 yr)
4-65 yr
(median 41 yr)
mean 41.7 yr
28-58
NR
24-52.5 yr (median 29.5 yr)

Mean Overall survival in %
DFS in %
LDLT Extrahep. Recurrence
fullow-up 1 yr 3 yr
5 yr
1 yr 3 yr 5 yr

77%

42 mo

91

73

73

64

46

46

NR

18%

NR

68%

24 mo

80

68

64

NR NR NR

n.t.

NR

NR

77%

81 mo

82

82

calc 82

80

69

69

0%

36%

45%

57%

79 mo

93 NR

83

90

NR

82

5%

17%

24%

58%
53%
NR
60%

NR
56 mo
25 mo
NR

96 77
100 86
88 73
NR NR

54
67
48
calc 76

NR NR NR
88 68 59
NR NR NR
NR NR NR

2%
NR
NR
NR

NR
NR
NR
50%

NR
NR
50%
30%

LT: Liver transplantation; NR: Not reported; DFS: Disease-free survival; LDLT: Living-donor liver transplantation; UNOS: United Network for Organ Sharing.

with localized hepatic disease, liver resection can result
in 5-year OS rates of 75% [102]. However, reports of
major hepatic resection for extended intrahepatic disease show contradictive results: On the one hand, longterm disease control[102] with successful rescue LT after
HEHE recurrence[104] has been described; on the other
hand, aggressive tumor regrowth after resection[105], potentially triggered by pro-angiogenic hepatotrophic signaling after surgery, can occur. In a Mayo Clinic analysis
of 30 HEHE patients treated between 1984 and 2007,
no significant difference in long-term OS and diseasefree survival (DFS) was seen comparing liver resection
vs LT for resectable HEHE[106]. Furthermore, the clinicopathological factors tumor size ≤ 10 cm, ≤ 10 tumor
nodules and nodular disease in ≤ 4 hepatic segments
were identified as predictors for prolonged OS and LT
was suggested for patients with unresectable disease and
favorable predictors.
Multiple reports have shown that the presence of
extrahepatic disease is no obligatory contraindication to
perform LT for HEHE[98,104,106,107]. Thus, LT remains the
only potentially curative approach for unresectable HEHE
with or without extrahepatic tumor manifestation.
Table 2 gives an overview of original reports (including > 5 patients) and two reviews analyzing LT for
HEHE, including synopsis of UNOS, European and
Canadian databases[98,100,102,104,106-109]. With 5-year OS of
up to 83% (even in the presence of extrahepatic disease) and 5-year DFS of 46%-82%, outcome of LT for
HEHE is comparable with non-malignant indications
for LT and LT should thus be offered to all patients with
unresectable HEHE or resectable HEHE with unfavorable predictors.

diagnosed with Beckwith-Widemann Syndrome, Glycogen storage diseases 1-4, trisomy 18 and familial adenomatous polyposis[113-117]. Definite diagnosis can mostly be
made upon characteristic ultrasound/CT/MRI imaging
and elevated AFP levels > 1000 ng/mL and biopsy is
not recommended[118]. If resectable, 5-year OS rates of
80% can be reached with combined chemotherapeutic
and surgical treatment[99]. However, the majority of patients present with unresectable disease at first diagnosis;
only up to 40% of patients are diagnosed with resectable disease[111]. Due to a high sensitivity to perioperative
chemotherapy (90%-95%), the European International
Society of Pediatric Oncology (SIOPEL) recommends
neoadjuvant chemotherapy to downstage HEBLA before resection or LT[119]. In contrast, many North American Centers prefer resection without prior chemotherapy
in resectable patients[111]. For unresectable HEBLA, LT
remains the only curative treatment option and longterm survival of 67%-93% after LT has been described.
Presence of extrahepatic disease, if chemo-sensitive and
potentially resectable, is no contraindication to perform
LT for HEBLA[111].
Table 3 gives an overview of original reports and
reviews analyzing LT for HEBLA, including synopsis
of UNOS and European (SIOPEL) databases [120-131].
With long-term OS rates of 65%-87% (even in the presence of extrahepatic, chemo-responsive disease) and
recurrence rates of less than 26% (data not shown), LT
should be offered to all patients with unresectable HEBLA. In borderline-resectable HEBLA, LT should be
considered since publications have shown long-term OS
of 85%-90% in patients receiving primary LT for HEBLA compared to 25%-40% in rescue-transplantation
for recurrent disease after prior liver resection[121,128].

Hepatoblastoma
Hepatoblastoma, first described in 1954 by Debre and
colleagues [110], is the most common primary hepatic
malignancy in children and shows an incidence of one
to two per million[111,112]. Increased incidence of hepatoblastoma (HEBLA) is seen in prematurely born infants
and infants with a low birth weight, as well as in patients
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LIVER TRANSPLANTATION FOR HEPATIC
METASTASES
Neuroendocrine liver metastases
Neuroendocrine carcinomas were first described in 1907
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Table 3 Liver transplantation for hepatoblastoma
Database

Author

Year Year of LT

n

Age of patients at LT

% female Median FU

Overall survival in %
1 yr

SIOPEL-3HR
Chicago/Toronto
London
Stanford
Spain
UNOS review
Texas
Kyoto
SIOPEL-1
Dallas
France
Birmingham
Pittsburgh

Zsiros
Browne
Faraj
Beaunoyer
Avila
Austin
Mejia
Kasahara
Otte
Molmenti
Chardot
Pimpalwar
Reyes

2010
2008
2008
2007
2006
2006
2005
2005
2004
2002
2002
2002
2000

1998-2004
1990-2004
1993-2007
1988-2006
1987-2004
1995-2003
1990-2004
1990-1994
1984-2000
1998-1999
1991-2000
1989-1998

31
< 16 yr (median 21 mo)
14
18 mo-13 yr (mean 57 mo)
25
0.5-10 yr (median 2.5 yr)
15
0.3-9.7 yr (mean 2.6 yr)
11
6 mo-14 yr
135
2.9 ± 2.5 yr
10
mean 5.8 yr
14
NR
12
1.25-11.6 yr (median 3.8 yr)
9
6 mo-16 yr (mean 6.4 yr)
4
10-60 mo (mean 17 mo)
12 0.15-8.78 yr at diag. (median 1.32 yr)
12
NR

NR
36
32
47
38
50
NR
42
44
NR
NR
NR

54 mo
46 mo
6.8 yr
3.3 ± 3.5 yr

NR

3 yr
75%
71% @ 46 mo

LDLT

5 yr
NR

NR
NR
28%
0
25%

91
78
87
87
87
91
91
82
79
69
Mean 10.8 yr 70% @ last FU (mean 10.8 yr) 20%
NR
78.6
NR
65.5 100%
117 mo
NR
NR
75
NR
NR
NR
67%
NR
0%
NR
75% at last FU (13-24 mo) 100%
NR
NR
93%
83%
0
NR
92
92
83
0

LT: Liver transplantation; FU: Follow-up; LDLT: Living-donor liver transplantation; NR: Not reported; UNOS: United Network for Organ Sharing.

by Siegfried Oberndorfer, defining them as “benign carcinomas”[132]. In 1927, he revised his definition after discovering their potential for malignant growth and metastasis[132]. Neuroendocrine carcinomas have an incidence
of ≤ 5 per 100000 and show a variable location (60%
in the gastrointestinal tract and almost 30% in the pancreas; other locations: endocrine organs, lung, skin, liver,
breast; partly in the context of inherited syndromes[133]),
and a very variable natural course of the disease [134].
According to the World Health Organization, neuroendocrine tumors are classified by mitotic index and Ki67
labelling index as low grade G1 [mitotic index (MI) < 2
per 10 high-power fields (HPF), Ki67 positivity < 3%],
intermediate grade G2 (MI 2-20 per 10 HPF, Ki67 positivity 3%-20%), or high grade G3 (MI > 20 per 10 HPF,
Ki67 positivity > 20%)[134]. Neuroendocrine tumors can
be symptomatic dependent on their hormonal activity,
but the majority remains hormonally inactive and/or
shows unspecific symptoms[135]. Diagnosis is made by CT
and MRI scan, (endo)sonography, 18FDG/DOTATOC/
DOTATATE-PET and Octreotide-Scintigraphy, potential serum tumor markers in the serum can be chromogranin A, 5-HIAA, NSE and p38[134]. Treatment strategies
for neuroendocrine liver metastases (mNET) include
antihormonal therapy, interferone and chemotherapeutic
treatment, regional ablation and surgery[136,137]. Analyses
of SEER databases have shown 5-year OS rates of 35%
in G1 and G2 neuroendocrine tumors and of < 5% for
G3 tumors. However, 5-year OS of > 50% have been described of selected G1 patients after combined medicalsurgical therapy without LT[138].
Table 4 gives an overview of original reports and
reviews LT for mNET with > 100 patients, including
a synopsis of UNOS and European databases [139-142].
5-year OS rates of 47%-58% have been reported. In the
largest reports from UNOS (194 patients, 1988-2011)
and European databases (213 patients, 1982-2009), 5-year
OS was 49% and 52%, respectively. Importantly, patients
receiving LT for mNET in these publications have previously undergone non-transplant medical and surgical
therapy and, in the European database analysis, 5-year
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OS rates from first diagnosis of mNET were 73% (84%
for patients diagnosed after 2000). In the UNOS database, the 5-year OS rates after LT were comparable to
the 5-year OS rates of 4693 patients transplanted for
HCC during the same period. Current NCCN guidelines
define LT for mNET as an investigational procedure,
and ongoing research is performed in order to define
positive predictors for appropriate patient selection. A
European Consensus states that “in patients suffering
from life-threatening hormonal disturbances refractory
to medical therapy or patients with non-functioning tumors with diffuse unresectable liver metastases refractory to all other available treatments, LT may be a possible
therapy option. Minimal requirements for consideration
of LT are the following criteria: mortality should be <
10%, absence of extrahepatic disease as determined by
PET/CT, primary tumor removed prior to transplantation, well-differentiated NET (NET G1, G2). Patients
less than 50 years old who are free of extrahepatic tumor and have low Ki67 are those who are most likely
to benefit from LT. However, a long-term disease-free
survival by transplantation will be an exceptional event
even in this highly selected subgroup”[138]. Tumor recurrence after LT is described as 60% and ongoing research
is performed to define further prognostic markers such
as Ki67, p53 and E-cadherin immunohistochemistry,
hepatomegaly, location of primary, age of patients, percentage of liver involvement and time of transplantation
after resection of primary[139,142-146].
Colorectal cancer liver metastases
Although the majority of patients diagnosed with colorectal cancer (CRC) can undergo initially curative local
resection, the leading cause of death from CRC is metastatic disease. The primary metastatic site for patients
diagnosed with CRC is the liver: 60%-70% of metastatic
recurrences in CRC patients occur in the liver and up to
35% of metastatic CRC patients have metastases only in
this organ[147]. Up until now, colorectal liver metastases
(CLM) are a contraindication for LT due to (1) allocation
justice in the light of deceased-donor organ shortage
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Table 4 Liver transplantation for hepatic metastases of neuroendocrine tumors: reports with > 100 patients
Database Author

Year Year of LT

n

Age of
patients

Female Follow-up

Europe

LeTreut 2013 1982-2009 213

Mean 46 yr

46%

UNOS

Gedaly 2011 1988-2008 150

Mean 45 yr

44%

UNOS
UNOS
France

N'Guyen 2011 1988-2011 194
N‘Guyen 2011 2002-2011 110
LeTreut 2008 1989-2005 85

Mean 45 yr
Mean 45 yr
Mean 46 yr

46%
46%
46%

Review

Lehnert 1998 1981-1997 103 Median 48 yr

Overall survival in %

Mean 56
± 49 mo
Mean
36.8 mo
NR
NR
Mean 46
± 47 mo

50%

DFS in %

3 yr

5 yr

81

65

52

65

40

30

6%

53%

81

65

49

NR NR

32

7%

NR

80
85
72

61
65
59

49
58
47

NR NR
NR NR
56 37

NR
NR
20

NR
NR
2%

NR
NR
NR

Calculated 24 NR

40%

Calculated 60

Calculated 47

1 yr 3 yr

LDLT Recurrence

1 yr

5 yr

LT: Liver transplantation; DFS: Disease-free survival; LDLT: Living-donor liver transplantation; NR: Not reported; UNOS: United Network for Organ Sharing.

and (2) high rates of tumor recurrence after transplantation[148,149]. However, in a Norwegian landmark paper,
Hagness and colleagues performed LT for 21 patients diagnosed with unresectable CLM and reported estimated
1-, 3- and 5-year OS rates of respectively 95%, 68% and
60%[150], with good quality of life, monitored during the
first year after transplantation[151]. Furthermore, equivalently to the Milan criteria, prognostic factors such as
diameter of largest metastasis < 55 cm, time since CRC
surgery > 2 years, CEA-level < 80 mcg/l, and stable
disease or partial response after chemotherapy before LT
were defined and may in future serve as criteria selecting
patients eligible for LT in CLM[150]. Hagness and colleagues showed that 5-year OS rates exceeded reported
OS after systemic chemotherapy alone and were comparable to OS rates after liver resection for resectable
CLM. Furthermore, this is the first study showing 5-year
OS rates after LT for CLM comparable to survival rates
of patients needing repeat LT for non-malignant disease
and only slightly minor to long-term survival rates after
LT for benign indications[150]. An ongoing and controversially discussed clinical trial evaluates, for the first time,
liver resection vs LT in resectable CLM (www.clinicaltrials.
gov, NCT01479608). Furthermore, LT may be a therapeutic option for CLM survivors with secondary liver
failure caused by aggressive therapy with liver resection
and local chemotherapy[152].

better liver function compared to patients needing LT
for non-malignant disease, and thus are not adequately
represented by the MELD allocation system. New organ
allocation rules must therefore be defined for individual
malignancies.
LDLT can here offer a solution for selected patients
and may on the one hand increase the organ donor pool,
on the other hand enable LT for borderline indications
and last but not least enable early LT before the tumor
exceeds transplantability.
To increase evidence-based indications for LT, further clinical trials are needed for the (1) comparison of
long-term oncologic and overall outcome of living- vs
deceased-donor LT in malignant disease; (2) establishment of predictive criteria to select patients benefiting
most from LT; (3) standardization of organ allocation
rules outside the MELD-criteria for defined malignancies; (4) establishment of standard perioperative chemotherapeutic regimens combined with LT; and (5)
improvement of long-term antiproliferative immunosuppressive therapy.
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Liver transplantation for hepatic tumors: a systematic
review
Matteo Ravaioli, Giorgio Ercolani, Flavia Neri, Matteo Cescon, Giacomo Stacchini, Massimo Del Gaudio,
Alessandro Cucchetti, Antonio Daniele Pinna
cluding surgical or loco-regional treatments of HCC,
which have increased the post-operative survival of
recipients. CCA may be treated by LT in patients who
cannot undergo liver resection because of underlying
liver disease or for anatomical technical challenges.
A well-defined protocol of chemoirradiation and staging laparotomy before LT has been developed by the
Mayo Clinic, which has resulted in long term diseasefree survival comparable to other indications. LT for
LM has also been investigated by multicenter studies.
It offers a real benefit for metastases from neuroendocrine tumors that are well differentiated and when
a major extrahepatic resection is not required. If LT
is an option in these selected cases, liver metastases
from colorectal cancer is still a borderline indication
because data concerning the disease-free survival are
still lacking. Hepatoblastoma and hemangioendothelioma represent rare primary tumors for which LT is often the only possible and effective cure because of the
frequent multifocal, intrahepatic nature of the disease.
LT is a very promising procedure for both primary and
secondary liver malignancies; however, it needs an
accurate evaluation of the costs and benefits for each
indication to balance the chances of cure with actual
organ availability.
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Abstract
Improvements in the medical and pharmacological
management of liver transplantation (LT) recipients
have led to a better long-term outcome and extension of the indications for this procedure. Liver tumors
are relevant to LT; however, the use of LT to treat
malignancies remains a debated issue because the
high risk of recurrence. In this review we considered
LT for hepatocellular carcinoma (HCC), cholangiocarcinoma (CCA), liver metastases (LM) and other rare
tumors. We reviewed the literature, focusing on the
past 10 years. The highly selected Milan criteria of LT
for HCC (single nodule < 5 cm or up to 3 nodules < 3
cm) have been recently extended by a group from the
University of S. Francisco (1 lesion < 6.5 cm or up to
3 lesions < 4.5 cm) with satisfying results in terms of
recurrence-free survival and the “up-to-seven criteria”.
Moreover, using these criteria, other transplant groups
have recently developed downstaging protocols, in-
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Core tip: This review includes the most relevant outcomes of liver transplantation (LT) for both primary
and metastatic tumors. The use of LT for malignancies has been debated because of the recurrence rate
caused by the negative impact of immunosuppressive
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therapy; however, recent studies show that accurate
selection of candidates and pre-LT treatments (surgical, loco-regional or chemotherapeutical) may improve
recurrence-free survival. We report the recommendations and accepted guidelines for the use of LT for hepatic tumors and the long term results from the most
recent literature; our policy for these indications is also
reported.

of disease recurrence after liver resection (salvage transplantation).
Here, We reviewed the current literature on LT for
hepatic tumors systematically, focusing mainly on the
topic studies of the recent ten years. We divided the
main indications for LT of hepatic tumors as follows:
HCC, cholangiocarcinoma, liver metastases and other
rare liver tumors.

Ravaioli M, Ercolani G, Neri F, Cescon M, Stacchini G, Del
Gaudio M, Cucchetti A, Pinna AD. Liver transplantation for
hepatic tumors: a systematic review. World J Gastroenterol
2014; 20(18): 5345-5352 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i18/5345.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5345

LT for hepatocellular carcinoma
Hepatocellular carcinoma is the 6th most common cancer and the 3rd most lethal type[4]. This cancer frequently
develops on underlying cirrhosis, in particular when the
cause is hepatitis B or C. Despite the advent of vaccination and new antiviral therapies, the incidence of HCC is
increasing sharply[5].
Different staging systems for HCC have been proposed, but the most widely adopted is the BCLC (Barcelona Clinic Liver Cancer), which not only stratifies the
patients according to outcome, but also indicates the
best treatment option considering the different stages of
tumor and hepatic disease[6-9].
According to the BCLC classification, LT should be
reserved for patients with the following features: single
nodule < 5 cm or up to 3 nodules < 3 cm without macrovascular invasion. These criteria, called the Milan Criteria, were first described by Mazzaferro in 1996[2] and
identified a pool of patients who could have excellent
recurrence-free survival after LT and an outcome comparable to the other indications of LT.
The pre-operative selection criteria help to reduce the
risk of tumor recurrence after LT; however, they limit
the numbers of possible candidates for LT, in particular
if the waiting time is long, during which disease progression develops. For these reasons, many patients are currently excluded from the chance of transplantation.
Candidates for LT with HCC often have low MELD
scores [10], with relatively preserved hepatic function;
therefore, UNOS and other European allocation systems created a new policy for organ allocation to these
patients. They were given additional escalating scores according to the time spent on the waiting list with tumor
remaining within the Milan criteria[11-13].
This allocation system required few modifications
over the years to reach a balance in waiting list mortality
between possible recipients with and without HCC[14].
The excellent results yielded by the adoption of Milan Criteria led many Transplant Centers to suggest new
strategies to expand the tumoral criteria to allow more
patients to receive LT. In 2001, a research group from
the University of California San Francisco reported
5-year survival of over 70% by slightly expanding the
tumor criteria (1 lesion < 6.5 cm or up to 3 lesions < 4.5
cm)[15]. This good outcome was confirmed in a more recent comparative series[16] and led to new studies exploring the opportunity of downstaging the tumor to bring it
back within Milan or UCSF criteria. The treatments used
for downstaging included resection and locoregional

INTRODUCTION
The first cases of liver transplantation (LT) reported
in the literature were performed for liver tumors; in
fact, among the first seven liver transplantation recipients there were patients with duct cell carcinoma and
colorectal metastases [1]. After this initial experience,
LT was adopted for end-stage liver failure and only in
the late 1990s did it become available for patients with
hepatocellular carcinoma (HCC), thanks to the results
of the Milan study, which established precise criteria
for the selection of HCC patients who could undergo
liver replacement without the high risk of tumor recurrence[2]. The main problem with LT for liver tumors
was the unfavorable post-operative outcome caused by
the tumor recurrence, which was drastically reduced for
HCC patients meeting the Milan criteria; these selection
criteria produced similar survivals among patients with
and without HCC.
Therefore, among liver malignancies, HCC became
the main indication for LT, even if UNOS (United
Network for Organ Sharing) [3] has recently reported
malignancies other than HCC as being indicated for LT,
including cholangiocarcinoma and Klatskin tumor, hepatoblastoma and hemangioendothelioma, liver metastases
from neuroendocrine tumors and few cases of metastases from colorectal cancer.
A liver malignancy seems the perfect indication for
liver replacement because LT allows the most radical
intervention, although the post-operative immunosuppressive therapy may increase the risk of tumor recurrence. On the other hand, the improvement of surgical
resective techniques allows a high rate of radical hepatic
resection in cases of biliary and metastatic tumors, both
in pediatric and adult patients.
The pool of deceased donors is not sufficient to
meet the need of organs; therefore, it is particularly important to employ the resective strategy whenever possible, leaving LT as an option in cases of unresectable
liver tumor (because of diffuse localization or advanced
hepatic disease), post-operative liver failure or in cases
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of bleeding are present[23]. More recently, the value of
transient elastography, measured using Fibro Scan, was
effective to predict the risk of liver failure after hepatic
resection for HCC[24].
In our experience, a series of transplantable patients
undergoing hepatic resection developed post-operative
liver failure or HCC recurrence, and finally received a
salvage transplantation. The outcomes obtained with
this procedure were comparable to those achieved with
primary LT[25,26].
The main limit of this strategy is the number of
transplantable patients who are not suitable for LT after
resection for a variety of reasons (tumor recurrence out
of the conventional criteria, death during the waiting
time, too sick, advanced age or other comorbidities).
Currently, one debated issue is how to predict the impossibility of performing an LT after an initial liver resection[27].
New options are offered by downstaging tumors beyond the Milan criteria or by expanding the Milan criteria
to increase the pool of potential recipients. To meet the
growing demand for organs, programs of living donor
transplantation (LDLT) were developed by many transplantation centers. HCC is a good indication for LDLT
because the opportunity to have a graft from a relative
allows the potential recipients to benefit quickly from a
curative treatment while saving organs for the other patients in the waiting list.
Although some studies reported a higher risk of tumor recurrence with the use of partial grafts from living
donors[28-30], this result is partly linked to a fast track effect, which prevents detection of more aggressive tumors
during an adequately long pre-transplant work-up[31].
The absence of tumor progression during the waiting time still remains the most effective biological selection criteria, allowing transplantion in patients with low
risk of tumor recurrence. Furthermore, most of the
scientific recommendations define that LDLT should be
reserved for HCC patients who have an expected 5-year
survival similar to comparably staged patients receiving a
deceased-donor liver[19].
In conclusion, LDLT seem to offer many advantages
for HCC cases suitable for LT; however, the indications,
the selection criteria and the minimum waiting time (at
least 3 mo) before the surgical procedure should be the
same as with deceased-donor livers.

therapies. In addition, they had the dual advantage of allowing an extension of the pool of candidates for transplantation and the reduction of dropout in the waiting
list. Among the various retrospective data, only two prospective studies reported comparable survival after LT in
patients initially out of Milan criteria vs patients meeting
the criteria from the beginning[17,18]. The downstaging
procedures included trans-arterial chemo-embolization
(TACE) or radiofrequency ablation (RFA) and, to proceed to LT, a total necrosis of the treated lesions had to
be diagnosed at the pre-LT imaging. If an accurate diagnosis could be performed and the downstaging shown to
be effective, the 3-mo period before placing the patient
in the waiting list allowed exclusion of the more aggressive tumors with a high risk of recurrence after LT.
The good results of downstaging led to a recent
consensus conference about LT for HCC to recommend
this procedure before LT, although more prospective
studies are needed to strengthen the evidence[19]. Similarly, bridging procedures have been recommended for
patients with tumors > 2 cm who are likely to wait more
than 6 mo for transplantation [19]. Concerning which
strategies to adopt, no recommendations can be made
because there is no clear evidence that one treatment is
preferable over the others[20], although a combination of
the different locoregional therapies might have a beneficial effect on slowing down the progression rate of the
tumor and increasing overall survival[21].
Recently, a multicenter study was performed to explore retrospectively the chance of survival after LT for
HCC beyond the Milan criteria; if the rule of “up to
seven” was fulfilled (HCCs with a score of seven, calculated as the sum of the size of the largest tumor in cm
and the number of tumors), the 5-year survival could
reach 70%. The Metroticket calculator was then created
as a statistical tool that could predict the 5-year survival
of any given patient on the basis of morphological and
pathologic characteristics: total size of the nodules, size
of the largest nodule and presence or absence of vascular
invasion (if available)[22]. Although the prediction of survival has recently become more accurate and precise, an
agreement among centers has not yet been reached as to
which survival rate is considered acceptable in balancing
the highest chances of cure with actual organ availability.
Hepatic resection should be considered whenever
possible, because for some patients, it can be a curative
procedure, without hampering the chance of a LT in
the case of post-operative liver failure (i.e., the so-called
“salvage transplantation”). Although the Child-Pugh
score of A has traditionally been the selection criterion
to identify candidates for surgery, in the recent years
other diagnostic tools have been adopted, such as indocyanine green (especially in Japan), measurement of hepatic vein pressure gradient and hepatic elastometry. The
policy currently adopted in our center is that cirrhotic
patients undergo hepatic resection if the Child-Pugh
score is A, the MELD score is below 12, platelet count
is over 50000/μL and no esophageal varices at high risk
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LT FOR CHOLANGIOCARCINOMA
In the 1990s, LT appeared a possible solution for unresectable cholangiocarcinoma (CCA); however, the initial
clinical experience yielded very poor results in term of
both overall and recurrence free survival[32-34]. In these
early reports, the 5-year survival ranged between 18%
and 38%, which was largely inferior to the 50% accepted
for other malignant and not-malignant indications for
LT. Only a few cases of acceptable 5-year survival (more
than 50%) with low post-transplantation tumor recur-
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patient features, such as a higher MELD score[43]. This
observation led to the adoption of the UNOS policy for
MELD exception, in which additional MELD scores are
assigned to these recipients to adjust their gravity for the
increased risk of drop-out from the waiting list every 3
mo[44]. In a recent paper from the Mayo Clinic, the main
predictors of drop-out were identified as CA 19.9 > 500
U/mL, a mass diameter > 3 cm, bioptic evidence of malignancy and MELD score > 20; all these parameters are
available before LT and can therefore be used to guide
patient enrollment in the protocol.
In a Mayo Clinic series published in 2005, the explanted livers of patients who underwent LT after the
chemoradiation protocol were analyzed and no tumors
were detected in almost half of them[45]. Although it is
not clear whether the absence of tumors was the result
of an initial false diagnosis or to the efficacy of the
chemoradiation protocol, a more effective tumoral detection is required urgently to avoid unnecessary transplantations.
A recent series from the University of Seoul showed
that accurate preoperative staging and biliary drainage
associated with portal embolization could allow extended hepatectomy for CCA. In these cases, if an R0 was
obtained, 5-year survival could reach 50%[46]. The main
poor prognostic factors were the same as those that
would be contraindications for LT. Therefore, it can be
concluded that the Mayo Protocol is effective for certain
cases of CCA, especially when liver function has deteriorated because of underlying hepatic disease. However,
hepatic resection is still the main therapeutic strategy,
which not only allows satisfactory survival results, but
also saves organs for patients with hepatic failure who
do not have an alternative treatment other than LT.
Excellent outcomes of liver resection were also reported by the University of Nagoya, particularly in cases
without lymph node metastases and R0 resections; lymph
node metastasis is a powerful and independent prognostic factor, which should be utilized to stratify different
prognoses and treatments[47].

rence rate were reported by the University of Pittsburg[35,36]. Although CCA has long been recognized as a
contraindication for LT, in the wake of the promising
Pittsburgh results, the Mayo Clinic developed a protocol
of strict recipient selection and neoadjuvant chemoirradiation for CCA[37], which produced a very positive outcome and was subsequently adopted by the University of
Nebraska[38]. These results suggested that CCA was no
longer be an absolute contraindication for LT. A metaanalysis was conducted on 605 patients who underwent
LT for CCA in 14 American and European centers (from
1997 to 2009), which showed that although the overall 5-year survival was 39%, the subgroup of patients
treated with adjuvant chemoirradiation reached a 5-year
survival of 57%[39].
These data were confirmed in a recent review that
summarized the results of LT for CCA comparing the
survival rates of studies performed before and after the
development of the “Mayo protocol”[40]. The 5-year survival was 17%-35% in the early years (1987-2002) while
it ranged from 21% to 82% in recent years (2004-2012).
Five-year survival rates were 71%-82% when considering only studies in which the recipients were treated with
neo-adjuvant therapy.
The neo-adjuvant treatment scheme first described
by the Mayo Clinic consists of extended beam radiation
(4500 cGy/d for 15 d) and protracted intra-venous infusion of 5-FU (225 mg/m2 per day). Biliary brachytherapy
will then deliver 2000 cGy and finally oral capecitabine
(1000 mg/m2 per die 2 out of every 3 wk) is administered until LT. A staging laparotomy is performed before
LT to rule out the presence of intra or extrahepatic metastases and lymph node metastases. The timing of this
procedure is still debated[41].
Both intra- and extrahepatic CCA could represent indications for LT when resective surgery is not an option
because of underlying liver disease (primary sclerosing
cholangitis; PSC) or anatomically unresectable lesions.
In these cases, LT could offer better results than palliative therapy if the following conditions are respected:
(1) the radial diameter of the intrahepatic mass is under
3 cm; and (2) staging laparotomy is performed and no
extrahepatic or lymph node metastases are detected[42].
LT has several advantages over liver resection because it allows a potential complete resection when the
anatomical location of the lesion would not allow a radical resection. Patients with underlying disease (as PSC)
would particularly benefit from transplantation because
they may not tolerate a hepatic resection because of reduced hepatic functional reserve.
Although encouraging long-term results have been
obtained, some problems have been raised that need to
be addressed before this disease can become a routine
indication for LT.
The first issue is the high drop-out rate, which was
shown to be associated with tumor characteristics, such
as elevated CA 19.9, radial diameter of the mass > 3
cm and malignant cytology or histology, as well as with
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LT for Liver Metastases
LT for hepatic metastases has been mainly proposed for
unresectable neuroendocrine liver tumors (NET)[48]. The
main debate about the adoption of LT in the treatment
of unresectable metastases from NET is that the real
survival benefit of LT over other therapies is unknown,
and the emergence of new alternative medical treatment
options means that a current comparative analysis is
needed. Moreover, the relative rarity of the disease accounts for the small number of patients in each center.
Recently, a multicenter study collected data from 35
transplantation centers in 11 European countries for
a total of 213 patients operated on between 1982 and
2009[49]. This study reported a satisfactory 5-year survival
rate of over 50%, although this was lower than the previously reported overall survival of 80% with the strict
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criteria adopted by Mazzaferro[50].
These results, and those from other retrospective
studies with fewer patients, established that LT may be
performed when[51-53]: (1) the disease is limited to the
liver or the primary tumor is detected and removed (the
primary tumor should be removed before LT, but an
unknown primary tumor is not an absolute contraindication for LT); (2) well differentiated tumors, measured
with a Ki < 10%; (3) no major extrahepatic resection required; and (4) a follow up time of at least 1-2 years between diagnosis and LT, to assess the biological behavior
of the disease.
Additionally, it has been suggested that LT should be
an option when other medical treatments are not tolerated or are no longer not effective. This opportunity is
supported by evidence that the interval from LM discovery to LT is not associated with a decreased overall
survival.
LT for metastases other than NET remains an issue
of debate, despite interesting data from recent series.
Liver metastases from colorectal cancer currently represent an absolute contraindication for LT because such
cases of transplantation from the early 90s reported
5-year survivals of less than 20%. However, some recent
advances have been made in terms of improved selection of potential candidates thanks to more sophisticated radiological diagnosis and the use of immunosuppresants, such as mTOR inhibitors, which can help to limit
recurrence. Recently, a prospective study described the
outcome of 21 LTs for unresectable LM from colorectal
cancer performed between 2006 and 2011[54]. The overall
survival at 5 years was 60%, and the major prognostic
factors were maximal tumor diameter over 5.5 cm, less
than 2 years from surgery of the primary cancer, CEA
levels over 80 mcg/L and the presence of progressive
disease at the time of LT. It was observed that having
more than two negative prognostic factors was associated with a significantly worse outcome. Although the
recurrence rate was almost universal after LT, the overall
survival was much better than any other treatment option, even when considering resectable LM[55]. The study
was performed in Norway, where the need for organs is
largely covered by donations; however, the international
community needs to verify these results on a much larger
sample size to determine if a substantial benefit would
derive from LT for this kind of malignancy and to establish inclusion criteria for the potential recipients.

ing 5-year survival exceeding 75% for children suffering
from hepatoblastoma, with a recurrence rate up to 16%.
It appeared that it was associated with clinical features
as well as with technical aspects; however, the conclusion was that improved survival could be obtained if
thorough radiological screening was performed and an
adequate chemotherapeutic protocol was applied[57].
Hepatic hemangioendothelioma is also a rare malignancy derived from endothelial cells, which often presents as multifocal disease (in 81% of patients) or with
extrahepatic metastases[58]. It has an intermediate prognosis between benign hemangioma and malignant angiosarcoma, with a survival rate of less than 50% without
therapy[59].
Tumor resection is the gold standard treatment because poor results have been reported with chemotherapy or radiotherapy; however, hepatic resection is not
indicated if the tumor cannot be completely removed
because of the aggressive biological behavior of this
disease. The multifocality of the disease makes a curative
resection very rarely possible[59]; therefore, LT becomes
an attractive and effective option. Despite the limited
experience of LT in this field caused by the rarity of the
disease, good outcomes are reported, with a 5-year survival ranging from 53% to 80%, even when vascular and
hilar lymph node involvement was present[60]. The main
challenge concerning hemangioendothelioma remains
the differential diagnosis with hemangiosarcoma, which
is particularly important considering the poor outcome
related to the latter disease. A recent series from the European Liver Transplant Registry reported an overall survival of about 7 mo after liver transplantation for hemangiosarcoma, making this disease an absolute contraindication for liver transplantation[61]. The immunostaining
analysis, together with a 6 mo waiting list observation
period, could help in detecting true hemangioendothelioma and avoid unnecessary transplantation. Moreover,
an adjuvant protocol of anti-angiogenic chemotherapy
could be suggested, considering the vascular nature and
the frequent extrahepatic spread of this disease[59].

REFERENCES
1

2

LT FOR RARE LIVER TUMORS
Hepatoblastoma represents the most frequent hepatic
primary tumor in children, with a growing incidence in
the last decades[56]. Unfortunately, this disease often presents at diagnosis with a diffuse pattern for which surgical
resection is not possible; in these cases LT is the only
option.
A recent review from the data of LT performed in
United States between 1988 and 2010 revealed a satisfy-

WJG|www.wjgnet.com

3
4

5

5349

Starzl TE. The saga of liver replacement, with particular
reference to the reciprocal influence of liver and kidney
transplantation (1955-1967). J Am Coll Surg 2002; 195: 587-610
[PMID: 12437245 DOI: 10.1016/S1072-7515(02)01498-9]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]
United Network for Organ Sharing. Available from: URL:
http://www.unos.org
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269
DOI: 10.1002/ijc.25516]
Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma incidence, mortality, and survival trends in
the United States from 1975 to 2005. J Clin Oncol 2009; 27:

May 14, 2014|Volume 20|Issue 18|

Ravaioli M et al . Treatment of liver tumors with transplantation

6
7
8

9

10

11

12

13

14
15

16

17

18

1485-1491 [PMID: 19224838 DOI: 10.1200/JCO.2008.20.7753]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging classification. Semin Liver Dis 1999;
19: 329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/
S0140-6736(11)61347-0]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc
JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz
M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz
JF, Borbath I, Häussinger D, Giannaris T, Shan M, Moscovici
M, Voliotis D, Bruix J. Sorafenib in advanced hepatocellular
carcinoma. N Engl J Med 2008; 359: 378-390 [PMID: 18650514
DOI: 10.1056/NEJMoa0708857]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo
R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang
J, Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase
III randomised, double-blind, placebo-controlled trial.
Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI: 10.1016/
S1470-2045(08)70285-7]
Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, Kremers W, Lake J, Howard T, Merion RM, Wolfe
RA, Krom R. Model for end-stage liver disease (MELD) and
allocation of donor livers. Gastroenterology 2003; 124: 91-96
[PMID: 12512033 DOI: 10.1053/gast.2003.50016]
Sharma P, Balan V, Hernandez JL, Harper AM, Edwards EB,
Rodriguez-Luna H, Byrne T, Vargas HE, Mulligan D, Rakela
J, Wiesner RH. Liver transplantation for hepatocellular carcinoma: the MELD impact. Liver Transpl 2004; 10: 36-41 [PMID:
14755775]
Ravaioli M, Grazi GL, Ballardini G, Cavrini G, Ercolani G, Cescon M, Zanello M, Cucchetti A, Tuci F, Del Gaudio M, Varotti
G, Vetrone G, Trevisani F, Bolondi L, Pinna AD. “Liver transplantation with the Meld system: a prospective study from a
single European center.” Am J Transplant 2006; 6: 1572-1577
[PMID:16827857 DOI: 10.1111/j.1600-6143.2006.01354.x]
Ravaioli M, Grazi GL, Ercolani G, Cescon M, Del Gaudio M,
Zanello M, Ballardini G, Varotti G, Vetrone G, Tuci F, Lauro
A, Ramacciato G, Pinna AD. Liver allocation for hepatocellular carcinoma: a European Center policy in the pre-MELD
era. Transplantation 2006; 81: 525-530 [PMID: 16495798 DOI:
10.1097/01.tp.0000198741.39637.44]
Roayaie K, Feng S. Allocation policy for hepatocellular carcinoma in the MELD era: room for improvement? Liver Transpl
2007; 13: S36-S43 [PMID: 17969067 DOI: 10.1002/lt.21329]
Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook
A, Ascher NL, Roberts JP. Liver transplantation for hepatocellular carcinoma: expansion of the tumor size limits does
not adversely impact survival. Hepatology 2001; 33: 1394-1403
[PMID: 11391528 DOI: 10.1053/jhep.2001.24563]
Duffy JP, Vardanian A, Benjamin E, Watson M, Farmer
DG, Ghobrial RM, Lipshutz G, Yersiz H, Lu DS, Lassman C,
Tong MJ, Hiatt JR, Busuttil RW. Liver transplantation criteria
for hepatocellular carcinoma should be expanded: a 22-year
experience with 467 patients at UCLA. Ann Surg 2007; 246:
502-509; discussion 509-511 [PMID: 17717454 DOI: 10.1097/
SLA.0b013e318148c704]
Ravaioli M, Grazi GL, Piscaglia F, Trevisani F, Cescon M, Ercolani G, Vivarelli M, Golfieri R, D’Errico Grigioni A, Panzini I,
Morelli C, Bernardi M, Bolondi L, Pinna AD. Liver transplantation for hepatocellular carcinoma: results of down-staging
in patients initially outside the Milan selection criteria. Am J
Transplant 2008; 8: 2547-2557 [PMID: 19032223 DOI: 10.1111/
j.1600-6143.2008.02409.x]
Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass NM, Feng
S, Peters M, Terrault N, Freise CE, Ascher NL, Roberts JP.
Excellent outcome following down-staging of hepatocellular
carcinoma prior to liver transplantation: an intention-to-treat

WJG|www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

31

5350

analysis. Hepatology 2008; 48: 819-827 [PMID: 18688876 DOI:
10.1002/hep.22412]
Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B,
Perrier A. Recommendations for liver transplantation for
hepatocellular carcinoma: an international consensus conference report. Lancet Oncol 2012; 13: e11-e22 [PMID: 22047762
DOI: 10.1016/S1470-2045(11)70175-9]
Oliveri RS, Wetterslev J, Gluud C. Transarterial (chemo) embolisation for unresectable hepatocellular carcinoma. Cochrane
Database Syst Rev 2011; (3): CD004787 [PMID: 21412886 DOI:
10.1002/14651858.CD004787.pub2]
Ni JY, Liu SS, Xu LF, Sun HL, Chen YT. Meta-analysis of
radiofrequency ablation in combination with transarterial chemoembolization for hepatocellular carcinoma. World J Gastroenterol 2013; 19: 3872-3882 [PMID: 23840128 DOI: 10.3748/wjg.
v19.i24.3872]
Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani L, Camerini T, Roayaie S, Schwartz ME, Grazi GL, Adam
R, Neuhaus P, Salizzoni M, Bruix J, Forner A, De Carlis L,
Cillo U, Burroughs AK, Troisi R, Rossi M, Gerunda GE, Lerut J,
Belghiti J, Boin I, Gugenheim J, Rochling F, Van Hoek B, Majno P. Predicting survival after liver transplantation in patients
with hepatocellular carcinoma beyond the Milan criteria:
a retrospective, exploratory analysis. Lancet Oncol 2009; 10:
35-43 [PMID: 19058754 DOI: 10.1016/S1470-2045(08)70284-5]
Cescon M, Colecchia A, Cucchetti A, Peri E, Montrone L,
Ercolani G, Festi D, Pinna AD. Value of transient elastography measured with FibroScan in predicting the outcome
of hepatic resection for hepatocellular carcinoma. Ann Surg
2012; 256: 706-712; discussion 712-713 [PMID: 23095613 DOI:
10.1097/SLA.0b013e3182724ce8]
Cucchetti A, Ercolani G, Vivarelli M, Cescon M, Ravaioli M, Ramacciato G, Grazi GL, Pinna AD. “Is portal hypertension a contraindication to hepatic resection?” Ann Surg 2009; 250: 922-928
[PMID: 19855258 DOI: 10.1097/SLA.0b013e3181b977a5]
Del Gaudio M, Ercolani G, Ravaioli M, Cescon M, Lauro A, Vivarelli M, Zanello M, Cucchetti A, Vetrone G, Tuci F, Ramacciato G, Grazi GL, Pinna AD. Liver transplantation for recurrent
hepatocellular carcinoma on cirrhosis after liver resection: University of Bologna experience. Am J Transplant 2008; 8: 1177-1185
[PMID: 18444925 DOI: 10.1111/j.1600-6143.2008.02229.x]
Cucchetti A, Vitale A, Del Gaudio M, Ravaioli M, Ercolani
G, Cescon M, Zanello M, Morelli MC, Cillo U, Grazi GL,
Pinna AD. Harm and benefits of primary liver resection and
salvage transplantation for hepatocellular carcinoma. Am J
Transplant 2010; 10: 619-627 [PMID: 20121741 DOI: 10.1111/
j.1600-6143.2009.02984.x]
Fuks D, Dokmak S, Paradis V, Diouf M, Durand F, Belghiti
J. Benefit of initial resection of hepatocellular carcinoma
followed by transplantation in case of recurrence: an intention-to-treat analysis. Hepatology 2012; 55: 132-140 [PMID:
21932387 DOI: 10.1002/hep.24680]
Fisher RA, Kulik LM, Freise CE, Lok AS, Shearon TH, Brown
RS, Ghobrial RM, Fair JH, Olthoff KM, Kam I, Berg CL.
Hepatocellular carcinoma recurrence and death following living and deceased donor liver transplantation. Am J
Transplant 2007; 7: 1601-1608 [PMID: 17511683 DOI: 10.1111/
j.1600-6143.2007.01802.x]
Hwang S, Lee SG, Joh JW, Suh KS, Kim DG. Liver transplantation for adult patients with hepatocellular carcinoma in
Korea: comparison between cadaveric donor and living donor liver transplantations. Liver Transpl 2005; 11: 1265-1272
[PMID: 16184545 DOI: 10.1002/lt.20549]
Vakili K, Pomposelli JJ, Cheah YL, Akoad M, Lewis WD,
Khettry U, Gordon F, Khwaja K, Jenkins R, Pomfret EA. Living donor liver transplantation for hepatocellular carcinoma:
Increased recurrence but improved survival. Liver Transpl
2009; 15: 1861-1866 [PMID: 19938113 DOI: 10.1002/lt.21940]
Olthoff KM, Merion RM, Ghobrial RM, Abecassis MM,
Fair JH, Fisher RA, Freise CE, Kam I, Pruett TL, Everhart JE,

May 14, 2014|Volume 20|Issue 18|

Ravaioli M et al . Treatment of liver tumors with transplantation

32

33

34

35

36

37

38

39

40
41
42
43

44

45

Hulbert-Shearon TE, Gillespie BW, Emond JC. Outcomes of
385 adult-to-adult living donor liver transplant recipients:
a report from the A2ALL Consortium. Ann Surg 2005; 242:
314-323, discussion 323-325 [PMID: 16135918]
Pichlmayr R, Weimann A, Klempnauer J, Oldhafer KJ, Maschek H, Tusch G, Ringe B. Surgical treatment in proximal
bile duct cancer. A single-center experience. Ann Surg 1996;
224: 628-638 [PMID: 8916878 DOI: 10.1097/00000658-1996110
00-00007]
Becker NS, Rodriguez JA, Barshes NR, O’Mahony CA, Goss
JA, Aloia TA. Outcomes analysis for 280 patients with cholangiocarcinoma treated with liver transplantation over an
18-year period. J Gastrointest Surg 2008; 12: 117-122 [PMID:
17963015 DOI: 10.1007/s11605-007-0335-4]
Robles R, Figueras J, Turrión VS, Margarit C, Moya A, Varo
E, Calleja J, Valdivieso A, Valdecasas JC, López P, Gómez M,
de Vicente E, Loinaz C, Santoyo J, Fleitas M, Bernardos A,
Lladó L, Ramírez P, Bueno FS, Jaurrieta E, Parrilla P. Spanish
experience in liver transplantation for hilar and peripheral
cholangiocarcinoma. Ann Surg 2004; 239: 265-271 [PMID:
14745336 DOI: 10.1097/01.sla.0000108702.45715.81]
Urego M, Flickinger JC, Carr BI. Radiotherapy and multimodality management of cholangiocarcinoma. Int J Radiat Oncol
Biol Phys 1999; 44: 121-126 [PMID: 10219804 DOI: 10.1016/
S0360-3016(98)00509-4]
Iwatsuki S, Todo S, Marsh JW, Madariaga JR, Lee RG, Dvorchik I, Fung JJ, Starzl TE. Treatment of hilar cholangiocarcinoma (Klatskin tumors) with hepatic resection or transplantation. J Am Coll Surg 1998; 187: 358-364 [PMID: 9783781
DOI: 10.1016/S1072-7515(98)00207-5]
De Vreede I, Steers JL, Burch PA, Rosen CB, Gunderson LL,
Haddock MG, Burgart L, Gores GJ. Prolonged disease-free
survival after orthotopic liver transplantation plus adjuvant
chemoirradiation for cholangiocarcinoma. Liver Transpl 2000;
6: 309-316 [PMID: 10827231]
Sudan D, DeRoover A, Chinnakotla S, Fox I, Shaw B, McCashland T, Sorrell M, Tempero M, Langnas A. Radiochemotherapy and transplantation allow long-term survival for nonresectable hilar cholangiocarcinoma. Am J Transplant 2002; 2: 774-779
[PMID: 12243499 DOI: 10.1034/j.1600-6143.2002.20812.x]
Gu J, Bai J, Shi X, Zhou J, Qiu Y, Wu Y, Jiang C, Sun X, Xu F,
Zhang Y, Ding Y. Efficacy and safety of liver transplantation
in patients with cholangiocarcinoma: a systematic review
and meta-analysis. Int J Cancer 2012; 130: 2155-2163 [PMID:
21387295 DOI: 10.1002/ijc.26019]
Schmeding M, Neumann UP. Liver transplantation for intra- and extrahepatic cholangiocarcinoma. Ann Transplant
2013; 18: 1-8 [PMID: 23792495 DOI: 10.12659/AOT.883789]
Gores GJ, Darwish Murad S, Heimbach JK, Rosen CB. Liver
transplantation for perihilar cholangiocarcinoma. Dig Dis
2013; 31: 126-129 [PMID: 23797134 DOI: 10.1159/000347207]
Gores GJ, Nagorney DM, Rosen CB. Cholangiocarcinoma:
is transplantation an option? For whom? J Hepatol 2007; 47:
455-459 [PMID: 17697722 DOI: 10.1016/j.jhep.2007.07.003]
Darwish Murad S, Kim WR, Therneau T, Gores GJ, Rosen
CB, Martenson JA, Alberts SR, Heimbach JK. Predictors of
pretransplant dropout and posttransplant recurrence in patients with perihilar cholangiocarcinoma. Hepatology 2012;
56: 972-981 [PMID: 22290335 DOI: 10.1002/hep.25629]
Darwish Murad S, Kim WR, Harnois DM, Douglas DD, Burton
J, Kulik LM, Botha JF, Mezrich JD, Chapman WC, Schwartz
JJ, Hong JC, Emond JC, Jeon H, Rosen CB, Gores GJ, Heimbach JK. Efficacy of neoadjuvant chemoradiation, followed
by liver transplantation, for perihilar cholangiocarcinoma at
12 US centers. Gastroenterology 2012; 143: 88-98.e3; quiz e14
[PMID: 22504095 DOI: 10.1053/j.gastro.2012.04.008]
Rea DJ, Heimbach JK, Rosen CB, Haddock MG, Alberts SR,
Kremers WK, Gores GJ, Nagorney DM. Liver transplantation with neoadjuvant chemoradiation is more effective
than resection for hilar cholangiocarcinoma. Ann Surg 2005;

WJG|www.wjgnet.com

46

47

48

49

50

51

52

53

54

55
56
57

58

5351

242: 451-458; discussion 458-461 [PMID: 16135931 DOI:
10.1097/01.sla.0000179678.13285.fa]
Lee SG, Song GW, Hwang S, Ha TY, Moon DB, Jung DH,
Kim KH, Ahn CS, Kim MH, Lee SK, Sung KB, Ko GY. Surgical treatment of hilar cholangiocarcinoma in the new era: the
Asan experience. J Hepatobiliary Pancreat Sci 2010; 17: 476-489
[PMID: 19851704 DOI: 10.1007/s00534-009-0204-5]
Aoba T, Ebata T, Yokoyama Y, Igami T, Sugawara G, Takahashi Y, Nimura Y, Nagino M. Assessment of nodal status
for perihilar cholangiocarcinoma: location, number, or ratio of involved nodes. Ann Surg 2013; 257: 718-725 [PMID:
23407295 DOI: 10.1097/SLA.0b013e3182822277]
Pavel M, Baudin E, Couvelard A, Krenning E, Öberg K,
Steinmüller T, Anlauf M, Wiedenmann B, Salazar R. ENETS
Consensus Guidelines for the management of patients with
liver and other distant metastases from neuroendocrine neoplasms of foregut, midgut, hindgut, and unknown primary.
Neuroendocrinology 2012; 95: 157-176 [PMID: 22262022 DOI:
10.1159/000335597]
Le Treut YP, Grégoire E, Klempnauer J, Belghiti J, Jouve
E, Lerut J, Castaing D, Soubrane O, Boillot O, Mantion G,
Homayounfar K, Bustamante M, Azoulay D, Wolf P, Krawczyk M, Pascher A, Suc B, Chiche L, de Urbina JO, Mejzlik
V, Pascual M, Lodge JP, Gruttadauria S, Paye F, Pruvot FR,
Thorban S, Foss A, Adam R. Liver transplantation for neuroendocrine tumors in Europe-results and trends in patient selection: a 213-case European liver transplant registry study.
Ann Surg 2013; 257: 807-815 [PMID: 23532105 DOI: 10.1097/
SLA.0b013e31828ee17c]
Mazzaferro V, Pulvirenti A, Coppa J. Neuroendocrine tumors metastatic to the liver: how to select patients for liver
transplantation? J Hepatol 2007; 47: 460-466 [PMID: 17697723
DOI: 10.1016/j.jhep.2007.07.004]
Le Treut YP, Grégoire E, Belghiti J, Boillot O, Soubrane O,
Mantion G, Cherqui D, Castaing D, Ruszniewski P, Wolf
P, Paye F, Salame E, Muscari F, Pruvot FR, Baulieux J. Predictors of long-term survival after liver transplantation for
metastatic endocrine tumors: an 85-case French multicentric
report. Am J Transplant 2008; 8: 1205-1213 [PMID: 18444921
DOI: 10.1111/j.1600-6143.2008.02233.x]
Gedaly R, Daily MF, Davenport D, McHugh PP, Koch A,
Angulo P, Hundley JC. Liver transplantation for the treatment of liver metastases from neuroendocrine tumors: an
analysis of the UNOS database. Arch Surg 2011; 146: 953-958
[PMID: 21844436 DOI: 10.1001/archsurg.2011.186]
Nguyen NT, Harring TR, Goss JA, O’Mahony CA. Neuroendocrine Liver Metastases and Orthotopic Liver Transplantation: The US Experience. Int J Hepatol 2011; 2011: 742890
[PMID: 22254141 DOI: 10.4061/2011/742890]
Hagness M, Foss A, Line PD, Scholz T, Jørgensen PF, Fosby
B, Boberg KM, Mathisen O, Gladhaug IP, Egge TS, Solberg S, Hausken J, Dueland S. Liver transplantation for
nonresectable liver metastases from colorectal cancer. Ann
Surg 2013; 257: 800-806 [PMID: 23360920 DOI: 10.1097/
SLA.0b013e3182823957]
Primrose JN. Surgery for colorectal liver metastases. Br J
Cancer 2010; 102: 1313-1318 [PMID: 20424612 DOI: 10.1038/
sj.bjc.6605659]
Spector LG, Birch J. The epidemiology of hepatoblastoma.
Pediatr Blood Cancer 2012; 59: 776-779 [PMID: 22692949 DOI:
10.1002/pbc.24215]
Cruz RJ, Ranganathan S, Mazariegos G, Soltys K, Nayyar
N, Sun Q, Bond G, Shaw PH, Haberman K, Krishnamurti L,
Marsh JW, Humar A, Sindhi R. Analysis of national and single-center incidence and survival after liver transplantation
for hepatoblastoma: new trends and future opportunities.
Surgery 2013; 153: 150-159 [PMID: 23331862 DOI: 10.1016/
j.surg.2012.11.006]
Mehrabi A, Kashfi A, Fonouni H, Schemmer P, Schmied
BM, Hallscheidt P, Schirmacher P, Weitz J, Friess H, Buchler

May 14, 2014|Volume 20|Issue 18|

Ravaioli M et al . Treatment of liver tumors with transplantation

59
60

MW, Schmidt J. Primary malignant hepatic epithelioid hemangioendothelioma: a comprehensive review of the literature with emphasis on the surgical therapy. Cancer 2006; 107:
2108-2121 [PMID: 17019735 DOI: 10.1002/cncr.22225]
Ercolani G, Grazi GL, Pinna AD. Liver transplantation for
benign hepatic tumors: a systematic review. Dig Surg 2010;
27: 68-75 [PMID: 20357454 DOI: 10.1159/000268628]
Grossman EJ, Millis JM. Liver transplantation for non-hepatocellular carcinoma malignancy: Indications, limitations,

61

and analysis of the current literature. Liver Transpl 2010; 16:
930-942 [PMID: 20677284 DOI: 10.1002/lt.22106]
Orlando G, Adam R, Mirza D, Soderdahl G, Porte RJ, Paul
A, Burroughs AK, Seiler CA, Colledan M, Graziadei I, Garcia
Valdecasas JC, Pruvot FR, Karam V, Lerut J. Hepatic hemangiosarcoma: an absolute contraindication to liver transplantation--the European Liver Transplant Registry experience.
Transplantation 2013; 95: 872-877 [PMID: 23354302 DOI:
10.1097/TP.0b013e318281b902]
P- Reviewers: Gong NQ, Tashiro H
S- Editor: Ma YJ L- Editor: Stewart G E- Editor: Liu XM

WJG|www.wjgnet.com

5352

May 14, 2014|Volume 20|Issue 18|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i18.5353

World J Gastroenterol 2014 May 14; 20(18): 5353-5362
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (7): Liver transplant

Pros and cons of liver transplantation in human
immunodeficiency virus infected recipients
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Andrea Risaliti
stable infection and ESLD. Available data presently
supports with good evidence the practice of LT in the
HIV-positive population. Thus, the issue is no longer
“whether it is correct to transplant HIV-infected patients”, but “who are the patients who can be safely
transplanted” and “when is the best time to perform
LT”. Indeed, the benefits of LT in HIV-infected patients,
especially in terms of mid- and long-term patient and
graft survivals, are strictly related to the patients’ selection and to the correct timing for transplantation,
especially when hepatitis C virus coinfection is present.
Aim of this article is to review the pros and cons of LT
in the cohort of HIV infected recipients.
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Core tip: This article reviews the most recent literature in the field of liver transplantation in human immunodeficiency virus (HIV) positive recipients with
special focus on hepatitis C virus/HIV coinfection and
hepatocellular carcinoma in HIV recipients. This field of
research is one of the most intriguing up to now since
end-stage liver disease has become the first cause of
death in HIV patients and the request for liver transplantation in this subgroup of HIV positive patients is
going to increase over time.

Abstract
Before the introduction of combined highly antiretroviral therapy, a positive human immunodeficiency
virus (HIV) serological status represented an absolute contraindication for solid organ transplant (SOT).
The advent of highly effective combined antiretroviral
therapy in 1996 largely contributed to the increased
demand for SOT in HIV-positive individuals due to increased patients’ life expectancy associated with the
increasing prevalence of end-stage liver disease (ESLD).
Nowadays, liver failure represents a frequent cause
of mortality in the HIV-infected population mainly due
to coinfection with hepatitis viruses sharing the same
way of transmission. Thus, liver transplantation (LT)
represents a reasonable approach in HIV patients with
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et al[15] identified, besides HCV-HIV coinfection, specific
HIV-related factors (i.e., post-LT C-ART tolerance and
CD4 T-cell absolute number) as predictors of mortality
in LT at univariate analysis. Overall, inclusion criteria regarding liver status are identical in HIV-positive and HIVnegative patients. No heroin or cocaine abuse has to be
documented in the past two years and absence of alcohol
abuse for at least six months is necessary for inclusion in
the transplant waiting list. OI that are still active or not
controlled by therapy (i.e., progressive multifocal leukoencephalopathy, chronic intestinal cryptosporidiosis),
neoplasms for which an adequate disease-free period has
not been documented, chronic wasting syndrome, and
severe malnutrition represent contraindications for SOT.
A stable (for more than six months) absolute number of
CD4 T cell above 200 cells/mmc and an undetectable
viral load are required if the patient is on C-ART and
has had a previous history of OI (i.e., adequately treated
tuberculosis, candidiasis, pneumocystosis). Exceptions
are represented by patients who present lower absolute
CD4 T cell count (i.e., between 100 and 200 cells/mmc,
potentially related to hypersplenism) but have no history
of OI, or patients who cannot receive antiretrovirals due
to severe liver impairment. In the latter case, previous
documentation of therapeutic efficacy and/or genotypic
or phenotypic tests documenting the availability of an
effective C-ART that can achieve undetectable viral load
is required. In all cases, proof of strict compliance to the
prescribed therapy and to the post-LT follow up have to
be documented. Selection criteria for LT in HIV-positive
recipients are summarized in Table 1. Most Centers refer
to the criteria set by the American Society of Transplantation (AST), although slightly differences in the inclusion
criteria have been reported between the United States and
across Europe[16]. For example, a one-year OI free is required in Italy in case of previous OI, while in the United
Kingdom the absence of OI after the introduction of an
effective C-ART has to be documented[17,18].

CHANGE IN THE EPIDEMIOLOGY OF
HIV-INFECTION IN THE COMBINED
ANTIRETROVIRAL THERAPY ERA
Before the introduction of combined antiretroviral therapy (C-ART), a positive human immunodeficiency virus
(HIV) serological status represented an absolute contraindication for solid organ transplant (SOT)[1-3]. The advent
of highly effective C-ART in 1996 largely contributed to
the increased demand for SOT in HIV-positive individuals due to increased patients’ life expectancy[4-7] associated
with the increasing prevalence of end-stage liver (ESLD)
and renal diseases (ESRD)[8-10]. Before C-ART, factors
endangering a positive outcome for SOT in HIV-positive
recipients included the high immunosuppression (i.e.,
combination of low absolute CD4 T cell count and posttransplant immunosuppressants), reduced life expectancy,
and the occurrence of life-threatening opportunistic infections (OI). Studies from the past decade have shown
that HIV-infected patients with T lymphocyte reconstitution on stable C-ART have mortality rates similar to the
general population and rare occurrence of neoplasms
and OI[3,6]. Nevertheless, HIV infection in the form of a
chronic illness with increased life expectancy in association with a prolonged use of potentially toxic drugs can
lead, with time, to organ deterioration. Nowadays, hepatic
and renal failures represent frequent causes of morbidity
in the HIV-infected population. Thus, SOT represents a
reasonable approach in HIV patients with stable infection and end-stage organ disease. Among SOT, kidney
transplantation proved to be a valid therapeutic approach
in HIV-infected patients, displaying higher survival rates
compared to patients remaining on dialysis[11,12]. A recent
prospective study encompassing 150 kidney-transplant
(KT) recipients in an HIV cohort reported survival rates
of 94.6% and 88.2% at one and 3 years post-transplantation, respectively[12]. Although simultaneous pancreaskidney transplant (SPK) represents the only proven longterm therapeutic approach for diabetic patients having
progressed to ESRD, the incidence of surgical complications remains high and represents a major limiting factor
to endorsement in HIV-positive recipients, and only few
cases have been reported in literature[13]. Nowadays, liver
transplant (LT) still poses a few challenges for HIV recipients, showing high mortality rates among HIV/hepatitis C virus (HCV) coinfected patients[14]. Limited data is
available for lung and heart transplants in HIV-positive
recipients; in these instances, a careful patient selection
and follow-up are mandatory.

Timing of liver transplantation and graft availability
Once established that a number of HIV-infected patients
can afford LT with a reasonably high expected benefit
on survival, the next challenge is to determine the best
timing of the procedure. In preliminary studies, Ragni et
al[15] demonstrated significantly shorter pre-transplantation survival, mainly due to infections, in HIV-infected
patients listed for liver transplantation when compared
with HIV-negative patients, despite equivalent MELD
scores at the time of listing. In another study, Stock et
al[19] reported that MELD score did not accurately predict
survival of HIV/HCV coinfected patients on waiting list
for LT. Moreover, survival rates of HIV-infected patients
with decompensated cirrhosis are significantly shorter
than in HIV-negative patients. Pineda et al[20] demonstrated in a multicentre Spanish case-control study that the
outcome of cirrhosis after the first decompensation in
HIV/HCV coinfected patients is much worse than that
observed in the monoinfected HCV-positive population.
Specifically, survival rates at 1, 2, and 5 years for HIV/

Inclusion Criteria for liver
transplantation in HIV-positive
patients
Immunovirological parameters and choice of post-LT
C-ART are important elements to screen and monitor
in HIV-positive patients candidate to receive LT. Ragni
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ing donor liver grafts (usually right lobe donors). Clearly,
the major advantage of providing a donor liver at a
lower MELD score to the HIV-positive recipient must
be weighted against the morbidity to the living donor as
well as the increased risk of biliary tract complications
and hepatic artery thrombosis in the recipient[23]. In addition to the informed consent regarding the rates of
morbidity and mortality associated with donating a right
lobe, the donor should be informed of the current outcomes in HIV-coinfected patients; (2) Utilization of high
risk donors (i.e., negative at HIV antibody testing but
potentially within the window period between infection
and seroconversion due to high behavioral risks[24]). As
the availability of serologically negative, high-infectiousrisk donors has decreased, there have been extensive
discussions regarding the potential use of HIV-positive
deceased donors for HIV-positive recipients. Results
from a limited cohort of HIV-positive kidney donors
seemed promising[25]; the cautious use of HIV-positive
deceased donors whose immunological, virological, and
C-ART history has been documented would be a potential alternative source of deceased liver donors; and (3)
Utilization of deceased donor organs considered to be at
a higher risk for early allograft dysfunction, such as older
donors, liver donors with significant macrovescicular
fat, and non-heart-beating donors. However, the use of
this category of so called “extended criteria” donors for
HIV-infected recipients may be hampered by a higher
risk of early or late graft loss especially in HIV/HCV
coinfected patients. The poorer outcomes with extended
criteria donors undoubtedly reflect the management
complexities following transplantation in the coinfected
recipients and their relative inability to tolerate the insult
of early graft dysfunction[26].
In conclusion, due to the extremely high mortality
rates in HIV-coinfected patients after their first liver
disease clinical decompensation, only a small percentage of HIV-infected patients can be actually considered
adequate candidates for LT. Furthermore, for the few
patients accepted for LT, a high mortality rate on the
waiting list reduces the probability of receiving a transplant[22]. These findings highlight the importance of early
referral along with multidisciplinary care to expand the
number of HIV-positive patients with end-stage liver
disease who could be candidates for successful LT and
minimize the number of deaths on the waiting lists.
Moreover, in an era of donor’s organs shortage pursuing
alternative sources of livers, such as living donation and
extended criteria or high risk donors, might be encouraged in order to expand the possibility of liver transplantation in HIV infected patients without hampering nonHIV candidates.

Table 1 Inclusion criteria for liver transplantation in human
immunodeficiency virus - positive patients
Absolute CD4 T cell count above 200 cells/mmc, Progressive multifocal
if history of opportunistic infections or AIDSleukoencephalopathy,
defining malignancies
chronic intestinal
cryptosporidiosis (> 1
mo duration)
Absolute CD4 T cell count above 100 cells/
Lymphoma or other
mmc if absence of previous documented
neoplasms, unless an
opportunistic infections
adequate disease-free
period is documented
Undetectable HIV-RNA in blood for patients
on C-ART; if not on C-ART, previous
documentation of efficacious therapy
or genotypic/phenotypic resistance test
documenting available post-LT C-ART options
No active (< 1 yr) opportunistic infections, no
wasting syndrome or severe malnutrition
Compliance to therapies and to follow-up visits
LT: Liver transplantation; C-ART: Combined antiretroviral therapy; HIV:
Human immunodeficiency virus.

HCV co-infected and HCV monoinfected populations
were 54% vs 74%, 40% vs 61%, and 25% vs 44%, respectively. More recently, Duclos-Vallée et al[21] have shown
that a high MELD score (p = 0.03; RR = 1.08; 95%CI) at
the time of transplantation may predict a poor outcome
in HIV-infected LT recipients. Taken together, this data
suggests that HIV-infected patients reaching the minimal
MELD score requested for inclusion on the waiting list
(≥ 15) should be listed and transplanted as soon as possible. Murillas et al[22] showed how the mortality rate for a
given MELD score in HIV-infected patients was similar
to the mortality rate in non-HIV infected patients with
a MELD score that was roughly 10 points higher. Also,
the MELD score correlated with death on the waiting list
for the HIV-infected patients and the absolute value of
the MELD score was associated with significantly poorer
survival rates in comparison with HIV-negative monoinfected patients. In conclusion, the authors suggest that
some prioritization for HIV-positive recipients might be
indicated on the basis of these findings. Although this
data hints that the MELD score in HIV-positive candidate to LT may underestimate the progression of liver
disease, a reconsideration of the MELD scoring system
specific for HIV-positive recipients does not seem feasible taken the shortage of organ donors. Thus, a more
likely strategy to decrease waiting list mortality and improve the chances for getting a liver transplant for HIV/
HCV coinfected recipients would be to pursue alternative
sources of liver donors that would facilitate earlier transplantation. Nevertheless, the importance of early referral
of the HIV/HCV coinfected patient for liver transplant
evaluation remains a cornerstone in the management of
these patients. In the absence of additional MELD points
to obtain liver transplants at the lower “true” MELD
score, the ability to achieve an earlier transplant (at a lower MELD score) can generally be achieved by 3 strategies.
The three strategies including: (1) Utilization of liv-
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Surgical challenges of liver transplantation in hiv
recipients
Surgical liver transplantation techniques in HIV-positive
are not different compared to the procedures undertaken in non-HIV recipients. In some centers, the wide-
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mortality rates in coinfected HIV/HCV patients with
advanced liver disease, an accurate selection of transplant recipients is mandatory. Predictors of mortality in
HIV-infected patients with HCV-related ESLD after the
first hepatic decompensation include a Child-Pugh score
≥ 10, the presence of encephalopathy, a low absolute
CD4 T cell count, and absence of C-ART[33]. Although
excellent results have been reported in monoinfected
HIV patients undergoing LT, mortality in HIV/HCV
patients remains high at 1, 3, and 5 years compared to
monoinfected HCV LT recipients (74%, 61%, and 44%
vs 54%, 40%, and 25%, respectively), mainly due to high
rates of severe HCV post-LT reinfection, including fibrosing cholestatic forms[34]. As summarized in table 2,
Terrault et al[35] confirmed significantly higher rates of
mortality, graft loss, and acute rejection in coinfected
HIV/HCV subjects compared to HCV monoinfected
patients. Overall, Miro et al[14] showed mortality rates
around 55% in 84 HIV/HCV LT recipients at 5 years
post-LT. Terrault et al[35] showed that the subgroup of
HIV/HCV patients with no risk factors (i.e., old age or
HCV-positive donor, low BMI) had mortality rates comparable to controls. Furthermore, HIV/HCV positive
patients displayed rates of severe HCV reinfection at
3 years post-LT similar to monoinfected HCV-positive
recipients. This suggests how HIV/HCV coinfection per
se does not represent an absolute contraindication for
LT; nonetheless, a thorough selection of recipients has
to be made, evaluating attentively all the risk factors that
can lead to an unfavourable outcome. Although further
studies on a large scale are required, risk factors for mortality and graft failure in HIV/HCV recipients of LT
have been identified (Table 3)[14]. Interestingly, among
the risk factors the performance of a limited number
of LT at a transplantation Center represents a risk factor correlated to an increased mortality in HIV-positive
recipients, probably because of a lack of expertise in
managing HIV-positive recipients[14]. Furthermore, the
presence of experts in HIV medicine (i.e., virological
and immunological follow-up, C-ART, drug-to-drug interactions, etc.) and availability of laboratory tests specific
for HIV infection (i.e., HIV-RNA, HCV-RNA, CD4 T
cell count) are mandatory for a correct management of
these patients. Moreno et al[36] demonstrated that the occurrence of previous OI correlated with a high number
of post-LT infections, suggesting that the history of OI
should be carefully investigated during pre-transplant
selection. Due to organ shortage and limited data, liver
re-transplantation has been debated in HIV-positive recipients. A study encompassing 14 re-OLT HIV-positive
recipients from a Spanish cohort (6% retransplantation
rate) showed a survival probability of 42% at 3 years
(compared to 64% among controls, difference not significant). Factors correlated with better outcomes were
HCV-RNA negativity at re-transplant and late (> 30 d
from the first LT) graft failure[37].

Table 2 Factors correlated with mortality and graft loss in
human immunodeficiency virus/hepatitis C virus-positive re[14]
cipients of liver transplantation
Follow-up at 3 yr post-LT
Patient survival (%)
Graft survival (%)
Acute rejection (%)
Severe HCV reinfection (%)

HIV/HIV (89)

HCV (235)

P value

60
53
39
29

79
74
24
23

< 0.001
< 0.001
0.02
0.21

LT: Liver transplantation; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

spread use of these procedures has been hampered by
the surgeons’ fear to get in contact with HIV recipients
contaminated blood. The reasons for a low risk of HIV
transmission from the surgical team are readily available and include routine utilization of sterile surgical
technique and universal precautions. The surgical team
is continually aware of the dangers of transmission of
infections, which is inclusive of, but not limited to, HIV
infection. In addition, we now know that the blood concentration of viral particles in patients who are infected
with HIV is low, especially since the majority of the patients have negative pre-transplant viremia. In the event
of a high-risk exposure during surgical procedures, the
CDC recommends post-exposure antiretroviral chemoprophylaxis. There is statistical evidence that indicates
possible prevention of occupational infection, which
has been observed from hollow needle stick exposures
and has been extrapolated to have potential benefits following solid needle and other percutaneous or mucous
membrane exposures. Surgical practices regarding HIVpositive patients have been summarized in the 2004 Bulletin of the American College of Surgeons[27].

Liver transplantation for HIV/HCV
coinfection
After the introduction of C-ART, a dramatic decrease
in OI and an increase in non-OI diseases have been
registered. Specifically, liver disease currently is the most
common non-AIDS-related cause of death, accounting
for up to 18%[28]. Due to similar risk factors for disease
transmission, HIV infected patients often has HCV
coinfection. Data reports HIV/HCV coinfection rates in
around one third of patients, with rates that can reach up
to 70% in patients progressing to cirrhosis. HIV/HCV
coinfection is known to significantly impact the progression of HCV-related hepatopathy towards cirrhosis, liver
failure, and hepatocellular carcinoma (HCC) [29]. Furthermore, antiretrovirals may contribute to hepatotoxicity along with alcohol consumption and non-alcoholic
steatosis[30,31]. Often, indication to LT in HIV-positive
patients is represented by liver impairment (recurrent
ascites, portosystemic encepalopathy, esophageal varices
rupture) or HCC[32]. Due to severe conditions and high
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Table 3 Factors predictive of mortality and graft failure at multivariate analysis in human immunodeficiency virus/hepatitis C virus
recipients of liver transplantation
HR (95%CI), P value

Mortality
[14,35]

HIV infection
HCV genotype 1[14]
Donor index risk[35]

2.3 (1.3–3.8), 0.0002
2.14 (1.24–3.41), 0.006
3.03 (1.57–5.83), 0.001

Graft loss
[35]

BMI < 21
Donor age by decade[35]
HCV-positive donor[35]
Combined kidney-lT[35]
MELD score[14]
Centers performing < 1 LT/yr[14]
Treated acute rejection1[35]
HIV infection[35]

HR (95%CI), P value
3.2 (1.3–7.7), 0.01
1.3 (1.0–1.6), 0.04
2.5 (1.1–5.6), 0.03
3.8 (1.6–9.1), 0.003
1.06 (1.01–1.11), 0.023
2.82 (1.30–6.94), 0.009
2.0 (1.0–4.0), 0.06
1.9 (1.2–3.1), 0.01

1

In HIV-positive individuals with or without HCV. HCV: Hepatitis C virus; BMI: Body mass index; LT: Liver transplantation; HIV: Human immunodeficiency virus.

with HIV and ESLD is a recent indication and it is still
a matter of debate in case of HCC. Only few studies
reported so far on that issue. The multicenter comparative study by Di Benedetto et al[48] reported 155 patients
with ESLD underwent LT for HCC; among them, 30
patients were HIV-infected. The dropout rate between
the two groups was comparable and it was reported as
26% and 24%, respectively, in HIV infected and -uninfected patients (p = 0.99). In HIV-infected and -uninfected individuals, the HCC recurrence rates were 6.7% (2
out of 30 patients) and 14.4% (18 out of 125 patients),
respectively (P = 0.15). One- and 3-year HCC-diseasefree survival for patients with and without HIV infection
was 100% and 95.2% and 91.4% and 83.6%, respectively
(P = 0.32). Vibert et al[49] compared two population of
HCC patients, one HIV+ and the other HIV-, listed
for LT and reported that because of a higher dropout
rate among HIV+ patients, HIV infection impaired the
results of LT for HCC on an intent-to-treat basis but
had no significant impact on overall survival (OS) and
recurrence free survival (RFS) after LT. Differently from
Vibert et al[49], in our personal series[50] of 13 LT for HCC
in HIV+, we do not have any drop-out and none of
the transplanted patients experienced HCC recurrence
although 23% were outside the Milan criteria but only
7.7.% had microvascular invasion at explants, while in
the French cohort microvascular invasion was present in
50% of cases. Comparison of the results of LT for HCC
in HIV+ vs HIV- recipients reported in the literature is
shown in Table 4 and none of the parameters included
showed a statistical significant difference.

Liver transplantation in HIV
recipients not coinfected with
HCV
HIV/hepatitis B virus (HBV)-coinfected LT recipients
seem to have better outcomes compared with those in
HIV/HCV-coinfected liver transplant recipients as long
as they receive early referral for LT and treatment of
lamivudine-resistant HBV infection after LT[21,38-40]. In
the absence of HCV, among those with HBV infection,
those with HIV coinfection had a higher rate of death
(0.14 per person-year) than those without HIV infection
(0.06 per person-year), but this difference was not statistically significant (P = 0.18). There was also no significant difference in death rates between HIV(+) patients
without coinfection [HIV(+)/HBsAg(-)/HCVAb(-)] and
HIV/HBV-coinfected patients [HIV(+)/HBsAg(+)/
HCVAb(-)] patients (p = 0.10). Univariate analysis also
showed that the estimated 2 and 3-year survival probabilities of HIV-infected patients were lower than that
of non-HIV patients. However, this excess risk appeared
entirely among those with coinfections, as none of the
24 HIV(+) patients who did not have HBV or HCV
died during follow-up. These results should be interpreted with caution because the number of HIV/HBVcoinfected patients was too small in the database analyzed, however the results from this large retrospective
National database[40] analysis were similar to those found
by other investigators[41,42].
Liver transplantation for HCC and HIV
HCC is the leading cause of death among patients with
liver cirrhosis and is the fifth most frequent malignant
tumor worldwide [43]. The most common underlying
diseases to this condition are chronic viral hepatitis and
alcohol abuse. These conditions are epidemiologically
linked with HIV infection, sharing common behavioral
risk factors[44]. Several reports have outlined a more aggressive course of HCC in HIV infected patients[45,46].
HIV, per se, can boost carcinogenesis with the pivotal
role of the HIV-tat protein inducing growth signals and
enhancing HCC cell proliferation and antitumor immune response[47]. Liver transplantation (LT) in patients
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Immunosuppression and C-ART in HIV-positive liver
transplanted patients
The immunosuppressive regimen after LT in an HIV
infected recipient does not differ from the one normally
utilized in non-HIV patients and it is usually based on
calcineurin inhibitors (CNIs, i.e., tacrolimus or cyclosporine) and steroids in the early post-transplant period.
Tacrolimus (TAC) is the more frequently CNIs used in
HIV recipients; Moreno et al[36] reported that the use
of non-TAC based immunosuppression in HIV/HCV
recipients was associated with an higher rates of severe
OI. Several reports have demonstrated both the in vitro
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Table 4 Comparison of human immunodeficiency virus+ vs human immunodeficiency virus- patients transplanted for hepatocellular carcinoma
Series

Pts number

Milan out

Alfa fetoprotein pre-LT

MiV+

HCC recurrence

Disease free survival (mo)

HIV+

HIV-

HIV+

HIV-

HIV+

HIV-

HIV+

HIV-

HIV+

HIV-

HIV+

HIV-

Di Benedetto et al[48]

30

125

26.7%

43.2%

16%

6.7%

14.4%

16

58

31%

34%

327.64
(1-22455)
13
(1-552)

23.30%

Viber et al[49]

157.88
(1-2882)
16
(3-7154)

50%

43%

31%

15%

31.7
(1.28-68.78)
27
(14-79)

29.8
(0.43-75.79)
27
(2-78)

MiV+: Microvascular invasion present; HCC: Hepatocellular carcinoma; LT: Liver transplantation; HIV: Human immunodeficiency virus.

and in vivo effectiveness of rapamycin in reducing HIV
replication [51,52], and Di Benedetto et al [53] found that
rapamycin monotherapy was significantly beneficial in
long-term immunosuppression maintenance and HIV
control after LT. Mycophenolate mofetil is expected to
be an effective immunosuppressive drug because of its
efficacy in reducing HIV infection by both virological
and immunological mechanisms[54,55]. Anti-lymphocyte
depleting treatment with thymoglobulines (ATG) used
as induction therapy at the moment of LT is usually not
adopted in HIV recipients due to the development of
severe lymphopenia. Moreover, several reports[14,34] reported an higher incidence of acute rejection after liver
transplantation in HIV+ recipients; this fact has been
related to the difficult management of post-transplant
immuno-prophylaxis due to the major pharmacological interactions between CNIs and many antiretroviral
drugs, both PI and NNRTI, causing instability in the
blood concentration of CNIs through the cytochrome
P3A4 (CYP3A4)-related metabolism. Most PI cause
the overconcentration of CNIs by inhibiting CYP3A4,
while most NNRTI cause decreased levels of CNIs by
stimulating CYP3A4. However this problem might be
overcome by the introduction of antiretrovirals that do
not show interference with immunosuppressants via
CYP450 (i.e., enfuvirtide, raltegravir, maraviroc) as key
drugs in the post-LT[56]. Also, a more widespread use of
therapeutic drug monitoring (TDM) of both CNIs and
antiretroviral drugs could be of help in targeting the
appropriate trough levels reducing the risk of potential
damaging drug to drug interaction in the early posttransplant period[57].

HIV/HCV recipients. Although attempts of early treatment (upon confirmation of histological recurrence) after LT have shown acceptable tolerability, low SVR rates
were shown[61]. A liver biopsy to document the impact
of HCV replication on the liver should always be performed, since the presence of high levels of HCV-RNA
alone cannot be considered sufficient to determine the
treatment start. In a study by Antonini et al[62], mortality due to HCV recurrence in HIV/HCV LT recipients
reached rates up to 50%. Among patients with HCV
reactivation, 30 out of 40 received post-LT anti-HCV
dual therapy (timing, 10 ± 9 mo after LT) but only 17%
displayed SVR, probably due to high early discontinuation rates (69%) and insufficient dosage of pegylated interferon and ribavirin (92%)[59]. In patients with genotype
1, recently approved HCV NS3/4A protease inhibitors
have been demonstrated to enhance the efficacy of pegylated interferon and ribavirin. Limited but encouraging
results have been reported in HIV/HCV LT recipients
with HCV recurrence post-LT using triple therapy with
boceprevir (BOC) or telaprevir (TVR). Compared to
less than 40% SVR rates documented with dual therapy
(pegylated interferon plus ribavirin), in naive HIV/HCV
co-infected patients SVR was 61% and 74% in patients
treated with BOC or TVR, respectively[63]. Safety and
tolerability were comparable with those previously observed in HCV-monoinfected patients[63]. Besides known
side effects (i.e., anaemia, skin rash), major problems using the triple therapy are represented by the interactions
between the immunosuppressive therapy and boosted
anti-HIV PIs through the inhibition of CYP3A[64,65].
While PIs should be avoided with BOC, the use of atazanavir is possible in association with TVR, while higher
TVR dosage is required using efavirenz-based C-ART
regiments [66]. Furthermore, a very potent interaction
with TVR has been described with immunosuppressive
therapy that includes CYP3A and P-glycoprotein substrates such as cyclosporine or TAC[67]. Further studies
on the HIV/HCV cohort using BOC or TVR are yet
to be completed. There are also several new anti-HCV
drugs under study with the potential for more tolerable
effective future regimens[68]. Sofosvubir, a once-daily oral
nucleotide analogue inhibitor still under investigation
may be available in the next future for interferon-free
regimens in genotype 2 and 3 and in combination with
ribavirin and pegylated interferon for other genotypes.
Preliminary data showed a median decline of HCV-RNA
viral load of more than 4 log after one week of treat-

Treatment of HCV reactivation in HIV liver transplant
recipients
Treatment of HCV recurrence in HIV-positive LT recipients represents a challenge for clinicians. Although
better liver function should improve the tolerance to
anti-HCV compounds after LT, other factors such as
surgical complications, drug-to-drug interactions, and
toxicity may complicate the management of HIV/HCV
LT recipients. Data from the literature have shown how
the HIV/HCV cohort is characterized by high treatment
discontinuation rates due to drug toxicity and intolerance[58-60]. Factors such as priority of treatment, potential
toxicities, concurrent C-ART options, and sustainability
of current and future therapies should be taken into account when starting anti-HCV treatment in coinfected
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ment in a group of 30 HIV/HCV coinfected patients on
stable C-ART therapy and preserved CD4 T cell count
[52nd Interscience Conference on Antimicrobials and
Chemotherapy, oral communication]. Sofosvubir (in association with pegylated interferon and/or ribavirin), has
been provided for compassionate use in HIV/HCV patients undergoing LT with severe HCV reinfection and
life expectancy below 6 mo.

present, liver transplantation for ESLD with an etiology
different from HCV in HIV-infected patients should be
considered not different and with the same prioritization compared to non-HIV population. For ESLD due
to HIV/HCV coinfection, the long-term results are reported to be worst than HCV monoinfected, especially
when transplantation is performed at the same MELD
score than HCV counterparts. Moreover mortality in the
waiting list is higher at the same MELD. Therefore, careful follow-up before entering the waiting list and during
time on waiting list should be provided to HIV/HCV
coinfected patients especially after episodes of liver
decompensation. Also, pursuing alternative source of
donors, such as HIV or HCV infected donors or donors
with unknown infective risks could be a potential source
allocable to coinfected HIV/HCV recipients. Management of surgical complications, infections, and drug-todrug interferences is possible in the post-transplant for
coinfected HIV/HCV LT recipients. HCV recurrence
currently represents the major challenge in this cohort;
nevertheless, new options for the treatment of HCV
infection in coinfected HIV/HCV LT patients may be
available in the near future.

Post-liver transplant infections and malignancies in
HIV/HCV coinfected patients
Despite the use of antimicrobial prophylaxis and infection control measures, infections still represent a major
cause of mortality after LT[69]. It is estimated that up to
80% of LT recipients will develop at least one infection
during the first year post-LT[70]. Furthermore, during the
first 3 years after LT death may occur due to OI[69]. In this
scenario, HIV/HCV LT recipients may be particularly
susceptible to infections due to their intrinsic CD4/CD8
dysfunction and to pharmacological immunosuppression
that may interfere with an effective C-ART; nevertheless,
the literature has demonstrated that bacterial and fungal
infection rates in the HIV/HCV cohort are not dramatically different from non-HIV-infected LT recipients. A
Spanish study on 84 HIV/HCV patients undergoing LT
showed that 58 (69%) of them had at least one documented post-LT infection. Of these, nearly a half where
classified as severe infections[14]. Occurrence of invasive
fungal infections (n = 6, two cases of zigomycosis, two
esophageal candidiasis, one aspergillosis, one pneumocystis jiroveci pneumonia) were documented in 7% of
patients and correlated with high rates of mortality (P =
0.008). Among other infections, two CMV reactivations
and two cases of pulmonary tuberculosis occurred. In a
German study on 32 HIV-positive LT recipients, 7 (22%)
died of sepsis[71]; CMV viremia was detected in 5 (16%)
and one Kaposi sarcoma was documented 4.5 mo postLT. No deaths due to HIV-related infections or malignancies were recorded in a large US multicentric study
encompassing 89 patients[35]. Nevertheless, in the same
study, patients or graft loss due to sepsis or multi-organ
failure was more frequent in the HCV/HIV group compared to HCV monoinfected LT recipients (32% vs 15%,
respectively)[35]. Overall, low rates of malignancies have
been reported in HIV-positive patients undergoing liver
and kidney transplantation[72].
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Core tip: Liver transplantation is currently considered
a life-saving procedure. Over the past 50 years, the
world has witnessed evolving strategies in surgical
techniques, immunosuppressive drugs, intensive preand post-operative care, and, the prevention of disease recurrence and has discussed policies of organ allocation. This review highlights some of these aspects
regarding their historical evolution over the past 50
years.
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Abstract
Since 1963, when the first human liver transplantation (LT) was performed by Thomas Starzl, the world
has witnessed 50 years of development in surgical
techniques, immunosuppression, organ allocation,
donor selection, and the indications and contraindications for LT. This has led to the mainstream, wellestablished procedure that has saved innumerable
lives worldwide. Today, there are hundreds of liver
transplant centres in over 80 countries. This review
aims to describe the main aspects of LT regarding
the progressive changes that have occurred over the
years. We herein review historical aspects since the
first experimental studies and the first attempts at
human transplantation. We also provide an overview
of immunosuppressive agents and their potential side
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INTRODUCTION
Liver transplantation (LT) celebrated its 50th anniversary
in 2013, with the first human procedure being performed
by Thomas Starzl in 1963. Since this time, many strategies have evolved worldwide regarding technical aspects,
immunosuppressive agents, organ allocation, donor
selection, indications and contraindications, prophylaxis
of infection, and the prevention of recurrent diseases[1].
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This review aims at describing some aspects of LT regarding the progressive changes that have occurred over
the years.

experience with living donor grafts has been found in
countries where cadaveric donation is not culturally accepted such as Japan and South Korea.
Since the nineties, the field of LT has witnessed a
huge expansion of the number of institutions performing the procedure, and today, there are hundreds of liver
transplant centres in over 80 countries. In addition, an
increasing number of conditions associated with endstage liver disease are now referred to LT. This has led
to the scarcity of donor organs, thus obliging transplant
coordinators worldwide to adopt evolving organ allocation strategies[20]. Immunosuppressive, technical, infection risk and intensive care management advances have
made LT a long-lasting, efficient therapy for end-stage
liver disease, hepatocellular carcinoma and other hepatic
cancers. Advances in organ procurement, preservation,
and allocation have accompanied these improvements.
The indications have progressively expanded, and the
contraindications have slowly changed as technical issues
have evolved.

HISTORICAL OVERVIEW
In 1952, in Milan, Italy, Vittorio Staudacher was the first
to perform a LT in a large animal model, a canine species[2]. Two years later, Jack Cannon was credited with
the first animal orthotopic LT[2]. Still in experimental
models, in 1960, in Colorado, United States, Thomas
Starlz reported his experience with almost 80 canine liver
transplants, where the maximum survival was 20 d[3]. In
the same year, Francis Moore also reported his experience with over 30 canine homotransplants in Boston,
MA, United States[4]. These experimental experiences expanded the available knowledge on many issues such as
venovenous bypass, organ preservation, tissue matching
and immunosuppression.
In humans, solid organ transplantation began in 1954
with a successful kidney transplantation between identical twin brothers[5]. In 1963, Starzl et al[6] published the
first three attempts at human LT, but it was not until
1967 that the procedure resulted in an extended survival.
It was the case of a 19-mo-old girl with hepatocellular
carcinoma, who died 13 mo after surgery for metastatic
disease[7]. Roy Calne, in Cambridge, United Kingdom,
joined Roger Williams in London, United Kingdom, in
1968, and reported 5 cases of liver transplant, detailing
the technical difficulties encountered[8]. Thomas Starzl
and Roy Calne were later honoured with the LaskerDeBakey Clinical Medical Research Award in 2012 for
these pioneer procedures.
The acceptance of the concept of brain death in the
United States in 1968 was an additional landmark for LT
development, which allowed donor organ preservation
in ideal, physiologic conditions and resulted in better
graft quality and survival[9,10].
The introduction of cyclosporine in the late 1970s as
part of the immunosuppressive regimen in organ transplantation permitted less toxicity and the prevention of
rejection and severe opportunistic infections when compared to azathioprine[11,12]. Later on, with the introduction of tacrolimus, the world observed further improvements in survival[13,14].
A series of 540 cases united by 4 different liver transplant units was presented at the 1983 NIH Conference,
showing greater survival in these patients compared to
those who did not undergo transplantation, permitting
the establishment of LT as a beneficial procedure for
patients with end-stage liver disease, as opposed to an
experimental procedure[15].
In 1984, Bismuth et al[16] (France) reported the first
left-lobe LT in a child, and in 1988, Pichlmayr performed
the first split-LT in Hannover, Germany[17]. The following year, in Sao Paulo, Brazil, Silvano Raia described the
first attempt at a living donor graft in a child[18], with
a successful procedure performed by Strong et al[19] in
Brisbane, Australia, in 1990. Since this time, the greatest
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DEVELOPMENT OF SURGICAL
TECHNIQUES
During these 50 years, many surgical techniques and
strategies were reported, involving donor and recipient
operations. The surgical techniques employed in the first
experiments and in clinical trials are described and the following variations or evolutions are discussed: piggy-back
vs conventional technique, split liver, living donor liver
transplantation (LDLT), and domino liver transplantation
(DLT).
First experiments and clinical trials
In 1955, Welch[21] described the insertion of a hepatic allograft in the right paravertebral gutter of dogs, without
disturbing the native liver. The concept of liver replacement was first mentioned by Cannon[22] in 1956 (orthotopic transplantation). Formal research programmes for
total hepatectomy and liver replacement in dogs were
developed from 1958-1960[3,4].
These procedures consisted of removal of the native liver with the excision of the retrohepatic vena cava
(conventional) and its replacement with donor liver containing a vena cava segment including the hepatic veins.
Vena cava anastomoses above and below the liver were
then performed. Portal vein, hepatic artery, and biliary
tract anastomosis were performed with conventional
methods.
In the first human liver trials by Starzl et al[6] in 1963,
the various anastomoses were performed similarly to
those in the dog experiments. In general, these procedures have remained the model for LT.
Piggy-back vs conventional techniques
LT may be performed by conventional or piggy-back
techniques, using the caval anastomosis procedure. The
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conventional technique involves the resection and complete replacement of the retrohepatic vena cava. During
the anhepatic phase, however, there is a substantial decrease in venous return, causing haemodynamic instability, metabolic alterations, and an overall reduction in renal
flow. The safety of the operation has been improved by
the use of a veno-venous bypass that permits decompression of the obstructed vena cava and splanchnic
venous system[23-25].
The method of preserving the inferior vena cava was
first described by Calne[8] and fully described and popularised by Tzakis[26] in the late 80s. Grafting is performed
as in conventional techniques, except for outflow reconstruction, which is created between the graft suprahepatic vena cava and the anterior surface of the host vena
cava (an orifice fashioned using the major hepatic veins).
This technique, better known as a piggy-back, is currently the most widely used.
A major concern about the piggy-back technique is
the risk of venous outflow obstruction related to the small
calibre of the anastomosis or kinking of the venous suprahepatic segment. There are reports of early and late
hepatic venous outflow blocks[27-29]. Gurusamy et al[30]
published a systematic review evaluating the piggy-back
technique for LT. Two randomised trials comparing the
piggy-back method (n = 53) and the conventional method with veno-venous bypass (n = 53) were identified.
There was no significant difference in post-operative
mortality, primary graft non-function, vascular complications, renal failure, transfusion requirements, intensive
therapy unit (ITU) stay, or hospital stay between the
two groups. The warm ischaemia time was significantly
shorter using the piggy-back method.

In adults, the 1-, 5-, and 10-year overall patient survival
rates were 93%, 77%, and 73%, respectively; the overall
graft survival rates were 89%, 76%, and 65%, respectively. In children, the 1-, 5-, and 10-year overall patient
survival rates were 84%, 75%, and 69%, respectively;
the overall graft survival rates were 77%, 63%, and 57%,
respectively. The main postoperative complications were
biliary (29%) and vascular (11%).
Similar good results were reported in other series.
Doyle et al[35] reported 53 split liver grafts from 1261
transplants (4.2%) over 7 years. The 1-, 5-, and 10-year
patient and graft survival rates in adult recipients of
split grafts were 95.5%, 89.5%, and 89.5%, respectively.
Survival was similar to that of whole organ recipients (P
= 0.15). In paediatric cases, the split 1-, 5-, and 10-year
overall patient and graft survival rates were 96.7%,
80.0%, and 80.0% and 93.3%, 76.8, and 76.8%, respectively. Complications included retransplantation in 3
(10.0%) cases, bile leak in 5 (16.7%), hepatic arterial
thrombosis in 2 (6.7%), bowel perforation in 2 (6.7%),
and bleeding in 2 (6.7%). These results were equivalent
in whole organ transplantation.
The results of split LT into 2 adults are more controversial. Lee et al[36] reported similar results compared
to LDLT. The 3-mo and 1-, 3-, and 5-year survival rates
for patients receiving right hemi liver grafts were 81.0%,
75.9%, 70.1%, and 70.1%, respectively, compared to
71.4%, 61.5%, 61.5%, and 61.5%, respectively, for patients receiving left hemi liver grafts (P = 0.457). On the
other hand, Aseni et al[37] observed a high postoperative
complication rate, with most of the complications being
of biliary origin. A lower 5-year survival rate compared
to that of recipients of a whole organ was observed
(63.3% and 83.1%, respectively).

Split liver
Organ shortage is a major problem worldwide, and this
scenario is more complex for small children. Alternative
techniques have been developed to expand sources of
grafts, including split LT and LDLT.
A split is defined as obtaining 2 grafts from a unique
single deceased donor. The strategies for anatomical surgery of the liver described by Couinaud[31] and Bismuth[32]
made this technique feasible. It was first described by
Pichlmayr and colleagues in 1988[17]. Traditionally, the
liver is split for an adult and a child (right trisegment
graft/left lateral segment). The use of the split grafts for
two adults is uncommon (full right graft /full left graft).
Emond et al[33] reported their preliminary experience
in 1989. Nine whole livers were split to treat 18 patients (5
adults and 13 children) during a period of 10 mo. There
was no difference in patient or graft survival, primary
non-function, or arterial thrombosis when compared
with whole organ transplantation in the same period.
Biliary complications were more frequent in split grafts,
occurring in 27% of cases compared to 4% in whole
grafts.
Vagefi et al[34] reported their experience with 106 recipients (63 adults and 43 children) over a period of 7 years.
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LDLT
Transplantation of a living donor liver was developed
in the same context as the split liver. In 1989, in Sao
Paulo, Brazil, Raia described the first attempt at a living
donor graft in a child[18]. One year later, Strong et al[19]
performed the first successful LDLT using a left lateral
segment graft. In 1993, Hashikura et al[38] reported the
successful use of the left lobe for an adult. In 1996, Lo
performed the first successful transplantation of a right
lobe in an adult recipient[39]. Finally, Lee reported the initial experience with the use of dual grafts in 2001[40].
Beyond its technical complexity, a major concern
about LDLT is the morbidity and risk of death for the
donors. It has been shown that donor right hepatectomy
may carry a higher morbidity than that for the left lateral
segment[41,42].
In a series of 200 donor right hepatectomies, Chan
reported a morbidity of 20% and a mortality of 0.5%[43].
In a follow-up of 4111 living liver donors in the United
States for a mean of 7.6 years, the risk of early death
among the donors was 1.7 per 1000 donors, and mortality
did not differ from that of healthy, matched individuals[44].
Late complaints are common in donors. In a series
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plication compared with LDLT[72].
The major disadvantage of DLT is the risk of transmitting the metabolic disease through the transplanted liver. Some series have reported a low incidence of approximately 3%, but the disease may have manifested earlier
than theoretically expected in the domino recipients[73,74].

of right lobe donors, 53% reported symptoms, including
intolerance to fatty meals and diarrhoea, gastroesophageal reflux, incisional discomfort, depression requiring
hospitalisation and rib pain affecting lifestyle[45].
Kasahara et al[46] reported a cohort of more than 2200
paediatric patients who had undergone LDLT. The 1-,
5-, 10- and 20-year patient survival rates were 88.3%,
85.4%, 82.8% and 79.6%, respectively. Similar results
were reported by other centres [34]. In a series of 891
adult recipients, the 2- and 5-year patient survival rates
were 86.6 and 83.2%, respectively[47].
Beyond the risks to donors, there are some challenges
related to the recipient’s surgery, including small for size
syndrome, biliary complications, hepatic artery reconstruction, and optimisation of venous drainage.
Small for-size syndrome can be defined as dysfunction or failure of a “small” partial liver graft (graft to
recipient weight ratio < 0.8%) during the first postoperative week after the exclusion of other causes[48]. The
clinical presentation can involve jaundice, ascites, coagulopathy, and encephalopathy that can include irreversible organ non-function and patient death[49]. In general,
treatment includes the reduction of portal flow and
pressure to overcome graft hyperperfusion[49].
Biliary reconstruction has always been regarded as
the “Achilles’ heel” of LT. Biliary reconstruction in
LDLT is even more complex, due to the small size and
multiple ducts[50]. The reported rates of biliary complications (strictures, leaks, and biloma) ranged from 16% to
67% in early series and 6.8% in more recent series with
the use of a microscope[51-60].
In LDLT, the hepatic arterial system should be reconstructed using a branch of the hepatic artery and is
technically demanding; the incidence of arterial complications is high. The reported incidence of hepatic artery
thrombosis is 3.1%-22%, and that of hepatic artery stenosis is 4.8%-24.6%[61-68]. Anastomosis using surgical microscopy became a standard technique in this context[69].
The optimisation of venous drainage is an important
issue. Venous congestion of segments Ⅴ and Ⅷ of the
graft is frequently observed in right-lobe living donor
liver transplants without middle hepatic vein drainage,
and it can cause graft dysfunction and failure. Some
series showed that inclusion of the middle hepatic vein
was safe for donors and improved graft function[70].

IMMUNOSUPPRESSION
Graft rejection, either acute, late acute, or chronic, is an
immune-mediated disease. The risk of graft rejection is
counterbalanced by the permanent use of immunosuppression, which has been a crucial concern in LT since
the early 1960s. The use of efficient immunosuppression
starting in the late 1970s represented a pivotal change in
acute rejection and LT survival[75]. Today, mortality due
to graft rejection is an uncommon event[76].
However, over time, the late complications of immunosuppression have been considered a major threat
to LT morbidity. In addition to the risk of opportunistic
viral, bacterial, and fungal infections, the continued use
of immunosuppression may lead to degenerative and
metabolic diseases as well as de novo malignancies[76]. A
list of the most frequently prescribed immunosuppressive drugs and potential associated adverse events can be
found in Table 1.
The choice of the best immunosuppression regimen
is an individual-based decision and should consider a
combination of variables[76]: (1) Time since LT: after the
first 90 d following LT, the necessity for immunosuppression is reduced, as the graft becomes somewhat tolerant to the recipient´s immune injury[76]. However, most
recipients require lifelong immunosuppressive therapy.
In a frequency that varies between 20% and 60% of recipients[77-80], a phenomenon called operational tolerance
may occur, and graft rejection does not occur despite
immunosuppression withdrawal. This is specific to LT
compared to other organ transplants because livers have
a unique microenvironment that promotes tolerance
rather than immunity[81]. Several authors have recently
discussed that the reduction or even discontinuation of
immunosuppression may be planned and safely achieved
in a percentage of recipients that varies between 41%
and 62%[80,82-87]. This leads to the diminution of morbidity and mortality by preventing long-term adverse
events and the occurrence of opportunistic diseases as
well as the improvement of quality of life. Successful
tolerance has been associated with a longer time period
since LT[84,87-89], male gender[87] and lower lymphocyte
reactivity, measured by the phytohaemagglutinin stimulation index[84]. Regarding recipient age, successful immunosuppression withdrawal has been achieved in higher
percentages among paediatric patients[80], but older age
at LT has also been associated with tolerance[87]. However, biomarkers have been studied to identify the select
patients who could benefit from immunosuppression
withdrawal. Some studies have shown that tolerant patients can be characterised by an enrichment in periph-

DLT
Transplantation using grafts from patients with metabolic liver diseases such as familial amyloidotic polyneuropathy is denominated DLT. The Familial Amyloidotic
Polyneuropathy World Transplant Register includes the
experience of more than 1000 domino transplants performed in 21 countries until the end of 2011[71].
A series centre analysis revealed that DLT recipients
presented no difference in the rates of acute rejection,
vascular complications, or biliary complications compared
with deceased donor LTs and lower rates of biliary com-
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Table 1 Most frequently prescribed immunosuppressive drugs and potential associated adverse events
Drug class
Corticosteroids
Calcineurin inhibitors
mTOR inhibitors
Anti-metabolites
IL-2 receptor antibodies
Polyclonal antibodies

Medications

Adverse events

Methyl prednisone
Prednisolone
Tacrolimus
Cyclosporine
Sirolimus
Everolimus
Mycophenolate
Azathioprine
Basiliximab
Daclizumab
Antithymocyte globulin

Bone disease, diabetes, hypertension, hypercholesterolemia, gastrointestinal disease
Kidney disease, hypertension, hypercholesterolemia, diabetes (tacrolimus)
Hypercholesterolemia, hypertension, pulmonary fibrosis, kidney disease
Bone marrow suppression, gastrointestinal disease

IL: Interleukin.

eral blood natural killer cell gene signatures along with
an increased frequency of γδ T cells and regulatory T
cells[89,90]. More recently, other genes have been found
to possibly define tolerance, including an enrichment of
iron-associated genes together with an anti-inflammatory
gene set[88]; additionally, a 3-gene signature in peripheral
blood leukocytes was reported in a paediatric population[91]. Apparently, liver tissue-derived biomarkers are
more accurate than blood-related markers at predicting
the success of drug withdrawal strategies. Currently, they
constitute the most robust biomarkers of operational
tolerance[88]. However, biomarker profiles need to be
prospectively validated to identify these recipients before
drug withdrawal[92,93]. Another issue is the induction of
tolerance early following transplantation, and the link
between this and gene signatures is not clear[45,47]. Additionally, the long-term histological consequences of immunosuppression withdrawal are also unclear; (2) Cause
of end-stage liver disease. Disease recurrence may be affected by the type of immunosuppression. For example,
in autoimmune hepatitis and primary biliary cirrhosis,
the early reduction of anti-rejection drugs has been associated with increased recurrence rates[77,94-96]. However,
excessive immunosuppression has been associated with
increased HCV recurrence [97], and high exposure to
calcineurin inhibitors during the first month post-LT,
defined as a mean tacrolimus trough concentration > 10
ng/mL or a cyclosporine trough concentration > 300
ng/mL, is associated with an increased risk of HCC recurrence[98]; (3) History of rejection: recurrent or severe
rejection history; (4) History or risk of cancer or infectious complications; and (5) Comorbidities and adverse
drug events, including prior experiences with immunosuppressive drugs.

carcinoma (HCC) and other hepatic cancers, including
hepatoblastoma, epithelioid haemangioendothelioma,
and hilar cholangiocarcinoma (CCA), in selected cases as
well as some miscellaneous conditions. The main current
indications for LT are listed in Table 2[99].
The Clichy and King’s College criteria are the two
main scoring systems used to select patients in cases of
acute liver failure[100,101]. Both models achieve high specificity but remain associated with limited negative predictive value.
Regarding HCC, initially, only patients with unresectable, large, or multinodular tumours or with other associated underlying liver dysfunction were selected for LT,
resulting in low survival and high rates of recurrence[102].
The restrictive selection criteria widely known as the Milan
criteria were first established by Mazzaferro et al[103] and
significantly improved patient survival. Later, Yao et al[104]
at the University of California, San Francisco, demonstrated that a set of less conservative criteria, known as
the UCSF criteria, had similar outcomes.
According to the European LT Registry, in the past,
cancers constituted almost half of all the indications,
and currently, this indication accounts for approximately
15%[105]. Transplantation for primary biliary cirrhosis has
also decreased over time, as opposed to the increasing
number of indications for alcoholic and hepatitis C cirrhosis, in Europe as well as in the United States[106].
Over time, the contraindications for LT have also
evolved. One example of the change in strategy is hepatitis B. Before the availability of antivirals and hepatitis
B immunoglobulin, there was poor survival of patients
infected with hepatitis B due to the uncontrolled viral
replication. This led most centres to abandon transplantation for this indication for several years. Nonetheless,
currently, transplant survival for these patients presents
excellent survival.
It was also believed that HIV infection constituted an
absolute contraindication in the past; however, with the
advent of highly active antiviral therapy and the evolving knowledge of drug interactions, these patients are
regarded as potential candidates[107].
Advanced age is another relative contraindication
in which we have observed changing patterns over the

INDICATIONS AND
CONTRAINDICATIONS
The indications for LT have changed over the years.
Overall, LT is indicated for acute liver failure, chronic
liver failure leading to cirrhosis, and inherited metabolic liver diseases. It is also indicated for hepatocellular
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Table 3 Current absolute and relative contraindications in
liver transplantation

Table 2 Current main indications for liver transplantation
Category

Disease
Absolute contraindications
Active extrahepatic malignancy
Hepatic malignancy with macrovascular or diffuse tumour invasion
Uncontrolled infection, except infection of the hepatobiliary system
Active substance or alcohol abuse
Severe comorbid conditions
Noncompliance or insufficient motivation
Technical impediment
Brain death
Relative contraindications
Advanced age
HIV infection
Cholangiocarcinoma
Portal vein thrombosis
Psychosocial problems

Acute liver failure

Acute hepatitis A
Acute hepatitis B
Drug/toxin hepatotoxicity
Cirrhosis from
Chronic hepatitis C virus
Chronic hepatitis B virus
chronic liver disAlcoholic liver disease
eases
Autoimmune hepatitis
Cryptogenic liver disease
Primary biliary cirrhosis and primary sclerosing
cholangitis
Secondary biliary cirrhosis
Metabolic disorders
Alpha-1 antitrypsin deficiency
Hereditary haemochromatosis
Wilson’s disease
Glycogen-storage disorders
Type 1 hyperoxaluria
Familial homozygous hypercholesterolemia
Malignancies
Primary hepatic cancer: hepatocellular carcinoma
and cholangiocarcinoma
Metastatic: carcinoid tumours and islet cell tumours
Miscellaneous
Polycystic liver disease
Budd-Chiari syndrome

HIV: Human immunodeficiency virus.

tems were based solely on waiting time. In the 1990s in
the United States, the listing criteria were substituted by
government-regulated policies, which later established
priority for candidate recipients based on disease severity, according to a medical status system. In 1998, the US
Department of Health and Human Services (DHHS)
defined the principles of allocation policies and procedures to guide the Organ Procurement and Transplant
Network (OPTN). From 1996 to 1999, the more objective Child-Turcotte-Pugh score was also incorporated,
but disparities in waiting lines across regions were mounting. For many years, the modified Child-Turcotte-Pugh
score was the main tool for estimating survival without
transplant and was originally developed to predict the
survival rates of patients undergoing portosystemic
shunt surgery[111].
Lastly, the Model for End-stage Liver Disease (MELD)
was adopted for recipient ranking in February 2002 in the
United States[10,110]. For paediatric patients, a similar scoring system (Pediatric End-Stage Liver Disease - PELD)
was created.
Several studies have analysed the impact of the use
of the MELD/PELD score[110,112,113] and have demonstrated both a reduced waiting list mortality and unchanged patient and graft survival, despite the fact that
transplants are performed in patients with worse clinical
conditions[10]. Figure 1 illustrates the history of organ allocation policies in liver transplant in the United States.
In Europe, there are no uniform rules for organ allocation. Organ procurement organisations for different
countries include Eurotransplant (participating countries
include Germany, The Netherlands, Belgium, Luxembourg, Austria, Slovenia, and Croatia), United Kingdom
Transplant, Organización Nacional de Trasplantes in
Spain, Scandiatransplant (Sweden, Finland, Norway,
Denmark, and Iceland), North Italian transplant, and
Agence de la Biomédecine (previously Établissement
français des Greffes) in France. Although the majority
of organs are allocated and transplanted within each organisation, there is some degree of collaboration among

years. In the nineties, the population of patients over
60 years old accounted for approximately 10% of all
transplanted patients, whereas currently, they constitute
almost 20% of the procedures[105]. As there is no universally accepted age limit for considering transplantation,
centres have dealt with this issue on a case-by-case basis,
according to the physiological and functional status of
the individual.
Portal vein thrombosis was also initially considered
an absolute contraindication. However, long after the
first report of LT in this context[108], operative strategies
such as simple thrombectomy, extra-anatomic venous
graft, arterialisation of the portal vein, and cavoportal
hemitransposition may now be employed.
The absolute contraindications have hardly changed
over time and constitute circumstances in which shortand/or long-term survival is compromised. The current absolute and relative contraindications are listed in
Table 3[99,109].

ORGAN ALLOCATION
Reasonable and impartial allocation criteria were not an
issue during the first year of LT, as organs had a very
short viability period and transplants were restricted to
candidate recipients who were lucky enough to be managed at the same institution as the deceased donor[10].
However, the acceptance of brain death criteria in
several countries improved donor organ preservation
and quality, making it possible to allocate donated livers
at distant sites. At the same time, an increasing number
of conditions associated with end-stage liver disease have
inflated transplant waiting lines, making it essential to develop a fair and structured organ distribution system[10,110].
Similar to renal transplantation, the first listing sys-
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1963-1980s:
Decision
based on local
transplant
institutions

Early
1990s:
Time on
waiting list

1998: Status designation
Status 1: Emergent transplant
Status 2: Patient in ICU
Status 3: Non-ICU inpatient
Status 4: Outpatient

Late 1990s:
Child-Turcotte-Pugh score
2002:
MELD/PELD score

Figure 1 History of organ allocation policies in liver transplant in the United States. ICU: Intensive care unit; MELD: Model for End-stage Liver Disease; PELD:
Pediatric End-Stage Liver Disease.

liver tumours and hepatitis C may have worse outcomes
due to high rates of recurrence[120]. Despite improved
survival rates, LT recipients have an estimated loss of 7
years compared with an age- and sex-matched general
population, with increasing differences for recipients at
younger age[121].
Factors that may influence survival rates depend on
donor, recipient, perioperative, and post-operative characteristics[122]. Donor parameters that may result in poorer outcomes include advanced age, high BMI, length of
hospitalisation, use of vasopressors, and the presence
of infection. Recipient parameters include urgent indication, renal dysfunction, age, mechanical ventilation
requirement, hepatitis C, poor nutritional status, and the
presence of infection. Perioperative factors include cold
and warm ischaemia time, blood product requirements,
and surgical difficulties. Finally, postoperative factors
include primary non-function, renal dysfunction, centre
experience, need for mechanical ventilation, and prolonged stay in an intensive care unit.
The majority of deaths and retransplantations occur
soon after LT. The causes may vary, according to time after LT. Infection and primary non-function predominate
in the early period, with perioperative factors accounting
for nearly 60% of deaths in the first post-LT year[76,120].
After this initial period, de novo malignancies and other
comorbidities such as cardiovascular disorders prevail
alongside the recurrence of pretransplant diseases such
as hepatitis C and autoimmune disease.
Long-term survival also results in higher morbidity due to prolonged immunosuppression as a result
of the reactivation of prior infections, newly acquired
infections, metabolic disorders (hypertension, diabetes,
dyslipidemia, obesity), and de novo hepatic or extrahepatic
malignancies, including posttransplant lymphoproliferative diseases (PTLDs)[76]. Cardiovascular failure and renal
failure are the leading nonhepatic causes of morbidity
and mortality in the long term[76].
In post-transplant care, LT institutions must include
close follow-up to reduce cardiovascular risk, to prevent infections, monitor for cancer, and prevent and provide early
treatment for recurrent diseases[76]. These measures impact
both the survival and quality of life of these recipients.

them. Within Eurotransplant and in France, allocation is
patient based, but in Spain, Scandiatransplant and United
Kingdom Transplant, it is centre based.
In Eurotransplant, the allocation can be categorised
based on two time periods. From 2000 until 2006, recipient selection was based on a scoring system that considered the degree of medical urgency, donor weight, ABO
blood group, waiting list time, and donor region[114]. Due
to an increasing waiting list and positive experience with
the use of MELD/PELD scores in the United States,
this allocation system was implemented in December
2006. In France, grafts were allocated to a transplant
centre by rotation, except for emergencies, until 2007.
Within each centre, patients generally underwent transplantation according to their waiting time. In March
2007, due to high rates of mortality in some geographic
areas, the French Liver Allocation Score (FLAS) was
adopted. This score considers the MELD score as well
as other conditions such as HCC and retransplantation
indication, which are not necessarily associated with high
MELD scores[115].
In the United Kingdom, an analysis of factors predicting transplant list mortality in more than 1000 patients
in the waiting list identified 4 independent predictive factors, resulting in the development and validation of the
UKELD score, which includes sodium in addition to the
MELD score factors (bilirubin, INR of prothrombin
time and serum creatinine)[116].
In July 2005, Argentina was the first country after the
United States to adopt the MELD score system[117]. Initially, liver allocation was based on the location of care
and time on the waiting list, with 2 categories (emergency
and non-emergency patients).
In Brazil, from 1997 until 2007, liver allocation was
based on the chronological order of registration on the
waiting list and was substituted by the MELD/PELD
scores in 2007[118].

SURVIVAL
The two main objectives of LT are to prolong survival
and improve quality of life.
In the 1970s, the overall 1-year survival was approximately 30%, and the majority of patients died from
rejection and/or infection[119]. Currently, 10-year survival
rates may exceed 70% in many indications. The indications with better survival are generally primary biliary
cirrhosis and autoimmune cirrhosis, whereas malignant
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CONCLUSION
LT has seen enormous progress over the last 50 years
and can currently be considered a true life-saving proce-
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dure for patients presenting with liver failure. The main
aspects that have evolved since the first series are surgical techniques and methods, the balance of immunosuppressive therapy, the prevention of infectious and noninfectious complications, and organ allocation. Much
remains to be refined, such as the prevention of complications that are associated with long-term immunosuppression, organ allocation with the aim of improved
survival, and the worldwide problem of organ shortage.
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Core tip: Nuclear imaging methods including single
photon emission computed tomography (SPECT) and
positron emission tomography (PET) are increasingly
being used in the management of liver malignancy.
In this review, the efficacy and clinical role of nuclear
imaging methods are discussed with regard to fluorodeoxyglucose PET and other PET or SPECT imaging
methods. In particular, the application of nuclear imaging for theragnosis and surgical intervention including
transplantation is discussed in detail. This review may
be helpful for understanding current trends of nuclear
imaging for liver malignancy.

Abstract
Currently, nuclear imaging such as positron emission
tomography (PET) and single photon emission computed tomography (SPECT) is increasingly used in the
18
management of liver malignancy. F-fluorodeoxyglucose (FDG)-PET is the most widely used nuclear imaging in liver malignancy as in other cancers, and has
been reported to be effective in diagnosis, response
monitoring, recurrence evaluation, and prognosis pre11
diction. Other PET imaging such as C-acetate PET is
also used complementarily to FDG-PET in diagnosis of
liver malignancy. Additionally, image-based evaluation
of regional hepatic function can be performed using
nuclear imaging. Those imaging modalities are also
effective for candidate selection, treatment planning,
and perioperative evaluation in liver surgery and transplantation. Recently, nuclear imaging has been actively
adopted in the transarterial radioembolization therapy
of liver malignancy, according to the concept of theragnosis. With the development of new hybrid imaging
technologies such as PET/magnetic resonance imaging
and SPECT/CT, nuclear imaging is expected to be more
useful in the management of liver malignancy, particu-
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INTRODUCTION
Liver cancer is one of the leading causes of cancer death;
particularly in men and developing countries. In 2008,
the worldwide incidence and the number of deaths from
liver cancer were estimated to be 748300 and 695900,
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respectively[1]. Additionally, the liver is a frequent metastatic site of almost all cancers, and metastatic liver cancer is much more common than primary liver cancer[2].
For primary liver cancer, the curative treatment is surgical resection and/or interventional treatment when the
disease is in an early stage. Thus, early diagnosis, accurate
staging, and appropriate evaluation of tumor characteristics are of utmost importance to cure the disease. In
case of unresectable disease, liver transplantation can be
another option for cure if the tumor is confined to the
liver. However, because donor organ supply is limited,
adequate recipients should be selected meticulously; currently the Milan criteria are most commonly used for
candidate selection in liver transplantation[3]. In addition
to accurate diagnosis and staging, pre- and postoperative
functional evaluations are also required for successful
transplantation.
In diagnosis and evaluation of liver malignancy, ultrasonography (USG) and computed tomography (CT)
have been widely used as conventional imaging modalities, and recently, magnetic resonance imaging (MRI) is
increasingly used with a strength of high image contrast
in the soft tissue. These imaging methods are based on
structural changes, and can show mass lesions in primary
or metastatic sites. In contrast, nuclear imaging methods including gamma camera scanning, single photon
emission computed tomography (SPECT), and positron
emission tomography (PET) target specific physiological or molecular processes, and can show functional and
biological features such as hepatobiliary function, viability, and metabolic activity of tumors.
Currently, 18F-fluorodeoxyglucose (FDG)-PET is the
most widely used nuclear imaging for management of
liver malignancy. FDG-PET shows cellular glucose metabolism, which is usually enhanced in malignant tissues,
and it can be used for sensitive detection and characterization of tumors. Additionally, FDG-PET can cover the
whole body with a single scan, therefore, it is valuable in
detection of metastatic lesions throughout the body. As
well as initial staging and characterization, FDG-PET is
now widely used in response evaluation after transarterial chemoembolization (TACE), radiofrequency ablation
(RFA) and chemotherapy. In addition to FDG, other
imaging radiopharmaceuticals targeting fatty acid metabolism or nucleotide synthesis are also used in recent
clinical practice for liver cancer.
Theragnosis, another new field of nuclear imaging,
is a recently suggested concept that means simultaneous
diagnosis and therapy with a common mechanism. In
liver cancer, transarterial radioembolization (TARE) or
selective internal radiotherapy (SIRT) is an example of
theragnosis, in which SPECT or PET is directly used for
planning treatment and evaluating response.
In this review, the clinical application of FDG and
other PET imaging is discussed in terms of diagnostic
efficacy in liver malignancy. Additionally, nuclear imaging
is reviewed as a tool for candidate selection, and pre- and
postoperative functional evaluation in liver surgery and
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transplantation. The theragnostic application of nuclear
imaging and therapy is also discussed briefly.

FDG PET IN EVALUATION OF LIVER
MALIGNANCY
Principles of FDG PET
FDG is an analog of glucose that is labeled with 18F. In
actively growing tumor cells, glucose metabolism is enhanced under various conditions, which is known as the
Warburg effect. FDG is taken up by cells with the same
mechanism as that of glucose, depending on glucose
transporters and hexokinases. FDG that is not taken up
by cells is rapidly removed by renal excretion[4]. In addition to this biological decay, 18F decays physically with a
half-life of 110 min. Thus, effective radiation doses from
routine FDG-PET do not exceed 10 mSv, even with a
combined low-dose CT scan. The radiation dose from
FDG-PET/CT is usually not higher than that from a
single whole-body diagnostic CT scan[5,6]. Also, FDG is
a safe radiopharmaceutical that has caused no pharmacological adverse reaction in tens of thousands of cases
of human administration[7]. As a result of the relatively
long half-life of 18F, FDG can be delivered to an imaging
center without an on-site cyclotron, within 1 or 2 h distance. Currently, most PET scans are performed using
hybrid PET/CT scanners. The combined CT scan can
compensate for some weaknesses of isolated PET scans,
and faster scan and accurate localization of lesions are
available with the CT scan. PET/CT images can provide
both functional and anatomical information in a single
study.
One of the most important strengths of PET is that
it can provide quantitative information on metabolism
or molecular processes. Standardized uptake value (SUV)
is the most widely used semi-quantitative parameter on
FDG-PET. SUV is defined as the ratio of tissue radioactivity concentration and injected dose of radioactivity per kilogram of the patient’s body weight. Some
researchers adopt corrections for body surface area or
serum glucose level. SUV can be easily measured and is
commonly used for evaluation of glucose metabolism
of normal or cancer tissues. However, some studies have
suggested that the tumor-to-normal liver ratio is a more
effective parameter than SUV[8,9], because FDG uptake
is affected by underlying liver diseases or serum glucose
level[10] and the ratio can reflect variations in liver glucose
metabolism better than tumor SUV itself.
Despite the many advantages, FDG-PET also has
some limitations in liver imaging. First of all, the liver
is involved in the physiological glucose metabolism and
normally shows considerable FDG uptake. The SUV of
normal liver on FDG-PET is 2.0-3.0, which may interfere with detection of some tumors that have low glucose metabolism. Additionally, the liver is adjacent to the
diaphragm and the liver dome area is prone to motion
artifacts caused by breathing or swallowing.
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Figure 1 18F-fluorodeoxyglucose-positron emission tomography in hepatocellular carcinoma. 18F-fluorodeoxyglucose-positron emission tomography/computed
tomography (CT) fusion (A) and CT (B) images show hot uptake in the primary lesion (arrow) in the right lobe of the liver and regional lymph node metastases (arrowhead).

FDG-PET in hepatocellular carcinoma
Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy. FDG-PET is effective in differential diagnosis between malignant and benign liver
lesions such as hepatic adenoma, harmatoma, hemangioma, and nodular hyperplasia[11,12]. However, the sensitivity
of FDG-PET in diagnosis of primary HCC is relatively
limited and has been reported to be 50%-70%; particularly in small tumors[11,13,14]. In one of these studies,
detection rate was as low as 27.2% for tumors of -2 cm
and 47.8% for those of 2-5 cm[13]. One probable cause
is the relatively high background uptake in the normal
liver. Another cause is speculated to be glucose-6-phosphatase, which is highly expressed in HCC cells as well
as normal hepatic cells, because dephosphorylation by
glucose-6-phosphatase enables FDG to escape from cells.
However, FDG uptake depends on malignancy grade of
HCC; poorly differentiated HCC showed higher SUV
and SUV ratio than moderately or well-differentiated
HCC[9]. Thus, FDG-PET should be considered not only
for lesion detection, but also for characterization or
prognosis prediction. FDG-PET is also related to other
characteristics of tumor phenotypes such as P-glycoprotein expression or aggressive biological properties[9,15].
Despite relatively low sensitivities for primary liver
lesions, FDG-PET plays an important role in finding
extrahepatic or distant metastasis (Figure 1). A recent
meta-analysis reported that PET or PET/CT has notable performances in diagnosis of extrahepatic metastasis or recurrent lesions of HCC[16]. In this meta-analysis,
pooled sensitivity and specificity for metastasis were
76.6% and 98.0%, and those for recurrent lesions were
81.7% and 88.9%, respectively. Although PET has a
lower sensitivity than CT in detection of small (< 1 cm)
lung metastasis[17], PET is superior to other imaging modalities in detection of extrahepatic lesions, particularly
bone lesions[18].
Selective local treatments are widely performed for
unresectable HCCs, along with chemotherapy. In planning of treatment, response evaluation is crucial for
adequate selection of treatment methods. Currently used
criteria in HCC are the modified Response Evaluation
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Criteria in Solid Tumors (RECIST)[19], and the European
Association for the Study of the Liver criteria[20], which
depend on measurements of size or enhancing portion
on contrast CT. However, FDG-PET has advantages
in the evaluation of treatment response, in that it can
reflect metabolic activity of cancer cells and is less affected by structural distortion after treatment than CT.
Torizuka et al[21] reported that FDG uptake is increased
in viable HCC tissue, whereas it is decreased or absent in
the necrotic tissue in > 90% of cases.
Thus, FDG-PET can be used with high efficacy to
detect residual or recurrent lesions. Kim et al[22] reported
that sensitivity, specificity and accuracy of FDG PET/
CT were 87.5%, 71.4%, and 80.0%, respectively, in
evaluation of residual disease 1 mo after interventional
therapy. In another study, diagnostic sensitivity and
specificity were 100% and 63%, for residual lesions 3 mo
after TACE[23]. Paudyal et al[24] reported that FDG-PET
detected recurrence after RFA at least 4 mo earlier than
CT in 33% of patients. In their study, overall detection
rate of recurrence on FDG-PET was 92%, which was
higher than 75% for CT. As a result, FDG-PET could
change management plans in 18%-28% of HCC patients[25,26]. Additionally, pretreatment FDG-PET per se is
an effective prognostic predictor for treatment response
in HCC. Song et al[8] have reported that SUV ratio measured on pretreatment FDG-PET/CT is an independent predictor of response to TACE in patient with
intermediate-stage HCC. Lee et al[27] have reported that
HCC patients with lower SUV (maximum SUV < 5.0)
on FDG-PET showed longer overall and progressionfree survival than those with higher SUV, after sorafenib
treatment. Intriguingly, Kucuk et al[28] have reported a
longer progression-free survival rate in HCC patients
with higher FDG uptake, in TARE treatment with 90Y.
FDG-PET in cholangiocarcinoma
Cholangiocarcinoma (CCA) is the second most common
hepatobiliary malignancy. Prognosis of CCA is generally poor because of difficulty in early diagnosis, delayed
clinical manifestation and lack of effective non-surgical
therapeutic options.
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In diagnosis of bile duct cancer, sensitivity, specificity
and accuracy of FDG-PET were reported to be 92.3%,
92.9%, and 92.6%, respectively[29]. In another study, a
maximum SUV of 3.9 was suggested as a cutoff for
differential diagnosis between CCA and primary sclerosing cholangitis, and sensitivity, specificity, and accuracy
were reported to be 94%, 83%, and 91%, respectively[30].
However, in contrast to intrahepatic CCA, diagnostic
sensitivities of FDG-PET were relatively low in extrahepatic CCA, for which MRI or magnetic resonance
cholangiopancreatography was more effective than
FDG-PET/CT[31-33]; probably due to small tumor size
and uptake in adjacent organs such as the small bowel.
The detection of regional lymph node metastasis in
CCA by FDG-PET also depends on size and metastatic
tumor burden, thus demonstrating different results according to the stage. The sensitivity of FDG-PET for
regional lymph node metastasis was 11.7%-31.6% in
the resectable stage and 82.1% in the advanced stage.
However, the specificity of FDG-PET was as high as
88.2%-96.4%[31-33].
One strength of FDG-PET/CT is the diagnosis of
metastasis in CCA. The accuracy of PET/CT for distant
metastasis was reported to be 88.3%-100%, which was
superior to that of CT[31-34]. With high diagnostic performances, FDG-PET/CT findings changed management
plans in 16%-20% of cases deemed resectable after conventional imaging studies[31,33,35].

survival rate (58%) than patients who were not screened
(30%)[38]. Thus, FDG-PET/CT is recommended by several guidelines as an appropriate and necessary imaging
tool for initial staging of colorectal cancers[42,43].
FDG-PET is also effective for early response monitoring and follow-up after selective local treatment of
liver metastasis. FDG-PET is reported to be more accurate for evaluation of treatment response and able to
detect local relapse earlier than CT in RFA treatment of
liver metastases[44,45]. Also in TARE, response evaluated by
FDG-PET/CT is well correlated with changes in tumor
markers and progression-free survival, whereas RECIST
and tumor density criteria are not[46]. Haug et al[47] have
reported that the change in maximal SUV at 3 mo after
TARE is an independent prognostic factor in patients
with liver metastasis from breast cancer. Regarding chemotherapy, Findlay et al[48] have reported that FDG-PET
can be used for early response evaluation; > 15% reduction in tumor-to-liver ratio at 4-5 wk after chemotherapy
was able to discriminate response from non-response with
100% sensitivity and 75% specificity. Parameters on metabolic volume have been widely investigated in evaluation
of chemotherapeutic response. In a recent study, metabolic tumor volume and total lesion glycolysis measured
on FDG-PET were shown to be effective in response
evaluation[49]. However, it should be noted that sensitivity
of FDG-PET is limited for small lesions with low uptake,
particularly within 1 wk after chemotherapy[50-52].

FDG-PET in metastatic liver malignancy
Liver metastasis is from many types of malignancies
such as colorectal, stomach, breast and lung cancers, and
is often found incidentally on FDG-PET during staging work-up. A meta-analysis revealed that FDG-PET
is more sensitive than USG and CT for detection of
liver metastasis from gastrointestinal cancers[36]. Another
meta-analysis including 39 studies, in which diagnostic
performances of FDG-PET for liver metastasis from
colorectal cancers were analyzed, reported sensitivities of CT, MRI and PET as 83.6%, 88.2% and 94.1%,
respectively[37]. Additionally, PET/CT had a higher sensitivity and specificity (96.5% and 97.2%, respectively)
than PET alone.
In colorectal cancers, isolated liver metastasis is a
candidate for curative metastasectomy that can benefit
long-term prognosis[38]. Thus, appropriate selection of
resectable liver metastasis is of crucial importance for
appropriate treatment and reducing unnecessary surgical
procedures. Selzner et al[39] have reported that PET/CT
is superior to contrast-enhanced CT for detection of
local recurrences, and intra- and extrahepatic metastases in colorectal cancer patients who are candidates
for liver metastasectomy. It has also been reported that
adding FDG-PET/CT to the routine assessment of patients with liver metastases changes therapeutic plans in
28%-34% of cases by changing disease stage[40,41]. Eventually, patients with liver metastasis who were preoperatively screened by FDG PET/CT had a longer 5-year
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OTHER PET TRACERS AND NOVEL
INSTRUMENTS FOR LIVER MALIGNANCY
Although FDG-PET is widely used in management of
liver malignancy, the sensitivity of FDG-PET is limited
because of relatively high background uptake in normal
liver tissue. Additionally, FDG uptake is often lower in
well-differentiated HCC. Thus, several alternative PET
imaging agents have been tried in imaging of liver malignancy, including 11C-acetate, 11C-choline, 18F-choline and
18
F-fluorothymidine (FLT).
PET tracers other than FDG
Acetate is a metabolic substance used for fatty acid synthesis and energy production via the Krebs cycle[53,54].
11
C-Acetate PET is approved for human use in many
countries including the United States, European Union,
and South Korea, and used for tumor imaging in various cancers including HCC, although establishment of
an on-site cyclotron is required for use of 11C that has
a short half-life of 20 min. In HCC, the uptake ratio
between the lesion and the normal liver is usually much
higher on 11C-acetate PET than on FDG-PET (Figure
2). Ho et al[55] have reported that 11C-acetate PET is more
sensitive than FDG-PET for detection of HCC, particularly well-differentiated HCC. Intriguingly, uptake of 11Cacetate is not as high in CCA and metastatic liver tumors
as in HCC, and thus, 11C-acetate PET is suggested as a
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Figure 2 18F-fluorodeoxyglucose and 11C-acetate positron emission tomography in hepatocellular carcinoma. In a patient with HCC, maximal intensity projection (A), PET (B), and PET/CT fusion (C) images of 18F-fluorodeoxyglucose-PET does not show a lesion of hot uptake. However, the same image set of 11C-acetate
PET (D-F) shows hot uptake in the S7 segment of the liver. PET: Positron emission tomography; HCC: Hepatocellular carcinoma; CT: Computed tomography.

complementary imaging method to FDG-PET in welldifferentiated HCC. 11C-Acetate PET has also been
reported to have a higher sensitivity than FDG-PET in
detection of bone metastasis from HCC (93% and 62%,
respectively)[56].
As a result of differences between FDG and 11Cacetate in effective half-life and metabolic characteristics,
dual-tracer PET/CT that uses both FDG and 11C-acetate
was suggested to be more accurate in imaging of HCC. A
prospective study reported the overall sensitivity of dualtracer PET/CT was 82.7% in primary HCC[13]. Additionally, sensitivity and specificity of dual-tracer PET/CT
were significantly higher (96.8% and 91.7%, respectively)
than those of contrast CT (41.9% and 33.0%, respectively), in selection of candidates for liver transplantation[57].
Choline is one of the essential components of phospholipids in the cellular membrane, and metabolism and
uptake of choline are increased in actively proliferating
tumor cells. As well as 11C-choline, several 18F-labeled
choline analogs such as 18F-fluorocholine, 18F-fluoroethylcholine and 18F-fluoromethyl-choline are used for clinical imaging of choline metabolism. These 18F-labeled
tracers have longer half-lives and are more easily accessible in clinical practice[58]. A prospective study with 18Ffluorocholine PET in patients with chronic liver disease
reported an overall sensitivity of 84% for HCC (including
well-differentiated type), which was significantly higher
than that of FDG (67%)[59]. Intriguingly, some HCCs
presented as a photopenic pattern on choline PET, and
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both hyper- and hypometabolic lesions may be regarded
as positive results. A pilot study reported that HCC with
a photopenic pattern on 18F-fluorocholine PET was associated with the presence of microvascular invasion, high
FDG uptake, and early recurrence after surgical resection, resulting in poor prognosis[60]. However, HCC with
a photopenic pattern may be an obstacle in differential
diagnosis between HCC and benign liver lesions. In a recent study, mean SUV ratios were 1.68 for focal nodular
hyperplasia and 0.88 for hepatocellular adenoma[61].
18
F-FLT is an analog of thymidine. FLT-PET is used
for imaging of cellular proliferation, reflecting DNA
synthesis. Although FLT-PET is effective in many cancers, its efficacy is limited in liver malignancy due to high
physiological uptake in the normal liver. A pilot study
reported higher FLT uptake than surrounding liver tissue in 11 of 16 HCC cases (69%), which was related to
a proliferation marker, MIB-1[62]. However, in liver metastases of colorectal cancer, only 11 of 32 cases (34%)
were discernible on FLT-PET[63].
PET/MRI
PET/MRI is a recently developed hybrid imaging instrument that can provide both PET and MRI images
simultaneously. MRI has excellent image contrast in the
soft tissue including the liver, and shows a high diagnostic performance for liver malignancy using liver-specific
contrast materials and diffusion-weighted imaging, particularly in small lesions [64,65]. The hybrid images of
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PET/MRI can yield benefits from the strengths of both
PET and MRI, which are perfectly co-registered to each
other. Thus, PET/MRI has potential for imaging of liver
malignancy.
Several studies have investigated the efficacy of
software-based image fusion between PET and MRI.
One study reported that fusion images of FDG-PET/
CT and MRI had a high sensitivity (93%) and specificity (87%-97%) for liver malignancy[66]. Recently, some
clinical hybrid PET/MRI scanners became commercially
available and results of initial studies on PET/MRI
have been reported. PET/MRI provided better diagnostic confidence than PET/CT for both benign and
malignant liver lesions[67]. Additionally, MRI can provide
various information using different imaging sequences;
diffusion-weighted imaging was reported to be related
to histological grade of tumor, and dynamic contrastenhancement imaging, to tumor viability[68,69]. The information from MRI combined with metabolic information
from PET could be new imaging biomarker profiles for
tumor characterization.
However, attenuation correction is performed by MRIbased methods in PET/MRI scanners, and there is a
concern about the difference in SUV between PET/CT
and PET/MRI[70,71]. Further studies are required to investigate quantitation methods for clinical application of
PET/MRI in conjunction with PET/CT.

In another study, even in cases exceeding the Milan criteria, the 5-year recurrence-free survival rate of patients
with non-FDG-avid HCC was comparable (81%) to that
of patients with tumors meeting the Milan criteria (81%
and 86.2%, respectively)[75]. Pant et al[76] also have reported that patients with non-FDG-avid HCC largely had
lower-stage disease and could be candidates for curative
surgical resection and liver transplantation, whereas the
majority of patients with FDG-avid HCC had advancedstage disease, with a higher chance of metastases and
vascular invasion. Similar results were reported in hilar
CCA; patients with non-FDG-avid CCA had a significantly lower recurrence rate and higher 2-year recurrence-free survival rate after liver transplantation than
patients with FDG-avid CCA[77]. Thus, FDG-PET can
be recommended as an essential imaging modality for
preoperative evaluation of liver transplantation.
In postoperative follow-up of liver transplantation,
FDG-PET can also be used for detection of recurrence,
although there is some limitation in detection of small
lesions including intrahepatic and brain metastases[78].
Additionally, FDG-PET is effective for diagnosis of
post-transplant lymphoproliferative disorder (PTLD).
PTLD is the second most common malignancy in adult
transplant recipients, and has a very high mortality rate
of 50%. Despite a small number of subject cases, several
studies reported that FDG-PET/CT may be a useful
tool for detection, diagnosis, staging and therapy monitoring of PTLD[79,80].

IMAGING IN LIVER SURGERY AND
TRANSPLANTATION

Image-based evaluation of hepatic function
In liver malignancy, radical treatment often requires extensive resection, which may impair hepatic function. In
liver transplantation, resectability of tumor and feasibility of a living donor should be determined based on
hepatic function. Thus, preoperative and postoperative
residual hepatic function needs to be meticulously evaluated to prevent postoperative hepatic failure. Nuclear
imaging can be used for image-based evaluation of liver
function.
99m
Tc-labeled galactosyl human serum albumin (99mTcGSA) is a radiopharmaceutical that targets asialoglycoprotein receptor of hepatocytes. 99mTc-GSA scanning
can provide valuable parameters for determining hepatic
functional reserve, which demonstrated a good relationship with other parameters of liver function such as
Child-Pugh classification, indocyanine green clearance,
serum bilirubin, prothrombin time, and histology[81,82].
On 99mTc-GSA scanning, the ratio of the heart activities
at 15 and 3 min after injection (HH15) is used as a parameter for blood clearance, and the ratio of the liver activity and liver plus heart activity at 15 min after injection
(LHL15) is used as a parameter for hepatic uptake. In
patients with liver cirrhosis, high LHL15 or low HH15 is
related to high survival rate[82].
Preoperatively measured LHL15 is reported to be related to postoperative complications after hepatectomy,
with cutoff values of 0.875-0.90[83,84]. 99mTc-GSA scan-

FDG-PET in liver transplantation
Liver transplantation is the best curative option in early
but unresectable liver malignancy. However, because of
limited sources of donor organs, careful candidate selection is of paramount importance. Currently, the Milan or
University of California San Francisco criteria are widely
used for candidate selection[3,72], in which size and number of tumors are considered. They are based on the
concept that a lower tumor burden is related to lower
probability of recurrence and better prognosis. However,
size and number of tumors are not perfect markers for
the tumor burden, and errors may exist in preoperative
measurement of tumors on conventional CT.
FDG-PET has been used in pretransplantation evaluation of liver malignancy to detect extrahepatic metastases. Additionally, FDG-PET can show the metabolic
activity of the primary liver lesion, which is related to
the prognosis and tumor recurrence after transplantation. In a recent study, tumor-to-normal liver SUV ratio
on preoperative FDG-PET was reported to be an independent and significant prognostic factor for tumor recurrence and survival in liver transplantation for HCC[73].
This agrees with the result that non-FDG-avid HCC
showed a significantly lower rate of microvascular invasion, lower recurrence rate, and better 3-year recurrencefree survival (11.5%, 3.8% and 93%, respectively) than
FDG-avid HCC (87.5%, 50% and 35%, respectively)[74].
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ning can also be used for postoperative evaluation of
hepatic function; LHL15 measured at 2 wk after transplantation is correlated with other functional parameters
such as model for end-stage liver disease score and
graft-to-recipient weight ratio[85]. The modified receptor
index, which is calculated as LHL15/HH15, was lower
in the partial hepatectomy group than the control group
in patients with fatty liver[86], reflecting residual hepatic
function. In liver transplantation due to hepatitis, it is
suggested that a decrease in the modified receptor index
at 3 mo after transplantation could be assumed to be recurrent hepatitis affecting the graft[87].
The most notable advantage of image-based functional evaluation is that it can assess regional function
easily. On 99mTc-GSA scanning, regional functions can
be assessed using separate regions of interest target
areas. In a study on auxiliary partial orthotopic liver
transplantation, in which the donor liver and residual
native liver coexist, 99mTc-GSA scanning can be used for
monitoring both donor and native liver function after
transplantation[88]. Additionally, more accurate evaluation
of regional function and functional volume is available
with SPECT or SPECT/CT imaging. Hwang et al[89] have
reported that postoperative liver function and complications can be predicted using 99mTc-GSA dynamic SPECT
in hepatectomy patients. 99mTc-GSA SPECT can also
show hepatic function-volume relationship; functional
recovery was reported to be more rapid than volumetric
recovery after portal vein embolization or liver resection,
in studies using 99mTc-GSA SPECT[90,91].

%/min was well correlated with indocyanine green clearance test and residual liver function after major liver surgery[95]. The cutoff value of future remnant liver function to prevent postoperative liver failure was suggested
as 2.5-2.7 %/min per m2 body surface area[96,97].
SPECT and SPECT/CT are also helpful for hepatobiliary scanning. Radiotracers are dynamically excreted
through the hepatobiliary system, therefore, SPECT
images are acquired at around the peak time of hepatic
time-activity curve, when the amount of radioactivity
within the liver is relatively stable and well correlated
with hepatic function[98]. Fusion images of SPECT/CT
are expected to be better for regional assessment, with
the aid of anatomical reference images of CT.

THERAGNOSIS USING NUCLEAR
IMAGING IN LIVER MALIGNANCY
TARE as theragnosis
Theragnosis is a term coined from therapy and diagnosis,
which means simultaneous diagnosis and therapy sharing a common mechanism. Cancer-targeting tracers that
have both imaging and therapeutic moieties are a typical
example of theragnosis. In liver malignancy, TARE or
SIRT has been investigated for more than a decade, as
an effective local treatment. TARE is performed with
radiopharmaceuticals emitting therapeutic radiations.
Additionally, nuclear imaging can be acquired using the
radiations and used as a theragnosis for treatment planning and monitoring.
Currently, 90Y and 131I are widely used radioisotopes
in TARE. Although 131I emits γ as well as β rays and can
be imaged using a gamma camera, 90Y, more widely used
than 131I, does not emit γ rays. However, 90Y can also be
imaged using a gamma camera by the Bremsstrahlung
X-ray, although image quality is relatively poor with it
(Figure 3). Additionally, 90Y emits a small amount of
positrons and can be imaged using a PET scanner. The
images acquired from a gamma camera or a PET scanner show distribution of the radiopharmaceuticals, and
are used for dosimetry, efficacy monitoring, and planning of next treatment.

Imaging for hepatobiliary function
Hepatobiliary scanning has been used in clinical practice
for several decades, using derivatives of 99mTc-labeled
iminodiacetic acid (IDA) such as 99mTc-mebrofenin,
99m
Tc-dimethyl IDA and 99mTc-diisopropyl IDA. These
radiotracers are transported into hepatocytes and go
through the biliary system without being metabolized,
and thus, hepatic excretion and biliary drainage can be
visualized.
In liver transplantation, hepatobiliary scanning is
used for diagnosis of postoperative biliary leakage or
stricture, which is a frequent complication with incidences of 5%-32%[92]. Hepatobiliary scanning has a high
specificity for diagnosis of post-transplantation biliary
stricture, because passage of only a small amount of radiotracers can be visualized on the scan. In a study that
investigated hepatobiliary scanning with regard to findings of endoscopic or percutaneous cholangiography,
positive and negative predictive values were reported to
be 92.6% and 22%, respectively[93], which presumably
resulted from difference in imaging sensitivities between
the modalities. Dynamic hepatobiliary scanning may be
useful for diagnosis of complications such as biliary obstruction in liver transplantation[94].
Hepatobiliary scanning can also be used for evaluation of liver parenchymal function. On dynamic 99mTcmebrofenin scanning, hepatic uptake rate expressed as
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Theragnosis using 90Y-labeled microspheres
TARE can be considered in a patient with unresectable and hepatic artery-dominant primary or metastatic
cancer, who has adequate general condition, preserved
liver function, and a life expectancy of at least 3 mo. 90Ylabeled microspheres are most widely used in clinical
trials and practice of TARE. However, several other radiopharmaceuticals are also available for TARE, such as
131
I-lipiodol[99], 166Ho-chitosan, and 188Re-lipiodol[100].
90
Y-labeled microspheres are usually made of resin
or glass with sizes of 20-40 μm, which enables optimal
access into tumor preventing adverse effect by leakage
through microcirculation. In addition to embolizing the
tumor-feeding artery, β ray irradiation from injected mi-
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Figure 3 A Bremsstrahlung scan of 90Y-microsphere transarterial radioembolization. Anterior (A) and posterior (B) planar scan images show hot uptake (arrows)
in the right lobe of the liver, which is well correlated with findings on angiography (C), in spite of relatively poor image quality with blurring. Some liver-to-lung shunt
activities are shown in the lungs (arrowheads).

aggregated albumin (99mTc-MAA) scanning is obtained
for simulation of microsphere distribution and dosimetry. The estimation from 99mTc-MAA scanning may
not always be same as that of therapeutic microspheres,
because of differences in particle size, specific gravity,
injected particle load, microembolic effects, placement
of microcatheter tip, and regional blood flow change
from prophylactic coil embolization of non-target arteries[106,107]. However, 99mTc-MAA SPECT usually shows
accurate registration with 90Y SPECT images[108,109].
99m
Tc-MAA scanning is effective for detecting unexpectedly leaked activity in the gastrointestinal tract,
measuring the amount of liver-to-lung shunt, and even
predicting treatment response and survival[110]. In case
of abnormally high gastrointestinal activity, changing the
position of the microcatheter tip and re-evaluation by
99m
Tc-MAA scanning should be considered to minimize
adverse effects on normal tissue. Furthermore, dose reduction of TARE or other treatment should be considered in patients with a large lung shunt, to prevent toxicity from systemic distribution of microspheres. 99mTcMAA SPECT or SPECT/CT provides more valuable
information than that provided by planar scans because
cross-sectional SPECT images can show more accurate
regional distribution, particularly with SPECT/CT (Figure 4). Radioactivity measured on SPECT or SPECT/
CT can also be used for elaborate calculation of radiation dose, using anatomically correct partition models.
Response to TARE has been variable because of
subject heterogeneity, different time points, and different methods of assessment. A recent prospective study
including 52 HCC patients reported response, disease
control and complete response rates of 40.4%, 78.8%
and 9.6%, respectively[111]. In another prospective multicenter phase Ⅱ trial of TARE in chemorefractory liverdominant metastatic colorectal cancer, disease was controlled in 48% of patients with a median survival of 12.6
mo[112]. FDG-PET is also used for monitoring response
in TARE, and interval-decreased intrahepatic tumoral
uptake on post-treatment FDG-PET suggests better
prognosis and longer survival[46,47,113].

crospheres destroys tumors. Dosimetry is a great benefit
of theragnosis imaging. Radiation doses of the normal
liver parenchyme and tumor can be calculated using partition models or body surface area models, based on images that are acquired from pilot or previous treatment.
Dosimetry results are used for treatment planning so
that the radiation dose for the normal liver parenchyme
does not exceed 35 Gy and that of the tumor exceeds 70
Gy[101].
TARE with 90Y-labeled microspheres can be combined with other treatments. However, surgery immediately after TARE is recommended to be performed
carefully considering the radiation safety for surgeons,
although the risk of radiation exposure caused by a 90Y
microsphere-administered patient is not high[102,103]. Additionally, discontinuation of antiangiogenic drugs such
as sorafenib is recommended before pretreatment angiography, in order to avoid vascular complication and to
optimize therapy.
Bremsstrahlung scanning and SPECT for 90Y-labeled
microspheres are used for post-treatment imaging and
confirmation of dose delivery. However, image quality of the Bremsstrahlung scan and SPECT is relatively
poor and insufficient for quantitative analysis, although
optimization of reconstruction algorithm has been attempted using a precalculated point-spread function of
90 [104]
Y . Recently, PET has been performed using positrons produced from minor decay branches of 90Y, which
generate 32 electron-positron pairs per every 1 million
decays of 90Y. As a result of a small branching fraction,
90
Y PET has a limited image quality and requires long
imaging time. However, with recent state-of-the-art PET
scanners that have high sensitivity, high-quality 90Y PET
images superior to those of Bremsstrahlung SPECT can
be acquired[105]. More accurate measurements of tumorabsorbed dose and therapeutic response monitoring are
provided by 90Y PET.
Pretreatment planning and response monitoring in
TARE
In planning treatment with TARE, 99mTc-labeled macro-
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Figure 4 Pretreatment planning and post-treatment evaluation using single photon emission computed tomography and positron emission tomography.
In a patient with a large hypervascular tumor in the right lobe of the liver (A; contrast-enhanced CT), pretreatment SPECT/CT using 99mTc-labeled macroaggregated
albumin shows well-localized accumulation of the radiotracer (B). After treatment evaluation using 90Y-microsphere, 90Y PET/CT image shows a similar uptake pattern
in the liver (C). SPECT: Single photon emission computed tomography; CT: Computed tomography; PET: Positron emission tomography.

CONCLUSION
FDG-PET/CT has demonstrated high diagnostic performances in liver malignancy, regarding diagnosis, treatment response monitoring and prognosis prediction.
11
C-Acetate and radiolabeled choline PET is complementary to FDG-PET in liver malignancy with low
FDG uptake, such as well-differentiated HCC. 99mTcGSA and hepatobiliary scans can be used for regional
evaluation of hepatic function. In liver resection and
transplantation, those imaging methods are effectively
used for candidate selection, treatment planning and
perioperative evaluation of hepatic function. In recently
developing treatment of TARE, nuclear imaging is used
for planning and evaluation of treatment as theragnosis.
With development of new hybrid imaging technologies
such as PET/MRI and SPECT/CT, nuclear imaging is
expected to be more useful in the management of liver
malignancy, particularly regarding liver surgery and transplantation.
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Unveiling lymph node metastasis in early gastric cancer
Nari Shin, Tae-Yong Jeon, Gwang Ha Kim, Do Youn Park
ing the validity of these criteria. Further, there are currently no accurate methods to predict LN metastasis
in gastric cancer (for example, radiologic methods or
methods based on molecular biomarkers). We recommend the use of a 2-step method for the management
of early gastric cancer using endoscopic resection. The
first step is the selection of suitable patients for endoscopic resection, based on endoscopic and histopathologic findings. After endoscopic resection, additional
surgical intervention could be determined on the basis
of a comprehensive review of the endoscopic mucosal
resection/endoscopic submucosal dissection specimen, including lymphovascular tumor emboli, tumor
size, histologic type, and depth of invasion. However,
evaluation of clinical application data is essential for
validating this recommendation. Moreover, gastroenterologists, surgeons, and pathologists should closely
collaborate and communicate during these decisionmaking processes.
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Abstract
With respect to gastric cancer treatment, improvements
in endoscopic techniques and novel therapeutic modalities [such as endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD)] have been
developed. Currently, EMR/ESD procedures are widely
accepted treatment modalities for early gastric cancer
(EGC). These procedures are most widely accepted
in Asia, including in Korea and Japan. In the present
era of endoscopic resection, accurate prediction of
lymph node (LN) metastasis is a critical component
of selecting suitable patients for EMR/ESD. Generally,
indications for EMR/ESD are based on large Japanese
datasets, which indicate that there is almost no risk of
LN metastasis in the subgroup of EGC cases. However,
there is some controversy among investigators regard-
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Core tip: In this review, we defined the clinicopathologic parameters for predicting lymph node metastatic
early gastric cancer. Moreover, we recommended the
use of a 2-step method for minimally invasive management of early gastric cancer. Collection and assessment
of clinical application data will help validate this recommendation.
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differentiated adenocarcinoma, and no lymphovascular
invasion (irrespective of ulcer findings); (2) intramucosal
cancer, differentiated adenocarcinoma, no lymphovascular invasion, and without ulcer findings (irrespective
of tumor size); (3) undifferentiated intramucosal cancer,
no lymphovascular invasion, without ulcer findings, and
tumor less than 2 cm in size; and (4) minute submucosal
penetration (SM1), differentiated adenocarcinoma, no
lymphovascular invasion, and tumor less than 3 cm in
size[10]. As a consequence of these findings, the guidelines
for EMR and the extended criteria for ESD were based
on these datasets. However, the validity of these criteria
is currently under debate[11,12]. Kang et al[11] reported that
there were 1.4% and 15% LN metastases for mucosal
and submucosal EGCs, respectively, even though the lesions were well within the ESD criteria. However, Gotoda et al[10] reported that there were no LN metastases
(95%CI: 0%-0.3%) among 1230 differentiated mucosal
gastric cancers that were less than 3 cm in diameter and
without lymphatic involvement, vessel involvement, or
ulceration. Further, Gotoda et al[10] reported that there
were no nodal metastases (95%CI: 0%-0.4%) among
929 differentiated EGCs that were of any size and without lymphatic involvement, involvement, or ulceration.
Finally, Gotoda et al[10] reported that there were no LN
metastases among 141 diffuse-type EGCs that were less
than 3 cm and without lymphatic involvement, vessel
involvement, or ulceration. In contrast to the results of
Gotoda et al[10], Kang et al[11] reported that 1.6% (2/126),
1.4% (2/146), and 15.0% (3/20) of cases in the same respective categories involved lymph node metastasis. Additionally, Hölscher et al[12] reported that nodal metastasis
was evident in ≥ 2 cm tumors as early as deep mucosal
invasion, irrespective of their histologies. These observations could be explained by differences in the diagnostic
criteria of gastric adenocarcinoma, and the likelihood
that a diagnosis of adenocarcinoma, instead of highgrade dysplasia, could contribute to a lower rate of LN
metastasis in some cohorts[13,14]. These reports inspire
some concern regarding the extended criteria for ESD as
a curative therapeutic modality, because their results suggest that a risk of positive nodal metastasis is still present
in some cases. Therefore, a more accurate and consistent
method of predicting lymph node metastasis is needed to
support the use of EMR/ESD for curative resection.

INTRODUCTION
Gastric cancer is the second most common cause of cancer death, and the fourth most prevalent cancer worldwide
(7.8%)[1]. Early gastric carcinoma (EGC) has been defined
as gastric adenocarcinoma confined to either the mucosa
or submucosa, irrespective of regional lymph node metastasis, whereas advanced gastric cancer has been defined
as adenocarcinoma that has invaded into the muscularis
propria or beyond[2]. The incidence of EGC differs between Eastern and Western nations. In South Korea,
the proportion of gastric cancers diagnosed at an early
stage increased from 28.6% in 1995 to 32.8% in 1999.
In Japan, the proportion of gastric cancers diagnosed at
an early stage has increased from 18% to 57% over the
past 20 years[3,4]. These changes are mostly attributable to
advances in diagnostic technologies, including radiologic
and endoscopic modalities, which allow earlier detection
of gastric cancer, as well as nationwide mass screening
programs for gastric cancer[5,6].
With respect to therapeutic strategies for EGC, radical
surgery with complete removal of the first and second
tier lymph nodes can achieve 5-year survival rates in excess of 90%, and recurrence rates lower than 2%-3%[7,8].
Recently, endoscopic resection methods [such as endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD)] have become widely accepted
as first-line therapies for EGC without lymph node (LN)
metastasis. This acceptance partly results from the risks
of gastrectomy and its negative effects on the patient’
s quality of life[5,6]. Widely accepted selection criteria for
EMR are the presence of an intramucosal and intestinal (differentiated) adenocarcinoma with a diameter of
≤ 2 cm, and the absence of lymphovascular invasion.
With the development of ESD, broader indications have
been established, including submucosal invasion to a
maximal depth of 500 μm, and sizes up to 3 cm in diameter. These broader indications are a consequence of
the wider resection of the mucosa and submucosa. For
both EMR and ESD, the aforementioned indications are
based on large Japanese datasets, which suggest a minimal risk of lymph node metastasis for lesions that fall
within those criteria. Therefore, we believe that it is appropriate to review lymph node metastasis in EGC. Our
review particularly focuses on methods of predicting
lymph node metastasis in EGC.

CLINICOPATHOLOGICAL FEATURES FOR
PREDICTING LYMPH NODE METASTASIS
IN EGC, AND A RECOMMENDATION FOR
A SCORING SYSTEM

LYMPH NODE METASTASIS OF EGC
AND THE INDICATIONS OF EMR/ESD
In a meta-analysis of previously reported datasets[9], lymph
node metastasis was evident in about 3.2% (0.0%-20.3%)
of mucosal EGC and 19.2% (10.2%-33.3%) of submucosal EGC. Historically, Gotoda et al[10] reported that
some groups of patients with EGC showed either no risk
or minimal risks of lymph node metastasis, as compared
with the risks of mortality from surgery. These 5 groups
were characterized as follows: (1) intramucosal cancer,
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Various attempts have been made to predict LN metastasis in EGC, on the basis of endoscopic findings and various clinicopathologic factors (depth of invasion, tumor
size, macroscopic types, and histological differentiation).
Kwee et al[9] reported that younger age, the location of
the tumor in the middle stomach, larger tumor size, de-
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Early gastric cancer

Endoscopy
Endoscopic ultrasonography
Histopathology

Gastroenterologist
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Suitable for ESD/EMR

Prediction scoring system

Pathologist

Lymphovascular tumor emboli
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Histologic type
Tumor size

Surgeon

Surgical intervention

Figure 1 Workflow for deciding on a therapeutic method for cases of early gastric cancer. The first step is the selection of suitable patients for endoscopic resection, based on endoscopic and histopathologic findings. After endoscopic resection, additional surgical intervention could be determined on the basis of a comprehensive review of the EMR/ESD specimen, including lymphovascular tumor emboli, tumor size, histologic type, and depth of invasion. ESD: Endoscopic submucosal
dissection; EMR: Endoscopic mucosal resection; Sm: Submucosal.

pressed tumor type, ulceration, diffuse histologic type,
and lymphatic tumor invasion were associated with LN
metastasis in mucosa-confined EGC. Further, female sex,
location of the tumor in the lower stomach, larger tumor
size, diffuse histologic type, increasing depth of submucosal invasion, and lymphovascular invasion were associated with LN metastasis in submucosal invasive EGCs[9].
In the course of investigating submucosal invasive
EGC as an extended indication for ESD, a variety of
studies have attempted to predict LN metastasis of submucosal gastric cancer[11,15-17]. An et al[15] reported that
tumor size, histologic type, tumor depth, lymphatic invasion, and perineural invasion were associated with LN metastasis in submucosal EGCs. Among these factors, tumor
size ≥ 2 cm, and the presence of lymphovascular tumor
emboli were independent risk factors for LN metastasis
in a multivariate analysis. Kurihara et al[16] reported that tumor diameter, lymphatic invasion, and depth of invasion
were associated with lymph node metastasis. Kang et al[11]
reported that tumor size, presence of ulceration, lymphovascular invasion, and depth of submucosal invasion were
risk factors for LN metastasis in submucosal EGCs.
With respect to intestinal-type EGCs, lymphovascular
invasion and depth of invasion have been reported to be
independent risk factors for LN metastasis[11]. This same
research group has also reported that the lateral extent
of submucosal invasion is an important risk factor, in
addition to depth of invasion and lymphovascular tumor
emboli[17]. On the basis of the reported datasets, lymphovascular tumor emboli, tumor size, histologic type,
and submucosal depth of invasion should be considered
risk factors for predicting LN metastasis in submucosal
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invasive EGCs. The indication of ESD is largely dependent on these datasets, the analysis of which supported
the extended criteria of < 500 μm depth of invasion,
absence of lymphovascular invasion, tumor diameter <
3 cm, and intestinal histologic type.
As mentioned previously, lymphovascular tumor emboli, tumor size, histologic type, and depth of invasion
were components of the extended ESD criteria for submucosal invasion EGC. Among these factors, tumor size
and histologic type can be easily identified prior to endoscopic resection from endoscopic findings and biopsy
specimens. However, it is difficult to detect the presence
of submucosal invasion or lymphovascular tumor emboli using endoscopy and biopsy prior to endoscopic
resection. Indeed, it is difficult to find evidence of submucosal invasion or lymphovascular tumor emboli on
biopsy specimens, because of their small sizes and their
paucity of submucosal tissue.
In consideration of these limitations, the management of patients who might undergo EMR/ESD could
be performed using 2 processes, which have been described previously[18] (Figure 1). First, the selection of
EGC patients for EMR/ESD could be performed on
the basis of radiologic findings (endoscopic ultrasonography-based depth of invasion), endoscopic findings
(size), and biopsy specimen findings (histopathological features). Second, endoscopic resection could be
performed along with a comprehensive review of the
EMR/ESD specimen, including examination for lymphovascular tumor emboli, tumor size, histologic type,
and depth of invasion. The selection for further surgical
resection after EMR/ESD could be determined from

5391

May 14, 2014|Volume 20|Issue 18|

Shin N et al . Lymph node-metastasis early gastric cancer

the results of this comprehensive review of the EMR/
ESD specimen. Therefore, careful identification of the
various histopathologic features of the EMR/ESD specimen is a mandatory component of the management of
EMR/ESD patients. Various scoring systems have been
developed for these purposes.
Fujii et al[19] have demonstrated that lymphatic invasion, lymphocytic infiltration, poorly differentiated
submucosal component, tumor size, depth of invasion,
ulceration, and venous invasion are indications for surgical resection after ESD. They scored lymphatic invasion
(+2), lymphocytic infiltration (-2), poorly differentiated
component in the submucosa (+2), smallest diameter >
2 cm (+1), submucosal invasion depth > 2000 μm (+1),
and venous invasion (+1) for each ESD specimen. The
authors recommended that, after scoring each component, further surgical resection should be recommended
if the sum of the scores is ≥ 4. They reported that their
scoring system had 100% sensitivity, 68.0% specificity,
and 73.7% diagnostic accuracy for predicting LN status
in submucosal invasive EGC.
Kim et al [17] have developed the nodal prediction
index formula, which is based on risk factors for LN
metastasis in submucosal invasive EGCs. Their formula
is NPI = (2.128 × lymphovascular tumor emboli) +
(1.083 × submucosal invasion width ≥ 0.75 cm) + (0.507
× submucosal invasion depth ≥ 1000 μm + (0.515 ×
infiltrative growth pattern). Here, lymphovascular tumor
emboli, submucosal invasion ≥ 1000 μm, submucosal
width ≥ 0.75 cm, and infiltrative growth enter into the
formula as either 0 (absent) or 1 (present). The nodal
prediction index produces a greater area under the receiver operating characteristic (ROC) curve (0.809) than
do individual evaluations of lymphovascular tumor
emboli (0.744) or submucosal invasion width (0.689)[17].
Kim et al[17] reported that choosing a score of 1.8515 as
the cutoff between the LN(+) and LN(-) groups yielded
the ROC curve of optimal sensitivity and specificity. Particularly, using a 1.8515 cutoff score for predicting nodal
metastasis resulted in a sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of 70.4%, 80.1%, 41.3%, 93.5% and 79.3%, respectively.
Although the exact results have varied across the different investigations, the use of a scoring system contributes an element of objectivity when deciding whether
surgery is indicated after ESD.

invasion are crucial components of the management of
patients who undergo EMR/ESD.
In the extended criteria for ESD, the cutoff value
of submucosal invasion depth is 500 μm. However, the
validity of 500 μm as an appropriate cutoff has been
challenged. Specimen handling could artificially affect
the depth of invasion[20]. During EMR/ESD specimen
handling, the specimen could be stretched, reducing the
thickness of the submucosa. Consequently, it has been
suggested that the cutoff value for depth of submucosal
invasion should be less than 500 μm, because the cutoff
value has historically been determined from surgically resected lesions, instead of endoscopically resected lesions.
Additionally, Kim et al[17] have argued that discrepancies
in the measurement of depth of invasion could arise
from differences between methods of measurement,
as well as from the morphologic characteristics of the
muscularis mucosae[17]. Indeed, Kim et al[17] revealed that
there are differences in depth of invasion depending on
whether the measurement is taken from the bottom of
the muscularis mucosa, which has been suggested to be
the standard method, or an imaginary line at the muscularis mucosa. In addition, the authors categorized the
muscularis mucosa as normal, discontinuous, hypertrophic, or disappearing. They recommended measuring the
submucosal depth of invasion from an imaginary line of
the muscularis mucosae in patients with irregular muscularis mucosa (discontinuous, hypertrophic), and from the
bottom of muscularis mucosa in patients with normal
muscularis mucosa (Figure 2).
As mentioned previously, the presence of lymphovascular emboli is the most reliable risk factor for predicting
LN metastasis in EGC. Therefore, careful identification of lymphovascular tumor emboli in endoscopically
resected specimens is an important step for selecting
suitable patients for further surgical intervention after
endoscopic resection. Although the presence of lymphovascular emboli is defined by the presence of tumor
cells within endothelial-lined vascular spaces, there are
various debates about the recognition, diagnosis, and
reporting of lymphovascular emboli in cancers [21-23].
Indeed, there are many mimics and artifacts of lymphovascular emboli, such as retraction artifacts around tumor cells, and intervening stroma-mimicking tumor cells
in the lymphovascular spaces during histopathologic examination. Park et al[18] defined potential lymphovascular
tumor emboli as being probable, suspicious, or definite.
Specifically, potential lymphovascular tumor emboli
were defined by “the presence of tumor cells within a
vascular space,” in combination with the following criteria, which are based on previous publications[21,24]: (1)
red cells or lymphocytes surrounding the tumor cells;
(2) an endothelial cell lining; and (3) attachment to the
vascular wall. Kim et al[17] recommend the use of strict
lymphovascular tumor emboli criteria during the identification of lymphovascular tumor emboli in EMR/ESD
specimens. Their recommendation proceeds from an
analysis of their datasets that showed a greater the area

PRACTICAL POINTS OF EVALUATION
OF LYMPHOVASCULAR TUMOR
EMBOLI AND DEPTH OF SUBMUCOSAL
INVASION
As mentioned previously, lymphovascular tumor emboli and depth of submucosal invasion have been the
strongest risk factors for lymph node metastasis in submucosal invasive EGCs. Therefore, careful identification
of lymphovascular invasion and depth of submucosal
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Well-preserved
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B
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C
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muscularis mucosa

Muscularis mucosae
Adenocarcinoma

Figure 2 Recommendation of measurement of the submucosal depth of invasion. Measuring from the bottom of muscularis mucosa in patients with normal
muscularis mucosa (A) and from imaginary line of the muscularis mucosae in patients with irregular muscularis mucosa [hypertrophic (B), discontinuoud (C)] (solid arrow) is recommended rather than measuring from bottom of muscularis mucosae (broken arrow).

surement of depth of submucosal invasion[28]. Recently,
laparoscopic sentinel node biopsy with endoscopic resection has been investigated as a promising method of
predicting LN metastasis in EGC; although many clinical
attempts regarding the use of sentinel nodes have been
performed, this approach still has technical and clinical
limitations[29,30].
The use of molecular biomarkers to predict LN metastasis in EGC also has limited clinical utility. Yoshii et al[31]
reported that dual loss of membranous E-cadherin
and beta-catenin was associated with LN metastasis in
intestinal-type EGC. Tanaka et al[32] reported that loss of
beta-catenin was associated with LN metastasis of EGC.
Mucin-4 expression is also associated with LN metastasis in EGC[33]. The expression of vascular endothelial
growth factors C and D is associated with micrometastasis in EGC[34]. Lymphatic vessel density-identified and
microvessel density-identified immunohistochemistry of
D2-40 and CD31 have been associated with LN metastasis in EGC[35]. Besides tissue biomarkers, preoperative
serum angiopoietin-2 level has also been associated with
LN metastasis in EGC[36].

under the ROC curve for definitive lymphovascular tumor emboli (as compared with the areas under the ROC
curves for suspicious or probable cases) when predicting LN metastasis from endoscopically resection specimens. From a practical perspective, some reports have
suggested that immunohistochemical staining (factor Ⅷ
-related antigen, CD31, and D2-40) is important for detecting lymphovascular emboli, because mimics and artifacts can otherwise lead to mistakes[22,25,26]. Jeon et al[26]
reported that immunohistochemical staining resulted
in better detection of lymphovascular emboli than the
use of routine hematoxylin and eosin staining on ESD
specimens. Additional prospective studies are needed to
confirm the exact role of immunohistochemistry in the
detection of lymphovascular tumor emboli in submucosal invasive EGCs.

RADIOLOGIC OR MOLECULAR
BIOMARKERS TO PREDICT LYMPH
NODE METASTASIS IN EARLY GASTRIC
CANCER
At present, no imaging modalities are capable of reliably
predicting LN status in cases of gastric cancer, especially
those that involve EGC[9,27]. Imaging modalities that have
been investigated include abdominal ultrasonography,
endoscopic ultrasonography, computed tomography,
magnetic resonance imaging, and positron emission
tomography-computed tomography. Endoscopic ultrasonography and some biologic markers have been introduced as possible methods of predicting LN status in
cases of gastric cancer, but the true reliabilities of these
methods remain controversial. Endoscopic ultrasonography can be used as a screening method to select patients
who are suitable for EMR/ESD, according to the mea-
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CONCLUSION
We recommend 2 steps for the management of EGC
using endoscopic resection. The first step is the selection
of suitable patients for endoscopic resection, based on
endoscopic and histopathologic findings. After endoscopic resection, additional surgical intervention could
be determined on the basis of a comprehensive review
of the EMR/ESD specimen, including lymphovascular
tumor emboli, tumor size, histologic type, and depth of
invasion. Gastroenterologists, surgeons, and pathologists should communicate closely during these decisionmaking processes.
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Core tip: Although platinum-based chemotherapy is
adopted widely nowadays in spite of numerous side effects, there is still no standard treatment for palliative
chemotherapy of advanced gastric cancer. The current
review assessed the efficacy and tolerability of nonplatinum-based chemotherapy as first-line palliative
treatment in patients with inoperable advanced gastric
cancer. The results showed that non-platinum-based
chemotherapy including 5-fluorouracil, taxanes, and
irinotecan, would seem to be as effective and tolerable
as traditional platinum-based chemotherapy.

Abstract
Despite numerous advances in treatment options, advanced gastric cancer (AGC) remains a major public
health issue and the leading cause of cancer-related
deaths. Cisplatin is one of the most effective broadspectrum anticancer drugs for AGC and a doublet
combination regimen of either cisplatin-based or 5-fluorouracil (5FU)-based chemotherapy is generally used
for treatment of patients with AGC. However, there
is still no consensus on the best regimen for treating
AGC. Recently, various new chemotherapeutic agents,
including oral 5FU, taxanes, and irinotecan, have been
identified as improving the outcomes for AGC when
used as a single agent or in combination with nonplatinum chemotherapy. Nonetheless, it is still unclear
whether non-platinum-based chemotherapy is a viable
treatment option for patients with AGC. Accordingly,
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INTRODUCTION
Advanced gastric cancer (AGC) is a major public health
issue and the leading cause of cancer-related deaths,
with a 5-year survival of only 20%[1-3]. Despite numerous
advances in treatment options, the prognosis for AGC
remains dismal, as most patients are in an advanced or
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inoperable stage at the time of diagnosis. One of the
most important treatment modalities is systemic chemotherapy. A recent phase Ⅲ trial showed that the addition
of trastuzumab to cisplatin-based chemotherapy significantly improved the survival of patients with human epidermal receptor 2 (HER2)-positive AGC[4]. However, the
frequency of HER2 overexpression is low (10%-20%),
and there is no widely accepted first-line treatment for
HER2-negative AGC.
Cisplatin is a small-molecule platinum compound
forming intrastrand cross-links that activate the apoptotic
pathway, resulting in cell death[5]. Cisplatin is also one of
the most effective broad-spectrum anticancer drugs for
AGC. Generally, a doublet combination regimen of either
cisplatin-based or 5-fluorouracil (5FU)-based chemotherapy is used for treating AGC[6]. While a cisplatin-based
combination has been found to be marginally superior to
other combinations, the benefit is still disappointing, with
a response rate below 50% and high rate of toxicity[7].
The significant toxicity of cisplatin, which often
results in nausea, vomiting, nephrotoxicity, and neurotoxicity, can also affect the final treatment outcomes
and quality of life as the majority of patients present
in an advanced stage. Plus, the effect of cisplatin-based
chemotherapy has been found to vary depending on the
tumor biology, where resistance markedly reduces its
clinical effectiveness[8]. Interestingly, the introduction of
new agents, such as oral 5FU, taxanes, and irinotecan,
has provided improved treatment outcomes for patients
with AGC. In a recent meta-analysis by Chen et al[9],
combination regimens with such agents achieved a similar response rate and overall survival to platinum-based
regimens. The toxicity of non-platinum-based regimens
is also significantly lower in terms of hematologic toxicity, vomiting, and neurotoxicity. Nonetheless, it is still
unclear whether non-platinum-based chemotherapy is a
viable treatment option for patients with AGC. Accordingly, this review focuses on the efficacy and tolerability
of non-platinum-based chemotherapy for patients with
AGC.

REAL-2 trial was a randomized multicenter phase Ⅲ
study comparing capecitabine with 5FU, and oxaliplatin
with cisplatin in 1003 patients with AGC[11]. Although
30% of patients had an esophageal cancer, results from
this study suggest that capecitabine and oxaliplatin are
as effective as 5FU and cisplatin, respectively. Another
phase Ⅲ randomized trial (ML17032 trial) evaluated the
combination of capecitabine and cisplatin vs the combination of 5FU and cisplatin in patients with AGC[12]. The
capecitabine and cisplatin combination met the primary
endpoint of non-inferiority of PFS (5.6 mo vs 5.0 mo).
Median OS (10.5 mo vs 9.3 mo) and severity of adverse
events were comparable in both groups. Consequently,
oral 5FU (capecitabine or S-1) and a platinum-based
combination has been widely accepted as one of the first
choices worldwide for treatment of patients with AGC.

SINGLE-AGENT CHEMOTHERAPY
A previous meta-analysis demonstrated a significant survival benefit related to combination chemotherapy when
compared with a single agent[3]. However, in most previous studies, 5FU has only been evaluated as single-agent
chemotherapy. In addition, several new drugs, such as
oral 5FU, taxanes, and irinotecan, have also been evaluated only as single agents in terms of their efficacy and
tolerability when treating AGC.
5FU (intravenous)
In the early 1980s, 5FU alone was evaluated as an active
single agent for patients with AGC[13]. Subsequently, 5FU
in combination with leucovorin was also investigated[14,15].
However, while these studies reported a 19%-48% objective response rate and tolerable toxicity profiles, more
than half the patients had other types of gastrointestinal
malignancies. A randomized phase Ⅱ trial by Barone et
al[16] compared a combination of 5FU and leucovorin
with a cisplatin-containing regimen (cisplatin, etoposide,
and epirubicin), where the median response duration was
8.8 and 8.3 mo, respectively. Thereafter, 5FU alone has
been used as the reference arm in randomized phase Ⅲ
trials. The North Central Cancer Treatment Group compared three arms (5FU alone vs 5FU plus adriamycin vs
5FU, adriamycin, and methotrexate), however, there was
no significant difference in the treatment outcomes[17].
Similarly, in Japan, two randomized trials found no survival advantage between cisplatin-based chemotherapy
(5FU plus cisplatin or irinotecan plus cisplatin) and FU
alone (7.1 mo vs 7.3 mo; 10.8 mo vs 12.3 mo)[18,19]. Although cisplatin-based chemotherapy produced a higher
response rate and PFS, 5FU alone was associated with
less toxicity.

ROLE OF PLATINUM-BASED
CHEMOTHERAPY IN AGC
Platinum-based doublet chemotherapy, typically cisplatin
in combination with either infused 5FU or an oral 5FU,
such as S-1 or capecitabine, is current standard practice in
many countries[1]. In a randomized phase Ⅲ trial (SPIRITS trial)[10], 298 patients with AGC were randomized to
S-1 plus cisplatin or S-1 alone. Median progression-free
survival (PFS) (6.0 mo vs 4.0 mo) and overall survival (OS)
(13.0 mo vs 11.0 mo) were significantly longer in the combination group. The response rate was also higher with S-1
(54% vs 31%). Based on this trial, the S-1 plus cisplatin
combination regimen has been established as a standard
treatment for AGC in Japan. Two phase Ⅲ trials have
compared the efficacy and safety of capecitabine-based
and 5FU-based combinations. In Western countries, the
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5FU (oral)
Oral 5FU agents, such as capecitabine and S-1, are commonly used for AGC and have several advantages, including the possibility of continuous exposure to 5FU at
the tumor site and minimized systemic exposure to 5FU,
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thereby reducing the toxicity and improving the convenience and quality of life[20,21]. The activity of capecitabine
has already been tested in phase Ⅱ studies, and resulted
in a response rate of 6%-32%[22]. In two early phase
Ⅱ studies conducted in Korea and Japan, capecitabine
showed a median survival of 8-10 mo and response rate
of approximately 20%-30%[23,24]. Meanwhile, in another
study with 704 patients, Boku et al[18] demonstrated the
non-inferiority of S-1 alone, and superiority of irinotecan
plus cisplatin over 5FU alone. For the primary endpoint,
the PFS for S-1 was not inferior to that for 5FU (4.2 mo
vs 2.9 mo, P < 0.001), and there was even a trend suggesting the superiority of S-1 over 5FU alone. The two arms
were also comparable as regards adverse events, meaning
that S-1 is an acceptable alternative to 5FU alone. Another important factor is that these two agents can be considered as an option for elderly patients or patients with
a poor performance status. In a phase Ⅱ trial of S-1 in
patients with a poor performance status and intolerance
to combination chemotherapy, the results showed that
S-1 was an active and safe drug with a response rate of
12%[25]. Meanwhile, capecitabine was directly compared
with S-1 in a randomized phase Ⅱ trial of 91 elderly patients[26]. In this case, the two agents (capecitabine vs S-1)
were found to be comparable in terms of the response
rate (27.2% vs 28.9%), median time to progression (4.7
mo vs 4.2 mo), OS (9.5 mo vs 8.2 mo), and treatment-related toxicity. Therefore, the above findings suggest that
oral 5FU agents can be used for patients where platinum
agents are contraindicated.

good tolerance and promising results when using irinotecan as a single therapy for AGC, including response
rates from 14% to 20% and a median survival of approximately 7 mo[35,36]. As regards toxicity, the most common grade 3-4 toxicities were diarrhea (20%-30%) and
neutropenia (23%-38.5%). Thus, despite a slightly higher
response rate than with conventional agents, the toxicity
of irinotecan remains a concern. Nonetheless, irinotecan
can still be considered as an alternative single agent when
a platinum-based therapy cannot be delivered.

COMBINATION CHEMOTHERAPY
In clinical trials, various new chemotherapeutic agents, including oral 5FU, taxanes, and irinotecan, have been identified as improving the outcomes for AGC when used in
combination with non-platinum doublet chemotherapy.
For example, when studying the combination of 5FU
plus anthracycline in conjunction with mitomycin or
methotrexate, the initial reports showed high response
rates of 30% to 60% and significantly improved survival
with the addition of anthracyclines when compared with
cisplatin and 5FU alone. However, the survival benefits
were not consistent in a meta-analysis[2,6,17,37-39]. Meanwhile, oral 5FU plus cisplatin or oxaliplatin combinations
have been found to be more effective than the conventional regimen of cisplatin with 5FU alone[12,13]. Thus,
the questionable efficacy of adding anthracyclines has
resulted in a worldwide decrease in their use.
Various combinations of oral 5FU agents (capecitabine
or S-1) and taxanes or irinotecan have already been used
in experimental models and, despite the absence of platinum agents, such combinations have been found to enhance the anticancer activity and overcome the resistance
to each agent[40-42]. Thus, several phase Ⅱ studies have
since investigated these combinations (Table 1), including
capecitabine plus taxanes, capecitabine plus irinotecan,
S-1 plus taxanes, and S-1 plus irinotecan, as the backbone
of combination chemotherapy without a platinum agent.
The results were promising, with an overall response
rate of 37%-52%, and median overall survival of 8-16
mo[43-55]. Although a direct comparison is difficult due
to the limitation of randomized phase Ⅱ studies, three
studies demonstrated comparable outcomes to cisplatincontaining chemotherapy in terms of the response rate,
survival, and toxicity[44,46,54]. The combination of docetaxel
and irinotecan without cisplatin was also tested in a phase
2
Ⅱ trial, where doses of docetaxel 40 mg/m per day and
2
irinotecan 100 mg/m per day on a 3-wk cycle provided
an acceptable safety profile and modest activity with a
response rate of 26%[56]. In addition, the combination
of irinotecan, 5FU, and leucovorin (FOLFIRI) has been
shown to be active and well tolerated in patients with
AGC[57,58]. Therefore, based on the results of these trials,
an irinotecan-containing regimen can be considered as a
suitable alternative to a platinum combination.
A recent meta-analysis by Chen et al[9] evaluated the
efficacy and tolerability of platinum vs non-platinum che-

Taxanes
Taxanes (paclitaxel or docetaxel) disrupt the microtubule function and inhibit the process of cell division,
and have shown encouraging activity in the treatment
of AGC[27,28]. Several studies have already investigated
the sue of paclitaxel monotherapy for AGC and found
response rates ranging from 17% to 28%[28]. When investigating the efficacy of paclitaxel every 3 wk as firstline treatment for AGC patients, Ajani et al[29] found that
a dose of 200 mg/m2 was generally well tolerated, produced a response rate of 17%, and the median survival
was 8 mo. Meanwhile, when using a weekly dose of paclitaxel of 80 mg/m2, the response rate was 17.6% and the
median survival was 7.3 mo[30]. Docetaxel monotherapy
has also been assessed for AGC patients in several phase
[31]
2
Ⅱ studies . When using a dose of 60-100 mg/m every
[31-33]
3 wk
, the response rate was 15%-25% and the median survival ranged from 7.5 to 11.0 mo. While the most
common adverse event was neutropenia, the incidence
of neutropenic fever was very low. Therefore, despite the
varying response rates, the overall outcome for taxanes
was similar to that observed for most single conventional
drugs, making taxanes an appropriate option for AGC.
Irinotecan
Irinotecan prevents DNA from unwinding by inhibiting
topoisomerase Ⅰ[34]. Multiple trials have already shown
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Table 1 Selected phase Ⅱ and Ⅲ trials of first-line non-platinum-based chemotherapy for patients with advanced gastric cancer
Ref.

Year

Phase

Vanhoefer et al[37]

2000

Ⅲ

Boku et al[18]

2009

Ⅲ

Ohtsu et al[19]
(JCOG 9205)

2003

Ⅲ

Kim et al[59]

2005

Ⅱ

Giordano et al[60]
(NCCTG)
Jeung et al[54]

2006

Ⅱ

2011

Ⅱ

(random)

Park et al[50]

2006

Mochiki et al[44]
Pozzo et al[51]

2012

Ⅱ

(random)
2004

Narahara et al[48]
2011
(GC0301/TOP-002)
Moehler et al[46]

Ⅱ

(random)

2010

Ⅱ

(random)
Ⅲ

Ⅱ

(random)

Oh et al[49]
Baek et al[55]
Bouché et al[57]
(FFCD 9803)

2007
2006
2004

Ⅱ

Dank et al[58]

2008

Ⅲ

Ⅱ
Ⅱ

Tx

Dose
2
(mg/m per day)

Cycle

Median TTP/ Median P value
TTF/PFS (mo) OS (mo) for OS

Patients
(n )

RR

85
81
79
234
236
234
105
105
70
32

12%
20%
9%
11.4%
34.3%
8.6%
43.8%

3.3
4.1
3.3
2.9
4.8
4.2
1.9
3.9
2.4
5.1

6.7
7.2
7.2
10.8
12.3
11.4
7.1
7.6
6.0
8.4

0.77
0.73
0.0551
< 0.0012
0.34
0.11
-

44

39%

4.2

9.4

-

39
41
38
39
42
41
74
72
164

46%
24%
42%
33%
52.3%
48.7%
42.4%
32.1%
41.5%

7.3
4.8
3.6
4.2
9.0
6.0
6.5
4.2
4.5

16.0
8.2
9.9
9.3
16.0
17.0
10.7
6.9
12.8

162
57
55
55
41
45
44
45
172
165

26.9%
37.7%
42.0%
43.6%
46.3%
13%
27%
40%
31.8%
25.8%

3.6
4.2
4.8
5.0
5.1
3.2
4.9
6.9
5.0
4.2

10.5
10.2
7.9
11.0
8.6
6.8
9.5
11.3
9.0
8.7

FAM (5FU: 1500, A: 30, M: 1500) (D1, D1, and D15, 4 wk)
FC
(F: 1000, C: 100)
(D1-5 and D2, 4 wk)
ELF
(L: 300, E: 120, F: 500)
(D1-5, 3 wk)
F
F: 800
D1-5, 4 wk
IC
(I: 70, C: 80)
(D1,15 and D1, 4 wk)
S
S: 80
D1-28, 6 wk
F
F: 800
D1-5, 4 wk
FC
(F: 800, C: 20)
(D1-5 and D1-5, 4 wk)
U/T3
U/T: 750
DX
D: 75
D1, 3 wk
X: 2000
D1-14, 3 wk
DX
D: 75
D1, 3 wk
X: 1650
D1-14, 3 wk
DS
(D: 35, S: 70)
(D1, 8 and D1-14, 3 wk)
DC
(D: 35, C: 35)
(D1, 8 and D1, 8, 3 wk)
PF
(P: 175, F: 500)
(D1 and D1-5, 3 wk)
DF
(D: 75, F: 500)
(D1 and D1-5, 3 wk)
SP
(S: 80, P: 60)
(D1-14 and D1, 8, 15, 4 wk)
SC
(S: 80, C: 60)
(D1-21 and D8, 5 wk)
ILF
(I: 80, L: 500, F: 2000)
(D1, weekly, 6 wk)
IC
(I: 200, C: 60)
(D1 and D1, 3 wk)
IS
(S: 80, I: 80)
(D1-21, 5 wk, D1 and 15,
5 wk)
S
S: 80
D1-28, 6 wk
IX
(I: 250, X: 2000)
(D1 and D1-14, 3 wk)
CX
(C: 80, X: 2000)
(D1 and D1-14, 3 wk)
IX
(I: 130, X: 3500)
(D1,15 and D1-15, 3 wk)
IX
(I:100, X: 2000)
(D1, 8 and D1-14, 3 wk)
LF
(L: 200, F: 400/600)
(D1-2, 2 wk)
LFC (L: 200, F: 400/600, C: 50)
(D1-2, 2 wk)
LFI (F: 200, F: 400/600, I: 180)
(D1-2, 2 wk)
IFL
(I: 80, L: 500, F: 2000)
(D1, weekly, 6 wk)
CF
(C: 100, F:1000)
(D1 and D1-5, 4 wk)

0.019
0.084
0.0018
0.233

-

0.53

1

Superiority compared to 5-fluorouracil (5FU) alone; 2Non-inferiority compared to 5FU alone; 3With weekly bolus infusion of mitomycin 5 mg/m2. Tx:
Treatment; TTP: Time to progression; TTF: Time to treatment failure; PFS: Progression-free survival; OS: Overall survival; F: 5FU; A: Adriamycin; M:
Methotrexate; C: Cisplatin; E: Etoposide; L: Leucovorin; I: Irinotecan; S: S-1; U/T: Uracil and tegafur; D: Docetaxel; X: Capecitabine; P: Paclitaxel.

motherapy as a first-line palliative treatment for patients
with inoperable AGC. Based on 3680 patients in 27 trials, where 8 trials used pooled estimates for OS, the final
hazard ratio for OS of 1.07 (95%CI: 0.88-1.30) showed
no significant difference between the platinum-based
and the non-platinum-based therapies containing newgeneration agents. However, the occurrence of most adverse events was higher in the platinum-arm, except for
diarrhea, and most importantly, the toxic death rate and
nephrotoxicity were much higher in the platinum arm.
Therefore, the combination regimens including newgeneration agent showed a similar impact on survival
and better tolerability.

ity of the disease and the toxicity related to a particular
chemotherapy are both essential to improve outcomes
and relieve substantial toxicity. In the current review,
newer agents, such as oral 5FU, taxanes, or irinotecanbased chemotherapy, would seem to be as effective and
tolerable as traditional platinum-based chemotherapy.
Accordingly, these newer agents should be considered as
a preferred option for first-line chemotherapy in the case
of AGC, especially for patients where platinum-based
chemotherapy is contraindicated. Furthermore, additional
trials are needed to define the benefits of these agents in
patients with AGC.
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Role of epithelial-mesenchymal transition in gastric cancer
initiation and progression
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cell biomarker); therefore, certain transcriptional proteins, especially E-cadherin transcriptional repressors,
may participate in the regulation of EMT. In addition,
EMT regulation may be associated with certain epigenetic mechanisms. The aforementioned molecules can
be used as early diagnostic markers for gastric cancer,
and EMT regulation can provide potential targets for
gastric cancer therapy. Here, we review the role of
these aspects of EMT in gastric cancer initiation and
development.
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Core tip: Gastric cancer is responsible for numerous
deaths worldwide; therefore, investigations into its
initiation and development are of great importance. Recent evidence has shown that epithelial-mesenchymal
transition (EMT) plays an important role in tumorigenesis and progression. In this review, we investigate the
role of EMT in gastric cancer. We discuss the role of
EMT in both carcinogenesis and progression. We also
summarize the regulators and signal pathways involved
in EMT. A systemic understanding of the role of EMT
could be helpful for the early detection and effective
treatment of gastric cancer.

Abstract
Gastric cancer is one of the most common malignant
tumors worldwide. Due to its intricate initiation and
progression mechanisms, early detection and effective
treatment of gastric cancer are difficult to achieve. The
epithelial-mesenchymal transition (EMT) is characterized as a fundamental process that is critical for embryonic development, wound healing and fibrotic disease.
Recent evidence has established that aberrant EMT
activation in the human stomach is closely associated
with gastric carcinogenesis and tumor progression. EMT
activation endows gastric epithelial cells with increased
characteristics of mesenchymal cells and reduces their
epithelial features. Moreover, mesenchymal cells tend
to dedifferentiate and acquire stem cell or tumorigenic
phenotypes such as invasion, metastasis and apoptosis resistance as well as drug resistance during EMT
progression. There are a number of molecules that indicate the stage of EMT (e.g. , E-cadherin, an epithelial
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components to promote a motile phenotype and the remodeling of the surrounding extracellular matrix to allow
for invasion[10]. EMT can be approximately divided into
three types according to the phenotype of the output
cells[11]. In type 1 EMT, epithelial cells convert into mesenchymal cells that form the diaspora of the basic body
plan, and it is well known that type 1 EMT is the fundamental process in the embryonic development of multicellular organisms. For example, EMT has been shown
to be activated during gastrulation as well as during the
development of the neural crest, heart and musculoskeletal system[12,13]. The transition from epithelial cells to
inflammation-induced fibroblasts can be observed in type
2 EMT, which is associated with wound healing, tissue repair and organ fibrosis[11]. Type 2 EMT can contribute to
inflammatory responses and tissue repair under normal
conditions but can also cause organ fibrosis. Type 3 EMT
is a tumor progression process in which epithelial tumor
cells transform into metastatic tumor mesenchymal cells
that can leave their primary tumor site and migrate to
a new tissue to form secondary tumor nodules. Type 3
EMT endows cancer cells with the ability to invade and
metastasize, promoting carcinoma progression and treatment failure[10,14].
Because EMT involves significant phenotypic
changes, there are a variety of molecules that can be used
to act as EMT biomarkers. E-cadherin encoded by the
CDH1 gene is a transmembrane glycoprotein expressed
in epithelial cells that plays an important role in the maintenance of cell adherence and the structural integrity
of epithelial sheets[12,15]. The loss or down-regulation of
E-cadherin is considered an important EMT marker[16].
During the EMT, cadherin switches from E-cadherin to
N-cadherin, which is expressed in mesenchymal cells.
Thus, the down-regulated expression of E-cadherin and
up-regulated expression of N-cadherin are observed during EMT, and both can be identified as EMT biomarkers.
Other cell surface proteins, ECM proteins and cytoskeletal markers such as FSP1, β-catenin and α-SMA can
also be used to characterize EMT[11]. In addition, certain
transcription factors and microRNA molecules that participate in the regulation of the EMT can be identified as
biomarkers or potential targets for intervention.

INTRODUCTION
Gastric carcinoma (GC) is the fourth most common malignant tumor and is the second leading cause of cancer
mortality worldwide[1]. In China, the incidence of GC
ranks third among all malignant tumors, with an estimated 380000 new cases annually[2]. The mortality rate
for GC in China is approximately 26.3 per 100000, the
highest in the world according to a study from 2005[3]. Although the mortality of GC has declined in recent years
primarily due to improvements in endoscopic detection[4],
the early diagnosis and effective treatment of GC remain
challenging. At present, GC diagnosis primarily relies
on endoscopy; however, most cases are confirmed at
advanced stages due to a lack of early stage symptoms.
In addition, gastrectomy and chemotherapy are the only
therapeutic options for these advanced-stage patients.
Thus, the outcome of GC remains poor, with a 5-year
survival rate of 20%. The prognosis of GC patients
usually depends on the early detection and treatment
of malignant tumor characteristics such as invasion and
metastasis, which are the primary causes of treatment
failure. Therefore, the exploration of GC initiation and
progression mechanisms may improve early diagnosis
and treatment efficacy.
The epithelial-mesenchymal transition (EMT) is
characterized as a fundamental process that is critical
for embryonic development, wound healing and fibrotic
disease[5,6]. However, recent evidence has proven that the
aberrant activation of EMT also plays a crucial role in
the genesis, invasion and metastasis of various tumors[7,8],
including gastric cancer[9]. As a consequence, a systematic
exploration of the role of EMT in GC could deepen our
understanding of GC tumorigenesis and progression,
which may assist in early diagnosis and effective treatment. EMT is a process through which epithelial cells
are converted into mesenchymal cells, and it involves
profound phenotypic changes such as the loss of cell-cell
adhesion, the loss of cell polarity and the acquisition of
migratory and invasive properties. EMT occurrence and
regulation both involve a series of signal transduction
pathways and complex molecular mechanisms, which
may be linked with transcription regulation, epigenetic
modification and cancer stem cells; moreover, a number
of growth factors, transcription factors and microRNA
molecules may also participate in this progress. Here,
we briefly review the role of EMT in GC. We separately
discuss its role in both tumorigenesis and cancer progression and summarize the involved regulators and possible
regulating signal pathways.

ROLE OF EMT IN GASTRIC
TUMORIGENESIS
During the EMT process, epithelial cells dedifferentiate
and acquire mesenchymal as well as stem cell phenotypes.
In these stem cell phenotypes, the EMT-induced cancer
stem cell (CSC) phenotypes may contribute the most to
tumorigenesis in the stomach.
Previously, each cell was believed to be potentially
cancerous; however, only a subset of these cells can actually initiate cancer[17], i.e., CSCs. CSCs are a small subset
of cancer cells that possess extensive proliferative and
self-renewal potential and can differentiate into heterogeneous tumorigenic cancer cells. Reya et al[18] proposed the

GENERAL CHARACTERISTICS OF EMT
During cell development, the cells of epithelial and
mesenchymal origins convert between the two phenotypes in what has been described as the EMT and the
mesenchymal-epithelial transition (MET). The common
characteristics exhibited during EMT are the loss of
epithelial cell contacts, the reorganization of cytoskeletal
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“Cancer Stem Cells Theory” in 2001 and asserted that
there were striking parallels between stem cells and CSCs.
The authors proposed that tumors may often originate
from CSCs and that there are similar signaling pathways
in regulating the self-renewal of stem cells and cancer
cells. Thus, cancer cells may include “Cancer Stem Cells”,
which are rare cells with the indefinite potential for selfrenewal that can drive tumorigenesis.
The existence of gastric CSCs in the stomach has also
been demonstrated. Takaishi et al[19] performed experiments and concluded that CD44-positive gastric cancer
cells have CSC properties including the ability to initiate
tumors, and these cells provide a cell reservoir that can
cause tumor recurrence after therapy. Further evidence
demonstrated that the gastric CSC marker CD44 was significantly associated with the expression of EMT-activating transcription factors, indicating that gastric CSCs may
be associated with EMT[20]. Ryu et al[20] performed immunohistochemistry for EMT-related proteins including
Snail-1, ZEB-1, E-cadherin, vimentin and β-catenin as
well as the CSC marker CD44 in 276 consecutive primary
gastric cancers and 54 matched lymph node metastases.
Their results demonstrated that CD44 expression was
significantly associated with the expression of Snail-1,
ZEB-1 and E-cadherin. Moreover, in the gastric epithelium, the stem cells at the base of the pyloric gastric glands
are reliant on an active and dynamically regulated Wnt
pathway[21,22]. This dependency is reflected in the exclusive expression of Lgr5, which functions to amplify the
Wnt signal in these stem cells[23,24], while the Wnt signal is
also an important pathway that is activated during EMT.
These items suggest that EMT is associated with CSCs
and is sufficient to induce stemness and tumorigenicity.
Regarding the mechanisms involved in EMT-induced
stemness and tumorigenicity, recent studies have demonstrated that the EGFR/Ras pathway required for sustaining gastric stem cells in vivo and in vitro is involved in the
genesis and promotion of EMT-induced tumor-initiating
cells[25]. Researchers have found that in the Runx3(-/-)
p53(-/-) gastric epithelial cell line GIF-14, the TGF-β
and EGFR pathways cooperate together to induce stemness[25]. Another study revealed that cancer-associated
fibroblasts trigger WNT5A, which regulates EMT induction and the maintenance of the CSC properties in human gastric adenocarcinoma cell line MKN-7, and that
WNT5A may play an important role in constructing an
advantageous tumor microenvironment for GC progression and development[26].

plasm to the underlying stroma; this process involves the
loss of cellular adherence to other cells, cell adhesion to
the extracellular matrix (ECM), the proteolytic degradation of the surrounding stroma and the motility to physically propel a tumor cell through the stroma[27]. After
invasion, tumor metastasis occurs. Tumor metastasis is a
multistep process by which tumor cells disseminate from
the primary site and form secondary tumors at a distant
site. The metastatic process occurs through the following
steps: local invasion; intravasation; transport; extravasation; and colonization[28]. Both tumor invasion and metastasis must precede the loss of adherence between the
cells and the adherence to the ECM.
In the gastric mucosa, epithelial cells establish close
contact with neighboring cells and an apical-basal axis of
polarity through the sequential arrangement of adherens
junctions, desmosomes and tight junctions[27]. During this
process, the first step is the formation of an adherens
junction; a tight junction is then formed at the apical side
of the adherens junction. The formation of the adherens junction relies on cadherin. E-cadherin, which is
encoded by the CDH1 gene, is the major component of
the adherens junction. When aberrant EMT is activated,
the cadherin switches from E-cadherin to N-cadherin,
which is normally expressed in mesenchymal cells and
has a capacity to facilitate adhesion between cells and the
stroma. Moreover, the apical-basal axis of the polarity of
epithelial cells is lost, and the cell morphology changes
to a spindle shape and exhibits a mesenchymal phenotype that endows cells with the ability to degenerate the
stroma. Thus, increased cell motility and invasiveness are
acquired through the EMT progress. Tumor metastasis
is also accelerated through the stimulation of cell migration and invasion, cell substrate adhesion, intravasation
and extravasation during EMT. Substantial evidence has
shown that the initiation of GC and its biological malignant behaviors are related to E-cadherin mutations[29,30].
Furthermore, N-cadherin expression has also been associated with the invasive phenotype of GC and has even
been thought to override the function of E-cadherin[31].
In addition, the stemness of the CSC phenotype
induced by EMT endows cancer cells with the ability to
self-renew, the overexpression of drug resistance related
genes and the prevention of apoptosis, which results
in another challenging obstacle called multiple drug resistance (MDR) in cancer therapy. It is well known that
chemotherapy is an important treatment in GC, and the
induction of apoptosis is the major purpose of chemotherapy. Although there is no direct evidence that EMTinduced stemness contributes to MDR in GC, some
studies in other cancers have indicated that the MDR
in chemotherapy is associated with EMT[32,33]. Izumiya
et al[32] reported that chemoresistance is associated with
CSC-like properties and EMT in pancreatic cancer cells,
and Li et al[33] reported that the overexpression of Snail
(a key regulator in EMT) could accelerate adriamycininduced MDR in breast cancer cells.

ROLE OF EMT IN GC PROGRESSION
In addition to tumorigenesis, EMT also participates in tumor progression. EMT endows cells with migratory and
invasive properties, induces stem cell properties, prevents
apoptosis and senescence and contributes to immunosuppression, thus promoting tumor progression.
Tumor invasion is a series of discrete biological processes in which tumor cells move from the primary neo-
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associated with positive lymph nodes and distant metastases[43]. A series of other experiments illustrated that
Twist is specifically involved in the intravasation step of
tumor metastasis, while having no significant impact on
extravasation or the growth rate of the malignant tumor
cells[44]. The regulatory effect of Twist on gene expression
depends on its binding to other transcriptional factors,
post-translational modifications and the dimerization
partner[45]. However, the post-translational regulation of
Twist is complex because the specific expression pattern
of members and their affinities for each other regulate
their capacity to form functional dimers. Because Twist
belongs to the basic/helix-loop-helix (bHLH) family of
transcription factors, Twist1 and Twist2 share a bHLH
domain that regulates their binding to DNA and homo/
hetero-dimerization[45]. Twist proteins bind to DNA using a consensus E-box site as homo/hetero-dimers, and
these complexes can repress gene transcription such as
E-cadherin[45]. In addition, under conditions of hypoxia,
the hypoxia-inducible factor-1α (HIF-1α) can also upregulate Twist expression by directly binding to the
hypoxia-response element (HRE) in the Twist promoter,
resulting in EMT activation and the promotion of tumor
invasion and migration[46]. Moreover, GC cells transfected
with Twist1 have increased migration and invasion abilities than untreated cells; those transfected with Twist1
also form more cancer nodules in the abdominal cavity
and liver of nude mice after inoculation with the transfected cells[47].
The ZEB family consists of two members, ZEB1 and
ZEB2, which is also known as SIP1. These members are
characterized by the presence of two zinc-finger clusters
at each end and a central homeodomain. Similar to the
Snail gene family members, ZEB family members (especially ZEB2) can also bind to the E-box in the E-cadherin
gene promoter through their two zinc finger domains;
they then repress E-cadherin expression and trigger
EMT[48].

MECHANISMS THAT REGULATE EMT IN
GC
E-cadherin is the central composition of cellular adhesion junctions and is required in the development of the
epithelium in embryos and maintenance of the epithelial
phenotype. Thus, loss of E-cadherin expression is considered a hallmark of EMT and is also a crucial step in
tumor progression. Many efforts have been devoted to
explore how E-cadherin is regulated during EMT and
cancer progression, and a series of transcriptional and
epigenetic mechanism have been revealed.
Transcriptional regulatory mechanisms
In the process of transcriptional regulation, several key
transcription factors (including Snail, Twist, and ZEB)
that repress E-cadherin expression are expressed selectively in gastric cancer[34]. These proteins have been
shown to target E-boxes in the E-cadherin promoter,
thus repressing its expression[35].
Snail is a member of the zinc finger protein family,
a DNA-binding factor that recognizes E-box motifs in
target promoters (CDH-1) and regulates the following
E-cadherin repression[36]. Promoting E-cadherin expression can influence EMT and tumor development. The
Snail gene-encoded transcriptional repressor with the
SNAG domain can mediate binding to Sin3A/HDAC1/
HDAC2, Ajuba-PRMT5-PRC2, and LSD1-coREST complexes and certain zinc finger domains[37-41]; the combination of Snail and CDH-1 depends on these complexes,
and the SNAG domain and zinc finger domain play a decisive role in this combination[38]. Regarding Snail regulation, GSK3β binding to and phosphorylating Snail at two
consensus motifs play an important role. Phosphorylation of the first motif leads to ubiquitination, and phosphorylation of the second motif alters the protein subcellular localization. These two phosphorylation events
can lead to the degradation of Snail. Thus, the inhibition
of GSK3β activity can up-regulate the function of Snail,
resulting in E-cadherin repression. The Snail family
comprises three members: Snail1 (originally identified
as Snail); Snail2 (Slug); and Snail3 (Smuc). Among these,
Snail1 and Snail2 are selectively expressed in gastric tumors. In addition, Castro Alves et al[35] demonstrated that
Snail2 and ZEB2 may act synergistically in intestinal GC,
whereas Snail1 and Snail2 may complement each other in
diffused carcinoma. In addition to E-cadherin, Snail1 can
repress the expression of other epithelial-specific genes
by interacting with Smad3/Smad4[42].
Among the transcriptional factors that are overexpressed in metastatic GC, Twist was the first chosen for
study. Ru et al[43] used quantitative real-time PCR and immunohistochemistry to analyze the relationship between
Twist expression and tumors in 436 GC cases, and their
results showed that Twist expression levels in tumor
tissues and metastatic lymph nodes were up-regulated
compared with normal gastric mucosa. The authors
concluded that Twist expression in GC is significantly
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Epigenetic regulatory mechanisms
In addition to transcriptional regulation, epigenetic regulation also plays an important role in controlling EMT
and cancer progression; epigenetic regulation includes
three types of changes: DNA methylation; histone modifications; and microRNAs[49].
DNA methylation usually occurs at CpG dinucleotides through the action of DNA methyltransferase
(DNMT)[50], and DNA methylation in epithelial cells can
silence gene expression, thereby restricting the developmental plasticity of epithelial cells[51]. Similarly, hypermethylation of the E-cadherin gene promoter leading to
a loss of E-cadherin expression has been shown to contribute to EMT and promote tumor progression[52]. Many
studies have demonstrated the frequent promoter methylation of CDH1 (the E-cadherin gene) in GC[53] and
have shown E-cadherin promoter hypermethylation to
correlate with GC aggressiveness and metastasis[54]. Interestingly, Lee et al[55] also observed the frequent promoter

5406

May 14, 2014|Volume 20|Issue 18|

Peng Z et al . Role of EMT in gastric cancer

methylation of CDH1 in the non-neoplastic mucosa of
patients with sporadic diffuse GC.
Histone modifications such as methylation, acetylation and ubiquitination are other important epigenetic
regulatory mechanisms during EMT. The methylation of
histone proteins at specific residues plays a major role in
the maintenance of active and silent states of gene expression in developmental processes[56]. Fujii et al[57] found
that the enhancer of zeste homolog 2 (EZH2) can downregulate E-cadherin by mediating histone H3 methylation
in GC cells. EZH2 is a transcriptional repressor that has
a crucial function in maintaining the delicate homeostatic
balance between gene expression and repression, the
disruption of which may lead to oncogenesis[58]. Studies have shown that histone H3 lysine 27 trimethylation,
which is mediated by EZH2 at gene promoters, silences
gene expression[59]. Acetylation is another form of histone modification. Histone acetylation, particularly at H3
and H4, leads to a relaxed chromatin structure and therefore an enhanced transcription rate. Acetylation reactions
are catalyzed by various families of co-activators with
histone acetyltransferase (HAT) activity[60]. It has been
reported that the transcription factor hepatocyte nuclear
factor 3 (HNF 3) synergizes with p300 and AML-1 to
enhance E-cadherin gene expression and thus repress the
metastatic potential of breast cancer cells[61]; HNF 4 has
also been shown to play a regulatory role in GC[62].
MicroRNA (miRNA) is a type of small endogenous
non-coding RNA that is an evolutionary conserved molecule approximately 22 nucleotides in length[63]. MiRNAs
can regulate gene expression through the posttranscriptional silencing of target genes[64]. MiRNAs play an important role in a variety of physiological and pathological
processes including cell proliferation, cell differentiation
and tumor formation. In recent years, many publications
have indicated that miRNAs may act as oncogenes or
tumor suppressors in cancer development and progression[65-67]. A substantial number of deregulated miRNAs
have been revealed in GC, and the biological significance
of these miRNA has been confirmed in multiple functional experiments; however, the mechanisms by which
miRNAs regulate GC metastasis remain poorly understood. Members of the miR-200 family (miR-200a/b/c,
miR-141 and miR-429) maintain an epithelial state and
prevent EMT through the inhibition of ZEB1 and
ZEB2; in turn, miR-200 members are transcriptionally
repressed by ZEB factors as well as Snail1, thus forming a double-negative loop that maintains cells in either
an epithelial or mesenchymal state[68]. Cong et al[69] found
that miR-200a suppresses Wnt/β-catenin signaling by
interacting with β-catenin, thereby inhibiting migration,
invasion and proliferation. The effects of miR-200a on
Wnt/β-catenin signaling may provide a therapeutic target
against EMT. In addition, the deregulation of other miRNAs including miR-101, miR-107, miR-221 and miR-222
has also been observed in GC[70]. Conversely, certain
miRNAs can result in invasion and metastasis. Zhang
et al[71] verified that miR-27 expression is increased in
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GC tissues, and the authors also provided evidence that
miR-27 promotes EMT and human GC cell metastasis by
activating the Wnt pathway. Although miRNAs have been
documented to be involved in tumor invasion and metastasis in many recent studies, the relevance of miRNA and
EMT in GC has remained a matter of debate until very
recently.

SIGNAL PATHWAYS ASSOCIATED WITH
EMT IN GC
Many studies have found that a variety of signaling pathways are involved in the EMT process in tumor cells.
Recently, the activation of the phosphatidylinositol 3
kinase (PI3K)/AKT axis has emerged as a central feature
of EMT. Matsuoka et al[72] recently concluded that PI3K/
AKT signaling may be required for the integrin-dependent attachment and spreading of scirrhous GC cells.
PI3K can phosphorylate PIP2 to generate PIP3, while
PTEN dephosphorylates PIP3 back to PIP2[73,74]. PIP3
binding to the PH domain of AKT leads to its translocation to the plasma membrane, where AKT is phosphorylated and activated. GSK3β activity can be down-regulated by the PI3K/AKT signaling pathway, and PI3K/AKT
are positive regulators in this pathway (whereas PTEN is
the negative regulator). Therefore, the activation of the
PI3K/AKT signaling pathway in GC can lead to EMT
through Snail-mediated CDH-1 repression.
In addition to the PI3K/AKT signaling pathway, the
Wnt/β-catenin signaling pathway also plays an important role in EMT. The regulation of the Wnt/β-catenin
signal depends on the phosphorylation and degradation
of β-catenin in the cytoplasm. When there is a deactivation of the Wnt signal, β-catenin in the cytoplasm
binds to E-cadherin and actin. GSK3β phosphorylates
β-catenin to maintain low β-catenin level in the plasma;
when the Wnt signal is activated, β-catenin is dephosphorylated, and there is an accumulation of β-catenin in
the plasma[75]. The excess free β-catenin moves into the
nuclei and increases the expression of Snail, Slug and
Twist, leading to the repression of E-cadherin and EMT.
In turn, Snail interacts with β-catenin in the N-terminal
region and activates the Wnt signal, resulting in a positive
feedback of the Wnt signal[76]. Thus, the activation of the
Wnt/β-catenin signaling pathway can also lead to EMT.
In addition, Huang et al[77] found that EphA2 can promote EMT through the Wnt/β-catenin pathway in GC
cells.
Transforming growth factor β (TGF-β) is an indispensable inducing factor during the EMT process, and
the TGF-β pathway is also an important signaling pathway in EMT. In the TGF-β pathway, TGF-β activates
TGF-β receptor type Ⅱ (TβR-Ⅱ), which phosphorylates
TGF-β receptor type Ⅰ (TβR-Ⅰ)[78-80]. Activated TβRI
kinase phosphorylates Smad2/3, which associate with
Smad4 and translocate to the nucleus (as transcription
factors[78-80] such as Snail and Slug[81]) and promote EMT.
According to a study by Ono et al[82], protein-bound poly-
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saccharide can inactivate Smad2 signaling to directly inhibit the TGF-β pathway in GC. Thus, the inhibition of
the TGF-β pathway is a potential treatment for GC.
The Notch pathway plays a key role in EMT-induced
CSCs. Notch signaling has been reported to promote
CSC self-renewal in several malignancies and participate
in tumor-stroma and tumor-endothelium interactions in
CSC niches in primary and metastatic tumors[83]. In mammals, there are four transmembrane Notch receptors
(Notch1, Notch2, Notch3 and Notch4) and five canonical transmembrane ligands [Delta-like (DLL)1, DLL3,
DLL4, Jagged-1 and Jagged-2][83]. The deregulated expression of Notch proteins, ligands and targets, including
Notch overexpression and activation, has been described
in a multitude of solid tumors including GC. With regard
to CSCs, Notch signaling regulates CSC formation and
endows a self-renewal ability and drug resistance to the
CSCs[84]. There is crosstalk between Notch and the EMT
transcription factors such as Snail, Slug and TGF-β, and
Notch can promote EMT through the regulation of
Snail[85]. Thus, targeting Notch signaling can reverse EMT
and CSC stemness.
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CONCLUSION
EMT plays an important role in the formation, invasion
and metastasis of GC. The loss of E-cadherin is a key
step in the EMT process, and E-cadherin transcriptional
repressors such as Snail, ZEB and Twist play an important role in EMT. These transcription factors have been
shown to be significantly increased in GC and may provide new insight into GC. Other factors participating in
embryonic development and EMT regulation can also
be considered important avenues of investigation for
tumors and EMT. These factors can also provide novel
clinical targets to treat GC. Furthermore, EMT may
provide a new perspective for cancer stem cell theory as
well as stem cell research in the relevant area of tumor
formation. Although its mechanism remains incompletely
understood, further research into EMT will further elucidate its role and importance.
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Non-coding RNAs and gastric cancer
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(lncRNAs), a new research hotspot among cancerassociated ncRNAs, play important roles in epigenetic,
transcriptional and post-transcriptional regulation. Several gastric cancer-associated lncRNAs, such as CCAT1,
GACAT1, H19, and SUMO1P3, have been explored. In
addition, Piwi-interacting RNAs, another type of small
ncRNA that is recognized by gastroenterologists, are
involved in gastric carcinogenesis, and piR-651/823
represents an efficient diagnostic biomarker of gastric
cancer that can be detected in the blood and gastric
juice. Small interfering RNAs also function in posttranscriptional regulation in gastric cancer and might be
useful in gastric cancer treatment.
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Core tip: Non-coding RNAs (ncRNAs) are closely associated with gastric cancer occurrence, invasion,
and metastasis. MicroRNAs interrupt cellular signaling pathways, inhibit the activity of tumor suppressor
genes, and affect the cell cycle in gastric cancer cells.
Long non-coding RNAs (lncRNAs) represent a new research hotspot in the field of gastric cancer-associated
ncRNAs. The global lncRNA expression profile in gastric
cancer has been determined. In addition, Piwi-interacting RNAs are involved in gastric carcinogenesis. Small
interfering RNAs function as post-transcriptional regulators in gastric cancer, and they might be used for the
treatment of gastric cancer.

Abstract
Non-coding RNAs (ncRNAs) play key roles in development, proliferation, differentiation and apoptosis.
Altered ncRNA expression is associated with gastric
cancer occurrence, invasion, and metastasis. Moreover, aberrant expression of microRNAs (miRNAs) is
significantly related to gastric cancer tumor stage, size,
differentiation and metastasis. MiRNAs interrupt cellular signaling pathways, inhibit the activity of tumor
suppressor genes, and affect the cell cycle in gastric
cancer cells. Some miRNAs, including miR-21, miR106a and miR-421, could be potential markers for the
diagnosis of gastric cancer. Long non-coding RNAs
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CSCs display abnormal activation of several signaling
pathways, such as Notch, Wnt, and others. Previous reports demonstrate that β-elemene, a naturally occurring
compound extracted from Curcumae Radix, suppresses
the growth of GCSCs[12] by interfering with Notch-1 expression[12].
Similar to CSC studies, research on ncRNAs is becoming a new field for gastric cancer.

INTRODUCTION
Non-coding RNAs
Non-coding RNAs (ncRNAs) refer to a class of RNAs
with no protein-coding function that are widely expressed in organisms. NcRNAs can be divided into 2
groups: housekeeping ncRNAs and regulatory ncRNAs.
According to their size, the latter can further be divided
into three types: (1) short ncRNAs, including small interfering RNAs (siRNAs), microRNAs (miRNAs) and Piwiinteracting RNAs (piRNAs); (2) mid-size ncRNAs; and (3)
long non-coding RNAs (lncRNAs)[1-3]. Short ncRNAs are
shorter than 50 nucleotides (nt), those between 50 nt and
200 nt are referred to as mid-size ncRNAs, and lncRNAs
are longer than 200 nt[4-6].
In the past, most ncRNAs were considered to be “junk
RNAs”. However, in recent years, advances in molecular
biology have demonstrated that ncRNAs play important
basic biological roles, and the mutation or aberrant expression of ncRNAs is important in the occurrence and
development of diseases, including cancer.

miRNAS AND GASTRIC CANCER
miRNAs
miRNAs are a class of small ncRNAs containing approximately 19-24 nt. Most genes encoding miRNAs are
single copy, multiple copies or gene clusters; other forms
exist in the spacer region of protein coding genes or
introns. They are highly conserved, temporal and tissuespecific[13]. Although miRNAs do not code for proteins,
they regulate gene expression at the post-transcriptional
level. Through complete or incomplete complementary
binding to the 3’-untranslated regions (3’-UTRs) of target
mRNAs, miRNAs promote targeted-mRNA degradation
or translational suppression and negatively regulate the
expression of target genes[14-16].
Growing evidence indicates that miRNAs are involved
in crucial biological processes, including development,
differentiation, proliferation, apoptosis, invasion and metastasis[17-19]. Various aberrantly expressed miRNAs have
been identified in gastric cancer (Table 1). Several studies
have demonstrated that miRNAs can be used not only as
biomarkers but also as potential therapeutic targets for
cancer[20,21].

Gastric cancer
Gastric cancer, one of the most common malignant tumors in the world, accounts for the second most cancerrelated death worldwide and is a major cause of cancerrelated mortality in China[7]. Gastric cancer originates in
the surface of epithelial cells in the stomach. Each site
of the stomach can potentially harbor cancer, but the
gastric antrum and pylorus display the highest incidence
of gastric cancer. The gastric cardia is the second most
prevalent site for cancer, and a slightly lower incidence is
reported for the gastric body. However, the occurrence
of gastric cancer is a complex process of progressive development that involves multiple factors, multiple steps,
coding and non-coding genes.
Helicobacter pylori (H. pylori) infection, a major risk factor for gastric cancer, is mainly related to the distal intestinal type of gastric cancer. Although the mechanism of
H. pylori carcinogenesis is not clear, gene methylation is
an important mechanism that leads to the formation of
gastric cancer. H. pylori infection may increase the level of
methylation of certain miRNA genes, and aberrant DNA
methylation could induce gastric cancer.
Due to the increasing early detection of cancer and
the widespread implementation of radical surgery, the
overall survival of patients with gastric cancer has improved[8,9]. However, the prognosis of advanced gastric
cancer remains poor, and safe and effective adjuvant therapy options are limited. Therefore, identifying valuable
early markers of gastric cancer is extremely important for
the diagnosis of gastric cancer.
Cancer stem cells (CSCs) are a small fraction of cells
that are present in the tumor, and these cells have selfrenewal and differentiation potential[10]. Ghaffarzadehgan
et al[11] reported that CD44+ gastric cancer stem-like cells
(GCSCs) displayed enhanced metastatic capacity and
depth of invasion compared to their CD44- counterparts.
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Discovery of miRNAs and their synthesis
In 1993, using a classical positional cloning approach, Lee
et al[22] identified lin-4, the first miRNA molecule. In 2000,
Reinhart et al[23] identified let-7, another miRNA, and discovered its role in the post-transcriptional regulation of
gene expression.
For miRNA synthesis, the primary transcript (primiRNA), which is hundreds to thousands of nt in length,
is first transcribed from genomic DNA by RNA polymerase Ⅱ in the nucleus. Then, the pri-miRNA is cut by
the Drosha enzyme of RNase 3 endonuclease enzyme
family into hairpin precursors of miRNA (pre-miRNA),
which are approximately 70 nt and present in the nucleus[24]. Finally, the synergistic effect of Ran-GTP and
transporter protein Exportin 5 transports pre-miRNA
out of the nucleus, and the enzyme Dicer cuts it to produce the approximately 22 nt mature miRNA[25].
With the use of microarray technology, bioinformatics and other genetics methods, the ectopic expression of
miRNAs in gastric cancer has been found to be closely
related to its occurrence, development, invasion, and
metastasis. By decreasing the expression of tumor suppressor genes or enhancing the expression of oncogenes,
miRNAs play an important role in the regulation of
cancer-related genes[26].
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Over-expression

Table 1 Aberrant expression of microRNAs in gastric cancer
Expression
Up
Down

E2F1

miRNAs
miR-9, miR-21, miR-25, miR-106a, miR-106b, miR-130b,
miR-191, miR-214, miR-421, miR-650
miR-31, miR-29a, miR-148a, miR-155, miR-195, miR-218,
miR-375, miR-378, miR-429

Mcm7

TGF-β

miRNA: microRNA.

miR-106a

miR-25

CDKN1A

BCL2L11

G1/S arrest

Apoptosis

Deregulation

Cellular signaling pathway-associated miRNAs in
gastric cancer
Abnormal regulation of the transcription factor E2F1
and transforming growth factor-β (TGF-β) plays a critical role in gastric carcinogenesis. E2F1 activates its own
promoter. Petrocca et al[27] reported that miR-106b-25
cluster expression is activated by E2F1 in parallel with its
host gene, Mcm7; it is also involved in E2F1 post-transcriptional regulation. Furthermore, the TGF-β tumor
suppressor pathway was impaired by over-expression
of the miR-106b-25 cluster, and the expression of CDKN1A (p21Waf1/Cip1) and BCL2L11 (Bim) was effected
as well. Finally, CDKN1A and BCL2L11 disrupted the
G1/S checkpoint and conferred resistance to TGF-βdependent apoptosis, respectively (Figure 1).
In another study, miR-375 suppressed tumor growth
by targeting Janus kinase 2 (JAK2), influencing the proliferation of gastric cancer cells[28]. miR-375 markedly inhibited JAK2 expression via its mRNA 3’-UTR region[28].
However, over-expression of miR-375 in gastric cancer
significantly reduced the protein level of JAK2, while the
level of JAK2 mRNA was not greatly affected[28]. These
results suggest that miR-375 affects JAK2 expression at
the post-transcriptional level.
miR-9 is down-regulated in human gastric adenocarcinoma. Nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1 (NF-κB1) is a direct target of
miR-9. To demonstrate the role of miR-9 in tumor cell
proliferation, Wan et al[29] transfected gastric cancer cells
with a vector containing pri-miR-9. They reported that
cell growth and proliferation were significantly inhibited.
Meanwhile, over-expression of miR-9 not only inversely
regulated endogenous NF-κB1 protein expression but
also decreased endogenous NF-κB1 mRNA levels[29].

Figure 1 Functions of microRNA-106b-25. By interfering with the expression
of CDKN1 (p2lWaf1/Cip1) and BCL2L11 (Bim), the interaction of miR-106b-25 with
E2F1 and transforming growth factor-β (TGF-β) affects the cell cycle and apoptosis. miR: microRNA.

pressor, is a direct target of miR-650. Over-expression of
miR-650 in gastric cancer cells may inhibit the expression
of ING4 through post-transcriptional repression. Moreover, ectopic expression of miR-650 significantly promoted tumorigenesis and proliferation in gastric cancer
cells, at least partially through ING4[31].
Runt-related transcription factor 3 (RUNX3) is a newly discovered tumor suppressor gene that is inactivated in
a variety of tumors. Research showed that miR-130b was
significantly higher in gastric cancer tissues than in normal tissues. RUNX3 is a target of miR-130[32].
Altered expression of miR-106a was related to the
expression of the tumor suppressor gene Rb1 and the
transcription factor E2F1[33]. More importantly, miR-106a
expression is positively associated with TNM stage, indicating that miR-106a could be used as a novel diagnosis
biomarker of gastric carcinoma[33]. Other miRNAs, such
as miR-31 and miR-421, might also be potential tumor
biomarkers. miR-31 is located on 9p21.3. Our group
found that in gastric cancer, the expression of miR-31
was significantly down-regulated and could be used as
an efficient biomarker for the diagnosis of gastric carcinoma[34]. In contrast to miR-31, miR-421 is a miRNA
with oncogenic properties. Our group reported that
miR-421 was up-regulated in gastric cancer via three targets: RBMXL1 (RNA binding motif protein, X-linkedlike 1), CNTN-1 (contactin 1) and CBX7 (chromobox
homolog)[35]. Furthermore, the expression of miR-421 in
the gastric juice might be used as a potential marker for
the diagnosis of early gastric cancer[36].

miRNAs and tumor suppressor genes in gastric cancer
miR-214 is up-regulated in several human gastric cancer
cell lines, including BGC-823, MKN45 and SGC-7901,
compared with the normal gastric mucosal cell line,
GES-1[30]. Phosphatase and tensin homolog deleted on
chromosome ten (PTEN), a famous tumor suppressor gene, is a target of miR-214, and its expression is
inversely correlated with miR-214 expression. miR-214
promoted the proliferation of cancer cells, and the downregulation of miR-214 induced G1 phase arrest in cancer
cells[30].
Zhang et al[31] used a luciferase reporter assay to demonstrate that inhibitor of growth 4 (ING4), a tumor sup-
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miR-106b-25

miRNAs and epigenetics in gastric cancer
DNA methylation, as an important type of epigenetic
modification, plays a critical role in the process of gastric
cancer by regulating gene transcription. Our group demonstrated that miR-195 and miR-378 expression levels
were down-regulated in gastric cancer compared to those
in non-tumor tissue[37] due to CpG island methylation
in their promoters. Furthermore, treatment with their
mimics restored the expression of these miRNAs[37]. The
mimics inhibited tumor cell growth and promoted the
growth of normal gastric epithelial cells (Figure 2).
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tastasis, while increasing apoptosis. These processes are
associated with RECK.
Tie et al[43] confirmed that miR-218 inhibited the invasion and metastasis of gastric cancer in vivo and in vitro
by targeting the Robo1 receptor. miR-218 expression in
gastric cancer was closely related to clinical stage, lymph
node metastasis and prognosis[43].
miR-155, a typical multifunctional miRNA, plays an
important role in the process of gastric cancer. It was
reported that miR-155 was remarkably down-regulated
in gastric cancer[44]. Li et al[44] reported that transfection
of gastric cancer cells with synthetic miR-155 mimics
decreased the migratory and invasive capacity of cells
compared to the control sample, as determined by scratch
wound healing assay, transwell migration assay and transwell invasion assay. Thus, miR-155 may act as a tumor
suppressor, and it plays a pivotal function in gastric cancer
metastasis. miR-155 expression levels were restored after
treatment with 5-aza-dC, a DNA-demethylating agent[44].
These data suggest that dysregulation of miR-155 expression in gastric cancer may be partially due to DNA methylation.

CpG island methylation

Down-regulation
Gastric cancer

miR-195/miR-378

Inhibition
Transfection (restore)
Promote

Normal gastric epithelial cells

miR-195/miR-378 mimics

Figure 2 Roles of microRNA-195/microRNA-378 in gastric cancer. Due
to promoter methylation, miR-195 and miR-378 are down-regulated in gastric
cancer compared with non-tumor tissue. miR-195 and miR-378 mimics inhibited
tumor cell growth and promoted the growth of normal gastric epithelial cells.
miR: microRNA.

miRNAs and the cell cycle in gastric cancer
As a novel gene, p42.3 encodes a 42.3 kDa protein of
389 amino acid residues that is associated with cell proliferation and tumorigenicity by regulating the M-phase of
the cell cycle. p42.3 expression is up-regulated in human
gastric cancer and is a direct target of miR-29a. Experiments in gastric cancer cells and tissue samples showed
that miR-29a reduced the expression of p42.3, indicating
that miR-29a may play a role in human gastric cancer[38].
We recently demonstrated that all miR-129 family
members, miR-129-1-3p, miR-129-2-3p, and miR-129-5p,
were down-regulated in gastric cancer cell lines compared
with normal gastric epithelial cells[39]. Furthermore, all
mature products of miR-129 displayed tumor suppressor
activity. To elucidate the molecular mechanisms underlying the down-regulation of miR-129 in gastric cancer, we
analyzed the effects of miR-129 mimics on the cell cycle.
We found that increased miR-129 levels in gastric cancer
cells resulted in significant G0/G1 phase arrest, which is
associated with cyclin dependent kinase 6 (CDK6), a cell
cycle-associated protein involved in G1-S transition (Figure 3). Additionally, we demonstrated that CDK6 and sex
determining region Y-box 4 (SOX4) are the targets of
miR-129[39]. In addition, miR-429 and miR-148a inhibit
cell growth and proliferation in gastric cancer by targeting
c-Myc and p27, respectively[40,41]. These proteins are also
cell cycle regulators.

piRNAS AND GASTRIC CANCER
piRNAs
piRNAs are a class of newly discovered small non-coding
RNAs that are approximately 24-33 nt in length. piRNAs
only bind specifically with Piwi protein family members.
Similar to miRNAs, the 5’ ends of piRNAs also contain a
strong uracil bias. To date, piRNAs are thought to mainly
exist in the intergenic region and rarely in the gene region
and repeat region. In July, 2006, piRNAs were first identified as being closely related with germ cell development[45].
Studies have shown that piRNAs mainly exist in
mammalian germ cells and stem cells by binding to the
Piwi subfamily protein to form the piRNA compound
(piRC) to regulate gene silencing pathways[46]. Genetic
analysis and time characteristics of piRNA accumulation
revealed that piRC plays an important role in gametogenesis. Only 17% to 20% of mammalian piRNA repeat
sequences correspond to transposons and retrotransposons[47]. Thus, piRNAs may have different functions in
epigenetic programming, repressing transcription and
post-transcriptional regulation.
According to the known function of Piwi proteins,
scientists speculate that piRNAs may have three aspects
of function[48,49]: transcriptional gene silencing, maintaining germline stem cell function and regulating translation
and mRNA stability.

miRNAs and gastric cancer cell invasion and metastasis
Some miRNAs are involved in tumor invasion and metastasis. Reversion-inducing-cysteine-rich protein with
kazal motifs (RECK), which is a target of miR-21, inhibits tumor invasion, metastasis and angiogenesis. Zhang
et al[42] demonstrated that over-expression of miR-21 in
the gastric cancer cell line AGS enhanced the proliferation and invasive ability of cells, whereas knockdown of
miR-21 suppressed cell proliferation, invasion and me-
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Roles of piRNAs in gastric cancer
There are several reports investigating the association
between piRNAs and gastric cancer. Our study demonstrated that piR-823 was significantly down-regulated in
gastric cancer tissues[50]. In vitro studies also revealed that
piR-823 analogues effectively inhibited gastric cancer
cell proliferation[50]. The expression of another piRNA,
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CDK6 mRNA
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Figure 3 Molecular mechanisms of the microRNA-129 family in regulating the cell cycle in gastric cancer. Cyclin dependent kinase 6 (CDK6) is a target of
three members of the miR-129 family. Thus, increased miR-129 in gastric cancer cells might decrease CDK6 levels, affecting G1-S transition. miR: microRNA.

involved in protein coding[53]. lncRNAs play roles in
epigenetic, transcriptional and post-transcription regulation[54,55]. They have important physiological and biochemical functions, such as X-inactivation, development
and differentiation[56-58]. In structural characteristics and
sequence composition, lncRNAs are similar to proteincoding RNAs, with highly tissue specific and time specific
properties[59]. lncRNAs participate in gene imprinting (genetic imprinting), chromatin modification, transcriptional
activation, interference, cell cycle regulation, splicing and
translation regulation[60-62]. Researchers are paying more
attention to lncRNAs in various biological processes and
their roles in the disease process. Some studies found that
ectopic expression of lncRNAs was associated with disease occurrence, development, proliferation, metastasis,
and invasion[63,64]. Moreover, researchers observed the abnormal expression of various lncRNAs in gastric cancer
(Table 2).

Table 2 Abnormal expression of long non-coding RNAs in
gastric cancer
Expression
Up
Down

lncRNAs
H19, CCAT1, H19, HMlincRNA717, BM709340, BQ213083,
AK054978, DB077273, SUMO1P3
GACAT1, FER1L4, uc001lsz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMlincRNA1600,
AK054588

lncRNAs: Long non-coding RNAs.

piR-651, was significantly up-regulated in gastric cancer,
and transfection with piR-651 inhibitors blocked gastric
cancer cell growth and induced G2/M phase arrest[51].
Our study also illustrated that piR-651 was up-regulated
in other types of cancers. To explore the potential clinical application of piRNAs, we used real-time reverse
transcription-polymerase chain reaction (RT-PCR) to
detect circulating tumor cells (CTCs) in patients with
gastric cancer and found that piRNAs, such as piR-651
and piR-823, were more sensitive than serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9)[52]. These results indicate that piRNAs may be
promising molecular markers for the diagnosis of gastric
cancer.

Roles of lncRNAs in gastric cancer
Our group investigated the global lncRNA expression
profile in gastric cancer[65]. In total, we identified 135
lncRNAs whose expression levels between tumor and
non-tumorous tissues were altered more than two-fold
(GEO accession numbers is 47850; http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE47850). The
most down-regulated lncRNAs in gastric cancer tissues were FER1L4, uc001lsz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMlincRNA1600,
and AK054588; while the most up-regulated lncRNAs
were H19, HMlincRNA717, BM709340, BQ213083,

lncRNAS AND GASTRIC CANCER
lncRNAs
lncRNAs are transcripts longer than 200 nt that are rarely
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AK054978, and DB077273[65]. Furthermore, the expression level of gastric cancer-associated transcript 1 (GACAT1), or AC096655.1-002, was associated with lymph
node metastasis, distant metastasis, tumor-node-metastasis stage, and differentiation, suggesting that GACAT1
might serve as a potential biological marker for the clinical diagnosis of gastric cancer[66,67].
H19 is an lncRNA widely expressed from the maternal allele and is only separated from the neighboring
insulin like growth factor 2 (IGF2) gene by 90 kb. H19
expression is up-regulated in various human cancers, including hepatocellular carcinoma, bladder cancer, gastric
cancer and breast cancer, suggesting that it has oncogenic
properties[65,68]. Using real-time RT-PCR, flow cytometry,
RNA immunoprecipitation and other methods, Yang et
al[69] confirmed that H19 expression in gastric cancer accelerated cell proliferation. Furthermore, siRNA-mediated knockdown of H19 induced apoptosis and inactivated
P53[69]. These results suggest that H19 may have a potential application for the treatment of gastric cancer.
Another study reported that lncRNA CCAT1 was upregulated in gastric carcinoma tissues, and its expression
was closely related to the transcription factor c-Myc[70].
Abnormal expression of c-Myc increased the activity
of the CCAT1 promoter[70]. In the CCAT1 promoter
region, c-Myc interacts with the E-box and up-regulates
CCAT1 expression. CCAT1 up-regulation was correlated
with primary tumor growth, lymph node metastasis, and
metastatic disease[70]. Therefore, these results indicate that
CCAT1 functions as an oncogene, and it may be used as
a biomarker and a therapeutic target in gastric cancer.
Pseudogene-expressed lncRNAs are a major member
of the lncRNA family. Recently, our group reported that
small ubiquitin-like modifier (SUMO) 1 pseudogene 3,
SUMO1P3, was markedly up-regulated in gastric cancer
tissues compared with paired adjacent non-tumor tissues[71]. Its expression level was significantly correlated
with tumor size, differentiation, lymphatic metastasis, and
invasion. These results indicate that SUMO1P3 may be a
potential biomarker for the diagnosis of gastric cancer.

processes, including cell proliferation, survival, apoptosis,
invasion and metastasis[80]. AEG-1 regulates tumor cell
proliferation through pre-proliferative and anti-apoptotic
effects[80]. In gastric cancer tissues, AEG-1 expression was
significantly higher than that in normal tissues[81], suggesting that it may play an important role in the occurrence
and development of gastric cancer. Therefore, compared
with non-transfected cells and control siRNA transfected
cells, AEG-1 siRNA markedly down-regulated endogenous AEG-1 expression at the mRNA and protein levels in gastric cancer cells. Expression of AEG-1 siRNA
inhibited cell proliferation and changed the cell cycle distribution of gastric cancer cells.
The B lymphocyte/leukemia-2 (Bcl-2) gene is an
oncogene that effectively inhibits cell apoptosis and
prolongs cell vitality. Liu et al[82] reported that a specific
siRNA against Bcl-2 increased the apoptosis of gastric
cancer BGC-823 cells. Gao et al[83] recently demonstrated
that siRNA-mediated knockdown of the phosphatase
of regenerating liver-3 gene effectively inhibited gastric
carcinoma invasion and metastasis. These results indicate
that siRNA mediated-gene knockdown may be promising
for clinical applications.

CONCLUSION
In the mammalian genome, ncRNAs account for approximately 98% of all transcripts. ncRNAs are a critical
component of highly complex gene regulatory networks
in cells. Their functions include adjusting the timing of
development, cell proliferation, early embryonic development, tumor development, and stem cell differentiation.
Various aberrantly expressed ncRNAs have been identified in gastric cancer (Tables 1 and 2). These ncRNAs
may not only be new biological markers for the diagnosis
of gastric cancer but also new targets for gastric cancer
therapy.
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Core tip: Gastric cancer stem cells (GCSCs) play an
important role in the occurrence and development of
gastric cancer. They are the basis for tolerance to chemotherapy, as well as the rapid growth and metastasis
of tumors. GCSC markers are closely associated with
the degree of malignancy of gastric cancer, therefore,
marker-targeted therapy is one of the potential directions for the treatment of gastric cancer.

Abstract

Li K, Dan Z, Nie YQ. Gastric cancer stem cells in gastric carcinogenesis, progression, prevention and treatment. World J
Gastroenterol 2014; 20(18): 5420-5426 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i18/5420.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i18.5420

In recent decades, the study of the mechanism of
tumorigenesis has brought much progress to cancer
treatment. However, cancer stem cell (CSC) theory has
changed previous views of tumors, and has provided a
new method for treatment of cancer. The discovery of
CSCs and their characteristics have contributed to understanding the molecular mechanism of tumor genesis
and development, resulting in a new effective strategy
for cancer treatment. Gastric CSCs (GCSCs) are the basis for the onset of gastric cancer. They may be derived
from gastric stem cells in gastric tissues, or bone marrow mesenchymal stem cells. As with other stem cells,
GCSCs highly express drug-resistance genes such as aldehyde dehydrogenase and multidrug resistance, which
are resistant to chemotherapy and thus form the basis
of drug resistance. Many specific molecular markers
such as CD44 and CD133 have been used for identification and isolation of GCSCs, diagnosis and grading of
gastric cancer, and research on GCSC-targeted therapy
for gastric cancer. Therefore, discussion of the recent
development and advancements in GCSCs will be helpful

WJG|www.wjgnet.com

INTRODUCTION
Cancer stem cells
Stem cells are pluripotent cells with the function of
self-renewal and multidirectional differentiation, which
differentiate into precursor cells with single-directional
differentiation, followed by differentiation into nondifferentiated adult cells involved in the generation and regeneration of tissues and organs. These cells are also considered to exist in tumor cells, where they are involved in the
generation and regeneration of tumor tissue, as a basis
of tumor formation and development. The cancer stem
cells (CSCs) hypothesis believes that few cells in cancer
tissues function as CSCs. They can self-regenerate, pro-
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liferate and have multiple differentiation potentials. They
produce different phenotypes of non tumorigenic tumor
cells, constantly enlarging the tumor mass, and thus play
a decisive role in the onset and development of the tumors. Furthermore, they become drug resistant during
radio- and chemotherapy, and migrate and metastasize
rapidly into novel tumors[1-3]. CSCs are considered to
be the only cells with metastatic ability in the tumor cell
subset. In appropriate tumor microenvironments, CSCs
can migrate and proliferate and form new tumors. In
2006, the American Cancer Research Association reached
a consensus that some cells in tumor tissues are capable
of self-renewal, with relatively static, multidrug resistance
and pluripotency, as compared with other tumor cell
lines. These cells show greater tumorigenicity and mobility when transplanted in vivo, therefore, we confirmed that
such cells were CSCs[4].

malignant tumors. Nearly 1 million people are diagnosed
with gastric cancer every year worldwide, among which,
70% are in developing countries and more than half in
East Asia, especially China[22,23]. In China, the incidence
of gastric cancer ranks second among all types of malignant tumors. There are over 400000 newly diagnosed
patients with gastric cancer and up to 300000 deaths annually, accounting for > 40% of the overall mortality due
to gastric cancer worldwide. Gastric cancer is the second
leading cause of cancer mortality after lung cancer[24]. In
recent years, with the application of endoscopy, the early
detection rate of gastric cancer has continued to rise.
The clinical outcome of therapy has improved dramatically, but the 5-year survival rate is still < 40% for gastric
cancer. Tumor regeneration and metastasis impose great
difficulty for the prevention and treatment of gastric
cancer[25]. CSCs are a newly proposed theory for tumor
development, and form the basis for tumor proliferation
and metastasis. CSCs maintain cancer cell regeneration
and are capable of unlimited proliferation[26-28]. The development of gastric cancer is closely associated with gastric
CSCs (GCSCs). Cancer cells with CD44+ removed do not
have the characteristics of cancer cells, and thus are unable to grow into tumors in nude mice[29,30]. Clinicopathological analysis has demonstrated that the expression of
stem cell markers is highly associated with the degree of
malignancy and tumor grading[31,32].
In this review, we address the relationship of CSCs
and cancer, the role of GCSCs in the development of
gastric cancer, and the potential sources and biomarkers
of GCSCs (including activation of related signaling pathways), in the hope of exploring the existence of GCSCs
and their role in the development of gastric cancer. Furthermore, we review advances in research on GCSCs and
the sensitivity of gastric cancer to chemotherapy, as well
as GCSC-targeted therapy, with the expectation of providing theoretical support for such therapy in the clinic.

CSCs and tumors
CSCs were first found in patients with acute myeloid
leukemia. Bonnet and Dick isolated one type of hematopoietic stem cells similar to CD34+CD38+ cells from
tumor tissues. It was found that these cells could selfregenerate and become xenografts in nude mice[5]. Breast
cancer is one of the earliest tumors discovered to have
CSCs. In 2003, in eight of nine patients with breast cancer, Al-Hajj et al[6] isolated a CD44+/CD24-/low cell line,
which can survive and grow into tumors in nude mice. In
subsequent studies, it was revealed that CD44+ combines
with many tumor biomarkers that are used as predictive
biomarkers of breast cancer. Combined with Ezrin protein, it can be used as a marker of development and drug
resistance in breast cancer. The rate of malignant tumors
positive for both CD44+ and Ezrin reaches as high as
81.54%[7]. Ignatova et al[8] first isolated CD133+ CSCs in
human brain tumors, and found that a single injection of
100 CD133+ tumor cells can differentiate and proliferate
into brain tumor. However, even with injection of up to
50000-100000 CD133- cancer cells, there was no tumor
development in mice. This provided strong evidence of
the existence of CSCs. Thereafter, researchers proved
the existence of CSCs in many solid tumors, including
glioma, multiple myeloma, malignant melanoma, colon
cancer, pancreatic cancer, prostate cancer, head and
neck squamous cell carcinoma, liver cancer, and ovarian
cancer. Furthermore, xenograft formation in nude mice
was regarded as the gold standard of CSCs in cancer tissues[9-17]. Like the normal stem cells that maintain tissue
function, CSCs are the basis of tumor formation. The
expression of cancer-suppressing genes within CSCs is
inhibited, and that of Shh, Notch, Wnt/β-catenin, Hox
and Hedgehog is activated[18-21]. All these findings are
helpful for understanding tumors more comprehensively
and developing more targeted cancer therapy.

GCSCs AND GASTRIC CANCER
CARCINOGENESIS AND PROGRESSION
Origin of GCSCs
Like other stem cells, CSCs are a group of heterogeneous
cells that can self-regenerate and have the potential for
multiple differentiation, migration, metastasis, and drug
resistance[33]. The sources of GCSCs may be closely associated with those of gastric stem cells. Gastric epithelial
cells constantly replace the injured or dead cells to maintain their self hemostasis. Under normal physiological
conditions, gastric epithelial cells renew once every 2-7
d. When there is injury, this type of epithelial cell renews
faster. During this process, stem cells play a vital role[34].
Labeling stem cells by chemical method for mutation
detection and tracking their offspring cells, there are multiple potential stem cells in the gastric epithelium of adult
mice. Furthermore, it was revealed that the major cell
lines within the gastric epithelium (wall, chief, endocrine
and mucous cells) are all derived from a single common

CSCs and gastric cancer
Gastric cancer is a life-threatening malignant tumor in
humans, and has the fourth highest incidence among all
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et al[44] isolated CD44+ cells from gastric cancer cell lines
by using common markers of CSCs. It was found that
these cells were able to form into spherical colonies in
culture medium without serum and form tumors in nude
mice, while the xenograft of CD44- was significantly
lower. Thereafter, Han et al[45] isolated 4.5% epithelial cell
adhesion molecule (EpCAM)+/CD44+ cells from fresh
gastric cancer tissues by using EpCAM and CD44. Furthermore, it was confirmed in vivo that these cells formed
solid tumors in nude mice. In vitro experiments proved
that these cells form into colonies in culture medium
without serum, have the ability for self-regeneration and
the potential for multiple differentiation, and strong drug
resistance. This suggests that these cells are GCSCs, and
isolation and culture of these cells may be a novel model
for gastric cancer research[45]. Clinical trials have shown
that GCSCs are highly associated with the degree of
malignancy, tumor grading and ranking, and drug resistance. In gastric cancer tissues, the expression of stem
cell markers CD44, Musashi-1 and CD133 is increased in
precancerous lesions, malignantly transforming tissues,
and drug-resistant gastric cancer tissues[46]. The high expression of CD44 is positively correlated with malignant
transformation, remote metastasis, TNM grading, and relapse of gastric cancer. The high expression of CD133 is
also positively correlated with remote metastasis, invasion
depth, and TNM grading of gastric cancer. The expression of CD44 and CD133 can be used as independent
predictive molecules for gastric cancer. Combined detection of CD44 and CD133 expression can be used as an
effective tool for clinical diagnosis of gastric cancer[47].
The subpopulation (SP) of stem cells isolated from gastric cancer cell line SGC-7901 with Hoechst 33342 staining has stronger proliferation, resistance and colonization
ability when cultured in vitro without serum. Tumorigenicity experiments in vivo have confirmed that the SP has
the characteristics of cancer cells. Injection of 2 × 103
SP cells can grow into tumors, whereas, injection of 2
× 104 non-SP cells cannot form into xenografts in nude
mice[48], suggesting that GCSCs play an important role
in tumorigenicity of gastric cancer. Moreover, in many
review articles, it has been clearly stated that GCSCs are
the major cause of invasion, metastasis and drug resistance of gastric cancer, and GCSCs should be the central
therapeutic target[49-51]. This suggests that GCSCs are the
basis of gastric cancer development.

stem cell. This suggests that there are gastric stem cells
in gastric tissues[35]. When gastric cancer develops, the
gastric epithelial cells rapidly proliferate, completing the
transformation from normal gastric mucosa to atrophic
gastritis, intestinal metaplasia, atypical hyperplasia, and
gastric cancer. During this process, the cells complete
mutation and become tumor cells. Gastric stem cells are
the only vital cells completing the genetic changes needed
for accumulated tumor transformation. Tatematsu et al[36]
confirmed that gastric stem cells differentiate into gastric and intestinal cells during the process of intestinal
metaplasia. Gastric cancer cells are classified as cells with
gastric and intestinal phenotypes. Both intestinal metaplasia of gastric mucous cells and gastric cancer cells are
homeotic. This demonstrates that gastric cancer itself is
a disease of stem cells. It is the canceration of the stem
cells that causes the development of gastric cancer. GCSCs are derived from gastric stem cells.
Additionally, there is another hypothesis. It is believed
that GCSCs are derived from bone-marrow-derived mesenchymal stem cells (BM-MSCs)[37]. BM-MSCs are a type
of adult stem cells, with the same genetic basis as the cells
in other organs and tissues. They can migrate, regenerate
and have the potential for multiple differentiation. On the
one hand, hematopoietic stem cells produced via hyperplasia and differentiation supplement and maintain the
homeostasis of hematopoietic and lymphatic systems[38].
On the other hand, they supplement the need for regenerating other tissues and organs. Like immune cells, these
cells move in ameba-like form via the capillary walls and
enter the solid tissues, and differentiate into all types of
tissues and cells. When there is injury, the BM-MSCs can
mobilize from the bone marrow, participate in and assist
with repair of injured tissues[39,40]. When gastric injury is
caused by Helicobacter felis infection, BM-MSCs migrate
to the gastric epithelium and participate in tissue repair,
suggesting that BM-MSCs participate in the development
of gastric cancer[41]. In model mice infected by Helicobacter
pylori (H. pylori), it is confirmed that under inflammatory
stimulation, BM-MSCs with positive markers migrate to
the gastric epithelium and differentiate into gastric cancer.
Furthermore, the same positive marker can be detected
in the cancer tissues. Thus, it is assumed that the development of gastric cancer may be the result of abnormal differentiation of bone marrow stem cells during regeneration and repair of gastric mucosa[42]. Varon et al[43] labeled
bone-marrow-derived cells with green fluorescent protein
(GFP), and observed H. pylori-induced chronic gastritis,
atrophic gastritis, intestinal metaplasia, atypical hyperplasia
and gastric cancer, and found that GFP was seen in 90%
of the mice, and 25% of cancerous cells were derived
from bone-marrow-derived cells. This further proved that
bone-marrow-derived cells participated in the development of gastric cancer[43], and BM-MSCs are the source
of gastric cancer cells.

GCSCs and drug resistance
GCSCs are a major factor in gastric cancer resistance
to radiation and chemotherapy. The CSCs isolated
from gastric cancer cell lines using the SP method have
stronger drug tolerance for chemotherapy[52]. Aldehyde
dehydrogenase (ALDH) is generally highly expressed
in stem cells. Its major function is to protect stem cells
and develop cell resistance. In gastric cancer, cells with
high expression of ALDH have stronger resistance to
5-fluorouracil (FU) and cisplatin[53]. Using CD44+ as the
marker, the stem cells isolated from cancer tissues with
magnetic beads have resistance to 5-FU via high expres-

GCSCs as the basis of gastric cancer
GCSCs were first isolated and identified in 2009. Takaishi

WJG|www.wjgnet.com

5422

May 14, 2014|Volume 20|Issue 18|

Li K et al . Gastric cancer stem cells

cancer cells, and inhibit xenograft growth[61].

sion. The stronger the resistance, the higher the expression of ALDH. CD44- cells have low expression of
ALDH. This suggests that GCSCs are the major cause of
drug resistance in gastric cancer[30]. The SP stem cells EpCAM+/CD44+ isolated from cancer tissues have stronger
resistance compared with other SPs to chemotherapeutic
drugs[44]. Meanwhile, clinicopathological detection has
revealed that resistance of early gastric cancer is mainly
associated with the presence of GCSCs. Patients with
CD133+ have stronger drug resistance, higher relapse rate
(28.1% vs 65.8%, P = 0.002) and lower 5-year survival
rate (47.5% vs 74.0%, P = 0.037), compared with patients
with CD133-[54].

Other biomarkers and gastric cancer treatment
CD133 and ALDH are often regarded as marker molecule of GCSCs. Expression of CD133 is positively
correlated with malignancy of gastric cancer. The overexpression of SOX17 gene by silence-regulated CD133
inhibit the growth of gastric cancer, suggesting that
regulating expression of CD133 is the target for treating
gastric cancer[62]. ALDH may activate Notch1 and SHH
signaling and promote proliferation of GCSCs, leading to
development of drug resistance. Interfering with ALDH
expression and activity and downstream signals can be
used as a target for treating gastric cancer[53]. CD71- and
CD71+ cells have stronger xenograft ability. CD71- cells
can be used as an effective target for gastric cancer research[63]. TR3, an orphan receptor, is also regarded as a
necessary molecule for maintaining activity of GCSCs.
Silencing TR3 reduces expression of stem-cell-associated
genes Oct-4 and Nanog, as well as invasion-associated
gene MMP-9, and inhibits colonization of cancer cells, invasion and metastasis, xenograft growth, and drug resistance. Silencing TR3 is a novel effective target for treating
gastric cancer[64]. Meanwhile, Lgr5, CD26, Musashi-1,
CD24, CD54, Sox2, Nanog, and Nestin have been used
as diagnostic marker molecules on GCSCs[46,65-67]. Overexpression of Sox2 in CSCs shows that Sox2 plays an
important role in maintaining the stem cell characteristics
of CSCs. Targeting silencing of Sox2 significantly inhibits colonization and drug resistance of GCSCs in vitro[52].
Moreover, SP cells express a many drug-resistanceassociated proteins, including ABCG2, Bcl-2, multidrug
resistance, and Bmi-1[47,48,68]. In addition, trastuzumab
has recently been reported as a humanized monoclonal
antibody that selectively acts on the extracellular region
of human epidermal growth factor receptor (HER)2.
Trastuzumab is mainly used for the treatment of gastric
cancer with overexpression of HER2[69,70]. Ramucirumab
is another newly humanized IgG1 monoclonal antibody.
It acts as a receptor antagonist that binds to the extracellular region of vascular endothelial growth factor (VEGF)
receptor 2, thereby blocking the interaction between
VEGF ligands A C and D, and inhibiting activation of
the receptor. Ramucirumab has shown promising results
in an international, randomized, multicenter, placebocontrolled, phase Ⅲ clinical trial for advanced gastric cancer[71,72]. All the above results suggest that GCSC-targeted
therapy is a novel direction for treating and preventing
gastric cancer.

GCSCs AND GASTRIC CANCER
TREATMENT AND PREVENTION
STRATEGIES
CD44+ and gastric cancer treatment
Cancer onset, development, drug resistance and metastasis are all associated with gastric stem cells. GCSCtargeted therapy has received increasing attention[49-51,55].
CD44+ is a cell surface adhesion molecule and is the
earliest marker for gastric stem cells[43-44]. CD44+ cells
have stronger drug resistance and express more genes related to cancer invasion, such as MMP-1, MMP-2, EGFR
and COX-2[28]. Isolated GCSCs are the ideal model for
targeted therapy for gastric cancer. GCSCs highly express CD44v9. Silencing of CD44v9 expression is a
novel pathway for treating gastric cancer[56]. Compared
with CD44- cells, CD44+ cells have high expression of
Notch1. With the specific drug β-Elemene interfering
Notch1 expression, the proliferation of CD44+ cells and
xenografts and vessel survival are all inhibited[43-44,57]. The
ERK → CD44 → STAT3 signaling cascade promotes
GCSC proliferation. Interfering with this signal inhibits
proliferation of gastric stem cells[58]. The sonic hedgehog
(SHH) signal is necessary for maintaining tumorigenesis
of primary cancer tissue stem cells. Interfering with SHH
signaling can increase gastric stem cell sensitivity to chemotherapy, and thus inhibit xenografts in nude mice[59].
It is believed that phosphoglycerate kinase (PGK)1 is activated in gastric cancer cell lines and inhibits the differentiation of gastric stem cells. shRNA PGK1 in CD44+
cells promotes GCSC differentiation and inhibits xenograft growth in nude mice. With targeted silencing of
PGK1 induction, GCSC differentiation is regarded as an
effective therapeutic target for gastric cancer[60]. Adiposetissue-derived stem cells can regulate CD44+ cell surface
integrated protein α2/β2 and Wnt signaling via cell surface adhesion molecules, and thus increase sensitivity of
CSCs to chemotherapy. This suggests that adipose-tissuederived stem cells can be used as a “living vehicle surface” for gastric cancer therapy. Targeted overexpression
of miR-200c can silence the expression of TUBB3 in
tumors, reduce expression of CD44 and invasive marker
molecule E-cadherin, increase drug sensitivity of gastric
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SUMMARY AND FUTURE DIRECTION OF
RESEARCH
CSC theory is developing rapidly. The presence of GCSCs and their significance are acknowledged widely.
Novel GCSC markers were discovered gradually, bringing
great opportunities for therapy of gastric cancer. However, our knowledge of GCSCs is currently insufficient and
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more research is needed in the following areas. (1) isolation and culture of GCSCs. Impure stem cells and differentiation in vitro have resulted in an inability to perform
long-term culture to study the mechanism of generation
and development of GCSCs. Further research into the
isolation and continuous culture of GCSCs might provide a opportunity to understand better the biological
properties of stem cells; (2) mechanism of generation
and development of GCSCs. Studies should investigate
further the microenvironment and signaling pathways of
GCSCs, as well as the regulatory mechanism associated
with the development, drug resistance, recurrence and
metastasis of gastric cancer. This will demonstrate the
relationship between GCSCs and gastric cancer in detail;
and (3) to determine specific markers of gastric cancer.
These markers could be used in clinical studies to develop new chemotherapeutic agents against cancer cells.
These agents could target the specific markers of GCSCs
or the microenvironment and related signal transduction
pathways of GCSCs.
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Core tip: Hepatitis B virus (HBV) infection is the leading cause of chronic liver disease and death worldwide.
The clinical course and consequences of HBV infection
are affected by several factors such as viral load, mutation, host, environment, and viral genotypes. Different
HBV genotypes are associated with different mutations
in the HBV precore and core promoter gene regions.
HBV genotypes are closely related with optimal treatment strategy for chronic hepatitis B patients and clinical outcomes.

Abstract
At least 600000 individuals worldwide annually die of
hepatitis B virus (HBV)-related diseases, such as chronic hepatitis B (CHB), liver cirrhosis (LC), and hepatocellular carcinoma (HCC). Many viral factors, such as viral
load, genotype, and specific viral mutations, are known
to affect disease progression. HBV reverse transcriptase
does not have a proofreading function, therefore, many
HBV genotypes, sub-genotypes, mutants, and recombinants emerge. Differences between genotypes in
response to antiviral treatment have been determined.
To date, 10 HBV genotypes, scattered across different
geographical regions, have been identified. For example, genotype A has a tendency for chronicity, whereas
viral mutations are frequently encountered in genotype
C. Both chronicity and mutation frequency are common
in genotype D. LC and progression to HCC are more
commonly encountered with genotypes C and D than
the other genotypes. Pathogenic differences between
HBV genotypes explain disease intensity, progression
to LC, and HCC. In conclusion, genotype determination
in CHB infection is important in estimating disease progression and planning optimal antiviral treatment.

Sunbul M. Hepatitis B virus genotypes: Global distribution and clinical importance. World J Gastroenterol 2014;
20(18): 5427-5434 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i18/5427.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5427

INTRODUCTION
HBV is an enveloped, hepatotropic, non-cytopathic virus
that can cause acute and chronic hepatitis[1]. Although
there is currently a safe vaccine against hepatitis B virus
(HBV), it remains a severe public health issue, especially
in Asia, Africa and South America, and may result in
death. HBV infection may lead to a variety of clinical
pictures, ranging from asymptomatic carrier state to acute
hepatitis, fulminant hepatitis, chronic hepatitis, liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Progression of chronic hepatitis B (CHB) disease to severe
liver diseases, such as LC and HCC, is determined by the
genetic characteristics of the host, as well as by viral and
environmental factors[2,3].

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Genotype distribution shows variations between
countries, and even between geographical regions within
countries. The HBV genotype and sub-genotype distributions between countries are shown in Table 1.
Pathogenic differences between various HBV genotypes are now partially understood. Intracellular levels of
HBV DNA and extracellular levels of HBV DNA and
HBeAg have been revealed as higher in genotypes B and
C than in genotypes A and D. HBV DNA and intracellular accumulation of viral antigens may play a role in the
development of cellular damage in hepatocytes. In addition, the high replication capacity of genotype C may be
the reason for increased genotype-related severe hepatic
damage[19]. The following findings were reported from an
in vitro study: (1) when a pre-core (PC) or basal core promoter (BCP) region mutation affected HBeAg expression
in genotype C, intracellular HBV core protein expression
was increased; (2) In PC wild-type HBV genotype C patients, intracellular HBV surface protein expression was
lower than in HBV genotype B patients; (3) Extracellular
HBV DNA was lower in PC-mutant patients; (4) there
was less hepatitis B surface antigen (HBsAg) formation
in HBV genotype C than in genotype B; and (5) there
was less secretion of HBeAg in HBV genotype B than in
genotype C[38].

GLOBAL DISTRIBUTION OF HBV
GENOTYPES AND SUBGENOTYPES
HBV is differentiated into many genotypes, according to
genome sequence. To date, eight well-known genotypes
(A-H) of the HBV genome have been defined. Moreover,
two new genotypes, I and J, have also been identified.
Some HBV genotypes are further classified as sub-genotypes. HBV sequence is characterized by > 8% nucleotide
differences for genotype, and 4%-8% nucleotide differences for sub-genotype. Over 30 related sub-genotypes
belonging to HBV genotypes have been determined to
date, but the mechanisms of different pathogenic characteristics of HBV genotypes are not known for certain.
Many studies have reported that different genotypes and
sub-genotypes show different geographical distribution,
and are related to disease progression, clinical progression, response to antiviral treatment, and prognosis. A-D
and F genotypes are divided into various sub-genotypes;
no sub-genotypes have been defined for E, G and H
genotypes[1,3-5]. Genotype A is widespread in sub-Saharan
Africa, Northern Europe, and Western Africa; genotypes
B and C are common in Asia; genotype C is primarily
observed in Southeast Asia; genotype D is dominant
in Africa, Europe, Mediterranean countries, and India;
genotype G is reported in France, Germany, and the
United States; and genotype H is commonly encountered
in Central and South America. Genotype I has recently
been reported in Vietnam and Laos. The newest HBV
genotype, genotype J, has been identified in the Ryukyu
Islands in Japan. Geographic distribution of HBV genotypes may be related to route of exposure. For example,
genotypes B and C are more common in high-endemic
regions of perinatal or vertical exposure, which plays an
important role in viral transmission. Other genotypes are
primarily observed in regions of horizontal exposure[6-9].
Therefore, genotyping provides an epidemiological clue
in the investigation of acquisition, because this lies in the
geographical distribution of HBV. Figure 1 shows genotype distribution across the world.
Identification of HBV genotype is important for
many reasons. An epidemiological study conducted in
China showed that genotype B was primarily distributed
in the south and genotype C in the north of the country.
Clear HBV genotype-related associations exist between
clinical outcomes and treatment efficacy in patients with
CHB[10]. Genotype G was initially identified in studies
conducted in France in 2000. It was found during coinfection with other genotypes, especially HBV/A2.
HBV/C and H genotypes have also been reported with
co-infection[11]. The most important characteristics of
HBV epidemiology in India are the dominance of genotype D and the increased frequency of hepatitis B e antigen (HBeAg)-negative chronic infection. To date, nine
(D1-D9) sub-genotypes of genotype D have been identified. However, A/D recombinant species of HBV have
been identified in chronic HBV patients in Northern
India[12].

WJG|www.wjgnet.com

CLINICAL IMPORTANCE OF HBV
GENOTYPES
A greater understanding of the relationship between
HBV genotypes, progression of hepatitis B disease, and
clinical outcomes has developed over time. Clinical outcomes of chronic HBV infections are variable, and many
viral factors, such as host factors, HBV genotype, specific viral mutations, viral load, and quantitative HBsAg
levels are important in their prediction. HBV genotypes
in viral factors are not only predictive of clinical progression, but are also related to interferon (IFN)-α treatment
response[6]. In a study comparing genotypes B and C,
alanine aminotransferase (ALT) levels were higher in
patients with genotype C. However, the reason for this
is not yet known[39]. The primary clinical and virological
features among HBV genotypes are shown in Table 2[9].
A study conducted in China investigated the reasons
for the longer immune clearance period in HBV patients
infected with genotype C compared with genotype B;
higher level of viral replication; high hepatic histological activity, recurrent or persistently high ALT levels and
IFN, nucleos(t)ide analogs; and low response to treatment. The possible relationship among genotypes B and
C and peripheral blood follicular helper T (Tfh) cells in
CHB patients under treatment was investigated. Tfh cells
play a major role in spreading signals that affect cellular
division; help with activation of B cells; and regulate the
humoral response. In addition, Tfh cells secrete specific
cytotoxic T lymphocyte (CTL) interleukin (IL)-21 in order to sustain long-acting, effective, antiviral immunity in
chronic infection. High serum HBV DNA and ALT ra-
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Figure 1 Geographic distribution of hepatitis B virus genotypes worldwide. Permission for Figure 1 has been granted by the Publisher, from Shi et al[4].

tios in patients with genotype C might be related to lower
peripheral blood Tfh cell levels, which would cause low
IL-21 levels, when compared to genotype B. It has been
reported that HBV-specific CTL levels are lower[40].

route of acquisition, and different interactions between
host and virus[45].

HBeAg SEROCONVERSION AND HBsAg
SEROCLEARANCE

TENDENCY TO CHRONICITY
DEVELOPMENT AFTER ACUTE HBV
INFECTION

HBeAg seroconversion and HBsAg seroclearance are the
most important steps in the natural progression of HBV
infection, and the annual incidence of these are 12% and
2%, respectively. Earlier HBeAg seroconversion is generally accepted as a positive outcome. Conversely, delayed
seroconversion, or its absence, after recurrent hepatitis
attacks may indicate progression of chronic hepatitis to
LC. Following their study in Taiwanese patients, Lin et
al[45] reported that spontaneous HBeAg seroconversion in
patients with genotype C was lower than that in genotype
B patients (27% vs 47%, P < 0.025). HBeAg seroconversion rate in genotype B patients is lower than genotype C
patients, and a more lengthy persistence of HBV replication explains why LC and HCC development was found
in patients with this genotype.

There are differences in date obtained from studies that
reviewed genotypes and chronicity. Some recent studies showed that progression to chronic infection was
increased in individuals with acute infection due to HBV
genotype A[41,42]. However, a study conducted in China reported that chronic infection developed more frequently
in patients with C2 sub-genotype than in those with subgenotype B2, and genotype C2 was an independent risk
factor for chronicity development [43]. Studies using a
limited number of patients concluded that in those with
genotypes A and D, chronicity ratios were higher than in
patients with genotypes B and C[21,44]. In a Japanese study,
the ratio of persistent HBV infection development after
acute hepatitis B infection was higher in patients with
genotype A than in those with genotypes B and C. It was
also reported that chronicity ratio after HBV infection
was relatively higher in patients with genotype D[6]. In addition, chronicity of HBV infection after acute hepatitis
B infection was explained by genotype, as well as multifactorial reasons, such as the amount of viral inoculum,
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HBV GENOTYPES AND ANTIVIRAL
TREATMENT
IFN-based therapy
Predictive parameters for response to IFN treatment are
age, HBV DNA level, sex, ALT, hepatic inflammatory
activity index, HBeAg status, and genotype. Many studies
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patients with genotypes C and D at 6-12 mo after IFN
treatment was discontinued. Similarly, it was reported
that persistent HBeAg clearance frequency was higher in
patients with genotypes A and B, compared to patients
with genotypes C and D 3 years after treatment was discontinued. During longer follow-up periods, the HBsAg
clearance ratio in HBeAg-negative patients with genotype
A who were treated with IFN was markedly higher than
in the patients with the other genotypes. Moreover, there
were differences between HBV genotypes in HBsAg
clearance kinetics during IFN treatment. For example,
the mean decrease in HBsAg levels at the end of treatment was the highest in patients with genotype A, was
moderate in those with genotypes B and D, and was
lowest in patients with genotypes C and E. Although decreases in serum HBsAg levels continued in patients with
HBV genotypes A and D during the follow-up period,
HBsAg rebound was observed in those with genotypes B
and E. In two large global studies, ALT levels were higher
in IFN-treated, HBeAg-positive patients with high ALT
levels, or in genotype A patients with low HBV DNA
levels. In addition, there was a possibility of a persistent
response with IFN treatment in genotype B and C patients with lower HBV DNA, and it was concluded that
IFN should be assessed for its therapeutic use. Conversely, HBV genotype D patients had the lowest persistent
response independently of ALT and HBV DNA levels,
so IFN treatment should be recommended for these
patients[19,48]. In conclusion, identification of HBV genotype provides the clinician with very important clues with
regard to the treatment response of disease and disease
progression.
IFN-α shows antiviral, immunomodulatory, antiproliferative, and gene induction activities through binding to type Ⅰ IFN receptor (IFNAR). In another study
conducted in China, hepatic expression of type Ⅰ IFN-α
receptor β subunit (IFNAR2) in CHB infection in response to IFN treatment and its relationships with HBV
genotypes was investigated. It was reported that IFNAR2
was expressed at high rates in liver in genotype B patients, and better response rates were obtained with IFN
treatment when compared to patients with other HBV
genotypes[48].
In a similar manner to chronic hepatitis C patients,
correlation between IFN treatment and IL28B polymorphism has been investigated in CHB patients in
recent years. Lampertico et al[49] studied HBeAg-negative
CHB patients, who are known to be difficult to treat,
investigating the correlation between IFN and IL28B
polymorphisms, and HBsAg clearance was accepted
as the response at the end of treatment. It was shown
that HBsAg seroclearance and persistent viral responses
were increased in patients with the IL28B CC genotype.
Therefore, IL28B polymorphism might be an additional
predictor in HBeAg-negative genotype D patients with
regard to the optimization and discontinuation of the
treatment.

Table 1 Distribution of genotypes and sub-genotypes among
countries
Country

Genotypes

Sub-genotypes

Ref.

China
Indonesia

B, C
C, B

Tunisia
Turkey
Brazil

D, F
D
A, F

B2, C1, C2
C1, B3, B7, C10,
B9 and C8
D2, D1, D3
A1, F2a, A2, F4

B, C, I
B
C
C,B
A

B2-5, C5-16
B2,B5
A4, A5, A6, A7

Lin et al[10]
Siburian et al[13]
Prasetyo et al[14]
Ayari et al[15]
Sunbul et al[16]
Moura et al[3]
Nabuco et al[17]
Shi[18]
Kao[19]
Kao[19]
Kao[19]
Shi[18]

A, C

C1, C2, C3

A, B, C
A, C, D
C, B, A, D
A, D, E

A1, B5, C5
-

D, E
D

D1
D1

Mongolia
South Africa
Thailand

D
D
C, B

D3
C1-5

Italy
Morocco
Argentina
Egypt
Pakistan
Australia

D
D, A
F
D
D
C, D

D1, D7, A2
F1, F2, F4
D1
C4, D4

A, D, F

-

Vietnam
Taiwan
South Korea
Hong Kong
Gambia, Nigeria,
Haiti, Congo,
Rwanda,
Cameroon
Japan
Philippines
India
Canada
Central African
Republic
Saudi Arabia
Iran

Spain

A1,D4

Sakai et al[20]
Kobayashi et al[21]
Sakamoto et al[7]
Biswas et al[2]
Congly et al[22]
Komas et al[23]
Khan et al[24]
Geramizadeh et al[25]
Norouzi et al[26]
Oyunsuren et al[27]
Yousif et al[28]
Louisirirotchanakul
et al[29]
Lampertico et al[30]
Baha et al[31]
Torres et al[32]
Ragheb et al[33]
Ali et al[34]
Davies et al[35]
Sugauchi et al[36]
Buti et al[37]

have indicated the role of HBV genotypes in response
to IFN treatment, and response is greater with regard
to genotypes A and B than genotypes C and D, with the
worst response to IFN being observed with genotype
D[3,18,46]. An experimental study investigating the effect of
IFN showed that IFN/Peg-IFN was more effective in
genotypes A or B than in genotypes C, D and I[47]. In a
separate study, different serological and virological results
were obtained for the varying HBV genotypes. In addition, it was determined that HBsAg and HBV DNA kinetics were specific for genotype. During IFN treatment,
the most rapid decrease in quantitative HBsAg level was
observed in genotypes A and B, and the best serological
responses were obtained after treatment discontinuation
in these genotypes. It was indicated that genotype C patients receiving IFN treatment reached HBV DNA negativity the earliest. In the same study, it was reported that
genotype E was the most difficult genotype to treat, and
that a longer period of time was required for treatment[46].
Biochemical and serological response rates in patients
with genotypes A and B were significantly higher than in
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Table 2 Comparison of clinical and virological features among hepatitis B virus genotypes
Genotype

B

Clinical characteristics
Modes of transmission
Tendency of chronicity
Positivity of HBeAg
HBeAg Seroconversion
HBsAg seroclearance
Histological activity
Clinical outcomes (LC, HCC)
Response to INF-α
Response to nucleos(t)ide analogs
Virological characteristics
Serum HBV DNA level
Frequency of PC A1896 mutation
Frequency of basal core promoterT1762/A1764
mutation
Frequency of preS deletion mutation

C

A

D

Perinatal/vertical
Perinatal/vertical
Horizontal
Horizontal
Lower
Higher
Higher
Lower
Lower
Higher
Higher
Lower
Earlier
Later
Earlier
Later
More
Less
More
Less
Lower
Higher
Lower
Higher
Better
Worse
Better
Worse
Higher
Lower
Higher
Lower
No significant differences among genotypes A to D

E-J
Horizontal
ND
ND
ND
ND
ND
Worse in genotype F
Lower in genotype G
ND

Lower
Higher
Lower

Higher
Lower
Higher

ND
Lower
Higher

ND
Higher
Lower

ND
ND
ND

Lower

Higher

ND

ND

ND

ND: No data available; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.

Nucleos(t)-ide analog therapy
Treatment responses similar to lamivudine, adefovir, entecavir and telbivudine have been shown among different
HBV genotypes in many clinical studies[45,50-52]. A recent
meta-analysis showed that there was no difference in the
response between HBV genotypes and nucleos(t)-ide
analogs[53].

is a positive correlation between HBeAg expression and
HBV DNA level, which is the HBV replication indicator.
Some prospective studies have also indicated that HCC
risk is increased as basal serum HBV DNA levels are increased[18,56,57].
In a meta-analysis investigating the correlation between HBV genotypes and HCC, HCC detection was
12% for genotype B, and 25% for genotype C (OR =
2.05, 95%CI: 1.52-2.76, P < 0.001). Moreover, a correlation between genotype C patients and more severe
liver diseases has been reported. Conversely, genotype A
(14%) and genotype C (11%) have a similar HCC risk. In
accordance with previous studies, another meta-analysis
showed that HCC development was associated more with
genotype C patients than with patients with the other
HBV genotypes[58].
In a study conducted in India, Ghosh et al[59] showed a
correlation between advanced clinical stage and mutation
frequency in genotype D patients with HBeAg-negative
chronic HBV infection. Many of these mutations were
localized in regions that regulated transcription (BCP/
EnhII/NRE/SP1). According to the results, deletion
at the preS region was the most important predictor of
LC. Moreover, the only clinically important mutation was
identified as S183P at the HBV core protein C terminus,
which was out of the ectopic region, and this caused
HBV genotype D to shift from an inactive carrier state
to progression to CHB and LC. It was also reported that
G1896A and G1899A PC mutants in HBV were correlated with more aggressive liver diseases, as has previously
been reported in several studies. Therefore, it was indicated that high-risk patients could be identified before
disease progression by the use of viral genomic markers, and thereby incidences of LC and HCC decreased.
Conversely, an investigation of correlation between subgenotypes and severe liver diseases indicated that subgenotype B1 was related to fulminant hepatitis B infection in Japan, whereas sub-genotype B2 was related to

PROGRESSION TO LC OR HCC
LC and HCC are the most severe complications of hepatitis B. Therefore, studies conducted in the past decade
have focused particularly on the correlation between
HCC and HBV variants, and correlations between two
important mutations of the HBV virus, PC mutant in
nucleotide 1896 and BCP mutants in nucleotides 1762
and 1764, as well as clinical intensity of the disease, were
investigated in detail. A study conducted in China, on
HBeAg-positive patients infected by the HBV/C1 subgenotype, reported that, in addition toT1762/A1764
BCP mutations, V1753 or/and A1768 mutations were
closely correlated with HCC. It has been shown that increased HCC risk caused by BCP variants was partially
based on modifications of biological functions of HBx
protein[54]. In a study conducted in Turkish patients, a
correlation between T1773 and T1764/G1766 mutations
and high viral load was observed, but a definite correlation between BCP, PC, and/or core region mutations and
disease prognosis could not be determined[55]. Many similar studies have indicated that genotype C caused more
common severe liver diseases, such as LC and HCC, than
the other genotypes caused. Concomitant presence of
high serum HBV DNA levels, mutations, such as 1653T,
1753V and A1762T/G1764A, as well as acute hepatic
failure, LC and HCC have also been noted. In addition,
subsequent studies similarly showed that HBV genotype
C infection caused mutations more frequently than did
genotype B infection. It is currently accepted that there
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HCC and HCC recurrence in East Asia. A separate study
reported that risk of HCC was high in sub-genotype C2
infections[18,56,57].
A study carried out in South Korea showed that
HBV mutations were significantly related to HCC in
CHB patients infected by genotype C, especially in major
histocompatibility complex class Ⅱ-restricted regions.
In the prec/C region, there are six (preC-W28*, C-P5H/
L/T, C-E83D,C-I97F/L, C-L100I and C-Q182K/*) and
seven (preC-W28*, preC-G29D, C-D32N/H, CE43K,
C-P50A/H/Y, C-A131G/N/P and C-S181H/P) types
of mutations that are related to HCC, and these define
HBeAg serostatus. The results showed that HBV variants in the C region could lead to HCC progression in
chronic patients infected by genotype C by the immune
escape pathway against the CD4 T-cell-mediated immune
response. Therefore, it was concluded that HCC-related
hepatitis B core antigen mutations and HBeAg serostatus
could be used as diagnostic markers for early diagnosis
of liver disease progression, including HCC[60]. Interestingly, many studies reported that HCC development was
observed in patients at an advanced age with genotype C,
whereas this occurred earlier in genotype B patients[61-63].
Conversely, in the study conducted in India, it was
noted that subtypes D1 and D3 were accompanied by
chronic and occult infections, respectively[4,12]. However,
a different study reported that there was a correlation between occult hepatitis and genotype C[64].

3

4

5
6

7

8
9
10

11

CONCLUSION
Nowadays, There is a large accumulation of knowledge
regarding HBV, as well as hepatitis B disease and treatment. HBV genotype varies according to countries and
ethnic backgrounds. Chronicity of the disease, response
to antiviral treatment, and progression of LC and HCC
differ according to genotypes, which also enables the
physician to individualize the treatment and to identify
disease-related risks. In addition to the existent potent
antivirals currently used in treatment, the introduction
of new antivirals, such as core inhibitors, which inhibit
covalently closed circular DNA activity, may make it possible to achieve more definite treatment outcomes in the
near future. The positive outcomes of a routine neonatal
vaccination program will be observed more closely in the
coming years. However, much remains unknown about
HBV disease, so further studies, especially into its complex immunopathogenesis, are required for clarification
and understanding.
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between HBV genomic mutations in four open reading
frames and liver disease progression. Since some of the
results were controversial from different laboratories,
it remains to be seen whether functional analyses will
confirm their role in modifying the course of infection.
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Core tip: Understanding the characteristics of hepatitis B virus (HBV) is crucial for early diagnosis and
optimized treatment. In this review, we reviewed the
technologies being used in the evolutionary and mutational analysis of HBV and introduced a high throughput method of deep sequencing for HBV (ultra-highthroughput next generation sequencing technology).
And then, we separately discussed the correlation
between HBV genomic mutations in four open reading
frames and liver disease progression. Since some of the
results were controversial from different laboratories,
it remains to be seen whether functional analyses will
confirm their role in modifying the course of infection.

Hepatitis B virus (HBV) belongs to the genus Orthohepadnavirus of the Hepadnaviridae family and is ap-

proximately 3.2 kb in length. Owing to a lack of proofreading capacity during reverse transcription and a high
replication rate, HBV exhibits as quasispecies. To detect
the genetic mutations of HBV, many methods with different sensitivities and throughputs were developed.
According to documentary records, HBV mutation and
evolution were important vial parameters in predicting disease progression and therapeutic outcome. In
this review, we separately discussed the correlation
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INTRODUCTION
Hepatitis B virus (HBV) belongs to the genus Orthohepadnavirus of the Hepadnaviridae family and is approximately
3.2 kb in length with four overlapping open reading
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frames (ORFs) encoding the polymerase (P), core (C),
surface antigen (S), and X protein. Based on ≥ 8%
intergenotype divergences in the entire genome, HBV
has been classified into at least ten different genotypes,
named A-J[1]. In addition, subgroups have been reported
in different genotypes of HBV[2-6]. As documented in
many studies, HBV exhibits a mutation rate more than
10-fold higher than that of other DNA viruses and exists
as quasispecies, owing to a lack of proofreading capacity
during reverse transcription and a high replication rate.

mutation and a higher risk of hepatocellular carcinoma
(HCC)[36-38]. These observations suggest pathogenic differences between HBV genotypes[1].
Several studies of standard interferon therapy showed
that genotypes A and B were associated with better response to Peg-IFN-α-2a therapy and higher rates of
HBeAg seroconversion compared to genotypes C and
D[31,33,39-42], and HBV genotype B was an independent factor for HBeAg clearance[43]. Interestingly, other studies
of pegIFN-α reported that genotypes A and D but not
genotype B were associated with a higher rate of HBeAg
seroconversion[44,45]. These discrepant results may be due
to several intrinsic features and weaknesses in the majority of clinical trials conducted, such as different ethnicities
and different patient enrollment criteria. Thus, guidelines
from three regional bodies-AASLD, APASL and EASL
- all stop short of recommending genotyping as part of
the management of chronic hepatitis B[46-49]. Still, additional multicenter data on the relation between HBV genotypes and treatment response are needed before testing
for HBV genotypes in clinical practice is recommended.

METHODS FOR DETECTION HBV
GENETIC MUTATIONS
HBV DNA was almost simultaneously cloned and sequenced in 1978 by three pioneers[7-10]. From then on,
several methods have been developed to determine the
HBV genome and its genetic mutations[11-13], including
polymerase chain reaction (PCR) amplification and direct
Sanger sequencing[14,15] or pyrosequencing[16], restriction
fragment length polymorphism[17], line probe assay[18,19],
enzyme-linked immunoassay[20], clone-based sequencing
(CBS)[21,22], real-time PCR (RT-PCR) assay, fluorescence
resonance energy transfer (FRET)-based RT-PCR assay[23], and hybridization-fluorescence polarization assay[24]. Among these methods, direct PCR sequencing
detects mutations present in > 20% of the circulating
virus population (on average). Clone-based sequencing
has a higher sensitivity for detecting low-prevalence HBV
mutations and has been commonly used for detecting
HBV heterogeneity. However, its throughput limitation
and time consuming nature can not be satisfied with the
growing need for HBV complexity and diversity analysis.
In recent years, ultra-high-throughput next generation
sequencing (NGS) technology is used in the HBV heterogeneity analysis[25,26]. It is more sensitive and efficient
in terms of low abundant variation detection (< 20%
minority variants) than that by CBS method[27], and can
simultaneously detect mutations in different HBV gene
regions[28], thus sheds light on the future clinical application of NGS in HBV quasispecies studies.

HBV GENETIC MUTATIONS AND
EVOLUTION IN LIVER DISEASES
Many investigations demonstrated that during the progression of liver diseases, genetic mutations and evolution
were observed in the HBV gene-coding regions, and some
of them could be risk markers for liver injury (Table 1).
PreS1/S2/S ORF
The HBV S-ORF is composed of three forms of HBV
surface genes: pre-S1, preS2, and S domain. The pre-S
domain is the essential binding site for hepatocyte receptors and contains several epitopes for T or B cells.
Mutations at this region may directly influence HBV
infection and liver disease progression. Pre-S deletion
was observed in chronic hepatitis B infection, fulminant
hepatitis B, acute hepatitis B and HCC[49-58]. Several crosssectional studies have shown an association between
pre-S mutation and HCC[59-61]. Longitudinal observations
demonstrated a gradual combination of pre-S deletion
during the development of HCC, and patients with pre-S
mutations had significantly higher 5-year cumulative incidences of HCC than those without (26.5% vs 5.7%, P <
0.001)[60,61]. Variation and deletion in the 3’ terminus of
pre-S1 are also associated with occult HBV infection[62].
Besides deletion variation, a novel preS1 mutation, W4P/
R was observed with the progression of liver diseases
and male predominance from a Korean chronic cohort
through a molecular epidemiologic study. These W4P/R
mutants were significantly related to severe liver diseases
[HCC and liver cirrhosis (12.4%, 19/153 patients) vs
chronic hepatitis and carrier (1.1%, 1/94 patients), P <
0.001]. Interestingly, all of the W4P/R mutants were
found only in the male gender, not in the female gender,
which may in part provide the likely explanation for the
relatively high ratio of male to female incidence in HCC

HBV GENOTYPING IN LIVER DISEASES
HBV genotype is an important viral parameter in predicting disease progression and therapeutic outcome[29-33].
Many population-based or community-based long-term
cohort studies showed that genotype is one of the high
risk factors for liver disease progression. More than a
decade followed-up studies revealed that persons in the
inactive phase of hepatitis B with genotype B were at a
high risk of reactivation[34], and HIV-infected patients
with HBV genotype B were more likely to experience
acute exacerbations of hepatitis and liver disease-related
death than those with genotype C coinfection[35]. Other
cohort studies revealed that compared with genotypes
A and B cases, HBV genotypes C and D infection is associated with higher prevalence of basal core promoter
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X ORF
HBV-X protein is associated with the pathogenesis of
HBV related diseases, especially hepatocellular carcinoma in chronic patients. Genetic variability of the X
gene includes genotypic specific variations and mutations
emerging during chronic infection. The double mutation
of nucleotide A1762T/G1764A in basal core promoter
(BCP) is frequently observed in HBV sequences isolated
from patients with chronic HBV infection, fulminant
hepatitis, HCC, and in reactivation of HBV with a fulminant course[68,69], which results in mutations at two codons
in the carboxyl functional region of X protein (K130M
and V131I). At present, there are conflicting opinions
regarding 1762T/1764A hotspot mutations. Some studies
suggest that these mutations decrease HBeAg expression and slightly increase viral DNA replication, and are
mostly found in patients who seroconvert to anti-HBe
and develop HCC[70-72]. By contrast, other studies indicate
that these mutations are not associated with HBeAg/antiHBe status or HBV DNA or HCC[73,74]. Other mutations
including M1386, T1485, B1499, A1613, T1653, G1727,
A1757/T1764/G1766, T1773, G or C1753, and T1766/
A1768 mutations have been reported to be associated
with the development of HCC[74-79], which are alone and/
or in combination to be the predictive markers for hepatocarcinogenesis.

Table 1 Possible risk markers for liver injury
ORF

Major Mutations

Clinical status

Ref.

preS deletion

CHB
FHB
AHB
HCC
Occult infection
male predominace
HCC and LC

[49-51]
[52,53]
[54,55]
[56-61,78]
[62]
[23]

T207A
T770C

LC
HCC

C695
T207A

Occult infection
HBsAg(-)

[63]
GenBank
no.AY206393
[64]
[65-67]

PreS1/S2/S

W4P/R
S

X
A1762T/G1764A
C1653T
T1753V
G1386M
B1499
G1613A
A1727G
G1757A
C1766T
T1768A
A1727G
C1773T

LC,HCC
[68,69,71,75-79]
mild liver histology
[72]
LC,HCC
[75,77-79]
LC,HCC
[75,77-80]
LC,HCC
LC,HCC
[75]
LC,HCC
[77,79]
LC,HCC
[76,77]
LC,HCC
[76,77]
LC,HCC
[76-78]
LC,HCC
[77,78]
HCC
[76]
HCC
[76]

preC/C
A1896T
G1899A
C1913A or C1914T
A2149C/T
A2188T/C
C2198A
C2444A/T
core antigen
internal deletions

FHB,HCC
HCC
HCC
HCC
HCC
HCC
HCC
CHB

[37,80]
[37]
[37]
[37]
[37]
[37]
[37]
[82,83]

HCC
immunesuppressed patients

[84]
[85]

HCC
CHB

[89,93]
[90-93]

PreCore/core ORF
HBV precore/core ORF encoding proteins, hepatitis B
e antigen (HBeAg) and core antigen (HBcAg), are two
indicators of active viral replication. Mutations in the C
region were mainly distributed in MHC restricted region.
In particular, mutations in the MHC class II restricted region (in M2RR) were found to be significantly related to
HCC. Six (preC-W28*, C-P5H/L/T, C-E83D, C-I97F/L,
C-L100I and C-Q182K/*) and seven types (preC-W28*,
preC-G29D, C-D32N/H, C-E43K, C-P50A/H/Y,
C-A131G/N/P and C-S181H/P) of mutations in the
preC/C region were found to be related to HCC and to
affect the HBeAg serostatus, respectively[37,80], However,
children with HBV infection in the immune-tolerance
phase had not have pre-w28* mutation, suggests that this
mutation may be the result of life-long chronic HBV infection[81]. Also, a heterogeneous population of core antigen internal deletions (CID) has been found to be highly
prevalent in chronic HBV carriers[51,82,83], HCC patients[84]
and immunosuppressed patients[85], suggesting that the
host immune pressure against T cells is the major driving
force of preC/C mutations[86-88].

P
G741H

ORF: Opening reading frame; HCC: Hepatocellular carcinoma; CHB:
Chronic hepatitis B; FHB: Fulminant hepatitis B; AHB: Acute hepatitis B;
LC: Liver cirrhosis.

generation in Korean chronic patients[23].
Hepatitis B surface antigen (HBsAg) is a main serological marker for diagnosis of HBV infection. Mutations
like T207A and T770C mutations in the small S region
were observed in cirrhosis[63] and HCC patients (Genbank number AY206393), respectively. Recently, a C695
mutation in the S gene was found in liver tissue of occult
HBV infection patients[64], which could be responsible for
reduced production leading to undetectability of HBsAg.
Besides these mutations, a high degree of the quasispecies was observed in the HBV infection patients, which
was probably linked to the severity of the infection[65-67].
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Polymerase ORF
Mutations in the reverse transcriptase domain and different HBV genotypes may result in changes in amino
acid sequence and protein configuration of HBV polymerase. Prior research has suggested that lamivudine is
the major cause of YMDD mutations in HBV P-ORF,
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and lamivudine-related YMDD mutation is an independent risk factor for HCC[89]. However, the mechanism
remains unclear. Further research has revealed that
strains with YMDD mutations also exist in patients
with chronic HBV infection not previously treated with
lamivudine[90-93]. A recent research showed that spontaneous YMDD mutations were detected in LC and HCC
patients, and genotype C strains in HCC patients had a
significantly higher spontaneous YMDD mutation rate
than in LC patients, and was associated with a 7.775-fold
higher risk for the development of HBV-related HCC
than patients infected by other type HBV strains (P =
0.013, 95%CI: 1.540-39.264). This may have been caused
by different genotype strains having different biological
properties, pathogenicity and carcinogenicity[94].
In all, understanding the characteristics of hepatitis
B virus is crucial for early diagnosis and optimized treatment. There is great need to develop methodologies that
take into account both factors from the host and the
pathogen. Many of candidate mutations seem unexpected
given our current knowledge of the molecular genetics
of HBV. Thus, it remains to be seen whether functional
analyses will conﬁrm their role in modifying the course
of infection[95].
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Core tip: Cirrhosis is a leading cause of morbidity and
mortality around the world. Recent data suggest treatment of underlying etiology can result in regression of
fibrosis and result in improved outcomes. This review
provides a comprehensive overview of different clinical manifestations of cirrhosis including compensated
cirrhosis, ascites, varices, hepatic encephalopathy,
bacterial infections and hepatocellular carcinoma. The
review aims to discuss the different modalities used for
diagnosis, screening and surveillance, current medical
therapies, endoscopic interventions, surgical options
and interventional radiology procedures.
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Abstract
Cirrhosis results from progressive fibrosis and is the
final outcome of all chronic liver disease. It is among
the ten leading causes of death in United States. Cirrhosis can result in portal hypertension and/or hepatic
dysfunction. Both of these either alone or in combination can lead to many complications, including ascites,
varices, hepatic encephalopathy, hepatocellular carcinoma, hepatopulmonary syndrome, and coagulation
disorders. Cirrhosis and its complications not only impair quality of life but also decrease survival. Managing
patients with cirrhosis can be a challenge and requires
an organized and systematic approach. Increasing
physicians’ knowledge about prevention and treatment
of these potential complications is important to improve patient outcomes. A literature search of the published data was performed to provide a comprehensive
review regarding the management of cirrhosis and its
complications.

INTRODUCTION
Cirrhosis results from chronic liver disease, and is characterized by advanced fibrosis, scarring, and formation of
regenerative nodules leading to architectural distortion. In
the past cirrhosis was generally thought to be irreversible
but recent studies have shown that treatments aimed at
the underlying cause especially in earlier stages of the disease can improve or even reverse fibrosis[1,2]. Patients with
cirrhosis are at increased risk of numerous complications
and have a decreased life expectancy[3]. In 2010, cirrhosis
was the eight leading cause of death in the United States
and, combined with its complications accounted for approximately 49500 deaths[4].
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This review will focus on the management of cirrhosis and its complications. The major complications of
cirrhosis include varices, ascites, hepatic encephalopathy
(HE), hepatopulmonary hypertension, hepatocellular
carcinoma, hepatorenal syndrome, spontaneous bacterial
peritonitis, and coagulation disorders. These can occur
secondary to portal hypertension, abnormal synthetic
function, or combination of both.
Portal hypertension can lead to the formation of
venous collaterals, biochemical (increased production
of vasoconstrictors, vascular endothelial growth factor, nitric oxide, and other splanchnic vasodilators) and
functional abnormalities (plasma volume expansion and
increased cardiac output), and thus contribute to the
pathogenesis of many of the complications of cirrhosis. Measurement of hepatic venous pressure gradient
(HVPG) can help quantify portal hypertension. Portal
hypertension is present when HVPG is > 5, but is clinically significant when > 10[5,6].

liver injury like alcohol, non-steroidal anti-inflammatory
drugs (NSAIDs) and prescribed drugs with hepatotoxic
potential e.g., phenytoin[25-28].

ASCITES AND ITS MANAGEMENT
Ascites is the most common complication of cirrhosis[7].
It is also the most common complication that leads to
hospital admission[29]. Approximately 15% of the patients with ascites will die in one year and 44% will die in
five years[6].
Our review will focus only on patients with clinically
evident ascites due to the paucity of data on patients
with ascites evident only by imaging modalities. The
American Association of Liver Disease (AASLD) recommends that patients for whom ascites are present on
imaging modalities, but not clinically detectable, should
be imaged again after an interval of 3 mo or when the
ascites become clinically apparent[30]. A diagnostic paracentesis should be performed on all patients with new
onset ascites.
Patients often require a combination of pharmacological and non-pharmacological therapies to adequately
manage ascites and fluid retention. Controlled salt
intake and oral diuretics are the backbone of first-line
therapy[30].

COMPENSATED CIRRHOSIS AND ITS
MANAGEMENT
Cirrhosis can remain compensated for years before development of decompensating events like jaundice, ascites, encephalopathy and/or variceal hemorrhage. The
median survival of patients with compensated cirrhosis
is much longer than in patients with evidence of decompensation and is about 9 years[7].
The main goals of management of compensated
cirrhosis are (1) treatment of underlying etiology; (2)
early recognition and treatment of complications; and
(3) preventing superimposed insults. Specific therapy
directed against underlying etiology has shown to improve survival, long-term outcomes and regression of
fibrosis[8-12]. Evidence favoring regression of cirrhosis
has now been documented in entire spectrum of chronic liver diseases including viral hepatitis, autoimmune
hepatitis, primary biliary cirrhosis, biliary obstruction,
NASH and hemochromatosis[13-18]. The last few years
have seen significant improvement in cure rates for
chronic liver disease especially viral hepatitis though the
use of more effective anti-viral therapy for hepatitis B
virus (HBV), HBC and HBD[19,20]. More importantly regression of fibrosis associated with ant-viral therapy is
associated with improved liver function[21].
Patient with established cirrhosis should be monitored for complications and when possible steps should
be taken to prevent their occurrence. The two complications in particular warranting screening are esophageal
varices and hepatocellular carcinoma (HCC). The screening methods will be discussed in detail later in the review.
If not already immune all patient with cirrhosis should
be immunized against Hepatitis A and Hepatitis B[22-24].
Other vaccines like influenza, pneumonia, tetanus, diphtheria, zoster, meningococcal and human papillomavirus
(HPV) vaccination are also recommended[22]. All effort
should be made to avoid agents that are associated with
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Treatment of underlying etiology
Alcoholic liver disease is a leading cause of cirrhosis in
western countries and, when present, cessation of alcohol use can lead to drastic improvement in ascites and
other reversible components of alcoholic liver disease[31].
Similarly, treatment of hepatitis B, hepatitis C and autoimmune hepatitis can lead to resolution of ascites or a
heightened response to medical therapy[32].
Bed rest
In theory, upright posture may further aggravate the
plasma renin elevation found in patients with cirrhosis
and exacerbate salt retention and impairs response to
diuretics[33,34]. However, this theory is not supported by
controlled clinical trials and is impractical[7]. Thus, bed
rest is not advocated as a treatment[30].
Salt restriction
Treatment often begins with education regarding dietary sodium restriction[30]. Limiting salt intake to 2000
mg/d or 88 mmol/d is often recommended[30]. Fluid
and weight loss are related to sodium balance and more
stringent dietary restrictions can speed mobilization of
fluid. However, restrictions < 2000 mg/d are not recommended because they are less palatable and create
the potential to reduce food intake and worsen the coexisting malnutrition[35]. In addition marked reduction
in sodium intake does not add efficacy to diuretic treatment, and can lead to increased incidence of diureticinduced renal failure and hyponatremia[36]. Fluid restriction is not required in majority of patient with cirrhosis.
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As previously mentioned, it is the sodium restriction, not
the fluid restriction, that is responsible for fluid loss, as
loss of sodium leads to passive loss of fluid[32].

tone, but its use can be justified in patients with tender
gynecomastia[46]. Other diuretics, such as eplenerone,
torasemide, and bumetanide are expensive and have not
been extensively studied in the setting of cirrhosis and
ascites.

Pharmacological therapy
If patients adhere to dietary sodium restriction, one of
the goals of treatment is to increase the urinary secretion of sodium to greater than 78 mmol/d[30]. About
10%-15% of the patient have spontaneous urinary sodium excretion greater than 78 mmol/d, and can be managed with sodium restriction alone[32]. However, when
given a choice, most patients would prefer a combination
of diuretics and mild sodium restriction to strict sodium
restriction alone[30].

Albumin infusion
An unblinded randomized controlled study showed
mortality benefit in patients with new onset ascites who
received weekly 25 g infusions of albumin for one year
followed by infusions every other week[47]. Another trial
noted that combination of diuretics and albumin result
in higher response rates, shorted hospital stay, lower readmission rates and lower probability of recurrence[48].
However, further studies are required before this expensive treatment regimen can be advocated by societies like
AASLD.

First-line diuretics
The two most commonly used diuretics in patients with
cirrhosis are spironolactone and furosemide[30]. Singleagent spironolactone has been shown to be more efficacious than furosemide[37]. A randomized trial in patients
with new onset ascites and well preserved renal function
noted slower diuresis and less need for dose adjustment
with spironolactone alone, so the authors recommended
this approach could be considered appropriate for outpatients[38]. However, a subsequent study which enrolled
patient with long standing ascites, many of whom with
significantly impaired renal perfusion favored use of
combination therapy[39]. In addition hyperkalemia associated with spironolactone and drug’s long half-life have
limited its role as a single agent for patients with minimal
fluid retention[40].
The typical initial diuretic regimen consists of daily
oral 100 mg of spironolactone and 40 mg of furosemide[30]. Beginning with combination therapy has been
supported by the results of randomized trials, which
showed that this approach shortens the time to mobilization of moderate ascites[38]. In addition, most patients with
cirrhosis will eventually require combination treatment[38].
If weight loss and natriuresis remain inadequate, the
dose can be increased every 3-5 d, maintaining the 100:40
ratio[30]. In general, this ratio helps maintain normokalemia. Post-transplant patients and patients with parenchymal renal disease may tolerate less spironolactone
secondary to hyperkalemia[41-43]. Hypokalemia is common
in patients with alcoholic hepatitis and, in this scenario,
furosemide can be temporarily held[9]. The usual daily
maximum doses for spironolactone and furosemide are
400 mg and 160 mg, respectively[30]. Dosing at night or
more than once daily reduces compliance and results in
nocturia[44].

Speed of fluid loss
In patients with significant edema, there is no limit to
daily weight loss[42]. After resolution of edema, daily loss
of 0.5 kg is a reasonable maximum. In addition to fluid
mobilization, other factors such as serum sodium levels,
serum potassium levels, serum creatinine levels, and the
presence of clinical complications like HE should guide
therapy[49].
Utility of paracentesis
Large volume paracentesis is a safe and effective therapy
for patients presenting with tense ascites[50]. However,
this procedure should be followed by sodium restriction
and diuretics for patients who are diuretic sensitive.
Refractory ascites
Refractory ascites occurs in about 5% of patients with
cirrhosis. This condition is defined as ascites that cannot
be mobilized despite of sodium restricted diet and high
dose diuretics and that accumulates after therapeutic
paracentesis[51].
Medical treatment options remain limited in patients
with refractory ascites. Midodrine 7.5 mg three times a
day compared to standard therapy has been shown in a
pilot randomized control trial of 40 patients followed for
a period of three months to increase urine volume, urine
sodium, mean arterial pressures, and survival[52]. The
same group in another pilot study compared the combination of midodrine and clonidine to standard therapy
and noted an improvement in above parameters except
survival[53]. However, at this time evidence supporting
the use of midorine in this challenging patient population is weak and bigger studies are needed before routine
use of this can be suggested. Other treatment options
for this challenging condition include serial therapeutic
paracentesis, liver transplantation, and transjugular intrahepatic portasystemic shunt (TIPS). Experimental treatment options include weekly albumin infusions of 50
g[47,54] and clonidine, either alone or in combination with
spironolacton[55,56].

Second-line diuretics
Triamterene, metolazone and hydrochlorothiazide have
been successfully used to treat ascites. However, hydrochlorothiazide can result in extreme hyponatremia
when added to a combination of spironolactone and
furosemide[45]. Amiloride (10-40 mg/d) is less efficacious
and more expensive when compared to spironolac-
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TIPS procedure involves placing a side-to-side portocaval shunt[57]. One of the earlier randomized trials
comparing TIPS to serial paracentesis showed increased
mortality in the TIPS group but this study was not only
small but also took place very early in the development
of the this new technique and involved patients with
advanced liver disease[58]. Recently published clinical trials are more favorable and all show a better control of
ascites in the TIPS arm[57,59,60]. In addition one of these
showed a significant survival benefit. The results of
these more recently published clinical trials is supported
by multiple meta-analysis which report better control of
ascites at the cost of more encephalopathy[61-63].
Screening of patients using validated scoring system
like Model for End Stage Liver Disease (MELD), ejection
fraction > 60% and use of poly-tetrafluoroethylene stents
may result in further improved outcomes[64-68]. However,
at this time TIPS remains a second-line therapy.

cost effectiveness of these drugs in patients with less urgent need to correct hyponatremia (levels > 120 mmol/L,
chronic, asymptomatic).

BACTERIAL INFECTIONS AND CIRRHOSIS
The world-wide prevalence of bacterial infection in
hospitalized patients with cirrhosis ranges between 33%
and 47%[74,75]. Infections are a leading cause of death in
patients with cirrhosis and mortality has been reported
as high as 19% in one study[76]. Prevalence of infection is
related to severity of liver disease and is more common
in patients with Child C cirrhosis compared to Child A/
B cirrhosis. Other risk factors include previous infection,
gastrointestinal bleeding and history of alcohol abuse[77].
Medical procedures that can trigger bacterial infection
include placement of intravenous catheters and urinary
catheters, endoscopic sclerotherapy, variceal ligation,
TIPS and paracentesis. Spontaneous bacterial infection
(SBP) is the most common infection in cirrhosis and
is described in detail below[78]. Urinary tract infections,
pneumonia and bacteremia are responsible for 20%,
15% and 12% respectively of the remaining infections in
this patient population[74].
The factors that predisposes cirrhotics to infections
are not well defined but following mechanism have been
suggested (1) portal hypertension results in creation of
porto-systemic anastomosis, diverting blood that would
normally go to the liver and thus impairing detoxification; (2) dysfunction of reticuloendothelial system; (3)
impaired neutrophil phagocytosis; and (4) bacterial translocation resulting from bacterial overgrowth and intestinal barrier dysfunction[79,80].
As expected bacteria of intestinal origin especially
E. coli are the most commonly recognized pathogens[81].
In hospitalized patients especially those receiving quinolones prophylaxis multiple drug resistant (MDR) gram
positive cocci are being increasingly identified[76].
Commonly used diagnostic parameters like C-reactive
protein and Systemic Inflammatory Response (SIRS) criteria have limited value secondary to decreased number
of baseline polymorphnuclear leucocytes, elevated heart
rate at baseline, baseline hyperventilation and blunted elevation of body temperature[82-84]. This can delay diagnosis and worsen outcomes thus a high level of suspicion
is warranted.
Prompt and appropriate empirical antibiotic treatment
should be instituted. When possible cultures should be
obtained prior to starting antibiotics and therapy should
be adjusted according to results. A careful strategy of
limiting prophylactic antibiotics to high-risk population
and selection of antibiotics based on culture results can
help reduce the incidence of MDR infections.

Medications that should be used with caution or avoided
NSAIDS can reduce sodium excretion. The AASLD recommends that the use of NSAIDS should generally be
avoided in this setting[50].
Arterial pressure is an independent predictor of survival in patient with cirrhosis and is dependent on elevated levels of vasopressin, angiotensin, and aldosterone.
Therefore, both the European Association for the study
of liver and the AASLD recommend against the use of
angiotensin converting inhibitors and angiotensin receptor blockers.
Propranolol, likely due to its negative impact on
blood pressure, has been shown to shorten survival in
patients with refractory ascites. The risks vs benefits of
beta-blocker treatment should be weighed carefully and
consideration should be given to discontinuing or not initiating this agent in the setting of refractory ascites[69].

HYPONATREMIA AND VAPTANS
Hyponatremia is commonly seen in patients with cirrhosis but symptoms are uncommon unless the levels
are < 110 mmol/L or there is a rapid decline in sodium
levels[70]. Severe hyponatremia warrants fluid restriction.
Although there is no data supporting specific threshold
and level of restriction; a serum sodium level < 120
mmol/L is reasonable. The efficacy of vaptans (vasopressin receptor antagonist) in treating hyponatremia
and fluid overload has been studied mainly in heart failure but also in cirrhosis[71,72]. These drugs have shown
to correct mild hyponatremia and the intravenous agent
conuvaptan is approved for the treatment of Euvolemic
and hypervolemic hyponatremia in inpatient setting[71].
Tolvaptan orally has shown to correct serum sodium in
patients who have pretreatment levels < 130 mmol/L
but discontinuation of drug leads to recurrence [72,73].
Rapid correction of hyponatremia can lead to central
pontine myelinolysis and requires caution with their use.
More studies are needed to prove the safety, efficacy and
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SBP
Though the incidence of SBP has decreased from what
was reported in earlier series (12%), it still remains com-
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Secondary bacterial peritonitis
Secondary bacterial peritonitis is caused by surgically
treatable intra-abdominal source i.e., either perforation
of viscus or loculated abscesses and is responsible for
less than 5% of infected ascites[97,98]. Clinical symptoms
don’t differentiate SBP from secondary bacterial peritonitis. Finding suggestive of secondary bacterial peritonitis include multiple organism on Gram’s stain or culture,
total protein > 1 g/dL, LDH > upper limit of normal
for serum and glucose < 50 mg/dL[90,96]. Patients with
secondary bacterial peritonitis should receive anaerobic
antibiotics along with 3rd generation cephalosporin and
may require laparotomy[96].

mon[85]. This diagnosis requires the presence of an absolute polymorphonuclear leukocyte (PMN) count ≥ 250
cells/mm3 in the ascitic fluid without an evident intraabdominal, surgically treatable source of infection[86].
Empirical antibiotics
In a compatible clinical setting, patient meetings the
above criteria should be started on antibiotics[86]. Waiting
for positive cultures may result in serious and fatal outcomes[19].
Patients with culture-negative neutrocytic ascites present similar signs and symptoms to SBP[86]. A prospective
study noted that when serial samples were obtained in
culture negative neutrocytic patients before initiation of
antibiotics, 34.5% became culture positive[87]. A contrasting scenario is one in which patient presents with sign
and symptoms of SBP (fever, abdominal pain and encephalopathy) but a PMN count < 250 cells/mm3. These
patients should also be started on empirical antibiotics
until culture results are available[42,87].
Empirical treatment with cefotaxime has shown to
be superior to ampicillin and tobramycin[88]. It covers
95% of the flora. Thus, cefotaxime and similar third
generation cephalosporins are the treatment of choice
when SBP is suspected[88]. No difference in efficacy was
noted between 5 d vs 10 d of therapy[89].

HEPATORENAL SYNDROME
The criteria used to define hepatorenal renal syndrome
were updated in 2007 (Table 1). hepatorenal syndrome
(HRS) is further classified into two types. Type Ⅰ is characterized by a doubling of creatinine to a level greater
than 2.5 mg/dL in less than 2 wk, while type Ⅱ results
in a more progressive loss of renal function. The incidence of HRS after development of cirrhosis with ascites is 18% and 39% at one and five years[99].
Prevention
In the setting of spontaneous bacterial peritonitis, albumin infusion has been shown to prevent HRS and
improve survival[92]. In patients with cirrhosis and creatinine clearance between 41-80 mL/min, pentoxifyllin was
found to be superior to placebo in preventing HRS[100].

Treatment of established spontaneous bacterial
peritonitis
In a select group of patients with SBP (those without
vomiting, shock, grade ≥ 2 HE, or serum creatinine
greater than 3 mg/dL) oral ofloxacin was as efficacious
as intravenous cefotaxime[90]. However, because of possible resistance, its use is not recommended for patients
who had received quinolone for prophylaxis[91].
Adding albumin to cefotaxime has been shown to
decrease mortality from 29% to 10% [92]. One of the
studies favored addition of albumin in patients with
serum creatinine > 1 mg/dL, blood urea nitrogen > 30
mg/dL, or total bilirubin ≥ 3 mg/dL[92].

Treatment
As part of general management for HPS, excessive fluid
administration should be avoided, to prevent volume
overload and hyponatremia. If potassium sparing diuretics are used, patients should be monitored closely for
hyperkalemia.
A number of pharmacological agents, primarily vasoconstrictors, have been studied and have shown promise,
especially for patients with type Ⅰ HRS. The most common drug combination used alongside albumin treatment is a combination of midodrine and octreotide[101,102].
This regimen can be used outside of an ICU, even in
the patient’s home, and has been shown to be superior
to dopamine combined with albumin and albumin treatment alone. AASLD recommends use of octreotide and
midodrine in treatment of patients with type Ⅰ HPS.
A multicenter randomized trial of terlipressin and
albumin vs albumin alone showed an improvement in
creatinine, but no survival benefit at 3 mo[103]. A recent
meta-analysis of vasoconstrictor treatment (terlipressin, octreotide, midodrine and norepinephrine) of
type Ⅰ and type Ⅱ HPS showed reduced mortality in
patients on vasoconstrictors in combination with and
without albumin as compared with albumin alone or
no intervention[104]. The same study showed a survival
advantage with terlipressin and albumin in patients with

Prevention of recurrence
Recurrence of SBP is reported to be up to 69% within
one year[93]. Risk factors for SBP include a prior episode
of SBP, ascitic total protein less than 1 g/dL, or a variceal bleed[94]. Norfloxacin 400 mg daily was successful in
preventing SBP in patients with low protein-ascites and
history of SBP[42,95].
Based on currently available literature, AASLD favors continuous use of norfloxacin (or trimethoprim/
sulfamethoxazole) in patients with history of SBP and
those with ascitic fluid total protein < 1.5 g/dL, along
with impaired renal function (creatinine ≥ 1.2, BUN ≥
25 or serum Na ≤ 130) or liver failure (Child score ≥ 9
and bilirubin ≥ 3)[42]. Weekly oral administration of ciprofloxacin 750 mg has shown to be effective; however,
intermittent dosing is associated with the concern of
rapid selection of resistant strains[96].
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Table 1 Diagnostic criteria for hepatorenal syndrome
Chronic or acute hepatic disease with advanced hepatic failure and portal hypertension
Serum creatinine > 1.5 mg/dL
No sustained improvement of serum creatinine after at least 2 d of diuretic withdrawal and volume expansion with albumin or isotine saline
Absence of shock
No current or recent treatment with nephrotoxic drugs
Absence of parenchymal disease as indicated by proteinuria > 500 mg/d microhematuria (> 50 red blood cells per high-power field) and/or abnormal
renal ultrasonography

Table 2 Drug therapy for portopulmonary hypertension
Drug

Route of administration

Mechanism of action

Intravenous
Orally
Orally
Orally
Inhaled

Vasodilator, anti-platelet and anti-proliferative
Selective endothelin-A receptor antagonist
Endothelin-A and Endothelin B receptor antagonist
Phosphodiesterase inhibitor
Prostacyclin analogue

Epoprostenol
Ambrisentan
Bosentan
Sildenafil
Iloprost

type Ⅰ HRS but not in type Ⅱ HPS.
Use of albumin and norepinephrine or vasopressin
can be considered in ICU settings[42].
Liver transplantation is an effective treatment: however, the number of transplanted patients is still very
low[105]. Hemodialysis is frequently used to correct electrolyte imbalance and azotemia before liver transplantation[106]. If a patient is dialyzed for more than 8 wk prior
liver transplant, simultaneous kidney transplant should
be considered[107].

recommendations in favor of a specific agent.
In patients with PPHTN, liver transplantation has
been shown to improve and at times completely resolve
PAH[113-115]. There are no hemodynamic criteria to determine candidacy, and it is unclear whether the severity of
PAH affects outcomes. Limited data suggests that mild
to moderate disease does not affect mortality whereas
severe PAH (systolic PAP > 60 mmHg) is associated with
poor outcomes[108]. There are no studies that have compared advance therapy to liver transplantation.

PORTOPULMONARY HYPERTENSION

HEPATOPULMONARY SYNDROME

Portopulmonary hypertension (PPHTN) is a well-recognized complication of cirrhosis. It is defined as pulmonary hypertension (PAH) (mean pulmonary artery pressure > 25 mmHg and pulmonary capillary wedge pressure
< 15 mmHg) in a patient with coexisting portal hypertension and no other alternative cause of PAH[108]. Different
treatment options are currently being researched as most
of the current therapeutic options are carryover from
studies conducted in patient with idiopathic pulmonary
hypertension.
A baseline assessment of disease severity is important as this aid in accessing response to therapy. The assessment should include right heart catheterization and
tests of exercise capacity using New York Heart Association or World Health Organization functional tests[109].
Patients with PPHTN are at increased risk of pulmonary vascular thrombosis. Based on the studies done in
IPAH showing increased survival, it is reasonable to start
these patients on anti-coagulation drugs, if there are no
contraindications[110]. Use of diuretics has been discussed
in detail previously.
Other agents that have been used to treat PPHTN
include epoprostenol, bosentan, sildenafil, and iloprost
(Table 2)[111,112]. These agents have a complex mechanism
of action including vasodilators, vascular growth, and remodeling. The availability of only limited data precludes

The triad of liver dysfunction, intrapulmonary vasodilation and arterial oxygenation defect is used to define
hepatopulmonary syndrome (HPS)[108]. The prevalence
varies from 10% to 17% in the cirrhotic population and
is associated with increased mortality[116,117].
Liver transplantation improves 5 years survival from
23% to 63%[118]. Even with transplant, prognosis remains
grim for most patients. The factors predictive of poor
prognosis include a pre-transplant PaO2 < 50 mmHg
and a macroaggregated albumin (MAA) shunt fraction
> 20%, which have a mortality rate as high as 67% posttransplant[118,119]. These findings led to the concept of a
“transplant window” in which HPS patients with PaO2
less than 60 mmHg are prioritized for a transplant, while
patients with more severe hypoxemia are excluded.
The role of medical therapy in treatment of HPS is
limited and remains an area of active research. Fukushima et al[120] (2007) reported two cases demonstrating
improvement in liver function following oxygen therapy,
but the role of oxygen in the absence of prospective
studies is limited to symptomatic therapy, in order to
prevent end organ damage. Other medications including
methylene blue, allium sativum (garlic), curcumin, somatostatin analogue (e.g., octreotide), nitric oxide synthatase
inhibitors, glucocorticoids, beta blockers, and chemotherapy have been tried with little or no evidence for im-
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provement of symptoms or mortality benefits[108,121-126].
The transjugular intrahepatic shunt (TIPS) has been
used to improve gas exchange and shunt fraction in HPS:
however, the data is not very encouraging[127,128]. Intra-arterial coil embolization of discrete pulmonary arteriovenous
communications improves right to left shunt and has been
used successfully in patients with large fistula amenable
to radiographic interventions[129]. Coiled embolization has
also been used successfully in a patient with persistent hypoxia 6 mo after liver transplantation[130].

with significantly higher number of moderate to severe
adverse events[147]. AASLD does not recommend routine
use of beta-blockers in patient without varices. Surveillance endoscopy should be repeated every 2-3 years or
annually in cases of decompensation[148].
Primary prophylaxis
In the absence of a prior variceal bleed, treatment with
a non-selective beta-blocker is recommended in patients
with small varices (< 5 mm) who also present with
criteria for increased risk of bleeding (Child B/C and
red wale sign)[145]. In patients with small varices and no
criteria for increased hemorrhage, non-selective betablockers can be used, but their effectiveness is yet to be
established[149].
In patients with medium to large varices, both betablockers and endoscopic variceal ligation (EVL) can be
used. The effectiveness of non-selective beta-blockers is
well established in this group of patients, and the use of
these drugs has been shown to significantly decrease the
rate of first variceal hemorrhage and to improve mortality[52]. Propranolol and nadolol are usually started at 20
mg BID and 40 mg daily, respectively, and titrated to the
maximum tolerated dose. Prophylactic therapy should be
continued indefinitely[150].
Esophageal varices ligation (EVL) is a local endoscopic therapy during which rubber bands are placed to
eradicate the varices. It is more effective and is associated with fewer side effects than sclerotherapy: thus, it is
widely accepted as the endoscopic method of choice for
the primary prevention of variceal bleeding[151].
Recently, a meta-analysis comparing β-blocker administration to endoscopic variceal ligation (EVL) for primary prophylaxis showed that EVL was associated with
a slightly lesser incidence of first variceal bleed, but no
difference in mortality[152,153]. Though EVL was associated
with lower incidence of adverse events, these events were
more severe and included bleeding from ligation ulcers.
In addition, adverse events requiring discontinuation of
[152,153]
.
β-blocker resolved after stopping therapy
Based on a careful review of available data, a consensus panel concluded that either non-selective β-blocker
or EVL can be used for primary prophylaxis in patients
with medium to large varices who are at risk of bleeding, based on patient characteristics and local expertise
and resources. However, in patients with medium to
large varices who are not at higher risk of bleeding, nonselective β-blocker treatment is preferred[145]. AASLD
recommends against a repeat EGD in patients who are
placed on β-blockers unless there is evidence of decompensation or active GI bleeding[145]. In patients treated
with EVL, EGD should be repeated every 1-2 wk until
obliteration followed for recurrence[145,154].
Nitrates, TIPS and sclerotherapy are not recommended for primary prophylaxis of variceal bleeding[155,156].

GASTROESOPHAGEAL VARICES
Gastroesophageal varices are present in about half of
the patients with cirrhosis. The occurrence of varices
correlates with the severity of liver disease[131,132]. Variceal
hemorrhage is the most lethal complication of cirrhosis[133]. Despite advancements in therapy, the mortality
rate at 6 wk is at least 20%[133]. Size of the varix is the
most important predictor of hemorrhage: other predictors include decompensated cirrhosis (Child B/C) and
red wale sign[134,135].
Factors predictive of variceal rupture
Variceal wall tension determined by vessel diameter (large
> small) is likely the most important factor that determines variceal rupture[136]. In addition, wall tension is affected by pressure in the varix, which is related to HVPG.
Studies have shown that variceal rupture rarely occurs
when HPVG < 12 mmHg[137,138].
Screening
As previously mentioned prevalence of varices correlates
with severity of liver disease and ranges from 40% in
Child A patients to 85% in Child C patients[139]. Transient
elastography provides a non-invasive means of predicting
the presence of esophageal varices and when combined
with platelet count > 120000 per micro liter has a negative predictive value approaching 100%[140,141]. In addition,
factors like age > 50, platelet count < 150000 per micro
liter, albumin < 3.6 g/dL and ascites can help predict the
presence of varices but accuracy of these is limited without performing an endoscopic evaluation[142-144]. AASLD
now recommends screening EGD once diagnosis of cirrhosis is established[145]. However, due to cost and sedation associated with EGD, AASLD suggests that this can
be avoided in patients who are already taking non-selective beta-blockers for other reasons[145]. Recently, capsule
endoscopy has been shown to be safe, but sensitivity of
this procedure remains to be established[146].
No varices on endoscopic evaluation
A recent study comparing timolol to placebo showed
that in patients without varices but with portal hypertension even a mild reduction in HPVG (10% from baseline) after 1 year of therapy significantly lowered development of varices[147]. A larger percentage of patients on
timolol achieved this reduction but its use was associated
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Table 3 Classification of gastric varices
Gastroesphageal varices
Type Ⅰ
Type Ⅱ

Isolated gastric varices
Extend along the lesser curvature
Extend along the fundus

Type Ⅰ
Type Ⅱ

Secondary prophylaxis
Patients who survive an acute variceal bleed should receive therapy to prevent recurrence[154]. A combination
of non-selective beta-blocker and EVL is the best possible option. As above, β-blockers should be adjusted to
the maximum tolerated dose. EGD should be repeated
every 1-2 wk until obliteration, followed by surveillance
EGD at 1-3 mo following obliteration, and then every
6-12 mo to check for recurrence[145,154].
Shunt surgery is effective in preventing rebleeding.
However, it has no survival benefit and significantly
increases the risk of HE[171]. A meta-analysis compared
TIPS to endoscopic therapy as first-line treatment and,
not surprisingly, showed that TIPS was superior in preventing recurrent hemorrhage but was associated with
increased risk of HE and no change in mortality[172,173].
Therefore, the role of TIPS as a first line therapy is
limited. It should be used as a rescue therapy in patients
who fail to respond to pharmacological plus endoscopic
treatment[174].

admitted to the ICU[157]. Hemoglobin should be maintained around 7 g/dL. Transfusions to achieve replacement of all lost blood should be avoided as it can lead to
increased portal pressures and subsequently an increased
risk of rebleeding and higher mortality[158]. Transfusion
of platelets and fresh frozen plasma can be considered
in the presence of severe coagulopathy and thrombocytopenia. Antibiotics are recommended in all patients
with or without ascites, as these drugs have been shown
to reduce the risk of infections and improve survival[159].
Use of erythromycin has been shown to improve visibility and decreases procedure time[160].
Pharmacological therapy should be initiated as soon
as diagnosis of variceal hemorrhage is made[161]. Different treatment options include vasopressin, terlipressin,
and somatostatin analogues. Vasopressin is the most
potent splanchnic vasoconstrictor, but its use is limited
by number of associated side effects[162,163]. Terlipressin is
a synthetic analogue of vasopressin with fewer adverse
effects and a longer half-life[149]. Somatostatin and its
analogue also result in splanchnic vasoconstriction. Results of a meta-analysis of trials of octreotide have been
controversial[164].
Though pharmacological therapies have been shown
to be safe and effective, an EGD should be performed
as soon as possible. A meta-analysis of 10 clinical trials
revealed that in the initial control of variceal hemorrhage, EVL is clearly superior to sclerotherapy[153]. The
addition of pharmacological therapy to endoscopic
therapy (EVL and sclerotherapy) has been demonstrated
to improve control of initial bleeding without affecting
mortality or adverse events[165].
In about 10%-20% patients variceal bleeding can’t be
controlled or reoccurs despite of endoscopic and pharmacological therapy. A HVPG > 20 mmHg is predictive
of treatment failure[166]. In the event that bleeding cannot be controlled with pharmacological and endoscopic
therapy, depending on the local expertise shunt therapy
can be considered[167,168]. A recently published small study
showed early TIPS placement (within 24 h of hemorrhage) in high-risk patients (HVPG > 20) is associated
with significantly improved survival[169]. However, larger
studies with longer duration of follow-up are needed
before early TIPS can be recommended. Balloon tamponade (Sengstaken-Blakemore tube ) can temporarily
control bleeding in more than 80% of the patients[170].
It can result in potentially lethal complications such as
aspiration, migration and necrosis therefore it should be
used only as a temporizing measure in patient with uncontrolled hemorrhage for whom a more definitive therapy (e.g., TIPS) is planned within 24 h of placement[145].
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Involves the fundus
Involves the body and/or antrum

Gastric varices
Gastric varices are further classified as gastroesophageal
(GOV) and isolated gastric varices (IGV) according to
their location (Table 3). Data on the management of
gastric varices is not as strong as for esophageal varices.
Type 1 Gastroesophageal varices (GOV1) are considered
an extension of esophageal varices and managed in the
same way. The presence of type 1 isolated gastric varices
(IGV1) requires the exclusion of splenic vein thrombosis and, if present, the therapy is splenectomy[175]. In
contrast to esophageal varices, tissue adhesives such
as N-butyl-cyanoacrylate, isobutyl-2-cyanoacylate, or
thrombin are more effective in controlling the initial
bleed as well as limiting the rate of recurrent hemorrhage in patients with type 2 gastroesophageal varices,
type 2 isolated gastric varices, and also in patients with
IGV1, if splenic vein thrombosis is excluded[176,177].
The threshold to place a TIPS for bleeding gastric
varices is much lower than for esophageal varices and in
the absence of above adhesive agents, operator unfamiliarity or failure of single endoscopic treatment, TIPS can
be recommended[145].

HE
HE is a complex neuropsychiatric condition ranging
from mild confusion to coma and death (Table 4). HE is
further classified as overt hepatic encephalopathy (OHE),
and minimal hepatic encephalopathy (MHE)[178]. It is estimated that 30%-45% of patients with cirrhosis develop
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Table 4 Grades of hepatic encephalopathy

Grade 1
Grade 2
Grade 3
Grade 4

Symptoms

Asterixis

EEG abnormal

Mild confusion, disordered sleep, slurred speech, shortened attention span, euphoria or depression
Lethargy, inappropriate behavior, moderate confusion
Sever confusion, incoherent, somnolent but arousable
Coma, unresponsive to pain

Yes/No
Yes
Yes
No

No
Yes
Yes
Yes

OHE while 60%-80% of these patients have evidence
of mild cognitive dysfunction or MHE. HE results in
impaired judgment, poor quality of life, and high risk of
accidents[179,180].

daily or 400 mg thrice daily. It was found to be equally
safe and efficacious for both acute and chronic HE
when compared to lactulose[189]. Rifaximin has shown to
improve quality of life and performance. For this reason,
some authors favor its use as a first-line agent in patients
with HE. However, cost remains a hurdle[190].
Neomycin is Food and Drug Administration (FDA)
approved for the treatment of acute HE, but not chronic
HE[191]. It has been shown to be as effective as lactulose,
but due to poor absorption it may result in renal toxicity,
ototoxicity, and neurotoxicity[192].
Other oral antibiotics, including vancomycin and
nitazoxanide, have been shown to be effective in limited
clinical trials. However, these are not as commonly used.

Treatment of MHE
Treatment of HE is dependent on the stage and acuity
of the disease. Several studies have demonstrated improvement in the psychometric parameters and neurophysiological symptoms in patients with MHE with the
use of lactulose and probiotics[181,182]. However, these
studies were small and short in duration. In the absence
of bigger and well-designed clinical trials, there is currently no standard of care for patients with MHE[183].

Role of probiotics
The use of probiotics as a treatment for HE is a primary
focus of contemporary research. Probiotics work on the
principle of decreasing urease-producing bacteria and
promoting growth of non-urease producing bacteria.
In cirrhotic patients with mild HE (grade Ⅰ and Ⅱ),
treatment with enterococcus faecium was found to be
as effective as lactulose in reducing ammonia levels and
improving mental status[193]. Of the various probiotics available, the two that appear to be efficacious are
lactobacillus and bifidobacteria[194]. However, it must be
noted that probiotics are still in early stages of research,
and should be used with caution, especially in immunecompromised patients.

Treatment of OHE
Unlike MHE, the management of OHE is better defined, and includes both prevention measures and therapeutic options. Generally, grade Ⅰ and Ⅱ HE can be
managed in the outpatient setting. Patients with more severe HE (grade Ⅲ-Ⅳ) require hospital admission, ideally
to an intensive care unit. Such patients should be evaluated for airway protection and intubated if required[184].
All patients should be evaluated for possible precipitating factors like infection, bleeding or electrolyte derangements and treated according.
Nutrition
All patients with HE require nutritional support. The
aim should be to provide a total energy intake of about
35-40 Kcal/kg daily[42]. Contrary to previous beliefs, patients with HE should not be protein restricted, and a
protein intake of 1.2 to 1.5 g/kg per day should be maintained[185,186].

Experimental therapies
Oral L-ornithine-L-aspartate (LOLA) is a stable salt of
two amino acids[194]. It lowers blood ammonia levels by
increasing metabolism of ammonia to glutamine. LOLA
has been shown to be effective in treating mild HE, and
is frequently used in countries outside the US[195,196].
Other ammonia eliminating medications including
L-ornithine phenylacetate, sodium benzoate, and L-carnitine have been shown to be effective, but still require
clinical trials to prove their efficacy and safety.
Aromatic amino acids (AAA) are the precursors for
monoamine neurotransmitters. In patients with cirrhosis,
the AAA to branched-chain amino acid (BCAA) ratio
is increased. This increased ratio can result in increased
excitability and can potentially precipitate HE. Small
studies have shown that BCAA improves symptoms and
lowers mortality rate. However, a meta-analysis of 11
randomized trials failed to show any benefit[197,198].
Acarbose, a drug commonly used for the treatment
of diabetes mellitus, has been shown to decrease blood

First-line pharmacological therapy
Lactulose is the mainstay of treatment and results in improvement in approximately 70%-80% of patients with
OHE[187]. The usual dose is 30-45 mL two to four times
per day. The dose is titrated to achieve three to four soft
bowel movements per day. Lactulose can be administered as an enema for patients who are unable to tolerate
oral intake. Lactulose has been shown to decrease recurrent episodes of HE, but failed to show any survival
benefit[188].
Antibiotics for OHE
As a general rule, antibiotics are added to lactulose rather than used as a substitute. Rifaximin, a non-absorbable
antibiotic, is commonly used at a dose of 550 mg twice
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ammonia levels along with clinical improvement[199].
Flumazenil, a benzodiazepine receptor antagonist,
has been used to reverse acute symptoms in several randomized trials and observational studies[200,201]. However,
it has no survival benefit and two-thirds of the patients
who respond deteriorate within two to four hours. These
findings suggest that Flumazanil may have some benefit
in patients with acute HE, but cannot be used as standard of treatment.
Zinc deficiency is common among cirrhotic patients.
Its supplementation has been shown to decrease serum
ammonia levels[202]. Given limited available data, Zinc
supplementation is not the recommended in treatment
of HE.
Manganese deposition has been detected in many
cirrhotic patients on magnetic resonance imaging (MRI),
which disappears after liver transplantation[203]. Therefore, manganese-chelating agents have been proposed
to alleviate symptoms of HE, even though this is still a
new area of research.

criteria at the time of diagnosis and are candidates for
hepatic resection[206]. This approach is more common
in Asian countries where there are more young patients
with Hepatitis B-related HCC with or without minimal
cirrhosis[214].
Liver transplant
Transplantation decreases the risk of recurrence in patients with underlying cirrhosis. Secondary to scarcity
of organs, strict principles such as the Milan criteria are
used to limit transplantation to patients who are likely
to have better outcomes (Milan criteria: Single tumor ≤
5 cm OR; 3 or less lesions with none > 3 cm). Patients
who meet these criteria have an estimated four year survival rate of 85% and four year recurrence-free rate of
92%[215].
Ablation therapy for HCC
Radiofrequency ablation (RFA) has become the most
frequently used form of local ablation therapy. It is considered appropriate for patients who cannot undergo
resection, or as a bridge to transplantation. Although
there is no absolute tumor size beyond which RFA cannot be used, some clinicians restrict RFA to Child-Pugh
class A or B cirrhosis[216]. RFA is more effective than
conventional percutaneous ethanol injection in treating patients with small HCC tumors with lower rates of
recurrence and improved survival[217]. RFA has excellent
short term outcomes with overall survival rates of 100%
and 98% at one and two years, respectively, but five year
recurrence rates are as high as 70%, indicating the noncurative nature of RFA[214].
Transarterial chemoembolization (TACE) involves
the injection of a chemotherapeutic agent with or without lipidol or a procoagulant agent directly into hepatic
artery in an attempt to obstruct tumor blood supply.
TACE is used for large unresectable tumors that are not
amenable to other treatments such as RFA. It is also
used a bridging therapy prior to transplant. A meta-analysis of randomized, controlled trials showed that arterial
embolization, chemoembolization, or both were associated with improved survival when used as primary palliative treatment for HCC as compared to conservative
treatment[218]. Portal vein thrombosis, encephalopathy,
and biliary obstruction are absolute contraindications for
this procedure. Patients should be evaluated before undergoing this procedure.
Other commonly used ablation methods include cryoablation, external beam radiation (RT), stereotactic body
radiotherapy (SBRT), and radioembolization. SBRT is utilized in patients with metastatic disease.

HCC
Every year more than half a million cases of HCC are
diagnosed worldwide [204]. In patients with cirrhosis,
the annual incidence of HCC is about 3%-5%[205]. The
pathogenesis and management of HCC is complex, and
to some extent beyond the scope of our review. Therefore, we will only highlight the important points pertaining to different available therapeutic measures. Because
of high incidence and associated morbidity and mortality
surveillance using ultrasound (US) every 6-12 mo is recommended[205,206]. Addition of serum alpha-fetoprotein
(AFP) to US increases sensitivity but results in higher
false-positives and cost. Surveillance with AFP alone is
not recommended because of low sensitivity (60%)[207-210].
Lesions less than 1 cm should be followed every 3-6 mo
with an US. Lesions > 1 cm should be investigated using
either CT or MRI[206]. If characteristic changes (hypervascular with wash-out on portal venous phase) are seen
on imaging or AFP > 200 ng/mL these lesions should
be treated as HCC[206]. Liver stiffness as marker of fibrosis can be measured non-invasively using TE and can
used as a predictor of HCC development[211,212]. Treatment options depend on the disease stage, resources
available and the severity of underlying liver disease.
Local resection
Diagnosis of HCC is difficult in the early stages. Surgical resection in the early stages is associated with 90%
survival at the end of first year [213]. The presence of
cirrhosis puts the patient at risk for recurrence after
surgical resection: the five year recurrence rate is about
70%[46]. In patients with cirrhosis who have single lesion, AASLD recommends surgical resection if the liver
functions are well-preserved, bilirubin is normal, and the
hepatic vein pressure gradient is less than 10 mmHg[214].
In the United States, only 5% of patients meet these
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Chemotherapy
Chemotherapy has not been used routinely for HCC.
Sorafenib is a small-molecule multikinase inhibitor that
is administered orally and has antiproliferative and antiangiogenic properties. In recent randomized controlled
trials, it has been associated with a 37% increase in overall
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survival as compared to placebo in patients with advanced
HCC and compensated cirrhosis[219]. The relative success
of sorafenib has prompted interest in its use in combination with other modalities, including TACE, for other
stages of liver disease. Other chemotherapeutic agents
including brivanib, erlotinib, bevacizumab, and cetuximab
are currently under investigation for use in patients with
HCC[220-223].

4

5
6

COAGULOPATHY AND BLEEDING
DIATHESIS

7

Various factors contribute to coagulation abnormalities
in patients with advanced liver disease. Cirrhotic patients
are at risk of bleeding as well as venous thromboembolism. Disease management must be tailored based on the
individual patient’s presentation. Commonly used indicators of coagulopathy, like INR, cannot precisely predict
risk of bleeding in patients with cirrhosis[224]. As a result,
there have been attempts to develop a liver specific INR,
the “INR liver” in patients with cirrhosis[224,225].
A limited number of nonrandomized studies have
evaluated the risks and benefits of anticoagulation therapy in cirrhotic patients with portal venous thrombosis.
In one series, treatment with anticoagulation therapy
resulted in an overall response rate of 60%[226]. Another
study found that 75% of the patients treated with low
molecular weight heparin (LMWH) for a median time of
11 mo achieved complete recanalization[227]. Preliminary
results from a prospective randomized trial suggest that
daily low dose LMWH can prevent PVT inpatients with
cirrhosis without significant increase in risk of bleeding.
In addition prophylactic use of LMWH decreased the
incidence of hepatic decompensation[228].
Vitamin K deficiency is commonly seen in cases of
decompensated liver cirrhosis. Vitamin K 10 mg injections administered for three days are considered adequate to correct the vitamin K deficiency and should be
given to patients with decompensated liver cirrhosis[229].
In cases with acute bleeding, transfusion of platelets and
fresh frozen plasma can be considered for patients with
thrombocytopenia and coagulopathy[145].
Eltrombopag was previously being used in countries
outside US and was recently approved by FDA for the
treatment of thrombocytopenia in patients with chronic
liver disease. Cirrhotic patients undergoing surgeries
should have platelet levels maintained at a minimum of
50000/cc3 for moderate-risk procedures like liver biopsies,
and close to 100000/cc3 before high risk procedures[230,231].

8

9

10

11
12

13

14

15

16

17

REFERENCES
1
2
3

Pérez-Tamayo R. Cirrhosis of the liver: a reversible disease?
Pathol Annu 1979; 14 Pt 2: 183-213 [PMID: 232753]
Benyon RC, Iredale JP. Is liver fibrosis reversible? Gut 2000;
46: 443-446 [PMID: 10716665 DOI: 10.1136/gut.46.4.443]
Garcia-Tsao G. Current management of the complications
of cirrhosis and portal hypertension: variceal hemorrhage,
ascites, and spontaneous bacterial peritonitis. Gastroenter-

WJG|www.wjgnet.com

18

5452

ology 2001; 120: 726-748 [PMID: 11179247 DOI: 10.1053/
gast.2001.22580]
US Burden of Disease Collaborators. The state of US health,
1990-2010: burden of diseases, injuries, and risk factors.
JAMA 2013; 310: 591-608 [PMID: 23842577 DOI: 10.1001/
jama.2013.13805]
Pinzani M, Rosselli M, Zuckermann M. Liver cirrhosis. Best
Pract Res Clin Gastroenterol 2011; 25: 281-290 [PMID: 21497745
DOI: 10.1016/j.bpg.2011.02.009]
Groszmann RJ, Wongcharatrawee S. The hepatic venous
pressure gradient: anything worth doing should be done
right. Hepatology 2004; 39: 280-282 [PMID: 14767976 DOI:
10.1002/hep.20062]
Ginés P, Quintero E, Arroyo V, Terés J, Bruguera M, Rimola
A, Caballería J, Rodés J, Rozman C. Compensated cirrhosis:
natural history and prognostic factors. Hepatology 1987; 7:
122-128 [PMID: 3804191 DOI: 10.1002/hep.1840070124]
Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld
PS. A sustained viral response is associated with reduced
liver-related morbidity and mortality in patients with hepatitis C virus. Clin Gastroenterol Hepatol 2010; 8: 280-288, 288.e1
[PMID: 19948249 DOI: 10.1016/j.cgh.2009.11.018]
Braks RE, Ganne-Carrie N, Fontaine H, Paries J, Grando-Lemaire V, Beaugrand M, Pol S, Trinchet JC. Effect of sustained
virological response on long-term clinical outcome in 113 patients with compensated hepatitis C-related cirrhosis treated
by interferon alpha and ribavirin. World J Gastroenterol 2007;
13: 5648-5653 [PMID: 17948941]
Tsuda N, Yuki N, Mochizuki K, Nagaoka T, Yamashiro M,
Omura M, Hikiji K, Kato M. Long-term clinical and virological outcomes of chronic hepatitis C after successful interferon therapy. J Med Virol 2004; 74: 406-413 [PMID: 15368524
DOI: 10.1002/jmv.20190]
Gentile I, Borgia G. Surrogate endpoints and non-inferiority
trials in chronic viral hepatitis. J Hepatol 2010; 52: 778 [PMID:
20347500 DOI: 10.1016/j.jhep.2009.12.023]
Bruno S, Stroffolini T, Colombo M, Bollani S, Benvegnù L,
Mazzella G, Ascione A, Santantonio T, Piccinino F, Andreone P, Mangia A, Gaeta GB, Persico M, Fagiuoli S, Almasio
PL. Sustained virological response to interferon-alpha is associated with improved outcome in HCV-related cirrhosis:
a retrospective study. Hepatology 2007; 45: 579-587 [PMID:
17326216 DOI: 10.1002/hep.21492]
Dufour JF, DeLellis R, Kaplan MM. Reversibility of hepatic
fibrosis in autoimmune hepatitis. Ann Intern Med 1997; 127:
981-985 [PMID: 9412303 DOI: 10.7326/0003-4819-127-11-1997
12010-00006]
Hammel P, Couvelard A, O’Toole D, Ratouis A, Sauvanet
A, Fléjou JF, Degott C, Belghiti J, Bernades P, Valla D,
Ruszniewski P, Lévy P. Regression of liver fibrosis after biliary drainage in patients with chronic pancreatitis and stenosis of the common bile duct. N Engl J Med 2001; 344: 418-423
[PMID: 11172178 DOI: 10.1056/NEJM200102083440604]
Muretto P, Angelucci E, Lucarelli G. Reversibility of cirrhosis in patients cured of thalassemia by bone marrow
transplantation. Ann Intern Med 2002; 136: 667-672 [PMID:
11992302]
Dixon JB, Bhathal PS, Hughes NR, O’Brien PE. Nonalcoholic
fatty liver disease: Improvement in liver histological analysis with weight loss. Hepatology 2004; 39: 1647-1654 [PMID:
15185306 DOI: 10.1002/hep.20251]
Kral JG, Thung SN, Biron S, Hould FS, Lebel S, Marceau S,
Simard S, Marceau P. Effects of surgical treatment of the metabolic syndrome on liver fibrosis and cirrhosis. Surgery 2004;
135: 48-58 [PMID: 14694300 DOI: 10.1016/j.surg.2003.10.003]
Kweon YO, Goodman ZD, Dienstag JL, Schiff ER, Brown
NA, Burchardt E, Schoonhoven R, Brenner DA, Fried MW.
Decreasing fibrogenesis: an immunohistochemical study
of paired liver biopsies following lamivudine therapy
for chronic hepatitis B. J Hepatol 2001; 35: 749-755 [PMID:

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications

19

20

21

22
23
24

25
26

27
28

29

30
31

32

33

34

11738102 DOI: 10.1016/S0168-8278(01)00218-5]
Osinusi A, Meissner EG, Lee YJ, Bon D, Heytens L, Nelson
A, Sneller M, Kohli A, Barrett L, Proschan M, Herrmann E,
Shivakumar B, Gu W, Kwan R, Teferi G, Talwani R, Silk R,
Kotb C, Wroblewski S, Fishbein D, Dewar R, Highbarger H,
Zhang X, Kleiner D, Wood BJ, Chavez J, Symonds WT, Subramanian M, McHutchison J, Polis MA, Fauci AS, Masur H,
Kottilil S. Sofosbuvir and ribavirin for hepatitis C genotype
1 in patients with unfavorable treatment characteristics: a
randomized clinical trial. JAMA 2013; 310: 804-811 [PMID:
23982366 DOI: 10.1001/jama.2013.109309]
Shamliyan TA, MacDonald R, Shaukat A, Taylor BC, Yuan
JM, Johnson JR, Tacklind J, Rutks I, Kane RL, Wilt TJ. Antiviral therapy for adults with chronic hepatitis B: a systematic review for a National Institutes of Health Consensus
Development Conference. Ann Intern Med 2009; 150: 111-124
[PMID: 19124812 DOI: 10.7326/0003-4819-150-2-200901200-0
0101]
Villeneuve JP, Condreay LD, Willems B, Pomier-Layrargues
G, Fenyves D, Bilodeau M, Leduc R, Peltekian K, Wong F,
Margulies M, Heathcote EJ. Lamivudine treatment for decompensated cirrhosis resulting from chronic hepatitis B.
Hepatology 2000; 31: 207-210 [PMID: 10613747 DOI: 10.1002/
hep.510310130]
Loulergue P, Pol S, Mallet V, Sogni P, Launay O. Why actively
promote vaccination in patients with cirrhosis? J Clin Virol 2009;
46: 206-209 [PMID: 19501019 DOI: 10.1016/j.jcv.2009.05.006]
Koff RS. Risks associated with hepatitis A and hepatitis B in
patients with hepatitis C. J Clin Gastroenterol 2001; 33: 20-26
[PMID: 11418785 DOI: 10.1097/00004836-200107000-00006]
Yoneyama K, Miyagishi K, Kiuchi Y, Shibata M, Mitamura
K. Risk factors for infections in cirrhotic patients with and
without hepatocellular carcinoma. J Gastroenterol 2002; 37:
1028-1034 [PMID: 12522534 DOI: 10.1007/s005350200173]
Bessone F. Non-steroidal anti-inflammatory drugs: What is
the actual risk of liver damage? World J Gastroenterol 2010; 16:
5651-5661 [PMID: 21128314 DOI: 10.3748/wjg.v16.i45.5651]
Spielberg SP, Gordon GB, Blake DA, Goldstein DA, Herlong
HF. Predisposition to phenytoin hepatotoxicity assessed in
vitro. N Engl J Med 1981; 305: 722-727 [PMID: 6790991 DOI:
10.1056/NEJM198109243051302]
Yates WR, Petty F, Brown K. Risk factors for alcohol hepatotoxicity among male alcoholics. Drug Alcohol Depend 1987; 20:
155-162 [PMID: 2890507 DOI: 10.1016/0376-8716(87)90065-2]
Sørensen TI, Orholm M, Bentsen KD, Høybye G, Eghøje K,
Christoffersen P. Prospective evaluation of alcohol abuse
and alcoholic liver injury in men as predictors of development of cirrhosis. Lancet 1984; 2: 241-244 [PMID: 6146805
DOI: 10.1016/S0140-6736(84)90295-2]
Lucena MI, Andrade RJ, Tognoni G, Hidalgo R, De La Cuesta FS. Multicenter hospital study on prescribing patterns
for prophylaxis and treatment of complications of cirrhosis.
Eur J Clin Pharmacol 2002; 58: 435-440 [PMID: 12242604 DOI:
10.1007/s00228-002-0474-1]
Runyon BA. Care of patients with ascites. N Engl J Med 1994; 330:
337-342 [PMID: 8277955 DOI: 10.1056/NEJM199402033300508]
Veldt BJ, Lainé F, Guillygomarc’h A, Lauvin L, Boudjema K,
Messner M, Brissot P, Deugnier Y, Moirand R. Indication of
liver transplantation in severe alcoholic liver cirrhosis: quantitative evaluation and optimal timing. J Hepatol 2002; 36:
93-98 [PMID: 11804670 DOI: 10.1016/S0168-8278(01)00228-8]
Eisenmenger WJ, Blondheim SH, Bongiovanni AM, Kunkel HG. Electrolyte studies on patients with cirrhosis of the
liver. J Clin Invest 1950; 29: 1491-1499 [PMID: 14794777 DOI:
10.1172/JCI102390]
Bernardi M, Santini C, Trevisani F, Baraldini M, Ligabue A,
Gasbarrini G. Renal function impairment induced by change
in posture in patients with cirrhosis and ascites. Gut 1985; 26:
629-635 [PMID: 3891534 DOI: 10.1136/gut.26.6.629]
Ring-Larsen H, Henriksen JH, Wilken C, Clausen J, Pals H,

WJG|www.wjgnet.com

35
36

37

38

39

40

41
42
43

44

45
46

47

48

49

5453

Christensen NJ. Diuretic treatment in decompensated cirrhosis and congestive heart failure: effect of posture. Br Med
J (Clin Res Ed) 1986; 292: 1351-1353 [PMID: 3085844 DOI:
10.1136/bmj.292.6532.1351]
Gillette M. Flavour effect of Sodium Chloride. Food Technology 1991; 39: 47-52
Reynolds TB, Lieberman FL, Goodman AR. Advantages of
treatment of ascites without sodium restriction and without complete removal of excess fluid. Gut 1978; 19: 549-553
[PMID: 680588 DOI: 10.1136/gut.19.6.549]
Pérez-Ayuso RM, Arroyo V, Planas R, Gaya J, Bory F, Rimola A, Rivera F, Rodés J. Randomized comparative study of
efficacy of furosemide versus spironolactone in nonazotemic
cirrhosis with ascites. Relationship between the diuretic
response and the activity of the renin-aldosterone system.
Gastroenterology 1983; 84: 961-968 [PMID: 6339312]
Santos J, Planas R, Pardo A, Durández R, Cabré E, Morillas RM, Granada ML, Jiménez JA, Quintero E, Gassull MA.
Spironolactone alone or in combination with furosemide in
the treatment of moderate ascites in nonazotemic cirrhosis.
A randomized comparative study of efficacy and safety. J
Hepatol 2003; 39: 187-192 [PMID: 12873814 DOI: 10.1016/
S0168-8278(03)00188-0]
Angeli P, Fasolato S, Mazza E, Okolicsanyi L, Maresio G,
Velo E, Galioto A, Salinas F, D’Aquino M, Sticca A, Gatta A.
Combined versus sequential diuretic treatment of ascites in
non-azotaemic patients with cirrhosis: results of an open randomised clinical trial. Gut 2010; 59: 98-104 [PMID: 19570764
DOI: 10.1136/gut.2008.176495]
Sungaila I, Bartle WR, Walker SE, DeAngelis C, Uetrecht J,
Pappas C, Vidins E. Spironolactone pharmacokinetics and pharmacodynamics in patients with cirrhotic ascites. Gastroenterology
1992; 102: 1680-1685 [PMID: 1568578]
Palmer BF. Managing hyperkalemia caused by inhibitors of
the renin-angiotensin-aldosterone system. N Engl J Med 2004;
351: 585-592 [PMID: 15295051 DOI: 10.1056/NEJMra035279]
Runyon BA. Management of adult patients with ascites due
to cirrhosis: an update. Hepatology 2009; 49: 2087-2107 [PMID:
19475696 DOI: 10.1002/hep.22853]
Sarafidis PA, Blacklock R, Wood E, Rumjon A, Simmonds S,
Fletcher-Rogers J, Ariyanayagam R, Al-Yassin A, Sharpe C,
Vinen K. Prevalence and factors associated with hyperkalemia in predialysis patients followed in a low-clearance clinic.
Clin J Am Soc Nephrol 2012; 7: 1234-1241 [PMID: 22595825
DOI: 10.2215/CJN.01150112]
Ingersoll KS, Cohen J. The impact of medication regimen
factors on adherence to chronic treatment: a review of literature. J Behav Med 2008; 31: 213-224 [PMID: 18202907 DOI:
10.1007/s10865-007-9147-y]
Runyon BA. Ascites and Spontaneous Bacterial Peritonitis.
Sleisenger and Fordtran's Gastrointestinal and Liver Disease.
9th ed. Philadelphia: Saunders Elsevier, 2010: 1517-1514
Angeli P, Dalla Pria M, De Bei E, Albino G, Caregaro L,
Merkel C, Ceolotto G, Gatta A. Randomized clinical study of
the efficacy of amiloride and potassium canrenoate in nonazotemic cirrhotic patients with ascites. Hepatology 1994; 19:
72-79 [PMID: 8276370 DOI: 10.1002/hep.1840190113]
Romanelli RG, La Villa G, Barletta G, Vizzutti F, Lanini F,
Arena U, Boddi V, Tarquini R, Pantaleo P, Gentilini P, Laffi G.
Long-term albumin infusion improves survival in patients
with cirrhosis and ascites: an unblinded randomized trial.
World J Gastroenterol 2006; 12: 1403-1407 [PMID: 16552809]
Gentilini P, Casini-Raggi V, Di Fiore G, Romanelli RG, Buzzelli G, Pinzani M, La Villa G, Laffi G. Albumin improves the
response to diuretics in patients with cirrhosis and ascites:
results of a randomized, controlled trial. J Hepatol 1999; 30:
639-645 [PMID: 10207805 DOI: 10.1016/S0168-8278(99)80194-9]
Pockros PJ, Reynolds TB. Rapid diuresis in patients with ascites from chronic liver disease: the importance of peripheral
edema. Gastroenterology 1986; 90: 1827-1833 [PMID: 3699402]

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications
50

51

52

53

54

55

56

57

58

59

60

61

62

63

Peltekian KM, Wong F, Liu PP, Logan AG, Sherman M,
Blendis LM. Cardiovascular, renal, and neurohumoral responses to single large-volume paracentesis in patients with
cirrhosis and diuretic-resistant ascites. Am J Gastroenterol
1997; 92: 394-399 [PMID: 9068457]
Planas R, Montoliu S, Ballesté B, Rivera M, Miquel M, Masnou H, Galeras JA, Giménez MD, Santos J, Cirera I, Morillas
RM, Coll S, Solà R. Natural history of patients hospitalized for management of cirrhotic ascites. Clin Gastroenterol
Hepatol 2006; 4: 1385-1394 [PMID: 17081806 DOI: 10.1016/
j.cgh.2006.08.007]
Singh V, Dhungana SP, Singh B, Vijayverghia R, Nain CK,
Sharma N, Bhalla A, Gupta PK. Midodrine in patients with
cirrhosis and refractory or recurrent ascites: a randomized
pilot study. J Hepatol 2012; 56: 348-354 [PMID: 21749847 DOI:
10.1016/j.jhep.2011.04.027]
Singh V, Singh A, Singh B, Vijayvergiya R, Sharma N, Ghai A,
Bhalla A. Midodrine and clonidine in patients with cirrhosis
and refractory or recurrent ascites: a randomized pilot study.
Am J Gastroenterol 2013; 108: 560-567 [PMID: 23419385 DOI:
10.1038/ajg.2013.9]
Ginès P, Arroyo V, Vargas V, Planas R, Casafont F, Panés J,
Hoyos M, Viladomiu L, Rimola A, Morillas R. Paracentesis
with intravenous infusion of albumin as compared with
peritoneovenous shunting in cirrhosis with refractory ascites. N Engl J Med 1991; 325: 829-835 [PMID: 1875966 DOI:
10.1056/NEJM199109193251201]
Lenaerts A, Codden T, Meunier JC, Henry JP, Ligny G. Effects of clonidine on diuretic response in ascitic patients
with cirrhosis and activation of sympathetic nervous system.
Hepatology 2006; 44: 844-849 [PMID: 17006921 DOI: 10.1002/
hep.21355]
Lenaerts A, Codden T, Henry JP, Legros F, Ligny G. Comparative pilot study of repeated large volume paracentesis
vs the combination on clonidine-spironolactone in the treatment of cirrhosis-associated refractory ascites. Gastroenterol
Clin Biol 2005; 29: 1137-1142 [PMID: 16505759 DOI: 10.1016/
S0399-8320(05)82178-5]
Rössle M, Ochs A, Gülberg V, Siegerstetter V, Holl J, Deibert
P, Olschewski M, Reiser M, Gerbes AL. A comparison of paracentesis and transjugular intrahepatic portosystemic shunting in patients with ascites. N Engl J Med 2000; 342: 1701-1707
[PMID: 10841872 DOI: 10.1056/NEJM200006083422303]
Lebrec D, Giuily N, Hadengue A, Vilgrain V, Moreau R,
Poynard T, Gadano A, Lassen C, Benhamou JP, Erlinger S.
Transjugular intrahepatic portosystemic shunts: comparison
with paracentesis in patients with cirrhosis and refractory
ascites: a randomized trial. French Group of Clinicians and
a Group of Biologists. J Hepatol 1996; 25: 135-144 [PMID:
8878773 DOI: 10.1016/S0168-8278(96)80065-1]
Ginès P, Uriz J, Calahorra B, Garcia-Tsao G, Kamath PS, Del
Arbol LR, Planas R, Bosch J, Arroyo V, Rodés J. Transjugular
intrahepatic portosystemic shunting versus paracentesis
plus albumin for refractory ascites in cirrhosis. Gastroenterology 2002; 123: 1839-1847 [PMID: 12454841 DOI: 10.1053/
gast.2002.37073]
Sanyal AJ, Genning C, Reddy KR, Wong F, Kowdley KV,
Benner K, McCashland T. The North American Study for the
Treatment of Refractory Ascites. Gastroenterology 2003; 124:
634-641 [PMID: 12612902 DOI: 10.1053/gast.2003.50088]
Albillos A, Bañares R, González M, Catalina MV, Molinero
LM. A meta-analysis of transjugular intrahepatic portosystemic shunt versus paracentesis for refractory ascites. J
Hepatol 2005; 43: 990-996 [PMID: 16139922 DOI: 10.1016/
j.jhep.2005.06.005]
Saab S, Nieto JM, Lewis SK, Runyon BA. TIPS versus paracentesis for cirrhotic patients with refractory ascites. Cochrane
Database Syst Rev 2006; (4): CD004889 [PMID: 17054221 DOI:
10.1002/14651858.CD004889.pub2]
Salerno F, Cammà C, Enea M, Rössle M, Wong F. Tran-

WJG|www.wjgnet.com

64

65

66

67

68

69

70

71

72

73

74
75
76
77

78

5454

sjugular intrahepatic portosystemic shunt for refractory
ascites: a meta-analysis of individual patient data. Gastroenterology 2007; 133: 825-834 [PMID: 17678653 DOI: 10.1053/
j.gastro.2007.06.020]
Azoulay D, Castaing D, Dennison A, Martino W, Eyraud
D, Bismuth H. Transjugular intrahepatic portosystemic
shunt worsens the hyperdynamic circulatory state of the
cirrhotic patient: preliminary report of a prospective study.
Hepatology 1994; 19: 129-132 [PMID: 8276348 DOI: 10.1002/
hep.1840190121]
Zheng LW, Wong MC, Rabie AB, Cheung LK. Evaluation of
recombinant human bone morphogenetic protein-2 in mandibular distraction osteogenesis in rabbits: Effect of dosage
and number of doses on formation of bone. Br J Oral Maxillofac Surg 2006; 44: 487-494 [PMID: 16233939 DOI: 10.1016/
j.bjoms.2005.09.005]
Bureau C, Garcia-Pagan JC, Otal P, Pomier-Layrargues
G, Chabbert V, Cortez C, Perreault P, Péron JM, Abraldes
JG, Bouchard L, Bilbao JI, Bosch J, Rousseau H, Vinel JP.
Improved clinical outcome using polytetrafluoroethylenecoated stents for TIPS: results of a randomized study. Gastroenterology 2004; 126: 469-475 [PMID: 14762784 DOI: 10.1053/
j.gastro.2003.11.016]
Angermayr B, Cejna M, Koenig F, Karnel F, Hackl F, Gangl A,
Peck-Radosavljevic M. Survival in patients undergoing transjugular intrahepatic portosystemic shunt: ePTFE-covered
stentgrafts versus bare stents. Hepatology 2003; 38: 1043-1050
[PMID: 14512892 DOI: 10.1053/jhep.2003.50423]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J,
ter Borg PC. A model to predict poor survival in patients
undergoing transjugular intrahepatic portosystemic shunts.
Hepatology 2000; 31: 864-871 [PMID: 10733541 DOI: 10.1053/
he.2000.5852]
Sersté T, Francoz C, Durand F, Rautou PE, Melot C, Valla
D, Moreau R, Lebrec D. Beta-blockers cause paracentesisinduced circulatory dysfunction in patients with cirrhosis
and refractory ascites: a cross-over study. J Hepatol 2011; 55:
794-799 [PMID: 21354230 DOI: 10.1016/j.jhep.2011.01.034]
Ginès P, Wong F, Watson H, Milutinovic S, del Arbol LR,
Olteanu D. Effects of satavaptan, a selective vasopressin V(2)
receptor antagonist, on ascites and serum sodium in cirrhosis with hyponatremia: a randomized trial. Hepatology 2008;
48: 204-213 [PMID: 18508290 DOI: 10.1002/hep.22293]
Wong F, Blei AT, Blendis LM, Thuluvath PJ. A vasopressin receptor antagonist (VPA-985) improves serum sodium
concentration in patients with hyponatremia: a multicenter,
randomized, placebo-controlled trial. Hepatology 2003; 37:
182-191 [PMID: 12500203 DOI: 10.1053/jhep.2003.50021]
Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis JG,
Czerwiec FS, Orlandi C. Tolvaptan, a selective oral vasopressin V2-receptor antagonist, for hyponatremia. N Engl J Med
2006; 355: 2099-2112 [PMID: 17105757 DOI: 10.1056/NEJMoa065181]
Cárdenas A, Ginès P, Marotta P, Czerwiec F, Oyuang J, Guevara M, Afdhal NH. Tolvaptan, an oral vasopressin antagonist,
in the treatment of hyponatremia in cirrhosis. J Hepatol 2012;
56: 571-578 [PMID: 22027579 DOI: 10.1016/j.jhep.2011.08.020]
Navasa M, Fernández J, Rodés J. Bacterial infections in liver
cirrhosis. Ital J Gastroenterol Hepatol 1999; 31: 616-625 [PMID:
10604106]
Caly WR, Strauss E. A prospective study of bacterial infections in patients with cirrhosis. J Hepatol 1993; 18: 353-358
[PMID: 8228129 DOI: 10.1016/S0168-8278(05)80280-6]
Fernández J, Gustot T. Management of bacterial infections in
cirrhosis. J Hepatol 2012; 56 Suppl 1: S1-12 [PMID: 22300459]
Rosa H, Silvério AO, Perini RF, Arruda CB. Bacterial infection in cirrhotic patients and its relationship with alcohol.
Am J Gastroenterol 2000; 95: 1290-1293 [PMID: 10811341 DOI:
10.1111/j.1572-0241.2000.02026.x]
Fernández J, Navasa M, Gómez J, Colmenero J, Vila J, Ar-

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications

79

80

81
82

83

84

85

86
87
88

89

90

91

92

royo V, Rodés J. Bacterial infections in cirrhosis: epidemiological changes with invasive procedures and norfloxacin
prophylaxis. Hepatology 2002; 35: 140-148 [PMID: 11786970
DOI: 10.1053/jhep.2002.30082]
Rimola A, Soto R, Bory F, Arroyo V, Piera C, Rodes J. Reticuloendothelial system phagocytic activity in cirrhosis and
its relation to bacterial infections and prognosis. Hepatology
1984; 4: 53-58 [PMID: 6693068 DOI: 10.1002/hep.1840040109]
Rajkovic IA, Williams R. Abnormalities of neutrophil phagocytosis, intracellular killing and metabolic activity in alcoholic
cirrhosis and hepatitis. Hepatology 1986; 6: 252-262 [PMID:
3007318 DOI: 10.1002/hep.1840060217]
Tandon P, Garcia-Tsao G. Bacterial infections, sepsis, and
multiorgan failure in cirrhosis. Semin Liver Dis 2008; 28: 26-42
[PMID: 18293275 DOI: 10.1055/s-2008-1040319]
Cazzaniga M, Dionigi E, Gobbo G, Fioretti A, Monti V,
Salerno F. The systemic inflammatory response syndrome
in cirrhotic patients: relationship with their in-hospital
outcome. J Hepatol 2009; 51: 475-482 [PMID: 19560225 DOI:
10.1016/j.jhep.2009.04.017]
Wong F, Bernardi M, Balk R, Christman B, Moreau R, Garcia-Tsao G, Patch D, Soriano G, Hoefs J, Navasa M. Sepsis
in cirrhosis: report on the 7th meeting of the International
Ascites Club. Gut 2005; 54: 718-725 [PMID: 15831923 DOI:
10.1136/gut.2004.038679]
Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT,
Marshall JC, Bion J, Schorr C, Artigas A, Ramsay G, Beale R,
Parker MM, Gerlach H, Reinhart K, Silva E, Harvey M, Regan S, Angus DC. The Surviving Sepsis Campaign: results of
an international guideline-based performance improvement
program targeting severe sepsis. Intensive Care Med 2010; 36:
222-231 [PMID: 20069275 DOI: 10.1007/s00134-009-1738-3]
Borzio M, Salerno F, Piantoni L, Cazzaniga M, Angeli P, Bissoli F, Boccia S, Colloredo-Mels G, Corigliano P, Fornaciari G,
Marenco G, Pistarà R, Salvagnini M, Sangiovanni A. Bacterial infection in patients with advanced cirrhosis: a multicentre prospective study. Dig Liver Dis 2001; 33: 41-48 [PMID:
11303974 DOI: 10.1016/S1590-8658(01)80134-1]
Hoefs JC, Canawati HN, Sapico FL, Hopkins RR, Weiner J,
Montgomerie JZ. Spontaneous bacterial peritonitis. Hepatology
1982; 2: 399-407 [PMID: 7095741 DOI: 10.1002/hep.1840020402]
Runyon BA. Monomicrobial nonneutrocytic bacterascites: a
variant of spontaneous bacterial peritonitis. Hepatology 1990;
12: 710-715 [PMID: 2210672 DOI: 10.1002/hep.1840120415]
Felisart J, Rimola A, Arroyo V, Perez-Ayuso RM, Quintero
E, Gines P, Rodes J. Cefotaxime is more effective than is
ampicillin-tobramycin in cirrhotics with severe infections.
Hepatology 1982; 5: 457-462 [PMID: 3888810 DOI: 10.1002/
hep.1840050319]
Runyon BA, McHutchison JG, Antillon MR, Akriviadis EA,
Montano AA. Short-course versus long-course antibiotic
treatment of spontaneous bacterial peritonitis. A randomized controlled study of 100 patients. Gastroenterology 1991;
100: 1737-1742 [PMID: 2019378]
Navasa M, Follo A, Llovet JM, Clemente G, Vargas V, Rimola
A, Marco F, Guarner C, Forné M, Planas R, Bañares R, Castells L, Jimenez De Anta MT, Arroyo V, Rodés J. Randomized, comparative study of oral ofloxacin versus intravenous
cefotaxime in spontaneous bacterial peritonitis. Gastroenterology 1996; 111: 1011-1017 [PMID: 8831596 DOI: 10.1016/
S0016-5085(96)70069-0]
Fernández J, Acevedo J, Castro M, Garcia O, de Lope CR,
Roca D, Pavesi M, Sola E, Moreira L, Silva A, Seva-Pereira T,
Corradi F, Mensa J, Ginès P, Arroyo V. Prevalence and risk
factors of infections by multiresistant bacteria in cirrhosis:
a prospective study. Hepatology 2012; 55: 1551-1561 [PMID:
22183941 DOI: 10.1002/hep.25532]
Sort P, Navasa M, Arroyo V, Aldeguer X, Planas R, Ruiz-delArbol L, Castells L, Vargas V, Soriano G, Guevara M, Ginès P,
Rodés J. Effect of intravenous albumin on renal impairment

WJG|www.wjgnet.com

93

94
95

96

97
98

99

100

101

102

103

104

105

106
107

5455

and mortality in patients with cirrhosis and spontaneous
bacterial peritonitis. N Engl J Med 1999; 341: 403-409 [PMID:
10432325 DOI: 10.1056/NEJM199908053410603]
Titó L, Rimola A, Ginès P, Llach J, Arroyo V, Rodés J. Recurrence of spontaneous bacterial peritonitis in cirrhosis:
frequency and predictive factors. Hepatology 1988; 8: 27-31
[PMID: 3257456 DOI: 10.1002/hep.1840080107]
Runyon BA. Low-protein-concentration ascitic fluid is predisposed to spontaneous bacterial peritonitis. Gastroenterology
1986; 91: 1343-1346 [PMID: 3770358]
Ginés P, Rimola A, Planas R, Vargas V, Marco F, Almela M,
Forné M, Miranda ML, Llach J, Salmerón JM. Norfloxacin
prevents spontaneous bacterial peritonitis recurrence in cirrhosis: results of a double-blind, placebo-controlled trial.
Hepatology 1990; 12: 716-724 [PMID: 2210673 DOI: 10.1002/
hep.1840120416]
Terg R, Llano K, Cobas SM, Brotto C, Barrios A, Levi D,
Wasen W, Bartellini MA. Effects of oral ciprofloxacin on aerobic gram-negative fecal flora in patients with cirrhosis: results of short- and long-term administration, with daily and
weekly dosages. J Hepatol 1998; 29: 437-442 [PMID: 9764991]
Akriviadis EA, Runyon BA. Utility of an algorithm in differentiating spontaneous from secondary bacterial peritonitis.
Gastroenterology 1990; 98: 127-133 [PMID: 2293571]
Soriano G, Castellote J, Alvarez C, Girbau A, Gordillo J,
Baliellas C, Casas M, Pons C, Román EM, Maisterra S, Xiol
X, Guarner C. Secondary bacterial peritonitis in cirrhosis: a
retrospective study of clinical and analytical characteristics,
diagnosis and management. J Hepatol 2010; 52: 39-44 [PMID:
19897273 DOI: 10.1016/j.jhep.2009.10.012]
Ginès A, Escorsell A, Ginès P, Saló J, Jiménez W, Inglada L,
Navasa M, Clària J, Rimola A, Arroyo V. Incidence, predictive factors, and prognosis of the hepatorenal syndrome in
cirrhosis with ascites. Gastroenterology 1993; 105: 229-236
[PMID: 8514039]
Tyagi P, Sharma P, Sharma BC, Puri AS, Kumar A, Sarin SK.
Prevention of hepatorenal syndrome in patients with cirrhosis
and ascites: a pilot randomized control trial between pentoxifylline and placebo. Eur J Gastroenterol Hepatol 2011; 23: 210-217
[PMID: 21285885 DOI: 10.1097/MEG.0b013e3283435d76]
Angeli P, Volpin R, Gerunda G, Craighero R, Roner P, Merenda R, Amodio P, Sticca A, Caregaro L, Maffei-Faccioli A,
Gatta A. Reversal of type 1 hepatorenal syndrome with the
administration of midodrine and octreotide. Hepatology 1999;
29: 1690-1697 [PMID: 10347109 DOI: 10.1002/hep.510290629]
Esrailian E, Pantangco ER, Kyulo NL, Hu KQ, Runyon
BA. Octreotide/Midodrine therapy significantly improves
renal function and 30-day survival in patients with type 1
hepatorenal syndrome. Dig Dis Sci 2007; 52: 742-748 [PMID:
17235705 DOI: 10.1007/s10620-006-9312-0]
Martín-Llahí M, Pépin MN, Guevara M, Díaz F, Torre A,
Monescillo A, Soriano G, Terra C, Fábrega E, Arroyo V,
Rodés J, Ginès P. Terlipressin and albumin vs albumin in
patients with cirrhosis and hepatorenal syndrome: a randomized study. Gastroenterology 2008; 134: 1352-1359 [PMID:
18471512 DOI: 10.1053/j.gastro.2008.02.024]
Gluud LL, Christensen K, Christensen E, Krag A. Systematic
review of randomized trials on vasoconstrictor drugs for
hepatorenal syndrome. Hepatology 2010; 51: 576-584 [PMID:
19885875 DOI: 10.1002/hep.23286]
Iwatsuki S, Popovtzer MM, Corman JL, Ishikawa M, Putnam CW, Katz FH, Starzl TE. Recovery from “hepatorenal
syndrome” after orthotopic liver transplantation. N Engl
J Med 1973; 289: 1155-1159 [PMID: 4585359 DOI: 10.1056/
NEJM197311292892201]
Cárdenas A, Ginès P. Management of patients with cirrhosis
awaiting liver transplantation. Gut 2011; 60: 412-421 [PMID:
21193458 DOI: 10.1136/gut.2009.179937]
Hanish SI, Samaniego M, Mezrich JD, Foley DP, Leverson
GE, Lorentzen DF, Sollinger HW, Pirsch JD, D’Alessandro

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122
123

AM, Fernandez LA. Outcomes of simultaneous liver/kidney transplants are equivalent to kidney transplant alone:
a preliminary report. Transplantation 2010; 90: 52-60 [PMID:
20626084 DOI: 10.1097/TP.0b013e3181e17014]
Rodríguez-Roisin R, Krowka MJ, Hervé P, Fallon MB. Pulmonary-Hepatic vascular Disorders (PHD). Eur Respir J 2004;
24: 861-880 [PMID: 15516683 DOI: 10.1183/09031936.04.00010
904]
Hadengue A, Benhayoun MK, Lebrec D, Benhamou JP.
Pulmonary hypertension complicating portal hypertension:
prevalence and relation to splanchnic hemodynamics. Gastroenterology 1991; 100: 520-528 [PMID: 1985048]
Frank H, Mlczoch J, Huber K, Schuster E, Gurtner HP, Kneussl M. The effect of anticoagulant therapy in primary and
anorectic drug-induced pulmonary hypertension. Chest 1997;
112: 714-721 [PMID: 9315805 DOI: 10.1378/chest.112.3.714]
Rich S. The medical treatment of primary pulmonary hypertension. Proven and promising strategies. Chest 1994; 105:
17S-20S [PMID: 8306802 DOI: 10.1378/chest.105.2_Suppleme
nt.17S]
Friedman R, Mears JG, Barst RJ. Continuous infusion of
prostacyclin normalizes plasma markers of endothelial cell
injury and platelet aggregation in primary pulmonary hypertension. Circulation 1997; 96: 2782-2784 [PMID: 9386137
DOI: 10.1161/01.CIR.96.9.2782]
Kett DH, Acosta RC, Campos MA, Rodriguez MJ, Quartin
AA, Schein RM. Recurrent portopulmonary hypertension
after liver transplantation: management with epoprostenol
and resolution after retransplantation. Liver Transpl 2001; 7:
645-648 [PMID: 11460234 DOI: 10.1053/jlts.2001.25358]
Tan HP, Markowitz JS, Montgomery RA, Merritt WT, Klein
AS, Thuluvath PJ, Poordad FF, Maley WR, Winters B, Akinci
SB, Gaine SP. Liver transplantation in patients with severe portopulmonary hypertension treated with preoperative chronic
intravenous epoprostenol. Liver Transpl 2001; 7: 745-749 [PMID:
11510023 DOI: 10.1053/jlts.2001.26057]
Schott R, Chaouat A, Launoy A, Pottecher T, Weitzenblum E.
Improvement of pulmonary hypertension after liver transplantation. Chest 1999; 115: 1748-1749 [PMID: 10378581 DOI:
10.1378/chest.115.6.1748]
Abrams GA, Jaffe CC, Hoffer PB, Binder HJ, Fallon MB.
Diagnostic utility of contrast echocardiography and lung
perfusion scan in patients with hepatopulmonary syndrome.
Gastroenterology 1995; 109: 1283-1288 [PMID: 7557096]
Møller S, Krag A, Madsen JL, Henriksen JH, Bendtsen F. Pulmonary dysfunction and hepatopulmonary syndrome in cirrhosis and portal hypertension. Liver Int 2009; 29: 1528-1537
[PMID: 19725890 DOI: 10.1111/j.1478-3231.2009.02103.x]
Swanson KL, Wiesner RH, Krowka MJ. Natural history of
hepatopulmonary syndrome: Impact of liver transplantation. Hepatology 2005; 41: 1122-1129 [PMID: 15828054 DOI:
10.1002/hep.20658]
Arguedas MR, Abrams GA, Krowka MJ, Fallon MB. Prospective evaluation of outcomes and predictors of mortality
in patients with hepatopulmonary syndrome undergoing
liver transplantation. Hepatology 2003; 37: 192-197 [PMID:
12500204 DOI: 10.1053/jhep.2003.50023]
Fukushima KY, Yatsuhashi H, Kinoshita A, Ueki T, Matsumoto T, Osumi M, Matsuoka Y. Two cases of hepatopulmonary syndrome with improved liver function following longterm oxygen therapy. J Gastroenterol 2007; 42: 176-180 [PMID:
17351808 DOI: 10.1007/s00535-006-1965-0]
Rodríguez-Roisin R, Krowka MJ. Hepatopulmonary syndrome--a liver-induced lung vascular disorder. N Engl J Med
2008; 358: 2378-2387 [PMID: 18509123 DOI: 10.1056/NEJMra0707185]
Schenk P, Madl C, Rezaie-Majd S, Lehr S, Müller C. Methylene
blue improves the hepatopulmonary syndrome. Ann Intern
Med 2000; 133: 701-706 [PMID: 11074903]
Castro M, Krowka MJ. Hepatopulmonary syndrome. A pulmo-

WJG|www.wjgnet.com

124
125

126

127

128

129

130

131

132

133

134

135

136

137

5456

nary vascular complication of liver disease. Clin Chest Med 1996;
17: 35-48 [PMID: 8665789 DOI: 10.1016/S0272-5231(05)70297-5]
Fallon MB, Abrams GA. Pulmonary dysfunction in chronic
liver disease. Hepatology 2000; 32: 859-865 [PMID: 11003635
DOI: 10.1053/jhep.2000.7519]
Brussino L, Bucca C, Morello M, Scappaticci E, Mauro M,
Rolla G. Effect on dyspnoea and hypoxaemia of inhaled
N(G)-nitro-L-arginine methyl ester in hepatopulmonary
syndrome. Lancet 2003; 362: 43-44 [PMID: 12853200 DOI:
10.1016/S0140-6736(03)13807-X]
Almeida JA, Riordan SM, Liu J, Galhenage S, Kim R, Bihari
D, Wegner EA, Cranney GB, Thomas PS. Deleterious effect
of nitric oxide inhibition in chronic hepatopulmonary syndrome. Eur J Gastroenterol Hepatol 2007; 19: 341-346 [PMID:
17353701 DOI: 10.1097/MEG.0b013e328014a3bf]
Martinez-Palli G, Drake BB, Garcia-Pagan JC, Barbera JA,
Arguedas MR, Rodriguez-Roisin R, Bosch J, Fallon MB. Effect of transjugular intrahepatic portosystemic shunt on pulmonary gas exchange in patients with portal hypertension
and hepatopulmonary syndrome. World J Gastroenterol 2005;
11: 6858-6862 [PMID: 16425397]
Nistal MW, Pace A, Klose H, Benten D, Lohse AW. Hepatopulmonary syndrome caused by sarcoidosis of the liver
treated with transjugular intrahepatic portosystemic shunt.
Thorax 2013; 68: 889-890 [PMID: 22382598 DOI: 10.1136/thoraxjnl-2011-201193]
Krowka MJ. Hepatopulmonary syndrome: what are we
learning from interventional radiology, liver transplantation,
and other disorders? Gastroenterology 1995; 109: 1009-1013
[PMID: 7657087]
Poterucha JJ, Krowka MJ, Dickson ER, Cortese DA, Stanson
AW, Krom RA. Failure of hepatopulmonary syndrome to
resolve after liver transplantation and successful treatment
with embolotherapy. Hepatology 1995; 21: 96-100 [PMID:
7806175 DOI: 10.1002/hep.1840210117]
Merli M, Nicolini G, Angeloni S, Rinaldi V, De Santis A,
Merkel C, Attili AF, Riggio O. Incidence and natural history of
small esophageal varices in cirrhotic patients. J Hepatol 2003; 38:
266-272 [PMID: 12586291 DOI: 10.1016/S0168-8278(02)00420-8]
Zoli M, Merkel C, Magalotti D, Gueli C, Grimaldi M, Gatta
A, Bernardi M. Natural history of cirrhotic patients with
small esophageal varices: a prospective study. Am J Gastroenterol 2000; 95: 503-508 [PMID: 10685758 DOI: 10.1111/
j.1572-0241.2000.01775.x]
D'Amico G, De Franchis R. Upper digestive bleeding in cirrhosis. Post-therapeutic outcome and prognostic indicators.
Hepatology 2003; 38: 599-612 [PMID: 12939586 DOI: 10.1053/
jhep.2003.50385]
North Italian Endoscopic Club for the Study and Treatment
of Esophageal Varices. Prediction of the first variceal hemorrhage in patients with cirrhosis of the liver and esophageal varices. A prospective multicenter study. N Engl J Med 1988; 319:
983-989 [PMID: 3262200 DOI: 10.1056/NEJM198810133191505]
Merkel C, Zoli M, Siringo S, van Buuren H, Magalotti D,
Angeli P, Sacerdoti D, Bolondi L, Gatta A. Prognostic indicators of risk for first variceal bleeding in cirrhosis: a multicenter study in 711 patients to validate and improve the
North Italian Endoscopic Club (NIEC) index. Am J Gastroenterol 2000; 95: 2915-2920 [PMID: 11051368 DOI: 10.1111/
j.1572-0241.2000.03204.x]
Polio J, Groszmann RJ, Reuben A, Sterzel RB, Better OS. Portal hypertension ameliorates arterial hypertension in spontaneously hypertensive rats. J Hepatol 1989; 8: 294-301 [PMID:
2732443 DOI: 10.1016/0168-8278(89)90026-3]
Groszmann RJ, Bosch J, Grace ND, Conn HO, Garcia-Tsao
G, Navasa M, Alberts J, Rodes J, Fischer R, Bermann M.
Hemodynamic events in a prospective randomized trial of
propranolol versus placebo in the prevention of a first variceal hemorrhage. Gastroenterology 1990; 99: 1401-1407 [PMID:
2210246]

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications
138 Casado M, Bosch J, García-Pagán JC, Bru C, Bañares R, Bandi
JC, Escorsell A, Rodríguez-Láiz JM, Gilabert R, Feu F, Schorlemer C, Echenagusia A, Rodés J. Clinical events after transjugular intrahepatic portosystemic shunt: correlation with
hemodynamic findings. Gastroenterology 1998; 114: 1296-1303
[PMID: 9609767 DOI: 10.1016/S0016-5085(98)70436-6]
139 Zaman A, Becker T, Lapidus J, Benner K. Risk factors for the
presence of varices in cirrhotic patients without a history of
variceal hemorrhage. Arch Intern Med 2001; 161: 2564-2570
[PMID: 11718587 DOI: 10.1001/archinte.161.21.2564]
140 Montes Ramirez ML, Pascual-Pareja JF, Sánchez-Conde
M, Bernardino De la Serna JI, Zamora Vargas FX, Miralles
P, Castro JM, Ramírez M, Gutierrez I, Gonzalez-García J,
Berenguer J, Arribas López JR. Transient elastography to
rule out esophageal varices and portal hypertensive gastropathy in HIV-infected individuals with liver cirrhosis.
AIDS 2012; 26: 1807-1812 [PMID: 22781218 DOI: 10.1097/
QAD.0b013e3283573267]
141 Wang HM, Lo GH, Chen WC, Hsu PI, Yu HC, Lin CK, Chan
HH, Tsai WL, Tsay FW, Liu TP, Wang EM, Lai KH. Efficacy
of transient elastography in screening for large esophageal
varices in patients with suspicious or proven liver cirrhosis.
J Dig Dis 2012; 13: 430-438 [PMID: 22788929 DOI: 10.1111/
j.1751-2980.2012.00603.x]
142 Burton JR, Liangpunsakul S, Lapidus J, Giannini E, Chalasani
N, Zaman A. Validation of a multivariate model predicting
presence and size of varices. J Clin Gastroenterol 2007; 41: 609-615
[PMID: 17577118 DOI: 10.1097/01.mcg.0000225669.84099.04]
143 Gentile I, Viola C, Graf M, Liuzzi R, Quarto M, Cerini R,
Piazza M, Borgia G. A simple noninvasive score predicts
gastroesophageal varices in patients with chronic viral hepatitis. J Clin Gastroenterol 2009; 43: 81-87 [PMID: 18562980 DOI:
10.1097/MCG.0b013e318157464b]
144 Ng FH, Wong SY, Loo CK, Lam KM, Lai CW, Cheng CS.
Prediction of oesophagogastric varices in patients with liver
cirrhosis. J Gastroenterol Hepatol 1999; 14: 785-790 [PMID:
10482429 DOI: 10.1046/j.1440-1746.1999.01949.x]
145 Garcia-Tsao G, Sanyal AJ, Grace ND, Carey WD. Prevention
and management of gastroesophageal varices and variceal
hemorrhage in cirrhosis. Am J Gastroenterol 2007; 102: 2086-2102
[PMID: 17727436 DOI: 10.1111/j.1572-0241.2007.01481.x]
146 Eisen GM, Eliakim R, Zaman A, Schwartz J, Faigel D, Rondonotti E, Villa F, Weizman E, Yassin K, deFranchis R. The
accuracy of PillCam ESO capsule endoscopy versus conventional upper endoscopy for the diagnosis of esophageal varices: a prospective three-center pilot study. Endoscopy 2006;
38: 31-35 [PMID: 16429352 DOI: 10.1055/s-2005-921189]
147 Groszmann RJ, Garcia-Tsao G, Bosch J, Grace ND, Burroughs AK, Planas R, Escorsell A, Garcia-Pagan JC, Patch
D, Matloff DS, Gao H, Makuch R. Beta-blockers to prevent
gastroesophageal varices in patients with cirrhosis. N Engl
J Med 2005; 353: 2254-2261 [PMID: 16306522 DOI: 10.1056/
NEJMoa044456]
148 de Franchis R. Evolving consensus in portal hypertension.
Report of the Baveno IV consensus workshop on methodology of diagnosis and therapy in portal hypertension. J
Hepatol 2005; 43: 167-176 [PMID: 15925423 DOI: 10.1016/
j.jhep.2005.05.009]
149 D'Amico G, Pagliaro L, Bosch J. Pharmacological treatment
of portal hypertension: an evidence-based approach. Semin
Liver Dis 1999; 19: 475-505 [PMID: 10643630 DOI: 10.1055/
s-2007-1007133]
150 Abraczinskas DR, Ookubo R, Grace ND, Groszmann RJ,
Bosch J, Garcia-Tsao G, Richardson CR, Matloff DS, Rodés
J, Conn HO. Propranolol for the prevention of first esophageal variceal hemorrhage: a lifetime commitment? Hepatology 2001; 34: 1096-1102 [PMID: 11731997 DOI: 10.1053/
jhep.2001.29305]
151 Stiegmann GV, Goff JS, Michaletz-Onody PA, Korula J,
Lieberman D, Saeed ZA, Reveille RM, Sun JH, Lowenstein

WJG|www.wjgnet.com

152

153

154

155

156

157

158

159

160

161

162
163
164

165

166

5457

SR. Endoscopic sclerotherapy as compared with endoscopic ligation for bleeding esophageal varices. N Engl J
Med 1992; 326: 1527-1532 [PMID: 1579136 DOI: 10.1056/
NEJM199206043262304]
Khuroo MS, Khuroo NS, Farahat KL, Khuroo YS, Sofi AA,
Dahab ST. Meta-analysis: endoscopic variceal ligation for
primary prophylaxis of oesophageal variceal bleeding. Aliment Pharmacol Ther 2005; 21: 347-361 [PMID: 15709985 DOI:
10.1111/j.1365-2036.2005.02346.x]
Garcia-Pagán JC, Bosch J. Endoscopic band ligation in the
treatment of portal hypertension. Nat Clin Pract Gastroenterol
Hepatol 2005; 2: 526-535 [PMID: 16355158 DOI: 10.1038/ncpgasthep0323]
Saeed ZA, Stiegmann GV, Ramirez FC, Reveille RM, Goff JS,
Hepps KS, Cole RA. Endoscopic variceal ligation is superior
to combined ligation and sclerotherapy for esophageal varices: a multicenter prospective randomized trial. Hepatology
1997; 25: 71-74 [PMID: 8985267 DOI: 10.1002/hep.510250113]
Pagliaro L, D’Amico G, Sörensen TI, Lebrec D, Burroughs
AK, Morabito A, Tiné F, Politi F, Traina M. Prevention of
first bleeding in cirrhosis. A meta-analysis of randomized trials of nonsurgical treatment. Ann Intern Med 1992; 117: 59-70
[PMID: 1350716 DOI: 10.7326/0003-4819-117-1-59]
Angelico M, Carli L, Piat C, Gentile S, Rinaldi V, Bologna E,
Capocaccia L. Isosorbide-5-mononitrate versus propranolol
in the prevention of first bleeding in cirrhosis. Gastroenterology
1993; 104: 1460-1465 [PMID: 8482456]
Olson JC, Wendon JA, Kramer DJ, Arroyo V, Jalan R, Garcia-Tsao G, Kamath PS. Intensive care of the patient with cirrhosis. Hepatology 2011; 54: 1864-1872 [PMID: 21898477 DOI:
10.1002/hep.24622]
Villanueva C, Colomo A, Bosch A, Concepción M, Hernandez-Gea V, Aracil C, Graupera I, Poca M, Alvarez-Urturi C,
Gordillo J, Guarner-Argente C, Santaló M, Muñiz E, Guarner
C. Transfusion strategies for acute upper gastrointestinal
bleeding. N Engl J Med 2013; 368: 11-21 [PMID: 23281973
DOI: 10.1056/NEJMoa1211801]
Bernard B, Grangé JD, Khac EN, Amiot X, Opolon P, Poynard T. Antibiotic prophylaxis for the prevention of bacterial
infections in cirrhotic patients with gastrointestinal bleeding: a meta-analysis. Hepatology 1999; 29: 1655-1661 [PMID:
10347104 DOI: 10.1002/hep.510290608]
Altraif I, Handoo FA, Aljumah A, Alalwan A, Dafalla M,
Saeed AM, Alkhormi A, Albekairy AK, Tamim H. Effect of
erythromycin before endoscopy in patients presenting with
variceal bleeding: a prospective, randomized, double-blind,
placebo-controlled trial. Gastrointest Endosc 2011; 73: 245-250
[PMID: 21145052 DOI: 10.1016/j.gie.2010.09.043]
D'Amico G, Pietrosi G, Tarantino I, Pagliaro L. Emergency
sclerotherapy versus vasoactive drugs for variceal bleeding in cirrhosis: a Cochrane meta-analysis. Gastroenterology 2003; 124: 1277-1291 [PMID: 12730868 DOI: 10.1016/
S0016-5085(03)00269-5]
Alves M, Patel V, Douglas E, Deutsch E. Gastric infarction:
a complication of selective vasopressin infusion. Dig Dis Sci
1979; 24: 409-413 [PMID: 313328 DOI: 10.1007/BF01297129]
Colombani P. Upper extremity gangrene secondary to superior mesenteric artery infusion of vasopressin. Dig Dis Sci
1982; 27: 367-369 [PMID: 6978239 DOI: 10.1007/BF01296759]
Corley DA, Cello JP, Adkisson W, Ko WF, Kerlikowske K.
Octreotide for acute esophageal variceal bleeding: a metaanalysis. Gastroenterology 2001; 120: 946-954 [PMID: 11231948
DOI: 10.1053/gast.2001.22451]
Bañares R, Albillos A, Rincón D, Alonso S, González M,
Ruiz-del-Arbol L, Salcedo M, Molinero LM. Endoscopic
treatment versus endoscopic plus pharmacologic treatment
for acute variceal bleeding: a meta-analysis. Hepatology 2002;
35: 609-615 [PMID: 11870374 DOI: 10.1053/jhep.2002.31354]
Moitinho E, Escorsell A, Bandi JC, Salmerón JM, GarcíaPagán JC, Rodés J, Bosch J. Prognostic value of early mea-

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications

167

168

169

170

171

172

173

174

175

176

177

178

179
180

181 Watanabe A, Sakai T, Sato S, Imai F, Ohto M, Arakawa Y,
Toda G, Kobayashi K, Muto Y, Tsujii T, Kawasaki H, Okita K,
Tanikawa K, Fujiyama S, Shimada S. Clinical efficacy of lactulose in cirrhotic patients with and without subclinical hepatic encephalopathy. Hepatology 1997; 26: 1410-1414 [PMID:
9397979 DOI: 10.1053/jhep.1997.v26.PMID0009397979]
182 Prasad S, Dhiman RK, Duseja A, Chawla YK, Sharma A,
Agarwal R. Lactulose improves cognitive functions and
health-related quality of life in patients with cirrhosis who
have minimal hepatic encephalopathy. Hepatology 2007; 45:
549-559 [PMID: 17326150 DOI: 10.1002/hep.21533]
183 Bajaj JS. Review article: the modern management of hepatic
encephalopathy. Aliment Pharmacol Ther 2010; 31: 537-547
[PMID: 20002027 DOI: 10.1111/j.1365-2036.2009.04211.x]
184 Blei AT, Córdoba J. Hepatic Encephalopathy. Am J Gastroenterol 2001; 96: 1968-1976 [PMID: 11467622 DOI: 10.1111/
j.1572-0241.2001.03964.x]
185 Amodio P, Bemeur C, Butterworth R, Cordoba J, Kato A,
Montagnese S, Uribe M, Vilstrup H, Morgan MY. The nutritional management of hepatic encephalopathy in patients
with cirrhosis: International Society for Hepatic Encephalopathy and Nitrogen Metabolism Consensus. Hepatology 2013;
58: 325-336 [PMID: 23471642 DOI: 10.1002/hep.26370]
186 Córdoba J, López-Hellín J, Planas M, Sabín P, Sanpedro F,
Castro F, Esteban R, Guardia J. Normal protein diet for episodic hepatic encephalopathy: results of a randomized study.
J Hepatol 2004; 41: 38-43 [PMID: 15246205 DOI: 10.1016/
j.jhep.2004.03.023]
187 Ferenci P, Herneth A, Steindl P. Newer approaches to therapy
of hepatic encephalopathy. Semin Liver Dis 1996; 16: 329-338
[PMID: 8989818 DOI: 10.1055/s-2007-1007245]
188 Sharma BC, Sharma P, Agrawal A, Sarin SK. Secondary prophylaxis of hepatic encephalopathy: an open-label randomized
controlled trial of lactulose versus placebo. Gastroenterology
2009; 137: 885-891, 891.e1 [PMID: 19501587 DOI: 10.1053/
j.gastro.2009.05.056]
189 Jiang Q, Jiang XH, Zheng MH, Jiang LM, Chen YP, Wang L.
Rifaximin versus nonabsorbable disaccharides in the management of hepatic encephalopathy: a meta-analysis. Eur J
Gastroenterol Hepatol 2008; 20: 1064-1070 [PMID: 19047837
DOI: 10.1097/MEG.0b013e328302f470]
190 Sanyal A, Younossi ZM, Bass NM, Mullen KD, Poordad F,
Brown RS, Vemuru RP, Mazen Jamal M, Huang S, Merchant
K, Bortey E, Forbes WP. Randomised clinical trial: rifaximin
improves health-related quality of life in cirrhotic patients
with hepatic encephalopathy - a double-blind placebo-controlled study. Aliment Pharmacol Ther 2011; 34: 853-861 [PMID:
21848797 DOI: 10.1111/j.1365-2036.2011.04808.x]
191 Al Sibae MR, McGuire BM. Current trends in the treatment
of hepatic encephalopathy. Ther Clin Risk Manag 2009; 5:
617-626 [PMID: 19707277]
192 Conn JW, Hinerman DL. Spironolactone-induced inhibition of aldosterone biosynthesis in primary aldosteronism:
morphological and functional studies. Metabolism 1977; 26:
1293-1307 [PMID: 927164 DOI: 10.1016/0026-0495(77)90026-9]
193 Loguercio C, Abbiati R, Rinaldi M, Romano A, Del Vecchio
Blanco C, Coltorti M. Long-term effects of Enterococcus faecium SF68 versus lactulose in the treatment of patients with
cirrhosis and grade 1-2 hepatic encephalopathy. J Hepatol
1995; 23: 39-46 [PMID: 8530808 DOI: 10.1016/0168-8278(95)8
0309-2]
194 Khungar V, Poordad F. Hepatic encephalopathy. Clin Liver Dis
2012; 16: 301-320 [PMID: 22541700 DOI: 10.1016/j.cld.2012.03.009]
195 Stauch S, Kircheis G, Adler G, Beckh K, Ditschuneit H, Görtelmeyer R, Hendricks R, Heuser A, Karoff C, Malfertheiner P,
Mayer D, Rösch W, Steffens J. Oral L-ornithine-L-aspartate
therapy of chronic hepatic encephalopathy: results of a placebo-controlled double-blind study. J Hepatol 1998; 28: 856-864
[PMID: 9625322 DOI: 10.1016/S0168-8278(98)80237-7]
196 Al-Sibae MR, Koffron AJ, Raofi V. Does a positive pretrans-

surements of portal pressure in acute variceal bleeding.
Gastroenterology 1999; 117: 626-631 [PMID: 10464138 DOI:
10.1016/S0016-5085(99)70455-5]
Sanyal AJ, Freedman AM, Luketic VA, Purdum PP, Shiffman ML, Tisnado J, Cole PE. Transjugular intrahepatic portosystemic shunts for patients with active variceal hemorrhage unresponsive to sclerotherapy. Gastroenterology 1996;
111: 138-146 [PMID: 8698192 DOI: 10.1053/gast.1996.v111.
PMID8698192]
McCormick PA, Dick R, Panagou EB, Chin JK, Greenslade L,
McIntyre N, Burroughs AK. Emergency transjugular intrahepatic portasystemic stent shunting as salvage treatment for
uncontrolled variceal bleeding. Br J Surg 1994; 81: 1324-1327
[PMID: 7953401 DOI: 10.1002/bjs.1800810922]
Monescillo A, Martínez-Lagares F, Ruiz-del-Arbol L, Sierra
A, Guevara C, Jiménez E, Marrero JM, Buceta E, Sánchez J,
Castellot A, Peñate M, Cruz A, Peña E. Influence of portal
hypertension and its early decompression by TIPS placement on the outcome of variceal bleeding. Hepatology 2004;
40: 793-801 [PMID: 15382120 DOI: 10.1002/hep.20386]
Avgerinos A, Armonis A. Balloon tamponade technique and
efficacy in variceal haemorrhage. Scand J Gastroenterol Suppl
1994; 207: 11-16 [PMID: 7701261 DOI: 10.3109/003655294091
04188]
Grace ND, Conn HO, Resnick RH, Groszmann RJ, Atterbury CE, Wright SC, Gusberg RJ, Vollman R, Garcia-Tsao
G, Fisher RL. Distal splenorenal vs. portal-systemic shunts
after hemorrhage from varices: a randomized controlled trial.
Hepatology 1988; 8: 1475-1481 [PMID: 3056820 DOI: 10.1002/
hep.1840080602]
Papatheodoridis GV, Goulis J, Leandro G, Patch D, Burroughs AK. Transjugular intrahepatic portosystemic shunt
compared with endoscopic treatment for prevention of variceal rebleeding: A meta-analysis. Hepatology 1999; 30: 612-622
[PMID: 10462365 DOI: 10.1002/hep.510300316]
Luca A, D’Amico G, La Galla R, Midiri M, Morabito A, Pagliaro L. TIPS for prevention of recurrent bleeding in patients
with cirrhosis: meta-analysis of randomized clinical trials.
Radiology 1999; 212: 411-421 [PMID: 10429698 DOI: 10.1148/
radiology.212.2.r99au46411]
Boyer TD, Haskal ZJ. The role of transjugular intrahepatic
portosystemic shunt in the management of portal hypertension. Hepatology 2005; 41: 386-400 [PMID: 15660434 DOI:
10.1002/hep.20559]
Tomikawa M, Hashizume M, Saku M, Tanoue K, Ohta M, Sugimachi K. Effectiveness of gastric devascularization and splenectomy for patients with gastric varices. J Am Coll Surg 2000; 191:
498-503 [PMID: 11085729 DOI: 10.1016/S1072-7515(00)00735-3]
Sarin SK, Jain AK, Jain M, Gupta R. A randomized controlled
trial of cyanoacrylate versus alcohol injection in patients with
isolated fundic varices. Am J Gastroenterol 2002; 97: 1010-1015
[PMID: 12003381 DOI: 10.1111/j.1572-0241.2002.05622.x]
Lo GH, Lai KH, Cheng JS, Chen MH, Chiang HT. A prospective, randomized trial of butyl cyanoacrylate injection
versus band ligation in the management of bleeding gastric
varices. Hepatology 2001; 33: 1060-1064 [PMID: 11343232 DOI:
10.1053/jhep.2001.24116]
Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K,
Blei AT. Hepatic encephalopathy--definition, nomenclature,
diagnosis, and quantification: final report of the working
party at the 11th World Congresses of Gastroenterology,
Vienna, 1998. Hepatology 2002; 35: 716-721 [PMID: 11870389
DOI: 10.1053/jhep.2002.31250]
Poordad FF. Review article: the burden of hepatic encephalopathy. Aliment Pharmacol Ther 2007; 25 Suppl 1: 3-9 [PMID:
17295846 DOI: 10.1111/j.1746-6342.2006.03215.x]
Ortiz M, Jacas C, Córdoba J. Minimal hepatic encephalopathy: diagnosis, clinical significance and recommendations.
J Hepatol 2005; 42 Suppl: S45-S53 [PMID: 15777572 DOI:
10.1016/j.jhep.2004.11.028]

WJG|www.wjgnet.com

5458

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications

197

198

199

200

201

202
203

204
205

206
207

208

209

210

211

plant crossmatch affect long-term outcome in liver transplantation? Transplantation 2011; 91: 261-262 [PMID: 21107302
DOI: 10.1097/TP.0b013e318204758c]
Naylor CD, O’Rourke K, Detsky AS, Baker JP. Parenteral
nutrition with branched-chain amino acids in hepatic encephalopathy. A meta-analysis. Gastroenterology 1989; 97:
1033-1042 [PMID: 2506095]
Als-Nielsen B, Gluud LL, Gluud C. Non-absorbable disaccharides for hepatic encephalopathy: systematic review of
randomised trials. BMJ 2004; 328: 1046 [PMID: 15054035
DOI: 10.1136/bmj.38048.506134.EE]
Gentile S, Guarino G, Romano M, Alagia IA, Fierro M, Annunziata S, Magliano PL, Gravina AG, Torella R. A randomized controlled trial of acarbose in hepatic encephalopathy.
Clin Gastroenterol Hepatol 2005; 3: 184-191 [PMID: 15704053
DOI: 10.1016/S1542-3565(04)00667-6]
Gyr K, Meier R, Häussler J, Boulétreau P, Fleig WE, Gatta A,
Holstege A, Pomier-Layrargues G, Schalm SW, Groeneweg
M, Scollo-Lavizzari G, Ventura E, Zeneroli ML, Williams R,
Yoo Y, Amrein R. Evaluation of the efficacy and safety of flumazenil in the treatment of portal systemic encephalopathy:
a double blind, randomised, placebo controlled multicentre
study. Gut 1996; 39: 319-324 [PMID: 8977350]
Cadranel JF, el Younsi M, Pidoux B, Zylberberg P, Benhamou Y, Valla D, Opolon P. Flumazenil therapy for hepatic encephalopathy in cirrhotic patients: a double-blind pragmatic
randomized, placebo study. Eur J Gastroenterol Hepatol 1995; 7:
325-329 [PMID: 7600138 DOI: 10.1136/gut.39.2.319]
Agus ZS, Dukes ID, Morad M. Divalent cations modulate
the transient outward current in rat ventricular myocytes.
Am J Physiol 1991; 261: C310-C318 [PMID: 1872373]
Solomou E, Velissaris D, Polychronopoulos P, Kalogeropoulos A, Kiriakopoulou M, Mpadra F, Kordonouri T, Karantza
Ch. Quantitative evaluation of magnetic resonance imaging
(MRI) abnormalities in subclinical hepatic encephalopathy.
Hepatogastroenterology 2005; 52: 203-207 [PMID: 15783031]
Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world
cancer burden: Globocan 2000. Int J Cancer 2001; 94: 153-156
[PMID: 11668491 DOI: 10.1002/ijc.1440]
Sangiovanni A, Del Ninno E, Fasani P, De Fazio C, Ronchi G,
Romeo R, Morabito A, De Franchis R, Colombo M. Increased
survival of cirrhotic patients with a hepatocellular carcinoma
detected during surveillance. Gastroenterology 2004; 126:
1005-1014 [PMID: 15057740 DOI: 10.1053/j.gastro.2003.12.049]
Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI:
10.1002/hep.20933]
Trevisani F, D’Intino PE, Morselli-Labate AM, Mazzella G,
Accogli E, Caraceni P, Domenicali M, De Notariis S, Roda E,
Bernardi M. Serum alpha-fetoprotein for diagnosis of hepatocellular carcinoma in patients with chronic liver disease: influence of HBsAg and anti-HCV status. J Hepatol 2001; 34: 570-575
[PMID: 11394657 DOI: 10.1016/S0168-8278(00)00053-2]
Pateron D, Ganne N, Trinchet JC, Aurousseau MH, Mal F,
Meicler C, Coderc E, Reboullet P, Beaugrand M. Prospective
study of screening for hepatocellular carcinoma in Caucasian patients with cirrhosis. J Hepatol 1994; 20: 65-71 [PMID:
7515408 DOI: 10.1016/S0168-8278(05)80468-4]
Zoli M, Magalotti D, Bianchi G, Gueli C, Marchesini G, Pisi
E. Efficacy of a surveillance program for early detection of
hepatocellular carcinoma. Cancer 1996; 78: 977-985 [PMID:
8780534]
Izuno K, Fujiyama S, Yamasaki K, Sato M, Sato T. Early detection of hepatocellular carcinoma associated with cirrhosis
by combined assay of des-gamma-carboxy prothrombin and
alpha-fetoprotein: a prospective study. Hepatogastroenterology
1995; 42: 387-393 [PMID: 8586374]
Wang HM, Hung CH, Lu SN, Chen CH, Lee CM, Hu TH,
Wang JH. Liver stiffness measurement as an alternative to
fibrotic stage in risk assessment of hepatocellular carcinoma

WJG|www.wjgnet.com

212

213

214
215

216
217

218
219

220

221

222

223

224

225

5459

incidence for chronic hepatitis C patients. Liver Int 2013; 33:
756-761 [PMID: 23405889 DOI: 10.1111/liv.12118]
Masuzaki R, Tateishi R, Yoshida H, Goto E, Sato T, Ohki
T, Imamura J, Goto T, Kanai F, Kato N, Ikeda H, Shiina S,
Kawabe T, Omata M. Prospective risk assessment for hepatocellular carcinoma development in patients with chronic
hepatitis C by transient elastography. Hepatology 2009; 49:
1954-1961 [PMID: 19434742 DOI: 10.1002/hep.22870]
Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Long-term survival
and pattern of recurrence after resection of small hepatocellular carcinoma in patients with preserved liver function: implications for a strategy of salvage transplantation. Ann Surg
2002; 235: 373-382 [PMID: 11882759 DOI: 10.1097/00000658-20
0203000-00009]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]
Tanabe KK, Curley SA, Dodd GD, Siperstein AE, Goldberg
SN. Radiofrequency ablation: the experts weigh in. Cancer
2004; 100: 641-650 [PMID: 14745883 DOI: 10.1002/cncr.11919]
Romeo R, Del Ninno E, Rumi M, Russo A, Sangiovanni A,
de Franchis R, Ronchi G, Colombo M. A 28-year study of the
course of hepatitis Delta infection: a risk factor for cirrhosis
and hepatocellular carcinoma. Gastroenterology 2009; 136:
1629-1638 [PMID: 19208358 DOI: 10.1053/j.gastro.2009.01.052]
Bruix J, Sala M, Llovet JM. Chemoembolization for hepatocellular carcinoma. Gastroenterology 2004; 127: S179-S188
[PMID: 15508083 DOI: 10.1053/j.gastro.2004.09.032]
Forner A, Vilana R, Ayuso C, Bianchi L, Solé M, Ayuso JR,
Boix L, Sala M, Varela M, Llovet JM, Brú C, Bruix J. Diagnosis of hepatic nodules 20 mm or smaller in cirrhosis: Prospective validation of the noninvasive diagnostic criteria for
hepatocellular carcinoma. Hepatology 2008; 47: 97-104 [PMID:
18069697 DOI: 10.1002/hep.21966]
Llovet JM, Decaens T, Raoul JL, Boucher E, Kudo M, Chang C,
Kang YK, Assenat E, Lim HY, Boige V, Mathurin P, Fartoux
L, Lin DY, Bruix J, Poon RT, Sherman M, Blanc JF, Finn RS,
Tak WY, Chao Y, Ezzeddine R, Liu D, Walters I, Park JW.
Brivanib in patients with advanced hepatocellular carcinoma
who were intolerant to sorafenib or for whom sorafenib
failed: results from the randomized phase III BRISK-PS
study. J Clin Oncol 2013; 31: 3509-3516 [PMID: 23980090 DOI:
10.1200/JCO.2012.47.3009]
Thomas MB, Chadha R, Glover K, Wang X, Morris J, Brown
T, Rashid A, Dancey J, Abbruzzese JL. Phase 2 study of erlotinib in patients with unresectable hepatocellular carcinoma.
Cancer 2007; 110: 1059-1067 [PMID: 17623837 DOI: 10.1002/
cncr.22886]
Abou-Alfa GK, Johnson P, Knox JJ, Capanu M, Davidenko
I, Lacava J, Leung T, Gansukh B, Saltz LB. Doxorubicin plus
sorafenib vs doxorubicin alone in patients with advanced hepatocellular carcinoma: a randomized trial. JAMA 2010; 304:
2154-2160 [PMID: 21081728 DOI: 10.1001/jama.2010.1672]
Louafi S, Boige V, Ducreux M, Bonyhay L, Mansourbakht
T, de Baere T, Asnacios A, Hannoun L, Poynard T, Taïeb J.
Gemcitabine plus oxaliplatin (GEMOX) in patients with advanced hepatocellular carcinoma (HCC): results of a phase
II study. Cancer 2007; 109: 1384-1390 [PMID: 17330837 DOI:
10.1002/cncr.22532]
Tripodi A, Chantarangkul V, Primignani M, Fabris F, Dell’
Era A, Sei C, Mannucci PM. The international normalized
ratio calibrated for cirrhosis (INR(liver)) normalizes prothrombin time results for model for end-stage liver disease
calculation. Hepatology 2007; 46: 520-527 [PMID: 17659574
DOI: 10.1002/hep.21732]
Bellest L, Eschwège V, Poupon R, Chazouillères O, Robert

May 14, 2014|Volume 20|Issue 18|

Nusrat S et al . Cirrhosis and its complications
A. A modified international normalized ratio as an effective
way of prothrombin time standardization in hepatology.
Hepatology 2007; 46: 528-534 [PMID: 17654598 DOI: 10.1002/
hep.21680]
226 Delgado MG, Seijo S, Yepes I, Achécar L, Catalina MV, García-Criado A, Abraldes JG, de la Peña J, Bañares R, Albillos A,
Bosch J, García-Pagán JC. Efficacy and safety of anticoagulation on patients with cirrhosis and portal vein thrombosis.
Clin Gastroenterol Hepatol 2012; 10: 776-783 [PMID: 22289875
DOI: 10.1016/j.cgh.2012.01.012]
227 Amitrano L, Guardascione MA, Menchise A, Martino R,
Scaglione M, Giovine S, Romano L, Balzano A. Safety and efficacy of anticoagulation therapy with low molecular weight
heparin for portal vein thrombosis in patients with liver cirrhosis. J Clin Gastroenterol 2010; 44: 448-451 [PMID: 19730112
DOI: 10.1097/MCG.0b013e3181b3ab44]
228 Villa E, Cammà C, Marietta M, Luongo M, Critelli R, Colopi

S, Tata C, Zecchini R, Gitto S, Petta S, Lei B, Bernabucci V,
Vukotic R, De Maria N, Schepis F, Karampatou A, Caporali C,
Simoni L, Del Buono M, Zambotto B, Turola E, Fornaciari G,
Schianchi S, Ferrari A, Valla D. Enoxaparin prevents portal
vein thrombosis and liver decompensation in patients with
advanced cirrhosis. Gastroenterology 2012; 143: 1253-1260.e1-4
[PMID: 22819864 DOI: 10.1053/j.gastro.2012.07.018]
229 Sherlock JD. Hematology of Liver Disease2. Diseases of Liver
and Biliary System. 10th ed. London: Blackwell Science, 1997:
43-62
230 Argo CK, Balogun RA. Blood products, volume control, and
renal support in the coagulopathy of liver disease. Clin Liver Dis
2009; 13: 73-85 [PMID: 19150312 DOI: 10.1016/j.cld.2008.09.007]
231 Holland LL, Brooks JP. Toward rational fresh frozen plasma
transfusion: The effect of plasma transfusion on coagulation test results. Am J Clin Pathol 2006; 126: 133-139 [PMID:
16753596 DOI: 10.1309/NQXH-UG7H-ND78-LFFK]
P- Reviewers: Bernardi M, Borgia G, WongGLH, Yoshioka K
S- Editor: Qi Y L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

5460

May 14, 2014|Volume 20|Issue 18|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i18.5461

World J Gastroenterol 2014 May 14; 20(18): 5461-5473
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

REVIEW

Helicobacter pylori associated chronic gastritis, clinical
syndromes, precancerous lesions, and pathogenesis of
gastric cancer development
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Kheng-Jim Lim, Kiron M Das
reduces GC. Molecular markers detected by genetic and
epigenetic alterations related to carcinogenesis reverse
following H. pylori eradication. This indicates that these
changes may be an important factor in the identification of high risk patients for cancer development. Patients who underwent endoscopic treatment of GC are
at high risk for development of metachronous GC. A
randomized controlled trial from Japan concluded that
prophylactic eradication of H. pylori after endoscopic
resection should be used to prevent the development
of metachronous GC, but recent retrospective studies
did not show the tendency. Patients with precancerous lesions (molecular alterations) that do not reverse
after H. pylori treatment, represent the “point of no
return” and may be at high risk for the development of
GC. Therefore, earlier H. pylori eradication should be
considered for preventing GC development prior to the
appearance of precancerous lesions.

Jiro Watari, Hirokazu Fukui, Tadayuki Oshima, Toshihiko
Tomita, Hiroto Miwa, Division of Gastroenterology, Department
of Internal Medicine, Hyogo College of Medicine, Nishinomiya
663-8501, Japan
Nancy Chen, Peter S Amenta, Kheng-Jim Lim, Kiron M Das,
Division of Gastroenterology and Hepatology, Departments of
Medicine and Pathology, Robert Wood Johnson Medical School,
Rutgers, Cancer Institute of New Jersey, New Brunswick, NJ
08903, United States
Author contributions: Watari J drafted the initial manuscript;
Chen N and Lim KJ contributed further and modified sequential
draft; Amenta PS provided immunohistochemical interpretation
for the various monoclonal antibodies; Das KM critically guided
the format and content of the manuscript and revised the paper;
all the contributed authors read and approved the final manuscript.
Supported by Grant, NIDDK, RO1DK63618 to KMD from the
National Institutes of Health, Bethesda, MD
Correspondence to: Kiron M Das, MD, PhD, Division of
Gastroenterology and Hepatology, Departments of Medicine
and Pathology, Robert Wood Johnson Medical School, Rutgers,
Cancer Institute of New Jersey, 1 Robert Wood Johnson Pl., New
Brunswick, NJ 08903, United States. daskm@rwjms.rutgers.edu
Telephone: +81- 732-2357784 Fax: +81-732-2357792
Received: November 2, 2013 Revised: December 12, 2013
Accepted: March 7, 2014
Published online: May 14, 2014

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Helicobacter pylori ; Gastric atrophy; Intestinal metaplasia; Gastric cancer; Eradication; Prevention;
Molecular alteration
Core tip: This review provides a current understanding
on Helicobacter pylori , pathogenesis of chronic gastritis, gastric intestinal metaplasia, gastric carcinoma, and
prevention strategy.

Abstract
Helicobacter pylori (H. pylori ) infection is well known

to be associated with the development of precancerous lesions such as chronic atrophic gastritis (AG), or
gastric intestinal metaplasia (GIM), and cancer. Various
molecular alterations are identified not only in gastric
cancer (GC) but also in precancerous lesions. H. pylori treatment seems to improve AG and GIM, but still
remains controversial. In contrast, many studies, including meta-analysis, show that H. pylori eradication
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binding adhesion (BabA), outer inflammatory protein A
(OipA) and sialic acid binding adhesion (SabA). Although
many other proteins in this class may play a role in cell
adhesion and infection, the aforementioned are the major
players. Additionally, cellular damage is achieved predominantly through the effects of two genes: vacuolating cytotoxin A (VacA) and cytotoxin associated gene A
(CagA) which mechanism of action and interaction will
be discussed in depth later in this article. Even though
H. pylori is considered a non-invasive bacterium, there is
some data supports its ability for intracellular invasion
through mechanisms not yet fully understood[12]. H. pylori
is a truly heterogeneous bacterium, expressing a wide array of multiple clinically important virulence factors that
also seem to have a geographic influence.

org/10.3748/wjg.v20.i18.5461

INTRODUCTION
Helicobacter pylori (H. pylori) is the most common chronic
infection worldwide, with a prevalence of approximately
50%; however, the majority of the infected individuals
are asymptomatic[1]. The country-to-country variance
in prevalence ranges from as low as 30% in the United
States to as high as 90% in developing countries such
as Iran[2,3]. This large reservoir of asymptomatic carriers
renders H. pylori a difficult infection to eradicate. Many
factors determine a country’s infection rate, with socioeconomic status and living conditions in early childhood
as the principle determinants. Another important factor
is mode of transmission, with horizontal transmission
amongst the general population as the predominant
mode in developing countries verses transmission via
family members in industrialized countries[4,5]. The person-to-person transmission of this infection is thought
to occur via multiple routes: fecal-oral[6], oral-oral[7] as well
as environmental transmission through a contaminated
water supply[8]. There is evidence of earlier infection in
developing nations compared to industrialized nations[9].
There are also reports of a higher prevalence of H. pylori
in industrialized Asian countries compared to their western counterparts. For example the prevalence of H. pylori
was noted to be 39% in Japan and 60% in South Korea[2],
which are both industrialized, affluent countries with safe
water supplies. One hypothesis is the potential increase
in oral-oral transmission[7] of this infection due to the
“family-style” sharing of meals and plates etc. typical in
Asian countries.
Here we review H. pylori infection, diagnosis, and
clinical syndromes with a primary focus on its effect on
precancerous lesions, i.e., chronic atrophic gastritis (AG)
and gastric intestinal metaplasia (GIM), development of
gastric cancer (GC) and discuss early diagnosis, efficient
preventive strategies for GC based on the clinical literature, through original contributions, systematic reviews,
and meta-analyses.

DIAGNOSIS
The American College of Gastroenterology guideline
in 2007 recommended testing for H. pylori only with the
intention to treat a positive test result[13]. Absolute indications for testing and treatment include patients with
active peptic ulcer disease, confirmed history of peptic
ulcer but not previously treated, gastric mucosa-associated lymphoid tissue (MALT), and early GC. Relative
indications include testing in patients with unexplained
dyspepsia without alarming features. In the United States,
a majority of these patients may have symptoms of gastroesophageal reflux disease (GERD) rather than H. pylori
infection. Also testing for H. pylori prior to initiating nonsteroidal anti-inflammatory drug treatment is usually not
recommended in areas with low prevalence of H. pylori.
Rarely unexplained iron deficiency anemia[14] or immune
thrombocytopenic purpura can be reversed with H. pylori
treatment, again the incidence of these finding would be
low in the United States[15,16]. For asymptomatic patients,
if they have a first degree relative with GC or are of high
risk populations (Asians, Eastern Europeans, or Mesoamerican descent), are considered as higher risk populations for the development of GC[17].
Diagnostic testing for H. pylori can be divided into endoscopic and nonendoscopic techniques. The techniques
could be direct (culture, histology, or detection of bacterial antigen in the biopsy tissue or stool) or indirect (using
urease breath test, or an antibody response as a marker
of disease). Serologic test for antibody indicates exposure
to bacteria but does not help to assess active infection.
The choice of a suitable test depends upon a variety of
issues such as cost, accessibility, clinical situation, any
family history of GC, and pretest probability of infection
which is affected by population prevalence of infection.
Also factors include the use of proton pump inhibitors,
antibiotics or bismuth-containing compounds that may
influence the accuracy of some test results.

BACTERIOLOGY
H. pylori is a Gram-negative microaerophilic spiral-shaped
bacterium with a flagella that enables it to colonize the
human gastrointestinal tract. It has evolved various mechanisms to promote its survival in the stomach’s acidic environment and increase its ability to cause infection. One
such adaptation is urease, an enzyme that hydrolyzes urea
and releases ammonia, which in turn neutralizes gastric
acid, allowing H. pylori to survive and colonize the gastric
mucosa[10]. The other main feature of H. pylori is its ability to adhere to the gastric epithelium, which is achieved
through receptor-mediated adhesion[11] via an array of
outer membrane proteins. These proteins include adherence lipoprotein A and B (AlpA/B), blood group antigen
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to be asymptomatic, their clinical manifestations can be
confounded by other disease processes such as functional
dyspepsia and GERD. However a certain population of
individuals infected with H. pylori can develop pathological findings of non-malignant and malignant diseases.

Three types of chronic gastritis are recognized: pangastritis, antrum predominant, and corpus predominant.
Diffuse antral gastritis with normal or increased acid
secretion. This is associated with little or no gastric atrophy and duodenal ulcers (DUs). Persistent inflammation
results in the development of gastric atrophy with hypochlorhydria, or achlorhydria[29,30]. These changes facilitate
the proximal migration of the bacteria, leading to corpus
or multifocal gastritis, which tends to progress through
intestinal metaplasia, then to intestinal type GC.

FUNCTIONAL DYSPEPSIA/GERD
The relationship between H. pylori and a host of other
gastrointestinal diseases is currently under investigation.
Functional dyspepsia is a common ailment which occurs
in 10%-30% of the population each year with no clear
understanding of the pathophysiology of this disorder[18].
The underlying cause of functional dyspepsia is likely
multi-factorial and the role of H. pylori is unclear. However, a large meta-analysis which examined 14 randomized controlled trials demonstrated that treating H. pylori
improved dyspeptic symptoms up to 1 year later with an
OR of 1.38; 95%CI: 1.18-1.62[19]. Due to these studies
that evidenced improvement in dyspeptic symptoms with
H. pylori eradication, many guidelines now recommend
treating patients who test positive for the bacterium and
suffer from functional dyspepsia[20].
GERD is an extremely common disease and its relationship with H. pylori is somewhat controversial. Several
studies demonstrated an increase in GERD symptoms
and esophagitis even after successful eradication of H. pylori[21]. However, upon further review, this relationship did
not hold true in a meta-analysis comparing 10 trials and
showed that reflux symptoms were similar in the H. pyloritreated groups and the controls. Although, improvement
of reflux symptoms post treatment is also reported[22]. It
is evident that H. pylori may be involved in more disease
processes than previously thought, however before any
definitive relationship can be established, more research
is needed for clarification.

PEPTIC ULCER DISEASE
There is a clear association between H. pylori infection
and the development of peptic ulcer disease. The prevalence rate of peptic ulcer disease caused by H. pylori remains high in Asia at about 93%[31]. In the United States
and in Western Europe the prevalence rate of peptic ulcer disease have been lowered in the range of 40%-75%
due to a declining occurrence of H. pylori infection[32-34].
Certain H. pylori genes and virulent factors have been
suggested for the development of peptic ulcer disease.
Virulent factor such as VacA m1 is possibly associated
with an increased risk of peptic ulcer disease[35]. In China,
the prevalence of dupA gene was highest in DU and inversely related to gastric ulcer and GC[36,37].
H. pylori eradication has been shown to be a cost effective approach to reduce peptic ulcer disease recurrence
and increase DU healing rate[38-41]. According to a recent
prospective, long-term study that 1000 patients were followed up for at least 12 mo to assess ulcer rebleeding
rate after H. pylori eradication, the cumulative incidence
of rebleeding was 0.5% (95%CI: 0.16%-1.16%), and
the incidence rate of rebleeding was 0.15% (95%CI:
0.05%-0.36%) per patient-year of follow up. The authors
concluded that peptic ulcer rebleeding virtually does not
occur in patients with complicated ulcers after H. pylori
eradication. Maintenance antisecretory therapy is not
necessary if eradication is achieved[42]. Similarly, a recent
systematic review and meta-analysis of five randomized
controlled trials with 401 patients were performed to evaluate the effects of H. pylori eradication on prevention of
ulcer recurrence after simple closure of perforated peptic
ulcers. A high prevalence of H. pylori infection was found
in patients with perforated peptic ulcers. Eradication of
H. pylori has significantly reduced the incidence of ulcer
recurrence at 8 wk (RR = 2.97; 95%CI: 1.06-8.29) and 1
year (RR = 1.49; 95%CI: 1.10-2.03) post-operation[43].

GASTRITIS
Gastritis is defined by inflammation of the stomach lining associated with mucosal injury. The duration of mucosal inflammation can be used to separate this condition
from acute gastritis and chronic active gastritis. H. pylori
is the most common infectious etiology associated with
gastritis.
The majority of patients infected with H. pylori develop acute gastritis which may spontaneously resolve. The
ability of H. pylori to cause acute gastritis is best demonstrated from studies where healthy volunteers have been
intentionally infected with the organism. This acute infection is associated with the development of hypochlorhydria and neutrophilic infiltration on gastric biopsy[23-25].
After an acute H. pylori infection, the majority of
acute gastritis evolves into chronic active gastritis that is
histologically characterized by mononuclear cells, predominantly lymphocytes, plasma cells and macrophages.
Lymphoid follicles with germinal centers are frequently
seen and are characteristic of an H. pylori infection[26-28].
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H. PYLORI AND GC
It has been postulated that H. pylori infection causes
chronic gastritis, AG, usually with GIM and dysplasia, and
GC, especially intestinal-type[44-46]. The stepwise course
of this infection, which usually continues over decades,
has been defined as a sequence of histological events that
confer an increasing risk of malignant transformation,
as described in Correa’s hypothesis[44]. A meta-analysis
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showed that H. pylori eradication seems to reduce GC[47].
However, a recent study from Japan showed that there
is a risk of developing GC of both the intestinal (0.17%
per year) and diffuse (0.13% per year) types even after the
cure of H. pylori infection and extinction of gastric inflammation[48]. It has been also reported from Japan that
H. pylori treatment reduces the risk of developing new
GC in patients who have a history of GC and are thus at
high risk for this development[49]. However, recent retrospective studies show that H. pylori eradication does not
reduce the incidence of metachronous GC[50,51]. These results indicate that the establishment of predictable markers for the development of GC from patients cured of H.
pylori infection is needed.
Up to now, a number of genetic and epigenetic alterations of tumor suppressor and tumor related genes
involve the development or progression of precancerous
lesions as well as GC have been reported.
GC is the second-leading cause of cancer death both
worldwide and in Japan. GC is histologically divided into
two types, intestinal and diffuse types[52]. One of the main
risk factors for the development of both type of GC is
considered to be H. pylori infection[53-57]. Therefore, in uninfected persons GC does not develop[58] besides cardia/
junctional GC[59].

Besides genetic diversity of the infecting H. pylori
strains, other factors that may influence the etiology of
GC include differences in the host genetic background
in various ethnic groups, i.e., gastric acid secretion and
genetic polymorphisms in pro-inflammatory cytokines.
These factors, in addition to environmental factors, such
as personal hygiene and dietary habits, reflect the multifactorial etiology of GC[61].

PRECANCEROUS LESIONS
Atrophic gastritis
AG is characterized by chronic inflammatory processes
of gastric mucosa that leads to the loss of appropriate
glands[71] and a reduction of gastric secretory function.
The extensive spread AG, which is associated with the
state of achlorhydria or hypochlorhydria, is known to be a
significant risk of GC[72,73]. The relation between H. pylori
and GC depends on the factors that determine the severity and rate of progression of AG. Several studies show,
furthermore, that precancerous conditions including AG
and GIM are indicators of an increased risk for GC as
compared with chronic gastritis in the absence of these
lesions[73-75]. A prospective study by Uemura et al[58] also
has showed that RR for GC was 1.7 (95%CI: 0.8-3.7) in
moderate AG and 4.9 (95%CI: 2.8-19.2) in severe AG
compared to none or mild AG (control).
It is generally considered that AG has a relatively high
prevalence rate in countries with a higher prevalence of H.
pylori infection and GC[74]. However, despite a high rate
of H. pylori infection, there are some regions with a low
prevalence of precancerous lesions and GC. This phenomenon is reported as the geographical enigmas (African, Asian, Indian and Costa Rican enigmas)[60-62]. Moreover, GC and DU occupy opposite ends of the spectrum
of H. pylori-related disease. Most DU are categorized as
antral-predominant gastritis[58] or nonatrophic gastritis[76],
which have a low risk for GC and different from gastric
and gastro-duodenal ulcers in pathophysiology[58,77].
Up to now, Miki et al[78] have reported that progression of AG correlates strongly with stepwise reductions
in serum pepsinogen (PG) Ⅰ levels and the PG Ⅰ/Ⅱ
ratio. In other words, measuring serum PG Ⅰ and the
PG Ⅰ/Ⅱ ratio offers the opportunity to evaluate the
progression of AG, a precursor of GC[79]. As criteria for
the serum PG test used for GC screening, the combination of PG I ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤ 3.0 is widely
accepted as a reference value[79,80]. According to a recent
meta-analysis of PG test, pooled sensitivity and specificity for GC detection were 77.3% (95%CI: 69.8-83.8) and
73.2% (95%CI: 72.8-73.6), respectively[81]. Thereafter, a
combination of the serum PG test and H. pylori infection
diagnosis was conducted to overcome the low sensitivity for GC detection[82,83]. The stage of H. pylori-related
chronic gastritis was classified into 4 stages based on the
combination of both test results: Group A [H. pylori (-),
PG (-)]; Group B [H. pylori (+), PG (-)]; Group C [H.
pylori (+), PG (+)]; and Group D [H. pylori (-), PG (+)].

GEOGRAPHICAL ENIGMA
Observations of geographical differences in the prevalence of H. pylori and its related diseases, especially in
Asia, have been intriguing. Although there is a strong link
between H. pylori infection and GC in East Asia including Japan, the prevalence of H. pylori infection is high in
some countries such as India and Bangladesh with low
GC rates. There are several possible factors that affect
this enigma[60-62]. First, the presence of virulent factors in
the infecting H. pylori strain is a known determinant factor of the outcome of the infection. The CagA and VacA
of H. pylori, have been associated to phenotypic characteristics of virulence. It has long been noted that patients infected with strains with an intact cag pathogenicity island
have a more intense inflammatory response and this was
also associated with an increased chance of developing
GC or peptic ulcer disease[63]. Infection with Cag-positive
VacA s1/m1 strains is associated with precancerous lesions and the development of GC, while persistent nonatrophic gastritis associated to Cag negative VacA s2/m2
does not increase the risk of cancer[64]. Most H. pylori
clinical isolates in Japan and South Korea have been reported to possess both CagA and VacA genes with VacA
genotype s1/m1, and this genotype is associated with
progression of gastric preneoplastic lesions and cancer
risk[65-68]. In contrast, VacA genotype in India and Taiwan,
where the prevalence of H. pylori is high and that of GC
is low, is different[69,70]. Taken together, previous reports
show a potential role of H. pylori strain genotype diversity
in various presentation of gastric disease in different regions and populations.
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Table 1 Operative link for gastritis assessment staging system
Atrophy score

Antrum

No atrophy (score 0) (including incisura angularis)
Mild atrophy (score 1) (including incisura angularis)
Moderate atrophy (score 2) (including incisura angularis)
Severe atrophy (score 3) (including incisura angularis)

Corpus
No atrophy

Mild atrophy

Moderate atrophy

Severe atrophy

(score 0)

(score 1)

(score 2)

(score 3)

Stage 0
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅰ
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅱ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Stage Ⅳ

The stage of gastritis results by combining the atrophy score values as obtained in antral and corpus biopsy samples[84,85].

As a result, annual incidences of GC development were:
Group A, 0%; Group B, 0.11%; Group C, 0.24%; and
Group D, 1.31%. Thus, with H. pylori infection and AG
progression, the rate increased in a stepwise and significant manner.
In histological diagnosis of AG, the Sydney System
and its Houston updated version provide a uniform nomenclature for gastritis, as well as visual analogue scales[71]
The system, however, lacks the element of prognosis
and the same pathologists who use it in their research
activities found it too cumbersome for routine diagnostic
activities[84]. In 2005, Operative Link for Gastritis Assessment (OLGA) staging system was proposed by an international group of gastroenterologists and pathologists
(Table 1)[84,85]. As the risk of GC directly relates to the extent of AG, an atrophy based staging system will provide
implications for the prognosis and, possibly, the management of patients. This OLGA staging system may offer
clinicians an immediate overall perception of the extent
of gastric disease and also provides information regarding cancer risk, especially intestinal-type. In this system,
stages Ⅲ and Ⅳ are significantly associated with GC development[86-88], thus being consistent with the biological
assumption that the extent and location of atrophy correlate with the risk of cancer[58,89,90]. It has been reported,
furthermore, that a significant association emerged between mean PG Ⅰ/Ⅱ values and OLGA stage (the lower
the ratio, the higher the stage; by ordinal logistic regression: OR = 0.82; 95%CI: 0.72-0.94; P < 0.006), and the
mean PG Ⅰ/Ⅱ ratio declined significantly as the OLGA
stage increased (test for trend; P < 0.001)[88].

a condition that predisposes to malignancy, and also the
presence of incomplete-type GIM (type Ⅲ) and a higher
proportion of this type indicate a higher cancer risk, especially intestinal-type GC[91-94]. Shiotani et al[95] reported
that incomplete GIM in the corpus lesser curve (OR =
6.4; 95%CI: 2.0-21, P = 0.002) is associated with an increased risk factor for GC. In contrast, there are opposite
studies that detection of incomplete-type GIM (type
Ⅲ) as detected by AB/HID staining is of limited value
as an indicator of risk of GC, and AB/HID subtyping
does not provide useful information to the clinician[96-98].
Therefore, the pattern, extent, and severity of atrophy
with/without GIM may be the most important predictor
of increased cancer risk than GIM subtype.
Some investigators consider incomplete-type GIM
to be a mild form of dysplasia[99]. However, there are
some other reports which intestinal-type GC does not
necessarily arise from GIM, thus it remains controversial whether GIM is actually a precancerous lesion or
not[100-102]. Indeed, previous studies have showed that
GIM was not always noted in the surrounding mucosa of
minute intestinal-type GC[102], indicating that GIM may
be a paracancerous lesion, but not a precancerous lesion.
Detection of molecular alterations in precancerous
lesion
GC develops through the accumulation of genetic and
epigenetic alterations, but the mechanisms of induction
have remained unknown. Similarly, molecular alterations
are identified even in precancerous lesions including
AG and GIM[103]. Preferential expression of COX-2 in
colonic-phenotype (type Ⅲ) intestinal metaplasia associated with H. pylori and GC has been reported by Sun et
al[104]. This has been further confirmed by using a colon
epithelial specific antibody Das-1 as described below[105].
We have developed a novel monoclonal antibody
(mAb), Das-1 (formerly known as 7E12H12, IgM isotype),
which specifically reacts with the colonic epithelium[105],
and have reported that GIM of a colonic phenotype,
detected by mAb Das-1, is strongly associated with GC
(Figure 1)[106,107]. Non-cancerous samples from 93% of
patients having GIM as well as GC were found to react
with mAb Das-1, whereas GIM samples from patients
without GC reacted less frequently (35%) with the mAb
(P < 0.0001)[106]. Subsequently, in a prospective study using a large cohort of patients infected with H. pylori and

Gastric intestinal metaplasia
GIM is defined as the replacement of the gastric epithelium by two types of intestinal-type epithelium, which
can be seen by Haematoxylin-eosin staining: (1) absorptive enterocytes with brush border along with goblet
cells; and (2) columnar cells with foamy cytoplasm but
lacking brush border[91]. Furthermore, it is divided into
three phenotypes by alcian blue and high-iron diamine
(AB/HID) staining as described by Filipe and Jass[92],
namely type Ⅰ (complete or small intestinal type) and
types Ⅱ and Ⅲ (incomplete or colonic type). When more
than one type of GIM coexisted in a given sample, the
case was classified according to the dominant type present in the section[92]. GIM is generally considered to be
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Figure 1 Serial sections of formalin fixed paraffin embedded biopsy tissue from two patients with gastric intestinal metaplasia without carcinoma. Haematoxylin-eosin staining (A, D), alcian blue/high iron diamine staining (B, E), and immunoperoxidase assay with the monoclonal antibody mAb Das-1 (C, F); (A-C) is from
the same patient and (D-F) from the second patient. mAb Das-1 stained both goblet cells (shorter arrow) and metaplastic non-goblet cells (longer arrow) in the glands
(C), suggesting colonic phenotype (incomplete type); While GIM is clearly evident with the presence of goblet cells (D, E) in the second patient, but mAb Das-1 did not
stain the glands including goblet cells (F). The arrow shows the unstained goblet cells suggesting complete phenotype or small intestinal phenotype (original magnification × 160 for each part)[106].

in H. pylori-associated chronic gastritis and GIM either
with or without GC[119,120]. There is an interesting report
that individuals with baseline K-ras mutations were more
likely to progress from either atrophy to metaplasia or
from complete-type GIM (type Ⅰ) to incomplete-type
GIM (type Ⅲ); and those individuals with G-›A transitions (Gly→Ser) were more likely to progress from atrophy to GIM than those individuals who lacked this
mutation[119]. Similarly, mutations with AGT (Ser) were
considered more likely to be advantageous in K-ras gene
alterations and are important in gastric tumorigenesis in
our study[121].
Epigenetic abnormalities are also important as cancer
gene abnormalities in addition to gene structural abnormalities such as mutations and chromosomal deletions. In
GC, inactivation of various genes because of methylation
is more frequently observed compared to inactivation due
to mutations or chromosomal deletions[122]. Even in noncancerous mucosa, aberrant methylation can be present.
These findings suggest that aberrant methylation is deeply involved in gastric carcinogenesis, and aberrant methylation seems to be useful as a new target for diagnostics
and prevention of GC[122]. Epigenetic methylation-associated inactivation of the hMLH1 mismatch repair gene
is a potent trigger of MSI, especially high-frequency MSI
(MSI-H)[123]. DNA methylation of hMLH1 promoter
region CpG island is tightly associated with the loss of
hMLH1 expression in GC exhibiting MSI[124]. In contrast,
there are a few reported that mean methylation levels for

with and without chronic gastritis who were followed up
to 4 years showed a change in the phenotype of metaplasia which may be an important factor in the induction of
GC. These results suggested that mAb Das-1 positivity
in GIM could be a risk marker related to gastric carcinogenesis[106,107]. It has been reported that microsatellite
instability (MSI) are frequently detected in GIM[108,109] and
chronic gastritis mucosa[110], but there is little evidence of
mismatch repair defects in these tissues[111]. We have also
found that genomic instability, including MSI and loss of
heterozygosity (LOH) in GIM may be associated with
gastric carcinogenesis[57,58,112], and MSI or mAb Das-1 reactivity in GIM. This strongly predicts that the development
of metachronous GC after endoscopic treatment to early
stage GC is irrespective of the eradication of H. pylori[113].
Intestine-specific homeobox genes, caudal-type homeobox (Cdx1) and Cdx2, are transcription factors that
regulate both proliferation and differentiation in intestinal epithelial cells[114,115]. CDX2 expression in the gastric
mucosa is found in patients with chronic gastritis and
is closely associated with GIM[116]. As to the important
role of Cdx2 in transdifferentiation of the gastric epithelial cells into GIM, Mutoh et al[117] reported that Cdx2expressing transgenic mice induced GIM with an increase
of epithelial cell proliferation. Also, they showed that
invasive GC developed from GIM in Cdx2-transgenic
mice[118], thus suggesting GIM itself may play a significant
role in the genesis and progression of GC.
There have been only a few reports of this oncogene
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Table 2 Studies that examined histological improvements with a follow-up duration of more than 5 years after Helicobacter pylori
[129-134]
eradication
Ref.

Authors

Year

Country

Number of patients

Study design

Observation period (yr)

Gastric atrophy
Antrum

129
130
131
132
133
134

Forbes
Ito
Zhou
Leung
Vannella
Kodama

1996
2002
2003
2003
2010
2012

Australia
Japan
China
Hong Kong
Italy
Japan

54
22
552
435
300
323

Prospective
Prospective
RCT
RCT
Observational
Prospective

7.1
5.0
5.0
5.0
5.2
10.0

Corpus

Intestinal metaplasia
Antrum

No
Yes
No

Yes
No

Yes
Yes

Yes
Yes

No
No

ND
No
Yes

Corpus
No
Yes
No
Yes
Yes
Yes

RCT: Randomized control trial.

the tumor suppressor genes CDKN2A (p16) and hMLH1
were very low, thus evaluating the correlation with GC
risk was difficult[125,126]. Genes methylated by H. pylori infection show specificity. With H. pylori infection, resistant
genes show no methylation at all while susceptible genes
display a high frequency of methylation[127]. The hypermethylation of E-cadherin gene is accelerated by H. pylori
infection[128].

(-0.05-0.02) (P = 0.42) for corpus GIM, respectively. Their
result has revealed that H. pylori eradication significantly
improved AG in the corpus but not in the antrum; it also
did not improve GIM[136]. As to difference of the results
between these 2 meta-analysis, Wang et al[136] discussed
that the study by Rokkas et al[135] used different selection
criteria, extracted different data from each article, and did
not include a recent trial with negative results.
Changes of molecular alterations by H. pylori
eradication
We previously reported that although H. pylori eradication
does not reduce the histologic GIM score, but it changes
the cellular phenotype of GIM, as identified by mAb
Das-1 and TC22-4 which related to carcinogenesis of colon epithelium -> colon cancer[137]; therefore this change
of phenotype may be an important factor in the reduction of cancer incidence after eradication of H. pylori[107].
It has bee also reported that H. pylori eradication reduced
MSI in GIM[57,113].
Chan et al[138] and Leung et al[139] showed that H. pylori
eradication therapy could reverse methylation of E-cadherin gene in patients with chronic gastritis. In addition,
decreased methylation levels of other genes after H. pylori
eradication have been confirmed in specific genes[140].
Once methylation has occurred in a cell, it is difficult
to conceive that demethylation would again occur in
the same region. The decrease in methylation levels observed after H. pylori eradication is thus probably due to
cell turnover (temporary methylation). Residual aberrant
methylation even after eradication is thought to reflect
methylation in gastric gland stem cells (permanent methylation)[141]. Therefore, individuals with residual methylation after H. pylori eradication have a risk of GC.

CAN H. PYLORI TREATMENT REDUCE
THE RISK OF GC?
Changes of preneoplastic lesions by H. pylori
eradication
Some studies reported that the precancerous lesions including AG and GIM had improved after eradication, but
other studies did not find any change[107]. Therefore, little
consensus has been obtained as to the improvement of
AG or GIM after eradication. Some of the reasons for
these discrepancies may be ethnic variations, completeness of eradication, stage of the disease when treatment
was initiated, and the short follow-up period (the followup period did not exceed 1 year). When evaluating the
studies followed-up more than 5 years following H. pylori
eradication, AG and GIM tended to improve histologically especially in the corpus (Table 2)[129-134].
Up to now, there are two meta-analyses regarding the
long-term effects of H. pylori eradication on gastric histology[135,136]. According to a meta-analysis by Rokkas et
al[135], for histological changes of AG, the pooled OR with
95%CI was 0.554 (0.372-0.825) (P = 0.004) in antrum and
0.209 (0.081-0.538, P < 0.001) respectively. However, no
histological improvement of GIM was seen; the pooled
OR = 0.795, 95%CI: 0.587-1.078 (P = 0.14) in the antrum and the pooled OR = 0.891, 95%CI: 0.663-1.253 (P
= 0.506) in the corpus. Their results showed significant
improvement of AG, whereas improvement was not
shown for GIM. In contrast, another meta-analysis by
Wang et al[136] showed that comparing the histological alterations before and after H. pylori eradication, the pooled
weighted mean difference (WMD) with 95%CI was 0.12
(0.00-0.23) (P = 0.06) for antral AG and 0.32 (0.09-0.54)
(P = 0.006) for corpus AG; whereas the pooled WMD
was 0.02 (-0.12-0.16) (P = 0.76) for antral GIM and -0.02
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Does H. pylori eradication actually reduce the risk of GC
incidence?
According to a systematic review in total of 15 papers
by Ito et al[142], the H. pylori eradication statistically reduces the prevalence of clinical GC by approximately
one-third. Interestingly, the studies from Japan support
this conclusion; however, studies from other countries
have reported conflicting results. GC that developed
after eradication revealed a mainly intestinal-type histol-
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ogy and depressed-type appearance. They mentioned,
furthermore, that the following are possible reasons for
reduction of GC: (1) eradication therapy inhibits the new
occurrence of GC; (2) eradication regresses or inhibits
the growth of GC; and (3) eradication interferes with the
discovery of GC[142]. A recent meta-analysis of randomized, controlled trials (n = 7), mostly in Asia (n = 6), also
show that H. pylori treatment seems to reduce GC risk (RR
= 0.65, 95%CI: 0.43-0.98)[47]. Wong et al[143] found that although no overall reduction was observed in participants
who received H. pylori treatment compared with those
who did not, in the subgroup of H. pylori carriers without precancerous lesions, i.e., AG or GIM, eradication
of H. pylori significantly decreased the development of
GC. Thus, they emphasized the concept of “point of no
return”[144], in which the benefit of H. pylori eradication
diminish after GIM stage was reached (in which many
molecular changes had been detected).
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Use of lectin microarray to differentiate gastric cancer from
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was used as the primary antibody and HRP-streptavidin as the secondary antibody. The glycopatterns of
glycoprotein in gastric cancer and gastric ulcer specimens were determined by lectin microarray, and then
validated by lectin histochemistry. Data are presented
as mean ± SD for the indicated number of independent experiments.
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RESULTS: The glycosylation level of gastric cancer
was significantly higher than that in ulcer. In gastric
cancer, most of the lectin binders showed positive
signals and the intensity of the signals was stronger,
whereas the opposite was the case for ulcers. Significant differences in the pathological score of the two
lectins were apparent between ulcer and gastric cancer tissues using the same lectin. For MPL and VVA,
all types of gastric cancer detected showed stronger
staining and a higher positive rate in comparison with
ulcer, especially in the case of signet ring cell carcinoma and intra-mucosal carcinoma. GalNAc bound to
MPL showed a significant increase. A statistically significant association between MPL and gastric cancer
was observed. As with MPL, there were significant differences in VVA staining between gastric cancer and
ulcer.

Abstract

CONCLUSION: Lectin microarray can differentiate the
different glycopatterns in gastric cancer and gastric
ulcer, and the lectins MPL and VVA can be used as biomarkers.

AIM: To investigate the feasibility of lectin microarray
for differentiating gastric cancer from gastric ulcer.
METHODS: Twenty cases of human gastric cancer tissue and 20 cases of human gastric ulcer tissue were
collected and processed. Protein was extracted from
the frozen tissues and stored. The lectins were dissolved in buffer, and the sugar-binding specificities of
lectins and the layout of the lectin microarray were
summarized. The median of the effective data points
for each lectin was globally normalized to the sum of
medians of all effective data points for each lectin in
one block. Formalin-fixed paraffin-embedded gastric
cancer tissues and their corresponding gastric ulcer tissues were subjected to Ag retrieval. Biotinylated lectin
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Core tip: To assess the different glycopatterns in gastric ulcer and cancer by lectin microarray, which was
then validated by lectin histochemistry. The results
showed that the glycosylation level of gastric cancer
was significantly higher than that in ulcer; the subse-
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this enzyme. Differences in the tissue distribution and
substrate specificity towards peptides are related to the
diverse functions of these different subtypes of GalNAc-Tases. A GalNAc-Tase expression pattern has been
reported in several types of cancer[19-22], including gastric
cancer[22-25], which suggests that GalNAc plays a key role
in gastric cancer genesis.
In the past two decades, lectins have been the main
means of investigating glycosylation. Lectins are sugarbinding proteins that are highly specific for their sugar
moieties. Since 2005, lectin microarray technology has
emerged as a relatively simple but powerful technique
for the comprehensive analysis of glycoprotein glycosylation[26,27]. The display of lectins in a microarray enables multiple and distinct binding glycopatterns to be
observed simultaneously, providing information on the
carbohydrate composition of the samples. Lectin microarray is a sensitive tool with the potential to allow highthroughput analysis of cancer-associated changes in glycosylation, and it has been used for biomarker discovery
for cancer.
In this study, we first investigated the differences in
glycopatterns between gastric ulcer and cancer using a
lectin microarray, and the results were further validated
by lectin histochemistry. Our results showed that the glycosylation level of gastric ulcer was lower than that of
gastric cancer in general, and the subsequent lectin histochemistry using two selected lectins (MPL and VVA)
suggested that these lectins could be used as biomarkers
to distinguish gastric cancer from ulcer.

quent validation with two lectins (MPL and VVA) using
lectin histochemistry showed higher positive rates and
signal intensity in all types of gastric cancer detected,
when compared with ulcer, which was consistent with
the results of the lectin microarray, suggesting that
GalNAc bound by the lectins MPL and VVA could be
used to distinguish gastric cancer from ulcer.
Huang WL, Li YG, Lv YC, Guan XH, Ji HF, Chi BR. Use of
lectin microarray to differentiate gastric cancer from gastric
ulcer. World J Gastroenterol 2014; 20(18): 5474-5482 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i18/5474.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i18.5474

INTRODUCTION
Gastric cancer is the most common epithelial cancer worldwide and the second leading cause of cancer death, with
an incidence of 18.9/100000 per year[1,2]. It has been estimated that there are more than 934000 cases of gastric
cancer worldwide, with 56% of newly diagnosed cases
in East Asia[3]. In China, there are 400000 new cases of
gastric cancer and 300000 deaths annually, making gastric cancer China’s third most common type of cancer[4].
Surgery is the only known cure, so new prognostic indicators or tumour markers are necessary to increase patient survival, improve treatment outcome, and facilitate
early diagnosis[5].
The relation between gastric ulcers and cancer has
long been disputed, ever since Cruveilhier first distinguished clearly between chronic ulcer and cancer, both
clinically and pathologically, in 1839[6], but there is accumulating evidence that gastric ulcer disease is positively
associated with the risk of developing stomach cancer[7].
The presenting symptoms of early gastric cancer resemble those of a benign gastric ulcer[8,9]. The symptoms
of gastric cancer are similar to those of gastric ulcer,
and gastric cancers often seem to be benign ulcers, making them difficult to differentiate, which leads to delayed
diagnosis and the continued development of gastric
cancer. Therefore, a tool for distinguishing early gastric
cancer from ulcers is necessary.
Protein glycosylation, the attachment of a saccharide
moiety to a protein, is a modification that occurs posttranslationally. Two major types of glycosylation exist:
N-linked and O-linked-N-glycosylation to the amide
nitrogen of asparagine (Asn) side chains and O-glycosylation to the hydroxyl groups of serine (Ser) and threonine (Thr) side chains. Glycosylation plays a key role
in various biological processes, such as development,
disease, intercellular signalling, protein-protein interaction, protein folding, cellular regression and metabolism,
and other processes[10-14]. Aberrant alterations of glycosylation have been associated with the development and
progression of cancer[15-18]. N-acetyl-D-galactosamine
(GalNAc) is the substrate of N-acetylgalactosaminyltransferases, and is catalysed to a peptide substrate by
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MATERIALS AND METHODS
Specimens
Human gastric ulcer (n = 20) and gastric cancer tissues
(n = 20) were obtained from the Affiliate Hospital of
Beihua University (Jilin, China) as frozen tissues, and the
diagnosis confirmed by pathologists. Proteins were extracted from the frozen tissues using T-PER Tissue Protein Extraction Reagent mixed with proteinase inhibitor
(Sigma), then quantified and stored at -80 ℃ until use.
Lectin microarrays
A lectin microarray was produced using 37 lectins (purchased from Vector Laboratories, Sigma-Aldrich, and
Calbiochem) with different binding preferences covering N- and O-linked glycans, as described previously[28].
The lectins were dissolved in the manufacturer’s recommended buffer containing 1 mmol/L appropriate monosaccharide to a concentration of 1 mg/mL and spotted
on the homemade epoxysilane-coated slides according to
the protocol using Stealth micro spotting pins (SMP-10B)
(TeleChem, United States) and a Capital smart microarrayer (CapitalBio, Beijing). The sugar-binding specificities of the lectins and the layout of the lectin microarray
(Figure 1) were summarized. Each lectin was pointed on
plate for use. The extracted tissue protein was labelled
with Cy3 fluorescent dye (GE Healthcare, Buckinghamshire, United Kingdom) and purified using Sephadex
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Figure 1 Sugar-binding specificities of the lectins and the layout of the lectin microarray.

G-25 columns according to the manufacturer’s instructions. Thereafter, Cy3-labelled protein was applied to the
blocked lectin microarrays and incubation was performed
in a chamber at 37 ℃ for 3 h in a rotisserie oven set at
4 r/min. The slides were washed twice with 1 × PBST,
each for 5 min, and washed once with 1 × PBS for 5 min,
and dried by centrifugation at 600 r/min for 5 min. Finally, the microarrays were scanned using a Genepix 4000B
confocal scanner (Axon Instruments, United States) set
at 70% photomultiplier tube and 100% laser power. The
acquired images were analysed using Genepix 3.0 software (Axon Instruments, Inc., United States). The average background was subtracted and values less than average background ± 2 SD were removed from each data
point. The median of the effective data points for each
lectin was globally normalized to the sum of medians of
all effective data points for each lectin in one block. Each
sample was observed on three replicate slides and the
normalized medians of each lectin from nine replicate
blocks were averaged and the SD calculated.

munohistochemistry (IHC) was performed according to
a standard protocol[29]. Biotinylated lectin was used as the
primary antibody and HRP-streptavidin as the secondary
antibody.
Statistical analysis
Data are presented as means ± SD for the indicated
number of independent experiments. Statistical differences between groups were calculated using Student’s
two-tailed t test. Differences were considered statistically
significant for values of P < 0.05, P < 0.01 or P < 0.001.

RESULTS
Glycopatterns of glycoproteins in gastric ulcer and
cancer
The glycopatterns of glycoproteins provide us with clues
about the expression and function of oligosaccharides.
Here, we hoped to discover which glycans emerge and
how they differ between gastric ulcer and cancer, by
detecting glycan expression using high-throughput lectin arrays. The proteins of 20 cases of gastric ulcer and
cancer tissue were extracted and pooled together respectively; 37 lectins were subsequently analysed, and the
results of the lectin microarrays, and the specific sugars
recognized by the lectins as well as the normalized fluo-

Lectin histochemistry
Formalin-fixed paraffin-embedded gastric cancer tissues
and their corresponding adjacent gastric tissues were
subjected to Ag retrieval in 0.01 mol/L citrate buffer solution, pH 6.0 at 100 ℃ in a microwave for 15 min. Im-
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MPL

VVA

Table 1 Clinical information about patients

Gastric ulcer

Patients No.

Gender

Age

Type of disease

1
2
3
4
5
6
7
8
9
10

Male
Female
Male
Male
Female
Female
Female
Female
Male
Male

64
72
70
66
68
63
53
50
49
33

EGC
EGC
EGC
EGC
EGC
BGU
BGU
BGU
BGU
BGU

EGC: Early gastric cancer, BGU: Benign gastric ulcer.

Validation of the differential glycopatterns by lectin
histochemistry
Although the lectin microarrays showed differences in
the glycopatterns of gastric ulcer compared with gastric
cancer, lectin histochemistry was required to validate these
differences and determine the distribution of glycosidic
residues. Two lectins (MPL and VVA) were selected and
used for this validation. A tissue microarray (Alenabio
Inc, Xi’an, China) was commercially available for this
study. This array includes 9 cases of gastric ulcer and
58 cases of gastric cancer (22 cases of adenocarcinoma,
9 cases of signet ring cell carcinoma, 7 cases of undifferentiated carcinoma, 5 cases of carcinoid, 10 cases of
lymphatic metastatic adenocarcinoma, and 5 cases of
intra-mucosal carcinoma). All TMA spots were evaluated
by the pathologist, who provided semi-quantitative estimates of the percentage of positive cells and the degree
of staining. Lectin binding in the gastric cells resulted in
no or very weak staining to intense to very intense staining; the staining intensity was graded by an experienced
pathologist and analysed using the Fromowitz standard.
In general, the most intensive reactions were found with
the lectins MPL and VVA. Representative immunohistochemical images obtained using the antibody-biotinylated
lectins are shown in Figures 3 and 4, and are consistent
with the results of the lectin microarrays. Both lectins
(MPL and VVA) strongly stained the gastric cancer tissues and the rate of positivity was high, unlike in gastric
ulcer. Significant differences in the pathological score of
these two lectins were visible between ulcer and gastric
cancer tissues (Figure 5 and Table 2). In comparison
with ulcer, all types of gastric cancer produced stronger
staining and a higher positive rate for MPL and VVA,
especially in signet ring cell carcinoma and intra-mucosal
carcinoma. GalNAc that bound to MPL was significantly
more abundant in gastric cancer. A statistically significant association between MPL and gastric cancer was
observed. A representative example of tissue histology is
shown in Figure 3. As with MPL, significant differences
in VVA staining were observed between gastric cancer
and ulcers (Figure 4). We also analysed other lectins including AAL, LEL, and PHA-E+L, and found that the
glycan residues to which they bind were upregulated in

Gastric cancer

Figure 2 Glycopatterns of gastric cancer and ulcer according to lectin
microarrays. After scanning of MPL and VVA lectins, a diagram was shown.

rescent intensities are summarized in Table 1. As shown,
in gastric ulcers, 20 of the 37 lectins produced no signal.
The others produced a weak signal. Among these lectins, GalNAc and Gal binder SJA, Galβ1-3GalNAcαSer/Thr(T) binder PNA, and GlcNAc binder GST-I
binder GSL-I produced higher intensity signals in ulcers
compared to gastric cancer. Galα1-3(Fucα1-2)Gal binder
EEL, GalNAc α -Ser/Thr(Tn) binder DBA, Gal and
GalNAc binder RAC120, α-Man binder ConA, Polymannose (α-1,6) linked mannose binder NPA, Fucα-Nacetylchitobiose-man binder PSA, Galβ1-3GalNAcαSer/Thr(Tn) binder ACA, Sia2-3Gal1-4GlcNAc binder
Mal-I, ( α -1,3) Man binder GNA, and Sia2-6Gal β 14Glc(NAc) binder SNA produced lower intensity signals in ulcers, in contrast to gastric cancer. The signals
produced by Gal binder DSA, α-L-Fucose binder LTL,
GlcNAc trimer/tetramer binder LEL, and GlcNAc
binder STL did not differ in intensity between tissues.
Representative images of the microarray are shown (Figure 2). The microarray data showed that the glycopatterns of ulcer and gastric cancer tissue differed. In gastric cancer, most of the lectin binders gave positive signals and the intensity of the signals was strong, whereas
the opposite was the case for ulcers, suggesting that alterations in glycans might underlie the switch from ulcer
to gastric cancer, and could be used to diagnose gastric
cancer. The αGalNAc binder MPL and the GalNAc and
GalNAcα-Ser/Thr(Tn) binder VVA were subsequently
selected for further validation.
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A
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G

Figure 3 Level of GalNAc bound by MPL in various types of gastric cancer and gastric ulcer. A: Staining of adenocarcinoma (× 400); B: Staining of signet ring
cell carcinoma (× 400); C: Staining of undifferentiated carcinoma (× 400); D: Staining of carcinoid (× 400); E: Staining of lymphatic metastatic adenocarcinoma (× 400); F:
Staining of intra-mucosal carcinoma (× 400); G: Staining of gastric ulcer (× 400).

A

B

C

D

E

F

G

Figure 4 Level of GalNAc bound by VVA in various types of gastric cancer and gastric ulcer. A: Staining of adenocarcinoma (× 400); B: Staining of signet ring
cell carcinoma (× 400); C: Staining of undifferentiated carcinoma (× 400); D: Staining of carcinoid (× 400); E: Staining of lymphatic metastatic adenocarcinoma (× 400); F:
Staining of intra-mucosal carcinoma (× 400); G: Staining of gastric ulcer (× 400).

different types of gastric cancer (data not shown).
Overall, lectin histochemistry revealed more positive
cells and intensive staining in gastric cancer when compared with gastric ulcer using the two selected lectins
(MPL and VVA), which was consistent with the results
of the lectin microarray, suggesting that MPL and VVA
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could be used to distinguish gastric cancer from ulcer.

DISCUSSION
Gastric cancer is the most common epithelial cancer worldwide and the second leading cause of cancer death, with
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Figure 5 Pathological score of tissue staining. The figure compares gastric ulcer and various types of gastric cancer. A indicates MPL, and B represents VVA. aP <
0.05, bP < 0.01, dP < 0.01.

an increasing number of new cases every year. New
prognostic indicators or tumour markers are urgently
required to increase patient survival, improve treatment
outcome, and facilitate early diagnosis. The symptoms of
gastric cancer are similar to those of gastric ulcer, and as
gastric cancers often seem to be benign ulcers, they are
difficult to differentiate, leading to delayed diagnosis and
the continued development of gastric cancer. Therefore,
a tool for distinguishing gastric cancer from ulcer is necessary. In this study, a lectin microarray was performed
to compare the glycopatterns of gastric ulcer and gastric
cancer. The results indicated that the glycosylation levels
in gastric ulcer are lower than those in gastric cancer.
Most lectins produced no signals in ulcers; the opposite
was the case in gastric cancer. Subsequently, we selected
two lectins (MPL and VVA) whose receptors were upregulated in gastric cancer to validate the results of the
lectin microarrays using lectin histochemistry, and our
results illustrated that the glycan residues that these two
lectins bound were significantly elevated in gastric cancer compared with ulcer, which was consistent with the
results of the lectin microarrays, and therefore that they
could be used to distinguish gastric cancer from ulcer.
The lectin microarray is a promising technology in
glycomics and glycoproteomics, utilizing a series of lectins immobilized on a well-defined substrate for highthroughput analysis of glycans and glycoproteins. It
may also have great potential in disease biomarker studies. The microarray data showed that the glycopatterns
differed between ulcers and gastric cancer, which is a
promising starting point. The lectin microarray may turn
out to be a promising tool for high-throughput analysis
of clinical samples in an attempt to identify glycoprotein
biomarkers for cancer detection. In this study, the lectin
microarrays were used to probe differences in protein
glycosylation between gastric ulcer and gastric cancerous
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tissues, revealing that glycosylation levels were higher in
gastric cancer than in ulcers. The rate and intensity of
the signals were higher in gastric cancer than in ulcers.
In gastric ulcer, 20 of the 37 lectins produced no signal.
The others produced weak signals. Among these lectins,
GalNAc and Gal binder SJA, Galβ1-3GalNAcα-Ser/
Thr(T) binder PNA, and GlcNAc binder GST-I binder
GSL-I had increased signals in ulcer compared to gastric
cancer. Galα1-3(Fucα1-2)Gal binder EEL, GalNAcαSer/Thr(Tn) binder DBA, Gal and GalNAc binder
RAC120, α-Man binder ConA, Polymannose (α-1,6)
linked mannose binder NPA,Fucα-N-acetylchitobioseman binder PSA, Galβ1-3GalNAcα-Ser/Thr(Tn) binder
ACA, Sia2-3Gal1-4GlcNAc binder Mal-I, (α-1,3) Man
binder GNA, and Sia2-6Galβ1-4Glc(NAc) binder SNA
had decreased signals in ulcer, in contrast to gastric cancer. Gal binder DSA, α-L-Fucose binder LTL, GlcNAc
trimers/tetramers binder LEL, and GlcNAc binder STL
had no differences. Representative images of the microarray are shown in Figure 2. The microarray data showed
that the glycopatterns were different between ulcers
and gastric cancer. In gastric cancer, most of the lectin
binders showed positive signals and the intensity of the
signals were stronger, whereas the results were the opposite in ulcers, which suggested that alteration of glycans
might be the reason for the switch of ulcer to gastric
cancer, and could be for diagnosis of gastric cancer.
To validate the results of the lectin microarray and
detect glycosylation in cancerous cells and tissues, lectin
histochemistry was performed. Two lectins (MPL and
VVA) were selected, both of which were elevated in gastric cancer according to the lectin array. It has previously
been reported that the receptors for these lectins are
upregulated in various cancers[30-36]. The result showed
that the two lectins moderately or strongly stained the
cancerous tissues and the positive rate was higher than
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Table 2 Differential glycopattern in gastric ulcer and cancer according to the lectin microarray analysis based on data from 37 lectins giving significant signals
Lectin

1

Specificity

Normalized fluorescent intensity
Gastric cancer

Jacalin
ECA
HHL
WFA
GSL-Ⅱ
MAL-Ⅱ
PHA-E
PTL-Ⅰ
SJA
PNA
EEL
AAL
LTL
MPL
LEL
GSL-Ⅰ
DBA
LCA
RCA120
STL
BS-Ⅰ
ConA
PTL-Ⅱ
DSA
SBA
VVA
NPL
PSA
ACA
WGA
UEA-Ⅰ
PWM
MAL-Ⅰ
GNA
BPL
PHA-E+L
SNA

Galβ1-3GalNAcα-Ser/Thr(T) and GalNACα-Ser/Thr(Tn)
Galβ-1,4GlcNAc
Polymannose (α-1,3) and (α-1,6) linked mannose
GalNAcα/β-1,3/6Gal
GlcNAc
Sia2-3Galβ1-4Glc (NAc)
Bisecting GlcNAc and biantennary N-glycans
αGalNAc
Terminal in GalNAc and Gal
Galβ1-3GalNAcα-Ser/Thr(T)
Galα1-3(Fucα1-2)Gal
Fucα-1,6GlcNAc, Fucα-1,3LacNAc
α-L-Fuc
αGalNAc
Poly-LacNAc and (GlcNAc)n
αGalNAc, αGal
GalNAcα-Ser/Thr(Tn)
α-Man and Fucα-1,6GlcNAc (core fucose)
Gal and GalNAc
(GlcNAc)n
αGal and αGalNAc
α-Man (inhibited by presence of bisecting GlcNAc)
Gal
β1-4GlcNAc and LacNAc
Terminal GalNAc (especially GalNAcα1-3Gal)
GalNAc and GalNAcα-Ser/Thr(Tn)
Polymannose(α-1,6)linked mannose
Fucα-N-acetylchitobiose -man
Galβ1-3GalNAcα-Ser/Thr(Tn)
Terminal GlcNAc and (GlcNAc)n
Fucoseα1-2Galβ1-4Glc(NAc)
GlcNAc
Galβ-1,4GlcNAc and Sia2-3Galβ1-4Glc(NAc)
(α-1,3)Man
Galβ1-3GalNAc
Tri-and tetra-antennary complex-type N-glycan
Sia2-6Galβ1-4Glc(NAc)

0.49
0.72
0.64
0.64
0.67
0.65
0.67
0.12
0.08
1
0.89
0.59
0.69
0.54
0.4
0.61
0.61
0.54
0.12
0.13
0.66
0.79
0.38
0.45
0.64
0.85
0.71
0.35
0.81
0.8
0.63
0.78
0.67
0.92
0.61

Gastric ulcer
0.38
0.22
0.23
0.31
0.27
0.03
0.2
0.17
0.31
0.11
1
0.12
0.2
0.18
0.16
0.09
0.18

Ratio, P value
(C/U)
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
/
P < 0.001
P < 0.001
0.32, P < 0.001
0.36, P < 0.001
4.41, P < 0.001
P < 0.001
/
P < 0.001
/
P < 0.001
/
P < 0.001
3.55, P < 0.001
/
P < 0.001
/
P < 0.001
0.79, P < 0.001
P < 0.001
P < 0.001
5.21, P < 0.001
4.19, P < 0.001
3.84, P < 0.001
P < 0.001
P < 0.001
P < 0.001
3.89, P < 0.001
9.1, P < 0.001
P < 0.001
P < 0.001
3.39, P < 0.001

1

Signal intensities obtained from nine replicate blocks on three replicate slides were normalized and averaged, and the ratio of gastric cancer vs gastric ulcer
(C/U) was calculated. -: Negative signal; ∕: No significant difference.

VVA, could be used to distinguish gastric cancer from
ulcer.

that in gastric ulcer. Significant differences were visible
between gastric cancer and ulcer tissues when using the
same lectin. Furthermore, different subtypes of gastric
cancer showed different binding specificities. In comparison with ulcer, all types of gastric cancer showed
stronger staining, especially in signet ring cell carcinoma
and intra-mucosal carcinoma; GalNAc, that was bound
by MPL and VVA, showed a significant increase. Lectin
histochemistry indicated that more positive cells and
intensive staining were present in gastric cancer when
compared with gastric ulcer, which was consistent with
the results of the lectin microarray.
In summary, we used a lectin microarray to investigate the different glycopatterns in gastric cancer and ulcer, revealing that the level of glycosylation was higher in
gastric cancer than in gastric ulcer. Lectin histochemistry
was then performed to validate the results of the lectin
microarray. The results of the two approaches were
consistent, indicating that the selected lectins, MPL and
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gastric cancer. Lectin histochemistry was then performed to validate the results
of the lectin microarray. The results were consistent, indicating that the selected
lectins, MPL and VVA, could be used to distinguish gastric cancer from ulcer.
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Initial transcatheter thrombolysis for acute superior
mesenteric venous thrombosis
Shuo-Fei Yang, Bao-Chen Liu, Wei-Wei Ding, Chang-Sheng He, Xing-Jiang Wu, Jie-Shou Li
bectomy. Of the 25 patients selected for study inclusion, 12 had undergone emergency surgical exploration
(group 1) and 13 had undergone the initial catheterdirected thrombolysis (group 2). Data extracted from
each patient’s records for statistical analyses included
method of diagnosis, symptoms, etiology and risk factors, thrombus location, initial management, morbidity,
mortality, duration and total cost of hospitalization (in
Renminbi, RMB), secondary operation, total length of
bowel resection, duration of and findings in follow-up,
and death/survival.
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RESULTS: The two treatment groups showed similar
rates of morbidity, 30-d mortality, and 1-year survival,
as well as similar demographic characteristics, etiology
or risk factors, computed tomography characteristics,
symptoms, findings of blood testing at admission,
complications, secondary operations, and follow-up
outcomes. In contrast, the patients who received the
initial non-operative treatment of transcatheter thrombolysis had significantly shorter durations of admission
to symptom elimination (group 1: 18.25 ± 7.69 d vs
group 2: 7.23 ± 2.42 d) and hospital stay (43.00 ±
13.77 d vs 20.46 ± 6.59 d), and early enteral or oral
nutrition restoration (20.50 ± 5.13 d vs 8.92 ± 1.89 d),
as well as significantly less total length of bowel resection (170.83 ± 61.27 cm vs 29.23 ± 50.24 cm) and
lower total cost (200020.4 ± 91505.62 RMB vs 72785.6
± 21828.16 RMB) (P < 0.05 for all). Statistical analyses
suggested that initial transcatheter thrombolysis is correlated with quicker resolution of the thrombus, earlier
improvement of symptoms, stimulation of collateral
vessel development, reversal of intestinal ischemia,
receipt of localizing bowel resection to prevent short
bowel syndrome, shorter hospitalization, and lower
overall cost of treatment.

Abstract
AIM: To determine the optimal initial treatment modality for acute superior mesenteric vein thrombosis
(ASMVT) in patients with circumscribed peritonitis.
METHODS: A retrospective review was made of the
Vascular Surgery Department’s medical records to identify adult patients (≥ 18 years old) presenting with
circumscribed peritonitis and diagnosed with ASMVT
by imaging or endoscopic examination. Patients were
selected from the time period between October 2009
and October 2012 to assess the overall performance of
a new first-line treatment policy implemented in May
2011 for patients with circumscribed peritonitis, which
recommends transcatheter thrombolysis with local
anticoagulation and endovascular mechanical throm-
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CONCLUSION: For ASMVT patients with circumscribed
peritonitis, early diagnosis is key to survival, and nonoperative transcatheter thrombolysis is feasible and effective as an initial treatment.
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finitive initial management strategy has been established
to address this complex condition, and conflicting data
have been reported for the efficacies of prompt surgical
exploration and non-operative treatment.
Signs of peritonitis have traditionally been considered as an indicator for prompt surgery[5,8]. However, the
border between ischemic and viable bowel observable
in exploratory laparotomy is obscure during the acute
phase[9,10]. Moreover, extensive bowel resection carries a
risk of short bowel syndrome (SBS), which is strongly
associated with high 30-day mortality and low 5-year survival[11]. Non-operative treatment approaches, such as the
recently developed intracatheter thrombolysis therapy,
could achieve early recanalization of the superior mesenteric vein (SMV) to conserve as much of the bowel
as possible; in general, these approaches have produced
favorable clinical outcomes[12-17]. For example, compared
to the mortality rates reported for surgical treatment
(29%-38%), those for non-operative treatments are much
lower (13%-19%)[14].
Recent retrospective studies have shown that performing initial non-surgical management with systemic
anticoagulation delayed or precluded surgical treatment,
thereby lowering the rates of SBS in these patients[8,17-20].
The non-surgical method of transcatheter thrombolysis
therapy has been shown not only to effectively regress the
ischemic lesion but also to consequently reduce the rates
of cases requiring subsequent surgical treatment[13,21-24].
This study was designed to analyze and compare the features and outcomes of ASMVT cases with circumscribed
peritonitis receiving prompt surgical treatment to cases
given intravascular interventional therapy. The results will
help to identify the optimal initial treatment strategy for
this complex condition; in addition, this is the first study
to investigate the clinical utility and safety of transcatheter thrombolysis as a first-line treatment for ASMVT
with circumscribed peritonitis.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Acute superior mesenteric venous thrombosis; Transcatheter thrombolysis; Initial management;
Circumscribed peritonitis
Core tip: There is no consensus on the recommendation of initial management of acute superior mesenteric
venous thrombosis (ASMVT) with moderate, circumscribed peritonitis and suspected bowel infarction. Signs
of peritonitis have traditionally been considered an
indicator for prompt surgery, but patients undergoing
extensive bowel resection during an acute inflammatory phase frequently manifest short bowel syndrome.
A non-operative treatment modality was recently developed to overcome this clinical challenge. Intravascular
thrombolysis therapy has since been widely applied
and favorable clinical outcomes have been reported.
This study systematically investigates the outcome of
transcatheter thrombolysis as a first-line treatment for
ASMVT patients with circumscribed peritonitis.
Yang SF, Liu BC, Ding WW, He CS, Wu XJ, Li JS. Initial
transcatheter thrombolysis for acute superior mesenteric venous
thrombosis. World J Gastroenterol 2014; 20(18): 5483-5492
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i18/5483.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i18.5483

INTRODUCTION
Acute superior mesenteric vein thrombosis (ASMVT) is
a rare but potentially lethal abdominal condition, and accounts for 6% to 9% of all reported cases of acute mesenteric ischemia[1]. Intestinal gangrene, caused by mesenteric venous occlusion and treated by bowel resection,
was first reported in 1895[2], but it was not until 1935 that
mesenteric vein thrombosis (MVT) was described in detail and recognized as a distinct clinical entity[3]. To date,
no distinctive symptom has been characterized, and the
vague symptomological profile makes clinical diagnosis
difficult. The most commonly reported clinical symptom
is crampy abdominal pain, and MVT is suspected when
treating physicians deem the pain to be out of proportion
to other physical findings.
The advent of contrast-enhanced computed tomography (CT) and application for portal venography have
remarkably improved the rate of early detection of
ASMVT prior to laparotomy, with a reported sensitivity
of greater than 90%[4]. The current consensus for clinical
management of diagnosed ASMVT is prompt systemic
anticoagulation, with imperative emergency laparotomy
for cases with diffuse peritonitis or confirmed bowel perforation and/or transmural necrosis[5-7]. Cases of ASMVT
with moderate, circumscribed peritonitis and suspected
bowel infarction are clinically relatively common. No de-
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MATERIALS AND METHODS
Ethics statement
This retrospective observational study was designed according to the ethical principles outlined by the Declaration of Helsinki and approved by the ethics committee
of Jinling Hospital.
Study design and patient selection
The medical records of Jinling Hospital’s Vascular Surgery Department were searched to identify patients with
intraoperative or admitting diagnosis of acute mesenteric
venous thrombosis according to the ICD-10 coding system during the 3-year period from October 2009 to October 2012. The 150 medical records retrieved were compiled into an anonymized (coded) database created using
SPSS statistical software (SPSS Inc., Chicago, IL, United
States). The patient data were then filtered to select for
the following inclusion criteria: diagnosis of ASMVT by
imaging examination [contrast-enhanced CT, magnetic
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resonance imaging (MRI), or digital subtraction angiography (DSA) portal venography] or exploratory laparotomy; receipt of initial treatment within 4 wk of symptom
onset; adult patients aged between 18 and 80 years; signs
of circumscribed peritonitis (abdominal guarding and/or
rebound tenderness); and no history of splanchnic venous thrombosis. Patients were excluded according to:
presence of hepatic or renal failure, malignancies or other
serious systemic illnesses at admission; incomplete medical records or imaging data; follow-up participation for <
1 year; or allergy to anticoagulant or thrombolytic agents.
In total, 125 patients were excluded from the study.
Twenty-five patients fit the criteria for study participation, including 12 who underwent emergency surgical exploration (group 1) and 13 who underwent initial
catheter-directed thrombolysis (group 2). In agreement
with accepted standards[7,25,26], our hospital considered
peritonitis with suspected bowel infarction as an indicator for prompt surgery to treat ASMVT. The majority of
surgically treated cases required extensive bowel resection
and a high incidence of subsequent SBS was noted by the
hospital staff. These administrative observations led to
the implementation of a new policy in May 2011, which
recommends transcatheter thrombolysis with local anticoagulation and endovascular mechanical thrombectomy
in lieu of prompt laparotomy as the first-line treatment
for patients with circumscribed peritonitis.
Each patient in this study was assessed for medical
history, thrombus characteristics, initial management,
morbidity, 30-d mortality, duration (in days) and total cost
(in Renminbi, RMB) of hospitalization, secondary operation, total length (in cm) of bowel resection, duration (in
days) of follow-up, and survival at 1-year.

dium (GlaxoSmithKline, Greenford, United Kingdom)
and 80 mL/d argatroban injection (TIPR Pharmaceutical
Responsible Co., Ltd, Tianjing, China).
The transcatheter thrombolysis was administered
directly via the percutaneous transhepatic or transjugular
intrahepatic route, or indirectly via superior mesenteric artery access (SMA). The thrombolysis step was initiated by
local delivery of an anticoagulation agent (100000 IU injection of urokinase; Nanjing Nanda Pharmaceutical Co.,
Ltd, Nanjing, China), after which a continuous infusion
of urokinase (200000-300000 IU/d) with fondaparinux
sodium (5 mg/d) plus argatroban (80 mL/d) was delivered through a 5-Fr multiple side-hole infusion catheter
(Angiodynamics, Queensbury, NY, United States). In
cases of secondary mesenteric arteriospasm, pavarin
(Northeast Pharmaceutical Group Shenyang No. 1 Pharmaceutical Co., Ltd, Shenyang, China) was administered
continuously via SMA (120 mg/d) until the condition
resolved.
In cases with late stricture, bowel resection with primary anastomosis was carried out (Figure 1). In cases
with bowel necrosis or perforation, a two-step resection,
based on the “damage control surgery” concept[27], was
carried out using jejunostomy plus ileostomy (Figure 1E),
or an open abdomen technique was used with sequential
resuscitation and organ function support in the intensive
care unit. When thrombi were present within the trunk,
intraoperative thrombectomy was performed with Fogarty catheters followed by an immediate injection of 4100
IU of low-molecular-weight heparin (Fraxiparine; GlaxoSmithKline) (Figure 1C). The definitive surgery of bowel
anastomosis was scheduled to be performed following 3-6
mo of enteral nutrition therapy.
Oral anticoagulation therapy (warfarin sodium; Jiufu
Pharmaceutical Co., Ltd., Shanghai, China) was given as a
6-mo or permanent post-discharge regimen, respectively,
for patients with known reversible factors or with idiopathic thromboembolism or thrombophilia. The patients
on anticoagulation treatment were monitored by measuring the INR (target: 2-3 times the control value).
Follow-up assessment included clinical and imaging
examinations, starting 1 mo post-treatment, then every
2 mo over the next 6 mo and thereafter every 3 mo. The
clinical examination included clinician observations and
patient reports of symptoms and signs, laboratory testing of routine blood parameters, hepatic and renal function markers and coagulation. The imaging examination
included contrast-enhanced CT and ultrasonography of
the portal vein and SMV. The rates of 30-d and 1-year
mortality and recurrence were calculated.

Pre-treatment evaluation, clinical management, and
follow-up
During the hospitalization period, in-patients underwent
a physical examination at least twice daily, along with daily
evaluation of white blood cell count and plasma C-reactive protein (CRP) and lactic acid levels. Systemic coagulation function was closely monitored by measuring the
prothrombin time, activated partial thromboplastin time,
international normalized ratio (INR), fibrinogen level,
and antithrombin Ⅲ level, and by thromboelastography.
Thrombophilia screening was performed to determine
the etiology. Pathological analysis of the resected bowel
was performed to determine the proportion of ischemic
to non-ischemic tissue.
All patients were treated with nasogastric suction (to
reduce bowel movements and intraluminal pressure),
broad-spectrum prophylactic antibiotics, and solutes (to
maintain normal fluid, electrolyte and acid/base balance).
In cases of poor microcirculation or low fluid volume,
dextran was administered. In general, administration of
vasopressors or somatostatin was discouraged to avoid
exacerbation of the intestinal circulatory compromise.
Immediately upon diagnosis, all patients were started on
an anticoagulant regimen (5 mg/d oral fondaparinux so-
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Statistical analysis
All statistical analyses were carried out using the SPSS
statistical software suite v14.0 (SPSS Inc.). Means ± SD
of continuous variables were calculated if the values were
normally distributed, otherwise median and interquartile
ranges (IQR; 25th percentile to 75th percentile) were calculated. Differences between two groups were assessed
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Figure 1 Various surgical procedures used to remove the thrombus in acute superior mesenteric vein thrombosis cases. Intraoperative images are presented from representative cases in groups 1 and 2. A: Extensive bowel ischemia during initial surgery (patient 2, group 1); B, C: Localized bowel necrosis and stricture
during delayed operation after transcatheter thrombolysis (patient 3, group 2); D: Intraoperative thrombectomy (patient 3, group 1); E: Jejunostomy plus ileostomy with
an open abdomen was carried out in a septic patient at a high risk for post-operative abdominal compartment syndrome and recurrence (patient 3, group 2).

by t test or Mann-Whitney U test (for normally and nonnormally distributed continuous variables, respectively)
or Fisher’s exact test (for categorical variables), with a P
value < 0.05 set as the threshold for significance. KaplanMeier estimates were used to assess survival, and the
log-rank test was used to test for differences in survival
between groups.

remaining 1 patient diagnosed by MRI portal venography.
The most common presenting symptoms were abdominal pain and distension; however, sub-group analysis of
groups 1 and 2 showed no significant differences for any
of the presenting symptoms. In contrast, group 1 did
show a significantly shorter duration of symptoms before
admission (6.25 ± 2.09 d vs group 2: 9.07 ± 2.40 d, P <
0.05). For the total ASMVT study group, the most common clinical signs at hospital admission were decreased
bowel sounds and ascites, and pyrexia was infrequent;
all but one patient presented with an elevated CRP level
(75.50 ± 75.59 mg/L; normal value: < 8 mg/L).

RESULTS
Clinical characteristics and etiology/risk factors
The study population of 25 ASMVT patients with circumscribed peritonitis was composed of 10 women and
15 men, with a mean age of 45.08 ± 11.74 years. Among
the total ASMVT study population, nine patients tested
positive in thrombophilia screening; the etiologies are
listed in Table 1. High-risk factors for ASMVT were
found for each patient in their medical history (including on-going comorbidities) and sub-group analysis of
thrombophilic and non-thrombophilic patients showed
no statistically significant differences between the two
(Table 1).
Means of diagnosis among the two treatment-type
groups were distinct in that group 1 mainly occurred by
exploratory laparotomy (n = 10) with the remaining 2
patients diagnosed by CT portal venography, in contrast
to the majority of patients in group 2 who were primarily diagnosed by CT portal venography (n = 12) with the
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Imaging characteristics
According to results from enhanced helical CT portal
venography scanning for the total ASMVT study group,
thrombi were most common in the SMV + PV (portal vein); however, the thrombus location profiles of
groups 1 and 2 were not significantly different. All of the
ASMVT-related features detected by CT upon admission were remarkably improved following receipt of the
thrombolysis therapy (Figure 2C, D, F and G). Two of
the patients in group 2 with CT-detected thrombi also
underwent MRI portal venography (Figure 2A and B).
The extent of thrombolysis achieved by catheter-directed
therapy of SMV was assessed using DSA and color duplex ultrasonography (Figure 2E and H).
The CT image taken at admission was used to esti-
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2. Complete lysis was achieved in most (11/13) cases;
however, 4 of those patients required delayed bowel
resection to treat localized bowel infarction (n = 2) and
secondary stricture (n = 2). In addition, 4 patients underwent diagnostic laparoscopy to assess bowel viability and
bowel necrosis or potential perforation during the thrombolysis treatment course (Table 3).

Table 1 Clinical characteristics and etiology/risk factors of
the acute superior mesenteric vein thrombosis patient cohort
n (%)
Variable

Overall

Group 1

Group 2

(n = 25)

(n = 12)

(n = 13)

Age (yr)1
45.08 ± 11.74 46.69 ± 12.69 43.33 ± 10.88
Sex
Male
15 (60.0)
9 (75.0)
6 (46.2)
Female
10 (40.0)
3 (25.0)
7 (53.9)
Primary
Protein C deficiency
2 (8.0)
1 (8.3)
1 (7.7)
Protein S deficiency
2 (8.0)
0 (0.0)
2 (15.4)
Antithrombin Ⅲ
2 (8.0)
1 (8.3)
1 (7.7)
deficiency
Factor Ⅴ Leiden
1 (4.0)
1 (8.3)
0 (0.0)
disorder
Antiphospholipid
2 (8.0)
1 (8.3)
1 (7.7)
syndrome
No thrombophilia
16 (64.0)
8 (66.7)
8 (61.5)
Secondary
History of
6 (24.0)
4 (33.3)
2 (15.4)
splenectomy
Other earlier
6 (24.0)
4 (33.3)
2 (15.4)
abdominal surgery
Prior DVT/PE
3 (12.0)
1 (8.3)
2 (15.4)
Cerebral infarction
4 (16.0)
3 (25.0)
1 (7.7)
Pancreatitis
2 (8.0)
1 (8.3)
1 (7.7)
Inflammatory bowel
1 (4.0)
1 (8.3)
0 (0.0)
disease
Oral contraceptive use
3 (12.0)
1 (8.3)
2 (15.4)
Pregnancy
3 (12.0)
2 (16.7)
1 (7.7)
Alcohol abuse
4 (16.0)
2 (16.7)
2 (15.4)
Malignancy
3 (12.0)
1 (8.3)
2 (15.4)
Cirrhosis/portal
8 (32.0)
3 (25.0)
5 (38.5)
hypertension
Bilharzial cirrhosis
2 (8.0)
1 (8.3)
1 (7.7)
Non-bilharzial
6 (24.0)
2 (16.7)
4 (30.8)
cirrhosis
Diabetes mellitus
1 (4.0)
1 (8.3)
0 (0.0)
Hypertension
1 (4.0)
0 (0.0)
1 (7.7)

P value
0.48

Outcome, complications and findings during follow-up
As shown in Table 3, group 2 had a significantly lower
rate of SBS and significantly better treatment-related
characteristics, including length of resection, days from
treatment to symptom elimination, days from admission
to enteral or oral nutrition, length of hospitalization, and
total cost. However, there was no significant difference
between groups 1 and 2 in the rates of 30-d mortality
and 1-year survival. One patient in group 1 died of septic
shock during hospitalization.
Group 2 had a shorter mean duration of follow-up
(28.3 ± 13.5 mo vs 19.0 ± 4.8 mo). During the follow-up,
3 patients in group 1 developed complications, including secondary portal hypertension (n = 1) and cavernous
transformation of the portal vein (n = 2); no patients in
group 2 developed complications during the follow-up.
In addition, a total of 3 patients in group 1 died during
the follow-up period, and the causes included acute myocardial infarction (at follow-up month 2), massive variceal
hemorrhage (at follow-up month 7), and clear-cell carcinoma of kidney (at follow-up month 8). One patient in
group 2 died of multiple organ dysfunction syndrome (at
follow-up month 9). No patient in either group experienced thrombosis recurrence.

0.23

1.00
0.48
1.00
0.48
1.00
1.00
0.38
0.38
1.00
0.32
1.00
0.48
1.00
0.59
1.00
1.00
0.67
1.00
0.65
0.48
1.00

DISCUSSION
In recent years, the ASMVT incidence has increased
worldwide; taking Sweden as an example, the incidence of
2.0 per 100000 patient-years reported between 1970 and
1982 rose to 2.7 per 100000 patient-years between 2000
and 2006[28]. This increase in diagnosis may merely reflect
the improved diagnostic capabilities and widespread application of high-resolution CT venography[4,19]. DSA
portal venography, the gold-standard of MVT, is reserved
for equivocal cases on non-invasive imaging and used in
conjunction with catheter-directed thrombolysis[18].
The etiological profile of ASMVT has remained
steady during this period of increased incidence, with the
two main causes being primary hypercoagulable states (i.e.,
factor V Leiden gene mutation, hyperhomocysteinemia,
hyperfibrinogenemia, paroxysmal, nocturnal hemoglobinuria, antithrombin Ⅲ deficiency, protein C/S deficiency,
antiphospholipid or anticardiolipin antibody syndrome,
collagen vascular disease, and dysfibrinogenemia) and
local inflammation factors (i.e., cirrhosis, portal hypertension, abdominal trauma, post-splenectomy, malignancy,
inflammatory state, pregnancy, and oral contraceptive
use)[8,29]. Not surprisingly, the number of primary or idiopathic ASMVT cases has continued to decrease as the

1

Analysis was performed by t test or Fisher’s exact test. DVT: Deep vein
thrombosis; PE: Pulmonary embolism.

mate the length of bowel affected by ischemia and compared to the length of resected bowel. As shown in Table
2, the thrombolysis therapy led to significantly shorter
sections of bowel requiring resection.
Treatment course
All patients in this study were diagnosed in less than one
week. After resuscitation and receipt of initial anticoagulation and supportive care, patients in group 1 underwent extensive bowel resection surgery (mean resected
length: 170.83 ± 61.27 cm) within 12 h of admission
(Figure 1A). Eight of the patients in group 1 received
post-operative systemic anticoagulation, and four of the
patients underwent transcatheter thrombolysis with local
anticoagulation 3-6 d after the surgery. Two patients necessitated a second-look laparotomy due to suspicion of
perforation and stricture, respectively (Table 3).
The features of the initial transcatheter thrombolysis
given to each patient in group 2 are summarized in Table
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Figure 2 Portal venography results from different modalities used at admission and after thrombolysis. A, B: Transverse and coronal reformation of magnetic
resonance imaging portal venography showed hypointensity in the superior mesenteric venous (SMV) (white arrow) at admission; C, D, F, G: Transverse and coronal
reformation on three-dimensional helical computed tomography (CT) portal venography showed a filling defect and refilling in the SMV (white arrow) at admission and
after thrombolysis; contrast enhanced CT image showed bowel dilatation, bowel wall thickening, and peritoneal effusion secondary to acute superior mesenteric vein
thrombosis; E, H: Portal venography in digital subtraction angiography showed a filling defect and refilling of contrast medium in the trunk of the SMV at admission
and after thrombolysis.

necrosis[14,17]. Further research is necessary to understand
the potential new indications for emergency surgical exploration, such as specific CT findings and measurements
of gastric intramural pH measurement or serum markers,
because peritonitis may not strictly correlate with bowel
infarction. In fact, some investigators have already suggested new criteria for prompt surgery, including bowelwall thickness and enhancement on the arterial phase of
CT[14,31]. In our experience, patients with severe, diffuse
peritonitis, particularly those featuring pungent smell,
fresh appearance and bloody ascites, should be treated by
laparotomy as soon as possible; in contrast, initial operation should be avoided for patients with moderate, localized peritonitis, if recanalization could be achieved in a
short period.

ability to diagnose inherited hypercoagulable states has
continued to improve[6].
Advances in the diagnostic technologies and attainment of a better understanding of the predisposing factors for this disease have promoted physicians’ abilities
to recognize cases in early stages and to initiate treatment
when non-operative approaches may be feasible[8,18]. Absence of transmural bowel necrosis is the prerequisite to
initiate non-operative treatment for ASMVT. Peritoneal
signs have traditionally been considered as an indication
for surgical exploration[30]. However, cases have been
reported of patients without peritonitis that require
emergency surgery during anticoagulation therapy for
mucosal necrosis (instead of transmural necrosis) as well
as for delayed bowel perforation secondary to transmural
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Table 2 Procedure and outcome of transcatheter thrombolysis therapy in group 2 n (%)
Patient No.
1
2
3
4
5
6
7
8
9
10
11
12
13
Average

Route
SMA
PT
PT
TI
TI + SMA
TI + SMA
PT
TI + SMA
TI + SMA
SMA
PT + SMA
SMA
TI

Duration of thrombolysis Lysis degree
(d)
13
14
12
15
13
12
10
11
12
15
12
13
14
12.77 ± 1.48

Percentage of ischemic bowel at admission
(estimated length in cm)

Length of resection
(cm)

10 (50)
20 (100)
10 (50)
15 (75)
30 (150)
20 (100)
10 (50)
20 (100)
50 (250)
40 (200)
15 (75)
15 (75)
25 (125)
100 (range: 62.5-137.5)

0
0
0
0
80
50
0
0
150
100
0
0
0
0 (range: 0-65)

Complete
Partial
Complete
Complete
Partial
Partial
Complete
Complete
Partial
Partial
Complete
Complete
Partial

P value

0.002

SMA: Superior mesenteric artery access; PT: Percutaneous transhepatic route; TI: Transjugular intrahepatic route.

Table 3 Treatment outcomes of acute superior mesenteric vein thrombosis patients n (%)
Outcome
Morbidity
Bleeding
Wound infection
Acute kidney injury
Short bowel syndrome
Secondary portal hypertension
Cavernous transformation of the portal vein
Delayed or secondary operation
Bowel transmural necrosis
Bowel perforation
Bowel stricture
Laparoscopic surgery
Length of resection (cm)2
Time from treatment to symptom elimination1
Time from admission to enteral or oral nutrition (d)1
Duration of hospitalization in (d)1
Total cost in RNB1
< 30-d mortality
1-yr survival

Overall (n = 25)

Group 1 (n = 12)

Group 2 (n = 13)

P value

4 (16.0)
3 (12.0)
4 (16.0)
5 (20.0)
1 (4.0)
2 (8.0)
6 (24.0)
2 (8.0)
1 (4.0)
3 (12.0)
4 (16.0)
100 (range: 0, 155)
12.52 ± 7.85
14.48 ± 6.98
31.28 ± 15.51
133895.20 ± 90996.47
24 (96.0)
21 (84.0)

1 (8.3)
3 (25.0)
2 (16.7)
5 (41.7)
1 (8.3)
2 (16.7)
2 (16.7)
0 (0.0)
1 (8.3)
1 (8.3)
0 (0.0)
155 (105, 200)
18.25 ± 7.69
20.50 ± 5.13
43.00 ± 13.77
200020.40 ± 91505.62
11 (91.7)
9 (75.0)

3 (23.1)
0 (0.0)
2 (15.4)
0 (0.0)
0 (0.0)
0 (0.0)
4 (30.8)
2 (15.4)
0 (0.0)
2 (15.4)
4 (30.8)
0 (0, 65)
7.23 ± 2.42
8.92 ± 1.89
20.46 ± 6.59
72785.60 ± 21828.16
0 (0.0)
12 (92.3)

0.590
0.100
1.000
0.020
0.480
0.220
0.650
0.480
0.480
1.000
0.100
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.480
0.320

1

Analysis was performed by t test; 2Mann-Whitney U test; or Fisher’s exact test.

infarction[1,14]. Moreover, the safety and efficacy of systemic anticoagulation in portomesenteric venous thrombosis patients with cirrhosis or acute pancreatitis remains
controversial[34,35].
In this study, catheter-directed thrombolysis was used
as the initial treatment for ASMVT patients with circumscribed peritonitis and favorable outcomes were achieved.
At our institute, interventional route selection involves
panel discussion by a medical team made up of interventionalists, radiologists and gastrointestinal surgeons, who
consider the thrombus extent and location (according to
CT imaging) and the patient’s vascular and general conditions. Percutaneous transhepatic access is technically
easier under the guidance of ultrasound or X-ray, and is
most effective in removal of larger thrombi within the
trunk of SMV[22,36-38]. Since this approach traverses the
hepatic capsule and the thrombolysis plus anticoagulation

Historically, the initial management of ASMVT has
mainly relied upon early surgical exploration[32]. However,
no guideline of optimal management has been developed
and no consensus has been reached for the complex
cases of suspected bowel infarction in particular. Early
anticoagulation to prevent thrombus propagation is a
mainstay to avoid resection of the macroscopically infarcted (but potentially reversible) bowel because nontransmural infarction is a common clinical observation
(in 83% of resected specimens of early surgery)[8,17,18,33].
Nevertheless, for ASMVT patients with circumscribed
peritonitis or extensive thrombi, conservative management of systemic anticoagulation requires a prolonged
treatment period and hospitalization yet is associated with
a low likelihood of rapid thrombus removal and high risk
of hemorrhage[5]. Additionally, secondary mesenteric arteriolar spasm frequently occurs with delayed transmural
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are initiated sequentially, then postinterventional embolization of the tract is required to prevent intraperitoneal
or subcapsular hepatic hemorrhage[39,40]. For patients with
ascites or coagulation disorder, a transjugular intrahepatic
approach is safer since it avoids traversing the hepatic
capsule and allows for additional therapies to be implemented, such as venoplasty and stent placement for elastic recoil or stenosis[23,24,41,42].
Despite the technical difficulty and potential for inducing hepatic function injury or intra-abdominal bleeding[23], this route is most often applied at our institute. Indirect thrombolytic therapy via SMA is technically more
simple and efficient in resolving thrombi within capillaries and venules[21,43]. Furthermore, pavarin infusion into
SMA is effective for relieving mesenteric arteriospasm
secondary to venous engorgement[1]. However, this approach may result in lytic agents being diverted through
patent branches or collaterals, ultimately prolonging the
thrombolysis[13,44]. Techniques of mechanical thrombectomy (e.g., stent implantation, angioplasty, transjugular
intrahepatic portosystemic shunt creation, and aspiration thrombectomy), which augment the ability of rapid
thrombus removal and recanalization, have evolved as a
significant step in thrombolysis[37,45,46].
It is critical to monitor a patient’s response to therapy
during the initial thrombolysis treatment. Urgent surgery
remains the only option to treat irreversible mesenteric
venous ischemia that develops in response to either
bowel gangrene or perforation and late stricture after
SMV recanalization. Postoperative recurrent thrombosis, which frequently develops at the anastomosis site,
is catastrophic due to the secondary extended bowel
resection and extra risk associated with the re-operation
procedure[47,48]. The liberal application of a “second-look”
laparotomy, which a recent study indicated as positive in
only 23.5% of cases[20], has resulted in an unacceptable
amount of cases put at unnecessary risk[49,50]. Therefore,
the two-stepped operation modality based on the “damage control surgery” concept has been employed at our
institute[51,52]. In our experience, laparoscopy is a safe, effective and minimally invasive tool to assess bowel viability for ASMVT, either in early surgical exploration during
thrombolysis or as a post-operative second-look strategy;
this approach has been reported to prevent unnecessary
laparotomies when noninvasive investigations fail to detect the degree of bowel ischemia[53,54].
Both anticoagulation and thrombolysis predispose a
patient to pathological hemorrhage. Close monitoring
of systemic coagulation by daily testing using thromboelastography was used in this study, and only 1 case of
transient bleeding at the puncture site and 1 case of gastrointestinal bleeding occurred in the study cohort. Extrahepatic portal hypertension and cavernous transformation of the portal vein might have been prevented, as no
patients developed these two long-term complications;
other studies of transcatheter thrombolysis for ASMVT
reported similar results during the follow-up[13,21-24].
Some limitations to the current study design may have
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impacted our findings and should be considered when
interpreting our results. Mainly, the inherent traits of a
retrospective observational study and the single-institution series are of concern. On account of the rareness of
ASMVT, the number of cases in our cohort was small.
Although the thrombus location in each patient was classified, stratification analysis by precise location was not
performed, and this may be a variable that could impact
the treatment outcome. During the study period, a detailed algorithm of treatment had not been established at
our institute. In addition, long-term follow-up outcomes
are not available yet. Randomized prospective trials are
underway to provide higher quality evidence in the future.
In summary, initial transcatheter thrombolysis for
ASMVT is feasible and efficient when early diagnosis
is established by CT portal venography. Though initial
surgical and non-operative management produced similar
rates of morbidity, mortality, and overall survival in this
small-scale study, initial catheter-directed thrombolysis is
beneficial in avoiding extensive resection of potentially
reversible bowel to prevent SBS. In addition, the thrombus was resolved with abundant collateral vessel development and rapid improvement in symptomology. Patients
were able to undergo earlier enteral or oral nutrition and
experienced a shortened hospitalization with less cost.
New indicators of prompt surgery, augmenting the signs
of peritonitis alone, are necessary and should be addressed by future studies.

COMMENTS
COMMENTS
Background

Acute superior mesenteric vein thrombosis (ASMVT) is a rare but potentially
lethal abdominal condition. Recent widespread use of contrast-enhanced computed tomography portal venography has facilitated early detection of ASMVT
prior to laparotomy, thereby reducing the high mortality rate of cases. Currently,
the consensus for management is prompt initiation of systemic anticoagulants
upon diagnosis, which has been demonstrated as more effective for patients
without peritonitis; moreover, emergency laparotomy is imperative for cases
with diffuse peritonitis or other definitive evidence of bowel perforation and
transmural necrosis. However, ASMVT with moderate, circumscribed peritonitis
and suspected bowel infarction is frequently encountered by treating physicians. The optimal approach for initial management remains to be established
with reports of outcomes from prompt surgical exploration and non-operative
treatment modalities showing inconsistent findings.

Research frontiers

Endovascular therapies, such as transcatheter thrombolysis via percutaneous transhepatic, transjugular intrahepatic, superior mesenteric arterial route
or surgically placed mesenteric vein catheter, mechanical thrombectomy and
other endovascular manipulations, alone or as part of a hybrid procedure, have
yielded favorable clinical outcomes and are emerging as a key method for revascularization in ASMVT.

Innovations and breakthroughs

Clinical signs of peritonitis are often considered an indicator for prompt surgery.
Unfortunately, the border between ischemic and viable bowel is not clear when
the disease is in the acute phase; moreover, surgeons must be careful not to
perform too extensive resection of the bowel as there is a high risk for inducing
short bowel syndrome, which is strongly associated with high 30-d mortality and
low 5-year survival. Non-operative treatment modalities, especially the recently
developed intravascular thrombolysis therapy, can achieve early recanalization
of the superior mesenteric vein and conserve as much of the ischemic bowel
as possible; as such, these procedures have gained popularity as a treatment
for ASMVT and the reported clinical outcomes have been largely favorable. The
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study described herein represents the first reported investigation of the efficacy
and safety of non-operative transcatheter thrombolysis-based management,
compared with exploratory surgery, as a first-line treatment using a cohort of
ASMVT patients.

12

Applications

The results suggest that ASMVT patients with circumscribed peritonitis benefit
from initial transcatheter thrombolysis by achieving rapid resolution of their
thrombi, early improvement of their symptoms, stimulated development of collateral vessels, reversal of intestinal ischemia, and better localization of the necessary bowel length for resection to prevent short bowel syndrome; ultimately,
use of this non-surgical procedure as a first-line treatment shortens the patient’s
hospitalization and decreased the monetary cost.

13

Terminology

14

Mesenteric vein thrombosis is an uncommon yet potentially life-threatening abdominal disease, which is established during hypercoagulable states and localabdominal processes and leads to impaired venous return, bowel-wall edema,
impaired microvascular perfusion, bowel distention, and consequent infarction
of the involved intestinal segments; the most common vessels involved include
the superior mesenteric vein, the portal vein, and the inferior mesenteric vein.
Transcatheter thrombolysis is a non-surgical medical procedure used to treat
vascular diseases, such as mesenteric vein thrombosis, which can be delivered
directly (via the percutaneous transhepatic and transjugular intrahepatic route)
or indirectly (via superior mesenteric artery access).
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Peer review

The authors present their experience with transcutaneous catheter-directed
thrombolysis as a treatment for mesenteric vein thrombosis. The data of patient
outcome, as compared to that of the traditional exploratory surgery, provide
novel insights that will be of particular interest to treating physicians as a
consensus of clinical management is currently lacking for this life-threatening
disease. This retrospective clinical study was well-designed and the results
indicate that initial transcatheter thrombolysis for ASMVT is a feasible and efficient approach for treating patients when an early diagnosis is established by
contrast-enhanced computed tomography of the portal vein phase.
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them, miR-204-3p showed the most significant decrease in expression (log2 = -1.233477, p = 0.000307).
Over-expression of miR-204-3p in HCC TECs via lentiviral transduction significantly inhibited the proliferation
of HCC TECs and promoted apoptosis. Results from
the dual luciferase activity experiment showed that the
luciferase intensity in the wild type FN1 group was significantly inhibited (p < 0.05), while that in the mutant
FN1 group was not obviously affected. This observation
indicated that FN1 was one of the potential targets of
miR-204-3p. After over-expression of miR-204-3p in
HCC TECs, Western blot analysis showed that the expression of FN1 protein was significantly inhibited.

Abstract

CONCLUSION: miR-204-3p acts on its potential target
gene, FN1, and inhibits its expression, thus blocking
the adhesion function of FN1 in promoting the growth
of TECs.

AIM: To investigate the mechanism by which miR-2043p inhibits the growth of hepatocellular carcinoma (HCC)
tumor endothelial cells (TECs).

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

METHODS: Flow cytometry was used to identify
HCCTECs and analyze their purity. Differentially expressed miRNAs in HCC TECs as compared to normal hepatic sinusoidal endothelial cells (HSECs) were examined
using the HmiOA v4 Human miRNA OneArray® microarray. miR-204-3p showed the most significant decrease
in expression and was further studied. Over-expression
of miR-204-3p was achieved using lentiviral transduction into TECs of HCC. The biological changes in HCC
TECs before and after transduction were detected using
MTT and apoptosis assays. The association between
miR-204-3p and fibronectin 1 (FN1) was determined
using the dual luciferase activity assay. Changes in FN1
protein expression before and after transduction were
detected using Western blot analysis.

Key words: Tumor vascular endothelial cells of hepatocellular carcinoma; Hepatic sinusoidal endothelial cells;
MiRNA microarray; Mir-204-3p; Fibronectin 1
Core tip: this study first employed a microarray to detect differentially expressed miRNAs in hepatocellular
carcinoma (HCC) tumor endothelial cells (TECs), as
compared to hepatic sinusoidal endothelial cells with
the goal of identifying specific miRNAs that play important roles in the angiogenesis of HCC. Our study proved
that fibronectin 1 (FN1) is a potential target gene of
miR-204-3p, suggesting that FN1 regulates the growth
of HCC TECs via the miR-204-3p/FN1 signaling pathway. The underlying mechanism was also investigated
to provide new targets and a theoretical basis for the
anti-angiogenic gene therapy of HCC.

RESULTS: Microarray results showed that compared to
normal HSECs, 15 miRNAs were differentially expressed
in HCC TECs, including 6 miRNAs with increased expression and 9 miRNAs with decreased expression. Among
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TECs via the miR-204-3p/FN1 signaling pathway. The
underlying mechanism was also investigated to provide
new targets and a theoretical basis for the anti-angiogenic
gene therapy of HCC.

patocellular carcinoma tumor endothelial cells by miR-2043p and underlying mechanism. World J Gastroenterol 2014;
20(18): 5493-5504 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i18/5493.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5493

MATERIALS AND METHODS
Cells
TECs of human HCC, human HSECs, and 293T cells
were purchased from Shanghai Xinran Biotechnology
(Shanghai, China) and cultured in DMEM (Dulbecco’s
Modified Eagle’s Medium) high-glucose medium supplemented with 10% fetal bovine serum.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a solid malignancy
with rich blood supply. Its growth, invasion, and metastasis are all closely associated with angiogenesis, and
regulation of tumor angiogenesis can therefore control
tumor growth[1]. During the progression of tumors from
the avascular stage to the vascular stage, angiogenesis is
regulated by angiogenic growth factors and their inhibitors, and once this balance is disturbed, angiogenesis can
be accelerated[2]. Although significant progress has been
achieved in studies focusing on HCC treatment, effective
treatment methods are still missing, and the prognosis
remains poor. Anti-angiogenic therapy targeting tumor
neovasculature is a new route for HCC treatment. Therefore, the identification of specific molecular markers
of tumor vascular endothelial cells can provide a new
basis for the diagnosis and targeted therapy of HCC[3,4].
MicroRNAs (miRNAs) are non-coding, small RNAs
that regulate gene expression at the post-transcriptional
level. They regulate the expression of downstream target
genes at the protein level, thus playing important regulatory roles in cellular pathways. Abnormal expression of
miRNA target genes is associated with many diseases,
such as cancer and cardiovascular disorders[5-7]. Current
studies on miRNAs are mostly focused on tumor cells.
Thus far, no studies have described miRNAs in tumor
endothelial cells (TECs) of human HCC. Therefore, this
study first employed a microarray to detect differentially
expressed miRNAs in HCC TECs as compared to normal hepatic sinusoidal endothelial cells (HSECs) with the
goal of identifying specific miRNAs that play important
roles in the angiogenesis of HCC. Of the identified differentially expressed miRNAs, miRNA-204-3p had the
most significant decrease in expression and was further
studied to investigate its role in the growth of TECs of
HCC. Fibronectin 1 (FN1), a target gene of miR-204-3p,
might participate in the miR-204-3p-mediated regulation
of TEC growth. FN1 is an important component of the
extracellular matrix and a multi-functional, glycoprotein
macromolecule that participates in the processes of cellular adhesion, migration, and damage repair[8,9]; it also
plays important roles in resistance to infection and the
maintenance of microvascular integrity[10,11]. In addition,
FN1 binds to the cell surface integrin receptor to initiate cell adhesion-mediated drug resistance (CAMDR)[12].
This study transduced TECs with a lentiviral vector to
over-express miR-204-3p and showed that the expression
of FN1 protein was significantly inhibited. Our study
proved that FN1 is a potential target gene of miR-2043p, suggesting that FN1 regulates the growth of HCC
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Flow cytometric detection of expression of TEC cell
surface molecules CD105 and CD31
After TECs were collected and washed twice with phosphate-buffered saline (PBS), human IgG (1 μg/L × 105
cells) was added to block the cells at room temperature
for 15 min. After centrifugation, the cells were aliquoted
into flow cytometry tubes. Different fluorescence-coupled antibodies were added to each tube and incubated at
4 ℃ for 30-45 min. After PBS washes and centrifugation,
the cells were resuspended in 100-200 μl PBS for flow
cytometric analysis.
Quality control of RNA samples before microarray
hybridization
Total RNA samples were analyzed using electrophoresis
to ensure that the bands of the samples were clear and
complete without smearing and diffusion. The OD230,
OD260, and OD280 of the total RNA samples were
determined using a NanoDrop instrument. The samples
were required to meet the criteria of OD260/280 > 1.8
and OD260/230 > 1.5. The required amount of total
RNA samples was greater than 5 µg.
Detection of microarray expression profile using the
HmiOA v4 Human miRNA OneArray® Chip
The RNA samples that passed the quality control were
used for reverse transcription and RNA fluorescence
labeling reactions. After microarray hybridization and
washing, the hybridized microarray was scanned using
a laser confocal scanner. Background subtraction and
normalization of the hybridization signals were then performed. Genes with greater than 2 folds of differential
expression were listed in a table, followed by statistical
analysis.
Construction, packaging, and titer detection of
miR-204-3p overexpressing lentiviral vector
The primers were synthesized as follows: forward,
5’-AGC TGT ACA AGT AAG CCT GAT CAT GTA
CCC ATA GG-3’ and reverse, 5’-GGG AGA GGG
GCT TAG CTT ATG GGA CAG TTA TGG GC-3’.
A recombinant viral plasmid encoding lentiviral particles
and two helper packaging and pseudotyping plasmids
were prepared. Endotoxin-free, high-purity extraction of
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these plasmids was performed, and the plasmids were cotransfected into 293T cells according to the instruction
manual provided with Lipofectamine 2000 (Invitrogen).
Eight hours after transfection, the culture medium was
replaced with complete culture medium. After another 48
h of culture, the cell culture supernatant rich in lentiviral
particles was collected and concentrated to obtain a hightiter, concentrated lentiviral solution. The virus titer was
determined and calibrated in 293T cells.

1 ml 1 × binding buffer, and 1 ml 1 × staining buffer,
cell suspensions were collected, stained with 5 μl annexin V-APC, and transferred into flow cytometry tubes
for detection.
Construction of plasmids over-expressing wild type and
mutant FN1
The primer sequence for synthesizing the 3’-untranslated region (3’-UTR) sequence of the FN1 gene was
5’-GCTCTAGATTCTAGAGC-3’. The plasmid containing the chemically synthesized target gene was digested
with XbaI. PCR was used to isolate the target gene
from the plasmid. The target vector was digested with
enzymes, and the digested product was recovered after
electrophoresis to perform exchange. The product was
then transformed into competent bacterial cells. The
forward PCR primer sequence was 5’-GAGGAGTTGTGTTTGTGGAC-3’, and the reverse primer sequence
was 5’-GACGATAGTCATGCCCCGCG-3’. The resulting clones were first identified by colony PCR, and the
PCR positive clones were sequenced. Subsequently, the
sequences were compared and analyzed, and the clones
with the correct sequence were kept as the successfully
constructed target plasmids.

Infection of TECs by lentiviruses
The experimental cells were divided into 3 groups: the
CON group consisted of normal TECs without lentiviral infection, the NC group consisted of normal TECs
infected with negative control viruses, and the microup group included normal TECs infected with the miR204-3p-up virus containing the target gene. Cells under
good culture conditions from each experimental group
were inoculated into 6-well plates one day prior to viral infection. On the day of infection, lentiviruses were
added into each group of cells to perform the infection
experiments. Three days after infection, the expression of
GFP was observed under a fluorescence microscope, and
the percentage of cells with positive fluorescence was
more than 90%. When cells became confluent, they were
harvested and examined.

Luciferase analysis after plasmid transfection
Cultured 293T cells were inoculated into 24-well culture
plates one day prior to plasmid transfection. Twenty-four
hours after transfection, the expression of the intracellular fluorescent marker gene (GFP) was observed under
a fluorescence microscope. Cells were then processed
using the Dual-Glo™ Luciferase Assay System (E2920,
Promega) and luciferase expression was measured. Firefly/Renilla luminescence represented the ratio between
the firefly luciferase value and the Renilla luciferase value
of the same sample well, which indicated the activity of
firefly luciferase (i.e., the expression level).

Detection of TEC proliferation before and after
transduction by MTT assay
Cells from each group in logarithmic phase were digested
with trypsin and resuspended in complete culture medium. Cells were counted using a hemocytometer, and
the cell density used for inoculation was determined according to the growth rate (usually 2000 cells/well). Each
group had 3-5 duplicate wells with 100 μl of cell suspension in each well; a total of 5 96-well plates were used,
and the observation was continued for 5 d. When adding
cells to the tissue culture plates, the cell number in each
well was consistent. After cells were plated, they were cultured at 37 ℃ in a 5% CO2 incubator. During the period
starting from the second day of plating to 4 h before the
termination of culture, 10 μl of 5 mg/ml MTT was
added to each well without changing the medium. After 4
h, the culture medium was discarded, and 100 μl DMSO
was added to each well to stop the reaction. After vortexing for 5-10 min, the OD value was detected at 490 nm
using a microplate reader, and the results were statistically
plotted.

Detection of FN1 protein expression in TECs by Western
blot analysis
Protein samples were lysed in sample lysis buffer to a
final concentration of 0.5-1 mg/ml. After boiling in a
100 ℃ water bath for 3 min, the samples were electrophoresed on pre-made SDS-polyacrylamide gels. After
destaining and washing, the nitrocellulose (NC) membrane was incubated with specific primary antibodies, followed by overnight incubation in a shaker at 4 ℃. After
washing with TBST (Tris-buffered saline and Tween 20)
3 times, the membrane was transferred into a solution
with diluted enzyme-labeled secondary antibodies. The
membrane was washed, exposed and developed in a dark
room.

Flow cytometric detection of TEC apoptosis before and
after transfection by annexin V-APC single staining
Cell culture supernatant from each group was collected
into 5 ml centrifuge tubes after the cells were infected
for 4 d. Cells were washed once with D-Hanks and digested with trypsin; the digestion was stopped by the
addition of culture supernatant. Cells were harvested and
collected into the same 5 ml centrifuge tube, and each
group had three duplicate wells. After washing with PBS,
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Statistical analysis
Statistical analyses was performed using the SPSS 13.0
software. All experiments were independently repeated
three times. Comparison between the two groups of data
was performed using Student’s t test. A p value < 0.05
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B

Figure 1 Comparison of the morphology of Tumor endothelial cells and Hepatic sinusoidal endothelial cells. TECs had different sizes, irregular morphology,
and a scattered distribution. HSECs had a uniform morphology and showed a clustered distribution. (A: TEC 100 ×; B: HSEC 100 ×). TEC: Tumor endothelial cell;
HSEC: Hepatic sinusoidal endothelial cell.

indicated that the difference was statistically significant.

among all microarrays. For this microarray project, the
number of genes clustered was 108 (Figure 4).

RESULTS

Number of differentially expressed genes
There are 15 differentially expressed miRNAs in HCC
TECs, including 6 miRNAs with increased expression
and 9 miRNAs with decreased expression. Standard selection criteria to identify differentially expressed genes
are established at log2|Fold change| ≥ 0.585 and P <
0.05 (Tables 1 and 2).

Cell morphology
Observation under the microscope revealed that TECs
showed a thin and long “filamentous rod-shaped” morphology, while HSECs showed a typical “cobblestonelike” morphology (Figure 1).
Expression of TEC cell surface molecules CD105 and
CD31
Currently, the main molecular markers used for sorting
vascular endothelial cells are CD31 and CD105. However, since CD31 can cross-react with hematopoietic
cells, CD105 becomes the best choice for sorting HCC
TECs[13]. Flow cytometry results showed that the positive rates of CD105 and CD31 expression were 100%
and 98.7%, respectively, which excluded the possibility of
hepatoma cell, macrophage, and fibroblast contamination
(Figure 2).

Determination of lentivirus titers after infection of TECs
Three days after infection, the expression of GFP was
observed under a fluorescence microscope. The results
showed that the CON group had no green fluorescence,
the NC group had green fluorescence that was not specific to the target gene, and the micro-up group contained
green fluorescence as granules of the target gene; the
percentage of cells with positive fluorescence was over
90% (Figure 5).
Detection of TEC proliferation before and after
transduction by MTT assay
After 5 d of continuous observation, it was found that
cell proliferation was significantly inhibited in the microup group, while cell proliferation in the CON and NC
groups was not affected. On day 4, compared with the 2
control groups, the difference in proliferation inhibition
in the micro-up group (3.61 ± 0.29) was the largest (p <
0.01), although there was no significant difference (p >
0.05) between the CON group (6.31 ± 0.14) and the NC
group (6.11 ± 0.31) (Figure 6).

Volcano plot
The volcano plot shows the distribution of differential
expressed probes while dotted line in red and green representing the cut-off, a measurement of fold-change on
the x-axis vs a measure of significance (negative logarithm
of the P value) on the y-axis. The log2 scale of the expression signal values were plotted for all probes, excluding control and flagged probes (Figure 3).
Clustering analysis
For advanced data analysis, all biological replicates were
pooled and calculated to identify differentially expressed
genes based on the threshold of fold change and p value.
The correlation of expression profiles between biological
replicates and treatment conditions was demonstrated by
unsupervised hierarchical clustering analysis. A subset of
genes was selected for clustering analysis. An intensity filter was used to select genes where the difference between
the maximum and minimum intensity values exceeds 75
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Flow cytometric detection of apoptosis in each group
after transduction
Four days after transduction, the confluence of each group
of cells was approximately 90%. There was no significant
difference between the CON group (1.54% ± 0.11%) and
the NC group (1.61% ± 0.25%), while the micro-up group
(4.09% ± 0.16%) showed significant apoptosis compared
to the other groups (p < 0.01) (Figure 7).
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Figure 2 Flow cytometry results. The positive rates of CD105 and CD31 expression were 100% and 98.7%, respectively, which excluded the possibility of hepatoma cell, macrophage, and fibroblast contamination.

in the FN1-MUT group (0.71 ± 0.02) (p < 0.05). This
finding indicated that miR-204-3p had an inhibitory effect on FN1 expression, and the inhibitory effect was
achieved through miR-204-3p binding to the FN1 3’
UTR region, suggesting that FN1 is a target gene of
miR-204-3p (Figure 8).

6

-Log10 (P value)

5
4
3

Silencing effect of miR-204-3p on the expression of FN1
in TECs
After infection, the expression of FN1 protein in TECs
was significantly reduced, and there were significant differences between the groups (p < 0.01). In contrast, the
FN1 protein expression in the CON and NC groups did
not change significantly (Figure 9).

2

P value = 0.05
1
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Figure 3 Volcano plot of sample hepatic sinusoidal endothelial cells vs
tumor endothelial cells. Standard selection criteria to identify differentially
expressed genes are established at |Fold change| ≥ 0.585 and P value < 0.05
(Blue dot in figure). TEC: Tumor endothelial cell; HSEC: Hepatic sinusoidal endothelial cell.

DISCUSSION
Tumorigenesis is a very complex process involving the
regulation of multiple genes at multiple steps. Its mechanism has not been fully elucidated, and factors such as
cell mutation and proliferation, signal transduction, and
angiogenesis all have important influences[14]. Primary
HCC is one of the most common malignant tumors of
the digestive system. Surgical treatment by hepatectomy
and liver transplantation is currently the only possible

Identification of FN1 as a target gene of miR-204-3p by
dual luciferase activity assay
The luciferase activity in the wild type FN1 (FN1-WT)
group (0.52 ± 0.01) was significantly lower than that
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approach to cure HCC. However, surgical treatment
has strict indications and contraindications. Radio- and
chemotherapeutic technologies are the most widely used
treatment approaches, although normal cells are inevitably damaged during these treatment processes due to
the current lack of specific and effective therapies[15].
Therefore, the research and development of specifically
targeted therapeutic drugs for HCC have become a top
priority. The development of molecularly targeted drugs
has become a new hope for the systemic treatment of
HCC. HCC is a type of tumor with rich blood vessels.
The selective inhibition or direct killing of HCC TECs
as well as blocking tumor angiogenesis and blood supply
as much as possible provides a new therapeutic method
for HCC patients that is more effective and less toxic
than the existing treatments. Thus, the identification of
specific markers for HCC TECs and the investigation of
specific targeted therapies against TECs have become
new hot spots in the field of tumor therapy[16,17].
miRNAs are non-coding, small RNAs that regulate
gene expression at the post-transcriptional level. Their
lengths are usually between 21-23 nucleotides. They can
inhibit protein synthesis or induce mRNA degradation
through complementary base-pairing with the 3’-UTR
of the target mRNA, thus achieving negative regulation
of target genes at the post-transcriptional level. miRNAs
can act not only as tumor suppressor genes to down-regulate the activity of proto-oncogenes[18] but also as oncogenes to down-regulate the activity of tumor suppressor
genes, thus regulating the biological characteristics of tumors[19,20]. This study is the first to use a microarray analysis to detect the differentially expressed miRNAs between
normal HSECs and HCC TECs. The results showed that
there are 15 differentially expressed miRNAs in HCC
TECs, including 6 miRNAs with increased expression
and 9 miRNAs with decreased expression. These 15
differentially expressed miRNAs may participate in the
regulation of proliferation and apoptosis of HCC TECs,
thereby providing references for further investigation
of the mechanism underlying miRNA regulation of the
growth of HCC TECs. The verification and functional
study of these screened, differentially expressed miRNAs are the focuses of our future studies. These small
molecule substances may become new anti-angiogenesis
targets for HCC[21].
We mentioned above that miRNAs participate in
tumor occurrence and development through the regulation of downstream target genes. Therefore, the focus of
this study was to select specific miRNAs and their target
genes and to investigate the related functional mechanisms of the two. This study selected miR-204-3p, which
showed significantly decreased differential expression,
for the subsequent studies. The miR-204-3p-up lentiviral
vector was constructed and used to infect HCC TECs.
MTT assay showed that the proliferation of TECs in the
micro-up group was significantly inhibited starting from
the day 3, while the proliferation of untreated TECs and
TECs treated with the negative control virus was not
affected. The difference was most significant on day 4.

TEC

HSEC
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Figure 4 Clustering analysis. Clustering was performed to visualize the correlations among the replicates and varying sample conditions. Up- and downregulated genes are represented in red and green colors, respectively. TEC:
Tumor endothelial cell; HSEC: Hepatic sinusoidal endothelial cell.
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Figure 5 Determination of lentivirus titers after infection of tumor endothelial cells. GFP expression 3 d after infection. B and G indicate the bright field and the
green fluorescence field, respectively (A: CON 100 × B; B: CON 100 × G; C: NC 100 × B; D: NC 100 × G; E: Micro-up 100 × B; F: Micro-up 100 × G). The micro-up
group achieved relatively ideal transduction efficiency. The percentage of cells with positive fluorescence was over 90%.

Based on the initial MTT assay results, day 4 presented
the most significant proliferation inhibition and was used
as the time point for apoptosis detection. The results
showed that TECs in the micro-up group demonstrated
apoptosis with statistical significance. However, the apoptosis rate was only 4.09% ± 0.16%, and there were no
significant large areas of apoptosis. It was speculated that
miR-204-3p alone might not have obvious effects in promoting apoptosis in HCC TECs without the involvement
of other miRNAs or signal molecules to jointly provide
the regulatory effects. The specific mechanism underlying this observation still requires further investigation[7,22].
Mikhaylova et al[23] showed that compared with normal
kidney tissues, the expression level of miR-203-3p in renal cell carcinoma was significantly decreased, and overexpression of miR-204-3p had a significant inhibitory
effect on the growth and metastasis of the tumor. The
results from this study, however, confirmed that miR-

WJG|www.wjgnet.com

204-3p was also involved in regulating the growth of
TECs, and miR-204-3p inhibited the proliferation and
promoted the apoptosis of TECs of HCC through the
regulation of specific target genes.
To further investigate the mechanism of action of
miR-204-3p, we showed that FN1 was one of its target
genes using the target gene prediction software. FN1
plays important roles in the proliferation, apoptosis, and
metastasis of tumor cells[11,24]. Fibronectin proteins can
mediate adhesion of many types of cells via the various
integrin receptor domains on molecules and can also
transduce specific signals, thus causing cells to produce
specific physiological and pathological responses and affecting the proliferation, migration, differentiation, and
apoptosis of cells. Studies have suggested that inhibition
of tumor cell apoptosis by FN1 may be associated with
increased bcl-2 expression[25,26]. Tumor growth requires
blood vessels to provide oxygen and nutrients, and in the
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Figure 6 Detection of tumor endothelial cell proliferation before and after
transduction. Five days of continuous observation of each group’s OD values
demonstrated that the proliferation of these groups started to show significant
differences from day 3; cell proliferation in the micro-up group (2.36 ± 0.23) was
significantly lower than that in the CON group (3.65 ± 0.17) and the NC group
(3.83 ± 0.39), and the proliferation inhibition rate in the micro-up group (3.61 ±
0.29) presented the largest difference on day 4, as compared to the other two
groups (P < 0.01).
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absence of blood supply, the diameter of a tumor cannot
exceed 1.5 mm[27]. FN1 can be highly expressed in vascular endothelial cells, vascular smooth muscle, and perivascular matrix of many types of tumors[28]. Wijelath et al[29]
showed that the full-length fibronectin protein molecule
can form a structural and functional complex with vascular endothelial growth factor (VEGF) to promote angiogenesis and endothelial cell migration. This complex can
protect VEGF from rapid degradation by proteolytic enzymes and significantly increase the migration capacity of
endothelial cells. The expression of FN1 shows a positive
correlation with that of VEGF and microvessel density
(MVD)[30]. The luciferase assay results showed that the luciferase intensity in the FN1-WT group was significantly
suppressed (p < 0.05), while that in the FN1-MUT group
was basically not affected. This finding indicated that
FN1 is one of the potential target genes of miR-204-3p
and verified the authenticity of the target gene prediction
software. Western blot was performed to examine the expression of fibronectin protein in HCC TECs before and
after infection with miR-204-3p lentiviruses, as well as
in TECs infected with negative control lentiviruses. The
results showed that over-expression of miR-204-3p significantly inhibited the expression of fibronectin protein,
which further verified the target gene prediction results
and indicated that miR-204-3p inhibits the proliferation
and promotes the apoptosis of HCC TECs through the
silencing of its target gene, FN1.
This study, for the first time, examined the differentially expressed miRNAs in HCC TECs and HSECs and
identified 15 specific miRNAs that may have regulatory
functions in the proliferation and apoptosis of HCC
TECs. These miRNAs can be used as specific targets to
provide new ideas and directions for specific targeted
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Figure 7 Apoptosis of the three groups of cells. There were no significant
differences between the CON group (1.54% ± 0.11%) and the NC group (1.61%
± 0.25%), while the micro-up group (4.09% ± 0.16%) showed significant apoptosis compared to the other groups (P < 0.01). Over-expression of transduced
miR-204-3p significantly promoted apoptosis in tumor endothelial cells.

therapies against TECs in the future. The miR-204-3p
that showed significantly decreased differential expression
was further studied. The experimental results confirmed
that it plays important roles in the proliferation and
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Figure 8 Identification of fibronectin 1 as a target gene of miR-204-3p. Comparison of the firefly luciferase activities (i.e., the GFP expression level) of the two
groups of cells 24 h after transfection showed that the luciferase activity in the wild type fibronectin 1 (FN1-WT) group was significantly inhibited. The luciferase activity
in the FN1-WT group (0.52 ± 0.01) was significantly lower than that in the FN1-MUT group (0.71 ± 0.02) (P < 0.05). A: FN1-WT 100 × B; B: FN1-WT 100 × G; C: FN1MUT 100 × B; D: FN1-MUT 100 × G.
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Figure 9 Silencing effect of miR-204-3p on the expression of fibronectin 1 in tumor endothelial cells. Western blot analysis showed that after over-expression
of miR-204-3p, the fibronectin 1 (FN1) protein expression level in tumor endothelial cells was significantly lower than those in the CON and NC groups, which verified
the silencing effect of miR-204-3p on the FN1 gene.

WJG|www.wjgnet.com

5501

May 14, 2014|Volume 20|Issue 18|

Cui ZH et al . Mir-204-3p and tumor endothelial cells
Table 1 Differentially expressed transcripts (up-regulated)
Name

Log2 (Ratio)

P value

HSEC

TEC

HSEC

TEC

TEC/HSEC

TEC/HSEC

68.257645
131.708413
126.901537
115.365033
71.141771
494.146893

186.191599
205.954953
261.084309
179.95054
126.901537
744.766395

0.029597
0.021898
0.090416
0.020914
0.023094
0.047938

0.068251
0.041495
0.054737
0.063584
0.050363
0.083445

1.447725
0.644981
1.040806
0.641394
0.834941
0.591848

0.000086
0.000128
0.000266
0.000680
0.000125
0.002918

Normalized intensity

hsa-miR-1
hsa-miR-3127-5p
hsa-miR-3146
hsa-miR-3198
hsa-miR-3673
hsa-miR-4701-5p

CV

There are 6 miRNAs with increased expression in hepatocellular carcinoma TECs. Selection criteria to identify differentially
expressed genes are established at log2|Fold change| ≥ 0.585 and P < 0.05. HSECs: Hepatic sinusoidal endothelial cells;
TECs: Tumor endothelial cells.

Table 2 Differentially expressed transcripts (down-regulated)
Name

Log2 (Ratio)

P value

TEC

HSEC

TEC

TEC/HSEC

TEC/HSEC

213.236189
305.8119
271.486074
1866.07669
816.538576
2926.01657
89.455182
5290.33783
721.882512

0.040860
0.066696
0.084331
0.118070
0.075747
0.111816
0.063787
0.045593
0.247288

0.040824
0.115901
0.052030
0.118846
0.081919
0.104477
0.037967
0.035977
0.215769

-0.586241
-1.233477
-0.932224
-0.586164
-0.632834
-0.792310
-0.619950
-0.647667
-0.860121

0.000285
0.000307
0.000313
0.014876
0.003703
0.003316
0.000703
0.000935
0.047015

Normalized intensity
HSEC

hsa-miR-1224-5p
hsa-miR-204-3p
hsa-miR-3178
hsa-miR-3960
hsa-miR-4488
hsa-miR-4497
hsa-miR-4521
hsa-miR-4649-5p
hsa-miR-933

320.137967
583.554793
638.353184
2801.44755
1266.13124
5067.40908
137.476665
8288.01626
1310.3545

CV

There are 9 miRNAs with decreased expression in hepatocellular carcinoma TECs. Selection criteria to identify differentially
expressed genes are established at log2|Fold change| ≥ 0.585 and P < 0.05. HSECs: Hepatic sinusoidal endothelial cells;
TECs: Tumor endothelial cells.

investigate its role in the growth of TECs of HCC. Fibronectin 1 (FN1), a target
gene of miR-204-3p, might participate in the miR-204-3p-mediated regulation of
TEC growth.

apoptosis of TECs of HCC. The mechanism is through
silencing of the expression of its target gene FN1, thus
regulating the important function of FN1 in the proliferation, adhesion, and migration of vascular endothelial
cells. Therefore, the 15 differentially expressed miRNAs
headed by the miR-204-3p/target gene FN1 signaling
pathway can be used as new targets for gene therapy and
can provide effective and specific reference indicators for
HCC anti-angiogenic therapy and prognosis evaluation.

Applications

The 15 differentially expressed miRNAs headed by the miR-204-3p/target gene
FN1 signaling pathway can be used as new targets for gene therapy and can
provide effective and specific reference indicators for HCC anti-angiogenic
therapy and prognosis evaluation.

Terminology

Background

MiRNAs are non-coding, small RNAs that regulate gene expression at the posttranscriptional level. Abnormal expression of miRNA target genes is associated
with many diseases, such as cancer and cardiovascular disorders. FN1 is an
important component of the extracellular matrix and a multi-functional macromolecule; it also plays important roles in resistance to infection and the maintenance of microvascular integrity.

Research frontiers

The authors report that fifteen differentially expressed miRNAs were identified
that may participate in the proliferation and metastasis of HCC TECs. Thus,
this study proved that FN1 is a potential target gene of miR-204-3p, suggesting
that FN1 regulates the growth of HCC TECs via the miR-204-3p/FN1 signaling
pathway.
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Arsenic trioxide induces apoptosis of human gastrointestinal
cancer cells
Zhi-Bin Ma, Hong-Yu Xu, Miao Jiang, You-Lin Yang, Lian-Xin Liu, Ying-Hua Li
As2O3 was administered intravenously at a dose of 0.01
g/d diluted with 5% glucose in normal saline for 2-3
h for 3 consecutive days before surgery. Morphological changes associated with apoptosis of gastrointestinal cancer cells were observed by light microscopy.
Changes in the apoptotic index induced by As2O3 were
investigated using the terminal deoxynucleotidyl transferase dUTP nick end labelling method. Expression levels of p53 and Bcl-2 proteins in gastrointestinal cancer
tissues were determined by immunohistochemistry.
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RESULTS: The apoptotic index of human gastrointestinal cancer cells was higher in cells from patients
treated with As2O3 than in those not treated (P < 0.05).
p53 protein expression in gastrointestinal tissues was
unchanged by As2O3 (P > 0.05). However, Bcl-2 protein expression in gastrointestinal tissues was downregulated by As2O3 (P < 0.01).
CONCLUSION: These results demonstrate that As2O3
treatment in patients with gastrointestinal cancers can
induce apoptosis in gastrointestinal cancer cells and
down-regulate Bcl-2 protein expression.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Gastrointestinal cancer; Arsenic trioxide;
Apoptosis; p53; Bcl-2

AIM: To investigate the changes in apoptosis in gastrointestinal cancer cells from patients with gastrointestinal cancers treated with arsenic trioxide (As2O3);
and to study the possible molecular mechanisms of
such changes by detecting the expression levels of p53
and Bcl-2.

Core tip: In this study, patients with gastrointestinal
cancer were treated with arsenic trioxide for the first
time. The use of arsenic trioxide in neoadjuvant chemotherapy prior to surgery improved surgical results.

METHODS: Twenty patients with gastrointestinal adenocarcinoma based on endoscopic and biopsy findings (ten patients with gastric cancer and ten patients
with colorectal cancer) who received treatment in our
hospital between August 2007 and December 2008
were included in this study. None of the patients had
received anti-tumour agents prior to As2O3 treatment.
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number of positively stained cells per 1000 cells (n = 5).
The apoptotic index (AI) was calculated as follows: AI
= (number of apoptotic cells/total number of cells) ×
100%.

INTRODUCTION
Gastrointestinal cancer (GIC) is one of the most common malignant tumours in China. Although early GIC
can be treated by surgical resection, the response of
advanced-stage GIC to conventional chemotherapy or
radiotherapy is usually unsatisfactory. Following studies
in Harbin and Shanghai, arsenic trioxide (As2O3) was
reported to be an effective drug for the treatment of
patients with acute promyelocytic leukaemia (APL), by
selectively inducing apoptosis in APL cells[1-3]; the effect
of As2O3 on solid tumours has since been demonstrated
in GIC cells in vitro and in vivo[4-7]. However, the clinical
efficacy of As2O3 for the treatment of GIC remains
unknown. Based on the above studies, we treated GIC
patients with As2O3, observed its ability to induce apoptosis in GIC cells, and explored the possible molecular
mechanism underlying this effect by detecting the expression levels of p53 and Bcl-2 in As2O3-treated GIC
cells.

Immunohistochemistry
The streptavidin-peroxidase (S-P) method was used to
detect the expression levels of p53 and Bcl-2 proteins in
human gastrointestinal adenocarcinoma tissues. Monoclonal rabbit anti-human p53 and rabbit anti-human
Bcl-2 antibodies (antiserum titre, 1:50) were provided
by Zhongshan Bio-Tech Co., Ltd. (Beijing, China). The
expression levels of p53 and Bcl-2 proteins were determined using an UltraSensitive S-P (Mouse/Rabbit) kit
(Zhongshan Bio-Tech Co., Ltd.) according to the manufacturer’s protocol. The percentage of positive cells was
calculated by examination of the images under the light
microscope.
Statistical analysis
Results were analysed using the SPSS13.0 statistical software package. All values were expressed as mean ± SD.
Comparisons of values before and after As2O3 treatment
were performed using one-sample t tests, and correlation
analysis was performed using linear correlation. Values
of P < 0.05 were considered statistically significant.

MATERIALS AND METHODS
As2O3
As2O3 for injection (0.01 g/10 mL) was produced by Harbin Yida Pharmaceutical Co., Ltd. (Harbin, China).
Drug treatment
Twenty patients with gastrointestinal adenocarcinoma
based on endoscopic and biopsy findings, including
ten patients with gastric cancer and ten patients with
colorectal cancer who received treatment in our hospital between August 2007 and December 2008, were
included in this study. None of the patients had received
anti-tumour agents. As2O3 was administered as an intravenous infusion at a dose of 0.01 g/d diluted with 5%
glucose in normal saline for 2-3 h for 3 consecutive days
before surgery.

RESULTS
Morphological observation of apoptotic human GIC cells
by light microscopy
The number of apoptotic cells increased after As2O3
treatment as determined by light microscopy. Typical
apoptotic morphological features were detected in GIC
cells after treatment, including cellular shrinkage, cell
nuclear fragmentation, chromatin condensation, and the
production of apoptotic bodies (Figure 1).
Apoptosis induction in human GIC cells by As2O3
As shown in Figure 2, the number of apoptotic GIC cells
as indicated by brown staining was increased after 3 days
of As2O3 treatment. Correspondingly, the AI of GIC cells
increased after As2O3 treatment relative to that before
treatment (P < 0.05) (Table 1).

Human tissue collection
Human gastrointestinal adenocarcinoma tissue specimens were obtained endoscopically from the same patients before and after As2O3 treatment and surgery.
Apoptotic cell morphology
The apoptotic cell morphology of GIC cells was examined by light microscopy.

Effect of As2O3 on p53 protein expression in human GIC
cells
There was no significant change in p53 protein expression in either gastric or colon cancer tissues after As2O3
treatment, suggesting that the anti-apoptotic p53 gene
was not sensitive to As2O3 at a dose of 0.01 g/d for 3
d (Table 1, Figure 3).

Terminal deoxynucleotidyl transferase dUTP nick end
labelling assays
Apoptosis was assessed via transferase dUTP nick end
labelling (TUNEL) assay according to the instructions
of the In Situ Cell Death Detection Kit (BoehringerMannheim, Germany). Briefly, after three washes with
phosphate-buffered saline (PBS), 400 μL TUNEL reaction solution was added to the well, followed by incubation at 37 ℃ for 1 h. Stained cells were examined under
the light microscope. Apoptotic cells were scored as the

WJG|www.wjgnet.com

Effect of As2O3 on Bcl-2 protein expression in human
GIC cells
As shown in Figure 4, Bcl-2 protein expression was reduced in gastric cancer tissues after As2O3 treatment, and
similar results were seen in colon cancer tissues, suggest-
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A

B

Figure 1 Morphology of apoptotic cells in gastrointestinal cancer seen under light microscopy. The number of apoptotic cells increased following a 3-d
period of As2O3 treatment. Typical apoptotic changes were seen in GIC cells after As2O3 treatment, including cellular shrinkage, cell nucleus fragmentation,
chromatin condensation, and the appearance of apoptotic bodies. A: Before As2O3 treatment; B: After As2O3 treatment (HE × 40).

A

B

C

D

Figure 2 Human gastrointestinal cancer cells were observed by transferase dUTP nick end labelling assay, and identified by brown-stained nuclei. The
number of apoptotic cells was counted in order to calculate the apoptotic index. A: Gastric cancer before As2O3 treatment; B: Gastric cancer after As2O3 treatment: C:
Colon cancer before As2O3 treatment; D: Colon cancer after As2O3 treatment (× 400).

cells (Figure 5).

ing that As2O3 had down-regulated the expression of
Bcl-2 protein (Table 1).

Clinical safety of As2O3 treatment
Two patients experienced vomiting after As2O3 treatment,
which resolved after symptomatic treatment. Seconddegree atrioventricular block occurred during As2O3 treatment in one patient, who recovered after treatment. There
were no other secondary effects in any other patients.

Correlation between apoptosis and Bcl-2 expression
According to the above observations, the AI of GIC
cells increased following the down-regulation of Bcl-2
protein expression. The correlation between apoptosis
and Bcl-2 expression was examined to determine whether changes in Bcl-2 expression represented the molecular
mechanism responsible for As2O3-induced apoptosis of
GIC cells. The results showed no significant correlation
between these measures in either gastric or colon cancer

WJG|www.wjgnet.com
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The use of arsenic compounds as drugs has a long his-
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A

B

C

D

Figure 3 p53 protein expression in human gastrointestinal cancer cells as indicated by brown-stained nuclei. A: Gastric cancer before As2O3 treatment; B:
Gastric cancer after As2O3 treatment; C: Colon cancer before As2O3 treatment; D: Colon cancer after As2O3 treatment (× 400).

A

B

C

D

Figure 4 Bcl-2 protein expression in human gastrointestinal cancer cells as indicated by brown-stained cytoplasm. A: Gastric cancer before As2O3 treatment;
B: Gastric cancer after As2O3 treatment; C: Colon cancer before As2O3 treatment; D: Colon cancer after As2O3 treatment (× 400).

tory in traditional Chinese medicine. As2O3 has been
identified as an effective drug for the treatment of APL,

WJG|www.wjgnet.com

with induction of apoptosis representing the main mechanism of action. Numerous clinical trials on As2O3 are
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Figure 5 Linear correlation analyses between apoptotic index and Bcl-2 expression in gastric cancer (A) and colon cancer (B) (%). Data are given as mean
± SD. No significant correlation was detected.

As2O3-induced apoptosis in HepG2 cells, and suggested
that the adaptive response of PIG11 expression was an
important factor in enhancing cell sensitivity to As2O3induced apoptosis. As 2O 3 has been shown to induce
apoptosis in different GCC lines through up-regulation
of p53 expression and down-regulation of Bcl-2 expression[18]. Many chemotherapy agents can induce apoptosis
in gastric cancer and colon cancer cells by modulating the
p53 gene[19]. Jiang et al[20] found that As2O3 induced apoptosis in the GCC lines AGS and MKN-28 through upregulation of p53. Akao et al[21] also reported that As2O3
induced apoptosis through the down-regulation of Bcl-2
protein and activation of caspases in B-cell leukaemia cell
lines, while As2O3-induced apoptosis was related to p53
and Bcl-2 gene expression in studies of colon cancer cell
lines and in an animal model[6,7].
To further confirm the possible mechanism of As2O3induced apoptosis, we determined the effect of As2O3
on p53 and Bcl-2 expression. In contrast to the previous
reports, our immunohistochemical analysis found no significant change in p53 protein expression in either gastric or colon cancer tissues following As2O3 treatment.
Possible reasons for this discrepancy are as follows:
(1) As2O3 treatment was only administered for a short
period (3 d); (2) the dose of As2O3 used in the current
study may have been too low; (3) the effect of As2O3
on p53 expression may be related to the stage of
GIC; or (4) the internal environment in GIC patients
may be more dynamic than that in cell lines. Further
studies are needed to clarify the effect of As2O3 on p53
protein expression in human GIC cells.
Bcl-2 is considered a survival gene that plays an important role in inhibiting tumour cell apoptosis[22]. Our
experimental results revealed that As2O3 down-regulated
the expression of Bcl-2 protein in human GIC tissues.
However, the change in Bcl-2 protein expression was
not correlated with AI in either gastric or colon cancers,
suggesting that other genes may be involved in the process of As2O3-induced apoptosis in human GIC.
In conclusion, the results of this study indicate that
clinical treatment with As2O3 induced apoptosis of GIC
cells without causing serious adverse effects. In addition,
although Bcl-2 gene expression was down-regulated by

Table 1 Apoptotic index, p53 protein expression and Bcl-2
protein expression in human gastrointestinal cancer cells
Group
Gastric cancer
Colon cancer
Gastric cancer
Colon cancer
Gastric cancer
Colon cancer

Index

Before As2O3
treatment

After As2O3 P value
treatment

Apoptotic
index (%)
p53 protein
(%)
Bcl-2 protein
(%)

6.88 ± 1.80
7.11 ± 1.48
38.08 ± 18.52
31.58 ± 14.55
37.16 ± 18.94
28.69 ± 13.00

15.53 ± 4.51
16.76 ± 4.16
35.42 ± 17.19
30.83 ± 19.52
23.80 ± 3.30
16.90 ± 5.74

< 0.05
< 0.05
> 0.05
> 0.05
< 0.05
< 0.05

Data are presented as mean ± SD of the percentage of apoptotic cells.

therefore underway for the treatment of haematopoietic
malignancies and solid tumours[8-10].
Recent studies[11-15] reported that As2O3 could induce
apoptosis in various solid tumour cell lines, including
GIC cell lines, as well as in animal models of GIC, especially gastric cancer. However, no clinical trial on As2O3
in patients with gastric cancer has been reported.
In the present study, we treated GIC patients with
As2O3 and examined its effect on GIC cells. Light microscopy showed morphological changes characteristic
of apoptosis in GIC cells in As 2O 3-treated patients.
TUNEL assay showed that AI was also significantly increased in GIC cells of treated patients. These results
suggest that As2O3 induces apoptosis of GIC cells not
only in cell lines and animal models, but also in the clinical setting. The induction of apoptosis in GIC cells from
GIC patients may indicate a new potential strategy for
the treatment of these tumours. Gu et al[16] found that the
induction of apoptosis was time- and concentration-dependent. In line with previous clinical reports, we chose a
relatively safe dose of As2O3 in this study. However, the
optimal dose required to produce the maximal clinical effect with minimal toxicity remains to be determined.
Although the effect of As2O3 on the induction of GIC
cell apoptosis has been addressed, its precise mechanism
remains unanswered. In APL cells, As2O3 was shown to
inhibit cell proliferation by direct induction of apoptosis
through down-regulation of Bcl-2 expression and modulation of the PML/RARα protein in in vitro studies[2]. Liu
et al[17] reported that the PIG11 gene may be involved in
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As2O3, this did not seem to be the mechanism responsible for As2O3-induced apoptosis. Similar to P53 and Bcl-2
genes, SIRT6 is a new tumor suppressor gene in colorectal cancer as shown in recent studies, and it is possible
that the glycolytic pathway limits the growth of tumors.
We also used SIRT6 antibody on the tissue samples before and after As2O3 treatment, and SIRT6 was found to
be higher after treatment than before treatment. Further
comprehensive clinical studies are needed to clarify the
significance and precise mechanism of action of As2O3
in the treatment of GIC patients.
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spots were detected by 2-ED analysis by comparing
the average maps of PGC, cholecystitis and normal
gallbladder tissues. Six of the seven differentially expressed proteins were identified using MALDI-TOF MS,
with three overexpressed and three underexpressed
in PGC tissue. Protein levels of annexin A4 (ANXA4)
were significantly elevated, and heat shock protein
90-beta (Hsp90β) and dynein cytoplasmic 1 heavy
chain 1 (Dync1h1) were decreased in PGC tissues relative to the normal tumor-adjacent tissues as shown by
Western blot analysis. However, levels of actin, aortic
smooth muscle and gamma-actin were unchanged.
In addition, the mRNA levels of all 5 proteins showed
similar changes to those of the protein levels (P < 0.01).
Further validation by immunohistochemical analysis
showed the upregulated expression of ANXA4 and
decreased expression of Hsp90β and Dync1h1 in the
cytoplasm of PGC tissues relative to the normal tumoradjacent tissues.

Abstract

CONCLUSION: Three proteins are identified as potential biomarkers of PGC using proteomic analysis. The
functions of these proteins in the carcinogenesis of
PGC remain to be studied.

AIM: To identify potential biomarkers of primary gallbladder cancer (PGC).

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

METHODS: Fresh PGC, cholecystitis and normal gallbladder tissue specimens collected from 10 patients,
respectively, were subjected to comparative proteomic
analysis. The proteomic patterns of PGC were compared with those of cholecystitis and normal gallbladder tissues using two-dimensional gel electrophoresis
(2-DE). The differentially expressed proteins were then
identified using a MALDI-TOF mass spectrometer (MS)
and database searches. To further validate these proteins, 20 samples of PGC tissues and normal tumoradjacent tissues were collected for Western blot,
quantitative real-time PCR, and immunohistochemical
staining assay.

Key words: Primary gallbladder cancer; Proteomic analysis; Annexin A4; Dynein cytoplasmic 1 heavy chain 1;
Heat shock protein 90-beta; Biomarker
Core tip: A new comparative proteomic study using
human primary gallbladder cancer (PGC), cholecystitis
and normal gallbladder tissues to identify biomarkers
of PGC was performed. Three new potential biomarkers of PGC were validated and may be informative in
understanding the carcinogenic mechanisms and monitoring the treatment of PGC.

RESULTS: Seven differentially expressed protein

WJG|www.wjgnet.com

Huang HL, Yao HS, Wang Y, Wang WJ, Hu ZQ, Jin KZ. Proteomic

5511

May 14, 2014|Volume 20|Issue 18|

Huang HL et al . Biomarkers of gallbladder cancer

some limitations of the approaches used to elucidate
the molecular mechanisms of PGC. Although proteomic studies on PGC have included cancer cell lines
and blood samples[11-13], few studies have applied a proteomic approach to tumor tissues from PGC patients.
Compared to proteomic studies using cancer cell lines
and blood samples, studies using tumor tissue should be
more informative in terms of carcinogenic mechanisms,
prognostic evaluation and therapy for PGC. Therefore,
we aimed to identify biomarkers in human PGC tissue
using proteomics as a high throughput method. The
results presented here provide information for further
studies on the carcinogenic mechanisms, diagnosis, and
therapy of PGC.

identification of tumor biomarkers associated with primary
gallbladder cancer. World J Gastroenterol 2014; 20(18): 5511-5518
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i18/5511.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i18.5511

INTRODUCTION
Primary gallbladder carcinoma (PGC) is the most frequent biliary tract malignancy and the fifth most common malignant neoplasm involving the gastrointestinal
tract. PGC has a high morbidity and poor prognosis
as it often shows early metastasis and invasiveness[1].
The incidence of PGC varies globally, with the highest
incidence in Poland and Northern India, and in Native
American and South American populations. Each year
17000-18000 new cases of PGC are diagnosed in India
with a comparable annual death rate. Despite recent advances in the diagnosis and management of gastrointestinal cancers, PGC remains a challenge with a poor overall prognosis. Many PGC tumors are not resectable at
the time of presentation, and the 5-year survival rate in
patients with PGC is < 10% in most reported series[2,3].
An investigation of the carcinogenesis and molecular
mechanisms of PGC development has the potential
to improve clinical strategies for treatment and disease
outcomes. Biomarkers which are involved in the development and progression of PGC are needed. To date,
no reliable molecular markers have been established for
PGC, although some genes show promise[4]. However,
studies on candidate genes for PGC susceptibility have
not yet confirmed any associations, and data are limited
on the consistent molecular changes associated with gallbladder carcinogenesis and disease progression[2].
Completion of the human genome project has allowed the identification of genes involved in the appearance, progression, and treatment of cancer, as
well as information on the functions of specific genes,
interactions among genes in communication networks,
and the activities of their protein products in molecular
pathways. In most cases, however, although studies on
differential mRNA expression are informative, they do
not always correlate with protein concentrations as proteins are often subjected to proteolytic cleavage or posttranslational modifications such as phosphorylation or
glycosylation.
Proteomics is a complementary method to genetic
profiling. In addition to genetic and epigenetic alterations, other molecular changes in translation, posttranslational modification and intracellular mislocalization are involved in tumor initiation and growth. Factors
involved in these changes cannot be detected by measuring amounts of RNA or detecting nucleotide sequence
variations[5]. Thus, discovery strategies for cancer biomarkers often target expressed proteins.
Proteomics analysis has been applied to many types
of tumors including cancers of the breast, prostate, liver,
esophagus, and stomach[6-10]. Proteomics can overcome
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MATERIALS AND METHODS
Materials
Tissue specimens were collected from patients at Shanghai Chang Zheng Hospital Affiliated to the Second
Military Medical University, in accordance with human
subject guidelines approved by the Scientific and Ethical
Committee of the Second Military Medical University,
Shanghai, China. All samples were obtained by experienced surgeons and examined by experienced pathologists. For proteomics analysis, fresh PGC, cholecystitis
and normal gallbladder tissues were obtained from 10
patients, respectively, from 2006 to 2008. Normal gallbladder tissues were obtained from patients undergoing
liver transplantation. Informed consent was obtained
from all patients or their relatives for the use of tissues
in experimental procedures. All specimens, which were
from surgical resections, were immediately frozen in liquid nitrogen and stored at -80 ℃ until use. PGC patients
did not receive antineoplastic therapy prior to surgery.
An IEF system (IPGphor), Immobiline Dry Strips
(18 cm, pH 4-7 NL) and CLEAN-UP Kits were from
Amersham Biosciences (Piscataway, NJ, United States).
Iodoacetamide was from Sigma-Aldrich (St. Louis, MO,
United States). Experiments were carried out using an
ABI 4700 MALDI-TOF/TOF mass spectrometer (MS)
(Applied Biosystems, Framingham, MA, United States).
Sequence-grade trypsin was from Promega (Madison,
WI, United States), and the standard peptide mixture
used for calibration was from Applied Biosystems (Foster
City, CA, United States). All buffers were prepared with
Milli-Q water.
Sample preparation
Tissue samples were crushed and ground in a mortar
containing liquid nitrogen. The resulting powder was
immediately suspended in a lysis buffer (7 mol/L urea, 2
mol/L thiourea, 4% CHAPS, 65 mmol/L DTT, 2% IPG
buffer, and trace cocktail protease inhibitor). After vigorous stirring for 1 h, cell debris and insoluble substances
were removed by centrifugation at 100000 g for 45 min.
Protein concentration was determined using a modified
Bradford method as described previously[14]. Superna-
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tants were aliquoted and stored at -80 ℃.

Foster City, CA, United States) and Mascot software
(Version 2.0; Matrix Science, London, United Kingdom).
Searches were performed with carbamidomethylation
of cysteine and oxidation of methionine as variable
modifications. One trypsin miscleavage was allowed.
Peptide mass tolerance and fragment mass tolerance
were set to 50 ppm and ± 0.3 Da, respectively. Peptide
mixtures that yielded statistically significant search scores
(> 95%CI: equivalent to Mascot expected value < 0.05)
and accounted for the majority of ions present in the
mass spectrum were defined as positive identifications.
Redundant proteins that appeared in the database under
different names and accession numbers were eliminated.
If more than one protein was identified for a single spot,
the protein member with the highest protein score was
selected.

Two-dimensional electrophoresis
Two-dimensional electrophoresis (2-DE) was performed
as described previously with minor modifications [15].
Briefly, 100 μg of protein sample was diluted to 170 μL
with a rehydration solution (7 mol/L urea, 2 mol/L thiourea, 2 g/L DTT, 5 mL/L pH 4-7 IPG buffer and trace
bromphenol blue) and applied to IPG strips (18 cm, pH
4-7 NL) for 14 h rehydration. Proteins were focused on
an IPGphor IEF system (Amersham Biosciences) for
61 kVh. Strips were equilibrated in equilibration buffer
(25 mmol/L Tris-HCl, pH 8.8, 6 mol/L urea, 200 mL/L
glycerol, 20 g/L SDS, and 130 mmol/L DTT) for 15
min, followed by 15 min in the same buffer containing
200 mmol/L iodoacetamide instead of DTT. For 2-DE,
120 mL/L SDS-PAGE gels were used and stained using
CBB R-350 (Merck, Germany) according to the supplier’s
protocol. Each sample was run in triplicate.

Western blot
All proteins to be validated were separated by SDSPAGE with 20 μg protein per lane and transferred to
PVDF membranes (Millipore, Billerica, MA, United
States) in transfer buffer [pH = 11.0, 25 mmol/L Tris,
0.2 mol/L glycine, 20% (v/v) methanol] for 45 min at
1.5 mA/cm2 on a semidry electroblotter (Bio-Rad Laboratories, Richmond, VA, United States). After blocking
with 1% skim milk for 1 h at 25 ℃, the membranes
were probed with primary antibody against annexin A4
(ANXA4), heat shock protein 90-beta (Hsp90β), dynein
cytoplasmic 1 heavy chain 1 (Dync1h1), gamma-actin
(ACTG), actin, aortic smooth muscle actin (ACTA2), or
α-tubulin (Santa Cruz Biotechnology, CA, United States)
at 1:300 dilution overnight at 4 ℃. Horseradish peroxidase-conjugated rabbit anti-goat IgG at 1:3000 dilution
(AMS Biotechnology, Oxon, United Kingdom) was used
as a secondary antibody. The immunoblots were developed using ECL detection reagent (Pierce Chemical,
Rockford, IL, United States).

Image analysis
2-DE maps were obtained by scanning the gels using
an Imagescanner. Gel analysis was performed using
PDQuest analysis software and included background
subtraction, spot detection, volume normalization and
the establishment of a reference gel. Proteins were
considered differentially expressed if: (1) the spot was
observed on 2D images in six samples; (2) intensities of
the corresponding spots showed a difference of > 2-fold
variation in PGC tissues as compared with normal gallbladder and cholecystitis tissues; and (3) intensities of the
corresponding spots in cholecystitis tissues were between
the intensities in normal gallbladder and PGC tissues.
In-gel digestion and MS
Selected protein spots were excised from the gels and
destained. In-gel digestion was carried out with 0.01 g/L
trypsin (Promega, Madison, WI, United States) for 15 h
at 37 ℃. Tryptic peptides were extracted from the gels
and dried by centrifugal lyophilization. Peptide mixtures
were redissolved in 5 mL/L TFA. Finally, the digested
peptide samples were co-crystallized with an equal volume of saturated matrix solution [CHCA in 1 mL/L
TFA in H 2O/ACN (2:1)] on MALDI sample target
plates. Peptide mass spectra were obtained with a MALDI-TOF/TOF MS (4700 Proteomics Analyzer, Applied
Biosystems, Foster City, CA, United States).
Protein spots were identified by MS and MS/MS as
described by Jeong et al[16]. Before sample acquisition,
six external standards (mass standard kit for the 4700
proteomics analyzer calibration mixture, Applied Biosystems) were used to calibrate each spectrum to a mass accuracy of within 5 ppm for MS Reflector Positive Operating Mode or within 10 ppm for MS-MS 1 KV Positive
Operating Mode. A combined database search of MS
and MS/MS measurements was performed using GPS
Explorer™ software (Version 3.6; Applied Biosystems,
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Immunohistochemistry assay
Sections were subjected to routine deparaffination and
rehydration. Antigen retrieval was achieved by microwaving in 0.01 mol/L citrate buffer for 10 min and then
cooling for 30 min. The endogenous peroxidase activity
was inhibited by incubation with 30 mL/L hydrogen
peroxide in methanol for 20 min and nonspecific binding was blocked by incubation with 50 mL/L bovine
serum albumin at room temperature. After washing, the
specimens were reacted overnight at 4 ℃ with primary
antibody against ANXA4, Hsp90β or Dync1h1 (Santa
Cruz Biotechnology). After incubation with horseradish peroxidase-conjugated IgG, the signal was developed
with 3,30-diaminobenzidine tetrahydrochloride in TrisHCl buffer (pH = 7.6) containing 0.2 mL/L hydrogen
peroxide. The sections were then counterstained with
hematoxylin and mounted. Negative controls were prepared by replacing the primary antibody with nonspecific
IgG at the same concentration.
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Figure 1 Representative two-dimensional gel electrophoresis protein profiles. Two-dimensional gel electrophoresis (2-DE) profiles of Primary gallbladder carcinoma (PGC) (A), cholecystitis (B) and normal gallbladder (C) samples. Proteins were separated by pI (X-axis) and molecular mass (Y-axis). Black circles indicate 7
differentially expressed protein spots identified by MALDI-TOF/TOF MS.

Quantitative real-time polymerase chain reaction
Total RNA was extracted from tissues or cells at indicated time points and was subsequently reverse-transcribed
using the AMV Reverse Transcription System (Takara,
Shiga, Japan). Quantitative real-time polymerase chain
reaction (PCR) was performed using SYBR Green PCR
mix on an ABI Prism 7900HT (Applied Biosystems,
Foster City, CA, United States). Thermocycler conditions included 2 min incubation at 50 ℃, then 95 ℃ for
10 min; this was followed by a 2-step PCR program, as
follows: 95 ℃ for 15 s and 60 ℃ for 60 s for 40 cycles.
β-actin was used as an internal control to normalize differences in the amount of total RNA in each sample.
The primers are listed in Table 1.

Table 1 Quantitative real-time Polymerase chain reaction
primers
Name
β-actin forward
β-actin reverse
ANXA4 forward
ANXA4 reverse
Hsp90β forward
Hsp90β reverse
Dync1h1 forward
Dync1h1 reverse
ACTG forward
ACTG reverse
ACTA2 forward
ACTA2 reverse

5’-CTCCATCCTGGCCTCGCTGT-3’
5’-GCTGTCACCTTCACCGTTCC-3’
5’-GAGCACCATCGGCAGGGACT-3’
5’-TCATACAGCACCGTGGGCGT-3’
5’-AGAAGGTTGAGAAGGTGACAA-3’
5’-AAGAGTAGAGAGGGAATGGG-3’
5’-AGTTGGTGGAATGTGGGTTG-3’
5’-TGATTGATCTGGGTGATCTGA-3’
5’-GGCATGGAGTCAGCTGGAATT-3’
5’-TCTGCATCCTGTCAGCAATCC-3’
5’-CCTCCCTTGAGAAGAGTTACG-3’
5’-GAGCAGGAAAGTGTTTTAGAA-3’

ANXA4: Antibody against annexin A4; ACTG: Gamma-actin.

Statistical analysis
Statistical analysis was performed using the two-tailed
Student’s t test, and P < 0.05 was considered statistically
significant. Data are expressed as mean ± SE of triplicate samples, and reproducibility was confirmed in three
separate experiments.

were detected by comparing the average maps of PGC,
cholecystitis and normal gallbladder tissues. Of these
spots, three were significantly upregulated and four were
downregulated in PGC tissues (Figure 1).
Protein identification by MALDI-TOF MS or tandem MS
Six of the seven differentially expressed proteins were
identified using MALDI-TOF MS or tandem MS. Compared with cholecystitis and normal tissues, the overexpressed proteins in PGC tissues were serum albumin,
ANXA4 and ACTG and the underexpressed proteins
were Hsp90β, ACTA2 and Dync1h1. The identified proteins and their gene number, theoretical molecular
weight, P value, Mascot score, and sequence coverage (%)
are shown in Table 1.

RESULTS
2-DE profiling of proteins from PGC, cholecystitis and
normal gallbladder tissues
Fresh PGC, cholecystitis and normal gallbladder tissues
from 10 patients, respectively (mean age, 59 ± 7.4 years
for PGC; 48.8 ± 10.6 years for cholecystitis; and 46.4
± 14.3 years for normal gallbladder), were analyzed in
triplicate by 2-DE. Image analysis confirmed that the
2-DE maps were well resolved and reproducible. Coomassie staining of 2D gels detected 1483 ± 76 protein
spots from PGC samples, 1460 ± 62 from cholecystitis
samples, and 1514 ± 73 from normal gallbladder tissues
in the pH range of 4-7 (Figure 1). An average electrophoresis map was constructed for human PGC, cholecystitis and normal gallbladder tissues by combining
ten 2-DE maps using PDQuest 7.1.1 2-DE gel analysis
software. Seven differentially expressed protein spots
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Sequence

Confirmation of biomarkers associated with PGC
To investigate whether the differentially expressed proteins would be useful diagnostic markers and to confirm
the 2-DE results, additional samples were examined by
Western blot, quantitative real-time PCR and IHC assay.
Given that serum albumin is an abundant soluble protein, is approximately one-half of the protein content
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Figure 3 mRNA expression levels of biomarkers. The mRNA levels of
ANXA4, Hsp90β, Dync1h1, ACTG and ACTA2 in normal tumor-adjacent tissue
(N) and cancer tissue (Ca) were measured by quantitative real-time PCR. Data
are normalized to expression levels of normal tumor-adjacent tissue. Results
are mean ± SE (n = 6). bP < 0.01. ANXA4: Antibody against annexin A4; ACTG:
Gamma-actin; ACTA2: Aortic smooth muscle actin; Dync1h1: Dynein cytoplasmic 1 heavy chain 1; Hsp90β: Heat shock protein 90-beta.
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Figure 2 Western blot analysis of proteins. Expression of ANXA4, Hsp90β,
Dync1h1, ACTG, ACTA2 and α-vinculin in paired gallbladder cancer tissues (Ca)
and normal tumor-adjacent tissues (N). Quantification was performed by densitometry of Western blot bands. Densities were normalized to α-vinculin, and
relative folds were normalized to expression levels in normal tumor-adjacent
tissues. The data are representative of 20 paired groups. ANXA4: Antibody
against annexin A4; ACTG: Gamma-actin; ACTA2: Aortic smooth muscle actin;
Dync1h1: Dynein cytoplasmic 1 heavy chain 1; Hsp90β: Heat shock protein
90-beta.

stones and cholecystitis are significantly associated with
PGC; gallstones and cholecystitis are considered precancerous lesions of PGC[17]. In this study, comparative proteomics was performed using human PGC, cholecystitis
and normal gallbladder tissues to advance the study of
the carcinogenic mechanisms, diagnosis, and treatment
of PGC, as well as the development of new drugs. Six
non-redundant proteins were identified by MALDITOF/TOF as differentially expressed in human PGC
tissues compared with cholecystitis and normal gallbladder tissues. Three of these proteins were upregulated (SA,
ANXA4, and ACTG) and three were downregulated
(Hsp90β, ACTA2 and Dync1h1).
In previous PGC proteomics studies, Tan et al[12] demonstrated that overexpression of annexinA3 correlated
significantly with those cases with a lower histological
grade, lymph node or distant metastasis, or a shorter
survival time after operation, suggesting that annexinA3
might be a potential biomarker in the initiation and progression of human gallbladder cancer. Their subsequent
study identified 24 differentially expressed serum proteins between gallbladder cancer and healthy cancer-free
control patients, with 12 upregulated proteins such as
splicing factor 3B subunit 5, cystatin-B, S100A10 protein,
histone H2B type 2-E, profilin-1, and eukaryotic translation initiation factor 1A, and 12 downregulated proteins
such as apolipoprotein A-I precursor, myosin regulatory
light chain 2, proteasome subunit β type-2, superoxide
dismutase, isoform 1 of Ficolin-3 precursor, and HP haptoglobin isoform 2 preproprotein. Tan et al[13] suggested
that these differentially expressed proteins were potential
serum biomarkers for the early diagnosis of gallbladder
cancer. Wang et al[11] identified 15 proteins that were differentially expressed between the highly metastatic PGCSD18H cell line and the poorly metastatic PGC-SD18L
cell line, including CLIC1, WDR1, ezrin, vimentin,
ANXA3, GDIR, TPI, PSME3, GDI2, GLUD1, TCP-1,
THF synthase, hnRNP-K, PGK1 and PCD8. The present study is a new comparative proteomic study using

in serum and could lead to a false positive diagnosis, we
studied the other five proteins. Consistent with the 2-DE
data, the protein levels of ANXA4 were significantly elevated, and both Hsp90β and Dync1h1 were decreased
in PGC tissues relative to the normal tumor-adjacent tissues in three paired tissue samples (Figure 2). However,
Western blot analysis showed that the levels of ACTG
and ACTA2 were unchanged (Figure 2). In addition,
the mRNA levels of ANXA4, Hsp90β and Dync1h1
showed similar changes to those of the protein levels,
suggesting that the expression of these proteins was affected by transcriptional factors (Figure 3).
To further investigate these potential PGC biomarkers, IHC was performed to determine the expression of
ANXA4, Hsp90β and Dync1h1. As shown in Figure 4,
ANXA4 expression was markedly upregulated, while the
expression of Hsp90β and Dync1h1 was decreased in
the cytoplasm of PGC tissues relative to normal tumoradjacent tissues (Figure 4). These results suggested that
these three proteins, ANXA4, Hsp90β and Dync1h1,
may be used as diagnostic biomarkers of PGC.

DISCUSSION
The mortality rate of PGC has remained high for many
years. A poor understanding of the risk factors and molecular pathogenesis of PGC and a lack of chemotherapeutic agents for this cancer have hampered our ability
to devise strategies for this disease. An investigation of
the carcinogenic and molecular mechanisms of PGC
could improve clinical strategies against this disease and
outcomes. Epidemiological data demonstrated that gall-
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Figure 4 Immunohistochemical assay of proteins. Representative photographs of the expression levels of ANXA4, Hsp90β and Dync1h1 in paired gallbladder
cancer tissues (Ca) and normal tumor-adjacent tissues (N). Scale bar: 100 μm. ANXA4: Antibody against annexin A4; Dync1h1: Dynein cytoplasmic 1 heavy chain 1;
Hsp90β: Heat shock protein 90-beta.

mous cell carcinoma[15,16,19-22].
Hsp90 is a molecular chaperone required for the stability and function of a number of conditionally expressed
signaling proteins[23]. In cancer, Hsp90 is involved in the
proteostatic maintenance of oncoproteins that promote
tumor cell growth, survival or metastasis[24]. Thiel et al[25]
using MALDI-TOF analysis, demonstrated that Hsp90β
discriminated significantly between cancerous and noncancerous oral squamous cells. The SELDI-TOF MS
platform is extremely useful for detecting and quantifying proteins associated with cancer due to its high sensitivity, convenience, and ability to profile a large number
of clinical samples rapidly. This platform has been mainly used for serum or plasma samples.
The Dync1h1 protein is a large (> 530 ku), crucial
subunit of the cytoplasmic dynein complex responsible
for retrograde axonal transport in neurons[26]. Several

human PGC, cholecystitis and normal gallbladder tissues
and may be more informative in understanding the carcinogenic mechanisms and monitoring the treatment of
PGC compared to the previous two studies.
Among the three identified candidate proteins, ANXA4
is a member of the annexins, which are found on membrane surfaces and may act as regulators of membrane
fusion and possess the structural properties to form ion
channels[18]. These properties suggest that annexins could
be involved in processes such as growth, differentiation,
and transformation[14]. Upregulation of ANXA4 has been
observed in colorectal carcinoma, clear cell carcinoma of
the ovary, renal clear cell carcinoma, pancreatic tumor,
gastric cancer with Helicobacter pylori infection, and human
penile squamous cell carcinoma. Elevated expression
of ANXA4 is associated with tumor stage in colorectal
cancer and lymph node metastasis of human penile squa-
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studies have reported a correlation between missense
mutations of Dync1h1 and Charcot-Marie-Tooth disease, severe intellectual disability, or other variable neuronal migration defects, suggesting that Dync1h1 could
have broad effects on nervous system development and
maintenance[27]. Recently, several studies reported that
Dync1h1 is somatically mutated in pancreatic neuroendocrine neoplasms, ovarian cancer, and glioblastoma
multiforme[28,29]. However, whether altered expression of
Dync1h1 is involved in PGC is largely unknown. In this
study, we used SELDI-TOF MS to analyze and validate
Hsp90β and Dync1h1 as potential biomarkers in patients
with PGC.
ACTA2 is a smooth muscle α-actin whose expression
is transformation sensitive to growth signals in normal
cells. Heterozygous missense mutations in ACTA2 cause
predisposition to a variety of vascular diseases, including thoracic aortic aneurysm and dissection, early onset
coronary artery disease and stroke[30,31]. ACTG mutations
are associated with hearing loss[32,33]. Neither ACTG nor
ACTA2 is known to be correlated with PGC.
In conclusion, three proteins were identified as potential biomarkers of PGC using proteomic analysis.
These proteins may participate in the progression of
malignant growth or the maintenance of normal gallbladder conditions. However, it is still too early to conclude that the three possible biomarkers reported here
are novel biomarkers for PGC diagnosis. The functions
of these proteins in the carcinogenesis of PGC remain
to be studied. We hope that our results will provide useful information for studies on the early detection and
therapy of PGC.
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CASE CONTROL STUDY

Risk factors for liver-related mortality in chronic hepatitis C
patients: A deceased case-living control study
Qing-Lei Zeng, Guo-Hua Feng, Ji-Yuan Zhang, Yan Chen, Bin Yang, Hui-Huang Huang, Xue-Xiu Zhang,
Zheng Zhang, Fu-Sheng Wang
METHODS: All deceased CHC inpatient data were collected from the Beijing 302 Hospital clinical database,
which includes more than 8250 CHC inpatients during the period from 2002 to 2012. The controls were
matched to cases by age (± 2 years), sex and date of
hospital admission (within the same year). Potential
risk factors were included for the evaluation, and odds
ratios (OR) and 95%CI were estimated using univariate (unadjusted) and multivariate (adjusted OR, AOR)
conditional logistic regression. All statistical tests were
two-sided. P values < 0.05 were considered statistically significant.
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RESULTS: Based on examinations of 144 CHC-related
deceased cases and 576 controls, we found that antiviral therapy with interferon-α was associated with
a 47% decrease in the risk of hepatic mortality (AOR
= 0.53, 95%CI: 0.28-0.99, P = 0.048). Additionally,
the initial diagnostic stage of the disease (AOR =
2.89, 95%CI: 1.83-4.56 and P < 0.001 for liver cirrhosis/AOR = 8.82, 95%CI: 3.99-19.53 and P < 0.001
for HCC compared with CHC), diabetes (AOR = 2.35,
95%CI: 1.40-3.95, P = 0.001), hypertension (AOR =
1.76, 95%CI: 1.09-2.82, P = 0.020), alcohol consumption (AOR = 1.73, 95%CI: 1.03-2.81, P = 0.037) and
HBsAg positivity (AOR = 22.28, 95%CI: 5.58-89.07, P
< 0.001) were associated with a significant increase in
the risk of liver-related mortality in CHC patients.
CONCLUSION: This study indicates that interferon-α
treatment, the stage at the initial diagnosis of the disease and comorbidities are all independent risk factors
for liver-related mortality in CHC patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate the risk factors for liver-related
mortality in chronic hepatitis C (CHC) patients.
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evaluate risk factors and mortality without treatment,
confirming these factors is difficult. We used our clinical database, which includes a large number of CHC
inpatients, including many deceased CHC inpatients, to
design a retrospective study to evaluate the association
between several potential risk factors and liver-related
mortality in CHC inpatients.

Core tip: Many previous studies have suggested that
several complex factors have an important impact on
hepatitis C virus-related mortality. However, the evaluation of such factors using a deceased case-living
control study with a large number of patients has not
been reported. The aim of the present study was to
investigate the risk factors for liver-related mortality
in chronic hepatitis C (CHC) patients using a deceased
case-living control study design. This study indicates
that interferon-α plus ribavirin treatment, the stage
at the initial diagnosis and comorbidities are all independent risk factors for liver-related mortality in CHC
patients.

MATERIALS AND METHODS
The study protocol was approved by the Beijing 302
Hospital Research Ethics Committee. The committee
waived the need for written informed consent from the
participants due to the de-identified secondary data that
were analyzed in this study.

Zeng QL, Feng GH, Zhang JY, Chen Y, Yang B, Huang HH,
Zhang XX, Zhang Z, Wang FS. Risk factors for liver-related
mortality in chronic hepatitis C patients: A deceased case-living
control study. World J Gastroenterol 2014; 20(18): 5519-5526
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i18/5519.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i18.5519

Data source
The Beijing 302 Hospital, which provides diagnosis and
treatment services for more than 650000 outpatients
and 30000 inpatients with liver diseases annually, is the
largest liver disease treatment center in China. Chronic
hepatitis B and C, alcoholic liver disease, non-alcoholic
liver disease, autoimmune liver disease and drug-related
hepatitis are the most common diseases observed in
this hospital. The clinical database includes the clinical
history, related test results and prescription information
for each patient. There were 8250 inpatients chronically
infected with HCV between January 2002 and December 2012 in this database, which included cases of CHC,
compensated liver cirrhosis, decompensated liver cirrhosis and HCC, as well as many cases of liver-related
death. This dataset offers an opportunity to explore the
risk factors for liver-related mortality in CHC patients.

INTRODUCTION
Hepatitis C virus (HCV) infection affects more than 160
million people worldwide and is associated with viral persistence, which progresses to chronic hepatitis C (CHC)
in 80% of all cases[1,2]. HCV infection is now recognized
as one of the main causes of liver cirrhosis, hepatocellular carcinoma (HCC) and death[1,2]. CHC progresses slowly but is accelerated in the presence of comorbidities such
as alcohol consumption, diabetes or coinfection with
other hepatotropic viruses[2]. However, whether these and
other potential factors contribute to liver-related mortality in CHC patients is still unknown. Furthermore, CHC
patients with the same age and gender but different survival status are commonly observed in the clinic, and few
studies have addressed this phenomenon.
Many prior studies have suggested that some baseline
parameters of CHC patients, such as age, albumin and
disease stage, influence prognosis[3-5]. Several comorbidities, such as obesity, portal hypertension and bleeding
esophageal varices, have been reported to contribute
to disease progression [6-9]. Other studies have shown
controversial conclusions that interferon- α therapy
could or was unable to influence CHC-related HCC or
mortality[10-17]. Furthermore, the response to antiviral
therapy has been investigated for its impact on disease
progression and prognosis in CHC patients[12,18,19]. However, several studies have not considered the relationship
between CHC prognosis and the anti-hepatitis B core
antibody (anti-HBc)[20,21], blood transfusion history and
smoking[22].
Some of the above-mentioned results are logical,
but it is difficult to come to definitive conclusions about
other results due to varying study designs. Because it is
ethically impossible to conduct a prospective study to

WJG|www.wjgnet.com

Identification of cases and controls
The examined cases consisted of deceased inpatients with
detailed clinical information and CHC diagnoses [International Statistical Classification of Diseases and Related
Health Problems, 10th revision (ICD-10), Code B18.2]
who were admitted between January 1, 2002 and December 25, 2012. Living inpatients who were admitted
to the hospital with a diagnosis of CHC comprised the
control group. We identified four control inpatients per
deceased inpatient case. Control patients were matched to
the cases by sex, year of birth (± 2 years) and index date
(date of hospital admission). For controls, the index date
was within the same year of the last index date of their
matched case. One hundred and forty-four of the overall
155 deceased inpatient cases had sufficient clinical history
and test information for inclusion in this study; thus, 576
matched controls were required (Figure 1).
Potential factors
Factors that have the potential to contribute to both
disease progression and mortality were considered risk
factors in this study; these include the stage at which
liver disease was diagnosed, hepatitis B surface antigen
(HBsAg) status, anti-HBc status, anti-human immunodeficiency virus (HIV) antibody status, antiviral therapy,
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8250 chronic HCV-infected cases (2002-2012)

8095 living cases

155 deceased cases

11 excluded (9 men, 2 women)
3 not liver-related death
3 lacked alcohol/smoking information
3 lacked antiviral information
2 lacked DM and HTN information

Control-to-case of 4 matched by
sex, year of birth and index date

576 living controls

144 deceased cases

Figure 1 Derivation and definition of the study population. HCV: Hepatitis C virus; DM: Diabetes; HTN: Hypertension.

times a week or 135/50 μg peg-interferon α-2a/α-2b
was administered once a week, and at least 10.6 mg/kg
of ribavirin was administered daily for interferon-treated
patients. Alcohol consumption was defined as alcohol
consumption at least 4 d per week for at least 5 years[7].
Smokers were defined as patients who had smoked cigarettes at least 4 d per week for at least 5 years[7]. Family
history of viral hepatitis was defined as direct relatives
who were chronically infected with hepatitis B virus
(HBV) or HCV.

Table 1 Demographic characteristics of hepatitis C virusinfected death cases and controls n (%)
Variable
Age (median)
Male
Female
Han nationality
Anti-HIV antibody
HCV RNA positive
HCV RNA negative
HCV RNA not determined
Anti-HCV antibody positive

Cases
(n = 144)

Controls
(n = 576)

64 (31-85)
105 (72.92)
39 (27.08)
135 (93.75)
0 (0)
95 (65.97)
25 (17.36)
24 (16.67)
144 (100)

64 (31-87)
420 (72.92)
156 (27.08)
544 (94.44)
0 (0)
444 (77.08)
121 (21.01)
11 (1.91)
576 (100)

P value
0.821
1
1
NA
NA
NA
NA
NA
NA

Statistical analysis
To compare the proportions, χ 2 statistics were used. To
compare the ages between the case and control groups,
Mann-Whitney U tests were performed. A conditional
logistic regression model was used to estimate the relative magnitude in relation to the potential factors mentioned above. The ORs and their 95%CIs were calculated using patients with no exposure as the reference. The
Wald χ 2 test for linear trends was performed by entering
the diagnostic stage as a three-level ordinal variable (with
the values 0-2) in the logistic regression model. Analyses
were performed using the SPSS 16.0 software for Windows (SPSS Inc., Chicago, IL, United States). All statistical tests were two-sided. P values < 0.05 were considered
statistically significant.

HCV: Hepatitis C virus; NA: Not applicable; HIV: Human immunoddficiency virus.

hypertension, diabetes, alcohol consumption, history of
blood transfusion before diagnosis of CHC, smoking
history and family history of viral hepatitis. Initial diagnostic stages were categorized into CHC, liver cirrhosis
and HCC. Liver cirrhosis was diagnosed by liver biopsy
or using a combination of at least two imaging tools
(abdominal ultrasonography, angiography, computed tomography or magnetic resonance imaging) plus clinical
evidence of manifestations. It may also been confirmed
using one imaging method accompanied by complications such as esophageal varices, ascites and hepatic
encephalopathy as well as abnormal laboratory results,
liver functional and liver fibrosis tests. HCC was confirmed by liver histopathology, by at least two imaging
tools or via one imaging diagnostic modality and a serum
α-fetoprotein level of 400 ng/mL or higher. Antiviral
therapy in this study was defined as patients who were
treated with interferon-α and ribavirin for at least 12 wk,
regardless of the viral or biochemical responses. The
corresponding doses of interferon and ribavirin were
calculated by the weight and tolerance of patients, but
at least 3 million IU interferon-α was administered three

WJG|www.wjgnet.com

RESULTS
Records for 144 deceased cases and 576 matched controls were included in the CHC mortality risk analysis.
Figure 1 presents the derivation and definitions of the
study population. Table 1 shows the distribution of the
demographic characteristics and selected medical conditions of the HCV-related cases and controls. There was
no significant difference between cases and controls for
age or sex. Table 2 exhibits the primary death diagnosis
and direct cause of death for the case group; HCC was
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Table 2 Main death diagnosis and direct causes of death in the case group
Main death diagnosis
Decompensated cirrhosis
Hepatocellular carcinoma

Number

Percentage

56
88

38.89%
61.11%

Direct death causes

Number

Percentage

60
55
26
2
1

41.67%
38.19%
18.05%
1.39%
0.70%

Hemorrhagic shock
Hepatic encephalopathy
Hepatorenal syndrome
Respiratory failure
Hepatopulmonary syndrome

Table 3 Unadjusted univariate conditional logistic regression analysis of potential risk factors for chronic hepatitis C mortality n (%)
Variable
Initial diagnostic stage
CHC
LC
HCC
HBsAg negativity
HBsAg positivity
Without diabetes
With diabetes
Without antiviral therapy
With antiviral therapy
Without hypertension
With hypertension
Without alcohol consumption
With alcohol consumption
Anti-HBc negativity
Anti-HBc positivity
Without transfusion history
With transfusion history
Non-smoker
Ever smoker
Without family history of viral hepatitis
Family history of viral hepatitis

Cases (n = 144)

Controls (n = 576)

UOR (95%CI)

B

P value

55 (38.19)
60 (41.67)
29 (20.14)
125 (86.81)
19 (13.19)
102 (70.83)
42 (29.17)
126 (88.89)
16 (11.11)
99 (68.75)
45 (31.25)
92 (63.89)
52 (36.11)
48 (33.33)
96 (66.67)
123 (85.42)
21 (14.58)
104 (72.22)
40 (27.78)
131 (90.97)
13 (9.03)

404 (70.14)
152 (26.39)
20 (3.47)
570 (98.96)
6 (1.04)
464 (80.56)
112 (19.44)
392 (73.78)
151 (26.22)
452 (78.47)
124 (21.53)
419 (72.74)
157 (27.26)
263 (45.66)
313 (54.34)
342 (59.37)
234 (40.63)
444 (77.08)
132 (22.92)
521 (90.45)
55 (9.55)

1.00 (Reference)
3.03 (1.98-4.64)
13.19 (6.41-27.12)
1.00 (Reference)
22.99 (6.77-78.04)
1.00 (Reference)
1.75 (1.14-2.67)
1.00 (Reference)
0.32 (0.18-0.57)
1.00 (Reference)
1.65 (1.10-2.47)
1.00 (Reference)
1.67 (1.08-2.59)
1.00 (Reference)
1.69 (1.15-2.48)
1.00 (Reference)
NA
1.00 (Reference)
NA
1.00 (Reference)
NA

NA
1.11
2.58
NA
3.14
NA
0.56
NA
-1.14
NA
0.5
NA
0.51
NA
0.52
NA
NA
NA
NA
NA
NA

NA
0.000
0.000
NA
0.000
NA
0.010
NA
0.000
NA
0.015
NA
0.021
NA
0.008
NA
0.060
NA
0.193
NA
0.846

UOR: Unadjusted odds ratios; B: Regression coefficient; CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; NA: Not applicable;
HBsAg: Hepatitis B surface antibody; Anti-HBc: Anti-hepatitis core antibody.

the main diagnosis of the deceased CHC patients, followed by decompensated cirrhosis. The most common
direct causes of death were hemorrhagic shock, hepatic
encephalopathy and hepatorenal syndrome.
The relationship between the potential risk factors
and CHC mortality is shown in Tables 3 and 4. Antiviral
therapy with interferon-α, the initial diagnostic stage of
disease, diabetes, hypertension, alcohol consumption,
HBsAg positivity and anti-HBc positivity were all associated with an increased crude OR for CHC mortality. Adjustments for possible confounders (matching variables,
antiviral therapy with interferon- α , initial diagnostic
stage of disease, diabetes, hypertension, alcohol consumption, HBsAg positivity, HBcAb positivity, history
of blood transfusion, smoking, and family history of
viral hepatitis) only slightly altered the OR. Furthermore,
anti-HBc positivity was removed from the adjusted model. In the final model, antiviral therapy was associated
with a decreased risk of mortality (AOR = 0.53, 95%CI:
0.28-0.99), and HBsAg positivity (AOR = 22.28, 95%CI:
5.58-89.07), initial diagnostic stage of disease (χ 2 for
linear trend= 20.56, AOR = 2.89 and 95%CI: 1.83-4.56
for liver cirrhosis/χ 2 for linear trend = 28.86, AOR =
8.82 and 95%CI: 3.99-19.53 for HCC when compared
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with CHC), diabetes (AOR = 2.35, 95%CI: 1.40-3.95),
hypertension (AOR = 1.76, 95%CI: 1.09-2.82) and alcohol consumption (AOR = 1.73, 95%CI: 1.03-2.81) were
independent risk factors for CHC mortality.

DISCUSSION
In this case-control based study, the use of interferon
and ribavirin for at least 12 wk was associated with a
47% decrease in liver-related mortality among CHC patients. We also found that there was a significant trend
toward an increasing liver-related mortality in patients
with HBsAg positivity, diabetes, hypertension, alcohol
consumption and initial diagnosis at an advanced stage
after controlling for potential confounders.
Chronic HCV infected cases are associated with higher
mortality rates compared to non-infected individuals[23-26],
which suggests that those with chronic HCV infection
are at a higher risk of death and should be closely monitored. Previous studies have suggested that gender and
age may influence the prognosis of CHC[3,15,27,28]; thus, the
controls in the present study were matched by chronic
HCV infection, gender, age and date of hospital admission to control for confounders. These variables were
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Table 4 Adjusted multivariate conditional logistic regression analysis of potential risk factors for chronic hepatitis C mortality n (%)
Variable
Initial diagnostic stage
CHC
LC
HCC
HBsAg negativity
HBsAg positivity
Without diabetes
With diabetes
Without antiviral therapy
With antiviral therapy
Without hypertension
With hypertension
Without alcohol consumption
With alcohol consumption
Anti-HBc negativity
Anti-HBc positivity

Cases (n = 144)

Controls (n = 576)

AOR (95%CI)

B

P value

55 (38.19)
60 (41.67)
29 (20.14)
125 (86.81)
19 (13.19)
102 (70.83)
42 (29.17)
126 (88.89)
16 (11.11)
99 (68.75)
45 (31.25)
92 (63.89)
52 (36.11)
48 (33.33)
96 (66.67)

404 (70.14)
152 (26.39)
20 (3.47)
570 (98.96)
6 (1.04)
464 (80.56)
112 (19.44)
392 (73.78)
151 (26.22)
452 (78.47)
124 (21.53)
419 (72.74)
157 (27.26)
263 (45.66)
313 (54.34)

1.00 (Reference)
2.89 (1.83-4.56)
8.82 (3.99-19.53)
1.00 (Reference)
22.28 (5.58-89.07)
1.00 (Reference)
2.35 (1.40-3.95)
1.00 (Reference)
0.53 (0.28-0.99)
1.00 (Reference)
1.76 (1.09-2.82)
1.00 (Reference)
1.70 (1.03-2.81)
1.00 (Reference)
NA

NA
1.06
2.18
NA
3.10
NA
0.86
NA
-0.64
NA
0.56
NA
0.53
NA
NA

NA
0.000
0.000
NA
0.000
NA
0.001
NA
0.048
NA
0.020
NA
0.037
NA
0.946

AOR: Adjusted odds ratios; B: Regression coefficient; CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; NA: Not applicable;
HBsAg: Hepatitis B surface antibody; Anti-HBc: Anti-hepatitis core antibody.

excluded from the statistic models. Patients with an early
diagnosis of chronic HCV infection may have a better
outcome, and a previous study showed that CHC-related
cirrhosis increased the rate of mortality nearly four-fold
compared to CHC patients without cirrhosis[15]. In our
study, this rate was 2.89, while patients with HCC had a
liver-related mortality 8.82 times higher than CHC patients after adjusting for confounders.
Chronic HCV infection does not have a significant
impact on all-cause mortality in the first decade of infection[29]; however, liver disease progression is accelerated
in the presence of cofactors such as HBV infection[2].
HBsAg positivity for longer than 6 mo is the most important indicator of chronic HBV infection, and antiHBc positivity indicates past exposure to HBV. Previous
studies have suggested that anti-HBc is not related to the
prognosis of HCV infection[20,21]. In the present study,
HBsAg and anti-HBc were associated with an increased
rate of mortality in an unadjusted univariate analysis
model; however, after adjusting for the confounders,
only HBsAg remained an independent risk factor for
CHC mortality. Additionally, chronic alcohol consumption in the presence of obesity and viral hepatitis could
damage the liver[30]. Several studies have indicated that
obesity and alcohol synergistically increase the risk of
HCC and death[7,31-33]. In addition, smoking is always
considered a risk factor for disease progression and poor
prognosis[8,34,35], although controversial results have been
reported[22]. In the present study, we found that alcohol
consumption is associated with an increased risk of
mortality in both univariate and multivariate analyses.
In contrast, smoking was not related to mortality in either analysis. This result indicates that abstinence from
habitual alcohol drinking is more directly beneficial for
liver-related outcomes. Two studies have shown that diabetes was relevant to the mortality of CHC patients[6,36],
and this relationship was confirmed in the present study.
Furthermore, there are no data, to our knowledge, con-
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cerning the association between hypertension and the
risk of HCV-related death. We found that hypertension
is an independent risk factor for the increase of liverrelated CHC mortality.
Antiviral therapy with interferon- α and ribavirin
has been the standard of care for CHC, and among
those who achieve sustained virologic response, 99%
permanently remain HCV RNA-negative[37]. Many studies have suggested that interferon therapy is associated
with decreased mortality, even in patients with cirrhosis[11,12,14,18,19]. There have also been reports demonstrating that the rate of progression to HCC was lowered
two-fold following treatment with at least 3 × 106 IU
interferon three times a week for 3 mo, regardless of
the biological and virologic responses[38]. In contrast, a
different study indicated that interferon-α did not affect
the survival of patients with CHC[13]. However, most of
these studies included very few deceased patients. In the
present study, we included 144 deceased CHC inpatients
for evaluation and found that patients treated with combination therapy had increased survival. To our knowledge, using this case-control study method, these are the
first data showing that patients treated with interferon
for at least 12 wk have reduced mortality.
The relative influence of routes of infection on the
prognosis of liver disease remains controversial[22,39-42].
Additionally, whether transfusion-associated HCV and
a family history of viral hepatitis are associated with a
higher risk of mortality than other routes is largely unknown. The results of the present study indicate that
neither the blood transfusion history nor a family history
of viral hepatitis are associated with an increased risk of
mortality, as indicated by both univariate and multivariate analyses.
Several limitations of the present study should be
noted. First, we did not have access to information on
the socioeconomic status of the subjects. It is difficult
to investigate the real economic status in many patients,
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CHC mortality.

although a previous study showed that it impacts the
prognosis of CHC patients[43]. Second, although we involved many potential factors in the statistical analysis,
a number of other possible confounding variables, such
as body mass index, were not included in our model
because of the potential interaction with alcohol. Third,
not all direct causes of death of the deceased patients
were obtained from postmortem examinations due to
a lack of family permission. Fourth, anti-HIV antibody
status was initially included in this study; however, all
cases and controls were negative for anti-HIV antibodies, and evaluating this factor was thus not possible.
Fifth, HCV RNA was not determined in 16.67% (24)
of cases and 1.91% (11) of controls at their last index
date because HCV RNA in the case group was collected
from the last admission of cases, which included some
cases with bleeding varices and hepatic encephalopathy,
and nearly all of the patients died shortly after this time
point. At this urgent point, HCV RNA is unable to guide
the treatment options; thus, HCV RNA was not determined in these 24 cases. Sixth, accurately measuring the
cumulative intake of tobacco smoke and alcohol was not
possible, which makes further stratification and analysis
difficult. Seventh, because the initial diagnostic stage is
a potential risk factors involved in assessment, it is improper to consider this a matched factor, which results in
disproportionate stages between the two groups. Finally,
as with any observational study, residual confounding by
unmeasured factors that are different between cases and
controls is possible. However, the confounding effect of
medical attention could be corrected for by hospitalization, and all of the subjects in this study were inpatients.
In summary, our study demonstrates that the initial
diagnostic stage of disease and comorbidities, including
HBsAg seropositive status, alcohol consumption, diabetes and hypertension, are independent risk factors for
liver-related mortality, whereas antiviral therapy decreases the risk of liver-related mortality in CHC patients.
To our knowledge, this study is the first to investigate
the risk of CHC mortality using a deceased case-living
control study design and the first to indicate that hypertension may be a risk and antiviral therapy for a period
of at least 12 wk may be beneficial for liver-related CHC
mortality. We suggest that physicians should consider the
above-mentioned conditions during disease evaluation.

Innovations and breakthroughs

This study is the first deceased case-living control study to investigate the risk
of CHC mortality and the first to indicate that hypertension might be a risk factor
for CHC mortality; other risk factors are also demonstrated in this manuscript.

Applications

The authors suggested that physicians should consider the initial diagnostic
stage of disease, antiviral therapy and comorbidities such as HBsAg seropositive status, alcohol consumption, diabetes and hypertension in survival evaluations of CHC patients.

Peer review

The authors examined a large number of cases and controls from the hospital
clinical database to investigate the independent risk or beneficial factors for the
CHC mortality and arrived at some valuable conclusions.
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azolam groups than in the controls (27.3%, 28.6% and
91.4%, respectively, P < 0.001). There was a significant difference in the time at which EGJ was observed
among the groups (propofol 20.7 ± 11.7 s vs midazolam 16.3 ± 7.3 s vs control 11.6 ± 5.8 s, P < 0.001).
Multivariate analysis showed that sedation use was the
only independent risk factor for impaired EGJ evaluation (propofol, OR = 24.4, P < 0.001; midazolam, OR
= 25.3, P < 0.001). Hiccoughing was more frequent
in the midazolam group (propofol 9% vs midazolam
25.7% vs control 0%, P = 0.002), while hypoxia (SaO2
< 90%) tended to occur more often in the propofol
group (propofol 6.1% vs midazolam 0% vs control 0%,
P = 0.101).

Abstract

Key words: Esophagogastric junction; Endoscopy;
Esophagus; Propofol; Midazolam

CONCLUSION: Sedation during EGD has a negative
effect on evaluation of the EGJ.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To compare the esophagogastric junction (EGJ)
areas observed in sedated and non-sedated patients
during esophagogastroduodenoscopy (EGD).
METHODS: Data were collected prospectively from
consecutive patients who underwent EGD for various
reasons. The patients were divided into three groups
according to the sedation used: propofol, midazolam,
and control (no sedation). The EGJ was observed during both insertion and withdrawal of the endoscope.
The extent of the EGJ territory observed was classified
as excellent, good, fair, or poor. In addition, the time
the EGJ was observed was estimated.

Core tip: The development of clinically important lesions
located in the esophagogastric junction (EGJ), such
as gastroesophageal reflux disease, Barrett’s esophagus, and esophageal adenocarcinoma are increasing.
The vast majority of endoscopies are performed with
sedation and this practice seems likely to continue.
Therefore, it is clinically relevant to evaluate the impact
of sedation on inspection of the EGJ during esophagogastroduodenoscopy (EGD). We found that sedation
during EGD has a negative impact on EGJ evaluation.
It remains to be seen whether this negative impact affects the detection rate of EGJ lesions.

RESULTS: The study included 103 patients (50 males;
mean age 58.44 ± 10.3 years). An excellent observation was achieved less often in the propofol and mid-

Kim ES, Lee HY, Lee YJ, Min BR, Choi JH, Park KS, Cho KB,
Jang BK, Chung WJ, Hwang JS. Negative impact of sedation
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ten informed consent was obtained before the procedure.
This study was approved by the Institutional Review
Board of our hospital. The protocol was registered on
the World Health Organization (WHO) International
Clinical Trials Registry Platform (KCT0000060).

on esophagogastric junction evaluation during esophagogastroduodenoscopy. World J Gastroenterol 2014; 20(18): 5527-5532
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i18/5527.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i18.5527

Sedation and endoscopic assessment
For the non-sedation group, local laryngeal anesthesia
was achieved with 20 mL of lidocaine jelly (Sungkwang,
Seoul, South Korea) before the procedure. Sedation was
performed according to the guidelines of the American
Society for Gastrointestinal Endoscopy[11,13]. For propofol
(Jeil Pharm, Seoul, South Korea), an initial bolus of 40-60
mg was administered and additional 10-20-mg boluses
could be given until conscious sedation was achieved. For
midazolam (Bukwang, Seoul, South Korea), the initial
dose was 2-3 mg and further 1-2-mg boluses were administered. Propofol and midazolam were administered by
registered nurses under the supervision of an endoscopist. All medical professionals including endoscopists and
nurses reviewed guidelines for the use of sedation for
gastrointestinal (GI) endoscopy. Each endoscopy room
was equipped with a full set of medications and a resuscitation kit. All sedated patients received supplemental
oxygen (2 L/min via a nasal cannula), and the heart rate,
oxygen saturation, and pulse rate were monitored using a
pulse oximeter during the procedures.
Two experienced endoscopists (Kim ES and Hwang
JS) performed the EGD using single-channel upper gastrointestinal endoscopes (GIF Q260, Medical Systems,
Tokyo, Japan). The EGJ was defined as the proximal
margin of the gastric mucosal folds[14]. Patients were not
asked regarding the respiration during EGD. The EGJ
territory observed was assessed during both insertion
and withdrawal of the endoscope and classified into four
grades: excellent (100% of the EGJ), good (100% > EGJ
≥ 50%), fair (50% > EGJ), and poor (EGJ not visualized) (Figure 1). The observation time was defined as the
time taken for the endoscopists to inspect the EGJ territory as clearly as possible. When the extent of the territory was not excellent (i.e., < 100%) during insertion of
the endoscope, the endoscopists attempted to re-assess
the EGJ territory during withdrawal with the purpose of
achieving an excellent EGJ inspection.

INTRODUCTION
Endoscopically, the esophagogastric junction (EGJ) is defined as where the distal ends of the longitudinal esophageal vessels meet the proximal ends of the longitudinal
gastric mucosal folds[1]. The EGJ plays a crucial role as a
gatekeeper against gastroesophageal reflux, and most of
the clinically important lesions related to several diseases,
including gastroesophageal reflux disease (GERD) and
Barrett’s esophagus, are located in this area. GERD is a
common chronic disorder prevalent in many countries[2,3],
while Barrett’s esophagus is a premalignant condition
arising from GERD due to direct caustic injury to the
luminal surface of the squamous epithelium by the reflux
of acidic gastric juice[4]. Esophagitis and Barrett’s esophagus are associated with an increased risk of developing
esophageal adenocarcinoma with relative risks of 4.5 and
29.8, respectively[5]. Considering the high prevalence and
increasing incidence of these diseases[6], the endoscopic
detection and surveillance of these lesions at the EGJ is
becoming increasingly important[7].
The vast majority of endoscopies are performed with
the aid of intravenous sedation, and this practice seems
likely to continue[8]. The purpose of sedation during
esophagogastroduodenoscopy (EGD) is to increase the
overall acceptance of the procedure by reducing patient
anxiety and discomfort[9]. There are guidelines regarding
the optimal use of sedatives during EGD[10-12]. However,
no study has examined the effect of sedation on EGJ
evaluation during EGD. Therefore, this study compared
observation of the EGJ in subjects given different sedatives during EGD with unsedated subjects.

MATERIALS AND METHODS
Patients and study design
From May 2010 to February 2011, patients older than 18
years scheduled to undergo diagnostic EGD at Keimyung
University Dongsan Hospital, Daegu, South Korea were
enrolled in this study. Exclusion criteria included (1) an
esophageal or gastric deformity due to surgery; (2) emergency endoscopy; (3) tumor at the EGJ; (4) pregnancy;
(5) allergy to any drug; (6) poor general condition with
an American Society of Anesthesiology classification ≥
3; and (7) failure to give consent. Demographic and clinical variables were recorded, including body mass index,
circumferences of the abdomen and hip, indication for
EGD, and concomitant diseases. Patients were divided
into three groups according to the sedation agent used;
propofol, midazolam, and no sedation. The use and type
of sedative agent were decided by the patients and writ-

WJG|www.wjgnet.com

Statistical analysis
The sample size was calculated on the assumption that
the proportion of excellent observations in the nonsedation group would be 90%, while that in the sedation
group would be 60%. This assumption was based on
preliminary data from 20 subjects (10 from each group).
With a two-tailed test of α = 0.05, 1 - β = 0.80, and 10%
drop-out rate, 35 patients in each group were required.
The data management and statistical analysis were
performed using SPSS (ver. 13.0 for Windows, Chicago,
IL, United States). Differences in the categorical variables
were analyzed using Fisher’s exact test or the χ 2 test.
The continuous data were expressed as the means ± SD
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A

B

C

D

Figure 1 Esophagogastric junction territory observed during esophagogastroduodenoscopy. A: Excellent, 100% view of Z-line; B: Good, 100% > Z-line ≥
50%; C: Fair, 50% > Z-line; D: Poor, Z-line not visualized. Yellow lines indicate the observation territory.

and were compared using one-way analysis of variance
(ANOVA). Multivariate analysis was performed using a
logistic regression model to identify factors associated
with a non-excellent observation after adjusting for other
covariates which showed significant association (P < 0.1)
on univariate analysis. P values < 0.05 were considered to
indicate statistical significance.

then reassessed the extent of EGJ territory observed
during withdrawal of the endoscope in 52 patients with
non-excellent observations during insertion. In approximately one quarter of the patients in each group, the observation territory improved during withdrawal compared
with during insertion (Table 4).
We subjected the factors associated with a nonexcellent EGJ observation territory during insertion to
univariate analysis (Table 5). All patients were divided
into two groups: excellent (n = 51) and non-excellent (n =
52) grades. A larger proportion of patients with sedation
had non-excellent grades compared with those without
sedation (propofol 43.2%, midazolam 48.1%, no sedation
5.8%, P < 0.001). In addition, the non-excellent group
tended to have more patients with comorbid diabetes
mellitus (P = 0.057) and a larger hip circumference (P =
0.073). However, in the multivariate analysis, the use of
midazolam (OR = 25.32, 95%CI: 6.22-103.09) and propofol (OR = 24.42, 95%CI: 5.87-101.58, P < 0.001) was
the only independent risk factor for incomplete inspection of the EGJ during EGD (Table 6).

RESULTS
Overall, 103 patients were included in the study (33 propofol, 35 midazolam, 35 no sedation). There were no significant differences in demographic and clinical characteristics among the groups (Table 1). The most common
indication for performing EGD was screening, followed
by epigastric symptoms, which did not differ significantly
among the groups. With regard to adverse events during
the procedures, hiccoughing was significantly more frequent in the midazolam group (P = 0.002). Hypoxia (SpO2
< 85%) was observed in only the propofol group (two
cases, 6.1%, P = 0.101) (Table 2).
There was a significant (P < 0.001) difference in
observation time of the EGJ among the groups. Observation time was longest in the propofol group (20.7 ±
11.7 s), followed by the midazolam (16.3 ± 7.3 s) and no
sedation (11.6 ± 5.8 s) groups (Table 3). Regarding the
extent of the EGJ territory observed during insertion, an
excellent rating was less frequent in the sedation groups
compared with the non-sedation group (propofol 27.3%,
midazolam 28.6%, no sedation 91.4%, P < 0.001). We
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DISCUSSION
This study demonstrated that sedation with midazolam
or propofol made EGJ inspection more difficult, with
longer examination times and poor visualization of the
Z-line, indicating that sedation has a negative impact on
EGJ evaluation during EGD. Although the mechanism
of this is unclear, the inhibitory effect of sedation on
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Table 1 Baseline characteristics of subjects n (%)

Age, yr
Male
Weight, kg
Height, cm
Abdomen, cm
Hip, cm
BMI
Comorbidity
Hypertension
Diabetes
mellitus
Cardiovascular
accident
Ischemic heart
disease
Liver disease
Malignancy

Table 2 Endoscopy-related outcomes among the groups n (%)
P value

No sedation

Midazolam

Propofol

(n = 35)

(n = 35)

(n = 33)

61 ± 9.2
17 (48.6)
60.6 ± 9.2
161.5 ± 6.7
81.8 ± 10.0
92.7 ± 5.8
23.2 ± 3.0

57.5 ± 10.5
21 (60.0)
52.5 ± 8.9
163.2 ± 9.9
85.8 ± 7.5
94.4 ± 6.1
23.44 ± 2.6

56.5 ± 10.9
12 (36.4)
63.5 ± 12.4
160.3 ± 8.1
84.8 ± 10.6
95.1 ± 6.3
24.5 ± 3.1

0.132
0.152
0.506
0.340
0.194
0.260
0.143

10 (28.6)
2 (5.7)

7 (20.0)
5 (14.3)

9 (27.3)
8 (24.2)

0.717
0.103

1 (2.9)

1 (2.9)

1 (3.0)

1.000

2 (5.7)

0 (0.0)

2 (6.1)

0.277

2 (5.7)
1 (2.9)

1 (2.9)
2 (5.7)

2 (6.1)
0 (0.0)

0.867
0.771

No sedation Midazolam
Indications
Screening
Epigastric
discomfort/pain
Peptic ulcer
disease follow-up
Others
Endoscopic findings
Reflux esophagitis
Hiatal hernia
Peptic ulcer disease
Gastric polyp
Neoplasm
Adverse event
Hiccoughing
Hypoxia

BMI: Body mass index.

P value

(n = 35)

(n = 33)

28 (80.0)
5 (14.3)

25 (71.4)
6 (17.2)

17 (51.5)
14 (42.6)

1 (2.9)

1 (2.9)

2 (6.0)

1 (2.9)

3 (8.6)

0 (0.0)

4 (11.4)
0 (0.0)
3 (8.6)
2 (5.7)
0 (0.0)

2 (5.7)
3 (8.6)
2 (5.7)
2 (5.7)
2 (5.7)

2 (6.1)
0 (0.0)
2 (6.1)
1 (3.0)
0 (0.0)

0.726
0.105
1.000
1.000
0.327

0 (0.0)
0 (0.0)

9 (25.7)
0 (0.0)

3 (90.0)
2 (6.1)

0.002
0.101

0.084

Table 3 Extent of observed esophagogastric junction territory during insertion n (%)

the diaphragm is a possible explanation. The EGJ is
supported by two sphincters: the smooth muscle lower
esophageal sphincter (LES) and the skeletal muscle crural
diaphragm[15]. Voluntary contraction of the diaphragm
during inspiration causes an increase in the EGJ pressure, and this pinchcock-like action of the crural part of
the diaphragm is easily observed during endoscopy[16]. It
is this action of the diaphragm that enables an excellent
view of the EGJ or Z-line during endoscopy by contracting the skeletal muscles during deep inspiration, which
lowers the crural part of the diaphragm enabling a 100%
Z-line view. The respiratory depression and muscle relaxant effects of propofol and midazolam might inhibit the
pinchcock effect of the diaphragm, resulting in a non-excellent view of the EGJ during endoscopy[17]. Numerous
studies have reported that anesthetic agents, including
propofol and midazolam, decrease the LES pressure and
cause more acid reflux, supporting the inhibitory effect
of sedation on diaphragm contractility[18-20]. However, few
studies have directly evaluated the effect of sedation on
EGJ inspection during endoscopy.
An excellent view of the EGJ during insertion of
the endoscope was possible only in 28.6% of the midazolam and 27.3% of the propofol groups, compared
with 91.4% of the no-sedation group. Sedation was the
only independent risk factor for a non-excellent view of
the EGJ. This is clinically relevant as the importance of
a thorough inspection of the EGJ has been highlighted
recently. As the prevalence of diseases located at the
EGJ, such as GERD, Barrett’s esophagus, and esophageal
adenocarcinoma, is increasing[3,21,22], early diagnosis and
surveillance using endoscopy are key to establishing an
optimal management strategy for esophageal diseases.
The guidelines of the American College of Gastroenterology recommend that every patient with gastroesophageal reflux symptoms be referred for Barrett’s esopha-
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Propofol

(n = 35)

No sedation
Observation time
11.6 ± 5.8
Observed EGJ territory
Excellent
32 (91.4)
Good
1 (2.9)
Fair
1 (2.9)
Poor
1 (2.9)

Midazolam

Propofol

P value

16.3 ± 7.3

20.7 ± 11.7

< 0.001
< 0.001

10 (28.6)
13 (37.3)
11 (31.4)
1 (2.9)

9 (27.3)
12 (36.4)
11 (33.3)
1 (3.0)

EGJ: Esophagogastric junction.

gus screening endoscopy at least once in a lifetime[23].
Therefore, considerable attention has been paid to the
EGJ using sophisticated endoscopic techniques, including enhanced magnification endoscopy and computed
virtual chromoendoscopy[24,25]. Further study is needed to
confirm whether the negative effect of sedation on EGJ
evaluation reduces the accuracy of detecting esophageal
diseases in clinical practice.
Of the 52 patients who had non-excellent views of
the EGJ during insertion, we were able to improve the
territory observed in almost one quarter (20% in midazolam, 25% in propofol, and 33.3% in no sedation) (Table 4). Therefore, an effort should be made to improve
EGJ inspection during the withdrawal phase in the case
of poor visualization of the EGJ during insertion of the
endoscope.
There was no significant difference in EGJ evaluation during EGD between the propofol and midazolam
groups, although propofol appeared to have a more
negative impact on EGJ evaluation than midazolam (observation time 20.7 ± 11.7 s vs 16.3 ± 7.3 s; excellent EGJ
territory 27.3% vs 28.6%, respectively). In accordance
with our data, Meining et al[26] reported no difference in
the assessment of the Z-line between propofol and midazolam, while propofol sedation resulted in significantly
better scores for other parameters related to the quality
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Table 6 Multivariate analysis of factors associated with nonexcellent observation of esophagogastric junction territory

Table 4 Changes in observed esophagogastric junction
territory during withdrawal in patients with non-excellent
territory during insertion (n = 52) n (%)

Extended
Same
Reduced

No sedation

Midazolam

Propofol

(n = 3)

(n = 25)

(n = 24)

1 (33.3)
2 (66.7)
0

5 (20)
10 (40)
10 (40)

6 (25)
10 (41.7)
8 (33.3)

P =

0.291

Table 5 Univariate analysis of factors associated with nonexcellent observation of esophagogastric junction territory

Age, yr
Male
Weight, kg
Height, cm
BMI
Abdomen, cm
Hip, cm
HW ratio
Comorbidity
Hypertension
Diabetes mellitus
Cardiovascular accident
Ischemic heart disease
Liver disease
Sedation
No
Midazolam
Propofol

Excellent

Non-excellent

(n = 51)

(n = 52)

59.39 ± 9.5
11 (21.6)
61.29 ± 8.8
161.29 ± 7.7
23.33 ± 2.8
82.97 ± 9.5
92.98 ± 5.5
0.89 ± 0.06

57.5 ± 11.1
23 (44.2)
63.05 ± 11.5
161.37 ± 9.6
24.10 ± 3.1
85.27 ± 9.4
95.14 ± 6.5
0.89 ± 0.05

11 (21.6)
4 (7.8)
2 (3.9)
2 (3.9)
2 (3.9)

15 (28.8)
11 (21.2)
1 (1.9)
3 (5.8)
3 (5.8)

32 (62.7)
10 (19.6)
9 (17.6)

3 (5.8)
25 (48.1)
24 (43.2)

OR

95%CI

Hip
Diabetes mellitus
Sedation
No
Midazolam
Propofol

1.044
1.984

0.961-1.133
0.472-8.337

1.000
25.316
24.417

6.217-103.088
5.869-101.575

P value
0.307
0.350

< 0.001
< 0.001

had previous experience of EGD. Therefore, patients selected sedation or no sedation based on their experience
and it is difficult for us to allocate them to the sedation
or non-sedation group against their will. Second, because
the data were from a single center, it may be difficult to
ensure consistency.
In conclusion, sedation during EGD has a negative
impact on EGJ evaluation. Given that the goal of sedation is to achieve a balance between the benefits of sedation vs avoidable risks, endoscopists must bear in mind
the effect of sedation when performing EGD in the
presence of suspicious EGJ lesions, which require precise inspection of the Z-line area. However, these results
should be confirmed by a randomized, blinded study. In
addition, it remains to be seen whether this negative impact affects the detection rate of EGJ lesions.

P value
0.355
0.377
0.384
0.706
0.185
0.221
0.073
0.704
0.395
0.057
0.548
0.664
0.664
< 0.001

COMMENTS
COMMENTS
Background

Important lesions are often located near the esophagogastric junction (EGJ).
The vast majority of endoscopies are performed with the aid of intravenous
sedation, and this practice seems likely to continue.

Data are expressed as absolute numbers (percentage) or mean ± SD. BMI:
Body mass index.

Research frontiers

of EGD than did midazolam. However, a larger sample
size might be able to identify significant differences between these two agents in EGJ evaluation during EGD.
As the aim of this study was to evaluate EGJ area, the
precise definition of EGJ is crucial. Indeed, it is quite difficult to endoscopically define EGJ because of the lack of
authoritative guidance in the literature on how to locate
the EGJ[14]. Furthermore, EGJ definition differs between
Asian and Western endoscopists; the distal end of the
lower-esophageal palisade vessels was used to define the
EGJ in Japan[27], while the landmark was the upper end of
the gastric folds in Western countries[14]. As the upper end
of the gastric folds has been recognized as a more suitable landmark than palisade vessels for EGJ in the literature[14,28], we decided to use this definition in the study.
The main limitation of this study was that the design
was neither randomized nor used a blinded approach to
compare the results of each group. Therefore, the endoscopists might have had some preconceptions regarding
the effect of sedation on endoscopy. In Korea, which has
a high prevalence of gastric cancer, subjects over 40 years
of age can have EGD screening every other year with
the support of government as the national strategy for
cancer control since 1999, which means most participants
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Variables

Several studies have reported that anesthetic agents, including propofol and
midazolam, decrease the lower esophageal sphincter pressure and cause more
acid reflux, supporting the inhibitory effect of sedation on diaphragm contractility. However, the effect of sedation on evaluation of the EGJ during esophagogastroduodenoscopy (EGD) has not been elucidated.

Innovations and breakthroughs

This study demonstrated that sedation with midazolam or propofol made EGJ
inspection more difficult, with longer examination times and poor visualization
of the Z-line, indicating that sedation has a negative impact on EGJ evaluation
during EGD.

Applications

Given that the goal of sedation is to achieve a balance between the benefits of
sedation vs avoidable risks, endoscopists must bear in mind the effect of sedation when performing EGD in the presence of suspicious EGJ lesions, which
require precise inspection of the Z-line area. It remains to be seen whether this
negative impact affects the detection rate of EGJ lesions.

Terminology

EGJ is the area where the distal ends of the longitudinal esophageal vessels
meet the proximal ends of the longitudinal gastric mucosal folds. The observation time is defined as the time taken for the endoscopist to inspect the EGJ
territory as clearly as possible.

Peer review

This article presents interesting data concerning a very current discussion
about the optimal sedation effect in endoscopies. Although non-randomization
with non-blinded design is the main limitation, the concept of the study is quite
important.
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OBSERVATIONAL STUDY

Expression of Bmi-1 and PAI-1 in esophageal squamous cell
carcinoma
Yan Zhang, Ya-Lou Zhang, Hong-Ming Chen, Hong-Wei Pu, Wen-Jing Ma, Xiao-Mei Li, Hong Ma, Xiao Chen
METHODS: Eighty previously untreated patients who
underwent surgical excision of ESCC were included.
The expression of Bmi-1 and PAI-1 was examined
immunohistochemically in formalin-fixed paraffinembedded primary tissue specimens. The relationships
between the expression of Bmi-1 and PAI-1, the clinicopathologic features of ESCC, and the survival rate of
ESCC patients were also discussed. The correlation between Bmi-1 and PAI-1 protein expression in ESCC was
analyzed. The relationship between Bmi-1 and PAI-1
expression and ESCC prognosis was evaluated using a
Cox regression model and Kaplan-Meier survival curve
analysis.
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RESULTS: The rates of positive Bmi-1 and PAI-1 expression in ESCC were higher than those in normal
esophageal tissue (P < 0.05). The expression of Bmi-1
and PAI-1 was correlated with depth of invasion and
lymph node metastasis (P < 0.05), but not with patient age, tumor size or nationality (P > 0.05). The
expression of Bmi-1 was positively correlated with that
of PAI-1 (P < 0.05). The 10-year overall survival rate
for all patients was 20% (16∕80). Univariate KaplanMeier survival analysis showed that patients with high
expression of esophageal PAI-1 and Bmi-1 had lower
survival, however, the difference was not statistically
significant. Cox multivariate analysis showed that PAI-1
and Bmi-1 were not independent factors for survival
rate, while the depth of tumor invasion and metastasis
were independent factors affecting patient survival.
CONCLUSION: The expression of Bmi-1 and PAI-1
plays a role in ESCC progression, and may be used as
a prognostic marker in ESCC.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To determine the correlation between invasiveness, migration and prognosis in esophageal squamous
cell carcinoma (ESCC) and expression of the B-cellspecific Moloney leukemia virus insert site 1 (Bmi-1)
and plasminogen activator inhibitor-1 (PAI-1).
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chemotherapy. According to the World Health Organization (WHO) standard pathology classification, 46 cases
showed moderate to high differentiation and 34 cases
showed low differentiation. Fifty-three patients had no
lymph node metastasis and 27 had lymph node metastasis. Normal esophageal tissue was obtained from 20 individuals who served as controls. Specimens were fixed in
40 g/L formaldehyde, embedded in conventional paraffin, and slices 4 mm thick were cut. Mouse monoclonal
antibody for Bmi-1 was obtained from ABCAM, United
States, and the SP immunohistochemical kit, antibody
diluent, and the DAB chromogenic reagent kit were purchased from Beijing Fir Company, China.

Core tip: In this study, B-cell-specific Moloney leukemia
virus insert site 1 (Bmi-1) and plasminogen activator inhibitor-1 (PAI-1) expression, their correlation
with clinicopathological features, and their prognostic
significance in esophageal squamous cell carcinoma
(ESCC) were examined. The results showed that the
Bmi-1 protein promoted malignant transformation, increased invasion and metastasis of cells. PAI-1 was not
an independent prognostic factor. Although these new
markers are important, the molecular mechanism of
ESCC metastasis is far from being fully understood and
represents a new prerequisite for developing better
treatment strategies.

Study design
Immunohistochemical EnVision two footwork method
was used to determine the protein expression of Bmi-1
and PAI-1 in each group. The procedure was as follows:
paraffin sections were dewaxed step by step, hydrated
in water, incubated with 30 mL/L H 2O 2 for 20 min
at room temperature (inactivated endogenous peroxidase), and rinsed with PBS. The slices were placed in
citrate buffer salt at pH 6.0 and heated for 20 min in a
microwave (temperature controlled at 95 ℃-100 ℃) for
antigen retrieval. The slices were then cooled to room
temperature and rinsed with PBS. The antibody was then
added and placed in the refrigerator at 4 ℃ overnight.
The slices were washed using the same method, DAB
chromogenic reagent was added and the slices were
placed in a wet box. Termination of the chromogenic reaction was achieved with tap water. Slices were modified
by prolonging the hematoxylin staining time and adding
a step of differentiation in hydrochloric acid-alcohol differentiation. Slices was then dehydrated and mounted.

Zhang Y, Zhang YL, Chen HM, Pu HW, Ma WJ, Li XM, Ma H,
Chen X. Expression of Bmi-1 and PAI-1 in esophageal squamous
cell carcinoma. World J Gastroenterol 2014; 20(18): 5533-5539
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i18/5533.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i18.5533

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is a common malignant digestive system tumor worldwide. There
are approximately 240000 new cases of esophageal cancer
in China each year. According to statistics, the 5-year survival rate for ESCC patients ranges from 3.5% to 13.9%.
Mortality due to esophageal cancer is 13.05/100000 in
the Xinjiang Uygur Autonomous Region of China, while
in Kazakh it is 68.88/100000. ESCC is a serious threat
to human health[1]. The Bmi-1 gene was discovered in
1999. It produced a synergistic effect with the c-myc gene
in mice with lymphoma and this synergy promoted the
formation of tumor cells[2]. Since then, other researchers
have detected excessive Bmi-1 gene expression in a variety
of human cancers, such as head and neck cancer[3] and
breast cancer[4], and Bmi-1 gene expression was also found
to be associated with the development of tumors [5,6].
In the present study, the expression levels of B-cellspecific Moloney leukemia virus insert site 1 (Bmi-1) and
plasminogen activator inhibitor-1 (PAI-1) in 80 cases of
ESCC were determined to explore their influence on the
prognosis of patients with ESCC.

Interpretation of the results
Bmi-1 expression in the endonuclear area was seen as tan
or brown granular particles, and was also visible in the
cytoplasm. PAI-1 expression was seen as tan or brown
granular particles within the cytoplasm. Expression in
normal esophageal mucosa cells was used as a positive
control. Slices of normal esophagus were randomly examined in five fields of view at 400 × magnification, and
a negative result was regarded if there were < 5% of
positive cells and a positive result if there were > 5% of
positive cells.

MATERIALS AND METHODS

Statistical analysis
Statistical analyses were performed using SPSS 17.0 software for χ 2 test, Kaplan-Meier, survival analysis, and the
Cox regression model. P < 0.05 was considered statistically significant.

Study population and materials
The study was conducted at the First Affiliated Hospital of Xinjiang Medical University, and 80 ESCC tissue
specimens were collected from patients between 1997
and 2004. All specimens were obtained following surgical resection and were proved by pathologists. Of the
80 patients enrolled, 40 were of Kazakh nationality and
40 were of Han nationality, and 57 were male and 23
were female with an average age of 60 years. None of
the patients had received preoperative radiotherapy or

WJG|www.wjgnet.com

RESULTS
Expression of Bmi-1 and PAI-1 in ESCC and normal
esophageal tissue
The rates of expression of Bmi-1 in esophageal cancer
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Table 1 B-cell-specific moloney leukemia virus insert site 1 protein expression in esophageal cancer and normal esophageal tissues
Pathological characteristic
Cancerous tissue
Normal tissue

Total cases
80
20

Bmi-1
Positive

Negative

Positive rate (%)

63
1

17
19

78.7
5.0

χ2

P value

37.77

0.01

Bmi-1: B-cell-specific moloney leukemia virus insert site 1.

Table 2 Plasminogen activator inhibitor-1 protein expression in esophageal cancer and normal esophageal tissues
Pathological characteristic
Cancerous tissue
Normal tissue

Total cases
80
20

PAI-1
Positive

Negative

Positive rate (%)

61
2

19
18

75.0
10.0

χ2

P value

28.69

0.01

PAI-1: Plasminogen activator inhibitor-1.

Table 3 Correlation between B-cell-specific moloney leukemia virus insert site 1 expression and clinicopathological data
Characteristic
Differentiation degree
Moderate to high
Poor
Lymphatic metastasis
Yes
No
Sex
Male
Female
Age (yr)
< 60
≥ 60
Nationality
Han
Kazakh
Tumor size (cm)
≤3
>3
Depth of infiltration
Muscular layer
Tunica externa
Pathological type
Ulcerative
Fungating
Medullary
Constrictive

P value

Positive cases

Positive rate (%)

46
34

38
25

82.6
73.5

0.963

0.411

27
53

17
46

63.0
86.6

6.07

0.024

57
23

47
16

73.5
82.6

1.627

0.234

34
46

25
38

87.5
70.0

0.963

0.414

40
40

35
28

78.8
78.7

3.66

0.099

33
47

26
37

92.3
72.2

0

0.613

26
54

24
39

92.3
72.2

4.231

0.0451

37
11
26
6

27
10
21
5

73.0
90.9
80.7
83.3

0.885

0.829

with increased depth of infiltration in the muscularis and
serosa layer (P < 0.05). There was no significant difference in expression due to different tumor sizes (P > 0.05).
The difference in Bmi-1 expression was not statistically
significant between the Han and Kazakh subjects (P >
0.05) (Table 3).

tissue and normal mucosa were 78.7% and 5.0%, respectively. The rates of expression of PAI-1 in esophageal
cancer tissue and normal mucosa were 75% and 45%,
respectively. The differences in PAI-1 and Bmi-1 expression were statistically significant between normal esophageal mucosa and esophageal cancer tissue (P < 0.05 for
both) (Tables 1 and 2).

Relationship between PAI-1 expression and clinical
pathological parameters
PAI-1 protein expression in patients with lymph node
metastasis was lower than that in patients without lymph
node metastasis, and the difference was statistically significant (P < 0.01). PAI-1 expression gradually increased
with increased depth of infiltration in the muscularis and

Relationship between Bmi-1 expression and clinical
pathological parameters
Bmi-1 protein expression in patients with lymph node
metastasis was lower than that in patients without lymph
node metastasis, and the difference was statistically significant (P < 0.05). Bmi-1 expression gradually increased
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Table 4 Correlation between plasminogen activator inhibitor-1 expression and clinicopathological data
Characteristic
Differentiation degree
Moderate to high
Poor
Lymphatic metastasis
Yes
No
Sex
Male
Female
Age (yr)
< 60
≥ 60
Nationality
Han
Kazakh
Tumor size (cm)
≤3
>3
Depth of infiltration
Muscular layer
Tunica externa
Pathological type
Ulcerative
Fungating
Medullary
Constrictive

P value

Positive cases

Positive rate (%)

46
34

39
22

84.8
64.7

4.351

0.061

27
53

16
45

59.3
84.9

6.497

0.024

57
23

44
17

77.2
73.9

0.097

0.777

34
46

29
32

85.3
69.6

2.671

0.119

40
40

30
31

75.0
77.5

0.069

1.000

33
47

25
36

75.8
76.6

0.008

1.000

26
54

14
47

53.8
87.0

10.676

0.022

37
11
26
6

27
9
20
5

73.0
81.8
76.9
76.0

0.580

0.901

of Bmi-1 in ESCC prognosis. Differential expression of
Bmi-1 was detected in ESCC patients with and without
lymph node metastasis, and in primary cancer tissues
and matched adjacent non-cancerous tissues. Bmi-1 expression was significantly up-regulated in ESCC tissues
compared with adjacent non-cancerous tissues.
It has been reported that high Bmi-1 gene expression
is closely related to the occurrence, development, invasion, infiltration, metastasis and prognosis of colorectal[5] and breast cancers[6]. A number of studies have
also shown that the Bmi-1 gene is important in the cellcycle regulation system. Tumor cell invasion is regulated
by various factors which can stimulate or promote cell
motility, destruction of the matrix, angiogenesis and
other biological events at the molecular level. In laryngeal neoplasms[7,8], Bmi-1 over-expression can promote
transformation of epithelial-ectomesenchymal tissue,
while lower Bmi-1 expression can inhibit transformation
of epithelium-ectomesenchymal tissue and metastasis of
tumor cells. Abd El hafez et al[9] reported the immunohistochemical expression of Bmi-1 protein in epithelial
ovarian cancer tissue specimens and its relevance to
clinicopathologic prognostic variables and patient survival. High Bmi-1 expression was strongly associated
with advanced stages and carcinomas with serous histology. Bmi-1 expression displayed a significant inverse
association with patient overall and mean survival. It has
been reported that Bmi-1 plays a very important role in
the invasion and metastasis of neoplasms, especially as a
proto-oncogene. He et al[10] showed that the expression
level of Bmi-1 mRNA was significantly positively correlated with histological grade, clinical grade and lymph

serosa layer (P < 0.05). There was no significant difference in expression due to different tumor sizes (P > 0.05)
(Table 4).
Prognosis
This study included 80 patients with ESCC, 16 patients
survived, the median survival time was 60 mo, and the
10-year survival rate was 20% (16/80). Bmi-1 expression
in the univariate Kaplan-Meier survival analysis showed
that both the average survival time and median survival
time in patients with positive expression of Bmi-1 were
less than those in patients with negative expression.
The difference, however, was not statistically significant
(Figure 1A). PAI-1 expression in the univariate KaplanMeier survival analysis showed that both the average
survival time and median survival time in patients with
positive expression of PAI-1 were less than those in patients with negative expression. The difference, however,
was not statistically significant (Figure 1B).

DISCUSSION
It is well known that ESCC, a common malignant disease, is prone to invade adjacent regions and to metastasize to lymph nodes and distant organs. To develop
novel treatments and cures, it is imperative to address
the factors underlying tumorigenesis, invasion and metastasis. In this study, we identified and functionally
characterized Bmi-1 as an important player in ESCC
progression. We determined the expression of Bmi-1,
demonstrated the association between Bmi-1 expression
and clinicopathologic parameters and evaluated the role
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A

Overall comparisons
Log rank (Mantel-Cox)

χ2

df

33.029

1

Sig.
0.000

Overall comparisons
Log rank (Mantel-Cox)

χ2

df

3.671

1

Sig.
0.055

Bmi-1
(+)
(-)
(+)-censored
(-)-censored

0.8
0.6
0.4

PAI-1
(+)
(-)
(+)-censored
(-)-censored

1.0
0.8
Cum survival

1.0

Cum survival

B

0.2

0.6
0.4
0.2
0.0

0.0
0

25

50

75

100

0

t /mo

25

50

75

100

t /mo

Figure 1 Kaplan-Meier survival curves of Esophageal squamous cell carcinoma patients with different expression levels of B-cell-specific moloney leukemia virus insert site 1 (A) or plasminogen activator inhibitor-1 (B). PAI-1: Plasminogen activator inhibitor-1; Bmi-1: B-cell-specific moloney leukemia virus insert
site 1; ESCC: Esophageal squamous cell carcinoma.

node metastasis in ESCC using polymerase chain reaction and immunocytochemistry, however, protein levels
of Bmi-1 were not associated with the above-mentioned
factors.
We found that positive expression of Bmi-1 increased
with the depth of cancer invasion; Bmi-1 expression in
ESCC patients with lymph node metastasis was higher
than that in patients without lymph node metastasis, and
the difference was statistically significant (P < 0.05). This
showed that Bmi-1 protein promoted malignant transformation of cancer cells and increased invasion and metastasis of cells. However, Bmi-1 protein was not related
to the degree of esophageal tissue differentiation, age,
sex, nationality, or pathological type. Survival analyses
(Kaplan-Meier) indicated that patients with high expression of Bmi-1 had a lower 10-year survival rate than patients with negative expression. The difference, however,
was not statistically significant (P > 0.05). The analysis
showed that Bmi-1 was not an independent prognostic
factor, which was confirmed by further multivariate Cox
regression analysis. Metastatic relapse remains a major
challenge in the management of ESCC. Many factors are
involved in tumor progression, including changes in cell
adhesion, cell communication, increased migration or
motility and invasiveness. In this study, Bmi-1 was shown
to contribute to each of these events. The result was in
accordance with a previous observation that Bmi-1 alone
did not influence prognosis.
Qian et al[11] recently demonstrated that plasma PAI-l
concentration was associated with pathologic stage in pancreatic cancer patients. PAI-l concentration was greater in
stage Ⅳ than in stage Ⅲ, and PAI-l accelerated degradation of the extracellular matrix. PAI-l concentration was
found to be high during progression in late stage pancreatic cancer. Jiang et al[12] found that the expression of PAI-l
protein in pancreatic cancer tissue was significantly higher
than that in normal pancreatic tissue using immunohistochemistry, which was closely related to clinical TNM stage
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and lymph node metastasis in pancreatic cancer. However,
the findings were not affected by gender, age, location,
size and histopathological grade. Tumor cells produce cytokines and other substances to promote tumor angiogenesis, stroma infiltration, microenvironmental changes, and
tumor cell detachment from mucous membrane, resulting
in tumor invasion and metastasis along lymphatic and
blood vessels and the transfer of tumor cells to surrounding tissue and distant organs.
In this study, PAI-l protein expression was shown
to be related to lymph node metastasis and depth of
infiltration in ESCC, however, there was no obvious relationship with age, nationality, degree of differentiation,
pathological classification, or sex. From the histology
results, it was shown that PAI-l protein expression plays
an important role in the development of tumors, and is
closely related to tumor invasion and metastasis. However, patient nationality had no effect on PAI-1 expression.
To the best of our knowledge, there are few studies on
the relationship between Bmi-1 expression and the prognosis of tumors. It was found that up-regulated expression
of Bmi-1 was the main factor in the poor prognosis of nasopharyngeal carcinoma[13]. High expression of Bmi-1 protein was related to the degree of tumor differentiation[14,15]
and clinical stage in ovarian cancer tissue[16,17]. Therefore,
over-expression of Bmi-1 protein may be involved in
ovarian cancer occurrence and development. Zhan et al[18]
found that Bmi-1 expression in non-small cell lung cancer
is higher than that in normal lung tissue, which suggests
that Bmi-1 may be related to the development and prognosis of lung cancer. Chen et al[19] pointed out that Bmi-1
expression in gastric cancer tissue was higher than that
in adjacent tissues, Bmi-1 expression was correlated with
tumor size and lymph node metastasis, and patients with
positive expression had a lower survival rate than patients with negative expression. Despite more evidence
to show that poor prognosis is related to Bmi-1 expression, other studies have not shown the same results. It
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was found that only 25% of breast cancer patients in
Africa had Bmi-1 protein expression. Another relevant
study demonstrated that the mRNA expression level of
Bmi-1 significantly increased in patients without lymph
node metastasis in the early stages of the disease, and
Bmi-1 up-regulation was associated with the occurrence
of nasopharyngeal carcinoma and a low survival rate. It
was recently proved that increased Bmi-1 protein expression was associated with survival in patients treated with
etoposide or platinum-containing agents. Bmi-1 gene expression was closely associated with poor prognosis and
treatment failure in patients with malignant tumors, such
as acute myelogenous leukemia, chronic myelogenous
leukemia, myelodysplastic syndrome, and lymphoma.
Farivar et al[20] found that increased expression of Bmi-1
in pediatric brain tumors may be important in the acquisition of an aggressive phenotype. Bmi-1 can be used as
a strong and independent molecular marker of prognosis in pediatric brain tumors. Abd El hafez et al[9] proved
that patients with epithelial ovarian cancer and expression of Bmi-1 had a significantly lower 5-year survival
rate than patients with negative Bmi-1 expression. Bmi-1
expression is an independent prognostic factor in gastric
cancer, and up-regulation of Bmi-1 is a sign of poor
prognosis in patients with gastric cancer.
The results of this study showed that the 5-year survival rate in patients with positive Bmi-1 expression was
lower compared to patients with negative Bmi-1 expression, according to the results of the Kaplan Meier survival analysis, however, the difference was not statistically
significant (P > 0.05). These results may be due to a small
number of samples, and further investigations are needed
using a larger patient cohort to extend our findings.
Recent reports indicate the possible role of PAI-1 in
different carcinomas. Allott et al[21] reported that infiltration and invasion were greater in patients with esophageal tumors and positive PAI-1 expression, resulting in
decreased 10-year overall survival. Fang et al[22] suggested
that PAI-1 exerts a protective effect against apoptosis
in tumor cells by a mechanism that, in part, involves
Fas/Fas-L-mediated apoptosis and plasmin activation,
and that both tumor- and host-derived PAI-1 play a role
in tumor progression. A number of studies have also
shown that PAI-1 mediated effects are not restricted to
tumor cells of bladder origin[23-26]. Collectively, these data
show that targeting PAI-1 may be beneficial and support
the notion that novel drugs such as tiplaxtinin[27] could
be investigated as anticancer agents.
In the present study, the 5-year survival rate was lower in patients with positive PAI-1 expression compared
to patients with negative PAI-1 expression, according to
survival analyses (Kaplan-Meier). The difference, however, was not statistically significant (P > 0.05).
In conclusion, the findings of the present study demonstrated that PAI-1 is not an independent prognosis
factor and PAI-1 is related to the depth of invasion and
lymph node metastasis following identification of prognostic factors using multivariate Cox regression analysis.
Patients with ECSS who had higher PAI-1 expression

WJG|www.wjgnet.com

showed progression, suggesting that PAI-1 is a novel
molecular marker that predicts progression and prognosis. These data also support PAI-1 as a therapeutic target
in cancer and preclinical studies should be performed to
test PAI-1 inhibitors in cancer therapy. Further studies
will be needed to determine whether PAI-1 is a novel
therapeutic target for ESCC.
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Background

Worldwide, the majority of esophageal cancers are squamous cell carcinomas.
Esophageal squamous cell carcinoma (ESCC) is one of the most common malignant tumors. Over the past few years, the incidence of ESCC has increased,
and its mortality rate ranked the sixth in cancer-related deaths.

Research frontiers

Over the past few years, several studies have confirmed that B-cell-specific
Moloney leukemia virus insert site 1 (Bmi-1) is over-expressed in all tumor cells
and tissues in lung cancer, colorectal cancer, breast cancer, nasopharyngeal
cancer, oral carcinoma, cutaneous carcinoma, and gastric cancer. It has been
reported that high Bmi-1 gene expression is closely related to the occurrence,
development, invasion, infiltration, metastasis and prognosis of colorectal and
breast cancers. A number of studies have also shown that the Bmi-1 gene is
important in the cell-cycle regulation system. It has been reported that positive plasminogen activator inhibitor-1 (PAI-1) protein expression in pancreatic
cancer tissue is significantly higher than that in normal pancreatic tissue using
immunohistochemistry, which is closely related to clinical TNM stage and lymph
node metastasis of pancreatic cancer. Previous studies demonstrated that
Bmi-1 and PAI-1 are over-expressed in tumor cells and cancer tissues. More
recent reports, however, suggest that PAI-1 may regulate tumor cell apoptosis
and has a protumorigenic function. Whether Bmi-1 and PAI-1 influence cell senescence and metastasis of human ESCC is unknown.

Innovations and breakthroughs

Currently, there are few studies on the relationship between the expression of
Bmi-1 and prognosis of ESCC. The role of Bmi-1 and PAI-l expression in ESCC
remains unclear. This study determined the correlation between invasiveness,
migration and prognosis and both Bmi-1 and PAI-1 expression in ESCC. It is
suggested that the expression of Bmi-1 and PAI-1 play a role in ESCC progression. The expression of Bmi-1 and PAI-1 may be used as a prognostic marker
in ESCC. The findings of the present study demonstrated that PAI-1 and Bmi-1
are not independent factors for survival, while the depth of tumor invasion and
metastasis are independent factors affecting survival.

Applications

These new markers and methods are important, and provide a platform for the
development of better treatment strategies. This research provides additional
support for the notion that Bmi-1 and PAI-1 inhibitors should be developed as
new agents for ESCC.

Terminology

Bmi-1, a member of the polycomb group, functions as a transcriptional repressor and has high expression in many tumors, indicating a poor prognosis.
Several lines of evidence suggest that Bmi-1 blocks cell senescence and proliferation, and the Bmi-1 gene is also associated with tumor invasion and metastasis. PAI-1, a member of the serine protease inhibitors superfamily, which is
expressed by endothelial cells, epithelial cells, monocytes and macrophages, is
the principal inhibitor of tissue-type plasminogen activator and urokinase-type
plasminogen activator and thus inhibits fibrinolysis.

Peer review

In this manuscript, the authors examined the expression of Bmi-1 and PAI-1.
The results may represent a molecular mechanism of esophageal cancer. It is a
well written paper with important clinical implications. Overall, this topic is very
interesting.
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Endoscopic submucosal dissection vs endoscopic mucosal
resection for superficial esophageal cancer
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As for the rate of postoperative esophageal stricture
and procedure-related bleeding, no significant difference was found between the two techniques.
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CONCLUSION: ESD seems superior to EMR in the
treatment of SEC as evidenced by significantly higher
en bloc and curative resection rates and by obviously
lower local recurrence rate.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Superficial esophageal cancer; Endoscopic
mucosal resection; Endoscopic submucosal dissection;
Meta-analysis
Core tip: This meta-analysis was performed on the
basis of previously published reports aiming to compare endoscopic submucosal dissection (ESD) with
endoscopic mucosal resection (EMR) in treating superficial esophageal cancer. Eight studies involving 1081
patients were analyzed. Of those, 448 lesions were
treated by ESD and 744 were treated by EMR. Compared with EMR, ESD had significantly higher overall
en bloc and curative resection rates, and lower local
recurrence rate. There was no significant difference in
the complication rate between the two methods.

Abstract
AIM: To investigate the effectiveness of endoscopic
submucosal dissection (ESD) and endoscopic mucosal
resection (EMR) in treating superficial esophageal cancer (SEC).
METHODS: Studies investigating the safety and efficacy of ESD and EMR for SEC were searched from the
databases of Pubmed, Web of Science, EMBASE and
the Cochrane Library. Primary end points included the
en bloc resection rate and the curative resection rate.
Secondary end points included operative time, rates of
perforation, postoperative esophageal stricture, bleeding and local recurrence. The random-effect model and
the fixed-effect model were used for statistical analysis.

Guo HM, Zhang XQ, Chen M, Huang SL, Zou XP. Endoscopic
submucosal dissection vs endoscopic mucosal resection for
superficial esophageal cancer. World J Gastroenterol 2014;
20(18): 5540-5547 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i18/5540.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i18.5540

RESULTS: Eight studies were identified and included
in the meta-analysis. As shown by the pooled analysis, ESD had significantly higher en bloc and curative
resection rates than EMR. Local recurrence rate in the
ESD group was remarkably lower than that in the EMR
group. However, operative time and perforation rate
for ESD were significantly higher than those for EMR.
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INTRODUCTION
Nowadays superficial esophageal cancer (SEC) is increasingly detected with the innovation of endoscopy
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techniques. Before the advent of endoscopic therapy,
radical esophagectomy served as a standard therapeutic
strategy for SEC, which was however reported to be
related with high mortality and impaired quality of life
(QOL)[1,2]. Later, the technique of endoscopic mucosal
resection (EMR) initiated a new era of endoscopic treatment for SEC[3]. To date, EMR has been widely applied
in clinical practice due to less invasion, lower cost, more
patient tolerance, and better postoperative QOL. Nevertheless, when applying EMR techniques to large lesion, it
is always difficult to evaluate the margin of specimen by
histopathology or to determine the risk of lymph node
metastasis. In addition, EMR was reported to have high
local recurrence rates after piecemeal resection[4].
In 1990s, endoscopic submucosal dissection (ESD)
was developed to remove large lesions in the alimentary
tract, thus providing en bloc specimens for adequate
pathological evaluation of lateral and deep margins[5]. Using improved needle-knife, the technique of ESD makes
it possible to dissect the tumors from the submucosal
layer. However, some studies showed that ESD could
have a higher rate of complications, such as bleeding,
perforation and postoperative esophageal stricture resulting from complicated procedures[6]. To date, several studies[7-11] have compared the technique of ESD with EMR
for the treatment of SEC in terms of safety and efficacy,
while the results of these studies were confounding when
pooled together. To our knowledge, there was still a lack
of a systematic review that specifically compares the
safety and efficacy of ESD and EMR in the treatment of
SEC. Aiming to provide a clinical basis for endoscopic
treatment of SEC, this meta-analysis included several
retrospective studies that evaluated the efficacy and safety
of ESD and EMR in patients with SEC.

comparing ESD and EMR for lesions resulting from
Barret’s esophagus were also excluded, as such lesions
were mostly located in the gastroesophageal junction
and the neoplasms were mostly adenoma.
Data extraction and study quality assessment
In this meta-analysis, primary end points included the
rates of both en bloc and curative resections; secondary
end points included surgical duration and rates of bleeding, perforation, postoperative esophageal stricture and
local recurrence. In this study “en bloc” was defined as
resection of the lesion in one piece without piecemeal,
and “curative resection” was defined as resection without undifferentiated-type cell nests or lymphvascular invasion that could be detected by histopathology in both
lateral and vertical margins. Surgical duration was defined
as the time from marking to resection of the lesions.
Bleeding was defined as the blood loss during surgical
procedures. Perforation was diagnosed endoscopically
when mediastinal connective tissue was observed during
surgical procedures, or by the presence of free air on an
imaginological examination. Postoperative stricture was
defined as a stricture requiring endoscopic dilation. Local recurrence was defined as the same histology type of
the neoplasm diagnosed by histology at the resection site
during the follow-up of the patient.
Two investigators extracted detailed data independently and reached consensus by discussing possibly
different opinions. The data were extracted from each
literature including name of the first author, year of the
publication, country of the study, the number of patients and lesions, and duration of the follow-up.
The quality of each study was assessed according to
the following six items: number of patients (more or
fewer than ten patients); follow-up (more or less than 6
mo); comparable; comparison of operative procedures,
ESD vs EMR; consecutive; and whether there was a clear
protocol for the evaluation of surgical outcome. A quality score was calculated for each study, with a maximum
of six points indicating the best quality[12].

MATERIALS AND METHODS
Search strategy
To identify all relevant studies that compared ESD with
EMR from 1995 to October 31, 2012, a systematical literature search was performed through the databases of
Pubmed, Web of Science, EMBASE, and the Cochrane
Library with the language restricted to English. The following search terms were used: “ESD”, “EMR”, “endoscopic submucosal dissection”, “endoscopic mucosal resection”, “esophageal” and “esophagus”. The references
listed in the retrieved articles were screened manually.

Statistical analysis
RevMan 5.0 software (Cochrane Collaboration) was used
in this study. The forest plot can provide the summary
data entered for each study including the weight for
each study, the overall effect estimate, and the statistical
significance of the analysis, while a summary receiver
operating characteristic curve analysis can be used to
select the optimal threshold under a variety of clinical
circumstances, thereby showing an optimum cut-off for
sensitivity and specificity. Since the primary purpose of
current study was to compare the effectiveness of two
different therapeutic methods for superficial esophageal cancer, the forest plot was applied for the statistical
analysis. The weighted mean difference (WMD) was
recommended for continuous data of surgical duration, and the ORs with 95%CIs were recommended for
dichotomous data, such as en bloc resection, curative

Selections of studies
The studies were included in our meta-analysis according to the following criteria: (1) enrolling patients diagnosed with SEC by histology test; (2) comparing ESD
and EMR for the treatment of SEC; (3) reporting the
endpoints regarding therapeutic effect and complications; and (4) having the sample size of more than ten.
In case of duplicated reports, the one with more cases
was selected. Any comment, review, or guideline articles
without original data were excluded. Besides, studies
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Potentially relevants studies
identified through search strategy
(n = 145)
Duplicated studies excluded
(n = 29)
Studied retrieved for
more evaluation with full
text (n = 116)
Excluded by inclusion/exclusion
(n = 107)
Potentially appropriate studies
for inclusion in meta-analysis
(n = 9)
Mixed comparison excluded
(n = 1)
Studies included in meta-analysis
(n = 8)

Figure 1 process of article screening.

Table 1 Details of included studies (mean ± SD)
Country

Full text/Abstract

Patient n (ESD/EMR)

Lesion n (ESD/EMR)

Quality score

Follow-up (mo)

Japan
South Korea
Japan

Full Text
Abstract
Abstract

148 (29/119)
62 (34/28)
165 (129/36)

171 (31/140)
69 (37/32)
167 (36/131)

5
4
5

Takahashi et al[10] 2010
Teoh et al[9] 2010
Urabe et al[7] 2011

Japan
China
Japan

Full Text
Full Text
Full Text

300 (116/184)
28 (18/10)
122 (59/63)

300 (116/184)
35 (22/13)
162 (79/83)

6
5
6

Yamashita et al[8] 2011
Konishi et al[17] 2012

Japan
Japan

Full Text
Abstract

112
143 (93/50)

127 (71/56)
161 (56/105)

6
5

Not recorded
Not recorded
ESD 29.8
EMR 64.0
65 (8-174)
22.20 ± 17.31
ESD 18.9
EMR 30.7
39 (8-123)
ESD 15 (1-48)
EMR 70 (4-146)

Ref.
[11]

Ishihara et al 2008
Jung et al[15] 2008
Kubota et al[16] 2010

ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

resection, local recurrence, perforation, and stricture. In
the meta-analyses, we estimated heterogeneity with Chisquare and I2. P values < 0.1 or I2 more than 50% were
considered significantly heterogeneous[13]. Pooled data
were calculated using a fixed-effects model when there
was no heterogeneity; or a random-effects model would
be applied instead. Software Stata 11 (Stata Corporation,
College Station, TX, United States) was used to detect
publication bias, and then the symmetry of the funnel
plot was confirmed by Egger’s test with a P value less
than 0.05[14].

selection was shown in Figure 1. Overall, a total of 1080
patients with SEC were enrolled in the selected eight
studies, which contained 448 lesions in the ESD group
and 744 lesions in the EMR group. The main characteristics and quality assessment of the finally included
reports are shown in Table 1.
En bloc resection rate
The en bloc resection rate was reported in eight papers[7-11,15-17]. Since there was no heterogeneity among
these studies (P = 0.26; I2 = 22%), a fixed-effect model
was applied, and the overall analysis showed a significantly higher en bloc resection rate (97.1%; 435/448)
in the ESD group than in the EMR group (49.3%;
367/744) irrespective of the diameter of the lesion (OR
= 52.76; 95%CI: 25.57-108.84; P < 0.001) (Figure 2A).
Four studies[7,8,11,16] subgrouped the patients according to
tumor size with the cut-off point set at 20 mm. In both
subgroups, the en bloc resection rates were significantly

RESULTS
Study inclusion and assessment
A total of 145 studies were initially yielded using the
above-mentioned search strategy. According to inclusion/exclusion criteria, eight reports were finally included in our meta-analysis[7-11,15-17]. The procedure of study
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A
Study or subgroup
Ishihara 2008
Jung 2008
Konishi 2012
Kubota 2010
Takahashi 2010
Teoh 2010
Urabe 2011
Yamashita 2011

ESD
Events Total
31
31
36
37
56
56
29
36
116
116
21
22
77
79
69
71

EMR
Events Total
110
140
12
32
53
105
3
131
98
184
9
13
57
83
25
56

Weight
13.9%
7.6%
7.1%
5.5%
7.1%
11.2%
30.6%
17.1%

Odds ratio
M-H, fixed, 95%CI
17.39 [1.03, 292.42]
60.00 [7.26, 495.86]
110.89 [6.68, 1841.77]
176.76 [43.10, 724.94]
204.61 [12.53, 3340.41]
9.33 [0.91, 95.57]
17.56 [4.00, 77.03]
42.78 [9.53, 191.98]

Total (95%CI)
448
744 100.0%
Total events
435
367
2
2
Heterogeneity: χ = 8.93, df = 7 (P = 0.26); I = 22%
Test for overall effect: Z = 10.73 (P < 0.00001)

B
Study or subgroup
Ishihara 2008
Jung 2008
Kubota 2010
Takahashi 2010
Teoh 2010
Urabe 2011
Yamashita 2011

ESD
Events Total
30
31
32
37
23
36
113
116
18
22
77
79
69
71

EMR
Events Total
81
140
17
32
2
131
144
184
11
13
57
83
25
56

Weight
11.7%
16.3%
14.2%
16.2%
12.5%
14.6%
14.5%

Odds ratio
M-H, fixed, 95%CI

52.76 [25.57, 108.84]
0.01

Odds ratio
M-H, fixed, 95%CI
21.85 [2.90, 164.79]
5.65 [1.75, 18.21]
114.12 [24.14, 539.48]
10.46 [3.16, 34.70]
0.82 [0.13, 5.23]
17.56 [4.00, 77.03]
42.78 [9.53, 191.98]

Total (95%CI)
392
639 100.0%
13.90 [4.84, 39.95]
Total events
362
337
2
2
2
Heterogeneity: Tau = 1.42; χ = 20.96, df = 6 (P = 0.002); I = 71%
Test for overall effect: Z = 4.89 (P < 0.00001)

0.1
1
10
Favours EMR
Favours ESD

100

Odds ratio
M-H, fixed, 95%CI

0.005
0.1
Favours EMR

1

10
200
Favours ESD

Figure 2 Comparison of en bloc resection (A) and curative rates (B) between endoscopic submucosal dissection and endoscopic mucosal resection. ESD:
Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

Study or subgroup
Takahashi 2010
Urabe 2011
Yamashita 2011

Mean
73.6
49.7
88.5

ESD
SD
45.8
3.3
46.6

Total
116
79
71

Mean
44.4
19.1
13.7

EMR
SD
32.6
6.1
10.3

Total
184
83
56

Weight
33.3%
33.9%
32.8%

Total (95%CI)
266
323 100.0%
2
2
2
Heterogeneity: Tau = 515.11; χ = 48.11, df = 2 (P < 0.00001); I = 96%
Test for overall effect: Z = 3.34 (P = 0.0008)

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

29.50 [19.93, 39.07]
30.60 [23.21, 37.99]
74.80 [63.63, 85.97]
44.72 [18.46, 70.98]
-100
-50
Favours ESD

0

50
100
Favours EMR

Figure 3 Forest plot showing the procedural time for endoscopic submucosal dissection and endoscopic mucosal resection. ESD: Endoscopic submucosal
dissection; EMR: Endoscopic mucosal resection.

higher in the ESD group than in the EMR group (OR
= 14.99; 95%CI: 3.30-68.03; P = 0.0005, OR = 115.88;
95%CI: 23.35-575.12; P < 0.00001, respectively).

was excluded. The result of remaining data still showed
a higher curative resection rate in the ESD group (OR =
20.17; 95%CI: 8.30-49.05; P < 0.00001), and the heterogeneity could be partially explained (P = 0.05; I2 = 56%).

Curative resection rate
Seven studies[7-11,15,16] provided the data of curative resection rate for SEC. There was significant heterogeneity
among these studies (P = 0.02; I2 = 71%), therefore a
random-effect model was applied to perform the analysis, which showed a higher curative resection rate in the
ESD group (92.3%; 362/392) than in the EMR group
(52.7%; 337/639) (OR = 13.9; 95%CI: 4.84-39.95; P
< 0.001) (Figure 2B). On the basis of the result of the
sensitivity analysis, one study[9] that might bias the result
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Surgical duration
Five involved studies[7,8,10,11,17] reported the comparison
of surgical duration between the ESD group and EMR
group. A random-effect model was applied since there
was heterogeneity among the studies (P < 0.00001; I2 =
96%). The result demonstrated that significantly longer
surgical duration was needed in the ESD group than in
the EMR group (WMD = 44.72; 95%CI: 18.46-70.98; P
= 0.0008) (Figure 3).
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A
Study or subgroup
Ishihara 2008
Jung 2008
Konishi 2012
Kubota 2010
Takahashi 2010
Teoh 2010
Urabe 2011
Yamashita 2011

ESD
Events Total
1
31
1
37
3
56
2
36
3
116
1
22
6
79
1
71

EMR
Events Total
0
140
0
32
0
105
1
131
3
184
0
13
2
83
4
56

Weight
1.7%
4.9%
3.1%
3.9%
21.6%
5.5%
17.2%
42.1%

Total (95%CI)
448
744 100.0%
Total events
18
10
2
2
Heterogeneity: χ = 8.90, df = 7 (P = 0.26); I = 21%
Test for overall effect: Z = 2.16 (P = 0.03)

B
Study or subgroup
Ishihara 2008
Jung 2008
Takahashi 2010
Teoh 2010
Urabe 2011
Yamashita 2011

ESD
Events Total
0
31
3
37
20
116
2
22
4
79
6
71

EMR
Events Total
3
140
3
32
17
184
0
13
8
83
8
56

Weight
4.1%
9.5%
34.8%
1.8%
23.7%
26.2%

Total (95%CI)
356
508 100.0%
Total events
35
39
2
2
Heterogeneity: χ = 6.73, df = 5 (P = 0.24); I = 26%
Test for overall effect: Z = 0.54 (P = 0.59)

C
Study or subgroup
Ishihara 2008
Jung 2008
Kubota 2010
Teoh 2010
Urabe 2011

ESD
Events Total
0
31
2
37
0
36
0
22
1
79

EMR
Events Total
1
140
1
32
0
131
1
13
2
83

Weight
10.3%
19.1%
34.4%
36.3%

Total (95%CI)
205
399 100.0%
Total events
3
5
2
2
Heterogeneity: χ = 1.43, df = 3 (P = 0.70); I = 0%
Test for overall effect: Z = 0.45 (P = 0.65)

Odds ratio
M-H, fixed, 95%CI
13.82 [0.55, 347.43]
2.67 [0.11, 67.89]
13.80 [0.70, 272.14]
7.65 [0.67, 86.86]
1.60 [0.32, 8.07]
1.88 [0.07, 49.67]
3.33 [0.65, 17.01]
0.19 [0.02, 1.71]

Odds ratio
M-H, fixed, 95%CI

2.19 [1.08, 4.47]
0.01

Odds ratio
M-H, fixed, 95%CI
0.62 [0.03, 12.38]
0.85 [0.16, 4.55]
2.05 [1.02, 4.09]
3.29 [0.15, 74.06]
0.50 [0.14, 1.73]
0.55 [0.18, 1.70]

0.1
Favours ESD

1

10
Favours EMR

100

Odds ratio
M-H, fixed, 95%CI

1.14 [0.71, 1.84]
0.01

Odds ratio
M-H, fixed, 95%CI
1.48 [0.06, 37.09]
1.77 [0.15, 20.50]
Not estimable
0.19 [0.01, 4.89]
0.52 [0.05, 5.84]

0.1
Favours ESD

1

10
Favours EMR

100

Odds ratio
M-H, fixed, 95%CI

0.74 [0.20, 2.74]
0.01

0.1
Favours ESD

1

10
Favours EMR

100

Figure 4 Incidence of perforation (A), stricture (B) and bleeding (C) between endoscopic submucosal dissection and endoscopic mucosal resection. ESD:
Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

Comparison of complications
Perforation rate: All the included studies[7-11,15-17] reported the data of procedure-related perforation. A fixedeffect model was applied as there was no heterogeneity
among the studies (P = 0.26; I2 = 21%). The pooled
analysis demonstrated that the perforation rate for ESD
was higher than that for EMR (OR = 2.19; 95%CI:
1.08-4.47; P = 0.03) (Figure 4A).

Bleeding rate: Five studies[7,9,11,15,16] reported operationrelated bleeding. There was no heterogeneity (P = 0.70;
I2 = 0%) among the studies, thereby a fixed-effect model
was applied. No statistical difference was noted in terms
of bleeding rates between the two groups (OR = 0.74;
95%CI: 0.20-2.74; P = 0.65) (Figure 4C).
Recurrence rate: Seven studies[7-11,15,17] reported the data
of local recurrence. The pooled analysis showed a significantly lower recurrence rate in the ESD group (0.3%;
1/398) than in the EMR group (11.5%; 80/695) (OR
= 0.08; 95%CI: 0.03-0.23; P < 0. 001). As there was no
heterogeneity among the studies (P = 0.80; I2 = 0%), a
fixed-effect model was applied (Figure 5). However, subgroup analysis showed that the recurrence rate for ESD
was not higher than that for EMR when lesion size was
smaller than 20 mm (OR = 0.34; 95%CI: 0.06-2.08; P

Postoperative esophageal stricture: Six studies[7-11,15] reported the data of postoperative esophageal stricture. A
fixed-effect model was applied as there was no heterogeneity (P = 0.24; I2 = 26%). The overall result demonstrated that there was no significant difference between
the ESD group and the EMR group concerning the
esophageal stricture rate (OR = 1.14; 95%CI: 0.71-1.84;
P = 0.59) (Figure 4B).
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Study or subgroup
Ishihara 2008
Konishi 2012
Kubota 2010
Takahashi 2010
Teoh 2010
Urabe 2011
Yamashita 2011

ESD
Events Total
0
31
0
56
0
36
1
116
0
22
0
66
0
71

EMR
Events Total
2
140
9
105
40
131
18
184
1
13
6
66
4
56

Weight
1.7%
12.7%
33.6%
26.5%
3.5%
12.4%
9.6%

Total (95%CI)
398
695 100.0%
Total events
1
80
2
2
Heterogeneity: χ = 3.03, df = 6 (P = 0.80); I = 0%
Test for overall effect: Z = 4.78 (P < 0.00001)

Odds ratio
M-H, fixed, 95%CI
0.88 [0.04, 18.77]
0.09 [0.01, 1.57]
0.03 [0.00, 0.52]
0.08 [0.01, 0.61]
0.19 [0.01, 4.89]
0.07 [0.00, 1.27]
0.08 [0.00, 1.55]

Odds ratio
M-H, fixed, 95%CI

0.08 [0.03, 0.23]
0.01

0.1
Favours ESD

1

10
Favours EMR

100

Figure 5 Comparison of recurrence rate between endoscopic submucosal dissection and endoscopic mucosal resection. ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

= 0.25), and there was no heterogeneity (P = 0.77; I2 =
0%). The result was not influenced when lesion size was
larger than 20 mm (OR = 0.05; 95%CI: 0.01-0.28; P =
0.0006), and no heterogeneity was found among studies
(P = 0.82; I2 = 0%).

analysis showed the local recurrence rate in the ESD
group was much lower than that in the EMR group. The
subsequent subgroup analysis demonstrated that this
advantage was only observed when lesion size was larger
than 20 mm.
ESD is composed of a series of complicated procedures[22], and some authors reported that some procedure-related complications can remarkably prolong
the surgical duration. In this study, the pooled analysis
showed that surgical duration in the ESD group was
significantly longer than that in the EMR group. Nevertheless, with the accumulation of surgical experience
of endoscopists, the procedure time for ESD may be
reduced[23].
Although showing great advantages in terms of en
bloc resection rates, curative resection rates, and local recurrence rates, ESD was found to have a higher rate of
perforation in our study. Perforation is a common and
serious complication of endoscopic treatment, which
might be associated with lesion size and the depth of
invasion[24]. Another serious complication related to the
procedure of ESD is postoperative esophageal stricture,
which might lead to severe dysphagia and decrease the
QOL of the patient[25]. However, the pooled data of our
study showed that the rate of stricture in the ESD group
was comparable with that in the EMR group. From data
of studies reporting the rate of esophageal stricture, we
found that stricture mostly occurred in patients with
large lesions, reflecting the fact that lesion resection in
such patients can inevitably result in cicatricial stenosis
since the mucosal defects always exceeded three-fourths
of the circumference[10].
Several limitations existed in our study. Similar to
earlier meta-analysis on endoscopic methods, the current
study included a limited number of studies that were
currently available. Inevitably, there was heterogeneity
in the quality of the studies, such as the definitions of
complication were not unified across the studies. Finally,
the results of our analysis was dominated by studies
from Asian population, therefore the conclusions may
not be applicable to patients in other populations.
ESD showed considerable advantages regarding the
en bloc resection rate, curative resection rate, and local

Publication bias: No publication bias was detected by
funnel plot and the Egger test when the data of en bloc
resection and perforation were used as the outcome (P =
0.792 and 0.413, respectively).

DISCUSSION
Compared with traditional surgery, endoscopic therapy
was widely accepted due to less invasion and better QOL
of patients after removal of mucosal lesions[18], which
could ideally facilitate en bloc and curative resection and
reduce the risk of local recurrence[11]. The current study
confirmed a distinct advantage of ESD over EMR in
terms of clinical effectiveness. The en bloc resection rate
in the ESD group was significantly higher than that in
the EMR group, which was consistent with the previous
meta-analysis studies[19,20] on the efficacy and safety of
ESD and EMR in early gastric cancer and rectal carcinoid tumours. Considering that ESD was more applied
to the lesion larger than 20 mm, we did subgroup analyses that demonstrated the same superiority of ESD in
the en bloc resection for SEC than EMR regardless of
the lesion size[11].
Compared with piecemeal resection, en bloc resection could be more effective to achieve an entire pathologic specimen and provide precise histopathologic
assessment, making it possible to raise the curative resection rate for SEC[21]. In our study, the pooled result
showed that the curative resection rate was higher in the
ESD group than in the EMR group. Considering that
endoscopist teams in Japan and South Korea could be
more experienced, we did a sensitivity analysis after excluding one study from Hongkong which has quite different result from that of other studies. The sensitivity
analysis still showed a superior curative resection rate in
the ESD group than in the EMR group. Along with the
high curative rate for SEC in the ESD group, the pooled
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recurrence rate when compared with EMR for SEC. Although there was a higher rate of perforation for ESD,
the rates of esophageal stricture and bleeding for ESD
in the treatment of SEC was similar to those for EMR.
High quality and randomize-control trials from more
countries with larger samples are warranted to validate
these results. Compared with EMR, ESD had significantly higher en bloc and curative resection rates in the
treatment of SEC, while its local recurrence rate was
lower. A multicentre randomized controlled trial is warranted in order to acquire stronger evidence.

4

5

6

COMMENTS
COMMENTS
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Nowadays superficial esophageal cancer (SEC) is increasingly detected with
the innovation of endoscopy techniques. Both endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR) can overcome the shortcoming of radical esophagectomy, and thus extensively used in the treatment of
SEC.

7

Research frontiers

In earlier literature concerning the treatment of SEC, EMR was demonstrated to
have advantages in terms of less invasion, lower cost, more patient tolerance,
and better postoperative quality of life of patient, which was however reported
to have high local recurrence rates after piecemeal resection. By contrast,
ESD was found to yield lower local recurrence rate, which nevertheless could
have higher rates of procedure-related bleeding, perforation and postoperative
esophageal stricture. To date, several studies have compared the technique of
ESD with EMR for the treatment of SEC in terms of safety and efficacy, while
the results of these studies were confounding when pooled together.
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Innovations and breakthroughs

This meta-analysis demonstrated that ESD is superior to EMR in the treatment
of SEC as evidenced by significantly higher en bloc and curative resection rates
and by obviously lower local recurrence rate.
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Applications

This meta-analysis provided a clinical basis for endoscopic treatment of SEC.

Terminology

Superficial esophageal cancer means the cancer confined to mucosal or submucosal layer of the esophagus, without lymph node metastasis. EMR and
ESD are endoscopic therapy methods, which can remove the lesions of the
alimentary tract without surgical procedures and have been extensively used in
clinical practice.
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This paper was performed to compare ESD and EMR in terms of safety and
effectiveness when treating SEC, and it was concluded that ESD could be superior to EMR in the treatment of SEC as evidenced by significantly higher en
bloc and curative resection rates and by obviously lower local recurrence rate.
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META-ANALYSIS

Endoscopic papillary large balloon dilation vs endoscopic
sphincterotomy for retrieval of common bile duct stones: A
meta-analysis
Piao-Piao Jin, Jian-Feng Cheng, Dan Liu, Mei Mei, Zhao-Qi Xu, Lei-Min Sun
eligible studies. Randomized controlled trials (RCTs)
that compared EPLBD with EST were identified. Data
extraction and quality assessment were performed by
two independent reviewers using the same criteria. Any
disagreement was discussed with a third reviewer until
a final consensus was reached. Pooled outcomes of
complete bile duct stone clearance, stone clearance in
one session, requirement for mechanical lithotripsy, and
overall complication rate were determined using relative risk and 95%CI. The separate post-endoscopic retrograde cholangiopancreatography complications were
pooled and determined with the Peto odds ratio and
95%CI because of the small number of events. Heterogeneity was evaluated with the chi-squared test with
P ≤ 0.1 and I 2 with a cutoff of ≥ 50%. A fixed effects
model was used primarily. A random effects model was
applied when significant heterogeneity was detected.
Sensitivity analysis was applied to explore the potential
bias.
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RESULTS: Five randomized controlled trials with 621
participants were included. EPLBD compared with EST
had similar outcomes with regard to complete stone
removal rate (93.7% vs 92.5%, P = 0.54) and complete duct clearance in one session (82.2% vs 77.7%,
P = 0.17). Mechanical lithotripsy was performed less
in EPLBD in the retrieval of whole stones (15.5% vs
25.2%, P = 0.003), as well as in the stratified subgroup of stones larger than 15 mm (24.2% vs 40%, P
= 0.001). There was no statistically significant difference in the incidence of overall adverse events (7.9%
vs 10.7%, P = 0.25), post-ERCP pancreatitis (4.0%
vs 5.0%, P = 0.54), hemorrhage (1.7% vs 2.8%, P =
0.32), perforation (0.3% vs 0.9%, P = 0.35) or acute
cholangitis (1.3% vs 1.3%, P = 0.92).

Abstract
AIM: To compare the efficacy and safety of endoscopic
papillary large balloon dilation (EPLBD) with endoscopic
sphincterotomy (EST) in retrieval of common bile duct
stones (≥ 10 mm).

CONCLUSION: EPLBD could be advocated as an alternative to EST in the retrieval of large common bile duct
stones.

METHODS: PubMed, Web of Knowledge, EBSCO,
the Cochrane Library, and EMBASE were searched for
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fully accepted by all endoscopists on account of its potential adverse events. A recent meta-analysis revealed
that EST plus large balloon dilation was an effective and
safe technique based on the pooled rate of clearance at
index endoscopic retrograde cholangiopancreatography
(ERCP) (89%), related pancreatitis (2.7%), and bleeding
(1.06%)[12,13]. Some published studies had made a comparison of endoscopic papillary large balloon dilation
(EPLBD) with EST for extraction of CBD stones, and
the outcomes varied among different institutions[14-21].
Thus, it remains controversial whether EPLBD is superior to EST in the retrieval of stones from the CBD,
especially large and difficult stones. We performed the
present meta-analysis to assess the efficacy and safety of
EPLBD by comparing it with EST in patients whose bile
duct stones were larger than 10 mm.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Endoscopic papillary large balloon dilation
(EPLBD) was as effective as endoscopic sphincterotomy
in large common bile duct stone clearance. However, it
had less requirement for endoscopic mechanical lithotripsy,
even in stones larger than 15 mm. Besides, EPLBD
could be conducted with limited or without precutting
of the papilla which may be promising for application in
patients with coagulopathy or with surgically modified
anatomy. Further investigations are required to confirm
this claim.

MATERIALS AND METHODS

Jin PP, Cheng JF, Liu D, Mei M, Xu ZQ, Sun LM. Endoscopic
papillary large balloon dilation vs endoscopic sphincterotomy for
retrieval of common bile duct stones: A meta-analysis. World J
Gastroenterol 2014; 20(18): 5548-5556 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i18/5548.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i18.5548

Literature search
First, a literature search was performed in electronic databases including PubMed, Web of Knowledge, EBSCO,
the Cochrane Library, and EMBASE up to July 2013.
Then, Digestive Disease Week and European Gastroenterology Week meetings were scanned for relevant meeting abstracts. References cited in all retrieved articles were
also reviewed for additional articles. The search terms
used were “catheterization”, “endoscopic papillary large
balloon dilation”, “balloon dilation”, “balloon catheter”,
“endoscopic sphincterotomy”, “vater papillotomy”,
“sphincterotomy”, “biliary sphincterotomy”, “gallstone”,
“common bile duct stone”, “common blie duct calculi”,
“choledocholithiasis”. All the above were combined with
“AND” or “OR”.

INTRODUCTION
Per-oral endoscopy has been widely accepted as the firstline treatment in removal of common bile duct (CBD)
stones, and has gradually replaced conventional surgery.
Endoscopic sphincterotomy (EST), as the most commonly used technique, was first introduced in 1974[1]. It
involved a maximal papillotomy, which not only accounted for 8%-12% of acute adverse events like hemorrhage,
perforation[2], but also for long term adverse events like
sphincter dysfunction. Endoscopic papillary balloon dilation, introduced as an alternative to EST by Staritz et
al[3], could lower the risk of bleeding and perforation, but
might result in higher risk of post-procedure pancreatitis[4-6]. Furthermore, it could only be applied in removing
small to moderate sized stones (≤ 10 mm)[6]. Approximately 10%-15% of stones could not be removed by either of the above-mentioned techniques, most of which
occurred with stones larger than 10-15 mm[7]. In addition,
difficult stones (larger than 15 mm, and multiple, barrelshaped and impacted stones), challenging access to papilla (periampullary diverticulum or postoperative variation),
and tortuosity and tapering of the distal common bile
duct[8,9] increased the failure rate of stone retrieval.
In 2003, Ersoz et al[10] recommended a modification
of endoscopic papillary balloon dilation which combined
large balloon dilation (15-20 mm) with a limited precut
of the papilla. It was designed with the aim of reducing
adverse events by avoiding a full incision, shortening the
procedure time, reducing the use of endoscopic mechanical lithotripsy (EML) and minimizing the adverse
events associated with EML[11]. However, it has not been
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Study selection
Randomized controlled trials with a full text available that
compared the efficacy and safety of EPLBD and EST
in the removal of common bile duct stones (≥ 10 mm)
were included for further meta-analysis.
Data extraction
Data extraction was performed independently by two
reviewers (Mei M and Xu ZQ). Both used the same form
for extracting relevant data as follows: baseline trial data
(e.g., first author, publication year, article type, number of
subjects, sex ratio, intervention, number of stones, mean
diameter of stones, balloon size in EPLBD, extent of
the sphincterotomy in EPLBD); complete stone removal
rate; duct clearance in one session; the requirement for
mechanical lithotripsy; the adverse events rate (pancreatitis, perforation, bleeding and acute cholangitis)[22]. A third
reviewer (Jin PP) joined the discussion to make the final
judgment in cases of disagreement.
Quality assessment
The Jadad score[23] was applied to assess the quality of the
randomized trials by two investigators (Jin PP and Sun
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688 of records identified through database
searching:
EMBASE (226); Pubmed (190); Cochrane library
(29); Web of knowledge (142); EBSCO (50);
CINAHL (51)

27 of additional records identified
through other sources

554 of records after duplicates removed

504 of records excluded

45 articles excluded for the following reasons:
Articles described EPLBD alone or compared EPLBD
with other methods instead of EST (n = 8);
Articles compared EPBD with EST (n = 12);
Letters to editor (n = 2); retrospective articles
(n = 12); reviews (n = 7);
Duplicated publication (n = 2);
Meeting abstract (n = 2)

50 articles assessed for eligibility

5 articles included

Figure 1 Flow diagram of study selection.

LM). The quality was ranked according to three aspects:
randomization, double-blindness and description of
withdrawals or dropouts. The final score ranged from 0
to 5: a score lower than 2 indicated lower quality whereas
studies achieving a score higher than 3 were considered
high quality. Again, if disputes arose, resolution would be
made after discussion with a third reviewer (Mei M).

in which EPLBD was conducted without pre-sphincterotomy[16]. If the exclusion of this study did not cause
substantial variation from the primary outcome, the study
would be kept in the final analyses.
Subgroup analysis was performed to explore the
requirement of EML in management of CBD stones
whose diameter were larger than 15 mm.

Statistical analysis
Data analysis was conducted with Review Manager (Version 5.1, Cochrane Collaboration, Oxford, United Kingdom). The primary outcome was the efficacy of each
procedure, including complete stone removal rate, and
stone clearance in the first ERCP session. The secondary
outcomes were overall requirement for mechanical lithotripsy, the overall post-ERCP adverse event rate, and incidences of pancreatitis, hemorrhage, acute cholangitis and
perforation. Comparisons of pooled effects of complete
stone removal rate, stone clearance in the first ERCP session, requirement for mechanical lithotripsy, and overall
adverse event rate were described by the RR and 95%CI.
While separate post-ERCP adverse events were pooled
and compared using the Peto OR, because of the small
number of events. A statistically significant difference
was defined as P < 0.05. Heterogeneity among studies
was assessed by the χ 2 test with P ≤ 0.1 and calculating
I2 with a cutoff of ≥ 50%[24]. A fixed effects model was
primarily used, and a random effects model was applied
when a significant heterogeneity was detected.
Sensitivity analysis was conducted to examine the
stability of the original pooled outcomes. First, it was
carried out by reanalyzing data using another statistical
effects model (e.g., switching from the fixed effects model
to the random effects model). Then, sensitivity analysis
was performed by excluding the study of Oh and Kim,
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RESULTS
Study selection and quality assessment
The search of the above-mentioned database yielded 715
articles, and 161 articles were excluded because of duplication. Among the 554 included articles, 504 were further
excluded for the following reasons: a review, case series
or irrelevant articles, and 50 were potentially included
for full text review. Finally, 5 randomized controlled trials (RCTs)[14-16,25,26] with 621 subjects met the inclusion
criteria and were selected for evaluation and analysis. The
detailed procedure of literature searching is shown in
Figure 1. The baseline characteristics of all articles were
listed in Table 1. The quality of the 5 RCTs was assessed
with the Jadad score. As shown in Table 2, all included
studies had a final score ≥ 3 and were of high quality.
Data analysis of efficacy and safety
Complete stone removal rate and complete duct
clearance in one session: All 5 RCTs had reported a
comparison of the outcomes of EPLBD and EST as
complete stone removal rate and complete duct clearance
in one session. Only one trial by Qian et al[25] reported
significant superiority of EPLBD in the first session for
complete duct clearance (80.9% vs 60.8%, P = 0.046).
While no heterogeneity was found in our meta-analysis
in either of the aspects above, a fixed effects model was
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Table 1 Baseline characteristics of the included studies
Ref.

Sex (male/female)

Intervention

Mean diameter of
stones (mm)

Group 1 Group 2
[25]

Qian et al , 2013

32/31

36/33

Teoh et al[26], 2012

32/41

40/38

Oh et al[16], 2012

20/20

23/20

Kim et al[15], 2009

NA

NA

Heo et al[14], 2007

48/52

50/50

Group 1 small EST plus EPLBD
(n = 63)
Group 2 conventional EST (n = 69)
Group 1 limited EST plus EPLBD
(n = 73)
Group 2 complete EST (n = 78)
Group 1 EPLBD alone (n = 40)
Group 2 EST (n = 43)
Group 1 small EST plus ELPBD
(n = 27)
Group 2 EST alone (n = 28)
Group 1 EST plus EPLBD (n = 100)
Group 2 EST alone (n = 100)

Mean number of
CBD stones

Balloon
size (mm)
in EPLBD

Extent of
sphincterotomy in
EPLBD
Limited to one-third
that in the minor EST
group
One third to one half
of the size of papilla

Group 1

Group 2

Group 1 Group 2

20.6 ± 5.4

20.3 ± 5.3

2.2 ± 1.2

2.3 ± 1.3

12-20

12.47

13.26

≥1

≥1

≤ 15

13.2 ± 3.6

13.1 ± 3.9

NA

NA

10-18

No precut

20.8 ± 4.1

21.3 ± 5.2

2.2 ± 1.3

2.3 ± 1.2

15-18

Mid-portion of papilla

16.0 ± 0.7

15.0 ± 0.7

2.7 ± 2.7

2.2 ± 1.9

12-20

A third of the size of
EST group

EPLBD: Endoscopic papillary large balloon dilation; EST: Endoscopic sphincterotomy; CBD: Common bile duct; NA: Not available.

Table 2 Quality assessment of the included articles based on the Jadad score
Ref.

Jadad score of RCTs
Randomization

Blindness

Withdrawal

Appropriate
Appropriate
Appropriate
Appropriate
Appropriate

NA
Double
Single
NA
NA

Clear
Clear
Clear
Clear
Clear

Qian et al[25], 2013
Teoh et al[26], 2012
Oh et al[16], 2012
Kim et al[15], 2009
Heo et al[14], 2007

Article type

Score

Full text
Full text
Full text
Full text
Full text

3
5
4
3
3

RCT: Randomized controlled trial.

Analysis of the separate postoperative adverse
events: Procedure-related pancreatitis was defined as
epigastric pain for more than 24 h duration with at
least a 3-fold elevation in serum amylase and/or lipase
concentration. Hemorrhage was defined as a decrease
in hemoglobin concentration of > 2 g/dL or clinical
manifestation of bleeding (not only endoscopic) after the
procedure, such as melena or hematemesis[22]. Cholangitis
was considered when the temperature was above 38 ℃
and accompanied by right upper quadrant pain[22]. Given
the rare incidence of these adverse events, the Peto OR
method was used. No statistically significant difference
was found in terms of post-ERCP pancreatitis (Peto OR
= 0.79; 95%CI: 0.37-1.68), hemorrhage (Peto OR = 0.57;
95%CI: 0.19-1.71), cholangitis (Peto OR = 1.08; 95%CI:
0.27-4.37) or perforation (Peto OR = 0.39; 95%CI:
0.06-2.81) for EPLBD compared with EST, as shown in
Table 3.

applied. The pooled outcomes demonstrated similar efficacy of EPLBD and EST in complete CBD stone clearance (93.7% vs 92.5%, P = 0.54) and complete duct clearance in one session (82.2% vs 77.7%, P = 0.17), as shown
in Table 3.
Requirement for mechanical lithotripsy: All the included articles provided data on the use of EML. Two
articles[25,26] mentioned the difference between EPLBD
and EST (P < 0.05). The pooled outcome of the current
analysis implied that EPLBD might reduce the need for
EML when compared with EST in the management of
CBD stones (15.5% vs 25.2%, P = 0.003) (See Figure 2A).
No heterogeneity was detected.
Overall adverse events: Adverse events overall included
procedure-related pancreatitis, hemorrhage, perforation,
acute cholangitis and cholecystitis. Morbidities in the 5
RCTs were all defined and graded according to the modified 1991 Cotton consensus[22]. One trial[15] mentioned
that no adverse events occurred with either EPLBD or
EST (0/27 vs 0/28). In the light of the pooled RR of
our current meta-analysis (RR = 0.75; 95%CI: 0.46-1.22),
the overall adverse event rates showed similar rates for
EPLBD compared with EST. This conclusion was consistent with that in each article included.
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Sensitivity analysis
Final conclusions were not altered when the results were
reanalyzed by the random effects model. Moreover, both
primary and secondary outcomes showed no substantial
change after we eliminated the trial by Oh and Kim[16].
Only the heterogeneity of complete duct clearance in one
session increased (I2 = 58%, P = 0.07), so we had to use
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Table 3 Pooled effects of efficacy and safety in randomized controlled trials n (%)
Items

Incidence of
EPLBD

EST

Number of
subjects

Hetero-geneity
I 2 (P )

Analysis
model

Test for overall effect

Z

P value

0.61

0.54

1.36

0.17

2.98

0.003a

1.16

0.25

0.62

0.54

(n = 303)

(n = 318)

Complete stone removal
rate
Complete ductal
clearance in one session
Requirement for EML

93.7 (284)

92.5 (294)

621

0% (0.82)

82.2 (249)

77.7 (247)

621

44% (0.13)

15.5 (47)

25.2 (80)

621

10% (0.35)

Overall Adverse events

7.9 (24)

10.7 (34)

621

0% (0.97)

Post-ERCP pancreatitis

4.0 (12)

5.0 (16)

621

0% (0.98)

Fixed
(M-H)
Fixed
(M-H)
Fixed
(M-H)
Fixed
(M-H)
Peto

Hemorrhage

1.7 (5)

2.8 (9)

621

28% (0.25)

Peto

1.00

0.32

Perforation

0.3 (1)

0.9 (3)

621

34% (0.22)

Peto

0.93

0.35

Acute cholangitis

1.3 (4)

1.3 (4)

621

0% (0.71)

Peto

0.11

0.92

RR/Peto OR
(95%CI)
RR = 1.01
(0.97-1.06)
RR = 1.06
(0.98-1.14)
RR = 0.62
(0.45-0.85)
RR = 0.75
(0.46-1.22)
Peto OR = 0.79
(0.37-1.68)
Peto OR = 0.57
(0.19-1.71)
Peto OR = 0.39
(0.06-2.81)
Peto OR = 1.08
(0.27-4.37)

a

Significant difference. EML: Endoscopic mechanical lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography; Fix: Fixed effects model; M-H:
Mantel-Haenszel.

the random effects model, as shown in Table 4.

compared EPLBD plus EST with EML plus EST in a
RCT, where similar efficacy was found but there was a
higher frequency of adverse events in the latter. This
raised the question whether EPLBD could reduce the use
of EML. Though a few of the studies[18-21,25,26,30] tried to
explore this, no definite consensus has been reached up
to now. Even in 2 previous meta-analyses, different outcomes were achieved. The need for EML in our review
was significantly reduced with EPLBD compared to EST.
The same conclusion was also made for large stones (≥
15 mm). The possible explanation was that a large diameter balloon could tear the sphincter and offer a more adequate orifice for removal of large stones[27]. However, the
requirement for EML might depend on stone size, the
extent of EST, the shape of stones and the bile duct[14].
Therefore, EML could still be applied when large balloon
dilation by itself could not stretch the distal bile duct wall
enough to be effective for removal of large stones[15].
Regarding safety, our meta-analysis suggested that
EPLBD did not increase the frequency of overall adverse
events, or any single one.
To our knowledge, the common maximum balloon
diameter adopted in EPBD was 10 mm. In EPLBD, the
balloon was enlarged to 12 to 20 mm or more, which
resulted in a major concern of pancreatitis. The balloon
size in our included RCTs ranged from 10 to 20 mm as
shown in Table 1. However, there was no increase in
pancreatitis observed (EPLBD vs EST, 4.0% vs 5.0%,
P = 0.54). One explanation might be that a prior EST
helps to separate the pancreatic orifice from the biliary
orifice and guide the orientation of the dilated balloon
towards the CBD, thus preventing pressure overload on
the main pancreatic duct[18,20]. The other possible reason
may be the longstanding CBD stones which lead to the
dilation of CBD and make the papillary orifice persistently open[16]. In addition, the inflation time in the 5 full

Subgroup analysis
Four RCTs reported the need for EML in retrieval of
large sized stones (≥ 15 mm). The heterogeneity was
acceptable with χ 2 = 3.74, I2 = 20%, and P = 0.29. The
fixed effects model of the pooled outcome (24.2% vs
40%, P = 0.001) revealed that EPLBD was superior to
EST in reducing the use of EML for large stones as
shown in Figure 2B.

DISCUSSION
EPLBD is an effective and safe approach for the extraction of large CBD stones (≥ 10 mm). It facilitates stone
removal, but not at the expense of increased pancreatitis,
hemorrhage and use of EML.
In previous retrospective articles, EPLBD was reported to be more efficient than EST in initial CBD
stone clearance (P < 0.05)[18,19,21], while our current metaanalysis of RCTs suggested that EPLBD achieved equivalent success to EST both for complete stone removal or
stone clearance in the first session. It was consistent with
a former meta-analysis by Feng et al[27], but in contrast
with the meta-analysis of 6 retrospective articles by Liu
et al[28]. The reason for this discrepancy is possibly related
to study design including sample size, the extent of EST,
the size or shape of the stone or CBD, the papillary balloon and the operator’s personal experience.
EML might be performed less in EPLBD than EST
based on our pooled outcome. EML is generally used in
cases of failed stone removal using the Dormia basket.
However, disadvantages such as lengthy procedure time,
possible injury of the EST site or CBD as a result of
using accessories, and impaction of the stone-capturing
basket[11] hampered its wide application. Stefanidis et al[29]
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A

EPLBD

Study or subgroup

Events

EST

Total

Events

RR

RR

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

Bo QJ 2013

5

63

17

69

20.9%

0.32 [0.13, 0.82]

Heo JH 2007

8

100

9

100

11.6%

0.89 [0.36, 2.21]

Kim HG, 2009

9

27

9

28

11.4%

1.04 [0.49, 2.21]

Oh MJ 2012

4

40

9

43

11.2%

0.48 [0.16, 1.43]

21

73

36

78

44.9%

0.62 [0.40, 0.96]

318

100.0%

0.62 [0.45, 0.85]

Teoh AY 2012
Total (95%CI)

303

Total events

47

80

2

2

Heterogeneity: χ = 4.46, df = 4 (P = 0.35); I = 10%

0.01

Test for overall effect: Z = 2.98 (P = 0.003)

0.1

1

Favours EPLBD

B

EPLBD

Study or subgroup

Events

EST

Total

Events

RR

RR

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

0.32 [0.13, 0.82]

Bo QJ 2013

5

63

17

69

25.8%

Heo JH 2007

6

36

8

30

13.9%

0.63 [0.24, 1.60]

Kim HG, 2009

9

27

9

28

14.1%

1.04 [0.49, 2.21]

Teoh AY 2012

18

31

30

33

46.2%

0.64 [0.46, 0.88]

160

100.0%

0.61 [0.45, 0.83]

Total (95%CI)

157

Total events

38

10

100

Favours EST

64

2

2

Heterogeneity: χ = 3.74, df = 3 (P = 0.29); I = 20%

0.05

Test for overall effect: Z = 3.21 (P = 0.001)

0.2

Favours EPLBD

1

5

20

Favours EST

Figure 2 Forest plot of risk ratio and 95%CI. A: Efficiency of endoscopic mechanical lithotripsy (EML) for overall common bile duct stones; B: Requirement for EML
in large common bile duct stones ( ≥ 15 mm). EST: Endoscopic sphincterotomy; EPLBD: Endoscopic papillary large balloon dilation.

over a major incision for EST, since the possibility of
cutting the large vessel in the papillary roof is reduced.
Meanwhile, some intra-procedural bleeding can be more
easily controlled in the procedure of EST plus EPLBD
owing to balloon tamponade of the sphincterotomy site.
Furthermore, EPLBD could be performed without prior
EST, and large balloon dilation alone had good efficacy
and safety for patients with periampullary diverticula and
Billroth Ⅱ gastrectomy[32-34]. Therefore, it might be attractive for patients with a bleeding tendency and cirrhosis, as
well as for those with anatomical problems. However, further clinical trials are expected to confirm this conclusion.
The most serious adverse event of EPLBD may be
perforation and it is more likely to occur in those with a
distal CBD stricture[11,20]. Thus, appropriate patient selection becomes important. Generally, patients targeted for
EPLBD may be those with CBD dilation but without
strictures of the distal CBD[35], and the size of the selected balloon should not exceed the maximal diameter of
the CBD. The advantage of EPLBD is that endoscopists
can directly observe the remaining intact mucosa during
gradual balloon inflation after partial EST, which helps
to minimize the risk of perforation by avoiding excessive
pressure[35]. The frequency of cholangitis did not seem to
increase after EPLBD. This may due to the wider papillary access achieved with large balloon inflation and effective biliary drainage, both of which contribute to prevent the obstruction of the ampullary orifice and relieve
papillary edema.

Table 4 Sensitivity analysis of primary pooled outcome in the
randomized controlled trials
Items

Adjusted pooled outcome of RCTs with
article excluded
Heterogeneity
I 2 (P )

Complete stone removal
rate
Complete ductal clearance
in one session
Requirement of EML
Overall adverse events
Post-ERCP pancreatitis
hemorrhage
perforation
Acute cholangitis

P value RR or Peto OR
(95%CI)

0% (0.70)

0.63

1.01 (0.97-1.06)

58% (0.07)

0.37

1.06 (0.93-1.22)

27% (0.25)
0% (1.00)
0% (0.93)
35% (0.22)
0% (0.99)
0% (0.70)

0.007a
0.24
0.61
0.68
0.09
0.72

0.64 (0. 46-0.89)
0.69 (0.37-1.29)
0.80 (0.35-1.86)
0.69 (0.12-4.01)
0.14 (0.01-1.40)
0.72 (0.12-4.20)

a

Significant difference (P < 0.05). RCT: Randomized controlled trial; EML:
Endoscopic mechanical lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography.

texts[14-16,25,26] were set around 30-60 s. Pancreatitis may
not happen within this time frame. It is speculated that
post-procedure pancreatitis might not be associated with
larger balloon size, but related more to longer procedure
time and a less dilated CBD[31].
Although no statistically significant difference was
found, hemorrhage seemed to occur less often in EPLBD
(1.7% vs 2.8%). It may be attributed to the partial precut
before large balloon insertion, which has an advantage
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Generally, a balloon with a diameter of 12-20 mm would be used to dilate the
CBD after limited pre-cutting of the papilla. It is believed to combine the advantages of endoscopic sphincterotomy (EST) and endoscopic papillary balloon
dilation but minimize the complications of both.

Long-term complications such as sphincter dysfunction could not be compared in the current meta-analysis,
because of the short duration of follow-up in all articles
included. However, Lee et al[11] had mentioned in his
review that EPLBD might not preserve the function
of the sphincter of Oddi, but may cause an even worse
condition than EST. The pressure gradient between the
CBD and the duodenum will probably be eliminated after EPLBD, just as with surgical sphincteroplasty. So far,
there has been no relevant RCT or evidence to confirm
this claim.
It is important to point out that an operator’s proficiency of EPLBD or EST might give rise to a different
result of overall stone clearance rate and adverse event
rate. Operators with experience of at least 100 procedures were more likely to achieve a safe precut sphincterotomy[36]. In our present review, only one article by
Heo et al[14] referred to the background of endoscopists,
with performance of more than 300 biliary interventions
per year. Others did not mention or simply mentioned
“experienced endoscopists”. Thus, the varying personal
experience in the 2 techniques may have a potential influence over the outcome of successful stone clearance and
adverse event rates.
Several limitations existed in the current meta-analysis. Firstly, the EPLBD group consisted of 2 different
surgical methods (EPLBD with pre-cut and EPLBD
alone), which likely caused a potential bias. Even though
our pooled outcomes showed no substantial changes in
the later sensitivity analysis when the trial of EPLBD
alone was excluded, whether single EPLBD is similar to
EST plus EPLBD needs further investigation. Secondly,
EPLBD was first advocated in 2003 and has become
popular in recent years, therefore, the number of RCTs
comparing EPLBD and EST was limited (less than 10).
As a result, a funnel plot could not be performed to test
publication bias in the current meta-analysis. Thirdly,
the 5 RCTs were mainly carried out in China and South
Korea. Thus, relevant research, especially from Western
countries is warranted to enhance the reliability of the
conclusion. Finally, reports in languages other than English were excluded. The risk of language bias had to be
considered, but it may not result in any notable bias in
the assessment of interventional effectiveness.
In summary, EPLBD is an excellent option in managing difficult CBD stones. Given the minor incision necessary, the reduced requirement for EML and the low frequency of adverse events, EPLBD may be prospectively
applied in patients with complicated papillary anatomy,
coagulopathy or those who cannot tolerate EST or endoscopic papillary balloon dilation for any other reasons.
Further investigation is required to confirm the current
conclusions.

Research frontiers

The comparison of the efficacy and safety of EPLBD and EST showed different
outcomes in previous trials. The authors performed a meta-analysis of RCTs to
explore whether EPLBD is comparable or superior to EST in the extraction of
CBD stones.

Innovations and breakthroughs

In the current review, the pooled outcome of 5 RCTs showed that EPLBD
was as efficient as EST in stone removal. Although the balloon in EPLBD was
enlarged, the frequency of post-ERCP pancreatitis was not increased. The
incidences of hemorrhage, perforation and cholangitis after EPLBD were similar
to those after EST. Most importantly, there was a lower need for endoscopic
mechanical lithotripsy (EML), even in the retrieval of stones larger than 15 mm.
This is the first meta-analysis to compare EPLBD with EST based on RCTs.
Therefore, it is meaningful, reliable and has high quality.

Applications

EPLBD is suggested as an alternative to EST in the extraction of large or difficult CBD stones. When compared with EST, EPLBD appears safe and effective
and also decreases the need for EML. In addition, EPLBD could be performed
without pre-cutting the papilla, which may be attractive for patients with coagulopathy.

Terminology

Endoscopic papillary balloon dilation: This technique involves dilation of the biliary sphincter with a balloon typically 6-10 mm in diameter followed by stone extraction. Endoscopic sphincterotomy: This is the most commonly used therapy
in the removal of CBD stones. It could eliminate the principal anatomic barrier
impeding stone passage by cutting the biliary sphincter and facilitating stone
extraction. Endoscopic mechanical lithotripsy: This technique is used to break
stones into fragments when the diameter of the CBD stone is larger than the
papillary sphincter.

Peer review

The current meta-analysis is a serious scholarly work. The method is painstaking, objective and scientific. The conclusion is trustworthy. It is a valuable study.
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Core tip: Persistent descending or ascending mesocolon develops as a result of failure of the primitive dorsal mesocolon to fuse with the parietal peritoneum in
the fifth month of gestation. In this paper, we report a
case in which both ascending and descending mesocolon coexisted. The preoperative computed tomography
imaging examination indicated that the descending
colon was shifted to the midline, resulting in the sigmoid colon located in the right abdominal cavity and
the ascending colon located on the sigmoid colon with
a mobile cecum. Prediagnosis of this embryological
anomaly could enhance safety of the laparoscopic colon surgery.

Abstract
Persistent ascending or descending mesocolon is an
embryological anomaly that occurs during the final
process of intestinal development in organogenesis.
Specifically, the primitive dorsal mesocolon fails to
fuse with the parietal peritoneum in the fifth month
of gestation. Herein, we describe a case of ascending
colon cancer with persistent ascending and descending
mesocolon treated by laparoscopic right hemicolectomy. Preoperative computed tomography imaging of
the abdomen demonstrated that the descending colon
shifted at the midline of the abdomen and the sigmoid
colon was located under the ascending colon. The
detailed preoperative imaging examination revealed
malpositioning of the large intestine and aided in the
procedural planning. Because persistent mesocolon
may result in the formation of abnormal adhesions, an
accurate preoperative diagnosis is essential. We propose that it is important to consider this anomaly when
making the preoperative imaging diagnosis to ensure a
safe operation.
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INTRODUCTION
During embryonic development, the mesenteries of the
ascending and descending parts of the colon usually fuse
with the posterior abdominal wall peritoneum through
the process of zygosis[1]. The midgut, which comprises
the inferior part of the duodenum, the jejunum, the ileum (including the ileocecal valve), the cecum (including
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Figure 1 Computed tomography image. A: ascending colon cancer placed in cavity of lesser pelvis; B: descending colon shifted to the mid-line (arrowhead); C:
sigmoid colon (arrow) placed under the ascending colon (arrowhead).

the vermiform appendix), the ascending colon, and twothirds of the transverse colon, extends and forms the
umbilical loop at 32 d of gestation in the first step of
intestinal rotation. The developing umbilical loop subsequently extends further and rotates on its own axis. After
returning to the abdominal cavity of the small intestine
loop, the colonic portions of the midgut shift into the
abdominal space. Consequently, the intestines rotate
more than 270 degrees, and the cecum grows caudally,
settling into the right iliac fossa.
The hindgut comprises the left third of the transverse colon and the descending colon, sigmoid colon,
rectum, and anal canal. Unlike the midgut, it does not
undergo intestinal rotation. Although the dead end of
the hindgut is separated at the cloaca, which is the common end of the rectal tube and the urogenital tract, the
descending and sigmoid colon are pressed to the left side
of the abdominal cavity by the midgut and fuse with the
parietal peritoneum from 28 to 35 d of gestation.
Persistent mesocolon is an embryological anomaly
that occurs during the final process of intestinal development in organogenesis. It is associated with the
absence of fusion between the descending or ascending
colon mesentery and the posterior lateral parietal peritoneum, and it appears after 5 mo of gestation[2].
The ascending colon, with the exception of its most
caudal part, fuses to the posterior abdominal wall and is
covered by peritoneum on its anterior surface and sides.
Persistent mesocolon often gives rise to a mobile cecum.
In its most extreme form, the mesentery of the ascend-
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ing colon fails to fuse with the posterior body wall. The
resulting long mesentery allows for abnormal movements of the gut or even volvulus of the cecum and
colon[3].

CASE REPORT
A 60-year-old Japanese man with no significant medical
history presented symptoms of melena and dizziness.
Because main symptom was dizziness, the patient went
to the primary clinic for an examination. Severe anemia
was detected using a blood test at the clinic in June 2013.
Large intestinal endoscopy was performed as a further
examination at the Department of Digestive Medicine in
our institute and revealed a mass in the ascending colon.
Histological findings of the biopsy specimens indicated
colorectal cancer. Preoperative computed tomography
(CT) revealed a tumor in the ascending colon with some
regional lymph node swelling, but no other organ metastasis was detected. The tumor in the ascending colon
was shifted toward the midline of the lower abdomen,
placing it in the cavity of the lesser pelvis (Figure 1A).
Coronal plane reconstruction of the CT data demonstrated that the descending colon was located at the midline of the abdomen (Figure 1B), and an axial CT image
indicated that the sigmoid colon was located under the
ascending colon (Figure 1C). A fluoroscopy-assisted endoscopic procedure revealed an abnormal loop of colon
in which the sigmoid colon and ascending colon seemed
to intersect (Figure 2). Consequently, the preoperative
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DISCUSSION
Persistent descending mesocolon results from a failure
of the primitive dorsal mesocolon to fuse with the parietal peritoneum during the fifth month of gestation.
In the 1960s, this abnormality was reported in the fields
of both radiology and gynecology[4,5]. A similar anomaly
may appear in the ascending colon after the fifth month
of gestation.
In this paper, we report a case involving both ascending and descending mesocolon. To the best of our
knowledge, only two case reports of the coexistence
of persistent mesocolon of both the ascending and
descending colon have been published[6,7]. Kanai et al[6]
reported the first case of colonic varices complicated by
persistent mesocolon of the ascending and descending
colon. Their case was diagnosed using contrast-enhanced
irrigoscopy, but the therapy was not described in the
report. Ongom et al[7] reported a case of anal protrusion
of an ileocolic intussusception with persistent ascending
and descending mesocolon, and a laparotomy was performed for this patient. Ours is the first reported case
in which laparoscopic colon surgery was performed for
persistent ascending and descending mesocolon.
Okada et al[8] published a paper on 13 cases of persistent descending mesocolon in a Japanese institute; this
report represents the largest number of cases reported
in single institute, to the best of our knowledge. They
reported that these 13 cases of abnormalities of sigmoid
colon fixation were identified among 543 cases of laparoscopic colectomy for cancer of the descending colon
to the rectum. Therefore, the incidence rate of persistent
mesocolon with regard to the descending colon was reported to be 2.4% (13/543) in this paper. Moreover, the
authors stated that certain anatomical findings should
have been noted during the operations, including the fact
that the left colon artery, sigmoid colon artery, and superior rectal artery often radially branched from the inferior mesenteric artery and the fact that a marginal vessel
ran abnormally due to the unusual mesenteric adhesion.
We usually check not only the axial CT view but also
the coronal and sagittal CT views to make an accurate
diagnosis before performing laparoscopic colorectal
surgery. In this case, the preoperative imaging examination indicated that the descending colon was shifted to
the midline, causing the sigmoid colon to be located in
the right abdominal cavity and the ascending colon to
be located on the sigmoid colon with a mobile cecum.
Generally, during laparoscopic right colectomy, the second portion of the duodenum is the most important
landmark for the medial approach. In this case, however,
the duodenum was not located along the dorsal aspect
of the ascending mesocolon, which was anatomically
abnormal. Because a medial approach would have been
difficult during a surgical resection of the appropriate
layers, a lateral approach was selected as the first step.
Consequently, a laparoscopic procedure with a high level

Figure 2 fluoroscopy-assisted endoscopic maneuver demonstrating an
abnormal loop of colon.

Liver

Sigmoid colon

Ascending colon

Figure 3 Laparoscopic view showing abnormal adhesion between the
ascending mesocolon and the sigmoid mesocolon.

diagnosis was persistent ascending and descending mesocolon.
During surgery, we found ascending colon cancer in
the pelvis and the ascending colon shifted to the midline
without fusion to the retroperitoneum. Notably, the sigmoid colon was shifted to the right abdominal wall, under the ascending colon. An abnormal adhesion between
the dorsal aspect of the ascending mesocolon and the
ventral aspect of the sigmoid mesocolon was recognized
at an early stage of the operation (Figure 3). Accordingly,
the descending colon was redundant and included a persistent, long mesocolon. After exfoliating this abnormal
adhesion while paying close attention to the prevention
of damage to the mesocolon, we performed a laparoscopic right hemicolectomy with radical lymphadenectomy. After resection, a functional end-to-end anastomosis
using a linear stapler was safely performed.
The postoperative course was uneventful, and the patient was discharged from the hospital 9 d after the operation. Histopathological examination of the resected
specimen demonstrated that the tumor had invaded to
the subserosal level and that seven regional lymph nodes
were metastatic. Therefore, the patient received adjuvant
chemotherapy to reduce the risk of cancer recurrence.
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ent case (Persistent descending mesocolon. Radiology 1966; 86: 327-331 by
Popky et al and Persistent descending mesocolon. Surg Gynecol Obset 1960;
110: 197-2-2 by Morgenstern et al).

of safety was able to be performed despite the exceptional anatomical abnormalities.
To the best of our knowledge, no reports have been
made on the incidence of the coexistence of both persistent ascending and descending mesocolon. The frequency of the occurrence of persistent ascending mesocolon
is expected to be similar to that of persistent descending
mesocolon. Therefore, the coexistence of both ascending and descending mesocolon should only be observed
rarely in daily clinical practice.
In summary, it is extremely important to consider
this anomaly at the time of preoperative CT imaging to
ensure a safe operation.

Term explanation

Persistent mesocolon is an embryological anomaly that occurs during the
final process of intestinal development in organogenesis and it is associated
with the absence of fusion between the descending or ascending colon mesentery and the posterior lateral parietal peritoneum, and it appears after 5 mo
of gestation.

Experiences and lessons

Although no reports have been made on the incidence of the coexistence of
both persistent ascending and descending mesocolon, this clinical pathology
always should be remembered at the preoperative CT imaging.

Peer review

The authors introduce a rare case of the coexistence of both persistent ascending and descending mesocolon. This manuscript shows the distinctive CT image findings of malpositioning of the large intestine.
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CASE REPORT

Idiopathic mesenteric phlebosclerosis associated with
long-term use of medical liquor: Two case reports and
literature review
Fang Guo, Yu-Fen Zhou, Fan Zhang, Fei Yuan, Yao-Zong Yuan, Wei-Yan Yao
reports on similar cases and analyzed the clinical data
of 50 cases identified in PubMed. As some of these
patients admitted use of Chinese medicines, we hypothesize that Chinese medicines may play a role in the
pathogenesis of IMP.
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Core tip: The clinical data of two idiopathic mesenteric
phlebosclerosis (IMP) patients in our hospital were collected. Both patients presented with recurrent ileus
and displayed typical imaging characteristics such as
dark purple mucosa on endoscopy and calcifications in
mesenteric veins on computed tomography enterography. Both patients confirmed long-term use of Chinese
medical liquor. After discontinuing the product, the
first patient received conservative treatment, while the
second underwent surgery. To date, both patients remain healthy. Following a literature review, a further 50
cases of IMP were analyzed, and it was concluded that
the use of Chinese medicines may play a role in the
pathogenesis of IMP.

Abstract
A 62-year-old woman was admitted to our hospital in
2011 because of recurrent abdominal pain, nausea and
constipation for six months. Computed tomography
enterography (CTE) showed tortuous thread-like calcifications in the ileocolic vein and right colic vein, while
colonoscopy revealed purple-blue mucosa extending
from the cecum to the splenic flexure. Based on the
results of these tests, the patient was diagnosed with
idiopathic mesenteric phlebosclerosis (IMP). She had
a history of Chinese medical liquor intake for one and
a half years and her symptoms subsided after conservative treatment. In 2013, a 63-year-old male patient
who presented with recurrent lower right abdominal
pain, bloating, melena and diarrhea for fifteen months
was admitted to our institution. Colonoscopy and CTE
led to the diagnosis of IMP. He also used Chinese medical liquor for approximately 12 years. The patient underwent total colectomy and the postoperative course
was uneventful. We searched for previously published
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INTRODUCTION
Idiopathic mesenteric phlebosclerosis (IMP) is a rare dis-

5561

May 14, 2014|Volume 20|Issue 18|

Guo F et al . Idiopathic mesenteric phlebosclerosis

A

B

C

D

Figure 1 Findings on imaging. A, B: Computed tomography enterography and computed tomography angiography show thread-like calcifications in the ileocolic
vein (black arrow) and right colic vein (white arrow); C, D: Endoscopy demonstrates purple mucosa from the cecum to the splenic flexure.

ease, and the etiology and pathogenesis are unclear. IMP
can be diagnosed based on characteristic imaging findings
such as thread-like calcifications in the mesenteric veins
on computed tomography (CT) associated with purpleblue mucosa on colonoscopy. The disease was first described by Koyama et al[1] in 1991. In 2000, in order to
distinguish this disease from ischemic colitis caused by
arterial diseases, Yao et al[2] named this rarity ‘‘phlebosclerotic colitis’’. In 2003, Iwashita et al[3] proposed the term
“idiopathic mesenteric phlebosclerosis”, as this disease
was not an inflammatory disease.
Herein, we present two cases of IMP seen at our department over the last two years, and both patients had a
history of Chinese medical liquor intake for a number of
years.

except for elevated antinuclear antibodies (ANA) (1:100).
Computed tomography enterography (CTE) (Figure 1A) showed an enlarged appendix, diffuse mural
thickening of the ileocecal area, the ascending colon and
the transverse colon, and tortuous thread-like calcifications were observed in the ileocolic and right colic veins.
Crohn’s disease was initially suspected due to insufficient
recognition of IMP. Colonoscopy revealed significant
rigidity along the intestinal wall, with purple-blue mucosa
extending from the cecum to the splenic flexure (Figure
1C, D). Computed tomography angiography (CTA) was
performed and calcifications were found in the same
veins (Figure 1B) as described in the CTE. The test results combined with the examination findings confirmed
the diagnosis of IMP.
The patient was asked to discontinue the medical
liquor and received conservative treatment including
low-residue diet. Her symptoms eventually subsided. Following discharge, the patient was followed up for approximately 28 mo and to date, there has been no recurrence
of ileus or abdominal discomfort.

CASE REPORT
Case 1
In 2011, a 62-year-old woman was admitted to our institution with the main complaints of recurrent abdominal
pain, nausea and constipation for six months. Partial
intestinal obstruction was diagnosed in local hospitals.
The patient denied any personal or family history of liver
cirrhosis, hypertension or inflammatory vascular diseases.
However, she admitted the intake of Chinese medical
liquor for one and a half years. Her physical examination revealed no abnormalities and laboratory testing,
including routine blood analysis, C-reactive protein, occult blood test and other biochemical tests were normal,
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Case 2
In January 2013, a 63-year-old male patient presented
with recurrent lower right abdominal pain, bloating, and
melena diarrhea for 15 mo. The patient also had a history
of consuming Chinese medical liquor for over 12 years.
Inflammatory bowel disease (IBD) was diagnosed elsewhere and he was treated with sulfasalazine. However,
this treatment was ineffective. On admission, physical
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Figure 2 Findings on imaging. A: Plain abdominal radiography reveals thread-like calcifications in the right colon region (arrow); B: Computed tomography enterography shows thread-like calcifications (arrows) can be seen in the involved colic vein; C, D: Colonoscopy shows purple-blue mucosa extending from the cecum to the
sigmoid, multiple ulcers in the ascending colon and transverse colon and some ulcers were longitudinal with a purulent surface.

examination showed a non-distended abdomen with
mild tenderness in the lower right quadrant. Laboratory
tests were almost normal. Plain abdominal X-ray showed
thread-like calcifications in the right colon region and dilation in the small intestine, suggesting an incomplete low
position obstruction (Figure 2A). Colonoscopy revealed
purple-blue mucosa extending from the cecum to the
sigmoid, and multiple ulcers were found in the ascending
and transverse colon, some of the ulcers in the ascending
colon were longitudinal with a purulent surface; openings
of suspected fistulas were seen in the cecal area (Figure
2C, D). CTE showed that the wall from the cecum to the
descending colon was thickened, especially in the right
hemi-colon; the haustra coli had disappeared and the “lead
pipe” sign was prominent; thread-like calcifications were
seen in the right, middle and left colic veins (Figure 2B).
Based on these findings, IMP was diagnosed. However,
endoscopic findings could not completely eliminate the
possibility of coexisting Crohn’s disease.
The treatment plan primarily consisted of a clearliquid diet, vasodilators and a course of mesalazine.
However, the patient’s abdominal pain worsened again
in March 2013, and he presented with lack of bowel
movement and flatulence. Conservative therapy was considered ineffective and a total colectomy with ileostomy
was performed, the stoma was closed four months later.
The macroscopic appearance (Figure 3A) of the resected
specimen consisted of cyanotic, thickened and rigid colonic mucosa with multiple ulcerations. Microscopic ex-
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amination of the specimen showed vascular proliferation
in the mesentery and in the sub-mucosa and serosal layers
of the intestinal wall; these vascular walls were thickened,
with obvious calcification, while collagen deposition and
hyaline degeneration were seen. Dysplasia, cancer and
acute ischemic colitis were not observed (Figure 3B).
The postoperative course was uneventful and the
patient was followed up regularly with no recurrence of
abdominal discomfort to date.

DISCUSSION
Idiopathic mesenteric phlebosclerosis is a rare, but characteristic disease. Knowledge of its distinctive endoscopic and computed tomographic appearance may lead
to early diagnosis. However, the etiology of IMP has not
been completely defined. We reviewed the literature in
the PubMed database by searching for articles related to
“phlebosclerotic colitis” or “mesenteric phlebosclerosis”
and found 28 articles and a total of 50 cases related to
the disease.
Combining the 50 cases identified in PubMed and the
two cases in this study, a detailed analysis of the clinical
data of all 52 cases was performed. The average age of
these patients was 59.8 years and 53.8% were men. We
noted that the majority of patients were Asians, mostly
from Japan and Taiwan, 5 of the 52 patients were from
Mainland China[4] and 2 from South Korea[5,6]. IMP was
reported by Markos et al[7] in a patient from Canada, how-
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Figure 3 Histological findings. A: Resected specimen is cyanotic, thick-walled and rigid; B: Microscopic examination demonstrates vascular proliferation in the intestinal sub-mucosa, serosal layer and mesentery. The vascular wall is thickened. Calcification, collagen and hyaline degeneration are detectable.

ever, the patient was found to be of Taiwanese descent.
Due to a lack of knowledge and information on IMP
and as the clinical manifestations and laboratory examinations of IMP lack specificity, some patients (9/52) were
initially misdiagnosed with other diseases such as IBD[2,8],
acute colitis[2,9] and acute appendicitis[8]. In the two cases
presented in this study, we also considered an initial
diagnosis of IBD. The clinical manifestations in all 52
patients were mainly characterized by a gradual onset of
right-sided abdominal pain and/or diarrhea or recurrent
ileus; melena was recorded in six patients, while intestinal
perforation was noted in two patients[10,11]. Some of the
reported patients were asymptomatic[12,13]. No specificity
was noted in the laboratory examinations except fecal
occult blood test was found to be positive in 15 patients.
Our two cases did not show any specificity in terms of
laboratory examinations.
Significant characteristic findings were observed on
radiological examinations and endoscopy. An awareness
of the characteristic imaging patterns of IMP is crucial
for correct diagnosis. In the majority of plain radiographs
in IMP patients, multiple linear calcifications were seen
mainly in the right lower region of the abdomen, sometimes extending into the transverse colon. CT features
included thickening of the affected colonic wall with calcification of the involved mesenteric vein tributaries. Further investigation such as CTA can demonstrate the precise location and extent of the calcifications. Both of our
patients underwent CTE which has not been described
in previously reported patients. CTE clearly showed the
lesions in the colon and revealed the particular vein affected. Thus, we believe that CT may be the modality of
choice for the diagnosis of IMP. However, CTE is an
ideal choice as it is capable of identifying the severity of
the lesion and precisely locating the calcifications which
could prompt further treatment or investigations.
On colonoscopy, the typical and characteristic finding was dark-purple, edematous or rigid mucosa. In some
cases, erosion, ulceration and luminal narrowing were
observed, depending on the severity of disease. Eighteen
out of the 52 patients were seen with ulcerative lesions
during colonoscopy, mostly at the ascending colon while

WJG|www.wjgnet.com

luminal narrowing was found in 11 of the patients.
Histopathologic characteristics included thickening
of the venous wall with calcifications and fibrosis in the
mesentery and intestinal wall. In some patients, mucosal
atrophy, ulceration and inflammation were also found.
Colonic cancer was reported in three patients[3,13,14], and
the cancerous sites were all located in the right hemi-colon, in the same region as the mesenteric phlebosclerotic
lesions. This forced us to consider the possibility of IMP
stimulating the occurrence of colonic cancer. However,
since the data pool was insufficient, further study is needed to confirm whether there is a risk of colonic cancer
evolution in patients with IMP. Colonic cancer screening
in patients with IMP should be included in the follow-up
plan.
Unlike the imaging trends, the pathogenesis of IMP
remains unclear. An association with a region-specific
lifestyle has been speculated, as most reported cases are
from East Asia. Portal vein hypertension[15] and alcohol
consumption have also been considered possible etiologies. Kitamura et al[11] reported that the pathogenesis of
phlebosclerosis in the colon was related to the CREST
syndrome. However, no other similar cases have been reported.
It is interesting to note that 16 of the 52 patients had
a history of using Chinese medicines[8,13,16-19] while the
other cases lacked accurate detailed information on the
use of Chinese medicines.When considering the possibility that some Chinese medicine constituents may be
a direct or indirect cause of IMP, Dr. Chang[8] collected
clinical data from 5 patients who had been using Chinese
herbs for several years and reviewed histologic sections
in detail from 4 of these cases. He concluded that certain
toxins or biochemicals, probably existing in the frequently
ingested herbs, may be absorbed during venous return
and might play an important role in IMP. Hiramatsu
et al[13] demonstrated that long-term use of geniposide
which is found in herbal medicines appears to be associated with mesenteric phlebosclerosis. In the two cases
report here, both patients had a history of taking the
Chinese medical liquor, Acanthopanax gracilistylus Wine,
which is composed of multiple Chinese herbs soaked in
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liquor and is said to have various effects such as enhancing fitness and optimizing immune response. The medical liquor used by our two patients contains geniposide,
which is a traditional Chinese medicine and adds weight
to the conclusion by Hiramatsu et al[13]. Other herbs such
as Angelica sinensis and Cortex acanthopanacis are also
found in this type of medical liquor. Hozumi et al[9] also
described a patient who used geniposide-containing Chinese herbs. All of the 16 patients had onset of clinical
symptoms following long-term use of herbs. The average
duration of Chinese herb consumption was 13.5 years
and the mean duration was 1.5 years. When analyzing
our two cases, we also found that the patient who used
medical alcohol for one and half years had relatively mild
symptoms, while the patient who used these herbs for
12 years had severe lesions and progressive symptoms,
which suggests that the amount and duration of herb intake could be a determining factor in the severity of the
disease. Therefore, we support the theory that Chinese
medicines are most probably involved in the pathology
of IMP. However, if geniposide or other Chinese medicine is directly involved in the pathogenesis of IMP, this
may be determined by further experimentation using a
larger data set. The current data pool of 52 cases is insufficient, thus, experimentation in laboratory animals could
be performed in order to understand the mechanism and
causes of IMP.
Idiopathic mesenteric phlebosclerosis is a rare, but
characteristic entity which may easily be missed or misdiagnosed due to a lack of knowledge and information on
the disease. It is crucial to recognize the characteristics
of the disease such as clinical manifestations and characteristic imaging features including calcification on CT
and dark-purple mucosa on colonoscopy. In our opinion,
CTE is the ideal tool for evaluation of IMP as it not only
locates the affected veins, but also helps assess the severity
of the lesions. According to our findings, Chinese medicines may be involved in the etiology of IMP. Therefore,
it is recommended that long-term use of Chinese herbs
and medical liquor should be avoided. However, further
study is required to explore the pathogenesis of IMP and
the relationship between IMP and colonic cancer.

The patients were asked to discontinue the use of medical liquor; conservative
treatment or surgery was chosen according to the severity of the disease.

Related reports

The etiology of this disease is not clear and region-specific lifestyle, portal vein
hypertension as well as alcohol consumption have also been considered

Term explanation

Acanthopanax gracilistylus wine: it’s a kind of wine sold in China which has
multiple Chinese herbs soaked in alcohol such as geniposide, Angelica sinensis
and Cortex Acanthopanacis.

Experiences and lessons

It is therefore recommended to avoid long-term use of Chinese herbs as well
as medical liquor and computed tomography enterography is the ideal tool for
evaluation as it not only locates the affected veins, but also helps evaluating the
severity of the lesions.

Peer review

This is an interesting report on a relatively rare disease and it may contribute to
the knowledge of etiology of this disease.
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Can Helicobacter pylori infection influence human
reproduction?
Elena Moretti, Natale Figura, Giulia Collodel, Antonio Ponzetto
of normally shaped sperm and augmented systemic
levels of inflammatory cytokines, such as TNF-α,
which may damage spermatozoa. In countries where
parasitic infestation is endemic, detrimental effects of
infection upon spermatozoa may not occur, because
the immune response to parasites could determine
a switch from a predominant Th1 type to Th2 type
lymphocytes, with production of anti-inflammatory
cytokines. In conclusion, the evidences gathered until now should be taken into consideration for future
studies aiming to explore the possible role of H. pylori
infection on human reproduction.
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Core tip: The evidences that Helicobacter pylori (H.
pylori ) infection may have a role in decreasing human

Abstract

reproductive potential are steadily increasing. Sperm
quality of men infected by H. pylori strains expressing
CagA is reduced. Infected women have specific antibodies in cervical mucus, which decrease sperm motility, as well as in follicular fluids, which may cross react
with sperm. In women with polycystic ovary syndrome
and preeclampsia the prevalence of H. pylori infection
is increased. The putative pathogenic mechanisms
that account for these observations include elevated
inflammatory cytokine levels in infected individuals
and phenomena of antigenic mimicry between bacterial antigens and human proteins.

Helicobacter pylori (H. pylori ) infection could be asso-

ciated with extra-digestive diseases. Here, we report
the evidences concerning the decrease in reproductive potential occurring in individuals infected by H.
pylori , especially by strains expressing CagA. This
infection is more prevalent in individuals with fertility disorders. Infected women have anti-H. pylori
antibodies in cervical mucus and follicular fluid that
may decrease sperm motility and cross react immunologically with spermatozoa, conceivably hampering
the oocyte/sperm fusion. Infection by CagA positive
organisms enhances the risk of preeclampsia, which
is a main cause of foetus death. These findings are
supported by the results of experimental infections
of pregnant mice, which may cause reabsorption
of a high number of foetuses and alter the balance
between Th1 and Th2 cell response. Infected men
have decreased sperm motility, viability and numbers
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the risk of infertility in women was first considered
by our group in 2002, when we reported an increased
prevalence of H. pylori infection in female patients with
fertility disorders respect to controls (44.8% vs 29.7%,
P = 0.033)[11]. After a few years, such observation was
supported by a Japanese retrospective survey including
204 female patients[12]; in this study, seropositivity for H.
pylori infection in the group of women with idiopathic
infertility was twice higher than in patients with one
or more known causes of infertility (38.09% vs 20.2%
respectively, OR = 2.16). In addition, the majority of
infected patients had antibodies to H. pylori at significant
titres in the follicular fluids, supporting our previous observation that specific antibodies were detected in all the
six analyzed follicular fluids from infected women (and
in no samples from five uninfected patients)[11]. Recently,
anti-H. pylori antibodies have been detected in the cervical mucus of infected women with unexplained infertility[13] and these antibodies inhibited in vitro the sperm
progression. It is likely that the presence of specific
antibodies in the different districts of the female genital
apparatus may have pathogenetic meaning, as they could
interfere with sperm motility and sperm capacitation,
a pivotal step required for acquiring fertilization ability.
This immune cross reactivity could be explained on the
basis of an antigenic mimicry between sperm and H. pylori antigens since we have shown the existence of a partial linear homology between H. pylori peptides and tubulin, an important constituent of sperm flagella[11], and
some enzymes of glycolytic process and Krebs cycle[14],
all putatively involved in sperm motility.
A further possible mechanism that may interfere with
fertility could be based on an observation made by Kellerman and Hunter[15], who identified a receptor on the
vitelline membrane of bovine oocytes that recognized
the Fc fragment of immunoglobulin G; these authors
hypothesize that the adhesion of IgG to this receptor
could play a role in sperm/egg interaction. As follicular
fluids of infected women contain antibodies against H.
pylori, we may hypothesize that the surface of oocytes
could bind IgG through the Fc fragments impairing the
interaction of egg with spermatozoa; alternatively, the
free Fab fragments of adhered IgG might react immunologically with spermatozoa, thus hampering fertilization. This immune reaction could take place for a putative mechanism of antigenic mimicry, as we showed that
antibodies obtained by immunizing animals with H. pylori
or present in serum samples and other fluids of infected
individuals could cross-react with spermatozoa[11].
Even though the number of investigations is scanty,
studies showing a role of H. pylori in the development of
endocrinopathies[16] suggest that this infection may influence reproduction. One of the most common endocrine
disorders causing infertility is polycystic ovary syndrome
(PCOS) and recently, Yavasoglu et al[17] reported an increase prevalence of H. pylori seropositivity in women
suffering from PCOS respect to controls (40% vs 20%, P
= 0.007).
The interference of H. pylori infection with human

INTRODUCTION
The bacterium Helicobacter pylori (H. pylori), a microaerophilic, Gram-negative and spiral-shaped organism, is a
member and the type species of the genus Helicobacter
and is specialised to infect humans at the level of the
gastroduodenal tract[1]. Despite its small genome of only
1667 kb, its restricted niche and the expression of a
small number of metabolic activities, H. pylori has been
capable of setting up an efficacious adaptive evolutionary machinery due to the possession of particular virulence determinants[2].
The infection is commonly acquired during the infancy and the first contact of susceptible individuals
with this organism results in an acute gastritis[3]. In most
cases, the infection becomes chronic and lasts throughout the entire patients’ life. Bacterial factors, together
with a remarkable local and systemic immune response,
are substantial determinants of peptic ulceration and
important factors for the development of gastric tumours (carcinoma and non-Hodgkin’s lymphoma associated with mucosal lymphoid tissue)[4-7]. Not all strains
have the same virulence; those harbouring the insertion
named cag pathogenicity island in their chromosome are
endowed with an increased inflammatory and carcinogenetic potential[8]. The terminal gene of this insertion,
the cagA gene, encodes for an immunodominant protein called CagA, which is considered a marker for the
presence of cag in the organisms and that induces the
production of serum antibodies detectable by simple serological tests.
The possible outcomes of H. pylori infection are numerous because they may not be restricted to the gastroduodenal tract. In the nineties, epidemiological studies
suggested that H. pylori infection might be associated
with extra-digestive diseases that may affect heart and
vessels; soon afterwards, the list of disorders related to
this infection steadily increased and now encompass skin,
oropharynx and various systems, such as the endocrine,
respiratory, haemopoietic, immune and central nervous
systems etc.[9,10]. If we exclude iron deficiency anaemia
and idiopathic thrombocytopenic purpura, for which the
results of different studies are consistent, most investigations on associated diseases have been given contradictory results. It is however possible that many diseases
escape this association because their signs and symptoms
are overlooked most of the time[9,10]. The most common
extra-digestive diseases associated with H. pylori infection
are reported in Table 1. Rising evidences in the literature
suggest that even the reproductive sphere seems to be
negatively influenced by H. pylori infectious status. Thus,
the aim of the present mini-review is to deal with the
possible role of H. pylori infection in reducing the reproductive potential of both women and men.

H. PYLORI INFECTION AND FEMALE
REPRODUCTION
The hypothesis that H. pylori infection might increase
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Table 1 Most common extra-digestive diseases and syndromes associated with Helicobacter pylori infection
Organ, region, system
Haemopoietic system[51,52]
Cardiovascular or vascular system[53-55]
Endocrine system[56,57]
Respiratory system[57-59]
Skin[60-64]
Eye[65,66]
Rheumatologic diseases[67-70]
Central nervous system[71-74]
Reproductive system[11-21]
Miscellanea[75-78]

Association
Iron deficiency anemia, idiopathic thrombocytopenic purpura, extra-gastric mucosal lymphoid tissue lymphoma
Atherosclerosis (coronary heart disease, strock, aneurism), migraine, idiopathic arrhythmia
Autoimmune thyroid disorders, resistance to insulin/diabetes, post-prandial hypoglycemia
Chronic obstructive pulmonary disease, bronchiectasis, asthma, chronic otitis media with effusion
Rosacea, primitive chronic urticaria, pruritus cutaneus, Sweet’s syndrome, angioedema, alopecia areata, prurigo nodularis, lichen planus
Glaucoma, blepharitis
Systemic sclerosis, Raynaud’s syndrome, Sjögren syndrome, Behçet disease
Parkinson’s and Alzheimer’s disease, Guillain-Barre syndrome, hepatic encephalopathy
Reduced fertility
Sudden infant death syndrome, hyperemesis gravidarum, halitosis, growth delay

H. pylori infection to PE development are all fulfilled:
acute phase reactants, such as CRP and polymorphs, are
increased either in H. pylori infection and PE[22]; similarly,
levels of pro-inflammatory cytokines, such as IL-6, macrophage migration inhibitory factor, TNF-α etc., and indices of a pro-coagulative status are augmented in both
diseases[24-28]. Due to these observations, it is possible
that PE can be associated with CagA positive H. pylori
infection: strains expressing such immunodominant antigen are endowed with an increased inflammatory potential and infections caused by these organisms may contribute to the development of many digestive and extradigestive diseases based on inflammation. Along infections by CagA positive H. pylori organisms, many vasoactive substances and cellular mediators, such as TNF-α
and other cytokines, are produced locally in response to
the infection and may diffuse in the bloodstream; in addition, chemokines may also be secreted systemically by
immunocytes stimulated during the gastric circulation.
All these phenomena may promote an inflammatory response in organs distant from the stomach.
The putative role of infection by H. pylori harbouring cagA in the development of PE has been suggested
also by a recent study of Franceschi et al[29]. They started
from a double order of observations: (1) endothelial
dysfunctions may damage trophoblasts and are known
to play a key role in the development of PE; and (2)
anti-CagA antibodies may recognize immunologically antigens expressed by endothelial cells[30]. Since trophoblast
cells have an endothelial origin, these researchers verified whether anti-CagA antibodies might also recognize
antigens present on the surface of trophoblasts. This hypothesis was confirmed, as anti-CagA antibodies crossreacted with β -actin of cytotrophoblast cells, whose
invasiveness ability was diminished[29].
The risk of PE after intra-cytoplasmic sperm injection (ICSI) following oocyte donation is particularly high
(up to 30%). Also the possibility of abortion is relatively
increased after ICSI. The results of a recent Iranian
study showed that precocious abortions after ICSI occurred far more frequently in women infected by CagA
positive H. pylori strains[31]: 150 infertile women underwent ICSI and serological diagnosis of H. pylori infec-

reproduction may also occur after oocyte fertilization,
especially in case of preeclampsia (PE), one of the main
causes of foetal (and maternal) mortality and morbidity.
PE affects 2%-7% of pregnant women in the western
world and much more in underdeveloped nations; it
is characterized by high blood pressure and significant
proteinuria in previously healthy women, generally after
the 20th wk of gestation[18]; coagulative disorders are also
very common. Despite the exact pathogenic mechanisms
of PE are still obscure, some researchers have hypothesized that this syndrome may be caused by infectious
agents[19].
Following the observation that H. pylori infection
may cause fetal intrauterine growth restriction among
Australian women suffering from PE[20], Ponzetto et al[21]
examined 47 consecutive women with PE for H. pylori
infection and anti-CagA serum antibodies and observed
an increased prevalence of the infection in patients respect to that in women with uncomplicated pregnancy
enrolled as controls (51.0% vs 31.9%, P = 0.033, OR =
2.6). Interestingly enough, the vast majority of patients
had serum antibodies to the CagA protein, while only a
few controls were CagA seropositive (P < 0.001, OR =
26.0). The presence of H. pylori DNA was also explored
in placenta samples by PCR, but in no case it was positive. The association of PE with H. pylori infection was
confirmed by a Turkish study[22] whose results showed
increased TNF-α and CRP levels in the blood of infected patients respect to controls (normotensive pregnant women); the CagA status was not verified. Later on,
Cardaropoli et al[23] observed that CagA positive H. pylori
infection exclusively caused or contributed to PE complicated by foetal growth retardation (FGR), but not to
PE without foeto-placental impairment. The results of
their study prompted them to consider PE complicated
by FGR and “pure FGR” as different pathologies and to
classify PE as placental (with feto-placental involvement)
or maternal (without feto-placental impairment), both
with early or late onsets.
Now, it is well known that PE is a disease in which
the systemic indices of inflammation are increased, together with elevated blood pressure and significant proteinuria[24]. The reasons of biological plausibility that link
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tive sphere. We found that the prevalence of H. pylori
infection in men with fertility problems was higher than
in controls (50.8% vs 36.1%, P = 0.003, OR = 1.83);
we also detected anti-H. pylori antibodies in seminal
plasma of 58% of infected men and in no samples of
11 seronegative patients. Immunocytochemical studies
highlighted that anti-H. pylori hyperimmune sera, as well
as serum samples from infected men, reacted immunologically with the flagellum (particularly rich in tubulin)
and the equatorial segment of human ejaculated spermatozoa[11]. In addition, a partial linear homology was observed between human tubulin, the main constituent of
sperm flagellum, and H. pylori proteins (flagellin, CagA
and VacA), suggesting that mechanisms of antigenic
mimicry may stimulate cross-reactive antibodies.
Further investigations, carried out in a group of
idiopathic infertile patients, showed that infected men,
especially those with serum antibodies to CagA, showed
reduced sperm motility and a greater number of necrotic and apoptotic sperm in their ejaculates[25]. Concomitantly, increased systemic levels of tumour necrosis
factor-alpha (TNF-α), a proinflammatory cytokine that
may cause sperm damage, were observed in the group
of idiopathic infertile males infected by H. pylori strains
expressing CagA.
The influence of H. pylori strains expressing CagA on
semen quality was further explored in a very recent study
in which we examined 87 infected males for the possible
relationship between infection by CagA positive H. pylori
strains and sperm parameters evaluated following WHO
guidelines[35]. In the CagA positive subjects, sperm motility (18% vs 32%, P < 0.01), sperm vitality (35% vs 48%,
P < 0.01) and the percentage of sperm with normal
morphology (18% vs 22%, P < 0.05) were significantly
reduced compared with those measured in the CagA
negative infected subjects[14].
In addition we recently observed that this infection
may influence the semen concentrations of some hormones such as ghrelin and obestatin, peptides encoded
by the same gene, mainly produced by the stomach and
involved in energy balance and reproduction[36]. The relationship between this hormone and H. pylori infection resides in the fact that most circulating ghrelin is produced
in the gastric oxyntic area and that ghrelin levels may
decrease in patients infected by strains expressing CagA
as result of mucosal atrophy[37]. Recently, both peptides
were detected in human semen[38,39] at increased concentrations respect to serum levels. Afterwards, we detected
significantly augmented ghrelin levels in the semen of
patients infected by H. pylori strains expressing CagA,
and we considered this finding as a possible response to
a negative effect of infection upon the semen quality[40].
Also obestatin semen concentrations were increased in
this kind of patients, but in non-significant manner.
There are only a limited number of studies on this
subject. Should the reported results be confirmed by
conclusions of other investigations, we believe that physicians should consider the eventuality of routinely test-

tion; 58 patients were infected and 92 women were not.
Interestingly, six out of seven infected women seropositive for CagA presented spontaneous abortion, vs only
one out of 16 infected women seronegative for CagA
(P = 0.0004, OR = 90.0, Fisher exact test). Despite this
difference is highly significant, the infection by itself did
not seem to affect the pregnancy rates: 23/58 infected
women (39.6%) vs 27/92 uninfected patients (29.3%)
became pregnant (P = 0.26).
The meaning of such observations is supported by
the results of a study performed in animals experimentally infected. Female CD1 mice were infected before
mating with a type I H. pylori strain (the cytotoxic and
cagA positive H. pylori strain SPM326), isolated by one
of our group (NF) from a patient with moderate, nonactive, non-atrophic chronic gastritis. Afterwards, the
animals were evaluated throughout the pregnancy for
embryo/foetus characteristics and histopathological
changes of the endometrium[32]. The endometrial lining
of infected animals presented lymphocyte infiltration,
epithelial transcytosis and cellular necrosis; the uterine
glands showed loss of architecture and infiltration of
inflammatory cells within the lamina propria. These
pathological phenomena were accompanied by macrophage activation, increased endometrial infiltration of
CD4+ and CD8+ lymphocytes and augmented expression of interferon-γ and major histocompatibility class
Ⅱ complex. Syncytiotrophoblastic cells of infected
mice showed a substantial decrease of annexin Ⅴ levels.
Even more important were the observations that infected mice showed significantly increased numbers of
resorbed foetuses and that the foetal weights were lower
than those of non-infected controls. It is well known
that H. pylori infection induces preferentially a Th1-type
cell response[33]. Thus, the prevalent hypothesis explaining these findings is that, in infected pregnant mice, the
immune response triggered by H. pylori infection could
modify the natural immunosuppressive mechanisms of
pregnancy by altering the systemic Th1/Th2 cell balance. The increased foetal resorption and the reduced
foetal weight observed in infected mice could be related
to a diminished expression of annexin Ⅴ in syncytiotrophoblastic cells, since the loss of this molecule has been
reported to be associated with placental disorders, including foetal resorption[34]. Should the results of future
clinical studies confirm these findings, it would be reasonable to determine the H. pylori and the CagA status
of women that desire to get pregnant.

H. PYLORI INFECTION AND MALE
REPRODUCTION
Spermatozoa are the only flagellated human cells; sperm
flagella may therefore share a linear homology with
the bacterial flagella because structures with the same
function are generally conserved during evolution. This
idea prompted us to investigate the possible role of H.
pylori in determining alterations of the male reproduc-
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ing men, who suffer from idiopathic fertility disorders,
for H. pylori infection and the CagA status.

lead to gastroduodenal disease and systemic, inflammatory-mediated involvement[44,45]. Data from Mitchell and
colleagues have supported the hypothesis that a Th2 polarised response to H. pylori is more common in Africa
while a Th1 polarised response is more common in Europe and Australia[42]. Such a particular behaviour is also
common in underdeveloped Centre American Countries:
the results of a study performed in Colombian children
suggest that intestinal helminthiasis promotes Th2polarizing responses to H. pylori, may reduce the mucosal
damage caused by inflammation and therefore affect the
progression of gastritis to gastric atrophy, dysplasia, and
cancer[46]. Another study confirmed that in Africa H. pylori infection does not appear to elicit the range of host
mucosal response commonly observed in developed
countries: despite the high ratio of anti-CagA seropositivity among infected Gambian adults (93%), histological
findings of gastric atrophy and intestinal metaplasia were
very rare; in addition, there was no difference in mucosal
response between CagA positive and CagA negative individuals[47].
The observation that helminths induce a more polarized Th2 response and theoretically would help decrease
the histological lesions induced by H. pylori infection,
has been confirmed in the mouse animal model: co-infestation with helminths and H. felis resulted in reduced
epithelial damage and atrophy compared with animals
infected exclusively with H. felis[48]; in particular, the Thcell immune response switched from a predominantly
Th1-type to a Th2-type response, which is characterized by the release of the non-inflammatory cytokines
IL-4, IL-5 and IL-10[49,50]. In case of co-infestation with
helminths, in areas where parasitosis is endemic, such
as Africa and Central America, Th2 response may protect the gastric mucosa from the damage caused by the
microorganisms and determine the releasing of antiinflammatory cytokines, which might partially protect
the gastric mucosa and concur to explain the African
enigma[44]. These observations could also be applied to
the reproductive sphere. In other terms, the production
of anti-inflammatory cytokines and a predominant Th2
response, both triggered by parasitic infestation could
also protect various organs and fluids, in addition to the
gastric epithelium, from the damage caused by the presence of H. pylori organisms.

WHY IS THE BIRTH RATE STEADILY
INCREASING IN THE DEVELOPING
COUNTRIES? THE AFRICAN ENIGMA
Assuming that the infection increases the risk of infertility, why is the birth rate steadily increasing in the
developing countries, where almost everyone is infected
by H. pylori? The answer may be part of the paradox
called “African enigma”[41]. Gastric H. pylori infection is
common, almost ubiquitous in Africa, but the pattern
of infection, age of acquisition, environmental, dietary,
and genetic influences are different from those in West
Countries. These different features may alter the pathological role and clinical relevance of the organism in Africa, where, apart from gastritis, there is no established
correlation between H. pylori infection and upper gastrointestinal disease. These divergences could be applied to
the possible consequences of infection upon the reproductive sphere in developing countries. Mitchell et al[42]
provided evidence that the host immune response to
H. pylori infection in an African population differs from
that observed in subjects living in developed countries;
for instance, IgG1/IgG2 predominant response was observed in 81% of Sowetan adults and 90% of children
compared with 4.7% of Australians and 4.4% of Germans.
The most convincing explanation of such apparent paradox comes from the study of the cell immune
response to H. pylori infection in Western population
(who have a very low rate of parasitic infestation) and in
developing countries (where parasitic infestation is very
common). The results of these studies have shown that
co-infestation with parasites might alter the expression
of the infection and result in a change in the pattern
and/or severity of gastritis and thus in the prevalence
and clinical outcome of disease. One constant consequence of H. pylori infection is the production of reactive oxygen species (ROS) by immunocytes infiltrating
the gastric mucosa and circulating in the blood stream.
If the infecting strains contain the cagA gene, particularly
high amounts of ROS are generated. In an Egyptian
study, it was shown that patients with a concurrent Schistosoma mansoni infestation had a modified inflammatory
response to gastric H. pylori infection while ROS were
dramatically reduced. The authors concluded that coinfestation with helminths may have a protective effect
against the possible progression of H. pylori-induced
gastritis towards gastric carcinoma[43]. Due to the high
prevalence of parasitic infestation in developing countries, differences with Western population may also be
extended to the cell immune response to H. pylori infection. In Western population, H. pylori causes a predominant and prolonged Th1 type response that is unable to
eliminate the organism, may damages the mucosa and
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CONCLUSION
There are evidences that H. pylori infection, especially by
strains expressing CagA, may influence negatively the human reproductive potential. It is generally accepted that
one of the mechanisms that may explain the association
of H. pylori infection with extra-digestive diseases, could
reside in the overproduction of inflammatory cytokines,
which is a distinctive feature of strains expressing CagA.
It is also assumed that the effects of local inflammation may not be confined to the digestive tract, but they
can spread to involve extra-gastroduodenal organs and
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systems. Antigenic mimicry between CagA and other
bacterial antigens and human peptides could also play
a relevant role. Before reproductive disorders could be
considered an additional manifestation of extra-digestive
diseases associated with H. pylori infection, it is necessary
to carry out other studies concerning the prevalence of H.
pylori infection in patients and controls, and in particular
to perform study dealing with evaluation of reproductive potential after eradication of H. pylori infection.
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Core tip: Helicobacter pylori (H. pylori ) is a Gram negative bacterium that colonizes the human stomach early
in the life of the host and tends to persist. The present
review is focused on the general phenomenon of the
fickleness in H. pylori and analyses the significance
and role of this “chameleon-like” approach to life in
the persistence of this fastidious bacterium outside and
inside the host.

Abstract

Cellini L. Helicobacter pylori: A chameleon-like approach to life.
World J Gastroenterol 2014; 20(19): 5575-5582 Available from:
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Helicobacter pylori (H. pylori ) is widely adaptable for

colonization in human stomachs in more than half of
the world’s population. The microorganism is characterized by an unusual capability of arranging itself in
both genotypic and phenotypic ways. Stressing conditions, including antimicrobial agents in sub-inhibitory
concentrations, facilitate entering the viable but nonculturable state in which bacterial cells acquire the
coccoid form. This morphotype represents an important strategy for bacterial survival in unsuitable conditions and also allows escape from the immune system.
H. pylori is capable of forming biofilm outside and
inside the host. For the bacterial population, the sessile growth mode represents an ideal environment for
gene rearrangement, as it allows the acquiring of important tools aimed to improve bacterial “fitness” and
species preservation. Biofilm formation in H. pylori in
the human host also leads to recalcitrance to antibiotic
treatment, thus hampering eradication. These lifestyle
changes of H. pylori allow for a “safe haven” for its
survival and persistence according to different ecological niches, and strongly emphasize the need for careful
H. pylori surveillance to improve management of the
infection.

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative bacterium
that colonizes the human stomach early in the life of
the host and tends to persist. It is estimated that the
bacterium is present in the gastric mucosa of half of the
world population, but disease only occurs in about 15%
of colonized individuals[1].
Today, H. pylori is recognized as the most common
cause of gastritis, peptic, and duodenal ulcers, and is
responsible for an increasing incidence of gastric cancer[2-4]. The natural habitat of the microorganism is the
mucus layer of the stomach, but it may also need to survive in other environments to become a life-long infection threat[5]. In fact, a large number of studies support
evidence of the microorganism in dental plaque (detected
by culture and PCR techniques), in houseflies, in human and animal feces[6-10], and in natural environmental
waters[11-17]. Therefore, water supplies contaminated by
sewage containing fluids or feces from infected people
have been considered as a potential route of H. pylori
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Figure 1 Morphological appearance of Helicobacter pylori. A: Rod-shaped; B: U-shaped; C: Coccoid form. Arrows show the hypothetical alternative pathway between the different forms. Transmission electron microscope: original magnification × 20000.

transmission[13,14,18,19].
H. pylori is able to overcome environmental stressed
conditions, such as sub-inhibitory concentrations of drugs
or non-permissive atmosphere, by entering the viable but
nonculturable (VBNC) state, in which the microorganism
modifies its morphology from a spiral to coccoid (spherical) form with a loss of cultivability[20,21]. This important
strategy of survival is emphasized when bacterial cells organize themselves into microbial communities, establishing a sort of “free multicellularity” forming biofilm[22-26].
Moreover, as a species, H. pylori possesses one of the
most fluid genomes within the prokaryotic kingdom[27,28],
with many investigators asserting that H. pylori polymorphisms reflect human phylogeography and historical
migrations[29-31], as it is virtually impossible to find two
identical DNA patterns in microorganisms isolated from
different hosts[28,32,33]. Furthermore, a host individual can
harbor more than one isolate, which can derive either
from a micro-evolutionary change among strains coming from a unique host microorganism or from a multistrain infection. This typology of colonization may offer
a condition for a more efficacious bacterium-host association during long-term harboring colonization[33,34].
The present review is focused on the general phenomenon of the fickleness in H. pylori and analyzes the
significance and role of this “chameleon-like” approach
to life in the persistence of this fastidious bacterium outside and inside the host.

This protective condition, first described by the Rita
Colwel group[35], represents a viable survival strategy in
unsuitable situations that has contributed to the formation of environmental reservoirs of non sporulating
bacteria[39].
It has been demonstrated that bacteria in the VBNC
state are able to maintain their metabolic activity and
pathogenicity, as well as, in some cases, the ability to revert to active re-growth conditions[41-44].
The broad distribution of VBNC cells among bacterial species underlines their significance in the ability to
cope with stresses, and also draws attention to their potential risk for human health[37].

VBNC STATE IN H. PYLORI
H. pylori, which can be defined “a master of adaptation”, is able to overcome stressed conditions, such as
sub-inhibitory drug concentrations or non-permissive
atmospheres which occur outside and inside the host, by
entering the VBNC state[45]. This protective state occurs
when the microorganism modifies its elongated, spiral
morphology to transform into the coccoid morphotype
through a U-shaped intermediate form (Figure 1), which
results in it becoming unculturable[20]. Thus, H. pylori essentially displays three different cellular types: the spiral
cells which grow under optimum conditions for replication and are both virulent and capable of inducing
inflammation in experimental models; the viable coccoid
forms that are unable to grow on solid media and are
characteristically more persistent in the host and environment; and the degenerative spiral and coccal dead
forms[21].
The conversion into the VBNC state represents an
active process in which the microorganism switches on
their adaptive machinery as a protection mechanism. In
support of this, a study by Costa et al[46] demonstrated
that the change in shape in H. pylori was related to its
more resistant condition, due to a significant modification in the cell wall which resembled those of endospores. In fact, the peptidoglycan of H. pylori coccoid
cells was similar to those of sporulating Bacillus sphaericus.

VBNC STATE: A GENERAL VIEW
Bacteria, when subjected to inauspicious environmental
conditions such as an insufficient supply of nutrients,
non-permissive temperature, oxygen, or pH conditions,
irradiation, or toxic chemicals, can survive by entering
the VBNC state[35-37]. In this “survival state” that is welldocumented in both Gram negative and Gram positive
bacteria (including those of medical interest and widelyrecognized in aquatic environments), the bacteria are not
detectable by conventional culture techniques, and can
undergo changes in morphology[38], cell wall composition[39], gene expression[36], and protein synthesis[40].
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In another work, Chaput et al[47] demonstrated the
ability of H. pylori coccoid cells to escape detection by
the immune system because of a significant modification
of the cell wall peptidoglycan which had no IL-8 stimulatory activity in gastric epithelial cells. Thus, H. pylori in
the VBNC state may be able to escape or modulate the
host response and thereby persist in the human stomach.
The capability of viable H. pylori coccoid cells to
be persistent outside the host has been demonstrated
in many works. In a study by Shahamat et al[48], it was
demonstrated that VBNC H. pylori cells could be present for up to 1 year in fresh water. In another work, the
authors[49] verified the entrance of H. pylori into a VBNC
state as the cells aged in a natural freshwater environment by using viability assays, also confirming that coccoid viable cells continued to transcribe several genes,
including those responsible for its virulence.
Regarding this last aspect, Wang et al[50] obtained a
coccoid H. pylori population by exposure to sub-inhibitory concentration of antibiotics, with the target fragment of the cagA gene of these cells being amplified and
cloned into a plasmid, and then transformed in Escherichia coli. By sequence analysis, the authors demonstrated
that coccoid H. pylori contained a completed cagA gene
that displayed a homology with the reported original
sequence of vegetative forms of H. pylori (99.7%), thus
supporting speculation about the pathogenicity of these
cells.
The contamination of drinking water by human feces
has been suggested as one of the possible routes of H.
pylori transmission, and it has been demonstrated that the
microorganism is present in the VBNC state in this unsuitable environment[51], meaning that their role in fecaloral transmission via contaminated water sources cannot
be disregarded.
In our study[19], we demonstrated, by Nested-PCR,
the presence of H. pylori DNA in seawater both free and
bound to zooplanktonic organisms, such as copepod
and cladocerans. Considering that the intensive activity of enzymes produced by prokaryotic and eukaryotic
cells in seawater favors the instability and degradation
of nucleic acids[52], we assumed that the detected nucleic
acids were part of viable resistant coccal cells able to
survive in marine environments. Indeed, H. pylori was
isolated by culture from marine zooplankton, supporting
speculation about the potential role of zooplankton in H.
pylori survival and transmission[15]. This isolated microorganism, named H. pylori MDC1, harbored a genotype
coding for the most important virulence markers and, in
particular, contained cagPAI, which could both exert a
role in adapting to the marine environment and also be
acquired by different species. In this regard, a cagA like
gene of H. pylori was found to be present in environmental isolates of Aeromonas spp. from different water
samples in India[53].
All of these considerations strongly underline that
the morphological fickleness of H. pylori is in response
to external stimuli entering the VBNC state, and rep-
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resenting, during the lifespan of the microorganism, a
powerful response to improve bacterial “fitness” and
species preservation.

MICROBIAL BIOFILM: A GENERAL VIEW
Bacterial biofilms may be considered an ancestral selective event used by prokaryotes to adapt to the environment. In this way, microorganisms are organized in communities that settle and proliferate on biotic and abiotic
surfaces embedded in a highly hydrated self-produced
matrix constituted of extracellular polymeric substances[54-57].
Bacteria aggregated in biofilm represent a complex
dynamic system that could be considered the best program of survival in unsuitable conditions[57]. Many bacterial species match their lifecycle to the human host and
environment, and thus change their regulatory processes
to adapt to this new niche[54].
It is widely recognized that an ever increasing number of infections arise from biofilm-producing microorganisms that are extremely difficult to eradicate. Infections caused by sessile bacteria are characterized both by
a strong tolerance to antimicrobial/biocidal agents and
by an extraordinary resistance to phagocytosis, which
allows them to evade the hosts’ defenses[58,59]. These processes are thought to be the major contributors to the
etiology and the persistence of infectious diseases.
Biofilm growing bacteria represent a major cause of
exacerbating chronic infections with persistent inflammation and damage of tissue[60].
Many signals and gene products are involved in biofilm development under a cyclic and dynamic process
depending on different bacteria and surfaces[61,62]. Into
these microbial communities, bacteria may convey their
presence to one another by producing, detecting, and responding to small diffusible signal molecules referred to
as autoinducers, which carry out the Quorum-Sensing[63].
Moreover, bacteria organized in a biofilm can find
a protected environment to facilitate horizontal gene
transfer, thus providing a bacterial population with newly-modified genomes[64].
The biofilm represents an ideal environment for gene
rearrangement and also for the horizontal bacteriophage
and plasmid transfer that contributes significantly to
strain variability and adaptability[65].

BIOFILM FORMATION IN H. PYLORI
It is well known that H. pylori is capable of forming
biofilm both outside and inside the human host, which
likely provides greater protection under stressful conditions.
The first evidence of biofilm formation in H. pylori
was provided by Stark et al[66] in 1999, which characterized the water-insoluble biofilm accumulated at the
air/liquid interface of a continuous culture of H. pylori
NCTC 11637 by gas chromatography and mass spec-
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of culture media on H. pylori growth, both in its freeliving and biofilm growth modes. In particular, they suggested that the adherence and ability of H. pylori to form
biofilm were not accomplished by the same mechanism
in different media.
Finally, they demonstrated that sub-Minimal Inhibitory Concentration (MIC) values of amoxicillin and clarithromycin could increase biofilm biomass. The sub-MIC
drug influence on H. pylori biofilm-forming capability
may have clinical consequences, as during any antibiotic
treatment focused to a particular infection, H. pylori bacteria can be exposed to sub-MICs of antibiotics, which
constitute a condition that can stimulate the switching
from planktonic to sessile cells forming biofilm, and consequently lead to recalcitrance to antibiotic treatment, and
thus hampering eradication.
Similar results were obtained by Yonezawa et al[71] that
displayed the increasing of biofilm biomass after various
concentration of clarithromycin treatment. They also
demonstrated that biofilm-forming capability in H. pylori
affects the generation of clarithromycin resistance with
the presence of a point mutation at positions 2142 and
2143 in the domain Ⅴ loop of the 23 rRNA gene more
frequently detected in sessile cells than their planktonic
counterparts.
These conclusions strongly underline that biofilm
formation can affect the generation of antibiotic resistance mutations in H. pylori.
The first evidence of an ex vivo H. pylori biofilm was
raised by the Carron group[25,26]. They showed, via Scanning Electron Microscopy (SEM) analysis, the presence
of dense, mature H. pylori biofilm detectable in urease
H. pylori positive biopsy specimens that were absent in
urease-negative controls. Of the patients who tested
urease positive for H. pylori, the average percentage of
total surface area covered by biofilms was 97.3%. Those
testing negative had average surface area coverage of
only 1.64%. This study demonstrated that, compared
with controls, urease-positive specimens have significant
biofilm formation, whereas urease-negative specimens
have little to none. This was reflected in the significantlyincreased biofilm surface density in urease positive specimens compared with urease-negative controls.
The dynamic behavior of H. pylori in the colonization
of human gastric mucosa was investigated in patients
previously treated for H. pylori infection by us[23]. In our
study, biopsy samples were taken and analyzed for H. pylori detection by cultural, molecular, and ultra-structural
methods. Viable H. pylori cells were isolated in 33% of
performed cultures, whereas the expression of the glmM
constitutive gene and the Quorum-Sensing related luxS
gene were detected in 90% of the analyzed biopsies. In
these positive cases, the analysis of glmM and luxS sequences confirmed H. pylori identity. The SEM analysis
of biopsies coming from patients harboring culturable
bacteria revealed a prevalent “S-shape” H. pylori morphotype co-existent with coccoid aggregated bacteria
embedded in abundant matrix; samples coming from H.

trometry. Fucose, glucose, galactose, glycero-mannoheptose, N-acetylglucosamine, and N-acetylmuramic
acid were identified, suggesting their role in enhancing
resistance to host defense factors, antibiotics, and microenvironmental pH homeostasis, which facilitates the
growth and survival of H. pylori in vivo.
When studied on abiotic surfaces, H. pylori forms a
structured biofilm with an extracellular polymeric substance (EPS) matrix in which are mixed exogenous DNA
fragments (eDNA)[67]. This extracellular DNA (eDNA),
detected in the 2 d-old EPS biofilm matrix of H. pylori
strains, showed some remarkable differences when compared by RAPD-PCR analysis to the intracellular DNA
(iDNA). The different profiles of eDNA and iDNA
indicated that lysed cells were not the primary source of
eDNA release, which suggested a role in the active dynamic flow of information, such as recombination processes (via transformation), and contributing to the wide
genomic variability of this microorganism that has been
defined as a “quasi-species”. Moreover, promotion of
genetic transfer was studied by our group[27] between two
clinical H. pylori strains when grown in the biofilm mode.
Two co-cultured H. pylori clinical strains were analyzed
for their cooperative/competitive behavior and selected
clones, coming from their mixed mature biofilm, were
compared through DNA fingerprinting and main virulence factors analysis.
Biofilms developed by mixed H. pylori strains were
well-structured, with a higher amount of EPS matrix
and viable cells than those detected by the parental
strains. Finally, genetic analysis by both RAPD-PCR and
cagA (EPIYA motifs)/vacA virulence genes of 45 clones
showed a high number of recombinant clones together
with the generation of more virulent strains. Thus, these
recombinant clones might provide an advantage to the
bacterial population by promoting the development of
a more adhesive and stable biofilm. These data demonstrated that the biofilms developed by multiple H. pylori
strains were more complex and structured than the ones
associated with single strains. Such conditions might
promote the genetic exchange favored by the protected
environment and explain the development, in a single
host, of more virulent and difficult to eradicate strains.
In an in vitro study, Cole et al[68] demonstrated the
negative effect of mucin on H. pylori biofilm formation,
suggesting that in the mucus-rich stomach, H. pylori
planktonic growth is favored over biofilm formation.
Moreover, these authors found, in the H. pylori luxS mutant, that biofilm formation was affected by overproduction of LuxS, as was observed in a Streptococcus mutans
luxS mutant by Merritt et al[69]. In this study, Cole indicated the relative importance of the Quorum-Sensing
gene, luxS, and also the cagE type Ⅳ secretion gene to
the production of biofilms by H. pylori.
However, biofilm production and its characterization
are strongly influenced by the different methods and media used for biofilm culture[70]. In a recent study by Bessa
et al[24], the authors reported on the important influence
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A

B

Figure 2 Biofilm of Helicobacter pylori. A: Scanning electron micrograph of mature biofilm on a polystyrene surface with rod shaped and coccoid cells embedded in
an abundant matrix. Insert: Confocal laser scanning microscopy image of mature in vitro biofilm with viable (green) and dead (red) cells, live/dead staining; B: Clusters
of coccoid Helicobacter pylori cells in the gastric mucosa also embedded in a matrix (insert). Bars represent 5 μm.

pylori positive patients showed clustered coccoid bacteria
arranged in a microbial biofilm only through molecular
method (Figure 2).
The undoubted clinical significance of coccoid H.
pylori cells in epithelial gastric cells[72], also described in
cases of adenocarcinoma[73], alone or grouped in clusters, underlines the need for planning of more efficacious testing protocols, such as RT-PCR methodology,
to avoid underestimating H. pylori colonization by identifying camouflaged and protected clustered bacteria,
and taking into account this serious microbial problem
in medicine in the recommendation of therapeutic regimens.

biofilm agent and favoring the planktonic growth mode
of H. pylori, thus overcoming the tolerance phenomenon
described for bacterial biofilms[78].
Novel therapeutic regimens including plant extracts[79]
or substances capable of inhibiting or destabilizing the
formation of H. pylori biofilm should be explored to improve management of the infection.
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Core tip: Helicobacter pylori (H. pylori ) infection is one
of the most common infections in human beings worldwide. H. pylori actively induce tolerogenic signals and
can be considered as a commensal bacteria belonging to the stomach microbiota. However, H. pylori also
promote a chronic inflammation in the gastric mucosa
and the direct action of virulence factors confers procarcinogenic activities to H. pylori . Hence, H. pylori
cannot be considered as symbiotic bacteria but rather
as part of the pathobiont. The development of a H.
pylori vaccine will bring health benefits for individuals
infected with antibiotic resistant H. pylori strains and
population of underdeveloped countries.

Abstract
Helicobacter pylori (H. pylori ) infection is one of the
most common infections in human beings worldwide. H.
pylori express lipopolysaccharides and flagellin that do
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not activate efficiently Toll-like receptors and express
dedicated effectors, such as γ-glutamyl transpeptidase,
vacuolating cytotoxin (vacA), arginase, that actively
induce tolerogenic signals. In this perspective, H. pylori
can be considered as a commensal bacteria belonging
to the stomach microbiota. However, when present in
the stomach, H. pylori reduce the overall diversity of
the gastric microbiota and promote gastric inflammation
by inducing Nod1-dependent pro-inflammatory program
and by activating neutrophils through the production
of a neutrophil activating protein. The maintenance of
a chronic inflammation in the gastric mucosa and the
direct action of virulence factors (vacA and cytotoxinassociated gene A) confer pro-carcinogenic activities
to H. pylori . Hence, H. pylori cannot be considered as
symbiotic bacteria but rather as part of the pathobiont.
The development of a H. pylori vaccine will bring health
benefits for individuals infected with antibiotic resistant H. pylori strains and population of underdeveloped
countries.
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INTRODUCTION
Helicobacter pylori (H. pylori) infection is one of the most
common infections in human beings worldwide[1]. After
entering the stomach, this spiral, Gram-negative, microaerophilic bacterium penetrates the mucus gastric layer[2]
but does not traverse the epithelial barrier[3], and therefore it is considered as a non-invasive bacteria. Most of
H. pylori organisms are free living in the mucus layer, but
some organisms attach to the apical surface of gastric
epithelial cells[3] and small numbers have been shown to
invade epithelial cells[4]. Humans carry an estimated of
104 to 107 H. pylori CFU per gram of gastric mucus[5].
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Upon infection, H. pylori uses urease and α-carbonic
anhydrase to generate ammonia and HCO32- which mitigate the effects of low pH[6,7]. Moreover, thanks to its
flagella and shape, H. pylori penetrate the mucus layer.
H. pylori null mutant defective in production of flagella
are unable to colonize gnotobiotic piglets[8]. Once established in the inner mucus layer, several outer membrane
proteins, including BabA, SabA, AlpA, AlpB and HopZ
can mediate bacterial adherence to gastric epithelial
cells. Once attached, bacterial effector molecules, both
secreted [vacuolating cytotoxin (VacA) and cytotoxinassociated gene A (CagA)] or attached [components of
the type Ⅳ secretion system (CagL)], modulate gastric
epithelial cell behaviour leading to loss of cell polarity,
release of nutrients and chemokines [e.g., interleukin
(IL)-8], and regulation of acid secretion via control of
gastrin and H+/ K+ ATPase[9,10].
The infections are acquired during childhood; frequent
clonal transmission of H. pylori between first degree relatives demonstrates intra-familial transmission of H. pylori
in developed countries. In developing world, members
of the same family can be infected with widely diverse
strains, and multiple infections were common arguing
for horizontal transmission of H. pylori infection[11]. After ingestion, there is a period of intense bacterial proliferation and gastric inflammation. Concomitant with the
intense gastritis is hypochlorhydria. Fecal shedding of H.
pylori is maximal during this period, facilitating transmission to new hosts. Ultimately, the inflammatory response
is reduced to a low-level stable state, normal gastric pH
is restored, and most of the infected person becomes
asymptomatic [12]. This outcome persists for years or
decades and appears to predominate in the population.
Depending on H. pylori virulence factors, environmental factors and the host response to bacterial infection,
H. pylori infection can be associated with several clinical complications such as gastritis, peptic ulcer disease,
gastric cancer and mucosa-associated lymphoid tissue
(MALT) lymphoma[13-15]. H. pylori eradication therapies
have revolutionised the natural course of peptic ulcer
disease[13]. Antibiotic treatment of H. pylori infection is
relatively successful, with the organism being eradicated
from around 80% of patients[16].

and systemic immune responses develops within a short
period of time after H. pylori infection.
Gastric mucosal biopsies from humans persistently
infected with H. pylori reveal an increased infiltration of
various types of leukocytes compared to biopsies from
uninfected humans [19]. Lymphocytes (T and B cells),
monocytes, eosinophils, macrophages, neutrophils, mast
cells and dendritic cells are usually present[19,20]. B cells
and CD4 + T cells together with dendritic cells (DC)
sometimes organize into lymphoid follicles[21] reflecting ongoing antigen presentation and chronic immune
responses. H. pylori-specific CD4+ T cells are detectable
in the gastric mucosa and peripheral blood of infectedindividuals but not uninfected humans [22]. Levels of
cytokines [interferon-γ (IFN-γ), tumor necrosis factor-α
(TNF-α), IL-1, IL-6, IL-7, IL-8, IL-10, and IL-18] are
increased in the stomach of H. pylori-infected humans
compared to uninfected humans[23]. IL-4 has not been
detected in the gastric mucosa of most H. pylori-infected
individuals[24]. Therefore, it has been concluded that H.
pylori infection leads to a T helper cell (Th)1-polarized
response. H. pylori infection has also been associated
with upregulation of IL-17A expression in the gastric
mucosa[25]. IL-17A is the most widely studied member
of the IL-17 family of cytokines (IL-17A-F), and is
produced by Th17 CD4+ T cells as well as other subsets
of immune cells[26]. Extracellular bacterial and fungal
infections elicit strong IL-17A responses that stimulate
stromal and epithelial cells to release pro-inflammatory
cytokines and chemokines, e.g., TNF-α, IL-1β, IL-6,
CXCL1, CXCL2, CCL2, CCL7, CCL20, which recruit
neutrophils, macrophages and lymphocytes to the site of
infection[27]. Furthermore, it has been described that H.
pylori infection also leads to the generation of regulatory
T cells (Treg)[28-30]. Depletion of Treg through injection
of anti-CD25 antibodies to mice before H. pylori infection promoted gastritis and reduced bacterial load[31].
Very elegant studies originated from the group of PD
Smith clearly showed that in children[30,32], H. pylori infection is associated with low Th17 and Th1 responses,
high Treg response and reduced gastritis as compared
with adults, suggesting that H. pylori specific Treg play
key roles in bacterial persistence.
Associated with cellular responses, a humoral immune response is elicited in nearly all H. pylori-infected
humans[33]. Serum IgA and IgG antibodies in chronically
infected persons are directed toward many different H.
pylori antigens[33]. A local antibody response directed toward H. pylori antigens is also detectable with chronic H.
pylori infection. These subjects have remarkably higher
frequencies of total IgA- and IgM-secreting cells than
the noninfected subjects, while the frequencies of IgGsecreting cells were virtually the same in the different
groups[34]. Notably, H. pylori infection induces autoantibodies reactive with gastric epithelial cells, which could
drive gastritis[35]. These autoantibodies could be directly
cytolytic to epithelial cells through activation of complement, inducing apoptosis or triggering an antibody-

IMMUNE RESPONSE TO H. PYLORI
INFECTION
Immune responses to H. pylori infection have been studied in twenty adult volunteers experimentally infected
with H. pylori[17]. Gastric biopsies performed 2 wk after
infection showed infiltration of lymphocytes and monocytes, along with significantly increased expression of
IL-1, IL-8, and IL-6 in the gastric antrum[17]. Anti-H.
pylori immunoglobulin (Ig)M and IgG responses were
detected in the serum of infected individuals. In addition, 4 wk after infection, the numbers of gastric CD4+
and CD8+ T cells were increased compared to preinfection levels[18]. These data provide evidence that gastric
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dependent cellular cytotoxicity reaction leading to the
tissue destruction.

lumen would be unstable, susceptible to degradation by
proteases. These observations suggest that, the stomach
anti-H. pylori IgA responses do not play similar biological
roles as compared with anti-commensal or anti-pathogen
IgA response taking place in the intestine.

GASTRO-INTESTINAL TRACT IMMUNE
DEFENCES
H. pylori colonizes the gastro-intestinal tract, thus there
is a need to study the immune responses directed toward
H. pylori in the context of the general functioning of the
gastro-intestinal tract immune defences. In the following
paragraph, we will briefly summarize our current understanding of the functioning of the mucosal immune
responses.
The mucosal defences are multiple and might be physical, chemical and immune-mediated. The mucosal epithelium blocks invasion by pathogenic and commensal
bacteria by forming multiple layers of physical (tight
junctions), chemical nitric oxide and immune protection (local secretion of defensins, anti- and/or proinflammatory chemokines/cytokines and IgA/IgG/IgM
transport). In addition, numerous bone marrow-derived
cells belonging to the innate or adaptive immune systems
colonized the intestinal mucosa to fight the invaders, but
at steady state the same cells have to tolerate commensals.

IgG response
In unmanipulated specific pathogen-free animals it has
been showed that there was no specific serum IgG response detectable directed against commensal bacteria[46].
In pathogen-free mice, the systemic immune system appeared to remain ignorant of the commensal microbes.
However, in human, a certain degree of systemic exposure to gut commensal bacteria and the associated priming of systemic immune response seems to be well tolerated, harmless and common in healthy humans since
systemic antibody responses against live gut commensal
bacteria and fungi can be detected[47]. Most of the H.
pylori infected individuals develop systemic anti-H. pylori
IgG responses[18]. Recently, Ben Suleiman et al[48] detected
the expression of neonatal Fc receptor in gastric epithelial cells, this receptor was shown to transport IgG into
gastric secretion. These results indicate that systemic
anti-H. pylori IgG response might gain access to the gastric mucosa and exert some anti-bacterial and/or proinflammatory activities.

IgA response
A major defensive mechanism that excludes commensals and pathogens from the mucosal surface involves
IgA[36]. Mucosal IgA comprises antibodies that recognize
antigens with high- and low-affinity binding modes. In
general, high-affinity IgA neutralizes microbial toxins
and invasive pathogens, whereas low-affinity IgA confines commensals in the intestinal lumen. High-affinity
IgA is thought to emerge in Peyer’s Patches (PPs) and
mesenteric lymph nodes (MLNs) from follicular B cells
stimulated via T cell-dependent pathways, whereas lowaffinity IgA likely emerges in PPs, MLNs and lamina
propria from B cells stimulated via T cell-independent
pathways[36]. IgA response is powerfully induced by the
presence of commensal microbes in the intestine[37,38]
and has been shown to promote the maintenance of
appropriate bacterial communities in specific intestinal
segments[39]. In contrast to the lungs, vagina and most
of the gastrointestinal tract, the healthy mammalian
stomach produces very low level of polymeric immunoglobulin receptor (pIgR)[40,41], the receptor mediating
IgA transport into the gastrointestinal lumen. Studies
in H. pylori-infected humans have shown that baseline
pIgR expression by the gastric epithelium can be upregulated in response to gastric inflammation[42] due to
increased local IFN-γ production[43]. However, despite
significantly increased pIgR expression and IgA plasma
cell infiltration in response to H. pylori infection[44] there
is no concomitant increase in IgA secretion into the
stomach; and it is non-secretory monomeric IgA which
predominates in the stomach of H. pylori-infected individuals[45]. Hence, the IgA that is present in the gastric

CD4+ T cell responses
Since H. pylori is an extra-cellular bacteria, anti-H. pylori
specific CD8+ T cell responses are inadequate to protect
the host against such pathogen. Hence, in this review we
will only describe the priming of CD4+ T cell response.
As discussed above for IgA response, CD4+ T cell responses are initiated within the PPs and MLNs. DC
capture, process and present antigens to naive T cells in
PPs and MLNs. In the stomach, DCs are penetrating the
mucosa[49] to sample luminal antigens and migrate to the
stomach lymph node[50].
At steady state, mucosal CD4+ T cells are tolerant
to microbiota-derived antigens[51]. Remarkably, systemic
CD4+ T cells are not tolerant to microbiota-derived antigens and conserved a naïve state to these antigens[52].
It has recently been suggested that antigen-specific intestinal IgA play a critical role in inhibiting the systemic
CD4+ T-cell responses to commensal antigens by providing immune exclusion[51].
At mucosal surfaces, DCs maintain homeostasis by
dampening inflammatory Th1 and Th17 cell responses[53]. Mucosal DCs are particularly skilled in eliciting
these anti-inflammatory responses because they receive
conditioning signals from intestinal epithelial cells
(IECs)[54,55]. One of these signals is provided by thymic
stromal lymphopoietin (TSLP), that shifts the Th1/Th2
balance toward Th2 polarization by attenuating DC
production of IL-12 but not of IL-10[56]. In addition to
TSLP, IECs release transforming growth factor (TGF)-β
and retinoic acid, which stimulate the development of
CD103+ DCs[53]. These DCs promote the formation of
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Treg cells via TGF-β and retinoic acid and suppress the
development of inflammatory Th1 and Th17 cells[53].
In addition to initiating responses that create an overall tolerant state towards harmless intestinal antigens,
mucosal DCs are also implicated in the generation of
protective immune responses aimed at the clearance of
enteric pathogens. A fundamental difference between
the steady state and a state of infection may lie in the
greater propensity of pathogens to invade and penetrate
beneath the epithelial-cell layer. Invasion of IECs would
allow for the activation of cytosolic pattern-recognition
receptors, TLRs and both quantitative and qualitative
changes in the secretion of pro-inflammatory cytokines
and chemokines. Consistent with this, IECs produce
CXC-chemokine ligand 8 (CXCL8) when infected with
strains of Salmonella spp. that are both invasive and flagellated[57]. CXCL8 may serve to attract neutrophils to the
site of infection, furthering the inflammatory milieu. As
a result, the rate of blood-borne DC precursors migrating into the tissues and becoming DCs will increase.
These cells will not have been subjected to IECs conditioning and can be directly activated by a combination of
pathogens that have breached the epithelial-cell barrier
and the pro-inflammatory cytokine milieu. Experimental
data support this scenario; human monocyte-derived
DCs conditioned with IEC supernatants are impaired in
their ability to secrete IL-12 and drive Th1-cell responses
following exposure to pathogenic Salmonella spp[56] but
can drive Th1-cell responses if they encounter bacteria
before conditioning by IEC-derived factors. One other
possible route for the generation of protective immunity
to pathogens may be the uptake of pathogenic species
by DCs that are normally resident in the MLNs. In this
respect, CD103- MLN DCs have been shown to produce
higher levels of pro-inflammatory cytokines than their
intestinal-derived CD103+ counterparts and drive IFNγ
and IL-17 production by CD4+ T cells[53].
Collectively, since H. pylori is mostly a non-invasive
bacteria living within the stomach mucosa, these observations suggest that, the CD4+ T cells responses directed against H. pylori, initiated within PPs, MLNs and
stomach draining lymph node, might be naturally more
tolerogenic than pro-inflammatory. This assumption is
corroborate by the recent demonstration that in children, H. pylori infection is associated with low Th17 and
Th1 responses and high Treg response[32]. However, the
detection of H. pylori specific Th17/Th1 in chronically
infected individuals[24,25] shows that the initial tolerogenic
response is progressively lost, showing that with time the
mucosal immune system identified H. pylori as a pathogen.

mune system, however due to space limitation we will
not discuss their roles in the context of H. pylori infection.

Intra-epithelial lymphocytes, innate immune cells and
others
Intra-epithelial cells[58], innate immune cells[59], natural
killer cells[60], neutrophils[61], mast cells[62], eosinophils[63],
macrophages[64], monocytes[64], suppressive myeloid cells[65]
are playing roles in the functioning of the mucosal im-

TOLEROGENIC ACTIVITIES OF H. PYLORI
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STOMACH MICROBIOTA
It was previously admitted that the stomach was a sterile
organ and that pH values < 4, peristalsis and high bile
concentration were able to sterilize the stomach, but in
the past 30 years with the discovery of H. pylori it is now
known that the stomach supports a bacterial community
with hundreds of phylotypes[66-68] Although, the stomach, along with the esophagus and the duodenum, are
the least colonized regions of the gastro-intestinal (GI)
tract, in contrast to the high bacterial counts (1010 to 1012
CFU/g) observed in the colon. While it has been postulated that the indigenous stomach microbiota might
be a reflection of transient bacteria from the mouth and
esophagus, three separate studies demonstrated that in
spite of high inter-subject variability, the gastric microbiota were distinguishable from microbiota found in the
mouth, nose, and distal GI tract[69]. The most abundant
phyla in H. pylori positive subjects are Proteobacteria, Firmicutes and Actinobacteria. In the absence of H. pylori, the
most abundant phyla are Firmicutes, Bacteroidetes and Actinobacteria[69].
In the gastro-intestinal tract, the microbiota has a
major impact on the functioning of the mucosal immune system and vice versa. Germ-free mice have small
size of PPs, decrease number of lamina propria IgA
secreting-plasmocytes, low levels of serum immunoglobulin and demonstrate no Th17/Th1 in the intestine[70].
The composition of the intestinal flora modulates the
functioning of the immune system, for instance, the
presence of Segmented filamentous bacteria (SFB) in the microbiota is associated with the development of Th17 in
the intestinal lamina propria[71]. The presence of some
Clostridia strains within the human intestinal microbiota
has been recently associated with the development of
intestinal Treg[72]. In addition, some commensal bacteria and microbiota-derived metabolites like short-chain
fatty acids have been shown to inhibit inflammatory
reactions at intestinal levels and promote pathogen clearance[59,73,74]. Inversely, defects in antibody response lead
to a modification of the bacterial composition of the
intestinal flora[39]. Collectively, these observations suggest
that the colonization of the stomach mucosa by H. pylori
and/or the associated microbiota might also impact the
functioning of the immune system of the host and vice
versa.

Studies indicate that H. pylori-derived factors are capable
to inhibit T-cell proliferation. Using normal T cells and
Jurkat cells, a human T-cell line, it was demonstrated
that VacA interfered with calcium-signaling events inside the cell and prevented activation of the calcium-
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dependent phosphatase calcineurin[75,76]. The subsequent
dephosphorylation of nuclear factor of activated T
cells (NFAT), a transcription factor that regulates immune responses, was suppressed resulting in inhibition
of IL-2 expression and proliferation of T cells. Similar
anti-proliferative effect on T cells was reported for the
γ-glutamyl transpeptidase (γ-GGT), this immunosuppressive factor inhibits T-cell proliferation by induction
of a cell cycle arrest in the G(1) phase[77]. In addition to
VacA and γ-GGT, H. pylori arginase can impair T-cell
function during infection. Using Jurkat T cells and human normal lymphocytes, it was found that a wild type H.
pylori strain, but not an arginase mutant strain, inhibited
T-cell proliferation, depleted L-arginine, and reduced the
expression of the CD3 chain of the T-cell receptor[78].
Most (80%-90%) H. pylori strains display Lewis bloodgroup antigens on their LPS, and these are similar to the
Lewis blood-group antigens that are expressed on the
mucosal surface of the human stomach[79]. Lewis positive H. pylori variants are able to bind to the C-type lectin
DC-SIGN and present on gastric DCs, and demonstrate
that this interaction blocks Th1 development[80].
In addition to suppress T cell activation, H. pylori has
been demonstrated to decrease the functioning of the
innate immune system. For instance, efficient phagocytosis and killing of H. pylori is prevented by the presence
of the cag pathogenicity island[81,82] and H. pylori induces
but survives the extracellular release of oxygen radicals
from professional phagocytes using its catalase activity[83].
Importantly, at the opposite to the LPS and flagellins of
others gram-negative bacteria, the LPS and flagellins of
H. pylori do not adequately activate the antigen presenting cells via the Toll-like receptors[84,85].
Collectively, H. pylori counteract innate and T cell
responses and clearly exhibited tolerogenic activities
on the immune system. It can be suggested that these
tolerogenic activities participate to the H. pylori persistence within the stomach mucosa.

free mice and H. felis, a bacteria that naturally infects cats
and dogs, achieved successful long-term colonization
and associated gastritis in these mice. This model became very popular and a large number of immunization
studies were performed in H. felis infected mice. This
was made possible by the fact that vaccine candidate
antigens are shared between H. felis and H. pylori species
(i.e., urease and heat shock proteins). Thereafter, H. pylori
strains have been adapted to the mouse stomach and
this experimental model reproduces several aspects of
the human infection[88-90]. Successful colonization with H.
pylori has been reported in rats, guinea pigs, Mongolian
gerbils, Gnotobiotic pigs, cats and Beagle dogs[90]. H.
pylori naturally infects some species of nonhuman primates, with pathological changes in the stomach resulting from H. pylori infection being very similar to those
observed in humans[91].
Numerous studies in animals suggested that T cells,
mast cells and neutrophils are of prime importance for
protection, while B cells (antibodies) are dispensable for
protection[61,62,92,93]. However some studies suggested that
antibodies can also participate to the vaccine-induced H.
pylori clearance in some circumstances[94-98]. Indeed, vaccination-induced protection against H. pylori in mice requires major histocompatibility complex class II-restricted CD4+ T cells[90,92], Th-1, Th-2 and/or Th-17 CD4+ T
cell responses and the α4β7 integrin-mediated homing
process[99] have been implicated in protection[100-103]. Recently, the production of IL-17, by Th17 cells, has been
clearly identified as a key player in the vaccine-induced
H. pylori clearance. IL-17 has also been linked to neutrophil recruitment and activation through the induction of
granulocyte-stimulating factor and IL-8[104] and to resistance against extracellular microbial infections[105], leading to the conclusion that IL-17 production by H. pylori
specific Th17 cells can mediate the vaccine-induced H.
pylori clearance (Figure 1).
Collectively, it was clearly demonstrated that H. pylori
infections could be substantially prevented, reduced or
even eliminated by prophylactic and therapeutic mucosal
and systemic vaccinations[106-110]. This result is of great
interest not only for the development of H. pylori vaccine
but also for vaccine strategy aimed at clearing commensal bacteria with genotoxic and mutagenic activities[111].

VACCINE-INDUCED PROTECTIVE
IMMUNE RESPONSES
H. pylori infection is the main cause of gastritis, peptic
ulcers, and gastric adenocarcinoma. It is believed that
H. pylori contributes to gastric cancer development by
direct action of its virulence factors and indirectly by
initiation and maintenance of a chronic inflammation in
the gastric mucosa[86]. Hence, gastroenterologists use a
combination of anti-secretory and antimicrobial agents
to eradicate H. pylori[16]. Similar to other antimicrobial
treatments, the therapy may select resistant H. pylori
strains[16]. Therefore, alternative therapies to eradicate H.
pylori infection have been evaluated like the development
of a vaccine against H. pylori.
In the seminal work reported in 1990 by Lee et al[87]
demonstrated the feasibility to study different aspects of
the pathology and the immune response induced by Helicobacter species in mice. These investigators using germ-
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CONCLUSION
H. pylori can be considered as a commensal bacteria belonging to stomach microbiota. Indeed, H. pylori promote
the generation of H. pylori specific Treg. The tolerogenic
environment created by H. pylori might explain that
H. pylori seropositivity was inversely related to recent
wheezing, allergic rhinitis, dermatitis, eczema, asthma or
rash[112]. Very elegant pre-clinical studies conducted by
the group of A Müller recently gave support to this assumption by showing that H. pylori infection during the
neonatal period promote the development of Treg responses that protect adult mice from asthma[113]. Hence,
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Figure 1 Schematic representation of the vaccine-induced Helicobacter pylori clearance. During Helicobacter infection of vaccinated hosts, memory T helper
(Th)17 cells (mTh17) are primed by protease-activated receptor (PAR)2-dependent dendritic cell (DC)[126] directly in the stomach and/or in the stomach draining lymph
nodes (conventional DCs). Effector memory Th17 cells originated from the stomach and/or from the stomach draining lymph nodes will produce high levels of interleukin (IL)-17 leading to recruitment of neutrophils and to Helicobacter clearance. In naïve hosts, DCs mainly prime regulatory T cells (Treg), leading to Helicobacter
persistence.
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H. pylori, like other commensal bacteria such as SFB[71],
Calibacterium prausnitzi[74], Lactobacillus reuteri[59], Lactobacillus Acidophilus[59], and Clostridia[72] profoundly impact the
functioning of the immune system of the colonized
host.
Although H. pylori infection can be beneficial for the
host, when present in the stomach, H. pylori reduce the
overall diversity of the gastric microbiota[114] and promote gastritis. The modification of the stomach microbiota might, independently or not of the presence of H.
pylori, modulate the susceptibility of the host to immunemediated diseases. The H. pylori-induced gastritis is
most probably cause by the type Ⅳ secretion apparatusdependent introduction of muropeptides into epithelial
cells, that promote Nod1-dependent induction of a
proinflammatory program[115]. In addition H. pylori promote gastric inflammation through the production of a
neutrophil activating protein[116]. In spite of the natural
tolerogenic environment provided by the stomach mucosa and the tolerogenic activities of H. pylori, these proinflammatory signals initiating systemic and local proinflammatory Th1/Th17 responses[22-24].
Since H. pylori possess pro-carcinogenic activities via
maintenance of a chronic inflammation in the gastric
mucosa and by direct action of its virulence factors (vacA
and cagA), H. pylori cannot be considered as symbiotic
bacteria but rather as part of the pathobiont[117]. Hence,
H. pylori has to be eliminated when individuals are prone
to develop duodenal and stomach ulcers[118,119] to prevent further major diseases development like MALT
lymphoma and stomach adenocarcinoma. Although, the
design of a vaccine directed H. pylori is challenging since
it has to overcome the natural tolerogenic environment
provided by the stomach mucosa and the tolerogenic
activities of H. pylori, its development will bring health
benefits for individuals infected with antibiotic resistant H. pylori strains and population of underdeveloped
countries[120-125].
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Overview of the phytomedicine approaches against
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inactivation and phage therapy, which are briefly revisited in this review. A particular focus on phytomedicine,
also described as herbal therapy and botanical therapy,
which consists in the use of plant extracts for medicinal
purposes, is specifically addressed, namely considering
its history, category of performed studies, tested compounds, active principle and mode of action. The herbs
already experienced are highly diverse and usually
selected from products with a long history of employment against diseases associated with H. pylori infection from each country own folk medicine. The studies
demonstrated that many phytomedicine products have
an anti-H. pylori activity and gastroprotective action. Although the mechanism of action is far from being completely understood, current knowledge correlates the
beneficial action of herbs with inhibition of essential H.
pylori enzymes, modulation of the host immune system
and with attenuation of inflammation.
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Abstract
Helicobacter pylori (H. pylori ) successfully colonizes the

human stomach of the majority of the human population. This infection always causes chronic gastritis, but
may evolve to serious outcomes, such as peptic ulcer,
gastric carcinoma or mucosa‑associated lymphoid tissue lymphoma. H. pylori first line therapy recommended by the Maastricht-4 Consensus Report comprises the
use of two antibiotics and a proton-pomp inhibitor, but
in some regions failure associated with this treatment
is already undesirable high. Indeed, treatment failure is
one of the major problems associated with H. pylori infection and is mainly associated with bacterial antibiotic
resistance. In order to counteract this situation, some
effort has been allocated during the last years in the
investigation of therapeutic alternatives beyond antibiotics. These include vaccines, probiotics, photodynamic
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Core tip: Considering the worldwide spread of Helicobacter pylori (H. pylori ) antibiotic resistance, thera-

peutic alternatives beyond antibiotics have been investigated during the last years, including vaccines,
probiotics, photodynamic inactivation, phage therapy
and phytomedicine, which are reviewed in the present
paper, giving particular attention to phytomedicine. The
manuscript offers an extensively referenced text about
the effect of herbal medicines on H. pylori , describing
the first applications of herbal medicine, passing by the
category of performed studies, enumerating the tested
compounds, identifying the active principle and the
mode of action, and concluding with the limitations and
promises of this old made new therapy.
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Another unique feature of this bacterium is its tremendous genetic variability, with each strain of these
hypermutable bacteria acting as a quasispecies[5,6]. This genome plasticity is mainly due the bacterium natural competence for transformation and for conjugative transfer of
genomic islands, resulting in extensive polymorphic genes
and in differences in gene content among strains[7]. Moreover, H. pylori displays a high frequency of recombination,
which in addition to the small size of the recombined
fragments results in a mosaic gene structure[8]. Intragenomic recombination has also been reported to occur in
H. pylori, especially between members of the large family
of paralogous outer membrane proteins (OMP) encoding
genes or between repetitive sequences, leading to variation
even in the absence of mixed colonization[9-11].
Occurrence of point mutations is another mechanism
of genetic diversity in H. pylori, involved for example in
the development of antibiotic resistance[12]. It is likely that
the high rate of mutation in H. pylori is due to a relative
deficiency in DNA repair systems, since many of these
systems appear to be absent in this organism[13].

Vale FF, Oleastro M. Overview of the phytomedicine approaches
against Helicobacter pylori. World J Gastroenterol 2014;
20(19): 5594-5609 Available from: URL: http://www.wjgnet.
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org/10.3748/wjg.v20.i19.5594

INTRODUCTION
Helicobacter pylori (H. pylori) infects more than half of the
human population worldwide. Is the etiologic agent of
peptic ulcer disease in 10%-20% of the infected individuals, while 1%-2% are at risk of developing gastric
carcinoma or mucosa-associated lymphoid tissue (MALT)
lymphoma[1]. On a global scale the burden of disease due
to H. pylori is huge; elimination of these bacteria would
have a major impact on present and future world health.
Currently, the standard first line clarithromycin-based
therapy presents undesirable cure rates, and the recent
guidelines for H. pylori eradication from the Maastricht-4
Consensus Report do not recommend this therapy in regions with high prevalence of clarithromycin resistance[2].
Current treatments are therefore not an effective strategy
for worldwide eradication and public health measures
improving living conditions may help to reduce the transmission of this infection in selected areas, but will have
only a limited effect on infected individuals.
In alternative, infection may be dribbled by the use of
new treatment approaches, based on ancient alternative
medicines. This paper addresses the problem of H. pylori
infection, the disease-associated spectrum and the antibiotic resistance against the current treatment regimens, and
alternative therapeutic options against resistant strains,
with special emphasis on phytotherapy approaches.

H. PYLORI DISEASES AND TREATMENT
OPTIONS
In a similar fashion H. pylori is worldwide spread, this bug
is implicated in a broad spectrum of diseases, considering its restrict niche. H. pylori infection of the human
stomach, usually occurring in the childhood, will always
elicit an acute immune response. However, if left untreated, infection and inflammation (gastritis) persist. Although often asymptomatic, gastritis may cause dyspeptic
symptoms, or it may further progress, causing peptic
ulcer disease, distal adenocarcinoma and gastric mucosal
lympho‑proliferative diseases such as MALT lymphoma
in 10%-15% and 2% of adult patients, respectively[1]. H.
pylori infection has been linked to diseases localized outside of the stomach as well, with the strongest evidences
linking infection with cardiovascular diseases, lung diseases[14], hematologic diseases, such as idiopathic thrombocytopenic purpura [15], neurological diseases [16] and
Diabetes Mellitus, although more studies are required to
clarify such proposed causal links (reviewed in[17]). In addition, the relationship between bacterial CagA positivity
and coronary heart disease has been reportedly emphasized[18,19]. In contrast, the beneficial effects of H. pylori
concerning allergic diseases[20] and obesity appear clear,
while the association with gastroesophageal reflux disease
is still controversial[21,22].
H. pylori eradication aims mostly to cure functionalassociated disease, such as peptic ulcer, but is also a strategy to prevent gastric cancer[23].
In an era in which no anti-H. pylori vaccine is yet available, the treatment relies on the use of antimicrobials.
Currently, the first-line treatment of H. pylori infection
consists of two antimicrobials, being the standard combination the use of amoxicillin with clarithromycin or
metronidazole, plus a proton-pump inhibitor (PPI). In al-

H. PYLORI BIOLOGY
The human stomach mucosa is the known ecological
niche of H. pylori, a pathogenic spiral-shaped, microaerophilic, Gram-negative bacterium, which is unique in its
ability to persist and establish a chronic infection. During colonization, propelled by its flagella and resisting to
gastric acidity through urease activity, H. pylori crosses
the gastric mucus layer and adheres to mucins and cells’
surface-receptors of the gastric epithelium. Once here,
it delivers its virulence factors into the host cells’ cytoplasm both through the type-Ⅳ secretion system and/or
by releasing outer membrane vesicles. The cytotoxinassociated gene A (CagA) and the vacuolating cytotoxin
(VacA), are among the best studied translocated proteins
(reviewed in[3]).
In addition to its set of colonization and virulence
factors, H. pylori has adapted itself via complex strategies
to maintain an inflammation of the gastric epithelium
while limiting the extent of the immune response in order to prevent its elimination, through reduced recognition by immune sensors, downregulation of immune cells
and escape from immune effectors (reviewed in[4]).
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ternative, levofloxacin can replace clarithromycin
in first[24]
line therapy, with apparently higher cure rates . Moreover, an alternative empiric strategy is mandatory
when
[2]
local clarithromycin resistance is higher that 20% . When
the triple schemes fail, a quadruple second-line therapy
is recommended. The most popular quadruple therapy is
still the one containing bismuth, consisting of a combination of bismuth salts, tetracycline and metronidazole,
[25,26]
which is now available in 3-in-1 pill, plus a PPI
. The
non bismuth-based quadruple therapy comprises several
combinations of antibiotics, administered in a sequential
or concomitant way. An example is the recent combination of levofloxacin, nitazoxanide and doxycycline plus
the PPI omeprazole, which showed eradication rates of
around 90%[27].
After failure of second-line treatment, treatment
should be guided by antimicrobial susceptibility testing
whenever possible.

data concerning US.
Concerning the other antibiotics used to treat H. pylori infection, such as amoxicillin, tetracycline and rifampicins, the resistance is still rare, probably because the
implicated point mutations have a high biological cost to
the bacterium.
As regard to metronidazole, resistance to this antibiotic involves complex mechanisms and although it can
contribute to, it is not directly correlated with treatment
failure, being overcome in the majority of the situations
by changing the associated antibiotics as well as the dosage and length of treatment[40].

ALTERNATIVE THERAPIES
In light of the current situation of a worldwide spread
of H. pylori antibiotic resistance, therapeutic alternatives
beyond antibiotics have been investigated during the last
years, including vaccines, probiotics, photodynamic inactivation, phage therapy and phytomedicine. This latest
further explored below.
Immunization is one of the most cost-effective and
successful public health achievements of the 20th century
to prevent infectious diseases. Similarly, a prophylactic
vaccine against H. pylori infection would prevent gastric
diseases associated with this infection, in particular gastric cancer. Pioneering work in the early 1990s provided
evidence that vaccination against H. pylori infection was
possible, based on murine models. The feasibility of a
preventive vaccination against H. pylori infection has since
been proven in other animal models, such as dogs, and
vaccine candidates against H. pylori infection have been
tested in humans (reviewed in[41]). The antigens previously used in attempts to develop a vaccine against H. pylori
infection were mostly secreted proteins (such as urease or
VacA) rather than antigens associated with the cell envelope. H. pylori possesses an unusual set of OMPs reflecting its adaptation to the unique gastric environment[9]. In
this context, effort should be taken in the evaluation of
OMPs of H. pylori as target antigens for a DNA multivalent vaccine construct.
Probiotics are live organisms or produced substances
that are orally administered to promote health[42]. In the
case of H. pylori infection, their use could be attractive
mostly to prevent antibiotic side effects, such as diarrhea,
as well as improve eradication rates. Indeed, probiotics
can act in several ways in the gut microbiota, for instance
by direct antagonism to pathogens through the production of inhibitory substances, competition for adhesion
or nutrients, host immune modulation or inhibition of
toxins[43,44]. Various probiotics have shown favorable effects in animal models of H. pylori infection, by reducing colonization and alleviating the inflammation of
the stomach[45,46]. Most of the studies in humans, using
combinations of antibiotics and probiotics showed an
overall improvement of H. pylori gastritis and an increase
in H. pylori eradication, as well as attenuation of total side
effects after administration of probiotics[47,48]. However,

TREATMENT FAILURE
Treatment failure is one of the major problems associated with H. pylori infection and is mainly associated with
bacterial antibiotic resistance but also because bacteria
may be in a protective environment like the stomach
mucus layer or even inside the epithelial cells[28]. Failure
in therapy may also occur because of the lack of patient
compliance due to non negligible side effects.
Among the most used antibiotics against H. pylori,
clarithromycin is the one that poses higher concerns
since resistance to this antibiotic decreases the rate of
success of the standard therapy to 20%, against 90%
when the strain is susceptible[29]. Currently, H. pylori resistance to antibiotics is uneven distributed worldwide,
with higher rates reported in developed countries than in
developing countries in agreement with prescription frequency. Accordingly, in Europe clarithromycin resistance
rate has doubled in a 10 years period, from 9.9% in 1998
to 17.5% in 2008-2009, and it was significantly correlated
with the outpatient consumption of long-acting macrolides[30,31]. The consumption varied greatly among European countries and thus the rate of H. pylori resistant
strains was also highly heterogeneous. Indeed, the rate of
resistance strains was found to be significantly higher in
Western/Central and Southern Europe (> 20%) than in
Northern European countries (< 10%)[31].
Levofloxacin is the other antibiotic for which resistance is also of concern, since success of PPI-amoxicillin-levofloxacin regimen decreases radically if the H. pylori
strain is resistant to levofloxacin compared with a susceptible strain[32]. Similarly to clarithromycin, the higher the
consumption of fluoroquinolones in the community, the
higher the H. pylori resistance rate to levofloxacin[31].
A high rate of H. pylori resistant strains to these two
antibiotics has also been reported in other geographies,
such as Japan [33], Korea [34], Vietnam [35], China [36] and
Iran[37], as well as in South America, such as Mexico[38]
and Brazil[39], mostly for levofloxacin, while there are little
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no study could demonstrate complete eradication of H.
pylori infection by probiotic treatment. Finally, long-term
intakes of products containing probiotic strains may have
a favorable effect on H. pylori infection, particularly by
reducing the risk of developing gastric inflammationassociated disorders.
More unconventional alternative anti-H. pylori treatments have revisited some “old” technologies, such as
photodynamic inactivation and phage therapy, both
dating long before the golden era of antibiotics. Photodynamic therapy (PDT) uses a photosensitizer and light
sources of specific wavelengths to treat malignant tumors
or localized infectious diseases. The reactive oxygen species generated by the photodynamic reaction will induce
damage to multiple cellular structures, with bactericidal
effects[49]. The bactericidal effect of PDT is well known
against Gram-positive bacteria but usually inactive against
Gram-negative bacteria. However, H. pylori displays two
characteristics that turn it susceptible to PDA: its natural
ability to accumulate photoactive porphyrins and lack of
genes to repair phototoxicity-induced DNA damage[50].
Therefore, efficient H. pylori killing is possible just by low
fluency of broad-spectrum conventional white endoscopic light[51]. Moreover, the localization of the infection
in the gastric mucosa facilitates the endoscopic access for
light delivery. A recent study showed that the bactericidal
activity of PDT against H. pylori involved cell membrane
injury[52].
Phage therapy consists of the use of lytic bacteriophages to treat infectious diseases[53]. The description of
phages in H. pylori is still limited, although is a growing
field, prompted by the recent description of a temperate phage of H. pylori, induced by UV[54], and with the
sequences of complete[55-57] and remnant prophages provided by whole genome sequencing of H. pylori strains[58].
Nevertheless, there is no information on the nature of
the life cycle of the described H. pylori phages, and therefore of their potential usage in phage therapy. An alternative would be the use of phage lytic proteins, such as a
lysin, which is responsible for the lysis of host bacterial
cell wall. However, lysins would have to be modified in
order to overcome the limitation of crossing the Gramnegative outer membrane, as it was described for another
bacterial species[59].

complex mixtures of organic chemicals. Herbal medicine
origins are based on empirical knowledge, and scientific
validation of these products is still very limited[60]. This
lack of knowledge and evidence indicating the efficacy
of herbal medicine makes it suspicious for western physicians and researchers. The risks and benefits of herbal
medicine are incomplete, complex, and confusing. There
is a need for further controlled clinical trials addressing
the potential efficacy of herbal medicine, together with
understanding the mode of action and implementation
of legislation to maximize their safety and quality[62].
The whole plants and plant extracts used are very
diverse and typically belong to the natural flora of a
specific world’s area. For this reason the use of search
motors can easily miss publications owned to the dispersion of key words selected by authors. Our search was
done on Pubmed and ISI web of knowledge, from 1983
to 2013, using the keywords “herbal H. pylori”, “herbs H.
pylori”, “phytomedicine H. pylori”, “botanical medicine H.
pylori”, “dietary supplement H. pylori not probiotics” and
“functional food H. pylori” to find any in vitro and in vivo
studies evaluating single or compound herbal preparations in the management of H. pylori infection. While the
first four keywords correctly identify the use of plants or
plant extracts for the eradication of H. pylori, the last two
terms identify mainly the use of vitamins for eradication
or slow of disease progression.
History: A therapy older than H. pylori discover
Phytotherapy is as old as human civilization and for that
reason telling its early years, that occurred sooner than
written history, should always lead to an incomplete report. The ancient use of plants was based on experience,
since the cause of illness and the mode of cure was not
understood. Until the application of chemistry to medicine in the 16th century, herbs were the source of treatment and prophylaxis. Then the use of herbs gradually
diminished being replaced by synthetic drugs. In the last
three decades there was another inversion, owing to the
increasing of resistance of microorganisms to drugs[63].
Even long before the identification of H. pylori in the
beginning of the early 1980s[64,65] herbs have been used to
deal with diseases that today are known to be associated
with H. pylori infection[66,67]. This is the case of the use of
Symphitum officinalis and Calendula officinalis to treat a group
of patients with duodenal ulcer or gastroduodenitis. In
this trial, a group of patients received the herbs and an
antiacid, while the control group just received the herbs.
The pains disappear in both groups, but earlier in the
group that received the antiacid[67]. In fact, the reduction
of acid production was central in the therapy of peptic
ulcer. Several drugs that act as anticholinergic or antimuscarinic, that reduce gastric acid secretion, were used in
an attempt to replace parietal cell vagotomy, in which the
resection of the vagus nerve led to the reduction of the
production of acid by the parietal cells of the stomach[68],
including the use of herbs, such as belladonna (Atropa belladonna L. or its variety acuminata Royle ex Lindl)[69].

PHYTOTHERAPY
Phytotherapy, also described as herbal therapy or botanical therapy, consists in the use of plants or plant extracts
for medicinal purposes[60]. Herbal products include raw or
processed parts of plants, such as leaves, stems, flowers,
roots, and seeds. According to legislation herbs are considered dietary supplements that can be marketed without
previous demonstration of safety and efficacy[61]. Western
medicine typically employs an active principal, often of
synthetic origin, for therapy proposes. On the opposite,
in phytotherapy applications rarely the active principle is
either identified or administrated solely. Instead herbs are
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Presently, three decades after the discovery of H.
pylori, herbs are still being used for stomach diseases but
not all of them have been tested either in vitro or in vivo
for their anti-H. pylori activity yet. For instance this is the
case of African São Tomé plants, such as Leonotis nepetifolia (L.) W. T. Ainton var. nepetifolia (gastric indisposition),
Solenostenom monastachyus (P. Beauv.) Briq. subsp. monostachyus (stomach pain), Piper umbellatum L. (stomach problems), Bertiera racemosa (G. Don) K. Shum var. elephantina
N. Hallé (stomach pain), Allophyllus grandifolius (Baker)
Radlk (gastric affection), and Solanum gilo Raddi (stomach
pain)[70].

is determined by removing unbound bacteria using a
series of washes in phosphate-buffered saline, followed
by cell lysis with distilled water. The lysates are then platted on H. pylori appropriate medium and colony forming
units determined. To verify the effect on the number of
viable intracellular bacteria, infected epithelial cells are
treated with the membrane impermeable antibiotic gentamicin in order to eliminate external bacteria. Then the
same procedure is applied and the colony forming units
determined. Appropriate controls without herbal extracts
and without gentamicin should be performed, so that
these may be considered as total adhesion or invasion[79].
The [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] (MTT) viability assay may be used to measure
the cytotoxicity of tested agents[75].
Animal models may also be used to understand the
action of herbal medicine on gastric colonization by H.
pylori and gastric pathology. In those, such as the Mongolian gerbil[80-83], the specific-pathogen-free mice[78,84,85],
or the Wistar albino rat[86,87], animals are infected with
H. pylori strains and treated with different doses of plant
extracts. After sacrifice the eradication or decrease in the
number of H. pylori colonies may be determined. Further
histopathological analysis can also be performed in sections of the stomach fixed in formalin and embedded in
paraffin.
A summary of clinical trials using different plant extracts is presented in Table 1. In these trials a plant extract
is tested in opposition to a placebo or, more recently, in
addition to conventional triple therapy. In these studies
there is no evidence of statistical significant improvement
in eradication when herbs are used. Nonetheless these
studies are still few, involving a small number of patients
and moreover applied as a supplement to antibiotic triple
therapy that is known to eradicate H. pylori in the great
majority of the cases.
From Table 1 only the study of Puram et al[88] uses
herbal medicine (GutGard) alone against a control group
receiving placebo. Although the eradication rate is evident in the group receiving GutGard (56%) against 4%
in the placebo group, it is still lower to the eradication
obtained using triple therapy. Nevertheless, it should be
emphasized that the treatment with GutGard was found
to be 3.73 times more effective than placebo.
Detail attention should be given to data on clinical trials. For instance in the study of Salem et al[89], two
recruited patients were positive for H. pylori after two
consecutive triple therapy courses, but they changed to
negative after receiving N. sativa treatment in a dose of
3 g/d along with 40 mg omeprazole for four weeks, H.
pylori status evaluated by stool antigen test.
A systematic review of the use of traditional Chinese
medicine against H. pylori[90] analyzed 16 randomized clinical trials using several different herbs with proton pump
inhibitor or colloidal bismuth subcitrate based triple therapy as controls. The heterogeneity of the studies did not
allow a meta-analysis. Overall, conventional triple therapy
originated higher eradication rate than Chinese medicine,

Category of performed studies
The study of phytotherapy products is typically subdivided in two groups, one based on in vitro testing using
H. pylori pure cultures obtained from clinical isolates or
reference strains; another based on in vivo tests, in which
the herbal products are administered to animal models
or used in clinical trials involving humans. The first studies are more abundant in the literature namely because
of their simplicity, cost, legislation demands and to early
years of studding herbal products in a similar way to
western medicine products.
Concerning preparation of plants extracts, these are
prepared usually by drying and reduce to fine powder
which is then dissolved in a solvent, such aqueous ethanol or methanol, sonicated, filtered or centrifuged and
the solvent evaporated. The herbal residue is dissolved in
dimethyl sulfoxide (DMSO)[71,72]. Different concentration
of plant extracts are mixed with a bacterial suspension of
H. pylori for 1 h and plated in standard H. pylori medium.
The minimum bactericidal concentration corresponds to
the test sample at which there was no visible growth[71].
Alternatively, wells can be punched on the plates and the
herbal extract introduced; extract embedded paper discs
are another option. The inhibitory action is evaluated
by determination of the clear zone around each well or
disc[72]. For the in vitro test, the 96-well micro-titer plates
cultured micro-aerobically can also be used[73]. Regarding the negative and the positive control, DMSO may be
used as negative control[71,72], while standard antibiotic
agents can be applied as positive control[74].
Other in vitro assays include the use of gastric epithelial cells, such as AGS cells[75,76] or macrophage cells, like
RAW264.7[75,77], or HeLA cells[78]. In this assays eukaryotic
cells are treated with herbal extracts followed by infection with H. pylori (multiplicity of infection 1:100), for
instance during 6 h. Then several parameters of infection
can be determined to understand if the herbal plants
interfere with their concentration. These parameters include nuclear factor κB (NF-κb) and cytokines, such as
interleukin-8, tumor necrosis factor-α, nitric oxide (NO)
production and expression levels of inflammation related
proteins inducible NO synthase and cyclooxygenase[74].
The effect of the herbal compound on bacterial adhesion and invasion of epithelial cells may also be determined[74,79]. The effect of herbal extracts on cell-adhesion
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Table 1 Examples of clinical trials using herbal medicines
Herb

Study design

Sample

Garlic oil

Blind nonrandomized
trial

20 dyspeptic 275 mg garlic oil 3 Same plus 20 mg
patients
times a day for 14
omeprazole
d

Fresh garlic
or jalapeno
peppers

Open nonrandomized
trial

12 healthy
patients with
H. pylori

Cinnamon

Blinding
placebocontrolled

Quasi-control 54 patients
trial
with H. pylori

Nigella sativa
(N. sativa)

Randomized
trial

88 dyspeptic
patients

Green
propolis

Nonrandomized
clinical trial

18 patients
infected with
H. pylori

Randomized
double blind
placebo
controlled
trial
Randomized,
controlled and
multicenter
trial

107 patients
infected with
H. pylori

Chinese
patent
medicine
wenweishu
/yangweishu

Control

Outcome
Negative for histology
and urease test

10 cloves fresh
Bismuth
Reduction in urea breath
garlic or 6
subsalicylate
test counts
jalapeno peppers with 3 meals per
with 3 meals per
test day or no
test day
intervention
23 patients
40 mg cinnamon
Placebo
Reduction in urea breath
undergoing extract twice a day
test counts
gastroscopy
for 4 wk

Lycopene

Glycyrrhiza
glabra

Experimental
intervention

642 patients
infected with
H. pylori

Metronidazole
500 mg/bd,
amoxicillin 1g/bd,
omeprazole 20
mg/bd, bismuth
240 mg/bd, and
lycopene 30 mg/
daily
Triple
therapy (TT:
clarithromycin
500 mg twice
daily, amoxicillin
1g twice daily,
omeprazole 40 mg
once daily) and 1,
2 or 3 g N. sativa
20 drops of
alcoholic
preparation of
Brazilian green
propolis 3 times a
day for 7 d
55 patients - 150
mg of GutGard
(root extract of G.
glabra) once daily
for 60 d
PCM plus
wenweishu
group (n = 196);
and PCM plus
yangweishu
group (n = 224)

Difference between experimental
and control group
No

No

Metronidazole
Slight increased
No
500 mg/bd,
eradication rate with
statistical
Amoxicillin 1 g/ lycopene (no statistical difference
bd, Omeprazole difference) evaluated by
20 mg/bd,
urease rapid test
Bismuth 240
mg/bd
Clarithromycin
500 mg twice
daily, amoxicillin
1g twice daily,
omeprazole 40
mg once daily

2 g/d and TT no
statistical difference
1 g/d and 3 g/d
significantly less
effective than TT by
stool antigen test

No

No

One patient negative
for H. pylori 40 d after
treatment

Not
applicable

52 patients placebo once
daily for 60 d

56% of patients
receiving GutGard
eradicate H. pylori vs 4%
on placebo

Yes

PCM group
(n = 222,
pantoprazole 40
mg twice a day,
clarithromycin
500 mg
twice a day,
metronidazole
400 mg twice a
day, for 7 d)

Higher healing rate in
PCM plus wenweishu;
Higher rates of
symptom relief in PCM
plus wenweishu and
PCM plus yangweishu;
Eradication rate
between PMC group
and PMC plus
wenweishu or PMC
plus yangweishu group
was not significantly
different (P = 0.108,
0.532, respectively)

Yes

Ref.

Symptom score (8.7 ± [111]
1.70 vs 8.5 ± 1.51) and H.
pylori density (2.0 ± 0.82
vs 2.1 ± 0.74) did not
significantly changed
Garlic and jalapeno
[112]
add no effect (P >
0.8), but significant
reduction after bismuth
(P < 0.001)
Mean urea breath test [109]
reading (23.9 vs 25.9)
did not significantly
changed
[113]

Eradication rates with 2
g N. sativa and TT with
no statistical difference;
eradication rate with
1g or 3 g N. sativa was
significantly less than
that with TT (P < 0.05)

[89]

[108]

A significant
interaction effect
between group and
time (P = 0.00)

[88]

Healing rate in PCM
[110]
plus wenweishu
groups was
significantly higher
than the rate in PCM
group (P = 0.004)
Symptom relief rates in
PCM plus wenweishu
groups and PCM plus
yangweishu were
significantly higher
than the rate in PCM
group (both P < 0.01)

PCM: Pantoprazole, clarithromycin, metronidazole; H. pylori: Helicobacter pylori.

namely because of the poor quality of the trials[90]. Only
the extension of the requirements of evidence-based
medicine to phytomedicine clinical trials would allow assessing with accuracy the efficacy of the herbal extracts.

and the opposite is observed for secondary effects, favoring Chinese medicine.
From the clinical trials analysis it is not possible to
completely understand the efficacy of the herbs used,
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Table 2 Herbal medicines tested against Helicobacter pylori
Herb

Study type

Garlic

In vivo clinical trial

Result

Observation

No improved
NA
eradication (consult
Table 1)
Pelargonium sidoides
In vitro using AGS Inhibit H. pylori growth South African herbal
roots (eps) 7630
cells and in situ using
and cell adhesion
remedy
biopsies
Cranberry juice
In vitro using
Inhibit H. pylori cell
NA
immobilized
adhesion
human mucus and
erythrocytes
Oregano and
In vitro agar difusion
Inhibition zones on
NA
cranberry
assay
agar plate

Magnolia officinalis
Rehd. Et Wils.
(Magnoliaceae) and
Cassia obtusifolia L.
(Leguminosae)
Camellia sinensis

Compounds tested
against Jack bean
urease

Inhibit urease

In vitro test against H.
Inhibit urease;
pylori, urease activity reduction of H. pylori
assay
population

Chinese medicinal
herbs

Tea leaves

Apple peel
polyphenols

Active principle

Mechanism of action

Ref.

NA

NA

[111,112]

NA

Anti-adhesive activity

[114,115]

NA

Anti-adhesive activity
(sialic acid-specific
adhesion)

[116,117]

Phenolic compounds

Urease inhibition;
disruption of energy
production inhibiting
proline dehydrogenase
at the plasma
membrane
Inhibit urease

[93]

[118]

Inhibit urease

[94]

Hydroxamic acids,
phosphoramidates,
urea derivatives,
quinones, and
heterocyclic
compounds
Polyphenolic
compounds and
catechin contents
(epicatechin,
epigallocatechin,
epicatechin gallate,
epigallocatechin gallate)
Polyphenols

Compounds tested
Inhibit urease;
NA
Inhibit urease; antiagainst Jack bean
prevented vacuolation
adhesive activity
urease; in vitro test
in hela cells;
against H. pylori; in
antiadhesive effect;
vitro test using hela
anti-inflammatory
cells; in vivo test using
effect
C57BL6/J mice
Calophyllum
In vitro disk diffusion;
Dose-dependent
Large tree widely Mixture of chromanone
Inhibit urease;
brasiliense Camb.
in vivo using Wistar reduction of ulcerated distributed in Latin
acids
modulation of
(Clusiaceae)
rats infected with H.
area; decreased
America known in
endogenous antioxidant
pylori
number of ureaseBrazil as "guanandi"
systems
positive animals;
partial anti-H. pylori
inhibition
Mouriri elliptica
In vivo Swiss albino
Gastric protective
Brazilian fruitAcid derivatives,
Inhibit NO production
Martius
mice and male Wistar
action without
bearing plant of
acylglycoflavonoids
by macrophages;
(Melastomataceae)
albino rats animal
antisecretory effect; known as “coroa-de- and condensed tannins
stimulating
anti-H. pylori action
frade”
proliferation factors
(PCNA), COX-2
Hancornia speciosa
In vivo Swiss albino
Antiulcer activity
Medium-sized
Polymeric
Increase pH and
Gomez (Mangaba) mice and male Wistar
tree (3–10 m) from
proanthocyanidins
decrease acid output of
albino rats animal
central Brazil, known
gastric juice, stimulate
as “mangaba”,
mucus synthesis and
“mangabeira” or
produce antisecretory
“mangava”
effect
Byrsonima
In vivo Swiss albino
Gastric protective
Brazilian herb
Phenolic compounds, Antioxidant properties
fagifolia Nied.
mice and male Wistar
action; antiknown as "murici" or flavonoids, gallic acid
(Malpighiaceae)
albino rats animal
inflammatory effect;
"murici-do-mato"
derivatives
In vitro disc diffusion anti-H. pylori action
technique
Alchornea triplinervia In vivo mouse model Antisecretory property; Medicinal plant from
Flavonoids
Antisecretory action,
anti-H. pylori effect;
Brazil
increase of gastric
gastroprotective action
mucosa prostaglandin
E(2) levels
Amphipterygium
In vitro killing assay Exhibits potent doseMexican folk
Anacardic acids
NA
adstringens
dependent anti-H.
medicine
mixture
(Schltdl.) Standl.
pylori activity
(Anacardiaceae)
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Extract of Japanese
rice also

In vivo Mongolian
gerbil model

16 Mexican plants1

In vitro broth
microdilution
method
In vitro broth
microdilution
method

Bacopa monniera

Anti-H. pylori activity;
anti-inflammatory
effect
Anti-H. pylori activity

Anti-H. pylori activity

In vitro test against H. Anti-H. pylori activity
pylori
Test against
Recombinant
protein (peptide
deformylase)
Gosyuyu (Wu-Chu- In vitro test against H. Anti-H. pylori activity
Yu) and Psoralen
pylori
(extract from
Psoralea corylifolia)
Amu-ru 7, a
In vitro test against H. Anti-H. pylori activity
pylori
Did not cure
In vivo Mongolian
Mongolian gerbil,
gerbil
but colonization rate
diminish
Agrimonia eupatoria, In vitro test against H. Anti-H. pylori activity
Hydrastis canadensis,
pylori
Filipendula ulmaria,
and Salvia officinalis
Curcumin
In vitro test against H. In vitro anti-H. pylori
diferuloylmethane
pylori
activity; effective in
In vitro using AGS eradication of H. pylori
cells
from infected mice and
In vivo C57BL/6 mice
in restoration of H.
and Male Sprague- pylori-induced gastric
Dawley rats
damage
Propolis

Nigella sativa
(Ranunculaceae)

In vivo adult patients

Methanol extract of
the leaf of Allium
ascalonicum
Leaves of Piper
carpunya Ruiz and
Pav. (syn Piper
lenticellosum C.D.C.)
(Piperaceae)
Apium graveolens
seeds

In vitro test against H.
pylori
In vitro test against H.
pylori
In vitro against rat
peritoneal leukocytes

NA

NA

NA

[122]

Mexican folk
medicine

NA

NA

[123]

In Ayurveda,
NA
Augmentation of
(ancient medicine
defensive mucosal:
of India) known as
mucin secretion, life
medhya rasayana or
span of mucosal cells,
"brahmi"
and gastric antioxidant
Resinous hive
Phenolic compounds, CAPE is a competitive
product collected by mainly Caffeic acid
inhibitor of H. pylori
honeybees
phenethyl ester (CAPE) peptide deformylase

Chinese herbal
medicine, namely
“buguzhi”
Mongolian folk
medicine

Alkyl methyl
quinolone alkaloids

NA

Alkyl methyl
Inhibited biofilm
quinolone alkaloids
formation by H. pylori
Rhei rhizome is the most partial inhibition of
effective component
urease

Western herbal
medicine

NA

NA

The major yellow
pigment present
in the rhizome
of turmeric (the
perennial herb
Curcuma longa)

Diferuloylmethane

[124]

[107,125]

[126]

[127]

[128]

Suppressing secretion [76,106,129]
of metalloproteinases
3 and 9 by gastric
cells noncompetitive
inhibitor of H.
pylori shikimate
dehydrogenase, among
others decrease nuclear
factor-kB (NF-κB) p65
Administrated with Grows in the Middle
Thymoquinone,
Disrupting the lipid
[89]
omeprazole had a
East, Eastern Europe, dihydrothymoquinone
structure of the cell
eradication rate similar
and Eastern and
and terpenes
membrane
to triple therapy
Middle Asia
(consult Table 1)
Anti-H. pylori activity
Known as garlic
Alkaloids, cardiac
Decrease urease activity
[130]
glycosides and
saponins
Anti-inflammatory;
Widely used in folk
Flavonoids
Inhibition of H+, K+[98,99]
anti-ulcer action
medicine in tropical
ATPase activity
and subtropical
South American

In vitro test against H. Anti-H. pylori activity
pylori

Compound with anti- Induces morphologic
[131]
Helicobacter activity, an changes in H. pylori and
asymmetric phthalide
inhibits protein and
dimer
DNA synthesis
Davilla elliptica and In vivo Swiss albino Anti-H. pylori activity; Brazil folk medicine
Phenolic acid
Stimulats moderate
[132]
Davilla nitida
mice and male Wistar
gastric protection
derivatives,
levels of H2O2, trigger
albino rats animal
action
acylglycoflavonoids,
moderation of the
In vitro disc diffusion
and condensed tannins oxidative burst and
technique
consequently the
immune response
Resveratrol
In vitro test against H. Inhibit urease, antihighly abundant in
Polyphenol
Modulation of
[102,103,133,
pylori
inflammatory and
red grapes
interleukin (IL)-6, NF134-136]
In vitro using
anti-cancer activity
κB, and mitogenMKN-45 cells
cardioprotective
activated protein kinases;
and neuroprotective
modulatory effects on
properties
H. pylori-induced IL-8
secretion, reactive oxygen
species production, and
morphological changes
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Anisomeles indica

In vitro test against H. Anti-H. pylori activity; From Southeast Asia
pylori
anti-inflammatory
and Australia
In vitro using AGS
properties
cells

Glycyrrhiza glabra

In vitro test against H. Anti-H. pylori activity;
Legume known
pylori
anti-inflammatory
as licorice from
In vitro using AGS
properties (consult southern Europe and
cells
Table 1)
parts of Asia
In vivo adult patients

Cistus laurifolius

In vitro test against H. Anti-H. pylori activity
pylori

Folk medicine in
Anatolia

Sclerocarya birrea

In vitro test against H. Anti-H. pylori activity
pylori

Medicinal plant
used by Zulus,
Vhavendas, Xhosas
and Sothos of South
Africa

Phyllanthus urinaria In vitro test against H. Anti-H. pylori activity;
Tropical and
pylori
anti-inflammatory
subtropical countries
In vitro using AGS
properties
(Taiwan)
cells

Artemisia douglasiana In vitro test against H. Anti-H. pylori activity
Besser (Asteraceae)
pylori
Geranium wilfordii

In vitro test against H. Anti-H. pylori activity
pylori

Folk medicine in
Argentina known as
"matico"
Herb from China

HZJW, composed of In vitro test against H. Anti-H. pylori activity;
Chinese herbal
12 medicinal herbs
pylori
reduction of ulcerative formula composed of
In vivo Balb/c mice
lesion; eradicate H. 12 herbs listed in (91)
pylori in mice
Cratoxylum
arborescens (Vahl)
Blume

Chenopodium
ambrosioides L. And
Adina pilulifera.
Chenopodium
ambrosioides L.
Momordica
cochinchinensis
Springer
(Cucurbitaceae)

In vitro test against H. Anti-H. pylori activity,
pylori
anti-inflammatory
In vivo Balb/c mice activity; reduced ulcer
area, higher mucus
content
In vitro test against H. Anti-H. pylori activity
pylori

In vivo mice
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Asian herbal
medicine

Jinghua Weikang
Capsule (Chinese
patent drug for
peptic ulcer

Gastroprotective effect
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Ovatodiolide

Attenuated the
inflammatory response
by decreasing NFκB activation and
IL-8 secretion, inhibit
lipopolysaccharideinduced inflammation
in macrophages
(including the
secretion of the proinflammatory cytokine
tumor necrosis factor-α,
and nitric oxide (NO)
production, and
protein expressions of
inducible NO synthase
and cyclooxygenase-2
(COX-2)
Flavenoid, main
Inhibition H. pylori
component
of DNA gyrase,
glycyrrhetinic acid
protein synthesis
and dihydrofolate
reductase enzyme;
anti-inflammatory
activity likely through
inhibition of COX and
lipoxygenase pathways
Flavenoid, most active
NA
is quercetin 3-methyl
ether (isorhamnetin)
Essential oils:
NA
terpinen-4-ol (35.83%),
pyrrolidine (32.15%),
aromadendrene
(13.63%) and
α-gurjunene (8.77%)
Phyllanthin,
Inhibits AGS cells
phyltetralin, trimethyl- adhesion and invasion;
3,4-dehydrochebulate,
decreases NF-κB
methyl gallate,
activation and IL-8
rhamnocitrin, methyl
secretion
brevifolincarboxylate,
β-sitosterol-3-O-βd-glucopyranoside,
quercitrin and rutin
Dehydroleucodine, a Potent inhibitors of the
sesquiterpene lactone transcription factor NFof the guaianolide type
κB
Corilagin (1), and
NA
1,2,3,6-tetra-O-galloylβ-D-glucose
Protoberberine
NA
alkaloids palmatine,
coptisine and
aporphine alkaloid of
magnoflorine
α-mangostin (AM), is a Anti-COX-2 and antiprenylated xanthone
NO activities

[75]

[88,100]

[137]

[138]

[139,140]

[141,142]

[143]

[91]

[144]

NA

NA

[145]

Momordica saponin Ⅰ

NA

[146]
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Sangre de grado
In vitro test against H. Anti-H. pylori activity
(Croton lecheleri and
pylori
No bactericidal effect
Croton palanostigma) In vivo C57BL/6 mice
in mice

Polygonum
tinctorium Lour

Artocarpus obtusus
Jarret

In vitro test against H. Anti-H. pylori activity;
pylori
anti-inflammatory
In vivo Mongolian
effect; decreased
gerbil
bacterial load in
Mongolian gerbil
In vitro test against H. Anti-H. pylori activity;
pylori
gastroprotective effect;
In vivo Mongolian
increased mucus
gerbil
content

Punica granatum and In vitro test against H. Anti-H. pylori activity
Juglans regia
pylori

Sangre de grado is
a red, viscous latex
from the cortex
of trees used in
Peruvian medicine
Known as indigo

Endemic species of
Borneo known as
“pala tupai”

Iranian plants

NA

Mice with higher
hepatic metallothionein
levels

[147]

Tryptanthrin and
Inhibition of nitric
kaempferol (flavenoid) oxide production, and
the transcription of
cyclooxygenase

[80]

Pyranocycloartobiloxa Free radical scavenging
nthone A, a xanthone
effect, induction
of HSP70, via antiapoptotic property
(down regulate bax
gene), inhibits Cox-2
enzyme
NA
NA

[148]

[149]

1

Castella tortuosa, Amphipterygium adstringens, Ibervillea sonorae, Pscalium decompositum, Krameria erecta, Selaginella lepidophylla, Pimpinella anisum, Marrubium
vulgare, Ambrosia confertiflora, Couterea latiflora, Byophyllum pinnatum, Tecoma stans linnaeus, Kohleria deppena, Jatropha cuneata, Chenopodium ambrosoides, and
Taxodium macronatum. NA: Not applicable; H. pylori: Helicobacter pylori.

Tested compounds
There is a high diversity of tested compounds (Table 2)
against H. pylori using diverse experimental approaches.
The era of blind screening of compounds come to an
end, the natural resources screening being no exception,
so it is rational to use folk medicine plants. The majority of the studies report the use of herbs from China,
given that the traditional Chinese medicine is a common
practice in this country. Latin American countries come
in second place, another continent with a rich history in
medicinal plants usage. Usually each country studies its
own herbs from folk medicine. So it is understandable
the diversity of medicinal plants already tested or currently being tested.
The access to the information is not always an easy
task. Effectively, many papers have only the abstract in
English language, which difficult the access to information by the global scientific community.
Considering the high diversity of herbal medicines
used, finding all papers reporting their use is not straightforward. In fact, the keywords associated with each study
not always include general terms, but the name of the
species used or its active compound. We suggest that
studies analyzing the efficacy of plant extracts include the
keywords phytomedicine, phytotherapy, herbal medicine
or herb medicine, in order to turn papers’ identification
easier.
Most studies report the in vitro efficacy of the herbal
therapy against H. pylori, but this isn’t always followed
by an effective eradication of the bacterium in animal
models and/or clinical trials (Table 2). The clearance of
H. pylori from the stomach of infected patients occurs by
direct topical activity of the ingested drugs at the gastric
mucosal epithelium, and specially by the systemic therapeutic activity, which result from the back secretion and
re-entry of the absorbed active principle from the basal
to the apical side of the gastric epithelium[91]. The ineffi-
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ciency of the herbal product in an in vivo test after proved
efficient in an in vitro test against H. pylori may be due
to the inability of the compound to resist to the acidic
medium of the stomach, inability to reach the bacteria
trough the mucus layer secreted by the gastric mucosa
epithelial cells (the thickness of the mucus layer or its
impermeability to herbs at the site of infection), use of
insufficient dose or to its inability to reach the bacteria via
systemic circulation.
Active principle and mode of action
The active ingredient is not always identified; sometimes
the group of compounds, but not the exact formula, is
identified. The most common active principle identified
belong to the group of flavonoids (Table 2). Flavonoids
are widely distributed in plants and are recognized as
the pigments responsible for the colours of leaves, especially in autumn (yellow). Flavonoids have low molecular
weight and are composed of a three-ring structure with
various substitutions. The flavonoids are recognized to
possess anti-inflammatory, antioxidant, antiallergic, hepatoprotective, antithrombotic, antiviral, and anticarcinogenic activities. The flavonoids are phenolic compounds and,
therefore, act as potent metal chelators and free radical
scavengers[92]. These properties are again evidenced in the
studies present in Table 2.
The mode of action of the herbs can be through
the inhibition of essential bacterial enzymes. Some examples are given. Considering H. pylori, some flavonoids
have also demonstrated inhibitory effects on bacterium
growth[78,80,88,93-100], on H. pylori DNA gyrase[88,100] and urease[78,93,95,99], and vacuolation activity[99]. H. pylori induces
gastric epithelial cell apoptosis via secreted mediators
such as the VacA cytotoxin and lipopolysacccharides,
damaging epithelial acid-secreting parietal cells[101]. Several
flavonoids may inhibit the apoptotic signaling induced
by H. pylori VacA toxin[99]. Since urease of H. pylori is es-
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sential for its colonization, the inhibition of this enzyme
explains partly the anti-H. pylori activity[83]. Resveratrol,
which inhibits H. pylori in vitro and is present in grapes
and red wine[102], inhibits urease enzyme as well[103]. Resveratrol also targets bacterial ATPases, which protect H.
pylori from low pH levels by maintaining a proton gradient across membranes[104]. These results suggest that the
consumption of grape extracts and wine constituents,
in addition to triple therapy, might be useful in the treatment of H. pylori infection[105].
The H. pylori shikimate dehydrogenase, present in the
shikimate pathway is essential for the synthesis of important metabolites, such as aromatic amino acids, folic acid,
and ubiquinone. Curcumin is a competitive inhibitor of
shikimate dehydrogenase[76]. Besides this action, it was
shown that curcumin administration diminish the expression of NF-κB p65 in H. pylori-infected mice. Gastric
inflammation is associated with increased NF-κB activation, which appears to be attenuated by curcumin[106].
Curcumin also suppresses the expression of, the matrix
metalloproteinase-3 and -9 inflammatory molecules associated to the pathogenesis of H. pylori infection[76].
Some compounds with a known mechanism of action[107], like propolis (Table 2) are active in vitro but a not
randomized clinical trial (Table 1) show that propolis was
not efficient in eradicating H. pylori, which might be related
to an insufficient dosage[108]. Briefly, caffeic acid phenethyl
ester, the propolis active compound, is a competitive inhibitor of H. pylori peptide deformylase that catalyzes the
removal of formyl group from the N-terminus of nascent
polypeptide chains, which is essential for H. pylori survival[107]. Nevertheless, for the majority of the compounds
the active component and the molecular mechanism of
action (inhibition) against H. pylori remain unknown.

cultures to the herbs. Some of these herbs appear very
promising for fighting H. pylori antibiotic resistant strains.
However, the mode of action, the active principle and
the design of accurate clinical trials of promising herbal
products should be addressed in future studies. Most of
these phytotherapy approaches uses folk medicine products, especially from Asia (China) and Latin America,
although other herbs are being tested from countries all
over the world. For the herbs for which the mechanism
of action is known, the anti-H. pylori activity appears to
include inhibition of essential bacterial enzymes, while
the gastroprotective action appears to be related with the
modulation of the host immune system and/or attenuation of inflammation.
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Core tip: Colonization of gastric mucus by Helicobacter
pylori (H. pylori ) key to the establishment of chronic
infection. How H. pylori manages to colonise and sur-

vive in the hostile environment of the human stomach
and avoid removal by “mucus flow” and killing by gastric acid is the subject of this review. We also discuss
how bacterial and host factors may together go some
way to explaining the susceptibility to colonization and
the outcome of infection in different individuals. Understanding of how H. pylori causes chronic infection
will likely serve as a valuable reference system for how
other bacteria colonise mucosal surfaces.

Abstract
Helicobacter pylori (H. pylori ) colonizes the stomach

of humans and causes chronic infection. The majority of bacteria live in the mucus layer overlying the
gastric epithelial cells and only a small proportion of
bacteria are found interacting with the epithelial cells.
The bacteria living in the gastric mucus may act as a
reservoir of infection for the underlying cells which is
essential for the development of disease. Colonization
of gastric mucus is likely to be key to the establishment of chronic infection. How H. pylori manages to
colonise and survive in the hostile environment of the
human stomach and avoid removal by mucus flow
and killing by gastric acid is the subject of this review. We also discuss how bacterial and host factors
may together go some way to explaining the susceptibility to colonization and the outcome of infection in
different individuals. H. pylori infection of the gastric
mucosa has become a paradigm for chronic infection.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative, microaerophillic, spiral shaped bacterium, which colonizes
the human stomach. H. pylori is one of the most common infections in the world, persistently colonizing the
gastric mucosa of over 50% of the global population.
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Colonization with H. pylori induces a chronic gastritis in
all infected individuals[1]. The majority of infections are
asymptomatic, however long-term infection increases
the risk of developing site-specific disease. 10%-15%
of infections result in the development of peptic ulcer
disease and H. pylori is associated with 95% of duodenal
ulcers and 80% of gastric ulcers[2]. Infection with H.
pylori is a significant risk factor for the development of
gastric cancer and 1%-3% of infected individuals develop the disease[3,4]. As a result, H. pylori is classified as a
group 1 carcinogen by the World Health Organisation[5].
Infection is associated in particular with intestinal-type
(approximately 90% of patients) rather than diffusetype gastric cancers (approximately 32% of patients)[6].
The risk of developing gastric cancer is reduced in patients with duodenal ulcers[7]. The gastric mucosa does
not normally contain any mucosa-associated lymphoid
tissue (MALT), however the pan-gastric inflammation
induced by H. pylori infection results in the development
of MALT. In < 0.1% of infected individuals this develops into B cell MALT lymphoma[3], however at early
stages the lymphoma can be cured by eradication of H.
pylori[8,9].
H. pylori exhibit a very strict tissue tropism. It colonizes the gastric mucosa of humans and is only found
colonizing other sites in the body where gastric metaplasia occurs[10]. Within the gastric mucosa the majority
of organisms are found living in gastric mucus[11] and
we suggest that these organisms act as a reservoir of
infection for the underlying epithelial cells. Only a small
percentage of the organisms colonizing are found in
association with epithelial cells but the interaction of
the bacteria with the cells is essential for the development of disease. How H. pylori causes chronic infection,
which can persist for the lifetime of the host, in the
hostile acidic environment of the stomach while avoiding removal by both mucus, which is constantly “turning
over”, and the immune response is not completely understood. Evasion of the host innate immune response
by H. pylori has recently been covered in two excellent
reviews[12,13]. This review will focus on what we know
about other specific bacterial and host factors that promote H. pylori survival in the stomach and colonization
of the gastric mucosa, causing disease in some individuals but asymptomatic infection in others.

can survive at a pH as low as 2.5. The urease enzyme
of H. pylori hydrolyses urea to NH3 and CO2 and has a
Km value for urea of 0.8 mmol/L[17], meaning that it
displays a much higher affinity for its substrate than that
of ureases produced by other bacterial species. This allows for the utilization of the limited amounts of urea
(5 mmol/L) present in the human stomach. The generation of NH3 provides both acid-neutralising and acid
buffering capabilities, enabling H. pylori to raise the pH
in its microenvironment and periplasm thus maintaining
the proton motive force. The biosynthesis of urease is
controlled by a seven gene cluster. The urease enzyme,
estimated to be approximately 600 kDa in size[18], consists of a complex of 12 UreA and UreB subunits[19],
which individually are 30 and 62 kDa in size [18]. The
protein is originally produced as an immature apoenzyme, and activation takes place when four chaperone
proteins, UreE, UreF, UreG and UreH assemble the
catalytic site of the protein[20]. The insertion of 24 nickel
ions into the enzyme is essential for complete activation
of the protein, as well as GTP hydrolysis[19]. The genes
encoding UreAB are located in one operon[21], while the
ureEFGH genes are found on another[22]. Recent studies have shown that the ureAB operon can yield a 2.7 kb
transcript that produces a functional enzyme and also a
1.4 kb transcript, the product of which exhibits much
lower urease activity and is generated by cleavage of the
3’ ureB region. The expression of this smaller transcript
was shown to be influenced by pH, the presence of the
histidine kinase ArsS and the phosphorylation state of
the response regulator ArsR, illustrating the influence
that pH has on the expression of an active urease[23].
Urease is found in both the cytoplasm of H. pylori and
on the surface of the bacteria due to the lysis of some
organisms[24-26]. Intracellular urease, regulated by external pH, acts to increase the pH of the periplasm and
increase membrane potential thereby allowing protein
synthesis at low pH[27,28]. A proton-gated channel, UreI,
which regulates the uptake of urea[29], is only active at
acidic pH and therefore does not allow for the transport
of urea into the bacterial cell at neutral pH, thus preventing lethal alkalinisation of the cytoplasm[30]. Buffering of the periplasm also occurs through the conversion
of CO2 to HCO3- by the periplasmic α-carbonic anhydrase[31]. HCO3- acts in conjunction with NH3 to buffer
the periplasmic and cytoplasmic pH, generating neutral
conditions. This acid acclimation feature of the bacteria,
maintaining an intracellular neutral pH while the pH of
the environment is acidic, is unique to H. pylori, and is
critical to survival of the organism in the stomach. The
data above is strong evidence that the urease enzyme of
H. pylori is a factor absolutely essential for survival of
the organism in the human stomach. Indeed it may be a
factor that explains why H. pylori is not found readily at
other sites in the body, as production of ammonia by the
urease enzyme at sites that are not acidic could increase
the local pH above pH 7.0 and it has been shown that H.
pylori is sensitive to alkaline conditions[30].

UREASE AND MOTILITY: TWO KEY
ESSENTIAL COLONIZATION FACTORS
Urease
H. pylori is not an acidophile and key to its ability to
overcome the acidic conditions of the gastric lumen is
the production of a very potent urease enzyme. The
expression of urease[14] and its activation[15] is essential
for colonization of the gastric mucosa. H. pylori survives
at a pH range between 4.0 and 8.0 in the absence of
urea[16]. However, in the presence of urea the organism
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Motility
Another key colonization factor shown to be absolutely
essential for colonization is the possession of polar flagella which confer motility on H. pylori[32]. Non-motile
mutants lacking flagella are unable to establish persistent
infection in animal models[33,34]. Studies focusing on the
motor protein MotB, have shown that it is the motility
conferred on the organism by the flagella that contributes to colonization and the presence of flagella alone is
not sufficient[35]. H. pylori possesses two to six sheathed
unipolar flagella. The structures extend 3-5 μm from the
bacterial surface, with bulb-like structures often seen at
the tip of the filaments[32]. The sheath consists of both
proteins and lipopolysaccharide, and is thought to be an
extension of the bacterial outer membrane that protects
the flagellar filaments from acid in the stomach[36]. Expression of the two major flagellar proteins, FlaA and
FlaB, are required for full motility of the bacteria. FlaA
mutants exhibit a greater decrease in motility than that
of FlaB mutants[37]. Other components of the flagellar
structure which have also been shown to be essential
for motility and colonization include the hook protein
FlgE[38] and FliD, which functions as a hook-associated
protein[39].
In keeping with flagella being an essential colonization factor for H. pylori flagellar biogenesis is a very
well regulated process, dysfunction of which can have a
strong impact on motility and infection. For example, deletion of the regulator FlhA, which controls expression
of flaA, flaB and flgE, leads to the generation of non-motile mutants[40]. Of interest FlhA also regulates urease expression, and deletion of this membrane protein leads to
a decrease in colonization rates[41]. Thus flagellar biosynthesis and urease activity, two key essential colonization
factors of H. pylori, are linked. The response regulator
FlgR, which is part of the two-component FlgRS system,
controls expression of RpoN-regulated genes, including flgE and flaB, and deletion of this regulator abolishes
expression of its target genes[42]. H. pylori utilises the histidine kinase FlgS to detect changes in its environment
which in turn activates FlgR to modify transcription of
flagellar genes. Interestingly, it does so independently of
pH, so there must be other environmental triggers that
activate transcription of flagellar genes[43]. More recently,
production of auto-inducer 2 (AI-2) protein, a product
of the luxS gene, has been shown to regulate expression
of flagellar genes. Auto-inducers play a role in quorum
sensing, and so it is possible that H. pylori regulates expression of its flagellar genes in response to bacterial
numbers and it’s environment through this system[44,45].
This is supported by evidence that mutants deficient in
luxS exhibit reduced motility and infectivity rates compared to the wild-type[46]. Thus efficient and controlled
expression and synthesis of the flagellar components is
essential for successful motility and colonization.
Modifications to the flagella that impact on motility
and colonization can also occur at a post-transcriptional
level. The glycosylation state of the structure has been
shown to impact on both, with H. pylori mutants defi-
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cient in a deglycosylase HP0518, exhibiting increased
levels of the pseudaminic acid on FlaA and displaying a
hypermotile phenotype. Infection studies showed that
the mutants are able to associate more closely with epithelial cells and induce rapid activation of NF-κB, and
also exhibit increased in vivo colonization rates. Thus
increased levels of flagellin glycosylation in turn seem
to increase the ability of H. pylori to colonize[47]. Other
genes, including HP0326B and HP0178, involved in the
biosynthesis of the precursors to pseudaminic acid, have
been shown to have a similar role to HP0518. Inactivation of these also affects motility and colonization[48].
As well as modifying sugars found directly on flagellin
proteins, changes in bacterial peptidoglycan by transglycosylases affects the functioning of the flagella by
disturbing the localisation of MotB, thus preventing the
flagellum from moving[49]. Thus, like the urease enzyme,
motility is an essential colonization factor for H. pylori.
The structure of the flagella with an outer sheath to
protect against the effect of acid, stringent regulation of
flagellar biogenesis and post translational modifications
to flagella which result in enhanced motility and ability
to colonise all underline the pivotal role of motility and
flagella in H. pylori colonization.

COLONIZATION OF GASTRIC MUCUS BY
H. PYLORI
The mucus layer that overlies the epithelial cells in the
gastrointestinal tract is a physical barrier which acts to
prevent pathogens from colonizing and interacting with
the underlying epithelium. Pathogens which infect mucosal surfaces share two main goals: (1) to overcome the
mucus barrier; and (2) to interact with the underlying
epithelial cells which results in disease. The majority (approximately 80%) of infecting H. pylori are found living
in gastric mucus rather than in contact with the underlying epithelium[11].
Penetration of gastric mucus
The entire epithelial surface of the gastrointestinal tract
is covered in a thick layer of secreted mucus [50]. The
mucus layer in the stomach is approximately 300 μm
thick[50], and H. pylori has to penetrate it in order to colonise and gain access to the underlying epithelium. A pH
gradient exists across the gastric mucus layer with the
pH being approximately neutral at the epithelium but
very acidic (pH 1-2) close to the lumen. H. pylori can lose
motility rapidly when it encounters acidic conditions[51],
therefore it is imperative that it penetrates the gastric
mucus quickly and establish persistent colonization in an
area close to the epithelium[52].
H. pylori is able to alter mucus structure which may
aid movement through the viscoelastic mucus gel layer.
A thioredoxin system that specifically reduces interchain disulphide bonds of mucins has been identified[53].
This reduces the gel-forming capabilities of mucins
and therefore the viscoelastic properties of mucus aid-
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and mediates binding to sialyl-Lewisx and sialyl-Lewisa
glycoconjugates[65]. During chronic infection by H. pylori
there is an increase in the proportion of sialylated structures present in the gastric mucosa, which is attributed
to mucosal inflammation and transformation[66], and so
SabA is thought to play a role in promoting chronic infection.
H. pylori can also interact with the membrane bound
mucin MUC1 and this has been shown to be mediated
via both BabA and SabA outer membrane adhesins. A
ΔbabA strain of H. pylori displayed significantly reduced
adherence to MUC1 from two independent sources[67].
In addition, mutants lacking SabA, also displayed some
reduction in binding suggesting that binding to sialylated
structures play a role in the interaction of H. pylori with
MUC1 in vivo[67]. MUC1 has been shown to be important
in limiting infection by Helicobacter in a mouse model
of infection[68]. Over expression of MUC1 was shown
to counter regulate H. pylori induced gastric inflammation[69]. The interaction of H. pylori with MUC1 blocks H.
pylori stimulated β-catenin nuclear translocation and attenuates IL-8 production and neutrophil induced gastric
inflammation[70]. Speculation that augmented expression
of MUC1 could be used for treatment of H. pylori gastritis highlights the need for model systems that express
adherent mucus layers and appropriate mucins in order
to test such hypotheses. Using an in vitro infection model
we recently showed a clear interaction between H. pylori
and the membrane bound mucin MUC1 present on the
apical surface of the mucus secreting cell line HT29MTX-E12[71] suggesting that this might be a useful model system to study the interaction of H. pylori with mucus
and mucins.
Infection of mice with H. pylori demonstrated a reduction in the rate of mucin turnover and decreased levels of MUC1 in infected animals, thus creating a more
stable niche for the bacteria to colonise and increasing
the ability of the organisms to interact with the epithelial
cells[72]. The bacterial factors which signal to the cells
to modulate mucin synthesis and turnover have not yet
been elucidated.
Gastric mucins have been shown to promote the proliferation of H. pylori and to alter gene expression[73]. We
looked at the interaction of H. pylori with purified native
mucins from different animals that were printed on a microarray slide. Three strains of H. pylori were examined,
strains J99, G27 and 26695. Strain 26695 is known not
to express active BabA or SabA proteins and is therefore
unable to bind to Lewisb or Sialyl Lewisx. Surprisingly
all three strains bound to porcine gastric mucins equally
well. This finding suggests that in addition to BabA and
SabA other bacterial adhesins must exist which can mediate the binding of H. pylori strains such as strain 26695
to mucin.
While the interaction of H. pylori with gastric mucins
has been well characterized the interaction of the organism with other non-mucin components of mucus has
not received as much attention. In addition to mucin H.

ing travel of the bacterium through mucus. In addition
the rheology of gastric mucin exhibits a reversible pHdependent transition. At a strongly acidic pH the viscoelastic properties of mucus increase whereas the mucus
becomes less gel-like as the pH increases above approximately 4.0[54]. The ability of H. pylori to utilise urea to
raise the pH in its microenvironment modifies mucus
so that it is less gel-like, enabling the bacterium to move
quickly through it[55]. H. pylori is usually found close to
the gastric epithelium[56]. When the pH gradient that
exists across the gastric mucus layer was disrupted in
Mongolian gerbils H. pylori were no longer found close
to the epithelium but were scattered throughout the mucus layer, suggesting that pH plays an important role in
maintaining the particular localization of H. pylori[56]. The
characteristic helical shape of H. pylori is also thought
to play a role in mediating penetration of gastric mucus.
Alterations in the cross linking of peptidoglycan in the
outer membrane has been shown to modify the shape of
H. pylori. Some cell shape mutants are unable to colonise
as efficiently as helical shaped bacteria despite displaying
similar motility to wildtype bacteria in vitro[57]. However
mutants which exhibited the most dramatic changes in
cell shape had reduced motility compared to that of the
wild-type and other mutants, and they exhibited further
reduced ability to colonise mice compared to mutants
that retained wild type motility. This led to the hypothesis that the characteristic helical shape of H. pylori allows
the bacteria to penetrate gastric mucus in a corkscrew
like motion[58].
Interaction of H. pylori with gastric mucus
H. pylori has been shown to form microcolonies within
the mucus secreted by the surface epithelium of the
gastric mucosa[59]. MUC5AC is the predominant secreted
gel forming mucin expressed by gastric surface epithelial
cells and H. pylori has been shown to co-localise with
MUC5AC in vivo[60]. Lower mucus neck cells found in
the antral glands produce MUC6. α1,4-linked N-acetylglucosamine capped O-linked glycans expressed on the
surface of MUC6 have anti-microbial activity towards
H. pylori, inhibiting the synthesis of cholesteryl-α-Dglucopyranoside a vital cell wall component[61]. Aberrant
expression of MUC2 occurs occasionally in the stomach
in areas of intestinal metaplasia, however H. pylori is not
found in association with areas of complete intestinal
metaplasia, although it is sometimes found in areas of
incomplete metaplasia[62,63]. This suggests that MUC5AC
or a molecule co-expressed with it may explain the preference of H. pylori for gastric mucus.
H. pylori has been shown to interact with the Lewisb
blood group antigen structure found on the surface of
MUC5AC in gastric mucus and this interaction, which
has been extensively studied, is mediated through the
bacterial outer membrane protein BabA[64]. H. pylori can
also interact with sialylated structures found on mucins
via the sialic-acid binding adhesin (SabA). This 66 kDa
outer membrane protein is a major adhesin of H. pylori
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pylori has recently been shown to interact with mucus
bound glycolipids[74] and we have previously shown that
H. pylori interacts directly with TFF1, a member of the
trefoil peptide family of proteins which is co-expressed
with MUC5AC in the stomach, and this interaction is
mediated by the core oligosaccharide portion of H. pylori LPS[75,76]. The optimum pH for H. pylori binding to
TFF1 was 5.0-6.0[76]. The pH dependence of this interaction indicates that binding of H. pylori to TFF1 in the
stomach could promote colonization of the mucus layer
adjacent to the gastric epithelial surface. The interaction
of H. pylori with TFF1 may explain the distinct tropism
that the organism exhibits for gastric tissue and specifically for the gastric mucin MUC5AC. A role for TFF1 in
colonization of mucosal surfaces by H. pylori was confirmed in a study which showed that H. pylori mutants
expressing a truncated core oligosaccharide unable to
interact with TFF1 have a reduced ability to colonise the
mucus layer produced by the mucus secreting HT29MTX-E12 cell line compared to wildtype strains [71].
In summary H. pylori interacts with both secreted and
membrane bound mucins in the intestinal tract. These
interactions are mediated via the well described outer
membrane adhesins BabA and SabA interacting with
fucosylated and sialylated glycans found on mucins and
possibly other as yet undescribed adhesins. H. pylori has
also been shown to interact with TFF1 a small protein
found co-expressed with MUC5AC in the stomach. This
suggests that the interaction of bacteria with non mucin
components of mucus warrants further investigation.

in bab genes. H. pylori possesses a closely related gene to
babA, babB, and both proteins are highly similar in their
N- and C-terminus regions, but vary quite significantly
in their central region. The BabB protein does not bind
Lewisb, indicating that the central region of the two proteins confers unique functions[79].
Geographic location can also influence the binding
specificities of BabA, with strains from specific regions
often exhibiting a specialist phenotype in which they
only bind to certain blood group antigens, whereas
strains from other regions are more generalised in their
BabA-mediated binding and interact with numerous different blood-group antigens. This differential binding is
thought to be a result of a selective pressure that led to
evolution of the BabA protein, with the predominant
blood group of a specific region influencing the binding
specificity of the BabA adhesin[80]. Furthermore, strains
have been identified which possess an active babA2 gene,
but do not produce a functional protein[81].
BabA expression is extremely dynamic in vivo. Experimental infection of Rhesus macaques showed a loss
of babA expression post-infection, caused by either a
change in the number of CT dinucleotide repeats in the
5’ region of babA, or replacement of babA by the uncharacterised babB. Both events yielded a non-functional
BabA protein that exhibited no Lewisb binding[82]. Another study showed loss of BabA expression six months
after infection of Mongolian gerbils, and this was attributed to nucleotide changes that introduced a stop codon
into the sequence, which in turn yielded a truncated
BabA protein[83]. When these results were elaborated
on, experiments showed that modification in six amino
acids eliminated binding of H. pylori BabA to Lewisb following infection of Rhesus macaques. The babA2 gene
underwent gene conversion in which a portion of the
gene was replaced by a portion of the non-functioning
babA1 gene. While the strains still expressed BabA, these
six amino acid changes were enough to eliminate BabA
binding[84]. A recent study reported inter-micro-niche
variation in H. pylori infected patients, with isolates of
the same strain exhibiting differences in babA and babB
copy number and gene location, as well as BabA/B chimeras[85]. BabA is thus a highly variable protein that is
easily susceptible to change at both a genetic and protein
level.

INTERACTION OF H. PYLORI WITH THE
GASTRIC EPITHELIAL CELLS
While the majority of H. pylori organisms live in gastric
mucus and only a small percentage of infecting organisms interact with gastric epithelial cells, it is widely accepted that the organisms in contact with the epithelial
cells cause disease. A number of bacterial outer membrane proteins have been identified that can act as adhesins. Following binding of H. pylori to epithelial cells the
organism signals to the cells to subvert host cell function
and this results in the development of pathology.
BabA
BabA together with SabA, both already mentioned
above, are the two best characterized adhesins of H. pylori. Binding of H. pylori to fucosylated structures, including the H-1 type and Lewisb blood group antigen[77] is
mediated via BabA, a 78 kDa outer membrane protein[64].
Two genes encode for a BabA protein, babA1 and babA2.
Only the protein encoded by babA2 is functionally active, due to the presence of a 10 bp insert in the gene
that encodes for a translational initiation codon[64].
A high level of heterogeneity is found in the BabA
protein amongst strains, with various polymorphisms
being identified, and different levels of Lewisb binding
observed[78]. There is also a high level of allelic variation
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SabA
H. pylori binds to sialylated structures present on gastric
mucin and on epithelial cells via the sialic-acid binding
adhesin, SabA. SabA also binds to sialylated receptors
on neutrophils, which leads to nonopsonic activation of
the neutrophils, phagocytosis of the bacteria and induction of the oxidative burst response[86]. Furthermore, the
adhesin exhibits haemagglutinating activity, binding to
gangliosides on erythrocytes in mucosal blood vessels.
Differences between strains in their ability to bind to
sialylated carbohydrates has been seen, and such differences may allow for the pathogen to adapt to changing
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glycosylation patterns in the host during infection[87].
Similar to BabA there is a high degree of genetic diversity in SabA. The gene has a number of poly-T tracts
in its promoter region and a stretch of CT dinucleotide
repeats in its coding region[88]. Phase variation can occur
at these sites, and leads to allelic variation in the SabA
locus.
Differences in the length of the CT dinucleotide
repeats found in the coding regions are often seen, giving rise to various alleles. The number of repeats differs
among strains, and was originally thought to determine
the functionality of the sabA gene, with seven repeats
yielding a functional gene, while six or eight repeats leads
to the gene being turned off[89]. However, later findings
speculated that other sequences in the gene rather than
the number of repeats were playing a role in the functionality of SabA. The sequence following the CT repeat region has been shown to play a role in expression,
with strains possessing seven CT repeats having both in
frame and out of frame sabA genes depending on the
nucleotide sequence following the repeat region[88].
The poly-T tracts which are found upstream of the
sabA gene also undergo phase variation. Recently it was
shown that the length of these tracts can vary between
strains, and that the length can influence the promoter
activity of the sabA gene. This variation also arises
through slip-strand mispairing, similar to the CT repeats[90]. This variation could be very beneficial to H. pylori, for example when it is exposed to acidic conditions.
SabA is regulated by the acid-responsive two-component
ArsRS system[91]. Expression of the gene correlates inversely with the acid secretion in the stomach[92]. Therefore, when acidic conditions prevail, there is low SabA
expression. The ArsRS system itself appears to repress
expression of SabA, with a major increase in adherence
dependent on SabA seen in mutants lacking the histidine
kinase ArsS. However, this repressive effect on SabA
expression only occurs in strains that have an in-frame
SabA allele[93]. This highlights the role that phase variation plays in infection, as it may allow H. pylori to alter its
adhesin expression in response to a change in environmental conditions.
Another mechanism that H. pylori utilises to modify
SabA expression is gene duplication. It was recently
shown that an increase in the copy number of sabA
leads to greater production of the protein, which in turn
leads to greater adherence by the bacteria in vitro. It is
thought this gene conversion event occurs due to natural
uptake of the DNA by competent bacteria[94]. The sabA
locus is therefore a highly heterogenic one, enabling H.
pylori to alter its adhesin profile depending on the microenvironment and what host defences it comes in contact
with.

pylori to colonise the guinea pig stomach[96] and to bind
to gastric tissue, indicating a role in adhesion of the bacteria[97]. Virtually all strains express AlpA and AlpB, indicating they have an essential function[98]. Recently, these
two proteins were shown to contribute to the ability of H.
pylori to bind host laminin[99]. While their role in colonization is established, the effect AlpA/B has on infection
remains unclear.
HopZ
Helicobacter expresses up to 33 outer membrane proteins (OMPs) or Hops (Helicobacter outer membrane
porins). HopZ was identified as an OMP of H. pylori
that plays a role in colonization[100]. Two allelic variants
of the hopZ gene were identified, with a 20 amino acid
region present in only one allele. The sequence of hopZ
consists of a number of dinucleotide repeats in the signal peptide. These have also been found in other outer
membrane proteins of H. pylori, and it is thought that
they allow for slip-strand mispairing, which in turn generates phenotypic variation between strains. The number
of repeats varies among strains, and determines functionality of the protein, with 7 or 10 dinucleotides allowing for expression of an intact protein[100]. The role of
HopZ in infection has been largely unexplored. There
is strong selection in vivo for HopZ expression as hopZ
ON variants were recovered from volunteers challenged
with a hopZ OFF strain, BCS 100[101]. Transmission of H.
pylori within families has also been associated with a status change of hopZ. In contrast, hopZ sequences obtained
from 26 sets of sequential isolates from chronically infected individuals showed no changes of status, suggesting that the hopZ status selected during early infection is
subsequently stable[101].
CagA and cag PAI
Bacterial factors that increase the virulence of certain
strains are responsible in part for the outcome of infection with H. pylori. The best characterized virulence factor is the product of the cytotoxin-associated gene A,
CagA[102]. Strains expressing CagA are associated with
more severe forms of disease and expression is closely
related to that of the vacuolating cytotoxin, VacA[103].
Following binding of H. pylori to epithelial cells strains
that express the CagA protein can inject it into the cells
via a Type Ⅳ secretion system (T4SS) encoded by genes
present on a pathogenicity island termed the cagPAI.
Upon translocation into host cells CagA can be phosphorylated by host cell kinases and act to subvert host
cell signaling mechanisms[104].
The cagPAI contains approximately 30 genes, many
of which are involved in synthesis of the T4SS[105]. CagL
is a highly conserved protein amongst H. pylori strains
that forms the tip of the pilus of the T4SS, allowing for
CagA translocation into host cells. It possesses an arginine-glycine-aspartate (RGD) motif, which allows the
bacteria to bind to the α5β1 integrin on the surface of
target cells[106]. A closely related protein, CagI, has also

AlpA and AlpB
AlpA and AlpB are two closely related proteins carried
on the same operon in the H. pylori genome[95]. Loss of
these proteins was found to influence the ability of H.
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been shown to be an essential part of the T4SS, and the
expression of both proteins is influenced by the expression of other cagPAI products, indicating that their expression requires partial assembly of the T4SS[107]. CagI
however is not required for transport of CagA from the
cytoplasm to the bacterial membrane[108]. The recently
annotated transmembrane spanning CagM protein also
appears to contribute to CagA translocation, with mutants deficient in the protein exhibiting little to no CagA
translocation upon contact with host cells[109]. Non-CagPAI proteins have also been shown to be involved in the
translocation process. For example the outer membrane
protein HopQ is required for CagA injection as well as
the intracellular responses induced by CagA[110]. While
not essential, the iron-regulator Fur was also shown
to influence CagA expression and cellular phenotypic
changes induced upon CagA injection using adherence
assays with AGS cells[111]. CagA positive strains of H.
pylori which possess a functional BabA along with VacA
are thought to be more virulent in the disease type they
induce [112]. BabA-mediated adherence contributes to
the pathogenesis of disease by inducing proinflammatory cytokines and precancerous related factors (such as
CDX2), a phenotype which is dependent upon expression of the T4SS[113]. While BabA appears to promote
CagA mediated pathogenesis, in contrast, binding of
H. pylori via the AlpAB outer membrane proteins may
signal to restrict the amount of CagA protein injected
into the host cell[114]. AlpAB also seems to influence
signalling cascades and immune responses upon infection, with differences seen between strains of different
origins[115].
EPIYA motifs present on CagA are phosphorylated
and the 145 kDa phosphorylated protein induces a
strong immune response[116]. The number of motifs varies amongst strains, and strains with a higher number
of motifs are more biologically active and hence more
virulent, potentially playing a role in the development of
gastric carcinoma[117]. Each EPIYA motif can be classified into a certain type, namely EPIYA-A,-B,-C and
-D motifs[118]. Studies have shown that host kinases can
be specific in the EPIYA motif that they target, with
c-Src kinases exhibiting preference for EPIYA-C and
EPIYA-D motifs, while c-Abl is more general and phosphorylates all four motifs[119].
CagA also exhibits phosphorylation-independent effects, many of which remain elusive. A conserved-motif
in the C-terminus of the non-phosphorylated protein
has recently been identified, and was shown to interact
with the host hepatocyte growth factor receptor Met,
which contributes to cellular proliferation and inflammation via the Akt signalling pathway, which activates NF[120]
κB and β-catenin . CagA also disrupts Par1b kinase
activation, a protein involved in maintaining cell polarity
and adherens junctions, independently of tyrosine phosphorylation[121]. The complex formed between E-cadherin and β-catenin in the adherens junctions of cells
is also targeted by H. pylori in a CagA phosphorylation-
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independent manner. A physical interaction between
CagA and E-cadherin disrupts the complex, and leads
to a cytoplasmic accumulation of β-catenin, a protein
which, when deregulated, has been shown to contribute
to carcinogenesis[122]. Taken together the above suggests
that binding of H. pylori to epithelial cells is a dynamic
process and bacteria can alter the expression of adhesins
depending on the availability of receptors. Close association of the bacteria with epithelial cells enables the
translocation of the bacterial CagA protein across the
cell membrane where it can be phosphorylated and lead
to subversion of cell signaling. CagA can also cause disruption of epithelial cell junctions in a phosphorylation
independent manner. CagA is thus a key virulence factor
of H. pylori. Figure 1 illustrates H. pylori colonization of
gastric mucus, the interaction of bacteria with host cells
and the events triggered by that interaction.

HOST FACTORS THAT PLAY A ROLE
IN THE DEVELOPMENT OF H. PYLORI
ASSOCIATED DISEASE
The ability of H. pylori to cause disease depends not just
on bacterial factors but also on environmental and host
factors. A number of host gene polymorphisms have
been identified which are thought to increase H. pylori
colonization and increase susceptibility to disease. Some
polymorphisms have been identified as risk factors for
H. pylori associated gastric cancer. The IL-1 gene cluster located on chromosome 2q is composed of three
genes which encode the pro-inflammatory cytokines
IL-1α and IL-1β as well as their endogenous receptor
antagonist IL-1ra. IL-1β is a potent inhibitor of gastric
acid secretion in vivo[123,124]. H. pylori infection results in
an upregulation of IL-1β, which plays an important role
in initiating and amplifying the immune response[125,126].
Three diallelic polymorphisms in the IL-1β gene have
been identified all of which are C-T substitutions at
positions -511, -31 and +3954 from the transcriptional
start site. Polymorphisms at position -511 and -31 are
associated with increased IL-1β secretion and subsequent hypochlorhydria in the presence of H. pylori[127],
symptoms which have been implicated in the development of gastric cancer. A recent study in Venezuela has
reported that infection with the more virulent cagA+ H.
pylori strains is associated with individuals harbouring the
+3954 polymorphism[128].
Polymorphisms in IFN-γ were associated with infection by cag positive strains and polymorphism in
TNF-α were associated with development of peptic
ulcer disease while polymorphisms in IL-10 favoured
the development of intestinal metaplasia and non-cardia
gastric cancer[129]. Polymorphisms which effect cytokine
function may explain the highly variable outcomes of H.
pylori infection, highlighting the importance of genetic
background of the host in disease progression and susceptibility to infection by specific H. pylori strains.
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Figure 1 Colonization and infection of the gastric mucosa by Helicobacter pylori. The majority of bacteria live in gastric mucus close to the epithelial surface.
Motile, helical shaped bacteria can penetrate gastric mucus and escape the acidic conditions of the gastric lumen. Urease acts to generate ammonia in the presence
of urea thus raising the pH and protecting the transiting bacteria from the effects of gastric acid. A subset of bacteria interact with gastric epithelial cells. Translocation
of cytotoxin-associated gene A (CagA) from the bacteria into the host cell cytosol results in CagA phosphorylation dependent and CagA phosphorylation independent
events occurring which subvert epithelial cell function.
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Polymorphisms in genes involved in the innate and
adaptive immune response play a role in host susceptibility to infection and disease progression. IL-2 plays an important role in mediating the T lymphocyte response including the Th1 phenotype which is known to dominate
the immune response to H. pylori infection. An increase
in IL-2 production as a result of a gene polymorphism,
T330G, has been shown to be negatively associated with
H. pylori infection in adults[130]. Autophagy plays a critical
role in the modulation of host immunity/inflammatory
responses and is thought to serve as an innate defence
mechanism against infection[131,132]. A single nucleotide
polymorphism in the autophagy gene, ATg16L1 (T300A),
has been identified as a causal risk variant for Crohn’s
disease. The functional relevance of this polymorphism
is not known but it is thought to result in production of
an unstable ATg16L1 protein leading to impaired cytokine responses and antimicrobial autophagy. Induction
of autophagy in response to the H. pylori VacA cytotoxin
is significantly reduced in cells harbouring the T300A
polymorphism and a survey of Scottish and German individuals showed that the T300A polymorphism is associated with a higher odds ratio of H. pylori infection[133],
suggesting that the T300A polymorphism in ATg16L1
confers a modest but significant host genetic risk of H.
pylori infection.
There is an association between polymorphisms
in the gene encoding the membrane-associated mucin
MUC1 which result in shorter MUC1 alleles and H. pylori
related gastritis[134]. Short MUC1 alleles have also been
linked to the development of gastric adenocarcinoma[135]
and intestinal metaplasia in patients with chronic gastritis[136]. In support of the hypothesis that a link exists between short MUC1 alleles and H. pylori related pathologies it has been shown that Muc1-/- mice display increased
colonization by H. pylori, compared to wildtype controls,
and also display increased severity of H. pylori induced
gastritis. Shorter MUC1 alleles encode proteins with a
much smaller extracellular domain, thereby reducing the
ability of MUC1 on the surface of cells to maintain a
distance between the microbe and the cell surface and
thus protect the cell from microbial adhesion and the
subsequent development of disease[67].
H. pylori is rarely found in the mucus covering the
gastric gland[59] where mucins are capped with a terminal
[137]
α-1,4-linked N-acetylglucosamine . Glycans possessing this residue suppress H. pylori growth in vitro[61]. The
transfer of α-1,4-linked N-acetylglucosamine is mediated by a transferase encoded by the gene a4GnT[137]. Polymorphisms in this gene may lead to altered expression
or function of the encoded transferase. An analysis of
single nucleotide polymorphisms in a4GnT found that
changes in H. pylori seropositivity were associated with
changes in a4GnT and may be related to an increased
risk of H. pylori infection[138].
The secretor status of an individual is also thought
to influence their susceptibility to infection. A Fucα1,2glycan is common to all three ABH blood group antigens.
These carbohydrate structures are expressed along the
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gastro-intestinal tract of individuals with a positive secretor status[139,140]. Secretor individuals express the secretor(fucosyl)transferase, an enzyme involved in the synthesis
of Fucα1,2-glycan. Non-secretors lack expression of
this fucosyl-transferase[141] while weak secretors express
a mutated secretor-(fucosyl)transferase with reduced enzymatic activity. Studies involving infected secretor and
non-secretor mice have revealed that the non-secretor
mice display reduced adhesion of H. pylori to gastric tissue[142]. In addition experimental infection of Rhesus
monkeys has revealed that the weak secretor phenotype
displays reduced H. pylori density and reduced inflammation[143]. Non-secretor phenotypes have been shown to
express higher inflammatory reactivity and expression
of sialylated antigens in response to H. pylori infection,
and this may explain the higher incidence of peptic ulcer
disease previously reported in these individuals[144]. Bacterial factors alone cannot explain why some individuals
develop disease upon H. pylori infection whereas others
remain asymptomatic. The discovery of host factors such
as the polymorphisms described above go some way to
explaining the different outcomes of infection in different individuals.

CONCLUSION
H. pylori has evolved with humans over thousands of
years and is a paradigm of chronic infection. Both bacterial and host factors play a role in mediating bacterial
virulence and susceptibility to infection and can explain
somewhat the outcomes of infection in different individuals. However, we suggest that H. pylori colonization
of gastric mucus is key to the ability of the organism to
cause chronic infection in humans. The establishment of
a reservoir of bacteria in gastric mucus close to the epithelial surface would allow H. pylori to avoid removal by
mucus flow and killing by gastric acid. The interaction of
H. pylori with gastric mucus could limit the number of
bacteria that can interact with gastric epithelial cells and
thus also limit the inflammatory response and promote
chronic infection. Modulation of the interaction of H.
pylori with gastric mucus may be a viable alternative or
even adjuvant therapy to antimicrobials for prevention
of colonization and the eradication of the organism.
Given that the majority of infections in humans and
animals occur through mucosal surfaces combined with
the results of recent studies which show that alterations
in the composition of the gut microflora, sometimes
referred to as dysbiosis, are associated with a number of
chronic diseases including obesity[145], diabetes[146] and
inflammatory disease[147] there is now intense interest in
how bacteria living in mucus cause disease. Studies on H.
pylori are likely to serve as a valuable reference system for
how other organisms colonise and infect mucosal surfaces.
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Blood pressure and stature in Helicobacter pylori positive
and negative persons
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at the clinics of general practitioners. The overall prevalence of H. pylori infection was 30.4% (402/1321) in
adults (≥ 18 year-old) and 5.2% (26/497) in children
and adolescents (≤ 17 year-old). Once adjusted for
age and gender, only a difference in body mass index
remained statistically significant with H. pylori positive
2
adults showing an increase of 0.6 kg/m in body mass
index. Once adjusted for age and gender, we found a
difference in height between H. pylori positive and H.
pylori negative children and adolescents. On further adjustment for place of residence, this difference became
statistically significant, with H. pylori positive children
and adolescents being on average 3.5 cm shorter. H.
pylori positive adults were significantly older compared
to H. pylori negative subjects. Once adjusted for age
and gender, H. pylori infection had no impact on body
weight, body mass index and vital signs either in adults
or children and adolescents. Chronic H. pylori infection
appeared to be associated with short stature in children. H. pylori infection did not influence blood pressure, body weight and body mass index either in adults
or children and adolescents.
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Abstract

Core tip: Our group studied body indices and basic vital signs in Helicobacter pylori (H. pylori ) positive and
negative persons in 2001. The prevalence of H. pylori
infection decreased significantly in the Czech Republic
from 41.7% (2001) to 23.5% (2011). The aim of this
multi-centre prospective study was to evaluate body indices and vital signs using comparable methods in the
general population from identical geographical areas
10 years later. According to our current results, chronic
H. pylori infection was associated with short stature

To evaluate vital signs and body indices in Helicobacter
pylori (H. pylori ) positive and negative persons. A to-

tal of 22 centres entered the study. They were spread
over the whole country, corresponding well to the
geographical distribution of the Czech population. A
total of 1818 subjects (aged 5-98 years) took part in
the study, randomly selected out of 38147 subjects. H.
pylori infection was investigated by means of a 13Curea breath test. Data on height, weight, systolic and
diastolic blood pressure and heart rate were collected
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in children. H. pylori infection did not influence blood
pressure, body weight and body mass index either in
adults or children and adolescents.

children and adolescents. These centres covered cities
and towns with more than 20000 inhabitants (10 centres),
smaller towns (≤ 20000 inhabitants) with surrounding
villages (9) and rural areas (3 centres), and were spread
over the whole country, corresponding well to the geographical distribution of the Czech population. A total
of 1818 subjects (aged 5-98 years) took part in the study,
randomly selected out of 38147 registered males and females in this age range.

Kopacova M, Koupil I, Seifert B, Fendrichova MS, Spirkova J,
Vorisek V, Rejchrt S, Douda T, Tacheci I, Bures J. Blood pressure
and stature in Helicobacter pylori positive and negative persons.
World J Gastroenterol 2014; 20(19): 5625-5631 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i19/5625.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5625

Urea breath test
Urea breath tests were performed in the morning after
overnight fasting by means of 13C-urea breath test[41].
Citric acid solution (3 g dissolved in 150 mL of still water) was given initially as a test drink. Five minutes later
two baseline exhaled breath samples were collected into
20-mL vacutainers using a straw. After this, all of the subjects ingested 75 mg 13C-urea (Helicobacter Test INFAI,
INFAI GmbH, Köln, Germany) dissolved in 50 mL of
still water with 1 g citric acid (at time 0). Breath samples
were collected in duplicates using a straw in 20-mL vacutainers after 30 min. Tubes with breath samples were sent
to a single analytical centre by post and measured within
a one-week period. Breath samples in duplicates were
analysed using isotope ratio mass spectrometry (AP 2003,
Analytical Precision Products, Cambridge, United Kingdom). The cut-off point was 3.5.

INTRODUCTION
Helicobacter pylori (H. pylori) is the most common chronic
bacterial infection in humans. H. pylori has been demonstrated worldwide and in individuals of all ages. Infection is acquired at an earlier age and is more frequent
in developing countries compared with industrialised
ones. H. pylori is a cause of chronic gastritis. About one
third of all gastric cancers in developed and developing
countries, respectively, are solely attributable to H. pylori.
H. pylori infection is a major aetiological agent in peptic
ulcer disease[1].
It has been hypothesised that chronic H. pylori infection may be associated with and/or contribute towards
several extra-gastric diseases, including ischemic heart
disease [2-12], arterial hypertension [2,13-20], cerebral noncardioembolic ischemic stroke[21,22], peripheral arterial
disease[23,24], obesity[13,25-27], metabolic syndrome[28,29] and
short stature[30-36]. Our group studied body indices and
basic vital signs in H. pylori positive and negative persons
in a large prospective multi-centre study in 2001[37,38]. In
the meantime, prevalence of H. pylori infection decreased
significantly in the Czech Republic from 41.7% to 23.5%
within a 10-year period [39,40]. The aim of our current
multi-centre prospective study was to evaluate blood
pressure and stature in H. pylori positive and negative persons in the Czech Republic using comparable methods in
a representative sample of general unselected population
from identical geographical areas 10 years after the initial
study.

Body indices and basic vital signs
Data on height and weight were collected at the clinics of
general practitioners (measured in underwear by nurses).
Body mass index was calculated as weight/height2 (in kg/
m2). Systolic and diastolic blood pressure measurements
were performed by a trained nurse in a standard manner[42] at the study clinics. Manual resting pulse measurement at the wrist (radial artery) was performed in sitting
position by a trained nurse for 60 s. The blood pressure
and heart rate were measured in the morning (from 8 to
12 a.m.).
Questionnaires
Data were collected by self-completed questionnaires
distributed to adults and parents of children aged 5-15.
The questionnaire included information on the place of
residence in childhood, mother’s and father’s education,
access to running warm water in childhood, crowding in
childhood and number of siblings. Information on the
study subjects’ current place of residence, education,
marital status, self-reported socio-economic group and
smoking habits was also collected in the questionnaire
and was used in the analysis of determinants of H. pylori
positivity in subjects aged 15+ years of age. We combined the mother’s and father’s education and generated
a variable indicating highest education achieved by any of
the two parents (or the mother if single). This variable
was used in analyses of blood pressure and stature in
children and adolescents.

SEARCH
Ethics
The study was approved by the University Ethics Committee. All participants received detailed written information about the Project in advance and signed written
consent (parents on behalf of their children). For all data
obtained, all personal identification information was deleted in compliance with the laws for the protection of
confidentiality of the Czech Republic.
Study population
A total of 22 centres entered the study. They included
15 centres of general practitioners for adults and 7 for
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Table 1 Body indices, basic vital signs and socio-demographic
characteristics in Helicobacter pylori positive and negative
children and adolescents (≤ 17 years old)
Helicobacter
pylori negative

Parameter

Gender (% males)
Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
Systolic blood
pressure (mmHg)
Diastolic blood
pressure (mmHg)
Heart rate
(beats per minute)
Residence1
Larger town
Smaller town
Village
Parental education
Secondary or higher
Vocational
Elementary

Helicobacter
pylori positive

Table 2 Body indices, basic vital signs and socio-demographic
characteristics in Helicobacter pylori positive and negative
adults (≥ 18 years old)

Statistical
significance

Parameter

Helicobacter
pylori negative

Helicobacter
Statistical
pylori positive significance

n = 471

n = 26

n = 919

n = 402

(mean ± SD)

(mean ± SD)

(mean ± SD)

(mean ± SD)

47.1
11 ± 3
42.3 ± 17.5
145.4 ± 19.6
19.1 ± 3.9
107.6 ± 12.6

46.1
12 ± 3
40.3 ± 16.9
143.6 ± 19.7
18.6 ± 3.7
110.3 ± 10.2

NS
NS
NS
NS
NS
NS

46.3
48 ± 20
76.3 ± 16.2
171.6 ± 9.9
25.9 ± 4.7
126.7 ± 16.6

48.5
57 ± 17
79.1 ± 16.4
170.2 ± 9.9
27.2 ± 4.8
129.9 ± 17.9

NS
P < 0.001
P = 0.004
P = 0.020
P < 0.001
P = 0.001

65.5 ± 8.6

65.2 ± 8.2

NS

77.0 ± 9.2

78.5 ± 9.8

P = 0.009

77.7 ± 7.7

80.9 ± 8.4

0.040

71.1 ± 7.8

71.0 ± 8.0

NS

32.0%
24.7%
43.3%

32.0%
32.0%
36.0%

66.0%
29.3%
4.7%

57.7%
23.1%
19.2%

Gender (% males)
Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
Systolic blood pressure
(mm Hg)
Diastolic blood
pressure (mm Hg)
Heart rate
(beats per minute)
Residence1:
Larger town
Smaller town
Village
Education2:
University
Secondary
Vocational
Elementary
Studying

NS

0.006

1

Based on n = 491. NS: Not significant; BMI: Body mass index.

P = 0.023
59.0%
16.3%
24.6%

52.2%
22.1%
25.6%

28.9%
39.5%
20.1%
4.2%
7.2%

22.2%
34.5%
30.5%
10.8%
2.0%

P < 0.001

1

Based on n = 1320; 2Based on n = 1313. NS: Not significant; BMI: Body
mass index.

Statistical analysis
The data was analysed using STATA statistical software
(StataCorp. 2011. Stata Statistical Software: Release 12,
College Station, TX, United States)[43]. Descriptive statistics, non-paired t test and Mann-Whitney test were used.
Associations of H. pylori positivity with body indices and
vital signs were analysed by univariable and multivariable linear regression. Crude and adjusted differences
between groups of H. pylori positive and H. pylori negative study subjects are presented as beta coefficients with
95%CI.

negative children and adolescents that was of borderline
statistical significance. On further adjustment for place of
residence, this difference became statistically significant,
with H. pylori positive children and adolescents being on
average 3.5 (95%CI: 0.2-6.7) cm shorter. This association was affected relatively little by further adjustment for
parental education and remained of borderline statistical
significance.
A higher average heart rate among H. pylori positive
children and adolescents was consistently seen in all univariable and adjusted analyses with a difference of 3.4
(95%CI: 0.7-6.2) beats per minute in fully adjusted analysis (Table 3).
Although our crude analyses indicated differences in
several body indices and vital signs between groups of
H. pylori positive vs H. pylori negative study subjects aged
18+, these findings were mainly driven by substantial differences in age distribution among the H. pylori positive
compared to H. pylori negative groups. Once adjusted
for age and gender, only a difference in body mass index
remained statistically significant with H. pylori positive
adults showing an increase of 0.6 kg/m2 in body mass
index. This association weakened and became statistically
non-significant on adjustment for place of residence and
education (Table 4).

RESULTS
The overall prevalence of H. pylori infection was 30.4%
(402/1321) in adults (≥ 18 year-old) and 5.2% (26/497)
in children and adolescents (≤ 17 year-old). There was
no statistically significant difference in prevalence between males and females (Tables 1 and 2). H. pylori infection was strongly associated with higher age.
There were no significant differences in weight, height,
body mass index or blood pressure among H. pylori positive and H. pylori negative children and adolescents, while
heart rate was statistically significantly higher among those
who were H. pylori positive (Table 1). There was a statistically significant difference in blood pressure, weight,
height, and body mass index among H. pylori positive and
H. pylori negative adults. H. pylori positive subjects were
significantly older (Table 2).
Once adjusted for age and gender, we found a difference in height between H. pylori positive and H. pylori
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DISCUSSION
The prevalence of H. pylori in the Czech Republic in
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Table 3 Association of Helicobacter pylori positivity with body size and blood pressure in 491 children and
adolescents (≤ 17 years old) with no missing data on any variables used in the models; univariable and adjusted
analysis
β-coefficient (95%CI)

Parameter
Weight (kg)
Height (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats per minute)

Crude

Adjusted for age and gender

-1.1 (-8.2-5.9)
-0.4 (-8.3-7.4)
-0.4 (-2.0-1.1)
3.5 (-1.5-8.5)
0.3 (-3.1-3.8)
3.4 (0.2-6.5)1

-3.4 (-7.4-0.6)
-3.2 (-6.5-0.0)
-0.8 (-2.1-0.5)
2.4 (-1.8-6.7)
-0.4 (-3.3-2.5)
3.5 (0.3-6.6)1

+ place of residence

+ parental education

-3.4 (-7.4-0.5)
-3.5 [-6.7-(-0.2)]1
-0.7 (-2.0-0.6)
2.3 (-1.9-6.6)
-0.4 (-3.3-2.5)
3.7 (0.9-6.5)1

-3.4 (-7.4-0.7)
-3.2 (-6.4-0.0)
-0.7 (-2.0-0.6)
2.3 (-2.0-6.5)
-0.7 (-3.6-2.3)
3.4 (0.7-6.2)1

1

Statistical significance at 0.05 level.

Table 4 Association of Helicobacter pylori positivity with body size and blood pressure in 1312 adults (≥ 18
years old) with no missing data on any variables used in the models; univariable and adjusted analysis
β-coefficient (95%CI)

Parameter
Weight (kg)
Height (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats per minute)

Crude

Adjusted for age and gender

+ place of residence

+ own education

2.8 (0.9-4.7)1
- 1.4 [-2.6-(0.2)]1
1.4 (0.8-2.0)1
3.3 (1.3-5.3)1
1.5 (0.4-2.6)1
-0.1 (-1.0-0.8)

1.3 (-0.5-3.0)
-0.5 (-1.4-0.3)
0.6 (0.0-1.1)1
-0.7 (-2.5-1.1)
0.0 (-1.0-1.1)
-0.2 (-1.1-0.8)

1.1 (-0.6-2.8)
-0.5 (-1.3-0.4)
0.5 (0.0-1.1)
-1.0 (-2.8-0.8)
-0.1 (-1.2-0.9)
-0.2 (-1.1-0.7)

1.1 (-0.6-2.8)
-0.2 (-1.1-0.6)
0.4 (-0.1-1.0)
-1.1 (-2.9-0.6)
-0.2 (-1.3-0.8)
-0.2 (-1.1-0.8)

1

Statistical significance at 0.05 level.

2011 was significantly lower compared to the prevalence
reported from identical geographical areas in 2001[40]. In
our previous project (run in 2001), we evaluated body
indices and basic vital signs in H. pylori positive and negative persons in a large prospective study[37]. The aim of
current research was to assess same parameters in 2011 in
a prospective setting, using the same methods in identical
geographical areas of the Czech Republic.
In 2001, there was a negative effect of H. pylori infection on systolic and diastolic blood pressure in subjects
below the age of 25 and a relatively strong positive effect
on blood pressure in subjects over 65[37]. We were not
able to prove such an association in our current project.
Blood pressure, weight and body mass index were
significantly higher in H. pylori positive adults compared
to H. pylori negative ones in our current study. However,
H. pylori positive adults were significantly older compared
to H. pylori negative subjects. Once adjusted for age and
gender, H. pylori infection did not influence body weight,
body mass index and basic vital signs either in adults or
children and adolescents.
Controversial data have been published in literature
on the association of H. pylori infection and hypertension with both positive[2,13,17,18] and negative results[14,15].
In a large community-based cross sectional study (1634
H. pylori positive and 3267 H. pylori negative persons
out of 10537 subjects enrolled), H. pylori infection had
little effect on blood pressure in the general population,
mean systolic blood pressure was higher in H. pylori infected individuals than in those who were not infected
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and, although this was significant statistically, the authors
concluded that it was unlikely to be clinically important
and might be explained by unknown residual confounding factors[15]. Migneco et al[17] demonstrated a significant
decrease in blood pressure values (in particular in the diastolic one) after successful H. pylori eradication. There are
several methodological difficulties in carrying out studies
to determine a possible relationship between H. pylori infection and raised blood pressure, there are several other
factors that must be considered (weight gain, salt intake,
aging, co-morbidity, antihypertensive therapy, and compliance of patients etc.)[44,45].
Several epidemiological studies showed association between H. pylori infection and short growth in
children[46-49]. However, contradictory data are available
on this topic, as other authors did not find any relationship[31,32,50,51]. Results and conclusions of all published
papers (including our findings) must be assessed with
caution. It is necessary to distinguish intrinsic shortness
and delayed or attenuated growth. Several factors can influence growth and stature, including chronic inflammation, nutrition and several gastrointestinal diseases[52].
Family social conditions are possibly a common determinant of H. pylori infection and growth. However, quite
a large difference in children’s height remains after adjustment for parental education, indicating that there may be
other mechanisms in place. Possibly, this also might be a
causal effect of H. pylori infection on children’s growth.
The adults’ socioeconomic conditions and life style may
be a common cause of higher body mass index and H. py-
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lori infection. Although our earlier paper[39] indicated that
most subjects become infected in childhood and childhood social conditions may thus be relevant for many different aspects of adult health, including H. pylori infection
and higher body mass index (or overweight/obesity).
It is necessary to mention another interesting phenomenon: the decreased prevalence of H. pylori represents a prominent decline of CagA positive H. pylori
strains [53,54]. CagA positive H. pylori strains are more
susceptible to eradication treatment than CagA negative
strains. This might partly explain their more pronounced
decline[55]. It is necessary to admit that the reasons for
decline of H. pylori infection have not been fully clarified
yet. It is necessary to also consider that the fundamental
environmental changes could cause gradual disappearance of H. pylori from the human microbiome[56-58].
In conclusion, chronic H. pylori infection appeared
to be associated with short stature in children. H. pylori
infection did not influence blood pressure, body weight
and body mass index either in adults or children and adolescents.
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in respiratory diseases. The main goal of this review
was to discuss the evidences available in the literature
supporting the ability of H. pylori to form biofilm upon
various surfaces in aquatic environments, both in vivo
and in vitro . The results published and our own observations suggest that the ability of H. pylori to form
biofilm may be important for surviving under stress
conditions or in the spread of the infection among humans, mainly through natural water sources and water
distribution systems.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract

Core tip: This review deals with the ability of Helicobacter pylori (H. pylori ) to form biofilm, and the role
of the biofilm as reservoir for H. pylori infection. The
ability of H. pylori to grow and form biofilm in vitro and
in vivo could be advantageous for the species to suc-

Helicobacter pylori (H. pylori ) is a Gram negative path-

ogen that selectively colonizes the human gastric epithelium. Over 50% of the world population is infected
with H. pylori reaching up to 90% of infected individuals in developing countries. Nonetheless the increased
impact upon public health care, its reservoir and the
transmission pathway of the species has not been
clearly established yet. Molecular studies allowed the
detection of H. pylori in various aquatic environments,
even forming biofilm in tap water distribution systems
in several countries, suggesting a role of water as a
possible reservoir of the pathogen. The persistence of
human infection with H. pylori and the resistance of
clinical isolates to commonly used antibiotics in eradication therapy have been related to the genetic variability of the species and its ability to develop biofilm,
demonstrated both in vivo and in vitro experiments.
Thus, during the last years, experimental work with
this pathogen has been focused in the search for biofilm inhibitors and biofilm destabilizing agents. However, only two anti- H. pylori biofilm disrupting agents
have been successfully used: Curcumin - a natural
dye - and N-acetyl cysteine - a mucolytic agent used
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cessfully avoid injuries due to chemical stressors - such
as antimicrobial therapy in vivo - or stress induced by
nutrient deprivation. Therefore, the ability of H. pylori
to form biofilm should be kept in mind when epidemiological strategies are planned to prevent the spread of
this ubiquitous pathogen and for treatment of human
infection.
García A, Salas-Jara MJ, Herrera C, González C. Biofilm and
Helicobacter pylori: From environment to human host. World
J Gastroenterol 2014; 20(19): 5632-5638 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5632.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5632

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative pathogen
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that selectively colonizes the human gastric epithelium.
This species is defined as a urease, catalase and oxidase
positive spiraled microaerophilic bacterium, mobile by
means of 3-5 polar flagella. Although labile at pH 3.0,
H. pylori is able to survive for decades in the highly acidic
gastric pH by metabolizing urea though its urease enzyme, providing a protective neutral pH in the surrounding of the bacterial cell[1,2].
Over 50% of the world population is infected with H.
pylori showing a prevalence of 90% in some developing
countries where individuals are mainly asymptomatic.
In these countries, the pathogen is acquired in the early
infancy and its prevalence is higher among individuals
belonging to low socioeconomic status groups[2]. The
persistent infection with this pathogen is associated to
the majority of the gastric pathologies, such as chronic
gastritis, MALT Lymphoma, duodenal ulcer, gastric
ulcer, and it shows a direct relationship with gastric adenocarcinoma development[3,4]. Nonetheless the wide
variety of associated pathologies, only a reduced group
of infected individuals develops a clinical severe disease
which could be the consequence of environmental factors together with bacterial virulence factors and genetic
susceptibility of the host.
H. pylori infected individuals remain colonized by this
species during life due to the increased flexibility of the
pathogen[5]. The human persistent infection with H. pylori
and the antibiotic resistance showed by clinical isolates
have been related to genetic variability of the species but
also to its ability for developing biofilm as it has been
demonstrated in vivo[6-8] and in vitro[9-13]. Thus, various studies have been done searching for biofilm inhibitors and
biofilm destabilizing agents[14,15], to decrease recurrent H.
pylori infections.

pH surrounding the bacterial cell neutral, and the 3 to 5
polar flagella together with its spiral form that allows H.
pylori to leave from the mucosal layer reaching the neu[17,18]
. While
tral environment of the gastric epithelial cells
reaching the target epithelial cells, H. pylori cells become
bound to them through specific adhesion molecules.
Early infection by H. pylori and the persistence of this
infection are related to an increased risk for developing
[2]
peptic ulcer disease and gastric cancer . In developing
countries, a large number of adult asymptomatic population is usually persistently infected with the pathogen.
This increased prevalence has been correlated with gastric cancer development[19]. This disease is considered the
second cause of death among individuals died of cancer
in the world.

WATER AS H. PYLORI RESERVOIR
In spite of the large number of researchs dealing with
public health impact, the pathway of transmission and
the reservoirs of this species have not been yet elucidated. H. pylori has been isolated from the gastrointestinal
tract, including saliva and stools, suggesting that oral-oral
and fecal-oral routes are the main transmission pathway[20]. However, molecular analyses show that H. pylori
is also present in various aquatic environments suggesting that human fecal contaminated water sources could
be a plausible reservoir of the pathogen[20]. In addition,
zoonotic transmission by dogs, cats, sheep and flies as
well as iatrogenic transmission by endoscopic procedures[20] have been proposed.
The species has been detected in several water sources, including lakes, rivers, tap water, well water, irrigation
water and sea water (Table 1), but also has been detected
in water distribution systems. Thus, drinking water could
be the pathwayfor returning to humans, even though
food and occasionally recreational waters may also participate in the H. pylori transmission cycle[21].
H. pylori remains viable after seven days in seawater,
16 d in saline and 11-14 d in distilled water, but this survival property is strongly affected by temperature[22,23].
Nonetheless, one of the main problems to accept that
water could be a possible reservoir of H. pylori is the inability to routinely isolate the species from water samples
[24-29]
.
in conventional microbiological culture techniques
Nowadays, molecular methods, like polymerase chain
reaction (PCR), are the most popular to search for H.
pylori in water, although an intrinsic limitation of these
techniques is to accurately differentiate live and dead
cells[24,28-37]. However, new analytical methods such as in
situ fluorescent hybridization (FISH) made it possible to
successfully detect H. pylori in water distribution systems
and various water sources[27,35,38,39] because the techniques
detect rRNA, which is indicative not only of bacterial
presence but also of viability due to the increased cellular rRNA content[40].
One of the difficulties for isolating H. pylori in culture is the ability of the species to change from a spiral

PATHOGENESIS AND EPIDEMIOLOGY OF
H. PYLORI INFECTION
Gastric colonization by H. pylori induces superficial chronic gastritis in all infected individuals but few of them
develop clinical symptoms[3]. Among the pathologies
associated to the persistent infection with the pathogen,
gastric adenocarcinoma was a matter of controversy for
several years. However, large population studies clearly
showed that infection with H. pylori significantly increases the risk for developing gastric cancer[16].
H. pylori needs at least four main cellular components
to successfully colonize and establish an infection in the
gastric mucosa: Urease enzyme, flagella, spiral morphology and adhesins. Additionally, although it is known that
the species is able to grow under anaerobic condition[17],
it is not clear whether its microaerophilic nature is also
a requirement for mucosal colonization. Gastric acid
has a pH < 4, which is deleterious for the majority of
the bacterial species reaching the stomach by means of
drinking water or foods. Thus, successful gastric mucosal colonization by H. pylori relies in its ability to convert
urea into ammonium, by urease activity, rendering the
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sp., Sphingomonas sp. and Brevundimonas sp. has been
analyzed[47]. H. pylori can be recovered in conventional
microbiological cultures before 24 h if the biofilm is
formed by only one species (V. paradoxus, Acidovorax sp.
or Brevundimonas sp.), but remains cultivable at least 24
h if the biofilm is made by M. chelonae, a pathogen commonly found in tap water. This observation suggests that
M. chelonae may play a role in supporting the incorporation of H. pylori to biofilm formed in tap water distribution systems.

Table 1 Detection of Helicobacter pylori in acquatic environments
Methods
Immunofluorescence
Bacteriological culture

Polymerase chain reaction

Fluorescent hybridization

Water source

Ref.

Surface and ground water
Sea water and plankton
Wastewater
Tap water
Contaminated wells water
Tap water
Sea water and plankton
River and lake water
Wastewater
Tap water and ground water
Wastewater
Sea water
Irrigation water
River water

[60]
[28]
[24,27]
[26,29]
[25]
[29-31]
[28,32,33]
[34-36]
[24,36,37]
[38]
[27,35]
[39]
[39]
[35]

BIOFILM: AN OVERVIEW
Bacterial species in natural environments usually live in
communities of microorganisms on the surface of different materials, embedded by a self-produced matrix,
usually of polysaccharide nature, that allows bacteria to
adapt and survive under stress conditions. These structures are called biofilm[48]. The biofilm develops in several steps: (1) conditioning; (2) adhesion; (3) extracellular
matrix synthesis; (4) maturation; and (5) dispersion. The
processes render a uniform structure of cells deposit
surrounded by a matrix that leaves open channels where
water can diffuse freely. The matrix is composed by a
polymeric substance, including polysaccharide molecules,
DNA, proteins and lipids, which modify the bacterial
surface and promote first adhesion of cells to surfaces[49].
It is currently accepted that biofilms are implicated in
over 80% of the chronic infections caused by bacteria,
including middle ear otitis, endocarditis, urinary tract
infections and lung infections of patients with cystic fibrosis[50]. The importance of biofilm in medicine is due
to its role in persistence of the infection because biofilm
is not removed and bacteria in biofilms are 1000 more
resistant to antibiotics and host defenses as compared to
those free living bacteria[51]. The mechanisms involved in
antibiotic resistance are: (1) delay in antibiotic diffusion,
allowing the expression of resistance genes; (2) chemical charge of molecules like aminoglycoside antibiotics
which show an altered diffusion throughout the negatively charged exopolysaccharide matrix; (3) presence of
antibiotic hydrolyzing enzymes (such as β-lactamases); (4)
lost of effectiveness of some antibiotics that need active
growing cells to exert their function, because bacterial
growth ratio is decreased in biofilm[51,52]; and (5) presence of reactive oxygen species as consequence of the
oxidative burst by phagocytic cells that increase bacterial
antibiotic resistance throughout the increase of mutagenicity in this microorganism by inducing its DNAbreak repair systems[52]. In addition, recent experimental
evidences suggest that biofilm is a virulence factor in a
bacterial community, because the bacterial cells residing
in the biofilm may acquire new virulence attributes that
free living bacteria do not possess[53].

cultivable form to coccoid cells, which is described as a
viable but non cultivable state (VBNC). This change is
triggered by stressing conditions, like hyperosmolarity or
nutritional deprivation[41], suggesting an adaptive mechanism of the species for remaining viable and infective
for long periods[42,43]. This state also allows the cells to
evade the chloride treatment of water used for human
consumption, remaining infective but undetectable by
conventional microbiological culture methods[44].
During the last decade, biofilm formation in water
environments has been proposed as a strategy of H. pylori
for surviving in the environment, and has called the attention of water as a reservoir of the pathogen. The first
experimental evidence showing the ability of H. pylori to
grow in biofilm arose in 1999, from the work of Mackay
et al[45]. The authors found the species in the surface of tap
water distribution systems. In 2001, Park et al[30] also detected H. pylori in the distribution system of tap water in
Sweden by molecular analysis, even though the amplified
DNA fragments were not sequenced to confirm the detection of the pathogen in the samples. A year later, another study informed the detection of 16S rRNA genes
from H. pylori in biofilm samples obtained from water
distribution system at western Africa[46]. In 2004, the species was detected by Watson et al[31] in biofilm and water
samples from 11 England residential houses (kitchen,
toilet and shower), seven educational establishments and
hydrants. Among 151 samples analyzed, the genus was
detected by DNA in 26% of the samples (39/151 samples) and in 15% of the samples (23/151 samples) the
microorganism was identified at species level. Its presence was found mainly in biofilm samples from showers,
suggesting a role of the tap water distribution systems as
reservoir of H. pylori. Three years later, Braganra et al[38]
detected, by FISH, spiral H. pylori cells (infectious form)
in biofilm from water distribution systems in the United
Kingdom suggesting that H. pylori would be resistant to
chloride treatment.
Recently, the coexistence of H. pylori or Legionella
pneumophila in biofilm together with other bacterial
species including V. paradoxus, M. chelonae, Acidovorax
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H. pylori biofilm formation in vitro
Like many of the bacteria investigated, both in vitro and
in vivo experiments have shown that H. pylori may have
living periods of biofilm forming cells. Roughly, 15 years
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after H. pylori was successfully grown in culture[54], the
first evidence of biofilm formation by this species arose.
The biofilm obtained by growing the strain H. pylori
ATCC 43504 in a chemically defined medium (Brucella
broth supplemented with 0.1% β -cyclodextrin) was
insoluble in water, and adhered to the glass in the interface glass-water[11]. Five years later, Cole et al[10] studied
the ability of 19 H. pylori clinical isolates and reference
strains in Brain Heart Infusion broth supplemented with
0.1% β-cyclodextrin. Both strains were able to form
biofilm and the biofilm produced had a similar progression when compared to biofilm formed by other bacterial species[55]. The steps observed were initial binding,
expansion to form microcolonies and growth in three
dimensions with the presence of water channels for nutrients distribution.
On the other hand, Cole et al[10] also analyzed the effect of specific mutations of genes luxS and the type Ⅳ
secretion gen cagE upon biofilm formation by H. pylori,
detecting that both mutants were surprisingly twice more
efficient in biofilm formation than the isogenic wild type
parental strain.
The adherence of H. pylori to gastric mucosa is a key
step in establishing positive interaction with host gastric
epithelial cells. This adherence is mediated by BabA adhesin, which binds to Lewis b antigen and facilitates H.
pylori colonization of human gastric epithelium[56]. On
the other hand, gastric epithelial cells are protected by a
mucous layer composed mainly by MUC5AC which contains a domain rich in glycans (including the Lewis b antigen), the target for H. pylori BabA adhesin. In opposite
to MUC5AC, the MUC6 mucin synthesized in the deep
mucosa and secreted by glandular mucosal cells works as
a natural antibiotic by inhibiting H. pylori growth, avoiding the colonization of the deep gastric mucosa layer by
the pathogen[56].
Because several papers indicate that mucin avoids
adhesion of H. pylori to gastric epithelial cells[57], in order
to understand what happens in vivo, Cole et al[10] studied
the effect of mucin on the formation of biofilm by H.
pylori,. It was observed that increasing concentrations of
mucin favors significantly the planctonic growth of H.
pylori over biofilm formation suggesting that this species lives primarily in biofilm but rapidly proliferates as
free living bacteria after been in contact with the mucin
in the human stomach. Nevertheless, it has been shown
that biofilm formation in vivo also occurs[6-8].
A study carried out in 2009 with reference strains
and clinical isolates showed that all the strains were able
to form biofilm in the interface air-water of a cover
slip[12]. The increased ability to form biofilm observed in
one strain -H. pylori TK1402 - isolated from a Japanese
patient with gastric and duodenal peptic ulcer disease
called the attention of specialists. Scanning electron
microscopy analysis showed the presence of outer membrane vesicles produced by this strain only in biofilm,
suggesting that these vesicles might play a role in biofilm formation. One year later, the authors[13] search for
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virulence factors in this strain and showed that none of
the traditional virulence factors described in the species
were related to the ability of H. pylori TK1402 to form
biofilm. Thus, new evidences are needed to better understand why this strain shows an increased ability to grow
forming biofilm.
In vivo evidences of H. pylori biofilm formation
The first evidence of in vivo biofilm formation arose in
United States during 2006[6]. The authors compared, by
scanning electron microscopy, gastric biopsies from urease positive (presence of H. pylori) and urease negative
(absence of H. pylori) patients, detecting the presence of
dense mature biofilm in the pathogen positive biopsies
while biofilm was absent in the urease negative biopsies,
which is indicative that H. pylori is able to form biofilm
in the human gastric mucosa.
In 2008, in Italy, a study was conducted to understand if the gastric diseases caused by this species are
a consequence of its ability to form biofilm. The study
was done with gastric biopsies obtained from patients
receiving anti-H. pylori therapy three months prior to the
analysis. The authors search for presence of the bacteria by culture and detection by reverse transcription
polymerase chain reaction (RT-PCR) of the genes glmM
and luxS. Only 30% of the samples were positive for H.
pylori by culture whilst 90% of positivity was detected
by RT-PCR suggesting that H. pylori could be present in
these patients as VBNC coccid form. The analysis of
the samples by scanning electron microscopy showed
an S shape or spiral forms of the bacterial cells in all the
samples that were also positive by conventional microbiological culture, with several coccid cells embedded
in an extracellular matrix. On the other hand, the same
study done with those positive samples only by RT-PCR
showed predominance of coccid cells. In addition, positive samples for gene glmM were also positives for the
Quorum Sensing related gene luxS, supporting its detection as a confidence marker of biofilm formation in the
species. Interestingly, antibiotic susceptibility analysis
done to the clinical isolates strains in this study showed
that only one strain was resistant to Clarithromycin and
none to Amoxicillin (the antibiotics used for eradication
therapy) which was suggestive of a biofilm role in the
eradication failure.
Anti-biofilm agents
Because antibacterial susceptibility of a particular strain
is favored when the biofilm is destabilized[58], it is believed that a combination of antimicrobial agents and
anti-biofilm molecules should be synergistic[59]. However,
only two anti- biofilm compounds have been assayed
against H. pylori: Curcumin, a natural dye extracted
from Curcuma longa, and N-acetyl-cysteine, a mucolytic
agent with anti-biofilm proved activity against other
pathogens[60]. Curcumin acts upon biofilm formation in
a doses dependent way when assayed at sub-inhibitory
concentrations, suggesting its utility as coadjuvant to
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standard first choice anti-H. pylori eradication therapy,
especially in recurrent infections associated to biofilm
formation.
One year later, N-acetyl-cysteine effect upon the
formation of biofilm was analyzed both in vitro and in
vivo[14]. N-acetyl-cysteine was able to avoid biofilm formation and to destabilize the already formed biofilm at
concentrations over 10 mg/mL, similar to results observed with other pathogens[60]. On the other hand, in
vivo studies with two groups of 20 individuals each, one
group (treated) received N-acetyl-cysteine for one week
before the anti-H. pylori first choice treatment while the
other group (untreated controls) did not received the destabilizing agent, showed eradication of the infection in
65% of the cases for the N-acetyl-cysteine treated group
as detected by the urea breath test. The control group
showed only 20% of successful eradication, suggesting
that N-acetyl-cysteine act as a biofilm destabilizing agent
that favor in vivo the activity of antibiotic substances.

U form or coccid form (viable but non cultivable form).
Thus, the ability of H. pylori to form biofilm should
be kept in mind when epidemiological strategies are
planned to prevent the spread of this ubiquitous human
pathogen and treatment in human infection.
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their methodology and sample population, resulting in
a wide variation in the reported results. Nevertheless,
recent studies have not only shown that the microorganism can be detected fairly consistently from the
oral cavity but also demonstrated that the chances of
recurrence of H. pylori infection is more likely among
patients who harbor the organism in the oral cavity.
Furthermore, initial results from clinical trials have
shown that H. pylori -positive dyspeptic patients may
benefit from periodontal therapy. This paper attempts
to review the current body of evidence regarding the
role of dental plaque, saliva, and periodontal disease
in H. pylori infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Dental plaque; Saliva;
Oral cavity; Periodontitis; Periodontal therapy
Core tip: Helicobacter pylori (H. pylori ) infection is
one of the most common bacterial infections in humans. The mode of transmission of this bacterium
has long puzzled researchers. Numerous studies have
shown that this microorganism can be detected in
dental plaque and saliva of human subjects, suggesting that the oral cavity may be an extra-gastric reservoir of H. pylori and play an important role in both
transmission and recurrence. Recent data support this
hypothesis and indicate that periodontal therapy may
play a role in the management of H. pylori -associated
gastric disease.

Abstract
Helicobacter pylori (H. pylori ) infection is one of the

most common bacterial infections in humans. Although H. pylori may be detected in the stomach
of approximately half of the world’s population, the
mechanisms of transmission of the microorganism
from individual to individual are not yet clear. Transmission of H. pylori could occur through iatrogenic,
fecal-oral, and oral-oral routes, and through food and
water. The microorganism may be transmitted orally
and has been detected in dental plaque and saliva.
However, the role of the oral cavity in the transmission
and recurrence of H. pylori infection has been the subject of debate. A large number of studies investigating
the role of oral hygiene and periodontal disease in H.
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reservoir of H. pylori, it may have potentially serious implications regarding the treatment of H. pylori infection. This
is on account of the fact that treatment of H. pylori infection usually involves administration of systemic antibiotics
in combination with other drugs, and dental plaque, being
a microbial biofilm, provides protection for the resident
microorganisms from systemically administered antimicrobial agents. Despite the current treatment regimens
that lead to successful management of H. pylori-positive
chronic gastritis, the re-infection rate is relatively high[14,33].
One of the suggested mechanisms of re-infection is the
possible re-colonization from dental plaque[34]. A few
studies have also suggested that periodontal disease may
also favor colonization of dental plaque by H. pylori[35].
This paper attempts to review the role of dental plaque,
saliva, and periodontal disease in H. pylori infection.

INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most common
bacterial infections in humans[1]. It is a gram negative,
microaerophilic, rod-shaped bacterium that colonizes
the gastric mucosa. Although its presence in the human
stomach has been reported from all parts of the world,
the prevalence of H. pylori infection is higher in developing countries than developed countries[2,3]. First reported
in 1983[4], H. pylori (initially termed Campylobacter pyloridis)
is an important human pathogen associated with the etiology of chronic gastritis, peptic ulcer, gastric cancer, and
mucosa-associated lymphoid tissue lymphoma[2,5,6] and
has been designated as a Group 1 Carcinogen by the International Agency for Research on Cancer of the World
Health Organization (WHO)[6,7]. In addition to gastrointestinal diseases, recent data seem to suggest a possible
association of this microorganism with other conditions,
such as recurrent aphthous stomatitis[8], anemia[9], altered
serum levels of lipoproteins[10], and coronary atherosclerosis[11].
A limited number of anti-microbial agents are effective against H. pylori and therapeutic regimens to eradicate
the microorganism usually consist of a combination of
antibiotics, proton pump inhibitors, and gastroprotective drugs[12,13]. These therapeutic regimens, particularly
the combination of two antibiotics and a proton pump
inhibitor, can successfully eradicate the microorganism
resulting in significant clinical improvement[14]. However,
recurrence rates, particularly in developing countries, are
high[15-17]. This high rate of recurrence led investigators to
study the various possible routes of transmission of the
microorganism. Although H. pylori may be detected in the
stomach of approximately half of the world’s population,
the mechanisms of transmission of the microorganism
from individual to individual are not yet clear. The possible routes of transmission of H. pylori include iatrogenic,
fecal-oral, oral-oral, and through food and water[2,18-21]. H.
pylori exists in two different morphological forms, spiral
and coccoid. The coccoid form is considered a degenerative or dead form of H. pylori, and its role in transmission of disease is negligible[22,23]. There is ongoing debate
about its virulence and transformation[24]. Although the
coccoid form of H. pylori is metabolically active, it cannot
be cultured in vitro[2]. The organism has been reported to
be present in soil samples in public playgrounds[25]. However, no extra-gastric reservoirs of H. pylori have been
clearly demonstrated, and although organisms resembling
H. pylori may be detected in other animals, none except
non-human primates[26]and cats[27] harbor H. pylori. Infections by Helicobacter species (H. heilmannii and H. felis) have
been reported in dogs[28,29] and cats[29].
Regarding the various possible routes of transmission
of H. pylori, the microorganism may be transmitted orally
and has been detected in dental plaque and saliva[30-32].
However, the question still persists as to whether the oral
cavity is a major extra-gastric reservoir for H. pylori or
harbors the organism only transiently. If the oral cavity,
particularly the dental plaque, serves as an extra-gastric
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PRESENCE OF H. PYLORI IN DENTAL
PLAQUE
The prevalence of H. pylori in dental plaque has been
studied by several investigators. A summary of studies reporting the presence of H. pylori in dental plaque of participants is shown in Table 1. The prevalence of reported
presence of H. pylori in dental plaque in these various
studies ranged from 0%-100%. This wide variation in
results may be explained by several factors, such as characteristics of the sample population, differing sampling
procedures, and differing methodologies used to detect
the microorganism in dental plaque.
The diagnostic tests employed by different investigators to detect the presence of the microorganism in dental plaque include urease tests, polymerase chain reaction
(PCR) techniques, immunoassays, cytology, and culture.
Generally, the prevalence rates reported in studies employing urease tests were higher than studies employing
other techniques. Lowest rates of detection have been
reported when microbial culture was used to detect the
presence of H. pylori in dental plaque. The use of urease
tests for the detection of H. pylori in dental plaque has
been subject to controversy. Although urease tests are
reasonably specific for detection of the microorganism
in gastric biopsy specimens, investigators have doubted
its reliability for detecting H. pylori in oral specimens[36,37].
This controversy results from the fact that although H.
pylori is the only urease-positive microorganism known to
reside in the stomach, many urease-positive bacterial species, such as Streptococcus species, Haemophilus species, and
Actinomyces species, may be detected as part of the normal
oral flora. However, it has been reported that only H. pylori produces large amounts of urease, such that a positive
urease test can occur within 20 min, while other ureaseproducing microorganisms are not positive within one
hour[38]. Moreover, Gürbüz et al[39] reported that the rapid
urease test for detection of H. pylori in dental plaque has
a sensitivity of 89.7% and diagnostic accuracy of 86.7%.
Almost all of the studies utilizing urease tests for
detection of H. pylori in dental plaque were conducted
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Table 1 Studies evaluating the presence of Helicobacter pylori in dental plaque
Method of H. pylori
detection in dental
plaque

Ref.

Sample population and sample size

Agarwal and Jithendra[84], 2012

PCR

India; 30 H. pylori-positive and 20 H. pylorinegative patients

Momtaz et al[85], 2012

PCR

Wichelhaus et al[86], 2011
Gao et al[46], 2011
Chaudhry et al[45], 2011

PCR
PCR
PCR

Iran; 300 patients with gastro-duodenal
diseases
Germany; 11 orthodontic patients
China; 96 patients with H. pylori infection
Pakistan; 89 dyspeptic patients reporting for
endoscopy

Bago et al[81], 2011

PCR

Silva et al[71], 2010

PCR

Silva et al[87], 2010

PCR

Eskandari et al[88], 2010

PCR

Assumpção et al[89], 2010

PCR

Medina et al[90], 2010

PCR

Liu et al[70], 2009
Gonçalves et al[69], 2009

PCR
PCR

Silva et al[91], 2009

PCR

Morales-Espinosa et al[62], 2009

PCR

Souto and Colombo[68], 2008

PCR

Liu et al[92], 2008
Bürgers et al[93], 2008

PCR
PCR

Teoman et al[94], 2007
Olivier et al[95], 2006

PCR
PCR

Kignel et al[96], 2005
Gebara et al[53], 2004

PCR
PCR

Fritscher et al[97], 2004

PCR

Umeda et al[35], 2003
Suk et al[98], 2002
Berroteran et al[99], 2002

PCR
PCR
PCR

Goosen et al[100], 2002

PCR
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Prevalence of H. pylori in dental plaque

Overall-42% (n = 21); in H. pylori-positive
group-60% (18/30); in H. pylori-negative
group-15% (3/20)
0

36% (n = 4)
82.30%
51.6% (n = 46) for both genes; 62.9% (n = 56) for
16srRNA; 61.7% (n = 55) for 860-bp DNA region;
73% (n = 65) if either of the 2 regions were
considered
Croatia; 56 patients with chronic periodontitis 37.5% (n = 21)
and gastric H. pylori-positive
Brazil; 115 patients-36 with dyspepsia and
11.3% (n = 13)
periodontal disease, 31 with dyspepsia but no
periodontal disease, 22 with neither dyspepsia
nor periodontal disease, 26 with periodontal
disease and without dyspepsia
Brazil; 30 dyspeptic patients
20% (n = 6) by 16S rDNA and 6.7% (n = 2) by
vacA
Iran; 67 patients with chronic periodontitis-23 5.97% (n = 4/67)
with H. pylori-positive gastritis
Brazil; 99 adult patients who underwent
72% (71) samples were positive for H. pylori.
upper gastro-intestinal endoscopy
Overall, 63 (89%) of 71 positive dental plaque
samples were positive for vacA and cagA.
58/71 (82%) were positive for cagA, while
vacA genotypes had a prevalence ranging from
13%-59%
Argentina; 98 patients-43 dyspeptic patients 10.2% (n = 10)
and 55 asymptomatic controls
China; 443 dyspeptic patients
59.4% (n = 263)
Brazil; 23 HIV seropositive individuals (13
Not specified; frequency of detection was
who had chronic periodontitis and 10 who
significantly higher in chronic periodontitis
were periodontally healthy) and 31 HIV
groups compared with periodontally healthy
seronegative individuals (17 who had chronic groups
periodontitis and 14 who were periodontally
healthy)
Brazil; 30 individuals who were H. pyloriOverall-17.7% (n = 11). Among cases,
positive with gastric disease (cases) and 32
DNA detected in 36.6% (11/30); control
individuals who were H. pylori-positive with group-0%
no gastric disease (controls)
Mexico; 66 hospitalized patients and 65 dental Overall-19.9% (n = 26); 24% (n = 16) among
patients
hospitalized patients and 15% (n = 10) among
dental patients
Brazil; 225 patients-56 periodontally healthy 50% in patients with chronic periodontitis and
and 169 chronic periodontitis patients
11.4% in periodontally healthy individuals
China; 214 children
58.9% (n = 126)
Germany; 94 patients who underwent upper 5.4% (n = 5/92 dentate patients)
gastro-intestinal endoscopy
Turkey; 67 dyspeptic patients
28.3% (n = 19)
South Africa; 74 healthy members of a rural
0
community
Brazil; 49 dyspeptic patients
2% (n = 1)
Brazil; 15 gingivitis and 15 periodontitis
20% (n = 6) in supra-gingival plaque and 26.6% (n
patients-all were H. pylori-positive in antral
= 8) in sub-gingival plaque
mucosa
Brazil; 53 patients with recurrent aphthous
Overall-3.8%; 5.7% (n = 3) in cases and 1.9% (n = 1)
stomatitis (cases) and 52 patients without
among controls
recurrent aphthous stomatitis (controls)
Japan; 56 dental patients
25% (n = 14)
Taiwan; 65 patients with dyspeptic symptoms 43.1% (n = 28)
Venezuela; 32 dyspeptic patients and 20
Overall-28.9%; 37.5% (n = 12) among dyspeptic
asymptomatic controls
patients and 15% (n = 3) among controls
South Africa; 58 clinically healthy volunteers 1.7% (n = 1)
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Song et al[63], 2000

PCR

Song et al[101], 2000

PCR

Song et al[58], 2000

PCR

Miyabayashi et al[79], 2000

PCR

Agarwal and Jithendra[84], 2012

Culture

Loster et al[49], 2009

Culture

Sudhakar et al[102], 2008

Culture

Teoman et al[94], 2007
Czesnikiewicz-Guzik et al[47], 2005
Czesnikiewicz-Guzik et al[48], 2004
Umeda et al[35], 2003
Goosen et al[100], 2002
Checchi et al[103], 2000
Sambashivaiah et al[73], 2011

Culture
Culture
Culture
Culture
Culture
Culture
RUT/CLO test

Bali et al[65], 2010

RUT/CLO test

Assumpção et al[89], 2010

RUT/CLO test

Al Asqah et al[64], 2009

RUT/CLO test

Sudhakar et al[102], 2008

RUT/CLO test

Chitsazi et al[40], 2006

RUT/CLO test

Anand et al[104], 2006

RUT/CLO test

Gürbüz et al[39], 2003
Choudhury et al[67], 2003
Al-Refai et al[105], 2002

RUT/CLO test
RUT/CLO test
RUT/CLO test

Butt et al[74], 2002
Suk et al[98], 2002
Ozdemir et al[106], 2001
Avcu et al[75], 2001

RUT/CLO test
RUT/CLO test
RUT/CLO test
RUT/CLO test

Namiot et al[107], 2010
Leszczyńska et al[108], 2009

EIA
EIA

Checchi et al[103], 2000
Butt et al[74], 2002
Butt et al[82], 2001
Rasmussen et al[109], 2010

EIA
Cytology
Cytology
Southern blot

Germany; 15 dyspeptic patients and 6
orthodontic patients
Germany; 20 dyspeptic patients
Germany; 42 patients who underwent upper
gastro-intestinal endoscopy
Japan; 47 patients with chronic gastritis or
peptic ulcer
India; 30 H. pylori-positive and 20 H. pylorinegative patients
Poland; 46 dentists without known comorbidities
India; 50 patients with duodenal and gastric
ulcer (study group) and 25 students (control
group)
Turkey; 67 dyspeptic patients
Poland; 100 female patients
Poland; 100 female patients
Japan; 18 dental patients
South Africa; 58 clinically healthy volunteers
Italy; 35 patients from a Periodontology clinic
India; 36 patients in 3 groups-group Ⅰ, healthy
subjects, group Ⅱ, chronic periodontitis
patients, group Ⅲ, chronic periodontitis
patients with type Ⅱ diabetes mellitus
India; 124 dyspeptic patients of which 60 were
H. pylori-positive (cases) and 64 were H. pylorinegative (controls)
Brazil; 99 adult patients who underwent
upper gastro-intestinal endoscopy
Saudi Arabia; 62 dyspeptic patients with
periodontitis and 39 dyspeptic patients
without periodontitis
India; 50 patients with duodenal and gastric
ulcer (study group) and 25 students (control
group)
Iran; 88 dyspeptic patients-44 with H. pylori
infection and 44 without H. pylori infection
India; 65 dyspeptic patients with H. pylori
infection (cases) and 69 dyspeptic patients
without
infection (controls)
Turkey; 75 dyspeptic patients
India; 124 patients with dyspepsia
Saudi Arabia; 75 dyspeptic patients and 60
healthy controls

100% (n = 21)
In dental plaque-not specified; 100% in oral
samples (plaque and saliva)
97% (n = 41)-82% in molar region, 64% in
premolar region and 59% in incisor region
38.3% (n = 18)
Overall-18% (n = 9); in H. pylori-positive
group-30% (9/30); in H. pylori-negative group-0
48%
Overall 6.7% (n = 5); in study group-10% (n = 5),
in control group-0%
0
48.3%
48.3%
5.6% (n = 1)
13.8% (n = 8)
8.6% (n = 3)
Overall-66.7% (n = 24); among group Ⅰ-41.7% (n
= 5), group Ⅱ-75% (n = 9), group Ⅲ-83.3% (n =
10)
Overall-51.6% (n = 64); among cases-86.7% (n =
52)
52% (n = 48/93)
Overall-65%; 79% in periodontitis group and 43%
in non-periodontitis group
Overall 49.3% (n = 37); in study group-70% (n =
35), in control group-8% (n = 2)
Overall 18.2% (16/88); 36.4% (16/44) in H. pyloripositive group
Overall-79.9% (n = 107/134); 89.2% (n = 58)
among cases and 71% (n = 49) among controls

91.7% (n = 68)
43% (n = 54)
Overall-88.1% (n = 119); among dyspeptic
patients-89.3% (n = 67); among controls-86.7% (n
= 52)
Pakistan; 78 dyspeptic patients
100%
Taiwan; 65 patients with dyspeptic symptoms 100%
Turkey; 81 dyspeptic patients
79% (n = 64)
Turkey; 241 H. pylori-positive patients with
44.8% (n = 108)
gastric histologic changes
Poland; 155 patients
65.6% (n = 101)
Poland; 164 dyspeptic patients referred for
82.1% in H. pylori-positive subjects and 17.7% in
endoscopy-95 H. pylori infected and 69 nonH. pylori-negative subjects
infected
Italy; 35 patients from a Periodontology clinic 11% (n = 4)
Pakistan; 78 dyspeptic patients
88%
Pakistan; 135 dyspeptic patients
81.5% (n = 110)
Brazil; 78 dyspeptic patients
47.4% (n = 37)

HIV: Human immunodeficiency virus; PCR: Polymerase chain reaction; RUT: Rapid urease test; CLO: Campylobacter-like organism; EIA: Enzyme
immunoassay; H. pylori: Helicobacter pylori.

among Asian populations. In studies utilizing urease tests,
the reported prevalence of the microorganism in dental
plaque generally ranged from 80%-100%, with only one
study reporting a prevalence below 40%[40].
The PCR technique for detection of H. pylori provides
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the advantage of detecting the target DNA regardless
of the viability of the bacteria and detecting even small
numbers of the target species. PCR also provides the
advantage of identifying specific genotypes of the microorganism. The results of studies utilizing PCR techniques
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successful eradication from the stomach and hence, the
possibility exists that dental plaque-associated H. pylori
may serve as a possible source of re-infection and recolonization of the stomach.

have been very variable, with the reported prevalence
ranging from 0%-100%. Generally, the initial studies[41-44]
utilizing PCR reported very low prevalence rates, while
the later studies reported higher prevalence rates[45,46].
Microbial culture of H. pylori permits anti-microbial
susceptibility testing as well as detailed study of the
isolates[2]. However, the reported rates of prevalence in
studies in which microbial culture was employed to detect H. pylori in dental plaque was generally low, with only
three studies reporting prevalence rates above 20%[47-49].
Moreover, in two of these three studies that reported
higher prevalence rates[47,48], each of which had a reported
sample size of 100, the prevalence was reported to be
48.3%, which could not be interpreted accurately because
the percentage data in a sample size of 100 should have a
whole number value rather than a fraction. Low rates of
prevalence of H. pylori in dental plaque reported in studies which have used culture methods have been attributed
to the existence of H. pylori in the metabolically active but
unculturable coccoid form in the dental plaque. H. pylori
in the dental plaque, being outside its normal habitat in
the stomach, may respond to the altered environment by
altering its morphology, metabolism, and growth behavior resulting in the formation of a viable but non-culturable coccoid form[50,51]. Other factors which account for
the low rates of prevalence reported with culture methods include the fastidious nature of the microorganism,
complex nature of the oral microflora, and inhibition of
H. pylori by other oral microorganisms[37,52].
Although different rates of detection of H. pylori in
the dental plaque have been reported by various investigators, data generated from these studies show that
the microorganism can be reliably detected in plaque
samples, especially when PCR techniques are employed.
While some investigators have suggested that the occurrence of H. pylori in dental plaque is significant in terms
of management of H. pylori-associated gastric disease[53],
others have suggested that the microorganism is present
only transiently in the oral cavity[54].
Dental plaque is a microbial biofilm that adheres tenaciously to teeth and other hard surfaces in the oral cavity,
such as restorations. In this biofilm, microbial communities are embedded in an extracellular matrix composed of
organic and inorganic materials of both host and microbial origin[55]. The microbial flora of dental plaque is very
complex; more than 500 different species of bacteria have
been detected in plaque samples[56]. These bacterial species
inhabit the biofilm not at random as passive neighbors
but interact with other bacterial species through specific
interactions. These interactions, along with the biofilm
structure, confer a large number of advantages to the resident bacterial species. One major advantage that biofilm
bacteria enjoy is an increased resistance to host defense
mechanisms and anti-microbial agents[55,57]. Thus, H. pylori
present in the dental plaque, being biofilm-associated, are
protected from systemic antibiotics administered for the
management of gastric H. pylori infection. As a result, the
microorganism may persist in the oral cavity even after
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PREVALENCE OF H. PYLORI IN SALIVA
Compared with studies on dental plaque, there are fewer
reports on the prevalence of H. pylori detection in saliva.
Table 2 shows a summary of studies reporting on detecting H. pylori in saliva. The majority of these studies utilized either PCR or culture methods. The detection rates
in saliva were generally less than in dental plaque, with
only few studies reporting detection rates of 50%[46,58-60].
The prevalence rates were even lower in studies in which
culture was used for detecting H. pylori compared with
studies using PCR techniques[30,44,61].
As mentioned previously, detection rates of H. pylori
from saliva were less than that from dental plaque. This
may be due to the fact that, while dental plaque, being a
biofilm, allows the bacteria to adhere to solid surfaces,
the constant flow of saliva may contribute to a reduction in bacterial load, making detection difficult[62]. As
with dental plaque, investigators have differed in their
opinions regarding the significance of detection of H.
pylori in the saliva. The detection of H. pylori in saliva and
dental plaque may precede or be independent of gastric
infection[59,63]. It is not yet clear whether the presence of
the microorganism in the oral cavity represents long-term
colonization or whether its presence is transient due to
either gastric reflux or because it is in route to the stomach. While some authors maintain that H. pylori may be
a normal commensal organism in the oral cavity with no
relation to gastric infection[58,61], others, based on detection of H. pylori from dental plaque and saliva of patients
with and without H. pylori infection, have suggested that
the oral cavity may be a permanent reservoir of the organism, acting both as source of re-infection and a route
of transmission[59,62].

ASSOCIATION OF ORAL HYGIENE/
PERIODONTAL STATUS WITH H. PYLORI
INFECTION
Studies that evaluated the association between oral hygiene status and periodontal status with H. pylori infection are shown in Table 3. Considerable variability was
observed in the methods used in these studies to evaluate
oral hygiene status and periodontal status. While some
of these studies evaluated the association of oral hygiene
and periodontal status with gastric H. pylori infection, others evaluated the association of these oral health variables
with the oral carriage of H. pylori. Few studies considered
the presence of H. pylori in both the stomach and oral
cavity. While the majority of the studies did not show an
association between periodontal status and gastric H. pylori infection, a few studies showed an association between
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Table 2 Studies evaluating the presence of Helicobacter pylori in saliva
Method of
detection of H.
pylori in saliva

Sample population and sample size

Momtaz et al[85], 2012
Gao et al[46], 2011
Momtaz et al[110], 2010
Silva et al[87], 2010

PCR
PCR
PCR
PCR

Iran; 300 patients with gastro-duodenal diseases
China; 96 patients with H. pylori infection
Iran; 250 dyspeptic patients
Brazil; 30 dyspeptic patients

Medina et al[90], 2010

PCR

Silva et al[91], 2009

PCR

Morales-Espinosa et al[62], 2009

PCR

Argentina; 98 patients-43 dyspeptic patients
and 55 asymptomatic controls
Brazil; 30 individuals who were H. pylori
positive with gastric disease (cases) and 32
individuals who were H. pylori positive with no
gastric disease (controls)
Mexico; 66 hospitalized patients and 65 dental
patients

Suzuki et al[111], 2008
Bürgers et al[93], 2008

PCR
PCR

Kignel et al[96], 2005
Gebara et al[53], 2004

PCR
PCR

Goosen et al[100], 2002
Song et al[101], 2000

PCR
PCR

Song et al[58], 2000

PCR

Ref.

Miyabayashi et al[79], 2000
Umeda et al[35], 2003
Czesnikiewicz-Guzik et al[47], 2005
Cześnikiewicz-Guzik et al[48], 2004
Rasmussen et al[109], 2010

Japan; 326 non-dyspeptic subjects
Germany; 94 patients who underwent upper
gastro-intestinal endoscopy
Brazil; 49 dyspeptic patients
Brazil; 15 gingivitis and 15 periodontitis
patients-all were H. pylori-positive in antral
mucosa
South Africa; 58 clinically healthy volunteers
Germany; 20 dyspeptic patients

Germany; 42 patients who underwent upper
gastro-intestinal endoscopy
PCR
Japan; 47 dyspeptic patients and 10 healthy
controls
PCR and culture Japan; 15 dyspeptic patients
Culture
Poland; 100 female patients
Culture
Poland; 100 female patients
Southern blot Brazil; 78 dyspeptic patients

Prevalence of H. pylori in saliva

8.3% (n = 25)
51.10%
14.4% (n = 36)
30% (n = 9) by 16S rDNA and 6.7% (n = 2) by
vacA
9.2% (n = 9)
Overall-25.8% (n = 16). Among cases, H. pylori
DNA detected in 53.3% (16/30); in control
group-0%
Overall-35.9% (n = 47); 52% (n = 34) among
hospitalized patients and 20% (n = 13) among
dental patients
6.4% (n = 26)
7.4% (n = 7)
0
10% (n = 3)

3.4% (n = 2)
In saliva-not specified; 100% in oral samples
(plaque and saliva)
55% (n = 23)
34% (n = 16) among dyspeptic patients
26.7% (n = 4)
54.10%
54%
42.3% (n = 33)

PCR: Polymerase chain reaction; H. pylori: Helicobacter pylori.

periodontal disease and gastric H. pylori infection[39,64-66].
An epidemiological study conducted in the USA based
on the National Health and Nutritional Examination
Survey Ⅲ data showed that periodontal disease may be
associated with H. pylori infection, as determined by serological tests[66]. A positive association between periodontal
disease and oral carriage of H. pylori has been reported
by a few investigators[35,39,64,67-73]. Regarding oral hygiene
status, while the majority of the studies did not show an
association between oral hygiene status and gastric or oral
carriage of H. pylori, Gürbüz et al[39] reported a positive association between plaque scores and both gastric and oral
H. pylori. Similar to these findings, Butt et al[74] reported a
positive association between the amount of plaque and
detection of H. pylori in the oral cavity, while Bali et al[65]
have reported that poor oral hygiene was significantly associated with gastric H. pylori infection.
As discussed in the previous sections, it is clear that
H. pylori may be detected in dental plaque. Although the
organism is microaerophilic, it has been reported that in
the oral cavity, it prefers the supragingival plaque[35,41,75].
However, a few investigators have reported an equal
presence of H. pylori in supra-gingival and sub-gingival
plaque samples[53,76]. Supra- and sub-gingival plaque repre-
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sent two different microenvironments that differ in their
pH, nutrient supply, oxygen availability, and host defense
mechanisms[77]. Subgingival plaque is generally present
in periodontal disease where tissue destruction results in
progressive deepening of the periodontal pockets. The
transformation from supra-gingival to sub-gingival environment and from health to disease is associated with a
change in the resident microbial flora[57]. Because dental
plaque is a biofilm in which several different bacterial
species co-exist through specific interactions between
different species, survival of H. pylori in dental plaque depends on its ability to interact with other bacterial species.
Studies have shown that H. pylori can selectively adhere to
certain bacteria, such as Fusobacterium species (Fusobacterium
nucleatum)[52,78], Porphyromonas gingivalis[52], and Bacteroides forsythus[35]. Because the numbers of these bacterial species
are increased in periodontitis patients, it is more likely
that dental plaque in periodontitis patients may harbor H.
pylori by interacting with these bacterial species.

EFFECTS OF ANTI-H. PYLORI THERAPY
ON H. PYLORI IN DENTAL PLAQUE
Table 4 shows the studies that evaluated the effects of
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Table 3 Studies evaluating the association of oral hygiene status and gingival/periodontal status with Helicobacter pylori infection
Ref.

Oral health status
evaluated

Definition of oral
hygiene/periodontal
status

Sambashivaiah et al[73], 2011

Periodontal status

Mean probing depth
> 5 mm

Silva et al[71], 2010

Namiot et al[107], 2010

Bali et al[65], 2010

Gonçalves et al[69], 2009

Al Asqah et al[64], 2009

Liu et al[70], 2009
Zaric et al[72], 2009

Bürgers et al[93], 2008
Souto and Colombo[68], 2008

Namiot et al[112], 2007

Anand et al[104], 2006

Sample population and
sample size

India; 36 patients in
3 groups-group Ⅰ,
healthy subjects, group
Ⅱ, chronic periodontitis
patients, group Ⅲ,
chronic periodontitis
patients with type Ⅱ
diabetes mellitus
Periodontal status
At least 4 teeth with
Brazil; 115 dyspeptic
PD ≥ 5 mm and CAL
patients
> 3 mm
Oral hygiene/
Oral Hygiene index/ Poland; 155 dyspeptic
periodontal status
Russell’s periodontal
patients
index
Oral hygiene status/ Oral hygiene indexIndia; 124 dyspeptic
periodontal status
simplified/probing
patients of which 60
pocket depth
were H. pylori positive
(cases) and 64 were
H. pylori negative
(controls)
Periodontal status
At least 3 sites with
Brazil; 23 HIV
PD ≥ 5 mm and/or
seropositive patients
CAL ≥ 4 mm and
of whom 13 had
BOP
periodontitis and 10
were periodontally
healthy; 31 HIV
seronegative patients
of whom 17 had
periodontitis and 14
were periodontally
healthy
Periodontal status
BOP + PD ≥ 3 mm Saudi Arabia; Dyspeptic
on at least 4 teeth
patients-62 patients
with periodontitis and
39 without periodontitis
Gingival status
Gingival index
China; 443 dyspeptic
patients
Gingival and
Mean PD, CAL and
Serbia; 66 dyspeptic
periodontal status
gingival index scores patients with H. pylori
infection of gastric
mucosa
Periodontal status
Periodontal Screening Germany; 94 dyspeptic
Index
patients
≥ 10% of teeth with
Periodontal status
Brazil, 225 patients-56
probing depth and/ periodontally healthy
or clinical attachment
and 169 chronic
loss ≥ 5 mm, or ≥
periodontitis patients
15% of teeth with
probing depth and/
or clinical attachment
loss ≥ 4 mm, and
> 10% of sites with
bleeding on probing
Periodontal status
Russell’s periodontal Poland; 137 H. pyloriindex
positive patients with
peptic ulcer
Oral hygiene status/ Oral hygiene indexIndia; 65 dyspeptic
periodontal status
simplified/patients patients with H. pylori
with one or more
infection (cases) and
sites with a PD ≥ 3
69 dyspeptic patients
mm and CAL ≥ 3
without H. pylori
mm at the same site
infection (controls)
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Association with oral Association with gastric

H. pylori

H. pylori

Significant

Not evaluated

Significant

Not evaluated

Non-significant

Not evaluated

Not evaluated

Significant

Significant

Not evaluated

Significant

Significant

Significant

Not evaluated

Significant for mean
PD but not for CAL
and gingival index
scores
Non-significant

Not evaluated

Non-significant

Significant

Not evaluated

Not evaluated

Non-significant

Not evaluated

Non-significant
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Gebara et al[53], 2004

Gingival and
periodontal status

Gürbüz et al[39], 2003
Umeda et al[35], 2003

Oral hygiene/
periodontal status
Periodontal status

Choudhury et al[67], 2003

Periodontal status

Butt et al[74], 2002

Oral hygiene status/
periodontal status

Dye et al[66], 2002

Periodontal status

Berroteran et al[99], 2002

Al-Refai et al[105], 2002

Gingivitis groupBrazil; 15 gingivitis
patients with PD
and 15 periodontitis
≤ 3 mm and BOP
patients-all were H.
on at least 4 sites;
pylori-positive in antral
periodontitis groupmucosa
BOP + PD ≥ 5 mm
on at least 4 teeth
Plaque index/
Turkey; 75 dyspeptic
Russell’s index
patients
Presence of
Japan; 28 patients who
periodontal pockets
harbored H. pylori in
≥ 4 mm
stomach/duodenum
CPI
India; 124 dyspeptic
patients
Community
Pakistan; 78 dyspeptic
Periodontal Index of
patients
treatment needs

Presence of 1 dental
United States; data
site with PD ≥ 5 mm from 4504 participants
of National Health and
Nutrition Examination
Ⅲ Survey
Gingival status
Gingival indexVenezuela; 32 dyspeptic
scoring from 0-3
patients and 20
asymptomatic controls
Oral hygiene/
Plaque index/
Saudi Arabia; 75
gingival/ periodontal
gingival index/
dyspeptic patients and
status
Community
60 healthy controls
Periodontal Index of
treatment needs

Non-significant

Not evaluated

Significant

Significant

Significant

Not evaluated

Significant

Not evaluated

Significant with
amount of dental
plaque but not with
gingival or periodontal
inflammation
Not evaluated

Not evaluated

Non-significant

Non-significant

Non-significant

Non-significant

Significant

PD: Pocket depth; CAL: Clinical attachment level; BOP: Bleeding on probing; CPI: Community periodontal index; H. pylori: Helicobacter pylori.

systemic H. pylori eradication therapy on oral H. pylori.
The majority of these studies reported that systemic H.
pylori eradication therapy alone (i.e., in the absence of
any form of periodontal therapy), although successful
in managing the gastric infection, had very little effect
on oral H. pylori[46,79]. Although Gebara et al[80] reported an
increase in the prevalence of H. pylori in dental plaque in
their patients after one week of triple therapy, Bago et al[81]
reported that one week of triple therapy resulted in complete eradication of oral H. pylori in all 56 periodontitis
patients who had H. pylori-associated gastric disease.
The systemic H. pylori eradication therapy in these
studies usually included two antibiotics and a proton
pump inhibitor administered orally. Because microorganisms in the dental plaque are afforded greater protection
from systemically administered anti-microbial agents, it
may be assumed that systemic H. pylori eradication therapy has little impact on oral H. pylori, hence the observed
failure of these therapeutic regimens to eradicate oral H.
pylori.

ated the effect of non-surgical therapy on oral H. pylori in
patients with and without type Ⅱ diabetes mellitus, Butt
et al[82] compared the effects of triple therapy and periodontal therapy alone and in combination in 82 patients
who were positive for H. pylori in dental plaque. They reported that the greatest reduction in plaque H. pylori was
in the group of patients who received only periodontal
therapy, followed by those who received combination
therapy, while H. pylori persisted in dental plaque of all
of the patients who received only triple therapy. Jia et al[83]
evaluated the effect of periodontal therapy on prevalence
of H. pylori in the stomach of dyspeptic patients in whom
H. pylori was eradicated from the stomach by systemic H.
pylori eradication therapy prior to periodontal intervention. They reported that 6 mo after periodontal therapy,
the prevalence of H. pylori in the gastric mucosa was significantly lower among patients who received periodontal
therapy compared with controls who did not receive any
form of periodontal therapy. However, in this particular
study, the authors did not evaluate the presence of H.
pylori in the dental plaque of the study participants at any
time point.
Two of the five studies listed in Table 5 evaluated the
effects of periodontal therapy on oral and gastric H. pylori[46,72]. Gao et al[46] reported that among the 43 H. pyloripositive patients who received both anti-H. pylori therapy
and periodontal therapy, the gastric eradication rates at 4
wk and 1 year after intervention were 81.4% (n = 35/43)

IMPACT OF PERIODONTAL THERAPY ON
H. PYLORI INFECTION
Studies that evaluated the effect of periodontal therapy
on H. pylori infection are shown in Table 5. Among these,
two studies[73,82] evaluated the effect of periodontal therapy on oral H. pylori. While Sambashivaiah et al[73] evalu-
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Table 4 Studies evaluating the effects of systemic Helicobacter pylori eradication therapy on oral Helicobacter pylori
Effect on H. pylori infection

Ref.

Sample population and Prevalence of H. Type of anti-H. pylori
therapy
sample size
pylori in dental
plaque

Prevalence of H. pylori
in dental plaque after
anti-H. pylori therapy

Gao et al[46], 2011

China; 80 patients with 82.3% in dental
Gp A-2 wk proton
H. pylori infection-37
plaque and
pump inhibitor or
treated with anti-H.
51.1% in saliva triple therapy; gp B-2
pylori therapy (gp A)
wk triple therapy and
and 43 treated with
initial periodontal
anti-H. pylori therapy
therapy (oral hygiene
and periodontal
education and scaling)
therapy (gp B)
Croatia; 56 patients
37.5% (n = 21)
One week therapy
with chronic
consisting of
periodontitis and
amoxicillin 1 g,
gastric H. pyloriclarithromycin 500 mg,
positive
and omeprazole 20 mg
twice a day
Serbia; 44 patients-21
47.7%
Triple therapy
patients positive
consisting of
for H. pylori in
amoxicillin 2 g/d,
subgingival dental
clarithromycin 1 g/d,
plaque and gastric
and pantoprazole 80
mucosa (G+O+t) and
mg/d for 7 d
23 patients who were
positive for H. pylori
only in gastric mucosa
(G+O-t)- all 44 received
only anti-H. pylori
(triple) therapy
Brazil; 30 dentate
20% (n = 6) in
Triple therapy
patients with
supra-gingival
consisting of
gingivitis/
plaque and
amoxicillin 1 g,
periodontitis and H.
26.6% (n = 8) clarithromycin 500 mg,
pylori infection who
in sub-gingival and lansoprazole 30 mg
received anti-H. pylori
plaque
twice a day for 7 d
therapy
Turkey; 75 dyspeptic 90.7% (n = 68);
Amoxicillin 1 g,
patients of which 61
81.3% (n = 61) clarithromycin 500 mg,
were H. pylori-positive had co-infection and ranitidine bismuth
and also had H. pylori
citrate 400 mg twice a
in dental plaque
day for 7 d
Taiwan; 65 patients
Overall-43.1%
Colloidal bismuth
with dyspeptic
(n = 28), 73.7%
subcitrate 1 g,
symptoms
(28/38) among amoxicillin 500 mg, and
H. pylorimetronidazole 250 mg
positive patients four times daily for 2
wk or cimetidine 200
mg, amoxicillin 500 mg,
and metronidazole 250
mg 4 times a day
for 2 wk
Pakistan; 82 patients
100%
Gp 1-twice daily
positive for H. pylori
omeprazole 20 mg,
in dental plaque-27
clarithromycin 500 mg
received only anti-H.
and metronidazole 400
pylori therapy (gp 1); 25
mg; gp 2-triple therapy
received anti-H. pylori
and dental scaling
therapy+periodontal
and chlorhexidine
therapy (gp 2);
mouthwashes twice
30 received only
daily for 7 d; gp 3-only
periodontal therapy
dental treatment
(gp 3)

After 4 wk-29.7% (n = Eradication rate of gastric H.
11) in gp A and 4.7%
pylori
(n = 2) in gp B; after 1 After 4 wk-73% (27/37) in gp
yr-43.2% (n = 16) in gp A and 81.4% (35/43) in gp B
A and 18.6% (n = 8) in After 1 yr-32.4% (11/37) in gp
gp B
A and 62.8% (27/43) in gp B

Bago et al[81], 2011

Zaric et al[72], 2009

Gebara et al[80], 2006

Gürbüz et al[39], 2003

Suk et al[98], 2002

Butt et al[82], 2001
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0

Eradication rate in stomach
was 76.2% (16/21)

In G+O+t-66.7%
(14/21)

In the G+O+t group, only
47.6% (10/21)
showed eradication of gastric
H. pylori compared with 87.4%
(20/23) in G+O-t

30% (n = 9) in supragingival plaque and
46.7% (n = 14) in subgingival plaque

Eradication rate of 90%

100% in 61 patients

Eradication rate of 83%

92.9% (26/28)

H. pylori eradicated from 84.2%
(n = 32/38) H. pylori infected
individuals

100% in gp 1; 16% in gp
2 (4/25); 10% in gp 3
(3/30)

Not evaluated
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Miyabayashi et al[79], 2000

Japan; 47 patients
48.9% (n = 23) Lansoprazole 30 mg/d,
with chronic gastritis
were positive metronidazole 750 mg/
or peptic ulcer-48.9% for oral H. pylori d, and clarithromycin
(n = 23) were positive and 38.3% (n =
400 mg/d for 2 wk
for oral H. pylori and 18) had H. pylori
38.3% (n = 18) had H.
in plaque
pylori in plaque

Oral prevalence at 4
wk-34% (16/47)

At 4 wk-91.6% (22/24) of
subjects negative for oral
H. pylori were successfully
eradicated of H. pylori
infection compared to 52.2%
(12/23) in oral H. pyloripositive patients. At 2 years,
95.8% (23/24) of subjects
negative for oral H. pylori were
successfully eradicated of H.
pylori infection compared with
69.5% (16/23) in oral H. pyloripositive patients

H. pylori: Helicobacter pylori.

Table 5 Studies evaluating the effect of periodontal therapy on oral and gastric Helicobacter pylori
Ref.

Sample population and sample Prevalence of H.
size
pylori in dental
plaque

Gao et al[46], 2011

China; 80 patients with H.
82.3% in dental
Gp A-2 wk proton pump
pylori infection-37 treated
plaque and
inhibitor or triple therapy;
with anti-H. pylori therapy (gp 51.1% in saliva gp B-2 wk triple therapy and
A) and 43 treated with anti-H.
initial periodontal therapy
pylori therapy and periodontal
(oral hygiene education and
therapy (gp B)
scaling)

Sambashivaiah et al[73], 2011

India; 36 patients in 3 groupsgroup Ⅰ, healthy subjects,
group Ⅱ, chronic periodontitis
patients, group Ⅲ, chronic
periodontitis patients with
type Ⅱ diabetes mellitus

Zaric et al[72], 2009

Jia et al[83], 2009

Butt et al[82], 2001

Details of periodontal
therapy

Prevalence of H.
pylori in dental
plaque after
periodontal therapy

Effect on H. pylori
infection

After 4 wk, 29.7%
(n = 11) in gp A and
4.7% (n = 2) in gp B;
after 1 yr, 43.2% (n
= 16) in gp A and
18.6% (n = 8) in gp
B

Eradication rate of
gastric H. pylori
After 4 wk, 73% (27/37)
in gp A and 81.4%
(35/43) in gp B, after 1
year, 32.4% (11/37) in
gp A and 62.8% (27/43)
in gp B
Not evaluated

Overall-66.7%
Group Ⅱ and Ⅲ patients
Group Ⅱ, 0 and
(n = 24); among received full mouth scaling group Ⅲ, 8.3% (n =
and root planning
1)
group Ⅰ-41.7%
(n = 5), group
Ⅱ-75% (n = 9),
group Ⅲ-83.3%
(n = 10)
Serbia; 43 patients positive for
100%
Triple therapy consisting
In G+O+t-66.7%
H. pylori in sub gingival dental
of amoxicilin 2 g/d,
(14/21); in
plaque and gastric mucosa-21
clarithromycin 1 g/d, and
G+O+tp-27.3%
received only anti-H. pylori
pantoprazole 80 mg/d for
(6/22)
(triple) therapy (G+O+t); 22
7 d. Periodontal therapy
received anti-H. pylori (triple)
included oral hygiene
therapy)+periodontal therapy
orientation, plaque and
(G+O+tp)
calculus removal with an
ultrasonic device, scaling,
and root planing, as well as
irrigation of periodontal
pockets with 0.12%
chlorhexidine-gluconate
performed during triple
therapy, in one sitting
China; 107 dyspeptic patients Not evaluated
Full-mouth scaling, root
Not evaluated
in whom H. pylori was
planning and polishing,
eradicated from the gastric
and dental plaque control
mucosa-56 received dental
instructions by dentist
plaque control (test) and 51
did not (control)
Pakistan; 82 patients positive
100%
Gp 1-twice daily omeprazole 100% in gp 1; 16%
for H. pylori in dental
20 mg, clarithromycin 500 in gp 2 (4/25); 10%
plaque-27 received only
mg and metronidazole 400
in gp 3 (3/30)
anti-H. pylori therapy (gp
mg; gp 2-triple therapy
1); 25 received anti-H. pylori
and dental scaling and
therapy+periodontal therapy
chlorhexidine mouthwashes
(gp 2); 30 received only
twice daily for 7 d; gp 3-only
periodontal therapy (gp 3)
dental treatment

In the G+O+tp group,
77.3% (17/ 22) showed
eradication of gastric
H. pylori compared
with 47.6% (10/21) in
G+O+t

Prevalence of H. pylori
in gastric mucosa was
19.64% (11/56) in test
group and 84.31%
(43/51) in control
group
Not evaluated

H. pylori: Helicobacter pylori.
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and 62.8% (n = 27/43), respectively, while the eradication
rates over the same time periods among the 37 H. pyloripositive patients who received only anti-H. pylori therapy
were 73% (n = 27/37) and 32.4% (n = 11/37), respectively. They also reported that the detection rates of H.
pylori in dental plaque of patients who received both
forms of therapy at 4 wk and 1 year after intervention
were 4.7% (n = 2/43) and 18.6% (n = 8/43), respectively,
while the corresponding rates for the patients who received only anti-H. pylori therapy were 29.7% (n = 11/37)
and 43.2% (n = 16/37), respectively. In another study by
Zaric et al[72], 43 patients positive for H. pylori in both subgingival plaque and gastric mucosa were categorized into
two groups in which 21 patients received only anti-H.
pylori therapy and 22 received anti-H. pylori therapy along
with periodontal therapy. Three months after treatment
completion, 77.3% (n = 17/22) of the patients who received both anti-H. pylori therapy and periodontal therapy
showed gastric eradication compared with only 47.6% (n
= 10/21) of the patients who received only anti-H. pylori
therapy. Among the 22 patients who received both anti-H. pylori therapy and periodontal therapy, H. pylori was
detected in dental plaque of only six (27.3%) patients 3
mo after completion of treatment, whereas the microorganism was detected in 66.7% (n = 14) of the 21 patients
who received only anti-H. pylori therapy. The authors also
reported that eradication in the stomach coincided with
eradication in the oral cavity (i.e., all 16 of the individuals
who received both forms of therapy and showed eradication of oral H. pylori also showed eradication of gastric
H. pylori). Five of the participants in this group who were
positive for oral samples were also positive for gastric H.
pylori.
The periodontal therapy provided to the patients
in these studies consisted of non-surgical periodontal
therapy, in which the microbial deposits on the surfaces
of the teeth are professionally removed by the dentists,
along with other plaque control measures, such as use of
mouthwashes and patient education in plaque control.
This phase of treatment is referred to as the Etiotropic
phase and is considered to be very important because the
microbial etiological factors of periodontal disease are
removed in this phase. As mentioned previously, because
of its biofilm properties, dental plaque provides resistance to the resident microflora from systemically administered antimicrobial agents. Thus, the H. pylori present
in the dental plaque are seldom affected by systemic H.
pylori eradication therapy, as shown in previous studies
conducted[39,80]. As a result, the removal of H. pylori in
the dental plaque may necessitate periodontal therapy
in which all microbial deposits, along with the resident
bacteria, including H. pylori, will be eliminated. The initial
studies in this regard have shown promising results in the
management of both oral and gastric H. pylori.

in the oral cavity, the significance of such findings was
controversial. If the oral cavity is an important extragastric reservoir of H. pylori, then this finding may have
major implications because the oral cavity can serve as
both a source of re-infection and route of transmission.
Because plaque-associated H. pylori would be resistant
to systemic H. pylori eradication therapy, it can affect the
success rates of the anti-H. pylori therapy. Thus, it is imperative to identify the role of dental plaque, saliva, and
periodontal disease in H. pylori infection. Once these factors are clearly understood and whether the oral cavity is
a major extra-gastric reservoir of H. pylori is confirmed,
then newer treatment modalities, such as periodontal
therapy, may be incorporated in the protocol for the
management of H. pylori infection. The initial studies on
the role of periodontal therapy in the management of
H. pylori infection have shown promising results, suggesting that oral H. pylori may play an important role in reinfection of the gastric mucosa. These observations also
create new avenues for both future research and more
effective management of H. pylori infection.
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Abstract
Standard triple therapy, consisting of a proton pump
inhibitor, plus amoxicillin and clarithromycin, has been
the most commonly used first-line treatment regimen
for Helicobacter pylori (H. pylori ) eradication for many
years worldwide. However, as a result of increased
resistance to antibiotics, H. pylori eradication rates
with use of standard triple therapy have been declining and recently reached < 80% in many countries.
Several new strategies to enhance the eradication rate
of H. pylori have been studied. Currently, among the
alternative first-line eradication regimens, concomitant
and hybrid regimens have shown excellent results and
could be the optimal treatment option. Although clinical usefulness of rescue therapy for patients in whom
eradication of H. pylori with non-bismuth quadruple
regimen has failed is unclear, levofloxacin-based
quadruple therapy has shown promise as a rescue
treatment. The choice of third-line therapy depends
on factors such as the local pattern of antibiotic resistance, drug availability, and previous treatment. We
hope that a simple method for detection of antibiotic
susceptibility using polymerase chain reaction would
be a possible alternative to administration of “tailored
treatment” in the era of increasing prevalence of anti-
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INTRODUCTION
Helicobacter pylori (H. pylori) is an important factor worldwide
influencing progression from chronic gastritis to peptic
ulcer and gastric cancer[1]. Nowadays, the incidence of H.
pylori infection has shown a declining trend. In Korea, in a
survey of 5732 asymptomatic patients in 1998, the seropositive rate of H. pylori infection was reported as 66.9%
in adults[2]. However, it had declined to 59.6% in 2005[3].
The main cause of this difference is treatment for H. pylori
infection.
Triple therapy, consisting of a proton pump inhibitor
(PPI), plus amoxicillin and clarithromycin, was accepted
by the international guidelines in 1996 and has been the
most commonly used first-line treatment regimen for
H. pylori eradication in most countries for many years[4,5].
According to Graham et al[6], the treatment regimen that
meets the category of Grade A [intention-to-treat (ITT)
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(RCTs), n = 1679], bismuth quadruple therapy achieved
an eradication rate similar to that of primary therapy for
H. pylori infection compared with standard triple therapy
(78.3% vs 77.0%, RR = 1.002, 95%CI: 0.936-1.073)[17].
In a recent RCT, the new combination of bismuth
containing 2 wk quadruple therapy, including bismuth,
PPI, amoxicillin, and clarithromycin, achieved an eradication rate of 90.7% as a first-line treatment[18]. In another
RCT, quadruple therapy with moxifloxacin and bismuth
showed an eradication rate of 92%[19]. Although conduct
of additional studies is needed to validate these results,
these studies imply that another bismuth-containing regimen could be an alternative option as a first-line treatment.

cure rate is 95%-100%] should be prescribed as a therapeutic regimen for H. pylori infection. Regimens scoring as
B (ITT cure rate 90%-95%) can be used if Grade A is not
obtainable. Unfortunately, H. pylori eradication rates with
standard triple therapy have been declining and recently
reached < 80% in many countries[6].
This phenomenon has been largely related to an increase in bacterial resistance to antibiotics, particularly
against clarithromycin[7]. In Japan, resistance to clarithromycin increased from 19% to 28% during 2002-2005[8].
In Korea, a study of 652 isolates from 1994 to 1999
found that resistance to metronidazole and clarithromycin
increased from 33% to 48% and 4.8% to 7.7%, respectively[9]. Another recent survey reported that resistance
to clarithromycin increased from 16.7% to 38.5% during
2003-2005 and 2007-2009 in Korea[10].
Several strategies to enhance the eradication rate of
H. pylori have been studied and ongoing results are anticipated. The aim of this review is to suggest timely suitable
approaches to management of patients with H. pylori infection.

Non-bismuth-containing quadruple regimen
In a meta-analysis of the effect of antibiotic resistance
status on the efficacy of triple and quadruple first-line
therapy for H. pylori[20], clarithromycin resistance had a
greater effect on treatment efficacy than nitroimidazole
resistance. Metronidazole resistance reduced efficacy by
26% in triple therapies containing nitromidazole, tetracycline and bismuth, while efficacy was reduced by only 14%
when a gastric acid inhibitor was added to the regimen.
Quadruple therapies containing both clarithromycin and
metronidazole were the most efficacious; > 80% eradication rate for H. pylori infection. Therefore, non-bismuth,
three-antibiotic-containing quadruple therapies, consisting
of PPI, amoxicillin, clarithromycin and nitroimidazole,
could be the key as a new standard first-line regimen.

FIRST-LINE THERAPY
Triple therapy with longer duration
There was a simple question regarding whether longer
duration of standard triple therapy could result in a
higher rate of eradication. In a multicenter study conducted in the US, of 284 patients, the H. pylori eradication rate after triple therapy for 14 d was 85% (96/113),
which did not differ from 84% (103/123) reported for
triple therapy for 10 d[11]. In another study comparing 3-,
7- and 10-d triple therapies with rabeprazole to a 10-d
omeprazole control triple therapy, no statistically significant difference was observed between the 7-d rabeprazole-based regimen (77%) and 10-d rabeprazole-based
regimen (78%) and omeprazole-based regimen (73%)[12].
In a meta-analysis of the duration of triple therapy, relative risk for eradication was reported as 1.05 (95%CI:
1.01-1.10) for 7-d compared with 10-d triple therapy
and 1.07 (95%CI: 1.02-1.12) for 7-d compared with 14-d
therapy[13]. Thus, currently, extending the duration of
triple therapy beyond 7 d did not show a marked benefit.
Other regimens with longer duration have shown promise and are discussed below.

Sequential therapy: Sequential therapy was introduced
as a novel therapeutic approach for H. pylori eradication
by Zullo et al[21,22] in 2000. Ten-day sequential therapy
regimen consists of 5 d of dual treatment with a PPI plus
amoxicillin, followed by 5 d of triple treatment with a PPI,
clarithromycin and nitromidazole. Zullo et al[22] reported
eradication rates for sequential therapy of 92% by ITT
and 95% by PP analysis. Since then, many studies have
reported a superior result of sequential therapy compared with standard triple therapy [23,24]. In two metaanalyses of RCTs, sequential therapy showed an association with a higher eradication rate of H. pylori at
91%-93.4%, compared with standard triple regimen at
75.7%-76.9%[25,26]. However, these RCTs were conducted
before 2008. In recent studies, the success rate of the
sequential regimen appeared to be lower, compared to
previous trials. In 10 recent RCTs on sequential therapy
during 2008-2012, the eradication rate was 80.6%
(95%CI: 78.5%-82.7%) for sequential therapy compared
to 75.8% (95%CI: 73.5%-78.1%) for standard triple
therapy[27]. Theoretically, the objective during the first 5
d of taking amoxicillin is to disrupt the cell wall of H.
pylori and to prevent activation of efflux channels. Therefore, this damage to the cell wall could help to improve
the efficacy of clarithromycin in the sequential phase of
treatment[28,29]. However, there is a conflicting opinion
against this theory. The main role of sequential therapy

Bismuth-containing quadruple therapy
Bismuth-containing quadruple therapy has been proven
as a salvage therapy regimen for failure of standard triple
therapy in many countries[14,15]. The regimen consists of
PPI, bismuth, tetracycline and metronidazole. However,
regarding the first-line therapy, recent results have been
disappointing. In a large study, bismuth-containing quadruple therapy [ITT, 82%; per-protocol (PP), 88%] did
not show superior eradication rate compared with standard triple therapy (ITT, 78%; PP, 82%)[16]. In a metaanalysis of bismuth-containing quadruple therapy with
standard triple therapy [nine randomized controlled trials
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may be related to use of large numbers of antibiotics, including nitroimidazole, not the sequential administration
itself[30,31]. In addition, there is a problem with sequential
therapy, which is that taking the medication is relatively
complex for patients. The patient is required to switch
from a dual to a triple regimen[32], which may reduce the
compliance of patients and result in a decrease in eradication rates in patients with multiple antibiotic resistance
in clinical practice.
In this regard, the triple combination of antibiotics
such as clarithromycin plus amoxicillin and a nitroimidazole with PPI has been highlighted or has re-emerged
as a non-sequential regimen - concomitant therapy.

resistant to clarithromycin, and 8.8% were resistant to
clarithromycin and metronidazole. This antimicrobial resistance did not impair the efficacy of either of the nonbismuth quadruple regimens. However, larger sample
size and conduct of studies in other countries is needed
in order to validate the effectiveness of hybrid therapy.
Data from RCTs for the first-line non-bismuthcontaining quadruple therapies are provided in Table
1[35,37-42].

SECOND-LINE (RESCUE) THERAPY
After failure of a PPI-clarithromycin-containing regimen, bismuth-containing quadruple therapy is recommended by the Maastricht Ⅳ guidelines[43]. In three studies of bismuth-containing quadruple therapy as secondline therapy, eradication rates of 55%-69.1% have been
reported [44-46]. In a recent study conducted in Korea,
higher eradication rates were reported for 2-wk bismuthcontaining quadruple therapy compared with the same
regimen for 1 wk (64.3% vs 82.6%, ITT analysis, P =
0.002)[47]. However, these data were regarding the rescue
therapy after failure of standard triple therapy. Data
regarding rescue therapy after failure of non-bismuthcontaining quadruple therapy as a first-line treatment are
insufficient[48].
The Maastricht Ⅳ guidelines recommend levofloxacin-based triple therapy containing PPI and amoxicillin
as a rescue treatment in areas of high clarithromycin
resistance[43]. The eradication rate of levofloxacin 500
mg with PPI and amoxicillin was 60%-85% after two
eradication failures with key antibiotics such as amoxicillin, clarithromycin, metronidazole and tetracycline[49,50].
However, the recommended regimen had a somewhat
disappointing eradication rate as a rescue treatment after
failure of sequential or concomitant treatment, below
80%[51,52]. In addition, the rapid acquisition of resistance
to levofloxacin may be a problem in future efficacy. In
fact, a recent study reported a high prevalence of levofloxacin resistance (29.5%) in H. pylori strains isolated
from Korean patients[10]. Therefore, a new combination
regimen is warranted. In a recent study conducted in
Taiwan, 10-d quadruple therapy containing PPI, bismuth, tetracycline, and levofloxacin achieved an excellent
result, with an eradication rate of 95.8% after failure of
first-line treatment with sequential therapy[53]. This new
combination of levofloxacin-based quadruple therapy
is expected as the second-line therapy and validation of
other combinations with levofloxacin is needed. In addition, high dose of levofloxacin (750 mg), which achieved
a better effect against infectious disease[54], should be
validated for H. pylori eradication. In summary, although
further validation is needed, levofloxacin-based quadruple therapy is a promising rescue regimen after failure of
first-line non-bismuth-containing quadruple therapy.

Concomitant therapy: In a systemic review reported
by Essa et al[32], which included nine studies, concomitant therapy achieved an eradication rate of 89.7% in
ITT and 92.9% in PP. In a meta-analysis of 15 studies
(1723 patients), a significantly higher eradication rate
was achieved with concomitant therapy, compared to
standard triple therapy (90%, 95%CI: 86%-93%)[33]. A
tendency towards better results with longer treatments
(7-10 d vs 3-5 d) was observed. In our interim analysis
of multicenter RCTs (six institutes, 214 patients in ITT
analysis, unpublished), the eradication rate of the 10-d
concomitant therapy group was significantly higher than
that of the 10-d standard triple therapy group (89.3% vs
79.3%, P = 0.049).
Both sequential therapy and concomitant therapy
have shown superiority over legacy triple therapy, especially in cases of clarithromycin resistance. Clarithromycin resistance is the result of different point mutations,
which have a different therapeutic impact on current
regimens. In a systematic review of sequential therapy,
the eradication rate was reported as 75% (41/55, four
studies) in clarithromycin-resistant strains[34]. However,
the effect of clarithromycin resistance on the efficacy of
concomitant regimens was negligible, with 95% efficacy
in the clarithromycin-sensitive arm, and 96% in the clarithromycin-resistant arm[20]. In addition, in another study,
concomitant therapy was found to be more suitable for
patients with dual antibiotic resistances than sequential
therapy[35].
Hybrid therapy (sequential-concomitant therapy):
Hybrid therapy is a combination of sequential therapy
and concomitant therapy. Hybrid therapy regimens consist of PPI and amoxicillin for 10-14 d, with addition of
clarithromycin and metronidazole for the final 5-7 d. In a
recent study, this regimen showed excellent results, with
an eradication rate of 99.1% (95%CI: 97.3%-100%) by
PP and 97.4% (95%CI: 94.5%-100%) by ITT analysis[36].
This study is meaningful for achievement of Grade A
treatment success for H. pylori infection. In another recent RCT (n = 343) for comparison with concomitant
therapy, the rates of eradication for hybrid and concomitant therapies were 92% (95%CI: 87%-95%) and 96.1%
(95%CI: 93%-99%), respectively (P = 0.07)[37]. In that
study, 23.5% of patients had H. pylori strains that were
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Table 1 Randomized-controlled trials for the first-line non-bismuth containing quadruple therapies
Author

Country

Publication
year

Wu et al[35]

Taiwan

2010

S

Huang et al[38]

Taiwan

2012

C
S

McNicholl et al[39]

Spain

2013

C
S

Lim et al[40]

Korea

2013

C
S

Italy

2013

C
S

Zullo et al[41]

Therapy regimen

C
H
Sardarian et al[42]

Iran

2013

S
H

Molina-Infante et al[37]

Spain, Italy

2013

C
H

Patients Eradication rate
(n )
(ITT)

E 40 mg bd + AMX 1 g bd for 5 d followed by
E 40 mg bd + CLA 500 mg bd + MET 500 mg bd for 5 d
E 40 mg bd + AMX 1 g bd + CLA 500 mg bd + MET 500 mg bd for 10 d
L 30 mg bd + AMX 1 g bd for 5 d followed by
L 30 mg bd + CLA 500 mg bd +MET 500 mg bd for 5 d
L 30 mg bd + AMX 1 g bd + CLA 500 mg bd + MET 500 mg bd for 10 d
O 20 mg bd + AMX 1 g bd for first 5 d followed by
O 20 mg bd + CLA 500 mg bd + MET 500 mg bd for 5 d
O 20 mg bd + AMX 1 g bd + CLA 500 mg bd + MET 500 mg bd for 10 d
R 20 mg bd + AMX 1 g for 7 d followed by
R 20 mg bd + CLA 500 mg bd + MET 500 mg bd for 7 d
R 20 mg bd + AMX 1 g bd + CLA 500 mg bd + MET 500 mg bd for 14 d
O 20 mg qd + AMX 1 g qd 5d followed by
O 20 mg qd + CLA 500 mg qd + TIN 500 mg qd for 5 d
O 20 mg qd + AMX 1 g qd + CLA 500 mg qd + TIN 500 mg qd for 5 d
O 20 mg qd + AMX 1 g qd for 14 d plus
CLA 500 mg qd + TIN 500 mg qd for last 7 d
P 40 mg bd + AMX 1 g bd for 5 d followed by
P 40 mg bd + CLA 500 mg bd + TIN 500 mg bd for 5 d
P 40 mg bd + AMX 1 g bd for 14 d plus
CLA 500 mg bd + TIN 500 mg bd for last 7 d
O 40 mg bd + AMX 1 g bd + CLA 500 mg bd + NIT 500 mg bd for 14 d
O 40 mg bd + AMX 1 g bd for 14 d plus
CLA 500 mg bd + TIN 500 mg bd for last 7 d

115

92.3%

117
85

93.0%
80.0%

84
170

88.1%
81%

168
86

87%
75.6%

78
90

80.8%
91.1%

90
90

85.5%
80.0%

210

76.7%

210

89.5%

172
171

91.7%
90.0%

ITT: Intention-to-treat; S: Sequential therapy; C: Concomitant therapy; H: Hybrid therapy; AMX: Amoxicillin; CLA: Clarithromycin; MET: Metronidazole;
TIN: Tinidazole; E: Esomeprazole; L: Lansoprazole; P: Pantoprazole; O: Omeprazole; R: Rabeprazole; bd: Two times a day; qd: Once a day.

susceptibility testing is needed by obtaining gastric biopsy specimens for culture. In general, the method of
agar dilution is needed for H. pylori susceptibility testing.
However, culture and susceptibility testing require specific equipment, which is not available in most medical
centers. In a recent study, Helicobacter genotype and the
CYP2C19 polymorphism were examined for detection
of antimicrobial resistance[55]. In addition, a new method
using polymerase chain reaction (PCR) has been validated for detection of resistance of H. pylori to clarithromycin[56]. It is a simple method and requires a shorter
time than culture. However, further validation and study
for use of a PCR method in real treatment are needed.
In the near future, a new tailored regimen for individual
patients would be the answer to antibiotic resistance.
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Core tip: The treatment of gastric cancer (GC) is challenging. Elimination of a major risk factor, Helicobacter
pylori (H. pylori ) infection, represents an important approach for the prevention of GC. However, the feasibility
and appropriate timing of this strategy remain to be determined. This review highlights the most recent literature and presents a comprehensive evaluation of what
is currently known about H. pylori infections and GC.

Abstract
Helicobacter pylori (H. pylori ) infection is a major risk

factor for gastric cancer (GC) development, which is
one of the most challenging malignant diseases worldwide with limited treatments. In the multistep pathogenesis of GC, H. pylori infection slowly induces chronic
active gastritis, which progresses through the premalignant stages of atrophic gastritis, intestinal metaplasia,
and dysplasia, and then finally to GC. Although eradication of H. pylori is a reasonable approach for the prevention of GC, there have been some contradictory reports, with only some long-term follow-up data showing
efficacy of this approach. The inconsistencies are likely
due to the insufficient number of participants, relatively
short follow-up periods, poor quality of study designs,
and the degree and extent of preneoplastic changes at
the time of H. pylori eradication. This review analyzes
recent high-quality studies to resolve the discrepancies
regarding the eradication of H. pylori for GC prevention.
The relationship between H. pylori eradication and GC/
precancerous lesions/metachronous GC is examined,
and the cost-effectiveness of this strategy in the prevention of GC is assessed. Although it is assumed that
eradication of H. pylori has the potential to prevent GC,
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INTRODUCTION
Gastric cancer (GC) represents one of the most challenging malignant diseases worldwide and is the second
leading cause of death with the highest incidence rates
observed in Eastern Asia, Japan, Eastern Europe, and
the Andean regions of South America[1]. GC develops
from the progression of chronic gastritis to gastric atrophy, intestinal metaplasia, dysplasia, and finally invasive
carcinoma[2]. Although the development of GC involves
a multifactorial pathway, the pathogenesis is believed to
begin from a single infectious agent[3,4], Helicobacter pylori
(H. pylori), which is classified as a Group 1 carcinogen
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by the World Health Organization (WHO) and International Agency for Research on Cancer (IARC)[5]. H. pylori
is a leading worldwide infectious agent, accounting for
as many as 650000 new cases of non-cardiac GC annually[6], and epidemiological data support a strong causal
relationship between H. pylori infection and GC[7-11], as
well as some animal studies[12-14]. Different countries have
different consensus reports about H. pylori eradication
treatment[15-20]. Among these guidelines, the most consistent recommendation with a high level of evidence is
endoscopic resection of early GC[21]. H. pylori eradication
is recommended to improve gastric atrophy[22]. Although
it may seem intuitive that removing the organism would
eliminate the risk of GC, only a small proportion of infected individuals develop GC[23]. Furthermore, massive
eradication therapy may lead to activation of antibioticresistant strains of H. pylori in the general population,
as well as an over-consumption of medical resources.
Therefore, this review integrates information available
from recent studies in order to evaluate the benefit of H.
pylori eradication for GC prevention.

Altogether, most of these studies focused on people
with gastric precancerous lesions, such as gastric atrophy
and intestinal metaplasia (IM), because of the low incidence of GC. However, GC has a long pre-malignancy
phase that may mask the ultimate effects of H. pylori
eradication. Therefore, some results of previous studies
are inconclusive, partly due to the insufficient number
of participants and the relatively short follow-up[31,32].
Nonetheless, the above studies provide clinical evidence
suggesting that successful eradication of this organism is
related to a reduction in the risk of GC, although it does
not prevent GC completely.

H. PYLORI ERADICATION AND
PRECANCEROUS LESIONS
H. pylori infection can cause chronic gastritis. This chronic condition can lead to gastric mucosal atrophy and
IM[2], which are considered to be precancerous lesions
of GC[2,33-35]. Therefore, improvement or elimination of
atrophy and IM with H. pylori eradication could potentially inhibit gastric carcinogenesis. Although the effect
of H. pylori eradication on the incidence of precursor
lesions is unknown, many studies have identified alterations in gastric atrophy and IM after H. pylori eradication.
These reports had contradictory results, with several
studies showing improvements in atrophy and IM[36-38],
and others showing no improvement in the gastric mucosa after eradication[39-41]. There is also evidence that
H. pylori eradication can lead to regression of atrophy in
other conditions[42]. However, these studies were limited
to data from short-term follow-up, small sample sizes,
and few points of observation in their design, which
may have contributed to the contradictory results.
A study by our team followed chronic atrophic gastritis patients with H. pylori infections, with only 92 of
179 patients receiving H. pylori eradication. Although the
grade of IM increased in the untreated H. pylori-infected
group after 3 years, the grade of atrophy significantly
decreased in the eradication group, suggesting that H. pylori eradication may improve gastric atrophy and prevent
the progression of IM[43]. However, a more recent metaanalysis that systematically reviewed the long-term effects of H. pylori eradication on gastric histology showed
that H. pylori eradication can improve atrophy but not
IM[22]. Recently, a trial from Matsu Island demonstrated
that population-based eradication of H. pylori infection
was associated with a significant reduction in gastric
atrophy within the relatively short study period[44]. Evidence for the prevention of GC by reducing the occurrence of precancerous lesions was presented by Kodama
et al[45], who evaluated the gastric mucosa at five points
in the stomach according to the updated Sydney system
and showed that atrophy at all sites and IM in the lesser
curvature of the corpus were gradually and significantly
decreased 10 years after the H. pylori eradication.
It is noteworthy to mention that GC can still develop
even after successful eradication therapy. One famous

H. PYLORI ERADICATION AND GC
The first well-designed trial to investigate eradication
of H. pylori for the prevention of GC was performed in
1991 by Correa et al[24] and involved Colombian individuals at high risk for GC. Although the cancer incidence
was similar in both treated and untreated groups after a
6-year follow-up, this trial showed significant increases in
the regression rates of cancer precursor lesions. In 2004,
Wong et al[25] assigned 1630 patients from the Fujian
province in China with H. pylori infections to an eradication or a non-eradication group. During the 7.5-year
follow-up period, GC was similar in both groups, occurring in 11 out of 813 patients from the non-eradication
group and seven of 817 patients from the eradication
group. However, the incidence of GC in a subgroup
without precancerous lesions receiving H. pylori eradication therapy was significantly lower, compared with the
non-eradication group; several other trials reported similar results[26-27].
A meta-analysis by Fuccio et al[28] examined six randomized trials assessing GC and the progression of
preneoplastic lesions during 4-10 years follow-up. Their
results indicated that 27 of 3388 patients (1.1%) in the
H. pylori antibiotic treatment group developed GC, compared to 56 of 3307 (1.7%) not undergoing treatment;
the overall relative risk was 0.65. However, this metaanalysis comprised mainly studies performed in Asia,
and only two of the studies were of a double-blind design. With a cohort study of 80225 patients, Wu et al[29]
found that the earlier H. pylori is eradicated after peptic
ulcer disease, the smaller the risk of GC, with no risk for
patients receiving early H. pylori eradication as compared
to the general population. A later interventional trial in
Shandong, China showed that 2 wk antibiotic treatment
for H. pylori in 3365 patients significantly reduced GC incidence by 39%, during a total follow-up of 14.7 years[30].
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case report describes two patients who were included in
one of the first study cohorts that received eradication
therapy for peptic ulcer disease, but nevertheless developed GC during long-term follow-up (one at 4 years and
the other at 14 years after the H. pylori eradication)[46].
Both patients had suffered from IM when the gastric
ulcer disease was first discovered. Furthermore, malignant lesions that develop after eradication therapy have
a similar characteristic appearance to and therefore may
have a common carcinogenesis with cancers that occur
in the presence of H. pylori infection, although biological
features may be changed by the eradication therapy[47,48].
These results suggest that H. pylori eradication does not
result in the regression of all precancerous lesions, which
may depend on the degree and extent of preneoplastic
changes at the time of eradication. Moreover, decreased
H. pylori colonization density may occur in these lesions
even without active intervention, with further progression of premalignant lesions less dependent on H. pylori
infection. Therefore, the key question is whether and
when precancerous lesions can be reversed with H. pylori
eradication. Ongoing clinical studies are focusing on a
“point of no return”, defined as a situation when certain
alterations are no longer reversible by H. pylori eradication and GC progression continues.

eradication does not significantly prevent metachronous
GC[49,55]. Nonetheless, a large retrospective study showed
that recurrence rates and recurrence-free survival differed
significantly between the non-eradication and eradication groups[56]. As for subtotal gastrectomy, Cho et al[57]
reported that there was no difference in the development
of metachronous GC according to the treatment allocation or final H. pylori status, which should be evaluated in
further studies because bile reflux was reported to act as
a carcinogen for later GC development[58,59].
Unlike gastric resection, endoscopic resection preserves the abnormal mucosa and gastric environment,
which may promote the occurrence of secondary cancer
in cases with atrophic gastritis or IM caused by H. pylori
infection. Some available evidence suggests that H. pylori
eradication reduces the incidence of metachronous GC
in patients with a history of gastric adenoma. However,
opposing results also indicate that the progression of
atrophic gastritis and IM to GC can indeed occur following H. pylori eradication. Thus, there must be additional
factors, such as genetic and epigenetic alterations, that
lead to the progression of these preneoplastic lesions.

H. PYLORI ERADICATION AFTER
ENDOSCOPIC RESECTION OF EARLY
GASTRIC CANCER

Several studies have indicated that the screening and
eradication of H. pylori is a cost-effective strategy for
the prevention of GC in middle-aged adults, even if the
treatment prevents only 20%-30% of H. pylori-associated
cancers[60,61]. Parsonnet et al[62] carried out a cost-benefit
analysis of H. pylori screening and eradication in individuals aged 50 years. With an assumption that H. pylori
treatment prevents 30% of GC, cost-effectiveness was
estimated to be $25000 per year of life saved, and <
$50000 per year of life saved for high-risk individuals,
such as Japanese-Americans, even at a 5% treatment
efficacy. The authors concluded that the screening and
eradication of H. pylori was therefore a cost-effective
strategy for preventing GC, especially in high-risk populations. Another study reported that the screening and
eradication of H. pylori in young adults has the potential
to prevent one in every 4-6 cases of GC in China, and
would be considered cost-effective using the GDP per
capita threshold[63]. A study from Shin et al[64] evaluated
the long-term cost-effectiveness of H. pylori eradication
in a selective population with a high risk of developing
GC with estimated model variables based on an extensive review of published reports. Their analysis suggests
little difference in H. pylori eradication costs ($29780 vs
$30594 for no eradication) or in saving of lives (mean
life expectancy from eradication: 13.60 years vs 13.55
years for no eradication). Although screening and eradication appear to be a cost-effective way to prevent GC,
shortcomings in the therapeutic armamentarium along
with a concern for antibiotic resistance should prevent
recommendation of this global screen-and-treat strategy.
A prophylactic H. pylori vaccine could be an attractive

COST-EFFECTIVENESS OF H. PYLORI
ERADICATION FOR GC PREVENTION

Following endoscopic resection of early gastric cancer
(EGC), secondary cancers are often found at sites other
than the resection site during follow-up, with the rates
ranging from 3% to 4% per year[21,49,50], rendering them
more likely to be detected in trials compared to the low
incidence of GC. Japanese guidelines recommend treatment for H. pylori infection in patients following resection
of EGC[51,52]. In 1997, Uemura et al[53] assigned patients
undergoing endoscopic resection for GC to an H. pylori
eradication group or a non-eradication group. Secondary GC was detected in 10 of 67 patients from the noneradication group (15%) vs none of the 65 patients from
the eradication group during about 5 years follow-up,
suggesting that H. pylori eradication inhibits the development of new carcinomas. Although this was a pioneer
study, it was not a randomized controlled trial. Fukase et
al[21] reported the first multicenter, open-label, randomized study on the incidence of developing metachronous
GC following endoscopic resection of EGC. In this
study, 544 patients from 51 Japanese institutions were
randomly assigned to an H. pylori eradication group or
a non-eradication group and were followed up over 3
years with annual endoscopy to detect any recurrence of
GC. This trial demonstrated a 65% risk reduction for the
development of metachronous GC with H. pylori eradication. Long-term results of this trail were encouraging[54].
However, two recently published retrospective studies
failed to validate these findings, suggesting that H. pylori
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alternative strategy for the control of H. pylori infections.
A 2009 study evaluated the potential socioeconomic
benefit of a putative H. pylori vaccine in three different
simulated scenarios: no intervention, vaccination of infants, and vaccination of school-age children[65]. Results
of their direct transmission model indicated that the use
of a prophylactic H. pylori vaccine was cost-effective in
the United States, with vaccination in infancy providing
the greatest benefit over at least 40 years, at a cost per
quality-adjusted life year of $17684.

3

4

5

CONCLUSION

6

H. pylori infection induces progressive inflammatory
changes in the gastric mucosa that may lead to GC.
As the treatment of GC represents a significant medical burden and poor outlook[66], H. pylori screening and
eradication is likely to be one of the most promising and
cost-effective approaches in GC prevention. However,
the collective results of previous studies have failed to
identify a significant reduction in GC; possibly due to
the variable prevalence of H. pylori infection between
countries and the long course of GC. Nevertheless,
younger individuals with no precancerous lesions should
consider H. pylori eradication for GC prevention, although high-risk groups should combine this therapy
with endoscopic surveillance or treatment. Following endoscopic resection of EGC, H. pylori eradication should
be used to prevent the development of metachronous
gastric carcinoma, although study of the benefits in a
wider population is needed.
H. pylori, which is often acquired during childhood
and associated with low socioeconomic status, is recognized as a necessary but insufficient cause of GC,
because the pathogenesis of gastric carcinogenesis is
multifactorial. Although the mass eradication of H. pylori
is potentially feasible, doubts remain about the advisability of such a policy. Differences in the socioeconomic
composition of countries and the undesirable side effects of antibiotic use as well as increased incidence of
other diseases necessitate further investigation into mass
eradication of H. pylori as a preventative strategy[67-70].
In addition, the feasibility and appropriate timing of
this strategy for cancer prevention remains to be determined. Further systematic data collection comprising
large randomized controlled trials designed in multiple
geographical areas and with extended follow-up periods
is needed to elucidate the role of H. pylori eradication for
GC prevention in patients with or without precancerous
lesions.
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Core tip: Comparative analysis of strains from different Helicobacter pylori (H. pylori ) populations revealed
that the genome size of strains from East Asia was
reduced. In parallel with this, the number of protein
coding genes and the guanine-cytosine content were
decreased. The reduced genome of H. pylori from East
Asia potentially contributes to the high prevalence of H.
pylori in East Asia.
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Abstract
Helicobacter pylori (H. pylori ), a major pathogen colo-

INTRODUCTION

nizing the human stomach, shows great genetic variation. Comparative analysis of strains from different H.
pylori populations revealed that the genome size of
strains from East Asia decreased to 1.60 Mbp, which
is significantly smaller than that from Europe or Africa.
In parallel with the genome reduction, the number of
protein coding genes was decreased, and the guaninecytosine content was lowered to 38.9%. Elimination
of non-essential genes by mutations is likely to be a
major cause of the genome reduction. Bacteria with a
small genome cost less energy. Thus, H. pylori strains
from East Asia may have proliferation and growth
advantages over those from Western countries. This
could result in enhanced capacity of bacterial spreading. Therefore, the reduced genome size potentially
contributes to the high prevalence of H. pylori in East
Asia.

WJG|www.wjgnet.com

Helicobacter pylori (H. pylori) is a major human pathogen
causing chronic inflammation of gastric mucosa[1]. Infection by this bacterium is associated with an increased
risk for the development of peptic ulcer and gastric
cancer[2,3]. There is a dramatic geographical variation in
the prevalence of the infection and H. pylori associated
diseases. In Western countries, the infection rate is approximately 30%, while it is higher than 60% in Eastern
countries[4]. The incidence of gastric cancer is much
lower as well in Western countries[5].
It is believed that H. pylori has established its colonization in human stomachs 100000 years ago[6]. With
the human migration out of the Africa, the bacterium
carried by its hosts traced the route of migration reaching Asia through India, and then into South East Asia
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and Australia[7]. It arrived at Europe through Turkey[7].
The phylogenetic analysis of global strains of H. pylori
reveals that the bacterium is subdivided into seven populations: hpAfrica1, hpAfrica2, hpEastAsia, hpEurope,
hpNEAfrica, hpAsia2 and hpSahul[6-8]. These populations generally correspond to their geographical origins.
Up to date, hundreds of strains have been sequenced or
being sequenced[9-12]. The purpose of this review is to
compare the genomic differences of H. pylori from different populations, and discuss their implications in the
geographical variation of the prevalence of the infection.

into different populations, since the population they
belong to is known. These 118 sequenced strains could
be assigned into five H. pylori populations, including
hpEastAsia (30 strains), hpAsia2 (7 strains), hpEurope (39
strains), hpAfrica1 (40 strains) and hpAfrica2 (2 strains).
No sequenced strains were assigned into the other two H.
pylori populations, hpSahul and hpNEAfrica. The average genome size of H. pylori was about 1.64 Mbp. However, it is significantly different between the populations.
Strains from hpEastAsia had a genome size of 1.60 Mbp
on average (Table 1), which is significantly smaller than
that from hpEurope (P < 0.001) or hpAfrica1 (P < 0.001)
(Figure 2). The average genome size of strains from
hpEastAsia was also smaller than that from hpAsia2 or
hpAfrica2, although the difference is not statistically significant probably due to small sample size. These findings
suggest that genome reduction occurs in strains of H. pylori from East Asia. As shown in Table 1, the genome of
H. pylori decreased gradually with its spreading. In parallel
to the genomic reduction, the number of protein coding
genes was decreased (R = 0.568) (Figure 3), and the GC
content of the genome declined gradually (Table 1).

VARIATION OF THE GENOME SIZE AND
THE GUANINE-CYTOSINE CONTENT
To explore the genomic differences between H. pylori
strains, we have determined the genome sequence of
H. pylori strain D33 isolated from a Chinese patient
with gastric cancer. Whole-genome sequencing was performed as described previously[9,10]. Briefly, the raw reads
were trimmed and filtered, yielding a total of 2364383
reads with an average length of 260 nucleotides. This
corresponded to about 297-fold genome coverage. A
total of 74 contigs were assembled. The annotation of
the genome was performed using the Glimmer program.
This whole genome shotgun project has been deposited
in DDBJ/EMBL/GenBank under the accession number ANIO00000000 (The version described here is the
first version, ANIO01000000.) The genome of H. pylori
D33 had a size of about 1555730 bp, with a guaninecytosine (GC) content of 38.96%. It possessed 1570 protein coding genes. The D33 genome carries a complete
cag pathogenicity island. It has been found that H. pylori
from East Asia had a massive decay of molybdenum-related genes[13,14]. There are a total of 12 molybdenum-related genes including three genes encoding molybdenum
transport proteins, eight genes involved in molybdenum
cofactor synthesis, and only one molybdenum-containing enzyme[15]. Most of them have been fragmented[14].
Consistent with this, seven molybdenum-related genes
of strain D33 were fragmented, while intact modB, moaE,
moeB, mogA and mobA genes were present.
H. pylori D33 had a smaller genome compared to
strains from Western countries. To identify the genomic
size difference between different H. pylori populations, a
total of 118 sequenced strains with required data available were assigned into different populations based on
results of the phylogenetic analysis. Briefly, sequences of
house-keeping genes atpA, efp, mutY, ppa, trpC, ureI and
yphC were extracted from strain D33 sequenced in this
study, 117 sequenced strains available from GenBank
(http://www.ncbi.nlm.nih.gov), and 77 strains available from multilocus sequence typing (MLST) database
(http://www.mlst.net). The sequences of these genes
were concatenated and a neighbor-joining tree was constructed (Figure 1). The strains from the MLST database
was used as a standard to assign those sequenced strains

WJG|www.wjgnet.com

MECHANISMS OF THE GENOMIC
REDUCTION
Bacterial genome size is mainly determined by gains or
losses of genes[16]. Bacteria acquired new genes through
duplication of genes or horizontal gene transfer[17,18].
Genes may be deleted through mutations or recombination events[19,20]. Genome reduction occurs when gene
losses prevail gene gains. The life style of bacteria is
a major factor contributing to the genome reduction.
Bacterial species have a reduced genome when inhabiting in the host cells or in the extreme conditions[21,22]. It
is, however, unusual that a particular bacterium living
in similar environments has reduction of genome. Our
comparative analyses of genome found that genome
reduction occurs in H. pylori. This is unexpected as the
bacterium only colonizes in the human stomach. It is
likely that variation in host genetic backgrounds dramatically influences physiochemical properties, immune and
inflammatory responses of the stomach, leading to genomic alterations of H. pylori.
Genome reduction may be caused by the deletion of
intergenic regions[23]. This leads to an increased density
of gene contents and thus a well compacted genome. It
is most frequent, however, that genome reduces through
removal of non-essential or redundant genes[24]. Our
comparative analysis found that the number of protein
coding genes of H. pylori was closely associated with the
genome size. The number decreased with the reduced
size of the genome. This demonstrates that the genome
reduction in H. pylori is caused essentially by deletion of
genes. Compared to strains from Western countries, two
groups of genes are frequently removed from those from
Eastern countries[14]. The first group consists of gene encoding outer membrane proteins, including oipA-2, hopN,
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Table 1 Genome size, guanine-cytosine content and number of protein coding genes of Helicobacter pylori from different populations
Population

n

Size (Mbp)

GC content

Protein coding genes

hpEastAsia
hpAsia2
hpEurope
hpAfrica1
hpAfrica2
Total

30
71
391
40
2
118

1.6050 ± 0.0327
1.6243 ± 0.0282
1.6467 ± 0.0391
1.6558 ± 0.0384
1.6500 ± 0.0424
1.6379 ± 0.0417

38.8167% ± 0.1206%
39.0286% ± 0.0756%
38.9231% ± 0.1287%
39.1800% ± 0.1137%
38.5000% ± 0.1414%
38.9822% ± 0.1986%

1548.8000 ± 74.3762
1559.5000 ± 57.2757
1627.8684 ± 74.7411
1660.0250 ± 58.9108
1637.5000 ± 92.6310
1637.5000 ± 71.3128

1

The number of protein coding gene is only available in 2/7 strains from hpAsia2 and 38/39 strains from hpEurope. GC: Guanine-cytosine.

these genes could be complemented by their paralogs in
the genome. These findings suggest that H. pylori strains
originating from Eastern countries could eliminate nonessential genes from their genome, resulting in the reduction of genome.
Bacterial genome size is well correlated with the GC
content[30]. Events of G-C to adenosine-thymine (C-T)
mutations are more common than those of C-T to A-G
mutations[31-33]. Thus, GC contents significantly influence the genome size. Our comparative analysis found
that the GC content drops with the gradual reduction
in the genome size of strains from hpAfrica 1 and 2,
to hpEurope and hpAsia2, and finally hpEastAsia. This
indicates that mutation is a major factor contributing to
the genome reduction in H. pylori. Mutations and recombination events frequently occur in this bacterium[34,35].
It has been estimated that the mutation rate is as high as
1.38 × 105 per site per year. The majority of genes deleted in Eastern strains are possibly caused by mutations.
Recombination is also frequent in H. pylori[35]. However,
recombination usually has no influence on the GC content. Thus, it is unlikely to be a major reason causing the
genome reduction.

P < 0.001
1.8

P < 0.05
P < 0.001

Size (Mbp)

1.7

1.6

1.5

hpEastAsia

hpAsia2

hpEurope

hpAfrica1

hpAfrica2

Figure 2 Genome size of strains from different Helicobacter pylori populations. Single factor analysis of variance was used for the statistical analysis.
The average genome size was significantly different between Helicobacter
pylori populations.
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R = 0.568

The prevalence of H. pylori shows considerable geographical variation[36]. In Eastern countries, the infection is much higher compared to Western countries.
Family transmission is a major route for the bacterium
to spread[37]. Spread of H. pylori is influenced by environmental conditions including socio-economic status,
inhabiting conditions and hygiene levels [38,39]. These
factors may lead to an increased exposure to the bacterium. Spread of the bacterium is also influenced by
the individual susceptibility determined by host genetic
backgrounds. The single nucleotide polymorphism of
the Toll-like receptor gene is closely associated with increased susceptibility to the infection[40]. Bacterial factors
related to the spread are, however, unclear.
Bacteria spend the majority of their energy for synthesis of proteins[41]. Genome reduction with reduced
number of protein coding genes, thus, requires less cost
of energy [42]. Furthermore, genome reduction would

1300
1.5

1.6

1.7

1.8

Genome size

Figure 3 Correlation of the genome size of Helicobacter pylori with the
number of protein coding genes. CDS: Coding sequence.

babC, sabB, vacA2, homB and hopQ. All of these genes
have their homologs and are variable in H. pylori[25,26].
Therefore, their functions are most likely redundant. The
other group of genes deleted in Eastern strains are composed of those involved in central metabolism. These
genes include molybdenum-related genes as found in our
sequenced strain D33 and other Japanese strains[14], acoE
encoding acetyl-CoA synthetase[27], tas encoding aldoketoreductase involved in carbonyl metabolism and[28]
and jhp0585 encoding a putative hydroxyl-isobutyrate
dehydrogenase which degrades valine[29]. Functions of
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decrease the energy cost for the maintenance of DNA
structure and replication[43]. These would promote bacterial growth and proliferation[44]. The lowered energy cost
for bacteria means less nutrient needs. Therefore, bacteria with a reduced genome have an increased capacity of
adapting to unfavorable environments[16]. Our comparative analysis found that strains form the hpEastAsia population have a smaller genome than those from hpEurope. Thus, H. pylori originating from East Asia could
have an enhanced capacity of bacterial proliferation and
growth, facilitating the spreading of the bacterium. It is
conceivable that the reduced genome size contributes to
the higher prevalence of H. pylori in East Asia.

10

11

12

13

CONCLUSION
14

H. pylori shows an unusual variation of the genome size.
The reduced genome size of strains from East Asia
potentially contributes to the high prevalence of the
bacterium in the region. It is worth of further studies
to investigate the influence of the genome reduction on
the proliferation, growth and spread of H. pylori. This
will benefit for the understanding of mechanism of the
spreading and the prevention of the infection.
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West. Therefore the experience of endoscopic therapy
or minimal invasive surgery is only in special centers available. Total or subtotal gastrectomy with D2lymphadenectomy is the standard treatment for early
gastric cancer with suspected lymph node metastases.
Future studies including prediction of lymph node metastasis are necessary to optimize the therapy according to quality of life.

Elfriede Bollschweiler, Felix Berlth, Christoph Baltin, Stefan
Mönig, Arnulf H Hölscher, Department of General, Visceral
and Cancer Surgery, University of Cologne, 50937 Cologne,
Germany
Author contributions: Bollschweiler E, Mönig S and Hölscher
AH are responsible for the scientific context of the manuscript;
Berlth F and Baltin C performed the systematic search of literature; Bollschweiler E designed the review and wrote the manuscript.
Correspondence to: Elfriede Bollschweiler, Professor, Department of General, Visceral and Cancer Surgery, University of
Cologne, Kerpener Str. 62, 50937 Cologne,
Germany. elfriede.bollschweiler@uk-koeln.de
Telephone: +49-221-4786273 Fax: +49-221-4785076
Received: October 29, 2013 Revised: January 3, 2014
Accepted: February 16, 2014
Published online: May 21, 2014

Bollschweiler E, Berlth F, Baltin C, Mönig S, Hölscher AH.
Treatment of early gastric cancer in the Western World. World J
Gastroenterol 2014; 20(19): 5672-5678 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5672.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5672

Abstract

INTRODUCTION
Gastric cancer is the second most common cause of
death from cancer worldwide[1]. Overall incidence rates
for gastric cancer have steadily declined over the past 50
years, particularly in developed countries.
According to the Japanese classification of gastric
cancer early gastric cancer (EGC) is defined as gastric
cancer in which tumor invasion is confined to the mucosa
or submucosa (T1 cancer), irrespective of the presence
of lymph node metastasis[2]. Early gastric cancer carries a
much more favourable prognosis than advanced cancer,
with 5-year survival rates of over 90%[3]. A complete cure
can almost always be achieved by conventional gastrectomy with lymph node dissection. Therefore, this treatment
has been the gold standard, providing an excellent prognosis in patients with EGC in Eastern as well as in the
Western world[3-5]. During the last years limited resection
of the primary tumor and minimal invasive surgical approaches have been introduced for early gastric cancer[6].
On the other hand, endoscopic resection (ER) is beneficial, as it is minimally invasive and conserves the whole
stomach, and postoperative quality of life is good[7,8].

The incidence rate of gastric cancer is much higher in
Asia than in the Western industrial nations. According to the different screening programs in Japan and
Korea about fifty percent of treated patients had an
early tumor stage. In contrast, European and American patients with gastric cancer had an advanced tumor stage. Therefore, the experience for the various
therapeutic options for gastric cancer may be different between these regions. In this review we tried to
point out the treatment modalities in Western industrial
countries for early gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Early cancer; Epidemiology;
Diagnosis; Therapy; Western World
Core tip: Early gastric cancer is a challenging disease
with varying lymph node infiltration. In the Western
industrial countries the frequency of early gastric cancer is much lower than in Asian countries. Especially,
carcinomas limited to the mucosa are rare in the
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third[16,17]. Further explanations, like biologic differences
or differences in genomic or epigenomic changes, for differences in the frequency of LN metastasis between the
two worlds are not really well studied and therefore topics of future studies.

ER has been accepted as a minimally invasive treatment
method for EGC with a negligible risk of lymph node
metastasis. But according to the low frequency of EGC
in the Western countries the experience with minimal
invasive surgical and endoscopic methods are low compared to those in Asian countries.
The aim of this review is to show the actual knowledge about early gastric cancer in Western industrial
countries.

EPIDEMIOLOGY
Nearly for all countries in the world the incidence rate of
gastric cancer declined during the last fifty years[1,18]. The
main difference between Asian and Western industrial nations is the level of the incidence rate. Whereas in Japan
an age standardized incidence rate (ASR) for males of
about 80 per 100000 inhabitants were found in European
countries the ASR for males is about 16 per 100000 inhabitants.
The frequencies of early gastric cancer in Western
countries are not really known. According to the lower
incidence rate of gastric cancer there exists no screening
programs for this tumor entity. Faria et al[19] compared
three decades in gastric cancer surgery in a Portuguese
hospital and found an increase of EGC from 14.5% in
the time span from 1980 to 1989 compared to 20.8%
in the time span from 2000 to 2009. Data from Italian
Research Group of Gastric Cancer showed a decreasing
rate of patients with resected gastric cancer from 1991
to 2005 and during the same time span a decreasing rate
of pT1 gastric cancer. But the rate of stage Ⅰ carcinoma
was not different in the three five years sections with
37.8%, 35.4% and 37.4%[20]. In Germany, there are three
prospective multicenter observational studies: the German Gastric Cancer Study (GGCS ‘92) with data from
19 University hospitals in the time span 1986-1989, the
quality assurance study of the East German study group
for quality assurance and regional development in surgery
(EGGCS ‘02) including the data from 2002 of 80 hospitals and the German multicenter observational studies
for gastric cancer for surgical treatment of gastric cancer
(QCGC 2007-2009) including the data from 2007-2009
of 141 hospitals[21-23]. Stage Ⅰ gastric cancer was detected
in 27.3% of all cases of GGCS ‘92, in 34.1% of EGGCS
‘02 and in 34.2% of cases from QCGC 2007-2009 study.
But all these data are from surgical hospitals. During this
time span the indication for surgery in advanced cases
may be changed. On the other hand, patients with early
cancer are more often treated by endoscopic resection.
Therefore, it is not clear if the incidence of EGC has
changed in the Western.
Based on data from population-based cancer registries
the survival rate of Japanese patients with gastric cancer
is higher in Japan than in Western countries. One reason
may be the high rate of EGC as a consequence of the
various screening programs. Other factors of influence
like more radical therapy are discussed.

DEFINITION
The term “Early Gastric Cancer” is not really well defined. According to the Japanese classification of gastric
cancer EGC is defined as gastric cancer in which tumor
invasion is confined to the mucosa or submucosa (T1
cancer), irrespective of the presence of lymph node metastasis[2]. Sometimes it is used to contrast it to “Advanced
Gastric Cancer”. In these cases, EGC includes T2 cancers in addition to T1 cancer. According to the 7th UICCTNM classification T1 means the tumour has started to
grow into the wall of the stomach. T1 is further divided
into T1a and T1b. T1a means the tumour is within the
inner layers of the stomach (the mucosa). And T1b
means the tumour has grown through the mucosa and
into a layer of supportive tissue called the submucosa[9].
The N-category describes the number of metastatic
lymph nodes (LNM), N0 = no lymph node metastasis,
N1 = 1-2 LNM, N2 = 3-6 LNM and N3 more than 6
LNM. The stage-system of the 7th UICC-TNM classification combined the T-, N-, and the M-category.
Early gastric cancer is often used in the same manner as
stage Ⅰ tumor. In this stage system T1N0M0 (stage IA),
T1N1M0 and T2N0M0 (stage IB) tumors are combined
to stage Ⅰ gastric cancer. T1N2M0 or T1N3M0 are classified to more advanced stages.

EGC AND LYMPH NODE METASTASES
Hölscher et al[10] compared the frequency of LNM in patients with pT1 gastric cancer from Asian and European
countries. In European countries there were 6.5% for
mucosal carcinomas and 23.9% for submucosal carcinomas compared to 2.7% resp. 22.9% in Asian countries.
Table 1 shows the results of literature for patients with
pT1 gastric cancer in the Western countries[4,5,10,11-15]. One
reason for the difference of LNM in pT1a cancer may
be the higher frequency of tumor infiltration in the upper layer of the mucosa (m1 and m2) with no lymphatic
invasion for Asian patients. The infiltration of the deepest layer (m3) represents an important step for a mucosal
carcinoma. In the series from Hölscher et al[10] for German patients with mucosal carcinoma the rate of lymph
node metastasis springs from 0% in m1 or m2 layers to
12.8% in m3 layer. Another reason for this dissimilarity
may be different location of the primary tumor. Patients
in Asian have more often tumor in the mid or lower third
of the stomach compared to patients in Western countries with higher frequency of tumors in the proximal
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Treatment options for early gastric cancer range from
endoscopic mucosal resection (EMR), endoscopic sub-
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Table 1 Survey of the literature on the rate of lymph node metastasis in surgically resected mucosal or submucosal pT1 gastric
cancer in Europe
Ref.

Year

Origin

pT1a

n
[11]

Folli et al
Hayes et al[12]
Bösing et al[13]
Popiela et al[14]
Roviello et al[15]
Hölscher et al[10]
Nieminen et al[4]
Saragoni et al[5]

1995
1996
1998
2002
2006
2009
2009
2013

Italy
Germany
Germany
Poland
Italy
Germany
Finland
Italy
Europe

pT1b
% LNM

117
14
33
113
330
47
47
308
1009

4
21
9
6
5
11
2
6
5.9

n
106
14
24
125
322
79
43
221
934

% LNM
23
64
17
21
24
25
23
26
24.3

LNM: Lymph node metastasis.

mucosal dissection (ESD), laparoscopic or open distal
gastric resection to gastrectomy with radical lymph node
dissection.
EMR has become the standard of care for removal of
large flat and sessile neoplastic lesions of the gastrointestinal tract in Japan and Korea. The applications of EMR
and ESD are expanding and many Western endoscopists
are adopting these techniques. But according to the low
frequency of early gastric cancer in Western countries
and the high frequency of lymph node metastases in
those EGC the standard of care is the gastrectomy.

technique, which uses a snare, EMR also has the disadvantage that only a small area can be excised at a time,
and so for larger lesions, it has higher rates of piecemeal
excision and local recurrence[8]. Manner et al[28] summarized the Western results of EMR as follows: Although
ER for EGC in Western countries is effective; it is associated with a relevant risk of complications. In view of
the possibility of recurrent or metachronous neoplasia, a
strict FU protocol is mandatory.
Endoscopic submucosal dissection is a new technique
that can remove even large tumours in one piece[29]. In a
comparison with endoscopic mucosal resection, resections removing tumours in one piece were more frequent
in the endoscopic submucosal dissection group (93% vs
56%) and the 3-year recurrence-free rate was higher (98%
vs 93%), at the expense of a higher rate of perforations
(3.6% vs 1.2%), which were endoscopically managed in
most cases[30]. Several reports from Western referral centers could confirm the high rates of en bloc resection
of early gastric neoplasia. However, histology may not
always confirm complete resections of horizontal tumor
margins[31-33].
Regarding the German S3 guideline for gastric cancer
the endoscopic treatment is provided for non ulcerated
lesion smaller than 2 cm showing an intestinal type according to the Laurén classification. For bigger lesions
and small diffuse carcinomas an endoscopic treatment
can be considered[34].

ENDOSCOPIC TREATMENT
Endoscopic treatment (ER): EMR as well as ESD of early carcinomas is only meaningful if lymph node metastasis can be excluded. This is not possible by endoscopic
ultrasonography or computed tomography because the
size of the lymph nodes (LN) is not a reliable parameter
for detection of metastatic infiltration. This has been
shown for early as well as advanced gastric cancer[24,25].
Therefore, the indication for endoscopic treatment is an
on-going debate between surgeons and gastroenterologists.
EMR: Since endoscopic mucosal resection using
the strip biopsy method (two-channel method) was
first introduced for endoscopic therapy in 1984[26], various methods of EMR have been developed, including
endoscopic resection with a cap-fitted panendoscope
(EMRC). They are widely used in Western countries as
well as Japan[8,27]. Lesions with an extremely low likelihood of lymph node metastasis have been identified by
clinicopathological investigations of multiple surgery
cases, and indications for endoscopic therapy have been
compiled by the Japan Gastric Cancer Association[2]. In
principle, these indications state that the likelihood of
lymph node metastasis is extremely unlikely and that
the tumor should be of a size and in a site that allows
it to undergo en bloc resection. Specifically, the lesion
must be (1) a differentiated elevated intramucosal cancer
less than 2 cm in size or (2) a differentiated depressed
intramucosal cancer less than 1 cm in size without ulcer
findings. However, due to the nature of the excision
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SURGICAL TREATMENT
The surgical resection of the tumor is the only possibility to cure a patient with early gastric cancer and lymph
node metastasis. The age-adjusted survival rates for
these patients are comparable with the normal population[35]. The presence of lymph node metastasis is one of
the most important prognostic factors in patients with
gastric carcinoma. Node-negative patients have a better
outcome, nevertheless a subgroup of them experience
disease recurrence. Baiocchi et al[36] analyzed the clinicopathological characteristics of lymph node-negative
advanced gastric carcinoma patients submitted to gastrectomy and D2 lymphadenectomy with a retrieved number
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of nodes greater than 15, after an actual follow-up of
almost 5 years, and evaluate outcome indicators. Data
of 301 patients with curative gastrectomy staged as N0
between 1992 and 2002 of 7 centers participating to the
Italian Research Group for Gastric Cancer were included.
Disease-specific and disease-free survival after 3, 5, and
10 years were 90.4%, 86.1%, 75.9%, and 72.1%, 57.3%,
57.3%, respectively. Mortality was 1.7%. The factors associated with a better disease-free survival at univariate
analysis were age < 60, T2 tumors, distal location, intestinal histotype, and number of retrieved nodes > 25; depth
of infiltration and histotype were the only 2 independent
predictors of 5-year recurrence-free survival at multivariate analysis.
Therefore, the German national guidelines for gastric
cancer suggests that only mucosal cancer without LNM
can be treated endoscopically if a R0-resection is possible[34].
The guidelines do not dictate the indication for a subtotal gastrectomy, however a D2 lymphadenectomy and a
resection margin of 5 cm for intestinal type and 8 cm for
diffuse type of gastric cancer is provided. As Hosokawa
et al[37] show a subtotal gastrectomy to be equal to total
gastrectomy concerning the outcome of early remnant
gastric cancer patients who underwent endoscopic treatment at first; there is evidence for the efficiency of the
limited surgical treatment. But so far, there is a lack of
data regarding this approach in early gastric cancer in
western countries.

Europe and United States. National guidelines from the
Netherlands or from Germany recommended a D2LAD for resectable gastric cancer[34]. The actual version
of The NCCN Clinical Practice Guidelines in Oncology
for Gastric Cancer recommended for patients with resectable locoregional cancer, a gastrectomy with a D1+
or a modified D2 lymph node dissection (performed by
experienced surgeons in high-volume centers). Postoperative chemoradiation is the preferred option after complete gastric resection for patients with node-positive
T1-T2 tumors. Postoperative chemotherapy is included
as an option after a limited lymph node dissection for
this group of patients[41].

PREDICTION OF LYMPH NODE
METASTASES
The key issue for the decision of endoscopic or surgical treatment is the existence of lymph node metastasis.
For rational LN dissection it is important to know the
incidence of metastasis at each LN station. For this purpose a computer program was developed using data from
4302 primary gastric cancers treated at the National Cancer Center Hospital in Tokyo between 1969 and 1989[42].
The accuracy of this program for European patients was
evaluated by several authors[43-46]. The Maruyama computer program showed good predictive ability for LN
metastases in most of the 16 LN stations. The predictive
values could be improved using a neural network for the
prediction of LN’s[44,45].
The probability of lymph node metastasis is a key criterion for defining subgroups of patients for whom these
endoscopic methods are appropriate. The main focus of
the current discussion is m3 and sm1. Hölscher et al[10]
described an algorithm for a group of patients with early
cancer in Germany using only variables which are available before therapeutic decision. Using this clinical pathway all carcinomas with lymph node metastasis and 50%
of those without LNM were correctly predicted.
A more invasive method is the Sentinel lymph node
(SN) biopsy. The technique is based on the concept that
the tumor-bearing status of the SN, which is defined
as a LN that directly drains a specific cancer, reflects
the tumor status of the remaining nodes. In a Japanese
multicenter trial the feasibility and accuracy of diagnosis using SN biopsy in T1 gastric cancer was evaluated.
The proportion of false negatives was much higher than
expected. And the authors conclude that intraoperative
histological examination using only one plane is not an
appropriate method for clinical application of SN biopsy
in gastric cancer surgery[47].

LYMPHADENECTOMY
For many years, clinicians have debated whether an extended lymph-node dissection (D2) for gastric cancer
is beneficial. So far, five randomised studies comparing
D1 and D2 dissections have been completed. A Cochrane review showed a significantly increased mortality after D2 dissection (RR = 2.23, 95%CI: 1.45-3.45),
without a benefit in survival; HR = 0.95, 95%CI:
0.83-1.09[38].
A single-centre randomised trial comparing D1 and
D3 dissections was the first to identify a difference (P =
0.041) between overall survival in D1 dissections (53.6%,
95%CI: 44.2-63.0) and D3 dissections (59.5%, 95%CI:
50.3-68.7). No postoperative deaths occurred and morbidity was 12%. Only 13% of patients in this study had
pancreatico-splenectomy compared with 23% in the
Dutch gastric cancer trial[39]. Analysis of the group that
did not undergo a pancreatico-splenectomy in the Dutch
trial showed a significant survival advantage for those
who had a D2 lymph-node. Thus, a D2 dissection might
be beneficial if postoperative mortality can be avoided.
Strong et al[40] compared pT1 pN0 gastric cancer from
United States with those from Korea. They could show
that if patients had a D2-lymphadenectomy the prognosis was comparable for both groups of patients. Instead of these results the guidelines for the extension of
lymphadenectomy for early cancer is different between
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MINIMAL-INVASIVE SURGERY
Since the first report of laparoscopic gastrectomy in 1994
by Kitano et al[48] in Japan, much of our knowledge on the
feasibility, safety, and benefits of laparoscopy in the treatment of gastric cancer is derived from studies performed
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in the East. Data from the West have emerged at a slower
pace. This is largely because the disease incidence is much
lower and a greater proportion of patients present with
locally advanced tumors that render laparoscopic resection less feasible. In addition, up to 50% of gastrectomies for adenocarcinoma in the US are performed at low
volume centers where experience with advanced laparoscopic gastric surgery is limited. As a result, conventional
open gastrectomy is still performed much more frequently in the US than laparoscopic resection even for patients
with early stage disease[6]. Corcione performed during
a time span of 12 years laparoscopic gastrectomy with
D2-lymphadenectomy in 11 patients with early gastric
cancer. The five year survival rate was 100%[49]. In Japan,
early stage gastric cancer (T1N0 or T2N0) is regarded as
the only indication for laparoscopic gastrectomy. Cancer
registry data from United States as well as from the Netherlands showed that more than 90% of the patients with
stage Ⅰ gastric cancer were surgically resected[50].

4

5

6
7

8
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CONCLUSION

10

Physicians from Western countries had much learned
about treatment of gastric cancer from the great experience of their Eastern colleges. Patients with adequate
treated early gastric cancer have the same prognosis as
normal population. Therefore the main goal of future
research is to reduce the side effects of the therapy and
to improve the quality of life after therapy. Actual topic
of cancer research is personalized therapy. One example
may be the ToGA-trial (Trastuzumab for Gastric Cancer),
the first international trial to include patients with human
epidermal growth factor 2 (HER-2) positive advanced/
metastatic gastric or gastroesophageal junction cancer.
For patients with HER-2 positive advanced gastric cancer
Trastuzumab, an anti-HER2 monoclonal antibody, survival benefit was shown and becomes the first targeted
agent approved in these tumors[51]. But only 20% or less
of all patients are HER-2 positive. To date, monoclonal
antibody therapy is the only immunotherapy approved
by the United States Food and Drug Administration for
gastrointestinal cancers. Initial trials validating new immunotherapeutic approaches, including vaccination-based
and adoptive cell therapy strategies, for gastrointestinal
malignancies have demonstrated safety and the induction
of antitumor immune responses. Therefore, immunotherapy is at the forefront of neoadjuvant as well as adjuvant
therapies for the treatment and eradication of gastric
cancer[52,53].
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Pathohistological classification systems in gastric cancer:
Diagnostic relevance and prognostic value
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characteristics of gastric cancer, there is no sole classification system that is consistently used worldwide
in diagnostics and research. However, several national
guidelines for the treatment of gastric cancer refer
to the Laurén or the WHO classifications regarding
therapeutic decision-making, which underlines the importance of a reliable classification system for gastric
cancer. The latest results from gastric cancer studies
indicate that it might be useful to integrate DNA- and
RNA-based features of gastric cancer into the classification systems to establish prognostic relevance. This
article reviews the diagnostic relevance and the prognostic value of different pathohistological classification
systems in gastric cancer.
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Core tip: The establishment of a pathohistological classification system for gastric cancer with significant
prognostic relevance is highly desirable. Numerous
classification systems have been introduced by different authors. Although none of them could reach a consensus, the Laurén classification and the World Health
Organization classification are widely used. The characteristics of each classification system as well as the
prospect for future developments are presented in this
article.

Abstract
Several pathohistological classification systems exist
for the diagnosis of gastric cancer. Many studies have
investigated the correlation between the pathohistological characteristics in gastric cancer and patient
characteristics, disease specific criteria and overall
outcome. It is still controversial as to which classification system imparts the most reliable information, and
therefore, the choice of system may vary in clinical
routine. In addition to the most common classification
systems, such as the Laurén and the World Health Organization (WHO) classifications, other authors have
tried to characterize and classify gastric cancer based
on the microscopic morphology and in reference to the
clinical outcome of the patients. In more than 50 years
of systematic classification of the pathohistological
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a certain rate of mismatches was found. In studies investigating the concordance of biopsy- and specimen-based
histological diagnosis in gastric cancer, a mismatch for
the Laurén classification was found in 16%-26%. This
mismatch was primarily explained as a focal manifestation of diffuse adenocarcinoma in specimens that the
biopsy indicated as an intestinal adenocarcinoma[15,16].
With respect to the influence the histology might have in
terms of treatment, a control biopsy was recommended
in cases of uncertain histology.
Concerning the accuracy of esophagogastroduodenoscopy and endoscopic ultrasound in the diagnosis of
gastric cancer, the diffuse type was described as a factor leading to underestimation of tumor infiltration, or
T-category[17]. Therefore, in endoscopic treatment of
gastric adenocarcinoma, an intestinal type indicated by
the Laurén classification is favored in the national guidelines of Japan and Germany and in European Society
for Medical Oncology guidelines[18-20]. The German S3
Guidelines also refer to Laurén’s classification when recommending a resection margin of 8 cm for the diffuse
type and a 5 cm margin for the intestinal type[18]. The
rationale for this recommendation is given in several
studies by Hornig et al[21] who found a sometimes discontinuous proliferation of diffuse gastric cancers[22,23].
These recommendations in national guidelines and the
histological findings underline the significance of the
Laurén classification and clarify why it is favored over
other pathohistological classification systems.

INTRODUCTION
Gastric cancer is responsible for approximately 10% of
cancer-related deaths worldwide; it is the second most
common cause of cancer-related deaths and the fourth
most commonly diagnosed cancer worldwide [1,2]. Although the incidence is persistently declining due to
changes in nutrition and better prevention and treatment,
gastric cancer is still associated with a poor prognosis. In
the age of microscopic pathology, it has been of greater
interest not only to classify the heterogeneous, histological appearance of the tumor cells but also to find a
classification scheme with an independent prognostic
relevance. To make patient-specific decisions regarding
diagnosis and treatment, it is crucial to establish a solid
pathohistological classification system. Numerous pathohistological classification systems have been established
for gastric cancer thus far, but there is still controversy
as to which classifications unify a prognostic correlation
with a high validity and practicability in diagnosis and
clinical routine.

LAURÉN CLASSIFICATION
Since its establishment in 1965, the Laurén classification
of gastric cancer has been the most commonly used and
the most studied classification for gastric adenocarcinoma
among all of the classification systems. Laurén divided
the histology of gastric cancer into two groups, i.e., the
intestinal type and the diffuse type (Table 1); later, the indeterminate type was included to describe an uncommon
histology[3,4]. Signet ring cell carcinoma is included in the
diffuse type. Most studies showed the intestinal type to
be the most common, followed by the diffuse and then
indeterminate type[5-7]. There is evidence that the intestinal type is associated with intestinal metaplasia of the
gastric mucosa and with the presence of Helicobacter pylori.
In some studies, the incidence of the diffuse type was
found to be higher in younger, female patients[8], which
may indicate distinct tumor development pathways for
intestinal and diffuse adenocarcinoma of the stomach.
The prognostic relevance of Laurén’s classification is
still controversial. In some studies, Laurén’s pathohistological subtypes of gastric cancer did not show a correlation with the patient’s outcome[9-11], whereas other studies
demonstrated a prognostic significance for the classification system[12]; some investigators even demonstrated
that Laurén’s classification can be used as an independent
prognostic factor[13,14]. In those studies, the presence of a
diffuse adenocarcinoma was correlated with a worse outcome. As this correlation has not been verified in other
patient cohorts, the prognostic significance of Laurén’s
classification cannot be viewed as a generally established,
but rather as a circumstance of one group’s results.
Due to its high clinical relevance, the reliability of the
Laurén classification has also been tested. The concordance of intra- and inter-observer agreement was tested
using a percentage and kappa statistics that ranged from
77%-95%, indicating a good overall agreement, although
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WORLD HEALTH ORGANIZATION
CLASSIFICATION
The World Health Organization (WHO) classification
issued in 2010 appears to be the most detailed among
all pathohistological classification systems. It is remarkable that the WHO classification includes not only adenocarcinoma of the stomach but also all other types
of gastric tumors of lower frequency (Table 1)[24]. The
gastric adenocarcinoma type is divided into several subgroups including papillary, tubular, mucinous and mixed
carcinoma, which can be compared to the indeterminate
type in the Laurén classification. The poorly cohesive
carcinoma type includes the signet ring cell carcinoma.
All other classified gastric adenocarcinomas can be designated as uncommon because of their minor clinical
relevance. In the WHO classification, the most common
type of gastric cancer is the tubular adenocarcinoma,
followed by the papillary and mucinous types. The signet
ring cell carcinoma accounts for approximately 10% of
gastric cancers and is defined by the presence of signet
ring cells in over 50% of the tumor[24-27]. The prognosis
of the signet ring cell carcinoma is controversial. Most
authors have described a worse prognosis for the signet ring cell carcinoma compared to other subtypes of
gastric cancer[28,29]. Recent studies indicate that, on the
contrary, signet ring cell carcinoma of the stomach does
not differ in prognosis from the other types of gastric
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Table 1 Laurén and World Health Organization classification

Table 2 Goseki and Ming classification

Laurén classification World Health Organization classification

Goseki classification
Group Ⅰ
Tubular differentiation-well
Mucus in cytoplasm-poor
Group Ⅱ
Tubular differentiation-well
Mucus in cytoplasm-poor
Group Ⅲ
Tubular differentiation-poor
Mucus in cytoplasm-poor
Group Ⅳ
Tubular differentiation-poor
Mucus in Cytoplasm-rich
Ming classification
Expanding type
Infiltrating type

Intestinal type

Papillary adenocarcinoma
Tubular adenocarcinoma
Mucinous adenocarcinoma
Diffuse type
Signet-ring cell carcinoma and other poorly
cohesive carcinomas
Indeterminate type Mixed carcinoma
Adenosquamous Carcinoma
Squamous cell carcinoma
Hepatoid adenocarcinoma
Carcinoma with lymphoid stroma
Choriocarcinoma
Carcinosarcoma
Parietal cell carcinoma
Malignant rhabdoid tumor
Mucoepidermoid carcinoma
Paneth cell carcinoma
Undifferentiated carcinoma
Mixed adeno-neuroendocrine carcinoma
Endodermal sinus tumor
Embryonal carcinoma
Pure gastric yolk sac tumor
Oncocytic adenocarcinoma

tional subtypes, (e.g., tubular adenocarcinoma is divided
into well-differentiated and moderately differentiated
adenocarcinoma), a dependence on the WHO classification system is evident[38]. This particular subdivision of
tubular adenocarcinoma was based on differences in the
submucosal invasion rate, lymph node metastasis and size
of the lesions[39].

cancer[30]. Furthermore, signet ring cell carcinoma was
shown to have an irregular uptake of 18F-fluorodeoxyglucose during positron emission tomography radionuclide imaging; consequently, this tumor as well as any
metastases cannot be detected reliably[31]. Patients with a
papillary adenocarcinoma experience a poor prognosis,
a tendency for metastatic disease, a higher age at diagnosis and location in the upper third of the stomach[32].
Another study that employed the previous WHO classification found that poorly differentiated and mucinous
adenocarcinomas have a worse prognosis than the papillary and tubular subtypes. In the same study, the WHO
classification appeared to be an independent prognostic
factor[33]. Kawamura et al[34] also found a poor prognosis
associated with mucinous adenocarcinoma, which suggests a link with advanced stage and metastatic disease.
However, unlike most common types of gastric malignancies, the WHO classification is more widely used for
studies of infrequent types of gastric cancer. For adenosquamous carcinomas of the stomach, a poor prognosis
and a case of simultaneous gastric adenocarcinoma are
described[35,36]. In a recent review of the hepatoid adenocarcinoma type, the median survival of 182 patients with
a gastric primary lesion was 13 mo, and 63.9% showed
lymph node metastasis[37]. Most of the infrequent types
of gastric malignancies are described in case reports, so
a systematic investigation of their prognoses is not readily available. As the previous WHO classification was
renewed in 2010, it is expected that more gastric cancer
studies that refer to the most recent WHO classification
will be conducted in the near future.
An indication for the significance of the WHO classification can be seen in a similar Japanese classification
system. Although the Japanese classification divides the
common types of gastric adenocarcinoma into addi-
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GOSEKI CLASSIFICATION
In 1992, Goseki et al[40] described a new histopathological
classification that divides gastric cancer into four groups,
as presented in Table 2. In the article, a correlation of the
subtypes with the patterns of metastasis and local growth
was present in 200 autopsy cases. Other groups showed
a correlation of the Goseki classification with the Laurén and the WHO classifications, but there was only a
moderate level of inter-observer agreement. A high level
of agreement among observers could be achieved concerning the mucus production, and in later studies, the
presence of mucus was highly associated with the prognosis[41,42]. An independent prognostic significance of the
Goseki classification was subsequently debated. Despite
some evidence[43], most studies that focused on this question could not confirm a prognostic independence of the
Goseki classification, but did confirm a correlation with
the preexisting histopathological characteristics such as
those in the union international contre le cancer (UICC)
system, grade, and Laurén and WHO classifications[11,44,45].

MING CLASSIFICATION
The Ming classification system is based on the growth
pattern of the lesion and recognizes two main growth
patterns: the expanding growth pattern and the infiltrating growth pattern (Table 2), which was found to be
the less frequent type[46]. In his original work, Ming connected the two growth patterns to specific characteristics,
positing that the expanding type originates as an intestinal
metaplasia, whereas the infiltrating type emerges from
individual cells. The Ming classification system may be
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simple and clinically useful, but several subsequent studies could not identify this classification as an independent
prognostic factor; a correlation was found with the preexisting classification systems[9,47,48].

the help of new technologies it is possible to construct a
classification of gastric cancer with an independent prognostic relevance. Therefore, it is not necessary to create a
completely new classification system; instead, it is easier
to complement a preexisting classification with molecular
and genetic findings.
Regarding the clinical practice of diagnosis and treatment, the classification systems of Laurén and the WHO
predominate in published studies as well as in several
national guidelines, such as the German S3 guideline for
gastric cancer and the Japanese Classification of Gastric
Cancer. As long as there is no widely accepted classification system with prognostic independence, both the Laurén and the WHO classification systems should continue
to be used so that data presented in different studies can
be compared. Such comparisons are important in order
to segregate subgroups of patients with certain clinical
features or different outcomes.
This is especially relevant for treatment decisions in
clinical practice, where a pathohistological classification
system that has an association with the prognosis is highly desirable. Such a classification could lead the way to a
more personalized decision-making process for treatment
of gastric cancer.

OTHER CLASSIFICATIONS
In addition to the aforementioned histopathological classification systems for gastric cancer, some other authors
have tried to establish systems based on the preexisting classifications or on histological findings. In 1982,
Grundmann et al[49] proposed a classification system for
gastric cancer with a focus on the depth of invasion. Caneiro et al[50] published a classification system for gastric
cancer based on morphological appearance and showed
an independent prognostic significance for the four subtypes. The Japanese Histological Classification of Gastric
Cancer is based on the WHO classification and includes
several subtypes in addition to the common histologic
types[38]. However, none of these classification systems is
used worldwide for research purposes, as no advantages
of any one particular classification over the others have
been confirmed.

DISCUSSION
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unnecessary LN dissection, which could preserve the
patient’s quality of life after operation. The most ideal
method of SNNS should allow secure and accurate detection of SLN, and real time observation of lymphatic
flow during operation.
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Core tip: Two prospective multicenter trials of sentinel node navigation surgery (SNNS) for gastric cancer
have been accomplished in Japan. Kitagawa et al reported that the endoscopic dual (dye and radioisotope)
tracer method for SN biopsy was confirmed acceptable
and effective when applied to the early-stage gastric
cancer. The ideal method of SNNS should allow secure
and accurate detection of sentinel lymph nodes, and
real time observation of lymphatic flow during operation. In this review, we attempted to comprehensively
evaluate the history, technical aspects, tracers, and
clinical applications of SNNS with a special emphasis
on the use of Infrared Ray Electronic Endoscopes with
Indocyanine Green.

Abstract
We attempted to evaluate the history of sentinel node
navigation surgery (SNNS), technical aspects, tracers,
and clinical applications of SNNS using Infrared Ray
Electronic Endoscopes (IREE) combined with Indocyanine Green (ICG). The sentinel lymph node (SLN)
is defined as a first lymph node (LN) which receives
cancer cells from a primary tumor. Reports on clinical
application of SNNS for gastric cancers started to appear since early 2000s. Two prospective multicenter
trials of SNNS for gastric cancer have also been accomplished in Japan. Kitagawa et al reported that the
endoscopic dual (dye and radioisotope) tracer method
for SN biopsy was confirmed acceptable and effective
when applied to the early-stage gastric cancer (EGC).
We have previously reported the usefulness of SNNS in
gastrointestinal cancer using ICG as a tracer, combined
with IREE (Olympus Optical, Tokyo, Japan) to detect
SLN. LN metastasis rate of EGC is low. Hence, clinical
application of SNNS for EGC might lead us to avoid
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al lymph nodes (LNs) are basic surgical principles for
patients with gastric cancer. Gastrectomy with regional
LN dissection is the standard procedure for gastric
cancer, while less invasive interventions, such as endoscopic submucosal dissection, have emerged as suitable
techniques for EGC but not indicated for possible LN
metastasis[1].
Laparoscopic gastrectomy was first performed by
Kitano et al[2] for EGC in 1991. Since then, the usefulness
of laparoscopic surgery is recognized, which is widely
carried out for EGC in Japan[3]. While early-phase recovery after surgery has been improved by laparoscopic surgery, preservation of late-phase quality of life (QOL) by
function-preserving surgery is also important. Therefore,
the SN concept has been a much-discussed topic in standard gastric operations such as distal, proximal and total
gastrectomy, which are associated with deterioration of
QOL by post-gastrectomy syndrome.
The lymph node metastasis rate of EGC is approximately 15%-20%. Therefore, clinical application of sentinel node navigation surgery (SNNS) for EGC might
be able to abrogate unnecessary lymph node dissection
as well as to reduce the volume of gastric resection. As a
result, the post-gastrectomy syndrome may be reduced.
The sentinel lymph node (SLN) is defined as the first
possible site to receive cancer cells along the route of
lymphatic drainage from the primary tumor. The SLN
concept was first advocated by Morton et al[4] in patients
with melanoma. SNNS has already been validated for
breast cancer[5] and malignant melanoma, where a limited
or no nodal dissection is performed in case of negative
SN.
TNM classification has defined “The SLN is the first
lymph node to receive lymphatic drainage from a primary
tumor.” The absence of metastasis in SLN is believed to
correlate with the absence of metastasis in downstream
lymph nodes. From the TNM classification Sixth Edition,
the presence or absence of metastases in SN is proposed,
which is quoted in the 14th Edition of the Rules for gastric
cancer in Japan[6].
In this review, we have attempted to evaluate the
history of SNNS, technical aspects, tracers for the clinical application of SNNS using Infrared Ray Electronic
Endoscopes (IREE) combined with Indocyanine Green
(ICG) method for limited lymphadenectomy and modified gastric resection.

clinical application of radio-guided surgery using gamma
detection probe technology. Endoscopic injection of
technetium-99m-radiolabelled tin colloid was performed
before the operation, and radioactive SNs were identified with a gamma probe. The benefit of using moderate
magnitude radioisotopes is that the radioisotopes remain
for an adequate period in the SN after tracer injection,
and thus the identification rate of SLN becomes high
even in fatty patients.
Isozaki et al reported the results of a regional multicenter clinical trial of SN mapping for gastric cancer
using the conventional dye-guided method. Although the
patient population enrolled in their study was limited, this
first multicenter trial of SN mapping for gastric cancer
provided several important messages[9]. This study was
designed to investigate the feasibility of SN mapping for
gastric cancer using the dye-guided method as a simple
method that can be conducted even in community hospitals without special equipment.
Miwa proposed the concept of a “sentinel lymphatic basin,” and reported successful mapping of the
lymphatic basins in 96.2% of their patients. The dye
stained one or more metastatic nodes in 31 patients,
but failed to indicate a metastatic node in four patients
with a large involved node[9]. This theory can provide
an acceptable base for clinical application of SNNS.
Their reports have demonstrated that sentinel lymphatic
basins contain truly positive nodes, even in cases with
a false negative SN biopsy. Therefore, the sentinel lymphatic basins are good targets for focused lymph node
dissections in patients with cT1N0 gastric cancer. The
distribution of sentinel lymphatic basins and the status
of SLN would be useful information to decide the extent of gastric resection.
We have already suggested the clinical usefulness of
IREE combined with ICG to detect illuminated SLN in
patients with gastric cancer and duodenal tumors as compared with dye alone (Figure 1)[10-15]. The SN identification rate and sensitivity for IREE versus ICG alone were
99.5% vs 85.8% and 97.0% vs 48.4%, respectively[10].
The lymphatic flow of the stomach is complicated
and skip metastases were observed even in EGC. We
reported that the group 2 LN metastases were judged as
SNs in 32%[11]. The most common locations of the SLN
were stations left gastric artery in each of the upper-,
middle-, and lower-thirds of the stomach[11]. Our SLN
procedure with IREE can detect the SLN and is better
than ICG alone. The lymphatic basin dissection (LBD)
of the SN basin is required for accurate intra-operative
diagnosis of lymph node metastases. LBD dissection
based on IREE is an acceptable method of nodal dissection in patients with T1 or limited T2 tumors[12-14].
Ryu et al[15] reported a meta-analysis of feasibility studies on SNNS for gastric cancer between 2001 and 2009.
The SN identification rate and sensitivity were 97.6% and
87.8%, respectively. Therefore, they advocated that SNB
in gastric cancer is probably not clinically applicable for
limited lymphadenectomy due to the unsatisfactory sen-

CURRENT STATUS OF SNNS FOR
GASTRIC CANCER
Reports on clinical application of SNNS for patients with
gastric cancers started to be published during early 2000s
(Table 1).
Hiratsuka et al[7] had reported that SLN biopsy using
ICG can be performed with a high success rate, and the
SLN status can predict the LN status with a high degree
of accuracy, especially in patients with T1 gastric cancer.
Kitagawa et al[8] evaluated the technical aspects and
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Table 1 Reports on SN mapping for gastric cancer
Ref.
RI method
Kitagawa et al[31]
Kitagawa et al[8]
Gretschel et al[32]
Kim MC et al[33]
Uenosono et al[34]
Arigami et al[30]
Mochiki et al[35]
Yanagita et al[36]
Mean
Dye method
Hiratsuka et al[7]
Ichikura et al[37]
Carlini et al[38]
Miwa et al[9]
Ryu et al[39]
Song et al[40]
Osaka et al[41]
Ishizaki et al[42]
Park et al[43]
Rino et al[44]
Mean
RI + Dye mthod
Hayashi et al[45]
Karube et al[46]
Tonouchi et al[47]
Gretschel et al[48]
Ichikura et al[49]
Saikawa et al[50]
Dye + IREE method
Nimura et al[10]
Ohdaira et al[11]
Kelder et al[12]
Mean
Dye + Fluorcence method
Miyashiro et al[22]
Kusano et al[23]
Tajima et al[51]
Mean

Year

Journal

2000
2002
2003
2004
2005
2006
2006
2008

Surg Clin N Am
Br J Surg
Chirurg
Ann Surg
Br J Surg
Ann Surg
Am J Surg
Ann Surg Oncol

2001
2002
2002
2003
2003
2004
2004
2006
2006
2007

n

Detection rate

Sensitivity

36
145
15
46
104
61
59
160
63.2

97%
95%
93%
93.50%
95.20%
100%
96.60%
98.80%
96%

100%
92%
89%
84.60%
81.80%
95.50%
83.30%
96.70%
90%

Surgery
World J Surg
J Exp Clin Cancer Res
Br J Surg
Eur J Surg Oncol
Am J Surg
Clin Cancer Res
Eur J Surg Oncol
Eur J Surg Oncol
Hepatogastroenterology

77
62
40
211
71
27
57
62
100
43
70.2

99%
100%
100%
96%
92%
96%
100%
85.70%
94.60%
93.00%
96%

90%
85%
87%
89%
100%
100%
100%
96.40%
78.60%
81.80%
91%

2003
2004
2005
2005
2006
2006

J Am Coll Surg
J Surg Oncol
World J Surg
Eur J Surg Oncol
Surgery
World J Surg

31
41
37
34
80
35

100%
100%
94.60%
97.10%
100%
94.30%

100%
92%
100%
95.40%
92.90%
50%

2004
2007
2010

Br J Surg
Gastric Cancer
Eur J Surg Oncol

84
60
212

99%
100%
99.50%
100%

100%
100%
97%
99%

2008
2008
2009

Ann Surg Oncol
Dig Surg
Ann Surg

3
22
56

100%
90.10%
96.40%
96%

100%
40.00%
64.70%
68%

ked eye[18]. Another study group was the Japan Society of
SNNS, which conducted a multicenter prospective trial
of SN mapping by a dual tracer method with blue dye
and radioactive colloid[19].
The JCOG study was performed by the dye-guided
method using intraoperative subserosal injection of ICG
and observed by the naked eye in patients with T1 gastric
cancer. Green-stained nodes, representing SLN, were
removed first, and then gastrectomy with lymphadenectomy was performed. However, this clinical trial was discontinued because the proportion of false negatives was
much higher than expected. Miyashiro et al[17] reported
that the JCOG0302 trial revealed the unreliability of frozen section examination using just one plane, and highlighted the impact of the learning curve. Nevertheless,
we reported that the SN identification rate and sensitivity
of ICG alone with the naked eye were 85.8% and 48.4%
respectively, which indicates that detection of SN with
dye alone is insufficient[10].
Kitagawa et al[18] conducted a multicenter, single-arm,
phase Ⅱ study of SN mapping that used a standardized

sitivity and heterogeneity among practicing surgeons, and
that more than four SLN should be harvested to improve
sensitivity. They also advocated that a tumor-specific
SNB method should be developed[16].
Can et al [16] investigated a number of reports on
SNB for gastric cancer from single institute experiences
in order to augment the relevant knowledge base, and
demonstrated that the currently established double tracer
method (dye and radio-isotope tracers) appeared to be
the most efficacious and reliable procedure for identifying true SLN. They commented while conventional dye
tracers were still useful, ICG deserves more attention for
the current applications. IREE, florescence imaging and
near-infrared technology represent the future direction in
which the SNNS concept is advancing[17].
Recently, two multicenter prospective studies for
SNNS were organized in Japan. The Gastric Cancer Surgical Study Group of the Japan Clinical Oncology Group
(JCOG) organized a multicenter prospective study of SN
mapping by the dye-guided method using intraoperative
subserosal injection of ICG and observation by the na-
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A

B

C

D

E

F

Figure 1 Laparoscopic observation around the left gastric vessels (LN No.3,7). Lymph vessels and LN can be easily detected by IREE with Indocyanine Green
(ICG). A: Ordinary light observation of lymph vessels around the left gastric artery; B: Infrared ray observation of lymph vessels around left gastric region (Lymph
vessels: arrow; ICG positive node: arrowhead); C: Ordinary light observation of lymph vessels around the right epigastric artery; D: Infrared ray observation around
the right epigastric artery shows first drainage lymph vessels, and sentinel lymph node (SLN) (arrow); E: Ordinary light observation of lymph vessels; F: Infrared ray
observation of lymph vessels (first drainage lymph vessels: arrow; SLN: arrowhead).

dual tracer endoscopic injection technique. Patients with
previously untreated cT1 or cT2 gastric adenocarcinomas < 4 cm in gross diameter were eligible for inclusion
in this study. SN mapping was performed by using a
standardized dual tracer endoscopic injection technique.
The SN detection rate was 97.5%. Of 57 patients with
lymph node metastasis by conventional hematoxylin and
eosin staining, 93% had positive SNs, and the accuracy
of nodal evaluation for metastasis was 99%. Only four
false-negative SN biopsies were observed, and pathologic analysis revealed that three of those biopsies were
pT2 or tumors > 4 cm. They concluded that the endoscopic dual tracer method for SN biopsy is acceptable
and effective when applied to superficial, relatively small
gastric adenocarcinomas.

WJG|www.wjgnet.com

TRACERS AND METHODS OF SNNS
At present, two methods are predominantly used in the
detection of the SLN, injection of dye and/or injection
of a radio-isotope (RI) with a gamma probe. The SLN is
stained blue or green by dye and the hot LNs are identified by the uptake of RI, after injection around the tumor
with dye or RI colloid.
Usually, 99mTechnetium (99mTc)-tin colloid was endoscopically injected into the submucosa of the gastric wall
around the tumor one day before surgery, and lymphoscintigraphy was performed 2 h later. During surgery, the
uptake of the RI in each lymph node was counted using
Navigator GPS. The half-life of 99mTc is short, it produces secure radioactive elements, and the particle size
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Irradiation light

Irradiation light

Fluorescence
Cut

Living tissue

Living tissue

ICG: Agent for infrared observation

WLI

Cut

IRI

ICG: Agent for infrared observation

WLI

Area with reflection from the living tissue

IRI

Area with fluorescence from ICG

Area with Light Absorption with ICG

Figure 2 Mechanism of absorption with indocyanine green and fluorescence from indocyanine green. Irradiated with light near the maximum absorption wavelength, the ICG-injected area in the tissue absorbs the light and becomes darker. In the other areas in the background, the light is reflected and those areas become
brighter. ICG: Indocyanine Green.

is relatively large. Therefore, 99mTc is judged to remain in
the lymph nodes for approximately 12 h. However, tight
regulation and costs of radioactive substances limit the
wide-spread use of the probe-guided method in general
hospitals.
The dye (Patent blue, lymphazurin, and ICG)-guided
method is used in surgery and is safe, convenient, inexpensive and excellent in depiction of not only LNs but
also the lymphatic vessels. Particulate-activated carbon
and dye have been
used to study lymphatic flow previ[20]
ously in Japan . The advantage of these methods is
that their transition to the lymphatic system allows intra
operative real time evaluation of the lymph flow. Because
carbon particles are small and diffuse rapidly to the distal
LNs, carbon was judged to be unsuitable for detection of
SLN in thick adipose tissue, such as in laparoscopic surgery.
We reported the clinical usefulness of infrared ray
IREE combined with ICG to illuminate SLNs in patients
with gastric cancer[10-14].
ICG is a tricarbocyanine dye that has been used clinically for over 50 years for hepatic clearance, cardiovascular function testing, and retinal angiography on the basis
of its dark green color, which is typically administered
at concentrations of 2.5 mg/mL at a typical total dose
of 25 mg in adults. ICG conjugates with albumin, which
becomes an excellent vascular agent for evaluating both
the blood and lymph systems in off-label studies. The
incidence of mild adverse reactions of ICG was 0.05%
for severe adverse reactions, with no deaths after 1923
procedures[21,22].
It is a known fact that, if combined with plasma protein, ICG has a maximum absorption wavelength of 805
nm. Irradiated with light near the maximum absorption
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wavelength, the ICG-injected area in the tissue absorbs
the light and becomes darker. In the background areas,
the light is reflected and those areas become brighter.
This is the mechanism of the infrared light absorption
observation with ICG (hereinafter referred to as light
absorption observation). On the other hand, it is known
that ICG which has absorbed the light emits a maximum
fluorescence wavelength of 830 nm after it is excited.
Compared to the reflected light, the intensity of fluorescence is extremely weak. Thus, infrared fluorescence
observation with ICG (herein after referred to as fluorescence observation) is enabled by completely cutting the
reflected light and receiving the light near the maximum
fluorescence wavelength (Figures 2 and 3).
Utilizing this principle of ICG, the light absorption
observation became possible in the conventional infrared
endoscope system. The light from the xenon lamp in the
light source unit becomes light near the maximum 805
nm of absorption wavelength after passing through the
infrared filter which is switchable with the white light filter. Then the light passes through the light guide and the
laparoscope to irradiate the subject. The light reflected
from the subject is received by an infrared-sensitive
charge-coupled device (CCD) incorporated in the camera
head, enabling light absorption observation. One of the
characteristics of this system is that switching the observation mode between the light absorption observation
and the fluorescence observation is made possible.
Recently, ICG with the use of CCD cameras and
light-emitting diodes has emerged as an alternative modality in SLN biopsy. The fluorescence method is revolutionary in that it can be observed through a thick adipose
tissue, but this needs to be performed in a dark operating
room with light off to observe the fluorescence of the
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high and useful for SNNS. All metastatic lymph nodes
were identified within SNs, as judged by RT-PCR. The
incidences of metastasis determined by hematoxylin and
eosin and IHC were 8.2% and 13.1%, respectively. Micrometastases undetectable by IHC were identified in 23.0%
of SNs by RT-PCR.
We have previously reported in patients with lymph
node metastasis that positive HE and IHC staining was
12.3% and 23.8%, respectively. Diagnosis of 15 patients
without LN metastasis by HE correlated positively with
LN metastasis by IHC staining. The 27 positive LNs of
these 15 patients consisted of SN which were identified
during surgery. Consequently, all these 27 positive LNs
judged by IHC staining was micrometastasis or less[13].
Therefore, ICG-positive lymphatic basin dissection by
SNNS with infrared ray observation seems to be an adequate method of lymph node dissection for EGC.
When the tumor is located in the lesser curvature,
lymphatic fluid is frequently observed to flow from the
left gastric artery to the celiac axis area.

1000 (nm)

Figure 3 Wavelength of the indocyanine green. Indocyanine green (ICG)
has a maximum 805 nm of absorption wavelength. Absorption wavelength band
of ICG: Red line; Fluorescence wavelength band of ICG: Blue line.

LNs[23,24].
In order to solve this problem, a system that can describe the ICG near-infrared fluorescence image on the
color screen of bright field (hyper eye medical system:
HEMS, Mizuho Medical Instruments) has been developed[25], and the usefulness of SNNS of fluorescence
observation for breast cancer has been reported[26]. However, these two models do not allow insertion through a
trocar, and therefore cannot be used in laparoscopic surgery. In this regard, IREE is especially suitable for use in
the SNNS in laparoscopic surgery.

OUR METHOD OF SNNS BY IREE
We have reported the clinical usefulness of SNNS for
EGC using ICG combined with IREE[10-14].
Briefly, prior to the injection of ICG, the stomach was
mobilized by dissecting through the gastrocolic ligament
without disrupting the gastro-epiploic vessels. ICG was
injected endoscopically in four quadrants of the submucosa surrounding the tumor with an endoscopic puncture
needle. Twenty minutes after the injection, SNs stained
with ICG were observed with the naked eye as well as
IREE. One of the important points regarding ICG injection is that we should not perforate the gastric wall by the
needle, for which steady careful injection of ICG into the
submucosa is important. It is usually difficult to observe
lymphatic flow and the SN if ICG is leaking outside the
stomach wall. We usually observe lymphatic flow and SN
around the greater and lesser curvature at first, and then
the left and right gastric artery and vein by IREE with
normal light and the infrared light.
With the rigid endoscope, systems have been developed and we can change normal light and infrared light
by a hand switch (Figure 4). Each system has absorption
and fluorescence scopes, which can be used in laparoscopic surgery. After careful observation, we make marks
around the lymphatic flow area by clips and perform
LBD. The portion of the stomach removed depends on
the result of intraoperative pathological examination of
frozen HE staining and the number of lines of lymphatic
flow. If SLN is negative for metastasis and lymphatic
flow is single line, we perform a wedge resection. When
lymphatic flow is recognized in two directions, segmental
resection, pylorus preserving gastrectomy or proximal
resection is selected. If SLN is positive for metastasis, a
standard gastrectomy with D2 dissection is chosen.
We usually take the extra 60-90 min for SNNS compared to standard operation for EGC. So, the surgeon is

SKIP AND MICRO-METASTASIS OF THE
LNS
The precise detection of LN metastasis including micrometastasis is important for SNNS[27]. Kikuchi et al[28] analyzed the topographical pattern of lymph node metastasis
for pN1 patients with curative resection. Skip metastasis
occurred in 5%, and the common stations for such a metastasis were No. 7 and No. 8a. This pattern of metastasis
was found in 14% of the patients with single positive
nodes. They noted that although perigastric nodes were
important first sites of drainage, the distribution of positive nodes depended on the tumor location. Accordingly,
in view of both the complexity of the lymphatic flow
and skip metastasis, previous studies have recommended
the routine use of systemic D2 dissection. However, the
feasibility and reliability of SNNS is a prerequisite to less
invasive gastric surgery.
Tokunaga et al[29] reported that lymphatic flow in
LGA and in RGEA are main lymphatic drainage routes
of the stomach. Skip metastases were observed in 10%,
which were observed in the station 7, 8a, 9, or 11p. The
lymphatic stream of the stomach is complicated and multidirectional. Understanding and mapping the complex
lymphatic streams of the stomach will allow surgeons to
perform more effective lymph node dissection during
gastric cancer surgery.
Arigami et al[30] reported that the incidence of micrometastasis of SNs detected by RT-PCR was quite
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Figure 4 Technological overview of the new infrared observation system ordinary light and infrared ray laparoscopy system can be changed by a handle
switch.

required to have a passion for SNNS.

5

CONCLUSION
Of several methods of SNNS, IREE can detect the SN
easily and is superior to ICG alone, and seems to have
an equal detection rate as compared to the RI + dye
method. LBD of the SN basin is required for accurate
intra-operative diagnosis of LN metastases. ICG-positive
lymphatic basin dissection by SNNS with IREE seems
to be an adequate method of lymph node dissection for
EGC.
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Core tip: In this review, we discuss the involvement of
miRNAs in gastric cancer (GC) and the mechanisms
through which they regulate gene expression and
biological functions. Then, we review recent research
on the involvement of miRNAs in GC prognosis, their
potential use in chemotherapy, and their effects on Helicobacter pylori infections in GC. A greater understanding of the roles of miRNAs in gastric carcinogenesis
could provide insights into the mechanisms of tumor
development and could help to identify novel therapeutic targets.

Abstract
Although gastric cancer (GC) is one of the leading
causes of cancer-related death, major therapeutic advances have not been made, and patients with GC still
face poor outcomes. The prognosis of GC also remains
poor because the molecular mechanisms of GC progression are incompletely understood. MicroRNAs (miRNAs)
are noncoding RNAs that are associated with gastric carcinogenesis. Studies investigating the regulation of gene
expression by miRNAs have made considerable progress
in recent years, and abnormalities in miRNA expression
have been shown to be associated with the occurrence
and progression of GC. miRNAs contribute to gastric
carcinogenesis by altering the expression of oncogenes
and tumor suppressors, affecting cell proliferation,
apoptosis, motility, and invasion. Moreover, a number of
miRNAs have been shown to be associated with tumor
type, tumor stage, and patient survival and therefore
may be developed as novel diagnostic or prognostic
markers. In this review, we discuss the involvement of
miRNAs in GC and the mechanisms through which they
regulate gene expression and biological functions. Then,
we review recent research on the involvement of miR-
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INTRODUCTION
Despite the decreasing incidence of gastric cancer (GC)
in developed countries, GC remains the second leading
cause of cancer-related deaths worldwide[1,2], with 700000
deaths attributed to this malignancy annually[3]. Therefore, the development of novel therapies to improve the
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expression analysis of miRNAs[21,22], more data, including expression profile analysis by high-throughput realtime reverse transcription-polymerase chain reaction (RTPCR) or miRNA microarrays, are required. A summary
of reported miRNA expression abnormalities in GC is
presented in Table 1.

Table 1 Aberrant expression of miRNAs in gastric cancer
Up-regulated miRNAs
let-7a, miR-9, -10a, -10b, -17, -17-5p, -18a, -18b, -19a, -19b, -20a, -20b,
-21, -23a, -23b
miR-25, -26b, -27, -29b-1, -30b, -31, -34a, -34b, -34c, -92, -98, -99a, -100,
-103, -106a
miR-106b, -107, -125b, -126, -128a, -130b, -138, -142-3p, -146a, -147, -150,
-151-5p
miR-155, 181a, -181a-2, -181b, -181c, -185, -191, -192, -194, -196a, -196b,
-199a
miR-199a-3p, -200b, -210, -214, -215, -221, -222, -223, -296-5p
miR-301a, -302f, -337-3p, -340, -370, -421, -520c-3p, -575, -601, -616, -658,
-1259
Down-regulated miRNAs
let-7a, -7f, miR-7, -9, -22, -29c, -30a-5p, -31, -34a, -34b, -34c
miR-101, -126, -128b, -129, -129-2, -129-3p, -130b, -133b, -135a, -137,
-141, -145
miR-146a, -148, -148b, -149, -152, -155, -181b, -181c, -182, -193b, -195,
-195-5p, -197
miR-200, -204, -206, -210, -212, -218, -219-2-3p, -302b, -331-3p, -375
miR-378, -408-3p, -429, -433, -486, -495, -551a, -574-3p, -610, -622, -638,
-663, -874

Upregulated miRNAs (oncomirs): Aberrant expression of miRNAs has been observed in many cancers[19,23].
Oncomirs are oncogenic miRNAs that are up-regulated
in cancer cells and have been shown to act as oncogenes
in GC. One such oncomir is miR-21, which has been
widely reported as an oncomir in GC[24-26].
Overexpression of miR-21 has been reported in various cancers, such as esophageal cancer[27], breast cancer[28],
and glioblastoma[29]. In GC, the expression of miR-21 is
upregulated compared with normal tissues[22,30,31]. Motoyama et al[31] and Cao et al[32] reported an inverse correlation between miR-21 and PDCD4 expression in GC.
PDCD4, a direct target gene of miR-21, encodes a protein that inhibits cell growth and invasion[33,34]. Moreover,
Zhang et al[26] reported that PTEN, a well-known tumorsuppressor gene, is a target of miR-21. Thus, these data
support the idea that miR-21 acts as a key oncomir in GC
by inhibiting the tumor-suppressor genes PDCD4 and
PTEN.
In addition to miR-21, miR-106a expression is also upregulated in GC (Table 1), as well as in several other human tumors, compared with adjacent normal tissues[35].
miR-106a mimics the function of positive regulators of
the G1-to-S transition[35]. In several human hematopoietic
cell lines, miR-106a has been shown to target interleukin
(IL) 10[36], downregulating the expression of this critical
cytokine by binding to the 3′ untranslated region[36]. As
a further regulatory element, SP1 and EGR1 indirectly
downregulate IL10 expression by inducing miR-106a expression[36].

prognosis of patients with GC is critical.
MicroRNAs (miRNAs) are a subset of small noncoding RNA molecules, typically 21-23 nucleotides in
length, that are believed to regulate the expression of
several genes[4]. Mature miRNAs are cleaved from 70to 100-nucleotide hairpin pre-miRNA precursors[4]. The
precursor is cleaved by cytoplasmic RNase Ⅲ Dicer into
a miRNA duplex[5-7]. One strand of the short-lived duplex is degraded, whereas the other strand serves as the
mature miRNA[8]. Mature miRNAs associate with a cellular complex that is similar to the RNA-induced silencing
complex that participates in RNA interference[9,10]. Recent
studies have reported miRNA-mediated regulation of cell
growth and apoptosis[11,12]. Moreover, the measurement
of miRNA expression has shown that certain miRNAs
are specifically involved in cancer[12-15]. In the context of
GC, the number of publications investigating the relationship between miRNAs and GC has been increasing
each year. miRNAs have the unique ability to negatively
regulate gene expression, thereby resulting in changes in
cell development, proliferation, and apoptosis[16]. These
biological properties of miRNAs may provide the ability
to regulate a variety of human diseases, including cancer[17]. According to recent findings, miRNAs may play
important roles in human cancer by acting as potential
oncogenes or tumor-suppressor genes[18-20].
In this review, we introduce and discuss the newest
knowledge on the relationship between GC and miRNAs.

Downregulated miRNAs (tumor-suppressor miRNAs): Down-regulated miRNAs in cancer tissue are
referred to as tumor-suppressor miRNAs[37-39]. The important target gene of a tumor-suppressor miRNA is usually an oncogene. Therefore, decreased expression of the
tumor-suppressive miRNA induces the expression of the
oncogene. The genomic loss of miR-101 in cancer leads
to overexpression of EZH2 and concomitant dysregulation of epigenetic pathways, resulting in cancer progression[40,41]. Because miR-101 targets cyclooxygenase (COX)
2 in GC, downregulation of miR-101 induces COX2
expression[42]. COX2 activates the arachidonic acid/prostaglandin E2 pathway following cell proliferation[42]. Oncogenic targets of miR-101 induce cell proliferation in GC.
Therefore, miR-101 may be useful for gene therapy in GC.
Another miRNA that has been suggested to have
a role in cancer is let-7. Expression of let-7 reduces the
expression of 3 human RAS genes, HRAS, KRAS, and
NRAS. Moreover, let-7 expression is lower in lung tumors than in normal lung tissue, whereas expression of

Aberrant expression of miRNAs in GC
Although more than 1000 miRNAs are thought to exist,
no comprehensive analysis of miRNA expression in GC
has been performed to date. Each miRNA modulates the
expression of hundreds of genes, and we speculate that
miRNAs act in a network-type fashion to mediate the expression of genes.
While several reports have published comprehensive
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Table 2 miRNAs associated with prognosis in gastric cancer
patients

Table 3 MiRNAs involved in chemosensitivity
5FU sensitivity
let-7g
miR-10b, -22, -30c, -31, -32,
miR-133b, -143, -144, -145, -181b, -190, -197, -200c, -204, -210
miR-335, -501, -501-5p, -532, -615, -615-5p, -766, -877
miR-1224-3p, -1229, -3131, -3149, -3162-3p, -4763-3p
CPT sensitivity
let-7g
miR-7, -31, -98, -126, -196a, -200, -338
CDDP, CF sensitivity
let-7g
miR-1, -16, -21, -34, -181, -181b, -342, -497

let-7a ,-7i
miR-10b, -20a, -20b, -21, -22, -25, -27a, -30a-5p, -34a, -93
miR-103, -106a, -106b, -107, -125a-5p, -126, -130, -142-5p, -144, -146a, -150
miR-155, -181c, -195, -196a, -199a-3p, -200c, -206, -221, -222, -223
miR-335, -338, -372, -375, -451

the RAS proteins is significantly higher in lung tumors,
suggesting a possible role of let-7 in cancer[43]. The expression of let-7 miRNA is also reduced in human lung
cancer[44], breast cancer[45], and hepatocellular carcinomas[46]. In addition, overexpression of let-7 inhibits the
growth of lung cancer cells in vitro[44]. In GC, RAB40C, a
target of let-7a, has been reported to play an essential role
in gastric tumorigenesis[47].
miR-148a has been shown to act as a tumor suppressor in prostate cancer, and its expression is lower in prostate cancer cells compared with normal prostate epithelial
cells[48]. In GC, miR-148a is inactivated by hypermethylation of the promoter region[49]. This may result in the
upregulation of DNA methyltransferase, which is a target
of miR-148a[49]. Moreover, miR-148a suppresses tumor
cell invasion by downregulating ROCK1[50]. In a report
from our laboratory, we found that miR-148a expression
is downregulated in undifferentiated GC[51].

miRNAs involved in chemosensitivity
Chemotherapy is an important tool for the treatment of
GC. However, with currently available tools, it is impossible to predict whether GC patients will respond to chemotherapeutic approaches. The ability to predict the effects of chemotherapy may help reduce the unnecessary
use of chemotherapeutics in GC. Current chemotherapeutic agents used in the treatment of GC include 5FU,
CDDP, taxan, and irinotecan. Many studies have reported
that miRNAs may affect the efficacy of chemotherapy.
Wang et al[57] identified 9 upregulated miRNAs and 18
downregulated miRNAs involved in 5FU sensitivity by
microarray and RT-PCR (Table 3). Moreover, miR-143,
miR-145, and miR-144 have been reported to be involved
in 5FU sensitivity[58,59]. In Table 3, we summarize the
involvement of miRNAs in CPT, CDDP, and CF sensitivity. In the near future, we will be able to use miRNA
expression as a predictor of chemotherapeutic efficacy.
Additionally, gene therapy with miRNAs may be able to
induce chemosensitivity in patients with GC.

Roles of miRNAs as prognostic factors
Because many factors affect the prognosis of cancer patients, it is difficult to clarify how miRNAs are involved
in the prognosis of patients with GC. However, advances
in research on the potential role of miRNAs in patient
prognosis may lead to the use of miRNAs as tools in
medical treatment or diagnosis in the future. The detection of miRNAs involved in the prognosis of GC patients will not only be useful for predicting prognosis but
helpful for developing therapeutic targets in the future.
In Table 2, we have summarized the current knowledge
on the relationship between miRNAs and prognosis. In
particular, miR-21, -93, and -125 have been well studied in this context. While we mentioned the usefulness
of miR-21 previously, overexpression of miR-93 in GC
cells has been shown to reduce the cellular response to
transforming growth factor (TGF)-β (TGFB1) by interfering with the synthesis of p21 (CDKN1A) and BIM
(BCL2L11), the 2 most important downstream effectors
of TGF-β-dependent cell cycle arrest and apoptosis,
respectively[52]. High expression of miR-98 was found to
predict poor survival[53,54]. Interestingly, low expression
of miR-125 in GC has been shown to be an independent
prognostic factor for survival[55,56]. One target gene of
miR-125a-5p is ERBB2 (HER2), which is an important
molecular target in chemotherapy[56].
Notably, many genes act as prognostic factors for
patients with GC; miRNAs may regulate these genes,
thereby affecting prognosis. Thus, further analysis of
candidate miRNAs is necessary.

WJG|www.wjgnet.com

miRNAs involved in Helicobacter pylori infection
Helicobacter pylori (H. pylori) selectively colonize the gastric epithelium and typically persist for the lifetime of
the host. Among colonized individuals, however, only
a fraction develop gastric adenocarcinoma, emphasizing the importance of understanding the pathogenic
mechanisms through which H. pylori promote chronic
inflammation and the progression to GC[60]. miRNAs
involved in H. pylori infections have been reported in several papers. Let-7 expression has been shown to be downregulated by Cag A after H. pylori infection, and Ras, a
target of let-7, is overexpressed in GC[61]. Additionally,
miR-17/92, the miR-106b-93-25 cluster, miR-21, miR-194,
miR-196, miR155, miR-222, and miR-223 are upregulated
in gastric mucosa infected by H. pylori[62-64]. Among these
miRNAs, Li et al[64] revealed that miR-222 targets RECK,
which inhibits the tumorigenicity of GC[64-66]. Further
analysis of miRNAs and target genes may clarify the
complicated mechanism of GC that occurs in the context of H. pylori infections.
Circulating miRNAs as biomarkers
Presently, circulating miRNAs found in the blood of pa-
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Table 4 Circulating miRNAs as biomarkers

8

Up-regulated miRNAs
miR-1, -17, -17-5p, -20a, -21, -27a, -31, -34, -103, -106a, -106b, -107,-194,
-200c
miR-210, -221, -223, -370, -376a, -378, 421, 423-5p, 451, -486, 744
Down-regulated miRNAs
miR-218, -375

9
10
11

tients constitute the most promising type of miRNA for
clinical use, because these are concise for blood collecting. We summarized the circulating miRNAs in the blood
of GC patients in Table 4.
There are a number of reports describing the use
of miR-106[67-69], miR-17[67,70], miR-21[67,71], and miR-221
as potential biomarkers [72]. The detection of miRNA
in peripheral blood may be a novel tool for monitoring
circulating tumor cells in patients with gastric cancers.
Moreover, circulating miRNA may be a promising, noninvasive molecular marker for tracking pathological progression, predicting prognosis and monitoring chemotherapeutic effects in gastric cancer.
Finally, the precise mechanism of each miRNA is not
well known. Further reports about miRNA are expected
to help us better understand cancer mechanisms. This
research will be useful for clinical diagnosis or treatment
for GC patients.

12

13

14

15

CONCLUSION
In this review, we presented and discussed the newest
knowledge on miRNAs in gastric cancer and their potential usefulness as future medical treatments and diagnostic
tools. Although the molecular biology of GC has been
well characterized, research on miRNAs in GC is still in
its infancy. Thus, in the near future, we anticipate that
advances in miRNA research in GC may help to develop
novel medical treatments or diagnostic tools, thereby improving the prognosis of GC patients.
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Core tip: Host genetic susceptibility plays an important
role in gastric carcinogenesis. In this review, we summarize current knowledge about the functional effects
of miRNA-single-nucleotide polymorphisms (SNPs)
and their importance in gastric cancer susceptibility.
Furthermore, we also conduct a simple meta-analysis
about most frequently studied miRNA-SNPs (rs11614913
in miR-196a-2, rs895819 in miR-27a and rs2910164 in
miR-146a) in gastric cancer.
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Abstract

INTRODUCTION

miRNAs are endogenous 19- to 25-nt noncoding RNAs
that can negatively regulate gene expression by directly cleaving target mRNA or by inhibiting its translation. Recent studies have revealed that miRNA plays a
significant role in gastric cancer development either as
a tumor suppressor gene or oncogene. miRNA-singlenucleotide polymorphisms (SNPs), as a novel class of
functional SNPs/polymorphisms, have been identified
as candidate biomarkers for gastric cancer susceptibility. On the basis of recent data, the present review
summarizes current knowledge of the functional ef-

WJG|www.wjgnet.com

miRNAs are small endogenous noncoding RNAs of
about 22 nucleotides that negatively regulate posttranscriptional gene expression by pairing with complementary binding sites located in the 3’-untranslated
region (UTR) of mRNA[1]. In 1993, Wightman et al[2]
and Lee et al[3] found the first miRNA, lin-4, which controls developmental timing and cell fate specification in
Caenorhabditis elegans. To date, thousands of miRNA have
been characterized in animal and plant genomes[4]. In human malignancies, miRNA have shown important roles
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Figure 1 miRNA biogenesis and processing.

in a variety of cellular processes including apoptosis,
differentiation, angiogenesis and proliferation[5]. It has
been suggested that miRNA regulates almost one-third
of the human genes although it represents only a small
part of the genome[6]. Moreover, recent evidence shows
that more than half of the known human miRNAs are
located within cancer-associated genomic regions or
fragile sites[7]. Therefore, miRNA can be considered as a
potential and ideal biomarker for cancer.
Gastric cancer remains one of the commonest malignant tumors worldwide. In 2013, it was estimated that
about 21600 patients were diagnosed with gastric cancer
and 10990 died of the disease in the United States[8]. In
East Asia, especially in China, gastric cancer has the highest rates of incidence and mortality[9]. Epidemiological
studies have identified environmental and lifestyle risk
factors that contribute to the development of gastric cancer, such as Helicobacter pylori (H. pylori) infection or high
salt intake[10]. However, only a minority of patients exposed to risk factors such as H. pylori infection ultimately
develop gastric cancer, which indicates that host genetic
susceptibility also plays an important role in gastric carcinogenesis[11-13]. In recent decades, many correlations
between single nucleotide polymorphisms (SNPs) in the
genome and the risk of various diseases, including gastric
cancer, were reported[14,15]. Recently, a class of novel functional polymorphisms in miRNA or its binding sites is
the most interesting. Our previous epidemiological studies also provided evidence that the risk of gastric cancer
is associated with miRNA-SNPs[16,17]. Therefore, miRNA
polymorphisms can be used as specific markers of predisposition for gastric cancer prevention.
In this review, we provide a comprehensive list of
potentially functional miRNA-SNPs and have a brief

WJG|www.wjgnet.com

description of miRNA biogenesis, biology and the underlying mechanism of miRNA-SNPs in gastric cancer
susceptibility.

miRNA BIOSYNTHESIS AND FUNCTION
miRNA biogenesis is a multistage process[18,19]. Most human miRNA are first transcribed by RNA polymerase
II and are encoded by introns[20]. The primary miRNA
(pri-miRNA) is excised from the primary transcript of
the intron[21]. Then, the pri-miRNA is processed by the
RNase Drosha-DGCR8 complex into 70-nucleotidelong precursor hairpin structures (pre-miRNA)[22]. The
pre-miRNA is subsequently exported to the cytoplasm
by the nuclear membrane protein exportin-5 and cleaved
by the RNase Ⅲ enzyme Dicer to produce a transient
miRNA duplex composed of a mature miRNA sequence
(about 22 nucleotides in length) and its complementary
sequence miRNA*[23]. The miRNA duplex is unwound by
an RNA helicase and the mature miRNA is incorporated
into the targeting miRNA containing RNA induced silencing complex (RISC) together with the argonate (Ago)
protein[24,25]. The other strand (or miRNA*) is often degraded. Ago is considered as the heart of the miRNAinduced silencing complex (RISC-miR), which induce
the mature miRNA to bind the complementary elements
of target mRNA 3’ UTR. Lastly, the RISC-miR exerting
negatively regulates gene expression function by either
mRNA cleavage or inhibiting translation[26] (Figure 1).
As described above, miRNA exert the functionality
by sequence-dependent regulation of post-transcriptional gene expression by targeting mRNA for cleavage or
translational repression. Target selection is dependent
on the extent of Watson-Crick base pairing between the
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miRNA and mRNA. Nucleotides 2-8 (from the 5’ end
of miRNA), also referred to as the “seed sequence”, are
a major determinant of mRNA target selection[27]. Mutation in either the seed or seed-complementary site could
inhibit miRNA activity, which highlights the importance
of seed sequence complementarity [28]. Additionally,
Grimson et al[29] also reported that more than four contiguous Watson-Crick base pairs between nucleotides
12-17 at the 3’ end of the miRNA could enhance target
recognition. Therefore, miRNA biogenesis and posttranscriptional regulation is highly sequence dependent,
and sequence variants (such as SNPs) in either the miRNA sequence or miRNA-target site can have a significant
effect on miRNA function. So far, > 1000 miRNAs have
been found in humans, which are indicated to regulate
up to 30% of all protein-coding genes in the human
genome[30]. Moreover, Calin et al[7] have suggested that
more than half of the human miRNAs are located in
cancer-associated fragile regions. This shows that miRNA
regulation plays a key regulatory role during development
and in various cellular processes such as differentiation,
growth and death. These processes are frequently dysregulated in carcinogenesis, implicating miRNA function
as oncogenes or tumor suppressors.

cancer.

SNPs IN miRNA
SNPs in the miRNA regulatory pathway, as a novel class
of functional polymorphisms in the human genome,
have been widely implicated in cancer development[38].
In 2005, Calin et al[39] reported the first evidence that
mutations in miRNA genes are common and might have
functional importance in chronic lymphocytic leukemia
(CLL). They identified a germ-line mutation in the miR16-1-miR-15a primary precursor, which causes low levels
of miRNA expression and is associated with prognostic
factors and disease progression in CLL[39]. Since then,
a series of studies has used systematic sequencing or
in silico approaches to identify more SNPs in miRNA.
In our present study, we focused on the miRNA SNPs
in gastric cancer susceptibility. Therefore, we searched
PubMed to August 2013 to identify all relevant papers,
using the key words miRNA, miRNA polymorphism or
variant in combination with gastric cancer or gastric tumor. There were 35 epidemiological studies with a focus
on the importance of miRNA-related SNPs in gastric
cancer susceptibility. We scanned the titles and abstracts
and excluded the studies that were clearly irrelevant to
the current topic. The remaining articles were read to
determine whether they contained information of interest. In addition, to be eligible, studies had to fulfill
the following criteria: (1) a case-control study design or
prospective study design; (2) number of subjects with
each allele or genotype in cases and controls reported; (3)
risk estimates OR and 95%CI, or raw data that allowed
us to calculate them; and (4) risk estimate was only with
miRNA polymorphism, and not with miRNA binding
site SNPs. All searches were performed independently
by two investigators. Thirteen epidemiological studies
were included in our study. As summarized in Table 1,
Peng et al[40] suggested a significantly increased risk of
gastric cancer in subjects homozygous for the variant C
of miR-196a-2 (rs11614913) compared with wild-type
homozygote TT and heterozygote CT carriers in a Chinese population (adjusted OR = 1.57, 95%CI: 1.03-2.39).
Stratified analyses showed that the subjects homozygous
for the variant C genotype of miR-196a-2 had a strong
association with lymph node metastasis of gastric cancer
(adjusted OR = 2.25, 95%CI: 1.21-4.18). Subsequently,
Okubo et al[41] evaluated the associations of three SNPs
(rs11614913, rs2910164 and rs3746444) in pre-miRNA
(miR-196a2, miR-146a and miR-499) with the risk of
gastric cancer in the Japanese population. The strongest association was observed only in the miR-146a
rs2910164 (G > C) SNP. Our research also indicated that
miR-27a A/G (rs895819) and miR-146a C/G (rs2910164)
polymorphisms had important significance in gastric
cancer susceptibility[16,17]. In addition, an increased risk
of gastric cancer was obtained with AA genotype in premiR-30c compared with GG genotype in the Chinese
population (adjusted OR = 1.83, 95%CI: 1.07-3.15).

miRNA EXPRESSION IN GASTRIC
CANCER
Accumulating evidence has strongly indicated that aberrant miRNA expression is an important feature of
gastric cancer [31]. In 2012, Wang et al [32] summarized
13 miRNA expression profiling studies and suggested
that there were 139 miRNAs differentially expressed in
gastric cancer tissues compared with neighboring noncancerous or normal gastric tissues. They also found
that the expression levels of miR-21, miR-18a, miR-17
and miR-20a in gastric cancer were significantly upregulated in most studies. Conversely, miR-375 and miR-378
expression levels were downregulated in gastric cancer
tissues. Also, expression levels of 29 miRNAs were
reported to be inconsistent. In addition, recent evidence using quantitative real-time reverse transcriptase
polymerase chain reaction (qRT-PCR) also confirmed
that miR-17-5p/20a, miR-181a-5p, miR-214 and miR23a expression levels were upregulated in human gastric
cancer tissues, and overexpression of miR-17-5p/20a
could promote gastric cancer cell progression and inhibit apoptosis[31,33-35]. Recent studies have indicated that
gastric cancer tissue has significantly lower expression
of miR-148a and miR-22 compared to non-tumor tissue, and miR-148a and miR-22 inhibit gastric cancer cell
migration and invasion. Moreover, low miR-148a levels
are associated with lymph node metastasis, N stage,
and blood vessel invasion in gastric cancer patients[36,37].
These miRNA expression profiles analyzed by microarray or qRT-PCR could help us understand better the
molecular mechanisms of tumorigenesis and contribute
to the development of diagnosis and therapy for gastric
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Table 1 List miRNA-single-nucleotide polymorphisms (SNPs) evaluated in gastric cancer
First author year

1

Population

miRNA

SNP ID

Allele

Case/control

Risk (OR and 95%CI)

Peng et al 2010
Okubo et al[41] 2010

Chinese
Japanese

Sun et al[16] 2010
Zeng et al[17] 2010
Hishida et al[56] 2011
Mu et al[42] 2012
Zhang et al[43] 2012

Chinese
Chinese
Japanese
Chinese
Chinese

Arisawa et al[44] 2012
Ahn et al[50] 2012

Japanese
South Korean

miR-196a-2
miR-146a
miR-196a-2
miR-499
miR-27a
miR-146a
miR-146a
miR-30c
miR-149
miR-605
miR-938
miR-146a
miR-149
miR-196a-2
miR-499
miR-27a
miR-27a
miR-27a
miR-146a
miR-196a-2

rs11614913
rs2910164
rs11614913
rs3746444
rs895819
rs2910164
rs2910164
rs928508
rs2292832
rs2043556
rs2505901
rs2910164
rs2292832
rs11614913
rs3746444
rs895819
rs11671784
rs895819
rs2910164
rs11614913

T/C
G/C
T/C
A/G
A/G
C/G
C/G
A/G
T/C
A/G
T/C
C/G
T/C
T/C
A/G
A/G
G/A
A/G
C/G
T/C

213/213
552/697
552/697
552/697
304/304
304/304
583/540
240/240
762/757
762/757
333/574
461/447
461/447
461/447
461/447
295/413
892/978
892/978
1686/1895
1689/1946

1.57 (1.03-2.39)
1.30 (1.02-1.66)
NS
NS
1.48 (1.06-2.05)
1.58 (1.11-2.20)
NS
1.83 (1.07-3.15)
NS
NS
0.73 (0.55-0.99)
NS
NS
NS
NS
0.28 (0.12-0.66)
0.76 (0.63–0.92)
NS
1.26 (1.01-1.56)
0.71 (0.60-0.83)

[40]

Zhou et al[53] 2012
Yang et al[54] 2012

Chinese
Chinese

Zhou et al[57] 2012
Wang et al[51] 2013

Chinese
Chinese

1

Risk estimate by authors supplied main results in full text.

population of Chinese women[49]. In gastric cancer, Peng
et al[40] suggested a significantly increased risk of gastric
cancer in subjects homozygous for the variant C of miR196a-2 (rs11614913) compared with TT + CT carriers.
However, one study conducted in a Japanese population
only found the rs11614913 SNP in the miR-196a2 was associated with the degree of H. pylori-induced mononuclear
cell infiltration, and not gastric cancer risk[41]. To understand this effect better, the SNP was genotyped again in
a study conducted on 461 Korean patients with gastric
cancer and 447 matched controls. They revealed that miR196a-2 CC genotype was associated with elevated gastric
cancer risk among women (adjusted OR = 1.86, 95%CI:
1.09-3.19)[50]. On the contrary, Wang et al[51] recently found
that the CC genotype was significantly associated with a
reduced risk of gastric cancer compared with the CT +
TT genotypes in larger samples of the Chinese population (adjusted OR = 0.71, 95%CI: 0.60-0.83). Therefore,
to determine further whether there is an association between rs11614913 and risk of gastric cancer, we summarized the published data from these studies using a recessive model, and showed no significant association between
SNP rs11614913 in miR-196a-2 and gastric cancer risk (OR
= 1.06, 95%CI: 0.74-1.50, Z = 0.30, P = 0.77; Q = 18.85,
P < 0.01, Table 2).

Moreover, the gastric cancer risk was especially elevated
in older individuals (aged > 60 years), men, non-smokers, and H. pylori-infected individuals[42]. More interestingly, Zhang et al[43] found that lifestyle-related factors,
including tea consumption and smoking, might have the
potential to modify the associations between miR-149
and miR-605 polymorphisms and gastric cancer risk.
One study also suggested that miR-938 polymorphism
(rs2505901) C locus carried a decreased risk overall for
gastric cancer (OR = 0.73, 95%CI: 0.56-0.99)[44]. Additionally, many epidemiological studies also reported that
miRNA binding site polymorphisms were associated
with the risk of gastric cancer[45-47]. As shown in Table
1, the most frequently studied SNPs are rs11614913 in
miR-196a-2, rs895819 in miR-27a, and rs2910164 in
miR-146a. Therefore, we discuss and perform a metaanalysis to evaluate the association between the three
polymorphisms and gastric cancer susceptibility based
on all eligible case-control published data. We calculated
the pooled OR and 95%CI based on the most frequently
adopted genetic model in original literature. The Z test
was used to determine the statistical significance of the
pooled OR, and P < 0.05 was considered statistically
significant. Additionally, Q and I2 statistics were used to
examine possible heterogeneity of study results[48]. If significant heterogeneity existed (P < 0.10 was considered
representative of statistically significant heterogeneity),
the pooled OR estimate of each study was calculated by
the random effects model, otherwise the fixed-effects
model was used.

SNP rs895819 in miR-27a
A recent study has suggested that miR‑27a expression
is significantly upregulated in gastric cancer tissues, and
high expression levels of miR‑27a are associated with
poor tumor histological grade[52]. These findings indicate the important role of miR‑27a in the development
and progression of gastric cancer. Our recent research
including 304 gastric cancer cases and 304 cancer-free
controls indicated that miR-27a A/G polymorphism

SNP rs11614913 in miR-196a-2
The SNP (rs11614913) in the pre-miRNA region of miR196a-2 was first identified in a case-control study of 1009
breast cancer cases and 1093 cancer-free controls in a
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Table 2 miR-196a-2 single-nucleotide polymorphism (rs11614913) in gastric cancer
First author year
Peng et al[40] 2010
Okubo et al[41] 2010
Ahn et al[50] 2012
Wang et al[51] 2013
Overall

Study design

Case/control

HB
HB
HB
HB

213/213
552/697
461/447
1689/1946
2915/3303

Case

1

Control

Risk (OR and 95%CI)

TT

CT

CC

TT

CT

CC

43
166
119
519
847

94
281
242
851
1468

76
105
100
319
600

50
223
128
524
925

107
350
232
940
1629

56
124
87
482
749

1.56 (1.03-2.35)
1.09 (0.81-1.45)
1.15 (0.83-1.58)
0.71 (0.60-0.83)
1.06 (0.74-1.50)

1

OR and 95%CI were calculated under a recessive genetic model (CC vs CT + TT). HB: Hospital based.

Table 3 MiR-27a single-nucleotide polymorphism ( rs895819) in gastric cancer
First author year

Study design

Case/control

Sun et al[16] 2010
Zhou et al[53] 2012
Yang et al[54] 2012
Overall

HB
HB
HB

304/304
295/413
892/978
1491/1695

Case

1

Control

Risk (OR and 95%CI)

AA

AG

GG

AA

AG

GG

115
166
349
630

135
122
437
694

54
7
106
167

145
214
367
726

119
167
472
758

40
32
139
211

1.50 (1.08-2.07)
0.84 (0.62-1.12)
0.93 (0.76-1.13)
1.04 (0.76-1.42)

1

OR and 95%CI were calculated under a dominant genetic model (AG + GG vs AA). HB: Hospital based.

risk of gastric cancer when compared with CC genotype
carriers in the Chinese population (adjusted OR = 1.58,
95%CI: 1.11-2.20)[17]. Additionally, in other stratified
analyses for gastric cancer risk, Ahn et al[50] found that
subjects with miR-146a GG and (CG + GG) genotypes
were associated with increased risk of gastric cancer
among the non-smokers in a Korean population. In contrast, the study conducted by Hishida et al[56] on 583 gastric cancer cases and 540 gastric atrophy cases suggested
a lack of association between SNP rs2910164 and gastric
cancer risk. These observations were validated by Zhou
et al[57] in a large sample of the Chinese population (1686
gastric cancer patients and 1895 cancer-free subjects).
Their logistic regression suggested a significant association between rs2910164 polymorphism and increased
gastric cancer risk (OR = 1.26, 95%CI = 1.01-1.56; GG
vs CC + CG]. Apparently, these conclusions of the relevant studies are inconsistent, in part because of the small
sample size, and the different genetic model and ethnicity of the patients. So, we performed a comprehensive
analysis based on published data using a recessive model
(Table 4). The combined results indicated that subjects
homozygous for the variant C genotype in miR-146a
had no statistically significant risk of gastric cancer when
compared with (CC + CG) genotypes carrier (OR = 1.08,
95%CI: 0.87-1.33, Z = 0.68, P = 0.50; Q = 10.13, P =
0.04).

(rs895819) polymorphism was associated with an elevated risk of gastric cancer. We observed that the patients
with variant genotypes (AG + GG) of miR-27a showed
a significantly increased risk of gastric cancer relative
to AA carriers (adjusted OR = 1.48, 95%CI: 1.06-2.05).
The elevated risk was especially evident in older subjects
(age > 58 years), men, non-smokers and rural residents.
Moreover, we also found that polymorphism of miR27a might be responsible for elevated miR-27a levels
and reduced target gene zinc finger and BTB domain
containing 10 (ZBTB10) mRNA[16]. However, another
study showed that the SNP rs895819 in miR-27a with
the minor allele C (C corresponds to G in the opposite
strand) presented a significantly reduced risk of gastric cancer (adjusted OR = 0.77, 95%CI: 0.60-0.99)[53].
Similarly, in the Chinese population, Yang et al[54] found
that the G/A polymorphism in miR-27a (rs11671784)
reduced gastric cancer risk, but not the association with
rs895819. Therefore, we extracted the genotypes from
the above studies, and calculated the overall OR based
on the dominant model (Table 3). There was no significant risk association in the overall pooled analysis (OR =
1.04, 95%CI: 0.76-1.42, Z = 0.25, P = 0.81; Q = 7.82, P
= 0.02).
SNP rs2910164 in miR-146a
A G to C polymorphism (rs2910164) located within the
sequence of an miR-146a precursor was identified by
Shen et al[55]. They revealed that the variant predisposed
to an earlier age of onset of familial breast and ovarian
cancers. In a Japanese population study, Okubo et al[41]
revealed that rs2910164 CC genotype held a significantly
higher risk of gastric cancer when compared to noncancer subjects (adjusted OR = 1.30, 95%CI: 1.02-1.66).
However, we showed that subjects with the variant genotypes (GC + GG) in miR-146a had a significantly higher
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CONCLUSION
This review includes a summary and discussion of the
current findings evaluating the role of SNPs of miRNA in
gastric cancer occurrence and development. Furthermore,
we performed a meta-analysis of the most frequently studied miRNA-SNPs (rs11614913 in miR-196a-2, rs895819
in miR-27a and rs2910164 in miR-146a) in gastric cancer.
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Table 4 MiR-146a single-nucleotide polymorphism ( rs2910164) in gastric cancer
First author year

Study design

Case/control

HB
HB
HB
HB
HB

552/697
304/304
583/540
461/447
1686/1895
3586/3913

Okubo et al[41] 2010
Zeng et al[17] 2010
Hishida et al[56] 2011
Ahn et al[50] 2012
Zhou et al[57] 2012
Overall

Case

1

Control

Risk (OR and 95%CI)

CC

CG

GG

CC

CG

GG

236
89
230
159
286
1000

243
153
271
231
822
1720

73
62
82
71
578
866

254
119
215
164
393
1145

322
132
254
221
951
1880

121
53
71
62
551
858

0.73 (0.53-0.99)
1.21 (0.81-1.82)
1.08 (0.77-1.52)
1.13 (0.78-1.63)
1.27 (1.10-1.47)
1.08 (0.87-1.33)

1

OR and 95%CI were calculated under a recessive genetic model (GG vs CC + CG). HB: Hospital based.

Based on current data, there was no significant association between these miRNA-SNPs and gastric cancer
risk in our meta-analysis. Future studies based on larger
samples and independent cohorts are still needed to confirm the predictive signature of miRNA-SNPs in gastric
cancer, for a better understanding of gastric cancer carcinogenesis.
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Core tip: Although several antiviral agents have been
developed in the last two decades for the treatment of
chronic hepatitis B (CHB), antiviral resistance remains
an important challenge for long-term CHB therapy. In
this review, we discussed the currently available molecular diagnosis tools, in vitro phenotypic assays for
validation of drug-resistant hepatitis B virus (HBV), and
treatment options for drug-resistant HBV.
Kim JH, Park YK, Park ES, Kim KH. Molecular diagnosis and treatment of drug-resistant hepatitis B virus. World J
Gastroenterol 2014; 20(19): 5708-5720 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5708.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5708

Abstract
Oral antiviral agents have been developed in the last
two decades for the treatment of chronic hepatitis B
(CHB). However, antiviral resistance remains an important challenge for long-term CHB therapy. All of the
clinically available oral antiviral agents are nucleoside
or nucleotide analogues that target the activity of viral
reverse transcriptase (RT), and all are reported to have
resistant mutations. Since the hepatitis B virus (HBV) RT,
like other viral polymerases, lacks proofreading activity,
the emergence of drug-resistance occurs readily under
selective pressure from the administration of antiviral
agents. The molecular diagnosis of drug-resistant HBV
is based on sequence variations, and current diagnostic methods include sequencing, restriction fragment
polymorphism analysis, and hybridization. Here, we will
discuss the currently available molecular diagnosis tools,
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INTRODUCTION
Chronic hepatitis B (CHB) affects 240 million people
worldwide and is a leading cause of liver-related morbidity and mortality[1-3]. The last two decades have seen the
introduction of oral antiviral agents for the treatment
of hepatitis B virus (HBV) infection[4-8]. Long-term antiviral therapy is needed in the majority of patients, and
incomplete viral suppression and emergence of drug
resistance is a major concern[9]. All of the clinically available HBV drugs are nucleoside or nucleotide analogues
that inhibit the activity of viral reverse transcriptase (RT),
and all drugs approved as anti-HBV agents are reported
to have viral resistance due to specific mutations in the
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RT domain[10]. In treatment-naïve patients, the prevalence
of such mutations is low and routine mutation analysis is not recommended[11]. The emergence of resistant
strains is due to the selective pressure of the therapeutic
regimen, although other factors, such as host immune
response and therapy adherence, also play a role[12]. The
development of antiviral resistance is one of the most
important factors predicting the success or failure of
CHB treatment[13]. The emergence of antiviral resistance
results in the resumption of active viral replication that
has been previously suppressed after the initiation of antiviral therapy, and can impair biochemical or histologic
improvement[14]. Furthermore, increasing use of antiviral
agents for CHB has led to a greater likelihood of antiviral
resistance[12]. A recent prospective cohort study showed
that antiviral drug resistance increased the risk of hepatocellular carcinoma in decompensated HBV-related cirrhotic patients, especially in those failed rescue therapy[15].
To avoid development of drug resistance, the current
guidelines recommend tenofovir (TDF) and entecavir
(ETV) as first-line antiviral agents[13,16-18].
In this review, we will discuss methods of diagnosis,
phenotypic assays for drug resistance, and treatments for
drug-resistant HBV strains.

HBV DNA polymerase by competing with the natural
substrate deoxyadenosine triphosphate. The incorporation of ADV diphosphate into the growing viral DNA
causes premature DNA chain termination similar to
LMV. Genotypic analysis has revealed that ADV resistance is conferred by the rtN236T and/or rtA181T/V
mutations. In vitro drug susceptibility assays showed that
the rtN236T mutation does not affect sensitivity to LMV,
telbivudine (LdT), or ETV; however, the rtA181T mutation was shown to decrease susceptibility to LMV (<
10-fold), ADV (2- to 8-fold), and TDF (2- to 3-fold)[32].
ETV, a guanosine nucleoside, is efficiently phosphorylated to the active triphosphate form. By competing
with the natural substrate deoxyguanosine triphosphate,
ETV triphosphate functionally inhibits the activities of
HBV polymerase. ETV is the most potent among the
currently available anti-HBV agents. The mutations associated with primary resistance to ETV are the most
complex and have not been fully established in patients.
Mutations associated with the emergence of ETV resistance have been mapped to the B domain (rtI169T,
rtL180M, and rtS184S/A/I/L/G/C/M), C domain (rtM204I/V and rtS202G/I), and E domain (rtM250I/V).
ETV resistance does not confer cross-resistance to ADV
or TDF[22].
LdT, a synthetic thymidine nucleoside, is the unmodified L-isomer of the naturally occurring nucleoside, thymidine; therefore, phosphorylation to the active LdT triphosphate form by cellular kinases is easily accomplished.
The LdT 5′-triphosphate eventually inhibits HBV DNA
polymerase by competing with the natural substrate, thymidine 5′-triphosphate. The rtM204I substitution confers
primary resistance to LdT treatment and frequently cooccurs with the rtL80I/V and rtL180M substitutions. An
in vitro study revealed that LdT resistance does not confer
cross-resistance to ADV, TDF, or ETV[33].
Clevudine (CLV), a pyrimidine analogue, inhibits
HBV polymerase by competing with the natural substrate,
thymidine. CLV inhibits the DNA-dependent DNA
activity of HBV polymerase, as well as reverse transcription and priming. Since CLV is a fluorinated LdT, it has a
similar resistance profile to LMV and LdT. Kwon et al[23]
identified the rtM204I substitution as the most common
mutation during viral breakthrough in four CLV-failure
patients, whereas rtL229V was shown to be a compensatory mutation for the impaired replication of the rtM204I
mutant. A quadruple mutant (rtL129M+rtV173L+rtM2
04I+rtH337N) conferred greater replicative ability and
strong resistance to both CLV and LMV[23].
TDF disoproxil fumarate is a methyl derivative of
ADV with activity against retroviruses, including HIV-1/2
and HBV. TDF demonstrates a mechanism of action
and antiviral resistance pattern very similar to ADV. Like
ADV, TDF is rapidly metabolized by cellular kinases into
the active metabolite, TDF diphosphate. In turn, TDF
diphosphate inhibits HBV DNA RT by competing with
the natural substrate, deoxyadenosine triphosphate, causing the termination of the growing HBV DNA. In vitro

MOLECULAR MECHANISM OF
ANTIVIRAL RESISTANCE
The HBV RT, like other viral polymerases, lacks proofreading activity on the newly synthesized viral genome,
resulting in the introduction of random mutations into
progeny HBV DNA. The error rate of HBV polymerase
is approximately 1 per 105 to 107 base syntheses due to
the highly error-prone nature of the HBV RT[19]. Under
selective pressure from the administration of antiviral
agents, HBV quasispecies converge on a dominant HBV
mutant that can escape selection pressure, producing a
drug-resistant HBV strain.
Since the molecular mechanisms and clinical significance of resistance to HBV nucleoside/nucleotide
analogue drugs have been extensively reviewed in literature[10,20-22], detailed explanations of the documented resistant mutants will not be reviewed here.
Lamivudine (LMV), a synthetic nucleoside analogue
with activity against HBV and HIV, is sequentially phosphorylated to LMV triphosphate by cellular kinases and
incorporated into the growing HBV DNA at the 3′-end
by HBV polymerase, which induces premature chain
termination. The primary resistance mutation to LMV
is the rtM204I/V in the YMDD motif. This mutation is
usually accompanied by a compensatory mutation including rtL180M, L80I/V, and V173L, which enhances the
viral replication of replication-defective rtM204I/V mutants (Figure 1). LMV resistance does not confer crossresistance to adefovir (ADV) or TDF[20,21].
ADV dipivoxil, an analogue of adenosine monophosphate, can be easily phosphorylated by cellular kinases to
the active metabolite ADV diphosphate, which inhibits
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Figure 1: Approved anti-hepatitis B virus drugs and their resistant mutations. IC50 values are dependent on the duration of drug exposure to cells, the cells used,
and the protocol used.

drug susceptibility assay demonstrated that the rtA194T,
rtA181T/V, and/or rtN236T mutations are associated
with TDF resistance[22]. Resistance to TDF has been
proven so far in in vitro studies.

attention elsewhere, such as ultra-deep pyrosequencing
and RFMP, will be reviewed here in detail.
PCR-based direct or cloning sequencing
Currently, genotypic analysis is largely performed by
sequencing-based assays. Only sequencing can provide
all of the information on the mutations present in a viral
genome. Therefore, this assay is useful to identify novel
resistant mutations responsible for the insufficiency of
new antiviral drugs[23]. However, limited by sensitivity,
this assay can only detect the majority species present
in the total viral population and is generally capable of
detecting quasispecies comprising more than 20 percent
of a viral population. This limitation can be overcome
by multiple rounds of cloning followed by sequencing.
This method is impractical for use in large cohort studies
or clinical laboratories since the process is hard to standardize, labor-intensive, and time-consuming. However,
cloning-based sequencing is the only method available to
analyze the colocalization of mutations within the same
HBV genome.

MOLECULAR DIAGNOSIS OF DRUGRESISTANT HBV
The molecular diagnosis of drug-resistant HBV is performed by genotypic assay, which determines the resistance-related mutations in the viral RT gene by comparing the patient-derived viral strain with wild-type. To
date, several methods have been developed and clinically
used to determine genotypic resistance. These methods
include sequencing (PCR-based direct sequencing, cloning and sequencing, and ultra-deep pyrosequencing),
restriction fragment length or mass polymorphism (RFLP
or RFMP), and hybridization (DNA microarray and lineprobe assay). Since the conventional methods for HBV
genotyping have been extensively reviewed in literature[20,22], only those technologies that have received lesser
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MALDI-TOF MS

Figure 2 Schematic diagram of the restriction fragment mass polymorphism genotyping strategy. Polymerase chain reaction is performed with primers
designed to introduce a type ⅡS restriction endonuclease recognition sequence (FokI) ahead of the genotype-specific motifs upon amplification. The enzymatic
cleavage of the products leads to excision of multiple oligonucleotide fragments representing the motifs shown in capital letters, and then the masses of the resulting
oligonucleotide fragments are examined by MALDI-TOF MS. Cleavage sites of FokI and BstF5I, an isoschizomer of FokI, are indicated by filled and blank arrows,
respectively, and recognition sites for both restriction endonucleases are specified by the shaded bars.

Ultra-deep pyrosequencing
Recently, ultra-deep pyrosequencing, a next-generation
sequencing technology, was successfully applied to detect
HBV quasispecies and also to identify drug-resistant mutants that present at very low concentrations in patient
sera[34-37]. This is one of the most sensitive techniques
capable of detecting minority virus populations that are
less than 0.1% of the total, and that are typically missed
by direct or cloning-based sequencing. However, application of this technology in determining drug resistance is
limited by its high cost. The one advantage of this nextgeneration sequencing technique is the production of
vast quantities of sequence data without prior information on the sequence of interest. Very recently, Rodriguez
et al[37] generated approximately 480000 sequences (4010
± 843 sequences per sample) from ADV-resistant patient
sera by ultra-deep pyrosequencing. They found that the
dynamics of ADV-resistant viral populations are very
complex and more heterogeneous than expected. More
importantly, the identified ADV-resistant variants (including rtA181 and rtN236) were already present as minor
populations at baseline in most of the treatment-naïve
patients who subsequently developed viral DNA breakthrough to ADV therapy.

spectrometry directly assesses the nature of the PCR
products, whereas other technologies indirectly measure
the PCR products either through hybridization or by sequencing reactions.
The assay is based on the amplification and mass
detection of oligonucleotides excised using a type ⅡS
enzyme digestion and matrix-assisted laser desorption/
ionization time of flight mass spectrometry (MALDITOF MS) as depicted in Figure 2. PCR is performed
with primers designed to introduce a type ⅡS restriction
endonuclease recognition sequence ahead of the polymorphism site. The use of a type ⅡS restriction enzyme
means that this assay does not depend on the fortuitous
occurrence of restriction sites, because these enzymes
typically have cleavage sites distal to their recognition
sites. The enzymatic cleavage of the reaction products
leads to excision of multiple oligonucleotide fragments
containing the mutated motifs, after which the masses of
the resulting oligonucleotide fragments are examined by
MALDI-TOF MS. Differences are observed as the presence, absence, or mass change of peaks corresponding to
fragments affected by the existence of polymorphisms,
including substitutions, deletions, and insertions in the
RT gene[38]. In addition to its speed and high-throughput
capacity, the RFMP assay is very sensitive and can detect
drug-resistant mutants that constitute less than 1% of
a total virus population, enabling distinctions between
mixed-genotype samples[39]. A clear correlation has been
observed between estimated peak heights and real proportions in mixed-genotype pools, indicating the RFMP
assay enables better quantitative detection of mixed populations without the need for population-based cloning

Restriction fragment mass polymorphism
RFMP technology is based on detection of the mass difference in DNA fragments resulting from drug-resistant
mutations in the RT gene[38]. Mass spectrometry generates precise information of the molecular mass of the
analytes and enables quantitation of both strands of
DNA in parallel using a fully automated procedure. Mass
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and subsequent sequencing. By combining the merits of
unique assay chemistry and the established techniques of
MALDI-TOF MS, the RFMP assay is able to screen for
viral mutants in a robust, high-throughput manner and
is known to be capable of simultaneously analyzing 384
samples in 3 h, which is almost 10 times faster than existing methods[40]. The improved sensitivity of the RFMP
assay has allowed for its application in monitoring early
intervention and prevention in antiviral therapy for HBV.
An RFMP analysis of YMDD motifs within 740 consecutive samples collected from 116 hepatitis B patients
demonstrated that YMDD mutants occur throughout
the course of LMV therapy irrespective of the occurrence of viral DNA breakthrough. This indicates that
the mere detection of YMDD mutants is not sufficient
to predict viral DNA breakthrough, although the presence of YMDD mutants has been associated with a high
incidence of viral DNA breakthrough, and a five-fold
predominance of YMDD mutant-to-wild-type virus was
significantly associated with viral DNA breakthrough.
Periodic testing by RFMP assay was shown to be useful
in detecting the predominance of YMDD mutants for
monitoring drug resistance, enabling early intervention
and prevention of viral breakthrough[40].
Multiplex RFMP methods were developed to have
practical advantages over existing methods, enabling the
simultaneous detection of several resistant mutations
within a large number of samples, and to address the dynamics and evolution of resistance and the relationship
between viral genotypes and clinical outcomes[41,42]. This
assay has proven to be reliable for clinical virus genotyping in concert with regular measurements of HBV viral
load, for the early detection of LMV, ADV, ETV, and
MDR mutations, and for the timely introduction of new
salvage agents[43-45]. However, RFMP technology cannot
provide information on the colocalization of mutations
within the same HBV genome and requires access to a
mass spectrometer.

in neighboring regions affect the sensitivity of the target
sequence.

IN VITRO PHENOTYPIC ASSAY FOR
VALIDATION OF DRUG-RESISTANT HBV
Only an in vitro phenotypic assay can confirm genotypic
antiviral resistance. However, current methodology is
labor-intensive and time consuming due to the need for
construction of a replication-competent HBV replicon
and the use of Southern blot analysis. Although the detailed methods for the validation of drug-resistant HBV
may vary slightly based on approach, the basic concept is
identical[48-50]. A typical approach to analyze phenotypic
resistance is presented in Figure 3. The HBV genome
is isolated from patient sera, and the RT mutation sequence is analyzed. To assess whether the mutations are
colocalized within the same HBV genome and to select
a specific RT mutant more easily, the PCR products
are subcloned into a T-vector. After sequence analysis,
the selected RT mutants are once again cloned into an
HBV replicon such as an HBV 1.1mer, 1.2mer, 1.5mer,
or dimer. For this procedure, the XhoI and NcoI restriction sites are preferentially used for insertion into both
the T-vector and the replicon. The replicons are then
transfected into Huh7 or HepG2 hepatocyte cell lines.
Secreted HBeAg is considered to normalize transfection
efficiency. Secreted HBsAg cannot be used as a control
since the RT and surface genes overlap, and, thus, mutations in the RT gene can affect the antigenicity of HBsAg. Four to five days after treatment with antiviral drugs,
cell lysates are subject to Southern blot analysis, which
gives the most accurate result. Since drug potency varies,
the preferred drug concentrations are indicated in Figure
3. After quantification of replication ability using a PhosphorImager imaging system, the IC50 (µmol/L) for each
drug is calculated by interpolation. Finally, the fold resistance (R factor) is determined. By doing this, it is possible
to determine the presence of drug-resistant mutations in
the quasispecies contained in clinical isolates. To identify
the sequence elements responsible for drug-resistance, artificial replicons that harbor conserved mutations in clinical isolates need to be constructed and tested for drug
susceptibility. An example of the overall characterization
of drug-resistant HBV was recently reported, including
detailed methods[23]. Alternatively, real-time PCR can be
used to measure replication ability, an approach that is
suitable for automated and large-scale testing in a hospital
setting[51].

Hybridization-based assays
Hybridization-based assays rely on affinity differences
between amplified nucleotides harboring mutations
and wild-type viral sequences. These techniques include
the line-probe (LiPA) assay[46] and DNA microarray[47].
The commercially available LiPA assay (Innogenetics,
Belgium) can detect single nucleotide mismatches and
discriminate HBV resistance mutations within minor
fractions constituting 5% or more of the total viral population[39,46]. DNA chip microarrays can simultaneously detect multiple resistant mutations with relatively low labor
and cost[47].
Although hybridization techniques are generally reliable, the main limitations of all hybridization-based assays arise largely from their relatively low specificity and
from the fact that they are qualitative rather than quantitative. Moreover, the design and optimization of new sets
of specific probes are required for every mutant in order
to detect a single nucleotide change because mutations
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TREATMENT
The development of drug resistance is associated with
virological breakthrough, biochemical breakthrough, and,
sometimes, hepatic decompensation[52]. Furthermore,
resistance may also reverse histological improvement
and oppose the reduction in disease progression among
patients with advanced fibrosis and early cirrhosis[53].
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Figure 3 Scheme for in vitro phenotypic validation of drug-resistant hepatitis B virus. Hepatitis B virus (HBV) DNA is purified from patient serum, and the sequence of RT mutations is analyzed. After cloning into replication-competent HBV replicons, each mutant is transfected into hepatoma cell lines followed by Southern
blot (or real time polymerase chain reaction) analysis. The IC50 (µmol/L) value is obtained by quantification of replication ability and curve-fitting. To characterize the
specific mutation(s) conferring resistance to antiviral drugs, each artificial mutant must be constructed and individually tested.

LMV is not recommended as a first-line treatment due
to high resistance development. Currently, the newer and
potent drugs, TDF and ETV are recommended[13,16-18].
Several practice guidelines suggest strategies for treat-
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ment of CHB patients with resistance. The American
Association for the Study of Liver Diseases guidelines
were published in 2009[18]. The updated guidelines from
the European Association for the Study of the Liver,
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Table 1 Guidelines for treatment of resistance
Resistant drug
LMV

[18]

AASLD 2009

[16]

[17]

EASL 2012

APASL 2012

Add ADV or TDF
Switch to TDF
Stop LMV, switch to Add ADV (If TDF not available)
Truvada (TDF + FTC)

[13]

KASL 2012

Add ADV
Switch to TDF
Switch to IFNbased therapy

Add ADV or TDF
Stop LMV, switch to ADV or TDF + other nucleoside
analogues
Switch to TDF
Stop LMV, consider to switch with Peg IFN
ADV
Add LMV
NA-naïve; Switch to ETV or TDF Add LMV, LdT,
With prior LMV resistance,
Stop ADV, switch to Prior LMV-resistance; Switch to
or ETV
-Stop ADV, switch to TDF + other nucleoside
Truvada
TDF + a nucleoside analogue
Switch to TDF
analogues
Stop ADV, switch to
Switch to IFN-Add ETV 1mg ADV as a first-line therapy
or add ETV
based therapy
-Stop ADV, switch to TDF + other nucleoside
analogues
-Add other nucleoside analogue, if rtA181T, add ETV
ETV
Switch to TDF or
Switch to TDF
Add TDF or ADV
Add nucleotide analogue
Truvada
Add TDF
Switch to IFNAdd ADV (If TDF not available)
based therapy
LdT
Same treatment as
Switch to TDF
Same treatment as
Same treatment as LMV
LMV
Add TDF
LMV
Add ADV (If TDF not available)
CLV
Same treatment as LMV
TDF
Add ETV, LdT, LMV or FTC
(LMV-naïve; Switch to ETV/
prior LMV-resistance; Add ETV)
Multidrug-resistance
Combination of a nucleoside and
ETV + TDF
TDF + ETV 1 mg
a nucleotide (preferably TDF)
Switch to IFNADV + ETV 1 mg
based therapy
Comment
Update is required
Recommendation about IFN- Recommendation
Recommendation about TDF resistance and IFNespecially for
based therapy is limited
about TDF
based therapy is limited
multidrug-resistance
resistance is
limited
KASL: Korean Association for the Study of the Liver; AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for
the Study of the Liver; EASL: European Association for the Study of the Liver; LMV: Lamivudine; ADV: Adefovir; LdT: Telbivudine; CLV: Clevudine; TDF:
Tenofovir; FTC: Emtricitabine; ETV: Entecavir; IFN: Interferon.

on therapy is accepted as a first-line rescue therapy[60].
Many studies have shown that LMV-ADV combination
therapy is superior to ADV monotherapy[61-63]. However,
the LMV-resistant strain rtA181T has been reported to
be continuously detected even after combination therapy
with LMV-ADV, so caution is necessary to avoid the possibility of multidrug-resistant HBV[32,64,65]. LdT and ADV
combination therapy, or a combination of ETV and
ADV, are possible treatment options[66-68].
TDF has shown potent antiviral activity against LMVresistant HBV and is reportedly superior to ADV monotherapy[69-71]. Therefore, treatment strategies that include
TDF seem to be more effective than those involving
ADV[13]. One study showed that switching to TDF is as
effective as adding TDF to LMV[71]. However, there is
one report of TDF resistance in an LMV-resistant CHB
patient with HIV co-infection who received TDF monotherapy, so the efficacy of TDF monotherapy requires
further evaluation[72]. One recent study also found that
the reduction in HBV DNA levels was greater in a TDFLMV combination therapy group than in TDF monotherapy, ADV monotherapy, or LMV-ADV combination
groups[73].
ETV exhibits some cross-resistance with LMV, which
has prompted the administration of 1.0 mg doses to
LMV-resistant CHB patients[74]. However, ETV resis-

the Asian Pacific Association for the Study of the Liver,
and the Korean Association for the Study of the Liver
were published in 2012[13,16,17]. The main principle of
these guidelines is to choose antiviral agents without
cross-resistance and to begin rescue therapy as soon as
possible[13,16,17]. These guidelines are compared and summarized in Table 1.
LMV, LdT, and CLV resistance
LMV, LdT, and CLV are L-nucleoside analogues, and
mutations at rtM204 are considered the primary cause
of resistance to these agents[20,54,55]. rtM204I or rtM204V,
with or without rtL180M mutations, are sensitive to ADV
and TDF, but exhibit cross-resistance to ETV and show
an eight-fold decrease in sensitivity. The rtA181T mutation has been detected in 5% of LMV-resistant patients.
These mutants exhibit cross-resistance to ADV but remain sensitive to ETV[56].
Of the various forms of antiviral drug resistance,
treatment for LMV resistance has been the most widely
studied. The incidence of the rtM204I/V substitution
has reportedly increased from 24% in 1 year to 70% in 5
years[25,54]. ADV monotherapy is not recommended due
to the increased risk of ADV resistance, which has been
shown to manifest in 18% of patients at 1 year, 25%
at 2 years, and up to 65% after 5 years[57-59]. ADV add-
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tance was reportedly more frequent than in treatmentnaïve patients. A 5-year cumulative genotypic resistance
rate of 51% was reported, along with an accompanying
virologic breakthrough of 43%[27]. A recent study found
that LMV-ADV combination therapy showed superior
antiviral efficacy over ETV 1.0 mg monotherapy in LMVresistant CHB patients[75]. For these reasons, ETV 1.0 mg
monotherapy is not recommended.
Peginterferon (PegIFN) is another option for the
treatment of LMV-resistant CHB patients. A randomized
control trial showed that 48 wk of PegIFN alfa-2a treatment for LMV-resistant CHB patients achieved undetectable HBV DNA levels in 10.6% of patients[76]. Another
study showed similar efficacy of PegIFN alfa-2a in a
comparison between treatment-naïve patients and LMVresistant patients with HBeAg-positive CHB[77].
Few data related to LdT and CLV resistance are available. The 2-year risk of LdT resistance was shown to be
25.1% in HBeAg-positive patients and 10.8% in HBeAgnegative patients[78]. In the subgroup that had no genotypic resistance at year 2 and received LdT until year 3,
an incremental 1.0% of HBeAg-positive, and 2.1% of
HBeAg-negative patients developed genotypic resistance
to LdT[79]. The cumulative resistance rate of LdT is 34%
after 3 years[29]. In the case of LdT resistance, a switch to,
or addition of TDF may be the preferred option[20]. The
CLV resistance rate is approximately 20% and 30% in the
2nd and 3rd years of treatment, respectively[30,80]. According
to clinical experience with LMV-resistant CHB patients,
the general principles for treating LdT or CLV resistance
are similar to those of LMV-resistance[13,17].

FTC led to a further decrease in serum HBV DNA levels
in patients exhibiting ADV resistance and a suboptimal
response to TDF therapy[86]. When LMV-TDF combination therapy was given to CHB patients who had previously failed to respond to LMV and subsequent ADV
therapy, 64% achieved an undetectable level of HBV
DNA after 96 wk of treatment[83].
ETV does not share cross resistance with ADV[56].
ETV has been shown to be effective against both
rtA181T/V and rtN236T mutant HBV strains[32,43,87,88].
Switching to ETV monotherapy (1 mg daily) is initially
effective in LMV-resistant patients (rtM204I/V), but the
subsequent risk of ETV resistance is high[27]. Another
study also showed increased ETV resistance risk with
ETV monotherapy switching for ADV resistance[89].
In contrast, ADV-ETV combination therapy has been
shown to be a better option[13,90]. The ETV-TDF combination can also be considered for multidrug-resistant
HBV infections that include ADV resistance[13].
Although rtN236T mutants remain sensitive to LMV,
the rtA181T/V mutant exhibits reduced susceptibility to
LMV[56] Therefore, LMV-ADV combination therapy is
recommended. For similar reasons, LdT or CLV monotherapy is not recommended for the rtA181T/V mutant
in order to avoid cross-resistance[13,56], and add-on therapy
is preferred[13,17]. One study showed that the LdT and
ADV combination can be a good option for ADV resistance[91].
To date, there are no reports of resistance to TDF
among patients with CHB monoinfection[31,92-94]. An in
vitro study found that replication of the rtA194T mutant
was suppressed effectively by ETV and intermediately by
LdT[95]. The clinical impact of the rtA194T mutation is
still unknown[92,96]. One recent report suggested that rtP177G and rtF249A mutants also reduce susceptibility to
TDF[97]. In cases of confirmed TDF resistance, an addon combination with a nucleoside analogue is preferred,
while a switch to ETV may be sufficient if the patient
had no prior LMV resistance[16].

ADV and TDF resistance
ADV and TDF are nucleotide analogues. rtN236T and
rtA181T/V are the primary mutations giving rise to
ADV resistance[26,81]. The cumulative incidence of genotypic resistance to ADV is reported to be 0%, 3%,
11%, 18%, and 29% at the end of each successive year
of therapy in HBeAg-negative patients[26]. As previously
mentioned, ADV monotherapy in LMV-resistant patients
leads to a 5-year cumulative ADV resistance of 65.6%[57].
No TDF resistance has been reported during treatment
periods up to 3 years in length[82]. However, rtA181T/V
and rtN236T mutations confer intermediate resistance to
TDF[9]. Among patients who have the rtA181T/V and/
or rtN236T substitutions, viral suppression by TDF is
reduced[71,83]. rtA194T can decrease susceptibility to TDF
by 10-fold in the presence of rtL180M+rtM204V mutations, according to a case study of a patient with HBV
and HIV co-infection[72].
TDF significantly suppresses HBV replication in
patients exhibiting LMV resistance who have failed to respond adequately to ADV, and in patients who are resistant to both LMV and ADV[83]. TDF alone or TDF plus
emtricitabine (FTC) are similarly effective in ADV-treated
CHB patients[84,85]. However, reduced sensitivity to TDF
has been demonstrated in ADV-resistant HBV infections,
indicating potential cross-resistance[71]. The addition of
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ETV resistance
ETV is cyclopentene, a type of nucleoside analogue.
ETV resistance develops via a two-hit mechanism, as
previously described. Since this presents a high genetic
barrier to ETV resistance, the resistance rate in treatment-naïve subjects is very low. In studies of the longterm follow-up of ETV treatment in CHB patients, the
cumulative probability of ETV resistance was reportedly
1.2%-1.5% after 5 years of ETV treatment. However, a
resistance rate as high as 51% has been reported after 5
years of treatment in LMV-refractory subjects[27,28,88].
ETV-resistant HBV maintains susceptibility to ADV,
which could be considered an initial treatment option,
and a clinical case has indicated that ADV can be effective in suppressing the ETV-resistant mutant[98,99]. Adding
ADV to ETV would be more reasonable for reducing
ADV resistance and improving antiviral efficacy[13,90,100].
Combination therapy of ADV plus LMV could be con-
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sidered as another option, since a small study showed that
the short-term efficacy of this combination was similar
to that of combination therapy of ADV plus ETV[13].
Although TDF has not been fully evaluated in the treatment of ETV resistance, it is expected to be very effective since TDF does not show cross-resistance to ETV
in vitro and has excellent potency[71]. Therefore, switching
to or adding TDF may be preferred for addressing ETV
resistance[20].

for drug-resistant HBV need to be developed that can
identify mutations more efficiently, with greater accuracy,
and with reduced cost. Second, the role of IFN must
be evaluated further. A few studies suggest the possibility of PegIFN as a treatment option for LMV-resistant
CHB patients. The efficacy of PegIFN in patients with
resistance to other agents such as LdT, CLV, ADV, ETV,
TDF, and MDR is not yet known. New IFN agents are
also under development for hepatitis C virus treatment.
These must also be studied for use in drug-resistant
HBV infection. Third, the efficacy of new HBV agents
in resistance treatment should be evaluated. For example,
LB80830 is a new acyclic nucleotide phosphonate with
chemistry similar to ADV and TDF. In a phase Ⅱ, openlabel, multicenter study among 65 LMV-resistant patients,
a dose-dependent reduction in HBV DNA of up to -3.92
log copies/mL was observed at week 12 at the optimal
dose of 150 mg daily[107]. These findings clearly need
further evaluation. Finally, treatment strategies for MDR
should be established. Most guidelines suggest combination therapies of nucleoside and nucleotide analogues,
and the ETV plus TDF combination is preferred. However, clinical data on long-term efficacy is still lacking.
Furthermore, there are patients who have experienced
treatment failure without a known or confirmed genotypic resistance. No treatment guidelines have been suggested for these patients. If more sensitive diagnostic tools
are developed, the novel combinations of drug-resistant
mutations may be diagnosed in these patients, which can
give more treatment options for these patients.

Multidrug resistance
Multidrug resistance (MDR) is defined as resistance to
two or more classes of antiviral drugs[13]. The emergence
of MDR is increasing and has raised serious concerns
regarding antiviral therapy because it limits the selection
of appropriate therapy[45]. Sequential monotherapy is
associated with the development of MDR[22,98,101,102]. In
these situations, pre-existing antiviral resistant mutations
may reappear and become co-localized with newly developed resistant mutations in the same viral genome[98] The
development of a triple-drug resistant (LMV, ADV, and
ETV) HBV strain has been reported in LMV- and ADVresistant patients after sequential ETV administration[103].
In patients with MDR, genotypic resistance testing is
very useful, and a combination of a nucleoside and a nucleotide should be employed[16]. TDF-ETV combination
therapy can be considered in case of resistance to both
LMV and ADV[17,20]. A recent study showed that rescue
therapy with TDF plus ETV achieved undetectable HBV
DNA after a median of 6 mo in 51 (89.5%) of 57 patients, in whom nucleoside/nucleotide analogue therapy
(LMV+ADV, ETV+ADV, or TDF+LMV) had failed and
who had multidrug-resistant rtA181T/V or other MDR
mutations[104].
If TDF is not available, combination therapy with
ADV plus ETV is another option[13,90,100,105]. A recently
published study showed that the ADV plus ETV combination is superior to the LMV-ADV combination or
to ETV monotherapy for multidrug-resistant CHB patients[106]. On the other hand, the LMV plus ADV combination is usually insufficient for treatment due to low
antiviral potency[45].
If resistant mutations to LMV, ETV, and ADV are
detected in the same patient, combination therapy with
TDF plus ETV may be the best option[13].
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Core tip: Intrahepatic cholangiocarcinoma (ICC) is a
devastating malignant tumor. Its incidence and mortality is increasing drastically over the past two decades
worldwide, though the cause for this rise in incidence is
unclear. The etiology and carcinogenesis of ICC remain
inconclusive. Recent studies suggest that hepatitis B
virus (HBV) infection plays an important etiological role
in ICC development. HBV-associated ICC holds many
clinicopathological similarities with HBV-associated hepatocellular carcinoma (HCC), and HBV-associated ICC
patients may have a better prognosis than ICC patients
without HBV infection. HBV-associated ICC and HBVassociated HCC may share a common disease process
for carcinogenesis, through a similar long-term inflammatory carcinogenic process, and both possibly arise
from hepatic progenitor cells.

Abstract
Intrahepatic cholangiocarcinoma (ICC) is a devastating
malignant tumor arising from the peripheral intrahepatic bile duct epithelium. The incidence and mortality of ICC is markedly increasing over the past two
decades worldwide, though the cause for this rise in
incidence is unclear, thus intensifying the search for
alternative etiological agents and pathogenetic mechanisms. Hepatolithiasis, primary sclerosing cholangitis,
parasitic infection (Opisthorchis viverrini or Clonorchis
sinensis ), fibropolycystic liver disease, and chemical
carcinogen exposure are thought to be the risk factors
for ICC. Nevertheless, the majority of ICC patients do
not have any of these risk factors, and none of the established risk factors can explain the recent increasing
trend of ICC. Therefore, identifying other risk factors
may lead to the prevention and early detection of ICC.
Chronic hepatitis B virus (HBV) infection is the predominant cause of hepatocellular carcinoma in HBVendemic areas. This review discusses the evidence
implicating chronic HBV infection as a likely etiology of
ICC and the pathogenetic mechanisms that might be
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC), a bile duct carcinoma arising from either the second-order or more
peripheral branches of the intrahepatic bile duct[1], occurs much less common than hepatocellular carcinoma
(HCC). Although the incidence of ICC is very low, it is
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the second most common type of primary liver cancer
behind HCC, accounting for 10%-15% primary liver
cancers and its incidence and mortality are increasing
worldwide[2-7]. However, the etiology of ICC is largely
unknown. Although several potential risk factors have
been established, including chronic biliary tract diseases
(i.e., primary sclerosing cholangitis, hepatolithiasis, and
Caroli’s disease), parasitic infestation of the biliary tract
by endemic Opisthorchis viverrini and Clonorchis senensis[8-10],
and nonbiliary diseases such as heavy alcohol use, obesity, nonalcoholic fatty liver disease, chronic hepatitis C,
and cirrhosis[11-15], ICC occurs mostly in the absence of
these established etiological factors, and none of these
risk factors can explain the recent increasing trend of
ICC. Therefore, identifying other risk factors may lead
to the prevention and early detection of ICC.
HBV is the prototype member of a family of small,
enveloped DNA viruses called hepadnaviruses. Chronic
HBV infection is the most common cause of HCC worldwide: more than 50% of global HCC cases and 70%-80%
of HCC cases in highly HBV endemic regions, such as
eastern Asia and sub-Saharan Africa, are attributable to
HBV[16-18]. The etiopathogenesis of ICC was once considered to be independent of the presence of chronic HBV
infection or HBV-associated cirrhosis, but some recent
epidemiological data indicate a causal role for chronic
HBV infection or HBV-associated cirrhosis in the development of ICC, particularly in HBV-endemic areas[19-25].
Nonetheless, the role of HBV and its carcinogenesis in
the etiology of ICC remain unclear. This review focuses
on the evidence and possible pathogenic mechanisms in
support of a role for HBV in the etiology of ICC.

all the 13 case-control studies.
Two cohort studies have been conducted. The first
retrospective cohort study from the province of Osaka
in Japan included 154814 apparently healthy individual
blood donors, aged 40-64 years at the time of blood donation in the period 1991-1993[23]. The average observation period was 7.6 years. Incident ICC cases were identified by linking the blood-donor database to the records
in the population-based cancer registry for the province.
There were 11 incident ICC cases during follow-up,
with an incidence rate of 0.88 per 100000 person-years.
Compared to those who tested negative for both HBsAg
and hepatitis C antibody (anti-HCV), those who tested
HBsAg-seropositive had a significantly higher risk for
ICC (HR = 8.56; 95%CI: 1.33-55.20). These results suggest that HBV infection is independently associated with
ICC development.
The second cohort study was from Taiwan[29] and included 1782401 pregnant Taiwanese women whose HBV
serostatus was obtained from the National Hepatitis B
Vaccination Registry. Newly diagnosed ICCs were ascertained through data linkage with the National Cancer
Registry. Eighteen cases of ICC were recorded during a
mean follow-up period of 6.9 years. The incidence rates
of ICC were 0.09 and 0.43 per 100000 person-years
among women who were HBsAg-seronegative and HBsAg-seropositive, respectively, showing an age-adjusted
HR (HRadj) of 4.80 (95%CI: 1.88-12.20). The study also
suggests that chronic HBV infection is associated with
an increased risk of ICC.

META-ANALYSES OF ICC-ASSOCIATED
HBV

EPIDEMIOLOGICAL STUDIES OF
ICC-ASSOCIATED HBV

To better elucidate a possible association between HBV
and ICC, three recent meta-analyses have been conducted, with two focusing on risk factors for ICC alone. All
of three studies were published in 2012; of these, two
were from China[31,32] and one from The Mayo Clinic,
United States[33].
The first meta-analysis by Li et al[31] included a total of 18 studies, 16 case-control studies and 2 cohort
studies. The pooled risk estimate of all of the studies
showed a statistically significant increased risk of cholangiocarcinoma among individuals with HBV infection [RR
= 2.66; 95%CI: 1.97-3.60]; compared to those without
HBV infection, persons with HBV infection had an increased risk of ICC (RR = 3.42; 95%CI: 2.46-43.74). In
a subgroup analysis of HBV infection and risk of ICC,
the pooled risk estimate of studies in Asians (RR = 3.63;
95%CI: 2.56-5.13) was higher than that in non-Asians
(RR = 1.93; 95%CI: 0.78-4.76). A Begg funnel plot and
Egger test revealed no evidence for publication bias.
The second meta-analysis was conducted by Palmer
et al[33] from the United States. Nine case-control studies
investigating hepatitis B as a risk factor from regions of
both high and low prevalence of hepatobiliary cancers
were selected. All of the studies, except those evaluat-

Over the past two decades, there have been 15 epidemiological studies (13 case-control and two cohort studies)
examining the relationship between HBV and ICC (Table
1). Of these, four were from China[20-22,26], four from the
United States[11-13,27], two from China Taiwan[28,29], two
from Japan[15,23], two from South Korea[19,30], and one
from Italy[24].
Of the 13 case-control studies, two were population
based, all from the United States; the eleven remaining
studies were hospital based. Seven found a statistically
significant positive association between serum hepatitis
B surface antigen (HBsAg) and ICC (range of individual
ORs, 2.3-9.67)[13,19-22,26,28], whereas the remaining studies
did not[11,12,15,24,27,30]. Six of the seven studies reporting
a positive correlation were performed in both regions
of high prevalence of hepatobiliary cancers (i.e., China,
Japan, and South Korea), with one study in a region of
lower prevalence (the United States). One study revealed
a positive and significant association for patients with
anti-HBc (hepatitis B core antibody), though the results
did not reach significance for those with serum HBsAg
alone[12]. Age and gender adjustments were reported in
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Table 1 Characteristic of case-control studies of hepatitis B virus infection and intrahepatic cholangiocarcinoma risk
Study

Study design

Dates

Cases

Controls

Source

OR (95%CI) for HBV
infection (serum HBsAg,
unless stated otherwise)
2.7 (0.4-18.5)
1.84 (0.34-10.11)
0.8 (0.1-5.9)
0.8 (0.2-3.02)
2.9 (0.1-236.8)
anti-HBc
28.6 (3.9-1268.1)
2.3 (1.6-3.3)
8.9 (5.97-13.19)
7.3 (3.1-17.2)
4.99 (2.78-8.95)
8.56 (1.33-55.20)
9.67 (6.33-14.77)
2.75 (1.27-5.95)
4.80 (1.88-12.20)
3.1 (1.43-6.58)

Total With exposure Total With exposure
Donato et al[24], 2001
Yamamoto et al[15], 2004
Shaib et al[11], 2005
Choi et al[30], 2006
Shaib et al[12], 2007

Case-control
Case-control
Case-control
Case-control
Case-control

1995-2000
1991-2002
1993-1999
2003-2004
1992-2002

26
50
625
51
83

13%
4%
0.2%
7.8%
1.2%

824
205
90834
51
236

5.5%
2%
0.2%
9.8%
0.4%

Hospital
Hospital
Population
Hospital
Hospital

Lee et al[19],2008
Zhou et al[22], 2008
Tao et al[20], 2009
Lee et al[28],2009
Tanaka et al[23], 2010
Zhou et al[21], 2010
Peng et al[26], 2011
Fwu et al[29], 2011
Welzel et al[13], 2011 United States
Chaiteerakij et al[27], 2013

Case-control
Case-control
Case-control
Case-control
Cohort
Case-control
Case-control
Cohort
Case-control
Case-control

2000-2004
2004-2006
1998-2008
1991-2005
1991-1993
2003-2006
2002-2009
1983-2000
1993-2005
2000-2010

622
312
61
160

13.5%
48.4%
27.9%
37.5%
9.08%1
48.6%
31.6%
0.43%3
1.5%
3.0%

2488
438
380
160

5.0%
9.6%
5.0%
13.8%
0.66%2
6.6%
12.8%
0.09%4
0.2%
3.0%

Hospital
Hospital
Hospital
Hospital
7.6 yr of follow-up
Hospital
Hospital
6.91 yr of follow-up
Population
Hospital

317
98
743
612

634
196
195953
594

1

Incidence rate of intrahepatic cholangiocarcinoma (ICC) per 100000 hepatitis B surface antigen (HBsAg)-seropositive person-years; 2Incidence rate of ICC
per 100000 HBsAg and anti-hepatitis C virus-seronegative person-years; 3Incidence rate of ICC per 100000 HBsAg-seropositive woman-years; 4Incidence
rate of ICC per 100000 HBsAg-seronegative woman-years. HBV: Hepatitis B virus; Anti-HBc: Hepatitis B core antibody.

ing cirrhosis, diabetes, and obesity, exhibited significant
heterogeneity. Of these, the authors excluded one study
in which HBV infection was identified solely on the
basis of anti-HBc positivity. In the other studies, HBV
infection was defined by the presence of HBsAg (6 studies), HBV DNA in serum (1 study), or by ICD9 codes
(1 study). The study data collection ranged from 1991
through 2008, encompassing a total study population
of 294828 patients. The meta-analysis indicated that the
presence of HBV was associated with a combined OR
of 5.54, with a 95%CI of 3.19-9.63 for ICC. Five of
the analyzed studies were performed in high-prevalence
regions in Eastern nations, such as Japan, South Korea,
and China, whereas three studies were from Western nations in low-to-intermediate prevalence regions, such as
the United States and Italy. A separate analysis of these
two groups did not reveal any significant difference between the two regions.
The final meta-analysis by Zhou et al[32] included a
total of 16 studies: 3 cohort and 13 case-control studies.
The combined risk estimate of all the studies showed a
statistically significant increased risk of ICC incidence
with HBV infection (OR = 3.17; 95%CI: 1.88-5.34).
With regard to the case-control studies alone, the combined OR of HBV infection was 2.86 (95%CI: 1.60-5.11),
whereas the OR of HBV was 5.39 (95%CI: 2.34-12.44)
for the cohort studies. This meta-analysis further suggested that HBV infection is associated with an increased
risk of ICC.
In conclusion, there is a large amount of epidemiological data in recent strongly supporting an association
between HBV infection and ICC, particularly in HBVendemic regions.
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PATHOLOGICAL STUDIES OF
ICC-ASSOCIATED HBV
To date, only four studies have been conducted to investigate the presence of HBV DNA, genes, and proteins
in ICC pathology specimens; three of the four studies
were from China and one from the United States. The
earliest study was from China [34], published in 1998,
and analyzed 30 ICC samples and the surrounding hepatic tissue. HBV antigen expression, including HBsAg,
hepatitis B core antigen (HBcAg), hepatitis B X antigen
(HBxAg), pre-S1, and pre-S2, was found in 12 of the 30
ICC cancerous tissues. Eight cases showed HBxAg positivity, five were positive for pre-S1, and five were positive
for pre-S2; in contrast, no case was positive for HBsAg
or HBcAg. Five types of probes were applied to detect
S gene, pre S gene, C gene, X gene and HBV DNA in
the cancerous tissues: HBV DNA was detectable in 23
of the 30 ICC cancerous tissues, and the HBV X (HBx)
gene, pre S gene, S gene, and C gene were identified in
20, 13, 12, and 9 cases, respectively.
A second study evaluated 11 ICC samples, with surrounding tissue present for 10 cases[35]. Serum HBsAg
was detected in 2 cases, and the 9 remaining cases included no data for serum HBsAg. Although no HBV
DNA was detected in the 13 control cases that were
seronegative for HBsAg, HBV DNA was detected in
2 (18.2%) of the 11 ICC livers. In 1 case, HBV DNA
was detected in both the normal and tumor tissues,
whereas it was detectable only in the normal tissue in the
other case. In 1 case, the surface, core, and X genes and
cccDNA were detected; only the surface and core genes
and cccDNA were detectable in the other case. In both
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cases, the copy numbers of HBV DNA were low, with
less than 200 genome copies per microgram of total
liver DNA. Nucleotide sequencing of the surface gene
amplicon (672 bp) revealed infection with HBV genotype A in both cases, also revealing marked differences
between the 2 cases of HBV genotype A.
The third study included 23 ICC cases between January 2002 and December 2008[36]. HBsAg seropositivity
was found in 52.2% (12/23), HBV DNA (X region)
in the liver was detectable in 34.8% (8/23), and HBV
antigens in liver tissues were detected by immunohistochemistry in 30.4% (7/23). Only HBsAg was detectable,
though one case was positive for HBcAg; both HBsAg
and HBcAg were detectable in 5 cases. All cases with detected viral protein were also positive for HBV DNA.
The final study[37] included 45 ICC cases, all coexisting with HBV infection. The data collection ranged
from December 2008 to April 2009. HBV infection was
confirmed by the serological detection of HBsAg, and
HBx protein expression was found in 70.4% (38/54) of
the paraffin-embedded ICC tissue specimens.
The finding of HBV DNA, genes, HBV antigens,
and HBx protein in ICC tissue specimens further supports a potential role for HBV infection in the development of ICC. Moreover, the finding of high rates of
HBx protein suggests that HBx may play an important
role in the pathogenesis of ICC, though it should be
noted that all studies involved relatively small cohorts.

On the basis of gross morphological features, ICC
can be classified into three subtypes: mass forming,
periductal infiltrating, and intraductal[39]. These different
growth patterns suggest that ICCs are heterogeneous
tumors having different cells of origin and different
pathogeneses. It is likely that periductal and intraductal
tumors arise from the malignant transformation of epithelial cells lining the larger bile ducts, whereas the massforming type arises from smaller bile ducts or bipotential hepatic stem cells within portal areas. Therefore,
etiologies involving distinct molecular pathways may be
associated with the subtypes of ICC. Indeed, ICCs associated with hepatolithiasis and Clonorchis sinensis infection
are nearly always found to have the intraductal growth
pattern[40,41], whereas viral hepatitis-associated ICCs are
frequently found to have the mass-forming growth pattern[38,42]. ICC can also be classified into two subtypes on
the basis of histological features: the cholangiolar and
bile duct subtypes. Yu et al[42] found that the cholangiolar
subtype was more strongly associated with viral hepatitis
(seropositive for HBsAg and/or anti-HCV) than the bile
duct subtype (OR = 2.71; P = 0.008), further supporting
aforementioned theory of different etiologies involving
distinct molecular pathways in ICC development.
N-cadherin (also referred to as CDH2) is a calciumbinding, single-pass transmembrane cell adhesion molecule and a recently identified marker of hepatobiliary
tumors[43]. N-cadherin is expressed in a membranous
pattern in hepatocytes, interlobular bile ducts, and ductular reactions but not in extrahepatic and large intrahepatic bile ducts. N-cadherin is more frequently expressed
in peripheral than in hilar cholangiocarcinomas[43], which
suggests that N-cadherin is more likely to be expressed
in tumors differentiating toward small bile duct morphology. A subsequent study found that N-cadherin is an
immunohistochemical marker strongly associated with
hepatitis virus infection (seropositive for HBsAg and/or
anti-HCV) (OR = 5.06; P = 0.0002); the prevalence of
viral hepatitis in ICC patients with N-cadherin-positive
intrahepatic cholangiocarcinoma was 75%, whereas that
in N-cadherin-negative ICC patients was only 37%[42].
CK19, a member of the type 1 group of cytokeratins
with a molecular weight ranging from 40 to 56 kDa[44], is
normally expressed in ductal epithelium (bile ducts, pancreas, and renal collecting tubules) and in the mucosa of
the gastrointestinal tract (GIT)[45]. The use of CK19 immunohistochemistry in diagnostic pathology has mainly
been implemented to confirm epithelial immunophenotypes in potentially undifferentiated tumors or to establish a biliary/pancreatic/renal ductular origin, usually
as part of a larger panel of markers. With regard to tumors, CK19 is expressed in squamous carcinomas of the
head and neck, HCCs and more than 50% of renal cell
carcinomas[46]. Most GIT adenocarcinomas are CK19
positive, including intrahepatic cholangiocarcinomas[21,47].
Recent studies have reported that CK19 expression occurred more frequently in ICC in the absence of HBV
infection compared to HBV-associated ICC (88.96% vs

HBV AND CLINICOPATHOLOGICAL
FEATURES OF ICC
For further elucidating the role of HBV in the development of ICC, some recent studies have investigated
the impact of HBV infection on the clinicopathological features of ICC. A study from Taiwan showed that
the mean age of hepatitis B-associated ICC patients
(56.4 ± 11.1 years) was 9 years younger than that of
hepatitis C-associated ICC patients (65.6 ± 9.17 years),
similar to that observed in HCC. Moreover, the profiles
of the age distribution between ICC and HCC patients
with hepatitis B were essentially consistent[28]. The data
from our previous study also demonstrated that the age
distribution profile was nearly identical between seropositive-HBsAg ICC patients and HBV-associated HCC
patients. We also found that, compared to seronegativeHBsAg ICC patients, seropositive-HBsAg ICC patients
were younger, more frequently male (similar to HBVassociated HCC), had a higher incidence of abnormal
aminotransferase and serum alpha-fetoprotein (AFP)
levels, histological inflammation and cirrhosis, right lobe
focus, poor tumor differentiation, tumor encapsulation
and microvascular invasion, and had a lower incidence
of abnormal serum carbohydrate antigen 19-9 (CA19-9)
levels and lymphatic metastasis. These results suggest
that HBV-associated ICC shares many clinicopathological similarities with HBV-associated HCC and were further supported by other studies[26,38].
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99.38%)[21,47].

protein levels rapidly decrease after birth, and only trace
amounts are detectable in the serum by the second year
of life. However, AFP is increased in most of HBVassociated HCC patients. Hepatic progenitor cells were
also shown to strongly express AFP mRNA and to produce AFP during differentiation[57,59]. Previous studies
reported that HBV-associated ICC patients exhibited a
higher incidence of AFP, > 20 μg/L (or > 200 μg/L),
than ICC patients without HBV infection[21,26,42,60]. These
results may indicate that one mechanism for the development of ICC involves the neoplastic transformation
of oval cells and that the oval cell precursors retain the
ability to produce AFP through the process of malignant
transformation.
Similarities in the demographics of HBV-associated
HCC and ICC have been observed, suggesting that common disease processes may be involved. HBV-associated
ICC and HCC patients were reported to be younger and
more frequently male than ICC patients without HBV
infection[21,26,42], and the age and sex distribution profiles
were nearly identical between HBV-associated ICC patients and HBV-associated HCC patients[21]. HBV-associated ICC or HCC occurs on average 10 years earlier
than HCV-related ICC or HCC[28], and the age profiles
of HBV-associated ICC and HCC and HCV-associated
ICC and HCC are also similar[28]. The incidence ratio
of HCC:ICC: combined hepatocellular cholangiocarcinoma was found to be consistent with the theoretic
ratio of hepatocyte number to cholangiocyte number in
the liver[28]. Taken together, researchers concluded that
HBV-associated ICC and HCC hold common disease
processes and that the two types of tumors evolve from
hepatic progenitor cells. Using unique mouse models
and eloquent hepatocyte fate tracing methods, Fan et al[61]
and Sekiya and Suzuki[62] have independently demonstrated a compelling alternative to the cellular origin of
ICC, namely, through the transdifferentiation and neoplastic conversion of normal hepatocytes into malignant
cholangiocytes via a mechanism mediated in part by the
overexpression of activated Notch. Of further interest,
in both studies, ICCs were observed to originate from
transdifferentiated hepatocytes in the central areas of
the liver lobule and not in the periportal areas, the site
of the hepatic stem/progenitor cell niche.

HBV AND ICC PROGNOSIS
ICC is notoriously predictive of a poor prognosis, mainly
due to poorly encapsulated tumors, periductal invasion,
frequent lymphatic involvement, or a greater difficulty of
making early diagnoses compared to HCC. Furthermore,
these characteristics are more prominent in ICC patients
with seronegative-HBsAg than in ICC patients with seropositive-HBsAg[21]. Recent studies also found that high
preoperative CA19-9 levels in ICC or CK19 expression
in some tumors resulted in a worse prognosis after surgical treatment[47-50]. Compared to HBV-associated ICC,
CK19 expression and high CA19-9 levels were found to
occur more frequently in ICC in the absence of HBV
infection[47,48,50]. Additionally, patients with chronic HBV
infection often undergo surveillance with AFP and ultrasound every 3-6 mo for the detection of early HCC,
which may lead to the unexpected detection of ICC
at a relatively early stage; thus, the proportion of ICC
patients who undergo curative resection is significantly
higher for HBV-positive than HBV-negative patients[38].
Taken together, relative to ICC without HBV infection,
HBV-related ICC shows a trend toward a lower proportion of most of the aforementioned malignant properties and a higher proportion of patients who could be
diagnosed early and have undergone curative resection.
These results may indicate that ICC patients with HBV
infection have a more favorable prognosis compared
to ICC patients without HBV infection. Indeed, this
hypothesis has been further supported by some recent
studies [38,47,51].

POTENTIAL PATHOGENESIS OF
HBV-ASSOCIATED ICC
Although epidemiological evidence based on the statistical analyses of patient samples strongly supports the
causal role for HBV and HBV-related cirrhosis in the
development of ICC, the pathogenesis of HBV-mediated intrahepatic cholangiocarcinogenesis remains largely
unknown. To date, only very few studies have been conducted to explore the pathogenic mechanisms of HBVrelated ICC.

Role of chronic inflammation and cirrhosis
It is well known that most HCC arise in the context of
HBV-associated cirrhosis in HBV-endemic areas, clearly
suggesting that cirrhosis is the most important risk factor of HCC and is a pre-neoplastic condition per se. The
strong association between cirrhosis and HCC suggests
a hepatocarcinogenic process that is largely mediated by
inflammation, leading to repeated cycles of cell death
and regeneration that increase hepatocyte proliferation
turnover. Although HBV infection and cirrhosis are generally considered to be unrelated to the mechanism of
ICC carcinogenesis[63], a large amount of epidemiological data in recent strongly support that HBV infection

Cancer stem cells
Recent evidence suggests that some cancers may originate from cancer stem cells, which may derive from
the carcinogenesis of normal stem cells[52-55]. A hepatic
progenitor cell population, also called oval cell, which
gives rise to hepatocytes and cholangiocytes, has been
suggested in humans, and the carcinogenesis of such
hepatic progenitor cells may cause ICC[54,56]. AFP, with
a molecular weight ranging from 68 to 73 kDa in dependence on carbohydrate glycoprotein, is normally
produced during fetal development by the fetal hepatocytes, yolk sac cells and gastrointestinal cells[57,58]. The
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may play an important etiological role in ICC development. Our previous studies have also showed that HBVassociated cirrhosis and histological inflammation are
significantly higher in HBV-associated ICC patients
than in ICC patients without HBV infection[21,26]. These
results indicate that HBV-associated HCC and HBVassociated ICC may share a common disease process for
carcinogenesis, through a similar long-term inflammatory carcinogenic process.

markedly reduced bile duct proliferation, fibrosis, and
ICC. These results reveal that TGF-β1 plays an important role in HBx- and HCP-induced ICC development.

CONCLUSION
A large amount of epidemic data strongly support that
HBV infection plays an important etiological role in ICC
development, particularly in HBV-endemic areas. HBVassociated ICC holds many clinicopathological similarities with HBV-associated HCC, and HBV-associated
ICC patients may have a better prognosis than ICC patients without HBV infection. HBV-associated ICC and
HBV-associated HCC appear to share a common disease
process for carcinogenesis, a similar long-term inflammatory carcinogenic process, and both possibly arise
from hepatic progenitor cells.

Role of HBx protein
The HBx protein (17 kDa) communicates with a variety
of host targets and disturbs cellular functions, including cell cycle regulation, apoptosis, signaling, transcriptional regulation, and the expression of cytoskeleton,
cell adhesion molecule, tumor suppressor genes, and
oncogenes[64-70]. HBx plays a crucial role in HCC development[71-75], up-regulating the expression of such protooncogenes as c-myc[76] and c-Jun[77], such transcription
factors as nuclear factor kappa B (NF-κB)[78], AP-1[79],
AP-2[80], and cyclic adenosine monophosphate response
element binding protein[81], and such other viral genes as
HBV enhancers in the nucleus[82]. HBx activates mitogen-activated protein kinase (MAPK)/mitogen-activated
protein kinase (ERK), stress-activated protein kinase/Jun
N-terminal kinase, and protein kinase C signaling pathways to regulate NF-κB and AP-1-dependent transcription[78]. The induction of NF-κB and AP-1 activity leads
to the acceleration of cell cycle progression, increased
proliferation, and the suppression of apoptosis. HBx
can bind to the C-terminus of p53, forming a proteinprotein complex and inactivating many functions of p53,
including apoptosis. HBx also inhibits the repair of damaged liver cell DNA by interacting with p53 or by binding to the damaged DNA-binding protein, which is implicated in DNA repair and cell cycle regulation, leading
to the accumulation of DNA mutations and cancer[83,84].
Similar carcinogenic effects of HBx are expected to occur in ICC. Wang et al[34] reported that the HBx gene had
a high positive rate in cancerous tissues and surrounding
liver tissue. Zhou et al[37] found that the HBx protein was
frequently expressed in the surrounding liver tissues of
HBV-associated ICC and that patients with HBx expression had a significantly higher prevalence of elevated
serum AFP. Collectively, these results indicate that HBx
may also play an important role in the pathogenesis of
ICC. Zhou et al[37] also found that 33.3% of HBV-relative
ICCs exhibited p53 protein expression, though p53 protein
expression was not correlated with HBx expression. Given
this result, Zhou et al[37] concluded that p53 abnormality
may not play a significant role in HBx-mediated oncogenicity during ICC carcinogenesis. Performing in vivo
research in models, Liu et al[84] found that the pSmad3L
oncogenic pathway was activated in HBx and HCP (hepatitis C virus core)-induced ICC and involved the phosphorylation of p38 by MAPK and p44/42 ERK1/2,
indicating the association with the transforming growth
factor beta 1 (TGF-β1) signaling pathway in ICC. The
knockdown of TGF-β1 by in vivo morpholino injections
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Core tip: Optimization therapy is a personalized strategy, and it aims to achieve profound and sustained
inhibition of hepatitis B virus replication, and to reduce
the likelihood of subsequent disease progression. The
key points of optimization therapy are to initiate antiviral therapy with an appropriate agent at the correct
time point based on baseline characteristics, and to
timely adjust the treatment by dynamic monitoring of
the on-treatment response. However, the current understanding of optimization therapy is still very limited,
and many issues still need further research.
Chen EQ, Tang H. Optimization therapy for the treatment
of chronic hepatitis B. World J Gastroenterol 2014; 20(19):
5730-5736 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i19/5730.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i19.5730

Abstract
Chronic hepatitis B (CHB) is currently medically managed with either interferon-alpha or one of the five
nucleos(t)ide analogs. However, there are still a large
number of CHB patients whose response to the above
therapies remains less than satisfactory, and their incomplete or non-response to antiviral therapies has
plagued clinicians worldwide. In recent years, a newly
proposed optimization therapy has provided us with a
new approach to solve this problem. The key points in
this optimization therapy are to initiate antiviral therapy
with an appropriate agent at the correct time point,
and to adjust treatments in patients with poor early responses by adding a second agent or switching to another more potent agent. In this review, we summarize
recent developments in optimization therapy for the
treatment of CHB, and provide an outlook for future
research in this field.

WJG|www.wjgnet.com

INTRODUCTION
An estimated 350 million people are infected with hepatitis B worldwide, and up to 1 million deaths annually can
be attributed to hepatitis B virus (HBV)-related complications, including cirrhosis and hepatocellular carcinoma
(HCC)[1]. Currently, both interferon-α (IFN-α) and oral
nucleos(t)ide analogs (NAs) are used to treat chronic hepatitis B (CHB) patients[2], and a profound and sustained
inhibition of viral replication is the most important goal
of any CHB treatment, as only such inhibition can reduce the likelihood of subsequent disease progression
and viral resistance[3,4].
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However, due to the large variation in hosts (gender,
age, genetic background, disease duration, extent of liver
damage) and viral (genotype and quasispecies complexity) factors[5-8], a considerable number of CHB patients
do not have a satisfactory response to therapy. These
patients usually have suboptimal response, viral resistance
or a lack of sustained curative response. Thus, optimizing existing treatment strategies to maximize efficacy and
reduce the emergence of resistance has become a hot
research topic over the past few years[9]. In this review, we
summarize recent developments in optimization therapy
for the treatment of CHB, and provide an outlook on
this topic.

However, due to the low genetic barrier to resistance and
ineffective inhibition of virus replication, these cheaper
agents often lead to suboptimal responses and the emergence of viral resistance. An efficacy analysis of different
NAs showed that suboptimal virological response (HBV
DNA > 300 copies/mL at week 24) was 51%-88% for
HBeAg positive patients and 20%-64% for HBeAg
negative patients[15], and that the suboptimal virological
response to NAs always had a high incidence of resistance and high risk of HCC[16]. In addition, the persistent
positive status of HBV DNA caused by the suboptimal
virological response also led to extended duration of
therapy and increased medical costs, and therefore lowered patient adherence to antiviral therapy[17]. In addition,
the baseline HBV DNA levels, ALT levels and histological changes also affected the on-treatment virological response to NAs. Thus, the development of individualized
and optimized treatments with NAs is widely accepted by
clinicians in clinical practice[6,7,18,19].
Although IFN has both antiviral and immunomodulatory properties against HBV, and a slight serologic
advantage over NAs, its strength in suppressing HBV
DNA replication is relatively weak. The majority of CHB
patients have a low viral response to IFN after completing their full course of treatment, and 65%-80% of them
may develop virological rebound in the 6th month after
discontinuing therapy, which inevitably diminishes the
beneficial effects of the previous therapy. In addition, the
antiviral efficacy of IFN is also affected by HBV genotypes[20], and patients with similar clinical characteristics
infected with different HBV genotypes may respond
differently to the same IFN therapy[21]. Thus, the current NAs and IFN-based antiviral strategies need to be
optimized during the course of treatment. Timely and
reasonable optimization strategies would help to achieve
sustained suppression of HBV replication and remission
of liver disease, and to prevent or decrease the occurrence of life-threatening cirrhosis and HCC.

IMPORTANCE OF OPTIMIZATION
THERAPY FOR CHB
Definition of optimization therapy
The concept of optimization therapy can be traced back
to the roadmap approach[10], in which on-treatment adjustment and strategies were proposed for patients with
suboptimal responses to antiviral therapy. As there is
no uniform definition of suboptimal response, some
published reports refer to suboptimal response as poor
response or partial response. This definition of optimization therapy has been further broadened to include
any therapy with the following two aspects: (1) selecting
appropriate drugs for the initial treatment at the correct
time point based on baseline characteristics of the patients including serum alanine aminotransferase (ALT)
levels, HBV DNA titers, HBV genotypes, and severity of
liver damage; and (2) making timely therapeutic changes
in CHB patients with poor early response to initial therapy. As an individual measure, more and more clinical
trials have demonstrated that the application of optimization therapy can achieve better long-term treatment efficacy[11,12].
For a long time, there was no consensus on the time
point for assessing the suboptimal response to NAs.
However, recently the European Association for the
Study of the Liver (EASL) guideline recommended that
suboptimal response should be assessed at the 24th week
of treatment for moderately potent agents including
agents with a low genetic barrier to resistance [including lamivudine (LAM) and telbivudine (LdT)] and at the
48th week for highly potent agents including agents with
a higher genetic barrier to resistance or agents with late
emergence of resistance [including entecavir (ETV), adefovir (ADV) and tenofovir disoproxil (TDF)][13].

OPTIMIZATION STRATGIES FOR NAS
THERAPY
Currently, five NAs are approved for the treatment of
CHB, including LAM, ADV, ETV, LdT, and TDF. As
NAs only suppress HBV replication at the level of DNA
synthesis, most patients require long-term (even lifelong)
treatment. In addition, the antiviral strength and genetic
barrier to resistance are quite different among these NAs,
and non-response, suboptimal response and resistance
all limit the use of long-term NAs therapies. Thus, it is
necessary to optimize the current antiviral strategies to
improve patient responses during and after treatment[22].

Why optimization therapy should be considered
TDF and ETV are the currently preferred antiviral agents,
given their potent anti-HBV activity and high barrier to
resistance. However, these drugs are expensive and their
long-term use is often unaffordable for many patients,
especially low-income patients from developing countries[14]. Thus, affordable drugs such as LAM, ADV and
LdT are still used by a significant number of patients[2].
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Optimization therapy according to baseline
characteristics
In the past decade, several factors (including gender, duration of infection, baseline HBeAg level, HBV DNA
level, and ALT level) have been used to predict the vi-
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rological responses of HBeAg-positive patients to NAs
treatments. According to international guidelines, high
ALT levels, low HBV DNA levels and high histological
activity index prior to NAs treatments can lead to good
HBeAg seroconversion [23,24]; and high baseline HBV
DNA level was found to be the most important factor
associated with virologic breakthrough[7,25-27]. For patients
with HBV DNA levels higher than 6.6 log10 copies/mL,
virologic breakthrough during LAM monotherapy was
as high as 19% at year 1 and 45% at year 2; and was only
6.7% and 18% at years 1 and 2, respectively, for patients
with HBV DNA levels lower than 6.6 log10 copies/mL[7],
which indicated that LAM may be an effective first-line
therapy for HBeAg-positive patients with lower baseline
HBV DNA levels. However, further studies are needed
to confirm that the baseline HBV DNA level of 6.6
log10 copies/mL is an ideal cutoff value in selecting initial treatment with LAM. The LdT 2-year GLOBE trial
results showed that baseline serum ALT and HBV DNA
levels could be used to predict the 2-year response in
patients treated with LdT. For HBeAg-positive patients
with ALT equal to or higher than 2 × ULN and HBV
DNA less than 9 log10 copies/mL, more than 47%
achieved HBeAg seroconversion at year 2[28]. We previously compared the 2-year efficacy of initial ADV and
ETV treatments[29], and found that the efficacy of ADV
was inferior to that of ETV in HBeAg-positive patients,
however, in HBeAg-negative patients, ADV and ETV
achieved similar biochemical and virological responses.
Thus, ADV should be considered for HBeAg-negative
patients with low baseline HBV DNA.
Considering that high baseline viral load was highly
associated with failure to achieve virologic suppression,
we recently determined the 96-wk efficacy of highly potent ETV in the treatment of HBeAg-positive patients
with baseline HBV DNA higher than 9 log10 copies/mL,
and found that the virological response rate was significantly lower in this cohort than in patients with HBV
DNA lower than or equal to 9 log10 copies/mL (unpublished data). This suggested that high baseline HBV
DNA may be a negative factor inﬂuencing the likelihood
of virological responses with initial ETV monotherapy.
The optimization of treatment for patients with high
baseline HBV DNA has become a new challenge, and de
novo combination therapies may be good options in solving this problem, however, further research is required.
TDF is a very potent antiviral agent for maintaining
long-term HBV DNA suppression, with very low rates
of resistance development and a good safety profile. Recently, Gordon et al[30] investigated the efficacy of TDF
in CHB patients with high baseline HBV DNA (≥ 9
log10 copies/mL), and they found that patients with high
baseline HBV DNA could achieve a similar virological response (HBV DNA < 400 copies/mL) to patients
with low baseline HBV DNA (< 9 log10 copies/mL),
although this tended to take longer in patients with high
baseline viral load. Thus, TDF is a good therapeutic option in patients with high baseline HBV DNA.
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Recent studies showed that different HBV genotypes
also show different sensitivities to NAs therapy. For
example, HBV genotype B shows a better virological
response to ADV therapy than genotype C[31], and TDF
therapy can induce a significant decrease in HBsAg in
HBeAg negative patients infected by HBV genotype D.
However, the antiviral response of different HBV genotypes to NAs is still unclear[32]. Thus, it remains to be
clarified whether optimization strategies of initial NAs
therapies should consider HBV genotypes.
Optimization therapy according to on-treatment
responses
Suboptimal response is associated with all NAs therapies,
and persistent viremia can greatly increase resistance
and inevitably lead to aggravation of the disease. Thus,
a rapid decrease in HBV DNA to undetectable levels is
highly correlated with long-term treatment efficacy[33,34].
In recent years, there has been tremendous progress in
the use of on-treatment HBV DNA levels at different
time points to predict clinical outcomes in patients[25]. An
earlier study of 74 HBeAg-positive patients treated with
LAM showed that an HBV DNA level below 4 log10
copies/mL at week 4 can be used to predict the ideal response at year 5 (undetectable HBV DNA level, HBeAg
seroconversion, and normal ALT levels)[35]; while patients
with HBV DNA levels equal to or higher than 3 log10
copies/mL after 6 mo of LAM therapy had a 63.2%
chance of developing resistance[36]. In addition, an early
reduction in HBV DNA before week 24 in predicting
long-term response was also observed in LAM-treated
HBeAg-negative patients[37]. Thus, for LAM-treated patients who fail to achieve this early target, the addition of
(such as ADV or TDF or IFN add-on) or a switch to (such
as IFN) alternative antiviral agents should be considered.
However, data on optimization strategies in LAM suboptimal responders are still limited, especially for IFN addon or the switch to IFN treatments.
One study from Spain showed that 77% of patients
with early virological responses (reduction in HBV DNA
≥ 4 log10 IU/mL at month 6) on ADV therapy achieved
undetectable HBV DNA level at month 12 compared to
only 5% in those without early virological responses[38]. In
China, it was observed that HBV DNA levels at week 24
(HBV DNA < 1000 copies/mL vs HBV DNA ≥ 1000
copies/mL) were highly related to the 48-wk virological
response, and the rates of 48-wk virological and serological responses were also significantly different between
patients with primary non-response and those with virological response at week 12[25]. Currently, the common
optimization strategies for suboptimal response to ADV
are LAM, LdT and ETV add-on treatments. The IFN
add-on or switch to IFN can also be considered in theory. Among 31 HBeAg-positive patients with HBV DNA
equal to or higher than 4 log10 copies/mL after 48 wk of
ADV monotherapy, the levels of HBV DNA were significantly reduced after 24-wk combination therapy with
LAM plus ADV[39]. We further evaluated the combination
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therapy is still controversial[47,48]. Thus, further investigation and analysis are needed to determine whether the
absolute HBsAg titer or a reduction in HBsAg titer could
be used to optimize NAs treatment.

strategies of LAM plus ADV or LdT plus ADV for patients with suboptimal responses to ADV, and found that
both combination therapies led to a significant decrease
in HBV DNA, however, HBeAg serological outcomes
were significantly higher in patients treated with LdT plus
ADV than those treated with LAM plus ADV[11].
The on-treatment HBV DNA levels for predicting
long-term antiviral responses were also determined with
LdT treatment. Among HBeAg-positive patients with
HBV DNA lower than 300 copies/mL at week 24, the
proportions who achieved 2-year undetectable HBV
DNA, cumulative HBeAg seroconversion or resistance
were 82%, 46% and 9%, respectively[6]; and at year 3, the
cumulative HBeAg seroconversion further increased to
54%[40]. A recent study also reported that serum HBV
DNA level at week 12 was better than the viral response
at week 24 in predicting long-term treatment outcome
with LdT[41]. Thus, either ADV or TDF add-on therapy
should be used in patients with suboptimal viral response
to LdT as early as possible. It is worth mentioning that
we recently participated in a large national cohort to
evaluate the efficacy and safety of optimization strategy
with ADV add-on for suboptimal responders to LdT, and
found that change in treatment strategy was essential for
suboptimal virological responders at week 24, and ADV
add-on optimization therapy increased antiviral potency
and lowered resistance without increasing side effects
(unpublished data).
Despite the high potency of ETV, some patients
treated with ETV only have a suboptimal response (detectable HBV DNA after 12-mo treatment)[42]. The addons of ADV, TDF, or IFN, and a switch to TDF or IFN
are both considered alternative optimization therapies.
One retrospective study from United States compared
three different optimization strategies (ADV add-on,
switch to TDF, or TDF add-on) in patients with a partial response to ETV, and showed that the TDF add-on
therapy and the switch to TDF monotherapy appeared
to have similar efficacy in most patients, but the efficacy
of ADV add-on therapy was much less than that of either switch to TDF or TDF add-on therapy[43]. However,
studies also showed that the vast majority of patients
with primary non-response or suboptimal responses
to initial ETV treatment (for more than 12 mo) would
achieve virological response through prolonged ETV
treatment without any other adjustments, and would have
only a 1.4% chance of viral resistance[44]. As there are
relatively limited data available, more studies are required
to determine whether and which optimization therapies
are necessary for patients with suboptimal responses to
ETV.
There is increasing evidence to show that the change
in serum HBsAg titer during antiviral treatment is correlated with changes in covalently closed circular DNA
(cccDNA) levels[45]. Monitoring serum HBsAg titer is a
reasonable on-treatment indicator of long-term response
to pegylated IFN-α therapy. However, the decline in
serum HBsAg titer is not significant in patients treated
with NAs[46], and its value in predicting responses to NAs
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OPTIMIZATION STRATGIES FOR
INTERFERON THERAPY
Optimization therapy according to baseline
characteristics
IFN therapy results in sustained responses in only a
minority of CHB patients, and both host and viral characteristics significantly affect the response to INF. Most
recent studies suggest that HBV genotypes, high levels of
ALT [≥ 2 × upper limit of normal (ULN)], low levels of
HBV-DNA (< 2.0 × 108 IU/mL), and female sex predict
a long-term viral response with IFN treatment[49]; and
patients who can achieve a long-term response to INF
are genotype A patients with high ALT and/or low HBVDNA levels, and genotype B patients with both high
ALT and low HBV-DNA levels. However, genotype C
and D patients have a low chance of long-term response,
regardless of ALT or HBV-DNA levels[21]. In addition,
baseline ALT level is also a reliable predictor of HBeAg
seroconversion, and the cumulative HBeAg seroconversion rate is significantly high in patients with high ALT
levels. For example, the HBeAg seroconversion rate is
22.5% in patients with baseline ALT > 2 × ULN, and is
only 12.5% in patients with baseline ALT ≤ 2 × ULN[49].
Thus, determining the correct time and patients for
IFN therapy is the core of optimization strategies. A consensus has been reached on the correct time of IFN therapy. The best time to start an appropriate IFN therapy is
when patients have changed from the state of immune
tolerance to the immune clearance phase, accompanied
by increased ALT and decreased HBV DNA[50]. Patients
with HBV genotype C and D infection may be considered for NAs treatment, but not IFN treatment[2].
Optimization therapy according to on-treatment
responses
Recently, monitoring serum HBV DNA and HBsAg levels has helped to differentiate patients who will quickly
respond from those who will require longer treatment
and those who are unlikely to respond and therefore need
alternative medicines[5]. Thus, monitoring the changes
and trends of these indicators during treatment is necessary to develop optimization strategies for IFN therapy.
There is a correlation between HBsAg titer and the
levels of cccDNA and total intra-hepatic HBV DNA[45],
and the elimination of cccDNA and levels of HBsAg are
associated with long-term virological response. Thus, HBsAg and HBV DNA levels may be used to predict longterm responses to IFN therapy. For example, a recent international multicenter trial investigated the role of early
on-treatment serum HBsAg levels in predicting longterm response (HBV DNA level < 10000 copies/mL and
normal ALT levels at week 72) to IFN in HBeAg-nega-
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tive patients[51]. However, other studies showed that a decrease in HBsAg alone was of limited value in predicting
long-term responses, but decreases in both HBsAg and
HBV DNA (≥ 2 log10 copies/mL) were good indicators
of long-term response[51]. Importantly, patients without a
change in HBsAg or a significant decline in HBV DNA
(< 2 log10 copies/mL) at week 12 are unlikely to have
an ideal response[51]. Therefore, a decline in both serum
HBV DNA and HBsAg levels at week 12 of IFN therapy
have been recommended to determine the choice of
subsequent therapies. The absence of a decrease in HBsAg together with a reduction in HBV DNA to below 2
log10 copies/mL at week 12 could serve as the stopping
point in HBeAg-negative patients with genotype D HBV
infection[52]. Thus, on-treatment HBV DNA and HBsAg
kinetics are useful for individual IFN treatment optimization.
A recent report from China showed that extended
treatment with pegylated IFNα-2a in combination with
LAM or ADV for 96 wk was a promising strategy for
achieving high rates of sustainable HBeAg and HBsAg
seroconversion and HBV DNA suppression in HBeAgpositive patients[12]. In addition, there is an ongoing multicenter randomized trial in China, which aims to investigate the optimization strategy for pegylated IFNα. In
this study, patients with a rapid response (both HBsAg <
1500 IU/mL and HBV DNA < 1.0 × 105 copies/mL at
week 24 after treatment) would complete 48 wk of PegIFN monotherapy; while patients with a slow response
(both HBsAg ≥ 1500 IU/mL and HBV DNA ≥ 1.0 ×
105 copies/mL at week 24) would receive either extended
IFN monotherapy to 96 wk or combination therapy of
IFN and NAs. The findings of this study will provide
further evidence for the combined usage of HBsAg and
HBV DNA levels for predicting long-term antiviral efficacy and guiding the choice of optimal treatment strategies (extended treatment vs NAs add-on therapy).

host genomic-related indicators) should be determined to
help develop optimization therapy; (3) broadening drug
selection for optimization therapy (not just confined to
NAs and IFN-α), and the agents of therapeutic hepatitis
B vaccine and immunomodulators should also be considered for use in combination with existing antiviral drugs;
and (4) optimization strategies for special populations
(including pregnant women, liver transplant patients, viral
reactivation during immunosuppression) should also be
developed.
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Core tip: In this review, the current literature on the
risk of venous thromboembolism (VTE) in cirrhosis patients is updated. There is no doubt that these patients
are at risk for both venous thrombosis and bleeding,
often presenting a challenge to the providers. VTE prophylaxis should be considered in all hospitalized cirrhotic patients, unless absolutely contraindicated. While the
risk of bleeding from therapeutic anticoagulation cannot be excluded, a case of careful anticoagulation for
treatment of VTE event should be made in the hands of
experts.

Abstract
Patients with liver cirrhosis were traditionally believed
to be protected against development of blood clots.
Lately, studies have shown that these patients may
probably be at an increased risk of venous thrombotic
complications. Although the hemostatic changes in
the chronic liver disease patients and the factors that
may predict bleeding vs thrombotic complications remains an area of active research, it is believed that
the coagulation cascade is delicately balanced in these
patients because of parallel reduced hepatic synthesis
of pro and anticoagulant factors. Thrombotic state in
cirrhotic patients is responsible for not only portal or
non-portal thrombosis [deep vein thrombosis (DVT)
and pulmonary embolism (PE)]; it has also been associated with progression of liver fibrosis. The use of anticoagulants in cirrhosis patients is a challenging, and
often a scary situation. This review summarizes the
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INTRODUCTION
Liver cirrhosis is associated with an increased risk of
bleeding complications. For decades, it was believed that
the increased INR and thrombocytopenia seen in these
patients was enough to protect these patients from developing thrombotic complications, and hence the concept
of “autoanticoagulation”. Over the last few years, grow-
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ing body of evidence indicates that liver disease may be
associated with an increased risk of thrombotic complications as well[1]. Portal vein thrombosis is common
in patients with liver cirrhosis, seen in 10%-25% of the
patients, with increased prevalence seen in patients with
more severe disease[2-4]. Data is also emerging regarding
occurrence of non-splanchnic venous thromboembolic
events (VTE) in these patients, mostly lower extremity
deep vein thrombosis (DVT) and pulmonary embolism
(PE)[5,6].
The economic and health care burden attributable to
liver disease is huge, with approximately 1% of the total
national health care expenditure spent on care of these
patients[7]. Development of VTE is associated with increased length of hospital stay[8-10], hospitalization cost[11]
and possibly mortality as well[8]. It has also been proposed
that hypercoagulation state may lead to progression of
fibrosis, possibly through activation of hepatic stellate
cells or as a result of local ischemic changes secondary
to hepatic microthrombi[12-15]. A recent study showing
decreased risk of decompensation of cirrhosis with prophylactic enoxaparin therapy provides additional support
to this burgeoning concept[16]. Understanding of hemostatic pathways in cirrhotics is important not only to
predict the bleeding or thrombotic complications in these
patients, it also provide us with a therapeutic opportunity
to possibly change the natural course of disease[13].
We hereby aim to briefly review the current literature
on the changes in the coagulation/hemostatic cascade,
prevalence of thrombotic complications and the role of
prophylactic and therapeutic anticoagulation in this “high
risk” patient population. For the purpose of this review,
we will mostly restrict ourselves to the non-portal VTE
in cirrhotic patients. The etiology and pathophysiology
of hepatic vein thrombosis (Budd-Chiari syndrome) and
portal vein thrombosis has recently been reviewed and
elucidated and is out of scope of this review[17-19].

Willebrand factor (vWF) levels which may contribute to
greater platelet adhesion and compensate for defects in
platelet number and function[22]. Increased vWF levels
may also contribute to increased Factor Ⅷ levels by binding to Factor Ⅷ and thereby preventing its cleavage and
clearance[23]. Another possible explanation for increased
factor Ⅷ levels seen in cirrhotics is decreased expression of lipoprotein receptor-related protein, responsible
for clearance of Factor Ⅷ[20,23]. Low protein C levels and
antithrombin levels are secondary to decreased synthetic
protein function of diseased cirrhotic liver parenchymal
cells[20].
Despite the reduced coagulation factors, in vitro studies have shown that the thrombin generation remains
preserved in cirrhosis as compared to healthy controls, in
the presence of protein C activator like thrombomodulin or snake venom extract[24-27]. At baseline, cirrhosis
patients seem to have a procoagulant imbalance which
is likely secondary to increased factor Ⅷ levels and decreased protein C levels seen in cirrhotics[28]. The study by
Tripodi et al[28] showed that in cirrhotic patients the in vitro
activated protein C (APC) resistance test is impaired. This
impaired APC resistance test worsened with progressive
deterioration of liver disease from Child Pugh Class A
to C. In fact, the hypercoagulability seen in plasma of
patients with Child Pugh C cirrhosis has been shown to
be similar to that conferred by congenital protein C deficiency or Factor V Leiden mutation[27,28]. A recent in vitro
study showed that the procoagulant imbalance decreased
with addition of exogenous purified protein C to restore
the normal levels[29]. Major factors impacting hemostasis
in these patients are summarized in Table 1.

Prevalence and risk factors
A population based nested case control study involving
625 patients with VTE matched with 625 non VTE patients from Olmsted County, Minnesota found that patients with “serious liver disease” had 90% decreased risk
of developing VTE. However, out of 1250 patients in
the study only 11 patients had severe liver disease (5 with
VTE, 6 without VTE)[30]. Patients with acute hepatitis,
chronic hepatitis and cirrhosis were all grouped together
into the same “serious liver disease” category. As such,
this study did not reflect the true magnitude of risk of
VTE seen in patients with chronic liver disease, more importantly cirrhotic patients. Since then, evidence has been
accumulating with respect to risk of VTE in cirrhotic patients. Till date, there are no prospective randomized trials evaluating the incidence of DVT or PE in this patient
population and with the overall low event rate, prospective trials are perhaps impractical.
The incidence of VTE has varied from 0.5% to 8.1%
in different series[6,8] (Table 2). In one of the earliest studies, Northup et al[6] found that 113 cirrhotic patients out
of more than 21000 cirrhotic admissions over an 8 year
period developed VTE, giving the incidence of about
0.5%. A retrospective review of 2074 hospitalized cir-

MECHANISMS
Over the years, there has been a paradigm shift in our understanding of coagulation abnormalities in cirrhosis. It
is now well known that the reduced production of procoagulant factors and platelets is balanced by concomitant
decreased levels of anticoagulants (such as protein C and
antithrombin), thereby maintaining a delicate hemostatic
balance between the two[20]. What tips this balance is not
entirely known. It has been proposed that an added insult in the form of sepsis or bacterial infection (possibly
through impaired platelet aggregation in the presence
of increased endotoxins), renal failure (impaired platelet
function) and Vitamin K deficiency (decreased activity of
Vitamin K dependent procoagulant factors) may lead to
disturbances of the hemostatic balance in favor of bleeding[21].
On the other hand, there are many compensatory
hemostatic mechanisms that are seen in cirrhotic patients.
It has been shown that these patients have elevated von
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Table 1 Hemostasis changes in chronic liver disease patients
Factors favoring anticoagulant state

Factors favoring prothrombotic state

Thrombocytopenia (decreased thrombopoietin, splenic sequestration)
Thrombocytopathy (impaired platelet function)
Vitamin K deficiency
Decreased synthesis of coagulation factors including Factor Ⅱ, Ⅶ, Ⅸ, Ⅹ, Ⅴ, fibrinogen
Reduced clearance of tissue plasminogen activator

Decreased liver synthesis of antithrombin III, protein C, protein S
Elevated von Willebrand factor levels
Increased factor Ⅷ levels
Genetic predispositions like Factor Ⅴ Leiden

VTE (controls), cases had a longer (9 d vs 5 d, p = 0.02)
and a significantly more expensive ($20137 vs $8450, p
= 0.03) hospital stay as compared to the controls. One
of the reasons for lower incidence of VTE in this study
(0.65%) may be greater use of VTE prophylaxis as more
than 90% of the patients included in the study received
either mechanical or pharmacological prophylaxis.
In a large Danish population based study using data
from National Registry of Patients containing records of
all hospital discharges, 99444 patients with hospitalization
between 1980 and 2005 for index episode of VTE and
496872 population controls (matched by age, gender, and
county but not by hospitalization) were included[35]. The
study showed that the risk of VTE was higher in patients
with liver cirrhosis (OR = 1.74, 95%CI: 1.54-1.95). When
the analysis was restricted to unprovoked VTE, risk of
VTE was seen to be twice in patients with cirrhosis 2.06
(95%CI: 1.79-2.38) as compared to non-cirrhotic patients.
Sub-analysis by stratifying the data into 5 year intervals,
authors found that the risk of VTE was decreasing over
time, with the highest risk seen in period between 1990
and 1994, perhaps from use of thromboprophylaxis. This
study did not have the data regarding severity of liver
disease, such as Child Pugh score and could not assess
the risk factors in cirrhotics that predict the development
of VTE. Also, the cases were compared to population
based controls that likely had fewer hospitalizations. The
results were similar to another cohort study with nested
case-control analysis using General Practitioner Research
Database which showed a relative risk of 1.65 (OR = 1.65,
95%CI: 0.97-2.82) for VTE in patients with chronic liver
disease[36].
In another population based study by Wu et al[8] using
US Nationwide Inpatient Sample (1998-2006), prevalence
of VTE was assessed in patients with compensated (n
= 408253) and decompensated cirrhosis (n = 241626),
defined by Baveno Status Classification. Patients with
stage Ⅰ (no ascites or varices) and Ⅱ Baveno (presence
of varices without bleeding) were classified as compensated while stage Ⅲ (presence of ascites with or without varices) and Ⅳ (variceal bleeding with or without
ascites) as decompensated cirrhosis. The patients were
further stratified according to age. The increased risk of
VTE was restricted to cirrhotic patients below the age
of 45 years, for both compensated (OR = 1.23; 95%CI:
1.04-1.46) and decompensated cirrhosis (1.39; 95%CI:
1.15-1.69). Beyond the age of 45, the risk was modestly
lower in compensated cirrhotic patients (OR = 0.90;
95%CI: 0.85-0.95) as compared to controls and similar in
decompensated cirrhotics (OR = 0.97; 95%CI: 0.91-1.04).

rhotic patients in Spain showed an incidence of 0.8% (17)
for non-portal VTE[31]. Of note, five of the 17 patients
who underwent further laboratory testing, all had evidence of antiphospholipid antibodies as well as decreased
protein C, protein S and antithrombin Ⅲ.
We had previously shown that hospitalized cirrhotic
patients did not have a lower risk of DVT/PE than the
matched non-cirrhotic controls without selected co-morbidities including chronic kidney disease, congestive heart
failure and solid organ cancers[5]. The incidence of VTE
in 963 cirrhotic patients and 12405 non-cirrhotic patients
without selected comorbidities including CKD, CHF
or cancers who were admitted during the same period
was 1.87% and 0.98%, respectively (OR = 1.78, 95%CI:
1.1-2.2, P = 0.007). On multivariable analysis, when adjusted for comorbidities using Charlson Index, presence
of cirrhosis was not associated with a higher risk of VTE
(OR = 0.87, 95%CI: 0.2-2.6, p = 0.06). The incidence of
VTE was significantly lower in cirrhotics (1.87%) as compared to patients with selected comorbidities, including
CKD (7%; OR = 0.25, 95%CI: 0.15-0.41), CHF (7.75%;
OR = 0.23, 95%CI: 0.14-0.37), and cancer (6.1%; OR =
0.29, 95%CI: 0.17-0.52).
A retrospective cohort study by Dabbagh et al [32]
showed that a higher INR does not translate to a decreased risk of VTE in cirrhotic patients. The study included 190 patients with chronic liver disease, separated
into quartiles using INR values of 1.4, 1.7, and 2.2. Over
a 7 year period, 12 patients developed VTE with an incidence of 6.3%. There was no difference in the VTE rates
in patients in different INR quartiles. Also, study showed
a higher incidence of VTE in patients with Child-Pugh
stage C cirrhosis as compared to Child-Pugh stage A
cirrhosis (8% vs 4.2%, P = 0.6), though not statistically
significant. This study again showed that the risk of VTE
does not decrease with worsening INR or more decompensated disease (more than 50% of the included patients
were Child-Pugh stage C cirrhotics). The risk was still
present even with INR > 2.2. Similar results have been
seen in other retrospective studies from Indonesia and
Saudi Arabia as well[9,33]. In the study by Aldawood et al[9],
the median length of hospital stay of the patients who
developed VTE was significantly longer as compared to
the patients without VTE (43 vs 8 d, P = 0.004). There
was a trend towards higher mean Child Pugh score in
patients who developed VTE (10.3 ± 1.97 vs 8.25 ± 2.57,
p = 0.052). The incidence of VTE was 0.73% (including
PVT) and 0.65% in two other case control studies[11,34]. In
a study by Walsh et al[11] including 27 chronic liver disease
patient with VTE and 81 matched CLD patients without
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Case control

Anthony Lizarraga et al[34],
2010

5740

Population based crosssectional

Population based

Alcoholic CLD: 4927000
Non-alcoholic CLD: 4565000
449798 cirrhotic patients

VTE = 99444

27 CLD patients with VTE

226 cirrhotic patients

108 CLD patients with VTE
(includes 22 patients with PVT)

190 chronic liver disease patients
stratified by INR quartiles
256 cirrhotic patients

963 cirrhotics

2074 cirrhotic patients

Control

81 CLD patients without VTE

108 CLD patients without VTE

Control 1:12405 non cirrhotic
patients without selected comorbidities
Control 2: non cirrhotic patients
with CKD (1692), HF (4489), or
solid organ cancer-673

113 (cirrhotic patients without
VTE)

VTE% (n ) DVT/PE

0.6% for alcoholicCLD
0.9% for non-alcoholic CLD
1.80%
(1% DVT, 0.9% PE)

0.8% for cirrhotics,

0.65 (17 out of 2606
admissions) (14 DVT, 3 PE)

0.73 (108 out of 14,790
admissions)
Includes PVT as well
2.7 (6)

4.7 (12)

6.3 (12)

1.87 (18)

0.5 (113) (74 DVT, 22 PE, 17
both)
0.8 (17) (11 DVT, 7 PE, 1 both)

RR/OR (95%CI)

Greater morbidity, malnutrition,
black race, central venous line
associated with higher risk of VTE

Age < 45 yr
compensated: 1.23 (1.04-1.46)
decompensated: 1.39 (1.15-1.69)
Age > 45 yr
compensated: 0.90 (0.85-0.95)
decompensated: 0.97 (0.91-1.04)

Cirrhosis: RR 1.74 (1.54-1.95)

Risk factor for VTE: low albumin
5.14 (1.05-25.2)

Risk factor for VTE: Diabetes 4.26
(1.21-15.0)

Risk factor for VTE:
Albumin 0.47 (0.23-0.93)
PTT: 0.88 (0.84-0.94)

Risk factor for VTE: low albumin
0.25 (0.10-0.56)

Comments

DVT associated with longer LOS

VTE associated with increased
mortality and LOS in both
compensated and decompensated
cirrhotics

Cases had lower albumin and
hematocrit, higher platelet count,
bilirubin and aPTT
Significantly longer median LOS
in patients with VTE (43 vs 8 d, P =
0.004)
VTE patients had lower
transaminases, albumin and
hematocrit
RR 2.06 (1.79–2.38) for unprovoked
VTE

Higher INR or higher Child-Pugh
stage does not prevent VTE

5 patients had antiphospholipid
antibodies
Cirrhosis not a risk factor on
multivariate analysis
OR 0.87 (0.2-2.6)

INR, MELD: no correlation

DVT: deep vein thrombosis; PE: pulmonary embolism; INR: international normalized ratio; MELD: model for end stage liver disease; CLD: chronic liver disease; VTE: venous thromboembolism; CKD: Chronic kidney disease;
PVT: paroxysmalventriculartachycardia; LOS: length of stay.

Ali et al[10], 2011

Saleh et al[37], 2011

Wu et al[8], 2010

Population based, case
control

Søgaard et al[35], 2009

n
21000 cirrhotics

Population controls without
VTE
496872
Population based, case Compensated cirrhotics = 408253 Non cirrhotic controls = 575057
control
Decompensated = 241626

Case control

Walsh et al[11], 2013

Retrospective cohort

Case control

Lesmana et al[33], 2010

Aldawood et al[9], 2011

Retrospective cohort

Case control

Gulley et al[5], 2008

Dabbagh et al[32], 2010

Retrospective

García-Fuster et al[31], 2008

Type

Case control

Northup et al[6], 2006

Ref.

Table 2 Risk of venous thromboembolism in chronic liver disease patients: major studies
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VTE was also associated with increased mortality (compensated cirrhotics OR = 2.16; 95%CI: 1.96-2.38, decompensated cirrhosis OR = 1.66, 95%CI: 1.47-1.87) as
well as increased length of stay (compensated cirrhotics
1.03 increase, 95%CI: 0.95-1.11, decompensated cirrhotics 86% increase, 95%CI: 78%-94%) in all cirrhotics. The
authors concluded that the younger cirrhotic patients
may have a higher risk of VTE because of risk conferred
by cirrhosis, while in older patients, age related factors
may balance or take precedence over cirrhosis related
risk factors. This is the largest and the only study to our
knowledge that has looked at the differential risk of VTE
with respect to the age of the cirrhotics compared to the
non cirrhotic patients. In addition, this study also showed
an almost two fold increase in mortality and length of
hospitalization related to VTE, though the study did not
adjust for other possible comorbid conditions like renal
failure or respiratory failure. Another population based
study included patients with diagnostic codes for chronic
alcoholic liver disease and chronic non-alcoholic liver disease who were discharged from short-stay hospitals from
1979 through 2006 using National Hospital Discharge
Survey[37]. Study found an overall low rate of VTE, with
the prevalence lower in patients with alcoholic as compared to non-alcoholic chronic liver disease (0.6% vs
0.9%, p < 0.0001). The study did not include data on the
severity of the liver disease, reason for hospitalization,
proportion of patients hospitalized more than once, and
the basis for the diagnosis of liver disease.
Ali et al[10] used Nationwide Inpatient Sample Database and included 449798 hospitalizations for cirrhosis
in 2005. VTE comprised 1.8% of these hospitalizations
though this rate was lower than VTE in overall all hospitalized patients (3.7%, p < 0.05). While VTE was not associated with increase in mortality, it was associated with
increased LOS by 52% (95%CI: 45%-61% increase LOS)
in cirrhotic patients with DVT. In this study, as compared
to the study by Wu et al[8], cirrhotics with VTE were older
as compared to cirrhotics without VTE [36.7% of cirrhotics with VTE were age 65 years and older compared
to 29.5% of cirrhotics without VTE (p < 0.001)].
The population database based studies have an advantage of large sample size, however, they suffer from
limitations including miscoding, missed information as
well as lack of laboratory data (thereby MELD score or
Child Pugh Score) and clinical details including use of
DVT prophylaxis or accurate stratification by severity of
liver cirrhosis[8,10,35]. It is obvious that most of the studies above have different study designs, inclusion criteria,
period of study, availability of clinical and laboratory data
and outcomes. One thing that stands out is that cirrhotic
patients have a significant risk of VTE, if not higher than
non-cirrhotic patients and this risk cannot be trivialized
or ignored.

sociated with VTE complications in cirrhotics (Table
2). In a case control study by Northup et al[6] involving
113 cirrhotic patients with VTE, low serum albumin
was an independent risk factor development of VTE
(OR = 0.25, 95%CI: 0.10-0.56, p < 0.001). Also, INR or
platelet counts were not associated with VTE risk. Low
albumin was also found to be an independent risk factor in another case control study[5]. This study found that
low serum albumin (OR = 0.47, 95%CI: 0.23-0.93, P =
0.03) and partial thromboplastin time (PTT) (OR = 0.88:
95%CI: 0.84-0.94, P = 0.04) were risk factors of developing DVT/PE in cirrhotics. Diabetes was an independent
risk factor for VTE (OR = 4.26; 95%CI: 1.206-15.034; P
= 0.024) in a retrospective study from Indonesia[33]. Two
other retrospective case control series comparing chronic
liver disease patients with and without VTE found that
VTE cases had significantly lower albumin and hematocrit as compared to non VTE controls, with albumin
lower than 1.9 g/dL increasing the risk of VTE more
than 5 times compared to patients with albumin greater
than 2.7 g/dL (OR = 5.14, 95%CI: 1.05-25.2)[11,34]. It is
important to note that both these studies involved patients with portal and nonportal thrombosis. In addition,
Anthony Lizarraga et al[34] found that chronic liver disease
patients with VTE had higher bilirubin (1.71 vs 1.11; P <
0.01), higher platelet counts (143 vs 109; P = 0.03), and
activated PTT (87 vs 60.3 s; P < 0.01) as compared with
controls. Factors that were associated with higher risk
of VTE in cirrhotics included greater comorbidity (as
reflected by the Charlson index), black race (OR = 1.25,
95%CI: 1.02-1.55), malnutrition (OR = 1.29, 95%CI:
1.05-1.59) and central venous line placement (OR = 1.7,
95%CI: 1.54-2.04)[10].
Of all the risk factors above, hypoalbuminemia appears to be the most consistent risk factor amongst these
studies, with one study finding a five times higher risk in
patients with albumin less than 1.9 g/dl. Low albumin
may be a reflection of overall decreased liver synthetic
function, including a balanced decreased synthesis of the
anticoagulant factors like antithrombin Ⅲ, protein C and
protein S and the vitamin K dependent coagulant factors
Ⅱ, Ⅶ, Ⅸ and Ⅹ. It is interesting to note that elevated
INR does not decrease the risk of bleeding and/or
thrombosis[6,32].

MANAGEMENT
The current consensus guidelines for VTE prevention
do not specifically address the hospitalized cirrhotic
patients[38]. Despite the increasing recognition of thrombotic complications in the cirrhotic patients, prophylaxis
against VTE in this patient population is frequently
avoided. Pharmacological prophylaxis is often not given
because of the perceived increased risk of bleeding. Also,
mechanical prophylaxis with graduated compression
stockings or intermittent pneumatic devices can often be
challenging as these can lead to skin breakdown, a condition not so uncommon in cirrhotics with pre-existing

Risk factors
Studies have attempted to define the risk factors as-
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lower extremity swelling and frequently lower extremity
cellulitis[39]. In a retrospective study from Saudi Arabia,
more than 75% of the hospitalized patients did not receive any mechanical or pharmacological prophylaxis
against DVT[9]. Similar low prevalence of DVT prophylaxis was seen in other studies as well[6,32]. In the study by
Northup et al[6], 21% of the hospitalized cirrhotic patients
received prophylaxis, and only 33% of these patients received pharmacological prophylaxis. A greater percentage
of chronic liver disease patients (44%) received pharmacological prophylaxis while another 52% received mechanical prophylaxis in a recent study, which may reflect
growing awareness about the VTE risk in this patient
population[11].

blood transfusion. Only 3 out of these 9 patients had
major bleeding according to standard definition. Heparin
induced thrombocytopenia was diagnosed in two patients
(0.5%). That no patients died from VTE related complications is of great importance. Prophylactic enoxaparin
was also found to be safe in an interesting prospective
Italian study[16]. In this randomized study, 34 outpatients
with cirrhosis between Child Pugh classes B7-C10 received prophylactic subcutaneous enoxaparin at the dose
of 4000 IU/d for 48 wk. Enoxaparin was well tolerated
with discontinuation of therapy in only 1 patient at week
36 because of marked thrombocytopenia. Two patients
had episodes of bleeding from esophageal varices controlled with conservative endoscopic therapy. Epistaxis
was seen in 2 patients. Occurrence of bleeding episodes
did not differ between the prophylactic enoxaparin group
and control group (P = 0.521). Interestingly, this study
showed that prophylactic anticoagulation was associated
with significant reduction in risk of development of PVT
(HR = 0.098; 95%CI: 0.014-0.697; P = 0.020) occurrence
of decompensation (HR = 0.331; 95%CI: 0.148-0.741; P
= 0.007), and was associated with survival benefit (HR =
0.366; 95%CI: 0.082-0.795; P = 0.018).
More data is available for safety of anticoagulation in
cirrhotic patients with portal vein thrombosis[44-46]. In a
study by Delgado et al[45] involving 55 cirrhotic patients
with portal vein thrombosis, 47 patients received anticoagulation therapy with LMWH with 21 subsequently
shifted to vitamin K antagonists (VKA). Remaining 8
patients were initiated and continued on VKA therapy.
During the median follow up period of 19 mo, five patients had bleeding that was attributed to the anticoagulation therapy. Platelet count less than 50 × 109/L (P = 0.02)
and use of VKA (P = 0.53) were the only factors that
were observed more frequently in patients with bleeding
secondary to anticoagulation treatment. The anticoagulation treatment with LMWH was also well tolerated in 28
cirrhotic patients with non-neoplastic PVT with no patient requiring interruption of anticoagulation during the
treatment duration of more than 6 mo[44].
Although the studies had different designs and used
different anticoagulation treatment, the anticoagulation therapy was safely tolerated in all these studies. It
is important to realize that in all these studies, patients
received primary or secondary prophylaxis for esophageal varices with either endoscopic variceal ligation or
use of non-selective beta blockers prior to initiation of
anticoagulation. However, anticoagulation treatment was
associated with high risk of bleeding complications in a
retrospective Spanish study including 17 cirrhotic patients
with non-splanchnic VTEs (11 patients with DVT, 7 with
PE and 1 with both)[31]. Eleven patients were treated with
LMWH while remaining were switched to VKA within
a week after initiating LMWH treatment. Majority (83%)
of these patients suffered from bleeding complications
with six (35%) of them requiring blood transfusions.
Only three patients (21%) could continue the anticoagulation treatment beyond six months.

Efficacy and safety
To date, there are no randomized studies to evaluate the
efficacy and safety of the pharmacological prophylaxis
of VTE in hospitalized patients with cirrhosis. A recent
meta-analysis of three small retrospective cohort studies
with 531 cirrhotic patients (208 with heparin prophylaxis)
showed no reduction in the risk of VTE with prophylactic heparin (pooled OR = 1.65 95%CI: 0.36-7.54)[40].
As the authors pointed, the included studies were small
in size and had marked clinical heterogeneity with very
different inclusion and exclusion criteria[9,41]. Also, the
incidence of VTE in the pooled sample was very low (3
events in prophylaxis group and 6 events in no pharmacological group), therefore the sample size was probably
insufficient to estimate the real protective effect of the
intervention.
The same meta-analysis also found that use of heparin was not associated with higher risk of bleeding in
cirrhosis (pooled OR = 0.87 95%CI: 0.34-2.18)[40]. Again,
the five studies included in the meta-analysis had very
different inclusion criteria (e.g., HCC was an exclusion criteria in one[16] while another study was done in cirrhotic
patients with HCC[41]) and involved very different doses
of the anticoagulant [prophylactic UFH (unfractionated
heparin) or LMWH (low molecular weight heparin)[16,41,42]
vs therapeutic anticoagulation[43]]. Most of the included
studies did not have bleeding risk as the major outcome,
therefore the possibility of under reporting or missed
bleeding events cannot be excluded. Other than one randomized study, all were retrospective studies and it is possible that patients with perceived higher risk of bleeding
did not receive anticoagulation. The largest study evaluating the safety of prophylactic anticoagulation in hospitalized cirrhotic patients found that the prophylaxis was not
associated with increased risk of bleeding or death[42].
This retrospective study evaluated 235 patients accounting for 355 discrete hospitalizations to the non ICU bed
between 2007 and 2010 who received prophylactic UFH
or LMWH. Despite thromboprophylaxis, five patients
(1.4%) were diagnosed with VTE (three non-splanchnic
DVT, two PE). Nine of 355 (2.5%) had an episode of GI
bleeding during hospitalization, five of whom required
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The use of oral VKA has to be considered against the
fact that INR is often already elevated in many cirrhotic
patients. The target INR is not established as it cannot differentiate between the elevation in INR from underlying
cirrhosis vs that from VKA[47]. The inter-laboratory variation in the INR in cirrhotic patients is unacceptably high,
thereby further complicating the monitoring[48]. It has long
been established that INR does not does not predict the
bleeding risk in these patients as it fails to capture changes
in anticoagulants going on in cirrhotic patients while it
measures only the activity of procoagulants[49]. Newer
monitoring tests including using a modified INR liver[50]
rather than INR (using plasma from patients with liver
disease rather than plasma from noncirrhotic patients on
oral anticoagulants to generate International Sensitivity Index used to calculate INR), thrombin generation assays[27],
viscoelastic tests of hemostasis including thromboelastography and thromboelastometry[51] have been proposed
but very likely will not offset some of the limitations seen
with traditional INR as a marker of coagulation abnormalities seen in these patients.
As discussed above, more data is available with use of
LMWH in cirrhotics. While the use of LMWH appears to
be safe, its use has its own limitations. In addition to the
subcutaneous injection as well as relative contraindication
with renal insufficiency, the monitoring of anticoagulant
effect in cirrhotics with anti Xa levels is not completely
reliable. In a study involving 84 cirrhotic patients requiring
prophylactic or therapeutic enoxaparin, Bechmann et al[52]
found that treatment with standard doses of enoxaparin
failed to achieve target anti Xa levels recommended for
prophylactic or therapeutic use. Authors also noted negative correlation between the anti Xa levels and the severity of liver disease as assessed by Child Pugh score and
the MELD score and concluded that it was likely secondary to decreased synthesis of antithrombin in cirrhotic
patients. However, in vitro studies evaluating the effect of
LMWH on thrombin generation has shown that cirrhotic
patients show an increased response to LMWH, in spite
of reduced antithrombin and anti-Xa activity levels. The
low anti-Xa levels may actually be a laboratory artifact
while the efficacy of LMWH is preserved[53,54]. These
studies show that increasing the dose of LMWH as a reflex to low anti Xa levels is not necessary and potentially
can lead to hemorrhagic complications.
The newer direct thrombin inhibitors like dabigatran
and direct factor Xa inhibitors like rivaroxaban and apixaban have advantage of oral intake and are usually given
in a fixed dose without requiring any laboratory monitoring in non-cirrhotic patients[55]. However, the data on the
use of these agents in cirrhotic patients is limited and
the unavailability of any reversible agents in case of active bleeding has limited the clinical applicability of these
agents for now.
In summary, we believe that there is enough evidence
to make a case for careful anticoagulation in individual
cirrhotics-both for prophylaxis as well as treatment for
VTE after due consideration for variceal prophylaxis with
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either endoscopic treatment or non-selective beta blockers or both. In patients with decompensated cirrhosis, use
of LMWH may be preferred over oral VKA agents. For
reasons stated above, close monitoring of anticoagulation
management in the hands of coagulation experts cannot
be overemphasized.

CONCLUSION
Chronic liver disease and cirrhosis represent a state
of overall decreased liver synthetic function, including a balanced decreased synthesis of the anticoagulant
thrombotic factors like antithrombin Ⅲ, protein C and
protein S and the vitamin K dependent procoagulant
factors Ⅱ, Ⅶ, Ⅸ and Ⅹ on top of thrombocytopenia
and/or thrombocytopathia. Though the bleeding risk
in advanced liver disease remains the most feared complication of the precariously balanced procoagulant and
anticoagulant cascade, VTE complications can certainly
not be ignored. These complications are associated with
increased hospital length of stay and cost, leading to increased health care burden, in addition to worse patient
outcomes. Thromboprophylaxis against VTE should be
considered very cautiously in a cross talk between experts
in coagulation and hepatology in all these patients. In the
absence of absolute contraindications, anticoagulation
therapy should be offered of course to all the cirrhotic
patients with confirmed VTE.
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Moreover, the association of these metabolic abnormalities with the progression of the disease may indicate
some biochemical parameters as early diagnostic markers of disease evolution, and may open up the potential
for pharmacological intervention to inhibit intra- and
extra-cellular stress events for resuming hepatocellular
functions. The following paragraphs summarize the current knowledge by outlining molecular mechanisms of
the disease related to these stress events.
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Core tip: Both oxidative and nitrosative stress are associated with ongoing manifestations of chronic cholestasis, and in particular, primary biliary cirrhosis.
Abnormalities in nitric oxide metabolism and thiols oxidation already occur at early stages, thus leading to the
hypothesis that these biochemical events play a pathogenic role in primary biliary cirrhosis. The association of
these metabolic abnormalities with the progression of
the disease may indicate some biochemical parameters
as early diagnostic markers of disease evolution, and
may open up the potential for pharmacological intervention to inhibit intra- and extra-cellular stress events
for resuming hepatocellular functions. This article summarizes the current knowledge by outlining molecular
mechanisms of the disease related to these stress
events.

Abstract
Primary biliary cirrhosis is a multifactor autoimmune disease characterized by hepatic and systemic manifestations, with immune system dysregulation and abnormalities in the hepatic metabolism of bile salts, lipids, and
nutrients, as well as destruction of membrane lipids and
mitochondrial dysfunction. Both oxidative and nitrosative
stress are associated with ongoing manifestations of the
disease. In particular, abnormalities in nitric oxide metabolism and thiol oxidation already occur at early stages, thus leading to the hypothesis that these biochemical
events play a pathogenic role in primary biliary cirrhosis.
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plicated in the onset and evolution of the disease.
PBC is mainly characterized by biliary obstruction
and impaired canalicular bile secretion[7], with a progressive retention of hydrophobic bile salts in the liver
determining detergent activity and cytotoxic damage[8].
Inflammatory changes[9] and parallel metabolic disorders
contribute to the reduced detoxification capacity of the
liver[8,10,11], and the enhanced generation of reactive oxygen (ROS) and nitrogen species[12] responsible for oxidative and nitrosative stress[13].
The changes in bile secretion involve complex pathways and result in retention of toxic compounds in the
liver. This metabolic and functional impairment is associated with alterations of some physiological mechanisms that regulate bile flow and water transport into the
bile canaliculus in response to transient osmotic gradients originating from active solute transport[7,14]. Indeed,
at least one third of the bile flow is driven osmotically by
the amount of hepatic glutathione (GSH) secreted into
canalicular spaces. Beyond the importance of this secretory mechanism for bile formation, the excretion of
GSH also represents an important way to discharge toxic
anionic compounds deriving from hepatic metabolism
of exogenous and endogenous substances. Derangement
of hepatic and/or biliary GSH status occurs in several
experimental animal models of cholestatic liver injury
and in patients with cholestasis[15]. Chronic cholestasis,
and in particular PBC, are associated with decreased biliary secretion of GSH, which may affect thiol-dependent
bile flow and the hepato-biliary transport of toxic organic compounds[16], and can occur before the reduction
in biliary bile salt secretion[17].
On the other hand, the canalicular secretion of water
is mediated by aquaporin-8 (AQP8)[18], a water channel
protein found at multiple compartments of hepatocytes,
including the canalicular plasma membrane and related
subapical vesicles[19,20], smooth endoplasmic reticulum,
and mitochondria [21,22]. The transport of water from
the sinusoidal blood into the hepatocyte is conversely
facilitated by AQP9, an aquaporin channel with a broad
selectivity[23,24]. AQP9 also represents the major pathway
by which glycerol is imported by hepatocytes to supply
gluconeogenesis during starvation[25].
During choleresis, hepatocytes rapidly increase their
canalicular membrane water permeability by modulating the abundance of AQP8. Studies in several experimental models of cholestasis, such as extrahepatic
biliary obstruction, estrogen-induced cholestasis, and
sepsis-induced cholestasis, have shown that a decrease
in canalicular AQP8 expression contributes to the development of cholestasis. Thus, it has been suggested that
the combined alterations in hepatic expression of solute
transporters and AQP8 hamper the efficient coupling of
osmotic gradients and canalicular water flow, indicating
that cholestasis may also result from a mutual occurrence of impaired solute transport and decreased water
permeability[26,27]. Since glucagon, a hormone stimulating

INTRODUCTION
Primary biliary cirrhosis (PBC) is an organ-specific
autoimmune liver disease that predominantly affects
women and is characterized by chronic and progressive
destruction of small intrahepatic bile ducts with portal
inflammation and ultimately fibrosis. It is a multifactor
condition, mainly due to an immunological disorder of
the liver, resulting in a chronic intrahepatic cholestasis
that often occurs in asymptomatic subjects, with the diagnosis suggested by the occasional finding of elevated
hepatic biochemical markers as early indexes. Appearance of jaundice, dark urine, and pale and fatty stools
occur in patients who develop more advanced forms of
liver disease.
Little is known about the etiology of PBC. Current
theories on its pathogenesis support the hypothesis
that the disease develops as a result of an inappropriate
immune response following stimulation by an environmental or infectious agent (Figure 1). In particular, liver
injury may follow a defect in immunologic tolerance,
resulting in the activation and expansion of self-antigen
specific T and B lymphocyte clones and the production
of circulating autoantibodies, together with a myriad of
cytokines and other inflammatory mediators (Figure 2)[1].
The resulting effect of this cascade of events is the activation of pathways leading to oxidative and nitrosative
stress (Figures 3 and 4)[2].
Although the disease results from a combination of
genetic and environmental risk factors, its serological
hallmark is the presence of circulating anti-mitochondrial antibodies. This reflects the presence of autoreactive
T and B cells to the culprit antigens, the E2 subunits of
mitochondrial pyruvate dehydrogenase. The existence
of a genetic predisposition is indicated by the higher
familial incidence of the disease, particularly among
siblings, and the high concordance rate among monozygotic twins[3]. Environmental xenobiotics/chemical
compounds triggering events appear to be crucial in
disrupting a pre-existing unstable immune tolerance of
genetic origin allowing, after a long latency, the emergence of clinical disease [4]. Finally, up-regulation of
WAF1 and p53 related to apoptosis of biliary epithelial
cells represents the major pathogenic process leading
to bile duct loss in PBC as the expression of genotoxic
damage (Figure 1)[5].
It remains unknown why the disease evolution displays a faster pace in some PBC patients compared to
others in which it is milder. Therefore, one of the major
efforts of the current research is to answer this clinical
question and, as a consequence, to identify easily assessable biochemical abnormalities serving as prognostic
markers, as well as a target for potential therapeutic
intervention. Up to now, however, such a search has
not been particularly successful, although a number of
biochemical and physiological alterations (toxic bile salt
accumulation, oxidative mitochondrial dysfunction, and
changes in lipid metabolism)[6] appear to be actively im-
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Infectious agents/environmental factors
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Apoptotic death of biliary epithelial cells
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Figure 1 Flow-chart illustrating the cascade of events playing a potential
role in the pathogenesis of liver injury in primary biliary cirrhosis. Important steps include the altered immune response linked to increased oxidative/nitrosative stress and genotoxic damage. The final result is the apoptotic death of
biliary epithelial cells. WAF1: Cyclin-dependent kinase inhibitor 1; p53: Tumor
protein 53.

Figure 2 Pathophysiological mechanisms of liver damage in primary
biliary cirrhosis. Autoimmune attack and cholestasis are both responsible
for the injury to biliary epithelial cells and hepatocytes. Cell damage results in
inflammatory processes with activation of hepatic stellate cells and expression
of myofibroblasts leading to fibrosis and cirrhosis. A myriad of mediators have a
role in these events. IGF-1: Insulin-like growth factor-1; PDGF: Platelet-derived
growth factor; TGF-b: Transforming growth factor beta; ET-1: Endothelin-1;
ROS: Reactive oxygen species; RNS: Reactive nitrogen species.

hepatocyte bile formation[28], induces the gene expression of AQP8, but not AQP9 water channels in rodent
hepatocytes[29], it is reasonable to hypothesize that the
most critical step in coupling solute transport and secretion of water takes place on the canalicular membrane
of hepatocytes, and that it may be influenced by stress
conditions.
Therefore, the associations between inflammation
and oxidative and nitrosative stress-induced structural
and functional alterations of hepatocytes, including
subcellular organelles, render the interpretation of these
relationships extremely intriguing, and open to potential
therapeutic challenges. In the following paragraphs, the
current knowledge on the molecular mechanisms of the
disease related to oxidative and nitrosative stress is concisely summarized.

excretion of toxic compounds, as well as in maintaining
protein sulfhydryls (PSH) in their reduced form [34,35].
Among these proteins exerting a number of major cell
functions are those involved in mitochondrial respiration and membrane transition pore integrity[36,37]. Indeed,
most of the redox changes occurring in proteins involve
the redox state of cysteine residues, and lead to the formation of intermolecular or mixed disulfides.
In some studies[6,33], more aggressive forms of cholestasis have been associated with primary changes in
hepatic and extrahepatic membrane protein redox status
and lipid composition. In particular, abnormalities in
hepatocyte membranes have been reported in cirrhotic
patients[38] that have been associated with an imbalance
between the transmethylation and the transsulfuration
pathways[39]. Similar to hypercholesterolemic subjects[40],
cirrhotic patients show lipid alterations in erythrocyte
(RBC) membranes in relation to changes in the circulating lipoproteins[41,42]. Such alterations are particularly important in patients with PBC who accumulate toxic bile
salts and show early alterations in hepatic lipid metabolism with increased synthesis of cholesterol[43]. Indeed,
both bile salt excess and lipid changes have been implicated in the early modification of membrane fluidity and
transport function[44] at both hepatocyte and RBC levels[45,46]. Common biochemical derangements[47], such as
the alteration of Na+/K+ ATPase activity of hepatocyte

Oxidative stress
Cholestatic events may evolve towards oxidative changes
which may directly affect the nature and function of
membrane lipids and embedded proteins[30,31], and occur
in both the liver and some extrahepatic tissues, albeit
recognizing different pathogenic moments.
The transsulfuration pathway is impaired in rats
undergoing bile duct ligation (BDL), an experimental
model resembling human chronic cholestatic conditions,
as well as in humans with cholestatic liver diseases[6,32,33].
This alteration is associated with changes in thiol disposition and redox status. GSH is the main thiol detoxifying molecule playing a role in bile formation and biliary
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formation of S-adenosyl methionine in S-adenosyl-Lhomocysteine, may play a role in these processes[55-57].
Many clinical and experimental observations have
found that oxidative stress also participates actively in
cholestasis-induced hepatocyte damage, as suggested by
the accumulation of lipid and protein oxidative products[9]. However, the molecular regulatory mechanisms
by which oxidative stress induces modifications of
antioxidant capacities at the same time as maneuvering
cellular adaptation by increasing the availability of redox
active compounds is still debatable.
Studies performed in BDL rats have shown that both
free and protein thiols (GSH and PSH) are lower within
the hepatocyte cytosol, and that these alterations occur
at early stages. These changes parallel the high concentrations of oxidized glutathione (GSSG) observed with
ongoing cholestasis and the increased enzymatic activities of both GSH-peroxidase and GSSG-reductase, thus
asserting the participation of oxidative stress in cholestatic hepatic injury[58].
One of the most interesting molecules in this context
is thioredoxin, an oxidative stress-induced redox-active
protein[59]. Thioredoxin possesses a number of biological activities[60], including the maintenance of protein-SH
groups[61], the regulation of redox-sensitive molecules[59],
and the protection of membrane permeability[62]. Circulating levels of thioredoxin are increased in patients
with a high rate of free radical generation[63], in which it
also interferes with the modulation of the immunological response[64]. In PBC patients, circulating thioredoxin
is increased in the early disease stage[65] and decreased in
patients with a more advanced disease stage, in which
it is inversely related with circulating nitrosothiols (r =
-0.609), the liver fibrosis marker hyaluronate (r = -0.432),
and with histology (r = -0.757)[65]. In RBC, thioredoxin
concentrations are higher in PBC stages Ⅰ to Ⅲ, but
lower in stage Ⅳ patients compared to healthy subjects[65].
More detailed changes in thioredoxin disposition
have been studied in BDL rats. In these cholestatic animals, serum thioredoxin concentrations were found to
be increased at 3 d after surgery and then decreased.
Similarly, such changes were observed in the whole liver
and in isolated mitochondria, but no variations were
documented in RBC. Therefore, by considering the
difference in the average time changes from baseline
among serum, hepatic, and RBC levels, it emerged that
circulating thioredoxin is likely of hepatic origin.
Other important organs having a role in cholestatic
liver damage and reparation are oxidatively damaged during chronic cholestasis; this is the case of the intestine. In
this regard, significant redox alterations have been early
observed in the intestine of BDL rats, where the mucosal
concentrations of GSH are low in both the ileum and
colon. The hypothesis on oxidative consumption of
GSH has been confirmed by early increases of GSSG
and protein carbonyls, as well as a decrease of PSH[58].
However, under cholestatic conditions, decreased avail-

Mitochondrion
ROS

RNS

GSH + NO → GSNO

2 GSH → GSSG
GSH + PSH → PSSG
Irreversible damage to:

Fatty acids

Proteins

DNA

Cell membrane dysfunction
Protein dysfunction
Apoptosis-Cell death

Figure 3 Following chronic cholestasis, liver mitochondrial impairment is
associated with increased delivery of reactive oxygen species and reactive nitrogen species. Reactive oxygen species (ROS) promotes the oxidation
of glutathione (GSH to GSSG) and of protein sulfhydryls (PSH to PSSG). Reactive nitrogen species (RNS) favors the formation of nitrosothiols (GSNO). Both
steps are responsible for irreversible damage to lipids, proteins, and nucleic
acids, ultimately leading to membrane and protein alteration.

membranes[48], have also been claimed.
RBC membrane alterations, which parallel those
found in hepatocytes[47], include a decreased content of
PSH and an increased aliquot of oxidized proteins (carbonyl), especially in patients with stage Ⅲ-Ⅳ PBC[49]. In
cell membranes, PSH has structural and functional roles,
and confers resistance to damaging insults[50]. Membrane
PSH maintenance in the reduced form is therefore a
major program for all biological systems to assure functional integrity. Together with changes in ratios of the
membrane cholesterol:phospholipids, the described oxidation rate of ghost proteins in RBC likely explains the
high susceptibility to in vitro hemolysis observed in PBC
patients. Furthermore, with the application of logistic
regression analysis, it has been observed that advanced
forms of PBC could be identified by the simultaneous
presence of significant changes of some RBC membrane
parameters[50]: PSH lower than 40 nmol/mg protein (r =
-0.817), protein carbonyls higher than 2.7 nmol/mg protein (r = 0.653), cholesterol greater than 550 nmol/mg
protein (r = 0.744), and phosphatidylethanolamine lower
than 25% ( r = -0.731).
Taken together, these observations explain, at least
in part, the changes to membrane fluidity, transport[41],
receptor activities[51-53], and the increased hemolysis observed in patients with PBC[54]. Indeed, the possible link
between protein oxidation and altered lipid composition
in the RBC ghost membrane of PBC patients may be
partially explained by metabolic changes occurring in
the liver. In particular, the increased hepatic production
of phosphatidylcholine, which is formed through the
methylation of phosphatidylethanolamine via the trans-
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Figure 4 Structural formula and interaction of some important molecules involved in oxidative and nitrosative stress associated with chronic cholestasis.

ability of biliary GSH, which currently represents a
considerable source of luminal GSH, may also take
part in the depletion of intestinal GSH. At this level,
the changes in mucosal proteins are associated with a
decreased concentration of total proteins and lower
activity of GSH-dependent antioxidant enzymes (peroxidase and reductase). This may depend on the reduced
synthesis of proteins linked to a decreased availability of
bile salts, which enhance gene expression and regulate
the synthesis of proteins at the intestinal level[66,67]. Bile
salt deficiency, conversely, promotes mucosal injury[68]
and reduces protein concentrations[69], which, at least in
part, explains the suppression in protein synthesis in the
intestinal mucosa of cholestatic rats. These biochemical
changes are associated with profound functional alterations of colonic ionic transport and a significant overall
decrease of all electrophysiological parameters.
Considering that the impairment of the GSH-dependent antioxidant system, the changes in mucosal permeability and transport capacity, and the increased susceptibility to toxic injury all occur during the early stage of
cholestasis, it is conceivable that these alterations may
favor intestinal bacterial translocation and the absorption of toxic molecules[70]. The latter two phenomena are
likely to be implicated in the appearance of hepatic injuries, and this would demonstrate the existence of a close
interrelation between the liver and the intestine, both
in the physiological state and in the case of cholestasis.
Finally, cholestatic rats show a progressive reduction in
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their daily food intake, and as a consequence, show a
deficient availability of dietary precursors, which is likely
to occur earlier in the intestine and liver than in other
organs. This aspect should always be considered when
studying cholestatic animals.
Nitrosative stress
It is known that a number of cellular and circulating factors can modulate cell membrane activity and cholestatic
disease progression. In cholestatic livers, nitric oxide
(NO), a potential free radical intermediate, is mainly
released by inducible NO synthase (iNOS)[71,72], which is
likely sustained by the enhanced inflow of gut-derived
endotoxins[58,72,73]. Indeed, it is ascertained that extrahepatic factors actively participate in the determination of
cholestatic liver injury. In this respect, prolonged interruption of enterohepatic circulation of bile salts results
in intestinal permeability alteration and favors portal
endotoxemia[74] with worsening or even promotion of
hepatic damage[75] by enhancing free radicals generation, GSH depletion, and impairing detoxification defense[6,32,33].
The excess generation of NO already present in
early disease stages favors the formation of hyperreactive derivatives that ultimately result in nitrotyrosine
deposition[76-78]. This compound accumulation reflects
the excess formation of the highly reactive molecule
peroxynitrite, and supports a major injuring role for NO
in chronic cholestasis. This view is also consolidated by
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Interaction between oxidative and nitrosative stress
The interplay between antioxidant molecules and oxidative and nitrosative stress derivatives renders these interactions particularly fascinating in the field of chronic
cholestasis, where adaptive processes, in particular those
at the subcellular level, are ultimately responsible for
hepatocyte death or survival. Indeed, mutual and interrelated changes between circulating and hepatic oxidative and nitrosative stress markers have been reported,
and point to an active and interrelated participation of
these biochemical events in both liver injury and extrahepatic changes during cholestasis[6,33,65]. In fact, chronic
cholestasis results in early and significant interactive
changes between thioredoxin and nitrosothiols both at
the circulating level and in the liver. The close relationship between the levels of these molecules with liver histology in patients with PBC may account for their active
implication in the progression of the disease itself.
This is an important observation since thioredoxin
represents one major system playing a regulatory role for
several subcellular activities. Thioredoxin has an active
role in oxidative/nitrosative stress interplay; in fact, it
is also involved in the regulation of some NO activities
through the cleavage of nitrosothiols[90,91] and the suppression of peroxynitrite formation[60]. Serum thioredoxin levels appear to discriminate between aggressive and
benign forms of chronic non-cholestatic liver disease
conditions[92]. In the context of PBC, the increased circulating levels of thioredoxin in patients with stage Ⅰ-Ⅱ
suggest that it is likely induced to counteract increased
ongoing oxidative stress or that it is an early adaptive
measure to regulate NO metabolism, nitrosothiols
decomposition, and to maintain surface PSH in the reduced form. Conversely, the decreased circulating level
of thioredoxin in patients with more advanced stages of
PBC likely reflects a diminished hepatic synthesis and
delivery into the vasculature.
However, with the progression of cholestasis, the
decreased production of thioredoxin in the liver, likely
due to a down-regulation process associated with excess
retention of hydrophobic bile salts and toxic molecules,
may indirectly contribute to the progressive appearance
of oxidative alterations, and therefore the promotion of
fibrosis. In fact, adequate thioredoxin levels effectively
protect against stellate cells activation and opposite collagen synthesis and hepatic fibrosis[93]. As a consequence
of thioredoxin changes, the serum levels of nitrosothiols
and the oxidation of erythrocyte PSH are increased in
stage Ⅳ patients, indicating that circulating thioredoxin
serves to protect surface PSH from oxidation and regulates nitrosothiols levels.
In this regard, it is known that nitrosothiols can be
decomposed either by enzymatic homolytic cleavage in a
NADPH dependent reaction involving the thioredoxin
system, by a redox-sensitive metalloprotein, or via a nonenzymatic one electron reduction[86,91,94]. Notably, one
recent study has reported that thioredoxin-deficient cells

the observation that the serum of PBC patients contains
significantly higher levels of nitrotyrosine compared
with control subjects. Moreover, the trend in nitrotyrosine levels seems to parallel the disease stage.
Conversely, nitrosothiols are formed by conjugation of some reactive NO forms (NO●) with thiols and
GSH in particular, and thereby oppose dangerous side
reactions such as peroxynitrite formation[60]. Nitrosothiols also act as intracellular messengers, and exert a
major regulatory effect on cellular and mitochondrial
functions[79] through the nitrosylation of proteins and
enzymes[80,81]. Conversely, circulating nitrosothiols mainly
act as a reserve for NO, whose release after molecule decomposition serves for vascular tone modulation[81]. Serum nitrosothiols are significantly higher in PBC patients
than in healthy controls, with the increase being directly
proportional to disease severity and paralleling the serum
concentrations of hyaluronate[65] and nitrotyrosine[82].
Indeed, it is known that circulating levels of NO derivatives are particularly high in all cirrhotic conditions[83].
Compared to RBC, in which no variations have been
noted, serum and hepatic nitrosothiols significantly and
progressively increase with ongoing cholestasis in the
BDL model; increasing more than tenfold in value at day
10 after the BDL. Following BDL, the NOx (nitrate plus
nitrite) content is significantly increased in the liver.
Overall, the importance of the observations reported
for early stages of experimental cholestasis and their
presence in patients with milder forms of PBC definitely
point to an active participation of these pathophysiological events in the generation of cholestatic liver damage.
In fact, the increased hepatic content of NOx and nitrosothiols following BDL point to enhanced hepatocellular
NO production, although some studies have shown no
increase or even a decreased delivery of hepatic NO by
endothelial cells and macrophages in pre-cirrhotic BDL
rats[84,85]. On the other hand, others have reported increased hepatic iNOS expression in PBC patients[77] and
in the hepatocytes of BDL rats[70]. Indeed, the physiological role of nitrosothiols in biological systems has also
not been completely clarified as of yet. Nitrosothiols are
unstable thioesters exerting different functions within
the cell and in the extracellular compartment[86]. Nitrosothiols are not exclusively formed in cells generating
NO, and can be taken up by cells via amino acid transport systems[87]. In a concentration dependent manner,
intracellular nitrosothiols seems to be actively involved
either in redox signaling or as nitrosative stress mediators[88], whereas, by representing a storage pool of thiols
and NO, extracellular nitrosothiols have an importance
in the regulation of the protein redox status at the cell
surface[89]. In tissues, the formation of nitrosothiols adducts occurs under conditions of nitrosative stress and
counteracts excess NO radicals[60]. Therefore, increased
levels of tissue nitrosothiols may result from increased
formation and/or decreased decomposition[86,90], such as
in the presence of reduced thioredoxin availability.

WJG|www.wjgnet.com

5751

May 21, 2014|Volume 20|Issue 19|

Grattagliano I et al . PBC, oxidative, and nitrosative stress
1000
2

r = 0.815, P < 0.001

K-18 IU/L

800

processes, such as release of H2O2[101] and import of
ammonia by the organelle (urea cycle)[102-104], than underlying mitochondrial volume homeostasis. It has been observed that the mitochondrial changes accompanying the
ongoing cholestasis occur early and parallel the progressive decrease of mitochondrial GSH concentrations and
the increase of GSSG levels. In our context, therefore,
low levels of mitochondrial GSH are associated with
increased susceptibility to oxidative damages[105], resulting in protein oxidation responsible for the activation
of cell death pathways[106,107]. The amount of mitochondrial PSH lowers with the cholestasis progression and,
similarly to the extra-mitochondrial compartment, both
GSH-peroxidase and GSSG-reductase activities increase
(Table 1). The decrease in PSH parallels the increased
content of protein disulfides (PSSG) and decreased expression of AQP8 (Figures 6 and 7), thus testifying that
cholestasis is associated with mitochondrial oxidative
changes of proteins and sulfhydryls, as well as functional
impairment.
These oxidative changes of mitochondria are functionally important for the energetic activities known to
be damaged early during cholestasis, as reported previously[10]. With this in mind, the observation that GSH
content declines earlier and at a greater extent in mitochondria than in the cytosolic compartment, as observed
in rodent models of cholestasis, points to selective
mitochondrial damage. This behavior of mitochondrial
GSH might imply two different hypotheses: defective ex
novo synthesis of cytosolic GSH, which is then imported
by mitochondria, or increased mitochondrial oxidative
consumption. Both may follow the intrahepatic accumulation of hydrophobic bile salts (i.e., tauro- and glycochenodeoxycholate) and may also coexist. Indeed, it is known
that liver mitochondria exposed to hydrophobic bile
salts generate a great amount of ROS, and that damaged
mitochondria result in a higher release of radicals[108,109].
The former hypothesis is also supported by the increased
expression of mRNA for γ-glutamylcysteine synthetase
and by the enhanced activity of methionine adenosyltransferase following administration of ursodeoxycholate
(UDCA)[110]. UDCA (molecular formula C24H40O4, molecular weight: 392.572) is the 7β-epimer of the primary
dihydroxy bile acid chenodeoxycholic acid (representing
the hepatic catabolic product of cholesterol)[111]. UDCA
is found in mammalian bile, following bacterial reduction in ileum and colon. As a therapeutic agent, UDCA
has hydrophilic and less cytotoxic properties. The latter
hypothesis is supported by the association of a marked
increase of GSSG and PSSG with the increased activity of GSH-related antioxidant enzymes. Furthermore,
mitochondria from BDL rats exhibited an altered lipid
composition, with a two- to threefold increase in the
cholesterol/phospholipid ratio in the mitochondrial inner membrane[97], thus suggesting the possibility of impaired transport of GSH into mitochondria.
Moreover, it is important to note that mitochondrial
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Figure 5 Link between nitric oxide derivatives and inflammatory products
is linearly evidenced in this graph reporting the relationship between
serum levels of nitrotyrosine and keratin-18. Patients with primary biliary
cirrhosis (n = 30) were divided in stages according to liver histology: stage Ⅰ;
stage Ⅱ; stage Ⅲ; stage Ⅳ. Data adapted from Grattagliano and Portincasa
(unpublished). Nitrotyrosine and keratin-18 (K-18) concentrations measured as
previously reported[82].

denitrosate S-nitrosothiols less efficiently[91]. Given the
fact that increased nitrosothiols formation is associated
with disease progression in PBC patients, they may have
a potential use as a prognostic indicator in these patients.
The close link between oxidative and nitrosative
stress parameters in PBC is further shown by the inverse
relationship existing between serum thioredoxin and
nitrotyrosine (r = -0.838), as well as between thioredoxin
and cytokeratin 18 (r = -0.838), a major cytoplasmic
intermediate filament protein in hepatocytes and cholangiocytes whose serum levels are elevated in chronic liver
disease as a consequence of hepatic inflammation, and
thus directly reflect the expression of cellular apoptotic
processes (Figure 5)[95]. In PBC patients, cytokeratin 18
correlates well with serum nitrotyrosine (r = 0.894)[82].
Hepatic mitochondrial changes
Prolonged cholestasis is known to be associated with
changes in mitochondrial morphology (i.e., shortening
of cristae, appearance of inclusions, and matrix darkening) and energy metabolism[8,10,96]. In fact, both the
number and volume ratio of mitochondria increase and
parallel the duration of biliary obstruction in rats[97].
These findings point to adaptive processes in response
to mitochondrial dysfunction[98]. Mitochondria are plastic
organelles constantly changing their shape to fulfill their
various functional activities[99].
In this regard, the permeability transition pore (PTP),
which is formed across the mitochondrial membranes,
has been hypothesized to have a major part in the rapid
movements of water into and out of the mitochondrial
matrix underlying the changes in volume that characterize the organelle[100]. The aqueous pore formed by the
AQP8 isoform across the inner mitochondrial membrane is found to be more relevant to mitochondrial
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Table 1 Time-related changes of glutathione peroxidase and glutathione reductase activities in liver cytosol and mitochondria of
sham-operated and bile duct ligated rats
Cytosol
GSH-Px
GSSG-Rx
Mitochondria
GSH-Px
GSSG-Rx

Day 0

Sham Day 3

Sham Day 10

BDL Day 10

351 ± 32
0.31 ± 0.11

336 ± 35
0.27 ± 0.10

BDL Day 3
504 ± 541
0.37 ± 0.081

335 ± 20
0.28 ± 0.05

566 ± 321,2
0.60 ± 0.101,2

977 ± 27
1.12 ± 0.17

913 ± 44
0.93 ± 0.09

1061 ± 95
1.33 ± 0.121

890 ± 42
0.89 ± 0.07

1568 ± 1051,2
1.98 ± 0.121,2

Glutathione peroxidase (GSH-Px) and glutathione reductase (GSSG-Rx) are reported as mU/mg protein/minute. Significantly different (0.01 < P < 0.05)
compared to 1baseline and 2sham-operated rats at each time point. Adapted from Grattagliano and Portincasa (unpublished data). Enzyme activities
assessed as previously described[58]. BDL: Bile duct ligation.
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Figure 7 Immunohistochemical localization of aquaporin 8 in mouse hepatocytes. Considerable aquaporin 8 (AQP8) immunoreactivity (brown staining) is seen within the cytoplasmic compartment of most hepatocytes. Periodic
acid-Schiff (PAS) reactivity (red staining) is seen over glycogen granules. In
rodents, hepatocyte AQP8 is expressed at multiple subcellular levels, including
the apical (canalicular) plasma membrane, subapical vesicles, smooth endoplasmic reticulum, and mitochondria. The AQP8 channel features conductance
to water, ammonia, and H2O2, and is suggested to be involved in primary bile
secretion, ammonia detoxification, ureagenesis, and mitochondrial reactive oxygen species generation. Original magniﬁcation, × 1000. (micrograph from Ferri
et al[22], reproduced with permission from Wiley Online Library).

Figure 6 Aquaporin 8 is a specific water channel actively involved in the
regulation of mitochondrial volume in the liver. Protein sulfhydryls (PSH)
are a diffuse category of proteins playing important roles in mitochondria,
including structural proteins and respiratory complexes to channel pores. The
graph depicts the correlation between densitometric values of aquaporin 8
(AQP8) immunoreactivity and PSH content in the liver mitochondria of shamoperated and bile duct ligated rats at different time-points. AQP8 expression
varies in relation to the changes in PSH content (n = 16, r = +0.96, r2 = 0.913,
P < 0.0001). N = 4 experiments per time point with 1 d, 3 d, 7 d and 10 d; BDL.
Data adapted from Grattagliano and Portincasa (unpublished). Measurements
performed as previously reported[65].

that generates the highest rate of intracellular NO●[88,115].
Moreover, NO may provide beneficial effects at this
level by supporting cell survival, thus resulting as a determining factor for mitochondriogenesis[116,117].
Among redox active compounds, thioredoxin is a
molecule having an important role for the mitochondrial
energetic domain. In fact, overexpression of mitochondrial thioredoxin and thioredoxin reductase attenuates
damages associated with excess NO[118] by increasing
the mitochondrial membrane potential[119]. In particular,
mitochondrial thioredoxin is critical for defense against
oxidative stress induced cell apoptosis, and thioredoxin
reductase is the only known enzyme catalyzing thioredoxin reduction in mitochondria. However, thioredoxin
reductase is known to be sensitive to inactivation by electrophiles, such as some lipoperoxidative products. Glutaredoxin, a system helping to keep thioredoxin reduced
during stress events, also contributes to anti-apoptotic
signaling. This mitochondrial thiol-disulfide oxidoreductase, in fact, is relatively independent from the cytosolic
compartment. In particular, thioredoxin and glutaredoxin
systems consist of NADPH, thioredoxin reductase[120],

protein content is generally decreased in BDL rats and,
together with their increased oxidation rate, deserves
some consideration. Firstly, mitochondria exhibiting a
decrease of functional proteins are less prone to rapidly
changing their shape and, therefore, are less able to adapt
their function in response to environmental stress. Secondly, the decreased content of proteins in mitochondria
may be the consequence of down-regulation processes
to which several proteins undergo during cholestasis
when the excretory function is severely impaired[112].
Recent studies have shown that mitochondrial concentrations of nitrosothiols are increased after BDL to
an even higher extent than that observed in the extramitochondrial compartment[65]. Indeed, NO is known to
stimulate hepatocyte GMPc dependent signaling pathways and, in mitochondria, it is an important physiological reactant. NO controls mitochondrial ATP synthase,
gene expression, and PTP through protein nitrosylation
and nitrosation[88,113]. Mitochondria are known to possess their own NO metabolism[114] and a specific NOS
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CONCLUSION

Table 2 Therapeutic doses of ursodeoxycholic acid and its
potential effects in the treatment of patients with primary
biliary cirrhosis

The data discussed here from integrated and translational studies unequivocally suggests that oxidative and
nitrosative events determine disease appearance and
progression in patients with PBC. Changes in circulating markers, such as thioredoxin and nitrosothiols, may
be used to monitor disease progression and to identify
patients at risk of disease evolution. Finally, it may be argued that pharmacological interventions directed to sustain hepatic GSH, thioredoxin, and glutaredoxin levels
by activating nuclear factors and up-regulating gene transcription[133-135] may favorably contrast NO deranged metabolism in the early phase of chronic cholestatic conditions and may yield hepatocyte protection by favoring
mitochondrial proliferation through the maintenance of
protein redox status. In fact, the modulation of the protein oxidation/denitrosation process has been suggested
as a mechanism of either cytoprotection or cellular
damage. In this connection, recent studies have revealed
new therapeutic aspects of some compounds. UDCA,
initially introduced in therapy to counteract the cholestatic components of PBC, was subsequently shown to
have also anti-inflammatory and immunomodulatory
properties (Table 2). The use of farnesoid X receptor
agonists in animal models of cholestasis has confirmed
that bile acids are not only toxicants and inflammagens,
but also repressors of innate and adaptive immunity[136].
In fact, other than a well-established role in the digestion
and absorption of dietary lipids, bile acids are currently
recognized as signaling molecules in a wide range of
metabolic processes in which they contribute to improve
hyperglycemia and insulin resistance[137].
For this reason, understanding the complexity of the
inflammatory mechanisms leading to bile duct epithelial
injury represents a crucial step for the future development of therapies aimed at inhibiting ongoing biliary
tract destruction in PBC. Both oxidative and nitrosative
injurious mechanisms are effectors of damage in the liver, and therefore, interventions aimed at rectifying these
processes may have therapeutic effects. Recently, UDCA
has shown to protect against oxidative and nitrosative
stress, at least in the early stages of PBC[65,138].

Effective dose: 13-15 mg/kg per day indefinitely
Mechanisms of action
Promotion of endogenous bile acids secretion
Replacement of hepatotoxic (endogenous) bile acids
Stabilization of biliary epithelial cell membranes
Alteration of HLA Ⅰ-Ⅱ expression on biliary epithelial cell
Inhibition of biliary cell apoptosis
Improvement of hepatocyte redox status
Signaling for glucose and insulin metabolic pathways
Delays disease progression and improves transplant-free survival

and thioredoxin[121], or NADPH, GSH-reductase, GSH,
and glutaredoxin [122], respectively. Within mitochondria, thioredoxin and glutaredoxin play critical roles in
controlling protein folding and regulating cell growth/
apoptosis[123-126]. An experimental-computational study
converged on the idea that GSH/thioredoxin scavenging
systems in mitochondria are both essential for keeping
minimal levels of H2O2 emission[127]. The crosstalk between these two systems may support each other’s functions, but could not substitute for each other, probably
due to their respective functions and different substrates.
Thioredoxin is more active in catalyzing the reduction of
intra- or inter-chain disulfides of protein substrates, is an
electron donor for peroxiredoxins, a major player in the
elimination of H2O2[128], and regulates the activity/activation of transcription factors or apoptosis signaling factors through modulating the redox-regulatory disulfides
of the protein. Mitochondrial thioredoxin in the reduced
form is usually an indicator of cell survival, while the
predominance of its oxidized form is an indicator of cell
death. Glutaredoxin is not inactivated by oxidation[122]
and its insensitiveness increases the chance of protecting mitochondrial thioredoxin from oxidation when the
reductase is inactivated. It is specifically active in catalyzing the deglutathionylation of proteins at the expense of
GSH.
Protein S-glutathionylation is an important reversible
post-translational modification of proteins that performs thiol-redox signaling for many cellular events, including apoptosis[129]. Indeed, it is known that nitrosative
stress is critically important in promoting S-nitrosylation
and S-glutathiolation of various mitochondrial proteins,
leading to mitochondrial dysfunction, decreased energy
supply[130], and increased hepatic injury[130]. With the progression of cholestasis, however, the decreased availability of thioredoxin, together with excess NO and GSH
depletion[131], may result in enhanced protein nitrosation[76] and PSH oxidation. These events have obviously
negative consequences for hepatocyte survival and bile
duct integrity[78,132]. Of course, whether over-expression
of mitochondrial glutaredoxin and thioredoxin systems
might have therapeutic potential in diseases such as PBC
where mitochondrial oxidation plays a dominant role is
an intriguing challenge for future investigations.
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multidrug-resistant TB is another major worry due to
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Core tip: Treatment of tuberculosis (TB) in patients
with underlying cirrhosis is a challenge because of the
compromised liver functions and high risk of hepatotoxicity. There is no consensus regarding the treatment
and monitoring of TB in this group of patients. This
paper reviews the differences in diagnosis, treatment,
monitoring, hepatotoxicity and other issues in treatment of TB in patients with cirrhosis. Suggestions for
treatment of TB in patients with different grades of cirrhosis, as well as monitoring guidelines, are provided.
Finally, issues such as liver transplantation, multidrugresistant TB and reactivation of TB by interferon are
briefly reviewed.

Abstract
Tuberculosis (TB) has been a human disease for centuries. Its frequency is increased manyfold in patients
with liver cirrhosis. The gold standard of TB management is a 6-mo course of isoniazid, rifampicin, pyrazinamide and ethambutol. Although good results are seen
with this treatment in general, the management of patients with underlying cirrhosis is a challenge. The underlying depressed immune response results in alterations in many diagnostic tests. The tests used for latent
TB have many flaws in this group of patients. Three
of four first-line antitubercular drugs are hepatotoxic
and baseline liver function is often disrupted in patients
with underlying cirrhosis. Frequency of hepatotoxicity
is increased in patients with liver cirrhosis, frequently
leading to severe liver failure. There are no established
guidelines for the treatment of TB in relation to the
severity of liver disease. There is no consensus on the
frequency of liver function tests required or the cutoff used to define hepatotoxicity. No specific treatment
exists for prevention or treatment of hepatotoxicity,
making monitoring even more important. A high risk of

WJG|www.wjgnet.com

Kumar N, Kedarisetty CK, Kumar S, Khillan V, Sarin SK. Antitubercular therapy in patients with cirrhosis: Challenges and
options. World J Gastroenterol 2014; 20(19): 5760-5772 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i19/5760.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5760

INTRODUCTION
Tuberculosis (TB) has afflicted humans for many centuries[1]. About one-third of the world’s population is infected with Mycobacterium tuberculosis (M. tuberculosis). TB is
widely prevalent worldwide, especially in the developing
countries in Africa and Asia, with an estimated 40%-50%
of the adult population being infected[2]. India has the
highest TB burden in the world according to World
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Health Organization (WHO) statistics for 2011, giving an
estimated incidence of 2.2 million cases in India out of a
global incidence of 8.7 million cases[3]. Primary infection
with M. tuberculosis leads to clinical disease in only approximately 10% of individuals and in the rest, latent TB infection develops. In 5%-10% of latently infected persons,
the infection reactivates and causes active TB[4]. The progression from latent infection to active disease depends
on a number of factors, of which the most important is
the presence of an underlying immunodeficient state[5].
Cirrhosis is a widely prevalent disease that leads to immunosuppression and a higher prevalence of TB than in
the general population[6]. However, treatment in patients
with underlying cirrhosis is complicated by poor tolerance, higher incidence of hepatotoxicity, no consensus
regarding monitoring and treatment regimens, and higher
chances of multidrug-resistant (MDR) TB. This paper
reviews the differences in diagnosis, treatment, monitoring, hepatotoxicity and other issues in treatment of TB in
patients with cirrhosis.

Cirrhosis-associated immune dysfunction
Cirrhosis-associated immune dysfunction syndrome is
a multifactorial process in which the ability to clear cytokines, bacteria and endotoxins from the circulation is
decreased[14]. The liver is the major organ of the reticuloendothelial system and contains 90% of the cells of
the reticuloendothelial system that are central to clearing
bacteria, such as Kupffer cells and sinusoidal endothelial
cells[14]. There is reticuloendothelial system dysfunction
in patients with cirrhosis, which leads to significantly reduced monocyte spreading, chemotaxis, bacterial phagocytosis, and bacterial killing in cirrhosis compared with
controls, and hence compromised innate immunity[14].
These patients also have decreased neutrophil mobilization and phagocytic activity with reduced oxidative
bursts; a phenomenon that has been shown to correlate
with the severity of liver disease. Hyperammonemia and
hyponatremia have been shown to lead to reduced neutrophil function and impaired phagocytosis[15]. Furthermore, specific etiology of liver disease, such as alcohol
and hepatitis B and C, have been shown to be associated
with additional impairment in immune function and/or
increase in proinflammatory cytokines[16].
Toll-like receptors (TLRs) are encoded pattern recognition receptors that play a central role in host cell recognition and responses to microbial pathogens. About 10
functional human TLRs (TLR1-10) have been described;
each one being involved in the sensing of distinct microbial products[17]. TLR-2 is capable of recognizing
pathogen-associated molecular patterns expressed by M.
tuberculosis, such as a 19-kDa lipoprotein, lipoarabinomannan, and soluble TB factor[18]. Immune evasion allows
M. tuberculosis to establish persistent or latent infection
in macrophages and results in TLR-2-dependent inhibition of MHC class Ⅱ transactivator expression, MHC
class Ⅱ molecule expression, and antigen presentation[19].
TLR-2 genetic polymorphisms have been shown to influence susceptibility to pulmonary TB. TLR-2 variants play
a role in the development of TB phenotypes, probably
by controlling the expansion of natural killer cells[20]. Patients with stable alcoholic chronic liver disease show an
attenuated TLR-2-mediated innate immune response[21].
The extent to which cirrhosis interacts with TLR polymorphism in promoting mycobacterial immune evasion
is not known.

CIRRHOSIS AND TB
Prevalence and relationship
Liver cirrhosis is also a relatively common condition with
autopsy studies showing a prevalence of 5%-10%[6]. Evidence suggests a higher prevalence of TB in patients with
cirrhosis as compared to the general population. The
high incidence of TB in patients with cirrhosis has been
ascribed mainly to immune dysfunction with associated
higher virulence as compared to the general population[7].
In a cohort study of patients with liver cirrhosis from
Denmark (1977-1993), the incidence of TB was 168.6
per 100000. It was highest in men aged > 65 years, with
an incidence of 246 per 100000[8]. Furthermore, patients
with cirrhosis who acquired TB had a poor prognosis in
that study. A study conducted in Western India showed
that the prevalence rate was 15 times higher than in the
general population[9]. Another study from India showed
that there is nearly five times higher prevalence of TB in
cirrhosis patients (8.1%) compared to the general population (1.6%), with pulmonary TB being the commonest
form[10].
Pulmonary TB is generally responsible for 80%-85%
of all cases of TB reported[11]. Cirrhosis has been suggested as a risk factor for extrapulmonary TB in a previous study[12]. In a Korean study, 31% patients with
cirrhosis had extrapulmonary TB, as compared to 12%
in the non-cirrhosis control group with a predominance
of peritoneal TB[7]. There are several reports of unusual
manifestation of TB in patients with cirrhosis[13]. Little
is known about the immunopathogenesis of TB in such
clinical conditions. Although most of the host defense
systems, especially the clearance capacity of the reticuloendothelial system, are thought to be diminished in
patients with cirrhosis, there is no simple explanation as
to how this immune dysfunction results in patients being
more likely to develop extrapulmonary TB than pulmonary TB.
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Diagnosis of TB in cirrhosis
Diagnosis of latent as well as clinical TB can be challenging in the setting of cirrhosis. There can be overlap
between the symptoms of TB and decompensation of
cirrhosis leading to delay in diagnosis. These patients
demonstrate impaired delayed-type hypersensitivity;
hence, there is a higher likelihood of false-negative tuberculin test results[22]. The exact mechanism of anergy
to skin testing is not well known. Schirren et al[23] have
shown that, although in patients with alcoholic liver cirrhosis, T-cell-dependent functions are impaired in vivo,
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T-cell-activation pathways are not responsible for the
observed immune defect. A strong association was observed between increased soluble intercellular adhesion
molecule (ICAM)-1 concentrations and impairment of
delayed-type hypersensitivity skin tests, suggesting that
soluble ICAM-1 may be implicated in the immune depression seen in patients with chronic liver disease[24]. In
the same study, serum alkaline phosphatase levels were
also correlated with the impaired delayed-type hypersensitivity skin test[24]. The tuberculin skin test (TST) is further
confounded by the etiology of cirrhosis. A recent study
by Çelikbilek et al[25] showed that TST findings were more
often falsely positive in the end-stage liver disease caused
by viral as compared to nonviral etiology.
Interferon (IFN)-γ release assay(IGRA) is an alternative to purified protein derivative (PPD) testing. The test
requires only a single contact with a patient. In addition,
unlike the PPD, which is subject to interpretation bias,
IFN-γ release assays are machine read and have single
cut-offs. Thus, there is little subjectivity to the reading of
results. IFN-γ-release assays have been tested and found
to perform reasonably well in healthy populations as well
as in patients with end-stage liver disease[26]. Several controversies still exist regarding their operational value, such
as their discordance with the TST, role in immunocompromised subgroups, role in healthcare workers, role of
serial testing, and ability to identify people who are likely
to progress to active[27]. In high-burden settings, IFN-γ release assays tend to have decreased sensitivity because of
the confounding effects of malnutrition, nontuberculous
mycobacterium (NTM) exposure (especially Mycobacterium
kansasii and Mycobacterium marinum), leprosy, and parasitic
and other tropical infections that may alter the host T
helper 1/T helper 2 cell balance[28].
Great efforts have been made globally to accelerate
the development and expansion of new diagnostic technologies. However, pulmonary TB case detection remains
dependent upon sputum smear and culture, radiography
and clinical symptomatology. The role of sputum smear
and radiography in the presence of cirrhosis is similar
to that in patients without underlying cirrhosis. The
M. tuberculosis-specific nucleic acid amplification tests
(NAAT) performed on bronchopulmonary specimens
is the most frequently used molecular test for laboratory
diagnosis of pulmonary TB. NAAT results can be available to the clinician within 1 d after obtaining sputum
or bronchoalveolar lavage (BAL) fluid and can have
important implications for the management of patients.
Unfortunately, NAAT amplification targets are not standardized and the diagnostic accuracy of the tests is highly
heterogeneous[28,29]. In individuals with positive acid-fast
bacillus (AFB) sputum smears, the sensitivity of NAAT
to detect M. tuberculosis nucleic acid on these specimens
is > 95%[29]. When AFBs are found on sputum or BAL
smears, the presumptive diagnosis of TB can thus be
rapidly confirmed. Apart from rare exceptions, a negative
NAAT result in this situation strongly indicates the presence of an NTM species. Currently available serological
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tests cannot be recommended for the diagnosis of TB
because of poor sensitivity and specificity. Recently, Steingart and colleagues conducted a meta-analysis of the
published studies of distinct single antigens and multipleantigen combinations in terms of their performance in
diagnosing pulmonary TB[30]. The authors concluded
that none of the antigen sensitivity was high enough to
replace sputum smear microscopy. A recent test has been
approved by the FDA (MTB/RIF test), which provides
sensitive detection of TB and rifampin resistance directly
from untreated sputum in < 2 h with minimal hands-on
time. The role of this test in cirrhosis needs to be evaluated as the proportion of patients with pulmonary TB is
much lower than in the general population[31].
The diagnosis of extrapulmonary TB in cirrhosis
is similar to the disease in the general population. TB
peritonitis possibly mimics spontaneous bacterial peritonitis. TB peritonitis occurs in less-advanced cirrhosis
and ascitic fluid analysis usually shows lower white blood
cell counts, higher proportions of mononuclear cells,
and higher levels of protein and adenosine deaminase
(ADA)[32]. In developed countries where TB peritonitis
is uncommon, the diagnosis of TB peritonitis should
prompt a workup for cirrhosis. In a study from the United States, > 50% of TB peritonitis cases had underlying
cirrhosis, predominantly alcohol-related[33]. Although
ADA level is generally helpful in the detection of TB
peritonitis, the presence of cirrhosis may reduce its sensitivity to 30%[33-35]. In addition, abdominal TB is a paucibacillary disease and AFB smears are generally negative
in such patients. Sometimes the TB manifestation in cirrhosis could be just the worsening of the liver function.
Drugs used in tuberculosis
There is no consensus regarding the use of antitubercular drugs in patients with cirrhosis. The potential hepatotoxicity of antitubercular drugs is a major concern. First,
in the setting of pre-existing liver disease, the likelihood
of developing drug-induced hepatitis may be higher. Second, the outcome of drug-induced hepatitis in patients
with compromised liver function may be poor. Third,
monitoring of drug-induced hepatitis may be confounded in the presence of underlying liver disease due to fluctuating liver function tests related to the pre-existing liver
disease[36-38].
First-line drugs
Isoniazid: Isoniazid is a synthetic analog of pyridoxine
and the most potent tuberculocidal drug[39]. It is an essential component of all regimens. Isoniazid is effective
against both intra- and extracellular organisms because it
inhibits the synthesis of mycolic acids in the bacterial cell
wall[39]. Isoniazid is metabolized in the liver through two
main pathways. Acetyl hydrazine, a nontoxic metabolite,
is formed when metabolism proceeds along the N-acetyltransferase (NAT) 2 pathway, while hydrazine, the toxic
metabolite, is formed when it proceeds along the amidase
pathway[40]. Most previous research had identified acetyl
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hydrazine as the toxic metabolite of isoniazid[41,42]. Later
studies, however, suggested that hydrazine, and not isoniazid or acetyl hydrazine, was most likely to be the cause
of isoniazid-induced hepatotoxicity[43].
An asymptomatic, self-limited increase in aminotransferase levels is observed in the majority of patients treated with isoniazid, which does not progress to more serious forms of liver injury[44]. Frequency of liver damage
increases with age and in general is < 2%. A meta-analysis of six studies estimated the rate of clinical hepatitis in
patients given isoniazid alone to be 0.6%[45]. Hepatotoxicity due to isoniazid therapy seems to be idiosyncratic in
most patients and does not recur with rechallenge, hence,
it can be reintroduced after complete clinical recovery[46].

Second-line antitubercular drugs
The second-line drugs are considered as the reserved
therapy for TB. These drugs are often used in special
conditions. When situations like resistance to first-line
therapy, extensively drug-resistant tuberculosis (XDRTB) or MDR-TB arise, the second-line drugs are implemented[56]. These include: (1) aminoglycosides such as
amikacin and kanamycin; (2) polypeptides such as capreomycin, viomycin and enviomycin; (3) fluroquinolones
such as ciprofloxacin, levofloxacin and moxifloxacin; (4)
thioamides such as ethionamide and prothionamide; (5)
cycloserine; and (6) terizidone.
Third-line antitubercular drugs
Third-line antitubercular agents include rifabutin, macrolides (clarithromycin), linezolid, thioacetazone, thioridazine, arginine, and vitamin D. These drugs may be considered third-line because they are not very effective (e.g.,
clarithromycin) or because their efficacy has not been
proven (e.g., linezolid)[57].

Rifampicin: Rifampicin is a bactericidal agent that inhibits mycobacterium DNA-dependent RNA polymerase.
It has profound early bactericidal activity against rapidly
dividing cells and also against semidormant bacterial
populations[47]. Transient elevation of hepatitis enzymes
are however routinely observed in these patients. However, they return to normal on continuation of therapy.
Yee et al[48] reported a rate of 0.05 per 100 person-months
for hepatitis caused by rifampicin. Conjugated hyperbilirubinemia probably results from rifampicin inhibiting
the major bile salt exporter pump, impeding secretion of
conjugated bilirubin at the canalicular level[49]. Rifampicin
can cause hepatocellular changes such as centrilobular
necrosis, associated with cholestasis[37].

ANTITUBERCULAR THERAPY IN
CIRRHOSIS: THE CHALLENGES
Challenges in the treatment of TB in patients with cirrhosis arise because three of the first-line antitubercular
drugs are potentially hepatotoxic. The administration
of these drugs can lead to worsening liver function with
decompensation of stable cirrhosis and sometimes cause
fulminant hepatic failure, with a high mortality. There
is no consensus on the drugs to be given for different
grades of liver injury, although the WHO guidelines mention that the more unstable or severe the liver disease is,
the fewer hepatotoxic drugs should be used[58].

Pyrazinamide: Pyrazinamide is a weak bactericidal drug.
Its active form, pyrazinoic acid, disrupts the bacterial
membrane and inhibits membrane transport functions. It
exerts greatest activity against the population of dormant
or semidormant organisms contained within macrophages or the acidic environment of caseous foci[50]. Historically, it was considered the most hepatotoxic antitubercular drug. When the drug was first introduced in the
1950s, a high incidence of hepatotoxicity was reported
and the drug was nearly abandoned[51]. This appeared to
be related to the high dosage of 40-70 mg/kg used at
that time. Toxicity is rare when pyrazinamide is used at a
daily dose of < 35 mg/kg[52]. In murine models, pyrazinamide inhibits CYP45058 activity and NAD59 levels are
altered in association with free-radical-species-mediated
hepatotoxicity[53]. Bridging necrosis, lymphocytic infiltration, focal cholestasis, increased fibrosis, and micronodular cirrhosis have been observed in the liver of a patient
who died of rifampicin- and pyrazinamide-induced hepatotoxicity[54]. The rate of hepatotoxicity of pyrazinamide
monotherapy in its currently used dose is unknown.
However, more data on the safety of pyrazinamide are
needed to clarify its use in patients with cirrhosis.

Incidence of antitubercular drug hepatotoxicity
There is a high incidence of hepatotoxicity ranging from
2% to 28%. TB is usually treated with multiple drugs
to prevent emergence of MDR strains. This makes the
determination of the exact drug responsible for hepatotoxicity difficult. Temporal data are sometimes helpful
in providing evidence for hepatotoxicity of particular
drugs. Therefore, there are limited data on toxicity rates
of individual antitubercular drugs, except for isoniazid,
which has been widely used as prophylactic monotherapy
for latent TB infection. A meta-analysis of development
of toxic hepatitis with isoniazid and rifampicin alone and
in combination was done by Steele et al[59]; a summary of
which is provided in Table 1.
An asymptomatic, self-limited increase in aminotransferase levels was observed in most patients treated with
isoniazid. Approximately 0.5% of all patients treated with
isoniazid monotherapy for latent TB developed clinically
important increases in aminotransferase levels in a large
study. The percentage was higher in combination thera-

Ethambutol: Ethambutol is a bacteriostatic antibiotic
approved for the treatment of TB. It works by preventing the formation of the bacterial cell wall. Hepatotoxic
effects of this agent are not clinically significant[55].
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Table 1 Incidence of hepatotoxicity of isoniazid and rifampi[49]
cin individually, and in combination
Drugs used
INH
RIF
INH + RIF
INH + other drugs
RIF + other drugs

Total no. of
patients

Patients with
hepatotoxicity

Incidence of
hepatotoxicity

38257
NA
6155
2053
1264

210
NA
168
33
14

0.6%
NA
2.73%
1.6%
1.1%

Treatment in decompensated cirrhosis
Treatment of TB in decompensated cirrhosis is challenging because treatment is a double-edged sword. Treatment may lead to hepatotoxicity and progressive TB may
lead to liver decompensation. Treatment regimens should
ideally contain one of either isoniazid or rifampicin
because they are the most potent antitubercular drugs.
Currently, rifampicin is generally the preferred single
hepatotoxic agent due to its potentially lower hepatotoxicity, although this has not been proven in an RCT. The
high efficacy of isoniazid against mycobacteria warrants
a head to head comparison between isoniazid and rifampicin when only one agent can be used. Other agents that
are combined in regimens with single hepatotoxic agents
include ethambutol, fluoroquinolone, injectable aminoglycoside, and cycloserine. No data on duration of therapy are available but treatment duration usually exceeds 12
mo, depending upon the site and extent of the disease.
In patients with advanced liver disease with complications of cirrhosis and signs of liver failure, it may not be
possible to use even a single hepatotoxic drug. The presence of hepatorenal syndrome or other renal dysfunction further complicates the situation, limiting the use of
aminoglycosides. Altered mental status may also hamper
administration of oral drugs. The outcome in such group
patients is poor, with high mortality due to the underlying poor hepatic function. There are no data to guide
the choice of agents or the duration of treatment, or
that indicate the effectiveness of such a regimen. Expert
opinion suggests that a regimen of this sort should be
given for at least 18-24 mo[58]. The American Thoracic
Society (ATS) guidelines advise the use of ethambutol
with fluoroquinolone, cycloserine and capreomycin or
aminoglycoside for 18-24 mo if the patient has liver cirrhosis with encephalopathy[45]. Proposed regimens are: (1)
rifampicin, ethambutol, fluoroquinolone with/without
aminoglycoside for 9-12 mo; (2) isoniazid, ethambutol,
fluoroquinolone with/without aminoglycoside for 9-12
mo; and (3) ethambutol, fluoroquinolone with/without
aminoglycoside for 12-24 mo.
We propose treatment options according to Child’s
class as shown in Table 3. Studies are needed in this grey
zone. It would be interesting to evaluate the safety and
efficacy of low-dose isoniazid and rifampicin in advanced
decompensated cirrhosis.
There is generally no difference in treatment of pulmonary or extrapulmonary TB but there could be a need
for prolongation of antitubercular therapy in cases of
central nervous system or skeletal TB. Bone infections
have always been difficult to eradicate, which is why prolonged antitubercular therapy (9-18 mo) is routinely prescribed in endemic countries such as India[76]. No consensus or data on the duration of antitubercular therapy in
these conditions with concomitant cirrhosis is available.

INH: Isoniazid; RIF: Rifampicin.

py[59]. Isoniazid-induced hepatotoxicity is seen mainly as
hepatocellular steatosis and necrosis, and it has been suggested that toxic drug metabolites may bind covalently to
cell macromolecules[60].
Hepatotoxicity associated with rifampicin is usually
idiosyncratic. Rifampicin may occasionally cause dosedependent interference with bilirubin uptake due to
competition with bilirubin for clearance at the sinusoidal
membrane, resulting in mild, asymptomatic unconjugated
hyperbilirubinemia or jaundice without hepatocellular
damage. Occasionally, rifampicin can cause hepatocellular
injury and can potentiate hepatotoxicity of other antitubercular drugs[49].
Hepatotoxicity is a major toxic effect of pyrazinamide. Previously reported studies have shown high rates
of hepatotoxicity with high doses of pyrazinamide. Doses used currently (< 35 mg/kg per day) are considered
much safer[60].
A study by Park et al[38] in patients with chronic liver
disease and TB found that the incidence of hepatotoxicity was 17%, with no difference in patients with or
without cirrhosis. The incidence of antitubercular-druginduced hepatotoxicity when used as part of combination
regimens in various studies is shown in Table 2[38,61-75].
Treatment of TB in compensated cirrhosis
Due to better functional reserve, patient with compensated cirrhosis have more treatment options and better tolerability. There has been no study to date comparing the
full antitubercular therapy course with regimens containing only two potentially hepatotoxic drugs. Some authors
do not favor the use of pyrazinamide, but at currently
used doses, pyrazinamide has not been shown to be more
hepatotoxic as compared to isoniazid or rifampicin[60].
Pyrazinamide is generally substituted with a fluoroquinolone or an aminoglycoside as per the clinician preference.
It is prudent to use only two hepatotoxic drugs in treating compensated cirrhosis until a randomized controlled
trial (RCT) proves the safety of low-dose pyrazinamidecontaining combinations of three potentially hepatotoxic
drugs. Proposed regimens are: (1) rifampicin, isoniazid,
pyrazinamide and ethambutol for 2 mo followed by 4 mo
rifampicin and isoniazid; (2) rifampicin, isoniazid, fluoroquinolone/aminoglycoside and ethambutol for 2 mo
followed by 4 mo rifampicin and isoniazid; and (3) rifampicin, isoniazid, and ethambutol for 2 mo followed by 7
mo rifampicin and isoniazid.
WJG|www.wjgnet.com

Monitoring for development of hepatotoxicity
Drug induced liver injury usually occurs in the first 2
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Table 2 Studies on hepatotoxicity of antitubercular drugs in combination therapy
Ref.

Definition of hepatotoxicity

Incidence

Døssing et al[61] 1996
Ormerod et al[62] 1996
Tost et al[63] 2005

AST > 6 × ULN and confirmation by re-challenge
ALT > 5 × pre-treatment level
ALT/AST > 10 × ULN

2.0
2.3
2.6

Yee et al[48] 2003
Van Hest et al[64] 2004
Teleman et al[65] 2002
Fernández-Villar et al[66] 2004

ALT > 3 × ULN
ALT > 5 × ULN
ALT/AST > 3 × ULN
ALT/AST > 5 × ULN

3.0
3.4
5.3
8.1

Pukenyte et al[67] 2007

ALT > 5 × ULN

10.7

Schaberg et al[68] 1996
Saigal et al[69] 2001

ALT/AST > 3 × ULN
AST/ALT > 5ULN or > 400 IU/mL
Bilirubin rise > 2.5 mg/dL
ALT/AST > 5 × ULN
ALT > 3 × ULN

11.0
12.9

ALT/AST > 5 × ULN, or any increase + symptoms
ALT > 3 × ULN

16.1

ALT/AST > 3 × ULN
ALT > 3 × ULN with or > 5 × ULN without
symptoms
AST > 3 × ULN

19.0
27.7

Female sex, total no. of hepatotoxic drugs administered
and baseline ALP levels
HIV or hepatitis C infection
No significant risk factors

ND

Advanced age, high alcohol intake, slow acetylators

Breen et al[70] 2006
Huang et al[71] 2003
Sharma et al[72] 2002
Park et al[38] 2010
Ungo et al[73] 1998
Sharifzadeh et al[74] 2005
Pande et al[75] 1996

13.0
15.0

17.0

Risk factors
Female sex, advanced age
Advanced age
Alcoholism, hepatitis B carrier state, other
hepatotoxic drugs
Advanced age, female sex, Asian, HIV positive
Female gender
Abnormal baseline values, female sex, advanced age
Abnormal baseline liver function, low BMI,
hepatitis B/C, other drugs
Baseline CD4 < 100 cells/mL, bilirubin > 13 mmol/L or
ALT > 51 U/L
Advanced age, past history of hepatitis, female sex
Advanced child status
HIV infection, Asian
Advanced age, low BMI, slow acetylator
status, CYP2E1 c1/c1 genotype
Advanced age

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; ULN: Upper limit of normal; BMI: Body mass index; HIV:
Human immunodeficiency virus.

be supplemented by liver function tests in between if
clinically warranted (Figure 1).

Table 3 Proposed treatment according to stage of liver
disease
Child’s status
A

B

C

Diagnosis of hepatotoxicity
The definition of hepatotoxicity in patients with previous liver diseases is controversial, because of difficulty
in defining the influence of the natural evolution of the
underlying liver disease. There is a need to define better
the level of aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) and serum bilirubin at which
to consider hepatotoxicity to avoid unnecessary treatment withdrawal and to avoid dangerous continuation
of antitubercular therapy when hepatotoxicity has set in.
The baseline AST/ALT and serum bilirubin are already
elevated prior to the institution of antitubercular therapy.
Although it is generally recommended that therapy be interrupted when transaminase levels increase to 3-5 times
the upper limit of normal, this limit has not been defined
in patients with transaminase values already elevated
before starting therapy[79]. Schenker et al[80] reported that
elevations in the ALT and/or AST levels to 50-100 IU/
L more than the baseline levels might define toxicity. In
a study by Saigal et al[69], hepatotoxicity was diagnosed if
ALT/AST levels increased to more than fivefold of the
baseline level, or to more than 400 IU/L, or if the bilirubin increased by 2.5 mg/dL after exclusion of superimposed acute hepatitis. The role of fibroscan and other

Treatment
Two hepatotoxic drugs can be used namely isoniazid
and rifampicin with/without pyrazinamide (low dose).
Duration 6-9 mo
Ideally one hepatotoxic drug is used in combination.
Pyrazinamide generally avoided
Duration generally 9-12 mo
No hepatotoxic drugs to be used. Can use second-line
drugs like streptomycin, ethambutol, fluoroquinolones,
amikacin, kanamycin for extended duration of 12 mo or
more. Role of aminoglycosides may be limited due to
reduced renal reserve in these patients

mo of treatment. Clinical, biochemical and histological
features of drug hepatotoxicity are hard to distinguish
from viral hepatitis[44,77]. The signs and symptoms of liver
injury include but are not limited to jaundice, abdominal
pain, nausea, vomiting and asthenia[78]. Antitubercular
treatment drug hepatotoxicity (ATDH) is usually reversible on withdrawal of the offending drug. Monitoring
liver function tests more frequently at the start of therapy
is a reasonable way to identify these patients. No recommendation for monitoring interval duration exists but
once weekly liver function test for the initial 2 mo followed by once monthly should be reasonable. It should
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to cause hepatotoxicity than isoniazid. There is no data
on reintroduction of pyrazinamide after development of
hepatotoxicity episode. The rationale for reintroduction is
that majority of hepatotoxicity episodes are hepatic adaptation and it is likely that rechallenge in a gradual manner
may be easily tolerated without any evidence of hepatotoxicity. If any single drug is implicated as the cause, it is
permanently eliminated from the regimen. If a second
episode of hepatotoxicity occurs after full institution of
antitubercular therapy, all hepatotoxic drugs should be
stopped and extended duration antitubercular therapy
with no potentially hepatotoxic drugs should be provided
(Figure 2).

Toxic potential of drug
Reactive metabolite
Mitochondrial effects

Genetic factors
Drug metabolism
Detoxification

Environmental factors
Other drug
Alcohol
Age
Liver reserve

Liver transplantation
ATDH can worsen the liver function in patients with cirrhosis and lead to drug withdrawal. This makes the situation difficult because ongoing infection is generally considered as a contraindication for liver transplantation. In
these cases, the strategy for the treatment of TB is poorly
defined. In patients with acute decompensation and/or
intolerance of antitubercular drugs, liver transplantation
has been performed on an urgent basis[84]. In such cases
in a post-transplantation setting, rifampicin should be
used carefully because drug interactions may change the
drug levels significantly and switching to rifabutin may
be beneficial[85]. There is also a risk of graft rejection by
rifampicin-induced reduction in the level of immunosuppressant because rifampicin is a strong enzyme inducer.

Figure 1 Interaction of factors to produce hepatotoxicity in cirrhosis.

newer blood test needs to be evaluated in early detection
of hepatotoxicity and for differentiation of hepatic adaptation from toxicity.

REINSTITUTION OF ANTITUBERCULAR
DRUGS
Guidelines for management of ATDH have been published by the ATS, British Thoracic Society (BTS), Task
Force of the European Respiratory Society, WHO and
International Union against Tuberculosis and Lung Disease[81-83]. No universally accepted consensus on management is available. All confounding factors like superimposed acute viral hepatitis and recidivism towards alcohol
should be investigated. Usually, asymptomatic transaminase
elevation resolves spontaneously. When the initial antitubercular regimen has been interrupted due to hepatotoxicity, it is reasonable to maintain at least 3 nonhepatotoxic
drugs if possible. These generally include ethambutol, a
fluoroquinolone and an aminoglycoside.
After TB treatment has been stopped because of
hepatotoxicity, both the BTS and ATS advise restarting
the antitubercular drugs one at a time. The Task Force
advises restarting all the drugs simultaneously; after a
second episode of hepatotoxicity the drugs need to be
reintroduced consecutively. These recommendations are
in general and not specific to groups of patients with
underlying cirrhosis. It is more prudent to start one drug
at a time after the serum bilirubin and AST/ALT levels
have returned to near the baseline. After bilirubin and
AST/ALT levels return to baseline, rifampicin may be restarted first at a reduced dose of 150 mg/d and increased
every 3 d with simultaneous liver function test monitoring to the full dose. After successful reintroduction of
one hepatotoxic drug, the second agent isoniazid may
be restarted at a reduced dose of 50 mg/d and increased
slowly every 3-4 d like rifampicin. Rifampicin is generally restarted first because it is thought to be less likely
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Special situations
Hepatitis B and/or C infections are common causes of
the chronic liver disease that is frequently seen in populations at risk for TB infection, and these patients have
increased risk of ATDH. In a study from Korea, amongst
110 inactive hepatitis B surface antigen (HBsAg) carriers
and 97 controls without hepatitis B infection, 38 inactive
HBsAg carriers (35%) and 19 controls (20%) developed
elevated liver enzyme levels during antitubercular therapy
(P = 0.016). A higher proportion of inactive HBsAg carriers who received antitubercular therapy experienced
moderate-to-severe drug-induced hepatotoxicity when
compared with the controls (8% vs 2%, P < 0.05)[86].
Ungo et al[73] showed that the relative risk of developing
hepatotoxicity if the patient had hepatitis C or was HIV
positive was fivefold and fourfold, respectively (P < 0.05).
If a patient was co-infected with hepatitis C and HIV, the
relative risk of developing drug-induced hepatitis was increased by 14.4-fold (P < 0.002). Alcoholism is associated
with a higher risk of ATDH because of enzyme induction. Patients with ongoing alcohol abuse and concomitant use of other hepatotoxic drugs also have an increased
risk of hepatotoxicity. In the USPHS surveillance study[87],
alcohol consumption appeared to more than double the
rate of probable isoniazid hepatitis, with daily consumption increasing the rate more than four times. It is highly
likely that this subgroup of patients may have additional
risk for hepatotoxicity as compared to other patient
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Baseline AST/ALT,
bilirubin, creatinine

Initiation of ATT according to
grade of cirrhosis
Close clinical surveillance, weekly LFT
Maintain serum albumin > 3 gm/dL

Rise in AST/ALT or bilirubin
Development of nausea, vomiting,
abdominal pain, jaundice or fatigue

Hepatitis screen to rule out
superadded viral hepatitis
or HBV reactivation

AST/ALT > 5ULN or > 400 IU/mL
S. Bilirubin increase > 2.5 mg/dL
from baseline

Attempt to continue 3
non hepatotoxic drug

ATDT
ESTABLISHED

Complete full ATT
Stop temporary Drugs

Similarly
introduce
Isoniazid if
required

Stoppage of all
hepatotoxic drugs

Increase by 150 mg
every 7-14 d till full
dose (450 mg/d)

Rifampicin tolerated

Wait for AST/ALT
and Bilirubin to
return to baseline
or < 2ULN

Restart with 150 mg/d
rifampicin

LFT every 3-7 d

Continue 2-3 non
hepatotoxic drug

Figure 2 Proposed algorithm for monitoring and management of Antitubercular treatment drug hepatotoxicity. ALT: Alanine aminotransferase; ATDH: Antitubercular treatment drug hepatotoxicity; AST: Aspartate aminotransferase; ULN: Upper limit of normal; ATT: Antitubercular therapy; LFT: Liver function test.

groups with cirrhosis, and warrants close monitoring.
Genetic polymorphisms in drug-metabolizing enzymes affect enzyme activity. This may lead to differences
in treatment response or drug toxicity, for example, due
to an increased formation of reactive metabolites. Data
on genetic risk factors for ATDH are still limited. Human genetic studies have shown that cytochrome P450
2E1 (CYP2E1) is involved in ATDH. Huang et al[71] demonstrated that slow acetylators for isoniazid have a more
than twofold risk of developing ATDH compared with
fast acetylators. Deficiency of glutathione S-transferase
(GST) activity, because of homozygous null mutations at
GSTM1 and GSTT1 loci, may modulate susceptibility to
drug- and xenobiotic-induced hepatotoxicity. Polymorphisms at GSTM1, GSTT1 and CYP2E1 loci have been
linked to various forms of liver injury[88].

sociated with increased risk of hepatotoxicity will be
helpful but is currently not available in the clinical setting.
NAT2 genotype could be used to divide patients into low
and high isoniazid dose groups. N-Acetyl cysteine (NAC)
has been shown in one study to prevent antituberculartherapy-induced hepatotoxicity[89]. In that RCT, 60 new
TB patients aged ≥ 60 years were randomized into two
groups. In Group Ⅰ (n = 32), the drug regimen included
daily doses of isoniazid, rifampicin, pyrazinamide, and
ethambutol. Patients in Group Ⅱ (n = 28) were treated
with the same regimen and NAC. The mean values of
aspartate aminotransferase and alanine aminotransferase
were significantly higher in group Ⅰ than in group Ⅱ
(with NAC) after 1 and 2 wk of treatment[89]. This study
proved that NAC protects against antitubercular-drug-induced hepatotoxicity. More studies are needed on the potentially protective effect of such compounds in humans
and possible interactions with antitubercular drugs. A
hepatoprotective effect of silymarin on ATDH has been
shown in rats[90]. A study in patients with cirrhosis is warranted to demonstrate that NAC efficacy may strengthen
the already depleted armor in the fight against TB.
The herbal formulation of Curcuma longa and Tinospora cordifolia prevented hepatotoxicity significantly and
improved the disease outcome as well as patient compliance, without any toxicity or side effects in a random-

Prevention of ATDH
There are few effective treatments available for ATDH.
This emphasizes the importance of early detection of
hepatotoxicity and prompt withdrawal of the offending
drug. Polypharmacy should be avoided to prevent inadvertent use of other potentially hepatotoxic drugs. Close
clinical and biochemical monitoring are strictly needed for
early detection of this potentially reversible liver injury.
Genetic profiling of patients for polymorphisms as-
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ized study[91]. Caution must be exercised before using
any indigenous drug formulation due to unknown drug
interactions and side effects. Ultimately, a strategy that
incorporates new analytical approaches - addressing both
the immune response and pharmacogenetic vulnerability
- can be envisioned.

CONCLUSION
Patients with cirrhosis are predisposed to TB, especially
extrapulmonary TB. Diagnosis of TB in patients with cirrhosis is challenging, due to hampered immune response
and reduced sensitivity of the available diagnostic tests.
Successful completion of antitubercular drug therapy
remains a challenge in patients with cirrhosis due to
reduced hepatic reserve and higher incidence of hepatotoxicity. Close monitoring and early detection are the
mainstay to prevent drug-induced liver injury. Successful
reintroduction of antitubercular drugs is possible and
should be done in stable patients. Liver transplantation
is possible in patient’s not recovering but post-transplantation antitubercular therapy is difficult with ongoing
immunosuppression. Ongoing research for potent nonhepatotoxic antitubercular drugs should be expedited.

MDR TB
Many studies for risk factors for drug-resistant TB have
found that the presence of hepatic cirrhosis is a risk
factor for the development of drug-resistant TB[92]. A
study for risk factors for drug-resistant TB found that
the prevalence of drug-resistant TB was 46% among
patients with cirrhosis, although the number of patients
with cirrhosis was only 11[93]. Drug resistance may occur
from reduced immune response and the inability to use
the most potent drugs in many patients due to the risk of
hepatotoxicity.
IFN-induced reactivation of TB - a special scenario
The standard of care for patients with chronic hepatitis C is pegylated IFN-α (Peg-IFN) and ribavirin. IFN
treatment induces immunomodulation[94]. Theoretically,
IFN-induced immunomodulation should increase TB
occurrence as well as other bacterial infections but there
is a paucity of reported cases. There have been few case
reports of patients developing reactivation of TB as a
consequence of IFN therapy, but overall, there is a paucity of data about development of TB in patients after
IFN treatment[95-98]. Recent unpublished data from India
have shown 10 cases of IFN-induced reactivation of TB.
There are many cases of TB occurring after completion
of treatment[99]. There could well be under-reporting of
cases, leading to lower incidence of TB seen with IFN
administration, and such under-reporting is normally
high in developing countries. Hence, there is a need for
close surveillance of TB in patients receiving IFN for
hepatitis C.

FUTURE DIRECTIONS
RCTs are needed to decide the optimal regimen of antitubercular therapy in cirrhosis, depending on Child’s
score. Better diagnostic methods are needed for detection
of latent TB, especially in patients with hepatitis C, prior
to starting IFN regimens and as part of pre-transplant
evaluation. The efficacy of hepatoprotective agents to
reduce drug-induced liver injury when given in combination with antitubercular therapy needs to be studied.
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Autophagy in hepatitis C virus-host interactions: Potential
roles and therapeutic targets for liver-associated diseases
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largely unknown. Hence, in this review, we overview
the interplay between autophagy and the HCV life
cycle and propose possible mechanisms by which
autophagy may promote the pathogenesis of HCVassociated chronic liver diseases. Moreover, we outline
the related studies on how autophagy interplays with
HCV replication and discuss the possible implications
of autophagy and viral replication in the progression
of HCV-induced liver diseases, e.g. , steatosis and
hepatocellular carcinoma. Finally, we explore the potential therapeutics that target autophagy to cure HCV
infection and its related liver diseases.
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Core tip: Hepatitis C virus (HCV) is a major cause of
chronic liver disease and is associated with over 170
million infected individuals worldwide. However, a successful strategy for completely eradicating HCV infection is still limited. Autophagy is a catabolic process
that delivers cytosolic components to lysosomes for
breakdown. HCV has been shown to activate autophagy to promote viral growth in vitro . In this review, we
outline the recent findings on the physiological significance of autophagy in the HCV life cycle and propose a
potential role of autophagy in the development of HCVrelated liver diseases as well as a perspective on therapeutics targeting autophagy to cure HCV infection.

Abstract
Autophagy is a lysosome-associated, degradative process that catabolizes cytosolic components to recycle
nutrients for further use and maintain cell homeostasis. Hepatitis C virus (HCV) is a major cause of
chronic hepatitis, which often leads to end-stage liverassociated diseases and is a significant burden on
worldwide public health. Emerging lines of evidence
indicate that autophagy plays an important role in
promoting the HCV life cycle in host cells. Moreover,
the diverse impacts of autophagy on a variety of signaling pathways in HCV-infected cells suggest that
the autophagic process is required for balancing HCVhost cell interactions and involved in the pathogenesis
of HCV-related liver diseases. However, the detailed
molecular mechanism underlying how HCV activates
autophagy to benefit viral growth is still enigmatic.
Additionally, how the autophagic response contributes
to disease progression in HCV-infected cells remains
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genus and the Flaviviridae family[2]. Until now, the known
isolates of HCV were classified into seven genotypes, i.e.,
genotypes 1 through 7, with 20%-30% sequence divergence, and an array of subtypes could be grouped within
each genotype[15]. The genetic heterogeneity of these
HCV genotypes could result in the variable degree of risk
for progressive liver diseases and the different treatment
outcomes of IFN-based therapy[16]. For instance, a higher
prevalence of progression into hepatosteatosis and cirrhosis occurs in cases infected with HCV genotype 3[17,18].
Regarding the efficacy of standard IFN/ribavirin treatment, the successful rates of patients infected with genotypes 2 and 3 are higher than those of patients infected
with genotypes 1 and 4[19-22].
Hepatocytes in the liver are the predominant targets
of HCV infection, and the entry of HCV into hepatocytes is a stringently coordinated process that relies on
successive and concerted interactions between the envelope glycoproteins E1 and E2 and host cellular factors
that are present on the cell surface, i.e., the so called “entry (co)receptors” (Figure 1). The known (co)receptors,
including the tetraspanin CD81[23-25], scavenger receptor class B member Ⅰ (SCRAB- Ⅰ ) [26,27] , Claudin 1
(CLDN1)[28], and Occludin (OCLN)[29], have been shown
to mediate HCV entry into hepatocytes (Figure 1). In
addition, the low-density lipoprotein receptor (LDLR)[30],
highly sulfated heparin[31], and the dendritic cell-specific
intercellular adhesion molecule three grabbing non antigen[32] were reported to be involved in attachment to and
concentration of lipoprotein-associated viral particles
on the cell surface of infected cells (Figure 1). After attachment to the cell surface, the virions bind to CD81
and SCRAB-Ⅰ on the plasma membrane through the
interaction between the E2 protein and these two entry
(co)factors[33-35]. Subsequently, the association of CD81
or SCARB-Ⅰ with CLDN1 on the basolateral surfaces
of hepatocytes facilitates the formation of entry complexes[36-38] (Figure 1), thus promoting the internalization
process of viral particles via the clathrin-mediated and
pH-dependent endocytosis pathway[39,40]. Following internalization into cells, the envelopes of the virions fuse
with the endosomal membrane, allowing uncoating and
release of the viral genomes into the cytoplasm, where
the translation of viral proteins and replication of viral
RNA occur[39,40] (Figure 1). The exact physiological role
of OCLN in the entry of the HCV virion is still unclear,
although the second extracellular loop of this protein,
along with CD81, has been shown to determine the host
tropism of HCV infection[29]. In addition to CLDN1 and
OCLN, other tight junction proteins such as CLDN6
and CLDN9 have been reported to participate in the
entry of HCV into peripheral blood mononuclear cells,
which lack CLDN1 expression[41,42]. This represents an
alternative route for HCV infection in extrahepatic compartments[42].
In addition to these entry (co)receptors, epidermal
growth factor receptor (EGFR) and ephrin receptor
A2 (EphA2) have recently been identified as additional

INTRODUCTION
Hepatitis C virus (HCV) infection is a global public
health burden. Approximately 170 million people are
infected with HCV worldwide, and most of these patients become persistently infected. Furthermore, HCV
infection in some patients may progress into chronic liver
diseases, such as steatosis, cirrhosis, and hepatocellular
carcinoma[1,2]. The successful rate of curing HCV infection using the current therapy that combines interferon
(IFN) and ribavirin is still limited due to its low efficacy,
drug resistance, and severe side effects in a particular
population of infected individuals[3]. Additionally, preventive vaccines against HCV are not yet available[4,5].
Hence, a new antiviral drug with high potency and/or a
protective vaccination against HCV infection are urgently
needed. Autophagy is an evolutionarily conserved, catabolic pathway by which eukaryotic cells degrade unnecessary cytoplasmic compartments to recycle nutrients and
maintain cellular homeostasis[6,7]. Recent studies collectively indicate that HCV activates autophagy to promote
viral growth through regulating different steps of the
viral life cycle by affecting different host cellular signaling
processes[8-11]. Because autophagy has widely been shown
to contribute to the progression of human diseases[12,13],
HCV-activated autophagy could be physiologically significant in the pathogenesis of HCV-associated liver diseases. Most importantly, interference with the autophagic
process can suppress HCV replication[8-11], suggesting
that inhibition of autophagy can serve as a novel therapeutic strategy against HCV infection. Therefore, in this
review, we outline the current findings on the functional
roles of autophagy at each stage of the HCV life cycle
and the molecular mechanism by which HCV activates
the autophagic response. Lastly, we also discuss the possible impacts of the autophagic response on the development of HCV-related liver disorders as well as provide a
perspective on the implications of modulating autophagy
to control HCV infection.

HEPATITIS C VIRUS INFECTION
An unknown infectious agent that caused non-A, non-B
post-transfusion hepatitis was first discovered in the
mid-1970s[14]. In 1989, the nucleic acid sequence of this
unidentified virus was cloned, reported, and formally
named HCV[1]. It is estimated that over 3% of the human
population is infected by HCV. Most of the infected individuals become chronically infected, and HCV infection
often progresses to severe, liver-associated diseases, such
as cirrhosis, steatosis, and hepatocellular carcinoma[2]. To
date, due to the low efficacy of the combined therapy of
pegylated IFN-α and ribavirin[3], options for complete
eradication of HCV infection and a preventive strategy
are still absent[4,5]; therefore, HCV infection is a global
public health problem.
HCV is a membrane-enveloped, positive-sense,
single-stranded RNA virus belonging to the Hepacivirus

WJG|www.wjgnet.com

5774

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions

HCV

E2
E1
Nucleocapsid
EGFR

LDLR

NPCICI

GAGS

T&B

CLDN1

SCARB-Ⅰ CD81

Endocytosis
Tight junction

CLDN1
(+) RNA
5'

(-) RNA
5'

3'

3'

RNA
replication

Uncoating

(+) RNA
5'

3'

Tight junction

Translation/
processing
OCLN

N
NS3 4 S
E2
E2
B
p7
Membranous web
p7
NS
NS
NS2 4 NS NS
C E1
4A 5A 5B

Lipid
droplet

Packaging
and assembly

E2
2

Nucleus

Viral maturation

Release

Figure 1 Life cycle of hepatitis C virus. Hepatitis C virus (HCV) replication involves binding of the virion to the entry molecules on the cell surface of host hepatocytes; endocytosis; viral genome uncoating and translation; polyprotein processing; RNA replication on the ER-associated membrane structure, called the “membranous
web”; and virion packaging, assembly, maturation, and release. Glycosaminoglycans (GAG), low-density lipoprotein receptor (LDLR), scavenger receptor class B
member Ⅰ (SCARB-Ⅰ), two tight junction molecules Claudin 1 (CLDN1) and Occludin (OCLN), epidermal growth factor receptor (EGFR), ephrin receptor A2 (EphA2),
Niemann-Pick C1-like L1 (NPC1L1), and transferrin receptor (TfR) constitute the entry receptors. In addition to participating in viral RNA replication, the NS proteins
are recruited onto the surface of lipid droplets (LDs) to promote viral RNA replication and the assembly of infectious viral particles, which are composed of the core,
E1, and E2 proteins.
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ribosome entry site (IRES) to a polyprotein, which is processed by cellular and viral proteases to mature into three structural proteins (core, envelope glycoproteins E1
and E2) and seven nonstructural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B). The role of each viral protein in virus assembly, RNA replication, or both is
indicated by the symbol shown on the left. The cellular proteins that modulate HCV replication and their interacting viral counterparts are shown. Host factors that interact with the 5’-UTR and 3’-UTR, as indicated, regulate IRES-mediated translation and viral RNA replication, respectively. Membrane-associated proteins, as shown,
modulate HCV replication through interactions with NS5A and NS5B. Other cellular factors, such as DDX3, ATM and Chk2, CKB, and Rab5, promote the replication of
HCV viral RNA via interacting with core, NS3, NS4A, and NS4B, respectively.

(co)factors for HCV entry by facilitating the CD81CLDN1 interaction[43] (Figure 1). Additionally, the receptor tyrosine kinase activities of these two molecules were
shown to enhance the membrane fusogenic activity of
HCV envelope glycoproteins[43]. In addition, the entry of
HCV virions into host cells can be mediated by an association with cholesterol via the Niemann-Pick C1-like
L1 (NPC1L1) cholesterol uptake receptor[44]. Likewise,
transferrin receptor (TfR), which is an iron absorption
receptor, was recently demonstrated to be involved in the
internalization of HCV virions into hepatocytes[45] (Figure
1). These studies collectively indicate that infection of
target cells by HCV is a highly regulated process.

that is located within the 5’-UTR. The large polyprotein
is then co-translationally processed into structural (core
and the envelope glycoproteins E1 and E2) and nonstructural (NS) proteins (p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B) via a combination of viral and cellular
proteases[46] (Figure 2). The structural proteins constitute
the viral particle[2,46], whereas the NS proteins, in conjunction with cellular proteins, participate in viral RNA
replication by organizing the replication complex within
a multi-vesiculated, membranous web[47,48] (Figure 2). The
NS proteins are also concertedly localized on the surface
of lipid droplets (LDs), which is a process that is required
for virion assembly[49,50] (Figure 2).
In addition to the involvement of viral proteins that
function as cis-acting elements for HCV replication,
many host cellular proteins have been known to regulate
viral RNA replication through their interaction with viral
proteins and RNAs. Playing a pivotal role in the IRESmediated translation of a precursor polypeptide that is
subsequently processed into individual viral proteins, the
eukaryotic translational initiation factors and RNA-binding proteins, such as the La autoantigen[51,52], nuclear factors (NF) NF45, NF90, and NF110[53], the far upstream
element-binding proteins[54], and heterogeneous nuclear
ribonucleoproteins[55-57], have been implicated in viral

INTERPLAY OF HCV AND HOST
CELLULAR PROTEINS
The viral genome of HCV is a positive-stranded RNA
of approximately 9.6 Kb in length[46] that contains two
untranslated regions (UTRs) located on the 5’ and 3’
termini, which flank a major open reading frame (ORF)
region[46] (Figure 2). The ORF of the HCV genome can
be translated into a polypeptide of approximately 3300
amino acids using an internal ribosome entry site (IRES)
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RNA translation and replication via interactions with the
5’- and 3’-UTRs (Figure 2), thus promoting HCV replication. In addition to these host factors that modulate viral
translation, other host factors, such as cyclophilin B and
hnRNP A1[57,58], may directly modulate viral RNA replication by forming a protein complex with the RNA-dependent RNA polymerase (RdRp), NS5B, and regulating
replicase activity (Figure 2). The other cyclophilin family
proteins, including cyclophilin A and FK506-binding
protein 8 (FKBP8), have been reported to interact with
NS5A, and this association recruits heat shock protein 90
to form a protein complex that promotes the efficiency
of viral RNA replication[58-62] (Figure 2). On the other
hand, a variety of vesicle-associated membrane proteins
(VAPA), such as VAPA-A and VAPA-B, have been reported to positively regulate HCV replication by interacting with NS5A and NS5B[63,64] (Figure 2). Additionally,
the geranylgeranylated protein F-box/LRR-repeat protein
2 is a host protein that interacts with NS5A to promote
HCV replication[65,66] (Figure 2). In addition, other host
factors, such as DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, X-linked[67], ataxia telangiectasia mutated (ATM),
checkpoint Chk2 kinases[68], creatine kinase B (CKB)[69],
and the small Ras GTPase-binding protein 5 (Rab5)[70],
may regulate HCV replication via binding to core, NS3,
NS4A, and NS4B, respectively (Figure 2).
In addition to cellular proteins that interact with viral
proteins, several host cellular proteins exert their transacting function in the HCV life cycle by altering lipid
metabolism. The findings that support this notion originate from observations suggesting that the expression
of sterol regulatory element-binding proteins can be enhanced by HCV infection and the ectopic expression of
individual viral proteins, e.g., core, NS2, and NS4B[71-73]
(Figure 3). The SREBP-mediated transactivation of
lipogenic genes enhances cholesterol biogenesis and
biosynthesis of fatty acids, which, in turn, promote the
storage of neutral lipids within LDs[74]. Therefore, these
results indicate that HCV infection may activate the gene
expression of lipogenes, thus modulating the metabolic
pathways of lipids to support the HCV life cycle. In line
with this, the gene expression of fatty acid synthase,
which is involved in the synthesis and transport of fatty
acids, was reported to be upregulated and required for
HCV viral RNA replication [75]. Recently, FASN was
demonstrated to interact with NS5B to enhance RdRp
replicase activity, thereby promoting HCV replication[76]
(Figure 2).
Apart from these proteins that directly function in
the modulation of lipid biosynthesis, a new subset of
host cellular factors has emerged based on their roles in
HCV replication via altering the expression and subcellular distribution of phosphatidylinositol-4-phosphate
(PI4P). HCV infection was reported to increase the
intracellular level of PI4P via PI4P kinase (PI4PK) Ⅲα
and PI4PKⅢβ[77-83]. Interference with the gene expression of these two PI4P kinases dramatically inhibits
HCV replication[77-83]. Furthermore, recent studies indicated that the NS5A protein can recruit (PI4PK) Ⅲ
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α to the membranous web, which is a multi-vesiculated
structure that supports efficient replication of HCV viral
RNA, thus upregulating the level of PI4P to maintain
the membranous web architecture[77,78,81,84,85]. Reciprocally, (PI4PK) Ⅲα can modulate the phosphorylation
status of NS5A, thus regulating the morphogenesis of
viral replication compartments[86]. On the other hand,
annexin A2 and proline-serine-threonine phosphataseinteracting protein 2 (PSTPIP2), two host membraneassociated proteins, were also shown to regulate HCV
replication via facilitating the formation of the membranous web[87,88]. In addition, the tail interacting protein of
47 kDa (TIP47), which is an LD-associated protein, has
recently been shown to positively modulate HCV RNA
replication by interacting with NS5A[89,90] (Figure 2). Collectively, these studies indicate that host cellular factors
may regulate HCV replication via directly facilitating the
reconstitution of the membranous web or modulating
LDs by interacting with viral NS proteins.

HCV-ASSOCIATED LIVER DISEASES
The disease progression in HCV-infected patients reveals
a nonlinear and long-term period mode. At the beginning
of infection, most infected patients are non-symptomatic,
although hepatitis, jaundice, and fulminant hepatic failure can be detected in some cases of acute infection[16,91]
(Figure 3). However, more than 50% of HCV infection
cases develop viral persistence, which often leads to liver
steatosis, fibrosis, cirrhosis, and ultimately to hepatocellular carcinoma (HCC)[16,91-95] (Figure 3). In the majority
of infected individuals, the disease progression to endstage HCV-related diseases, such as liver cirrhosis and
HCC, often occurs 20-30 years after acute infection, and
approximately 20%-30% of the infected patients will
progress to end-stage liver diseases[16,91-95] (Figure 3). In
addition to the end-stage liver diseases, chronic HCV
infection in some patients is also highly associated with
extrahepatic diseases such as mixed cryoglobulinemia
vasculitis, which is an inflammatory symptom of small
blood vessels, due to the precipitation of cryoglobulincontaining immune complexes in blood vessels of the
skin and other tissues[96,97]. Additionally, chronic HCV
infection is associated with metabolic syndromes such as
diabetes and insulin resistance[98,99]. The development of
these diseases often requires long periods of time, thus
affecting the health quality of patients and imposing a
heavy burden on medical care for the treatment of HCVrelated diseases. Therefore, it is urgent to design a new,
efficacious therapeutic strategy and/or to develop prophylactic vaccines.

IMPLICATIONS OF HCV IN LIVER
DISEASES
Many HCV proteins are known to participate in the
pathogenesis of HCV-related diseases. For instance,
the HCV core protein was reported to coat the surface
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Figure 3 Contribution of viral proteins to the pathogenic changes leading to hepatitis C virus-related liver diseases. After acute hepatitis C virus (HCV) infection, approximately 10%-30% of cases will spontaneously recover, whereas the majority of HCV infection cases (approximately 50%-80% of infected cases) become
persistently infected. Chronically HCV-infected hepatocytes in the livers of these patients progress into hepatosteatosis and liver cirrhosis. Ultimately, some (approximately 3%-5%) of the chronically infected individuals develop end-stage liver disease, i.e., hepatocellular carcinoma. The potential contributions of the viral proteins
to the development of HCV-associated liver diseases are shown. The HCV core protein and the NS2, NS4, NS5A, and NS5B proteins can promote hepatic steatosis
by mediating the clustering of LDs and regulating the SREBP-mediated transactivation of lipogenes, respectively. The binding of core and NS5B to tumor suppressors
downregulates the expression of these tumor suppressors, thus activating cell proliferation and interfering with cell cycle progression. Moreover, HCV core, NS3/4A,
and NS5B can bind to DNA damage response-associated effectors, thereby inhibiting the DNA repair mechanism and inducing genome instability. Deregulated cell
growth, cell cycle progression, and genome instability may, in turn, trigger oncogenic activation in infected cells, which finally leads to the development of hepatocellular carcinoma.

types[107-109]. This greater extent of steatosis in genotype
3-infected individuals may be due to the substitution of
phenylalanine for tyrosine at amino acid residue 164 of
the core protein in the genome of HCV genotype 3[110].
Despite this amino acid variation, several specific polymorphisms in the core protein of different HCV genotypes have been shown to increase the intracellular lipid
levels and, thus, contribute to hepatic steatosis[111,112]. Cumulatively, these studies suggest that HCV infection may
lead to hepatic steatosis through core-induced LD accumulation. Apart from the impacts of altering intracellu-

of LDs and induce the emergence of LDs from the
endoplasmic reticulum (ER) and the clustering of LDs
in a cultured cell model[100-102]. On the other hand, accumulating lines of evidence have shown that the HCV
core protein can induce hepatic steatosis in an in vivo
transgenic model[103-106]. Most importantly, the genetic
variation within the core sequences of different HCV
genotypes has been reported to critically determine the
status of hepatic steatosis. The prevalence and severity
of hepatic steatosis are higher in patients infected with
HCV genotype 3 than in those infected with other geno-
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lar lipids, HCV core was shown to suppress the expression of the tumor suppressors p53 and cyclin-dependent
kinase (CDK) inhibitor p21, thereby enhancing CDK2
activity and increasing the phosphorylation status of
retinoblastoma, RB, in cells[113] (Figure 3). In turn, phosphorylated RB stimulates the DNA binding ability of
E2F transcriptional factor 1 and activates the expression
of downstream genes, such as S phase kinase-interacting
protein 2, which is an initiating signal for cell proliferation[113] (Figure 3). Moreover, HCV NS5B has also
been demonstrated to interact with RB and target it for
proteolysis, thus activating downstream E2F-responsive
promoters and cell proliferation[114] (Figure 3). Due to
their suppression of the expression of tumor suppressors and promotion of cell proliferation, the HCV core
and NS proteins may contribute to the progression of
uncontrolled hepatocyte growth, thereby increasing the
occurrence of hepatocellular carcinoma.
The interaction between HCV NS3/4A with ATM kinase has been shown to lead to the cytoplasmic retention
and dephosphorylation of ATM, thus interfering with the
activation of the DNA repair mechanism and desensitizing Huh7 cells to ionization[115] (Figure 3). In addition, the
ATM and Chk2 kinases bind to the HCV NS5B protein
to promote HCV viral RNA replication[68] (Figure 3). On
the other hand, recent studies indicate that HCV infection may interfere with multiple signaling pathways of
DNA repair via interactions between HCV core and the
Nijmegen breakage syndrome protein 1 (NBS1), which
is a downstream effector of the ATM-associated DNA
damage response[116] (Figure 3). Taken together, these
findings imply that HCV infection may interfere with
the host DNA damage/repair response, thus benefiting
viral growth. Interference with the integrity of the DNA
repair mechanism may introduce error-prone effects on
DNA replication, which leads to the accumulation of
gene mutations, gene instability, and oncogenic activation
in infected cells and, eventually, promotion of the progression of infected cells into hepatocellular carcinoma.

other hand, the establishment of an HCV pseudoparticle
system (HCVpp), in which the HCV E1 and E2 glycoproteins are incorporated onto retro- or lentiviral particles, provides an efficient system to study HCV entry,
identify entry (co)receptors, and screen for neutralizing
antibodies[122-125]. In 2005, the robust production of infectious HCV in a cell culture system (HCVcc) based on the
entire genome of the JFH1 strain, which is an HCV genotype 2a virus that was isolated from a fulminant hepatitis patient in Japan, was developed[126-128], thus marking a
great achievement in the HCV research field. The generation of infectious HCVcc allows one to investigate each
step of the viral life cycle and HCV-host cell interactions
in vitro and will be useful for the screening and testing of
new antiviral drugs. Nevertheless, the availability of an
in vivo model for HCV research was limited to chimpanzee, which has been used as a model for studying viral
replication kinetics, the immune response, and vaccine
development[129-135]. The immune-deficient mouse system
transplanted with human hepatocytes serves as an additional research tool to analyze the HCV life cycle in a
humanized, small animal model[135,136]; however, the study
using these two animal models is circumscribed by their
high cost and the inconvenience of the experimental
manipulations. Recently, a model that allows investigation
of the complete HCV life cycle in an immune-competent
mouse system was successfully developed by genetically engineering human CD81, SCARB- Ⅰ , CLDN1
and/or OCLN into mice[137,138]. This system provides a
new research platform for studying HCV infection in vivo
and screening anti-HCV drug and vaccine candidates.
Nevertheless, the low level of viral replication and virion
production in this HCV-rodent model hampers the use
of this in vivo model. Thus, further efforts are needed to
develop an improved version of this rodent system.

AUTOPHAGY
Autophagy is considered a “self-eating” process in eukaryotic cells that engulfs unwanted cytoplasmic components within double-membranous vacuoles and delivers
these cargos to lysosomes for breakdown. The autophagic process promotes the turnover of damaged organelles and aggregated proteins through lysosomal degradation to ensure the recycling of cellular constituents,
thus maintaining cellular homeostasis[6,7]. The concept of
“self-eating” was originally described in the mid-1950s in
Christine de Duve’s work on biochemical characterization
of the lysosome in liver tissue[139,140]. Soon after this study,
she and other researchers independently utilized transmission electron microscopy to show that dense bodies
similar in size to mitochondria are present in the cytosol
of renal and hepatic cells[141-146]. These observed dense
bodies formed unique single- and double-membranous
vesicle structures that were associated with lysosomes
and contained mitochondria and endoplasmic reticulum
(ER)[141,144,145]. Based on these observations, de Duve proposed a new term, “autophagy”, to illustrate this de novo

Tools used in HCV research
Innovation of new therapeutic strategies against HCV
infection relies on a comprehensive understanding of
the entire viral life cycle and HCV-host interactions.
Although HCV was identified more than two decades
ago, our knowledge of how HCV infection leads to a
homeostatic balance with host cells is still limited due to
the lack of an in vitro cell culture model that can support
the complete HCV cycle. The replication assay utilizing
a subgenomic replicon that harbors only the HCV nonstructural genome in human hepatoma Huh7 cells was
established in the late 1990s. This model allows one to
study HCV RNA replication and the biological functions
of each of the viral NS proteins[117-120]. The advent of a
replicon system also facilitates the identification of adaptive mutations in the HCV viral genome and promotes
the discovery of potent anti-HCV agents[118,121]. On the
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process of sequestrating cytoplasmic organelles within
a double membrane-enclosed vesicle termed an “autophagosome”. Per Seglen’s group then investigated the
process prior to autophagosome formation in autophagy
and identified the expansion of the “phagophore”,
which is an initial, membrane-rearranged structure, into
the autophagosome[147-149]. Additionally, Mortimore and
Schworer showed that amino acid deprivation activates
autophagy and proteolysis in rat liver, and they were the
first to suggest that energy imbalance and/or an insufficient nutrient supply can stimulate the initiation of the
autophagic process[150-153]. In the early 1990s, the detailed
molecular basis of autophagy began to be uncovered
through Yoshinori Ohsumi’s study using the yeast Saccharomyces cerevisiae[154,155]. Using the advantage of wellestablished genetic manipulation techniques and the wellknown genomic background in the yeast model system,
Ohsumi’s and Klionsky’s groups began to identify the
genes involved in the autophagic process (ATGs)[156-168].
Most homologues of the yeast ATG genes also exist in
humans and other eukaryotes, and the human orthologs
of the yeast ATG genes can carry out similar functions[161,169]. Finally, a unified nomenclature for all ATGs
in the different model systems was denoted[170-172]. These
significant breakthroughs enhanced the understanding of
the mechanism underlying how autophagy initiates and
terminates and provided a crucial foundation for further
investigation of autophagy-related processes.

ER-associated Ω-like structure called the “omegasome”[178].
After the nucleation step, elongation and enclosure of
the IM/phagophore to form an autophagosome require
two ubiquitin-like conjugation complexes, i.e., ATG12ATG5-ATG16L and ATG4-ATG3-LC3Ⅱ (Figure 4).
The ATG12-ATG5 conjugate is first produced through
the concerted action of the ATG7 (E1-like) and ATG10
(E2-like) enzymes, and it then binds to ATG16L, which
forms the ATG12-ATG5-ATG16L trimeric complex.
The conjugation of microtubule-associated protein 1
light chain 3 (LC3), i.e., the ATG8 homologue in mammals, to phosphatidylethanolamine (PE) begins with the
proteolytic cleavage of its C-terminus by ATG4. Subsequently, the cleaved form of LC3 is conjugated to PE
through the catalytic cascade of ATG7 and ATG3, thus
generating the lipidated form of LC3, i.e., LC3-Ⅱ[179].
Finally, the autophagosome fuses with the endosome and
lysosome to form a mature autophagolysosome, named
an “autolysosome”, in which the engulfed materials are
broken down and recycled for further use by cells[7].
Despite the emergence of an IM/phagophore from
the ER[180,181], a variety of organelles, such as the plasma
membrane (PM)[182], mitochondria[183], and Golgi apparatus[184], can also serve as membrane sources for the initiation of autophagy in mammalian and yeast cells (Figure 4).
Nonetheless, what and how signaling pathways regulate
each step of the membrane rearrangement processes
must be further investigated.

MOLECULAR EVENTS LEADING TO
AUTOPHAGY

AUTOPHAGY AND DISEASES
Apart from nutrient starvation, multiple stresses, including ER stress, accumulation of aggregated proteins and
damaged organelles, and pathogen infections, can activate
the autophagic response[7,185,186]. Upon infection by bacteria and viruses, the autophagic process is triggered in
cells to directly engulf incoming pathogens and deliver
them to the lysosome for degradation, i.e., xenophagy[187-189]. In addition, autophagy may induce the innate
immune defense to repress microbial infection, such as
enhancing Toll-like receptor-mediated innate immune
signaling and promoting the presentation of antigens
derived from viruses such as vesicular stomatitis virus
and Epstein-Barr virus onto a major histocompatibility
complex class Ⅱ molecule[6,190-193]. Thus, autophagy can
function as a restrictive route to eliminate pathogens. In
addition, autophagy was shown to be exploited by many
RNA viruses, such as mouse hepatitis virus, poliovirus,
and rhinovirus, to promote their life cycle by serving as
a membranous compartment for RNA replication[194].
On the other hand, autophagy also plays critical physiological roles in the pathogenesis of various diseases,
including neurodegenerative disorders[12,13], inflammatory
diseases[195,196], liver-associated diseases[197], and cancers[198].
Because of its impacts on a wide array of physiological
and pathological conditions, autophagy has become an
attractive field of biomedical research. Nevertheless, further studies are needed to better understand the regulation of autophagy and its exact physiological significance

Autophagy is the concerted action of the core molecular
machineries that are involved in the initiation stage of the
isolation membrane (IM)/phagophore, the middle step
of elongation and enclosure of the autophagosome, and
the late stage of autophagosome fusion with a lysosome
and the subsequent degradation of the sequestrated components within the autolysosome by acidic proteases[6,7]
(Figure 4). The completion of autophagy requires a dynamic membrane rearrangement process and multiple
signaling pathways[171-174] (Figure 4). Upon nutrient deprivation, autophagy begins with the suppression of mammalian target of rapamycin (mTOR), which is a serine/
threonine protein kinase that is required for cellular metabolism. Inhibition of mTOR leads to translocation of
the downstream unc-51 like-kinase (ULK) complex, i.e.,
ULK1-ATG13-FIP200-ATG101, from the cytoplasm to
the unique ER membrane-associated compartments[175,176]
(Figure 4). The class Ⅲ phosphatidylinositol-3-OH kinase (class Ⅲ-PI3K) complex, i.e., PI3K-Vps15-BeclinATG14, is then recruited to the ER-derived nucleation
site, where the P3K complex catalyzes the formation of
phosphatidylinositol-3-phosphate (PI3P)[177] (Figure 4).
The newly synthesized PI3P, in turn, recruits downstream
effectors, including the double-FYVE-containing protein
1 (DFCP1) and the WD-repeat domain PI3P-interacting
(WIPI) family proteins, resulting in the formation of an
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Figure 4 Sequential and coordinated events of autophagy and their impact on viral replication and hepatitis C virus-associated liver diseases. When cells
undergo nutrient starvation, the activity of the mammalian target of rapamycin (mTOR) complex is inhibited, resulting in dephosphorylation, activation, and translocation of the unc-51 like-kinase (ULK) complex to the ER, where the ULK complex activates the class Ⅲ phosphatidylinositol-3-OH kinase (class Ⅲ-PI3K) complex to
generate PtdIn(3)P (PI3P). PI3P, in turn, recruits double-FYVE-containing protein 1 (DFCP1) and WD-repeat domain PI3P-interacting (WIPI) protein into the isolation membrane, which may originate from the ER, mitochondria, plasma membrane, or Golgi apparatus. Two ubiquitin-like conjugation systems, the ATG12-ATG5ATG16L and LC3-PE conjugation cascades, coordinate the elongation and enclosure of the autophagosome. Finally, the autophagosome fuses with a lysosome to
degrade the sequestrated cytoplasmic components. Hepatitis C virus (HCV) infection, which activates ER stress/the unfolded protein response (UPR), as marked by
a curved arrow, and ectopic expression of NS4B, NS5A, and NS3 are known to activate autophagy. The dashed lines indicate the potential implications of autophagy
in HCV replication, HCV-related steatosis, and hepatocellular carcinoma. Activated autophagy may contribute to the rearrangement of the membrane as a resource
of the membranous web for viral RNA replication. It is surmised that the HCV-induced blockade in autolysosome formation, as shown by a “?” during fusion of the autophagosome with a lysosome, may disrupt the effect of autophagy on LD and p62 degradation, thus contributing to the development of steatosis and hepatocellular
carcinoma. On the other hand, interference with the effects of autophagy on tumor suppression by HCV, as indicted by a “?”, or the inhibitory effects of autophagy on
the apoptotic signaling and killing of tumor cells in HCV-infected patients may also enhance the progression to hepatocellular carcinoma.

ral RNA-expressing and HCVcc-infected cells[8-11]. By
analyzing the viral expression of HCV genotype 1a H77
strain in immortalized human hepatocytes (IHH), AitGoughoulte’s group demonstrated that autophagic vesicles and GFP-LC3-labeled punctate structures accumulate
in viral RNA-transfected cells[8] (Table 1). These authors
also found that the H77 HCV-induced autophagic response is accompanied by increases in Beclin expression

in the pathogenicities of various diseases.

HCV AND AUTOPHAGY
Infections of flaviviruses such as HCV, Dengue virus,
and Japanese encephalitis virus were shown to activate
autophagy in vitro[8-11,199-202]. Many studies have reported
that HCV induces the autophagic response in HCV vi-
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Table 1 Roles of autophagy in hepatitis C virus-host cell interactions
HCV genotype

Expression

Model

Analysis of autophagy activation

HCV-H77 (1a) Transfection of viral IHH cells 1 Detection of GFP-LC3 punctate structure formation
2 Accumulated autophagosome in TEM analysis
RNA
3 Upregulation of Beclin expression and ATG5-ATG12
conjugate
HCV-JFH1 (2a) Transfection of viral Huh7.5 1 Upregulated expression of LC3-II
2 No overlapping signal of GFP-LC3 punctate with
RNA
cells
lysosome
3 Autophagic activation by UPR
4 An incomplete autophagic process lacking enhanced
autophagic degradation of long-lived proteins and p62
HCV-JFH1 (2a) HCVcc infection
Huh7 cells 1 Upregulation of LC3-II
2 Accumulation of GFP-LC3 dot-like vesicles
3 No colocalization of autophagic vacuoles with viral
proteins
HCV-JFH1 (2a) HCVcc infection
Huh7.5-1 1 Increase of GFP-LC3 dot-like structures
2 No colocalization of autophagic vacuoles with viral
cells
proteins
HCV-JFH1 (2a) HCVcc infection
Huh7 cells 1 Transient interaction of ATG5 with NS5B and NS4B
2 Association of ATG5 with membranous web
HCV-JFH1 (2a)
infection

HCVcc infection

Huh7 cells

HCV-H77 (1a);
HCV-JFH1 (2a)

HCVcc infection

IHH

HCV-Con1
(1b) and JFH1
(2a)

Replicon viral RNA Huh7 cells;
transfection
Huh7.5-1
cells; Liver
biopsy
HCV-JFH1 (2a) Replicon viral RNA Huh7 cells;
transfection
HCVtransgenic
mice

HCV-JFH1 (2a)

HCVcc infection

Huh7 cells;
Huh7.5-1
cells

HCV-JFH1 (2a) HCVcc infection; Huh7 cells
HCV-N (1b)
Replicon viral RNA
transfection
HCV-JC1 (2a)
HCVcc infection;
Huh7.5
infection;
Ectopic
cells
HCV NS4B
overexpression
HCV-JFH1 (2a)

HCVcc infection

IHH cells

HCV-JFH1 (2a)

HCVcc infection

Huh7.5
cells

Physiological significance

Ref.

Promotion of viral RNA
replication

Ait-Goughoulte
et al[8]

Promotion of viral RNA
replication

Sir et al[11]

Enhanced translation of
the incoming viral RNA

Dreux et al[9]

Promotion of virion
assembly

Tanida et al[207]

Promotion of viral RNA
Guévin et al[205]
replication by organizing
membranous web
1 Detection of early- and late-stage autophagic vacuoles Promotion of viral RNA
Ke et al[10]
by TEM analysis
replication by suppressing
2 Colocalization of autophagic vacuoles with lysosome
antiviral immunity
3 Accumulated LC3B-II expression by interference with
autolysosome maturation
4 Complete autophagic process by HCV infection
1 Activated IFN response in the HCV-infected cells by
Promotion of viral RNA
Shrivastava et
silencing of Beclin and ATG7
replication by suppressing
al[203]
2 Increased caspase-dependent apoptosis by knockdown
antiviral immunity
of Beclin and ATG7 in the HCV-infection cells
1 An inverse correlation between hepatic steatosis
Promotion of catabolism Vescovo et al[208]
and activation of autophagy in liver biopsy samples of
of LDs
infected patients
2 Colocalization of autophagic vacuoles with LDs
1 Enhanced ROS level in mitochondria in HCV viral
Regulation of oxidative
Chu et al[210]
RNA-transfected cells
response in mitochondria
2 Activated autophagy by expression of HCV NS
proteins
3 Alteration of antioxidant response by upregulation
of antioxidant enzymes in HCV NS protein-expressing
cells
1 Accumulation of mito autolysosome in HCV-infected Elimination of damaged
Kim et al[209]
cells
mitochondria and
2 Stimulation of Parkin and Pink 1 expression in HCVpromotion of viral RNA
infected cells
replication
3 Activation of mitophagy via a Parkin-dependent
pathway
1 Activation of autophagy through AKT1-TSC-mTORC1 Promotion of viral RNA
Huang et al[214]
signaling
replication
2 Activation of autophagy via UPR
1 Activation of autophagy by HCV NS4B amino acid
Organization of virus
Su et al[216]
1-190
replication site
2 Requirement of Rab5 and PI3K for autophagic
activation
1 Transcriptional activation of Beclin gene expression
Promotion of viral RNA
Shrivastava et
2 Autophagy activation in a Bcl2-Beclin dissociationreplication
al[215]
and mTOR inhibition-independent manner
1 Activation of autophagy through IRGM
Promotion of viral RNA Grégoire et al[237]
2 Interaction of HCV NS3 with IRGM
replication; modulation of
innate immunity (?)

HCV: Hepatitis C virus; ROS: Reactive oxygen species; NS: Nonstructural; IRGM: Immunity-associated GTPase family M; UPR: Unfolded protein response;
ATG: Autophagy-related gene; GFP-LC3: Green fluorescence protein-conjugated microtubule-associated protein 1 light chain 3; LDS: Lipid droplets.
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and the ATG12-ATG5 conjugate[8]. Shortly after their
study, Sir et al[11] reported that HCV triggers autophagosome formation in full length, JFH1 (genotype 2a) viral
RNA genome-transfected Huh7 cells (Table 1). They
further showed that HCV triggers incomplete autophagy,
i.e., autophagolysosome maturation is interrupted. This
conclusion was based on the observation that the degradation of long-lived proteins and p62, which is a substrate of autophagic degradation, was inhibited despite
increased numbers of LC3-Ⅱ and GFP-LC3-labeled dotlike vesicles in JFH1 RNA-transfected cells[11] (Table 1).
Their study also demonstrated, for the first time, that autophagy positively regulates HCV growth via promoting
viral replication because knockdown of ATG7 and LC3
dramatically suppressed viral RNA expression in HCV
RNA-transfected cells[11] (Table 1). Whether autophagy
is analogously activated by HCV in the HCV infection
system had not been determined until Druex and her colleagues investigated autophagic activation in Huh7.5 cells
infected with the JFH1 HCVcc virus in 2009[9] (Table 1).
These authors provided first-line evidence demonstrating
that HCV infection can induce the autophagic response
to enhance the translation of the incoming viral RNA,
rather than regulate viral growth, when virus RNA replication is established[9].
Utilizing the JFH1 infection system, we demonstrated
that HCV infection of Huh7 cells enhances the autophagic flux and triggers the complete autophagic process
throughout the formation of the mature autophagolysosome[9,10] (Table 1). Several lines of evidence supported
this conclusion, including (1) the detection of early and
late-stage autophagic vacuoles in the TEM analysis of
HCV-infected cells; (2) the accumulation of LC3-Ⅱ expression by blocking the fusion of the autophagosome
with a lysosome; (3) the predominant expression of RFP,
but not GFP, fluorescence of a mRFP-GFP-LC3 reporter in the infected cells; and (4) the high degree of colocalization of GFP-LC3 puncta with lysosomes in infected
cells[9,10] (Table 1). Moreover, we showed that silencing of
the ATG genes and treatment with pharmacological inhibitors of autophagolysosome maturation repress HCV
viral RNA replication [9,10]. However, interfering with
autophagy had no detectable effect on virus entry or the
translation of viral RNA[9,10]. Most importantly, inhibition
of the HCV-activated complete autophagy drastically
upregulated the IFN response that was mediated by the
HCV pathogen-associated molecular pattern (PAMP),
which is located within the poly-U/UC region of HCV
3′-UTR[9,10]. Consistent with our study, Shrivastava et al[203]
reported that gene silencing of Beclin or ATG7 inhibits
HCV growth and activates IFN and interferon-stimulated
gene expression in HCV-infected human IHH cells (Table
1). Together, these two studies imply that autophagy may
represent a repressive mode to protect HCV-infected
cells against an excessive IFN antiviral response, thereby
promoting viral RNA replication.
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FUNCTIONS OF AUTOPHAGY IN HCV
INFECTION
In addition to its suppressive effect on antiviral immunity,
autophagy was reported to promote viral RNA replication through other mechanisms[204,205]. Guevin and colleagues showed the transient interaction of ATG5 with
NS4B and NS5B as well as the detection of ATG5 in
the HCV-induced membranous web, which suggested a
proviral role of the autophagic machinery in the formation of the HCV replication complex[205] (Table 1 and
Figure 4). Sir et al[204] further showed that NS5A, NS5B,
and nascent viral RNA were colocalized with the autophagosome and argued that the HCV-induced autophagic membrane can be used as a membrane-associated
compartment for the replication of viral RNA (Table
1). In addition to its pivotal role in viral RNA replication, autophagy was shown to regulate the assembly of
infectious virions and protection of infected cells from
death[206,207] (Table 1). Tanida and colleagues first reported
that knockdown of ATG7 and Beclin gene expression
moderately downregulates the extracellular titer of HCV
virions without showing an apparent effect on the intracellular level of viral proteins and RNAs[207] (Table 1).
This study suggests that HCV-activated autophagy may
modulate the egress of HCV virions into infected cells.
Additionally, HCV was shown to activate autophagy to
protect infected cells from cell death[206] (Table 1). In this
study, severe cytoplasmic vacuolation and cell death accumulated in Con1-HCV (genotype 1b)-transfected cells
through interference with autophagy via ectopic expression of a protease-inactive mutant ATG4BC47A[206], which
implied that HCV may exploit autophagy as a cellular
surveillance machinery to counteract the overloaded
stress that is triggered by viral replication.
The HCV-induced autophagic process was also shown
to regulate host cellular metabolism, including eliminating
excess lipids and degrading damaged mitochondria[208,209]
(Table 1 and Figure 4). Vescovo et al[208] studied the correlation of autophagy markers with the clinical parameters
of lipid metabolism in liver biopsies of patients chronically infected with HCV and found an inverse relationship between autophagy activation and the extent of
steatosis in those patients (Table 1). The authors further
showed that autophagy participates in the catabolism of
LDs in cells transfected with the HCV subgenomic RNA
replicon[208], implying that HCV may utilize autophagic
degradation to promote LD breakdown and circumvent
virus-triggered lipid accumulation in host cells (Figure 4).
In addition to its degradation role in lipid metabolism,
a unique form of autophagy, termed “mitophagy”, was
recently shown to eliminate damaged mitochondria in
HCV-infected cells in a Parkin-dependent manner[209,210]
(Table 1). Knockdown of Parkin and Pink gene expression suppresses HCV viral RNA replication[209], suggesting a critical role of mitophagy in HCV replication.
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meostasis via promoting the breakdown of excess lipids
and damaged organelles that are induced by HCV[208-210]
(Figure 4). However, how these cell-signaling pathways, in
turn, affect cellular metabolism or alter cell homeostasis,
which lead to the development of HCV-associated liver
diseases, still remains to be investigated (Figure 4).
The potential role of autophagy in the progression
of HCV-induced steatosis and fibrosis emerges from the
recent findings of Singh et al[219]. This group showed that
autophagy regulates lipid metabolism in hepatocytes via
a selective degradation process, i.e., lipophagy[219] (Figure
4). Lipophagy represents a new mode of autophagy in
lipid metabolism that catabolizes LDs in the liver[219].
Moreover, Singh et al[220] proposed another function of
autophagy in the control of body lipids through regulating the differentiation of adipose tissues. Collectively,
their studies imply that modulation of autophagy in the
liver may affect the metabolic cycle of lipids. In line with
their findings, Vescovo’s group reported that HCV might
subvert the degradative process of autophagy to promote
the catabolism of LDs[208]. Based on the in vitro HCV replicon study and in vivo investigation of liver biopsies from
patients chronically infected with HCV[208], Vescovo et al[208]
concluded an inverse interrelationship between the extent
of autophagy activation and the level of steatosis in HCV
patients (Figure 4). This notion was based on their observations that the autophagic process facilitates LD breakdown in HCV replicon cells and that interference with
autophagy leads to an elevated cholesterol level in HCV
JFH1-infected cells. Although HCV-activated autophagy
acts as a counteracting mechanism to prevent excessive
accumulation of lipids that are induced by virus infection, it remains to be determined whether virus-induced
autophagy affects the cell metabolism balance during the
enhanced catabolism of LDs in liver cells, such as by altering the homeostatic levels of related lipids or interfering with the balance between the lipogenesis and lipolysis
pathways. Moreover, whether activation of lipophagy
by HCV infection affects the regular cellular functions
and leads to pathological changes in the infected hepatocytes warrants further investigation. Nevertheless, the
autophagy-mediated regulation of lipid metabolism may
represent a mechanism of deregulation that interferes
with metabolic homeostasis, thus promoting the progression of HCV-associated metabolic syndrome.

INDUCTION OF AUTOPHAGY IN HCV
INFECTION
The molecular mechanism for how HCV initiates autophagy is not fully understood, although several studies have shown that ER stress and the unfolded protein
response (UPR) can stimulate autophagy activation[211-213]
(Table 1 and Figure 4). Remarkably, two independent reports showed that the UPR is required for activation of
autophagy by HCV[10,11]. Recently, Huang et al[214] showed
that HCV can inhibit the protein kinase B (PKB)-tuberous
sclerosis (TSC)-mTOR complex 1 (mTORC1) signaling
pathway via virus-induced ER stress, thus activating autophagy. Nevertheless, Shrivastava et al[215] demonstrated
that HCV induces autophagy by transcriptionally activating the expression of the Beclin mRNA and triggering
mTOR signaling. In addition to virus-triggered ER stress
and the UPR, viral protein expression seems to be another signal for HCV-activated autophagy (Figure 4). Su
et al[216] showed that HCV NS4B can trigger incomplete
autophagy via an interaction with Rab5 and Vps34 (Table
1). Moreover, HCV NS5A was reported to be sufficient
to trigger the autophagic response[215] (Figure 4). On the
other hand, Gregoire and colleagues demonstrated that
several RNA viruses, including HCV, could modulate
autophagy via the interaction of the immunity-associated
GTPase family M (IRGM) with ATG5 and LC3[217] (Table
1). They also showed that HCV NS3 is sufficient to activate IRGM-mediated autophagy[217]. Collectively, these
studies reveal that multiple signaling pathways may be involved in the HCV-activated autophagic response. However, further investigations are necessary to determine
how HCV RNA or proteins cooperate with those cellular
signaling pathways to modulate autophagy.

POTENTIAL ROLE OF AUTOPHAGY
IN INHIBITING HCV-RELATED LIVER
DISEASES
Although HCV infection is shown to positively induce
the autophagic process in the cultured human hepatocyte
system[8-11], the evidence for autophagy activation in an in
vivo animal model and liver specimens from infected patients is still limited. Autophagy activated by HCV infection has been demonstrated to promote HCV growth in
host cells via regulating RNA replication, the translation
of incoming viral RNA, and the assembly of infectious
viral particles[9-11,207]. In addition to its proviral role in the
HCV life cycle, upregulation of autophagy functions in
suppressing innate immunity[10,203,218], altering the apoptosis pathway[215] (Figure 4), and maintaining the surveillance of infected cells[206]. In addition, recent studies
provide a new horizon for autophagy and its role in protection of host cells from excess LDs due to HCV infection and the elimination of damaged mitochondria via the
degradative process[208-210]. These studies also suggest that
the autophagic response is utilized to maintain cell ho-
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POSSIBLE LINK BETWEEN AUTOPHAGY
AND THE HCV MEMBRANOUS
REPLICATION COMPLEX
A recent study has shown that ectopic expression of
HCV NS4B is sufficient to activate incomplete autophagy
by interacting with Rab5 and Vps34 in human hepatoma
cells[216], which suggests that activation of autophagy by
the NS4B protein may be related to membranous web
formation (Figure 4). Reciprocally, the HCV NS4Binduced membranous web accumulation could trigger a
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stress response, such as ER stress, which was indicated to
be an inducer of HCV-triggered autophagy[10,11] (Figure
4). It is still unknown whether HCV NS4B can utilize the
autophagy-mediated membrane rearrangement process
to generate double-membrane vesicles (DMV) within the
membranous web, which is required for HCV replication.
Notably, several studies indicated that HCV activates
incomplete autophagy[11,216], which may serve as a means
of inducing the accumulation of DMV. Moreover, the
autophagosomal membrane has recently been demonstrated to be a site for HCV viral RNA replication[204].
In addition to NS4B, HCV NS5A was shown to activate
autophagy via enhancing phospho-mTOR expression
and its downstream target 4EBP1 in IHH cells[215]. HCV
NS5A being a critical regulator for modulating the local
concentration of PI4P, which is a critical component of
the membranous web[77,78,81,84,85], implies again that HCV
may exploit autophagy to regulate the formation of the
membranous web (Figure 4). These studies collectively
imply that the extent of host cellular autophagy may affect the pathogenesis of HCV-associated liver diseases
through modulating the status of HCV replication and
membranous web formation (Figure 4).

tumor suppression (Figure 4). Along with these findings, it would be interesting to investigate whether HCVactivated autophagy interferes with the suppressive effect
of basal autophagy in tumor progression, thus promoting
the development of liver cancer. Currently, how HCVinduced autophagy interacts with and/or affects basal
autophagy in vivo to promote tumor formation is still unclear and needs to be studied.
On the other hand, accumulated evidence has indicated that cancer cells may activate autophagy to alter the
tumor microenvironment and promote cell surveillance,
which would, therefore, protect tumor cells from cell
death[198,229-235] (Figure 4). The tumor microenvironment
often faces stringent stress conditions of hypoxia and
restricted nutrients; thus, tumor cells activate autophagy
to counteract these stress responses[198,232,235]. Additionally, activation of autophagy is exploited by cancer cells
to trigger resistance against anti-cancer therapy[229-231].
Hence, suppression of autophagy has been shown to
synergistically enhance the efficacy of anti-cancer drugs
to kill cancer cells[229,230]. The potential role of the HCVactivated autophagic response in the establishment of the
tumor microenvironment and chemo-resistance of hepatocellular carcinoma has not yet been determined, but
such a hypothesis is conceivably reasonable. For instance,
the autophagy that is triggered by the virus may protect
chronically HCV-infected cells from stress-induced cell
death, such as through apoptosis, which would promote
cell survival and possibly result in the development of
tumors (Figure 4). Nevertheless, further investigations on
the relationship between autophagy and the pathogenesis
of HCV-related liver diseases and tumor progression
are urgently needed. Without a convenient small animal
model that supports the entire HCV life cycle and allows
the monitoring of the HCV-associated disease progression, a large gap must be crossed before investigation on
the in vivo relevance of autophagy in the development of
end-stage HCV-associated liver diseases becomes feasible.

AUTOPHAGY AND HCV-RELATED LIVER
CANCER
In addition to the possibility of participating in the development of liver-associated diseases by altering lipid
metabolism, HCV-activated autophagy may contribute to
the development of hepatocellular carcinoma (Figure 4).
The role of autophagy in inhibiting tumor development
originated from the investigation of the functional impact of knocking out the ATG genes in mice[221-225]. The
heterozygous loss of the Beclin gene with a repressed
autophagic process in mice promoted tumorigenesis and
increased the occurrence of spontaneous malignancies,
which indicated, for the first time, that Beclin may serve
as a tumor suppressor in tumor progression[221]. Likewise,
mosaic knockout of ATG5 and the conditional depletion
of ATG7 in mice also resulted in spontaneous formation of benign liver cancer[223]. Additionally, inhibition
of tumor suppressor genes, such as phosphatase and
tensin homolog (PTEN) and p53, suppresses the basal
autophagic response[223,226,227], suggesting an association
of autophagy with tumor formation. On the other hand,
recent studies from Komatsu’s group showed that the accumulation of p62, which is a substrate of autophagy, by
interference with autophagy promotes the formation of
hepatocellular carcinoma[224,228] (Figure 4). This process
occurs through direct interaction of p62 with Kelch-like
ECH-associated protein 1 (Keap1), which is a component
of Cullin3-associated ubiquitin E3 ligase, and ablation
of the Keap1-mediated degradation of activating nuclear
factor (erythroid-derived 2)-like factor 2 (Nrf2) and,
therefore, leads to persistent activation of the expression
of Nrf2 downstream cytoprotective genes[224,228]. These
studies collectively unveil a novel role of autophagy in
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AUTOPHAGY AS AN ANTIVIRAL TARGET
Suppression of autophagy has emerged as a means to inhibit HCV replication[9-11,207]; therefore, the implications
of repressed autophagic activity in anti-HCV therapy can
be envisioned. Our recent studies indicated that pharmacological inhibitors of autophagy, such as chloroquine
(CQ) and bafilomycin A1 (BAF-A1), can specifically
inhibit HCV infection through activation of type Ⅰ IFN
antiviral immunity in the in vitro HCVcc model[10]. CQ
and BAF-A1 were also shown to inhibit HCV entry via
inhibiting the endocytosis pathway[39], and CQ has been
demonstrated to inhibit the development of pancreatic
tumor formation in a rodent model[233,234]. Recently, in
vivo gene transfer of transcriptional factor EB, which is
a master gene that regulates autophagy in the livers of
mice, can promote clearance of mutant, hepatotoxic
alpha-1-anti-trypsin, which is a protein aggregate that
commonly causes liver injury[236]. This finding implicates
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that modulation of cellular autophagy may provide an
innovative and feasible therapeutic strategy for curing
liver-associated diseases. Therefore, it is anticipated that
these autophagic inhibitors, along with small molecule
of inhibiting autophagy, could be therapeutically applied
in the treatment of HCV infection and possibly HCVassociated liver diseases. Again, an in vivo small animal
model for studying HCV infection and the progression
of liver-related diseases is required for screening and
testing the efficacy and safety of a potential therapeutic
strategy.
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CONCLUSION
Autophagy has emerged as an important topic in HCV
research. However, the detailed mechanistic action of
how HCV activates the autophagic process and comprehensive knowledge of the physiological significance of
autophagy at each step of the HCV life cycle still remain
to be investigated. Moreover, autophagy may contribute
to the pathogenesis of HCV-associated liver diseases. In
the future, studies on the exploration of the clinical relevance of autophagy in HCV-infected patients and in vivo
investigations using small animal models that can support
the complete HCV replication cycle shall provide mechanistic insights into the functional impacts of autophagyHCV interactions in the pathogenesis of HCV-derived
liver diseases. The results of these studies will benefit the
development of new therapeutic strategies that are capable of curing HCV infection and elucidate the pathogenesis of HCV-associated liver diseases. These results will
also facilitate the design of an efficacious vaccine that can
protect the human population against HCV infection.

15

16
17

18
19
20
21

REFERENCES
1

2
3
4
5
6
7
8
9

Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW,
Houghton M. Isolation of a cDNA clone derived from a
blood-borne non-A, non-B viral hepatitis genome. Science
1989; 244: 359-362 [PMID: 2523562]
Chisari FV. Unscrambling hepatitis C virus-host interactions. Nature 2005; 436: 930-932 [PMID: 16107831]
Gao B, Hong F, Radaeva S. Host factors and failure of interferon-alpha treatment in hepatitis C virus. Hepatology 2004;
39: 880-890 [PMID: 15057887 DOI: 10.1002/hep.20139]
Liang TJ. Current progress in development of hepatitis C
virus vaccines. Nat Med 2013; 19: 869-878 [PMID: 23836237]
Liang TJ, Ghany MG. Current and future therapies for
hepatitis C virus infection. N Engl J Med 2013; 368: 1907-1917
[PMID: 23675659]
Deretic V, Levine B. Autophagy, immunity, and microbial adaptations. Cell Host Microbe 2009; 5: 527-549 [PMID:
19527881 DOI: S1931-3128(09)00183-8]
Mizushima N, Levine B, Cuervo AM, Klionsky DJ. Autophagy fights disease through cellular self-digestion. Nature
2008; 451: 1069-1075 [PMID: 18305538]
Ait-Goughoulte M, Kanda T, Meyer K, Ryerse JS, Ray RB,
Ray R. Hepatitis C virus genotype 1a growth and induction
of autophagy. J Virol 2008; 82: 2241-2249 [PMID: 18077704]
Dreux M, Gastaminza P, Wieland SF, Chisari FV. The autophagy machinery is required to initiate hepatitis C virus
replication. Proc Natl Acad Sci USA 2009; 106: 14046-14051
[PMID: 19666601]

WJG|www.wjgnet.com

22
23

24

25

26

27

5786

Ke PY, Chen SS. Activation of the unfolded protein response
and autophagy after hepatitis C virus infection suppresses
innate antiviral immunity in vitro. J Clin Invest 2011; 121:
37-56 [PMID: 21135505]
Sir D, Chen WL, Choi J, Wakita T, Yen TS, Ou JH. Induction
of incomplete autophagic response by hepatitis C virus via
the unfolded protein response. Hepatology 2008; 48: 1054-1061
[PMID: 18688877 DOI: 10.1002/hep.22464]
Nixon RA. The role of autophagy in neurodegenerative
disease. Nat Med 2013; 19: 983-997 [PMID: 23921753 DOI:
10.1038/nm.3232]
Harris H, Rubinsztein DC. Control of autophagy as a therapy for neurodegenerative disease. Nat Rev Neurol 2012; 8:
108-117 [PMID: 22187000 DOI: 10.1038/nrneurol.2011.200]
Feinstone SM, Kapikian AZ, Purcell RH, Alter HJ, Holland
PV. Transfusion-associated hepatitis not due to viral hepatitis type A or B. 1975. Rev Med Virol 2001; 11: 3-8; discussion 8-9
[PMID: 11241798]
Simmonds P, Bukh J, Combet C, Deléage G, Enomoto N,
Feinstone S, Halfon P, Inchauspé G, Kuiken C, Maertens
G, Mizokami M, Murphy DG, Okamoto H, Pawlotsky JM,
Penin F, Sablon E, Shin-I T, Stuyver LJ, Thiel HJ, Viazov
S, Weiner AJ, Widell A. Consensus proposals for a unified
system of nomenclature of hepatitis C virus genotypes.
Hepatology 2005; 42: 962-973 [PMID: 16149085 DOI: 10.1002/
hep.20819]
Hoofnagle JH. Course and outcome of hepatitis C. Hepatology 2002; 36: S21-S29 [PMID: 12407573 DOI: 10.1053/
jhep.2002.36227]
Chayama K, Hayes CN. Hepatitis C virus: How genetic variability affects pathobiology of disease. J Gastroenterol Hepatol
2011; 26 Suppl 1: 83-95 [PMID: 21199518 DOI: 10.1111/
j.1440-1746.2010.06550.x]
Roingeard P. Hepatitis C virus diversity and hepatic steatosis. J Viral Hepat 2013; 20: 77-84 [PMID: 23301542 DOI:
10.1111/jvh.12035]
Trepo C. Genotype and viral load as prognostic indicators
in the treatment of hepatitis C. J Viral Hepat 2000; 7: 250-257
[PMID: 10886533]
Nelson DR, Davis GL. Treatment of chronic hepatitis C.
Compr Ther 1997; 23: 269-276 [PMID: 9167919]
Manns MP, Wedemeyer H, Cornberg M. Treating viral hepatitis C: efficacy, side effects, and complications. Gut 2006; 55:
1350-1359 [PMID: 16905701 DOI: 10.1136/gut.2005.076646]
Davis GL, Lau JY. Factors predictive of a beneficial response
to therapy of hepatitis C. Hepatology 1997; 26: 122S-127S
[PMID: 9305676 DOI: 10.1002/hep.510260721]
Pileri P, Uematsu Y, Campagnoli S, Galli G, Falugi F, Petracca R, Weiner AJ, Houghton M, Rosa D, Grandi G, Abrignani
S. Binding of hepatitis C virus to CD81. Science 1998; 282:
938-941 [PMID: 9794763]
McKeating JA, Zhang LQ, Logvinoff C, Flint M, Zhang J,
Yu J, Butera D, Ho DD, Dustin LB, Rice CM, Balfe P. Diverse
hepatitis C virus glycoproteins mediate viral infection in a
CD81-dependent manner. J Virol 2004; 78: 8496-8505 [PMID:
15280458 DOI: 10.1128/JVI.78.16.8496-8505.2004]
Zhang J, Randall G, Higginbottom A, Monk P, Rice CM,
McKeating JA. CD81 is required for hepatitis C virus glycoprotein-mediated viral infection. J Virol 2004; 78: 1448-1455
[PMID: 14722300]
Scarselli E, Ansuini H, Cerino R, Roccasecca RM, Acali S,
Filocamo G, Traboni C, Nicosia A, Cortese R, Vitelli A. The
human scavenger receptor class B type I is a novel candidate
receptor for the hepatitis C virus. EMBO J 2002; 21: 5017-5025
[PMID: 12356718]
Voisset C, Callens N, Blanchard E, Op De Beeck A, Dubuisson J, Vu-Dac N. High density lipoproteins facilitate hepatitis C virus entry through the scavenger receptor class B type
I. J Biol Chem 2005; 280: 7793-7799 [PMID: 15632171 DOI:
10.1074/jbc.M411600200]

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions
28

29

30

31

32

33

34

35

36

37

38

39

40
41

42

Evans MJ, von Hahn T, Tscherne DM, Syder AJ, Panis M,
Wölk B, Hatziioannou T, McKeating JA, Bieniasz PD, Rice
CM. Claudin-1 is a hepatitis C virus co-receptor required
for a late step in entry. Nature 2007; 446: 801-805 [PMID:
17325668 DOI: 10.1038/nature05654]
Ploss A, Evans MJ, Gaysinskaya VA, Panis M, You H, de
Jong YP, Rice CM. Human occludin is a hepatitis C virus entry factor required for infection of mouse cells. Nature 2009;
457: 882-886 [PMID: 19182773 DOI: 10.1038/nature07684]
Agnello V, Abel G, Elfahal M, Knight GB, Zhang QX. Hepatitis C virus and other flaviviridae viruses enter cells via low
density lipoprotein receptor. Proc Natl Acad Sci USA 1999; 96:
12766-12771 [PMID: 10535997]
Barth H, Schafer C, Adah MI, Zhang F, Linhardt RJ, Toyoda
H, Kinoshita-Toyoda A, Toida T, Van Kuppevelt TH, Depla E, Von Weizsacker F, Blum HE, Baumert TF. Cellular
binding of hepatitis C virus envelope glycoprotein E2 requires cell surface heparan sulfate. J Biol Chem 2003; 278:
41003-41012 [PMID: 12867431 DOI: 10.1074/jbc.M302267200]
Pöhlmann S, Zhang J, Baribaud F, Chen Z, Leslie GJ, Lin
G, Granelli-Piperno A, Doms RW, Rice CM, McKeating JA.
Hepatitis C virus glycoproteins interact with DC-SIGN and
DC-SIGNR. J Virol 2003; 77: 4070-4080 [PMID: 12634366]
Koutsoudakis G, Kaul A, Steinmann E, Kallis S, Lohmann
V, Pietschmann T, Bartenschlager R. Characterization of the
early steps of hepatitis C virus infection by using luciferase
reporter viruses. J Virol 2006; 80: 5308-5320 [PMID: 16699011
DOI: 10.1128/JVI.02460-05]
Zeisel MB, Koutsoudakis G, Schnober EK, Haberstroh
A, Blum HE, Cosset FL, Wakita T, Jaeck D, Doffoel M,
Royer C, Soulier E, Schvoerer E, Schuster C, Stoll-Keller
F, Bartenschlager R, Pietschmann T, Barth H, Baumert TF.
Scavenger receptor class B type I is a key host factor for
hepatitis C virus infection required for an entry step closely
linked to CD81. Hepatology 2007; 46: 1722-1731 [PMID:
18000990 DOI: 10.1002/hep.21994]
Sharma NR, Mateu G, Dreux M, Grakoui A, Cosset FL, Melikyan GB. Hepatitis C virus is primed by CD81 protein for
low pH-dependent fusion. J Biol Chem 2011; 286: 30361-30376
[PMID: 21737455 DOI: 10.1074/jbc.M111.263350]
Harris HJ, Davis C, Mullins JG, Hu K, Goodall M, Farquhar
MJ, Mee CJ, McCaffrey K, Young S, Drummer H, Balfe P,
McKeating JA. Claudin association with CD81 defines hepatitis C virus entry. J Biol Chem 2010; 285: 21092-21102 [PMID:
20375010 DOI: 10.1074/jbc.M110.104836]
Harris HJ, Farquhar MJ, Mee CJ, Davis C, Reynolds GM, Jennings A, Hu K, Yuan F, Deng H, Hubscher SG, Han JH, Balfe
P, McKeating JA. CD81 and claudin 1 coreceptor association:
role in hepatitis C virus entry. J Virol 2008; 82: 5007-5020
[PMID: 18337570 DOI: JVI.02286-07]
Schwarz AK, Grove J, Hu K, Mee CJ, Balfe P, McKeating JA.
Hepatoma cell density promotes claudin-1 and scavenger
receptor BI expression and hepatitis C virus internalization.
J Virol 2009; 83: 12407-12414 [PMID: 19776133 DOI: 10.1128/
JVI.01552-09]
Tscherne DM, Jones CT, Evans MJ, Lindenbach BD, McKeating JA, Rice CM. Time- and temperature-dependent
activation of hepatitis C virus for low-pH-triggered entry.
J Virol 2006; 80: 1734-1741 [PMID: 16439530 DOI: 10.1128/
JVI.80.4.1734-1741.2006]
Helle F, Dubuisson J. Hepatitis C virus entry into host cells.
Cell Mol Life Sci 2008; 65: 100-112 [PMID: 17914604 DOI:
10.1007/s00018-007-7291-8]
Meertens L, Bertaux C, Cukierman L, Cormier E, Lavillette D,
Cosset FL, Dragic T. The tight junction proteins claudin-1, -6,
and -9 are entry cofactors for hepatitis C virus. J Virol 2008;
82: 3555-3560 [PMID: 18234789 DOI: 10.1128/JVI.01977-07]
Zheng A, Yuan F, Li Y, Zhu F, Hou P, Li J, Song X, Ding M,
Deng H. Claudin-6 and claudin-9 function as additional coreceptors for hepatitis C virus. J Virol 2007; 81: 12465-12471

WJG|www.wjgnet.com

43

44

45

46
47

48

49
50
51

52

53

54

55

56

57

58

5787

[PMID: 17804490 DOI: 10.1128/JVI.01457-07]
Lupberger J, Zeisel MB, Xiao F, Thumann C, Fofana I, Zona
L, Davis C, Mee CJ, Turek M, Gorke S, Royer C, Fischer B,
Zahid MN, Lavillette D, Fresquet J, Cosset FL, Rothenberg
SM, Pietschmann T, Patel AH, Pessaux P, Doffoël M, Raffelsberger W, Poch O, McKeating JA, Brino L, Baumert TF.
EGFR and EphA2 are host factors for hepatitis C virus entry
and possible targets for antiviral therapy. Nat Med 2011; 17:
589-595 [PMID: 21516087 DOI: 10.1038/nm.2341]
Sainz B, Barretto N, Martin DN, Hiraga N, Imamura M,
Hussain S, Marsh KA, Yu X, Chayama K, Alrefai WA, Uprichard SL. Identification of the Niemann-Pick C1-like 1
cholesterol absorption receptor as a new hepatitis C virus
entry factor. Nat Med 2012; 18: 281-285 [PMID: 22231557 DOI:
10.1038/nm.2581]
Martin DN, Uprichard SL. Identification of transferrin receptor 1 as a hepatitis C virus entry factor. Proc Natl Acad Sci
USA 2013; 110: 10777-10782 [PMID: 23754414 DOI: 10.1073/
pnas.1301764110]
Moradpour D, Penin F, Rice CM. Replication of hepatitis C
virus. Nat Rev Microbiol 2007; 5: 453-463 [PMID: 17487147]
Egger D, Wölk B, Gosert R, Bianchi L, Blum HE, Moradpour D, Bienz K. Expression of hepatitis C virus proteins
induces distinct membrane alterations including a candidate
viral replication complex. J Virol 2002; 76: 5974-5984 [PMID:
12021330]
Gosert R, Egger D, Lohmann V, Bartenschlager R, Blum HE,
Bienz K, Moradpour D. Identification of the hepatitis C virus
RNA replication complex in Huh-7 cells harboring subgenomic replicons. J Virol 2003; 77: 5487-5492 [PMID: 12692249]
Lindenbach BD. Virion assembly and release. Curr Top
Microbiol Immunol 2013; 369: 199-218 [PMID: 23463202 DOI:
10.1007/978-3-642-27340-7_8]
Suzuki T. Assembly of hepatitis C virus particles. Microbiol
Immunol 2011; 55: 12-18 [PMID: 21175769 DOI: 10.1111/
j.1348-0421.2010.00274.x]
Ali N, Pruijn GJ, Kenan DJ, Keene JD, Siddiqui A. Human
La antigen is required for the hepatitis C virus internal ribosome entry site-mediated translation. J Biol Chem 2000; 275:
27531-27540 [PMID: 10856291 DOI: 10.1074/jbc.M001487200]
Ali N, Siddiqui A. The La antigen binds 5’ noncoding region
of the hepatitis C virus RNA in the context of the initiator
AUG codon and stimulates internal ribosome entry site-mediated translation. Proc Natl Acad Sci USA 1997; 94: 2249-2254
[PMID: 9122180]
Isken O, Baroth M, Grassmann CW, Weinlich S, Ostareck
DH, Ostareck-Lederer A, Behrens SE. Nuclear factors are
involved in hepatitis C virus RNA replication. RNA 2007; 13:
1675-1692 [PMID: 17684232 DOI: 10.1261/rna.594207]
Zhang Z, Harris D, Pandey VN. The FUSE binding protein is
a cellular factor required for efficient replication of hepatitis
C virus. J Virol 2008; 82: 5761-5773 [PMID: 18400844 DOI:
10.1128/JVI.00064-08]
Gontarek RR, Gutshall LL, Herold KM, Tsai J, Sathe GM,
Mao J, Prescott C, Del Vecchio AM. hnRNP C and polypyrimidine tract-binding protein specifically interact with
the pyrimidine-rich region within the 3’NTR of the HCV
RNA genome. Nucleic Acids Res 1999; 27: 1457-1463 [PMID:
10037806]
Hahm B, Kim YK, Kim JH, Kim TY, Jang SK. Heterogeneous
nuclear ribonucleoprotein L interacts with the 3’ border of
the internal ribosomal entry site of hepatitis C virus. J Virol
1998; 72: 8782-8788 [PMID: 9765422]
Kim CS, Seol SK, Song OK, Park JH, Jang SK. An RNAbinding protein, hnRNP A1, and a scaffold protein, septin
6, facilitate hepatitis C virus replication. J Virol 2007; 81:
3852-3865 [PMID: 17229681 DOI: 10.1128/JVI.01311-06]
Kaul A, Stauffer S, Berger C, Pertel T, Schmitt J, Kallis S, Zayas M, Lohmann V, Luban J, Bartenschlager R. Essential role
of cyclophilin A for hepatitis C virus replication and virus

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions

59

60

61

62

63

64

65

66

67

68

69

70

71

72

production and possible link to polyprotein cleavage kinetics. PLoS Pathog 2009; 5: e1000546 [PMID: 19680534 DOI:
10.1371/journal.ppat.1000546]
Liu X, Sun L, Yu M, Wang Z, Xu C, Xue Q, Zhang K, Ye X,
Kitamura Y, Liu W. Cyclophilin A interacts with influenza
A virus M1 protein and impairs the early stage of the viral
replication. Cell Microbiol 2009; 11: 730-741 [PMID: 19207730
DOI: 10.1111/j.1462-5822.2009.01286.x]
Liu Z, Yang F, Robotham JM, Tang H. Critical role of cyclophilin A and its prolyl-peptidyl isomerase activity in the
structure and function of the hepatitis C virus replication
complex. J Virol 2009; 83: 6554-6565 [PMID: 19386705 DOI:
10.1128/JVI.02550-08]
Okamoto T, Nishimura Y, Ichimura T, Suzuki K, Miyamura T, Suzuki T, Moriishi K, Matsuura Y. Hepatitis C
virus RNA replication is regulated by FKBP8 and Hsp90.
EMBO J 2006; 25: 5015-5025 [PMID: 17024179 DOI: 10.1038/
sj.emboj.7601367]
Okamoto T, Omori H, Kaname Y, Abe T, Nishimura Y,
Suzuki T, Miyamura T, Yoshimori T, Moriishi K, Matsuura
Y. A single-amino-acid mutation in hepatitis C virus NS5A
disrupting FKBP8 interaction impairs viral replication. J
Virol 2008; 82: 3480-3489 [PMID: 18216108 DOI: 10.1128/
JVI.02253-07]
Gao L, Aizaki H, He JW, Lai MM. Interactions between viral
nonstructural proteins and host protein hVAP-33 mediate
the formation of hepatitis C virus RNA replication complex
on lipid raft. J Virol 2004; 78: 3480-3488 [PMID: 15016871]
Hamamoto I, Nishimura Y, Okamoto T, Aizaki H, Liu M,
Mori Y, Abe T, Suzuki T, Lai MM, Miyamura T, Moriishi K,
Matsuura Y. Human VAP-B is involved in hepatitis C virus
replication through interaction with NS5A and NS5B. J Virol
2005; 79: 13473-13482 [PMID: 16227268 DOI: 10.1128/JVI.79.
21.13473-13482.2005]
Wang C, Gale M, Keller BC, Huang H, Brown MS, Goldstein
JL, Ye J. Identification of FBL2 as a geranylgeranylated cellular protein required for hepatitis C virus RNA replication.
Mol Cell 2005; 18: 425-434 [PMID: 15893726 DOI: 10.1016/
j.molcel.2005.04.004]
Ye J, Wang C, Sumpter R, Brown MS, Goldstein JL, Gale M.
Disruption of hepatitis C virus RNA replication through
inhibition of host protein geranylgeranylation. Proc Natl
Acad Sci USA 2003; 100: 15865-15870 [PMID: 14668447 DOI:
10.1073/pnas.2237238100]
Ariumi Y, Kuroki M, Abe K, Dansako H, Ikeda M, Wakita T,
Kato N. DDX3 DEAD-box RNA helicase is required for hepatitis C virus RNA replication. J Virol 2007; 81: 13922-13926
[PMID: 17855521 DOI: 10.1128/JVI.01517-07]
Ariumi Y, Kuroki M, Dansako H, Abe K, Ikeda M, Wakita
T, Kato N. The DNA damage sensors ataxia-telangiectasia
mutated kinase and checkpoint kinase 2 are required for
hepatitis C virus RNA replication. J Virol 2008; 82: 9639-9646
[PMID: 18667510 DOI: 10.1128/JVI.00351-08]
Hara H, Aizaki H, Matsuda M, Shinkai-Ouchi F, Inoue Y,
Murakami K, Shoji I, Kawakami H, Matsuura Y, Lai MM,
Miyamura T, Wakita T, Suzuki T. Involvement of creatine
kinase B in hepatitis C virus genome replication through
interaction with the viral NS4A protein. J Virol 2009; 83:
5137-5147 [PMID: 19264780 DOI: 10.1128/JVI.02179-08]
Stone M, Jia S, Heo WD, Meyer T, Konan KV. Participation
of rab5, an early endosome protein, in hepatitis C virus RNA
replication machinery. J Virol 2007; 81: 4551-4563 [PMID:
17301141 DOI: 10.1128/JVI.01366-06]
Oem JK, Jackel-Cram C, Li YP, Zhou Y, Zhong J, Shimano H,
Babiuk LA, Liu Q. Activation of sterol regulatory elementbinding protein 1c and fatty acid synthase transcription by
hepatitis C virus non-structural protein 2. J Gen Virol 2008;
89: 1225-1230 [PMID: 18420801 DOI: 10.1099/vir.0.83491-0]
Park CY, Jun HJ, Wakita T, Cheong JH, Hwang SB. Hepatitis
C virus nonstructural 4B protein modulates sterol regula-

WJG|www.wjgnet.com

73

74
75

76

77

78
79

80

81

82

83

84

85

5788

tory element-binding protein signaling via the AKT pathway. J Biol Chem 2009; 284: 9237-9246 [PMID: 19204002 DOI:
10.1074/jbc.M808773200]
Waris G, Felmlee DJ, Negro F, Siddiqui A. Hepatitis C virus
induces proteolytic cleavage of sterol regulatory element
binding proteins and stimulates their phosphorylation via
oxidative stress. J Virol 2007; 81: 8122-8130 [PMID: 17507484
DOI: 10.1128/JVI.00125-07]
Jeon TI, Osborne TF. SREBPs: metabolic integrators in
physiology and metabolism. Trends Endocrinol Metab 2012;
23: 65-72 [PMID: 22154484 DOI: 10.1016/j.tem.2011.10.004]
Yang W, Hood BL, Chadwick SL, Liu S, Watkins SC, Luo
G, Conrads TP, Wang T. Fatty acid synthase is up-regulated
during hepatitis C virus infection and regulates hepatitis C
virus entry and production. Hepatology 2008; 48: 1396-1403
[PMID: 18830996 DOI: 10.1002/hep.22508]
Huang JT, Tseng CP, Liao MH, Lu SC, Yeh WZ, Sakamoto
N, Chen CM, Cheng JC. Hepatitis C virus replication is
modulated by the interaction of nonstructural protein NS5B
and fatty acid synthase. J Virol 2013; 87: 4994-5004 [PMID:
23427160 DOI: 10.1128/JVI.02526-12]
Berger KL, Cooper JD, Heaton NS, Yoon R, Oakland TE,
Jordan TX, Mateu G, Grakoui A, Randall G. Roles for endocytic trafficking and phosphatidylinositol 4-kinase III
alpha in hepatitis C virus replication. Proc Natl Acad Sci
USA 2009; 106: 7577-7582 [PMID: 19376974 DOI: 10.1073/
pnas.0902693106]
Berger KL, Randall G. Potential roles for cellular cofactors
in hepatitis C virus replication complex formation. Commun
Integr Biol 2009; 2: 471-473 [PMID: 20195453]
Borawski J, Troke P, Puyang X, Gibaja V, Zhao S, Mickanin
C, Leighton-Davies J, Wilson CJ, Myer V, Cornellataracido I,
Baryza J, Tallarico J, Joberty G, Bantscheff M, Schirle M, Bouwmeester T, Mathy JE, Lin K, Compton T, Labow M, Wiedmann B, Gaither LA. Class III phosphatidylinositol 4-kinase
alpha and beta are novel host factor regulators of hepatitis
C virus replication. J Virol 2009; 83: 10058-10074 [PMID:
19605471 DOI: 10.1128/JVI.02418-08]
Li Q, Brass AL, Ng A, Hu Z, Xavier RJ, Liang TJ, Elledge
SJ. A genome-wide genetic screen for host factors required
for hepatitis C virus propagation. Proc Natl Acad Sci USA
2009; 106: 16410-16415 [PMID: 19717417 DOI: 10.1073/
pnas.0907439106]
Tai AW, Benita Y, Peng LF, Kim SS, Sakamoto N, Xavier RJ,
Chung RT. A functional genomic screen identifies cellular cofactors of hepatitis C virus replication. Cell Host Microbe 2009;
5: 298-307 [PMID: 19286138 DOI: 10.1016/j.chom.2009.02.001]
Trotard M, Lepère-Douard C, Régeard M, Piquet-Pellorce
C, Lavillette D, Cosset FL, Gripon P, Le Seyec J. Kinases required in hepatitis C virus entry and replication highlighted
by small interference RNA screening. FASEB J 2009; 23:
3780-3789 [PMID: 19608626 DOI: 10.1096/fj.09-131920]
Vaillancourt FH, Pilote L, Cartier M, Lippens J, Liuzzi M,
Bethell RC, Cordingley MG, Kukolj G. Identification of a lipid kinase as a host factor involved in hepatitis C virus RNA
replication. Virology 2009; 387: 5-10 [PMID: 19304308 DOI:
10.1016/j.virol.2009.02.039]
Reiss S, Rebhan I, Backes P, Romero-Brey I, Erfle H, Matula
P, Kaderali L, Poenisch M, Blankenburg H, Hiet MS, Longerich T, Diehl S, Ramirez F, Balla T, Rohr K, Kaul A, Bühler
S, Pepperkok R, Lengauer T, Albrecht M, Eils R, Schirmacher
P, Lohmann V, Bartenschlager R. Recruitment and activation
of a lipid kinase by hepatitis C virus NS5A is essential for
integrity of the membranous replication compartment. Cell
Host Microbe 2011; 9: 32-45 [PMID: 21238945 DOI: 10.1016/
j.chom.2010.12.002]
Lim YS, Hwang SB. Hepatitis C virus NS5A protein interacts
with phosphatidylinositol 4-kinase type IIIalpha and regulates viral propagation. J Biol Chem 2011; 286: 11290-11298
[PMID: 21297162 DOI: 10.1074/jbc.M110.194472]

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions
86

Reiss S, Harak C, Romero-Brey I, Radujkovic D, Klein R,
Ruggieri A, Rebhan I, Bartenschlager R, Lohmann V. The
lipid kinase phosphatidylinositol-4 kinase III alpha regulates
the phosphorylation status of hepatitis C virus NS5A. PLoS
Pathog 2013; 9: e1003359 [PMID: 23675303 DOI: 10.1371/journal.ppat.1003359]
87 Chao TC, Su WC, Huang JY, Chen YC, Jeng KS, Wang HD,
Lai MM. Proline-serine-threonine phosphatase-interacting
protein 2 (PSTPIP2), a host membrane-deforming protein, is
critical for membranous web formation in hepatitis C virus
replication. J Virol 2012; 86: 1739-1749 [PMID: 22130530 DOI:
10.1128/JVI.06001-11]
88 Saxena V, Lai CK, Chao TC, Jeng KS, Lai MM. Annexin A2
is involved in the formation of hepatitis C virus replication
complex on the lipid raft. J Virol 2012; 86: 4139-4150 [PMID:
22301157 DOI: 10.1128/JVI.06327-11]
89 Ploen D, Hafirassou ML, Himmelsbach K, Sauter D, Biniossek ML, Weiss TS, Baumert TF, Schuster C, Hildt E. TIP47
plays a crucial role in the life cycle of hepatitis C virus. J
Hepatol 2013; 58: 1081-1088 [PMID: 23354285 DOI: 10.1016/
j.jhep.2013.01.022]
90 Vogt DA, Camus G, Herker E, Webster BR, Tsou CL, Greene
WC, Yen TS, Ott M. Lipid droplet-binding protein TIP47 regulates hepatitis C Virus RNA replication through interaction
with the viral NS5A protein. PLoS Pathog 2013; 9: e1003302
[PMID: 23593007 DOI: 10.1371/journal.ppat.1003302]
91 Hoofnagle JH. Hepatitis C: the clinical spectrum of disease.
Hepatology 1997; 26: 15S-20S [PMID: 9305658 DOI: 10.1002/
hep.510260703]
92 Di Bisceglie AM, Goodman ZD, Ishak KG, Hoofnagle JH,
Melpolder JJ, Alter HJ. Long-term clinical and histopathological follow-up of chronic posttransfusion hepatitis. Hepatology 1991; 14: 969-974 [PMID: 1959884]
93 Di Bisceglie AM, Order SE, Klein JL, Waggoner JG, Sjogren
MH, Kuo G, Houghton M, Choo QL, Hoofnagle JH. The role
of chronic viral hepatitis in hepatocellular carcinoma in the
United States. Am J Gastroenterol 1991; 86: 335-338 [PMID:
1847790]
94 Poynard T, Bedossa P, Opolon P. Natural history of liver
fibrosis progression in patients with chronic hepatitis C. The
OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.
Lancet 1997; 349: 825-832 [PMID: 9121257]
95 Villano SA, Vlahov D, Nelson KE, Cohn S, Thomas DL. Persistence of viremia and the importance of long-term followup after acute hepatitis C infection. Hepatology 1999; 29:
908-914 [PMID: 10051497 DOI: 10.1002/hep.510290311]
96 Agnello V, Chung RT, Kaplan LM. A role for hepatitis
C virus infection in type II cryoglobulinemia. N Engl J
Med 1992; 327: 1490-1495 [PMID: 1383822 DOI: 10.1056/
NEJM199211193272104]
97 Charles ED, Dustin LB. Hepatitis C virus-induced cryoglobulinemia. Kidney Int 2009; 76: 818-824 [PMID: 19606079 DOI:
10.1038/ki.2009.247]
98 Clément S, Pascarella S, Negro F. Hepatitis C virus infection:
molecular pathways to steatosis, insulin resistance and oxidative stress. Viruses 2009; 1: 126-143 [PMID: 21994542 DOI:
10.3390/v1020126]
99 Negro F, Alaei M. Hepatitis C virus and type 2 diabetes.
World J Gastroenterol 2009; 15: 1537-1547 [PMID: 19340895]
100 Barba G, Harper F, Harada T, Kohara M, Goulinet S, Matsuura Y, Eder G, Schaff Z, Chapman MJ, Miyamura T, Bréchot
C. Hepatitis C virus core protein shows a cytoplasmic localization and associates to cellular lipid storage droplets. Proc
Natl Acad Sci USA 1997; 94: 1200-1205 [PMID: 9037030]
101 Depla M, Uzbekov R, Hourioux C, Blanchard E, Le Gouge A,
Gillet L, Roingeard P. Ultrastructural and quantitative analysis of the lipid droplet clustering induced by hepatitis C
virus core protein. Cell Mol Life Sci 2010; 67: 3151-3161 [PMID:
20422251 DOI: 10.1007/s00018-010-0373-z]
102 Moradpour D, Englert C, Wakita T, Wands JR. Character-

WJG|www.wjgnet.com

103

104

105

106

107

108

109

110

111

112

113

114

115

116

5789

ization of cell lines allowing tightly regulated expression
of hepatitis C virus core protein. Virology 1996; 222: 51-63
[PMID: 8806487 DOI: 10.1006/viro.1996.0397]
Lerat H, Honda M, Beard MR, Loesch K, Sun J, Yang Y, Okuda M, Gosert R, Xiao SY, Weinman SA, Lemon SM. Steatosis
and liver cancer in transgenic mice expressing the structural
and nonstructural proteins of hepatitis C virus. Gastroenterology 2002; 122: 352-365 [PMID: 11832450]
Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T,
Ishibashi K, Matsuura Y, Kimura S, Miyamura T, Koike K.
The core protein of hepatitis C virus induces hepatocellular
carcinoma in transgenic mice. Nat Med 1998; 4: 1065-1067
[PMID: 9734402 DOI: 10.1038/2053]
Moriya K, Yotsuyanagi H, Shintani Y, Fujie H, Ishibashi K,
Matsuura Y, Miyamura T, Koike K. Hepatitis C virus core
protein induces hepatic steatosis in transgenic mice. J Gen
Virol 1997; 78 (Pt 7): 1527-1531 [PMID: 9225025]
Perlemuter G, Lettéron P, Carnot F, Zavala F, Pessayre D,
Nalpas B, Bréchot C. Alcohol and hepatitis C virus core protein additively increase lipid peroxidation and synergistically trigger hepatic cytokine expression in a transgenic mouse
model. J Hepatol 2003; 39: 1020-1027 [PMID: 14642621]
Adinolfi LE, Gambardella M, Andreana A, Tripodi MF,
Utili R, Ruggiero G. Steatosis accelerates the progression of
liver damage of chronic hepatitis C patients and correlates
with specific HCV genotype and visceral obesity. Hepatology 2001; 33: 1358-1364 [PMID: 11391523 DOI: 10.1053/
jhep.2001.24432]
Rubbia-Brandt L, Fabris P, Paganin S, Leandro G, Male PJ,
Giostra E, Carlotto A, Bozzola L, Smedile A, Negro F. Steatosis affects chronic hepatitis C progression in a genotype
specific way. Gut 2004; 53: 406-412 [PMID: 14960525]
Rubbia-Brandt L, Quadri R, Abid K, Giostra E, Malé PJ,
Mentha G, Spahr L, Zarski JP, Borisch B, Hadengue A, Negro
F. Hepatocyte steatosis is a cytopathic effect of hepatitis C virus genotype 3. J Hepatol 2000; 33: 106-115 [PMID: 10905593]
Hourioux C, Patient R, Morin A, Blanchard E, Moreau A,
Trassard S, Giraudeau B, Roingeard P. The genotype 3-specific hepatitis C virus core protein residue phenylalanine 164
increases steatosis in an in vitro cellular model. Gut 2007; 56:
1302-1308 [PMID: 17213339 DOI: 10.1136/gut.2006.108647]
Jhaveri R, McHutchison J, Patel K, Qiang G, Diehl AM.
Specific polymorphisms in hepatitis C virus genotype 3
core protein associated with intracellular lipid accumulation. J Infect Dis 2008; 197: 283-291 [PMID: 18177246 DOI:
10.1086/524846]
Tachi Y, Katano Y, Honda T, Hayashi K, Ishigami M, Itoh
A, Hirooka Y, Nakano I, Samejima Y, Goto H. Impact of
amino acid substitutions in the hepatitis C virus genotype 1b
core region on liver steatosis and hepatic oxidative stress in
patients with chronic hepatitis C. Liver Int 2010; 30: 554-559
[PMID: 19951380 DOI: 10.1111/j.1478-3231.2009.02164.x]
Hassan M, Ghozlan H, Abdel-Kader O. Activation of RB/
E2F signaling pathway is required for the modulation of
hepatitis C virus core protein-induced cell growth in liver
and non-liver cells. Cell Signal 2004; 16: 1375-1385 [PMID:
15381253 DOI: 10.1016/j.cellsig.2004.04.005]
Munakata T, Nakamura M, Liang Y, Li K, Lemon SM.
Down-regulation of the retinoblastoma tumor suppressor
by the hepatitis C virus NS5B RNA-dependent RNA polymerase. Proc Natl Acad Sci USA 2005; 102: 18159-18164 [PMID:
16332962 DOI: 10.1073/pnas.0505605102]
Lai CK, Jeng KS, Machida K, Cheng YS, Lai MM. Hepatitis C virus NS3/4A protein interacts with ATM, impairs
DNA repair and enhances sensitivity to ionizing radiation. Virology 2008; 370: 295-309 [PMID: 17931678 DOI:
S0042-6822(07)00566-1]
Machida K, McNamara G, Cheng KT, Huang J, Wang CH,
Comai L, Ou JH, Lai MM. Hepatitis C virus inhibits DNA
damage repair through reactive oxygen and nitrogen species

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions

117

118
119

120
121

122

123

124

125
126

127

128
129

130
131

132

133

and by interfering with the ATM-NBS1/Mre11/Rad50 DNA
repair pathway in monocytes and hepatocytes. J Immunol
2010; 185: 6985-6998 [PMID: 20974981 DOI: 10.4049/jimmunol.1000618]
Lohmann V, Körner F, Koch J, Herian U, Theilmann L,
Bartenschlager R. Replication of subgenomic hepatitis C virus RNAs in a hepatoma cell line. Science 1999; 285: 110-113
[PMID: 10390360]
Blight KJ, Kolykhalov AA, Rice CM. Efficient initiation
of HCV RNA replication in cell culture. Science 2000; 290:
1972-1974 [PMID: 11110665]
Evans MJ, Rice CM, Goff SP. Phosphorylation of hepatitis
C virus nonstructural protein 5A modulates its protein
interactions and viral RNA replication. Proc Natl Acad Sci
USA 2004; 101: 13038-13043 [PMID: 15326295 DOI: 10.1073/
pnas.0405152101]
Evans MJ, Rice CM, Goff SP. Genetic interactions between
hepatitis C virus replicons. J Virol 2004; 78: 12085-12089
[PMID: 15479852 DOI: 10.1128/JVI.78.21.12085-12089.2004]
Lohmann V, Hoffmann S, Herian U, Penin F, Bartenschlager
R. Viral and cellular determinants of hepatitis C virus RNA
replication in cell culture. J Virol 2003; 77: 3007-3019 [PMID:
12584326]
Hsu M, Zhang J, Flint M, Logvinoff C, Cheng-Mayer C, Rice
CM, McKeating JA. Hepatitis C virus glycoproteins mediate
pH-dependent cell entry of pseudotyped retroviral particles.
Proc Natl Acad Sci USA 2003; 100: 7271-7276 [PMID: 12761383
DOI: 10.1073/pnas.0832180100]
Bartosch B, Dubuisson J, Cosset FL. Infectious hepatitis C
virus pseudo-particles containing functional E1-E2 envelope
protein complexes. J Exp Med 2003; 197: 633-642 [PMID:
12615904]
Bartosch B, Cosset FL. Studying HCV cell entry with HCV
pseudoparticles (HCVpp). Methods Mol Biol 2009; 510:
279-293 [PMID: 19009269 DOI: 10.1007/978-1-59745-394-3_2
1]
Castet V, Moradpour D. A model for the study of hepatitis
C virus entry. Hepatology 2003; 38: 771-774 [PMID: 12939604
DOI: 10.1002/hep.510380328]
Zhong J, Gastaminza P, Cheng G, Kapadia S, Kato T, Burton DR, Wieland SF, Uprichard SL, Wakita T, Chisari FV.
Robust hepatitis C virus infection in vitro. Proc Natl Acad Sci
USA 2005; 102: 9294-9299 [PMID: 15939869 DOI: 10.1073/
pnas.0503596102]
Wakita T, Pietschmann T, Kato T, Date T, Miyamoto M,
Zhao Z, Murthy K, Habermann A, Kräusslich HG, Mizokami
M, Bartenschlager R, Liang TJ. Production of infectious hepatitis C virus in tissue culture from a cloned viral genome.
Nat Med 2005; 11: 791-796 [PMID: 15951748]
Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication from genome to function. Nature 2005; 436: 933-938
[PMID: 16107832 DOI: 10.1038/nature04077]
Weiner A, Erickson AL, Kansopon J, Crawford K, Muchmore E, Hughes AL, Houghton M, Walker CM. Persistent
hepatitis C virus infection in a chimpanzee is associated with
emergence of a cytotoxic T lymphocyte escape variant. Proc
Natl Acad Sci USA 1995; 92: 2755-2759 [PMID: 7708719]
Lanford RE, Bigger C, Bassett S, Klimpel G. The chimpanzee
model of hepatitis C virus infections. ILAR J 2001; 42: 117-126
[PMID: 11406714]
Forns X, Ampurdanès S, Sanchez-Tapias JM, Guilera M,
Sans M, Sánchez-Fueyo A, Quintó L, Joya P, Bruguera M,
Rodés J. Long-term follow-up of chronic hepatitis C in patients diagnosed at a tertiary-care center. J Hepatol 2001; 35:
265-271 [PMID: 11580150]
Bukh J, Forns X, Emerson SU, Purcell RH. Studies of hepatitis C virus in chimpanzees and their importance for vaccine
development. Intervirology 2001; 44: 132-142 [PMID: 11509874
DOI: 50040]
Kolykhalov AA, Agapov EV, Blight KJ, Mihalik K, Feinstone

WJG|www.wjgnet.com

134

135

136
137

138

139

140

141
142
143
144
145
146
147

148
149

150
151

152

5790

SM, Rice CM. Transmission of hepatitis C by intrahepatic
inoculation with transcribed RNA. Science 1997; 277: 570-574
[PMID: 9228008]
Yanagi M, Purcell RH, Emerson SU, Bukh J. Transcripts
from a single full-length cDNA clone of hepatitis C virus are
infectious when directly transfected into the liver of a chimpanzee. Proc Natl Acad Sci USA 1997; 94: 8738-8743 [PMID:
9238047]
Bukh J. Animal models for the study of hepatitis C virus infection and related liver disease. Gastroenterology
2012; 142: 1279-1287.e3 [PMID: 22537434 DOI: 10.1053/
j.gastro.2012.02.016]
Mercer DF. Animal models for studying hepatitis C and alcohol effects on liver. World J Gastroenterol 2011; 17: 2515-2519
[PMID: 21633656 DOI: 10.3748/wjg.v17.i20.2515]
Dorner M, Horwitz JA, Robbins JB, Barry WT, Feng Q, Mu
K, Jones CT, Schoggins JW, Catanese MT, Burton DR, Law M,
Rice CM, Ploss A. A genetically humanized mouse model for
hepatitis C virus infection. Nature 2011; 474: 208-211 [PMID:
21654804 DOI: 10.1038/nature10168]
Dorner M, Horwitz JA, Donovan BM, Labitt RN, Budell WC,
Friling T, Vogt A, Catanese MT, Satoh T, Kawai T, Akira S,
Law M, Rice CM, Ploss A. Completion of the entire hepatitis
C virus life cycle in genetically humanized mice. Nature 2013;
501: 237-241 [PMID: 23903655 DOI: 10.1038/nature12427]
De Duve C, Pressman BC, Gianetto R, Wattiaux R, Appelmans F. Tissue fractionation studies. 6. Intracellular distribution patterns of enzymes in rat-liver tissue. Biochem J 1955;
60: 604-617 [PMID: 13249955]
Gianetto R, De Duve C. Tissue fractionation studies. 4.
Comparative study of the binding of acid phosphatase, betaglucuronidase and cathepsin by rat-liver particles. Biochem J
1955; 59: 433-438 [PMID: 14363113]
Ashford TP, Porter KR. Cytoplasmic components in hepatic
cell lysosomes. J Cell Biol 1962; 12: 198-202 [PMID: 13862833]
Clark SL. Cellular differentiation in the kidneys of newborn
mice studies with the electron microscope. J Biophys Biochem
Cytol 1957; 3: 349-362 [PMID: 13438920]
De Duve C, Wattiaux R. Functions of lysosomes. Annu Rev
Physiol 1966; 28: 435-492 [PMID: 5322983 DOI: 10.1146/annurev.ph.28.030166.002251]
Novikoff AB. The proximal tubule cell in experimental hydronephrosis. J Biophys Biochem Cytol 1959; 6: 136-138 [PMID:
13673067]
Novikoff AB, Essner E. Pathological changes in cytoplasmic
organelles. Fed Proc 1962; 21: 1130-1142 [PMID: 13939128]
Novikoff AB, ESSNER E. Cytolysomes and mitochondrial
degeneration. J Cell Biol 1962; 15: 140-146 [PMID: 13939127]
Gordon PB, Kovacs AL, Seglen PO. Temperature dependence of protein degradation, autophagic sequestration and
mitochondrial sugar uptake in rat hepatocytes. Biochim Biophys Acta 1987; 929: 128-133 [PMID: 3593777]
Gordon PB, Seglen PO. Prelysosomal convergence of autophagic and endocytic pathways. Biochem Biophys Res Commun 1988; 151: 40-47 [PMID: 3126737]
Plomp PJ, Wolvetang EJ, Groen AK, Meijer AJ, Gordon PB,
Seglen PO. Energy dependence of autophagic protein degradation in isolated rat hepatocytes. Eur J Biochem 1987; 164:
197-203 [PMID: 3830181]
Mortimore GE, Schworer CM. Induction of autophagy by
amino-acid deprivation in perfused rat liver. Nature 1977;
270: 174-176 [PMID: 927529]
Schworer CM, Cox JR, Mortimore GE. Alteration of lysosomal density by sequestered glycogen during deprivationinduced autophagy in rat liver. Biochem Biophys Res Commun
1979; 87: 163-170 [PMID: 454395]
Schworer CM, Mortimore GE. Glucagon-induced autophagy
and proteolysis in rat liver: mediation by selective deprivation of intracellular amino acids. Proc Natl Acad Sci USA
1979; 76: 3169-3173 [PMID: 290994]

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions
Biol Chem 1998; 273: 33889-33892 [PMID: 9852036]
170 Klionsky DJ, Cregg JM, Dunn WA, Emr SD, Sakai Y, Sandoval IV, Sibirny A, Subramani S, Thumm M, Veenhuis M,
Ohsumi Y. A unified nomenclature for yeast autophagyrelated genes. Dev Cell 2003; 5: 539-545 [PMID: 14536056]
171 Klionsky DJ, Baehrecke EH, Brumell JH, Chu CT, Codogno
P, Cuervo AM, Debnath J, Deretic V, Elazar Z, Eskelinen
EL, Finkbeiner S, Fueyo-Margareto J, Gewirtz D, Jäättelä M,
Kroemer G, Levine B, Melia TJ, Mizushima N, Rubinsztein
DC, Simonsen A, Thorburn A, Thumm M, Tooze SA. A
comprehensive glossary of autophagy-related molecules and
processes (2nd edition). Autophagy 2011; 7: 1273-1294 [PMID:
21997368 DOI: 10.4161/auto.7.11.17661]
172 Klionsky DJ, Codogno P, Cuervo AM, Deretic V, Elazar
Z, Fueyo-Margareto J, Gewirtz DA, Kroemer G, Levine B,
Mizushima N, Rubinsztein DC, Thumm M, Tooze SA. A
comprehensive glossary of autophagy-related molecules and
processes. Autophagy 2010; 6: 438-448 [PMID: 20484971 DOI:
10.4161/auto.6.4.12244]
173 Levine B, Ranganathan R. Autophagy: Snapshot of the
network. Nature 2010; 466: 38-40 [PMID: 20596005 DOI:
10.1038/466038a]
174 Mizushima N, Yoshimori T, Ohsumi Y. The role of Atg proteins in autophagosome formation. Annu Rev Cell Dev Biol
2011; 27: 107-132 [PMID: 21801009 DOI: 10.1146/annurevcellbio-092910-154005]
175 Jewell JL, Russell RC, Guan KL. Amino acid signalling
upstream of mTOR. Nat Rev Mol Cell Biol 2013; 14: 133-139
[PMID: 23361334 DOI: 10.1038/nrm3522]
176 Mizushima N. The role of the Atg1/ULK1 complex in autophagy regulation. Curr Opin Cell Biol 2010; 22: 132-139
[PMID: 20056399 DOI: 10.1016/j.ceb.2009.12.004]
177 Matsunaga K, Morita E, Saitoh T, Akira S, Ktistakis NT,
Izumi T, Noda T, Yoshimori T. Autophagy requires endoplasmic reticulum targeting of the PI3-kinase complex via
Atg14L. J Cell Biol 2010; 190: 511-521 [PMID: 20713597 DOI:
10.1083/jcb.200911141]
178 Axe EL, Walker SA, Manifava M, Chandra P, Roderick HL,
Habermann A, Griffiths G, Ktistakis NT. Autophagosome
formation from membrane compartments enriched in phosphatidylinositol 3-phosphate and dynamically connected
to the endoplasmic reticulum. J Cell Biol 2008; 182: 685-701
[PMID: 18725538]
179 Fujita N, Itoh T, Omori H, Fukuda M, Noda T, Yoshimori T.
The Atg16L complex specifies the site of LC3 lipidation for
membrane biogenesis in autophagy. Mol Biol Cell 2008; 19:
2092-2100 [PMID: 18321988]
180 Hayashi-Nishino M, Fujita N, Noda T, Yamaguchi A, Yoshimori T, Yamamoto A. A subdomain of the endoplasmic
reticulum forms a cradle for autophagosome formation. Nat
Cell Biol 2009; 11: 1433-1437 [PMID: 19898463 DOI: 10.1038/
ncb1991]
181 Ylä-Anttila P, Vihinen H, Jokitalo E, Eskelinen EL. 3D tomography reveals connections between the phagophore and
endoplasmic reticulum. Autophagy 2009; 5: 1180-1185 [PMID:
19855179]
182 Ravikumar B, Moreau K, Jahreiss L, Puri C, Rubinsztein
DC. Plasma membrane contributes to the formation of preautophagosomal structures. Nat Cell Biol 2010; 12: 747-757
[PMID: 20639872 DOI: 10.1038/ncb2078]
183 Reggiori F, Shintani T, Nair U, Klionsky DJ. Atg9 cycles between mitochondria and the pre-autophagosomal structure
in yeasts. Autophagy 2005; 1: 101-109 [PMID: 16874040]
184 Yen WL, Shintani T, Nair U, Cao Y, Richardson BC, Li Z,
Hughson FM, Baba M, Klionsky DJ. The conserved oligomeric Golgi complex is involved in double-membrane vesicle formation during autophagy. J Cell Biol 2010; 188: 101-114
[PMID: 20065092 DOI: 10.1083/jcb.200904075]
185 Kroemer G, Mariño G, Levine B. Autophagy and the integrated stress response. Mol Cell 2010; 40: 280-293 [PMID:

153 Ward WF, Chua BL, Li JB, Morgan HE, Mortimore GE. Inhibition of basal and deprivation-induced proteolysis by leupeptin and pepstatin in perfused rat liver and heart. Biochem
Biophys Res Commun 1979; 87: 92-98 [PMID: 454413]
154 Takeshige K, Baba M, Tsuboi S, Noda T, Ohsumi Y. Autophagy in yeast demonstrated with proteinase-deficient
mutants and conditions for its induction. J Cell Biol 1992; 119:
301-311 [PMID: 1400575]
155 Baba M, Takeshige K, Baba N, Ohsumi Y. Ultrastructural
analysis of the autophagic process in yeast: detection of
autophagosomes and their characterization. J Cell Biol 1994;
124: 903-913 [PMID: 8132712]
156 Baba M, Osumi M, Scott SV, Klionsky DJ, Ohsumi Y. Two
distinct pathways for targeting proteins from the cytoplasm
to the vacuole/lysosome. J Cell Biol 1997; 139: 1687-1695
[PMID: 9412464]
157 Funakoshi T, Matsuura A, Noda T, Ohsumi Y. Analyses of
APG13 gene involved in autophagy in yeast, Saccharomyces
cerevisiae. Gene 1997; 192: 207-213 [PMID: 9224892]
158 Kametaka S, Okano T, Ohsumi M, Ohsumi Y. Apg14p and
Apg6/Vps30p form a protein complex essential for autophagy in the yeast, Saccharomyces cerevisiae. J Biol Chem 1998;
273: 22284-22291 [PMID: 9712845]
159 Matsuura A, Tsukada M, Wada Y, Ohsumi Y. Apg1p, a
novel protein kinase required for the autophagic process in
Saccharomyces cerevisiae. Gene 1997; 192: 245-250 [PMID:
9224897]
160 Noda T, Ohsumi Y. Tor, a phosphatidylinositol kinase homologue, controls autophagy in yeast. J Biol Chem 1998; 273:
3963-3966 [PMID: 9461583]
161 Mizushima N, Noda T, Yoshimori T, Tanaka Y, Ishii T,
George MD, Klionsky DJ, Ohsumi M, Ohsumi Y. A protein
conjugation system essential for autophagy. Nature 1998;
395: 395-398 [PMID: 9759731 DOI: 10.1038/26506]
162 Guan J, Stromhaug PE, George MD, Habibzadegah-Tari P,
Bevan A, Dunn WA, Klionsky DJ. Cvt18/Gsa12 is required
for cytoplasm-to-vacuole transport, pexophagy, and autophagy in Saccharomyces cerevisiae and Pichia pastoris. Mol Biol
Cell 2001; 12: 3821-3838 [PMID: 11739783]
163 Kim J, Dalton VM, Eggerton KP, Scott SV, Klionsky DJ.
Apg7p/Cvt2p is required for the cytoplasm-to-vacuole targeting, macroautophagy, and peroxisome degradation pathways. Mol Biol Cell 1999; 10: 1337-1351 [PMID: 10233148]
164 Kim J, Kamada Y, Stromhaug PE, Guan J, Hefner-Gravink A,
Baba M, Scott SV, Ohsumi Y, Dunn WA, Klionsky DJ. Cvt9/
Gsa9 functions in sequestering selective cytosolic cargo destined for the vacuole. J Cell Biol 2001; 153: 381-396 [PMID:
11309418]
165 Noda T, Kim J, Huang WP, Baba M, Tokunaga C, Ohsumi
Y, Klionsky DJ. Apg9p/Cvt7p is an integral membrane protein required for transport vesicle formation in the Cvt and
autophagy pathways. J Cell Biol 2000; 148: 465-480 [PMID:
10662773]
166 Scott SV, Guan J, Hutchins MU, Kim J, Klionsky DJ. Cvt19 is
a receptor for the cytoplasm-to-vacuole targeting pathway.
Mol Cell 2001; 7: 1131-1141 [PMID: 11430817]
167 Scott SV, Nice DC, Nau JJ, Weisman LS, Kamada Y, KeizerGunnink I, Funakoshi T, Veenhuis M, Ohsumi Y, Klionsky
DJ. Apg13p and Vac8p are part of a complex of phosphoproteins that are required for cytoplasm to vacuole targeting.
J Biol Chem 2000; 275: 25840-25849 [PMID: 10837477 DOI:
10.1074/jbc.M002813200]
168 Wang CW, Kim J, Huang WP, Abeliovich H, Stromhaug PE,
Dunn WA, Klionsky DJ. Apg2 is a novel protein required for
the cytoplasm to vacuole targeting, autophagy, and pexophagy pathways. J Biol Chem 2001; 276: 30442-30451 [PMID:
11382760 DOI: 10.1074/jbc.M102342200]
169 Mizushima N, Sugita H, Yoshimori T, Ohsumi Y. A new
protein conjugation system in human. The counterpart of the
yeast Apg12p conjugation system essential for autophagy. J

WJG|www.wjgnet.com

5791

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions
20965422 DOI: 10.1016/j.molcel.2010.09.023]
186 Levine B, Kroemer G. Autophagy in the pathogenesis of
disease. Cell 2008; 132: 27-42 [PMID: 18191218 DOI: 10.1016/
j.cell.2007.12.018]
187 Orvedahl A, MacPherson S, Sumpter R, Tallóczy Z, Zou Z,
Levine B. Autophagy protects against Sindbis virus infection of the central nervous system. Cell Host Microbe 2010; 7:
115-127 [PMID: 20159618 DOI: 10.1016/j.chom.2010.01.007]
188 Liu Y, Schiff M, Czymmek K, Tallóczy Z, Levine B, DineshKumar SP. Autophagy regulates programmed cell death
during the plant innate immune response. Cell 2005; 121:
567-577 [PMID: 15907470]
189 Liang XH, Kleeman LK, Jiang HH, Gordon G, Goldman
JE, Berry G, Herman B, Levine B. Protection against fatal
Sindbis virus encephalitis by beclin, a novel Bcl-2-interacting
protein. J Virol 1998; 72: 8586-8596 [PMID: 9765397]
190 Lee HK, Lund JM, Ramanathan B, Mizushima N, Iwasaki
A. Autophagy-dependent viral recognition by plasmacytoid
dendritic cells. Science 2007; 315: 1398-1401 [PMID: 17272685
DOI: 10.1126/science.1136880]
191 Paludan C, Schmid D, Landthaler M, Vockerodt M, Kube
D, Tuschl T, Münz C. Endogenous MHC class II processing
of a viral nuclear antigen after autophagy. Science 2005; 307:
593-596 [PMID: 15591165 DOI: 10.1126/science.1104904]
192 Münz C. Enhancing immunity through autophagy. Annu
Rev Immunol 2009; 27: 423-449 [PMID: 19105657]
193 Orvedahl A, Levine B. Eating the enemy within: autophagy
in infectious diseases. Cell Death Differ 2009; 16: 57-69 [PMID:
18772897
194 Wileman T. Aggresomes and pericentriolar sites of virus assembly: cellular defense or viral design? Annu Rev Microbiol
2007; 61: 149-167 [PMID: 17896875 DOI: 10.1146/annurev.
micro.57.030502.090836]
195 Levine B, Mizushima N, Virgin HW. Autophagy in immunity and inflammation. Nature 2011; 469: 323-335 [PMID:
21248839 DOI: 10.1038/nature09782]
196 Nys K, Agostinis P, Vermeire S. Autophagy: a new target or
an old strategy for the treatment of Crohn’s disease? Nat Rev
Gastroenterol Hepatol 2013; 10: 395-401 [PMID: 23591407 DOI:
10.1038/nrgastro.2013.66]
197 Czaja MJ, Ding WX, Donohue TM, Friedman SL, Kim JS,
Komatsu M, Lemasters JJ, Lemoine A, Lin JD, Ou JH, Perlmutter DH, Randall G, Ray RB, Tsung A, Yin XM. Functions
of autophagy in normal and diseased liver. Autophagy 2013; 9:
1131-1158 [PMID: 23774882 DOI: 10.4161/auto.25063]
198 Kimmelman AC. The dynamic nature of autophagy in cancer. Genes Dev 2011; 25: 1999-2010 [PMID: 21979913 DOI:
10.1101/gad.17558811]
199 Heaton NS, Randall G. Dengue virus-induced autophagy
regulates lipid metabolism. Cell Host Microbe 2010; 8: 422-432
[PMID: 21075353 DOI: 10.1016/j.chom.2010.10.006]
200 Lee YR, Lei HY, Liu MT, Wang JR, Chen SH, Jiang-Shieh
YF, Lin YS, Yeh TM, Liu CC, Liu HS. Autophagic machinery activated by dengue virus enhances virus replication.
Virology 2008; 374: 240-248 [PMID: 18353420 DOI: 10.1016/
j.virol.2008.02.016]
201 Li JK, Liang JJ, Liao CL, Lin YL. Autophagy is involved in
the early step of Japanese encephalitis virus infection. Microbes Infect 2012; 14: 159-168 [PMID: 21946213 DOI: 10.1016/
j.micinf.2011.09.001]
202 Panyasrivanit M, Greenwood MP, Murphy D, Isidoro C,
Auewarakul P, Smith DR. Induced autophagy reduces virus
output in dengue infected monocytic cells. Virology 2011;
418: 74-84 [PMID: 21813150 DOI: 10.1016/j.virol.2011.07.010]
203 Shrivastava S, Raychoudhuri A, Steele R, Ray R, Ray RB.
Knockdown of autophagy enhances the innate immune response in hepatitis C virus-infected hepatocytes. Hepatology
2011; 53: 406-414 [PMID: 21274862 DOI: 10.1002/hep.24073]
204 Sir D, Kuo CF, Tian Y, Liu HM, Huang EJ, Jung JU, Machida
K, Ou JH. Replication of hepatitis C virus RNA on autopha-

WJG|www.wjgnet.com

205

206

207

208

209

210

211
212

213
214

215

216

217

218
219

5792

gosomal membranes. J Biol Chem 2012; 287: 18036-18043
[PMID: 22496373 DOI: 10.1074/jbc.M111.320085]
Guévin C, Manna D, Bélanger C, Konan KV, Mak P, Labonté P. Autophagy protein ATG5 interacts transiently with
the hepatitis C virus RNA polymerase (NS5B) early during
infection. Virology 2010; 405: 1-7 [PMID: 20580051]
Taguwa S, Kambara H, Fujita N, Noda T, Yoshimori T,
Koike K, Moriishi K, Matsuura Y. Dysfunction of autophagy
participates in vacuole formation and cell death in cells replicating hepatitis C virus. J Virol 2011; 85: 13185-13194 [PMID:
21994453 DOI: 10.1128/JVI.06099-11]
Tanida I, Fukasawa M, Ueno T, Kominami E, Wakita T, Hanada K. Knockdown of autophagy-related gene decreases
the production of infectious hepatitis C virus particles. Autophagy 2009; 5: 937-945 [PMID: 19625776]
Vescovo T, Romagnoli A, Perdomo AB, Corazzari M, Ciccosanti F, Alonzi T, Nardacci R, Ippolito G, Tripodi M,
Garcia-Monzon C, Lo Iacono O, Piacentini M, Fimia GM.
Autophagy protects cells from HCV-induced defects in lipid
metabolism. Gastroenterology 2012; 142: 644-653.e3 [PMID:
22155365 DOI: 10.1053/j.gastro.2011.11.033]
Kim SJ, Syed GH, Siddiqui A. Hepatitis C virus induces
the mitochondrial translocation of Parkin and subsequent
mitophagy. PLoS Pathog 2013; 9: e1003285 [PMID: 23555273
DOI: 10.1371/journal.ppat.1003285]
Chu VC, Bhattacharya S, Nomoto A, Lin J, Zaidi SK, Oberley
TD, Weinman SA, Azhar S, Huang TT. Persistent expression of hepatitis C virus non-structural proteins leads to
increased autophagy and mitochondrial injury in human
hepatoma cells. PLoS One 2011; 6: e28551 [PMID: 22164304
DOI: 10.1371/journal.pone.0028551]
Kim I, Xu W, Reed JC. Cell death and endoplasmic reticulum stress: disease relevance and therapeutic opportunities.
Nat Rev Drug Discov 2008; 7: 1013-1030 [PMID: 19043451]
Ogata M, Hino S, Saito A, Morikawa K, Kondo S, Kanemoto
S, Murakami T, Taniguchi M, Tanii I, Yoshinaga K, Shiosaka
S, Hammarback JA, Urano F, Imaizumi K. Autophagy is activated for cell survival after endoplasmic reticulum stress.
Mol Cell Biol 2006; 26: 9220-9231 [PMID: 17030611]
Schröder M. Endoplasmic reticulum stress responses. Cell
Mol Life Sci 2008; 65: 862-894 [PMID: 18038217 DOI: 10.1007/
s00018-007-7383-5]
Huang H, Kang R, Wang J, Luo G, Yang W, Zhao Z. Hepatitis
C virus inhibits AKT-tuberous sclerosis complex (TSC), the
mechanistic target of rapamycin (MTOR) pathway, through
endoplasmic reticulum stress to induce autophagy. Autophagy
2013; 9: 175-195 [PMID: 23169238 DOI: 10.4161/auto.22791]
Shrivastava S, Bhanja Chowdhury J, Steele R, Ray R, Ray
RB. Hepatitis C virus upregulates Beclin1 for induction of
autophagy and activates mTOR signaling. J Virol 2012; 86:
8705-8712 [PMID: 22674982 DOI: 10.1128/JVI.00616-12]
Su WC, Chao TC, Huang YL, Weng SC, Jeng KS, Lai MM.
Rab5 and class III phosphoinositide 3-kinase Vps34 are
involved in hepatitis C virus NS4B-induced autophagy. J
Virol 2011; 85: 10561-10571 [PMID: 21835792 DOI: 10.1128/
JVI.00173-11]
Grégoire IP, Richetta C, Meyniel-Schicklin L, Borel S, Pradezynski F, Diaz O, Deloire A, Azocar O, Baguet J, Le Breton M,
Mangeot PE, Navratil V, Joubert PE, Flacher M, Vidalain PO,
André P, Lotteau V, Biard-Piechaczyk M, Rabourdin-Combe
C, Faure M. IRGM is a common target of RNA viruses that
subvert the autophagy network. PLoS Pathog 2011; 7: e1002422
[PMID: 22174682 DOI: 10.1371/journal.ppat.1002422]
Ke PY, Chen SS. Active RNA replication of hepatitis C virus
downregulates CD81 expression. PLoS One 2013; 8: e54866
[PMID: 23349980 DOI: 10.1371/journal.pone.0054866]
Singh R, Kaushik S, Wang Y, Xiang Y, Novak I, Komatsu M,
Tanaka K, Cuervo AM, Czaja MJ. Autophagy regulates lipid
metabolism. Nature 2009; 458: 1131-1135 [PMID: 19339967
DOI: 10.1038/nature07976]

May 21, 2014|Volume 20|Issue 19|

Ke PY et al . Autophagy in HCV-host interactions
229 Amaravadi RK, Thompson CB. The roles of therapy-induced
autophagy and necrosis in cancer treatment. Clin Cancer Res
2007; 13: 7271-7279 [PMID: 18094407]
230 Amaravadi RK, Yu D, Lum JJ, Bui T, Christophorou MA,
Evan GI, Thomas-Tikhonenko A, Thompson CB. Autophagy
inhibition enhances therapy-induced apoptosis in a Mycinduced model of lymphoma. J Clin Invest 2007; 117: 326-336
[PMID: 17235397 DOI: 10.1172/JCI28833]
231 Degenhardt K, Mathew R, Beaudoin B, Bray K, Anderson
D, Chen G, Mukherjee C, Shi Y, Gélinas C, Fan Y, Nelson
DA, Jin S, White E. Autophagy promotes tumor cell survival
and restricts necrosis, inflammation, and tumorigenesis.
Cancer Cell 2006; 10: 51-64 [PMID: 16843265 DOI: 10.1016/
j.ccr.2006.06.001]
232 Mathew R, Karantza-Wadsworth V, White E. Role of autophagy in cancer. Nat Rev Cancer 2007; 7: 961-967 [PMID:
17972889 DOI: 10.1038/nrc2254]
233 Yang S, Kimmelman AC. A critical role for autophagy in pancreatic cancer. Autophagy 2011; 7: 912-913 [PMID: 21494085]
234 Yang S, Wang X, Contino G, Liesa M, Sahin E, Ying H, Bause
A, Li Y, Stommel JM, Dell’antonio G, Mautner J, Tonon G,
Haigis M, Shirihai OS, Doglioni C, Bardeesy N, Kimmelman
AC. Pancreatic cancers require autophagy for tumor growth.
Genes Dev 2011; 25: 717-729 [PMID: 21406549 DOI: 10.1101/
gad.2016111]
235 Maes H, Rubio N, Garg AD, Agostinis P. Autophagy: shaping the tumor microenvironment and therapeutic response.
Trends Mol Med 2013; 19: 428-446 [PMID: 23714574 DOI:
10.1016/j.molmed.2013.04.005]
236 Pastore N, Blomenkamp K, Annunziata F, Piccolo P, Mithbaokar P, Maria Sepe R, Vetrini F, Palmer D, Ng P, Polishchuk E, Iacobacci S, Polishchuk R, Teckman J, Ballabio A,
Brunetti-Pierri N. Gene transfer of master autophagy regulator TFEB results in clearance of toxic protein and correction
of hepatic disease in alpha-1-anti-trypsin deficiency. EMBO
Mol Med 2013; 5: 397-412 [PMID: 23381957 DOI: 10.1002/
emmm.201202046]
237 Grégoire IP, Rabourdin-Combe C, Faure M. Autophagy and
RNA virus interactomes reveal IRGM as a common target.
Autophagy 2012; 8: 1136-1137 [PMID: 22722598 DOI: 10.4161/
auto.20339]

220 Singh R, Xiang Y, Wang Y, Baikati K, Cuervo AM, Luu YK,
Tang Y, Pessin JE, Schwartz GJ, Czaja MJ. Autophagy regulates adipose mass and differentiation in mice. J Clin Invest
2009; 119: 3329-3339 [PMID: 19855132]
221 Qu X, Yu J, Bhagat G, Furuya N, Hibshoosh H, Troxel A,
Rosen J, Eskelinen EL, Mizushima N, Ohsumi Y, Cattoretti
G, Levine B. Promotion of tumorigenesis by heterozygous
disruption of the beclin 1 autophagy gene. J Clin Invest 2003;
112: 1809-1820 [PMID: 14638851 DOI: 10.1172/JCI20039]
222 Yue Z, Jin S, Yang C, Levine AJ, Heintz N. Beclin 1, an autophagy gene essential for early embryonic development, is
a haploinsufficient tumor suppressor. Proc Natl Acad Sci USA
2003; 100: 15077-15082 [PMID: 14657337 DOI: 10.1073/pnas.2
4362551002436255100]
223 Takamura A, Komatsu M, Hara T, Sakamoto A, Kishi C,
Waguri S, Eishi Y, Hino O, Tanaka K, Mizushima N. Autophagy-deficient mice develop multiple liver tumors. Genes Dev
2011; 25: 795-800 [PMID: 21498569 DOI: 10.1101/gad.2016211]
224 Inami Y, Waguri S, Sakamoto A, Kouno T, Nakada K, Hino
O, Watanabe S, Ando J, Iwadate M, Yamamoto M, Lee MS,
Tanaka K, Komatsu M. Persistent activation of Nrf2 through
p62 in hepatocellular carcinoma cells. J Cell Biol 2011; 193:
275-284 [PMID: 21482715 DOI: 10.1083/jcb.201102031]
225 Komatsu M. Potential role of p62 in tumor development.
Autophagy 2011; 7: 1088-1090 [PMID: 21617386]
226 Balaburski GM, Hontz RD, Murphy ME. p53 and ARF:
unexpected players in autophagy. Trends Cell Biol 2010; 20:
363-369 [PMID: 20303758 DOI: 10.1016/j.tcb.2010.02.007]
227 Degtyarev M, De Mazière A, Orr C, Lin J, Lee BB, Tien JY,
Prior WW, van Dijk S, Wu H, Gray DC, Davis DP, Stern HM,
Murray LJ, Hoeflich KP, Klumperman J, Friedman LS, Lin
K. Akt inhibition promotes autophagy and sensitizes PTENnull tumors to lysosomotropic agents. J Cell Biol 2008; 183:
101-116 [PMID: 18838554]
228 Komatsu M, Kurokawa H, Waguri S, Taguchi K, Kobayashi
A, Ichimura Y, Sou YS, Ueno I, Sakamoto A, Tong KI, Kim M,
Nishito Y, Iemura S, Natsume T, Ueno T, Kominami E, Motohashi H, Tanaka K, Yamamoto M. The selective autophagy
substrate p62 activates the stress responsive transcription
factor Nrf2 through inactivation of Keap1. Nat Cell Biol 2010;
12: 213-223 [PMID: 20173742 DOI: 10.1038/ncb2021]

P- Reviewers: Bonino F, Ikuo S S- Editor: Wen LL L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

5793

May 21, 2014|Volume 20|Issue 19|

World J Gastroenterol 2014 May 21; 20(19): 5794-5800
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i19.5794

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

Laparoscopic splenectomy for hypersplenism secondary to
liver cirrhosis and portal hypertension
Xiao-Li Zhan, Yun Ji, Yue-Dong Wang
stay, and less impairment of liver function. It is recommended that the dilated short gastric vessels and
other enlarged collateral circulation surrounding the
spleen be divided with the LigaSure vessel sealing
equipment, and the splenic artery and vein be transected en bloc with the application of the endovascular stapler. To support the clinical evidence, further
randomized controlled trials about this topic are necessary.
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Core tip: With meticulous surgical techniques and
advanced instruments, laparoscopic splenectomy is
becoming a technically feasible, safe, and effective
procedure for hypersplenism secondary to cirrhosis
and portal hypertension, and contributes to decreased
blood loss, a shorter hospital stay, and less impairment
of liver function. It is recommended that the dilated
short gastric vessels and other enlarged collateral
circulation surrounding the spleen be divided with LigaSure vessel sealing equipment, and blunt dissection
be avoided. Use of the vascular stapler is reported to
shorten and facilitate hilar dissection compared with
the former techniques of ligation or clipping.

Abstract
Since the first laparoscopic splenectomy (LS) was reported in 1991, LS has become the gold standard for
the removal of normal to moderately enlarged spleens
in benign conditions. Compared with open splenectomy, fewer postsurgical complications and better
postoperative recovery have been observed, but LS is
contraindicated for hypersplenism secondary to liver
cirrhosis in many institutions owing to technical difficulties associated with splenomegaly, well-developed
collateral circulation, and increased risk of bleeding.
With the improvements of laparoscopic technique,
the concept is changing. This article aims to give an
overview of the latest development in laparoscopic
splenectomy for hypersplenism secondary to liver
cirrhosis and portal hypertension. Despite a lack of
randomized controlled trial, the publications obtained
have shown that with meticulous surgical techniques
and advanced instruments, LS is a technically feasible, safe, and effective procedure for hypersplenism
secondary to cirrhosis and portal hypertension and
contributes to decreased blood loss, shorter hospital
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INTRODUCTION
Millions of patients with chronic hepatitis B or C infec-
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malignant diseases[25].
Splenectomy is generally indicated for cirrhotic patients whose platelet count drops below (30-50) × 109/
L[2,20]. Watanabe et al[20] did LS in hepatocellular carcinoma
patients with platelet counts ≤ 30 × 109/L, or in patient
receiving interferon therapy with a platelet count ≤ 50 ×
109/L or with a past history of severe thrombocytopenia
caused by interferon therapy. Hirooka et al[28] reported
that splenectomy was performed according to the following criteria: (1) thrombocytopenia (platelet count < 8
× 109/L); (2) leukocytopenia (white blood cell count < 2
× 108/L); or (3) in the case of consenting splenectomy.
To date, splenectomy has been recommended for those
patients with liver cirrhosis who have a bleeding tendency
due to thrombocytopenia, endoscopic treatment-resistant
esophagogastric varices or difficulty in undergoing surgical treatment or those patients who remain unsuitable
for chemotherapy for hepatocellular carcinoma due to
thrombocytopenia[5,28,29], and also for cirrhotic patients
who require antiviral therapy[5,30-32] or have portal hypertensive gastropathy[33]. For patients with cirrhosis, bleeding portal hypertension and secondary hypersplenism, LS
and devascularization were indicated[2,21,22,29,34].
Low-risk patients with stage Child-Pugh A or B liver
cirrhosis are preferred to receive the procedure[3,20,21].
The absolute contraindications for laparoscopic surgery
in portal hypertension are patients who can not tolerate
general anesthesia, have intractable coagulopathy, and/or
have any contraindications to laparoscopy[21].

tion and chronic alcohol consumption may develop liver
cirrhosis[1,2], which can lead to portal hypertension and
hypersplenism. Portal hypertension increases the risk of
variceal bleeding and results in a bleeding tendency due
to thrombocytopenia[3]. For patients with cirrhosis, bleeding portal hypertension, and secondary hypersplenism,
splenectomy and devascularization or shunt surgery were
necessary[2]. Recent advances in interferon therapy have
contributed to the elimination of hepatitis C virus both
in patients with compensated cirrhosis and in those without cirrhosis[4,5]. Patients who have hypersplenism with
splenomegaly, however, cannot receive such treatment
due to thrombocytopenia, leukocytopenia, or both[5,6], so
they are good candidates for splenectomy.
Open splenectomy (OS) has been performed for hypersplenism since 1950[7], but OS is excessively invasive
in terms of blood loss and wound pain. For patients with
hypersplenism who have poor liver function, splenectomy
is associated with high rates of morbidity and mortality.
Catheter-based arterial embolization has gradually become more popular, but some severe complications have
been reported, which limit its wide use[2,8].
Laparoscopic splenectomy (LS) was first reported
in 1991[9]. Since then, many studies have demonstrated
the advantages of the laparoscopic approach over OS
including a shorter hospital stay, decreased blood loss,
faster recovery, and better quality-of-life outcomes. LS
has become the golden standard for removal of normal
to moderately enlarged spleens, even in malignant splenic
disorders[10-16]. Mastery of the laparoscopic skills and the
advances in technology have led to an increasing use of
LS for hypersplenism secondary to liver cirrhosis and
portal hypertension[2,3,17-24], but the safety of LS for patients with hypersplenism has not yet been established.
Portal hypertension from liver cirrhosis is still considered
a contraindication to LS in many institutions[25,26]. The
aim of this article is to give an overview of the latest development in laparoscopic splenectomy for hypersplenism secondary to liver cirrhosis and portal hypertension,
as well as to evaluate the feasibility and safety of laparoscopic splenectomy in portal hypertension.

SURGICAL TECHNIQUES
Laparoscopic splenectomy
LS can be performed using a lateral, semilateral, or supine
approach depending upon the surgeon preference, spleen
size, patient characteristics, and the need of concomitant
procedures[25]. The anterior or supine position allows
for a good access to the omental pouch and an excellent
visualization of the splenic hilum. Some authors stated
that this approach may be advantageous in case of very
large spleens[14,35]. The splenic artery may be ligated early,
thereby diminishing the risk of severe hemorrhage[21,35].
The anterior (or supine) position is indicated in case
concurrent procedures need to be performed (e.g., cholecystectomy, or biopsies of other organs)[26,35]. Difficulties
arise in exposing and dissecting the ligamental structures
as well as the dorsal vessels and the splenic hilum, due
to their close relationship to the tail of the pancreas[25,26].
With the fully lateral approach, the patient is positioned at
a 90-degree angle to the operating table. The spleen and
viscera fall medially due to gravity, facilitating the dissection of the ligaments and hilar structures. Thus, this approach allows for safe vascular control. Visualization of
the tail of the pancreas is good, thereby minimizing the
risk of pancreatic injury[25,26]. For the majority of indications the hemi- (or semi-) lateral approach is preferred by
most of the authors[35]. With this approach, the patient’s
position can be adjusted to surgical requirements by tilt-

SURGICAL INDICATIONS
Mastery of laparoscopic skills and the advances in technology have allowed a wide range of minimally invasive
procedures to replace their open counterparts and led
to better outcomes, allowing surgeons to apply the technique to disease processes that were previously regarded
as contraindications to LS[27]. In keeping with the precept
that laparoscopic surgery should hold to the same indications as the corresponding open procedure, the indications for LS are the same as those for OS. Splenectomy
can be used in the prevention of increased elimination
of the corpuscular elements of the blood and relieving
symptoms caused by an enlarged spleen, possibly including abdominal distension, pain, and fullness or early
satiety, or it may be used for staging purposes in case of
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Laparoscopic azygoportal disconnection
Most patients underwent the laparoscopic Hassab’s operation. The patient is put in the reverse Trendelenburg
position, and another 10-mm operating trocar is placed
in the left midclavicular line just below the costal margin.
After finishing the splenectomy, dissection begins by
approaching the left crus, which can be accomplished
with the LigaSure vessel sealing equipment or harmonic
shears, followed by opening the gastrohepatic ligament
and identifying the right crus. The gastric coronary vein
is visualized and its branches toward the esophagus and
proximal stomach are divided near the esophagus and
stomach walls with the LigaSure. At least 6-10 cm of the
distal esophagus is dissected through the hiatus, and the
paraesophageal venous collaterals are divided[21,22,34,38].
Five patients underwent the laparoscopic modified
Sugiura procedure in one study. After finishing the paraesophagogastric devascularization, the lower esophagus
of 2 patients was transected and then reanastomosed
with a circular stapler (EEA; Ethicon) through an 8-10-cm
accessory incision, and the spleen was extracted through
the accessory incision. Gastrotomy in 3 patients was
made on the anterior wall of the stomach, and a circular stapler (ILS, ECS25; Ethicon) was then introduced
through the gastrotomy. The esophagus was tied around
the stapler rod with a 3-0 polypropylene thread, then
the stapler was fired and removed. The gastrotomy was
closed with a straight stapler. The spleen was put into a
big bag and then morcellated and retrieved[21].
The most important intraoperative complication
during LS and azygos-portal disconnection is bleeding,
which is the main cause of conversion. Capsule or small
vessel tears may cause oozing, which contaminates the
operating field and make the surgical procedure more
difficult. It is very hard to manage massive hemorrhage
from the major vessel or capsule fracture by laparoscopy;
therefore, the prevention of bleeding during the procedure is fundamental. Generally, the harmonic shears
can divide a 3-mm diameter vessel, and LigaSure vesselsealing equipment can divide a 7-mm diameter vessel
safely. It is recommend that the dilated short gastric vessels and other enlarged collateral circulation surrounding
the spleen, distal esophagus and proximal stomach be
divided with the LigaSure vessel sealing equipment, and
blunt dissection be avoided[21,27].

ing the table so that a fully supine or fully lateral position
is obtained. Some authors prefer a hemilateral position
at the beginning of the procedure for easy access to the
lower sac and division of the short gastric vessels[25,27,29].
The table then can be tilted to a more lateral position in
which the spleen and other organs (stomach and intestine) fall medially by gravity. This allows for easier access
to the posterior face of the spleen and the perisplenic
ligaments[25,26]. Thus the dissection and ligation of the
vessels at the splenic hilum are facilitated while the tail of
the pancreas is spared.
The surgeon operates from the right side of the operating table using a 10-mm 30-degree scope. In general,
four operative ports are used for LS[27,35], and the placement of the trocars depends upon the size of the spleen.
A 10-mm trocar is placed to the superior right of the
umbilicus for the camera. Another 10-mm operating trocar is placed in the left midclavicular line just below the
border of the spleen to pass the LigaSure vessel-sealing
equipment (LigaSure AtlasTM; Tyco Healthcare, Boulder, CO, United States) or harmonic shears (Harmonic
Scalpel; Ethicon EndoSurgery, Cincinnati, OH, United
States). A 5-mm trocar is placed in the subxiphoid space
for allowing the use of a supplementary retractor or
grasper. A 12-mm trocar is placed in the left midaxillary
line halfway between the costal margin and the iliac crest
or below the border of the spleen for the application of
the endoscopic linear vascular stapling device and other
supplementary instruments[27].
The procedure begins with the division of the splenocolic attachments and the opening of the gastrocolic
ligament to access the lesser sac. Whenever possible, the
splenic artery is dissected and tied at the upper border
of the pancreas in patients with splenomegaly[27,29]. The
splenogastric ligament (including short gastric vessels)
and the splenorenal ligament are divided with the LigaSure vessel-sealing equipment or harmonic shears. The
splenic hilum is dissected cautiously, and the splenic artery and vein are transected en bloc with the application
of a linear laparoscopic vascular stapler (EndoGIA; AutoSuture, Norwalk, CT, United States, or Endolinear Cutter; Ethicon Endosurgery)[21,27]. Use of the vascular stapler can shorten and facilitate hilar dissection compared
with the former techniques of ligation or clipping[25], also
the clipping technique is not a safe procedure for massive
splenomegaly because of the high conversion rate[36]. In
addition, should bleeding ensue within the hilum, vascular staplers or suture must be used to control the bleeding. As few clips as possible are used because these may
interfere with the use of vascular staplers and sutures.
The remaining spleen diaphragmatic attachments are divided using the LigaSure vessel-sealing equipment or harmonic shears, therefore completing the splenectomy. The
resected spleen is placed in a large specimen bag, then
morcellated and retrieved[27]. Some authors reported that
an electromechanical morcellator was used to remove the
large spleen without a cumbersome intracorporeal bag or
enlarged incision[29,37].
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Hand-assisted technique
Hand-assisted laparoscopic surgery is an alternative laparoscopic approach in which a minilaparotomy is planned
and performed to enable the surgeon to introduce his or
her hand while the pneumoperitoneum is maintained and
the dissection maneuvers are performed under videoendoscopic control. It simplifies the performance of difficult procedures for experienced surgeons and can initiate
the less experienced surgeons in advanced laparoscopic
surgery[39].
Hand-assisted LS is a valid approach. It should be
considered to avoid conversion to open surgery for mas-
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upper stomach is a technically feasible, effective, and safe
surgical procedure. It has all the benefits of minimally
invasive surgery and offers a new alternative modality for
children with bleeding portal hypertension and hypersplenism[46].
Historically, splenomegaly was considered a contraindication for LS because the working space is limited,
especially in children[47]. Large spleen size can, in fact,
interfere with visualization of the spleen and with the
identification, isolation, and division of its vessels. Very
large spleens can be more fragile and therefore more
prone to bleeding from tearing. Moreover, the size can
interfere with spleen extraction using either a bag or additional incision. Although massive splenomegaly is not a
contraindication to laparoscopic splenectomy, the parents
should be informed of the longer duration of surgery
and the theoretically higher risk of complications[45].

Figure 1 morcellated and retrieved spleen after laparoscopic resection of
massive splenomegaly and hypersplenism secondary to portal hypertension in a child.

sive splenomegaly. The inserted hand allows for tactile
feedback and can assist in the surgical process during dissection, retraction, and placement of the enlarged spleen
into the retrieval bag. Furthermore, unexpected situations
such as hemorrhage or adhesions can be controlled. The
spleen then can be removed via the additional incision,
often without morcellation. Some studies have shown
that hand-assisted LS is a very feasible and appropriate
procedure for cirrhotic patients with splenomegaly and
hypersplenism, and it significantly facilitates the surgical
procedure and reduces the operational risk[40-44]. In cases
of splenomegaly, hand-assisted LS results in shorter operating times, lower conversion rates, and fewer perioperative complications compared with the purely laparoscopic approach[25]. The main drawback of hand-assisted
laparoscopic surgery is that it requires an additional incision, thus increasing trauma[39].

FEASIBILITY AND SAFETY
In this article, we selected 19 studies to evaluate the feasibility and safety of LS in portal hypertension. If there
were multiple reports about this topic in an institution,
the earliest study was used for analysis. All studies were
observational, including 9 non-randomized comparative
studies[2,3,20,22-24,38,44,48] and 10 case series[5,17,19,21,29,37,42,43,46,49].
A total of 302 LS procedures were performed in 9 studies. The rate of conversion varies between studies, from
0% to 9.6%. In total, 15 (4.97%) conversions from laparoscopic to open surgery were necessary mainly because
of massive intractable bleeding, 13 patients underwent
LS using the hand-assisted technique. Five reports involve the comparison between laparoscopic and open
splenectomy for hypersplenism secondary to liver cirrhosis[2,20,23,24,48]. Four studies show that LS required longer
operating times than OS in portal hypertension[2,23,24,48],
but one does not[20]. The duration of LS reported by
different authors varies widely, from 150 to 237.7 min.
Compared with patients who underwent OS, patients
who underwent LS suffered less intraoperative blood
loss and required fewer blood transfusions[2,20,23]. Five
cases of post-operative bleeding were reported, and the
postoperative hospital stay was also shorter after LS than
OS[2,23,24,48]. The outcomes for selected studies of LS are
shown in Table 1.
One hundred and thirty-eight patients underwent
LS and devascularization in 6 studies, and 11 (7.97%)
patients required conversion to open surgery. Two reports involve the comparison between laparoscopic
and open surgery for bleeding portal hypertension, and
show significantly less blooding duing laparoscopic surgery[22,38]. Laparoscopy resulted in fewer cases of pleural
effusion, earlier passage of flatus, and shorter hospital
stays. During a postoperative follow-up period of 2 to
50 mo, esophagogastric variceal rebleeding occurred in
five patients (6.3%) who underwent laparoscopic surgery
and in six (8.2%) patients who underwent open surgery
(P = 0.638), and the 4-year mortality rates for these two

Laparoscopic splenectomy for portal hypertension in
children
LS in the pediatric population is a relatively uncommon
procedure, but it has shown the same advantages over
OS as for adults, such as similar or less blood loss, a similar or lower complication rate, a shorter hospital stay, and
better cosmesis. Less postoperative pain and earlier return to normal activities are especially important for pediatric patients. If splenectomy is indicated for children,
the laparoscopic approach should be preferred[25,45]. Only
there are few reports about LS with or without devascularization for hypersplenism and portal hypertension[46,47].
One study involves 6 cases of hypersplenism secondary
to portal hypertension, and the results have shown that
LS for children with portal hypertension and massively
enlarged spleens is technically feasible, safe, and effective
(Figure 1). Splenomegaly is not a contraindication for LS
in children; in fact, significant benefits might be gained
with the use of the laparoscopic approach[47]. Another
study reports LS and periesophagogastric devascularization for portal hypertension in 6 children, and the conclusion is that laparoscopic massive splenectomy with selective devascularization of the lower esophagus and the
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Table 1 Outcomes for selected studies of laparoscopic splenectomy in portal hypertension
Ref.

n

Hashizume et al[29], 2002
Kercher et al[19], 2004
Watanabe et al[20], 2007
Hama et al[3], 2008

73
11
25
17

210.1 ± 101.9
189 (79-245)
173 ± 53
171 ± 68

374.7 ± 352.4
141 (10-60)
359 ± 280
248 ± 312

7
HALS (4)
HALS (4)
HALS (3)

Zhu et al[2], 2009
Akahoshi et al[5], 2010
Cai et al[23], 2011

81
21
24

174 ± 42
237.7 ± 43.5
224 ± 44

150.6 ± 135.4
138.2 ± 190.6
162 ± 126

5
HALS (2)
1

Ando et al[48], 2012
Wang et al[24], 2013

10
40

224 ± 56
150 ± 30

342 ± 513
150 ± 110

0
2

Operative time (min) Blood loss (mL)

Conversion

Major complications Hospital stay (d) Additional procedures
0
0
0
Bleeding requiring resurgery (2)
0
0
Bleeding requiring resurgery (1)
0
Postoperative
bleeding (2)

31 ± 25.5
2.6 (1-6)
NR
10.0 ± 4.0

Devascularization (15)
0
0
0

8.2 ± 2.0
12.6 ± 7.3
7.5 ± 1.7

0
0
Devascularization (5)

14.6 ± 3.5
6.1 ± 2.2

0
0

LS: Laparoscopic splenectomy; HALS: Hand-assisted laparoscopic splenectomy; NR: Not reported.

Table 2 Outcomes for selected studies of laparoscopic splenectomy and devascularization
Ref.
[17]

Hashizume et al , 1998
Wang et al[21], 2008
Li et al[46], 2009
Zheng et al[22], 2009
Jiang et al[37], 2013
Cheng et al[38], 2013

n

Operative time (min)

Blood loss (mL)

Conversion

Major complications

Hospital stay (d)

10
25
6
7
10
80

287.5 ± 66.0
246 (180-330)
214 ± 18
180
288.0 ± 53.9
254.4 ± 65.2

515.5 ± 507.9
100-400
135 ± 48
100
240.0 ± 217.1
191.2 ± 163.2

1
1
0
0
0
9 (11.3%)

0
0
0
Gastric perforation (1)
0
IH (2), EVR (2)

12.7 ± 4.9
9 (6-15)
NR
12
11.3 ± 3.2
10.1 ± 2.5

LS: laparoscopic splenectomy; NR: not reported; IH: Intra-abdominal hemorrhage; EVR: Esophagogastric variceal rebleeding.

Table 3 Outcomes for selected studies of hand-assisted laparoscopic splenectomy in portal hypertension
Ref.

n Operative time

Yamamoto et al[42], 2006 7
Uehara et al[49], 2009
5
Wang et al[44], 2012
19
Ando et al[48], 2012
6
Kakinoki et al[43], 2013
28

(min)

Blood loss
(mL)

Conversion

Major complications or
mortality

Hospital
stay(d)

Additional procedures

184.3 ± 54.9
237 ± 12
124 ± 42
341 ± 94
227 ± 100

166.4 ± 152.7
229 ± 100
92 ± 65
531 ± 390
236 ± 246

0
0
0
0
1

Mortality (1)
Paralytic ileus (1)
0
Massive ascites (1)
Bleeding requiring reoperation (1)

NR
16.7 ± 2.5
7.2 ± 2.8
19.8 ± 8.7
NR

Devascularization (7)
0
0
Devascularization (6)
Hepatectomy (4), Cholecystectomy
(4), RFA (1), Devascularization (5)

HALS: hand-assisted laparoscopic splenectomy; NR: not reported; RFA: Radio frequency ablation.

surgical approaches were similar[38]. The outcomes for
selected studies of LS and devascularization are shown in
Table 2. Sixty-five patients underwent hand-assisted LS in
5 studies. Among them, 13 underwent splenectomy and
devascularization using the hand-assisted technique. The
outcomes for selected studies of hand-assisted LS are
shown in Table 3.
The influence of laparoscopic surgery in patients with
deteriorated liver function is of great concern. One study
showed that no changes in liver function were noted 2
wk after LS for patients with hypersplenism secondary
to liver cirrhosis[20]. Other studies investigated the effect
of LS and OS procedures on liver function and found
that the increases of aspartate aminotransferase, alanine
aminotransferase, total bilirubin and direct bilirubin after
surgery were less significant in the LS group, which indicated minor liver function impairment[2,50,51].
The immune responses in the LS group were signifi-
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cantly lower than those in the OS group. The LS group
exhibited better preserved cellular immune response and
faster recovery than the OS group on post-operative day
7[52].

CONCLUSION
Despite a lack of randomized controlled trial, a common consensus maintains that with meticulous surgical
technique and advanced instruments, LS is a technically
feasible, safe, and effective procedure for hypersplenism secondary to cirrhosis and portal hypertension, and
contributes to decreased blood loss, a shorter hospital
stay, and less impairment of the liver function. The results obtained will encourage surgeons to attempt a wider
range of minimally invasive procedures as a replacement
to their open counterparts. However, further randomized
trials comparing open and laparoscopic splenectomy are
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mandatory for patients with liver cirrhosis and portal hypertension.
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Acute pancreatitis: The stress factor
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cal or mental forces, or combinations of both. Depending on the timing and duration, stress can result
in beneficial or harmful consequences. While it is well
established that a previous acute-short-term stress
decreases the severity of experimentally-induced
pancreatitis, the worsening effects of chronic stress
on the exocrine pancreas have received relatively lit
tle attention. This review will focus on the influence
of both prior acute-short-term and chronic stress in
acute pancreatitis.
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Core tip: Depending on the timing and duration, stress
can result in beneficial or harmful consequences. Regarding the exocrine pancreas, a previous acute-shortterm stress decreases the severity of experimentallyinduced pancreatitis. This protection is conferred by
distinct heat shock proteins (HSP) including HSP27,
HSP60 and HSP70. Conversely, chronic stress increases
the susceptibility of the exocrine pancreas, aggravating pancreatitis episodes. These worsening effects are
mainly mediated by tumor necrosis factor alpha.

Abstract
Acute pancreatitis is an inflammatory disorder of the
pancreas that may cause life-threatening complications. Etiologies of pancreatitis vary, with gallstones
accounting for the majority of all cases, followed by
alcohol. Other causes of pancreatitis include trauma,
ischemia, mechanical obstruction, infections, autoimmune, hereditary, and drugs. The main events occurring in the pancreatic acinar cell that initiate and
propagate acute pancreatitis include inhibition of secretion, intracellular activation of proteases, and generation of inflammatory mediators. Small cytokines
known as chemokines are released from damaged
pancreatic cells and attract inflammatory cells, whose
systemic action ultimately determined the severity of
the disease. Indeed, severe forms of pancreatitis may
result in systemic inflammatory response syndrome
and multiorgan dysfunction syndrome, characterized
by a progressive physiologic failure of several interdependent organ systems. Stress occurs when homeostasis is threatened, and stressors can include physi-
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INTRODUCTION
Acute pancreatitis is an inflammatory disorder of the
pancreas with an overall mortality of approximately
5%[1]. Etiologies of pancreatitis vary, with gallstones
accounting for the majority of all cases, followed by alcohol. Other causes of pancreatitis include trauma, isch-
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emia, mechanical obstruction, infections, autoimmune,
hereditary, and drugs[2].
The main events occurring in the pancreatic acinar
cell that initiate and propagate acute pancreatitis include
inhibition of secretion, intracellular activation of proteases, and generation of inflammatory mediators[3]. These
cellular events can be correlated with the acinar morphological changes (retention of enzyme content, formation
of large vacuoles containing both digestive enzymes and
lysosomal hydrolases, and necrosis), which are observed
in the well-established in vivo experimental model of
supraphysiological cerulein-induced pancreatitis[4], as well
as in human acute pancreatitis[5]. Chemokines released
from damaged pancreatic cells attract inflammatory cells,
whose systemic action ultimately determined the severity
of the disease. Indeed, severe forms of pancreatitis may
result in systemic inflammatory response syndrome and
multiorgan dysfunction syndrome, characterized by a
progressive physiologic failure of several interdependent
organ systems[6].
Stress can be defined as “threatened homeostasis”,
and stressors can include physical or mental forces, or
combinations of both. The reaction of an individual to
a given stressor involves the stimulation of pathways
within the brain leading to activation of the hypothalamic-pituitary-adrenal axis and the central sympathetic outflow[7]. This can result in visceral hypersensitivity through
the release of different substances, such as substance P
and calcitonin gene-related peptide from afferent nerve
fibers[8].
The main source of pancreatic innervation comes
from both vagus nerves and the celiac ganglion complex.
The cephalic segment is innervated by the right celiac
complex and the hepatic and mesenteric plexus coming
from the right vagus. The splenic segment is innervated
by the left celiac nerve and the splanchnic nervous network. Except for the gastro-duodenal branches network,
most of the nerves enter the gland by its periphery and
concentrate in the cephalic segment, which exhibits
an important number of ganglion cells. These characteristics of the macroscopic innervation decrease in a
significant and progressive fashion towards the splenic
segment[9,10].
While it is well established that a previous acuteshort-term stress decreases the severity of experimentally-induced pancreatitis[11-17], the worsening effects of
chronic stress on the exocrine pancreas have received
relatively little attention[18-20]. This review will focus on
the influence of both prior-acute-short-term and chronic
stress in acute pancreatitis.

to the synthesis of heat shock proteins (HSP) and confers protection against further stress[26]. HSP comprise a
highly conserved family of proteins with molecular sizes
ranging from 10 to 110 kDa. These molecular chaperones are involved in synthesis, folding, transport and
degradation of proteins, and can be induced by stressful conditions such as infection, inflammation, hypoxia,
starvation, heat shock, water immersion, and oxidative
stress[27-29].
The eventual protection conferred by acute stressinduced HSP in pancreatitis, seems to be stressor- and
disease-inducer-dependent[30,31]. Water immersion and
heat shock induce pancreatic HSP60 and HSP70, respectively, and protect rats from cerulein-induced acute
pancreatitis by inhibiting autophagy, which prevents the
subcellular redistribution of cathepsin B and the activation of trypsinogen[14,32,33]. Additionally, hyperthermia- or
chemical-stimulated HSP70 also decrease the production of inflammatory mediators by downregulation of
NF- κ B [34,35]. Remarkably, transgenic mice knock-out
for HSP70 (HSP70.1 -/-) develop spontaneous activation of pancreatic trypsinogen[36]. However, transgenic
knock-in mice over-expressing HSP72 do not exhibit
protection for development of cerulein-induced acute
pancreatitis, but HSP72 over-expression accelerates tissue injury recovery by lessening NF- κ B signaling [37].
Heat shock also induces pancreatic protection against
cerulein hyperstimulation by upregulating HSP27[38]. Indeed, over-expression of HSP27 preserves the actin cytoskeleton of pancreatic acinar cells and protect against
cerulein-induced pancreatitis in a specific phosphorylationdependent manner[39]. HSP27 exerts a similar protective
effect in coronary arteries[40]. Vessels (endothelial and/or
smooth muscle cells) from patients with ischemic heart
disease exhibit decreased levels of HSP27 (in particular
phospho-HSP27), which correlates with destabilization
of the actin cytoskeleton[40]. Regardless of the underlying
mechanism, disorganization of the actin cytoskeleton
is associated with dysregulation of pancreatic enzyme
[41]
secretion . Interestingly, HSP27 seems to coordinate
activity with other HSP members to provide the full extent of resistance to injury[42]. For instance, , depletion
of HSP70 in renal cells does not impede association of
HSP27 with actin, but prevents maximal cytoprotective
effect against energy depletion[42].
Other pancreatitis-induced models exhibit some differences with the previously mentioned, secretagogue hyperstimulation. Thus, hyperthermia protects against subsequent L-arginine-induced acute pancreatitis in rats by
increasing pancreatic expression of HSP70 and HPS27,
and phosphorylation of HSP27, but without changing
HSP60 levels[15,43]. As observed in the cerulein model,
transgenic mice over-expressing HSP72 do not exhibit
protection for L-arginine-induced acute pancreatitis[37].
However, HSP72 over-expression does not accelerate
tissue injury recovery in L-arginine treated animals[37]. Although both hot and cold water immersion induce pancreatic HSP72 and HSP60, respectively, only cold water

ACUTE STRESS
Preceding acute-short-term stress is a well-known inductor of cellular protection against numerous pathological
conditions, including renal ischaemia, heart ischaemia,
brain ischaemia, enterocolitis and pancreatitis[11-17,21-25].
Exposure of organisms to an initial sublethal stress leads
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activation and necrosis mediated by leukocyte-secreted
TNF-α in a cathepsin-B and calcium-dependent manner[49].
TNF-α has an important role in various biological
functions, including cell proliferation, cell differentiation, survival, apoptosis and necrosis[50], and in stressrelated inflammatory disorders[45-47,51]. For a long time, it
has been known that TNF-α participates in the inflammatory cascade which propagates pancreatitis[52]. Nevertheless, its relevance in the genesis of this debilitating
disease only recently captured the attention of research
investigation[20,49].
Secretion of TNF-α by several stress stimuli has been
demonstrated in vitro in many cell types, including pancreat
ic acinar cells[53-60], and in vivo in different tissues[47,51,61-63].
Our lab has shown that in vitro hypoxia-reoxygenation
conditions also induce TNF-α secretion by acinar cells[20].
These conditions are concomitant with ischemia-reperfu
sion processes, which can be the result of microcirculatory disturbances generated by stress[64]. Indeed, local
pancreatic blood flow is reduced by stress[65]. Hence,
alternate vasoconstriction and vasodilatation leading to
tissue ischemia and reperfusion could reflect another
putative local origin of chronic stress-derived TNF-α
found in the pancreatic tissue. This is supported by the
increased levels of the transcription factor hypoxia inducible factor 1 alpha (HIF-1α) observed in experimentally
stressed rats[20]. HIF-1α is induced by hypoxic conditions
and is involved in different inflammatory processes, such
as dermatitis, rheumatoid arthritis[66], and also pancreatitis[67].
Different reports evaluated the response of pancreatic acinar cells to exogenous TNF-α, showing disruption of the typical filamentous actin distribution[20,68]. A
similar redistribution of actin from apical to basolateral
membranes was observed in pancreatic acini suprastimulated with CCK[69]. While TNF-α alone does not
stimulate amylase secretion in human pancreas[70] or in
isolated rat pancreatic acini[20,68], it certainly inhibits submaximal CCK-stimulated amylase secretion[20]. Although
necessary, the inhibition of pancreatic enzyme secretion
alone is not sufficient to induce pancreatitis[3]. Nonetheless, TNF-α also activates pancreatic acinar nuclear
factor-κB (NF-κB), a key transcriptional regulator of the
expression of inflammatory molecules[20,68,71,72]. Consistently, rat pancreatic acinar cells treated with high doses
of exogenous TNF-α, exhibit a notable increase in the
production of cytokines interleukin (IL)-1β, IL-4, IL-6,
IL-10, as well as TNF-α[73].
TNF-α has been shown to regulate the activity of
distinct protein kinase C (PKC) isoforms in diverse cell
types, including the pancreatic acinar cell[72,74,75]. PKC
family comprises at least 12 members differing in tissue
distribution and activation requirements. There are three
subclasses: classical PKC isozymes (-α, -β1, -β2, and -γ),
which require calcium and are activated by diacylglycerol
and phorbol ester; the novel PKC isozymes (-δ, -ε, -η,
and -θ), which are activated by diacylglycerol and phor-
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Figure 1 Hypothetical mechanisms underlying prior-acute-short-stress
protects against pancreatitis. Pancreatic insults may provoke dysregulation
of enzyme secretion, premature protease activation and inflammatory acinar
response, which result in the development of pancreatitis. Different stressors
such as hyperthermia, hypothermia, hypoxia, energy depletion and chemicals,
can induce pancreatic heat shock proteins (HSP) by a prior-acute-short-stress
exposition. Distinct HSP avoid the disruption of the actin cytoskeleton, zymogen/lysosomal enzyme colocalization and activation of the pro-inflammatory
nuclear factor-kappa beta (NF-κB) caused by the pancreatic insult. These HSPmediated effects seem responsible for the protection against pancreatitis. The
specific pathway inhibited by each HSP is depicted in green.

immersion slightly protect rats from sodium tauracholateinduced acute pancreatitis, pointing the transcendence
of the subcellular redistribution of cathepsin B in this
necrohemorrhagic pancreatitis model[13].
Nevertheless, prior-acute-short-term stress protects
against pancreatitis by distinct HSP, which seem to exert
its beneficial effects through different pathways (Figure
1).

CHRONIC STRESS
Chronic stress has been proved to increase the susceptibility of different rat organs, such as the small intestine,
colon and brain, to inflammatory diseases[8,20,44-46], as well
as to aggravate atherosclerotic lesions in mice[47].
Even though oxidative stress and inflammation each
occur in the pancreas during the early stage of supramaximal cerulein-induced acute pancreatitis model,
neither oxidative stress nor an inflammatory insult alone
cause the characteristic changes of acute pancreatitis[48].
However, chronic stress leaves the exocrine pancreas
susceptible to pancreatitis by submaximal cerulein
stimulation[20]. Pancreatic tissue from rats chronically exposed to restraint exhibit measurable levels of the proinflammatory cytokine tumor necrosis factor α (TNF-α)
as well as a low but detectable leukocyte infiltrate and
myeloperoxidase activity[20], suggesting leukocytes as a
feasible source of TNF-α induced by chronic stress.
Interestingly, in vitro incubation of mice pancreatic acini
with phorbol-12-myristate-13-acetate-activated neutrophils or macrophages directly induce intracellular
trypsinogen activation and cell death, being protease

WJG|www.wjgnet.com

5803

May 21, 2014|Volume 20|Issue 19|

Binker MG et al . Stress factor in pancreatitis

pancreatic acini response from rats seems to differ from
that observed in mice, since TNF-α by itself only induces trypsinogen activation and necrosis in mice, with
an extent comparable to supramaximal cerulein stimulation[20,49]. This could be a concentration-dependent effect
or relative to differences between species, which is welldocumented for experimentally-induced pancreatitis in
rodents[83-86], but further studies are required to address
this disparity in pancreatic acinar response to exogenous
TNF-α.
Summarizing this topic, chronic stress appears as a
risk factor to develop pancreatitis by sensitizing the exocrine pancreas through TNF-α, which seems to exert its
detrimental effects through different pathways (Figure 2).

Chronic stress

Hypoxia and
reperfusion

Leukocyte
infiltration

ROS

TNF-a

Disruption
of the actin
cytoskeleton

PKCδ/PKCε

Trypsinogen
activation

CONCLUSION

NF-κB
Dysregulation
of enzyme
secretion

Inflammatory
cell response

Depending on the timing and duration, stress can result
in beneficial or harmful consequences for the exocrine
pancreas. Prior acute-short-term stress could be useful
for high-risk procedures such as endoscopic retrograde
cholangiopancreatography. Conversely, the management
of chronic stress appears critical for patients with risk
of pancreatitis. Nonetheless, the mechanisms underlying
protection by previous-acute-short-term stress as well as
burden by chronic stress, have to be further explored.

Premature
protease
activation

Pancreatitis risk

Figure 2 Hypothetical mechanisms involved in chronic stress sensitizes
to pancreatitis. Chronic stress compromises the exocrine pancreas by generating ischaemia and reperfusion processes, as well as attracting leukocytes
to the pancreatic parenchyma. Ischaemia and reperfusion induce hypoxia and
reoxygenation conditions that generate the intrapancreatic reactive oxygen species (ROS) responsible for acinar tumor necrosis factor-alpha (TNF-α) production. TNF-α released from both pancreatic acinar cells and leukocyte infiltrate,
impact on pancreatic acinar cells producing disruption of the actin cytoskeleton
(redistribution from apical to basolateral membrane), a protein kinase C delta
(PKCδ)- and PKC epsilon (PKCε)-mediated activation of the transcription factor
nuclear factor-kappa beta (NF-κB), and an increase in levels of active trypsin.
Dysregulation of enzyme secretion, induction of inflammatory acinar response
and premature intra-acinar protease activation associated to these pathological
pathways sensitize the exocrine pancreas to pancreatic insults and increase
the risk to develop pancreatitis.
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Intervention on toll-like receptors in pancreatic cancer
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inhibitors can be considered as possible therapeutic
agents. Finally, TLR7 antagonists seem to be potential
candidates for therapy. Independent of their potential in immunotherapies, all existing data indicate that
TLRs are strongly involved in the pathophysiology and
development of PDA.
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Core tip: The combination of high mortality rates and a
tremendously complex pathophysiology makes pancreatic ductal adenocarcinoma (PDA) an enormous challenge. We summarize the current knowledge about the
importance of toll-like receptors (TLR) in PDA. Since
both tumor and tumor-related cells express TLRs, intervention on TLR-related pathways may represent future
candidates for therapy.

Abstract
Pancreatic ductal adenocarcinoma (PDA) is a devastating disease with pronounced morbidity and a high
mortality rate. Currently available treatments lack convincing cost-efficiency determinations and are in most
cases not associated with relevant success rate. Experimental stimulation of the immune system in murine
PDA models has revealed some promising results. Tolllike receptors (TLRs) are pillars of the immune system
that have been linked to several forms of malignancy,
including lung, breast and colon cancer. In humans,
TLRs are expressed in the pancreatic cancer tissue and
in several cancer cell lines, whereas they are not expressed in the normal pancreas. In the present review,
we explore the current knowledge concerning the role
of different TLRs associated to PDA. Even if almost all
known TLRs are expressed in the pancreatic cancer
microenvironment, there are only five TLRs suggested
as possible therapeutic targets. Most data points at
TLR2 and TLR9 as effective tumor markers and agonists could potentially be used as e.g. future adjuvant
therapies. The elucidation of the role of TLR3 in PDA
is only in its initial phase. The inhibition/blockage of
TLR4-related pathways has shown some promising effects, but there are still many steps left before TLR4
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INTRODUCTION
Disorders of the pancreas are leading causes of morbidity and mortality. Despite advanced surgical and/or oncological treatment strategies, pancreatic ductal adenocarcinoma (PDA) is still associated with an extremely poor
prognosis with a median survival of 6 mo and a 5-year
survival rate less than 1%-2%[1,2]. PDA represents the
fourth cause of cancer-related deaths and its incidence is
rising in most countries[3].
The causes of PDA are mainly unknown. A family
history is found in up to 5%-10% of patients[4]. Known
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risk factors for PDA are among others tobacco smoking,
diabetes mellitus, obesity and chronic pancreatitis[5-7]. Pancreatic intraepithelial neoplasia (PanIN) in the ductal epithelium has been suggested as the primordial precursor
of PDA[8]. As PanIN progress to carcinoma, accumulated
mutations might result in the activation of the KRAS2
oncogene, loss of CDKN2A/p16 and/or the inactivation
of TP53 and SMAD4[9]. Likewise, stellate cells are major
players in PDA, as they are fundamental for the development of the characteristic desmoplastic stroma found in
PDA[10]. Pancreatic cancer stem cells might be important
in treatment resistance and metastasis. A large range of
cell populations, such as tumor-associated macrophages
(TAMs), have been reported as central in PDA[11,12]. The
current knowledge of the pathophysiology of PDA has
elegantly been summarized by Hidalgo[13,14].
At the time of diagnosis, most patients have already
developed locally advanced (stages Ⅱ or Ⅲ) or metastatic (stage Ⅳ) disease and palliative treatment is the
only alternative. Gemcitabine is a nucleoside analogue
with a broad-spectrum against solid tumors that for
long has been used as first-line treatment. In PDA, gemcitabine increases the quality of life of many patients,
but merely prolongs the mean survival by one month[15].
Furthermore, a majority of patients do not respond to
gemcitabine due to lack of the necessary nucleoside
transporter, and the total costs and side-effects related to
gemcitabine overtreatment are high[16,17]. FOLFIRINOX
(5FU/leucovorin, irinotecan and oxaliplatin) is currently
a first-line treatment for metastatic PDA as the regime
is more active than gemcitabine at overall survival,
progression-free survival and response rate. Moreover,
the degradation of the quality of life is also delayed by
FOLFIRINOX[18]. However, the regime is more expensive than gemcitabine and not suitable for all patients
due to its toxicity. Hence, in most developing countries,
gemcitabine is still the gold standard. Thus, current
chemotherapeutic strategies lack proper cost-efficiency
determinations and are not effective in the vast majority
of cases.
In order to increase survival rates in PDA, it is imperative to find novel therapies that specifically target tumor
cells and/or associated cell populations and stroma. Tolllike receptors (TLRs) are pillars of the immune system
that have been linked to major cancer forms, including
lung, breast and colon cancer[19-21]. In humans, TLRs are
expressed in the pancreatic cancer tissue and in several
cancer cell lines, whereas they are not expressed in the
normal pancreas[22,23] (Table 1). TLRs thus appear to play
a role in the pathophysiology of PDA (Table 2, Figure 1)
and may thereby also represent targets for intervention
(Table 3). In the present review, we explore the current
knowledge concerning the role of different TLRs associated to PDA.

(PAMPs) derived from virus, pathogenic bacteria, pathogenic fungus and parasitic protozoa. Likewise, TLRs can
start immunological reactions against endogenous molecules released into the extracellular compartment under
e.g., stress or tissue damage[24]. TLRs are type Ⅰ integral
membrane glycoproteins expressed in various cell compartments, and in humans the expression of ten different
TLRs (TLR1 to TLR10) has been reported[25]. Upon activation, TLRs form heterodimers or homodimers, and an
activating signal is started. After the recruitment of adaptor molecules, TLRs can activate two major intracellular
signaling pathways. All TLRs, except TLR3, can activate a
MyD88-dependent pathway, causing the transcription of
pro-inflammatory genes through the activation of nuclear
factor κβ (NFκB) and/or the activation of activating
protein 1[24,26]. An alternative, non MyD88-dependent
pathway, can be initiated by TLR3 and TLR4. In the TRIF-pathway, the activation of interferon-regulated factors
(IRF) via TRIF results in the synthesis of interferon (IFN)
and/or the activation of NFκB[24].

TLR2-promising adjuvant therapy
Mainly expressed on the plasma membrane, TLR2 is
found in a large diversity of cells of the immune system[27]. In addition to its role in infectious diseases, TLR2
has been associated to e.g., atherosclerosis, asthma and
renal disease[28-30].
Macrophage activating lipopeptide-2 (MALP-2) is a
synthetic lipopeptide that activates immune responses
through TLR2 and TLR6[31,32]. In syngeneic subcutaneous and in orthotopic murine models the local administration of MALP-2 results in significant tumor growth
reduction and prolonged survival[33]. Furthermore, the
MALP-2 anti-tumor effect is enhanced by co-treatment
with gemcitabine. However, the metastatic potential of
cancer cells is not reduced by MALP-2 administration.
MALP-2 might exert its effects through CD8+ lymphocytes and NK-cells since the murine Panc-2 cell line used
for this experiment do not express TLR2. Hypothetically, MALP-2 activates dendritic cells (DCs) in a TLR2/
TLR6-dependent manner[34]. A subsequent phase Ⅰ/Ⅱ
trial showed promising results[35]. Ten patients in different
PDA disease stages were included, both with “radical”
surgery or palliative procedures leaving the pancreatic tumor behind. MALP-2 was injected intratumorally during
surgery and six patients received adjuvant chemotherapy.
The drug was well tolerated and a mean survival of 17.1
mo was observed. The median survival was 9.3 mo and
no metastases were reported during follow-up. Despite
the limited number of patients, the reported mean survival was remarkably high. The local administration of
MALP-2 appears to upregulate the activation of both the
innate and the adaptive immune system, resulting in decreased tumor proliferation and metastasis. Still, it is unclear if MALP-2 has a future as adjuvant therapy in PDA,
since no further trials have been reported up to date. In
addition, several less expensive TLR2 agonists appear to
have similar biochemical properties when compared to

TOLL-LIKE RECEPTORS
TLRs are pattern recognition receptors that recognize
numerous pathogen-associated molecular patterns
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Table 1 Toll-like receptors found in human pancreatic
adenocarcinoma cell lines
Cell line
AsPC-1

Source

Metastasis:
ascites
BxPC-3
Primary
tumor
CFPAC
Metastasis:
liver
Colo357
Metastasis:
lymph node
GER
Primary
tumor
MIA PaCa-2
Primary
tumor
MDAPanc-28 Primary
tumor
Panc-1
Primary
tumor
Panc-89
Metastasis:
lymph node
PancTu-1
Primary
tumor
Pt45P1
Primary
tumor
SU.8686
Metastasis:
liver
SW-1990
Metastasis:
spleen
T3M4
Metastasis:
lymph node

Phenotype Expressed TLR
Du

Table 2 Toll-like receptors expressed in pancreatic ductal
adenocarcinoma and their reported implications

Ref.
[23,57,58]

Du

TLR3, TLR4,
TLR9
TLR2-4

Du

TLR4

[57]

Un

TLR3, TLR7

[48]

An

TLR9

[72]

TLR2

[40,50,57]
TLR3

TLR4

An
Du/Ac
Du/An
Du

TLR2-4, TLR7,
[23,40]
TLR9
TLR2-4, TLR7,
[23]
TLR9
TLR2-4, TLR7, [23,40,50,58,79]
TLR9
TLR3 , TLR7
[48]

Du

TLR3, TLR7

[48]

Du

TLR3, TLR7

[48]

Du

TLR2

[41]

Du

TLR2-4, TLR7,
TLR9
TLR9

[23]

Du

TLR7

TLR9

Ref.

Cell growth
Immunosuppression
Mean survival
Progression and metastasis
Carcinogenesis
Cell growth and migration
Immune responses
Angiogenesis
Carcinogenesis
Cell growth
Epithelial-to-mesenchymal transition
Leukocyte recruitment and genomic instability
Mean survival
Progression and metastasis
Stromal expansion
Carcinogenesis, stromal expansion, progression
and metastasis
Immune responses
Cell growth
Mean survival
Metastasis

[33,40,43]
[33,41,43]
[33,35]
[43]
[47]
[50]
[48]
[63]
[49]
[49,57,61]
[61]
[57]
[62]
[49,58,61]
[49,61]
[67]
[48]
[77,79]
[77]
[72,77,79]

TLR: Toll-like receptor.

tion of tumor masses in a mouse xenograft model[42].
Using Dmt-Tic-Cy5 as a tumor marker during surgery
in mice, successful R0 resections were obtained. Future
applications of this technic could include the detection
of early tumors or the improvement of current surgical
procedures in hPDA.
Pancreatic adenocarcinoma upregulated factor (PAUF)
is a protein overexpressed in hPDA and other types of
cancer[43]. PAUF appears to modulate the metastatic potential of cancer cells and it upregulates the expression
of CXCR4, the later being related to increased cancer cell
motility[44]. PAUF induce the expression of the cytokines
RANTES and MIF via TLR2 and it is also associated
with the inhibition of CXCR4-dependent and TLR2mediated NFκB activation, with subsequent decreased
tumor necrosis factor-α levels[45]. Theoretically, PAUF
might contribute to tumor persistence via the disruption
of TLR2-dependent anti-tumor pathways in cancer.
In summary, TLR2 is not only expressed in tumor
tissue but also in several hPDA cell lines (Table 1). Since
TLR2 is present in both primary tumor cell lines and in
cell lines from metastases, the receptor may be a novel
target for immunotherapy in hPDA. The clinical significance of TLR2-targeting can become important in the
future since the marker is present in up to 70% of resected tumors[22] but mainly absent in the normal pancreas.
While the pathophysiological role of TLR2 in mPDA
seems to be complex (Table 2, Figure 1), TLR2 agonists
have shown promising results in animal models and in a
phase Ⅰ/Ⅱ clinical trial (Table 3).

[77]

TLR: Toll-like receptor; Du: Ductal; Ac: Acinar; An: Anaplastic; Un:
Undefined.

MALP-2.
Protein-bound polysaccharide-K (PSK, Krestin®) is a
natural remedy derived from highly purified mushroom
extracts (Trametes versicolor) that since decades has been
used as adjuvant therapy in cancer[36]. Even if the mechanisms are only partially known, PSK is thought to be a
novel TLR2 agonist and it has documented therapeutic
effects in colorectal and lung cancer[37-39]. Moreover, PSK
promotes apoptosis and inhibit tumor growth in various
human PDA (hPDA) cell lines[40]. Even if PSK-related
cancer cell apoptosis is unlikely to be mediated through
TLR2, the inhibition of the later significantly reduced the
positive effects of PSK in all cell lines challenged. Thus,
TLR2-pathways might be (if only in part) involved in the
tumor suppressor effect of PSK.
TLR2 is also a promising cell-surface target since its
protein expression is specifically increased in hPDA tissue[22]. Designed, fully synthetic high affinity TLR2 agonists have been studied with encouraging outcome. Derived from natural TLR2 ligands and also from MALP-2,
these new compounds are able to induce the immune
system when given as vaccine adjuvants in murine PDA
(mPDA) models[41]. These results imply a potential in developing high affinity tumor targeted therapies through
TLR2. A particularly potent compound has been conjugated with a near-infrared fluorescent dye, the novel
Dmt-Tic-Cy5. The combination of Dmt-Tic-Cy5 and 3D
imaging methods was applied in the intraoperative detecWJG|www.wjgnet.com

Pathophysiological significance

TLR3-unexplored implications
TLR3 is a nucleic acid-recognizing receptor expressed as
dimers on endosomal membranes of DCs and mono5810
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MALP-2
NF-κB
+
CD8 lymphocytes ↑
iNOS ↑
CD45RB (ThC) ↑
+
+
CD18 CD3 cells ↑
+
CD4 cells ↑
+
CD19 cells ↑
+
NK 1.1 cells ↑

PSK
WAF/Cip1
↑
p21
Bax ↑
C5a ↑
CXCL1/GROa ↑
CCL5/RANTES ↑

Family history
Tobacco smoke
Chronic pancreatitis
Longstanding diabetes
Obesity
Unknown factors
KRAS2
CDKN2A
TP53
SMAD4

IMO/Cetuximab
EGFR-dependent signaling ↓
MAP kinase phosphorylation ↓
CpG-ODNs/Gemcitabine
CpG-ODNs/ISCOM vaccine

PDA
TLR2

TLR9
IRS661

C10
TLR3

TLR7
Inhibitor

NF-κB ↑
IFN-β ↑
IL-6 ↑
Tyr705
↑
Phospho-STAT3
Ser727
↑
Phospho-STAT3
TLR3/Wnt5a

MyD88 ↑
NF-κB ↑
MMP-2; MMP-9 ↑
TLR4/IL-10 ↑
Duox2 ↑
DuoxA2 ↑
H2O2 ↑
HIF-1α co-expression
MyD88 inhibition (DCs)

p21 ↑
p27 ↑
Rb ↑
SHPTP1 ↑
TGF-β ↑
c-Myc ↑
Bcl-xL ↑
α-SMA↑

cyclin D1 ↓
cyclin B1 ↑
NF-κB ↑
Notch ↑
MAP kinase ↑
STAT3 ↑
p53 ↑
PTEN loss
p16 ↓

TLR4

Figure 1 Toll-like receptors in the pathophysiology pancreatic ductal adenocarcinoma. TLR: Toll-like receptor; MALP-2: Macrophage activating lipopeptide-2;
PSK: Polysaccharide-K; C10: Phenylmethimazole; IRS661: Immunoregulatory sequence 661; CpG-ODN: CpG oligodeoxynucleotide; IMO: Immunomodulatory nucleotides; TGF-β: Transforming growth factor-β; α-SMA: α-smooth-muscle antibody. NF-κB: The nuclear factor NF-κB.

cytes. Besides its role in viral infections, TLR3 has been
linked to chronic pancreatitis and breast cancer[46,47].
Polycytidylic acid (Poly I:C) is a well-known TLR3
agonist capable of inducing cell lysis in hPDA cell lines
by enhancing the cytotoxic activity of γδ T cells in vitro[48].
However, Poly I:C has also been reported to accelerate
pancreatic carcinogenesis in KRAS-mutated mice[49].
TLR3 expression in hPDA cell lines is correlated
with increased tumor cell growth and constitutive Wnt5a
expression[50]. Wnt-associated pathways are related to a
vast variety of cellular processes in embryogenesis and
carcinogenesis[51]. Phenylmethimazole (C10) is a TLR3 inhibitor able to suppress the dsRNA induced, TLR3-mediated IRF3/IFN-pathway, independent of Wnt5a. The
administration of C10 leads to less tumor development
in a xenograft murine model. Importantly, C10 decreased
TLR3 expression and significantly inhibited hPDA cell
growth and motility/migration. The expression of TLR3
in tumor cells might result in increased interleukin (IL)-6
levels[52]. C10 effects could then be mediated by the inhibition of phosphorylated STAT3 via the disruption of
TLR3/Wnt5a-related pro-inflammatory IL-6 expression

WJG|www.wjgnet.com

in hPDA.
Even if TLR3 is constitutively expressed in primary
hPDA cell lines (Table 1), it is unclear which role TLR3
plays in hPDA. Opposite results have been reported
when TLR3 inhibitors have been tried. Hence, no conclusions can be made at this point.

TLR4-IS inhibition the answer?
Being the first TLR identified, TLR4 is widely expressed
as homodimers or heterodimers with TLR6 on the plasma membranes of many immune cells. TLR4 has been
linked to several diseases, including obesity, acute pancreatitis and breast cancer[18,53,54].
TLR4 is overexpressed both in mPDA and hPDA[49].
Stromal leukocytes from patients have increased TLR4
expression. Interestingly, the upregulation is also found
both in epithelial and stromal cells in KRAS-mutated
mice. Moreover, TLR4-inhibition in these mice had protective effects against tumorigenesis and TLR4-/- animals
had a slower tumor growth. However, the inhibition of
MyD88-dependent and TRIF-pathways had opposite

5811

May 21, 2014|Volume 20|Issue 19|

Vaz J et al . Toll-like receptors and pancreatic cancer
Table 3 Toll-like receptors and their intervention in pancreatic ductal adenocarcinoma
Substance/compound

Intervention

Effects

Ref.

MALP-2 (G)

Activation

Polysaccharide-K (G)
Dmt-Tic-Cy5

Activation
Activation

PAUF

Mixed

TLR3

Polycytidylic acid

Activation

TLR4

Phenylmethimazole
Lipopolysaccharide

Inhibition
Activation

TLR7

Imiquimod
IRS661

Activation
Inhibition

TLR9

CpG-ODN 1816/26 (G’)

Activation

IMO (C)

Activation

CpG-ODN 2216

Activation

Induce lymphocyte invasion and tumor necrosis
Inhibit tumor growth
Prolongs mean survival
Reverse tumor-associated immunosuppression
Inhibit tumor growth and induce apoptosis in tumor cells
Acts as vaccine adjuvant in pancreatic cancer
Target imaging and therapy
Facilitates tumor growth
Promotes tumor immune-resistance
Accelerates carcinogenesis
Induces T cell invasion and tumor lysis
Inhibits tumor growth and migration
Accelerates carcinogenesis
Induce desmoplastic stroma
Induce increased H2O2 extracellular production
Increased invasiveness
Induce M2-polarization in tumor-associated macrophages
Induce T cell invasion and tumor lysis
Prevent tumor progression and stromal expansion
Regulates cell cycle in cancer cells
Delays tumor development, reduce invasiveness
Prolongs mean survival
Prolongs mean survival, inhibit tumor growth and migration
Reestablish cetuximab sensibility in cancer cells
Inhibits tumor growth and migration

[33]
[33]
[35]
[33]
[40]
[41]
[41,42]
[43]
[43]
[49]
[48]
[50]
[49]
[49]
[57]
[58,61]
[61]
[48]
[67]
[67]
[72]
[72]
[77]
[77]
[79]

TLR2

TLR: Toll-like receptor; MALP-2: Macrophage activating lipopeptide-2; PAUF: Pancreatic adenocarcinoma upregulated factor; IRS661: Immunoregulatory
sequence 661; CpG-ODN: CpG oligodeoxynucleotide; IMO: Immunomodulatory nucleotides. (G): Synergism when combined with gemcitabine; (G’): Effect
mainly when combined with gemcitabine; (C): Effect merely when combined with cetuximab.

effects in mPDA. While MyD88-inhibition clearly accelerated tumor development and gave rise to highly aggressive TP53 mutated cancer cells, TRIF-inhibition had antitumor effects. MyD88-inhibition could induce aggressive
cancer cells even in TRIF-deficiency co-existence.
Even if MyD88 blockage has been associated with a
decreased tumor development in other cancer forms[55],
the presence of DCs in PDA microenvironment appears
to be the main factor for MyD88-dependent tumorstimulating effects. Upon MyD88 blockage, DCs seem to
induce pancreatic antigen-restricted Th2-deviated CD4+
T cells[49]. Furthermore, the abundance of Th2 cells in
hPDA is linked to a worsened prognosis[56].
Inflammatory cytokines can induce NFκB activation
in mPDA. LPS and INF-γ challenge results in increased
production of extracellular H2O2 in primary hPDA cell
lines[57]. Through TLR4, the activation of NFκB might
enhance the transcription of dual oxidase 2, trigger leukocyte recruitment and genetic instability. In hPDA cell
lines, LPS challenge induced improved invasiveness via
TLR4/MyD88-depending pathways[58]. Moreover, RNAi
silencing TLR4 or MyD88 completely reversed the effects of LPS. NFκB activation might induce increased
expression of matrix metalloproteinases (MMPs) in
mPDA. MMP-2 and MMP-9 overexpression is related to
the progression of hPDA, and its blockage has been subject of intensive research[59]. Thus, LPS may act through
a TLR4-MyD88-NFκB axis that finally leads to MMP-9
overexpression and thereby to increased invasiveness in
vitro[60].

WJG|www.wjgnet.com

The overexpression of MMPs has also been coupled
to TAMs. M2-polarized TAMs mediate EMT, induce
cancer cell proliferation and migration in hPDA cells in
vitro[61]. These effects may partially be achieved through
TLR4. TLR4 overexpression in M2-polarized macrophages could lead to IL-10 release with impact on the
EMT and thereby on the metastatic potential of the cancer cells.
hPDA is characterized by a poor vascularization.
Thus, the role of angiogenesis in hPDA remains controversial[9]. In humans, hypoxia-inducible transcription factor alpha (HIF-α) is overexpressed in resected pancreatic
cancer tissue. Moreover, a positive correlation between
mRNA/protein HIF-α levels and mRNA/protein TLR4
levels in primary tumors and metastases has been found.
TLR4 was expressed in 69.2% of the analyzed tumor
tissue. Besides, the expression of either TLR4 or HIF-α
was related to a decreased survival rate and when both
were expressed, an accumulative effect was observed[62].
Some data imply that hypoxia in solid tumors, such as
hPDA, induces HIF-α overexpression, which might be
responsible for the expression of TLR4 in hPDA cells in
vitro and in a xenograft murine model[63]. Here, TLR4 was
found in 76 % of the tumor tissue but no data on average survival or prognosis was presented.
The inhibition/blockage of TLR4-related pathways
has shown some promising results, but there are still
many steps left before TLR4 inhibitors can be considered
as possible therapeutic agents. Since both stromal cells
and primary tumor cells express TLR4, it is plausible
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that TLR4 ligands found in the inflammatory tumor microenvironment initiate complex interactions between
the different cell populations. This might in turn lead
to the secretion of tumor stimulating cytokines and the
recruitment of further cell populations into the tumor
stroma. Since hypoxia and TLR4 ligands are common in
the tumor stroma, the upregulation of TLR4 and HIF-α
in hPDA could be auto-stimulatory. Poor prognosis can
then be partially predicted, as a highly hypoxic tumor
stroma is less sensitive for radiotherapy and disrupt the
delivery of chemical agents into the primary cancer cells.

increase with tumor progression and it is found in nearly
50% of the advanced tumors[67]. TLR7 may induce tumor progression in a KRAS-dependent manner since
the mutation must be present for TLR7-mediated tumor
progression in mice. As KRAS2 is mutated in over 90%
of hPDA[18], these may only be a minor obstacle for the
future clinical use of TLR7-targeting.

TLR9-agonists as future adjuvant
therapy?
As TLR3 and TLR7, TLR9 is expressed on endosomal
membranes of several immune cells, including macrophages, B cells and DCs[68]. Besides its role in bacterial,
viral or malaria infection, TLR9 has been linked to acute
pancreatitis and cancer[54,69].
Synthetic TLR9 agonists (CpG-ODNs) are oligodeoxynucleotides containing CpG motifs that have been
used as vaccine adjuvants or as antiallergic agents[70]. In
combination with vaccines based on immune stimulatory complexes, a TLR9 agonist inhibits the tumor
immune evasion in mPDA[71]. It is believed that CpGODNs can activate NK-cells, DCs and cytotoxic T cells,
thus initiating anti-tumor immune responses. TLR9 is
highly expressed in the tumor microenvironment and in
circulating leukocytes in a murine xenograft PDA model.
CpG-ODNs treated mice had a reduced tumor spread to
the diaphragm, liver and spleen and the combination of
gemcitabine and CpG-ODNs resulted in delayed development of bulky disease, less metastasis and improved
survival, when compared to gemcitabine monotherapy[72].
The epidermal growth factor receptor (EGFR) is
overexpressed in 50%-60% of hPDA[73]. Cetuximab is a
monoclonal anti-EGFR antibody that has shown promising results experimentally, but not clinically in hPDA[74,75].
Immunomodulatory nucleotides (IMO) are secondgeneration CpG-ODNs with higher metabolic stability.
IMO interferes with EGFR-dependent signaling and has
thereby a synergistic effect with anti-EGFR agents[76]. In
combination with cetuximab, IMO inhibits cell growth
in hPDA and cancer progression in KRAS-mutated murine cell lines[77]. Importantly, in cetuximab-resistant cell
lines, IMO potentiated the activity of cetuximab. The
administration of IMO resulted in tumor growth inhibition and prolonged survival in a murine xenograft model.
The associations between EGFR/TLRs interactions and
carcinogenesis are slowly being elucidated. However, the
impact on hPDA is still unexplored[78].
Another CpG-ODN (ODN2216) has shown antiproliferative properties in an hPDA cell[79]. Tumor cell
growth, replication rate and migration ability were decreased in cells challenged with ODN2216. The effects
seem to be time- and dose-dependent. Moreover, the
expression of TLR9 is more pronounced in hPDA tissue
than in peritumoral ones (73.3% vs 33.3%)[79].
As TLR2, TLR9 appears to be a promising tumor
marker. Likewise, TLR9 agonists could be used as adjuvant therapy by themselves or in combination with al-

TLR7-promoting cancer progress
TLR7 is a nucleic acid-recognizing receptor expressed as
dimers on endosomal membranes of APCs and leukocytes. TLR7 activation is currently used for the treatment
of various malignancies, such as melanoma and breast
cancer[64]. Like TLR3, TLR7 has also been used to enhance cytotoxic activity in γδ T cells in vitro[48].
The role of TLR7 in mPDA has been reported previously[65,66]. Upregulated TLR7 is found in epithelial cells
and macrophages, DCs, neutrophils, and B- and T-cells
of the tumor microenvironment. In hPDA, the expression of TLR7 is increased both in epithelial ductal cells
and inflammatory cells within the tumor stroma.
Moreover, the administration of ssRNA40, a TLR7
agonist, results in pronounced tumor growth and stromal
expansion in mice. In KRAS-mutated mice, the tumorstimulating effects of TLR7 appears to be mediated by a
complex array of events, including loss of expression of
PTEN, p16 and cyclin D1 and upregulation of among
others p21, p27, p53, c-Myc, SHPTP1, TGF-β, PPARγ
and cyclin B1. Moreover, ssRNA40 challenge resulted in
the activation of STAT3, MAP kinase, Notch and NFκB
pathways. Notch target genes were downregulated, giving
rise to the hypothesis that Notch, together with NFκB,
might mediate inflammation in the tumor microenvironment, thus promoting tumor persistence and metastatic
potential[67].
Importantly, TLR7 stimulation is not self-sufficient
for malignant transition when KRAS mutations are absent. Equally important, mice with TLR7-/- phenotype
seem to be protected against tumor progression. The
administration of IRS661, an oligonucleotide inhibitor of
TLR7, prevented tumor progression and stromal expansion in mice[67]. IRS661 treatment decreased the expression of p21, p27, p-p27, cyclin B1, CDK4 and p-STAT3
in mice with invasive PDA. Thus, TLR7 inhibition was
able to affect cell cycle regulation in already formed pancreatic tumors. However, the expression of Rb or TP53
was not affected by IRS661.
The evidence of the importance of TLR7 in mPDA
is strong and TLR7 antagonists are without doubt promising experimental adjuvant agents that must be further
evaluated. Importantly, PanIN in humans do not express
TLR7 with the same intensity as established hPDA tumors. Moreover, the expression of TLR7 appears to
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ready established chemotherapies (Table 3). Nonetheless,
the pathophysiological role of TLR9 in hPDA is mainly
unexplored.
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The role of the immune system in cancer is an area of
intensive research. Cancer cells have the ability to evade
immune responses and promote tumor phenotypes and
pathways in immune cells. TLRs are related to several
cancer forms, and immunotherapies involving TLRs are a
reality[27]. At least thirty new clinical trials evaluating TLRs
agonist and cancer have started since May 2012[80].
The combination of high mortality rates and a tremendously complex pathophysiology makes PDA an
enormous challenge. The role of inflammation and immune cells in PDA cannot be stressed enough[81]. Both
MyD88-dependent cascades and TRIF-pathways have
been associated with tumor growth, survival and metastatic potential in PDA[65]. Even if almost all known
TLRs are expressed in the pancreatic cancer microenvironment, there are only five TLRs suggested as potential
therapeutic targets.
Importantly, the effects of TLRs agonists and antagonists in PDA are presumably mediated by the inducement
of anti-tumor immune response. This requires access to
the primary tumor site. Moreover, TLR-targeting can theoretically disrupt important pathways in primary tumor
cells with therapeutic effects. Thus, TLR-based agents
must either be administered intratumorally or delivered
through the tumor stroma. The recognition of specific
tumor targets is then imperative for the application of
TLRs intervention in PDA. In clinical practice, CA 19-9
is widely used as hPDA marker. CA 19-9 is a relatively
specific marker useful as indicator for advanced disease
or tumor recurrence after surgery. However, as pancreatic
cancer progress and spreads beyond the pancreas, the accumulation of abnormalities might change the sensitivity
and/or specificity of tumor markers since metastases may
differ profoundly from the primary tumor[82]. We have recently propose mucin 4 (MUC4) as a novel tumor marker
in hPDA. MUC4 is found in both primary and matched
metastatic tumors with a high level of concordance (82
%)[83]. Specific tumor markers open the door for efficient
drug delivery via e.g., nanotechnology. For instance, targeted liposomal delivery of TLR9 ligands in cancer has
already been evaluated with encouraging results[84].
Independently of their potential in immunotherapies,
all existing data indicate that TLRs are strongly involved
in the pathophysiology of PDA (Figure 1). The role of
TLRs in PDA is not limited to the direct effect on tumors or associated cells. TLRs are also involved in the
pathophysiology of several risk factors for hPDA, such
as chronic pancreatitis, diabetes and obesity[47,85].
The present paper summarizes the current understanding of interventions on TLRs in PDA. Despite initial encouraging results, further research and elucidation
of involved mechanisms is demanded.
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Core tip: This article summarizes the latest findings on
the important roles of microRNAs (miRNAs) in regulating inflammation and autoimmune disorders in inflammatory bowel disease (IBD). Insight into miRNAs-21 as
a novel biomarker is also provided, which shows that
miRNAs-21 is a potential diagnostic and therapeutic
target for IBD.
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Abstract
Defects in intestinal barrier function characterized by
an increase in intestinal permeability contribute to
intestinal inflammation. Growing evidence has shown
that an increase in intestinal permeability has a pathogenic role in diseases such as inflammatory bowel
disease (IBD) and celiac disease, and functional bowel
disorders such as irritable bowel syndrome. Therefore, clarification of the inflammatory responses, the
defense pathway and the corresponding regulatory
system is essential and may lead to the development
of new therapies. MicroRNAs (miRNAs) are small (19-22
nt) noncoding RNA molecules that regulate genes at
the post-transcriptional level by base-pairing to specific
messenger RNAs for degradation to repress translation.
Recent studies suggested that miRNAs are important
in the immune response and mediate a critical role in
multiple immune response-related disorders. Based on
these discoveries, attention has been focused on understanding the role of miRNAs in regulating intestinal
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INTRODUCTION
The intestinal barrier plays an important role in absorbing
nutrients and secreting waste[1]. In addition to its abilities
to support paracellular transport, the intestinal barrier can
also prevent luminal microbes and their products reaching the internal milieu. Tight junctions and their associated proteins, including claudins, occludin, and zonula occludens, are the most adhesive apical junctional complexes and act as a structural and functional barrier against
paracellular permeation of luminal substances[2-4]. Breakdown or disruption of the epithelial barrier is thought
to be an essential determinant in the predisposition to
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intestinal inflammation and a number of inflammatory
disorders, such as Crohn’s disease[5], ulcerative colitis[6,7],
celiac disease[8], and a series of infectious diarrheal syndromes[9,10]. The phenomenon of intestinal tight junction
(TJ) barrier disruption has previously been reported, but
the intracellular mechanism is still poorly understood. Of
the essential factors relating to this issue, two are most
critical. The first is to identify the early signaling event
which triggers the immune response and inflammatory
cascade which will help us to understand induction of
the disease, and the second is to identify the regulatory
system which will lead to the discovery of the therapeutic
target. MicroRNAs (miRNAs), which are small noncoding RNAs, were recently discovered to have a promising
role in the treatment of immune-related diseases[11,12].
By regulating the degradation of mRNAs at the posttranscriptional level, miRNAs can affect various signaling
pathways, and may be good candidates for the treatment
of immune-related diseases. More recently, investigations
have focused on the role of miRNAs in intestinal-related
diseases. These studies may not only provide novel insights into understanding the pathological and physiological process of intestinal barrier dysfunction, especially
in inflammatory bowel disease (IBD), but have also suggested the therapeutic role played by miRNAs. The major
purpose of this review was to examine current research
on the role of miRNAs in the regulation of intestinal
barrier function and their therapeutic potential.

miRNAs, such as cell proliferation, apoptosis, differentiation, migration and cell cycle control[30-33]. miRNAs
have also been reported to be involved in human diseases, including tumors[34-41], immune dysregulation[42-44],
cardiovascular diseases[45-48], metabolic syndrome[49,50] and
others[51].

EXPRESSION OF miRNAs IN INTESTINAL
EPITHELIAL CELLS
In 2008, Wu et al[52] first reported miR-192 which was detected in the epithelial cells of colonic mucosa samples
from healthy individuals, but not in patients with active
UC using immunohistochemistry and in situ hybridization. These authors also found 11 differentially expressed
miRNAs in active UC vs healthy samples and confirmed
an inverse relationship between macrophage inflammatory peptide-2α (MIP-2α , previously shown to be
involved in IBD[53]) and miR-192. Similarly, Bian et al[54]
demonstrated that miR-150 was significantly increased
in the epithelial cells of colonic mucosa in UC patients
compared with controls, and suggested an inverse correlation between miR-150 and its target, c-Myb[55], a protooncogene involved in apoptosis. Consequently, these
two pioneer studies have provided new insight into the
pathogenesis of intestinal barrier dysfunction. A summary of the expression of miRNAs in IBD is shown in
Figure 1.

miRNA BIOGENESIS AND FUNCTION

ROLE OF miRNAs IN REGULATION OF
TIGHT JUNCTION PROTEINS

MiRNAs, non-coding small endogenous RNAs of 19-22
nucleotides in length, were first identified in C. elegans
by Lee et al[13] in a study on the function of gene lin-14
as a sequence-specific regulator of gene expression[14].
MiRNAs which are encoded by eukaryotic nuclear DNA
can target the 3’ untranslated region (3’UTR) of specific
mRNAs, usually resulting in gene downregulation via
translational repression or target degradation[15]. More
than 1500 miRNAs have been found to be encoded in
the human genome and over 60% of human genes are
targeted by miRNAs[16-18]. miRNAs play an important
role in many different types of human cells[19].
RNA polymerase Ⅱ (Pol Ⅱ ) is associated with the
miRNA promoter and induces primary miRNAs (premiRNAs) to be transcribed in the nucleus[20,21]. These
pre-miRNAs have a capped structure and a poly(A)
tail[20,22]. After being transported to the cytoplasm, the
pre-miRNAs are further processed by the RNase Ⅲ
endonuclease, Dicer, in a complex with a trans-activator
RNA binding protein into a double-stranded mature
miRNA[23-25]. One strand of the mature miRNA is then
incorporated into the RNA-induced silencing complex
(RISC) and leads this complex to the untranslated region
(3’UTR) of specific mRNAs, which causes repression
of the corresponding protein[26-29]. In this way, miRNAs
are thought to be fine-tune regulators in gene expression
and disease control.
A number of biological processes are regulated by
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Occludin and claudins are important transmembrane TJ
proteins localized at the TJ strands and function in the
TJ barrier[56-58]. Ye et al[59] demonstrated that miR-122a
plays a central role in the regulation of intestinal TJ permeability by degrading the protein occludin. The regulation of claudins by miRNAs was reported in breast
cancer[60,61] and HIV-associated neurological disorders[62],
but not in the intestinal TJ barrier. Further studies on
the relationship between claudins and miRNAs in the intestinal TJ barrier system are required. Zonula occludens
1 (ZO-1) is another major component of the TJ barrier
which regulates intestinal permeability[63]. Tang et al[64]
found miR-212 overexpression in colon biopsy samples
from patients with alcoholic liver disease and in Caco-2
cells (a human intestinal epithelial cell line) treated with
ethanol. Alcohol can induce miR-212 overexpression
and leads to gut leakiness by down-regulating ZO-1
translation.

miRNAs AND INFLAMMATION
Many groups have demonstrated that miRNAs play
pivotal roles in both adaptive and innate immunity[65].
miRNAs regulate the development of various immune
cells as well as their immunological functions. miRNAs
are also essential in B- and T-cell functions. A deficiency
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Figure 1 Summary of the role of microRNAs in inflammatory bowel disease. IBD: Inflammatory bowel disease. NF-κB: The nuclear factor NF-κB; TLR: Toll-like
receptor; TRAF: TNF receptor-associated factor; NOD2: Nucleotide-binding oligomerization domain-containing protein 2.

in Dicer, the key enzyme in processing miRNAs, results
in inhibition of T cell development[65]. In addition, several miRNAs, including miR-155, miR-181a, miR-150
and the miR-17-92 cluster, are also involved in B- and
T-cell regulation[66]. Forced overexpression of miR-150
blocks B cell development[67]. Innate immune responses
provide the initial defense against pathogens. Pattern
recognition receptors, such as Toll-like receptor (TLR),
expressed on macrophages and dendritic cells (DCs),
are regulated by miRNAs. miRNAs have also been
shown to be important in regulation of the TLR signaling cascade[68,69]. MiR-146a expression can be induced
by exposure to TLR ligands, such as lipopolysaccharide
(LPS), peptidoglycan, and flagellin[70]. miR-146a then
functions in a negative feedback mechanism in the TLR
signaling cascade by decreasing the expression of TNFreceptor-associated factor-6 and IL-1 receptor associated kinase-1, two target genes of the TLR signaling
cascade. Furthermore, loss of miR-155 in DCs impairs
their antigen presenting capacity and costimulation
activity. The target gene of miR-155 in DCs is SOCS1
which negatively regulates antigen presenting capacity in
DCs. Therefore, deregulation of SOCS1 in the absence
of miR-155 could account for impaired DC function[71].
In macrophages, the downregulation of miR-125b is required to ensure that the correct inflammatory response
is produced[72]. The idea of miRNAs as regulators of
WJG|www.wjgnet.com

IBD provides new insight into the development of appropriate therapies.

miRNAs AND AUTOIMMUNE RESPONSE
IN IBD
Several studies have reported that miRNAs are involved
in autoimmune diseases (AIDs)[42-44]. As miRNAs have
been confirmed to play a role in immune cell development and have an impact on cell functions, it is reasonable to deduce that miRNAs are related to AIDs.
Reports have shown that miRNAs take part in AIDs,
such as rheumatoid arthritis[73], systemic lupus erythematosus[74], multiple sclerosis[75], primary biliary cirrhosis[76],
inflammatory bowel disease[52], idiopathic thrombocytopenic purpura[77] and psoriasis[78].
IBD, including Crohn’s disease (CD) and ulcerative
colitis (UC), is a chronic gastrointestinal inflammatory
disorder whose pathophysiology has been extensively
studied over the past several years, but is still poorly understood.
Wu and colleagues[52] studied mucosal tissues from
healthy subjects and UC patients and found that miR-192
was predominantly expressed in the intestinal epithelial
tissue of healthy subjects and was significantly decreased
in UC patients. Furthermore, they also observed that the
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inflammatory protein, MIP-2, was mainly expressed in
UC patients and was decreased in healthy subjects. The
expression of MIP-2α had an inverse relationship with
miR-192. Besides miR-192, they also identified several
other differentially expressed miRNAs between UC patients and healthy subjects. MiR-21 was increased in UC
patients compared with healthy subjects. miR-375, miR422b and miR-23a were increased in healthy subjects and
all three miRNAs had a similar level of expression in inactive UC[52]. A previous study also showed that TGF-b
can induce miR-192[79]. This suggests that miR-192 may
be the master regulator in the process of inflammation.
These findings indicate that miRNAs are involved in the
pathogenesis of IBD.

miR93 suppress autophagy-mediated removal of bacteria in epithelial cells by targeting ATG16L1. Furthermore, NOD2, an intracellular bacterial sensor of the
nucleotide-binding and oligomerization domain (NOD)like receptor family, can sense the presence of muramyl
dipeptide, a component of the peptidoglycan cell wall
from both Gram-positive and -negative bacteria. NOD2
activation results in pro-inflammatory and anti-bacterial
molecule production dependent on cell signaling pathways mediated by RICK/RIP2, NF-κ B and MAPKs. More
recently, Ghorpade et al[96] found that miR-146a-mediated
NOD2-SHH signaling regulated gut inflammation in a
mouse model of IBD. In addition, Brest et al[97] demonstrated that the miR-196 family of miRNAs downregulates the CD protective variant (c.313C) of the immunityrelated GTPase family M protein 1 gene in CD patients.
Consequently, the control of intracellular replication of
CD-associated adherent invasive E. coli by autophagy
was lost due to a decrease in IRGM1[97]. By targeting the
related gene, miRNAs may eventually contribute to the
improvement of IBD.

miRNAs AND MITOCHONRIAL STRESS
IN IBD
Mitochondria are fundamental subcellular components
that play a critical role in the maintenance of normal
structure, function and survival of cells. Mitochondrial
dysfunction is associated with metabolic diseases including insulin resistance, obesity, diabetes, and the cardiorenal metabolic syndrome[80-83]. Growing evidence suggests
that miRNAs provide another layer of regulation with
regard to mitochondrial function. MiR-338 can modulate mitochondrial function by targeting cytochrome c
oxidase IV (COX IV) mRNA[84]. The miRNA-200 family is implicated in epithelial-to-mesenchymal transition
which is accompanied by mitochondrial biogenesis and
is involved in organ fibrosis and carcinoma progression [85]. Nishi et al [86] showed that miR-15b, miR-195
and miR-424 can down-regulate cellular ATP levels and
affect mitochondrial integrity. In addition, miR-23a/b
in hypertrophy acts in a compensatory mechanism to
down-regulate mitochondrial glutaminase[87]. More recently, Yuan et al[88] suggested that prohibitin which can
inhibit mitochondrial dysfunction may be a potential
target in IBD. However, further studies are required to
determine whether miRNAs can affect IBD by regulating mitochondrial function.

NOVEL BIOMARKERES AND
THERAPEUTIC TARGETS IN IBD
With regard to the involvement of miRNAs in the
pathogenesis of IBD, it is vital to identify which miRNAs are consistently dysregulated in IBD and the target
genes of the miRNAs. miR-21, the most investigated
and well-described miRNA, also known as the “oncomiR”, has been shown to have potential clinical application[98]. According to published data[52,53,99,100], miR-21
is the only miRNA usually upregulated in inflamed tissue
or serum in IBD patients. The expression of miR-21 is
regulated by NF-κ B which is a master gene in multiple
immune diseases (including IBD) [101]. Thus, miR-21
has the potential as a biomarker. Iborra et al[102] recently
conducted a study to establish the specific expression
patterns of miRNAs in the serum and mucosa of IBD
patients. They identified six and five differentially expressed miRNAs in the serum and mucosa of patients
with active CD compared with those with inactive CD,
respectively. Their study again suggested the utility of
miRNAs as possible biomarkers. The actual role of
miRNAs in IBD still need to be confirmed by functional
studies, however, miRNAs have shown promise in the
treatment of IBD.

miRNAs AND AUTOPHAGY IN IBD
Autophagy is a unique cellular process of self-digestion,
characterized by the engulfment of cytosolic macromolecules and organelles in a autophagosome, which are
then transported to the lysosome for degradation[89,90].
Autophagy helps to recycle and store nutrients for stress
conditions[89].
Recently, autophagy-related gene (ATG) 16L1 was
reported to be involved in CD[91,92]. ATG 16L1 shares
some sequence homology with yeast Apg16L and was
originally identified in the protein complex ATG5ATG12[93]. In autophagy, ATG16L plays an important
role in autophagosome formation and functions as an
E3-like enzyme to mediate lipidation[94]. Lu et al[95] recently provided evidence to show that miR106b and
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CONCLUSION
Recently, increasing attention has been paid to the gene
expression of miRNAs in IBD. Clinical trials have been
carried out to test the therapeutic efficacy of miRNAbased therapies. “Miravirsen”, a specific inhibitor of
miR-122, is now being evaluated in a phase Ⅱ clinical
trial[103]. Furthermore, a recent review[104] suggested the
use of an miRNA inhibitor or synthetic miRNA targeting the PI3K and Ras/MAPK pathways in multiple my-
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eloma (MM) treatment. MiR-29b is a promising target
in MM treatment by multiple mechanisms, including the
regulation of osteoclastic differentiation[105] and epigenetic regulation of the cell cycle[106,107]. Future studies will
provide a basis for more clinical trials and shed light on
miRNA-based therapies in IBD.
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AIM: To investigate the expression of key biomarkers
in hepatoma cell lines, tumor cells from patients’ blood
samples, and tumor tissues.
METHODS: We performed the biomarker tests in
two steps. First, cells plated on coverslips were used
to assess biomarkers, and fluorescence intensities
were calculated using the NIH Image J software.
The measured values were analyzed using the SPSS
19.0 software to make comparisons among eight cell
lines. Second, eighty-four individual samples were
used to assess the biomarkers’ expression. Negative enrichment of the blood samples was performed,
and karyocytes were isolated and dropped onto pretreated glass slides for further analysis by immunofluorescence staining. Fluorescence intensities were
compared among hepatocellular carcinoma (HCC)
patients, chronic HBV-infected patients, and healthy
controls following methods similar to those used for
cell lines. The relationships between the expression of
biomarkers and clinical pathological parameters were
analyzed by Spearman rank correlation tests. In addition, we studied the distinct biomarkers’ expression
with three-dimensional laser confocal microscopy reconstructions, and Kaplan-Meier survival analysis was
performed to understand the clinical significance of
these biomarkers.
RESULTS: Microscopic examination and fluorescence
intensity calculations indicated that cytokeratin 8/18/19
(CK) expression was significantly higher in six of the
seven HCC cell lines examined than in the control cells,
and the expression levels of asialoglycoprotein receptor (ASGPR) and glypican-3 (GPC3) were higher in all
seven HCC cell lines than in the control. Cells obtained
from HCC patients’ blood samples also displayed sig-
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cancers[1,2]. Although most of the burden lies in developing countries, where almost 85% of HCC cases occur,
large increases in incidence, particularly in younger age
groups, have been reported in the United States and
Europe over the past two decades[2]. Currently, approximately 50% of the annual incidence occurs in China,
making HCC the second leading cause of cancer-related
deaths. This trend is likely to persist in the near future,
given that 93 million hepatitis B virus (HBV) carriers
and 980000 HBV patients live in China[3,4]. At present,
hepatectomy is the main curative treatment, but postoperative risks can only be predicted by common clinical
and pathological parameters, such as alpha fetoprotein
(AFP) and tumor differentiation; prognosis remains
poor due to the high incidence of recurrence and metastasis[5,6]. Considering that there are no reliable diagnostic
and prognostic biomarkers for HCC patients, a variety
of studies have been performed to identify new biomarkers, mainly using tumor sections or patients’ serum
for the analyses[7-10].
In recent years, the number of circulating tumor cells
(CTCs) has been reported to be associated with a poor
prognosis[11-13]. The detection of CTCs may provide a
method for assessing disease prognosis and a model for
the biology of cancer metastasis. The CellSearch™ system (Veridex LLC, Warren, NJ, United States), based on
the positive capture of epithelial cell adhesion molecule
(EpCAM), has been approved by the United States Food
and Drug Administration (FDA) for the detection of
CTCs in patients with metastatic breast, prostate, and
colorectal cancers[14]. In 2012, this system was approved
by the China Food and Drug Administration for assessing patients with breast cancer[15]; however, few studies
have examined HCC CTCs. We argued that the expression of EpCAM in HCC tissues was as low as 30%, and
could be considered a cancer stem cell-like biomarker
for HCC. The epithelial-mesenchymal transition (EMT),
considered an initiation process for cancer metastasis, involves the loss of epithelial biomarkers such as
EpCAM, which means that the CellSearch™ system
may overlook HCC CTCs[16,17]. Although several studies have investigated a suitable method for identifying
HCC CTCs[18,19], further efforts are required. Here, we
analyzed the expression of potential cellular biomarkers
for the identification of HCC CTCs in seven cell lines
and in karyocytes isolated from HCC patients’ peripheral blood. We included HCC-related biomarkers, such
as cytokeratin 8/18/19 (CK), glypican-3 (GPC3), and
asialoglycoprotein receptor (ASGPR); stem cell-related
biomarkers, such as EpCAM and CD133; and EMTrelated biomarkers, such as vimentin. Cytokeratins are
proteins in the intracytoplasmic cytoskeleton, and CK
expression has been used as a biomarker in hepatoma
histopathology[20,21]. GPC3 attached to the cell surface
is overexpressed in most HCC foci and undetectable in
normal livers and benign liver diseases[7]. ASGPR, as a
membrane receptor, can specifically interact with the
pre-S1 domain of HBV[22]. EpCAM was reported as a

nificantly higher expression levels of ASGPR, GPC3,
and CK than cells from chronic HBV-infected patients
or healthy controls; these proteins may be valuable
surface biomarkers for identifying HCC circulating tumor cells isolated and enriched from the blood samples. The stem cell-like and epithelial-mesenchymal
transition-related biomarkers could be detected on the
karyocyte slides. ASGPR and GPC3 were expressed at
high levels, and thus three-dimensional reconstructions were used to observe their expression in detail.
This analysis indicated that GPC3 was localized in the
cytoplasm and membrane, but that ASGPR had a polar
localization. Survival analyses showed that expression
of GPC3 and ASGPR is associated with a patient’s overall survival (OS).
CONCLUSION: ASGPR, GPC3, and CK may be valuable HCC biomarkers for CTC detection; the expression
of ASGPR and GPC3 might be helpful for understanding patients’ OS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Biomarker; Immunocytochemistry; Semiquantitative analysis; Threedimensional reconstruction
Core tip: We report a novel workflow to detect potentially valuable biomarkers for hepatocellular carcinoma
(HCC). We measured immunofluorescence intensity
and performed statistical analyses to assess the expression of biomarkers in cell lines and patient blood
samples. Furthermore, we determined the expression
of biomarkers via three-dimensional reconstructions.
These analyses indicated that asialoglycoprotein receptor (ASGPR), glypican-3 (GPC3), and cytokeratin
(CK) may be valuable HCC biomarkers for detecting
circulating tumor cells (CTCs). In addition, the expression of ASGPR and GPC3 might correlate with patients’
prognoses, and our CTC detection method can include
epithelial cell adhesion molecule- and vimentin-positive
tumor cells, and will thus supplement previous studies
and potentially help predict future tumor recurrence
and metastasis.
Mu H, Lin KX, Zhao H, Xing S, Li C, Liu F, Lu HZ, Zhang
Z, Sun YL, Yan XY, Cai JQ, Zhao XH. Identification of
biomarkers for hepatocellular carcinoma by semiquantitative
immunocytochemistry. World J Gastroenterol 2014; 20(19):
5826-5838 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v20/i19/5826.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i19.5826

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors in the world, ranking seventh
and third in morbidity and mortality, respectively, for all
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ences, China. Huh7 cells were obtained from the Human
Science Research Resources Bank (Osaka, Japan). HepG2,
Hep3B, and SK-Hep-I cells were cultured in MEM (Hyclone, Logan, UT, United States) supplemented with 10%
FBS (Hyclone, Logan, UT, United States), 1% 200 mmol
glutamine, and 1% 100 mmol pyruvic acid sodium. Huh7
cells were cultured in Dulbecco’s modified Eagle medium
(Hyclone, Logan, UT, United States) supplemented with
10% FBS. Bel7402, Bel7404, and SMMC7721 cells were
cultured in RPMI-1640 (Hyclone, Logan, UT, United
States) supplemented with 10% FBS. Cells were maintained at 37 ℃ in a humidified atmosphere containing 5%
CO2, and were harvested with trypsin before plating for
experiments in tissue culture plates and on coverslips. The
cells were seeded onto coverslips pretreated with 0.01%
poly-L-lysine and fixed with 4% paraformaldehyde when
the confluence reached approximately 60%-70%.

Table 1 Clinical characteristics of individuals enrolled in the
study n (%)
Clinical characteristics
Age at baseline, years
≥ 60
< 60
Median
Range
Sex
Male
Female
KPS score
> 80
60-80
Hepatitis infection
HBV positive
HBV negative
Tumor size (cm)
≤ 3.0
> 3.0
Primary foci
Single
Multiple
Carcinoma cell embolus
Yes
No
AJCC stage at enrollment
Early (stage 1 + 2)
Late (stage 3 + 4)

HCC number

Control number

20 (32.3)
42 (67.7)
55
29-76

6 (27.3)
16 (72.7)
51
20-72

53 (85.5)
9 (14.5)

11 (50.0)
11 (50.0)

31 (50.0)
31 (50.0)

22 (100.0)
0 (0.0)

59 (95.2)
3 (4.8)

7 (31.2)
15 (68.2)
NA

21 (33.9)
41 (66.1)

Blood sample preparation
Eighty-four individuals, including 62 HCC patients, 7
chronic HBV-infected patients, and 15 healthy individuals, were recruited in the present study. A total of 7.5
mL of peripheral blood was collected in BD vacutainer
tubes containing acid citrate dextrose (Becton Dickinson,
Franklin Lakes, NJ, United States). Written informed
consent was obtained from each participant, and the
study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki, as reflected in a priori
approval by the Review Board at the Cancer Hospital affiliated with the Chinese Academy of Medical Sciences,
Peking Union Medial College, and Navy General Hospital (Beijing, China). To avoid epithelial cell contamination during venous puncture, all samples were collected
after discarding the first 2 mL of blood. Samples were
processed within 24 h of collection. Diagnoses were
pathologically confirmed using surgical specimens. The
clinical characteristics of HCC patients are summarized
in Table 1. HCC patients were classified according to the
seventh edition of the cancer staging system published
by the American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC).
The karyocyte enrichment method was similar to previous descriptions[31]. Blood was transferred to a 50 mL
centrifuge tube. The collecting tubes were rinsed twice
with wash buffer (137 mmol/L NaCl, 2.7 mmol KCl,
10 mmol/L Na2HPO4, 2 mmol/L KH2PO4, 2 mmol/L
EDTA, 0.5% BSA, pH = 7.4) to a combined volume
of 45 mL. Blood samples were centrifuged at 1400 rpm
for 5 min, and the supernatant was aspirated. Red blood
cells (RBCs) were mixed with 37.5 mL of lysis buffer
(155 mmol/L NH4Cl, 10 mmol/L KHCO3, 0.1 mmol/L
EDTA), rotated for 8 min, and centrifuged at 1400 rpm
for 5 min. The procedure was repeated twice. The resulting cell pellet was resuspended, washed, and incubated
with CD45 microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) at a proportion of 20 μL per 107 total
white blood cells (WBCs) for 15 min. WBCs bound to
microbeads were removed with an LS column in a Midi-

NA
54 (87.1)
8 (12.9)
NA
1 (1.6)
61 (98.4)
NA
55 (88.7)
7 (11.3)

HCC: Hepatocellular carcinoma; KPS: Karnofsky performance status;
HBV: Hepatitis B virus; AJCC: American Joint Committee on Cancer; NA:
Not applicable.

HCC stem cell-like biomarker, and CD133 is a common
stem cell biomarker. EpCAM- and CD133-positive cells
can potentially undergo self-renewal and differentiation[23,24]. Vimentin is a predominant mesenchymal marker in the EMT[25]. Given that normal epithelial cells and
hepatocytes in the circulation of healthy adults are rare,
any of these cells identified by CK, GPC3, or ASGPR
are likely to be tumor cells[7,19,26]. Stem cell-related and
EMT marker-positive tumor cells may be associated with
recurrence and metastasis, which corresponds with the
clinical significance of CTCs in several cancers[27-30].
The primary aim of this study was to assess biomarker expression in hepatoma cell lines and enriched
patient blood cells using a semiquantitative cytopathological workflow. Secondly, the present study analyzes if
exceptional biomarker expression in HCC patients could
be valuable for determining cancer prognosis.

MATERIALS AND METHODS
Cell culture and preparation of cells plated on coverslips
Human hepatoma cell lines HepG2 (ATCC HB-8065),
Hep3B (ATCC HB-8064), and SK-HEP-I (ATCC
HTB-52) cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, United States),
and Bel7402, Bel7404, SMMC7721, and the human hepatic cell line L02 cells were purchased from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Sci-
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Immunohistochemical staining of liver cancer samples
Tissue arrays were composed of tumor samples and para-carcinoma liver tissues collected from 32 patients who
were diagnosed with HCC and underwent surgical resection (Shanghai National Engineering Research Center
for Biochip, Shanghai, China). From each paraffin block,
4-μm-thick sections were cut, cleared in xylene, and rehydrated. Slides were then moved from water to plastic
slide holders, fully immersed in 10 mmol sodium citrate
buffer (pH = 6.0), and heated for 20 min at 120 ℃ in a
commercially available pressure cooker. After cooling
to room temperature in the sodium citrate buffer, slides
were treated with a solution of 3% hydrogen peroxide
(H2O2) for 30 min at room temperature to abolish endogenous peroxidase activity. Sections were then incubated for 10 min in a moist chamber with non-immune
goat serum diluted to 5% in PBS (pH = 7.4) to reduce
non-specific background staining. Sections were then incubated overnight at 4 ℃ with the primary antibody (anti-GPC3 or anti-ASGPR) diluted to 1:100. Sections were
subsequently incubated for 30 min with biotin-labeled
secondary antibody (Santa Cruz Biotechnology Inc, Dallas, TX, United States) diluted to 1:600 in PBS, and then
incubated in a streptavidin-biotin-peroxidase preformed
complex (Zhongshan Jinqiao Biotechnology Co, Beijing,
China) for 30 min. The immunologic reaction was visualized using 3,3′-diaminobenzidine substrate, and samples
were counterstained with hematoxylin, dehydrated, and
mounted with Canada balsam (Sigma-Aldrich, St. Louis,
MO, United States). A negative control was performed
by omitting the primary antibody.
The tumor expression of ASGPR and GPC3 was
evaluated by two pathologists (HM and HZL) blinded
to clinical data, and discrepancies were resolved by consensus. Images were visualized using an Olympus BX40
microscope (Olympus Co, Tokyo, Japan). Ten random
fields per biomarker were selected, and the percentage
of immunoreactive cells in a total of 1000 tumor cells
was determined[34]. As described previously, the intensity of a biomarker and the percentage of positive cells
were both graded with different scores. The product
of the two scores was used to evaluate the biomarker’s
staining[35,36]. An intensity score representing the average
intensity of positive cells (0, none; 1, weak; 2, intermediate; 3, strong) was assigned. A proportion score representing the estimated proportion of positive-staining
cells (0, 0-5% positive cells; 1, 6%-25%; 2, 26%-50%; 3,
51%-75%; 4, 76%-100%) was assigned. The proportion
and intensity scores were multiplied to create an immunoreactivity score (IS). The IS was further divided as follows: 0-1 (−); 2-4 (+); 5-7 (++); > 8 (+++). “-” and “+”
were considered low levels of immunoreactivity; “++”
and “+++” were considered high levels of immunoreactivity.

MACS™ separator (Miltenyi Biotec, Bergisch Gladbach,
Germany). Supernatants were transferred into a new tube
and centrifuged at 1400 rpm for 5 min. Cell pellets were
fixed with 4% paraformaldehyde on SuperFrost Plus
slides (Thermo Fisher Scientific, Pittsburgh, PA, United
States), with immunofluorescence (IF) staining then being
performed.
Immunofluorescence staining and microscopic
examination
Cells on coverslips and karyocyte slides enriched from
blood samples were blocked using 2% BSA (SigmaAldrich, St. Louis, MO, United States) for 45 min. Direct
and indirect IF staining was performed at room temperature with the following HCC-related biomarkers (1:100
diluted in 2% BSA): anti-CK8/18/19-FITC (Miltenyi
Biotec, Bergisch Gladbach, Germany), anti-GPC3 (Santa
Cruz Biotechnology Inc, Dallas, TX, United States), antiASGPR (Sigma-Aldrich, St. Louis, MO, United States),
anti-AFP (Zymed Laboratory Inc., South San Francisco,
CA, United States), and anti-CD45-PE (Miltenyi Biotec,
Bergisch Gladbach, Germany). EMT-related and stem
cell-related biomarkers (1:100 diluted in 2% BSA) were
also tested, including anti-vimentin (Thermo Fisher
Scientific, Pittsburgh, PA, United States), anti-EpCAMFITC (Miltenyi Biotec, Bergisch Gladbach, Germany),
and anti-CD133-PE (Miltenyi Biotec, Bergisch Gladbach,
Germany). Coverslips and slides were incubated for 60
min with primary antibodies for IF staining and with Alexa Fluor-labeled secondary antibody (Life Technologies,
Grand Island, NY, United States) for another 60 min for
indirect IF staining. They were then washed three times
with 0.2% BSA for 3 min. Cells were mounted with medium containing the nuclear dye 4’,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St. Louis, MO, United
States). Blinded review of the fluorescent images was
performed by three technicians using a Nikon 80i 3-color fluorescent microscope (Nikon Co, Tokyo, Japan) and
a Leica TCS SP2 confocal microscope (Leica Co, Berlin,
Germany). Fluorescence intensities were measured using the Image J software (NIH, Bethesda, MD, United
States). Relative biomarker intensities on cells were assessed using the following formula that calculates how
many times higher the biomarker staining intensity of
the cell is than the background, which was based on the
CellSearch™ model for HER2 staining of CTCs[32,33]:
Biomarker Relative Intensity = [Foreground Intensity
(Cell staining)/Surface Area]/[Background Intensity/
Surface Area]
The experiments were performed in triplicate. Representative images of 5 cells from each cell line and 3 cells
from each patient were analyzed, and the mean intensity
was calculated. Only cells from patients who met the
following stringent criteria were analyzed: intact cells
with diameters above 10 μm, biomarker-positive, CD45negative, and DAPI-positive. The positive ratios of biomarker expression were calculated from the observation
of 500 cells.
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Statistical analysis
Analyses were performed using SPSS version 19.0 (IBM,
New York, NY, United States). The Mann-Whitney test
was used to compare continuous variables between the
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Figure 1 Asialoglycoprotein receptor, glypican-3 and cytokeratin expression, and fluorescence intensities in eight cell lines. A-C: Representative images
of cells on the coverslips with DAPI-stained nuclei (blue) and asialoglycoprotein receptor (ASGPR) staining (green)/glypican-3 (GPC3) staining (red)/cytokeratin (CK)
staining (green). The scale bar is 5 μm. D: The bar graph of fluorescence intensities in eight cell lines. Fluorescence intensities were measured using NIH Image J
software. Biomarker relative intensities were calculated as the difference between the biomarker staining intensity of the cell and the background intensity. The comparisons between HCC cell lines and the control cell line were analyzed using the Mann-Whitney test (bP < 0.01 vs control).
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Figure 2 Epithelial cell adhesion molecule expression in eight cell lines. Representative images of cells on the coverslips with DAPI-stained nuclei (blue) and
EpCAM staining (green). The scale bar is 5 μm.

two groups. Fluorescence intensities and clinical characteristics, such as age, AFP, ALT, AST, tumor size, differentiation, and AJCC stage, were subjected to Spearman
rank correlation analysis. Survival analysis was performed
using the Kaplan-Meier method. P values less than 0.05
were considered statistically significant, and P values less
than 0.1 were considered potentially significant.

of the Bel7404 and SMMC7721 cells. In addition, GPC3
expression was significantly stronger in cell lines derived
from Asians than from Westerners (10.41 ± 6.67 vs 5.61
± 2.89, P < 0.05). CK was expressed in all cell lines and
located in the cytoplasm (Figure 1C). When the fluorescence intensities were compared, CK expression in six
of the seven HCC cell lines was significantly higher than
in the control cell line, L02 (Figure 1D). AFP was only
expressed in Hep3B, HepG2, and SK-HEP-I cell lines.

RESULTS

Expression of EMT- and stem cell-related biomarkers in
cell lines
IF staining indicated that there were considerably fewer
cells expressing EpCAM than there were cells expressing
the above three biomarkers (Figure 2). The cells expressing CD133 were even rarer than those expressing EpCAM. Table 2 presents the positive ratios in the cell lines

Expression of HCC-related biomarkers in cell lines
IF staining indicated that ASGPR (Figure 1A) and GPC3
(Figure 1B) were expressed in all liver cancer-related cell
lines, and fluorescence intensity was significantly higher
in the seven HCC cell lines than in L02, the control cells
(Figure 1D). Confocal microscopic examination suggested that ASGPR is located in the nuclei or nucleoli
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Table 2 Positive ratios of epithelial cell adhesion molecule/CD133 expression in hepatocellular carcinoma cells
%
EpCAM
CD133

Bel7402

Bel7404

SMMC7721

0.4
0.4

1.2
0.4

0.2
0.2

Huh7
1
0.2

HepG2

Hep3B

0.6
0.2

0.8
0.4

SK-Hep-I
2
0.6

L02
0
0

EpCAM: Epithelial cell adhesion molecule.

Survival analysis for GPC3 and ASGPR
The expression of GPC3 and ASGPR is shown in Figure
5. Kaplan-Meier survival analyses indicated that ASGPR
expression was significantly associated with the overall
survival (OS) (P = 0.017), and GPC3 expression exhibited a trend toward significant association with OS (P =
0.068). The mean OS of patients with high and low levels of ASGPR was 24.1 and 48.5 mo, respectively. The
mean OS of patients with high and low levels of GPC3
was 31.0 and 48.9 mo, respectively.

tested. Vimentin was expressed at very low levels, and
ratios in the cell lines determined by IF staining.
Expression of biomarkers in blood samples
Based on the above results, three HCC-related biomarkers were further detected in patient samples. IF staining
indicated that GPC3, ASGPR, and CK were expressed
in most HCC patients (Figure 3), independent of HBV
infection. Positive staining was rarely observed on the
karyocyte slides from chronic HBV-infected patients or
healthy controls.
We compared the fluorescence intensities of three
biomarkers between HCC patients, chronic HBV-infected patients, and healthy controls. The expression of
the three biomarkers was significantly increased in HCC
patients compared to chronic HBV-infected patients and
healthy controls. The fluorescence intensities of GPC3
and ASGPR were considerably higher than that of CK.
The concordance rates between a biomarker’s expression
and pathological diagnosis were 90% for GPC3, 93.3%
for ASGPR, and 63.3% for CK, whereas the concordance rate between AFP serum detection and pathological diagnosis was 46.7%. The positive and negative
predictive values of these three biomarkers were 90%
and 71.4% for GPC3, 93.1% and 75% for ASGPR, and
82.6% and 28.6% for CK, respectively.
To understand the clinical significance of the biomarkers’ expression levels, we used Spearman rank correlation analysis to assess the relationship between fluorescence intensities and clinical pathological parameters.
No significant correlations were found.
Vimentin was positively expressed on some of the
karyocyte slides and was accompanied by the expression
of EpCAM (Figure 4). Because EpCAM is associated
with stem cell-like properties in HCC patients, it was
unnecessary to compare its fluorescence intensities in
the manner performed for the HCC-related biomarkers
discussed previously. EpCAM was expressed in 34.4%
and vimentin was expressed in 24.1% of the cells on the
karyocyte slides.

DISCUSSION
HCC ranks as the third most frequent cause of cancerrelated death worldwide[2]. In China, it is the third most
prevalent cancer, the second leading cause of cancerrelated death, and new cases in the country account for
55% of those reported globally[4]. Currently serum AFP,
a secretory protein, is widely used for detecting HCC
patients and monitoring disease progression, but it has
a sensitivity ranging from 39% to 97% and a specificity
ranging from 76% to 95%, even when used to screen
high-risk populations[37-39]. In a previous study, AFP was
used to identify CTCs in patients with liver cancer[18].
However, given the shortcomings of AFP, there may be
biomarkers that can detect CTCs with a higher sensitivity.
In this study, and based on our previous tests, we assessed the expression of potential key biomarkers in seven
HCC cell lines and karyocytes isolated from patient
blood samples. Cytokeratins are proteins that consist of
keratin-containing intermediate filaments in the intracytoplasmic cytoskeleton, and their expression primarily
depends on the type of epithelia, the moment of terminal differentiation, and the stage of development[40].
In many cases, cytokeratin expression in tumors and peripheral blood has prognostic significance for cancer patients, and the levels of CK8/18/19 expression in HCC
have been used as biomarkers in histopathology[20,21]. In
addition to conventional histopathology, CK8/18/19
have been used as diagnostic biomarkers in CTCs for
breast, prostate, and colorectal cancers [11-13]. Expression in HCC cells obtained from peripheral blood was
explored in this study in order to broaden knowledge
regarding cytopathology. Positive results from cell lines
and blood samples provide evidence for potential applications of biomarkers, although additional investigation
may be needed in the future.

Three-dimensional reconstruction for GPC3 and ASGPR
Three-dimensional reconstructions were generated to
evaluate ASGPR and GPC3 localization. The cells were
revolved around the X-, Y-, and Z-axes, which indicated
that GPC3 was localized in the cytoplasm and on the
membrane (mov 1), whereas ASGPR had a polar localization (mov 2).
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Figure 3 Representative images and fluorescence intensities of cells obtained from patients. A: Representative image of circulating tumor cells (CTCs) with
DAPI-stained nuclei (blue), positive staining of ASGPR/GPC3/CK (green), and negative staining for CD45. The scale bar is 5 μm. A total of 7.5 mL of peripheral blood
was collected from each individual, mixed with red blood cell lysis buffer, and incubated with CD45 microbeads to deplete the white blood cells. The remaining cell
pellets were fixed on SuperFrost Plus slides for immunofluorescence staining; B: The bar graph of ASGPR/GPC3/CK (from left to right) fluorescence intensities in
30 HCC patients, 7 chronic HBV-infected patients, and 15 healthy controls. Fluorescence intensities were measured using NIH Image J software. Biomarker relative
intensities were calculated as the difference between the biomarker staining intensity of the cell and the background intensity. The comparisons between HCC patients
and healthy controls were analyzed by the Mann-Whitney test (bP < 0.01 vs control).

ASGPR is located on liver cells and was previously
known as a hepatic galactose/N-acetylglucosamine
(GlcNAc) receptor. Its primary physiological function is
to bind, internalize, and subsequently clear glycoproteins
containing terminal galactose or GlcNAc residues from
circulation[41-43]. Several investigations have supported
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ASGPR as a multifunctional membrane receptor involved in the removal of apoptotic cells[44], a carrier of
low-density lipoprotein (LDL)[45], and an entry point for
hepatotropic viruses[46,47]. HBV DNA and virions can reportedly be transferred into hepatocytes via ASGPR[48].
Zhang et al[22] found that ASGPR on human hepatocytes
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Figure 4 Representative images of epithelial-mesenchymal transition marker-related cells obtained from hepatocellular carcinoma patients. A: CTCs with
dye 4’,6-diamidino-2-phenylindole, (DAPI) -stained nuclei (blue), positive staining of epithelial cell adhesion molecule (EpCAM) (green), and positive staining of vimentin (red). B: CTCs with DAPI-stained nuclei (blue), positive staining of EpCAM (green), and negative staining of vimentin. The scale bar is 5 μm.

can interact specifically and directly with the pre-S1
domain of HBV in vitro and in vivo[22]. The IF images
of liver cancer cell lines and patient CTCs in this study
indicated strong ASGPR expression, which suggested
its potential use for identifying HCC cells in circulation,
especially for HBV-related HCC.
GPC3 is a proteoglycan attached to the cell surface
by a glycosylphosphatidylinositol (GPI) anchor [7,49].
GPC3 mRNA levels have been reported to be significantly elevated in most HCC foci compared with normal liver and non-malignant liver lesions, and they are
elevated more frequently than AFP in HCC[50]. Similar
results have been obtained at the protein level. Using
immunohistochemical techniques, Capurro et al[7] found
that GPC3 was specifically overexpressed in most HCC
foci, but was undetectable in hepatocytes from normal
liver and benign liver diseases. Staining was localized to
the cell membrane and/or the cytoplasm. Zhang et al[8]
found that 87.1% (128/147) of surgically excised HCC
samples were GPC3 positive, and did not observed
GPC3 expression in para-carcinoma or cirrhotic tissues. The detection of HCC cell lines and karyocytes in
patients’ blood in our studies was consistent with the
above results for both mRNA and protein expression,
displaying positive results compared to the controls.
Additionally, tumor cells can be identified by GPC3 in
patients’ blood, in which AFP tests could be positive or
negative. This result was aligned with a previous report
that tested for GPC3 in HCC patients’ serum[51]. The
GPC3 biomarker test results corresponded better to the
pathological diagnosis in our study than the serum AFP
test.
The results from Spearman rank correlation analysis
(Table 3) indicated that there was no significant correla-
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tion between fluorescence intensities and clinical pathological parameters, which suggested that fluorescence
intensity may be unaffected by clinical pathological parameters. From our analyses of the blood samples, the
fluorescence intensities of the above three biomarkers
were significantly increased in HCC patients compared
to chronic HBV-infected patients and healthy controls,
although the elevation of CK expression was not as
pronounced as the other two biomarkers. This finding indicates that CK expression may be perturbed in
chronic liver disease, whereas GPC3 and ASGPR could
provide a better distinction between HCC and chronic
liver disease. AFP was only expressed in the cell lines
derived from Westerners in our study. AFP was reported
to be expressed in 52.3% of HCC patients (23/44) for
the identification of CTCs, whereas the three biomarkers that we considered were more commonly detected
than positive changes in AFP in the serum[18]. In this
study, survival analysis indicated that patients with high
ASGPR expression levels had poorer OS, and a similar
trend was observed for GPC3 expression. These results
suggest that GPC3 and ASGPR may correlate with patient prognosis.
EMT is a process by which epithelial cells lose their
cell polarity and cell-cell adhesion, and gain migratory
and invasive properties to become mesenchymal cells[17].
This transition is considered one of the mechanisms
underlying cancer metastasis and recurrence. EMT and
MET form the initiation and completion of the invasion-metastasis cascade[27], and CTCs in the vessels act as
“intermediates” between primary tumors and metastatic
foci. We measured the expression of an EMT-related
biomarker on the patients’ karyocyte slides to understand
the biology of CTCs. Vimentin, a widely used biomarker
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Figure 5 Representative images of asialoglycoprotein receptor / glypican-3 expression on tissue arrays, and Kaplan-Meier survival curves from follow-up
studies. A-B: The expression of ASGPR in HCC (A) and paracarcinomatous (B) tissues. C-D: The expression of GPC3 in HCC (C) and matched paracarcinomatous (D)
tissues (A-D: × 100; Inner × 200). The survival curves from six and a half years of follow-up indicate a significant difference between 32 HCC patients with high and
low levels of ASGPR (E) and exhibit a trend toward significance between 32 HCC patients with high and low levels of GPC3 (F).

Table 3 Spearman rank correlation analysis for fluorescence intensities
P value

Age

AFP

ALT

AST

TBIL

Size

Differentiation

AJCC stage

ASGPR
GPC3
CK

0.945
0.863
0.889

0.909
0.911
0.173

0.131
0.549
0.573

0.281
0.846
0.771

0.810
0.288
0.970

0.537
0.357
0.173

0.418
0.623
0.974

0.796
0.849
0.425

ASGPR: Asialoglycoprotein receptor; GPC3: Glypican-3; CK: Cytokeratin 8/18/19; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; TBIL: Total bilirubin; AJCC: American Joint Committee on Cancer.

for EMT, was expressed on some CTCs, whereas EpCAM, an epithelium-specific biomarker, was expressed
at various levels. These results suggest that CTCs may
be associated with cancer metastasis and recurrence
via EMT mechanisms. Some recent evidence indicates
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that tumor cells undergoing EMT might gain stem celllike properties, therefore giving rise to cancer stem cells
(CSCs)[27,30], and EpCAM-positive HCC cells have been
reported to have stem cell-like features, including selfrenewal and differentiation capacities[23,29,52]. Previously,
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particular, it is important to identify CTCs in the blood. This study is the first to
detect several biomarkers of HCC in a semiquantitative immunocytochemical
workflow. Furthermore, the results suggest that GPC3, ASGPR, and CK can
identify CTCs on karyocyte slides and that GPC3 and ASGPR expression correlates to tumor prognosis.

EpCAM was only known as an epithelial biomarker in
many human cancers with an epithelium origin[53], and
it has thus been used as a target to capture CTCs by
the CellSearch™ system. Our results demonstrate that
EpCAM was not widely expressed in the HCC cell lines,
and the expression ratio on the karyocyte slides was consistent with histological reports[35], which implied that the
CellSearch™ system may not be ideal for the detection
of HCC CTCs[52]. The expression levels of vimentin and
EpCAM were approximately 20% and 30%, respectively,
of the total CTCs identified by GPC3, ASGPR, and
CK, which indicates that our selected biomarkers could
detect more tumor cells, including the EpCAM-positive
and EMT-related cells.
Of the biomarkers detected, GPC3, ASGPR, and
CK were all significantly expressed in HCC cell lines
and karyocytes from patient blood samples, suggesting
that these proteins could be used as valuable biomarkers
of circulating HCC cells. Considering that GPC3 and
ASGPR may be specific to HCC from tests on clinical
samples, we applied three-dimensional reconstruction
for further observation, revealing their localization. Additionally, the survival analysis indicated that GPC3 and
ASGPR expression correlate with patient prognoses. To
our knowledge, few studies have evaluated biomarker
expression using a similar workflow. The results presented in this study improve the understanding of HCC
biomarkers from a cytopathological perspective given
that serum and tissues are widely used in other clinical
examinations for biomarkers. The HCC-related biomarkers may help to identify tumor cells in the peripheral
blood, which may be relevant to patient prognosis[11-13,54].
In addition, the expression of EMT-related biomarkers suggests that CTCs may help elucidate metastatic
mechanisms, and the expression of EpCAM supports its
novel function associated with stem cell-like properties.
Although our study was limited by the small sample size
of 84 individuals in the cohort, the biomarkers tested
here may be used as capturing targets for HCC CTCs
and may assist in the development of effective HCC
therapies and individually targeted treatments based on
biomarker expression and localization.

Applications

By identifying HCC CTCs via the biomarkers that the authors detected, this
study may represent a future strategy for monitoring CTC changes and assessing the therapeutic prognosis of HCC.

Terminology

CTCs are cells that have dislocated from a primary tumor to circulate in the
blood, and they may be able to seed in distant organs to become a metastatic
focus. Thus, they are thought to be relevant to metastasis and recurrence.
However, potential biomarkers to identify HCC CTCs must be identified.

Peer review

The authors detected the expression levels of potential cellular biomarkers for
HCC and demonstrated that GPC3, ASGPR, and CK may be valuable surface
biomarkers for the identification of HCC CTCs. Furthermore, GPC3 and ASGPR
can better distinguish HCC patients from chronic HBV patients and healthy controls, and their expression is clinically significant. In addition, the expression of
EMT- and stem cell-related biomarkers might provide us with helpful information
regarding metastasis and recurrence. The results are interesting and may represent a strategy for identifying HCC CTCs and developing effective targeted
treatments.
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Down-regulated γ-catenin expression is associated with
tumor aggressiveness in esophageal cancer
Wang-Kai Fang, Lian-Di Liao, Wei Gu, Bo Chen, Zhi-Yong Wu, Jian-Yi Wu, Jian Shen, Li-Yan Xu, En-Min Li
tion-polymerase chain reaction in 95 tissue specimens
and evaluated for association with the clinicopathologic
characteristics and survival time of patients with ESCC.
siRNAs against human γ-catenin were used to inhibit
γ-catenin expression. Hanging drop aggregation assay
and dispase-based dissociation assay were performed
to detect the effect of γ-catenin on ESCC cell-cell adhesion. Transwell assay was performed to determine cell
migration. Luciferase-based transcriptional reporter
assay (TOPflash) was used to measure β-catenindependent transcription in cells with reduced γ-catenin
expression. The expression and subcellular localizations of β-catenin and E-cadherin were examined using
Western blot and immunofluorescence analysis.
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RESULTS: γ-catenin mRNA expression was significantly
associated with tumor histological grade (P = 0.017)
in ESCC. Kaplan-Meier survival analysis showed that
γ-catenin expression levels had an impact on the survival curve, with low γ-catenin indicating worse survival
(P = 0.003). The multivariate Cox regression analysis
demonstrated that γ-catenin was an independent prognostic factor for survival. Experimentally, silencing
γ-catenin caused defects in cell-cell adhesion and a concomitant increase in cell migration in both KYSE150 and
TE3 ESCC cells. Analysis of Wnt signaling revealed no
activation event associated with γ-catenin expression.
Total β-catenin and Triton X-100-insoluble β-catenin
were significantly reduced in the γ-catenin-specific
siRNA-transfected KYSE150 and TE3 cells, whereas
Triton X-100-soluble β-catenin was not altered. Moreover, knocking down γ-catenin expression resulted in a
significant decrease of E-cadherin and Triton X-100insoluble desmocollin-2, along with reduced β-catenin
and E-cadherin membrane localization in ESCC cells.

Abstract
AIM: To evaluate the significance of γ-catenin in clinical
pathology, cellular function and signaling mechanism in
esophageal squamous cell carcinoma (ESCC).

CONCLUSION: γ-catenin is a tumor suppressor in
ESCC and may serve as a prognostic marker. Dysregulated expression of γ-catenin may play important roles
in ESCC progression.

METHODS: The mRNA expression of γ-catenin was
detected by real-time quantitative reverse transcrip-
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γ-catenin may contribute to neoplastic progression is not
fully understood. Previous study shows that γ-catenin
can function as an inhibitor of β-catenin/Tcf-dependent
gene transcription and highlights γ-catenin as a potentially
novel tumor suppressor protein in a subset of human lung
cancers[14]. However, another study reveals no activated
Wnt signaling event associated with γ-catenin expression
in the bladder model[15]. In oral squamous cell carcinoma,
γ-catenin has tumor metastasis suppressor function by
regulating the metastasis suppressor activity of Nm23[16].
In keratinocytes, γ-catenin deficiency results in extracellular matrix (ECM)-dependent disruption of mature focal
adhesions and actin organization, through distinct ECMSrc and RhoGTPase-dependent pathways [17]. Recently, we
have shown that desmocollin-2 (DSC2), the most widely
distributed desmosomal cadherin family member, plays
a causal role in esophageal cellular invasion and metastasis. The loss of DSC2 initiates tumor cell metastasis
by affecting the subcellular localization of γ-catenin,
activating the β-catenin pathway, and eventually inducing
an epithelial-mesenchymal transition-like process[18,19].
However, from these experiments we can not assess the
contribution of γ-catenin to esophageal cancer suppression. Whether these observed changes in γ-catenin play
a causal role in ESCC progression has not been determined.
In this study, using a real-time quantitative reverse
transcription polymerase chain reaction (RT-PCR) technique, we identified differential expression of γ-catenin in
ESCC. The significance of γ-catenin in clinical pathology,
cellular function and the signaling mechanism by which
γ-catenin exerts its tumor suppressor activity in ESCC
cells was evaluated. Results of these studies may provide
a foundation for further study of potential clinical applications in diagnosis, prognosis or therapeutics.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We, like others, have shown in previous work
that reduced classic and desmosomal cadherin expression correlated with increased metastasis both in laboratory models and in clinical esophageal squamous cell
carcinoma (ESCC) samples; however, a direct functional
role of γ-catenin in this process has not been shown.
In this study, we report that γ-catenin plays a critical
role in ESCC progression. Our work demonstrates that
γ-catenin is a tumor metastasis suppressor in ESCC
and its expression may serve as a prognostic marker.
Loss of γ-catenin leads to significant changes in esophageal cancer cell phenotypes.
Fang WK, Liao LD, Gu W, Chen B, Wu ZY, Wu JY, Shen J,
Xu LY, Li EM. Down-regulated γ-catenin expression is associated with tumor aggressiveness in esophageal cancer. World J
Gastroenterol 2014; 20(19): 5839-5848 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5839.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5839

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is the most
common malignancy in China, and has high mortality[1].
It is difficult to diagnose ESCC during early stages of
disease development, and advanced ESCC is frequently
associated with local invasion and lymph node metastasis[2]. Therefore, a better understanding of tumor dissemination and growth is paramount, and identification of
genes crucial for tumor metastasis is urgently needed for
the development of ESCC diagnostics and therapeutics.
Adhering junctions, such as adherens junctions and
desmosomes, are vital for the unity of cells in esophageal epithelial sheets[3]. Generally, adhering junctions are
comprised of a transmembrane component and a variety
of cytoplasmic adapter proteins that in turn link cytoskeletal structures to sites of cell-cell contact. Alterations
in expression of these cytoplasmic adapter proteins have
been linked to tumor progression and/or suppression[4].
One such protein is a close relative of β-catenin called
γ-catenin (also known as junction plakoglobin), which
can bind to both classic and desmosomal cadherins, but
is found primarily in desmosomes and is critically important in the maintenance of normal epithelial tissue
architecture[5,6]. Reduction of γ-catenin expression has
been reported in numerous human carcinomas such as
oral, lung, colorectal, prostate, ovarian, and bladder cancers[7-12]. In esophageal cancer, loss or reduced γ-catenin
expression has been correlated with poor survival[13].
Despite the growing number of correlative studies,
the possible role or mechanism by which depletion of
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MATERIALS AND METHODS
Ethics
This study was approved by the ethical committee of the
Central Hospital of Shantou City and the Medical College of Shantou University, and written informed consent
was obtained from all surgical patients to use resected
samples for research.
Patients and samples
ESCC tissue specimens and paired adjacent normal epithelial tissues were obtained from 95 patients (median
age, 55 years, range 40-88 years) who underwent surgery
in the Department of Pathology of Shantou Central
Hospital from 2007 to 2008. The specimens were immediately frozen in liquid nitrogen following surgery and
stored at -70 ℃ until RNA isolation. All of the tumors
were confirmed as ESCC by the Clinical Pathology Department of the Hospital, and the cases were classified
according to the 7th edition of the tumor-node-metastasis
(TNM) classification of the International Union against
Cancer and were included in this study only if a follow-
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Cell culture and transfection
The human esophageal squamous carcinoma cell lines
KYSE150 and TE3[20] were cultured in Dulbecco’s modified Eagle’s medium (Invitrogen, Carlsbad, CA, United
States) supplemented with 10% fetal calf serum. For
siRNA transfection, approximately 5 × 104 cells per well
were inoculated into 6-well plates, cultured for 24 h and
then transfected with the relevant siRNA (50 nmol/L)
using Lipofectamine 2000 transfection reagent (Invitrogen, Carlsbad, CA, United States). siRNAs were synthesized by Shanghai GenePharma Co., Ltd and contained
two siRNAs against human γ-catenin (siRNA-1: 5’-GCU
GAU CAU CCU GGC CAA U-3’ and siRNA-2: 5’-AGU
CGG CCA UUG UGC AUC U-3’). A control siRNA
oligonucleotide, which does not match any known human coding cDNA, was used as a control.

Table 1 Survival information of the patients by clinical
characteristics n (%)
Parameter

Five year survival

P value

38 (63.2)
57 (52.6)

0.225

24 (54.2)
71 (57.7)

1.000

30 (56.7)
49 (62.5)
16 (37.5)

0.078

23 (73.9)
55 (58.2)
17 (38.5)

0.060

24 (70.8)
71 (52.1)

0.169

57 (64.9)
38 (44.7)

0.034

61 (68.9)
29 (41.4)

0.007

Age (yr)
< 55
≥ 55
Gender
Female
Male
Tumor size
≤ 3 cm
3-5 cm
> 5 cm
Differentiation grade
G1
G2
G3
Invasive depth
T1 + T2
T3 + T4
Regional lymph node metastasis
N0
N1
pTNM stage
ⅠA +ⅠB + ⅡA + ⅡB
ⅢA + ⅢB + ⅢC + Ⅳ

Transwell migration assay
Transwell migration assay was conducted as previously
described[19]. Cells were placed into the upper chamber
of an insert in serum-free medium (BD Biosciences, NJ,
United States). After 24 h of incubation, cells remaining in the upper chamber were carefully removed. Cells
adhering to the lower membrane were fixed and stained
with Giemsa reagent, imaged, and counted using an inverted microscope (Olympus, Tokyo, Japan). The mean
value was calculated from data obtained from three separate chambers.

Kaplan-Meier curves (log-rank test).

up was obtained. Patients’ data are summarized in Table 1.
RNA extraction and real-time quantitative RT-PCR
analysis
Total RNA was extracted from frozen stored tissues with
TRIzol reagent (Invitrogen, United States) in accordance
with the manufacturer’s instructions. Reverse transcription was performed in a total volume of 20 μL using
1 μg of total RNA by using the Reverse Transcription
System (Promega, United States). Real-time quantitative
PCR was carried out on the Rotor-Gene 6000 system
(Corbett Life Science, Sydney, Australia). SYBR® Premix
Ex Taq™ (TaKaRa) was used according to the manufacturer’s instructions. γ-catenin PCR primers were designed
based on human γ-catenin mRNA sequence (GenBank
accession number NM_002230.1). The primer sequences
are as follows: forward 5’-CCC ATC AAT GAG CCC
TAT GGA G-3’ and reverse 5’-GGG CAC ATC GCT
GGA GTA CA-3’. As an internal control, a fragment of
human β-actin was amplified using the following primers:
forward 5’-CAA CTG GGA CGA CAT GGA GAA A-3’
and reverse 5’-GAT AGC AAC GTA CAT GGC TGG
G-3’. PCR conditions were an initial denaturation step
of 10 s at 95 ℃, followed by 40 cycles consisting of 5 s
at 95 ℃, 20 s at 60 ℃ and 15 sec at 72 ℃. Quantification
was performed using the 2-ΔΔCT method. The absolute levels of γ-catenin mRNA were normalized to that of β-actin
mRNA. The status of differentially expressed γ-catenin
gene in the ESCC tissue was defined as “positive expression” if 2-ΔΔCT was > 0.5-fold or “negative expression” if
2-ΔΔCT was ≤ 0.5-fold, when compared to that detected in
the adjacent normal tissue.
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Hanging drop assay
Hanging drop cultures of aggregated cells were generated from 1 × 103 cells. Cells were allowed to aggregate
overnight on the underside of a culture dish as previously
described[21]. Resulting cell clusters were subjected to 30
rounds of pipetting through a 200 μL Gilson pipette, and
the degree of dissociation was quantified by counting the
particles after trituration.
Dispase-based dissociation assay
Cell cultures were seeded in triplicate onto 6-well plates.
Twenty-four hours after reaching confluency, cultures
were washed twice in phosphate buffered saline (PBS)
and then incubated in 1 mL of dispase (2.4 U/mL; Sigma) for more than 30 min as previously described[21]. Released monolayers were carefully washed twice with PBS
and transferred to 15 mL conical tubes. Enough PBS was
added to a final volume of 2 mL. Tubes were secured to
a rocker and subjected to 50 inversion cycles. Fragments
were counted using an inverted microscope (Olympus,
Tokyo, Japan).

β -catenin/Tcf transcriptional reporter assay

Cells were co-transfected with either TOPflash or FOPflash reporter plasmids along with the siRNA-1/-2 or
control siRNA. The TOPflash reporter plasmid contained β-catenin/TCF binding motifs, whereas the FOPflash reporter plasmid contained mutant β-catenin/Tcfbinding sites and was used as a control. The level of
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teristics including age, gender, tumor size, differentiation
grade, invasive depth, lymph node metastasis, and TNM
classification were assessed by the χ 2 test. Kaplan-Meier
curves were constructed for overall survival analysis by a
log-rank test. All statistical analyses were performed with
SPSS 13.0 software (version 13.0; SPSS, Inc., Chicago,
IL). Each P-value is two-tailed and signiﬁcance level is
0.05.

Table 2 Relationship between clinicopathological features
and γ-catenin mRNA expression n (%)
Parameter
-ΔΔCT

2

γ-catenin status
-ΔΔCT
2
> 0.5

P value

≤ 0.5

Age (yr)
≤ 55
18 (36)
> 55
11 (24)
Gender
Female
11 (46)
Male
18 (25)
Tumor size
≤ 3 cm
11 (37)
3-5 cm
12 (25)
> 5 cm
5 (31)
Differentiation grade
G1
5 (22)
G2
13 (24)
G3
8 (62)
Invasive depth
T1 + T2
8 (33)
T3 + T4
21 (30)
Regional lymph node metastasis
N0
16 (28)
N1
13 (34)
pTNM stage
ⅠA +ⅠB + ⅡA + ⅡB
16 (26)
ⅢA + ⅢB + ⅢC + Ⅳ
9 (31)

32 (64)
34 (76)

0.216

13 (54)
53 (75)

0.079

19 (63)
36 (75)
11 (69)

0.522

18 (78)
42 (76)
5 (38)

0.017

16 (67)
50 (70)

0.734

41 (72)
25 (66)

0.528

45 (74)
20 (69)

0.640

RESULTS
Expression of γ -catenin in ESCC tissues
To assess the clinical implications of γ-catenin mRNA
expression in ESCC, we analyzed expression of this gene
by real-time quantitative PCR. With a median follow-up
of 39.6 mo for the 95 patients analyzed in this study, the
mean survival was 41.4 mo (range 37.0-45.8 mo), and
that the 5-year survival rate was 48.9%. The absolute levels of γ-catenin mRNA were normalized to that of β-actin
mRNA. The status of differentially expressed γ-catenin
gene in the ESCC tissue was defined as “positive expression” if 2-ΔΔCT was > 0.5-fold or “negative expression” if
2-ΔΔCT was ≤ 0.5-fold, when compared to that detected
in the adjacent normal tissue. By this criterion, 29 (31%)
patients had a negative γ-catenin expression status and 66
(69%) patients had a positive γ-catenin expression status.
Table 2 shows associations between the clinicopathologic
characteristics of patients with ESCC and γ-catenin expression status. A significant correlation was observed
between γ-catenin expression status and histologic grade
of tumors (P = 0.017). Positive γ-catenin expression cases
(2-ΔΔCT > 0.5) were found in 78% of grade I tumors, 76%
of grade Ⅱ, and 38% of grade Ⅲ. ESCC patients with
histologic grade Ⅲ tumors were more likely to have low
levels of γ-catenin expression (2-ΔΔCT ≤ 0.5). There were
no significant correlations between γ-catenin expression
levels and other clinical parameters, such as pTNM classification, in patients with ESCC.
The expression level of γ-catenin was next evaluated for association with survival time using the KaplanMeier method. The results showed that patient survival
time was positively correlated with γ-catenin expression.
ESCC patients with tumors demonstrating negative expression of γ-catenin (2-ΔΔCT ≤ 0.5) exhibited poor prognosis. Among 95 ESCC patients, in 29 cases of negative
-ΔΔCT
≤ 0.5), the median survival
γ-catenin expression (2
time was 25.0 mo and the 5-year survival rate was 15.5%,
whereas in 66 cases of positive γ-catenin expression (2-ΔΔCT
> 0.5), the median survival time was 42.1 mo and the
5-year survival rate was 62.6% (P = 0.003, Figure 1). The
use of the Cox regression model in multivariate analysis
showed that γ-catenin expression status was an independent prognostic predictor (P = 0.004) (Table 3).

β-catenin-dependent transcription was determined by a
TOPflash luciferase activity assay[19]. Luciferase reporter
activities were normalized to the activity of the Renilla
internal control. Data represent the results of triplicate
dishes from two independent experiments.
Western blot
Western blot was performed as described previously[19].
Total cell lysates were prepared in RIPA buffer (Paragon
Biotech, China). For analysis of the Triton X-100-insoluble pool, cells were lysed in 1% Triton X-100 buffer
(1% Triton X-100, 145 mmol/L NaCl, 10 mmol/L TrisHCl, pH 7.4, 5 mmol/L EDTA, 2 mmol/L EGTA, and
1 mmol/L PMSF) followed by centrifugation (16000 g, 10
min). The Triton X-100-insoluble pellet was solubilized
in Laemmli sample buffer, resolved by SDS/PAGE (12%
gels) and immunoblotted. Experiments were repeated
two to three times with similar results.
Confocal laser scanning microscopy
The staining procedure was performed as previously
described[19]. After fixation in 4% paraformaldehyde solution for 15 min, cells were incubated with donkey serum
blocking buffer for 30 min and a primary antibody overnight at 4 ℃, followed by donkey anti-mouse IgG (DyLight 488) and/or donkey anti-rabbit IgG (DyLight 594)
(Jackson, Germany) for 30 min at 37 ℃. Samples were
counterstained with DAPI (Sigma, St. Louis, MO, United
States) for 10 min. Finally, the cells were examined under
a confocal microscope (OLYMPUS, FV-1000).

Expression of γ -catenin in ESCC cells
We next explored the expression of γ-catenin in ESCC
cell lines. As shown in Figure 2A, γ-catenin expression
was detected in all cell lines evaluated, with KYSE150

Statistical analysis
Associations of γ-catenin with clinicopathological charac-
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1.0
0.8
Overall survival

Table 3 Univariate and multivariate Cox regression analyses
by γ-catenin expression status

Positive expression
-ΔΔCT
(2
> 0.5)

Cox regression analysis
Univariate
Time to survival
(mo)

0.6
0.4

Negative expression
-ΔΔCT
≤ 0.5)
(2

0.2
0.0

2-ΔΔCT ≤ 0.5
2-ΔΔCT > 0.5
Multivariate
Tumor size
Differentiation
grade
Regional lymph
node metastasis
γ-catenin

P = 0.003
0.00 10.00 20.00 30.00 40.00 50.00 60.00
Months after operation

Figure 1 Kaplan-Meier estimates of overall survival by γ-catenin status in
esophageal squamous cell carcinoma samples. The Kaplan-Meier analyses of γ-catenin mRNA expression in 95 patients with esophageal squamous
cell carcinoma illustrate that γ-catenin expression levels had an impact on the
survival curve, with low γ-catenin (2-ΔΔCT ≤ 0.5) indicating worse survival (P =
0.003).

31.309 ± 3.343
45.463 ± 2.609
Relative risk
1.256
1.651

34.5 (24.757-37.860)
66.7 (40.349-50.576)

0.007

0.751-2.101
0.914-2.981

0.385
0.097

1.846

0.963-3.539

0.065

0.370

0.189-0.723

0.004

increase in particle number when compared with the
control (P < 0.01).
To further confirm the effect of γ-catenin on ESCC
cell-cell adhesion, we performed a Dispase-based dissociation assay. This assay was previously used to quantify
the adhesion strength of a variety of epithelial cells[21,23].
Confluent monolayers of siRNA transfected KYSE150
and TE3 cells were harvested from tissue culture dishes
by incubation with dispase. Monolayers were then transferred to 15 mL conical tubes. After inverting the tubes
50 times on a rocker, monolayer fragments were counted
(Figure 2D). γ-catenin-specific siRNA-transfected monolayers dissociated into numerous smaller fragments,
whereas control cell monolayers exhibited only minimal
dissociation. Quantification of the number of fragments
showed a four-fold increase in fragmentation (P < 0.01),
suggesting that knocking down γ-catenin led to a significant decrease in cell-cell adhesion.

and TE3 cells contained higher γ-catenin expression
levels. These cell lines were selected as the model for the
subsequent function studies.

γ -catenin knockdown by transient siRNA transfection in

ESCC cells
Two double-stranded siRNAs (siRNA-1 and -2) targeting the human γ-catenin gene were synthesized. These
sequences are specific to γ-catenin mRNA and there is
no match to other genes in the NCBI nucleotide database, in particular to other catenin family members, by
BLAST searching. Western blot analysis revealed that
γ-catenin expression decreased markedly in treated cells
compared with the control. Transfection with siRNAs
resulted in a 38%-54% reduction in γ-catenin expression in KYSE150 cells (Figure 2B, left panel) and a 25%
to 44% reduction in expression in TE3 cells (Figure 2B,
right panel), when compared to that transfected with the
scramble sequence.

γ -catenin inhibits motility of ESCC cells

As weakening of cell-cell adhesions has been reported
to increase cell motility[22], we next investigated whether
γ-catenin status in cells correlated with their relative motility. Towards this end, we performed a transwell migration assay to compare cell motility. The assay revealed
that γ-catenin knockdown cells were significantly more
migratory than control siRNA-transfected cells over a
24-hperiod. The transfection of KYSE150 and TE3 cells
with a γ-catenin-specific siRNA increased cell migration
up to 25% compared with the RNAi control transfection
(P < 0.01; Figure 2E). These data imply that reduced expression of γ-catenin promotes cell motility.

γ -catenin knockdown reduces cell-cell adhesion

In view of the fact that the malignant transformation of
epithelial cells involves alteration of cell-cell adhesion
that enables these cells to adopt a phenotype of migration leading to tumor invasion and metastasis[22], we next
investigated whether reduced γ-catenin expression levels
affected cell-cell adhesion in ESCC cells. We first employed a previously described hanging drop aggregation
assay[21]. Cells allowed to aggregate for 24 h in a hanging
drop on the underside of a culture dish were subjected
to trituration through a 200 μL-Gilson pipette tip in an
attempt to disrupt intercellular adhesion. The degree of
dissociation was quantified by counting the particles that
dissociated from the original cluster. KYSE150 and TE3
cells transfected with siRNA against γ-catenin were more
susceptible to dissociation than control cells (Figure 2C),
which exhibited on average an approximately threefold
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Percentage of survival P value
(95%CI)

Effects of γ -catenin on expression of adherens junction
molecule and β -catenin signaling
Although the role of β-catenin in Wnt signaling has been
well established, the role of γ-catenin in this pathway is
less clear[24]. To investigate whether γ-catenin influences
β-catenin signaling in esophageal carcinoma cells, we
first used a luciferase-based transcriptional reporter assay
(TOPflash) to measure β-catenin-dependent transcription
in cells with reduced γ-catenin expression. As illustrated
in Figure 3A, KYSE150 and TE3 cells transfected with
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Figure 2 Alterations of cell-cell adhesion and cell migration exerted by RNAi-mediated knockdown of γ-catenin. A: Representative Western blot of γ-catenin in
4 esophageal cancer cell lines; B: KYSE150 and TE3 cells were transfected with γ-catenin siRNAs (siRNA-1 and -2), or a negative control siRNA (control). Western blot
analysis was used to show RNAi-mediated knockdown. Equal loading was ascertained using β-actin as an internal control; C: Hanging drop assay. Cells were seeded into
hanging drop cultures and allowed to aggregate for 24 h. After trituration by passing the cell cluster 30 times through a 200 μL pipette tip, the degree of dissociation of the
cell cluster was visualized by microscopy and quantified by manual counting under a dissecting microscope; D: Dispase-based dissociation assay. Cell monolayers were
separated from culture dishes via incubation with dispase. Monolayers were transferred to 15 mL conical tubes containing 2 mL of phosphate buffered saline. After 50 inversions, the degree of fragmentation of the monolayers was observed. The dissociation assay was quantified by counting the number of total particles; E: Transwell assay
was performed to determine cell migration. Migrated cells were fixed and stained, and representative fields were photographed. The cells were quantified in 10 random
fields with a light microscope (× 200). The mean value was calculated from data obtained from three separate chambers. bP < 0.01 vs the control group.
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Figure 3 γ-catenin affects cell motility through cell-cell adhesion-dependent mechanisms. A: TOPflash reporter activity in KYSE150 and TE3 cells. Cells were
co-transfected with either TOPflash or FOPflash reporter plasmids along with siRNA-1/-2 or control siRNA. The level of β-catenin-dependent transcription was determined by TOPflash luciferase activity. FOPflash reporter plasmids containing mutant β-catenin/ TCF-binding sites were used as controls. Data represent the results
of triplicate dishes from two independent experiments; B: Western blot analyses of E-cadherin and total β-catenin in γ-catenin-specific siRNA or control-transfected
esophageal squamous cell carcinoma (ESCC) cells. β-actin served as a loading control; C: Western blot analyses of triton X-100-soluble and -insoluble γ-catenin,
β-catenin and DSC2 proteins in γ-catenin-specific siRNA or control-transfected ESCC cells; D: The subcellular localizations of β-catenin and E-cadherin was examined using immunofluorescence analysis. Of note, knocking down γ-catenin expression caused reduced β-catenin and E-cadherin membrane localization.

γ-catenin-specific siRNA showed no significant Wnt activation (P > 0.05), when compared with the RNAi control
transfected cells. We next examined β-catenin protein expression levels by Western blot. Total β-catenin and Triton X-100-insoluble β-catenin were significantly reduced
in the γ-catenin-specific siRNA-transfected KYSE150
and TE3 cells, whereas Triton X-100-soluble β-catenin
was not altered (Figure 3B and C). These results suggest
that γ-catenin does not mediate its effects through the
Wnt pathway in this model.
As γ-catenin is a member of the Armadillo family of
proteins and binds directly to both classic and desmosomal cadherins[5]. We therefore investigated the effects
of γ-catenin knockdown on expression of E-cadherin
and DSC2. As shown in Figure 3, reducing expression of
γ-catenin resulted in a significant decrease of E-cadherin
and Triton X-100-insoluble DSC2 in ESCC cells. To confirm this result, the subcellular localizations of β-catenin
and E-cadherin were examined using immunofluorescence. Consistent with the Western blot results, knocking
down γ-catenin expression caused reduced β-catenin and
E-cadherin membrane localization (Figure 3D).
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DISCUSSION
Accumulating evidence suggests that adhesive interactions are critical in the process of metastatic tumor migration and that adhesion molecules can act as both positive and negative modulators of the metastatic process[25].
The cadherin-catenin complex promotes homotypic tumor cell adhesion, maintaining intercellular contacts that
confine cells to the primary tumor site. Previous studies
have shown a correlation between reduced classic and
desmosomal cadherin expression and increased metastasis both in laboratory models and in clinical ESCC samples[18,19,26]; however, a direct functional role of γ-catenin
in this process has not been shown. In this study, we report that γ-catenin plays a critical role in ESCC progression. Our work demonstrates that γ-catenin is a tumor
metastasis suppressor in ESCC and its expression may
serve as a prognostic marker. Loss of γ-catenin leads to
significant changes in esophageal cancer cell phenotypes.
Evidence from clinical studies suggests that reduced
expression of γ-catenin in human cancers is associated
with increased tumor progression and adverse clinical
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outcome[7-13]. To confirm whether these observed changes in γ-catenin play a causal role in ESCC progression, we
first use a real-time quantitative RT-PCR method to analyze the prognostic importance of γ-catenin expression
in ESCC. Reduced γ-catenin mRNA expression is associated with an unfavorable prognosis of ESCC patients.
Patients with positive γ-catenin- expressing tumors have
a better prognosis than those with reduced expression
of γ-catenin. Moreover, γ-catenin expression level is an
independent prognostic predictor. Our findings are consistent with earlier immunohistochemistry studies revealing that decreased γ-catenin expression was significantly
associated with poorer prognosis[13], which implies more
aggressive malignant behaviors of esophageal carcinoma
cells.
Several studies have discovered that γ-catenin was
involved in cell invasion and metastasis of human oral
squamous cell cancer, lung cancer, and bladder cancer [14-16]. In our clinical investigation, expression of
γ-catenin does not correlate with the degree of lymph
node metastasis. However, Lin et al[13] have reported that
reduced protein expression of γ-catenin is associated
with lymph node metastasis in human ESCC. It seems
that this confusing result conducted from the statistical
analysis might be due to the insufficient ESCC specimens, or the discordance between protein and mRNA
expression levels of γ-catenin. In in vitro experiments, we
show that γ-catenin expression enhances cell-cell adhesion and suppresses the motility of ESCC cells, suggesting that γ-catenin might play as a metastasis suppressor
in ESCC. As a junctional protein, γ-catenin interacts with
both desmocollin and E-cadherin in both the soluble
and cytoskeleton associated pools of cellular proteins[5].
Recently, it has been suggest that γ-catenin may play a
central role in desmosome organization and is required
for effective intermediate filament anchorage to desmosomes[27]. Consistent with these observations, the data
presented in this work suggest that a decreased level of
γ-catenin in the cell leads to a decrease in E-cadherin and
desmocollin protein expression, which is accompanied
by a decrease in cell-cell adhesion and an increase in cell
migration. These results are consistent with data from
Simpson et al[28] that show that increasing γ-catenin levels
rescue cadherin expression, desmosome organization,
and functional adhesion, leading us to conclude that
knocking down γ-catenin expression with siRNA destabilizes other cadherins. Although we did not determine
whether this represents transcriptional downregulation or
increased turnover of protein possibly complexed with
γ-catenin, the reduction of cell adhesion protein suggests
that the inhibition of cell migration is partly dependent
upon γ-catenin interactions with the classic and desmosomal cadherin proteins.
The signaling mechanism(s) by which γ-catenin exerts
its tumour suppressor activity in ESCC cells remains unclear. γ-catenin localizes to the desmosomal plaque and
seems to be required for desmosome organization as discussed earlier. Alternatively, desmosomes have been postulated to serve as signaling centers[29], and it is possible
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that an alteration in desmosome composition results in
an alteration in signal transduction resulting in increased
transformation. In addition, γ -catenin may directly
modify intracellular signaling, thus altering cell behavior,
such as cell migration under certain circumstances[17,30].
In numerous human cancers including ESCC, the Wnt/
[31]
β-catenin signaling pathway is constitutively activated .
The previous study on human lung cancer cells shows
that re-expression of γ-catenin reduces TCF activity[14].
However, it is interesting that we report here that γ-catenin
does not affect β-catenin/TCF-dependent gene transcription. Our observations support the work of RiegerChrist et al[15], who revealed no activated Wnt signaling
event associated with γ-catenin expression in the bladder
model. Hence, in esophageal carcinoma cells, γ-catenin
might be exerting a tumor suppressor role via alternative
signaling pathways from those established in other carcinoma cell models, which will require extensive study to
determine.
In summary, this study provides both clinical and
mechanistic evidence supporting the critical role of
γ-catenin in ESCC progression. Our data demonstrate
that γ-catenin is a tumor suppressor in ESCC and its
expression may serve as a prognostic marker. Results of
this study may provide a foundation for further study of
potential clinical applications in diagnosis, prognosis or
therapeutics.
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ORIGINAL ARTICLE

Changes in intestinal microflora in rats with acute
respiratory distress syndrome
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Wei-Wei Zhu, Xiao-Zhi Wang
RESULTS: Increased D-lactate levels and DAO activities were observed in the model group (P < 0.01).
Sequencing results revealed the presence of 3780 and
4142 species in the control and model groups, respectively. The percentage of shared species was 18.8419%.
Compared with the control group, the model group had
a higher diversity index and a lower number of species
of Fusobacteria (at the phylum level), Helicobacter and
Roseburia (at the genus level) (P < 0.01). Differences in
species diversity, structure, distribution and composition
were found between the control group and early ARDS
group.
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CONCLUSION: The detection of specific bacteria allows early detection and diagnosis of ALI/ARDS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Lipopolysaccharide; Acute lung injury;
Acute respiratory distress syndrome; Intestinal microflora; High-throughput sequencing
Core tip: This experimental study evaluated the possible association between acute respiratory distress syndrome (ARDS) and intestinal microflora using an animal
model and high-throughput sequencing analysis. Differences in species diversity, structure, distribution and
composition were found between the control group and
early ARDS group. This study contributes to a better
understanding of the mechanisms by which changes in
the intestinal mucosal barrier and host microflora may
be involved in the pathogenesis of ARDS.

Abstract
AIM: To implement high-throughput 16S rDNA sequencing to study microbial diversity in the fecal matter of rats
with acute lung injury/acute respiratory distress syndrome (ALI/ARDS).
METHODS: Intratracheal instillation of lipopolysaccharide was used to induce ALI, and the pathological
changes in the lungs and intestines were observed.
D-lactate levels and diamine oxidase (DAO) activities
were determined by enzymatic spectrophotometry. The
fragments encompassing V4 16S rDNA hypervariable
regions were PCR amplified from fecal samples, and the
PCR products of V4 were sequenced by Illumina MiSeq.
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mately 230 g were randomly divided into two groups
(n = 8 for each group): a control/normal group and a
LPS/model group. All animals were housed in autoclaved
cages with free access to laboratory food and water, and
were exposed to alternate cycles of 12 h of light and
darkness at room temperature (25 ℃). All experimental
procedures complied with the Declaration of Helsinki of
the World Medical Association and the protocols were
approved by the Institutional Animal Care and Use Committee of Binzhou Medical University. LPS (Escherichia coli
LPS, 055:B5), D-lactate and diamine oxidase (DAO) kits
were purchased from the Sigma Chemical Company (St.
Louis, MO, United States).

INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a continuous pathological process, with acute lung injury (ALI) at
its early stage. According to Ashbaugh et al[1], ARDS is
characterized by alveolar epithelial and endothelial barrier disruption, significant inflammation, gas exchange
dysfunction and severe respiratory failure. Despite remarkable progress in the pathophysiology and standard
treatment (i.e., supportive mechanical ventilation) of
ARDS, the mortality rate remains high at approximately
40%-60%[2,3], making it the leading factor contributing
to the high morbidity and mortality of patients in the
intensive care unit[4,5]. ARDS results from sepsis, trauma,
gastric aspiration, and pneumonia[6]. The most common precipitating factor of ARDS is sepsis. In 1988, Wilmore et al[7]
proposed that the intestine is the target organ of ARDS.
The intestine is considered to be the largest repository of
bacteria and endotoxins. A weak or damaged intestinal
barrier triggers the translocation of intestinal bacteria or
endotoxins, leading to sepsis. Multiple organ dysfunction
syndrome (MODS) is triggered by the chain reaction of
cytokines and other inflammatory mediators. The serum
level of endotoxic lipopolysaccharides (LPS) from Gramnegative bacteria is a predictive or prognostic factor for
ARDS. Intratracheal LPS instillation has been used to
induce sepsis-related ALI/ARDS[8] in animal models.
Approximately 1013-1014 microbes thrive in the intestine and cohabit discretely with the mucosal immune
system[9]. About 1000 species of bacteria live in the human intestine. This number of bacteria is 10 times that
found in cells in the body; in addition, the number of
bacterial genes is 100 times higher than the genes of the
human host[10,11]. The effects of bacterial genes in the
large intestine have become a central issue among microbiologists. Normal intestinal flora can prevent infections
caused by pathogens, provide nutrients, such as vitamin
B and vitamin K, participate in the metabolism of carbohydrates and proteins, shape the mucosal immune system
and serve as a biological barrier[12-14]. High-throughput sequencing greatly contributes to research on the diversity
of environmental microbes, including uncultured microorganisms and trace amounts of bacteria.
Intestinal damage triggers or aggravates ARDS or
MODS. However, the mechanism by which the intestine
changes its mucosal barrier and microflora during ARDS
remains unclear. High-throughput sequencing has contributed greatly to the research on intestinal flora. Recent
studies have employed high-throughput sequencing to
reveal the specific relationship between diseases and intestinal flora[15-18]. The present study aimed to determine
the relationship between ARDS and intestinal flora using
high-throughput sequencing. This study will provide new
insights and a possible experimental basis for the early
detection and diagnosis of ARDS in the future.

LPS-induced ALI animal model
The rats were fasted overnight and given ad libitum access to water. The rats were anesthetized with 40 mg/kg
of chloral hydrate and then fixed on an operating table.
LPS (10 mg/kg body weight) in phosphate-buffered saline (PBS) was instilled intratracheally to induce ALI[19].
The normal group underwent the same procedure, but
with intratracheal instillation of PBS. All rats were anesthetized and killed after 24 h.
Wet/dry ratio
The water content of the lungs was evaluated by calculating the wet/dry weight ratio. The left cranial lobe was
excised, rinsed in PBS, blotted and then weighed to obtain the wet weight. The lung was dried at 80 ℃ for 72 h
to constant weight to obtain the dry weight. The wet/dry
ratio was calculated by dividing the wet weight by the dry
weight.
Pulmonary histopathology
The rats were perfused with PBS via the pulmonary artery. As soon as the chest and abdominal cavities were
excised, portions of the lungs were immediately removed
and immersed in 4% paraformaldehyde for 72 h at room
temperature. These portions were then processed and
embedded in paraffin. Tissue sections (4 μm thick) were
prepared by embedding in paraffin. After hematoxylin
and eosin (HE) staining, the slides were observed under
a light microscope. Six visual fields were randomly observed on a slide under × 400 magnification. The lung injury score (LIS) was assessed using the method described
by Nishina et al[20]. Lung injury was assessed by alveolar
congestion, hemorrhage, infiltration or aggregation of
neutrophils in the airspace or vessel wall and thickness of
the alveolar wall or hyaline membrane. The severity of
lung injury was scored as follows: 0, minimum; 1, mild;
2, moderate; 3, severe; and 4, maximum. Six high-magnification fields were randomly selected and graded for the
average LIS for each stained sample.
Intestinal histopathology and electron microscopy
The intestines, from the ileum to 5 cm above the cecum,
were acquired immediately after the rats were killed. Tissues for histopathology were fixed with 4% formaldehyde. Parafﬁn-embedded samples were cut and stained

MATERIALS AND METHODS
Animals and reagents
Sixteen male Sprague-Dawley rats weighing approxi-
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A

Figure 1 Macroscopic observation of lung morphology in rats.
The chest was opened and the lungs were dissociated 24 h after
phosphate buffer saline or lipopolysaccharide instillation. A: Lung of
normal rats; B: Lung of model rats.

B

1 cm

1 cm

using HE to detect histopathological changes. Another
set of paraffin-embedded samples was used to observe
ultrastructural changes. The samples were cut into 1 mm
× 1 mm × 1 mm sections, pre-fixed with 3% glutaraldehyde, fixed with 1% osmium tetroxide, dehydrated in acetone (50%, 70%, 90% and 100%) and then embedded in
Epon 812. Semi-thin sections were used for optical positioning, whereas ultra-thin sections were used for double
staining with uranyl acetate and lead citrate. The sections
were observed by electron microscopy.

50 ℃ and 30 s, respectively. The PCR conditions were as
follows: 94 ℃ for 5 min, 25 cycles of 94 ℃ for 30 s, annealing temperature for 30 s and 72 ℃ for 30 s, 72 ℃ for
7 min and holding at 4 ℃. PCR products were excised
from 1% agarose gels and purified using a QIA quick Gel
Extraction Kit. The PCR products of V4 were sequenced
by Illumina MiSeq.
Statistical analysis
Quantitative data are reported as mean ± standard error
of the mean. Statistical differences in basal characteristics
between the groups were calculated by one-way analysis
of variance and t test for continuous variables. P < 0.05
was considered statistically significant. All statistical analyses were performed using the SPSS 16.0 software.

DAO activity and D-lactate levels in serum
Plasma was harvested from the collected abdominal
aortic blood and kept at -20 ℃. Permeability of the intestinal mucosa was assayed by measuring D-lactate and
DAO levels in the plasma. Plasma D-lactate levels were
measured by enzymatic spectrophotometric assay as previously described[21]. Plasma DAO activities were also determined by enzymatic spectrophotometry as previously
described[22].

RESULTS
Lung macroscopic view and histopathology
The lung tissue in the control group was pale pink with
a smooth surface, good expansion, soft texture and no
obvious abnormalities (Figure 1A). The lung tissue in the
injury group appeared dark with sub-capsular hemorrhage, reddish liquid overflowing from the tangent plane
and atelectasis (Figure 1B). The rats in the control group
had slight pulmonary histological changes (Figure 2A),
whereas those in the LPS group had the typical symptoms of ALI, with marked recruitment of neutrophils,
alveolar hemorrhage and obvious alveolar wall thickening
(Figure 2B).

Fecal collection and bacterial DNA extraction
Rat colons were immediately excised and fecal samples
were harvested for microbial DNA extraction using a
QIAamp DNA stool minikit (Qiagen, West Sussex, United Kingdom) following the manufacturer’s instructions.
The quality and quantity of genomic DNA were assessed
with a Nanodrop spectrophotometer, with the A260/
A280 ratio between 1.8 and 2.0 considered a criterion for
quality control. No obvious RNA banding was shown by
gel electrophoresis, and genomic bands were clear and
complete. DNA was frozen at -80 ℃ prior to PCR amplification.

Intestinal histopathology and electron microscopy
The epithelial cells of rats in the control group showed
normal morphological characteristics, including a neatly
arranged brush border, alternating cup-shaped cells and
uniform cell size as observed under an optical microscope (Figure 3A). Ultrastructure was visible with normal
mitochondria and endoplasmic reticulum (Figure 4A). In
contrast, the epithelial cells of rats in the model group
showed disorganized intestinal villi under a light microscope (Figure 3B) and slightly swollen mitochondria with
a non-compact structure, expanded endoplasmic reticulum, structurally disordered cells and other cell damage,
as observed by electron microscopy (Figure 4B).

Partido comunista revolucionario amplification of 16S
rDNA V4 hypervariable regions
Fragments encompassing V4 16S rDNA hypervariable
regions were PCR amplified from each of the 6 DNA
samples using fusion primers (forward: 5’-Index +
AYTGGGYDTAAAGNG-3’, reverse: 5’-TACNVGGGTATCTAATCC-3’) and universal primers (forward: 5’-AYTGGGYDTAAAGNG-3’, reverse: 5’-TACNVGGGTATCTAATCC-3’).
The annealing temperature and extension time were
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A

B

25 μm

25 μm

Figure 2 Pulmonary histopathological changes in rats. Lung tissue specimens were obtained from the normal group (A) and model group (B). Magnification × 400.

B

A

100 μm

100 μm

Figure 3 Intestinal histopathological changes in rats. Intestinal tissue specimens were obtained from the ileum to 5 cm above the cecum in the normal group (A)
and model group (B). Magnification × 100.

A

Figure 4 Ultra-structural analysis of intestinal mucosa in
rats. Tissue samples were fixed, cut, stained and examined
by transmission electron microscopy. Images are representative electron micrographs of the normal (A) and the model (B)
groups. Cell organelles: ER: Endoplasmic reticulum; M: Mitochondria.

B

M

M

ER

ER

1 μm

1 μm

1). The wet/dry ratio significantly increased in the model
group compared with the control group (P < 0.05) (Table
1). These two factors, together with pulmonary histopathology, demonstrated the successful ALI modeling.

Table 1 Indicators of injury in the lung and intestinal tissues (n
= 16)
Group

LIS

Wet-dry
ratio

Normal 2.33 ± 0.52 2.62 ± 0.316
Model 9.00 ± 0.28b 3.38 ± 0.399a

Vitality of DAO Content of D-lactic
(U/L)
acid (μg/L)
3.14 ± 1.193
11.79 ± 2.542b

561 ± 18.22
619 ± 31.46b

DAO and D-lactate in serum
Plasma D-lactate and DAO levels can reflect the presence
of intestinal injuries, including intestinal mucosal barrier
damage after ARDS. The levels of DAO and D-lactate
significantly increased in the ALI group (11.79 ± 2.542
U/L and 619 ± 31.46 µg/L) compared with those in the
normal group (3.14 ± 1.193 U/L and 561 ± 18.22 µg/L)
(P < 0.01) (Table 1). These data suggest that the mucosal

a

P < 0.05 for Normal group vs Model group; bP < 0.01 for Normal group vs
Model group.

LIS and wet-dry ratio
The average LIS in the model group was significantly
higher than that in the control group (P < 0.01) (Table
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Operational taxonomic unit
According to the sequence similarity (> 97%), highquality sequences were classified into multiple operational
taxonomic units (OTUs) using Qiime to facilitate analysis.
The OTU in each sample and the number of sequences
in each OTU were counted to obtain the taxonomic information of the OTU. The taxon abundance of each
sample was generated into 15 phyla, 27 classes, 48 orders,
71 families and 120 genera using mainly the RDP, Greengenes and SSU databases. Up to 3780 and 4142 species
were found in the normal and model groups, respectively.
The two groups shared 1256 (18.8419%) species, and the
total richness for all groups was 6666.

barrier was damaged.
Filtering and quality evaluation of original data
Flash software was used to control the quality of the raw
data by truncating or abandoning low-quality sequences.
The ends of the corresponding sequences were connected. The sequences which were unable to connect were
abandoned. According to the experimental requirements,
the connected sequences were filtered for analysis. A
total of 104 742 V4 16S rDNA sequence reads from the
six samples, with an average of 17 457 sequence reads
for each sample (the minimum and maximum numbers
of reads per sample were 9170 and 29700, respectively),
were used in this analysis. The average length of the sequence reads was 225 bp, and they were classified into
different taxonomic categories using MGRAST[15].
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Alpha diversity refers to the diversity in a specific area
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Table 2 Estimation of diversity within the normal and model
groups

Table3 Variance analysis of species abundance at the phylum
level

Group

Chao

Ace

Shannon

Coverage

Log2 (N/M)

Normal
Model

4860.3
4940.6

8761.6
9400.3

5.09
4.97

0.921
0.927

Log2 (N/M)> 1
3
Log2 (N/M)<-1
4

or ecosystem in terms of species richness. According to
species richness in the list of OTUs in the sample, diversity, richness, coverage and evenness estimations were
calculated for all data sets using Mother software. The
Chao/Ace calculation is an estimator of phylotype richness, and the Shannon index of diversity reflects both the
richness and community evenness. The model group had
a higher richness index (Chao, 4940.6 and ACE, 9400.3)
and lower diversity index (4.97) than the normal group
(Chao, 4860.3, ACE, 8761.6 and Shannon, 5.09). These
results suggested that the model group had higher levels of biodiversity and unevenness estimations than the
normal group. Good’s coverage, a measure of sampling
completeness, ranged between 92.1% and 92.7% for the
data sets at a 97% similarity level (Table 2).

Bacteria; Deinococcus-Thermus
Bacteria; Fusobacteriaa
Bacteria; Spirochaetes
Archaea; Euryarchaeota
Bacteria; Actinobacteria
Bacteria; Planctomycetes
Bacteria; Verrucomicrobia

For bacteria; Fusobacteria; aP < 0.05 vs control (P = 0.0222).

cetes with trace amounts of Fusobacteria, Deinococcus-Thermus
and Spirochaetes were found. The percentage distributions of the microbiome community in the normal and
model rats were 47 and 48 for Firmicutes, 38 and 37 for
Bacteroidetes and 14 and 14 for Proteobacteria, respectively.
Both groups had less than 1 for Tenericutes, Actinobacteria,
Deinococcus-Thermus, Euryarchaeota and Fusobacteria (Figure
6). At the genus level, the percentage distributions of the
microbiome community in the normal and model rats
were 30 and 6 for Helicobacter, 12 and 1 for Roseburia, 10
and 13 for Lactobacillus, 8 and 7 for Parasutterella, 7 and 7
for Oscillibacter, 4 and 1 for Desulfovibrio, 4 and 19 for Alistipes, 2 and 9 for Ruminococcus and 1 and 21 for Escherichia,
respectively (Figure 7).

Variance analysis of species abundance
Fifteen phyla and 120 genera in total were found between
the two groups. Compared with the normal group, the
model group had a two-fold lower number of species of
Spirochaetes, Fusobacteria and Deinococcus-Thermus [log2(DN/
DM) > 1], but a higher number of species of Verrucomicrobia, Actinobacteria, Planctomycetes and Euryarchaeota
[log2(DN/DM)< -1]. A significant difference in the number of species of Fusobacteria was found between the two
groups (P < 0.05) (Table 3 and Figure 5A). Compared
with the control group, the model group had more than a
two-fold lower number of species of 25 genera, including
Anaeroplasma, Desulfovibrio, Fusobacterium, Helicobacter, Roseburia and Sporobacter, but more than twice the number of
species of 32 genera, including Aerococcus, Bifidobacterium,
Coprococcus, Escherichia, Lactobacillus and Proteus. Significant
differences in the number of species of Helicobacter and
Roseburia were found between the two groups (P < 0.05)
(Table 4 and Figure 5B). In the model group, the percentages of species that was more than two-fold lower and
higher were 20% and 27% at the phylum level and 32%
and 41% at the genus level compared with the normal
group, while the percentages of species that was less than
twice were 53% and 27% at the phylum and genus levels,
respectively (Figure 5C).

β -diversity analysis
UniFrac β-diversity analysis represents the extent of
similarity between different microbial communities.
UniFrac PCoA (principal co-ordinate analysis) of 6666
OTUs (grouped at 97% sequence identity) showed a clear
separation between the normal and model samples using
weighted analysis (Figure 8). Percentage values at the axes
indicate contribution of the principal components to the
explanation of total variance in the dataset. The figure
showed that the percentages of variation explained by
PC1 and PC2 were 48.41% and 23.35%, respectively. The
samples in the model group were well separated from
those in the normal group based on the weighted UniFrac distances measured at the OTU level.

DISCUSSION
Intestinal barrier dysfunction can cause bacterial and
endotoxin translocation, resulting in sepsis and eventually lung injury, the most important factor that initiates
ARDS. However, the mechanism by which the intestine
changes its mucosal barrier and microflora during ARDS
remains unclear. The mucosa is an important aspect of
bowel function, and the intestinal mucosal epithelial cells
form a critical defensive barrier system against foreign
bacteria. Disruption of the epithelial barrier results in
bacterial recruitment and activation of mucosal immune
cells, which initiate acute inflammation[23]. DAO activity is particularly high in the upper portion of the small
intestinal villi; therefore, DAO level has been used as a
marker of intestinal mucosal integrity[24]. Mammals only

Single sample species distribution
The information on classification and abundance in the
OTU list and the map pie chart on each species distribution were sorted. At the phylum level, 15 phyla were
found in both groups. In the normal group, Firmicutes,
Bacteroidetes, Proteobacteria, Tenericutes, Deferribacteres, TM7,
Actinobacteria, Lentisphaerae, Aquificae, Fusobacteria, Deinococcus-Thermus and Spirochaetes were found, whereas in the
model group, Euryarchaeota, Verrucomicrobia and Planctomy-
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Figure 7 Microbial distributions at genus level in the samples from the normal and model groups. Percentages are based on proportions of assignable reads.

have L-lactate dehydrogenase and L-lactate as markers
of cell hypoxemia, and the levels of these markers have
been shown to correlate with the survival of septic shock
patients[25,26]. However, bacteria have D-lactate dehydrogenase and produce D-lactate during fermentation. Thus,
D-lactate levels in the blood not only reflect the status
of intestinal mucosal damage, but also correspond to
changes in intestinal mucosa permeability[27-28].
Intestinal flora generally does not change in healthy
individuals, but can be affected by diseases. Scientists
have studied the abundance and biodiversity of bacteria
under healthy and disease conditions using high-throughput sequencing. An imbalance in gut microflora is also
evident in diabetes[29], cancer[30-31] and obese patients[32].
Animal models provide the possibility of controlling
these factors, a mechanistic understanding of host-microbial interactions and potentially allowing the rational
design of future human studies. In this study, rats were
killed within 24 h after intratracheal instillation of LPS.
We investigated the characteristics of microflora in the
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fecal matter of rats using 16S rDNA-based molecular sequencing and found significant differences in the species
and distribution between the model and control groups.
The results showed higher biodiversity and species richness in the model group than in the control group. Compared with the model group, the control group had a
significantly higher number of species of Fusobacteria (at
the phylum level), Helicobacter and Roseburia, as determined
by abundance difference analysis. This study is the first
to reveal that the abundance of Helicobacter and Roseburia
species significantly decreased in early ARDS, which may
be the result of stress response. Increased microbial diversity and abundance were observed in the model group,
but it is unknown whether these changes are due to passive damage to the body or a positive protective response
mechanism. However, a close relationship was confirmed
between the microflora and ARDS. ARDS can occur due
to hypoxemia, activation of the systemic inflammatory
response, injury to inflammatory mediators, damage by
free radicals, immune destruction and irritation of the
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Table 4 Variance analysis of species abundance at the genus level
Log2 (N/M)

Taxon

Log2 (N/M) > 1
25

Log2(N/M) <-1
32

Bacteria; Tenericutes; Mollicutes; Anaeroplasmatales; Anaeroplasmataceae; Anaeroplasma
Bacteria; Spirochaetes; Spirochaetes; Spirochaetales; Brachyspiraceae; Brachyspira
Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Porphyromonadaceae; Butyricimonas
Bacteria; Proteobacteria; Alphaproteobacteria; Caulobacterales; Caulobacteraceae; Caulobacter
Bacteria; Bacteroidetes; Flavobacteria; Flavobacteriales; Flavobacteriaceae; Chryseobacterium
Bacteria; Proteobacteria; Deltaproteobacteria; Desulfovibrionales; Desulfovibrionaceae; Desulfovibrio
Bacteria; Proteobacteria; Gammaproteobacteria; Pseudomonadales; Moraxellaceae; Enhydrobacter
Bacteria; Firmicutes; Clostridia; Clostridiales; Eubacteriaceae; Eubacterium
Bacteria; Fusobacteria; Fusobacteria; Fusobacteriales; Fusobacteriaceae; Fusobacterium
Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; Helicobacteraceae; Helicobactera
Bacteria; Aquificae; Aquificae; Aquificales; Aquificaceae; Hydrogenobacter
Bacteria; Proteobacteria; Betaproteobacteria; Burkholderiales; Burkholderiaceae; Limnobacter
Bacteria; Proteobacteria; Betaproteobacteria; Methylophilales; Methylophilaceae; Methylophilus
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Morganella
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Parasporobacterium
Bacteria; Proteobacteria; Gammaproteobacteria; Pseudomonadales; Pseudomonadaceae; Pseudomonas
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Robinsoniella
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Roseburiac
Bacteria; Actinobacteria; Actinobacteria; Actinomycetales; Micrococcaceae; Rothia
Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Sharpea
Bacteria; Proteobacteria; Alphaproteobacteria; Sphingomonadales; Sphingomonadaceae; Sphingomonas
Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Sporobacter
Bacteria; Deinococcus-Thermus; Deinococci; Thermales; Thermaceae; Thermus
Bacteria; Firmicutes; Clostridia; Clostridiales; Veillonellaceae; Veillonella
Bacteria; Firmicutes; Bacilli; Lactobacillales; Aerococcaceae; Aerococcus
Bacteria; Verrucomicrobia; Verrucomicrobiae; Verrucomicrobiales; Verrucomicrobiaceae; Akkermansia
Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Rikenellaceae; Alistipes
Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Allobaculum
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Phyllobacteriaceae; Aminobacter
Bacteria; Firmicutes; Clostridia; Clostridiales; Eubacteriaceae; Anaerofustis
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Anaerosporobacter
Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Anaerotruncus
Bacteria; Actinobacteria; Actinobacteria; Bifidobacteriales; Bifidobacteriaceae; Bifidobacterium
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Bradyrhizobiaceae; Bradyrhizobium
Bacteria; Actinobacteria; Actinobacteria; Actinomycetales; Brevibacteriaceae; Brevibacterium
Bacteria; Proteobacteria; Alphaproteobacteria; Caulobacterales; Caulobacteraceae; Brevundimonas
Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Butyricicoccus
Bacteria; Firmicutes; Clostridia; Clostridiales; Clostridiaceae; Clostridium
Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Coprobacillus
Bacteria; Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Coprococcus
Bacteria; Actinobacteria; Actinobacteria; Actinomycetales; Corynebacteriaceae; Corynebacterium
Bacteria; Actinobacteria; Actinobacteria; Coriobacteriales; Coriobacteriaceae; Enterorhabdus
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Escherichia/Shigella
Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Faecalibacterium
Bacteria; Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus
Archaea; Euryarchaeota; Methanobacteria; Methanobacteriales; Methanobacteriaceae; Methanobrevibacter
Bacteria; Firmicutes; Clostridia; Clostridiales; Incertae Sedis XIII; Mogibacterium
Bacteria; Tenericutes; Mollicutes; Mycoplasmatales; Mycoplasmataceae; Mycoplasma
Bacteria; Proteobacteria; Betaproteobacteria; Neisseriales; Neisseriaceae; Neisseria
Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; Nosocomiicoccus
Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Porphyromonadaceae; Odoribacter
Bacteria; Bacteroidetes; Bacteroidia; Bacteroidales; Prevotellaceae; Paraprevotella
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Proteus
Bacteria; Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Ruminococcus
Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; Staphylococcus
Bacteria; Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Turicibacter

For Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; Helicobacteraceae; Helicobacter, aP < 0.05 vs control (P = 0.0128) and Bacteria;
Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Roseburia cP < 0.05 vs control (P = 0.0164).

intestinal mucosa barrier, leading to intestinal bacterial
translocation and changes in the intestinal environment.
These mechanisms affect the distribution of intestinal flora.
In conclusion, research on the structure and function
of intestinal microflora in ALI/ARDS can help to under-

WJG|www.wjgnet.com

stand the close relationship between the lungs and the intestines and to provide a valid experimental basis for the
important function of intestinal microflora in preventing
and treating ALI/ARDS. We found that these microbes
were involved in the pathogenesis of ARDS. This study
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sequencing. High-throughput sequencing greatly contributes to the research on
the diversity of environmental microbes, including uncultured microorganisms
and trace amounts of bacteria.
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METHODS: A novel dedicated device for one-step
EUS-guided biliary drainage system (DEUS) introducer
has size 3F tapered catheter with size 4F metal tip for
simple puncture of the intestinal wall and liver parenchyma without graded dilation. A self-expandable metal
stent, consisting of both uncovered and nitinol-covered
portions, was preloaded into DEUS introducer. After
establishment of a biliary dilatation model using endoscopic hemoclips or band ligation with argon plasma
coagulation in 9 mini-pigs, EUS-BD using a DEUS was
performed following 19-G needle puncture without the
use of fistula dilation devices.
RESULTS: One-step EUS-BD was technically successful in seven pigs [7/9 (77.8%) as intention to treat]
without the aid of devices for fistula dilation from the
high body of stomach or far distal esophagus to the
intrahepatic (n = 2) or common hepatic (n = 5) duct.
Primary technical failure occurred in two cases that did
not show adequate biliary dilatation. In seven pigs with
a successful bile duct dilatation, the technical success
rate was 100% (7/7 as per protocol). Median procedure
time from confirmation of the dilated bile duct to successful placement of a metallic stent was 10 min (IQR;
8.9-18.1). There were no immediate procedure-related
complications.
CONCLUSION: Modified tapered metal tip and low
profile introducer may be technically feasible for onestep EUS-BD in experimental porcine model.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate the technical feasibility of a modified
tapered metal tip and low profile introducer for onestep endoscopic ultrasound (EUS)-guided biliary drainage (EUS-BD) in a new experimental biliary dilatation
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including partially covered self-expandable metal stent for
one-step transluminal stenting after EUS-guided needle
puncture without graded dilation or use of cautery incision. To tailor treatment to individual patients clinical
training with this stent should be simple without serious
complications. Furthermore, there is no proven biliary
dilatation animal model suitable for evaluation of the efficacy of this specialized stent. This pilot animal study
was performed to evaluate the technical feasibility and
clinical outcomes of DEUS in an experimental biliary
dilatation porcine model.

Core tip: Endoscopic ultrasound (EUS)-guided biliary
drainage (EUS-BD) has been restricted due to limited
data and dedicated devices to perform safely without
multi-step processes. We report a pilot study of a modified tapered metal tip and low profile introducer for
one-step EUS-BD in a new experimental biliary dilatation porcine model. EUS-guided hepaticoenterostomy
using a novel dedicated device for one-step EUS-BD
system (DEUS) in an experimental bile duct dilatation
porcine model might be technically feasible and effective. One-step stent insertion and deployment precluded the need for additional fistula dilation devices
for graded dilation or needle cautery incision, without
involving complex procedures or DEUS-related complications.

MATERIALS AND METHODS
This pilot proof-of-concept study was performed in accordance with the rules of the Institutional Animal Care
Committee and the National Center of Efficacy Evaluation for the Development of Health Products Targeting
Digestive Disorders. This study was approved by the
Committee on Animal Research at Inha University and
the Animal Protection Committee of the Korean government.

Lee TH, Choi JH, Lee SS, Cho HD, Seo DW, Park SH, Lee SK,
Kim MH, Park DH. A pilot proof-of-concept study of a modified
device for one-step endoscopic ultrasound-guided biliary drainage in a new experimental biliary dilatation animal model. World
J Gastroenterol 2014; 20(19): 5859-5866 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5859.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5859

In vivo study using a porcine animal model
The in vivo experiments were performed using nine domesticated female mini-pigs with a mean weight of 40
kg (range 38-42 kg). Before endoscopic procedures, the
animals were fasted for 48 h. On the day of the procedure, animals were sedated by intramuscular injection of
tiletamine/zolazepam (Zoletil; 5 mg/kg) and xylazine
(Narcoxyl; 2 mg/kg). Anesthesia was administered by
intravenous injection (0.1 mg/kg) followed by continuous
infusion (4-6 mg/h) of vecuronium. After tracheal intubation, the animals were ventilated with a 1:1 mixture of
1.0%-2.0% inspired isoflurane (Ifran®, Hana Pharm Co
Ltd) and oxygen (5-10 mL/kg per minute). The animals
were placed recumbently on their left sides on a fluoroscopy table. Vital signs were continuously monitored
during the procedure. Prophylactic antibiotics were administered 3 d before and after EUS-guided intervention.
The animals were maintained on their usual diet for 7 d
following successful transluminal stent insertion. All animals were euthanized by potassium chloride overdose 7 d
post-stent insertion.

INTRODUCTION
Percutaneous transhepatic biliary drainage (PTBD) is
most predominant salvage procedure used to access the
biliary tract after failed endoscopic retrograde cholangiopancreatography (ERCP). However, PTBD-related
adverse event rates of 9%-33% and mortality rates of
2%-15% have been reported[1-4]. Furthermore, in terms
of the quality of life, long-term placement of external
catheters is very uncomfortable for the patient.
Endoscopic ultrasound-guided biliary drainage (EUSBD) has been introduced as an effective alternative to
PTBD after failed ERCP. The potential benefits of EUSBD include internal drainage, thereby avoiding long term
external drainage in cases where external PTBD drainage
catheters cannot be internalized. EUS-guided hepaticogastrostomy (EUS-HG), which is a specialized form
of EUS-BD that allows biliary drainage from the intrahepatic bile duct to the stomach, can also be used as an
additional and effective treatment alternative after failed
ERCP. However, EUS-HG with transluminal stenting has
inherent procedural complexity, as it requires fistula dilation prior to stenting, resulting in prolonged procedure
time, loss of the guidewire, and several adverse events,
including stent migration or bile peritonitis[5-10]. Clinical
practice in this area has been restricted due to limited
data, and specialized devices to perform this procedure
safely are needed.
At present, dedicated endoscopic devices to EUSBD/HG with transluminal stenting are limited. Therefore, we developed a novel device dedicated to one-step
EUS-guided biliary drainage system (DEUS), which has
a modified tapered metal tip and low profile introducer

WJG|www.wjgnet.com

Preparation of the experimental biliary dilatation porcine
model
To date, no suitable biliary dilatation model or adequate
dilatation training in animal studies has been available.
Adequate biliary dilatation is essential for successful
EUS-HE in porcine models. In preliminary to EUS-HE,
we established a biliary dilatation model using endoclip
closure or endoscopic band ligation (EBL) of the major papilla followed by argon plasma coagulation (APC
System, power setting 40 W, gas flow 2 L/min; ERBE
Elektromedizin GmbH, Tubingen, Germany) in the ampullary orifice (Figure 1). First, we made biliary dilatation
model using endoclip closure with APC. After 2 wk, we
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A

B

C

D

Figure 1 Experimental biliary dilatation model using endoclips and endoscopic band ligation with argon plasma coagulation. A, B: Argon plasma coagulation (APC) was performed on the orifice of ampulla on the duodenal bulb following multiple rounds of hemoclipping on the ampulla of Vater; C, D: In an alternate
model, endoscopic band ligation was performed on the ampulla of Vater, again followed by APC in the same manner.

Clip closure with APC (n = 5)
Successful CBD and/or
IHD dilatation

(n = 2)

Fail to achieve biliary dilatation

nd

2 clip closure with APC (n = 5)

Primary EBL with APC (n = 4)

Rescue EBL with APC (n = 3)

Technical trial of EUS-HE
Fail to achieve biliary dilatation (n = 3)

Figure 2 Flow of experimental endoscopic biliary dilatation using clip closure and/or endoscopic band ligation with argon plasma coagulation in a porcine
model. APC: Argon plasma coagulation; EBL: Endoscopic band ligation; IHD: Intrahepatic bile duct; CBD: Common bile duct; EUS-HE: Endoscopic ultrasound-guided
hepaticoenterostomy.

evaluated the efficacy of this first biliary dilatation model
by EUS. Depending on the intra-/extra-hepatic bile duct
dilatation, we attempted EUS-HE or switched to a second dilatation model using repeated clipping or EBL with
APC (Figure 2). We evaluated duct dilatation by EUS at
the same time intervals and attempted EUS-HE. This
experimental animal model was created by three endoscopists (Park DH, Lee TH, Choi JH).

South Korea) has 3F catheter with 4F tapered pentagonal
metal tip for simple puncture of the intestinal wall and
liver parenchyma without the need of graded dilation
devices (Figure 3). The tapered metal tip and catheter
may reduce wall resistance and enhance pushability during one-step tract puncture via a guidewire. The outer
sheath of the delivery catheter is size 7F, which provides
good pushability and adequate resistance. The concept
of this 3F distal/4F metal tip device was inspired by a 4F
tip balloon catheter with stainless steel stylet (Hurricane
Balloon, Boston Scientific, Natick, Mass) that we found

A novel dedicated DEUS
The DEUS introducer (Standard Sci Tech Inc., Seoul,
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A

B

Figure 3 Gross finding of dedicated device for one-step endoscopic ultrasound-guided biliary drainage system. A: The 7F delivery sheath and 3F catheter
with 4F tapered pentagonal metal tip; B: Gross finding of the metallic stent. The uncovered proximal end of the stent (8 mm in diameter and 15 mm in length), the
body and distal portions of the covered stent with a silicone membrane (6 mm in diameter and 35 or 45 mm in length), and the distal end with four flaps.

to have high primary fistula puncture and dilation performance during EUS-HG on our institutional experiences.
A self-expandable metal stent, consisting of both uncovered and nitinol-covered portions, was preloaded into
the catheter. The uncovered proximal end of the stent (8
mm in diameter and 15 mm in length), which is funnel
shaped to prevent small-branched bile duct obstruction
and distal migration, was placed into the bile duct. The
body and distal portions of the stent were covered with a
silicone membrane (6 mm in diameter and 35 or 45 mm
in length) for the prevention of bile leaks, and the distal
end was equipped with four flaps for the prevention of
inward stent migration (Figure 3).

EUS-guided 19-G needle and coiled it into the bile duct
lumen for transluminal stent placement. EUS-HE was
performed according to the direction that the guidewire
was inserted into the CBD/IHD. Without using a graded
dilation catheter, bougie, or needle-knife cautery, the
DEUS was directly inserted and the metallic stent then
sequentially deployed over the guidewire (Figure 4). Technical success was defined as metal stent placement along
the intestine to the bile duct without the use of fistula
dilation methods, such as a catheter, bougie, balloon dilator or needle-knife, and by the flow of contrast medium
and/or bile through the stent. Early adverse events were
defined as any procedure or stent-related complications
that occurred within 48 h.

One-step EUS-HE technique
EUS-HE was performed using a GF-UCT 240 lineararray echoendoscope together with the EU-ME-1 Ultrasound System (Olympus Medical Systems, Tokyo, Japan)
by two experienced endoscopists (Park DH, Lee TH).
We performed EUS-HE using the porcine biliary dilatation model after confirming the route and dilatation of
the biliary duct via EUS-guided contrast injection into
the intrahepatic bile duct (IHD) or common bile duct
(CBD) with the endoscope positioned in the stomach
high body or the duodenal bulb. If the IHD was dilatated > 5 mm, then it was punctured directly via the liver
parenchyma. However, in cases of inadequate IHD dilatation (< 5 mm), despite adequate CBD dilatation (> 7
mm), the puncture was made near the hilum through the
liver parenchyma. Since the porcine ampulla of Vater is
anatomically much closer to the duodenal bulb, choledochoduodenostomy is technically restricted; consequently,
we initially planned to perform a hepaticoenterostomy;
hepatic gastrostomy on the high body of stomach or
hepaticoesophagostomy on the far distal esophagus. We
punctured the bile duct using a 19-G fine aspiration needle (EZ Shot2TM, Olympus Medical Systems, Tokyo, Japan) followed by bile aspiration and radiopaque contrast
injection to delineate the CBD and IHD under fluoroscopy. Next, we inserted a 0.025-inch guidewire (VisiGlide,
Olympus Medical Systems, Tokyo, Japan) through the

WJG|www.wjgnet.com

Pathologic examination
The liver and intestine from esophagus to duodenum
were excised for gross examination. Following examination for bile leakage, perforation, or stent dislocation, the
tissue specimens near the stent location were fixed for
72 h in formalin and then sectioned. Sectioned tissues
were stained with hematoxylin-eosin and Wheatley’s trichrome. The severity of inflammation, fibrosis, mucosal
sloughing, or hyperplasia were evaluated in each section.
All pathologic examinations were performed by a single
experienced gastrointestinal pathologist (Cho HD).

RESULTS
Technical feasibility of DEUS
One-step EUS-HE was successful in seven porcine subjects [7/9 (77.8%) as intention to treat], all of which
underwent transluminal stenting following EUS-guided
19G needle puncture without graded fistula dilation. The
route of EUS-HE was from the high body of stomach
(n = 4) or far distal esophagus (n = 3) to the IHD (n = 2)
or CHD (n = 5). The median procedure time from the
time of confirmation of dilated IHD and/or CHD to
that of successful stent placement was 10 minutes (IQR;
8.9-18.1). The stent used was either 5 cm (n = 2) or 6 cm (n
= 4) in length. In one case both 5- and 6-cm stents were

5862

May 21, 2014|Volume 20|Issue 19|

Lee TH et al . One-step EUS-guided biliary drainage

A

B

C

D

Figure 4 Endoscopic ultrasound-guided hepaticoenterostomy. A: Linear endoscopic ultrasound (EUS) image shows a 19-G needle puncture targeting the intrahepatic bile duct (IHD; B: Fluoroscopic image reveals marked IHD and common bile duct dilatation with ampullary obstruction; C: After EUS-guided 19-G needle
puncture of the IHD, the device for one-step endoscopic ultrasound-guided biliary drainage system was inserted and the stent released under the guidance of EUS
and fluoroscopy; D: Following successful deployment of the stent, the bile passage was seen in the high body of stomach.

used due to underestimation of the tract length (Table 1).
Six of seven pigs underwent successful EBL plus APC (n
= 4, primary band ligation with APC; n = 3, band ligation
after failure of second clipping with APC). In the two
cases of primary clipping with APC, only one had successful stent placement following the repeated puncture
and insertion trial. Primary technical failure occurred in
two cases due to inadequate dilatation of the CBD or
IHD as compared with the successfully dilated cases (7.3
mm vs 11.7 mm in CBD, P = 0.013; 1.8 mm vs 4.3 mm
in IHD, P = 0.037). In the seven pigs with adequate bile
duct dilatation, the technical success of DEUS was 100%
(7/7 as per protocol).

DISCUSSION
EUS-BD with transluminal stenting has an inherent
procedural complexity, especially in the case of graded
dilation prior to stent insertion. Repeated dilation can be
performed with sequential use of 4F ERCP catheters followed by 6F and 7F bougie dilators. Alternatively, needleknives or cystotome cautery incision followed by stent
placement can be used[5-17]. However, the drawback of a
needle knife is the higher probability of adverse events
as compared with graded dilation[6,7]. In addition, these
multi-step procedures may be time consuming and increase the risk of procedure-related complications, such
as bile leak, pneumoperitoneum, or bleeding. At present,
no dedicated endoscopic devices for EUS-BD with transluminal stenting are available, except for a pseudocyst or
gallbladder drainage[18].
To overcome these problems, we explored a modified
delivery system involving deployment of a self-expandable metal stent for one-step EUS-guided HE. First, the
DEUS delivery catheter has a 3F catheter tip and tapered
pentagonal 4F metal tip for simple puncture, precluding
the need for dilation devices, such as bougies, catheters,
needle-knives, or balloon dilations. Furthermore, the
stent introducer is also composed of a 7F introducer
sheath, which may have reduced wall resistance and good
pushability compared with conventional 8F, or 8.5F
stent introducers for EUS-HE. Metallic stent in DEUS

Procedure-related complications and pathology
There were no immediate post-procedure or stent-related
complications. One pig died 2 d after the procedure from
bile leakage, according to autopsy. This subject underwent
numerous needle punctures (5 attempts) and contrast
injections prior to stent insertion. Necropsy findings in
the other pigs showed no signs of bile peritonitis, major
vessel injuries, or adjacent organ damage. The gross pathology specimens showed a well-demarcated lesion from
the distal esophagus to the IHD through the surrounding
liver parenchyma. Microscopic examination revealed mild
inflammation and necrotic tissues around the metallic
stent location but without complications (Figure 5).

WJG|www.wjgnet.com
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Table 1 Outcomes of a novel dedicated device for one-step EUS-guided biliary drainage system and associated complications
CBD diameter, mm IHD dilatation, mm
6.2
13.2
8.4
12.5
13.6
11
9.2
12.8
10

1.6
5.2
2.0
6.2
5.8
3.3
3.5
3.8
2.8

Route

Stent length, cm

Technical success

S to IHD
S to CHD
E to IHD
E to CHD
S to CHD
E to CHD
S to CHD

6
5, 6
5
5
6
6
6

Failure
Success
Failure
Success
Success
Success
Success
Success
Success

Procedure time, min
20
10
31
8.4
16.2
8
9.4
13.2
10

Adverse events

Mortality

Bile leakage1
-

Expire, day 3
-

1

Related to multiple needle puncture, no obvious bile leakage on persistent areas on necropsy. CBD: Common bile duct; CHD: Common hepatic duct; IHD:
Intrahepatic bile duct; S: The high body of stomach; E: Far distal esophagus.

A

B

C

D

Figure 5 Gross and microscopic findings in the autopsy specimens. A: Gross hepaticoenterostomy specimens showed that stent insertion along the far distal
esophagus to the intrahepatic bile duct (IHD) via the liver parenchyma did not cause complications, such as stent dislocation or migration (left); B-D: Microscopic findings showed the distal esophagus (B), liver parenchyma (C), and IHD (D) sections adjacent to the inserted metallic stent. Surrounding mild inflammation and necrotic
tissue were seen but without any other complications, such as abscess or perforation.

is the first device targeted by EUS-HE. DEUS exhibited
high technical feasibility in the biliary dilatation model
without use of any dilation processes despite the small
number of cases. In the seven successful stent placement
cases, puncture of the high body of stomach or far distal esophagus was relatively easy and potentially reduces
procedure time, since DEUS does not require sequential

WJG|www.wjgnet.com

dilation. Second, the design of the newly developed stent
comprises an uncovered proximal segment to minimize
obstruction of the bile duct side branches, and the remaining longer portion is covered with silicone to prevent bile leakage; it also has multiple flaps on the distal
portion to prevent inward migration. No stent migration
was evident in any of the successful cases. According to
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pathologic evaluation, hepaticoenterostomy caused welldemarcated tract maturation without bile leakage and
peri-fistula abscess formation according to the short-term
follow-up. This suggests that EUS-HE with metal stenting may cause minimal tissue damage around the fistula.
Regarding complications, there were no immediate
DEUS-related complications during the procedure. In
the success groups of the initial trial, stent insertion on
the first attempt, deployment, and bile drainage were all
successful. The one mortality case underwent multiple
rounds of clipping for duct dilatation, and we attempted
several IHD and CBD punctures to estimate duct dilatation and obstruction. Although successful placement of
the stent was achieved, the repeated needle punctures
(5 attempts) and contrast injections required may have
induced delayed bile leakage or microperforations. At autopsy, large amounts of bile were detected in the peritoneum, but neither migration nor inappropriate positioning of the stent was detected. In addition, no obvious bile
leakage was noted on necropsy. Relatively short duration
of and inadequate bile duct dilatation may cause technical
difficulties and even mortality. CBD and IHD dilatations
in the two failed cases were less than those in the successful cases. If adequate dilatation is achieved during longterm periods, needle puncture and stent insertion may be
more technically feasible.
In addition, there was no available bile duct dilatation
porcine model for EUS-BD. In our experimental model,
we found that EBL plus APC showed sufficient IHD
and CBD dilatation compared with multiple rounds of
endoclipping plus APC. In the EBL model, we were able
to insert DEUS directly after 2 wk in four of the cases,
and after 1 wk in the other three cases, which had initially
failed the second round of endoclipping. As a training
model for porcine biliary dilatation, EBL with APC may
be effective for EUS-guided biliary intervention. However further evaluation of the use of APC and the time
period necessary for ideal biliary dilatation should be performed, especially for IHD dilatation, which was not as
great as that of the CBD during the observational period.
The limitations of this study included the small
sample size and a non-comparative design, as we did not
make comparisons with other current metal or plastic
stents. Second, our result regarding procedure time may
be exaggerated in this porcine model. The procedure
time was relatively short in this study. Despite of the advance of devices, it may be due to the relatively thin gastric and esophageal wall in pigs. Third, we autopsied all
pigs after short-term follow-up. Even though the live pigs
were healthy until the time of autopsy, long-term follow
up is necessary to evaluate stent patency and complications. Fourth, bile duct dilatation or obstruction by clipping/EBL plus APC was estimated by serial EUS prior to
endoscopy. Less invasive methods and effective dilatation
models with respect to technique and timing should be
developed for more advanced training.
In conclusion, this modified tapered metal tip and
low profile 7F introducer may be technically feasible for
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EUS-HE in an experimental bile duct dilatation porcine
model. One-step EUS-HE using DEUS did not require
additional fistula dilation devices for graded dilation or
needle knife cautery or involve complex procedures.
However, this in vivo study was limited by the small number of subjects. Based on this pilot study results, human
clinical trials may be warranted to confirm technical feasibility and safety.
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Endoscopic ultrasound (EUS)-guided biliary drainage (EUS-BD) may be an
effective alternative to percutaneous transhepatic biliary drainage after failed
endoscopic retrograde cholangiopancreatography (ERCP). However, its clinical practice has been restricted due to limited data and devices to perform the
procedure safely.

Research frontiers

Although EUS-BD may be a useful alternative, there have been few studies
proving the feasibility and safety of dedicated devices to EUS-BD. In this study,
the authors demonstrated the technical feasibility of a novel dedicated device
for one-step EUS-BD in a new experimental biliary dilatation porcine model.

Innovations and breakthroughs

EUS-BD with transluminal stenting has inherent procedural complexity, such as
sequential dilation of the fistula after needle puncture prior to stenting, resulting
in a prolonged procedure time, loss of the guidewire, or several adverse events.
This is the first pilot study to report that a novel dedicated device for one-step
EUS-BD in an experimental bile duct dilatation porcine model was technically
feasible and relatively safe.

Applications

By experimental animal study, EUS-BD using this device may represent a future
strategy for therapeutic intervention in the treatment of patients with malignant
biliary obstruction and/or who failed ERCP.

Terminology

One-step EUS-guided hepaticoenterostomy (EUS-HE): One-step EUS-HE is
the placement of biliary stents without the aid of devices for fistula dilation from
the high body of stomach or far distal esophagus to the intrahepatic or common
hepatic duct.
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The authors examined the feasibility of a modified delivery system for one-step
EUS-BD. It is an in vivo pilot study in a biliary dilatation porcine model and, despite the small number of cases, the device developed by the authors could be
an alternative to the usual technique, less complicated and offering reduction of
the procedure time.
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EVIDENCE-BASED MEDICINE

ABCB4 mutations underlie hormonal cholestasis but not
pediatric idiopathic gallstones
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AIM: To investigate the contribution of ABCB4 mutations to pediatric idiopathic gallstone disease and the
potential of hormonal contraceptives to prompt clinical
manifestations of multidrug resistance protein 3 deficiency.
METHODS: Mutational analysis of ABCB4 , screening for
copy number variations by multiplex ligation-dependent
probe amplification, genotyping for low expression allele c.1331T>C of ABCB11 and genotyping for variation
c.55G>C in ABCG8 previously associated with cholesterol gallstones in adults was performed in 35 pediatric
subjects with idiopathic gallstones who fulfilled the
clinical criteria for low phospholipid-associated cholelithiasis syndrome (LPAC, OMIM #600803) and in 5
young females with suspected LPAC and their families
(5 probands, 15 additional family members). The probands came to medical attention for contraceptiveassociated intrahepatic cholestasis.
RESULTS: A possibly pathogenic variant of ABCB4
was found only in one of the 35 pediatric subjects with
idiopathic cholesterol gallstones whereas 15 members
of the studied 5 LPAC kindreds were confirmed and
another one was highly suspected to carry predictably pathogenic mutations in ABCB4 . Among these 16,
however, none developed gallstones in childhood. In 5
index patients, all young females carrying at least one
pathogenic mutation in one allele of ABCB4 , manifestation of LPAC as intrahepatic cholestasis with elevated
serum activity of gamma-glutamyltransferase was induced by hormonal contraceptives. Variants ABCB11
c.1331T>C and ABCG8 c.55G>C were not significantly
overrepresented in the 35 examined patients with suspect LPAC.
CONCLUSION: Clinical criteria for LPAC syndrome
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ports[5-7] have shown that intrahepatic cholestasis of pregnancy is associated with ABCB4 mutations in some women. Finally, the idea that contraceptive-induced cholestasis
(CIC) may be associated with mutations in ABCB4 has
also been proposed. Asymptomatic gallstones and clinically silent cirrhosis, diagnosed later as progressive familial intrahepatic cholestasis type 3, became manifest in a
17-year-old girl when cholestasis developed on ingestion
of contraceptive pills containing ethinylestradiol 30 μg,
and levonorgestrol 150 μg[8], and isolated gallstone disease unmasked by oral contraception and associated with
ABCB4 mutation has been reported[1]. In contrast, no
mutations in ABCB4 were found in 5 subjects with CIC
studied by Lang et al[9].
In our previous study[10] we focused on the role of the
common variants c.523A>G (p.Thr175Ala) and c.1954A>G
(p.Arg652Gly) in ABCB4, c.1331T>C (p.Val444Ala) in
ABCB11 and c.55 G>C (p.Asp19His) in ABCG8 in pediatric gallstone disease. These variants are considered
either as potentially pathogenic or as susceptibility alleles
for cholesterol cholelithiasis in adults; however, they were
not observed to contribute to genetic predisposition to
gallstones in childhood[10].
In this study we investigated: (1) the role of ABCB4
mutations in the etiology of pediatric idiopathic gallstones; and (2) the capability of hormonal contraceptives
to unmask hitherto clinically silent MDR3 deficiency.

caused by mutations in ABCB4 cannot be applied to
pediatric patients with idiopathic gallstones. Sexual immaturity even prevents manifestation of LPAC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Idiopathic cholelithiasis; Intrahepatic cholestasis; Oral contraceptives; Low phospholipid-associated cholelithiasis; Gallbladder disease 1
Core tip: Mutations in ABCB4 are not overrepresented
in children with idiopathic gallstones who fulfill the
clinical and laboratory criteria for low phospholipid-associated cholelithiasis syndrome (Gallbladder Disease
1, OMIM #600803). Sexual immaturity prevents manifestation of low phospholipid-associated cholelithiasis.
In young females, manifestation of low phospholipidassociated cholelithiasis syndrome such as intrahepatic
cholestasis with elevated serum activity of gammaglutamyltransferase may be induced by hormonal contraceptives.
Jirsa M, Bronský J, Dvořáková L, Šperl J, Šmajstrla V, Horák
J, Nevoral J, Hřebíček M. ABCB4 mutations underlie hormonal
cholestasis but not pediatric idiopathic gallstones. World J
Gastroenterol 2014; 20(19): 5867-5874 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5867.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5867

MATERIALS AND METHODS
Pediatric patients with gallstones
Pediatric patients with gallstones were selected as described [10] (see Figure 1 for the selection algorithm).
Briefly, 109 children (53 males and 56 females) with gallbladder gallstones who had been hospitalized at the Department of Pediatrics, Faculty Hospital Motol, Prague,
between 1995-2004, were considered. In 22 patients, gallstones were clearly associated with another disease such
as Down syndrome, Gaucher disease, cystic fibrosis,
hemolytic anemia, inflammatory bowel disease, immune
deficiency and Gilbert syndrome. Thirty-three of the 87
invited patients did not respond. In 13 of 54 patients,
the etiology of gallstones was uncertain. However, as
these 13 patients had at least one of the following: longterm parenteral nutrition, treatment with cephalosporins
or furosemide, dyslipidemia, hepatobiliary infectious
disease or obesity (BMI > 27), e.g. conditions that could
promote gallstone formation, they were not enrolled. In
41 patients, gallstones were most likely idiopathic. For
ABCB4 mutation testing, only 35 of these 41 patients
(including only one of the monozygous twins) with idiopathic gallstones were selected who had at least one
parent or grandparent with gallstones. These subjects (15
males and 20 females with positive family history), all
unrelated Caucasians of Czech origin, met the major criterion and minor criteria (a) and (f) of Rosmorduc and
Poupon[3]. The mean age at diagnosis of cholelithiasis
was 10.7 ± 5.0 years (range 1-17). Nineteen of these 35

INTRODUCTION
Low phospholipid-associated cholelithiasis syndrome
(LPAC, synonym Gallbladder disease 1, OMIM #600803)
has been defined as symptomatic and recurring cholelithiasis associated with mutations in ABCB4 encoding
multidrug resistance protein 3 (MDR3), the canalicular
phospholipid export pump [1,2]. LPAC should be suspected in patients with symptomatic cholelithiasis in
whom at least one minor criterion is present. These
minor criteria are proposed as: (a) age below 40 years at
the onset of symptoms; (b) recurrence after cholecystectomy; (c) intrahepatic hyperechoic foci with a topography compatible with lipid deposits along the luminal
surface of the intrahepatic biliary tree; (d) intrahepatic
sludge; (e) microlithiasis; (f) history of gallstones in firstdegree relatives; or (g) history of intrahepatic cholestasis
of pregnancy[3]. The distribution of associated ABCB4
mutations in conserved regions of the gene, as well as
their type, strongly support the role of partial MDR3 deficiency in LPAC, with decreased MDR3 activity and/or
expression altering biliary lipid composition.
Apart from LPAC, mutations in ABCB4 that reduce
but do not abrogate the activity of MDR3 can cause a variety of milder forms of familial intrahepatic cholestasis
type 3 (OMIM #602347), with slowly progressive or nonprogressive hepatobiliary disease or anicteric cholestasis
with varying liver fibrosis in adulthood [4]. Several re-
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microlithiasis. Nonethless, all met the proposed criteria
for LPAC[3]. In patient Ⅰ, intrahepatic cholestasis associated with exposure to an oral contraceptive containing
ethinylestradiol 0.030 mg, and levonorgestrel 0.125 mg
(Minisiston; Jenapharm, Jena, Germany) was the first
clinical symptom of LPAC. Cholestasis resolved rapidly
after withdrawal of the contraceptive. However, the
patient developed cholecystolithiasis within one year
despite ursodeoxycholic acid administration (15 mg/kg)
and underwent cholecystectomy. One year later, ursodeoxycholic acid was withdrawn because the patient was
completely asymptomatic with normal clinical/laboratory test results. Rechallenge with another oral contraceptive containing ethinylestradiol 0.020 mg and desogestrel
0.150 mg (Mercilon; Organon, Oss, The Netherlands)
two years after cholecystectomy was followed within
several weeks by a second attack of cholestasis. Clinical
and laboratory findings improved again rapidly when the
medication was withdrawn. None of the other 4 index
patients mentioned any problems associated with the use
of contraceptives; the data on contraceptives presented
in Table 1 were obtained in part from clinical records
and in part by specific questioning.
The patient studies were approved by the Institutional Review Board of the Faculty Hospital Motol. Either
both parents or the examined subjects, when aged over
15 years, gave written informed consent before blood
sampling.

109 patients

Secondary
gallstones?

Yes

22 patients

No

Accepted
invitation?

No

33 patients

Yes

Potentially
secondary
gallstones?

Yes

13 patients

No

Positive
family
history?

No

Mutational analysis
Twenty-seven fragments covering all exonic (protein-coding) regions of ABCB4 and including portions of adjacent
intronic sequences were amplified from genomic DNA
by PCR (primer sequences are available from the corresponding author). The DNA sequence of purified PCR
products was analyzed on an ABI-PRISM 3100-Avant
automated DNA sequencer (Applied Biosystems, Foster
City, CA). Ensembl Acc. No. ENSG00000005471 and
GenBank Acc. No. NM_018849.2 served as genomic and
cDNA reference sequences. Mutations found by DNA
sequencing were independently confirmed by restriction
fragment length polymorphism analysis after digestion
of the corresponding PCR product with restriction enzymes. In addition, ABCB4 was scanned for deletions/
duplications by multiplex ligation-dependent probe
amplification, using SALSA MLPA KIT P109 ABCB4
(MRC-Holland, Amsterdam, The Netherlands) according to manufacturer’s instructions.
The low expression allele c.1331T>C of ABCB11[11]
was detected as the presence of a PCR-BsuRI restriction
fragment length polymorphism. The variation c.55G>C
in ABCG8 associated with cholesterol gallstones in
adults[12] was detected as described by Hubáček et al[13].
Pathogenicity of missense variations was predicted in silico
by SIFT[14], PMut[15], PolyPhen-2[16] and MutationTaster[17].

6 patients

Yes
34 unrelated patients +
1x monozygous twins
selected

Figure 1 Flowchart describing the algorithm for selection of pediatric
patients with low phospholipid-associated cholelithiasis syndrome-like
idiopathic gallbladder gallstones.

patients (13 girls and 6 boys) underwent cholecystectomy
with no recurrence after surgery. As of this writing, all
cholecystectomized patients are well, without abdominal
pain or jaundice.
Young adults with suspect LPAC
Five young adult female patients with symptomatic gallstones (age below 40 years at the onset of symptoms),
a history of intrahepatic cholestasis, and a family history of gallstones in first-degree relatives were referred
for ABCB4 analysis. Their clinical characteristics are
summarized in Table 1. None of the patients had hyperechoic foci in the liver parenchyma or proven intrahepatic sludge; duodenal bile was not investigated for
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The data are presented as mean and standard deviation,
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Table 1 Characteristics of young women with low phospholipid-associated cholelithiasis syndrome and proven ABCB4 mutations
Patient ID Year of birth

Age at cholecystectomy Age at liver biopsy (yr) Age at pregnancies
(yr)
(yr)

Ⅰ

1980

20

19, periportal fibrosis

Nulliparous

Ⅱ
Ⅳ

1978
1973
1967

17
22
28

21, periportal fibrosis
22, periportal fibrosis
31, normal histology

Nulliparous
30, with ICP
19, without ICP

Ⅴ

1973

20

20, periportal fibrosis

23, without ICP
32, without ICP

Ⅲ

Age (yr), contraceptive, complication
18 Minisiston, withdrawn for CIC
22 Mercilon, withdrawn for CIC
18 Tri-regol, withdrawn for CIC
20-22 Cilest, withdrawn for CIC
28 Tri-regol, withdrawn for CIC
39-now Lunafem, tolerated
19-?, withdrawn for CIC
24-31 Marvelon, tolerated
32-now Mirena, permanent pruritus, GGT twice normal

Chemical composition of contraceptives: (1) Minisiston (Jenapharm, Jena, Germany): ethinylestradiol 0.030 mg; levonorgestrel 0.125 mg; (2) Mercilon (Organon, Oss, The Netherlands): ethinylestradiol 0.020 mg; desogestrel 0.150 mg; (3) Tri-regol (Chemical Works of Gedeon Richter, Budapest, Hungary): ethinylestradiol 0.030 - 0.040 - 0.030 mg; levonorgestrel 0.050 - 0.075 - 0.125 mg; (4) Cilest (Janssen Pharmaceutica, Beerse, Belgium): ethinylestradiol 0.035 - 0.035 - 0
mg; norgestimate 0.250 - 0.250 - 0 mg; (5) Lunafem (Bayer Schering Pharma, Berlin, Germany): ethinylestradiol 0.020 mg; gestodene 0.075 mg; (6) Marvelon
(Organon, Oss, The Netherlands): ethinylestradiol 0.030 mg; desogestrel 0.150 mg; (7) Mirena (Bayer Schering Pharma, Berlin, Germany): levonorgestrel 0.020
mg. Estrogen free intrauterine application. CIC: Contraceptive-induced cholestasis.

or as frequencies when appropriate. We used chi-square
testing to check whether genotype frequencies were consistent with Hardy-Weinberg equilibrium. Differences
between genotype frequencies were analyzed by twosided Fisher exact testing, using the approximation of
Katz, with the InStat3 program (GraphPad Software, La
Jolla, CA).

nonsense mutation, two were heterozygotes for the missense mutation c.523A>G (p.Thr175Ala, rs58238559),
and one was a compound heterozygote for the same
missense mutation (c.523A>G) and for the frameshift
mutation c.1371delG (p.Gln458Argfs*7) (Figure 2). The
variation c.523A>G was found on 30% (3/10) of alleles
in patients with LPAC, whereas only 2.7% of control alleles from the Czech population carried guanine at the
position 523 (8/300, 8 heterozygotes in 150 control individuals, OR = 8.00, CI: 2.20-29.24, P = 0.012). While the
number of patients was too low to make the result fully
convincing, this observation suggests that p.Thr175Ala
at least confers susceptibility to hepatobiliary disease. All
three null mutations were novel to our best knowledge.
No deletions/duplications in ABCB4 were detected
in index patients by multiplex ligation-dependent probe
amplification.
Two probands were homozygous and the other three
probands were heterozygous for the low-expression ABCB11
variant c.1331T>C (p.Val444Ala) (Figure 2). One proband had a c.55G|C genotype while four other probands were homozygous for the wildtype allele c.55G
in ABCG8. To assess the segregation of the genotype
and phenotype in the families of all index patients, first
degree relatives were examined. As can be seen from the
family trees depicted in Figure 2, the parents in families Ⅰ, Ⅱ, Ⅳ, and Ⅴ who carried the same mutation as
the probands in a heterozygous state were symptomatic.
This indicates that the null mutations in families Ⅰ - Ⅲ
and even the missense mutation leading to p.Thr175Ala
in families Ⅳ and Ⅴ all are likely sufficient in a heterozygous state to promote the LPAC phenotype. In contrast,
variations ABCB11 c.1331T>C and ABCG8 c.55G>C,
found in probands and 11 family members carrying mutations in ABCB4, do not seem to affect the penetrance
of LPAC (Figure 2).

RESULTS
Pediatric patients with gallstones
In the group of pediatric patients with idiopathic gallstones selected for genetic examination, analysis of
protein-coding exons and intron/exon junctions of
ABCB4 identified no obvious pathogenic mutations. In
patient 31, a novel heterozygous variation was found
(c.2222C>T, leading to predicted conservative amino
acid substitution p.Pro741Leu in the extracellular loop
between transmembrane domains 7 and 8). The substitution was rated as neutral by all four pathogenicity
prediction programs. Another predicted amino acid
substitution (p.Gly773Val, localized in transmembrane
domain 8 and caused by the novel mutation c.2318G>T)
was found in a heterozygous state in patient 32. This
conservative substitution was rated as disease-causing
by MutationTaster, possibly pathogenic by PolyPhen-2,
and neutral by SIFT and PMut. In addition, 6 known
coding (5 synonymous) and 6 known non-coding variations were found (Table 2). None of these changes is
reportedly associated with hepatobiliary disease, with the
possible exception of c.1954A>G (p.Arg652Gly), found
previously in a heterozygous state in subjects 4, 8 and
26[10]. However, the c.1954A>G variant was not overrepresented (3/70, allelic frequency 0.043) in our patients as
compared with a healthy adult Czech Caucasian population (allelic frequency 0.090, 27 heterozygotes in 150
controls, OR = 0.48, 95%CI: 0.16-1.48, P = 0.17).

DISCUSSION

Families with suspect LPAC
Two of the five probands carried a single heterozygous
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Table 2 Known variations in ABCB4 , ABCB11 and ABCG8 found in 35 pediatric subjects with idiopathic gallstones
Variations in the coding sequence of ABCB4

Patient. ID

c.147C>T
c.175C>T
c.459T>C
c.504C>T
c.711A>T
c.1954A>G
Ser49Ser
Leu59Leu
Phe153Phe
Asn168Asn
Ile237Ile
Arg652Gly
rs8187789
rs2302387
rs2230027
rs1202283
rs2109505
rs2230028
1
CC
CC
TT
TT
AA
AA
2
CC
CC
TT
CT
AA
AA
3
CC
CC
TT
CT
AA
AA
4
CC
CC
TT
CT
AT
AG
5
CC
CC
TT
TT
AA
AA
6
CC
CC
TT
CC
AA
AA
7
CC
CC
TT
CT
AA
AA
8
CC
CC
TT
CC
AA
AG
9
CC
CC
TT
TT
AA
AA
10
CC
CC
TT
TT
AA
AA
11
CC
CC
TT
TT
AA
AA
12
CC
CC
TT
TT
AA
AA
13
CC
CC
TT
CT
AA
AA
14
CC
CC
TT
CC
AA
AA
15
CC
CC
TT
TT
AA
AA
16
CC
CC
TT
CC
AA
AA
17
CC
CC
TT
CC
AA
AA
18
CC
CC
TT
TT
AA
AA
19
CC
CC
TT
CT
AA
AA
20
CC
CC
TT
CT
AA
AA
21
CC
CC
TT
TT
AA
AA
22
CC
CC
TT
CT
AA
AA
23
CC
CC
TT
CT
AA
AA
24
CC
CT
TT
CC
AT
AA
25
CC
CC
TT
CC
AA
AA
26
CT
CT
TC
CC
AA
AG
27
CC
CC
TT
TT
AA
AA
28
CC
CC
TT
TT
AA
AA
29
CC
CC
TT
CT
AA
AA
30
CC
CC
TT
TT
AA
AA
31
CC
CC
TT
CT
AA
AA
32
CC
CC
TT
CT
AA
AA
33
CC
CC
TT
TT
AA
AA
34
CC
CC
TT
CC
AA
AA
35
CC
CC
TT
TT
AA
AA
Allelic frequency of variant alleles in patients with gallstones, HapMap populations and Czech population controls
Allele
T
T
C
T
T
G
Gallstone patients
0.014
0.029
0.014
0.571
0.029
0.043
HapMap CEU
0
0.112
01
0.664
0.175
0.075
HapMap HCB
0
0.167
01
0.344
0.222
0.023
HapMap JPT
0
0.273
01
0.442
0.300
0.023
HapMap YRI
0.042
0.525
0.11
0
0.362
0.392
Czech controls (n = 150)
n.d.
n.d.
n.d.
n.d.
n.d.
0.090

ABCB11 low
expression allele
c.1331T>C
Val444Ala
rs2287622
CC
TC
TC
TC
CC
TC
TC
TC
TT
CC
TC
CC
TC
CC
TC
TC
TC
TC
TC
TT
TC
TT
TT
CC
TC
TC
TC
TT
TT
CC
TT
TT
TC
TT
CC

variation
c.55G>C
Asp19His
rs11887534
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GC
GC
GG
GC
GC
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GC
GC
GG
GG
GG
GG

ABCG8

C
0.471
0.408
0.333
0.261
0.425
0.400

G
0.086
0.085
0.022
0.011
0.042
0.0672

1

Results from corresponding populations studied in Environmental Genome Project (NIEHS ES15478 project). HapMap population data were not available
for this variation; 2Frequency in 285 Czech controls[15]. n.d.: Not done.

in pediatric patients with idiopathic gallstones who met
clinical criteria for the diagnosis of LPAC was the variation c.2318G>T (p.Gly773Val ) found in a heterozygous state in only one affected subject. The nucleotide
change c.1954A>G found in 3 other pediatric gallstone
subjects is common in the European, Caucasian, and
African general population, but it has also been found
in a patient with LPAC and low biliary phospholipid in
whom its predicted consequence p.Arg652Gly was hypothesized to be conditionally penetrant, leading to clinical symptoms only under certain circumstances, such
as pregnancy, or when combined with another mutation[18]. In contrast, no correlation of the ABCB4 genotype
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c.1954A|G with the MDR3 expression level in the liver,
as measured by Western blot, was observed in a study
by Meier et al[11] and the substitution was rated as neutral
by all software tools used. Our finding that the genotype
c.1954A|G was neither overrepresented nor significantly
underrepresented in patients with gallstones may indicate the negligible role of this variation in etiology of
pediatric idiopathic gallstones. Similar conclusions could
be drawn for both carriers and homozygotes for the low
expression variant of the bile salt export pump and for
the carriers of the ABCG8 variation c.55G>C.
Interestingly, the ABCB4 variation c.523A>G (p.
Thr175Ala), found in three index patients with LPAC,
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F1-1
F2-1

c.1331T|T

c.1331C|C

c.1331T|C

c.55G|G

c.55G|G

c.55C|C

c.1331T|T

c.1331C|C

c.1331T|C

c.55G|G

c.55G|G

c.55G|C

c.1331T|T
c.55G|G

Ⅰ

c.1331C|C
c.55G|G

c.55G|G
p.Glu501X

c.1331T|C

n.a.

c.55G|G

c.1331C|C

Ⅲ

c.55G|G

F3-1

Ⅱ

c.1331T|C

p.Ser1203X

F1-1

n.a.

c.1331T|C

F1-2

n.a.

c.55G|G

c.1331C|C
c.1331T|C

c.55G|G

c.1331C|C

c.1331C|C

c.55G|G

c.55G|G

F2-1

Ⅳ

c.55G|G

F3-2

c.1331T|C
c.55G|G

p.Thr175Ala

p.Thr175Ala
p.Gln458Argfs*7

c.1331T|T

c.1331C|C

c.55G|C

c.55G|G

Ⅴ

c.1331T|C
c.55G|C

LPAC phenotype
p.Thr175Ala

Figure 2 Family trees of the five unrelated female probands with low phospholipid-associated cholelithiasis syndrome and ABCB4 mutations. Phenotype of
low phospholipid-associated cholelithiasis syndrome (LPAC) is indicated with gray asterisks, index patients are marked with arrows. Genotypes for ABCB11 c.1331T>C
and ABCG8 c.55G>C are shown at the genealogical symbols. n. a. - DNA not available. The father´s brother of the proband Ⅰ (F2-1) aged 53 years had no signs of
LPAC. The proband´s grandfather (F1-1) developed gallstones after 40 years of age. Similarly, the father of proband Ⅲ (F1-1) experienced his first attack of biliary
pain at the age of 60 years. His DNA sample was not available for analysis; however, he is most likely a heterozygous carrier of c.523A>G (p.Thr175Ala) as depicted.
The children (F3-1 and F3-2) of proband Ⅲ are nine year old twins with no signs of LPAC. The DNA of the sister of proband Ⅳ (F2-1), who met the clinical criteria of
LPAC, was analyzed for ABCB4 mutations with negative results.

was not present in any of our patients with pediatric gallstones. The allele c.523G is linked to cholestatic disease[1]
although it is also found in healthy Caucasian populations
at an allelic frequency of 0.025-0.032[9,19,20]. The threonine
residue at position 175 is highly conserved, lying in a
Thr-Arg-Leu-Thr cluster required for MDR3 adenosine
triphosphatase (ATPase) activity. While the functional
consequences of replacement of threonine at position
175 by a neutral amino-acid residue having a hydrophobic
side chain were not evaluated in MDR3, they were studied in yeast in the close homologue P-glycoprotein[21], in
which the substitution p.Thr169Ile resulted in a complete
loss of substrate-induced P-glycoprotein ATPase activity. The substitution p.Thr175Ala, predicted uniformly to
impair protein function by SIFT, PMut, PolyPhen-2 and
MutationTaster is thus considered a disease-associated
mutation[3] with incomplete penetrance.
Neither the 14 confirmed and 1 suspected heterozygous carriers of ABCB4 mutations investigated in the
second part of our study nor the heterozygotes reported
previously by others[1,2,4,22-24] developed symptomatic gallstones without progressive familial intrahepatic cholestasis in childhood. This suggests that other pathogeneses
of idiopathic gallstones in childhood should be sought.
Since we did not assay phospholipid and cholesterol
concentrations in bile from our 35 pediatric subjects, we
cannot definitively claim that they did not have LPAC;
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only that, if they had LPAC, it was associated neither
with demonstrable ABCB4 mutation (this study) nor
with the studied variations in ABCB11 and ABCG8[10].
We suggest that to carry out ABCB4 sequencing in pediatric patients with idiopathic cholesterol gallstones who
meet only some of the present criteria for assigning the
diagnosis of LPAC may be unproductive. We believe
that the validity of these criteria for LPAC associated
with ABCB4 mutation should be re-assessed, in pediatric
patients at least, and propose that the present criteria at
this juncture be considered to apply only to adults aged
less than 40 years.
The observations that LPAC syndrome becomes manifest after middle adolescence and that young females
heterozygous for pathogenic mutations in ABCB4 developed CIC and/or manifested previously asymptomatic
gallstones during administration of combined oral contraceptives are most likely explained by known changes
in biliary lipid composition during the second decade
of life. Gallstones hardly ever occur in children, but are
frequent in adults; this difference seems to be due to
the low concentrations of cholesterol in the bile of children[25]. Children have reduced biliary cholesterol:bile salt
excretion ratios[26]. Therefore, even at low rates of phospholipid secretion caused by incomplete MDR3 deficiency, bile is not saturated with cholesterol. The known
increase in the biliary cholesterol saturation index in
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young adults[26], together with the decreased biliary secretion rate of phosphatidylcholine in carriers of mutations
in ABCB4, shifts the cholesterol-solubility equilibrium
to the borderline. Even the low load of exogenous hormones contained in contraceptives or other hormonally
active drugs, which inhibit bile salt secretion[27] and further decrease secretion of phospholipids into bile proportionally to bile salt flow[28], can precipitate cholestasis
and promote cholesterol crystallization from supersaturated bile, with formation of intrahepatic sludge and of
gallstones.
A practical question can be raised on the safety of
contraceptives in women with MDR3 deficiency. Our
patients heterozygous for null mutations developed CIC
rapidly and consequently contraceptives had to be withdrawn. In contrast, two patients heterozygous for the
missense MDR3 variant p.Thr175Ala tolerated longterm administration of oral contraceptives after cholecystectomy without apparent worsening in hepatobiliary
disease. Interestingly, patient Ⅴ reported pruritus and
her serum levels of GGT were repeatedly increased
twofold when she used estrogen-free intrauterine contraception. We therefore believe that the heterozygous
state for missense mutations in ABCB4 is not an a priori
contraindication to oral contraception. However, monitoring of clinical status and clinical-laboratory indices of
hepatobiliary injury is essential in such cases.
In conclusion, our findings indicate that clinical criteria for LPAC caused by mutations in ABCB4 cannot be
applied to pediatric patients with idiopathic gallstones.
Sexual immaturity prevents manifestation of LPAC even
in carriers of pathogenic mutations in ABCB4. In young
females, manifestation of LPAC as intrahepatic cholestasis with elevated serum activity of gamma-glutamyltransferase may be triggered by hormonal contraceptives.

Sexual immaturity prevents manifestation of LPAC even in carriers of pathogenic mutations in ABCB4.

Applications

Clinical criteria for LPAC caused by mutations in ABCB4 cannot be applied to
pediatric patients with idiopathic gallstones and to carry out ABCB4 sequencing
in pediatric patients with idiopathic cholesterol gallstones may be unproductive.
Heterozygous state for some missense mutations in ABCB4 is not an a priori
contraindication to oral contraception; however, monitoring of clinical status and
clinical/laboratory indices of hepatobiliary injury is essential in such cases.

Terminology

Biliary lipid secretion is mediated by three ABC transporters: ABCB11 encodes
the bile salt export pump, ABCB4 encodes the canalicular lecithin pump MDR3
(multidrug resistance protein 3) and the genes ABCG5 and ABCBG8 encode
two proteins named sterolins which form a heterodimeric ABC transporter responsible for biliary secretion of cholesterol and plant sterols.

Peer review

It is an excellent manuscript submitted to reevaluate the criteria for LAPC associated with ABCB4 mutation and provide the data of both pediatric idiopathic
gallstone and young women with LAPC hormonal cholestasis by oral contraceptives. The mechanism of cholelithiasis formation with ABCB11 and ABCG8
mutation was also considered and 5 probands with detailed pedigrees were
presented. Ethics of the research was given by written informed consent.
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atic cancer and R0 surgical resection (P = 0.043 and
P = 0.007). Lymph node metastasis was associated
with SUVmax (P = 0.017), but not serum CA19-9 (P =
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0.172). On the contrary, the tumor stage was significantly related to serum CA19-9 (P = 0.035), but not
SUVmax (P = 0.110). The univariate analysis showed
that survival time was significantly related to tumor
stage (P < 0.001), lymph node metastasis (P = 0.043),
R0 surgical resection (P < 0.001), serum CA19-9 (P =
0.001), SUVmax (P < 0.001) and SUVmax plus CA19-9
(P = 0.002). Multivariate analysis clearly showed that
only tumor stage (hazard ratio = 0.452; P = 0.020)
was an independent prognostic factor for overall survival in pancreatic cancer. Higher SUVmax or CA19-9
showed worse prognosis. We found that high serum
CA19-9 plus SUVmax was the most significant variable.
CONCLUSION: Higher pretreatment SUVmax and
serum CA19-9 indicates poor prognosis. SUVmax plus
serum CA19-9 is the most significant variable in predicting survival.

Abstract
AIM: To investigate the prognostic significance of pretreatment standardized maximum uptake value (SUVmax) and serum carbohydrate antigen (CA)19-9 in
pancreatic cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Maximum standardized
uptake value; Carbohydrate antigen 19-9; Prognostic
factors

METHODS: From January 2007 to October 2011,
80 consecutive patients with pancreatic cancer who
received positron emission/computed tomography
before any treatment were enrolled in this study. The
pretreatment SUVmax and CA19-9 level of the primary
pancreatic tumor were obtained and compared with
clinicopathological and prognostic factors. Student’s t
test for unpaired data was used to analyze the differences between two groups. Univariate analysis and Cox
proportional hazards regression were used to examine
the independent effects of each significant variable.
Survival was analyzed by the Kaplan-Meier method.

Core tip: We investigated the clinicopathological characteristics and prognostic significance of standardized
maximum uptake value (SUVmax) of pancreatic cancer and serum carbohydrate antigen (CA)19-9. Higher
SUVmax or CA19-9 showed worse prognosis, and high
serum CA19-9 plus SUVmax was the most significant
variable in predicting survival.
Zhao JG, Hu Y, Liao Q, Niu ZY, Zhao YP. Prognostic significance of SUVmax and serum carbohydrate antigen 19-9 in pancreatic cancer. World J Gastroenterol 2014; 20(19): 5875-5880

RESULTS: There was a significant correlation between both the SUVmax and serum CA19-9 of pancre-
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another malignant disease; (5) no prior antitumor treatment, such as chemotherapy or radiotherapy; and (6)
lymph node metastasis was confirmed by surgical pathology. The diagnosis and staging of pancreatic cancer was
based on the 7th edition Staging Manual of the American
Joint Committee on Cancer. Overall survival was defined
as the time from pathological diagnosis to death or loss
to follow-up. All patients were followed for 7-35 mo.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i19/5875.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i19.5875

INTRODUCTION
Despite advances in diagnostic technology and therapeutic methods, pancreatic cancer is still a medical challenge. Even if early diagnosis and surgical resection are
achieved, the average 5-year survival rate remains at approximately 5%[1]
Nowadays, after ultrasonography, contrast-enhanced
computed tomography (CT) and enhanced magnetic
resonance, fluorodeoxyglucose positron emission tomography (FDG-PET)/CT has assumed an important role
in preoperative staging of patients with all kinds of cancers, including lung and breast cancer[2,3]. For any kind of
pancreatic cancer, the success of surgical treatment does
not depend on the histological type of the tumor but
rather on its staging. Accurate preoperative staging is difficult and important for evaluating the disease extension
and choosing the most appropriate treatment[4,5]. Some
studies have concluded that the efficacy of FDG uptake
measured as standardized maximum uptake value (SUVmax) in the primary tumor is predictive of an inferior
outcome[6,7]; however, other studies have not agreed[8].
Several studies have shown that FDG uptake possibly
plays a role in predicting the prognosis of pancreatic cancer[9,10]. However, the prognostic value of FDG uptake in
pancreatic cancer remains uncertain because of the small
number of studies reported in the literature.
Carbohydrate antigen (CA)19-9 is the most useful
tumor marker for pancreatic cancer. Preoperative serum
CA19-9 level has been reported as a useful prognostic
marker in pancreatic cancer[11]. Some authors have reported that CA19-9 is an important independent prognostic
variable in patients with inoperable pancreatic cancer[12,13].
In this study, we investigated the clinicopathological
characteristics and prognostic significance of SUVmax
of pancreatic cancer and serum CA19-9.

PET/CT
Patients were asked to fast for at least 6 h before examination and serum glucose level < 160 mg/dL was
ensured. Before and after injection, patients were kept
comfortable in the prone position. Scanning was initiated 1 h after administration of the tracer. PET/CT data
were prospectively evaluated by consensus by two nuclear
medicine physicians who were aware of the clinical and
imaging results, but blinded to the pathological results.
The SUVmax of the primary tumor was measured and
calculated by the software according to standard formulas. The SUVmax of the liver and vascular pool were
both measured. The same procedure was performed for
two adjacent planes and the average of these data was
considered.
Serum CA19-9 assay
Serum CA19-9 concentration was measured by an automated, commercially available enzyme immunoassay on
an AxSYM analyzer (Abbott Diagnostics Laboratory). A
value of 37 U/mL was used as the upper limit of normal.
Statistical analysis
Student’s t test for unpaired data was used to analyze the
differences between two groups. Univariate analysis was
performed using the following factors: patient age, tumor
stage, tumor histological type, tumor size, blood vessel
invasion, lymph node metastasis, distant metastasis, SUVmax, and serum CA19-9. All tests were two-tailed and
P < 0.05 was considered significant. Survival curves were
estimated by the Kaplan-Meier method and examined by
the log-rank test. Cox proportional hazards regression
was used to examine the independent effects of each
significant variable. The statistical software SPSS version
13.0 was used for all analyses.

MATERIALS AND METHODS
Patients
From January 2007 to October 2011, 80 patients with
pancreatic cancer were reviewed at Peking Union Medical College Hospital, China. Clinical, histological, and
imaging data of patients were collected and stored in a
computerized database. Twelve patients had diabetes.
Informed consent was obtained and the study design was
approved by the Ethics Committee of the hospital.
The inclusion criteria were as follows: (1) all patients
were diagnosed with pancreatic cancer by surgical pathology or endoscopic-ultrasound-guided staging pathology; (2) all patients were examined for tumor markers
including CA 19-9; (3) pretreatment FDG-PET/CT was
performed in all patients; (4) no previous diagnosis of
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RESULTS
Only 59 patients underwent R0 surgical resection. The
patient characteristics including age, sex, histology, tumor
location, tumor pathological stage, metastasis, and treatment methods are summarized in Table 1. The mean
serum CA19-9 for all patients was 842.1 U/mL (range:
151.3-2937.0 U/mL). The median serum CA19-9 was
604.5 U/mL. The mean SUVmax for all patients was 6.20
(range: 2.20-16.30). The median SUVmax was 5.35.
The mean SUVmax and serum CA19-9 grouped
by stage, lymph node status, pathological differentia-
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Table 1 Standardized maximum uptake value or serum carbohydrate antigen 19-9 of pancreatic cancer stratiﬁed by stage,
differentiation, lymph node and tumor size
n
Sex
Male
Female
Age (yr)
≤ 60
> 60
Pancreatic location (n)
Head
Body or tail
Stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Pathological differentiation
Well
Moderate
Poor
Tumor size
> 2 cm
≤ 2 cm
Lymph node metastasis
Yes
No
Distant metastasis
Yes
No
R0 surgical resection
Yes
No

SUVmax (n = 80)

Serum CA19-9 (n = 80)

mean ± SE

P value

mean ± SE

P value

48
32

5.73 ± 0.36
6.91 ± 0.64

0.091

749.30 ± 72.99
981.31 ± 132.74

0.102

37
43

5.74 ± 0.42
6.60 ± 0.52

0.206

766.43 ± 93.14
907.22 ± 101.44

0.316

62
18

6.39 ± 0.41
5.53 ± 0.50

0.293

871.46 ± 84.01
740.99 ± 108.47

0.437

55
25

5.83 ± 0.43
7.01 ± 0.49

0.110

729.09 ± 71.31
1090.74 ± 148.23

0.035

28
18
34

5.46 ± 0.52
5.81 ± 0.62
0.70 ± 0.57

0.110

720.83 ± 99.27
667.87 ± 126.90
1034.22 ± 119.19

0.055

56
24

6.32 ± 0.40
5.91 ± 0.65

0.584

901.61 ± 87.16
703.27 ± 108.27

0.193

34
25

6.54 ± 0.52
4.72 ± 0.50

0.017

831.84 ± 90.02
634.35 ± 112.96

0.172

8
72

7.48 ± 0.89
6.06 ± 0.36

0.210

1363.26 ± 338.95
784.20 ± 65.13

0.134

59
21

5.79 ± 0.38
7.35 ± 0.67

0.043

731.19 ± 71.35
1153.72 ± 156.96

0.007

SUVmax: Standardized maximum uptake value; CA19-9: Carbohydrate antigen 19-9.

tion, distant metastasis, R0 surgical resection, and other
clinicopathological variables including sex, age, tumor
size and tumor location are shown in Table 2. There was
significant correlation between the SUVmax and serum
CA19-9 of pancreatic cancer and R0 surgical resection (P
= 0.043 and P = 0.007) (Table 2). Lymph node metastasis
was associated with SUVmax (P = 0.017), but not serum
CA19-9 (P = 0.172). On the contrary, tumor stage was
significantly related to serum CA19-9 (P = 0.035), but
not SUVmax (P = 0.110). There was no correlation between SUVmax and serum CA19-9 of pancreatic cancer
and sex, age, tumor location, tumor size, pathological differentiation, and distant metastasis.
Results of Cox regression analysis are shown in Table
3. The univariate analysis showed that survival time was
significantly related to tumor stage (P < 0.001), lymph
node metastasis (P = 0.043), R0 surgical resection (P <
0.001), serum CA19-9 (P = 0.001), SUVmax (P < 0.001)
and SUVmax plus CA19-9 (P = 0.002). However, age,
sex, pathological differentiation, tumor location and tumor size were not significantly related to survival time.
Multivariate analysis clearly showed that only tumor stage
(HR = 0.452; P = 0.020) was an independent prognostic
factor for overall survival in pancreatic cancer.
Figure 1 shows the survival curves for all patients
who underwent pretreatment CA19-9 and SUVmax
analysis of the primary tumor. The SUVmax and CA19-9
cutoff values for the primary tumor as determined by the
WJG|www.wjgnet.com

median value were 5.35 and 604.5 U/mL, respectively.
In patients with SUVmax and serum CA19-9 more than
cutoff value, survival time was 17.69 ± 1.08 and 17.80
± 1.08 mo, respectively. In patients with SUVmax and
serum CA19-9 less than cutoff value, survival time was
significantly longer (23.47 ± 1.19 and 23.33 ± 1.22 mo,
respectively). Figure 1C shows the survival time of the
patients in the following four groups: high SUVmax plus
serum CA19-9; high SUVmax plus low serum CA19-9;
low SUVmax plus high serum CA19-9; and low SUVmax
plus serum CA19-9. Survival time in the high SUVmax
plus serum CA19-9 group was shorter than in the other
groups (17.37 ± 1.23 vs 22.32 ± 1.08 mo).

DISCUSSION
For prognostic factors for pancreatic cancer, the tumor
stage and grade, R0 surgical resection, serum tumor
marker levels, size of the primary lesion, and lymph node
metastasis have been reported[14,15]. The increased glycolytic activity of the tumor detected by SUVmax may
represent tumor growth and biological behavior[16]. FDGPET possibly plays a role in predicting the prognosis of
pancreatic cancer[9]. However, the significance of FDGPET imaging in the diagnosis, staging, or predicting prognosis of pancreatic cancer has not yet been established.
The metabolic activity measured by FDG-PET, usually through SUVmax, seems to be useful in evaluating
5877
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Table 2 Univariate analysis of prognostic factors for overall
survival
n

Variable
Sex
Male
Female
Age (yr)
≤ 60
> 60
Pancreatic location (n)
Head
Body or tail
Stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Pathological differentiation
Well
Moderate
Poor
Tumor size
> 2cm
≤ 2cm
Lymph node metastasis
Yes
No
Distant metastasis
Yes
No
Surgical resection
Yes
No
SUVmax
High
Low
CA19-9
High
Low
SUVmax plus CA19-9
Both are high
Others

Table 3 Multivariate analysis of prognostic factors for overall
survival

P value

48
32

0.119

37
43

0.993

62
18

0.378

55
25

< 0.001

28
18
34

0.697

56
24

0.339

34
25

0.043

8
72

< 0.001

59
21

< 0.001

40
40

< 0.001

40
40

0.001

29
51

0.002

Variable
Stage
Lymph node metastasis
Surgical resection
SUVmax
CA19-9
SUVmax plus CA19-9

P value

0.452 (0.192-1.064)
0.786 (0.418-1.478)
11.521 (0.799-166.191)
0.553 (0.216-1.413)
0.452 (0.192-1.064)
1.558 (0.439-5.525)

0.020
0.455
0.073
0.216
0.069
0.493

SUVmax: Standardized maximum uptake value; CA19-9: Carbohydrate
antigen 19-9.

tive CA19-9 level < 200 U/mL have significantly better
prognosis than those with CA19-9 > 200 U/mL. After
surgical resection, survival of patients with normal serum CA19-9 is significantly longer than that of patients
with persistently elevated CA19-9. It has also been found
that serum CA19-9 is an important independent prognostic
variable in patients with inoperable pancreatic cancer, and
baseline CA19-9 more or less than the median value is an independent prognostic factor for overall survival[13]. Ni et al[23]
have shown that higher serum CA19-9, CA242 and CEA
is related to distant metastasis, advanced stage, and worse
prognosis of pancreatic cancer.
In the current study, we found that pretreatment
SUVmax and serum CA19-9 in patients with pancreatic
cancer were significantly associated with R0 surgical
resection. Furthermore, we showed that lymph node
metastasis was associated with SUVmax but not serum
CA19-9. On the contrary, tumor stage was significantly
related to serum CA19-9 but not SUVmax. Moreover, we
found that the SUVmax in poorly differentiated cancer
was near to 0. Thus, we suggest that SUVmax is associated with pancreatic cancer differentiation. Our univariate
analysis demonstrated that survival time was significantly
associated with tumor stage, and lymph node metastasis,
R0 surgical resection, serum CA19-9, SUVmax. SUVmax
plus serum CA19-9 were the main risk factors for prognosis of pancreatic cancer. However, although there was
a clear correlation of CA19-9 and SUVmax with survival,
multivariate analysis clearly showed that only tumor stage,
and not CA19-9 and SUVmax, was an independent prognostic factor for overall survival in pancreatic cancer. We
think that these results may have been related to the small
number of patients.
Kaplan-Meier analysis revealed that SUVmax and serum CA19-9 were associated with prognosis in pancreatic
cancer. The results showed that high SUVmax (≥ 5.35)
and serum CA19-9 (≥ 604.5 U/mL) were correlated
with worse prognosis. More importantly, we found that
SUVmax plus serum CA19-9 was the most significant
variable in predicting survival. Thus, we think that the
combination of SUVmax plus serum CA19-9 is more
meaningful in predicting survival of pancreatic cancer.
Although this study was retrospective, it did shed
some light on the usefulness of SUVmax and serum
CA19-9 in prognosis of pancreatic cancer. We can draw

SUVmax: Standardized maximum uptake value; CA19-9: Carbohydrate
antigen 19-9.

the prognosis of pancreatic cancer. Most authors consider SUVmax to be an independent prognostic factor
that is expressed in tumor growth and biological behavior: higher SUV predicts worse prognosis[17]. In particular,
Maemura et al[18] have shown that pancreatic cancer with
distant metastases has a higher SUVmax than that without metastases. Sperti et al[10] have demonstrated that SUV
> 4 is associated with shorter survival. Nakata et al[19] have
shown in patients with unresectable disease that higher
SUV is correlated with shorter survival. Tomita et al[20]
have demonstrated that preoperative SUVmax and serum
carcinoembryonic antigen (CEA) level are independent
prognostic factors for survival in non-small cell lung
cancer, and combined use of the two indicators might be
better prognostic factors. Schellenberg et al[21] have shown
that median survival for patients with a low and high
SUVmax value was 15.3 and 9.8 mo, respectively, and patients with SUVmax < 5 had longer progression-free and
overall survival than those with SUVmax > 5.
Sperti et al[22] have found that patients with preopera-
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Survival functions
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Cum survival
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treatment SUVmax and serum CA19-9 level in pancreatic
cancer indicate worse prognosis. SUVmax plus serum
CA19-9 are significantly associated with poor prognosis.
These findings may help to guide the treatment of pancreatic cancer and evaluate its prognosis.
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Despite advances in diagnostic technology and therapeutic methods, pancreatic cancer is still a medical challenge. Several researchers have found that
fluorodeoxyglucose (FDG) uptake possibly plays a role in predicting the prognosis of pancreatic cancer. However, the prognostic value of FDG uptake in
pancreatic cancer remains uncertain because of the small number of reports in
the literature. In this study, the authors investigated the clinicopathological characteristics and prognostic significance of standardized maximum uptake value
(SUVmax) of pancreatic cancer and serum carbohydrate antigen (CA)19-9.
CA19-9 is the most useful tumor marker for pancreatic cancer.
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Research frontiers

The prognostic value of FDG uptake in pancreatic cancer remains uncertain.
CA19-9 is the most useful tumor marker for pancreatic cancer. The authors
evaluated the significance of FDG-positron emission tomography (PET) imaging and CA19-9 in predicting the prognosis of pancreatic cancer.

Innovations and breakthroughs

0.6

Serum CA19-9 is the most useful tumor marker for pancreatic cancer. FDGPET also possibly plays a role in predicting the prognosis of pancreatic cancer.
Most authors think that SUVmax is an independent prognostic factor. Higher
SUVmax predicts worse prognosis. However, the significance of FDG-PET
imaging in the diagnosis, staging, or prognosis of pancreatic cancer has not yet
been established. The significance of combination of SUVmax and CA19-9 has
seldom been evaluated for predicting prognosis of pancreatic cancer. In this
study, the authors investigated the clinicopathological characteristics and prognostic significance of SUVmax and serum CA 19-9 of pancreatic cancer.
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Applications

Their results suggest that higher pretreatment SUVmax and serum CA19-9
level of pancreatic cancer indicate worse prognosis. Moreover, the combination
of SUVmax plus serum CA19-9 is significantly associated with poor prognosis.
These may help to guide the treatment of pancreatic cancer and evaluate its
prognosis.

SUVmax plus CA19-9
SUVmax is low or CA19-9 is low
Both SUVmax and CA19-9 are high
SUVmax is low or CA19-9 is lowcensored
Both SUVmax and CA19-9 are
high-censored

Terminology

FDG-PET/CT is the fastest growing diagnostic modality in oncology. It is based
on the concept that proliferating tumors have increased uptake and metabolism
of glucose, and therefore, preferentially take up tracers, such as 18F-FDG,
compared with normal tissue. Not only can this form of functional imaging detect malignant disease, irrespective of lesion morphology, it might also convey
prognostic information related to the metabolic activity of the cancer.

SUVmax or CA19-9 is low

0.4
Both SUVmax and
CA19-9 are high
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Peer review

The topic of exploring the relevance of SUVmax and CA19-9 in the prediction of prognosis and overall survival in pancreatic cancer is interesting. It is
noted that most papers regarding this issue were from western countries. In
the present study, the authors analyzed the data of SUVmax and CA19-9 from
Chinese pancreatic cancer patients with follow-up time. Their results provide
some useful information for the diagnosis and prognosis of pancreatic cancer.
The prognostic value of SUVmax and serum CA19-9 in pancreatic cancer has
already been reported before, thus, the emphasis of this article may be put on
the combination of these two parameters.

P = 0.002
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Months after surgery
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Figure 1 Kaplan-Meier curve for the survival time of patients with pancreatic cancer according to their standardized maximum uptake value or
serum carbohydrate antigen 19-9 (n = 80). A: Standardized maximum uptake
value (SUVmax) and survival; upper line, low SUVmax of primary tumor (< 5.35)
(n = 40); lower line, high SUVmax of primary tumor (≥ 5.35) (n = 40); B: Serum
Carbohydrate antigen (CA)19-9 and survival; upper line, low serum CA19-9 (<
604.5 U/mL) (n = 40); lower line, high serum CA19-9 (≥ 604.5 U/mL) (n = 40); C:
SUVmax plus CA19-9 and survival; upper line, low SUVmax (< 5.35) or serum
CA19-9 (< 604.5 U/mL) of primary tumor (n = 51); lower line high serum SUVmax (≥ 5.35) plus serum CA19-9 (≥ 604.5 U/mL) of primary tumor (n = 29).
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RETROSPECTIVE STUDY

Late biliary complications in human alveolar echinococcosis
are associated with high mortality
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Beat Müllhaupt, Michael Fried, Kuno Lehmann, Rudolf W Ammann, Stephan R Vavricka
cations in non-resectable alveolar echinococcosis (AE)
under long-term chemotherapy with benzimidazoles.
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METHODS: Retrospective analysis of AE patients with
biliary complications occurring more than three years
after the diagnosis of AE. We compared characteristics
of patients with and without biliary complications, analyzed potential risk factor for biliary complications and
performed survival analyses.
RESULTS: Ninety four of 148 patients with AE in Zurich had non-resectable AE requiring long-term benzimidazole chemotherapy, of which 26 (28%) patients
developed late biliary complications. These patients
had a median age of 55.5 (35.5-65) years at diagnosis of AE and developed biliary complications after 15
(8.25-19) years of chemotherapy. The most common
biliary complications during long-term chemotherapy
were late-onset cholangitis (n = 14), sclerosing
cholangitis-like lesions (n = 8), hepatolithiasis (n = 5),
affection of the common bile duct (n = 7) and secondary biliary cirrhosis (n = 7). Thirteen of the 26 patients
had undergone surgery (including 12 resections) before chemotherapy. Previous surgery was a risk factor
for late biliary complications in linear regression analysis (P = 0.012).
CONCLUSION: Late biliary complications can be observed in nearly one third of patients with non-resectable AE, with previous surgery being a potential risk
factor. After the occurrence of late biliary complications, the median survival is only 3 years, suggesting
that late biliary complications indicate a poor prognostic outcome.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To evaluate the incidence of late biliary compli-
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ter cysts with further complications such as portal hypertension, ascites, abscesses and the development of bronchobiliary fistulas have been described[12,13]. However,
these data are not directly applicable to alveolar hydatid
disease (AE; caused by Echinococcus multilocularis)
which is much more frequent in central Europe. We
aimed to evaluate late biliary complications in a cohort
of patients with non-resectable AE.

cysts; Prognosis
Frei P, Misselwitz B, Prakash MK, Schoepfer AM, Prinz Vavricka
BM, Müllhaupt B, Fried M, Lehmann K, Ammann RW, Vavricka
SR. Late biliary complications in human alveolar echinococcosis
are associated with high mortality. World J Gastroenterol 2014;
20(19): 5881-5888 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i19/5881.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i19.5881

MATERIALS AND METHODS
Patients
From the prospective database of the Swiss National
Center for Echinococcosis, we retrospectively analysed
all available data of AE patients followed at the University Hospital of Zurich with a diagnosis of AE before
2003. The detailed study protocol has been published
earlier[14]. The study was performed according to the
declaration of Helsinki and the protocol was approved
by the hospital ethics committee. All patients provided
written informed consent to participate in the study.
Patients were examined at yearly intervals, including a
physical examination, routine laboratory tests, and additional immunodiagnostic tests, a chest radiograph, ultrasonography, and CT scan of the abdomen according to
the study protocol. Further magnetic resonance imaging
of the upper abdomen was performed in unclear cases.
The patient selection process as described above is
illustrated in Figure 1. All patients in Zurich with a diagnosis of AE between 1967 and 2003 were included (n
= 148). Fifty-four patients with successful R0 resection
were excluded. A total of 94 patients had non-resectable
or recurrent AE and received continuous long-term
chemotherapy with benzimidazole carbamates (either
mebendazole or albendazole). Of the 94 non-resectable
AE patients, 26 patients developed late biliary complications as diagnosed by imaging [endoscopic retrograde
cholangiopancreaticography (ERCP), computed tomography scan (CT), magnetic resonance cholangiopancreaticography (MRCP)] and blood tests. Liver biopsies were
not routinely performed in these patients to find biliary
cirrhosis.
To assess the prognostic value of late hepatobiliary
complications, we compared the 26 patients with control
patients without any biliary complications. The control
group consisted of 32 patients with a first diagnosis of
non-resectable AE between 1979 and 2003 and a follow
up of at least 3 years.

INTRODUCTION
Human alveolar echinococcosis (AE) is caused by the
larval stage of the fox tapeworm, Echinococcus multilocularis. The parasites’ dominant definitive host is the
red fox, which can be infected in up to 60%[1]. Echinococcus multilocularis is widely distributed throughout
the Northern Hemisphere, with a disease-endemic area
stretching from North America through central Europe
(eastern France, southern Germany, Switzerland and
western Austria) to central and east Asia[2,3]. AE remains
a rare disease in Western Europe, but not in highly endemic regions such as Sibiria and China, where a human
prevalence rate of 3% or higher has been described[4].
In early untreated cohorts, the fatality rate exceeded
90% within 10 years[5]. However, survival rates have improved tremendously within the last three decades due
to the increasing success of several treatment options,
including surgery as the preferred first line therapy[6],
long-term chemotherapy with benzimidazoles (available since 1975[7]), interventional procedures, and in rare
cases liver transplantation[8]. As a result, the life expectancy for a middle aged patient with AE has increased
by approximately 20 years and is now only slightly reduced (by about 3 years) compared to healthy controls[7].
However, if complete surgical resection of the parasite
is not possible, long-term (life-long) chemotherapy with
benzimidazoles remains the standard of care[6], and AE
continues to be a disease with significant morbidity and
mortality.
In unresected AE, biliary complications can influence
the course of the disease significantly. The intrahepatic
bile ducts or the extrahepatic biliary tree can either be
directly infiltrated and destroyed by the growing parasite
or compressed due to surrounding growth. Biliary (and
other) complications include cholangitis, liver abscess,
septic shock, portal hypertension and biliary cirrhosis[9].
Detailed knowledge of biliary complications is crucial
for the management of patients with non-resectable AE.
Currently, our knowledge of adverse effects in AE is
very limited. There are case series describing biliary complications of cystic hydatid disease (caused by Echinococcus granulosus). In these publications, bile duct obstruction with liver atrophy in the cyst-bearing lobes[10],
rupture of hepatic hydatid cysts in the biliary tree with
secondary cholangitis[11] or biliary obstruction by daugh-
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Definitions
Late biliary complications were defined as biliary disease
occurring at least 3 years after initial diagnosis of AE.
The following were assessed: (1) Sclerosing cholangitislike lesions, defined as abnormal ERCP or MRCP findings with features resembling those of primary sclerosing cholangitis such as multilocular annular strictures
within the intrahepatic and/or extrahepatic bile ducts
with alternating normal or slightly dilated segments; (2)
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148 patients in Zurich with
hepatic AE (first diagnosis until
2003)
54 patients with
successful R0 resection
94 patients with non-resectable
AE, incompletely resected
AE/relapse
68 patients without late
hepato-biliary complications
26 patients with late
hepatobiliary complications

36 patients
Follow-up < 3 year until 2003 (n = 35)
Avital AE at first diagnosis (n = 1)

32 control-patients with
follow-up >3 year

Figure 1 Patient selection process of patients with and a matched control group without biliary complications. Of all patients with hepatic alveolar echinococcosis (AE), patients with successful surgery were excluded. The remaining patients either developed biliary complications or not. From the latter group of patients,
individuals with insufficient follow up time or avital AE were excluded; the remaining patients were defined as the control group.

Stenosis of the common bile duct, defined as isolated
strictures in the proximal or distal common bile duct
as well as strictures in the hilar region or extensions to
the extrahepatic left and right duct; (3) One or several
episodes of late cholangitis; (4) Hepatolithiasis and choledocholithiasis; (5) Secondary biliary cirrhosis; (6) Postoperative biliary stenosis after hepaticojejunostomy; and
(7) Biliary fistulas.

rizes patients with and without late biliary complications.
AE was diagnosed between 1967 and 1997. All patients
received long-term chemotherapy with benzimidazoles,
mostly mebendazole (25/26), rarely albendazole (5/26).
Switching from one benzimidazole to the other was necessary in 4/26 patients. Benzimidazoles were given for a
median of 13 (IQR: 8.1-20) years.
Late biliary complications
Late biliary complications were grouped according to
the presenting clinical syndrome or disease and the underlying pathogenic mechanisms. Table 2 summarizes
the clinical syndromes of the 26 patient with late biliary
complications and the respective long-term outcome.
Symptoms occurred 15 years after diagnosis of AE at a
median age of 64.5 (IQR: 54-75 ) years.
Biliary complications included late-onset cholangitis
(n = 14), sclerosing cholangitis-like lesions (n = 8), hepaticolithiasis (n = 5), secondary biliary cirrhosis (n =
7), stenosis of the common bile duct (n = 2), and postoperative stenosis after hepaticojejunostomy (n = 1). In
addition, biliary fistulas occurred in 2 patients, including
one biliary cutaneous and one bronchobiliary fistula. Altogether, 44 biliary complications in our 26 patients were
noted. No obvious associations between different biliary
complications could be detected. Eleven patients (42%)
required interventions for late biliary complications, a total of 23 procedures were performed. 10 patients (38.5%)
needed ERCP for treatment of biliary complications. In
2 patients (7.7%), PTCD was performed. Five patients
(19.2%) needed surgery, including 3 hepaticojejunostomies and 2 resections. In 1 patient (3.8%), percutaneous
enterostomy was performed.

Statistical analysis
Descriptive statistics were calculated using Microsoft Office Excel 2007. Results of numerical data are presented
as medians (quartiles). Group comparisons were performed using the Fisher’s exact test or the Mann-Whitney-U test of the statistics program GraphPad Prism 5.
Furthermore, Pearson’s correlation analysis and linear
regression analysis were done using SPSS. For the linear
regression analysis the potentially confounding factors:
gender, age at diagnosis of AE, years of follow-up, years
from diagnosis of AE until endpoint (either late biliary
complications or end of follow-up), years of albendazole,
mebendazole and total benzimidazole treatment as well
as previous surgery were considered.

RESULTS
Characteristics of patients with late biliary complications
Late biliary complications developed in 26 patients with
non-resectable AE undergoing chemotherapy after a
median of 15 (interquartile range, IQR: 8.25-19) years.
The 11 male and 15 female patients had a median age of
55.5 (35.5-65) years at diagnosis of AE. Further patient
characteristics are provided in Table 1, which summa-
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Table 1 Comparison of patients with and without late biliary complications
Patients with late biliary
complications (n = 26)
Male
Year of AE diagnosis
Age at AE diagnosis, (yr)
Previous liver surgery
Years between AE diagnosis and first biliary complication, (yr)
Age at first biliary complication, (yr)
Deaths during follow-up until 2006
Liver related
Non-liver related
Age at death, (yr)
Benzimidazole treatment (total) , (yr)
Follow-up (total) , (yr)
Follow-up of survivors until study endpoint (end of 2006 or drop-out), (yr)
From AE diagnosis
From biliary complication
Follow-up until death, (yr)
From AE diagnosis
From biliary complication

Control group without late biliary
complications (n = 32)

42.30%
1967-1997
55.5 (35.5-65)
13 (50)
15.0 (8.3-19.0 )
64.5 (54.0-75.8)
15 (57.7)
5
10
80.0 (67.5-81 )
13.0 (8.1-20.0)
23.0 (13.0-25.0)
11
- 24.0 (23.0-29.0)
- 9.0 (7.3-11.8)
15
15.0 (11.0-24.5)
2.0 (1.5-5.0)

37.50%
1979-2003
60.0 (44.2-64.6)
5 (15.6)
NA
NA
5 (15.6)
1
4
78.5 (65.0-85.1)
7.2 (4.2-16.1)
8.6 (5.1-18.8)
27
7.1 (5.0-14.7)
NA
5
21.2 (9.7-25.1 )
NA

P 1 value
NS
NS
0.009

NA2

NS
0.0404
< 0.0001
0.0001
NS

Data are expressed as absolute numbers (percentage) or median (quartiles). Comparison of patients with and without late biliary complications. 1For statistical analyses Fisher’s exact test was used for gender and outcome (death); for all other comparisons the Mann-Whitney U test was employed; 2Direct
comparison is not appropriate at this point since time of follow up is different for both patient groups. After adjustment for this difference in the survival
analysis (compare Figure 2), no significant difference remained. AE: Alveolar echinococcosis; NA: Not applicable; NS: No significant.

Table 2 Summary of 44 late biliary symptoms and complications occurring in 26 patients and their respective outcome
Biliary complication

No. of patients

Outcome
Number deaths
during follow-up

8 (31)
7 (27)
14 (54)
5 (19)
7 (27)
1 (4)
2 (8)

7/8 (87.5)
4/7 (57)
5/14 (35)
3/5 (60)
4/7 (57)
No deaths
No deaths

Sclerosing cholangitis-like lesions (subtype2)
Stenosis of the common bile duct (subtype 4)
Late cholangitis (subtype 1)
Hepatolithiasis (subtype 3)
Secondary biliary cirrhosis(subtype 5)
Postoperative biliary stenosis after hepaticojejunostomy (subtype 7)
Biliary fistula (subtype 8)

Time to death of
non-survivors, (yr)
3 (1.5-5)
4 (1.75-6.75)
2 (2.5-6)
2 (2-3)
3 (2-4.5)

Length of follow-up
after BC, (yr)
3.75 (1.75-6)
6 (4-10)
7 (4-10.25)
4 (2-6)
6 (3-7)
11
8

Since one patient can have more than one late biliary complication, numbers do not add up to 100%. Data are expressed as absolute numbers (percentage)
or median (IQR).

Analysis of potential risk factors for late biliary complications
To identify potential risk factors for late biliary complications, we performed Pearsons’ correlation and linear regression analysis of several possible risk factors (Table 3).
Age at diagnosis of AE, age at diagnosis of biliary complications and time from diagnosis of AE until endpoint
were not associated with an increased risk. However,
longer duration of benzimidazole treatment was associated with an increased risk of developing biliary complications, also after adjustment for additional factors in
the linear regression analysis. Both years of albendazole
and mebendazole treatment correlated with the risk for
the development of biliary complication even though
directionality was different with albendazole apparently
protective and mebendazole increasing the risk. At this
point, this different directionality is based on very small
subgroups, difficult to explain and other unknown confounding factors could be responsible.
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Importantly, previous surgery was a risk factor for
biliary complications both in the correlation and regression analysis (P = 0.02 and 0.031, respectively). While 13
of the 26 patients with biliary complications had previously undergone surgery, only 5 out of 32 patients without biliary complications had a history of surgery. However, within the biliary complication group, biliary complications were observed both in patients with (n = 13)
and without previous surgery (n = 13). Surgery was performed shortly after the diagnosis of AE in 10 patients
or within the first 5 year after diagnosis in 3 patients (after
1, 2 and 5 year). Thus, previous surgery seems to be a
risk factor for late biliary complications, but these are
nevertheless not simply always consequence of earlier
surgical procedures (Table 4).
Survival analysis
A total of 15/26 patients with late biliary complications
died until the endpoint of 2006. Five of the 15 deaths
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Table 3 Correlation and linear regression analysis for the risk of developing biliary complications
Pearson correlation
Variable number
1
2
3
4
5
6
7
8

Variable
Gender
Age at diagnosis of AE
Mebendazole treatment
Albendazole treatment
Benzimidazole treatment
Whether or not surgery was performed
Age at diagnosis of biliary complication
Years from diagnosis of AE until endpoint
(either BC or end of follow up)

Linear regression analysis

Pearson correlation P value for Pearson Unadjusted regression P value for regression
coefficients
correlation
coefficients
coefficients
0.049
-0.146
0.403
-0.351
0.274
0.370
-0.069
0.198

NS
NS
0.001
0.003
0.019
0.02
NS
NS

0.141
Redundant
Redundant
-0.037
0.030
0.354
0.001
-0.024

NS
0.016
0.013
0.031
NS
NS

Pearson correlation coefficients show the interdependence between pairs of variables, positive values indicate correlation and negative values anticorrelation. Regression coefficients from a multivariate linear-regression model are shown in column 5. Redundant variables (Var2 = Var7-Var8 and Var3 = Var5Var4) do not appear in regression coefficients. R-square of the regression model is: 0.291. P values (95%CI) for Pearson correlation and regression coefficients are also indicated.

Table 4 Previous surgery and biliary complications

Late cholangitis
Sclerosing-cholangitis like lesions
Hepatolithiasis
Affection of big bile ducts
Secondary biliary cirrhosis
Postoperative biliary stenosis (after hepaticojejunostomy)
Biliary fistula

Previous surgery (n = 13)

No previous surgery (n = 13)

8
2
3
3
4
1
2

6
6
2
4
3
0
0

Distribution of various late biliary complications among patients with and without previous surgery. None of these differences reached statistical significance (Fisher’s exact test).

were AE induced liver failures. The ten other deaths
were caused by infectious complications (n = 3), lethal
gastrointestinal bleeding (n = 2), advanced age (n = 2)
and cardiovascular diseases (n = 3). Overall, a substantial
number of deaths (8/15, 53%) were probably or likely
linked to the AE infection (5 liver failures, 1 variceal
bleed after secondary biliary cirrhosis and 2 septic
shocks in patients with biliary cirrhosis). 7/17 deaths
(47%) were not clearly liver-related or due to biliary
complications.
Death occurred on average 3.0 (2-5) years after the
diagnosis of biliary complications.
The short time interval between the occurrence of
late biliary complications and death underlines the prognostic value of such complications. However, survival
after first diagnosis of AE was not different in the biliary complications group compared to the control group.
Of note, only 4 out of 7 patients with secondary biliary
cirrhosis died (1 due to progressive liver disease after
terminating treatment, 1 due to gastrointestinal bleeding,
2 because of septic shock). Five of 14 patients with late
cholangitis died during follow-up.

plications to 32 control patients without biliary complications (Table 1). The control group included 27 patients
with inoperable AE, 4 patients who had received non-curative surgery and 1 patient with a relapse after curatively
intended AE surgery but no postoperative benzimidazole
treatment due to non-compliance.
In the group with late biliary complications, substantially more patients died within the follow-up period
until 2006 (57.5% vs 15.6%). However, the mean and
median follow up time in patients with late biliary complications was substantially longer than in control patients, leading to a possible bias. Nevertheless, the range
of follow-up in these patient groups was comparable.
Moreover, as shown in Figure 2, the diagnosis of a biliary complication seemed to mark a turning point in the
natural course of the disease. When we compared the
survival of patients immediately after the occurance of
biliary complications to the overall survival of patients
with and without biliary complications after AE diagnosis a much shorter survival became apparent (Figure 2B).
When survival after biliary complications was compared
to survival of the control group, this difference reached
statistical significance. In contrast, a comparison of the
groups with and without biliary complications after diagnosis of AE showed no differences in survival. This
is probably due to the much longer mean and median
follow-up time in the biliary complication group (Table 1),

Is the occurrence of a late biliary complication a poor
prognostic sign?
To assess the prognostic relevance of biliary complications, we compared the 26 patients with late biliary com-
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Figure 2 Survival of patients with alveolar echinococcosis with and without late biliary complications. Survival of patients with and without late biliary complications is shown over the course of 2 decades. Survival of the biliary complication group is shown either as time after diagnosis of alveolar echinococcosis (AE)
(solid line) or time after diagnosis of the late biliary complication (dotted line). Survival after diagnosis of AE does not differ. In contrast, survival after diagnosis of the
late biliary complication is significantly shorter compared to overall survival in the control group (P < 0.0001) and in patients with AE after initial diagnosis (P = 0.0002),
Log-rank (Mantel-Cox) test.

leading to a possible bias. In summary, our data suggest
that the occurrence of biliary complications indicates a
“turning point” in the natural course of non-resectable
AE and implies a poor prognosis after this timepoint.

associated with perioperative complications, and biliary
complications after hepatic resections are known to be
associated with a high risk of liver failure and operative
mortality[15]. Indeed, other case series have shown that
there is a learning curve in liver resections (for other indications), accounting for up to 10% of all postoperative
biliary complications[16]. In a Turkish study, focussing
on hydatid liver surgery (treatment of cystic hydatid disease), biliary leakage occurred in 26% of 54 patients[17].
It should be noted that the frequency of non-curative
“debulking” resections in our cohort was high, but most
of these operations were performed several decades ago.
Today it has become clear that such surgery should be
avoided[18], in line with case series reporting postoperative recurrences in 3 of 9 patients[19]. Although length of
albendazole treatment was associated with biliary complications in linear regression analysis, this seems difficult to explain. Of note, the albendazole subgroup was
very small, including only 5 (19%) patients, of which 4
had previously been treated with mebendazole.
Despite the known beneficial effect of benzimidazoles on longterm survival[5,7], benzimidazoles seem to
be unable to completely prevent biliary complications in
non-resectable AE. Despite the regression or stabilization of lesions, 28% (26/94) of patients in our study
with non-resectable AE developed late cholestatic complications such as cholestatic jaundice or cholangitis 3 to
26 year after the initial diagnosis of AE. In regression
analysis, follow-up time was not associated with biliary
complications. This suggests that our data are credible
despite different mean and median follow-up times in
the biliary complications and control group (mean follow up 11 years vs 20.3 years, median follow up 8.6 years
vs 32 years). However, the range of follow-up was not
substantially different. This makes it unlikely that differences in follow-up time are distorting the data.
The reasons for late cholestatic complications on
benzimidazole treatment are probably multifactorial and
not just a consequence of previous surgery, larval proliferation and biliary infiltration. Hypothetical explanations

DISCUSSION
AE is a severe infectious disease with relevant morbidity despite substantial increases in life expectancy over
the last three decades[5,7]. Diagnostic and therapeutic improvements include better imaging techniques, improvements in surgical and perioperative strategies and the
possibility of indefinite treatment with benzimidazoles
in patients with non-resectable AE. Our data from a
large national AE cohort demonstrate that biliary complications are a frequent problem in these patients in the
course of the disease. Despite prolonged life expectancy,
our data show that late biliary complications may predict
a poor prognostic outcome. Mortality after the occurrence of biliary complications is substantially increased,
with a median and mean survival of only 3 and 3.6 years,
respectively.
Literature on biliary complications in non-resectable
AE is scarce. There are many case series on biliary complications in “hydatid disease” (“cystic hydatid disease”),
due to cystic echinococcosis, which differs from AE (“alveolar hydatid disease”) and shows a divergent biological
behaviour. Thus, our study fills a gap in the knowledge
of the clinical course of AE.
We tried to analyze potential risk factors for late biliary complications in non-resectable AE. In our analysis,
length of benzimidazole treatment and previous liver
surgery were associated with late biliary complications. The association of benzimidazole treatment and
late biliary complications cannot be equated with a
causal relationship. However, linear regression analysis
showed that surgical interventions are a risk factor for
biliary complications, although late biliary complications
ocurred both in patients with and without previous surgery. According to the literature, liver surgery can be
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include malcompliance with benzimidazole treatment,
which was not addressed in our study. However, in clinical practice benzimidazole levels are measured regularly
(usually 4 h after drug intake) making malcompliance an
unlikely cause for most patients. Furthermore, inactive
AE cysts may trigger a non-productive immunological
reaction, resulting in progressive fibrosis. In another
scenario, the altered bile duct anatomy after AE infiltration might promote secondary infections or duodenal
reflux causing secondary inflammation and fibrosis. This
would explain why benzimidazoles seem to be able to
inhibit AE growth, but not always the occurrence of AE
complications such as biliary obstructions[19]. In any case,
we are unable to determine whether benzimidazoles are
only partially effective for the prevention of biliary complications or were started too late in the course of the
disease.
Our study has several strengths and limitations. A
major strength is the considerable number of affected
patients who were evaluated in this nationwide prospective cohort and who followed a rigorous study protocol
since 1980. A first limitation is that some of the studied
complications occurred many years before the current
data analysis, not all details about specific procedures
performed and their immediate complications could be
retrieved. We therefore focused on the first occurrence
of biliary complications and death as major endpoints,
for which a robust analysis could be performed despite
these limitations. Second, follow-up times in patients
with and without late biliary complications were substantially different. However, the range of follow-up was
comparable between the two groups, as discussed above.
Third, our analysis has to remain descriptive in many aspects and cannot provide clear risk factors for late biliary
complications. There are no “parasitic factors” which
could be identified as risk factors for late biliary complications. One could speculate that the PNM stage might
be crucial, but we did not have access to concise PNM
data. Thus, previous surgical interventions stay as major
risk factor for late biliary complications.
How should the knowledge of biliary complications
and their impact on long term survival change our management of non-resectable AE? It seems crucial that
primary care physicians and gastroenterologists caring
for such patients pay attention to the relevant risk of late
biliary complications under long-term benzimidazole
treatment, which is no guarantee for symptom-free longterm survival. After the detection of biliary complications, patients might benefit from advanced treatment
options and tertiary care centers should be consulted.
Centers will consider the benefits and risks of interventional procedures including ERCP and PTCD in the
treatment of biliary complications. Furthermore, early
liver transplantation in incurable symptomatic biliary AE
has been suggested[20], which has so far only rarely been
done due to insufficient available data. Nevertheless,
an individual discussion about the risks and potential
benefits of liver transplantation with otherwise eligible
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patients can be considered.
In summary, we have been able to demonstrate in a
large cohort of patients with non-resectable AE that biliary complications are a frequent problem despite longterm chemotherapy with benzimidazoles. Late biliary
complications occurred in nearly one third of patients,
with previous surgery as a main risk factor. The survival
in patients after occurrence of late biliary complications
was short, with a median and mean survival of only 3
and 3.6 years. These data suggest that the occurrence of
biliary complications can cause substantial morbidity and
is associated with increased mortality.
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group A. None of the patients from group B had positive HER2/neu protein overexpression. No protein
overexpression or membrane staining in < 10% tumor cells was observed in 17 (34%) patients, which
were labeled as score “0” and considered negative for
HER2/neu protein overexpression. Faint/weak staining
(in ≥ 10% of tumors cells) were observed in 8 (16%)
patients and given the “1+” score. Similarly 13 (26%)
patients reported moderate staining (in ≥ 10% tumor
cells) and were thus labeled as “2+”, and strong staining (in ≥ 10% tumors cells), labeled as “3+”, was
observed in 12 (24%) patients. Out of 50 patients,
26 (52%) were suffering from grade-Ⅱ malignancy,
16 (32%) from grade-Ⅰ, and 8 (16%) from grade-Ⅲ.
There was highly significant association between tumor grades and HER2/neu protein overexpression (P =
0.0000).

Abstract

CONCLUSION: HER2/neu protein is credibly overexpressed in colon and gastric adenocarcinomas in immunohistochemistry. There is significant association
between grade of tumor and HER2/neu protein overexpression.

AIM: To determine the frequency of HER2/neu protein
overexpression in gastric (group A), small intestine
(group B), and colorectal (group C) adenocarcinoma.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: A descriptive, cross-sectional study was
performed on 50 cases of gastrointestinal adenocarcinoma (stomach, small intestine, and colorectal); 11
from group A, 8 from group B, and 31 from group C.
The samples were grossed and processed in the pathology department, and sections were stained with
HE (hematoxylin and eosin stain) for histopathological
confirmation of malignancy (well-differentiated, moderately-differentiated, and poorly-differentiated). The
confirmed samples were processed for immunomarker
study of HER2/neu.

Key words: HER2/neu; Immunohistochemistry; Adenocarcinoma; Gastrointestinal system
Core tip: The role of HER2/neu was seen in 50 cases
of gastrointestinal adenocarcinoma by immunohistochemistry. Overall, HER2/neu protein overexpression
was found in 33 (66%) patients (P = 0.000), with 23
(69.6%) being colorectal carcinoma while the remaining 10 (30%) were gastric carcinoma. There was highly significant association between tumor grades and
HER2/neu protein overexpression. HER2/neu protein
was overexpressed in those adenocarcinomas showing
a significant association between grade of tumor and
HER2/neu protein overexpression. This discovery may
improve treatment options for cases of gastric and

RESULTS: HER2/neu protein overexpression was found
in 33 (66%) patients overall (P = 0.000). Out of 33
HER2/neu positive subjects, 23 (69.6%) were from
group C, while the remaining 10 (30%) were from
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colorectal carcinomas.

MATERIALS AND METHODS
The study was carried out at the Department of Pathology of the King Edward Medical University’s Mayo
Hospital, Lahore and the Nawaz Sharif Social Security
Teaching Hospital, Multan Road, Lahore. Informed
consent was obtained from patients or their guardians.
Patient identities were concealed, and approval from the
University Research Ethical Committee was obtained
prior to conducting this study.

Farzand S, Siddique T, Saba K, Bukhari MH. Frequency of HER2/
neu overexpression in adenocarcinoma of gastrointestinal system.
World J Gastroenterol 2014; 20(19): 5889-5896 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i19/5889.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5889

INTRODUCTION

Study design
This was a descriptive, prospective cross-sectional study
on 50 cases of gastrointestinal (GIT) adenocarcinoma
(stomach, small intestine, and colorectal) collected from
the Pathology Department of the King Edward Medical University’s Mayo Hospital, Lahore and the Nawaz
Sharif Social Security Teaching Hospital, Multan Road,
Lahore.
History and clinical findings of the patients were
entered pro forma. Patient consent was obtained via their
own signature, a thumb sign, or by the signature of
a guardian. The samples were grossed and processed
at the Department of Pathology, King Edward Medical University, Lahore. The sections were stained with
HE (hematoxylin and eosin stain) for histopathological
confirmation of malignancy. The histological grading
of these tumors as well-differentiated (Ⅰ), moderatelydifferentiated (Ⅱ), and poorly-differentiated (Ⅲ) was
done according to the criterion of the American Joint
Committee on Cancer [14,15]. The confirmed samples
were processed for immunmarker study of HER2/neu.
Known positive breast cancer cases were used as positive
controls, with the omission of primary antibodies for
the negative control. All sections were evaluated by two
independent senior pathologists. Tumors with HER2/
neu staining showing in ≥ 10% cancer cells were labeled
as positive for HER2/neu protein overexpression. The
results were reported as positive (cytoplasmic and membranous) or negative, and scored according to the intensity of the stain (weak, moderate, and severe) as 1+, 2+,
or 3+.

HER2/neu is an oncogene located on the chromosome
17q21. Similar to epidermal growth factor receptors
HER1, HER3, and HER4, it is a member of the tyrosine
kinase receptor family. Activation of HER2/neu leads
to initiation of signaling pathways like MAPK/P13K/
AKT, essential for cell proliferation and differentiation[1].
Overexpression of HER2/neu has been reported in
many epithelial malignancies, including cancers of the
lungs[2], prostate[3,4], bladder[5], pancreas[6], and osteosarcoma[7]. The role of HER2/neu directed therapy and its
success in breast cancer patients has led to evaluation
of protein overexpression, gene amplification, and antitumor activity of Herceptin in multiple tumor types,
including colorectal and gastric adenocarcinomas[8,9].
The data available in the literature for HER2/neu positivity rates in gastric cancers vary from about 7%-43%.
HER2/neu positive status in gastric cancer also appears to
be associated with more aggressive disease, a poorer prognosis, and shorter survival. Recently, the EMEA (European
Medicine Agency) has approved trastuzumab in combination with chemotherapy for use in patients with advanced
gastric cancer[10-13].
In the West, colorectal cancer is one of the most common malignancies. Survival of patients with colorectal
carcinoma has improved due to development of new
cytotoxic agents (oxaliplatin and irinotecan) and advanced surgical techniques, but no further treatment
options are available when patients become refractory
to these modern chemotherapeutic regimens. Recently,
however, the effects of these cytotoxic agents have been
augmented by the development of monoclonal antibodies against vascular endothelial and epidermal growth
factor receptors. Several studies have reported a variety
of HER2/neu protein overexpression and gene amplification in colorectal adenocarcinoma. Data available
about the prevalence of HER2/neu protein overexpression in colorectal cancer ranges from 0%-83%. However
HER2/neu protein overexpression and its relation with
clinicopathological features like Dukes classification and
survival is conflicting[8,9].
This wide range of HER2/neu protein overexpression in colorectal adenocarcinoma reflects both differences in reagents used and methods, as well as study
bias associated with patients selection (i.e., early versus
advanced disease).

WJG|www.wjgnet.com

Study duration
The study was completed within 6 mo after the approval
of final synopsis.
Operational definitions
HER2/neu oncogene, a member of the tyrosine kinase
receptor family, is essential for cell proliferation and differentiation, and its overexpression and/or amplification
is associated with many types of tumors. Immunohistochemistry was performed by using a Hercep test kit to
determine positive protein overexpression of HER2/
neu in different grades of stomach, small intestine, and
colorectal adenocarcinomas.

5890

May 21, 2014|Volume 20|Issue 19|

Farzand S et al . Overexpression of HER2/neu GIT malignancies
Table 1 Positive intensity of HER2/neu staining with respect to study group age
Intensity of HER2/neu staining
No stain or membrane staining < 10% (0)
Weak staining ≥ 10% (1+)
Moderate staining ≥ 10% (2 +)
Strong staining ≥ 10% (3 +)
Total
Mean age (yr)
Minimum age (yr)
Maximum age (yr)

Study groups
Group A

Group B

Group C

Total

1
2
6
2
11
52.81 ± 9.41
40.00
70.00

8
0
0
0
8
50.25 ± 9.41
45.00
60.00

8
6
7
10
31
46.51 ± 15.92
17.00
75.00

17
8
13
12
50
48.50 ± 13.62
17.00
75.00

χ 2 = 19.49, P value = 0.000 (regarding ratio of positivity among different groups); χ 2 = 23.023, P = 0.001 (regarding intensity of positivity among different
groups). Group A: Gastric; Group B: Small intestine; Group C: Colorectal; Score 0: Negative HER2/neu protein overexpression; Score 1+, 2+, and 3+: Positive HER2/neu protein overexpression.

Inclusion and exclusion criteria
Fifty fresh cases of stomach, small intestine, and colorectal adenocarcinomas diagnosed via histopathology were
included in this study. Patients of both sexes and a wide
range of ages were taken in this study. Inadequate biopsies, autolysed specimens, and inflammatory lesions were
excluded.

HER2/neu protein overexpression in different grades
was compared by chi-square test. A P value less than 0.5
was considered statistically significant.

RESULTS
The mean age of the studied patients was 48.5 ± 13.63
years (range: 17-75). The mean age of subjects in group
A was found to be 52.82 ± 9.41 years (range: 40-70). In
group B, the mean age observed was 50.25 ± 5.99 years
(range: 45-60). The mean age in group C was 46.52 ±
15.92 years (range: 17-75) (Table 1).
In terms of gender, 23 males and 27 females were included in this study, with a male to female ratio of 1:1.13.
The highest number of males was observed in group C
(12, 52%) followed by group A (9, 39.1%), with the fewest in group B (2, 8.6%). There was a statistically insignificant association between gender and study groups (P
= 0.078) (Figure 1).
HER2/neu protein overexpression was found in
33 (66%) patients overall. Out of 33 HER2 positive
subjects, 23 (69.6%) were from group C, while the remaining 10 (30%) were from group A. None of the
patients from group B had positive HER2/neu status.
HER2/neu protein overexpression was not found in 17
(34%) patients, which was regarded as negative expression. Among these 17 HER2 negative patients, 8 (47%)
were from group C, 1 (5.8%) was from group A, and 8
(47%) were from group B. There was a highly significant
association between HER2/neu protein overexpression
(positivity) status and the different study groups (P =
0.000) (Table 1). No expression or membrane staining
(in < 10% of tumors cells) was observed in 17 (34%) of
the patients who were scored as “0” and labeled negative. Out of these, 8 (47%) were in group C, 1 (5.8%)
was from group A, and 8 (47%) were from group B.
Faint/weak staining (in ≥ 10% of tumor cells) was observed in 8 (16%) of the patients (“1+” score), of which
6 (75%) were from group C and 2 (25%) were from
group A. Similarly, 13 (26%) patients reported moderate
staining (in ≥ 10% tumors cells) and were scored “2+”;
7 of these patients were from group C and 6 were from

Immunohistochemistry scoring
Results were evaluated according to the criteria recommended by the manufacturer by using scores from 0 to
3+. No staining at all or membrane staining in < 10%
of tumor cells was given the score “0”. Faint staining in
≥ 10% of tumor cells was given the score “1+”, as well
as in cells which were only stained in part of the membrane. Weak to moderate staining of the entire membrane in ≥ 10% of the tumor cells was given the score
“2+”, and strong staining of the entire membrane in ≥
10% tumor cells was given the score “3+”. Scores of 0
were labeled as negative tumors, while scores of 1+, 2+,
and 3+ were labeled as weak, moderate, and strong positive expression of HER2/neu, respectively[16].
Evaluation of gastric cases was performed according
to the modified gastric cancer testing protocol[17]. Accordingly, strong incomplete (basolateral) membranous
staining was accepted as positive (3+), and the 10% cutoff for this group in biopsy cases was abolished (Hofmann
M et al[17] 2008). In biopsy cases, a focus (clone) that is
allowed to be scored should have at least 5 stained evaluable cells. Score 0 was considered as negative HER2/neu
protein overexpression, while score 1+, 2+, and 3+ were
considered as positive HER2/neu protein overexpression
in our study.
Ethics
The Institutional Review Board of the King Edward
Medical University of Lahore approved the present study.
Statistical analysis
All information related to patients and their ailments
was noted in a prescribed pro forma method. The data
was analyzed by SPSS version 18. The comparison of
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A

B

C

D

Figure 1 HER2/neu overexpression in gastric carcinoma (HE, x 20). A: Photomicrograph showing well-differentiated non-mucinous colon adenocarcinoma; B:
Photomicrograph showing expression of HER2/neu in well-differentiated non-mucinous colon adenocarcinoma; C: Photomicrograph showing the signet ring variant of
stomach adenocarcinoma; D: Photomicrograph showing expression of HER2/neu in gastric carcinoma.

tastasis, 12 (80%) were HER2/neu positive and 3 (20%)
were HER2/neu negative. There is no significant association between lymph node involvement and HER2/neu
overexpression (P = 0.572) (Table 2).
Regarding the morphological types of adenocarcinomas positive for HER2/neu, we found 16 (48%) cases
of adenocarcinoma (not otherwise specified) positive for
HER2/neu overexpression, among which 13 (81.25%)
were from group C and 3 (18%) were from group A.
Five (15%) cases positive for HER2/neu overexpression
were mucinous adenocarcinoma, out of which 4 (80%)
were from group C and 1 (20%) was from group A. Five
(15%) cases of positive HER2/neu overexpression were
of the signet ring variant of adenocarcinoma; 2 (40%)
from group C and 3 (60%) from group A. Both cases
of adenocarcinoma with neuroendocrine differentiation were from group C and were strongly positive for
HER2/neu overexpression (3+). Similarly, both cases of
the adenocarcinoma papillary variant from group C were
weak to moderately positive for HER2/neu status. All 3
cases of the intestinal variant of adenocarcinoma were
from group A and moderately positive for HER2/neu
status (2+). A highly significant association was observed
between different morphological types and HER2/neu
overexpression (P = 0.0000) (Table 3).
Tumor staging was not applicable (NA) on biopsy
specimens 18 (36%); 6 (33%) were from group C, 7
(38%) from group A, and 5 (27%) from group B. Staging was only done on surgically resected specimens. In

Table 2 HER2/neu status and lymph nodes involvement
Lymph nodes
Tumor involvement
No tumor involvement
Total

HER2/neu status
+Ve

-Ve

8
12
20

1
3
4

Total
9
15
24

χ 2 = 0.320; P = 0.572.

group A. Strong staining (in ≥ 10% of tumor cells) was
scored “3+”, and was observed in 12 (24%) patients, of
which 10 (83%) were from group C and 2 (16.6%) were
from group A. Score “0’’ was regarded as negative while
scores of 1+, 2+, and 3+ were regarded as positive
for HER2/neu protein overexpression. Statistically, a
highly significant association was seen between intensity
of HER2/neu overexpression and the different study
groups (P = 0.000) (Table 1).
Among 33 HER2/neu positive subjects, 18 (54.5%)
were grade-Ⅱ malignancy, 11 (33%) were grade-Ⅰ,
while 4 (12%) were grade Ⅲ. Out of 17 HER2/neu
negative subjects, 8 (47.05%) were grade-Ⅱ, 5 (29.4%)
were grade-Ⅰ, and 4 (23.5%) were grade Ⅲ. There was
a highly significant association between tumor grades
and HER2/neu overexpression (P = 0.0000) (Table 1).
Among 9 subjects with lymph nodes metastasis, 8 (88.8%)
were HER2/neu positive and 1 (11.1%) was HER2/neu
negative. Out of 15 subjects with no lymph nodes me-
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Table 3 HER2/neu status and morphological types
Morphological type grade of tumor

HER2/neu status
Positive

Negative

Total

11
18
4
33
16
5
5
3
2
2
0
33

5
8
4
17
13
2
1
0
0
0
1
17

16
26
8
50
29
7
6
3
2
2
1
50

GradeⅠ
Ⅱ
Ⅲ

Total1
Adenocarcinoma (NOS)
Mucinous adenocarcinoma
Adenocarcinoma (signet ring variant)
Adenocarcinoma (intestinal variant)
Papillary adenocarcinoma
Adenocarcinoma neuroendocrine differentiation
High grade neuroendocrine carcinoma
Total2
1 2

χ = 22.906; P = 0.0000; 2χ 2 = 15.062; P = 0.0000.

A

B

C

D

Figure 2 HER2/neu overexpression in colon adenocarcinoma (HE, x 20). A: Photomicrograph showing well-differentiated mucinous colon adenocarcinoma, B:
Photomicrograph showing expression of HER2/neu in well-differentiated non-mucinous colon adenocarcinoma; C: Photomicrograph showing the signet ring variant of
colon adenocarcinoma; D: Photomicrograph showing expression of HER2/neu in colonic carcinoma.

the tumor stage of modified Dukes, B2 was found to be
most frequent [i.e., 19 (38%) group C patients], with C2
being the second most frequently observed tumor stage
at 4 (8%), followed by Dukes C1 in 2 (4%). The remaining tumor stages were found in each study group, except
for tumor stage-ⅡA in one patient in both group A and
B. A highly significant association was found between
all tumor stages and study groups (P = 0.000) (Table 3).
Expression of HER2/neu is shown in Figures 1 and 2.

WJG|www.wjgnet.com

DISCUSSION
In our study, a total of 50 subjects were included; 11
from group A, 8 from group B, and 31 from group C.
The mean age of overall patients was 48.5 ± 13.63 years
(range: 17-75). The mean age in our study shows that
presentation is more common in later life, which is an
important focus in many studies based on HER2/neu
overexpression. A comparative study in 2004 found old-
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er age to be statistically correlated with overexpression
of HER2/neu in endometrial carcinoma[18]. Additionally,
a total of 23 males and 27 females were included in our
study, with a male to female ratio of 1:1.13. There was
a very slight difference in male to female ratio in our
setting, similar to another study in New York (2003), in
which the male to female ratio was 1.03:1 (86 males and
83 females)[19]. A statistically insignificant association was
found between gender and study groups (P = 0.074) in
our setting. This insignificant association was compatible
to another study conducted in 2006 by Schuell et al[16],
which evaluated the frequency of HER2/neu protein
overexpression in colorectal cancer. 77 cases of surgically resected malignant colorectal cancer lesions were
evaluated via a similar mode of immunohistochemistry,
as was used in our study. The relationship with gender
was also found to be statistically insignificant in that
study[16].
The tumor grades in our study varied with respect
to the different study groups. Out of 26 (52%) patients
who were suffering from Grade Ⅱ malignancy, 20 (76.9%)
were from group C, 2 (7.7%) were from group A, and
4 (15.3%) were from group B. The Grade Ⅰ category
was second commonest (16, 32%) and consisted of 10
(62.5%) from group C, 4 (25%) from group A, and 2
(12.5%) from group B. Very few patients (8, 16%) were
observed to have a grade Ⅲ tumor. Importantly, the
prime focus of our study was to establish the obvious
positivity status of HER2/neu protein overexpression
by immunohistochemistry among different study groups.
In our study, HER2/neu expression was found to be
positive in 33 (66%) patients overall, whilst it was negative in 17 (34%) patients. Out of these 33 HER2 positive subjects, 23 (69.7%) were from group C, while the
remaining 10 (30.3%) were from group A; none of the
patients from group B had a positive HER2 status. A
highly significant association was also observed between
HER2/neu protein positivity status and the different
study groups (P = 0.000). Among 33 HER2/neu positive patients in our study, 18 (54.5%) were of grade Ⅱ
malignancy, 11 (33%) were of grade Ⅰ malignancy, and
4 (12%) were of grade Ⅲ malignancy. A highly significant association between tumor grades and HER2/neu
status was seen in our study. A study conducted in Iran
in 2006 to evaluate the frequency and staining pattern of
HER2/neu protein overexpression in colon carcinoma
by immunohistochemistry found HER2/neu positivity to be as high as 59.4% of cases. The association
between HER2/neu protein overexpression and tumor
grades was also highly significant (P = 0.04) in this study;
66.7% cases were grade Ⅰ, followed by 36% grade Ⅱ
malignancies. In higher grades, HER2/neu staining was
decreased[20].
Half et al[21] conducted a study to assess HER2 expression in colon cancer. They documented cytoplasmic
staining in 63.5% of primary tumors, with strong membranous staining observed in 5% of primary colorectal carcinomas. They also found significant correlation
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between HER2 positive overexpression (cytoplasmic
staining) and tumor differentiation, as is the case in our
study. The HER2 positivity in our study (66%) was
much greater than that indicated in a study conducted in
2007, in which HER2/neu overexpression and gene amplification was assessed in 137 colorectal patients using
immunohistochemistry and FISH. 47.4% subjects were
determined to have overexpressed HER2/neu by immunohistochemistry. However, similar to our own study,
a significant correlation of malignancy with HER2/neu
overexpression was observed[22]. In a study which involved only gastric carcinoma, patients showed the even
smaller percentage of only 18.8% patients with HER2
positive status, with a statistically insignificant association
contrasting with our results in which a higher frequency,
as well as significant association of HER2 positivity,
was observed[23]. A Chinese study that included 145 patients with gastric carcinoma showed a total frequency
of 32.4% positive HER2/neu protein overexpression,
which was statistically significant. In this study, the evaluation of lymph nodes involvement was also assessed and
found to be significantly associated with HER2/neu status[24].
Contrary to these results, our study showed an insignificant association of lymph node involvement and
HER2/neu status (P = 0.572). Lymph nodes were identified in 24 subjects, of which 9 (37.5%) displayed lymph
node metastasis. Among these, 6 (67%) were from group
C, with the other 3 (33%) being from group A. Among
the 9 subjects with lymph nodes metastasis, 8 (88.8%)
were HER2 positive and 1 (11.1%) was HER2 negative.
Of the 15 subjects with no lymph nodes metastases, 12
(80%) were HER2 positive and 3 (20%) were HER2
negative. In the above study, only gastric carcinoma
patients were studied, and they were found to have
significant association with lymph node involvement.
In a Chinese study conducted in 2006, a significant association was found between HER2/neu protein overexpression, lymph node metastasis, and clinical stage[25].
Hence, lymph node involvement is generally considered
in adenocarcinomas when HER2 protein overexpression
is concerned. We were unable to establish this relationship statistically despite having a considerable frequency
apparently involved with tumors. General cancer studies that were not GIT-related malignancies, particularly
breast cancer, have also indicated possible involvement
of HER2/neu in lymph node metastatic tumors[26].
McKay et al[27] studied HER2/neu protein overexpression in a large cohort of colorectal tumors and lymph
node metastases. HER2/neu was expressed in 81.8% tumors. They did not find any correlation between HER2/
neu protein overexpression and lymph node metastasis.
The results were very similar to our study, especially with
regards to the correlation between HER2/neu protein
overexpression and lymph node metastasis.
Another study assessed how the expression of HER2/
neu correlates with the stage of disease and survival in
colorectal cancer. This study included 201 samples and
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found HER2 positivity status to be significantly associated with adenocarcinomas, similar to our study[28]. Ross
et al[29] studied HER2/neu protein overexpression in gastrointestinal tract tumors. They found a wide range of
HER2/neu protein overexpression in esophageal, gastric, and colon carcinomas. They concluded that either
HER2/neu protein overexpression or gene amplification
is associated with one-fourth of all GIT malignancies,
and strategies should thus be designed to employ this
marker in therapy selection. Among adenocarcinomas
of the gastrointestinal system, colorectal and gastric carcinomas frequently present with protein overexpression
of HER2/neu, and are reported to be affected by its
presence as well[29].
From our study, it would appear that HER2/neu
protein overexpression may play a crucial role in the
therapeutic management of GIT adenocarcinomas,
particularly in the colorectal region. Further studies are
suggested to increase the knowledge in this area, assess
other clinical dimensions of HER2/neu involvement,
and to provide in depth impact evaluation of cancers.
HER2/neu protein is credibly overexpressed in colorectal and gastric adenocarcinomas

GIT system.
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PROSPECTIVE STUDY

Determining hepatitis C virus genotype distribution among
high-risk groups in Iran using real-time PCR
Marzieh Jamalidoust, Mandana Namayandeh, Sadaf Asaei, Nasrin Aliabadi, Mazyar Ziyaeyan
RESULTS: Of the examined HCV-infected patients,
62% were substance abusers, although the route
of transmission could not be determined in approximately 30% of these patients. HCV genotyping
revealed that Gt1 was the most prevalent genotype
among the drug users as well as among patients with
thalassemia, hemophilia, solid organ recipients and
those on hemodialysis. Mixed infections were only
seen in addict groups, where Gt2 genotype was also
found. The highest frequencies in HCV-positive addict patients were observed in the 31-40 age group.
Our research also showed that the addiction age has
increased, whereas the addiction rate has dropped in
this region. Most illicit drug users had more than one
risk factor such as tattoo and/or a history of imprisonment.
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CONCLUSION: This study revealed that the most common HCV-infection route and HCV-genotype in southern
and southwest Iran was illicit drug abuse and Gt1, respectively.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To assess hepatitis C virus (HCV) genotype patterns among high-risk Iranian groups, using real-time
RT-PCR.

Core tip: The primary treatment method in hepatitis
C virus (HCV) infection, determination of evolution
pathways, assessment of epidemiological status, and
knowledge of HCV genotype distribution among highrisk groups such as addicts are very important. We assessed the different HCV genotypes among illicit drug
users and other high-risk groups during a 4-year period from 2009 to 2012 using real-time PCR. We found
that the most affected high-risk groups were illicit drug
users and specified the respective age distribution
and risk factors. An important finding in this research
was the genotype pattern shift from 3 to 1, especially
among addicts.

METHODS: In this study, we evaluated the distribution of different HCV genotypes among injection drug
users and other high-risk groups over a 4-year period
(from 2009 to 2012) using real-time polymerase chain
reaction (PCR). Sera from 888 HCV-infected patients residing in southern and southwest Iran were genotyped
using real-time PCR with common primers and specific
probes. These patients were grouped into distinct exposure categories. Illicit drug users constituted the primary
group and were further evaluated for HCV genotype distribution and parameters such as age range.
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Table 1 Frequency of hepatitis C virus infection among highrisk groups n (%)

INTRODUCTION
The increasing use of different types of injections, including herbal injections, particularly chemical drugs,
in many developed and developing countries, including
Iran, and the lack of an effective hepatitis C virus (HCV)
vaccine have resulted in HCV infection becoming a
major public health concern[1,2]. A lower prevalence of
HCV infection has been reported in Iran compared to
other parts of the world, particularly the Middle East[1,2].
Given that Injection Drug Users (IDUs) constitute a
major group of HCV patients, planning their treatment
is essential for community health[3,4].
HCV genotyping is the most significant predictor
of treatment duration and evaluation of the course of
infection, with different genotypes showing different
treatment responses and varying epidemiological as
well as virological features[5]. HCV has a single-stranded
RNA genome and at least six different genotypes, more
than 90 subtypes and many types of quasi-species variants based on scattered and local variations of its genome. This genetic heterogeneity is due to the lack of
fidelity of viral RNA-dependent RNA polymerases[6].
HCV-RNA diversity is concentrated in the E1 and E2
glycoprotein-coding regions of the genome, while least
heterogeneity is found in the regions encoding core
and NS3 proteins, which represent structural and nonstructural proteins, respectively. In total, the nucleotide
sequences of the different genotypes differ from each
other by 30%-35%, with a divergence of 92% in the 5′
-UTR regions[1].
The HCV genotype pattern varies among different
groups of infected individuals, particularly IDUs, in different areas. For example, the predominant genotypes
are Gt3a and Gt4 in European countries and Gt3a in
Argentina[1,7-9]. Mahfoud et al[10] showed that HCV Gt3
was distributed among Lebanese IDUs at a frequency of
57%. The aim of this study was to assess HCV genotype
distribution among drug-addicted HCV-infected patients
in Iran and compare this distribution with other highrisk groups of infected patients using real-time PCR,
which simultaneously detects target HCV genomes with
genotype-specific primer sets and probes.

Frequency

M/F

Addict
Thalassemia
Hemophilia
Kidney graft
Dialysis
Liver graft
Unknown
Total

550 (62.2)
38 (4.3)
8 (0.9)
4 (0.5)
6 (0.7)
3 (0.3)
277 (31.3)
886 (100.0)

546/4
17/21
7/1
2/2
5/1
1/2
209/68
787/99

a preliminary assessment, which allowed the identification of individuals with parenteral risk factors. Of these
patients, 550 (61.9%) IDUs aged 18-74 years (mean ±
SD, 37.89 ± 10.192 years) were identified, including 546
(99.27%) males and 4 (0.72%) females. None of the
patients had previously been treated for HCV infection.
Ethylenediaminetetraacetic acid (EDTA) plasma was
prospectively collected, and aliquots were stored in 1.5
mL vials at -70 ℃. HCV infection was reaffirmed by
the detection of antibodies using an immunochromatographic assay (Artron, Burnaby, BC, Canada).
Viral RNA was isolated from 200 μ L aliquots of
serum samples using the InviTrap® Spin Blood RNA
Mini kit (Invitec, Berlin) as per the manufacturer’s instructions, and eluted using 50 μL of nuclease-free water. The concentration of the isolated HCV-RNA was
determined for the various samples and then genotyped,
followed by real-time PCR using commercially available
HCV kits (Genome Diagnostics Pvt. Ltd., Hague, Netherland) to determine HCV genotypes Gt1 to Gt4. All
tests were carried out in accordance with the manufacturer’s instructions. The PCR conditions were as follows:
50 ℃ for 25 min and 95 ℃ for 10 min, followed by 50
cycles of 94 ℃ for 10 s, 55 ℃ for 32 s and 72 ℃ for 25 s.
The reactions were performed in a 7500 real-time PCR
system (Applied Biosystems, United States).
Statistical analysis
This study was performed using SPSS for Windows systems (Version 16.0, 2007, SPSS Inc, Chicago, IL, United
States). Comparison of HCV genotypes, their distribution among different high-risk groups and among different age groups of addicts were analysed by the χ 2 test.

RESULTS
A total of 888 HCV RNA-positive samples, collected
between 2009 and 2012 from patients with chronic HCV
infection, were included in this study [787 (83%) men
and 99 (11.2%) women, 2 misplaced]. Of these, 738
(83%) HCV-positive serum samples were genotyped successfully using HCV genotype real-time PCR kits from
Applied Biosystems. The frequency of HCV infection
among various high-risk groups and HCV genotype
distribution among the patients are presented in Table 1
and 2.

MATERIALS AND METHODS
From March 2009 to December 2012, a total of 888
HCV-RNA positive patients from southern and southwest Iran were enrolled in this cross-sectional study and
underwent HCV genotyping. These patients completed
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Table 2 Distribution of hepatitis C virus genotypes among Iranian hepatitis C virus infected patients according to route of infection n (%)
High-risk group

Frequency

Undetectable

Gt1

Gt2

Gt3

Gt4

Gt1/2

Gt1/3

550
38
8
4
6
3
277
886

67 (12.2)
15 (39.5)
2 (25.0)
1 (25.0)
1 (16.7)
1 (33.3)
64 (23.1)
151 (17.0)

283 (51.5)
17 (44.7)
5 (62.5)
2 (50)
4 (66.7)
2 (66.7)
140 (50.5)
453 (51.1)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (1.1)
3 (0.3)

192 (34.9)
6 (15.8)
1 (12.5)
1 (25.0)
0 (0.0)
0 (0.)
67 (24.2)
267 (30.1)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (16.7)
0 (0.0)
3 (1.1)
4 (0.5)

2 (0.4)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (0.2)

6 (1.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
6 (0.7)

Addict
Thalassemia
Hemophilia
Kidney graft
Dialysis
Liver graft
Unknown
Total
HCV: Hepatitis C virus.

Table 3 Comparison of illicit drug user age-groups in terms of hepatitis C virus genotypes n (%)
Undetectable

Gt1

Gt2

0 (0.0)
14 (11.02)
23 (10.95)
18 (16.36)
6 (11.53)
1 (5.88)
62 (11.9)

1 (33.3)
59 (46.45)
113 (53.80)
58 (52.72)
25 (48.07)
10 (58.82)
266 (51.25)

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

< 20
21-30
31-40
41-50
51-60
> 60
Total

160

Gt3
2 (66.66)
53 (41.73)
69 (32.85)
33 (30)
20 (38.46)
6 (35.29)
183 (35.26)

153

120
96

90

58

60

0

46

37

40
20

85

72

80

44

3
< 20

31

21-30

41

23

0 1

00

31-40

29
01

41-50

Gt1/2

Gt1/3

Total

0 (0.0)
0 (0.0)
2 (0.95)
0 (0.0)
0 (0.0)
0 (0.0)
2 (0.38)

0 (0.0)
1 (0.78)
3 (1.42)
1 (0.9)
1 (1.92)
0 (0.0)
6 (1.15)

3 (0.57)
127 (24.47)
210 (40.46)
110 (21.19)
52 (10.01)
17 (3.27)
519 (100.0)

Undetectable
Gt1
Gt2
Gt3
Gt4
Gt1/2
Gt1/3

140

100

Gt4
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

11

24
01

51-60

9

15
00
> 60

Figure 1 Hepatitis C virus genotype distribution among different addict age groups.

Gt1 (51.1%) and Gt3 (30.1%), whereas Gt4 (0.5%) and
Gt2 (0.3%) were less prevalent. Mixed HCV genotypes
were reported in only 8 addicts and included Gt1/3 and
Gt1/2 co-infections with 0.7% and 0.2% prevalence, respectively (Table 2).

Table 4 Comparison of hepatitis C virus genotypes in the addict and non-addict high-risk groups
Genotype

Non-addict

Addict

Gt1
Gt2
Gt3
Gt4
Gt1/2
G1/3
Unknown

50.7%
1.0%
22.0%
1.3%
0.0%
0.0%
25.0%

51.5%
0.0%
34.9%
0.0%
0.4%
1.1%
12.2%

Distribution of HCV genotypes among addicts
A past or current history of illicit drug use was the predominant risk factor for HCV infection. A total of 550
addicts [546 (99.27%) men and 4 (0.72%) women] underwent HCV genotyping; 483 (87%) addicts were genotyped, and included 475 (87.8%) patients with a single
HCV genotype and 8 (12.2%) patients with a mixed
genotype distribution. The most prevalent HCV genotype was Gt1, which was found in 283 addicts (51.5%),
followed by Gt3 in 192 (34.9%), Gt1/3 in 6 (1.1%) and
Gt1/2 in 2 (0.4%) addicts. Single or mixed genotypes of
Gt2 and Gt4 were not detected in any of the addicts.
The prevalence of HCV infection and HCV genotype
distribution varied between different age groups; as shown
in Table 3 and Figure 1, the highest frequency of HCV-

As shown in Table 1, HCV infection was most prevalent among substance abusers (62.2%), with the highest
frequency (> 99%) among male drug users. The high
prevalence of HCV infection can also be attributed to
unknown factors compromising approximately 31% of
cases. The other groups at high-risk for HCV infection
included patients with thalassemia, hemophilia and dialysis as well as recipients of solid organs.
Overall, the most prevalent HCV genotypes were
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Table 5 Important risk factors in Iranian illicit drug users n (%)
HCV infection
Injection Drug Users
Non-Injection Drug Users
Total

+Imprisonment and tattoo

+Imprisonment

+ No other risk factor

Total

70
63
133 (24)

235
23
265 (48)

134
25
159 (28)

439 (80)
111 (20)
550 (100)

respectively, in the Middle East region[21]. A recent study
carried out in a neighbouring country, Pakistan, identified Gt3 as the predominant HCV genotype[22,23]. Several
investigations have also been conducted in different parts
of Iran to determine HCV genotype distribution. The latest studies have indicated that HCV Gt among IDUs in
south, southeast and north Iran (Mazandaran province),
Gt1 in northeast and Gt3 in Isfahan province in central
Iran, are the predominant genotypes[24-29].
The current study was performed to determine the
distribution of HCV genotypes based on the route of
infection, and revealed a significantly high prevalence
(approximately 62%) of HCV infection among drug
addicts. Many studies have been carried out in IDUs in
different regions of Iran. In general, HCV seropositivity
in Iranian addicts is higher than that in the general population (30%-90% vs 0.2%-2.0%).
Our data also show that Gt1 is the most common
genotype among thalassemia and hemophilia patients,
solid organ recipients and hemodialysis patients as well
as IDUs. A discrepancy between HCV genotype distribution among the addict and non-addict groups was
observed, with Gt3 frequency in IDUs being less than
in non-IDUs (Table 4). Among IDUs, Gt2 and Gt4
were rarely seen; the latter was not detected in any IDU
patient, while Gt2 was detected in just 2 patients with
mixed infections of Gt1/2. Overall, among the 888 patients, mixed HCV genotypes were detected in 8 serum
samples from addicts and not in non-addict groups. This
could be due to multiple injections in the addict group.
A comparison of these results with our previous
study[30-32] revealed an impressive shift in the distribution
of HCV genotypes, from the dominant prevalence of
HCV Gt3a seen previously[24] to an increased prevalence
of Gt1, particularly among IDUs, in the current study.
As shown in Table 3, most of the HCV-infected addicts belonged to the 31-40 age group and accounted
for 35% of the infected addicts, followed by the 21-30,
41-50 and 51-60 age groups accounting for 25%, 19%
and 12% infected addicts, respectively. These results
indicate that unlike the study conducted in northern
Iran [25], the addiction age may not have decreased in
southern and southwest Iran.
According to Table 5, although all IDUs in this study
had an addictive-drug use history of a few months to
several years, 72% of them had more than one risk factor. More than 70% of these patients had a history of
imprisonment of varying lengths. Tattoos were another
crucial risk factor that was seen only in patients who had
a history of imprisonment. Drinking alcohol and having
multiple sex partners were other risk factors, however,

positive patients was observed in the 31-40 age group.

DISCUSSION
As the most significant route of HCV infection in both
developed and developing countries is addiction and
the use of illicit drugs[10,11], the consideration of issues
related to HCV infection such as viral load, genotyping,
treatment response rate and epidemiological status is
very important[2].
HCV genotyping among a defined population serves
as a useful tool for determining HCV evolution in different geographical regions and in identifying the respective
high-risk groups[12]. Specific HCV genotypes have also
been reported as primary tools for determining infection
course and assessing the duration of treatment[13]. However, certain investigations have implicated body mass
index, IL28 genotype, gamma glutamyl transpeptidase,
triglycerides and the level of miR-122 as other predictors
of treatment duration[14].
Unfortunately, even in developed countries, only a
small proportion of IDUs receive HCV treatment[15],
and clinicians are often reluctant to treat them. The reasons for this trend may include high risk of reinfection,
concomitant excessive alcohol intake and high rates of
concurrent mental health problems[16].
Various studies suggest that the SVR Should you explain what SVR is? rate among IDUs is comparable to
that among non-IDUs and that it is not significantly related to IDU status[10,17].
In clinical trials where peg interferon and ribavirin
were prescribed, the median SVR rate among IDUs with
chronic HCV infection was 54.3% (range, 18.1%-94.1%),
comparable to 54%-63% seen in their non-IDU counterparts, whereas it was 68.5% in IDUs with acute HCV
infection as opposed to 81.5% among non-IDUs[18,19].
HCV prevalence rate and genotype distribution among
Asian and Middle Eastern countries is very diverse. Although Iran is surrounded by countries with a high prevalence of HCV of various genotypes, HCV prevalence in
Iran (< 2%) is much lower than that of its neighbouring
nations, Pakistan (5.31%) and Egypt (14.7%)[20]. Genotypes
1, 2 and 3 (Gt1-Gt3) have been found to have a global
prevalence, while Gt4-Gt6 have a restricted pattern[20]. Gt4
has been chiefly detected in Egypt, some Arab countries
such as Saudi Arabia, Syria and United Arab Emirates, and
recently, also in certain parts of Europe[21]. Gt5 is restricted
to South Africa, and Gt6 is primarily found in Southeast
Asian countries such as China, Hong Kong and Taiwan[22,23].
Different studies have shown that Gt4 and Gt1 are the
predominant genotypes in Arab and non-Arab countries,
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there was little data on these risk factors.
We found that the genotype distribution also varied with
respect to underlying conditions among patients from the
same geographical area, and it is noteworthy that the least
prevalent unknown genotypes were found among IDUs
(Table 4), probably due to high mean quantitative viral load.
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> 0.1, I < 25%) was carried out with a fixed effects
model, otherwise the causes of heterogeneity were
first analyzed and then a random effects model was
applied.
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RESULTS: The results of the meta-analysis showed
that the pooled weighted mean difference (WMD)
with 95%CI was 0.23 (0.18-0.29) between eradication and non-eradication of H. pylori infection in
antral IM with a significant overall effect (Z = 8.19;
P <0.00001) and no significant heterogeneity (χ 2 =
2
27.54, I = 16%). The pooled WMD with 95%CI was
-0.01 (-0.04-0.02) for IM in the corpus with no over2
2
all effect (Z = 0.66) or heterogeneity (χ = 14.87, I
=0%) (fixed effects model). In antral GA, the pooled
WMD with 95% CI was 0.25 (0.15-0.35) with a significant overall effect (Z = 4.78; P < 0.00001) and
2
2
significant heterogeneity (χ = 86.12, I = 71%; P
< 0.00001). The pooled WMD with 95% CI for GA
of the corpus was 0.14 (0.04-0.24) with a significant
overall effect (Z = 2.67; P = 0.008) and significant
2
2
heterogeneity (χ = 44.79, I = 62%; P = 0.0003)
(random effects model).
CONCLUSION: H. pylori eradication strongly correlates with improvement in IM in the antrum and GA in
the corpus and antrum of the stomach.

Abstract
AIM: To systematically review pathological changes of
gastric mucosa in gastric atrophy (GA) and intestinal
metaplasia (IM) after Helicobacter pylori (H. pylori )
eradication.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori eradication; Gastric atrophy; Intestinal metaplasia; Pathological changes; Gastric mucosa; Meta-analysis

METHODS: A systematic search was made of PubMed,
Web of Science, EMBASE, ClinicalTrials.gov, OVID and
the Cochran Library databases for articles published
before March 2013 pertaining to H. pylori and gastric
premalignant lesions. Relevant outcomes from articles
included in the meta-analysis were combined using Review Manager 5.2 software. A Begg’s test was
applied to test for publication bias using STATA 11
2
2
software. χ and I analyses were used to assess heterogeneity. Analysis of data with no heterogeneity (P
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Core tip: This study reports the results of a meta-analysis conducted on a large number of articles using an
extensive and thorough method. The inclusion of only
high-quality relevant articles resulted in the identification
of a very strong correlation between the eradication of
Helicobacter pylori infection and intestinal metaplasia of
the antrum, and a strong correlation with gastric atrophy
in both the antrum and the corpus of the stomach.
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March 2013 using the following key words: H. pylori OR
Helicobacter pylori (H. pylori) OR HP, eradication OR treatment OR cure OR therapy, gastric atrophy OR atrophic
OR GA OR intestinal metaplasia, clinical test, Englishlanguage. Data were independently extracted from each
study by two of the authors working independently and
using a predefined form; disagreements were resolved by
discussion with a third investigator.

Kong YJ, Yi HG, Dai JC, Wei MX. Histological changes of gastric
mucosa after Helicobacter pylori eradication: A systematic review
and meta-analysis. World J Gastroenterol 2014; 20(19): 5903-5911
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i19/5903.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5903

INTRODUCTION

Inclusion and exclusion criteria
Published reports were selected for inclusion in the meta-analysis according to the following criteria: (1) English
language publication; (2) prospective and randomized
controlled trials on H. pylori eradication; (3) studies of
adults testing positive for the presence of H. pylori prior
to treatment and eradication of the infection documented both by histology and carbon (C) 14 urea breath
test (UBT) or 13 C-UBT (sensitivity, 100%; specificity,
96%)[21]; (4) H. pylori eradication as the only treatment;
and (5) gastric histology from at least three pathological specimens per sample processed for hematoxylineosin and modified Giemsa staining. Specimens were
required to have been taken at baseline and at least 6
mo after treatment, evaluated separately for the antrum
and corpus, and scored using the Sydney system[22] or
the updated Sydney system[23]. Studies not meeting these
criteria, those without data for retrieval, and duplicate
publications were excluded from the meta-analysis.

Gastric cancer (GC) is the fourth most common cancer
in the world and the second leading cause of cancerrelated deaths, accounting for 10.4%[1]. The incidence and
mortality of GC have fallen dramatically over the past
7 decades as a result of improved socioeconomic situations, sanitation, food preservation, as well as a decline in
the incidence of Helicobacter pylori (H. pylori) infection[2-4].
Despite these declines, however, GC cure rates have not
changed[4-6]. H. pylori infection has been known as a gastric
carcinogen for over 10 years[7], and is the main cause of
GC[8,9]. Infection triggers a multistep progression from
chronic gastritis to gastric atrophy (GA), intestinal metaplasia (IM), dysplasia, and finally invasive cancer. H. pylori
is a spiral-shaped, microaerophilic, Gram-negative bacterium measuring approximately 3.5 × 0.5 microns that is the
cause for the most common chronic bacterial infection in
humans, infecting 50% of the world population[10,11].
H. pylori, which causes active chronic gastritis in all
infected patients, leads to clinically relevant diseases,
such as gastric and duodenal ulcers, mucosa associated
lymphoid tissue lymphoma and GC, in 20% of infected
carriers[12-17]. Furthermore, meta-analyses have indicated
that the infection confers a 2- to 3-fold increased risk of
GC development[18,19]. While the course of the infection
depends on microbial virulence, host genetic factors and
environmental factors, the clinical outcomes are determined by the type and intensity of gastritis, which can be
categorized as either a simple benign gastritis, a duodenal
ulcer phenotype, or a GC phenotype.
As H. pylori infection plays a causal role in the formation of GC, eradication of infection may play a role in
GC prevention[15,16]. After H. pylori eradication, neutrophils disappear and mononuclear cells slowly return to
normal[20]. However, the improvement in gastric mucosal
lesions following eradication of H. pylori is not entirely
clear. While the majority of studies have reported a reversal of atrophy, no reversal of IM has been shown.
To further examine and resolve these discrepancies, a
systematic review and meta-analysis was conducted to
determine if the eradication of H. pylori infection eliminates the precancerous lesions of GA and IM.

Study quality and data extraction
The quality of included studies was assessed using the
Risk of Bias table outlined in the Cochrane Reviewer’s
Handbook 5.0.1[24]. This method evaluates biases originating from sequence generation (selection bias), allocation
sequence concealment (selection bias), blinding of participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome
data (attrition bias), and selective outcome reporting (reporting bias). Every facet was judged as either yes, no, or
unclear. A judgment of “yes” indicated that the method
described was clear and correct, the information was
complete, and indicated a low likelihood of bias. A judgment of “no” indicated a high likelihood of bias due to
improper use of methods, unused allocation concealment,
incomplete information, or selective reporting bias. An
“unclear” judgment indicated that an assessment of bias
could not be obtained due to insufficient descriptions.
Judgments were assigned by two of the authors working
independently, and discrepancies were remedied through
discussions with a third investigator to obtain a consensus.
The data extracted from each study included the following: general article information (author, publication
date, journal name, etc.); data to calculate the value of
the total effect (treatment number, effective number,
etc.); clinical heterogeneity of the study (sex, age, concurrent disease, treatment regimen, etc.); methodological
heterogeneity of the study (design type, randomized,
blinded, follow-up, quantity of and processing methods

MATERIALS AND METHODS
Search strategy
A systematic search of PubMed, Web of Science, EMBASE, ClinicalTrials.Gov, OVID and the Cochran Library databases was made to identify relevant review
articles, editorials, and original studies published through
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Database search
n = 2925
Exclude duplicates by Endnote X
n = 603
Read the title and summary
n = 2322
Excluded
Non-clinical studies: n = 654
Editorials and Reviews: n = 801
Not a radical treatment of H. pylori : n = 276
No antrum or corpus: n = 88
No gastric atrophy or IM: n = 210
Read all the articles
n = 287
Excluded for not fulfilling the inclusion criteria
Non-adult: n = 27
Fail to meet the requirements of the pathological specimens: n = 218

n = 245
Rating of articles (the Cochrane
Handbook 5.0.1 Standard) n = 42
Excluded low-scoring documents
Duplicate publication, or similar: n = 3
Data are incomplete, large bias, or unanalyzable: n = 23

n = 26
Articles eligible for meta-analysis
n = 16

Figure 1 Flow diagram of the selection of included studies. H. pylori: Helicobacter pylori; IM: intestinal metaplasia.

neity was tested with I². If there was no heterogeneity,
a fixed effects model was applied. In cases where heterogeneity was indicated (P < 0.1, I² > 25%), causes for
the heterogeneity were first analyzed; a random effects
model was applied when the clinical and methodological
heterogeneity could not be identified[25] and subgroup
analysis or sensitivity analysis was performed when the
clinical or methodological heterogeneity was identified.
In the presence of significant statistical heterogeneity,
sensitivity analyses were performed to examine sample
size, follow-up duration, number of biopsy samples, etc.
To perform these analyses, meta-analyses were repeated
following the exclusion of each individual study one at
a time, in order to assess the overall effect of each study
on the pooled WMD[26]. Overall effects were considered
as statistically significant with a P-value < 0.05. Funnel
plots were constructed to assess the likelihood of publication bias[27].

for pathological specimens, and methodology for histology scoring). Assessment of the degree of gastritis
was performed according to the Sydney system[22] or the
updated Sydney system[23]. For each graded variable, the
following scores were assigned: 0 for absence and 1, 2 or
3 for mild, moderate or severe presence, respectively. The
ultimate histology scores were used to weigh the severity
of glandular atrophy or IM graded from 0 (normal) to
3 (markedly abnormal). Studies were reviewed and data
extracted by two independent reviewers with knowledge
of clinical medicine, epidemiology, and medical statistics,
with discrepancies resolved through discussion. This process for data extraction was repeated to ensure accuracy.
Statistical analysis
Agreement on the selection of studies between the two
reviewers was evaluated by the κ coefﬁcient. Review
Manager 5.2 and Begg’s test with STATA 11 were used
to perform the meta-analysis to compare continuous
variables, such as histological scores before and after H.
pylori eradication. The inverse variance of the weighted
mean difference (WMD) and 95%CIs for gastric mucosal
histology scores was estimated for each study. The chisquare test and P-value analysis were used to indicate the
presence of heterogeneity, and the size of the heteroge-
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RESULTS
Search results
The selection of studies included in the meta-analysis is
described in a flow chart shown in Figure 1. The initial
search strategy yielded 2925 citations. Of these, 1034
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Table 1 Main characteristics of the 16 studies selected for meta-analysis
Ref.

Author, year (country)

[28]

Annibale B, 2000 (Italy)

[29]

Wambura C, 2004 (Japan)

[30]

Annibale B, 2002 (Italy)

[31]

Kamada T, 2005 (Japan)

[32]

Tucci A, 1998 (Italy)

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

Sung JJ, 2000 (China)
Ito M, 2002 (Japan)
Lahner E, 2005 (Italy)
Toyokawa T, 2009 (Japan)
Ohkusa T, 2001 (Japan)
Iacopini F, 2003 (Italy)
Kamada T, 2003 (Japan)
Lu B, 2005 (China)
Ruiz B, 2001 (Colombia)
Yoshio O, 2004 (Japan)
Yamada T, 2003 (Japan)

Study arms, n
Eradicated
Not eradicated
25
15
15
107
107
107
8
32
20
1767
10
8
226
22
38
241
115
10
37
92
29
59
87

Follow-up in year

7
15
15
118
118
118
0
0
233

0.5
0.5
1
1
2
3
0.5-1
0.5-1
1
1
1
1
1
5
6.7
5
1-1.25
1
3
3
1
1
0.83-4.17

0
2 (lost)
245
22
36
19
48
0
8
62
21
0
29

Medication
BAM
BAM
BAM
L/A/C
L/A/C
L/A/C
BAM
BAM
O/L/A/C
O/L/A/C
BAM
BAM
OAC
PPI/A/C
B-BTI
PPI/A/C
PPI/A/C
OMC
OMC
O/LAC
BAM
O/A/C
PPI/A/C

Histologic parameters
GA
IM
Antrum Corpus Antrum Corpus
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes

A: Amoxicillin; B: Bismuth subcitrate; B-BTI: Bismuth-based triple regimen; C: Clarithromycin; GA: Gastric atrophy; IM: Intestinal metaplasia; L: Lansoprazole; M: Metronidazole; O: Omeprazole; PPI: Proton pump inhibitor; BAM: Bismuth subcitrate, Metronidazole and Amoxicillin; OMC: Omeprazole, Metronidazole and Clarithromycin.

were rejected as duplicates or the title suggested that the
articles were not appropriate, and a further 1604 were
excluded after initial review (editorials, review articles,
animal experiments, non-English language, etc.). Of the
remaining 287 candidate articles, 245 did not fully meet
the inclusion criteria and were excluded. A quality assessment of the 42 remaining papers led to elimination
of a further 26 articles, leaving 16 studies eligible for the
meta-analysis[28-43]. Initial agreement between the reviewers for the selection of relevant articles was high (κ =
0.96).

viewers for the data extraction was high (κ = 0.95).
Intestinal metaplasia
Results of the analyses indicated no publication bias for
reports on the effects of H. pylori eradication on IM in
the antrum and corpus. The pooled WMD in the gastric
antrum before and after H. pylori eradication with 95%CI
was 0.23 (0.18-0.29) with a significant overall effect (P
< 0.05) (Figure 2A). For IM in the corpus, the pooled
WMD with 95%CI was -0.01 (-0.04-0.02) with no significant overall effect (Figure 2B). There was no signiﬁcant
heterogeneity among any of these trials, therefore fixed
effects models were used.

Characteristics of included studies
The main characteristics of the 16 articles included in
the meta-analysis are shown in Table 1. With the exception of one randomized control study[35], all studies were
single-center observational studies conducted in different parts of the world, mostly Japan and Italy. All the
papers gave data for the four histological parameters
evaluated (GA and IM separately for gastric corpus and
antrum). H. pylori eradication in these studies consisted
of a standard therapy with proton pump inhibitors, bismuth-based triple regimens, or dual regimens for 1-2 wk.
Two studies enrolled patients with early gastric cancer
who underwent endoscopic mucosal resection without
recurrence[33,34]. Histological scores were calculated twice
in one study, as H. pylori eradication occurred at different time points in two different groups[36]. Another study
calculated the histological scores of both the lesser and
greater parts of the antrum and corpus before and after
H. pylori eradication[31]. Initial agreement between the reWJG|www.wjgnet.com

Gastric atrophy
Results of the analyses indicated no publication bias for
reports on the effects of H. pylori eradication on GA in
the antrum and corpus. The pooled WMD in the gastric antrum before and after H. pylori eradication with
95%CI was 0.25 (0.15-0.35) with a significant overall
effect (P < 0.05) (Figure 3A). For GA in the corpus, the
pooled WMD with 95%CI was 0.14 (0.04-0.24) with a
significant overall effect (P < 0.05) (Figure 3B). There
was signiﬁcant heterogeneity among these trials, therefore random effects models were applied and multiple
sensitivity analyses were performed. These analyses
showed that the pooled WMD was not inﬂuenced by
individual trials, thus no studies were excluded from the
meta-analysis. These results indicate that the eradication
of H. pylori aids in the reversal of both GA and IM in
the antrum, but only reversal of GA, and not IM, was
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A

Before eradication
Study or subgroup
Mean
SD
Total
Annibale B 2000-1
0.58
1.25
25
Annibale B 2000-2
0.81
0.81
15
Annibale B 2000-3
0.81
0.81
15
Annibale B 2002-1
0.5
0.88
8
Annibale B 2002-2
0.5
0.91
32
Iacopini F, 2003 (Italy) 1.6
0.63
10
Ito M 2002
1.41
0.94
22
Kamada T 2005-1
1.6
0.7
20
Kamada T 2005-2
1.5
21.02 1767
Lahner E 2005
0.41
0.61
38
Lu B, 2005 (China)
0.64
0.76
92
Oda Y, 2004 (Japan)
0.59
0.97
59
Ohkusa T 2001
0.7
1.15
115
Sung JJ 2000
0.78
0.98
226
Tokokawa T 2009
0.5
0.88
241
Tucci A 1988-1
0.3
0.5
10
Tucci A 1988-2
0.6
0.8
8
Wamhura C 2004-1
0.45
1.05
107
Wamhura C 2004-2
0.45
1.05
107
Wamhura C 2004-3
0.45
1.05
107
Wamhura C 2004-4
1.17
1.16
107
Wamhura C 2004-5
1.17
1.16
107
Wamhura C 2004-6
1.17
1.16
107
Yamada T 2003
0.6
0.84
87

After eradication
Mean
SD
Total Weight
0.53 1.15
25
0.7%
0.62 0.74
15
1.0%
0.49 0.93
15
0.8%
0.5
1.05
8
0.3%
0.6
0.79
32
1.8%
1.4
0.63
10
1.0%
1
0.75
22
1.2%
1.5
0.6
20
1.9%
1.3 21.02 1767
0.2%
0.34 0.61
38
4.2%
0.73 0.77
92
6.4%
0.52 0.85
59
2.9%
0.4
0.61
115
5.5%
0.61 0.94
226 10.0%
0.08 0.3
241 22.7%
0.2
0.4
10
2.0%
0.2
0.5
8
0.7%
0.22 0.78
107
5.1%
0.19 0.73
107
5.3%
0.22 0.91
107
4.5%
0.97 0.14
107
6.4%
0.91 1.05
107
3.6%
0.8
0.51
107
5.4%
0.44 0.62
87
6.5%

Total (95%CI)
3432
2
2
Heterogeneity: χ = 27.54, df = 23 (P = 0.23); I = 16%
Test for overall effect: Z = 8.19 (P < 0.00001)

B

Study or subgroup
Annibale B 2000-1
Annibale B 2000-2
Annibale B 2000-3
Annibale B 2002-1
Annibale B 2002-2
Ito M 2002
Kamada T 2005-1
Kamada T 2005-2
Lahner E 2005
Oda Y, 2004 (Japan)
Ohkusa T 2001
Sung JJ 2000
Tokokawa T 2009
Wamhura C 2004-1
Wamhura C 2004-2
Wamhura C 2004-3
Wamhura C 2004-4
Wamhura C 2004-5
Wamhura C 2004-6
Yamada T 2003

Before eradication
Mean
SD
Total
0.52
0.45
25
1.01
0.82
15
1.01
0.82
15
0
0
8
0.83
0.91
32
0.91
1.13
22
1
0.6
20
0.9
21.02 1767
1.22
1.22
38
0.07
0.37
59
0
0.64 115
0.04
0.32 226
0.05
0.34 241
0.49
0.97 107
0.49
0.97 107
0.49
0.97 107
0.91
1.16 107
0.91
1.16 107
0.91
1.16 107
0.2
0.64
87

3432 100.0%

Mean difference
Ⅳ, fixed, 95%CI

0.05 [-0.62, 0.72]
0.19 [-0.37, 0.75]
0.32 [-0.30, 0.94]
0.00 [-0.95, 0.95]
-0.10 [-0.52, 0.32]
0.20 [-0.35. 0.75]
0.41 [-0.09, 0.91]
0.10 [-0.30, 0.50]
0.20 [-1.19, 1.59]
0.07 [-0.20, 0.34]
-0.09 [-0.31, 0.13]
0.07 [-0.26, 0.40]
0.30 [0.06, 0.54]
0.17 [-0.01, 0.35]
0.42 [0.30, 0.54]
0.10 [-0.30, 0.50]
0.40 [-0.25, 1.05]
0.23 [-0.02, 0.48]
0.26 [0.02, 0.50]
0.23 [-0.03, 0.49]
0.20 [-0.02, 0.42]
0.26 [-0.04, 0.56]
0.37 [0.13, 0.61]
0.16 [-0.06, 0.38]
0.23 [0.18, 0.29]
-1
-0.5
0
0.5
1
Favours (experimental) Favours (control)

After eradication
Mean
SD
Total Weight
0.76
0.8
25
0.8%
1.11
1.44
15
0.2%
0.9
1.34
15
0.2%
0
0
8
1.16
0.85
32
0.6%
0.5
0.75
22
0.3%
0.9
0.5
20
0.9%
0.8
16.81 1767
0.1%
1.38
1.22
38
0.4%
0.02
0.13
59 10.6%
0.1
0.08 115
7.7%
0.06
0.3
226 32.6%
0.08
0.3
241 32.5%
0.41
0.66 107
2.2%
0.36
0.9
107
1.7%
0.4
0.11 107
3.1%
0.9
1.14 107
1.1%
0.93
1.15 107
1.1%
0.83
0.51 107
1.8%
0.13
0.82
87
2.2%

Total (95%CI)
3312
2
2
Heterogeneity: χ = 14.87, df = 18 (P = 0.67); I = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

Mean difference
Ⅳ, fixed, 95%CI

3312 100.0%

Mean difference

Mean difference

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

-0.24 [-0.60, 0.12]
-0.10 [-0.94, 0.74]
0.11 [-0.69, 0.91]
Not estimable
-0.33 [-0.76, 0.10]
0.41 [-0.16, 0.98]
0.10 [-0.24, 0.44]
0.10 [-1.15, 1.35]
-0.16 [-0.71, 0.39]
0.05 [-0.05, 0.15]
-0.10 [-0.22, 0.02]
-0.02 [-0.08, 0.04]
-0.03 [-0.09, 0.03]
0.08 [-0.14, 0.30]
0.13 [-0.12, 0.38]
0.09 [-0.09, 0.27]
0.01 [-0.30, 0.32]
-0.02 [-0.33, 0.29]
0.08 [-0.16, 0.32]
0.07 [-0.15, 0.29]
-0.01 [-0.04, 0.02]
-1
-0.5
0
0.5
Favours (experimental) Favours (control)

1

Figure 2 Forest plot comparing intestinal metaplasia in the antrum (A) and the corpus (B).

ticularly GA and IM, improves after curing of the H.
pylori infection. In this meta-analysis, data from relevant
published studies were pooled with an effort to determine if GA and IM of the stomach are reversible after
H. pylori eradication, and therefore whether therapeutic
intervention is possible, or if efforts should be more appropriately directed at prevention.
The results of this study indicated that H. pylori eradi-

observed in the corpus.

DISCUSSION
Despite the numerous reports on the improvement of gastric mucosal lesions following H. pylori eradication[44-55],
some inconsistencies still remain[48,51,56]. Thus, it is still
disputed whether the pathology of gastric mucosa, par-
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A

Before eradication
Study or subgroup
Mean
SD
Total
Annibale B 2000-1
0.56
1.2
25
Annibale B 2000-2
1.19
1.13
15
Annibale B 2000-3
1.19
1.13
15
Annibale B 2000-1
0.25
0.71
8
Annibale B 2000-2
0.6
0.96
32
Iacopini F, 2003 (Italy)
1.2
0.63
10
Ito M 2002
2.14
0.81
22
Kamada T 2005-1
1.9
0.7
20
Kamada T 2005-2
1.9
21.02 1767
Kamada T, 2003 (Japan) 1.4
1.34
37
Lahner E 2005
0.41
0.61
38
Lu B, 2005 (China)
1.25
0.44
92
Oda Y, 2004 (Japan)
0.95
0.68
59
Ohkusa T 2001
0.9
1
115
Ruiz B, 2001 (Colombia) 0.28
0.16
29
Sung JJ 2000
0.64
0.78
226
Tokokawa T 2009
2.1
0.7
241
Tucci A 1988-1
0.9
0.9
10
Tucci A 1988-2
0.6
0.7
10
Wamhura C 2004-1
1.35
1.23 107
Wamhura C 2004-2
1.35
1.23 107
Wamhura C 2004-3
1.35
1.03 107
Wamhura C 2004-4
1.64
1.04 107
Wamhura C 2004-5
1.64
1.04 107
Wamhura C 2004-6
1.64
0.97 107
Yamada T 2003
1.67
0.99
87

After eradication
Mean
SD
Total Weight
0.5
1
25
2.0%
0.4
0.9
15
1.5%
0.24
1
15
1.4%
0.25
0.71
8
1.7%
0.6
0.79
32
3.2%
0.8
0.32
10
3.1%
1.36
0.8
22
2.8%
1.4
0.4
20
3.9%
1.6
16.81 1767
0.6%
0.74
1.34
37
2.0%
0.34
0.61
38
4.8%
0.97
0.83
92
5.8%
0.77
0.6
59
5.3%
0.8
1.41 115
4.3%
0.31
0.11
29
7.0%
0.7
0.82 226
6.3%
2.2
0.66 241
6.6%
0.3
0.5
10
1.9%
0.2
0.5
10
2.4%
0.84
1.02 107
4.4%
0.85
0.96 107
4.5%
0.96
0.98 107
4.8%
1.42
1.14 107
4.6%
1.29
0.99 107
4.8%
1.35
0.91 107
5.0%
1.55
0.63
87
5.1%

Total (95%CI)
3500
3500 100.0%
2
2
2
Heterogeneity: Tau = 0.04, χ = 86.12, df = 25 (P < 0.00001); I = 71%
Test for overall effect: Z = 4 (P < 0.00001)

B

Study or subgroup
Annibale B 2000-1
Annibale B 2000-2
Annibale B 2000-3
Annibale B 2000-1
Annibale B 2000-2
Ito M 2002
Kamada T 2005-1
Kamada T 2005-2
Lahner E 2005
Ohkusa T 2001
Sung JJ 2000
Tokokawa T 2009
Wamhura C 2004-1
Wamhura C 2004-2
Wamhura C 2004-3
Wamhura C 2004-4
Wamhura C 2004-5
Wamhura C 2004-6
Yamada T 2003

Before eradication
Mean
SD
Total
1.64
1.3
25
1.88
1.74
15
1.88
1.74
15
1.12
0.34
8
2.03
0.68
32
2.09
0.7
22
2.1
0.6
20
1.8
21.02 1767
2.16
0.62
38
0
0.96 115
0.06
0.31 226
0.73
0.76
241
0.9
1.5
107
0.9
1.5
107
0.9
1
107
1.4
1.2
107
1.4
1.2
107
1.4
1.2
107
0.68
1.36
87

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

0.06 [-0.55, 0.67]
0.79 [0.06, 1.52]
0.95 [0.19, 1.71]
0.00 [-0.70, 0.70]
0.00 [-0.43, 0.43]
0.40 [-0.04, 0.84]
0.78 [0.30, 1.26]
0.50 [0.15, 0.85]
0.30 [-0.95, 1.55]
0.66 [0.05, 1.27]
0.07 [-0.20, 0.34]
0.28 [0.09, 0.47]
0.18 [-0.05, 0.41]
0.10 [-0.22, 0.42]
-0.03 [-0.10, 0.04]
-0.06 [-0.21, 0.09]
-0.10 [-0.22, 0.02]
0.60 [-0.04, 1.24]
0.40 [-0.13, 0.93]
0.51 [0.21, 0.81]
0.50 [0.20, 0.80]
0.39 [0.12, 0.66]
0.22 [-0.07, 0.51]
0.35 [0.08, 0.62]
0.29 [0.04, 0.54]
0.12 [-0.13, 0.37]
0.25 [0.15, 0.35]
-1
-0.5
0
0.5
1
Favours (experimental) Favours (control)

After eradication
Mean difference
Mean
SD
Total Weight Ⅳ, random, 95%CI
1.36
0.9
25
2.2% 0.28 [-0.34, 0.90]
1.3
1.76
15
0.6% 0.58 [-0.67, 1.83]
1.09
1.76
15
0.6% 0.79 [-0.46, 2.04]
0
0
8
Not estimable
1.83
0.85
32
4.7% 0.20 [-0.18, 0.58]
0.9
0.8
22
3.7% 1.19 [0.75, 1.63]
1.6
0.4
20
5.8% 0.50 [0.18, 0.82]
1.6 16.81 1767
0.6% 0.20 [-1.05, 1.45]
2.22
0.62
38
6.6% -0.06 [-0.34, 0.22]
0.1
0.87 115
7.6% -0.10 [-0.34, 0.14]
0.02
0.18 226 12.7%
0.04 [-0.01, 0.09]
0.53
0.6
241 11.0%
0.20 [0.08, 0.32]
0.74
1.1
107
5.1% 0.16 [-0.19, 0.51]
0.82
1
107
5.3% 0.08 [-0.26, 0.42]
0.85
0.05 107
9.0% 0.05 [-0.14, 0.24]
1.45
1.11 107
5.9% -0.05 [-0.36, 0.26]
1.33
1.03 107
6.1% 0.07 [-0.23, 0.37]
1.43
0.67 107
7.0% -0.03 [-0.29, 0.23]
0.53
0.71
87
5.6% 0.15 [-0.17, 0.47]

Total (95%CI)
3253
3253 100.0%
2
2
2
Heterogeneity: Tau = 0.02, χ = 44.79, df = 17 (P = 0.0003); I = 62%
Test for overall effect: Z = 2.67 (P = 0.008)

Mean difference
Ⅳ, random, 95%CI

0.14 [0.04, 0.24]
-1
-0.5
0
0.5
Favours (experimental) Favours (control)

1

Figure 3 Forest plot comparing gastric atrophy in the antrum (A) and the corpus (B).

clear, but histological changes occurring after H. pylori
eradication may play a role[44].
The results reported here differ from similar previously published meta-analyses[45,57]. There are several reasons
that may explain this discrepancy. First of all, the previous
analyses included a limited number of studies, whereas
our analysis included 16 comparatively high-quality scor-

cation did indeed have beneficial long-term effects on
gastric pathologies, such as halting the progression of
pre-neoplastic lesions in the antrum and corpus. More
specifically, IM in the antrum and GA in both the antrum and corpus showed regression after eradication of
H. pylori, although this effect was not seen in IM of the
gastric corpus. The interpretation of this finding is not
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ing studies. Second, the analysis by Rokkas et al[45] used the
odds ratio as a statistical index, which may not be as precise as WMD for continuous variables. Additionally, there
were errors in the analysis reported by Wang et al[57], which
may have led to an incorrect conclusion.
The results of the current meta-analysis should be
considered more reliable as a result of the extensive and
thorough measures employed. For articles that merely reported results in chart format, the authors were contacted to obtain the raw data. Failure to obtain the raw data
resulted in exclusion of the study to ensure reliability of
the included data. Articles reporting varying treatment
durations for the same group of patients were included
as a separate set of data in the analysis, while taking into
account the fact that medications had not been changed
during the full course of treatment. Sensitivity analyses were performed to exclude the effects of different
treatment courses, resulting in more accurate results[29].
Furthermore, data from articles that segregated results
according to outcome were analyzed separately on the
basis of the numbers of patients with successful eradication therapy in two groups[28,30-32], and only the patients
with successful eradication were included in the analysis.
Lastly, random effects models were used, which result in
wider confidence intervals and, thus, a more conservative estimate of treatment effects.
The meta-analysis reported here is not without limitations. One inherent weakness involves the methodological flaws of the included studies, dependent on factors
such as number of biopsy samples taken, method for
histological classification of findings, sample size, and
duration of follow-up. To alleviate such influences and
unify the method of histological evaluation of biopsy
samples, we selected only reports employing the updated
Sydney system and had greater than three pathological
samples of every specimen that were stained by hematoxylin-eosin methods. Another weakness is the inability
to retrieve unpublished studies or published abstracts,
due to the absence of a specific searching mechanism.
However, we maximized the chances of detecting such
studies by going through the references of the selected
articles. Furthermore, although we used medical subject
heading terms and keywords, some studies may have
been missed, particularly studies in which the association
of H. pylori infection with GA or IM was not the primary research question.
In conclusion, this study illustrates a very strong correlation between the eradication of H. pylori infection
and improvement in IM in the gastric antrum but not
in the corpus, in addition to a strong correlation with
GA in both the antrum and the corpus. However, the
follow-up periods of the analyzed studies are relatively
short compared to the long process of mucosal carcinogenesis. Therefore, more high quality clinical studies
with longer follow-up periods are necessary to assess the
long-term benefit and whether the eradication of H. pylori infection delays disease progression.
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COMMENTS
Background

Gastric cancer (GC) is the fourth most common cancer in the world and the
second leading cause of cancer-related deaths. Overall GC incidence and
mortality have fallen dramatically over the past 7 decades, but despite that
decline, the cure rates for GC have not changed. Therapeutic eradication of Helicobacter pylori (H. pylori) infection is one factor contributing to these declines;
however, this association is still debated.

Research frontiers

Although H. pylori eradication has been reported to improve gastric mucosal lesions, there are many studies with contradictory results. A clear understating of
the role H. pylori eradication plays in the incidence and progression of GC will
help guide therapies towards effective treatment or prevention.

Innovations and breakthroughs

The results of this meta-analysis indicate that there is a very strong correlation
between H. pylori infection and improvement in intestinal metaplasia in the
antrum, but not the corpus, of the stomach. Furthermore, a strong correlation
between H. pylori infection and improvement in gastric atrophy in the antrum
and corpus was identified.

Applications

The results of this study confirm the association between H. pylori eradication and improvements in gastric pathologies. Although additional high quality
clinical studies with longer follow-up periods are necessary to assess the longterm benefit of treatments, the findings implicate a viable treatment option for
patients with intestinal metaplasia and gastric atrophy.

Terminology

Intestinal metaplasia is the transformation (metaplasia) of epithelium, usually
of the stomach or the esophagus, to a type that bears some resemblance to
the intestine, as seen in Barrett’s esophagus. Chronic H. pylori infection in the
stomach and gastroesophageal reflux disease are seen as the primary instigators of metaplasia and subsequent adenocarcinoma formation.

Peer review

This article presents a well-designed meta-analysis of high quality studies
evaluating the effect of H. pylori eradication on intestinal pathologies, namely
intestinal metaplasia and gastric atrophy in the antrum and corpus of the stomach. The analyses show a strong correlation with improvement of intestinal
metaplasia in the antrum, and gastric atrophy in the antrum and corpus, following eradication of H. pylori infection.

REFERENCES
1
2

3
4
5
6
7

8

5909

Oliveira C, Seruca R, Carneiro F. Genetics, pathology, and
clinics of familial gastric cancer. Int J Surg Pathol 2006; 14:
21-33 [PMID: 16501831 DOI: 10.1177/106689690601400105]
Lauren P. The two histological main types of gastric carcinoma: diffuse and so-called intestinal-type carcinoma. An
attempt at a histo-clinical classification. Acta Pathol Microbiol
Scand 1965; 64: 31-49 [PMID: 14320675]
Correa P, Haenszel W, Cuello C, Tannenbaum S, Archer
M. A model for gastric cancer epidemiology. Lancet 1975; 2:
58-60 [PMID: 49653 DOI: 10.1016/S0140-6736(75)90498-5]
Parkin DM, Bray FI, Devesa SS. Cancer burden in the year
2000. The global picture. Eur J Cancer 2001; 37 Suppl 8: S4-66
[PMID: 11602373]
Parkin DM. International variation. Oncogene 2004; 23: 6329-6340
[PMID: 15322508 DOI: 10.1038/sj.onc.1207726]
Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma - 2nd English Edition - Gastric
Cancer 1998; 1: 10-24 [PMID: 11957040]
Schistosomes, liver flukes and Helicobacter pylori. IARC
Working Group on the Evaluation of Carcinogenic Risks to
Humans. Lyon, 7-14 June 1994. IARC Monogr Eval Carcinog
Risks Hum 1994; 61: 1-241 [PMID: 7715068]
El-Omar EM, Oien K, El-Nujumi A, Gillen D, Wirz A, Dahill S, Williams C, Ardill JE, McColl KE. Helicobacter pylori

May 21, 2014|Volume 20|Issue 19|

Kong YJ et al . Histological changes of gastric mucosa

9

10

11
12
13
14
15

16

17

18

19

20

21

22
23

24

infection and chronic gastric acid hyposecretion. Gastroenterology 1997; 113: 15-24 [PMID: 9207257 DOI: 10.1016/
S0016-5085(97)70075-1]
Naylor GM, Gotoda T, Dixon M, Shimoda T, Gatta L, Owen
R, Tompkins D, Axon A. Why does Japan have a high incidence of gastric cancer? Comparison of gastritis between
UK and Japanese patients. Gut 2006; 55: 1545-1552 [PMID:
16603635 DOI: 10.1136/gut.2005.080358]
Linz B, Balloux F, Moodley Y, Manica A, Liu H, Roumagnac P,
Falush D, Stamer C, Prugnolle F, van der Merwe SW, Yamaoka Y, Graham DY, Perez-Trallero E, Wadstrom T, Suerbaum
S, Achtman M. An African origin for the intimate association
between humans and Helicobacter pylori. Nature 2007; 445:
915-918 [PMID: 17287725 DOI: 10.1038/nature05562]
Pounder RE, Ng D. The prevalence of Helicobacter pylori infection in different countries. Aliment Pharmacol Ther 1995; 9
Suppl 2: 33-39 [PMID: 8547526]
Blaser MJ. The versatility of Helicobacter pylori in the adaptation to the human stomach. J Physiol Pharmacol 1997; 48:
307-314 [PMID: 9376613]
Bardhan PK. Epidemiological features of Helicobacter pylori
infection in developing countries. Clin Infect Dis 1997; 25:
973-978 [PMID: 9402340 DOI: 10.1086/516067]
Tepes B. Can gastric cancer be prevented? J Physiol Pharmacol 2009; 60 Suppl 7: 71-77 [PMID: 20388948]
van der Hulst RW, van der Ende A, Dekker FW, Ten Kate
FJ, Weel JF, Keller JJ, Kruizinga SP, Dankert J, Tytgat GN.
Effect of Helicobacter pylori eradication on gastritis in relation to cagA: a prospective 1-year follow-up study. Gastroenterology 1997; 113: 25-30 [PMID: 9207258 DOI: 10.1016/
S0016-5085(97)70076-3]
Kuipers EJ, Nelis GF, Klinkenberg-Knol EC, Snel P, Goldfain
D, Kolkman JJ, Festen HP, Dent J, Zeitoun P, Havu N, Lamm
M, Walan A. Cure of Helicobacter pylori infection in patients
with reflux oesophagitis treated with long term omeprazole
reverses gastritis without exacerbation of reflux disease:
results of a randomised controlled trial. Gut 2004; 53: 12-20
[PMID: 14684569]
Mohammadi M, Redline R, Nedrud J, Czinn S. Role of the
host in pathogenesis of Helicobacter-associated gastritis: H.
felis infection of inbred and congenic mouse strains. Infect
Immun 1996; 64: 238-245 [PMID: 8557346]
Helicobacter and Cancer Collaborative Group. Gastric cancer and Helicobacter pylori: a combined analysis of 12 case
control studies nested within prospective cohorts. Gut 2001;
49: 347-353 [PMID: 11511555 DOI: 10.1136/gut.49.3.347]
Correa P. Human gastric carcinogenesis: a multistep and
multifactorial process--First American Cancer Society Award
Lecture on Cancer Epidemiology and Prevention. Cancer
Res 1992; 52: 6735-6740 [PMID: 1458460]
Huang JQ, Sridhar S, Chen Y, Hunt RH. Meta-analysis of the
relationship between Helicobacter pylori seropositivity and
gastric cancer. Gastroenterology 1998; 114: 1169-1179 [PMID:
9609753 DOI: 10.1016/S0016-5085(98)70422-6]
Malfertheiner P, Sipponen P, Naumann M, Moayyedi P,
Mégraud F, Xiao SD, Sugano K, Nyrén O. Helicobacter pylori
eradication has the potential to prevent gastric cancer: a stateof-the-art critique. Am J Gastroenterol 2005; 100: 2100-2115
[PMID: 16128957 DOI: 10.1111/j.1572-0241.2005.41688.x]
Price AB. The Sydney System: histological division. J Gastroenterol Hepatol 1991; 6: 209-222 [PMID: 1912431 DOI: 10.1111/
j.14401746.1991.tb01468.x]
Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastritis. The updated Sydney System.
International Workshop on the Histopathology of Gastritis,
Houston 1994. Am J Surg Pathol 1996; 20: 1161-1181 [PMID:
8827022 DOI: 10.1097/00000478-199610000-00001]
Brosnahan J, Jull A, Tracy C. Types of urethral catheters for
management of short-term voiding problems in hospitalised
adults. Cochrane Database Syst Rev 2004; (1): CD004013 [PMID:

WJG|www.wjgnet.com

25
26
27
28

29

30

31

32

33

34

35

36

37

38

5910

14974052 DOI: 10.1002/14651858.CD004013.pub2]
DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177-188 [PMID: 3802833 DOI:
10.1016/0197-2456(86)90046-2]
Sutton AJ, Abrams KR, Jones DR. Methods for Meta-Analysis in Medical Research. New York: John Wiley and Sons,
Ltd, 2000
Copas JB, Shi JQ. A sensitivity analysis for publication bias
in systematic reviews. Stat Methods Med Res 2001; 10: 251-265
[PMID: 11491412 DOI: 10.1191/096228001678227776]
Annibale B, Aprile MR, D’ambra G, Caruana P, Bordi C, Delle Fave G. Cure of Helicobacter pylori infection in atrophic
body gastritis patients does not improve mucosal atrophy
but reduces hypergastrinemia and its related effects on body
ECL-cell hyperplasia. Aliment Pharmacol Ther 2000; 14: 625-634
[PMID: 10792127 DOI: 10.1046/j.1365-2036.2000.00752.x]
Wambura C, Aoyama N, Shirasaka D, Kuroda K, Maekawa
S, Ebara S, Watanabe Y, Tamura T, Kasuga M. Influence of
gastritis on cyclooxygenase-2 expression before and after
eradication of Helicobacter pylori infection. Eur J Gastroenterol Hepatol 2004; 16: 969-979 [PMID: 15371919 DOI: 10.1097
/00042737-200410000-00004]
Annibale B, Di Giulio E, Caruana P, Lahner E, Capurso G,
Bordi C, Delle Fave G. The long-term effects of cure of Helicobacter pylori infection on patients with atrophic body
gastritis. Aliment Pharmacol Ther 2002; 16: 1723-1731 [PMID:
12269964 DOI: 10.1046/j.1365-2036.2002.01336.x]
Kamada T, Hata J, Sugiu K, Kusunoki H, Ito M, Tanaka S, Inoue K, Kawamura Y, Chayama K, Haruma K. Clinical features
of gastric cancer discovered after successful eradication of
Helicobacter pylori: results from a 9-year prospective followup study in Japan. Aliment Pharmacol Ther 2005; 21: 1121-1126
[PMID: 15854174 DOI: 10.1111/j.1365-2036.2005.02459.x]
Tucci A, Poli L, Tosetti C, Biasco G, Grigioni W, Varoli O,
Mazzoni C, Paparo GF, Stanghellini V, Caletti G. Reversal of
fundic atrophy after eradication of Helicobacter pylori. Am J
Gastroenterol 1998; 93: 1425-1431 [PMID: 9732919]
Sung JJ, Lin SR, Ching JY, Zhou LY, To KF, Wang RT, Leung
WK, Ng EK, Lau JY, Lee YT, Yeung CK, Chao W, Chung
SC. Atrophy and intestinal metaplasia one year after cure of
H. pylori infection: a prospective, randomized study. Gastroenterology 2000; 119: 7-14 [PMID: 10889149 DOI: 10.1053/
gast.2000.8550]
Ito M, Haruma K, Kamada T, Mihara M, Kim S, Kitadai Y,
Sumii M, Tanaka S, Yoshihara M, Chayama K. Helicobacter
pylori eradication therapy improves atrophic gastritis and intestinal metaplasia: a 5-year prospective study of patients with
atrophic gastritis. Aliment Pharmacol Ther 2002; 16: 1449-1456
[PMID: 12182744 DOI: 10.1046/j.1365-2036.2002.01311.x]
Lahner E, Bordi C, Cattaruzza MS, Iannoni C, Milione M,
Delle Fave G, Annibale B. Long-term follow-up in atrophic
body gastritis patients: atrophy and intestinal metaplasia
are persistent lesions irrespective of Helicobacter pylori
infection. Aliment Pharmacol Ther 2005; 22: 471-481 [PMID:
16128686 DOI: 10.1111/j.1365-2036.2005.02582.x]
Toyokawa T, Suwaki K, Miyake Y, Nakatsu M, Ando M.
Eradication of Helicobacter pylori infection improved gastric
mucosal atrophy and prevented progression of intestinal metaplasia, especially in the elderly population: a long-term prospective cohort study. J Gastroenterol Hepatol 2010; 25: 544-547
[PMID: 19817964 DOI: 10.1111/j.1440-1746.2009.05995.x]
Ohkusa T, Fujiki K, Takashimizu I, Kumagai J, Tanizawa T,
Eishi Y, Yokoyama T, Watanabe M. Improvement in atrophic
gastritis and intestinal metaplasia in patients in whom Helicobacter pylori was eradicated. Ann Intern Med 2001; 134:
380-386 [PMID: 11242498 DOI: 10.7326/0003-4819-134-5-2001
03060-00010]
Iacopini F, Consolazio A, Bosco D, Marcheggiano A, Bella A,
Pica R, Paoluzi OA, Crispino P, Rivera M, Mottolese M, Nardi
F, Paoluzi P. Oxidative damage of the gastric mucosa in Heli-

May 21, 2014|Volume 20|Issue 19|

Kong YJ et al . Histological changes of gastric mucosa

39

40

41

42

43

44

45

46

47

48

49

cobacter pylori positive chronic atrophic and nonatrophic gastritis, before and after eradication. Helicobacter 2003; 8: 503-512
[PMID: 14535997 DOI: 10.1046/j.15235378.2003.00172.x]
Kamada T, Haruma K, Hata J, Kusunoki H, Sasaki A, Ito
M, Tanaka S, Yoshihara M. The long-term effect of Helicobacter pylori eradication therapy on symptoms in dyspeptic
patients with fundic atrophic gastritis. Aliment Pharmacol
Ther 2003; 18: 245-252 [PMID: 12869086 DOI: 10.1046/
j.1365-2036.2003.01669.x]
Lu B, Chen MT, Fan YH, Liu Y, Meng LN. Effects of Helicobacter pylori eradication on atrophic gastritis and intestinal
metaplasia: a 3-year follow-up study. World J Gastroenterol 2005; 11: 6518-6520 [PMID: 16425426]
Ruiz B, Garay J, Correa P, Fontham ET, Bravo JC, Bravo
LE, Realpe JL, Mera R. Morphometric evaluation of gastric
antral atrophy: improvement after cure of Helicobacter pylori infection. Am J Gastroenterol 2001; 96: 3281-3287 [PMID:
11774937 DOI: 10.1111/j.1572-0241.2001.05326.x]
Yoshio O, Jun M, Mitsuru K, Yasuo M, Trumasa H, Yasuhiko
O. Five-year follow-up study on histological and endoscopic
alterations in the gastric mucosa after Helicobacter pylori
eradication. Dig Endosc 2004; 16: 213-218 [DOI: 10.1111/
j.1443-1661.2004.00360.x]
Yamada T, Miwa H, Fujino T, Hirai S, Yokoyama T, Sato N.
Improvement of gastric atrophy after Helicobacter pylori
eradication therapy. J Clin Gastroenterol 2003; 36: 405-410
[PMID: 12702982 DOI: 10.1097/00004836-200305000-00009]
Hojo M, Miwa H, Ohkusa T, Ohkura R, Kurosawa A, Sato N.
Alteration of histological gastritis after cure of Helicobacter
pylori infection. Aliment Pharmacol Ther 2002; 16: 1923-1932
[PMID: 12390101 DOI: 10.1046/j.1365-2036.2002.01346.x]
Rokkas T, Pistiolas D, Sechopoulos P, Robotis I, Margantinis
G. The long-term impact of Helicobacter pylori eradication
on gastric histology: a systematic review and meta-analysis.
Helicobacter 2007; 12 Suppl 2: 32-38 [PMID: 17991174 DOI:
10.1111/j.1523-5378.2007.00563.x]
Zhou L, Sung JJ, Lin S, Jin Z, Ding S, Huang X, Xia Z, Guo
H, Liu J, Chao W. A five-year follow-up study on the pathological changes of gastric mucosa after H. pylori eradication.
Chin Med J (Engl) 2003; 116: 11-14 [PMID: 12667379]
Salih BA, Abasiyanik MF, Saribasak H, Huten O, Sander E. A
follow-up study on the effect of Helicobacter pylori eradication on the severity of gastric histology. Dig Dis Sci 2005; 50:
1517-1522 [PMID: 16110845 DOI: 10.1007/s10620-005-2871-7]
Mera R, Fontham ET, Bravo LE, Bravo JC, Piazuelo MB, Camargo MC, Correa P. Long term follow up of patients treated for Helicobacter pylori infection. Gut 2005; 54: 1536-1540
[PMID: 15985559 DOI: 10.1136/gut.2005.072009]

50

51

52

53

54

55
56

57

Arkkila PE, Seppälä K, Färkkilä MA, Veijola L, Sipponen
P. Helicobacter pylori eradication in the healing of atrophic
gastritis: a one-year prospective study. Scand J Gastroenterol 2006; 41: 782-790 [PMID: 16785190 DOI: 10.1080/00365520
500463175]
Correa P, Fontham ET, Bravo JC, Bravo LE, Ruiz B, Zarama
G, Realpe JL, Malcom GT, Li D, Johnson WD, Mera R. Chemoprevention of gastric dysplasia: randomized trial of antioxidant supplements and anti-helicobacter pylori therapy. J
Natl Cancer Inst 2000; 92: 1881-1888 [PMID: 11106679 DOI:
10.1093/jnci/92.23.1881]
You WC, Brown LM, Zhang L, Li JY, Jin ML, Chang YS, Ma
JL, Pan KF, Liu WD, Hu Y, Crystal-Mansour S, Pee D, Blot WJ,
Fraumeni JF, Xu GW, Gail MH. Randomized double-blind
factorial trial of three treatments to reduce the prevalence
of precancerous gastric lesions. J Natl Cancer Inst 2006; 98:
974-983 [PMID: 16849680 DOI: 10.1093/jnci/djj264]
Uemura N, Mukai T, Okamoto S, Yamaguchi S, Mashiba
H, Taniyama K, Sasaki N, Haruma K, Sumii K, Kajiyama G.
Effect of Helicobacter pylori eradication on subsequent development of cancer after endoscopic resection of early gastric cancer. Cancer Epidemiol Biomarkers Prev 1997; 6: 639-642
[PMID: 9264278]
Wong BC, Lam SK, Wong WM, Chen JS, Zheng TT, Feng
RE, Lai KC, Hu WH, Yuen ST, Leung SY, Fong DY, Ho J, Ching CK, Chen JS. Helicobacter pylori eradication to prevent
gastric cancer in a high-risk region of China: a randomized
controlled trial. JAMA 2004; 291: 187-194 [PMID: 14722144
DOI: 10.1001/jama.291.2.187]
Fukase K, Kato M, Kikuchi S, Inoue K, Uemura N, Okamoto S, Terao S, Amagai K, Hayashi S, Asaka M. Effect of
eradication of Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic resection of early
gastric cancer: an open-label, randomised controlled trial.
Lancet 2008; 372: 392-397 [PMID: 18675689 DOI: 10.1016/
S0140-6736(08)61159-9]
Suzuki H, Iwasaki E, Hibi T. Helicobacter pylori and gastric
cancer. Gastric Cancer 2009; 12: 79-87 [PMID: 19562461 DOI:
10.1007/s10120-009-0507-x]
Leung WK, Lin SR, Ching JY, To KF, Ng EK, Chan FK, Lau
JY, Sung JJ. Factors predicting progression of gastric intestinal metaplasia: results of a randomised trial on Helicobacter
pylori eradication. Gut 2004; 53: 1244-1249 [PMID: 15306578
DOI: 10.1136/gut.2003.034629]
Wang J, Xu L, Shi R, Huang X, Li SW, Huang Z, Zhang G.
Gastric atrophy and intestinal metaplasia before and after
Helicobacter pylori eradication: a meta-analysis. Digestion
2011; 83: 253-260 [PMID: 21282951 DOI: 10.1159/000280318]
P- Reviewers: Shehata MMM, Sijens PE
S- Editor: Ma YJ L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

5911

May 21, 2014|Volume 20|Issue 19|

World J Gastroenterol 2014 May 21; 20(19): 5912-5917
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i19.5912

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

TNF inhibitors to treat ulcerative colitis in a metastatic
breast cancer patient: A case report and literature review
Ruwaida Ben Musa, Lydia Usha, John Hibbeln, Ece A Mutlu
BC and had bilateral mastectomy. Subsequent restaging
computed tomography (CT) scan demonstrated distant
metastases to the bone and lymph nodes. Three years
into her treatment of metastatic breast cancer, she
was diagnosed with UC by colonoscopy. Her UC was
not controlled for 5 mo with 5-aminosalicylates. Subcutaneous ADA was started and resulted in dramatic
improvement of UC. Four months after starting ADA,
along with ongoing chemotherapy, restaging CT scan
showed resolution of the previously seen metastatic
lymph nodes. Bone scan and follow-up positron emission tomography/CT scans performed every 6 mo indicated the stability of healed metastatic bone lesions for
the past 3 years on ADA. While TNF-α inhibitors could
theoretically promote further metastases in patients
with prior cancer, this is the first report of a patient
with metastatic breast cancer in whom the cancer has
remained stable for 3 years after ADA initiation for UC.
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Core tip: Tumor necrosis factor (TNF)-α inhibitors are
widely-used and effective treatments for many autoimmune diseases, such as rheumatoid arthritis, inflammatory bowel disease and psoriasis. However, it is
believed that TNF-α inhibitors may also place patients
at increased risk of cancer occurrence or recurrence.
Many studies report increased risk of cancer following exposure to TNF-α inhibitors, but little has been
reported for patients with cancer, receiving anti-TNF-α
treatment. This is the first case of metastatic breast
cancer in long term remission for 3 years in a patient
treated with TNF-α inhibitors for ulcerative colitis, suggesting that patients with metastatic cancer could be
treated with this class of medications without worsening.

Abstract
Adalimumab (ADA) is a tumor necrosis factor (TNF)
inhibitor, used for the treatment of inflammatory bowel
disease. Previous studies have reported an increased
risk of cancer following exposure to TNF inhibitors, but
little has been reported for patients with cancer receiving TNF-inhibitor treatment. We present a female patient with metastatic breast cancer and ulcerative colitis
(UC) who was treated with ADA. A 54-year-old African
American female with a past history of left-sided breast
cancer (BC) diagnosed at age 30 was initially treated
with left-breast lumpectomy, axillary dissection, followed by chemotherapy and radiation therapy. Years
after initial diagnosis, she developed recurrent, bilateral
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A

INTRODUCTION
Tumor necrosis factor alpha (TNF-α) is a proinflammatory cytokine that plays a major role in the pathogenesis
of inflammatory bowel disease (IBD)[1]. IBD patients
are often administered prolonged treatment with antiTNF-α agents. Adalimumab (ADA) is a monoclonal antibody that blocks the interaction of TNF-α with its cell
surface receptors[2]. In the past, several small open-label
trials and case reports had suggested that ADA is an effective therapy for ulcerative colitis (UC)[1,3-5]. Recently,
a randomized controlled trial demonstrated that ADA is
effective in inducing and maintaining clinical remission
in patients with moderate to severe UC, who did not
have an adequate response to conventional therapy with
steroids[2].
TNF-α acts as an early tumor suppressor, thus drugs
blocking TNF-α may possibly increase the risk of initial
occurrence of malignancies, especially in those patients
with long-term therapy[6-8]. Additionally, blocking TNF-α
can also possibly lead to reactivation of latent malignancies[7]. Little has been reported on patients with cancer
receiving anti-TNF-α treatment, and the issues concerning the long-term safety of these biologic agents in
patients with prior malignancy remain to be clarified. We
report the first case of metastatic breast cancer treated
with ADA for UC.

B

R

Figure 1 Computed Tomography scan of the chest before initiation of
Adalimumab. A: Internal mammary lymph node (arrow); B: Retropectoral
lymph node (arrow).

lesions were not attempted due to high-risk for cancer
progression, poor accessibility of the metastases, and
compelling imaging. She was started on chemotherapy
with vinorelbine and trastuzumab as well as zoledronic
acid. Vinorelbine was discontinued after one cycle due to
severe myalgias. The patient continued to receive trastuzumab, and zoledronic acid for 11 mo; then, paclitaxel
was added at low dose due to the development of right
retropectoral lymphadenopathy (Figure 1B). She had
stable disease on this regimen for 15 mo, until she developed right supraclavicular lymphadenopathy and further
progression of the right retropectoral lymphadenopathy.
Also, her tumor marker, carcinogenic embryonic antigen (CEA), rose dramatically at that time and reached
a level of 70 ng/mL. This necessitated changing her
chemotherapy regimen to gemcitabine and trastuzumab,
while continuing zoledronic acid. After 2 mo with this
new regimen, she was diagnosed with severe pancolitis,
compatible with UC on colonoscopy and biopsies, following an acute episode of diffuse abdominal pain and
bloody diarrhea. Gemcitabine was discontinued, but she
was continued on trastuzumab and zoledronic acid for
an additional 6 mo after the UC diagnosis, when she was
found to have cancer progression in the right supraclavicular lymph nodes, and when she was diagnosed with
right mandibular osteonecrosis due to zoledronic acid. At
that time, zoledronic acid and trastuzumab were discontinued, and the patient was started on capecitabine and
lapatinib. She had stable disease on this regimen and she
was continued on this regimen for 22 mo and then was
continued on lapatinib as a single agent. For UC, she was

CASE REPORT
A 54-year-old African American female was initially diagnosed in 1989 with left sided breast cancer (BC) at the
age of 30. She was treated with a left-breast lumpectomy
and axillary dissection, followed by four cycles of adjuvant chemotherapy with CMF (cytoxan, methotrexate,
5-fluorouracil). The chemotherapy was discontinued
due to side effects. She then received radiotherapy to the
left breast, and had no further treatment following that.
In 2007, she developed recurrent, bilateral BC. Bilateral
mastectomy with right axillary lymph node dissection
in 2007 showed metastases in 14 out of 16 right axillary lymph nodes. The tumor was estrogen receptor
(ER) negative, progesterone receptor (PR) negative,
Her-2/neu (human epidermal growth factor receptor)
positive by immunohistochemistry (IHC) with amplified fluorescence in situ hybridization. In addition to the
axillary nodes that were histologically positive, restaging computed tomography (CT) scan after the surgery
showed metastatic disease also in the internal mammary
lymph nodes (Figure 1A) and thoracic spine. Biopsies
for histologic confirmation of the additional metastatic
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Figure 2 Computed tomography scan of the chest 4 mo after initiation of Adalimumab. A: Resolved internal mammary lymph node (arrow); B: Resolved retropectoral lymph node (arrow).

started on 5- aminosalicylates and prednisone, but her
UC was not controlled for 5 mo on this regimen, as the
tumor was progressing. Subcutaneous ADA (40 mg every
2 wk) was started and resulted in dramatic improvement
of her UC symptoms. Four months after starting ADA
along with ongoing chemotherapy with capecitabine and
lapatinib, restaging CT scan of the chest, abdomen and
pelvis showed the resolution of the previously seen internal mammary lymph nodes (Figure 2A), and the right
retropectoral lymph node (Figure 2B) and no evidence
of distant metastases. Bone scan and follow-up PET/CT
scans performed every 6 mo indicated metabolically inactive lesions at the prior sites of metastatic bone lesions
suggesting control of BC for the past 3 years on ADA.
She has been clinically asymptomatic and progression
free since 2010. Currently, she remains in complete clinical remission on maintenance lapatinib. In 2013, she had
a biopsy of her L4 vertebral body to look for histological
metastatic disease to the bone; and the pathology was
benign. She was genetically tested for BC predisposition
and found to have no BRCA1 and 2 mutations by full
sequencing of both genes.

not achieve statistical significance.
While malignancy risk in general seems increased
in patients receiving TNF inhibitors, when the type of
malignancies are examined, most common ones encountered are lymphomas and skin cancers. In particular,
among IBD patients, a meta-analysis by Siegel et al[13]
found a significant increase in NHLs. In 26 studies that
enrolled a total of 8905 patients with 21178 patient-years
of follow-up, 13 cases of NHL were reported (6.1/10000
patient-years) among TNF-α inhibitor treated subjects.
This rise in NHLs was also confirmed in another metaanalysis by Wong et al[14]. In the literature, there are also
several case reports that highlight an increased risk of
lymphoma development after initiation of TNF-α inhibitors[15-18]. Among other malignancies in case reports of
patients exposed to TNF-α inhibitors are a papillary thyroid carcinoma[19]; a salivary gland tumor[20]; a metastatic
invasive ductal carcinoma of the breast and a diffuse
B-cell lymphoma (after high-dose of ADA)[21]; malignant
melanomas[22,23]; and a pulmonary carcinoid tumor[24].
While a potential role of TNF-α inhibitors in the
development of lymphoma and skin cancers is fairly well
accepted, the role of TNF-α inhibitors in solid malignancies is not as clear. A possible theory regarding the
risk of cancer in patients on TNF-α inhibitors relates
to the important role of TNF-α for natural killer/CD8
lymphocyte dependent cell lysis and for modulating
adaptive immunity, which is an important component of
tumor surveillance[25,26]. Therefore, it is postulated that
suppressing TNF-α may enhance proliferation of solid
organ malignancies[25,26]. However, in an observational
study, Wolfe et al[27] analyzed the association between malignancy and biologic therapy in approximately 13000 patients with RA, and reported that there were no increases
in the risk of solid tumors. Another observational study
by Askling et al[28,29] used the Swedish inpatient registry
to compare 4160 TNF-α inhibitor treated patients with
53067 other patients in the registry: Cancer risks in the
TNF inhibitor treated patients were largely similar to
those of other patients with RA.
Data regarding the safety of anti-TNF-α agents prescribed to patients with prior malignancy are available

DISCUSSION
Many studies have been undertaken to understand whether TNF-α inhibitor therapy increases the rate of malignancies. The hypothetical risk of recurrent malignancy
in patients with prior malignancy has previously led
researchers to exclude almost all cancer patients from
randomized clinical trials of TNF-α inhibitors[9]. TNF-α
inhibitor therapy, in general, and ADA in particular, has
been associated with an increased risk for malignancy[10].
A meta-analysis of nine randomized controlled trials of
anti-TNF-α antibody therapies (infliximab and ADA)
versus placebo in patients with rheumatoid arthritis,
found a significantly increased risk for malignancies in
the TNF-α inhibitor treated patients with a pooled odds
ratio of 3.3 (95%CI: 1.2-9.1), compared to placebo-treated patients[11]. Another meta-analysis[12] found a higher
malignancy risk in patients treated with etanercept compared to controls, although the relative risk estimate did
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in only a few studies. One study analyzed data from the
British Society of Rheumatology Biologics Register and
attempted to assess the potential malignancy risk associated with starting TNF-α inhibitor therapy in patients
with RA who had pre-existing malignancies[30]: Analysis
of data from approximately 10000 patients, showed an
increased incidence rate ratio of 2.5 (95%CI: 1.2-5.8);
indicating that patients with a malignancy prior to the
initiation of TNF-α inhibitor therapy have a higher risk
of another malignancy compared to patients without a
previous malignancy. In contrast, a recent study found
no significant increase in the risk of tumor recurrence
for those patients under treatment with TNF-α inhibitor
agents, and no overall increase in the incidence of malignancies in patients exposed or unexposed to TNF-α
inhibitor treatment[6]. Additionally, clinical trials of the
TNF- α inhibitor etanercept in patients with breast
cancer, ovarian cancer and hematological malignancies
have resulted in disease stabilization or partial improvement of the cancer[31-33]. Also, infliximab therapy of 41
patients with advanced cancer was well tolerated with no
evidence of disease acceleration[34]. But tumor recurrence
was reported in two cases of metastatic melanoma and
these occurred after initiation of TNF-α inhibitors[35].
In the terms of tumor regression with withdrawal of
TNF inhibitors, there are two case reports: One is a case
of recurrent Hodgkin’s lymphoma, 10 mo after ADA
initiation, with spontaneous regression observed after
withdrawal of TNF-α inhibition[36]. The other is a case
report of a non-small cell lung cancer developing 4 years
after TNF-α inhibitors in a patient with Crohn’s disease
treated initially with infliximab for 2 years and then with
ADA. The tumor was found to have TNF receptors type
1 and type 2. After TNF-α inhibitors were withdrawn,
the tumor regressed with follow-up chest CT scans 1
year after withdrawal, showing virtually no evidence of
the primary lung tumor, nodules, or lymphadenopathy,
with complete clinical and radiological remission [37].
Looking at these reports, it is clear that in some patients
TNF-α inhibitors may further cancer and in others they
do not. Additional studies on tumor characteristics and
immune mechanisms at play are needed to determine in
which patients TNF-α inhibitors may be harmful.
The case reported here is remarkable because our patient with metastatic BC achieved a complete remission
despite initiation of TNF-α inhibitors (which theoretically can worsen malignancies) and she has been progression free for 3 years, along with excellent control of
her UC. This case is also interesting because UC could
have accounted for the rising CEA observed. Some previous studies suggest that the elevation of CEA titers in
some patients can be related to the degree and the extent
of active inflammation of the colon and can return to
normal with remission[38,39]. In this case, the CEA was
difficult to interpret due to the presence of both metastatic BC and active colitis.
In terms of TNF-α therapy, the potential benefits
of the latter therapy need to be considered against risks
related to the potential recurrence of pre-existing ma-
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lignancy. If patients have been free of any recurrence
of their malignancy for 10 years, there appears to be no
evidence for a contraindication to anti-TNF-α therapy[40].
On the basis of all available data, the question of whether anti-TNF-α therapy can be initiated in individuals with
previous malignancies less than 10 years in remission is
still not solved and requires careful data collection going
forward[41]. Our case, illustrates that, it is possible to successfully treat an advanced cancer like metastatic BC and
concomitant IBD with TNF-α inhibitor therapy. Further
in-depth studies are needed in cancer patients who remain in remission, who are also given TNF-α inhibition
to elucidate the role of TNF-α in tumor progression and
surveillance.
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Peer review

The case report is an example of a common scenario in clinical care, when a
patient with inflammatory bowel disease and cancer has to be concomitantly
treated for both conditions. While the case illustrates it is possible to use TNF
inhibitors in this scenario, the follow-up is three years and is relatively short.
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CASE REPORT

Two rare gastric hamartomatous inverted polyp cases
suggest the pathogenesis of growth
Hirohito Mori, Hideki Kobara, Takaaki Tsushimi, Shintaro Fujihara, Noriko Nishiyama, Tae Matsunaga,
Maki Ayaki, Tatsuo Yachida, Tsutomu Masaki
hypothesis that after a hamartomatous change occurs
in the submucosal layer, some of these components
are exposed to the gastric mucosa and, consequently,
form a hypertrophic lesion. In Case 1, our hypothesis
explains why a tiny hypertrophic change was first detected on the top of the submucosal tumor using a
detailed narrow band imaging-magnified endoscopy.
There was no confirmation that the milky white mucous
and calcification structures were exuding directly from
the biopsy site like Case 1, and in Case 2 the presence
of this mucous was indirectly confirmed during an endoscopic submucosal dissection (ESD). Regarding the
pathogenesis of GHIP, a submucosal hamartomatous
change may occur prior to the growth of hypertrophic
portions. An en bloc resection using ESD is recommended for treatment.
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Key words: Hamartomatous inverted polyps; Hypotheses of pathogenesis; Milky white mucous; Endoscopic
submucosal dissection; Pathological findings
Core tip: The pathogeneses of hamartomatous inverted
polyps (HIP) and inverted hyperplastic polyps remain
controversial. Our experience with 2 rare successive
cases of HIP suggests that after a hamartomatous
change occurs in the submucosal layer, some of these
components are exposed to the gastric mucosa and,
consequently, form a hypertrophic lesion. An en bloc
resection by endoscopic submucosal dissection is recommended for treatment.

Abstract
Gastric hamartomatous inverted polyps (GHIP) are difficult to diagnose accurately because of inversion into
the submucosal layer. GHIP are diagnosed using the
pathological characteristics of the tumor, including the
fibroblast cells, smooth muscle, nerve components,
glandular hyperplasia, and cystic gland dilatation. Although Peutz-Jeghers syndrome, juvenile polyposis,
and Cowden disease are hereditary, it is rare to encounter 2 cases of monostotic and asymptomatic gastric hamartomas. The pathogeneses of hamartomatous
inverted polyps and inverted hyperplastic polyps remain
controversial because of the paucity of reported cases.
There are 3 hypotheses regarding the pathogenesis of
complete gastric inverted polyps. Based on our experience with 2 successive, rare GHIP cases, we affirm the
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INTRODUCTION

A

Gastric hamartomatous polyps (GHP) have been reported as GHIP because of inversion into the submucosal
layer of the main body[1]. GHIP located in the submucosal layer and gastric submucosal tumors (SMT) are rarely
reported, making an accurate diagnosis difficult[2]. GHIP
are diagnosed using the pathological characteristics of
the tumor, including the fibroblast cells, smooth muscle
proliferation, nerve components, vasoformative tissue,
glandular hyperplasia, and cystic gland dilatation [2,3].
GHIP > 20 mm in diameter are recommended to be
treated with an en bloc resection with laparoscopic wedge
resection of the stomach or endoscopic submucosal resection (ESD) rather than a conventional polypectomy,
endoscopic mucosal resection (EMR) with piecemeal
resection, or subtotal or total gastrectomy because there
is a paucity of studies regarding the long term outcomes
of GHIP and these polyps occasionally contain paracancerous portions (approximately 20% of GHIP)[2-4]. Furthermore, there are some controversial reports regarding
the pathogenesis or natural growth history of GHIP.
One hypothesis suggests that the submucosal hamartomatous or heterogenic gastric mucosa components grow
up to the mucosal surface; however, another hypothesis
suggests that hyperplastic components or the mucosa is
inverted into the submucosa[5,6].
Here, we report 2 cases (31-year-old and 65-year-old
patients) that will aid in the understanding of the pathogenesis and growth process of GHIP.

B

C

CASE REPORT
A 31-year-old woman was found to have a gastric SMT
in the great curvature of the upper body of the upper
GI tract during her medical exam. She underwent an
esophagogastroduodenoscopy (EGD) and endoscopic
ultrasound (EUS) (radial scan, 20 MHz). The EGD
showed a gastric SMT measuring 30 mm in diameter in
the greater curvature of upper body with bridging folds
and a tiny reddish spot on the top (Figure 1A). With the
exception of the tiny reddish spot, the SMT surface was
normal gastric mucosa. Using narrow band imagingmagnified endoscopy (NBI-ME), the tiny reddish area
was shown to be dilated with banded marginal crypt
epithelium that differed from the surrounding mucosa
and consisted of small round pits of normal fundic
glands (Figure 1B). A biopsy specimen taken from the
tiny reddish spot showed hyperplastic gastric mucosa.
Milky white mucous and calcification structures were
found to be exuding from the biopsy site (Figure 1C).
After draining the mucous, a solid portion with small
cystic changes was found inside the SMT wall using forceps (Figure 1D). An EUS (radial scan, 20 MHz) before
the biopsy revealed a heterogeneous tumor with a cystic
area and calcification spots with acoustic shadow (Figure
2A). After the biopsy and draining of the mucous, we
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Figure 1 Esophagogastroduodenoscopy showed a submucosal tumor.
A: The esophagogastroduodenoscopy (EGD) showed a gastric submucosal
tumor (SMT) measuring 30 mm in diameter in the greater curvature of upper
body with bridging folds and a tiny reddish spot on top (yellow arrow); B: Using
NBI-ME, the tiny area was observed to be dilated with banded marginal crypt
epithelium (yellow arrows); C: Milky white mucous and calcification structures
(blue arrow) were exuding from the biopsy site (yellow arrow); D: The solid portion inside the wall of the SMT with small cystic changes were exposed using
forceps (yellow arrow).
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A

B

C

D

Figure 2 Endoscopic ultrasound before and after the biopsy and histology. A: An EUS before biopsy revealed a heterogeneous tumor with a cystic area and
calcification spot (yellow arrow); B: An endoscopic ultrasound (EUS) from inside the submucosal tumor (SMT) filled with distilled water and an inserted EUS probe
showed 5 specific layers (red circle); C: An HE stain (× 20) also showed the 5 structural layers. The hyperechoic portion showed proliferation of pseudo-pylorus glands
and cystic gland dilatation without cytological atypia (blue circle); D: The 5 layers consisted of a normal mucosal layer (yellow arrow), immature fibroblasts (black arrow), pyloric glands (yellow arrow), muscularis mucosa (black arrow) and another normal mucosal layer (yellow arrow) (HE stain × 100).

conducted an EUS from inside the SMT by filling the
tumor cavity with distilled water and inserting the EUS
probe (Figure 2B). The EUS from inside the SMT cavity showed 5 specific structural layers (high-low-highlow-high). The EUS findings suggested that the 5 layers (high-low-high-low-high) were mucosa, muscularis
mucosa, submucosa, muscularis mucosa, and mucosa,
similar to a reverse layer pattern. The patient had no
clinical symptoms, no family history, and no laboratory
data abnormalities. Based on the EGD and EUS findings, including the heterogeneous echo pattern, small
cystic structure, and spotty calcification, we suspected
the presence of GHIP and lymphangioma with inflammatory changes. As it was difficult to make a definitive
diagnosis and disprove the likelihood of a paracancerous
lesion, we believed that an en bloc resection of the SMT
was necessary to obtain an accurate diagnosis. After obtaining written informed consent from the patient, we
resected the SMT by endoscopic submucosal dissection
(ESD). A hematoxylin and eosin (HE) stain of the resected SMT is shown in Figure 2C (× 20) and Figure 2D
(× 100). Histologically, the 5 structural layers (high-lowhigh-low-high) shown in the EUS and with the HE stain
(× 20, Figure 2B and C red circle) consisted of a normal
gastric mucosal layer of columnar epithelium of pyloric
glands and fundic glands (high) (Figure 2D, yellow arrow), an immature fibroblast cell rich layer (low) (Figure
2D, black arrow), a pyloric gland rich layer (high) (Figure
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2D, yellow arrow), muscularis mucosa (low) (Figure 2D,
black arrow), and a normal gastric mucosal layer of columnar epithelium (high) (Figure 2D, yellow arrow) from
inside the stomach. As shown in Figure 1C, the milky
white mucous and calcification structures were not confirmed. The high echo solid portion of the SMT with
tiny low echoic cystic spots (Figure 2B, blue circle) were
shown to be the proliferation of pseudo-pylorus glands,
cystic glands without cytological atypia, fibroblast cells,
smooth muscle proliferation, nerve elements, glandular
hyperplasia, and cystic gland dilatation.
A 65-year-old man was admitted to treat a SMT measuring 40 mm in diameter in the greater curvature of the
middle body. The size of the SMT had increased from 20
mm in diameter, which had been reported 5 years previously; in addition, on the top of the SMT, there was a
reddish and erosive nodular surface measuring 10 mm in
diameter that had been previously reported to measure
only a few mm in diameter (Figure 3A, B). An EUS (radial scan, 20 MHz) revealed a heterogeneous tumor with
small spotty cystic areas, a large anechoic cystic part with
papillary structures, and 5 specific structural layers (highlow-high-low-high) as its wall (Figure 3C, D). Considering
the EGD and EUS results and the clinical progression of
the SMT size, the GHIP may have been paracancerous.
Therefore, an en bloc resection with ESD was performed
to obtain an accurate diagnosis (Figure 4A). During the
ESD (as shown in Figure 4B, C), milky white compo-
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Figure 3 An submucosal tumor measuring 40 mm in diameter was found in the greater curvature of the middle body. A and B: The size of the submucosal
tumor (SMT) had increased from the 20 mm in diameter that was reported 5 years before. In addition, a reddish erosive part 10 mm in diameter was found on the top
of the SMT (yellow arrows). C and D: An endoscopic ultrasound revealed a heterogeneous tumor with small spotty cystic areas, a large anechoic cystic part, with papillary structures and 5 specific structural layers as its wall.

A

B

C

D

Figure 4 Endoscopic submucosal dissection to resect the submucosal tumor. A: An en bloc resection using endoscopic submucosal dissection (ESD) was
performed to obtain an accurate diagnosis; B and C: Similar to Case 1, milky white components were observed during the ESD (black arrows); D: The lesion was
completely resected with a sufficient safety margin.

nents similar to those in Case 1 were observed. The lesion was resected as a complete en bloc specimen with a
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sufficient safety margin from the tumor (Figure 4D).
Similar to Case 1, the 5 structural layers (high-low-
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Figure 5 An endoscopic ultrasound and histological comparison. A: An endoscopic ultrasound (EUS) revealed a heterogeneous tumor; B: The 5 layers shown
in the EUS and HE stain (× 20) (yellow circle) consisted of a normal mucosa layer, immature fibroblast cells, pyloric glands, muscularis mucosa, and another normal
mucosa layer. The surface mucosa was inverted into the submucosal layer (red arrow); C and D: The hyperechoic solid portion had tiny low echoic cystic spots (blue
circle) and showed the proliferation of pseudo-pylorus glands, cystic glands, fibroblast cells, smooth muscle, and nerve elements.

high-low-high) shown in the EUS and HE stain (× 20)
(Figure 5A, B, yellow circle) consisted of a normal gastric
mucosal layer, immature fibroblast cell rich layer, pyloric
gland rich layer, muscularis mucosa, and normal gastric
mucosa. The high echo solid portion with tiny low echoic
cystic spots (Figure 5A, B and C, blue circle) showed
proliferation of pseudo-pylorus glands, cystic glands with
cytological atypia, fibroblast cells, smooth muscle proliferation, nerve elements, glandular hyperplasia, and cystic
gland dilatation (Figure 5D). This SMT was inverted into
the submucosal layer, as highlighted by the red bold arrow (Figure 5B).

examination and the observation of hyper echoic lesions,
including small cystic hypo echoic spots (a heterogeneous
tumor), in the 3rd layer (submucosal layer)[3]. In Case 1, an
EUS examination from inside the tumor cavity was performed by inserting an EUS probe after cutting a portion
of the tumor surface; forceps were used to obtain additional detailed information about the wall structure (highlow-high-low-high). A previous Japanese case report
mentioned that EUS-fine needle aspiration was useful for
diagnosing GHIP with 82% sensitivity, 100% specificity,
and an overall 92% success rate. In addition, a differential
diagnosis of GHIP and an aberrant pancreas with cystic
pancreatic ducts was reported to be particularly difficult[2].
Pathological findings of inverted ectopic gastric pseudopyloric glands in the submucosal layer is vital for diagnosing GHIP; therefore, an en bloc resection using an ESD
method was a viable treatment option in our 2 reported
cases.
The pathogeneses of hamartomatous inverted polyps
(HIP) and inverted hyperplastic polyps (IHP) remain
controversial because of the paucity of documented cases[13]. A previous report suggested that GHIP should be
classified as IHP because the rupture, thinning, and frailty
of muscularis mucosae is caused by repeated erosions
reaching the muscularis mucosae and gastric glands that
are inverted into the submucosal layer, and the obstruction of a drain outlet for produced mucous leads to cystic
dilatation of ectopic gastric glands[3]. There are currently
3 hypotheses regarding the pathogenesis of complete

DISCUSSION
GHPs are pathologically defined by cystic dilated hypertrophic pseudo-pylorus gland proliferation and smooth
muscle located in the submucosal layer with branching
from the proliferation of smooth muscle bundles[7]. Although Peutz-Jeghers syndrome, juvenile polyposis and
Cowden disease are hereditary, it is rare to encounter 2
cases of monostotic and asymptomatic gastric hamartomas[8-12]. GHIP is difficult to diagnose accurately without
endoscopic resection and pathological investigation because of its inverted grown into the submucosal layer and
the paucity of case reports[2]. However, GHIP may be
identified by the exuding of milky mucous, calcifications
from the biopsy site, and specific EUS findings. There
have been reports that GHIP was diagnosed by EUS
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gastric inverted polyps. One hypothesis contends that
after a hyperplastic change occurs on the gastric mucosa
surface, these components invert into the submucosal
layer, and the submucosal glandular or cystic elements
transform into an SMT-like tumor. Another hypothesis
speculates that after a hamartomatous change occurs in
the submucosal layer, some of these components are
exposed to the gastric mucosa, thereby forming a hypertrophic lesion. A third hypothesis argues that a hyperplastic polyp is incidentally formed on the top of mucosa
from the original submucosal hamartomatous change.
Based on our experience with 2 rare cases of GHIP, we
affirm that the second hypothesis is likely the basis for
the GHIP pathogenesis. Case 1 supports this hypothesis
because a tiny hypertrophic change was first detected on
the top of the SMT using detailed NBI-ME. We found
that a portion of the submucosal hamartomatous components were exposed to the surface of the SMT, with a
tiny hypertrophic change. In Case 2, the SMT grew to 20
mm in diameter in the greater curvature of the middle
body after it had been originally detected 5 years prior; in
addition, a tiny reddish and erosive nodular spot in the
hypertrophic mucosa on top of the SMT had grown to
10 mm in diameter. These data confirm the chronological
changes in the hypertrophic mucosa on top of the SMT.
No report has confirmed the milky white mucous
and calcification structures exuding from the biopsy site
directly and confirmed indirectly during the ESD[14]. Although GHPs are benign tumors, approximately 20%
coexist with paracancerous or cancerous areas[15]; therefore, it is important to diagnosis these polyps, and the
recommended treatment is an en bloc resection using an
ESD method. There was an atypical portion with high
density nuclei in Case 2; thus, it was suggested that en bloc
resection using an ESD method was pathologically more
important than a piecemeal resection with EMR.
In conclusion, as submucosal hamartomatous changes of GHIP might occur prior to the development of
secondary hypertrophic portions from our experiences
of two rare cases, more cases are needed to be stored to
evaluate the pathogenesis of GHIP. For treatment, an en
bloc resection using an ESD method is recommended.
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Transmesosigmoid hernia: Case report and review of
literature
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ity of transmesosigmoid hernia. In addition, based on
our data, in patients with SBO because of transmesosigmoid hernia, the defect is usually 2-5 cm in diameter.
Furthermore, because of the high risk of strangulation
with transmesosigmoid hernia, it is mandatory to reassess the condition timely and periodically when patients
receive conservative treatment.
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Core tip: Transmesosigmoid hernia is a rare condition.
We report a case of transmesosigmoid hernia. In addition, we carried out a comprehensive literature analysis
and summarized the important clinical traits. Our data
indicated for the first time that small bowel obstruction due to transmesosigmoid hernia can easily lead to
strangulation, with the defect being 2-5 cm in diameter.
It is necessary to reassess the condition timely and periodically if patients receive conservative treatment.
Li B, Assaf A, Gong YG, Feng LZ, Zheng XY, Wu CN.
Transmesosigmoid hernia: Case report and review of literature.
World J Gastroenterol 2014; 20(19): 5924-5929 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i19/5924.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5924

Abstract
Transmesosigmoid hernia has previously been considered as a rare condition. The clinical symptoms can be
nonspecific. Here, we report a case of acute intestinal
obstruction because of transmesosigmoid hernia. In
addition, after a comprehensive review of PubMed and
China National Knowledge Infrastructure, we present
a review of 22 cases of transmesosigmoid hernia. We
summarize several valuable clinical features that help
early recognition of transmesosigmoid hernia. As a result of easy strangulation, in patients without a history
of surgery or abdominal inflammation who present with
symptoms of progressive or persistent small bowel obstruction (SBO), surgeons should consider the possibil-
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INTRODUCTION
Internal hernia is the protrusion of a viscus through a
mesenteric or peritoneal aperture. It causes up to 5.8%
of cases of small bowel obstruction (SBO)[1,2]. Sigmoidrelated hernias are especially rare, and account for 6% of
internal hernias[3]. There are three main types of sigmoidrelated hernias[4,5]. One is the intersigmoid type, which
develops when herniated bowel protrudes into the inter-
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A

B
Figure 1 Abdominal computed tomography showed dilated loops of small
bowel with multiple air fluids levels and collapsed distal small bowel, consistent with small bowel obstruction.

sigmoid fossa. This is actually a normal congenital variant, and the hernias are often easily reducible. Whether
there is a true aperture of the intersigmoid fossa is still
debatable. The other two types are transmesosigmoid
hernia and intersigmoid hernia. The difference between
them is that the former type involves a complete defect
involving both layers of the sigmoid mesocolon, while
the latter has an incomplete defect involving only one
of the layers (usually the left leaf). Due to the lack of
herniatic sac, transmesosigmoid hernia is assumed to
progress rapidly, with a higher incidence of strangulation.
The clinical presentation is often featureless until frank
obstruction or strangulation occurs. Additionally, imaging changes can also be nonspecific, such as abdominal
X-ray, contrast series, or computed tomography (CT)[6].
Without a heightened awareness and understanding of
this hernia, it can always be misdiagnosed, with subsequent significant morbidity and mortality. To the best
of our knowledge, only a few cases have been reported
regarding this topic. We present a case and review of the
literature to give an up-to-date perspective on transmesosigmoid hernia.

C

Figure 2 Sigmoid mesocolic hernia during laparotomy, with 15-cm loop
of ileum herniated into the hiatus of the sigmoid mesocolon (A), herniated
loop showing no gangrene, but the presence of a constriction ring (B),
orifice about 2.5 cm in diameter (C).

CASE REPORT

sive. Blood counts revealed a white blood cell count of
68000/L 68000 with neutrophil leukocytosis of 71.1%.
Metabolic panel and liver function tests were within normal limits. Abdominal CT showed dilated loops of the
small bowel with multiple air fluid levels and collapsed
distal small bowel (Figure 1). Preoperative provisional
diagnosis was acute intestinal obstruction/adhesive ileus.
Emergency exploratory laparotomy was carried out. We
found a mechanical SBO due to an incarcerated internal
hernia. Proximal ileum was dilated while the distal ileum
was collapsed. A loop of ileum about 15 cm had herniated through a congenital defect in the sigmoid mesocolon (Figure 2A). The herniated loop and the other parts
of the ileum were viable, with no gangrene, but there was
a constriction ring over the bowel wall (Figure 2B). The
herniated loop was reduced successfully and the defect
was approximated. No bowel resection was done. No

A 59-year-old man came to the emergency department
complaining of acute severe colicky abdominal pain, with
no flatus and feces passed for five consecutive days. This
patient had a history of an episode of painful abdomen
lasting for 1 d 2 years previously. When he was 29 years
old, he underwent surgery for inguinal hernia repair (total
extraperitoneal repair). He had no history of abdominal
trauma. On examination, his temperature was normal,
pulse rate was 90 beats/min, and blood pressure was
125/92 mmHg. Heart and lungs were clinically normal.
Observation of the abdomen showed a surgical scar
about 5 cm in length in the right lower quadrant. There
was mild tenderness in the lower abdominal region with
hyperactive bowel sounds. He was negative for intestinal
peristalsis, rebound tenderness, hepatosplenomegaly,
or shifting dullness. The external hernia orifices were
normal bilaterally. Rectal examination was inconclu-
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Literature review
The studies were identified by searching the PubMed database using the terms (transmesosigmoid hernia) OR (sigmoid mesocolon hernia) or (mesosigmoid hernia) with no
time limitation. Five reports with no abstract available were excluded[7-11]. We also searched the China National Knowledge Infrastructure database from January 1989 to December 2013 with the terms transmesosigmoid hernia. For each eligible report, the information was extracted as shown in Table 1, including the first author with year of publication, age and sex of the patients, history of surgery, symptoms, preoperative diagnosis, and some characteristics about the sigmoid mesocolon defect and herniation.

hernia sac was present. The hernia orifice measured 2.5 cm in diameter and consisted of two leaves of the sigmoid mesentery (Figure 2C). The operation was successful, lasting
about 40 min, with minimal blood loss. The patient started to take liquids orally at 72 h after surgery. The suture was removed at day 7 after surgery. The patient recovered well
with no complications at 6 wk follow-up.
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We found 27 reports, and five with no English abstract available were excluded. Twenty-two reports of
surgically proven transmesosigmoid hernias were identified; eight in English and 14 in Chinese. Among these,
there were 13 men (59.1%) and 9 women (40.9%; M:
F =1.44:1), with a mean age of 53.1 (SD = 17.55, range
3-81 years) (Table 1). All the patients presented with
acute intestinal obstruction. The associated obstructive
symptoms included abdominal pain, nausea, vomiting,
constipation, and obstipation. There were two patients
with a history of hysterectomy and one with previous
appendicitis. Three patients had chronic intermittent
abdominal pain. However, this abdominal pain had no
relation to the history of surgery or appendicitis. The interval between the development of symptoms and onset
of surgery ranged from several hours to 10 d (median 1.5
d, mean 2.9 d). There were nine patients (40.9%) who received conservative treatment first, converting to surgery
because of worsening conditions. Physical examination
revealed that 18 (77.3%) patients had signs of peritonitis,
including acute abdominal pain and tenderness, rebound,
and abdominal guarding. All these patients had hemorrhagic or turbid ascites during laparotomy. Four patients
developed sepsis (18.2%). Preoperatively, 12 (50%) patients underwent CT scanning of the abdomen; eight
with abdominal X-ray (AXR) and two with ultrasound
examination. The classical finding of CT scanning was
dilated loops of small bowel and collapsed distal small
bowel. AXR showed multiple, dilated small-intestinal
loops. Ultrasound examination of the abdomen revealed
dilated fluid-filled loops with free intraperitoneal liquid,
suggesting bowel obstruction. Two patients were misdiagnosed with appendicitis. All the others were diagnosed
with SBO of unknown etiology. Not a single case was
considered as internal hernia preoperatively.
For management, all patients received exploratory
laparotomy. One case received laparoscopy first, and then
converted to laparotomy. The average diameter of the
mesosigmoid orifice in the 20 available cases was 3.39
cm (SD = 0.99, range 2-5 cm). Sixteen patients had gangrenous bowel and underwent bowel resection. Sixteen
(72.7%) patients had gangrenous bowel and underwent
bowel resection. The average length of bowel resection
was 44.5 cm (SD = 38.31, range 5-160 cm). The longest
was in a gestational woman who had SBO symptoms
with vaginal bleeding for 1 wk and had intestinal resection of about 160 cm.

According to the current study, transmesosigmoid
hernia may be underdiagnosed. Our data showed that the
male to female ratio is 1.44:1, with an average age of 53.1
years. The interval between the development of symptoms and onset of surgery is 1.5 d (median). We suggest
that, in patients without a history of abdominal surgery
or inflammation, who present with progressive or persistent SBO, internal herniation or transmesosigmoid hernia
should be considered as one of the differential diagnoses.
Generally, abdominal CT scan is important for SBO,
which provides information of obstructive location,
content, and the possible underlying causes, such as malignancy, strictures, and congenital atresia and stenosis
within the bowel wall, and other intraluminal problems
such as intussusception, gallstone ileus, feces or meconium, or Bezoar[1]. There are some traits that are especially meaningful for transmesosigmoid hernia: (1) CT
scan showing dilated loops of small bowel with collapsed
distal segments suggests the possibility of internal hernia;
and (2) CT scan revealing anteromedial displacement of
the sigmoid colon due to entrapped bowel loops behind
the left posterior or lateral aspect of the sigmoid colon[5].
Therefore, for patients with SBO, after comprehensive
history taking and physical examination, abdominal CT
scan is important for early acute diagnosis.
In transmesosigmoid hernia, the herniated loop is
easily strangulated, causing necrosis. According to our
data, 72.7% patients had bowel necrosis and underwent
bowel resection, with the average length of resection being 44.5 cm. Among the patients, 77.3% had peritonism
and 18.2% developed systemic compromise (sepsis). Although a conservative approach was attempted in some
patients, all eventually underwent exploratory laparotomy.
These data are meaningful. On the one hand, during
conservative treatment, it is mandatory to reassess timely
and periodically the patient’s condition. Any persistence
or progression of the clinical symptoms and signs should
lead to urgent surgical exploration. On the other hand,
SBO due to transmesosigmoid hernia has a high incidence of strangulation, which rapidly progresses to gangrene. In contrast, for SBO secondary to postoperative
adhesion, a substantial percentage of selected patients
can be treated successfully using with a conservative approach[31]. If strangulation occurs, the risk of complications is high, including fluid leakage, bleeding, and stenosis in the anastomosis.
Based on our data, strangulation of the herniated
loops in the transmesosigmoid defect is closely related
to the size of the opening. The average diameter of the
defect in transmesosigmoid hernia is about 3.39 cm (range
2-5 cm). Two cases with no data about the size of the
orifice had no bowel necrosis[14,15]. It is reasonable to infer
that when the orifice diameter is > 5 cm, the bowel may
move in and out spontaneously; when it is < 2 cm, it may
cause partial herniation of the bowel wall only. For these
two conditions, spontaneous restoration occurs, and the
symptoms of SBO are mild and vague. When the defect
is 2-5 cm, spontaneous restoration is unlikely and the risk

DISCUSSION
Transmesosigmoid hernia is rare and characterized by the
small bowel herniating through a complete defect involving both layers of the sigmoid mesocolon. To date, only a
few cases of transmesosigmoid hernia have been reported. The general opinion is that the clinical presentation
is featureless and the imaging tests nonspecific. Here, we
summarize several valuable clinical features to help early
recognition of transmesosigmoid hernia.
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of strangulation is high. In addition, the symptoms of
ileus based on transmesosigmoid hernia can always recur
because of the congenital defect, even though there is
transient subsidence after conservative treatment in a few
cases. Therefore, this can explain why all patients in our
literature series received laparotomy. To the best of our
knowledge, this is a major novel feature of our study.
We suggest that surgeons should consider the possibility of transmesosigmoid hernia in patients without
a history of surgery or abdominal inflammation, who
present with progressive or persistent symptoms of SBO.
We considered the common causes such as postoperative
adhesions, abdominal wall hernia, and tumor. After ruling
out these conditions, we should maintain a high index of
suspicion of transmesosigmoid hernia. We suggest that
the orifice diameter because of transmesosigmoid hernia
causing SBO is usually 2-5 cm. Timely and periodically
re-evaluating the condition of patients who receive conservative treatment is mandatory so as to enable early recognition of bowel ischemia. For treatment, laparotomy
is useful and there are no special considerations for SBO
due to transmesosigmoid hernia.
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Clinical diagnosis
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A 59-year-old man presented with acute severe colicky abdominal pain, with no
flatus and feces passed for five consecutive days.
Transmesosigmoid hernia with small bowel obstruction (SBO).

Differential diagnosis
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Postoperative adhesions, abdominal wall hernia, tumor.
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White blood cell count of 68000/L 68000 with neutrophil leukocytosis of 71.1%;
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Abdominal computed tomography showed dilated loops of small bowel with
multiple air fluids levels and collapsed distal small bowel, consistent with SBO.

Treatment
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The patient underwent emergency exploratory laparotomy. The herniated loop
was reduced successfully and the defect was approximated. No bowel resection was done.
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Related reports
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Transmesosigmoid hernia involves a complete defect involving both layers of the
sigmoid mesocolon. As a result of the lack of herniatic sac, transmesosigmoid
hernia is assumed to progress rapidly, with a high incidence of strangulation.
This case report not only represents the process of diagnosis and treatment
of a patient with transmesosigmoid hernia, but also summarizes the important
clinical traits that SBO due to transmesosigmoid hernia can easily become
strangulated, with the defect being 2-5 cm in diameter.
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CASE REPORT

Colonic metastasis after resection of primary squamous cell
carcinoma of the lung: A case report and literature review
Hai-Zhou Lou, Chun-Hua Wang, Hong-Ming Pan, Qin Pan, Jin Wang
revealed a large mass measuring 7.6 cm × 8.5 cm in
the ascending colon. Colonoscopy and biopsy revealed
poorly differentiated squamous cell carcinoma with similar morphological pattern to that of the previous lung
cancer. Chemotherapy was given and the patient died 5
mo later. Lung cancer metastatic to the colon confers a
poor prognosis: overall survival ranged from 5 wk to 1
year, with a median survival of 3 mo after the diagnosis
of the colonic metastasis.
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Core tip: Lung cancer with colonic metastasis is a rare
condition, accounting for only 0.5% of lung cancer cases.
Symptomatic colonic metastases are often emergent and
colonoscopy with biopsy can make further diagnosis.
Herein we report a case of patient with upper abdominal
pain and weight loss after lung cancer resection. Subsequent colonoscopy and pathology confirmed poorlydifferrentiated squamous cell carcinoma due to colonic
metastasis of lung cancer. The patient improved after receiving chemotherapy but died from rectal bleeding. We
report the case for its rarity and emphasize disease management after prompt clinical and pathological analyses.
Lou HZ, Wang CH, Pan HM, Pan Q, Wang J. Colonic metastasis
after resection of primary squamous cell carcinoma of the lung:
A case report and literature review. World J Gastroenterol 2014;
20(19): 5930-5934 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i19/5930.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i19.5930

Abstract
Lung cancer is a common malignancy in the world;
however symptomatic colonic metastasis from primary
lung cancer is rare. A 64-year-old man was originally
found poorly differentiated squamous cell carcinoma
of right lung and received right lower lobectomy and
lymph node dissection. Three years later, the patient
presented to our emergency room with the symptom of
upper abdominal pain and weight loss. Abdominal palpation and computed tomography scan of the abdomen
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Lung cancer is a common malignancy in the world; how-
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noscopy disclosed a large ulcerated lesion in the ascending colon, and biopsy revealed poorly differentiated SCC
with similar morphological pattern to that of the previous lung cancer. Furthermore, immune histochemical
results of the tissue specimen were positive for CK5/6
and p63, but negative for CDX2 and CK20 (Figure 2).
Upon review by our hospital’s tumor board, it was concluded that these results were consistent with primary
lung cancer. Then chemotherapy with intravenous cisplatin and oral S-1 every 5 wk was initiated and a total
of 2 cycles were given. The patient improved remarkably
after 2 cycles of chemotherapy. CT scan of the abdomen
showed significant reduction in the abdominal mass. Just
before the 3rd cycle, the patient developed rectal bleeding
with bright red blood in stool. He was treated with somatostatin and hemostatic drugs and symptoms relieved
soon. But three weeks later the patient refused further
chemotherapy and was discharged from the hospital.
The patient died 5 mo after diagnosis.

Figure 1 Abdominal computed tomography which revealed a large soft
tissue mass of 7.6 cm × 8.5 cm in size in the ascending colon.

ever symptomatic colonic metastasis from primary lung
cancer is rare. Clinically, patients may present with symptoms of abdominal pain, obstruction, bowel perforation,
and lower gastrointestinal bleeding. In this report, we
describe a rare case of symptomatic colonic metastasis
from squamous cell carcinoma of the lung and with literature review.

DISCUSSION
Lung cancer is one of the most common primary malignancies, and nearly 50% have distal metastasis at the time
of diagnosis[1,2]. The preferential sites of distal metastasisare the liver, adrenal gland, bone, and brain[3,4]. Gastrointestinal metastasis of primary lung cancer is considered
to be rare. The overall incidence of primary lung cancer
metastatic to gastrointestinal tract is about 4.7%-14.0%
at autopsy[1,5]. Symptomatic gastrointestinal metastasis of
lung cancer is 1.77% (6/339) as reported by Yang et al[6].
Lung cancer metastatic to the colon are very rare, accounting for only 0.5%of lung cancer cases[5].
Gastrointestinal metastases from lung cancer are often
asymptomatic. Symptomatic colonic metastasis is very rare
and only a few cases were reported in the English literature. After review of the literature, a total of only 12 such
cases were identified since 1970 (Table 1)[2-4,6-13]. In these
patients, the mean age was 64.4 years and all patients were
male. Abdominal pain and anemia are the most common
symptoms[1,10]. Other symptoms like intestinal obstruction, lower GI bleeding, bowel perforation, or GI fistula
may occur[2,10].These findings can occur synchronously or
before the diagnosis of lung cancer, but more frequently
after the diagnosis of primary lung cancer[6].
Symptomatic colonic metastases are often emergent
and intended to undergo emergent computed tomography .Colonoscopy with biopsy can make further diagnosis. PET-FDG has become useful in patients with
potentially resectable non-small cell lung cancer[14,15]. In
patients with clinical stage Ⅲ disease, PET scanning willdetect extrathoracic metastases in approximately 25% of
patients[16,17]. Recently, case of colonic metastasis from
lung cancer has been assessed by PET-CT imaging[11].
PET-CT scanning may reveal a higher incidence of colonic metastases than previously suspected. However,
the role of PET-CT in the diagnosis of gastrointestinal
metastasis from lung cancer is still unclear because of

CASE REPORT
A 64-year-old man originally presented to local hospital
for left chest pain in May 2009. At that time, he underwent a contrast-enhanced computed tomography (CT)
scan of the chest,which showed a mass in the right
lower lobe of lung. Flexible bronchoscopy identified focal areas of thickening in the bronchus of right lower
lobe. Histopathologic examination revealed a poorly differentiated squamous cell carcinoma (SCC) of the lung.
Then he underwent right lower lobectomy and lymph
node dissection.The final pathologic diagnosis of the
tumor was stage Ⅱ poorly differentiated SCC. Margins
were negative and no involved lymph nodes. The patient
refused any adjuvant chemotherapy or radiation therapy
after surgery.
In February 2012, nearly three years after his initial
lung cancer diagnosis, the patient presented to our emergency room with the symptom of upper abdominal pain
and weight loss. On physical examination at admission,
the patient was fully alert and oriented, afebrile. His vital parameters were normal. There was slight pallor, no
peripheral lymphadenopathy or pedal edema. Abdominal palpation revealed a large mass in the right upper
quadrant. The mass was tender on palpation, but there
was no rebound tenderness or guarding. Rest of the
systemic examination was unremarkable. On laboratory
tests,hemoglobin was 10.6 g/dL, blood count showed
slight leukocytosis with neutrophils elevated. Liver and
renal functions were normal.Fecal occult blood test was
positive.
CT scan of the abdomen revealed a large mass measuring 7.6 cm × 8.5 cm in the ascending colon with heterogeneous enhancement (Figure 1). Subsequent colo-
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Figure 2 Histological findings. A: Poorly-differentiated squamous cell carcinoma metastatic to the descending colon [hematoxylin eosin (HE) × 40]; B: Cancercells
infiltrating mucosa of the descending colon (HE × 200); C: Negative immunohistochemical staining for CK 20 (× 100); D: Positive immunohistochemical staining for CK
5/6 (× 100); E: Negative immunohistochemical staining for CDX-2 (× 100); F: Positive immunohistochemical staining for p63 (× 100).

few clinical data.
The histological type of lung cancer that causes gastrointestinal metastasis varies according to different series[6].The most common type was squamous cell carcinoma which accounting for colonic metastasis in more than
50% of cases in our review. But the study of Stenbygaard
et al[18] showed adenocarcinoma was more prominent.
The pathologic results of colonic metastasise usually consistent with the primary lung cancer. These findings can
be confirmed by immunohistochemistry. Lung carcinomas usually show positive staining forCK5/6 or p63 and
negative staining for CK20 and CDX-2, whereas colon
adenocarcinoma is typicallyCK5/6 or p63 negative and
CDX-2 or CK20 positive[19]. CDX-2 is a highly specific
and sensitive marker for gastrointestinal adenocarcinoma
andcan be used to differentiate from metastasis of lung
cancer[20].

WJG|www.wjgnet.com

Secondary colonic involvement from lung cancer suggests widespread dissemination and is associated with a
poor prognosis. According to our review, after the detection of colonic metastasis secondary to primary lung
cancer, survival times ranged from 5 wk to 1 year (Table
1), with most patients dying within 6 mo. Treatment of
colonic metastasis depends on the extent of the disease
and the nature of the initial presentation. The most important point is which lesion should be treated first-the
colonic metastasis or the primary lung cancer? In case
of a complicated colonic lesion (obstruction, bleeding or
perforation), proper surgery for colonic metastasis provides excellent palliation, increases the quality of life and
shortens the time of hospitalization[9,13].Chemotherapy
is useful in selected patients. In our case sufficient palliation was achieved with chemotherapy. This patient
survived for a further 5 mo after diagnosis.
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Table 1 Clinical characteristics of published colonic metastasis from primary lung cancer
Case Year Age
1
2
3
4
5
6
7
8
9
10
11
12
32

1978
1978
1980
1988
1998
2001
2002
2006
2006
2008
2008
2010
2012

52
57
63
69
69
68
73
60
57
74
59
53
67

Sex
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

Site of metastasis

Pathology type of lung cancer

Location of lung cancer Interval time to diagnosis Survival

Sigmoid colon Poorly differentiated squamous cell carcinoma
Sigmoid colon
Squamous cell carcinoma
Sigmoid colon
Large cell carcinoma
Ascending colon
Small cell carcinoma
Sigmoid colon
Squamous cell carcinoma
Sigmoid colon
Squamous cell carcinoma
Entire colon
Large cell carcinoma
Ascending colon
Squamous cell carcinoma
Caecum
Small cell carcinoma
Descending colon
Squamous cell carcinoma
Caecum
Small cell carcinoma
Descending colon
Adenocarcinoma
Descending colon
Squamous cell carcinoma

Left upper lobe
Left lower lobe
Left upper lobe
Right medial lobe
Right main bronchus
Right lower lobe
Right lower lobe
Left upper lobe
Left upper lobe
Right upper lobe
Left hilar mass
Left lower lobe
Right lower lobe

Same time
2 yr later
1 mo
Same time
9 mo
10 wk
Same time
Same time
645 d
Same time
Same time
Same time
32 mo

> 1yr
1 yr
NA
2 mo
2 mo
6 mo
3 mo
NA
70 d
23 wk
NA
6 mo
5 mo

NA: Not available.

case of symptomatic colonic metastasis from squamous cell carcinoma of the
lung.

Although lung cancer metastatic to colon is rare, it
should be included in the differential diagnosis for any
patient with colonic tumor.Accurate differentiation is necessary because treatment differs significantly for patients
with colonic metastasis of lung cancer, as compared with
patients with primary colon cancer. Lung cancer metastasis to the colon confers a poor prognosis and early diagnosis can prevent further complications.
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carcinoma, by means of invasive and non-invasive methods, according to the different therapeutic strategies
available. In particular the role of emerging techniques
(e.g. , transient elastography) and biological features of
hepatocellular carcinoma in predicting recurrence have
been discussed. In particular, invasive methods were
differentiated from non-invasive ones for research purposes, taking into consideration the emerging role of the
genetic signature of hepatocellular carcinoma in order
to better allocate treatment strategies and surveillance
follow-up in patients with this type of tumor.
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Core tip: Hepatocellular carcinoma (HCC) recurrence
represents an important clinical challenge due to its
negative impact on overall patient survival. The predictors of HCC recurrence, based mainly on HCC radiological features (i.e. , number and size of HCC nodules),
have enabled early diagnosis thereby drastically reducing the HCC recurrence rate and, hence, patient survival. However, other more efficacious predictors are
needed in order to further reduce the HCC recurrence
rate. This review describes the more clinically useful
predictors of the different imaging techniques and the
molecular features of HCC recurrence according to the
available therapeutic strategies.

Abstract
The recurrence of hepatocellular carcinoma, the sixth
most common neoplasm and the third leading cause of
cancer-related mortality worldwide, represents an important clinical problem, since it may occur after both
surgical and medical treatment. The recurrence rate
involves 2 phases: an early phase and a late phase. The
early phase usually occurs within 2 years after resection;
it is mainly related to local invasion and intrahepatic
metastases and, therefore, to the intrinsic biology of the
tumor. On the other hand, the late phase occurs more
than 2 years after surgery and is mainly related to de
novo tumor formation as a consequence of the carcinogenic cirrhotic environment. Since recent studies have
reported that early and late recurrences may have different risk factors, it is clinically important to recognize
these factors in the individual patient as soon as possible. The aim of this review was, therefore, to identify
predicting factors for the recurrence of hepatocellular
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INTRODUCTION

PREDICTING FACTORS OF RECURRENCE
AFTER HCC TREATMENT

Hepatocellular carcinoma (HCC) represents the sixth
most common neoplasm and the third leading cause
of cancer-related mortality worldwide[1]. Its occurrence
has a clear geographical distribution, having the highest
incidence in East Asia, sub-Saharan Africa and Melanesia, where about 85% of all cases occur, due to the high
prevalence of hepatitis B virus (HBV) infection. On the
other hand, the incidence of hepatitis C virus (HCV) and
alcohol-related HCC is rising in developed countries[2].
To date, different diagnostic and therapeutic strategies
are available for the overall management of HCC, all of
them present in different guidelines published by various
international scientific societies[3-5].
From a clinical point of view, the critical problem
is represented by the recurrence of HCC which can be
early or late, and can occur practically after every type of
treatment.
In fact, it has been documented that the recurrence
rate of HCC involves 2 phases. The early phase usually
occurs within 2 years after resection, and is mainly related
to aggressive pathological factors, such as high tumor
grade, local invasion and intrahepatic metastases and
therefore to the intrinsic biology of the tumor; on the
other hand, the late phase occurs more than 2 years after
surgery and is mainly related to de novo tumor formation
as a consequence of the carcinogenic cirrhotic environment[6].
There are several treatment strategies available for
HCC. The choice of the best treatment is guided by a
prognostic classification [Barcelona clinic liver cancer
(BCLC) classification][1] (Figure 1) which divides patients
into 5 different stages, according to pre-established prognostic variables, which take into consideration tumor status, liver function and performance status[3].
Resection is the first-line therapy in patients with solitary tumor and well-preserved liver function. However,
its major complication is the recurrence of HCC, reaching an incidence of more than 70% at 5 years[7]. Vascular invasion (both macroscopic and microscopic) is the
strongest predictor of recurrence and survival, directly
associated with histological differentiation and tumor
size[7].
The aim of this review was to identify predicting factors for the recurrence of HCC (early or late recurrence)
according to the different therapeutic strategies available.
Furthermore, we differentiated the invasive methods
from the non-invasive ones for research purposes, taking
into consideration the emerging role of the genetic signature of HCC in order to better allocate treatment strategies and surveillance follow-up in patients with HCC.
It was not our aim to discuss the role of clinical predictors (i.e., disease severity, age, gender, etiology, etc.) or
of serum markers (alfa-fetoprotein, des-γ-carboxy prothrombin, etc.) as prognostic factors for the recurrence of
HCC, see specific reviews[8-10] for a more detailed discussion.
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Percutaneous treatments
During the past few decades, several minimally invasive
ablation techniques have been developed to treat unresectable HCC. Percutaneous ethanol injection (PEI) was
introduced as the seminal ablation technique for HCC
in the 1980s[11]. In 1990, the first use of percutaneous
radiofrequency ablation (RFA) for HCC was published
followed by percutaneous microwave (MW) ablation in
1994[12]. More recently other hot- and frost-based extracorporeal techniques as well as high-intensity focused US
ablation, laser ablation and cryoablation have also been
introduced into clinical practice[12]. However, in this review, we will discuss only PEI and RFA since, according
to the recent guidelines of the European association for
the study of the liver (EASL), only these two therapies
are considered standard therapies for HCC non suitable
for surgery[13].
Furthermore, it is necessary to remember that treatment efficacy after ablative therapy is represented by a
complete necrosis of the lesion (defined as complete
response, CR) at imaging techniques according to the
recently modified RECIST (mRECIST) assessment for
HCC[14].
However, it is known that imaging techniques understate the histopathological findings, mainly for tumors
larger than 3 cm; in fact, in these cases, where successful
RFA was diagnosed at imaging techniques, necrosis is
present in only 50% of the patients[15]. Therefore, it is not
easy to recognize when recurrence is due to incomplete
necrosis and, consequently, to the presence of a residual
tumor, or when it is due to true local recurrence.
In our review, we considered CR as assessed by imaging techniques after percutaneous treatment according to
the EASL guidelines[13], and tumor recurrence as the appearance of new nodules during patient follow-up.
PEI
PEI is a percutaneous ultrasound-guided ablative technique involving the injection of an ethanol solution of
95% absolute alcohol which induces coagulative necrosis
of the lesion as a result of cellular dehydration, protein
denaturation and chemical occlusion of small tumor vessels[11].
It represents a well-established technique for the
treatment of nodular-type HCC in early BCLC stages,
achieving complete necrosis in 90% of tumors < 2 cm in
diameter, 70% in those of 2-3 cm and 50% in those between 3 and 5 cm[12,16].
The major limitation of PEI is the high (local) recurrence rate, in particular in the presence of lesions larger
than 3 cm[17]. Tumor size ≥ 3 cm and the presence of
peritumoral capsule in lesions < 3 cm, which could limit
adequate ethanol diffusion, represent significant risk factors associated with early local recurrence rate at 12 and
24 mo[17].
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Hepatocellular carcinoma

Stage 0
PS 0, Child-Pugh A

Very early stage (0)
Single < 2 cm
Carcinoma in situ

Stage A-C
Okuda 1-2, PS 0-2,
Child-Pugh A-B

Early stage (A)
Single or 3 nodules
< 3 cm, PS 0

30% of patients at
presentation

Intermediate stage (B)
Multinodular, PS 0

Natural history
With therapy

50%-70% 5-yr survival

Terminal
stage (D)

20% of patients

Unresectable HCC
17.5% 1-yr survival (7.3% at 2 yr)
Intermediate/advanced stage
34% 1-yr survival
Intermediate stage
50% 1-yr survival

Curative therapies

Advanced stage (C)
Portal invasion,
N1, M1, PS 1-2

50% of patients at presentation

Asymptomatic HCC
= Early stage

96% 1-yr survival

Stage D
Okuda 3, PS > 2,
Child-Pugh C

Advanced stage
25% 1-yr survival

TACE
82% 1-yr survival
(63% at 2 yr)

End stage

11% 1-yr survival

Sorafenib
44% 1-yr survival

Figure 1 The Barcelona clinic liver cancer algorithm for the management of hepatocellular carcinoma, adapted from Bolondi et al[140]. HCC: Hepatocellular
carcinoma; TACE: Transarterial chemoembolization.

Other potential factors affecting tumor recurrence
are represented by intratumoral septa, satellite nodules,
total number of treated lesions, the presence of a halo
and an intratumoral heterogeneous echo pattern and serum alpha-fetoprotein levels > 20 mg/dL[18-20]. The latter
seems to be independently associated with new nodular
recurrence[20].
The most limiting factor affecting the efficacy of
PEI is tumor size, as confirmed by studies which compared the efficacy of PEI to RFA in terms of recurrence
rate[21-23]. When the tumor nodule increases in size, it
develops intratumoral septation, which is composed of
collagen and lipid matrix and is rare in small tumors[24]. A
possible explanation is that ethanol diffusion is blocked
either by the intratumoral fibrotic septa and/or the tumor
capsule, limiting its curative capacity in lesions larger than
2 cm[24]. In fact the peritumoral capsule and intratumoral
septa frequently harbor cancer cells within matrices which
are not easily penetrated and are completely destroyed by
95% ethanol[24]. Therefore, viable tumor cells persist and
display time-dependent local recurrence. Large HCCs
without capsule formation could manifest recurrence
from the intraseptal harboring of cancer cells and this
may explain why capsule formation affects the recurrence
rate in small HCCs and not in large HCCs.
To improve the efficacy of the conventional ethanol
ablation technique in patients with tumors larger than 2
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cm not treatable with other techniques, a retractable multipronged injection needle was developed[25]. This new
ablation technique using the multipronged needle delivery system (multipronged ethanol ablation) has recently
been proposed in a human study to treat larger HCCs in
a single session. With this new device, PEI reached a rate
of sustained complete response of 90% in tumors up to
5 cm. The complication rate was 2%, similar to that of
conventional PEI[26]; the diameter of the main tumor (≤
3.0 cm vs > 3.0 cm, P = 0.002), ethanol volume per tumor (≤ 30 mL vs > 30 mL, P = 0.021), and ethanol volume per patient (≤ 40 mL vs > 40 mL, P = 0.032) were
significantly related to the occurrence of complications,
but only ethanol volume per patient was an independent
risk factor in the multivariate analysis[27].
Percutaneous RFA
Radiofrequency ablation is a percutaneous thermal ablative technique which induces coagulative necrosis of
the tumor using heat, producing a safety ring in the surrounding peritumoral tissue at the same time. Local ablation is considered the standard of care for patients with
BCLC 0-A stage, not suitable for surgery[3]. For HCCs
≤ 2 cm, in the setting of a multi-disciplinary evaluation,
RFA can be considered the first-line treatment when performed in expert centers[4]. The efficacy of RFA is clearly
superior to that of PEI for tumors larger 2 cm[5] and is
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Transarterial chemoembolization
Transarterial chemoembolization (TACE) consists of
the intra-arterial infusion of chemotherapeutic agents,
such as doxorubicin or cisplatin with or without a viscous emulsion (lipiodol), followed by embolization of
the blood vessel with gelatin sponge particles or other
embolic agents, resulting in a combined cytotoxic and
ischemic effect. It represents the treatment of choice
in patients at an intermediate BCLC stage, those with
compensated disease, those with multifocal HCCs who
are not candidates for resection and those without signs
of vascular invasion or extrahepatic diffusion[3]; thus, the
best candidates for TACE are asymptomatic Child-Pugh
class A patients, although those with a Child-Pugh score
of B7 or ECOG PS 1 can also be considered[4]. Transarterial chemoembolization is not indicated in patients
with jaundice, untreatable ascites, main or branch portal
vein thrombosis, hepatofugal portal blood flow or HCC
nodules larger than 10 cm. Transarterial chemoembolization can be utilized in patients with early stage HCC if
surgical or ablative techniques are not applicable due to
technical conditions and/or comorbidities[4].
The recommendation for TACE as the standard of
care for intermediate-stage HCC is based on the demonstration of improved survival in comparison to the best
supportive care or suboptimal therapies in a meta-analysis
of six randomized control trials[34]. However, there was
considerable heterogeneity between the individual study
designs of the six trials, and the differences included
patient populations and TACE techniques. More specifically, the older trials of the meta-analyses included
lobar or whole liver embolization (i.e., the injection of a
mixture of Lipiodol, a chemotherapeutic agent, and an
embolizing material into either the main lobar artery or
the hepatic artery itself) whereas, more recently, selective
treatments have been used (i.e., the injection of agents
into the segmental or subsegmental branches feeding the
tumors) with apparently better survival results[35-37].
Furthermore, a recent study[38] has confirmed that
selective/superselective TACE was more successful
than lobar procedures in achieving complete histological necrosis, and TACE was more effective in 3- to 5-cm
tumors than in smaller ones. In fact, a significant direct
relationship was observed between tumor diameter and
mean tumor necrosis level (59.6% for lesions < 2 cm,
68.4% for lesions of 2.1-3 cm, and 76.2% for lesions >
3 cm). Histological necrosis was maximal for tumors >
3 cm: 91.8% after selective/superselective TACE and
66.5% after lobar procedures.
After initial success, treated tumors tend to be revascularized, as a result of neoangiogenesis, thus influencing tumour recurrence. In a recent paper, the cumulative recurrence rates at 1, 3 and 5 years were 22%, 64%
and 79%, respectively[39]. Potential factors affecting HCC
recurrence after complete response with TACE treatment are multifocal disease[39,40], age > 60 years[39]. and
the pattern of lipiodol accumulation, detected by CT
immediately after TACE, reflecting the local response to

considered to be an acceptable alternative to resection for
HCCs < 3 cm in Child Pugh A cirrhosis patients[28].
As far as comparison between RFA and surgical
resection is concerned, in a recent meta-analysis which
evaluated HCCs < 5 cm, it was highlighted that surgical
resection was better than RFA only for HCCs > 3 cm
and < 5 cm both for disease-free survival and for overall
survival[29]. Furthermore, assessing the cost effectiveness
of RFA and surgical resection for early HCC, the authors
found that, for early HCCs (< 2 cm), RFA was more cost
effective than resection while, for single larger early stage
HCCs, surgical resection remained the best strategy[29].
Short-term outcomes after treatment are excellent,
with overall survival rates of 100% and 98% at 1 and 2
years, respectively.
However long-term observation has shown a high
recurrence rate (> 70 % at 5 years), owing to the underlying liver cirrhosis. Moreover, early recurrence, local or
distant, is present, although with a notable difference
between their percentages. In fact, in a recent long-term
10-year-follow-up study, early local recurrence was present in approximately 3% of the patients and early distant
recurrence in approximately 70% of the patients[30].
Several different risk factors for the two types of recurrence have been observed; local recurrence assessed
by imaging techniques [computed tomography (CT) and
magnetic resonance (MR)] was observed mainly in larger
HCCs, close to vessels, localized near the diaphragm[31],
having a poor degree of differentiation, with ablative
margins less than 1 cm and non-encapsulated tumors.
As far as distant intrahepatic recurrence is concerned,
predictive factors are considered to be the number (> 2)
of nodules, and HCC lesions with gradual enhancement
in early arterial time as evaluated by CEUS[32,33].
Moreover, incomplete necrosis has been observed
for lesions larger than 3 cm and in the presence of large
peritumoral vessels (≥ 3 mm of diameter) due to the
convective heat loss mediated by high perfusion of the
peritumoral tissue[32].
In fact, a tumor size > 2-3 cm represents the best predictor of early (after 1 or 2 years) local and distant recurrence after treatment[33-36].
On the other hand, in the presence of HCCs ≤ 2
cm, RFA has better overall and disease-free survival rates
when compared to hepatic resection[37-39]. with the advantage of a significantly lower rate of major complications,
thus leading to the consideration of RFA as the treatment
of choice for patients with a single HCC ≤ 2 cm, even
when surgical resection is possible[4,40]. However, RFA is
not free from potential complications, due to potential
neoplastic seeding[41] and peritumoral structural damage,
in particular in the presence of HCC nodules adjacent to
large vessels, extrahepatic organs or the liver capsule[42,43].
At the same time, the HCC nodule position within the
liver also seems to influence the local recurrence rate; in
fact, proximity to large vessels and the diaphragm significantly increases the risk of local recurrence as does large
tumor size (HR = 2.609, 3.128, 1.716 respectively)[33].
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molecular studies conducted in the late nineties and early
2000s, HCC recurrence after hepatic resection is currently divided into early recurrence (within 1 or 2 years
after surgery) and late recurrence (greater than these temporal end-points)[46-48]. Early recurrences are considered
to result from intra-hepatic metastasis of the primary
HCC, and are mainly affected by adverse tumor features
whereas late recurrences should be considered as de novo
HCCs and are mainly affected by the underlying liver
status[46-48]. Among the various tumor factors involved in
determining the prognosis after resection for HCC, tumor size, multifocal disease, and the presence of vascular
invasion or of poor histological differentiation, have been
reported to be able to predict early recurrence[49-56]. The
presence of cirrhosis represents a risk factor for de novo
HCC when compared to patients having chronic hepatitis without cirrhosis and, among cirrhotic patients, it has
been reported that some cirrhotic characteristics, such as
previous surgery either alone or together with increased
aspartate aminotransferase (AST) levels and Ishak activity
can determine a high-risk profile for the development of
late recurrence[46].

Table 1 Risk factors predicting hepatocellular carcinoma
recurrence after non-surgical treatments
Treatment

Risk factors

Percutaneous
ethanol injection
Percutaneous
radiofrequency
ablation
Transarterial
chemoembolization

Ref.

Tumor size > 2-3 cm
[17,21-23]
Multinodularity
[18,19]
Peritumoral capsule
[17,24]
Tumor size > 2-3 cm
[31,33]
Position of nodule near large vessels
[31]
or diaphragm
Multifocality
[39,40]
Partial necrosis
[44]
Age > 60
[39]
Pattern of lipiodol accumulation
[41,42]
(partial or heterogeneous)

treatment[41,42]. Regarding the latter aspect, lipiodol distribution involving the entire tumor area and the surrounding peritumoral tissue is representative of a good local
response and is thus associated with better disease-free
survival; on the other hand, partial lipiodol accumulation
or heterogeneous uptake are associated with a higher rate
of local recurrence.
Transarterial chemoembolization has also been proposed as a neoadjuvant treatment or for a down-staging
strategy before liver transplantation (LT), resulting as a
safe and efficacious procedure with a high rate of histological response although the benefit in terms of diseasefree survival is not clear[43]. However, most importantly,
the percentage of histological necrosis after TACE results
in a strong predictive factor of recurrence; in fact, partial
necrosis has been demonstrated to be the only risk factor
for tumor recurrence at multivariate analysis in patients
who have undergone liver transplantation after a bridging
TACE treatment[44]. Since partial necrosis is considered
a risk factor for tumor recurrence after liver transplantation, patients and procedures should be selected carefully,
bearing in mind the side effects of incomplete necrosis
of the nodules.
A new technique which provides the controlled release of therapeutic agents inside the tumor lesion, with
minimal systemic exposure (drug-eluting beads TACE,
DEB-TACE), has demonstrated good results in terms of
reduced systemic toxicity and increased local tumor control, in particular in advanced disease[45].
The risk factors for predicting HCC recurrence after
non-surgical treatments are summarized in Table 1.

Early tumor recurrence: The relationship between tumor size, number and recurrence is rather clear[49]. Briefly,
and in accordance with the American Joint Committee on
Cancer staging system, HCC nodules ≥ 5 cm in diameter
are associated with an increased recurrence rate[50,51] due
to the higher risk of intrahepatic metastases, and the portal vein[50] and micro-vascular invasion (MVI)[51] observed
in the presence of larger tumors, in particular in those
without tumor capsules[52]. These two morphologic features are not only associated with recurrence and patient
survival, but can also determine the optimal therapeutic
strategy to adopt[3,5]; thus, even in the presence of a more
defined prognosis of resected HCCs, tumor size and
number remain the best, and easily available, preoperative
prognostic factors after surgery.
Vascular invasion represents one of the best predictors of tumor recurrence after HCC resection and is
usually identified as either macroscopic, when invasion
of the vessel is visible on radiologic imaging or on gross
examination, and microscopic, when invasion is visible
only on microscopy[49,53]. The presence of macro-vascular
invasion is a strong predictor of a poor prognosis after
a hepatectomy, with a median time-to-recurrence of 6.7
mo corresponding to approximately a 4-fold decrease
in time-to-recurrence with respect to tumors without
macro-vascular invasion[53]. However, this aspect should
not be considered as a contraindication to surgery[54-56]. A
large multi-centric study in 2013, showed that a hepatectomy for tumors with radiologically evident and histologically proven macro-vascular invasion (portal vein, hepatic
vein, inferior vena cava) can achieve 5-year disease-free
survival of 18% and 5-year survival up to 38%[54], confirming previous single-center studies which suggested
surgery as the best therapeutic choice for these tumor
stages[55,56]. Even if the expected prognosis is evidently in-

Liver resection
Despite improving results in non-surgical approaches,
partial hepatectomy still represents a cornerstone for the
potentially curative treatment of HCC. Unfortunately,
tumor recurrence remains the main obstacle in achieving
better results in long-term survival with an expected 5-year
intra-hepatic recurrence rate of up to 70%. Recurrent
tumors could originate from either intra-hepatic metastasis from the primary tumor or multi-centric occurrence
arising from persistent ﬁbrosis and hepatitis-related carcinogenicity in the remnant liver. As a result of clinical and
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ferior to that of tumors without macro-vascular invasion
(overall survival up to 60%-70%), the finding of median
survival of approximately 36 mo suggests that the surgical approach is fundamental since international guidelines
suggest Sorafenib for this tumor stage which is accompanied by a median survival of approximately 6-12 mo[3,5].
In the absence of macroscopic tumor spread, the histological presence of microscopic vascular invasion represents one of the best predictors of tumor recurrence
after HCC resection. Micro-vascular invasion is usually
defined as the presence of tumor emboli within the central hepatic vein, the portal vein, or the large capsular vessels[46]. The presence of MVI is related to a hazard ratio
of 1.8 and a 1.4-fold decrease of time-to-recurrence[53];
however, great heterogeneity can be found in the literature, mainly as a consequence of inter/intra-observer
variability in reporting the grading of micro-vascular invasion[57]. A risk score evaluating the histological pattern
of micro-vascular invasion has been proposed for the
prediction of outcome after hepatic resection, obtaining good results in terms of correlation with recurrence
and survival[53]. In particular, the histological evidence of
invasion of a vessel with a muscular wall and invasion of
a vessel which is more than 1cm from the tumor capsule
was found to be related to both recurrence and survival
after HCC resection (hazard ratios 1.8 for recurrence and
2.1 for survival). A strong limitation of MVI as a prognostic factor is that it can be accurately assessed only on
resected specimens[58-64]. Some attempts have been made
with the aim of preoperatively predicting the presence of
MVI. Tumor grading obtained through tumor biopsy, tumor size, increased alpha-fetoprotein (AFP), L3-AFP and
PIVKA-Ⅱ have all been investigated as potential surrogates[58-61]; artificial neural networks have been proposed[62]
and there is recent evidence that MR could predict MVI
by diffusion-weighted imaging [63-64]. Tumor grade is
another strong predictor of early recurrence[45,49,65] but
its impact in determining such an inauspicious event is
masked by its close relationship to MVI[58,59,65]. Overall,
poorly differentiated tumors bring a 2-fold increased risk
of early recurrence when compared to well-moderately
differentiated tumors[65].
In most hepatectomies for HCC, some of the surrounding non-tumorous liver tissue is resected in order
to prevent recurrences caused by microsatellite nodules
and/or cancer cell thrombi surrounding the main tumor.
The role of a tumor-free margin in HCC was largely
investigated in the past, and there is a large consensus
among surgeons that the minimal margin-free width
should be at least 1 cm[66]. However, recent evidence from
a randomized controlled trial showed that a resection
margin of 2 cm efficaciously decreased recurrence rate
and improved survival outcomes when compared with a
gross resection margin of 1 cm[67]. In particular, a wider
resection margin can lead to a 1.3-fold reduction of the 1and 2-year recurrence-rates[67]. In addition to the marginfree width, the type of surgery has also been thought to
influence tumor recurrence. Resection procedures for
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HCC can be divided into anatomic and non-anatomic
ones. The systematic removal of a hepatic segment, confined by tumor-bearing portal tributaries, namely anatomic resection (AR), has been suggested because it should
be more effective for the eradication of the intrahepatic
metastases of HCC caused by microsatellite nodules
and/or cancer cell thrombi surrounding the main tumor.
On the contrary, most surgeons prefer to leave a greater
portion of the parenchyma of this functional unit, such
as in non-anatomic resection (NAR), in order to reduce
postoperative liver failure in patients with cirrhosis[68]. It
remains unclear whether hepatectomy for hepatocellular
carcinoma should be performed as an AR or an NAR because no randomized controlled trials are currently available on this topic. A recent systematic meta-regression
suggested that patient survival and disease-free survival
(DFS) after AR seem to be superior to NAR because the
poorer liver function reserve in the NAR group significantly affects prognosis[68]. In fact, patients in the NAR
group were characterized by a higher prevalence of cirrhosis (relative risk: 1.27), more advanced hepatic dysfunction (relative risk: 0.90 for Child-Pugh class A) and
smaller tumor size (weighted mean difference 0.36 cm) as
compared to patients in the AR group. These differences
explain the heterogeneity which can be found in the literature regarding this topic. The prognostic role of AR vs
NAR is probably not independent of other aspects but
relative to the tumor characteristics. In the largest published series from Eguchi in 2008, the benefit of AR over
NAR, in terms of recurrence-free and disease-free survival, was not observed in HCCs less than 2 cm[69]. It can
thus be suggested that, when an anatomic approach cannot be pursued due to inadequate remnant liver volume,
NAR for small HCCs will not affect tumor recurrence.
This is because tumor size is known to be strictly related
to tumor differentiation and the presence of micro-vascular invasion[59,60,62]. These findings have been confirmed
in a very recent report which suggested that NAR could
be safely pursued in patients with HCCs without MVI
or in those having tumors less than 2 cm in size, without
affecting tumor recurrence[70]. On the contrary, for larger
tumors or in the presence of adverse pathological features, AR provided better early recurrence-free survival.
Late tumor recurrence: Late recurrences represent de
novo HCCs and, similarly to primary tumors, are affected
by the underlying liver status. One of the first published
studies regarding this topic showed that cirrhotic patients
bring a 2.4-fold risk of developing a late recurrence when
compared to non-cirrhotic patients[46]. An Ishak activity > 6 (HR 4.6), surgery for multinodularity, indocyanin
green clearance (ICG-15) > 10%, HBV-DNA > 106 IU
were also found to be predictors of late tumor relapse
in hepatitis-B patients[71]. Regarding cirrhotic patients, it
has been reported that surgery for multiple tumors with
AST > 2N in male patients over 65 years of age has an
unfavorable outcome in terms of late recurrence[65]. Interestingly, this latter study highlighted the fact that, even
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if resected patients overcome early recurrence, their risk
of late recurrence still remains higher than the expected
HCC occurrence of the general cirrhotic population,
suggesting that previous HCC itself represents a risk factor for a new tumor[65].
The distinction between early and late recurrence is
of particular importance in view of possible and available
adjuvant therapies. Sorafenib, due to its anti-angiogenetic
property, should be theoretically utilized for preventing
early recurrence. The “Sorafenib as Adjuvant Treatment
in the Prevention Of Recurrence of Hepatocellular Carcinoma” (STORM) trial is currently ongoing[72]; therefore,
to date, there is no evidence of the benefit of this approach. Conversely, since late recurrence represents a de
novo tumor, there is room to propose anti-viral therapies.
Interferon has the potential of the chemoprevention of
HCV-related cirrhosis, and it has been demonstrated that
it can help in reducing the late-recurrence rate[73] after
surgery as has already been suggested for other therapies[74].

invasion lead to a worse outcome, correlating with an
increased incidence of post-transplantation tumor recurrence[79]. In addition, tumor size (cut-off: 5 cm)[80],
the presence of bilobar disease[81], the total number of
lesions[82] and/or tumor grade[83] can influence tumor
recurrence and, ultimately, patient survival. Elevated serum alpha-fetoprotein levels have also been observed to
play a role[79]. There are, however, other interesting topics
which deserve a dedicated discussion in the field of predictors of HCC recurrence, in particular the role of neoadjuvant therapies and that of immunosuppression.
Of particular interest is the role of downstaging and
the response to bridge therapies. Downstaging refers
to the therapeutic procedures adopted in those HCC
patients ineligible for liver transplantation according
to transplantability criteria (often the Milan criteria) by
reducing the tumor burden and consequently fulfilling
such criteria. Bridge therapy refers to the therapeutic
procedures adopted in patients listed for LT to prevent
exclusion from the waiting-list due to tumor progression.
The response to downstaging and/or bridge therapies
could be considered as a surrogate marker of tumor biology; a favourable response to those therapies could select
those patients who have a less aggressive tumor and,
consequently, a better outcome after transplantation even
in stages which are ineligible according to the transplantability criteria. Several authors have focused on the results
of different down-staging protocols[84]. Successful downstaging was deﬁned as fulﬁlling the Milan criteria [77],
the University of San Francisco criteria[85] or the Milan
criteria with a simultaneous drop in serum AFP below
400 ng/mL, or a 30%-50% decrease in the size of the
HCC nodule(s)[86,87]. Overall, patients successfully downstaged so as to satisfy the Milan criteria achieved survival
after transplant similar to that of patients transplanted
within such criteria, with 79%-100% alive at 3 years and
54.6%-94% at 5 years[88]. In addition, recurrence rates in
down-staged patients were comparable with published
rates for those already within the Milan criteria[88]. Findings of such comparable outcomes strongly support
the hypothesis of selection of HCCs having favorable
tumor biology. Conversely, unfavorable tumor characteristics can also be found in HCCs already within the
transplantability criteria, and the current observations can
easily be applied to patients undergoing bridge therapies.
In this regard, the first evidence, in 2004, showed that
HCC recipients, having partial necrosis at pathological
examination as a consequence of bridge therapies, have a
significantly increased risk of tumor recurrence (relative
risk around 9.6)[44]. A subsequent similar study found that
tumor recurrence was primarily inﬂuenced by control of
the disease through continued TACE while on the waiting list[87]. Five-year recurrence-free survival was 94.5%
in patients who were progression-free while undergoing
TACE during the waiting time whereas it was 35.4% in
patients who progressed before LT after an initial response to TACE[87]. More recent evidence has suggested
that the 3-mo radiological assessment after initial bridge
therapies is a reasonable predictor of both waiting-list

Liver transplantation
Transplantation is definitely the optimal therapy in the
treatment of HCC since it can remove both the tumor
and the underlying liver disease which causes it. Unfortunately, this surgical approach is strongly limited mainly
by the chronic shortage of liver donors, but also by some
patients characteristics, such as age and presence of comorbidities. Consequently, during the last two decades,
transplant policy regarding HCC patients has moved
toward identification of those patients who will achieve
an acceptable outcome in terms of tumor recurrence and
survival. In fact, early experiences of transplantation for
HCC were associated with poor outcomes, reﬂecting the
fact that the patients selected had advanced disease[75,76].
The first benchmark in the prediction of tumor recurrence is represented by the study of Mazzaferro and colleagues in 1996 which defined the criteria for transplant
eligibility (Milan criteria) as the presence of a tumor 5
cm or less in diameter in patients with a single HCC and
no more than three tumor nodules, each 3 cm or less in
diameter, in those patients with multiple tumors, and in
the absence of macroscopic tumoral vascular invasion[77].
Patients with tumor features surpassing these thresholds
have a significantly higher recurrence rate (relative risk
around 1.5) and lower survival (relative risk around 2.0)
in comparison to patients who fulfill the Milan criteria[77].
Even if this study was conducted on a small population
(48 patients), this seminal paper indicated how tumor
burden can guide the therapeutic choice, and it opened
the way for all subsequent studies on the topic of liver
transplantation for HCC. Regarding tumor characteristics, such as tumor size, number, vascular invasion and
differentiation, considerations made for recurrence after
liver resection also remain consistent in the present case.
Observations from the early nineties identified macrovascular invasion and lymph node metastasis as significant negative predictors[78]. Subsequent experiences have
confirmed that both macro-vascular and micro-vascular
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cal procedures is heavily influenced not only by the number and size of nodules but also by the tumor biology
and vascular invasion. The former (HCC morphological
characteristics) are provided by imaging techniques while
the latter can be obtained only by evaluating histological
material.
Knowledge of preoperative tumor grade is crucial in
the management of HCC because it can influence recurrence and survival after orthotopic liver transplantation
(OLT)[95-97]. Needle core biopsy (NCB) is the only preoperative method for obtaining histological specimens for
the assessment of the histological grading of the tumor.
However, only a few conflicting studies have evaluated
the accuracy of NCB in comparison to surgical specimens
(which are considered the histological gold standard)[58,59,98],
being more accurate both in our[58] and D’Amico’s study[98]
(overall sensitivity 65%) than in Pawlik’s study[59] and it
was related to tumor size. In fact, in our study, sensitivity
increased to 80% in HCCs < 5 cm, to 86% in HCCs < 3
cm, and to 100% in HCCs < 2 cm while it decreased in
HCCs > 6.5 cm.
Furthermore, the close relationship between tumor
grade and microvascular invasion has also been observed
in several studies[58,58,95].
In recent years, other histological factors, such as
EpCAM, p53 protein mutation/over expression and
keratin 19 (k19) have been assessed on histopathological
specimens in order to obtain additional prognostic information. Of these factors, k19 has been more extensively
tested on both surgical and bioptic specimens[99-103]. k19,
which is considered a marker for cholangiocytes, hepatic
progenitor cells and early hepatoblasts[104,105], has been associated with more aggressive HCCs.
It has been speculated that the reason for this major
aggressive behavior could be due to potential stem cell
features, such as proliferation and differentiation[106]. In
fact, it has been shown that HCCs with k19 positivity expression had a worse prognosis after surgical resection[99].
In fact, in subjects with HCC, k19 expression showed a
correlation not only with morphological tumor parameters (increased tumor size, poor grade differentiation,
microvascular invasion) in both surgical specimens and
in samples obtained by fine needle biopsy[100,107] but also
with overall survival and recurrence rate[100,107].
Furthermore, CT scans have shown that k19 was
more frequently expressed in hypovascular HCCs, indicating a major risk of early recurrence[108].
The percentage of HCCs with a k19 positivity expression (> 5% of the cells positive) ranged from 4[99] to
16%,[100] having a greater concentration in advanced HCC
[8 out of 35 (23%) of the patients in BCLC stage B] than
in early HCC [1 out of 24 (4%) patients in BCLC stage
A][100]. Furthermore, k19 was significantly more frequent
in non-cirrhotic patients than in cirrhotic patients (45%
vs 9%)[100].
A recent interesting paper[109] showed that k19 evaluation could permit better outcome stratification for the
different types of HCCs. In fact, k19+ HCC (defined
as cancer of the hepatocellular phenotype with the

Table 2 Risk factors predicting hepatocellular carcinoma
recurrence after surgical treatments
Treatment
Liver resection

Recurrence

Risk factors

Ref.

Early

Tumor size ≥ 5 cm
High histological grade (G4)
Microvascular invasion
Resection technique
Genetic profile
Stage of liver disease
Multinodularity
Age
Gender (male)
AST > × 2 normal values
Genetic profile
Milan criteria
Vascular invasion
Bilobar nodules
Tumor grade
Tumor size > 5 cm
Total number of lesions

[50,51]
[58-61]
[53]
[67-70]
[123]
[46,51]
[51]
[65]
[65]
[65]
[124]
[77]
[78]
[81]
[83]
[80]
[82]

Late

Orthotopic
liver transplant

AST: Aspartate aminotransferase.

removal and survival after transplantation[89,90]. Thus, response to bridge therapy and down-staging protocols can
represent a surrogate marker of tumor aggressiveness
and, ultimately, of recurrence after LT.
A potential role of immunosuppression has also been
advocated in determining tumor recurrence. In 2002, the
first indications came from a study reporting an increase
in 5-year recurrence-free survival in patients treated with
smaller cumulative doses of cyclosporine in the first year
following transplant for HCC[91]. These data were subsequently tested on tacrolimus levels but, despite these
findings, there is still no definitive link between calcineurin inhibitors (CNIs) and recurrent HCC following
transplantation[92]. More interesting is the potential antitumoral effect of mTOR inhibitors. Sirolimus possesses
both immunosuppressive and anti-neoplastic properties.
In a preclinical model, sirolimus inhibits metastatic tumor
growth and decreases neo-vascularization in the liver[93].
There is still a lack of convincing evidence to suggest
mTOR inhibitors as standard therapy in HCC-transplanted patients, but a meta-analysis of the current literature
available suggests a lower recurrence rate in sirolimus patients (4.9%-12.9%) as compared to CNIs (17.3%-38.7%),
with a 5-year recurrence-free survival of 79%-80% vs
54%-60%, respectively (OR: 0.30)[94]. Additional prospective and randomized controlled studies in this field
are warranted but, at present, given the good tolerance
observed for sirolimus, its use in preventing HCC recurrence can be a reasonable approach.
The risk factors predicting HCC recurrence after surgical treatment are summarized in Table 2.

INVASIVE METHODS FOR HCC
RECURRENCE PREDICTION
Liver biopsy (percutaneous and surgical biopsy)
In cirrhotic patients with HCC, the outcome after surgi-

WJG|www.wjgnet.com

5942

May 28, 2014|Volume 20|Issue 20|

Colecchia A et al . Hepatocellular carcinoma recurrence

stem/progenitor cell immunophenotype) and cHCCCC (combined hepatocellular and cholangiocarcinoma)
had outcomes which were between those of classic HCC
and intrahepatic cholangiocarcinoma, CK19+ HCC being
closer to HCC and cHCC-CC being closer to cholangiocarcinoma.
Therefore, k19 immunoreactivity could be of additional value in the prognosis of HCC. However, although the
evaluation of k19 expression is an easy and economical
method, it is only present in a low percentage of patients,
mainly in those with advanced HCC. Larger prospective
studies are needed mainly in patients with early HCC.
Unfortunately, NCB is not routinely performed in clinical practice because of seeding; however the possibility
that NCB of a tumor nodule might produce implantation
of tumor cells along the trajectory of the puncture has
been studied in a meta-analysis[110] showing an incidence
of seeding of approximately 2.7%. However, in a more
recent series, seeding was close to 0%, depending on the
caliber of the needle and the technique used[111,112]. When
this procedure is accompanied by a percutaneous treatment, such as radiofrequency, this rate is even lower and is
practically null when the coaxial technique is employed[113].
Regarding the NCB material, other than histological
grading and microvascular invasion, the possibility of
also obtaining genetic profile signature characteristics has
recently been explored. The aim was to integrate more
information regarding tumor biology useful for better
characterizing the tumor and accurately predicting its recurrence.
Other than morphological parameters, gene expression profiling using microarray technologies to understand the complex biological systems of the tumor
has also been used [114]. With genetic profiling, it has
been possible to identify four signature classes according to prediction signature, phenotype, function and
molecular target[115]. Prediction signature includes the
signatures generated from the gene expression itself,
microRNA[116,117], DNA copy numbers and epigenetic
regulations[115]. Some of these signature have frequently
been ill-defined since they were generated in patients
at different stages and with underlying liver disease of
different etiologies, although the concordance of these
signatures on a patient-by-patient basis is still unknown.
Furthermore, according to the type of recurrence, different gene profiling was used which was more complex
and more exact in predicting late recurrence. The seminal
study by Hoshida et al[118] showed that a gene profile from
a 186-gene signature, obtained from the fixed tissue of
the surrounding non-tumoral liver tissue, was highly correlated with survival in a training set of tissue samples
from 82 Japanese patients; the signature was validated in
tissues from an independent group of 225 patients from
the United States and Europe. Importantly, it was also
observed in this study that late recurrence was predicted
from gene profiling of tissue obtained from non-tumoral
surrounding tissue and not from tissue obtained from
the resected primary tumor supporting the concept that
late recurrence of HCC represents a new primary tumor
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in patients at risk. The same authors demonstrated that
gene profiling from both tumoral and non-tumoral tissue
was complementary in refining the prognosis of subjects
undergoing liver resection for HCC[119]. Furthermore,
they showed that gene expression signatures were similar
when the sample of tissue was obtained from the center
or from the periphery of the tumor; this observation is
important because it could be a prerequisite for considering preoperative profiling using tumor tissue fine-needle
biopsy, especially in small tumors.
Nevertheless, there is a growing list of studies which
propose gene profiling models using a wide degree of
genes in their models, but only a few studies have been
validated externally[118-122]. Moreover, the lack of external
validation in the majority of the studies, too often associated with complicated models of gene signature, did
not permit wide use of gene profiling in clinical practice.
Recently aimed at simplifying the gene profiling models,
an easy-to-use 5 gene score has been proposed, based on
the combined expression level of HN1, RAN, RAMP3,
KRT19 and TAF9, which has been validated in Europe
and the US and is capable of predicting early recurrence
and overall survival. Its prognostic accuracy is improved
if it is associated with the Hoshida gene profiling model
for non-tumoral tissue[123].
The next challenge of these genetic tests will be to
verify their usefulness in clinical decision making before
any treatment. The integration of genetic profiling into
clinical staging (BCLC) could modify our current therapeutic decision making; in fact, indications for liver transplantation or for liver resection could be modified. The
Milan criteria could be extended to tumors larger than 5
cm but with benign genetic profiling; in contrast, HCCs
with a bad prognostic molecular model, even within the
Milan criteria, could be excluded from OLT or subjected
to more aggressive neo-adjuvant treatment.
Furthermore, it is important to remember that the totality of the studies carried out to predict the recurrence
of HCC using genetic tests were carried out on surgical
specimens; thus, the major limitation for the clinical use
of a molecular diagnosis could be related to the need for
preoperative samples. However, two distinct studies may
shed hope for the future; the first showed that tissue obtained from the center or periphery of the tumor had the
same genetic profiling[119] and the second, a recent study,
showed that genetic profiling can also be carried out on
tissue obtained by needle biopsy performed to predict
HCC occurrence in cirrhotic patients[124].
Specific studies are obviously necessary to verify
mainly the possibility of performing needle biopsy in a
real life clinical setting (patients with ascites, impaired coagulation, difficult position, etc.).

NON-INVASIVE METHODS FOR HCC
RECURRENCE PREDICTION
Ultrasonography
Some ultrasonographic features of tumors could help in
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A recent study shows that an increase in lesion density on
CT carried out immediately after and 1 wk after TACE
(median lesion density was 625 HU immediately after and
431 HU 1 wk after) is a predictor of a low rate of local
recurrence[127].
Moreover, during the arterial phase of dynamic CT, a
heterogeneous enhancement pattern with irregular ringlike structures accurately predicts cumulative recurrence
after RFA due to its good correlation to poorly differentiated histological grade[128].

Table 3 Morphological characteristics predicting hepatocellular carcinoma recurrence by means of imaging techniques
Imaging technique
US

CT scan
MRI
18

F-FDG PET

Predictors of HCC recurrence

Ref.

Poorly defined margins
Infiltrative pattern
Portal infiltration
Peripheral hypoechoic band
Heterogeneous echo pattern
Contrast enhancement pattern
Heterogeneous enhancement pattern
Contrast washout pattern at dynamic MRI
Signal pattern on hepatobiliary phase
Maximum SUV by tumor
Tumor SUV/non-tumoral tissue SUV ratio

[33]
[20,33]
[20,33]
[20,33]
[20]
[32,125]
[126,128]
[63]
[132]
[129]
[130]

18

F-FDG positron emission tomography
A preoperative (18F)-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) scan is a useful tool
not only for detecting tumors but also for studying tumor
behavior and aggressiveness. In fact, it may accurately
predict microvascular invasion[129] as well as the histological differentiation of tumors and early recurrence (< 1
year) after surgery[130]. The maximum standardized uptake
value (SUV) of 18F-FDG by the tumor and the ratio tumor SUV/non-tumoral tissue SUV (TNR) are strongly
correlated with tumor differentiation (P < 0.001). Moreover, a SUV tumor ≥ 4, and a TNR value ≥ 2 represent
predictors of early recurrence[130].
18
F-FDG uptake on PET is also a reliable preoperative predictor of tumor recurrence after OLT in patients
with HCC, triggered by its elevated association with tumor differentiation and microvascular invasion[131].

HCC: Hepatocellular carcinoma; US: Ultrasounds; CT: Computed tomography; MRI: Magnetic resonance imaging; PET: Positron emission tomography; SUV: Standardized uptake value.

predicting tumor behavior after ablative procedures, such
as RFA. In fact, the presence of poorly defined margins,
infiltrative patterns, hyperechoic echo-texture and portal
infiltration at ultrasound examination are correlated with
both early and late intrahepatic recurrence after RFA[33].
Moreover, the presence of a peripheral hypoechoic band
around the tumor and an intratumoral heterogeneous
echo pattern are predictors of local recurrence after
PEI[20].
Contrast-enhanced ultrasound provides additional
prognostic information. For example, a gradual contrast
enhancement in the early arterial phase accurately predicts distant recurrence risk after RFA because it may
reflect the complex hemodynamic changes during HCC
progression; the gradual increase of intratumoral signal
intensity could be related to the rapid drainage of the arterial contrast agent through the portal vein branches or
hepatic sinusoids, thus reflecting the high risk of tumor
invasion of the portal tracts and the diffusion of metastatic cells through the portal circulation[32].
Intraoperative contrast-enhanced ultrasonography
(CEIOUS) accurately predicts the presence of microvascular portal vein invasion during hepatic surgery[125]. A
thunderbolt vasculature pattern at CEIOUS examination
is significantly correlated with tumor stage, histological
differentiation, portal vein invasion and, therefore, with
recurrence-free survival (P = 0.0193).

MRI
Poor differentiation grade and microvascular invasion
seem to be significantly associated with the presence of
contrast washout demonstrated on dynamic contrastenhanced magnetic resonance imaging[63]; on the other
hand, gadoxetic acid-enhanced MR images could accurately predict histological differentiation grade while the
iso- to hyperintensity signal in the hepatobiliary phase
may represent a useful imaging biomarker to indicate a
longer time to recurrence after surgery[132].
The characteristics for predicting HCC recurrence by
means of imaging techniques are summarized in Table 3.
Liver stiffness measurement
As previously stated, late recurrence after curative liver
resection for HCC depends mainly on the severity of the
underlying liver disease[6]. It could thus be important to
have non-invasive predictors of the severity of liver disease.
Liver stiffness measurement, a new method used
for assessing the stage of liver disease, has been considered to be not only an accurate non-invasive method
for evaluating the presence of liver cirrhosis[133], but also
for predicting its natural history. In fact, some longitudinal studies have shown that liver stiffness can predict
overall survival and HCC development in patients with
both HCV and HBV chronic liver disease[134-136]. It has
moreover been demonstrated that the risk of developing
HCC increases with increased liver stiffness[135,136]. In fact,

CT scan
During contrast-enhanced ultrasound examination, a
gradual contrast enhancement in the early arterial phase
accurately predicts distant recurrence risk after RFA because it may reflect the complex hemodynamic changes
during HCC progression; the gradual increase of intra-tumoral signal intensity could be related to the rapid drainage of the arterial contrast agent through the portal vein
branches or hepatic sinusoids, thus reflecting the high
risk of tumor invasion of the portal tracts and the diffusion of metastatic cells through the portal circulation[126].
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for baseline liver stiffness measurement (LSM) values >
25 kPa in HCV patients, the risk of HCC development
increased 46 fold as compared to those with an LSM
value less than 10 kPa[135] while, in HBV patients, when
the baseline LSM value was > 23 kPa, the risk of HCC
development increased nearly 6.6 fold as compared to
patients with a baseline LSM value less than 8 kPa[136].
Furthermore, LSM was useful in predicting postoperative
outcome in patients with HCC who had undergone liver
resection[137,138].
According to these experiences, Jung et al[139] have recently demonstrated that the preoperative values of liver
stiffness can predict HCC recurrence after curative HCC
resection. In fact, the Authors found that a preoperative
LSM > 13.4 kPa had a nearly 2 fold increase in the risk
of HCC recurrence as compared to those with an LSM
< 13.4 kPa. Together with satellite nodules, LSM was
the only variable related to late recurrence (more than 2
years) at multivariate analysis, confirming the pathogenetic role of the “field effect” for late recurrence and the
usefulness of LSM in diagnosing the severity of underlying liver disease.
In conclusion, the recurrence of HCC represents an
important clinical challenge for both hepatologists and
surgeons, due to its negative impact on the overall survival of the patient. The criteria selected, based mainly
on HCC radiological features (i.e., number and size of
the HCC nodules) adopted in the last twenty years, have
drastically reduced the HCC recurrence rate and hence
patient survival; however, other more efficacious predictors are needed to further reduce the HCC recurrence
rate. The possibility of defining the characteristics of
the tumor utilizing biological features and genetic profile
analysis could open new horizons for better staging the
tumor itself and for predicting its recurrence. This opportunity will allow better selection of patients in order
to have a treatment strategy tailored to the individual
patient and the possibility of choosing the most effective
clinical and therapeutic follow-up.
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Occult hepatitis B virus and hepatocellular carcinoma
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accelerate the progression of liver disease towards cirrhosis that is considered the most important risk factor
for HCC development.
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Core tip: Accumulating evidence indicates that occult
hepatitis B virus (HBV) infection (OBI) is an important
risk factor for hepatocellular carcinoma (HCC) development both in hepatitis C virus (HCV)-infected and HCVnegative patients with chronic liver disease. Data form
humans and animal models have shown that OBI may
contribute to hepatocellular transformation through
the same direct and indirect mechanisms that subtend
HCC development in overt HBV infection. In this review, we aimed at revising the current epidemiological,
clinical and molecular data linking OBI to HCC development.

Abstract
Occult hepatitis B virus (HBV) infection (OBI) is a challenging pathobiological and clinical issue that has been
widely debated for several decades. By definition, OBI
is characterized by the persistence of HBV DNA in the
liver tissue (and in some cases also in the serum) in
the absence of circulating HBV surface antigen (HBsAg).
Many epidemiological and molecular studies have indicated that OBI is an important risk factor for hepatocellular carcinoma (HCC) development. OBI may exert direct pro-oncogenic effects through the activation of the
same oncogenic mechanisms that are activated in the
course of an HBsAg-positive infection. Indeed, in OBI
as in HBV-positive infection, HBV DNA can persist in
the hepatocytes both integrated into the host genome
as well as free episome, and may maintain the capacity to produce proteins-mainly X protein and truncated
preS-S protein - provided with potential transforming
properties. Furthermore, OBI may indirectly favor HCC
development. It has been shown that the persistence
of very low viral replicative activity during OBI may induce mild liver necro-inflammation continuing for life,
and substantial clinical evidence indicates that OBI can
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INTRODUCTION
Around 2 billion people in the world show evidence of
past or present infection with hepatitis B virus (HBV).
Despite the availability of a very efficacious and safe
vaccine, HBV infection is still a major public health
problem, with an estimate of about 400 million chronic
HBV carriers, many of whom suffering from severe and
progressive forms of liver disease and being at high risk
of hepatocellular carcinoma (HCC) development[1,2].
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cases with OBI[16,20,21,31-35]. The focus of this review is an
analysis of the epidemiology and molecular data that provide evidence for the association between occult HBV
infection and HCC.

HCC is the fifth most prevalent cancer and the third
leading cause of tumor-related deaths worldwide, and
recent epidemiological data have shown that its incidence
is continuously increasing worldwide[3,4]. HBV is a major
etiological agent of HCC, and chronic HBV infection is
estimated to be the cause of about 55%-60% of all HCC
in the world. Strong epidemiological evidence has demonstrated the causative role for HBV in liver carcinogenesis: geographic areas of high HBV endemicity are also
those with the highest incidence rates for liver cancer, the
risk of developing HCC is up to 100‑fold greater among
HBV carriers compared with uninfected subjects, programs of universal infant vaccination have been shown
to be effective in reducing the incidence rate of HCC in
young children[5-10]. All these demonstrations together
with the evidence provided by molecular studies have led
to HBV being categorized, along with tobacco smoking,
in ‘‘group 1’’ human carcinogens, classifying it among the
most potent environmental carcinogens[11].
Several extensive studies evaluating viral and host
factors associated with an increased risk of HCC development have identified high serum HBV DNA levels
and the most severe forms of chronic liver damage (i.e.,
cirrhosis) as major factors implicated in the process of
hepatic tumorigenesis[12-14]. However, important evidence
indicates that the risk of HCC development may remain
elevated also in individuals who-despite the persistence
of viral genomes in the liver-are negative for circulating
HBV surface antigen (HBsAg) and show absence or very
low levels of serum viral DNA (Table 1)[15,16]. This peculiar condition is termed occult HBV infection (OBI). In
fact, according to the statements produced at the international expert meeting held in Taormina (Italy) in 2008,
the current consensus deﬁnition of OBI is ‘‘presence of
HBV DNA in the liver (with detectable or undetectable
HBV DNA in the serum) of individuals testing hepatitis
B surface antigen (HBsAg) negative by currently available
assays”[15].
Recognized since the 1970s[17,18], OBI started to be
extensively studied only since the end of the 90s, when a
landmark study was published providing new important
insight into both its virological aspects and its potential
clinical impact[19]. Since then, much evidence has been accumulated showing that OBI may have several important
pathological and clinical implications[20-22]. In particular,
OBI may have relevance in immunocompromised patients (because of the risk of HBV reactivation with consequent (re)development of HBV-related liver disease), in
liver transplanted patients when the donor is OBI positive (because the recipient may develop typical hepatitis
B if correct pre-emptive therapy is not performed), and
in the field of transfusion medicine (because the residual
risk of HBV transmission by blood transfusion may
be related to the presence of OBI in the donor)[20,23-31].
Moreover, OBI has been suggested to favor the development of cirrhosis and a large body of evidence indicates
that the pro-oncogenic activities of the HBsAg positive
(namely, overt) HBV infection are maintained also in
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VIROLOGY OF THE OCCULT HBV
INFECTION
HBV is the prototypic member of the Hepadnaviridae, a
family of hepatotropic DNA viruses infecting selected
mammalian (orthohepadnaviruses) and avian (avihepadnaviruses) hosts, and sharing similar genomic organization, organ tropisms, and a peculiar replication cycle. The
HBV genome consists of a partially double-stranded
relaxed circular DNA (rcDNA) of approximately 3200
nucleotides containing four partially overlapping openreading frames (ORFs): the pre-S/S, pre-C/C, P, and X
ORF[36,37].
HBV transcription is under the control of the following regulatory regions: enhancer Ⅱ/basal core promoter,
pre-S1 promoter, pre-S2/S promoter, and enhancer I/X
promoter, respectively. The viral translational products
include the three viral surface proteins (large, middle, and
small, the latter corresponding to HBsAg), the core antigen (HBcAg), the soluble “e” antigen (HBeAg), the viral
polymerase (that act as reverse transcriptase, DNA polymerase, RNase H, and terminal protein for priming), and
the X protein that is essential for virus replication and
capable of transactivating the expression of numerous
cellular and viral genes[38]. The life cycle of HBV can be
schematically summarized as follows: (1) a noncell-type
specific primary attachment followed by an irreversible
binding of the virus to an unidentified hepatocyte-specific receptor; (2) release of the core nucleocapsid containing the rcDNA into the cytoplasm and its transport
along microtubules to the nuclear membrane; (3) release
of rcDNA into the nucleoplasm, where it is “repaired”
and converted into a covalently closed circular DNA
(cccDNA), which after being associated with histone and
non-histone proteins is organized into a chromatin-like
structure as a viral minichromosome; (4) transcription of
cccDNA by the host RNA polymerase Ⅱ into genomic
and subgenomic viral mRNAs; (5) nuclear export and
translation in the cytoplasm of HBV transcripts into the
viral envelope, core, “e”, polymerase, and X proteins; (6)
selective packaging of the pregenomic RNA (pgRNA)
into progeny capsids where it is reverse transcribed by the
co-packaged P protein into new rcDNA genomes; and (7)
assembly of replicating core with viral surface proteins in
the endoplasmic reticulum and subsequent release of mature virions or alternatively recycling of progeny nucleocapsids into the nucleus to replenish the cccDNA pool[39].
The stability of viral cccDNA minichromosomes
along with the long half-life of hepatocytes ensure that
HBV infection, once established, may continue indefinitely over time[40,41], and possibly also in cases that experienced HBsAg seroconversion. Indeed, the molecular
basis of occult HBV infection is related to the long-
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The absence of detectable HBsAg despite the presence of episomal free HBV genomes at intrahepatic level
can be due in a small number of cases to HBV genomic
variability. HBV mutants linked to occult infection include (1) those producing antigenically modified HBsAg
that is not recognized by commercially available detection
assays; (2) those showing defective replication activity
because of mutations in the Pol gene (possibly selected
under the pressure of antiviral therapy); and (3) those
showing an impaired synthesis of S proteins because of
mutations in the S promoter genomic regions[21,33]. Strong
evidence from numerous studies indicates that in most
cases “occult” HBV genomes are replication-competent
and that their genetic heterogeneity is comparable with
those of HBV isolates from individuals with “overt”
(HBsAg-positive) HBV infection[46]. Therefore, it is generally accepted that OBI status is largely due to a strong
suppression of HBV replication and gene expression[15].
Various mechanisms could be involved in the induction and maintenance of HBV suppression, and the host
immune response together with epigenetic factors appear
to play a major role[21,33].
Since the 1970s, numerous clinical studies have clearly
demonstrated that all the conditions inducing immunosuppression, such as hematologic malignancies, chemoor immunotherapies and so on, can cause the reactivation
of OBI with the reappearance of the typical serological
profile of overt active HBV infection[17,20,21]. Though indirect, this is quite overwhelming proof of the role played
by host immune surveillance in OBI development. The
involvement of the immune system is also confirmed by
the data showing that a long-lasting memory T cell response against HBV antigens is still present several years
after recovery from acute hepatitis B. It is, indeed, possible that during the occult infection HBV may maintain
the capacity to synthesize minute amounts of antigens,
which are not revealed by available technical approaches
but that are sufficient enough to elicit an HBV-specific T
cell response[47,48]. Indeed, in addition to HBV cccDNA
molecules[49-51], all viral mRNAs may be detected and
quantified in the liver of occult infected individuals[50,52].
Various studies have provided evidence indicating
the presence of potent, and multispecific HBV-specific
T cell responses in individuals with OBI[53,54]. In particular, one study demonstrated that OBI patients with and
without anti-HBc antibodies show a different profile of
HBV-specific T cell responses. Although in seronegative OBI patients circulating HBV-specific T cells could
be detected at frequencies comparable with seropositive
OBI subjects, in vitro expansion and IFN-γ production
by HBV-specific T cells was much weaker than in OBIseropositive individuals[54]. On the basis of the evidence
obtained in the woodchuck animal model, it was hypothesized that such differences in seropositive and seronegative OBIs might reflect different modalities of HBV
transmission. Indeed, in woodchucks, exposure to low
WHV doses (containing less than 103 virions) may lead to
a persistent infection in the absence of viral serum mark-

Table 1 Selection of studies reporting the association
between occult hepatitis B virus infection and hepatocellular
carcinoma
Ref.

Geographic area

Shafritz et al[65]
Brechot et al[103]
Paterlini et al[104]
Sheu et al[66]
Paterlini et al[68]
Yu et al[70]
Koike et al[72]
Kubo et al[73]
Huo et al[71]
Pollicino et al[52]
Yotsuyanagi et al[75]
Donato et al[76]
Squadrito et al[105]
Ikeda et al[106]
Miura et al[107]
Obika et al[108]
Shetty et al[79]
Matsuoka et al[109]
Kew et al[110]
Ikeda et al[111]
Chen et al[112]
Tamori et al[113]
Wong et al[50]
Kondo et al[114]
Pollicino et al[100]
Squadrito et al[22]
Shi et al[86]

Aetiology

South Africa
Unknown
France
Unknown
South Africa, Italy, France
Unknown
and Japan
Taiwan
HCV/cryptogenic
France
HCV/cryptogenic
United States
HCV/cryptogenic
Japan
HCV
Japan
HCV
Taiwan
HCV/cryptogenic
Italy
HCV/cryptogenic
Japan
Alcoholic
Italy
HCV/alcoholic
Italy
HCV
Japan
HCV
Japan
HCV
Japan
HCV
United States
HCV
Japan
HCV
South Africa
Unknown
Japan
Alcoholic/cryptogenic
Taiwan
Cryptogenic
Japan
HCV
China
Cryptogenic
Japan
Cryptogenic
Italy
Haemochromatosis
Italy
HCV
Meta-analysis

HCV: Hepatitis C virus.

lasting persistence of HBV cccDNA as a stable chromatinized free episome in the nucleus of the infected
hepatocytes[21,42,43]. OBI is considered a phase of the
HBV natural history[44], but the mechanisms leading to
its occurrence remain relatively poorly understood. Nevertheless, some recent studies have provided new important information, thus clarifying several aspects of this
intriguing feature of the HBV infection.
OBI is significantly associated with the presence of
anti-HBV antibodies (namely, anti-HBc and anti-HBs
antibodies) directed against the viral core antigen and
HBsAg, respectively. However, more than 20% of occultinfected individuals are negative for all HBV serum
markers. Thus, it is possible to distinguish seropositive
(anti-HBc and/or anti-HBs positive) and seronegative
OBI (anti-HBc and anti-HBs negative individuals) (Figure
1)[15,20,21]. In seropositive OBI, HBsAg seroclearance may
have occurred either soon after the resolution of acute
hepatitis or after years or decades of overt chronic HBV
infection, whereas the seronegative OBI cases might have
either progressively lost all HBV serum markers or might
have been HBV-negative since the beginning of the infection, similarly to what has been described in the woodchuck animal model when infected with the hepadnavirus
“woodchuck hepatitis virus” (WHV)[45]. OBI, therefore,
may take shape with different possible virological and immunological profiles.
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Figure 1 Schematic representation of hepatitis B virus profiles in occult hepatitis B virus infection. HBV: Hepatitis B virus.

patients[60,61]. In addition to the posttranslational modifications of histones, methylation of CpG-rich regions
(CpG islands) in the HBV DNA appear to significantly
contribute to the regulation of HBV replication and gene
expression[33,40,62,63].

ers. Of interest, this so-called woodchuck “primary” occult infection does not confer protective immunity, thus
indicating that only infection with a higher dose of inoculum can elicit an efficient memory T cell response[55].
Recent evidence has shown that epigenetic mechanisms may play an important role in the regulation of
HBV replication and transcription[40]. In fact, a number
of studies have uncovered the importance of viral chromatin dynamic changes (in histone composition and
modification) in the regulation of virus replication and
gene expression, particularly during the different stages
of productive or latent infection and reactivation from
latency, highlighting the possibility that epigenetic control may play a role in the outcome of infections[56]. As a
note, the transcriptional activity of DNA viruses such as
Epstein-Barr virus and herpes viruses appears to be under strict epigenetic control during the latency status[57,58].
HBV cccDNA molecules are harbored in the nucleus
of infected hepatocytes as stable minichromosomes
packaged into nucleosomal arrays by histone and nonhistone proteins, and similarly to host cell chromatin
are subjected to the same enzymatic activities involved
in chromatin remodelling. In vivo and in vitro data have
provided evidence showing that HBV replication is regulated by the acetylation status of viral cccDNA-bound
H3/H4 histones. Interestingly, recruitment of histone
deacetylases onto the cccDNA was correlated with low
HBV replication in vitro and with low viremia in vivo[59].
Consistent with this finding, class Ⅰ and class Ⅲ histone
deacetylase inhibitors trichostatin, valproate, and nicotinamide induced an evident increase of both cccDNAbound acetylated H4 and HBV replication[59]. It is worth
mentioning that valproate, which is used clinically as
an anticonvulsant and in the treatment of bipolar syndromes, has been shown to reactivate HBV in infected
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Occult HBV and HCC Clinical
evidence
Most findings implicate OBI as an important risk factor accelerating the progression of liver disease and the
development of cirrhosis and HCC. A large number of
studies conducted since the early 1980s have demonstrated a high rate of HBV infection persistence in HBsAg
negative patients with HCC, many of whom were also
negative for all HBV serum markers (Table 1)[50,52,64-76].
Despite this body of evidence, however, whether occult
HBV could directly induce or contribute to liver damage remains still a major and largely debated topic. The
pathobiological significance of HBV-DNA persistence
as OBI likely resides in the maintenance of chronic HBV
infection through a very low replication rate, and there
is evidence indicating that the strongly reduced replication activity could be accompanied by histological signs
of mild hepatic inflammation[21,42]. In particular, available
data show that the persistence of OBI for up to several
decades after the resolution of an HBV-related acute
hepatitis in individuals who did not show any clinical or
biochemical evidence of liver disease can be associated
with histological patterns of a mild necroinflammation
in the liver[77,78]. These observations are in accordance
with studies on the woodchuck animal model showing
that woodchucks convalescing from acute WHV hepatitis
show persistence over time of minute amounts of replicating virus associated with mild hepatic necroinflamma-
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tion continuing for life[45,55].
With the discovery of hepatitis C virus (HCV) and
the development of sensitive molecular approaches for
HCV and HBV detection since the 1990s, it was possible
to unveil a hidden virologic scenario: a high proportion of anti-HCV positive infections were also HBsAgnegative HBV DNA-positive. In particular, occult HBV
has been detected in about one-third of HBsAg-negative
HCV infected individuals in the Mediterranean Basin and
in more than 50% in Far East Asian countries[20,21]. Of
interest, some studies from the United States on patients
of Caucasian origin undergoing liver transplantation for
HCV-related cirrhosis showed that 50% of these subjects
were OBI-positive[79]. Furthermore, in the last twenty
years, epidemiological studies from different geographic
areas have shown that OBI is associated with the most
severe forms of liver disease in HCV-infected patients,
thus suggesting that occult HBV might favor or accelerate the progression of HCV-related chronic liver disease
(CLD)[20-22]. In this respect, interestingly, some reports
have shown an association between phases of increased
levels of ALT and reappearance of detectable amounts
of HBV DNA in the sera of patients with chronic
hepatitis C (CHC) and combined OBI, indicating an active role of transient reactivation of HBV replication in
liver cell damage[80,81]. These data led to formulate the
hypothesis that OBI per se is innocuous, but when other
causative agents of liver injury coexist (i.e., HCV infection, alcohol abuse, etc.), the minimal lesions produced by
the presence of the occult virus might contribute in making worse the course of the liver disease over time[20,21,82].
Consistent with this, several studies-mostly from Europe
and Asia-have found a higher prevalence of OBI in patients with HCV-associated HCC when compared with
HCV infected patients that had not developed HCC. In
most of these studies, the prevalence of OBI in HCV
patients with HCC was as high as 60%-70%, confirming that OBI represents an important risk factor for
HCC development in CHC patients and supporting the
hypothesis of a synergistic interaction between OBI and
HCV in promoting HCC[20-22,42,52,83]. Of note, data from
a very recent study have shown that OBI may also lead
patients with HCV-associated HCC to have shorter disease-free as well as shorter overall postoperative survival
compared with OBI-negative HCV infected patients[84].
Among non-HCV infected patients, a large proportion
of subjects with alcohol-related HCC were found to be
OBI positive[75], and it is plausible to hypothesize that the
hepatocarcinogenic risk increases synergistically also in
these patients, just as alcohol is proven to interact with
overt HBV infection in causing liver damage in CHB
patients[85]. However, although a recent meta-analysis
confirmed that OBI increases the risk of HCC development in both HCV and non-HCV infected patients[86],
other studies performed in North America did not find
such an association[87]. Moreover, a wide variation in the
prevalence of OBI has been found in the different case
series studied up to date[20,21,42]. These discrepancies ap-
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pear to be mostly dependent on the lack of methodological uniformity among the different studies, and on the
high variability-in terms of sensitivity and specificity-of
the technical approaches utilized for OBI detection[15].
Not all the studies, for instance, extended the detection
of HBV DNA to both tumor and non-tumor liver tissues in the HCC cases analyzed. Indeed, there is evidence
of a significant difference in the detection rate of HBV
DNA between tumor and non-tumor tissues from subjects with OBI, thus a certain number of OBI positive
cases were missed if only tumor or non-tumor liver tissue
was used for the analysis[50,52]. In addition and of great
importance, most of the available data was not obtained
by applying the currently accepted criteria for the identification of OBI, which are based on the positive detection
of HBV DNA in at least two different HBV genomic
regions, among at least 3 out of the 4 genomic regions
that should be analyzed by nested polymerase chain reaction (PCR)[15]. Of note, data from an observational cohort study have very recently been published, evaluating
the clinical evolution of CHC patients according to their
OBI status. These patients were followed-up for a median time of 11 years and showed statistically significant
differences according to OBI positive/negative status in
terms of clinical outcomes. In particular, it was found
that HCC development occurred more frequently in OBI
positive than OBI negative patients (35% OBI positive vs
8.7% OBI negative patients, respectively, P < 0.01). In addition, OBI positive patients developed more frequently
decompensated cirrhosis, and had a cumulative survival
rate significantly shorter than OBI-negative subjects[22].
Interestingly, several reports have shown that OBI may
be associated with the progression of liver fibrosis and
HCC development also in cases with cryptogenic liver
disease[50,88]. These data seem to be in contrast with the
above mentioned hypothesis that occult HBV might be
unable to induce severe liver damage by itself. However,
it has to be considered that patients with OBI may overlap with those who would previously have been identified
as having recovered from an acute or a chronic HBV
infection, and that after HBsAg clearance, the outcomes
of OBI may vary significantly depending on the duration
of active HBV infection, the extent of liver damage that
had occurred before HBsAg clearance, and the interval
between the time of HBsAg clearance and that of OBI
diagnosis[20,42,89]. In this context, a recent population-based
cohort study carried on for more than two decades on
Taiwanese mothers screened for HBV infection at each
delivery is of great relevance. This study demonstrated
that the risk of HCC development was significantly
higher in women with persistent HBsAg-positive status;
however, among the HBsAg-negative mothers, those who
underwent HBsAg sero-clearance during follow-up had a
significantly higher risk of HCC development compared
to persistently HBsAg-negative women. In fact, this study
indicates that HBV maintains its pro-oncogenic role also
in the occult status and even in women that are known to
be much less prone to develop liver cancer than men[90].
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ratio, which reflects the persistence of viral transcriptional/replicative activity in the liver of these patients[50].
Interestingly, intrahepatic total HBV DNA and cccDNA
as well as HBV replicative activity in some HCC patients
with OBI proved to be not significantly different than in
some HBeAg-negative CHB patients with HCC[49,50]. This
evidence suggests that the low replicative level of HBV
in the liver tissues of some OBI-positive patients might
already be enough to predispose to HCC development.
These data have been widely confirmed in animal
models prone to infection by other hepadnaviruses. In
fact, in the woodchuck HCC model, a large proportion
of animals infected by WHV developed HCC despite the
WHV surface antigen seroconversion and the appearance
of the corresponding antibody[95,96]. Furthermore, WHV
DNA was detected in tumor tissue from these animals
and-similarly to what has been observed in humans-the
amounts of viral DNA molecules per cell number was
much less than in WHsAg positive woodchucks[95,96].
Ground squirrels also represent an interesting model,
since once infected with the ground squirrel hepatitis virus (GSHV) these animals are at high risk of developing
HCC even after the apparent clearance of the virus, and
GSHV DNA has been identified in HCCs developing in
completely seronegative animals[97,98].
A further argument supporting the direct role of
HBV in liver cancer arises from the detection of HBV
DNA in HCCs from non-cirrhotic HBsAg negative individuals[69,74,99-101]. In this respect, the case of a young man
with HFE haemochromatosis, seronegative for hepatitis
B and C infections, who developed HCC in the absence
of cirrhosis has been recently reported. OBI evaluation
in this patient, through the analyses of both tumor and
non-tumor liver tissues by nested-PCR amplification, revealed the presence of X gene sequences only in tumor
DNA extracts. By applying HBV-Alu PCR, it was possible to detect an HBV integration involving a deleted
X gene with an intact enhancer-Ⅱ/basal core promoter
region. The study of viral-host junction revealed that the
HBV integrant was located upstream of the partitioningdefective-6-homolog-gamma gene (PARD6G) (Figure
2A) and real time-PCR quantification demonstrated that
PARD6G was overexpressed in tumor compared to nontumor liver tissues, suggesting that occult HBV in this patient might have led to a sequel of cellular events that determined the development of HCC even in the absence
of cirrhosis[100]. Actually, a previous study had already
described cellular gene cis-activation by HBV integrants
in tumor cells from non-cirrhotic patients with HCC. In
particular, the HBx-related cis-activation of the SERCA1
encoding gene in an HBsAg negative, anti-HBc positive individual was described (Figure 2B)[94]. Apart from
cis-acting mechanisms, the large number of integration
events described to date support trans-activation as a major mechanism in HCC. Indeed, the products translated
from the integrated templates seem to more commonly
affect host gene expression by trans-acting mechanisms.
In this respect, the expression of the HBx transcriptional

PATHOGENETIC MECHANISMS
IMPLICATED IN OCCULT HBV-RELATED
HCC
Complex and multifactorial pathogenetic mechanisms
underlie HCC development, and much evidence indicates that many of these mechanisms would be implicated in HBV-induced hepatocarcinogenesis[91]. At
present, carcinogenesis associated with chronic HBV
infection is viewed as a process that includes both direct
and indirect mechanisms that might act synergistically.
The indirect mechanisms involve liver injury caused by
chronic necroinflammation, which provokes repeated
cycles of apoptosis, necrosis and compensatory regeneration, and promotes the progression towards cirrhosis
(which is a preneoplastic lesion). The direct carcinogenic
mechanisms are mainly related to the ability of HBV to
integrate into the host genome. Several HBV sequences
have been found in tumoral liver tissues, including HBX
and truncated pre-S2/S genomic sequences. These viral
integrants can produce proteins that have transforming
properties. Indeed, both HBx and carboxy-terminally
truncated pre-S or S polypeptides are able to alter host
gene expression and cellular phenotypes. They may promote growth factor-independent proliferation, resistance
to growth inhibition, tissue invasion and metastasis, angiogenesis, reprogramming of energy metabolism, and
resistance to apoptosis[16,92,93]. Concerning the occult infection, if it is considered that (1) HBV DNA can persist
in the hepatocytes both integrated into the host genome
and as free episome, in the form of a mini-chromosome;
(2) the virus may maintain the capacity to replicate, to
transcribe, and to synthesize proteins, though at very low
levels[49-52,69,94]; and (3) the occult virus may induce a mild
but continuous status of chronic necroinflammation,
thus favoring the progression toward cirrhosis[77,78], then
it is reasonable to hypothesize that OBI can contribute
to hepatocellular transformation through the same direct
and indirect mechanisms that subtend HCC development
in overt HBV infection.
The use of sensitive nucleic acid amplification techniques has, in the last decade, made it possible to reveal
important molecular and patho-biological aspects of
OBI. Indeed, early molecular studies had been performed
using DNA hybridization techniques that-because of
the very low copy number of HBV DNA per liver cell,
typical of OBI-were not sensitive enough to allow the
identification of entire full-length HBV genome or other
forms of HBV replicative intermediates in hepatic tissue
of OBI-positive individuals[42]. More recently, It has been
clearly demonstrated that both HBV cccDNA and all viral transcripts-including the pgRNA replicative intermediate and the HBx RNA-are detectable in both tumor and
non-tumor tissues of HCC patients with OBI[50-52,69,94].
In addition, by applying real-time PCR quantification
techniques it has been possible to more precisely estimate
the intrahepatic amounts of total HBV DNA, cccDNA
and pgRNA, and also to calculate the pgRNA/cccDNA
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Figure 2 Schematic representation of hepatitis B virus DNA integration in the cellular genome of two different occult hepatitis B virus infected patients.
A: Described by Pollicino et al[100]; B: Described by Gozuacik et al[94]. HBx: Hepatitis B virus X gene; BCP: Basal core promoter; PARD6G: Partitioning-defective-6homolog-gamma; SERCA1: Sarco(endo)plasmic reticulum Ca2+-ATPase 1.

transactivator has been frequently reported in both tumor
and non-tumor liver tissues of OBI-positive individuals[50,52,69,74,102].

6
7

CONCLUSION
8

The availability of highly sensitive molecular methods
has made it possible to unveil several virological features
of OBI, to show its worldwide diffusion, and to reveal
its possible involvement in different clinical settings. Relevant evidence indicates that HBV persistence as an OBI
represents an important risk factor for HCC development. In fact, although several aspects still need to be elucidated, available data strongly indicate that the long-term
persistence of OBI might exert an indirect oncogenic
role (by chronically sustaining a mild necroinflammation
that may contribute to the development of cirrhosis and
liver cancer) as well as a direct oncogenic effect through
both its integration into the host genome and the maintained synthesis of proteins-as X protein-with transforming properties.
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Core tip: The polycistronic miR-17-92 cluster has been
characterized to play a role in tumorigenesis. Overexpression of the miR-17-92 cluster and its paralog, the
miR-106b-25 cluster, has been reported in the development of cirrhosis and hepatocellular carcinoma. Various targets of these microRNAs have been identified,
and these targets are involved in tumor growth, cell
survival and metastasis. We describe the regulation of
these clusters by c-Myc and E2F1, and discuss the roles
of the various members of the clusters in affecting relevant target gene expression in the pathogenesis of
hepatocellular carcinoma.

Abstract
MicroRNAs are small endogenously expressed RNA
molecules which are involved in the process of silencing
gene expression through translational regulation. The
polycistronic miR-17-92 cluster is the first microRNA
cluster shown to play a role in tumorigenesis. It has
two other paralogs in the human genome, the miR106b-25 cluster and the miR-106a-363 cluster. Collectively, the microRNAs encoded by these clusters can be
further grouped based on the seed sequences into four
families, namely the miR-17, the miR-92, the miR-18
and the miR-19 families. Over-expression of the miR106b-25 and miR-17-92 clusters has been reported
not only during the development of cirrhosis but also
subsequently during the development of hepatocellular
carcinoma. Members of these clusters have also been
shown to affect the replication of hepatitis B and hepatitis C viruses. Various targets of these microRNAs have
been identified, and these targets are involved in tumor
growth, cell survival and metastasis. In this review, we
first describe the regulation of these clusters by c-Myc
and E2F1, and how the members of these clusters in
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HEPATOCELLULAR CARCINOMA
Liver cancer is currently the fifth most common cancer
in men. It is also the third most common cause of death
from cancer with 694000 deaths in 2008[1]. The majority
of liver cancers are hepatocellular carcinoma (HCC) and
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repressed[14,16]. It is now well documented that miRNAs
are able to regulate the expression of target genes either
by blocking mRNA translation, or inducing mRNA decay, or by affecting chromatin structure[17].

the occurrence is most prevalent in developing nations in
Asia and Africa. The incidence of HCC is also sex associated as HCC affects more males than females.
The majority of HCC cases develop from chronic liver disease, which includes cirrhosis caused by long-term
infection with hepatitis B (HBV) and C (HCV) viruses,
exposure to hepatotoxins, excessive alcohol intake and
steatohepatitis[2]. Damage to hepatocytes leads to increase
in the generation of reactive oxygen species (ROS) and
oxidative stress, promoting necrosis and apoptosis of
hepatocytes. The ROS produced activates Kupffer cells
to generate more ROS and also secrete cytokines such as
transforming growth factor-beta (TGF-β) and plateletderived growth factor (PDGF), which in turn activate hepatic stellate cells (HSCs) to become proliferative, releasing pro-fibrogenic, proinflammatory, and promitogenic
cytokines[3,4]. The increased production of extracellular
matrix (ECM) components by these activated stellate cells
leads to fibrosis, and chronic fibrosis results in cirrhosis,
characterized by the formation of regenerative nodules
and the distortion of liver parenchyma and vascular architecture[4].

The miR-17-92 and miR-106b-25
clusters
Initial identification and characterization of the
miR-17-92 cluster
In 2001, three groups of researchers simultaneously reported the identification of hundreds of miRNAs in human, fly and worm cells, triggering the upsurge of miRNA studies[18-20]. It soon became evident that miRNAs are
involved in multiple cellular and physiological processes
and dys-regulation of miRNAs could lead to disease.
Current evidence suggests that miRNAs are contributors
to oncogenesis. They could serve as either oncogenes or
tumor suppressors depending on their target genes and
contexts. miR-15 and miR-16 were the first two miRNAs
shown to be involved in the development of chronic
lymphocytic leukemia (CLL). Both miRNAs were deleted
or down-regulated in CLL, consistent with the idea that
miRNAs may act as tumor suppressors[21]. Following this
initial study, a large number of miRNAs has since been
shown to be associated with human cancers.
The polycistronic miR-17-92 cluster is one of the
earliest characterized miRNA clusters. The study of this
cluster began with the identification of a novel gene
designated as chromosome 13 open reading frame 25
(C13orf25) by Ota et al[22] in 2004. This gene resides
within the frequently amplified 13q31-q32 region in malignant lymphoma. Based on sequence analysis of the
gene, it was unlikely that the C13orf25 gene encoded for
any protein product. Instead, the miR-17-92 cluster which
is located in the third intron of the C13orf 25 gene was
hypothesized to be the actual effectors of the 13q31-q32
amplification and could play a role in tumorigenesis. Subsequent work by various groups showed that this hypothesis is indeed true.
In MYC transgenic mice, lymphoma development was accelerated following the transduction of the
miR-17-92 cluster into hematopoietic cells[23]. This observation strongly supported the concept that certain miRNA alterations could predispose a cell to carcinogenesis
and abnormal expressions of miRNAs are not just the
consequence of cellular transformation. The tumorigenic
activity of the miR-17-92 cluster was thus demonstrated
and this cluster was termed as “OncomiR-1”.
Subsequently, c-Myc was shown to regulate the expression of the miR-17-92 cluster by binding directly to
it and up-regulating the expression of all six miRNAs
of the cluster. Furthermore, the transcription factor
E2F1 was identified as the target of two members of the
miR-17-92 cluster: miR-17-5p and miR-20a. Thus, despite
the induction of E2F1 transcription by c-Myc resulting in
high levels of E2F1 mRNA, the E2F1 protein level was
only modestly increased[24]. Interestingly, c-Myc is in turn

Regulation of gene expression by
microRNAs
In recent years, research on post-transcriptional gene silencing has progressed greatly following the discovery of
endogenously coded microRNAs (miRNAs). MiRNAs
are small, RNA molecules of approximately 20-24 nucleotides in length. The genes encoding the miRNAs can be
located in the introns of protein-coding genes, or in both
introns and exons of non-coding transcripts[5]. In several
instances, miRNAs are clustered together and transcribed
as a single polycistronic primary transcript.
Most miRNA genes are transcribed by RNA Polymerase Ⅱ to generate primary transcripts[6]. The primary
transcripts are first processed to smaller approximately
70-nucleotide hairpin looped precursor molecules (premiRNAs)[7,8]. The pre-miRNAs are then transported from
the nucleus to the cytoplasm[9] and are further cleaved by
the enzyme, Dicer[10,11], releasing approximately 22-nucleotide duplexes. The two arms of the duplexes do not
have perfect complementation. One arm gives rise to the
mature miRNA while the opposing arm is denoted as
miRNA*. The duplex is recruited into the RNA-induced
silencing complex (RISC) where it unwinds and miRNA*
is degraded[12,13]. The mature miRNA that is bound to
RISC then serves as a guide to provide the binding specificity to the target RNA. Binding of the miRNA-RISC
to the target RNA can result in two possible outcomes.
When the miRNA is able to base-pair extensively with
the target RNA, cleavage of a single phosphodiester
bond occurs in the target across nucleotides 10 and 11
of the miRNA[14,15]. In vertebrates including humans,
there is usually only partial complementation between the
miRNA and its target RNA, and cleavage of the target
does not occur. Instead, translation of the target RNA is
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positively regulated by E2F1[25].
Following these two studies, there was a subsequent
report on the oncogenic role of the miR-17-92 cluster in
lung cancers, especially those with small-cell lung cancer
histology. An increase in the gene copy number of this
miRNA cluster resulted in its over-expression. Again it
was confirmed that it was the marked expression of the
miR-17-92 cluster and not the putative C13orf25 gene
product that promoted cell growth. These findings demonstrated the oncogenic role of the miR-17-92 cluster in
the development of lung cancers and confirmed that the
real effectors of the 13q31-q32 amplification in cancers
are the miRNAs encoded within the miRNA-17-92 cluster[26].
Many of the known miRNAs appear in clusters on
single polycistronic transcripts[27-29]. The human miR-17-92
cluster contains six precursor miRNAs within about 1
kb on chromosome 13. It has two paralogs in the human
genome: the miR-106b-25 cluster on chromosome 7 and
the miR-106a-363 cluster on chromosome X. Reconstruction of the evolutionary history of the miR-17-92 cluster
and its two paralogs revealed that the evolution of this
cluster arose from tandem duplications of individual
miRNAs, followed by duplications of entire clusters and
subsequent loss of individual miRNAs[30]. The miR-17-92
cluster encodes for miR-17-5p, miR-18a, miR-19a, miR20a, miR-19b-1, and miR-92a-1 while the miR-106a-363
cluster encodes for miR-106a, miR-18b, miR-20b, miR19b-2, miR92a-2 and miR-363. The miR-106b-25 cluster
encodes for only three miRNAs; miR-106b, miR-93, and
miR-25 and is embedded within the minichromosome
maintenance protein 7 (MCM7) gene (Figure 1A). These
miRNAs can be further grouped into four seed families,
namely the miR-17, the miR-92, the miR-18 and the
miR-19 families (Figure 1B).
To provide insights into the functionality and redundancy of these clusters, studies in mice following the
knock-out of the clusters individually or in combination
were carried out[31]. Defective embryonic development
and postnatal death were observed in mice with homozygous deletion of the miR-17-92 cluster. Deletions of both
the miR-17-92 and the miR-106b-25 clusters led to more
severe phenotypes including apoptosis in the fetal liver
and regions of the central nervous system. In contrast,
there was normal development following the deletion of
either the widely expressed miR-106b-25 cluster, or the
rarely expressed miR-106a-363 cluster, or both clusters.
Collectively, these observations indicate that members of
the miR-17 and miR-92 families in both the miR-17-92
and the miR-106b-25 clusters may perform specific yet
overlapping functions while the miR-18 and miR-19 families which are only present in the miR-17-92 clusters are
likely to be functionally important during development.
Interestingly, although most of the studies point
to the oncogenic property of the miR-17-92 and miR106b-25 clusters, particular members of the cluster may
also serve as tumor suppressors in certain contexts. One
example is miR-17. Over-expression of miR-17 can re-
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duce cell proliferation, affect cell adhesion and migration,
and suppress the expression of fibronectin and the fibronectin type-Ⅲ domain containing 3A (FNDC3A)[32]. Another example is miR-25, a member of the miR-106b-25
cluster which can confer oncogenic or tumor suppressive
properties in different types of human cancers. miR-25
is up-regulated and promotes tumorigenesis in stomach,
liver and prostate tumor via its inhibition of the target
genes Bim, p57 and DR4[33-37]. In contrast, miR-25 is
down-regulated in colon cancer where it targets SMAD7
and exerts anti-tumor effects[38]. miR-93, another member
of the miR-106b-25 cluster, is be able to adversely affect
cell proliferation and colony formation of colon cancer
stem cells[39]. All these findings raised the possibility that
miRNAs encoded by these clusters can either positively
or negatively affect tumorigenesis and depending on the
tumor, may exhibit either oncogenic or tumor suppressive activities.
Roles of the clusters in HBV and HCV infections
Approximately 80% of HCC cases are associated with
chronic HBV or HCV infections. It is well documented
that the risk of HCC development is greatly increased in
individuals with such infections and anti-viral treatments
can effectively reduce the risk[40].
miRNAs have been shown to affect HBV gene expression and inhibit HBV replication. miR-199a-3p,
miR-210 and miR-122 can suppress HBV replication[41,42].
In contrast, HBV gene products may also affect miRNAs
expressions. The hepatitis B virus X protein (HBx) has
been shown to suppress the expression of miR-148 in a
murine model of HCC and consequently promote proliferation and metastasis via the upregulation of hematopoietic pre-B cell leukemia transcription factor-interacting
protein (HPIP)[43]. Members of the miR-17-92 cluster
have also been shown to affect HBV replication. miR-20a
and miR-92a-1 can directly bind to HBV genes and inhibition of these miRNAs enhances HBV replication[44].
Although the miR-106-25 cluster which is hosted in
intron 13 of the MCM7 gene has not been shown to
directly affect HBV or HCV replication, it was interesting to note that a single nucleotide polymorphism (SNP),
rs999885 in the promoter region of MCM7 can confer
a protective effect against chronic HBV infection. In
patients who have achieved clearance of HBV infection,
the A to G base change is associated with decreased risk
of chronic HBV infection. However, for persistent HBV
carriers, this change results in increased risk for HCC
with increased expression of the miR-106b-25 cluster in
the liver[45]. Another SNP, rs2596452, located within the
5’ flanking region of the MHC class I polypeptide-related
sequence A (MICA), is associated with HBV- and HCVrelated progression to HCC[46,47]. MICA is usually highly
expressed in viral-infected cells and in tumor cells. Its
expression is necessary for the activation of cell killing
by natural killer cells and CD8 T cells. Over-expression
of the miR-106b-25 cluster has been shown to suppress
MICA expression and inhibit the cell-killing function[48].
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miR-20a
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CAAAGUGCUUACAGUGCAGGUAG
UAAAGUGCUUAUAGUGCAGGUAG
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UAAAGUGCUGACAGUGCAGAU
CAAAGUGCUGUUCGUGCAGGUAG

miR-92 family

miR-92a-1
miR-92a-2
miR-25
miR-363

UAUUGCACUUGUCCCGGCCUGU
UAUUGCACUUGUCCCGGCCUGU
CAUUGCACUUGUCUCGGUCUGA
AAUUGCACGGUAUCCAUCUGUA

miR-18 family

miR-18a
miR-18b

UAAGGUGCAUCUAGUGCAGAUAG
UAAGGUGCAUCUAGUGCAGUUAG

miR-19 family

miR-19a UGUGCAAAUCUAUGCAAAACUGA
miR-19b-1 UGUGCAAAUCCAUGCAAAACUGA
miR-19b-2 UGUGCAAAUCCAUGCAAAACUGA

miR-363
miR-363

Figure 1 miR-106b-25/miR-17-92/miR-106b-363 clusters. A: Diagrammatic representation of the miR-106b-25, miR-17-92 and miR-106a-363 paralogs. The positions of the mature miRNAs are denoted by shaded boxes within the polycistronic primary transcripts. miRNAs sharing the same seed sequences are shaded with the
same color; B: Sequences of the miRNA families. Members of each family have identical seed sequences which are shown as underlined texts.

To date, it is also well documented that miR-122 is
critical for the replication of HCV. miR-122 protects the
HCV genome by binding to 2 sites on the 5’ non-coding
region of the HCV RNA and in doing so enhances
the propagation of the virus[49]. This makes targeting
miR-122 for anti-HCV therapy very attractive and phase
2a trials of miravirsen, a locked nucleic acid modified
antisense oligonucleotide complementary to part of
miR-122, have resulted in significant reduction in viral
RNA with no emergence of resistant viruses[50].
As had been observed for HBV, HCV infection could
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also alter hepatic miRNA expressions. The expression of
miR-27 has been shown to be induced by HCV replication in Huh7.5 cells and in vivo HCV infection models.
Consequently, this over-expression results in hepatic steatosis[51]. The roles of the miR-17-92 and the miR-106b-25
clusters have not been examined for HCV infection.
However, serum levels of miR-20a and miR-92a have
been shown to increase during acute and chronic HCV
infections. Significant up-regulation of these miRNAs
were also observed in the sera of HCV-infected patients
with fibrosis[52].
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Roles of the clusters in liver fibrosis and cirrhosis
Liver cirrhosis is the single most significant predisposing
factor for HCC. In addition, death from liver cirrhosis
itself is estimated at 800000 annually[53]. A complex network of signaling pathways together with contributions
from HSCs and inflammatory cells such as Kupffer cells
during the course of repetitive and chronic liver damage
eventually results in liver cirrhosis. Thus, liver cirrhosis
arises from chronic liver disease and is characterized by
the development of regenerative nodules which are surrounded by fibrous connective tissues[54].
Differential miRNA expressions have been shown
to be not only associated with hepatic viral infections
but also with different stages of liver diseases including
cirrhosis. Members of the miR-29 family were found to
be significantly down-regulated in murine and human
fibrotic livers. Down-regulation of miR-29 is dependent
on TGF-β and nuclear factor kappa B (NF-κB) in HSCs
while over-expression of miR-29 can suppress activation
of the HSCs leading to reduced collagen expression[55].
In contrast, the expression of the miR-199 and -200
families increases with progression of liver fibrosis[56]. Interestingly, during rat liver regeneration after 70% partial
hepatectomy, selective up-regulation followed by global
down-regulation of miRNAs was observed in a negative feedback mechanism[57]. These studies reiterated the
possible functional importance of miRNAs during liver
regeneration and liver fibrosis.
Members of the miR-17-92 and the miR-106b-25 clusters have been implicated in the progression of liver fibrosis. In fibrotic rat and human livers, the expression of
miR-19b was significantly down-regulated. miR-19b has
been shown to play an inhibitory role in HSC-mediated
fibrogenesis through its effect on the TGF-β signaling
pathway. Over-expression of miR-19b inhibited the expression of TGF-β receptor Ⅱ (TGF-βRⅡ) leading to
decreased SMAD3 expression and reduced type-1 collagen production[58]. In contrast, miR-93 and miR-106b
were observed to be consistently up-regulated during
the development of cirrhosis, although the actual targets
have yet to be confirmed[59]. Serum levels of miR-106b
have also been shown to be useful for the prediction of
liver cirrhosis. Together with miR-181, both miR-106b
and miR-181 were shown to serve as biomarkers for liver
cirrhosis irrespective of the etiology[60].

and miR-106[63,64]. Subsequent studies from various other
groups also showed this to be true[34,59,65-71].
The role of c-Myc in liver and HCC has been well
studied and documented. c-Myc is a transcription factor
which is frequently up-regulated in HCC, in patients with
advanced liver fibrosis, and in experimental liver fibrosis in mice[72,73]. The expression of c-Myc is controlled
by the different phosphorylated forms of Smad2 and
Smad3. During acute liver injury, TGF-β binds to TGF-β
type Ⅰ receptor (T β RI), which then phosphorylates
Smad2 and Smad3 at their C-termini. These Smads then
complex with Smad4 and translocate to the nucleus to
repress the expression of its target genes, including c-Myc.
In chronic liver injury, PDGF activates c-Jun N-terminal
kinase (JNK), and the activated JNK then phosphorylates
Smad2 and Smad3 in their linker regions. These dually
phosphorylated Smads can up-regulate the expression of
c-Myc[74]. The up-regulation of c-Myc in hepatocytes during chronic fibrosis or as a consequence of gene amplification may promote or repress the expression of many
genes including those encoding for miRNAs. Indeed
recent studies have characterized Myc-repressed as well
as Myc-induced miRNAs in HCC[44,75]. The latter includes
miRNAs of the miR-17-92 cluster and the miR-106b-25
cluster.
Given that the miR-106b-25 cluster is embedded in the
thirteenth intron of the MCM7 gene, it is not surprising
that in HCC, gastric and prostate cancers, the expression
of the precursors of the miR-106b-25 cluster has been
shown to correspond to that of Mcm7 transcripts[34,76,77].
The transcription of the miR-106b-25 cluster is thus
regulated through the expression of the MCM7 gene and
both c-Myc and E2F1 have been shown to up-regulate
Mcm7 expression[77-80]. The expression of the miR-17-92
cluster, which is located on human chromosome 13,
can also be promoted by c-Myc and the E2F family of
transcription factors[24,81,82]. In HCC, there is significant
up-regulation of members of the miR-17-92 and miR106b-25 clusters. In addition, in a study by Pineau et al[59],
miR-93 and miR-106b were observed to be consistently
up-regulated during the development of cirrhosis and
subsequently during the development of HCC. The consistent up-regulation of the miR-106b-25 and miR-17-92
clusters from chronic liver fibrosis onwards indicate that
these two miRNA clusters are likely to be involved in
the initiation of tumorigenesis, as well as at subsequent
stages of HCC.
To date, various targets of these two clusters have
been identified in HCC and other cancers, and these
targets are involved in tumor growth, cell survival and
metastasis (Figure 2). It is also noteworthy that the expression of these clusters is likely to be regulated by the
expression of the oncogene Myc and that the targets
of these clusters include genes which exhibit significant
changes during HCC. Such targets include phosphatase
tensin homolog (PTEN) and members of the Wnt/
β-catenin pathway. Multiple genetic alterations have been
documented for HCC and these can be fitted broadly

Roles of the clusters in HCC
Changes in the expression of miRNAs have been observed in all human cancers. Dys-regulation in the
expression of the miR-106b-25 and miR-17-92 clusters
have been reported for various tumors, including B-cell
lymphoma and solid tumors derived from breast, colon,
lung, pancreas, prostate and stomach[23,26,61,62]. The first
few reports on miRNA expression in human and rodent
HCC also showed that members of the miR-17-92 and
miR-106b-25 clusters were aberrantly expressed. These
include significant up-regulation of miR-18 together
with its precursor, pre-miR-18, miR-17, miR-20, miR-93,
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Figure 2 Targets of the miR-106b-25 and miR-17-92 clusters that contribute to proliferation, apoptosis and metastasis of hepatocellular carcinoma. MMP:
Matrix metalloproteinase; PTEN: Phosphatase tensin homolog; APC: Adenomatous polyposis coli; TGFβ: Transforming growth factor-beta.

the wild-type controls[92].
Current evidence also showed that members of these
clusters can confer resistance to apoptosis. This is achi
eved by miR-25 targeting components of the mitochondrial-dependent and the death receptor-dependent
apoptotic pathways. In HCC, miR-25 has been shown to
target the pro-apoptotic Bim[34]. Bim is a member of the
BH3-only domain family of proteins which regulates the
mitochondrial-dependent apoptosis pathway. It inhibits the anti-apoptotic activities of Bcl-2 or Bcl-xL by its
interactions with these molecules on the mitochondria
membrane[93]. In addition, miR-25 has also been shown to
target the TNF-related apoptosis inducing ligand (TRAIL)
death receptor-4 (DR4) in cholangiocarcinoma[37]. The
binding of TRAIL to DR4 results in the formation of the
death-inducing signaling complex and the activation of
caspases in the apoptotic signaling pathway[94].
The Wnt/β-catenin signaling pathway is often activated in HCC and is regulated by the miR-106b-25 cluster.
Adenomatous polyposis coli (APC), which is a member
of the complex of proteins that targets cytosolic β-catenin
for proteasomal degradation, is targeted by miR-106b in
HCC[70]. Over-expression of miR-106b decreased APC
protein expression, promoted nuclear accumulation of
β-catenin and activated the transcription of cyclin D1,
resulting in the proliferation and anchorage-independent
growth of hepatoma cells. The epithelial cell adhesion
molecule E-cadherin, which links β-catenin and α-catenin
to actin to stabilize cell adhesion[95], is also targeted by
miR-92a and miR-25 in esophageal cancer[96,97]. Loss of
E-cadherin in HCC has been shown to correlate with intrahepatic metastasis[98].
During HCC progression, both intra- and extrahepatic metastasis can occur and efforts have been made
to identify miRNAs that may contribute to metastasis in
HCC. Some miRNAs are pro-metastatic while others are
considered to be anti-metastatic. For the former, various miRNAs including miR-29a, miR-135a and miR-155
have been shown to promote cell migration, cell invasion
and metastasis in HCC. miR-29a targets PTEN while
miR-135a inhibits metastasis suppressor 1 (MTSS1)[99,100].
Expression of miR-155 has been shown to be predictive

into four distinct groups. These include the inactivation
of tumor suppressor genes such as p53, retinoblastoma
(RB), PTEN and runt-related transcription factor 3, as
well as the activation of oncogenes such as that of Myc,
Ras and Raf. The activation of growth factors and their
receptors such as transforming growth factor-α, insulinlike growth factor-2 receptor as well as the reactivation
of developmental pathways including that of the hedgehog and Wnt/β-catenin pathways are also contributors to
HCC[83].
These two miRNA clusters can suppress the protein
expression of tumor suppressor PTEN[35,84-86]. Downregulation of PTEN leads to hyper-proliferative and antiapoptotic activities via the AKT pathway[87]. PTEN-deficient mice exhibit hepatomegaly, steatohepatitis, fibrosis
and eventually develop HCC[88]. PTEN down-regulation
was also observed in fibrotic livers of bile duct ligated
mice[89]. In contrast, over-expression of PTEN inhibited
HSC activation[90]. In HCC tissues, there is usually low or
no PTEN expression[86,87]. Together, these data indicate
that the up-regulation of these two miRNA clusters can
result in hepatic down-regulation of PTEN during fibrosis and in the progression towards tumorigenesis.
The transcription factor E2F1 is a target gene for the
miR-17 seed family. Members of this family can interact
with the 3’ UTR of the E2F1 transcripts and inhibit its
translation in HCC cell lines. In HCC tumors, it is likely
that the miR-17 family prevents excessively high E2F1
expression, which may then cause apoptosis[24,34]. Both
the miR-17-92 and the miR-106b-25 clusters have been
shown to participate in the auto-regulatory feedback loop
involving c-Myc and E2F transcription factors. These
factors regulate the expression of the clusters while
members of the clusters in turn regulate the expression
of E2F1. This mode of action has been also observed
for these clusters in other tumors including prostate cancer and gastric cancer[76,77]. In addition, the RB protein
which regulates the transactivation function of E2F transcription factors, was also found as a target of miR-106b
in laryngeal carcinoma[91]. In mice, RB loss significantly
increased liver tumor multiplicity and proliferation, and
had higher expression of E2F target genes compared to
WJG|www.wjgnet.com

5967

May 28, 2014|Volume 20|Issue 20|

Tan W et al . MicroRNA clusters in hepatocellular carcinoma

and increase intrahepatic metastasis[111]. Another possibility is the tumor protein 53-induced nuclear protein
1 (TP53INP1) which is a stress-induced p53-target gene
that enhances p53 stability and transcriptional activity[112].
In gastric cancer, miR-17 and miR-20 were found to target TP53INP1[113]. In HCC, the expression of TP53INP1
in the tumor samples was reduced when compared to the
paired non-tumor liver tissues[114]. Thus, although various
targets for the miR-106b-25 and the miR-17-92 clusters
have already been identified for HCC, chronic liver infections and cirrhosis, it is evident that much more work
has to be done to fully dissect out all the targets of these
clusters not only for HCC but also for the progression
from liver fibrosis to tumorigenesis.

of poor survival in HCC patients following liver transplant[101]. In contrast, miR-124 and miR-29b are examples
of anti-metastatic miRNAs. miR-124 is able to inhibit
HCC invasion and migrating by targeting the 3’-UTR of
Rho-associated, coiled-coil containing protein kinase 2
(ROCK2) and enhancer of zeste homolog 2 (Drosophila),
EZH2[102] while miR-29b suppresses tumor angiogenesis,
invasion and metastasis by inhibiting expression of matrix metalloproteinase 2 (MMP-2)[103].
Various studies to date have pointed to the miR106b-25 and the miR-17-92 clusters playing a role in HCC
metastasis. Over-expression of miR-17-5p leads to significant cell proliferation and intrahepatic metastasis of
HCC. It was postulated and verified that increased miR17-5p expression led to the down-regulation of its target
E2F1 thereby causing the down-regulation of Wip 1
which is an E2F1-regulated gene. Wip 1 is a known suppressor of p38 mitogen-activated protein kinase (MAPK).
The down-regulation of Wip 1 can trigger the activation
of the p38 (MAPK) pathway, leading to an increase in
phosphorylated heat shock protein 27 (HSP27) and as a
result, enhances the migration of HCC cells[104]. Increased
expression of miR-106b was observed to correlate with
high HCC tumor grade. Over-expression of miR-106b
was shown to activate the epithelial-mesenchymal transition process leading to cell migration and metastasis[71].
Although these studies suggest that the miR-106b-25
and the miR-17-92 clusters may play a pro-metastatic role,
there are also reports which showed that miRNAs encoded by these clusters are anti-metastatic. miRNA-19a was
among the 20 metastatic signature miRNAs which were
down-regulated in metastatic HCC, suggesting a possible
anti-metastatic role[105]. However, it has been documented
that the global miRNA expression was down-regulated
in the venous metastases compared to non-tumorous tissues[106]. In addition, miR-17 was observed to be downregulated in metastatic cell lines. This down-regulation
is dependent on the action of thyroid hormone on its
receptor and the knockdown of miR-17 increased p-AKT
expression resulting in enhanced cell invasion. Matrix
metalloproteinase 3 (MMP3) was shown to be a direct
target of miR-17 in this context[107]. Given the complexity
and heterogeneity of HCC, it is possible that the role of
these miRNA clusters in regulating metastasis is contextdependent, affecting different targets not only at different
stages of HCC but also dependent on the genetic aberrations within the tumor.
Other targets for miR-17-92 and its 2 paralogs, especially the miR-106b-25 cluster, have been identified for
other tumors. It is likely that some of these may also
be relevant for HCC. Of relevance here is the modulation of the TGF-β signaling pathway by these clusters.
Smad7, which is induced by TGF-β to negatively regulate
the TGF-β signaling pathway, is targeted by the miR106b-25 cluster in human breast cancer[108]. TGFBR2 is
also targeted by miR-93 and miR-106b[109,110]. The decrease in Smad7 and TGFBR2 expression in HCC could
promote the TGF-β-independent JNK-Smad3 pathway
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CONCLUSION
In this review, we focused on the miR-17-92 cluster and
its paralog the miR-106b-25 cluster. miRNAs encoded by
both clusters are consistently dys-regulated in diseased
liver including chronic viral infection, fibrosis, cirrhosis
and HCC. Although some work has been done to examine the targets and the interplay of these clusters with
key tumor suppressors (PTEN), oncogenes (c-Myc) and
signaling pathways that are relevant to HCC (TGF-β and
Wnt/β-catenin pathways), more work has to be done to
fully understand the regulation and roles of the various
members of these clusters, as well as MCM7 which is the
host gene for the miR-106b-25 cluster. A thorough understanding of the roles of these clusters could provide new
therapeutic, prognostic and diagnostic approaches for
HCC.
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we also look at how miRNAs may go about regulating
the virus, especially in vital processes like viral replication. Apart from miRNAs acting as either oncogenes or
tumour-suppressors, we also look at how miRNAs may
function as biomarkers that may possibly serve as better candidates than those currently employed in the
diagnosis of HBV infection or HBV-related HCC. A summary of the roles of miRNAs in HBV-related HCC will
hopefully lead to a gain in understanding of the pathogenesis process and pave the way for new insights in
medical therapy.

Abstract

Core tip: hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) is a complex cancer of the liver stemming from the long term infection of the virus. MiRNAs are found to be involved in a multitude of events,
ranging from the diagnosis, pathogenesis as well as
possibly in the treatment of this cancer. This review explores the current knowledge in understanding the role
of miRNAs in HBV-related HCC, and how it is able to
regulate, or be regulated, such that important cellular
processes may be affected.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; hepatitis B virus X protein; Hepatocellular carcinoma; Mechanisms; MicroRNAs; Profiling

Hepatocellular carcinoma (HCC) remains to be one
of the top causing cancer-related deaths today. The
majority of HCC cases are reported to be the result of
chronic hepatitis B virus (HBV) infection. Current treatments for HBV-related HCC revolve around the use of
drugs to inhibit viral replication, as a high level of viral
load and antigen in circulation often presents a poor
patient prognosis. However, existing therapies are inefficient in the complete eradication of HBV, often resulting in tumour recurrence. The involvement of microRNAs (miRNAs) in important processes in HBV-related
HCC makes it an important player in the progression of
HCC in chronic hepatitis B infected patients. In this review, we discuss the key aspects of HBV infection and
the important viral products that may regulate cancerrelated processes via their interaction with miRNAs or
their closely related protein machinery. Conversely,
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released[9]. Once in the nucleus, the HBV genome undergoes one of two mechanisms. The first is the integration
of the viral genome into the host chromosome, which is
seen in about 80% of HBV-related HCC[10,11]. It has been
shown that HBV causes higher rates of chromosomal alterations as compared to other HCC risk factors[12]. This
may result in a loss of tumour suppressor gene functions
and/or activate tumour-promoting genes, with some
studies showing an activation of the mitotic cell cycle,
p53 mutations and activation of the AKT pathway[13]. It
is also thought that this integration occurs in damaged
host genome harbouring break-points and is not required
for viral DNA replication. Apart from the direct integration of HBV genome into the chromosomes, chronic inflammation of the immune system due to viral presence
results in increased production of reactive oxygen species
(ROS), which can cause further DNA damage and gene
mutations[14,15]. The second is its conversion by viral and
cellular enzymes into covalently closed circular DNA
(cccDNA), which forms the template on which the host
RNA polymerase Ⅱ acts on to produce viral RNA transcripts. The viral mRNAs are then transported into the
cytoplasm where they are translated into viral proteins,
which play a role in viral replication and HCC development. Among the viral transcripts transcribed, the longest
(3.5 kb) transcript is known as the pregenomic RNA,
because it serves as the template for viral genome replication. This mRNA strand is packaged along with a viralencoded DNA polymerase and core proteins to make up
the inner core of the new viral capsid. Following reverse
transcription of the mRNA strand, a new stand of viral
DNA genome is produced within the capsid. A final coat
with surface lipoproteins completes the replication process, and the virus may then be either exported out of
the cells to infect other cells or return to the nucleus to
act as a source of cccDNA for further transcription and
replication[16].

INTRODUCTION
Hepatocellular carcinoma (HCC) is currently third leading
cause of cancer-related deaths in the world, with mortality rates reaching up to 500000 deaths per annum. Among
all cancers, patients with HCC display the shortest survival times, with most dying within 12 mo of developing the
tumour[1]. There are many risk factors for HCC including
cirrhosis, chronic active hepatitis (CAH), heavy use of
alcohol and chemical contamination by aflatoxins and arsenic in foods and water respectively. Other physiological
factors like obesity, gender and age may also pose as a risk
in developing HCC. Among these risk factors, chronic
hepatitis B virus (HBV) infection remains to be the most
significant etiological factor of HCC[2]. Its impact on human health may be illustrated with the following statistics:
(1) A total of 2 billion people are estimated to have been
infected with HBV before[3]; (2) Current chronic HBV
carrier count averages at 240 million people worldwide[4];
(3) More than half of all patients with HCC are chronic
carriers of HBV[2]; and (4) The risk of developing HCC
is elevated by approximately 30 times in HBsAg carriers
as compared to uninfected patients[5,6]. Typically, patients
with HBV-related HCC first get infected with the virus,
suffer from subsequent damage of liver due to the body’s
immune response against the virus, develop cirrhosis and
finally HCC.

HBV LIFE CYCLE
Structure of genome
HBV belongs to the Hepadnaviridae group of DNA viruses that preferably replicates within hepatocytes. It is
noncytopathic; cytotoxicity in HBV infection results from
the body’s immune response against the virus, mainly
due to the activity of HBV-specific T cells. The structure
of the HBV genome is simple and compact. The 3.2 kb
HBV genome is a relaxed, circular, and partially doublestranded DNA. There are 4 known open reading frames
(ORFs) within the HBV genome that encode viral surface proteins, the e (HBeAg), core (HBcAg) and surface
(HBsAg) antigens, the terminal protein (TP) and a viral
reverse DNA polymerase, as well as a small about 17
kDa protein known as hepatitis B virus X protein (HBx).
Another viral protein, HBSP, is found to be encoded by
a spliced viral transcript[7]. The production of viral transcripts is controlled by 4 promoters and 2 enhancers.

HBV viral products
Current therapies in HBV-related HCC aim at repressing
viral replication by using drugs (e.g., IFN-α) in activating
antiviral defence mechanisms in the body, thus reducing
the chances of progression to liver cirrhosis and HCC[17].
The main disadvantage though, of these treatment options, is its ineffectiveness in complete cccDNA elimination in the nucleus of infected hepatocytes[18], resulting
in viral rebound upon removal of anti-viral therapy and
poor prognosis of patients infected with HBV. The
implication of this is that HBV replication and its viral
products, both stemming from the cccDNA, play important roles in disease progression and recurrence. Hence,
the study of the HBV replication and its viral products
is an important step in understanding the mechanisms in
which HCC may be developed from HBV infection. The
main products of the viral transcripts crucial in HCC are
the various antigens and viral proteins. The HBV DNA
and viral antigens are important in viral detection during screening while the well-known HBx protein directly

HBV genome integration and replication
While its mechanism of entry into hepatocytes is poorly
understood and believed to involve the N-terminus of
the viral’s large envelope protein[8], its subsequent infection and replication is better studied. Upon entry into the
cells, the virus nucleocapsid is released into the cytoplasm
and transported to the nucleus via microtubules. Importins α and β aid in transporting the nucleocapsid through
the nuclear membrane and into the nucleus, where the
nucleocapsid then disintegrates and the HBV genome is
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plays a part in HBV to HCC progression by dysregulating
important cancer-related pathways.

of activities it is involved in, a high expression level of
HBx may not be required for observable changes in cellular phenotype. In infected mouse models, the levels of
HBx protein varies, depending on the different genetic
makeup and various promoters of the models used. Both
apoptosis and proliferation are activated in these models,
while simultaneously sensitizing hepatocytes to malignant
transformation[38-42]. Infected mice livers also suffer from
an impaired regeneration or early cell cycle entry following partial hepatectomy[43-45]. Not all in vivo mouse models
are consistent with the outcomes of HBx expression in
hepatocytes. Some develop HCC as a result of the high
expression of HBx[46], while others with a different genetic background did not, although slight changes in histology are observed in them[47]. This could mean that the
outcome of HBx expression in livers vary, depending on
the genetic background of the host hepatocyte. Regardless, any deviation from normal, wild-type hepatocyte
functioning may potentially contribute to tumorigenesis.
Hence, the impact of a small protein like HBx cannot be
neglected in HBV infections.

HBx protein
The HBx protein, though small in size, plays a large role
in the malignant transformation of chronic hepatitis B
(CHB)-infected cells. It may be found in both the cell
cytoplasm and nucleus, and is involved in a myriad of
cellular activities. Some studies have found that it plays
a role in HBV transcription and replication by enhancing the activities of viral promoters and enhancers. In
vitro studies show that HBx stimulates viral replication
via transactivation[19,20], by interacting with DNA damage binding protein 1 (DDB1) and Src tyrosine kinase
protein complex[21,22], by increasing cytosolic calcium ion
concentration[23,24] and by directly being recruited to the
cccDNA and involved in its transcription[25]. HBV cell
lines and mouse livers that were deficient in the X gene
had retarded viral replication, and HBx expression was
able to restore HBV replication to that of the wild-type
levels[21,26].
Apart from its participation in HBV genome replication, HBx may also be involved in the transformation
of cells. Till now, it is still uncertain whether HBx is
overall, an oncoprotein or a tumour suppressor protein,
because of its ability to partake in multiple pathways and
activations that result in different cellular phenotypes.
It is known to exhibit pleiotropy in important cancerrelated pathways like apoptosis, cell division, stress response, protein degradation, inflammation and immune
response[27,28]. Some mechanisms in which HBx acts on
may be through its interactions with cellular promoters
and enhancers of signalling pathways containing important binding sites for NF-kB, activator protein 1 (AP-1),
AP-2, CCAAT-enhancer-binding protein (c-EBP), or of
cell proliferation genes such as IL-8, TNF, transforming
growth factor (TGF) beta and epidermal growth factor
receptor (EGRF), or of cellular proliferation signalling
pathways like Ras/Raf mitogen-activated protein kinase
(MAPK), Src kinases, cjun N-terminal kinase, JAK1/
STAT and protein kinase[27,28]. There are also many other
important proteins that HBx has interactions with, like
tumour suppressor p53[29], proteasomes[22,30], heat shock
proteins[31,32], vascular endothelial growth factor (VEGF)
and hypoxia inducible factor-1 (HIF-1)[33,34]. It may also
be able to regulate the levels of matrix metalloproteinase,
a protein highly involved in cell migration[35,36]. Hence,
HBx could be seen as a multi-functional protein and may
exert non-specific, opposing phenotypic effects on a cell.
These in vitro experiments studying the effects of HBx in
cell culture highlight the potential mechanisms in which
HBx acts upon in infected cells.
These results, however, may not be truly illustrative of
the actual impact in vivo. In vitro cell culture experiments
tend to employ a higher expression level of HBx for a
clearer elucidation of its functions. In chronically infected
livers however, HBx expression is found to be kept at
low levels[37]. Nevertheless, because of the wide spectrum
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HBV ANTIGENS IN VIRAL DETECTION
The three HBV antigens are characteristic of the various
phases of CHB infection. There are five stages of CHB
infection: (1) Immune tolerant phase; (2) Immune active
phase; (3) Inactive HBV carrier state; (4) HBeAg-negative
CHB; and (5) HBsAg-negative phase[18,48]. Current assays
for the detection of HBV infection involve serum or
blood tests that detect these viral antigens or the antibodies produced by the host. The typical early indications of
CHB infection are that of HBeAg-positivity, high viral
load and a varied level of serum alanine aminotransferase
(ALT). Subsequent entry into the immune active phase
results in a reduction of serum viral load, increased ALT
levels and liver damage that may lead to fibrosis. Liver
senescence may also occur, where hepatocytes show no
signs of proliferation or apoptosis. This is believed to be
one of the defence mechanisms of cells in preventing
malignant transformation into carcinoma[49,50]. Following the immune active phase is the inactive HBV carrier
phase where seroconversion to anti-HBe antibodies occurs. At this stage, clinical remission may follow, which
is characterized by a low viral load and normal ALT
levels. Over time, fibrosis and inflammation may be relieved[48,51,52] and patients may have a good prognosis[53].
However, if viral reactivation occurs, patients enter the
HBeAg-negative CHB stage where ALT levels and viral
load may rise again while not expressing the e antigen[54],
leading to an increase in liver fibrosis and a high risk of
developing cirrhosis and HCC. Out of these patients,
those with a loss of HBsAg tend to have a positive outcome.
Despite the characterization and presence of the viral
antigens in blood serum in the various stages of HBV
progression, none of these can really serve as a biomarker
or indicator for the prognosis of the infection. Although
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it is broadly accepted that the persistence of HBeAg
and blood plasma viral load are highly correlated with
the development of cirrhosis and HCC, the highly variable clearance rates tend to make predicting of disease
outcomes difficult. Studies have also shown that HBV
DNA may still be detectable in the blood, even years after
recovery from acute hepatitis[55]. In the case of occult infections, patients with HBV-related HCC do not have any
detectable levels of HBsAg in blood serum but do have
low levels of HBV DNA in the serum and insertions in
cellular DNA. Some HBsAg-negative HCC patients have
HBV DNA present in tumour or adjacent non-tumour
liver tissue, while other patients have anti-HBc as the only
biomarker of HBV infection. The erratic expression of
these viral antigens and HBV DNA in serum, as well as
their weak prognostic assessment of disease progression, are evidences of them being inadequate biomarkers of HBV detection and subsequent cirrhosis or HCC
development. A new standard of biomarkers need to be
found that shortens time to diagnosis and more accurately
predicts the course of disease outcome, such that suitable
treatments may be administered.

ever, unlike the antigens, the levels of these miRNAs are
stable because they do not directly depend on the body’
s immune response. This makes them a better biomarker
candidate of CHB infection and HBV-related HCC than
antigens or antibodies, especially in occult HBV infections where patients are negative for HBsAg[65]. The
expression of these serum miRNAs may be used to
profile various diseases[66-69]. One such study has shown
a notable alteration of miRNA expression in HBV as
compared to control serum, identifying 13 miRNAs that
are significantly upregulated in HBV serum. Importantly,
it was also noted that there was no significant difference
in these miRNA expression levels between CHB and asymptomatic HBV carriers. In addition, these 13 miRNAs
were able to differentiate between HBV-positive HCC,
HBV, HCV and control cases in patients with no signs
of liver cirrhosis, among which miR-375 and miR-92a
were shown to be of significance. Liver cirrhosis may be
consequential of HBV infection. Some patients however,
carry HBV but do not or have not developed cirrhosis.
The ability of miRNAs to distinguish such cases may be
useful in the early detection of HBV. MiR-25 and let-7f
levels in the serum are found to be upregulated in HBVpositive HCC but are unchanged or downregulated in
CHB cases[64]. This may suggest that certain miRNAs are
involved in the direct transformation of HBV into HBVpositive HCC, independent of HBV intervention. These
findings highlight the extensive effects miRNAs are able
to exert in diseases, themselves acting as biomarkers or as
a direct cause of malignant transformation.

MicroRNAs in HBV-related HCC
MicroRNAs (miRNAs) are single-stranded, non-coding
RNA strands of 19-25 nucleotides in length. They are
increasingly found to be involved in many regulatory processes such as cellular proliferation, differentiation, cell
cycle regulation, angiogenesis, metabolism, regulation of
immune response and apoptosis[56,57]. They perform their
function by targeting cellular mRNAs at their 3’UTR,
resulting in their degradation or a repression of their
translation into proteins. Either host or viral miRNAs
may be involved in pathogenesis of HBV-related HCC.
It is therefore unsurprising, that miRNAs are found to
be dysregulated in cancer, and miRNA signatures are
found to be associated with the various cancers[13,58-60]. In
HCC, miRNAs have also been shown to correlate with
the extent of histological tumour differentiation[61]. Not
only that, but miRNA profiling in neoplasms are believed
to be more accurate in tumour diagnosis as compared
to mRNA profiling[59]. The current lack of adequate,
specific, and non-invasive biomarkers calls for the need
to develop a new diagnostic technique in HBV-related
HCC cases. Recently, an aberrant expression of plasma
miRNAs was illustrated in adults with CHB as compared
to healthy controls[62-64]. This could open up a new avenue
in biomarker establishment that could possibly serve as
an accurate tool in HBV-related HCC diagnosis and outcome prediction.

MiRNAs Dysregulated in a
Multistep HBV-related HCC
Development
Not only are miRNAs dysregulated in the blood serum,
but also in the liver tissues. HBV-related HCC typically
develops in a stepwise manner, starting from CHB-infection, progressing on to liver cirrhosis and/or low/high
grade dysplastic nodule (LGDN/HGDN), and finally
to HCC[70,71]. Certain miRNAs in liver tissues have been
identified to be dysregulated in a similar fashion, varying
and accumulating according to the level of disease development. One study found that miR-145 and miR-199b
was frequently downregulated in LGDNs with little signs
of allelic loss[72], suggesting that miRNA dysregulation
may possibly occur earlier than genetic alterations during
the start of transformation. The progression to small
HCC from LGDN saw an accumulation in dysregulated
miRNAs, because on top of the downregulation of
miR-145 and miR-199b, miR-224 was also found to be
overexpressed in small HCCs and not in LGDNs. These
miRNA expressions in HGDN cases were huddled in
the middle of that of LGDN and small HCCs. These
results suggest that the downregulation of miRNAs like
miR-145 and miR-199b may be indicative of early premalignant DNs, while the progressive upregulation of

CHB and HBV-related HCC Serum
miRNA profiling
Similar to the current non-invasive detection of HBV
antigens, the human serum is also found to contain
miRNAs derived from various tissues and organs. How-

WJG|www.wjgnet.com

5976

May 28, 2014|Volume 20|Issue 20|

Tan YLJ et al . MicroRNAs in HBV-associated HCC
Table 1 Examples of dysregulated miRNAs in hepatitis B virus-infected or hepatitis B virus-related hepatocellular carcinoma patients
at various locations as compared to healthy or non-tumorous controls
Locations

Regulation

HBV serum/plasma

HBV-HCC serum/
plasma
Dysplastic nodules
HCC tumours

Up

Down
Up
Down
Up
Down
Up
Down

1

List of miRNAs
miR-375[64], miR-92a[64], miR-10a[64], miR-223[64], miR-423[64], miR-23b/a[64], miR-342-3p[64], miR-99a[64,75], miR-122a[64], miR125b[64,75], miR-150[64], let-7c[64], miR-100[75], miR-122[75], miR-122*[75], miR-192[75], miR-192*[75], miR-193b[75], miR-194[75],
miR-215[75], miR-365[75], miR-455-5p[75], miR-455-3p[75], miR-483-3p[75], miR-885-5p[75], miR-1247[75]
miR-122[81], miR-192[81], miR-194[81], miR-21[81], miR-23b[81], miR-801[81]
miR-223[81], miR-132[104]
miR-224[73]
miR-145[73], miR-199b[73]
miR-224[74], miR-27a[112], miR-501[110]
miR-422b[74], miR-122a[74], miR-132[104], miR-148a[108], let-7a[107], miR-101[102]

1

Compared to healthy or non-tumorous controls. HBV: hepatitis B virus; HCC: Hepatocellular carcinoma.

miR-224 could imply further malignant transformation
onto HCC[73]. The down-regulation of miR-145 has been
shown to be involved in the immortalization and of
non-tumorigenic cells, and its overexpression is able to
inhibit proliferation and cell migration. MiRNAs are also
able to distinguish between malignant and benign tumours, and in one study it was found that miR-200c and
miR-203 were underexpressed in benign tumours while
miR-21, miR-222 and miR-10b were overexpressed in
HCC[74].

replication. A pathway analysis on the processes affected
by these 16 miRNAs showed their heavy involvement in
signalling pathways or cancer specific pathways, possibly
another means in which their dysregulation could lead to
tumorigenesis. Table 1 lists some commonly dysregulated
miRNAs in both serum and tumour tissues of CHBinfected and HBV-HCC patients.

miRNA Panel in the Clinical
Diagnosis and Prognosis of HBVrelated HCC?

Plasma miRNAs Differentiate
HBeAg-Positive and HBeAg-Negative
CHB Cases

The frequent finding of dysregulated miRNAs in HBVrelated HCC, coupled with the insensitivity and inaccuracy of using the current alpha-fetoprotein (AFP) as a
serum biomarker for HCC[79,80], has sparked one group to
conduct a search with a large pool of participants to identify a stable panel of serum miRNAs that may be potentially useful in the diagnosis of HBV-related HCC. Their
study revealed a panel of 7 miRNAs that demonstrated
a high accuracy in the diagnosis of HCC: miR-122,
miR-192, miR-21, miR-223, miR-26a and miR-801.
This panel is able to successfully distinguish HCC from
healthy, CHB and liver cirrhosis cases[81], and 4 out of
the 7 miRNAs have been validated by other studies to be
frequently associated and dysregulated with HCC[74,82-84].
Another group has demonstrated the use of miRNAs in
predicting the patient outcome of surgical treatment of
HBV-related HCCs. As cancer recurrence (due to metastasis or in the liver) is one of the main setbacks of surgical resection, the group studied the ability of miRNAs to
identify HBV-related HCC patients prone to recurrence.
Among the miRNAs identified, miR-29a-5p is successfully validated and shown to be upregulated in patients’
formalin fixed, paraffin-embedded tissue (FFPE) with
early tumour recurrence as compared to those without[85].
Patients may be therefore selected for various follow-up
treatments based on their specific conditions. These new
findings, if further validated, may provide much clinical value to the diagnosis and treatment of HBV-related
HCC.

Even within CHB patients with no signs of HCC, there
are various phases of the infection characterized by
the presence (or absence) of certain viral antigens and
host antibodies, as aforementioned. Not only are miRNAs able to differentiate between the different phases
of HCC transformation (i.e., CHB infection to DN to
HCC), plasma miRNAs have also shown to be able to
distinguish the phases within CHB infection. One study
identified a panel of 16 miRNAs that are found to be
significantly upregulated in children with CHB who are
positive for HBeAg as compared to their negative HBeAg
counterparts[75]. Among these 16 miRNAs identified by
this study, miR-122 and miR-194 have been validated
by another study to be associated with the presence of
HBeAg[76]. All 16 miRNAs also formed a positive correlation with the amount of viral load in the serum, another
important risk factor of CHB progression into cirrhosis
or HCC[77,78]. The measure of ALT is a marker for liver
damage. However, there was also no correlation found
between ALT and these 16 miRNAs, which may suggest
that circulating miRNAs may be more sensitive biomarkers of liver injury. These findings provide a link between
the abundance of certain miRNAs found circulating
in blood serum and the immunological stages of CHB
infection, either by miRNAs acting as biomarkers, or as
a direct link to disease progression by enhancing viral
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however, also showed that miR-122 negatively regulates
heme oxygenase-1 (HO-1) protein expression, a mechanism that activates an opposing pathway as this results
in an increase in viral expression[89]. Putting these results
of miR-122 together, it may suggest that miR-122 may
overall suppress viral replication. However, the extent of
this suppression may be attenuated due to the conflicting
pathways activated by miR-122.
Not only do cellular miRNAs interact with the HBV
genome, it is also believed that viral miRNAs can bind
to and regulate their own gene expression. Viral miRNAs have been identified in Epstein-Barr virus infected
cells. One study aimed to elucidate the presence of viral
miRNAs transcribed by the HBV genome. Using bioinformatics and a computational approach, they found
that only 1 putative pre-miRNA that could possibly be
encoded by HBV. From there, they generated the putative mature miRNA sequence, which was subsequently
detected and validated in blood cells mock-infected with
HBV. According to its sequence, the viral miRNA is predicted to complementarily bind to the viral polymerase
gene, although no experiments had been carried out to
validate this[90]. However, if this is the case, it could mean
that the viral miRNA may regulate its own replication via
this viral miRNA, possibly leading to latency and a longterm infection in patients.

MiRNAs at the Molecular Level:
Mechanisms and Pathways in HBVrelated HCC
MiRNAs as biomarkers could be a prelude to their functionally important role in the tumorigenesis process, by
having a direct effect in the pathogenesis or the treatment
of HBV-related HCC. As biomarkers, they are believed
to “leak” out of cells during necrosis or apoptosis, or
are secreted out as a survival mechanism of cancer cells.
As effectors of disease progression, many studies have
been done that illustrate the various roles of miRNAs in
important processes and pathways in HBV-related HCC.
They are found to be involved in viral replication, latency,
epigenetic modulation, interacting with viral products or
indirectly activating/deactivating important cancer-related
pathways.

MiRNAs and their Interactions
with the HBV Genome
Regulating replication through direct interaction with
the HBV genome
Many miRNAs have been identified to affect viral replication, either by direct interaction with the HBV genome
or indirectly regulating important transcription factors. In
cases where miRNAs regulates HBV replication through
direct targeting of the HBV genome, one study employed a bioinformatics approach in elucidating possible
miRNAs capable of direct binding to the viral DNA.
Cellular miR-199a-3p and miR-210 were found to possess putative binding sites in the HBV pre-S1/pre-S2/S
region. Further in vitro studies showed a positive binding
between miR-199a-3p and the HBsAg encoded region,
as well as between miR-210 and the pre-S1 region of the
HBV genome. The results of these bindings led to a reduction in HBsAg mRNA and protein levels, and a suppression of HBV replication respectively, without affecting cellular proliferation[86]. These 2 miRNAs are found
to be upregulated in HepG2.2.15 as compared to HepG2
cells. The low viral load that is often maintained in CHBinfected patients may be attributed to the overexpression
of these 2 miRNAs, possibly contributing to HBV dormancy and a chronic viral infection. Another important
miRNA that is found to directly bind to the HBV transcript is miR-122. It is significant as it is the most abundant miRNA in the liver, making its role in HBV replication rather considerable. It directly binds to HBV RNA
at the coding regions for viral polymerase and 3’UTR
of the core protein, consequentially suppressing HBV
replication[87]. It also targets and regulates cyclin G(1)
activity and delays entry into the viral cell cycle, therefore
indirectly repressing replication[88]. This again, may lead
to viral latency and a chronic viral infection. A separate
study on miR-122 further validated its negative regulation
on viral and antigen expressions by measuring both viral
load and antigen expression upon miR-122 transfection,
without any significant effect on cell proliferation. They
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Regulating replication through epigenetics
In cases where miRNAs indirectly regulate HBV replication, one study showed that miR-1 acts as a positive regulator of the viral replication by targeting histone deacetylase 4 (HDAC4) and increasing the expression of nuclear
receptor farnesoid X receptor (FXR)[91]. By directly binding and reducing HDAC4 expression, changes in promoter activity may result. Coupled with the increase in FXR
expression by miR-1, HBV RNA levels and antigens were
found to increase in culture supernatants of HepG2.2.15
cells due to the increase in transcription at the HBV core
promoter. FXR has been shown to increase the synthesis
of HBV pregenomic RNA and RI[92]. Other similar studies have been conducted. Where miRNAs repress HBV
replication, one study identified miR-141 to effectively
repress HBV replication as well as HBsAg/HBeAg expression in HepG2 cells transfected with pHBV1.3 plasmid. Again, cell proliferation was not affected, thereby
attributing the effect of miR-141 directly on viral replication. MiR-141 was found to target 3 binding sites in the
3’UTR of PPARA mRNA, reducing both the PPARA
mRNA and protein levels[93]. PPARA is a transcription
factor with many binding sites at the promoters and enhancers of the HBV genome[94]. Its targeting by miR-141
could have led to a reduction of promoter transcription
activities. Other studies have found that PPARA is one
of the essential transcription factors required for HBV
pregenomic RNA transcription and replication[95].
HBV viral proteins regulate cellular miRNA expression
levels
Not only do miRNAs regulate viral processes, but they
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themselves may also be regulated by viral proteins. The
HBx protein is notorious for its extensive role in the
many aspects of viral infection, not just in viral replication. It is found associated with miRNAs in many studies.
Metastasis, a source of cancer recurrence, is often found
linked to miRNAs as they are able to directly regulate cell
migration and invasion. Specifically in HBx-transfected
hepatoma cells and in transgenic mouse models, the level
of miR-29a is found to be overexpressed as compared to
control cells and wild type mice respectively. HBx could
therefore, upregulate the expression of miR-29a. MiR29a positively correlates with metastasis potential and its
overexpression results in increased migration ability of
cells, due to its targeting of phosphatase and tensin homolog (PTEN) at both the mRNA and protein level. The
downregulation of PTEN increases phosphorylation of
Akt at ser473[96], activating a pathway leading to increased
cell migration[97,98]. An elevated level of miR-29a is also
found in MHCC-97H cells, which possess a high metastatic potential[99].
The HBx protein may also exert its oncogenic effect
via its indirect role in epigenetic modification through
miRNAs. One study found that HBx-expressing HepG2
cells, as well as HepG2.2.15 cells, both had a significantly
lower miR-101 expression level than control HepG2
cells that do not express the HBx protein. The study also
showed that miR-101 directly binds to and targets the 3’
UTR of DNA methyltransferase 3A (DNMT3A) mRNA,
and is able to decrease both its mRNA and protein levels.
The DNMT family is known to catalyse the addition of a
methyl group to the 5’-CpG dinucleotide of the cytosine
ring, leading to epigenetic gene silencing and is one of the
causes of many cancers, including that of the liver[100,101].
The inverse relationship of DNMT3A and miR-101 was
further validated by the lowered mRNA expression levels
and increased methylation in the promoter regions of
6 tumour suppressive genes (TSG) when miR-101 was
inhibited[102]. The 6 TSGs: glutathione S-transferase pi 1
(GSTP1), Ras association domain family 1A (RASSF1),
cyclin-dependent kinase inhibitor 2A (CDKN2A), adenomatous polyposis coli (APC), RUNX3 and PRDM2, have
been found to be one of the earliest genes to be silenced
during HCC transformation[103]. Their lowered expression levels upon miR-101 inhibition may have possibly
been partly due to the relief in DNMT3A targeting by
miR-101 when miR-101 was inhibited. HBx, therefore,
may enhance tumorigenesis by lowering miR-101 expression levels, ultimately leading to the epigenetic silencing
of TSGs. Instead of miRNAs altering the epigenetic
mechanisms in cells, another study[104] found the converse to be true as well. Specifically, HBx induced DNA
methylation of the promoter region of miR-132, leading
to the repression of its expression. MiR-132 is downregulated in HepG2.2.15 and HBV-related HCC tissue
samples compared to HepG2 cells and the adjacent noncancerous liver tissues respectively. MiR-132 decreases
cell proliferation, possibly through the inactivation of the
Akt-signalling pathway. The serum levels of miR-132 was
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also found to correlate with that of the tumour tissues,
making miR-132 a non-invasive biomarker candidate of
HBV-related HCC diagnosis. These findings demonstrate
the multiple roles miRNAs may be involved in, in a single
process in this case in the epigenetic modulation of
HBV-related HCC.
Another mechanism in which HBx acts as an oncogene is its ability to regulate cell proliferation. One study
found that HBx negatively regulates let-7a, a miRNA often downregulated in many cancers, including the liver[105].
Let-7 miRNAs have been shown to be involved in cellular differentiation and proliferation[106], and increasing the
expression of let-7a significantly decreases proliferation
in both HepG2 and SNU-182 cells. The converse was
seen when let-7a was inhibited. Let-7a is subsequently
shown to target STAT3, a protein mediating the JAK/
STAT pathway, therefore very much involved in cell proliferation. Despite its regulation of proliferation through
let-7a and STAT3, HBx expression was not shown to
significantly enhance proliferation in HBx-infected cells
as compared to control cells. However, this was explained
by the simultaneous activation of both proliferation and
apoptosis in HBx-infected cells, because when apoptosis
was inhibited, HBx-infected cells were seen to show a
significantly higher cell proliferation than control cells[107].
Another group saw HBx expression decreasing the
level of miR-148a. They identified HPIP as a target of
miR-148a and showed that miR-148a (HPIP) negatively
(positively) regulates mTOR through the AKT/ERK/
FOXO4/ATF5 pathway. mTOR is a protein kinase that
leads to cell proliferation, migration and invasion. They
also managed to elucidate the mechanism of HBx-miR148a regulation. HBx was found to interact with p53, a
crucial transcription factor and tumour suppressor that
is recruited to the miR-148a promoter. The interaction
of HBx with p53 thus reduces the availability of p53
transcription of miR-148a. As expected, miR-148a overexpression suppressed cell proliferation, migration and
epithelial-mesenchymal transition (EMT). The expression
levels of miR-148a (HPIP) are found to be lower (higher)
in patients with HBV-related HCC as compared to those
with HCC but without HBV infection [108]. A similar
study[109] reported opposing results, where they found
that HBx enhances miR-148a levels, and inhibiting miR148a reduced cell proliferation and migration in HBxexpressing hepatoma cells. This difference in observation
could have been due to the different liver cancer cell lines
used, experimental strategies and population size. This
contradiction illustrates the complexity of liver cancer
and emphasizes the need for more robust and accurate
studies/models of the disease.
Other separate independent studies further describe
the role of miRNAs in HBV-related HCC: MiR-501 has
been shown to be overexpressed in HepG2 cells with
high levels of HBV replication. It is found to increase
HBV replication and HBsAg levels by targeting HBXIP,
a protein that negatively regulates HBx activity and therefore represses viral replication[110]. MiR-125a-5p has been
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mechanism of this inhibition was not successfully elucidated in the study. They however, speculate that HBx
performs this by phosphorylating transcription factor
SP1, causing it to bind to the Drosha promoter site and
ultimately downregulating Drosha expression[114]. The
implication of inhibiting Drosha expression is that HBx
may cause an overall downregulation of miRNAs, affecting the entire miRNA profile in the cell. Another independent study[59] reported a general downregulation of
miRNAs in tumour tissues compared to healthy tissues.
This again, could contribute to its pleiotropic tendencies,
making its functional classification in cancers more complex.

Table 2 Examples of miRNAs involved in chronic hepatitis B
infection or hepatitis B virus-related hepatocellular carcinoma
miRNA

Target gene

Process(es) affected

miR-1

HDAC4
E2F5
HBV genome

HBV replication
Cell proliferation; cell cycle
HBV replication and antigen
production
HBV replication
HBV replication
Cell migration
DNA methylation and gene silencing
Cell proliferation
Cell proliferation; migration; EMT

miR-199a-3p,
miR-210
miR-501
miR-141
miR-29a
miR-101
let-7
miR-148a

HBXIP
PPARA
PTEN
DNMT3A
STAT3
HPIP

Their validated miRNA targets and subsequent effects on cells are listed
accordingly. HBV: hepatitis B virus; EMT: epithelial-mesenchymal
transition.

HBV replication and miRNAs in interferon-mediated antiviral defence
The role of miRNAs, by now, can be seen as being very
extensive. Not only are they implicated in molecular
pathogenesis, they are also very much involved in the effectiveness (or lack of) of HBV therapy. Recent studies
have demonstrated the role of miRNAs in interferon
(IFN)-mediated anti-viral defence. They have been found
to act by targeting viral RNA or by regulating the innate immune signal pathway through the modulation of
IFN-β protein expression[115-120]. One study on HBV replication elucidated over 200 differentially expressed miRNAs in HBV expressing HepG2 cells (i.e., HepG2.2.15)
and HepG2 cells. A further investigation on their response to IFN-α2b treatment showed fewer miRNAs activated upon IFN treatment in HepG2.2.15 cells as compared to HepG2 cells. Furthermore, a pathway search
showed an activation of inflammation, cell cycle, IFN-γ,
interleukin and β cell activation when HepG2 cells were
treated with IFN-therapy due to the change in HepG2
miRNA profile upon treatment. HepG2.2.15 cells, on the
other hand, only showed a dysregulation of 5 miRNAs,
among which only 1 (i.e., miR-98) had some involvement in apoptosis and inflammation. This suggests that
HBV replication may impair the IFN-mediated anti-viral
miRNA response in HepG2 cells, further extending the
effects of HBV replication and miRNAs not just on disease progression but also on current IFN treatment[121].
Table 2 lists some examples of miRNAs and their targets
in HBV-related HCC.

shown to interact with HBV surface antigen and interfere
with its expression[111]. MiR-27a is significantly upregulated in HBV-infected HCC patients and positively correlates with cell proliferation, migration, invasion and cell
cycle entry without any effect on apoptosis. Unlike some
other miRNAs, the levels of miR-27a in blood plasma
and liver tumour tissues do not correlate with each
other. A low level of miR-27a expression is reported in
the plasma in HBV-infected HCC patients compared to
control groups while the inverse was seen in tissue samples[112]. This portrays the variation of miRNA levels at
the different locations of the body. Therefore, the choice
of biomarkers should be location-dependent.
Regulation of miRNA-related machinery by viral proteins
The regulation of miRNA-related machinery is an indirect method HBV deploys to control the levels of
miRNA expression. One study found that Argonaute2
(AGO2) co-localizes with HBcAg and HBsAg in T23
cells expressing these viral proteins. They were found to
conglomerate at organelles like the ER, endosomes and
Golgi complex. AGO2 is a component of the RNAinduced silencing complex (RISC) and plays a role in the
binding of miRNAs to their mRNA targets. As AGO2
is being sequestered by HBcAg and HBsAg, their function in the cells as gene regulators may be lost. Not only
that, the miRNAs that are bound to the AGO2 may also
lose their targeting ability. Indeed, when AGO2 expression was downregulated, HBV replication was seen to
be suppressed[113]. This opens up the possibility of HBV
controlling the general miRNA profile in the cell by managing the levels of “functional” AGO2-miRNA and their
cellular location. It is believed that the low levels of HBV
genome aids in its persistence in CHB-infected patients,
and this may be one of the mechanisms of achieving it.
Apart from AGO2, HBV is also able to decrease the
expression of Drosha, an RNase Ⅲ enzyme that processes the biogenesis of miRNAs, through HBx protein.
Drosha mRNA and protein levels were both expressed
at a lower level in HepG2.2.15 than HepG2 cells. HBx
also inhibited the Drosha promoter activity, although the
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Artificial miRNAs in anti-viral defence strategy?
The current lack of effectiveness in HBV-related HCC
treatments (IFN-related or not) presents a need to establish better treatment options. One alternative could be
the use of artificial miRNAs in targeting the HBV genome. One study developed 3 artificial plasmid miRNAs
targeting various regions of the S region of the genome.
The transfection of these into HepG2.2.15 cells resulted
in a significant reduction of viral mRNA, up to 83% decrease in HBV S mRNA expression levels. HBsAg and
HBeAg protein levels, as well as HBV DNA levels were
also significantly decreased in the culture supernatant and
within the cells respectively. The 3 artificial miRNAs had
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varying levels of effectiveness. Among them, HBV-S608
proved to be the most potent in repressing viral replication[122]. The use of artificial miRNAs may potentially
improve the effectiveness of HBV-related HCC therapies, because of its relative insensitivity to the interferon
system and little cytotoxicity induced in the host cell. As
seen in the study, the use of synthetic miRNAs to target
viral genome could be a good option. However, more
work needs to be done to formulate an optimal plasmid
capable of effective HBV targeting in HBV-infected cells.

complex parts intertwined together: HBV and HCC. It
is currently a dire medical problem that is the cause of
many deaths in spite of the advance in technology. This
is partially due to its complicated nature involving both
viral and host cell components. HBV alone has many
parts to it: Genome, cccDNA and replication machinery,
mRNA transcripts, protein products and possibly viral
miRNAs. These could all be involved in the replication
of the virus, its integration into host chromosomes, as
well as interfering with important cellular pathways that
may lead to chronic infection and possibly HCC. These
may themselves also be potential targets in HCC therapy.
Liver transplantation or surgical resections are more likely
to produce a better patient prognosis. However, the often
late diagnosis of the cancer makes these options unavailable to patients, therefore requiring the need for other
types of suitable treatment like chemotherapy. The problem with those treatments is that they produce a lot of
toxicity and also evoke the immune response. The existing IFN therapy is unable to fully eliminate the cccDNA
in HBV-infected cells, possibly an outcome that leads to
cancer recurrence.
The involvement of miRNAs in HBV-related HCC
is very extensive. As they are stably present in the blood
serum and plasma, they may act as non-invasive biomarkers for the diagnosis of HBV-infection and even for its
progression into cirrhosis, DNs and HCCs. One other
advantage miRNAs have over current biomarkers like the
various viral antigens and DNA is that they are stable and
not as immune-dependent. MiRNA profiles may be derived directly from liver tumour tissues, however it must
be noted that the miRNA profile in these tissues may
differ from that in the serum/plasma. Not only that, but
it has been shown that there is a significantly higher concentration of miRNAs found in the serum as compared
to plasma[123]. This could indicate some difference, possibly, even between serum vs plasma miRNA. The miRNAs
present in serum/plasma is believed to be excreted from
the hepatocytes, either as part of a signalling cascade
in aiding viral replication and infection or as the body’
s means of preventing viral growth and further spread.
It is important that an accurate, stable panel of miRNAs
be designed such that it is representative of the diagnosis
status of the patient, or even one that has prognostic
value. For this to be effectively established, the time of
miRNA profiling, in what disease stage, from which location the miRNA profile is obtained, and even the HBV
genotype may be important factors to consider that could
give rise to different miRNA profiles.
Apart from miRNAs being biomarkers, they may be
important players in the pathogenesis of HBV-related
HCC or take part in its eradication. MiRNAs may be
from host cells or transcribed by the virus. Till now, not
much of HBV miRNA is elucidated, but they potentially
may exist and interfere in important cellular processes
in cancer progression or in chronic HBV infection. On
the other hand, the vast and ever-increasing amount of
miRNAs being discovered in human cells, accompanied
by their multiple non-specific targeting of mRNAs, en-

Techniques in miRNA Cancer
Research
A brief summary of techniques often encountered in
miRNA research may be useful in the design and planning of experiments. Most studies make use of microarrays in establishing differentially expressed miRNAs
between two or more samples of cells/tissues/serum. A
general panel of miRNAs may be used or selected miRNAs involved in processes important in the area of study
may be chosen to streamline the scope of the work. Following the identification of dysregulated miRNAs, their
validation is usually confirmed by a qPCR or northern
blot analysis. Subsequent work may revolve around the
identification of their target mRNAs and/or a functional
analysis of their effects in cells. Functional analysis of
miRNAs in HBV-related HCC typically covers measuring
viral antigen detection and expression levels, HBV DNA
expression levels, cell proliferation and apoptosis, cell migration and invasion, EMT progression, cell cycle, or any
other processes important in cancer.
In the identification of direct mRNA targets, a bioinformatics analysis and/or computational approach is
usually used in predicting putative mRNA targets. Common programs such as TargetScan, miRanda, miRTar etc.,
are often used in combination and overlapping targets are
chosen for further experimental validation. Subsequently,
surface plasmon resonance (SPR) and luciferase assays
may be carried out to detect RNA interactions in vitro and
in vivo respectively. To further validate the binding, target
mRNA and/or protein levels may be measured to study
the level of target regulation, whether at the mRNA or
protein level. Pathway analysis may also be investigated
to see which pathways are activated, and the miRNA may
be “categorized” as an oncogene or tumour suppressor,
depending on the pathways activated or deactivated by it.
Why miRNAs are temporarily “categorized”, is because
miRNAs are known to affect a myriad of cellular pathways, sometimes even conflicting somewhat like HBx.
Also, their overall effect depends on cell type and stages
of cell differentiation etc., hence their individual classification as an oncogene or tumour suppressor may not be
obvious just by studying their effect on a single process
or pathway.

CONCLUSION
HBV-related HCC is a cancer with two individually
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scription is either enhanced or inhibited by HBx. Perhaps
miRNAs may be transcribed but also quickly degraded or
sequestered by HBx. More studies are required to further
elucidate the mechanisms of this interaction. However,
it is observed that the presence of HBx is able to alter
the expression of many miRNAs, such that important
cancer processes are activated. Cell proliferation, viral
replication, migration and invasion, are a few of the
many processes that could be activated by HBx through
its miRNA regulation. Not only does HBx regulate miRNAs, it also is found to regulate Drosha, an important
enzyme involved in miRNA biogenesis. By affecting the
expression levels of Drosha, HBx is able to control the
miRNA profile of a cell at a general level, instead of just
single, individual miRNAs each time. In addition, viral
antigens may also bind to and sequester AGO2, another
enzyme involved in the miRNA targeting of mRNAs.
This may result in a quarantine of miRNAs along with
AGO2, leading to their loss of function in a cell.
These examples illustrate the various independent
ways where miRNAs may be involved in HBV-related
HCC. Figure 1 shows a summary of the main aspects of
HBV-related HCC where miRNAs may play an important role in the infection and tumorigenesis process. The
pleiotropic properties of both HBx and miRNAs make
the cancer much more complex to understand and treat.
However, studies have also shown that miRNAs themselves may possess some anti-viral and anti-HCC effects.
Their application as medical biomarkers could be the first
step in improving current diagnostic methods used in
HBV-related HCC, by either resulting in its earlier detection and/or greater prognostic value. Their further understanding would be required before they may become
of any therapeutic value.

Direct miRNA binding/silencing of
genes and reducing replication
Genome
Epigenetic silencing

RNA transcripts

Direct miRNA binding/silencing of
genes and reducing replication

HBV

Antigens sequestering of
miRNA and their related
functional machinery
Antigens
miRNAs binding and lowering
antigen levels

Regulates expression of miRNAS
HBx
Regulates miRNA biogenesis
machinery

Figure 1 general overview of how miRNAs may associate with hepatitis
B virus, apart from acting as biomarkers in chronic hepatitis B-infected
or hepatitis B virus-related hepatocellular carcinoma patients. hepatitis
B virus (HBV) consists of 4 main components that may interact with miRNAs:
The genome, RNA transcripts, the various antigens and the pleiotropic hepatitis B virus X (HBx) protein. MiRNAs may bind to the genome, resulting in the
silencing of tumour-suppressor genes, or this could be achieved epigenetically through miRNAs’ modulation of histone deacetylase etc. The binding of
miRNAs to HBV DNA or RNA transcripts may also regulate HBV replication, a
mechanism that may lead to latency and chronic hepatitis B infection. Important
protein products like the various antigens and HBx could also regulate miRNA
activity. The antigens are found to localize with miRNAs and Argonaute2, which
may result in their sequestering and loss of function. MiRNAs, conversely, are
found to target and reduce the expression levels of circulating antigens. HBx
protein affects miRNAs at both an individual level, by regulating specific miRNAs’ expression, and also at a general miRNA level, by decreasing the level of
Drosha, an enzyme involved in the biogenesis of miRNAs. As miRNAs are able
to regulate mRNA and subsequently protein levels, the effect of HBV on the
miRNA profile is considerable, implying its potentially substantial modulation of
important cellular activities.
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Value of radiofrequency ablation in the treatment of
hepatocellular carcinoma
Kai Feng, Kuan-Sheng Ma
have demonstrated mutual interactions between RFA
and hepatectomy, effectively expanding the operative
indications for patients with HCC and enhancing the
efficacy of these approaches. However, treated tumor
tissue remains within the body after RFA, and residual
tumors or satellite nodules can limit the effectiveness of
this treatment. Therefore, future research should focus
on this issue.
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Core tip: The pivotal role of radiofrequency ablation
(RFA) has recently been established among the various treatment strategies for hepatocellular carcinoma
(HCC), primarily due to its excellent local tumor control.
RFA may be complementary to the other treatments
with curative intent for HCC and its beneficial outcomes
in patients have been demonstrated in several clinical
studies.

Abstract
Hepatocellular carcinoma (HCC) is a malignant disease
that substantially affects public health worldwide. It is
especially prevalent in east Asia and sub-Saharan Africa, where the main etiology is the endemic status of
chronic hepatitis B. Effective treatments with curative
intent for early HCC include liver transplantation, liver
resection (LR), and radiofrequency ablation (RFA). RFA
has become the most widely used local thermal ablation method in recent years because of its technical
ease, safety, satisfactory local tumor control, and minimally invasive nature. This technique has also emerged
as an important treatment strategy for HCC in recent
years. RFA, liver transplantation, and hepatectomy can
be complementary to one another in the treatment
of HCC, and the outcome benefits have been demonstrated by numerous clinical studies. As a pretransplantation bridge therapy, RFA extends the average
waiting time without increasing the risk of dropout or
death. In contrast to LR, RFA causes almost no intraabdominal adhesion, thus producing favorable conditions for subsequent liver transplantation. Many studies
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the third most frequent cause of cancerrelated death worldwide; in 2008 alone, more than 700000
cases of HCC were diagnosed[1]. For most patients HCC
develops secondary to hepatic cirrhosis, and is the leading
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cause of death among this population[2]. The various geographical incidence of HCC worldwide reflects the presence of different risk factors among different regions.
The majority of HCC cases (80%) have occurred in east
Asia and sub-Saharan Africa, where the main etiologies
are chronic infection with the hepatitis B virus (HBV)
and exposure to the fungal aflatoxin B1[1,3]. In particular,
the incidence of HCC in China alone accounts for 55%
of all cases worldwide[4]. In contrast, hepatitis C virus
infection and alcoholism are the major risk factors for
HCC in North America, Europe, and Japan[5].
HCC can be cured by liver transplantation, liver
resection (LR), or local ablation therapy[6]. Liver transplantation is theoretically the best therapeutic choice for
patients who meet the Milan criteria[7]. However, this
technique is severely undermined by the shortage of donor organs and hepatectomy remains the first-line treatment for HCC. Nevertheless, only 9% to 29% of patients
are able to undergo this procedure because of either poor
hepatic reserve secondary to underlying chronic liver
disease or a multifocal distribution of tumor nodules[8-10].
Various local ablation techniques have been increasingly
applied as alternative HCC treatments to overcome this
clinical challenge. Among them, radiofrequency ablation
(RFA) is the most widely used method because of its
technical ease, safety, cost-effectiveness, and minimal invasiveness[11-15].
Continuous improvements are being made in RFA devices and operation strategies. As a result, the application
of RFA has far outreached its original objective as palliative HCC treatment[16] and it has gradually expanded into
the therapeutic fields for other diseases[17]. Specifically,
RFA demonstrates significant advantages in local tumor
control, making it particularly beneficial in the treatment
of HCC. As a relatively new technique, few randomized
controlled trials evaluating RFA have been reported,
highlighting the lack of definitive, good quality data in
the publicly available literature. This article reviews the
application of RFA in various treatments for HCC.

the selection of patients with HCC who are eligible for
liver transplantation[6,20-22]. In 2001, investigators from the
University of California, San Francisco (UCSF) argued in
favor of loosening these criteria to enable greater numbers of patients with HCC to become eligible for liver
transplantation[23]. Their study revealed that patients with
HCC who met the following criteria achieved treatment
efficacy equivalent to patients meeting the Milan criteria
(one- and five-year survival rates of 90.0% and 75.2%,
respectively): (1) solitary tumor ≤ 6.5 cm in diameter or
a maximum of three nodules ≤ 4.5 cm in diameter; and
(2) a total tumor diameter ≤ 8 cm. Subsequent studies
corroborated the therapeutic outcome of liver transplantation using the two aforementioned sets of criteria[24,25].
In addition, with the development of living-donor liver
transplantation, the enlistment criteria for eligible patients
were further loosened and impressive treatment results
have been demonstrated[26-29].
Despite the successful outcomes of liver transplantation, the insufficient availability of donor organs severely
restricts the global application of this technique. Patients
with HCC often must wait a long period of time to undergo liver transplantation. During this waiting period,
the tumors continue to progress and eventually prevent
transplantation[30]. Unfortunately, the average waiting
time before cadaveric liver transplantation is more than
one year in most countries[31]. The time spent on the
transplant waiting list is as long as six to twelve months
in Europe and the United States, with dropout rates of
30% to 40% per year[32,33]. Therefore, if the waiting time
is more than six months, locoregional strategies [e.g.,
transarterial chemoembolization (TACE), percutaneous
ethanol injection, or RFA] are needed to slow the tumor
progression[32]. RFA demonstrates a better effect on local
tumor control than TACE, especially for tumors < 3 cm
in diameter. As a result, RFA is more frequently used in
downsizing therapy prior to liver transplantation.
As early as 2001, RFA was used to delay tumor progression prior to liver transplantation with satisfactory
outcomes[34]. Many investigators subsequently reported
the use of RFA as a pretransplantation bridge therapy[34-40]
(Table 1). According to these studies, preoperative RFA
might slow down tumor progression and extend the average waiting time beyond six to ten months. However, as
these were retrospective studies with insufficient data, a
well-designed randomized trial with sufficient size is necessary for validation. A common belief is that the underestimation of tumor lesions in radiologic studies and the
presence of partial tumor necrosis limit the role of RFA
as a bridge treatment prior to liver transplantation[41,42].
However, most studies have not supported this conclusion. Brillet et al[39] reported that after an average waiting
period of 11.9 mo, 76% of preoperative RFA patients
were able to undergo liver transplantation regardless of
the fact that only 75% of these tumors were completely
ablated and that satellite lesions were identified in 44% of
the specimens.
The Milan criteria remain a worldwide standard for

LIVER TRANSPLANTATION
HCC is the only solid cancer that can be treated by liver
transplantation. This surgical approach can simultaneously cure the tumor and underlying cirrhosis, thereby minimizing the chance of recurrence. Moreover, liver transplantation is not affected by the degree of liver function
impairment[18]. Mazzaferro et al[19] reported a four-year
survival rate of 75% and recurrence rate of < 15% after
treatment by deceased-donor liver transplantation in patients with one HCC nodule ≤ 5 cm in diameter or up to
three nodules ≤ 3 cm in diameter without vascular invasion or extrahepatic spread. The efficacy of the treatment
performed in this landmark study was comparable to that
of liver transplantation for cirrhosis and initiated the application of liver transplantation for early HCC. These
criteria have become known as the Milan criteria and
have been adopted as the standard criteria worldwide for
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Table 1 Characteristics of studies using radiofrequency ablation as a pretransplantation bridge therapy
Ref.

n

Pulvirenti et al[34]
Fontana et al[35]
Mazzaferro et al[36]
Pompili et al[37]
Lu et al[38]
Brillet et al[39]
DuBay et al[40]

14
33
50
40
52
21
77

Tumor
RFA→LT
size (cm) interval (mo)
3.50
3.60
2.75
2.80
2.50
2.40
2.50

8.0
7.9
9.5
8.6
8.7
11.9
9.5

Dropout

Radiologic
response necrosis

Pathologic
response necrosis

0.0%
21.7%
0.0%
0.0%
5.8%
24.0%
21.0%

90.7%
66.0%
70.0%
75.0%
89.6%
76.0%
83.0%

86.4%
55.0%
46.7%
70.3%
75.0%
-

Satellites found
Follow-up
in explants
after LT (mo)
57.0%
28.0%
14.0%
24.0%
44.0%
-

16.0
26.9
22.0
34.4
14.9
25.0
30.0

Survival
1-yr
3-yr
100.0%
85.0%
95.0%
91.9%
85.0%
-1

100.0%
85.0%
83.0%
85.4%
76.0%
-1

1

No significant difference compared with untreated groups. LT: liver transplantation; RFA: radiofrequency ablation.

identifying appropriate candidates for liver transplantation. However, according to the above-mentioned results,
patients whose tumors meet these radiographic criteria
may have excellent survival outcomes from locoregional
therapy alone, while others with similar baseline imaging
findings develop distant metastatic disease despite transplantation and have a poor prognosis. These differences
occur because of the heterogeneity of HCC[43-48]. Hence,
investigators have been dedicated to seeking alternative
therapeutics with an efficacy comparable to that of liver
transplantation to save precious donor resources. Nkontchou et al[49] found no significant difference in prognosis
between patients undergoing RFA before salvage liver
transplantation with those undergoing liver transplantation before RFA. Thus, the authors proposed a twostep therapeutic strategy for patients eligible for liver
transplantation: RFA should be performed first and, if
relapse occurs, salvage liver transplantation should then
be performed. Although some inadequacies were present
in the design and analysis, Nkontchou et al[50] did provide
a novel concept of the “test of time” using a hypothesis that originated from another UCSF study involving
61 patients who were treated by RFA and/or TACE to
downsize tumors. Approximately 30% of these patients
were unable to undergo liver transplantation because of
tumor progression. The remaining patients successfully
underwent liver transplantation after an average waiting
period of 8.2 mo and demonstrated a satisfactory fouryear survival rate of 69.3% (intention-to-treat analysis).
These results suggest that the strategy of “ablation and
waiting” potentially facilitates the identification of patients with unfavorable tumor biology who demonstrate
progression despite downsizing strategies and who are
unlikely to benefit from transplantation. Such a strategy
may, to a certain degree, compensate for the inadequacies
of the Milan criteria with respect to excessive reliance on
imaging examination results. Undoubtedly, the outcome
of preoperative RFA is closely related to the complete
tumor necrosis rate. Advancement of the modern RFA
technique has enabled a one-session complete ablation
rate of > 90% for tumors < 5 cm in diameter. Hence, tumors in peculiar locations and small lesions unidentifiable
by preoperative imaging severely restrict the efficiency of
this technique. Laparoscopic RFA provides an effective
solution to these problems[51].
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LIVER RESECTION
LR remains the first-line curative treatment for many patients with HCC, especially those in the early stage of the
disease. Worldwide, this strategy has achieved a five-year
survival rate of > 50% for patients with good hepatic
functional reserve and a low operative mortality of 0.0%
to 6.4%[52-56]. Unfortunately, only 5% to 15% of patients
with malignant liver cancer are eligible for resection because of various contraindications such as multicentric
tumor occurrence, unresectable tumor locations, and insufficient hepatic reserve[57]. Therefore, RFA has become
a pivotal method for HCC treatment because of its excellent local tumor control and minimal invasiveness.
RFA vs LR
Comparison between the efficacy of RFA and that of LR
has been a source of long-standing controversy, especially
in the treatment of small HCC. Anatomic resection of
centrally situated small HCC sacrifices a large volume of
functional liver parenchyma, contributing to a high rate
of complications and surgical mortality[58-60]. However,
RFA provides excellent local control and has achieved
an efficacy equivalent to that of surgical resection in the
treatment of small HCC[13,57,61]. Moreover, RFA requires
a shorter hospitalization, fewer blood transfusions, and
has a lower rate (0.0% to 8.5%) of major complications,
including gastrointestinal bleeding or perforation, serious
infection, biliary duct injury, persistent jaundice, hepatic
failure and death[61-65]. RFA has been written into the international liver cancer treatment guidelines established
by the American Association for the Study of Liver Diseases as a curative treatment for early HCC[6]. However,
Imai et al[66] proposed that surgical resection is superior to
RFA for the treatment of small solitary HCC, as demonstrated by increased five-year overall (87.5% vs 59%) and
disease-free survival rates (46.8% vs 23.9%) for tumors
with a diameter of 2 to 3 cm. Though Peng et al[67] argued
that RFA should be the first choice for early HCC tumors
≤ 3 cm in diameter, reporting one-, three- and fiveyear overall survival rates of 94.2%, 82.6% and 67.5%
compared to 90.1%, 65.0% and 55.1%, respectively, for
resection. In addition, they report corresponding RFAassociated recurrence-free survival rates of 85.5%, 69.1%
and 40.7%, compared to resection-associated rates of
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Table 2 Recommended treatment strategies with curative intent for patients with early-stage hepatocellular carcinoma
Tumors (n )
1

2-3

Tumor size (cm) Child-Pugh class
≤2

> 2 to ≤ 4

A
B
A

>4
≤3

B
A
A
B

Tumor characteristics

Recommended strategy

M0, subcapsular, adjacent to intrahepatic vessel trunk or extrahepatic organs
M0, central location
M0
M0, subcapsular, adjacent to intrahepatic vessel trunk or extrahepatic organs
M0, central location
M0
M0, bilobar disease
M0, unilobar disease
M0

LR
RFA
LR or RFA
LR
RFA
LR
LR and/or RFA
LR
RFA

HCC: Hepatocellular carcinoma; LR: Liver resection; M: Metastasis classification; RFA: Radiofrequency ablation.

82.2%, 40.1% and 31.8%, respectively, especially for tumors located in the central liver parenchyma.
Advancements in RFA ablation devices and technologies, particularly secondary to the emergence of various
radiofrequency electrodes, have made it feasible to use
a single probe to achieve greater necrosis in a large area.
As a result, RFA has been used to treat tumor nodules
of greater sizes. Many scientists have attempted to expand the treatment indications for RFA by conducting
numerous clinical studies, although the conclusions have
often been inconsistent and occasionally conflicting[68-72].
Most of these were retrospective studies with insufficient
probative value of evidence-based medicine. From this
viewpoint, it is also important to consider three recently
published randomized controlled trials. One of these trials, performed by Chen et al[61], showed for the first time
that RFA and surgical resection demonstrate indistinguishable efficacy for single-nodule HCC < 5 cm in diameter. However, in a study examining patients who met
the Milan criteria, Huang et al[65] discovered that hepatectomy is superior to RFA in terms of both postoperative
survival and disease-free survival. Given that these two
contradictory studies were each characterized by an evidence level of I, it is difficult to draw a firm conclusion
regarding surgical treatment versus RFA for patients with
HCC. Although these two reports had different inclusion
criteria, the conclusion obtained by Huang et al[65] was opposite that obtained by Chen et al[61] from the analyses of
patients with single tumor nodules. In this regard, many
retrospective analyses tend to support the finding that
RFA yields a significantly higher postoperative recurrence
rate than LR. This is particularly true with respect to the
short-term postoperative recurrence rate, whereas the
long-term rate varies considerably. Interestingly, a recent
meta-analysis revealed that RFA generates a higher recurrence rate in the previous site than does surgical resection, whereas surgical resection generates a higher recurrence rate in new areas[69]. In addition, two randomized
controlled trials showed that RFA produced complete
tumor necrosis rates of 91.5% and 100.0% based on
post-RFA imaging examination results[61,65]. In comparison, only approximately 70% of tumors were completely
ablated in explants from post-RFA liver transplantation
patients, and the occurrence rate of satellite lesions was
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as high as 44%. Whether the post-RFA recurrence is relapse or simply the regrowth of residual tumors from the
previous operation remains unclear. To address this question, we used the ratio change of Lens culinaris agglutininreactive alpha-fetoprotein to identify all possible patients
with postoperative residual tumors. This strategy allowed
us to minimize the skewing of experimental results by
this factor. Our results showed that when small HCC
tumors were completely ablated, neither RFA nor LR
showed significant differences in postoperative recurrence or overall survival[73]. Moreover, even in cases of
short-term postoperative recurrence involving residual
tumors, no significant difference was found in the threeyear survival rate between the two strategies. These findings suggest that proactive therapeutic measures after
recurrence may avoid reductions in post-RFA survival.
Although this controversy has not been settled, the results of most studies on this issue are summarized along
with some recommendations in Table 2.
In addition to postoperative recurrence and survival
rates, the potential differences between these approaches
(with respect to their other aspects) have been compared.
Given the prominent feature of minimal invasiveness,
RFA is associated with a markedly lower rate of postoperative complications and a better economic benefit than
LR[74]. It is also well established that HBV reactivation is
an independent risk factor for postoperative HCC recurrence. A study by Dan et al[75] reported that LR is more
likely to cause postoperative HBV reactivation than RFA.
Meredith et al[76] performed a study using a mouse model
and revealed that LR led to increased secretion of hepatocyte growth factor and basic fibroblast growth factor,
thereby promoting tumor growth. However, the levels of
these two factors decreased after RFA. In contrast to LR,
RFA leaves the treated tumor tissue in the body instead
of removing it from the body, which may induce innate
and adaptive immune responses[77-79]. Zerbini et al[80,81]
recently demonstrated that RFA can activate tumorspecific T cells and enhance the ability of natural killer
cells to kill HCC cells. Many other important aspects of
the influence of RFA on the tumor biology of HCC are
also evident. For example, residual tumors display markedly enhanced growth and invasive ability after RFA. This
likely occurs because the RFA transition zone provides
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a special microenvironment for the locally remaining tumor cells[82-85]. In this type of secondary persistent anoxic
environment, tumor cells undergo heat shock-resistant
apoptosis and upregulate the expression of various cytokines (e.g., proliferating cell nuclear antigen, matrix
metalloproteinase 9, vascular endothelial growth factor,
hepatocyte growth factor, interleukin 6, etc.), resulting in
increased proliferation and invasiveness of the tumor
cells[86]. Moreover, Cheng et al[87] reported that sublethal
heat can stimulate the transition of hepatoma cells into
epithelial mesenchymal-like cells and augment their invasive capacity.
Taken together, the evidence suggests that improved
therapeutic efficacy of HCC treatment, either by LR or
RFA, principally requires minimizing residual tumors during the procedure, close follow-up, and active treatment
once recurrence develops. In addition, complete removal
of HCC tissue comprising more than two nodules does
not guarantee curative resection because of the multicentric nature of HCC. Surgical resection of single-nodule
HCC tissue without vascular invasion results in an excellent prognosis even if the nodule is larger than that recommended in the Milan criteria[88]. Therefore, the Milan
criteria, which are mainly based on preoperative imaging
analyses, cannot precisely determine whether patients
with similar baseline imaging findings will develop distant
metastatic disease. Such patients often cannot benefit
from LR, RFA, or even liver transplantation.

Those with < 10% indocyanine green retention at 15 min
are good candidates for lobectomy[94].
Repeat hepatectomy to treat recurrent HCC reportedly yields three- and five-year survival rates of 56% to
83% and 40% to 52%, respectively[95-98]. However, repeat
hepatectomy is not feasible in a majority of patients because of substantial hepatic dysfunction or multiplicity
of recurrent HCC. In the past, patients with recurrence
who were intolerant to repeat hepatectomy were mainly
treated by TACE and ethanol ablation[99]. In contrast,
RFA is now more often performed to treat recurrent
tumors in the remnant liver after hepatectomy and has
shown good outcomes (Table 3)[100-108]. A recent report
showed that three- and five-year survival rates reached
satisfactory levels of 65.7% and 51.6%, respectively,
which are very similar to those of repeat hepatectomy[105].
Such impressive advances in efficacy may be closely associated with the tremendous innovations in RFA devices
and operation strategies. Figure 1 shows the results of
RFA combined with hemihepatectomy for the treatment
of multifocal HCC in a 69-year-old woman.
Radiofrequency-assisted hepatectomy
The heat generated by RFA may result in coagulative necrosis of liver tissues, in turn clogging the sinusoids and
bile duct. Therefore, Weber et al[109] creatively introduced
RFA to the hepatectomy approach in 2002. This modification markedly reduced surgical blood loss, decreased
the number of portal triad clampings, and achieved excellent efficacy. Subsequently, this approach was adopted
for LR by many groups and gave rise to the concept of
“bloodless LR”[110-116]. However, this method is still accompanied by operative death and severe postoperative
complications, mainly liver failure, bile leakage, and intraperitoneal bile collection[117]. The standard procedure
of this technique is to use a bipolar radiofrequency electrode to burn two continuous ablation zones, 1 to 2 cm
in width, flanking the predetermined resection line on
the liver surface; this is followed by severance of the liver
parenchyma (Figure 2)[118]. However, such an approach
may damage a considerable number of functional hepatocytes, particularly in cirrhotic livers, and significantly
increase the likelihood of liver failure. Such an ablation
strategy undoubtedly elevates the occurrence of liver
failure in patients with concurrent HCC and liver cirrhosis, especially for patients in Asian and South African
regions[119]. Therefore, adjustments and alterations of this
operative technique are necessary to minimize the loss of
functional liver parenchyma.

RFA combined with LR
The presence of multicentric tumor lesions is a key
factor that limits the efficacy of surgical treatment for
HCC. Hepatectomy cannot remove all tumor lesions due
to cirrhotic impairment of the functional reserve, as is
particularly evident for small HCC foci situated deep in
the liver parenchyma. Elias et al[89,90] used RFA to ablate
microscopic lesions outside of the main tumor tissue
during hepatectomy and achieved excellent outcomes.
In addition, Choi et al[91] reported that the combination
of RFA and LR to treat multifocal HCC yielded one-,
three- and five-year survival rates of 87%, 80% and 55%,
respectively, which were comparable to rates from simple
surgical removal. Interestingly, these authors also revealed
that the resected tumor size was a significant prognostic
predictor of long-term survival. Cheung et al[92] found
that a combined surgery group had one- and threeyear survival rates of 88.8% and 62.6%, respectively,
compared to 88.9% and 51.8%, respectively, in a simple
surgery group. Moreover, the postoperative recurrence
rate in the combined surgery group was higher than that
in the simple surgery group (63.2% vs 50.0%), though
this difference was not statistically significant. No operative deaths occurred in these studies, as individuals with
relatively good hepatic functional reserve were recruited.
Although RFA has a far lower probability of causing liver
failure than does extended hepatectomy, RFA in patients
with multiple tumor nodules may result in morbidity[91,93].
Therefore, suitable patients should be carefully selected.
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CONCLUSION
Advantages of RFA over LR include minimal invasiveness and almost no postoperative intra-abdominal adhesion. These factors produce favorable conditions for
subsequent liver transplantation. Patients in the waiting
period can receive the most suitable treatment via an
extended “test time.” This strategy not only provides
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Table 3 Characteristics of studies involving treatment of recurrent hepatocellular carcinoma by radiofrequency ablation
n

Ref.

Tumors Tumor
(n )
size
(cm)

Radiologic
response
necrosis

PLR→RFA Follow-up
interval after RFA
(mo)
(mo)

Nicoli et al[100]

5

-

-

-

43
(31.0-61.0)

Choi et al[101]

45

53

2.1
(0.8-4.0)

87.0%
(46.0/53.0)

Lu et al[102]

72

124

Schindera et al[103] 35

Yang et al[104]

60.0%

-

23
(10.0-40.0)

18.0
82.0% 54.0%
(2.0-47.0)

-

2.4
96.0%
(0.9-7.0) (119.0/124.0)

27.9
(2.0-75.9)

21.0
70.0% 55.0% 28.0% 22.0% 95.0% 83.0%
(1.0-215.2)

61

1.7
(0.5-5.3)

85.5%
(54.0/61.0)

18
(1.0-65.0)

41

76

3.8
(2.0-6.6)

93.4%
(71.0/76.0)

-

Choi et al[105]

102

119

Liang et al[106]

66

88

-

93.9%
(62.0/66.0)

21.1
(2.4-69.4)

-

76.6% 48.6% 39.9%

Chan et al[107]

45

-

2.2
(0.8-6.0)

87.0%
(46.0/53.0)

35.6
(7.0-83.0)

-

83.7% 43.1% 29.1% 32.2% 12.4% 9.3%

Eisele et al[108]

27

-

2.8 (-)

-

-

21.0 (-)

96.0% 62.0% 32.0% 51.0% 30.0% 11.0%

2.0
93.3%
(0.8-5.0) (111.0/119.0)

35.6
(7.0-83.0)

25.5 (-)

Overall survival
Disease-free survival
1-yr 3-yr 5-yr 1-yr 3-yr 5-yr

-

-

76.0% 45.0%

-

24.5
73.0% 41.0%
(1.0-96.0)

-

-

20.0%

-

57.0% 34.0%

-

-

-

46.0% 24.0%

-

-

22.3
93.9% 65.7% 51.6% 52.2% 21.3% 7.2%
(1.3-125.7)

-

-

-

Main findings

RFTA is the first-choice
treatment in the management
of intrahepatic recurrence
Percutaneous RFA is effective
and safe for intrahepatic
recurrent HCC after
hepatectomy. Serum alphafetoprotein level before RFA
and resected tumor size
were significant prognostic
predictors of long-term
survival
Percutaneous thermal ablative
therapies were particularly
suitable for recurrent HCC
and improved long-term
survival
Percutaneous RFA is effective
and safe for recurrent HCC
after hepatectomy, with a
good overall patient survival
rate
Percutaneous RFA is effective
and safe for recurrent hepatic
tumors after previous partial
hepatectomy
RFA is effective and safe
for recurrent HCC after
hepatectomy and is more
effective in late than in early
recurrence
Percutaneous RFA is
as effective as repeat
hepatectomy for recurrent
small HCC. Percutaneous
RFA has an advantage over
repeat hepatectomy in terms
of being less invasive
Repeat resection and RFA
attained similar survival
benefits in the management
of recurrent HCC after
hepatectomy. The high
repeatability of RFA and
its ability to be delivered
percutaneously render it a
preferred treatment option for
selected patients
Overall survival and diseasefree survival were not
significantly different between
patients treated by RFA and
repeat resection. There was,
however, a tendency toward
longer tumor-free survival in
the resected patients

HCC: Hepatocellular carcinoma; PLR: Previous liver resection; RFA: Radiofrequency ablation; RFTA: Radiofrequency thermal ablation.

patients with therapeutic benefits, but also saves precious
donor resources. Studies demonstrating mutual interactions between RFA and hepatectomy have expanded the
operative indications for patients with HCC and have
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enhanced the efficacy of these approaches. Nevertheless,
the novel strategy of radiofrequency-assisted LR requires
strict adherence to individual patient-specific indications
to avoid the occurrence of severe complications. Most
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A

B

C

Figure 1 Radiofrequency ablation combined with right hemihepatectomy for multifocal hepatocellular carcinoma in a 69-year-old woman. A: Preoperative
contrast-enhanced transverse helical computed tomography (CT) scan obtained during the venous phase shows one small hepatocellular carcinoma (HCC) 1.4 cm diameter in the left hepatic lobe (black arrow); B: An HCC 7.0 cm in diameter (black arrow) is present in the right hepatic lobe; C: Contrast-enhanced CT showed round
ablation zones (white arrow) 6 mo after resection of the large tumor and concurrent radiofrequency ablation for the small tumor. Tumor recurrence was not found in
the remnant liver.

A

2 cm safety margin

B

Resection line

C

D

E

F

Figure 2 Classic operative technique using a bipolar radiofrequency device for hepatectomy (A-F).

importantly, the outcome of RFA in HCC treatment is
inevitably linked to the development of residual tumors.
Therefore, the goal of future research is to minimize residual tumors and suppress their growth.
WJG|www.wjgnet.com
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Core tip: There are conflicting data on the relationship between hepatitis B virus infection risk factors and
hepatocarcinogenesis. In this article, we reviewed the
risk of hepatitis B surface antigen level, seropositivity
of hepatitis B e antigen, high viral load, viral genotype,
and specific viral sequence mutations, separately.
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INTRODUCTION

Abstract

Hepatocellular carcinoma (HCC) is a global health problem, as it is the fifth most common neoplasm and the
third leading cause of cancer-related death[1]. Etiologically,
HCC mainly develops in carriers of chronic hepatitis B
virus (HBV), particularly those in East Asia and sub-Saharan Africa, where HBV is hyperendemic[2]. Worldwide,
350 million subjects with chronic HBV infection have a
15%-25% risk of dying from HBV-related advanced liver
diseases, which includes HCC and decompensated cirrhosis[3]. At present, more than 500000 new HCC cases
are diagnosed each year, with an age-adjusted incidence
of 5.5-14.9 per 100000 population worldwide[1]. It has
been reported that 75%-80% of global HCC patients
were attributable to chronic viral infection with either
HBV (50%-55%) or hepatitis C virus (HCV; 25%-30%)[4].
Compared with non-carriers, patients with chronic HBV
infection have a greater than 100-fold increased risk
of developing HCC[5]. The HBV genome comprises a
partially double-stranded circular DNA molecule of ap-

Hepatitis B virus (HBV) infection remains a challenging global health problem, with more than 350 million
people chronically infected and at risk of developing
hepatocellular carcinoma (HCC). Interactions that
occur among host, environmental, and viral factors
determine the natural course and predict the prognosis of patients with chronic HBV infection. In the past
decades, several important viral factors of predictive
of HCC have been identified, such as high hepatitis
B surface antigen level, seropositivity of hepatitis B e
antigen, high viral load, viral genotype, and specific
viral sequence mutations. Identification of certain viral
risk factors for HCC development and stratification of
patient risk are very important to perform future surveillance programs. In this article, we thus reviewed
the risk of viral factors involved in hepatocarcinogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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proximately 3200 base pairs. This DNA strand encodes
four overlapping open reading frames: S, for the surface/
envelope protein; C, for the nucleocapsid; X, for the X
protein; and P, for the DNA polymerase[6]. The regions
upstream to S and C genes are termed as pre-S and
pre-C, respectively[7]. HCC pathogenesis in chronic HBVinfected patients has been studied extensively, and several
important viral risk factors have been identified, such as
high hepatitis B surface antigen (HBsAg) level, seropositivity of hepatitis B e antigen (HBeAg), high viral load,
genotype C, and specific viral sequence mutations. Identification of certain viral risk factors for HCC development and stratification of patient risk are very important
to perform future surveillance programs. In this review,
we focused on the effect of viral status on the occurrence
of HBV-related HCC.

which enrolled 170 newly diagnosed HCC patients and
276 chronic HBV carrier controls with normal alanine
aminotransferase levels at baseline[11]. However, the actual
relationship between viral replication and HCC progression during HBV infection remain unknown. Theoretically, persistent HBV replication may lead to chronic hepatic inflammation and fibrosis, mediate alterations in the
production of alpha 2-macroglobulin and transforming
growth factor-beta 1, and finally cause carcinogenesis[12,13].
A large meta-analysis, which incorporated 26 studies,
demonstrated a significant association between histological grades and serum HBV viral loads at enrollment and
the end of treatment. A strong correlation between the
improvement of histological grade and decreased serum
HBV DNA levels was also observed[14]. In addition, as a
dynamic parameter during chronic HBV infection, HBV
DNA levels always vary over time in most patients with
chronic HBV infection. The measurement of HBV DNA
from only one time point may be insufficient to depict
the degree of liver damage. We believe that serial examination of viral load during chronic infection can provide
more opportunity to differentiate immune-tolerant individuals with quiescent disease from subjects with more
active immune responses and persistent liver injury.

SERUM HBV DNA LEVELS AND HCC
For the progress of technology in highly sensitive testing methods, the measurement of serum HBV DNA
levels are available recently. The presence of circulating
virus is a biomarker of active chronic HBV infection and
indicates the potential for chronic damage to the liver.
Recently, the importance of serum viral load as a predictor of HCC development was extensively studied. Many
case-control and cohort studies have reported a significant relationship between high viral load and increased
HCC risk. A community-based, nested case-control study
from a prospective cohort of chronic HBV carriers in
Taiwan revealed that the association between serum
HBV DNA levels at study recruitment and HCC risk
was significant. Compared with patients who had HBV
DNA level < 2.5 pg/mL, the adjusted odds ratio was 2.3
and 6.0 for patients with HBV DNA level of 2.5-13.0
pg/mL and > 13.0 pg/mL at study entry, respectively[8].
A hospital-based cohort study with a follow-up period
of more than 7 years of 1006 patients from Hong Kong
demonstrated that serum HBV DNA levels at study entry were significantly associated with subsequent development of HCC in a dose-response relationship[9]. The Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer-HBV study (REVEAL-HBV study) that
included 4155 HBsAg-seropositive adults aged from 30
to 64 years at recruitment in 1991-1992 and followed
through 2004 reported a significant biological gradient
of HCC risk by HBV DNA levels. The incidence of
new-onset HCC increased with the levels of serum HBV
DNA (copies/mL) at study entry, ranging from 108 (less
than 300), 111 (300 to 9.9 × 103), 297 (1.0 × 104 to 9.9 ×
104), 962 (1.0 × 105 to 9.9 × 105), to 1152 (more than 1
× 106) per 100000 person-years, respectively. Multivariate Cox regression analyses have shown that a high HBV
DNA level was the strongest independent risk factor for
HCC development after cirrhosis[10]. Similar to previous
study outcomes from Taiwan, Hong Kong, and Japan,
a significant relationship was observed in a communitybased nested case-control study conducted in Qidong
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HBSAG LEVELS AND HCC
The examination of HBsAg is usually used to identify
HBV infection. The level of serum HBsAg reflects the
transcriptional activity of covalently closed circular DNA
(cccDNA). The association between serum HBsAg and
intrahepatic markers of HBV infection (integrated HVB
DNA and cccDNA) has been demonstrated previously[15].
Different HBsAg levels during chronic HBV infection
reveal cccDNA distribution during the respective disease
phases[16,17]. HBsAg is a major biomarker that indicates
active HBV infection as well as helps predict the prognosis of chronic HBV infected subjects[18]. Several studies
have suggested the effect of quantitative serum HBsAg
on predicting virological response to antiviral drugs, such
as in patients who received pegylated interferon therapy[19]. HBsAg seems useful to recognize non-responders
as early as 12-24 wk after the start of pegylated interferon therapy and tailor therapy duration in responders[19].
Meanwhile, the measurement of quantitative HBsAg is
an easy and reproducible method and can be used concomitantly with the examination of serum HBV DNA
levels to categorize patients during the natural history of
infection and to evaluate the effect of antiviral therapy
in clinical practice. A lower level of HBsAg was found to
be correlated with a higher opportunity of HBsAg clearance and a lower risk of liver disease activity in genotype
B or C infection[20,21]. Recently, an HBsAg level more than
1000 IU/mL was reported as an independent risk factor
for the development of HCC in patients with low hepatitis B viral load (< 2000 IU/mL), suggesting that HBsAg
level might complement HBV DNA level in predicting
the progression of HCC, particularly in the lowly viremic
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HBV carriers[22].

infection has also been recognized increasingly. However,
because of distinct distribution of HBV genotypes in
western and Asian countries, the clinical outcomes of
different genotypes infection could only be reliably compared between genotypes A and D or genotypes B and
C[33]. In Asia, compared with genotype B, genotype C was
found to be more commonly correlated with advanced
liver diseases, such as liver cirrhosis and HCC[34-36]. However, a interesting finding was the association of genotype
B HBV with the development of HCC in patients under
the age of 50 years in Taiwan[37]. Serologically, compared
to patients with genotype B, genotype C patients had significant higher HBV DNA levels and higher incidence of
HBeAg positivity. Furthermore, those with genotype C
exhibit a delayed HBeAg seroconversion during the phase
of immune clearance. The data on the clinical course of
chronic HBV infection with genotypes other than B and
C was limited. In Western countries, genotype D was
reported to be correlated with progressive liver disease
and a higher risk of HCC development than genotype
A[38]. Nevertheless, in another study, Livingston et al[39]
found a preponderance of genotype F in HCC patients
and genotype C was not related to a higher likelihood of
HCC development than other genotypes[39]. The relationship between genotype E and its clinical relevance was
seldom reported. Until now, no previous study has aimed
to evaluate the risk of HCC development among patients
infected with all eight HBV genotypes. Such studies are
lacking because of the preponderance of one or two
HBV genotypes in most of the geographical regions.
Taken together, previous findings thus suggest that the
long-term prognosis of chronic HBV infection also differs among HBV genotypes, and further study will help
elucidate differences in disease status caused by various
HBV genotypes worldwide.

HBEAG AND HCC
HBeAg is an alternative protein product of the core
region sequence, which is one of the four overlapping
open reading frames of HBV genome. The translation
of HBeAg is started from the precore gene containing
a leader sequence that directs the protein to the secretory pathway[23]. HBeAg has an immunomodulatory role,
and HBeAg positivity usually demonstrates active HBV
replication. The presence of HBeAg was often used as a
criterion for treatment before the introduction of HBV
DNA examination[24]. The effect of HBeAg positivity on
predicting HCC risk remains debatable. The results of
several previous studies showed that HBeAg prevalence
was lowest, highest, and intermediate among patients
with HCC, chronic HBV infection, and liver cirrhosis,
respectively[25,26]. However, HBeAg prevalence among
HBsAg positive HCC patients was reported to be significantly higher than that among matched HBsAg positive
controls in other studies[27-29]. In a large prospective study
conducted in Taiwan, HBeAg positivity at recruitment
was related to an significant increased HCC risk[8]. Although this result proposed that the role of HBeAg may
be to contribute to the development of HCC, this study
was limited because HBV DNA levels were not tested
in all HBV carriers from this cohort regardless of the
status of HBeAg. With the progress of technology, examination of HBV DNA has become a routine test for
chronic HBV carriers. In the REVEAL-HBV study, high
serum HBV DNA level (≥ 10000 copies/mL) was confirmed to be a strong HCC risk predictor independent of
HBeAg status[10]. Consistent with the above-mentioned
Taiwanese study, our previous nested case-control study
from Qidong also revealed that positivity of HBeAg was
not an independent risk factor of HCC[30]. The results
from several prospective studies indicated that HBeAg
was most likely a marker of active HBV replication correlated with an increased HCC risk.

SPECIFIC MUTATIONS AND HCC
Among all HBV-produced proteins, the X protein can
modify host transcription and degradation of protein,
regulate signal transduction pathways and cell responses
to genotoxic stress[40]. Several mutations in the X region
sequence are frequently observed in HCC patients, indicating that these mutations may play a potential role in
hepatocarcinogenesis. The clinical implications of the
mutations in the enhancer Ⅱ (Enh Ⅱ) and basal core
promoter (BCP) regions have been reported in many
studies. The most common naturally occurring mutations
in BCP region are T1762 and A1764 double mutations.
BCP double mutations were confirmed to be related to
HCC occurrence by two large prospective cohort studies[41,42]. Apart from these double mutations, other mutations in core promoter (CP) region have become increasingly identified to be associated with the occurrence of
HCC. For example, several reports have identified an
significant association between HCC development and
T1653 mutation in box α of Enh Ⅱ, and T1766, A1768,
and V1753 mutations in BCP region[43-48]. The proper

HBV GENOTYPE AND HCC
Eight different HBV genotypes (A-H) are identified on
the basis of 8% or more nucleotide divergence in the
complete HBV sequence and each genotype has a specific ethnic and geographic distribution[31]. Genotypes A
and D prevail in India, Europe, and Africa; genotype E
only in West Africa only; genotype F in Central and South
America; and genotypes B and C dominate the HBV
types in East Asia[32]. Of special note, increasing evidence
suggests that clinical and therapeutic outcomes may be
affected by HBV genotypes. In the Asia-Pacific regions
where chronic HBV infection is endemic and genotypes
B and C prevail, the differences of prognosis between
genotypes B and C infection have been studied extensively. Moreover, in western countries with genotypes A
and D prevailing, the prognosis of different genotypes
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mechanisms of hepatocarcinogenesis relating to these
above mentioned mutations remain unclear. Many transregulating nuclear factors bind several HBV sites overlap
with the X region sequence (such as nucleotide 1653,
1753, 1762, and1764), including hepatocyte nuclear factor
4, CCAAT/enhancer binding protein α, and the ubiquitous transcription factor Sp1. T1653, V1753, T1762,
A1764, and A1768 mutations are mis-sense mutations
that convert amino acid of X coding region (aa 94 H
to Y, aa 127 I to T/N/S, aa 130 K to M, aa 131 V to I,
and aa 132 F to Y), which could contribute to hepatocarcinogenesis[35,49-51]. These alterations in the X protein
might cause transactivation of oncogenes responsible for
HCC development, or transactivators encoded by some
oncogenes may select certain viral mutations during the
process of multiple steps in carcinogenesis[52,53].
The G1896A mutation in the precore gene, which
was the first important common HBV mutation to be
identified[54], creates a premature stop codon leading to
abolishment of “e” antigen synthesis[55]. The effect of
the G1896A mutation in the development of HCC has
been widely studied and remains controversial[56-60]. In
a study by Tong et al[46], the prevalence of the G1896A
mutation was significantly higher in HCC patients than
chronic carriers. They speculated that A1762/T1764
double mutations may be the chief driving force for the
HCC development and the G1896A mutation also played
a synergistic, albeit lesser, role in the progression to HCC.
Recently, a large prospective cohort study from Taiwan
has demonstrated that the presence of G1896A mutation
was correlated with a decreased HCC risk[41].
Because the pre-S regions contain several epitopes
specific to T or B cells, these regions are essential in the
interaction with the immune responses[61,62]. The presence
of pre-S deletions have been found to cause decreasing
the expression of hepatitis B surface proteins, leading to
intracellular accumulation of HBV envelope proteins and
formation of ground glass appearing hepatocytes, resulting in significant endoplasmic reticulum stress and genomic instability, and finally hepatocarcinogenesis[35,63,64].
It is biologically rational that pre-S deletion mutations
could contribute to the progression of HCC. Recent
case-control and longitudinal cohort studies have also
confirmed the risk of pre-S deletions on HCC development[43,65,66].
In addition, majority of previous studies have mainly
aimed to the relationship between specific single point
mutation and the risk of HCC, thus, it is unknown
whether these factors are confounding or a certain mutation combination profile is related to the progression of
HCC. A longitudinal study has revealed that the mutations in BCP gene (involving 1762/1764/1766/1768)
were gradually accumulated during the development
of HCC[67]. Recently, a significant biological gradient
of HCC risk by amount of mutations in Enh Ⅱ/BCP
regions was observed in the study of Bai et al[68]. Our
previous longitudinal observation also showed a sequential accumulation of T1762/A1764 double mutations,
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T1766/A1768 mutations, and pre-S deletions during the
progression of HCC[69]. These studies have indicated
that the combination of viral complex mutations may
have a sequential and synergistic role in the progression
of HCC. This relationship between combined mutations
and HCC risk was confirmed by experimental investigations, in which the combined mutations (A1753, T1762/
A1764, and A1768), but not single or double mutations
in CP, accelerated the degradation of p21(WAF1/CIP1)
through up-regulated expression of cyclin E and S-phase
kinase-associated protein 2 in HepG2 cells and primary
hepatocytes, leading to the combined mutations accelerating cell cycle progression[70]. A combined examination
of these mutations might help to speculate the clinical
prognosis of individuals with chronic HBV infection
more precisely, thus helping those high HCC risk patients
to benefit from early diagnoses and treatment.

CONCLUSION
In conclusion, we systemically reviewed the associations between HBV DNA levels, status of HBsAg and
HBeAg, viral genotypes, and specific viral sequence mutations and the risk of HCC in this study. There is sufficient and powerful evidence connecting elevated serum
HBV DNA levels with the risk of developing HCC in
patients with chronic HBV infection. An elevated serum
HBV DNA level is a major risk factor for the progression of liver disease as well as most suitable to intervention. Meanwhile, the significance of viral genotypes and
the long-term emergence of specific sequence mutations
in the development of HCC remain controversial and
still need following studies. Furthermore, since host genomic background also contributes to final pathogenic
outcome, future studies should focus on interactions of
genetic factors of both the viral and host genomes, thus
helping chronic HBV carriers at high HCC risk to benefit
from early disease detection and intervention.
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sponders. However, side effects may limit its long-term
clinical application. Nucleos(t)ide analogues carry fewer
side effects and are potent in terms of viral suppression
when compared to interferon and are typically implemented for patients with more advanced liver diseases.
They may also improve the outcome after curative
resection for HBV-related HCC. There are increasing
evidence to suggest that antiviral therapy could suppress HBV, decrease the perioperative reactivation of
viral replication, reduce liver injury, preserve the liver
function before and after operation, and may lower the
risk of HCC recurrence. After all, antiviral therapy may
improve the survival after liver resection by reducing
recurrence and delaying the liver damage by the virus,
resulting in a higher chance of receiving aggressive salvage therapy during HCC recurrence.

Abstract

Core tip: The impact of antiviral therapy on clinical
outcomes after curative liver resection in patients with
hepatitis B virus (HBV)-related hepatocellular carcinoma
(HCC) remains to be established. There are increasing
evidence to suggest that antiviral therapy could suppress HBV replication, decrease the perioperative reactivation of virus, reduce liver injury, preserve the liver
function before and after operation, and may lower
the risk of HCC recurrence. Antiviral therapy may also
improve the survival after liver resection by reducing
recurrence and delaying the liver damage by the virus,
rendering in a higher chance of receiving aggressive
salvage therapy during HCC recurrence. We herein review the currently available evidences on this issue.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Antiviral therapy; Hepatitis B infection; Hepatocellular carcinoma; Hepatectomy; Liver resection;
Outcome

The outcome after curative resection for hepatocellular carcinoma (HCC) remains unsatisfactory due to
the high recurrence rate after surgery. In patients with
hepatitis B virus (HBV)-related HCC, which is the majority of patients with HCC in Asia, a high viral load is
a strong risk factor for HCC recurrence. It is logical to
believe that antiviral therapy may improve the postoperative outcome by promoting viral clearance and
hepatocyte regeneration, as well as improving residual
liver volume in HCC patients with hepatitis B. However,
the effect of antiviral therapy on clinical outcomes after liver resection in patients with HBV-related HCC
remains to be established. There are two main groups
of antiviral treatment for HBV-oral nucleos(t)ide analogues and interferon. Interferon treatment reduces the
overall incidence of HBV-related HCC in sustained re-
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that were published from 1990 to 2013 using the keywords “antiviral therapy”, “hepatitis B infection”, “hepatocellular carcinoma”, “hepatectomy”, “liver resection”
and “outcome”. Additional papers were identified by a
manual search of the references from the key articles.

INTRODUCTION

ANTIVIRAL THERAPY FOR CHRONIC
HEPATITIS B

Various therapeutic modalities such as orthotopic liver
transplantation (OLT), liver resection, local ablation
therapies and transarterial therapies have been used to
treat hepatocellular carcinoma (HCC). Traditionally, liver
resection and OLT were considered as the main curative
treatments for HCC. Due to the shortage of graft, liver
resection remains the primary curative treatment in most
countries. Recently, there is a dramatic improvement in
operative mortality and surgical outcome in liver resection due to the improvement in surgical techniques and
advancement in pre-operative assessment. The operative
mortality is less than 3%[1]. The reported 5-year overall
survival of HCC after liver resection is 23%-48% in patients with liver cirrhosis and 44%-58% in patients without liver cirrhosis[2]. Post-resection tumor recurrence and
post-resection liver failure remain the main challenges
after curative resection[3,4].
Chronic hepatitis B virus (HBV) infection is the
dominant cause of HCC in Asia because of the endemic
status of HBV and it inserts major impact on the unsatisfactory post-hepatectomy outcome. Patient with chronic
HBV infection is at risk of persistent hepatic inflammation and fibrosis, which may lead to a higher tumor recurrence and a failure to maintain adequate liver reserve at
the time of recurrence. On-going hepatic inflammation
and cirrhosis favor the process of carcinogenesis, which
is related to the duration of exposure and successfulness
of immune clearance of hepatitis B. The risk of HCC
development is increased in patients with older age and
liver cirrhosis[5].
Even in the absence of cirrhosis, HCC may occur
in up to 40% in Asia, in contrary to only 5% in Western
countries[6].
It has been shown that high HBV DNA and ALT
levels are associated with tumor recurrence after curative
treatment of HCC[7], which indicates that HBV viral replication has a pivotal role in HCC recurrence. Hepatitis
B e antigen (HBeAg) positivity is another risk factor for
HCC development[8,9]. The relative risk was 6 times higher among HBeAg-positive patients than those who were
HBeAg-negative. Clearance of HBeAg, whether spontaneous or after antiviral therapy, could reduce the risk of
hepatic decompensation, HCC occurrence and improved
survival[10].
Hence, it is reasonable to believe that antiviral therapy
may improve the outcome of curative resection in patients with HBV-related HCC by reducing the peri-operative re-activation of hepatitis B and the risk of HCC
recurrence after curative treatment.
A Medline search was undertaken to identify articles
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In the last two decades, the development of antiviral
therapy was a major breakthrough in the management of
chronic hepatitis B (CHB), which modifies the natural
history of the disease and reduces the risk of HCC[11-13].
However, the clinical benefit may be negated by the development of drug resistance[14]. Currently, nucleos(t)ide
analogues with high genetic barrier to resistance, namely
entecavir and tenofovir disoproxil fumarate (TDF) are
recommended by international guidelines as the first line
antiviral treatment for CHB[15-17]. Antiviral therapy is recommended to all cirrhotic patients with detectable viral
load. Its beneficial effect is most obvious in patients with
liver cirrhosis[12,13]. Virological response to entecavir is
not affected by the presence of cirrhosis[18,19]. Interferon
treatment reduces cirrhosis, hepatic events and HCC, particularly among responders to treatment[20,21]; however it
is contraindicated in patients with decompensated cirrhosis because it can precipitate hepatic decompensation, resulting in fatal complications[11,18]. Therefore nucleos(t)ide
analogues (NAs) are used exclusively in this subgroup
of patients because their side effects are minimal. TDF,
emtricitabine/TDF, and entecavir are all were well tolerated in patients with decompensated liver disease with
comparable improvement in virologic, biochemical, and
clinical parameters[22]. Entecavir-treated patients with decompensated cirrhosis tended to have lower incidence of
HCC than those treated with adefovir at 48 wk[14].

IMPACT OF ANTIVIRAL THERAPY ON
PERIOPERATIVE HBV REACTIVATION
How hepatitis B virus infection reacts to liver resection
remains an important question to be addressed. Most of
the data on HBV reaction towards HCC treatments came
from several studies concerning HCC patients received
transcatheter arterial chemoembolization (TACE), which
involves the administration of chemotherapeutic agents
targeted to the liver and raises the concern about HBV
reactivation.
Given the curative intent to start with, the clinical
course of HBV infection for patients subjected to liver
resection may be even more clinically relevant than those
receiving TACE. Limited data concerning the risk of
HBV reactivation after liver resection are available so far.
Although patients undergoing hepatic resections do not
receive chemotherapy or immunosuppressive measures
that will, theoretically, lead to an increased risk of HBV
reactivation, major surgery such as hepatic resections
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may significantly modulate or dampen immune responsiveness thereby possibly leading to significant immunosuppression and reactivation of HBV replication during
the perioperative period. Furthermore, peri-operative
blood transfusion and ischemic injury during hilar clamping may also play a role. Hence, it is logical to believe that
hepatectomy can reactivate HBV replication during the
perioperative period, especially for patients who do not
receive antiviral therapy. It is especially true in patients
who did not receive any antiviral therapy[23,24]. If curative
hepatic resection subsequently leads to HBV reactivation,
patient outcome may be jeopardized if patients develop
fulminant hepatitis[25].
Thia et al[26] studied the risk of exacerbation of chronic hepatitis B after liver resection for hepatocellular carcinoma and reported the incidence of all causes of postoperative hepatitis. In this study, 1- and 2-year survival
rates were worst for the exacerbation of chronic hepatitis
B group at 42.9% and 21.4%, compared with those with
postoperative hepatitis due to other causes at 60.3% and
45.2% and those without postoperative hepatitis at 87.7%
and 73.5%. All these differences were statistically significant. As a result, the authors recommended routine prophylactic antiviral treatment before partial hepatectomy.
HBV may also be reactivated in the peri-operative
period after liver resection for HCC, even among patients
with relatively low HBV DNA level (< 200 IU/mL).
Huang and colleagues, in a prospective cohort study,
found that 10 (6.1%) patients (of whom eight did not receive antiviral therapy prior to operation) among 164 developed HBV reactivation within one month of hepatic
resection[24]. HBV reactivation was more common among
those who were not receiving antiviral therapy (21%)
compared with those who were (1.6%). More importantly, this study showed that the 3-year disease-free survival
rate and overall survival rate after resection in patients
with HBV reactivation were significantly lower than those
without reactivation. Interestingly, although a low preoperative HBV DNA [< 200 IU/mL (< 1000 copies/mL)]
correlated with HBV reactivation on univariate analysis,
this correlation was no longer evident after adjusting for
the lack of antiviral therapy on multivariate analysis. This
phenomenon may be explained in two ways. First, a single
HBV DNA level at a given time may not always indicate
the permanent immune-suppression of HBV replication,
as indicated particularly by the REVEAL analyses data[27].
Secondly, the apparent correlation between low pre-operative HBV DNA level and HBV reactivation was likely
secondary to the confounding effect of the use of antiviral therapy, which was not given in a randomized fashion
but mainly to those with serum HBV DNA above 2000
IU/mL together with high ALT levels, according to international guidelines. To clarify these, the same group had
recently carried out a prospective randomized controlled
trial to investigate whether antiviral therapy decreases the
risk of perioperative viral reactivation in patients with
hepatitis B virus-induced hepatocellular carcinoma. They
randomized 84 patients with low viral load to receive
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either antiviral treatment with telbivudine or no therapy
and found that antiviral therapy with telbivudine could
significantly decrease the perioperative reactivation of viral replication in patients with HBV-related hepatocellular
carcinoma undergoing liver resection[28].
There were also studies reported that an effective
pre-operative anti-HBV therapy could contribute to an
improvement in liver function. The use of nucleos(t)ide
analogues such as lamivudine may be useful to reduce the
risk of HBV reactivation related to TACE or liver resection[24,29]. However, more evidence is needed to support
indiscriminate use of antiviral therapy to all patients with
HBV-related HCC undergoing liver resection.

IMPACT OF ANTIVIRAL THERAPY ON
THE RECURRENCE FOR HBV-RELATED
HCC AFTER LIVER RESECTION
A number of observational studies have been done to
test the impact of HBV DNA and antiviral therapy on
HCC recurrence[30-38]. A study involving 72 patients in
Hong Kong demonstrated that high viral load (> 2000
IU/mL) had a significantly higher risk (odds ratio around
20) of HCC recurrence after resection[31]. However, it
should be highlighted that only 10 patients in that cohort
received antiviral therapy. Nevertheless, this finding was
also supported by a larger Korean study, which showed
that persistent HBV viremia was an independent risk factor for increased HCC recurrence after surgery[31]. On the
other hand, one Chinese study and one Japanese study
failed to demonstrate the beneficial effect of antiviral
therapy in lowering HCC recurrence post-operatively[33,35].
To clarify the inconsistent findings from these studies,
two meta-analyses had been performed[39,40]. Miao et al[39]
reported that postoperative antiviral therapy in both
HBV- and HCV-infected patients has been shown to
reduce HCC recurrence up to 5 years. Another metaanalysis focusing on HBV-related HCC by Wong et al[40]
demonstrated that nucleos(t)ide analogues treatment significantly reduced the risk of HCC recurrence after curative treatment by 41%.
The use of antiviral therapy to prevent HCC recurrence has been supported by a recent registry-based
study from Taiwan [41]. When 4051 patients who had
never received any antiviral therapy were compared with
518 patients who received oral nucleos(t)ide analogues
(lamivudine, entecavir, or telbivudine) for at least 3 mo,
the 6-year cumulative incidence of HCC recurrence was
significantly lower in the treated cohort (45.6% vs 54.6%).
Similar to the previous meta-analysis[40], antiviral agents
also offered survival benefits. The 6-year cumulative
mortality in the treated cohort was 29.0% compared with
42.4% in the control group[41]. Table 1 summarized the
results of studies on the effect of antiviral treatment in
hepatocelluar carcinoma recurrence.
Concerning the role as tertiary prevention, despite
large sample size and strongly positive results, the study
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Table 1 Summary of studies comparing the impact of anti-viral treatment vs no treatment in hepatocellular carcinoma recurrence
Ref.

Antiviral

Wu et al[41]
Li et al[33]
Koda et al[30]
Chuma et al[34]
Hung et al[31]
Kuzuya et al[35]
Kubo et al[36]
Shuqun et al[38]
Piao et al[37]

Treated with antiviral

Nucleoside analogue
Lamivudine
Nucleoside analogue
Lamivudine, adefovir dipivoxil or entecavir
Lamivudine
Lamivudine
Lamivudine
Lamivudine and thymosin alpha1
Lamivudine

by Wu et al[41] could not provide a definitive proof for
nucleos(t)ide analogues as a treatment for tertiary prevention. It is because a relatively short-term antiviral therapy
in months or a few years is unlikely to reverse all the
process of cell damage, malignant transformation, and
HCC development under the long-term influence of the
virus[42]. Nonetheless, antiviral therapy may enhance postoperative viral clearance, improve residual liver volume,
and promote hepatocyte regeneration in HCC patients
with active hepatitis B. These effects may significantly
improve the tolerance to subsequent therapy and possibly
lower rate of recurrence and deaths[40]. In practice, since
nucleos(t)ide analogues are well tolerated and the majority of patients with HCC also have underlying cirrhosis
or advanced fibrosis, antiviral therapy is indicated in most
patients anyway. Current Asian Pacific guidelines also
endorse nucleos(t)ide analogues treatment in all HCC
patients with HBV DNA > 2000 IU/mL before and/or
after curative therapy of HCC as in HBV patients without HCC[43].
Interferon treatment as tertiary prevention of HBVrelated HCC recurrence remains controversial according
to the findings in a meta-analysis and systemic review[44,45].
Use of interferon treatment in HCC patients may be
complicated and even risky, as these patients are more
vulnerable to the development of hepatic decompensation with life-threatening complications such as hepatic
encephalopathy and ascites[46]. In contrast, nucleos(t)ide
analogues are in general safer and better tolerated than
interferon.

Events

Total

Events

518
43
22
20
10
16
14
16
30

106
33
17
8
0
7
2
14
14

4051
36
14
64
62
33
10
17
40

1765
33
12
22
30
15
5
17
26

OR (95%CI)
0.67 (0.55-0.81)
0.30 (0.08-1.19)
0.57 (0.09-3.42)
2.57 (1.34-4.94)
0.05 (0.00-0.90)
0.93 (0.28-3.11)
0.17 (0.02-1.16)
0.17 (0.01-3.73)
0.47 (0.18-1.19)

limited.
Although there was no significant difference in the
survival rate between the two groups, the survival rates in
the lamivudine group tended to be higher than those in
the control group in a retrospective study of 49 patients
by Kuzuya et al[35] (P = 0.063). However, this study was
limited by a small sample size and a mixture of hepatic
resection and radiofrequency ablation as the treatment for
HCC. The efficacy of antiviral treatment in HBV patients
who underwent curative liver resection for HCC had also
been studied by non-randomized and randomized studies[11,33]. In a recent Chinese study, Li et al[33] compared the
impact of antiviral treatment in 79 patients who underwent curative liver resection for HCC. Forty-three patients
received lamivudine with or without adefovir as treatment
and had a significantly higher HBeAg sero-conversion rate
compared with the 36 patents in the control group who
received no antiviral treatment. This study showed the efficacy of post-operative antiviral therapy in suppressing viral replication and hence the authors suggested to initiate
antiviral treatment in patients with detectable serum HBV
DNA level after resection. Liaw et al[11], in a randomized
controlled trial, show a significant benefit in the overall
survival. They suggested that continuous treatment with
lamivudine would lead to a delay in clinical progression
in patients with chronic hepatitis B and advanced fibrosis
or cirrhosis by a significant reduction in the incidence of
hepatic decompensation and risk of HCC. However, they
did not show a significant effect of lamivudine on HCC
recurrence.
Remnant liver function is a major determining factor
in selecting subsequent treatment for HCC recurrence
and is a key prognostic factor for the overall survival.
One interesting finding reported by Li et al[33] was that a
significantly greater improvement in the residual liver volume per unit surface area at 6 mo after liver resection in
the anti-viral therapy group. Therefore, a higher chance
of receiving aggressive salvage therapy during HCC recurrence could be observed among patients receiving
antiviral therapy due to better liver reserve, and resulting
in a better survival. This finding was further confirmed
by the meta-analysis from Wong et al[40].
In Wong’s meta-analysis, antiviral therapy has been
shown to significantly improve overall survival, as both
the mortality related to liver failure and the overall mor-

IMPACT OF ANTIVIRAL THERAPY ON
THE OVERALL SURVIVAL FOR HBVRELATED HCC AFTER LIVER RESECTION
Theoretically, antiviral treatment may preserve the liver
function and render patients with HBV-related HCC able
to tolerate HCC treatments better, which should result
in a better prognosis and survival. Previous studies have
shown that lamivudine and telbivudine therapy could
effectively suppress the HBV DNA level and improve
the liver function in patients with decompensated cirrhosis[47-49]. However, evidence on whether antiviral therapy is
beneficial to the survival after treatment for HCC is still
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tality were reduced (by 87% and 73% respectively). The
improvement in survival was a result of a lower HCC
recurrence as well as improvement in liver function after
antiviral therapy[40].
These results are particularly important because up to
now, there is no effective adjuvant treatment to prevent
HCC recurrence. There is no proven role for adjuvant
chemotherapy or TACE[50], while the result for molecular
targeted chemotherapy is waiting. Anti-viral therapy can
be considered as a cost-effective adjuvant therapy for
HCC after curative treatment. Nucleos(t)ide analogues,
may be preferable than interferon treatment due to less
adverse side effects.

9

10

11

12

CONCLUSION
Tumor factors, cirrhosis and HBV status are predictive
of HCC recurrence and survival in patients with chronic
hepatitis B. There are increasing evidence to suggest that
antiviral therapy could effectively suppress HBV, decrease
the perioperative reactivation of viral replication, reduce
liver injury, and may lower the risk of HCC recurrence
and improve survival after liver resection. In any case,
patients on antiviral therapy are more likely to have preserved liver function and tolerate further curative treatment should recurrence occur.
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Irritable bowel syndrome in children: Pathogenesis,
diagnosis and evidence-based treatment
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as antispasmodics and antidiarrheals; these have a role
in severe cases. Biopsychosocial therapies have shown
encouraging results in initial trials but are beset by limited availability. Further research is necessary to understand the pathophysiology and provide specific focused
therapies.
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Key words: Recurrent abdominal pain; Irritable bowel
syndrome; Brain-gut disorder; Lifestyle modifications;
Biopsychosocial therapies; Children; Rome Ⅲ criteria
Core tip: Irritable bowel syndrome (IBS) is the commonest functional gastrointestinal disorder regarding
which there is often limited knowledge amongst clinicians. This paper aims to address the clinical challenges
that a clinician may face in managing children with IBS.
Importance of the application of the Rome Ⅲ criteria
and a focused history is necessary to manage IBS. An
evidence-based approach for managing children with
IBS is highlighted in this article followed by a section on
current best practice-authors’ personal view. We hope
the readers will find this article useful in their clinical
practice.

Abstract
Irritable bowel syndrome (IBS) is the commonest cause
of recurrent abdominal pain (RAP) in children in both
more developed and developing parts of the world. It
is defined by the Rome Ⅲ criteria for functional gastrointestinal disorders. It is characterized by abdominal
pain that is improved by defecation and whose onset
is associated with a change in stool form and or frequency and is not explained by structural or biochemical abnormalities. It is estimated that 10%-15% of
older children and adolescents suffer from IBS. IBS
can be considered to be a brain-gut disorder possibly
due to complex interaction between environmental
and hereditary factors. The diagnosis of IBS is made
based on the Rome Ⅲ criteria together with ruling out
organic causes of RAP in children such as inflammatory
bowel disease and celiac disease. Once the diagnosis
of IBS is made, it is important to explain to the parents
(and children) that there is no serious underlying disease. This reassurance may be effective treatment in
a large number of cases. Lifestyle modifications, stress
management, dietary interventions and probiotics may
be beneficial in some cases. Although there is limited
evidence for efficacy of pharmacological therapies such
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HISTORICAL PERSPECTIVES AND
DEFINITION
Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder (FGID) involving bowel function.
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50% of cases of RAP[5,6]. Hyams et al[5] first applied the
Rome Ⅰ (adult) criteria for IBS to 171 children previously diagnosed with RAP in a hospital based setting and
found that 68% fulfilled the adult criteria for IBS. The
same group then carried out a community-based study
amongst 507 middle and high school children and identified IBS in 10% children (14% amongst high school and
6% among middle school children)[7].
In a study based in a specialist gastroenterology unit
in Bristol, UK (serving the same population as Apley 50
years earlier), IBS was identified as the commonest cause
of RAP[6]. Out of 103 children fulfilling the diagnostic
criteria for RAP and entering the study, after extensive
investigations 72 were found to have no organic pathology. Thirty-seven of these 72 children (51%) fulfilled the
diagnostic criteria for IBS; making IBS the commonest
cause of RAP even in a specialist hospital setting[6]. This
recent study compared to Apley had the advantage of
improved screening tests (celiac serology, Helicobacter pylori
antibody titer, inflammatory markers, serum amylase, and
abdominal ultrasonography) as well as previously existing
tests such as liver function tests, full blood count; urine
and stool analyses. In addition to screening tests, endoscopy and oesophageal pH monitoring were performed
where there was a clinical indication[6].
In a Sri Lankan study of 1717 school children aged
10-16 years randomly selected from 4 provinces; 107 children were diagnosed with IBS symptoms as per Rome III
criteria. The overall prevalence of IBS was found to be
6.23% with a higher prevalence amongst girls[8].
In a randomized study by clustering samples in China,
which involved 5403 children and adolescents aged between 6 to 18 years from 9 schools, the prevalence of
IBS using the Rome Ⅱ criteria was found to be 13.25%
and it was higher amongst girls (male:female ratio was
1:1.8)[9]. These studies suggest that the prevalence of IBS
in children from different geographical settings is similar.

Table 1 Rome III diagnostic criteria for childhood irritable
bowel syndrome
Abdominal discomfort or pain associated with 2 or more of the following (present at least 25% of the time):
Improved after defecation
Onset of symptoms associated with a change in stool frequency
Onset associated with a change in stool form alternating between diarrhea and constipation
No evidence of an inflammatory, anatomic, metabolic, or neoplastic
process that explains the child’s symptoms
The above criteria should be fulfilled at least once per week for at least 2
mo before a diagnosis of irritable bowel syndrome is made.

FGIDs are defined as a variable combination of chronic
or recurrent gastrointestinal symptoms not explained by
any structural or biochemical abnormalities[1,2].
One of the first references to the concept of an “irritable bowel” causing symptoms of diarrhea, abdominal
pain, constipation, without any well-recognized infective
cause appeared in the Rocky Mountain Medical Journal in
1950[3]. This article suggested that IBS is caused by a psychosomatic or mental disorder[3].
Recurrent abdominal pain (RAP) of childhood is an
important feature of IBS. RAP was first described by Apley and Naish following their pioneering study of 1000
children in Bristol, United Kingdom[4]. Apley defined
RAP as three or more episodes of abdominal pain occurring over a period of at least 3 mo, with pain sufficient to
cause some impairment of function[4]. This definition of
RAP still stands and is in current use internationally.
Prior to 1995, IBS was not recognized as a concept
amongst children and these children were likely to be
diagnosed as having RAP. An international group of pediatric gastroenterologists gathered together in Rome in
1995 to define the diagnostic criteria for FGIDs in childhood (including IBS) and this was published in 1999 as
part of the larger Rome Ⅱ criteria. The Rome Ⅱ criteria
were subsequently modified[1] and the current internationally agreed diagnostic criteria for childhood IBS is
known as the Rome Ⅲ criteria and is shown in Table 1.
The difference between Rome Ⅱ and Rome Ⅲ criteria for diagnosing IBS in children is the reduction of
the required duration of symptoms from 3 to 2 mo. The
consensus of the committee members was that in children 2 mo better reflects clinical experience. This allows
primary care physicians to diagnose IBS earlier than 3 mo
and also allows 4 wk for an acute infective process and a
further 4 wk to develop chronicity of symptoms[1].
Children with IBS may experience a sense of incomplete evacuation after defecation and sit on the toilet for
a long time. This symptom may not always be present in
children and is therefore not part of the Rome Ⅲ diagnostic criteria.

ETIOLOGY OF IBS
The exact etiology of IBS remains to be determined.
The debate remains whether it is caused by hereditary or
environmental factors. It is possibly due to complex interaction between both. Infection, inflammation, visceral
hypersensitivity, allergy and disordered gut motility may
all play a part.
In a questionnaire study with 10986 respondents (response completed by patient and their family regarding
health problems) and representing 6060 twin pairs; concordance for IBS was significantly higher amongst monozygotic (17.2%) than dizygotic (8.4%) twin pairs[10]. The
same study also highlighted that having a mother or father with IBS is a stronger predictor (15.2%) than having
a twin. The authors concluded that heredity contributes
to IBS, but social learning has an equal or greater influence[10]. Another study of 319 young adults with history
of childhood functional abdominal pain (FAP) reported
parental history of chronic pain in their childhood. It

EPIDEMIOLOGY
IBS is the commonest cause of functional RAP in children in the Western world, accounting for more than
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also reported an increase in health service utilization for
FAP[11].
As there is a strong familial trend noted in IBS, there
has been an ongoing interest in finding a genetic link in
IBS. So far, a positive association between IBS and interleukin-10 (IL-10) polymorphism has been reported.
A study in Taiwan with 94 children with IBS and 102
healthy controls, significantly lower Escherichia coli lipopolysaccharide-induced IL-10 production by peripheral
blood mononuclear cells was noted in children with IBS
although the study group concluded that this reduction
in IL-10 production may not have been fully determined
genetically[12]. Patients with a mutation in a sodium channel gene (SCN5A) were found to report gastrointestinal
symptoms especially abdominal pain more often, and this
mutation may be a contributory factor in IBS[13,14].
An infectious trigger for IBS may also play a role. In
a prospective study of 102 children in Russia with Giardia lamblia detected in stool by ELISA, the prevalence
of post-infectious IBS was found to be 28% in girls and
17% in boys[15]. In a postal questionnaire survey of 576
individuals with a Salmonella or Campylobacter infection
(between 2000-2009), nearly 10% of 189 individuals who
responded to the questionnaire reported post-infectious
IBS symptoms up to 10 years later[16]. Similar findings
were reported in another study after an outbreak of
bacterial gastroenteritis (with Escherichia coli 0157:H7 and
Camplobacter species) with 8 year follow-up (2002-2008)
which reported increased incidence of IBS after the episode in children and adults[17].
A prospective study recruited subjects following a
large outbreak of acute gastroenteritis attributed to foodborne norovirus at the annual meeting of the Canadian
Society of Gastroenterology Nurses and Associates
(CSGNA)[18]. It then documented development of postinfectious IBS symptoms. The study data showed that although after 3 mo norovirus infection produced new IBS
symptoms in about 25% of case; by 6 mo the incidence
was no different in infected individuals compared to
healthy controls and concluded that IBS following viral
gastroenteritis is a transient entity[18].

was noted to be altered in IBS with diarrhea but not in
functional dyspepsia[22]. In another study of 93 children
(aged 7-10 years) with symptoms of FAP or IBS, evidence of increased GI permeability and low-grade GI inflammation were detected; the latter related to the degree
to which pain interfered with activities when compared
to healthy control (n = 52)[23].
A study of 35 children (aged 10-17.6 years) who fulfilled criteria for IBS demonstrated that abdominal pain
is associated with visceral hypersensitivity and abnormal
perception of visceral sensations[24]. Studies suggest that
patients with IBS describe gut stimuli as being unpleasant
or painful at lower intensity levels when compared with
non-IBS individuals and this is likely to be neurological in
origin[19,25].
In another study of 10 children with 10 age-matched
controls, fecal short-chain fatty acid (SCFA) profile of patients with diarrhea predominant IBS (IBSD) was found
to have lower concentrations of total SCFA, acetate, and
propionate and a higher concentration and percentage of
n-butyrate. Fecal flora from these patients produced less
SCFA in an in vitro fermentation system in response to
incubations with various carbohydrates and fibers. Differences in SCFA production by colonic bacterial flora in
patients with IBSD may be related to the development of
GI symptoms[26].
A recent study in the United States looked at the intestinal microbiomes in stool samples (n = 71) obtained
from 22 children with IBS (diagnosed by Rome Ⅲ criteria) and 22 healthy controls[27]. Children who received
antibiotics, probiotics, or steroids (oral or inhaled) within
6 mo of sampling were excluded. Stool samples were
analyzed using 16S metagenomics by PhyloChip DNA
hybridization and deep 454 pyrosequencing. Specific microbiome signatures were associated with pediatric IBS
suggesting important association between GI microbes
and IBS in children. Children with IBS were characterized by a significantly greater percentage of the class
Gammaproteobacteria Haemophilus parainfluenzae being a
prominent component of this group. It is postulated that
the microbiome signature approach may prove to have a
diagnostic role in the future[19,27-29].

PATHOPHYSIOLOGY OF IBS

HISTORY TAKING AND CLINICAL
PRESENTATION

No single clear pathophysiology has been demonstrated
to date for IBS in children. Studies both in children and
adults have suggested different mechanisms which may
contribute to the development of IBS[19]. IBS can be
considered to be a brain-gut disorder. It is postulated that
a state of dysregulation exists/occurs within the enteric
and the central nervous systems in patients with IBS
and this results in alteration in sensation, motility, and
possibly, immune system dysfunction[19]. It is important
to consider the bidirectional brain-gut interactions, the
‘‘brain-gut axis’’ when considering any pharmacological
interventions in IBS[20,21].
In a prospective study of 98 children who underwent
upper or lower GI endoscopy, serotonin (5-HT) signaling
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The most important step in making a diagnosis of IBS
is to elicit a detailed history and compare symptom concordance with the Rome Ⅲ criteria (Table 1). Children
and adolescents generally present with RAP along with
change in bowel frequency and/or consistency associated
with abdominal pain. The pain is classically relieved following defecation. Children with IBS may report a sense
of incomplete evacuation (often sitting on the toilet for a
long time); however this is not by itself diagnostic of IBS.
It is important to enquire about symptoms of bloating
and an urgency to go to the toilet as well as the location
of pain which is usually central peri-umbilical but may
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physical examination including plotting the height and
weight on an age and sex appropriate growth chart. A
confirmed documented significant weight loss should be
considered as a red flag sign and is unlikely to be due to
IBS[21]. Signs of anemia, jaundice, mouth ulcers, skin rash
or arthritis should also be specifically looked for and suggest organic pathology. It is useful to ask the child to point
with one finger where the pain is worse and is most frequently felt. In IBS this is often centered around the umbilical region. Inspection of the abdominal wall for scars,
distension or masses is necessary. Prominent juicy perianal
skin tags or fistulae are indicative of Crohn’s disease.
Great care should be taken to rule out any organomegaly, tenderness and/or abdominal mass in the right
iliac fossa. If the child is too tense, distraction may be
needed in such cases and discussing about other aspects
of their life such as school, friends or even a planned
holiday may be helpful.

Table 2 Red flag symptoms
Night time pain or diarrhea
Recurrent unexplained fever
Recurrent or worsening rectal bleeding
Joint pains
History of weight loss and poor growth
Family history of inflammatory bowel disease
Persistence of severe vomiting or diarrhea
Unexplained pallor
Stools that may be difficult to flush away
Delay in onset or progression of puberty

involve the lower abdomen.
Parents sometimes describe their child as a “little worrier”[30]. Older children and adolescents sometimes report
that symptoms get worse during periods of emotional
stress so it is important to explore psychological issues at
school such as bullying, oncoming exams or at home such
as financial difficulties, recent parental separation or divorce or ill-health. It is important to ask if there is history
of recent gastrointestinal infection as this may be associated with onset of IBS symptoms. This may be particularly
relevant in children with diarrhea predominant IBS[31].
It is important to enquire if there is a family history
of IBS amongst parents or siblings. An anxiety state may
be present in children and also in parents of children
presenting with features suggestive of IBS[31-34]. Studies
have reported that IBS patients in comparison to healthy
controls have higher scores for anxiety, hostile feelings,
sadness, depression, interpersonal sensitivity and sleep
disturbance[25] and these issues should be explored while
eliciting the history.
It is essential to specifically enquire about “red flag”
symptoms as these may indicate serious underlying organic pathology[21]. The “red flag” symptoms are listed in
Table 2. Very occasionally an organic pathology may coexist with IBS as the latter is relatively common.
If any or combination of the above symptoms are
elicited from the history, appropriate investigations are
necessary to exclude underlying organic pathology.

DIAGNOSING CHILDREN WITH IBS
In the absence of a definitive laboratory or radiological
diagnostic test, IBS remains a clinical diagnosis. We suggest following investigations to rule out other serious
gastrointestinal disorders: serological screening for celiac
disease, inflammatory markers (ESR, C-reactive protein,
plasma viscosity or orosomucoid) likely to be raised in inflammatory bowel disease (IBD), liver function tests (low
serum albumin in IBD) and full blood count (unexplained
anemia, blood loss in IBD). In developing countries it is
especially important to send a stool sample for microscopy and culture with specific request to look for ova, cyst
and parasites (including Giardia).
The diagnosis of IBS is made after exclusion of organic causes of abdominal pain and bowel changes based
on history and examination particularly ensuring that no
red flag symptoms are present (Table 2). These organic
causes include lactose intolerance, celiac disease and IBD.
Symptoms concordant with the Rome Ⅲ criteria should
help clinicians to make a positive diagnosis of IBS and
avoid unnecessary investigations.
Specialist investigations such as gastrointestinal endoscopy or radiological evaluation should be reserved for
difficult cases where the diagnosis may not be clear from
the history, and/or physical examination suggest pathology. These investigations if indicated should be best carried out by pediatric gastroenterologists.

CLINICAL SUBTYPES AND DIFFERENTIAL
DIAGNOSIS OF IBS
Three clinical subtypes of IBS are encountered in clinical
practice: diarrhea predominant IBS is termed as IBSD,
constipation predominant IBS is termed as IBSC and
IBS with alternating diarrhea and constipation is termed
as IBSA. The clinical subtypes are not rigid classification
and cross-over from one type to another may be seen
during the course of treatment. It is useful, depending
on the presenting stool pattern, to assign the children to
a clinical subtype as the management in part will depend
on the subtypes of IBS.

DIFFERENTIAL DIAGNOSES
It is important to differentiate IBS from other causes of
RAP by matching symptom concordance with the Rome
III criteria for childhood FGIDs[1]. Those with epigastric
pain or discomfort not relieved by defecation are classified as functional dyspepsia. Abdominal migraine causes
self-limiting episodes of severe abdominal pain interspersed with pain free periods[1]. The remaining group of
children whose pattern of abdominal pain does not fit
into the above groups is classified as FAP. If other symp-

EXAMINATION OF CHILDREN WITH IBS
The history taking should be followed by a thorough
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toms such as headache and limb pain are reported this is
labeled as FAP syndrome. Amongst the latter group there
are some children with abdominal pain but no other GI
symptoms whose pain is made worse by exercise. This
pain can be musculoskeletal in origin and may represent
the pediatric equivalent of adult abdominal wall pain.
Constipation also needs to be considered as it may be
associated with overflow spurious diarrhea which may
mimic an alternating constipation and diarrhea pattern
seen in IBSA.

Another meta-analysis included 3 randomized controlled trials (RCTs) selected by searching MEDLINE,
EMBASE and the Cochrane Library and included 167
children aged 5-17 years[36-39]. This compared use of dietary fiber supplements with placebo for abdominal painrelated FGIDs in children[36]. The reviewers concluded
that there is lack of evidence to support the supplementation with fiber as a dietary manipulation for treating
children with FGIDs[36].
Fermentable oligo-, di-, mono-saccharides and polyols
(FODMAPs) may play a role in triggering gastrointestinal
symptoms in IBS patients[40]. The effect of low FODMAP
diet was prospectively evaluated using a symptom questionnaire amongst 90 children with IBS with a mean follow up of 15.7 mo. Abdominal pain, bloating, flatulence
and diarrhea were significantly improved amongst participants while on low FODMAP diet (P < 0.001 for all)[41].
A recent randomized controlled trial in Italy [2] involved treating 60 children (aged 8-16 years) with IBS and
RAP with either partially hydrolyzed guar gum (PHGG)
or fruit juice. Improvement was seen in 43% children (n
= 30) given PHGG compared with 5% in control group
(n = 30) given fruit juice, with normalization of bowel
movements in IBS subgroups which was statistically significant. Improvement in abdominal pain was noted but
was not statistically significant. Benefit from PHGG was
largely seen in IBSA group; similar findings were also reported in an earlier observational study[2,42].

EVIDENCE BASED TREATMENT FOR
CHILDREN WITH IBS
The aim for any therapeutic intervention in IBS should
be to improve the quality of life. This includes ensuring
the child’s pain is minimized and stool consistency and
frequency are normalized. The most important step in
managing children with IBS is to explain the diagnosis to
parents (and the child if age appropriate), explain strategies to cope with stress and provide reassurance that
there is no serious underlying disease.
Wherever available and feasible, multidisciplinary team
approach should be used to deal with the complex interplay of biopsychosocial factors considered to be involved
in the development of IBS in children. It is important
to explain the expected benefits of any therapy and give
a realistic overview about its expected outcome to parents (and children) before commencing the intervention.
Drugs may be needed to treat symptoms including modulating abnormalities in sensorimotor function of enteric
nervous system. Following therapeutic interventions have
been used in children with IBS, the evidence base for
their use is discussed in the next section: (1) dietary interventions; (2) probiotics; (3) drug therapy → peppermint
oil, tegaserod, antispasmodics, anti-diarrheal agents, antibiotics; and (4) biopsychosocial therapy → hypnotherapy,
cognitive behavior therapy, yoga, acupuncture.

Probiotics
Probiotics have shown some promising results in adult
studies with validated efficacy with no reported adverse
effects[43,44]. A study of VSL#3 (a probiotic containing
8 beneficial species of bacteria) demonstrated beneficial
effect in reducing flatulence scores and retarded colonic
transit in patients with IBS and bloating[45].
In an observational study in Germany with 203 children (66 boys, 137 girls) aged 4 to 18 years (mean 10.5 ±
4.5 years) treated with Symbioflor 2 (contains the natural
intestinal bacterium E. coli) for an average of 43 d, the
treatment was well tolerated and no adverse events were
reported[46]. The key IBS symptoms (abdominal pain,
stool frequency) as well as the other symptoms (bloating,
mucous and blood in stool, need for straining at stools,
urge to defecate) improved significantly during treatment
and the global assessment of therapy was found to be
altogether positive as reported by parents and doctors[46].
In a double-blind, placebo controlled, crossover trial
conducted in 5 pediatric tertiary care centers (4 in Italy
and 1 in India); 59 children (aged 4-18 years) were randomized to receive either VSL#3 or a placebo for 6 wk.
VSL#3 was superior to placebo both in primary (subjective assessment of relief of symptoms) and secondary
endpoints (abdominal pain/discomfort, abdominal bloating/gassiness and family assessment of life disruption)[47].
Another randomized double-blind, placebo controlled
trial involved 141 children (aged 5-14 years) treated with
Lactobacillus rhamnosus GG (LGG) or placebo for 8 wk

Dietary interventions
Dietary interventions form an important strategy in
managing children with IBS. It is important to note that
parents generally accept dietary treatment more willingly
than drugs.
A recent Cochrane review[35] included seven studies
comparing dietary interventions with placebo. Two studies which compared fiber supplements with placebo and
had 83 participants, found that the pooled odds ratio for
improvement in the frequency of abdominal pain was 1.26
(0.25-6.29). Two studies compared lactose-containing diet
with lactose-free diet in 90 participants, but no definite
conclusion could be drawn from the way the data was
presented. A comparison between Lactobacillus GG
and placebo was made in 3 trials, and these gave a pooled
odds ratio for improvement of symptoms as 1.17 (95%CI:
0.62-2.21). The Cochrane review conclusion was that
there is a lack of high quality evidence on the effectiveness of dietary interventions[35].
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and then further followed up for 8 wk[48]. At entry and at
the end of the trial, children underwent a double-sugar
intestinal permeability test. Children treated with LCG
showed reduction in abnormal permeability results post
treatment. When compared with baseline, children who
received LGG reported a significant reduction in both
frequency and severity of abdominal pain. At 12 wk, success was achieved in 48 children in LGG group as compared to 37 in placebo group (P < 0.03)[48].
A systematic review of RCTs by Spiller on the effectiveness of probiotics postulated that their beneficial
effects are due to enhancement of gut barrier function,
inhibition of pathogen binding and modulating gut
inflammatory response. They may also reduce visceral
hypersensitivity associated with both inflammation and
psychological stress. Probiotics can also alter colonic fermentation and stabilize colonic microbiota[49].
Another recent systematic review and meta-analysis[45,47,48,50-53] performed to investigate the quantity and
quality of the current evidence regarding the effect of
different probiotics strains in the treatment of FGIDs
in children and adolescents found probiotics to be more
effective than placebo in the treatment of patients with
abdominal pain-related FGID, especially with respect to
patients with IBS. A meta-analysis of 6 RCTs selected
by searching MEDLINE, EMBASE, CINAHL, the Cochrane Library, trial registries and proceedings of major
meetings[47,48,51,53-55] compared use of LGG with placebo
for abdominal pain-related FGIDs (n = 457) in children
including 3 RCTs involving IBS specifically (n = 167)[54].
It concluded that children treated with LGG had moderate increase in treatment success with abdominal pain-related FGIDs and this was particularly marked in children
with IBS[54].

daily over 2-4 wk may be the first drug of choice for patients with IBS and constipation and diarrhea[56].
Tegaserod: is a selective 5-HT4 (serotonin) receptor
agonist which has shown improvement in children (and
adults) with IBSC and chronic idiopathic constipation. A
Cochrane review, which included randomized or quasi-randomized controlled trials comparing tegaserod with placebo, no treatment or any other intervention, showed some
improvement in overall symptomatology and frequency of
bowel movements in those with IBSC or chronic constipation[57]. However, due to its significantly increased risk of
cardiovascular ischemic events, tegaserod is not licensed in
many countries[58] and is not recommended.
Antispasmodics agents: Have been shown to have
a role in IBSD and attenuate heightened baseline and
postprandial contractility. Mebeverine is licensed in the
United Kingdom and is generally well tolerated; and
can be used on an as required basis before meals. A systematic review[59] which searched medical databases and
all relevant literature from 1965 to June 2009 for any
placebo-controlled clinical trials of mebeverine, identified
14 relevant papers (8 were randomized trials with 555
patients) and concluded that mebeverine is mostly well
tolerated with no significant adverse effects; however, its
efficacy in global improvement of IBS was not found to
be statistically significant[59].
In a recent randomized study from Turkey involving
78 children (selected out of a total of 345 children aged
4-18 years who were diagnosed with IBS on basis of
Rome Ⅲ criteria), clinical recovery was seen in 94.9% of
39 children treated with trimebutine maleate at the end
of 3 wk when compared to the non-medicated group
where spontaneous recovery was seen in only 20.5% children[60]. Children in this study predominantly had IBSC
and the authors concluded that trimebutine maleate is an
effective agent for treating childhood IBS.

Drug treatment
A Cochrane review concluded that only weak evidence
exists regarding beneficial effects of pharmacological
agents in providing relief from symptoms in FAP in children[20]. Evidence relating to some of the pharmacological agents that have been used is discussed here:

Anti-diarrheal agents: Have a limited role in managing
children with IBS but may be tried in children with IBSD
where diarrhea and increased bowel frequency interferes
with activities of life. Loperamide, an opiate analogue,
is most commonly used and acts by stimulating inhibitory presynaptic receptors in the enteric nervous system
resulting in inhibition of peristalsis and intestinal secretion. Adult studies have found loperamide to be effective
in reducing diarrhea in IBS patients but did not alleviate
symptoms of abdominal pain.

Peppermint oil: exerts an antispasmodic action via
menthol [main component of peppermint oil (PO)] and
acts as a calcium antagonist and results in anti-flatulent
action, the exact mechanism of which currently remains
unexplained. A review has been carried out of 16 clinical
trials investigating the use of 180-200 mg enteric-coated
PO in irritable IBS or RAP including 1 study in children[56]. Nine out of 16 studies were randomized double
blind cross over trials, five had a randomized double blind
parallel group design and two were open labeled studies.
Placebo was used in 12 studies and anticholinergics were
used as comparator in three studies. Adverse events reported with PO were very specific, but generally mild and
transient and included typical GI effects like heartburn
and anal/perianal burning or discomfort. The review
concluded that 1-2 enteric coated capsules (180-200 mg)
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Antibiotics: Role of antibiotics in treatment of children
with IBS remains controversial. The only rationale behind antibiotic therapy is to eradicate small intestinal bacterial overgrowth. The big question remains as to what
antibiotic to use as haphazard prescription of antibiotic
therapy may not be effective and will lead to antibiotic
resistance. In an adult (aged ≥ 18 years) study improvement in resolution of symptoms (bloating, abdominal
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pain, and loose or watery stools.) were noted in IBS patients treated with Rifaximin for at least 2 wk[61]. Similar
beneficial results were later replicated in a study of 50
children with IBS symptoms whose visual analogue scale
(VAS) score to evaluate symptoms (abdominal pain, constipation, diarrhea, bloating, flatulence) showed improvement and normalization of lactulose hydrogen/methane
breath test (66% cases) after 1 month treatment with 600
mg of Rifaximin[62].

school attendance and the benefit was persistent even
after 1 year of completion of therapy. The authors go on
to recommend hypnotherapy as the first line in the management of children with IBS[70].
Cognitive behavioral therapy: Many children with IBS
receive psychological interventions[70]. A Cochrane review which included six trials conducted in children aged
between 5 to 18 years with RAP comparing Cognitive
behavioral therapy (CBT) with standard therapies such
as dietary interventions, pharmacological interventions,
etc. concluded that CBT may be a useful intervention for
children with RAP and IBS[71]. However, the evidence remains weak and behavioral therapies are beset by unavailability of therapists and the need for multiple numbers
of sessions.

Amitriptyline: Amitriptyline (AMI), a tricyclic antidepressant (TCA), has been found to be effective in adults with
IBS in producing global improvement, increasing feelings
of well-being, reducing abdominal pain, and increasing
satisfaction with bowel movements. The beneficial effects
of antidepressants can be explained by partial increments
in the central pain threshold. Other mechanisms by which
antidepressants might exert their effects include anticholinergic effects (may result in improvement of diarrhea),
regulation of GI transit and peripheral anti-neuropathic
effects. In a randomized double-blind placebo controlled
trial of 33 participants (24 females) aged 12 to 18 years, it
was found that patients who received amitriptyline were
more likely to experience improvement from baseline in
overall quality of life at 6, 10, and 13 wk (P = 0.019, 0.004,
and 0.013)[63]. They also reported reduction in IBS-associated diarrhea at 6 and 10 wk, a reduction in periumbilical
pain at 10 wk, and a reduction in right lower quadrant
pain at 6, 10, and 13 wk[63].

Yoga: Yoga can be considered as a form of behavioral
therapy and consists of general relaxation exercises,
breathing exercises, focused training for abdominal relaxation and positive reinforcement by focusing thoughts on
a single topic and good experiences. In a pilot study[72],
20 children aged between 8-18 years were trained Hatha
yoga by a children’s yoga teacher and received 10 yoga
sessions and also practiced at home. Yoga exercises were
found to be effective in children with RAP and IBS resulting in significant reduction of pain intensity and frequency[72].
Acupuncture: This is considered to relieve pain by release of endogenous opiates and triggering of serotoninergic inhibitory pathways. A study compared differences
in the therapeutic effect of Tianshu acupuncture (ST
25) (n = 20) and Dachangshu acupuncture (BL 25) and
western medication with Trimebutine maleate (n = 20).
Acupuncture was found to relieve symptoms of IBS and
was reported to be superior to medication[73].
A recent Cochrane review which included 17 randomized controlled studies (including the one above) with
1806 adult participants, greater benefits were reported by
participants treated with acupuncture as compared to the
two antispasmodic drugs (pinaverium bromide and trimebutine maleate). However, five sham-controlled RCTs
comparing acupuncture with sham acupuncture showed
no significant difference[74].

Biopsychosocial modifying therapies
Hypnotherapy: Studies have shown that hypnotherapy
may produce a beneficial effect in children with IBS
which persists for at least five years after cessation of
therapy[64-68]. A randomized controlled study which compared hypnotherapy (n = 27) with standard medical treatment (n = 23) and followed up for a mean duration of 4.8
years showed that 68% of children in the hypnotherapy
group remained in remission as compared to only 20%
in the control group[64]. It is postulated that hypnotherapy
normalizes altered visceral sensation, reduces colonic
phasic contractions and reverses the patients’ negative
thoughts about their condition. Another prospective randomized controlled trial in Germany[69] with 38 children
aged 6 to 12 years evaluated a brief hypnotherapeuticbehavioral intervention program in 20 children (recruited
for therapy) and compared their response to a waiting
list condition (n = 18, served as control). Children in the
treatment group reported a significantly greater reduction
of pain scores and pain-related disability (55%) than children of the waiting list condition (5.6%)[69].
A recent systemic review which included three RCTs
comparing hypnotherapy to control treatment with
sample sizes between 22 to 52 children found that all trials demonstrated statistically significant improvement in
abdominal pain scores in hypnotherapy group[70]. While
one trial reported statistically significant improvement
in the quality of life, two trials reported improvement in
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Current best practice-authors’ personal view
There is no universally proven therapy that will work in
all children with IBS. We start with a detailed focused
history of the symptoms including family, social and educational history of the child and make enquiries regarding other members in the family who may be suffering
from IBS or other FGIDs. Use of Rome Ⅲ criteria and
targeted enquiries regarding the possible presence of red
flag signs are also made.
This is followed by a thorough physical examination
and review of growth and development including pubertal assessment where appropriate and an assessment of
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child’s mental status.
Basic investigations are carried out to rule out organic causes. Our practice is to do a full blood count, liver
and renal function test, inflammatory markers, amylase,
celiac screen and in cases of diarrhea a stool culture and
stool reducing substances. Specialist investigations such
as ultra sound scan of abdomen, MRI scan, gastrointestinal endoscopy, colonic transit test, etc., are only carried
out if organic pathology is suspected and the test is appropriate.
Majority of children will improve with a positive diagnosis of IBS (based on Rome Ⅲ criteria) with counseling,
education about IBS and personalized pain, stress and
other management advice and need no other treatment.
It is important to spend time with the patient and their
family in explaining the diagnosis of IBS, categorically
mention that all the investigations done so far have been
negative and that there is nothing seriously wrong with
their tummy and it will improve.
For a small subset of patients with severe disabling
symptoms finding an effective treatment will remain a
challenge and few strategies may need to be tried before
symptom control is achieved. Lack of a single proven
intervention for all cases highlights the complexity of
psycho-pathophysiology of IBS.
We favor an integrated bio-psycho-social approach. It
is important to educate the family about IBS and address
emotional or environmental issues that may be triggering
symptoms of IBS and/or making them worse. The need
to achieve may be leading to stress and counseling may
be necessary. Clinicians need to invest time early in the
diagnosis in exploring and addressing other issues such as
bullying at school, difficulties in relationship with parents
or peers, unrealistic academic expectations, etc.
A dietary history including type and amount of food
and drinks taken should be recorded and appropriate
changes to the diet suggested involving the dietician if
needed. High fiber diet may have a beneficial role in IBSC
while diet low in fiber may be beneficial in patient with
IBSD. It is important to explain that a high fiber diet is
often associated with intestinal gas production, increased
cramps and flatulence and may not be tolerated by some
patients. If there is a suspicion of dairy intolerance, lactose free diet may be useful; a trial of 2-4 wk should be
enough to get a response. A trial of PHGG may be beneficial in patients with IBSA in regulating stool type and
frequency.
Probiotics such as VSL#3 or LGG are safe to use
and are worth considering especially when IBS symptoms
have been triggered off by an episode of gastroenteritis.
Social individualized support for child and family may
be necessary in difficult cases. A multi-disciplinary team
comprising of pediatric gastroenterologist, dietician,
social care, education, psychologist, will be necessary in
such cases and the chances of achieving success are better. Financial difficulties that a family may be facing are
also worth exploring and addressing. It is also important
to involve parents in supporting their children with IBS
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for positive reinforcement and distraction. The positive
effect of distraction was evident from a randomized
controlled study where symptom complaints of pain by
children (aged 8-16 years) with FAP (n = 104) and well
children (n = 119) nearly doubled in the group where
parents were trained to give attention and were reduced
by half in the distraction group[75].
Pharmacotherapy: There is only limited evidence regarding effectiveness of pharmacological treatments.
Smooth muscle relaxants such as peppermint oil and
trimebutine may be helpful in children where abdominal
pain or spasms are a major problem. In difficult cases
with low mood or severe symptoms, membrane stabilizer
such as low dose amitriptyline may be necessary. Loperamide on a required basis is useful in children with IBSD.
Antibiotics should be reserved for cases where there is
strong suspicion of small intestinal bacterial overgrowth
or giardiasis.
Biopsychological therapy: Hypnotherapy and CBT
have shown promising results in selective cases[76]. Yoga
or acupuncture may also be beneficial. However all these
need specialist trained pediatric therapists who may not
be easily available in most centers. The lack of trained
therapists may be solved by such therapies being delivered by pre-recorded therapies in DVDs to be used at
home. This suggestion is supported by a study of 34
children aged 6-15 years with FAP[77] who were randomly
assigned to receive standard medical care with or without
self directed home-based audio-recorded guided imagery hypnotherapy treatment. Guided imagery treatment
plus medical care was reported to be superior (63.1%) as
compared to standard medical care only (26.7% successful) for the treatment of abdominal pain in FGIDs, and
treatment effects were sustained over a long period (6 mo
after completion of therapy)[77].
Future direction: IBS no longer remains a condition
thought to be affecting adults and adolescents only and
is being increasingly recognized as a common condition
in young children in developing and more developed
countries. There is a need for research to fully understand
the pathophysiology of IBS in children. There is a need
to understand subsets of IBS so as to deliver specifically
targeted effective treatments. There is also a need for well
planned randomized placebo controlled evaluations of
pharmacological, psychological and other biopsychosocial
therapies in children with IBS taking into account subsets
of RAP and IBS.

CONCLUSION
IBS remains a clinical diagnosis of exclusion and can
sometimes present a challenge because of the nature and
range of associated symptoms and their interpretation
amongst parents and pediatricians. A detailed focused
history and use of Rome Ⅲ criteria helps to clarify uncer-
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tainties about the diagnosis. Investigations should be kept
to the minimum and used for selected cases to exclude
other serious pathologies that may present with similar
features. Successful management of IBS in children involves the biopsychosocial approach with enough time
initially spent at explaining and reassuring the child and
the parents. Therapy needs to be individualized to patient
needs and it is important that the expected benefits and
possible side-effects are explained to the family before
initiating therapy. In difficult cases a multi-disciplinary
team approach is needed.
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Abstract
This review describes the conceptual and clinical relations between irritable bowel syndrome (IBS), other
functional, somatoform, and mental disorders, and
points to appropriate future conceptualizations. IBS
is considered to be a functional somatic syndrome
(FSS) with a considerable symptom overlap with other
FSSs like chronic fatigue syndrome or fibromyalgia
syndrome. IBS patients show an increased prevalence
of psychiatric symptoms and disorders, especially depression and anxiety. IBS is largely congruent with
the concepts of somatoform and somatic symptom
disorders. Roughly 50% of IBS patients complain of
gastrointestinal symptoms only and have no psychiatric
comorbidity. IBS concepts, treatment approaches, as
well as health care structures should acknowledge its
variability and multidimensionality by: (1) awareness of
additional extraintestinal and psychobehavioral symptoms in patients with IBS; (2) general and collaborative
care rather than specialist and separated care; and (3)
implementation of “interface disorders” to abandon the
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INTRODUCTION
About 50% of patients with irritable bowel syndrome
(IBS) report additional somatic and mental symptoms
once they are asked for[1,2]. Often, the additional symptoms call for a supplementary diagnosis of a somatoform disorder, anxiety or depressive disorder, or another
functional somatic syndrome. Several reviews show the
types and frequencies of IBS comorbidities[3-10]; possible
pathophysiological and psychophysiological relations such
as enhanced pain perception, altered regional brain activation, infectious etiologies, dysregulations in immune and
neuroendocrine function, and genetic susceptibility are
discussed[3-10]. However, a clear concept that binds togeth-
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er the various manifestations has not yet been proposed.

studies report an increased prevalence of trauma disorders (such as post-traumatic stress disorder) between 8%
and 36% among IBS patients[41,45-47]. Conversely, patients
with panic attacks have an increased risk to suffer from
IBS with a prevalence of 17%-47%; patients with depressive disorders suffer from IBS in 17%-59% of cases; and
patients with generalized anxiety disorder also fulfil the
criteria for IBS in 17%-37% of cases[48-53].
A high comorbidity with depressive, anxiety, and
trauma disorders has been shown for all FSSs, but IBS
especially appears to be associated with eating disorders:
between one-half and two-thirds of patients with a current or former eating disorder also meet the criteria for
IBS[54,55].
Summing up, approximately 50% of IBS patients also
show clinically relevant symptoms of mental distress.

IBS AND OTHER FUNCTIONAL SOMATIC
SYNDROMES
In clinical as much as in nonclinical populations, IBS
shows a high symptom overlap with other functional
somatic syndromes (FSSs). For example: (1) 16% of 270
IBS patients fulfil the criteria for temporomandibular
disorder (TMD), and 64% of 25 TMD patients also have
IBS[11,12]; (2) the frequency of fibromyalgia syndrome
(FMS) in IBS patients is reported to be 20%-65%[4-21],
and among FMS patients, 25%-81% have an additional
IBS[4,16,21-23]. The co-occurrence of both syndromes appears to be more common in women than in men[24];
and (3) many patients with IBS also suffer from chronic
fatigue. According to the literature, 36%-63% of IBS
patients have chronic fatigue, 14% have chronic fatigue
syndrome (CFS)[11,25], and 35%-92% of CFS patients also
have IBS[3,4,21,26-30].
The symptom overlap is never exact; on average, the
symptoms of IBS and other FSSs show an overlap of <
50%. A cross-sectional study among almost 4000 twins in
the United States showed that patients with IBS have less
comorbidity with other FSSs than patients with CFS, low
back pain, chronic tension headache, FMS, and TMD[31].
Therefore, neither the so-called “lumpers” nor the
“splitters” can so far offer a convincing concept of the
relation between IBS and other FSSs[32]. Lumpers follow
the “single-syndrome hypothesis” that the different FSSs
are manifestations of one overarching disease; most likely
a somatoform disorder. Splitters, on the other side, prefer
the view of FSSs as distinct physical diseases.

SOMATOFORM DISORDERS
According to the current issue of the International Classification of Disease (ICD-10), an somatoform disorder
(SFD) can be diagnosed in a patient who has unexplained
symptoms (which are persistent and disabling), together
with persistent requests for medical investigations (in
spite of repeated negative findings and reassurances by
doctors that the symptoms have no physical basis). The
category of SFDs is not much older than Rome I; it was
introduced as a mental disorder in 1980. Like the Rome
process, it is also a symptom-based classification that explicitly tries to avoid etiological assumptions[56].
The trait characteristic “somatization“ is defined as
“a tendency to experience and communicate psychological distress in the form of somatic symptoms and
to seek medical help for them”[57]. IBS patients score
higher on somatization than healthy controls, but lower
than patients with somatoform disorders; somatization
it is a significant psychological factor directly associated
with IBS severity[58,59]. With “somatoform autonomous
dysfunction of the gastrointestinal system” (F45.32), the
ICD-10 classification of somatoform disorders provides
a distinct category for patients who have “symptoms as
if they were due to a physical disorder of the gastrointestinal system or organ, based upon objective signs of autonomic arousal, and nonspecific or changing in nature”
- a definition that is almost automatically met by IBS patients[60]. Fifteen to 48% of IBS patients fulfill the criteria
for somatization disorder, which is the most severe form
of SFDs[33,34,36,39,40,61,62].
In summary, it is again a high percentage of IBS patients who meet the criteria for an SFD. However, a large
group of patients does not fit this diagnosis. It is more
difficult to give precise numbers because the case definitions of SFDs are vague.
In the new edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) from May 2013,
the former category of “somatoform disorders” was
renamed and largely revised[63]: A “somatic symptom
disorder (SSD)” is defined by: (1) one or more somatic

IBS, AND MENTAL SYMPTOMS AND
DISORDERS
IBS patients report not only extraintestinal somatic, but
also mental symptoms. The latter include predominantly
depressive symptoms (including exhaustion, sleeping
problems, and loss of appetite) and anxiety (including
nervousness, worrying, rumination, and panic attacks).
Research on the comorbidity of IBS and mental disorders has been ongoing for approximately 40 years[33,34].
Many IBS patients meet the full criteria for the respective
mental disorders or suffer from subsyndromal, but nevertheless clinically relevant forms[35].
The total lifetime prevalence for at least one mental
disorder in IBS patients is reported to range from 38%
to 100%[36]. The majority of studies, which do not exclude mental disorders at the outset, report rates of >
90%[33,34,36-42]. In particular, the results vary depending on
the level of healthcare from 6% to 70% for depressive
disorders and from 5% to 50% for anxiety disorders.
The prevalence of a panic disorder (with its characteristic episodic vegetative symptoms) among IBS patients is
reported to range between 0% and 41%[36,37,39,40,43,44]. Most
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symptoms that are distressing and/or result in significant
disruption of daily life; (2) excessive thoughts, feelings, or
behaviors related to the somatic symptoms or associated
health concerns; and (3) disproportionate and persistent
thoughts about the seriousness of one’s symptoms, persistently high level of anxiety about health or symptoms,
or excessive time and energy devoted to these symptoms
or health concerns.
Notably, now there is no demand for a lack of “medical” explanation of symptoms anymore. This means that
the concept of a “somatic symptom disorder” describes
the common phenomenon that somatic symptoms are
combined with psychobehavioral characteristics. The diagnosis can be the primary diagnosis in patients or it can
be the secondary diagnosis in patients who have a defined
organic illness.
The frequency with which IBS patients fulfill the criteria for SSD has not yet been investigated.

Awareness of the psychological dimension of IBS appears to have high clinical relevance. The presence of
other bodily symptoms beyond the IBS core symptomatology is associated with higher functional impairment,
more psychological distress, and lower quality of life[1,64].
Psychiatric comorbidity is associated with more severe
gastrointestinal symptoms and contributes to poorer
therapeutic outcomes[44,65,66]. There is, in fact, evidence
that it is rather psychological factors, such as somatization, trait anxiety, maladaptive coping and catastrophizing, than somatic factors that correlate with severity of
IBS and poorer outcomes[44,59,67-69].
The severity of IBS core symptoms is not necessarily related to the extent of overlapping bodily symptoms.
There are cases of severe IBS with further functional
bodily symptoms as well as without those symptoms[56,67].

variable for irritable-bowel-like syndromes); and (2) there
is one common, higher-order, general factor explaining
large parts of the syndrome’s variance[70-73]. Witthöft et al[73]
promoted a bifactor model of different FSSs. This model
consists of a general factor and symptom specific factors.
The general factor most likely has a cognitive, affective,
or neurobiological component of symptom perception;
the symptom-specific factors might reflect physiological
factors such as infections, prior organic diseases, or other
environmental factors[73]. IBS appears to be associated
particularly with the factor gastrointestinal symptom and
with the factor general symptom distress, but not with
other symptom factors[73]. Witthöft et al[73] noted that the
absence of a significant association between the other
specific symptom factors and IBS did not mean that
these symptoms were of no importance. They rather suggested that many symptoms (in this case, those asked for
in the PHQ-15) were associated with IBS (e.g., symptoms
of pain and fatigue)[73]. However, when symptom-specific
(i.e., incremental) components of variance were considered (as implied by the bifactor model), only gastrointestinal symptoms predicted IBS over and above the factor
general symptom distress[73].
But how can the relation of peripheral and central
mechanisms, of sensation and processing, and the influence of affects and cognition be conceptualized?
Rapps et al[74] suggested that central nervous processes
could modulate signals from the periphery. This central
modulation of peripheral input could underlie the conscious experience of symptoms[74]. However, visceral (and
other) pain should not only be seen as pure sensation.
Rather, it should be seen as a homoeostatic emotion that
indicates disturbances in the internal milieu of the body
in its interaction with the environment; just like the present level of arousal and anxiety[75]. Thus, IBS, other FSSs,
and somatoform disorders could be conceptualized as
disorders of interoception, that is, disorders of the sense
of the physiological condition of the body[56].

TAXONOMIC STRUCTURE OF IBS

CURRENT AND FUTURE IBS CONCEPTS

The term IBS is considered to be relatively noncontroversial in comparison with many other terminological
discussions regarding FSSs. It summarizes several conceptually important aspects: (1) the target organ, where
the core symptomatology is centered, is clearly specified
as the bowel; (2) the term irritable implies a pathophysiological mechanism, that is irritability, or (hyper-)sensitivity;
and (3) the term syndrome describes an association of
several clinically recognizable features. These typically
occur together, so that the presence of one or more features implies the presence of the other features. The term
IBS acknowledges the presence of a general principle (irritability), a specific location (bowel) and variability of the
clinical picture.
Studies looking into the taxonomic structure of IBS
and other FSSs have found that: (1) several latent variables fitted observations best (including a separate latent

The classificatory approach to IBS has evolved over
the past 17 years and the Rome process has become
a multifaceted enterprise. The Rome process collects
high-level scientific evidence on etiology, diagnosis, and
treatment[76]. This process has recognized the importance
of symptoms as a basis for classification, which is independent of assumed etiology and somatization. Reporting multiple extraintestinal bodily symptoms plays an important role in defining the severity of IBS[77]. Albeit, the
Rome Ⅲ classification currently requires gastrointestinal
symptoms only.
Future conceptualizations have the chance to cover
the various manifestations of IBS. For example, the new
German IBS guidelines recently introduced an IBS definition that additionally requires psychobehavioral and
functional criteria, for example, help-seeking behavior
and/or worry, and a significant impairment of quality of

FUNCTIONAL IMPAIRMENT, DISTRESS,
AND PROGNOSIS
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life[78]. With this conceptualization, IBS is moved closer
to SFDs or SSDs.
It has been suggested that the Rome classification of
IBS could define the uncomplicated prototype of complaints (centered around bowel function and abdominal
pain), whereas the new DSM-5 diagnosis of SSD could
define the complicated prototype (with multiple bodily
complaints and certain affective, cognitive and behavioral characteristics)[56]. However, this approach tends to
ignore the many shades of patients in between, that is,
those who have mainly gastrointestinal problems with a
few concerns and slightly impaired quality of life; those
with several gastrointestinal and one or two extraintestinal complaints; or those with two functional syndromes
and mild depression. An overarching category of general
(medical-psychiatry) interface disorders could be a helpful conceptualization for the many phenomena that are
neither only somatic nor only mental[32,56,79]. The ICD-11,
awaited in 2015, offers a new chance to do that.
The concept of a bodily distress syndrome (BDS)
offers another scientifically coherent common basis for
the classification of different dimensional graduations
of IBS[80]. BDS is divided into a single-organ type and a
multi-organ type, depending on the number and location
of symptoms. A BDS diagnosis is provided when the
symptoms impair the patient’s level of functioning and
participation (and thus, appropriate need of action is defined). Thereby, the concept differentiates between mere
indisposition, or mild, transient symptoms, or clinically
relevant illness. In a stratified sample of 978 consecutive
patients from neurological and medical departments and
from primary care, this concept captured 98% of the IBS
cases as BDS, gastrointestinal type[80].

complaints or psychobehavioral features; and (2) patients
in whom IBS-like symptoms are part of a broader picture
of multiple, changing bodily symptoms accompanied
by anxiety, depression, and dysfunctional illness-related
affects, cognition, and behavior. There also exists a tendency for those who are involved in the care of these
patients to overstretch their preferred approach, that is,
to use only the concept of IBS for patients with multiple
symptoms, or to use the concept of SFDs or somatization for patients with punched-out functional gastrointestinal symptoms. That is to say that the classification of
IBS (and of FSSs in general) is not only a medical, but
also a political issue, because a case definition implicates
the “right” specialist that is supposed to care for (and to
get reimbursed for) the patient - a general practitioner,
a gastroenterologist, a psychotherapist, or a psychiatrist,
respectively[56].
Overall, now there is less separation between the perspectives of IBS, FSS, and SFDs than there used to be,
and we should take advantage of this development. What
we need is a far-sighted, balanced, truly psychosomatic
approach. We need a high awareness for gastroenterological, but also extraintestinal and psychobehavioral symptoms in patients with IBS. We need gastroenterologists to
know about the concepts of SFD/SSD, psychiatrists to
know about the symptomatic characteristics of IBS patients, and both of them talking to each other and knowing their limitations. We need more generalist and collaborative care to overcome pure specialist care. We need to
abandon our dualistic classification of either organic or
mental disorders. A simple definition of patient groups
with uncomplicated or complicated IBS depending on
bodily and psychological comorbidity, cognition, behavior, and degree of impairment might be a first step[32].
The authors declare that they have no competing
commercial, personal, political, intellectual, or religious
interests in relation to the submitted work.

CLINICAL IMPLICATIONS
Such multidimensional conceptualizations of IBS could
clear the way for a stepped, collaborative care for IBS
patients, along with several implications for their clinical
management[32,81]: (1) All mental and bodily symptoms,
including those beyond the IBS core symptoms, as well as
psychosocial strain, the level of functioning/participation,
and quality of life should be asked for early in the course
of the illness and regardless of the examiner’s subspecialty; (2) The whole range of symptoms and problems
should be considered when making a diagnosis. Comorbidity should be documented; (3) The whole range of
symptoms and problems should be borne in mind when
a treatment plan is established; and (4) When indicated,
other specialists should be brought in for both diagnostics
and treatment, for example, in the form of rheumatology,
infection, or psychosomatic medicine consultations.
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receptor antagonist. Otilonium has effectively reduced
pain and improved defecation alterations in placebocontrolled trials in IBS patients. Pinaverium bromide is
also an L-type calcium channel blocker that acts locally
in the GI tract. Pinaverium improves motility disorders
and consequently reduces stool problems in IBS patients. Phloroglucinol and trimethylphloroglucinol are
non-specific antispasmodics that reduced pain in IBS
patients in a placebo-controlled trial. Antispasmodics
have excellent safety profiles. T-type calcium channel
blockers can abolish visceral hypersensitivity in animal
models, which makes them potential candidates for the
development of novel therapeutic agents in the treatment of IBS.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Irritable bowel syndrome (IBS) is a long-lasting, relapsing disorder characterized by abdominal pain/discomfort and altered bowel habits. Intestinal motility impairment and visceral hypersensitivity are the key factors
among its multifactorial pathogenesis, both of which
require effective treatment. Voltage-gated calcium
channels mediate smooth muscle contraction and endocrine secretion and play important roles in neuronal
transmission. Antispasmodics are a group of drugs that
have been used in the treatment of IBS for decades.
Alverine citrate, a spasmolytic, decreases the sensitivity
of smooth muscle contractile proteins to calcium, and
it is a selective 5-HT1A receptor antagonist. Alverine, in
combination with simethicone, has been demonstrated
to effectively reduce abdominal pain and discomfort in
a large placebo-controlled trial. Mebeverine is a musculotropic agent that potently blocks intestinal peristalsis.
Non-placebo-controlled trials have shown positive effects of mebeverine in IBS regarding symptom control;
nevertheless, in recent placebo-controlled studies,
mebeverine did not exhibit superiority over placebo.
Otilonium bromide is poorly absorbed from the GI
tract, where it acts locally as an L-type calcium channel blocker, an antimuscarinic and a tachykinin NK2
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Key words: Irritable bowel syndrome; Motility; Treatment; Calcium channel blockers; Spasmolytics
Core tip: Treatment of irritable bowel syndrome (IBS)
must target intestinal motility alterations and visceral
hypersensitivity. Antispasmodics have been used in
the treatment of IBS for decades, and large placebocontrolled trials have recently been conducted on their
efficacy. Alverine citrate, in combination with simethicone, effectively reduced abdominal pain and discomfort; while otilonium bromide also improved defecation
problems. Pinaverium bromide regulated impaired motility and reduced stool complaints. Phloroglucinol and
trimethylphloroglucinol reduced pain in IBS patients.
Mebeverine was recently found to be effective only in
non-placebo-controlled trials. Antispasmodics are considered safe. T-type calcium channel blockers could
represent a future therapeutic option in IBS treatment.
Annaházi A, Róka R, Rosztóczy A, Wittmann T. Role of antispasmodics in the treatment of irritable bowel syndrome. World
J Gastroenterol 2014; 20(20): 6031-6043 Available from: URL:
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IBS based on the Rome Ⅲ system are recurrent abdominal pain or discomfort for at least 3 d per month over
the previous 3 mo, associated with two or more of the
following: improvement with defecation; and onset associated with a change in frequency of stool; and onset
associated with a change in form (appearance) of stool[12].
These criteria must be fulfilled for the previous 3 mo,
with symptom onset at least 6 mo prior to diagnosis. Depending on the predominant bowel symptom, IBS can
be classified as IBS with constipation (IBS-C, 20%-30%
of patients), IBS with diarrhea (IBS-D, 20%-30% of
patients) or IBS with “mixed” constipation and diarrhea
(IBS-M, up to 45% of patients)[13].
In this review, we aimed to collect and summarize
the available data on the efficacy and safety of modern
antispasmodics in the treatment of IBS, focusing on
placebo-controlled clinical trials using valid patient selection criteria.

http://www.wjgnet.com/1007-9327/full/v20/i20/6031.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i20.6031

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic gastrointestinal (GI) disorder affecting a significant proportion of
the global population, with a calculated prevalence of
approximately 11.2%[1]. IBS has a large impact on healthrelated quality of life, resulting in reduced work productivity, elevated absenteeism and increased health care use
and costs[2,3]. IBS can also seriously impair the patientdoctor relationship[4], because ineffective symptom control can diminish clinicians’ credibility and prompt the
patient to seek further opinions[5]. IBS has a long course
and high relapse rates, with more than half of IBS patients reporting the same symptom profile after 1 and
7 years and a further 25% having persistent minor IBS
symptoms[6]. Regarding the long term persistence of IBS,
effective long-term therapies are of great economic importance in both Eastern and Western countries; however, drug trials have revealed an extremely high relapse rate
in this disease[7]. Despite intensive research aiming to find
new therapeutic pathways, the present possibilities have
mostly focused on symptom suppression, and only a few
drugs have been found to be more effective than placebo
over the long term.
A heterogeneous group of drugs called “antispasmodics” or “spasmolytics” such as direct smooth muscle
relaxants (e.g., papaverine, mebeverine, peppermint oil),
anticholinergic agents (e.g., butylscopolamine, hyoscine,
cimetropium bromide, pirenzepine) and calcium channel
blockers (e.g., alverine citrate, otilonium bromide, pinaverium bromide), have been used in therapy for IBS for
decades. The aim of these drugs is to reduce defecation
symptoms by increasing colonic transit time, improving
stool consistency and reducing stool frequency. The pharmacological action of these agents is not always clear,
and the mechanisms are often mixed. Nevertheless, metaanalyses performed on studies comparing antispasmodics
to placebo or other treatments have uniformly confirmed
the positive effects of these drugs, and their side effect
profiles have been excellent[8]. Recent adverse reactions,
such as severe constipation, ischemic colitis and possible
deaths[9], have led to the transient withdrawal of alosetron, a 5-HT3 receptor antagonist, and fatal ventricular
arrhythmias caused the retraction of the mixed 5-HT3
antagonist/5-HT4 agonist cisapride in many countries,
thus highlighting antispasmodics as attractive and reliable
therapeutic options.
The accurate diagnosis of IBS has been a major pitfall in designing clinical trials in the past because a precise
definition has been lacking. After the proposal of previous diagnostic criteria by Manning et al[10] and later by
Drossmann et al[11], the Rome criteria were developed,
emphasizing the importance of a positive diagnosis
based on symptoms. Currently, the diagnostic criteria for
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PATHOPHYSIOLOGY OF IBS
Profound research over the last few decades has revealed
a multifactorial pathogenesis. Preceding enteric infections,
altered colonic or small intestinal bacterial flora, increased
gut permeability and immune activation may play a role in
the development of the disease[14-16]. Signals from the GI
tract are processed in the brain, which in turn can influence GI motility, secretion and immune function[17]. This
brain-gut axis is essential for the healthy regulation of
the GI system, and its structural or functional alteration
can lead to the development of disorders such as IBS[18].
Therefore, psychological factors and chronic stress can
also be involved in triggering symptoms[19], in association with alterations in the activity of specific brain regions[20,21]. Nevertheless, abnormal intestinal motility and
visceral hypersensitivity remain key factors in the pathogenesis of the disease[22]. The origin of visceral hypersensitivity seems to be complex. Intraluminal factors, such
as serine-proteases, can increase colonic permeability in
IBS-D patients by activating protease-activated receptor-2, resulting in visceral hypersensitivity[23]. Increased
colonic permeability in IBS-D patients has been correlated with stool frequency, which also suggests a role in
symptom generation[24]. Luminal cysteine-proteases have
been shown to increase colonic permeability through the
degradation of tight junction proteins, resulting in visceral hypersensitivity in IBS-C patients, possibly through
local microinflammation[25]. Colonic mucosal immune activation, which is characterized by mast cell, intraepithelial lymphocyte and lamina propria lymphocyte counts,
was found to be significantly higher in IBS-D than in
healthy controls[26]. This immune activation was similar
to inactive inflammatory bowel disease. Mast cells have
been implicated in the development of IBS: the number
of degranulating mast cells in colonic mucosa and their
spontaneous release of trypsin and histamine were markedly increased in IBS patients compared with controls[27].
Furthermore, mast cells in close proximity to nerve end-
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Figure 1 The number of short spike bursts measured by colonic intraluminal electromyography[34]. The values were calculated over the period of 15 (A) and
60 min (B). Each group included 8 patients. The 6-h screening session consisted of three 2-h periods: a control period; a period of stress (during which a cold pressor
test was performed for 15 min); and a post-prandial period (patients ingested a 800 kcal meal). SSBs: Short spike bursts. aP < 0.05 vs normal controls; cP < 0.05 vs
chronic constipation patients.

ings have been significantly correlated with the severity
and frequency of abdominal pain/discomfort in IBS
patients. Enterochromaffin cells can also play important
roles in the development of visceral hypersensitivity by
producing and releasing serotonin, which activates 5-HT3
receptors located on afferent sensory neurons[28]. Furthermore, the activation of 5-HT4 receptors on sensory
afferent neurons triggers the peristaltic reflex, whereas
5-HT4 receptors on colonic smooth muscle mediate relaxation[29,30]. Motility disturbances in IBS patients have
been well known for decades. Baseline muscular tone was
found to be higher in IBS-D and IBS-M but not in IBS-C
compared with healthy individuals[31]. Further abnormalities in colonic motility patterns are characterized by
hyperreactivity - namely, a prolonged increase in colonic
motor activity after meals, an exaggerated increase in motor activity in response to stressors or cholecystokinin
(CCK) and increased motor activity in response to balloon distention[32]. Stress alone can be an important factor
in the pathogenesis of motility disturbances, as suggested
by long-duration restraint in rats having been shown to
induce rapid, dramatic changes in small bowel motility,
with gradually increasing differences in colonic motility
as measured by electromyography[33]. Colonic motility
changes were still present 60 h after such restraint stress,
suggesting that these persistent alterations could form the
basis of the development of functional disorders. In a
study measuring electromyographic activity in the left colon with an intraluminal probe, a large increase in shortspike bursts was induced by stress (via the cold pressor
test) in IBS-C patients but not in controls or in chronically constipated patients, and this difference remained
significant for 2 h after the stress episode (Figure 1)[34].
Ingestion of a standard meal has provoked the increase
of aboral migrating long spike bursts in control subjects,
but this propulsive motor effect was largely depressed
in IBS-C patients[35]. In a subsequent study, repetitive
distention of the distal sigmoid colon below the sensory
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threshold in IBS patients induced exaggerated colonic
motility[36]. Small bowel motility was also impaired, as the
repetitive distention inhibited motility of the small intestine in healthy subjects, whereas no such effect was observed in IBS patients[36]. Specific patterns of small bowel
motor activity have also been described in IBS patients,
such as ileal propulsive waves and clusters of jejunal
pressure activity, which have usually been associated with
abdominal cramping and pain[37]. Visceral hypersensitivity
by itself is not painful, but it can lead to abdominal pain
in IBS patients by the effect of an intense stimulus, such
as an exaggerated colonic contraction[38]. However, a clear
connection between visceral hypersensitivity and motility
disturbances could not been established, and these two
factors have usually been considered independent, both
requiring effective treatment[31].

VOLTAGE-GATED CALCIUM CHANNELS
Voltage-gated calcium channels are ion channels mediating calcium influx in response to membrane depolarization, and they regulate intracellular processes, such
as contraction, secretion, neurotransmission and gene
expression, in a variety of cells[39]. Calcium-channels
are traditionally classified by their current properties
and pharmacology[40]. The L (long-lasting)-type calcium
channel is a large-conductance channel that produces
long-lasting current at strong depolarizations, and it is
generally inhibited by dihydropyridine (DHP) derivatives[41]. L-type currents are most important for muscle
and endocrine cells, in which they mediate contraction
and secretion[39]. In neurons and cardiac pacemaker cells,
L-type currents can also be found to activate at lower
voltages. N (neuronal)-type currents are also long-lasting,
but they require strongly negative potentials for the complete removal of inactivation and strong depolarizations
for activation, and they are not blocked by DHP[41]. In
Purkinje cells, three further channels have been identi-
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fied. P-type currents are blocked by low concentrations
of ω-agatoxin, whereas the Q-type is only responsive to
high concentrations. Residual currents, which were resistant to all known calcium-blockers at the time of their
discovery, were called R (resistant)-type. The last group
of voltage-gated calcium channels, the T (transient)-type,
is characterized by a small and transient conductance activated upon weak depolarizations[41]. These currents are
responsible for modulation of the action potential and
for the performance of pacemaker activities.
The medical use of calcium antagonists started in the
1980s with DHP-type antagonists, which block L-type
channels, in the treatment of hypertension by exploiting
their properties as vasodilators[40]. Because a Ca2+ increase
in smooth muscle is required for contraction, calcium
antagonists induce relaxation of blood vessels, followed
by a consequent reduction in blood pressure. Further,
relaxation of the coronary arteries increases coronary
flow, acting against angina pectoris. Calcium antagonists
have no effect on skeletal muscles; however, they slightly
influence cardiac muscle by decreasing pacemaker activity
and conduction. Based on the well-known gastrointestinal motility impairments in IBS, calcium antagonists used
for cardiovascular conditions appeared to be potential
options for relieving symptoms by relaxing the colonic
smooth muscles. Therefore, in the late 1980s, nicardipine
was proposed for the treatment of irritable bowel syndrome, based on its spasmolytic properties[42]. Nonetheless, cardiovascular side effects have seriously limited the
application of such calcium antagonists, thereby inspiring
researchers to identify substances that act selectively on
the gastrointestinal tract.

the doses used in clinical practice would not reach this
concentration in humans. They concluded that alverine
citrate should be considered a true spasmolytic, because
it suppresses the duration of spontaneous contractions
of the gut, preventing local ischemia and reflectoric pain
in the colonic wall evoked by “spasms”. In addition, it
has also been noted that alverine can increase calcium
influx during action potentials by inhibiting the inactivation of calcium channels, but it reduces the sensitivity of
contractile proteins to calcium, consequently suppressing
the evoked muscular activity. Stress-induced colonic motility changes are an important factor in the pathogenesis
of IBS; therefore, the clinical effects of alverine and the
antifoaming agent, simethicone were tested in a rat model
of colonic hypersensitivity induced by acute restraint
stress[45]. Treatment with simethicone (200 mg/kg po)
or alverine citrate (10 mg/kg po) reduced stress-induced
increases in colonic permeability and hypersensitivity to
distension, but lower doses were ineffective[45]. However,
the combination of inactive doses of simethicone (100
mg/kg) with low doses of alverine (7 mg/kg) completely
abolished the effects of stress, suggesting a synergistic
action.
Clinical trials: Clinical studies on alverine citrate in IBS
have been scarce (Table 1). In a randomized, placebocontrolled, double-blind clinical trial conducted in three
British centers, after a 2-wk screening period, IBS patients selected according to the modified Rome criteria
received 12 wk of treatment with 120 mg alverine citrate
three times daily[46]. The patients completed diary cards
about abdominal pain or discomfort, bloating, bowel
movements, stool consistency, and general well-being;
furthermore, the severity and frequency of abdominal
pain, bloating, nausea and early satiety were assessed at
study visits four times during treatment. Although abdominal pain, bloating and general well-being were all
slightly more improved in the alverine-treated group than
in the placebo group, when comparing the first diary card
to the third, the difference was not statistically significant.
This finding might be explained by the placebo effect being exceptionally high, sometimes reaching almost 70%,
which would require a study with a much great number
of participants to detect a possible positive effect of alverine. Regarding safety, no serious adverse events were
reported in the study, and more patients experienced adverse events in the placebo group (48.1%) than in the alverine-treated group (39.6%). Using the well-known spasmolytic properties of alverine, a randomized, placebocontrolled trial showed that pretreatment of patients over
5 d with 60 mg alverine citrate plus 300 mg simethicone
three times daily reduced intubation time during colonoscopy by 19%; nonetheless, it did not affect scores for
pain, spasm, difficulty or cleanliness[47]. The combination
of alverine with simethicone was also tested in a doubleblind, placebo-controlled, randomized trial conducted
in 17 sites in Hungary and Poland[48]. A total of 412 IBS
patients meeting the Rome Ⅲ criteria received a combi-

MODERN ANTISPASMODICS WITHOUT
CARDIOVASCULAR SIDE EFFECTS
Alverine citrate
Experimental studies: Alverine citrate is an antispasmodic
drug that inhibits calcium uptake and modulates smooth
muscle activity. An experimental study on anesthetized cats
showed that alverine acts on vagal sensory endings of the
GI tract, where it decreases the responses of mechanoreceptors to mechanical and chemical stimuli[43]. Because
chemically induced responses and smooth muscle contraction are both calcium dependent, decreased chemical sensitivity and smooth muscle relaxation can be explained
by reduced calcium influx. In addition, a calcium-independent mechanism of action, such as selective 5-HT1A
receptor antagonism, might also be present, which has
been demonstrated in rats using a 5-HT agonist-induced
hypersensitivity model[44]. However, the picture is more
complex than first thought - in guinea pig urinary bladder
preparations, the frequency of spontaneous contractions
in endogenously active smooth muscle was surprisingly
increased by low doses of alverine citrate, whereas contraction amplitude was decreased. Higher doses of the
drug could suppress both the frequency and amplitude
of contractions; nevertheless, the authors speculated that
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Table 1 Characteristics and primary outcomes of randomized, double-blind, placebo controlled clinical trials in irritable bowel
syndrome patients
Ref.

IBS
population

Mitchell et al[46]
Wittmann
et al[48]

Selection
criteria

All subtypes Modified
Rome
All subtypes Rome Ⅲ

Connel et al[52]

All subtypes

Kruis et al[58]

All subtypes

Enck et al[59]

All subtypes

Everitt et al[61]

All subtypes

Baldi et al[69]

Battaglia et al[70]

Abdominal
pain
predominant
All subtypes Drossman

Clave et al[72]

All subtypes

Awad et al[85]

All subtypes

Dose

Duration

Outcome

Alverine citrate vs
placebo
Alverine citrate +

120 mg tid

12 wk

No significant difference compared to placebo

60 mg tid +

4 wk

simethicone vs placebo

300 mg tid

Mebeverine vs placebo

100 mg qid

16 wk

Significantly reduced abdominal pain and discomfort
compared to placebo
More therapy responders, regardless of stool pattern,
compared to placebo
Superior in controlling IBS symptoms compared to
placebo
No significant difference compared to placebo

16 wk

Therapy response rate lower than placebo

6 wk

No significant difference between drugs
Significantly increased enablement at 6 and 12 wk in
website group compared to no website group, significantly
more participants scored their subjective assessment
of global relief as improved at 12 wk in website group
compared to no website group.
No significant difference in abdominal pain, bloating and
general well-being compared to placebo, but significantly
reduced sigmoid motility
Significantly better compared to placebo in reduction of
abdominal pain frequency, global score improvement of
abdominal pain and discomfort, therapy responder rate,
reduced tenderness of the sigmoid colon, higher general
well-being and global judgement of investigators; superior
in improving severity of diarrhea/constipation, number of
evacuations and mucus in stool; more effective in treating
diarrhea, but not constipation
Reduced abdominal pain frequency and bloating and
improved stool frequency and patient global assessment
compared to placebo; lower symptom recurrence after
treatment
Significantly reduced post-prandial rectal spike amplitude
plus frequency and spontaneous recto-anal inhibitory
reflex frequency compared to placebo
Significantly higher relative decrease of pain intensity
and responder rate in the phloroglucinol plus
trimethylphloroglucinol group compared to placebo;
persisting treatment effect in a higher percent of patients
treated with phloroglucinol plus trimethylphloroglucinol
Significantly improved subjects' global assessment and
decreased stool frequency

Mebeverine vs placebo vs 400 mg daily
Wheat bran
Mebeverine vs placebo vs
Dietary fiber
Rome Ⅲ
Mebeverine vs
135 mg tid
methylcellulose vs
3 tbl. bid
placebo with/without
cognitive behavioral
therapy web site
(assisted or not)
Otilonium bromide vs
40 mg tid
placebo

Rome Ⅱ

Chassany et al[98] All subtypes

Rome Ⅱ

Cha et al[99]

Rome Ⅲ

IBS-D

Treatment

12 wk

Otilonium bromide vs
placebo

40 mg tid

15 wk

Otilonium bromide vs
placebo

40 mg tid

15 wk

Pinaverium bromide vs
placebo

50 mg tid

Phloroglucinol +
62.2 mg + 80
trimethylphloroglucinol
mg tid
vs placebo

Phloroglucinol vs
placebo

80 mg tid

1 wk

2 wk

Characteristics and primary outcomes of randomized, double-blind, placebo controlled clinical trials in irritable bowel syndrome (IBS) patients with alverine citrate, mebeverine, otilonium bromide, pinaverium bromide and phloroglucinol. IBS-D: IBS with diarrhea.

Mebeverine
Experimental studies: Mebeverine is a beta-phenyletylamine derivative of reserpine, which has relatively specific
effects on smooth muscle cells without atropine-like side
effects in humans[49]. It directly blocks voltage-operated
sodium channels and inhibits intracellular calcium accumulation[49,50]. It is three times more potent than papaverine in inhibiting the peristaltic reflex of the guinea-pig
ileum[51], but further animal studies on its pharmacological effect have been lacking.

nation of 60 mg alverine citrate and 300 mg simethicone
or placebo three times per day for 4 wk. Combined alverine citrate and simethicone treatment achieved a higher
reduction in abdominal pain and discomfort, as measured
using visual analog scale (VAS) scores, and significantly
more patients responded to therapy than to placebo, regardless of stool pattern. A visible, but not statistically
significant, trend was also observed, showing greater
improvement in IBS life impact scores with combination
therapy than with placebo. No severe drug-related adverse events were noted in the study, and the numbers of
adverse events were similar in both groups.
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Clinical trials: Mebeverine became treatment of inter-
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est for IBS in the 1960s. In an early study by Connell[52],
iv mebeverine decreased all sigmoid colonic motility,
especially in hyperactive subjects, and it had less or no
effect in hypoactive subjects. In a subsequent part of the
study, mebeverine was superior to placebo at each time
point over 12 wk of treatment in IBS patients in terms
of symptom improvement and general well-being. Using
prolonged ambulant manometry in 12 IBS patients and
6 healthy controls, compared to a placebo period, mebeverine had no significant effects on interdigestive small
bowel motor parameters in controls; in contrast, a higher
phase 2 motility index was observed in both IBS-D and
IBS-C patients, and phase 3 motility was also affected[53].
These alterations in small bowel motile activity by mebeverine suggest possible spasmolytic and prokinetic effects
in IBS patients.
Regarding symptom control in IBS, non-placebocontrolled studies have shown positive results. Significant
improvement was observed after 6 wk of treatment
with both the plain and sustained-release forms of mebeverine, with a minimal number of adverse events[54].
When comparing pinaverium bromide to mebeverine
in 91 IBS-D patients, the improvements in global wellbeing were similar in the two groups, the daily defecation
frequencies were markedly decreased, and stool consistencies became well formed in both groups, while no
significant side effects were observed[55]. In a clinical trial
comparing the effects of ramosteron, a 5-HT3 receptor antagonist, to those of mebeverine in patients with
IBS-D, both treatments were equally effective in reducing
abdominal pain/discomfort and urgency and improving
the stool form score and stool frequency compared to
baselines[56].
However, when the effects of mebeverine have been
compared to placebo and not compared to another drug
or measured by self-control, the results have been controversial. A recent systematic review, including eight
randomized trials, revealed that clinical improvement and
relief of abdominal pain by mebeverine treatment were
not statistically significant compared to placebo[57-59]. No
differences were found in the effectiveness of 200 and
135 mg mebeverine doses. Tolerability was excellent,
without significant adverse effects. Similarly, no positive
effects of mebeverine over placebo were seen in an exploratory study performed in 135 IBS patients fulfilling
the Rome Ⅲ criteria who were recruited from general
practice, when mebeverine, methylcellulose and placebo
were compared, with or without the combination of a
cognitive behavioral therapy-based self-management web
site (with or without additional telephone and e-mail support)[60,61]. Disappointingly, the use of the web site also
did not improve IBS symptom severity scores or quality
of life scores significantly over the “no web site” group;
nevertheless, there was a visible trend toward continued
improvement in the self-management group (particularly
those with telephone support) throughout the study,
while the “no web site” group and the medication groups
seemed to lose their therapeutic gains from weeks 6 to
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12. However, in a study performed in London, personal
sessions of cognitive behavioral therapy were beneficial
in addition to mebeverine, and the effects persisted for
up to six months after therapy, both in terms of symptom relief and improvement in social and work disability[62]. Depression and anxiety predict poor outcomes in
mebeverine-treated IBS patients, and in cases of patients
with unhelpful coping behaviors (e.g., avoidance), the
combination of mebeverine with cognitive-behavioral
therapy could be useful[63].
Otilonium bromide
Experimental studies: Otilonium bromide is weakly
absorbable from the GI tract due to its quaternal ammonium structure; thus, it is almost completely excreted in
the feces[64]. In experimental studies, it accumulated in the
walls of the GI tract after oral administration, with minimal systemic absorption[65]. Its effects are rather complex,
consisting mainly of L-type calcium-channel blockade,
but binding to muscarinic M1, M2, M4 and M5 receptors
has also been observed[66]. Antagonism of M3-coupled
calcium signals in human colonic crypt cells suggested an
anti-secretory action in IBS-D patients[67]. Additionally,
by antagonism of tachykinin NK-2 receptors, otilonium
not only causes spasmolysis but also reduces peripheral
sensory afferent transmission to the central nervous
system[64]. These effects suggest that otilonium could be
effective in reducing both of the main symptoms of IBS:
spasms and abdominal pain.
Clinical trials: In a small study of 15 IBS patients, one
week of treatment with otilonium bromide significantly
increased the pain threshold of IBS patients to anorectal
distension, while thresholds for first sensation and stool
remained unchanged[68]. In a multicenter, double-blind,
placebo-controlled trial with 72 IBS patients in Italy,
treatment with 40 mg otilonium bromide three times
daily significantly decreased abdominal pain and bloating, improved well-being and global assessment, while
it markedly increased the pain threshold during sigmoid
distension. Nevertheless, these results did not differ
from those of the placebo group[69]. However, otilonium
significantly reduced sigmoid motility during distension,
whereas placebo did not, suggesting the need for larger
studies, a different setup or more accurate patient selection. Seven years later, the results of a larger trial were
published in Italy, including 375 IBS patients selected by
the Drossman criteria, when a 2-wk placebo run-in period was included to exclude patients with low compliance
or with quickly resolving symptoms[70]. After randomization, the patients received 40 mg otilonium bromide or
placebo three times daily for 15 wk, and their symptoms
were assessed at weeks 5, 10 and 15. Abdominal pain
frequency was reduced in both of the groups, with a
statistically significant difference in favor of otilonium
after 10 and 15 wk of treatment. The global score improvements in abdominal pain and discomfort were significantly greater in the otilonium group throughout the
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whole study. Therapy was successful in significantly more
patients treated with otilonium than in those treated with
placebo. Defecation disturbances improved similarly in
both groups. Tenderness of the sigmoid colon, general
well-being and global judgements by the investigators all
differentially improved in the otilonium-treated group.
Extended analysis of the data from this study with different analysis forms 3 years later revealed that otilonium
had therapeutic gains over placebo not only in terms of
pain intensity, pain frequency and meteorism but also
regarding the severity of diarrhea/constipation, the number of evacuations and the presence of mucus in stool[71].
When sorting patients according to stool habits, otilonium was more effective than placebo in treating diarrhea
but was only as effective as placebo in managing constipation.
Otilonium bromide in irritable bowel syndrome (OBIS)
was a recent international clinical trial in which patients
diagnosed according to the Rome Ⅱ criteria received
40 mg otilonium bromide three times a day or placebo
over 15 wk after randomization[72,73]. Otilonium bromide
effectively reduced abdominal pain frequency and bloating, while improving stool frequency and patients’ global
assessments, compared to placebo. The prominent
outcome of this study was the efficacy of otilonium in
dramatically reducing abdominal pain frequency from
more than half of the days to less than one day per
week, compared to the persistent 1-3 episodes in the
placebo group. Otilonium had no significant effects on
pain severity, stool consistency or mucus in the stool.
During the 10-wk follow-up period after finishing treatment, the likelihood of symptom recurrence was significantly higher in the placebo group than in the otilonium
group. This finding might be explained by the elongated
persistence of otilonium in the colonic wall due to its
lipophilic properties. No serious adverse events occurred
in the study, and only three adverse events, consisting of
dry mouth or nausea, were judged by the investigator to
be related to otilonium’s side effects.
When compared to other spasmolytics in a meta-analysis, otilonium bromide performed outstandingly among
12 different antispasmodics in terms of IBS symptom
control[74]. In a double-blind, randomized, active-controlled trial conducted in China of IBS patients selected
according to the Rome Ⅱ criteria, the results confirmed
the similar, but not superior, efficacy of otilonium to that
of mebeverine in the management of the frequency and
intensity of abdominal pain, and abdominal bloating, flatulence and satisfactory stool frequency were all improved
similarly by both therapies[75]. The most common side
effects of dry mouth and nausea/dizziness - recorded in
previous studies as well-might have been caused by peripheral and central muscarinic antagonism, respectively,
and could be explained by the known ability of otilonium
to bind to muscarinic receptors[66].

quaternary ammonium derivate that is poorly absorbed,
with pronounced pharmacological effects in the gastrointestinal tract instead of the cardiovascular system[76].
It has a low absorption rate from the GI tract, corroborated by hepato-biliary excretion[64]. It has been shown
that its effects are very similar to those of the established
L-type calcium-channel blockers (nitrendipine, diltiazem, D600); that is, it reduces the plateau phase of slow
waves, thereby inhibiting calcium influx and preventing
consequent contractions[77]. Pinaverium has been shown
to inhibit the contractile response in dog and rat colonic
smooth muscle preparations to acetylcholine, the neurotransmitter of cholinergic intrinsic nerves[77,78]. Similarly, in colonic smooth muscle cells isolated from normal
or inflamed human colons, pinaverium bromide inhibits
contraction induced by different agonists (CCK 8, carbachol or KCl)[79]. In inflamed colonic cells, pinaverium
exerts more pronounced inhibition than the non-GIselective L-type calcium channel blockers nicardipine and
diltiazem. This effect of pinaverium on colonic smooth
muscle cells is mediated mainly by the inhibition of calcium influx through L-type calcium channels, thereby
inhibiting contractions induced by acetylcholine or KCl
in rat preparations[80]. Stress plays an important role in the
pathogenesis of IBS; therefore, colonic smooth muscle
preparations from cold restraint-stressed rats have also
been examined, revealing that the hypermotility observed
after stress is mostly related to increased calcium influx
into the cells[80]. This observation supports the use of pinaverium in IBS, in which pathological colonic hypermotility must be suppressed. Furthermore, in rats chronically
fitted with intraparietal electrodes in the proximal colon,
pinaverium bromide has been found to have no effect
on colonic long spike bursts in the fasting state, but it inhibits increases in colonic spike burst frequency induced
by a meal or by CCK-8[81]. However, it loses its effects in
capsaicin-pretreated animals, showing the participation
of sensory afferent neurons in the mechanism of action,
which might also explain the efficacy of pinaverium bromide in treating the two main features of IBS: motility
disorders and gut hypersensitivity.
Clinical trials: Pinaverium bromide has been used for
managing functional bowel disorders for decades, with
double-blind studies performed as early as 1977[82]. Its
effects on colonic smooth muscle have been well established by animal experiments; however, intensive
research has only started to characterize its mechanism
of modifying GI motility in humans. In an early pilot
study performed in 12 IBS patients, colonic motility was
detected by surface electromyography over a 2-h fasting
period and a 2-h postprandial period following a standard meal, before and after 10 d of treatment with 50
mg pinaverium bromide three times daily[83]. The leading
symptoms, such as abdominal pain, bloating and altered
bowel habits, started to ameliorate on day 4 of treatment. Abnormal colonic motility patterns (viz., increased
frequency and amplitude of contraction, arrhythmia in

Pinaverium bromide
Experimental studies: Pinaverium bromide is also a
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Phloroglucinol
Experimental studies: Phloroglucinol is a phenol derivative with non-specific antispasmodic properties, together
with its methylated form trimethylphloroglucinol. The
mechanism of action is most likely based on the direct
inhibition of the voltage-dependent calcium channels
of smooth muscle; however, the modulation of prostaglandin or nitric oxide release has also been suggested[91].
Although it has long been used in clinical practice as an
antispasmodic for painful urogenital and gastrointestinal
conditions, in an early study on anesthetized rats, phloroglucinol was found to be inactive toward the contraction
of the duodenum, ileum and colon[92]. Similarly, in anesthetized dogs, phloroglucinol plus trimethyl-phloroglucinol failed to antagonize acetylcholine-induced contraction
of the colon[93].

motoric activity), which were particularly pronounced
post-prandially, diminished after 10 d of treatment. In
a continuation of this pilot study, the authors studied
22 IBS patients and 7 healthy controls[84]. The healthy
controls received no treatment but served as controls for
electromyographic measurements. The study protocol
was as previously described, except for the length of
pinaverium bromide therapy, which was extended to 14
d. The results showed increased fasting and postprandial
colonic motility parameters in IBS patients compared to
controls, which was effectively reduced by 14 d of pinaverium bromide therapy. Abdominal pain and bloating
were also significantly improved by treatment. Stool frequency was normalized by pinaverium bromide therapy
in both diarrheic and constipated IBS patients. The effects of pinaverium bromide on intestinal motility were
affirmed by a further randomized, double-blind, placebocontrolled trial on IBS patients[85]. Pinaverium bromide
was administered in a 50 mg dose (po, tid), and myoelectrical and mechanical activities of the rectum and the
internal anal sphincter were recorded before treatment, in
the fasting state and at 2 h post-prandially. Post-prandial
rectal spike amplitude and frequency, as well as the frequency of the spontaneous recto-anal inhibitory reflex,
were significantly decreased after treatment with pinaverium bromide. Pinaverium bromide was also able to
change colonic transit and colonic responses to food in
IBS patients, as demonstrated by a technique using orally
ingested radiopaque markers visible on plain abdominal
X-rays[86]. Beneficial effects of pinaverium bromide treatment were also demonstrated by an open trial, in which
61 treated IBS patients experienced significantly reduced
abdominal pain, improved stool consistency, reduced
defecation straining and urgency, and decreased mucus
in stool, with good drug tolerance and few side effects[87].
The clinical efficacy of pinaverium bromide was also
evaluated using a statistical technique new to the fieldnamely, by employing polar vectors on data from a phase
Ⅳ clinical trial with 1677 Rome Ⅲ IBS patients receiving
pinaverium bromide combined with simethicone[88]. The
results showed amelioration of stool frequency and consistency in IBS-C, IBS-D and IBS-M patients; furthermore, the intensity of abdominal pain and bloating was
also significantly reduced.
When comparing pinaverium to otilonium bromide
in IBS, both treatments were similarly useful in reducing the intensity of pain and in regulating bowel movements, but otilonium was superior to pinaverium in terms
of decreasing pain frequency[89]. The side effects were
similar in the two groups. The use of pinaverium has
generally been considered safe; however, the drug is not
licensed for use in pregnant women. In a letter reporting
ten involuntary cases of pregnant women taking pinaverium bromide due to dispensing errors, nine individuals
delivered healthy babies, while the tenth experienced a
spontaneous abortion 1 week after the ingestion of pinaverium[90]. Several women complained of abdominal
pain and constipation in parallel with pinaverium use.
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Clinical trials: In parallel with animal studies, phloroglucinol plus trimethyl-phloroglucinol had no clear effects
in humans on ascending and sigmoid colon hypermotility
evoked by neostigmine[94]. However, in 20 IBS patients, iv
phloroglucinol effectively reduced postprandial rectosigmoid motility increases after a test meal, compared to placebo[95]. In another study of IBS patients, phloroglucinol
inhibited phasic contractions provoked by intrarectally
injected glycerol, but it did not modify colonic tone[96]. In
an open-label study of 100 IBS patients selected according to the Rome Ⅱ criteria, po 50 mg phloroglucinol was
administered three times daily for two months[97]. The 68
patients who completed the study reported significant
improvement in abdominal pain, frequency of stools per
day, urgency, passage of mucus per the rectum, sense of
incomplete defecation and bloating. Nevertheless, straining was unchanged. Further, a multicenter, randomized,
double-blind, placebo-controlled trial examined the effects of phloroglucinol/trimethylphloroglucinol (62.2
mg P plus 80 mg TMP three times daily) or placebo for
7 d in 307 IBS patients diagnosed using the Rome Ⅱ
criteria[98]. The relative decrease in pain intensity and the
responder rate were significantly higher in the P/TMPtreated group, compared to the placebo-treated group.
Further, the treatment effect persisted up to the 7th day
in a higher percentage of patients treated with P/TMP
than in those treated with placebo. The frequency and
severity of adverse events did not differ between the two
treatment groups, and no adverse events were considered
sufficiently serious to stop treatment. Finally, according
to a preliminary report, 72 patients with D-IBS, based on
the ROME Ⅲ criteria, were involved in a double-blind,
placebo-controlled trial and were treated with placebo or
phloroglucinol (80 mg) three times daily for 14 d after a
1-wk run-in period[99]. Significantly more patients reported “moderate or more improvement” in Subjects Global
Assessment in the phloroglucinol group than in the placebo group over the 2-wk period of treatment and the
1-wk post-treatment period. Stool frequency decreased
significantly in the phloroglucinol group, compared to
the placebo group. Individual symptom scores and stool
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recently in vitro in cell cultures and in mice DRGs, showing that TTA-A2 potently inhibited recombinant and
native T-currents in sensory neurons expressing CaV3.2like T-type channels, consequently decreasing their excitability[110]. Moreover, in the previously described rat IBS
model, systemic administration of TTA-A2 robustly
abolished butyrate-induced hypersensitivity and induced
a statistically significant dose-dependent antihyperalgesic effect[110]. These results demonstrate that T-channel
blockers are promising candidates for further research
into novel analgesics that could be potentially useful for
treating the characteristic symptoms of IBS, such as visceral pain and discomfort.

consistency also improved significantly, but they did not
differ from those of the placebo group. Regarding its
safety, a French epidemiologic study of phloroglucinol in
pregnancy did not find evidence of a teratogenic risk in
humans[100].

FUTURE PERSPECTIVES: T-TYPE
CALCIUM CHANNELS
The low-voltage-activated or T-type Ca2+ channels (Tchannels) are a subclass of voltage-gated Ca2+ channels
named after their characteristic of being activated by
small depolarizations of the plasma membrane[101,102].
They can also generate neuronal spontaneous firing and
pacemaker activities, and they generally control excitability[101,102]. In mammals, T-channels are encoded by three
pore-forming calcium-channel α1 subunit genes: CaV3.1,
CaV3.2 and CaV3.3. The CaV3.2 subtype is expressed
in the cell bodies and nerve endings of somatic afferent
fibers, where it plays a role in regulating neuronal excitability and modifying pain perception[103,104]. Knockout of
the CaV3.2 gene results in decreased mechanical, thermal
and chemical sensitivity in mice, compared to their wildtype littermates[105], whereas systemic injections of mibefradil, a T-channel antagonist, induces mechanical and
thermal antinociception in rats without affecting their
sensorimotor abilities[106]. Interestingly, ethosuximide, an
anti-epileptic and relatively selective T-channel blocker,
elicits near-complete reversal of mechanical allodynia/hyperalgesia in a rat model of painful peripheral neuropathy
induced by the chemotherapeutic agent paclitaxel, whereas opiates and the NMDA receptor antagonist MK-801
are only slightly or not effective in this model[107]. Despite
the importance of T-channels in somatic pain perception, their roles in visceral perception and gastrointestinal
pathologies have not been well established. Recently,
an interesting study demonstrated the possible role of
T-channels in the pathophysiology of IBS[108]. IBS was
modeled in rats using intracolonic sodium butyrate injections, a method that induces colonic hypersensitivity by
reproducing the elevated colonic butyrate concentrations
found in a subset of IBS patients resulting from butyrogenic enteric flora[109]. CaV3.2 knockdown treatment prevented butyrate-induced hypersensitivity without modifying colonic sensitivity in control rats, suggesting that
CaV3.2 channels do not significantly participate in colonic sensitivity under healthy conditions[108]. Further, the
T-channel blocker mibefradil reversed butyrate-mediated
colonic hypersensitivity by both intrathecal and topical
routes. Similarly, intraperitoneal administration of other
T-channel antagonists, ethosuximide and NP078585,
produced robust antihyperalgesic effects[108]. T-channels
were up-regulated in the dorsal root ganglions (DRGs)
of butyrate-treated animals, and neuronal T-type current
density was also increased, emphasizing the participation
of T-channels in the mechanism of colonic hypersensitivity[108]. Based on these results, the antinociceptive effects
of TTA-A2, a state-dependent CaV3 blocker, were tested
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CONCLUSION
In conclusion, antispasmodics without cardiovascular actions, such as alverine citrate, mebeverine, otilonium bromide, pinaverium bromide and phloroglucinol, are widely
used in therapy for IBS. Their effects are mostly based on
their spasmolytic properties via the inhibition of calcium
influx into smooth muscle cells. Further, otilonium could
have direct inhibitory effects on primary sensory afferents, thus reducing hypersensitivity, which is a common
feature in IBS. Otilonium and pinaverium are quaternary
ammonium derivatives that are poorly absorbed from
the GI tract, therefore mainly acting locally. Clinical trials
with antispasmodics in IBS have sometimes been controversial, which can be explained by the marked placebo effect in many cases. Nevertheless, the overall results have
generally been positive, showing that antispasmodics
are able to regulate GI motility disturbances, defecation
alterations and abdominal pain/discomfort, with excellent safety profiles. A new generation of calcium-channel
blockers acting on T-type calcium channels could represent a novel therapeutic pathway in the future for the
management of IBS.
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Acupuncture-moxibustion in treating irritable bowel
syndrome: How does it work?
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mechanism studies from the perspectives of gastrointestinal motility, visceral hypersensitivity, the braingut axis, the neuroendocrine system, and the immune
system. It is shown that acupuncture-moxibustion can
effectively regulate the above items, and thus, this
treatment should have a high efficacy in the treatment
of IBS. This article also identifies existing problems in
current mechanism research and raises several ideas
for future studies. Further revelations regarding these
action mechanisms will promote the application of acupuncture-moxibustion in treating IBS.
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Core tip: This is a review of the latest advances made
towards identifying the action mechanisms of acupuncture-moxibustion in treating irritable bowel syndrome
(IBS). How does this ancient therapy affect gastrointestinal motility, visceral hypersensitivity, the brain-gut
axis, the neuroendocrine system, the immune system,
and other factors involved in the pathogenesis of IBS?
This paper details answers to these questions.
Ma XP, Hong J, An CP, Zhang D, Huang Y, Wu HG, Zhang CH,
Meeuwsen S. Acupuncture-moxibustion in treating irritable
bowel syndrome: How does it work? World J Gastroenterol
2014; 20(20): 6044-6054 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i20/6044.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6044

Abstract
Irritable bowel syndrome (IBS) is a functional intestinal
disease characterized by abdominal pain or discomfort
and altered bowel habits. It has drawn great attention
because of its high prevalence, reoccurring symptoms,
and severe influence on patients’ lives. Many clinical
studies have demonstrated the efficacy of acupuncturemoxibustion in treating IBS. Increasing attention has
been paid to research regarding the action mechanisms
of acupuncture-moxibustion for IBS, and the adoption
of modern techniques has achieved some progress.
This article reviews the latest advances among action
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common chronic
functional gastrointestinal condition that is majorly char-
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in constipation-predominant IBS (C-IBS) patients[17].
In a clinical study, 10 patients with D-IBS conforming
to the Rome Ⅲ diagnostic criteria received acupuncture
and were observed for the changes in their borborygmus
frequency and colonic peristalsis after acupuncture intervention. Compared with 10 healthy controls, the borborygmus frequency and colonic peristalsis were significantly
higher before acupuncture (P < 0.01). However, after the
acupuncture treatment, the two metrics of the IBS patients had been downregulated (P < 0.05). These results
indicate that acupuncture can immediately regulate colonic peristalsis in D-IBS patients[18]. An electrocolonogram
(ECOM) revealed that acupuncture at Zusanli (ST 36)
(Figure 1A) was able to produce a virtuous bidirectional
regulation of the ECOM in IBS cases of different TCM
syndromes. Before treatment, IBS patients with splenic
deficiency due to dampness had a decreased frequency of
peak (Fp) in the sigmoid colon, suggesting that the tension of sigmoid colon should be low. The amplitude of
peak (Ap), Fp, and the average zero-crossing frequency
(Fz) increased after acupuncture, revealing that acupuncture at ST 36 can enhance colon contraction. In contrast,
Ap, Fp, and Fz were abnormally high in IBS patients due
to liver-intestine qi stagnation before acupuncture, suggesting that the sigmoid colon was hyperactive and the intestine wall was extremely contracted. After acupuncture,
Ap, Fp, Fz dropped significantly, revealing that acupuncture at ST 36 downregulated colonic motility[19].
In animal experiments, IBS rat models were designed
to observe the effect of electroacupuncture on intestinal
dysmotility. Bilateral ST 36 and Shangjuxu (ST 37) (Figure
2A) were treated with electroacupuncture by selecting
sparse-intense waves [100 Hz/2 Hz; 1, 2, 3 mA (increased
by every 10 min)]. Each session lasted 30 min, and sham
electroacupuncture was adopted in the controls. Compared with normal controls before treatment, the colonic
peristalsis was significantly higher in adult IBS rats (P <
0.05). After 30 min of electroacupuncture treatment, the
colonic peristalsis of the IBS rats had dropped (P < 0.05),
while the IBS rats in the sham electroacupuncture group
showed no obvious changes in colonic peristalsis (P >
0.05). The above study showed that IBS rat models had
an abnormally increased intestinal motility that was significantly suppressed by electroacupuncture[20]. Another
experiment revealed that herb-partitioned moxibustion
can enhance gastric emptying and small intestinal propulsion in rats with functional gastrointestinal disorders
(FGIDs) due to liver depression and spleen deficiency[21].
The above studies all illustrate that acupuncture-moxibustion has positive regulatory effects on gastrointestinal
dysmotility, constituting one of the most crucial mechanisms of acupuncture-moxibustion in treating IBS.

acterized by abdominal pain, bloating, and disturbed
defecation and is coupled with psychological conditions.
Falling under the scope of “abdominal pain”, “diarrhea”,
or “constipation” in traditional Chinese medicine (TCM),
it exists worldwide with a relatively high prevalence[1-3].
Because its recurrent symptoms severely affect the quality
of life (QoL) of patients, driving them to consult extensive medical resources, IBS has drawn great global attention. A great amount of epidemiological research from
various countries at different times has revealed that the
prevalence and distributing characteristics of IBS vary according to different countries, regions, and populations.
According to the Rome Ⅲ diagnostic criteria, the global
IBS prevalence is between 5% and 20%[4,5].
The pathogenesis of IBS remains unknown. However, during recent years, pathophysiological research
has increasingly indicated that multiple factors, such as
genetic factors, psychological factors, diet, infections,
immunity, and the brain-gut axis, can combine in a complex manner, leading to the visceral hypersensitivity and
gastrointestinal dysmotility that are manifested by corresponding symptoms[6-9].
Acupuncture-moxibustion is a crucial part of TCM,
comprising both acupuncture and moxibustion methods.
As external treatments of TCM, acupuncture and moxibustion act by stimulating acupoints to unblock the meridians and collaterals, regulating the function of qi and
blood, supporting health and expelling pathogens. When
acupuncture needles are inserted into acupoints, needling manipulations, such as twirling and lifting-thrusting
needles, are usually adopted to treat diseases. After the
acupoints are targeted, moxibustion allows for the further
treatment of diseases by the thermal stimulation generated by ignited moxa. Thus far, a large number of studies
have proven the efficacy of acupuncture-moxibustion in
attenuating the symptoms of IBS without producing obvious adverse effects[10]. Meta-analyses have also revealed
that the therapeutic efficacy of acupuncture plus moxibustion is better than that of Western medications for
IBS[11-14]. One clinical study also showed that acupuncture
enhanced and extended the prescribed regimen’s efficacy
in treating IBS[15]. As its therapeutic efficacy has been
confirmed, the action mechanisms of this traditional
therapy have become the focus of much current research.

REGULATION OF GASTROINTESTINAL
MOTILITY
The gastrointestinal dysmotility in IBS can be further
classified into four groups based on their clinical features:
spastic colon syndrome, functional diarrhea, diarrheapredominant spastic colon syndrome, and midgut
dysmotility[16]. Stress reactions can either enhance or attenuate dysmotility as well as subsequent symptoms. The
pathophysiology of IBS involves dysmotility of both the
colon and the small intestine, and the migratory motor
complex (MMC) cycles have been reported to be shorter
in diarrhea-predominant IBS (D-IBS) patients but longer
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REGULATION OF VISCERAL
HYPERSENSITIVITY
Visceral hypersensitivity refers to the decreased pain
threshold of inner organs and more intense experience
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Figure 1 Acupoints of human. A: Acupoint Zusanli (ST 36); B: Acupoint Neiguan (PC 6); C: Acupoint Tianshu (ST 25).
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B
ST 36
LI 4

ST 37

LR 3

Figure 2 Acupoints of rat. A: Acupoint Zusanli (ST 36) and Shangjuxu (ST 37); B: Acupoint Taichong (LR 3) and Hegu (LI 4).

of stimuli. IBS patients of various subtypes and healthy
volunteers underwent rectal noxious stimulation with an
air balloon and a water balloon. IBS patients were found
to have significantly lower thresholds for abdominal discomfort than healthy volunteers, and the hypersensitivity
subgroups had significantly lower thresholds than the
normosensitive subgroups[22,23]. Another study discovered
that hypersensitive IBS patients had more severe gastric
conditions than normosensitive patients[24].
A clinical study on D-IBS found that transcutaneous
electrical acustimulation (TEAS) at Neiguan (PC 6) (Figure 1B) and ST 36 significantly increased the threshold
for the rectal sensation of gas, the desire to defecate, the
sensation of pain, improved rectal perception, and attenuated visceral hypersensitivity[25]. D-IBS patients usually experienced the urge to defecate and a decreased pain
threshold. Short-term transcutaneous electrical nerve
stimulation (TENS) was able to increase the threshold of
rectal perception. After a 2-mo TENS intervention, the
threshold of rectal perception had obviously increased
in the D-IBS patients, while the defecation frequency
and pain intensity had obviously decreased. The psychological scores dropped to a normal level[26]. In animal
experiments, the abdominal withdrawal reflex (AWR) and
abdominal myoelectric activity (AMA) were adopted to
evaluate intestinal sensitivity. Studies on electroacupuncture or moxibustion as IBS interventions all showed that
the acupuncture-moxibustion effectively alleviated visceral hypersensitivity in IBS rats[27-30].
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REGULATION OF THE BRAIN-GUT AXIS
AND THE NEUROENDOCRINE SYSTEM
The role of the brain-gut axis has drawn great attention
regarding the pathogenesis of IBS. Because the inducing factors of IBS, such as gastrointestinal dysmotility,
visceral hypersensitivity, infection, and mental conditions,
are all included in this system, the potential for breakthroughs in studying the pathogenesis of IBS is considerable. The brain-gut axis is a complex, bidirectional signaling system between the central nervous system (CNS)
and the gastrointestinal system. The regulation of gastrointestinal function via the brain-gut axis is called brain-gut
interaction.
Regulation of brain-gut peptides
Brain-gut interaction is realized by multiple neural transmitters that reside in the endocrine cells of the CNS, enteric nervous system (ENS) and the gastrointestinal tract.
They work as both neurotransmitters and hormones
and are termed brain-gut peptides. Brain-gut peptides
work extensively to regulate gastrointestinal activities
and are thus closely related to IBS. The major excitatory
neurotransmitters include histamine, 5-HT, substance
P (SP), calcitonin gene-related peptide (CGRP), and
corticotropin-releasing factor-related peptide (CRF). The
major inhibitory neurotransmitters include cholecystokinin (CCK), NO, norepinephrine (NE), and vasoactive
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peptide (VIP)[31].
Approximately 95% of 5-HT arise from the enterochromaffin cells (EC) of the intestinal mucosa, which are
involved in the regulation of intestinal movement and
perception. Changes in the 5-HT signal system are among
the pathophysiological feature of IBS[32]. A clinical study
was conducted to observe the change in colonic mucosal
5-HT among D-IBS patients and to assess the efficacy
of herb-partitioned moxibustion. The results showed
that IBS patients had a significantly increased expression
of 5-HT in the colonic mucosa, while herb-partitioned
moxibustion simultaneously improved IBS symptoms
and downregulated the level of 5-HT [33]. Meanwhile,
herb-partitioned moxibustion has been shown to downregulate the concentration of serum 5-HT in IBS patients[34]. Laboratory studies[35,36] also discovered that electroacupuncture enhanced the pain threshold of rats with
chronic visceral hypersensitivity (CVH), downregulated
the abnormally increased 5-HT level in colons, and enhanced the expression of 5-HT4 receptor and serotonin
transporter (SERT), although the 5-HT3 receptor was
insignificantly influenced. Therefore, we can conclude
that electroacupuncture improves visceral hypersensitivity and stress-induced colonic dysfunction via the 5-HT
signal system. Another study also showed that both herbpartitioned moxibustion and suspended moxibustion can
increase the pain threshold and relieve hypersensitivity in
CVH rats[37].
CRF and its receptor both play important roles in
the onset and development of IBS and may work synergistically via the CNS and peripheral systems[38]. As a
key factor in the pathogenesis of IBS[39], CRF can induce
repeated defecation in rats and mice, although this activity can be blocked by its antagonist[40]. CRF also alters the
rectal perceptions of human beings[41]. Anxiety, depression, altered colonic movement, and visceral algesthesia
are involved in the CRF/CRF1 signal pathway in the
brain, whereas the activation of central and peripheral
CRF2 receptor can inhibit this pathway[42]. We discovered
that electroacupuncture effectively downregulated the hypothalamic CRF concentrations of CVH IBS rats[43]. The
TENS-related experiment also confirmed that TENS can
downregulate the hyper-expression of CRF in the PVN
of rats[44].
Moreover, the concentrations of other brain-gut peptides, e.g., SP, VIP, and neuropeptide Y (NPY), are also
changed in IBS patients, and these changes all play crucial
roles in the pathogenesis of IBS[45]. It has been reported
that electroacupuncture can regulate the secretion of
colonic SP, SP receptor, and VIP in CVH IBS models[46].
It has also been found that acupuncture at ST 37 can reduce the concentrations of serum motilin (MTL) and somatostatin (SS) in CVH IBS rats[47]. A D-IBS model was
developed by chronic mild restraint stress plus neonatal
maternal separation and gastric administration of Fan Xie
Ye (Folium Sennae) to observe the effect of acupuncture
at bilateral ST 36 and Taichong (LR 3) (Figure 2B). The
results showed that acupuncture at ST 36 and LR 3 inhib-
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ited the production of SS, SP, and VIP while increasing
the level of NPY, which may be related to the efficacy
of acupuncture in treating IBS[48,49]. Moreover, the effect
of acupuncture on brain-gut peptides may be specific. A
study observed the effect of electroacupuncture at ST 36
and Hegu (LI 4) (Figure 2B) on colonic NPY and SS of
IBS rats prepared by the rectal administration of acetic
acid (AA). The results showed that, after electroacupuncture, the hypothalamic NPY increased significantly in
both electroacupuncture groups, while the colonic NPY
level showed no obvious change. The colonic SS decreased in both electroacupuncture groups after intervention, while the plasma SS level only dropped significantly
in the electroacupuncture group of ST 36, not in the LI 4
group[50].
The above results indicate that acupuncture-moxibustion can improve intestinal motility and visceral sensitivity
by regulating brain-gut peptide levels in the CNS, intestines, and blood.
Regulation of nervous system
Effect on brain activation: IBS patients all experience
visceral hypersensitivity of different levels. Over the
recent years, studies on CVH IBS have proven that the
abnormal activities of pain processing systems, including
the anterior cingulate cortex (ACC), prefrontal cortex,
insular cortex, thalamus, dorsal pons, and periaqueductal gray matter, are more or less associated with the IBS
pathogenesis[51-53].
Functional magnetic resonance imaging (fMRI) has
realized its capacity for non-invasive study on the effect
of acupuncture-moxibustion on brain activation in IBS
patients. By using PET to observe the functional changes
of the visceral sensory center under rectal distension in
D-IBS patients and the effect of electroacupuncture at
Tianshu (ST 25) (Figure 1C) on the visceral sensory center, the study revealed that IBS patients had an increased
glucose metabolism in the bilateral superior temporal
gyri, right middle occipital gyrus, right superior frontal
gyrus, and bilateral middle frontal gyri, but not in the
visceral sensory center. Rectal distension enhanced the
glucose metabolism in the prefrontal cortex, left cingulate
gyrus, anterior and posterior central gyri, and temporal
gyrus and also activated part of the visceral sensory
center, including the anterior cingulate gyrus. Electroacupuncture at ST 25 significantly downregulated the glucose
metabolism in the left cingulate gyrus, right insula, right
parahippocampal gyrus, precuneus, and right caudate
nucleus[54]. SPECT was adopted to observe the effects
of eye acupuncture on cerebral blood flow in D-IBS patients. It was discovered that the blood flow in bilateral
thalamus dropped significantly after eye acupuncture,
indicating that a reduction of the blood flow in specific
brain regions was involved in the action mechanisms of
eye acupuncture in treating D-IBS[55]. Researchers once
used fMRI to observe the effect of electroacupuncture
and sham electroacupuncture on brain activities in IBS
patients in different sessions (pre-intervention, during
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intervention, and post-intervention). A blank control
group was set up for comparative study. Of the participants who underwent rectal distention, there was
no regional difference in brain activation between the
electroacupuncture and sham electroacupuncture groups
at baseline. In the electroacupuncture group, increased
brain activation from the baseline was observed in the
perigenual cingulate cortex, the bilateral prefrontal cortex
and the temporal lobes, while high activation was noted
at the right insula and bilateral somatosensory cortex
during intervention. In the sham electroacupuncture
group, increased brain activity was observed only in the
anterior cingulate cortex, bilateral prefrontal cortex and
left somatosensory cortex. The electroacupuncture group
had significantly higher brain activation in the right insula
and thalamus than the sham electroacupuncture group.
After intervention, the brain activation in the electroacupuncture group significantly dropped in all regions; however, in the sham electroacupuncture group, the brain
activation decreased in the temporal lobes and anterior
cingulate gyrus but increased in the prefrontal cortex.
No significant difference in brain activation was detected
between the two groups. Of the participants who did not
receive a rectal distension, there was no significant difference in the brain activation between the electroacupuncture and sham electroacupuncture groups, regardless of
the different sessions[56].
The locus ceruleus is a nucleus located on the brain
stem and plays an important role in producing norepinephrine. It is also closely related to stress reactions.
When observing the effects of electroacupuncture at ST
37 on the neuronal discharge of the locus ceruleus in
rats with acute restraint stress undergoing noxious rectal
distension, scholars found that acupuncture at ST 37 inhibited the neuronal discharge that was activated by noxious rectal distension (P < 0.01). This result indicates that
electroacupuncture may regulate rat colonic functions
by downregulating the activation of neurons in the locus
ceruleus[57]. A novel study observed the excitability of visceral sensory neurons in the rostral ventromedial medulla
(RVM) and the N-methyl-D-aspartate receptor 1 (NR1)
in IBS rats, before and after electroacupuncture at ST 36
and ST 37. It was noted that electroacupuncture significantly inhibited the hyper-excitability of the neurons and
the expression of NR1 in RVM. This result suggests that
the inhibition of NR1 should be an important factor in
reducing the hyper-excitability of the neurons in RVM, as
well as one of the action mechanisms of acupuncture in
alleviating visceral hyperalgesia[58].

dorsal horn cells to the current afferent impulses and old
under-threshold afferent impulses leads to an increased
response to non-noxious stimulation, enlarged perception region, and decreased activation threshold. An action
mechanism study on acupuncture-moxibustion for alleviating visceral hyperalgesia adopted colorectal distension (CRD) as the noxious stimulation. The study found
that CRD activated the convergent neurons in the dorsal
horn; the mechanical stimulation to contra-lateral body
surface and hand acupuncture at ST 36 inhibited this
noxious response. Thus, acupuncture and noxious stimulation are believed to meet and interact on the level of
the spinal cord, and acupuncture can inhibit the neuronal
activation induced by noxious stimulation in an action involving the spinal cord at even higher levels[59]. C-Fos is a
proto-oncogene that is the human homolog of the retroviral oncogene v-fos. The expression of the c-fos protein
is strengthened during neuronal activation, and its production is considered the biological marker for the activation of nociceptive neurons[60]. Compared to normal rats,
CVH IBS rats had significantly more activated c-fos neurons in the superficial laminae (SDH, laminae Ⅰ and Ⅱ),
nucleus proprius (NP, laminae Ⅲ and Ⅳ), and neck of
the dorsal horn (NECK, laminae Ⅴ and Ⅵ) in the spinal
segments of L6-S2 and in the neck of the dorsal horn of
T13-L2 (P < 0.05). Electroacupuncture significantly downregulated the number of activated neurons of c-fos in
the SDH, NP, and NECK of L6-S2 and in the sub-region
of NECK of T13-L2 (P < 0.05). Sham electroacupuncture
produced no notable effects on the expression of c-fos
protein. Therefore, electroacupuncture can significantly
inhibit the hyper-excitability of visceral sensory neurons
in the dorsal horns of IBS rats, which qualifies as one
of the action mechanisms of acupuncture in attenuating
chronic visceral hyperalgesia[61].
In addition, the N-methyl-D-aspartic acid (NMDA)
receptor (NR) also participates in the sustainment of
functional chronic visceral hyperalgesia. As an excitatory
neurotransmitter receptor in the CNS of mammals, the
NMDA receptor mediates the excitability of glutamic
acid and other endogenous acidic amino acids. A heterooligomer composed of NR1 and NR2, NMDAR is
widely distributed in the brain, spinal cord, and peripheral
nervous system. NR1 is an essential component, while
NR2 modulates the functional feature of the whole
receptor[62]. The phosphorylation site of the NMDA
receptor is located on serine-896, a sub-unit of NR1. Its
phosphorylation is involved in the regulatory effect of
orphanin on pain perception in the spinal cord, and the
activated receptor plays a specific role in the development of visceral hyperalgesia[63]. Zhou et al[64] prepared
IBS CVH models using neonatal SD rats at the age of
9 d. The study showed that the rat models had significantly higher expressions of NR1 mRNA in the lumbar
enlargement of the spinal cord than normal controls (P
< 0.05). While pre-treatment with electroacupuncture
downregulated these expressions to a normal level, shamelectroacupuncture had no obvious effect. These results

Regulation of neuronal excitability in spinal cord:
The dorsal horn of the spinal cord is a crucial contributor to visceral and somatic perception. Thick myelinated
primary afferent fibers (Aα, β) and thin myelinated/unmyelinated primary afferent fibers (Aδ and C), projection
neurons (T), and inhibitory interneurons in the substantia
gelatinosa form a neural web for the segmental regulation of the spinal cord. In IBS, the increased response of
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indicate that electroacupuncture could realize its efficacy
in treating IBS CVH by regulating the expressions of
NR1 mRNA in the spinal cord. Tian et al[65] conducted a
controlled study by giving electroacupuncture and sham
electroacupuncture to rat models of IBS CVH, discovering that electroacupuncture downregulated the phosphorylation of NR1 in rats’ L4-5. Hence, the effect of
electroacupuncture in alleviating CVH should be related
to the downregulation of the phosphorylation of the
NMDA receptor in the spinal cord.

sion of the colonic EC, while eye acupuncture effectively
downregulated these levels[74].

REGULATION OF IMMUNOLOGICAL
FUNCTION
The activation of the immune system is deeply involved
in IBS[75] and is majorly manifested by the abnormal
expression of immune cells and active substances, e.g.,
T-lymphocytes and the subgroups, immunoglobulins,
inflammatory cytokines, etc. A study determined the concentrations of serum IgM, IgG, IgA, C3 and C4, as well
as the subgroups of T-lymphocytes in IBS patients, before and after herb-partitioned moxibustion. The results
showed that IBS patients had significantly higher serum
IgM concentrations than the normal controls, while the
IgG, IgA, C3, and C4 concentrations were statistically
equal between the two groups. The IgM levels remarkably decreased after herb-partitioned moxibustion, while
the concentrations of the other items remained the same.
The lymphocyte transformation of the IBS patients was
significantly lower than that of the normal controls, and
moxibustion restored the lymphocyte transformation to
approach normal levels. Herb-partitioned moxibustion
also significantly increased the T8+ in peripheral blood (P
< 0.01), and the abnormal ratio of T4+/T8+ was effectively corrected. These results indicate that herb-partitioned
moxibustion can correct the abnormal immune dysfunction of IBS[76]. IL-18, IL-23, and TNF-α are pro-inflammatory mediators. It has been reported that acupuncturemoxibustion can downregulate the expressions of serum
IL-18, IL-23, and TNF-α in elderly IBS patients[77].
As a key cell in inducing intestinal dysfunction and
paresthesia, the mast cell (MC) plays a crucial role in
the immunopathological changes of IBS. The activated
intestinal mucosal MC participates in the formation of
visceral hypersensitivity in IBS, which constitutes a key
portion of the pathogenesis of IBS[78]. It was found that
CVH IBS rats had significantly lower visceral pain thresholds and an increased number of colonic mucosal MC
compared to normal controls. Concurrently, electroacupuncture markedly reduced the number of MC, indicating that electroacupuncture can effectively regulate the
production of colonic MC[27,46].

Regulation of the ENS: The ENS plays an important
role in the pathogenesis of IBS. The ENS is embedded
throughout the intestine wall, from the mucosa to the
serosa. Its sensory neurons report on the mechanical and
chemical conditions, while the motor neurons control
peristalsis and secretion[66]. ENS is composed of submucosal and myenteric plexuses. The submucosal plexuses
are located in the submucosa, with motor neurons producing acetylcholine (ACh) and VIP; the myenteric plexuses are located between the inner and outer layers of the
muscularis externa and contain excitatory neurons (transmitted by ACh, SP, etc.) and inhibitory neurons (transmitted by VIP, NO, etc.). The ENS is mainly in charge of
peristalsis and secretions, as well as the regulation of visceral sensitivity. The reduction of neurons in the submucosal and myenteric plexuses has been discovered to be
the plausible common pathogenic factor of D-IBS and
C-IBS[67,68]. Electroacupuncture can increase the number
of neurons in the myenteric plexuses of C-IBS rats[69],
but the effect of acupuncture-moxibustion on the ENS
neurons of D-IBS rats requires further study. ENS also
regulates certain gastrointestinal activities via neurotransmitters, such as 5-HT, Ach, norepinephrine (NE), ATP,
and multiple neuropeptides. Acupuncture-moxibustion
produces a positive regulatory effect on the intestinal
secretion of 5-HT, SP[36], SPR, VIP[46], SS[48], NPY[49], and
AchE[70]; therefore, this procedure is able to correct the
gastrointestinal dysmotility and visceral hypersensitivity.
Regulation of intestinal endocrine cells
EC is the predominant endocrine cell in the intestine.
With the largest number and broadest distribution, ECs
work to synthesize and contain 5-HT and produce peptides such as SP. Many studies[71,72] have shown that IBS
patients can significantly increase the number of active
ECs. C-IBS rat models were developed by the gastric administration of normal saline at 0 ℃-4 ℃ to observe the
effects of electroacupuncture on the activation of colonic
EC. The mean optical density (MOD) of the colonic EC
has also been found to be significantly increased in the
model rats (P < 0.05), and electroacupuncture has been
shown to downregulate this increased MOD (P < 0.05).
These results indicate that the correction of the abnormal status of the colonic EC may be one of the action
mechanisms of electroacupuncture in treating C-IBS[73].
A study with IBS rat models developed by restraint and
stress also showed that IBS rats increased the expres-
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INTESTINAL FLORA IMBALANCE
The composition of the intestinal flora varies in individuals. IBS patients have been shown to lack Lactobacilli
and Bifidobacterium[79]. Other scholars have found that
the over-growth of small intestinal bacteria may also
represent an important factor in inducing IBS[80]. Little
research has reported on acupuncture-moxibustion interventions for IBS. However, Wang et al[81] found that the
prevalence of Lactobacilli and Bifidobacterium increased
in rats with ulcerative colitis (UC) after herb-partitioned
moxibustion, indicating that moxibustion can produce
certain regulatory effects on the intestinal flora. However,
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Figure 3 Multiple regulating channels of acupuncture-moxibustion in treating irritable bowel syndrome. IBS: Irritable bowel syndrome; AQP: Aquaporins.

further evidence supporting this indication is required.

ter acupuncture-moxibustion. These data suggest that
acupuncture-moxibustion can enhance the antioxidant
capacity of the body, eliminating the accumulated free
radicals and maintaining the stability of the intracellular
environment and the functional status of the body[84].

OTHER ACTION MECHANISMS
Aquaporins (AQP) are integral membrane proteins from
a larger family of major intrinsic proteins (MIP) that
form pores in the membranes of biological cells. AQP3,
AQP8, and AQP4 are broadly resident in human intestinal tissues, where they work to regulate the absorption
and secretion of the intestines. By developing diarrheapredominant IBS rat models with chronic stress and
restraints, scholars found that IBS rats had significantly
lower expressions of colonic AQP8 and AQP3 mRNA
and protein. However, as eye acupuncture significantly
increased the expressions of colonic AQP8 and AQP3
mRNA and protein, we believe that fluid transportation disturbances mediated by AQP8 and AQP3 could
possibly be an important factor in developing diarrheapredominant IBS models. The action mechanisms of eye
acupuncture for IBS may involve the regulation of the
expressions of colonic AQP8 and AQP3[82,83].
Due to the shortage of free radical scavengers in the
blood of IBS patients, gastrointestinal nerves are easily
damaged by free radicals. Scholars have investigated the
relationship between free radicals and IBS, as well as the
effects of acupuncture-moxibustion treatment, by determining the levels of spasm superoxide dismutase (SOD),
malonyldialdehyde (MDA), and NO in IBS patients. The
results showed that acupuncture-moxibustion is effective
in treating IBS. Spasm SOD was significantly increased,
while MDA and NO were significantly decreased af-
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CONCLUSION
Despite the high prevalence and vast influence of IBS,
its pathophysiological action mechanisms have not been
clearly understood. None of the theories put forth in the
past, including intestinal dysmotility, visceral hypersensitivity, interaction of brain-gut, and dysimmunity, can fully
explain the pathogenesis of IBS, as this entity is likely due
to the interactive contributions of multiple factors. This
article has reviewed the action mechanisms of acupuncture-moxibustion for IBS regarding the regulation of
gastrointestinal motility, visceral hypersensitivity, braingut axis, neuroendocrine, and immunity and suggests that
the treatment efficacy should be closely related to the
regulation of the above aspects (Figure 3). Based on the
current research, we can see that the study of the mechanisms used by acupuncture-moxibustion to treat IBS has
been thoroughly pursued. The particular accomplishments of this research have provided scientific evidence
to elucidate IBS’s action mechanisms.
As acupuncture-moxibustion treats the body as a
whole system through acupoints, its action mechanisms
for the treatment of IBS could involve multiple segments, layers, and targets. Indeed, the current literature
supports this perspective. These mechanisms were stud-
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ied from various disciplinary perspectives and the variety
of acupuncture-moxibustion methods makes it impossible to study systemic and comprehensive issues related
to the action mechanisms of this method. Meanwhile,
separate from medications, acupuncture-moxibustion is
efficacious because it stimulates acupoints on the surface
of body. Current studies have mainly focused on the
regulation and mechanisms of the target organs after
acupuncture-moxibustion has stimulated the appropriate
acupoints. However, the precise action mechanisms of
acupuncture-moxibustion used to stimulate the acupoints
and the pathways through which IBS can be managed
remain unknown. These questions still require further
research to properly address them. Furthermore, both
acupuncture and moxibustion, either in combination or
alone, are effective in attenuating the symptoms of IBS.
Is there actually any difference between these two treatments in activating acupoints and intervening in IBS?
Although acupuncture and moxibustion both act through
acupoints, they stimulate the acupoints in different ways,
acupuncture through mechanical stimulation and moxibustion through thermal stimulation. Each of these
questions should be kept in mind during further investigations. Moreover, we lack a universally approved IBS
animal model[85]. The current models cannot fully reflect
the clinical manifestations and pathogenic mechanisms
of IBS. The use of different animal models and varying acupuncture-moxibustion methods has also caused
the current research to be open to doubt and difficult to
replicate. The ideal IBS animal model must integrate all
of the associated factors of IBS, including its physiology,
cognition, emotion, behavior, etc.[86,87].
By clarifying of the etiology and pathogenesis of IBS,
establishing an ideal IBS animal model, standardizing
an acupuncture-moxibustion intervention, and applying
modern medical research methods and results, we should
be able to better study the action mechanisms of acupuncture-moxibustion in the treatment of IBS and in the
activation of acupoints, which will also help promote the
application of acupuncture-moxibustion in the treatment
of IBS.
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Colorectal cancer (CRC) is one of the leading causes of
cancer and cancer-related mortality worldwide. The disease has been traditionally a major health problem in
industrial countries, however the CRC rates are increasing in the developing countries that are undergoing
economic growth. Several environmental risk factors,
mainly changes in diet and life style, have been suggested to underlie the rise of CRC in these populations.
Diet and lifestyle impinge on nuclear receptors, on the
intestinal microbiota and on crucial molecular pathways
that are implicated in intestinal carcinogenesis. In this
respect, the epidemiological transition in several regions of the world offers a unique opportunity to better
understand CRC carcinogenesis by studying the disease
phenotypes and their environmental and molecular associations in different populations. The data from these
studies may have important implications for the global
prevention and treatment of CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Developing countries;
Environment; Diet; Nuclear receptors; Gut microbiota
Core tip: This highlight addresses the rise of colorectal
cancer (CRC) in the developing countries. We review
the epidemiological data on the growing CRC burden in
these countries, discuss the role of changing environmental risk factors, and examine preventive strategies
that could contribute to control the spread of CRC. The
molecular pathways of CRC and the roles of nuclear
receptors and of the intestinal microbiota are discussed
in the light of the current epidemiological transition.
Bishehsari F, Mahdavinia M, Vacca M, Malekzadeh R, MarianiCostantini R. Epidemiological transition of colorectal cancer in
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incidence is dramatically increasing in many developing
countries. The rates in the former Eastern European
Communist Bloc, that recently underwent a major economic transition, have already reached or exceeded those
of the industrial countries of the former Western bloc[5].
Likewise, reports from Eastern Asian regions, such as
Hong Kong, Taiwan, urban China, Singapore, and Thailand, indicate a rapid rise in CRC incidence, close to the
rates reported in Western populations[6,7].
A rise in CRC incidence has also been observed in
Western Asian countries that were historically considered
to have very low rates of the disease. For instance, epidemiological studies in Iran have shown that the CRC rate,
although still relatively low, has increased significantly
over the past three decades[8]. Similar trends have been reported in other populations in the region, including Saudi
Arabia, Jordan, Yemen and Egypt[9-11].
Notwithstanding the rise of CRC in almost all developing countries, the acceleration rates may differ among
populations. For example, in India, where an increase in
the rates of CRC over the past decades has been reported, the steep is steadier and less rapid compared to other
developing countries in East Asia[12].
The increase in CRC incidence in developing countries, that are often equipped with fewer resources, are
paralleled by an increase in the mortality rates, as indicated
by studies from South America and Eastern Europe[4].
The uptrend in CRC rates is not explainable by the
effect of screening programs, as such programs are either
limited or only newly implemented in these regions[5,13].
In addition, the rise in CRC is usually more prominent
in the younger populations, who are not subjected to
screening programs. In fact, a high proportion of earlyonset CRCs has been reported from countries with new
epidemiological transition[14,15]. For example, almost 20%
of the CRC cases recorded in Iran occur at or below age
40, in comparison to 2%-8% reported in the developed
countries for the same age subset[16]. The higher proportions of CRC in young patients can be related not only
to the age-structure of these populations, but, more
importantly, to the relatively lower rates of the disease in
the older individuals. In other words, in these historically
low-risk regions for CRC, where the rates in the older
population sectors has remained low, CRC incidence
has increased significantly in the newer generations. As
the young population with an accelerated rate of CRC
becomes older, the incidence of the disease is expected
to grow further also in the older subset[8,16]. Hence, it is
predicted that the incidence of CRC will dramatically
increase over the next decade, nearing a doubling of the
current rates, with most of the new cases occurring in
developing countries[12,17].

developing countries: Environmental factors, molecular pathways, and opportunities for prevention. World J Gastroenterol
2014; 20(20): 6055-6072 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i20/6055.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6055

INTRODUCTION
Colorectal cancer (CRC) is among the top three most
commonly diagnosed cancers in the world, accounting
for 8% of all cancer-related deaths annually[1]. CRC still
is a major health problem in the more industrialized and
developed countries, where the annual age-standardized
incidence rates exceed 40, compared to rates below 4
observed in several less-developed countries. The over
10-fold variation in the global CRC rates, along with the
rapid rise of CRC risk in the same generation that immigrated from low to high-risk areas, have suggested a
strong environmental influence on CRC pathogenesis[2,3].
In the developing countries that are witnessing an economic advancement, the adoption of a Western life style
and of dietary habits characterized by higher intake of
meat, fat and total calories, along with increasing life
expectancy and population growth, herald a remarkable
increase in the burden of CRC[4]. This review addresses
the global epidemiological characteristics of CRC, with
a focus on its trend in the developing countries and on
the implications for the epidemiology and the molecular
pathogenesis of the disease, as well as for preventive
strategies. We also discuss the emerging roles of nuclear
receptors and of the gut microbiota as mediators between the environment and CRC tumorigenesis. All this
can have potential for designing novel preventive and
therapeutic strategies.
The designation of the “developing countries” in this
manuscript is based on the United Nation’s definition and
encompasses any country that is not part of the more developed countries, i.e., all of Europe plus Northern America, Australia/New Zealand and Japan [World Health
Organization (WHO) Databank Statistical Information
System. Geneva: World Health Organization; Year. Available at: http://www.who.int/whosis. 2010. Last accessed
2/16/2010]. This grouping is only for the purpose of
epidemiological comparisons and does not express any
judgment about the stage reached by a particular region
or country in the development process.

BURDEN OF CRC
CRC is the third most commonly diagnosed cancer in
males, the second in females, and is the third cause of
cancer-related mortality in both sexes worldwide[1]. In
2008, more than 1.2 million new CRC cases and 608700
deaths have occurred. The CRC rate varies among different regions; the rates were traditionally higher in the
developed and industrial countries, whereas the lessdeveloped countries had lower rates. Nevertheless, CRC
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ENVIRONMENT AND CRC
The rise of CRC in developing countries is attributed to
environmental changes, prompted by the economic transition[5,18]. Environmental factors, such as dietary patterns,
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obesity, smoking and heavy alcohol consumption, are
considered to affect CRC risk[19].
The effect of dietary habit and lifestyle on CRC has
been highlighted by migration studies, that demonstrate
a rise in CRC rates in originally low-risk ethnic groups
when migrated to high-risk areas[2,20,21]. Sedentary lifestyle
and a “Western” diet, rich in fat and meat and usually
poor in unrefined cereals and fiber, are suggested to
increase the incidence of CRC[22-24]. A decrease in physical activity and a trend towards consumption of a more
Westernized diet have been ubiquitously reported in
countries of Central-West Asia and North Africa[8,25]. A
similar shift in lifestyle and dietary patterns occurred in
the Eastern European countries during the transition
from planned to open market economies, which led to
increased availability of food, consumption of refined
products, and increased obesity[5]. Likewise, in the East
Asian countries, dietary changes and obesity have preceded and paralleled the increase in CRC incidence[26-28].
Obesity, and the metabolic syndrome, characterized by glucose intolerance, and dyslipidemia, have been
shown to be associated with higher risk of both colonic
adenoma and CRC[29-32]. Rising rates of obesity and metabolic syndrome are increasingly reported from developing countries, with the improvement in economic status
and the rapid urbanization[33-36].
A prominent role of the environment/diet on the risk
of CRC is also suggested by the age-structure of the disease in the countries under epidemiological transition. As
discussed above, these countries typically witness a higher
proportion of young CRC cases, while the rates are still
relatively low in the older individuals. The higher CRC
incidence in the younger subgroups of these populations
suggests a recent change in the environmental risk factors, that affected individuals who shared these exposures
during childhood and younger adulthood[16]. The proposed association of dietary profile and CRC is outlined
in Figure 1, that compares the pattern of regional food
consumption in the world, as reported by the WHO, with
the global spread of CRC, based on the data from Globocan 2008[37]. There is a concordance in most regions of
the world between the dietary pattern, mainly categorized
by the fraction of meat and animal fat in the consumed
food, and the CRC rate.
Most CRC cases are considered sporadic, and only
a small proportion is due to known genetic syndromes.
This points to a strong role of the environment in CRC
development[38]. However genetic factors may modify
the effects of the environment in the predisposition to
the disease. This is suggested by the unequal CRC risk
in different ethnic groups in the same region. For example, although the incidence of CRC is increasing in
all ethnic groups in Singapore and Malay, the rates are
higher in Chinese vs Malay individuals[4,39]. Disparities in
the CRC rates are also seen between the Jewish and the
Arab population in Israel[40]. In addition to still unknown
genetic factors, ethnicity-related environmental exposures
could contribute to differences in the CRC rates between
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distinct ethnic groups within the same geographic region
or country.
Despite the overall correlation between CRC and diet
highlighted by the epidemiological evidence, the results
of case-control and cohort studies have been controversial[19]. Numerous reviews and meta-analyses have
been conducted to test the association of single dietary
compounds and CRC risk. The World Cancer Research
Fund concluded that, in addition to obesity and lack
of exercise, there is convincing evidence for high meat
consumption to affect CRC risk[23]. The evidence for
the effect of red meat on CRC risk was also considered
convincing in a recent review by an expert panel[41]. Disparities among dietary studies may partly reflect the fact
that the effect of each dietary component is confounded
by other components in the food[42]. In this respect, associations between dietary patterns and disease could be
achieved by applying a global analytical approach, such
as cluster and factor analyses, to classify individuals in
clusters with a global similarity in dietary habits[43,44]. By
applying this approach to a large prospective cohort,
Kesse et al[45] found an increased risk of adenomas and
of high-risk adenomas with the Western diet, high in fats,
animal products and snacks and low in foods of vegetable origin. The highest CRC risk was observed in the
group with high consumption of meat. Similar findings
have been reported by other researchers[46]. Direct or indirect effects of dietary factors on colonic and intestinal
tumorigenesis were also demonstrated in laboratory and
animal investigations[47]. Overall, these studies support
the strong influence of the environment, including diet,
on CRC predisposition.

GENETIC AND EPIGENETIC
ALTERATIONS
The molecular alterations underlying CRC development
have been extensively studied over the past two decades.
Our current understanding of the molecular landscape
of CRC mainly originates from studies conducted on
tumors from Western populations. The tumors from developing countries have not been analyzed as extensively,
but the available data show that the major molecular
pathways correspond to those involved in “Western”
CRC. Nevertheless the mutational spectra appear to be
often distinctive, reflecting different environmental and/
or genetic factors[48]. Our group showed that CRCs from
Iran, as those from high-risk areas, harbor genetic alterations in major genes such as K-RAS and p53, however the
spectra of the mutations are quite distinct and could be
related to different environmental exposures[49]. Similar
findings have been reported from other countries that
are in epidemiological transition, but still have relatively
low CRC incidence[50,51]. As reviewed above, several lines
of evidence support the role of environmental factors,
such as diet, on CRC, however, the relationships between
dietary risk factors and genetic alterations is as yet incompletely understood.
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Figure 1 Comparison of the regional food consumption in the world, and the global spread of colorectal cancer, based on the data from Globocan 2008. A:
Global cluster analysis based on 62 marker foods from 2002-2007 food supply data, reproduced with permission from World Health Organization GEMS/Food cluster
diets analysis 2012 (details at http://www.who.int/foodsafety/chem/gems/en/index1.html). The analysis defined 17 diet clusters representing 179 countries for which
food supply data were available. Here we highlight two major food clusters based on consumption of meat and fat, the major dietary colorectal cancer (CRC) risk
factors. Clusters G7, 8, 10, 11 and 15 are in the high-meat-fat group, characterized by predominance of mammalian meat consumption (all > 108 g/d) and high total
fat intake (all > 73 g/d). The low meat-fat group consists of clusters with lower mammalian meat consumption (all < 80 g/d) and lower overall fat intake (all < 51 g/d).
Interestingly other high-risk dietary factors for CRC, such as overall high total food intake (> 2000 g/d) and total alcohol intake (> 200 g/d) are also associated with the
meat-fat based diet group. The low-meat-fat group generally has lower total intake (except cluster G2) and lower total alcohol consumption (except cluster G16). The
dietary profile in the low-meat-fat group is more heterogeneous, with variable intakes of other foods, such as fruit, vegetable, and cereal; B: CRC age-standardized
incidence rates (ASR) per 100000 individuals per geographic region, as extracted from Globocan 2008[37]. Here we define regions with ASR of ≥ 24.2 as high-rate (red
and orange), and regions with ASR < 24.2 (light green, dark green and yellow) as low-rate; C: Visual matching of the global regional CRC rates and dietary patterns,
based on the groups defined above. Matching occurs when a region with high-meat-fat diet is high-rate for CRC, or when a region with low-meat-fat diet is low-rate for
CRC. The regions where the CRC rates matched dietary pattern are in blue, those where it did not match in red (i.e., high-rate CRC regions with low-meat-fat diet or
low-rate CRC regions with high-meat-fat diet).

caused by global genomic hypomethylation[58]. Studies
have identified number of different genes hypomethylated in CRC, such as CARD 14, CCDC116, TIAM1, and
MAEL, that can have a variety of effects on signaling,
e.g., by nuclear factor-kappa B (NF-κB), or other cellular
functions relevant to CRC carcinogenesis including, but
not limited to, cell adhesion, cell cycle control, cell migration and differentiation[59].
These epigenetic alterations can be strongly affected
by dietary habits, because several dietary components can
alter the methylation profile of the genome. Polyphenols,
abundant in green tea, promote demethylation, and may
reactivate tumor suppressor genes that were inactivated
by promoter methylation[60]. Effects on methylation pattern have similarly been reported for other potentially
protective natural compounds, such as quercetin, folate,
and selenium [61-63]. For example, a selenium-low diet
altered the methylation pattern of colonic DNA in rat
models, causing activation of tumor suppressor gene,
such as the rat homolog of VHL, while a selenium-rich
diet reversed the abnormal methylation profile[64].
Hypermethylation can also affect the expression of

Furthermore, epigenetic alterations that are central
to the process of genomic imprinting, such as histone
modifications and DNA methylation, as well as changes
in non-coding RNAs, mainly involved in post-transcriptional regulation, can affect the gene expression patterns
independent of or in combination with inherited or somatic changes in the DNA sequence.
DNA methylation, i.e., conversion of cytosine to
5-methylcytosine, normally occurs at isolated CpG dinucleotides, while the regions enriched in CpGs, so called
CpG islands, mainly situated at or near gene promoters,
are generally hypomethylated[52]. Abnormal methylation
of CpG islands may turn off gene expression and can
lead to inactivation of tumor-suppressor genes in the
process of carcinogenesis[52]. For example, hypermethylation of MLH1 (a major mismatch repair gene), accounts
for more than 60% of non-hereditary microsatellite unstable CRCs, and can be found in more than one fifth of
all CRC cases[53-55]. Methylation of other genes involved
in CRC, such as APC, MGMT, GATA-4 and GATA-5,
and FXR have also been described[56,57].
On the other end, genetic instability could also be
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microRNAs (miRNAs). MiRNAs are short non-coding
RNAs of about 19-28 nucleotides that affect gene expression and/or mRNA translation by binding the untranslated regions of target genes[65]. Numerous miRNAs
targeting tumor-suppressive and oncogenic pathways
have been found to be altered in CRC (reviewed in[66])
and it has been found that their expression can be affected by diet[67,68]. High-risk diets seem to cause downregulation of tumor suppressive miRNAs, and progression of
CRC[67]. Decrease in the tumorigenesis process upon use
of dietary factors that are generally thought to lower the
risk of CRC, was associated with normalization of the
deregulated miRNA pattern[68,69]. For example, the level
of the let-7 miRNA family was found to increase with dietary vegetable consumption in rat colon tumors induced
by a heterocyclic amine from cooked meat, leading to the
normalization of cancer-related proteins, such as c-myc
and p53[68].
Histones modification is another mode of epigenetic
alteration that affects gene expression by regulating chromatin structure and activity[70]. Acetylation and methylation of histones, among other modifications, modulate
the gene expression pattern during cell differentiation
and can result in activation of oncogenes and inactivation
of tumor suppressor genes in CRC[70]. In-vitro and in-vivo
experiments have proposed histone modification, e.g., histone deacetylases inhibition and histone hyperacetylation,
as a mechanism implicated in the anti-carcinogenic effect of some dietary components, such as short-chained
fatty acids, garlic, vegetable metabolites and other organic
compounds[62,71-73]. Some of these dietary components act
via nuclear receptors, that can be a target of therapeutic
or preventive strategies for CRC (see below). Epigenetic
alterations can be the target of other environmental risk
factors as well[74].
Other mechanisms suggested to mediate the effect
of diet on CRC include cytotoxic and mutagenic effects
of food metabolites or their by-products on colorectal
epithelium. Moreover, food metabolites can contribute
to CRC carcinogenesis through oxidative stress, immune
regulation, and alterations in the mucosal inflammatory
milieu[75-80].
The responsiveness to the environment, particularly
diet, and the potential reversibility, has made epigenetics
a promising target for dietary interventions in the chemoprevention of CRC[59,81]. In order to achieve this goal, the
epigenetic aberrations that occur early in the disease and
that are modifiable by dietary agents need to be better
characterized[82]. Furthermore, it is predicted that a major
contribution to the chemoprevention of CRC will derive
from pharmacological interventions targeting nuclear
receptors that control the metabolic pathways involved in
normal enterocyte proliferation and differentiation and in
CRC tumorigenesis.

signals into fast and coherent changes in gene expression[83]. These transcription factors are thus key players in
the coordination of organism physiology[83]. Some NRs
bind extracellular lipophilic molecules (e.g., hormones,
vitamins, dietary lipids, bile acids, etc.)[83]. In the absence
of ligand, NRs are bound to transcriptional co-repressor
complexes that cause chromatin condensation and gene
silencing. After ligand binding, a change in the threedimensional conformation of the NR results in the recruitment of tissue-specific co-regulators that activate the
gene transcription machinery[83]. For some NRs, called
“orphans”, the endogenous ligands are still unknown,
while other NRs, designated “true orphans”, are ligandindependent[83].
Previous studies have provided evidence that lipidsensing NRs modulate enterocyte physiology (metabolism, proliferation, differentiation, and death) and that
their localization pattern along the crypt-villus axis predicts the modulation of their expression in tumors[84,85].
For example, the vitamin D receptor, the farnesoid X
receptor α (FXRα, bile acid -BA- sensor), the liver X receptor α (LXRα, the oxysterol sensor), and the retinoid
X receptor α (RXRα), that are expressed mainly in the
differentiated compartment of the intestinal mucosa (villus/epitelium), are suppressed in neoplasms[57,85-88].
FXRα is the master transcriptional regulator in bile
acids (BA) metabolism. BA play an important role in
intestinal homeostasis, and may have a dual function of
either promoting or inhibiting cell differentiation and
death, depending on the bile acids composition[89] and
gut microbiota[57], that are modifiable by diet. One of the
main functions of FXR is to promote the detoxification
of the enterocytes from hydrophobic BA[90], thus reducing BA-induced oxidative DNA damage and inflammation in the colorectal epithelium[91]. In fact, when FXR is
absent in the intestine, there is a promotion of Wnt signaling, with expansion of the basal proliferative compartment, and a concomitant reduction in the apical differentiated apoptosis-competent compartment[92]. The role
of FXR in protecting from CRC is confirmed by the observation that the loss of FXR in the ApcMin/+ and in the
chronic colitis mouse models results in increased intestinal tumorigenesis and tumor progression via promotion
of Wnt signaling and up-regulation of Cyclin D1. On
the other hand, the activation of FXR triggers proapoptotic programs in both normal and transformed colonocytes[92,93]. Additionally, FXR displays anti-inflammatory
properties by interacting with NF-κB signaling[93-95], and
loss of FXR function results in enhanced infiltration
and production of interleukin 6 and tumor necrosis factor alpha[92,93]. Thus FXR agonists could be effective in
preventing CRC and strategies aimed at reactivating FXR
expression might be useful in CRC treatment.
Proliferating cells need excess cholesterol, and several studies have shown that LXR activation affects cell
proliferation and promotes apoptosis[96-98]. In fact, cholesterol acts as a regulator of cell cycle progression, and
cholesterol starvation results in cell cycle arrest in the
G2-phase; this effect is reverted by supplying cholester-

NUCLEAR RECEPTORS
Nuclear receptors (NRs) are transcription factors (48 in
humans, 49 in rodents) able to transduce extracellular
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ol[99,100]. The need of coordinate cholesterol metabolism
tuning during membrane synthesis, cellular differentiation
and proliferation thus candidates LXRs as important in
cell proliferation[96,98]. LXRα and LXRβ, acting as obligate heterodimers with RXR, are central actors in lipid
homeostasis and respond to physiological concentrations
of the cholesterol derivatives oxysterols. In proliferating
cells, reduced intracellular concentrations of oxysterols
are associated with increased cholesterol synthesis and
down regulation of LXR target genes involved in cholesterol catabolism and transport[101]. In the enterocytes,
LXRs control the intracellular flow, catabolism, and efflux of cholesterol[102], but also have many other effects,
including inhibition of NF-κB signaling[103]. This antiinflammatory action of LXRs leads to reduced inflammatory processes in chronic gut diseases[104,105]. LXR overexpression in the ApcMin/+ and chronic colitis mouse models
results in decreased intestinal tumorigenesis and tumor
progression. Additionally, pharmacological activation as
well as adenoviral overexpression of LXR blocks the G1
phase, increases caspase-dependent apoptosis, and slows
the growth of tumor xenografts in mice by affecting lipid
metabolic networks and by increasing cholesterol efflux in the intestine[96,106]. Therefore LXR agonists might
become novel therapeutic agents in CRC treatment, applicable to the control of the CRC epidemics in the developing world.

IL-17, from adipocytes and associated macrophages, as
well as by altered mucosal immune composition[126,127].
Other lifestyle factors, such as chronic cigarette
smoking and alcohol consumption, contribute to procarcinogenic inflammation[74,128,129]. Smoking, in addition
to the induction of inflammation and of epigenetic and
genetic alterations, can affect other pathways leading to
CRC. Smoking-related oxidative stress, a result of increased reactive oxygen species (ROS) levels, and smoke
metabolites such as nitrosamines, through effects on the
nicotine signaling receptors, can lead to upregulation of
MAPK signaling, activation of COX2 and of the matrix
metalloproteinase (MMP) pathways. Furthermore accelerated DNA-adduct formation activates base excision
repair (BER)[129-132].
Also excessive chronic alcohol consumption can accelerate CRC initiation and progression through multiple
cellular mechanisms, including inflammation and epigenetics, as discussed earlier. Moreover, increased ROS
generation and NADPH oxidase, combined with alcoholism-related vitamin deficiencies (Bs and A) can affect
apoptotic (e.g., PI3K/AKT), proliferative (e.g., ERK1/2)
and metastatic (e.g., VEGF, and MMPs) pathways[128,133,134].

ASSOCIATION OF ENVIRONMENTAL
FACTORS WITH MOLECULAR
ALTERATIONS

OBESITY AND LIFESTYLE

Several association studies, at both individual and population level[135-139], have explored the relations between
modifiable environmental factors, such as life style and
diet, and CRC-related molecular pathways.
Upon discovery of obesity as a risk factor for CRC,
many investigators tested the effect of obesity on CRC
in relation to obesity-related pathways[114]. An inverse association between adiponectin level and CRC, mainly in
men, is supported by several studies, reviewed in a recent
meta-analysis[139]. The levels of leptin or soluble leptin
receptor have been found to be associated with increased
risk of CRC in some studies[140,141].
The association between inflammatory markers and
risk of CRC is not consistent. An increased level of IL-6,
and soluble tumor necrosis factor receptor 2 in CRC
patients, suggested by retrospective studies, has not been
confirmed in prospective series[142,143]. This association
could depend on specific molecular features of the tumor. For example, in rectal cancer, IL-6 was suggested
to modify the effect of dietary components depending
on p53 mutation status[144]. Similarly, the role of positive
energy status, as defined by higher BMI and physical inactivity, can vary according to the molecular make-up of
CRC. Obesity was reported to be associated with higher
CRC risk in patients with tumors negative for betacatenin activation or fatty acid synthase expression[145,146].
These patients showed lower CRC recurrence rates if
exercised after diagnosis[147]. The risk of rectal tumors
harboring P53 and K-RAS mutations was lower in indi-

As discussed earlier, obesity and a sedentary lifestyle are
associated with increased risk of CRC. Several molecular
pathways have been linked to the effects of obesity and
physical inactivity on CRC. Hyperinsulinemia, a consequence of an increased calorie intake, induces insulin-like
growth factor (IGF)-Ⅰ, which can promote cell growth
and inhibit apoptosis[107]. The insulin pathway promotes
proliferation in preneoplastic lesions of ApcMin/+ mice, is
upregulated in human CRC tissue, and is associated with
aggressive tumor behavior and metastasis[108-110]. Insulin
can also induce steroid hormones that are involved in cellular proliferation, and apoptosis[111].
Polypeptide growth factors and cytokines released
from adipose tissues, known as adipokines, have abnormal levels in obesity, as a result of systemic upregulation
of insulin/IGF-I signaling, steroid hormones and inflammatory mediators[112-115]. High level of leptin and low level
of adiponectin have been associated with CRC in mouse
models[116-118]. In the physiologic state, the proliferative,
survival, and pro-invasive actions of leptin, via pathways
such as PI3-kinase/AKT and JAK-STAT, are balanced
by the antiproliferative and antiangiogenic effects of
adiponectin[119-122]. Moreover, obesity is associated with
chronic low-grade inflammation[123]. A growing body of
literature is supporting the role of chronic inflammation
in promoting CRC[124,125]. The pro-inflammatory state in
obesity is characterized by dysregulated release of protumorigenic inflammatory cytokines, such as IL-6, and
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viduals with high levels of physical activity[136]. In other
studies, the mortality for CRC increased with higher BMI,
depending on the expression status of anti-proliferative
nuclear proteins, such as P21 and P53[148,149].
Other life style-related risk factors, such as cigarette
smoking and alcohol intake, have been also studied in relation to molecular subtypes of CRC. Cigarette smoking
was found to increase the risk of microsatellite unstable,
CIMP-positive, and BRAF mutated CRC[150], while smoking cessation was protective against CIMP-high CRC[151].
These data are in line with the involvement of epigenetic
modifications in smoking-related colorectal carcinogenesis. Although one might expect epigenetic fingerprints
also from alcoholism, most studies could not find associations between specific molecular subtypes of CRC
and alcohol intake[152,153]. The effects of alcohol, however,
can vary among individuals depending on genetic polymorphisms in the alcohol metabolism pathways, and this
could modify CRC risk[154].
The association between dietary components and
CRC-related molecular pathways has been tested in population-based series. The variation among studies could
be partly due to heterogeneity among series with regard
to tumor location, sex, and other known and unknown
potential confounders[155,156].
Earlier studies found differential associations between
dietary factors and the P53 pathway in CRC, depending
on whether protein expression or mutational analysis was
used. Fat-intake was associated with P53-negative CRC
using immunohistochemistry[157]. In subsequent larger
studies, the Western-style diet, characterized by high consumption of red meat and increased glycemic load, was
associated with P53 mutations in CRC[158].
With regard to the K-RAS pathway, cruciferous vegetables were found to be associated with lower chance of
occurrence of K-RAS mutations, and monounsaturated
fats with likelihood of G->T K-RAS mutation[159].
In rectal cancer, Omega-3 fatty acids were associated
with the CpG island methylator phenotype (CIMP+),
and refined grains with P53 mutations. Reduced risks of
mutations in P53 and/or K-RAS were seen in groups
with higher intakes of vegetables and whole grains[136].
Omega-3 fatty acids are agonists of the NRs peroxisome
proliferator activated receptors (PPARs), that have been
implicated in CRC. PPARγ activation has been shown
to inhibit CRC cell proliferation[84] by promotion of cell
maturation and inhibition of genes involved in inflammation and in cell growth[84]. Omega-3 fatty acids and other
PPARγ agonists could thus serve as new anti-inflammatory and anti-cancer agents. In line with this, also the
peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC1α), a coactivator of the PPARs,
has been shown to modulate intestinal epithelial cell fate
and to inhibit CRC development and growth[160]. Being
PGC1α a downstream effector of the AMPK/SIRT
pathway[161], the protective role of PGC1α on CRC could
account for some of the mechanisms by which physical
exercise[162], metformin[163,164], and resveratrol[165,166] protect
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against CRC.
Overall, despite significant advances in the field of
molecular epidemiology, the attributable effects of diet
on CRC molecular subtype are not yet clear. Almost all
the existing association studies for diet and molecular
markers of CRC have been conducted in regions with
high rates of CRC, mainly located in Western countries[136,157,167-169]. Nevertheless, the relatively restricted
divergence of the Western dietary profiles and the similar
epidemiological features of CRC in Western populations
may limit the chances of finding associations between
dietary factors and molecular pathways[170]. Comparative
studies involving populations more dissimilar in dietary
pattern and disease epidemiology might help to fill our
knowledge gap on how diet influences CRC.
In a study that analyzed the molecular features of
CRC, including CpG island methylator phenotype, microsatellite instability, and K-RAS and P53 gene status, in
Egypt, Jordan, and Turkey, differences in gene methylation patterns and mutational status were found between
CRCs from these countries and Western CRC series. Interestingly the molecular features of the CRCs from Turkey, the country with most rapid rise of CRC rate among
the three studied, were most similar to those reported for
Western series[171].
Our group, by applying a mathematical approach to
the investigation of geographic correlations between p53
mutation patterns, based on the International Agency for
Research on Cancer (IARC) P53 database, and food factors, derived from the dataset of the Food and Agriculture Organization of the United Nations (FAO), found
relationships between P53 mutation type and site and
higher availability of meat, sweeteners and animal fats, i.e.,
the energy-dense foods that characterize the “Western”
diet and that are also linked to overweight and obesity[171].
This P53 mutational “fingerprint” could be explained by
differential exposure to nitrosative DNA damage, due
to foods that promote metabolic stress and chronic inflammation. However direct evidence for the molecular
fingerprint of diet may not be easily achievable, due to
complex interactions among dietary factors in the gastrointestinal lumen and in colonic epithelium that could
be affected by host genetic susceptibilities as well. In addition, a rapidly growing body of evidence suggests that
the gut microbial community modulates the effect of the
diet on CRC risk[172].

INTESTINAL MICROBIOTA
The number of bacteria in our body exceeds by 10 times
that of human cells[173]. A comprehensive analysis of the
human intestinal microbiota is now possible thanks to the
availability of high-throughput sequencing techniques.
The human colon is highly populated with a microbial
community reaching as many as 10(13)-10(14) microorganisms. Chronic inflammation can contribute to CRC
carcinogenesis[125]. The gastrointestinal (GI) microbiota
plays an important role in maintaining the mucosal im-
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+
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Figure 2 Factors contributing to the uptrend of colorectal cancer incidence and mortality in developing countries.

acid production were more abundant[184]. The protective
or detrimental effect of certain dietary components on
the colonic mucosa, in conjunction with altered GI microbiota, has been confirmed in animal studies[185,186].
Manipulations of the GI microbiota with probiotics,
prebiotics and oral vaccines are currently under intensive
research for the primary and secondary prevention of
CRC[178].

mune functions and in balancing pro and anti-inflammatory signals[174,175]. The composition of the GI microbiota
is affected by environmental factors, such as diet[176]. The
“Western diet, exemplified by high intake of animal products and low in unrefined carbohydrates, promotes a proinflammatory microbiota that can predispose susceptible
individuals to CRC[177]. Therefore, it is prudent to hypothesize that the effect of diet on adenoma and CRC development may be mediated by shifts in the balance between
detrimental and non-pathogenic commensal microbiota[178]. Moreover, the microbial community can modify
the production of diet-related by-products implicated in
CRC carcinogenesis, such as ROS and hydrogen sulfide
(H2S), among several others[178]. Other CRC risk factors,
such as obesity, can be influenced by the GI microbiota,
hence reinforcing the link with CRC development[179].
This is supported by a number of case-control studies
that have shown different GI microbial compositions
in normal subjects versus adenoma- and CRC-affected
patients[180-182]. Some bacterial taxa, such as Bacteroides, Eubacterium, and Bifidobacterium, were shown to be associated
with higher risk of CRC, whereas Lactobacillus was associated with low CRC risk[179,182]. Therefore, it is conceivable
to propose an association between compositions of the
GI microbiota and CRC epidemiology. In other words,
the GI microbial communities of the populations with
lower risk of CRC could differ from those of the populations with higher risk, and this could reflect or mediate
the effects of protective environmental/dietary profiles.
In this regard, Nava et al[183] compared stool samples of
native Africans to those of African Americans, that have
overall CRC rates about 60 times higher than native Africans. Interestingly, a more diverse and numerous population of 7-dehydroxylating colonic bacteria was found in
native African stools, reflecting a diet enriched in resistant
starch and low in animal products, compared to stools of
African Americans, who consume a “Western” diet.
In a more recent study, the same group found higher
total bacteria and butyrate-producing groups, along with
higher levels of antineoplastic short-chain fatty acids,
in the stool samples of native Africans, whereas in the
stools of African Americans the genus Bacteroides and
microbial genes encoding for carcinogenic secondary bile
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PREVENTIVE STRATEGIES
It is estimated that over the next two decades the number of CRC cases will increase dramatically, from 1.2 to
2.2 million worldwide, with most of the increase (62%)
in the developing countries[12]. This estimate is mainly
based on the population growth and increased life expectancy in these regions. However, as it was discussed
earlier, these countries are experiencing a rise in their ageadjusted rates of CRC, due to the adoption a more Westernized lifestyle. As a result, the number of CRC cases
in the developing countries could outgrow the current
estimates[12,187].
This upcoming burden of CRC will bring about a
large demand for patient care in areas of CRC detection,
staging, and therapeutic interventions, such as surgery,
radiation and chemotherapy. Yet, the resources may not
grow in parallel to meet the demand (Figure 2). Therefore, it is crucial to implement preventive strategies to
control CRC in populations where incidence rates are still
low, rather than wait for the impact of the disease burden
in the near future.
Population-based screening aims at the early detection
of colorectal neoplasms, amenable for curative treatment,
and is shown to be an efficient and cost-effective method
to lower the disease mortality in developed countries
with high CRC incidence[188]. The screening methods,
recommended by multiple guidelines, include stool-based
testing to detect early stage CRCs, and endoscopic-based
testings, such as flexible sigmoidoscopy and colonoscopy,
that allow to detect and remove pre-cancerous lesions/
polyps. Screening by any of these methods on a regular
basis can effectively reduce CRC risk[189].
The Council of the European Union and the ad-hoc
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Halt CRC rise + early detection
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Figure 3 Preventive strategies against colorectal cancer in developing countries.

opment of the food processing industry[194].
Promoting a more “healthy” diet, characterized by
consumption of less fat and less red meat and more vegetable food, could be a good strategy for primary CRC
prevention[81]. However, the dietary adjustments should
be complemented by modifications in other lifestyle
habits associated with increased CRC risk. As discussed
earlier, obesity, sedentary life, excessive alcohol intake,
and smoking are all suggested to increase the risk. Thus,
controlling these factors at the population level should be
essential in primary CRC prevention (Figure 3).
It is noteworthy that several of the aforementioned
environmental factors are also known risk factors for
other cancers and chronic diseases that are on the rise
in developing countries [195]. Therefore the allocation
of appropriate resources towards primary prevention
programs targeting the young generations would be an
invaluable investment to control the burden of chronic
diseases and cancer in the developing world[196]. At first
glance, interventions directed to primary prevention seem
to be extremely challenging endeavors, as they require
well-designed and strong educational support, based on
community programs and media, to achieve behavioral
changes evident only over extended periods of time.
Nevertheless, long-term efforts to implement educational
and awareness programs starting at early ages, through
schools or other public health programs, have been
shown to be both accomplishable and effective, as exemplified by the very significant drop of smokers among
United States adults over the past 6 decades[188].
Several studies have shown a decreased risk of CRC
in patients taking certain medications, most notably nonsteroidal anti-inflammatory agents (NSAIDs); hence
this led to a growing interest in the chemoprevention of
CRC. NSAIDs, such as aspirin and celecoxib, can reduce
risks of adenoma and CRC[197,198]. However their utility as

United States task force recommend starting population
screening at age 50[190,191]. However, the age for offering
screening cannot be absolutely generalized from one
population to another. Rather, the age of screening initiation needs to be determined based on local epidemiological data, and on the life expectancy of the population.
Population-based screening is a secondary prevention method and warrants availability of the necessary
resources, including nation-wide endoscopic units and
gastroenterologists that are limited in many developing countries. This, coupled with a lower incidence of
CRC in many of these regions, argues against the costeffectiveness of nation-wide screening in such countries.
Alternatively, the CRC screening could be individualized
based on genetic or environmental risk factors. For example, more intense screening could be considered in
family members of patients with CRC, or in those with
environmental risk factors, such as obesity or smoking,
that have higher CRC risk than the general population[192].
In contrast to secondary prevention, which is offered
after exposure to CRC-causing factors, primary prevention focuses on the reduction of carcinogenic exposures
to avert CRC development. Changes in environmental
factors, including consumption of a “Western” diet, is
assumed to be responsible for the increasing disease incidence in developing countries[188].
It has been proposed that consumption of unrefined
grains, legumes, and fruits as sources of carbohydrate,
and of poultry, fish, and legumes as sources of protein,
could lower CRC risk[193]. These were main staple foods
in the populations of the less developed countries, where
the adoption of a “Western” diet is only a recent event.
The modification of the dietary habits of these populations towards their traditional diet could be more achievable than in the Western societies, that embraced the
Western diet since the industrial revolution and the devel-
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a primary prevention tool for CRC is questionable in the
general population, given the possible gastrointestinal,
cardiovascular and renal side effects associated with these
drugs at high doses in the long-term[199]. The effect of
statins on the overall CRC risk, despite the biologically
plausible protective mechanisms, may not be as substantial as initially thought[200,201].
Nevertheless, the chemoprevention of CRC is an option that must be carefully considered after balancing the
risk and benefits of each drug at the individual level[202].
This would be relevant for CRC prevention also in lowincome countries, where simple drugs such as aspirin are
readily available and could be prescribed to individuals
that have concurrent indications for treatment, such as
cardiovascular disease.
As more focus is placed on minimizing the potential toxicity of CRC chemoprophylaxis by combination
therapy, this strategy may become even more justifiable,
particularly in groups at higher risk because of environmental factors, hereditary predisposition or previous history of colonic adenomas and/or CRC[198,199,203-205].
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CONCLUSION
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CRC, historically a cancer typical of the industrial countries, is now among the common newly diagnosed cancers and causes of cancer death globally. The evidence
that the disease is significantly increasing in most developing countries heralds an even more remarkable disease
burden in the near future. Environmental factors, such as
changes in life style and diet, are proposed to play major
roles in the current transition of CRC epidemiology. The
molecular mechanisms mediating the effects of the environment on CRC pathogenesis are complex and need to
be fully characterized, but new targets for therapeutic and
preventive interventions, such as nuclear receptors and
the intestinal microbiota, are emerging. Candidate pathways, elucidated by in vitro and in vivo studies, and their
weight on CRC risk, are yet to be validated in populationbased cohorts. Studying populations in transition could
help to identify environmental risk factors, affected pathways and possible mediators such as gut microbiota. The
data obtained from these studies could have an impact
in allowing better detection of at risk individuals, implementation of non-invasive strategies to lower the burden
of the disease, and optimization of treatment.
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Single-incision laparoscopic colorectal surgery for cancer:
State of art
Fabio Cianchi, Fabio Staderini, Benedetta Badii
intestinal anastomosis. The cosmetic result from SIL is
also better because the only incision is made through
the umbilicus which can hide the wound effectively
after operation. However, SIL raises a number of specific new challenges compared with the laparoscopic
conventional approach. A reduced capacity for triangulation, the repeated conflicts between the shafts of
the instruments and the difficulties to achieve a correct
exposure of the operative field are the most claimed
issues. The use therefore of this new approach for
complex colorectal procedures might understandingly
be viewed as difficult to implement, especially for oncologic cases.
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Abstract
A number of clinical trials have demonstrated that the
laparoscopic approach for colorectal cancer resection
provides the same oncologic results as open surgery
along with all clinical benefits of minimally invasive
surgery. During the last years, a great effort has been
made to research for minimizing parietal trauma, yet
for cosmetic reasons and in order to further reduce
surgery-related pain and morbidity. New techniques,
such as natural orifice transluminal endoscopic surgery
(NOTES) and single-incision laparoscopy (SIL) have
been developed in order to reach the goal of “scarless”
surgery. Although NOTES may seem not fully suitable
or safe for advanced procedures, such as colectomies,
SIL is currently regarded as the next major advance in
the progress of minimally invasive surgical approaches
to colorectal disease that is more feasible in generalized use. The small incision through the umbilicus allows surgeons to use familiar standard laparoscopic instruments and thus, perform even complex procedures
which require extraction of large surgical specimens or
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Core tip: During the last years, a great effort has been
made to research for minimizing surgical trauma and
stress. A new technique, known as single-incision laparoscopy (SIL) has been developed in order to reach this
goal. In particular, SIL is currently regarded as the next
major advance in the progress of minimally invasive
surgical approaches to colorectal disease. However, SIL
raises a number of specific new challenges compared
with the laparoscopic conventional approach. We aimed
at illustrating the potential benefits or efficacy as well
as feasibility and safety of this procedure in the treatment of colorectal cancer.
Cianchi F, Staderini F, Badii B. Single-incision laparoscopic
colorectal surgery for cancer: State of art. World J Gastroenterol
2014; 20(20): 6073-6080 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i20/6073.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6073
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of straight instruments in parallel with the laparoscope
through a small single incision decreases the freedom of
movement for the surgeon, and complicates the holding
of the laparoscope for the assistant and instruments for
the surgeon. The most outstanding technical challenges
involved in SIL are the following: (1) loss of triangulation with straight instruments: the loss of this dogmatic
principle of laparoscopic surgery often imposes the
need to operate with crossed hands and does not allow
an ergonomically favorable position for the surgeon and
assistants. The inherent technical challenge is that the
visual axis becomes more axial or in-line, so a movement
of the camera often results in a inadvertent movement
of an adjacent instrument, thus increasing the difficulty
of performing even relatively simple tasks; (2) restricted
number of working instruments and thus difficulty of
achieving correct exposure and the necessary traction to
tissues; (3) restricted external working space: the multiple
instruments and laparoscopies required for a procedure
are competing for the same space at the fulcrum of the
entry port, causing external hand collisions and difficulty
with instrument tip manipulation internally; (4) difficulty
in maintaining pneumoperitoneum; and (5) requirement
of training and adjustment. New operative hardware is
being developed to facilitate the technique[16]. Many of
the big healthcare manufacturers have developed multilumen access devices to allow for the insertion of several
instruments through a single large fascial incision. Initially, these devices offered three openings with limited
gas inflow and outflow, but we are now seeing revision
of the devices, incorporating more access ports so standard laparoscopic dissection techniques can be utilized.
Newly designed equipment, such as articulating or curved
instruments and flexible scopes, have been introduced to
recreate triangulation. Moreover, the introduction of an
extra-long, 5 mm laparoscope allows placement of the
camera on a different plane from the other instruments
and help in moving the operator’s hand further apart to
avoid handle collision[17]. All these devices have made
single site surgery easier and more efficient.

INTRODUCTION
The laparoscopic technique has been enthusiastically
applied to the resection of colorectal cancer for more
than 15 years[1]. There is evidence that laparoscopy for
colorectal cancer offers the opportunity for a meticulous
dissection of the mesocolon and mesorectum under direct vision while facilitating a true no-touch technique[2].
Additional benefits, such as less postoperative pain, reduced need for postoperative analgesia, less ileus, shorter
hospital stay, less blood loss, and better cosmesis are also
well documented[3,4].
During recent years, great effort has been made to
minimize parietal trauma for cosmetic reasons and to
further reduce surgery-related pain and morbidity. New
techniques, such as natural orifice transluminal endoscopic surgery (NOTES)[5] have been developed in order to
reach the goal of “scarless” surgery. Although NOTES
actually allows for no scarring of the body surface, it has
several disadvantages and limitations with the currently
available instruments, including limited access, less familiar working angles and operative approaches. Furthermore, it is associated with possible complications caused
by opening of the stomach, colon or vagina, and may not
be fully suitable or safe for advanced procedures, such as
colectomies[6].
Single-incision laparoscopy (SIL) is currently regarded
as the next major advance in minimally invasive surgical
approaches to colorectal disease that is more feasible for
generalized use[7-10]. SIL reduces the invasiveness of laparoscopic conventional surgery (LCS) by decreasing the
number of incisions and ports through the abdominal
wall. This theoretically could provide important clinical
advantages, including less postoperative pain, reduction
of port-site associated morbidity (such as wound infection, bleeding, visceral injury and port site herniation),
quicker recovery and shorter hospital stay. The small incision through the abdominal wall allows for “scarless”-surgery as the wound is usually hidden within the umbilicus,
thus providing potentially better cosmesis. Moreover, SIL
permits surgeons to use familiar standard laparoscopic
instruments but also perform complex procedures, such
as colorectal operations, which require extraction of large
surgical specimens or intestinal anastomosis.

FEASIBILITY AND SAFETY OF
SINGLE-INCISION COLECTOMY
All the challenges encountered with single-port surgery
are magnified with colorectal procedures. Unlike laparoscopic cholecystectomy or appendicectomy which involve
surgery in only one abdominal quadrant, single-incision
laparoscopic colectomy often requires operating in different abdominal quadrants. In addition, the need for adequate oncological margins and the creation of a tensionfree anastomosis are essential. Although the use of this
new approach for complex colorectal procedures might
understandingly be viewed as difficult to implement, over
the past few years there has been significant interest in
SIL for colonic resections in both benign and malignant
conditions. In fact, between 2008 and 2012, a nearly
7-fold increase occurred in the number of articles related

TECHNICAL ASPECTS OF SIL
SIL was first reported in 1992 by gynecologists who
performed single-incision hysterectomy[11]. The performance of the first transumbilical cholecystectomy was
published in 1999[12] and the first single-incision appendectomy was reported in 1998[13]. The use of SIL in
colorectal surgery was first reported in 2008 by Remzi et
al[8] and Bucher et al[14].
Since these first reports, it has been evident that SIL
raises a number of specific new challenges compared
with LCS. The skills required for SIL are different from
those needed in conventional multiport laparoscopy, even
for experienced laparoscopic surgeons[15]. The handling
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to single-port colorectal surgery[18-20]. Unfortunately, the
currently available literature relating to the technique includes mostly case reports or small case series describing
the feasibility, safety and technical difficulties of different
operations[21-30]. There are very few studies comparing
SIL to LCS and there is a need for randomized controlled
trials to definitively establish that SIL is no different from
standard laparoscopic surgery in terms of completion
rates, complications and oncological adequacy but with
the advantage of being more cosmetic with subsequently
reduced morbidities including pain[31-35]. The studies published to date have a number of other flaws limiting their
impact. These include low sample size, selection bias and
difficulty in blinding the patients enrolled[36-41]. The vast
majority of studies involve a very carefully selected SIL
cohort of uncomplicated cases, which significantly limits
their generalization.
The most significant datum emerging from the literature is that colonic SIL has been offered to date to a
highly selected group of patients[18,19]. This selection is
based on two main parameters: body mass index (BMI)
that is an indirect measure of visceral fat, and tumor site,
that is directly linked to the type of surgical procedure.
It is well known that visceral fat is one the most critical factors in the identification of the correct surgical
plane in laparoscopic surgery[42]. This concept is obviously amplified in SIL and visceral obesity is reported as the
primary cause of conversion to multiport laparoscopy in
most studies[43]. Therefore it is understandable that most
patients who are candidates for this type of surgery had
a low BMI. Makino et al[18] have reviewed 23 studies with
a total of 378 patients undergoing single-port colectomy.
The mean value of BMI was 25.5 kg/m2 in these patients.
Similar results have been found by Fung et al[19] in their recent review. These authors have analyzed 38 colonic SIL
articles containing 565 patients and the median BMI was
25.8 kg/m2. On the basis of these findings, some studies
have suggested the use of preoperative abdominal computed tomography to predict accurately the pattern of
visceral fat, allowing better selection of patients for SIL
colectomy and reducing the number of conversions[42].
The other factor that has markedly influenced the
currently available data on SIL for colorectal cancer is
the type of surgical procedure. Makino et al[18] have reported that 279 (73.8%) of the 378 procedures analyzed
in their review were right hemicolectomy, followed by
sigmoidectomy (n = 27), performed essentially for diverticular disease, and anterior resection of the rectum (n =
20). Moreover, a high number of published studies have
specifically limited the analysis of safety, feasibility and
short-term results to only single-port right hemicolectomy[14,26-30,32,36,39,40,43-46], thus demonstrating that this type
of procedure is the least complex to perform with the
single-port technique at the beginning of the experience.
Actually, right hemicolectomy involves surgery only in
one/two quadrants while left procedures require operating in a multitude of different and opposite abdominal
quadrants, from the hypochondrium for splenic flexure
mobilization to the pelvis for a total mesorectal excision
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(TME). Moreover, in right hemicolectomy the surgeon
has the possibility of creating an extracorporeal intestinal
anastomosis through umbilical access while in left colectomies and anterior resection of the rectum the anastomosis is intracorporeal, thus augmenting the complexity
of the procedure.
These considerations clearly show that there is an inevitable case-selection bias in assessing the outcomes of
colorectal SIL from published studies. Although randomized controlled trials comparing single-port and multiport right hemicolectomy have not been reported yet, the
most significant data available to date relate to this type
of procedure. In 2012, the two largest experiences with
single-port right hemicolectomies in a single institution
have been reported. Waters et al[47] analyzed the shortterm outcomes with single-incision right hemicolectomy
in 100 patients. Operative indications were oncological
in 92 patients, 57 for adenocarcinoma and 35 for polyps
not suitable for endoscopic removal. Morbidity (13%)
and mortality (1%) rates were acceptable as well as operative time (median value, 105 min) and conversion rate to
multiport or open procedures (2% and 4%, respectively).
Most importantly, there was no compromise of oncological adequacy with no positive tumor margins and a mean
number of 18 lymph nodes retrieved and examined in
the surgical specimens. Interestingly, patients with a wide
range of BMI measurements were offered single-incision
right hemicolectomy, with the largest approaching superobesity at a BMI of 46 kg/m2 and a mean patient BMI
of 28. Unfortunately, no results regarding postoperative pain, cosmetic results or direct comparison with the
multi-port laparoscopic approach were reported.
Chew et al[48] have reported the short outcomes of single-incision laparoscopic right hemicolectomy in 40 consecutive patients. These results were compared with those
of 104 conventional laparoscopic right hemicolectomies.
Indications for surgery were oncological in the majority
of patients in the two groups. The authors found that
single-incision right hemicolectomy is a feasible and safe
procedure with equivalent outcomes in terms of operative time, oncological adequacy, postoperative morbidity,
and conversions when compared with conventional laparoscopic right hemicolectomy. In particular, there were
no differences in lymph node retrieval (median value of
18 and 19 lymph nodes for multi-port and single-port
surgery, respectively) and resection margin clearance.
The data regarding left sided procedures, in particular
anterior resection of the rectum for cancer, are much
more limited. This is mainly due to the complexity of
these procedures, in particular some surgical steps such
as mobilizing the splenic flexure and dissection of the
mesorectum. The fairly great distance of the spleen and
the deep pelvis from the umbilicus amplify the difficulty
of creating instrument triangulation, especially when
standard, straight laparoscopic instruments are used.
Even adequate traction of the rectum and stapling procedures have been associated with technical difficulties
and adjunctive methods of traction and suspension such
as transparietal suture, are frequently needed to achieve
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adequate surgical exposure[49-54]. Bulut et al[55] have recently
reported their early experience in single-incision surgery
for rectal cancer treatment. This study was conducted on
10, highly selected patients: the mean tumor diameter was
very small (3.2 cm), BMI was ≤ 25 kg/m2 in all patients
and 8 of them were females, thus providing the advantages of a wide pelvis and relative lack of visceral fat.
Although the authors stated that single-incision surgery
for rectal cancer can be performed safely in this kind of
patient, the overall mean operation time was quite long
(240 min) and 6 patients received stomas (4 had diverting
ileostomy after anterior resection of the rectum and 2 had
colostomy after Hartmann procedure and abdominoperineal resection). Moreover, mesorectum excision was
classified as nearly complete in 4 patients and the median
number of examined lymph nodes was quite low, namely
14.
One of the most challenging maneuvers in single-incision rectal surgery is maintaining an adequate operative
field during TME. Uematsu et al[52] have proposed a new
rectum-suspending system composed of a suspending
bar and a bowel clamp with an extracorporeal magnetic
tool. This apparatus, along with single access through
the right iliac fossa instead of the umbilicus, allowed the
authors to perform TME and transect the rectum by
ensuring a proper tension. Nevertheless, the proposed
new technique is actually complex and, as the authors
stated, is not recommended for males with narrow pelvis
or obese individuals or when mobilization of the splenic
flexure is required because of the distance between the
spleen and the single access through the right iliac fossa.
Altogether, these data clearly show that some unresolved
issues still remain in performing SIL for the treatment of
rectal cancer.
There are more data which are somewhat more reliable regarding other less complex left-sided procedures,
such as left hemicolectomy or sigmoidectomy[50,56-58]. In
fact, sigmoidectomy is the most frequent procedure performed for benign left-side pathology, predominantly
diverticular disease or large colonic polyps not suitable
for endoscopic removal. Recently, Vestweber et al[59] have
reported the largest series of patients undergoing singleincision colorectal surgery in a single institution. One
hundred and fifty out of 244 procedures were sigmoidectmy (n = 145) with left hemicolectomies (n = 4) and
high anterior resection of the rectum (n = 1). Most of
these patients were operated on for diverticular disease
(n = 142) followed by colonic polyps (n = 4) and colonic
cancer (n = 4). The mean operative time for left-sided
procedures was 146 ± 48 min and in all cases standard
straight, non-articulating laparoscopic instruments along
with ultrasonic or radiofrequency dissector/sealer were
used. It seems that the authors did not experience any
particular technical problems in performing these types
of procedures which do not actually need wide splenic
flexure mobilization or mesorectal dissection. The fairly
higher incidence of early postoperative complications
(12.6%) than rates stated in the literature, was imputed to
the high rate of severe, complicated diverticular disease
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rather than to the complexity of single-incision procedure.
The literature concerning subtotal colectomy or proctocolectomy (with or without ileoanal anastomosis), at
this time consists only of case reports and a few small
case series[60-66]. The predominant indication for this type
of operation has been ulcerative colitis followed by polyposis coli[62,63,65]. Overall, 36 single-incision total colectomies have been reported in the literature: these studies
have demonstrated the feasibility and safety of single-incision technique even in these more complex colonic procedures but cannot provide any comparative results with
traditional laparoscopy. It is likely that cosmetic results
will be magnified by single-incision total colectomy since
patients suffering from ulcerative colitis or polyposis coli
are usually young and may prefer a small incision hidden
in the umbilicus. If an ileostomy is scheduled, the single
incision is usually performed in the right lower quadrant
of the abdomen and the terminal ileum is brought out
through this port-site, thus minimizing the traumatic and
cosmetic impact of the procedure.

COMPARISON BETWEEN
SINGLE-INCISION AND CONVENTIONAL
LAPAROSCOPIC COLECTOMY
As all these data indicate, there are still several limitations to an analysis of the adequacy of single-incision
technique in the treatment of colorectal cancer. The
most important limiting factor in the interpretation of reported outcomes is the careful selection of patients, with
an almost 3-fold predominance of right-sided pathology,
a low to average BMI and non-bulky colonic disease. If
this case-selection bias is taken into account and the oncological adequacy of a single-incision procedure is hypothetically accepted, this innovation would be justified
only in the presence of clear short-term benefits over
conventional laparoscopic colonic surgery. These benefits
should comprise a lower complication rate, reduced postoperative pain, faster recovery and better cosmesis.
To date, only two randomized trials have compared
short-term outcomes after single-incision and conventional laparoscopic colectomies for colon cancer. In 2011,
Huscher et al[67] reported the results of a study conducted
on 32 patients, with 16 in the single-incision and 16 in the
conventional laparoscopic group. Although the authors
confirmed the safety and technical feasibility of singleincision colectomy, they did not show any superiority of
the procedure over conventional laparoscopy in terms of
postoperative morbidity, resumption of oral liquid/solid
food intake and length of hospital stay.
More recently, Poon et al[68] reported findings from a
randomized controlled trial which enrolled 50 patients,
25 in each study group. As expected, the patients were
carefully selected in regard to BMI (median value, 23.2
kg/m2) and tumor size (< 4 cm). On the contrary, there
was a predominance of left-sided procedures, with 14 anterior resections, 1 sigmoidectomy, 2 left hemicolectomies
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and only 8 right hemicolectomies in the single-incision
group. The authors did not find any statistically significant difference in operative outcome and oncological adequacy between the single-incision and the conventional
laparoscopic group. Interestingly, they found a lower
postoperative pain score and shorter median hospital
stay in the single-incision group. Although these findings
emerge from a randomized controlled trial, they cannot
be considered definitive due the low number of patients
involved in the study.
Two recent meta-analyses have addressed the issue
of comparison between SIL and LCS for both benign
and malignant colorectal diseases[69,70]. Both studies have
been published in 2012 and thus have included all the
comparative studies published to date with the exception
of the above mentioned randomized trial by Poon et al[68]
Notwithstanding the heterogeneity of the analyzed studies (14 by Zhou et al[69] and 15 by Yang et al[70]) in terms
of type of procedures performed, indication for surgery,
different patient inclusion and exclusion criteria, neither
meta-analysis found any significant difference in the incidence of postoperative complications or operative time
between single-incision and conventional laparoscopic
colectomy. Importantly, they show that patients undergoing single-incision colectomy had a significantly shorter
length of hospital stay, significantly shorter incision
length, significantly less estimated blood loss, and significantly more lymph nodes harvested during oncological
resections. Unfortunately, the two pooled analyses were
not able to compare the pain score due to lack of data,
the differences in scoring methods and in postoperative
care and pain management in the available reported data.
However, at least three studies[46,71,72] show a significant
decrease in pain scores for patients undergoing single-incision colectomy compared to conventional laparoscopy.
The decreased pain score is likely due less surgical trauma
as a consequence of eliminating the additional ports at
separate sites on the abdominal wall. There is no metaanalysis regarding cosmetic results due to absence of adequate information on this interesting outcome in the individual studies. Only one study reported cosmetic score
results with an advantage for SIL over LCS[34]. However,
it is logical to assume that a shorter final incision length
in single-incision surgery results in improved cosmetic
satisfaction for the majority of the patients.
Another important issue emerging from the literature
data is that almost all single-incision colectomies have
been performed by experienced laparoscopic surgeons.
This implies that SIL is offered not only to a select group
of patients but is also performed by a select group of
surgeons. It might appear premature to propose a complex and technically challenging evolution of conventional laparoscopy colectomy when this has yet to be fully
accepted as a gold standard in the treatment of colorectal
cancer[73]. It must be considered that in 2010, only about
20% of colorectal resections in England and in other
countries were performed laparoscopically[74]. Therefore,
although the principles of SIL are highly attractive, they
might not, at this moment, be transferable and proposed
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to the general community of surgeons.
The last but not least important concern about singleincision colectomy regards the costs. It is logical to expect an initial increase in costs associated with single incision colectomy over conventional laparoscopic surgery
since the additional equipment such as single-incision
access ports or flexible/articulating instruments are still
relatively new. In their analysis of single-incision righthemicolectomy, Waters et al[44] found a marginal increase
in direct operative cost of United States $310 to $410 per
case. If patients have a shorter length of hospital stay,
and consequently, a quicker return to work and normal
activity after single-incision surgery, it is likely there will
be an improvement in the cost-effectiveness of SIL in
the future.

CONCLUSION
As all these data indicate, most of the current studies on
single-incision colectomy for cancer are observational and
lack statistical power due to the relatively low number of
patients studied. Although meta-analyses can increase the
statistical power by pooling results of all available trials,
only randomized, controlled studies can provide high levels of evidence. To date, only two randomized controlled
studies have compared short term results between singleincision and conventional laparoscopic surgery and, unfortunately, even these studies have enrolled a very low
number of patients. Bearing in mind these limitations,
we can still glean several important factors from these
published series: (1) colonic SIL is technically demanding but the introduction of new specialized equipment
including multilumen ports, angled scopes, articulated instruments and instruments of variable length, will eventually reduce this difficulty; (2) principles of colonic SIL
are attractive and applicable in carefully selected groups
of patients, namely with right-sided pathology, low BMI
and non-bulky tumors; (3) in the hands of experienced
laparoscopic surgeons, colonic SIL in the above mentioned patients has been demonstrated to be safe and
feasible with rates of surgery-related complications and
mortality, operative time and oncological adequacy comparable with those of conventional laparoscopy; and (4)
two meta-analyses and one randomized controlled study
provide evidence in support of some advantages of SIL
over conventional laparoscopy, namely, shorter length
of hospital stay, significantly shorter incision length and
significantly less estimated blood loss; other hypothesized
benefits, such as reduction in postoperative pain and improvement of cosmesis remain unproven.
Further high powered randomized studies comparing
SIL and LCS by using standardized outcome assessment
tools are needed to confirm or not the above mentioned
results. But one thing is certain: we will not see the same
dramatic clinical advantages with the passage from LCS
to SIL as we saw with the advent of laparoscopic technique over open surgery.
Furthermore, the more complex the procedure performed by single-incision surgery, the more likely are
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there to be advantages in comparison with conventional
laparoscopic procedures. In this prospective, a possible
field of investigation might be the assessment of systemic stress response of single-incision versus conventional
laparoscopy in colorectal surgery. The reduced parietal
trauma and manipulation of the peritoneum could decrease the postoperative inflammatory response to surgical stress and as a consequence, more efficient immunocompetency against tumor cells might be maintained
since the earliest postoperative days[75,76]. All these factors
might influence the long-term oncological results of SIL
with a potential improvement in survival rates of patients
operated on for colorectal cancer.
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may represent a suitable companion in the neoadjuvant
treatment of LARC. Preliminary results of phase ⅠⅡ clinical studies are promising and suggest potential
clinical parameters and molecular predictive biomarkers
useful for patient selection: treatment personalization
is indeed the key in order to maximize the benefit while
reducing the risk of more complex neoadjuvant treatment schedules.
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Core tip: Pre-operative treatment of locally advanced
rectal cancer is a challenging issue in gastrointestinal
oncology. Integrating an antiangiogenic agent such
as bevacizumab into neoadjuvant chemo-radiotherapy
protocols is a promising approach. We review the different strategies currently under evaluation in order to
complement bevacizumab within a multimodality approach for locally advanced rectal cancer patients.

Abstract
Despite advances in the management of patients with
locally advanced, non-metastatic rectal adenocarcinoma (LARC), prognosis remains largely unsatisfactory due to a high rate of distant relapse. In fact, currently available neoadjuvant protocols, represented by
fluoropyrimidine-based chemo-radiotherapy (CT-RT) or
short-course RT, together with improved surgical techniques, have largely reduced the risk of local relapse,
with limited impact on distant recurrence. Available results of phase Ⅲ trials with additional cytotoxic agents
combined with standard CT-RT are disappointing, as no
significant reduction in the risk of recurrence has been
demonstrated. In order to improve the control of micrometastatic disease, integrating targeted agents into
neoadjuvant treatment protocols thus offers a rational
approach. In particular, the antiangiogenic agent bevacizumab has demonstrated synergistic activity with both
CT and RT in pre-clinical and clinical models, and thus
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INTRODUCTION
Colorectal adenocarcinoma is the second cause of death
due to cancer in developed countries, and rectal cancer
accounts for about 35% of the total colorectal cancer
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incidence in Europe[1]. Management of locally advanced
rectal adenocarcinoma (LARC) has undergone significant changes in the last decade, thanks to the integration
of multiple treatments such as surgery with total mesorectal excision, fluoropyrimidine chemotherapy (CT) and
radiotherapy (RT) in the neoadjuvant setting.
Multimodality treatments have improved the prognosis of LARC, with local recurrences decreasing from
40% to less than 10%[2]. However, results in terms of
eradication of distant micrometastases are less satisfactory, and randomized studies did not demonstrate a positive impact on overall survival (OS) of CT-RT compared
with RT alone[2]. This is probably due to suboptimal
medical treatment. In fact, fluoropyrimidine monotherapy during CT-RT mainly acts as a radiosensitizer (i.e., it
is administered at reduced dosing for a shorter period),
thus its systemic cytotoxic activity may be ineffective.
Moreover, single-agent fluoropyrimidine has only modest activity in colorectal cancer, and may be insufficient
to reduce the risk of distant recurrence. Unfortunately,
any attempt to improve the efficacy of conventional CTRT by the addition of a second chemotherapeutic agent
such as oxaliplatin has led to disappointing results[3-5].
There is therefore a great interest in the integration into
RT and CT-RT protocols of the biologic agents with
proven efficacy in the metastatic setting, such as antiangiogenic and anti-epidermal growth factor receptor
(EGFR) monoclonal antibodies[6].
Bevacizumab, a humanized monoclonal antibody
directed against the vascular endothelial growth factor
(VEGF), may represent a promising companion with
standard RT and CT-RT. VEGF is a crucial regulator
of normal and tumor angiogenesis, and elevated VEGF
expression is correlated with lower OS in different malignancies [7]. Tumor invasion, growth and metastasis
are strictly dependent on the angiogenic process: both
hypoxia and growth factors (such as VEGF) can induce
new vessel formation and are key promoters of radioresistance[7]. Several mechanisms have been proposed in
order to explain the increased efficacy of CT-RT when
combined with antiangiogenic agents[8]. First of all, the
inhibition of the VEGF signaling axis can radiosensitize tumor-associated endothelial cells, thus inhibiting
tumor neoangiogenesis and reducing vascular density,
ultimately impairing blood supply to cancer cells. AntiVEGF agents can also lead to vascular normalization,
decreasing tumor hypoxia and improving radiosensitivity.
Moreover, anti-VEGF agents can inhibit vessel growth
by acting against circulating endothelial cells and progenitor cells. Pre-clinical and clinical data indicate that
bevacizumab enhances tumor blood flow, reduces tumor
interstitial pressure, and decreases mean vessel density
when infused neoadjuvantly in rectal cancer patients:
these physiologic changes may enhance the activity of
RT and CT[9,10].
In the following sections, we will describe the currently presented or published phase Ⅰ-Ⅱ trials evaluating bevacizumab as pre-operative treatment in LARC
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(defined as clinical stage T3 or more tumor, with or
without nodal involvement at pre-operative imaging but
with no evidence of distant metastases). In order to offer a comprehensive assessment of the currently available data, we have grouped the studies according to the
general neoadjuvant treatment approach evaluated. We
therefore identified four different strategies in which
bevacizumab could be integrated in the multimodality
management of LARC patients: (1) bevacizumab as a
companion to conventional fluoropyrimidine-based CTRT; (2) bevacizumab with intensified oxaliplatin-containing CT-RT; (3) bevacizumab plus CT as induction
treatment before CT-RT; and (4) bevacizumab with CT
without RT.
We will discuss the promises and pitfalls of these
strategies and ultimately review the ongoing phase Ⅲ trials in this setting.

Preliminary results of
bevacizumab in the pre-operative
treatment of LARC
Bevacizumab with conventional (fluoropyrimidinebased) CT-RT
Since pre-clinical and clinical data about the antivascular
effects of bevacizumab became available[9], this antiVEGF antibody has been tested with pre-operative RT
or CT-RT in LARC in several phase Ⅰ/Ⅱ trials. The results achieved with bevacizumab plus fluoropyrimidinebased CT-RT are summarized in Table 1.
Willet et al[11] treated 32 patients with bevacizumab (at
the dose of 5 or 10 mg/kg), in combination with standard CT-RT comprising 5-fluorouracil (5-FU, continuous
infusion of 225 mg/m2 per day) and external-beam RT
(50.4 Gy in 28 fractions over 5.5 wk). Surgery was scheduled 7 to 10 wk after the completion of neoadjuvant
treatment. The authors reported a pathologic complete
response (pCR) rate of 16%, with a promising 5-year local control rate of 100% and 5-year disease-free survival
(DFS) of 75%. These results were achieved at the price
of acceptable toxicity: main post-operative complications
(within 90 d of surgery) included anastomotic leak (one
patient), pelvic hematoma and abscess requiring drainage
(one patient), delayed healing of perineal incision (two
patients), ileus (two patients), and wound infection (three
patients).
These interesting results have been confirmed in a
subsequent phase Ⅱ trial with capecitabine-based CTRT (50.4 Gy in 28 fractions over 5.5 wk plus capecitabine 900 mg/m2 orally twice daily on the days of radiation), combined with bevacizumab administered every
2 wk for 3 cycles at the dose of 5 mg/kg (surgery has
been performed after a median of 7.3 wk later): pCR has
been reached in 8 out of 25 (32%) patients. Feasibility
of the regimen and moderate toxicities were confirmed,
with 3 cases of wound complications requiring surgical
intervention[12].
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Table 1 Bevacizumab with conventional chemo-radiotherapy: Overview of the discussed studies
Ref.

Phase n

Willet et al[11],
2009

Ⅰ-Ⅱ

Crane et al[12],
2010
Velenik et al[13],
2011

Stage
Ⅱ-Ⅲ

BV 5 mg/kg, CAPE 900 mg/m2 bid, RT 50.4
Gy in 28 fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, RT 50.4
Gy in 28 fr.

Ⅱ-Ⅲ

Ⅱ-Ⅲ

Ⅱ

43

Arm A: BV 5 mg/kg, CAPE 825 mg/m2 bid,
RT 45 Gy in 25 fr.
Arm B: CAPE 825 mg/m2 bid, RT 45 Gy in 25
fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, RT 50.4
Gy in 28 fr.

Ⅱ

23 BV 5 mg /kg, CAPE 825 mg/m2 bid, RT 50 Gy
in 25 fr.

Ⅱ-Ⅲ

Ⅱ

25

Ⅱ

61

Ⅱb

90

Gasparini et al[16],
2012
Marijnen et al[17],
2008

Villacampa et al[15],
2012

Treatment

32 BV 5 or 10 mg/kg, 5-FU 225 mg/m2 daily, RT
50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Ⅱ-Ⅲ

Post-operative complications (n )

pCR

Anastomotic leak with presacral abscess (1)
16%
Vaginal tear with presacral hematoma and abscess (1)
Pelvic hematoma (1)
Delayed healing of perineal incision (2)
Ileus (2)
Neurogenic bladder (1)
Perforated ileostomy (1)
Pulmonary embolus (1)
Wound infection (3)
Wound complications requiring surgical intervention (3)
32%
Minor complications (5)
Delayed wound healing (18)
13.3%
Infection/abscess (12)
Anastomotic leakage (7)
Pneumothorax (1)
19 vs 18 patients
16% vs
(not specified)
11%

Bowel perforation (1)
Anastomosis failure (1)
Abscess (1)
Perineal dehiscence (1)
Rectovaginal fistula (1)
Peri-operative bleeding (1)
Pulmonary embolism (1)

14%

9%

BV: Bevacizumab; RT: Radiotherapy; 5-FU: 5-fluorouracil; CAPE: Capecitabine; fr.: Fractions; pCR: Pathological complete response.

vs 37%). As regards the primary endpoint, pCRs were
numerically (but non-significantly) higher in the bevacizumab arm (16% vs 11%, P = 0.54).
Another Italian multicenter phase Ⅱ study evaluated
a similar strategy, i.e., adding bevacizumab to standard
CT-RT. Investigators enrolled 43 LARC patients: treatment comprised bevacizumab (5 mg/kg) every 2 wk for
4 cycles, plus capecitabine (825 mg/m2 twice a day for
5.5 wk) and external-beam RT (50.4 Gy in 28 fractions
over 5.5 wk), with surgery scheduled 6 to 8 wk after
the completion of neoadjuvant therapy (and at least 6
wk after the last dose of bevacizumab)[16]. In line with
previous data, 6 patients (14%) had no residual cancer
cells at post-operative histopathologic examination, and
radical tumor resection with negative circumferential
margins was achieved in almost all patients (38 out of
40, 95%); a sphincter-sparing surgery was obtained in 31
(72.1%) patients. The regimen reported promising longterm results, as 3-year DFS was 75.4%. As regards safety,
treatment was well tolerated: the most frequent toxicities
were grade 1-2 diarrhea, hypertension, rectal bleeding
and proctitis. Few patients experienced grade 3 toxicities,
including diarrhea (3 patients), neutropenia (2 patients),
asthenia and hypokalemia (1 patient each, respectively).
Intriguingly, some molecular biomarkers were evaluated;
however, despite a significant correlation between pretreatment CD-34 vessel density, post-treatment Ki-67
labeling index and VEGF receptor-2 (VEGFR-2) cancer
cell expression with residual tumor area, no biomarker
showed a statistically significant correlation with DFS.

In a larger study, 61 patients with stage Ⅱ/Ⅲ LARC
received single agent bevacizumab (at the dose of 5
mg/kg), followed after 2 wk by neoadjuvant CT-RT with
bevacizumab (5 mg/kg every 2 wk for 3 cycles, starting
the first day of RT) and conventional capecitabine-based
CT-RT; surgery was scheduled 6-8 wk after the completion of neoadjuvant treatment[13]. The primary endpoint
of the trial was pCR. A tumor regression grade (TRG)
by Dworak et al[14] of 4 (equivalent to pCR) was achieved
in 8 patients (13.3%), and TRG of 3 (i.e., only a few tumor cells in the residual fibrotic tissue) was reported in
9 patients (15.0%). A radical resection was performed
in 57 patients (95%), and 42 patients (70%) underwent
sphincter-preserving surgery. Grade 3 adverse events included dermatitis (9.8%), proteinuria (6.5%) and leucocytopenia (4.9%). In contrast with the previously discussed
trials, the authors reported potential safety concerns for
the combination of bevacizumab with CT-RT; in fact, 38
(62.3%) patients developed peri-operative complications,
such as delayed wound healing (30%), infection/abscess
(20%) and anastomotic leakage (11.7%).
A recent randomized phase Ⅱ study compared conventional CT-RT with CT-RT plus bevacizumab among
90 stage Ⅱ/Ⅲ LARC patients[15]. The primary endpoint
was pCR. Overall grade 3-4 toxicity rates were somewhat (but non-significantly) higher in the CT-RT plus
bevacizumab arm compared with the control arm (18%
vs 13%; P = 0.50), while no grade 3-4 hematological
toxicity was reported. Post-operative complications were
slightly more frequent in the bevacizumab arm (43%
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Table 2 Bevacizumab with oxaliplatin-based chemo-radiotherapy: Overview of the discussed studies
Phase

n

Treatment

Stage

Post-operative complications (n )

Czito et al[18], 2007

Ⅰ

11

Ⅱ-Ⅲ

Abscess (1)

Dellas et al[19], 2013

Ⅱ

70

BV 15 mg/kg and 10 mg/kg, CAPE 625 mg/m2 bid,
oxaliplatin 50 mg/m2 weekly, RT 50.4 Gy in 28 fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50 mg/
m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ-Ⅳ

Kennecke et al[20], 2012

Ⅱ

42

BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50 mg/
m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ-Ⅳ

Landry et al[21], 2013

Ⅱ

57

BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50
mg/m2 weekly, RT 50.4 Gy in 28 fr. (+ post-operative
FOLFOX + BV)

Ⅱ-Ⅲ

Anal fistula (1)
Pelvic abscess (1)
Delayed wound healing (1)
Pelvic infection (11)
Delayed healing (7)
Anastomotic leak (6)
Fistula (3)
Early complications:
Wound infection (8)
Fascial dehiscence (5)
Intra-abdominal abscess (1)
Fistula (1)
Bowel obstruction (1)
Thromboembolism (1)
Late complications:
Wound infection (23)
Wound/fascial dehiscence (12)
Bowel obstruction/ileus (5)
Intra-abdominal abscess (2)
Anastomotic leak (1)

Ref.

pCR
18%
17.4%

18.4%

17%

CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; CAPE: Capecitabine; fr.: Fractions; FOLFOX: 5-fluorouracil and oxaliplatin; pCR: Pathological complete response.

Regarding the feasibility of bevacizumab plus preoperative CT-RT, additional information can be derived
from the preliminary results of the Dutch Colorectal
Cancer Group trial involving 23 patients with LARC
treated with bevacizumab, capecitabine and RT. The
authors reported a 30% rate of grade 3 adverse events
(represented by cutaneous toxicity in 4 patients, diarrhea in 2 patients and tenesmus in 1 patient) and one
case of grade 4 toxicity (anal mucositis) during CT-RT.
Two small bowel and 1 rectal wall perforations occurred
during treatment, and surgical complications were represented by perineal dehiscence, rectovaginal fistula and
high-volume bleeding (1 patient each), suggesting the
need for further investigation about the relationship between radiation-induced enteritis and the observed toxicity pattern[17].
As a whole, the majority of trials that tried to place
bevacizumab concomitantly with fluoropyrimidinebased CT-RT have shown an acceptable safety profile,
even though some concerns arise from the evidence of a
slight (but not negligible) increase in peri-operative complications. In terms of pCR, only a mild benefit seems
to be achieved with the combination, while the impact in
terms of long-term outcome is difficult to estimate due
to the phase Ⅰ-Ⅱ design of available trials.

control of primary tumor (by increasing tumor shrinkage
and pCR) and the eradication of distant micrometastases
(by increasing the activity of the CT backbone in CT-RT
protocols). However, as mentioned earlier, this strategy
has so far achieved poor results in phase Ⅲ trials[3-5].
Different groups thus evaluated the addition of bevacizumab to these intensified CT-RT regimens (Table 2).
Czito et al[18] conducted a phase Ⅰ study among 11
LARC patients receiving 50.4 Gy of external beam RT
plus capecitabine, oxaliplatin and bevacizumab, administered concurrently with RT. Primary endpoints included
the evaluation of dose-limiting toxicity and the definition
of a recommended phase Ⅱ dose, non-dose-limiting
toxicity and preliminary data on efficacy (radiographic
and pathologic response rates). The recommended phase
Ⅱ dose in this study was bevacizumab 15 mg/kg on day
1 and 10 mg/kg on days 8 and 22, oxaliplatin 50 mg/m2
weekly and capecitabine 625 mg/m2 twice daily during
radiation days. A pCR was reported in 2 patients and
residual microscopic disease was evident in 3 patients.
Most relevant toxicities were represented by post-operative abscess, a syncope episode and a subclinical myocardial infarction (1 patient each, both during adjuvant CT).
The results of a single-arm phase Ⅱ study investigating the feasibility (in terms of surgical complications)
and the activity (in terms of pCR rate, the primary endpoint) of the addition of bevacizumab to capecitabine,
oxaliplatin and RT has been recently published[19]. Seventy patients with LARC received conventional RT (50.4
Gy in 1.8 Gy fractions) and concomitant CT with bevacizumab 5 mg/kg (on days 1, 15 and 29), capecitabine
825 mg/m2 twice daily (on days 1 to 14 and 22 to 35)

Bevacizumab with oxaliplatin-based CT-RT
Moving from pre-clinical data and positive results in the
advanced disease setting and as adjuvant treatment in colon cancer, several trials evaluated the integration of oxaliplatin into fluoropyrimidine-based pre-operative CTRT protocols. This strategy aimed to improve both the
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Table 3 Bevacizumab with chemotherapy as induction therapy before chemo-radiotherapy: Overview of the discussed studies
Phase

n

Treatment

Dipetrillo et al[26], 2012

Ⅱ

25

Induction FOLFOX + BV followed by BV 5 mg/kg, 5-FU 200 mg/
m2 daily, oxaliplatin 50 mg/m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Nogué et al[27], 2011

Ⅱ

47

Induction XELOX + BV followed by BV 5 mg/kg, CAPE 825 mg/
m2 bid, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Vivaldi et al[28], 2013

Ⅱ

15

Induction FOLFOXIRI + BV followed by BV 5 mg/kg, CAPE 825
mg/m2 bid or 5-FU 225 mg/m2 daily, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Ref.

Stage Post-operative complications (n ) pCR
Infection (4)
Delayed healing (3)
Leak/abscess (2)
Sterile fluid collection (2)
Ischemic colonic reservoir (1)
Fistula (1)
Wound infection (10)
Intra-abdominal infections (7)
Anastomotic leak (5)
Stoma complications (2)
Other (not specified) (10)
Dehiscence of anastomosis (1)

20%

36%

38%

CT: Chemotherapy; CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; 5-FU: 5-fluorouracil; CAPE: Capecitabine; fr.: Fractions; FOLFOX:
5-FU and oxaliplatin; XELOX: Capecitabine and oxaliplatin; pCR: Pathological complete response.

and oxaliplatin 50 mg/m2 (on days 1, 8, 22 and 29). A
pCR was observed in 17.4% of cases, with R0 resection
performed in 66 out of 69 patients (96%). As regards
safety, the protocol was proved to be feasible and did
not seem to result in increased peri-operative morbidity
or mortality. Fifty-eight patients (83%) were able to complete the CT-RT protocol (i.e., received full dose RT and
full dose of all CT drugs). During pre-operative treatment, grade 3-4 toxicities were represented by gastrointestinal events (diarrhea, nausea and anal abscess). Thirty
patients (46%) developed post-operative complications
of any grade, which included one case of gastrointestinal perforation (2%), wound-healing delay in 7 patients
(11%) and bleeding in 2 patients (3%).
Kennecke et al[20] evaluated a similar CT-RT protocol
plus bevacizumab, consisting of capecitabine 825 mg/
m2 twice daily (on days 1 to 14 and 22 to 35), oxaliplatin 50 mg/m2 (on days 1, 8, 22 and 29), bevacizumab 5
mg/kg (on days 1, 15 and 29), and RT (total dose 50.4
Gy). Again, pCR was the primary objective of this phase
Ⅱ study (surgery with total mesorectal excision was
scheduled 7 to 9 wk after the end of CT-RT): complete
disease eradication in the pelvis was achieved in 18.4%
of the cases. Re-operation due to complications was required in 4 patients (11%), which is in line with historical
data with CT-RT alone.
In a recent phase Ⅱ study, 57 LARC patients were
treated with neoadjuvant capecitabine (825 mg/m2 twice
daily, from Monday to Friday), oxaliplatin (50 mg/m2
weekly), bevacizumab (5 mg/kg on days 1, 15 and 29)
and RT (total dose 50.4 Gy); surgical resection was
planned 6 wk after the end of therapy, then adjuvant
FOLFOX plus bevacizumab for 12 cycles was administered 8 to 12 wk after surgery[21]. Notably, the pCR rate
was in line with previous studies (17%). Even though
the majority of patients (59%) achieved a pathologic
downstaging of the tumor, the primary endpoint of the
trial (30% of pCR) was not reached. Moreover, 47% of
patients who underwent surgery experienced a surgical
complication possibly related to the addition of bevaci-
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zumab, oxaliplatin, or both.
Interestingly, a recent systematic review of the literature regarding 15 trials (enrolling 457 patients, with
a range of 8-61) investigating the use of bevacizumab
in association with CT-RT reported a pooled pCR rate
of 20.8% (95%CI: 17.3-24.8), which is comparable with
the available data for fluoropyrimidine-based CT-RT
alone[22]. Among the studies included in the analysis, 5
used 5-FU and 10 used capecitabine as the CT backbone
for CT-RT, while a second cytotoxic agent was administered in 7 trials. Even with the limitation of a pooled
analysis of different studies with distinct bevacizumab
and CT-RT schedules, this report confirms that simply
adding bevacizumab to concurrent CT-RT is not the
most suitable strategy to improve pCR rate in LARC;
alternative options to include bevacizumab in the neoadjuvant treatment are therefore under investigation.
Bevacizumab with CT as induction therapy before CT-RT
As the administration of adjuvant CT after neoadjuvant
CT-RT and surgery is not an established standard in
LARC patients[23], an intriguing treatment option is based
on induction CT before CT-RT[24,25]: in fact, this strategy
allows an earlier exposure to systemic CT (with a putative higher control of distant micrometastases) and, as
demonstrated by recent trials[24], a higher exposure to
systemic CT (thanks to a more favorable safety profile
compared to post-operative treatment). Pivotal trials are
exploring the possibility of combining bevacizumab with
induction CT and subsequent CT-RT in LARC patients
(Table 3).
Dipetrillo et al[26] evaluated induction bevacizumab
associated with modified infusional 5-FU, leucovorin
and oxaliplatin followed by concurrent bevacizumab (5
mg/kg on days 1, 15 and 29), oxaliplatin (50 mg/m2/wk
for 6 wk), continuous infusion 5-FU (200 mg/m2 per
day) and RT (50.4 Gy). Five of 25 patients (20%) had a
pCR, but the toxicity profile led to the early interruption
of the study after the enrollment of 26 patients: grade 3-4
toxicities, such as diarrhea, neutropenia and pain, were
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Table 4 Bevacizumab with chemotherapy without chemo-radiotherapy: Overview of the discussed studies
Phase n

Ref.
Schrag et al[31], 2014

Ⅱ

Hasegawa et al[32], 2013
Fernandez-Martos et al[33],
2012

Ⅱ
Ⅱ

Treatment

Stage

32

Ⅱ-Ⅲ (no T4)
FOLFOX + BV for 4 cycles, then FOLFOX for 2
cycles, CT-RT in case of SD or PD (post-op. if
R1-R2 resections, pT4 or pN2)
Ⅱ-Ⅲ (T4 or N+)
25 XELOX + BV for 3 cycles, then XELOX for 1 cycle
46 XELOX + BV for 3 cycles, then XELOX for 1 cycle, Intermediate-risk T3
CT-RT in case of PD

Post-operative complications (n )

pCR

Renal failure due to dehydration
from high volume ileostomy
output resulting in death (1)
Nine patients (not specified)
Three patients (not specified)

25%

4%
15%

CT: Chemotherapy; CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; post-op.: Post-operative; FOLFOX: 5-FU and oxaliplatin; XELOX:
Capecitabine and oxaliplatin; SD: Stable disease; PD: Progressive disease; pCR: Pathological complete response.

experienced by 19 of 25 patients (76%), and 36% of patients developed post-surgical complications.
In the AVACROSS study reported by Nogué et al[27],
bevacizumab was associated with four 21-d cycles of
XELOX (capecitabine plus oxaliplatin) regimen and then
patients underwent a concomitant treatment with RT
(50.4 Gy) plus bevacizumab 5 mg/kg (every 2 wk) and
capecitabine 825 mg/m2 twice daily (on days 1 to 15).
The primary endpoint of the study was pCR, achieved
in 16 patients (36%), with an additional 38% of the
cases reporting a Dworak TRG of 3. R0 resection was
performed in 98% of the patients, and a surgical re-intervention was needed in 11 patients (24%). Most grade
3-4 adverse events (mainly CT-related diarrhea, fatigue
and hematological adverse events) emerged during the
induction phase.
On behalf of the GONO group, we are conducting a multicenter phase Ⅱ neoadjuvant study (TRUST
trial) in resectable LARC patients defined by the presence of positive lymph nodes or clinical T4 or high risk
(by magnetic resonance imaging) T3 stage (i.e., T3 with
distal border of tumor > 5 cm from the anal verge and
below the sacral promontory or tumor ≥ 2 mm from
the mesorectal fascia) [28]. Patients are treated with 6
cycles of induction CT with biweekly FOLFOXIRI plus
bevacizumab[29,30], followed by concomitant CT-RT (50.4
Gy in 28 fractions plus either 5-FU or capecitabine and
bevacizumab). As the aim of the trial is to improve the
control of distant disease, the primary endpoint is represented by 2-year DFS. Preliminary safety analyses in
the first 15 patients enrolled show that induction FOLFOXIRI plus bevacizumab is feasible with manageable
toxicities, as safety results are in line with the available
data for this regimen[29,30]. During concomitant CT-RT
and bevacizumab, no G4 toxicities were reported; we
observed however an excessive incidence of G3 handfoot syndrome (31%), proctalgia and proctitis (23%)
and diarrhea (15%). We hypothesized that this excessive
toxicity of capecitabine may be related to previous induction treatment with FOLFOXIRI plus bevacizumab
(comprising high doses of Ⅳ folinic acid) that led to an
excessive intra-cellular folate accumulation. The protocol
was then amended by slightly modifying the schedule
of capecitabine during concomitant CT-RT. One of the
resected patients experienced an early post-surgical com-
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plication (dehiscence of anastomosis). Preliminary activity results warrant further investigation of this strategy,
as pCR was reported in 5 out of 13 resected patients
(38%).
Bevacizumab with CT without CT-RT
The hypothesis of a comprehensive local and distant
tumor control achieved by the early introduction of full
dose CT without any RT in LARC has recently been under investigation. This strategy aims to spare RT toxicity
for most patients (especially those with low-risk T3 tumors at imaging) who may achieve optimal disease control in the pelvis without the need for RT. In the attempt
to enrich systemic treatment and reduce potential bevacizumab plus RT-related complications after surgery, the
anti-VEGF antibody was also investigated in the neoadjuvant setting without the use of RT (Table 4).
Schrag et al[31] enrolled 32 patients with clinical stage
Ⅱ to Ⅲ (excluding T4 tumors) rectal cancer who were
candidates for sphincter-sparing surgical resection in a
single-center phase Ⅱ trial. Patients received 6 cycles
of FOLFOX, with bevacizumab included in the first 4
cycles. Patients with stable/progressive disease were to
have RT before total mesorectal excision, whereas responders were to have immediate surgery. Post-operative
RT was planned if R0 resection was not achieved. The
primary outcome was the R0 resection rate. All the 32
enrolled patients had R0 resection (100%). Two patients
did not complete pre-operative CT due to cardiovascular
toxicity; both safely received pre-operative CT-RT and
then R0 resection. Of the 30 patients completing preoperative CT, all had tumor regression and surgery without the need for pre-operative CT-RT. The pCR rate for
CT alone was 25%, which compares well with historical
data for CT-RT protocols. Of interest, the 4-year local
recurrence rate was 0% and the 4-year DFS was 84%,
suggesting that this strategy may be particularly effective
in controlling both local and distant disease. The results
of this provocative trial therefore indicate that, at least
for a subgroup of selected patients with clinical stage Ⅱ
or Ⅲ LARC, a modern strategy comprising neoadjuvant
CT doublet plus bevacizumab and selective RT does not
seem to compromise outcome.
A second trial evaluated the association of bevacizumab with the XELOX regimen in LARC (eligible
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Table 5 Main ongoing trials with bevacizumab in locally-advanced rectal cancer
Study

Design

n

AXE BEAM trial Randomized 80
Phase Ⅱ
(NCT00828672)
New Beat trial
Phase Ⅱ
28
(NCT01554059)
NCT01818973

Phase Ⅱ

45

BACCHUS trial Randomized 60
(NCT01650428)
Phase Ⅱ

NCT01871571
NCT00865189
NCT00462501

TRUST trial
(EUDRACT
2011-003340-45)

Phase Ⅱ

43

Randomized 91
Phase Ⅱ
Phase Ⅱ
36

Phase Ⅱ

43

Pre-operative treatment

RT

Concomitant XELOX +/- BV + RT

Primary endpoint

CT-RT
pCR
45 Gy
Concomitant FOLFOX + BV + RT
CT-RT
pCR
40 Gy/20
fractions
XELOX + BV for 1 cycle followed by
CT-RT
Tumor
concomitant CT-RT with XELOX + BV for 50 Gy/25 regression grade
fractions
2 cycles and RT
FOLFOX + BV for 5 cycles followed by
No
pCR
FOLFOX for 1 cycle vs FOLFOXIRI + BV
for 5 cycles followed by FOLFOXIRI for 1
cycle
mFOLFOX7 + BV for 6 cycles
No
pCR

Status

Comments

Recruiting
Recruiting

Recruiting

Recruiting

Adjuvant CT with XELOX
for 3 cycles followed by
capecitabine for 2 cycles
Magnetic resonance
imaging-defined poor risk
criteria

Recruiting

FOLFOX + BV for 6 cycles followed by
CT-RT
pCR
Ongoing, not Not specified RT dose and
CT-RT with BV and 5-FU vs CT-RT alone
recruiting
fractioning
FOLFOX + BV for 4 cycles followed
CT-RT
R0 resection rate Ongoing, not Not specified RT dose and
by FOLFOX for 2 cycles with selective
recruiting
fractioning
use of CT-RT with 5-FU in patients not
candidate for R0 resection
FOLFOXIRI + BV for 6 cycles followed by
CT-RT
DFS rate at 2 yr
Recruiting
CTRT with BV and capecitabine or 5-FU 50.4 Gy/28
fractions

LARC: Locally-advanced rectal cancer; BV: Bevacizumab; RT: Radiotherapy; CT: Chemotherapy; CT-RT: Chemo-radiotherapy; pCR: Pathological complete
response; DFS: Disease-free survival; 5-FU: Fluorouracil; XELOX: Capecitabine and oxaliplatin; FOLFOX: 5-FU and oxaliplatin; FOLFOXIRI: 5-FU,
oxaliplatin and irinotecan.

patients had T4 tumor or N-positive disease): 3 cycles of
CT plus bevacizumab were administered and were then
followed by one additional cycle without bevacizumab,
with total mesorectal excision performed 3 to 8 wk after
the last CT cycle[32]. The authors aimed to investigate the
feasibility of the regimen, while secondary endpoints
were R0 resection rate, down-staging rate and pCR rate.
Twenty-five patients were enrolled: 92% of patients
underwent surgery with a R0 resection in all cases, and
pCR was reported in 4% (with a rate of pathological
effect over grade TRG 2 of 61%). Again, even without
RT, 39% of resected patients had post-operative complications. Even though reported in a limited number
of patients and only in abstract form, these data suggest
that high-risk T4 tumors (72% of the cases in the abovementioned trial) are probably more prone to develop
post-operative complications with bevacizumab-containing regimens. Moreover, RT seems to maintain a crucial
role in T4 tumors, as suggested by the relative low rate
of pCR in this trial compared with the results reported
by Schrag and colleagues (4% vs 25%, respectively).
The association of the XELOX regimen with bevacizumab was also evaluated by Fernandez-Martos et al[33] in
another multicenter phase Ⅱ study. As in the report by
Hasegawa et al[32], 3 cycles of XELOX plus bevacizumab
were followed by one cycle of XELOX without the antibody. The authors enrolled patients with intermediaterisk LARC, defined as T3 middle-third rectal adenocarcinoma according to pelvic magnetic resonance imaging.
Patients without progression after CT plus bevacizumab
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(restaging was performed by magnetic resonance imaging) underwent total mesorectal excision 4 to 6 wk from
the last CT cycle. In the case of progressive disease,
patients were treated with conventional capecitabinebased CT-RT followed by total mesorectal excision. The
primary endpoint of the trial was objective response by
RECIST criteria. Among the 28 patients so far analyzed,
the clinical overall response rate was 87.5% (21 patients)
and 4 patients achieved a pCR (15%). Twenty-four (86%)
patients completed the 4 cycles of treatment; grade 3-4
toxicity was reported in 50% of the patients, but severe
surgical complications occurred at an acceptable rate
(11%).

Ongoing trials with bevacizumab
in LARC
Different trials are currently evaluating bevacizumab as
a radiosensitizing agent alone or in combination with
chemotherapy (Table 5). The Belgian AXE BEAM
trial (NCT00828672) is a phase Ⅱ study assessing
neoadjuvant treatment with RT plus bevacizumab and
capecitabine with or without oxaliplatin, followed by total mesorectal excision. Also, two phase Ⅱ Chinese studies (NCT01554059 and NCT01818973) are examining
the efficacy and safety of the combination of cytotoxic
CT (oxaliplatin plus 5-FU and oxaliplatin plus capecitabine, respectively) with bevacizumab concomitantly with
RT as neoadjuvant treatment for patients with resectable
LARC.
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As previously reported, omitting RT seems a reasonable strategy in selected cases. BACCHUS is a phase Ⅱ
randomized trial (NCT01650428) evaluating the efficacy,
toxicity and feasibility of neoadjuvant therapy with either FOLFOX plus bevacizumab or FOLFOXIRI plus
bevacizumab in poor prognosis LARC as defined by
magnetic resonance imaging. In another phase Ⅱ study
(NCT01871571), patients with stage Ⅱ-Ⅲ rectal cancer
are treated with neoadjuvant modified FOLFOX-7 plus
bevacizumab and within 6 to 8 wk after induction treatment undergo surgery. In other studies, the prognostic
value of modern imaging after induction treatment is
exploited to offer RT only in unresponsive cases. For
example, in a US trial (NCT00462501) including induction FOLFOX and bevacizumab for 4 cycles followed
by 2 cycles of FOLFOX without bevacizumab, patients
are reassessed after induction treatment, and surgery is
offered to non-progressing patients only. If a patient is
judged not to be a candidate for R0 resection after CT
plus bevacizumab, standard pre-operative 5-FU-based
CT-RT is performed.
Other trials are comparing the efficacy and safety of
the conventional CT-RT schedules with the more modern induction treatment approach. In a French phase Ⅱ
trial (NCT00865189), patients are randomized to either
induction bevacizumab plus FOLFOX-4, followed by
CT-RT (comprising bevacizumab, 5-FU and RT), or CTRT plus bevacizumab (at the same schedule).

arguable that surgery may be safely performed 7 to 8
wk after the end of therapy. A recent meta-analysis suggested that a waiting interval longer than the classical 6-8
wk from the end of standard pre-operative CT-RT could
increase the rate of pCR[35]: these data may be of interest
not only for conventional CT-RT, but also when bevacizumab is integrated into the neoadjuvant treatment of
LARC patients.
As reported, bevacizumab has been tested either
alone or in combination with CT during RT. Moving on
from the data in the metastatic setting (suggesting little
if any activity of bevacizumab monotherapy)[6], it is unlikely that bevacizumab may simply substitute fluoropyrimidine CT during neoadjuvant RT. Bevacizumab may,
however, improve the results of fluoropyrimidine-based
CT-RT, even though the results of the discussed trials
are not conclusive and do not definitively demonstrate a
clear benefit from the addition of bevacizumab in terms
of pCR. As several phase Ⅲ trials failed to demonstrate
a benefit from adding oxaliplatin to fluoropyrimidine in
CT-RT protocols, even adding bevacizumab to combination CT during RT does not seem to represent the best
way to improve patient outcome.
An interesting issue in the management of LARC
is finally represented by the optimal integration of systemic CT with CT-RT and surgery. The role of adjuvant
CT in LARC is still controversial[23]: in fact, different
trials proved no benefit in terms of DFS and OS for
fluoropyrimidine-based adjuvant CT after pre-operative
CT-RT[36-38]. Possible explanations reside in the poor adherence to adjuvant CT, the use of suboptimal CT regimen and the delay of systemic treatment after surgery.
In this scenario, an alternative strategy is represented
by induction CT: integrating bevacizumab with induction CT is therefore a reasonable and (on the basis of
the limited data discussed previously in the text) promising approach to offer a potentially higher micrometastatic disease control. Moreover, induction CT may offer
a more reliable evaluation of the chemosensitivity of
the disease in single patients, as measured by the clinical
response before CT-RT. Finally, it could pave the way to
a more profound paradigm change in the pre-operative
management of LARC: in fact, induction CT could select patients and provide the possibility of omitting RT
(or limiting its use in unresponsive or high-risk, e.g., T4,
patients). This currently represents a provocative and
intriguing treatment strategy in selected cases: modern
imaging techniques (in particular, magnetic resonance
imaging)[39] may define different risk categories and different patterns of response after CT and CT-RT, thus
helping to select patients for an individualized treatment approach (CT or CT-RT before total mesorectal
excision). The role of bevacizumab may therefore be
valuable in improving the results of systemic CT administered before surgery, and not only during conventional
CT-RT.
These issues reflect the consideration that alterna-

DISCUSSION
The overview of the available data for bevacizumab
in the neoadjuvant treatment of LARC offered in the
previous sections clearly demonstrates that a lot of dark
sides still persist. In particular, no definitive indications
may be derived about the optimal timing of bevacizumab with respect to surgery and RT, the most suitable
CT companion for bevacizumab and the best strategy to
complement more effective CT regimens with conventional RT and CT-RT in such a heterogeneous patient
population. Last but not least, reliable predictive biomarkers for bevacizumab activity are still lacking, so no
molecular selection is on the horizon for antiangiogenic
agents in colorectal cancer patients.
With respect to the timing of bevacizumab during
neoadjuvant therapy, published and presented studies
indicate potential safety concerns for increased rates of
post-operative complications: a longer time interval between the last dose of bevacizumab and surgery may reduce the risks related to this agent (particularly for trials
omitting pre-operative RT), but uncertainties still exist
about the optimal schedule for total mesorectal excision
after bevacizumab plus RT. Moving from the data on
metastatic colorectal cancer (suggesting a pre-operative
5-wk bevacizumab-free interval as appropriate to reduce
the risks of complications after hepatectomy[34]) and the
above-mentioned data for bevacizumab in LARC, it is
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tive end points (other than pCR) in future trials may be
more suitable in order to capture all the benefit of innovative treatment strategies: in fact, pCR is influenced
by a variety of different factors (such as tumor stage at
presentation, timing and quality of surgery and accuracy
of pathological examination). Therefore, it could not effectively measure the impact of systemic treatment on
tumor control, particularly on micrometastatic disease
and finally on long-term outcome[40].

5

CONCLUSION

6

Preliminary results with bevacizumab in the pre-operative treatment of LARC hold promises and pitfalls.
Among the different treatment strategies evaluated in
LARC patients, induction CT followed by CT-RT seems
to offer the most suitable and promising platform for
the integration of bevacizumab into the multimodality
approach to rectal cancer. In selected cases, a more intensive treatment with combination CT and bevacizumab may also allow us to spare RT in responsive patients,
but a RT-free algorithm deserves further investigation.
All members of the multidisciplinary team dealing with
LARC patients should keep in mind the objective of
treatment, which is not only to reduce the risk of local
recurrence, but also to increase the chances of cure by
eradicating micrometastases. In this regard, pCR should
probably give way to DFS as a more useful study end
point, even in early phase trials. To conclude, we believe
that significant advances may be achieved only by extensive biologic insights into the mechanism of action of
antiangiogenic agents and by evaluating innovative treatment approaches in selected patient populations on the
basis of the risk of systemic and local recurrence.
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5-fluorouracil (5-FU) in clinical practice in the treat-

ment of first-line metastatic colon cancer, we have
reviewed most of different randomized studies and
meta-analyses, and we can conclude that capecitabine appear to be an effective, safe, convenient, and
economically viable alternative to 5-FU.
Aguado C, García-Paredes B, Sotelo MJ, Sastre J, Díaz-Rubio
E. Should capecitabine replace 5-fluorouracil in the first-line
treatment of metastatic colorectal cancer? World J Gastroenterol
2014; 20(20): 6092-6101 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i20/6092.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6092

Abstract

INTRODUCTION

Fluoropyrimidines play a central role in the first-line
treatment of metastatic colorectal cancer. Our aim was
to review whether capecitabine was a safer, non-inferior, economically superior and more convenient alternative to 5-fluorouracil. Capecitabine has previously been
compared to 5-fluorouracil-either as a monotherapy or
in combination with oxaliplatin, irinotecan, or biological
drugs-and has been found to have comparable efficacy
and safety profiles. Furthermore, pharmacoeconomic
data and patients’ preferences for oral chemotherapy
further favor capecitabine. Therefore, capecitabine appears to be an effective and safe alternative to fluorouracil in the first-line treatment of metastatic colorectal
cancer.

Fluoropyrimidines play a central role in modern therapies
directed toward the treatment of localized and metastatic colorectal cancer (mCRC). Since its introduction,
fluorouracil (5-FU), an integral chemotherapeutic agent,
has been frequently used as a monotherapy or as part of
a combination therapy. Several notable advances in the
use of 5-FU have improved patient outcomes. First, the
limited response and safety profiles of a bolus infusion
method were improved by moving to a continuous infusion method[1]. Second, the response rate and survival
time exhibited an improvement of almost double when
5-FU administration was combined with the biomodulatory agent leucovorin (LV)[2].
Capecitabine, an orally administered tumor-activated
5-FU prodrug, was developed to improve tolerability and
to reduce non-tumor cytotoxicity. Once administered
in its inactive prodrug form, capecitabine is absorbed
through the intestine and is converted to 5’-deoxy-5-fluorouridine (5’-DFUR) in the liver. Finally, the enzyme thymidine phosphorylase converts 5’-DFUR into the active
form of 5-FU in both normal and tumor tissue; however,

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Although there is still controversy about

whether capecitabine-based regimes can replace
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Table 1 Comparison of treatment efficacy as a monotherapy
Clinical trial

Type

Treatments

Van Cutsem et al[12] (2001)

Phase Ⅲ

Capecitabine vs 5-FU/LV

Hoff et al[11] (2001)

Phase Ⅲ

Capecitabine vs 5-FU/LV

Integrated Analysis
(Phase Ⅲ)

Capecitabine vs 5-FU/LV

Van Cutsem et al[13] (2004)

ORR

PFS (mo)

OS (mo)

18.9% vs 15.0% (P = 0.013) 5.2 vs 4.7 (HR = 0.96, 13.2 vs 12.1 (HR = 0.92,
P = 0.65)
P = 0.33)
24.8% vs 15.5% (P = 0.005) 4.3 vs 4.7 (HR = 1.03, 12.5 vs 13.3 (HR = 1, P =
P = 0.72)
0.97)
26% vs 17% (P < 0.0002) 4.6 vs 4.7 (HR = 0.99, 12.9 vs 12.8 (HR = 0.95,
P = 0.95)
P = 0.48)

Capecitabine: 1250 mg/m2 every 12 h (days 1-14), 3-wk regimen cycle; 5-FU/LV (Mayo clinic): 425 mg/m2 5-FU bolus + LV 20 mg/m2 (days 1-5), 4-wk
regimen cycle. ORR: Overall response rate; PFS: Progression-free Survival; OS: Overall survival; HR: Hazard ratio; LV: Leucovorin.

the enzyme is present at higher concentrations within
tumor cells[3]. This mode of action allows for greater
tumor-targeting specificity, which consequently decreases
systemic drug exposure.
The evolution of colon cancer treatment has led to
the incorporation of several active drugs, such as irinotecan and oxaliplatin, which have been used in combination
with 5-FU and capecitabine for improved survival outcomes. Furthermore, the addition of biological drugs in
recent years (bevacizumab and cetuximab) has also led to
improved results.
Despite the demonstrated efficacy of capecitabine in
the first-line treatment of metastatic colon cancer, controversy remains regarding whether capecitabine-based
regimens can replace 5-FU in clinical practice. Here, we
present the efficacy and safety results of different randomized studies and meta-analyses. In addition, the suitability of oral treatment was assessed based on quality of
life (QoL), patient preference, and cost analysis.

treatment, oral administration was almost completely
preferred (95%), and after both treatment courses, the
majority of patients (64%) still preferred orally delivered
therapy; however, this preference was largely dependent
on which iv scheme was employed[7]. Interestingly, a significantly better QoL (P < 0.05) was found using a 46-h
continuous infusion of 5-FU (de Gramont outpatient
regimen) compared to capecitabine-a result most likely
attributable to reduced toxicity. This preference for treatment with an improved safety profile was also reported
in a Danish study that compared capecitabine and 5-FU/
LV bolus administration. The preference for iv treatment,
it was argued, was due to the lower toxicity profile, thus
reinforcing the concept that patient choice is strongly affected by toxicity and not convenience[8].
Because patients favor safety over convenience, if
both treatments have equal safety profiles, then do patients prefer orally delivered therapy? A comparison of
the non-inferior XELOX (1000 mg/m2 oral capecitabine
twice daily for 14 d; 2-h infusion of 130 mg/m2 oxaliplatin on day 1; 3-wk regimen cycle) and FOLFOX-6 (2-h
infusion of 100 mg/m2 oxaliplatin, followed by 2-h infusion of 400 mg/m2 LV, followed by 400 mg/m2 bolus injection of 5-FU, followed by 46-h continuous infusion of
2400-3000 mg/m2 5-FU; 2-wk regimen cycle) regimens[9]
found that the group that received XELOX reported improved convenience and significant satisfaction with oral
treatment, particularly because it reduced hospital visits
(3.3 d vs 5.3 d, P = 0.045) and the number of daily activity hours lost (10.2 h vs 37.1 h, P = 0.007)[10]. Therefore,
if capecitabine were shown to be non-inferior to continuous infusion 5-FU, would capecitabine replace 5-FU in
the first-line treatment of mCRC?

WHY SUBSTITUTE 5-FU WITH
CAPECITABINE?
One of the major benefits provided by oral treatment
is improvement in patients’ QoL. It is well known that
intravenous (iv) chemotherapy can have a negative impact
on patient QoL, and it has been known to be associated
with pain, discomfort, psychological stress, long hospital
stays, and complications associated with venous catheters
(such as thrombosis and infection)[4]. Therefore, the primary argument in favor of oral treatment compared to
iv treatment is the convenience of home therapy and the
concept that home therapy would result in an improved
level of satisfaction[5].
One of the first studies to investigate patient preferences for palliative mCRC treatment found that more
than 90% of patients preferred oral therapy, especially
because it resolved problems associated with catheters,
lessened the psychological impact of receiving treatment
in a hospital, and reduced the numbers of visits to healthcare professionals[6]. However, it was also noted that two
thirds of the study patients were not willing to sacrifice
efficacy for QoL preferences, and almost 40% of patients
did not wish to make the decision themselves. In a more
recent randomized crossover trial, both oral capecitabine
and iv 5-FU/LV were compared. Before the start of
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CLINICAL DATA FOR THE REPLACEMENT
OF 5-FU MONOTHERAPY BY
CAPECITABINE AS THE FIRST-LINE
TREATMENT FOR METASTATIC
COLORECTAL CANCER
In two multicenter, open-label, phase Ⅲ comparison studies, capecitabine treatment was shown to be
equivalent or superior to bolus 5-FU/LV, in terms of
progression-free survival (PFS), overall survival (OS), and
response rate (Table 1)[11,12]. The prospectively planned,
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Table 2 Comparison of treatment safety (Grade 3/4 events) as a monotherapy
Clinical trial
Van Cutsem et al[12] (2001)
Hoff et al[11] (2001)
Cassidy et al[14] (2002)

Treatments

Diarrhea

Neutropenia

Stomatitis

HFS

Capecitabine vs 5-FU/LV
Capecitabine vs 5-FU/LV
Capecitabine vs 5-FU/LV

10.7% vs 10.4%
15.4% vs 13.9%
13.1% vs 12.2%

2.0% vs 19.8%a
2.6% vs 25.9%a
2.3% vs 22.8%a

1.3% vs 13.3%a
3.0% vs 16.0%a
2.0% vs 14.7%a

16.2% vs 0.3%a
18.1% vs 0.7%a
17.1% vs 1%a

a

P < 0.05 vs capecitabine group; HFS: Hand-foot syndrome; LV: Leucovorin.

integrated analysis confirmed comparable time to progression (TTP) and OS and further demonstrated the
superiority of capecitabine, compared to 5-FU/LV, in
overall response rate (ORR) (26% vs 17%, P < 0.002)[13].
The integrated analysis also demonstrated that capecitabine offered an improved safety profile over 5-FU/LV
treatment, with significantly lower incidences of diarrhea,
stomatitis, nausea, alopecia, and grade 3-4 neutropenia
(Table 2). In comparison, the only adverse event (AE)
that occurred significantly (P < 0.001) more frequently
with capecitabine than with 5-FU/LV was hand-foot
syndrome (HFS)[14]. Furthermore, the integrated analysis
demonstrated that the 5-FU group suffered from a significantly higher number of dose reductions due to AEs
(33.9% vs 42.2%, P = 0.0037) and a significant increase
in the number of hospitalizations (11.6% vs 18.0%, P
< 0.005). After a second dose reduction, those patients
treated with 5-FU exhibited a slightly increased (not statistically significant) risk of disease progression (HR =
1.30 vs 1.06).
In this analysis, due to the higher incidence of severe
events associated with capecitabine and renal insufficiency (clearance 30-50 mL/min), it was recommended
to reduce the initial starting dose of capecitabine to 75%
in moderate renal insufficiency patients, and it was contraindicated in patients with severe renal insufficiency.
Therefore, for patients with moderate renal insufficiency, the most suitable treatment was concluded to be
capecitabine due to its maintained efficacy at reduced
doses, whereas under the same conditions, the efficacy
of 5-FU was shown to be lower. It is important to note
that for patients with moderate hepatic insufficiency that
was secondary to metastasis and who did not present
with a high accumulation of pre-metabolites, a dose reduction to avoid capecitabine-associated toxicity was not
required[15].
In addition to offering improved efficacy for patients with both renal insufficiency and hepatic insufficiency, capecitabine monotherapy has also been assessed
in elderly patients older than 70 years. In this group,
capecitabine was found to exhibit a 67% disease control
rate (DCR), an 11-mo median OS, and a 7-mo TTP, as
well as a low incidence (12%) of grade 3-4 AEs[16]. Thus,
the study concluded that the reduction in the number of
hospital visits made capecitabine an effective and welltolerated therapy for elderly patients who were ineligible
for combination chemotherapy.
The development of 5-FU/LV continuous infusion
therapy, in conjunction with oxaliplatin and irinotecan
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treatment, has led to a lack of comparative studies that
have directly compared capecitabine and continuously
infused 5-FU/LV. However, studies have been conducted
that compared capecitabine and 5-FU/LV, albeit as a
combination of capecitabine and oxaliplatin, or irinotecan. Furthermore, since the introduction of biological
drug therapies, several studies have further examined
capecitabine’s efficacy and safety in elderly populations.
In a multicenter, phase Ⅱ clinical trial by Feliu et al[17]
capecitabine was used in combination with the biological agent bevacizumab as a first-line treatment in elderly
mCRC patients. These authors demonstrated a 34%
ORR, a 71% DCR, 10.8-mo PFS and 18-mo OS, all of
which were comparable to capecitabine as a monotherapy. Interestingly, the most common grade 3-4 events were
HFS (19%), diarrhea (9%) and deep vein thrombosis
(7%).
Recently, the randomized, phase Ⅲ AVEX clinical
trial results were presented at the 2013 ASCO meeting[18].
This study compared capecitabine alone to capecitabine
and bevacizumab combination treatment in ≥ 70-year-old
patients, to determine PFS. The study found a significant
improvement in PFS for the combination therapy (9.1
mo for the bevacizumab arm vs 5.1 mo for capecitabine
alone, HR = 0.53, P < 0.0001), with benefits observed
in all of the subgroups. In turn, there was significant
improvement in overall response rate with bevacizumab
(19.3% vs 10%, P = 0.042). However, the difference in
OS for bevacizumab did not reach statistical significance
(20.7 mo vs 16.8 mo, HR = 0.79, P = 0.182), and the
safety profile was similar to that reported in other studies.
The combination of capecitabine with the biological agent cetuximab has been viewed as an alternative to
capecitabine/bevacizumab in patients with wtKRAS and
other risk factors preventing the use of bevacizumab.
According to data presented by the Spanish TTD Group
study[19], the initial dose of capecitabine used (1250 mg/
m2 twice daily for 14 d), in combination with cetuximab,
produced a high incidence of paronychia and a grade 3-4
acne-like rash, requiring a dose reduction of capecitabine
to 1000 mg/m2 twice daily, which decreased the paronychia incidence but not the acne-like rash incidence.
Nevertheless, ORR (48%) and PFS (8.4 mo) performance
data for wtKRAS patients demonstrated significant improvement over those shown by capecitabine when used
as a monotherapy in unselected patients.
Altogether, these studies have reinforced the need to
observe toxicity closely to manage dose adjustments, if
required, for elderly patients and patients with hepatic or
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mg/m2 LV day 1; 850 mg/m2 5-FU bolus on day 2; 2-wk
regimen cycle) and found similar efficacy results for ORR
(34% vs 33%, P = 0.999), PFS (6.6 mo vs 6.5 mo, P =
0.354), and OS (16.0 mo vs 17.1 mo, P = 0.883). A more
acceptable safety profile was observed with the OXXEL
regimen (32% vs 43% grade 3-4 events)[23].
The largest study that included oxaliplatin was the
NO16966 study. Its initial non-inferiority design between
XELOX and FOLFOX-4 was subsequently redesigned
to be a 2 × 2 randomization study with the addition of
bevacizumab/placebo. By the end of recruitment, more
than 2000 patients were enrolled in the study. The first
co-primary objective of non-inferiority of XELOX
(versus FOLFOX-4) in PFS was reached (8.0 mo vs 8.5
mo, HR = 1.04) with no observable differences in OS or
ORR[21]. The second co-primary objective, evaluating the
impact on PFS of adding bevacizumab, showed a significant increase in PFS in the bevacizumab arm (vs placebo) (9.4 mo vs 8.0 mo, HR = 0.83, P = 0.0023)[24]. This
benefit was not reflected in OS or ORR, most likely due
to the high rate of treatment discontinuation before progression. Regarding the safety profile, the group treated
with FOLFOX-4 had a higher incidence of grade 3-4
neutropenia, febrile neutropenia and thromboembolic
events, whereas XELOX treatment resulted in a higher
incidence of grade 3-4 diarrhea and HFS. Importantly,
the toxicity profile was not affected by the addition of
bevacizumab.
In the first phase of the randomized, phase Ⅱ TREE
study (TREE-1), oxaliplatin was combined with different forms of fluoropyrimidine administration to form
three groups: FOLFOX-6, bFOL (85 mg/m2 oxaliplatin
on days 1 and 15; 20 mg/m2 bolus LV; 500 mg/m2 bolus 5-FU on days 1, 8, and 15; 4-wk regimen cycle), and
XELOX (capecitabine with oxaliplatin)[25]. A comparison
of these groups revealed an insignificantly higher ORR,
TTP, and OS with FOLFOX-6 and increased toxicity
with XELOX (greatest number of interruptions due to
grade 3/4 diarrhea). In TREE-2, bevacizumab was included, which resulted in improved efficacy parameters
for all of the treatment groups. XELOX toxicity was reduced (equivalent to all other schemes) after dose adjustment. Detailed results for the efficacy and safety of these
studies are presented in Tables 3 and 4, respectively.
These randomized studies were evaluated in two
meta-analyses[26,27]. Response rates to 5-FU in combination with oxaliplatin were higher (significant only in the
first study: OR 0.74, P = 0.007); however, this outcome
did not result in improved survival parameters. Regarding the toxicity profile, the first meta-analysis[26] did not
offer conclusive findings due to the heterogeneity of the
treatment groups (mainly with 5-FU). In the other, more
recent study[27]. significant differences were observed in
the frequency of grade 4 neutropenia and diarrhea and
toxicity in the 5-FU group (P = 0.078). In both studies,
the largest significant incidence of grade 3 HFS occurred
with capecitabine.
Favorable efficacy results have been reported for

renal insufficiency to maintain suitable tolerability.

THE COMBINATION OF CAPECITABINE
WITH OXALIPLATIN
Several randomized, phase Ⅲ studies have compared
the efficacy and safety of oral or iv fluoropyrimidines, in
combination with oxaliplatin, as first-line treatments for
mCRC. The aforementioned XELOX scheme has been
compared directly with FUOX (48-h continuous infusion of 2250 mg/m2 5-FU on days 1, 8, 15, 22, 29 and
36 and 85 mg/m2 oxaliplatin on days 1, 15, and 29; 6-wk
regimen cycle)[20], FOLFOX-4 (2-h infusion of 85 mg/m2
oxaliplatin; 2-h infusion of 200 mg/m2 LV, followed by
bolus of 400 mg/m2 5-FU, followed by 22-h continuous
infusion of 600 mg/m2 5-FU; 2-wk regimen cycle)[21], and
FOLFOX-6 (described earlier)[9].
The Spanish Cooperative Group for the Treatment
of Digestive Tumors (TTD) demonstrated comparable
efficacy of XELOX compared to FUOX in TTP (8.9 mo
vs 9.5 mo, P = 0.153), median OS (18.1 mo vs 20.8 mo, P
= 0.145) and ORR (37% vs 46%, P = 0.539). In addition,
the safety profiles were also similar, with both treatment
arms exhibiting a 27% treatment discontinuation rate due
to toxicity; however, despite this similarity, grade 3-4 diarrhea was significantly more common in the FUOX arm
(14% vs 24%, P = 0.027)[20].
A French study that compared XELOX to FOLFOX-6[9] also met the primary endpoint of non-inferiority
in ORR (42% vs 46%). Furthermore, no significant differences were observed in either the PFS (8.8 mo vs 9.3
mo) or OS (19.9 mo vs 20.5 mo) efficacy parameters.
A higher incidence of grade 3-4 neuropathy (11% vs
26%, P < 0.001) was observed when using the highest
oxaliplatin dose for FOLFOX-6, and in addition, a significantly higher incidence of grade 3-4 neutropenia was
also observed for FOLFOX-6 (5% vs 47%, P < 0.001). In
contrast, diarrhea (14% vs 7%, P = 0.0034) was found to
occur with a significantly higher frequency with XELOX.
Other combinations have been evaluated by German
(CAPOX)[22] and Italian (OXXEL)[23] groups. In the first
study, the CAPOX regimen (1000 mg/m2 oral capecitabine twice daily for 14 d; 70 mg/m2 oxaliplatin on days 1
and 8; 3-wk regimen cycle) was compared with FUFOX
(50 mg/m2 oxaliplatin; 500 mg/m2 LV; 22-h continuous
infusion of 2000 mg/m2 5-FU on days 1, 8, 15, and 22;
5-wk regimen cycle), and CAPOX failed to meet the primary endpoint of non-inferiority in PFS (7.1 mo vs 8.0
mo, HR = 1.17, P = 0.117). In addition, despite the ORR
and OS being lower with CAPOX, the difference was
not statistically significant. The safety profiles of the two
regimens were similar; however, a significantly higher incidence of grade 2-3 HFS was noted in the CAPOX arm
(10% vs 4%, P = 0.028)[22].
The second study compared an OXXEL regimen (100
mg/m2 oxaliplatin on day 1; 1000 mg/m2 oral capecitabine twice daily for 11 d; 2-wk regimen cycle) with an
OXAFAFU regimen (85 mg/m2 oxaliplatin on day 1; 250
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Table 3 Comparison of treatment efficacy in combination with oxaliplatin
Clinical trial

Type

Treatment

ORR

PFS (mo)

OS (mo)

Díaz-Rubio et al[20] (2007)

Phase Ⅲ

XELOX vs FUOX

37% vs 46% (P = 0.154)

Cassidy et al[45] (2008)

Phase Ⅲ

47% vs 48% (OR 0.94)

18.1 vs 20.8 (HR 1.22, P =
0.145)
19.8 vs 19.6 (HR = 0.99)

Ducreux et al[42] (2011)
Porschen et al[22] (2007)

Phase Ⅲ
Phase Ⅲ

XELOX vs FOLFOX-4
+/- Bev
XELOX vs FOLFOX-6
CAPOX vs FUFOX

8.9 vs 9.5 (HR = 1.18, P =
0.153)
8 vs 8.5 (HR = 1.04)1

Comella et al[23] (2009)

Phase Ⅲ

OXXEL vs OXAFAFU

Hochster et al[25] (2008)

Phase Ⅱ

XELOX vs FOLFOX-6 vs
bFOL+ Bev

42% vs 46%
48% vs 54% (P = 0.7)

8.8 vs 9.3 (HR = 1)
19.9 vs 20.5 (HR = 1.02)
7.1 vs 8.0 (HR = 1.17, P = 16.8 vs 18.8 (HR = 1.12, P
0.117)
= 0.26)
34% vs 33% (P = 0.999)
6.6 vs 6.5 (HR = 1.12, P = 16.0 vs 17.1 (HR = 1.01, P
0.354)
= 0.883)
27% vs 41% vs 20%; 46% 5.9 vs 8.7 vs 6.9; 10.3 vs 9.9 17.2 vs 19.2 vs 17.9; 24.6 vs
vs 52% vs 39%
vs 8.3
26.1 vs 20.4

Treatments: XELOX: Capecitabine 1000 mg/m2 every 12 h (days 1-14) + 130 mg/m2 oxaliplatin (day 1), 3-wk regimen cycle; FUOX: 2250 mg/m2 5-FU
continuous infusion for 48 h (days 1, 8, 15, 22, 29 and 36) + 85 mg/m2 oxaliplatin (days 1, 15 and 29) 6-wk regimen cycle; FOLFOX-4: 400 mg/m2 5-FU bolus
+ 200 mg/m2 LV + 600 mg/m2 continuous infusion 5-FU for 22 h (days 1 and 2) + oxaliplatin 85 mg/m2 (day 1) 2-wk regimen cycle, FOLFOX-6: 400 mg/m2
5-FU bolus + 400 mg/m2 LV + 2400 mg/m2 46 h 5-FU continuous infusion + 100 mg/m2 oxaliplatin (day 1), 2-wk regimen cycle); CAPOX: 1000 mg/m2
capecitabine every 12 h (days 1-14) + 70 mg/m2 oxaliplatin (days 1 and 8, 3-wk regimen cycle; FUFOX: 500 mg/m2 LV + 50 mg/m2 oxaliplatin + 2000
mg/m2 5-FU continuous infusion for 22 h (days 1, 8, 15 and 22), 5-wk regimen cycle; OXXEL: 1000 mg/m2 capecitabine every 12 h (days 1-11) + 100 mg/m2
oxaliplatin (day 1), 2-wk regimen cycle; OXAFAFU: 250 mg/m2 LV + 85 mg/m2 oxaliplatin (day 1) + 850 mg/m2 5-FU bolus (day 2), 2-wk regimen cycle;
bFOL: 20 mg/m2 LV + 85 mg/m2 oxaliplatin (days 1 and 15) + 500 mg/m2 5-FU bolus (days 1 and 8-15), 4-wk regimen cycle. ORR: Overall response rate;
PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; Bev: Bevacizumab. 1Significant PFS difference between XELOX + bevacizumab (HR
= 0.77, P = 0.0026).

Table 4 Comparison of treatment safety (Grade 3/4 events) in combination with oxaliplatin
Clinical trial
Díaz-Rubio et al[20] (2007)
Cassidy et al[21] (2008)
Ducreux et al[9] (2011)
Porschen et al[22] (2007)
Comella et al[23] (2009)
Hochster et al[25] (2008)

Treatments

Diarrhea

Mucositis/
stomatitis

Neutropenia

HFS

Vomiting (%)

XELOX vs FUOX
XELOX vs FOLFOX-4
+/- Bev
XELOX vs FOLFOX-6
CAPOX vs FUFOX
OXXEL vs OXAFAFU
XELOX vs FOLFOX-6 vs bFOL
+ Bev1

14% vs 24%a
19% vs 11%

2% vs 4%
1% vs 2%

7% vs 11%
7% vs 44%

2% vs 1%
6% vs 1%

5% vs 8%
5% vs 4%

14% vs 7%a
15% vs 14%
13% vs 8%
31% vs 31% vs 26%
19% vs 11% vs 26%

0% vs 1%
1% vs 3%
2% vs 2%
-

5% vs 47%a
3% vs 1%
2% vs 5%
10% vs 4%c
6% vs 6%
10% vs 27%e
4% vs 1%
3% vs 8%e
15% vs 53% vs 18% 19% vs 8% vs 2% 38% vs 31% vs 24%
10% vs 49% vs 19% 10% vs 0% vs 0% 21% vs 7% vs 24%

1

Reduced XELOX dose (850 mg/m2 capecitabine). Treatments: XELOX: Capecitabine 1000 mg/m2 every 12 h (days 1-14) + 130 mg/m2 oxaliplatin (day 1),
3-wk regimen cycle; FUOX: 2250 mg/m2 5-FU continuous infusion for 48 h (days 1, 8, 15, 22, 29 and 36) + 85 mg/m2 oxaliplatin (days 1, 15 and 29) 6-wk
regimen cycle; FOLFOX-4: 400 mg/m2 5-FU bolus + 200 mg/m2 LV + 600 mg/m2 continuous infusion 5-FU for 22 h (days 1 and 2) + oxaliplatin 85 mg/m2
(day 1) 2-wk regimen cycle, FOLFOX-6: 400 mg/m2 5-FU bolus + 400 mg/m2 LV + 2400 mg/m2 46 h 5-FU continuous infusion + 100 mg/m2 oxaliplatin
(day 1), 2-wk regimen cycle); CAPOX: 1000 mg/m2 capecitabine every 12 h (days 1-14) + 70 mg/m2 oxaliplatin (days 1 and 8, 3-wk regimen cycle; FUFOX:
500 mg/m2 LV + 50 mg/m2 oxaliplatin + 2000 mg/m2 5-FU continuous infusion for 22 h (days 1, 8, 15 and 22), 5-wk regimen cycle; OXXEL: 1000 mg/m2
capecitabine every 12 h (days 1-11) + 100 mg/m2 oxaliplatin (day 1), 2-wk regimen cycle; OXAFAFU: 250 mg/m2 LV + 85 mg/m2 oxaliplatin (day 1) + 850
mg/m2 5-FU bolus (day 2), 2-wk regimen cycle; bFOL: 20 mg/m2 LV + 85 mg/m2 oxaliplatin (days 1 and 15) + 500 mg/m2 5-FU bolus (days 1 and 8-15), 4-wk
regimen cycle. Bev: Bevacizumab; HFS: Hand-foot syndrome. aP < 0.05 vs XELOX; cP < 0.05 vs CAPOX; eP < 0.05 vs OXXEL.

XELOX as a first-line mCRC treatment in the elderly in
several studies[28,29]. The first, a phase Ⅱ study, enrolled
50 patients with a mean age of 76 years and recorded an
ORR of 36%, a DCR of 72%, TTP of 5.8 mo, and OS
of 13.2 mo. The grade 3-4 toxicity profile was lower than
that in other studies (28% of patients exhibited AEs,
mainly gastrointestinal and asthenia).
A sub-analysis of the phase Ⅲ TTD study[20] was conducted by Sastre et al[30] who compared the efficacy and
safety of XELOX and FUOX regimens in > 70- and <
70-year-old patient subgroups. No significant differences
were observed in terms of efficacy between the two age
groups. In the group treated with FUOX, the number of
overall treatment delays was greater, compared to both
XELOX subgroups. Furthermore, among the FUOX-
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treated patients, those aged > 70 years had higher dose
reductions, whereas with the XELOX regimen, there
were no differences between the age subgroups. The
toxicity profile was favorable in both groups, except for a
significant increase in grade 3-4 diarrhea in the > 70-yearold XELOX subgroup (25% vs 8%, P = 0.005).
A response rate of 41%, median PFS of 8.5 mo, and
median OS of 14.4 mo, were reported in an Italian study
of elderly patients (mean age of 76 years)[29]. Patients older than 75 years demonstrated a higher ORR compared
to the younger patients; however, no further differences
in survival were noted.
As amendments to the NO16966 and TREE-2 study
protocols, the BEAT study[31] included the addition of
bevacizumab to various chemotherapy regimens: XE-
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LOX, FOLFOX-6 or FOLFIRI (180 mg/m2 irinotecan,
day 1; 200 mg/m2 2-h infusion LV, day 1; 400 mg/m2 IV
bolus 5-FU, day 1; 46-h continuous infusion of 2400 mg/
m2 5-FU; 14-d regimen cycle). The efficacy (TTP, PFS
and OS) and safety profiles demonstrated no significant
differences between the groups.
The COIN study[32] was performed to evaluate the
efficacy and toxicity of adding cetuximab to oxaliplatin
combinations. The initial objective was to demonstrate a
benefit to OS in the experimental cetuximab arm; however, after the results found poorer survival with antiEGFR in the mutated KRAS population, the new goal
became to determine a benefit to OS with cetuximab in
wtKRAS patients. In this population, the highest response
rate (64% vs 57%, OR 1.35, P = 0.049) did not translate
into PFS or OS benefit. The toxicity profile (diarrhea
and cutaneous toxicity) of the XELOX combination
was high, requiring a dose reduction of capecitabine in
the experimental arm (from 1000 mg/m2 to 850 mg/m2
twice daily). The only subgroup that was treated with cetuximab that also showed benefits in PFS was that with
wtKRAS and involvement of ≤ 1 organs and that was
treated with 5-FU (HR = 0.55, P = 0.011). The lack of
a benefit of cetuximab in combination with oxaliplatin
appeared to be connected to the toxicity associated with
capecitabine (more than 2/3 of the patients were treated
with XELOX). These data did not support the recommendation of this combination.

This regimen was subsequently combined with bevacizumab (5 mg/kg, day 1) in a subsequent phase Ⅱ study,
which demonstrated an increased benefit (67.4% ORR,
DCR 93%, PFS 12.3 mo and OS 23.7 mo) while maintaining a similar toxicity profile to the previous study[36].
The next improvements involved a tri-weekly schedule of 800 mg/m2 capecitabine twice daily (days 1-14)
with irinotecan 200 mg/m2 (day 1), which demonstrated a
suitable safety profile and superior efficacy when given in
combination with either cetuximab[37] or bevacizumab[38].
In light of the TREE study, the BICC-C study[39] was
developed as a phase Ⅲ, randomized trial that compared
irinotecan in combination with different forms of fluoropyrimidine administration. In terms of efficacy, FOLFIRI
exhibited the most significant benefit in PFS, compared
to mIFL (7.6 mo vs 5.9 mo, P = 0.004) and CapeIRI (7.6
mo vs 5.8 mo, P = 0.015); however, it did not exhibit any
significant improvement in OS or ORR. Regarding safety
profiles, grade 3-4 toxicity was higher with CapeIRI
compared to FOLFIRI (nausea/vomiting 34% vs 17.6%;
diarrhea 47.5% vs 13.9%; dehydration 19.1% vs 5.8%),
requiring treatment interruption in more patients (25.5%
vs 14.6% for FOLFIRI; and 13.5% for mIFL). Following
an amendment to the protocol to add bevacizumab (Bev.
5 mg/kg), the 2nd phase began, with the CapeIRI arm
discontinued due to toxicity. In this phase, the FOLFIRIBev combination showed a significant OS benefit over
mIFL-Bev (28 mo vs 19.2 mo, P = 0.037).
Since the BICC-C study, successive randomized phase
Ⅱ and Ⅲ studies have been performed to compare both
schemes with the addition of bevacizumab, and similar
efficacy outcomes have been observed in all of them, albeit with differences in the reported safety profiles.
The first of these-a phase Ⅱ , randomized study
between CAPIRI-Bev and FOLFIRI-Bev[40]-found no
significant differences in PFS, OS or response rate. Despite these outcomes, the incidences of diarrhea (15.8%
vs 9.2%, P = 0.003) and grade 3-4 HFS (4.2% vs 1.2%, P
= 0.03) were significantly higher with CAPIRI-Bev. This
fact resulted in greater numbers of delays (15.6% vs 9%,
P = 0.05), dose reductions (10.9% vs 4.3%, P < 0.001),
and interruptions in treatment (10.2% vs 4.2%, P = 0.04).
In contrast, a phase Ⅲ and phase Ⅱ trial demonstrated a more favorable toxicity profile with XELIRI,
with no detriment to the efficacy. The phase Ⅲ study
demonstrated similar efficacy in the XELIRI-Bev arm
versus FOLFIRI-Bev, with a generally lower incidence of
grade 3-4 events and no significant differences in toxicity
profiles between the two arms[41]. This favorable profile
reappeared in a phase Ⅱ study with a design (except for
an initial dose reduction of CPT-11 and a capecitabine
adjustment according to age) similar to that of the previous study, but with the continuation of bevacizumab
until progression[42]. The response and survival data were
similar, while the incidence of toxicity with XELIRI was
lower than in other studies (diarrhea 12% vs 7%, and
thromboembolic events 3% vs 8%). However, more patients required interruption due to toxicity (17% vs 7%).

COMBINATION OF CAPECITABINE WITH
IRINOTECAN
The development of the capecitabine and irinotecan
combination was much slower and more complex compared to the XELOX regimen due to increased toxicity.
In 2005, a phase Ⅰ/Ⅱ study established a recommended dose for the combination of 250 mg/m2 irinotecan (day
1) + 1000 mg/m2 capecitabine twice daily (days 1-14), with
a regimen cycle of 21 d[33]. These doses were those used
in the EORTC 40015 study[34], which compared the FOLFIRI and CAPIRI (250 mg/m2 iv irinotecan, days 1 and 22;
1000 mg/m2 oral capecitabine, twice daily on days 1-15 and
22-36) regimens in combination with celecoxib or placebo
(800 mg, 2 × 200 mg twice daily). The number of grade
3-4 AEs was higher with CAPIRI, with febrile neutropenia
being the most statistically significant AE reported (P <
0.001). After 7 treatment-related deaths (6 of them with
CAPIRI), the study was prematurely terminated.
This combination has been studied using various
forms of administration. Garcia-Alfonso et al[35] conducted a study using the XELIRI regimen (175 mg/m2
irinotecan, day 1; 1000 mg/m2 capecitabine, twice daily,
days 2-8 every 2 wk (reduced to 140 mg/m2 and 750
mg/m2 in patients older than 65 years old, respectively),
which exhibited an ORR of 32%, DCR of 66%, PFS of
9.0 mo, and OS of 19.2 mo. The toxicity profile was favorable, with diarrhea (15%) and grade 3 asthenia (13%)
being the most frequent adverse events reported.
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Table 5 Comparison of treatment efficacy in combination with irinotecan
Clinical trial

Type

Fuchs et al[39] (2007)

Phase Ⅲ

Köhne et al[34] (2008)2

Phase Ⅲ

Souglakos et al[40] (2012)

Phase Ⅱ

Pectasides et al[41] (2012)

Phase Ⅲ

Ducreux et al[42] (2013)

Phase Ⅱ

Treatment

ORR

CapeIRI1 vs FOLFIRI vs
38.6% vs 47.2% vs 43.3%
mIFL
CAPIRI vs FOLFIRI-2
+ Celecoxib
22% vs 32%
- Celecoxib
48% vs 45%
CAPIRI + Bev vs
39.8% vs 45.5% (P = 0.32)
FOLFIRI-2 + Bev
XELIRI + Bev vs FOLFIRI 38.5% vs 40.1% (P = 0.81)
+ Bev
XELIRI-2+ Bev vs FOLFIRI
62% vs 63%
+ Bev

PFS (mo)

OS (mo)

5.8 vs 7.6 (1) vs 5.9 (2)

18.9 vs 23.1 (3) vs 17.6

5.9 vs 9.6

14.75 vs 19.9

8.9 vs 10.0 (P = 0.64)

27.5 vs 25.7 (P = 0.55)

10.2 vs 10.8 (P = 0.74)

20.0 vs 25.3 (P = 0.099)

9 vs 9

23 vs 23

Arm excluded after protocol amendment for toxicity; 2Premature termination due to toxicity (inconclusive results). Treatments: CapeIRI (CAPIRI): 250
mg/m2 Irinotecan (day 1) + 1000 mg/m2 capecitabine (days 1-14), 3-wk regimen cycle; FOLFIRI: 180 mg/m2 irinotecan + 400 mg/m2 LV + 400 mg/m2 5-FU
bolus + 2400 mg/m2 5-FU 46-h continuous infusion, 2-wk regimen cycle; mIFL: 125 mg/m2 irinotecan + 20 mg/m2 LV + 500 mg/m2 5-FU bolus (days 1 and
8), 3-wk regimen cycle; FOLFIRI-2: 180 mg/m2 irinotecan (days 1, 15, 22) + 200 mg/m2 LV (days 1, 2, 15, 16, 29, and 30)+ 400 mg/m2 bolus 5-FU, 600 mg/
m2 22-h continuous infusion 5-FU (1, 2, 15, 16, 29 and 30); XELIRI: 240 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen;
XELIRI-2: 200 mg/m2 irinotecan + 1,000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen. ORR: Overall response rate; PFS: Progression-free
survival; OS: Overall survival; HR: Hazard ratio; Bev: Bevacizumab. (1) CapeIRI vs FOLFIRI (P = 0.015); (2) CapeIRI vs mIFL (P = 0.46); and (3) CapeIRI vs
FOLFIRI (P = 0.27).
1

Table 6 Comparison of treatment safety (Grade 3/4 events) in combination with irinotecan
Clinical trial

Treatments

[39]

Fuchs et al (2007)
Köhne et al[34] (2008)2

Souglakos et al[40] (2012)
Pectasides et al[41] (2012)
Ducreux et al[42] (2013)

1

CapeIRI vs FOLFIRI vs mIFL
CAPIRI vs FOLFIRI-2
+ Celecoxib
- Celecoxib
CAPIRI + Bev vs FOLFIRI-2 + Bev
XELIRI + Bev vs FOLFIRI + Bev
XELIRI-2+ Bev vs FOLFIRI + Bev

Diarrhea

Vomiting

Neutropenia

HFS

47.5% vs 13.9% vs 19.0% 18.4% vs 8.8% vs 7.3% 31.9% vs 43.1% vs 40.9% 9.9% vs 0% vs 0%
39% vs 17%
35% vs 10%
15.8% vs 9.2%a
19% vs 11%
12% vs 5%

9% vs 6%
5% vs 5%
5% vs 0%c
7% vs 7%

13% vs 11%
15% vs 19%
17.9% vs 24.5%
13% vs 22%
18% vs 26%

< 1% vs 0%
< 1% vs 0%
4.2% vs 1.2%a
6% vs 1%

1

Arm excluded after protocol amendment for toxicity; 2Premature termination due to toxicity (inconclusive results). Treatments: CapeIRI (CAPIRI): 250
mg/m2 Irinotecan (day 1) + 1000 mg/m2 capecitabine (days 1-14), 3-wk regimen cycle; FOLFIRI: 180 mg/m2 irinotecan + 400 mg/m2 LV + 400 mg/m2 5-FU
bolus + 2400 mg/m2 5-FU 46-h continuous infusion, 2-wk regimen cycle; mIFL: 125 mg/m2 irinotecan + 20 mg/m2 LV + 500 mg/m2 5-FU bolus (days 1 and
8), 3-wk regimen cycle; FOLFIRI-2: 180 mg/m2 irinotecan (days 1, 15, 22) + 200 mg/m2 LV (days 1, 2, 15, 16, 29, and 30)+ 400 mg/m2 bolus 5-FU, 600 mg/
m2 22-h continuous infusion 5-FU (1, 2, 15, 16, 29 and 30); XELIRI: 240 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen;
XELIRI-2: 200 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen. Bev: Bevacizumab; HFS: Hand-foot syndrome; aP < 0.05
vs CAPIRI + Bev; cP < 0.05 vs XELIRI + Bev.

in a data analysis from the X-ACT study[44] comparing
capecitabine and 5-FU/LV (based on the Mayo Clinic
regimen). The better efficacy and safety profile of oral
capecitabine treatment was found to be more expensive
in terms of drug acquisition costs; however, this higher
cost was offset by the reduced costs for overall chemotherapy (57%), fewer hospital admissions and shorter
stays (15%)[45].
The results of a retrospective analysis of patients
receiving capecitabine or 5-FU/LV monotherapy or
capecitabine/5-FU with oxaliplatin revealed that treatment with capecitabine monotherapy represented the
largest, but non-significant, cost reduction[46]. These savings were found to be due to fewer secondary treatment
complications (and therefore fewer visits and hospital
admissions), which accommodated the higher direct
drug acquisition costs. Interestingly, when combined
with oxaliplatin, no differences were observed between
capecitabine and 5-FU regarding treatment-related costs
or associated complications.

From these data, it can be concluded that the XELIRI
combination might be an option, provided that there is a
dose adjustment and proper management of side effects.
Tables 5 and 6 show the efficacy and safety data in
combination with irinotecan, respectively.

IS ORAL TREATMENT ECONOMICALLY
VIABLE?
The phase Ⅲ European study of the efficacy and safety
of monotherapy [12] included a cost and resource use
analysis[43]. In this analysis, the authors found that by
using capecitabine, scheduled visits to the hospital were
reduced by more than 70%, while unscheduled consultations increased slightly in this group. The number and
duration of hospitalizations and the incidences of infections/sepsis, neutropenia and stomatitis were lower,
resulting in a significant reduction in pharmaceutical
expenditures.
Similar pharmacoeconomic results were obtained
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A comparative analysis of oral monotherapy treatment regimens (capecitabine or tegafur with uracil in
combination with LV), compared to the Mayo clinic regimen, again showed that the most significant cost in oral
therapy (drug acquisition) was offset by a reduction in
administrative costs[47].
Despite the weight of evidence supporting the costbenefits of oral therapy, these benefits do not seem to
translate to all geographical regions. For example, a recent
Swedish study compared the Nordic FLIRI and FLOX
regimens with XELIRI and XELOX, and it found that
despite the higher direct drug acquisition costs, the overall costs were similar[48]. Furthermore, a recent Japanese
study analyzed data from the NO16966 and NO16967
studies and found that XELOX demonstrated a better
cost-effective profile than FOLFOX-4 both as first- and
second-line therapy[49].
Therefore, altogether, these studies suggest a country-specific pharmacoeconomic benefit of oral-based
therapy. The studies clearly emphasize the necessity of
performing individual cost-benefit analyses before implementing economically driven treatment modifications.

and economically viable alternative to 5-FU as a first-line
treatment for mCRC.
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metastatic colorectal cancer (mCRC). In this review
we summarize the most relevant clinical data on VEGF
and EGFR targeting regimens in mCRC. The effects
of available treatment strategies for mCRC are often
temporary, with resistance and disease progression developing in most patients. Thus, new treatment strategies are urgently needed. Some GI peptides including
gastrin and gastrin releasing peptide, certain growth
factors such as insulin-like growth factor-Ⅰ and Ⅱ and
neuropeptides such as growth hormone releasing hormone (GHRH) are implicated in the growth of CRC. Experimental investigations in CRC with antagonistic analogs of bombesin/gastrin-releasing peptide, GHRH, and
with cytotoxic peptides that can be targeted to peptide
receptors on tumors, are summarized in the second
part of the review.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Targeted treatment;
Vascular endothelial growth factor; Epidermal growth
factor receptor; Peptide receptors; Gastrin-releasing
peptide; Growth hormone releasing hormone; Luteinizing hormone-releasing hormone; Cytotoxic analogs
Core tip: Our review evaluates the most recent clinical data on therapeutic reagents designed to target
the vascular endothelial growth factor and epidermal
growth factor receptor signaling pathways in colorectal cancer. As colorectal cancers express receptors for
bombesin/gastrin-releasing peptide, growth hormonereleasing hormone, somatostatin as well as luteinizing
hormone-releasing hormone, we review the implications of these pathways in the growth of colorectal
cancers and summarize experimental data and clinical
studies performed to date with regard to the antiproliferative action of antagonistic peptide analogs of these
receptors as well as their cytotoxic analogs and their
status as drug candidates for the treatment of metastatic colorectal cancer.

Abstract
The introduction of new cytotoxic substances as well
as agents that target vascular endothelial growth factor
(VEGF) and epidermal growth factor receptor (EGFR)
signaling has improved clinical outcome of patients with
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patients with untreated mCRC were given a combination of irinotecan, bolus 5-FU, leucovorin (LV) (IFL),
and placebo or a combination of IFL and Bev (5 mg/kg
biweekly). The study showed a significant benefit in overall response (45% vs 35%, P = 0.004), progression free
survival (PFS) (10.6 mo vs 6.2 mo, P < 0.001), and overall
survival (OS) (20.3 mo vs 15.5 mo, P = 0.001) for mCRC
patients treated with Bev. In another phase 3 clinical trial,
designated BICC-C, performed by Fuchs et al[6], patients
with mCRC were randomly assigned to receive one of
three different irinotecan-containing regiments (irinotecan plus infusional 5-FU and LV (FOLFIRI), irinotecan
plus bolus 5-FU/LV (mIFL) and irinotecan plus oral
capecitabine (CapeIRI) (designated as period 1). After
a protocol amendment, an additional 117 patients were
randomly assigned to FOLFIRI plus Bev or mIFL + Bev,
whereas, due to toxicity concerns, further enrollment of
CapeIRI was discontinued (designated as period 2). The
results for both periods 1 and 2 demonstrated that FOLFIRI and FOLFIRI+Bev offered superior activity to their
therapeutic alternatives. Furthermore, patients who received FOLFIRI+Bev showed a higher overall response
rate (47% vs 54.4%), a longer PFS (11.2 mo vs 7.6 mo)
and median OS (28 mo vs 23.1 mo) compared to FOLFIRI alone. The fact that infusional 5-FU showed a significant longer PFS compared to the oral 5-FU prodrug,
capecitabine (7.6 vs 5.8, P = 0.015), led to the recommendation to preferentially use infused 5-FU, instead of its
oral prodrug, in combination with irinotecan. However,
a subsequently performed phase Ⅱ trial which assessed
the efficacy and safety of Bev plus oral capecitabine and
irinotecan or FOLFIRI as first line therapy for patients
with mCRC found no difference between the oral and
the infused 5-FU regimen regarding the PFS and OS (9
mo and 23 mo)[7]. The convincing results obtained by
phase 3 combination studies with irinotecan and Bev led
study designers to consider whether Bev could enhance
the effect of any CTX regimen. However, subsequent trials with oxaliplatin-based regimens produced less robust
differences[8-10]. In the Phase-Ⅲ trial, NO16966, by Saltz
et al[10], the effect of capecitabine and oxaliplatin (XELOX)
compared with those of infused 5-FU, LV and oxaliplatin (FOLFOX), with or without Bev, was evaluated in
previously untreated patients with mCRC. Although the
difference in PFS and OS (both 1.4 mo) was statistically
significant for treatment with Bev and Oxaliplatin based
combinations compared to CTX alone, the additional
benefit in PFS and OS was smaller for the oxaliplatin
based regimen than that achieved in the study of Hurwitz
et al[5] (4.4 mo and 4.8 mo, respectively). Another Phase[9]
Ⅲ trial performed by Hochster et al , the TREE study,
investigated the tolerability of oxaliplatin in combination
with 3 different 5-FU regimens (continuous infusion, bolus and oral) with (TREE-2 cohort) or without (TREE-1
cohort) Bev as a first-line therapy for mCRC. The study
showed a benefit in overall response (52% vs 41%), PFS
(9.9 mo vs 8.7 mo) and OS (24.6 mo vs 19.2 mo) in patients treated with FOLFOX6 + Bev compared to CTX

Hohla F, Winder T, Greil R, Rick FG, Block NL, Schally AV.
Targeted therapy in advanced metastatic colorectal cancer: Current concepts and perspectives. World J Gastroenterol 2014;
20(20): 6102-6112 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i20/6102.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6102

INTRODUCTION
Worldwide estimates of new cases of colorectal cancer
(CRC) exceed 1.2 million, with more than 600000 deaths
per year [1]. It is estimated that 20% of patients with
CRC have metastatic disease at the time of diagnosis;
20%-25% of patients will experience metastases during
the course of the disease thus resulting in a relatively high
overall mortality rate of 40%-45%[2]. Beside standard
chemotherapy (CTX) with 5-fluorouracil (5-FU) based
regimens, the incorporation of monoclonal antibodies (mAbs) targeting vascular endothelial growth factor
(VEGF) and epidermal growth factor receptor (EGFR)
signaling pathways have further broadened the treatment
options for metastatic colorectal cancer (mCRC) patients. Although the survival for all patients with mCRC
has improved significantly, the 5-year survival rates still
remain low at about 10%, with a median overall survival
(OS) of 24 mo. Thus, new approaches to the treatment
of mCRC are required. Antagonistic analogs of bombesin/gastrin releasing-hormone (BN/GRP) and growth
hormone-releasing hormone (GHRH) as well as targeted
cytotoxic analogs of luteinizing hormone-releasing hormone (LHRH) and somatostatin (SST), linked to chemotherapeutic substances, which have been developed
in our laboratories over the last two decades, have been
shown to be highly effective in suppressing the proliferation of experimental human CRC in vivo and in vitro and
represent an entirely new class of antineoplastic agents
for the treatment of mCRC. In the first part of the present review the most recent data on currently available
biological agents that target the VEGF (bevacizumab,
aflibercept and regorafenib) and EGFR pathways (cetuximab and panitumumab) are highlighted. In the second
part, we summarize experimental studies performed so
far regarding the antiproliferative action of antagonists
of BN/GRP and GHRH as well as cytotoxic analogs of
Somatostatin and LHRH against CRC in vitro and in vivo.

VEGF TARGETING MABS
Bevacizumab
Bevacizumab (Bev), developed in the early 1990s, is a
recombinant, humanized IgG1 mAb effective against
all isoforms of VEGF-A that disrupts their interactions
with VEGFRs[3]. Preclinical studies have demonstrated
that Bev exhibits a broad range of antitumor activity[4].
The most relevant clinical studies with Bev in combination with CTX are summarized in Table 1. In the pivotal
clinical trial of Hurwitz et al[5], designated AVF2107,
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Table 1 Effect of bevacizumab in phase Ⅲ Studies in patients with metastatic colorectal cancer
Study

Treatment

Phase

Hurwitz et al[5],
AVF2107 trial,
2004

First-line

Fuchs et al[6],
BICC-C trial,
2007
Saltz et al[10],
N016966 trial,
2008

First-line

First-line

Hochster et al[9],
TREE1/2 study,
2008

First-line

3

Second-line

3

Second-line

3

Giantonio et al[11],
ECOG E3200,
2007
Bev beyond progression
Bennouna et al[12],
ML18147 (TML),
2012

3

Patients (n )

Regimen

Overall response

Median PFS

Median OS

(mo)

(mo)

10.6

20.3

6.2
P < 0.001
7.6
11.2

15.5
P < 0.001
23.1
28.0

IFL + Bev
vs
Placebo

402

3

FOLFIRI (period 1)
FOLFIRI + Bev (period 2)

144
57

3

FOLFOX-4 or XELOX + Placebo
vs
FOLFOX-4 or XELOX + Bev

701

38%

8.0

19.9

699

38%

mFOLFOX-6
XELOX
mFOLFOX-6 + Bev
XELOX + Bev
FOLFOX + Bev
Placebo

69
48
71
72
290
289

41%
27%
52%
36%
22.7%
8.6%

Continued use of Bev + standard
2nd-line CTX vs 2nd-line CTX alone

409
411

5.4%
3.9%

9.4
P = 0.0023
8.7
5.9
9.9
10.3
7.3
4.7
P < 0.0001
5.7
4.1

21.3
P = 0.077
19.2
17.2
26.1
24.6
12.9
10.8
P = 0.0011
11.2
9.8

P = 0.3113

P = 0.0001

P = 0.0062

411

45%
35%
P = 0.004
47%
54.4%

IFL: Irinotecan/bolus 5-FU/leuvovorin; Bev: Bevacizumab; PFS: Progression free survival; OS: Overall survival; CTX: Chemotherapy.

Regorafenib
Regorafenib is an inhibitor of PDGF receptors, c-KIT,
FGF receptor and VEGF1-3[19]. In the pivotal Phase Ⅲ
study, CORRECT, patients with mCRC who had progressed after all approved drugs were randomly assigned
to Regorafenib or placebo [20]. Treatment with Regorafenib significantly prolonged OS (6.4 mo vs 5.0 mo, P
= 0.0052) and PFS (1.9 mo vs 1.7 mo, HR = 0.49) compared to placebo.

alone. The addition of Bev to second-line CTX with
FOLFOX4, after progression on a CTX regimen without
Bev, was evaluated in the ECOG E3200 Phase Ⅲ trial[11].
The addition of Bev to FOLFOX4 improved response
rates, PFS and OS in patients whose tumors had already
progressed on irinotecan-containing CTX. These findings led to the approval of Bev in combination with CTX
as second-line therapy for mCRC. The first randomized
Phase Ⅲ trial which investigated the efficacy of Bev therapy continuation beyond progression was the ML18147
(TML) study performed by Bennouna et al[12]. In this trial,
patients with mCRC who progressed after a Bev containing first-line CTX were randomly assigned to Bev +
CTX and CTX alone. Continued use of Bev in combination with a standard 2nd line CTX showed a modest but
significant benefit in PFS (5.7 mo vs 4.1 mo, P = 0.0001)
and OS (11.2 mo vs 9.8 mo) compared to CTX alone.

EGFR TARGETING MABS
Cetuximab
Cetuximab is a recombinant, chimeric, human/murine
immunglobulin (Ig)G1 mAb that binds specifically to
the extracellular domain of EGFR in normal and tumor
cells, promoting receptor internalization and degradation
without receptor phosphorylation and activation[21]. The
most relevant clinical studies with cetuximab in combination with CTX are summarized in Table 2. In the pivotal
Phase Ⅱ study, BOND, Cunningham et al[22] randomly
assigned patients with mCRC, who where refractory to
irinotecan based CTX, to either irinotecan and cetuximab
or cetuximab alone. The combination of irinotecan with
cetuximab significantly improved overall response (22.9%
vs 10.8%), median PFS (4.1 mo vs 1.5 mo) and OS (8.6
mo vs 1.5 mo) compared to cetuximab alone. These findings led to the approval of cetuximab for patients with
irinotecan refractory CRC, in the United States and Europe, as well as patients who were refractory to other previous therapies. Several small, retrospective studies have
shown an association between KRAS mutation status and
responsiveness of a colorectal tumor to cetuximab[23-26].

Aflibercept
Aflibercept is a recently developed, multiple angiogenic
factor trap that prevents not only VEGF-A, but also two
additional members of the VEGF family, VEGF-B and
placental growth factor (PlGF), from activating their native receptors (VEGFR-1)[13,14]. These findings suggest
that upregulation of PlGF and VEGF-B with concurrent
activation of VEGFR-1 could be a potential mechanism
of tumor resistance to therapies such as Bev, which targets VEGF-A only[15-17]. The VELOUR trial evaluated
aflibercept plus FOLFIRI vs FOLFIRI alone in patients
with mCRC after progression on an oxaliplatin based
CTX trial[18]. Addition of Bev significantly improved PFS
(6.9 mo vs 4.7 mo, P = 0.0007) and OS (13.5 mo vs 12.06
mo) compared to CTX alone.
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Table 2 Effect of cetuximab in phase Ⅱ/Ⅲ studies in patients with metastatic colorectal cancer
Study
Cunnigham et al[22],
BOND study,
2004

Van Cutsem et al[28],
CRYSTAL trial,
2009

Bokemeyer et al[29,30],
OPUS trial,
2008

Heinemann et al[31],
FIRE-3,
2013

Treatment

Phase

Regimen

Patients (n )

Overall
response

Median PFS
(mo)

Median OS
(mo)

Refractory to
irinotecan

2

Irinotecan+
cetuximab
vs
cetuximab alone

218

22.90%

4.1

8.6

211

FOLFIRI + cetuximab
vs
placebo
(K-Ras mutant)

105

10.80%
P = 0.0074
36.20%

1.5
P < 0.0001
7.6

1.5
P = 0.48
17.5

87

40.20%
OR = 0.80

17.7
HR = 1.03

FOLFIRI + cetuximab
vs
placebo
(K-Ras wild-type)

172

59.30%

8.1
HR = 1.07
P = 0.75
9.9

176

52

8.7
HR = 0.68
P = 0.048
8.6

21.0
HR = 0.84

FOLFOX + cetuximab
vs
placebo
(K-Ras mutant)

43.20%
OR = 1.91
P = 0.004
33%

61

5.5
HR = 1.83
P = 0.0192
7.7

NR

FOLFOX + cetuximab
vs
placebo
(K-Ras wild-type)

49%
OR = 0.507
P = 0.106
61%

297
295

7.2
HR = 0.57
P = 0.016
10.3
10.4
HR = 1.04
P = 0.69

NR

FOLFIRI + cetuximab
FOLFIRI + bevacizumab

37%
OR = 2.54
P = 0.011
62%
57%
OR = 1.249
P = 0.18

First-line

First-line

First line

3

2

3

47

73

24.9

NR

NR

28.7
25.0
HR = 0.77
P = 0.017

PFS: Progression free survival; OS: Overall survival; NR: Not reported.

In the study of Karapetis et al[27] patients with mCRC
refractory to standard treatment were randomly assigned
to receive Cetuximab plus best supportive care (BSC) or
BSC alone, to detect activating mutations in exon 2 of
the KRAS gene. Patients with tumors expressing mutant
KRAS did not respond to cetuximab (overall response
rate 1.2%), whereas patients with tumors harboring a
wild-type KRAS did benefit from cetuximab compared
to BSC alone in terms of overall response rate (12.8% vs
0%), PFS (3.7 mo vs 1.9 mo, HR = 0.4, P < 0.001) and
OS (9.5 mo vs 4.8 mo, HR = 0.55, P < 0.001). In the
patient cohort receiving BSC alone, the mutation status
of the KRAS gene was not significantly associated with
OS (HR = 1.01)[27]. Retrospective analysis of the KRAS
status in the CRYSTAL trial has recently shown statistically significant differences between patients with wildtype KRAS and those with mutant KRAS in response
to FOLFIRI plus cetuximab in terms of PFS (9.9 mo vs
7.6 mo) and overall response (59% vs 36%)[28]. In KRAS
wild-type patients, treatment of mCRC patients with
FOLFIRI plus cetuximab vs FOLFIRI alone significantly
prolonged OS (24.9 vs 21.0, HR = 0.84)[28]. Data from the
OPUS trial showed that the combination of cetuximab
and FOLFOX4 has an overall response rate of 61%
in patients with wild-type KRAS compared with 33%
in those with mutant KRAS[29,30]. In the Phase Ⅲ study
FIRE-3 by Heinemann et al[31], patients with mCRC were
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randomly assigned to FOLFIRI plus either Cetuximab
or Bev. Patients in the cetuximab and Bev arms had similar times to disease progression (10 mo vs 10.3 mo), but
those treated with cetuximab had a significant improved
OS (28.7 mo vs 25 mo, HR = 0.77, P = 0.01).
Panitumumab
Panitumumab (Vectibix®) is a fully human, recombinant
IgG2 mAB that binds specifically and with high affinity to the extracellular domain of EGFR in normal and
tumor cells. Through competitive binding to EGFR
ligands, panitumumab prevents EGFR dimerization,
autophosphorylation and signaling, thereby inhibiting
proliferation and promoting apoptosis[32]. The most relevant clinical studies with panitumumab in combination
with CTX are summarized in Table 3. In a phase-3 trial
Van Cutsem et al[33] randomly assigned patients refractory
to standard treatment, to treatment with panitumumab
and BSC vs BSC alone. Objective response rates favored
panitumumab over BSC (10% vs 0%). Panitumumab
significantly prolonged PFS (8 wk vs 7.3 wk, HR = 0.54)
but did not influence OS (HR = 1.00). A Phase Ⅲ study,
PRIME, evaluated the combination of panitumumab
with FOLFOX4 vs FOLFOX4 alone as first-line treatment of metastatic CRC[34]. The combination therapy
significantly improved PFS compared to CTX alone in
patients with KRAS wild type (9.6 mo vs 8.0 mo, P =

6105

May 28, 2014|Volume 20|Issue 20|

Hohla F et al . Targeted treatment strategies in colorectal cancer
Table 3 Effect of panitumumab in phase Ⅲ studies in patients with metastatic colorectal cancer
Study
Van Cutsem et al[33],
2007

Douillard et al[34],
PRIME-trial,
2010

Peeters et al[35],
2010

Douillard et al[36],
Update
Prime-trial,
2013

Schwartzberg et al[37],
PEAK-trial,
2013

Treatment

Phase

Regimen

Patients
(n )

Overall response

Refractory to
standard CTX

3

Panitumumab + BSC
vs
BSC

231

10%

232

K-Ras WT
FOLFOX4 + panitumumab
FOLFOX4

First-line

Second-line

First-line

First-line

3

3

3

2

Median PFS
(mo)

Median OS
(mo)

0%
P < 0.0001

HR = 0.54

HR = 1.0

325
331

55%
48%
OR = 1.35
P = 0.068

9.6
8.0
HR = 0.8
P = 0.02

23.9
19.7
HR = 0.83
P = 0.072

K-Ras MT
FOLFOX4 + panitumumab
FOLFOX

221
219

40%
40%

7.3
8.8
HR = 1.29
P = 0.02

15.5
19.3
HR = 1.24
P = 0.068

K-Ras WT
FOLFIRI + panitumumab
FOLFIRI

303
294

35%
10%
P = 0.001

5.9
3.9
HR = 0.73
P = 0.004

14.5
12.5
HR = 0.85
P = 0.12

K-Ras MT
FOLFIRI + panitumumab
FOLFIRI

238
248

13%
14%

5.0
4.9
HR = 0.85
P = 0.14

11.8
11.1
HR = 0.94

K-Ras WT/MT other Ras
FOLFOX4 + panitumumab
FOLFOX4

51
57

NR
NR

7.3
8.0
HR = 1.28
P = 0.326

17.1
18.3
HR = 1.29
P = 0.305

K-Ras + N-Ras WT
FOLFOX4 + panitumumab
FOLFOX

259
253

NR
NR

10.1
7.9
HR = 0.72
P = 0.004

K-Ras WT/MT other RAS
mFOLFOX6 + panitumumab
mFOLFOX6 + bevacizumab

142
143

NR
NR

10.9
10.1
HR = 0.87
P = 0.35

88

NR

13.0

26.0
20.2
HR = 0.78
P = 0.043
Not
Reached
25.4
HR = 0.72
P = 0.14
Not
Reached

82

NR

9.5
HR = 0.65
P = 0.03

29.0
HR = 0.61
P = 0.09

K-Ras / N-RAS WT
mFOLFOX6 + panitumumab
mFOLFOX6 + bevacizumab

PFS: Progression free survival; OS: Overall survival; BSC: Best supportive care; CTX: Chemotherapy; WT: Wild-type; MT: Mutant; NR: Not reported.

0.02) and increased overall response rates (55% vs 48%).
A non-significant increase in OS was also observed for
panitumumab-FOLFOX4 vs CTX alone (23.9 mo vs 19.7
mo, respectively, P = 0.072). Peeters et al[35] randomly assigned patients with mCRC pretreated with one CTX, to
panitumumab plus FOLFIRI vs FOLFIRI alone. In wildtype KRAS exon 2 mCRC patients a significant improvement in PFS (5.9 mo vs 3.9 mo, P = 0.004) and response
rates (35% vs 10%) was observed with the addition of
panitumumab compared to CTX alone. In patients with
mutant KRAS exon 2, there was no difference in efficacy. In order to assess the efficacy and safety of panitumumab plus FOLFOX4 as compared with FOLFOX4
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alone according to the KRAS (exon 2-4) and NRAS
(exon 2-4) mutation status data of the PRIME study
were updated[36]. In patients without any RAS mutation
(KRAS 2-4/NRAS exon 2-4 wild-type) treatment with
panitumumab significantly prolonged PFS (10.1 mo vs 7.9
mo, P = 0.004) and OS (26.0 mo vs 20.2 mo, P = 0.043)
compared to CTX alone. In the trial designated PEAK,
Schwartzberg et al[37] randomly assigned untreated patients
with mCRC to FOLFOX4 plus either panitumumab or
Bev. Again, RAS status was assessed. In RAS wild-type
stratum combination of panitumumab with FOLFOX4
improved PFS (13.5 mo vs 9.5 mo, HR = 0.65, P = 0.03)
and OS (HR = 0.61, P = 0.09) compared to Bev with the
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same combination.

ANTIPROLIFERATIVE EFFECT OF GHRH
ANTAGONISTS IN CRC

ANTIPROLIFERATIVE EFFECT OF BN/GRP
ANTAGONISTS IN CRC

Growth hormone-releasing hormone (GHRH) belongs
to the family of related peptides that includes: vasoactive intestinal polypeptide (VIP), pituitary adenylate
cyclase-activating peptide (PACAP), secretin and glucagon[63]. GHRH released by the hypothalamus, regulates
the secretion of growth hormone (GH) by binding to
specific receptors for GHRH (GHRH-R) in the pituitary gland[40,41,64]. In turn, GH induces the production
of hepatic insulin-like growth factor (IGF-1), which is
a known mitogen and has been linked with malignant
transformation, tumor progression, and tumor metastasis[65]. In addition to its neuroendocrine action, GHRH
functions as an autocrine/paracrine growth factor in various cancers, including CRC[40,66]. Antagonistic analogs of
GHRH, developed our laboratories, strongly suppress
the growth in vitro and in vivo of many experimental cancers including CRC[40,41,54,64,66-68]. The antitumor effects of
GHRH antagonists were initially thought to be exerted
only indirectly through the inhibition of serum IGFⅠ levels. However, evidence suggested, that the principal
antiproliferative effects of GHRH antagonists are exerted
directly through the blocking of the stimulatory loop
formed by GHRH and its receptors on tumor cells. Our
group demonstrated the presence of the pituitary type
GHRH-receptor and four truncated splice variants (SVs)
of GHRH-R in human cancer specimens and cancer cell
lines including CRC[40,66,69,70]. Of the four isoforms, SV1
has the greatest structural similarity to the GHRH-R and
it probably mediates, in concert with GHRH-R, the effect
of GHRH and its antagonists on tumors. We also examined the protein and mRNA expression of GHRH-R and
SV1 in normal human tissues and human CRC tissue by
immunohistochemical staining and RT-PCR[70]. The main
finding was that the expression of GHRH-R and SV1
was absent in normal colonic mucosa but significantly
increased in tubulovillous adenomas and in colorectal
cancers. We assume that this aberrant expression of
GHRH-R and SV-1 in colorectal cancers may provide
a molecular target for a therapeutic approach based on
GHRH antagonists[70]. We showed that GHRH antagonist, JMR-132, significantly decreased the volume of
HT-29, HCT-116, and HCT-15 experimental human colon carcinomas grown as xenografts in athymic nude mice
by up to 75% and also extended tumor doubling times
compared to controls[67]. In other studies, combined treatment in vivo with JMR-132 plus chemotherapeutic agents
5-FU, irinotecan or cisplatin resulted in an additive tumor
growth suppression of HT-29, HCT-116 and HCT-15
human colon cancer xenografts[68]. Cell cycle analysis revealed that treatment of HCT-116 human colon cancer
cells with GHRH antagonist, JMR-132, in vitro was accompanied by a cell cycle arrest in S-phase. Thus, we suggest that JMR-132 enhances antiproliferative effects of
S-phase specific cytotoxic drugs by causing accumulation
of tumor cells in S-phase[68]. The molecular mechanisms

In addition to polypeptide growth factors, such as EGF
family members, much evidence supports the autocrine
involvement of specific neuropeptides, such as gastrin-releasing peptide (GRP), in the proliferation, local invasion,
metastasis and angiogenesis of many tumors including
CRC[38-42]. GRP is a member of the bombesin (BN)-like
peptide family and normally functions as a gastrointestinal hormone and neurotransmitter[43]. From an oncologic
point of view, GRP affects the growth and differentiation
of a number of human tumors including CRC[3,40,41,44-46].
Four receptor subtypes associated with the BN-like peptide family have been identified and cloned[38,47]. Receptor
subtype 1, termed GRP-R, binds BN and GRP with high
affinity. Subtype 2 prefers neuromedin B and subtype 3 is
classified as an orphan receptor because its natural ligand
is not yet identified. A fourth subtype has a higher affinity for amphibian BN than for GRP. These receptors
are coupled to G-protein via their intracellular domains
and, thus, belong to the G-protein receptor superfamily. Studies have shown that receptors for GRP (GRPRs) are overexpressed in human CRC and human CRC
cell lines when compared with normal colonic epithelial
cells[48-55]. Approaches to inhibit the autocrine growth effect of GRP-like peptides on tumor growth in human
and animal studies include receptor antagonists, monoclonal antibodies, vaccination against GRP, antisense
oligonucleotides or bispecific molecules[56]. During the
past decade, a large number of BN/GRP antagonists
were synthesized in our laboratories. Among these compounds were RC-3095 and RC-3940-Ⅱ, both of which
showed strong inhibitory effects on several experimental
cancers including CRC in vitro and in mouse xenografts
in vivo[40,41,54,57-60]. The tumor-inhibitory mechanism of
BN/GRP antagonists appears to be more complex than
a simple competitive action on the receptor and is incompletely understood[40,56]. In xenografts of HT-29 human
CRC inhibition of tumor growth by BN/GRP antagonist, RC-3095, was linked with a significant down-regulation of EGF receptors[61]. In another experiment we
showed that combined treatment with RC-3940-Ⅱ and a
chemotherapeutic agent, such as 5-FU or irinotecan, resulted in a synergistic growth inhibition of experimental
human colon cancers xenografted into nude mice[54]. Cell
cycle analysis of in vitro material revealed that BN/GRP
antagonist, RC-3940-Ⅱ, led to an increase in the number
of cells blocked in S and G2/M phase and fewer cells
with G0/G1 DNA content[54]. A Phase Ⅰ clinical trial with
BN/GRP antagonist, RC-3095, in 25 heavily pretreated
patients with advanced solid malignancies, including 2 patients with mCRC, showed no objective tumor response
at the dosage used[62]. In conclusion, BN/GRP antagonists have shown impressive preclinical antitumor activity
and should be further investigated in clinical trials.
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involved in the antiproliferative effects of GHRH antagonists on tumor cells have not been completely elucidated.
We showed in HCT-116 human colon cancer cells in vitro,
that treatment with GHRH antagonist, JMR-132, causes
significant DNA damage as measured by an increase in
olive tail moment and loss of inner mitochondrial membrane potential. Western blotting demonstrated a timedependent increase in protein levels of phosphorylated
p53(Ser46), Bax, cleaved caspase-9, -3, cleavage of PARP
and a decrease in Bcl-2 levels[67]. Also, an augmentation in
cell cycle checkpoint protein p21Waf1/Cip1 was accompanied
by a cell cycle arrest in S-phase. DNA fragmentation visualized by the comet assay and by the number of apoptotic
cells increased time dependently as determined by flow
cytometric annexin-V and PI staining assays. Thus we
suggest that GHRH antagonists exert their antiproliferative effects on experimental colon cancer cells through
p21Waf1/Cip1 mediated S-phase arrest along with apoptosis
involving the intrinsic pathway[67]. So far GHRH antagonists have not been clinically tested. However, the impressive preclinical activity merits further investigations in
clinical trials.

nificantly inhibited tumor growth of experimental human
colon cancer xenografted into nude mice[75,76]. Cell cycle
analysis showed that treatment of HCT-116 human colon
cancer cells with AN-162 caused a significantly greater increase in the number of S-phase cells and apoptotic cells
as compared to treatment with doxorubicin alone[75]. We
hypothesize that the lesser effect of unconjugated doxorubicin compared to AN-162 could be the reduction of
intracellular drug accumulation caused by increased drug
efflux when Dox alone is used. Cellular resistance (multi
drug resistance, MDR) to doxorubicin is often related
to its rapid efflux from the intracellular environment by
membrane transporters termed p-glycoproteins (Pgp),
products of the multiple drug resistance gene 1 (MDR-1).
To proof this concept, we treated the doxorubicin resistant mouse leukemic cell line P388/R84, which overexpresses the membrane transporter Pgp, with AN-162
and compared to unconjugated doxorubicin. Cell cycle
analysis revealed that AN-162 compared to doxorubicin
caused a progressive accumulation of P388/R84 cells in
S and G2 phase with an increase in the number of apoptotic cells with < G0/G1 content[75]. Thus, treatment efficacy with targeted cytotoxic peptides may be related to
overcoming chemoresistance.

ANTIPROLIFERATIVE EFFECT
OF CYTOTOXIC ANALOGS OF
SOMATOSTATIN, BN/GRP AND LHRH IN
CRC

Cytotoxic LH/RH analogs
The hypothalamic hormone, LHRH, also known as
gonadotropin-releasing hormone is the primary regulator
of gonadal function and reproduction in vertebrates[79].
Receptors for LHRH have been demonstrated in healthy
sex organs, as well as in breast, ovarian, endometrial and
prostate cancers and cell lines of colorectal cancer[71,72,80].
On the basis of the presence of receptors for LHRH on
these tumors, we have developed a new class of targeted
antitumor agents, AN-152 (AEZS-108) and AN-207, by
linking cytotoxic radicals to LHRH agonists[72]. Thus Dox
was coupled to LHRH to form the targeted cytotoxic analog AN-152 (AEZS-108). An even more potent hybrid
molecule, AN-207, was synthesized by conjugating 2-pyrrolino-Dox to LHRH. Both cytotoxic LHRH analogs,
AN-152 and AN-207, powerfully inhibited growth of experimental colon cancers xenografted into nude mice[80].
AN-152 (AEZS-108) has been successfully tested in one
Phase Ⅰ and two Phase Ⅱ studies in patients with heavily
pretreated LHRH-R positive recurrent ovarian and endometrial cancers[71]. Phase Ⅰ/Ⅱ studies with AEZS-108 in
castration-resistant prostate cancer and refractory bladder
cancer are presently in progress with promising results[71].
In our experimental studies, all 5 human CRC cell lines
evaluated expressed LHRH receptors[80]. Currently, there
are no clinical data on the expression of LBHRH receptors in CRC. However, a common practice in clinical
trials with cytotoxic LHRH analog AN-152 on prostatic,
bladder, ovarian and endometrial cancers is to first evaluate the expression of the LHRH receptor in the tumors
of patients by immunohistochemistry. Cytotoxic LHRH
analog, AEZS-108, may be a useful agent for the treatment of LHRH receptor positive advanced colorectal

On the basis of the presence of specific receptors for hypothalamic peptides on various human cancers including
CRC, our group developed targeted cytotoxic analogs of
somatostatin (SST) and LHRH linked to doxorubicin or
2-pyrrolinodoxorubicin[71,72].
Cytotoxic somatostatin analogs, AN-238 and AN-162
The hypothalamic neuropeptide SST exists in two main
active forms: a 14-amino acid peptide and an amino terminally extended version consisting of 28 amino acids[41].
Both forms are present in the gastrointestinal tract inhibiting the secretion of many hormones including growth
hormone, insulin, glucagon, gastrin, secretin and cholecystokinin[41]. At least five distinct SST receptor subtypes,
SSTR1-5, have been characterized[73,74]. These receptors
are distributed in both normal and cancerous tissues,
but found in higher density in the latter as well specifically as in human colon cancer cell lines[40,41,75,76]. While
native SST shows high affinities to SSTR1-5, synthetic
octapeptides such as RC-160 and RC-121, synthesized in
our laboratory, bind preferentially to SSTR2 and SSTR5,
moderately affinity to SST3 and with low affinity to SST1
and SST4[40,73,74,77]. In our endeavour to develop chemotherapy targeted to SSTR, we synthesized two cytotoxic
hybrids of SST, AN-238, AN-162, containing DOX or
the strongly active derivative of DOX, 2-pyrrolino-DOX,
the latter conjugated to the octapeptide SST analog,
RC-121[78]. Both cytotoxic analogs AN-238 (containing
2-pyrrolino-DOX) and AN-162 (containing DOX), sig-
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carcinoma. On the basis of our results, patients with
mCRC could be considered for the inclusion in future
clinical trials with cytotoxic LHRH analog AEZS-108,
after establishing the presence of LHRH receptors in biopsy samples.

4

5

CONCLUSION
The current management of mCRC involves various
active drugs, either in combination or as single agents:
5-FU/LV, capecitabine, irinotecan, oxaliplatin, bevacizumab, aflibercept, regorafenib, cetuximab and panitumumab. The choice of therapy is based on consideration
of the goals of therapy, the type and timing of prior therapy, the different toxicity profiles of the constituent drugs
and the molecular characteristics of the tumor. Treatment
regimens with Bev are independent of the RAS mutation
status and show greater response rates, up to 10%, and
significantly longer PFS and OS in combination with an
irinotecan based CTX. Treatment of Bev with oxaliplatin
based regimens seems to have a more moderate benefit
in PFS and OS. Beyond progression after a Bev containing regimen, continued use of Bev in combination with
a standard second-line CTX significantly improves PFS
and OS. Bev or aflibercept, when given with second-line
CTX, have comparable outcomes, each adding 1.4 mo of
survival time. Regorafenib has been approved as a treatment option for patients with good performance status
and who have received all available agents leading to a
modest OS advantage of 1.4 mo. Recently published data
from the FIRE-3, PRIME and the PEAK trial suggest,
that cetuximab based regimens may lead to improved
OS compared to Bev containing regimens. The observed
survival benefit of EGFR targeting agents may be partially a result of excluding patients with mutated RAS
metastatic colorectal cancers as performed in the PEAK
trial and the updated PRIME study. Therefore, especially
for patients with RAS wild-type mCRC a cetuximabbased treatment may be more beneficial and should be
offered as first line therapy. However, response to treatment is usually temporary in patients with mCRC and
leads to a median survival of 24 mo. Thus receptors for
certain peptide hormones, which are highly expressed in
CRC, may be investigated as therapeutic targets. Targeted
cytotoxic LHRH analog AN-152 (AEZS-108), should be
examined for treatment of patients with LHRH receptor
positive CRC.
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Role of surgery in colorectal cancer liver metastases
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used increasingly as adjuvant therapy either before or
after surgery. Local tumor ablative therapies, such as
microwave coagulation therapy and radiofrequency ablation therapy, should be considered as an adjunct to
hepatic resection, in which resection cannot deal with
all of the tumor lesions. Formulation of an individualized plan, which combines surgery with systemic CTX,
is a necessary task of the multidisciplinary team. The
aim of this paper is to discuss different approaches for
patients that are treated due to CRC liver metastasis.
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Core tip: In patients with colorectal liver metastases,
surgical resection is the treatment of choice. This paper
aimed to discuss the goals of surgery, which should
be to resect all metastases with negative histological
margins while preserving sufficient functional hepatic
parenchyma. The paper also discusses treatment options for patients with extensive metastatic disease who
would otherwise be unresectable, such as systemic
chemotherapy, radiofrequency ablation and preoperative portal vein embolization combined with surgery.

Abstract
Colorectal carcinoma (CRC) is the third most common
cancer, and approximately 35%-55% of patients with
CRC will develop hepatic metastases during the course
of their disease. Surgical resection represents the
only chance of long-term survival. The goal of surgery
should be to resect all metastases with negative histological margins while preserving sufficient functional
hepatic parenchyma. Although resection remains the
only chance of long-term survival, management strategies should be tailored for each case. For patients with
extensive metastatic disease who would otherwise be
unresectable, the combination of advances in medical
therapy, such as systemic chemotherapy (CTX), and
the improvement in surgical techniques for metastatic
disease, have enhanced prognosis with prolongation
of the median survival rate and cure. The use of portal vein embolization and preoperative CTX may also
increase the number of patients suitable for surgical
treatment. Despite current treatment options, many
patients still experience a recurrence after hepatic
resection. More active systemic CTX agents are being
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INTRODUCTION
Colorectal carcinoma (CRC) is the third most common
cancer and the liver is the most common site of colorectal metastasis, of which 15%-20% of patients will be candidates for hepatectomy[1,2]. Approximately one-third of
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patients will develop liver metastases within three years
after diagnosis[3]. The most common route of dissemination is hematogenous via the portal circulation[4,5].
Surgical resection is the current treatment of choice
for colorectal cancer metastases isolated to the liver, and
has been proven to be the only potentially curative therapy[6,7]. The combination of advances in medical therapy,
such as systemic chemotherapy (CTX), and the function
of surgery for metastatic disease, have enhanced prognosis with prolongation of the median survival rate and
cure[8].
The 5-year survival rates after surgical resection are
reported to be as high as 71% for solitary CRC liver metastasis (CRLM)[9]. Using the multidisciplinary approach
of surgical resection combined with CTX and portal vein
embolization, however, has increased the 3-year survival
rate to 60%-86%[3,10].

no extra liver metastases or they can be controlled; and (5)
the function of the remaining liver will be adequate[15,16].
In recent years, a number of procedures aimed at
improving the rate of surgical resection have been developed. As safety and long-term cancer-related outcomes
develop, indications for liver resection have been enhanced correspondingly.

PREOPERATIVE EVALUATION
A staging system was proposed by the European Colorectal Metastases Treatment Group system that divides the
CRLM into 4 groups. These include M0: no metastases;
M1a: resectable liver metastases; M1b: potentially resectable liver metastases; and M1c: liver metastases that are
unlikely to ever be resectable. For both M1a resectable
patients and M1b patients who qualify as resectable after
systemic treatment, resection offers the possibility of
a cure. For the M1c group, the possibility of resection
should not be excluded and should be based on each case
individually [17].
Multidetector helical CT scans have increased the sensitivity of detecting CRLM to 70%-90% as its resolution
has improved[18]. The resected and residual liver volumes
can be calculated without difficulty, by tracing the liver
regions on transverse CT images and by liver resection
simulation using a dedicated 3-D image analysis software[19].
When MRI using contrast agents is compared with
the CT scan, no distinctive advantage has been obtained[20]. In the detection of extraliver disease, preoperative staging techniques, such as 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) scanning
or laparoscopic staging, has been shown to be effective[21,22]. Using these techniques, the overall management
plan maybe modified in up to 20%-25% of patients[11,23].
Sensitivity has been shown to increase from 75% to 89%
when CT and FDG-PET are combined, and is considered the gold standard[24].
In patients receiving neoadjuvant CTX, steatohepatitis or liver damage caused by sinusoidal injury may occur.
A physician should be aware of the possible side effects
caused by CTX. Liver disorders have been found to be
associated with an increase in the incidence of perioperative complications of liver resection and of surgical mortality[25,26]. For the purpose of detecting CTX-associated
liver disorders, the indocyanine green (ICG) test has been
widely used[27]. Pathological confirmation via preoperative
biopsy should be avoided, as it may cause tumor seeding
and has adverse effects on both survival and local control[28].

INDICATIONS FOR RESECTION
The resectability of CRLM includes R0 resection, which
includes the sparing of at least two adjacent liver segments having an independent inflow, outflow and biliary
drainage. The remnant liver should not be less than 20%
and 30% of the total liver volume in normal and cirrhotic
patients, respectively, and can be predicted precisely by
computerised tomography (CT) or magnetic resonance
imaging (MRI) in a preoperative setting[11].
CRLM may be classified into three groups according
to resectability: (1) Group one: At presentation the liver
lesion(s) are clearly resectable; (2) Group two: At presentation, the liver lesion(s) are unresectable but potentially
exchangeable to resection after primary CTX, known as
conversion CTX; and (3) Group three: At presentation
the liver lesion(s) are unresectable and are likely to remain
so even with effective CTX[12].
OncoSurge system
The possibility of resection of all liver metastases with
negative margins greater than 1 cm and a residual healthy
liver volume greater than 20% defines the OncoSurge
system. The performance status and the percentage of
the remaining healthy liver create the prognostic factors.
The extraliver metastases (hilar lymph nodes, lung,
ovary, and/or adrenal metastases) are not contraindications against performing surgery. Currently, approximately 20% of the patients with CRLM can be resected
with an estimated 5-year survival of 50%[13]. Advanced
age was once perceived as a relative contraindication, but
liver resections are now routinely performed for patients
in their 70s and 80s[14].
The 2010 guidelines for the treatment of colorectal
cancer published by the Japanese Society of Cancer of
the Colon and Rectum (JSCCR) list five conditions as criteria indicative for the resection of CRLM: (1) the patient
is capable of tolerating surgery; (2) the primary tumor
has been controlled or can be controlled; (3) the metastatic liver tumor can be completely resected; (4) there are

WJG|www.wjgnet.com

PROGNOSTIC FACTORS AFTER LIVER
RESECTION
The microscopic status of the resected margin is the
most important prognostic factor for overall survival,
and incomplete tumor removal is often damaging to the
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overall long-term outcome. The presence of a positive
margin increases recurrence rates, and reduces overall
and disease-free survival[11]. The effect on prognosis with
extraliver spread has also been shown to be detrimental;
however, some research has proven the opposite[29].
A number of factors have been identified in the literature with regards to prognosis after liver resection. The
most common factors include: liver portal lymph node
metastasis, number of metastases, a positive resection
margin, the presence or absence of extraliver metastasis,
and synchronicity/metachronicity. Other primary tumor
factors consist of the degree of differentiation, depth
of wall invasion and positive lymph node metastasis.
Metastatic lesion factors, however, include > 4 individual
tumors, degree of differentiation (poorly differentiated),
and maximum tumor diameter; one surgical factor is a
resection margin of < 10 mm; and background factors
include high carcinoembryonic antigen (CEA) before
hepatectomy and disease-free duration of < 1 year[29,30].
Another important factor effecting prognosis for
a patient undergoing liver resection is the response to
CTX[31]. A study by Adam et al[32] showed that if tumor
progression continued whilst receiving CTX (oxaliplatin
or irinotecan-based) this was independently associated
with decreased survival rate in patients with an objective
response, stabilization and progression of a 5-year survival rate of 37%, 30% and 8%, respectively.
Other prognostic factors that remain a subject of debate are the spread to lymph nodes by the original CRC
and the maximum size of metastases [29]. Another factor
investigated was the interval between the CRC operation
and detection of CRLM; while some studies support
this[30,33], others contradict it as a predictive factor[34,35].
The difference between synchronously and metachronously presenting metastases has also been investigated
and the majority of studies have shown that it lacks prognostic value[29]. Studies have also failed to show bilobar
spread as a prognostic factor[29,33,35].

carcinoma and CRLM is that in hepatocellular carcinoma,
the tumors can often be peeled off even if they seem to
be closely attached to the liver vein or Glisson’s sheath.
However, in CRLM, forced peeling may cause local recurrence because of the high propensity for infiltration.
When metastatic lesions are attached to major vessels,
the vessels have to be sacrificed, even if the size of the
metastatic lesions is small, sometimes necessitating liver
segmentectomy, hemi-hepatectomy, or reconstruction of
the liver and portal veins[26,39].
Approaches to CRLM surgery vary from country to
country. In western countries, a more common procedure is simple hemi-hepatectomy, usually because of normal liver function, because it confers sufficient tolerance
to surgery, and its technical ease. In contrast, in Japan,
non-anatomic partial resection is more commonly used,
even in patients with multiple tumors; the purpose is to
leave as much residual liver volume as possible[26]. When
multiple metastatic lesions occur in one lobe of the liver
and/or when infiltration is observed in the major Glisson’
s sheath, liver segmentectomy or hemi-hepatectomy, is required. When the residual liver volume is estimated to be
insufficient, preoperative portal vein embolization should
be considered[26], and is advised in patients where the degree of surgical resection will result in a liver volume of
less than 25%-40%, which is less than the optimal functional liver to prevent postoperative liver failure[11]. This
treatment increases the expected residual liver volume by
approximately 20%-40% in 2-4 wk[40,41].
Criteria for the residual liver volume may vary depending on what is considered acceptable in terms of
surgical mortality and complication rates, and 20% residual liver volume is considered to be sufficient in some
facilities[42]. In patients who were otherwise considered
unresectable, a 2-stage hepatectomy procedure, with or
without portal vein occlusion, has been shown to allow a
curative resection in up to 20% of patients. However, approximately 20%-30% of these patients will not complete
the 2nd-stage resection because of disease progression[43].
Since the preliminary description of 2-stage hepatectomy,
this new surgical strategy has confirmed its effectiveness in improving the resectability rate of patients with
multiple bilateral liver metastases not resectable by single
hepatectomy[44,45].
The two-staged hepatectomy utilizing PVE alongside
CTX allows for a major colorectal resection with minor
wedge resection in the first stage and major hepatectomy
in the second stage[10]. Although this procedure has been
shown to be successful, a major downside of the 2-stage
procedure is that there is a 30% dropout rate because
of disease progression of the disease after the 1st-stage
hepatectomy. A potential explanation for early disease
progression has been investigated in some experimental
studies, which showed that both liver resection and portal vein occlusion result in an increased expression of
growth factors and residual CRLM[43].
In recent years, the choice of resection procedure has
been determined by considering the areas of congestion

LIVER RESECTION PROCEDURES
The process of resection has proven to be very safe, with
an operative mortality < 5%. Recovery is rapid, with a
median hospital stay of 5-7 d for minor liver resection
and 7-10 d for major resection[6].
Studies have shown that the type of resection, whe
ther anatomical or non-anatomical, is of no consequence,
as long as negative histological margins can be accomplished[36]. However, a cautionary note is that during
resection, the liver must be preserved as much as possible. The use of non-anatomical resection has certain
advantages, such as lower blood loss and shorter duration
of hospitalization[37]. If radical resection can be achieved,
a better prognosis than that of non-curative resection
cases can be expected, even for patients with multiple
CRLMs[38]. One of the most important determinants of
surgical procedure is the location of the tumor. The difference between surgical procedures for hepatocellular
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caused by resection of the major liver veins. When the
expected residual liver volume is less than the required
volume, reconstruction of the liver vein is taken into
consideration[26,46].

in the opposite lobe; major vascular pedicles of the liver
may become tumor-free; and large lesions may become
accessible to ablative techniques, when they shrink to less
than 3 cm in diameter[12].
A study by Adam et al[51] showed in a case series of
1104 patients with initially unresectable liver metastases
that the 5-year survival rate of the resected patient (12%)
following primary CT was 33%, which approached the
5-year survival rate of resectable patients in the same
period (equal to 48%). Particularly impressive is the ability of regional CTX to convert unresectable patients to
resectable. Studies have shown that chemotherapeutic
regimens can downstage 15%-50% of patients from
unresectable to resectable. The optimal regimen is currently under debate, as is the optimal period for which
to be on downstaging therapy before resection. Some
authors may argue that resection should be performed as
soon as lesions become resectable, whereas others would
argue between maximum response (usually 4 mo) and
first subsequent progression, which is usually 9 mo[6].
Clavien et al[52] reported a conversion rate of nearly 30%
for regional liver arterial infusional (HAI) floxuridine
(FUDR), whereas Kemeny et al[53] reported a rate of >
50% for a regimen combining HAI FUDR with systemic
FOLFOX.
In clinical trials using FOLFOX and FOLFIRI, the
response rate for unresectable liver metastatic lesions
exceeded 50%, with rates of 43%-81% reported with the
addition of the molecular targeted drug bevacizumab
or the anti-epidermal growth factor receptor (EGFR),
antibodies cetuximab or panitumumab[16]. Azoulay et al[54]
showed that, although the required residual liver volume
after liver resection is > 25% for a healthy liver, this rises
to > 40% when high-volume anticancer agents have been
administered preoperatively.

SIMULTANEOUS COLO-RECTAL AND
LIVER RESECTION FOR SYNCHRONOUS
METASTASES
There are two strategies with respect to the timing of liver resection for synchronous CRLM. One of these methods is resection at the same time as the primary tumor is
removed; this is termed as synchronous resection. The
second is performed 2-3 mo after removal of the primary
tumor and the resection is performed if curative liver resection is possible, termed as metachronous resection[16].
The choice of method is debatable. If the primary CRC
has been removed, a delay in resection of synchronous
secondaries is justified by the need to recover from the
primary resection, or if the patients have comorbidities
that require optimization of medical condition. If the patient has synchronous primary and metastatic disease that
can be safely removed in the same operation, a combined
resection is justified[47].
In a study from the Memorial Sloan-Kettering Cancer
Center, total hospital stay and blood loss were reduced
in the simultaneous resection group, with no sacrifice in
mortality or complications. The outcomes of the patients
undergoing major liver resections were also clearly superior to the patients with a sequential operation[47].
Reddy et al[48] reported on the experience of simultaneous resections, and demonstrated that combining
minor liver resection with resection of the colorectal primary shortened total hospitalization without compromising safety.
On the other hand Lambert et al[49] stated that there
was no difference in survival rates between patients undergoing synchronous and metachronous resections, and
that secondary metastases tend not to occur after removal
of the primary tumor. They concluded that metachronous resection should be performed, and synchronous
resection should only be recommended if there is a possibility that metastatic lesions may grow during the waiting period and become harder to resect. Some studies
have shown an increase in mortality when the primary
has been combined with major hepatectomy, with operative mortality as high as 17%[50].

EXTRALIVER DISEASE
Although patients with previously unresectable CRLM
may now become candidates for resection following
tumor downsizing after treatment with neo-adjuvant
CTX[55], extraliver disease (EHD) has been considered by
most to be a contraindication for hepatectomy. On the
other hand, with improved treatment responses observed,
there are increasing reports that suggest that long-term
survival rates are being obtained in patients with CRLM
with EHD after surgical resection[51,56].
A review of the literature by Chua et al[57] evaluated 22
studies that included 1142 patients with CRLM and concomitant EHD, they concluded that resection of CRLM
with EHD is a safe surgical option with median mortality
rates of less than 1% and a median post operative complication of 28%. The results appeared to be similar with
patients undergoing liver resection for isolated CRLM
alone. However, resection of CRLM with more than one
site of EHD do not benefit from this radical approach.
Therefore, it would be important to perform surgery only
for patients with single site extraliver metastases. Adam

TREATMENT OF UNRESECTABLE LIVER
METASTASES
Conversion CTX is administered to patients with initially
unresectable disease, with the intention of downsizing
the tumor burden, and, ultimately, considering resection
in the pre-operative setting. Downsizing of CRLM has
numerous advantages, such that small metastases can
disappear in one lobe allowing resection of metastases

WJG|www.wjgnet.com

6116

May 28, 2014|Volume 20|Issue 20|

Akgül Ö et al . Colorectal cancer liver metastases

et al[58] reported the extraliver disease features of patients
undergoing liver resection and concomitant surgery for
CRLM with EHD, of which 39% of patients with lung
metastases, 89% of patients with lymph node metastases
and 92% with peritoneal metastases had complete resection. The low rate of complete resection of lung metastases was the result of pulmonary metastasectomy often
being performed as sequential treatment after liver resection and during this interval, 68% of patients developed
evidence of disease progression.
The review by Chua et al[57] stated that studies have
shown patients with lung metastases have the most favorable survival outcome when compared with patients with
lymph node and peritoneal metastases. Nevertheless, the
median 3-year survival rate in patients with lymph node
or peritoneal metastases was still in excess of 28%. They
concluded that poorer survival rates of patients who had
lymph node or peritoneal metastases whose resection
was performed at the time of liver resection compared
with a sequential approach for lung metastases could be
explained by the self selection of favorable responders
to undergo pulmonary metastasectomy and the exclusion
of patients whose disease progressed[57]. Another factor
is the location of the abdominal lymph node metastases,
which should be considered when selecting patients for
resecting lymph node. Pulitanò et al[59] reported that EHD
with porto-caval lymph node had a 27% 5-year survival
rate compared to 7% in patients with aorto-caval lymph
node metastases. In the series reported by Adam et al[58]
there were no 5-year survivors observed in the case of
celiac or para-aortic lymph nodes compared with a 25%
5-year survival rate observed in patients with only pedicular lymph nodes. From these two large studies, the spread
of nodal metastatic disease from the porto-caval lymph
nodes along the hepatoduodenal ligament towards the
celiac axis and the retroperitoneal nodes impact survival
negatively. Performing an extended lymphadenectomy
in patients with advanced nodal metastasis beyond the
porto-caval lymph nodes does not seem to improve survival[59].

5FU/LV, improved median survival rates of patients
with metastatic disease from 8 to 12 mo[61]. However, in
the attempt to improve treatment results and to increase
the proportion of patients exposed to all active agents,
a combined administration of 5FU/LV, irinotecan and
oxaliplatin (FOLFIRINOX) has been developed. FOLFIRINOX was evaluated in the first line in comparison
with the standard FOLFIRI (folinic acid, fluorouracil,
irinotecan). FOLFIRINOX proved to be more effective
[in ORR, progression free survival (PFS) and OS] than
FOLFIRI and was associated with a higher secondary
resection rate of liver metastases (36% vs 12%, P = 0.017).
This regimen had high ratio of side effects (grade 3/4
neutropenia = 50% vs 28%) and requires close follow
up[62,63].
Additional agents aimed at improving outcomes in
combination with CTX are the use of biological agents,
such as Bevacizumab and Cetuximab. These two molecules are currently included in the first line treatment
of metastatic CRC. Bevacizumab is a humanized monoclonal antibody targeting the most important factor
implicated in tumor angiogenesis called vascular endothelial growth factor (VEGF), and was the first molecule
developed in the treatment of CRLM in which studies
have confirmed its benefits[64-69]. Cetuximab is a chimeric
monoclonal antibody targeting the epidermal growth factor receptor (EGFR). Two randomized trials in metastatic
setting showed that adding cetuximab to FOLFIRI or
FOLFOX, improved outcomes in patients with K-RAS
wild-type tumors. With the use of bevacizumab and cetuximab in combination with CT, survival of patients has
improved to more than 24 mo[68,69].

PREOPERATIVE CTX
Neoadjuvant CT, which is the administration of CTX
pre-operatively in patients with resectable diseases, has a
number of potential benefits, such as increasing resectability, limiting the hepatectomy, treating micro-metastases and enabling the evaluation of chemosensitivity
of the disease, which will in turn provides direction as
to whether CTX should be given after the resection of
metastases. The most important problem associated with
neoadjuvant CT is the progression of metastases during
neoadjuvant CT[12].
The duration of CT administration has shown to be
an important factor affecting morbidity rates. One study
with more than 12 courses of CT, was associated with
higher risk of postoperative complications, whereas another showed that postoperative morbidity was higher
in patients receiving more than six cycles of CT before
surgery[70,71]. The administration of preoperative CTX
has been shown to improve postoperative disease-free
survival[72]. Preoperative CTX may result in certain side
effects, such as liver damage, which increases hepatectomy-associated complications. CTX-associated steatohepatitis (CASH), a syndrome characterized by liver
steatosis, splenomegaly and thrombocytopenia, has been

ADJUVANT SYSTEMIC CTX
The goals of adjuvant CTX after liver resection are to
prevent recurrence in the residual liver and to treat latent extraliver metastases[16]. Surgery enables complete
resection of the tumor and CTX allows for targeting
micrometastatic disease. This was observed in a study
by de Haas et al[60] that compared R0 and R1 resections.
They showed a higher recurrence rate in patients with R1
resections, but similar overall survival amongst patients
with R0 and R1 resection owing to the concurrent treatment with effective CTX.
Standard treatment for CRLM prior to the year 2000
was based on palliative CT using single-agent 5FU (or
fluoropyrimidine drugs) combined with folinic acid (LV),
which had a response rate of approximately 20%. Initial
randomized studies confirmed that a regimen based on
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described[73]. Another possibility is that tumors may become unresectable during CTX. It is for this reason that
the choice of regimen and duration of administration
are important factors in preoperative CTX for resectable
cases[16].

when confined to three or less well-resectable lesions[85,86].
In addition, eligible patients should have a good performance status and low co-morbidity[87]. The literature also
reports that disease that responds adequately to neoadjuvant systemic CTX, i.e., a reduction of overall tumor
burden or no progressive disease during treatment, as
having less aggressive tumor biology. This is cited as a
favorable factor in selecting patients for this aggressive
approach[88].

RECURRENCE AND REPEAT RESECTION
Up to 55%-60% of patients will develop recurrent liver
metastasis, the majority within the first 2 years[74]. Even
when liver resection is performed with curative intent,
60%-70% of patients will develop local, regional, or
distant recurrence[74]. Multiple studies have shown that
the results of repeated curative resection are comparable
to the first resection in terms of overall survival[75], and
compared to the first resection, the only difference of
the second and the third hepatectomy is that the surgical
technique becomes more difficult[11].
Additional to liver recurrences, lung, abdominopelvic,
bone and brain recurrences may also occur. Control of
liver disease can enhance long-term survival; however,
the eventual sites of cancer recurrence justify systemic
adjuvant therapy[6]. The same criteria as those for initial
liver resection can be applied to intraliver recurrence after
hepatectomy, in principle, and resection is actively repeated[38,76].

ABLATIVE TREATMENT
Alternate treatment strategies for patients with unresectable liver tumors or as adjuncts in total cancer therapy
have been developed. These liver treatment procedures
can be divided into two groups: regional transarterial
therapies and local (chemical and thermal) ablative therapies. Transarterial therapies deliver the chemotherapeutic
agents to the tumors via their blood supply to induce
cytotoxic ischemia. Chemical and thermal ablative therapies, by contrast, cause tumor necrosis by injection of
cytotoxic or ischemia-inducing chemicals or transmission
of thermal energy into the tumor tissue itself[89,90].
For liver malignancies that are unresectable, various
ablative modalities are available- the most frequent one
being radiofrequency ablation (RFA). Several large case
series studies have demonstrated long-term survival rates
for patients treated with RFA, which are comparable
to those of resected patients[91,92]. However, the lack of
complete coagulative necrosis and the persistence of
residual tumor cells after RFA result in high local recurrence rates[93,94].
The role of RFA in CRLM is limited to patients with
unresectable liver metastasis because of lesion size, location or other comorbidities precluding surgical procedure.
The results for RFA are undoubtedly inferior to surgical
resection, with 3-year survival rates of 46%, and 5-year
survival rates less than 20%. As in HCC, RFA of CRLM
is also associated with a high recurrence rate (12% at 1
year and 50%-70% at 5 years) and the size of ablated lesion is an important predictive factor for local recurrence
and overall survival; such that a 5-year overall survival
rate of 56% is observed after RFA of solitary lesions < 2.5
cm, compared with only 13% for lesions > 2.5 cm[90]. Tumor ablation has also increasingly been used in combination with resection. This procedure should only be used
in those patients who are not completely resectable[6].
Another type of ablative treatment is microwave
radiation, which refers to heat matter by agitating water
molecules in the surrounding tissue, producing friction
and heat, thus producing cellular death via coagulative necrosis[95]. A study by Shibata et al[96] compared microwave
coagulation therapy to surgical resection and showed no
statistically significant difference in survival rates; the only
difference was the amount of intraoperative blood loss.

MANAGEMENT OF COLORECTAL LIVER
METASTASIS WITH SYNCHRONOUS
PERITONEAL CARCINOMATOSIS
Development of distant metastases from CRC to the
peritoneum, i.e., peritoneal metastases (PMs) are seen in
10%-25% of CRC patients. The sole site of metastasis
is the peritoneum in up to 25% of patients[5,77]. PMs are
generally considered a local form of CRC dissemination[78].
Although untreated PM is associated with poor survival rates of about 6-12 mo, even modern systemic CTX
does not seem to gain any clinically significant gain in
survival for patients presenting with PM[79,80].
The presence of liver metastasis is considered a contraindication for colorectal surgery and hyperthermic
intraperitoneal CTX[81]. Additionally, the presence of PM
is also considered a contraindication for curative resection of CRLMs[82]. Both separate sites of metastasis have
been curatively treated by surgery, and cases have been
reported of patients with PM of CRC that have been
treated with a combination of resection, including that
of liver metastases and HIPEC. This has proven to be
feasible[80].
Despite the fact that the presence of CRLM is officially a contraindication for cytoreductive surgery and
HIPEC, there is a selected group of patients presenting
with a combination of CRLM and PM that may be curatively treated by an aggressive surgical approach[82-84].
In 2008, a consensus was agreed upon, stating that
concomitant liver metastases are only to be resected
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surgery is not possible in most CRLM patients. The role
of other local therapeutic techniques, alone or combined
with surgery or CTX, is not yet established in a multidisciplinary therapeutic approach. It is critical to understand
molecular mechanisms of tumorigenesis underlying new
therapeutic strategies that specifically target tumors. This
will lead to the evolution of personalized therapies for
patients with CRLM.
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Core tip: Many types of cancer-associated sialoglycoconjugates are produced during oncogenesis or in
various stages of malignant transformation. Aberrant
expression of sialoglycoconjugates has been evaluated
in many histochemical and molecular biological studies.
An overview of the current knowledge is crucial to understand its clinicopathological utility in diagnosing and
treating colorectal cancer. The biological significance
of sialoglycoconjugates in the progression of cancer is
also discussed. This review may contribute to expanding the use of cancer-associated sialoglycoconjugates
in cancer diagnosis and therapy.
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Abstract
Aberrant expression of glycoconjugates occurs during
malignant transformation of cancer cells. Overexpression of sialoglycoconjugates in particular may play
an important role in the progression, i.e. , invasion or
metastasis, of cancer. Various types of sialoglycoconjugates have been investigated to clarify their biological
significance and clinical utility in diagnosing and treating
colorectal cancer. This review focuses specifically on
expression of mucin (MUC) 1 and it suggests that MUC1
with the specific structure of a sialo-oligosaccharide has
biological significance in determining the metastatic potential of colorectal cancer cells and clinicopathological
utility in evaluating the effectiveness of treatments and
the prognosis for patients with colorectal cancer. Further studies are expected to contribute to the expanded
use of cancer-associated sialoglycoconjugates in cancer
diagnosis and therapy.

INTRODUCTION
Expression of various substances changes drastically
during oncogenesis and the subsequent stages of cancer
progression. The expression profile of components on
the cell membrane in particular has a significant role in
the proliferation and migration of cancer cells. Detecting
cancer-associated molecules is an effective way to predict
the prognosis for cancer patients.
Sialoglycoconjugates with a molecular structure con
taining sialo-oligosaccharides are expressed in many
types of cells, where they participate in various biological
events, e.g., cell adhesion and recognition[1]. The overexpression of sialoglycoconjugates, however, has been
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detected in cancer cells or tissues and may correlate with
cancer behavior[2-4]. Many histochemical studies using
colorectal cancer tissues have shown that elevated expression of sialoglycoconjugates was related to a worse
prognosis for patients. Furthermore, molecular biological
studies have revealed that those overexpressed sialoglycoconjugates had specific structures of sialo-oligosaccharides. The present article reviews the clinicopathological
utility of sialoglycoconjugates in diagnosing and treating
colorectal cancer and its metastatic foci, and discusses the
biological significance of sialoglycoconjugates in the progression of cancer.

in colorectal cancer cells may change the function of
various glycoconjugates and trigger events in cancer
progression. Many previous studies also investigated
altered expression of sialoglycoconjugates themselves.
These sialoglycoconjugates have been designated cancerassociated molecules. Major cancer-associated sialooligosaccharides and sialoglycoconjugates that have been
studied in relation to colorectal cancer are described later.
Cancer-associated sialyl-Lewis and sialyl-Tn antigens
Specific types of sialo-oligosaccharides and sialoglycoconjugates have garnered the attention of efforts to
understand the biological and clinical significance of
colorectal cancer behavior. Sialyl-Lewis-related antigens
such as sialyl-Lewis x (sialyl-Lex) and sialyl-Lewis a (sialylLea) antigens are the sialo-oligosaccharide complexes
most often investigated in relation to colorectal cancer.
The sialyl-Lewis structure consists of an N-acetylglucosamine (GlcNAc)-Gal backbone with an α2,3-linked sialic
acid bound to Gal and fucose bound to GlcNAc. Elevated levels of sialyl-Lewis-related antigens are induced
by down-regulation of ST6GalNAc VI, which transfers
α2,6-linked sialic acid to GlcNAc to synthesize a disialyl Lewis structure[19,20]. This disialyl-Lewis structurecontaining oligo-saccharide is expressed in normal tissue,
so down-regulation of ST6GalNAc VI followed by formation of a sialyl-Lewis structure may be an important
event during the malignant transformation of colorectal
cancer. Furthermore, enhanced fucosyltransferase activity also leads to the stimulation of a cancer-associated
sialyl-Lewis structure[21,22]. However, several studies have
noted that expression of fucosyltransferases was not significantly enhanced in colorectal cancer tissues compared
to adjacent normal tissue[23,24]. Although findings for
colorectal cancer tissues are not consistent, the systematic
regulation of glycosyltransferases plays an important role
in expression of sialyl-Lewis-related antigens.
Another cancer-associated sialo-oligosaccharide antigen is sialyl-Tn antigen. This antigen is slightly expressed
in normal epithelial tissue and therefore is highly specific
as a cancer-associated molecule. The structure of sialylTn consists of a terminal sialic acid α2,6-linked to GalNAc that is bound to the serine or threonine residue of
a protein. Studies have suggested that the major regulator
of sialyl-Tn antigen expression is ST6GalNAc Ⅰ[25,26].
However, Vázquez-Martín et al[27] found that there was no
correlation between ST6GalNAc Ⅰ activity and the histological level of expression of sialyl-Tn antigen in colorectal cancer tissues. In addition, another sialyltransferase,
ST6GalNAc Ⅱ, synthesizes sialyl-Tn antigen in vitro and
may be related to expression of sialyl-Tn antigen, along
with ST6GalNAc I, in colorectal cancer[28]. A systematic
mechanism is thought to induce the overexpression of
sialyl-Tn antigen in colorectal cancer tissue.
Sialo-oligosaccharides play a significant biological
role in cancer progression, and especially in cancer invasion and metastasis (Figure 1). Sialyl-Lex and sialylLea antigens function as a ligand of selectins. Sialyl-Lex

MOLECULAR CHARACTERISTICS
AND BIOLOGICAL SIGNIFICANCE
OF SIALOGLYCOCONJUGATES IN
COLORECTAL CANCER
Sialo-oligosaccharides as a whole
There are three types of linkages between sialic acid
and terminal galactose (Gal) or N-acetylgalactosamine
(GalNAc) residues, but expression of glycoconjugates
with α2,3- or α2,6-sialylated oligosaccharides in particular has often been investigated in relation to colorectal
cancer. The sialic acid-binding lectins Maackia amurensis
leukoagglutinin (MAL) and Sambucus nigra agglutinin
(SNA) were used to respectively detect the expression of
[5,6]
α2,3- and α2,6-sialoglycoconjugates . Overexpression
of sialoglycoconjugates recognized by those lectins was
frequently detected in colorectal cancer tissue compared
to surrounding non-cancerous tissue[7-9]. Various sialyltransferases contribute to creation of cancer-associated
sialo-oligosaccharides, and some types of sialyltransferases such as β-galactoside α2,6-sialyltransferase (ST6Gal
I) and α2,3-sialyltransferase (ST3Gal I) enhance their
activity in colorectal cancer tissues[10-13]. Results of those
studies suggested that overexpression of sialoglycoconjugates via activation of sialyltransferases occurs during
the malignant transformation of cancer. Overexpression
of sialoglycoconjugates has two patterns: (1) upregulating
modification of sialo-oligosaccharides to glycoconjugates; and (2) upregulating expression of sialoglycoconjugates themselves. Alteration of the sialic acid moieties
of glycoconjugates induces biological behavior of cancer
cells, such as activation of motility and resistance to cell
death and drugs (Figure 1). Several reports have shown
that upregulation of α2,6 sialylation, and especially the sialylation of β1 integrins, is associated with the adhesion,
migration, and invasion of colorectal cancer cells[14-16].
Swindall et al[17] revealed that the death receptor Fas is
a substrate of ST6Gal Ⅰ and that α2,6 sialylation of
Fas confers protection against Fas-mediated apoptosis.
ST6Gal Ⅰ also catalyzed the sialylation of epidermal
growth factor receptor (EGFR) and the loss of this sialylation by ST6Gal Ⅰ knockdown increased the anticancer effect of the EGFR kinase inhibitor gefitinib[18].
In light of these findings, activation of sialyltransferases

WJG|www.wjgnet.com

6124

May 28, 2014|Volume 20|Issue 20|

Inagaki Y et al . Sialoglycoconjugates in colorectal cancer

Gastrointestinal
mucosal tissue

Primary cancer tissue

Invasion
Increased expression of sialoglycoconjugates, sialyl-Tn antigen in
mucins, is induced
Sialylation of b1 integrin stimulates
migration of cancer cells
Blood or
lymphatic vessel

Metastatic cancer tissue

Dissemination

Survival
x

Sialyl lewis antigens such as sialyl-Le
a
and sialyl-Le , interact with selectins
(E-selectin) expressed by activated
endothelium

Sialylation of Fas and EGFR induces
cell survival and drug resistance of
cancer cells, respectively

Figure 1 Relationship between altered expression of sialoglycoconjugates and various steps of metastasis. EGFR: Epidermal growth factor receptor.

antigen expressed on leukocytes interacts with selectins
expressed on activated vascular endothelium, inducing
the rolling of leukocytes and contributing to recruitment
of leukocytes to inflammatory lesions[29]. The interaction
of sialyl-Lex and sialyl-Lea antigens with E-selectin also
contributes to the adhesion of cancer cells to the vascular
endothelium[30,31]. Cancer cell lines expressing sialyl-Lex
and/or sialyl-Lea antigens adhered to human umbilical
vein endothelial cells, and this interaction was inhibited
by use of anti-E-selectin antibody or benzyl N-acetyl-α[31]
D-galactosaminide
. In addition, this effect depended
on the expressed level of sialyl-Lex antigen in colorectal
cancer cells. Sialylation of glycoprotein CD44 and mucin
may be altered in case of overexpression of sialyl-Tn
antigen. CD44 is a transmembrane protein related to cell
adhesion, and its splice variant (CD44v) carrying sialyl-Tn
antigen was upregulated in colorectal cancer cells and was
related to enhanced metastatic potential[32]. Sialo-mucins,
and especially MUC1, also carry sialyl-Tn antigen in their
extracellular highly glycosylated domains, and overexpression of sialyl-Tn antigen is related to worse tumor
behavior, as described later. In other molecules, integrin
β1, MUC1, and osteopontin may be sialyl-Tn antigen
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carriers and contribute to the stimulation of cell migration, but their biological significance in colorectal cancer
is still a subject of debate[4]. Although additional evidence
should be accumulated from biochemical and molecular
biological studies, the upregulated modification of sialylTn antigens may disable the primary function of those
proteins and induce an invasive phenotype in colorectal
cancer cells. Histochemical analysis indicated that tissues
from colorectal metastases had a significant increase in
sialyl-Tn and sialyl-Lex expression compared to primary
tumor tissues[33]. Alteration of the level of expression of
glycoconjugates with those sialo-oligosaccharides occurs
during the process of metastasis and is perpetuated in
cancer cells in metastatic foci. This biological phenomenon can be utilized to develop sensitive methods for
detecting metastatic tissues.
Carcinoembryonic antigen
Carcinoembryonic antigen (CEA) was first identified by
Gold and Freedman and its expression was detected in
colon cancer and other cancers of digestive organs as
well as fetal digestive system tissues[34,35]. A subsequent
study indicated that CEA was expressed in normal body
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Table 1 Antibodies against mucin 1 recognizing various epitopes
Antibody

Epitope

Antigen

DF3
NCL-MUC-1-CORE
MY.1E12
NCL-MUC-1-GP
KL-6

Core peptide sequence (DTRPAPGS) in the extracellular tandem repeat
Core peptide sequence (GVTSAPDTRPAP) in the extracellular tandem repeat
O-linked Sialyl T1 antigen in the extracellular tandem repeat
Carbohydrate in the extracellular tandem repeat
Core peptide sequence (PDTRPAP) with O-linked Sialyl T1 antigen in the extracellular tandem repeat
3'-sialylated, 6'-sulfated LNnT2 and 3'-sialylated, 6-sulfated T antigen3
Core peptide sequence (PDTR) in the extracellular tandem repeat

Poorly glycosylated MUC1
Poorly glycosylated MUC1
Sialylated MUC1
Sialylated MUC1
Sialylated MUC1

HMFG-1

Highly-glycosylated MUC1

1

Sialyl T: Neu5Acα2,3Galβ1,3GalNAc; 23'-Sialylated, 6'-sulfated LNnT: Neu5Acα2-3(SO3−-6)Galβ1-4GlcNAcβ1-3Galβ1-4Glc; 33'-Sialylated, 6'-sulfated T:
Neu5Acα2-3Galβ1-3(SO3−-6)GalNAc. MUC1: Mucin 1.

intestine and the colon[47]. MUC5AC is not expressed in
normal colonic epithelium whereas de novo expression was
frequently detected in adenoma and carcinoma tissues
of the colon[48,49]. As a transmembrane mucin, MUC1
has often been investigated to clarify its significance in
the progression, i.e., invasion or metastasis, of colorectal
cancer. MUC1 has a variable number of tandem repeats
of the 20 amino acids in its extracellular domain. This
tandem repeat sequence contains a number of O-linked
glycosylation sites, and the level of glycosylation of those
tandem repeats is a characteristic of MUC1[50]. There
are various antibodies that can recognize different types
of MUC1 molecules (Table 1). Antibodies recognizing
the core peptide sequence can detect poorly glycosylated MUC1 while antibodies recognizing glycosides on
the tandem repeat domain can detect highly glycosylated MUC1[51-56]. Various forms of MUC1 with different glycoforms are expressed in colonic epithelium and
tumor cells, and those glycoforms may change during
disease progression. The present review has focused on
alteration of sialo-oligosaccharide expression. There are
several antibodies recognizing sialylated MUC1, such as
monoclonal antibody MY.1E12 and KL-6. Monoclonal
antibody MY.1E12 was established by immunizing mice
with human milk fat globules and was found to recognize
[55,57]
. The latter
α2,3-sialylated O-linked oligosaccharides
monoclonal antibody, KL-6 antibody, also recognizes
MUC1 and was obtained by Kohno et al[58,59] from a hybridoma established from the splenocytes of a BALB/c
mouse immunized with a human pulmonary adenocarcinoma cell line, VMRC-LCR. The epitope structure of
KL-6 antibody is still being studied. A chemical study by
Ohyabu et al[60] showed that the minimal antigenic structure recognized by KL-6 antibody was a heptapeptide
sequence (PDTRPAP) with the sialo-oligosaccharide
Neu5Acα2,3Galβ1,3GalNAcα. A recent study by Seko
et al[61] showed that the epitope of KL-6 antibody has
a 3’-sialylated, 6’-sulfated lacto-N-neotetraose (LNnT)
and 3’-sialylated, 6’-sulfated core 1 structure. A previous
study by the current authors confirmed this relationship between expression of KL-6 mucin and metastatic
potential through analysis using colorectal cancer cell
lines[62]. A cytochemical assay detected KL-6 mucin in
the surrounding membrane and cytoplasm of cell lines
with a high metastatic potential but not in cell lines with

fluids and mucosal tissues and had a variety of cross-reacting forms that induced variable expression patterns[36].
Sanders et al[37] showed that Lex and sialyl-Lex were coexpressed on CEA-related glycoproteins, thus suggesting
that CEA is a transmembrane sialoglycoconjugate. CEA
expressed on the cell surface was found to act as a homotypic intercellular adhesion molecule, and CEA may contribute to colon carcinogenesis by inhibiting differentiation of colonic epithelium[38]. Alteration of the expression
and distribution of CEA may have an important role in
the metastasis of colon cancer to the liver[39]. Colorectal
cancer cells with elevated expression of CEA by transfection of cDNA had an enhanced potential for metastasis
to the liver in nude mice[40]. In addition, circulating CEA,
which is elevated in patients with various gastrointestinal
cancers, was recognized by a receptor expressed on the
liver cell surface[41]. This biological phenomenon may lead
to the induction of a receptor for circulating cancer cells
that express CEA-related glycoproteins, enhancing the
metastatic potential of cancer cells.
Cancer-associated mucin
Mucins are expressed in gastrointestinal tissues, including the large intestine [42]. Mucins are categorized as
transmembrane (MUC1, MUC3A, MUC3B, MUC4,
MUC12, MUC13, MUC15, MUC16, and MUC17) or
secreted (MUC2, MUC5AC, MUC5B, MUC6, MUC7,
and MUC19). The level of each mucin’s expression or
secretion differs in different types of tissues and organs.
Colorectal tissue mainly contains several types of secreted mucins (MUC2, MUC5AC) and transmembrane
mucins (MUC1, MUC3, MUC4, and MUC12), and alteration of their expression may be related to the malignancy
of colorectal cancer. MUC2 and MUC5AC are clustered
at the same chromosomal locus (11p15.5), and their expression may be regulated by a common mechanism[43].
In colorectal cancer cells, however, repression of mucin
transcription is controlled by the epigenetic mechanism
of methylation[44,45]. MUC2 expression decreases in differentiated colorectal adenocarcinoma tissues but not in
mucinous carcinoma tissues, whereas MUC5AC expression increases in differentiated colorectal adenocarcinoma
but decreases in mucinous carcinoma tissues[46]. A study
of Muc2-deficient mice showed that decreased expression of MUC2 induced tumor formation in the small
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a low metastatic potential. Thus, this study indicated that
expression of KL-6 mucin affected cancer cell morphology and metastatic potential. The clinicopathological
significance of the expression of KL-6 mucin in the surrounding membrane and/or cytoplasm, which may be an
important indicator of the liver metastasis of colorectal
carcinoma, is discussed later.

the oligosaccharide structure, specific molecules of sialoglycoconjugates have been used as diagnostic markers
with a high level of sensitivity. Antibodies against various sialo-oligosaccharides, such as sialyl-Lex, sialyl-Lea,
and sialyl-Tn antigens, have been used in histochemical
and serological analyses of colorectal cancer. Several
histochemical studies suggested that the overexpression
of sialyl-Lex or sialyl-Lea antigen can be used to evaluate worse tumor behavior, such as cancer cell invasion
and metastasis, as well as worse patient survival [74-77].
Histochemical expression of sialyl-Tn antigen was also
analyzed and may be related to worse patient survival[78].
However, other studies have found no significant association between sialyl-Tn antigen expression and prognosis
for patients with colorectal cancer[79]. Nakagoe et al[80]
compared the clinicopathological significance of those
three antigens and found that patients with overexpression of sialyl-Le x antigen had a shorter disease-free
survival time than those with low levels of expression
of sialyl-Lex antigen. In another study, the same authors
found that overexpression of sialyl-Lex antigen was significantly related to a worse overall survival rate[81]. Although studies have described varying clinicopathological
significance, the histochemical expression of those antigens, especially sialyl-Lex antigen, is considered an effective way to predict recurrence and worse patient survival.
Numerous serological studies of sialo-oligosaccharide
antigens have been conducted, and those studies have
cited their clinical utility as markers of colorectal cancer.
Elevated levels of serum sialyl-Lex, sialyl-Lea, and sialylTn antigen may be useful markers for predicting the
metastasis of colorectal cancer along with serum CEA
levels[82]. Carbohydrate antigen (CA) 19-9 (identical to sialyl-Lea) and CEA have frequently been studied to clarify
their effectiveness as markers to determine the prognosis
for patients with colorectal cancer. These antigens could
possibly be used to predict the recurrence of colorectal
cancer. Many studies have suggested that patients with elevated preoperative serum levels of CEA and/or CA19-9
frequently experience recurrence[83-86]. The combined
evaluation of CEA and CA19-9 is recommended for
better sensitivity[87,88]. If the preoperative levels of CEA
and/or CA19-9 are elevated, a decrease in the postoperative levels of these antigens could be used to evaluate
the effectiveness of surgery. Furthermore, measurement
of these antigen levels in serum during chemotherapy in
patients with colorectal liver metastases helps to evaluate
the effectiveness of treatment[89-91]. Recurrent elevation
of antigen levels is significantly related to recurrence or
progression of disease. According to studies, monitoring
serum levels of CEA and CA19-9 perioperatively or during treatment such as chemotherapy may be a method to
detect recurrence or measure therapeutic efficacy[92].

CLINICAL UTILITY OF
SIALOGLYCOCONJUGATES IN
DIAGNOSING AND TREATING
COLORECTAL CANCER
Cancer-associated molecules have been used to detect
cancer and diagnose cancer behavior[63,64]. Molecules secreted by cancer cells into a patient’s blood in particular
are effective as serological markers to screen for cancer
and predict patient outcomes[63,65]. Furthermore, the levels
of those molecules in serum may be related to cancer behavior and patient prognosis. Clinicopathological analysis
of levels of serological and histological markers has suggested that marker expression plays a functional role in
cancer progression, such as cancer cell invasion and metastasis[66-71].
Sialoglycoconjugates as a whole
Lectin-immunohistochemical studies have revealed aberrant expression of sialoglycoconjugates in colorectal cancer tissue. Compared to α2,3-linked sialoglycoconjugates
(recognized by MAL lectin), α2,6-linked sialoglycoconjugates (recognized by SNA lectin) are significantly related
to a worse prognosis for patients with colorectal cancer[7,8]. In a previous study, the current authors detected
overexpression of α2,3- and α2,6-linked sialoglycoconjugates in colorectal cancer tissues and found that this overexpression was associated with worse patient survival[9].
Elevated expression of α2,6-linked sialoglycoconjugates
was detected in cancerous tissue with lymphatic vessel
and venous invasion, lymph node metastasis, and a more
advanced tumor stage. Metastatic lymph node tissues also
exhibited overexpression of those sialoglycoconjugates.
The histological significance of expression profiles of
those sialoglycoconjugates is still a subject of debate. An
elevated level of total sialic acid was also detected in serum from patients with colorectal cancer[72,73]. In a study
of patients with distant metastasis of colorectal cancer,
an elevated level of total sialic acid in plasma decreased
significantly as a result of 5-fluorouracil administration,
eventually dropping below normal levels[73]. Although the
correlation between overexpression in cancerous tissue
and elevated levels in serum is still not clear, sialoglycoconjugates may be used to screen for patients with metastasis and evaluate the effectiveness of treatments.

Cancer-associated sialo-mucin, MUC1
The structure and level of expression of various sialoglycoconjugates change during cancer formation and
progression. Several types of mucins have been studied

Sialoglycoconjugates with cancer-associated sialooligosaccharides
Because sialoglycoconjugates have various moieties of
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cancer. Moreover, recent studies by the current authors
and their colleagues have analyzed the clinicopathology
of MUC1/KL-6 in colorectal cancer and liver metastases[103-105]. Localization of MUC1/KL-6 in the surrounding membrane and/or cytoplasm of colorectal cancer
cells was significantly related to the presence of lymphatic
vessel invasion, venous invasion, lymph node metastasis,
and an advanced TNM stage as well as worse overall survival[103]. Although further studies should be conducted
to determine its specificity, detection of subcellular localization of MUC1/KL-6 might help to evaluate cancer
behavior and the prognosis for patients. In addition,
analysis of colorectal metastasis to the liver indicated that
the surrounding membrane and/or cytoplasm of cancer
cells had immunoreactivity for MUC1/KL-6 while the
surrounding non-cancerous liver tissue had no immunoreactivity for MUC1/KL-6[105]. This result suggested that
MUC1/KL-6 is effective in sensitive detection of liver
metastasis. Although further studies should be conducted
with larger samples, MUC1/KL-6 may possibly be used
to detect the foci of liver metastasis of colorectal cancer.

Overexpression in cancerous tissue
Evaluation of cancer behavior
Histological

Detection of small cancer tissues (especially
tissues of metastasis)
Supportive decision of therapeutic strategy
Elevation in serum of cancer patients
Screening of cancer patients

Serological

Evaluation of therapeutic effect
Detection of cancer recurrence

Figure 2 Clinical utility of sialoglycoconjugates as histological and serological markers in colorectal cancer.

exhaustively to understand their clinical utility. Decreased
expression of MUC2, a secreted mucin, was frequently
detected in colorectal adenocarcinoma tissues and significantly related to recurrence and worse survival[93,94].
MUC1, a transmembrane mucin, has often been investigated as a cancer-associated mucin antigen while a few
studies have analyzed the pathological utility of other
antigens. Shanmugam et al[95] immunohistochemically analyzed MUC4 in colorectal cancer tissue and found that a
high level of MUC4 expression was significantly related
to shorter survival for patients with colorectal cancer, especially for those with early stages of cancer. The present
review has focused on expression of MUC1 in colorectal
cancer and its clinicopathological significance. A number
of studies have examined MUC1 expression in colorectal
cancer tissue and analyzed its pathological significance
and clinical utility[96-98]. Baldus et al[99] histochemically
analyzed MUC1 (detected using antibodies recognizing
the tandem repeat peptide), MUC2, sialyl-Lex, and sialylLea antigens in colorectal cancer tissues. They found that
strong immunoreactivity for MUC1 was correlated with
an advanced tumor stage and the presence of distant metastasis and they posited that MUC1 may be an independent predictor of survival.
However, some reports have noted that aberrant expression of MUC1 is more prevalent in advanced stages
of colorectal cancer tissue but is not significantly related
to various clinicopathological features[100]. Studies have
differing views on the clinicopathological significance
of MUC1 expression overall in cancerous tissue. MUC1
has been localized in cancer cells and tissue. Stromal
MUC1/MY.1E12 (detected using the monoclonal antibody MY.1E12) was frequently detected in advancedstage cancer tissue and was significantly related to the
presence of distant metastasis[101]. Expression of MUC1/
KL-6 (detected using the monoclonal antibody KL-6)
at the deepest site of invasion by colorectal cancer was
significantly associated with the presence of lymphatic or
venous invasion, lymph node and distal metastasis, and
an advanced Duke’s stage[102]. According to these studies,
specific types of MUC1 expression could be used clinicopathologically to evaluate the behavior of colorectal
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CONCLUSION
Many types of cancer-associated sialoglycoconjugates
are produced during oncogenesis or in various stages of
malignant transformation. Each of these sialoglycoconjugates has a characteristic role, such as cancer cell invasion or metastasis, that contributes to the progression
of cancer. That said, these sialoglycoconjugates can also
be used to evaluate cancer behavior, and clinicians have
used several sialoglycoconjugates as markers to evaluate
the effectiveness of treatments or detect the recurrence
of cancer (Figure 2). Further verification of the utility of
sialoglycoconjugates will encourage their continued use
and highlight their clinical utility. Furthermore, use of
sialoglycoconjugates in combination with unique imaging
techniques such as molecular fluorescent imaging may
lead to establishment of novel methods for diagnosing
cancer with a high level of sensitivity. Use of cancerassociated sialoglycoconjugates is expected to expand in
the future.
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Core tip: Pulmonary metastasectomy is now the accepted treatment of choice in the multimodal management
of metastatic colorectal cancer. There is no absolute
contraindication for pulmonary metastasectomy as long
as complete resection can be achieved. However, there
are still many questions regarding the proper indication
of pulmonary metastasectomy, for example: How many
times can pulmonary metastasectomy be performed for
recurrent pulmonary metastases? How many nodules
can be resected safely and effectively in patients with
recurrent and multiple metastatic nodules? This article
reviews the different therapeutic strategies for patients
with pulmonary metastases of colorectal cancer, with a
particular focus on these questions.
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Abstract
Colorectal cancer (CRC) is one of the most common
cancers worldwide, with 5%-15% of CRC patients
eventually developing lung metastasis (LM). Despite
doubts about the role of locoregional therapy in the
management of systemic disease, many surgeons have
performed pulmonary metastasectomy (PM) for CRC
in properly selected patients. However, the use of pulmonary metastasectomy remains controversial due to
the lack of randomized controlled studies. This article
reviews the results of surgical treatment of pulmonary
metastases for CRC, focusing on (1) current treatment
guidelines and surgical techniques of PM in patients
with LM from CRC; (2) outcomes of PM and its prognostic factors; and (3) controversial issues in PM, focusing
on repeated metastasectomy, bilateral multiple metas-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
cancers worldwide[1]. Although mortality from CRC has
decreased by almost 35% from 1990 to 2007, possibly
due to earlier diagnoses through screening and improved
treatment modalities, CRC remains the second leading
cause of cancer death in the United States [2,3]. Recurrence is the primary reason for treatment failure, and
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approximately 50% of patients undergoing resection of
CRC develop metastases[4-6]. The most common sites of
metastasis from CRC are the liver and lungs, with 5%-15%
of CRC patients eventually developing lung metastasis
(LM)[4-8].
As in other conditions with a diagnosis of stage Ⅳ
disease, LM in CRC indicates widespread hematogenous
dissemination of cancer. If untreated, patients with LM
have a median survival of less than 10 mo and a 5-year
survival rate of less than 5%[9,10]. When used for hepatic
metastases of CRC, chemotherapy in combination with
surgery may prolong survival time or downsize the lesions to render them resectable in patients who were
previously considered inoperable[11]. However, there is
still controversy over the optimal management strategy.
Despite doubts about the effect of locoregional therapy
in the management of systemic disease, many surgeons
have performed surgical resection of LM in properly
selected patients[12-17]. Numerous studies have suggested
that resecting LM offers a better chance of survival compared with the expected 5-year survival rate of less than
10% for stage Ⅳ CRC managed with palliative chemotherapy[18,19]. Thus, pulmonary metastasectomy (PM) has
become widely accepted as a potentially curative treatment option for LM from CRC[20].
However, the role of surgery in patients with LM
remains controversial due to the lack of prospective randomized controlled trials comparing PM with a control
of either medical therapy or observation[21]. Retrospective
and non-comparative studies include only candidates selected as suitable for PM and exclude those who cannot
be offered PM. The encouraging outcomes of PM to
date might therefore be attributed to the fact that selected
candidates already have beneficial prognostic factors, typically resectability, rather than the benefit of surgical resection per se[22], and it is therefore unknown whether the
reported good results are due to surgery or selection[23].
Nonetheless, the fact that there is insufficient evidence
supporting PM in the total patient population with stage
Ⅳ CRC does not necessarily mean that the opportunity
of surgery should be denied for selected patients who
could benefit from PM. Moreover, since chemotherapy
alone is not quite reliable in controlling LM in many
cases, the best way to improve treatment outcomes is to
carry out PM more aggressively in patients who are most
likely to benefit from PM.
No one would argue about offering PM when a solitary, slowly growing, and isolated LM is detected after a
long disease-free interval. Conversely, it would be unreasonable to recommend PM when numerous metastatic
lesions are extensively widespread in both lungs and
extrathoracic organs within several months after surgical resection of CRC. Between these extremes however,
there are always borderline cases with a combination of
favorable and unfavorable features in which the indication of PM is uncertain, such as recurrent LM after first
PM, bilateral multiple metastases, or synchronous liver
and lung metastases. This review discusses the accumulat-
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ed knowledge regarding: (1) current treatment guidelines
and surgical technique of PM in patients with LM from
CRC; (2) outcomes of PM and its prognostic factors; and
(3) controversial issues regarding PM, focusing on repeated metastasectomy, bilateral multiple metastases, and
combined liver and lung metastasectomy.

TREATMENT GUIDELINE
Since Blalock first described pulmonary resection for
metastases from CRC[24], PM has become the mainstay of
treatment for LM in a highly selected subset of patients.
In 1965, Thomford et al[25] suggested the criteria for resection of LM as follows: (1) patient is low risk for surgical
intervention; (2) primary site is controlled; (3) no other
extrapulmonary metastases exist, or if present, it can be
controlled by surgery or another treatment modality; and
(4) pulmonary metastases are thought be completely resectable. These criteria have been generally accepted by
most surgeons and must be met when considering PM[26].
However, these guidelines have inherent limitations
due to not being based on the results of randomized
controlled trials. In addition to the rarity of LM patients,
ethical dilemmas about withholding surgery in an ideal
candidate make it difficult to conduct randomized trials.
Instead, the rationale for PM is supported by other lines
of evidence, such as multi-institutional prospective data
registries and systematic review of non-randomized or
non-comparative studies. The International Registry of
Lung Metastases was established in 1991 by the European Society of Thoracic Surgeons (ESTS)[12]. Said registry
is a large prospective study encompassing a total of 5206
patients who underwent surgery at 18 sites in Europe,
the United States, and Canada[12]. With a 5-year survival
of 36% in patients undergoing complete resection, this
study made a substantial contribution to the consideration of PM as an effective therapy[12]. Several authors
have reported the results of systematic reviews in order
to overcome the limitations of previously published retrospective series based on small numbers of patients[14-17].
Pfannschmidt et al[14] conducted a systematic review of
1870 patients from 20 published case series, summarizing
the available evidence for the effectiveness of PM with
an emphasis on prognostic factors that influence survival.
Recently, Gonzalez et al[17] performed a more extensive
meta-analysis of series published between 2000 and 2011
that included 2925 patients from 25 studies.
Based on these efforts to seek a higher level of evidence from previously reported studies, new indications
for PM in metastatic CRC patients have been established
by the National Comprehensive Cancer Network (NCCN)
as follows[3]: (1) complete resection based on the anatomic location and extent of disease with maintenance
of adequate function is required; (2) the primary tumor
must have been resected for cure; (3) resectable extrapulmonary metastases do not preclude resection; (4) reresection can be considered in selected patients; and (5)
patients with resectable synchronous metastases can be

6134

May 28, 2014|Volume 20|Issue 20|

Kim HK et al . Pulmonary metastasectomy for colorectal cancer

resected synchronously or using a staged approach.

determined.
Surgical technique
As in other surgical techniques for primary malignant
tumors, the most important aspect that can never be
compromised in PM is completeness of resection[36]. At
the same time, healthy lung parenchyma should also be
preserved as much as possible[36]. These essential considerations should be kept in mind when planning PM in
patients with LM from CRC. To achieve better outcomes
of surgical treatment while adhering to this principle,
several important issues need to be addressed, including
surgical approach, minimally invasive surgery, extent of
resection, and lymph node dissection.

CURRENT PRACTICE
Preoperative imaging tests
According to the NCCN, the Association of Coloproctology of Great Britain and Ireland, and the Danish
Colorectal Cancer Group[3,27,28], the initial staging procedure should include preoperative chest computerized
tomography (CT). The use of CT is justified by its higher
overall sensitivity than chest X-ray and higher sensitivity
for LM less than 1 cm in diameter than positron emission
tomography (PET)[29,30]. As well in terms of a PET/CT
scan, these are below the level of routine chest CT detection, especially for sub-centimeter lesions; a PET/CT
scan is not routinely indicated as a baseline for preoperative workup[3,31]. A PET/CT scan is considerable only if
prior anatomic imaging indicates the presence of potentially surgically curable M1 disease, with the purpose to
evaluate for unrecognized metastatic disease that would
preclude the possibility of surgical management[3].
Application of an appropriate CT acquisition technique is a prerequisite for the optimal evaluation of pulmonary metastasis. This includes, most importantly, the
use of thin-section (1-2 mm) image reconstruction, in
addition to appropriate exposure factors. The high sensitivity of CT scans is not accompanied by an equally high
specificity; therefore this staging procedure reveals lung
lesions of uncertain nature in up to one-third of patients,
with some of these indeterminate nodules representing
metastatic disease[30,32,33]. Nordholm-Carstensen et al[34]
recently performed a systematic review of 12 studies that
included the prevalence of indeterminate pulmonary
nodules and specific radiological and clinical characteristics that predict their malignancy at initial staging chest
CT in patients with colorectal cancer. Among a total of
5873 patients, 9% had indeterminate pulmonary nodules
at chest CT, of which 10.8% (95%CI: 10.3%-11.2%)
turned out to be colorectal cancer metastases at followup[34]. Generally, regional lymph node metastasis and
multiple numbers of indeterminate pulmonary nodules
were predictive of malignancy, whereas calcification of
the nodules indicated benign lesions. However, nodules
that are truly metastatic disease cannot be definitively
identified by specific radiological characteristics, therefore
the demonstration of indeterminate pulmonary nodules
should not delay curatively intended surgery[34].
Regarding the follow-up duration for indeterminate
pulmonary nodules in patients with CRC, at least two
consecutive annual studies are suggested as a minimum
requirement to document stability. According to the
NCCN guidelines 2014 Ver. 1.0[3], a follow-up every 3-6
mo for the initial 2 years and every 6-12 mo for an additional 3 years in cases with metastatic disease, or three
annual follow-ups for the initial 2 years in cases with no
metastasis, is recommended for surveillance of metastasis[35]. However, the optimal follow-up duration for surveillance of pulmonary metastasis has yet to be definitely
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Surgical approach: For unilateral lesions, anterior or
posterolateral thoracotomy has been the most commonly
used approach in PM[13]. Thoracotomy offers reasonable access to all areas of the hemithorax for performing
wedge and other anatomic resections, along with systematic mediastinal and hilar lymph node dissection[37]. Some
surgeons suggested that a median sternotomy is the best
approach to ensure a more complete resection for all lesions, even unilateral ones, as it can provide access to bilateral hemithoracic cavities through a single incision[38,39].
However, a study by Roth et al[40] comparing median
sternotomy with unilateral thoracotomy demonstrated no
survival advantage of the bilateral approach through median sternotomy. Moreover, a major limitation of median
sternotomy is poor exposure of lesions located at the
posterior aspect of the lung. Saito et al[41] reported that
the survival of patients undergoing simultaneous bilateral
PM by median sternotomy was significantly lower than
that of those undergoing unilateral or bilateral sequential
PM, and postulated that remaining lesions after median
sternotomy could be the reason for the poor prognosis
of patients with bilateral LM. It is difficult to determine
the optimal timing of surgery involving simultaneous or
sequential bilateral thoracotomies. Careful patient selection is required when considering simultaneous bilateral
thoracotomies because this approach may substantially
affect respiration in the immediate postoperative period.
Pfannschmidt et al[37] showed that the surgical method did
not influence long-term survival when all metastases were
completely resected.
Open approach vs video-assisted thoracic surgery:
As a minimally invasive surgery, video-assisted thoracic
surgery (VATS) is now the method of choice for the
treatment of stage Ⅰ non-small cell lung cancer[42]. Several surgeons have advocated the use of the VATS technique for PM, arguing that it offers a decrease in postoperative morbidity, pain, and duration of hospital stay[43,44].
However, most surgeons still prefer the open approach,
since it allows for manual palpation of the entire lung parenchyma, thus enabling detection of additional smaller
lesions that are rarely found by thoracoscopic instruments[13]. Many authors have expressed concern about the
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risk of missing small metastatic lesions during VATS[45-47].
Another potential concern is whether a safe resection
margin can be adequately obtained through VATS[48]. Resection of lesions located deep in the lung parenchyma
with a safe surgical margin may be technically demanding
given the limited exposure in VATS. Even though they
are advocates of VATS for PM, Chao et al[49] admitted
that they found a closer resection margin in the VATS
group.
The use of helical CT has been shown to improve
detection of smaller pulmonary nodules during VATS
when compared with conventional CT[50-52]. If a lesion is
too small to be detected on high-resolution CT, manual
palpation is also almost impossible. Therefore, surgeons
in favor of VATS for PM argue that there is no need for
manual palpation through thoracotomy for these tiny
nodules. Nakajima et al[53] found that more than 40% of
pulmonary nodules 5 mm or smaller at CT in patients
with suspicious LM were not pulmonary metastases,
which implies that thorough bimanual palpation might
potentially overestimate the number of pulmonary nodules[48]. Given that repeated metastasectomy does not adversely affect postoperative morbidity and survival, even
lesions that are missed at initial PM can be re-resected
safely and effectively[54,55]. Because LM is a systemic disease, better compliance with adjuvant therapy after VATS
should also be considered[56]. More importantly, Onaitis
et al[57] reported no difference in recurrence-free survival
between VATS and thoracotomy for PM, suggesting that
resection of very small nodules may not significantly contribute to recurrence-free survival even if thoracoscopic
palpation is inferior to that performed through thoracotomy. Despite its limitations, VATS is being applied to
PM more and more frequently based on the benefits of
minimal invasiveness[48,49,51-53,57]. Although the fact that
VATS is a less invasive technique is undeniable, completeness of resection cannot be sacrificed in exchange
for reduced invasiveness. However, if complete resection
can be guaranteed then there is no reason to avoid VATS
for PM. More evidence supporting the benefit of VATS
for CRC patients with LM is required.

ever, if multiple lesions are scattered over more than one
lobe or throughout both lungs, it is difficult, and even
harmful, to perform a lobectomy for every single lesion.
Moreover, considering the potential for recurrent LM
after initial PM, wedge resection would be helpful in preserving the lung parenchyma as much as possible in case
further metastasectomies are needed in the event of relapse. Surprisingly, Yedibela et al[58] and Lin et al[59] reported significantly better survival on multivariate analysis for
patients undergoing lobectomy for LM. Except for these
reports, however, most authors have shown that there are
no significant differences in treatment outcomes between
wedge resection and lobectomy. Given the high risk of
postoperative morbidity and mortality, pneumonectomy
is usually not indicated, except in extremely exceptional
cases[36,60].
Lymph node dissection: The role of mediastinal lymph
node dissection (MLND) in PM remains controversial.
Systematic MLND offers accurate staging and thus provides a better understanding of the extent of disease.
Given that the reported incidence of mediastinal lymph
node metastasis ranges from 10% to 33%[37,61-66], a significant number of metastasectomies performed without
MLND but considered complete resection may actually
have been incomplete[64]. The presence of mediastinal
lymph node metastases suggests more aggressive features
of LM, and consequently has a significantly unfavorable
influence on long-term survival. Welter et al[66] reported
that 5-year survival rates with or without lymph node
metastases were 19% and 42%, respectively (P = 0.02).
Therefore, proponents of routine MLND argue that
PM is not worthwhile in patients with mediastinal lymph
node metastases, with palliative chemotherapy being recommended in such cases instead[37,61-66]. Although some
authors demonstrated that there were long-term survivors after MLND despite their metastatic nodal involvement[67], a therapeutic effect of MLND has not been
fully proven. Thus, many surgeons still do not routinely
perform MLND in their clinical practice. A recent survey among members of the ESTS found that only 13%
of responding surgeons routinely performed complete
mediastinal lymphadenectomy, and approximately 32%
performed neither lymph node sampling nor dissection[13]. To clarify the role of MLND in patients with LM
of CRC, the following questions need to be addressed:
Should MLND be performed regardless of the probability of mediastinal lymph node metastases based on
imaging studies at the expense of potentially increased
complication rates, or should MLND be applied selectively according to the location, number, and size of
lesions in patients with LM of CRC? When mediastinal
lymph node involvement is unexpectedly found during
PM, should PM with MLND be performed or should the
procedure be stopped? If MLND reveals the presence of
mediastinal lymph node metastases, should systemic chemotherapy be recommended? Prospective, randomized

Extent of resection: Lobectomy is the standard procedure for patients with early-stage non-small cell lung
cancer, whereas wedge resection is the preferred procedure for LM, especially those located in the periphery of
the lung. Wedge resection can be justified only if there
is a safe resection margin around the metastatic lesion.
It is therefore necessary to establish how wide the safe
resection margin should be. To prevent local recurrence,
Rusch recommended a margin of normal lung tissue of
least 0.5-1.0 cm in all directions, thus removing a conicalshaped wedge of lung parenchyma circumferentially
around the nodule[36]. On the other hand, lobectomy can
be a reasonable option for cases in which wedge resection
is not feasible, such as lesions located deep in the hilum
or multiple lesions localized within a single lobe. How-
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studies are required to answer these questions.

liver metastases can be applied to those undergoing PM
for LM remains unknown. Therefore, whether patients
undergoing PM for LM of CRC will benefit from perioperative chemotherapy requires further evaluation.

Perioperative chemotherapy
The treatment options for advanced colorectal cancer
have been almost exclusively based on 5-fluorouracil
(5-FU) for more than three decades[68]. Until the early
1990s, 5-FU, often modulated by leucovorin, was the only
effective chemotherapy available, although it resulted in
meaningful responses in only a small minority of treated
patients. The recent integration of oxaliplatin and irinotecan for the management of advanced CRC patients
has significantly extended median overall survival[68,69].
Currently, combination chemotherapy including 5-FU,
leucovorin, and oxaliplatin (FOLFOX) or 5-FU, leucovorin, and irinotecan (FOLFIRI) is the most widely
used regimen, and the addition of molecular targeting
agents, such as cetuximab or bevacizumab, has resulted in
further significant increases in response rate and overall
survival[70,71]. In CRC patients with potentially resectable
liver metastases, perioperative combination chemotherapy with the FOLFOX regimen is recommended, as it
improves progression-free survival at 3 years by 7%-8%.
In patients with surgically resectable CRC with liver metastases, perioperative chemotherapy is frequently given
for 3 mo before and 3 mo after surgical resection of the
metastases. However, the duration of chemotherapy or
the timing of metastasectomy can vary among patients.
If no preoperative chemotherapy has been administered,
postoperative chemotherapy with FOLFOX is recommended. Currently, there is a lack of robust evidence
that the addition of a biological, such as bevacizumab or
cetuximab, improves the outcome in CRC patients with
resected metastases compared with chemotherapy alone.
Initially unresectable liver metastases can be converted to resectable disease after downsizing the tumor
with chemotherapy. Standard combination chemotherapy
regimens comprising FOLFIRI or FOLFOX have been
reported to facilitate resection in 7%-40% of patients
with initially unresectable metastases, depending upon
the initial selection of patients. Nevertheless, approximately 80% of these patients will experience recurrence
within 2 years of resection. Recently, the combination of
FOLFOX or FOLFIRI chemotherapy plus cetuximab
has resulted in higher resection rates in liver-limited unresectable CRCs that are wild-type for KRAS.
In contrast to liver metastasis, few data is available
comparing survival between patients undergoing PM
with and without adjuvant or neoadjuvant chemotherapy
for LM only. Most retrospective studies of PM have not
analyzed the prognostic significance of perioperative chemotherapy in patients undergoing PM for LM. Several
authors favored the use of perioperative chemotherapy
for patients undergoing PM for LM[57,66], but these suggestions were not based on convincing evidence due
to a lack of randomized controlled trials on the role of
perioperative chemotherapy in patients undergoing PM
for metastatic CRC. Whether the results of perioperative
chemotherapy in patients undergoing metastasectomy for
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TREATMENT OUTCOMES AND
PROGNOSTIC FACTORS
Since most studies are retrospective reviews of singlecenter reports of relatively small numbers of patients
over a time period of 15 to 20 years, there is considerable
variation in overall survival rates and prognostic factors
as a result of heterogeneous selection criteria, diverse
patterns of clinical practice, and differences in variables
analyzed[14-17]. The reported 5-year survival rates of PM
ranged from 27% to 68%[14-17]. Treatment outcomes and
related prognostic factors are summarized in Table 1.
Several authors have conducted systematic reviews or
meta-analyses to summarize the treatment outcomes of
published retrospective studies[14-17]. Pfannschmidt et al[14]
reported a systematic review of 17 studies involving 1684
patients who underwent PM for metastatic CRC in which
the 5-year survival rates ranged between 41% and 56%
(median 48%). Recently, in a meta-analysis of 1112 metastasectomies performed in 927 patients between 1983
and 2008, Salah et al[16] found an overall 5-year survival
rate of 54.3% following initial PM. These numbers are
encouraging when compared with the disappointing outcomes of chemotherapy[18,19].
Many authors have also performed prognostic factor
analyses, which will be helpful in establishing valuable
treatment guidelines for PM by identifying patients most
likely to benefit from PM. Completeness of resection has
consistently been reported to affect survival after PM for
metastatic CRC, as it is the most important prerequisite
of metastasectomy[12]. Age, sex, and pathologic features
of the primary CRC have been more rarely reported as
significant factors[14-17]. There are conflicting data regarding other prognostic factors, although the most commonly suggested prognostic factors are: (1) disease-free
interval; (2) number of LM; (3) size of the largest LM; (4)
distribution of LM; (5) preoperative serum carcinoembryonic antigen (CEA) level; and (6) lymph node metastasis.
Disease-free interval
A prolonged disease-free interval (DFI) between CRC
resection and PM is associated with a favorable treatment outcome[17]. In contrast, a short DFI represents
early dissemination of metastatic disease, which implies
more aggressive tumor biology[17]. At the extreme end of
a short DFI is synchronous LM. Although it has been
recommended that patients with resectable synchronous LM can be resected synchronously or by using a
staged approach, survival after PM for synchronous LM
is reported to be poorer than for metachronous LM[3].
Onaitis et al[57] reported that a DFI of less than 1 year
was an independent predictor of recurrence after PM.
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Table 1 Summary of survival outcomes and prognostic factors in recently published studies
Ref.

Year

Patients (n )

Zink et al[82]
Rena et al[79]
Saito et al[41]
Pfannschmidt et al[37]
Inoue et al[61]
Melloni et al[64]
Yedibela et al[58]
Welter et al[66]
Lin et al[59]
Onaitis et al[57]
Watanabe et al[91]
Landes et al[101]
Riquet et al[67]
Zabaleta et al[104]

2001
2002
2002
2003
2004
2006
2006
2007
2009
2009
2009
2010
2010
2011

110
80
165
167
128
81
153
169
63
378
113
40
127
84

5-yr survival
32.6%
41.1%
39.6%
32.4%
45.3%
42.0%
37.0%
39.1%
43.9%
78.0%1
67.8%
43.4%
41.0%
54.0%

Px factor
Number of mets, CEA, size of mets
DFI, number of mets, CEA
LN mets, CEA
LN mets, CEA, number of mets
Primary tumor stage, distribution of mets
Primary tumor stage, complete resection
Number of mets, DFI, transfusion
DFI, number of mets, LN mets
DFI, type of resection
Age, sex, DFI, number of mets
CEA, lymphatic invasion
Prior history of liver mets
Complete resection
Prior history of liver mets, LN mets, DFI, number of mets

1

Indicates 3-year survival rate. mets: Metastasis. LN: Lymph node; DFI: Disease-free interval; CEA: Carcinoembryonic antigen.

They also showed that none of the patients with three or
more lesions and a DFI of less than 1 year were cured
by surgery, suggesting that medical management alone
should be considered for these patients. However, not all
investigators showed that a short DFI correlated with a
poor prognosis after PM[14,72-78]. In their systematic review,
Pfannschmidt et al[14] did not find DFI to be a significant
prognostic factor. Despite the clinical relevance of DFI
between CRC resection and PM, only six studies reported
that short DFI was a poor prognostic factor[57-59,79-81]. Although various cut-off values for defining the short DFI
might have affected these differences, it is still difficult to
explain this inconsistency. Based on current findings, it
appears that a short DFI might be a poor prognostic factor, but is not an absolute contraindication for PM.

it seems unfair to deny PM for patients with two to four
lesions[17].
Size of the largest metastatic nodule
Although some authors showed that the size of LM
was an independent prognostic factor[83,84], most studies
have found no significant relationship between survival
and the size of LM[73,85]. Similar to the number of LM, a
larger tumor may indicate a greater possibility that other
undetectable metastatic lesions are present.
Distribution of metastasis
Conflicting data exist as to whether the distribution of
metastasis affects survival after PM in metastatic CRC
patients. Inoue et al[31] reported that unilateral location
of LM was an independent predictor of longer survival
and Chen et al[86] reported no long-term survivors with
bilateral LM. McCormack et al[77] showed no significant
difference in survival with respect to bilaterality of LM,
suggesting that patients with bilateral lesions may benefit
from PM in addition to those with ipsilateral multiple lesions. Riquet et al[67] reported that 5-year survival rates of
patients undergoing complete bilateral metastasectomies
tended to be comparable to those observed in cases of
complete unilateral metastasectomy (68% vs 35.5%; P =
0.09). In this context, bilateral lesions do not seem to be
a contraindication for PM if they can be completely resected.

Number of metastasis
Many authors reported that multiplicity of LM was a
poor prognostic factor[37,57,73-75,82]. Multiple lesions may increase the likelihood of widespread undetected tiny nodules throughout the lung or even in other distant organs.
Pfannschmidt et al[37] demonstrated that patients with a
solitary LM had significantly better survival than those
with multiple LM. On the contrary, some authors did
not find a significant relationship between prognosis and
number of LM[6,41,61,72]. Inoue et al[61] found no significant
difference in survival between patients with solitary and
multiple lesions, and suggested that occult micrometastases might have existed at the time of PM in patients considered to have a solitary lesion, resulting in incomplete
resection. Advances in CT imaging techniques can help
us decide whether to recommend PM through preoperative identification of the exact number of LM. Therefore,
a solitary LM described before the development of these
advanced techniques might not have truly been solitary.
Most authors would agree that a larger number of lesions
are associated with a poor prognosis, but the cut-off
value for denying PM for patients with multiple LM is
undetermined[20]. The presence of more than one metastatic lesion is not always a contraindication for PM, and
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Preoperative CEA
CEA is an antigen expressed on the apical surface of
colonic epithelial cells that is involved in intracellular
recognition and adhesion of tumor cells to host cells[87,88].
Serum CEA level is an indication of the total tumor
mass and the ability of tumor cells to express CEA[89].
Elevated serum level of CEA has consistently been
found to be an independent negative prognostic factor[14,37,41,72,73,75,79,82,84,89,90]; patients with a high serum CEA
level had 5-year survival rates ranging from 0% to 53%,
compared with 23% to 80% for those with normal CEA
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levels[20]. Sakamoto et al[72] demonstrated that the preoperative CEA level was the only significant prognostic
factor. However, not all investigators found that a high
serum CEA level is associated with poor prognoses[59,91].
Watanabe et al[91] reported that the 5-year survival rate in
patients with a serum CEA concentration of 5 ng/mL or
greater was 53%, suggesting that an elevated CEA level,
although related to unfavorable outcomes, is not a contraindication to PM. However, in patients with multiple
bilateral LM an increased serum CEA can play a pivotal
role in determining operability. Close monitoring of CEA
level after PM would also be critical in the management
of metastatic CRC patients[17].

reported that PM can be performed multiple times safely
and effectively[54,55,59,73,93,94]. Welter et al[54] showed that
among 175 patients who underwent PM for LM of CRC,
33 had PM up to three times with no postoperative mortality and a 5-year survival rate of 53.8% with a median
survival of 72.6 mo. Lin et al[59] even reported that the
5-year survival rate of repeated PM was 85.7%, albeit in
only eight cases. Our group also demonstrated excellent
outcomes of repeated PM[55]. Among 202 patients who
received PM for LM of CRC at our institution between
1995 and 2007, 48 underwent second metastasectomy.
Among these 48 patients, 28 developed recurrence
again, with 10 of those receiving a third metastasectomy.
Overall and disease-free 5-year survival rates for second
metastasectomies were 79% and 49%, respectively, and
overall 5-year survival rate for third metastasectomies was
78%. Recently, Salah et al[95] conducted a pooled analysis
of seven published retrospective series that included 148
patients undergoing repeated PM. They reported that the
5-year survival rate of repeated PM was 57.9%, indicating that repeated PM offers an excellent chance for longterm survival.
However, it should be noted that the favorable outcomes of repeated PM might have been due to the fact
that the candidates for repeated PM were highly selected,
as for first PM. Patients eligible for repeated PM may have
better prognostic factors than those who are ineligible, irrespective of the potential benefits of resection of recurrent LM. The survival benefit might therefore be attributed to patient selection rather than repeated PM per se.
Since a randomized controlled trial is difficult to conduct
for first PM, let alone repeated PM, and there is no way
to prove the therapeutic effect of repeated PM compared
with observation or chemotherapy. Considering that the
only therapeutic option for recurrent LM is repeated PM,
the best way to improve survival is to determine which
patients are most likely to benefit from repeated PM.
Chen et al[94] found that patients with a DFI greater than
1 year after the first metastasectomy showed significantly
better overall survival, whereas Welter et al[54] reported that
the number of metastases was an important prognostic
factor. Our group also tried to determine the prognostic
factors, but multivariate analysis revealed no independent
prognostic factor even though preoperative CEA level
was a significant factor in univariate analysis[55]. Given
the smaller number of patients undergoing repeated PM
relative to initial PM, the prognostic factors are not consistently reproducible, and there is still debate about the
best candidates for repeated PM[95]. Nonetheless, when
patients with recurrent LM after PM have multiple favorable prognostic factors such as prolonged DFI, solitary
recurrent LM, and normal CEA level, repeated PM can
be a valuable alternative to palliative chemotherapy.
Several points need to be considered when considering repeated PM. First, meticulous restaging is crucial to
rule out the presence of extrapulmonary metastases[95].
PET/CT is known to be a useful and sensitive restaging modality to identify hilar or mediastinal lymph node

Lymph node metastasis
Hilar and mediastinal lymph node metastasis is also consistently reported to have a negative impact on survival
outcomes, and there is little doubt about its importance
as a prognostic factor for LM of CRC. In the meta-analysis performed by Gonzalez et al[17], hilar and/or mediastinal lymph node involvement was a prognostic factor of
poor outcomes. They suggested that PET/CT scans need
to be performed before PM in order to identify potential
mediastinal lymph node metastasis and, when suspected,
histologic assessment such as mediastinoscopy should
be considered[17]. As discussed above, the role of MLND
remains unclear.

SPECIAL CONSIDERATIONS
Repeated metastasectomy
Tumor recurrence is always a possibility in patients with
LM from CRC, even after successful PM. The reported
recurrence rate after PM is as high as 68%, with the
remaining lung being the most common site of recurrence[31,92]. Recurrent metastatic nodules that develop
after complete resection of initial LM represent residual
lesions that were too small to be detected by highresolution CT and/or manual palpation at the time of
initial PM. This means that PM might not be truly complete even when all the metastatic nodules are believed
to be completely resected. More importantly, this rate
of recurrence also suggests the presence of occult micrometastases disseminated throughout extrapulmonary
distant organs in addition to the remaining lungs. Accordingly, there is an intrinsically high chance of relapse
after repeated PM. Moreover, reoperation may increase
the risk of postoperative morbidity compared with the
first operation because patients are less able to tolerate
repeated operations due to limited residual lung capacity, and pleural adhesions from a previous operation may
complicate subsequent surgery. For these reasons, most
surgeons have been reluctant to perform repeated PM
for recurrent LM and thus there is no clear consensus on
optimal treatment strategies and the role of repeated PM
for recurrent LM.
However, several authors, including our group, have
tried repeated PM despite its unfavorable aspects, and
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342), survival reached 26% at 5 years with a median survival of 26 mo[12]. In our institution, the 5-year survival
rates were 65%, 50%, and 33% for single, two or three,
and four or more lesions, respectively (unpublished data,
Figure 1). Patients with five or more lesions also showed
acceptable survival outcomes, with a 5-year survival rate
of 31%.
These encouraging outcomes in patients with multiple nodules might also be related to patient selection.
PM would not have been recommended to patients with
multiple lesions if they had additional unfavorable factors
such as a short DFI, increased serum CEA, or a history
of liver metastasectomy. The fact that patients received
PM for multiple metastatic lesions indicates a good preoperative status, both oncologically and physiologically.
Although long-term survivors have been seen among
patients for whom surgeons usually hesitate to offer PM,
no one can deny that survival rates progressively decline
as the number of LM increases. This raises some important questions: Is there an absolute limit on the number
of LM beyond which we should never recommend PM?
How many nodules can be considered a reasonable indication for PM in patients with LM of CRC? It is still difficult to answer these questions in the absence of studies
that specifically address these issues.
It should also be noted that patients with four or
five lesions and those with more than ten lesions should
not be treated as the same category (i.e., multiplicity).
Although the exact cut off has not been determined, we
believe that patients with less than a certain number of
metastases could benefit from PM despite the fact that
they have multiple LM. If a patient is found to have LM
from CRC but has no other unfavorable prognostic factors, it is unreasonable to deny PM for this patient just
because of multiplicity of LM. The acceptable cut off
number for not recommending PM needs to be further
defined in the future.

Single - 5 yr OS 65.1%
Two or three - 5 yr OS 50.1%
More than 4 - 5 yr OS 32.9%

100

Percent survival

80
60
40
20
0

0

20

40

60

80

100

120

t /mo

Figure 1 Kaplan-Meier survival curve according to the number of metastases.

metastasis, as well as extrapulmonary metastases[96]. If
a PET/CT scan suggests thoracic lymph node involvement, mediastinoscopy should be considered[95]. Second,
as we emphasized in our series, it is very important to
attempt to preserve as much of the lung parenchyma
as possible, as future repeated PM may be necessary[55].
Parenchyma-saving procedures, such as wedge resection,
precision excision, and segmentectomy rather than lobectomy, will allow for further resection in cases of future
relapse[55]. Third, vigilant surveillance based on a regular
follow-up schedule will be helpful for the early detection of tumor recurrence. In our institution, chest CT
with serum CEA and liver function testing are routinely
performed postoperatively every 3 mo for the first year,
and then on a 6-mo basis for at least 2 years and annually
thereafter[55]. These efforts provide a chance to repeat
PM, especially in the most suitable candidates.
Multiple metastatic nodules
As discussed above, the presence of multiple metastatic
nodules is a strong predictor of poor survival[37,57,73-76,82].
Onaitis et al[57] reported that the most potent predictor of
recurrence after PM for metastatic CRC was the number
of metastases. This can be explained by the notion that
patients with multiple metastatic nodules are more likely
to have occult micrometastases in the lungs or extrapulmonary organs at the time of PM, which eventually lead
to recurrence.
However, some investigators reported that the prognoses of patients who underwent PM despite multiple
nodules were not as poor as originally predicted, which
suggests that even patients with multiple metastatic nodules might benefit from PM[97,98]. Welter et al[66] found a
median survival of 58 mo in patients with a solitary LM
and 33 mo in those with up to 10 metastases, which still
seems to be a good outcome. An analysis of the International Registry of Lung Metastases revealed that the 5-year
survival rates gradually decreased as the number of metastatic nodules increased from 43% (single) to 34% (two
or three) and 27% (four or more), although the study included various histologic types of primary tumor[12]. Even
in patients who had 10 or more metastases resected (n =
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Combined liver and lung metastasectomy
With recent advances in the management of liver metastases in CRC patients, the prognosis of CRC patients
treated for liver metastases is improving, with a 5-year
survival rate of nearly 50%[99]. Almost two-thirds of patients who underwent hepatic metastasectomy (HM) developed extrahepatic metastases, with the lung being the
most common site, and such patients could be candidates
for PM[15,100,101]. However, there is no clear consensus on
the optimal management in patients presenting with both
liver and lung metastases, and the role of PM in these
patients remains controversial. It also remains unknown
whether patients undergoing both HM and PM have
similar survival outcomes to those undergoing PM only.
Although some authors reported that a previous HM
correlated with an increased risk of death in patients
undergoing PM[101-104], most studies have found that a
history of liver metastasis at the time of PM is not a significant factor affecting survival, and that outcomes after
combined HM and PM were similar to those after HM
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alone or PM alone, with reported 5-year survival rates
ranging from 11% to 61%[17,105-115]. Based on these findings, most investigators suggest that a history of resected
liver metastases should not be regarded as a contraindication to PM.
Although based on a small number of cases, our previous molecular study showed that pulmonary metastases
were significantly diverged from hepatic metastases indistinguishable from primary colorectal cancers, which may
also support such an aggressive approach[116].
Therefore, provided liver metastases are completed
resected, there is no reason to deny PM when patients
have no unfavorable prognostic factors other than a history of previous liver metastases. Some authors indicated
that this treatment strategy can also be applied to patients
with synchronous liver and lung metastases[89,114].
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9

FUTURE DIRECTION

10

Ideally, a randomized controlled trial is needed to answer
the question of whether patients with LM from CRC
could benefit from PM, compared with observation
or chemotherapy, and which patients are most likely to
benefit the most. However, as discussed above, it is not
feasible to conduct a randomized trial to address this
question. Nonetheless, a trial on pulmonary metastasectomy in colorectal cancer (PulMiCC) is currently open to
recruitment to examine whether surgical resection of LM
from CRC lengthens survival, and its critically important
results are expected to be released in the near future[117].
In addition to this trial, additional prospective studies
investigating various aspects of PM should be carried
out to gather more convincing evidence. Before we can
draw robust conclusions from current and future trials, it
is vitally important to perform PM based on the comprehensive knowledge and reliable experience of surgeons.
Moreover, great effort should be made to select patients
who are most likely to benefit from PM. Continued application of PM will provide valuable information to address the questions of how many times PM can be performed for recurrent LM and how many nodules can be
resected safely and effectively, which will in turn expand
the indication of PM in challenging cases such as recurrent LM and multiple metastatic nodules.
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transplantation
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centrates to improve thrombin generation. Non-pharmacological methods to reduce blood loss include surgical
utilisation of the piggyback technique and maintenance
of a low central venous pressure. The use of intraoperative cell salvage and normovolaemic haemodilution
reduces allogenic blood transfusion. Further research
into methods of decreasing blood loss and alternatives
to blood transfusion remains necessary to continue to
improve outcomes after transplantation.
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Abstract

Core tip: Liver transplantation was historically associated with major blood loss. Over the years, improvements in both surgical and anaesthetic management
have made transfusion free transplantation an increasingly attainable reality. Research into the complex nature of the coagulopathy of liver disease, has led to the
concept that the haemostatic profile is “re-balanced”
in these patients, and that stable patients do not have
an inherent bleeding diathesis, but rather a reduced reserve, and can be readily tipped towards a bleeding or
thrombotic tendency. This review article discusses the
various approaches that can be taken to adopt the principles of patient blood management in these patients.

There is wide variation in the management of coagulation and blood transfusion practice in liver transplantation. The use of blood products intraoperatively is declining and transfusion free transplantations take place ever
more frequently. Allogenic blood products have been
shown to increase morbidity and mortality. Primary haemostasis, coagulation and fibrinolysis are altered by liver
disease. This, combined with intraoperative disturbances
of coagulation, increases the risk of bleeding. Meanwhile, the rebalancing of coagulation homeostasis can
put patients at risk of hypercoagulability and thrombosis.
The application of the principles of patient blood management to transplantation can reduce the risk of transfusion. This includes: preoperative recognition and treatment of anaemia, reduction of perioperative blood loss
and the use of restrictive haemoglobin based transfusion
triggers. The use of point of care coagulation monitoring
using whole blood viscoelastic testing provides a picture
of the complete coagulation process by which to guide
and direct coagulation management. Pharmacological
methods to reduce blood loss include the use of anti-fibrinolytic drugs to reduce fibrinolysis, and rarely, the use
of recombinant factor Ⅶa. Factor concentrates are increasingly used; fibrinogen concentrates to improve clot
strength and stability, and prothrombin complex con-
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proach to the management of coagulation and blood
transfusion for orthotopic liver transplantation (OLT).
Transfusion free transplantation is a goal that is difficult
to achieve, yet has been shown to be increasingly attainable over recent years. Some studies have reported rates
as high as 79.6% of transplants being undertaken without
transfusion[1]. However, these results have been difficult
to replicate in other centres. Surgical technique and transfusion triggers vary between institutions, as do methods
of monitoring coagulation during transplantation.
It is well known that coagulopathy and catastrophic
bleeding can accompany OLT. Strategies to manage the
coagulopathy and bleeding have been designed to reduce
the necessity to transfuse blood during these operations[2].
These include pharmacological and non-pharmacological
methods, as well as coagulation monitoring and treatment
protocols.
Avoidance of blood transfusion has survival benefits
for patients, but also cost implications for the healthcare
system, as well as preserving this limited and precious
resource only for when it is truly necessary. Patient blood
management (PBM) is defined as the timely application
of evidence-based medical and surgical concepts designed to maintain haemoglobin (Hb) concentrations, optimise haemostasis and minimise blood loss in an effort
to improve patient outcome[3]. The World Health Organisation has adopted this paradigm to improve transfusion
safety[4].
The first pillar of PBM is the recognition and treatment of anaemia, with the optimisation of red cell mass.
Anaemia is common in chronic liver disease. It is multifactorial in its aetiology, including: folate deficiency,
hypersplenism, haemodilution, haemolysis, bone marrow
suppression due to viruses or ethanol, renal insufficiency
and variceal bleeding[5].
The second pillar of PBM is to minimise blood loss
and bleeding. This article shall discuss the identification
of those most at risk of bleeding and the various strategies that can be employed to minimise that risk including
anaesthetic blood conserving strategies, the use of pharmacological agents, autologous blood options and surgical technique.
The third pillar involves the harnessing and optimisation of tolerance of anaemia. This includes the use of
restrictive transfusion strategies, which have been shown
to have no detrimental impact upon outcome in critically
ill patients. A threshold Hb concentration for transfusion
of 70 g/L has been advocated from several trials and
between 80-90 g/L for those at a higher risk of adverse
effects of anaemia[6,7]. Optimisation of cardiac output,
ventilation and oxygenation can help to improve the tolerance of lower concentrations of Hb.

sive transfusion (greater than six units of RBCs) during
surgery has been shown to reduce survival rates amongst
patients - at six months 63.8% vs 83.3% and at five years
34.5% vs 49.2%[2]. However, transfusion requirements
have also been considered a surrogate for sicker, higher
risk patients, and more complex surgery, potentially confounding its role in outcome[10].
The generic risks of blood transfusion remain high.
These include: transfusion related immunomodulation
(TRIM) due to accumulation of non-specific soluble immune mediators in stored blood; transfusion associated
circulatory overload causing acute left ventricular or congestive cardiac failure; transfusion associated acute lung
injury (TRALI); haemolytic transfusion reactions (both
immediate and delayed), acute non-haemolytic transfusion reactions (febrile, allergic or both in nature), transfusion associated dyspnoea, post transfusion purpura,
transfusion-associated graft versus host disease and transfusion transmitted infection (bacterial, viral and prion)
(Table 1).
The exact mechanism linking transfusion and poor
outcomes after OLT is unknown. TRIM has been linked
to reduced rejection rates in renal transplantation, but is
implicated in increased cancer recurrence and bacterial
infection. After OLT, increased rates of infection and
hepatic artery thrombosis have been associated with RBC
transfusions[11]. The risk of infection increases in a dose
dependent manner by 7% per unit of RBCs transfused[12].
Residual amounts of donor leucocytes in the transfused
blood, human leucocyte antigen peptides, bioactive lipids
and preservation related changes to RBCs are implicated
in poor outcome[13]. Universal leukoreduction of blood
has helped to reduce this risk.
Higher intraoperative RBC transfusion requirements
are associated with higher re-intervention rates, despite
being matched for preoperative Child-Pugh classification and clotting profile. In general increased transfusion
requirements for bleeding lead to higher proportions of
patients requiring re-exploration for bleeding and evacuation of haematoma, with increased rates of anastomotic
leakage. Thereafter patients who undergo re-intervention
have three times higher mortality than those who do not
have re-interventions[14]. Length of stay has been widely
demonstrated to increase with RBC transfusion[12].
All blood products [RBCs, fresh frozen plasma (FFP)
and platelets] have been shown to be negatively associated with graft survival at 1 and 5 years by univariate analysis[15]. FFP and platelets are associated with higher levels
of TRALI compared with RBCs post OLT. However, the
rates of TRALI are much lower in post OLT patients[12].

COAGULOPATHY
Bleeding during OLT is multifactorial, due both to surgical trauma and to haemostatic defects. The coagulopathy
of chronic liver disease is present pre-operatively and
further disturbance of coagulation can occur intraoperatively, resulting in bleeding complications, but also thrombotic events.

CONSEQUENCES OF TRANSFUSION
The use of blood products during OLT increases morbidity and mortality[1]. Multiple studies have shown the
intraoperative transfusion of red blood cells (RBCs) to be
a major predictor of post-operative mortality[1,8,9]. Mas-
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Table 1 Risks of transfusion
General risks
Transfusion related
immunomodulation
Transfusion associated
circulatory overload
Transfusion related acute lung
injury

Accumulation of immune mediators in stored blood
Acute left ventricular failure or congestive cardiac failure

Capillary leak and neutrophil extravasation and activation caused by:
Immune mediated: Donor antibodies react with recipient white blood cells, forming leukoagglutinate that become
trapped in the lung
Non-immune mediated: Endothelium suffers initial insult (e.g., sepsis, surgery or trauma), attracting neutrophils
that are activated by biologically active compounds in stored blood
Haemolytic transfusion reactions Immediate: Donor membrane antigens react with antibodies against these present in recipient plasma
Delayed: Alloimmunised recipient with specific antibodies respond to re-exposure to antigen positive red blood cells
Acute non haemolytic
Febrile: Donor leucocyte antigens react with recipient white cell antibodies
Allergic: Soluble donor antigens react in an already sensitised recipient
transfusion reactions
Post-transfusion purpura
Previous sensitisation produces antibodies which attach donor platelet antigens and additionally destroy their own
platelets
Transfusion associated graft vs Donor lymphocytes proliferate within immunocompromised recipient, attacking host cells as ‘‘foreign’’
host disease
Infection
Bacterial 1:2000-1:500000
Viral: hepatitis B 1:450000; hepatitis C 1:32000000; HIV 1:5000000; human T-cell leukaemia virus 1:12500000

HIV: Human immunodeficiency virus; RBC: Red blood cells.

versa[19]. Since platelet activation is not diminished but
may actually be increased in some patients with cirrhosis,
it is possible that BT prolongation in these patients is
also a result of the changes in vasoreactivity and /or arterial dysfunction, which are well documented in cirrhosis.
Platelet function tests such as the platelet function analyser (PFA-100) or multiplate may give a more objective
measure, but data in this group of patients is lacking.
During the dissection phase of the transplant, excessive bleeding is substantially related to the degree of difficulty experienced during the surgical dissection, and the
presence of portal hypertension, with large dilated collateral vessels. Surgical bleeding results from this coagulopathy, increased portal hypertension and oesophagealgastric venous distension caused by compression and
vascular clamping[16].
During the anhepatic phase there is reduced coagulation factor synthesis and clearance. Enhanced fibrinolytic
activity occurs due mainly to lack of tPA clearance whilst
levels of PAI-1 remain relatively unchanged, increasing
the likelihood of fibrinolysis developing.
During reperfusion, profound coagulation abnormalities are common, due to the ‘‘heparin like effect’’
(HLE)[20], platelet entrapment in the sinusoids of the donor liver, a global reduction of all coagulation factors, decreased PAI-1 and antifibrinolytic factors, with simultaneous generation of tPA. Fibrinolysis is normally carefully
balanced by pro- and anti-fibrinolytic factors, of which
levels are also disturbed by liver disease. Fibrinolysis is
rarely seen in acute liver failure (ALF) due to high levels
of PAI-1. Post reperfusion, some patients have accelerated release of t-PA from the graft endothelium, causing
hyperfibrinolysis[21]. Usually hyperfibrinolysis resolves
within an hour post reperfusion, but if the graft is marginal or functions poorly it may persist. The use of antifibrinolytic drugs can improve this state. Post operatively,
thrombocytopaenia, due to consumption of platelets in

In chronic liver disease, all procoagulant factors are
decreased, except factor Ⅷ and Von Willebrand factor
(vWF), which increase. Levels of the endogenous anticoagulant factors, antithrombin and protein C fall, as
well as nitric oxide and prostacyclin increasing. Levels
of tissue plasminogen activator (t-PA) and plasminogen
activator inhibitor (PAI-1) re-equilibrate[16]. This rebalancing of procoagulant and anticoagulant factors require
coagulation tests that demonstrate the net result of these
changes to give a true picture of the coagulation system
in liver disease. Prothrombin time (PT) tests do not utilise
thrombomodulin, a transmembrane protein on vascular
endothelial cells that down regulates thrombin generation. This is the main physiological activator of protein C.
By failing to measure the anticoagulant factors’ effect on
thrombin generation, and just the effect of procoagulant
factors, this balance of coagulation is inaccurately measured by PT, thereby misrepresenting the risk of haemorrhage[17].
Platelet function is also affected by liver disease and
thrombocytopaenia is common. It is multifactorial in aetiology, including hypersplenism secondary to portal hypertension, decreased thrombopoietin synthesis, immune
complex associated platelet clearance and reticuloendothelial destruction[18].
The increased level of vWF in liver disease promotes
platelet aggregation to the endothelium. ADAMTS-13
(vWF cleaving protease), which limits vWF function, is
reduced in liver disease; thus up regulating vWF activity,
increasing platelet activity. This has been demonstrated
to preserve thrombin generation in platelet counts as low
as 60 × 109/L, equivalent to the lower limit of normal in
healthy subjects[17].
Platelet function was traditionally assessed by bleeding
time (BT). There is a poor association between platelet
count and BT however, and a prolonged BT can be seen
in patients with platelet counts > 100 × 109/L and vice
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Table 2 Alterations in both anti- and pro- haemostatic dynamics in liver disease
Haemostasis

Anti-haemostatic

Pro-haemostatic

Primary haemostasis
(platelet-vessel wall interaction)

Thrombocytopaenia
Platelet function defects
Increased nitric oxide and prostacyclin
Secondary haemostasis
Low levels of factors II, V, VII, IX, X, XI
(thrombin generation and inhibition) Vitamin K deficiency
Fibrinolysis
Low levels of alpha 2 anti-plasmin, factor XIII,
thrombin activatable fibrinolysis inhibitor
Elevated tissue plasminogen activator
Dysfibrinogenaemia

the new liver, is counteracted by their activation, risking
hypercoagulability[22].
Thus, primary haemostasis, coagulation and fibrinolysis are altered by liver disease. Previously it was thought
that the balance lay towards a bleeding tendency as evidenced by abnormal conventional tests of anticoagulation. However, the low levels of pro-coagulant factors
are to some extent “re-balanced” by the reduced levels
of anticoagulant factors, so that thrombin generation
remains normal or even enhanced, which can lead to
a prothrombotic state in some patients[23]. In addition,
thrombocytopenia is partially compensated for by the
high levels of vWF with reduced ADAMTS-13. It has
been demonstrated that over 15% of OLT recipients
are hypercoagulable on baseline viscoelastic testing in
theatre[24]. This effect is significantly increased in patients
with cholestatic disease such as primary biliary cirrhosis
and primary sclerosing cholangitis (Table 2).
Given the reductions of elements on both sides, there
is a lower haemostatic reserve, leading the balance to be
easily tipped towards bleeding or thrombosis (Table 3).

High levels of plasminogen activator inhibitor

that the mean transfusion requirement in that population
was only 0.5 (± 1.3 units RBC), and therefore may not
be relevant to other transplant centres that have a higher
mean blood loss[31]. Nonetheless, a MELD score of 25 or
above indicates severe disease, and clinicians should be
alert to the increased risk of transfusion in these patients.
As a component of the MELD score it is unsurprising
that bilirubin has been identified in one study as a direct
predictor of transfusion[8].
In many studies, Hb concentration has been shown
to predict transfusion requirements[16,27-29,31,32]. Anaemic
patients remain at the greatest risk of blood transfusion. Thrombocytopaenia can also increase the risk of
transfusion[33]. In one study, platelet count was removed
from a predictive model on multivariate regression, but
PT was included as a predictive variable[28]. A low baseline fibrinogen concentration can contribute to bleeding
risk[16,30]. The quantity of fibrin degradation products has
also been ascribed to an increased risk of transfusion[27].
Given that the maximum amplitude (MA)/maximum clot
firmness (MCF) on viscoelastic tests is reflective of the
clot strength resulting from the interaction of platelets
and fibrinogen, those patients with a low MA (< 40 mm)
on baseline are a high risk for bleeding[34]. A low MA and
low baseline fibrinogen concentration increases the risk
of fibrinolysis[35].
Recipient age is implicated in predicting transfusion[28-30]. Those recipients over 50 form the highest risk
group. Donor age has also been implicated as a predictive
risk for massive transfusion[2].

RISK FACTORS FOR TRANSFUSION
Pre-operative risk factors for transfusion
Several variables have been identified as predictors of
transfusion during OLT. These include recipient factors,
donor organ and surgical variables. Some authors have
debated the predictive ability of preoperative variables
to correctly predict transfusion[25], even in homogenous
populations, recommending that individual centres
evaluate centre-specific risk factors for transfusion[26,27].
However, truly predictive models of blood transfusion
requirements are difficult to create[28]. One such model is
the McKlusky risk index for massive transfusion consisting of seven variables: age > 40 years, Hb concentration
< 100 g/L, INR > 2.0, platelet count < 70 × 109, creatinine (> 100 µmol/L for females, > 120 µmol/L for
males) and albumin < 24 g/L; as well as repeat transplantation[29].
The severity of the patient’s liver disease has frequently been associated with increased risk of blood
transfusion [8,16,30]. However, one series, with a mean
model of end-stage liver disease (MELD) score of 22 (±
10) showed no significant difference in transfusion rates
between patients with high scores. It should be noted
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Elevated levels of Von Willebrand factor
Decreased levels of ADAMTS-13
Platelet hyper reactivity
Increased factor VIII
Decreased protein C, S, AT-III, alpha 2 macroglobulin, heparin co-factor II
Low levels of plasminogen

Intraoperative risk factors for transfusion
Factors that increase the technical difficulty of the operation include previous abdominal surgery, which has
been identified an independent risk factor of blood
transfusion[27], as well as increasing the duration of surgery, which in itself can be a predictor of transfusion[30].
Inflammatory adhesions can develop following previous
surgery, increasing the bleeding risk. Another variable
influencing the duration of surgery is the experience of
the transplantation team, which has a direct effect upon
blood loss during surgery, particularly during the dissection phase. Factors that increase the technical difficulty
of the operation, such as portal vein thrombosis, increase
the risk of bleeding[36].
A hyperdynamic circulation and portal hypertension
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Table 3 Coagulopathy during transplantation
Stage

Coagulation abnormalities increasing bleeding

Dissection

Anhepatic
Reperfusion

Post reperfusion

Thrombocytopaenia
Platelet function defects
Increased nitric oxide and prostacyclin
Low levels of factors II, V, VII, IX, X, XI
Vitamin K deficiency
Low levels of alpha 2 anti-plasmin, factor XIII,
thrombin activatable fibrinolysis inhibitor
Elevated t-PA
Dysfibrinogenaemia
Reduced coagulation factor synthesis
Reduced clearance of t-PA
‘‘Heparin like effect’’
Platelet entrapment in sinusoids of donor liver
Reduction of all coagulation factors
Decreased PAI-1
Decreased antifibrinolytic factors
Hyper-fibrinolysis
Accelerated t-PA release
Thrombocytopaenia (balanced by increased
activation)

Other risk factors for bleeding

TEG

Surgical technical difficulty
Portal hypertension
Oesophago-gastric venous
distension secondary to
compression and vascular
clamping

Prolonged R time
Decreased alpha-angle
Reduced MA

Duration greater than 45 min

Increased lysis

Acidosis
Hypothermia

Virtually ‘‘flat’’ native trace
with prolonged R time and
significantly reduced MA
Heparinase trace required
Lysis

Delayed graft function

MA reduced

TEG: Thromboelastography; MA: Maximum amplitude; t-PA: Tissue plasminogen activator; PAI-1: Plasminogen activator inhibitor.

are significant contributors to the bleeding risk. Collateral
vessels that develop secondary to portal hypertension,
including from the surface of the liver, can be injured,
increasing bleeding. Patients with cirrhosis and portal
hypertension have an altered response to volume loading. Blood pools in the splanchnic circulation, responding to volume loading by a greater magnitude than in the
central and arterial circulation. The resultant increase in
portal venous pressure from volume loading can lead to
increased bleeding. Cardiac output is less responsive to
volume loading than in healthy individuals[1,37].
Haemodilution during the operation secondary to
fluid replacement with crystalloid and colloid solutions,
and the preservation solution from the donor liver, further reduce the plasma concentration of clotting factors.
As the coagulation factors are already at reduced levels, a
dilutional coagulopathy can develop much more rapidly
than in the healthy individual. Cautious fluid replacement
is essential to both minimise haemodilution of coagulation factors and to reduce portal venous pressure increases. Strategies to reduce portal pressure have included
the use of phlebotomy to reduce central venous pressure
and portal pressure, using vasopressors to maintain mean
arterial blood pressure[1,10].
Surgical bleeding can be brisk secondary to vascular
injury, or diffuse, continuous microvascular bleeding.
Damaged endothelial cells release t-PA, increasing fibrinolysis[1,8,9,16]. Portal vein hypoplasia and decreased donor
liver size, making the surgery more technically challenging
have been associated with transfusion requirements. Raw
edges of partial liver grafts are left exposed, therefore at
risk of postoperative bleeding.
Acidosis, hypothermia, hypocalcaemia, and citrate
toxicity can all contribute to the coagulopathy intraoperatively. The length of cold ischaemic time can affect shortterm graft dysfunction. Inadequate graft-recipient body
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weight ratio and poor graft preservation increase bleeding
tendency. Poor quality grafts proportionally increase the
risk of primary non-function according to the degree of
steatosis. Dysfunctional grafts lead to a delayed production and restoration of clotting factors, prolonging massive bleeding. Marginal grafts, such as those donated after
cardiac death (DCD) increase the risk of fibrinolysis post
reperfusion[1,38,39].
Renal failure
Acute renal failure (ARF) is common in patients with cirrhosis, and occurs in over half of patients with ALF[40].
This can be part of multi-organ failure in the critically ill,
the hepatorenal syndrome or secondary to complications
of cirrhosis such as bacterial peritonitis, sepsis, hypovolaemia secondary to diuretics or gastrointestinal bleeding,
and nephrotoxic drugs[41]. In patients referred for OLT,
10%-25% have acute kidney injury (AKI), and 12%-70%
develop AKI in the post operative period[42].
Uraemia is associated with bleeding, particularly due
to platelet dysfunction due to decreased platelet aggregation and adhesion. This can be related to intrinsic defects
within the platelet, including glycoprotein Ⅱb/Ⅲa dysfunction, or due to extrinsic factors. Extrinsic factors include uraemic toxins and increased nitric oxide synthesis.
Renal replacement therapy (RRT) can improve platelet
function by removing uraemic toxins.
It has been shown that a considerable proportion
of patients with both acute and chronic liver failure are
hypercoagulable despite deranged laboratory clotting
times and thrombocytopaenia. Passage of blood through
continuous RRT (CRRT) circuits leads to thrombin
formation and platelet activation, predominantly due
to leucocyte and platelet activation. A combination of
increased tissue factor and microparticle release, endothelial activation and a reduction in natural anticoagulants

6150

May 28, 2014|Volume 20|Issue 20|

Clevenger B et al . Transfusion management in liver transplantation

therapy account for much of the variation[47,48]. Given the
coagulopathy expected during OLT, and the detrimental
outcomes of transfusion, the management of this coagulopathy to limit blood loss is central.
Conventional coagulation tests (CCTs) such as activated partial thromboplastin time (APTT), prothrombin
time/international normalised ratio (PT/INR) poorly
reflect the whole coagulation system of the blood, unable
to assess the procoagulant-anticoagulant balance. The
platelet count is quantitative, unable to detect platelet
function, or dysfunction. CCTs are unable to detect fibrinolysis or give an indication of clot stability, nor can they
generally detect hypercoagulability[16,49].
PT/INR and APTT are sensitive to deficiencies of
pro-coagulant factors, but not the concomitant reduction of anti-coagulant factors found in liver disease. In
addition, these tests are based upon plasma alone; so do
not reflect the complete interaction between platelets,
vascular endothelium, and fibrinolytic factors producing haemostasis. CCTs are also limited by the length of
time from sampling to providing a result to the clinician.
Bedside point-of-care testing (POCT) PT/INR measurements can be made using devices such as the Haemochron® (ITC, Edison, United States).
The alterations of haemostasis require global assessments of coagulation, such as thrombin generation
assays, and also whole blood testing, such as thromboelastography (TEG) and rotational thromboelastometry
(ROTEM). These POCT devices offer a rapid diagnostic
bedside test to aid the clinician in directing therapeutic
interventions. It has been shown that POCT based coagulation management can reduce perioperative blood loss
and blood product transfusion rates[22]. The use of perioperative coagulation monitoring using TEG/ROTEM
for targeted management of coagulopathy in OLT now
forms part of the European Society of Anaesthesia (ESA)
guidelines for the management of massive bleeding[36,38].
TEG and ROTEM assess the viscoelastic properties
of whole blood, giving a global assessment of haemostatic function from clot formation through to clot retraction and fibrinolysis. Different reagents and activators
are available, for TEG and ROTEM including kaolin,
the standard activator for TEG assays. Other reagents
include platelet-mapping assays, and platelet inhibitors
that allow the fibrinogen component of clot strength to
be measured individually. Heparinase containing cups
reverse heparin and heparinoids, allowing detection of
the HLE and the action of administered heparin, including low molecular weight heparin. Aprotinin and calcium
containing cuvettes allow the repaid detection of fibrinolysis to guide antifibrinolytic agent usage[19,50] (Figure 1,
Table 4).
As yet, the need for clear consensus guidelines to
guide transfusion practice, coagulation monitoring and
optimal transfusion triggers for OLT has not been met[51].
TEG based transfusion algorithms have been reported
since Kang et al[52] in 1985[26]. Since then, TEG/ROTEM
based algorithms guiding blood product transfusions
have evolved[35]. TEG/ROTEM based transfusion and

leads to clotting of CRRT circuits in ALF. The duration
of CRRT circuit life is unrelated to worsening laboratory
clotting parameters or thrombocytopaenia in liver failure,
and anticoagulation of these circuits should be implemented to improve their lifespan[43]. Anticoagulation can
be implemented with prostacyclin, heparin, or citrate.
Heparinisation of patients receiving CRRT, particularly in OLT has been associated with increased bleeding.
Prostacyclin is an alternative, however it can cause vasodilatation and hypotension. Regional anticoagulation with
citrated circuits has been shown to be feasible and safe
in patients undergoing OLT, despite the risk of failure to
metabolise citrate by the liver[44].

MEASURES TO REDUCE BLEEDING AND
TRANSFUSION
Preoperative optimisation of red cell mass
Experience from liver transplantation in Jehovah’s Witness patients who refuse to receive blood products due to
religious beliefs has provided evidence of the benefit of
pre-operative management to reduce blood transfusion.
Strategies have included the use of recombinant human
erythropoietin (rEPO), iron and folic acid to increase the
red cell mass.
The use of iron has been found beneficial in patients
with iron deficiency microcytic anaemia, and those with
functional iron deficiency, who in spite of total body iron
stores being normal, have a reduction of iron available
for metabolic processes[16,45].
Erythropoietin is produced in the kidney, stimulating
erythrogenesis. Erythropoiesis is seen within 3 d, and the
equivalent of 1 unit of blood produced in 7 d, and five
units within 28 d. This can be associated with functional
iron deficiency and iron supplementation is recommended for patients undergoing rEPO therapy[17,45]. One
centre used rEPO 20000 U subcutaneously twice a week
or 40000 U once a week preoperatively until the haematocrit reached 45% in Jehovah’s Witness patients awaiting
OLT[46]. However, this treatment is accompanied by a
significant risk of thrombotic events and must be undertaken with great caution.
Anaemia itself can increase the risk of bleeding.
Anaemia can worsen the hyper dynamic circulation, as
found in portal hypertension, thus increasing the bleeding risk. It has been shown that RBCs have an active role
in thrombin generation. RBCs release adenosine diphosphate, which promotes platelet aggregation and stimulates platelet synthesis of thromboxane-A2, a platelet
activator, thus reducing platelet activation in anaemia[5,17].
Management of coagulopathy
The management of bleeding and coagulopathy varies
greatly between different centres. This is partially due to
patient population and surgical technique and experience.
However, the methods used to monitor coagulopathy, or
the failure to do so, the thresholds for transfusion, particularly FFP and the use of cell salvage and anti-fibrinolytic
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Table 4 Parameters of viscoelastic tests - thromboelastography/rotational thromboelastometry
Parameter

TEG®

ROTEM®

Description

Clotting time

R

CT

Clot kinetics

K (K value) (min)

CFT

Relates to concentration of soluble clotting factors in the plasma, the period of initial fibrin formation (time
to reach 2 mm amplitude on the tracing)
Measure the kinetics of clot formation
Measures the speed to reach a specific level of clot strength (period for amplitude to increase from 2 to 20 mm)

Alpha angle (angle
in degrees) (°)
Clot strength
MA (mm)
Clot stability

LY30

Alpha
MCF
CLI

Measures the rate of clot formation, reflects rate of fibrin build up and cross-linking (angle between a tangent
to the tracing at 2 mm amplitude and the horizontal midline)
Represents the ultimate strength of the clot (platelets and fibrin), maximum dynamic properties of fibrin and
platelet bonding via GPⅡb/Ⅲa receptors (greatest vertical width of tracing)
Relates to clot stability and lysis, measures the rate of amplitude reduction from MA at 30 min (in per cent)

TEG: Thromboelastography; ROTEM: Rotational thromboelastometry; R: Reaction time; CT: Clotting time; CFT: Clot formation time; MCF: Maximum clot
firmness; CLI: Clot lysis index; MA: Maximum amplitude; MCF: Maximum clot firmness; LY30: Lysis at 30 min as a ratio of MA.

high risk of bias and risk of random errors and the authors concluded that further trials were necessary to potentially lower blood loss and transfusion requirements.

Clotting

Time

Strength

Lysis

Antifibrinolytics
Antifibrinolytic therapy reduces blood loss and transfusion[54]. Antifibrinolytic drugs are recommended for the
treatment of fibrinolysis evidenced by microvascular
oozing or TEG/ROTEM clot lysis measurement, (CLI
< 15). The timing and degree of fibrinolysis is relevant
since lesser degrees of fibrinolysis post reperfusion may
resolve spontaneously. In one retrospective review of
over 600 transplants, 60% developed hyperfibrinolysis,
yet only 40% required antifibrinolytic therapy[35]. In that
series, prophylactic antifibrinolytic therapy was only administered to patients with a significantly reduced MCF
(< 30 m) at baseline. In the early years of OLT, routine
use of prophylactic antifibrinolytic agents was common,
since the mortality associated with massive blood loss
was high, and the risk associated with antifibrinolytic
drugs was small in comparison. Now that massive haemorrhage is less frequent, antifibrinolytics are no longer
recommended for routine prophylaxis[38].
Prediction of hyperfibrinolysis is difficult since it may
only occur in the post reperfusion stage, being dependent
to a great extent on the quality of the donor liver, and
not predictable from the preoperative condition of the
recipient.
Aprotinin has been shown to potentially reduce blood
loss and transfusion requirements[53]. However, it is no
longer available having been withdrawn from the market due to safety concerns. Lysine analogues, such as
tranexamic acid have been shown to have a lower risk of
death when compared to aprotinin[38].
Tranexamic acid competitively inhibits the activation
of plasminogen to plasmin, preventing plasmin from
degrading fibrin. E-aminocaproic acid (EACA) is also
used widely. Meta analyses have shown both tranexamic
acid and aprotinin to reduce RBC transfusion during
OLT[55]. Various dosing regimens have been used, and it
is unknown what the lowest effective dose is. Currently
tranexamic acid is usually given in 1-2 g increments. The
response to antifibrinolytic agents should be monitored
using TEG/ROTEM to guide further doses.

α
K

TEG
R
CT
ROTEM

Kinetics

MA
MCF

Ly
CL

α
CFT

Figure 1 Standard tracing of viscoelastic tests - thromboelastography/
rotational thromboelastometry. TEG: Thromboelastography; ROTEM: Rotational thromboelastometry; MA: Maximum amplitude; MCF: Maximum clot
firmness; R: Reaction time; CT: Clotting time; CFT: Clot formation time.

coagulation management algorithms reduce transfusion
requirements and costs by optimising the management of
bleeding, differentiating between micro-vascular and surgical bleeding, enabling haemostatic therapy to be finely
targeted. The TEG/ROTEM can also be used to monitor for fibrinolysis and to guide anti-fibrinolytic therapy.
A small, randomised prospective study in OLT patients
showed a significant reduction in transfusion in the TEG
monitored group, most notably in the use of FFP. The
trigger threshold for FFP was reached much more frequently using conventional INR values compared to R
values on TEG[32].
It should be noted however, that transfusion trigger
thresholds described for viscoelastic tests have not been
validated and large controlled clinical trials comparing
strategies of coagulation management and cut off values
for transfusion of blood product components are still
needed.
Pharmacological methods
A systematic review of 33 trials investigated: pharmacological interventions, blood substitutes, TEG and cardiovascular interventions[53]. Only aprotinin, recombinant
factor Ⅶa and TEG potentially reduced blood loss and
transfusion requirements. However, all trials showed a
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Fibrinogen concentrates
Hypofibrinogenaemia has been shown to influence blood
product requirements. A baseline MA of < 35 mm at the
beginning of transplant and measured fibrin degradation
products > 48 mg/L has been demonstrated to lead to
hyper-fibrinolysis in 100% of patients[56]. When haemodilution and massive bleeding occur, fibrinogen is the first
factor to reach critical levels[57].
The use of fibrinogen concentrate for significant bleeding if accompanied by (at least suspected) low fibrinogen
concentrations or function is advocated. Fibrinogen concentrates have been shown to optimise coagulation, reduce
perioperative bleeding and significantly reduce transfusion.
A fibrinogen concentration above 2 g/L has been shown
to be the minimum concentration at which clot formation
normalises[58]. A concentration of < 1.5-2 g/L increases
haemorrhagic tendency, so this, or signs of functional fibrinogen deficit on TEG or ROTEM should be triggers
for use[38]. Fibrinogen supplementation may also compensate for defects in fibrin cross polymerisation and also for
low platelet counts, helping to reduce bleeding. NovalPadillo et al[34] conducted an observational study comparing fibrinogen concentrate administration to maintain
an acceptable MCF with a historical cohort from the
previous year at that centre. In the study group, 45% of
patients received fibrinogen. Transfusion of RBCs, FFP
and platelets was reduced by over 50% and OLT without
transfusion rose from 3.5% to 20%.
Fibrinogen concentrates rather than cryoprecipitate
provide standardised fibrinogen doses, which can be
quickly reconstituted. The risk of pathogen transmission
and immune mediated complications are reduced, and
cryoprecipitate is now only indicated when there is a lack
of available fibrinogen concentrate for the treatment of
bleeding and hypofibrinogenaemia[16,38].

Most contain the vitamin K dependent clotting factors
Ⅱ, Ⅶ, Ⅸ and Ⅹ, and the coagulation inhibitors protein
C and S. Reported risks include thromboembolic events
such as venous thromboembolism, acute myocardial infarction and disseminated intravascular coagulation. However, the formulation of currently available PCCs differ
from those previously available, which did not routinely
contain anticoagulants, as well as routinely being used in
haemophilia patients. Current evidence suggests that even
in high-risk patients, PCCs are safe and that thromboembolic events are rare[62]. A randomised controlled trial (the
PROTON trial) studying PCCs effect on RBC transfusion
requirements in OLT is currently in progress[63].
FFP is often transfused in order to correct a deranged
INR. The exponential relationship of coagulation factors
on PT/INR is not always appreciated. It has been shown
that FFP is unable to contribute sufficient coagulation
factors to correct PT/INR by 50% in most cases, even
for mildly prolonged PT/INRs[64]. The INR varies between laboratories in patients with liver disease, making
a defined cut-off of risk difficult. The R/CT on TEG/
ROTEM may therefore be a better reflection of true
bleeding potential than INR. Prolongation of the R/CT
in the absence of excess anticoagulants is only usually
seen once the procoagulant levels are less than the haemostatic level of 30%[65].
There is no evidence for administering prophylactic
FFP based upon INR[19]. Mild to moderate INR elevation should not be corrected with FFP and in ALF INR
should not be corrected before invasive procedures except for intracranial pressure monitor insertion[38].
Protamine and the heparin like effect
The appearance of a heparin effect on TEG at reperfusion was first described by Kang et al[52]. A marked HLE
on the TEG at the time of reperfusion is common and
is due to both exogenous heparins administered to the
donor, and the release of endogenous heparinoids from
the vascular endothelium and activated macrophages due
to ischaemia/reperfusion injury. It does not appear to
contribute significantly to bleeding risk and is usually a
temporary phenomenon unless graft function is poor[66].
Reversal with protamine is rarely indicated. Native TEG is
extremely sensitive to heparin and endogenous heparin can
be detected in some patients even prior to reperfusion[67].
It is recommended to run a heparinase modified TEG in
parallel with the native TEG during OLT. With the more
activated Kaolin TEG and INTEM (intrinsic ROTEM),
it is unusual to identify a significant heparin effect, except at reperfusion and an additional heparinase TEG or
HEPTEM (heparinase modified thromboelastometry)
test is helpful to distinguish between a coagulation factor
deficiency and a heparin produced prolongation of the R
or CT. An empirical dose of 50 mg of protamine is often
administered if the decision to treat this is made.

Recombinant factor Ⅶ a
Recombinant factor Ⅶa (rFⅦa) improves haemostasis by
directly activating factor X, precipitating the conversion
of prothrombin to thrombin to form a haemostatic clot.
rFⅦa binds to the surface of activated platelets at sites
of vascular injury, increasing localised thrombin generation. Meta-analysis and systematic reviews of the use of
rFⅦa in hepatic surgery (including transplantation) failed
to show a benefit in the number of blood transfusions
yet showed a significant increase in the incidence of arterial thrombotic events[59-61]. The ESA guidelines for massive bleeding in visceral and transplant surgery echo this
with recommendation against the prophylactic use of rF
Ⅶa, reserving its use only as rescue therapy for uncontrolled bleeding[38].
Prothrombin complex concentrate
Prothrombin Complex Concentrates (PCC) are purified
coagulation concentrates from pooled plasma, after removal of antithrombin and factor XI, with approximately
twenty-five times higher concentrations of clotting factors. They allow the correction of coagulation using small
volumes. PCCs undergo viral reduction or elimination.
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OLT, with a greater hazard ratio than RBCs transfused,
particularly for TRALI[15]. Platelets contain many cytokines and vasoactive and inflammatory mediators, which
are released upon activation after reperfusion. Animal
models have demonstrated platelets to be involved in the
pathogenesis of reperfusion injury of the liver graft by
inducing endothelial cell apoptosis[36]. It has been shown
that thrombin generation is maintained in liver disease
despite quantitative thrombocytopaenia. Thus, care must
be exercised when transfusing platelets to avoid hypercoagulability and thrombosis.
Clot strength (MA/MCF) is a composite reflection
of platelet-fibrinogen interaction. Rather than combining
the total effect of changes in all coagulation parameters,
CCTs provide single values in isolation, not always predictive of a bleeding tendency. Viscoelastic tests demonstrate that even in the presence of a low platelet count,
adequate clot strength is still achieved if fibrinogen levels
are at the upper end of normal, or raised. A low platelet
count combined with a low fibrinogen always leads to a
reduced MA/MCF and is strongly associated with an increased bleeding tendency[68].

their low transfusion rates and post-operative Hb concentrations are made possible by keeping the CVP low.
However, caval clamping coupled with hypovolaemia
can precipitate severe haemodynamic instability. Hypovolaemia presents other risks to the patient associated
with adverse outcomes including ARF, air embolism and
systemic tissue hypoperfusion. Thus maintenance of
low venous pressures must be balanced against adequate
perfusion of the organs. The use of terlipressin has
been investigated, demonstrating reduce portal venous
pressure whilst maintaining renal perfusion[70]. However,
further studies are required to evaluate its safety in terms
of splanchnic perfusion and post transplantation portal
venous blood flow. Other methods to minimise pre-load
and potentially reduce the portal pressure include using
lower tidal volumes (6-8 mL/kg) and avoiding positive
end-expiratory pressure[71].
Intraoperative cell salvage
The use of autologous cell salvaged blood can reduce the
need for allogenic blood transfusion. A prospective survey involving 150 consecutive OLT’s demonstrated that
cell salvage saved 21 g/L of Hb, or two units of RBCs[72].
RBCs are salvaged from the operative field using a
double lumen suction device, adding anticoagulants to the
aspirated blood. Citrate anticoagulation is used to avoid
heparin accumulation. This blood is stored in a reservoir,
before being centrifuged to separate out the components.
The RBCs are washed and filtered, removing biochemical debris including free Hb, platelets, white blood cells,
plasma and heparin. RBCs can haemolyse during suctioning into the cell saver, haemolysing due to shear stress.
The salvaged RBCs are suspended in normal saline, with
a haematocrit of 50%-70% for re-transfusion, and 200
mL of cell-salvaged RBCs equate to 1 unit of blood.
Since the re-transfused washed RBCs from cell salvage
provide no plasma, clotting factors or platelets, this must
be factored in when assessing the need for replacement
haemostatic therapy.
Transfusion of potentially harmful fat-micro emboli, free Hb, denatured proteins and platelet-leukocyte
microaggreagates have been postulated as causes of disseminated intravascular coagulopathy (DIC), acute respiratory distress syndrome and ARF in some case reports.
However, other studies have failed to show a significant
increase in these complications[45].
Cell salvage has been controversial in OLT due to
conflicting results of some historical studies. Many of
these results are from older trials and are disputed in
the current literature[72]. Higher rates of blood loss and
increased cost have been reported[10]. Cell salvage can
be set up in a ‘‘stand-by’’ manner to reduce costs; using
only a double lumen suction catheter, with anticoagulant
solution and a sterile reservoir, with centrifugation only
if sufficient blood is collected. Increased blood loss been
ascribed to the release of fibrinolytic compounds from
RBCs in the collected blood or from the transplanted
liver that are not washed out by the cell saver[36].

Non-pharmacological measures
Strategies including acute normovolaemic haemodilution
and the use of autologous cell salvage alongside appropriate surgical and anaesthetic management have been
employed to reduce allogenic blood transfusion requirements for OLT. Restrictive fluid replacement during the
dissection phase, maintaining decreased venous pressure
in the surgical field lowers intravascular volume in the
portal collaterals. This is contrary to the historical practice of fluid loading to maintain arterial blood pressure
and renal perfusion.
Surgical technique
The piggyback technique is recognised to reduce blood
transfusion requirements[37]. The piggyback technique
permits a hypovolaemic state to be better tolerated. This
involves anastomosing the donor retro hepatic vena
cava directly to the recipient inferior vena cava instead
of two end-to-end anastomoses in the classic technique.
Reduced dissection of the peri-caval anatomy can also
reduce bleeding from portal collaterals in those with
portal hypertension. This is said to improve physiological
variables of temperature, cardiac output, tissue perfusion,
gas exchange, acid-base statues and fluid-electrolyte balance[16].
Low central venous pressure
In hepatic resection surgery a low central venous pressure (CVP) and restrictive fluid administration are shown
to decrease bleeding. A CVP of less than 5 cm H2O is advocated to reduce blood loss from hepatic veins. However,
the risks of a low CVP include cardiovascular instability and
air embolism[69]. For OLT, a low CVP is thought to reduce
bleeding and transfusion by a similar mechanism, reducing
portal venous bleeding[53]. Indeed Massicotte et al[1] state that
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Re-transfused blood can be potentially harmful due
to the presence of other substances aspirated from the
surgical field including bacteria and malignant cells. Bacterial contamination can arise from blood borne bacteria,
from the skin upon aspiration, or from blood from the
bile duct. Aspirated blood should not be returned to the
patient once the bile duct anastomosis is underway intraoperatively. However, studies have shown that despite
aspiration of microbiologically contaminated blood, there
is no increase in positive blood cultures or postoperative infection, despite the washing phase being unable to
eliminate all bacteria[45].
Malignant cells are not washed from cell-salvaged
blood and cell salvage has been contraindicated in the
presence of malignant disease due to the theoretical risk
of metastasis. However, studies of patients with malignant disease who received autologous transfusions did
not increase recurrence rates whilst reducing allogenic
blood requirements. Given the risk of allogenic blood
transfusion worsening outcome after cancer surgery, including immunomodulation, cell salvage is used in some
cancer surgeries, including OLT for hepatocellular carcinoma. This risk is greatly reduced by suctioning blood
from non-ruptured tumours during the operation. Leukocyte depletion filters are used to reduce the number of
malignant cells in the recovered blood[73]. ESA guidelines
suggest that the decision to use salvaged blood potentially
contaminated with bacteria or malignant cells should be
on a case by case basis[38].

of POCT to monitor and correct severe coagulopathy
with factor concentrates instead of blood products.
Transfusion and coagulation management in liver
transplantation needs to adopt the three pillars of patient
blood management to improve upon its achievements
thus far. Preoperative optimisation of red cell mass can
reduce transfusion. Peri-operative coagulation management using restrictive transfusion strategies and clotting
factor algorithms based upon TEG have been shown to
be beneficial. The ESA guidelines on the management of
severe bleeding advocate fluid restriction, phlebotomy,
vasopressors and transfusion protocols to achieve this[38].
It should not be forgotten that blood transfusion can
be lifesaving and preparations made to give blood and
blood products when required during all transplantations.
The known and unknown risks of transfusion are extensive and varied. If practice can be improved to avoid
unnecessary transfusions, outcomes from liver transplantation will continue to improve.
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Aetiology and risk factors of ischaemic cholangiopathy after
liver transplantation
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pared to between 3% and 17% in donation after brain
death (DBD) grafts. The majority of ischaemic biliary
lesions occur within 30 d in DCD compared to 90 d in
DBD grafts following transplantation. However, there
are many other risk factors for IC that should be considered. The benefits of DCD in expanding the donor
pool are hindered by the higher incidence of IC with
increased rates of re-transplantation. Careful donor
selection and procurement might help to optimize the
utilization of DCD grafts.
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Core tip: Biliary complications after liver transplantation
represent a major challenge. Ischaemic cholangiopathy
is a set of disorders characterized by multiple diffuse
intrahepatic strictures. Ischaemic cholangiopathy can
cause a late graft loss. It becomes more evident after
the widespread usage of grafts after circulatory deaths.
Awareness of predisposing factors, presentation, diagnosis, and management is mandatory. Prophylaxis is essential by controlling risk factors. Management varies from
simple radiological interventions to re-transplantation.

Abstract
Liver transplantation (LT) is the best treatment for endstage hepatic failure, with an excellent survival rates
over the last decade. Biliary complications after LT pose
a major challenge especially with the increasing number
of procured organs after circulatory death. Ischaemic
cholangiopathy (IC) is a set of disorders characterized
by multiple diffuse strictures affecting the graft biliary
system in the absence of hepatic artery thrombosis or
stenosis. It commonly presents with cholestasis and
cholangitis resulting in higher readmission rates, longer
length of stay, repeated therapeutic interventions, and
eventually re-transplantation with consequent effects
on the patient’s quality of life and increased health care
costs. The pathogenesis of IC is unclear and exhibits
a higher prevalence with prolonged ischaemia time,
donation after circulatory death (DCD), rejection, and
cytomegalovirus infection. The majority of IC occurs
within 12 mo after LT. Prolonged warm ischaemic times
predispose to a profound injury with a subsequently
higher prevalence of IC. Biliary complications and IC
rates are between 16% and 29% in DCD grafts com-
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INTRODUCTION
Liver transplantation (LT) has achieved excellent 5-year
survival rates in the last decade. One of the current chal-
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lenges is the high incidence of biliary complications after
transplantation. Biliary complications after LT represent
a major surgical problem with incidence of up to 30%[1-3].
They include a variety of functional and structural biliary
abnormalities that alter the hepatic function and contribute to graft dysfunction leading eventually to biliary
reconstruction and/or re-transplantation[4,5]. The classification of biliary complications should refer to their
aetiology. Many factors are identified as predisposing
to post-transplant biliary complications which include:
hepatic artery thrombosis/stenosis, immunological disorders, rejection, ischaemia-reperfusion injury (IR), and surgical reconstructive technique[6,7]. These factors can lead
to ischaemic-related biliary complications that are seen
with the increased use of donation after circulatory death
(DCD) grafts[8,9].
Ischaemic cholangiopathy (IC) is a wide spectrum
pathological entity characterized by multiple diffuse
intra-hepatic strictures in the absence of hepatic artery
thrombosis or stenosis[10-12]. The identification of factors associated with ischaemic biliary damage remains a
challenge especially with increased the related-mortality
by 8%-15%[1,13]. IC also impacts on the quality of life
and has as a significant economic effect. Patients with IC
experience higher readmission rates, longer length of stay
(LOS), repeated radiologic-guided procedures and higher
incidence of re-transplantation as a final definite treatment[14,15]. Jay et al[16] showed that, patients with IC receive
a median of 12 invasive biliary procedures (range, 0-21)
in the first 2 years following transplantation and this is
associated with higher costs reaching around 54% over
and above the first post-transplant year costs[17]. In addition, poor graft survival is significantly related to the
development of IC and this is evident among DCD recipients[18,19].
We have reviewed the current literature on incidence,
risk factors, and management of ischaemic cholangiopathy after liver transplantation with attention to the
proposed precautions that could be taken during the liver
procurement and transplantation to decrease its occurrence.

cal issues appear to be the most important factor which
include: improper surgical technique, small calibre of the
bile ducts, a mismatch in size between the donor and recipient bile ducts, inappropriate suture material, tension
at the anastomosis, excessive use of electrocauterization
for control of bile duct bleeding, and infection[13,23,24].
Management of AS is mainly by endoscopic management, percutaneous therapy, surgical revision which is
now reserved for patients who have failed the previous
modalities, and re-transplantation is the final option when
all else fails[25,26].
The NAS are due to hepatic artery thrombosis, stenosis, or IC which account for 10%-25% of all stricture
complications after LT[13,23,27-29]. The majority are due to
hepatic artery thrombosis. The diffuse NAS after liver
transplantation in the presence of a patent hepatic artery have been termed ischaemic cholangiopathy, it initially described by Sanchez-Urdazpal et al[10] at the Mayo
Clinic, and Li et al[30] at the University of Nebraska. The
incidence of IC was noticed between 2% and 20% of
patients, localizing proximal to the anastomotic site affecting only the donor biliary tree. However, they were
indistinguishable on cholangiography from strictures
caused by hepatic artery thrombosis or stenosis[7,13]. The
pathogenesis of IC remains unclear. It occurs either secondary to microangiopathic injury (IR injury, prolonged
cold and warm ischaemia times, DCD grafts, prolonged
donor ITU stay and use of dopamine), or secondary to
immunological causes (ABO-incompatibility, rejection,
and CMV infection)[26,31-33]. The majority of IC occurs
within 12 mo following transplantation, and their prevalence continues to increase with time after LT[5].
Based on prognostic and therapeutic implications,
NAS were classified into extrahepatic lesions (type Ⅰ),
intrahepatic (type Ⅱ) or a combination of intrahepatic
and extrahepatic abnormalities[34,35]. As the success of
therapy in IC depends on the extent of intrahepatic biliary lesions, Buis et al[36] have suggested a classification
of the involved intrahepatic zones A to D. The extrahepatic common bile duct, including the hilar bifurcation
(zone A), the bile ducts between first and second order
branches (zone B), the bile ducts between second and
third order branches (zone C), and bile ducts in the periphery of the liver (zone D). In addition, the location of
the strictures was categorized as left sided, right sided or
bilateral. Involvement of zone C seems to predict a more
severe clinical course, because of therapeutic difficulties.
Zone D, representing the small peripheral ducts, is mainly
involved in late forms of NAS with an immunological
pathogenesis.

DEFINITION, INCIDENCE,
PATHOGENESIS, AND TYPES OF
ISCHAEMIC CHOLANGIOPATHY
Post-transplant biliary strictures are classified into two
types: (1) anastomotic strictures (AS) which are defined
as strictures at the site of bile duct anastomosis (choledochocholedochostomy or choledochojejunostomy); and
(2) non-anastomotic biliary strictures (NAS) which may
be either extrahepatic or intrahepatic[20].
The incidence of AS after LT is between 5% and
10%[13]. They are often isolated, short in length, and are
a result of fibrotic healing at the site of a biliary anastomosis within the first year after transplantation[21,22].
The pathogenesis of AS are attributed to many factors
that appear early in the post-transplant period. Techni-
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CLINICAL PRESENTATION OF ISCHAEMIC
CHOLANGIOPATHY
The majority of IC manifests between 1 to 6 mo after
LT with involvement of both intrahepatic and extrahepatic bile ducts, while a few develop only extrahepatic or
intrahepatic lesions[4,37]. Patients appear to present with
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A

B

Figure 1 Magnetic resonance cholangiopancreatography images of 60-year-old patient who received a donation after circulatory death liver graft. A: The
patient developed ischaemic type intra-hepatic biliary strictures 8-mo post-transplant, confirmed to be of ischemic origin by liver biopsy; B: Dilated intra-hepatic ducts
proximal to intra-hepatic biliary strictures.

cytes[45,46]. Blood is supplied to the bile ducts through a
network of arterioles and capillaries, called the peribiliary vascular plexus (PBP), arising from hepatic arteries
(HAs)[47]. The PBP is arranged around both the extraand intra-hepatic bile ducts in the normal liver[46]. In contrast to the liver parenchyma, which has dual arterial and
portal blood supply, the biliary epithelium depends solely
on blood flow from the HAs[48]. Hepatic artery damage
during procurement or reconstruction, and any variables
causing interference of the blood supply to biliary tract
via the perivascular plexus or small arteries, can cause
ischaemic-type biliary lesions and segmental strictures[48].
However, many authors postulate that the biliary system
receives blood from the portal vein as well as from the
PBP[49]. This was supported by the occurrence of IC in
the absence of hepatic artery thrombosis or in the hepatic segments affected by partial portal vein thrombosis;
hence the impact of portal venous blood cannot be ignored[50].

similar non-specific symptoms as patients with anastomotic strictures[5]. IC may be asymptomatic during the
initial period of the disease, the diagnosis being made
when abnormal biochemical liver tests are discovered,
usually elevated levels of serum alkaline phosphatase and
gamma-glutamyl transferase. Progressive cholestasis and
cholangitis are the two major presenting features. Later
presentation of the disease includes itching, jaundice, and
hepatocellular failure. However, some patients may have
a very minor form of the disease and will never develop
such complications[38]. As a result of cholestasis, formation of gallstones, sludge, and casts in the biliary tree is
common and predisposes to recurrent attacks of cholangitis[39]. These most likely arise from ongoing sloughing
of the biliary epithelium as a result of the underlying
ischaemic or immunologic injury[40]. Patients with IC may
be admitted many times to manage acute cholangitis with
twice as long hospital stay compared to non-sufferers[15].
IC may present as bile duct necrosis, bile leak, biloma,
bile duct fibrosis or stenosis. Bile duct necrosis and bilomas are rare with IC and occur predominantly when
there is a sudden and complete interruption of arterial
blood supply as in hepatic artery thrombosis[41,42].
To diagnosis IC, patients need to have abnormal liver
function tests and diffuse intrahepatic strictures on magnetic resonance imaging, endoscopic retrograde cholangiography or percutaneous transhepatic cholangiography.
Cholangiographic findings include diffuse and multiple
bile duct abnormalities (Figure 1). Bile ducts are affected
in a pauci- or pluri-focal pattern. The middle third of the
common bile duct is most commonly affected, followed
by the hepatic duct confluence[43]. Biopsy specimens taken from patients with ischaemic cholangitis reveal biliary
obstruction and ischaemic features in 90%, and occasionally cellular rejection in 50%[44].

ISCHAEMIA REPERFUSION (IR) INJURY
During the liver procurement, the whole blood flow to
the liver is completely interrupted and it is several hours
before re-establishment of circulation. Biliary ducts,
especially cholangiocytes, seem to be more sensitive to
ischaemia than hepatocytes or Kupffer cells. This has
been observed in vitro studies which analyzed human
graft specimens after LT where severe biochemical and
histologic changes in the bile canaliculi associated with
ischaemic injury were observed, indicating that the biliary system is very sensitive to ischaemic reperfusion
injury[49,51]. A high incidence of the above complications
is associated with prolonged cold ischaemic time[35,37], delayed re-arterialization of the graft[52] or transplants from
DCD[53] indicating that IR injury plays the key-role in
the pathogenesis of IC. IR injury during LT is mediated
by thrombotic and ischaemic events due to endothelial
activation[54-56] which include multiple pathophysiologic
mechanisms such as impaired microcirculatory function,
leukocyte adhesions, platelet aggregation, increased oxygen free radical production, lipid peroxidation, and cel-

BLOOD SUPPLY OF THE BILIARY TREE
The human biliary system is composed of extrahepatic
and intrahepatic biliary systems. The latter includes two
sets of small and large size bile ducts. The bile ducts
are lined by biliary epithelium consisting of cholangio-
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lular hypoxia[57,58].
Chan et al[19] found that a CIT exceeding 9 h was associated with increased incidence of IC (RR = 2.7; 95%CI:
2.6-2.8, P = 0.013). Dubbeld et al[59] found that an increasing cold ischaemia time (CIT) correlated with worse
outcomes and this may be attributed to IC. However,
ischaemia that lasts less than 90 min can still lead to some
degree of liver injury, during the ischaemia, and more
extensive lesions during the reperfusion[60,61]. The biliary
epithelium is exposed to pro-inflammatory mediators
derived not only from intrahepatic sources, but also from
extrahepatic sources via arterial circulation[12,62]. Desquamated ductal cells together with polymorphonuclear leukocytes (PMNs) are discovered in the lumen of bile ducts
and they appear in bile during the first few days after
LT[63,64].
During cold ischaemia, rapid loss of high-energy
molecules such as adenosine triphosphate (ATP) was
observed due to mitochondrial dysfunction leading to
cellular membrane damage manifested by loss of intracellular ions and intracellular accumulation of calcium
and sodium[65,66]. In addition, this energy depletion leads
to activation of proteolytic enzymes (proteases, phospholipases, and endonucleases), leading to production of
xanthine oxidase from xanthine dehydrogenase and subsequent degradation of ATP to hypoxanthine[67]. During
ischaemic cellular anoxia, cholangiocytes are significantly
more resistant to cell death than hepatocytes[68]. The opposite occurs after reperfusion and re-oxygenation of the
liver, when hepatocytes are more resistant to cell death
than cholangiocytes.
After reperfusion in LT, re-oxygenation activates
Kupffer cells and PMN, and produces microvascular
disturbances, three processes collectively termed oxidative stress as shown in Figure 2[69]. Oxidative stress and
production of free radicals lead to a biphasic pattern of
reperfusion injury[70]. This is composed of: (1) an early
phase (1-3 h) of activation of Kupffer cells with mild
initial injury; and (2) a late phase (6-24 h) with more serious injury initiated by PMN activation. The severity of
the liver IR is related to the length of CIT even more so
than donor age[71]. Recently, Heidenhain et al[72] have shown
that, CIT < 13 h is associated with only 7% risk of IC incidence; this percentage increases to 52% when the CIT was
longer than 13 h, rising to 69% if it was longer than 15 h.
Additionally, experimental evidence in animals links
irreversible intrahepatic strictures to the length of warm
ischaemia time (WIT). This has been evidenced by the low
incidence of intrahepatic biliary strictures when simultaneous hepatic artery and portal vein reperfusion is performed as compared to sequential vein followed by arterial reperfusion[53]. In animal models of DCD, irreversible
biliary tract damage has been observed after 40 min of
WIT, despite preservation of hepatocellular function[73].

pand the organ donor pool[74]. The total number of DCD
transplants performed each year has increased more than
10-fold over the past decade and this has contributed
inexpanding the liver transplant activity in many countries[75]. However, serious concerns have emerged regarding lower graft survival rates and higher biliary complication rates in comparison with DBD liver grafts[14,17]. As
with all innovation in transplantation, there is a learning
curve for the optimal utilization of DCD organs. The
central issue surrounding DCD organs is the prolonged
WIT which affects the graft function and organ damage
is more profound[76].
Pooled United Network for Organ Sharing data
and several single-institution experiences have shown
inferior graft survival in DCD liver transplant[15,17,77].
This is mostly related to IC which is the leading cause
of graft loss and the complications that have prevented
the widespread acceptance of DCD graft use by many
transplant centres[78]. Livers from DCD have a second
period of warm ischaemia when compared with DBD
livers. This period of WIT results from the time from
circulatory arrest until start of preservation, and results
in, more ischaemic injury with subsequent high prevalence of IC[8]. Also the incidence of acute and chronic
rejection, primary non-function and re-transplantation is
higher with DCD livers[16,18,19,79]. The overall rate of biliary complications is 29% (range: 11%-53%) for DCD
and 17% (9%-22%) for DBD recipients after LT[16]. D’
Alessandro et al[80] from the University of Wisconsin have
published 36 LTs after DCD, and also noted a higher
rate of biliary complications after DBD (13.9% vs 8%,
respectively). The IC rate is 16% (8%-38%) for DCD
recipients and 3% (0%-8%) for DBD recipients (Figure
3)[8,15,16,81]. Chan et al[19] have shown that, the rate of IC in
the DCD population compared to the DBD group was
significantly higher (13.7% vs 1%) with 3-year follow-up,
and all patients who developed IC did so in 120 d. Similarly, a retrospective case series by Abt et al[8] revealed that
4 out of the 15 patients receiving a DCD liver transplant
developed IC. Ischaemic biliary lesions occur within 30 d
in DCD compared to about 3 mo after transplantation in
DBD grafts[4].
In our experience, since we started using livers from
DCD in late 2004 (only small numbers until January
2007), the overall rate of biliary complications is 21% for
DCD and 13% for DBD recipients after LT (P = NS).
The IC rate is 8.3% for DCD recipients and 1.7% for
DBD recipients (P = 0.001).
Many authors assume that, donor-warm ischaemia
time (DWIT) which is the time between the asystole-to
cross clamp was a risk factor for the development of IC.
This leads the American Society of Transplant Surgeons
to recommend a limit of the DWIT between 20 to 30
min[18,29,82]. It has been calculated that each minute of
additional WIT increases the odds ratio for the development of ischemic cholangiopathy or hepatic necrosis by
16%[29]. Also, the donor haemodynamic status between
the withdrawal of cardiopulmonary support and asystole

DCD AND ISCHAEMIC
CHOLANGIOPATHY
Interest in DCD increased in late 1980s in order to ex-
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Figure 2 Cold and warm liver ischaemia-reperfusion leading to ischaemic cholangiopathy following liver transplantation. Drawing illustrates the pathogenesis of IC after OLT[12].
ROS: Reactive oxygen species; MPT: Mitochondrial permeability transition; ATP: Adenosine triphosphate; DCD: Donation
after circulatory death; IC: Ischaemic cholangiopathy; OLT:
Orthotopic liver transplantation.
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Figure 3 Ischaemic cholangiopathy for donation after circulatory death and donation after brain death liver recipients. A meta-analysis: Eight studies reported IC rates for both DCD and DBD cohorts. These studies demonstrated an IC rate of 16% (8%-38%) for DCD recipients compared with 3% (0%-8%) of DBD
recipients. DCD recipients had a 10.8 times increased odds of IC (95%CI: 4.8-24.2)[16]. DCD: Donation after circulatory death; DBD: Donation after brain death; IC:
Ischaemic cholangiopathy.

in DCD is used to predict graft function after transplantation[83].

of IC. This may be explained by inadequate perfusion
of preservation solution through the smaller arterioles
that feed the biliary tree in a larger donor body weight.
They also noticed that, donor body weight and age > 50
years appeared to be a strong predictors for the development of IC. In addition a female to male donor/recipient
match is associated with late development of IC[36].
Development of early biliary complications is correlated with moderate macrovesicular steatosis[88]. Macrovesicular steatosis of the graft exceeding 25% is a significant predisposition for biliary complications[89,90].
Few preservation solutions have gotten widespread
clinical use, such as Euro-Collins, Histidine-TryptophanKetoglutarate (HTK), University of Wisconsin (UW)
and Celsior solutions[91]. Euro-Collins has almost been
abandoned because of the glucose disadvantage, and
currently, Celsior is mainly used for cardiac preservation.
HTK and UW are still being used for multiorgan preservation[92]. Despite trends were documented in some

DONOR, GRAFT CHARACTERISTICS,
PROCUREMENT AND PRESERVATION
PROCESS AND ISCAEMIC
CHOLANGIOPATHY
The identification ofthe risk factors of IC is important
to optimize the greater use of different liver grafts, it is
important for an experienced transplant surgeon to perform the procurement of DCD livers[29]. Donor age is a
risk factor for the development of IC after LT[73,84]. Livers from older donors are more susceptible to warm and
cold IR injury than young livers[85,86]. Aging may directly
affect Kupffer cells resulting in tumour necrosis factor-α
release and apoptosis[87]. Chan et al[19] have shown that,
donor weight plays an important role in the development
WJG|www.wjgnet.com
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studies for the superiority of low viscosity HTK in biliary
tract flush, prevention of biliary complications, and cost
savings[2,93-95], many recent studies revealed no difference
of effects between HTK and UW (high viscosity) regarding the incidence of post-transplant IC or survival[96-99].
Routine flushing of the donor biliary tree to remove
stagnant bile salts is performed by most procurement
surgeons, as bile can be cytotoxic to the ductal epithelium
of allografts with long preservation times, resulting in
intrahepatic stricture formation[10].

and a trend for MELD-score were risk factors for nonanastomotic biliary strictures either in DBD or DCD.

MANAGEMENT
IC does not appear to increase the risk of death, but
leads to a significant increase in the morbidity associated
with multiple dilatation procedures and hospitalizations
from recurrent cholangitis[19]. IC is not reversible, and
the management options are limited. Early recognition
and the timely treatment of cholangitis, which is sometimes associated with intrahepatic bile duct necrosis, can
save the graft function and prevent graft loss. IC tend
to be diffuse and difficult to manage and may require
endoscopic (ERCP) or percutaneous management with
stricture dilatation and stent insertion, hepaticojejunostomy, or a permanent indwelling percutaneous transhepatic cholangiography-guided drainage in up to 50% of
cases[40,101].
ERCP consists of removing biliary sludge and casts
from the bile ducts, this followed by balloon dilation of
all accessible strictures and placement of plastic stents
with replacement every 3 mo[4]. In IC, strictures are less
amenable to balloon dilation as they are diffuse, bilobar,
and with high predilection for the smaller intrahepatic
ducts. In addition, with recurrent cholangitis, rapid frequent stent occlusion is another challenge for physicians
who need repeated admissions and management. Endoscopic therapy is the first line therapy for IC strictures
and may occasionally be a definite solution, but appears
to play a more prominent role as a bridge to liver retransplantation[28,117].
Prophylaxis of IC might be valuable due to the complex nature of the disease and the high cost and high rate
of readmissions with ultimately re-grafting in an era of
donor pool shortage. Establishment of a sufficient biliary
microcirculation during organ procurement is mandatory
by arterial pressure perfusion[73,118], and also additional
arterial back-table pressure perfusion has been suggested[31]. CIT should be kept ≤ 10 h. Bile salt residues are a
further factor, which may potentiate the IR injury[119,120].
Thorough retrograde flushing of the bile ducts is therefore recommended. Also recipient characteristics like a
Child-Pugh status C have been reported to significantly
increase the incidence of NAS[72]. Simultaneous arterial
and portal reperfusion reduced the biliary ischaemic time
and subsequently also NAS as it decreases the WIT of
the arterially perfused bile ducts[121]. The overall risk of
IC might be balanced by matching of donor and recipient characteristics and avoidance of accumulation of risk
factors. In the case of very high risk, e.g., after DCD, someauthors recommend additional secondary prophylaxis
of NAS by insertion of a T-tube for earlier diagnosis and
intervention[83].
Some pharmacological materials can be used to decrease the incidence of IC. The Wisconsin group showed
that, administration of vitamin E, prostaglandin E1,
and N-acetylcysteine to their DCD grafted patients has
some experimental evidence to support this practice[74].

OTHER RISK FACTORS
Immunologically related IC comprises injury to the biliary epithelium and/or vascular endothelium in the course
of chronic rejection, CMV infection, recurrent sclerosing
cholangitis and ABO-incompatible transplantation[6,100].
Although some studies did not show that graft rejection was a risk factor for development of IC following
LT[101,102], others demonstrated that bile ducts are involved
in acute and chronic rejection[103,104]. Two mechanisms
have been suggested to cause bile duct loss (vanishing bile
duct syndrome): (1) a direct immunological destruction
of the biliary epithelium, the histologic appearance of
cellular rejection is characterized by lymphocytic invasion
and evidence of degenerative changes in the biliary epithelium[105]. Biliary inflammation is less severe in chronic
rejection[106]. Lymphocyte cultures generated from liver
allograft tissue undergoing rejection have demonstrated
cytotoxic activity directed at donor major histocompatibility complex (MHC) antigens[107]. These MHC antigens
are expressed strongly on bile ducts particularly during a
rejection reaction[108]; and (2) an indirect, ischaemic damage through a process of chronic obliterative arteriopathy
which is indicated by the absence of bile ducts in conjunction with arterial loss in specimens from chronically
rejected human liver allografts[109,110]. The incidence of IC
after ABO-incompatible LT in adults is much higher than
in ABO-compatible LT[111]. Primary sclerosing cholangitis
and autoimmune hepatitis as indications for LT are also
associated with a higher incidence of IC[36,112].
CMV infection can damage the bile duct cells and
this damage may be mediated by CMV infection of small
arteries[113]. CMV infection mediates injury of endothelial
cells of the PBP, with subsequent microthrombi formation and anoxic damage of the biliary epithelium, which
causes ischaemic injury to the bile duct and development
of IC[114,115]. Also this can be indirectly induced by an
immune attack of the infected biliary epithelial cells as
CMV infection is associated with rejection[114].
Baccarani et al[89] have shown that, the interval between portal and arterial reperfusion of the liver greatly
affects the development of IC in case of sequential
revascularization in LT. The delay of re-arterialization
in sequential revascularization is associated with more
pronounced microvascular disturbances, with subsequent
graft dysfunction and a higher incidence of biliary complications following LT[116]. Dubbeld et al[59] found that
sclerosing cholangitis (PSC) as underlying liver disease,
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Similarly, researchers from Okayama, Japan have shown a
protective effect of a vitamin E derivative in their DCD
grafted patients which were indicated by rapid improvement of LFT after LT[122]. Others suggested a protective
effect of platelet activating factor and some immunosuppressants like tacrolimus in preventing the IC[74].
The use of ischaemic preconditioning, during the
procurement has shown a beneficial and protective effect
especially with prolonged warm and cold ischaemia in
experimental models[123]. This is carried out through 10
min portal vein clamping followed by 10 min reperfusion
before starting the liver procurement. Cameron et al[74]
showed excellent results using this protocol.
Uchiyama et al[124] and the Tokyo Medical College preserved the liver using machine perfusion through the hepatic artery with the use of pentoxifylline. This is particularly effective for graft conditioning in liver transplantation
from a DCD, decreases the ischaemia time and therefore
reduces the incidence of IC.
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CONCLUSION
The widespread and successful use of DCD grafts has
contributed to increased transplant activity. Ischaemic
cholangiopathy is attributed to numerous causes, the
incidence is high among DCD, and this can be managed
by optimizing the utilization of this type of donors with
proper donor selection and well trained procurement surgeons.
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Core tip: Cancer is an important cause of morbidity
and mortality after organ transplantation. Donor transmitted cancers are rare but when they occur, they
can have significant impact on the recipient outcome.
Screening of donors can reduce the risk of transmission
of cancer but cannot eliminate it. So this risk should be
accepted by the transplant teams and the recipients.
The risk of many de novo cancers is increased among
transplant recipients. Selection of immunosuppressive
agents, minimizing the intensity of immunosuppression
and modification of life-style related risk factors would
contribute to reduction of the risk of post-transplant
cancer.

Abstract
Cancers in solid organ recipients may be classified as
donor transmitted, donor derived, de novo or recurrent. The risk of donor-transmitted cancer is very low
and can be reduced by careful screening of the donor
but cannot be abolished and, in the United Kingdom
series is less than 0.03%. For donors with a known
history of cancer, the risks will depend on the nature
of the cancer, the interventions given and the interval
between diagnosis and organ donation. The risks of
cancer transmission must be balanced against the risks
of death awaiting a new graft and strict adherence to
current guidelines may result increased patient death.
Organs from selected patients, even with high-grade
central nervous system (CNS) malignancy and after a
shunt, can, in some circumstances, be considered. Of
potential donors with non-CNS cancers, whether organs
may be safely used again depends on the nature of
the cancer, the treatment and interval. Data are scarce
about the most appropriate treatment when donor
transmitted cancer is diagnosed: sometimes substitution of agents and reduction of the immunosuppressive
load may be adequate and the impact of graft removal
should be considered but not always indicated. Liver al-
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given and the interval between diagnosis and organ donation. The risks of cancer transmission must be balanced
against the risks of death awaiting a new graft and strict
adherence to current guidelines may result increased
patient death. Organs from selected patients, even with
high-grade central nervous system (CNS) malignancy and
after a shunt, can, in some circumstances, be considered.
Of potential donors with non-CNS cancers, whether
organs may be safely used again depends on the nature
of the cancer, the treatment and interval. Data are scarce
about the most appropriate treatment when donor transmitted cancer is diagnosed: sometimes substitution of
agents and reduction of the immunosuppressive load
may be adequate and the impact of graft removal should
be considered but not always indicated.
Liver allograft recipients are at increased risk of some
de novo cancers, especially those grafted for alcohol-related
liver disease and hepatitis C virus infection. The risk
of lymphoproliferative disease and cancers of the skin,
upper airway and bowel are increased but not breast.
Recipients should be advised to avoid risk behavior and
monitored appropriately.
Over the last half century, successful transplantation
of the liver has revolutionized the outcome for selected
patients with liver failure. Adults undergoing primary liver
transplant for chronic liver disease should now anticipate
1-year survival rates over 93% and 5-year survival over
60%[1]. This success has been achieved as a consequence
of advances in a number of areas such as donor and
recipient assessment and selection, management on the
waiting list, surgical and anaesthetic techniques, intensive
care and post-transplant long-term care. However, patients with liver disease and transplant teams continue to
face a number of challenges before and after transplantation. One of the greatest of these challenges is the shortage of donor organs in the face of increasing demand
which results in a significant mortality rate and removal
from the transplant waiting list (which approaches 20%
in the United Kingdom). The lack of organs poses a real
dilemma for both clinicians and recipients who must decide whether to use higher risk livers such as those from
older donors and donors with co-morbidities where short
and/or longer term graft function may be impaired or the
organs transmit infection or malignancy. Liver transplant
recipients, like other patients who require long term immunosuppression, are at an increased risk of developing
a number of diseases including de novo cancer[2,3]. Indeed,
cancer, recurrence of primary disease, cardiovascular
disease and infection are the four most common causes
of long-term mortality after liver transplantation[4]. This
review focuses on cancer in liver allograft recipients, both
donor transmitted and de novo but does not cover recurrent cancer.

present within the allograft at the time of transplantation;
(2) donor derived cancer (DDC), which develops within
the donor cells following transplantation; (3) de novo cancer, which develops from the recipient cells as a longterm consequence of transplantation; and (4) recurrent
cancer, which is the recurrence after transplantation of
cancer that the recipient had treatment for, before transplantation.
These definitions are useful but in practice, in some
cases, an accurate classification into one of these types
may be difficult - for example, it may be difficult to differentiate a DTC from a DDC when the donor has no
known cancer or when the cancer in the recipient is identified a long time after transplantation. Similarly, when a
recipient has multiple tumours of the same type of cancer, it may be difficult to distinguish a new primary from
the recurrence of a previously treated cancer. A common
example would be melanoma or non-melanoma skin cancer (NMSC), which tend to develop in multiple sites over
a period of time.

DONOR TRANSMITTED CANCER AFTER
LIVER TRANSPLANTATION
Cancer transmission from donors was recognised initially
in recipients of kidney transplantation. The initial reported cases of cancer transmission involved donors dying as
a consequence of active cancer[5]. Consequent avoidance
of such donors resulted in low incidence of DTC, but
cases continued to be reported, both in recipients from
donors with previous cancer[6-10] and in recipients from
donors without a known cancer[11-15]. A recent national
survey of all the organ transplant recipients in the United
Kingdom reported 15 cases of DTC among 30765 recipients over 10 years, including two cases of DTC among
6645 liver recipients[16]. None of these cancers was from
donors who were known to have active or past cancer.
This highlights not only the rarity of this event but also
the challenge in complete elimination of this risk.
A wide variety of cancers are transmitted by liver
transplantation, including tumours known in the donor
before donation. These are often primary tumours of the
CNS, tumours diagnosed after donation at donor autopsy,
tumours diagnosed on examination of stored donor tissue following identification of DTC in the recipient and
tumours that were not apparent in the donor.
Table 1 shows the cases of DTC among liver allograft
recipients in the published literature. Some important
features associated with cancer transmission are discussed
below, including interventions that can help in reducing
the risk of cancer transmission.
Donors with cerebral haemorrhage
Cerebral haemorrhage is a common cause of death
among donors after brain death. In some such donors,
the cerebral haemorrhage may be consequent to a
metastatic deposit either from an undiagnosed cancer
elsewhere in the body at the time of donation, or a recur-

TYPES OF CANCERS AFTER LIVER
TRANSPLANTATION
Cancer in a liver transplant recipient can be classified into
four types: (1) donor transmitted cancer (DTC), which is
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Table 1 Published cases of donor transmitted cancer among liver allograft recipients
Cancer type

Donor’s cause of death

Cancer known in donor

Recipient outcome and cause of death

Ref.

Choriocarcinoma

Cerebral haemorrhage
Cerebral haemorrhage
NS
Cerebral haemorrhage

Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC

[52]
[53]
[54]
[55]

Cerebral haemorrhage
Cerebrovascular event
Cerebrovascular event

Identified on autopsy
Identified in the placenta
No
Diagnosed retrospectively by
testing the stored serum
No
No
No

Death due to DTC
Death due to DTC
Death due to DTC, despite re-transplant

[56]
[57]
[13]

Cerebral haemorrhage
Astrocytoma
GBM
GBM
Malignant glioma
Pinealoblastoma
NS
Suspected meningitis
Cerebral haemorrhage
Cerebral haemorrhage
Sub-arachnoid haemorrhage
Cerebral haemorrhage
NS
Sub-arachnoid bleed
Cerebrovascular event
NS
Anoxic brain injury
Cerebral haemorrhage
Asthma
NS
Cerebral haemorrhage
Sub-arachnoid haemorrhage
Sub-arachnoid haemorrhage

No
Yes
Yes
Yes
Yes
Yes
NS
Diagnosed after donation
No
No
No
No
No
No
No
No
No
No
No
NS
No
No
No

Death due to DTC
Death due to DTC
Death due to liver failure
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Death due to DTC
Alive on chemotherapy
Death due to DTC
Alive at 1 yr following urgent re-transplant
NS
Alive at 8 mo following re-transplantation
Alive at 30 mo following re-transplantation
Alive at 4 yr following re-transplantation
NS

[58]
[59]
[60]
[61]
[62]
[63]
[54]
[64]
[24]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[15]
[72]
[73]
[74]
[75]
[76]
[77]

Colon

CNS-astrocytoma
CNS-glioma, GBM

CNS-pinealoblastoma
Kaposi’s sarcoma
Lymphoma
Melanoma

Neuroendocrine cancer

Ovary
Pancreas
Sarcoma
Unspecified adenocarcinoma
Unspecified squamous carcinoma
Urothelium

NS: Not specified; DTC: Donor transmitted cancer; CNS: Central nervous system; GBM: Glioblastoma multiforme.

rence of a cancer that was treated in the past. If such
metastasis is mis-diagnosed as a benign cerebral haemorrhage, the cancer transmission risk from such donor will
be underestimated. Cases of transmission of cancer of
colon, pancreas, melanoma and choriocarcinoma have
been reported in these circumstances. So in donors with
cerebral haemorrhage, in addition to standard donor assessment with investigation into cancers that may have
been treated years or decades ago, consideration should
also be given to additional tests such as cross-sectional
imaging of brain, thorax, abdomen and pelvis or tumour
markers. Some tumours are diagnosed during the retrieval
process but the priorities of speedy retrieval, minimization of ischemic times and respect for the dignity of the
donor and feelings of the family, means that full examination is not always appropriate. It is sometimes worthwhile
considering a full post-mortem examination of the donor
following organ procurement, as an early identification
of donor cancer will influence the management of the
recipients of organs from this donor.

ment of the risk of cancer transmission when a donor
has a history of cancer, either treated in the past or active at the time of donation. These guidelines help in
risk stratification and hence enable a detailed assessment
of risks and benefits of accepting an organ from such
a donor and also form the basis for informed consent.
The relative rarity of DTC among transplant recipients
is likely to be attributable to exclusion of donors deemed
as high-risk, such as those described in these guidelines.
These guidelines are based on evidence from case series
and retrospective registry reports, which often do not
include detailed data on the donor cancer such as histological grade of cancer, the details of treatment of cancer
in the donor or post-treatment cancer surveillance. The
relative risk of cancer transmission from a multi-organ
donor with a history of cancer will be different for the
recipients of different organs and the guidelines do not
give comprehensive guidance on such relative risks. For
example, when a donor has a history of colon cancer, the
chance of the liver (a common site of metastasis) containing occult cancer cells will be higher than in the heart.
Similarly, when a donor has a history of breast cancer,
the relative risk of cancer transmission to the recipients
of heart or lungs is likely to be higher than the risk to the
recipients of abdominal organs. In practice, it is difficult
to grade accurately the cancer transmission risk for each

Donors with a history of cancer
Existing guidelines from the Council of Europe (CoE)[17]
and the organ procurement and Transplantation network/United Network for Organ Sharing (OPTN/
UNOS)[18], summarized in Table 2, are useful for assess-
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Table 2 Summary of council of europe and organ procurement and transplantation network/united network for organ sharing
guidelines for donor with cancer history
Council of Europe guidelines[17]: Donors with unacceptable risk of transmission
Features applicable to cancer of any histological type at any time prior to donation
Presence of metastasis - lymphatic or distant
Absence of curative surgical treatment or missed follow-up (except low-grade prostate cancer under surveillance)
Palliative therapy for cancer
Non-CNS cancer at any time prior to donation
Breast
Ovary
Choriocarcinoma
Malignant melanoma, including carcinoma-in-situ
Sarcoma
Chronic Leukaemia
Thyroid (except capsulated papillary or minimally invasive follicular type)
Non-CNS cancer diagnosed during donor procurement
All cancers, except:
Renal cell cancer < 2.5-4.0 cm (pT1a), tumour free resection margin and Fuhrman grade Ⅰ or Ⅱ
Localised low grade (Gleason score ≤ 6) prostate cancer
Small gastrointestinal stromal tumours
Localised non-melanoma skin cancer
Cancers of the CNS
WHO grade Ⅳ cancers
WHO grade Ⅲ cancers with following features:
Presence of ventriculo-peritoneal or ventriculo-atrial shunts
Craniotomy
Systemic chemotherapy
Radiotherapy
OPTN/UNOS guidelines[18] - intermediate or high risk of transmission
Intermediate risk of transmission (1%-10%)
High risk of transmission (> 10%)
Breast cancer, stage 0
Breast cancer, stage > 0
Colon cancer, stage 0
Colon cancer, stage > 0
Renal cell cancer (resected, solitary): 4-7 cm, well differentiated, stage I Renal cell cancer: > 7 cm or stage Ⅱ-Ⅳ
Treated non-CNS malignancy (≥ 5 yr prior) with cure rate 90%-99%
Choriocarcinoma
Leukaemia
Lymphoma
Small cell cancer: lung/neuroendocrine
Metastatic carcinoma
Sarcoma
Lung cancer: stage Ⅰ-Ⅳ
Any CNS tumour with ventriculo-peritoneal or ventriculo-atrial shunt, surgery
(other than uncomplicated biopsy), irradiation or extra-cranial metastases
CNS tumour of WHO grade Ⅲ or Ⅳ
Any other cancer with insufficient follow-up or probability of cure < 90%
OPTN/UNOS: Organ Procurement and Transplantation Network/United Network for Organ Sharing Guidelines; CNS: Central nervous system; WHO:
World health organization.

no cases of transmission among 448 recipients from 177
donors with a primary CNS cancer, including 33 donors
with high-grade malignancies. While it is important to
take all reasonable precautions to reduce the risk of cancer transmission, it is crucial that the waste of donated
organs is avoided. Hence a careful risk-benefit assessment must be performed when a donor has a history of a
high grade CNS cancer, balancing the risk of harm from
cancer transmission against the risk of death while waiting for another graft. Thus, a liver from a high-risk donor
might be accepted for a recipient with a growing liver cell
cancer but declined for a recipient whose main indication
is intractable itching or recurrent encephalopathy.
Thus, a sub-group of such donors may be a valuable
source of additional organs, especially when an urgent
life-saving transplantation is required. The risks of death

organ from a donor because of lack of data and the inevitable reliance of selected case histories.
Donors with a primary CNS tumour: Factors influencing the risk of transmission of a CNS tumour by
transplantation include the histological grade of the
tumour and interventions that breach the blood-brain
barrier and hence may increase the probability of extracranial metastases; such interventions include cerebrospinal fluid shunts, craniotomy, systemic chemotherapy
and radiotherapy. Tumours classified as grade Ⅲ or Ⅳ by
the world Health Organization (WHO) classification[19]
are considered to impose a rate of transmission of more
than 10% as in the OPTN/UNOS recommendations[18].
However, not all studies have replicated these results. A
study of transplant recipients by Watson et al[20] showed
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awaiting another offer must be balanced against the risk
of inadvertent cancer transmission. Therefore, transplantation of organs from such donors must always be preceded by an informed consent.

be undertaken at the time of listing for transplantation;
where donors have an increased risk of tumour transmission (such as those with a recent history of cancer) the
potential recipient should be counseled and give specific
consent, although it is recognized that there are possible
issues in having such a difficult discussion at a stressful
time for the transplant candidate.
While there has been no report of transmitted cancers from living liver donors, but living kidney donation
has shown that a donor without evidence of cancer at the
time of donation can transmit a cancer, which is subsequently identified in both the donor and the recipient[22].
In cases of living donation, the donor should be followed
up for a minimum period of 1 year after donation.

Donors with a history of a non-CNS cancer: Even
from the donors with a past history of a non-CNS cancer, the transmission of cancer to the organ recipients is
very rare. The largest study[21] is from the UNOS/OPTN
registry which included 39455 deceased donors between
2000 and 2005, of whom 1069 donors with a history of
cancer donated to 2508 recipients (1866 from donors
with non-CNS cancers and 642 from donors with CNS
cancers). Two donor cancers were transmitted to four
recipients a glioblastoma to 3 recipients and one case of
melanoma. The glioblastoma was present in the donor
at the time of donation but the melanoma in the donor
was treated 32 years prior to donation with no apparent
evidence of recurrence. Although these data are useful,
they did not show the degree of selection of donors with
a known cancer, i.e., the number of potential donors with
previous cancer whose organs were rejected after assessment of cancer transmission risk. Considering the rarity
of DTC even after accepting organs from donors with
previous cancer, it is possible that the process of donor
assessment and exclusion of donors with past cancer
based on the perceived risk of cancer transmission may
result in wastage of some donor organs and so lead to
loss of life.

MANAGEMENT OF RECIPIENTS WITH
DTC
Management of recipients with DTC should be individualised depending on several factors including the time of
diagnosis of DTC following transplantation, type of cancer, the extent of DTC, organ transplanted, comorbidities
and wishes of the recipient. When the transplanted organ
is a kidney or a pancreas, urgent explantation should be
considered, as this would enable removal of the graft
responsible for cancer transmission and also cessation of
immunosuppression. Even in cases where explantation
is not performed, reduction, change or even cessation
of immunosuppression should be considered, as the
reconstitution of immune system following cessation of
immunosuppression has been shown in some cases to
reject the cancer cells resulting in complete clearance of
cancer[23,24], although this would depend, in part, on the
degree of mismatch between the donor and the recipient
and the degree of differentiation of the cancer cells. The
chances of the recipient’s immune system rejecting the
cancer cells are higher with a greater mismatch between
the donor and the recipient and for a cancer that is well
differentiated and is able to express its human leukocyte
antigens.
For recipients of liver or cardiothoracic transplantation,
the risks of re-transplantation must be compared against
the risks of treating the cancer without re-transplantation.
In all cases, the immunosuppression should be minimized
and a switch to mammalian target of rapamycin (mTOR)
inhibitors should be considered as these agents have
shown efficacy against certain types of cancers[25,26].
Considering the rarity of DTCs and the variety in the
types of cancers transmitted and their management, each
transplant regulatory authority should make efforts to
record the data of all cases of DTC in a national registry
as such data will be useful in guiding the management of
future recipients with DTCs.
The outcome is more favourable for cancers diagnosed at the time of transplantation or soon after (within
6 wk) as compared to those diagnosed later, and also for
cancers localised to the allograft as compared to those,

Donors without a history of cancer
The risk of cancer transmission from a donor with no
past history of cancer nor any evidence of active cancer at the time of donation is very low, but not absent.
This applies both to deceased donors and living donors.
As shown in Table 1, there have been several instances
where donors with no evidence of cancer on standard
donor assessment have resulted in cancer transmission.
Some such cancers were never identified in the donors
and some others were identified on the post-mortem examination of the donor. Therefore, as discussed above,
the retrieving surgeon should perform a complete examination of the thoracic and abdominal cavity looking for
occult cancer and an autopsy should be considered for
donors with a past history of cancer. In reality, following
such advice may be a challenge, especially in donors after
circulatory death where there retrieval must be rapid.
In the survey of the transplant centres in the United
Kingdom, 15 DTCs from 13 donors were identified and
in none of these cases the donor was known, at the time
of donation, to have a cancer[16]. Of these, one donor
was identified to have a lymphoma on post-mortem examination resulting in investigation of the recipients and
the subsequent identification of transmitted lymphoma.
These data demonstrate that further reduction of cancer
transmission risk from organ donors is difficult and a
small risk is unavoidable. Therefore, informed consent of
all the prospective recipients is important, which should
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compared with matched general population and cancer
is one of the leading causes of long-term mortality after
liver transplantation. Table 3 summarises the standardised
incidence ratio (SIR, ratio of the observed incidence of
cancer to the expected incidence in an age, gender and
year matched immunocompetent population) as reported
in the liver transplant recipients in the United Kingdom[2],
United States of America[29,30], Australia[31], Germany[32],
Netherlands[33], Finland[34] and Italy[35,36]. The risk of all
cancers is increased 2-3 fold following liver transplantation. The relative increase in incidence is higher for
Kaposi’s sarcoma, non-melanoma skin cancer and lymphoma whereas the risk of cancers of the breast, prostate
and multiple myeloma is not increased.

Table 3 Increased risk of cancer after liver transplantation
compared with general population adjusted for age, gender
and year
Cancer type

Standardised incidence ratio

All cancers
Kaposi’s sarcoma
Non-melanoma skin cancer
Lip
Lymphoma
Upper aero-digestive tract
Anus
Kidney
Colorectal (PSC-IBD)
Melanoma, lung
Colorectal (non PSC-IBD)
Myeloma
Breast
Prostate

2-3
37-144
6-38
20
7-13
10-15
3-10
2-4
3
2
Not increased
Not increased
Not increased
Not increased

RISK FACTORS FOR POST LIVER
TRANSPLANT CANCER

PSC-IBD: Primary sclerosing cholangitis inflammatory bowel disease.

Several factors contribute to the increased risk of cancer
following liver transplantation. Factors such as age of the
recipient, time since transplant (which represents the duration of immunosuppression) and intensity of immunosuppression are associated with an increased overall risk
of cancer. Different immunosuppressive agents are likely
to influence the cancer risk differently. Immunosuppressive agents are often used in combination, and for most
recipients, depending on their co-morbidities and the risk
of rejection, the choice and dose of immunosuppressive
agents vary during their post transplant period, and this
makes it difficult to estimate the risk of cancer with individual agents. Some types of cancers are associated with
specific risk factors and these are discussed below.

which have metastasised[16].

TRENDS IN ORGAN DONATION AND
THEIR IMPACT ON THE RISK OF CANCER
TRANSMISSION
The gap between the supply of and demand for donated
organs has remained wide in spite of increasing donation
rates[1]. The average donor is getting older, more obese
and the proportion of donors following circulatory death
is increasing[1]. With increasing waiting times for transplantation and the consequent morbidity and mortality
for patients on the transplant waiting-list, organs from
donors with previous cancer and other co-morbidities,
history of tobacco and alcohol use are being offered for
transplantation. In the United Kingdom, the rates of
adults continuing to smoke and drink harmful amounts
of alcohol remain high[27,28], in spite of the measures such
as minimum age limit for sale of alcohol and tobacco,
banning of smoking in public places and restrictions on
advertising. Therefore, the chances of a donor having an
occult cancer and transmitting it to the recipient are likely
to increase.

Non-melanoma skin cancer
Non-melanoma skin cancer (NMSC) comprise the most
common group of cancer seen after liver transplantation
with a highest increase in risk among all cancers as compared against matched non-transplant population. NMSC
are often a late complication of liver transplantation with
a mean time from transplant to diagnosis of 50 mo[37].
Apart from widely recognised risk factors such as sun
exposure, lighter skin colour and intensity of post transplant immunosuppression, increased risk of NMSC is
also noted to be associated with higher age at transplantation, male gender[38] and excess alcohol consumption[39].

DE NOVO CANCER AFTER LIVER
TRANSPLANTATION

Post-transplant lymphoproliferative disorder
Post transplant lymphoproliferative disorder (PTLD) is
unique for a number of reasons. It is a cancer that is entirely caused by medical intervention (i.e., transplantation),
is one of the few cancers which can develop de novo in the
early post transplant period and is often fatal. It is also
highly responsive to immunosuppression and is attributable to a viral infection. The risk of PTLD is increased in
patients who are not exposed to Epstein-Barr virus (EBV)
before transplantation[40] more so in paediatric recipients
and in the early post transplant period. The impaired T
lymphocyte activation as a result of post transplant im-

Long-term survival of liver transplant recipients is related to sustained functioning of the graft, which nearly
always depends on effective immunosuppression. Although different immunosuppressive agents block different intra-cellular pathways, the end-result of posttransplant immunosuppression is the blocking of T-cell
activation when presented with an alloantigen. As this is
not specific to allograft, the immune response to other
foreign antigens is also suppressed, resulting in an increased risk of some infections and malignancies. Liver
transplant recipients are at an increased risk of cancer as
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munosuppression results in uncontrolled proliferation
EBV-infected B cells[41,42]. The overall immunosuppressive burden is an important factor in determining the risk
of development and also the outcome of PTLD and the
epidemiological evidence indicated that the risk is particularly related to use of anti-thymocyte globulin (ATG)
and OKT3[43]. Liver transplantation for certain indications
such as hepatitis C[44-46] and alcoholic liver disease[44,45]
is also shown to be associated with an increased risk of
PTLD. Reasons for this are not clear.

particularly in paediatric recipients. Avoidance of sun
exposure and protection against prolonged sun exposure
should be advised to all the recipients. As a general rule,
the intensity of immunosuppression should be kept to
a minimum and in particular combining several risk factors which increase the risk of post transplant cancer
should be avoided, for example, induction using ATG
or OKT3 should be avoided in a EBV seronegative recipient receiving a liver from a EBV seropositive donor.
Liver recipients (who are not infected with hepatitis B)
should be routinely vaccinated against hepatitis B. Information should be provided regarding the risk factors
which may be pre-existing (such as viral infections, past
smoking) or non-modifiable (such as age, gender, ethnicity, skin colour) including their influence on the risk
of post transplant cancer. Early symptoms of common
cancers should also be discussed in order to facilitate
early detection. There is limited evidence demonstrating
the benefits of specific screening protocols after liver
transplantation. The risk of cancers which are common in the general population and which are routinely
screened such as cancer of breast, colon, prostate and
cervix is not uniformly elevated in all recipients of liver
transplantation. Therefore, it is advisable to use for liver
recipients, the same screening guidelines that are used for
non-transplant population. With regards to screening for
other cancers, high quality evidence is lacking. Some studies suggest modified screening recommendations in specific sub-groups[37] such as annual colonoscopies for liver
recipients with PSC-IBD. Other screening interventions
such as annual dermatological examination, annual chest
X-ray and laryngological examination for patients with
history of alcohol and tobacco consumption have been
recommended[51] but in absence of strong evidence of
benefit, these should be used in accordance with policies
of individual transplant centres and the assessment of
benefit to individual patients. Management of post liver
transplant cancers should be along the lines of cancers in
non-transplant population with specific attention to minimalisation of immunosuppression in such recipients.
In summary, cancer is a significant challenge in recipients of liver transplantation and is one of the leading causes of late mortality. Donor transmitted cancer
is rare but is frequently associated with poor outcome.
Detailed assessment of donors should be performed
before accepting the livers for transplantation and informed consent of the recipients should be obtained in
all cases. Strategies for managing de novo cancer following
liver transplantation should include intensive approach
to eliminate or reduce risk factors such as smoking and
alcohol and judicious use of screening techniques.

Upper aero-digestive tract cancers
This group includes cancer of the oral cavity, pharynx,
larynx and oesophagus. The risk is increased up to 15
times after liver transplantation, particularly in recipients
whose indication for transplantation was alcoholic liver
disease[32]. Higher association of cigarette smoking with
excess alcohol consumption is considered as a significant
factor in several studies[30,39,44] but an increased risk of
oral and pharyngeal cancers with alcohol consumption
independent of smoking has also been demonstrated
in non-transplant population[47]. Several mechanisms by
which alcohol may increase the risk of cancer have been
described including impaired ability of cells to repair
DNA resulting in increased expression of oncogenes,
carcinogenic alcohol metabolites such as acetaldehyde,
alcohol-mediated induction of CYPP450 family of enzymes which enhance the metabolism of tobacco into
carcinogenic free radicals, decreased levels of retinoic acid
which has anti-carcinogenic effect and decreased methylation of certain oncogenes resulting in their increased
expression[48].
Colorectal cancer
The risk of colorectal cancer is increased in non-transplant patients with primary sclerosing cholangitis (PSC),
much more so in patients with PSC and inflammatory
bowel disease (PSC-IBD)[49]. After liver transplantation,
the risk of colorectal cancer is increased up to 3 times
in patients with PSC-IBD[31,50]. This increased risk has
been attributed to a combined effect of post transplant
immunosuppression and IBD related colorectal mucosal
inflammation.

PREVENTION AND MANAGEMENT
OF CANCER AFTER LIVER
TRANSPLANTATION
Risk reduction
All the transplant recipients should be counseled regarding the benefits of cessation of smoking and alcohol
consumption. This should ideally be started at the time
of listing for transplantation and continued for as long
as needed even after transplantation. Screening for EBV
should be performed in all recipients and where possible, the benefits of matching the donor and the recipient status for their EBV status should be considered,
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Core tip: Complications after orthotopic liver transplantation (OLT) still constitute a significant cause of morbidity and graft loss. Prompt diagnosis is then essential
in order to address patients to most proper treatment
and assure graft and patient survival, especially in the
case of vascular and biliary complications. The review
focuses on: (1) the state-of-the-art role for different
imaging modalities in assessing post-OLT complications, together with practical recommendations for their
use; and (2) future perspective for quantitative imaging
modalities in non-invasively assessing primary hepatic
complications (for which the role of conventional imaging is still limited), using human C virus recurrence as
the most exemplificative scenario.

Abstract
Orthotopic liver transplantation (OLT) represents a
major treatment for end-stage chronic liver disease, as
well as selected cases of hepatocellular carcinoma and
acute liver failure. The ever-increasing development of
imaging modalities significantly contributed, over the
last decades, to the management of recipients both in
the pre-operative and post-operative period, thus impacting on graft and patients survival. When properly
used, imaging modalities such as ultrasound, multidetector computed tomography, magnetic resonance imaging (MRI) and procedures of direct cholangiography
are capable to provide rapid and reliable recognition
and treatment of vascular and biliary complications occurring after OLT. Less defined is the role for imaging
in assessing primary graft dysfunction (including rejection) or chronic allograft disease after OLT, e.g. , hepatitis C virus (HCV) recurrence. This paper: (1) describes
specific characteristic of the above imaging modalities
and the rationale for their use in clinical practice; (2)
illustrates main imaging findings related to post-OLT
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as selected cases of hepatocellular carcinoma (HCC) and
acute liver failure[1,2]. Because of progressive refinements
in patient selection, surgical technique, organ preservation and immunosuppressive agents, long-term outcome
after the intervention has significantly improved over the
last decades, with 5-year graft and patient survival rates
of 67% and 74%, respectively[3]. The overwhelming evolution of imaging techniques that has occurred in parallel significantly contributed to reducing morbidity and
mortality after OLT[4]. Indeed, last generation imaging
techniques have the capability to provide rapid and reliable answers to inquiries coming from surgeons, hepatologists, anesthetists and pathologists forming the OLTteam. In the pre-operative period, imaging is essential in
selecting adequate transplant candidates and planning
surgery, e.g., by defining biliary and vascular anatomy in
living-donors and recipients[5] or evaluating whether patients with HCC fulfill the criteria for transplantation[2].
In the post-operative period, the main role for imaging
modalities is monitoring patients and assessing early and
late complications, thus significantly influencing postOLT management and contributing to increase graft and
patients survival[3,5].
A variety of diagnostic and interventional imaging
modalities are currently available in the field of liver
transplantation. Radiologists and referring clinicians
should be aware of the specific capabilities of each of
them, in order to maximize rapidity and efficacy of the
diagnosis, especially in the case of life- and graft-threatening vascular and biliary complications. Less defined is
the role of imaging in assessing OLT complications primarily affecting the graft, including rejection or hepatitis
C virus (HCV) recurrence. In this paper, we describe and
illustrate the state-of-the-art role for imaging techniques
in evaluating and managing adult patients in the postoperative period. We also describe future perspectives
in the assessment of primary hepatic complications,
for which the goal of imaging is to replace biopsy with
noninvasive tools. Given the available clinical and radiological evidence, we focus on HCV-infected recipients as
the most exemplificative scenario, with special emphasis
on magnetic resonance imaging (MRI). Because of the
paucity of specific radiological literature, detailed review
of other clinical settings, such as that of human B virus
(HBV)-patients, is beyond the purpose of this paper.

Clinical suspicion

US (B-mode + Doppler)
Normal

Consider biopsy to
exclude PHC
or
Consider clinical and
laboratory follow-up

Biliary
complications

MDCT/MDCTA

T-tube
cholangiography
± MRI/MRCP

Interventive angiography
or
Percutaneous drainage
or
Surgery

Interventive
ERC/PTC
or
Surgery

Figure 1 Suggested workflow for the assessment and management of
post-transplant complications. US: Ultrasound; MDCT: Multidetector computed tomography; ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous transhepatic cholangiography; MDCTA: Multidetector computed tomography
angiography; PHC: Primary hepatic complications.

to detect or exclude complications of vascular and biliary
origin, in order to assure prompt treatment and graft survival. Ultrasound (US), multidetector computed tomography (MDCT), MRI and procedures of direct cholangiography are currently the main imaging tools used for this
purpose. Figure 1 illustrates the imaging workflow used
in our institution to assess post-OLT complications with
the above modalities.
US
The first-line imaging modality to evaluate post-OLT
patients is US, using both grayscale and color Doppler
examination. US is accessible and can be performed at
patient’s bedside, providing a quick evaluation of the
hepatic parenchyma, perihepatic region, biliary tree and
vasculature. On the other hand, US lacks panoramicity
and is affected, especially in the immediate postoperative
period, by fixed patient positioning and limited acoustic windows (related to bowel gas and surgical dressing
material). Despite these limitations, US was proven to
be accurate and reproducible when performed by skilled
operators[7]. Accordingly, US is used to screen complications or follow-up minor findings, usually by performing
serial examinations scheduled according to center-specific
protocols[8]. In our institution, the baseline examination
is performed within few hours of surgery, followed by
daily controls until hospital discharge. Close US controls
are essential in the surveillance for early graft-threatening
complications, as recently emphasized by some investigators[9], who proposed an implantable continuous Doppler
monitoring device to screen patients for hepatic artery
thrombosis.
B-mode evaluation permits to assess the homogeneity
of graft echotexture and bile ducts caliber, as well as the
presence of perihepatic and intra-abdominal free fluid
or collections. Pulsed and color Doppler examination is
used complementarily to investigate vessels patency and
flow spectra. Emphasis has been placed on correct opti-

IMAGING MODALITIES IN ASSESSING
POST-OLT PATIENTS
A variety of complications may occur after OLT, as
shown in Table 1. Despite defined characteristics and
time of presentation, complications frequently show a
largely overlapping spectrum of clinical and laboratory
findings[5]. In the early post-OLT period, the most difficult differential diagnosis is between rejection, which can
be definitively assessed by graft biopsy only, and vascular
and/or biliary complications impairing the graft function[6]. On this basis, the aim of state-of-the-art imaging is
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Table 1 Overview of main complications occurring after liver transplantation
Type of complication

Prevalence in adult
OLT patients

Vascular complications
Hepatic artery complications
Hepatic artery thrombosis

3%-10%

Hepatic artery stenosis

2%-10%

Pseudoaneurysm

Portal vein complications
Thrombosis
Stenosis

IVC and hepatic vins complications
Thrombosis and stenosis

Hemorrhage
Biliary complications
Bile leak

Biliary obstruction - anastomotic
strictures
Biliary obstruction - NAS and ITBL

Stones, casts and sludge

Rare

1%-13%
1%-2%
1%

Rare
< 1%

Up to 3%
11%-30%
4%-5%

Up to 17.6%

5%-10%

5.70%

Common

Chronic ductopenic rejection

Up to 17%

WJG|www.wjgnet.com

Time of onset from OLT

Rejection
End-to-end anastomosis
ABO blood group incompatibility
Prolonged cold ischemia time of the graft
Pediatric transplant
Rejection
Poor surgical technique
Clamp injury
Angioplasty
Liver biopsy
Focal infection

Weeks to months

Technical problems during surgery
Excessive vessel length
Discrepancy between donor and recipient calibers
Hypercoagulability state
History of previous thrombosis

Variable
Variable

Size discrepancy between donor and recipient vessels
Suprahepatic caval kinking from liver rotation
Surgical technique
Hypercoagulability state
Compression from graft edema or adjacent fluid collection
Chronic thrombus
Neointimal hyperplasia
Retransplantation
Pediatric OLT
LDLT (hepatic vein stenosis)
Piggyback anastomosis

Variable

9%

Primary hepatic complications
Acute cellular rejection

Other causes of graft dysfunction
Collections, hematoma, abscess

Risk factors

-

Within first 3 mo

Variable

Early from OLT

T-tube displacement or removal (T-tube leak)
1-3 mo
Technical failure during surgery (anastomotic leak)
HAT (nonanastomotic leak)
Ischemic-related injury, immunologically-related injury,
cytotoxic injury induced by bile salts (nonanastomotic leak
in pts. without HAT)
Roux-en-Y choledochojejunostomy
Within 1 yr
Anastomotic leakage
Technical factors
HAT (NAS)
Within 6 mo (NAS)
Microangiopathic injury (prolonged warm or cold ischemia
After 6 mo (ITBL)
times) (ITBL)
Immunogenic injury (AB0 incompatibility between donor
and recipient, chronic ductopenic rejection, primitive
sclerosing cholangitis) (ITBL)
cytotoxic injury by bile salts (ITBL)
Anastomotic and nonanastomotic biliary strictures
Within 1 yr (casts and sludge)
Presence of T-tube or stent
After 1 yr (stones)
Hepaticojejunostomy
Ischemia
Infections
Alteration in bile composition
Immunosuppression
Transplantation for cholestatic disease
Preservation injury
Retransplant for chronic rejection
Transplant for cholestatic disease
CMV infection
Low levels of immunosuppression
Variable
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Biloma

-

Hematoma, seroma
Abscess

-

Malignacies
HCC recurrence
PTLD

Rare
0.0%-2.9%

Bile leakage
HAT
HAS
Surgical technique
Collections
Bacteremia

Depends on the cause

Selection criteria beyond Milan criteria
EBV infection
CMV donor-recipient mismatch
CMV disease

Years
Within 1 yr

Depends on the cause
Depends on the cause

Data from[3,5-6,12,16,25,30,60,65]. OLT: Orthotopic liver transplantation; IVC: Inferior vena cava; HAT: Hepatic artery thrombosis; NAS Nonastomotic strictures;
ITBL: Ischemic-type biliary lesions; EBV: Epstein–Barr virus CMV: Cytomegalovirus.

MDCT
In post-OLT patients, MDCT is indicated when clinical
and/or US findings are equivocal or suspicious for major
complications requiring pre-treatment confirmation. As a
general rule, MDCT should be the second-line modality
of choice for the assessment of vascular abnormalities
and intrahepatic or abdominal complications, both in the
early and late post-OLT period[16]. Indeed, Computed Tomography provides a rapid and panoramic representation
of the whole abdomen (and possibly the thorax) with
high spatial and temporal resolution, thus making possible to incorporate both angiographic (MDCT angiography; MDCTA) and parenchymal studies into a unique
examination session[17].
Given the fact that last-generation equipments permit
to scan large body volumes in few seconds, the overall
duration of MDCT examination is short, which is a further advantage in order to obtain rapid diagnosis and better image quality in critical and less collaborating patients,
e.g., by reducing respiratory artifacts. Major drawbacks
concerning the use of MDCT are related: (1) to X-ray
exposure, which should be avoided in younger patients
with the need of repeated examinations; and (2) to contraindications to iv administration of iodinate contrast
agents, including renal function impairment and history
of adverse reactions.
In summary, MDCT/MDCTA should be used as
the preferred second-line modality of choice after US in
order to rapidly and panoramically evaluate vascular complications and the effects of vascular complications on
the graft.

mization of Doppler technique[3], using appropriate angle
to provide reliable and reproducible spectra and velocity
measurements. Low wall filter, highest gain without background noise, and lowest pulse repetition frequency without aliasing are additional basic requirements to maximize
Doppler examination, e.g., in order to detect low flow or
avoiding misdiagnosis of hepatofugal flow[3,5,7].
When the interpretation of Doppler studies is inconclusive or challenging, contrast-enhanced US (CEUS) has
been advocated as a tool to provide additional, relevant
clinical information in assessing arterial and venous
stenosis and fistulas, liver infarction and necrosis, liver
abscess, hematomas, acute bleeding, and malignancy[10].
Furthermore, CEUS has been reported to be less sensitive than US to hearth-related artifacts, respiration, or
lack of patients compliance[11]. Second-generation perfluorocarbon-based contrast agents are currently recommended, since the persistence in the bloodstream exceeds
that of first generation, air-based microbubble contrast
agents[12,13]. CEUS has been recommended in the case of
inconclusive Doppler examination of the graft vasculature to reliably assessing hepatic artery thrombosis or stenosis, as well as evaluating the shape and patency of the
caval and portal anastomoses. Alternatively, CEUS may
guide targeted Doppler reassessment of arterial branches
in order to provide ultimate differentiation between
thrombosis and slow flow caused by vasoconstriction or
splenic steal[14]. Indeed, microbubbles persisting in the
late phase enhance the Doppler signal, which is of help
in investigating small vessels missed without contrast.
Additional indications to CEUS include: (1) to search for
active bleeding; (2) to exclude perfusion defects when
parenchymal infarction is suspected; and (3) to monitor
the effects of thrombolysis after hepatic artery thrombosis[14]. Moreover, some authors showed the feasibility
of US-cholangiograms by injecting sonographic contrast
medium into the T-tube[15]. Such an approach has been
advocated as a “quick and dirty” evaluation for bile leakage at patient’s bedside, showing good image quality and
diagnostic accuracy.
In summary, US/CEUS should be used as the firstline imaging to screen patients for post-OLT complications, especially vascular complications such as hepatic
artery thrombosis.
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MRI
State-of-the-art MRI using 1.5 or 3.0 T magnets is the
preferred noninvasive modality to investigate biliary
complications. For this purpose, magnetic resonance
cholangiography (MRC) technique is required as the core
of an MRI examination. MRC enables a panoramic and
detailed representation of bile ducts, which appear as
markedly hyperintense structures over a low-signal background. This elective representation is based on heavily
T2-weighted sequences and requires no iv administration
of gadolinium-based contrast agents, which is of help
in patients with renal function impairment at risk of de-
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Figure 2 T-tube cholangiography. A: The examination performed few days after liver transplant in a 28-year-old female with primary sclerosing cholangitis shows
bile leakage at the anastomotic site (black arrows); B: Fifty-six year-old male recipient. Coronal maximum intensity projection reconstruction from unenhanced multidetector computed tomography scan shows contrast medium extravasation in the right subhepatic space, suggesting T-tube rupture (white arrows).

veloping nephrogenic systemic fibrosis (NSF), i.e., those
with a glomerular filtration rate lower than 30 mL/min[18].
Two different techniques are currently available,
namely 3D and 2D MRC, based on volumetric fast spin
echo (FSE) and 2D single-shot FSE (SS-FSE) sequences,
respectively. The 3D technique is acquired during normal patient respiration, and provides numerous thin
slices with higher signal-to-noise ratio and spatial resolution as a base for multiplanar reformations ad volumetric
reconstructions[19]. The 2D technique is acquired more
rapidly, during few and short breath-holds for each thick
slab, thus reducing the effect of respiratory artefacts on
image quality, even if at price of less defined anatomic
detail, unless higher magnetic field strength is used (3.0
T)[20].
Regardless of the technical variant, whose use depends on institutional preferences and expertise, MRC
has the advantage to noninvasively depict the biliary system without direct contrast injection, contrary to what
occurs in direct cholangiography procedures. As a consequence, bile ducts are represented: (1) in their normal
state, rather than artificially dilated by contrast pressure;
and (2) below and above obstruction sites[21], thus making visible the whole biliary tract, regardless of impaired
contrast passage. Alternatively, MRC can be performed
using a T1-weighted sequence after iv administration of
hepatobiliary contrast agents (gadobenate dimegluime or
gadoxetic acid), that are eliminated at a various amount
through the biliary tree[22]. T1-weighted approach is useful to complement conventional T2-weighted MRC in
demonstrating bile leakage or in evaluating bileo-digestive
anastomosis and bile cast syndrome[23].
One might argue that MRC delays diagnosis when
interventional procedures like endoscopic retrograde
cholangiography (ERC) or percutaneous transhepatic
cholangiography (PTC) are finally needed. However,
a positive MRC examination provides a road map of
the surgically altered biliary anatomy, which is crucial in
planning ERC/PTC or surgery. Additionally, the high
negative predictive value inherent to MRC is useful to
avoid unnecessary invasive procedures in patients with
negative findings[23]. Disadvantages of MRI/MRC consist
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in reduced availability, costs and prolonged scan time, especially when “all-in-one” examinations are required. Image quality may be significantly affected by respiratory or
motion artefacts in more compromised patients, as well
as in the presence of ascites, especially when using MRC.
Finally, it should be kept in mind that, although sensitive
in assessing biliary strictures (accuracy of 92.3%)[24], MRC
tends to overestimate them, especially when evaluated on
maximum intensity projection (MIP)-reconstructions[25].
Stricture assessment should be performed on 2D images
or thin source images when using the 3D technique.
In summary, MRI using MRC is the second-line modality of choice after US for evaluating suspicious biliary complications. In selected cases (e.g., less compliant
patients), more rapid “quick and dirty” evaluation of the
biliary tree can be performed by MDCT or during interventive ERC and PTC.
Direct cholangiography procedures
After OLT, a T-tube can be left within the reconstructed
common bile duct for 1 to 3 mo in order to (1) monitor
bile quality and quantity; and (2) perform cholangiography examinations. The use of the T-tube has significantly
decreased over the last years. However, if there is a T-tube
in place, T-tube cholangiography can be easily performed
under fluoroscopic or MDCT guidance to demonstrate
biliary leakage in the immediate post-operative period
(Figure 2). According to Singh et al[6], T-tube cholangiography should be preferred over MRC because the distension of the bile ducts with contrast medium permits better stricture analysis and functional assessment. However,
once the tube is removed, alternative imaging methods
must be used.
ERC and PTC provide a panoramic and detail representation of both intra- and extra-hepatic biliary tree.
However, these invasive modalities should be avoided for
diagnostic purposes in patients with low clinical suspicion, because of the risk of bleeding, infection and other
complications[21,26]. ERC and PTC are currently indicated
as interventional procedures in the case of biliary obstruction, e.g., by removing stones, performing balloon
dilatation or placing stents or biliary drainage[6]. When
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Figure 3 Common vascular anatomy after liver transplant on multidetector computed tomography images. Volume rendering reconstruction (A) and curvedmaximum intensity projection (MIP) reconstruction (B) show conventional “fish-mouth” end-to-end anastomosis (arrow) between donor and recipient arterial vessels.
Portal vein (C) is usually reconstructed with an end-to-end anastomosis (arrow) between donor and recipient portal veins, as shown in the coronal MIP reconstruction.
“Piggyback” reconstruction (D) of the inferior vena cava (IVC), in which an end-to-side anastomosis is performed between the donor IVC (arrow) and the common
stump of recipient hepatic veins (arrowheads). The anastomotic site is indicated by the arrow in the coronal MIP reconstruction (E).

A

Figure 4 Biliary anatomy after liver transplant on magnetic resonance cholangiography images. A: End-to-end anastomosis (arrow)
between the donor common bile duct and the recipient common hepatic
duct, as shown in this coronal T1-weighted magnetic resonance cholangiography (MRC) obtained after iv administration of an hepatobiliary
contrast agent (gadoxetic acid); B: In the case of technical challenge, retransplantation or primary sclerosing cholangitis as the cause of the transplant, choledochojejunostomy using a Roux-en-Y anastomosis (arrow) is
performed, as shown in this maximum intensity projection reconstruction
from a T2-weighted, 3D MRC examination.

B

feasible, preliminary cross-sectional imaging is recommendable in order to provide a road-map for planning
interventional procedures.

and the recipient branch point of the gastroduodenal and
proper hepatic arteries. It is important to know whether
alternative surgical techniques have been used in vessel
reconstruction, e.g., (1) by interposition of an arterial
jump (usually a donor iliac artery) between the donor hepatic artery and the recipient aorta[27]; (2) by insertion of
a venous jump (usually, a segment of the donor iliac vein)
between the donor portal vein and the recipient mesenteric superior vein[28]; and (3) by directly anastomosing
the recipient hepatic artery to the donor portal vein[17].
The knowledge of reconstructed anatomy is essential
to correctly identify vascular and biliary structures, and
especially anastomoses, because complications often arise
from these sites.

IMAGING FINDINGS IN THE
POST-OPERATIVE PERIOD
The goal of imaging in the post-operative period is to
assess early and late OLT complications (Table 1). Preliminary to image analysis, some basic information on
surgical technique is needed in order to correctly interpret patients anatomy and imaging findings. Radiologists
should be aware of the type of transplantation (e.g., left/
right split-liver transplant or living donor liver transplantation), type and number of vascular anastomoses (Figure
3) and type of biliary reconstruction (Figure 4). Regarding the hepatic artery, common sites of anastomosis are
the donor junction between hepatic and splenic artery
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Normal findings after OLT
Normal post-OLT imaging findings mirror some “physiologic” effects of the surgical procedure. Not surpris-
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Figure 5 Normal postoperative fluid after liver transplant. Coronal (A) and axial (B, C) T2-weighted single-shot turbo-spin echo magnetic resonance images
acquired in a 48 year-old male few days after the intervention show a large fluid collection in the right subhepatic space (arrowheads in A) and a small amount of free
fluid in the perihepatic and perisplenic space (arrowheads in B). It is not infrequent to observe a small fluid collection in the retrohepatic space, around the cavo-caval
anastomosis (arrowheads in C).

A

B

Figure 6 Normal findings doppler ultrasound after the transplant. A: Normal hepatic artery waveform shows a rapid systolic upstroke followed by continuous diastolic flow; B: Portal flow is continuous, hepatopetal and monophasic, with mild respiratory variations that may be masked by increased velocity and flow turbulence,
sometimes persisting even in the late post-operative period. PSV: Peak systolic velocity; EDV: End diastolic velocity; RI: Resistance index.

ingly, then, it is frequent to observe small amounts of
right-sided pleural effusion, ascites or free fluid in the
perihepatic region or intersegmental fissure[29]. Additionally, small fluid collections and/or hematomas can
be found in the right subhepatic space, as well as along
parenchymal resection margin after split liver-OLT and
LDLT (Figure 5). Owing to the surgical removal of normal peritoneal reflections, the bared area of the liver is a
typical site for fluid an hematoma accumulation[7].
Concerning reconstructed vessels, it is important to
emphasize that Doppler US of the normal hepatic artery often shows resistive index (RI) greater than 0.80 in
the early postoperative period. Since diastolic velocities
increase over few days from OLT, flow spectra rapidly
normalize to a rapid systolic upstroke with continuous diastolic flow, an acceleration time less than 80 ms and a resistive index between 0.5 and 0.7[3,30] (Figure 6). Increased
RI is associated with older donor age and prolonged
ischemia time, although it is not predictive of complications[31]. Postoperative edema has been interpreted as the
cause for mild narrowing that can be frequently observed
in the early postoperative period along the portal vein
course at the porta hepatic[29]. Normal portal flow at
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Doppler US is continuous, hepatopetal and with mild respiratory variation[3], although it is not unusual to observe
high velocity and turbulent flow in the first postoperative
days (Figure 6). Of note, normally reconstructed portal
vein may show mild narrowing at the anastomotic site,
as a consequence of a significant discrepancy in the size
of donor and recipient vessels (Figure 3)[29]. Intrahepatic
postanastomotic helical-like flow can be observed when
the discrepancy in size between donor and recipient portal vein is greater than 50%. In this circumstance, the use
of color Doppler is of help in avoiding the misdiagnosis
of hepatofugal flow[32]. Sonographic detection of portal
venous gas has been described as a transient, additional
normal finding in the postoperative period[33].
Concerning bile ducts, mild anastomotic narrowing
is a frequent cholangiographic and MRC finding that
should be interpreted as normal, unless biliary dilatation
upstream and symptoms of biliary origin are present
(Figure 4)[34]. In most cases, anastomotic narrowing is
the effect of surrounding edema, resolving during the
first week after OLT[35]. In our experience, anastomotic
narrowing is a common finding, especially in the case of
donor-to-recipient common bile duct disproportion, in
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Figure 7 Periportal edema on magnetic resonance diffusion-weighted imaging. Axial b = 500 s/mm2 diffusion-weighted images acquired on a 54-year-old male
patient show a thin rim of hyperintense signal surrounding intrahepatic portal branches (arrows in A and B).

which the recipient common bile duct is larger than the
donor hepatic duct[34].
Transplantation implies the interruption of normal
lymphatic drainage, causing lymphedema. In the immediate postoperative period, lymphedema manifests with
small reactive lymph nodes in the porta hepatis and portocaval space[29] and, more importantly, as periportal edema[36]. Periportal edema is better appreciated on CT and
MRI images, presenting as a periportal collar of fluidattenuating or high signal intensity on T2- or diffusionweighted images, respectively (Figure 7), and should not
be interpreted as a sign of acute rejection[36].
The correlation with the clinical and biochemical status of patients is of primary importance in order to avoid
misinterpretation of normal post-OLT findings. However, major criterion in the differential diagnosis with complications is the transient nature, since the above findings
tend to resolve in a few weeks after the intervention[6].

Doppler US is the first-line modality to evaluate HAT,
showing 92% diagnostic accuracy[39]. Diagnosis is made
when no Doppler signal is found along the hepatic artery
distribution. Of note, a normal hepatic flow detected at
the porta hepatis does not exclude HAT at a different
location[40]. It is then essential to evaluate carefully the
anastomotic site, when possible, and extend Doppler
study to right and left branches of the hepatic artery.
False-positive results at Doppler US have been related to
low cardiac output, arterial spasm or severe parenchymal
edema, whereas false-negative results may be the consequence of flow signal from collateral arteries that have
been formed in the periportal space during subacute or
chronic HAT evolution[3,5]. Collateralization should be
taken into account when Doppler US shows extra-or
intrahepatic “parvus-tardus” flow waveforms similar to
that of significant arterial stenosis, with slowed systolic
acceleration time (> 0.08 s) and RI less than 0.5[41,42]. In
our experience, collaterals often show dampening of the
systolic peak with normal RI. In doubtful cases, CEUS
was proven to improve flow recognition[43,44], obviating
arteriography in 62.9% of inconclusive Doppler US results. Hom et al[43] showed 100% sensitivity and specificity using a second-generation perfluorocarbon contrast
agent[13].
In the case of suspicious or inclusive Doppler US,
MDCTA or magnetic resonance angiography (MRA)
are required to confirm HAT[3]. Thrombus appears as a
filling defect within the hepatic artery or hepatic artery
amputation, associated with intrahepatic infarction areas,
bilomas or abscesses and signs of biliary obstruction in
the case of biliary strictures (Figure 8). In our experience,
MDCTA outperforms MRA both in terms of image
quality, scan duration and feasibility in more compromised patients, in accordance with previous results[31].
Digital subtraction angiography is usually reserved to interventional procedures when indicated by clinical conditions and cross-sectional imaging findings.

Vascular complications
Hepatic artery thrombosis: The most common and
challenging vascular complication after OLT is represented by hepatic artery thrombosis (HAT). Because of the
surgical sacrifice of collateral branches originating from
the arterial network surrounding the extrahepatic biliary
tree, the hepatic artery remains the sole blood supply to
the bile ducts[37]. As a consequence, HAT has a devastating effect on the biliary epithelium, inducing biliary ischemia and necrosis rapidly if untreated. Clinically, HAT is
a potential cause of fulminant hepatic necrosis with graft
dysfunction. However, most patients present with an insidious subacute scenario of mild alteration of liver function tests, which evolves into a combination of bile leaks
with intrahepatic bilomas formation, anastomotic bile
duct stricture, perihepatic fluid collections, bile peritonitis
and sepsis. Recurrent bacteremia is frequent, being associated with bilomas superinfection, intrahepatic abscesses
and nonanastomotic strictures[3,5]. Prompt recognition of
HAT is essential, since surgical thrombectomy or thrombolysis are frequently ineffective once patients become
symptomatic, thus leading to the need of retransplantation[38].
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Other hepatic artery complications: Hepatic artery
stenosis (HAS) is the second, most frequent complication
involving the hepatic artery after OLT. Clinical presenta-
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Figure 8 Sequels of hepatic artery thrombosis in a 28-year-old female patient transplanted for primary sclerosing cholangitis. Coronal maximum intensity
projection reconstruction (A) from multidetector computed tomography (MDCT) arterial angiographic phase shows abrupt interruption of the hepatic artery at the anastomotic site (arrow). The venous phase from the same MDCT examination (B) shows subhepatic and intrahepatic hypoattenuating fluid collections that were shown
to be bilomas at T-tube cholangiography (arrows in C). Magnetic resonance imaging shows rapid evolution to massive liver infarction on axial T2-weighted single-shot
turbo-spin-echo imaging (D), with multiple intra- and extrahepatic biliary strictures on magnetic resonance cholangiography (arrows in E). Patient required urgent retransplantation.

tion varies from mild elevation of liver function tests to
severe graft dysfunction[45], depending on the degree of
the stenosis. Indeed, worsening stenosis may cause HAT
and/or liver ischemia, which in turn may result in multiple biliary strictures, sepsis, and graft loss. The major
purpose for imaging is to detect HAS early, in order to
plan proper treatment, i.e., surgical reconstruction or balloon angioplasty depending on the timing from OLT and
the location and length of the stenosis[5,46,47]. Prompt intervention leads to prolonged patients and graft survival
(about 65% and 56% at 4 years, respectively)[45]. Doppler US is the modality of choice for screening patients
postoperatively. Flow alterations in the presence of HAS
include an increase in peak systolic velocity at the site of
stenosis (> 200 cm/s), poststenotic turbulent flow and
parvus-tardus waveform at intrahepatic samples (acceleration time > 0.08 s and RI < 0.5)[41]. Park et al[48] found
that the combination of the parvus-tardus waveform and
a peak intrahepatic arterial systolic velocity ≤ 48 cm/s
provides an increase in specificity and positive predictive
value in the assessment of HAS. MDCTA or MRA with
image reformation and three-dimensional reconstruction
are used to assess the site, extent and severity of the focal
narrowing of the vessel (Figure 9). It has been reported
that MRA tend to overestimate the stenosis, with the risk
of inducing a relatively high false-positive rate[49].
Further complications involving the hepatic ar-
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tery include pseudoaneurysm and arterioportal fistula.
Pseudoaneurysm is a rare event, occurring either at the
anastomosis, typically after angioplasty, or within the
liver as an effect of biopsy, biliary intervention or focal
infection[7,50]. Although found incidentally in most cases,
pseudoaneurysm should be treated promptly with surgery or endovascular approach, since rupture may cause
intraperitoneal bleeding, acute shock and hemobilia or
gastrointestinal hemorrhage via fistula formation[28]. On
imaging, pseudoaneurysm appears as a cystic structure
abutting the vessel course, showing turbulent, bidirectional or even slow monophasic flow on Doppler US[28,31].
Every anechoic collection near the hepatic artery should
be carefully evaluated with Doppler US to rule out pseudoaneurysm (Figure 10)[6,31]. Lesion confirmation is obtained by MDCTA or MRA, which depict contrast distribution within the lesion similar to that of arterial vessels.
Arterioportal fistula is a common sequel of liver biopsies
performed during the first week after OLT. However, arterioportal fistula resolves spontaneously in 90% of cases
after a week[3]. Fistulas are easily detected on MDCTA,
appearing as early enhancement of a portal branch during
the arterial phase. The supplied parenchyma often shows
a wedge-shaped transient hepatic attenuation difference
(THAD)[6].
Portal vein thrombosis and stenosis: Portal vein
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Figure 9 Hepatic artery stenosis. Stenosis is visible (arrowheads) on curved thick-multiplanar reformation from multidetector computed tomography angiography (A)
and digital subtraction angiography (B) performed to place a stent.

A

B

Figure 10 Pseudoaneurysm of the hepatic artery following angioplasty in a 63-year-old male transplanted patient. A: Color Doppler examination shows a cystic formation near the hepatic artery, with a complex flow waveform related to partial thrombosis: high velocity peaks (blood inflow) are followed by diastolic reversal
flow (outflow); B: Pseudoaneurysm has been confirmed by digital subtraction angiography by showing contrast filling.

thrombosis (PVT) has been associated to risk factors
shown in Table 1, but can occur also in the case of
elevated downstream flow resistance (e.g., because of
inferior vena cava stricture) or low portal inflow (usually
because of a steal through persistent portosystemic collaterals and/or the splenic vein). Clinical manifestations
of PVT range from absence of symptoms to variceal
hemorrhage, ascites, and graft dysfunction. Symptomatic
cases require thrombolysis or surgery (thrombectomy
or interposition of a venous graft)[5]. PVT is commonly
detected because of absent flow in the main extrahepatic
trunk at color Doppler US, with or without definite
delineation of an intraluminal echogenic thrombus on
B-mode[7]. Partial PVT is less common and with less
clinical significance than complete PVT, and is generally
found incidentally during patients follow-up. The association between lack of portal trunk detection, hypertrophic hepatic artery and multiple, thin venous vessel at
the porta hepatis suggest the evolution of PVT to cavernomatosis[51].
As PVT, portal vein stenosis (PVS) can be clinically
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silent or manifesting with signs of portal hypertension
and graft dysfunction. Stenosis is assessed as hemodynamically significant when a prestenotic/postenotic
pressure gradient larger than 5 mmHg is found on portography. Significant stenosis should be treated with
balloon angioplasty, stenting or even surgery (including
retransplantation in severe cases)[50]. On Doppler US, the
diagnosis of PVS requires high clinical suspicion, because
of the frequency of caliber discrepancy between donor
and recipient veins mimicking a stenosis. Most sensitive
criteria for PVS are a peak anastomotic velocity > 125
cm/s or an anastomotic-to-preanastomotic velocity ratio
equal or larger than 3:1[52]. Persistance of helical flow,
postanastomotic portal vein dilatation and signs of portal
hypertension are additional signs of PVS.
MDCTA and MRA confidently confirm the diagnosis
of PVT or PVS (Figure 11)[53]. In selected cases, transhepatic or transjugular portography may be required, e.g., to
measure pressure gradients[54].
Inferior vena cava and hepatic veins complications:
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Figure 11 Portal vein complications on multidetector computed tomography images of the same patient of Figure 8. A: Coronal maximum intensity projection
(MIP) reconstruction shows a significant portal stenosis at the site of end-to-end anastomosis (arrow). Signs of portal hypertension such as splenomegaly and venous
collaterals coexist; B: As shown in the coronal MIP reconstruction, thrombosis occurred after a few days, appearing as a filling defect extending from the superior mesenteric vein (arrowheads) to the portal trunk and portal bifurcation (arrow); C: Axial multidetector computed tomography image shows the partial filling defect in the
portal lumen (arrow). R: Right.
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Figure 12 Caval stenosis in a 54-year-old patient. Sagittal
maximum intensity projection reconstruction from multidetector
computed tomography (A) shows a supranastomotic stenosis of the
inferior vena cava (arrow) that is confirmed in the angiogram before
(B) and after (C) stenting. A: Anterior; P: Posterior.

C

5 mm/div

Complications of the inferior vena cava (IVC) and hepatic veins include stenosis and thrombosis, that usually
occur at the site of surgical anastomosis[55]. Clinical manifestations vary from lower extremity edema to Budd-Chiari syndrome, depending on the degree of impairment of
the venous drainage. When the “piggyback” anastomosis
is present, a small but clinically significant risk of hemorrhage from cavocaval dehiscence has been reported[56].
Stenosis may be treated with balloon-expandable stents
or angioplasty, whereas thrombosis often requires surgery
or re-OLT[57,58]. Treatment planning may necessitate hemodynamic pressure measurements above and below the
obstruction site.
Direct recognition of a focal narrowing of IVC
and/or hepatic veins may be difficult on grayscale US.
On Doppler US, the presence of a stenosis is suggested
by identifying turbulent flow with color aliasing and increased flow velocity. However, caval stenosis can be reliably assessed when a preanastomotic/postanastomotic
velocity gradient of at least 3:1 is found[6]. The detection
of monophasic waveform is a sensitive sign for hepatic
vein stenosis[5], especially if combined with a pulsatility
index less than 0.45[52,59]. However, this sign lacks specificity. Reversal of hepatic venous flow is expected in
the case of severe stenosis[3]. However, the detection of
biphasic or triphasic hepatic vein waveforms is of help
in excluding stenosis[60]. Thrombosis can be detected as
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echogenic material within the vessel lumen on B-mode
and absence of flow on Doppler US[7].
MDCT and MRI with sagittal and coronal reformation provide a panoramic representation of IVC and
hepatic veins, and are essential in defining the site and the
extent of stenosis and thrombosis (Figure 12), together
with secondary findings including hepatic vein distention,
hepatomegaly, ascites, and signs of Budd-Chiari syndrome (liver mosaic pattern perfusion) and portal hypertension[17,29].
Biliary complications
Biliary complications still represent the “Achilles’ heel” of
liver transplant, being the second cause of graft dysfunction after rejection[12]. The incidence of biliary complications is higher in LDLT recipients (14%-32%), especially
under the form of biliary leakage from the resection
margin of the graft[5,26]. Clinical manifestations are often
insidious, being similar to that of rejection, HAT and
infection, and include mild abdominal symptoms, signs
of cholangitis and peritonitis and elevated serum bilirubin and liver enzymes[7,60]. Biliary complications require
prompt recognition because they can lead to graft and/or
patient loss unless properly treated. Complication following choledochocholedochal anastomosis are usually managed with ERC or PTC, e.g., by performing balloon dilatation, stenting, drainage, or casts/stones clearance. On
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Figure 13 Biliary strictures on coronal maximum intensity projection reconstructions from volumetric magnetic resonance cholangiography. A: Anastomotic stricture at the middle third of the extrahepatic bile duct in a 53-year-old female patient, with biliary dilation upstream; B: Anastomotic stricture extended to the
proximal hepatic duct (arrowheads) in a 62 year-old patient with patent hepatic artery.

the contrary, complications following Roux-en-Y choledochojejunostomy often require a surgical approach[6].

ary enhancement can be significantly delayed and/or
impaired in patients with decreased liver function. In our
institution, we reserve hepatospecific contrast agents to
patients with total bilirubin equal or less than 5 mg/dL.
Because of low sensitivity (50%) and relatively low specificity (79%), hepatobiliary scintigraphy has not gained
routine use in diagnosing bile leak[61].

Bile leakage: Leakage is the most common early biliary
complication[61], arising either from the T-tube insertion
site (typically after T-tube removal or dislocation) or biliary anastomosis (as a consequence of technical problems
during surgery)[26]. Less commonly, leakage occurs diffusely from necrotic bile ducts (nonanastomotic leak) in
patients with HAT (up to 89% of cases) or various disorders (Table 1)[26]. Cut surface represent the most common
site of bile leak in LTDT donors and recipients[26]. Small
bile leaks tend to resolve spontaneously and can be monitored over time. On the contrary, larger leaks translate
into biloma formation, with increased risk of superinfection and sepsis because of post-OLT immunosuppression. Treatment should be targeted both to large bilomas
(percuteaneosus aspiration and drainage) and persistent
leaks (transhepatic biliary drainage, stenting, surgical
repair or biliary reconstruction)[62,63]. When HAT is the
primary cause of bile leakage, retransplantation is often
required.
US, MDCT and MRI detection of free peritoneal
fluid and/or fluid collections (bilomas) on intra-/extrahepatic site or along the cut surface in LDTD patients
should raise the suspicion of bile-leakage in the appropriate clinical context (Figure 8). Bilomas are easily detected
on US as anechoic collections in the perihepatic and
subhepatic space. However, bilomas or intraperitoneal
bile are indirect signs of leak, and are virtually indistinguishable from fluid collections and ascites. On the other
hand, direct demonstration of the leak can be difficult
even when using T2-weighted MRC[26]. This is why final
diagnosis is often obtained by direct cholangiography
procedures only[61]. Recently, emphasis has been placed
on the use of T1-weighted MRC using hepatospecific
contrast agents[22]. After iv administration, hepatospecific
contrast agents are excreted to a various amount into the
biliary tree, thus having the potential to show the site of
the leak and passage of contrast medium within bilomas
or perihepatic free fluid. Nonetheless, the degree of bili-
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Biliary obstruction: Main sources of obstruction after OLT include strictures and biliary casts, sludge and
stones. Strictures are anastomotic or nonanastomotic in
nature. Nonanastomotic strictures involve intrahepatic
and/or extrahepatic bile ducts at multiple sites, occurring as a consequence of necrosis with fibrotic reaction
after HAT (properly said nonastomotic strictures; NAS),
or various causes of bile duct injury in patients without
HAT (Ischemic-type biliary lesions; ITBL) (Table 1)[26].
Regardless of etiology, US is useful (1) to detect biliary
dilatation as an indirect sign of strictures; or (2) to identify concomitant causes, e.g., HAT. However, MRC is the
best noninvasive tool to evaluate the number, site and
extent of strictures, both in early and late post-operative
period (Figure 13). Strictures appear as a tight, smoothly
marginated focal zone of decreased signal intensity along
bile ducts[25,26]. Biliary dilatation upstream is common, although often delayed and less pronounced than expected
based on the degree of the stricture, possibly in relation
with graft-related factors reducing bile ducts compliance[64]. NAS and ITBL typically involve the hepatic
confluence, showing thin or absent luminal signal, often
extended to the proximal hepatic duct[26]. Of note, it is
not infrequent to observe mild biliary dilatation without
strictures in OLT recipients. Nonobstructive dilatation
has been attributed to an increase in basal contraction of
sphincter of Oddi after surgical denervation, and is asymptomatic in most patients[26].
Biliary casts and sludge usually complicate anastomotic or nonanastomotic strictures, occurring both at
intrahepatic or extrahepatic bile ducts as the consequence
of bile stasis[26]. Superimposition of additional strictures
because of progressive fibrotic changes may result in a
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older hematomas can show hematocrit level[3]; and (2) in
excluding active bleeding. Best characterization is provided by MRI, which shows typical signal intensity patterns
for fluid or hemorrhagic content[29]. However, MDCT
and MRI are rarely needed, since most collections are
self-limiting and without clinical significance, unless they
enlarge or become superinfected.
Abscesses can occur as the result of: (1) bacteremia;
(2) superinfection of a seroma, hematoma or biloma;
and (3) superinfection of liver infarcted area, usually in
patients with HAT or HAS and biliary necrosis (Figure 8).
Features of abscess can be typical on MDCT and MRI,
with focal hypovascular lesions surrounded by a rim of
contrast enhancement (Figure 14) and sometimes intralesional gas. On the other hand, imaging findings can be
nonspecific, making percutaneous drainage indispensable
for diagnosis and treatment[3].
In the case of seromas, bilomas, hematomas and
abscesses, the main role for imaging is to establish the
site and the amount of the collection in order to plan
or guide interventional diagnostic or therapeutic procedures[12].

dissemination of strictures associated with interposed dilated tracts with casts (biliary cast syndrome)[3]. On MRC,
biliary casts, sludge or stones appear as anintense filling
defects surrounded by a thin film of hyperintense bile.
Stones can be differentiated from casts and sludge because they tend to show more round, regular and smooth
margins[6,26].
Primary hepatic complications
An important group of post-OLT disorders might be
classified as “primary hepatic complications” (PHC).
PHC manifest with graft dysfunction and can be caused
by the following factors: immunological (acute and
chronic rejection, chronic hepatitis, de novo or recurrent
autoimmune disease), viral (recurrent HBV and/or HCV
hepatitis, de novo cytomegalovirus, HBV, HCV, HBV and
other viruses-related hepatitis), toxic (usually drugs-related) and ischemic (late effects of ischemic and reperfusion injury, manifesting within few days from OLT)[65,66].
Among them, major sources of graft loss are represented
by: (1) chronic ductopenic rejection, that typically affects
the graft between 6 wk to 6 mo after transplantation and
occurs in up to 17% of patients[3]; and (2) recurrent disease, exemplified at best by HCV recurrence. PHC can be
a co-manifestation of vascular or biliary complications,
e.g., multiple biliary strictures in recurrent sclerosing cholangitis.
Imaging findings lack sensitivity and specificity in
assessing PHC and the effects of therapies[3,5,6]. For example, previous attempts to correlate loss of phasicity of
the hepatic vein at Doppler US with acute cellular rejection showed conflicting results[5,67]. Therefore, imaging
findings overlap with those occurring in normal grafts[5].
Recently, Sandrasegaran et al[68] showed that MRI quantitative evaluation of the graft with DWI has the potential
to assess the presence vs absence of PHC, but further
investigations are needed to consolidate these promising
results. Histological examination of biopsy specimens
is mandatory for diagnosing and monitoring primary
parenchymal complications[69]. Regarding PHC, the main
role for imaging is to exclude those vascular and biliary
complications mimicking rejection and other parenchymal disorders. We’ll discussed below future perspectives
in imaging chronic parenchymal disorders, using HCV
recurrence as the most exemplificative scenario.

Malignancy: HCC and de novo tumors
OLT is a curative option for HCC. However, the likelihood of HCC recurrence vary according to selection
criteria for OLT: rates of recurrence at 4 years are 10%
for patients with HCC within the Milan criteria, and up
to 60% for patients with HCC outside Milan criteria[70].
When stringent selection criteria are applied, the recurrence rate is not affected by potential tumor underestimation at initial imaging examinations[71], and the survival
rate approximates that of transplanted patients without
HCC[5]. The risk for recurrence depends on tumor size,
number of lesions, differentiation and the presence of
vascular invasion. Most studies report a median time for
recurrence of 12.3-19.2 mo from OLT[72]. Nowadays,
there is no consensus on how to perform imaging surveillance in patients undergoing OLT for known HCC or
in patients with incidental HCC found in the explanted
liver. Recent guidelines provided by the American Association for the Study of Liver Disease and the American
Society of Transplantation suggest to perform abdominal and chest MDCT every 6 mo for 3 years after OLT.
In the case of recurrent allograft cirrhosis in patients
without previous HCC, abdominal imaging every 6 to 12
mo is recommended[69], though de novo HCC seems to be
extremely rare in this subset of patients[72]. A few imaging studies investigated whether recurrent HCC shows
specific image patterns compared to native HCC. Based
on locations, rates of recurrence were reported to be
1%-23% in the allograft only, 38.5%-53% in extrahepatic
sites, and 31%-38.5% in both allograft and extrahepatic
sites[72]. These results have been recently confirmed by
Lee et al[72], who showed that the most prominent volume
of recurrent tumor burden occurs near the transplanted
liver (ICV, hepatorenal space and the surgical scar along
anterior abdominal wall), suggesting that surgical ma-

Hepatic and extrahepatic collections, hematoma and
abscess
After OLT, seromas and hematomas are a frequent finding near areas of vascular anastomosis (hepatic hilum,
IVC) or the perihepatic/subhepatic space[6]. Sonographic
appearance is nonspecific, because the fluid content can
be equally uniformly anechoic, loculated or inhomogeneously echogenic due to fibrin septa or separation of
blood components[7,12]. Bilomas have similar location and
appearance on US. MDCT can be useful: (1) in assessing
the hematic content, since acute hematoma is hyperattenuating compared to simple fluid collections, whereas
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A

B

Figure 14 Multiple liver abscesses arising from infected bilomas in a 48-year-old recipient with hepatic artery stenosis.

A

B

C

Figure 15 Recurrence of hepatocarcinoma in a 65-year-old human B virus infected male transplanted patient. On the subtracted arterial phase magnetic
resonance imaging (A) two mildly hypervascular lesions are visible in the extrahepatic region, between the stomach and left diaphragm (arrows). Lesions, that were
histologically confirmed to be hepatocellular carcinoma, show absence of contrast wash-out on the venous phase (arrows in B) and hepatocellular contrast uptake in
the hepatospecific phase (arrows in C). A regenerative nodule with intense contrast uptake is visible in the hepatospecific phase only (arrowhead in C).

nipulation occurring during the OLT may lead to intraoperative spilling of tumor cells capable to survive years
before growing into detectable nodules. These results are
of interest both in making radiologists aware of studying
specific locations where recurrence is commoner (Figure 15), and in suggesting that the most frequent way of
HCC recurrence is intra abdominal seeding rather than
hematogenous or lymphatic spread. Concerning metastatic disease, it most frequently involves the lungs, lymph
nodes, adrenal glands and bone[3].
Because of co-existing risk factors (including smoking, EBV infection and inflammatory bowel disease in
patients with primitive sclerosing cholangitis) and the
immunosuppressive therapy, transplanted patients are at
higher risk to develop de novo malignancies, with a cumulative incidence increasing with time from OLT (up to
20% at 10 years)[69]. Most frequent tumors arising in the
post-OLT period are skin cancers and post-transplant
lymphoproliferative disease (PTLD). Although globally
uncommon (incidence of 0.9%-2.9%), PTLD is a serious complication[69], typically occurring within the first
year from OLT. As detailed elsewhere[73], PTLD is a term
encompassing a spectrum of hematologic conditions
ranging from abnormal polyclonal lymphoid hyperplasia to overt monoclonal lymphoma. The majority of
PTLDs consist in B-lymphocyte proliferations activated
by EBV infection; such a proliferation lacks self-limita-
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tion due to immunosuppression. PTLD can manifest: (1)
with a nodal and/or extranodal form involving almost
all organs; and (2) as localized or disseminated disease.
In liver recipients, PTLD is more frequently extranodal
in nature, with intra-abdominal and extrahepatic disease
as the most frequent manifestation. Extrahepatic PTLD
presents as an ill-defined soft tissue mass, typically involving the hepatic hilum and determining encasement
or narrowing of the hepatic artery, portal vein and common bile duct. The lesion usually is hypoechoic on US,
hypoattenuating on CT and with T1 hypointensity and
mildly T2 hypointensity on MRI[73]. Contrast enhancement may be heterogeneous or occur at the periphery
of the lesion[74]. Liver involvement presents with well defined, hypovascular focal lesions or, less frequently, with
an infiltrative pattern showing similar US, MDCT and
MRI features than the extrahepatic masses. When small
or large bowel are involved, wall thickening, eccentric
mass, luminal ulceration and perivisceral fat stranding are
common findings[73]. Imaging plays a pivotal role in the
early diagnosis of the lesions, assessment of the disease
extent, guiding biopsy and monitoring the treatment response[73]. MDCT is the preferred modality due to ready
availability and panoramicity. CT-positron emission
tomography (CT-PET) also has an important role, being used in evaluating the response to therapy, especially
when there is need to differentiate residual tumor from
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fibrosis or necrosis[75].

planted liver[82], including alterations of parenchymal homogeneity and surface, splenomegaly, increase of portal
diameter and so on. On the contrary, there is no current
indication to assess fibrosis with conventional imaging
modalities, because of nonspecific findings. In the setting
of transplanted patients with HCV recurrence, imaging is
thus demanded to provide additional quantitative information compared to conventional studies, with the goal
of replacing biopsy in terms of: (1) early recognition of
recipients with progression to advanced fibrosis and/or
cirrhosis; (2) early recognition of mild fibrosis; and (3)
monitoring the effects of therapy[83].
Transient elastography (TE), a sonography-based technique providing measures of liver elasticity in response to
mechanical excitation, is the best studied imaging modality in this setting[84-89]. TE (namely, FibroScan®) gained
popularity in European countries because of proven capability to noninvasively predict liver fibrosis in a variety
of clinical conditions, including recurrence of HCV in
transplanted patients[90]. In a recent metanalysis by Adebajo et al[91], TE showed pooled sensitivity and specificity
of 83% in detecting significant stage of fibrosis (defined
as stage ≥ 2). Current data suggest that, in HCV re-infected transplant recipients, state-of-the-art TE is a useful
complement to biopsy in order to exclude cirrhosis in patients (1) not candidates for treatment, thus avoiding unnecessary biopsies; or (2) who have histological evidence
of advanced fibrosis. The absence of biological effects
makes TE repeatable and safe[83]. On the other hand, TE
shows a limited role as an alternative to biopsy for early
stages of fibrosis[78]. Although TE is user-friendly and
reproducible, quantitative cut-off values (1) can be coinfluenced by hepatitis-associated necroinflammatory activity or extrahepatic cholestasis; and (2) do not represent
absolute reference values, because of equipment-related
variability[83,85]. Furthermore, TE results may be affected
by limited operators experience, presence of ascites and
narrow intercostal window[82].
Nowadays, alternative elastographic techniques are
under evaluation, including (1) acoustic radiation force
impulse (ARFI) approach, which uses short-duration,
high intensity acoustic pulses to mechanically generate
shear waves propagating through the liver; or (2) shear
wave elastography (SWE), that allows a 2D quantitative
elasticity map of the liver in a single US sequence by using an ultrafast imaging approach. In a recent study by
Crespo et al[85], the estimation of shear waves velocity
with ARFI was shown: (1) to provide higher technical
successful rate than TE; and (2) to provide a diagnosis of
significant fibrosis (F ≥ 2 according to the Scheuer classification) as accurate as TE both in transplanted patients
[areas under the curve (AUC) at receiving operating characteristics analysis of 0.867 and 0.902, respectively] and
non-transplanted patients (AUCs of 0.897 and 0.890, respectively). A few data exist on SWE of liver-tranpslanted
patients. According to Yoon et al[92], this technique has the
potential to realiably detect rejection or recurrent hepatitis early after OLT (4 wk), both in HCV- and non HCVpatients.

FUTURE PERSPECTIVES IN OLT
IMAGING: MRI IN HCV-INFECTED
PATIENTS
Clinical background
HCV recurrence after OLT is a challenging scenario. In
the western world, HCV is the most common indication
for OLT when considering both HCV-related cirrhosis
and HCV-related HCC[76]. Of note, the overall graft and
patient survival rates are 23% lower in HCV-infected
OLT recipients compared to non-HCV infected ones[77].
This is linked to the invariable recurrence of infection
occurring within the first year from transplantation, as
detectable with histology and HCV RNA levels[68]. Recurrent disease translates into chronic liver disease, with
chronic active hepatitis occurring in up to 63% of patients within 3 years from the diagnosis of re-infection.
Final evolution is represented by graft cirrhosis, that
occurs in a median time of 8-10 years, although up to
30% of patients (so called “rapid progressors”) develop
recurrent cirrhosis more rapidly (3-5 years)[68]. Of note:
(1) cirrhosis evolves faster in HCV-infected patients who
received OLT compared to not-transplanted ones; and (2)
retransplantation in HCV-infected patients shows worse
prognosis than in the non-HCV group[78].
On this basis, re-infected OLT recipients are addressed to antiviral therapy with the goal of sustained
viral clearance, thus preventing liver-related complications and allograft loss. There is no consensus about the
timing of antiviral therapy, i.e., whether to start antiviral
drugs before or after histological criteria for treatment
are fulfilled[79]. However, serial liver biopsies remain the
standard of reference in monitoring the effects of infection and/or therapy by grading necroinflammation and
staging fibrosis associated with chronic liver disease[78].
Currently, antiviral therapy is indicated as soon as early
fibrosis is detected (e.g., ≥ 2 over a scale of 4) or in the
presence of moderate-to-severe necroinflammatory activity[68,78,80]. In this setting, special emphasis has been attributed to the serial assessment of fibrosis, since sustained
virological eradication is associated with fibrosis stabilization or regression[81].
Current imaging of liver fibrosis in OLT patients
Liver biopsy shows major drawbacks, including morbidity, sampling errors and inter- and intra-observer variability in histopathologic interpretation. Over the last
years, different serum marker panels, indices composed
of routine laboratory tests or imaging techniques have
been intensively investigated as instruments to quantify
fibrosis noninvasively. The ideal noninvasive tool should
be readily available, reproducible and reliable in assessing
the whole spectrum of fibrosis manifestations. Of note,
conventional imaging has an established role in evaluating the cirrhotic liver, with US, MDCT and MRI showing
typical and well-known features both in native and trans-
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In summary, sonography-based techniques evaluating
liver elasticity represent promising tools in the setting of
post-OLT recurrence of HCV, but technical refinements
and larger validation studies are still needed before replacing biopsy as the standard of reference.

tion and acute and chronic rejection. Nevertheless, ADC
was found to be significantly lowered in patients with
histological abnormalities compared to those with negative biopsy results, suggesting that DWI might be useful
at least to exclude the presence of primary parenchymal
complications. Of note, an ADC cut-off of 0.98 × 10-3
mm2/s was found as acceptably sensitive (78%) in assessing the presence of necroinflammatory score ≥ 3
and fibrosis stage ≥ 2 in a subset of 27 HCV patients,
even if at price of low specificity (58%). Disappointing results of DWI are probably related to the current
lack of technical standard across different centers and
studies, as witnessed by the absence of absolute reference values for normal and pathologic ADCs. One
might expected better results by applying the same MRI
sequence, b-values (factors influencing the strength of
diffusion-weightening) and other acquisition parameters,
whose optimization should help in minimizing intraand inter-scanner variability affecting DWI in its present
form. DWI is attractive tool, since it can be performed
in the context of routine MRI examinations with minimal increase in the scan time. Promising results on animal models[103] and humans[104] have been obtained by the
application of diffusion tensor imaging (DTI), a technical variant of DWI in which water molecules motion
is assessed over multiple, numerous spatial directions.
However, liver DTI is still technically challenging for abdominal applications. Preliminary experiences should be
consolidated by larger studies.
MRE uses a driver system placed near patients’ right
chest wall, which generates acoustic shear waves passing
through the liver during the acquisition of an MRI phasecontrast sequence[105]. A dedicated software then elaborates waves propagation patterns, providing quantitative
stiffness values throughout the entire liver with high technical successful rate[106], good reproducibility[107], and no
influence of co-existing steatosis[105]. In non-transplanted
patients, MRE showed promising results by assessing a
significant correlation between liver stiffness and fibrosis
increase, with better results than aspartate aminotransferase-to-platelet ratio[107]. Differently from TE, MRE has
been shown to reliably differentiate between intermediate
stages of fibrosis, i.e., METAVIR scores F0-F1 versus
F2-F3, F2-F3 vs F4, and F0-F1 vs F4[106-108]. Using a shear
stiffness cut-off value of 2.93 kPa, Yin et al[109] found
sensitivity and specificity for detecting all grades of liver
fibrosis of 98% and 99%, respectively. As far as we know,
a few papers investigated the role for MRE in transplanted patients. In a recent preliminary study by Lee et al[110],
the authors compared the accuracy of MRE and several
biomarkers (aminotransferase-to-platelet ratio, aspartate
aminotransferase-to-alanine aminotransferase ratio, and
FIBROSpect II) in diagnosing the presence of fibrosis
(METAVIR stage ≥ 1) in 32 OLT recipients with HCV
recurrence. Using a ≥ 3.81 kPa cut-off, MRE performed
better than biomarkers, showing accuracy of 81.3%. By
combining MRE with FIBROSpect Ⅱ, the overall accuracy increased to 92.9%, thus avoiding unnecessary biopsies in 22 patients, only 2 of which had fibrosis stage ≥ 1.

MRI of liver fibrosis in OLT patients
One might suppose that MRI has no potential role in the
serial assessment of liver fibrosis, being expensive, not
readily available, time-consuming and contraindicated in
patients with metallic devices in the body. A major, additional concern is related to the risk of systemic nephrogenic fibrosis (SNF) in patients with severe renal impairment (GFR less than 30 ml/min) when iv administration
of gadolinium chelates is indicated[18]. Nonetheless, the
advantage underlying MRI is the capability of “all-inone” examinations[93] in which both conventional imaging
and quantitative techniques for fibrosis assessment can
be acquired within a unique imaging session. MRI also
provides panoramic representation of the liver, which in
theory translates into the possibility of performing (1)
multiple quantitative measurements at different liver sites;
or (2) measurements over large regions of parenchyma,
thus reducing the risk of error sampling inherent to the
inhomogeneity of fibrosis distribution. As detailed elsewhere[82], different MRI techniques have been investigated in order to assess fibrosis in HCV patients, including
DWI, magnetic resonance elastography (MRE), dynamic
contrast enhanced (DCE) perfusion imaging and MRS.
Nonetheless, there is still a paucity of studies using quantitative MRI techniques in the subset of recurrent HCV
transplanted patients.
DWI expresses brownian motion of water molecules
within tissues under the form of the apparent diffusion
coefficient (ADC). ADC is a quantitative index which is
expected to reduce because of the deposition of collagen fibers, glycosaminoglycans and proteoglycans occurring in fibrosis and cirrhosis[82]. Several studies confirmed
that the ADC is significantly lower in cirrhotic livers
compared to non-cirrhotic livers [94-97]. However, conflicting results have been reported, in non-transplanted
subjects, concerning the capability of detecting intermediate stages of fibrosis with DWI[82,96,98-100]. According to
one recent study[94], although liver ADC shows a trend
to progressive decrease as fibrosis stage increases, ADC
values are not useful for differentiating low-stage from
high-stage fibrosis in patients with chronic liver disease
of different aetiologies. Furthermore, experiences on
animal models[101] or humans[102] found that, when correcting DWI estimates for additional phenomena occurring in vivo, e.g., tissue microperfusion, difference in
ADC between normal and fibrotic livers become not
significant, even in the “extreme” case of cirrhosis. To
our knowledge, only one study[68] tested DWI in assessing hepatic parenchymal disorders after OLT. Results on
forty-one patients were in line with known limitations
of DWI, since analysis showed no significant correlation
between ADC and histological evidence of viral hepatitis, fibrosis or necroinflammation, as well as fat deposi-
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Notably, MRE was used as the guidance to perform liver
biopsy in this study, with the rationale of offering direct
correlation between MRE estimates and tissue sampling.
Perumpail et al[111] showed high success rate of MRIguided biopsy in liver recipients, thus emphasizing the
capability of providing tissue sampling from regions of
highest liver stiffness as a method to potentially minimize
sampling errors in assessing liver fibrosis. Despite promising results, some drawbacks currently affects MRE[110].
First, there is a need to determine whether confounding
factors have the potential to increase allograft stiffness
in addition to fibrosis, including edema or changes in
regional blood flow. Second, MRE equipment still needs
standardization among different institutions, as witnessed
by the lack of definite reference values for different stages of fibrosis.
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CONCLUSION

10

Imaging has a pivotal role in assessing vascular and biliary complications after OLT. Doppler US, MDCTA and
MRC are the most useful imaging tools in order to provide rapid and reliable diagnoses, as well as a road-map to
minimize the morbidity associated with interventional or
surgical procedures. Technique optimization, knowledge
of post-surgical anatomy and knowledge of clinical characteristics of main complications are essential in order
to interpret images and address patients to proper management. Less defined is the role for imaging in those
complications primarily arising from liver parenchyma,
including rejection and other forms of graft dysfunction
requiring biopsy for final diagnosis. Recurrence of HCV
is a challenging clinical scenario emphasizing the need to
go beyond conventional imaging with functional, noninvasive modalities of graft assessment like TE, DWI and
MRE. Intensive research and technical development are
still needed to achieve the ideal goal of imaging patients
with “all-in-one” examinations capable to answer different inquires efficiently.
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Multidrug-resistant bacterial infections after liver
transplantation: An ever-growing challenge
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apy. The lack of appropriate treatment may contribute
to the high mortality occurring in transplant recipients
with MDR infections. Furthermore, high therapeutic failure rates have been observed in patients infected with
extensively-resistant pathogens, such as carbapenemresistant Enterobacteriaceae , for which optimal treatment remains undefined. In such a context, the careful
implementation of preventive strategies is of utmost
importance to minimize the negative impact that MDR
infections may have on the outcome of liver transplant
recipients. This article reviews the current literature
regarding the incidence and outcome of MDR infections
in liver transplant recipients, and summarizes current
preventive and therapeutic recommendations.
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Abstract

Core tip: Infections caused by multidrug-resistant bacteria have been a growing cause of concern for those
involved in the care of solid organ transplant recipients
all over the world. The emergence of various pathogens
with extensive antibiotic resistance creates a challenging scenario. This article presents an overview of the
available epidemiological and clinical data on the most
common multidrug-resistant bacterial infections among
liver transplant recipients. Currently recommended
therapeutic and preventive interventions are also summarized.

Bacterial infections are a leading cause of morbidity
and mortality among solid organ transplant recipients.
Over the last two decades, various multidrug-resistant
(MDR) pathogens have emerged as relevant causes of
infection in this population. Although this fact reflects
the spread of MDR pathogens in health care facilities
worldwide, several factors relating to the care of transplant donor candidates and recipients render these
patients particularly prone to the acquisition of MDR
bacteria and increase the likelihood of MDR infectious
outbreaks in transplant units. The awareness of this
high vulnerability of transplant recipients to infection
leads to the more frequent use of broad-spectrum
empiric antibiotic therapy, which further contributes to
the selection of drug resistance. This vicious cycle is
difficult to avoid and leads to a scenario of increased
complexity and narrowed therapeutic options. Infection
by MDR pathogens is more frequently associated with
a failure to start appropriate empiric antimicrobial ther-
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the emergence and dissemination of extensively drugresistant or pandrug-resistant bacteria, for which the
optimal therapy has not been established or is not available, may increase the risk for donor-transmitted bacterial
infections and may negatively affect graft and recipient
survival.
Infections with MDR bacteria have been associated with high mortality rates among transplant recipients[15,16,49-54]. In general, the outcome of bacterial infections in these patients is influenced by the net state of
immunosuppression and the clinical severity at the time
of infection. Additional factors may also negatively impact the outcome of MDR infections. Failure to start
appropriate empiric antimicrobial therapy occurs more
frequently in these cases and may contribute to the higher
mortality rate[52,54]. Furthermore, high therapeutic failure
rates have also been observed in patients with infections
caused by extensively resistant pathogens[55], such as carbapenem-resistant Acinetobacter baumannii and Enterobacteriaceae, for which optimal treatment is still undefined[15,16].

INTRODUCTION
Bacterial infections are a leading cause of morbidity and
mortality in patients receiving solid organ transplants
(SOT)[1-3]. Although infections can occur at any time after
transplantation[4], their incidence is highest in the first
postoperative month[2,3] due to factors such as clinical
severity of the underlying illness at the time of transplantation, breaches in the muco-cutaneous barrier resulting
from surgery and the use of different invasive devices,
technical complications of the surgery and immunosuppression. Studies specifically addressing the risk after liver
transplantation have associated the incidence of bacterial
infections with age, length of preoperative hospital stay,
duration of surgery, retransplantation, volume of transfused blood products, bilioenteric anastomosis, technical
complications such as biliary leakage and hepatic artery
thrombosis, reoperation, length of intensive care unit
(ICU) stay, hyperglycemia, preoperative Child-Pugh and
model for end-stage liver disease (MELD) scores, dialysis,
graft dysfunction and cytomegalovirus infection[2,5-13].
Over the last two decades, a succession of various
multidrug-resistant (MDR) pathogens causing relevant
morbidity and mortality among transplant recipients
has emerged[14-23]. This fact reflects the emergence and
spread of MDR bacteria in health care facilities all over
the world, especially among patients admitted to the ICU.
Nevertheless, several studies have suggested that SOT
recipients are particularly prone to MDR bacterial infections[20,24-30]. The early postoperative care of transplant
recipients is associated with the frequent manipulation
of the patients and use of invasive devices, factors which
increase the probability for cross-transmission of MDR
pathogens[26,28,29,31-37]. Additionally, the awareness of this
high vulnerability leads to the frequent use of empiric
broad-spectrum antibiotic therapy[14,19,38], which further
contributes to the selection of drug-resistant pathogens.
This vicious cycle is difficult to avoid and leads to a scenario of increased complexity and narrowed therapeutic
options.
Preoperative factors also influence the risk of posttransplantation MDR infections. Pre-transplant colonization with MDR bacteria occurs with variable frequency
in liver transplant candidates and contributes to a higher
risk of postoperative infection[39-42]. Pre-transplant colonization likely results from frequent hospital admissions
and antibiotic usage in patients with high pre-transplant
clinical severity, factors that have also been associated
with increased incidence of post-transplant MDR infections[39,43-45]. The colonized transplant candidate may thus
become the dissemination source of MDR pathogens for
other patients, a fact that must be considered when designing routines for the control of MDR bacterial infections in transplant units[25].
Occasionally, the source of transmitted MDR organisms is the transplanted graft[46-48]. Published data indicate
that the transmission of bacterial infection from donor to
recipient is an uncommon event provided that the recipient receives appropriate antibiotic prophylaxis. However,
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MAIN MDR INFECTIONS AFTER LIVER
TRANSPLANTATION
Methicillin-resistant Staphylococcus aureus
Numerous studies from various centers have demonstrated a high prevalence of methicillin resistance in
Staphylococcus aureus (S. aureus) isolates from infections of
liver transplant recipients[2,21,22,41,56]. The most common
sources of infections are catheter-related bloodstream infections, surgical wounds, the intra-abdominal space and
lungs[22,57]. Most methicillin-resistant Staphylococcus aureus
(MRSA) infections are diagnosed within 30 d after liver
transplantation[21], with preoperative colonization as the
most consistently reported risk factor[21,40-42,58]. Postoperative colonization has been found to occur in 6.7%-22%
of recipients[40,59,60] and is associated with subsequent
infection[61]. Other risk factors include a long operation
time (> 16 h), preoperative use of antibiotics and postoperative apheresis[21], cytomegalovirus primary infection
or seronegativity[22], recent surgery (within the previous
two weeks)[56], alcoholic cirrhosis and a decreased prothrombin ratio[41]. Studies assessing the impact of methicillin resistance in liver transplant patients showed no
significant association with survival[40,45,57]. However, there
were trends for shorter survival in patients with MRSA
in two of these studies in which the lack of significant
association may have resulted from inadequate statistical
power[45,57].
Vancomycin is the primary treatment for severe
MRSA infections[62]. Teicoplanin is another glycopeptide
with a similar spectrum of activity. Results of a metaanalysis of 24 clinical trials suggest that while teicoplanin
and vancomycin have comparable efficacies, teicoplanin
is associated with a lower incidence of adverse events,
such as nephrotoxicity[63]. Nevertheless, among patients
with endocarditis, a higher rate of therapeutic failure
was reported with teicoplanin, despite adequate plasma
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levels[64]. Due to the higher risk of therapeutic failure, an
alternative antimicrobial therapy should be used when the
minimum inhibitory concentration (MIC) is ≥ 1.5 µg/mL
for vancomycin, or ≥ 2.0 µg/mL for teicoplanin[65-67].
Daptomycin is a bactericidal drug that has been approved
for the treatment of MRSA bacteremia, right-sided endocarditis and complicated skin and soft tissue infections[62],
though it is not recommended for the treatment of
pneumonia as it is inactivated by the lung surfactant. Linezolid, a synthetic oxazolidinone that has bacteriostatic
activity against S. aureus, has also been recommended for
skin and soft tissue infections and pneumonia caused by
MRSA[62]. Results of a clinical trial suggest that linezolid
may have a higher efficacy than vancomycin for the treatment of MRSA pneumonia[68]. Quinupristin-dalfopristin,
a combination of two streptogramins, has been recommended for the treatment of complicated skin and soft
tissue infections. Its use has been limited by the frequent
occurrence of adverse events such as severe arthralgia,
myalgia, nausea and infusion related reactions. Other
therapeutic options that may be used in patients with
skin and soft tissue infections caused by MRSA include
tigecycline, doxycycline, minocycline, telavancin, clindamycin and co-trimoxazole. The latter two agents may be
also used for the treatment of osteoarticular infections.
Rifampicin can be used in combination with other antistaphylococcal agents for the treatment of infections
associated with prosthetic devices. Interaction of rifampicin with calcineurin inhibitors and sirolimus results in
reduction of the serum concentrations of these immunosuppressive drugs, necessitating close monitoring of
blood levels[69].

of VRE isolates[77]. Daptomycin has in vitro bactericidal
activity against enterococci, though its clinical effectiveness has not been established. In two retrospective studies, daptomycin and linezolid had comparable clinical and
microbiological cure rates[78,79]. Quinupristin-dalfopristin
has bacteriostatic activity restricted to E. faecium isolates
and thus, cannot be used to treat infections caused by
other enterococcal species. Interactions of these streptogramins with calcineurin inhibitors and mTOR inhibitors
can result in increased levels in the blood. Tigecycline
may be an option for the treatment of clinically stable,
non-bacteremic patients with abdominal and skin and
soft tissue infections. VRE infection has been associated
with higher mortality of liver transplant recipients[49-51].
This finding may possibly reflect the lower effectiveness
of the therapeutic options used in older studies. Nevertheless, in a case series of organ transplant recipients
treated with linezolid, mortality associated with VRE infection was still approximately 40%[80].
Extended-spectrum beta-lactamase-producing
Enterobacteriaceae
Several studies have reported a high prevalence of
extended-spectrum beta-lactamase-producing Enterobacteriaceae (ESBLE) isolates in infections from SOT
recipients[81-83]. In such cases, the most commonly isolated ESBL-producing species are Klebsiella pneumoniae
and Escherichia coli. The incidence of ESBLE infection
is higher in renal transplant recipients in whom they are
important etiologic agents for urinary tract infection[83].
Nevertheless, ESBLE infection is not unusual among
liver transplant recipients, with reported incidences of
5.5%-7%[39,83]. In addition, preoperative fecal carriage, reoperation and a MELD score > 25 have been associated
with a higher risk for infection with these MDR organisms[39].
Several studies examining the outcome of ESBLE
infection among SOT recipients report mortality rates
ranging from 5% to 20%[28,83,84]. However, these studies
included a large proportion of non-bacteremic patients
with urinary tract infections. A preliminary analysis carried out at our center (unpublished data) has shown that
the 30-d mortality rate of liver transplant recipients with
bacteremia caused by ESBLE was 41%, similar to what
has been described in other groups of patients[85,86].
Carbapenems are the most reliable class of drugs for
the treatment of ESBLE infections. Of this class, imipenem and meropenem are the most clinically utilized[87].
Limited clinical data suggest that the efficacy of doripenem is similar to that observed with the former two
drugs[88]. Accordingly, the results of a few studies suggest
that ertapenem, in cases with proven susceptibility, has
comparable effectiveness[89,90]. However, as a considerable
proportion of ESBLE show resistance to ertapenem[91],
it is not considered a reliable first-line therapeutic option
for patients who present with severe sepsis. Cefepime
and piperacillin-tazobactam are associated with a higher
probability for clinical failure even when in vitro susceptibility is documented[87,92]. Thus, these drugs should be

Vancomycin-resistant enterococci
The incidence of vancomycin-resistant enterococci (VRE)
infections varies widely among centers. Most infections
occur within two months of a liver transplantation and
the predominant sites of VRE isolation are the blood,
peritoneal fluid, bile and urine[49]. Similar to what has
been described for MRSA, patients colonized with VRE
are at a high risk for infection[70]. The prevalence of preoperative VRE colonization in liver transplant candidates
ranges from 0% to 18%[70-73], with postoperative colonization rates as high as 14%-44%[40,70,73]. Once acquired,
colonization may persist for months to years[74,75]. The
factors most consistently associated with VRE infections
include complications or procedures related to the biliary
tract[49-51,76], as well as surgical re-exploration, longer hospital stays and prior antibiotic use[23,49,76].
There are limited therapeutic options for VRE infection. High doses of ampicillin should be used in cases
with documented in vitro susceptibility. Although ampicillin susceptibility is an uncommon feature for Enterococcus
faecium (E. faecium), it is frequently found in vancomycinresistant Enterococcus faecalis (E. faecalis) isolates. Linezolid,
which has bacteriostatic activity against E. faecalis and
E. faecium, can be used to treat infections caused by
vancomycin-resistant strains of both species. However,
resistance to linezolid has been described in up to 20%
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considered as an alternative treatment only to patients
who are not severely ill, especially when the primary site
of infection is the urinary tract[93]. There are few reports
of the effectiveness of other drugs, such as aminoglycosides and quinolones, for the treatment of ESBLE infections.

regimens may be beneficial if the MIC to these drugs is
[103]
≤ 4 mg/L . Aminoglycoside monotherapy is effective
for the treatment of urinary tract infections, with higher
microbiological clearance as compared with monotherapy
with polymyxin B or tigecycline[104]. Control of the source
of infection (removal of intravascular catheters, drainage
of abscesses) is of essential importance and is associated
with lower mortality[105].

MDR Pseudomonas aeruginosa
A reported 18% of nosocomial pneumonia cases following liver transplantation are caused by MDR Pseudomonas
aeruginosa (P. aeruginosa)[94]. Furthermore, MDR P. aeruginosa
has been isolated in up to 9% of bloodstream infections
in liver transplant patients[14,43]. Studies on specific risk
factors for MDR P. aeruginosa among liver transplant recipients are not available. Bloodstream MDR P. aeruginosa
infections were found to be more frequent in subjects
who had hospital-acquired bacteremia or who had been
admitted to an ICU in the previous year in a study population in which half of the analyzed SOT recipients had
received a liver graft[20].
Optimal treatment for MDR P. aeruginosa is not established. In a recent review on this issue[93], it was pointed
out that most experts caring for transplant patients generally recommend the use of a combination of two or
three drugs from different classes. Antimicrobial drug
classes that are usually combined in these regimens include beta-lactams, aminoglycosides, polymyxins and
a quinolone[93,95]. There is also data to suggest that the
combination of aerosolized antibiotics with intravenous
antimicrobial therapy may be beneficial for patients with
nosocomial pneumonia due to P. aeruginosa and other
multidrug-resistant Gram-negative pathogens[96].

Carbapenem-resistant Acinetobacter baumannii
Carbapenem-resistant Acinetobacter baumannii (CR-Ab)
infections are associated with a high mortality of SOT
recipients[16,52,54,106]. Although risk factors for these infections are not well defined, the outcomes of CR-Abinfected SOT recipients are influenced by clinical severity when the infection is diagnosed, the delay to start
appropriate therapy[52,54] and the therapeutic regimen
used[16]. Recurrence or persistence of infection despite
therapy with drugs with proven in vitro susceptibility has
also been described[16,46,52]. Infections caused by CR-Ab
strains that retain in vitro susceptibility to sulbactam may
be treated with ampicillin-sulbactam or amoxicillin-sulbactam. However, most isolates are extensively resistant,
being susceptible only to polymyxins and, with variable
frequency, a drug of another antimicrobial class, such as
an aminoglycoside or tigecycline. However, monotherapy
with a polymyxin has been associated with the emergence
of resistant strains[107]. Conflicting results have been reported regarding the effectiveness of combined colistin
and rifampicin treatment in non-transplant patients with
CR-Ab infections[108,109]. There are also limited data on the
effectiveness of the combination colistin-tigecycline, with
indications that it is associated with a high rate of treatment failure and emergence of resistance[110,111]. On the
other hand, a single-center retrospective study reported
a significantly higher survival rate in transplant recipients treated with the combination colistin-carbapenem
(doripenem in most cases)[16].

Carbapenemase-producing Enterobacteriaceae
Carbapenemase-producing Enterobacteriaceae (CRE) infections are associated with a high mortality of SOT recipients[15,97,98]. In a study of liver transplant recipients, the
survival rate of subjects with CRE infection was 29%,
compared to an 86% survival rate in those without[15].
This study also found that CRE infection and a preoperative MELD score > 30 were independently associated
with mortality. The impact of preoperative colonization
on the rates of CRE infection and mortality after liver
transplantation remains undefined. Nonetheless, a study
including other groups of critically ill patients demonstrated a high incidence of CRE infection among colonized individuals[99].
The high mortality observed with these infections
reflects the very limited therapeutic options currently
available. Furthermore, the failure of currently used automated systems to detect carbapenem resistance may delay
the start of appropriate antibiotic therapy and contribute
to the increased mortality of these infections[36]. Most
CRE isolates have in vitro susceptibility to polymyxins, tigecycline and fosfomycin, and a considerable proportion
retain susceptibility to aminoglycosides. Data from a few
studies carried out in non-transplant patients suggest that
combination therapy may improve survival[100-102]. The
use of a carbapenem in these combination antimicrobial
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PREVENTION
Although some components of the preventive strategy
should be adapted according to the local epidemiology, several general measures can be recommended to
reduce the risk of acquiring MDR bacterial pathogens.
Continuous education of strict hand hygiene should be
implemented concerning contact with contaminated surfaces and before and after contact with a patient. Medical
equipment and patient care surfaces should be cleaned
and disinfected. Contact isolation precautions must be
used for patients with known pathogen colonization.
Invasive devices should only be used for a minimum duration, as necessary. Moreover, to minimize the selective
pressures favoring the emergence of MDR pathogens,
the rational use of antibiotics must be constantly promoted through antibiotic stewardship programs.
Although the universal screening of asymptomatic
transplant candidates and recipients with surveillance
cultures is not generally recommended[69,93,112], it is war-
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ranted during outbreaks, in high prevalence areas and for
patients with known risk factors for colonization with a
given MDR pathogen[39,59,113], such as patients with recent
hospital admissions. In these settings, pre- or perioperative screening of high-risk transplant candidates may
help with the timely implementation of contact isolation
precautions and to guide empiric antibiotic selection for
septic patients while the results of cultures are pending[39].
For patients colonized with MRSA who do not have open
wounds, intranasal mupirocin and chlorhexidine cleansing should be attempted[114]. Cleansing with chlorhexidine
may also help to limit the cross-transmission of VRE[115].
Two recent studies suggest that selective digestive decontamination with unabsorbable antibiotics may be a suitable strategy for selected groups of patients colonized
with CRE[116,117]. However, in other studies, this intervention has also been associated with the rapid emergence
of isolates resistant to colistin and aminoglycosides[118,119].
Several studies have shown that the implementation of
a variable set of these preventive strategies in endemic
settings or during outbreaks effectively curtails the transmission of MDR bacterial pathogens to transplant recipients[25,26,34,37,76,113].
While cases of unfavorable outcomes resulting from
donor-derived MDR infections have been reported[46-48],
there are also several reports of good short-term outcomes from SOT using organs from donors with CRE
colonization or infection[120-122]. Thus, the criteria defining
the eligibility of transplant organs from donors infected
or colonized with extensively resistant organisms, such as
CR-Ab and CRE, are not established and solely based on
expert opinion. Potential donors with bloodstream infections caused by these agents should not be accepted[121].
However, for donors without bacteremia, the decision to
accept organ donation should take into account the organ
to be transplanted and the source of positive donor cultures, provided that there is adequate antibiotic therapy
for the isolated organism[93,121].
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Core tip: Bacterial infections are major causes of morbidity and mortality after liver transplantation. To prevent post-transplant infectious complications, epidemiology, risk factors and clinical characteristics of bacterial
infections should be monitored and controlled. Currently, novel threats are arising from multi-drug resistant
bacteria and recipients with higher risk for infection are
increasing. Despite improved surgical techniques and
post-transplant care systems, early diagnosis and appropriate treatment of bacterial infections are vital for
successful liver transplantation.

Abstract
Infectious complications are major causes of morbidity and mortality after liver transplantation, despite
recent advances in the transplant field. Bacteria, fungi,
viruses and parasites can cause infection before and
after transplantation. Among them, bacterial infections
are predominant during the first two months posttransplantation and affect patient and graft survival.
They might cause surgical site infections, including
deep intra-abdominal infections, bacteremia, pneumonia, catheter-related infections and urinary tract
infections. The risk factors for bacterial infections differ between the periods after transplant, and between
centers. Recently, the emergence of multi-drug resistant bacteria is great concern in liver transplant (LT)
patients. The instructive data about effects of infections
with extended-spectrum beta lactamase producing
bacteria, carbapenem-resistant gram-negative bacteria,
and glycopeptide-resistant gram-positive bacteria were
reported on a center-by-center basis. To prevent posttransplant bacterial infections, proper strategies need
to be established based upon center-specific data and
evidence from well-controlled studies. This article reviewed the recent epidemiological data, risk factors for
each type of infections and important clinical issues in
bacterial infection after LT.

Kim SI. Bacterial infection after liver transplantation. World J
Gastroenterol 2014; 20(20): 6211-6220 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i20/6211.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i20.6211

INTRODUCTION
Infectious complications are major causes of morbidity
and mortality after liver transplantation, despite advances
in surgical technique, post-transplant care, hospital environments, immunosuppression, infectious disease
treatment, infection prevention and prophylaxis in liver
transplant (LT) recipients[1]. LT recipients are more likely
to develop bacterial infections than other transplant recipients because of the complexity of the surgical procedure,
which includes penetration of the hepatobiliary system[2].
After LT, bacterial infections comprise the most frequent
type of infection, followed by fungal, viral and protozoal
infections[2-5]. Nosocomial pathogens, including gramnegative bacteria and gram-positive bacteria, are major
causative organisms consequent to epidemiological exposure[6]. The intensity and timing of the exposure, and the
virulence of the organism, affect morbidity and mortality.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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transplant care[16]. In reports from the 1980s and 1990s,
33%-68% of LT recipients contracted at least one bacterial infection after transplantation[4]. During that period,
major transplant centers in the United States reported
a bacterial infection incidence range of 53%-56%[3,17,18].
In a report of a Swiss cohort in the 2000s, 47% of the
patients contracted bacterial infections[19]. Kim et al[20] reported rate of 30.2% during the first month and 67.9%
during the total follow-up period (mean, 672 d). Others
reported rates of 14.1%[21] in the first 3-mo, and 75%
and 42.9%[22] in deceased and living-donor LT recipients,
respectively. The bacterial infection incidence rates differ
between centers, according to follow-up duration, study
design and different microbiological environments, even
though the centers use a relatively standardized definition
of infection. As observed in current reports, nearly half
of all bacterial infections occur within the first 2 mo after
transplantation[3,8,18]. The important infection sites are
the abdomen, including the biliary tract, surgical wound,
respiratory tract, and blood stream with or without
catheter-related infections. Enteric gram-negative bacteria (GNB) and gram-positive bacteria (GPB) comprise a
major portion of the causative organisms, although the
predominant pathogens differ between the centers and
between geographical areas[9,10,17,19,23,24].
Risk factors for overall bacterial infections are shown in
Table 1. Some factors in studies from the 1990s[3,18,25-28] were
not significant factors in studied from the 2000s[14,21,29,30].
Singh et al[31] reported that sources and risk factors differ
for early versus late bacterial infections. In addition to
risk factors, lack of classical signs and symptoms, such as
fever, caused by immunosuppressives and steroids lead
to delay in diagnosis of infections and, hence, one should
monitor carefully and maintain a high index of suspicion
for infection.

The “Net State of Immunosuppression” as described by
Fishman and Rubin[7] is a complex interaction among multiple factors, such as immunosuppressive drugs, underlying
medical condition, extent and amount of barrier breakage,
neutropenia, metabolic issues, and immunomodulatory viral infections, such as cytomegalovirus, Epstein-Barr virus,
herpesviridae and viral hepatitis[7].
Bacterial infection patterns change along the posttransplantation time course[1,3,7]. During the first posttransplantation month, most infections are related to the
surgical procedure with medical complications[1,7]. Surgical site infections (SSIs), including deep intra-abdominal
infections, pneumonia, bacteremia, urinary tract infections and catheter-related infections, are common[8-11].
The patterns and characteristics of these infections are
somewhat similar to those in other surgical patients, especially patients who underwent hepatobiliary surgery;
however, the underlying diseases, immunosuppressive
medications and procedural complexity of transplantation lead to a higher incidence of infection. In LT recipients, 4.4 episodes of bacterial infection during the first
post-transplantation month were reported per patient per
year[3]. Most of the infections during this time period are
caused by nosocomial organisms or the patient’s normal
flora; however, infection can also be transmitted from the
donor. A high degree of vigilance should be maintained
to prevent and treat donor derived infections in a timely
manner. Donor-derived pathogens are extensively monitored and reviewed to prevent unexpected infections[12,13].
During the next post-surgical period, which comprises
the second to sixth months after LT, opportunistic infections might occur, depending on patients’ risk factors and
the intensity of immunosuppression[1]. Although viral
infections are predominant during this period, unusual
bacteria, such as Listeria monocytogenes and Nocardia species,
can cause infections. The reactivation of latent infections,
including those caused by Mycobacterium species and other
fungi and protozoa, might be observed during this time
period.
Bacterial infections that occur more than 6 mo after
LT are related to environmental exposure, late biliary
complications, graft function and combined viral hepatitis[14]. At 12 mo after LT, urinary tract infections, intraabdominal infections, sepsis of unknown etiology, and
pneumonia are the major types of infection in solid organ transplant recipients[14].
Shifts in nosocomial pathogenic patterns, increasing
antibiotic resistance, potent immunosuppression, improved diagnostic methods, grafts from marginal donors
and broader epidemiologic exposure, influence the risk
and outcomes of bacterial infections[15]. In this article, the
current status, epidemiology, characteristics and prevention of bacterial infections after LT will be reviewed.

TYPES OF INFECTION
In LT recipients, SSIs, including deep intra-abdominal
infections, bacteremia, pneumonia, catheter-related infections and urinary tract infection are common[3,8,20]. The
types of infection are similar to those observed decades
ago, because the main surgical procedures still include the
penetration and manipulation of the hepatobiliary system; however, the incidence and risk factors of each type
of infection differ between centers.

SURGICAL SITE AND INTRA-ABDOMINAL
INFECTIONS
SSIs are among the most common bacterial infections[2].
Patients with SSIs have higher rates of graft loss, longer
hospital stays and increased medical costs. Despite advances in post-transplant care, prophylactic strategies and
improved immunosuppression, the prevalence of SSIs
has changed little[32-34]. Although the Centers for Disease
Control and Prevention defined the SSIs into superficial
incisional, deep incisional, and organ/space SSIs[35], the

INCIDENCE AND RISK FACTOR
Bacterial infection trends have changed as a result of bacterial epidemiology, perioperative prophylactic antibiotics,
surgical techniques, immunosuppressive agents and post-
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cocci and streptococci)], gram-negative bacilli [Enterobacteriaceae, Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter
baumannii (A. baumannii), and Stenotrophomonas maltophilia],
anaerobes and fungi[3,17,32,36,37].

Table 1 Risk factors for bacterial infection in liver transplant
recipients
1990s

2000s

Pre-transplantation plasma creatinine
value greater than 1.58 mg/dL
Prolonged surgical time more than 12 h
increased number of abdominal
operations
Use of Roux-en-Y choledochojejunostomy
Acute rejection
CMV infection
Prolonged hospitalization
Increased operative transfusion
requirement
Retransplantation
Elevated bilirubin levels

Long-term renal replace therapy
(> 30 d)
Increased serum ferritin level
Early
Portal vein thrombosis
Age older than 45 yr
Preoperative hyponatremia
ICU satay longer than 9 d
Postoperative bile leakage
Severe hyperglycemia
Late
Recurrent hepatitis C
Age
Female gender
Anti-hepatitis C virus positive
serostatus
Chronic allograft dysfunction
Early CMV disease
Early bacterial infection

BACTEREMIA
Bacteremia has been a main cause of morbidity and mortality in LT recipients[39]. Bacteremia, as a proportion of
all infections, increased because of a decline in infections
caused by other pathogens, such as viruses and fungi[5].
Most bacterial infections occur within the first month after transplantation, with a range of 19%-33%[3,18,20,26,40,41].
The prevalence of specific pathogens varies between
transplant centers. Traditionally, gram-positive cocci
were considered common causative agents of early posttransplant bloodstream infections[17,24], whereas, decades
later, there had been a increment of bacteremia due to
GNB[5,41-44]. One of the largest transplant centers reported that the proportion of GNB increased from 25%
during the period 1989-1993 to 51.8% during the period
of 1998-2003, whereas the GPB decreased from 75% to
48.2% during the same period[5]. However, the centerspecific epidemiology and post-transplant management
reflect the continued high prevalence of bacteremia
caused by GPB[40,45-47]. In one study, the common sites of
entry were the gastrointestinal and biliary tract in 27% of
the cases, pneumonia in 10%, intravenous site in 6%, and
unknown in 41%[24]. Others study reported that 52.8%
of bacteremia cases entered through the gastrointestinal
tract, followed by unknown (22.6%), urinary tract (17%)
and catheter (3.8%)[42]. However, an indwelling central
catheter was one of major sources of bacteremia (30%)
and the duration of catheterization (P < 0.0001) was a
significant risk factor[40]. The mortality rate in bacteremic
LT recipients has been reported to range from 24% to
36%[5,18,40]. After the onset of bacteremia, the 14-d mortality rate was 24%[24], and the 30-d rate was 27.8%[5].
Risk factors for bacteremia include old age, a longer
catheterization time, United Network of Organ Sharing
(UNOS) class Ⅰ or ⅡA status, diabetes, pre- and posttransplant renal dysfunction, and hypoalbuminemia[40,48].
In a study by Iida et al[45], a multivariate analysis showed
that Child-Pugh class C status, preoperative hepatic hydrothorax or ascites requiring drainage, CMV infection,
ABO incompatibility, and older donor age were independent risk factors for bacteremia within 3 mo after
living-donor LT[45]. In that study, a longer intensive care
unit (ICU) stay, intravenous catheterization, renal failure,
hemodialysis, and diabetes mellitus were not significant
risk factors for post-transplant bacteremia. The risk of
mortality was related to the severity of underlying disease, source of bacteremia and choice of antimicrobial
agents[24]. When timing of the onset of bacteremia was
considered, the one-year mortality rate was significantly
associated with early episodes, but not with late episodes[24,43]. However, a recent study by Lee et al[46] demonstrated that no significant differences were observed in
the 30- and 60-d all-cause mortality rate of patients with

ICU: Intensive care unit; CMV: Cytomegalovirus.

incidence of SSIs has been rarely determined according
to a standardized definition, especially in LT recipients[36].
In previous well-organized studies, the incidence of SSIs
ranged from 9% to 21.5% as wound infection, from 6%
to 18% as cholangitis, from 6.3% to 9% as peritonitis, and
from 4% to 12.9% as abscess[3,18]. Currently, the overall incidence of SSI ranges from 18% to 37%, and on average,
up to 2.4 SSIs per patient[32,33,36,37]. In a large multicenter
study, 11.6% of the total patients had organ/space, 4.9%
had superficial, and 1.4% had deep SSIs[36]. In a subgroup
analysis, the organ/space SSIs were found to be significantly associated with death, graft loss, and death without
prior graft loss[36]. LT recipients differ from other transplant recipients with regard to underlying poor nutrition,
bleeding tendencies, difficulties and longer surgical durations. Although the medical condition of the patient pretransplant affects the occurrence of post-transplant SSIs,
recent data showed that SSIs were more closely related to
intraoperative conditions and post-transplant events[33].
The biliary tract is often a source of intra-abdominal
infections, as well as cholangitis and abscess, when the
patient has a biliary stricture, with or without hepatic
artery occlusion[2,3]. A longer cold ischemia time (7.9 ±
2.6 h vs 5.5 ± 2.8 h) was associated with the presence of
non-anastomotic biliary strictures in patients with hepatic
artery stenoses[38]. Anastomosis of the biliary duct using
Roux-en-Y loop has been associated with a higher rate of
infection[2,3]; however, recently, making a Roux-en-Y loop
is not a routine process. Additional risk factors include;
retransplantation, dialysis, transfusion ≥ 2 units of blood
during LT, cold ischemia for > 400 min, and cytomegalovirus (CMV) infection in one study[33]; donor liver massto-recipient body mass ratio of ≤ 0.01, and an increased
surgical duration in another study[36]. Causative pathogens
included gram-positive cocci [Staphylococcus aureus (S. aureus), Enterococcus species, and coagulase-negative staphylo-
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early- and late-onset bacteremia, although the microbiological spectra differed. Enterobacteriaceae such as Escherichia coli (E. coli), Klebsiella pneumonia, Enterobacter species,
and Klebsiella species, as well as enterococci, were common pathogens in bacteremias that originated from the
hepatobiliary and gastrointestinal tract[5,17,24,40-43,45,49]. Multidrug resistant (MDR) gram-negative bacilli that produce
extended-spectrum beta-lactamase (ESBL) and carbapenemase are increasing[42,50-55]. MDR GNB induced bloodstream infections that have significantly worse prognoses
than those caused by susceptible isolates[44,52]. Among
the glucose non-fermenting GNB, P. aeruginosa and A.
baumannii were notable pathogens, which were related to
an increased fatality rate (37%-50%)[24,44,56]. Gram-positive
cocci can also cause of bacteremia in patients with SSIs,
pneumonia, catheter-related infections and urinary tract
infections. Methicillin-resistant S. aureus (MRSA), methicillin-sensitive S. aureus, coagulase-negative staphylococci,
enterococci, and streptococci are commonly reported
pathogens[21,24,40,43,57-59].

quirements, high Simplified Acute Physiology Score Ⅱ
score and the need for renal replacement therapy[60,61].
Pathogen-specific antimicrobial therapy is crucial for the
treatment of bacterial pneumonia, with or without reduction of immunosuppressive agents. After the immediate
period, opportunistic bacterial pneumonia may occur less
frequently. Beyond 6 mo after LT, in patients with good
graft function and immunologically stability, the presenting pattern of bacterial pneumonia is similar to that of
non-LT patients[65].

OTHERS
Donor-derived infection
Transplanted organs facilitate transmission of bacterial,
viral, fungal and parasitic infections[1]. Recently, estimated
donor-derived infections (DDIs) in the United States
occur in less than 1% of all transplant procedures[12]. Although the incidence of DDI is low, when a transmission
does occur, significant morbidity and mortality can result[12]. Outcomes of DDIs are variable, and the definitive
incidences of death and graft loss are difficult to determine[66]. Although several cases of DDIs were reported,
patients having bacterial infections without evidence of
multiorgan failure can be candidates for LT donor weighing risk benefit of transplantation[67]. In some recent
reports, LT recipients who had donor-derived bacterial
infections did not die after the use of appropriate antibiotic therapies[68-70]. Lumbreras et al[71] reported unrecognized bacteremic donors did not affect the outcome of
LT recipients. However, Nery et al[72] reported a primary
non-functioning graft after an LT from a donor with
unsuspected bacterial infection. Factors for transmission
of infection by grafts are virulence, tissue tropism of the
bacteria, recipient’s immune status, graft condition, clinical experience, laboratory technical support and extent of
donor exposures[73].

PNEUMONIA
LT recipients are vulnerable to respiratory infections because of the long surgical duration, frequent use of posttransplant mechanical ventilation, immunosuppression,
massive transfusions, frequent edema with fluid overload,
difficulty coughing after surgery and underlying malnutrition[60,61]. Bacterial pneumonia occurs in 11%-28%
of LT recipients; nosocomial pneumonia in 50%-75%,
and community-acquired pneumonia in 25%-50%[8]. Although bacterial pneumonias occur less frequently than
other types of bacterial infections, they can cause morbidity and mortality[8,60-62]. In a previous report, of the
changes in immunosuppressive agents from cyclosporine
to tacrolimus, the causative organisms included bacteria
(58%), fungi (37%), and protozoa (5%), with controlled
reductions in Pneumocystis jirovecii pneumonia and CMV
infections because of prophylactic use of trimethoprim/
sulfamethoxazole (TMP/SMZ) and ganciclovir[63]. Currently, when comparing the pattern of pneumonia to the
time course, during the first month after LT, bacterial
pneumonia was the most common infection, followed
by fungal pneumonia[64]. Pneumocystis pneumonia is presented as a late-onset complication[65]. Other Aspergillus
and MDR pathogen infections occur on a center-specific
basis[15]. In a study by Ikegami et al[61], GNB were the
predominant pathogens, causing up to 84% of bacterial
pneumonia, and the short-term mortality rate was 42%.
P. aeruginosa, Klebsiella, Enterobacter, Haemophilus influenzae,
(H. influenzae) and S. maltophilia, Serratia marcescens, and
methicillin-susceptible or methicillin-resistant S. aureus
were also reported as pathogens[60,62,64]. In living-donor
LT recipients, significant risk factors were diabetes,
UNOS class Ⅰ or ⅡA status, and operative blood loss >
10 L[61]. Additional factors were post-operative prolonged
mechanical ventilation for more than 2 or 3 d, ICU stay
≥ 7 d, tracheostomy, primary graft dysfunction, the use
of mycophenolate mofetil, lactatemia, vasopressor re-
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Urinary tract infection
In a multicenter large cohort study, urinary tract infection (UTI) was the third ranked type of infection in the
early period and the second most common infection in
late period among solid organ transplant recipients[74].
Another cohort data revealed that UTI was the most
prevalent primary source of bacterial infection over 6 mo
after solid organ transplantation[14]. In LT recipients, the
incidence of UTIs, excluding non-complicated cystitis
and asymptomatic bacteriuria, was 0.06 episodes per 1000
transplant-days overall[75], and 0.03 during late period[74].
Pathogens are E. coli, Enterococcus faecium, Klebsiella
species, S. aureus, Enterobacter species, and Enterococcus
faecalis[18,75]. UTIs are common sources of antibiotic resistant bacterias, such as ESBL producing Enterobacteriaceae, vancomycin-resistant enterococci, and methicillinresistant staphylococci[51,53]. Risk factors for UTI are age
(OR per decade = 1.79, 95%CI: 1.09-3.48), female sex
(OR = 1.7, 95%CI: 1.43-2.49) and diabetes (OR = 1.02,
95%CI: 1.001-1.040)[75]. Long-term use of a urinary indwelling catheter is one of common risk factors for UTI;
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bacteriaceae are E. coli, Klebsiella species, Enterobacter species, and S. marcescens[3,8,22,43]. P. aeruginosa and A. baumannii
are also common causes of GNB infection. S. maltophilia,
Burkholderia cepacia, H. influenza, and Campylobacter jejuni are
also reported, but infrequently.
Recently, a high rate of drug-resistant GNB infection has become the major and global concern, including
among LT recipients[83,84]. The prevalence of ESBL producing GNB, carbapenem-resistant K. pneumonia (CRKP),
MDR Acinetobacter and MDR Pseudomonas are increasing
and are related to higher rates of treatment failure[85]. In
one study in China, 56% of GNB infections were caused
by multi-drug resistant organisms after LT[55]. Borer et al[86]
reported strikingly high crude mortality rate in patients
with CRKP infections compared with the control group
(71.9% vs 21.9%). In a study of LT recipients, the survival rate was significantly lower in patients with a CRKP
infection than in patients without a CRKP infection (29%
vs 86%, P < 0.001)[87]. Multivariate analysis showed that
the only pre- and post-LT clinical variables significantly
associated with death were a MELD score > 30 (HR
= 3.4, P = 0.04) and a post-LT CRKP infection (HR =
4.9, P = 0.007)[87]. Also, fatal cross infection by CRKP in
LT recipients was reported[88]. However, in one report,
Varghese et al[22,89] described a low mortality rate (1 of 10
patients) associated with CRKP infection. The reasons
for the differences in mortality between the centers is
unknown, but might result from study designs, overall
severity of the illness and underlying demographic characteristics[89].
The presence of ESBL producing GNB is worldwide;
however, the prevalence of infection is quite variable[85].
One of the largest transplant centers reported six (67%)
of nine LT candidates were colonized with ESBL producing GNB[90]. Others reported that ESBL producing
GNB comprised 43.3% of GNB in LT and kidney transplant recipients, and the common types of MDR-GNB
were TEM and CTX-M[51]. Risk factors for MDR-GNB
were the extended use of pre-transplant broad-spectrum
antibiotics and prolonged endotracheal intubation[55]. Additional risk factors for MDR-GNB infections include
post-transplantation renal dysfunction, prolonged pretransplantation hospitalization, antibiotic exposure, surgical complications and the need for invasive devices[55].
Infections and carriage of MDR-GNB are associated
with higher rates of allograft failure and mortality[91].
The administration of inadequate antibiotic treatment is
significantly related to increased mortality[56,92]. Thus, the
center specificity result in different mortality rates in patients with MDR-GNB infections, early diagnosis, proper
treatment, environmental infection control, and judicious
use of antibiotics are crucial to improve survival.

however, data are scarce focusing on LT recipients. In
clinical settings, many centers introduce prophylactic use
of TMP/SMZ for the prevention of Pneumocystis jirovecii
pneumonia as well as UTIs; however, UITs are considered less preventable because of the increasing rate of
TMP/SMZ resistance[76].
Clostridium difficile associated colitis
Diarrhea is a common symptom after LT, with an approximated incidence of 10%-43%[77]. The most common causes were Clostridium difficile (C. difficile) and CMV
as infectious etiologies, particularly during the first 2
mo after LT[78]. Other non-infectious causes of diarrhea
are ulcerative colitis and medications[78]. In a nationwide
analysis, C. difficile infection (CDI) was more prevalent in
LT patients than in non-LT population (2.7% vs 0.9%,
P < 0.001) and CDI was associated with a higher mortality rate (5.5% vs 3.2%, adjusted OR = 1.70, 95%CI:
1.29-2.25)[79]. Early onset (≤ 28 d post-LT) CDIs were
significantly more likely to have variables of redo LT (P =
0.013), higher model for end-stage liver disease (MELD)
score (P = 0.007), presence of major intra-abdominal
bleeding (P < 0.0001), biliary complications (P = 0.034),
bile leaks (P = 0.026) and systemic infection (P < 0.001)[80].
The incidence of CDI in living donor LT recipients was
5%, and the independent risk factors were male sex (OR
= 4.56) and serum creatinine (> or = 1.5 mg/dL, OR
= 16.0)[81]. Recently, in study by Boutros et al[82], 15.8%
of CDI in solid organ transplant recipients developed
complicated C. difficile-associated colitis resulting in graft
loss, total colectomy or death. In this study, surgical intervention was strongly recommended, especially for
those who had independent risk factors for complicated
CDI, such as white blood cell count ≥ 25000/µL (HR =
1.08, 95%CI: 1.025-1.15) and evidence of pancolitis on
computed tomography (CT) scan (HR = 2.52, 95%CI:
1.195-5.35)[82]. When the LT recipient presents with pathological diarrhea, an early serological test, sigmoidoscopic
examination, and/or CT scan for differential diagnosis
and proper management is crucial.

PATHOGENS
Bacterial pathogens differ between the post-transplant
period[1]. Most bacterial infections occur within 2 mo of
transplantation[8]. Although the predominant pathogens
differ between centers and between geographic areas,
enteric GNB and GPC are the major causative organisms[9,10,17,19,23,24].
Gram-negative bacteria
Enterobacteriaceae are the major pathogens in LT recipients. Many of these infections are associated with technical problems with the graft, biliary leaks or obstructions.
Thrombosis of the hepatic artery results in ischemia of
the allograft, which might cause liver abscesses. GNB can
also cause SSIs, including deep intra-abdominal infections, bacteremia, pneumonia, urinary tract infections and
catheter-related infections. Common pathogenic Entero-
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Gram-positive bacteria
GPB are a main cause of superficial and deep SSIs, bacteremias and pneumonia, predominantly during the first
2 mo after LT[2]. Common GPB include staphylococci,
streptococci and enterococci. GPB are traditionally common causes of early post-transplant SSI and bloodstream

6215

May 28, 2014|Volume 20|Issue 20|

Kim SI. Bacterial infections following liver transplantation

infections; however, the reported frequencies of these infections differ between countries and between centers[8,93].
Kawecki et al[34] reported GPB were 78% of infection,
and the percentage of methicillin-resistant coagulase
negative staphylococci (MRCNS) was 42% and the highlevel aminoglycoside-resistant enterococci was 24.3%[34].
Although GNB infections are increasing in some centers[5,43], the MRSA and vancomycin-resistant enterococci
(VRE) remain threats in LT recipients[47,94]. The rate of
VRE colonization and infection is highly variable and
center-specific[95]. Gearhart et al[96] demonstrated that LT
patients in the VRE group had lower survival than those
in the non-VRE group (52% vs 82%, P = 0.048); prior antibiotic use, multiple abdominal surgeries, and biliary complications were associated with acquisition of VRE. Linezolid is used to treat VRE disease. Herrero et al[97] reported
nosocomial spread of linezolid resistant VRE. The emergence of linezolid-resistant, vancomycin-resistant E. faecium is of great concern, not only in LT patients, but also
in public health. Prudent use of linezolid is crucial[97].
The incidence of MRSA is continuously increasing
and still causes a significant proportion of bloodstream
infections. A multicenter study in Spain reported that
MRSA bacteremia was an independent risk factor for
mortality among bacteremia patients[47]. However, Malinis et al[98] reported that solid organ transplant recipients
had an unusually lower S. aureus bacteremia incidence
rate and mortality rate than non-transplant patients; this
difference might result from early antibiotic treatment,
the involvement of infectious disease physicians and
the effects of immunomodulatory therapies. There has
been great concern about community-acquired MRSA
(CA-MRSA)[99]. The incidence is not clear in transplant
recipients, but there was a report of fatal CA-MRSA infection by transmission from a donor[100]. The prevalence
of vancomycin-intermediate S. aureus (VISA) and heterogeneous or heteroresistant VISA (hVISA) is reported to
be increasing worldwide, with regional differences[99]. In
one study in France, Bert et al[101] reported that 13 (27%)
of the 48 LT recipients had heterogeneous glycopeptideintermediate S. aureus over a 5-year period. Only two of
13 patients had history of previous glycopeptide therapy
and the prevalence was considered the effect of clonal
spread of a multiresistant strain[101].

have been widely discussed, and there have been reports
about bacterial transmission via transplantation. Bacterial
infection screening should be performed in both living
and deceased donors[103]. However, there are limitations
on the evaluations and elapsed time between the test and
results in cases of emergency surgeries with deceased
donors. Communication between surgeons and the organ
procurement organization is vital when evaluating the risk
of infection. Perioperative antibiotics use within 48 h is a
widely adopted protocol for preventing bacterial infection.
Prophylactic antibiotic regimens can yield different bacterial infection rates[8]. Selective bowel decontamination
regimens with non-absorbable antibiotics have been studied. Some reported reduced infection[104,105], whereas others showed no benefit[106]. Selective decontamination was
associated with gastrointestinal intolerance and patient
noncompliance[105]. A randomized trial that compared fiber and lactobacillus supplementation with selective bowel
decontamination showed a reduced rate of infections in
patients who received supplementation[107]. Rifaximin,
a poorly absorbable form of rifamycin, was studied to
determine whether it could reduce early post-transplant
enteric GNB infections in severely ill recipients[108]. A significantly lower incidence of infection within 90 d after
transplant was observed[108]. However, many interventions,
such as selective bowel decontamination, active lactobacillus with fibers, inactivated lactobacillus with fibers or
different doses of granulocyte-colony stimulating factor,
did not provide significant benefits in the reduction of
bacterial infections and wound complications in metaanalysis[109].
It is certain that elimination of known risk factors,
such as early removal of unnecessary central venous catheter, is crucial. During the intra-operative and post-transplant periods, aforementioned controllable risk factors
should be minimized to prevent infections. Perioperative
antibiotics need to be selected according to institutional
antimicrobial susceptibility patterns. No clear data are
available regarding benefits of modifying perioperative
antibiotics to donor cultures in liver transplantation.

CONCLUSION
Bacterial infections are the major targets to overcome
during the first 2 mo after transplantation. In this period,
controllable factors such as renal function preservation,
minimizing biliary complications, glucose control, preserving renal function, adequate management of portal
vein thrombosis, preventing acute rejection, effective
respiratory toilet and early removal of unnecessary catheters should be applied. Patients need to be monitored
closely to detect any subtle signs and symptoms of infection, as the markers of infection, such as fever, may
be lacking in LT recipients because of underlying liver
disease and immunosuppression. Transplant surgeons
and physicians should communicate with infectious disease specialists, microbiologists, intensive care specialists,
infection control specialists and epidemiologists who are
members of the transplant team. Individualized center-

PROPHYLAXIS AND PREVENTION
Certain bacterial infections are preventable with appropriate prevention strategies, which can be divided into three
phases; pre-transplant, intra-operative and post-transplant.
During the pre-transplant period, pre-existing infections
in the recipients should be controlled before transplantation. Sepsis and pneumonia are considered absolute contraindications for liver transplantation[102]. Emergent situations may arise in which it may not be possible to clear
the infection before a life-saving transplant. However, no
consensus has been reached on the recommended optimal
therapy duration or interval between the infection resolution and transplantation[13]. Donor-derived infections
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specific strategies for the prevention and treatment of
bacterial infections in LT must be implemented, based
on patient’s risk factors, operative factors, nosocomial
environments, local microbiologic epidemiology, center specific antimicrobial sensitivity and evidence-based
medicine.
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dergo LDLT have a higher risk of complications than those
who undergo deceased donor liver transplantation (LT).
Interventional radiology has acquired a key role in every
LT program by treating the majority of vascular and nonvascular post-transplant complications, improving graft
and patient survival and avoiding, in the majority of cases,
surgical revision and/or re-transplant. The aim of this paper is to review indications, diagnostic modalities, technical
considerations, achievements and potential complications
of interventional radiology procedures after LDLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Portal vein; Hepatic artery; Hepatic vein; Bile
duct; Living donor liver transplantation; Liver transplant

Core tip: The aim of this paper is to review indications,

diagnostic modalities, technical considerations, achievements and potential complications of interventional radiology procedures after living donor liver transplant.
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INTRODUCTION
Living donor liver transplant (LDLT) is an optimal solution for urgent demands for liver grafts[1]. However, 25
(27.1%) living donors presented 1 or more episodes of
complication in the post-operative period[2]. Stringent
criteria of donor selection criteria and peri-operative care
were implemented following one of the first reported

Abstract
The shortage of deceased donor liver grafts led to the use
of living donor liver transplant (LDLT). Patients who un-
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case of living donor death in 2002. In the recipient, vascular and/or biliary complications and infections may
lead to graft dysfunction without appropriate management. Advances in the field of percutaneous, radiological,
minimally invasive techniques have increased the importance of interventional radiology in the management of
patients after LT[3]. This article describes how interventional radiology could be applied in the management of
postoperative vascular and biliary complications in recipients after LDLT by reviewing our experience and other
protocols present in literature.

not restored, a metallic stent is deployed. There is ongoing discussion regarding the best therapeutic option(s) for
HA complications, because both endovascular intervention and open surgery have advantages and disadvantages.
It is generally accepted that endovascular interventions
are less invasive than open surgery. There were significant
differences in the mean length of the operation for the
first treatment of HA complications (open surgery, 428
min vs endovascular intervention, 160 min, P = 0.01) and
in the mean value of the post-treatment aspartate aminotransferase/alanine aminotransferase (open surgery/
endovascular intervention, P = 0.04/0.05)[8]. However, a
higher recurrent stenosis rate in endovascular intervention (60%) than open surgery (37.5%) was reported[8].
Percutaneous transluminal angioplasty has also been reported to be an effective treatment of HA stenosis after
living donor LT, with a success rate of 94% and a complication rate of 6%, with possible HA stenosis recurrent
in 33% of patients[8,9]. These complications included arterial dissection and bleeding.

DIAGNOSIS OF GRAFT DISEASE
At our institution, postoperative Doppler ultrasound
(DUS) to assess vascular patency and biliary complications is routinely performed on liver transplant patients.
DUS is performed on a daily basis during the immediate
postoperative period. At outpatient follow-up, regular
color DUS is performed routinely every three months.
Any alteration of liver function tests not explained by
diagnostic imaging, requires a liver biopsy to exclude rejection and/or other pathologies. Computed tomography
angiography and magnetic resonance angiography are reserved for supporting sonography (US) findings or when
US findings are equivocal. Confirmation and common
therapeutic interventions for all vascular or non-vascular
complications are done by interventional radiology.

PORTAL VEIN COMPLICATIONS
Intraoperative portal vein intervention
After reperfusion, if insufficient portal flow was detected by Doppler ultrasound, a direct portogram was
performed and stent placement was prepared as an alternative procedure when surgical intervention failed. Intraoperative portal vein (PV) stent placement during liver
transplant is a good substitute for surgical adjustment in
patients with PV abnormalities. We report two cases in
which this procedure was used to guide intraoperative PV
stent placement through an inferior mesenteric vein approach and with use of the stump of the segment 4 PV
in pediatric living donor liver transplant recipients[10].
Chronic PV abnormalities are less common and only
occur in 2%-13% of transplant recipients[11,12]. Early diagnosis of any PV complication is essential for the prevention of late PV complication-related graft loss. A jet flow
phenomenon of portal flow and post-stenotic dilatation
of the PV are often found in patients with severe PV
stenosis. Splenomegaly and ascites in some patients may
also be clues suggestive of portal vein complications. PV
angioplasty/stenting is conventionally performed through
the percutaneous trans-hepatic approach, however, this
can also be performed through trans-splenic approaches.
Ko et al[13] reported a series of patients following living donor LT with early occurrence of PV stenosis that
were treated with transhepatic primary stent placement.
In our practice, a percutaneous transhepatic/transplenic
puncture of the intrahepatic PV was performed using
a 21-gauge Chiba needle (Cook, Bloomington, IN) under ultrasonographic and fluoroscopic guidance. Using
Seldinger technique, a 0.018-inch wire was advanced
into the main PV. The needle was changed to a 4-French
coaxial dilator and a 7-French sheath (Terumo, Tokyo,
Japan) over a 0.035-inch angled hydrophilic guide wire
(Terumo, Tokyo, Japan). An initial contrast study to serve
as a ”road map“ was performed. The guide wire was

HEPATIC ARTERY COMPLICATIONS
The incidence of hepatic artery (HA) complications is
around 4%-16%[4]. Complications include HA stenosis,
occlusion, thrombosis, bleeding, aneurysm, and steal syndrome. Usually, these complications are caused by surgery
and trauma, and most often they occur near the site of
anastomosis during the perioperative period. Resection
and further surgery to HA anastomosis is potentially an
optimal way to solve HA complications intraoperatively
and at an early stage after liver transplant. Endovascular
intervention can easily be selected for diagnosis, then
treatment can be started immediately. Intervention is thus
a reasonable means allowing for both early detection and
early treatment of HA thrombosis[5,6]. Miraglia et al[7] reported a technique, from a transfemoral approach, with
a 5F Cobra 2 or SOS catheter. A coaxial microcatheter is
then advanced through the stenosis and the trans-stenotic
pressure gradient measured. If a significant pressure gradient is present (> 10 mmHg) then an angioplasty is performed. Before angioplasty, 0.2 mg of nitroglycerine and
2000 UI of heparin are infused into the hepatic artery
to reduce the risk of spasm or thrombosis. A 6F guiding catheter is advanced and a balloon catheter advanced
over a 0.018 inch or 0.014 inch stiff wire. The diameter
of the balloon used varies according to the diameter of
the hepatic artery, ranging from 3 to 6 mm. Procedural
success is determined by reduction or absence of the stenosis in a final arteriogram with significant reduction of
the transstenotic pressure gradient. If a good patency is
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manipulated to advance beyond the point of occlusion
or stenosis. A 0.018-inch or 0.035-inch guide wire and a
4-French J curve catheter (Terumo, Tokyo, Japan) were
used to traverse the PV occlusion or stenosis. Guide
wire manipulation was carried out according to the ”
road map“ and ”feel”; as the guide wire was advanced,
repeat contrast studies were obtained when necessary.
In stenosis patients, amain PV venography and the pressure gradient across the stenosis were obtained. In total
occlusion patients, a combination of hydrophilic guide
wires with straight, angled and ”J“ tips and different sizes
(0.018-inch or 0.035-inch) with supporting catheters
(straight or angled) were often necessary to successfully
pass the occluded segments. Once the correct plane was
entered, rapid progress without perforation could be obtained with development of a loop or extended J at end
of a guide wire during manipulation. A wall stent (7-10
mm with viable length; Boston Scientific, Natick, MA)
was placed to bypass the stenotic or occluded portion.
Balloon angioplasty following stent placement was performed if necessary. For the percutaneous transsplenic
approach (n = 8), the success rate was 75% (6/8). For the
percutaneous transhepatic approach (n = 10), in the three
patients who received a right lobe graft, the success rate
was 100% but in seven patients who received a left lobe
graft, the success rate was only 57%. Hemoperitoneum
and hemothorax are common complications in percutaneous transhepatic PV angioplasty and stenting. Early
diagnosis and treatment are essential to maximize the use
of stent placement and achieve good success rates[14].

agent must be given at least 6 mo. In our experience, long
term patency of the stents is 100% (3/3) in our center.

BILIARY COMPLICATIONS
Biliary complications include biliary strictures, bile leakage, biliary stones and bilomas. Strictures are one of the
most common complications following liver transplant,
representing an important cause of morbidity and mortality in transplant recipients. The reported incidence of
biliary stricture is 5% to 15% following deceased donor
liver transplantations and 28% to 32% following living
donor liver transplantations[19]. Patients with multiple
biliary reconstructions have a higher incidence of biliary complications[20]. Initial evaluation should include
liver US with Doppler evaluation. However, due to the
high rate of false-negative results, a negative test cannot
exclude the presence of biliary complications. Magnetic
resonance cholangiopancreatography, which has a sensitivity and specificity close to 90% in establishing the diagnosis of biliary strictures[21-23] is considered by all to be
the gold standard, not only in establishing the diagnosis,
but also in allowing therapeutic intervention in the same
setting[24,25].The treatments for bile duct stenosis after
transplant include surgery, endoscopic interventional
treatment, and percutaneous intervention. Different liver
transplant centers tend to have different opinions regarding which treatment is the best[26-30]. At present, the
preferred endoscopic approach is repeated aggressive
dilation of the stricture and insertion of multiple plastic
stents, particularly anastomotic stricture. Percutaneous
and surgical modalities are now reserved for patients
in whom endoscopic treatment fails and for those with
multiple inaccessible intrahepatic strictures or Roux-en-Y
anastomoses. The success rate of endoscopy is more
closely relevant to the technician’s skill level, than is the
success rate of percutaneous intervention. Sherman
reported that about 4% endoscopic operations result in
complications or morbidity and 2% in mortality[28].
In conclusion, Patients who undergo LDLT have a
higher risk of complications than those who undergo
deceased donor LT. The landscape related to vascular
or non-vascular complications after LDLT has changed
rapidly in the past 2 decades. The conventional management of these conditions in the past was mainly surgical.
Since the introduction of minimally invasive treatments,
surgery has given up its position as first-choice treatment
for liver transplant complications. Advances in the field
of percutaneous, radiological, minimally invasive techniques have increased the importance of interventional
radiology in the management of patients after LDLT.
Interventional radiology procedures could improve graft
and patient survival and avoid, in the majority of cases,
surgical revision and/or retransplant. By selecting reasonable devices and methods, we believe that interventional
treatment can be the first choice for treatment of LDLT
complications.

HV COMPLICATIONS
Hepatic vein complications, inducing outflow insufficiency, is a major postoperative complication of LT,
especially in patients with partial liver graft transplants.
This produces graft failure with a reported incidence of
1%-4%[15-17]. A smaller recipient-to-donor body weight
ratio and the use of reduced grafts were statistically
significant risk factors in pediatric patients[18]. Hepatic
congestion can cause refractory ascites, refractory hydrothorax and alteration of liver function tests. If a clinical
reports and/or images suggest HVs may be present,
selective catheterization of all the HVs is mandatory to
confirm the stenosis and measure the trans-stenotic pressure gradient. A pressure gradient greater than 3 mmHg
between the HV and right atrium has been reported to
be pathological[18]. Patients with an earlier recurrence of
HV complications had a poorer outcome. The primary
percutaneous transhepatic approach for HV stenosis
treatment may be considered[18] when the transjugular or
the transfemoral approach fails. In general, balloon dilatation is considered the preferred treatment choice and
metallic stent placement is reserved for persistent HV
complications not responsive to multiple angioplasties.
Stent placement should be carefully considered because
of the absence of data on the long term patency of the
stents and stent-related complications. Anti-coagulation
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Core tip: The specific polymorphisms of genes encoding
cytokines, such as interleukin (IL)-1, IL-8, IL-10, IL-18,
IL-28B, tumor necrosis factor-α, interferon-γ, tumor
growth factor-β1, and regulatory molecules such as
vitamin D receptor and chemokine receptor 5 affect the
clinical course of chronic hepatitis B virus (HBV) infection. This review aims to summarize the literature on
cytokine gene polymorphisms and chronic HBV infection and discuss future prospects regarding the clinical
implication of these polymorphisms.

Abstract
Hepatitis B virus (HBV) infection is still a public health
problem worldwide, being endemic in some parts of
the world. It can lead to serious liver diseases such as
chronic hepatitis, cirrhosis, and hepatocellular cancer.
The differences in host immune response can be one
of the reasons for the various clinical presentations of
HBV infection. Polymorphisms of genes encoding the
proinflammatory and antiinflammatory cytokines, which
are responsible for regulation of the immune response,
can affect the clinical presentation of the infection.
Particularly, the polymorphisms of the genes encoding
cytokines such as interleukin (IL)-1, IL-6, IL-8, IL-10,
IL-18, IL-28B, interferon-γ, tumor necrosis factor-α,
tumor growth factor-β1, and regulatory molecules like
vitamin D receptor and chemokine receptor 5 can be
responsible for different clinical presentations of HBV
infections. The genomic information about cytokines
and other mediators can be important for determining
high-risk people for developing chronic hepatitis or hepatocellular cancer and may be used to plan treatment
and preventive approaches for these people. In this
review, the current knowledge in the literature on the
association between cytokine/regulatory molecule gene
polymorphisms and clinical course of chronic HBV infec-
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious and common infectious disease of the liver, affecting 240 million
people worldwide with an estimated 600000 deaths per
year, and remains the major cause for chronic hepatitis,
cirrhosis, and hepatocellular carcinoma[1-3]. HBV infection
is endemic, particularly in developing countries, and is a
serious public health problem[3].
Following acute HBV infection, 1%-5% of adults
develop chronic infection[4] (Figure 1). Rate of chronicity
is inversely proportional to age, being higher in newborns
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Exposure to HBV
About 20% in low endemicity regions

No infection

Acute HBV infection
0% of infants infected at birth,
25%-50% of 1-5 years old children
1%-5% of older children and adults
> 8% in high endemicity regions
2%-8% in intermediate endemicity regions
< 2% in low endemicity regions
Chronic HBV infection

Asymptomatic HBsAg carrier

8%-25% in high endemicity regions
2%-8% in intermediate endemicity regions
< 2% in low endemicity regions
Asymptomatic HBsAg carrier

Chronic active HBV hepatitis

About 15%-40%

Asymptomatic HBsAg carrier

End-stage liver disease and
hepatocellular carcinoma

Figure 1 Clinical presentations of hepatitis B virus infections[4,100]. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

and children than in adults. The prevalence of chronic
HBV infection is also higher (over 8%) in areas where the
disease is highly endemic than in those with intermediate
and low endemicity[4].
The chronic diseases caused by HBV are chronic hepatitis, cirrhosis, and primary hepatocellular carcinoma[5].
Chronic hepatitis can lead to end-stage liver disease in
15%-40% of patients[6]. A number of factors, including
host-related factors (e.g., genetic and immunological background), pathogen-related factors (e.g., viral load, genotype), and environmental factors (e.g., hygiene, nutrition,
treatment, vaccination)[7] affect the outcome of HBV
infection.
It has been well known that the genetic background
of the host and host-pathogen interactions influence the
outcome of HBV infection[8-12]. Hepatitis B surface antigen positivity is more common in identical twins than in
fraternal twins[13], which indicates that host-related genetic
factors have an impact on the course of HBV infection.
Gene polymorphisms such as the single nucleotide
polymorphism (SNP; replacement of a nucleotide with
another one) may change the structure and biological
function of the protein coded by that gene. A SNP in the
promoter region of a gene may cause increased or decreased production of the relevant protein. The presence
of these types of inherited gene polymorphisms may
make a person more susceptible or resistant to a certain
disease[14].
Cytokines and regulatory molecules play a fundamental role in the immunopathogenesis of HBV infection.
The gene loci for cytokines are defined, and polymor-
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phisms of these genes are suggested to influence the
outcome of HBV infection[11]. Therefore, many recent
studies have focused on the effect of gene polymorphisms of cytokines on disease outcome and response to
vaccination and treatment[10]. Understanding the genetic
background of this common public health problem may
give rise to new strategies for prevention, treatment, and
control of HBV infection.
In this systematic review of the literature, the impact
of gene polymorphisms on the course of chronic HBV
infection is evaluated and discussed with a focus on polymorphisms of genes encoding cytokines and regulatory
proteins.

CYTOKINES
Cytokines represent a large family of molecules, including tumor necrosis factor-alpha (TNF-α), interleukin
(IL)-1β, IL-4, IL-6, IL-8, IL-10, IL-18, IL-28, interferon
(IFN)-γ, IFN-α, and tumor growth factor-beta (TGF-β).
Cytokines play an important role in the initiation and
regulation of immune responses and, therefore, might
affect susceptibility to HBV and/or the natural course of
the infection[9].
In addition to cytokines, antioxidant enzymes (e.g.,
nitric oxide synthase, manganese superoxide dismutase,
glutathione S-transferase), and regulatory proteins (e.g.,
chemokine receptor 5 (CCR5), vitamin D receptor (VDR),
estrogen receptor, mannose binding lectin) may also
have a role in the course of HBV infection and polymorphisms of the genes encoding these proteins are evalu-
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is a genetic indicator of hepatocellular cancer development in chronic HBV-infected patients[20]. IL-1β and IL1RN accessory protein gene polymorphisms are related to
chronic and persistent HBV infection[18,21]. Fontanini et al[22]
reported that IL-1β proinflammatory polymorphisms
are associated with cirrhosis and end stage liver disease,
which are more pronounced in males.

Table 1 Role of polymorphisms of genes encoding cytokines
and some regulatory proteins in chronic hepatitis B virus
infection
Cytokine
IL-1
IL-1a
IL-1β
IL-1RN
IL-6
IL-8
IL-10

IL-18

IL-28B

TNF-a

IFN-g
TGF-β1

Allele/
polymorphism

Effect

Ref.

-511C
2
-174 G/C
-251AA

Persistent infection
[20-22]
Protective against HBV infection
[18]
No effect
[26]
Protective against HBV-related
[28]
cirrhosis
-1082G
Virus clearance, lower HBV viral
[30,31]
load, protective against HBV
infection
Persistent HBV infection
[35]
-592CA
Virus clearance
[35]
Persistent HBV infection
[36]
IL-10R K47E
Persistent, chronic infection
[38,99]
-148C
Virus clearance
[40]
+8925G
Virus clearance
[40]
+13925C
Virus clearance
[40]
-137C
Protective against HBV
[43,44]
-607AA
Inhibition of HBV DNA
[43,44]
replication
Virus clearance, prevent HBV
[46]
progression
No effect
[51]
-863A
Virus clearance, persistent
[68,71,77]
infection
-238A
Persistent infection
[37,58-62,71]
-308A
Progressive disease
[55,58,66,77]
Protective against chronic HBV
[76]
infection
-857CC
Persistent infection
[37,61,62,68]
Protective against chronic HBV
[75]
infection
+874AA
Viral load, persistent infection
[54]
-509C
Development of cirrhosis
[80]
Codon 10T
Development of cirrhosis
[80,83]
Progression to hepatocellular
[81,82]
cancer

IL-6
IL-6 is an important cytokine that regulates the immune
response to HBV infection[15]. IL-6 level is significantly
increased in chronic HBV infection[23]. However, studies
from Korea and Israel showed that there is no relation
between IL-6 gene polymorphism and chronic HBV
infection[24,25]. Similarly, studies from other populations
indicate no significant effect of IL-6 polymorphism at
-174G/C on chronic HBV infection[26].
IL-8
IL-8 has been associated with tumors and chronic inflammatory diseases through its mitogenic and angiogenic
functions[27]. Qin et al[28] indicated that the polymorphism
of the IL-8 gene at -251AA might be protective for
HBV-related cirrhosis.
IL-10
IL-10 is secreted mainly from T cells and has an inhibitory action on both inflammatory and immunoproliferative
responses. It stimulates the differentiation and proliferation of B cells producing immunglobulin M (IgM), IgG
and IgA. Moreover, IL-10 inhibits secretion of various
cytokines from T cells and monocytes/macrophages[29].
The polymorphism of IL-10 at -1082 region that results
in increased production of G allele is correlated with
virus clearance during intrauterine HBV infection. Moreover, increased IL-10 production has a protective effect
against HBV infection[30]. The G/G genotype at -1082 is
further associated with lower HBV viral load at the immune inflammatory phase in children with chronic HBV
infection[31].
However, there are some conflicting results in the literature evaluating the effect of IL-10 gene polymorphism
on HBV infection. Polymorphisms of genes encoding
IL-10 are related to increased hepatocellular cancer risk
in Korean, Taiwanese, and Chinese patients[32-34]. A metaanalysis of seven studies by Zhang et al[35] indicated that
there is an association between the gene polymorphism
IL-10 -1082GA and persistent HBV infection susceptibility. Moreover, this meta-analysis also showed that the gene
polymorphism IL-10 -592CA and the clearance of HBV
are associated[35]. The carriers of the -592A allele in the
IL-10 promoter region are proposed to have a higher risk
of persistent HBV infection[36]. However, according to
some data in the literature, there is no association between
IL-10 gene polymorphisms and chronic HBV infection[37].
IL-10RB is a subunit of receptor complexes for
IFN-λ and IL-22, which have antiviral- and hepatocyteprotective activity, respectively. Polymorphism of IL-

HBV: Hepatitis B virus; IL: Interleukin; TNF: Tumor necrosis factor; IFN:
Interferon; TGF: Tumor growth factor.

ated in various studies[14].
The role of polymorphisms of genes encoding cytokines and some regulatory proteins in chronic HBV
infection is summarized below (Table 1).
IL-1
IL-1 is a proinflammatory cytokine with various biological activities[15]. The IL-1 gene family encodes IL-1α, IL1β, and their natural inhibitor, IL-1 receptor antagonist
(IL-1RN)[15,16]. IL-1RN allele 2 polymorphism is associated with an increase in IL-1β production[17], which then increases the production of other cytokines (e.g., IL-2, IL-6,
and TNF-α), and stimulates the clearance of HBV[18]. IL1RN polymorphisms, thus, have a protective role against
HBV infection[18].
In addition to its proinflammatory action, IL-1β has
a role in tumor growth[19]. Polymorphism of IL-1β at
-511C allele is associated with increased IL-1β level and
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10RB codon 47 is related to chronic HBV infection in
the Korean population[38].

actions of IFN-γ play a key role in host defense mechanisms. IFN-γ is secreted from T cells and natural killer
cells and regulates T cell response, activating monocytes
and macrophages, which then produce an antiviral response by releasing free radicals and proinflammatory
cytokines such as TNF-α[52]. The core response element
of HBV is sensitive to TNF-α, IFN-γ and IFN-α. Increased levels of TNF-α and IFN-γ intensify the antiviral
activity of T lymphocytes[53]. IFN-γ gene polymorphism
at position +879 causing low IFN-γ level is reported to be
higher in patients with chronic HBV infection compared
to a control group[25]. Additionally, a negative correlation
between necroinflammatory/fibrosis scores and genetic
production of IFN-γ and TGF-β1 was reported in HBVinfected patients[25]. A recent study from Turkey revealed
that IFN-γ gene polymorphism at position +874AA is
correlated with viral load and chronic HBV infection[54].
Conde et al[55] showed in a recent study performed
on 153 patients that higher serum levels of IFN-γ and
TGF-β1 are associated with chronic HBV infection, and
serum level of IL-10 is lower in patients with active disease[55]. Furthermore, the authors reported that the presence of allele A of the TNF-α -308 polymorphism is a
risk factor for progressive disease.

IL-18
IL-18 is a potent proinflammatory cytokine and an immune activator. It is mainly produced in active macrophages and increases induction of IFN-γ and TNF-α,
and cytotoxicity of natural killer cells[39].
IL-18 can promote hepatitis B virus clearance. Three
polymorphic sites in the IL-18 gene at alleles -148C,
+8925G, and +13925C are associated with HBV clearance in the Korean population[40]. A possible positive relationship between serum IL-18 level and disease severity
of HBV infection has been indicated in clinical studies[41].
Three SNPs are defined in the promoter region of the
IL-18 gene that can affect IL-18 production and in return
IFN-γ expression[42]. In a study of a Chinese population,
the polymorphism at -137 with C allele was associated
with protection against HBV infection[43]. Moreover, AA
genotype at -607 position causes an inhibition of HBV
DNA replication[43]. Migita et al[44] studied 204 chronically
HBV-infected patients; of these, 43 were inactive HBV
carriers and 161 had chronic progressive liver disease
including cirrhosis. The authors found that the AA genotype of IL-18 gene-promoter polymorphisms at position
-607 and C allele at position -137 are significantly higher
in inactive HBV carriers than in those with chronic progressive liver disease, suggesting that the polymorphisms
of the IL-18 promoter regions (-607 and -137) can be associated with different outcomes of HBV infection[44].

TNF-α
TNF-α is a key cytokine that determines host immune
response to HBV and viral clearance. Therefore, TNF-α
gene polymorphism can have a role in the course of
HBV infection. TNF-α level and TNF-α receptor expression are increased in HBV-infected patients[56,57]. The
TNF-α gene is localized at MHC HLA region III and
two polymorphisms at -308 G/A and -238 G/A positions of the promoter region may affect TNF-α expression[58,59]. Polymorphisms at these regions may cause an
elevation of TNF-α transcriptional activity and increase
TNF-α serum level[58]. In HBV-infected German patients,
the promoter variant at -238A location is significantly
correlated with chronicity of HBV infection[60]. Similarly,
a study on Chinese patients showed that polymorphisms
at the promoter region at -238GA and -857CC locations
are associated with persistence of HBV infection[37,61,62].
Although TNF-α polymorphism is not a determinant of
HBV clearance in the Italian population, it is suggested
to play a role in the prognosis of patients with chronic
HBV infection[63]. However, a study performed on Iranian patients reported that TNF-α polymorphism has no
role in HBV pathogenesis[64]. Similarly, in HBV-infected
Japanese patients, there is no association between TNF-α
polymorphism and progression to hepatocellular carcinoma[65].
A genetic analysis of 956 Chinese Han subjects revealed an association between the polymorphism in the
promoter region of TNF-α located at -308A and HBV
disease progression[66]. A similar result was reported in a
study of 27 Turkish patients[67]. TNF-α polymorphisms
at position -857CC and -863AA are also associated with
the development of persistent HBV infection in the Chinese Han population[68]. Another study from the South

IL-28B
IL-28B, which is also known as IFN-λ-3, is encoded by
the IL-28B gene. IL-28B inhibits HBV replication in hepatocyte cell lines and has been considered as a potential
new treatment for viral hepatitis[45]. The genetic polymorphisms near the IL-28B gene are strongly associated with
sustained viral response and spontaneous viral clearance
in patients with chronic HBV infection. Thus, genetic
variation of IL-28B may prevent progression of HBV
infection by reducing viral load and liver inflammation[46].
However, some conflicting results have been reported so
far. IFN-λ-3 (IL-28B) polymorphism is a reliable predictor of IFN therapy outcome in patients with chronic
HBV infection[47]. Moreover, it is a protective factor for
HBV infection recurrence and hepatic dysfunction after
liver transplantation[48,49]. However, IFN-λ -3 genotype was
reported to have no role in the development of chronic
HBV infection among HIV-infected patients[50]. Moreover, a study comparing patients with persistent infection
with individuals recovered from HBV infection found
that IL-28B polymorphism has no association with clearance of HBV and does not influence the outcomes of
HBV infection[51].
IFN-γ
IFN-γ has a regulatory role in cellular immunity and
functions of cytotoxic T lymphocytes. Antiviral, antiproliferative, immunoregulatory, and proinflammatory
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progression to hepatocellular cancer[81,82] and cirrhosis[83]
in patients with chronic HBV infection.

Indian population also showed that TNF-α promoter
polymorphisms (at positions -238A, -308A, -857T, -863A
and -1031C) are important host genetic factors that may
determine the variable outcome of HBV infection[69].
Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4)
polymorphism may also affect the host immune response,
including production of cytokines. Han et al[70] reported
that CTLA4 +49GG genotype is associated with lower
TNF-α and IFN-γ levels in patients with chronic HBV
infection.
Overall results of a meta-analysis involving 19 studies (5245 chronic HBV infection cases and 3181 controls
with G238A genotypes) and 11 studies (3576 cases and
2044 controls with C863A genotypes) suggested that
there is no significant association between TNF-α -238
and TNF-α -863 gene promoter polymorphisms and
chronic HBV infection[71]. When subgroups were analyzed by ethnicity in this study, no significant association
was found in Asian populations, but the TNF-α -238A
allele is still a risk for chronic HBV infection in European
populations[71]. Moreover, carriers of -863A genotype
were reported to have increased levels of TNF-α in the
liver in response to HBV infection, and this induces hepatocyte damage that may lead to hepatocellular carcinoma[72]. Kao et al[73] reported that polymorphism at -863A
locus of the promoter region of the TNF-α gene is associated with lower TNF-α production and persistence of
HBV infection[74]. Furthermore, a meta-analysis including
14 studies (4929 chronic HBV infection cases and 2702
controls with -857 genotype) showed that the TNF-α
-857T allele reduces the risk of chronic HBV infection
in the Asian population[75]. Similarly, it was proposed
that the TNF-α -308A allele is protective against chronic
HBV infection in the Mongolian population[76].
A meta-analysis of 12 studies suggested that polymorphisms -863A and -308G in the TNF-α promoter
region might be a risk factor for HBV persistence[77].
Since ethnicity plays an important role in HBV infection
outcome, conflicting results are reported on the association between TNF-α promoter gene polymorphisms and
HBV infection outcome.

REGULATORY PROTEINS
Vitamin D
The active metabolite of vitamin D, 1,25-dihydroxyvitamin-D, has immunomodulatory action in addition to
its regulatory role in calcium metabolism. It activates
monocytes, increases cell-regulated immunity, inhibits
lymphocyte proliferation, immunoglobulin, and cytokine
synthesis, and inhibits type 1 cytokine secreting T helper
(Th1) response while activating Th2 response. Additionally, vitamin D plays a role in programmed cell death.
Monocytes, macrophages, and active T lymphocytes carry
VDR. While the stimulation of VDR on monocytes and
macrophages increases production of TNF-α, IL-1, and
prostaglandin E2, stimulation of VDR on lymphocytes
inhibits T cell proliferation and production of IFN-γ,
IL-2 and TNF-β[84]. Four polymorphisms of the VDR
gene are associated with various immune diseases[84].
Furthermore, being homozygous for VDR gene polymorphism at codon 352 (genotype tt) is significantly
less frequent in patients positive for hepatitis B surface
antigen, and it was suggested that this genotype provides
resistance to chronicity of HBV infection[85]. VDR a/a
allele is also associated with severity of HBV-related liver
disease and with higher viral load[86].
CCR5
An efficient immune response against viral hepatitis
should promote inflammatory cells to be activated and
to migrate to the liver. Chemokines have important functions during this process by means of their chemotactic
and immunoregulatory actions. The CCR5 acts as a
receptor for chemokines. Among the chemokines, regulated on activation normal T cell expressed and secreted
(RANTES; CCL5), macrophage inhibitory protein-1α
(MIP-1α; CCL3), and MIP-1β (CCL4) are natural ligands
of CCR5. Both these chemokines and CCR5 regulate T
cell functions by mediating polarization, activation, and
differentiation of Th1 and cytotoxic T cells[87]. Besides,
CCR5 has a regulatory function for the immunoregulatory action of vitamin D.
The frequency of heterozygosity of the CCR5-delta
32 gene is higher in chronic hepatitis B patients than in
controls, which shows the relation of this polymorphism
with susceptibility to HBV-related liver disease[86]. CCR5
59029A and 59029G alleles are associated with increased
chronic HBV infection risk and spontaneous HBV clearance, respectively[88]. The frequency of CCR5 Wt/mt
allele is higher in chronic HBV patients than in healthy
subjects, while CCR5 Wt/Wt allele is more common in
patients with severe liver disease than in mild cases[86].

TGF-β 1
TGF-β1 shows an inhibitory effect in the early stages of
tumor development, while it stimulates tumor growth,
invasion, and metastasis in advanced stages[78]. TGF-β1
plays a critical role in the pathogenesis of liver fibrosis
by stimulating extracellular matrix proteins and inhibiting
their destruction[79]. Therefore, mechanisms increasing the
level of biologically active TGF-β1 have a potential role
in the development of liver fibrosis. A study of Chinese
patients revealed that even though there is no association
between TGF-β 1 -509C polymorphism and cirrhosis, this
polymorphism might affect TGF-β1 levels and development of cirrhosis[80]. However, in the very same study,
codon 10T polymorphism is related to the development
of cirrhosis, but not with progression of disease and
plasma TGF-β1 levels[80]. Codon 10T polymorphism in
the TGF-β 1 gene was also reported to be associated with
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clinical implication of polymorphism-HBV infection associations such as gene therapy targets[46], prediction of
infection risk, disease progression, chronicity, response to
treatment[89] or vaccine[90-94], and susceptibility to motherto-child transmission of HBV[95].
IL-28B genotyping is suggested to predict the response to pegylated interferon[96] and to provide a valuable gene therapy target due to its reducing effect on
HBV viral load and hepatic inflammation[46].
Gene polymorphisms of IL-1B, IL-4, IL-4R, IL-13[90,93,94],
IL12A and IL12B[92] are suggested to predict the immune
response to HBV vaccination.
Since TNF-α and vitamin D pathways are involved in
the susceptibility to, and the outcome of, HBV infection
acquired early in life, they can be used clinically to determine the susceptibility to mother-to-child transmission
of HBV[95].
Although studies on the clinical application of gene
polymorphisms of cytokines have been increasing recently, further clinical studies are needed for widespread
use of genotyping in the course of HBV infections.

and their clinical implications for the response to treatment and vaccine, and development of adverse events.
In conclusion, there is currently a vast amount of
evidence on the association between polymorphisms of
genes encoding cytokines/regulatory molecules and the
clinical course of chronic HBV infection. Conflicting results on the role of specific polymorphisms are probably
due to various ethnic groups studied. In the future, determining genetic polymorphisms of mediators that have
a role in both the natural course of the infection and the
response to treatment and vaccination will contribute significantly to the prevention and treatment of HBV infections by eliminating possible risk factors prior to disease
and by development of new treatment approaches.

REFERENCES
1
2
3

CONCLUSION
Along with the establishment of the key role of endogenous mediators in the response to infection, effects
of host-related factors on the course of chronic HBV
infection have been investigated from different perspectives. Some of these studies have focused on the effect
of diversity in genes encoding endogenous mediators of
inflammatory response to HBV infections.
Inflammatory processes are mostly regulated by proinflammatory and antiinflammatory cytokines, and other
mediators, which are determinative for the course of disease. Polymorphisms in genes encoding endogenous mediators may be the underlying cause of clinical differences between patients. Results of the studies summarized
in this review suggest that cytokine gene polymorphisms
affect the level of cytokines during the inflammatory
response to HBV, and thus determine the clinical course
of chronic HBV infection. Genomic information with
regard to cytokines and other mediators can be used for
identifying individuals who are at high risk of developing
chronic hepatitis and hepatocellular carcinoma, and for
the planning of preventive measures and treatment approaches.
As recent studies have indicated, gene polymorphisms
of inflammatory mediators may be important in determining the response to both treatment and vaccine. For
example, serum levels of TNF-α in patients who respond
to treatment with interferon were found to be higher
than those in nonresponders[97]. Granulocyte-macrophage
colony-stimulating factor has been reported to increase
the response rate to recombinant hepatitis B vaccine[98].
Additionally, genetic factors may play a role in the development of adverse reactions secondary to the vaccine
such as arthritis, multiple sclerosis, and other autoimmune
diseases. However, further studies are still needed to investigate in detail the effects of genetic polymorphisms

WJG|www.wjgnet.com

4

5
6
7
8
9
10

11
12
13

14
15

6231

Chisari FV, Ferrari C. Hepatitis B virus immunopathogenesis. Annu Rev Immunol 1995; 13: 29-60 [PMID: 7612225 DOI:
10.1146/annurev.iy.13.040195.000333]
Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337:
1733-1745 [PMID: 9392700 DOI: 10.1056/NEJM199712113372406]
World Health Organization. Hepatitis B. Fact Sheet No 204.
July 2013. Available from: URL: http://www.who.int/mediacentre/factsheets/fs204/en/ Accessed on September 23,
2013
World Health Organization. Global Alert and Response
(GAR). Hepatitis B. Available from: URL: http://www.who.
int/csr/disease/hepatitis/whocdscsrlyo20022/en/index1.
html Accessed on September 23, 2013
Wang FS. Current status and prospects of studies on human
genetic alleles associated with hepatitis B virus infection.
World J Gastroenterol 2003; 9: 641-644 [PMID: 12679901]
Park W, Keeffe EB. Diagnosis and treatment of chronic hepatitis B. Minerva Gastroenterol Dietol 2004; 50: 289-303 [PMID:
15788985]
Thursz M. Genetic susceptibility in infectious diseases. Biotechnol Genet Eng Rev 2000; 17: 253-264 [PMID: 11255668 DOI:
10.1080/02648725.2000.10647994]
Thursz M, Yee L, Khakoo S. Understanding the host genetics
of chronic hepatitis B and C. Semin Liver Dis 2011; 31: 115-127
[PMID: 21538279 DOI: 10.1055/s-0031-1276642]
Grünhage F, Nattermann J. Viral hepatitis: human genes
that limit infection. Best Pract Res Clin Gastroenterol 2010; 24:
709-723 [PMID: 20955972 DOI: 10.1016/j.bpg.2010.07.009]
McNicholl JM, Downer MV, Udhayakumar V, Alper CA,
Swerdlow DL. Host-pathogen interactions in emerging and
re-emerging infectious diseases: a genomic perspective of
tuberculosis, malaria, human immunodeficiency virus infection, hepatitis B, and cholera. Annu Rev Public Health 2000;
21: 15-46 [PMID: 10884944 DOI: 10.1146/annurev.publhealth.21.1.15]
Thursz MR. Host genetic factors influencing the outcome of
hepatitis. J Viral Hepat 1997; 4: 215-220 [PMID: 9278218 DOI:
10.1046/j.1365-2893.1997.00052.x]
Mackay IR. Genetic susceptibility to chronic hepatitis B
virus infection. J Gastroenterol Hepatol 2006; 21: 1087-1088
[PMID: 16824056 DOI: 10.1111/j.1440-1746.2006.04430.x]
Lin TM, Chen CJ, Wu MM, Yang CS, Chen JS, Lin CC,
Kwang TY, Hsu ST, Lin SY, Hsu LC. Hepatitis B virus markers in Chinese twins. Anticancer Res 1989; 9: 737-741 [PMID:
2764519]
de Andrade DR, de Andrade DR. The influence of the human genome on chronic viral hepatitis outcome. Rev Inst
Med Trop Sao Paulo 2004; 46: 119-126 [PMID: 15286811]
Dinarello CA. Biologic basis for interleukin-1 in disease.
Blood 1996; 87: 2095-2147 [PMID: 8630372]

May 28, 2014|Volume 20|Issue 20|

Tunçbilek S. Cytokine gene polymorphisms and HBV infection
16

17

18

19

20

21

22

23

24

25

26

27

28

29

Nicklin MJ, Weith A, Duff GW. A physical map of the
region encompassing the human interleukin-1 alpha, interleukin-1 beta, and interleukin-1 receptor antagonist genes.
Genomics 1994; 19: 382-384 [PMID: 8188271 DOI: 10.1006/
geno.1994.1076]
Hwang IR, Kodama T, Kikuchi S, Sakai K, Peterson LE, Graham DY, Yamaoka Y. Effect of interleukin 1 polymorphisms
on gastric mucosal interleukin 1beta production in Helicobacter pylori infection. Gastroenterology 2002; 123: 1793-1803
[PMID: 12454835 DOI: 10.1053/gast.2002.37043]
Zhang PA, Li Y, Xu P, Wu JM. Polymorphisms of interleukin-1B and interleukin-1 receptor antagonist genes in patients with chronic hepatitis B. World J Gastroenterol 2004; 10:
1826-1829 [PMID: 15188516]
Rahman MA, Dhar DK, Yamaguchi E, Maruyama S, Sato
T, Hayashi H, Ono T, Yamanoi A, Kohno H, Nagasue N.
Coexpression of inducible nitric oxide synthase and COX-2
in hepatocellular carcinoma and surrounding liver: possible
involvement of COX-2 in the angiogenesis of hepatitis C
virus-positive cases. Clin Cancer Res 2001; 7: 1325-1332 [PMID:
11350902]
Hirankarn N, Kimkong I, Kummee P, Tangkijvanich P,
Poovorawan Y. Interleukin-1beta gene polymorphism associated with hepatocellular carcinoma in hepatitis B virus
infection. World J Gastroenterol 2006; 12: 776-779 [PMID:
16521194]
Kim SS, Cheong JY, Lee D, Lee SK, Kim MH, Kwack K,
Yang SJ, Lee HY, Cho SW. Interleukin-1ß and interleukin-1
receptor accessory protein gene polymorphisms are associated with persistent hepatitis B virus infection. Hepatogastroenterology 2012; 59: 190-197 [PMID: 22251538]
Fontanini E, Cussigh A, Fabris C, Falleti E, Toniutto P,
Bitetto D, Cmet S, Fumolo E, Fornasiere E, Bignulin S, Pinato
DJ, Minisini R, Pirisi M. Gender-related distribution of the
interleukin-1 beta and interleukin-1 receptor antagonist gene
polymorphisms in patients with end-stage liver disease. Inflammation 2010; 33: 251-258 [PMID: 20087638 DOI: 10.1007/
s10753-009-9179-2]
Song W, Zhang F, Li Z. A quantitative analysis of IL-6
mRNA expression of peripheral blood monocyte cell in patients with chronic hepatitis B. Zhonghua Ganzangbing Zazhi
2000; 8: 346-347 [PMID: 11135692]
Park BL, Lee HS, Kim YJ, Kim JY, Jung JH, Kim LH, Shin
HD. Association between interleukin 6 promoter variants
and chronic hepatitis B progression. Exp Mol Med 2003; 35:
76-82 [PMID: 12754410 DOI: 10.1038/emm.2003.11]
Ben-Ari Z, Mor E, Papo O, Kfir B, Sulkes J, Tambur AR,
Tur-Kaspa R, Klein T. Cytokine gene polymorphisms in
patients infected with hepatitis B virus. Am J Gastroenterol 2003; 98: 144-150 [PMID: 12526950 DOI: 10.1111/
j.1572-0241.2003.07179.x]
Giannitrapani L, Soresi M, Balasus D, Licata A, Montalto G.
Genetic association of interleukin-6 polymorphism (-174 G/
C) with chronic liver diseases and hepatocellular carcinoma.
World J Gastroenterol 2013; 19: 2449-2455 [PMID: 23674845
DOI: 10.3748/wjg.v19.i16.2449]
Wei YS, Lan Y, Tang RG, Xu QQ, Huang Y, Nong HB,
Huang WT. Single nucleotide polymorphism and haplotype
association of the interleukin-8 gene with nasopharyngeal
carcinoma. Clin Immunol 2007; 125: 309-317 [PMID: 17720627
DOI: 10.1016/j.clim.2007.07.010]
Qin X, Deng Y, Liao XC, Mo CJ, Li X, Wu HL, He YN, Huang
XM, Peng T, Chen ZP, Li S. The IL-8 gene polymorphisms
and the risk of the hepatitis B virus/infected patients. DNA
Cell Biol 2012; 31: 1125-1130 [PMID: 22335768 DOI: 10.1089/
dna.2011.1438]
Levings MK, Sangregorio R, Galbiati F, Squadrone S, de
Waal Malefyt R, Roncarolo MG. IFN-alpha and IL-10 induce
the differentiation of human type 1 T regulatory cells. J Immunol 2001; 166: 5530-5539 [PMID: 11313392]

WJG|www.wjgnet.com

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

6232

Zhu QR, Ge YL, Gu SQ, Yu H, Wang JS, Gu XH, Fei LE,
Dong ZQ. Relationship between cytokines gene polymorphism and susceptibility to hepatitis B virus intrauterine
infection. Chin Med J (Engl) 2005; 118: 1604-1609 [PMID:
16232344]
Wu JF, Ni YH, Lin YT, Lee TJ, Hsu SH, Chen HL, Tsuei DJ,
Hsu HY, Chang MH. Human interleukin-10 genotypes are
associated with different precore/core gene mutation patterns in children with chronic hepatitis B virus infection. J
Pediatr 2011; 158: 808-813 [PMID: 21168854 DOI: 10.1016/
j.jpeds.2010.11.015]
Shin HD, Park BL, Kim LH, Jung JH, Kim JY, Yoon JH,
Kim YJ, Lee HS. Interleukin 10 haplotype associated with
increased risk of hepatocellular carcinoma. Hum Mol Genet
2003; 12: 901-906 [PMID: 12668613 DOI: 10.1093/hmg/
ddg104]
Tseng LH, Lin MT, Shau WY, Lin WC, Chang FY, Chien KL,
Hansen JA, Chen DS, Chen PJ. Correlation of interleukin-10
gene haplotype with hepatocellular carcinoma in Taiwan.
Tissue Antigens 2006; 67: 127-133 [PMID: 16441483 DOI:
10.1111/j.1399-0039.2006.00536.x]
Wang J, Ni H, Chen L, Song WQ. Interleukin-10 promoter
polymorphisms in patients with hepatitis B virus infection or
hepatocellular carcinoma in Chinese Han ethnic population.
Hepatobiliary Pancreat Dis Int 2006; 5: 60-64 [PMID: 16481285]
Zhang TC, Pan FM, Zhang LZ, Gao YF, Zhang ZH, Gao J,
Ge R, Mei Y, Shen BB, Duan ZH, Li X. A meta-analysis of
the relation of polymorphism at sites -1082 and -592 of the
IL-10 gene promoter with susceptibility and clearance to
persistent hepatitis B virus infection in the Chinese population. Infection 2011; 39: 21-27 [PMID: 21246248 DOI: 10.1007/
s15010-010-0075-3]
Cheong JY, Cho SW, Hwang IL, Yoon SK, Lee JH, Park CS,
Lee JE, Hahm KB, Kim JH. Association between chronic
hepatitis B virus infection and interleukin-10, tumor necrosis
factor-alpha gene promoter polymorphisms. J Gastroenterol
Hepatol 2006; 21: 1163-1169 [PMID: 16824070 DOI: 10.1111/
j.1440-1746.2006.04304.x]
Li C, Zhi-Xin C, Li-Juan Z, Chen P, Xiao-Zhong W. The association between cytokine gene polymorphisms and the outcomes of chronic HBV infection. Hepatol Res 2006; 36: 158-166
[PMID: 16931134 DOI: 10.1016/j.hepres.2006.07.007]
Cho O, Cheong JY, Jun KJ, Kim SS, Chwae YJ, Kim K, Park S,
Cho SW. Relevance of interleukin-10RB to chronic hepatitis
B virus infection and biological activities of interferon-λ and
interleukin-22. Hepatol Int 2013; 7: 111-118 [PMID: 23519428
DOI: 10.1007/s12072-012-9361-8]
Hoshino T, Wiltrout RH, Young HA. IL-18 is a potent coinducer of IL-13 in NK and T cells: a new potential role for
IL-18 in modulating the immune response. J Immunol 1999;
162: 5070-5077 [PMID: 10227975]
Cheong JY, Cho SW, Oh B, Kimm K, Lee KM, Shin SJ, Lee
JA, Park BL, Cheong HS, Shin HD, Cho BY, Kim JH. Association of interleukin-18 gene polymorphisms with hepatitis
B virus clearance. Dig Dis Sci 2010; 55: 1113-1119 [PMID:
19466545 DOI: 10.1007/s10620-009-0819-z]
Sun Y, Chen HY, Wang F, Zhang X, Jiang HQ, Shao FJ, Zhu
SH. [Effect of IL-18 on peripheral blood monocytes from
chronic hepatitis B patients]. Zhonghua Ganzangbing Zazhi
2003; 11: 470-473 [PMID: 12939178]
Giedraitis V, He B, Huang WX, Hillert J. Cloning and mutation analysis of the human IL-18 promoter: a possible
role of polymorphisms in expression regulation. J Neuroimmunol 2001; 112: 146-152 [PMID: 11108943 DOI: 10.1016/
S0165-5728(00)00407-0]
Zhang PA, Wu JM, Li Y, Yang XS. Association of polymorphisms of interleukin-18 gene promoter region with chronic
hepatitis B in Chinese Han population. World J Gastroenterol
2005; 11: 1594-1598 [PMID: 15786533]
Migita K, Sawakami-Kobayashi K, Maeda Y, Nakao K, Kon-

May 28, 2014|Volume 20|Issue 20|

Tunçbilek S. Cytokine gene polymorphisms and HBV infection

45
46

47

48

49

50

51

52

53
54

55

56

57

58

doh S, Sugiura M, Kawasumi R, Segawa O, Tajima H, Machida M, Nakamura M, Yano K, Abiru S, Kawasaki E, Yatsuhashi H, Eguchi K, Ishibashi H. Interleukin-18 promoter
polymorphisms and the disease progression of Hepatitis B
virus-related liver disease. Transl Res 2009; 153: 91-96 [PMID:
19138654 DOI: 10.1016/j.trsl.2008.11.008]
Robek MD, Boyd BS, Chisari FV. Lambda interferon inhibits
hepatitis B and C virus replication. J Virol 2005; 79: 3851-3854
[PMID: 15731279 DOI: 10.1128/JVI.79.6.3851-3854.2005]
Li W, Jiang Y, Jin Q, Shi X, Jin J, Gao Y, Pan Y, Zhang H,
Jiang J, Niu J. Expression and gene polymorphisms of interleukin 28B and hepatitis B virus infection in a Chinese Han
population. Liver Int 2011; 31: 1118-1126 [PMID: 21745278
DOI: 10.1111/j.1478-3231.2011.02507.x]
Lampertico P, Viganò M, Cheroni C, Facchetti F, Invernizzi
F, Valveri V, Soffredini R, Abrignani S, De Francesco R, Colombo M. IL28B polymorphisms predict interferon-related
hepatitis B surface antigen seroclearance in genotype D hepatitis B e antigen-negative patients with chronic hepatitis B.
Hepatology 2013; 57: 890-896 [PMID: 22473858 DOI: 10.1002/
hep.25749]
Li Y, Shi Y, Chen J, Cai B, Ying B, Wang L. Association of
polymorphisms in interleukin-18 and interleukin-28B with
hepatitis B recurrence after liver transplantation in Chinese
Han population. Int J Immunogenet 2012; 39: 346-352 [PMID:
22325058 DOI: 10.1111/j.1744-313X.2012.01097.x]
Chen J, Li Y, Wang L, Fu Y, Liao Y, Zhang J. Association of
three SNPs in interleukin-28B with graft hepatic dysfunction after liver transplantation in Chinese Han population.
Gene 2012; 508: 121-124 [PMID: 22967712 DOI: 10.1016/
j.gene.2012.07.065]
Martín-Carbonero L, Rallón NI, Benito JM, Poveda E,
González-Lahoz J, Soriano V. Short communication: Does
interleukin-28B single nucleotide polymorphisms influence
the natural history of hepatitis B? AIDS Res Hum Retroviruses
2012; 28: 1262-1264 [PMID: 22324878]
Peng LJ, Guo JS, Zhang Z, Shi H, Wang J, Wang JY. IL28B
rs12979860 polymorphism does not influence outcomes of
hepatitis B virus infection. Tissue Antigens 2012; 79: 302-305
[PMID: 22239156 DOI: 10.1111/j.1399-0039.2011.01835.x]
Biron CA, Nguyen KB, Pien GC, Cousens LP, SalazarMather TP. Natural killer cells in antiviral defense: function
and regulation by innate cytokines. Annu Rev Immunol 1999;
17: 189-220 [PMID: 10358757 DOI: 10.1146/annurev.immunol.17.1.189]
Romero R, Lavine JE. Cytokine inhibition of the hepatitis
B virus core promoter. Hepatology 1996; 23: 17-23 [PMID:
8550037 DOI: 10.1002/hep.510230103]
Korachi M, Ceran N, Adaleti R, Nigdelioglu A, Sökmen M.
An association study of functional polymorphic genes IRF-1,
IFNGR-1, and IFN-γ with disease progression, aspartate
aminotransferase, alanine aminotransferase, and viral load
in chronic hepatitis B and C. Int J Infect Dis 2013; 17: e44-e49
[PMID: 23040881 DOI: 10.1016/j.ijid.2012.08.004]
Conde SR, Feitosa RN, Freitas FB, Hermes RB, Demachki S,
Araújo MT, Soares MC, Ishak R, Vallinoto AC. Association
of cytokine gene polymorphisms and serum concentrations
with the outcome of chronic hepatitis B. Cytokine 2013; 61:
940-944 [PMID: 23395388 DOI: 10.1016/j.cyto.2013.01.004]
Sheron N, Lau J, Daniels H, Goka J, Eddleston A, Alexander
GJ, Williams R. Increased production of tumour necrosis factor alpha in chronic hepatitis B virus infection. J Hepatol 1991;
12: 241-245 [PMID: 2051003 DOI: 10.1016/0168-8278(91)9094
5-8]
Zhang G, Li Z, Han Q, Li N, Zhu Q, Li F, Lv Y, Chen J, Lou
S, Liu Z. Altered TNF-α and IFN-γ levels associated with
PD1 but not TNFA polymorphisms in patients with chronic
HBV infection. Infect Genet Evol 2011; 11: 1624-1630 [PMID:
21712100 DOI: 10.1016/j.meegid.2011.06.004]
Abraham LJ, Kroeger KM. Impact of the -308 TNF promoter

WJG|www.wjgnet.com

59

60

61

62

63

64

65

66

67

68

69

70

71

6233

polymorphism on the transcriptional regulation of the TNF
gene: relevance to disease. J Leukoc Biol 1999; 66: 562-566
[PMID: 10534109]
Wilson AG, de Vries N, Pociot F, di Giovine FS, van der
Putte LB, Duff GW. An allelic polymorphism within the human tumor necrosis factor alpha promoter region is strongly
associated with HLA A1, B8, and DR3 alleles. J Exp Med 1993;
177: 557-560 [PMID: 8426126 DOI: 10.1084/jem.177.2.557]
Höhler T, Kruger A, Gerken G, Schneider PM, Meyer
zum Büschenefelde KH, Rittner C. A tumor necrosis
factor-alpha (TNF-alpha) promoter polymorphism is associated with chronic hepatitis B infection. Clin Exp Immunol 1998; 111: 579-582 [PMID: 9528902 DOI: 10.1046/
j.1365-2249.1998.00534.x]
Li HQ, Li Z, Liu Y, Li JH, Dong JQ, Gao JR, Gou CY, Li H.
Association of polymorphism of tumor necrosis factor-alpha
gene promoter region with outcome of hepatitis B virus
infection. World J Gastroenterol 2005; 11: 5213-5217 [PMID:
16127755]
Xu XW, Lu MH, Tan DM. Association between tumour
necrosis factor gene polymorphisms and the clinical types
of patients with chronic hepatitis B virus infection. Clin Microbiol Infect 2005; 11: 52-56 [PMID: 15649304 DOI: 10.1111/
j.1469-0691.2004.01029.x]
Niro GA, Fontana R, Gioffreda D, Valvano MR, Lacobellis A,
Facciorusso D, Andriulli A. Tumor necrosis factor gene polymorphisms and clearance or progression of hepatitis B virus
infection. Liver Int 2005; 25: 1175-1181 [PMID: 16343069 DOI:
10.1111/j.1478-3231.2005.01166.x]
Somi MH, Najafi L, Noori BN, Alizadeh AH, Aghah MR,
Shavakhi A, Ehsani MJ, Aghazadeh R, Masoodi M, Amini S,
Baladast M, Zali MR. Tumor necrosis factor-alpha gene promoter polymorphism in Iranian patients with chronic hepatitis B. Indian J Gastroenterol 2006; 25: 14-15 [PMID: 16567888]
Migita K, Miyazoe S, Maeda Y, Daikoku M, Abiru S, Ueki
T, Yano K, Nagaoka S, Matsumoto T, Nakao K, Hamasaki K,
Yatsuhashi H, Ishibashi H, Eguchi K. Cytokine gene polymorphisms in Japanese patients with hepatitis B virus infection--association between TGF-beta1 polymorphisms and
hepatocellular carcinoma. J Hepatol 2005; 42: 505-510 [PMID:
15763337 DOI: 10.1016/j.jhep.2004.11.026]
Wang B, Wang J, Zheng Y, Zhou S, Zheng J, Wang F, Ma X,
Zeng Z. A study of TNF-alpha-238 and -308 polymorphisms
with different outcomes of persistent hepatitis B virus infection in China. Pathology 2010; 42: 674-680 [PMID: 21080879
DOI: 10.3109/00313025.2010.523696]
Basturk B, Karasu Z, Kilic M, Ulukaya S, Boyacioglu S,
Oral B. Association of TNF-alpha -308 polymorphism with
the outcome of hepatitis B virus infection in Turkey. Infect
Genet Evol 2008; 8: 20-25 [PMID: 17974504 DOI: 10.1016/
j.meegid.2007.09.001]
Qiu B, Wang X, Zhang P, Shi C, Zhang J, Qiu W, Wang W, Li
D. Association of TNF-α promoter polymorphisms with the
outcome of persistent HBV infection in a northeast Chinese
Han population. Acta Biochim Biophys Sin (Shanghai) 2012;
44: 712-718 [PMID: 22695741 DOI: 10.1093/abbs/gms046]
Fletcher GJ, Samuel P, Christdas J, Gnanamony M, Ismail
AM, Anantharam R, Eapen CE, Chacko MP, Daniel D, Kannangai R, Abraham P. Association of HLA and TNF polymorphisms with the outcome of HBV infection in the South
Indian population. Genes Immun 2011; 12: 552-558 [PMID:
21593777 DOI: 10.1038/gene.2011.32]
Han Q, Duan S, Zhang G, Li Z, Li N, Zhu Q, Lv Y, Chen J,
Liu Z. Associations between cytotoxic T lymphocyte-associated antigen-4 polymorphisms and serum tumor necrosis
factor-α and interferon-γ levels in patients with chronic hepatitis B virus infection. Inflamm Res 2011; 60: 1071-1078 [PMID:
21847627 DOI: 10.1007/s00011-011-0368-8]
Zheng MH, Xiao DD, Lin XF, Wu SJ, Peng MM, Yu XY, Liu
WY, Li LF, Shi KQ, Fan YC, Chen YP. The tumour necrosis

May 28, 2014|Volume 20|Issue 20|

Tunçbilek S. Cytokine gene polymorphisms and HBV infection

72

73

74

75

76

77

78

79
80

81

82

83

84
85

86

factor-α-238A allele increases the risk of chronic HBV infection in European populations. J Viral Hepat 2012; 19: e11-e17
[PMID: 22239507 DOI: 10.1111/j.1365-2893.2011.01491.x]
Kummee P, Tangkijvanich P, Poovorawan Y, Hirankarn N.
Association of HLA-DRB1*13 and TNF-alpha gene polymorphisms with clearance of chronic hepatitis B infection and
risk of hepatocellular carcinoma in Thai population. J Viral
Hepat 2007; 14: 841-848 [PMID: 18070287]
Kao PC, Wu JF, Ni YH, Lin YT, Chen HL, Hsu SH, Hsu
HY, Chang MH. Tumour necrosis factor-α promoter region
polymorphisms affect the course of spontaneous HBsAg
clearance. Liver Int 2010; 30: 1448-1453 [PMID: 20825556 DOI:
10.1111/j.1478-3231.2010.02340.x]
Filik L. Tumour necrosis factor-α promoter region polymorphisms and spontaneous HBsAg clearance. Liver Int 2011;
31: 1062; authors reply 1062 [PMID: 21733098 DOI: 10.1111/
j.1478-3231.2011.02456.x]
Shi KQ, Cai XH, Xiao DD, Wu SJ, Peng MM, Lin XF, Liu
WY, Fan YC, Chen YP, Zheng MH. Tumour necrosis factorα-857T allele reduces the risk of hepatitis B virus infection in
an Asian population. J Viral Hepat 2012; 19: e66-e72 [PMID:
22239528 DOI: 10.1111/j.1365-2893.2011.01540.x]
Zheng MH, Qiu LX, Xin YN, Pan HF, Shi KQ, Chen YP.
Tumor necrosis factor-alpha-308A allele may have a protective effect for chronic hepatitis B virus infection in Mongoloid populations. Int J Infect Dis 2010; 14: e580-e585 [PMID:
20004605 DOI: 10.1016/j.ijid.2009.08.010]
Xia Q, Zhou L, Liu D, Chen Z, Chen F. Relationship between
TNF-a lt; alpha& gt; gene promoter polymorphisms and outcomes of hepatitis B virus infections: a meta-analysis. PLoS
One 2011; 6: e19606 [PMID: 21572952 DOI: 10.1371/journal.
pone.0019606]
Cui W, Fowlis DJ, Bryson S, Duffie E, Ireland H, Balmain
A, Akhurst RJ. TGFbeta1 inhibits the formation of benign
skin tumors, but enhances progression to invasive spindle
carcinomas in transgenic mice. Cell 1996; 86: 531-542 [PMID:
8752208 DOI: 10.1016/S0092-8674(00)80127-0]
Gressner AM, Weiskirchen R, Breitkopf K, Dooley S. Roles
of TGF-beta in hepatic fibrosis. Front Biosci 2002; 7: d793-d807
[PMID: 11897555 DOI: 10.2741/gressner]
Yang ZX, Wang H, Gao CF, Xu LL, Zhao WJ. [Effect of
polymorphism of transforming growth factor beta1 gene on
HBV-induced liver cirrhosis]. Zhonghua Yixue Zazhi 2005; 85:
1021-1026 [PMID: 16029542]
Gupta V, Arora R, Saha A, Dhir A, Kar P, Bamezai R. Novel
variations in the signal peptide region of transforming
growth factor beta1 gene in patients with hepatitis: a brief
report from India. Int J Immunogenet 2005; 32: 79-82 [PMID:
15787639 DOI: 10.1111/j.1744-313X.2005.00499.x]
Kim YJ, Lee HS, Im JP, Min BH, Kim HD, Jeong JB, Yoon
JH, Kim CY, Kim MS, Kim JY, Jung JH, Kim LH, Park BL,
Shin HD. Association of transforming growth factor-beta1
gene polymorphisms with a hepatocellular carcinoma risk
in patients with chronic hepatitis B virus infection. Exp
Mol Med 2003; 35: 196-202 [PMID: 12858019 DOI: 10.1038/
emm.2003.27]
Yu SK, Kwon OS, Jung HS, Bae KS, Kwon KA, Kim YK,
Kim YS, Kim JH. Influence of transforming growth factorbeta1 gene polymorphism at codon 10 on the development
of cirrhosis in chronic hepatitis B virus carriers. J Korean
Med Sci 2010; 25: 564-569 [PMID: 20357999 DOI: 10.3346/
jkms.2010.25.4.564]
Long KZ, Santos JI. Vitamins and the regulation of the immune response. Pediatr Infect Dis J 1999; 18: 283-290 [PMID:
10093956 DOI: 10.1097/00006454-199903000-00018]
Bellamy R, Ruwende C, Corrah T, McAdam KP, Thursz M,
Whittle HC, Hill AV. Tuberculosis and chronic hepatitis B
virus infection in Africans and variation in the vitamin D
receptor gene. J Infect Dis 1999; 179: 721-724 [PMID: 9952386
DOI: 10.1086/314614]

WJG|www.wjgnet.com

87

88

89

90

91

92

93

94

95

96

97

98

6234

Suneetha PV, Sarin SK, Goyal A, Kumar GT, Shukla
DK, Hissar S. Association between vitamin D receptor,
CCR5, TNF-alpha and TNF-beta gene polymorphisms
and HBV infection and severity of liver disease. J Hepatol 2006; 44: 856-863 [PMID: 16545485 DOI: 10.1016/
S0168-8278(06)80033-4]
Apolinario A, Majano PL, Alvarez-Pérez E, Saez A, Lozano
C, Vargas J, García-Monzón C. Increased expression of T
cell chemokines and their receptors in chronic hepatitis C:
relationship with the histological activity of liver disease.
Am J Gastroenterol 2002; 97: 2861-2870 [PMID: 12425561 DOI:
10.1111/j.1572-0241.2002.07054.x]
Chang HY, Ahn SH, Kim DY, Shin JS, Kim YS, Hong SP,
Chung HJ, Kim SO, Yoo WD, Han KH. [Association between
CCR5 promoter polymorphisms and hepatitis B virus infection]. Korean J Hepatol 2005; 11: 116-124 [PMID: 15980670]
Gong QM, Kong XF, Yang ZT, Xu J, Wang L, Li XH, Jin
GD, Gao J, Zhang DH, Jiang JH, Lu ZM, Zhang XX. Association study of IFNAR2 and IL10RB genes with the
susceptibility and interferon response in HBV infection. J
Viral Hepat 2009; 16: 674-680 [PMID: 19714778 DOI: 10.1111/
j.1365-2893.2009.01130.x]
Lin YJ, Lan YC, Huang YC, Lin TH, Huang SM, Lai CC, Liu
CS, Lin CW, Chen SY, Tsai FJ. Effects of cytokine and cytokine receptor gene variation on high anti-HB titers: following
up on Taiwan’s neonatal hepatitis B immunization program.
Clin Chim Acta 2012; 413: 1194-1198 [PMID: 22484276 DOI:
10.1016/j.cca.2012.03.004]
Macedo LC, Isolani AP, Visentainer JE, Moliterno RA. Association of cytokine genetic polymorphisms with the humoral
immune response to recombinant vaccine against HBV in
infants. J Med Virol 2010; 82: 929-933 [PMID: 20419805 DOI:
10.1002/jmv.21762]
Pan L, Zhang W, Liang Z, Wu X, Zhu X, Li J, Li T, Wang
L, Li H, Liu Y. Association between polymorphisms of the
cytokine and cytokine receptor genes and immune response
to hepatitis B vaccination in a Chinese Han population. J
Med Virol 2012; 84: 26-33 [PMID: 22052597 DOI: 10.1002/
jmv.22251]
Chen J, Liang Z, Lu F, Fang X, Liu S, Zeng Y, Zhu F, Chen
X, Shen T, Li J, Zhuang H. Toll-like receptors and cytokines/
cytokine receptors polymorphisms associate with non-response to hepatitis B vaccine. Vaccine 2011; 29: 706-711 [PMID:
21111021 DOI: 10.1016/j.vaccine.2010.11.023]
Wang Y, Xu P, Zhu D, Zhang S, Bi Y, Hu Y, Zhou YH. Association of polymorphisms of cytokine and TLR-2 genes with
long-term immunity to hepatitis B in children vaccinated
early in life. Vaccine 2012; 30: 5708-5713 [PMID: 22824342
DOI: 10.1016/j.vaccine.2012.07.010]
Chatzidaki V, Choumerianou D, Dimitriou H, Kouroumalis
E, Galanakis E. Genetic variants associated with susceptibility to mother-to-child transmission of hepatitis B virus. Eur
J Gastroenterol Hepatol 2012; 24: 1185-1190 [PMID: 22772094
DOI: 10.1097/MEG.0b013e328356440f]
Sonneveld MJ, Wong VW, Woltman AM, Wong GL, Cakaloglu Y, Zeuzem S, Buster EH, Uitterlinden AG, Hansen BE,
Chan HL, Janssen HL. Polymorphisms near IL28B and serologic response to peginterferon in HBeAg-positive patients
with chronic hepatitis B. Gastroenterology 2012; 142: 513-520.
e1 [PMID: 22108195 DOI: 10.1053/j.gastro.2011.11.025]
Daniels HM, Meager A, Eddleston AL, Alexander GJ, Williams R. Spontaneous production of tumour necrosis factor
alpha and interleukin-1 beta during interferon-alpha treatment of chronic HBV infection. Lancet 1990; 335: 875-877
[PMID: 1969983 DOI: 10.1016/0140-6736(90)90475-K]
Kapoor D, Aggarwal SR, Singh NP, Thakur V, Sarin SK.
Granulocyte-macrophage colony-stimulating factor enhances
the efficacy of hepatitis B virus vaccine in previously unvaccinated haemodialysis patients. J Viral Hepat 1999; 6: 405-409
[PMID: 10607257 DOI: 10.1046/j.1365-2893.1999.00180.x]

May 28, 2014|Volume 20|Issue 20|

Tunçbilek S. Cytokine gene polymorphisms and HBV infection
99

Frodsham AJ, Zhang L, Dumpis U, Taib NA, Best S, Durham
A, Hennig BJ, Hellier S, Knapp S, Wright M, Chiaramonte M,
Bell JI, Graves M, Whittle HC, Thomas HC, Thursz MR, Hill
AV. Class II cytokine receptor gene cluster is a major locus
for hepatitis B persistence. Proc Natl Acad Sci USA 2006; 103:
9148-9153 [PMID: 16757563 DOI: 10.1073/pnas.0602800103]

100 Center for Disease Control and Prevention. Hepatitis B,
Epidemiology and Prevention of Vaccine-Preventable Diseases. The Pink Book: Course Textbook - 12th Edition Second
Printing (May 2012). Available from: URL: http://www.cdc.
gov/vaccines/pubs/pinkbook/hepb.html Accessed on September 23, 2013
P- Reviewers: Cunha C, Koubaa M S- Editor: Wen LL
L- Editor: Logan S E- Editor: Wu HL

WJG|www.wjgnet.com

6235

May 28, 2014|Volume 20|Issue 20|

World J Gastroenterol 2014 May 28; 20(20): 6236-6243
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i20.6236

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (9): Hepatitis B virus

Role of hepatitis B virus DNA integration in human
hepatocarcinogenesis
Hoang Hai, Akihiro Tamori, Norifumi Kawada
disease mechanisms. This review summarizes the role
of HBV DNA integration in human carcinogenesis.

Hoang Hai, Akihiro Tamori, Norifumi Kawada, Department of
Hepatology, Osaka City University Graduate School of Medicine,
Osaka 5458585, Japan
Author contributions: Hai H wrote the manuscript; Tamori A
and Kawada N revised the manuscript.
Correspondence to: Akihiro Tamori, MD, PhD, Associate
Professor, Department of Hepatology, Osaka City University
Graduate School of Medicine, 1-4-3, Asahimachi, Abeno-ku,
Osaka 5458585, Japan. atamori@med.osaka-cu.ac.jp
Telephone: +81-6-66453811 Fax: +81-6-66461433
Received: November 2, 2013 Revised: December 14, 2013
Accepted: January 14, 2014
Published online: May 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Integration; Hepatocarcinogenesis; Cis effect; Trans effect; Whole genome
sequencing
Core tip: A high viral load is associated with an elevated
risk of hepatocellular carcinoma (HCC), and the risk remains increased in hepatitis B surface antigen-negative
hepatitis B virus (HBV) and occult infections. The ability
of HBV to integrate into the infected host’s hepatocyte
genome is one of the most important direct pro-oncogenic properties. The recent development of efficient
tools for genome-wide analysis of gene expression and
genetic defects has allowed a comprehensive overview
of the changes occurring with HCC. Specific HBV features, including the integration of viral DNA into host
chromosomes, may trigger increased genetic instability.

Abstract
Liver cancer ranks sixth in cancer incidence, and is the
third leading cause of cancer-related deaths worldwide.
Hepatocellular carcinoma (HCC) is the most common
type of liver cancer, which arises from hepatocytes and
accounts for approximately 70%-85% of cases. Hepatitis B virus (HBV) frequently causes liver inflammation,
hepatic damage and subsequent cirrhosis. Integrated
viral DNA is found in 85%-90% of HBV-related HCCs.
Its presence in tumors from non-cirrhotic livers of children or young adults further supports the role of viral
DNA integration in hepatocarcinogenesis. Integration of
subgenomic HBV DNA fragments into different locations
within the host DNA is a significant feature of chronic
HBV infection. Integration has two potential consequences: (1) the host genome becomes altered (“cis ”
effect); and (2) the HBV genome becomes altered
(“trans ” effect). The cis effect includes insertional mutagenesis, which can potentially disrupt host gene function or alter host gene regulation. Tumor progression
is frequently associated with rearrangement and partial
gain or loss of both viral and host sequences. However,
the role of integrated HBV DNA in hepatocarcinogenesis remains controversial. Modern technology has provided a new paradigm to further our understanding of
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INTRODUCTION
Approximately two billion people worldwide have been
infected with hepatitis B virus (HBV). With more than
350 million chronic HBV carriers, this virus is one of the
most common human pathogens and is a significant public health issue[1].
Liver cancer is the sixth most common cancer, and
the third leading cause of cancer-related deaths[2,3]. Hepa-
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tocellular carcinoma (HCC) is the most common type of
liver cancer, accounting for approximately 70%-85% of
cases[4]. In recent studies conducted in Asia and Northern America, the estimated risk of developing HCC was
observed to increase by 25-37-fold in hepatitis B surface
antigen (HBsAg) carriers compared with non-infected
patients[5,6]. HBV frequently causes liver inflammation,
hepatic damage and subsequent cirrhosis. The development of liver cirrhosis is recognized as a major step in
HCC pathogenesis because it occurs in 80%-90% of
HCCs[7]. A high viral load is associated with an elevated
risk of HCC[8], and the risk remains higher in HBsAgnegative HBV and occult infections[9-11]. HBV replication has unique characteristics[1]. HBV is classified as a
pararetrovirus because of its similarity to retroviruses.
In fact, HBV replicates through reverse transcription of
pregenomic RNA that is an intermediate replicative molecule[12]. The ability of HBV to integrate into the infected
host’s hepatocyte genome is one of the most important
aspects of its direct pro-oncogenic properties[13-15]. Unlike retroviruses, genomic integration has no role in HBV
replication and does not produce integrase enzymatic
activity protein, meaning that the integrative process is
likely mediated by cellular topoisomerase Ⅰ activity[16].
Integrated viral DNA is found in 85%-90% of HBVrelated HCCs and its presence in tumors from non-cirrhotic livers of children or young adults further supports
the role of viral DNA integration in hepatocarcinogenesis[17,18]. A significant feature of chronic HBV infection
is that HBV DNA fragments are integrated into different
locations within the host DNA[19-23]. Tumor progression
is often associated with rearrangement and partial gain
or loss of both viral and cellular sequences[24-26]. Various
small-scale isolated studies have suggested that HBV
integration into the host genome is a random event[25];
however, integration has been observed at chromosomal
fragile sites, scaffold/matrix attachment regions, and
repeat/satellite sequence-rich regions[19]. Therefore, the
role of integrated HBV DNA in hepatocarcinogenesis
remains controversial. This review summarizes the role
of HBV DNA integration in human carcinogenesis.

Table 1 Main integration sites in human genome and in
hepatitis B virus DNA
Integration sites in host genome
hTERT
MLL
RAR-b
CCNE1
Cyclin A2
FN1
ROCK1
SENP5
ANGPT1
PDGF receptor
Calcium signaling-related genes
Ribosomal protein genes
Epidermal growth factor receptor
Mevalonate kinase
Carboxypeptidase
Platelet growth factor receptor
HBV: Hepatitis B virus; HBx: Hepatitis B virus X protein.

view of the changes occurring with HCC[28,29]. Specific
HBV features, including HBV DNA integration into host
genome, may trigger increased genetic instability.

ROLE OF HBV DNA INTEGRATION IN
HUMAN HEPATOCARCINOGENESIS
The association between HBV DNA integration into the
host genome and HCCs was first reported in the early
1980s[13,23,30]. Subsequently, many studies were performed
to further investigate this association (Table 1).
The integration of HBV DNA into host cellular
DNA during HBV chronic infection disrupts or promotes cellular gene expression that is important for cellular growth and differentiation. Furthermore, the expression of HBV proteins may have a direct effect on cellular
functions, and may promote malignant transformation.
Integration events are thought to precede tumor development because they are found in chronic hepatitis patients
and during the acute infection stage[31].
Technological limitations of PCR and Southern blotbased methods restricted previous studies that attempted
to characterize the most common HBV integrant(s) in a
small number of patients[15,32]. HBV has a large number
of mutations at both the nucleotide and structural levels,
and the lack of prior knowledge of HBV sequences in
each sample may lead to PCR failure and false-negative
results. This occurs when the primers are designed for
deleted or polymorphic sites on the HBV genome. Recently, two studies reported “short-read” whole genome
DNA paired-end sequencing of four and eighty-eight
HCC patients[33,34]. Integration sites could only be inferred
from paired-end reads containing both human and viral
sequences, because of the limitations of the short reads
generated using these platforms. Indirect roles have been
proposed because the lack of identification of a dominant oncogene encoded by HBV, including insertional

HCC MECHANISMS
The are three major molecular mechanisms of hepatocarcinogenesis caused by HBV infection[27]. First, the
expression of viral proteins, particularly hepatitis B virus
X protein (HBx), promotes cell proliferation and viability. Second, the integration of HBV DNA into the host
genome alters the expression and function of endogenous genes and induces chromosomal instability. Finally,
genetic damage accumulates as a result of inflammation
and ongoing hepatocyte division to replace cells killed by
virus-specific T cells.
Genetic alteration plays a crucial role in cancer initiation and progression. The recent development of efficient tools for genome-wide analysis of gene expression
and genetic defects has allowed a comprehensive over-
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hTERT.
The HBx gene in the HBV genome tends to be the
most common region, but the most common integration sites in the human genome are not fully identified.
Several integration sites in the human genome such as
TERT, MLL4, CCNE1, FN1, ROCK1 and SENP5 have
been reported[33-52]. TERT encodes a telomerase reverse
transcriptase, which plays an essential role in overriding cellular senescence. Its dysregulation in somatic cells
is linked to carcinogenesis[53]. MLL4 encodes a histone
methyltransferase that plays a critical role in gene expression and epigenetics in cancer cells. The translocation
breakpoint of the intron 3 region of MLL4 is one of the
preferential targets for HBV DNA integration and may
be involved in liver oncogenesis[54]. CCNE1 encodes cyclin E1, which is required for cell cycle G1/S transition.
FN1 encodes fibronectin, a component of the extracellular matrix that is involved in cell adhesion and migration
processes. The protein encoded by ROCK1 can activate
LIM kinase, and inhibits actin-depolymerizing activity by
phosphorylating cofilin. SENP5 encodes a protease specific for SUMO proteins, and is required for numerous
biological processes. All of these genes are upregulated in
malignant tissues[34]. Hence, HBV integration into these
genes may cause HCC.
Whole genome sequencing (WGS) of a large cohort
has provided an opportunity to identify novel recurrent
integrations. In addition to the confirmation of recurrent HBV integration into the MLL4 (n = 9) and TERT
(n = 18) loci accompanied by upregulation of gene expression, recurrent integration events were observed at
the CCNE1 (n = 4), SENP5 (n = 3), and ROCK1 (n =
2) loci[34]. CCNE1 expression was, on average, 30-fold
higher in tumors with HBV integration compared to the
normal controls. Cyclins are mainly involved in regulating
the cell cycle in eukaryotic cells, and are major targets for
oncogenic signals. HBV integration at the CCNE1 locus
has provided at least one molecular mechanism driving
aberrant cell cycle control leading to HCC. Currently,
three genome-sequencing studies have been published
that analyzed HBV integration events. Genome sequencing of four HCC patients identified 255 HBV integration
sites in the three HBV-positive patients including the
MLL4 locus in one sample and the ANGPT1 locus in
another[33]. RNA sequencing revealed a distinct transcriptional impact of viral integration. HBV DNA integration into the third exon of MLL4 resulted in a humanviral fusion transcript, and a 20-fold increase in MLL4
transcription in comparison to the adjacent normal liver
tissue. For the ANGPT1 gene, HBV DNA was inserted
into 10-kb upstream of the promoter region, leading to a
greater than eightfold elevation in ANGPT1 expression.
In a genome sequencing study of 27 HCCs, including
11 HBV-associated HCC, 14 HCV-associated HCC, and
two cases that were unrelated to viral infection, the average proportion of the TERT integration sites (41%) was
higher than that of other integration sites. These findings
are consistent with previous reports of recurrent HBV
integration at the TERT locus[55].

activation of cancer-related genes from HBV integration,
induction of genetic instability by viral integration or
HBx, and long-term effects of viral proteins that enhance
immune-mediated liver disease.
Integration has two potential consequences: (1) the
host genome becomes altered (“cis” effect); and (2) the
HBV genome becomes altered (“trans” effect). The cis
effect includes insertional mutagenesis, which can potentially disrupt host gene function or alter host gene regulation [e.g., telomerase reverse transcriptase (TERT)][35].
Despite drastic rearrangements, the coding regions of
PreS2 and HBx were generally conserved and could be
transcribed[36]. Hence, these two HBV proteins may have
a trans role in hepatocarcinogenesis[37-39].

CIS EFFECT
The main integration sites in the human genome and
the preferred integrating region within the HBV genome
have been researched extensively.
HBV DNA integration occurs randomly within human genomes, and may involve multiple sites in different
chromosomes[25]. Thus, HBV behaves like an insertional,
non-selective mutagenic agent. The important host genome rearrangements associated with viral integration
suggest that the main oncogenic effect is from the induction of higher genomic instability[40]. Most reported integration events occur near or within fragile sites or other
repetitive regions, such as the Alu sequences and microsatellites that are prone to instability, tumor development,
and progression[22]. Integration of HBV DNA sequences
begins in the early stages of acute infections, and multiple integrations have been detected in chronic hepatitis
tissues. Clonal integrated HBV sequences have been observed in approximately 80% of HBV-related HCCs[41].
Viral insertion sites have been mapped in multiple regions
on virtually all chromosomes, suggesting a random distribution throughout the host genome. HBV insertions are
commonly associated with large genetic alterations that
may lead to the abrogation of control mechanisms that
safeguard chromosomal integrity[42-45]. Similar to retroviral
proviruses, HBV DNA targets actively transcribed chromosomal regions within genes or in the immediate vicinity. Sequence analysis of multiple viral-host junctions have
identified cellular coding regions within several kbps in
90% of cases, with frequent targeting of gene families involved in cell survival, proliferation and immortalization
including: hTERT, the PDGF receptor, MLL, calcium
signaling-related genes and ribosomal protein genes[15].
These findings favor the view that viral insertion induces
the first genetic alteration in tumor development. Target
genes may play a role in hepatocarcinogenesis, which was
previously shown for HBV insertions into the retinoic
acid receptor b (RAR-b) and the cyclin A2 genes[46,47].
Among the numerous viral integration sites described,
some notable regions include the tyrosine-protein-kinase
domain of the epidermal growth factor receptor gene[48],
the mevalonate kinase gene[49,50], the carboxypeptidase
gene [51], platelet growth factor receptor genes[15] and
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Preferential HBV integration into gene promoters (P
< 0.001), and significant enrichment of integration into
chromosome 10 (P < 0.01) was observed in the tumors.
Integration into chromosome 10 was significantly associated with poorly differentiated tumors (P < 0.05). In
particular, recurrent integration into the TERT promoter
was correlated with increased TERT expression[56].
We found that HBV DNA integration enhanced host
chromosomal instability leading to large inverted duplications, deletions and chromosomal translocations[32]. Many
of these chromosomal segments contain genes encoding
key factors in liver carcinogenesis, such as p53, Rb, Wnt/
b-catenin, cyclins A and D1, TGFb, and Ras[57].

Evidence of transcriptional activity at integrated X
sequences has been demonstrated in tumors and chronically infected livers[66,67] and may be correlated with the
detection of the X protein in human HCCs[68]. It was
suggested that downstream cellular sequences contribute
to activated expression and/or enhanced transactivating
capacities of the integrated HBV sequences[58,69]. The X
gene product transactivates homologous and heterologous transcriptional enhancers and promoter sequences.
In the meantime, expression of cellular genes is activated
“in trans” from increased X gene products. Many clones
preserved transactivation activity in spite of the truncation at the 3’ end of the X ORF[67]. The cDNA structure
of X mRNA from integrated HBV DNA suggested X-cell
fusion mRNA.
The preferred region within the HBV genome involved in integration and viral structural alteration is
located at nucleotides 1600-1900 around the 3’-end of
HBx and the 5’-end of the Precore/Core genes, where
viral replication and transcription is initiated. Upon integration, the 3’-end of HBx is frequently deleted and
HBx-human chimeric transcripts, which can be expressed
as chimeric proteins, are commonly observed[56]. The
3’-end of the HBx gene is the preferred region for human genome integration[34,52,70], leading to the C-terminal
truncated form of HBx, and is an important mechanism
in HBV-related hepatocarcinogenesis.
Recently, WGS was performed on a large cohort of
HCC patients with 81 HBV-positive, seven HBV-negative
HCC samples and adjacent normal tissues to survey HBV
integration in liver cancer genomes[34]. A systematic and
in-depth bioinformatics analysis was performed to study
HBV integration. The 399 detected HBV integration
events occurred more frequently in tumors (344 events)
than the normal controls (55 events), and represented a
6.3-fold increase. The HBV genome break points were
also examined, and 40% of the break points were restricted to an 1800-bp region of the HBV genome where
the viral enhancer, the X gene and the core gene are located. This viral breakpoint may facilitate the formation
of human-viral fusion proteins and create cis-regulatory
effects on expression of downstream genes that disturb
the host gene regulatory network.
Some HCC patients do not have detectable hepatitis
B surface antigen in their serum, but have low levels of
serum HBV DNA and fragments of HBV DNA in their
genomic cellular DNA (occult HBV infections). The
prevalence and molecular status of occult HBV in HCC
patients has been investigated in many studies in patients
from different regions worldwide[10,71,72]. In HBsAg-negative HCC patients, HBV DNA was detected in neoplastic
and/or adjacent non-neoplastic liver tissue in almost half
of patients, some of which were anti-HCV positive[73]. In
some patients, positivity for anti-HBc antibodies was the
only marker of HBV infection. Covalently closed circular
HBV DNA may be detected in the liver of some patients,
indicating persistence of the viral genome template for
transcription and replication. An observational cohort
study showed that HCC develops more commonly in oc-

TRANS EFFECT
Integrated viral sequences may contribute “in trans” to
tumorigenesis through the production of truncated and
mutated HBx or preS2/S proteins, though they cause defective replication. These proteins may impact HCC development by disrupting cellular gene expression control
or by activating oncogenic signaling pathways.
The HBx protein is a multifunctional regulator of viral and cellular genes that interferes with viral replication
and proliferation. HBx and Pre-S2/S regulatory proteins
that are generated from integrated viral sequences are
involved in hepatocyte transformation. Moreover, HBx
and truncated Pre-S2/S have been shown to be effective
transactivators of cellular and viral genes and are involved in signal transduction pathways, cell cycle control
and transcriptional regulation[36,58].
The C-terminal region of HBx, produced by HBx
truncation, contributes to HCC development. It has been
suggested that the C-terminal region is required for reactive oxygen species (ROS) production and 8-oxoguanine
(8-oxoG) formation, which are biomarkers of oxidative
stress. Oxidative stress and mitochondrial DNA damage
play an important role in the development of HCC[59].
Other studies have found that HBx C-terminal truncation, particularly involving 24 amino acids, plays a role
in enhancing cell invasiveness and metastasis in HCC by
activating MMP10 through C-Jun signaling[60]. Also, HBx
C-terminal truncation was closely related to the overexpression of centromere protein A in HCC[61]. In addition,
HBx C-terminal truncation directly regulates miRNA
transcription and promotes hepatocellular proliferation[62].
Most HBV-related HCCs have integrated viral genomic sequences, including the HBx gene. Although the
integrated forms of HBx are frequently rearranged and
show numerous point mutations, deletions or truncation,
integrated HBx may encode functionally active proteins
with transactivating ability[31,41]. Characterization of HBx
expression in malignant hepatocytes and infected liver
tissues has been often hampered by the difficulty in obtaining valid high-affinity anti-HBX antibodies for immunodetection[63]. Despite this, the expression of HBx
is maintained through multistage hepatocarcinogenesis
from pre-neoplastic nodules or foci of transformed hepatocytes to HCC[64,65].
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cult HBV patients among HBsAg-negative patients with
chronic hepatitis C.
In addition to genetic and genomic perturbations,
HBV integration is also associated with various clinical
parameters including disease occurrence at younger age,
higher levels of AFP and poor overall survival[34]. This
suggests an association between viral DNA integration
and a more aggressive pathogenesis of HCC.
Beside genomic alterations, epigenetic factors, such as
methylation-associated gene silencing, have been shown
to be involved in the deregulation of cellular function in
HCC. The HBV genome is almost completely unmethylated in the early stages of carcinogenesis, from chronic
active hepatitis to hepatic cirrhosis, while it becomes
more methylated in the established liver tumors, both in
patients and in cultured cancer cell lines[74].
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CONCLUSION
The multistep development of liver cancer is associated
with the accumulation of genetic and epigenetic changes.
The long latency of HCC development following primary HBV infection reflects an indirect oncogenic pathway.
Evidence of multiple cooperative mechanisms during
neoplastic transformation is increasing. Genetic instability, which is particularly high in HBV-related HCCs, may
be related to HBV integration.
The integration of HBV has the primary cis effect of
altering gene regulation. Sequence variations and structural alterations of the HBV genome that modify viral
protein structure, function and integration events generate novel HBx-human chimeric proteins that may exert a
trans effect by facilitating host immune surveillance evasion and/or that contribute to tumorigenesis.
Next generation sequencing technology has provided
a new paradigm for understanding disease mechanisms.
WGS and whole exome sequencing efforts have led to
the discovery of previously unknown somatic variations
in HCC, such as point mutations in chromatin remodeling genes and recurrent HBV integrations. A large number of data sets from genome wide association studies
may need further investigation. Additional research into
the development and treatment of resistant HBV strains
is warranted.
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Risk calculators for hepatocellular carcinoma in patients
affected with chronic hepatitis B in Asia
Hwai-I Yang, Mei-Hsuan Lee, Jessica Liu, Chien-Jen Chen
international clinical cohorts. Evidence suggests that
quantitative serum HBsAg level provides additional
predictability of HCC, especially in patients with low
levels of hepatitis B virus DNA. This novel marker was
incorporated into a risk calculator and was internally
validated. This tool will hopefully be externally validated
in the near future. Risk calculators can be used to support clinical practice, and to establish preventive measures; several “off-label” extension usages have also
been implemented. Albeit beneficial, several precautions and discussions should be noted in using the risk
calculators. The future development of risk calculators
for CHB patients can be extended by applying them to
additional CHB-related outcomes, and by incorporating
emerging risk parameters.
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Core tip: The risk calculator is a useful tool in many
fields of medicine, including hepatology. This paper reviews the history of the development and validation of
risk calculators of hepatocellular carcinoma (HCC) for
patients with chronic hepatitis B (CHB). The rationale
for using HCC risk calculators is first given, followed by
a description of the course and pathway towards deriving HCC risk estimation tools for treatment-free CHB
patients. Examples of the application of HCC risk prediction tools in clinical and public health settings is also
shown. The paper also discusses several issues raised
by the application of HCC risk scores.

Abstract
Risk calculators are widely used in many clinical fields,
and integrate several important risk factors through
the conversion of a risk function into a single measure
of risk. Several studies have been carried out to create risk calculators for the prediction of hepatocellular
carcinoma (HCC) in patients with chronic hepatitis B
(CHB). Most of them were hospital-based, with limited
sample sizes and insufficient external validation. These
study groups collaborated to establish the REACH-B
risk score, which incorporated five clinical variables to
predict HCC risk. This risk score was then validated in
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INTRODUCTION

Table 1 Scenario for chronic hepatitis B patients with various
risk profiles

Hepatocellular carcinoma (HCC) is one of the most important adverse outcomes of chronic hepatitis B virus
(HBV) infection, which affects more than 350 million
people worldwide[1,2]. HCC causes poor quality of life
and shortened survival, and is thus regarded as a major
health challenge. The risk of chronic hepatitis B (CHB)
progressing to HCC may be reduced by antiviral therapy[3], and surveillance with abdominal ultrasonography
and serum alpha-fetoprotein tests can screen patients
for early HCC treatment. Although the global number
of individuals infected with CHB is extensive, especially
in endemic areas such as Asian-Pacific and sub-Saharan
African regions, only a small number of patients develop
end-stage liver diseases. Therefore, the identification and
triage of patients who are at high risk of HCC development is important. Several factors, such as gender, age,
family history of HCC, presence of hepatic inflammation/fibrosis, alcohol consumption, elevated viral load,
hepatitis B e antigen (HBeAg) positivity, and specific
HBV genotypes (e.g., genotype C), have been identified to
be independently associated with elevated risk of HCC
development (Figure 1)[4-8]. These factors, including patient, viral, and environmental factors, interact with one
another and lead to HCC development in patients with
chronic HBV infection. From the individualized medicine point of view, these factors should be used to reveal
the future risk of HCC progression in patients with viral
hepatitis so that preventive measures can be applied to
those with high risk. Intuitively, a patient who has all of
the risk factors for HCC can easily be categorized as very
high risk (such as patient A in Table 1), whereas a patient
without risk factors can be identified as very low risk (such
as patient B in Table 1), despite not knowing the exact
risk in these patients. However, the risk in patients with
mixed risk profiles (patients C and D in Table 1) cannot
easily be determined or compared. Thus, a tool that is
evidence based and appropriately weights these risk predictors to provide a simple and accurate risk estimate for
the interested outcome (i.e., HCC) would be very helpful.
Consequently, some investigators have responded accordingly to this demand.

Gender
Age (yr)
ALT (U/L)
HBeAg
HBV DNA
(copies/mL)
Risk of HCC

Patient B

Patient C Patient D

Male
70
100
Positive
> 106

Female
30
15
Negative
< 300

Male
55
25
Negative
104

Very high
(but the
exact risk is
unknown)

Very low
(but the
exact risk is
unknown)

Female
40
40
Negative
105

Unknown Unknown

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis
B virus; HCC: Hepatocellular carcinoma.

was common among those tools. To solve this problem,
these study groups collaborated to established an HCC
risk score (REACH-B) incorporating gender, age, serum alanine transaminase (ALT) concentration, HBeAg
status, and serum HBV DNA level as the predicting
parameters[13]. This study derived a 17-point risk model
from 3584 treatment- and cirrhosis-free CHB patients
in a community-based Taiwanese cohort (REVEALHBV), and validated its use in a composite hospital-based
cohort (n = 1505) from Hong Kong and Korea. This
risk score could predict HCC with a wide range of risks,
ranging from 0.0% to 23.6% at 3 years, 0.0% to 47.4%
at 5 years, and 0.0% to 81.6% at 10 years for patients
with the lowest through the highest scores. Although the
derivation and validation cohorts were quite different in
their distributions of sex, age, HBeAg serostatus, ALT
concentration, HBV DNA level, and cirrhosis, the risk
score developed from the derivation cohort accurately
and reliably estimated the HCC risk at 3, 5 and 10 years
of follow-up in the validation cohort. The area under the
receiver operating characteristic curve (AUROC) and the
corresponding 95%CI were 0.811 (0.790-0.831), 0.796
(0.775-0.816), and 0.769 (0.747-0.790), respectively, in
predicting 3-, 5- and 10-year HCC risk, which indicate
a fair discriminatory capability. The performance of the
risk score was improved when cirrhotic patients were
excluded from the validation cohort[13]. Moreover, the
predicted risks were similar to the observed risks as estimated by the Kaplan-Meier method, which indicate good
calibration. This is the first study to provide firm external
validation of the use of a HCC risk prediction tool in a
group of clinical CHB patients.
Recently, several lines of evidence have suggested
that quantitative serum HBsAg levels provide additional
predictability of HCC, especially in patients with low
levels of HBV DNA[14-16]. This novel marker features
high reproducibility and relatively low cost. Thus, the
original REVEAL nomograms were then upgraded by
incorporating this novel risk predictor into the HCC risk
prediction model[16]. In addition to HCC, this study also
provided a prediction model for predicting the long-

RISK CALCULATORS FOR
HEPATOCELLULAR CARCINOMA IN
CHB PATIENTS WITHOUT ANTIVIRAL
TREATMENT
By 2011, several study groups had established prediction models that incorporated several clinical variables
to estimate HCC risk for CHB patients (Table 2)[9-12].
Most of those were hospital-based in study design with
limited sample sizes. These HCC prediction models had
diverse sets of risk predictors, although some common
parameters were used. The most important issue was the
lack of external validation to a satisfactory extent, which
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Elevated viral load
HBeAg
status

HBV
Genotype

Viral factors

Host characteristics
and
environmental exposure

Age

Hepatic
inflammation
/fibrosis

Gender
(M > F)

Alcohol
consumption
Family history

Figure 1 Known risk factors for hepatocellular carcinoma disease progression for chronic hepatitis B. M: Male; F: Female; HBV: Hepatitis B virus; HBeAg:
Hepatitis B e antigen.

Table 2 The hepatocellular carcinoma risk calculators for patients with chronic hepatitis B which have been developed before 2011
[12]

IPM
Area
Origin of subjects
No. of subjects for derivation
Feature of subjects
No. of model
Risk predictors

Risk function
Predicted outcomes
Validation (No. of subjects for
validation)

Korea
Hospital-based
2020
Not limited to CHB
1
Gender
Age
HCV infection
HBV infection
AFP level
Chronic hepatitis
Cirrhosis
Heavy alcoholics
ALT level
Logistic regression
HCC risk
2-yr prospective
validation (n = 833)

GAG-HCC risk score

[11]

CUHK clinical scoring system

[10]

[9]

REVEAL nomograms

Hong Kong
Hospital-based
820
CHB
1
Gender
Age
HBV DNA level
CP mutations
Cirrhosis

Hong Kong
Hospital-based
1005
CHB
1
Age
Albumin
Bilirubin
HBV DNA level
Cirrhosis

Taiwan
Community-based
2435
CHB
3
Gender
Age
ALT level
Family history of HCC
Alcohol consumption
HBeAg
HBV DNA level
HBV genotype

Cox regression
5-yr and 10-yr HCC risk
Leave-one-out crossvalidation

Cox regression
5-yr and 10-yr HCC risk
External validation (n = 424)

Cox regression
5-yr and 10-yr HCC risk
External validation with data
splitting (n = 1218)

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

term development of cirrhosis as well. The risk prediction model for HCC included age, sex, family history of
HCC, and a combined variable encompassing HBeAg serostatus, serum HBV DNA and ALT levels, quantitative
serum HBsAg level, and HBV genotype as the predicting parameters (Table 3; all parameters were included in
the REVEAL nomogram except for quantitative serum
HBsAg level). The projected 5-, 10-, and 15-year HCC
risk for each score was pre-calculated and depicted in a
nomogram (Figure 2). This upgraded HCC risk calculator
was internally validated using a third of the population
from which the model was derived from, and showed
excellent prediction accuracy and discriminatory ability.

WJG|www.wjgnet.com

Taking the REACH-B score as a precedent, this upgraded version may hopefully be validated externally using clinical CHB patients to prove its accuracy, reliability,
and added predictive capability over the original version
in the near future. In addition to this, because testing serum HBV DNA levels is relatively costly compared to all
other risk predictors in the risk calculator, a model/score
might be generated in which quantitative serum HBsAg
levels can be used in lieu of serum HBV DNA levels.
This score/model, once generated and validated, can be
used as a first-line risk prediction instrument by general
practitioners and CHB patients who are interested in
knowing their long-term risk, thereby largely extending
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Table 3 The most updated hepatocellular carcinoma risk
score for chronic hepatitis B patients upgraded from the
REVEAL nomogram

HCC risk (%)

10

Baseline hepatocellular carcinoma predictor
0

Age (yr)
30-34
35-39
40-44
45-49
50-54
55-59
60-65
Sex
Female
Male
Levels of ALT (IU/L)
< 15
15-44
≥ 45
Family history of hepatocellular carcinoma
No
Yes
HBeAg/HBV DNA/HBsAg/genotype
Negative/< 104/< 100/any type
Negative/< 104/100-999/any type
Negative/< 104/≥ 1000/any type
Negative/104-106/< 100/any type
Negative/104-106/100-999/any type
Negative/104-106/≥ 1000/any type
Negative/≥ 106/any level/B or B + C
Negative/≥ 106/any level/C
Positive/any level/any level/B or B + C
Positive/any level/any level/C

0.1
5-yr risk
10-yr risk
15-yr risk

0.01

0.001

0 1 2 3

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Sum of risk score

Figure 2 The updated REVEAL nomogram for the prediction of hepatocellular carcinoma risk. HCC: Hepatocellular carcinoma.
Development cohort (community-based)
Validation cohort (hospital-based)

16
14

Percent

12
10
8
6
4
2
0

0

1

2

3

4

5

6 7 8
Score

9

10 11 12 13 14 ≥ 15

0
1
2
3
4
5
6
0
2
0
1
2
0
2
0
2
2
3
3
4
5
7
6
7

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBsAg:
Hepatitis B surface antigen.

Figure 3 The distributions of score in the derivation cohort (from community) and the validation cohort (from clinical settings) used in the
REACH-B study[13].

understanding their own risk. The risk prediction score
might also complement clinical practice guidelines by
functioning as a risk stratification system. From a public
health viewpoint, the risk calculator can bridge the gap between personal risk profiles and population health impact
resulting from HCC, and may help in proper allocation
of health care resources. For example, by knowing the
distributions of scores from community and clinical settings used in the REACH-B paper (shown in Figure 3)[13],
one can try to estimate the impact of HCC according to
different risk scores in specific time frames. Further analyses on its cost-effectiveness can be conducted in order to
guide public health intervention plans.
A key question that has been raised about the usage
of the risk calculator is, how will patients with diverse
predicted risks be managed differently? An argument was
also brought up that it may instead be more important
to identify a group of patients with a zero risk for HCC
within a specific time frame. As Figure 2 shows, the HCC
risk that can be predicted by the risk score is a risk continuum. The risk is never zero, even in patients with the
lowest scores. The potential cut-off risk and corresponding management strategies is an issue. However, the
risk calculator only deals with risk estimation of HCC.
The management of CHB patients should take other
information into consideration such as benefits, adverse

the application of this tool into the community.

IMPLICATIONS OF HCC RISK
CALCULATORS FOR CLINICS AND
PUBLIC HEALTH
As a useful risk estimation tool, the HCC risk calculator
can be used to support clinical practice as well as derive preventive measures. The risk score helps to create
a gauge for HCC risk assessment that can be used for
evidence-based decisions during clinical management of
chronic HBV carriers. Based on patients’ personalized
HCC risks, their follow-up intervals, surveillance patterns,
and referral strategies can be tailored. Furthermore, as
antiviral therapy has been shown to improve histology[17],
timely antiviral therapy in high-HCC-risk patients may
lead to improvement in quality of life and prolonged survival. The risk score also provides an appropriate platform
for physician-patient communication, which may help to
raise patients’ awareness of HCC and assist in imparting
knowledge to high-risk patients. Patients’ willingness to
receive antiviral therapies may hopefully be motivated by
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effects, as well as the cost-effectiveness of management
strategies. International guideline development committees may integrate all of these factors when setting up
threshold scores for beginning various clinical interventions.

treatment performance of HCC risk scores, as well as the
change in HCC risk scores from baseline to 2 years after
treatment with entecavir. Interestingly, the CU-HCC,
GAG-HCC, and REACH-B scores, which were originally
developed in treatment-naïve patients, can be applicable
to predict subsequent development of HCC in patients
treated with entecavir. However, because all of these
scores were derived from and validated in treatment-free
cohorts, and many potential predictors related to therapy
and responses during and after treatment could not be
collected, they may not be the optimal prediction tools
for CHB patients under antiviral treatment. A risk calculator derived from treated patients, which includes pretreatment, on-treatment, and post-treatment parameters,
might best fit this purpose.
Recently, the REACH-B score has been used as a natural history counterpart to evaluate the long-term effect
of antiviral therapy using tenofovir on HCC incidence
over time[20]. The analysis included more than 600 patients from two multinational Phase 3, placebo-controlled
tenofovir trials (one for HBeAg-seronegative patients
and the other for HBeAg positive patients). Participants
in both trials were randomly assigned to tenofovir treatment or placebo for 1 year, after which the patients could
opt to continue on open-label tenofovir for 8 years. The
REACH-B scores were estimated using patients’ baseline
data. The standardized incidence ratio (SIR) of observed
versus expected number of HCC cases, which was estimated according to the REACH-B score, was calculated.
The analysis showed that by year 6, the SIR (95%CI) was
0.50 (0.29-0.84), which meant a 50% decrease from the
predicted number of HCC cases. The effect of tenofovir
was noticeable in non-cirrhotic patients (75% of study
patients), in which a SIR (95%CI) of 0.45 (0.23-0.91)
could be observed at 6 years of therapy. The authors
concluded that the incidence of HCC in patients on tenofovir in both trials was lower than what was predicted
by the REACH-B model, and that potent antiviral therapy may reduce the risk of HCC. Of note, among patients
with cirrhosis (25% of study patients), the observed
numbers of HCC were closer to the curve of expected
cases predicted by REACH-B. This result, however, does
not necessarily rule out the long-term benefits of tenefovir, because the REACH-B score was generated from
non-cirrhotic patients, which may have underestimated
actual HCC risk in cirrhotic patients without treatment.
It has been stated in the conclusion of the National
Institutes of Health Consensus Development’s statement
on the management of hepatitis B[21] that the major goals
of anti-HBV therapy are to prevent the development of
progressive disease, specifically cirrhosis and liver failure, as well as HCC and subsequent death. However, to
date, no randomized clinical trials (RCTs) of anti-HBV
therapies have demonstrated a beneficial impact on overall mortality, liver-specific mortality, or development of
HCC. Most published reports of hepatitis therapy use
changes in short-term virologic, biochemical, and histologic parameters to infer the likelihood of long-term
benefit. Approved therapies are associated with improve-

EXTENDING THE USE OF HCC RISK
SCORES IN TREATMENT RESEARCH
The REACH-B scoring system has been used to classify
anti-viral treatment eligibility of CHB patients according
to the 2012 Asian Pacific Association for the Study of
the Liver (APASL) treatment guidelines[18]. In this study,
a total of 904 noncirrhotic CHB patients were enrolled,
and their age, gender liver biochemistry, HBeAg status,
and HBV DNA levels were recorded. This study showed
that for patients to be eligible for anti-viral treatment, the
minimal REACH-B score should be 7 and 6, respectively,
for HBeAg-seropositive and -negative patients. Additionally, in HBeAg-seronegative patients, the REACH-B
score could predict treatment eligibility, with an adjusted
OR (95%CI) of 1.78 (1.61-1.98). In HBeAg-seropositive
patients, however, this same score-dependent eligibility
of treatment was not observed. In this study, the authors
also showed that the REACH-B score was excellent in
discriminating treatment eligibility for young (< 40 years)
HBeAg-seropositive patients (AUC: 0.903) and in both
young (< 45 years; AUC: 0.907) and older (≥ 45 years;
AUC: 0.883) HBeAg-seronegative patients; but the discriminatory capability for older (≥ 40 years) HBeAgseropositive patients was poor (AUC: 0.664). After an in
depth investigation, they found that 46.4% of HBeAgseropositive patients older than 40 years of age with high
risk of HCC, as estimated by a REACH score ≥ 11,
would be erroneously excluded from treatment, mainly
because their ALT levels never exceeded 2 × ULN, even
after frequent blood tests during follow up. In other
words, these patients were excluded from treatment,
despite the fact that all these patients were significantly
viraemic. The authors suggested that the severity of liver
fibrosis in these high-risk patients be evaluated through
liver biopsy or complementary noninvasive tools such as
liver stiffness measurements, rather than exclude them
from treatment.
The accuracy of HCC risk scores that were derived
from treatment-naïve CHB patients has been evaluated in 1531 patients treated with entecavir[19]. These
patients were treated with entecavir 0.5 mg daily for at
least 12 mo, and were assessed once every 3-6 mo for
symptoms, drug history, and adherence, in addition to
collecting blood samples for biochemical analyses. Three
HCC risk scores, including the CU-HCC, GAG-HCC,
and REACH-B scores were used based on profiles at the
start of treatment and 2 years later after treatment. The
AUROCs for utilizing the CU-HCC, GAG-HCC, and
REACH-B scores for predicting HCC were 0.80 (95%CI:
0.75-0.86), 0.76 (95%CI: 0.70-0.82), and 0.71 (95%CI:
0.62-0.81), respectively. This study also evaluated the on-
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ments in intermediate biomarkers, including suppressed
HBV DNA levels, HBeAg loss or seroconversion, decreases in ALT levels, and improvement in liver histology. According to this statement[21], the most important
research needs include representative prospective cohort
studies to define the natural history of the disease, and
large RCTs of monotherapy and combined therapies, including placebo-controlled trials, that measure the effects
on clinical health outcomes.
The aforementioned study was a good example in
using the risk score developed from a natural history cohort as a scale to quantify the effect of antiviral therapy.
For the time being, it is no longer feasible to conduct
placebo-controlled RCTs to prove the efficacy of antiviral drugs on long-term outcomes, because they need large
populations and a very long time to observe enough patients with outcomes. In addition, when treatments began
showing their initial benefits, not treating patients for the
sake of an arm of a clinical trial was no longer ethical. In
this case, comparing outcomes from treatment cohorts
with an existing natural history cohort is much more
feasible. In adopting this approach, a difficulty may be
encountered - CHB patients who are eligible for antiviral
treatment should typically have worse risk profiles. When
comparing the long-term risk of disease progression between CHB treatment cohorts and CHB natural history
cohorts, it is crucial to take patients’ risk profiles (such
as gender, age, ALT, HBeAg, and HBV DNA level) into
consideration because these are all important risk predictors of long-term clinical health outcomes. This issue can
be overcome by introducing the natural history risk score,
as shown by Kim et al[20] which was used as a risk scale to
be contrasted with treatment cohorts.

late stage, should be very different from those patients
without cirrhosis. A universal risk prediction tool for the
whole spectrum of patients is thus not reasonable. The
predictability of the REACH-B risk score in cirrhotic patients is limited because the derivation cohort did not include CHB patients with this complication. The original
REACH-B article showed that the accuracy and values
of prediction diminished when applying the risk score to
cirrhotic carriers[13]. However, for those in the early stages
of liver disease, its accuracy was quite satisfactory. We
should also bear in mind that cirrhosis itself is an important predictor for future HCC development. Therefore,
patients with existing cirrhosis need close monitoring and
timely initiation of antiviral therapy. Risk assessment in
this group of patients, or the use of cirrhosis as a variable might therefore be pointless.
The concern has been raised on whether the risk
score is suitable to be used for changing risk profiles
during follow-up, either spontaneously or as a result of
antiviral treatment. Because current HCC risk prediction tools were generated from a natural history cohort
without history of antiviral therapy, the inference of
predicted risks under circumstances of antiviral therapy
should theoretically be inappropriate. Furthermore, current HCC prediction tools are based on one-shot baseline
measurements; further validation studies are required to
evaluate whether this risk score is applicable for changing risk profiles during follow-up, either changing spontaneously or through antiviral therapy. A risk calculator,
which incorporates not only the baseline risk parameters
but also the repeated measurements of patients’ risk profiles, would be expected to solve this problem, and thus
deserves further efforts.
The risk calculator is a practical tool for managing
various phases of a specific disease. Therefore, several
other clinical outcomes and milestones of CHB, such as
cirrhosis, liver-related mortality, as well as the seroclearance of HBeAg, HBsAg, and HBV DNA, can also be
suitable for the development of risk or probability prediction tools. One example is a predictive scoring system
for the spontaneous seroclearance of HBsAg in HBeAgseronegative CHB patients[25]. Besides focusing on outcomes, some emerging clinical parameters might hopefully be incorporated into the current HCC risk score[26-29].
The incorporation of serum quantitative HBsAg titers is
a good example; other factors such as host genetic and
immunologic markers might also be candidates once their
independent predictability are proved, even after taking
known risk predictors into consideration. The realization
of these prediction tools may benefit CHB patients by
providing comprehensive and individualized management
instruments, which have been developed based on scientific evidence of risk.

PRECAUTION AND DISCUSSION OF
USING THE RISK SCORES
Although the risk calculators are easy-to-use and the
REACH-B predictive score was externally validated to be
an applicable tool for HCC risk estimation, several precautions and discussions should be taken. Because surveillance strategies derived from a Taiwanese population
might not apply globally, further validation is still needed
in patients of different ethnicities, geographical areas,
ages at infection, genetic background, HBV genotypes or
species, comorbidities, and exposures to environmental
factors such as aflatoxin and alcohol[13,22,23].
Another key question for the REACH-B score is
whether this particular risk calculator is suitable for
cirrhotic patients. We know that cirrhosis occurs at a
relatively late stage in the spectrum of liver disease, and
studies indicate that the annual risk of developing HCC
among these patients is extremely high[24]. However, to
date, there is no HCC risk prediction tool for patients
with severe fibrosis and cirrhosis. As the carcinogenesis
of HCC is a multistage and multi-factorial process, the
risk predictors for developing HCC in cirrhotic patients,
in which CHB has already progressed to a relatively
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Core tip: Increasing evidence indicates that hepatitis B
virus (HBV)-associated hepatocellular carcinoma (HCC)
may involve gender disparity and that it may be a type
of hormone-responsive malignant tumor. Sex hormones
have been shown to play very different roles in the progression of an HBV infection and in the development
of HBV-related HCC. The article reviews the reported
molecular mechanisms of the gender disparity in HBVrelated HCC, with an aim to improve the understanding
of the development and progression of HBV-associated
HCC and exploring more effective prevention and treatment of this disease.

Abstract
Chronic hepatitis B virus (HBV) infection is one of
the most common causes of hepatocellular carcinoma (HCC), a malignant tumor with high mortality
worldwide. One remarkable clinical feature of HBVrelated HCC is that its incidence is higher in males and
postmenopausal females compared to other females.
Increasing evidence indicates that HBV-associated
HCC may involve gender disparity and that it may be
a type of hormone-responsive malignant tumor. Sex
hormones, such as androgen and estrogen, have been
shown to play very different roles in the progression
of an HBV infection and in the development of HBVrelated HCC. Through binding to their specific cellular
receptors and affecting the corresponding signaling
pathways, sex hormones can regulate the transactivation of HBx, cause the chronic release of inflammatory
cytokines in the hepatocellular microenvironment, and
participate in epigenetic and genetic alternations in
hepatocytes. All of these functions may be related to
the initiation and progression of HBV-associated HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
prevalent malignant tumors and a leading cause of cancer-related deaths globally[1-3]. Chronic hepatitis B virus
(HBV) infection, the strongest factor associated with
HCC development in epidemiology, has been found to
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Wang et al[15] demonstrated that the HBV X viral protein
(HBx), a well-known transactivator of HBV transcription, indirectly increases the levels of androgen receptor
mRNA by affecting cytosolic signaling pathways[11,17].
HBx can enhance two nuclear processes, including the
dimerization and transactivation steps, by regulating two
switch kinases: c-Src kinase and GSK-3 kinase. Functionally, c-Src kinase regulates AR NTD activity, and GSK-3
kinase plays an important role in regulating the AR N-C
interaction. Further investigation shows that c-Src primarily enhances the transcriptional activity of the AR
NTD. However, GSK-3 inactivation contributed to the
HBx-enhanced AR N-C interaction[14,18-20]. In male mice
with androgen receptor knockout, the occurrence of
HCC induced by diethylnitrosamine (DEN) was delayed
and fewer tumors formed than in wild type mice[15,21]. In
transgenic mice with an HBV infection, the hepatic androgen receptor was found to increase the rate of HBVinduced hepatocarcinogenesis. Through binding directly
to the cognate androgen-responsive element (ARE) in
enhancer Ⅰ (Enh Ⅰ ) of the HBV genome, androgen
cooperated with the androgen-signaling pathway to increase the transcription and replication of HBV genes[15]
(Figure 1). These findings suggest that there may be an
interesting positive cross-regulatory loop between the
androgen-signaling pathway and the HBx viral protein in
the development of HCC in male HBV carriers, as Chen
et al[22] demonstrated in clinical reports on male HBV patients. Similarly, Feng et al[23] elucidated another interestingly self-amplifying positive regulatory circuit including
AR, cell cycle-related kinase (CCRK) and β-catenin, which
were found both in HCC cell lines and immortal human
liver cells and further detected in animal models and primary HCC specimens from patients with HBV infection.
Through directly binding to androgen-responsive element
of the CCRK promoter region, ligand-activated AR could
increase CCRK expression by up-regulating its transcription in HCC cell lines. And overexpression of CCRK
modulated activation of the β-catenin signaling pathway
which positively regulates expression and function of AR
in HCC cell lines. Finally, through up-regulating activation
of the β-catenin/T cell factor signaling pathway, this vicious loop might play a critical role in tumorigenesis and
progression of HBV-associated HCC[23] (Figure 2).
Unlike androgen, estrogen may play an important role in
protecting against the progression of HBV infections and
the development of HBV-related HCC[7,15]. Almog et al[24] reported that estrogen treatment reduced the level of HBV
mRNA. De Maria et al[25] found that variant estrogen
receptors (ERs), a primary cause of estrogen unresponsiveness, were expressed more frequently in male and
postmenopausal female HCC patients. Moreover, female
HBV carriers with a longer exposure to estrogen through
taking oral contraceptives or postmenopausal hormone
replacement therapy have a lower risk of developing
HCC[15,26]. Acting through two nuclear receptors, estrogen
receptors α and β (ER-α and ER-β), estrogen plays an
important role in many biological processes at the molecular level[7,27]. In contrast to the augmentation of HBV

play an important role in the progression of HCC. Many
countries, particularly those in eastern Asia, sub-Saharan
Africa and parts of Europe, have high incidence and
mortality rates of HBV-associated HCC[2,4,5]. To further
investigate the clinical features of HBV-related HCC and
develop more effective therapeutic strategies, considerable efforts have recently been exerted in exploring the
molecular mechanisms involved in the development
and progression of HBV-associated HCC. Many clinical
studies have shown that one remarkable clinical feature
of HBV-associated HCC is that its incidence generally
tends to be higher in males and postmenopausal females
than other females, but the exact molecular mechanisms
of this disparity have seldom been investigated[6-8]. The
article reviews the reported molecular mechanisms associated with the gender disparity in HBV-related HCC to
improve the understanding of its role in the development
and progression of HBV-associated HCC.

ROLE OF SEX HORMONES IN THE
DEVELOPMENT OF HBV-ASSCOCIATED
HCC
Most previous studies have demonstrated that there is
a sexual disparity in the development of HBV-related
HCC. For example, female HBV carriers generally have
lower viral loads than male carriers, the risk of HBVassociated HCC is lower in females than in males, and
the ratio of the estradiol level to the testosterone level
tends to decrease in female patients with HBV-related
HCC than in female HBV carriers who do not develop
HCC[9-11]. To date, the mechanisms underlying that males
are more susceptible to developing HCC after an HBV
infection have become an important topic, drawing widespread attention from scientists. An increasing number
of studies have suggested that HBV-associated HCC may
be a hormone-responsive malignant tumor[12].
It was reported that high levels of serum testosterone
in males with an HBV infection are associated with their
development of HCC. Even when the condition of their
viral hepatitis or alcoholic cirrhosis improved, their risk
for HCC was still increasing[9,13]. These results suggested
that the androgen receptor (AR) might be involved in
HBV-related hepatocarcinogenesis and an active androgen signaling pathway might increase the risk of HBVassociated HCC[14-16]. The AR, a ligand-dependent transcription factor of the nuclear receptor superfamily, was
reported to be overexpressed in HCC. After two nuclear
processes, including the AR N-C interaction (dimerization step) and the transcriptional activation of the AR
N-terminal transactivation domain (NTD) (transactivation step), are completed, the AR is fully activated[14,15].
Interestingly, among male HBV carriers with an increased
risk of HCC, both higher androgen levels and more active androgen receptor gene alleles were detected, compared with those of controls[15,16]. Similarly, the ratio of
estradiol to testosterone was shown to be significantly
lower in female patients with HBV-associated HCC.
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Figure 1 Hepatitis B virus X viral protein expression and sex hormone signaling pathways. By
activating c-Src and inactivating glycogen synthase
kinase-3 (GSK-3), hepatitis B virus X viral protein (HBx) can enhance androgen receptor (AR)
N-terminal transactivation domain (NTD) activity
and AR N-C interaction, which contribute to full
activation of AR. Then through binding directly to
the cognate androgen-responsive element (ARE)
in enhancer Ⅰ (Enh Ⅰ ) of the hepatitis B virus
(HBV) genome, androgen can cooperate with the
androgen-signaling pathway to increase the transcription and replication of HBV genes and HBx
expression. In contrast, estrogen can cooperate with
estrogen receptor-α (ER-α) to decrease HBV RNA
transcription by suppressing the activity of the HBV
Enh Ⅰ through preventing hepatocyte nuclear factor
4α (HNF-4α) from binding to Enh Ⅰ.
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RNA transcription by the AR, the ER was found to decrease HBV RNA transcription by suppressing the activity
of the HBV enhancer I that is located in the Enh Ⅰ region
of the HBV genome. Further investigation suggested that
the hinge region of ER-α could physically interact with
hepatocyte nuclear factor 4α (HNF-4α), which diminished the HNF-4α binding to Enh Ⅰ region of the HBV
genome[26,28]. HNF-4α, a nuclear protein that is abundant
in the liver, plays an important role in regulating hepatic
transcription and the development of normal liver structures[29,30]. Wang et al[26] demonstrated that the HNF-4α
binding site within HBV enhancer Ⅰ is essential for the
down-regulation of HBV transcription by ER-α. It was
observed that ER-α can squelch the activity of HNF4α through its hinge region, preventing HNF-4α from
binding to enhancer Ⅰ (Figure 1). This process finally
results in the decreased activity and even the dysfunction

WJG|www.wjgnet.com

Figure 2 The regulation and function of androgen receptor signaling pathway. On one hand,
ligand-activated androgen receptor (AR) can increase cell cycle-related kinase (CCRK) expression
through directly binding to androgen-responsive
element (ARE) of the CCRK promoter region and
stimulate its transcription and expression. Ectopic
expression of CCRK in immortalized human liver
cells activated β-catenin/T cell factor (TCF) signaling to stimulate cell cycle progression and to
induce AR expression. On the other hand, ligandstimulated AR can increase miR-216a transcription by directly binding to the ARE site within the
promoter region of pri-miR-216a, which can lead
to the elevation of the miR-216a level and the subsequent suppression of its target genes including
some tumor suppressors. Finally, the early stage
of hepatocarcinogenesis, including increased cell
proliferation and enhanced migration and invasive
activities of hepatocytes, is partly initiated.

of enhancer Ⅰ in HBV transcription. The hepatic ER-α
can work alone even in the absence of estrogen, which
is different from the AR. This change may be due to the
presence of some of the hepatic ER-α in the nucleus[26].
Moreover, some studies showed that HBx, ER-α and
histone deacetylase 1 (HDAC1) could form a complex.
Furthermore, Han et al[31] demonstrated that HBx could
inhibit the transcriptional activity of ER-α through its
interaction with ER-α and its recruitment of HDAC1.

GENDER DISPARITY, INFLAMMATORY
CYTOKINES AND HBV-ASSOCIATED
HCC
Chronic inflammation is a major contributor to tumorigenesis[12,32]. Hepatitis-related inflammatory cytokines,
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Figure 3 Interleukin-6 expression and estrogen receptor signaling pathway. By decreasing the activity of core
factors such as NFkB, STAT3 and C/EBPβ, which is associated with the interleukin-6 (IL-6) promoter activity and required for the production of IL-6 in vivo and in vitro, estrogen
combines with the estrogen receptor (ER) signaling pathway
to decrease the IL-6 level and attenuate its induction of liver
injury. NFkB: Nuclear factor kB; STAT3: Signal transducer
and activator of transcription 3; C/EBPβ: CCAAT/enhancerbinding protein β.
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such as interleukin-6 (IL-6) and interleukin-1β (IL-1β),
have been identified as core promoters of susceptibility
to an HBV infection, persistence of an HBV infection
and the development of HBV-related HCC[33-35]. Many
studies have examined the effects of these cytokines on
the initiation, promotion, and progression of HCC[35-37].
Interestingly, chemical carcinogens, such as DEN, have
been shown to induce more apoptosis, necrosis, and
compensatory proliferation of hepatic cells in male mice
than in females. Similar gender disparity in liver injury has
also been observed after the administration of CCl4[32,38,39].
These results have suggested that the effects of chronic
inflammation and inflammatory cytokines on the development and progression of HBV-related HCC may vary
in patients partly due to their gender difference.
In some previous animal studies, researchers demonstrated that a persistently high level of serum IL-6 was
associated with increased liver injury and HCC development and that IL-6 overexpression could lead to HCC
tumorigenesis in mice. Moreover, the ablation of IL-6 reversed the progression of hepatocarcinogenesis[32,40]. Further investigation revealed that, through the activation of
IkB kinase β (IKKβ) in Kupffer cells (KCs), exogenous
IL-6 augmented DEN-induced damage in both untreated
and estradiol-treated male mice. Furthermore, the absence of IL-6 eliminated the gender difference by reducing the extent of injury in males, which suggested that
estradiol may attenuate downstream IL-6 signaling[32,39].
Recently, IL-6 secreted from KCs was proposed as a possible explanation for the gender disparity in hepatocarcinogenesis. Naugler et al[32] showed that the estrogen-mediated inhibition of IL-6 production by KCs reduced the
risk of HCC in females. Their further investigation revealed that estrogen and estrogen receptor-mediated signaling pathway blocked IL-6 expression in KCs, resulting
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in decreased HCC incidence in the DEN mouse model.
The mechanisms underlying these phenomena were revealed that estrogens played a role through nuclear and
membrane proteins, such as the transcription factors including nuclear factor kB (NFkB), STAT3, C/EBPβ and
the Toll-like receptor adaptor protein MyD88[32,41]. Taub
et al[42] proved that IL-6 could activate the transcription
factor STAT3. Naugler et al[32] demonstrated that the activated form of STAT3 was absent in the livers of IL-6-/mice and that wild-type (WT) female mice exhibited less
STAT3 activation than males after DEN administration.
Similarly, the sustained activation of JNK was also found
to be required for DEN-induced liver injury and hepatocarcinogenesis[12,31]. By decreasing the activity of core
factors such as NF-κB, which was associated with the
IL-6 promoter activity and required for the production of
IL-6 in vivo and in vitro, estrogens and the ER reduced the
level of IL-6 and attenuated its induction of liver injury[43]
(Figure 3). Finally, suppressing IL-6 signaling might result
in the reduction of HBV-related HCC in females.
The IL-1 gene family (including IL-1α , IL-1β and
IL-1RN) is a group of inflammatory cytokines that
appear to serve as tumor growth factors in hepatocarcinogenesis. Jiang et al[33] demonstrated that IL-1α was
an essential factor for the development of HBV-related
HCC in males and its persistent expression was a specific
predictor of chronic liver inflammation that could potentially be used as a marker in clinical diagnosis. Clinically,
dynamic monitoring of IL-1α had been used and was
shown to be a potentially valuable tool in detecting the
recurrence of HBV-associated HCC and a possible target
for pharmaceutical research. Further investigation of estrogen signaling in menopausal females indicated that the
inactivation of estrogen signaling might contribute to the
up-regulation of IL-1α and IL-6 expression. Moreover,
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tumorous tissues. Hence, miRNAs have recently been
reported to be a group of host genetic factors associated
with hepatocarcinogenesis[22,47]. For instance, by analyzing
seven miRNAs, Gao et al[48] identified three miRNAs with
aberrant expression patterns in precancerous liver tissues,
including miR-224, miR-145, and miR-199b. Increasing
evidence that sex hormones affected tumorigenesis by
regulating specific miRNAs was reported in malignant
tumors such as breast cancer and prostate cancer[49,50].
Similarly, Chen et al[22] showed that miRNAs could be the
candidates affected by the androgen pathway in the early
stage of hepatocarcinogenesis of HBV-related HCC in
males and there was a gender disparity in the pattern of
expression of the candidate miRNAs, such as miR-216a,
in liver tissues in the precancerous stage. Male HBV-related HCC patients with preferentially elevated miR-216a
in their precancerous liver tissues were shown to have a
higher risk of mortality. This finding suggested that miR216a levels are associated with patient prognosis. Further
studies indicated that the ligand-stimulated androgen
pathway can activate and increase miR-216a transcription
by directly binding to the ARE site within the promoter
region of pri-miR-216a, leading to the elevation of the
miR-216a level and the subsequent suppression of its target genes (Figure 2), such as the tumor suppressor in lung
cancer-1 gene (TSLC1). Finally, the early stage of hepatocarcinogenesis, including increased cell proliferation
and enhanced migration and invasive activities of hepatocytes, was partly initiated[22]. Through high-throughput
DNA sequencing and stem-loop polymerase chain reaction conformation assays, Jiang et al[33] demonstrated that
miR-22 was highly expressed and correlated with low ER
and high IL-1α expression in the tissue adjacent to tumor
tissue in male patients. However, in the paired HCC tissues, the results were quite the contrary. The underlying
mechanisms were revealed by using the luciferase reporter assay. The results indicated that ER was a candidate
target of miR-22. By directly targeting the 3’-UTR region
of ER mRNA, miR-22 could suppress ER transcription.
Because both estradiol and the ER played an important
role in inhibiting IL-1α expression in normal hepatocytes
during chronic liver inflammation, increased miR-22 levels might result in the down-regulation of ER expression
and the induction and augmentation of IL-1α transcription. Finally, the persistent high level of IL-1α secreted
from necrotic hepatocytes might lead to compensatory
proliferation and tumorigenesis in normal hepatic cells.
The silencing of tumor suppressor genes induced
by hypermethylation had also been found to occur frequently in many human malignant cancers, including
HCC. Previous investigations had shown that abnormal hypermethylation in the promoter region might
be the main mechanism underlying the dysfunction of
p16INK4a in HCC[6]. The p16INK4A gene, which is located on chromosome 9p21, encodes a critical negative
regulator of cell cycle progression and is one of the most
frequently inactivated tumor suppressor genes in various
tumor types[51-53]. By binding to cyclin-dependent kinases,
p16INK4A protein inhibited the phosphorylation of reti-

a significant linear correlation and dependence between
decreasing ER expression levels and increasing IL-1α
expression levels and the lack of ER expression in male
tumor tissues were found, which suggested that the protective anti-inflammatory effect mediated by estrogen did
not occur in male HCC tumors[33,35]. Further investigation
suggested that excessive activation of the inflammatory
response and the IL-α-MyD88-IL-6 signaling pathway
induces a compensatory proliferative response in normal
hepatic cells and leads to hepatocarcinogenesis in tissue adjacent to the tumors of male patients with HBVrelated HCC. Using a luciferase reporter assay, it was
found that estradiol might suppress IL-1α expression.
Moreover, estradiol might inhibit IL-1α transcription by
binding to the ER-α-binding site in the IL-1α promoter
region[33-35]. Analogously, increased levels of IL-1β in
the liver induced by HBV infection might finally lead
to hepatocyte damage and the development of HCC[34].
Bamba et al[44] showed that IL-1β could increase the
production of prostaglandin E2 and hepatocyte growth
factor. By increasing the COX-2 and nitric oxide levels,
high levels of IL-1β induced angiogenesis and promoted
tumor growth[44,45]. Furthermore, IL-1β could also attenuate the interferon-induced antiviral activity and STAT1
activation in the liver. Hirankarn et al[34] demonstrated that
IL-1β-511 C allele polymorphism in the promoter region
elevated the binding activity of its transcription initiation factor and the presence of two C alleles (CC) was
required to increase the likelihood of HBV-related HCC
development[46].

EPIGENETIC AND GENETIC
ALTERNATIONS-RELATED GENDER
DIFFERENCES IN THE DEVELOPMENT OF
HBV-RELATED HCC
HCC development is a multistep tumorigenic process
that includes many carcinogenic-related changes at the
molecular level that are affected by epigenetic and/or
genetic alternations. It has been shown that many of
the HCC risk factors are related to epigenetic changes,
such as the regulation of mRNA levels by microRNAs
(miRNAs), DNA methylation and histone modification.
However, the underlying mechanisms leading to HBVrelated HCC development and their relationships with
the gender disparity of this process have not been fully
explored[6,22,47].
MiRNAs are small noncoding RNAs of approximately 20 nucleotides that bind to conserved 3’-untranslated region (3’-UTR) sequences of their target mRNA,
thereby inducing either the inhibition of their translation
or their degradation. In the tumor cells, the functional
roles of some miRNAs in targeting specific oncogenes or
tumor suppressor genes are being increasingly identified.
In the hepatocarcinogenic process, numerous miRNAs
show abnormal expression patterns in the profiles of
HCC tissues compared with their paired adjacent non-
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other molecular mechanisms[61,62]. Thus, the coexistence of
the loss and gain of specific chromosomes might indicate the roles of CNAs in the gender-related differential
presentation of HBV-associated HCC. As Fabris et al[63]
demonstrated, male 5,10-methylenetetrahydrofolate
reductase (MTHFR) 677 TT carriers with alcoholic cirrhosis had an increased risk of developing HBV-related
HCC. MTHFR, a key enzyme in the folate cycle, played
an important role in regulating the metabolism of the
amino-acid homocysteine. Through one of its substrates,
MTHFR can increase the incorporation of uracil into
DNA and lead to an augmented risk of point mutations
and DNA/chromosome breakage. In addition, MTHFR
can regulate the level of S-adenosyl-L-methionine by
increasing the level of hypomethylation of modified
DNA and changing its gene expression[64]. Furthermore,
the MTHFR C677T SNP, which is associated with male
gender- and alcohol-related liver disease, can increase the
risk of the occurrence of HCC by 7.5-fold in males compared with females and alcoholic patients carrying the
C/* allele[65]. Further investigation revealed the underlying mechanisms. Through regulation of folate metabolism and the circulating homocysteine levels, the MTHFR
C677T SNP lowers the S-adenosyl-L-methionine levels,
induces the stand point of DNA hypomethylation and
hyperhomocysteinemia and consequently increases
steatosis in the liver[63]. Finally, alcoholic males have an
increased risk of HCC development. A growing number
of clinical and epidemiological studies had shown that
chronic HBV infections progressed more rapidly in males
than in females from both clinical and virological aspects.
Mutations in the surface (S) gene of HBV (S region of
HBV), particularly in the major hydrophilic region (MHR)
of the S gene (MHR region), were reported to be related
to immune evasion by HBV[66-68]. Lee et al[69] found that
the acquisition of MHR mutations followed by HBeAg
seroconversion in male patients might contribute to
the persistent infection that is characteristic of HBeAgnegative hepatitis B. And two types of MHR mutations,
the L110I and G145A, were firstly found to contribute to
HBV persistence and immune evasion. By inducing the
persistent replication of HBV, the acquisition of MHR
mutations combined with HBeAg seroconversion in male
HBV carriers might lead to development of HBV-related
HCC.
More interestingly, further investigations revealed that
HBx might play a critical role in epigenetic modifications
in HBV-infected liver cells and HBV-related HCC. HBx,
a key factor in the molecular and cellular pathogenesis
of HBV-related HCC, was proved to be correlated with
sex hormone (including androgen and estrogen) signaling
pathways[15,22,26,31]. Chen et al[70] showed that HBx could
reduce the expression of EGFR protein through upregulating the expression of miR-7 which targets 3’-UTR
of epidermal growth factor receptor (EGFR) mRNA.
And the HBx-miR-7-EGFR axis might act as an important controller in regulation of growth rate of HCC cells.
Likewise, the newly identified HBX/miR–15b/FUT2/
Globo H axis suggests one possible molecular mecha-

noblastoma (Rb) protein and led to the G1-phase arrest
of tumor cells. In some recent studies, hypermethylation
of the p16INK4a promoter was detected not only in tumor tissues but also in cirrhotic liver tissues, implicating
this process in the early stage of HBV-mediated hepatocarcinogenesis[51,54]. Wang et al[6] demonstrated a higher
frequency of p16INK4a gene hypermethylation in HCC
tissues than in the adjacent non-tumor tissues and the
disease-free liver controls. Further studies suggested that
a persistent HBV infection might play a role in inducing
p16INK4A promoter methylation in hepatocarcinogenesis, possibly starting from an early stage[6,51]. Interestingly, it was also found that male patients had a higher
frequency of p16INK4a promoter hypermeythylation in
their tumor tissues than those of females. However, the
size of that study’s cohort was not sufficiently large to allow a consolidated final conclusion. And the relationship
between the significant increase of p16INK4a promoter
hypermethylation and the susceptibility to HBV-related
HCC in male patients required further investigation[6].
Because according to studies done by Zhu et al[55] and
Zang et al[56], there was no significant correlation between
p16INK4a hypermethylation and gender disparity in
HBV-related HCC. Therefore, there has not been a consolidated final conclusion about the gender disparity of
p16INK4a hypermethylation in HBV-related HCC. Furthermore, the role p16INK4A hypermethylation in the
development and progression of HBV-associated HCC
remains largely unknown and also needs more attention.
In recent years, considerable efforts have been made
to investigate the genetic alternations involved in the progression of HCC, but the genetic events and the underlying mechanisms that lead to the initiation and progression of HCC remain largely unclear. And many genetic
variants have been found and reported to be related to
HCC development. DNA copy number alteration (CNA),
a type of genetic alternation resulting in the gain or loss
of either specific genomic regions or even entire chromosomes, has been supposed to be a major feature of
HCC[57,58]. Through comparative genomic hybridization
(CGH), Zhu et al[8] demonstrated that there was a significantly different CNA pattern between female and male
HBV-HCC patients. In particular, gains of 1q21.3-q22,
11q11 and 19q13.31-q13.32 and loss of 16p11.2 were
more frequently observed in female HCC tumors, whereas loss of 11q11 was more frequently observed in male
HCC tumors. Further investigations suggested that the
1q gain might predispose humans to chromosomal alterations and was thus one of the early genomic events associated with the development of HCC[8]. Moreover, four
growth-related genes, JTB, HAX-1, SHC1 and CKS1B,
all of which were located within a 4.79 Mb region of
1q21.3-q22, were shown to be more highly expressed in
HCC than in non-cancerous tissues[59,60]. A gender-related
difference in the 11q11 copy number changes in HCC tumors was found to coexist with other CNAs, such as the
gain of 19q13.31-q13.32. It had been shown that CNAs
played a significant role in tumorigenesis through copy
number-induced alterations in gene expression levels and
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nism of HCC cell proliferation and represents a new
potential therapeutic target for HCC[71]. Through reviewing the current research about HBx-induced epigenetic
changes, Wu et al[72] suggested that the epigenetic events
such as aberrant miRNA expression, DNA methylation
and histone modifications related to HBx play important
roles in the development of HBV-related HCC. And all
these findings further indicate that epigenetic and genetic
alternations in HBV-related HCC may associate with
gender difference and play a vital role in the development
and progression of this disease. But the exact mechanisms through which HBx disrupts these epigenetic and
genetic changes and the relationship between HBx and
gender disparity remain largely unknown and need deeper
explorations.

may provide more useful information for understanding,
detecting and treating this disease. Especially, we should
focus on investigating genetic abnormalities and epigenetic alterations associated with gender disparity found in
HBV-related HCC. Since certain epigenetic alterations
precede disease pathology, they have the potential to
serve as excellent biomarkers for diagnosis, prognosis,
and monitoring. The epigenetic abnormalities associated
with gender disparity in HCC would make them excellent targets for epigenetic therapy, which are currently
approved for the treatment of a few hematological malignancies. Future work, including obtaining a greater
understanding of the mechanisms of gender disparity in
HBV-related HCC, is necessary to determine the extent
of their utility in treating HCC.

CONCLUSION
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Management of chronic hepatitis B infection: Current
treatment guidelines, challenges, and new developments
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patient is controversial. The indications for treatment
are contentious, and increasing evidence suggests that
HBV genotyping, as well as serial on-treatment measurements of hepatitis B surface antigen and HBV DNA
kinetics should be used to predict antiviral treatment
response. The likelihood of achieving a sustained virological response is also increased by extending treatment duration, and using combination therapy. Hence
the paradigm for treatment of CHB is constantly evolving. This article summarizes the different indications
for treatment, and systematically reviews the evidence
for the efficacy of various antiviral agents. It further
discusses the shortcomings of current guidelines, use
of rescue therapy in drug-resistant strains of HBV, and
highlights the promising clinical trials for emerging
therapies in the pipeline. This concise overview presents an updated practical approach to guide the clinical
management of CHB.
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Core tip: This article summarizes the different indications for treatment, and systematically reviews the
evidence for the efficacy of various antiviral agents. It
further discusses the shortcomings of current guidelines, use of rescue therapy in drug-resistant strains of
hepatitis B virus, and highlights the promising clinical
trials for emerging therapies in the pipeline. This concise overview presents an updated practical approach
to guide the clinical management of chronic hepatitis B.

Abstract
Chronic hepatitis B (CHB) virus infection is a global
public health problem, affecting more than 400 million
people worldwide. The clinical spectrum is wide, ranging from a subclinical inactive carrier state, to progressive chronic hepatitis, cirrhosis, decompensation, and
hepatocellular carcinoma. However, complications of
hepatitis B virus (HBV)-related chronic liver disease
may be reduced by viral suppression. Current international guidelines recommend first-line treatment of
CHB infection with pegylated interferon, entecavir, or
tenofovir, but the optimal treatment for an individual
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Table 1 Geographic distribution of hepatitis B virus genotypes
Genotypes
A
B
C
D

INTRODUCTION

E
F
G
H

An estimated 400 million people worldwide have chronic
hepatitis B virus (HBV) infection, and more than 750000
deaths are attributed annually to HBV-related complications[1,2]. HBV carriers are not only predisposed to
developing liver cirrhosis and hepatic decompensation,
but also have a 100-fold increased risk of developing hepatocellular carcinoma (HCC)[3,4]. Hence early diagnosis
and treatment of chronic hepatitis B (CHB) infection is
crucial for reducing morbidity and mortality.
Management is guided by recommendations from
the American Association for the Society of Liver Disease[5], Asian Pacific Association for the Study of Liver
(APASL)[6], European Association for the Study of Liver[7], and the National Institute for Health and Care Excellence (NICE)[8]. Broadly, there are two different treatment strategies for patients with CHB infection: therapies
of finite duration using immunomodulators such as
standard or pegylated interferon-α, as well as long-term
treatment with the nucleos(t)ide analogues lamivudine,
adefovir dipivoxil, entecavir, telbivudine, or tenofovir.
Increasing rates of resistance to antiviral therapy however necessitates consideration of combination therapy,
and research into novel treatments. The objective of this
review is to provide an update on major advances in the
field, addressing controversial areas of uncertainty to aid
clinicians in selecting an appropriate therapeutic strategy.

Europe, United States
Eastern Asia
Eastern Asia
Southern Europe, North Africa,
Middle East, Indian Sub-Continent
Sub-Saharan Africa
South America
Europe, United States
Central America

Tendency of Clinical
chronicity
outcome
Higher
Lower
Higher
Lower

Better
Better
Worse
Worse

-

-

mediate is responsible for viral persistence, and is highly
resistant to antiviral therapy. The second key event is viral
genome replication by reverse transcription via pre-genomic RNA. The reverse transcriptase is inherently error
prone, and is ultimately responsible for the emergence
of nucleos(t)ide-resistant HBV quasispecies. The mature
nucleocapsids may subsequently be recycled into the
nucleus to mediate viral persistence, or secreted through
exocytosis as Dane particles to infect other hepatocytes
(Figure 1)[13]. A greater understanding of the viral cycle
of HBV will enable new therapeutic strategies.
The natural history of CHB infection is dynamic,
involving a complex interplay between the virus and the
host immune system. Broadly, there are four stages of
variable duration. The initial phase of infection is characterized by immune tolerance. Consequently, serum
alanine transaminase (ALT) is normal and liver disease is
minimal despite a high level of HBV DNA replication.
Individuals, however, are e-antigen (HBeAg) positive and
highly infectious. This phase is short when infection is acquired as an adult, but may persist for decades in patients
infected perinatally. Nevertheless, tolerance is eventually
lost. In the following immune clearance phase, the lysis
of infected hepatocytes causes hepatitis, as evidenced
by liver necroinflammation and fibrosis, as well as elevations in serum HBV DNA and ALT. The annual rate of
HBeAg seroconversion and clearance is between 10% to
20%, and is dependent on factors including HBV genotype, and individuals’ age at acute infection[14,15]. Where
80% to 90% of infants infected will develop chronic
infections, less than 5% of otherwise healthy adults who
are infected will fail to spontaneously resolve an acute
infection[16]. Since repeated exacerbations may occur
before viral clearance, the cumulative risk of developing
cirrhosis and HCC is increased. Following seroconversion, there is a decrease in viral replication, and remission
of inflammation as evidenced by normalization of serum
ALT. In contrast to the inactive carrier state, individuals
with HBeAg-negative CHB continue to have moderate
levels of HBV replication, and active liver disease. This
stage may develop immediately after seroconversion, or
following several years in the inactive carrier state. It is
important to distinguish between inactive carriers and individuals with HBeAg-negative CHB, because the former
has a favourable long-term outcome, whilst the latter is

LIFE CYCLE AND NATURAL HISTORY OF
HBV
HBV is a small, partially double-stranded DNA virus
that belongs to the family Hepadnaviridae[9]. The virion is
comprised of a core particle containing the viral genome,
nucleocapsid protein and polymerase, as well as a lipoprotein envelope composed of viral antigens. Broadly,
HBV is classified into four serotypes (adr, adw, ayr and
ayw) based on antigenic determinants of the hepatitis B
surface antigen (HBsAg), and eight genotypes (A to H)
based on its nucleotide sequence. The genotypes have
distinct geographic distributions, and an increasing body
of evidence suggests it may also influence disease severity
and response to treatment (Table 1)[10].
The replication cycle of HBV begins with viral entry
into hepatocytes, mediated by the binding of the pre-S1
region on the virion envelope to the cellular sodium
taurocholate cotransporting polypeptide[11]. The virion is
then uncoated, and transported into the nucleus. From
a drug discovery point of view, two key events occur.
One is the formation of covalently closed circular DNA
(cccDNA) through covalent ligation[12]. This DNA inter-
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Figure 1 Hepatitis B viral replication cycle.
The hepatitis B virus virion enters the hepatocyte via endocytosis. Viral nucleocapsids are uncoated and transported into the nucleus, where
viral DNA is transformed into covalently closed
circular DNA (cccDNA). Replication subsequently occurs through reverse transcription. The mature nucleocapsids are responsible for mediating
viral persistence, and may be released to infect
neighbouring hepatocytes. HBsAg: Hepatitis B
surface antigen.
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less responsive to treatment and associated with progressive liver disease[17]. Consequently, an understanding of
the phases in chronic HBV infection is needed to risk
stratify patients, and identify those whom would benefit
from treatment.

response may enable viral clearance in chronic HBV infection.

IMMUNE SYSTEM IN PATHOGENESIS OF
INFECTION

The primary goal of CHB treatment is to reduce the risk
of developing chronic liver disease associated complications. Longitudinal studies in large cohorts of chronically
infected patients have revealed a 15% to 40% cumulative
lifetime risk of developing cirrhosis, and amongst patients with established cirrhosis, an annual incidence rate
of HCC between 2% to 5%[4]. Consequently, every patient would be a candidate for therapy if the virus could
be eradicated. However, current therapeutic options only
achieve a functional cure through viral suppression, and
are associated with numerous adverse effects. Hence the
decision on when to initiate treatment is controversial.
The indications for treatment are based on a combination of three criteria: levels of serum HBV DNA,
serum ALT, and the severity of liver disease[7]. There is
no significant distinction made between HBeAg positive
and HBeAg negative infection. Current guidelines from
NICE in the United Kingdom recommend the use of
transient elastography as an initial test to assess the severity of liver disease, and need for treatment (Figure 2)[8].
For adults with a transient elastography score ≥ 11, there
is a high likelihood of hepatic fibrosis, and treatment
should be commenced irrespective of viral load to prevent further deterioration of liver function[29]. Similarly,
all patients with a HBV DNA level > 20000 IU/mL are
offered treatment due to a strong correlation between
high viremia, cirrhosis, and HCC[30,31]. Cohort studies
have also demonstrated a poorer prognosis in patients
who had a prolonged immune clearance phase, with early
clearance of HBeAg bringing about a 2.2-fold decrease in
mortality[32]. Hence treatment is recommended for most

TREATMENT CRITERIA - WHO SHOULD
WE TREAT?

In patients with acute self-limiting HBV infection, the
production of interferon gamma (IFN-γ) triggers the activation of natural killer cells, and induction of a robust T
cell response. HBV-infected hepatocytes are subsequently
cleared by CD8+ T cells through cytolytic, and noncytolytic mechanisms[18]. Conversely, a weak and transient
virus-specific T cell response is observed in patients with
chronic HBV infection[19]. Potential causes of intrinsic T
cell defects include up-regulation of Bcl2-interacting mediator (BIM), which causes deletion of HBV-specific CD8+
T cells[20]. T cell tolerance and exhaustion is perpetuated
by an excess of co-inhibitory signals, including CTLA-4
and PD-L1[21], with the activity of remaining CD8+ T
cells further suppressed by high levels of HBV DNA, microRNA-146a, and immunosuppressive cytokines such as
interleukin-10[22,23]. More controversially, a tolerogenic liver
environment, excessive immunosuppression by regulatory
T cells[24], and dysfunction of dendritic cells[25] have been
implicated in the impaired host immune response.
However, repeated attempts by the host immune system to control the infection causes hepatic injury. Natural
killer cells may contribute to hepatocellular inflammation
through expression of TNF-related apoptosis-inducing
ligand[26], and induce apoptosis through the release of
granzymes and perforins[27]. Recent research has also
identified dense non-antigen specific T cell infiltration as
a cause of hepatocyte lysis[28]. Critically, HBV is not directly cytopathic. Hence modulation of the host immune
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Assessment in adults

Transient elastography
score < 11 kPa
HBV DNA
< 2000 IU/mL

Transient elastography
score ≥ 11 kPa

HBV DNA
between 2000 to
20000 IU/mL

HBV DNA
> 20000 IU/mL
ALT
abnormal

ALT
normal

Patient age < 30

HBV DNA detected

Figure 2 National Institute for Health and
Care Excellence algorithm for initiation of
treatment in chronic hepatitis B infection.
Current indications for treatment are based on a
combination of levels of serum hepatitis B virus
(HBV) DNA, serum alanine transaminase (ALT),
and the severity of liver disease. Specifically,
patients with a transient elastography score ≥
11 kPa are likely to have cirrhosis and confirmation by liver biopsy is not needed. Abnormal ALT,
measured by two consecutive tests conducted
3 mo apart, is defined as ≥ 30 IU/mL in males,
and ≥ 19 IU/mL in females.

Patient age ≥ 30

Liver biopsy

Normal

Evidence of
necroinflammation
and/or fibrosis

Monitor
Measure ALT and HBV DNA
every 24-48 wk

Treat

individuals with a high HBV DNA and an elevated serum
ALT.
The exception is for patients under 30 years of age
with a normal liver biopsy. Whilst nucleos(t)ide therapy
accelerates seroconversion, the risk of HBV reactivation
is higher after nucleos(t)ide analogue induced seroconversion, as evidenced by an annual incidence of 12.0%
compared to 2.9% following spontaneous seroconversion (P = 0.004)[33]. Hence close monitoring of young,
non-cirrhotic, and compensated HBeAg positive patients
may be more appropriate than immediate nucleos(t)ide
analogue therapy. Treatment is also not recommended
for patients who are in the immunotolerant (HBV DNA
< 20000 IU/mL, normal serum ALT) or inactive carrier
phase (HBV DNA < 2000 IU/mL, serum ALT normal)
due to minimal liver disease[34]. Instead, patients should
be monitored every 6 mo to diagnose a break in immune
tolerance or reactivation of viral replication.
In the future, NICE guidelines should be revised to
include levels of HBsAg as an indication for, and predictor of treatment response. In HBeAg negative patients
with a low viral load (< 2000 IU/mL), multivariate analyses have showed that high levels of HBsAg (≥ 1000
IU/mL) increase the likelihood of developing cirrhosis
and HCC[35,36]. Significantly, the adjusted hazard ratio for
HCC in patients with levels of HBsAg ≥ 1000 IU/mL
vs < 1000 IU/mL was 13.7[36]. Thus HBsAg is an independent predictor of outcome in patients with a low viral
load. Emerging evidence also suggests increased mortality from liver disease in patients with ALT levels on the
upper limit of normal[37]. Consequently, further research
is needed to improve risk stratification, and identification
of patients who would benefit from treatment.
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TREATMENT OPTIONS - WHAT
WEAPONS ARE IN OUR ARSENAL?
There are currently seven drugs approved for the treatment of CHB infection in Europe and the United States
(Table 2). Broadly, nucleos(t)ide analogues have few side
effects, and effectively suppress HBV DNA levels to
cause clinical and histological improvements. However,
long-term treatment is required to maintain virological
control. Conversely, pegylated interferon (PEG-IFN) has
a finite duration of treatment and is more likely to produce a sustained virological response. Its use, however,
is limited by high costs and numerous associated side
effects. Hence treatment must be optimized for each individual.
PEG-IFN
IFNs are cytokines which interfere with viral replication in host cells by inhibiting viral DNA synthesis, and
enhancing the cellular immune response against HBV-infected hepatocytes. Its half-life and drug efficacy may be
improved through pegylation. A study of a 24-wk course
of weekly PEG-IFN-α-2a showed a higher combined
response rate (HBeAg loss, HBV DNA suppression, and
ALT normalization) than that achieved by conventional
IFN-α-2a (24% vs 12%, P = 0.036), with no significant
difference with respect to frequency and severity of adverse events[38]. Hence standard IFN is no longer used
where PEG-IFN is available.
PEG-IFN not only offers a finite duration of therapy,
but is also superior to lamivudine on the basis of HBeAg
seroconversion, HBV DNA suppression, and HBsAg
seroconversion in both HBeAg-positive and HBeAg-
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Table 2 Comparison of antiviral agents for chronic hepatitis B
Antiviral agents

Immunomodulators
IFN-α

PEG-IFN-α

Nucleos(t)ide analogues
Thymosin

Route
SC
SC
Oral
Dose
5-10 MIU tiw
180 μg qw
1.6 mg biw
Year approved
1992
2005
Asia only
Antiviral effects
HBV DNA
37
30
42
HBsAg clearance
++
++
N/A
HBeAg seroconversion
20-40
27
40
ALT normalization
39
42
Histological improvement
38
N/A
Side effects
Many
Many
Negligible
Contraindications
Numerous
Numerous
Uncommon
Drug resistance (treatment-naïve patients)
1 yr
None, but non-response
2 yr
> 5 yr
Drug resistance (LAM resistant patients)
2 yr
None, but non-response
4 yr

Lamivudine

Adefovir

Entecavir

Telbivudine

Tenofovir

Oral
100 mg od
1998

Oral
10 mg od
2002

Oral
0.5-1 mg od
2005

Oral
600 mg od
2006

Oral
300 mg od
2008

60
22
77
65
Negligible
Uncommon

76
21
68
74
Nephrotoxicity
Uncommon

36-40
18-20
62-77
56-62
Negligible
Uncommon

21
67
+
12
21
48
68
53
72
Nephrotoxicity Negligible
Uncommon Uncommon

24
38
80

None
3
29

0
0.2
1

4
25
N/A

0
0
0

N/A
N/A

25
N/A

9
39

N/A
N/A

0
0

PEG-IFN: Pegylated interferon; SC: Subcutaneous; tiw: Three times a week; qw: Once a week; biw: Twice a week; od: Once daily; ALT: Alanine transaminase;
ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; N/A: Not applicable.

negative CHB [39,40]. At 6-mo post-treatment, HBeAg
seroconversion was observed in 32% of patients treated
with PEG-IFN, compared with 19% of patients on lamivudine therapy[40,41]. HBsAg seroconversion was also
achieved in 16 patients on PEG-IFN therapy, as opposed
to zero in the group receiving lamivudine alone (P =
0.001)[40]. Hence PEG-IFN induces a more durable virological response[42]. However, the response to IFN is relatively low, and its use is associated with numerous adverse
phenomena including depression, paraesthesia, myelosuppression, and other influenza-like symptoms such as
fatigue, headaches, and weight loss. Thus HBV genotype
and pre-treatment HBV DNA levels must be used to determine the likelihood of patients deriving benefit from
PEG-IFN treatment.

tients[49]. Hence meta-analyses recommend entecavir and
tenofovir as optimal antiviral agents in treatment-naïve
individuals[50].
Tenofovir disoproxil fumarate
Tenofovir is the newest antiviral agent licensed for the
treatment of CHB. In a phase Ⅲ clinical trial, tenofovir
at a daily dose of 300 mg for 48 wk induced viral suppression with HBV DNA less than 400 copies/mL in
76% of HBeAg positive and 93% of HBeAg negative
patients, as opposed to only 68% and 14% of patients
treated with adefovir respectively[51]. 8% of HBeAg positive patients had loss of HBsAg after 3 years of tenofovir monotherapy[52]. Critically, follow-up of the same
cohort after 4.5 years revealed that 87% had histological
improvement, 51% had regression of fibrosis, and that
74% of patients with cirrhosis at baseline were no longer
cirrhotic[53]. Virological breakthrough was infrequent, and
there have been no reports of tenofovir resistance after 6
years of therapy[54].

Entecavir
Entecavir is a guanosine analogue with potent activity
against HBV through inhibition of DNA polymerase
which has been evaluated in two large double-blinded
phase Ⅲ clinical trials involving 715 HBeAg positive and
648 HBeAg negative nucleos(t)ide-naïve patients. Entecavir administered at a dose of 0.5 mg orally once daily was
shown to be superior to lamivudine and adefovir[43-45].
Specifically, 80% and 87% of entecavir-treated vs 39%
and 79% of lamivudine-treated patients achieved undetectable HBV DNA and ALT normalization through
96 wk respectively[46]. Long term follow-up of the same
cohort revealed that an additional 23% achieved HBeAg
seroconversion, and 1.4% lost HBsAg after 5 years
of continuous entecavir therapy[47]. More importantly,
entecavir-mediated viral suppression decreased the risk
of decompensation, HCC, and death during a median
of 20 mo of follow-up[48]. Long-term use of entecavir is
not associated with any serious adverse effects, and development of resistance is rare in nucleos(t)ide-naïve pa-
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Alternative treatments
Other pharmacological agents effective in CHB infection include thymosin-α1, an immunomodulating agent
which augments the host Th1 immune response[55]. In a
meta-analysis including 353 patients from five randomized trials, the odds ratio for a virological response to
thymosin-α1 over placebo at the end of treatment, 6 mo
post-treatment, and 12 mo post-treatment were 0.56
(0.2-1.52), 1.67 (0.83-3.37), and 2.67 (1.25-5.68) respectively, with virological response increasing over time after
cessation of thymosin treatment[56]. Subsequent clinical
trials demonstrated that the odds of ALT normalization
and negative HBV DNA at the end of follow-up (12 mo)
was three-fold higher in the thymosin-α1 than the IFN-α
group[57]. Hence thymosin α1 is approved in 35 different
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Table 3 National Institute for Health and Care Excellence
treatment guidelines

Table 4 Recommendations for the use of pegylated
interferon as initial antiviral therapy

Guidelines

HBV genotype General recommendations for HBeAg positive patients

1st line
2nd line

rd

3 line

HBeAg positive

HBeAg
negative

48-wk of
48-wk of PEGPEG-IFN-α-2a
IFN-α-2a
TDF
ETV or TDF
or ETV
(TDF contraindication)
LAM + TDF
ETV or TDF
or ETV + TDF
(LAM resistance)

Decompensated

A

ETV or TDF
(LAM resistance)

B and C
D

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; ALT: Alanine transaminase; ULN: Upper limit of normal.

B compared to genotype C[61,62]. The response to IFN
therapy is also higher amongst patients with genotype A
as opposed to those with genotype D, in both HBeAg
positive (46% vs 24%), and HBeAg negative CHB (59%
vs 29%)[63]. Moreover, numerous trials have demonstrated
that PEG-IFN-α-2b is the best therapy for achieving
HBsAg clearance and a sustained virological response in
patients with genotype A[64,65]. Therefore, contrary to recommendations from NICE, we believe that routine genotyping is essential for all patients in whom IFN therapy
is considered. The likelihood of achieving a sustained
response should be predicted based on HBV genotype,
ALT, and HBV DNA levels (Table 4)[66]. We advise that
patients should only receive PEG-IFN as first-line treatment if the baseline probability of sustained virological
response is greater than 30%, for only in this patient subgroup do the potential benefits outweigh the costs[66].
More recently, studies have shown that patients’ IL28B
genotypes are significantly associated with the likelihood
of HBeAg seroconversion, and HBsAg loss. In HBeAg
negative patients, a retrospective analysis found that a
sustained virological response with HBsAg seroconversion was more likely in the rs12979860 CC (vs CT/TT)
genotype carriers (29% vs 13%, P < 0.039)[67]. Other multicentre studies in HBeAg positive patients have demonstrated a favourable outcome, with an adjusted odds ratio
for seroconversion following PEG-IFN treatment of 3.16
for AA vs AA/GG genotype carriers at rs12980275[68,69].
Hence genome sequencing for IL-28 polymorphisms may
provide additional information on the probability of response to IFN therapy.
On-treatment monitoring of HBsAg kinetics may
further optimize PEG-IFN treatment by identifying nonresponders at an early stage. Broadly, serum HBsAg levels
correlate with intrahepatic cccDNA, and low cccDNA
levels are predictive of a sustained virological response.
Retrospective analyses have demonstrated that 57% of
patients with HBsAg levels < 1500 IU/mL after 12 wk
of treatment achieved HBeAg seroconversion 6 mo posttreatment[70]. This is significantly higher than in patients
with HBsAg 1500-20000 IU/mL or > 20000 IU/mL,
where HBeAg seroconversion was attained in only 32%
and 16% of cases respectively (P < 0.0001)[70]. The predictive power of early HBsAg levels was further emphasized by retrospective analysis of patients enrolled in the
Neptune study, where no patients with HBsAg levels >

In adults with compensated liver disease, current guidelines advise firstline treatment with 48 wk of PEG-IFN-α-2a. If PEG-IFN-α-2a is contraindicated, tenofovir or entecavir should be trialed. PEG-IFN: Pegylated interferon; HBeAg: Hepatitis B e antigen; ETV: Entecavir; LAM: Lamivudine;
TDF: Tenofovir disoproxil fumarate.

countries worldwide, and is recommended by the APASL
as an option in treatment naïve patients[6].
Oxymatrine, an alkaloid extracted from Sophora alopecuraides L, has also been shown to effectively and safely
suppress HBV replication[58]. It acts not only as an immunomodulator[59], but also induces cytochrome P450
to enhance degradation of HBV mRNA to inhibit viral
replication[58]. In a randomized double-blind placebocontrolled trial, normalization of serum ALT and HBeAg
seroconversion occurred in 83% and 40% of patients
respectively - an efficacy comparable to that of IFN-α[60].
Nevertheless, trials have been small, and larger studies are
needed.

CURRENT TREATMENT GUIDELINES WHERE DO THEY FALL SHORT?
In adults with compensated liver disease, current guidelines from the NICE advise first-line treatment with 48
wk of PEG-IFN-α-2a, because it results in the highest
rate of off-treatment sustained response. Following 24
wk of therapy, HBV DNA should be measured to predict
the likelihood of a sustained virological response. In patients with a suboptimal response, defined as a decrease
in HBV DNA of less than 2 log10 IU/mL after 24 wk of
therapy, and patients who do not undergo HBeAg seroconversion or a decrease in serum HBsAg after 48 wk
of therapy, second line treatment with tenofovir should
be offered. For HBeAg negative patients with detectable
HBV DNA after 48 wk of treatment, consider switching
from tenofovir to entecavir as third line treatment. For
HBeAg positive patients where HBV DNA remains detectable at 96 wk with no history of lamivudine resistance,
add lamivudine to tenofovir. Otherwise, consider combination therapy with entecavir and tenofovir (Table 3).
However, the paradigm of treatment for CHB is
constantly evolving. Growing evidence suggests that the
response rate to IFN therapy may vary amongst HBV
genotypes. Studies have shown that the rates of HBeAg
loss are significantly higher in patients with genotype
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Either high ALT (≥ 2 × ULN) or low HBV DNA levels
(< 9 log10 copies/mL)
Both high ALT (≥ 2 × ULN) and low HBV DNA levels
(< 9 log10 copies/mL)
Not recommended
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Table 5 Comparison of de novo combination therapy and monotherapy
Combination therapy
LAM + ADV
LAM + ADV
ETV + TDF
LAM + PEG-IFN
ADV + PEG-IFN
ETV + PEG-IFN

Monotherapy

HBeAg seroconversion

HBV DNA

HBsAg clearance

Histological improvement

Drug resistance

LAM
ETV
ETV
LAM
PEG-IFN
ETV

=
N/A
=
↑
N/A
↑

=
=
=
↓
↓
↓

N/A
N/A
N/A
↑
↑
↑

=
N/A
=
↑
N/A
N/A

↓
N/A
=
↓
N/A
N/A

In several randomized controlled trials, combination therapy with nucleos(t)ide analogues and PEG-IFN are superior to existing management options with
regards to viral load, HBeAg seroconversion, and HBsAg clearance. HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; PEG-IFN: Pegylated
interferon; ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; N/A: Not applicable.

20000 IU/mL at week 12 on-treatment achieved HBeAg
seroconversion[71]. Similarly in HBeAg negative patients,
the PARC study found that a decrease in HBsAg of < 2
log10 IU/mL at week 12 was invariably associated with
treatment failure[72]. Consequently, the cost-effectiveness
of PEG-IFN therapy may be improved by using a response-guided approach based on HBsAg kinetics at 12
wk of treatment.
The recommended duration of PEG-IFN therapy
should also be prolonged. Results from a recent clinical
trial demonstrated that treatment extension from 48 to
96 wk improved clinical outcome, significantly increasing
rates of viral suppression, ALT normalization, and HBsAg clearance[73]. Furthermore, discontinuation rates did
not increase, implying that a prolonged course of treatment was equally well tolerated. Consequently, guidelines
should be updated to recommend extension of PEGIFN treatment to 96 wk.
In patients where IFN therapy is contraindicated, or
where there was a suboptimal response, treatment with
entecavir or tenofovir is recommended by numerous
meta-analyses and international guidelines due to its high
efficacy, high barrier to resistance, and favourable safety
profile[50,74]. However, there is little evidence for the use of
lamivudine and tenofovir combination therapy in treatment refractory patients. In a population of human immunodeficiency virus (HIV) co-infected patients, combination
therapy with lamivudine and tenofovir did not increase the
probability of HBV DNA suppression[75]. There is more
evidence for the use of combination therapy in patients
harbouring patterns of viral resistance. In a population
with mixed patterns of nucleos(t)ide analogue resistance,
the majority of patients treated with entecavir and tenofovir achieved undetectable HBV DNA levels[76]. However,
tenofovir monotherapy is also highly effective in multidrug resistant strains of HBV[77]. Consequently, further
studies are needed to determine whether combination
therapy offers any advantage over monotherapy alone.
The management guidelines differ for patients with
decompensated liver disease. Notably, entecavir should be
offered as first-line treatment instead of PEG-IFN, due
to the high risk of serious infections and hepatic failure.
PEG-IFN is also contraindicated in pregnancy due to
teratogenic effects arising from inhibition of cell prolif-
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eration. Instead, the category B antiviral drugs lamivudine
or tenofovir should be used to reduce vertical transmission[78]. Both topics have been extensively reviewed elsewhere.

COMBINATION THERAPY - IS TWO
BETTER THAN ONE?
Combination therapy offers the potential of achieving
long-term viral suppression whilst avoiding drug resistance, and has been shown to be beneficial in patients
with HIV and chronic HCV. Consequently, numerous
combinations of antivirals have been trialed in the treatment of CHB (Table 5). Current guidelines recommend
first-line treatment of CHB/HIV co-infection with emtricitabine and tenofovir combination therapy[79]. However, the use of combination therapy de novo, or in cases
where there is suboptimal response or drug resistance is
more controversial and subject to ongoing studies.
At present, there is no evidence supporting de novo
combination therapy with nucleos(t)ide analogues that
have a high barrier of resistance. A large randomizedcontrolled trial found the antiviral efficacy of entecavir
monotherapy to be comparable to that of entecavir plus
tenofovir combination therapy in a mixed-population of
nucleos(t)ide-naïve patients[80]. Where entecavir or tenofovir is not available as first-line treatment, the combination of lamivudine and adefovir may be used with similar
efficacy[81].
The combination of nucleos(t)ide analogues with
PEG-IFN therapy is a more promising strategy. In phase
Ⅲ clinical trials, the combination of PEG-IFN and lamivudine induced a significantly greater decline in HBV
DNA, as well as a higher rate of HBeAg and HBsAg
seroconversion than lamivudine monotherapy[40,82]. In
addition, there was a higher rate of sustained virological
response, and lower rate of resistance when lamivudine
was administered together with PEG-IFN, presumably
because IFN is effective against HBV resistant mutants.
Evidence also demonstrates that the de novo use of adefovir and PEG-IFN combination therapy lead to a greater
decline in HBV DNA, HBsAg seroconversion, and
intrahepatic cccDNA than PEG-IFN alone[83]. More importantly, a recent multi-centered randomized controlled
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DRUG RESISTANCE - THE NEED FOR
RESCUE THERAPY

Table 6 Antiviral resistance patterns and rescue therapy
Resistance

Mutation patterns

LAM

ADV

ADV + LAM
TBV

ETV

TDF

M204V/I + L180M
M204I
M204V + L180M + V173L
M204I + L180I
Q215S + M204I/V + M204V
I169T + V173L + L180M + M204V
A181T
T184S + M204I/V + L180M
M204S + L180M
A181V/T
N236T
A181V/T + N236T
A181V/T + N236T
L80V/I
M204I/V ± L180M
L80I/V ± L180M
A181T/V
L180M + M204V/I ± I169T ±
M250V
L180M + M204V/I ± T184G ±
S202I/G
No known mutations

Treatment adaptation

HBV reverse transcriptase is an error-prone enzyme its low fidelity, and lack of proofreading activity leads to
a mutation rate 10-fold higher than that of other DNA
viruses[88]. This fact, together with its high rate of replication (1012 virions/d), may result in the selection of
HBV quasispecies containing mutations conferring drugresistance.
Currently, effective monotherapy has been made possible with entecavir and tenofovir - two agents with
high efficacy and low rates of resistance. Earlier use of
less potent nucleos(t)ide analogues, however, has led to
the emergence of multi-drug resistant strains of HBV.
A summary of common mutation patterns, and the best
available rescue treatment strategies is summarized in
Table 6.
Presently, lamivudine resistance poses a major problem in the management of patients with CHB infection.
Approximately 80% of patients develop lamivudine resistance after 5 years of therapy[89]. One retrospective review
of various rescue strategies on patients with lamivudine
resistance showed that switching to adefovir and entecavir combination therapy was the most effective, with
100% normalization in ALT, suppression of viral load,
and no development of resistance[90]. In contrast, a switch
to entecavir monotherapy was associated with drug resistance in 9% of patients after 2 years of therapy[91]. If
costs prohibit the use of entecavir, add-on adefovir or
oxymatrine may be considered as an alternative[90,92].
In patients with multi-drug resistant HBV, studies
have demonstrated that tenofovir monotherapy is able to
induce long-term viral suppression. A prospective multicentre open-label study of 60 patients who previously
failed serial lamivudine and adefovir switch or add-on
therapy showed that 4 years of continuous tenofovir resulted in 63% (38/60) patients achieving viral suppression
by intention-to-treat analysis[77]. However, in patients with
HIV co-infection, HBV strains with rtL180M, rtA194T,
and rtM204V mutations displayed a 10-fold increase in
the IC50 value for tenofovir as compared with wildtype
strains[93]. An early switch to combination therapy with tenofovir and emtricitabine, or tenofovir and entecavir, has
been proven to be effective at inducing viral suppression
in this difficult-to-treat population[76]. Moreover, patients
should be investigated for drug compliance - recent studies have suggested that up to 40% of patients may not
be fully adherent to their treatment regime, significantly
influencing rates of viral suppression[94]. Consequently, all
patients should be monitored closely for compliance, and
development of resistance during antiviral therapy.

Switch to TDF
or Switch to ETV +
ADV combination
therapy
or Add ADV if TDF
or ETV unavailable

Switch to TDF and
add ETV
Switch to TDF and
add ETV
Switch to or add TDF

Switch to or add TDF

N/A

Common mutation patterns, and rescue therapies suggested by the American Association for the Society of Liver Disease, Asian Pacific Association
for the Study of Liver; European Association for the Study of Liver and
National Institute for Health and Care Excellence. LAM: Lamivudine;
ETV: Entecavir; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate.

study found that the use of entecavir, a nucleos(t)ide
analogue recommended for first-line use by international
guidelines, in combination with PEG-IFN- α -2a, increased clearance of HBeAg and HBsAg[84]. Hence combination therapy with nucleos(t)ide analogues and PEGIFN may be an option for management in treatmentnaïve patients.
In cases of inadequate HBV DNA suppression (>
2000 IU/mL), combination therapy may also be used to
salvage treatment. One recent study demonstrated that
the addition of lamivudine for 24 wk in patients with
suboptimal response to adefovir monotherapy induced
clearance of HBV DNA and HBeAg in approximately
35% of patients[85]. However, the addition of adefovir to
entecavir, which has an inherently high barrier of resistance, did not increase virological response[86]. Given that
all nucleos(t)ide analogues share the same viral target, the
advantage of lamivudine and adefovir combination therapy is likely to be a consequence of reduced drug resistance. This hypothesis is supported by a 3-year study of
145 lamivudine-resistant patients, where treatment with
the combination of adefovir and lamivudine induced
clearance of HBV DNA in 80% of patients[87]. Moreover,
all patients remained free of virological or clinical breakthroughs, with the 1-, 2-, 3- and 4-year cumulative rates
of drug resistance at 1%, 2%, 4%, and 4% respectively[87].
Thus combination therapy is useful for rescuing therapy
in patients with suboptimal treatment response or drug
resistance.
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DEFINING TREATMENT ENDPOINTS WHEN DO WE STOP?
The ideal treatment endpoint is clearance of cccDNA
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analogues effectively suppress viral replication to induce
a functional cure. However, drug resistance is common,
and life-long therapy is frequently required to prevent
disease recurrence. Treatment with IFN-α is more likely
to produce a sustained virological response, but is associated with numerous side effects, and is contraindicated in
many patient populations. We believe that improvements
in drug delivery systems, and development of drugs with
different mechanisms of action will prevent resistance
and improve viral clearance.
From a drug discovery point of view, rational drug
targets might include several steps of the HBV viral
cycle, such as viral entry, formation of cccDNA, viral
genome integration, capsid assembly, viral envelopment,
and exocytosis. In particular, the clearance of cccDNA,
which mediates viral persistence in hepatocytes, is critical
for preventing viral reactivation and disease recurrence
following cessation of antiviral therapy. Since maintenance of the cccDNA pool results from a weak HBVspecific immune response, research should also focus on
the development of immunomodulators. A number of
new drug delivery systems and antiviral agents are currently under development (Table 8).

Table 7 Treatment endpoints in clinical use
Treatment

Description

Biochemical
Virological
HBeAg-positive
HBeAg-negative
Complete
Histological

Normalization of serum ALT
Loss of HBeAg, Anti-HBe antibodies, serum
HBV-DNA < 2000 IU/mL
Serum HBV-DNA < 2000 IU/mL
Biochemical and virological response with loss of
serum HBsAg
Decrease in necroinflammatory activity without
worsening in fibrosis

ALT: Alanine transaminase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e
antigen; HBsAg: Hepatitis B surface antigen.

from hepatocytes, but eradication of HBV is rarely
achieved with currently available treatment. Instead,
various biochemical, virological, and histological markers including the suppression of HBV DNA, HBeAg
seroconversion, loss of HBsAg, ALT normalization, and
improvement of inflammation or fibrosis on liver biopsy
are used as surrogate endpoints to measure the efficacy
of antiviral therapy (Table 7).
In HBeAg positive patients without cirrhosis, current
NICE guidelines suggest stopping nucleos(t)ide analogue
therapy 12 mo after HBeAg seroconversion. Whilst spontaneous or treatment-induced HBeAg seroconversion is
associated with improved survival, it may not be a sufficient therapeutic endpoint in Asian populations, in which
risks for disease progression are strongly related to viremia independent of HBeAg status[95]. Hence complete
suppression of HBV DNA may be a better endpoint.
In HBeAg negative patients without cirrhosis, the
ideal treatment endpoint is considerably less clear. It is
possible that nucleos(t)ide analogue therapy may be safely
withdrawn after achieving complete HBV DNA suppression. However, studies have shown that 90% of patients
relapse within a year of discontinuing nucleos(t)ide analogue therapy[96]. The rate of relapse may be reduced by
prolonging antiviral consolidation therapy[97], or by continuing treatment indefinitely until HBsAg seroconversion is achieved. Interferon- and nucleos(t)ide analogue
therapy-induced HBsAg seroclearance is durable after
treatment discontinuation, with less than 5% of patients
experiencing either virological or biochemical relapse[98].
Hence current NICE guidelines recommend stopping
nucleos(t)ide treatment 12 mo after achieving both undetectable HBV DNA and HBsAg seroconversion in noncirrhotic patients. But given only 5% of HBeAg negative
patients clear HBsAg after 5 years of continuous therapy,
life-long treatment is often required. Further research is
needed to establish a safe and realistic endpoint for CHB
therapy.

Improvements in drug delivery systems
The efficacy of existing antiviral therapies is partly dependent on their pharmacokinetics. Hence implementation of liver-targeting drug delivery systems may improve
drug efficacy by overcoming the development of resistance, and tolerability by promoting selective accumulation in the liver to limit systemic side effects. Dextran is
a complex polysaccharide which may be used as a carrier
molecule for tissue-specific delivery of drugs. Recently,
it was reported that lamivudine-dextran conjugates selectively accumulate in hepatocytes and Kupffer cells, resulting in a seven-fold higher concentration compared to
controls[99]. The inhibitory effects of adefovir loaded into
nanoparticles on HBsAg, HBeAg, and serum HBV DNA
levels in vitro were also significantly enhanced[100]. Nevertheless, these drugs do not eradicate cccDNA, which
perpetuates infection. Consequently, liver-targeting drug
delivery systems must be used in conjunction with new
anti-HBV drug candidates to improve viral clearance.
New drugs to current targets
Emtricitabine is a nucleos(t)ide analogue approved for the
treatment of HIV with clinical activity against HBV. It significantly suppresses viral replication and improves liver histology compared to placebo, but is not used as a monotherapy due to high rates of resistance[101]. Instead, dual therapy
with tenofovir and emtricitabine was found to produce high
rates of HBeAg seroconversion and HBsAg loss, improving
clinical outcomes for patients with decompensated HBV cirrhosis[102]. It is also the treatment of choice in patients with
HIV co-infection[103]. However, further studies are needed
to establish whether tenofovir plus emtricitabine offers any
advantage over tenofovir monotherapy in treatment-naïve
patients (Table 8).

FUTURE TREATMENTS - IS A CURE ON
THE HORIZON?
Current treatments for CHB infection based on nucleos(t)ide
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suppression and durability compared to placebo [109].
Clevudine was also found to be superior to lamivudine
in suppressing HBV replication[110], but its efficacy is no
higher than that of entecavir[111]. Long-term use is further limited by development of drug resistance[112], and
drug-induced toxic myopathy due to depletion of mitochondrial DNA[113]. Clevudine is currently approved for
treatment of CHB in South Korea and the Philippines,
but given the safety concerns and availability of more
effective alternatives, clevudine is unlikely to have a role
in treatment where entecavir and tenofovir are available.
Thus new therapeutic approaches are needed.

Table 8 Emerging pipeline drugs for chronic hepatitis B virus
infection
Drug name

Mechanism of action

Nucleos(t)ide analogues
Clevudine
Inhibits DNA polymerase
Emtricitabine
Inhibits DNA polymerase

Status
Partial approval
FDA approved for
HIV

Nucleos(t)ide analogue prodrugs
Amdoxovir
Inhibits DNA polymerase
Ⅱ (for HIV)
LB80380
Inhibits DNA polymerase
Ⅱb
Famciclovir
Inhibits DNA polymerase
Abandoned
Pradefovir
Inhibits DNA polymerase
Abandoned
Tenofovir
Inhibits DNA polymerase
Ⅱ/Ⅲ
alafenamide (GS 7340)
MIV-210
Inhibits DNA polymerase
Abandoned
Non-nucleos(t)ide antivirals
NOV-205 (BAM 205)
Unknown
Approved in Russia
Myrcludex-B
Inhibits viral entry
Ib/Ⅱa
Bay 41-4109
Inhibits viral core
Ⅰ
formation
GLS4
Inhibits HBV viral core
Pre-clinical
assembly
Rep 9 AC
Blocks HBsAg release
Ⅱ
NVR-1221
Capsid inhibitor
Pre-clinical
Immunomodulators
Pegylated interferon
Cytokine modulating
Ⅰ
lambda
innate/adaptive immune
response
GS-9620
TLR-7 agonist
Pre-clinical
Nitazoxanide
Unknown
Ⅱ
EHT899
Immune enhancer
Ⅱ
Therapeutic vaccines
HBV core antigen
Enhance T cell response
I
vaccine
HBV-EPV
Immunogenic
Withdrawn
ePA-44
Immunogenic
Ⅱ
HI-8 HBV
Stimulates IFN-γ
Ⅱ
producing T cells
Others
Blocks viral ribonuclease
Pre-clinical
β-thujaplicinol
H activity
ARC520
RNA interference
Ⅰ
Herbal bushen
Down-regulate CD4+ and
TCM
formula
CD25+ T cells

Emerging targets for HBV treatment
In developing novel anti-HBV therapies, many approaches including pharmacophore-based antiviral drug design
and traditional high-throughput screening have been
used. A number of lead compounds with new mechanisms of action are currently being evaluated in vitro, in
animal models of CHB, and in clinical trials (Table 8).
The discovery of compounds which directly target
cccDNA has been one of the major challenges to curing CHB infection. In an infected hepatocyte, HBV
replication is regulated by the acetylation or methylation
of histone proteins which surround the cccDNA minichromosome. The hSirt1/2 activator MC2791 and the
JMJD3 inhibitor MC3119 suppressed both HBV replication and cccDNA transcription, providing a proof of
concept that epigenetic modifiers may mediate persistent
cccDNA silencing[114]. More recent data presented at the
2013 International Liver Congress suggests that antibody
mediated stimulation of the lymphtoxin beta receptor in
cell culture models exerts a strong and dose-dependent
anti-HBV effect, including cccDNA in cells where HBV
infection was established. In addition, zinc finger proteins designed to target the HBV enhancer region[115], and
various small-molecule compounds including CCC-0975
and CCC-0346[116] have been identified as inhibitors of
cccDNA formation in vitro. Other replicative intermediates may also be targeted in CHB therapy. ARC-520 is a
liver-tropic cholesterol-conjugated small interfering RNA
which targets conserved HBV sequences to knockdown
expression of replicative intermediates. In a chimpanzee
with CHB infection, a low dose of ARC-520 induced
rapid and multi-log repression of viral RNA, DNA, and
key viral antigens including HBsAg and HBeAg with long
duration of effect[117]. Collectively, this preliminary data
suggests that targeting replicative intermediates such as
cccDNA may form the basis of a cure for CHB infection.
Another promising therapeutic approach is to inhibit
HBV entry into the hepatocyte, as this not only prevents
cell-to-cell spread in established infection, but can replace
HBIg to prevent infection. Myrcludex-B is a synthetic
lipopeptide derived from the HBV envelope protein
which inactivates the HBV pre-S1 receptor at picomolar
concentrations[118]. In immunodeficient chimeric mice
reconstituted with human hepatocytes (uPA/SCIDmice), myrcludex-B not only prevented viral spreading
in between hepatocytes, but also reduced levels of HBV

HBV: Hepatitis B virus; TCM: Traditional chinese medicine; HBsAg: Hepatitis B surface antigen; HIV: Human immunodeficiency virus; FDA: Food
and Drug Administration; IFN: Interferon.

LB80380 is a nucleos(t)ide analogue prodrug which
has potent anti-HBV activity in treatment-naïve patients[104], as well as in vitro activity against mutant strains
resistant to lamivudine, adefovir, entecavir, and telbivudine[105]. Additionally, 90 mg and 150 mg of LB80380
daily were found to be non-inferior to entecavir 0.5 mg
daily at 48-wk in a phase Ⅱb study of treatment-naïve
CHB patients[106]. Results from a 96-wk extension study
(NCT01242787) are awaited (Table 9). With its high potency, effectiveness in lamivudine-resistant patients[107],
and good safety profile, LB80380 is a potential alternative
agent for the treatment of CHB.
Clevudine is another nucleos(t)ide analogue which
has potent antiviral activity against HBV[108]. Initial studies demonstrated that 24 wk of clevudine at 30 mg once
daily achieved statistically significant differences in viral

WJG|www.wjgnet.com

6271

May 28, 2014|Volume 20|Issue 20|

Tang CM et al . Management of chronic hepatitis B infection
Table 9 A partial list of ongoing clinical trials
Phase

Trial identifier

Design

Drugs

Enrollment

Expected end date

Ⅰ

NCT01872065
NCT01590641
NCT00524173
NCT01204762
NCT01242787
NCT01595685
NCT01369199

Double-blind, randomized
Double-blind, randomized
Open-label, randomized
Double-blind, randomized
Open-label, randomized
Open-label, randomized
Open-label, randomized

44
48
100
170
115
184
250

October 2013
September 2013
January 2015
July 2017
September 2012
December 2014
May 2016

NCT01804387
NCT01906580

Open-label, randomized
Open-label, randomized

ARC520
GS-9620
TDF vs TDF + emtricitabine
IFN-λ + ETV
LB80380
TBV vs ETV
8 wk ETV followed by 40 wk
PEG-IFN-α-2a + ETV
TBV + ADV vs LAM + ADV
PEG-IFN-α-2a vs ETV

60
105

May 2014
July 2014

Ⅱ

Ⅲ

Ⅳ

Full details of the clinical trials may be found on the United States National Institutes of Health. Available from: URL: http://www.clinicaltrials.gov. LAM:
Lamivudine; ETV: Entecavir; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; PEG-IFN: Pegylated interferon.

versely, patients at risk of developing complications such
as cirrhosis and HCC should receive antiviral therapy. In
patients with predictive factors of favourable response, a
finite course of PEG-IFN should be trialed as first-line
treatment. However, the majority of patients still require
life-long treatment with nucleos(t)ide analogues, which is
associated with substantial costs and a high risk for developing antiviral resistance. In our opinion, further studies
are required to identify mechanisms by which the low
viral load in the persistent carrier state may be eliminated.
New strategies will likely favour an immunomodulatory
approach, and or involve eradication of the pool of
cccDNA from infected hepatocytes.

DNA, HBsAg and cccDNA compared to untreated
mice[119]. Results from a phase Ib/IIa clinical trial are expected at the end of 2013. Initial data for REP 9AC’, a
nucleic acid-based polymer which clears serum HBsAg
by blocking HBV subviral particle formation and release,
is also promising. A proof-of-concept study in 8 patients
demonstrated that REP 9AC’ reduced serum HBV
DNA, inducing HBsAg seroclearance and development
of anti-HBs to sustain virological response over 24 mo
of follow-up off treatment. REP 9AC’ also potentiated
the immunostimulatory effects of PEG-IFN-α, generating anti-HBs titres comparable to those seen in healthy
individuals with a strong vaccine response, raising the
possibility of durable immunological control[120].
The immune system is inherently capable of controlling HBV infection, as evidenced by the 90% of adults
who resolve acute HBV infection, and by the resolution
of CHB following bone marrow transplantation from
an immune donor[121]. An increasing emphasis is thus
placed on developing immunomodulatory therapy. Immunotherapeutic strategies for CHB include exogenous
administration of cytokines with antiviral activity, and
stimulation of the host T cell immune response. However, the antiviral effects of therapeutic vaccines have been
disappointing. S and pre-S antigen vaccines, as well as T
cell specific vaccines have all failed to achieve significant
viral clearance[122,123]. Greater success has been found with
IFN-λ and GS-9620. IFN-λ has potent anti-HBV activity
in vitro and in transgenic mice[124,125], and was shown in a
phase IIb trial to cause significantly greater suppression
of HBV DNA and HBsAg than IFN-λ[126]. Critically, it
also has improved tolerability due to the limited distribution of λ receptors outside the liver[127]. GS-9620 is an
orally bioavailable small-molecule which activates Tolllike receptor 7 signalling. Administration of GS-9620
thrice weekly for 4 wk at 1 mg/kg, followed by 2 mg/kg,
resulted in a prolonged 2.2 log unit reduction in HBV
DNA in all three chronically infected chimpanzees[128].
Clinical trials for both IFN-λ and GS-9620 are currently
on going (Tables 8 and 9).
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Core tip: Alcoholic hepatitis (AH) is still a major problem in the United States due to significant morbidity
and mortality. Currently, corticosteroids or pentoxifylline are the main pharmacological treatment options;
though the outcomes from the therapies are poor. Because of the limitations in the therapeutic options, it is
no doubt that there is a critical need for the newer and
more effective pharmacological agents to treat AH.
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Abstract
Alcoholic hepatitis (AH) is an acute hepatic inflammation associated with significant morbidity and mortality.
Current evidence suggests that the pathogenesis is
the end result of the complex interplay between ethanol metabolism, inflammation and innate immunity.
Several clinical scoring systems have been derived to
predict the clinical outcomes of patients with AH; such
as Child-Turcotte-Pugh score, the Maddrey discriminant
function, the Lille Model, the model for end stage liver
disease scores, and the Glasgow alcoholic hepatitis
score. At present, Corticosteroids or pentoxifylline are
the current pharmacologic treatment options; though
the outcomes from the therapies are poor. Liver trans-
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INTRODUCTION
Alcoholic liver disease (ALD) represents a spectrum of
conditions ranging from reversible fatty liver to alcoholic
hepatitis (AH), and cirrhosis. AH is an acute hepatic
inflammation associated with significant morbidity and
mortality that occurs in a subset of patients who con-
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sume excessive amounts of alcohol [1]. According to
our recent study, there were 56809 hospital admissions
with the primary diagnosis of AH, which accounted for
0.71% of all admission in the United States in 2007[1].
The average total charges during hospitalization for AH
were $37769; which was higher than that from acute
myocardial infarction, acute cerebrovascular disease, and
acute pancreatitis[1]. Hospitalized AH patients result in
significant healthcare cost and utilization[1]. In severe
cases, patients have a very poor prognosis, with short
term mortality around 30%-50%[2]. A typical patient with
AH provides a history of an average daily consumption
of over 80 g of ethanol for over 5 years[3].

with fever, low blood pressure and tachycardia. Jaundice
and ascites are universal and a significant number of
patients have hepatic encephalopathy[13]. If palpable, the
liver is usually enlarged and tender. A minority have an
audible bruit in the right upper quadrant, believed to
be due to increased blood flow in the hepatic artery[14].
Laboratory studies characteristically reveal serum levels
of aspartate aminotransferase (AST) that are more than
twice the upper limit of the normal range, although
rarely above 300 IU per milliliter, whereas serum levels
of alanine aminotransferase (ALT) are lower. The ratio
of the aspartate aminotransferase level to the alanine
aminotransferase level is usually greater than 2, although
this finding is neither specific nor sensitive[15]. Elevation
in the gamma glutamyltransferase level is more sensitive (70%) but less specific (65%-80%) than elevation
of AST or ALT for excessive alcohol consumption[16].
Other biochemical and hematologic parameters often
seen during AH include hypokalemia, hypomagnesemia,
hyperuricemia, hypertriglyceridemia, and hyperferritinemia[17]. A low zinc level, hypoalbuminemia, and low
blood urea nitrogen may indicate malnutrition[18]. An
elevated mean corpuscular erythrocyte volume is found
frequently in those ingesting more than 50 g alcohol per
day[19]. Leukocytosis and thrombocytopenia are commonly seen. The white blood cell count is often elevated,
although it may be even higher with leukemoid reactions.
Thrombocytopenia may be transitory or persistent in
those who have concomitant cirrhosis. Liver biopsy normally shows ballooning degeneration, focal hepatocyte
necrosis, and neutrophilic infiltration[4,20].

PATHOGENESIS
The pathogenesis of alcoholic hepatitis is multifactorial. Current evidence suggests that the damage is the
end result of the complex interplay between ethanol
metabolism, inflammation and innate immunity[4]. Such
metabolic pathways generate reactive oxygen species
that are potent inducers of lipid peroxidation, which in
turn causes hepatocyte death by necrosis or apoptosis.
High levels of endotoxemia also have been documented
among patients who have AH, probably because of
increased intestinal permeability[4]. Endotoxin (lipopolysaccharide) binds to lipopolysaccharide-binding protein,
and the complex then attaches to the CD14 molecule on
Kupffer’s cells that triggers pathways to cause Kupffer’
s cell activation[5]. A variety of cytokines are released
because of the heightened Th1 response, in particular interferon-gamma and tumor necrosis factor-alpha
(TNF-α)[6]. Chemotactic factors such as interleukin-8
cause migration of polymorphonuclear leukocytes to
hepatic lobules[7]. These changes induce the systemic inflammatory response syndrome characterized by malaise,
fever, and peripheral neutrophil leukocytosis. TNF-α
mediates its effects by binding to two cell surface molecules, TNF-R1 and TNF-R2[8]. TNF-R1 is the main
inducer of hepatocytotoxicity through necrosis or apoptosis. Ethanol metabolism generates acetaldehyde, and
malondialdehyde is one of the end products of lipid peroxidation[9]. Both compounds bind to cellular proteins to
form stable adducts. The variable immune response to
these neoantigens may contribute to the individual susceptibility to AH. It is likely that both nonimmunologic
(oxidative stress, cytokine injury) and immunologic factors play important roles in the pathogenesis of AH[10].
A variety of treatment options in AH share a common
treatment goal of blocking the myriad of innate immunologic responses[4,11,12].

PREDICTORS OF MORTALITY
Several clinical scoring systems, the Child-Turcotte-Pugh
score (CTP)[21], the Maddrey discriminant function[22],
the Lille Model[23], the model for end stage liver disease
(MELD) scores[24], and the Glasgow alcoholic hepatitis
score[25], have been derived to predict the clinical outcomes of patients with AH. The assessment of the disease severity becomes an important and practical issue
for clinicians involved in the management of patients
with AH. Many scoring systems have been developed for
use in clinical practice.
CTP is traditionally used for cirrhotic patients with
mortality rates of about 10% to 15%, 25% to 30%, and
70% to 80% at 1 year for stages A, B, and C, respectively.
Although it is not a traditional scoring system for AH
patients, the CTP score was useful in predicting mortality at 3 to 6 mo[26-28]. Presently, the CTP score is not
widely used for assessing severity of AH.
The discriminant function index (DFI) was initially
described by Maddrey et al[22] in a placebo-controlled
study to assess the benefit of corticosteroid therapy in 55
patients with AH. Using the formula: 4.6 × prothrombin time (PT) in seconds + serum bilirubin (mg/dL),
patients with a DFI above 93 and treated with placebo
had a 28 d survival of 25%, whereas those with a score

CLINICAL PRESENTATION
AH patients generally present with fever, jaundice, hepatomegaly, ascites and/or hepatic encephalopathy. The
cardinal sign of AH is the rapid onset of jaundice. Physical examination usually reveals a malnourished patient
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Table 1 Clinical scoring system to evaluate the severity of alcoholic hepatitis
Clinical scoring system
Modified discriminant function[29]
MELD[34]
Lille score[23]
Glasgow alcoholic hepatitis score[25]

Formula
[4.6 × (PT test - control)] + serum bilirubin (mg/dL)
3.78 × loge[serum bilirubin (mg/dL)] + 11.2 × loge[INR] + 9.57 × loge[serum creatinine (mg/dL)] + 6.43
Scoring system derived from age, serum albumin (day 0), serum bilirubin (days 0 and 7), creatinine (day 0) and PT
(day 0)[23]
Scoring system derived from age, WBC, BUN, PT and bilirubin[25]

WBC: White blood cell; BUN: Blood Urea Nitrogen; PT: Prothrombin time; MELD: Model for end stage liver disease; INR: International normalized ratio.

MELD and 37 for DF), MELD had a sensitivity of 75%
and a specificity of 75% and DF a sensitivity of 88%
and a specificity of 65%. Another study confirmed that
DF and MELD had similar accuracy in predicting survival of patients with AH[27].
The Glasgow Alcoholic Hepatitis Score (GAHS) was
developed in an effort to overcome the low specificity
of the Maddrey DF and lack of an optimal predictive
cutoff point for the MELD score. It was derived from a
retrospective analysis of patients with ALD, with logistic
regression used to identify variables associated with mortality[25]. GAHS is a scoring system based on age, serum
bilirubin, blood urea nitrogen, PT, and the peripheral
white cell count. GAHS ≥ 9 is a predictor of mortality
and is more accurate than DF in predicting both 28- and
84 d mortality but is equivalent to MELD in predicting
28 d mortality[25].
An ideal prognostic scoring system should be simple,
accurate, validated and should be able to guide treatment
initiation and response. However, we still do not have
a single scoring system that passes all these criteria. At
present, the mDF score continues to be used for initiating treatment and the Lille score for guiding treatment
response. Table 1 showed the scoring system to assess
the severity of AH.

of 93 or lower had 100% survival. This score was then
modified (modified discriminant function or mDF) using prolongation of PT in seconds (over control) instead
of absolute value of PT[29]. Patients without treatment
and mDF score of 32 or higher and/or the presence of
encephalopathy had a 28 d survival of about 65%. One
study confirmed this observation with untreated patients
having 28 d survival of 68% among patients with mDF
[30]
≥ 32 . The current practice guideline recommends that
AH patients with mDF score of ≥ 32 should be considered for corticosteroid therapy[31]. The advantages of
the mDF are its simplicity of calculation and validation
in many clinical trials. However, non-standardization of
the PT testing with laboratory to laboratory variation
depending on the type of thromboplastin used by the
laboratory is a limitation[32].
About 40% of patients with severe AH failed to respond to treatment with steroids. In a prospective study
on 320 biopsy-proven severe AH, non-responders to
steroids could be identified based on early change in bilirubin level and other five variables. This led to the development of Lille score[23]. Survival at 6 mo was lower for
patients with a Lille score of 0.45 or higher compared
with patients with Lille score of less than 0.45 (25% vs
85%, P < 0001). The corticosteroid was discontinued for
patients with a Lille score of 0.45 or greater at 1 week.
The Lille score maintains accuracy in predicting the survival when used across a range. In a retrospective study
on 641 biopsy-proven AH, a linear correlation with
survival was seen among groups with Lille score of less
than 0.16, 0.16 to 0.56, or greater than 0.56 with survival
rates of 87%, 70%, and 21%, respectively at 6 mo[33].
The drawback of this scoring system is that it does not
guide initiation of steroid treatment because it cannot be
calculated at the time of admission.
The MELD score was initially developed to predict
survival in patients with cirrhosis undergoing transjugular intrahepatic portosystemic shunting. It has since been
revised and validated to predict survival for patients with
cirrhosis and is the basis for organ donor allocation in
liver transplantation[24,26,34]. Laboratory values used to
calculate the MELD score are the international normalized ratio, creatinine, and bilirubin. Two recent studies
showed that MELD score is useful for predicting 3 mo
mortality of patients with severe AH not treated with
corticosteroids[27,35]. Its accuracy was comparable to that
of DF in predicting 3 mo mortality of patients with
severe AH[35]. Using the optimal cutoff point (21 for
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TREATMENT
General treatment of alcoholic hepatitis includes treatment of ascites by salt restriction and the use of diuretics, and treatment of hepatic encephalopathy by lactulose and gut-cleansing antibiotics. Infection should be
treated with appropriate antibiotics, chosen according to
the sensitivity of the organism isolated[36]. A daily protein intake of 1.5 g/kg of body weight is recommended.
Administration of B-complex vitamins is required to
prevent Wernicke encephalopathy[37]. Benzodiazepine
should be used for acute alcoholic withdrawal syndrome
with caution due to potential encephalopathy precipitated. Careful and frequent monitoring with a validated
withdrawal-symptom scale such as the Clinical Institute
Withdrawal Assessment for Alcohol should be considered[38]. Pharmacological therapies for AH are discussed
below.
Corticosteroids
Corticosteroids suppress the immune system activated by
enhanced generation of neo-antigens, such as malondi-
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aldehyde and acetaldehyde protein adducts, cytochrome
P4502E1 and 3A4, and liver membrane antigen[39]. It
also inhibits the production of TNF-α[40]. At least 12
randomized, controlled clinical trials have assessed the
effectiveness of corticosteroids in patients with alcoholic
hepatitis. Several studies found no benefit[41-47], while others reported improved survival[22,29,48-50]. Subsequent meta-analyses also produced conflicting results. Two questioned their efficacy[40,51], while three suggested a useful
role of corticosteroids[30,52,53]. Current practice guideline
recommends glucocorticoid treatment in patients with
severe alcoholic hepatitis (mDF > 32) with hepatic encephalopathy[31]. Steroid treatment is contraindicated in
those with infection, GI bleeding, acute pancreatitis, or
renal failure[54].
A meta-analysis of individual data used Lille model to
evaluate patient with severe alcoholic hepatitis response
to corticosteroid treatment. This study confirmed the
need for adapting corticosteroid therapy to response to
treatment. A subgroup analysis was performed according
to the percentile distribution of the Lille score. Patients
were classified as complete responders (Lille score < 0.16;
35th percentile), partial responders (Lille score 0.16-0.56;
35th-70th percentile) and null responders (Lille > 0.56;
70th percentile). This approach identified three patterns
of responses, complete, partial and null, with significant
differences in survival benefit: 91% vs 79% vs 53%, P <
0.0001. Corticosteroids showed a significant effect on 28
d survival in complete (hazard ratio 0.18) and in partial
responders (hazard ratio 0.38), but not in null responders. Lille model allows clinicians to better stratify the
response to treatment and improve prediction of survival[52].

A cohort study evaluated the effect of early switch
to pentoxifylline in patients with severe alcoholic hepatitis in non-responders to corticosteroid. The study
included 121 patients who were treated initially with 40
mg oral prednisolone daily. Twenty nine patients who
failed to show a decrease in bilirubin levels within 7
d were switched to oral pentoxifylline (400 mg twice
a day) and compared to 58 matched non-responders
treated with corticosteroids only. In the pentoxifylline
group, 69% of patients died within 2 mo, and 27.6%
had some form of renal insufficiency. This outcome
was not statistically different from that of 58 matched
historical controls with severe alcoholic hepatitis who
were maintained on oral prednisolone despite failure to
respond within the first week of therapy (65% mortality, 20% with renal insufficiency). Non-responders to
corticosteroid do not obtain any benefit from an early
switch to pentoxifylline[61].
The effectiveness of pentoxifylline was reported in a
recent systemic review[62]. Five trials, with a total of 336
randomized participants, were included. A total of 105
participants (31%) died. Of the five included trials, four
(80%) had a high risk of bias. Meta-analysis using all five
trials showed that pentoxifylline reduced mortality compared with control (RR = 0.64; 95%CI: 0.46-0.89). However, this result was not supported by trial sequential
analysis, which adjusts for multiple testing on accumulating data. Furthermore, four of the five trials were judged
to have a high risk of bias, thus risking an overestimated
intervention effect. Meta-analysis showed that pentoxifylline reduced the hepatic-related mortality due to hepatorenal syndrome (RR = 0.40; 95%CI: 0.22-0.71). The
current available data may indicate a possible positive intervention effect of pentoxifylline on all-cause mortality
and mortality due to hepatorenal syndrome. The results
from this Cochrane systemic review are in accordance
with recent meta-analysis on the use of pentoxifylline
for the treatment of severe alcoholic hepatitis[63]. Currently, pentoxifylline remains an option when corticosteroids are contraindicated, but in many centers, this drug
is first-line treatment for severe AH patients[64].
Several studies showed the ineffectiveness of Infliximab in patient with alcoholic hepatitis[65-67]. In a large
NIH-sponsored study, another anti-TNF compound,
etanercept, did not demonstrate any beneficial effects in
patients with alcoholic hepatitis[68].

Anti-TNF therapy
Pentoxifylline, a phosphodiesterase inhibitor, has been
shown to decrease the transcription of the TNF-α promoter[55,56]. There are several trials studied the efficacy of
pentoxifylline in alcoholic hepatitis, mostly severe alcoholic
hepatitis. The results are controversial. At least two trials
showed benefit, improving short-term survival in patients
with severe alcoholic hepatitis[57,58]. One study using pentoxifylline in subjects with severe alcoholic hepatitis showed
the improvement in mortality which was secondary to a
concomitant decrease in the incidence of hepatorenal
syndrome[57].
Another recent randomized control trial compared
effectiveness of corticosteroids and pentoxifylline in patients with severe alcoholic hepatitis. This study showed
that pentoxifylline is superior to prednisolone for treatment of severe alcoholic hepatitis with a significantly
lower MELD score at the end of 28 d of therapy[59].
However, in another randomized controlled trial to study
the combination of corticosteroids and pentoxifylline
compared with corticosteroids alone, there is no survival
advantage at 6 mo in adding pentoxifylline to steroids in
patients with severe alcoholic hepatitis compared with
corticosteroid alone[60].
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Enteral nutrition
Patients with alcoholic hepatitis are normally malnourished[54,69-71]. One study showed the similar efficacy between nutritional support and steroid therapy[72].
N-acetylcysteine
Oxidative stress is implicated in the pathogenesis of
alcoholic hepatitis[4]. Several studied failed to show the
effectiveness of N-acetylcysteine in the treatment of alcoholic hepatitis[73-76]. One recent randomized controlled
trial compared patients who receive N-acetylcysteine in-

6282

May 28, 2014|Volume 20|Issue 20|

Chayanupatkul M et al . Alcoholic hepatitis

travenously or a placebo perfusion along with adequate
nutritional support for 14 d. Survival rate at 1 and 6 mo
were not significantly different in N-acetylcysteine and
control group[73]. The other three randomized controlled
trials compared survival rate between patients who receive corticosteroid with and without N-acetylcysteine.
Although combination therapy with corticosteroid plus
N-acetylcysteine increased 1-mo survival among patients
with severe acute alcoholic hepatitis[76], 6 mo survival
was not improved[74,76].

B-receptor agonist, can promote short-term abstinence
in a group of actively drinking patients with alcoholic
cirrhosis[94]. Generally, treatment of alcohol disorders
required multi-disciplinary approaches.

CONCLUSION
In summary, alcoholic hepatitis is still a major problem
in the United States due to significant morbidity and
mortality. Currently, corticosteroids or pentoxifylline are
the main pharmacological treatment options; though
the outcomes from the therapies are poor. Because of
the limitations in the therapeutic options, it is no doubt
that there is a critical need for the newer and more effective pharmacological/hepatoprotective agents to treat
AH. There are several ongoing studies supported by the
National Institute on Alcohol Abuse and Alcoholism
through multi-institutional consortia to test several novel
compounds for AH[64]. Once completed, it is expected
that the results from these trials will lead to the advancement in the therapy for patients with AH.

Anabolic steroids
A systemic review showed the ineffectiveness of anabolic steroid in subjects with alcoholic hepatitis[77].
Propylthiouracil
Propylthiouracil (PTU) decreases the hypermetabolic state
induced by alcohol[78,79], and inhibits oxidative stress[80].
Previous studies showed conflicting results of PTU in the
treatment of alcoholic hepatitis[81,82]. In a recent systemic
review, PTU failed to show the effect in the treatment of
alcoholic liver disease[83,84].
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Core tip: The pathogenesis of liver cirrhosis is not completely elucidated. Genetic predisposition may contribute to the development of cirrhosis and hepatocellular
carcinoma (HCC). Evidence supporting the role of genetic factors as a risk for cirrhosis and the concept of
telomere shortening as a genetic risk factor for chronic
liver disease and HCC has been proposed. Here we review the literature on telomerase mutations, telomere
shortening and liver disease including hepatocellular
carcinoma.
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Abstract
The pathogenesis of liver cirrhosis is not completely
elucidated. Although in the majority of patients, the risk
factors may be identified in B and C viral hepatitis, alcohol intake, drugs or fatty liver disease, there is a small
percentage of patients with no apparent risk factors. In
addition, the evolution of chronic liver disease is highly
heterogeneous from one patient to another. Among
patient with identical risk factors, some rapidly progress to cirrhosis and hepatocellular carcinoma (HCC)
whereas others have a benign course. Therefore, a genetic predisposition may contribute to the development
of cirrhosis and HCC. Evidence supporting the role of
genetic factors as a risk for cirrhosis has been accumulating during the past years. In addition to the results
from epidemiological studies, polymorphisms studies
and data on twins, the concept of telomere shortening as a genetic risk factor for chronic liver disease and
HCC has been proposed. Here we review the literature
on telomerase mutations, telomere shortening and liver
disease including hepatocellular carcinoma.

TELOMERE AND TELOMERASE
Telomeres consist of repetitive DNA sequences (TTAGGG)
associated with a specialized protein complex named
shelterin and are located at the ends of linear chromosomes. They function as a cap to stabilize and protect
chromosomes from erosion and from being mistaken for
double-strand DNA breaks[1]. During each cell division,
telomeres shorten due to the ‘‘end-replication problem’’
that is the DNA polymerase’s inability to fully replicate
the 3’ end of chromosomes. In order to limit telomere attrition, germline and some somatic cells express telomerase, a reverse transcriptase that maintains telomere length
by synthesizing new DNA sequences and adding them to
the end of the chromosome[2]. Telomerase is an enzymatic protein complex including the telomerase reverse transcriptase (TERT) and the telomerase RNA component
(TERC) used as a template to synthesize telomere DNA.
When telomeres are too short, they signal the arrest
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genetic factors to contribute to disease development.
These mutations are less penetrant and induce single-organ damage in adults, usually without the classic physical
signs of dyskeratosis congenita. This is case of diseases
such as aplastic anemia, pulmonary fibrosis and liver cirrhosis. Telomere-mediated disease manifests in adults as
isolated or syndromic clustering of idiopathic pulmonary
fibrosis (IPF), liver cirrhosis, and bone marrow failure[12].
Mutant TERT and TERC genes account for 8%-15%
of familial and 1%-3% of sporadic pulmonary fibrosis
cases[13-15]. The co-occurrence of IPF and bone marrow failure within a single family is highly predictive for
the presence of a germline telomerase defect[16]. Mutant
telomere genes do not cause only isolated cases of IPF,
liver cirrhosis or aplastic anemia but they may also cause
subclinical diseases in other organs even if one single organ disease manifestations dominate. For example patient
with IPF who have a telomerase mutation is at increased
risk to develop liver diseases as well as bone marrow
failure[13,14]. It has been proposed that their shared short
telomere length defect unifies them as a single syndrome
continuum[17] (Table 2). This classification is significant
because the telomere defect is present in the germline of
these patients and thus, even when a single presentation
predominates, complications may arise in other organs.
The consideration of the telomere syndromes as a single
spectrum is important for patient management in different clinical settings.

Table 1 Telomere erosion and human disease

Characteristics

Disease

Telomerase mutations as
genetic determinants

Telomerase mutations as
genetic risk factors

High penetrance
Childhood onset disease
Congenital clinical
manifestations
Dyskeratosis congenita

Low penetrance
Adult onset disease
Single or multiple organs
Aplastic anemia
Lung fibrosis
Liver cirrhosis
Telomere syndromes

Telomerase mutations may be highly penetrant causing congenital clinical
manifestations as in dyskeratosis congenita or may be less penetrant and
manifest in adult life inducing single or multiple organ damage[7].

of cell proliferation resulting in cell senescence or apoptosis. If protective mechanisms, such as the p53 tumorsuppressor gene, are inactive, thus allowing continued
proliferation, telomeres become extremely short and dysfunctional; they may cause chromosomes end-to-end fusions and ultimately chromosomal instability. Conversely,
cells transfected with the telomerase gene can proliferate indefinitely[3]. Despite telomerase activity, telomere
shortening is inevitable, thereby limiting the proliferative
lifespan of human cells. As expected, for a given organ,
telomere length decreases with the age of the subjects.
There are also iatrogenic causes of telomere shortening:
for example after bone marrow transplantation when
hematopoietic stem cells and progenitor cells are highly
proliferative in order to reconstitute hematopoiesis. In
addition, telomere attrition may be genetically determined
as a result of telomerase complex’s genes mutations leading to an inherited inability to elongate telomeres.

TELOMERE AND LIVER DISEASE
The pathogenesis of liver cirrhosis is not completely
elucidated. Although in the majority of patients a cause
can be identified in viral hepatitis, alcohol intake, drugs
or fatty liver disease, there is still a small percentage of
patients with no apparent risk factors[18]. In addition, it is
not either completely elucidated why patients with identical risk factors have a different clinical manifestations and
clinical course; in fact some patients progress to cirrhosis
and/or hepatocellular carcinoma (HCC) whereas others
have a benign clinical course, suggesting that host factors,
different from age and gender, may play a critical role in
disease progression. Many attempts to identify possible
genetic risk factors for the development of cirrhosis have
been done with little fortune. Among others, the concept
of telomere shortening as genetic risk factor for cirrhosis
has been proposed. Conditions with high cell turnover
such as chronic liver injury accelerate telomere shortening, leading to impairment of cell proliferation and senescence once telomeres are critically short. The cellular
growth arrest and/or senescence appears to be profibrogenic by as-yet undefined mechanisms. Several studies
have investigated the relationship between cirrhosis and
telomere shortening, showing that telomeres shortening
is a marker of cirrhosis formation correlating with the
accumulation of senescent hepatocytes[19]. Kitada et al[20]
demonstrated the relationship between telomere shortening and cirrhosis in 1995. They observed that telomere

TELOMERE AND DISEASE
Mutations in the TERT and TERC genes are considered
the most common cause of inherited human telomeremediated disease[4]. Even with a mild reduction in telomerase activity, telomere length homeostasis may be altered
and results in what has been called a syndrome complex
which include different age-dependent disease[5,6]. Telomere-mediated disease has diverse presentations that span
the age spectrum. Their type, age of onset, and severity
depend on the extent of the telomere length defect (Table
1). Telomerase mutations may have high penetrance and
induce, during infancy, severe telomere shortening that
manifests as developmental delay, cerebellar hypoplasia,
and immunodeficiency, features that are recognized in the
rare Hoyeraal-Hreidarsson syndrome[7,8].
In children and young adults, telomere-mediated
disease causes bone marrow failure and at times may be
recognized in the mucocutaneous syndrome dyskeratosis
congenita, which is defined by a triad of mucocutaneous
features: skin hyperpigmentation, dystrophic nails, and
oral leukoplakia[9-11]. During adult life, telomerase mutations may represent risk factors rather than genetic determinants and need environmental, epigenetic or other
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between IPF and telomere dysfunction, but, more interestingly, gives further evidence of telomere involvement
in liver disease progression and suggests a possible link
between nonalcoholic fatty liver disease (NAFLD) and
CC through telomere shortening[24,25]. Recently, two studies have also investigated the frequency of telomerase
mutations in patients with sporadic cirrhosis compared
to healthy controls[26,27]. Both studies screened patients
for variation in the TERT and TERC genes. In the first
study by Calado et al[26] the Authors found missense mutations in the TERT and TERC genes. The frequency of
TERT gene mutations in cirrhotic patients was significantly greater than controls. Moreover cirrhosis was also
associated with shorter telomeres in peripheral blood
leukocytes. Finally, most TERT variants showed reduced
telomerase activity in vitro. In the second study Hartmann
et al[27] screened patients with sporadic cirrhosis and noncirrhotic controls for telomerase mutations. Of note,
control group was composed of 473 healthy individuals
and 127 patients with chronic HCV infection who did
not develop cirrhosis during a long follow-up. The data
analysis revealed a significantly increased frequency of
telomerase mutations in the cirrhosis group compared to
the control group. Again, TERT gene mutations in cirrhotic patients were associated with reduced telomerase
activity in vitro and shorter telomeres in peripheral blood
leukocytes compared to non-cirrhotic patients. Interestingly, Hartmann et al[27] found an increased frequency of
end stage liver disease (Child B or C cirrhosis, hepatocellular carcinoma, or evaluation for liver transplantation)
in cirrhotic patients harboring telomerase mutations
compared to cirrhotic patients without telomerase mutation. This result suggests that telomerase mutations may
accelerate liver disease progression to cirrhosis in a context of chronic liver injury. Telomerase mutations were
very different between the two studies; the most common TERT variant in the Calado study (A1062 T found
in six patients) was not found in the Hartmann study and
conversely, the most common TERT variant in the Hartmann study (G1109R also found in six patients) was not
found in the study by Calado. Together, the current data
would suggest that telomere attrition may play a role in
the sequence of events leading to cirrhosis. According to
this view chronic liver injury induces hepatocyte regeneration and therefore an elevated cell turnover; hence increased telomere shortening and cell senescence. Eventually, if the injury persists, other cells, such as stellate cells
become activated leading to fibrogenesis (Figure 1).
On the same line, however, a recent study[28], conducted on liver sections from 70 patients with NAFLD and
60 controls, found that telomere shortening was observed
in NAFLD patients but other indices of cell ageing, such
as cell cycle inhibitor p21 and nuclear area were better
predictors of disease progression. In fact a higher hepatocyte p21 expression and a greater nuclear area were
significantly associated with adverse liver-related outcome
but not with the telomere length. Similarly, in paired
biopsies p21 expression and nuclear area correlated to

Table 2 Telomere syndromes
Spectrum of features in bone marrow, lung and liver disease
Haematologic
Macrocytosis
Isolated cytopenias
Plastic anemias
Myelodysplasia
Acute myeloid leukemia
Pulmonary
Asymptomatic restrictive defects on lung function tests
Idiopathic pulmonary fibrosis
Nonspecific interstitial pneumonia
Idiopathic interstitial pneumonias
Liver
Mildly elevated transaminases
Atrophic nodular liver at imaging studies
Splenomegaly
Cryptogenic liver fibrosis/cirrhosis
Mutant telomere genes and telomere shortening do not cause only a single
organ damage such as idiopathic pulmonary fibrosis (IPF), aplastic anemia
or liver cirrhosis but often the affected patient has also subclinical disease
concurrently in other organs even if the symptoms of a single organ
predominate[17].

length in tissue from cirrhotic liver was shorter than in
liver with chronic hepatitis and both were shorter than
telomere length in normal liver tissue. Subsequent studies
confirmed that a shortened telomere length was correlated with the degree of fibrosis, suggesting that telomere shortening may contribute to and be a marker of
cirrhosis[20-22]. Moreover, studies on telomerase-deficient
mice provided experimental evidence that shortened telomeres, in response to chronic liver injury, are associated
with impaired liver regeneration and accelerated cirrhosis
development. Restoration of telomerase activity into the
liver of these mice resulted in reduction of cirrhosis and
improved liver function[23]. These findings suggest that
reduced telomerase activity may contribute to cirrhosis
development.
Mutations in the telomerase complex genes have
been implicated in rare human diseases characterized by
accelerated telomere shortening and organ failure such
as dyskeratosis congenita[7]. Interestingly, patients suffering from these diseases showed an increased frequency
of liver pathologies including fibrosis and cirrhosis.
Our group was the first to report on the coexistence of
cryptogenic cirrhosis (CC) and IPF, not in the setting
of dyskeratosis congenita, and telomere disfunction.
We described a case report on 48-year-old woman, diagnosed of cryptogenic liver cirrhosis, idiopathic pulmonary fibrosis and diabetes. Both CC and IPF had a rapid
progression and after eighteen months the patient died.
Sequencing and mutation analysis of TERT and TERC
genes demonstrated the presence of a heterozygous
TERT mutation (L153M). The TERT L153M variant results in a change of methionine for leucine at amino acid
153, in the protein region that seems to be involved in
the template RNA and telomeric DNA binding. Furthermore, leukocyte telomere length was significantly shorter.
Our case report not only confirmed the association
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TELOMERE AND HEPATOCELLULAR
CARCINOMA

Injury

Natural history of cirrhosis is often complicated with
the occurrence of hepatocellular carcinoma (HCC). The
observation that telomere shortening is an established
feature of chronic liver disease has led to suggest that
it may play a role in the pathophysiology of HCC. This
view stems from a large number of studies indicating that
telomere biology is involved in the initiation as well as in
the progression of HCC[31]. The telomere hypothesis of
cancer holds that telomere shortening results in chromosomal instability (CIS) which drives cancer initiation. In
this regard Plentz et al[32] analyzed specimen of a group
of HCC and regenerative nodules correlating hepatocyte
telomere length with the ploidy grade, taken as a measure
of chromosomal instability. These Authors showed that
telomeres were shorter in HCC hepatocyte as compared
to those in regenerative nodules and normal liver tissue
and that, within group of HCC, hepatocyte telomere
length of aneuploid was shorter than that of diploid tumors. Farazi et al[33] in order to better elucidate the role of
telomere dysfunction in the development of HCC used
some experimental models of HCC utilizing telomerase
deficient mice, null for the telomerase RNA component,
mTERC(-/-). In all HCC models both incidence and
HCC lesions were suppressed showing on the histological level a significant increase of early stage neoplastic
lesions and a reciprocal reduction of high grade malignancies. These experimental data indicate that telomere
dysfunction plays an opposite role in the initiation versus
the progression of HCC.
On the other hand progression of neoplastic growth
needs an efficient telomere signaling. Initial studies[21]
reported a slight increase of telomere length in poorly
differentiated as compared to better differentiated HCC,
suggesting a reactivation of telomerase and restored
chromosomal stability to a level compatible with tumor
cell viability. In this regard several reports have shown
that telomerase activity was detected in nearly 90% of
HCC as compared to only 21% of non-tumor tissue and
was paralleled by the increase of TERT mRNA levels
implying the possibility that TERT mRNA expression
could predict or be a marker of HCC[34-37]. The effective role of the intact telomere/telomerase system has
been illustrated in experimental HCC models utilizing
telomerase knock-out mice mTERC(-/-) and littermates
mTERC(+/-). This study has shown that being the prevalence of short telomere comparable in the liver of the
two cohorts, the formation of HCC was strongly suppressed in mTERC(-/-) as compared to mTERC(+/-)[38].
Mechanism of telomerase activation may be diverse in
some way depending on the etiology of chronic liver diseases[39]. This is best illustrated by the occurrence of the
integration of hepatitis B virus into the human telomerase gene in HCC[40,41]. Moreover the list of recurrent

Cell death

Regeneration

High cell turnover
and telomere
shortening

Telomerase mutations
and reduced telomerase
activity

Critically short telomere

Exhausted regeneration

Fibrosis

Figure 1 Telomere shortening and liver disease: A possible mechanism.
Injuries leading to cell death cause repair and regeneration process which in
turn leads to increased cell turnover and therefore to telomere erosion. If a
telomerase gene mutation is present, telomerase activity may be reduced and
telomere may become critically short leading hepatocyte to senescence. Hepatocyte senescence is a profibrotic state that activates stellate cells responsible
for fibrosis[25].

fibrosis stage.
Taken together these data show the relation between
telomerase mutation and chronic liver disease progression
to cirrhosis, probably due to a reduced telomerase activity
and therefore an impaired telomere length maintenance.
Moreover, since the prevalence of telomerase mutations
seems to be to be rather low in the general population,
they may not be the major contributing factor to cirrhosis. Probably looking for telomerase genes mutations only,
there is the risk to underestimate the real contribution
of the telomere system to the development of cirrhosis.
In fact other components of the telomere complex have
been shown to be important for telomerase activity, these
components are proteins such as dyskerin and the telomere binding proteins[29]; mutations in these components
can lead to an impairment of telomere function; recently
a mutation of the binding protein TIN2 has been involved in the evolution of aplastic anemia [30]. Finally
also the mutations in the noncoding sequence of TERC
and TERC could be responsible for impairment in the
expression of TERC and TERT. Probably the sequence
analysis of all components of the “telomere system” will
reveal the real contribution of telomere complex genes
mutations to the development of liver cirrhosis.
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HBV target genes is expanding[42] suggesting the possible
mechanisms by which HBV may cause telomere dysfunction leading to initiation as well progression of HCC[43-47].
In conclusion our knowledge of the causes and mechanisms relating telomere dysfunction to the genesis and
growth of HCC is increasing and leads to foresee therapeutic approaches, such as combined immune-chemotherapy and gene therapy, for its cure[48,49].

11

12

CONCLUSION
Telomere shortening and telomerase regulation play
an important role on tissue regeneration during aging,
chronic diseases and on cancer promotion and progression. In chronic liver disease the hepatocytes regenerative
capacity is limited by telomere shortening, resulting in
exhaustion of cell regeneration, fibrosis and cirrhosis formation. Short telomeres increase the risk of HCC but at
the same time they limit the progression of cancer. The
therapeutic option of blocking senescence, reactivating
the telomerase, in order to block the exhaustion of the
liver regenerative capacity might be beneficial depending
on the effect of such approach on the HCC formation.
Further studies are needed in order to better understand
telomere biology in human disease and carcinogenesis
and to identify potential therapeutic options.
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ORIGINAL ARTICLE

Cancers in Eastern Libya: First results from Benghazi
Medical Center
Zuhir Bodalal, Raouf Azzuz, Riyad Bendardaf
of Beida in particular was found to have a remarkably
high incidence of gastric cancer. The different findings
were discussed and comparisons were made with past
literature as well as the incidence rates for neighbouring countries. The incidence rates given for the eastern
region showed differences from previously reported
values (i.e. , the rate of colon cancer was the highest in
North Africa whereas other malignancies occurred less
frequently). Potential explanations for the urban-rural
difference as well as the difference in incidence rates
were put forth. The significance of this study is that it
establishes a baseline of cancer incidence which should
be the backbone for any future national cancer plan in
Libya.
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CONCLUSION: Proper surveillance programs need to
be in place and healthcare policy should be adjusted to
take into account the more prevalent and pressing cancers in society.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To study the pattern of cancer incidence and
determine the incidence rates in Eastern Libya (for the
first time in a decade).

Key words: Colorectal cancer; Cancer incidence; Agestandardized rates; Libya; Mediterranean; Epidemiology
Core tip: The cancer incidence in Libya has changed
greatly since the last time it was determined, nearly
a decade ago. The most common cancers are breast,
colorectal and lung cancers. Libya has the highest rate
of colorectal cancer in North Africa. Late presentation
was found to be a major problem in the Libyan case.
Clear urban-rural differences were seen when the different districts were analyzed. Different hypotheses
were put forth to explain these variations. Proper surveillance programs need to be in place and healthcare
policies should be adjusted to take into account the
more prevalent and pressing cancers in society.

METHODS: A hospital-based registry of cancer patients was formed using records from the primary
oncology center in eastern Libya - focusing on those
diagnosed in the year 2012.
RESULTS: The most common malignancies in men
were cancers of the colon (22.3%, n = 90), lung
(20.3%, n = 82), prostate (16.1%, n = 65), pancreas
(4.2%, n = 17) and liver (4.2%, n = 17). For women,
they were found to be cancers of the breast (41.5%,
n = 213), colon (16.4%, n = 84), uterus (8%, n =
41), ovary (5.5%, n = 28) and pancreas (3.1%, n =
16). Additionally age-standardized rates (ASR) were
determined for Libya. The different cities and towns in
eastern Libya were compared for any variation. The city
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INTRODUCTION

Al-Wahat

Cancer is an important health concern in Libya, especially in the setting of an aging population and limited
healthcare facilities. The Benghazi Cancer Registry began
to collect data and produce results from 2003 till the year
2004[1,2]. Since then, different obstacles prevented the
registry from functioning effectively and no reports have
been produced.
Despite the importance of the issue, data concerning
Libya is notoriously scarce and the last time age standardized rates (ASRs) were determined for this region was
nearly a decade ago. In order to establish proper cancer
control programs, accurate statistics for cancer incidence
are absolutely vital[3-5].
Using patient records from the only oncology center
in eastern Libya, a hospital based registry was formed and
the cancer incidence was determined.

Libya

Al-Kufra
Algeria

Niger
Chad

Sudan

Figure 1 A general map of Libya displaying the major areas that were
studied.

ties, this parameter (i.e., the method of diagnosis) could
not reliably be collected for all patients and was hence
excluded from the analysis. These data serve as a good
indicator for eastern Libya in general and Benghazi in
particular.
Hematological malignancies were not included in this
study since such patients are recorded at the Department
of Hematology and their data were not made available.
Different parameters were recorded for each patient
specifically, including age, gender, city, type of cancer,
subtype, and stage. In the light of clerical errors, a number of cases were set aside for certain parameters but
used for others. The patients were filtered by city of
origin to include only patients residing in the eastern part
and not referrals.

MATERIALS AND METHODS
Study population
Libya is a North African country categorized under the
Eastern Mediterranean Regional Office (EMRO) within
the WHO classification. According to the 2006 census,
over 5.5 million people lived in Libya, with 28.5% (n =
1613749) residing in the eastern part of the country.
Benghazi is the largest city in eastern Libya with over
670000 inhabitants. The area under study covered eight
major locations, namely, Ajdabia, Beida, Benghazi, Derna,
Kufra, Marj, Tobruk, and Wahat. The districts consisted
of urban, suburban and rural populations (as shown in
Figure 1) and patients were classified under these main
municipalities.

Statistical analysis
The data was computerized in a data sheet and organized
as per ICD-O (International Classification of Diseases
for Oncology). An SPSS-based model was designed that
spanned the collected data and descriptive statistics were
performed (t tests and χ 2 tests).
The 2012 Libyan population was determined using
the 2006 Libyan census, taking into consideration the
appropriate population growth. Age-specific incidence
and ASRs were calculated via the direct method using the
standard population distribution[6] arranged by site of malignancy (ICD-O). This method uses the nation’s population and standardizes it to a world population distribution
that was determined by the WHO. It is the standardized
method used worldwide and is most prominently displayed in the “Cancer in Five Continents” series[6].

Ethical approval
The study was approved by the Biomedical Ethics Committee of the Libyan International Medical University. All
personal identifiers were stripped from the data and only
medically significant parameters were analyzed.
Data collection
Data were obtained from the patient records of those
who were diagnosed in the Department of Oncology
at the Benghazi Medical Center (BMC) from January 1,
2012 to December 31, 2012. The department receives
effectively all the cancer cases in Benghazi and the overwhelming majority of the malignancy patients in eastern
Libya (being the only oncological center in the region).
The patients were diagnosed through various techniques
particularly microscopic verification (MV) and clinically/
radiologically diagnosis, however due to clerical difficul-
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RESULTS
A total of 953 cases were recorded at the Department
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Gender
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Female
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Figure 2 The age pyramid of the Libyan population in the Eastern region.

of Oncology in the BMC during the year 2012. Thirtysix cases were referrals from outside the eastern region
seeking services in Benghazi and were excluded from
this study, leaving 917 eligible cases. Among them, 44.1%
(n = 404) were male and 55.9% (n = 513) were female.
Twenty-two cases did not have a recorded date of birth,
so they were included in the incidence but were excluded
from any calculations involving age or age distribution
(leaving 895 patients with full data).
The most common malignancies in men were cancers of the colon (22.3%, n = 90), lung (20.3%, n = 82),
prostate (16.1%, n = 65), pancreas (4.2%, n = 17) and
liver (4.2%, n = 17). For women, they were found to be
cancers of the breast (41.5%, n = 213), colon (16.4%, n
= 84), uterus (8%, n = 41), ovary (5.5%, n = 28) and pancreas (3.1%, n = 16). This ranking is based on percentage
of patients, however it was found to be identical when
ASRs were compared. Comparison between the genders
on the basis of ASRs or percentages yielded the same
findings.
The overall average age of cancer patients at presentation was 57.6 ± 15 years, ranging from 14 to 94 years.
For male patients, the average age was found to be 61.9
± 14.2 years, while for female patients the mean age of
presentation was 54.3 ± 14.6 years. Male patients tend to
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present at significantly later ages than average (t = 5.89,
P < 0.001), whereas female patients seek care earlier (t =
-5.11, P < 0.001).
The population distribution of eastern Libya is shown
in Figure 2. Table 1 shows the average age at presentation
for the various forms of cancers that were studied.
Benghazi contributed the largest proportion of cancer
cases in eastern Libya (60.5%, n = 555), followed by Beida (10.1%, n = 93) and Marj (8.3%, n = 76). The average
age of presentation was determined for each city. It was
found that only Marj (t = 3.569, P = 0.001) and Tobruk
(t = -2.109, P = 0.039) had any statistically significant difference from Benghazi in terms of age. The features of
the different cities are shown in Table 2, along with the
three most common cancers in those areas.
The overwhelming majority of the oncological patients were Libyans (97.1%, n = 890) as opposed to foreign nationals (2.9%, n = 27). The latter were under-represented among cancer patients (χ 2 = 17.644, P < 0.001).
The most common cancer (overall) was found to be
breast cancer (23.7%, n = 217), followed by colon cancer
(19%, n = 174) and lung cancer (10.3%, n = 94) as shown
in Table 2. However, within certain cities the distributive
ranking of the types of malignancies varied (Table 2).
The gender predominance was observed for the can-
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Table 1 The distribution of cancer patients by site and the average age of presentation n (%)
n (%)

Type
Bladder
Bone Tumour
Brain
Breast
Cervix
Colon
CUP
Esophagus
Gallbladder
Kidney
Larynx
Liver
Lung
Misc.
Nasopharyngeal
Ovary
Pancreas
Prostate
Salivary
Skin
Soft Tissue
Stomach
Thyroid
Uterus
Overall

Age

20 (2.2)
7 (0.9)
23 (2.5)
214 (23.7)
13 (1.5)
170 (19.0)
18 (2.1)
4 (0.4)
13 (1.5)
21 (2.4)
14 (1.6)
22 (2.4)
93 (10.3)
13 (1.4)
16 (1.7)
26 (3.1)
33 (3.6)
65 (7.1)
4 (0.4)
10 (1.1)
28 (3.2)
22 (2.7)
7 (0.8)
39 (4.5)
895 (100.0)

Minimum

Maximum

mean ± SD

38
17
15
23
43
21
36
45
36
34
26
48
27
25
20
32
29
50
39
29
14
34
34
20
14

78
74
81
87
81
89
87
86
77
82
89
84
85
82
64
86
83
91
74
92
84
82
71
80
92

62.2 ± 11.5
48.1 ± 26.2
47.5 ± 17.1
51.3 ± 12.7
57.5 ± 11.8
58.7 ± 13.4
61.2 ± 16.5
59.0 ± 18.7
60.5 ± 12.5
61.4 ± 13.2
67.6 ± 15.4
66.7 ± 9.7
62.4 ± 11.9
54.5 ± 21.2
46.3 ± 10.4
54.7 ± 13.6
61.4 ± 13.4
72.9 ± 9.0
55.3 ± 14.9
63.0 ± 18.0
45.1 ± 20.9
57.6 ± 13.0
50.1 ± 12.7
56.8 ± 13.8
57.6 ± 15.0

Table 2 Key parameters regarding the different cities under analysis
City
Ajdabia
Beida
Benghazi
Derna
Kufra
Marj
Tobruk
Wahat
Overall

n (%)

Avg age

SD

No 1. cancer

No 2. cancer

No 3. cancer

56.2
58.5
57.5
57.4
50.1
63.2
53.8
60.2
57.6

16.7
14.2
15.0
13.8
18.9
13.8
14.0
14.7
15.0

Lung
Breast
Breast
Breast
Breast
Colon
Breast
Breast
Breast

Breast
Colon
Colon
Colon
Colon
Prostate
Colon
Prostate
Colon

Colon
Stomach
Lung
Prostate
Breast
Lung
Lung

55 (6.0)
93 (10.1)
555 (60.5)
45 (4.9)
16 (1.7)
76 (8.3)
66 (7.2)
11 (1.2)
917 (100.0)

cer cases and is presented in Table 3. In addition, the specific distribution of patients by the site of the cancer and
their age group is depicted in the table. The age-specific
distribution and age-standardized rates are put forth in
Table 4. These values represent the incidence rates per
100000 people and a comparison is made with previously
reported values for Libya as well as the figures reported
by cancer registries in neighbouring countries (i.e., Egypt,
Tunisia and Algeria).
The three most common malignancies (i.e., breast, colon, and lung cancers) were studied to determine the clinical stage at presentation. For breast cancer, more than
half (54.5%, n = 92) were diagnosed at advanced stages
(Ⅲ/Ⅳ). The situation was worse in colon cancer cases
(60.8%, n = 76), with the majority of patients presenting
at stage Ⅳ (38.4%, n = 48). However, the worst situation
was in lung cancer where 96.1% were at late stages with
80.4% presenting at stage Ⅳ. This is further illustrated in
Figure 3.

WJG|www.wjgnet.com

The fourth most common malignancy, prostate cancer, was studied in terms of its differentiation (being a
better indicator of prognosis than clinical stage). Sixtyfive cases were recorded, however, 25 had missing data
for grade (due to clerical errors). Of the remaining patients (63%, n = 41), around 9.8% (n = 4), 53.7% (n =
22), and 36.6% (n = 15) were graded with well, moderate
and poor differentiation, respectively.

DISCUSSION
Comprehensive studies in the field of cancer epidemiology are inherently limited in developing countries by
the dearth of tools for disease control and cancer surveillance[7]. This is further compounded in the Libyan
scenario by the lack of a proper documentation system,
absent digitalization of patient records and no central authority to follow cancer patients on a long term basis (i.e.,
surveillance).
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Table 3 The number of new cases organized by gender, site and age group
0-14 yr

15-24 yr

25-34 yr

35-44 yr

45-54 yr

55-64 yr

65+ yr

Total

Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female
Bladder (C67)
Bone (C40-41)
Brain (C70-72)
Breast (C50)
Cervix uteri (C53)
Colon (C18-21)
Esophagus (C15)
Gallbladder etc.
(C23-24)
Kidney (C64)
Larynx (C32)
Liver (C22)
Lung (C33-34)
Nasopharynx (C11)
Ovary (C56)
Pancreas (C25)
Prostate (C61)
Salivary (C07-08)
Soft tissue (C47+49)
Stomach (C16)
Thyroid (C73)
Uterus (C54)
Miscellaneous
(O and U and skin etc.)
Total (excluding
missing cases)

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
1
1
0
0
0
0
0

0
0
2
0
5
0
0

0
2
1
14
0
3
0
0

2
0
4
0
8
0
2

1
0
4
52
2
9
0
0

1
0
1
2
17
2
0

0
0
2
67
4
18
0
1

1
0
3
0
27
1
3

5
1
0
46
2
24
0
4

29
0
2

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
2
0
0
0
0

0
0
0
0
0
0
0
0
0
2
0
0
0

0
0
0
0
0
0
0
0
2
0
0
0
0

0
0
0
0
1
0
1
0
0
1
1
0
2

1
1
0
2
0
2
1
0
1
0
1
2
2

2
0
0
6
6
0
3
0
1
1
3
1
2

1
0
0
2
1
1
0
0
4
1
1
4
3

2
0
2
11
4
0
1
1
0
6
2
0
1

0
0
1
1
1
11
2
1
0
3
2
9
4

2
4
3
26
3
0
0
10
3
2
1
0
1

3
0
2
4
0
4
10
1
1
1
1
12
7

6
7
12
35
0
0
12
54
4
4
6
1
9

0

2

2

4

13

33

41

86

53

127

90

128

195

Previous reports have been made for Libya in terms
of cancer incidence[2,8], however, the last published report
done in Benghazi was nearly a decade ago. This is the
second time that ASRs were ever calculated for Libya.
It is desirable to see what changes may have occurred in
that period of time. Moreover, being based in the only
oncology department in the region, the percentage of
cancer patients in eastern Libya who seek its services is
very high.
In certain cancers, the incidence was found to be
much higher than the surrounding countries or even past
figures for Benghazi. This is especially true for breast
cancer (in females) and colon cancer (for both sexes). A
potential explanation for our divergence from the GLOBOCAN estimate is that they are often based on rates in
neighbouring countries[9].
While on the whole, women formed the majority of
oncological patients, they were predominantly in the form
of breast cancer. Hence, their representation was found
to be greatest till the age of 60, after which men formed
the bulk of malignancy patients. This reflects the nature
of cancers affecting the different sexes. It was observed
that the major malignancies in males tend to present at
later ages. Another potential factor is that men tend to
hide symptoms and delay seeking medical care for the
sake of bravado (especially in developing countries).
The new incidence rates show a change from previous values calculated for Benghazi. Males presented more
often with colon and lung cancers than any other ma-
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7
1
4
2

2
2
1
31
5
30
1
1

11
1
14
4
86
3
7

8
6
9
210
13
84
1
6

4
2
2
3
0
6
3
0
2
4
0
12
10

12
11
17
78
14
0
17
65
8
16
13
2
15

9
3
5
12
2
24
16
2
12
9
5
39
26

121

394

501

-

lignancies. The incidence rate for colon cancer in Libya
was found to be the highest in its region. We suspect
that there is strong association between this high rate of
colon cancer and the dietary and lifestyle habits of the
Libyan population. This sharp increase in the incidence
rate of colorectal carcinoma may be explained by the
greater availability of endoscopic techniques and better
detection.
While the overall incidence of colon cancer was fairly
close between the sexes, the same cannot be said for
lung cancer. The male to female ratio of lung cancer was
found to be 6.8, a large decrease from values reported in
past literature (18.6:1 ratio)[10].
Eastern Libya had the lowest rates for lung cancer in
the region. Men are eight times more likely to have lung
malignancies than women. This is similar to the situation
in other surrounding areas where heavy smoking among
males would lead to these figures[11]. While smoking is
on the decline in the developed nations[12], it is expected
to rise in our part of the world. Prostate cancer was also
common; however, there was an underestimation for the
incidence in previous literature. They also formed the
oldest patients (on average) which increased the overall
average age of male patients.
The incidence of breast cancer among Libyan women
was found to be high (the second highest in the region).
Furthermore, the average age of our breast cancer patients is low by international standards. Patients under the
age of 51 year formed 57% (n = 122) of the cases. De-
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Table 4 Age-standardized rates for Benghazi in comparison to previously calculated values as well as those for western Libya and
neighbouring countries
Site

Benghazi
(2012)

Bladder (C67)
Bone (C40-41)
Brain (C70-72)
Breast (C50)
Cervix uteri (C53)
Colon (C18-21)
Others and Unspec.
Esophagus (C15)
Gallbladder, etc. (C23-24)
Kidney (C64)
Larynx (C32)
Liver (C22)
Lung (C33-34)
Nasopharynx (C11)
Ovary (C56)
Pancreas (C25)
Prostate (C61)
Salivary (C07-08)
Soft tissue (C47+49)
Stomach (C16)
Thyroid (C73)
Uterus (C54)

Benghazi
[2]
(2003)

Benghazi
Western Libya
[5]
[36]
(Globocan est. 2002)
(2007)

Male

Female

Male

Female

Male

Female

Male

3.3
0.3
2.3
0.9
17.5
1.8
0.5
1.3
2.7
2.5
4.0
18.0
2.2
3.8
14.8
0.1
2.8
2.7
0.4
-

1.1
1.1
1.3
37.4
2.8
17.2
2.2
0.2
1.3
1.8
0.6
1.0
2.2
0.3
4.9
3.3
0.6
1.6
1.9
0.8
8.0

11.7
5.3
11.6
1.5
1.6
3.9
6.1
3.3
24.8
1.9
4.4
11.4
4.4
-

1.3
2.1
22.9
5.3
8.8
0.0
3.6
2.8
0.3
3.1
2.0
0.8
4.0
1.6
3.4
8.0

22.4
2.1
4.9
2.4
1.8
3.7
4.8
10.4
2.2
1.5
5.6
4.1
-

2.7
1.1
17.4
8.2
2.5
1.0
0.9
0.5
1.6
1.5
0.9
1.9
0.5
1.5
1.6

4.8
4.8
0.5
14.2
1.3
2.6
5.1
19.3
1.9
19.1
1.4
0.8
-

spite presenting at younger ages, the clinical stage at diagnosis is usually advanced. It was reported that the median
reported age for Libyan breast cancer patients was 7.5
mo after symptoms[13]. Late presentation of women for
breast cancer can be due to a number of factors such as
not knowing the major signs of breast cancer[14], non-disclosure of symptoms to others[15], low risk perception[16],
fears and negative outlook about treatment[17-19] and fatalistic attitude[20].
Libyan men were also more likely to be affected by
breast cancer than their counterparts from the other
North-African nations. African males themselves have
been found to be more at risk of breast cancer than others[21]. Usually male breast cancer patients present at later
ages and more advanced stages[22].
An interesting finding was that the ASR’s calculated
for Benghazi in 2012 now resemble the values in western
Libya (with a few differences). It was previously thought
that the rate of malignancies in the eastern region was
significantly higher.
Benghazi is the largest city in the eastern region of
Libya and is the main center of high level healthcare.
Naturally, it would produce the greatest number of patients with a cancer pattern similar to that of an urban
center[23,24]. However, it is when we compare between the
cities that interesting observations can be made.
Long term studies are required to determine the ASR
for the various districts individually. This would serve to
confirm/refute the existence of a statistically significant
rural-urban difference similar to other countries[25-27]. Ajdabia formed only 6% of the patients overall, but 13.8%
of lung cancer patients came from that town (i.e., over-
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Algeria

[6]

[6]

Egypt

Female Male Female Male
1.2
0.7
31.1
2.2
12.0
2.8
1.7
1.9
3.9
3.0
0.6
2.6
1.7
-

4.5
1.4
0.7
0.6
6.6
2.7
0.2
2.1
0.7
2.8
1.1
19.9
5.4
0.5
7.5
0.3
0.8
7.1
1.4
-

0.5
1.2
1.6
18.8
11.6
6.8
2.1
0.2
10.0
1.2
0.1
0.8
1.7
1.7
2.1
0.3
0.2
0.5
3.1
3.6
1.1

27.9
1.5
4.0
0.8
6.9
10.3
1.7
1.2
2.5
4.2
21.9
14.0
1.2
4.0
8.5
0.7
3.3
3.3
1.1
-

Tunis

[6]

Female

Male

Female

5.4
1.0
3.1
42.5
2.1
4.8
7.3
0.9
1.0
1.5
0.3
4.4
3.6
0.4
5.1
2.3
0.6
2.7
2.0
2.6
2.6

19.0
0.4
3.7
0.9
12.0
5.7
0.5
1.8
2.6
5.7
2.2
37.1
4.6
2.5
14.1
0.9
1.4
5.1
1.3
-

2.2
0.5
1.8
29.8
7.1
9.2
4.3
0.2
3.1
1.6
0.2
0.7
1.7
1.9
3.3
1.9
0.4
1.3
2.5
3.1
3.4

representation). Moreover, the most common malignancy
in that area was lung cancer. In Libya, Ajdabia is well
known for having frequent Ghibli (dust storms) which
would increase the inspiration of inorganic particles (respirable particles). This is mostly sand and soil and might
induce a sort of pneumoconiosis-like condition[28]. Additionally, it is worth mentioning that Ajdabia is situated
near the main oil and gas centers in Libya. These factors
may be related to the elevated rank of lung cancer in that
region.
Similarly, Wahat recorded prostate cancer as the second most common malignancy (as opposed to colon
cancer). Another good example is the case of Beida
where the third most common malignancy is gastric cancer. Despite forming only 10% of the recorded patients,
over one third (36%) of gastric cancer cases were from
the town. This may be due to their diet (which largely depends on locally grown produce), the use of insecticide
or perhaps an increased incidence of Helicobacter pylori
infection among the inhabitants of the city[29]. Further
studies in this topic are needed in order to make a sure
statement.
North African countries have traditionally had higher
rates of nasopharyngeal cancers[30], however, the figures
presented in the Libyan scenario were lower than the
neighbouring nations. This could be explained by a lower
prevalence of certain risk factors such as alcohol and excessively spicy food.
Due to the descriptive nature of this study, certain
caveats seem appropriate. For example, the data was
collected retrospectively in the setting of poor-quality
patient record keeping. The lack of a central mortality
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A

B

Type: Breast

Type: Colon

Stage

Stage

Ⅰ
9.5%

Ⅰ
8.0%

Ⅱ

Ⅱ

Ⅲ
15.4%

36.1%

Ⅳ

Ⅲ

39.1%

C

2.0%

Ⅳ

38.4%

31.2%

22.4%

2.0%

Type: Lung
Stage
Ⅰ
Ⅱ

15.7%

Ⅲ
Ⅳ

80.4%

Figure 3 Comparison between the three major cancers in terms of stage at diagnosis. A: Breast cancer; B: Colorectal cancer; C: Lung cancer.

centre in North African countries has traditionally prevented them from providing mortality figures for their
cancer patients[7,31,32], and Libya is no exception to this
trend[33]. Furthermore, due to difficulties in obtaining data
from the cemetery facilities, death certificate only (DCO)
cases were not included in this study, however, only nine
percent of cancer cases in eastern Libya fall under this
category[2]. Additionally, hematological malignancies were
not covered in this study since the data from the Department of Hematology were not made available.
Previous studies have warned that the values calculated for incidence may be overestimated due to the misclassification of a significant number of prevalent cases
(i.e., diagnosed in previous years)[2,34]. This limitation does
not exist in this study since we only included cancer cases
diagnosed within the specified time interval (namely the
year 2012). Hospital based series may also overestimate
the easily diagnosed malignancies due to the availability to
facilities (i.e., mammography and endoscopy) and underreport the more difficult cancers which are sent abroad[35].
Nonetheless, these data are a good representation of
the cancer pattern and incidence in the region.
The scenario presented in these results correlate well
to the experience of oncologists in Benghazi. It is the
sincere hope of the authors that this article is used to
establish a baseline and highlight the areas where the Libyan healthcare system needs to focus. Particular emphasis
needs to be placed on cancer awareness since late presen-
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tation is a scourge in Libya. Cancer is a preventable form
of mortality, especially with manageable malignancies
such as breast and colon. Cancer surveillance plans need
to be set in place in Libya in order to monitor the trends
and incidence rates. With these establishments, we can finally hope to make a change in our country and raise the
level of healthcare in our facilities.
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Background

Cancer is rapidly becoming a major cause of morbidity and mortality worldwide,
especially in the light of the aging populations in the developing world. Despite
the growing malignancy problem in third world countries, cancer epidemiology
is mostly based on values from developed countries. Cancer incidence for
Libya has not been studied for nearly a decade for different reasons.

Research frontiers

National cancer surveillance plans cannot be set in place without first determining recent baseline incidence rates.

Innovations and breakthroughs

For the first time in ten years, all the cancer cases in eastern Libya (an area
covering a population of around two million) were gathered and subsequently
studied. Using population data from the 2006 Libyan census with projections for
future years, the age standardized incidence (ASR) was calculated. The ranking
of different cancers was seen and interestingly, breast cancer was found to be
the most common malignancy. Incidence rates were determined and compared
to previously reported values for Libya and for neighbouring countries. For
instance, it was found that Libya had the highest incidence rate for colorectal
carcinoma in North Africa. Various parameters were gathered for the patients,
including age, gender, nationality, site of malignancy and clinical stage. The
geographical distribution of cancer patients in Libya was also studied for the
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first time.

Applications

Based on the values in this study, the health authorities in Libya will be able to
design and set into action a national cancer plan. The more prevalent forms of
cancer should receive greater attention either at the government or media level.
Improved patient awareness and removal of the stigma/fatalism of a cancer
diagnosis are critical in order to improve the prognosis for the patients. Certain
regions contributed more in terms of patient load and hence more focus needs
to be placed there.
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ASR is an internationally used measure of new cancer cases relative to the standard world population (as stated in the Cancer in Five Continents series).
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METHODS: To predict the HLA-DQA1 and -DQB1
genes, we used six previously reported HLA-tagging
single nucleotide polymorphism to determine HLA
genotypes in 59 Iranian patients with ‘biopsy-confirmed’
CD and in 151 healthy Iranian individuals. To test the
transferability of the method, 50 cases and controls
were also typed using a commercial kit that identifies
individual carriers of DQ2, DQ7 and DQ8 alleles.
RESULTS: In this pilot study 97% of CD cases (n =
57) and 58% of controls (n = 87) were carriers of HLADQ2 and/or HLA-DQ8 heterodimers, either in the homozygous or heterozygous state. The HLA-DQ pattern
of these 57 CD patients: heterozygous DQ2.2 (n = 14)
and homozygous DQ2.2 (n = 1), heterozygous DQ2.5 (n
= 33) and homozygous DQ2.5 (n = 8), heterozygous
DQ8 (n = 13) and homozygous DQ8 (n = 2). Two CD
patients were negative for both DQ2 and DQ8 (3%).
CONCLUSION: The prevalence of DQ8 in our CD population was higher than that reported in other populations (25.4%). As reported in other populations, our
results underline the primary importance of HLA-DQ
alleles in the Iranian population’s susceptibility to CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Human leukocyte antigen typing; Validation; Susceptibility; Celiac disease; Iran
Core tip: We describe, for the first time, the distribution
of human leukocyte antigen (HLA)-DQ2/DQ8 alleles in
Iranian celiac disease patients compared to healthy Iranian controls. To assess this distribution we applied a
single nucleotide polymorphism-based approach, which

Abstract
AIM: To assess the distribution of human leukocyte
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large country. Based on previous studies in Iran, the most
common HLA haplotype in the different ethnic groups
is DQ2 and DQ7, with reported prevalences of 22.1%
and 25%, respectively[14-17] (Figure 1). These studies were
performed in healthy populations in different parts of
the country and found considerable similarities in the
distribution of HLA class Ⅱ haplotypes with European
countries. However, Iranian CD patients have never been
studied for HLA.
Recently, Monsuur et al[13] described an HLA-tagging
single nucleotide polymorphism (SNP) method for detecting the HLA risk alleles for CD. Using six SNPs,
HLA genotyping for specific CD genotypes could be performed in a high-throughput mode. The results of Monsuur et al[13] and Koskinen et al[12] showed that the sensitivity and specificity of this test in recognizing DQ2.2,
DQ2.5, DQ7, and DQ8 haplotypes was > 99% in the
Dutch population, and > 98% in the United Kingdom,
Spanish, Finnish, Hungarian, and Italian populations.
The main aim of this study was to provide new information on HLA-DQ associations with CD in the Iranian
patients, which has never been investigated before, by using the tagging SNP method.

was developed in European (Caucasian) study samples.
We also demonstrate the transferability of such an approach to the Iranian population. Our results underline
the primary importance of HLA-DQ alleles in the Iranian
population’s susceptibility to celiac disease.
Rostami-Nejad M, Romanos J, Rostami K, Ganji A, EhsaniArdakani MJ, Bakhshipour AR, Zojaji H, Mohebbi SR, Zali
MR, Wijmenga C. Allele and haplotype frequencies for HLADQ in Iranian celiac disease patients. World J Gastroenterol
2014; 20(20): 6302-6308 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i20/6302.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6302

INTRODUCTION
Celiac disease (CD) is characterized by malabsorption of
nutrients in the small intestine after ingestion of wheat
gluten or related proteins from rye and barley. The disease is characterized by villous atrophy of the small intestinal mucosa. With adherence to a strict gluten-free diet,
most CD patients show prompt clinical and histological
improvement, with relapse of the symptoms if gluten is
re-introduced[1-3]. Similar to Western studies, a high prevalence of CD has been reported in Iranian general population (about 1%)[3].
Many studies reflect the importance of genetic factors
in the pathogenesis of CD[3]. A recent study by Anderson
et al[4] suggested that a combination of human leukocyte
antigen (HLA) typing and confirmatory serology could
decrease the number of unnecessary endoscopies.
The HLA-DQ2 heterodimer, which is coded by alleles DQA1*05 and DQB1*02, is present in the vast
majority of CD patients including approximately 95% of
CD patients of Northern-European descent[4]. The most
important risk factor for CD is the DQ2.5 haplotype[4].
Alpha and beta chains of this heterodimer are encoded
together in cis (DQA1*05 and DQB1*02) on a DRB1*03
haplotype. Other DQ heterodimers that are encoded in
trans on DR7 haplotypes are related to the DQ2.2 haplotype (DQA1*0201/DQB1*02)[5-13]. Those CD patients
who do not carry the DQ2 heterodimer, and are encoded
by the DR4 haplotype, carry HLA-DQ8 ( a 1*0301,
[4]
β1*0302) . HLA-DQ2 is common in Europeans and is
expressed in 25%-30% of the healthy European population. Most of the CD patients who do not carry either
DQ2.5 or DQ8, carry half of the DQ2.5 or DQ2.2 molecule (that is either HLA-DQA1*05 or HLA-DQB1*02),
suggesting that carrying even some of the risk molecules
still has functional implications for the risk of CD[13]. The
majority of studies of HLA in CD are focused on Caucasian populations and detailed information on patient
cohorts from diverse ethnic groups is lacking.
There are a number of ethnic groups in Iran, including Persians (Fars), Kurds, Lours, Arabs, Turkmen,
Balochs, and Turks. Most Iranians are Muslims but Zoroastrians, Jews, Armenians, and Nestorians also live in this

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients
A total of 59 CD patients (21 males and 38 females, median age 30.5 years, range 7-67 years) were included: 12
patients from East Iran (Zahedan Province, Baloch ethnicity), 13 from North Iran (Mashhad Province, Fars), 10
from West Iran (Lorestan and Kurdistan Provinces, Lour
and Kurd ethnic groups), and 24 patients from Tehran, in
the center of Iran (Fars). All patients had positive tTGA
and/or EMA antibodies and histology according to the
Rostami-Marsh classification (Marsh Ⅰ-Ⅲc)[18].
Controls
A total of 151 healthy controls (78 females and 73 males,
median age 32.7 years, range 5-83 years) were selected
from those who were negative for CD serological screening in the study areas (25 from Zahedan Province, 30
from Mashhad, 26 from Lorestan and Kurdistan provinces, and 70 from Tehran) and matched by age and sex.
None of them had a personal or family history of cancer
or autoimmune diseases. The study was approved by the
ethical committees of the Gastroenterology and Liver
Diseases Research Centers, Shahid Beheshti University
of Medical Sciences, Tehran, and all the participants (or
their parents/guardians) were informed about the study
according to the study protocol and gave their written
informed consent.
HLA typing
DNA was extracted using the phenol chloroform method[19]. The six HLA-tagging SNPs reported by Monsuur
et al[13] were genotyped using 5 ng of DNA from the Iranian participants, and using TaqMan chemistry and custom assays from Applied Biosystems (ABI, Foster City,
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Fars

Azari

Kurd

Fars

Lur

Zoroastrian

Fars

Baloch

Studied population

HLA typing in this study

HLA typing from
previous studies

City

Prevalence

Ethnicity

HLA typing

Tehran
Mashhad
Lorestan
Kurdistan
Sistan Baluchestan
Fars
Kurdistan
East Azarbaijan, West Azarbaijan and Ardebil
Sistan Baluchestan
Kerman and Yazd

38.6%
22.8%
8.8%
8.8%
21%
25%
17.5%
11%
22.1%
20.8%

Fars
Fars
Lur
Kurd
Baloch
Fars
Kurd
Azari
Baloch
Zoroastrian

HLADQ2/7/8
HLADQ2/7/8
HLADQ2/7/8
HLADQ2/7/8
HLADQ2/7/8
HLA DQ7
HLA DQ7
HLA DQ7
HLA DQ2
HLA DQ2

Figure 1 Human Leukocyte antigenhaplotype frequencies in the different ethnicities of Iran[14-17]. HLA: Human leukocyte antigen.

CA, United States, www.appliedbiosystems.com), including DQ2.2 (rs2395182 and rs7775228 SNPs for DQ2.2,
and rs4713586 SNP to exclude DQ4 from the DQ2.2
group), and SNPs rs2187668 (DQ2.5), rs4639334 (DQ7),
and rs7454108 (DQ8). DNA was genotyped using a
standard protocol provided by Applied Biosystems. The
PCR assays and allelic discrimination were run using an
ABI PRISM 7900HT Sequence Detection System (SDS)
machine. All individuals were run on the same 384-well
plate to avoid biased results due to technical issues. The
data was analyzed using SDS program 2.3 (Applied Biosystems).

DQ7. We could thus distinguish DQ2.5-positive individuals from those who have DQ2.2.
Analysis
For the prediction of HLA alleles, we inferred the DQ
types from the tag SNPs according to the method described by Monsuur et al[13]. Only individuals with complete histology and serology data were included in this
study (59 cases). The statistical analysis was performed
using the F-test. The correlation between HLA risk alleles and Marsh classification was also investigated. A
P-value less than 0.05 was considered statistically significant. Power calculations were performed using the
Quanto program (http://hydra.usc.edu/gxe/) assuming
allele frequencies of 0.15-0.30 and an odds ratio of 6.

Validation
The HLA alleles for 20 CD cases and 30 controls were
also typed using a commercial kit (BAG, Germany) which
is commonly used in general diagnostic laboratories. The
BAG kit makes it possible to identify individuals who
are carriers of the DQB1*02, DQB1*0301, DQA1*05
or DQA1*0201 alleles for HLA-DQ2; DQB1*0302 or
DQA1*03 for HLA-DQ8; and DQB1*0301 for HLA-
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Table 2 Validation results in the Iranian population using the
BAG kit compared to the tag-single nucleotide polymorphism
method

Table 1 Frequency of human leukocyte antigenhaplotypes in
Iranian cases and controls n (%)
Genotypes
DQ2.2/DQ2.2
DQ2.2/DQ7
DQ2.2/DQX
DQ2.5/DQ2.2
DQ2.5/DQ2.5
DQ2.5/DQ7
DQ2.5/DQ8
DQ2.5/DQX
DQ7/DQ7
DQ7/DQX
DQ8/DQ2.2
DQ8/DQ7
DQ8/DQ8
DQ8/DQX
DQX/DQX
Total

Cases

Controls

P -value

1 (1.7)
4 (6.8)
3 (5.08)
7 (11.9)
8 (13.6)
3 (5.08)
7 (11.9)
16 (27.1)
0 (0)
0 (0)
0 (0)
1 (1.7)
2 (3.3)
5 (8.5)
2 (3.3)
59 (100)

0 (0)
8 (5.3)
22 (14.5)
5 (3.3)
1 (0.6)
5 (3.3)
5 (3.3)
10 (6.6)
17 (11.2)
17 (11.2)
8 (5.3)
9 (6)
4 (2.6)
8 (5.3)
32 (21.2)
151 (100)

0.28
0.76
0.06
0.04
< 0.001
0.69
0.04
< 0.001
0.004
0.004
0.11
0.29
0.67
0.54
0.001

Tag SNP
Number of patients
DQ 2.2
Sensitivity
Specificity
DQ 2.5
Sensitivity
Specificity
DQ 8
Sensitivity
Specificity

Controls

59
100%
100%
100%
97.8%
86.4%
86.4%

151
100%
100%
100%
96.7%
100%
97.1%

between the two tests. Eight CD samples, which the tag
SNP approach classified as non-DQ2/DQ8, were typed
as DQ8 with the BAG kit. The results of the validation
showed that the sensitivity to detect DQ2 and DQ7 was
100% and 84.6% for DQ8, while the specificity was 97%
for DQ2 and DQ7, and 86.4% for DQ8 (Table 2). These
results suggest that DQ2 and DQ7 can be inferred using
the tag-SNP method, but that the detection of DQ8 is
less sensitive and less specific. Heterozygosity and homozygosity of the haplotypes could not be determined by
the BAG kit for all samples, especially when the parallel
haplotypes are unknown (DQX).

SNPs. We observed that 83.03% of cases and 35.09%
of controls were carriers of an HLA-DQ2 heterodimer,
either in homozygous or heterozygous state. The patterns of the specific HLA-DQ haplotypes in the CD
patients were as follows: 25.4% of CD patients were heterozygous DQ2.2 including DQ2.2/DQ2.5 compound
heterozygosity, 1.7% of CD patients were homozygous
DQ2.2/DQ2.2, 56% of CD patients were heterozygous
DQ2.5 including DQ2.5/DQ8 compound heterozygosity, and 13.5% of CD patients were homozygous DQ2.5/
DQ2.5. DQ8 heterozygosity was predicted in 15 patients,
of which seven were DQ8/DQ2.5 carriers and two were
homozygous DQ8/DQ8. The HLA-DQ pattern in the
controls was as follows: heterozygous DQ2.2 in 28.5%,
non-homozygous DQ2.2/DQ2.2, and heterozygous
DQ2.5 in 16.5%, and homozygous DQ2.5/DQ2.5 in
one. DQ8 was positive in the heterozygous state in 30
(19.9%) controls and in the homozygous state in four
controls.
Table 1 shows the frequency of HLA-related CD
genotypes in the healthy controls and the prevalence of
the different HLA-related CD genotypes in our Iranian
CD patients. DQ2.2 and DQ7 can only confer risk of
CD when both are present together or with DQ2.5[13].
In our cohort, DQ2.2 and DQ7 haplotypes were present
together or with DQ2.5 in 23.7% of CD patients and
11.9% of controls. A DQ2-DQ8-negative genotype was
seen in 66 controls and two CD cases.
DQ2.5/DQ2.2, DQ2.5/DQ2.5, DQ2.5/DQ8 and
DQ2.5/DQX were detected as significant in the CD
cases (P < 0.05) and DQ7/DQ7 and DQ7/DQX were
detected as significant in the controls (P < 0.05). Accordingly, we can conclude that CD patients carry more HLA
risk alleles than controls (Table 1).

Risk groups
Based on the outcome of the HLA-DQ2/DQ8 prediction using tagging SNPs, we divided the Iranian population into three risk groups: low risk, which were DQ2/
DQ8-negative (3.4% of cases, 43.7% of controls); intermediate risk, which were homozygous for DQ2.2 and
DQ8, or heterozygous for DQ8, DQ2.5 or DQ2.2 (71.2%
of cases, 52.3% of controls); and high risk, which were
homozygous DQ2.5 or DQ2.5/DQ2.2) (25.4% of cases,
4% of controls) (Figure 2). The differences were statistically significant for all the risk groups when comparing
cases to controls (P < 0.05). We also confirmed that CD
patients carry more HLA risk alleles than healthy controls and this difference was statistically significant for the
DQ2.5 haplotype distribution between cases and controls
(P = 0.0001).
Ethnic heterogeneity
We included individuals from four areas with different
ethnicities in Iran but did not find any statistical difference in the distribution of HLA-DQ2 and HLA-DQ7
genotypes in either the case or control groups (P > 0.05)
(data not shown).
Marsh classification
Fourteen patients with Marsh Ⅰ histology and 12 with
Marsh Ⅱ were compared to 33 patients with Marsh Ⅲ
(including 14 Marsh Ⅲa, 7 Marsh Ⅲb and 13 Marsh Ⅲc)
in relation to their HLA-DQ haplotypes. Table 3 shows
the distribution of HLA haplotypes according to the
Rostami-Marsh classification[18]. Of the 25 patients demonstrating only minor small bowel mucosal changes (i.e.,

Validation of the tag SNPs
We typed 20 random CD cases and 30 controls using
both the BAG kit and the tag SNPs to test the validity of the tag SNP approach in the Iranian population.
Nine cases and three controls showed discordant results
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100

Celiac
Controls

Frequency

80

Table 3 Distribution of human leukocyte antigen haplotypes
according to the degrees of mucosal changes
71.2%

Haplotype

60

52.3%

HLA- DQ2.2/DQ2.2
DQ2.2/DQ7
DQ2.2/DQX
DQ2.5/DQ2.2
DQ2.5/DQ2.5
DQ2.5/DQ7
DQ2.5/DQ8
DQ2.5/DQX
DQ8/DQ7
DQ8/DQ8
DQ8/DQX
DQX/DQX
Total

43.7%
40
25.4%
20

0

Rostami-Marsh classification

Total

P -value

Marsh Ⅰ Marsh Ⅱ Marsh Ⅲ

4%

3.4%
Low risk

Intermediate risk

High risk

Figure 2 Distribution of the human leukocyte antigen risk groups in cases
and controls according to tag-single nucleotide polymorphism prediction.
Low risk for those negative for DQ2/DQ8; intermediate risk for those homozygous for HLA-DQ2.2 or DQ8, heterozygous for DQ2.5 or DQ2.2; high risk
for those homozygous for DQ2.5 and DQ2.5/DQ2.2. HLA: Human leukocyte
antigen.

0
2
0
3
2
0
1
2
1
0
2
0
13

1
2
2
3
5
1
5
9
0
2
3
1
34

1
4
3
7
8
3
7
16
1
2
5
2
59

0.73
0.46
0.2
0.06
0.46
0.2
0.78
0.96
0.04
0.53
0.13
0.64

rare alleles (DQX) either in heterozygous or homozygous
state that cannot be detected by the BAG kit.
As reported for other populations[23-25], the most frequent haplotype in Iranian CD patients was HLA-DQ2.5
(69.5%) and its frequency is very similar to that seen in
European CD populations.
Surprisingly, in contrast to the low prevalence of
HLA-DQ8 in CD population reported in the literature
(0.6% in Cameroon, 2% in Italy, 2.3% in Hungary, 4.2%
in United States, 6.4% in Finland and 7.6% in Japan)[12,26],
we found a higher prevalence (25.4%) of this genotype in
the Iranian CD population. Our result is comparable with
those presented by Catassi et al[27] in 2009 for Turks (22%),
North American Indians (25.3%), Mexicans (28.3%) and
Bushmen (ethnic groups in Southern Africa) (30%).
Karell et al[28] and Polvi et al[29] suggested that only a
small number of CD patients (6%) carry neither DQ2 nor
DQ8. Our study supports these figures, as we only found
two CD patients (3.4%) who were DQ2-DQ8-negative.
Several studies have shown that individuals homozygous for HLA-DQ2.5 or heterozygous for HLADQ2.5/DQ2.2 genotypes have an increased risk for
CD compared to those homozygous for HLA-DQ2.2
or heterozygous for HLA-DQ2.5 or HLA-DQ2.2[30-32].
Similarly, our results show that 25.4% of cases lie in the
high risk group for CD compared to 3.4% in the low risk
group. The frequencies of intermediate risk and high risk
groups were, as expected, higher in cases than controls
(Figure 2).
The frequency of DQ8/DQ2.2 in the cases was zero
but this number may be less reliable. This may be due
to differences in the patterns of linkage disequilibrium
blocks in Iranians or may result from low concentrations
of DNA samples (the concentration of the samples was
reduced when they were sent to the UMCG for genetic
analysis). We concluded that DQ2 worked well, but DQ8
needs to be interpreted more carefully when identified
using tagging SNPs.
In conclusion, this pilot study has provided information on the genetic background of CD in Iranians. This
should prove useful to other researchers and to future

Marsh Ⅰ and Ⅱ histology), two (3.4%) were negative for
DQ2 and DQ8. Our result thus confirmed that patients
with Marsh Ⅰ or Ⅱ histology carry low HLA risk alleles,
such as HLA-DQ8. No statistically significant correlations were detected between the corresponded haplotypes and the different Marsh classifications.

DISCUSSION
Several epidemiological studies indicated that CD is a
common disorder in the Iranian population with a prevalence of 1%[20-22], but there are no data on the frequency
of HLA-related CD-predisposing alleles. We examined
the frequency of the HLA-DQA1 and HLA-DQB1 haplotypes in Iranian CD patients and compared them to a
matched, healthy control group.
A simple PCR-based SNP approach has been developed for large-scale population screening[13] and this
method can be applied to different Caucasian populations[12]. A major advantage of this PCR-based SNP
method is its ability to distinguish HLA-DQ2 and HLADQ8 homozygotes and heterozygotes which, in turn,
translates into differences in the risk carried for CD. We
tested the transferability of this method to the Iranian
population and found that the sensitivity and specificity to detect the CD risk alleles was 100% and 97% for
HLA-DQ2 and HLA-DQ7, respectively, but slightly
lower for HLA-DQ8 (86.4%).
The lower sensitivity and specificity for HLA-DQ8
in the Iranian population might be attributable to differences in the patterns of linkage disequilibrium blocks in
Iranians and Europeans. The frequency of the HLA haplotypes in Iran is not necessarily different from Europeans, but the tagging SNP method might not be the ideal
test to establish the frequency of CD-associated HLADQ8 haplotypes in this population.
The false positives or false negatives observed with
the tagging SNP method may be due to the presences of
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that the frequency of HLA-DQ2 is higher in Iranian celiac disease patients than
in controls and that the prevalence of HLA-DQ8 is higher than that reported in
other international populations. The data presented in this study offer the first
step towards defining the genetic structure of HLA in the Iranian population with
celiac disease and provide information that can be used in family screening. In
addition, the data suggest that the Iranian population, as a non-European Caucasian population, does share certain HLA class Ⅱ genetic components with
the populations of European countries. They therefore suggest that performing
readily available serological tests in combination with HLA typing will significantly reduce the burden of celiac disease in the at-risk population by providing
more accurate diagnoses and enabling timely treatment with a gluten-free diet.

work on this disease. Despite our small cohort, the data
we present offer a first step towards defining the genetic
structure of HLA in the Iranian population with CD and
provide information that can be used in family screening.
In addition, our data suggest that the Iranian population,
as a non-European Caucasian population, does share
certain HLA class Ⅱ genetic components with the CD
populations of European ancestry. We found that Iranians are most similar to non-European Caucasian CD
patients, given their increased frequency of HLA-DQ8
carriers. Further works, with larger sample sizes, on HLA
polymorphisms among people living in different parts
of Iran will provide more detailed information about the
genetic background of the Iranian population and its relationship to other ethnic populations in the world.

Applications

The main importance of HLA mapping is to combine the less-invasive methods
into a diagnostic algorithm that can be a substitute for the gold standard of
biopsy sampling. Carrying HLA risk alleles can be a predictor of susceptibility to
celiac disease.

Terminology

HLA: the loci of genes that encode for major histocompatibility complex in humans; tissue transglutaminase IgA and/or IgG test: autoantibodies against the
transglutaminase protein used as part of an evaluation for certain autoimmune
conditions, most notably celiac disease.
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The authors have aimed to identify the prevalence of HLA-DQ2 and -DQ8 alleles in celiac patients and a healthy population in Iran and have compared
the results with those determined by previously described tagging single
nucleotide polymorphism (SNP) methods and commercial kits. The reviewed
article describes a nice study. Indeed, there were no data available on the HLA
distribution in celiac patients in Iran. Furthermore, the approach based on HLAtagging SNPs that was adopted in this study is the best described method for
determining HLA alleles. The article is well written, and the tables and figures
are of outstanding quality. It is thus a great summary of a pilot study conducted
in Iranian celiac patients.
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Outcomes after stenting for malignant large bowel
obstruction without radiologist support
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RESULTS: The indication for all stent procedures
was an obstructing colorectal malignancy. Out of 53
patients, the overall success rate was 90.6%. Eight
patients had a stent intended as a bridge to surgery
and 45 as a palliative procedure. Technical success
was achieved in 50 out of 53 procedures (94.3%) and
clinical success in 48 of those remaining 50 (96.0%).
Those with unsuccessful technical or clinical procedures
went on to have defunctioning stomas to treat their
obstruction. There were six complications from the
technically successful stents (12.0%). These included
one migration, one persisting obstructive symptoms
and four cases of tumour overgrowth of the stents at a
later date. Haemorrhagic complications, perforation or
mortality were not observed in our series. Our results
are comparable to several other studies assessing stent
outcomes for obstructing bowel cancer.
CONCLUSION: Our data suggests that colorectal
stents can be inserted without radiologist support by an
adequately trained individual with good outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Self-expanding colonic stents; Colorectal
cancer; Palliation; Interventional radiology; Endoscopy

AIM: To assess outcomes after colonic stent insertion
for obstructing colorectal malignancies performed by an
endoscopist without radiologist support.

Core tip: There is now a good amount of evidence
showing that colonic stents are a safe management
option for obstruction secondary to colonic malignancy
despite other safety concerns in the literature. Despite
guideline recommendations that they should be performed as a joint procedure with both an endoscopist
and radiologist, limitations of everyday practice may restrict this. Our data shows that procedures can be performed just as safely by only an endoscopist with good

METHODS: This is a retrospective study of all stents
inserted by a single surgeon in a District General Hospital over an eight year period. All stents were inserted
for patients with acute large bowel obstruction secondary to a malignant colorectal pathology either for
palliation or as a bridge to surgery. Procedures were
performed by a single surgeon endoscopically with fluoroscopic control in the X-ray department but without
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success rates and few complications. This may help
improve availability of such procedures and reduced
financial costs.

Table 1 Stent characteristics

Mehmood RK, Parker J, Kirkbride P, Ahmed S, Akbar F, Qasem
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Covered/
uncovered

3
5

Uncovered
Uncovered

8
10

Through the Stent diameter
scope (TIS)
(cm)
Yes
Yes

2.4
2.4

gist and endoscopist working together[1,11]. The Interdisciplinary Canadian Guidelines on the use of metal stents in
the gastrointestinal tract for oncological indications[11] do
not recommend endoscopist only procedures although
in practicality this may not be adhered to by all centres.
The department included in the study is a laparoscopic
colorectal unit run according to NICE recommendations except for the absence of radiological support for
endoscopic stents. This paper is the first to evaluate the
outcomes of colonic stents without the input of a radiologist which may provide benefits in procedure provision
and cost. Our aim is to assess the success and complications rates in procedures performed by an endoscopist
alone in a District General Hospital (DGH).

INTRODUCTION
The National Institute of Clinical Excellence (NICE)
guidelines have recommended the establishment of facilities in acute surgical admission units to allow the placement of colonic stents for patients with large intestinal
obstruction as an alternative to emergency surgery[1]. It
is widely accepted that endoscopic stents are a safe technique in the treatment of large bowel obstruction[2-6].
Colonic cancer is common in the United Kingdom with
over 40000 people being diagnosed every year[7] and as
up to 70% occur in the left side of the colon, stents for
obstructing lesions can often be an option[8]. They can
present in a variety of ways but a significant proportion
will be diagnosed in the acute care setting with symptoms
of colonic obstruction that can result in major morbidity
or mortality. Up to 1 in 4 patients with colorectal cancer
will present with obstruction[9] and at this time patients
may be significantly unwell making the traditional option
of major surgical intervention risky with mortality rates
between 10% to 30%[10]. Stents can be an alternative to
emergency surgery either as a palliation method or as a
strategy to delay surgery until a safer time and avoid unnecessary risks. Other advantages in addition to patient
optimisation include time to allow accurate disease staging, a reduced risk of either temporary or permanent
stomas (and hence better quality of life), adequate opportunity to counsel the patient and reduced health care
costs[11]. NICE have recognised the use of stents in an
emergency setting and recommend that provisions for
them should be available in departments dealing with
such surgical emergencies[1].
As with all procedures there are potential risks and
these commonly include technical or clinical failure, perforation, stent migration or haemorrhagic complications[2-6].
Tumour cell dissemination can also be a concern[12]. Stents
are also expensive in terms of equipment cost and specialist training for staff although there is evidence that stent
insertion followed by elective surgery is more cost effective than primary emergency surgery[13]. Clinical success
rates for emergency colonic stenting are thought to be up
to 76% with an overall mortality of 0.58%[6].
Stents should be inserted by appropriately trained
individuals and NICE, in addition to other literature recommend the combination of an interventional radiolo-
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MATERIALS AND METHODS
This is a retrospective study of all colorectal stents inserted by one consultant colorectal surgeon in a single DGH.
Data was collected between December 2004 and August
2012 by a Colorectal Specialist Nurse on a pre designed
proforma and collated onto a database. The performing
consultant reviewed and validated all the collected data.
All patients who received colonic stents within this period for obstructing colonic malignancy were included in
the analysis.
Stents were inserted by a single consultant surgeon
using a variety of devices which were all inserted in accordance with the manufacturer’s guidelines. The majority
were Cooks® or Pennamed® colorectal stents. Two sizes
(8 cm and 10 cm) were used and were inserted to include
at least 2 cm overlap for the proximal and distal margins
(Table 1). Their diameter was 2.4 cm. Stents were uncovered and inserted through the scope.
All were inserted endoscopically with fluoroscopic
guidance in the X-ray department. Data collected included
indications for stenting, technical and clinical success and
complications. Basic statistical analysis was performed.

RESULTS
During the study period a total of 53 patients received
a colonic stent. The indication for in all patients was for
an obstructing large bowel malignancy presenting as an
emergency. Of these, eight were intended as a bridge to
surgery and 45 were inserted for palliation.
Technical success was achieved in 50 out of 53 patients (94.3%) with 3 failed procedures who went on to
have defunctioning stomas to treat their obstruction. Out
of the 50 that were technically successful, 48 went on to
be clinically successful in the immediate follow up period
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Attempted stents
53 patients

Table 2 Complications after stent insertion n (%)
Complication

Early complications
Stent migration
Late complications
Persistent obstructive symptoms
Tumour overgrowth on distal
end of stent

Number
(out of 50
patients)

Management

1 (2.0)

Stoma formation

1 (2.0)
4 (8.0)

Stoma formation
All had failed re stenting
and went on to have stomas

Technical success
50 patients (94.3%)

Clinical success
48 patients (96.0%)

Delayed
complications
4 patients (8.3%)

(96.0%). The two that were unsuccessful were secondary
to persisting obstructive symptoms and stent migration.
They both went on to have a stoma. Delayed complications after initial clinical success occurred in four patients
and these were all due to tumour overgrowth at the distal
end of the stent. All these patients had an attempted
second stent but all unfortunately failed. They also went
on to have stomas. This gives an overall immediate and
delayed complication rate of 6 out of 50 procedures
(12.0%). These results are summarised in Table 2 and
Figure 1.
Most stents were performed for palliation and these
patients survived for a few weeks and either died peacefully at home or occasionally readmitted and died in
hospital. Patients who received bridging stents had surgery performed in next two three weeks or as previously
planned.
Haemorrhagic complications or perforation were not
seen on any occasion and there were no mortalities secondary to stent insertion. If there were no complications
then patients were discharged the day after their bowels
had worked with the stent in situ. There were no noted
operative difficulties due to the stent in those patients
who went on to have further surgery.

Clinical failure
2 patients (4.0%)
(migration,
persistent
obstruction)

Stoma formation

Stoma formation

Figure 1 Break down of results.

colorectal surgeon which may reduce service and financial pressures on the health service. This may be the standard practice in many centres already despite the absence
of data assessing its safety.
Our technical success, clinical success and complication rates are comparable to papers published using techniques involving the two parties[2-4,6]. Blake et al[2] reported
a technical and clinical success rate of 86% and 84% respectively and our data exceeds both of these. Complications were reported in 22.5% of their cases and our rate
is much lower.
Sebastian et al[6] reported perforation rates at 3.8%,
migration rates of 11.8% and recurrent obstruction of
7.3% in a pooled analysis of 54 studies and complications
reported here are lower. The technical failures went on to
have stomas as an alternative method of relieving their
obstruction as in our series.
The alternative strategy of emergency surgery in
these patients with the likely use of either a temporary or
permanent stoma has much higher risks especially in the
cohort of often elderly and compromised patients who
present with malignant bowel obstruction. Mortality of
emergency surgery can be between 10%-30% depending on the patient (compared to 0% in our study) with
morbidity rates as high as 39%[10]. Stents can help avoid
surgery in those where it is not appropriate or allow adequate time for pre operative preparation, counselling and
staging for those who are suitable for further intervention. It is important to highlight here however, that each
patient should always be assessed on an individual basis
and the most appropriate course of action taken. The use
of emergency surgery instead of a stent should not be
thought of as an unsuccessful management[18].
From our series the success rates are high and complication rates low which is comparable with similar studies suggesting that radiological support is not necessary
in the presence of an adequately trained endoscopist.
Our data does not agree with recent data suggesting that
complications can occur in up to a third of procedures[19].
This may improve availability and costs of the procedure
due to fewer necessary staff and may justify this method

DISCUSSION
Colonic stents are now widely accepted as a useful alternative for managing malignant large bowel obstruction
and have been in use for over 10 years[2-4,6,14]. There have
been some concerns over safety and several studies have
required early cessation due to this[15-16]. However several
papers have now published reassuring results with low
complication rates[2,6]. It seems to be a useful technique in
appropriate patients to avoid the high risks of mortality
and morbidity and to reduce health care costs of emergency surgery. A randomised control trial however is still
awaited and as a recent systematic review has noted, there
are few papers regarding stents with good sample sizes
clearly limiting the quality and validity of evidence for
their benefits[17]. The overall consensus from one study is
that technical and clinical success rates were lower than
anticipated[17].
Literature has only been published regarding centres
performing stents with the combined efforts of both endoscopic and radiological interventionalists[2,6]. Our series
looks at using only an endoscopist who is a consultant
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ployed in appropriate centres.

wherever it is already used. Colonic stents have only been
used for around 10 years so it is reasonable to suggest
that the success and complication figures will improve as
the learning curve progresses.
Colonic stents have been shown to be cost effective in
a study by Targownik et al[13]. It was associated with a mean
lower cost per patient, less operations, lower mortality and
an 83% reduction in stoma requirement[13]. Any procedure
not requiring a radiologist would only be cheaper. There
still will be significant time and cost for training and materials in any service developing provisions for stents but it
is likely to be cost effective in the long term.
Our study adds to the current data confirming that
colonic stents in acute obstruction secondary to bowel
cancer are a successful and safe strategy. It is appropriate for this to be done without radiologist support with a
good success rate and without higher than expected adverse events providing the endoscopist is adequately experienced. In the study hospital, there was only one surgeon with stenting experience. His lowest success rate is
around 94.3% and others performing similar techniques
should publish their data for comparison. Those appropriately trained could provide this service with hopefully
an increased provision and reduced costs for this procedure due to the absence of radiology support.
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differentially expressed between HCC and NT tissues,
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and the expression level of MALAT1 showed no significant difference (P = 0.114).

Wu-Tao Liu, Xin Lu, Guang-Hua Tang, Jin-Jun Ren, WenJun Liao, Peng-Lei Ge, Jie-Fu Huang, Department of Liver
Surgery, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100730, China
Author contributions: Liu WT contributed to the conception
and design of the study, and wrote the manuscript; Tang GH, Ren
JJ, Liao WJ and Ge PL performed the research; Huang JF contributed to the conception and design of the study, and approved
the final version to be published; Lu X collected the conception
and designed the study, revised the article and approved the final
version to be published.
Supported by Grants from the China Medical Board of New
York, No. 11-045; and National Key Technology Research and
Development Program of China, No. BAI06B01
Correspondence to: Xin Lu, MD, Professor of Surgery, Department of Liver Surgery, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, No.1 Shuaifuyuan, Beijing 100730,
China. luxinln@gmail.com
Telephone: +86-10-69156042 Fax: +86-10-69156043
Received: March 7, 2014
Revised: April 25, 2014
Accepted: May 12, 2014
Published online: May 28, 2014

CONCLUSION: This study identified a set of lncRNAs
differentially expressed in HCC tissues and provided
useful information for exploring potential therapeutic
targets and diagnostic biomarkers of this cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Long non-coding RNAs (lncRNAs) possess
prominent and diverse regulatory functions in cancer
processes. In this study, the expression profiles of
lncRNAs in hepatocellular carcinoma (HCC) were analyzed using a microarray-based method. One hundred
and seventy-one lncRNAs were significantly downregulated and 488 were upregulated in HCC tissues.
Validation was performed in 29 subjects with HCC using quantitative real-time polymerase chain reaction
and the expressions of four lncRNAs were significantly
downregulated in HCC, whereas the expression of lncRNA MALAT1 showed no significant difference. The
same result was obtained in a subset of patients with
hepatitis B virus-related HCC.

Abstract
AIM: To analyze the expression profiles of long noncoding RNAs (lncRNAs) in hepatocellular carcinoma.
METHODS: Hepatocellular carcinoma (HCC) tissues
and matched adjacent non-tumor (NT) liver tissues
were collected from 29 patients with HCC, immediately
after liver resection, between March 2011 and July
2013. The diagnosis of HCC was made based on histological examination. Differentially expressed lncRNAs
between HCC and NT tissues were revealed through
microarray-based lncRNAs expression profiling. Further,
quantification of selected lncRNAs was performed using
quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR).
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MATERIALS AND METHODS
Patients
In this prospective study, twenty-nine patients aged 30-73
years were enrolled from March 2011 to July 2013. The
human ethics committees of the Peking Union Medical
College Hospital (PUMCH) approved this study. Before
surgery, written informed consent was obtained from
all patients. All these patients received liver resection at
PUMCH and were diagnosed as HCC histopathologically after surgery. There was no radiotherapy or chemotherapy before surgery. Four of these patients were used
for microarray analysis of lncRNAs and twenty-five were
used for an extra evaluation. Demographic and clinical
characterizations of the study population are summarized
in Table 1.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most prevalent neoplasm and the third leading cause of cancer-related death[1-3]. In particular, new cases of HCC in China
account for almost 55% of all patients worldwide[4]. In
the United States, the incidence of HCC is increasing
faster than that of any other cancer[5]. HCC is strongly
associated with chronic hepatitis B virus (HBV) and 50%
of HCC cases are attributable to chronic infection with
HBV[1,3,6]. With a dismal 5-year survival rate of approximately 5%-6%, HCC has one the worst prognoses among
cancers and causes enormous social cost and burden,
despite noteworthy advances in surgical techniques and
medical treatment[5,7]. There is a great need to determine
the relationships between clinicopathological features and
molecular changes in HCC to develop new diagnosis and
treatment strategies, and to improve the prognosis of diagnosed patients[8,9].
The human genome comprises not only proteincoding genes, but also encodes a far larger set of nonprotein-coding transcripts that have crucial functions
for diseases[10,11]. Though much attention has focused
on small non-coding RNAs [18-200 nucleotides (nt)] in
recent years, long non-coding RNAs (lncRNAs), a newly
discovered class of non-coding RNAs greater than 200
nt in length, have been shown to possess prominent and
diverse regulatory functions in a wide range of biological
processes[12-15]. Studies indicate that lncRNAs are associated with various human diseases, including cancer[16-19].
Altered lncRNAs expression levels correlate with patient
clinicopathological features and prognosis. For example,
Gupta et al[20] found that the expression of lncRNA HOX
antisense intergenic RNA (HOTAIR) was increased in
primary breast tumors and metastases, and the HOTAIR
expression level in primary tumors was a powerful predictor of eventual metastasis and death. More recently,
Yang et al[21] found that the expression level of lncRNA
high expression in HCC (lncRNA-HEIH) in HBV-related HCC could effectively predict recurrence and was an
independent prognostic factor for survival. Furthermore,
using loss-of-function and gain-of-function approaches,
they identified that lncRNA-HEIH plays a key role in
cell-cycle regulation. In spite of this progress, studies on
the roles of lncRNAs in HCC are still at a preliminary
stage and their clinical significance remains largely unknown.
In this study, the lncRNA expression signatures from
four subjects with HCC, were compared with matched
adjacent non-tumor (NT) liver tissues. Five of these lncRNAs were evaluated by quantitative real-time reverse
transcription polymerase chain reaction (qRT-PCR) in
twenty-nine HCC tissues and NT tissues. Our results
demonstrated that lncRNAs profiles may provide new
molecular biomarkers or therapeutic targets for HCC.
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Tissue collection and total RNA extraction
Paired HCC tissues and adjacent NT liver tissues from
every subject were snap-frozen in liquid nitrogen immediately after resection and stored at -80 ℃ until use.
The mirVanaTM RNA Isolation Kit (Applied Biosystems,
Foster City, CA, United States) was used to extract total
RNA from frozen samples, according to the manufacturer’s protocols, which was then eluted with 100 mL of
nuclease-free water. A NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, DE, United States)
determined the RNA yield, and agarose gel electrophoresis with ethidium bromide staining evaluated the RNA
integrity.
Microarray and computational analysis
Four HCC tissues and corresponding non-tumor liver
tissues were used for lncRNA microarray profiling.
200 ng of total RNA was labeled using the LowInput
Quick-Amp Labeling Kit, One-Color (24*) (Agilent, p/n
5190-2305, Santa Clara, CA, United States) and hybridized on the Gene Expression Hybridization Kit (Agilent,
p/n 5188-4242). The Agilent human lncRNA array contains 46506 human lncRNAs probes and 30656 human
mRNAs probes. Hybridization signals were detected
using The Microarray Scanner (Agilent, p/n G2505C)
detected the hybridization signals and the Feature Extraction Software (Agilent) analyzed the scanned images.
OE Biotech, Shanghai, China performed the microarray
work.
Real-time quantitative reverse transcription-PCR
A two-step reaction process was used for quantification:
reverse transcription (RT) and PCR. Each RT reaction
consisted of 0.5 µg RNA, 2 µL of PrimerScript Buffer,
0.5 µL of oligo dT, 0.5 µL of random 6 mers and 0.5 µL
of PrimerScript RT Enzyme Mix Ⅰ (TaKaRa, Japan), in
a total volume of 10 µL. Reactions were performed in a
GeneAmp® PCR System 9700 (Applied Biosystems) for
15 min at 37 ℃, followed by heat inactivation of RT for
5 s at 85 ℃. The 10 µL RT reaction mix was then diluted
× 10 in nuclease-free water and held at -20 ℃.
Real-time PCR was performed using LightCycler®
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PRC), based on the mRNA sequences obtained from the
NCBI database and are shown in Table 2.

Table 1 Demographic and clinical characteristics of patients
with hepatocellular carcinoma for the study of tissue lncRNAs
expression n (%)
Parameters

Description

Age (yr)
Gender
Male
Female
Hepatitis virus infection
HBV
HCV
Negative
Tumor size (cm)
Tumor differentiation
Well
Moderate
Poor
TNM stage

56.59 ± 10.97

Statistical analysis
The Statistical Program for Social Sciences (SPSS) 18.0
software (SPSS, Chicago, IL, United States) performed
all the statistical analyses. All data were expressed as
the mean ± SD or proportions where appropriate. For
comparisons, paired t-tests and unpaired t-tests were performed where appropriate. GraphPad Prism 5.01 for Microsoft Windows (GraphPad Software, San Diego, CA,
United States) was used to plot all graphs. P values of 0.05
(two-tailed) were considered statistically significant.

Minimum Maximum
30

73

2

19

26 (89.70)
3 (10.30)
22 (75.90)
3 (10.30)
4 (13.80)
6.44 ± 3.65
6 (20.70)
16 (55.20)
7 (24.10)

RESULTS
LncRNAs expression profiles in HCC
LncRNA profiling detected 659 lncRNAs with significant
differential expression levels in HCC tissues compared
with paired NT tissues (> 2-fold change; P < 0.05): 488
were significantly upregulated and 171 were significantly
downregulated in HCC tissues. The list of the top twenty
differentially expressed lncRNAs identified by microarray
analysis is shown in Table 3. Unsupervised hierarchical
clustering analysis showed systematic variations in the expression of the 659 lncRNAs and 690 mRNAs between
paired HCC and NT tissues. The samples were self-segregated into the HCC and NT clusters. These normalized
microarray expression data were used to generate heat
maps (Figure 1).

10 (34.50)
11 (37.90)
7 (14.0)
1 (3.40)

Ⅰ
Ⅱ
Ⅲ
Ⅳ

BCLC stage
A
B
C
AFP (ng/mL)
≤ 400
> 400
PVTT
Present
Absent
Tumor number
Single
Multiple
Capsule invasive
Present
Absent
ALP (U/L)
ALB (g/L)
TBIL (μmol/L)
DBIL (μmol/L)

21 (72.40)
1 (3.40)
7 (24.10)
17 (58.60)
12 (41.40)
23 (79.30)
6 (20.70)
27 (93.10)
2 (6.90)
6 (20.70)
23 (79.30)
42.90 ± 32.24
39.86 ± 3.72
15.36 ± 7.41
6.10 ± 3.08

11
28
7.1
3

Overview of the mRNA profile in HCC
Through 30656 coding transcripts probes, up to 13664
mRNAs could be detected in four pairs of tissue samples.
The expression levels of 577 mRNAs were significantly
upregulated in HCC tissues compared with the matched
NT tissues, while the expression levels of 113 mRNAs
were significantly downregulated (> 2-fold change; P <
0.05) among all four pairs of samples. Gene ontology
(GO) and pathway analysis showed that the differentially
expressed mRNAs might be involved in regulation of
transcription, and cell cycle and cell division-associated
signal pathways. These results support the view that
carcinogenesis of HCC is a complex multistep process
involving many altered signaling cascades that lead to a
heterogeneous molecular profile[2].

159
47
42.6
16.5

Data are expressed as mean ± SD or n (%). TNM: Tumor-node-metastasis
staging system; BCLC: The Barcelona Clinic Liver Cancer staging system;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha fetoprotein;
PVTT: Portal vein tumor thrombus; ALP: Alkaline phosphatase; ALB:
Albumin; TBIL: Total bilirubin; DBIL: Direct bilirubin.

480 II Real-time PCR Instrument (Roche, Basel, Switzerland) with 10 µL PCR reaction mixture that included
1 µL of cDNA, 5 µL of 2 × LightCycler® 480 SYBR
Green Ⅰ Master (Roche), 0.2 µL of forward primer, 0.2
µL of reverse primer and 3.6 µL of nuclease-free water. Reactions were incubated in a 384-well optical plate
(Roche) at 95 ℃ for 10 min; followed by 40 cycles of
95 ℃ for 10 s, 60 ℃ for 30 s. Each sample was run in
triplicate for analysis. At the end of the PCR cycles, melting curve analysis was performed to validate the specific
generation of the expected PCR product. All experiments
were done in triplicate. The expression levels of lncRNAs
were normalized to glyceraldehyde-3-phosphate dehydrogenase and were calculated using the 2-ΔΔCt method[22].
The primer sequences were designed in the laboratory
and synthesized by Generay Biotech (Generay, Shanghai,
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Validation of profiling data using quantitative real-time
polymerase chain reaction
To validate the microarray analysis results, five lncRNAs were randomly selected from the differential
lncRNAs and their expressions were analyzed using
qRT-PCR in 29 pairs of HCC and matched NT tissues (Figure 2A). Our data indicated that the expressions of TCONS_00018278, AK093543, D16366 and
ENST00000501583 were significantly downregulated in
HCC (P = 0.012, 0.045, 0.000 and 0.000, respectively),
whereas the expression of NR_002819 showed no sig-
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Table 2 The primer sequences used in this study
Target ID
TCONS_00018278
AK093543
D16366
ENST00000501583
NR_002819
GAPDH

Forward primer

Reverse primer

ATGAGGAACTGAGGTCTTTG
GCAGATTGATAAACCTACGGA
TGACAATTCTGGGTGCGA
TCACACTCTCACACTCGCA
CAGCAGCAGACAGGATTC
TGTTGCCATCAATGACCCCTT

GATTGAAGTTAGAGGGTCCAT
ACTTTCTCAGCAGTTTGTTATG
AGAGAACCACAAGTACAGC
TCGTCTGACTCTGGGTTC
TTCCTTCACCAAATCGCAC
CTCCACGACGTACTCAGCG

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

LncRNAs, which are non-coding RNAs greater than 200
nt in length, were ﬁrst described by Brockdorff et al[24]. The
authors described a 19 kb non-protein-coding transcript,
X-inactive specific transcript (XIST), which is responsible for the inactivation of one of the two X chromosome in placental females through DNA methylation.
Since then, especially in recent years, an increasing number of studies have reported that lncRNAs are involved in
the progression of diverse diseases, especially cancers[25-28].
A great number of lncRNAs can be commonly detected
in various tumors, such as colon cancer-associated transcript (CCAT1), metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), HOTAIR and H19[15,29-31].
Accumulating evidence suggests that unique lncRNAs
are associated with the development and progression of
cancer through diverse pathways, including regulation of
the cell cycle[21], apoptosis[32], metastasis[33], autophagy[34],
chemotherapy resistance[35], and epigenetic regulation[36]
in tumor tissues or malignant cell lines. Thus, lncRNAs
have opened a new field of cancer genomics. Although
there are no drugs that act against lncRNAs presently,
it will be fascinating to observe whether drugs could be
developed that specifically target lncRNAs. Notably, lncRNAs can be detected in human body fluids and hold
great promise as biomarkers[30,37,38].
In this study, we focused on exploration and description of the microarray-based lncRNAs expression
signatures of HCC. With abundant and varied probes
amounted to 46506 lncRNAs and 30656 mRNAs in the
microarray, a large number of lncRNAs could be determined quantitatively. Comprehensive in-depth analysis of
the expression profiles of lncRNAs in HCC was executed
to understand the role of lncRNAs in HCC. On the basis of the lncRNA array data, we confirmed that tens of
thousands of lncRNAs were expressed; however, only
a few hundred of them were differentially expressed in
each tissue sample. In all four HCC tissues, 171 lncRNAs
downregulated and 488 were upregulated compared with
adjacent non-tumor tissues. Most of these differentially
expressed lncRNAs have not been characterized functionally. They might be involved in the regulation of the development and progression of HCC and might be helpful
in exploring the molecular basis of HCC.
To validate the microarray analysis findings, five
lncRNAs (TCONS_00018278, AK093543, D16366,
ENST00000501583, NR_002819) were subjected to qRT-

Table 3 The top twenty differentially expressed lncRNAs
identified by the microarray in four hepatocellular carcinoma
patients
lncRNAs

Fold change (Ca/Nt) Regulation direction

BC015396
NR_046337
ENST00000542490
Hs.568152
ENST00000548057
D16366
ENST00000548036
uc003bho.3
TCONS_l2_00006115
TCONS_l2_00006118
AK021443
AY027770
TCONS_00007547
Hs.171192
ENST00000568976
TCONS_l2_00006113
XR_110225
ENST00000500112
ENST00000548475
ENST00000527297

23.924885
15.497891
11.481871
10.981759
10.762795
10.744075
10.218715
10.091635
9.758178
8.632748
7.991496
7.947163
7.920387
7.900335
7.852221
7.546310
7.462819
6.609479
6.573556
6.532015

Up
Up
Up
Up
Up
Down
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Down
Up
Up
Up

Hepatocellular carcinoma samples (Ca) vs matched non-tumor (Nt).

nificant difference (P = 0.114). We also performed a subgroup analysis in twenty-two pairs of HBV-related HCC
and matched NT tissues. Except NR_002819 (P = 0.141),
the remaining four lncRNAs demonstrated a statistically
significant difference in expression between two groups
of tissues (P = 0.029, 0.024, 0.005 and 0.008, respectively) (Figure 2B). These data confirm that a collection of
lncRNAs is often dysregulated in HCC tissues.

DISCUSSION
To date, there have been few studies focusing on lncRNAs expression profiles in HCC or illustrating the association of lncRNA expression with clinicopathological
features and outcomes in HCC. The carcinogenesis of
HCC involves synergy of multiple environmental factors
and genes, needs multiple pathological stages and involves
various molecular events[2]. Technological improvements
and thorough genetic characterization will help to find
new diagnostic or prognostic markers, identify potential
therapeutic targets, and develop new therapeutic strategies[23].
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Figure 1 Heat map showing differentially expressed (fold change > 2) 659 lncRNAs (A) and 690 mRNAs (B) between hepatocellular carcinoma samples and
non-tumor samples (greater than 2.0-fold change, P < 0.05). Each row represents one non-coding/coding RNA, and each column represents a tissue sample. The
relative expression values are depicted according to the color scale. Red indicates upregulation; green indicates downregulation. Ca: Cancer samples; Nt: Matched
non-tumor samples.
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Figure 2 Validation of the differential expression of five lncRNAs using quantitative real-time reverse transcription polymerase chain reaction. A: In 29
paired hepatocellular carcinoma and non-tumor samples; B: In 22 paired hepatitis B virus-related hepatocellular carcinoma and non-tumor samples. Ca: Cancer
samples; Nt: Matched non-tumor samples; HCC: Hepatocellular carcinoma; lncRNAs: Long non-coding RNAs.

PCR in twenty-nine pairs of samples. The results showed
significantly lower expression of TCONS_00018278,
AK093543, D16366 and ENST00000501583 in HCC tissues compared with matched NT tissues. So far, little is
known about the roles of these four lncRNAs in diseases.
However, based on their significantly downregulated expression levels in HCC tissues, we assumed that some of
them may be associated with the pathogenesis or progression of HCC, which should be explored in future studies.
Our data indicated that the expression of NR_002819
showed no significant differences between tumor tissues
and adjacent non-tumor tissues either in all twenty-nine

WJG|www.wjgnet.com

HCC patients (P = 0.114) or in the subgroup of twentytwo HBV-related HCC patients (P = 0.141).
NR_002819, generally known as MALAT1 or nuclear-enriched abundant transcript 2, is a highly abundant
nucleus-restricted RNA localized to nuclear speckles,
which influences alternative splicing of pre-mRNAs by
modulating the cellular distribution and activity of SR
splicing factors[26,39,40]. Overexpression of MALAT1 was
first found in non-small cell lung cancers and then in
many other cancer types, such as breast, pancreas, colon,
prostate, implying key roles in carcinogenesis and tumor
metastasis[23,26,41].

6318

May 28, 2014|Volume 20|Issue 20|

Liu WT et al. LncRNAs expression signature of HCC
third leading cause of cancer-related death. In particular, new cases of HCC in
China account for almost 55% of all patients worldwide. With a dismal 5-year
survival rate of approximately 5%-6%, HCC has one of the worst prognoses
among cancers and causes enormous social cost and burden, despite notable
advances in surgical techniques and medical treatment. The relationships
between clinicopathological features and molecular changes in HCC must be
determined to develop new diagnosis and treatment strategies and improve the
prognosis of diagnosed patients.

Currently, little is known about the function and mechanism of MALAT1 in HCC. Luo JH and his colleagues
found that the expression level of MALAT1 was significantly higher in hepatoblastoma (HPBL) tissues than
HCC tissues[42]. Lin et al[43] found that MALAT1 expression in human carcinomas vs the corresponding nontumor tissues was markedly elevated in four patients with
HCC. Lai et al[44] found that MALAT1 was upregulated in
HCC tissues compared with adjacent non-tumor tissues
in sixty patients, which correlated with HCC prognosis.
Liu et al[45] failed to find a significant association between
single nucleotide polymorphisms (SNPs) in MALAT1 and
decreased susceptibility to HCC in HBV persistent carriers in a case-control study involving over 3000 subjects. In
vitro studies have demonstrated that MALAT-1 interacts
with hnRNP C and regulates the progress of the cell cycle
in HepG2 and HeLa cell lines[46].
The present study, and the studies[43,44] are the only
three papers focusing on the quantitative assessment of
MALAT1 in HCC tissues. The discrepancy between our
findings and those of Lin et al[43] and Lai et al[44] suggested
that further validation is necessary. It should be noted
that the sample sizes of all of these three studies are
comparatively small. For instance, project of Lai et al[44]
included 60 patients and only four subjects were involved
in study[43]. Follow-up studies in larger cohorts of patients
should be conducted at a later date.
The results of qRT-PCR were consistent with the
data from the microarray and revealed that there were
unique lncRNAs expression signatures in these tissues.
These differentially expressed lncRNAs represent a potential novel way to detect HCC. Some studies revealed
the existence of lncRNAs in body fluids, such as serum
and plasma[30,38,47]. However, it is too early to utilize this
collection of lncRNAs as biomarkers of HCC based
on the present data. Further studies to investigate their
functions and structures are necessary. The data obtained
from this present research will benefit the exploration
of novel diagnostic markers and therapeutic targets in
HCC. The sample size of our pilot study was small and
only five lncRNAs were selected for validation, so further
studies in larger cohorts of patients are necessary.
This study described the lncRNAs expression signatures of HCC based on a microarray, which provided
a promising new opportunity to detect HCC. Also, this
study identified a four dysregulated lncRNAs in HCC.
Our data indicated that the expression of MALAT1
showed no significant differences in HCC tissues. These
results warrant further analysis of the relationship between lncRNAs and clinicopathological features of HCC,
which will help our understanding of its carcinogenic
mechanisms, and permit us to explore new early diagnostic markers and novel target genes to prevent HCC development.

Research frontiers

Long non-coding RNSs (lncRNAs) possess diverse regulatory functions in a
broad range of biological processes. Studies indicate that lncRNAs are associated with various human diseases, including cancer. Altered lncRNA expression
levels correlate with patient clinicopathological features and prognosis. However, the roles of lncRNAs in HCC and their clinical significance remain largely
unknown.

Innovations and breakthroughs

In this study, the authors presented the lncRNAs expression profiles in four
subjects with HCC, compared with matched adjacent non-tumor liver tissues.
Five of these lncRNAs were evaluated by quantitative real-time polymerase
chain reaction (qRT-PCR) in a total of twenty-nine pairs of tissues. The results
demonstrated that lncRNA profiles may provide new molecular biomarkers or
the basis for the diagnosis of HCC.

Applications

This study identified a set of lncRNAs differentially expressed in HCC tissues
and provided useful information for exploring potential therapeutic targets and
diagnostic biomarkers of this malignancy.

Terminology

lncRNAs: a newly discovered class of non-coding RNAs greater than 200 nt in
length.

Peer review

The authors of this manuscript analyze expression profiles of lncRNAs in HCC
using a microarray and found that 659 lncRNAs were differentially expressed
between HCC and non-tumor tissues. Moreover, they selected five lncRNAs for
validation using qRT-PCR. This explorative work is suitable for publication. The
English is excellent and it contains new data.
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CLINICAL TRIALS STUDY

Clinicopathologic factors influencing the accuracy of EUS
for superficial esophageal carcinoma
Jung Im Jung, Gwang Ha Kim, Hoseok I, Do Youn Park, Tae Kyun Kim, Young Hwa Cho, Yong Wan Sung,
Mun Ki Choi, Bong Eun Lee, Geun Am Song
RESULTS: A total of 114 lesions in 113 patients were
included in the final analysis. The EUS assessment of
tumor invasion depth was accurate in 78.9% (90/114)
patients. Accuracy did not differ according to histologic
type, tumor differentiation, tumor location, or macroscopic shape. However, accuracy significantly decreased
for tumors ≥ 3 cm in size (P = 0.002). Overestimation
and underestimation of the invasion depth occurred
for 11 (9.6%) and 13 lesions (11.4%), respectively. In
multivariate analyses, tumor size ≥ 3 cm was the only
factor significantly associated with EUS accuracy (P =
0.031), and was specifically associated with the underestimation of invasion depth.
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CONCLUSION: EUS using a high-frequency catheter
probe generally provides highly accurate assessments
of SEC invasion depth, but its accuracy decreases for
tumors ≥ 3 cm.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Endoscopic ultrasonography; Accuracy
Core tip: Endoscopic ultrasonography (EUS) using a
high-frequency catheter probe generally provides a
highly accurate assessment of the invasion depth of superficial esophageal cancers (SECs). However, accuracy
decreases for tumors ≥ 3 cm in size, with a tendency
towards underestimation for these tumors. Therefore,
caution is warranted when selecting the treatment modality for SECs ≥ 3 cm in size on the basis of pretreatment EUS staging.

Abstract
AIM: To identify clinicopathologic factors influencing
the accuracy of a high-frequency catheter probe endoscopic ultrasonography (EUS) for superficial esophageal
carcinomas (SECs).
METHODS: A total of 126 patients with endoscopically suspected SEC, who underwent EUS and curative
treatment at Pusan National University Hospital during
2005-2013, were enrolled. We reviewed the medical
records of the 126 patients and compared EUS findings
with histopathologic results according to clinicopathologic factors.
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Endoscopy
After conventional examination by a high-resolution endoscope (GIF-H260, Olympus, Tokyo, Japan), all patients
underwent chromoendoscopy with 3% iodine solution.
Following the Paris classification system, the macroscopic
shapes of SECs were categorized as either protruding
(Ⅰ), non-protruding and non-excavated (Ⅱ), or excavated (Ⅲ)[15]. Type Ⅱ lesions were subclassified as slightly elevated (Ⅱa), ﬂat (Ⅱb), or slightly depressed (Ⅱc). Next,
all lesions were broadly classified into 3 groups: elevated
(Ⅰ, Ⅱa), flat (Ⅱb) and depressed (Ⅱc, Ⅲ) types. The tumor location was also divided into 3 groups: upper, mid
and lower esophagus. The upper esophagus was defined
as extending from the upper esophageal sphincter (UES)
to 5 cm distal to the UES. The lower esophagus was defined as extending from the lower esophageal sphincter
(LES) to 5 cm proximal to the LES. The mid-esophagus
was defined as the remaining region between the upper
and the lower esophagus.

INTRODUCTION
The recent development of endoscopic diagnostic techniques using iodine staining and narrow band imaging
has been accompanied by an increase in the incidence
of superficial esophageal carcinoma (SEC). Traditionally,
radical surgery has been the treatment of choice for most
cases of esophageal cancer, even for patients with cancer
that is limited to the mucosa[1]. However, surgery is generally associated with high rates of mortality and morbidity[2,3]. Furthermore, surgery cannot be performed in a
considerable proportion of patients because of advanced
age or the presence of comorbidities[4,5]. In these situations, endoscopic treatment (such as endoscopic mucosal
resection) may represent an alternative to esophagectomy
for early-stage esophageal cancer[6,7].
Because endoscopic treatment is primarily indicated
for patients with a low risk of lymph node metastasis
(LNM), identifying such patients is particularly important[2,8]. The presence of LNM is strictly related to the
depth of tumor invasion in the esophageal wall. Indeed,
the risk of LNM is 0%-3% among lesions confined to
the mucosa, but reaches 15%-50% when the submucosa
has been invaded[9,10]. Therefore, when selecting patients
for local endoscopic resection, it is crucial to distinguish
between mucosal cancers and more advanced cancers
that have infiltrated the submucosa.
EUS provides a detailed image of the esophageal
wall. To date, it is the most accurate method that is available for staging esophageal carcinoma in terms of both
depth of invasion (T stage) and presence or absence of
involved lymph nodes (N stage)[11]. Additionally, EUS
using a high-frequency catheter probe provides a high
level of diagnostic accuracy for distinguishing between
mucosal and submucosal esophageal cancers[12,13]. There
are a few reports on clinicopathologic factors that can influence the accuracy of EUS[9,14]. Therefore, the aims of
this study were to assess the accuracy of EUS conducted
with a high-frequency (20 MHz) catheter probe for determining the depth of endoscopically suspected SEC, and
then to identify clinicopathologic factors influencing the
accuracy of EUS in distinguishing between mucosal and
submucosal lesions.

EUS
EUS was performed using a radial scanning 20 MHz
catheter probe (UM3D-DP20-25R, Olympus) following
the jelly-filled method[16,17]. The probe was passed through
one instrument channel of a 2-channel endoscope (GIF2T240, Olympus) and 20-40 mL of echo jelly (Daejin
Co., Ltd., Seoul, South Korea) was instilled using a 10 Fr
disposable oxygen catheter (HS-OC, Hyup Sung Medical
Co., Ltd., Seoul, South Korea) through the other instrument channel until the esophageal lumen was filled. All
examinations were performed under intravenous conscious sedation (midazolam with or without meperidine).
At least 15 still EUS images were recorded for each patient, and these images were stored on magneto-optical
disks. A review of the EUS photos was performed by a
single experienced endosonographer (Kim GH) who had
previously performed more than 1000 examinations and
was blinded to the final diagnosis.
The probe yielded high-quality cross-sectional images of the esophageal wall and was easily directed to
the small cancer lesions under the direct vision of the
endoscopists[13]. The SECs were classified into 3 groups:
mucosal, submucosal, or advanced. Lymph nodes were
evaluated by using a radial scanning 12 MHz catheter
probe (UM3D-DP12-25R, Olympus). Lymph nodes were
considered malignant, if at least one of the following criteria was met: lymph node larger than 10 mm, delineated
borders, hypoechoic structure resembling the primary tumor, and round in shape. Endosonographic lymph node
classification was performed according to the sixth TNM
system[18].

MATERIALS AND METHODS
We retrospectively analyzed a database of all patients
who had esophageal cancer and had undergone EUS for
pretreatment staging at Pusan National University Hospital (Busan, Korea) between December 2005 and June
2013. We identified a total of 127 lesions in 126 patients
with endoscopically suspected SEC. None of the patients
had previously received chemotherapy or chemoradiotherapy. This study was reviewed and approved by the
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Clinicopathologic review
Endoscopic resection or esophagectomy was performed
within 2-4 wk following EUS. The resected specimens
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to follow-up after EUS. A total of 114 lesions in 113
patients (105 men and 8 women; age range: 39-84 years;
mean age: 64 years) were included in the study analyses.
Ninety-three lesions were treated with surgery and 21
lesions were treated with endoscopic resection. The predominant tumor location was the mid-esophagus (72/114,
63.2%), and squamous cell carcinoma was the most common histologic type (108/114, 94.7%). The mean size of
lesions was 2.4 cm (range, 0.3-5.8 cm). The characteristics
of lesions are summarized in Table 1.

Table 1 Clinicopathologic characteristics of 114 superficial
esophageal carcinomas n (%)
Characteristics
Location
Upper esophagus
Mid-esophagus
Lower esophagus
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Neuroendocrine carcinoma
Differentiation degree
Well differentiated
Moderately differentiated
Poorly differentiated
Macroscopic shape
Elevated
Flat
Depressed
Circumferential spread
< 1/4
1/4–2/4
2/4–3/4
≥ 3/4
Tumor size (cm)
<3
≥3

No. of lesions
18 (15.8)
72 (63.2)
24 (21.1)
108 (94.7)
3 (2.6)
3 (2.6)

Accuracy of EUS in staging superficial esophageal
cancer
The overall accuracy of EUS assessment of tumor invasion depth was 78.9% (90 of 144 lesions), as detailed in
Table 2. The accuracy of EUS did not differ according
to the histologic type, tumor differentiation, tumor location, or tumor macroscopic shape. The accuracy of EUS
somewhat decreased for tumors that involved more than
three-fourths of the esophageal circumference, although
the difference was not statistically significant (P = 0.136).
The accuracy of EUS significantly decreased for tumors
≥ 3 cm in size (P = 0.002; Table 3). Multivariate analysis
indicated that large tumor size (≥ 3 cm) was the only factor that was both significantly and independently associated with the accuracy of tumor invasion depth assessed
using EUS (P = 0.031). The overall accuracy for detecting
LNM was 86.0% (80/93). No variables were significantly
associated with the diagnostic accuracy for LNM (Table 4).

43 (37.7)
61 (53.5)
10 (8.8)
62 (54.4)
38 (33.3)
14 (12.3)
44 (38.6)
35 (30.7)
16 (14.0)
19 (16.7)
74 (64.9)
40 (35.1)

were fixed in 10% formaldehyde. Carcinomas with
adjacent non-neoplastic mucosa were serially cut into
2 mm slices in parallel and embedded in paraffin, and
then sectioned and stained with hematoxylin-eosin for
histological examination. Tumor location, macroscopic
shape, circumferential spread, tumor size, histologic
type, tumor differentiation, the depth of invasion, LNM,
and other clinicopathologic findings were reviewed according to the World Health Organization recommendations[19]. The depth of invasion was classified as mucosal,
submucosal, or advanced (the tumor had invaded the
muscularis propria or deeper) according to the Japanese
criteria[14].

Factors affecting the overestimation or underestimation
of invasion depth using EUS
Overestimation of the invasion depth was observed for
11 lesions (9.6%). Tumors located in the lower esophagus
tended to have a higher risk of overestimation than other
parts of the esophagus (P = 0.074; Table 5). However,
tumor location was not associated with overestimation in
a multivariate analysis (Table 6).
Underestimation of the invasion depth was observed
in 13 lesions (11.4%). Increased circumferential spread
and tumor size ≥ 3 cm were associated with underestimation in univariate analyses (P = 0.001 and P = 0.001,
respectively; Table 7). The results of a multivariate analysis suggested that tumor size ≥ 3 cm was the only factor
that was both significantly and independently associated
with underestimation (P = 0.049; Table 6).

Statistical analysis
The accuracy of EUS in relation to the clinicopathologic
features was assessed using the χ 2 test or Fisher’s exact
test. Subsequently, a multivariate logistic regression analysis was performed to identify variables considered to have
significant influences on the accuracy of EUS. Statistical
calculations were performed using SPSS version 21.0
software for Windows (SPSS, Chicago, United States).
Results were considered statistically significant for all P
values < 0.05.

DISCUSSION
To date, EUS is considered the best available technique
for defining locally advanced, potentially curable lesions
in patients with carcinomas of the esophagus or esophagogastric junction. In the present study, EUS conducted
with a high-frequency (20 MHz) catheter probe accurately
identified SEC invasion depth in 78.9% of the cases.
However, the results of our multivariate analysis indicated
that accuracy significantly decreased for tumors ≥ 3 cm
in size. Our data confirm the usefulness of EUS for dis-

RESULTS
Demographic, endoscopic, and histologic
characteristics
Of the 126 patients, 13 patients were excluded from the
analyses because final histologic results were not available: 2 patients did not receive treatment because of
underlying comorbid disorders, and 11 patients were lost
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Table 2 Endosonographic assessment of the depth of lesions with superficial esophageal carcinoma
EUS

No.

Mucosal
Submucosal
Advanced
Total

Histopathology
Mucosal

Submucosal

Advanced

45
11
0
56

10
42
0
52

0
3
3
6

55
56
3
114

Accuracy of EUS

Overestimation of
EUS

Underestimation of
EUS

81.8%
75.0%
100%
78.9%

0%
19.6%
0%
9.6%

18.2%
5.3%
0%
11.4%

EUS: Endoscopic ultrasonography.

Table 3 Accuracy of endosonographic assessment of invasion
depth in superficial esophageal carcinoma, according to
clinicopathologic characteristics
Characteristics

No. of accurately
assessed lesions

Location
Upper esophagus
Mid-esophagus
Lower esophagus
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Neuroendocrine carcinoma
Differentiation degree
Well differentiated
Moderately differentiated
Poorly differentiated
Macroscopic shape
Elevated
Flat
Depressed
Circumferential spread
< 1/4
1/4–2/4
2/4–3/4
≥ 3/4
Tumor size (cm)
<3
≥3

Table 4 Accuracy of endosonographic assessment of lymph
node metastasis in superficial esophageal carcinoma, according
to clinicopathologic characteristics

P value

Characteristics

0.379

Location
Upper esophagus
Mid-esophagus
Lower esophagus
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Neuroendocrine carcinoma
Differentiation degree
Well differentiated
Moderately differentiated
Poorly differentiated
Macroscopic shape
Elevated
Flat
Depressed
Circumferential spread
< 1/4
1/4-2/4
2/4-3/4
≥ 3/4
Tumor size (cm)
<3
≥3

16/18
57/72
17/24
0.767
85/108
2/3
3/3
0.617
35/43
46/61
9/10
0.486
46/62
32/38
12/14
0.136
37/44
29/35
13/16
11/19
0.002
65/74
25/40

P value
0.137

15/16
43/54
22/23
1.000
75/88
2/2
3/3
0.182
24/25
48/58
8/10
0.225
47/58
22/23
11/12
0.356
25/28
28/31
14/16
13/18
0.769
47/54
33/39

filled balloon method.
In previous reports, which mainly studied Barrett’s adenocarcinoma, the overestimation rate was 20%[9,24]. Mucosal nodularity-like protruding shape was found to contribute to overestimation, probably because of the altered
pattern of the sonographic layer due to inflammatory
changes. However, in the present study, almost all SECs
were squamous cell carcinomas, which were not usually
accompanied by inflammatory changes. Therefore, macroscopic shape was not associated with the overestimation that was observed in the present study. Although
tumor location was not significantly associated with
overestimation in multivariate analysis, overestimation of
invasion depth may be especially common in the lower
esophagus. A true association could have been obscured
by the limited sample size of the present study. When
performing EUS with a catheter probe, it is not easy to
dilate the lumen adequately in the lower esophagus because of external compression such as the diaphragm and
the frequent passage of EUS medium into the stomach.
Consequently, the tumor and esophageal wall become

tinguishing between tumors that have invaded the mucosa
and those that have infiltrated the submucosa in agreement with the results of previous studies[9,12,13,18,20,21]. It is
important to achieve such a distinction before choosing
a nonsurgical therapeutic approach. Indeed, the risk of
LNM is markedly increased among submucosal cancers,
owing to the rich lymphatic network of the submucosa.
In the present study, EUS overestimated the invasion
depth of 11 of the 114 lesions (9.4%). Five of these lesions (45.5%) were located in the lower esophagus (within
5 cm proximal to the lower esophageal sphincter). Overestimation can be attributed to the following factors[22,23]:
(1) peritumoral inflammation, which leads to wall thickening that makes it difficult to distinguish the different
layers; (2) inappropriate positioning of the ultrasound
transducer due to anatomical locations (for example, in
the lower esophagus near the esophagogastric junction)
causing pseudo-thickening and a poor view of the layers;
(3) massive invasion of the submucosa, which can reduce
the thickness of the hyperechogenic medial layer such
that it becomes unrecognizable; and (4) use of the water-
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Table 5 Clinicopathologic characteristics associated with
overestimation of invasion depth by endoscopic ultrasonography in superficial esophageal carcinoma
Characteristics

No. of overestimated
lesions

Location
Upper esophagus
Mid-esophagus
Lower esophagus
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Neuroendocrine carcinoma
Differentiation degree
Well differentiated
Moderately differentiated
Poorly differentiated
Macroscopic shape
Elevated
Flat
Depressed
Circumferential spread
< 1/4
1/4-2/4
2/4-3/4
≥ 3/4
Tumor size (cm)
<3
≥3

Table 7 Clinicopathologic characteristics associated with underestimation of invasion depth by endoscopic ultrasonography in superficial esophageal carcinoma

P value

Characteristics

0.074

Location
Upper esophagus
Mid-esophagus
Lower esophagus
Histologic type
Squamous cell carcinoma
Adenocarcinoma
Neuroendocrine carcinoma
Differentiation degree
Well differentiated
Moderately differentiated
Poorly differentiated
Macroscopic shape
Elevated
Flat
Depressed
Circumferential spread
< 1/4
1/4–2/4
2/4–3/4
≥ 3/4
Tumor size (cm)
<3
≥3

2/18
4/72
5/24
0.464
10/108
1/3
0/3
0.805
4/43
7/61
0/10
0.491
7/62
2/38
2/14
0.266
7/44
2/35
0/16
2/19
0.513
6/74
5/40

1

Accuracy
Tumor size ≥ 3 cm
Lower esophagus
Overestimation
Lower esophagus
Underestimation
Tumor size ≥ 3 cm
Circumferential spread ≥ 3/4

Odds ratio (95%CI)

P value

0.229 (0.060-0.872)
0.433 (0.127-1.476)

0.031
0.181

3.393 (0.785-14.664)

0.102

6.208 (1.005-38.338)
2.328 (0.542-9.995)

0.049
0.256

1

All variables were included in the multivariate analysis, including those
variables that were and were not significantly associated with accuracy,
overestimation, and underestimation in univariate analyses.

somewhat thickened, making it difficult to maintain the
proper distance between the probe and the lesion, which
is necessary to acquire high-resolution images. As a result,
the tumor invasion depth can appear exaggerated during
EUS. Finally, the method of EUS examination could also
influence the rate of overestimation. When using a waterfilled balloon method, the balloon sheath can compress
the lesion to the submucosa, until the mucosal cancer
appears similar to a submucosal cancer. Thus, the overestimation rate would increase. This limitation could be
overcome by relying on other methods such as the waterfilled lumen method or the jelly-filled method. Indeed,
in a study that included a water-filled balloon method,
the overestimation rate was 18.6%[23], which is somewhat
higher than the 9.4% overestimation rate in our study.
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P value
0.160

0/18
11/72
2/24
1.000
13/108
0/3
0/3
0.903
4/43
8/61
1/10
0.379
9/62
4/38
0/14
0.001
0/44
4/35
3/16
6/19
0.001
3/74
10/40

Although EUS overestimated the invasion depth
in some cases, underestimation was observed in other
cases. Particularly, EUS underestimated the invasion
depth in 13 of 114 lesions (11.4%). In 10 of these cases
(76.9%), the tumor was ≥ 3 cm in size. It was additionally observed that, as the circumferential spread of the
tumor increased, the rate of underestimation also increased. Circumferential spread is ultimately similar to
tumor size-both reflect large tumors. Consequently, only
1 of these findings (tumor size ≥ 3 cm) was significantly
associated with underestimation in our multivariate analysis. Underestimation can be attributed to the following
factors[19]: (1) tumor location near the esophagogastric
junction; and (2) minute submucosal invasion, which is
also known as sm1 cancer. If the tumor is located near
the esophagogastric junction, there is a risk of underestimation because of the technical difficulty of EUS at this
location (as discussed in the paragraph above). Because
EUS resolution is around 200 μm on a 20 MHz probe[25],
minute submucosal invasive cancer is difficult to diagnose. Indeed, of the 11 sm1 cancers in the present study,
6 were underestimated (data not shown). Compared with
a conventional EUS transducer, the catheter probe used
in this study is more capable of investigating small lesions and of examining suspicious foci that could invade
most deeply[26]. Despite these advantages, SECs ≥ 3 cm
in size tended to be underestimated by EUS, mainly because of a failure to detect focal areas with submucosal
invasion. Therefore, endosonographers should always
keep in mind the possibility of underestimation during
EUS of large sized SECs. Additionally, this tendency

Table 6 Multivariate analysis for endoscopic ultrasonography
accuracy according to clinicopathologic factors
Variables

No. of underestimated
lesions

6326

May 28, 2014|Volume 20|Issue 20|

Jung JI et al . EUS for superficial esophageal carcinoma

towards underestimation should be considered when
selecting a treatment modality for SEC (e.g., endoscopic
resection vs surgery).
It remains difficult to depict the esophageal wall using an EUS probe because it is not easy to retain water
within the esophageal lumen. To resolve this issue, methods have been developed to conduct the EUS probe
with a water-filled balloon[27,28] or a device for continuous instillation of water[29]. However, the interposition
of the balloon and the compression by the balloon may
interfere with EUS images[21]. Further, attempts to inflate
the esophagus by a continuous instillation of water may
increase the risk of aspiration[30]. To avoid these obstacles, a jelly-filled method is applied for the evaluation of
esophageal lesions[13,31]. This procedure is characterized
by filling the esophageal lumen with jelly, which enables
convenient observation without the use of a balloon[13].
In a comparison study of a jelly-filled method and a
water-filled balloon method, the jelly-filled method provided superior assessments of invasion depth for SEC[7].
Therefore, we used the jelly-filled method in the present
study.
In addition to the assessment of invasion depth, EUS
plays an important role in the evaluation of potential
LNM[11,32]. In the present study, we assessed LNM using only a 12 MHz probe, instead of the conventional
EUS scope. Although spectrum bias is present because
our study only included patients with SEC, the accuracy
of LNM assessed with a 12 MHz probe was acceptable
(86.0%). This result is similar to that in the previous reports[11,32,33]. In addition, we observed no clinicopathologic factors that were significantly associated with diagnostic accuracy for LNM. Therefore, combined assessment
with low (12 MHz) and high (20 MHz) frequency probes
would be adequate for selecting the treatment modality
for patients with SEC.
This study had several limitations. First, this was a
retrospective study that evaluated the accuracy of the
EUS approach for determining the invasion depth of
SEC. Additionally it is possible that some bias was introduced when retrospectively reviewing the EUS images.
During the EUS examination, we took at least 15-30
endosonographic images. To some degree, this comprehensive collection of images could compensate for
the retrospective nature of this study. Second, almost
all SECs in the present study were squamous cell carcinoma, because Barrett’s cancer is quite rare in Korea.
Third, the EUS images were interpreted by a single experienced endosonographer, and interobserver variation
was not evaluated. Although EUS is observer-dependent
and the expertise improves with exposure to additional
cases, interobserver agreement in EUS using a jelly-filled
method is reported to be 82.3%[13]. Therefore, the use of
the jelly method in our study could lessen this limitation.
In conclusion, EUS using a high-frequency catheter
probe generally provides a highly accurate assessment of
the SEC invasion depth. However, accuracy decreases
for tumors ≥ 3 cm in size, with a tendency towards underestimation for these tumors, suggesting that caution is
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warranted when selecting a treatment for such tumors according to pretreatment EUS staging, particularly because
the lesion might be underestimated. Therefore, caution
is warranted when selecting the treatment modality for
SECs ≥ 3 cm in size on the basis of pretreatment EUS
staging.
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OBSERVATIONAL STUDY

Detection of promoter hypermethylation of Wnt antagonist
genes in fecal samples for diagnosis of early colorectal
cancer
Hu Zhang, You-Qing Zhu, Ya-Qiong Wu, Ping Zhang, Jian Qi
the diagnostic efficiency of measuring the hypermethylated SFRP2 and WIF-1 genes in the feces to the fecal
occult blood test (FOBT) for the early detection of CRC.
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RESULTS: Hypermethylated SFRP2 was detected in the
feces of 56.3% (27/48) of CRC cases, 51.4% (18/35)
of adenoma cases and 12.5% (4/32) of patients with
hyperplastic polyps. The hypermethylation of WIF-1
was detected in 60.4% (29/48), 45.7% (16/35) and
18.7% (6/32) of fecal samples from CRC, adenoma and
hyperplastic polyp patients, respectively. At least one
hypermethylated gene was detected in 81.3% (39/48)
of CRC and 65.7% (23/35) of adenoma samples. In
contrast, only a hypermethylated WIF-1 gene was detected in one case of normal fecal samples. Moreover,
no significant associations were observed between
SFPR2 and WIF-1 hypermethylation and clinicopathological features. Additionally, 81.8% of CRC cases
diagnosed as Dukes A stage or advanced adenomas
had at least one hypermethylated gene detected, while
the detection rate with the FOBT was only 31.8% (P <
0.001).
CONCLUSION: Hypermethylated SFRP2 and WIF-1
genes in fecal DNA are novel and promising molecular biomarkers that have great diagnostic potential for
early CRC.

Abstract
AIM: To investigate the feasibility of detecting aberrantly hypermethylated Wnt-antagonist gene promoters
(SFRP2 and WIF-1 ) in fecal DNA as non-invasive biomarkers for early colorectal cancer (CRC).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: The methylation-specific polymerase chain
reaction assay was performed to blindly analyze the
methylation status of SFRP2 and WIF-1 gene promoters in fecal samples from 48 subjects with CRC, 35 with
adenomas, 32 with hyperplastic polyps and 30 endoscopically normal subjects. Additionally, we compared

Core tip: Currently available approaches for the early
detection of colorectal carcinoma (CRC) are suboptimal.
The analysis of methylation markers in the stool as a
non-invasive test is important for the early diagnosis of
CRC. The epigenetic silencing of Wnt antagonist genes
occurs in the early stages of CRC, and up to 90% of
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promoter hypermethylation were frequently found in
early CRC[9].
In this study, we extended the previous work and analyzed the methylation status of SFRP2 and WIF-1 genes
in stools taken from CRC patients, from patients with
benign colorectal diseases and from normal controls and
then assessed the potential of fecal SFRP2 and WIF-1
gene hypermethylation as a non-invasive screening tool
for CRC. Additionally, we compared the early CRC diagnostic efficiencies of the detection of hypermethylated
SFRP2 and WIF-1 genes in the stool to the fecal occult
blood test (FOBT).

colorectal cancers result in the aberrant activation of
Wnt signaling. In our study, we found that hypermethylated SFRP2 and WIF-1 genes in fecal DNA are novel
and promising molecular biomarkers that have a great
potential for the diagnosis of early CRC.
Zhang H, Zhu YQ, Wu YQ, Zhang P, Qi J. Detection of promoter
hypermethylation of Wnt antagonist genes in fecal samples for
diagnosis of early colorectal cancer. World J Gastroenterol 2014;
20(20): 6329-6335 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i20/6329.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6329

MATERIALS AND METHODS
Stool sample collection
Stool samples were collected from 48 patients with sporadic CRC, 67 patients with benign colorectal diseases
(35 colorectal adenomas and 32 hyperplastic polyps) and
30 endoscopically normal patients undergoing surgery
and endoscopy at the Zhongnan Hospital of Wuhan
University between February 2012 and March 2013. The
patients’ clinicopathological features are listed in Table 1.
All samples were stored at -80 ℃ until processing and all
patient diagnoses were confirmed by pathology after surgery or colonoscopy. None of the patients had received
chemotherapy or radiation therapy prior to surgery. All
matched samples were also analyzed with a FOBT (Fecal Occult Blood Gold Gel Stripe, Van Ed Chapman
Biological Engineering Company), which was performed
independently at the laboratory of the Zhongnan Hospital of Wuhan University. This study was approved by the
Ethical Committee of our university, and all patients gave
informed consent for their participation．
Carcinomas were classified according to the Union
for International Cancer Control TNM classification
system. Advanced adenoma was defined as an adenoma
of least 10 mm in diameter, with high-grade dysplasia,
villous or tubulovillous histological characteristics, or any
combination of the three[10]. The left colon was defined
as the region from the rectum to the splenic flexure, and
the right colon was defined as being above the transverse
colon.

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancerrelated death in Western countries, and the incidence rate
has rapidly increased in Eastern countries in the past decade, especially in China[1,2]. The survival is closely related
to CRC stage at the time of diagnosis. The 5-year survival
rate for stage Ⅰ CRC has reached 90%, but less than 10%
for CRC cases who have distant metastase[3,4]. However,
most CRC patients are diagnosed in the middle or late
stages because no typical symptoms for the early stage
of CRC exist[5]. Therefore, the diagnosis of CRC in early
stage has great importance for reducing CRC mortality.
The critical target lesions have included the early stages of CRC and the highest risk of precancerous lesions[6].
Historically, colorectal adenoma has been recognized as
the most important precancerous lesion of CRC. Early
detection of CRC or the precancerous lesions is a major
challenge to improve patient’s survival and widen the
window of therapeutic intervention.
Although the incidence of CRC in the United States
has decreased by 2%-3% every year over the past 15
years, the detection rate of early CRC is still less than
5%[6]. Currently available approaches to early detection of
colorectal tumors are suboptimal. With evolving insights
into the molecular changes during CRC development, assays to detect tumor-derived DNA alterations in the feces
are a promising approach that may improve screening
effectiveness and user friendliness for the screening and
early diagnosis of colorectal neoplasia.
Genetic alterations are believed to drive the histological progression of CRC in the colorectal adenomacarcinoma sequence. The aberrant methylation of genes
appears to act in concert with other genetic alterations
and has been recognized as one of the most common
molecular alterations in CRC. The epigenetic silencing of
Wnt antagonist genes occurs in the early stages of CRC,
and up to 90% of colorectal cancers result in the aberrant
activation of Wnt signaling[7,8]. The Wnt antagonist genes,
secreted frizzled related protein gene family (SFRPs) and
Wnt inhibitory factor-1 (WIF-1), have been found to
be hypermethylated and are frequently not expressed in
CRC cell lines and primary CRC samples[7,9]. Our previous study demonstrated that Wnt antagonist genes with
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DNA extraction
All stool samples were coded before being randomized
and processed. Genomic DNA was extracted from clinical fecal samples (200 mg) with the QIAamp DNA Stool
Mini Kit (Qiagen, Germany) according to the manufacturer’s instructions.
Bisulfite modification
Bisulfite genomic DNA modification, which converts
all unmethylated cytosines to uracils, was performed as
reported previously[11]．For verification of the quality
of the extracted DNA, the human β-actin gene must be
amplified by polymerase chain reaction (PCR). Each PCR
reaction mix consisted of a total volume of 25 μL containing 10 × PCR buffer (Thermo, United States), 12 μL
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Table 1 Correlation of the methylation status of fecal SFRP2 and WIF-1 genes with patients’ clinicopathological parameters n (%)
Parameter

WIF-1

Case

CRC
Gender
Male
Female
Age (yr)
> 55
≤ 55
Tumor location
Left colon
Right colon
TNM stage
A-B
C-D
Lymph node metastasis
Positive
Negative
Distant metastasis
Positive
Negative
Adenoma
Advanced
Non-advanced
Hyperplastic polyp
Normal control

SFRP2

WIF-1 + SFRP2
P value

Sensitivity

(n )

Methylation

P value

Methylation

P value

Methylation

48

27 (56.3)

0.0001

29 (60.4)

0.0001

39 (81.3)

0.0001

81.3%

24
24

17 (70.8)
12 (29.2)

0.140

14 (58.3)
13 (54.2)

0.771

32
16

21 (65.6)
8 (50)

0.297

18 (56.3)
9 (56.3)

1.000

32
16

21 (65.6)
8 (50)

0.267

18 (56.3)
9 (56.3)

1.000

27
21

18 (66.7)
11 (52.4)

0.315

15 (55.6)
12 (57.1)

0.912

21
27

11 (52.4)
18 (66.7)

0.315

12 (57.1)
15 (55.6)

0.912

7
41
35
15
20
32
30

4 (57.1)
25 (61.0)
18 (51.4)

0.848

4 (57.1)
23 (56.1)
16 (45.7)

0.959
0.0001

23 (65.7)

0.0001

65.7%

0.0551

8 (25.0)
1 (3.3)

0.0161

25.0%

4 (12.5)
0 (0)

0.0001

0.0451

6 (18.7)
1 (3.3)

Specificity

96.7%

1

Represents the P value vs normal subjects. Sensitivity represents the ability of the DNA methylation test to detect the presence of at least one
hypermethylated gene. CRC: Colorectal cancer; SFRP: Secreted frizzled related protein; WIF-1: Wnt inhibitory factor-1.

test or Pearson’s χ 2 tests. A P value less than 0.05 was regarded as statistically significant．

PCR-Mix (Topsun Group, China), 1 μmol/L of each of
the primers β-actin-F (TGGTGATGGAGGAGGCTCAGCAAGT ) and β-actin-R (AGCCAATGGGACCTGCTCCTCCCTTGA), and 5-20 ng fecal DNA. The PCR
samples were subjected to 94 ℃ for 3 min, followed by
35 cycles at 94 ℃ for 30 s, 60 ℃ for 30 s, and 72 ℃ for 1
min, and finally a 10 min extension at 72 ℃. PCR products were analyzed by 3% agarose gel electrophoresis.

RESULTS
Hypermethylation of SFRP2 and WIF-1 genes in fecal
DNA
Hypermethylation of SFRP2 and WIF-1 in fecal samples
was detected in 56.3% (27/48) and 60.4% (29/48) of 48
CRC samples, respectively, and 81.3% (39/48) of CRC
samples had at least one hypermethylated gene detected.
The frequencies of aberrant methylation of SFRP2
and WIF-1 were 51.4% (18/35) and 45.7% (16/35) in
colorectal adenoma samples, and 65.7% (23/35) of adenoma samples had at least one hypermethylated gene.
Hypermethylation of SFRP2 and WIF-1 in fecal samples
was detected in 12.5% (4/32) and 18.7% (6/32) of 32
hyperplastic polyp samples, respectively, and 25% (8/32)
of the hyperplastic polyp samples had at least one hypermethylated gene. In 30 normal fecal samples, one case
exhibited a band representative of methylated WIF-1
(Figure 1, Table 3).
The rates of hypermethylation of SFRP2 and WIF-1
genes were significantly different between the carcinoma
and normal control groups (P < 0.001 for both), between
the carcinoma and hyperplastic polyp samples (P < 0.001
for both), between the adenoma group and normal controls (P < 0.001 for both), between the adenoma and
hyperplastic polyp groups (P < 0.001 for SFRP2, P =
0.005 for WIF-1), and between the hyperplastic polyp
group and normal controls (P = 0.045 for SFRP2, but P

Methylation-specific PCR analysis
After the bisulfite treatment, the target genes were amplified with primers for the methylated and unmethylated
genes．The primer sequences are listed in Table 2.
The procedures of methylation-specific PCR are as
follows: 2 μL modified DNA was amplified in a total volume of 25 μL containing 2.5 μL of 10 × PCR buffer, 1.5
mmol/L MgCl2, 200 μmol/L of each dNTP, 0.5 μmol/L
of each primer, and 1.0 unit of Taq polymerase. Amplification conditions included a hot start at 95 ℃ for 5 min,
40 cycles at 95 ℃ for 45 s, annealing temperature of each
gene for 45 s, 72 ℃ for 45 s, and a final 8 min extension
step at 72 ℃. Products were visualized by 3% agarose gel
electrophoresis with ultraviolet illumination using a gel
imaging analyzing system (Genesnap Syngene, China).
Methylation pattern analysis was based on the distribution of visible bands.
Statistical analysis
Statistical analysis was performed using the SPSS statistical
software version 17.0. Associations between the discrete
variables were assessed using the two-sided Fisher’s exact
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Table 2 SFRP2 and WIF-1 gene primer sequences for methylation-specific polymerase chain reaction assays
Gene
M: SFRP2
U: SFRP2
M: WIF-1
U: WIF-1

Primer (5’-3’)

Product size (bp)

Annealing temperature (℃)

GGGTCGGAGTTTTTCGGAGTTGCGC
CCGCTCTCTTCGCTAAATACGACTCG
TTTTGGGTTGGAGTTTTTTGGAGTTGTGT
AACCCACTCTCTTCACTAAATACAACTCA
GGGCGTTTTATTGGGCGTAT
AAACCAACAATCAACGAAC
GGGTGTTTTATTGGGTGTAT
AAACCAACAATCAACAAAAC

138

62
(38)
52
(38)
58
(38)
55
(38)

145
197
198

SFRP: Secreted frizzled related protein; WIF-1: Wnt inhibitory factor-1.

M

1

2

3

6

7

8

133 bp
1

SFRP2
138 bp

in the efficiency of diagnosing colorectal tumors when
using the fecal hypermethylated SFRP2 and WIF-1 genes
(74.7%, 62/83) vs FOBT (43.4%, 36/83), as well as in
tumors classified as Dukes A of CRC (P = 0.031) and
adenoma (P < 0.001). There was no significant difference when comparing diagnosis by hypermethylation or
FOBT in Dukes B-D of CRC (P > 0.05), samples of hyperplastic polyps and normal subjects (P > 0.05) (Table 4).

9

β-actin
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2
u

m

3
u

m
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u

m
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u

m

u
145 bp

WIF1
198 bp

197 bp
6
SFRP2
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M

m

7
u

m

8
u

m

9
u

m

u

10
m u

DISCUSSION
145 bp

WIF1
197 bp

Sporadic CRC development is a multistep process with
the accumulation of genetic and epigenetic alterations
that transform colonic epithelial cells into colon adenocarcinoma cells[12]. Recently, the epigenetic silencing of
tumor suppressor genes has been increasingly recognized
as an important mechanism in tumorigenesis, and the
detection of hypermethylated genes in patient stools has
emerged as a biologically rational and user-friendly strategy for early CRC[13-15].
Aberrant activation of the Wnt signaling pathway is
associated with a variety of human cancers, particularly
colorectal cancer, as well as the physiological function of
adult organisms. Aberrant promoter hypermethylation of
Wnt antagonist genes frequently occurs in the early stages
of the pathogenesis of human cancers, and up to 90%
of colorectal cancers result in aberrant activation of Wnt
signaling[8]. Previous studies have identified that SFRP2
and WIF-1, both secreted Wnt antagonists, are silenced
epigenetically[8,16].
Our results here and in our previous study have
shown that the promoters of SFRP2 and WIF-1 genes
are frequently hypermethylated in patients with colorectal
tumors and can be detected in their fecal samples[9]. The
results showed that SFRP2 and WIF-1 were hypermethylated in 56.3% and 60.4% of CRC, 51.4% and 45.7% of
adenoma, and 12.5% and 18.7% of hyperplastic polyp
cases, respectively, thereby indicating that the hypermethylation of SFRP2 and WIF-1 occurs in hyperplastic
polyps and becomes more frequent in adenomas and
then finally in CRCs. Our results showed that the rate of
hypermethylation of SFRP2 and WIF-1 genes in fecal
samples had reached 81.8% (18/22) in advanced adenoma and Dukes A of CRC patients. Therefore, examination of SFRP2 and WIF-1 hypermethylation status may
provide useful information for detecting the early onset

198 bp

Figure 1 Methylation status of SFRP2 and WIF-1 genes in clinical stool
samples. 1-3: Colorectal cancers; 6-8: Polyps (colorectal adenomas or hyperplastic polyps); 4, 9: Normal controls; 5, 10: Blank controls; M: 50 bp DNA
marker; m: Methylated bands; u: Unmethylated bands; SFRP: Secreted frizzled
related protein; WIF-1: Wnt inhibitory factor-1.

= 0.055 for WIF-1). No significant difference was found
between the carcinoma and adenoma groups (P = 0.663
for SFRP2, and P = 0.184 for WIF-1).
Hypermethylated SFRP2 and WIF-1 genes were detected in 71.4% (5/7) and 57.1% (4/7) of fecal samples
from patients with Dukes A stage of CRC, and 60.0%
(9/15) and 53.3% (8/15) from those with advanced adenoma, respectively. The frequency of combined SFRP2
and WIF-1 hypermethylation for detection of CRC was
higher than that of single gene. The frequency of hypermethylated SFRP2 and WIF-1 in fecal samples reached
80.0% for advanced adenoma, which is higher than that
for non-advanced adenoma (55%). Additionally, 81.8%
(18/22) of Dukes A stage of CRC and advanced adenoma patients had at least one hypermethylated gene
detected in the fecal samples.
Moreover, no significant associations were observed
between the hypermethylation of SFRP2 and WIF-1
genes and other clinicopathological features, including
gender, age, tumor location, TNM stage, lymph node status and distant metastasis, etc. (Table 1).
Hypermethylated genes in fecal DNA and FOBT
There were 83 colorectal tumors (48 CRCs and 35 adenomas) and there was a distinct difference (P < 0.001)
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Table 3 Hypermethylation status of SFRP2 and WIF-1 in
fecal DNA samples n (%)

Table 4 Hypermethylated SFRP2 and WIF-1 genes and fecal
occult blood test for the detection of colorectal tumors n (%)

Group

Group

n

CRC
Dukes A-B
Dukes A
Dukes B
Dukes C-D
Dukes C
Dukes D
Adenoma
Advanced
Non-advanced
Hyperplastic polyp
Normal control

48
27
7
20
21
14
7
35
15
20
32
30

Case

CRC
Dukes A-B
Dukes A
Dukes B
Dukes C-D
Dukes C
Dukes D
Adenoma
Advanced
Non-advanced
Hyperplastic polyp
Normal control

48
27
7
20
21
14
7
35
15
20
32
30

Hypermethylated genes

SFRP2

WIF-1

SFRP2 + WIF-1

27 (56.3)
15 (55.6)
5 (71.4)
10 (50.0)
12 (57.1)
8 (57.1)
4 (57.1)
18 (51.4)
9 (60.0)
8 (40.0)
4 (12.5)
0 (0)

29 (60.4)
18 (66.7)
4 (57.1)
14 (70.0)
11 (52.4)
7 (50.0)
4 (57.1)
16 (45.7)
8 (53.3)
7 (35.0)
6 (18.7)
1 (3.3)

39 (81.3)
22 (81.5)
6 (85.7)
16 (80.0)
17 (81.0)
10 (71.4)
7 (100)
23 (65.7)
12 (80.0)
11 (55.0)
8 (25.0)
1 (3.3)

SFRP2 and WIF-1

Hypermethylated

Fecal occult
blood test

P value

39 (81.3)
22 (81.5)
6 (85.7)
16 (80.0)
17 (81.0)
10 (71.4)
7 (100)
23 (65.7)
12 (80.0)
11 (55.0)
8 (25.0)
1 (3.3)

27 (56.3)
14 (51.9)
2 (28.5)
12 (60.0)
13 (61.9)
8 (57.1)
5 (71.4)
9 (25.7)
5 (33.3)
4 (20.0)
5 (15.6)
1 (3.3)

0.008
0.021
0.031
0.168
0.170
0.430
0.127
< 0.001
0.010
0.022
0.351
1.000

CRC: Colorectal cancer; SFRP: Secreted frizzled related protein; WIF-1:
Wnt inhibitory factor-1.

CRC: Colorectal cancer; SFRP: Secreted frizzled related protein; WIF-1:
Wnt inhibitory factor-1.

of CRC, indicating that hypermethylation of SFRP2 and
WIF-1 is closely linked to the initiation and progression
of CRC carcinogenesis.
Historically, colorectal adenoma has been recognized
as the most important precancerous lesion occurring prior to fulminant CRC. It is estimated that 50% of individuals will develop adenomas in their lifetime, but only 6%
will progress into CRC[5,17]. Therefore, most adenomas do
not progress to cancer. We showed that the frequency of
hypermethylated SFRP2 was higher in advanced adenomas than in non-advanced adenomas. Moreover, the difference between the methylation states of genes in CRC
and advanced adenoma was not significant (P > 0.05),
while the difference between epigenetic changes in CRC
and non-advanced adenoma was significant (P < 0.05).
This suggests that advanced adenomas rather than nonadvanced ones are important in the screening for early
CRC. Additionally, screening out advanced adenomas
could be used complementary with colonoscopy to reduce the high cost of surveillance endoscopy and could
improve patient compliance to surveillance, which is currently poor, even among high-risk patients[18-20].
The diagnostic sensitivity attained by screening for
combined SFPR2 and WIF-1 hypermethylation is higher
than screening for a single hypermethylated gene. The
clinical sensitivities for detecting CRC, advanced adenoma and hyperplastic polyps reached 81.3%, 80.0%
and 25.0%, respectively, and the specificity was 96.7%
for detection of CRC and benign colorectal diseases. In
addition, there was a trend, although not statistically significant, of more frequent SFRP2 and WIF-1 hypermethylation among the adenomas accompanied with epithelial
dysplasia. Hypermethylation of the WIF-1 gene was
found in one endoscopically normal subject, which was
likely attributed to the presence of premalignant lesions,
such as aberrant crypt foci (ACF).
To further address the clinical relevance of hypermethylated SFRP2 and WIF-1 in CRC, our data suggested that assaying for hypermethylated genes works equally
well for detecting proximal and distal colorectal tumors,

in agreement with a previous study illustrating that the
detection of hypermethylated genes was not influenced
by the site of the neoplasm[21]. Considering the proportional rise in incidence of CRC and precancerous lesions
in the proximal colon, measuring DNA hypermethylation
in fecal samples plays an important role in the detection
of proximal neoplasms[22,23]. Although determinate studies are needed, our results suggest the potential usefulness of assaying the hypermethylation of Wnt antagonist
genes in fecal samples for the detection of early CRC.
It is known that the majority of sporadic colorectal
dysplasias and malignancies require the inactivation of
the APC gene, which promotes β-catenin mediated transcription. Therefore, in the absence of epigenetic silencing, APC mutation and the consequent β-catenin activity
would lead to Wnt antagonist induction in a negative
feedback loop, starving the tumor cell of Wnt ligand[24].
Because the epigenetic silencing of Wnt antagonist genes
occurs in early sporadic colorectal tumorigenesis, the activation of Wnt signaling may be necessary for survival
of the early tumor[16]. In addition, the restoration of
SFRP and WIF-1 function in CRC cells attenuates Wnt/
β-catenin signaling, resulting in a significant inhibition
of colony formation and cell proliferation even in the
presence of downstream mutations in APC or β-catenin.
The hypermethylation of SFRP2 and WIF-1 has been
detected in more than 90% and 80%, respectively, of primary CRC cases[25]. As the activation of Wnt pathway in
colorectal tumors has been observed at high frequencies,
and considering the important role it plays in both initiation and progression of CRC, the targeted inhibition of
the Wnt signaling pathway provides a rational and promising approach for the screening of early CRC.
Colonocytes from the surface of the colonic mucosa
are continuously shed into the lumen of the colon and
excreted as a normal component of stool. These cells are
shed from the lower crypts at a rate of at least 1010 cells
per day, each with a lifespan of 3-4 d, and within four
days, the entire colonic mucosa is renewed[26,27]. Current
advances in colon cytobiology have led to the understand-
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CRC.

ing that exfoliation is triggered by apoptosis in the normal
colon, while in malignant lesions, genetic and/or epigenetic changes prevent this destruction of colonocytes, allowing them to survive within the stool[28]. Additionally,
the number of colonocytes exfoliated from malignant
lesions is 4- to 5-fold greater than from normal tissue[27],
so it could be simple and effective to collect fecal samples
containing colonic DNA for the detection of early CRC.
FOBT, especially immunochemical FOBT, is the most
widely utilized procedure for non-invasive CRC screening.
Although FOBT is confirmed to reduce the mortality of
CRC, the test has little impact on the incidence of CRC
because of the low level of sensitivity to detect precursor
lesions[29]. Stool DNA testing has emerged as a biologically
rational and user-friendly strategy for the non-invasive detection of both CRC and precursor lesions[10].
In our study, the sensitivity of detection of hypermethylated Wnt antagonist genes represents an apparent advantage over FOBT in the detection of CRC and
colorectal adenoma, especially in the early cancer and
advanced adenoma stages. This shows that measuring the
hypermethylation of Wnt antagonist genes in fecal samples was superior to FOBT for the detection of colorectal
tumors. This detection advantage may be attributed to the
apparently continuous exfoliation of cells from colorectal
neoplasms, while occult bleeding is intermittent[30,31].
In summary, the detection of tumor-derived DNA
alterations in the stool is an intriguing new approach with
a high potential for the non-invasive detection of CRC.
Our results demonstrate that the hypermethylation of
SFRP2 and WIF-1 in fecal samples shows promise for
the accurate detection of CRC. However, a large number
of studies are required to further accurately confirm the
role of hypermethylation of SFRP2 and WIF-1 in the
early CRC diagnosis.

Terminology

Wnt signaling pathway: Signals are transduced through binding of Wnt ligands
to the Frizzled (Fz) family of seven-pass transmembrane receptors by competition for binding to Wnt ligands or by the direct formation of non-functional
complexes with Fz receptors. Wnt-antagonists: Wnt antagonists regulate the
upstream signaling of the Wnt pathway outside of the cell, which are divided
into two functional classes. The first functional class is the SFRPs (secreted
Frizzled-related proteins), which include the SFRP family (SFRP1-5), wnt inhibitory factor-1 (WIF-1) and Cerberus, which bind directly to Wnts. The second
functional class is the Dickkopf (Dkk) class that binds to Wnts indirectly.

Peer review

This paper studied the use of hypermethylation of SFRP2 and WIF-1 promoters as a novel and promising approach for early CRC diagnosis. The authors
showed that there exists a high prevalence of SFRP2 and WIF-1 hypermethylation in the stool DNA of colorectal neoplasms. They conclude that the
hypermethylation of SFRP2 and WIF-1 may be a sensitive diagnostic test for
colorectal neoplasms.
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in HCC patients without heterogeneity. Egger’s and
Begg’s tests were applied to detect publication bias,
and the results showed that there was no evidence
of publication bias detected in the OS studies (the P
value for Egger’s test was 0.216) or DFS studies (the P
value for Egger’s test was 0.488). The combined odds
ratios (ORs) suggested that GPC3 expression tends
to be associated with tumor vascular invasion (OR =
2.74, 95%CI: 1.15-6.52, P = 0.02), hepatic cirrhosis
(OR = 2.10, 95%CI: 1.31-3.36, P = 0.002), poor tumor differentiation (OR = 0.22, 95%CI: 0.13-0.40,
P < 0.00001) and advanced TNM stage (OR = 0.31,
95%CI: 0.18-0.51, P < 0.00001).
CONCLUSION: From this study, we conclude that
GPC3 overexpression tends to be associated with a
poor prognosis (poor OS or DFS) in HCC.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the prognostic and clinicopathological significance of glypican-3 (GPC3) overexpression
in hepatocellular carcinoma (HCC).

Key words: Hepatocellular carcinoma; Glypican-3; Prognosis; Clinicopathological parameter; Meta-analysis

METHODS: Publications were searched using PubMed,
EMBASE, the Cochrane Library and the Chinese Biomedical Literature Database up to March 2013. Inclusion and exclusion criteria were established to screen
eligible studies for meta-analysis. The hazard ratios
(HRs) of the eligible studies were pooled using RevMan
5.2 software to evaluate the impact of GPC3 overexpression on overall survival (OS) and disease-free survival (DFS) in HCC patients. The correlation between
GPC3 expression and clinicopathological parameters of
HCC was also analyzed.

Core tip: Glypican-3 (GPC3) is known to be a specific
and available molecular marker for the diagnosis of hepatocellular carcinoma (HCC). However, the prognostic
value of GPC3 overexpression in patients with HCC is
less researched and remains controversial. We performed the meta-analysis including six eligible studies
and demonstrated that GPC3 overexpression was associated with poor overall survival and disease-free survival in HCC. We also found that GPC3 expression was
closely related with tumor vascular invasion, hepatic
cirrhosis, tumor grade and tumor stage in HCC.

RESULTS: A total of five studies with 493 patients
were included in the meta-analysis. The combined HRs
indicated that GPC3 overexpression can predict poor
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In this study, we extracted and pooled the results of
the included studies and attempted to objectively evaluate
GPC3 expression in HCC tissues and its association with
OS and DFS in patients with HCC. The relationship between GPC3 expression and tumor vascular invasion or
other clinicopathological characteristics (such as hepatic
cirrhosis, tumor grade and TNM stage) were also analyzed. The results of this meta-analysis will help us to design a personalized therapeutic schedule for each patient
and to provide a closer follow-up for patients with GPC3
overexpression. Furthermore, based on our understanding of the effect and function of GPC3 in HCC, GPC3
may become a target for the treatment of HCC patients
and deserves further research and clinical application.

lular carcinoma: A meta-analysis. World J Gastroenterol 2014;
20(20): 6336-6344 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i20/6336.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6336

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most frequent cause of malignant tumor-related death worldwide and the second most frequent cause in China; its
incidence rate is continuously increasing[1]. Advances in
surgical and adjuvant techniques have greatly improved
the results of hepatic resection, liver transplantation and
transcatheter arterial chemoembolization (TACE) for
HCC treatment. Nonetheless, long-term overall survival
(OS) rates after clinical treatments remain unsatisfactory
due to the high incidence of recurrence and metastasis[2].
The 5-year survival rate after surgery for HCC has been
reported to be 25%-39%[3]. Therefore, it is essential to
identify biological markers for diagnosing HCC in its
early stage and predicting the prognosis, recurrence and
metastasis of HCC after treatments. This identification
may also be helpful in the selection of personalized therapeutic strategies and may further improve the survival
of HCC patients.
Glypican-3 (GPC3), which encodes cell-surface
heparan sulfate proteoglycans, belongs to the glypican
family and plays an important role in cell proliferation,
differentiation and invasion[4]. A large number of studies
have reported that GPC3 increases in HCC tissue and is
released into the serum during hepatic carcinogenesis[5-8].
Moreover, subsequent studies indicated that GPC3 can
be regarded as a specific diagnostic molecular marker for
HCC and that its diagnostic sensitivity and specificity are
superior to those of alpha fetoprotein (AFP)[9-14]. Further
research suggested that GPC3 may play a role as an oncogene in HCC that can be partially activated by c-Myc[15]
and that can then promote tumor cell proliferation and
stimulate HCC growth by activating the Wnt[16] and the
insulin-like growth factor signaling pathways[17]. Additionally, GPC3 can inhibit apoptosis by inducing dysfunction
in the Bax/Bcl-2/cytochrome c/caspase-3 signaling pathway, thereby regulating cell proliferation and playing an
important role in the tumorigenesis and progression of
HCC[18].
In recent years, aberrant GPC3 expression has been
discovered to be related to tumor progression, metastasis
and other malignant biological behaviors in a variety of
other tumors, such as lung squamous cell carcinoma[19],
gastrointestinal and pancreatic epithelial neoplasms[20] and
malignant melanoma[21]. Nevertheless, conflicting results
have been reported regarding the ability of GPC3 to predict tumor progression, recurrence and metastasis; OS;
and disease-free survival (DFS) in HCC. Therefore, it was
necessary to perform a meta-analysis to comprehensively
and systematically summarize and explore the prognostic
significance of GPC3 in HCC.
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MATERIALS AND METHODS
Literature search and screening criteria for studies
The electronic databases PubMed, EMBASE, the Chinese Biomedical Literature Database (CBM) and the
Cochrane Library were searched for publications assessing the prognostic significance and clinicopathological
characteristics of GPC3 in HCC up to March 2013. The
search terms were as follows: (liver cell carcinoma or
carcinoma, hepatocellular or hepatocellular carcinoma or
HCC or hepatoma) AND (GPC3 or glypican-3).
Studies eligible for inclusion in this meta-analysis had
to meet the following criteria: (1) articles published as
a full-text paper in English; (2) original research articles
that directly explored GPC3 expression in primary HCC
tissues and paired para-tumor tissues by the method of
immunohistochemistry (IHC); (3) studies that demonstrated a relationship between GPC3 expression and
HCC prognosis or clinicopathological parameters; (4)
studies that provided sufficient information to estimate
the hazard ratio (HR) and 95% confidence interval (CI);
and (5) if multiple studies reused the same sample of
patients, the article with more detailed data was included.
Articles were excluded from the analyses based on the
following criteria: (1) non-English-language papers; (2)
case reports, reviews articles or letters; and (3) articles
containing insufficient data for calculating the HR and
95%CI of OS or DFS.
Data extraction
All data were extracted from eligible studies by two independent reviewers (Li J and Gao JZ) to minimize bias.
The following survival and clinicopathological characteristics were documented from the primary articles: the
first author’s name; the name of the journal; the publication year of the article; the sample size; the strategy for
clinical treatment; the test method and cut-off level used;
hepatic cirrhosis; tumor vascular invasion, differentiation and stage; and GPC3 expression-related OS or DFS.
As the cut-off level of GPC3 expression varied among
the selected studies, we defined GPC3 high- and lowexpression groups with reference to the original articles.
For articles in which the survival data were not directly
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published except in Kaplan-Meier curves, the software
Engauge Digitizer version 4.1 (http://sourceforge.net/
projects/digitizer/) was used to read the curves for data
extraction.

Records identified through
detabase searching
(n = 101)

Assessment of study quality
The Newcastle-Ottawa quality assessment scale for cohort studies[22] was developed to assess the quality of
nonrandomized studies, with its design, content and ease
of use directed toward the task of incorporating quality
assessments in the interpretation of meta-analysis results.
This scale was used to assess the quality of the available
studies, which were graded independently by two investigators (Li J and Gao JZ). Each study was judged from
three broad perspectives: (1) the selection of the study
groups; (2) the comparability of the groups; and (3) the
ascertainment of either the exposure or the outcome of
interest in cohort studies[23]. A study could be awarded a
maximum of one star for each numbered item within the
Selection and Outcome categories. A maximum of two
stars was given for Comparability. The total number of
stars was then summed, with more stars representing better methodological quality. The details of the scale can be
found online (URL: http://www.ohri.ca/programs/clinical_ epidemiology/nosgen.pdf).

Records after duplicates
removed (n = 87)

Records fully assessed
(n = 11)

Lacking relevant survival data
(n = 4)
None English literature
(n = 2)

Studies included in
quantitative synthesis
(meta-analysis) (n = 5)

Figure 1 Flow chart of the study selection process.

RESULTS
Literature selection and characteristics
From our initial literature search, we identified 101 studies with titles regarding the association of GPC3 and
HCC; after manually screening the titles and abstracts, 90
articles were excluded (review articles, abstracts, experimental research, duplicate reports and studies irrelevant
to the current research objectives). The remaining 11 relevant studies were selected for full-text review and full assessment, further reducing our meta-analysis to a total of
five eligible studies[26-30] published from 2009-2012 (Figure
1). A total of 493 patients from the five studies were
used to study the relationship between GPC3 expression
and OS/DFS or clinicopathological features. Two studies
were performed in China[26,28]; two, in Japan[27,29]; and one,
in Taiwan[30]. Surgical resection as the preferred treatment
for HCC was reported in four studies[26,27,29,30], and liver
transplantation (LT) was reported in one study[28]. The
sample size in each study varied from 31-194, with the
male population varying from 29-142. All studies had a
follow-up period exceeding 3 years, with four studies with
follow-up exceeding 5 years. All studies used IHC to detect tissue-based GPC3 expression. The methodological
quality of the studies, as assessed by the Newcastle-Ottawa quality assessment scale, varied from 6-7 (with a mean
of 6.4); a higher score indicates better methodological
quality. HRs and their 95%CIs were extracted from each
study or calculated using the methods described above.
The basic characteristics and clinicopathological parameters of the five studies are summarized in Table 1.

Statistical analysis
All statistical analyses were performed using RevMan 5.2
and Stata 10.0 software (http://www.cochrane.org). For
the quantitative evaluation of OS or DFS results, HRs
with their 95%CIs were extracted from each article and
combined to estimate the relationship between GPC3
overexpression and the survival conditions of patients.
When the HR and its variance were not directly provided
in an article, they were calculated from available numerical
data according to the methods reported by Parmar et al[24].
We also extracted and combined data on GPC3 expression and several clinicopathological parameters, including tumor differentiation (well/moderate and poor),
TNM stage (Ⅰ-Ⅱ/Ⅲ-Ⅳ), vascular invasion (present/
absent), hepatic cirrhosis (positive/negative), HBV infection (positive/negative), HCV infection (positive/negative) and tumor size (≥ 5/< 5), associated with HCC in
each article. For these data, the odds ratios (ORs) and
their 95%CIs were calculated and combined to provide
the effective value.
In the process of data pooling, we used the χ 2 test to
estimate the heterogeneity, and the I2 statistic was applied
to measure the extent of inconsistency among the results.
A fixed-effect model could be used when there was no
heterogeneity (P > 0.1); otherwise, a random-effect model was selected. A value for I2 exceeding 50% could be
regarded as an indicator of significant heterogeneity[25].
A significant two-way P value for comparing results from
different articles was defined as P < 0.05. Detection of
publication bias was performed using Egger’s and Begg’s
tests, with significant publication bias defined as P < 0.05.
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Records excluded by
screening the titles and
abstracts (n = 76)

Impact of GPC3 expression on OS in HCC
Among the included studies, three reported data on
GPC3 expression and OS in HCC[26,27,29], involving a total
of 362 HCC patients. All of the three studies had a maximum follow-up period exceeding 5 years. High GPC3 expression was associated with poor OS in the three stud-
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2010

2012

2012

2012

Yorita et al[29]

Ning et al[26]

Yu et al[30]

Wang et al[28]

31 (29/2)

100 (90/10)

61 (55/6)

194 (142/52)

107 (85/22)

Sample size
n (M/F)

49

51

48

NR

NR

LT

S

S

S

S

16/15

23/77

NR

108/86

47/60

Mean age Treatment Tumor vascular
(yr)
invasion
(yes/no)

12/19

NR

45/16

82/112

NR

Tumor stage
(Ⅰ-Ⅱ/Ⅲ-Ⅳ)

6/25

NR

NR

56/138

12/95

Tumor
differentiation
(well/moderateto-poor)

6/9

6/9

6/9

7/9

7/9

Study
quality
(points)

IHC

IHC

IHC

IHC

IHC

GPC3
detection
method

Hazard
ratio

Counting method in
immunohistochemistry

Cut-off level
of “high”
GPC3

Reported Percentage of positive cells
> 10%
in text
≥ 2-point
OS/DFS Reported Positive area score + Sp-Cm
in text
score
OS
Reported Positive area score × staining > ‘‘+” (2-point
in text
intensity score
score)
DFS
Reported
NR
NR
in text
DFS
Estimated Percentage of positive cells
> 10%

OS

Survival
analysis

21

NR

32

96

87

Number
of patients
with “high”
GPC3 (n )

6339

GPC3 correlation with tumor differentiation and stage in HCC
Three studies reported data on GPC3 expression and tumor histological differentiation in HCC, covering 332 patients[27-29]. High GPC3 levels seemed to be correlated with

GPC3 correlation with tumor vascular invasion and hepatic cirrhosis in HCC
Three studies evaluated the correlation of GPC3 expression with tumor vascular invasion in 332 patients[27-29]. High GPC3 expression seemed to be correlated with the presence of tumor vascular invasion in all three studies, but statistical significance was achieved in only two studies. The combined OR for the three studies was 2.74 (95%CI: 1.15-6.52,
Z = 2.27, P = 0.02), with evident heterogeneity (χ 2 = 4.37, I2 = 54%, P = 0.11), indicating that GPC3 expression was associated with tumor vascular invasion in HCC (Figure
2C). The relationship between GPC3 expression and hepatic cirrhosis was reported in three articles, covering 362 patients[26,27,29]. A positive correlation between GPC3 expression and hepatic cirrhosis was observed in all three studies, but only one study reported a significant result. However, by combining the data from the three studies, we found
a significant trend toward a correlation between high GPC3 expression and the presence of hepatic cirrhosis (OR = 2.10, 95%CI: 1.31-3.36, Z = 3.07, P = 0.002; Figure 2D),
with nearly no heterogeneity (χ 2 = 2.06, I2 = 3%, P = 0.36).

Impact of GPC3 expression on DFS in HCC
The data from three studies (325 patients) showed a relationship between GPC3 expression and DFS in HCC[28-30]. Among the three studies, two provided data on GPC3 expression and DFS in HCC initially treated by surgical resection, which is still the standard therapeutic approach[29, 30]. High GPC3 expression was associated with poor DFS in all
three studies, and statistical significance was observed in two studies[29, 30]. Combined data from the three studies indicated that elevated GPC3 levels were significantly correlated
with reduced DFS. The pooled HR was 2.05 (95%CI: 1.43-2.93, = 3.94, P < 0.0001; Figure 2B). A fixed-effect model was used in the meta-analysis, as there was no heterogeneity in the data (χ 2=0.05, I2=0.0%, P = 0.98). Subgroup analysis illustrated that increased GPC3 expression was significantly associated with DFS in HCC patients who underwent surgical resection (HR: 2.04, 95%CI: 1.43-2.93, P = 0.0001), without significant heterogeneity in the data (χ 2 = 0.04, I2 = 0.0%, P = 0.84).

ies, and all associations were statistically significant. Combined data from all three studies showed that increased GPC3 levels were significantly correlated with poorer OS. The
pooled HR was 2.18 (95%CI: 1.47-3.24, Z = 3.86, P = 0.0001; Figure 2A). A fixed-effect model was used in the meta-analysis, as there was no heterogeneity in the data (χ 2=1.47,
I2=0.0%, P = 0.48).

M: Male; F: Female; NR: Not reported; S: Surgical resection; LT: Liver transplantation; IHC: Immunohistochemistry; OS: Overall survival; DFS: Disease-free survival.

2009

Year

Shirakawa et al[27]

Ref.

Table 1 Basic characteristics of the studies in the meta-analysis
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A
Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Su Ning 2011

Log [Hazard ratio]

SE

Weight

1.66013103
0.78845736
0.64448201

0.78366214
0.2940509
0.2977251

Total (95%CI)
2
2
Heterogeneity: χ = 1.47, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 3.86 (P = 0.0001)

B

Study or subgroup

Log [Hazard ratio]

Kenji Yorita 2010
Ming-Chin Yu 2012
Yu-Ling Wang 2012

0.69314718
0.77932488
0.82

Present

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Yu-Ling Wang 2012

Events

0.21332858
0.36358302
1.24

Hazard ratio

Hazard ratio

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

72.8%
25.1%
2.2%

2.00 [1.32, 3.04]
2.18 [1.07, 4.45]
2.27 [0.20, 25.80]

100.0%

2.05 [1.43, 2.93]
0.01
0.1
1
10
100
Low GPC3 expression
High GPC3 expression

Absent
Events

47
108
16

48
29
7

Total

Weight

60
86
15

34.5%
48.4%
17.0%

Total (95%CI)
171
161
100.0%
Total events
121
84
2
2
2
Heterogeneity: Tau = 0.31, χ = 4.37, df = 2 (P = 0.11); I = 54%
Test for overall effect: Z = 2.27 (P = 0.02)

D

Cirrhosis

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Su Ning 2011

Events

Total

36
61
28

40
110
46

Well

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Yu-Ling Wang 2012

Total

6
14
3

12
56
6

Ⅰ+ Ⅱ
Events

Kenji Yorita 2010
Su Ning 2011
Yu-Ling Wang 2012

20
27
7

1.22 [0.45, 3.28]
3.34 [1.85, 6.05]
8.00 [1.33, 48.18]
2.74 [1.15, 6.52]
0.01

45
82
12

1

10
Present

Odds ratio

Odds ratio

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

67
84
15

15.7%
74.7%
9.7%

2.82 [0.87, 9.15]
1.66 [0.94, 2.94]
4.28 [1.18, 15.52]

166

100.0%

51
36
4

0.01

Events

0.1
1
10
Non-cirrhosis Cirrhosis

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Total

Weight

95
138
25

18.7%
74.1%
7.2%

0.17 [0.05, 0.61]
0.22 [0.11, 0.44]
0.39 [0.06, 2.41]

258

100.0%

0.22 [0.13, 0.40]

81
83
18

0.01

0.1

1
Well

Odds ratio

Odds ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

12
70
14

16
112
19

18.2%
73.4%
8.4%

0.27 [0.07, 0.95]
0.29 [0.16, 0.54]
0.50 [0.11, 2.32]

147

100.0%

0.31 [0.18, 0.51]
0.01

100

10
100
Moderately and poorly

Events

Total (95%CI)
139
Total events
54
96
2
2
Heterogeneity: χ = 0.45, df = 2 (P = 0.80); I = 0%
Test for overall effect: Z = 4.55 (P < 0.00001)

100

2.10 [1.31, 3.36]

Ⅲ+ Ⅳ

Total

0.1
Absent

Moderately and poorly

Events

Study or subgroup

Odds ratio
M-H, random, 95%CI

Total

Total (95%CI)
74
Total events
23
182
2
2
Heterogeneity: χ = 0.51, df = 2 (P = 0.77); I = 0%
Test for overall effect: Z = 5.06 (P < 0.00001)

F

Odds ratio
M-H, random, 95%CI

Non-cirrhosis
Events

Total (95%CI)
196
Total events
125
91
2
2
Heterogeneity: χ = 2.06, df = 2 (P = 0.36); I = 3%
Test for overall effect: Z = 3.07 (P = 0.002)

E

2.18 [1.47, 3.24]
0.01
0.1
1
10
100
Low GPC3 expression
High GPC3 expression

SE

Total

39
68
14

Hazard ratio
IV, fixed, 95%CI

5.26 [1.13, 24.44]
2.20 [1.24, 3.91]
1.91 [1.06, 3.41]

100.0%

Total (95%CI)
2
2
Heterogeneity: χ = 0.05, df = 2 (P = 0.98); I = 0%
Test for overall effect: Z = 3.94 (P < 0.0001)

C

6.7%
47.3%
46.1%

Hazard ratio
IV, fixed, 95%CI

0.1
1
10
Ⅰ+ Ⅱ Ⅲ+ Ⅳ

100

Figure 2 Meta analysis. Forest plot of the hazard ratio (HR) for the overall survival (OS) (A) and disease-free survival (DFS) (B) of hepatocellular carcinoma (HCC)
patients. The combined HR and 95%CI demonstrated that an increased level of glypican-3 (GPC3) expression was associated with poorer OS and DFS in HCC patients (according to the fixed-effect estimations); ORs and 95%CIs in three studies evaluating the relationship between GPC3 expression and tumor vascular invasion
(C) or hepatic cirrhosis (D) in HCC. OR > 1 implied that GPC3 overexpression was associated with tumor vascular invasion and hepatic cirrhosis; ORs and 95%CIs
in three studies evaluating the relationship between GPC3 expression and tumor differentiation (E) or tumor TNM stage (F) in HCC; E: OR < 1 indicated that GPC3
overexpression was lower in patients with well-differentiated tumors than in those with moderately or poorly differentiated ones; F: OR < 1 indicated that GPC3 overexpression was lower in patients with stage Ⅰ/Ⅱ tumors than in those with stage Ⅲ/Ⅳ tumors.
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Table 2 Meta-analysis of hepatitis B virus/hepatitis C virus infection and tumor size in hepatocellular carcinoma
Ref.

Clinicopathological feature

Shirakawa et al[27]
Yorita et al[29]
Ning et al[26]
Shirakawa et al[27]
Yorita et al[29]
Yorita et al[29]
Ning et al[26]
Yu et al[30]

HBV (+/-)

HCV (+/-)
Tumor size (≥ 5/< 5)

Total

Events
(GPC3-positive)

OR

95%CI

P value for
OR

P value for
heterogeneity

26/61
38/59
26/6
50/37
36/61
41/56
20/12
10/11

1.47

0.53-4.05

0.46

0.10

0.69

0.42-1.03

0.14

0.54

1.15

0.72-1.86

0.56

0.95

29/78
60/134
53/8
62/45
83/111
78/116
37/24
15/16

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

poorer histological differentiation (moderate and poor) in
all three studies, and statistical significance was reported
in two of these studies. The pooled OR was 0.22 (95%CI:
0.13-0.40, Z = 5.06, P < 0.00001), without heterogeneity
(χ 2 = 0.51, I2 = 0%, P = 0.77), suggesting a correlation
between GPC3 expression and poorer tumor differentiation (Figure 2E). Three studies presented research on
GPC3 expression and tumor TNM stage in 286 HCC patients[26,28,29]. All three studies suggested that high GPC3
expression was associated with high tumor stage (Ⅲ-Ⅳ),
and statistical significance was observed in two articles.
Combining the data from the three studies, the pooled
OR was 0.31 (95%CI: 0.18-0.51, Z = 4.55, P < 0.00001),
without heterogeneity (χ 2 = 0.45, I2 = 0%, P = 0.80),
demonstrating a correlation between high GPC3 expression and advanced tumor TNM stage (Figure 2F).

devoted to a search for the most useful molecular markers of HCC progression, spread and survival, which may
offer guidance for clinical treatment and improve the outcome of HCC patients. GPC3, a member of the glypican
family, is highly expressed in a large proportion of HCCs
and is regarded as a useful serological and histochemical
marker for the diagnosis of HCC[32,33]. Sun et al[34] reported that the suppression of GPC3 in Huh7 and HepG2
cells inhibited proliferation and cell cycle progression,
increased TGF-β2 expression and enhanced apoptosis,
which suggested an oncogenic function for GPC3 in
HCC. Additionally, Ruan et al[35] found that the downregulation of GPC3 expression can significantly decrease the
proliferative and invasive abilities of MHCC97-H human
hepatocellular carcinoma cells. We speculated that GPC3
overexpression may be closely associated with postoperative recurrence/metastasis and the prognosis of HCC
patients. However, studies exploring the relationship between GPC3 expression and survival in HCC have been
infrequent and controversial.
Meta-analysis is a quantitative approach that pools the
results of randomized controlled trials (RCTs) and has
been successfully used for the evaluation of prognostic
biomarkers in patients with malignant tumors[36,37]. In the
present study, we included five studies concerning the
effects of the overexpression of GPC3 on HCC clinicopathological parameters and patients’ OS or DFS. In this
meta-analysis, we pooled the results of eligible studies
and demonstrated that high GPC3 expression was closely
related to poor OS and DFS in HCC patients (P = 0.0001
and P < 0.0001, respectively). Additionally, subgroup
analysis indicated that elevated GPC3 expression could
predict poor DFS in patients who underwent surgical
resection (P = 0.0001). Although the results were positive
and statistically significant, we still do not know the exact
reasons leading to the differences in survival among HCC
patients with different expression levels of GPC3. Further in-depth research is needed. We also demonstrated
that GPC3 overexpression was associated with tumor
vascular invasion, hepatic cirrhosis, poorer tumor differentiation and advanced TNM stage, which were strong
risk factors for the poor prognosis of HCC patients.
Heterogeneity is an important factor in meta-analysis
that must be dealt with strictly. Otherwise, this factor may
affect the accuracy and reliability of meta-analysis results.

GPC3 expression and other clinicopathological
parameters in HCC
The data on other clinicopathological parameters, including HBV infection, HCV infection and tumor size, were
extracted and pooled from the included studies. The results showed that there was no significant association between the expression level of GPC3 and HBV infection,
HCV infection or tumor size. The combined ORs were
1.47 (95%CI: 0.53-4.05, Z = 0.74, P = 0.46), 0.69 (95%CI:
0.42-1.13, Z = 1.48, P = 0.14) and 1.15 (95%CI: 0.72-1.86,
Z = 0.59, P = 0.56), respectively (Table 2).
Publication bias
The main use of publication bias is to evaluate the reliability of meta-analysis results, and especially those with
statistical significance[31]. Egger’s and Begg’s tests were
applied to detect publication bias. The results showed
that there was no evidence of publication bias detected in
the OS studies (the P value for Egger’s test was 0.216) or
DFS studies (the P value for Egger’s test was 0.488), with
no funnel plot asymmetry found in either study (Figure 3).

DISCUSSION
Tumor recurrence and metastasis are the primary causes
of poor prognosis in HCC patients, and cancer cell invasion is the key step in the process of HCC recurrence
and metastasis. For years, many researchers have been
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Figure 3 Begg’s and Egger’s funnel plots used to detect publication bias in overall survival (A and B) and disease-free survival (C and D) studies. No funnel plot asymmetry was detected in any included studies, which suggests that the meta-analysis lacked publication bias.

In the present study, the χ 2 test was used to estimate heterogeneity. Although the majority of the results showed
nearly no heterogeneity in our study, because of the
different clinical treatments, detection methods, lengths
of follow-up and the inconsistency of clinicopathological features, much heterogeneity was still detected while
analyzing the relationship between GPC3 expression and
tumor vascular invasion. In this case, a random-effect
model was selected.
In addition, there are certain limitations in this metaanalysis that should be discussed. First, in this analysis, we
searched for studies using limited databases, so the total
number of eligible studies was relatively small. Second,
we only enrolled suitable English-language literature reports, so there may have been certain bias due to the language criteria. Third, if HRs and their 95%CIs were not
directly obtained from articles, they were calculated using
the available data or Kaplan-Meier survival curves from
each study according to the methods mentioned above
or with statistical software. In this process, unavoidable
errors could have been generated, and the reliability of
the results may have been decreased. Fourth, all patients
in the selected studies were from Asia (China, Japan and
Taiwan), where HCC patients are predominantly HBV
infected. Thus, extending and applying the present results to HCC patients from Western countries (who are
primarily HCV infected) is not valid or reliable. Fifth, all
studies included in this analysis were positive for GPC3
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expression in tissues, but serum GPC3 expression levels
could be more easily detected by a noninvasive method.
Whether serum-based GPC3 expression levels are better
suited to measurement than tissue-based levels remains
to be investigated. Lastly, the follow-up periods in the selected studies were inconsistent.
In conclusion, based on our meta-analysis, GPC3
overexpression in tumor specimens was associated with
poor OS and DFS in HCC patients. We also found that
GPC3 expression was correlated with tumor vascular
invasion, cirrhosis, tumor grade and tumor stage in HCC.
GPC3 expression alone or in combination with other
biomarkers may provide useful information about HCC
progression and prognosis for the guidance of clinical
treatment. Our study also indicated that GPC3 may be
regarded as a potential molecular target for clinical therapy for HCC. An anti-GPC3 monoclonal antibody (GC33)
has shown anticancer activity in vitro and in vivo, and a humanized IgG version is currently in clinical trials studying
safety and tolerability in patients with HCC[38,39]. Further
studies will be needed to develop new drugs targeting
GPC3 to dramatically improve the clinical outcome in
HCC, with optimistic prospects.
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associations either in Asian population or Caucasian
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Key words: Irritable bowel syndrome; G-protein beta
polypeptide 3; Polymorphisms; Meta-analysis
Core tip: G-protein beta polypeptide 3 (GNB3) polymorphisms have been identified as an independent risk factor causally associated with functional gastrointestinal
disorder and receive extensive interest. However, their
association with irritable bowel syndrome (IBS) remains
controversial. In the present paper, the authors combined the data from seven case-control studies with
1085 IBS cases and 1695 controls, and found that there
were associations between GNB3 C825T polymorphism
and IBS risk in the overall population; subgroup analysis did not reveal significant associations either in Asian
population or Caucasian population. In regard to the
subtypes of IBS (constipation-dominant type, diarrheadominant type and mixed type), no associations were
found either.

Abstract
AIM: To clarify the associations between G-protein beta
polypeptide 3 (GNB3) C825T polymorphism and risk of
the irritable bowel syndrome (IBS) by a meta-analysis.
METHODS: We searched relevant studies in PubMed,
EMBASE, CNKI, Google Scholar, Ovid and Cochrane
library prior to October 2013. The strengths of the associations between GNB3 C825T polymorphism and
IBS risk were estimated by odds ratios (ORs) with 95%
confidence interval (CIs).
RESULTS: We identified seven case-control studies
with 1085 IBS cases and 1695 controls for the analysis.
We found no significantly associations of GNB3 C825T
polymorphism with IBS risk in the overall population
(CC vs TT, OR = 1.12, 95%CI: 0.86-1.45; CC + CT vs
TT, OR = 1.17, 95%CI: 0.92-1.49; TT + CT vs CC, OR
= 0.93, 95%CI: 0.80-1.08; C vs T, OR = 1.08, 95%CI:
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mation of genotype frequency. In cases of studies with
the overlapping data, the most recent one was selected.
The exclusion criteria were as follows: (1) non-case-control design; and (2) genotype frequency or allele frequency not adequately reported/data unable to be obtained by
contacting the authors.

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder (FGID) of multifactorial origin.
Population-based studies show that the prevalence and
annual incidence of IBS range from 10%-20% and
1%-2%, respectively[1]. Several factors are associated with
IBS, including abnormal gastrointestinal motor function,
visceral hypersensitivity, psychological distress (including
depression, anxiety, and abuse), immune dysregulation,
dietary factors, and family history of IBS[2]. In addition,
evidence indicating that IBS cases cluster in families[3] and
that identical twins have a greater chance of developing
IBS than dizygotic twins[4] suggests that genetic factors
also contribute to the pathogenesis of IBS. Accordingly,
the genes encoding several proteins, such as serotonin
(5-hydroxytryptamine, 5-HT), interleukin (IL)-10, and
tumor necrosis factor (TNF)-a, have been proven to be
associated with the risk of IBS[5,6].
G-protein was also recently indicated to be another
emerging candidate gene for the risk of IBS[5]. G-protein,
which comprises an α, a β, and a γ subunit, integrates
signals between receptors and effector proteins. The
G-protein β polypeptide 3 (GNB3) gene is implicated in
the pathogenesis of FGID[7,8] and IBS[6,9,10]. The C825T
polymorphism is located in the GNB3 gene encoding
the β3 subunit of heterotrimeric G-proteins[11,12]. Furthermore, the T allele of GNB3 C825T is associated
with alternative splicing of the gene and the formation
of a truncated but functionally active splice variant[13].
Although several studies have investigated the association between GNB3 C825T polymorphism and IBS risk,
the results are inconsistent[5,10,14,15]. Such inconsistencies
are generally due to ethnic differences or variations in
sample size. Therefore, the present meta-analysis aimed
to clarify the associations between GNB3 C825T polymorphism and IBS risk.

Data extraction
Two investigators independently extracted data from the
identified publications, including the first author’s name,
year of publication, source of publication, IBS diagnostic
criteria, genotyping method, numbers of cases and controls, genotype frequency, and allele frequency. Discrepancies in data extraction were resolved by repeating the
study review and discussing the results.
Statistical analysis
Hardy-Weinberg equilibrium (HWE) was applied to the
control population to evaluate the data quality, and HWE
analysis was carried out using the χ 2 test. The respective
associations under the allele contrast, codominant, dominant, and recessive models were analyzed. The strengths
of the associations between GNB3 polymorphism and
IBS risk were estimated according to odds ratios (ORs)
with 95% confidence intervals (CIs). The heterogeneity among studies was assessed in a meta-analysis using
the Cochran Q test. The inconsistency index I2 was also
calculated to quantify heterogeneity[16]. A fixed-effects
model (P > 0.05) was used to pool the results if the result
of the heterogeneity test was not significant; otherwise, a
random-effects model was selected (P < 0.05). Sensitivity
analysis was performed by excluding studies that deviated
from HWE[17]. Subgroup analyses were carried out with
respect to ethnicity and IBS subtype. Publication bias was
examined by using the Begg’s test and Egger’s test. All
statistical tests were 2-sided and the level of significance
was set at P < 0.05. STATA version 11.2 (Stata Corporation, College Station, TX, United States) was used for all
analyses.

MATERIALS AND METHODS
Search strategy and study selection
In order to find all studies investigating the associations between GNB3 polymorphism and IBS risk, we
searched the Cochrane Clinical Trials Database, Medline,
EMBASE and the Chinese National Knowledge Infrastructure, Google Scholar, the Ovid Library, and conference abstracts prior to October 2013 using the following
search terms: “irritable bowel syndrome,” “G-protein
beta3 subunit,” and “polymorphism.” The search was
not limited by language or publication status. Potentially
relevant articles were screened by at least 2 independent
reviewers, and disagreements were resolved by discussion
or input from a third reviewer if required.

RESULTS
Study selection
Seven case-control studies[5,6,9,10,14,15,18] with a total of 1085
cases and 1695 controls were finally included in the present meta-analysis. Four of them[10,14,18] specifically investigated the associations between GNB3 C825T polymorphisms and 3 IBS subtypes including the constipationdominant type (IBS-C), diarrhea-dominant type (IBS-D),
and mixed (IBS-M).
Characteristics of included studies
Four studies[5,6,10,15] used the Rome Ⅲ criteria to select IBS
patients, while the other 3[9,14,18] used the Rome Ⅱ criteria.
The subjects from 4 studies[6,9,14,18] were Caucasian, while
those in the other 3 studies[5,10,15] were Asian. The characteristics of the 7 studies are shown in Table 1.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) a study examining the association between GNB3 polymorphism and
IBS risk; (2) case-control design; and (3) sufficient infor-
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Table 1 Characteristics of individual studies in the metaanalysis

Table 2 Pooled results of GNB3 C825T polymorphism with
irritable bowel syndrome risk

Ref.

Year

Country

IBS/
controls

Diagnosis HWE of
criteria
control

GNbeta3
C825T

value

P

OR (95%CI)

I2

Kim et al[15]
Park et al[10]
Saito et al[18]
Lee et al[5]
Markoutsaki et al[6]
de Vries et al[9]
Andresen et al[14]

2012
2012
2012
2010
2011
2009
2006

South Korea
South Korea
United States
South Korea
Greece
Netherlands
United States

60/434
72/148
385/262
94/88
124/238
136/373
214/152

Rome Ⅲ
Rome Ⅲ
Rome Ⅱ
Rome Ⅲ
Rome Ⅲ
Rome Ⅱ
Rome Ⅱ

CC vs TT
Caucasian
Asian
CC + CT vs TT
Caucasian
Asian
TT + CT vs CC
Caucasian
Asian
C vs T
Caucasian
Asian

0.392
0.177
0.750
0.205
0.364
0.374
0.347
0.169
0.456
0.157
0.089
0.982

1.12 (0.86-1.45)
1.26 (0.90-1.76)
0.93 (0.61-1.42)
1.17 (0.92-1.49)
1.16 (0.84-1.60)
1.18 (0.82-1.70)
0.93 (0.80-1.08)
0.89 (0.75-1.05)
1.14 (0.80-1.65)
1.08 (0.97-1.21)
1.13 (0.98-1.29)
1.00 (0.82-1.22)

43.4
57.8
11.7
39.9
58.0
29.6
17.5
10.3
16.0
24.8
43.7
0.0

0.850
0.411
0.154
0.010
0.825
0.099
0.514

IBS: Irritable bowel syndrome; HWE: Hardy-Weinberg equilibrium.

Overall analysis
There were no significant associations between GNB3
C825T and IBS risk among the 4 models (CC vs TT, OR
= 1.12, 95%CI: 0.86-1.45; CC+CT vs TT, OR = 1.17,
95%CI: 0.92-1.49; TT+CT vs CC, OR = 0.93, 95% CI:
0.80-1.08; C vs T, OR = 1.08, 95%CI: 0.97-1.21). There
was no significant heterogeneity among the 4 models (P
> 0.05 for all). The results of the sensitivity analysis were
similar to the overall results after excluding 1 study in
which the controls deviated from HWE (Figure 1, Table
2). The publication bias test showed little publication bias
among the 4 models (P > 0.05 for all).

0.102
0.068
0.322
0.126
0.067
0.241
0.296
0.342
0.304
0.240
0.149
0.417

Begg’s Egger’s
test
test
0.352

0.133

0.308

0.230

1.000

0.710

0.756

0.548

genotype may have decreased immune response to infection and thus require a prolonged recovery period from
any infection[11]; this may predispose such individuals to
visceral hypersensitivity. The T allele is associated with
depression[21], lymphocyte chemotaxis[22], and hypertension[23]. The C allele, which is predictive of diminished
G-protein activation, is associated with functional dyspepsia[24]. Furthermore, reports from the USA indicate
that meal-unrelated dyspepsia is associated with both
the homozygous T and C genotypes[25]. Perturbed gut
sensory and motor function, autonomic nervous system
dysfunction, and psychiatric disturbances are common
causes of IBS; all of these factors can alter intracellular
signal transduction[26]. About 80% of all known membrane receptors linked to intracellular effector systems
are coupled to G-proteins[27]. Accordingly, changes in
G-proteins may lead to functional changes in intracellular signal transduction. Therefore, the GNB3 gene is
likely involved in the generation of common pathophysiologic mechanisms of IBS. To date, several studies have
investigated the association between GNB3 C825T polymorphism and IBS. However, current findings regarding
these associations are controversial and therefore require
further study.
Ethnicity is generally one of the causes of discrepancies in the associations between gene polymorphisms
and disease risk. In the case of GNB3 C825T polymorphism, the T allele frequency is reported to be higher in
Asian populations (42%-53%) than Caucasian populations (27%-42%)[13,28]. Furthermore, inconsistent results
regarding the associations between GNB3 C825T polymorphism and IBS risk have been reported in studies
with either Caucasian or Asian subjects. Two studies[14,18]
involving American populations do not show associations between GNB3 C825T polymorphism and IBS risk.
However, 2 other studies[6,9] involving Europeans support
such associations. Likewise, Kim et al[15] do not show that
GNB3 C825T polymorphism is associated with susceptibility to IBS in a Korean population, whereas 2 other Korean studies[5,10] show that the T allele is associated with
IBS risk. In the present study, neither the overall results

Subgroup analysis
The studies were divided into subgroups according Caucasian and Asian ethnicity. However, there were no associations among the 4 models of GNB3 C825T polymorphism and IBS risk (all P > 0.05). Next, the 3 subtypes of
IBS (i.e., IBS-C, IBS-D, and IBS-M) were analyzed from
the data of 4 studies. However, there were no associations between GNB3 C825T polymorphism and the risk
of IBS-C, IBS-D, or IBS-M (Figure 2).

DISCUSSION
The results of the present study indicate that GNB3
C825T polymorphism is not associated with IBS risk
regardless of Caucasian or Asian ethnicity. Pooling the
data of 4 studies also revealed no associations between
GNB3 C825T polymorphism and the 3 subtypes of IBS.
The present results are of particular clinical significance
because of the inconsistency regarding the associations
between GNB3 C825T polymorphism and IBS risk.
G-protein regulates the functions of ion channels and protein kinases, and is essential for stimulusresponse coupling in the intracellular system. It acts as
the main mediator of signal transport into the cellular
system[19]. The GNB3 gene encodes the β3 subunit of
heterotrimeric G-proteins and can affect intracellular signal transduction and biological activity. The T allele of
GNB3 C825T is associated with enhanced G-protein activation, and the CC genotype results in reduced G-protein translation[20]. In addition, patients with the CC
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%

ID

OR (95%CI)

Weight

CC vs TT
Kim (2012)
Park (2012)
Markoutsaki (2011)
Lee (2010)

0.92
0.62
2.50
1.42

(0.46,
(0.29,
(1.28,
(0.67,

1.84)
1.34)
4.90)
3.02)

1.47
1.51
0.89
1.01

de Vries (2009)
Saito (2007)
Andresen (2006)
2
Subtotal (I = 43.4%, P = 0.102)

0.77
1.34
0.77
1.12

(0.34,
(0.76,
(0.36,
(0.86,

1.73)
2.35)
1.64)
1.45)

1.23
1.88
1.33
9.32

CC + CT vs TT
Kim (2012)
Park (2012)
Markoutsaki (2011)
Lee (2010)

0.88
1.03
2.01
1.87

(0.47,
(0.54,
(1.06,
(0.96,

1.66)
1.96)
3.80)
3.65)

1.83
1.58
1.12
1.14

de Vries (2009)
Saito (2007)
Andresen (2006)
2
Subtotal (I = 39.9%, P = 0.126)

0.61
1.39
0.76
1.17

(0.28,
(0.81,
(0.36,
(0.92,

1.34)
2.40)
1.58)
1.49)

1.55
1.99
1.41
10.62

TT + CT vs CC
Kim (2012)
Park (2012)
Markoutsaki (2011)
Lee (2010)

1.03
1.59
0.65
0.76

(0.57,
(0.89,
(0.42,
(0.35,

1.86)
2.82)
0.99)
1.67)

1.89
1.56
4.68
1.25

de Vries (2009)
Saito (2007)
Andresen (2006)
2
Subtotal (I = 17.5%, P = 0.296)

0.83
0.98
1.02
0.93

(0.58,
(0.74,
(0.72,
(0.80,

1.17)
1.30)
1.46)
1.08)

6.16
8.49
5.20
29.23

C vs T
Kim (2012)
Park (2012)
Markoutsaki (2011)
Lee (2010)

0.96
0.87
1.51
1.20

(0.69,
(0.61,
(1.12,
(0.85,

1.34)
1.24)
2.02)
1.70)

6.10
5.70
6.20
5.12

de Vries (2009)
Saito (2007)
Andresen (2006)
2
Subtotal (I = 24.8%, P = 0.240)

1.10
1.06
0.94
1.08

(0.82,
(0.85,
(0.69,
(0.97,

1.46)
1.33)
1.28)
1.21)

7.61
12.93
7.16
50.82

1.05 (0.97, 1.14)

100.00

2

Overall (I = 31.8%, P = 0.056)
0.204

4.9

1

Figure 1 Forest plot of the associations between GNB3 C825T polymorphism and irritable bowel syndrome risk under four models. (CC vs TT; CC + CT vs
TT; TT + CT vs CC; C vs T).

in IBS-C. However, 2 studies[14,18] failed to reveal associations between GNB3 C825T polymorphism and 3
IBS subtypes. In the present study, although the pooled
results did not indicate associations with IBS subtypes, it
remains difficult to conclude the null association between
GNB3 C825T polymorphism and IBS subtypes. We did
not analyze the associations with respect to ethnicity, because only 4 studies were included. Thus, additional studies that include data regarding IBS subtypes may produce
different results.
To date, no genome-wide association study or comprehensive quantitative assessment has been conducted
to determine the genetic association with IBS risk. The
present study is the first meta-analysis to clarify the association between GNB3 C825T polymorphism and IBS
risk. The large sample size of the present study enhances

with the whole population nor the subgroup analysis by
Caucasian and Asian ethnicity indicates associations between GNB3 C825T polymorphism and IBS risk. Thus,
the results indicate that GNB3 C825T polymorphism
may not contribute to the development of IBS.
Because the present results do not appear to support
the notion that the disparity is due to ethnic differences,
we further analyzed the associations between GNB3
C825T polymorphism and IBS subtypes. There are 4
subtypes of IBS: IBS-C, IBS-D, IBS-M, and unclassified
IBS. The prevalence of IBS subtypes varies in the literature[29-31]. Early studies report the association of GNB3
C825T polymorphism with varying susceptibility to IBS
subtypes. Lee et al[5] report that the T allele is associated
with IBS-C. Park et al[10] found that the CC genotype is
common in IBS-D while the TT genotype is common
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%
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CC vs TT
Park (2012)
Lee (2010)

1.62 (0.59, 4.49)
2.00 (0.56, 7.20)

2.43
1.38

Saito (2012)
Andresen (2006)
2
Subtotal (I = 0.0%, P = 0.829)
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1.11 (0.43, 2.85)
1.33 (0.79, 2.24)
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10.27

CC + CT vs TT
Park (2012)
Lee (2010)
Saito (2012)
Andresen (2006)

2.05
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3.62

Subtotal (I = 0.0%, P = 0.500)
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Park (2012)
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Lee (2010)
Saito (2012)
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Park (2012)
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Lee (2010)
Saito (2012)
Andresen (2006)
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1.01
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1.13

2

2

Overall (I = 0.0%, P = 0.834)
0.0121

B

Weight

(0.82,
(0.90,
(0.39,
(0.45,

(0.01,
(0.55,
(0.64,
(0.65,

(0.77,
(0.63,
(0.68,
(0.88,

2.91)
1.61)
1.51)
1.45)

5.97
15.02
20.67
50.31

1.13 (0.95, 1.35)

100.00

OR (95%CI)

Weight

82.6

1

Study

%

ID
CC vs TT
Park (2012)
Lee (2010)

0.53 (0.21, 1.33)
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3.20
2.29

Saito (2012)
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2
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Park (2012)
Lee (2010)
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2.26)
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4.04
2.19
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Andresen (2006)
2
Subtotal (I = 0.0%, P = 0.440)
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Park (2012)
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Lee (2010)
Saito (2012)
Andresen (2006)
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1.29)
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Overall (I = 0.0%, P = 0.686)
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1.35
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10.37
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Figure 2 Forest plot of the associations between GNB3 C825T polymorphism and irritable bowel syndrome subtype risk under four models. A: Associations
with IBS-C; B: Associations with IBS-D; C: Associations with IBS-M. IBS: Irritable bowel syndrome.

statistical power to detect more stable associations and
provides more reliable estimates than any single previous
study. Moreover, associations were assessed by testing 4
different genetic models to obtain more robust and accurate estimations. Furthermore, the low heterogeneity and
publication bias demonstrate the precision and robustness of the present results.
Despite its strengths, this study has some limitations
that should be mentioned. First, although the present
meta-analysis contained a large sample, there were few
studies in the subgroup analysis with respect to ethnicity and IBS subtype. Second, the diagnostic criteria for
IBS are not uniform; the studies in the meta-analysis
employed either the Rome Ⅱ or Ⅲ criteria, which inevitably caused selection bias. Third, all Asian subjects were
Korean. Therefore, the genetic susceptibility to IBS with
respect to GNB3 C825T polymorphism in other Asian
ethnicities remains unknown. Fourth, other factors such
as gene-environment and gene-gene interactions were not
adjusted in the present meta-analysis because of a lack of
information; this further confounds the reliability of the
present results. Therefore, the present results should be
interpreted cautiously.
In summary, the results of the present meta-analysis
indicate that there are no associations between GNB3

WJG|www.wjgnet.com

C825T polymorphism and IBS risk. However, because of
the limited available studies, further studies taking ethnicity and IBS subtypes into account are warranted.
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operative day 7. The patient received six cycles of chemotherapy after operation. She has been doing well
with no evidence of recurrence for 13 mo.
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Core tip: Synchronous gastric cancer and primary small
intestinal lymphoma are extremely rare. Only one such
case has been reported in English literature. We here
report a case of a 49-year-old woman with synchronous
gastric cancer and primary small intestinal lymphoma,
who was successfully treated by combined laparoscopic
resection and adjuvant chemotherapy.
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Abstract
Synchronous gastric cancer and primary small intestinal
lymphoma are extremely rare. A 49-year-old woman
was referred to our hospital with a history of upper
abdominal pain for two weeks and was diagnosed with
synchronous cancer. During hospitalization, the patient
underwent laparoscopic distal gastrectomy + resection
of bilateral ovaries + partial resection of both small
intestine and descending colon. Pathological examination revealed a synchronous cancer consisting of early
gastric cancer with poorly differentiated adenocarcinoma located in mucosa, with lymph node metastasis
(3+/29) (T1N1M0, stage ⅠB); and diffuse large B cell
lymphoma of small intestine involving descending colon
and bilateral ovaries, with lymph node metastasis (2+/5)
(Ann Arbor ⅡE). The patient recovered well, without
any obvious complications and was discharged on post-
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INTRODUCTION
Gastric cancer is one of the most common gastrointestinal tract carcinomas, and it is the fourth most common
cancer and the second most common cause of cancerrelated death worldwide. Primary small intestinal lymphoma is relatively rare. Only one case of the synchronous
gastric cancer and primary small intestinal lymphoma has
been reported in English literature[1]. We herein report a
case of a 49-year-old woman with synchronous gastric
cancer and primary small intestinal lymphoma, who was
successfully treated by combined laparoscopic resection
and adjuvant chemotherapy.
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Figure 1 In computed tomography, arrow showed thickened gastric antrum.

Figure 3 Specimen of stomach and bilateral ovary. Arrow showed the lesion
of gastric antrum.
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Figure 2 In computed tomography, arrow showed thickened small intestine
wall in the left mid-abdomen with peripheral lymph nodes enlargement.

Figure 4 Specimen of segment of small intestine and descending colon.
Arrow showed the lesion of small intestine.

CASE REPORT

ily history.
During hospitalization, the patient underwent laparoscopic distal gastrectomy + resection of bilateral ovaries
+ partial resection of both small intestine and descending
colon. Perioperation found a 3 cm × 3 cm ulcerofungating mass in the gastric antrum on the lesser curvature,
not extending to the serosa layer; obvious thickening of
small intestinal wall of about 13 cm in length, 40 cm distant to ligament of Treitz, which invaded the descending
colon; and cystic masses in bilateral ovaries (Figures 3
and 4). Pathological examinations (Figure 5) revealed an
early gastric cancer with poorly differentiated adenocarcinoma located in mucosa, with lymph nodes metastasis
(3+/29); and a diffuse large B cell lymphoma of small
intestine involving the descending colon and bilateral
ovaries, being positive for CD20, CD10, Bcl-6 and Bcl-2,
and 80% positive for Ki67, negative for CK, CD3, CD5
and Cyclind-1and MUM-1, with lymph nodes metastasis
(2+/5). The patient recovered well, without any obvious
complications, and was discharged on post-operative day
7. The patient received six cycles of chemotherapy after
operation. Each cycle of the chemotherapy regimen including: Rituximab 600 mg ivgtt d1 + oxaliplatin 130 mg
ivgtt d1 + epirubicin 90 mg ivgtt d1 + vincristine 2 mg ivgtt
d1 + dexamethasone 15 mg iv d1-3. She has been doing
well with no evidence of recurrence for 13 mo.

A 49-year-old woman was referred to our hospital on
November 1, 2012 due to upper abdominal pain for two
weeks. On admission, she was chronically ill-looking and
alert. Her blood pressure was 120/70 mmHg, pulse 70/
min, respiration 20/min, and body temperature 36.8 ℃.
Lungs were clear to auscultation and heart examination
was normal, without murmur or rubs. Liver and spleen
were non-palpable. Slight tenderness on the upper middle
abdomen was noted. Laboratory test results showed
WBC 6.4 × 103/uL, hemoglobin 7.4 g/dL, glucose 4.29
mmol/L, TP 65 g/L, ALB 39.8 g/L; CA19-9 6.66 IU/
mL (normal range:0-37 IU/mL), and CEA 1.14 ng/mL
(normal range:0-5 ng/mL). Fecal occult blood test was
positive (2+). Gastroscopy showed the rough mucosa
of gastric antrum, the pathological diagnosis was adenocarcinoma of gastric antrum. Computed tomography
(CT) and magnetic resonance imaging revealed thickened
gastric antrum wall (Figure 1); thickened small intestinal
wall in the left mid-abdomen, with peripheral lymph
nodes enlargement (Figure 2); and cystic lesions of bilateral ovaries. The positron emission tomography (PET)
CT showed thickened gastric antrum wall and thickened
small intestinal wall in the left mid-abdomen with peripheral lymph nodes enlargement, along with slight elevation
of 18F-fluorodeoxyglucose. She had no remarkable fam-
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abdomen with peripheral lymph node enlargement shown
by imaging studies, we initially diagnosed it as gastric
cancer with abdominal metastasis. We also considered the
possibility of synchronous gastric cancer with primary
small intestinal lymphoma. The sustained positive occult
blood test in this patient suggested active gastrointestinal
tract bleeding. We then chose to perform the laparoscopic exploration, and finally decided to perform laparoscopic distal gastrectomy + resection of bilateral ovaries
+ resection of partial small intestine and partial descending colon. After surgery, the patient was diagnosed with
a synchronous cancer based on the pathological results,
and received regular chemotherapy subsequently. Therefore, once it is determined that a patient has a localized
and potentially curable lesion, a multidisciplinary evaluation and multimodality therapy are recommended[6]. In a
review of some retrospective studies, it has been reported
that surgery combined with postoperative chemotherapy
is superior to the chemotherapy or radiotherapy used
alone for such patient[7-9].
To diagnose a synchronous cancer, three criteria
should be satisfied. First, cancer lesions should be located
apart from each other, and should not be contiguous.
Second, they must be pathologically different. Third,
mucosal invasion should occur in both lesions[10]. In our
case, the postoperative pathologic findings showed that
the two lesions were located separately. It implies that the
cancer originates from two lesions: one from the gastric
antrum and the other from the small intestine. Moreover,
the pathological diagnosis of the two lesions is obviously
different from each other.
Through prudent diagnosis and treatment plan, complete resection of the tumor burden and combination of
chemotherapy will lead to improvement in patient survival.
In conclusion, our case highlights a rare occurrence
of synchronous double malignancies consisting of a gastric cancer and a primary small intestinal lymphoma.

A

B

C

Figure 5 Histopathological finding. A: Histopathological finding of gastric
cancer [hematoxylin and eosin (HE) stain, × 200]; B: Histopathological finding of
small intestinal diffuse large B cell lymphoma (HE stain, × 200); C: Immunohistochemical stain was positive with CD20 for small intestinal lymphoma (× 200).
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Case characteristics

A 49-year-old woman with upper abdominal pain for two weeks.

Clinical diagnosis

DISCUSSION

Synchronous gastric cancer and primary small intestinal lymphoma.

Differential diagnosis

Gastric cancer is one of the most common malignant tumors. Despite steady declines in the incidence and mortality, gastric cancer remains the fourth most common
malignancy diagnosed in developed countries in both
men and women[2]. However, primary gastrointestinal
lymphoma is very rare, accounting for only about 1%-8%
of all gastrointestinal malignancies[3]. Meanwhile, primary
small intestinal lymphoma constitutes 20%-30% of all
primary gastrointestinal lymphomas[4]. The incidence of
gastric cancer with a synchronous second primary cancer varies from 0.7% to 3.5%[5]. However, gastric cancer
occurring simultaneously with a primary small intestinal
lymphoma is extremely rare.
For the present case, in view of the gastric cancer and
thickness of small intestinal wall located in the left mid-
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Gastric cancer with abdominal metastasis.

Laboratory diagnosis

Laboratory test results: WBC 6.4 × 103/uL, hemoglobin 7.4 g/dL, CA19-9 6.66
IU/mL, and CEA 1.14 ng/mL. Fecal occult blood test: positive (2+).

Imaging diagnosis

Computed tomography and magnetic resonance imaging showed: thickened
gastric antrum wall; thickened small intestinal wall in the left mid-abdomen, with
peripheral lymph node enlargement; and cystic lesions of bilateral ovaries.

Pathological diagnosis

Early gastric cancer with poorly differentiated adenocarcinoma located in mucosa, with lymph node metastasis (3+/29); diffuse large B cell lymphoma of
small intestine involving the descending colon and bilateral ovaries, with lymph
node metastasis (2+/5).

Treatment

Laparoscopic distal gastrectomy + resection of bilateral ovaries + partial resection of both small intestine and descending colon, followed by six cycles of
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chemotherapy after operation.
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Experiences and lessons
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The gastric cancer occurring simultaneously with primary small intestinal lymphoma is extremely rare. Only one such case has been reported in English
literature.
Their case highlights a rare occurrence of synchronous double malignancies
consisting of a gastric cancer and a primary small intestinal lymphoma. Through
prudent diagnosis and treatment plan, complete resection of the tumor burden
and combination of chemotherapy will lead to improvement in patient survival.
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Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
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Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
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Abstract
The Joint Commission on Accreditation requires hospitals to conduct peer review to retain accreditation.
Despite the intended purpose of improving quality
medical care, the peer review process has suffered
several setbacks throughout its tenure. In the 1980s,
abuse of peer review for personal economic interest led
to a highly publicized multimillion-dollar verdict by the
United States Supreme Court against the perpetrating
physicians and hospital. The verdict led to decreased
physician participation for fear of possible litigation. Believing that peer review was critical to quality medical
care, Congress subsequently enacted the Health Care
Quality Improvement Act (HCQIA) granting comprehensive legal immunity for peer reviewers to increase
participation. While serving its intended goal, HCQIA
has also granted peer reviewers significant immunity
likely emboldening abuses resulting in Sham Peer Reviews. While legal reform of HCQIA is necessary to
reduce sham peer reviews, further measures including
the need for standardization of the peer review process
alongside external organizational monitoring are critical
to improving peer review and reducing the prevalence
of sham peer reviews.
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INTRODUCTION
In 1952 the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) began requiring
physician peer review at all United States hospitals[1].
However, economic abuse of the review process and a
subsequent court ruling in 1986 lead many physicians to
fear the possible consequences in participating in peer
reviews[2]. In order to legislatively solidify the role of
peer review as a means of physician quality improvement
across the United States, Congress enacted the Health
Care Quality Improvement Act (HCQIA) in 1986[2,3]. Despite its intended role of physician quality improvement,
HCQIA has unintentionally led to significant abuse of
the peer review system across the United States[4] This
review focuses on the history and legal development of
physician peer review in the United States, and addresses
subsequent abuses resulting in what is known today as
“Sham Peer Review”.
What is peer review?
Peer review is the process whereby doctors evaluate the
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quality of their colleagues’ work in order to ensure that
prevailing standards of care are being met[5]. The process
has its roots dating back to the early 20th century when
the American College of Surgeons began using peer review as a means of defining minimum standard of care
requirements for hospitals and their medical staff[6,7]. Today, the majority of peer review conducted in the United
States occurs exclusively through retrospective chart
review via peer review committees. The ultimate decision
making authority however often lies with the hospital
board of directors, often which follows the recommendations of the review committees[8]. The process has continued to grow in the 20th century and is now required by
the JCAHO for hospital accreditation[9].
Currently, there are three main reasons peer reviews
are conducted throughout the United States. First, in
order to maintain accreditation, hospitals are required to
initiate peer reviews for all privileges requested for new
physicians and any new requests by existing physicians
for new privileges[9,10]. Second, while initiation of peer
reviews can often be triggered by substandard physician
performance as required by JCAHO, physician colleague
and hospital administrators can often request peer reviews of specific physicians that can be granted or denied
by the hospital’s peer review committee [4,10-12]. Finally,
some hospitals have used peer review to improve quality
by randomly selecting cases or designing schemes looking at poor outcome cases in order to determine root
causes[8]. Nonetheless, despite being mandated by JCAHO, the manner in which peer reviews are conducted,
analyzed, and utilized varies widely across institutions[8].

1986 when Dr. Timothy Patrick, a general and vascular
surgeon, sued Columbia Memorial Hospital (CMH) after
being unfairly subjected to a bad faith peer review for
economic reasons[14]. Upon starting practice in the small
town of Astoria, Oregon, Dr. Patrick joined a group of
established surgeons at the Astoria Clinic. After several
years of employment Patrick was offered partnership at
the clinic which he later refused in order to open his own,
competing surgical practice in the same geographic area.
In retaliation, Patrick’s former colleagues at the Astoria
Clinic reported Patrick to the hospital executive committee at CMH for peer review. The charges levied claimed
that Patrick exhibited irresponsible behavior towards
patient care. An executive peer review committee was
formed and was chaired by Dr. Gary Boeling, a partner
of the Astoria Clinic. After an investigation was conducted and subsequent false evidence concerning Patrick’
s care was presented, the committee voted to terminate
Patrick’s privileges at CMH. Fearing termination, Patrick
instead chose to resign[14].
A subsequent federal antitrust lawsuit filed by Patrick
against partners of the Astoria Clinic, including Dr. William
Burget, claimed that the defendants participated in a bad
faith peer review in order to stifle competition. The United
States Supreme court which later ruled in Patrick’s favor
awarded the plaintiff $2.2 million and further disbanded
the Astoria Clinic based on the clinic’s violation of the
Sherman Antitrust Act[14,15].
Following the Patrick verdict many physicians became
hesitant to participate in peer review activities as they
feared possible involvement in future litigation. More
concerning at the time was that malpractice lawsuits were
at an all-time high during the same period. Viewing peer
review as a critical means of decreasing the number of
malpractice claims, then Rep. Ron Wyden (now Senator),
brought forth legislation known as the HCQIA to expand reviewer immunity in order to encourage physician
participation in the process[16].

History of peer review
Physician regulation was strongly opposed by both the
public and physicians in the early 19th century[10]. Despite
the opposition, governmental and medical societies saw
a critical need for the standardization of care in order to
protect both the public and the medical profession. In
turn, State Medical Licensure Boards were created in the
late 19th century with an emphasis on creating peer review systems to monitor physician behavior[10]. However,
both the American Medical Association and the United
States Department of Health and Human Services saw
that efforts by these organizations did not meet standardized criteria for improving care and enforcing disciplinary
action[11,12]. This deficiency was attributed mainly to physician unwillingness to conduct peer reviews[13].
To further exacerbate these concerns, disciplinary
action handed down by either hospitals or State Medical
Licensure committees was often circumvented by “State
Hoppers”, or, physicians who avoided disciplining actions by moving to another state or hospital which were
not aware of their previous disciplinary action[3,13]. In
response, States developed a national data bank of disciplinary action to stop such actions. Unfortunately, the
data bank was often found to be ineffective[13].

HCQIA and the national data bank
Five reasons were explicitly stated by congress for the
enactment of HCQIA (Table 1). HCQIA consists of
two parts. Part A of the law grants hospitals and reviewers immunity from litigation resulting from physicians aggrieved by the process. In order to qualify for
this immunity however, congress set four minimum
requirements that must be met when conducting peer
reviews (Table 2)[17]. Part B of the law tackled the issue
of “state hoppers” by creating the National Practitioner
Data Bank (NPDB). The NPDB was created to serve
as a centralized repository given the authority to collect
and release information relating to the competence and
professionalism of physicians. Currently, in order to
gain clinical privileges at hospitals, all practitioners are
required by law to be screened through the NPDB[18].
The NPDB receives three types of reports: adverse actions, malpractice payments, and Medicare/Medicaid
exclusion reports. Table 3 further quantifies the types
of reports in the NPDB. The NPDB can only be ac-

Patrick vs Burget
The peer review process further suffered a major blow in
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Table 1 Congressional reasons for law enactment
The increasing occurrence of medical malpractice and the need to improve the quality of medical care have become nationwide problems that warrant
greater efforts than those that can be undertaken by any individual state
There is a national need to restrict the ability of incompetent physicians to move from State to State without disclosure or discovery of the physician’s
previous damaging or incompetent performance
This nationwide problem can be remedied through effective professional peer review
The threat of private money damage liability under Federal laws, including treble damage liability under Federal antitrust law, unreasonably discourages physicians from participating in effective professional peer review
There is an overriding national need to provide incentive and protection for physicians engaging in effective professional peer review

Table 2 Part A Health Care Quality Improvement Act peer review immunity requirements
Peer review action is taken:
In the reasonable belief that the action was in furtherance of quality of care
After a reasonable effort to obtain the facts of the matter
After adequate notice and hearing procedures are afforded to the physician involved or after such other procedures as are fair to the physician under
the circumstances
In the reasonable belief that the action was warranted by the facts known after such reasonable efforts to obtain the facts

Table 3 Causes of reports to the National Practitioner Data Bank (Satiani 2004)
Adverse actions (17%)
Peer review findings adversely affect the clinical privileges of physicians or dentist for more than 30 d
Privileges are restricted or surrendered while under peer review investigation for possible incompetence or improper professional conduct
Privileges are restricted or surrendered in exchanged for peer reviewers not conducting an investigation
Physician’s or Dentists’ license are revoked, suspended, or surrendered
Physicians or Dentists are censured, reprimanded, or put on probation
Malpractice payments (82%)
Insurers settling claims or judgments relating medical malpractice on behalf of physicians
Medicare/medicaid exclusion reports (1%)
Percentage refers to proportion of reports attributable to 132896 physicians in the National Practitioner Data Bank in 2002.

cessed by third parties directly involved in physician
regulation including hospitals, state medical boards, and
professional societies [19]. Despite repeated efforts by
public consumer groups to access the NPDB however,
congress has kept the database confidential and closed
to consumer review[18,20].

ruling was delivered by the Supreme Court and many
members of congress saw further need to protect peer
reviewers. However, congress was simultaneously well
aware of the real potential for abuse the law had. In turn,
original immunity provisions granted by the HCQIA were
specifically scaled back in order to avoid misinterpretation
of the law[25]. In fact, Rep. Henry Waxman, floor manager
of the bill at the time, stated that “Bad faith peer review
activities permitted by the Patrick case could never obtain
immunity under H.R. 5540”[26]. Nevertheless, since its initiation in 1986, the congressionally written HCQIA has
been transformed from a law granting hospitals and peer
reviewers limited immunity provisions into a law that today grants nearly absolute immunity by the courts[26].

SHAM PEER REVIEW
Sham peer review is characterized as a review called for by
either a single, or group of physicians, conducted in order
to lead to adverse action taken by the review committee[21]. Prior to HCQIA, such bad faith cases could often
be fought in court as in the Patrick case. However, the
extraordinary levels of immunity granted to hospitals and
peer reviewers under HCQIA have inhibited such successful endeavors. Currently the prevalence of such cases in the
medical community is undefined due the dearth of published literature on the subject[21,22]. As an estimate however,
thirty three lawsuits were brought to United States courts
claiming sham peer review between 2003-2007[23]. Further
estimates put the number of sham peer reviews occurring
at upwards of 10% of cases reviewed[24].

HCQIA immunity and the courts
In one example of claimed peer review abuse, Dr. Susan
Meyer, an emergency room physician at Sunrise Hospital, was required to undergo review after her treatment
of Adolph Anguiano, a homeless patient who two hours
after being seen by her in the ER, died in the parking
lot of Sunrise Hospital[27]. Upon entering the ER, Meyer
performed a full physical exam, took vital signs, measured oxygenation levels of Mr. Anguiano and subsequently determined the patient did not require any acute
medical care and later discharged the patient from the

Legislative history of HCQIA
In the process of drafting HCQIA, the Patrick vs Burget
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Characteristics of sham peer review
Two types of physicians are targeted in sham peer review. The first are often competitors to an often larger,
more powerful physician group[21,22]. The second are often outspoken critics of patient quality of care or safety
issues seen as whistleblowers by hospital leadership[21,22].
William Parmley, currently the immediate past Editorin-Chief of the Journal of the American College of
Cardiology, has recently characterized three sham peer
review cases he has recently been presented with[21]. The
cases describe either solo practitioners or practitioners
working in small groups at private hospitals. Their accusers are often large groups that appear to be moving
against them using peer review in order to stifle competition. The accusers often have positions on the executive
hospital board or, are deeply connected to the board. In
one case, Parmley describes a situation where an external
peer review committee was hired by the hospital to give
a bad faith review. The result was the loss of hospital
privileges for two of three physicians and in turn their
forced relocation. The third physician was cleared of any
wrongdoing at the expense of severe financial loss. Parmley further describes these scenarios as being “far more
common than is appreciated” [21].

ER. Upon discovering that Mr. Anguiano had died, Dr.
Graham Wilson, Chair of the Department of Emergency Services advised Dr. Meyer to finish her shift in the
ER and subsequently informed her that she was being
suspended due to her substandard care. She was advised
to obtain legal counsel in order to undergo a fair hearing
process.
Meyer, who later lost an appeal of her case in the
Nevada Supreme Court, was later informed by Dr. Rick
Kilburn, the Chief Operating Officer of Sunrise Hospital, that she would be suspended regardless of the result
of her peer review hearing. Despite knowing the final
result beforehand, Meyer requested a formal peer review
by the hospital in order to have her clinical judgment
assessed by her colleagues. Despite several Emergency
room physicians testifying that Meyer’s treatment was
“well within the standard of care”, the review committee
found otherwise and recommended her suspension. The
recommendation was reaffirmed by the Appellate Review
Committee of the hospital.
Meyer in turn filed a civil action lawsuit against Columbia Sunrise hospital alleging a breach of contract and
breach of the covenant of good faith and fair dealing.
The hospital, claiming immunity under HCQIA in turn
succeeded in dismissing the case in district court. The
case was met with the same decision at the Nevada Supreme Court. However, the Justices gave a rare glimpse
into the reason for Meyer’s loss and the extent of the
powerful immunity granted to hospitals and peer reviewers in their concluding summary statement.
I must concur in the result reached in the majority
opinion because HCQIA sets such a low threshold for
granting immunity to a hospital’s so-called peer review.
Basically, as long as the hospitals provide procedural due
process and state some minimal basis related to quality
health care, whether legitimate or not, they are immune
from liability. Unfortunately, this may leave the hospitals
and review board members free to abuse the process for
their own purposes without regard to quality medical
care.... Unfortunately, the immunity provisions of HCQIA sometimes can be used, not to improve the quality
of medical care, but to leave a doctor who is unfairly
treated without any viable remedy [emphasis added][27].
In a second, similar sham review case, Dr. Carol
Bender, an internist, brought a lawsuit against the Maryland Suburban Hospital to the Maryland Special Court
of Appeals for a breach of contract and early termination alongside defamation via the peer review process[28].
The court ruled against Bender despite having “legitimate
gripe (with the hospital)” stating that the hospital was
granted immunity under HCQIA despite how “reprehensible some of [the peer reviewers] actions may have
been” [28]. In another example of Jenkins v. Methodist
Hospital of Dallas, United States District Court of the
Northern District of Texas, held that the court was troubled that a statue exist under HCQIA granting immunity
to individuals that are knowingly providing false information to the courts[29].
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NPDB reporting
Hospitals are mandated by law to query practitioner’s
request of clinical privileges, or admission to the medical staff and re-queries are required every 2 years for any
clinician on staff[30,31]. Moreover, hospitals are required
to report any adverse actions to the NPDB (Table 3)[31].
Sham peer reviews rely heavily on the fear of physicians
being reported to the NPDB[4]. Physicians reported to
the NPDB face significant hurdles when seeking employment, licensure, and credentialing[4]. Physicians are
often questioned about all previous reports to the NPBD
prior to receiving any hospital credentialing activities[4,31].
Furthermore, HMOs and insurance carriers are increasingly using the NPDB when choosing physicians to be
covered under provider panels[4]. Single transgressions in
the NPDB or loss of medical privileges can often result
in further negative consequences as physicians become
progressively dropped from these provider panels[4,32].
Consequences of sham peer review
In light of the immunity granted to peer reviewers and
hospitals, many physicians find themselves victims of
sham peer review without any timely legal recourse.
Consequently, upon seeing the signs of an impending
sham peer review, wrongly accused physicians will choose
one of two dire possibilities. On one hand, practically
all peer reviews meet the “reasonable belief ” provision
of HCQIA and in turn qualify for near absolute immunity. Moreover, proving malicious intent to the courts is
almost practically impossible[23]. Despite the odds, some
physicians will choose to fight sham peer reviews in court
often at substantial financial and reputational cost, mental
stress, and time[27-29,33,34]. On the other hand, as previously
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cant resources. Nevertheless, several models implemented
at both large and small United States hospitals have shown
that standardization and structuring of the review process
can significantly improve medical care[42-48].

stated, physicians acknowledge that being reported to
the NPDB can negatively affect future employment and
reputation. In this situation, many physicians will often
instead decide to resign from their hospitals or retract
statements seen as unfavorable by hospital executives in
exchange for early termination of the investigation and
subsequent failure to report to the NPDB.
Hospitals are required by law to report situation in
where physicians resign in the midst of a peer review investigation[31,35]. Nevertheless, several studies have shown
that there is significant evidence of hospital underreporting to the NPDB every year[9,36-38]. Furthermore, a five
year study looking at hospital reporting to the NPDB
showed that 67% of hospitals did not report a single
adverse event to the NPDB[39]. Another study showed
that 75% of potentially reportable actions and 60% of
unquestionable reportable actions were not reported to
the NPDB by their respective hospitals. While ambiguous, such significant underreporting can likely account
for such an arrangement.

External peer reviews
Recognizing the concerns peer review has placed on
hospitals and physicians, recent JCAHO reforms of the
Medical Staff Standards for hospitals were released in
2007. These changes require mechanisms allowing for fair
hearings and appeal process in decisions adversely affecting medical staff members[49]. However, it is unclear how
much these reforms have contributed to mitigating sham
peer review. Furthermore, while hospitals are required
to implement such reforms, these standards still do not
provide for independent peer review or oversight of the
review process to ensure proper implementation. One
approach to solving this issue is the creation of a second
layer of protection involving external peer reviewers to
verify that actions are taken in compliance with HCQIA
and JCAHO requirements. Another suggested approach
requires the use of Quality Improvement Organizations (QIOs) to independently review and supervise
peer reviews conducted across United States hospitals.
QIOs are physician operated organizations contracted
by the Centers for Medicare and Medicaid Services in
order to conduct reviews and further improve quality
of services provided to Medicare beneficiaries in all 50
states[50]. These QIOs are currently accustomed to dealing
with quality across United States hospitals and could be
primed to serve as important, external supervisors of the
peer review process.

FUTURE DIRECTION
Evidently legal immunity is necessary to protect hospitals
and physicians conducting good faith peer review as not
every review of a physician is unwarranted, abusive or
malicious. These peer reviews serve to protect the public
and the medical profession from poorly behaved, unethical, or incompetent physicians. However, such absolute
immunity undear HCQIA has evidently weakened the
process and lead to significant abuse. In the case of Dr.
Timothy Patrick, a direct competitor was able to chair the
peer review committee and was able to maliciously affect
the peer review outcome in order to gain economic advantage. In order to change this paradigm, a multifaceted
approach must be employed focusing on standardization,
external peer reviews and finally legislative reform.

Legislative reform of HCQIA
Despite countless physician lawsuits against sham peer
reviews reaching high level United States federal courts,
the United States Supreme Court has continually denied
to preside over such appeals in order to rule certiorari
over the legality of HCQIA immunity[51-54]. Considering
the extent of immunity granted, several legal commentators have argued that these antitrust immunities should
be repealed[40,41,55,56]. Nonetheless, considering the firm
position for immunity in the medical community and
congress, this is unlikely. In turn, several measures can be
taken to ensure peer review fairness via HCQIA reform
rather than repeal[23]. While these recommended reforms
have been described in extensive detail elsewhere, we will
provide a short overview here[23].
First, due process requirements under HCQIA are inadequate and must be reformed in order to inhibit partial
or biased reviewers from passing judgments on physicians. Second, the “reasonable belief ” standard under
HCQIA is virtually impossible to challenge in court and
often place a significant burden on the targeted physicians to overcome. In turn, Congress or the Department
of Health and Human Services needs to narrowly clarify
what is meant by “reasonable belief ” in order to qualify
for HCQIA immunity. Third, legislation reform should

Standardization of peer review
Lack of standardization of the peer review process at the
majority of hospitals leaves the door open for abuse. Today, only 62% of hospitals consider their review process
to be either highly, or greatly, standardized[9]. The variation
in structure in turn leaves two variants of peer review systems in place at most hospitals. The first is a highly standardized process involving several committees, revolving
peer reviewers, and finally objective measures of quality
assessment. The second is an unstandardized review process that can be significantly prone to exploitation due to
the complete subjective nature of such committees.
Moreover, studies have shown that peer reviews are
often unreliable measures of quality and have not served
their intended role in quality improvement[6,40]. Standardization of the review process stands to benefit from both
significant quality improvement and likely decreased abuse
of the process to allow for sham peer reviews[41]. However, national standardization efforts of peer review remains
difficult as the process is both costly and requires signifi-
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effectively mandate umbrella oversight by outside institutions in order to ensure fair, evidence-based, and appropriately motivated peer reviews are conducted[23]. Lastly,
if congressional reform unlikely, advocacy at the state
level, which cannot be preempted by HCQIA, should be
sought to further protection against Sham peer reviews[26].

13

14

CONCLUSION
Peer review serves to discipline incompetent or unethical physicians in order to protect the public. Immunity
granted under HCQIA serves to protect hospitals and
peer reviewers from litigations from appropriately sanctioned physicians. Unfortunately, HCQIA extends these
immunities to sham peer reviews. In the hypercompetitive and highly political United States medical system, this
immunity has been abused and has led to the devastating destruction of many physicians careers. Considering
Congressional and Judicial forbearance on this crisis,
significant leadership by physicians, professional societies,
and hospital administrators is needed in order to remedy
the faults of peer review. Furthermore, there is considerably need to study the precise prevalence of sham peer
review across the United States Moreover, further research is needed to show if the recent JCAHO reforms
have decreased the prevalence of such cases. Lastly, further research is needed in order to determine the cause
of NPDB underreporting of adverse events.
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Core tip: Gastritis, peptic ulcer and related complications occur more commonly in elderly people. Helicobacter pylori (H. pylori ) testing and treatment should
be regarded as an important goal in clinical practice in
elderly people, but only a few studies have been published to date. This article presents an overview of the
epidemiology, diagnosis, clinical manifestations and
therapy of H. pylori infection with a focus on elderly
people, based on a multidimensional approach and the
clinical practice modifications (or not) aroused during
the past three decades.

Abstract

Pilotto A, Franceschi M. Helicobacter pylori infection in older
people. World J Gastroenterol 2014; 20(21): 6364-6373 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i21/6364.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i21.6364

Since the discovery of Helicobacter pylori (H. pylori )
infection as the major cause of gastroduodenal disorders three decades ago, H. pylori has been the focus of
active research and debate in the scientific community.
Its linkage to several diseases, such as peptic ulcer
disease, gastritis and gastric malignancy is incontestable. In particular, it has been noticed that, as the aged
population is increasing worldwide, older people are
at increased risk of developing several gastroduodenal
diseases and related complications. At the same time,
gastric cancer is definitely more frequent in elderly
than in adult and young people. In addition, it has
been showed that peptic ulcer and related complications occur much more commonly in aged individuals
than in young people, resulting in a significantly higher
mortality. Although this infection plays a crucial role in
gastrointestinal disorders affecting all age groups and
in particular older people, only a few studies have been
published regarding the latter. This article presents an
overview of the epidemiology, diagnosis, clinical manifestations and therapy of H. pylori infection in elderly
people.

INTRODUCTION
In 1983, Helicobacter pylori (H. pylori), a Gram-negative bacterial pathogen that selectively colonizes the gastric epithelium, was isolated by culture from gastric biopsy specimens by Warren and Marshall[1], who were then awarded
the Nobel Prize in Physiology or Medicine for their
imperative discovery. Their work started a new interest
in the previously neglected field of gastric microbiology,
and in 1994 the National Institutes of Health consensus
conference in the United States declared an association
between H. pylori and peptic ulcer disease[2,3]. In the same
year, H. pylori was identified as a carcinogen associated with
gastric adenocarcinoma[4] and gastric non-Hodgkin’s lymphoma[5,6]. Thus, only a decade after its first isolation, H.
pylori became the most important microbiological agent
in human upper gastrointestinal tract disorders and it
was classified as a type Ⅰ carcinogen group by the World

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Health Organization and the International Agency for
Research on Cancer (IARC)[4].
Although H. pylori infection is important in gastrointestinal diseases affecting all age groups, only a few
studies have been published regarding elderly people. In
this review, papers published in English were searched
in PubMed using the key words “H. pylori”, “-elderly”,
“-geriatrics”, “-diagnosis” and “-treatment”, focusing on
recent information and studies. The review sought to reexamine the role of H. pylori infection in peptic ulcer,
gastric cancer (GC) and extra-digestive diseases, addressing also its diagnosis and options for treating the infection in elderly people.

INVASIVE TESTS
Histology
Histological evaluation has traditionally been the gold
standard method for diagnosing H. pylori infection. The
disadvantage of this technique is the need for endoscopy
to obtain tissue specimens. However, upper gastrointestinal endoscopy is always indicated for elderly people
with different abdominal symptoms because of the high
prevalence of severe gastric diseases in this age group[17].
Histology has the benefit of evaluating the morphological parameters of the gastric mucosa in order to identify
the presence and severity of histological gastritis[18]. Recently, an international group of gastroenterologists and
pathologists Operative Link on Gastritis Assessment
(OLGA) has developed a new system of histologically
reporting gastritis[19]. The assessment/description of the
elementary lesions (in each of the biopsy samples considered) represents the core element in the histology report.
A semiquantitative score of some of the elementary lesions should be provided, that is: (1) lymphoid-monocytic
inflammation; (2) polymorphs (i.e. activity); (3) atrophy
(distinguished as metaplastic and nonmetaplastic); and (4)
H. pylori status (positive vs negative). This system places
the histological phenotype of gastritis on a scale of progressively increasing risk of GC, from the lowest (stage 0)
to the highest (stage Ⅳ) stage.
In order to provide a proper evaluation of the presence of H. pylori in elderly patients, it is necessary to go
through a bioptic sampling with two antral and two body
gastric biopsies. The high level of atrophic gastritis in elderly people can, in fact, reduce the sensitivity of the test
itself.

EPIDEMIOLOGY
Approximately 50% of the global population worldwide
is thought to be colonized with H. pylori, which is typically acquired within the first 5 years of life[7]. The prevalence of the infection varies according to different ages,
socioeconomic strata and geographical regions. In developing countries the prevalence of H. pylori is higher in
children, likely due to lower socioeconomic status, poor
hygiene, overpopulation and lack of safe drinking water[8],
whereas in developed countries the prevalence increases
with age, probably as a cohort effect of an earlier generation exposed to poor sanitation. Prevalence of infection
varies between 7% and 87% and was lower in European
countries[9].
About 10 years ago, most of the studies reported a
worldwide increasing prevalence of H. pylori infection
with age, reaching 40%-60% in asymptomatic elderly
individuals and > 70% in elderly patients with gastroduodenal diseases[10]. Studies conducted in the past decade
have reported a high prevalence of H. pylori infection
within the oldest population, especially in institutionalized old people, with a prevalence ranging from 70% to
85%[11,12]. However, a marked reduction in the prevalence
of infection is noticed in elderly people (> 85 years)[9,13,14].
Chronic atrophic gastritis and the extensive use of current or previous treatment with antibiotics and antisecretory drugs may explain this observation[14]. However, it
has been shown that the prevalence of the infection has
decreased in adults and children in many countries almost
25 years after the discovery of H. pylori[15,16]. Indeed, the
infection persists throughout life, unless treated. This
finding suggests that attention should be paid to diagnosis in order to treat H. pylori infection in older people.

Rapid urease test
The rapid urease test [CLO (Campylobacter-like organism) test] can detect the presence of H. pylori within 1
h with satisfactory accuracy (90%)[20]. However, as for
the histology, the rapid urease test performed on antral
biopsies has a lower sensitivity in 60-year-old (and older)
compared to younger patients (57% vs 75%)[21]. Moreover, false-negative results can occur in patients taking
antisecretory drugs.
Bacterial culture
H. pylori is difficult to grow on culture media, thus, the
role of culture in diagnosis of infection is limited mostly
to research and epidemiological considerations. Its interest mainly lies in the possibility of performing antimicrobial susceptibility testing. The rationale relates to the fact
that in the case of clarithromycin resistance, the rate of
success of clarithromycin-containing triple therapy is low,
ranging between 10% and 30%[22]. After a second failure,
it should be performed in all cases as recommended at
the Maastricht Ⅲ Conference[23] .
These findings suggest that in elderly people it is advisable to obtain gastric biopsies at least from both the
antrum and corpus of the stomach, and to perform a

DIAGNOSIS OF H. PYLORI INFECTION
Diagnosis of H. pylori can be achieved with invasive or
noninvasive techniques. Invasive tests (histology, culture,
and rapid urease test) need upper gastrointestinal endoscopy and biopsy material for tests, whereas the noninvasive techniques [C-urea breath test (UBT), stool antigen
test, and serological blood test] use other methods. Each
test has advantages, disadvantages and limitations.
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second test for H. pylori if a urease-based or histological
test is negative, and it is mandatory to suspend antisecretory drugs at least 10 d prior to the tests.

to the Maastricht Ⅳ Conference, the diagnostic accuracy
of the HpSA test is equivalent to the UBT if a validated
laboratory-based monoclonal test is used with an evidence level “1a” and grade of recommendation “A”[33]. In
older people, however, some limitations of the HpSA test
could be due to constipation, a frequent disorder in elderly people. Indeed, as previously suggested, the prolonged
gastrointestinal transit time could slow down the passage
of the bacteria into the colon, leading to degradation of
H. pylori antigens and compromising their detection[14].

NONINVASIVE TESTS
UBT
The C-UBT is a noninvasive test that relies on bacterial
urease activity. The main principle involved is the conversion of urea into NH3 and CO2 by urease. Urea marked
by 13C and 14C is hydrolyzed by H. pylori into NH3 and
CO2 in the stomach and then labeled isotopes of carbon
in the CO2 exhaled by the lungs are measured. The greatest advantage of the C-UBT is that it samples the whole
stomach, avoiding obstacles normally linked to invasive
tests such as biopsy, which can hardly detect the bacteria
if it is patchily distributed on the stomach mucosa.
The 13C-UBT is an accurate, practical and easily available test[24]. The diagnostic accuracy of the 13C-UBT was
95% in several studies[25]. In elderly people, the 13C-UBT
has demonstrated significantly higher sensitivity (100%),
specificity (95.7%) and diagnostic accuracy (98%) compared to serology (IgG H. pylori antibodies)[26]. Furthermore, the 13C-UBT has shown to be unaffected by potential co-variables, such as cognitive function, disability,
comorbidity and co-treatments[27] .
Recently, a study performed in 100 patients aged >
65 years, using 14C-UBT, demonstrated a sensitivity of
91.4% and specificity of 93.8%[28] .

Other noninvasive tests (GastroPanel blood)
GastroPanel is determined by four parameters measured
in blood samples: serum pepsinogen (s-PG)Ⅰ and s-PG
Ⅱ, gastrin-17 and anti-H. pylori IgG. Levels of s-PGI and
s-PGII are known to increase in cases of H. pylori-related
nonatrophic gastritis. s-PGⅡ levels are higher in patients
with peptic ulcer and are correlated with the severity of
inflammation[34] . H. pylori eradication induces improvement of histological gastritis activity. A study performed
in elderly patients demonstrated that s-PGⅡ levels decreased significantly in the case of successful eradication
of H. pylori[35]. Therefore, s-PGⅠ/PGII ratio could be
a useful marker for monitoring the outcome of H. pylori
treatment[29,36]. Moreover, the measurements of s-PGI or
the ratio of s-PGⅠ/s-PGⅡ may be useful to identify
atrophic gastritis of the gastric corpus, and assays for
gastrin (particularly gastrin-17) could be an indicator of
the morphological status of the antral mucosa[37]. Further
studies are needed to evaluate the clinical usefulness of
the GastroPanel test in clinical practice, especially in older
people.

Serological IgG test
After H. pylori infection is acquired, the immune system
typically reacts by producing IgG against organism-specific antigens. These antibodies can be detected in serum
or whole-blood samples. The presence of IgG antibodies
against H. pylori can be detected through a biochemical
assay and several different ones are available. The sensitivity, specificity and diagnostic accuracy of serology in a
study of elderly patients were 74.4%, 59% and 67%, respectively[29]. It is important to remember that it does not
effectively tell apart current from past infections. This
method is not a useful means to confirm the eradication
of H. pylori, but it may be used in the monitoring phases
after eradication; indeed, it could be useful to observe
and verify the former presence of H. pylori in patients
with atrophic gastritis.

CLINICAL FEATURES
Epidemiological and clinical studies suggest that with
advancing age there is an increase in both the prevalence
and severity of upper gastrointestinal diseases[38]. As reported above, H. pylori infection is the major risk factor
for developing chronic gastritis and peptic ulcer, and it is
also related to gastric mucosa-associated lymphoid tissue
lymphoma and GC[2-4]. Moreover, interesting data suggest a clinical association between H. pylori infection and
extra-digestive disorders, including some that are particularly frequent in older people.

CHRONIC ATROPHIC GASTRITIS

H. pylori stool antigen testing
H. pylori stool antigen (HpSA) testing involves an enzyme
immunoassay to detect the presence of H. pylori antigen
in stool specimens. The monoclonal HpSA test is an accurate noninvasive method for both the initial diagnosis
of H. pylori infection and confirmation of its eradication
after treatment[30]. The sensitivity and specificity of the
HpSA test compared with two tests (histology and UBT)
were respectively 76% and 95% in 122 elderly hospitalized patients[31]. Similar results were found in a study involving 85 hospitalized frail elderly people[32]. According
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Although previous studies have reported that advancing
age is independently related to chronic atrophic gastritis and a functional status of hypo/achlorhydria, more
recent data suggest that atrophic changes of the gastric
mucosa are associated with H. pylori infection rather than
with aging[4]. Eradication of H. pylori infection in elderly
patients can lead to a significant decrease in gastritis activity as compared with no change in histology in patients
with continuing chronic infection[39]. Eradication of H.
pylori infection in elderly patients with advanced atrophic
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gastritis may also lead to significant improvement in the
mean histological scores of inflammation, atrophy and intestinal metaplasia, after a mean follow-up of 2.5 years[40]
after eradication therapy. In a recent study performed in
84 elderly patients, the authors confirmed that eradication of H. pylori infection improved gastric atrophy and
prevented the progression of intestinal metaplasia during
long-term follow-up[41]. Lastly, in patients with corpus
atrophic gastritis, there is long-term improvement of
physiological gastric function after H. pylori eradication,
as suggested by the significant and continuous increment
of s-PGI levels over a 4-year period[42].

moreover, NSAID or aspirin use, alone or in combination
with H. pylori infection, were reported by 39% of gastric
ulcer and 25% of duodenal ulcer patients[50].
NSAID use and H. pylori infection are independent
risk factors for peptic ulcer and gastroduodenal bleeding in elderly patients. In H. pylori-positive older patients
who are starting long-term treatment with NSAIDs, the
treatment of H. pylori infection significantly reduces the
6-mo risk of peptic ulcer[51]. In elderly high-risk patients,
however, the use of PPIs concomitantly with NSAIDs
reduces the occurrence of NSAID-related gastroduodenal damage more effectively than the eradication of H.
pylori infection[52].
Moreover, after eradication of H. pylori, maintenance
treatment with a PPI is more effective than placebo in
the prevention of ulcer bleeding in elderly patients[53]. All
these findings suggest that H. pylori eradication would
surely be a useful strategy, but it is not sufficient for the
prevention of severe gastroduodenal damage in elderly H.
pylori-positive patients and NSAID and aspirin users[39,54] .
Indeed, the few short- and long-term studies performed in elderly patients with H. pylori-positive peptic
ulcer have demonstrated that treatment of H. pylori
infection results in ulcer healing in > 95% of patients.
Moreover, it significantly improved clinical outcomes,
including a reduction in recurrence[55] , but unfortunately
the percentage of elderly patients with peptic ulcer who
are treated for their H. pylori infection is still low[56].
All the above-mentioned considerations suggest that,
along with aging of the population, the risk of developing peptic ulcer and related complications, including
gastrointestinal bleeding, is more frequent in elderly
patients than in younger ones[57]. Consequently, we suggest testing for and treating H. pylori infection in elderly
people. Moreover, it has been proposed that in patients
characterized by comorbidity or a history of peptic ulcer
and requiring long-term NSAID or aspirin treatment, H.
pylori infection should be eradicated before starting the
above-mentioned therapy[58,59] .

GASTROESOPHAGEAL REFLUX DISEASE
Gastroesophageal reflux disease (GERD) is a multifactorial disorder characterized by reflux of acidic gastric contents into the esophagus, leading to tissue damage and
symptoms. Gastric acid secretion does not decrease with
age, although factors leading to atrophic gastritis, such as
H. pylori infection, reduce gastric acid secretion[43].
Although it has been previously suggested that H.
pylori eradication may cause both reflux symptoms and
erosive esophagitis, the relationship between H. pylori infection and GERD has not been clarified yet, particularly
in elderly people.
Epidemiological data do not seem to support a role
for H. pylori in the pathogenesis of reflux disease, and
suggest a negative association with the increasing incidence of esophageal diseases[44,45]. A recent meta-analysis
of 10 trials in which data of patients treated for H. pylori
infection were compared to those receiving placebo concluded that the post-treatment incidence of reflux symptoms (17% vs 22.6%) and erosive esophagitis (5% vs 5.1%)
were similar between both groups[46]. However H. pylori
testing should be considered in older patients affected by
GERD and receiving long-term maintenance treatment
with proton pump inhibitors (PPIs)[39].

PEPTIC ULCER DISEASE

GC

The correlation between H. pylori infection and peptic ulcer and peptic bleeding diseases has been widely studied.
A meta-analysis reported that the prevalence of peptic
ulcer disease ranged worldwide between 0.1% and 4.7%,
with an annual incidence ranging from 0.19% to 0.3%[47] .
Epidemiological studies have indicated that the prevalence
and incidence of peptic ulcer show a constant decline
in the general population, but current studies report an
increased rate of peptic ulcer disease, its complications
and mortality in older patients[48,49]. Two major factors that
might explain the observed increasing incidence of peptic
ulcer in elderly patients are the high prevalence of H. pylori
infection and the large use of nonsteroidal anti-inflammatory drugs (NSAIDs) and/or aspirin. An endoscopic
study carried out in 520 peptic ulcer patients aged > 65
years (mean age: 81 years) reported that 67% of gastric
ulcers and 69% of duodenal ulcers were H. pylori positive;
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GC is the fourth commonest cancer in the world and accounts for 8% of the total cancer cases and 10% of total
cancer-related deaths worldwide, with > 70% of new
cases and deaths occurring in developing countries[60]. GC
is rare below the age of 30 years; thereafter, it increases
rapidly and steadily to reach the highest rates in the oldest
age groups, both in men and women. Although the incidence of GC has declined in the general population, the
incidence in elderly people is increasing, most probably as
a result of extended life expectancy.
It is now clear that H. pylori infection induces a cascade of events that could ultimately lead to gastric neoplasia in genetically predisposed hosts[61]. The key pathophysiological events include the onset of gastric atrophy
and hypochlorhydria. The increased proliferation induced
by inflammation creates a genetically unstable gastric
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infection and coronary heart disease[72,73] or extracardiac
atherosclerosis[74] .
Recent data have demonstrated that H. pylori chronic
infection can play a role in mild cognitive impairment[75]
and Alzheimer’s disease[76-78], but further studies are needed to attest to the impact of H. pylori infection on disease
course, especially on cerebrovascular lesions and neuroinflammation.

mucosa, which is further compromised by the presence
of genotoxic substances generated by inflammatory and
bacterial products[62]. The hypochlorhydria contributes
to bacterial overgrowth, which further exacerbates the
inflammation and leads to generation of carcinogenic nitrogenous products. Elderly people have a higher prevalence of H. pylori infection and those who are infected
develop a gradual decline in gastric acid secretory function, which is induced by the chronic gastritis and atrophy. In the presence of other environmental factors such
as poor diet and smoking, the neoplastic process is even
accelerated.
Several animal studies have confirmed that gastric carcinogenesis originates from H. pylori[63,64]. Metaanalyses that included additional epidemiological studies
have confirmed the association between the bacterium
and GC[65]. To prevent the development of GC, eradication therapy should be ideally administered early, before
premalignant gastric lesions (i.e. atrophy) develop[66,67]. In
fact, a prospective observational study in 1526 Japanese
patients revealed that 2.9% of the H. pylori infected patients developed GC after 7.8 years, whereas none of the
noninfected individuals developed GC[68]. Furthermore,
an interventional study in China has shown a risk reduction of 37% after 7.5 years in patients who received H.
pylori eradication therapy. H. pylori eradication reduces the
incidence of gastric adenocarcinoma, therefore, a deeper
screening activity and calculated treatment strategy for
this infection in the general population in high-risk areas
are suggested.

Appetite regulation
The possible role of H. pylori infection in appetite regulation in elderly people is an interesting new area of research. H. pylori has an influence on the release of gastric
hormones and therefore it plays a significant role in the
regulation of body weight, hunger and satiety[79,80]. The
main hormones involved are leptin and ghrelin, which
are multifunctional hormones that co-operate in order to
balance different metabolic functions. They both act at
the hypothalamic level, but with opposite effects. Ghrelin increases appetite, and decreases the waste of energy
and catabolism in adipose tissue and plasma glucose,
improving body weight. Leptin acts in the opposite way.
H. pylori infection leads to a decrease of circulating ghrelin through a reduction of ghrelin-producing cells in the
gastric mucosa and increases the amount of gastric leptin
with no effect on circulating leptin levels[68]. One study
has reported that treatment of H. pylori infection increases the level of plasma ghrelin, leading to a more intense
appetite and weight gain[81]. Another study concerning
frail elderly patients aged > 80 years has shown that the
presence of H. pylori chronic gastritis induces a decrease
in both leptin and ghrelin gastric production, probably
due to the high prevalence of atrophic lesions observed
in this particular population[82].

EXTRA-DIGESTIVE DISEASES
The list of diseases associated with H. pylori seropositivity
is long[69]. We consider only those extra-digestive diseases
that can represent an interest for the treatment of elderly
patients and/or that have a significant social impact.
The proinflammatory nature of H. pylori infection
could be the common factor in the pathogenesis of
those diseases in which inflammation is an important
feature in the pathogenesis. Thus, it is possible that H.
pylori infection triggers or aggravates a systemic inflammatory response that acts concurrently with the key
triggering factors in many diseases. The apparent association of so many different diseases with H. pylori infection also suggests that a final common pathway could
exist for all these conditions. The effects of this local
inflammation may not be confined only to the digestive
tract, but may also spread to involve extraintestinal tissues and/or organs.

Iron-deficiency anemia
Iron-deficiency is a common cause of anemia in elderly
people. Several studies have shown a relationship between H. pylori and iron-deficiency anemia (IDA)[83,84].
Possible pathogenetic mechanisms involved in IDA in
patients with H. pylori infection include: occult blood loss
secondary to chronic erosive gastritis; decreased iron
absorption secondary to chronic gastritis of the corpus
causing hypo- or achlorhydria; and increased iron uptake
and use by bacteria.
Cobalamin deficiency
Cobalamin (vitamin B12) deficiency is particularly common in elderly people but is often unrecognized because
its clinical manifestations are subtle and nearly undetectable[85,86]. Vitamin B12 is a water-soluble vitamin needed
for DNA replication, production of S-adenosyl-l-methionine, normal nerve cell activity, and above all, it acts together with folic acid to control homocysteine levels. An
excess of homocysteine is associated with an increased
risk of heart disease, stroke and potentially other diseases
such as osteoporosis and Alzheimer’s disease[87].
Cobalamin malabsorption could be due to several

Cardiovascular and Alzheimer’s diseases
Several studies have demonstrated a relationship between
H. pylori seroprevalence and coronary artery disease[70,71].
However, it has not yet been determined if H. pylori infection is associated with increased risk of coronary heart
disease. The few studies performed in elderly populations have failed to find any association between H. pylori

WJG|www.wjgnet.com

6368

June 7, 2014|Volume 20|Issue 21|

Pilotto A et al . H. pylori in old age

come more marked after the first week of therapy[95].
Recently, sequential treatment consisting of 5 d of
PPI plus amoxicillin followed by five additional days with
PPI plus clarithromycin and tinidazole has revealed a better solution than the combination of a PPI plus amoxicillin and clarithromycin for 7 d[96,97]. In a study designed to
assess the eradication rate of this 10-d sequential regimen in geriatric patients with peptic ulcer, the authors
confirmed that the 10-d sequential treatment regimen
achieved significantly higher eradication rates in comparison with standard triple therapy[98].
Eradication of H. pylori infection is more difficult
when a first treatment attempt has failed[99]. The optimal
strategy for retreatment after failure of eradication has
not yet been established yet in elderly patients. Thus, the
choice of a second-line treatment depends on which
treatment was used initially. Despite retreatment ideally
being guided by data on susceptibility, the updated Maastricht Consensus Report[23,33] recommends that culture
and antimicrobial sensitivity testing should be routinely
performed only after two treatment failures with different
antibiotics.
The leading second-line therapy regimens are quadruple therapies, in which a PPI is added to a bismuthbased triple regimen. A different approach of retreatment
without susceptibility testing is to prescribe a second
course of PPI-based triple therapy avoiding antimicrobial
agents against which prior therapy may have induced
resistance, such as clarithromycin-based and/or metronidazole-based regimens. It has recently been suggested[100]
that levofloxacin-based rescue therapy constitutes an
encouraging second-line strategy, representing an alternative to quadruple therapy in patients with previous PPIclarithromycin-amoxicillin failure, with the advantage of
efficacy, simplicity, and safety. However the rapid acquisition of resistance may compromise its future efficacy, and
levofloxacin should not be used in patients with chronic
infectious bronchopneumopathy, who may have received
fluoroquinolones[33] .

factors including pernicious anemia, gastrectomy, histamine-2 antagonists, PPIs, and H. pylori infection itself[88].
Food cobalamin malabsorption is caused primarily by
chronic atrophic gastritis[89]. This theory has been supported by two different studies evaluating the effect of
eradication treatment of H. pylori infection on the improvement of vitamin B12 deficiency in patient groups
with atrophic[90] and non-atrophic gastric mucosa[91].
All these findings suggest that in presence of IDA
and cobalamin deficiency, H. pylori should be sought and
eradicated.

TREATMENT
The triple therapy regimens including a PPI, clarithromycin and amoxicillin or metronidazole for H. pylori
infection have been universally accepted since they were
recommended at the first Maastricht Consensus. This
regimen has also been reported as effective and safe for
the treatment of H. pylori infection in older people[92].
The most recent data, however, show that this combination has lost some efficacy and often allows the treatment
of only a maximum of 70% of the patients, which is less
than the initial target rate of 80% and far below what
should be expected for an infectious disease. Consequently, the recommended first-line therapy regimens are
dependent on the prevalence of antibiotic resistance[22].
In a recent study performed in 2204 patients in 18 European countries, the resistance rate of H. pylori was 17.5%
for clarithromycin, 14.1% for levofloxacin and 34.9% for
metronidazole, while the prevalence was ≤ 1% for other
antibiotics tested[93]. Actually, no data on antibiotic resistance in elderly patients are available.
The recommended treatment strategy in the Maastricht Consensus Report was triple therapy with PPI,
clarithromycin and metronidazole in areas with clarithromycin resistance rates < 15%-20% and metronidazole
resistance rate < 40%, and triple therapy with PPI, clarithromycin and amoxicillin in areas with clarithromycin
resistance rates < 15%-20% and metronidazole resistance
rate > 40%. Bismuth-containing quadruple therapy (10 or
14 d) is an option for first-line treatment. It leads to satisfactory eradication rates despite the increased resistance
to both clarithromycin and metronidazole.
Although it is now known that the increase in duration of triple therapy (from 7 to 14 d), as well as quadruple treatments, may be associated with more successful
eradication, few studies have evaluated the clinical utility
of these regimens in elderly patients. Only one study in
95 dyspeptic elderly patients (aged 65-81 years) demonstrated that the eradication rate of quadruple therapy
including 20 mg esomeprazole, 500 mg tetracycline, 500
mg metronidazole and 240 mg bismuth subcitrate tablets
twice daily for 10 d was 91% (intention-to-treat analysis)
and 95% (per-protocol analysis); the compliance was excellent, but mild-to-moderate side effects occurred in 27
patients (28%)[94]. Prolonging the duration of treatment
may increase the risk of side effects, which tend to be-
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CONCLUSION
H. pylori testing and treatment in elderly people should
be regarded as an important goal in clinical practice due
to its crucial role in gastrointestinal disorders in that
age group. The current recommendations confirm that
the standard methods for diagnosis and treatment of
H. pylori infection could be safe and effective in elderly
patients. However, because of the impact of underlying
conditions, that is, multi-morbidity and functional impairments that may influence the outcome in older people[101],
a multidimensional approach including the evaluation of
functional, cognitive, nutritional and social conditions in
addition to comorbidity and concomitant treatments is
required in clinical practice and research to manage older
patients better[102], in accordance with the high epidemiological and clinical impact that H. pylori infection has
aroused during the past three decades in older people.
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potential link between H. pylori infection and IBD.
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Core tip: By gathering a large volume of published data,
this review attempts to shed light on the mechanisms
and confounding factors underlying the potential link
between Helicobacter pylori (H. pylori ) infection and
Inflammatory Bowel Disease (IBD). However, whether
the link between H. pylori and IBD is coincidental, epiphenomenal or mechanistic remains to be elucidated
as there are contradictory data regarding both the
causative and the protective role of H. pylori infection
against IBD. This review provides a tool for researchers
in this field to use as they perform further research to
find the missing links.

Abstract
Helicobacter pylori (H. pylori ) infection is one of the

most widely spread infectious diseases in humans. It
can cause chronic gastritis, peptic ulcer disease and
gastric malignancies and has been associated with extra-gastric disorders. H. pylori elicit a chronic systemic
inflammatory response which, under certain conditions,
may trigger autoimmune reactions and may be implicated in the pathogenesis of autoimmune diseases.
Although the pathogenesis of inflammatory bowel
disease (IBD) is unknown, it is thought to result from
complex interactions between environmental factors
and microbiota in the gut of individuals who are genetically susceptible. Several bacterial and viral agents
have been implicated in the aetiology of IBD. In theory,
H. pylori infection could be involved in the pathogenesis
of IBD by inducing alterations in gastric and/or intestinal permeability or by causing immunological derangements resulting in absorption of antigenic material and
autoimmunity via various immunological pathways.
Similar mechanisms may also be responsible for the
co-existence of IBD with other autoimmune diseases
and/or extra-intestinal manifestations. However, the
epidemiological data fail to support this association. In
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INTRODUCTION
Inflammatory bowel diseases (IBDs), which includes
Crohn’s disease (CD) and ulcerative colitis (UC), are
chronic, relapsing-remitting diseases that constitute a
growing worldwide health burden[1-3]. Over time, these
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tion provides background for the hypothesis that H. pylori
infection may be implicated in the pathogenesis of IBD.
Nevertheless, there is epidemiological evidence that
contradicts the association between H. pylori and IBD.
H. pylori infection is an infection that occurs in underprivileged societies and its prevalence declines when environmental hygienic conditions improve. In contrast the
prevalence of IBD increases in societies adapting a Western life style[26]. Thus, it appears that there is an inverse
relation between the prevalence of IBD and H. pylori infection. IBD is highly prevalent in the United States[27], an
area with low rates of H. pylori infection whereas, a steady
rise in the incidence of IBD has been observed in H. pylori
endemic regions following widespread use of therapeutic
regimens to treat H. pylori[28]. Although environmental
changes may be the confounding factor underlying this inverse relationship, many (but not all) epidemiological studies have shown a low incidence of H. pylori infection in
patients with IBD[29-60]. This has led to the hypothesis that
H. pylori infection may exert a protective role against IBD.
However one can argue that it is the medication used to
treat IBD that eradicates H. pylori and /or the IBD associated mucosal alterations that may prevent colonization of
the stomach by H. pylori. The latter may be true, especially
in IBD patients with focally enhanced gastritis (FEG)
who have a particularly low incidence of H. pylori infection, even if they live in H. pylori endemic areas[33,34,61-64].
Possible mechanisms of the potential protective role
of H. pyloric infection against the development of IBD
may be alteration of the host immunologic response away
from the pro-inflammatory Th1/Th17 response towards
an increased T-regulatory cell immune response [65,66].
Moreover, H. pylori may induce the production of antibacterial peptides that counteract potentially harmful
bacteria implicated in the pathogenesis of IBD [67] or
compete with bacteria for the same ecologic niche in the
upper gastrointestinal tract[68].

diseases may lead to intestinal damage, complications, surgical interventions, gut failure and/or disability[4-7]. IBD is
thought to result from complex and unidentified interactions between environmental factors (such as infections,
medicines, tobacco, food particles) and genetic factors of
the host, resulting in abnormal and/or inappropriate immunological reactions to elements of the intestinal flora.
For example, Gradel et al[8] demonstrated that infection
with either Campylobacter or Salmonella species predisposed
individuals to subsequent development of IBD.
Helicobacter species easily colonize the gastrointestinal
surface due to microaerophilic metabolism, spiral shape,
and peculiar motility[9]. Based on their location within
the gastrointestinal system, they are divided into gastric
Helicobacters, such as the Helicobacter pylori (H. pylori), and
enterohepatic Helicobacters (EHH), which predominantly
colonize the intestine and the hepato-biliary system and
have been linked to chronic liver and intestinal diseases[9].
H. pylori usually resides in the surface epithelium of the
stomach, but H. pylori DNA has also been identified in
both the colon[10] and stool of infected patients[11-13].
H. pylori is a gram-negative, spiral-shaped pathogenic
bacterium that causes chronic gastritis. Peptic ulcer disease and/or gastric malignancies may develop in a small
number of individuals infected with the bacterium[9,14].
The inflammatory response of the gastric mucosa to H.
pylori most likely reflects the combined effects of a cellular immune response that is driven by an on-going stimulation of the host’s immune system by the bacterium.
This results in high production of interleukin (IL)-12,
leading to a T helper type 1 (Th1)-polarized response and
elevated levels of Th1 cytokines[15-18]. Products of the
local immune reactions may travel to extra-gastric sites,
thus linking H. pylori infection to the pathophysiology of
a variety of extra-gastric diseases, including autoimmune
disorders[19-21]. Interestingly, however, H. pylori has been
proposed to play a protective role against the development of certain autoimmune disorders[21] such as asthma[22] and type 1 diabetes mellitus[23]. The mechanisms
underlying this protective role of H. pylori infection is
thought to be differential expression of an acute and/or
chronic local mucosal inflammatory response, which may
elicit a systemic release of cytokines[24], which in turn may
down-regulate systemic immune responses and suppress
autoimmunity.
In IBD, dysregulation of the immune response of
the host to commensal bacteria has been proposed as an
important underlying pathogenetic mechanism. Increased
attachment of gut bacteria to the intestinal epithelium
has been documented in IBD. A Th1 immune reaction
and secretion of pro-inflammatory cytokines is implicated in the pathogenesis of IBD, especially CD[5]. Upregulation of cell signalling molecules, such as the macrophage inflammatory protein 3a (MIP-3a), has also been
documented in IBD[25]. Some IBD patients suffer from
concomitant autoimmune diseases and autoimmune-type
extra-intestinal manifestations. The similarities between
the immunobiology of IBD and that of H. pylori infec-
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CAUSAL ASSOCIATION OF
HELICOBACTER SPECIES AND H. PYLORI
WITH IBD
In animal models, EHH such as Helicobacter hepaticus (H.
hepaticus) and Helicobacter bilis (H. bilis) have been shown to
induce a persistent inflammation in the colon and cecum
in immuno-deficient rodents[69,70]. Helicobacter hepaticus
triggers colitis in a specific pathogen-free IL-10-deficient
mice through an IL-12 and interferon-gamma (IFN-γ)
dependent mechanism[69]. Helicobacter muridarum increases
disease activity and inflammation in an acute colitis model[71] and provokes a CD-like inflammation in severe combined immunodeficiency mice upon receipt of T cells[72].
Accumulating evidence from gene knockout rodents also
indicate that the presence of EHH worsens the severity
or hastens the development of colitis[73,74].
However, observations from human studies are conflicting. Several EHH species have been identified in the
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immune response to H. pylori infection in IBD, contributing to the initiation or perpetuation of inflammation. In
fact, Duchmann et al[94] showed that bacteria-specific T
cell clones are increased in inflamed intestinal mucosa of
patients with IBD.
It appears that in H. pylori infected patients, CD is
more often confined to the terminal ileum, a location that
is frequently affected by complications, yet may be associated with a lower clinical disease activity[95]. H. pylori infection usually occurs early in life, before the onset of CD,
so it is possible that this early infection may influence
disease location in these patients[96]. As a result, H. pylori
infection may not influence the course of the disease primarily, but may influences the location of the disease and
thus secondarily alters its course.

large intestine of patients with enteritis and ⁄ or proctitis[75]. Helicobacter macacae has been linked with chronic
idiopathic colitis in young rhesus monkeys[76]. Similarly,
Laharie et al[77] found that Helicobacter pullorum (H. pullorum) or Helicobacter canadensis infection was significantly
associated with CD in adults. Helicobacter species were
found either in faecal specimens[78] or in colonic biopsy
samples[79] of children with CD, and the prevalence of
the Helicobacteraceae was significantly higher in children
with CD (32/77, 41.5%) compared to controls (23/102,
22.5%)[80]. A German group found Helicobacter fennelliae
and H. pullorum in colonic samples of 12% of CD patients[81]. Helicobacter genus PCR positivity was also significantly higher in UC than in controls (32/77 vs 11/59,
P = 0.004)[82]. H. pylori was isolated and detected by PCR
in the intestinal mucosa of patients with UC-like CD
and UC[53,54,83]. Moreover, in another study H. pylori was
found in faecal specimens in the majority of children
with CD[78]. In contrast, Helicobacter species were not
detected in colonic biopsies of IBD patients in various
studies[84-88]. Additionally, no significant difference was
observed in the rate of detection of Helicobacter species
in intestinal biopsy specimens from 160 Chinese IBD
patients (10%) and 80 controls (6.3%)[57]. Furthermore,
in an earlier study assessing gastrointestinal mucosal lesions in children with IBD, infection with H. pylori was
found in only 2 of 41 children with CD (4.8%) and in 5
of 47 with UC (10.6%)[89].

PROTECTIVE ROLE OF H. PYLORI
AGAINST IBD
Many studies have reported that the prevalence of H.
pylori infection is lower in patients with IBD compared to
controls, demonstrating an inverse relationship between
IBD and H. pylori infection that suggests a protective role
of H. pylori infection against the development of IBD
(Table 1)[32-34,38,39,41-46,48,49,52,55,57-59]. However this has not
been confirmed by other studies (Table 1)[30,35-37,53,56,60].
Väre et al[41] found that seropositive CD patients presented at a significantly later age (40 years) compared to seronegative patients (30 years, P < 0.001), suggesting that the
higher age of disease onset in seropositive IBD patients
is the result of a protective modifier effect that H. pylori
infection exerts on the development of IBD[41], although
this has not been confirmed by other studies[34,42]. Furthermore, a meta-analysis of 23 studies suggested a protective role of H. pylori infection in CD pathogenesis, but
the heterogeneity among enrolled studies and the possibility of publication bias limited the reliability of these
results[97]. The published literature on the prevalence of
H. pylori infection in UC and CD is diverse. Various studies have found a lower prevalence of this infection in CD
compared to UC[29,31,34,41-43], whereas others have found
exactly the opposite[34,35,55]; still others have reported no
difference in the occurrence of H. pylori between the two
diseases[30,32,33,36,37,39,48,56,57].
Moreover, the increased occurrence of H. pylori-negative FEG among IBD patients also confirmed the inverse
association between the prevalence of H. pylori infection and IBD (Table 2). For example, H. pylori-negative
chronic active gastritis was found in only 2% of patients
without IBD compared to 20% of patients with IBD (CD
26%, UC 13%)[98]. Furthermore, permanent colonization
of the stomach by H. pylori is unusual in children with
IBD[40].
Heterogeneity among studies regarding the method
of IBD and H. pylori diagnosis differences in study
population, ethnicity and age across studies, and the possibility of publication bias may limit the certainty of the
above findings. As environmental hygiene and intestinal

H. PYLORI AND THE NATURAL HISTORY
OF IBD
It is conceivable that H. pylori infection may influence
the clinical course of CD by triggering both specific and
nonspecific immune responses in the human intestine.
Phenotype modification of CD was identified in a study
in which seropositive non-smoking CD patients had significantly fewer relapses and a lower risk of bowel resection compared to seronegative non-smoking patients[90].
Moreover, serum anti-H. pylori IgG levels were significantly lower in subgroups of patients with fibro-stenotic
and fistulising CD[54].
There are several hypotheses regarding how H. pylori
may influence the host immune response and thus alter
the clinical course of CD. H. pylori infection may exert a
direct damaging effect via urease and cytotoxins on the
ileal or colonic mucosa[91]. Moreover, H. pylori may induce
an autoimmune-like reaction in the stomach with the production of anti-Lewis X and/or Y antibodies that have
systemic auto reactive properties, thereby influencing the
course of the disease[92]. Another mechanism could be the
induction of platelet activation and aggregation as shown
in murine gastric venules which can cause the formation
of microthrombi in gastric and intestinal epithelium and
lead to infarction and development of ulcers[93]. Another
possibility is that H. pylori influences the host immune response via activation of the mucosa-associated lymphoid
tissue (MALT), which may lead to a more generalized
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Table 1 Prevalence of Helicobacter pylori infection in patients with inflammatory bowel disease in different populations
CD

UC

C

Control group

Method

Positive (%)

Country

Ref.

42

51

40
337

United Kingdom

[30]

139

137

139

United Kingdom

[31]2

47

63

100

Blood donors1

United Kingdom

[32]2

67

41

43

Non-IBD patients

H. pylori IgG (+), UBT,
histology
Biopsies

Italy

[33]2

123

93

216

Blood donors1

H. pylori IgG (+), histology

Italy

[34]2

32

40

72

Healthy subjects1

UBT

Italy

[35]

12

8

29

Patients with idiopathic constipation

UBT

Italy

[36]

45

66

77

Patients with non-organic dyspepsia1

histology

Turkey

[37]

0

90

120

Healthy subjects

Histology, RUT

Greece

[38]2

39

77

127

Healthy subjects1

H. pylori IgG (+)

Greece

[39]2

19

21

NA

NA

Finland

[40]3

94

185

70

Healthy subjects1

H. pylori IgG, IgA (+),
histology
H. pylori IgG, IgA (+)

Finland

[41]2

100

100

100

H. pylori IgG, IgA (+)

Finland

[42]2

147

169

316

Patients with acute bacterial
diarrhoea1
Non-IBD patients1

Korea

[43]2

386

0

277

Blood donors1

H. pylori IgG, IgA (+)

Nederland

[44]2

90

0

525

Non-IBD patients

Histology

Japan

[45]2

38

0

12

Healthy subjects1

UBT

Japan

[46]2

80

39

98

Non-IBD patients1

H. pylori IgG (+)

Israel

[47]2

51

82

200

Non-IBD patients1

UBT

Hungary

[48]2

36

0

36

Healthy subjects1

Histology

Germany

[49]2

75

0

200

Non-CD patients

Histology

Germany

[50]

56

0

382

Non-CD patients

Histology

USA

[51]3

560

64451

Non-IBD patients

Histology

USA

[52]2

0

42

74

Non-IBD patients

H. pylori IgG (+), UBT

Brazil

[53]

43

0

74

Non-IBD patients

UBT

Brazil

[54]

50

44

194

Non-IBD patients

Histology, RUT

Poland

[55]2,3

21

23

76

Non-IBD patients

H. pylori IgG (+)

Mexico

[56]

104

104

416

Healthy subjects1

UBT

Chinese

[57]2

229

0

248

Non-CD patients

UBT, culture, histology

Chinese

[58]2

0

153

121

Non-UC patients

UBT, culture, histology

Chinese

[59]

30

30

20

Non-IBD patients1

UBT

IBD: 17.2, C: 25
CD: 11.9, UC: 21.6
IBD: 34.2, C: 36.2
CD: 33.3, UC: 34.7
IBD: 9.4, C: 16
CD: 5, UC: 14
IBD: 21.8, C: 52
CD: 14.9, UC: 27,
IBD: 28.7, C: 39.5
CD: 28.4, UC: 29.3,
IBD: 48.1, C: 58.8
CD: 40.7, UC: 55.9
IBD: 47.2, C: 61.1
CD: 53.1, UC: 42.5
IBD: 60, C: 41
CD: NR, UC: NR
IBD: 66.7, C: 63.6
CD: 62.2, UC: 69.7
IBD: 30, C: 52.5
CD: NA, UC: 30
IBD: 31.7, C: 55.1
CD: 28.6, UC: 33.1
IBD: 0, C: NA
CD: NA, UC: NA
IBD: 24.4, C: 37.1
CD: 12.9, UC: 29.7
IBD: 15, C: 43
CD: 13, UC: 18
IBD: 25.3, C: 52.5
CD: 17.7, UC: 32
IBD: 17.4, C: 35.4
CD: 17.4, UC: NA
IBD: 16.7, C: 40.2
CD: 16.7, UC: NA
IBD:8, C: 42
CD: 8, UC: NA
IBD: 27.5, C: 41.7
CD: 13.5, UC: 30.8
IBD: 12.8, C: 39
CD: 13.7, UC: 12.2
IBD: 8.3, C: 36.1
CD: 8.3, UC: NA
IBD: 30.5, C: 35.2
CD: 33, UC: NA
IBD: 32.1, C: 46.1
CD: 32.1, UC: NA
IBD: 4.5, C: 9
CD: 4, UC: 5
IBD: 52.4, C: 51.4
CD: NA, UC: 52.4
IBD: 51.2, C: 70.3
CD: 51.2, UC: NA
IBD: 9.6, C: 38.5
CD: 14, UC: 4.5
IBD: 54.5, C: 68
CD: 52.2, UC: 57.1
IBD: 19.7, C: 48.8
CD: 18.3, UC: 21.2
IBD: 27.1, C: 47.9
CD: 27.1, UC: NA
IBD: 30.5, C: 57
CD: NA, UC: 30.5
IBD: 43, C: 40
CD: 50, UC: 37

[29]

213

UBT,
H. pylori IgG (+)
H. pylori IgG (+)

United Kingdom

110

Patients with irritable bowel
syndrome
Non-IBD patients with elective
surgery1
patients with functional GI disorders1

Spain

[60]

371

H. pylori IgG (+)

UBT

1

Age and sex matched; 2Statistically significant result (IBD vs control group); 3Paediatric population. CD: Crohn’s disease; UC: Ulcerative colitis; C: Controls;
IBD: Inflammatory bowel disease; GI: Gastrointestinal; H. pylori: Helicobacter pylori; Ref: References; NA: Not applicable; NR: Not reported; FAT: Serology
fecal antigen test; RUT: Rapid urease test; UBT: Urea breath test.
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Table 2 Prevalence of both Helicobacter pylori negative and positive gastritis in patients with inflammatory bowel disease in
different populations
CD

UC

Control group

Biopsies

H. pylori (+) gastritis (%)

H. pylori (-) gastritis (%)

Ref.

37

43

41

Non-IBD patients

Antrum, body

79

141

Non-IBD patients

Antrum, angulus, body

75

0

200

CD-free patients

Antrum, body

208

280

4943

Non-IBD patients

Antrum, body

67

41

43

Healthy subjects

Antrum, body

62

0

0

NA

Antrum, corpus

CD: 29.6, UC: 22.2
C: 10.5
CD: 43, UC: 12
C: 19
CD: 39, UC: NA
C: 0.8
CD: 5, UC: 0
C: 0
CD: 45.4 , UC: 15.6
C: 30
CD: 32 , UC: NA
C: NA

[61]

141

CD: 27, UC: 37.2
C: 53.7
CD: 33, UC: 47
C: 60
CD: 33.3, UC: NA
C: 48
CD: 4, UC: 6
C: 7
CD: 17.6, UC: 6.4
C: 20
CD: 9.7, UC: NA
C: NA

C

[34]
[50]
[63]
[33]
[64]

CD: Crohn’s disease; UC: Ulcerative colitis; C: Controls; IBD: Inflammatory bowel disease; H. pylori: Helicobacter pylori; NA: Not applicable.

microbiota may be strong confounders, further mechanistic studies in H. pylori infection using mouse models
are necessary to further define the mechanism of this
negative association. Furthermore, when looking for
explanations for the lower prevalence of H. pylori infection in IBD, some authors have suggested that treatment
with sulfasalazine and other aminosalicylic compounds
could be responsible for ‘‘spontaneous eradication’’ of
H. pylori infection[32,34,35,38]; although their possible role has
not been confirmed by other studies[29-31,37,39,41-45,55,57,60,99].
Various studies have suggested that sulfasalazine, but
not 5-aminosalicylic acid (5-ASA), could account for the
lower prevalence of H. pylori infection[32,34], whereas Piodi
et al[35] found the opposite. Ishikawa et al[100] observed a
lower prevalence of H. pylori infection in rheumatoid
arthritis patients receiving sulfasalazine, whereas Taha et
al[101] did not find any statistically significant difference.
The mechanisms of how these agents prevent H. pylori
infection is still unknown, but prevention may be the
result of a direct action against germ adhesion to the
gastric mucosa or due to immuno-modulatory actions
of the drugs[30,102,103]. It has also been hypothesized that
prolonged treatment with antibiotics used in IBD (especially metronidazole) could account for spontaneous
eradication and lower prevalence of H. pylori infection.
Indeed the prevalence of H. pylori infection was significantly lower in CD patients who had received antibiotics
for ≥ 2 wk[45] while in another study, antibiotic therapy
was negatively associated with H. pylori infection (20.5%
vs 55%, P = 0.0001)[39]. Moreover, other studies have
shown that prior treatment with ciprofloxacin and/or
metronidazole had no influence on H. pylori status in IBD
patients[48,104,105].
Finally, the data on the prevalence of virulent H. pylori strains in IBD patients are limited. Wagtmans et al[44]
showed that the majority (66%) of H. pylori seropositive patients with CD were infected by H. pylori cagA
(+) strains although a similar proportion of controls
(69.4%) were also infected by these strains. These findings deserve further investigation as it is well known that
the intense host responses, specifically to H. pylori cagA
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(+) strains may further alter Th1- and Th2-type immune
responses with subsequent induction of immune-regulatory lymphocytes[106].

POTENTIAL PROTECTIVE MECHANISMS
OF H. PYLORI AGAINST IBD
It is plausible to suggest that H. pylori, by attempting to
promote its own survival, may benefit the host via a variety of mechanisms against other chronic inflammatory
conditions such as IBD. Several mechanisms have been
proposed to explain the inverse association between H.
pylori and IBD. In CD, Th1 immune responses prevail,
whereas in UC, Th2 or Th1/Th2 immune responses may
be predominant[5,107,108]. These altered immune responses
to lumen antigens in IBD may influence the way the host
responds to H. pylori infection. Conversely, a perpetual
bacterial infection in the stomach may either alter the
host immune responses in a way that may be protective
or render the host susceptible to IBD. The levels of numerous cytokines, including IFN-γ, TNF, IL-1β, IL-6,
IL-7, IL-8, IL-10, and IL-18, are increased in the gastric
epithelial cells of H. pylori infected humans compared
to uninfected humans[109-111]. After activation of Toll-like
receptors by H. pylori, dendritic cells (DC) may activate T
cells in different ways, being capable of inducing either a
Th1 or Th2/regulatory T cell (Treg) response by generation of IL-12 or IL-10, respectively[112,113]. This finding
was reported by D’Elios et al[114] who observed that most
(64%) of H. pylori specific T cell clones derived from
uncomplicated chronic gastritis displayed a Th2-like phenotype, producing interleukin IL-4 or IL-5 together with
INF-a, whereas only one third of H. pylori-specific gastric
T cells were polarized with Th1 effectors.
Thus, a protective role of H. pylori infection against
IBD may be due to the ability of this microbe to downregulate pro-inflammatory immune responses. Considering that adoptive transfer of Treg is able to prevent and/
or treat colitis in various animal models, it is reasonable
to suggest that these cells produced in response to H.

6378

June 7, 2014|Volume 20|Issue 21|

Papamichael K et al . H. pylori and inflammatory bowel disease

pylori infection may act in the prevention of IBD[115-119].
H. pylori can induce a Treg response and down-regulate
the pro-inflammatory Th1/Th17 pathway[65,66,120-123]. The
importance of Treg in the pathogenesis of IBD was illustrated by the development of spontaneous colitis in mice
deficient of IL-10, a key regulatory cytokine for Treg
function[124].
Moreover, the systemic levels of type Ⅰ IFN were
found to be lower in H. pylori infection-colonized IBD
patients compared to non-colonized controls[125]. Luther
et al[125] showed that prior oral administration of 20-50
μg H. pylori DNA ameliorated the severity of dextran
sulphate sodium (DSS) induced acute or chronic colitis
in mice in terms of both pathology and symptoms such
as bleeding and weight loss. Thus, the protective properties of H. pylori DNA were attributed in vitro to inhibition
of cytokine production by DC, which upon addition of
the DNA failed to produce type I interferon and IL-12
in response to E. coli DNA[125]. A protective effect of H.
pylori colonization in mice against experimental colitis
was also demonstrated by Higgins et al[126]. Mice that were
colonized with H. pylori SS1 6 wk prior to the induction
of Salmonella typhimurium experimental colitis, experienced markedly less severity inflammation compared to
mice that were not colonized with H. pylori. This result
could be attributed to an up-regulation of IL-10 in the
mesenteric lymph nodes and suppression of the Th-17
response in the cecum of the infected mice[126], illustrating an extra-gastric immune-modulatory effect of the
bacterium, an immunological crosstalk between the upper
and lower gastrointestinal tract and providing mechanistic
support for the epidemiological observation of a negative
association between H. pylori status and the risk of IBD.
Another protective mechanism may operate via the
development of antibodies against H. pylori, which may
confer an immunization-type protection against other
pathogenic Helicobacter or even different types of microbes implicated in IBD. Although H. pylori-specific
antibodies do not eradicate this bacterium, they seem
to confer a degree of protective immunity from a subsequent Campylobacter infection, indicating an antigenic
cross-reactivity between these two bacterial species[127-129].
It could also be that H. pylori induced reduction in acid
secretion indirectly affects a different type of infection
that ultimately results in IBD. Indeed, variable disease
phenotype during dual infection by different Helicobacter
species has been described by Lemke et al[130] who demonstrated that H. bilis and H. pylori co-infection in mice
attenuates H. pylori gastritis compared to those infected
only with H. pylori.
Τhe protective effect of H. pylori may simply be due
to other confounding variables such as the presence of
inherent genetic or environmental factors that favour H.
pylori acquisition in some and the development of IBD
in others. This scenario would fit well with the observation that IBD is associated with better hygiene, which in
itself may be detrimental to H. pylori acquisition[131,132].
The low prevalence of H. pylori infection in patients with
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IBD compared to non-IBD patients strengthens the importance of the “hygiene hypothesis” in the development
of autoimmunity and IBD. It suggests that inadequate
microbial stimulation of gut-associated lymphoid tissue is
a critical point for maturation of mucosal immunity[133,134].
Improved access to a cleaner environment and the resulting decreased incidence of common childhood infections, including H. pylori, may be contributing to autoimmunity by altering susceptibility to certain diseases with
an autoimmune component, such as IBD[26].
Finally, regarding genetic factors, the CD variant of
the autophagy gene ATG16L1 alters susceptibility to H.
pylori infection with an enteric microbe in human subjects at the population level, supporting a role for altered
autophagy in regulating the host response to enteric microbes in CD pathogenesis. It is interesting to speculate
that due to increased susceptibility to infection, early
exposure and acquisition of H. pylori in individuals with
the ATG16L risk allele may decrease their risk for the
subsequent development of IBD[135].

ERADICATION OF H. PYLORI AND
DEVELOPMENT OF IBD
There seems to be a rapid onset of CD after eradication
of H. pylori infection, as illustrated by two cases[136]. A
similar experience was recently described by Jovanovic et
al[137], who described the onset of gastric CD only 6 mo
after H. pylori infection eradication. Moreover, a steady
rise in the incidence of UC was reported in H. pylori
endemic regions after successful eradication of H. pylori
infection[28].
It is unknown why these patients developed CD after
eradication of H. pylori infection, but this may be due
to the induction of immune responses that in turn contributed to the development of the disease. Long-term
H. pylori infection may cause an unstable equilibrium
between the Th1 and Th2 phenotype pattern; eradication
of H. pylori infection may diminish Th2 cytokine, with
sudden consequent Th1 pattern prevalence and rapid
increase of pro-inflammatory cytokines[106]. In genetically
predisposed subjects, this Th1 predominant pattern may
suddenly favour the onset of a typical Th1-related disease
such as CD. Further studies investigating the effect of
eradication of H. pylori on the development and natural
history of IBD are warranted.

CAUSAL ASSOCIATION OF H. PYLORI
WITH COLORECTAL CANCER?
A meta-analysis of 13 studies suggested an increased risk
of colorectal cancer due to H. pylori infection[138]. Kapetanakis et al[139] demonstrated the presence of H. pylori in
malignant colonic tissue in 34 of 41 (82.9%) patients with
colorectal cancer. H. pylori colonizing colonic tumour tissue seems to be associated with increased cell proliferation and impaired apoptotic process in malignant tissue
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It is unclear whether the apparent protective effect of H.
pylori is simply confounding due to other variables, but
the effect of the presence of the live bacterium remains
to be elucidated. More studies investigating the effect of
H. pylori infection eradication on the risk of development
of IBD and the natural history of IBD are needed.

compared with adjacent normal colonic mucosa, thereby
further contributing to colon cancer progression[140]. Furthermore, H. pylori induced gastrin release can act as promoter of cell proliferation and differentiation (mainly by
inducing COX-2 overexpression and PI3-kinase-mediated
tyrosine phosphorylation of E-cadherin and b-catenin)
in different gastrointestinal tract sites, including the colon[141]. H. pylori infection is also accompanied by bonemarrow–derived stem cell (CD34+) recruitment that
ultimately facilitates colon cancer progression[142]. Finally,
compared to normal gastric mucosa, H. pylori gastritis occurred more frequently among patients with hyperplastic
polyps (OR = 1.24, 95%CI: 1.18-1.30), adenomatous
polyps (OR = 1.52, 95%CI: 1.46-1.57), advanced adenomas (OR = 1.80, 95%CI: 1.69-1.92), villous adenomas or
adenomas with high-grade dysplasia (OR = 1.97, 95%CI:
1.82-2.14), and adenocarcinomas (OR = 2.35, 95%CI:
1.98-2.80)[143]. It has therefore been proposed that H.
pylori eradication might inhibit IBD-related or non-colon
neoplasia[144].
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than half of the world’s human population. The as-

sociation between H. pylori infection and chronic active
gastritis, peptic ulcer disease, gastric cell carcinoma,
and B cell mucosa-associated lymphoid tissue lymphoma, unexplained iron deficiency anemia and idiopathic
thrombocytopenic purpura has been well established.
H. pylori screening and treatment is a recommended
gastric cancer risk reduction strategy in high-risk populations. The unpredictability of the long-term consequences of H. pylori infection and the economic challenge in eradicating it is why identification of high-risk
individuals is crucial.

Abstract

Hagymási K, Tulassay Z. Helicobacter pylori infection: new
pathogenetic and clinical aspects. World J Gastroenterol 2014;
20(21): 6386-6399 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i21/6386.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6386

Helicobacter pylori (H. pylori ) infects more than half
of the world’s human population, but only 1% to

3% of infected people consequently develop gastric
adenocarcinomas. The clinical outcome of the infection
is determined by host genetic predisposition, bacterial
virulence factors, and environmental factors. The association between H. pylori infection and chronic active
gastritis, peptic ulcer disease, gastric cell carcinoma,
and B cell mucosa-associated lymphoid tissue lymphoma has been well established. With the exception
of unexplained iron deficiency anemia and idiopathic
thrombocytopenic purpura, H. pylori infection has no
proven role in extraintestinal diseases. On the other
hand, there is data showing that H. pylori infection
could be beneficial for some human diseases. The unpredictability of the long-term consequences of H. pylori infection and the economic challenge in eradicating
it is why identification of high-risk individuals is crucial.

INTRODUCTION
Helicobacter pylori (H. pylori) is a micro-aerophilic, Gramnegative, slow-growing, spiral-shaped, and flagellated
organism which infects more than half of the world’s
human population[1]. H. pylori colonization itself does not
cause any symptoms, and fewer than 20% of all infected
patients will develop symptoms from their infection[2].
Approximately 10% of infected individuals develop peptic ulcer disease, 1% to 3% develop gastric adenocarcinoma, and less 0.1% [mucosa-associated lymphoid tissue
(MALT)] develop lymphoma[3].
The outcome of H. pylori infection may involve a
combination of bacterial, host, and environmental factors. The association between H. pylori infection and
chronic active gastritis, peptic ulcer disease, gastric cell
carcinoma, and B cell MALT lymphoma has been well
established. On the other hand H. pylori infection could

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Summary of the pathogenetic and preventive role of Helicobacter pylori
Pathogenetic role

Preventive role

Proven

Suspected

Gastro-duodenal diseases
Peptic ulcer
Gastric cancer
MALT lymphoma
Extra-intestinal diseases
Immune thrombocytopenic purpura
Iron deficiency anemia

Gastro-intestinal diseases
Pancreatic cancer
Colorectal adenoma/carcinoma
Liver cirrhosis, hepatocellular carcinoma
Extra-intestinal diseases
Laryngeal cancer
Lung cancer
Metabolic syndrome/insulin resistance
Cardiovascular diseases/ischemic heart disease
Chronic urticaria
Henoch-Schönlein purpura

Suspected
Gastroesophageal diseases
Gastroesophageal reflux disease
Esophageal adenocarcinoma
Extra-esophageal diseases
Bronchial asthma

MALT: Mucosa-associated lymphoid tissue.
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Figure 1 Cytotoxin-associated gene pathogenicity island. CagA: Cytotoxin-associated gene A product; EPIYA: Glutamate-proline-isoleucine-tyrosine-alanine.

be beneficial for humans[2] (Table 1).

CagA: Cytotoxin-associated gene A product (CagA)
is translocated into the host cell by the type Ⅳ secretion system. Phosphorylation of CagA at the glutamateproline-isoleucine-tyrosine-alanine (EPIYA) motifs by the
host Abl and Src kinases results in morphological changes to the cell (the so-called “hummingbird phenotype”).
Four EPIYA motifs (-A, -B, -C, and -D) are distinguished
with different degrees of phosphorylation and geographical distribution[6]. EPIYA-A and EPIYA -B sites are less
phosphorylated in comparison with EPIYA-C. EPIYA-C
is typically found only in strains from Western countries
(Europe, North America, and Australia), and is an indicator of gastric cancer risk. EPIYA-D is found in East
Asian strains. EPIYA-D containing strains induce more
relief of interleukin-8 (IL-8) from gastric epithelial cells[6]
(Figure 1).
Phospho-CagA interacts with numerous intracellular effectors, including eukaryotic tyrosine phosphatase
with sustained activation of extracellular signal-regulated
kinases 1 and 2 (ERK ½), Crk adaptor, and C-terminal

PATHOGENETIC ASPECTS
Virulence factors of H. pylori
Bacterial virulence factors play a significant role in the
outcome and progression of H. pylori infection[4]. The
linkages of virulence factors may show how they interact
with each other[5].
The cag pathogenicity island (cag PAI) contains 27-31
genes flanked by a 31-p direct repeats. H. pylori exhibits
a high degree of genetic heterogeneity due to genomic
rearrangements, gene insertions, and/or deletion[6].
At least 18 cag genes encode components of the
bacterial type Ⅳ secretion system, which functions to
export bacterial protein across the bacterial membrane
and into host gastric epithelial cells. The presence of cag
PAI (cag+) amplifies the risk for severe gastritis, atrophic
gastritis, and distal gastric cancer in comparison with cagdeficient (cag-) bacteria[6].
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Figure 2 Targets of phosphorylated cytotoxin-associated gene A. Based on the article from Current Opinion in Microbiology, Hatakeyama M, SagA of CagA in
Helicobacter pylori pathogenesis, 11, 30-37, Copyright (2008), with permission from Elsevier[7]. CagA: Cytotoxin-associated gene A product; NFkB: Nuclear factor kB;
FAK: Focal adhesion kinase; Csk: C-terminal Src kinase.

Src kinase[6]. The activation of ERK and focal adhesion
kinase with the tyrosine dephosphorylation of the actin
binding proteins cortactin, ezrin, and vinculin leads to
cell elongation[1,6] (Figure 2).
The targets of non-phosphorylated CagA comprise
E-cadherin, β-catenin, hepatocyte growth factor receptor
c-Met, phospholipase C gamma, adaptor protein Grb2,
kinase partitioning-defective 1b/microtubule affinityregulating kinase 2, epithelial tight junction scaffolding
protein zonula occludens 1, and the transmembrane
protein junctional adhesion molecule A. The main effects
are pro-inflammatory and mitogenic cell-cell junction disruption and loss of cell polarity that may be important in
gastric carcinoma development[1,6] (Figures 3 and 4).
Activity of CagA on tumor-suppressor pathways has
also been investigated. CagA is able to modulate the H.
pylori induced apoptotic signal, but the exact mechanism
remains to be elucidated. The initial host response upregulates p53 expression followed by the proteasomal
degradation of p53[8].
Almost all cagA+ strains are classified as vacA s1 genotypes (either m1 or m2), whereas almost all cagA- strains
are classified as the vacA s2/m2 strain (see below)[5]. Specific vacA genotypes of H. pylori strains are associated
with a level of in vitro cytotoxin activity with clinical consequences[9].

[6,10]
β-defensin-2 . H. pylori enhances the phosphoinositide 3-kinase Akt signaling pathway, leading to decreased
apoptosis and increased cell migration. NOD1 ligand
binding can activate the interferon (IFN)-stimulated gene
factor 3 signaling cascade, resulting in type Ⅰ IFN production usually associated with protection against viral
infection and possibly other mucosal infections[11].

VacA toxin: The cytotoxin gene vacA is present in all
strains. The VacA cytotoxin induces the vacuolation,
gastric epithelial barrier function disruption, disturbance
of late endosomal compartments, and modulation of the
inflammatory response. VacA reduces the mitochondrial
transmembrane potential, releases cytochrome c from
mitochondria, activates caspase 8 and 9, and induces
apoptosis[6,12].
Binding of VacA to receptor-type protein tyrosine
phosphatase (RPTPβ) regulates cell proliferation, differentiation, and adhesion, which all play a role in ulcerogenesis[13].
Variations in vacA gene structure (in the signal s: s1,
s2, or in the middle regions m: m1, m2) make differences
in vacuolating activity and specificity. The intermediate
(i) region also plays role in the vacuolating activity of H.
pylori. All s1, m1 strains were classified as i1 (vacuolating) type, and all s2, m2 strains were classified as i2 (nonvacuolating) type, while s1, m2 alleles could be i1 or i2.
A novel intermediate variant (i3) has been identified. The
fourth pathogenic region is d, a 69-81 bp-region between
the m and i regions[1,5].
The variants in s and m regions seem to be a good
indicator of clinical outcomes. However the roles of i

Peptidoglycans: Peptidoglycans translocated by the cag
secretion system interact with the nucleotide-binding
oligomerization domain 1 (Nod1) molecule which leads
to the activation of nuclear factor κB (NF-κB), proinflammatory secretion of interleukin-8 (IL-8), and
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Figure 3 Targets of non-phosphorylated cytotoxin-associated gene a product. Based on the article from Current Opinion in Microbiology, Hatakeyama M, SagA
of CagA in Helicobacter pylori pathogenesis, 11, 30-37, Copyright (2008), with permission from Elsevier[7]. CagA: Cytotoxin-associated gene A product; PLC: Phospholipase C gamma; PAR1: Kinase partitioning-defective 1b; ZO-1: Zonula occludens 1; JAM: Junctional adhesion molecule A; NFkB: Nuclear factor kB; TNF-a: Tumor
necrosis factor-a; IL: Interleukin.

and d regions should be further investigated[5]. The s1,
m1 strains can induce greater vacuolation, and are associated with peptic ulcer disease and gastric cancer in
Western countries, but have no pathogenic role in East
Asian countries[1,6]. vacA i1 strains were associated with
gastric cancer in Iranian patients[14], but not in the East
Asian or Southeast Asian populations[14]. i1 genotype appeared to be a better predictor of carcinoma-associated
H. pylori strains than the s or m genotype[15]. In Western
countries, d1 strains without the deletion of the d region
are predictors of histological inflammation, atrophy, and
an increased risk of peptic ulceration and gastric cancer,
compared with the presence of the vacA s-, m-, and
i-region strains[16].

bohydrate structure sialyl-Lewis antigen expressed on
the gastric epithelium. SabA can mediate the binding of
H. pylori to neutrophils and erythrocytes, but the pathophysiological importance of these findings is uncertain[1].
SabA positive status was associated with increased gastric
cancer risk and a negative status associated with duodenal
ulceration[12].
The outer inflammatory protein (OipA) has a role
in the increased expression of mucosal IL-1, -8, -17, tumor necrosis factor-α (TNF-α), and in gastric mucosal
inflammation. Upregulation of matrix metalloproteinase
1, inhibition of glycogen synthase kinase 3β, and nuclear
accumulation of β-catenin can influence carcinogenesis[6].
OipA positive status was significantly associated with
duodenal ulcer and gastric cancer[12].

Adhesins and outer membrane proteins: 4% of the
H. pylori genome encodes for outer membrane proteins
(BabA, BabB, SabA, and OipA) which function as adhesins and porins, and are implicated in complement resistance and immune regulation[17].
The blood group antigen binding adhesin BabA
is thought to mediate host-bacterial interactions and
maintain colonization of the H. pylori targeting human
Lewis-b surface epitopes[18,19]. The babA2 gene is associated with duodenal ulcer and gastric cancer. When in
conjunction with cagA and vacA s1 alleles (“triple-positive strains”), it is associated with a greater risk of the
more severe duodenal ulcer and gastric adenocarcinoma
in Western populations[1,6,19].
Sialic acid-binding adhesin (SabA) binds to the car-

WJG|www.wjgnet.com

Others: Duodenal ulcer promoting gene (dupA) product
induces the production of IL-8 and -12[5]. DupA may
enhance duodenal ulceration and /or decrease gastric
cancer development in some populations[1,5,6].
Variants of gene encoding flagellar proteins (flaA) of H.
pylori may affect motility and colonization, and, therefore,
the carcinogenic effect[6].
Annexin family members (AnxA1 and AnxA4) are
involved in epithelial cell membrane repair response
induced by H. pylori-generated VacA and CagA-independent plasma membrane disruption. Plasma membrane
disruption and AnxA4 can promote cell proliferation[19].
TNF-α-inducing protein (Tipα) binds to cell-surface
nucleolin and then enters the gastric cancer cells where
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Figure 4 Development of “hummingbird phenotype”. CagA: Cytotoxin-associated gene A product; PLC: Phospholipase C gamma; PAR1: Kinase partitioningdefective 1b; ZO-1: Zonula occludens 1.

specific Tregs suppress memory T cell responses that
prolong the infection[6]. Tregs suppress the inflammatory
reaction driven by IL-17, thereby also favoring bacterial
persistence[24].
Antimicrobial defense of macrophages is nitric oxide
(NO) dependent. H. pylori’s arginase enzyme can compete
with macrophages for the inducible nitric oxide synthase
(iNOS) substrate L-arginine so that host NO production
is impaired; this leads to enhanced bacterial survival. H.
pylori can evade macrophage phagocytosis. VacA protein
prevents the fusion of phagosomes with lysosomes needed for phagocytosis. Fused phagosomes contain large
numbers of live bacteria[6].
The role of B cells in the host response to H. pylori
has been suggested[21]. Immunoglobulin (Ig) G and IgA
antibody release from B cells in response to H. pylori
may be involved in protective immunity, however it
was suggested this antibody-mediated response may be
counterproductive. B cells can also produce autoreactive
antibodies that may be pathogenic[6]. B cell activation and
survival may have implications for MALT lymphoma development[6].

TNF-α and chemokine gene expressions are induced by
NF-κB activation in a cag PAI independent manner[20].
Bacterial factors like urease, AmiE, AmiF, hydrogenase, and arginase are essential for H. pylori survival in
the acidic gastric environment[4].
Immune response to H. pylori : The host’s innate and
adaptive immune system plays a crucial role in the initiation and progression of H. pylori infection[21].
Innate immunity effectors and a complex mixture of T
helper (Th) 1, Th17, and regulatory T cells (Treg) adaptive
immunity effectors are involved in H. pylori infection[22].
H. pylori initially targets gastric epithelial cells which
form part of the innate immune response via signaling
through pattern recognition receptors, such as Toll-like
receptors (mainly TLR2)[21].
The neutrophil-activating protein of H. pylori polarizes Th1 cells, stimulating IL-12 and IL-23 secretion
from neutrophils and macrophages. Th1 cytokines, such
as gamma interferon (IFN-γ) and TNF-α, can increase
the release of pro-inflammatory cytokines and augment
apoptosis induced by H. pylori[22,23].
IL-17 expressing Th17 cells are important in the proinflammatory immune response to H. pylori. Th17 cells
produce Il-17, IL-21, and IL-22 cytokines[6]. H. pylori infected macrophages produce IL-6, IL-23, and transforming growth factor (TGF)-β, which are required for Th17
cell development and maintenance[6,21]. The literature on
Th1 and Th17 H. pylori-associated gastric pathology is
confusing and requires intensive investigation[6].
Tregs (formerly suppressor T cells) are also implicated
in the pathogenesis of H. pylori infection. TGF-β and
IL-18 are responsible for Treg development[21]. H. pylori-

WJG|www.wjgnet.com

CLINICAL ASPECTS
Gastroduodenal diseases
Peptic ulcer: Some H. pylori colonized individuals may
develop corpus gastritis associated with gastric hypochlorhydria, gastric atrophy, gastric ulcer, and an increased
risk of gastric cancer. Conversely, others may develop
antral-predominant gastritis, which is associated with gastric hyperchlorhydria and an increased risk of duodenal
ulcer[8,25].
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Since the discovery of H. pylori in the 1980s, the availability of effective eradication therapy has led to a decline
in recurrent peptic ulcer disease and its complications.
The pathogenetic role of H. pylori in 90% of duodenal
ulcers and 80% of gastric ulcers is proven[26,27]. Effective
eradication decreased the yearly recurrence rate of duodenal and gastric ulcers from 80% and 60%, respectively,
to less than 5%[28].

doxically very low in these less developed regions than
in Japan and China (the so-called “Asian enigma”)[33,45].
Several other large populations with high infection prevalence show a very low rate of gastric cancer. The socalled “African enigma” remains unexplained as well, but
it does verify that not all H. pylori infected patients have
an increased risk of gastric cancer[32,33,46].
Host and environmental factors also affect the development of gastroduodenal diseases in H. pylori infected
individuals[6,47]. Individuals with a high-expression of IL1β polymorphisms (C-T or T-C transitions, at positions
-511, -31, and +3954 base pairs from the transcriptional
start site) have an increased risk for hypochlorhydria, gastric atrophy, and distal gastric adenocarcinoma in comparison with low-expression polymorphisms; they have
no effect on cancers associated with high acid exposure
such as esophageal adenocarcinomas and some cardia
cancers[47,48]. The combined effects of pro-inflammatory
IL-1 genotypes and H. pylori bacterial virulence factors
have been reported[48].
Gene polymorphisms (-308 G > A) of the pro-inflammatory cytokine TNF-α that increase the expression
of the cytokine and polymorphisms (promoter polymorphisms at positions -592, -819, and -1082) that reduce
the production of the anti-inflammatory cytokine (IL-10)
have been associated with an increased risk of distal gastric cancer[48-50].
The effects of pro-inflammatory genotypes (IL-1β,
TNF-α and IL-10) are additive[6,50].
High dietary salt intake increases the risk of gastric
cancer by directly damaging gastric mucus and mucosa,
improving temporary epithelial proliferation, increasing
the incidence of endogenous mutations, upregulating cytokine production, and H. pylori gene expression modulation, especially that of virulence factors[51-53].
Co-infection with helminths (Ascaris lumbricoides) and
Toxoplasma gondii reduces the severity of H. pylori-induced
gastritis via a reduced Th1 response with higher levels of
Th2 cytokines[54].
Fruit and vegetables are rich sources of carotenoids,
vitamin C, folate, and phytochemicals, which may modulate xenobiotic-metabolizing enzymes and have antioxidant activity, thereby playing a preventive role in carcinogenesis[6,55-57].
Smoking is an established risk factor for gastric cancer. Swallowed carcinogenic substances (nitrosamine
and other nitroso compounds), greater concentrations
of smoking-related DNA adducts in the gastric mucosa,
lower levels of free radical scavengers (ascorbic acid and
β-carotene), and increased mRNA expression of chemokines in the gastric mucosa are in the background[58].

Gastric cancer: H. pylori is a class I carcinogen in humans[1]. It is considered to be the most common aetiological factor of infection-related cancers (followed by
human papilloma, hepatitis B and C, Epstein-Barr, human immunodeficiency, and human herpesvirus-8)[1,29].
H. pylori infection-related cancer represents 5.5% of the
global cancer burden[6].
Gastric cancer develops in 2.9% of H. pylori infected
patients[30]. H. pylori infection is responsible for about
75% of all non-cardia gastric cancers and 63.4% of all
stomach cancers worldwide[1]. H. pylori infection also plays
a fundamental role in non-cardia gastric carcinogenesis,
but its association with cardia cancer is still uncertain[31].
The prevalence of infection is statistically significantly
much higher in patients with intestinal-type gastric cancer
(89.2%) compared to the diffuse-type (31.8%)[32]. H. pylori
infection is regarded as the trigger of intestinal-type gastric
adenocarcinoma[33]. According to Correa and Piazuelo,
intestinal-type gastric carcinogenesis progresses as follows:
normal gastric mucosa - no atrophic gastritis - multifocal
atrophic gastritis without intestinal metaplasia - intestinal
metaplasia of complete (small intestine) type - low-grade
dysplasia - high-grade dysplasia - invasive adenocarcinoma[34]. Altered cell proliferation, apoptosis, epigenetic
modifications to the tumor suppressor genes, oncogene activation, and dysregulation of DNA repair may
occur and eventually lead to inflammation-associated
carcinogenesis[35].
Eradication of H. pylori infection decreases the risk
of premalignant lesions and gastric cancer in infected
individuals[36-38]. Follow-up endoscopy and histology is
crucial, even in patients with apparently non-malignant
gastric ulcers, in improving the malignancy detection rate
in populations with a high prevalence of gastric cancer[39].
H. pylori plays a role in the development and progression of gastric (MALT) lymphoma[40]. The average
prevalence of H. pylori infection in MALT lymphoma was
79%; it was higher in low-grade (79%) than in high-grade
(60%) cases[41]. Treatment for localized stage Ⅰ gastric
MALT lymphoma with H. pylori infection is eradication[40].
Eradication of H. pylori resulted in a complete remission in
60%-80% of patients with MALT lymphoma[42,43], and a
10-year sustained remission in up to 64% of cases[44].
The carcinogenic effect of H. pylori can be modified
by dietary and environmental factors. H. pylori infection
is more frequent in less developed Asian countries (e.g.,
India, Bangladesh, Pakistan, and Thailand) in comparison
with the more developed Asian countries (e.g., Japan and
China). However, the frequency of gastric cancer is para-
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Pancreatic cancer
Epidemiological studies have suggested that H. pylori
might be involved in the pathogenesis of pancreatic cancer (OR = 1.87, 2.1), however results are inconsistent[59,60].
A meta-analysis showed significant association between
H. pylori seropositivity and development of pancreatic
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high mortality rates from gastric and colorectal cancer in
similar areas, it can be speculated that gastric cancer and
colorectal cancer have common risk factors like H. pylori
infection[68]. Although the role of H. pylori in colorectal
carcinogenesis has been widely examined, the association
has remained inconclusive[69]. Several studies demonstrated conflicting positive and negative associations[68,69].
A meta-analysis showed that H. pylori infection was associated with an increased risk of colorectal adenoma (OR
= 1.66) and colorectal cancer (OR = 1.39), however there
was significant heterogeneity among the studies[70]. The
inconsistent results might be due to sample bias, small
sample size, varying frequencies of cagA+ strains in the
study population, incomplete colonoscopies, and evaluation of H. pylori infection with the IgG serum test[69].
H. pylori was detected in colorectal carcinoma tissue in
a pilot study[71]. Higher prevalence was proven in adenoma and colorectal cancer compared with control[72,73]. H.
pylori was more prevalent in moderate/severe dysplastic
adenomas compared with mild dysplasia, and in tubular
and tubulovillous adenoma compared with villous type[72].
The pathogenetic mechanisms of H. pylori induced
colorectal carcinogenesis are not fully understood [69]
(Table 2). However, not every study confirms the correlation between atrophic gastritis, hypergastrinemia,
and colorectal cancer[68]. Conversely, atrophic gastritis
and hypergastrinemia demonstrated a significant elevation in the odds ratio (3.15) for rectal cancer[68]. Overall,
chronic atrophic gastritis did not seem to contribute to
an increase in colorectal adenoma risk. Chronic atrophic
gastritis and its progression appear to further increase
the risk for proximal colorectal adenoma formation[77].
The inconsistent results correlating hypergastrinemia
and colorectal carcinogenesis may be explained by the
fact that gastrin precursors (progastrin and glycine-extended gastrin) act as important promoters of colorectal
carcinogenesis, but cannot be measured by most commercially available assays[77,78].
Concomitant H. pylori infection with metabolic syndrome further increases the possibility of colorectal
adenoma formation; however the pathomechanism for
this possible association is still unclear[69]. Insulin might
exert proliferative effects on colonic tumor cells directly
or indirectly via the insulin-like growth factor pathway[79].
Chronic inflammation, increased pro-inflammatory
cytokine production, and decreased anti-inflammatory
adiponectin production might be associated with carcinogenesis[69,80]. Triglycerides are energy sources for cancer
cell growth and are linked with increased synthesis of bile
acids, which have a carcinogenesis promoting effect[81].

Table 2 Putative pathomechanisms of Helicobacter pylori
Disease

Putative pathomechanisms

Pathogenetic role
Pancreatic cancer

Colorectal adenoma/
carcinoma

Hepatobiliary disease

Laryngeal cancer

Lung cancer

Insulin resistance/
metabolic syndrome
Atherogenesis

Chronic urticaria

Henoch-Schönlein
purpura
Possible preventive role
Gastroesophageal
reflux disease
Esophageal
adenocarcinoma
Bronchial asthma

Inflammatory cytokine ↑[61]
Angiogenic factors ↑[61]
Reactive oxygen species ↑[61]
Somatostatin synthesis ↓[64,65]
Secretin release ↑[64,65]
Basal pancreatic bicarbonate output ↑[64,65]
Bacterial overgrowth, production of
N-nitroso compounds ↑[66]
Absorption of antioxidants ↓[67]
Direct damage[69]
Inflammation ↑[69]
Bacterial overgrowth, bacterial fermentation
(ammonia)↑[69-71,74,75]
NO release ↑[76]
Hypergastrinemia[68,69]
Ammonia ↑[90]
Endotoxemia[90]
Inflammation ↑[90]
Hepatic fibrosis ↑[87]
Hepatoma cell adhesion and invasion ↑[91]
Sensitivity to smoke and dust ↑[92]
Cell proliferation ↑[92]
Apoptosis ↓[92]
Direct damage[97]
Sensitivity to smoke and dust ↑[98]
Inhalation of gastrin and urea[95]
Hypergastrinemia[94]
Activation of docking protein p130cas[95]
Inflammation ↑[94]
Inflammation ↑[103,105]
Vasoconstrictor factors ↑[103,105]
Adiponectin ↓[104]
Inflammation ↑[108]
Autoimmunity[108]
Fibrinogen ↑[112]
Platelet aggregation ↑[114]
Vascular permeability ↑[83]
Complement consumption ↑[83]
Pathogenetic antibodies ↑[83]
IgA ↑[82]
Cryoglobulins ↑[82]
C3 ↓[82]
Sympathetic tone ↑[128]
Cholinergic stimulation[128]
Sympathetic tone ↑[128]
Cholinergic stimulation[128]
Acid production ↓[129]
Polarization of Th-1 ↓[131]
Allergic Th-2 response ↓[131]
Tregs ↓[132,133]
Interleukin-1 receptor associated kinase M
(IRAK-M) ↑[133]

↑: Increase; ↓: Decrease.

Extra-intestinal diseases
It has been shown that H. pylori may play a potential
pathogenic role in extra-intestinal diseases via multiple
mechanisms[82]. Atrophic gastritis caused by infection,
an increase in gastric vascular permeability and therefore
increased exposure to alimentary antigens, release of inflammatory mediators, and systemic immune responses
(auto-immunity, pro-inflammatory substances, and im-

cancer (pooled adjusted OR = 1.38), but further research
is needed to confirm this result[61,62].
Despite good scientific reasoning for the involvement
of H. pylori in pancreatic diseases, direct pancreatic infection seems unlikely[63] (Table 2).
Colorectal adenoma/carcinoma
On the basis of the epidemiological results showing
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The relationship between H. pylori infection and metabolic syndrome is both poorly understood[104] (Table 2)
and controversial[106-108].

mune complex formation induced by molecular mimicry
and cross-reactive antibodies) have been suspected in the
background[82,83].
With the exception of unexplained iron deficiency
anemia (evidence level 1a) and idiopathic thrombocytopenic purpura (evidence level 1b), H. pylori infection has
no proven role in other extra-intestinal diseases[82,84,85].

Cardiovascular diseases
Studies investigating the pathogenetic role of H. pylori
in cardiovascular diseases have produced conflicting results[108-111]. A meta-analysis of 18 epidemiological studies
involving 10,000 patients did not find any positive association between H. pylori and cardiovascular risk factors and
coronary heart diseases[112]. A higher prevalence of more
virulent cagA+ H. pylori was reported in patients with
ischemic heart disease, unstable angina, acute myocardial
infarction, and restenosis after percutaneous transluminal
coronary angioplasty and essential hypertension[108,111,113].
Evidence on the relationship between H. pylori infection and ischemic heart disease is weak, with some inconclusive, albeit plausible, mechanisms (Table 2). There are
also no adequate interventional studies done to demonstrate that H. pylori eradication is associated with a lower
incidence of ischemic heart disease[108].

Hepatobiliary diseases
Helicobacter DNA has been detected in hepatic tissues
from patients with various hepatobiliary diseases, hepatitis C virus-related chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)[86,87]. The association between
H. pylori and Child-Pugh classification is inconsistent[87].
It can be proposed that H. pylori infection may play a role
in hepatic carcinogenesis as well[88]. The odds ratio for
the association between H. pylori infection and the risk of
HCC was 13.63[89] (Table 2).
Respiratory tract disorders
Laryngeal cancer: Colonization of bacteria in the upper
aerodigestive tract was confirmed, however the relationship between H. pylori infection and laryngeal cancer risk
have produced conflicting results. Meta-analysis showed a
2.03-fold increased risk[92].
H. pylori was detected in larynx cancerous tissue. The
presence of the cagA gene in larynx cancer tissues significantly decreased survival rate and increased the possibility
of disease recurrence[93] (Table 2).

Dermatological disorders
Chronic urticaria: A correlation between H. pylori infection and chronic urticaria has been suggested (Table 2). H.
pylori eradication in patients with chronic urticaria leads to
symptomatic improvement in some patients, while others
showed no improvement[83].
Hematological disorders
Immune thrombocytopenic purpura: The prevalence
of H. pylori infection in patients with immune thrombocytopenic purpura (ITP) is significantly higher than that
in age- and gender-matched controls[108,115,116]. The most
plausible mechanism is cross-mimicry involving H. pylori, platelet antigens, and infected host factors (antibody
production cross-reacts with platelet glycoprotein antigens)[108,117].
Eradication of H. pylori results in an increasing platelet count in nearly half of infected ITP patients, although
geographical differences in the efficacy of eradication
were also presumed[83,115,116]. The European Helicobacter
Study Group consensus in 2012 and the Second Asia-Pacific Consensus Guidelines have recommended H. pylori
infection eradication in patients with chronic idiopathic
thrombocytopenic purpura[84,85]. However, larger randomized controlled trials with long-term follow-up are still
required before a firm conclusion can be drawn[108].

Lung cancer: The results of previous studies of H. pylori seropositivity and lung cancer are inconclusive[94], with
an odds ratio between 1.24 and 17.78 on the basis of the
epidemiological studies[95]. The NHANES study observed
an inverse association between H. pylori and lung cancer
in older participants, with a signiﬁcant inverse association
for cagA+ strains; this was without histological examination[96]. A case-control study found no evidence of an
association between H. pylori and lung cancer in Finish
male smokers. Neither overall H. pylori seropositivity nor
CagA-specific H. pylori seropositivity were associated with
lung cancer[94]. Causal relationships must be confirmed
with exact determination of smoking status[95] (Table 2).
Insulin resistance and metabolic syndrome
Epidemiological studies showed significant associations
with metabolic syndrome (OR = 1.39)[99,100]. Furthermore,
multiple linear regression analysis showed that H. pylori
seropositivity was significantly associated with higher
systolic blood pressure, lower high-density lipoprotein
(HDL)-cholesterol level, and higher low-density lipoprotein (LDL)-cholesterol level[99]. It has been suggested
that H. pylori eradication could lead to an improvement
of atherogenic blood lipid profile, insulin resistance, and
low-grade inflammation, which were deduced from a decreased C-reactive protein level[101]. Other studies did not
find an association between H. pylori infection and insulin
resistance[102,103].

WJG|www.wjgnet.com

Henoch-Schönlein purpura: A study in China found
increasing evidence suggesting that Henoch-Schönlein
purpura (HSP), especially abdominal HSP, might be associated with H. pylori infection (OR = 4.62); this underlines
the necessity of screening H. pylori infection in children
with HSP with gastrointestinal manifestations[82].
It was found that eradication of H. pylori infection
resulted in prompt resolution of the HSP, or at least prevented its recurrence[118].
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More investigations are needed to confirm the pathogenetic role of H. pylori in HSP (Table 2). HSP children
with serious gastrointestinal symptoms must be screened
and treated for H. pylori infection[82].

understood (Table 2).
H. pylori infection acts as neither a preventive factor
nor a risk factor for squamous cell carcinoma. This discrepancy might be due to the relatively small number and
heterogeneity of the included studies[129].
There is further need to assess the benefits of H. pylori in connection with GORD and its complications.

Iron deficiency anemia: Several epidemiological studies
have shown lower ferritin levels among patients with H.
pylori infection, although there were studies that produced
a negative association[108]. Meta-analyses showed an association between H. pylori infection and iron deficiency
anemia (IDA)[119,120]. H. pylori eradication improves iron
absorption[121].
Possible pathomechanisms are: increased iron loss
due to active hemorrhage secondary to gastritis, peptic
ulcer, gastric cancer, reduced iron absorption caused by
achlorhydria induced by chronic pangastritis, reduced
secretion of ascorbic acid to the gastric mucosa, and
iron utilization for protein synthesis by the bacterium for
colonization in the host environment[122]. Elevated serum
prohepcidin might also indicate the role of inflammation
in its aetiology[123].
Testing and eradication of H. pylori for unexplained
IDA are supported by the current evidence and approved
by the Maastricht Ⅳ Consensus and the Second Asia-Pacific Consensus Guidelines[84,85]. However, larger sample
randomized controlled trials are necessary to clarify the
reason why only a small proportion of H. pylori-positive
patients develop IDA[108].

Bronchial asthma: An infection in the early phase of
life is essential for the normal maturation of the immune
system, achieving a balance between T-helper type 1 (protective immunity) and T-helper type 2 (allergic diseases)
cytokine responses, which can reduce the risk of atopy
later[129].
H. pylori infection might play a role in the development of chronic bronchitis, bronchiectasis, tuberculosis,
and lung cancer[130]. Moreover, H. pylori might have an influence on the developing immune system, which might
reduce the risk of asthma in later life[131].
The associations between H. pylori and asthma were
contradictory. Inverse associations were reported, but
other studies demonstrated different results[131]. A metaanalysis found weak evidence (OR = 0.81, 0.84) for an
inverse association between H. pylori infection and asthma
in children and adults, respectively[131,132]. Another metaanalysis failed to prove a significant association between
H. pylori infection and asthma risk[130].
The mechanism of the preventive effect of H. pylori
on asthma has been unambiguous (Table 2).
It seemed that H. pylori infection (especially cagA+
strains) may prevent children from developing asthma,
but must be studied in the future[131] due to the inconsistent result[134].

Possible beneficial clinical consequences of H. pylori
infection
Gastroesophageal reflux disease/esophageal adenocarcinoma: A meta-analysis showed that H. pylori infection displays a negative association with the development
of endoscopic gastroesophageal reflux disease (GORD).
Eradication of the infection may be a risk factor for development of de novo GORD[124].
H. pylori infection protects against gastroesophageal
reflux[2]. H. pylori-induced corpus gastritis and profound
suppression of gastric acid secretion have also been
shown to prevent patients from developing GORD[125].
cagA+ H. pylori strains have a more protective effect
against GORD[126], and it was found that H. pylori infection was inversely associated with Barrett’s esophagus[127].
The Maastricht consensus Ⅳ confirmed a negative
association between the prevalence of H. pylori and the
severity of GORD. The consensus stated that H. pylori
status exerts no effect on symptom severity, recurrence,
or treatment efficacy in GORD. H. pylori eradication does
not exacerbate pre-existing GORD or affect treatment
efficacy[85].
Esophageal adenocarcinoma risk due to H. pylori infection was 0.58-fold, and squamous cell carcinoma risk
was 0.80-fold compared with that of controls. Compared
with cagA- H. pylori, cagA+ H. pylori markedly decreased
esophageal cancer risk[129].
The underlying mechanism in the background of the
protective effect of H. pylori against GORD is not fully
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CONCLUSION
The clinical outcome of H. pylori infection is determined
by host genetic predisposition, bacterial strain factors, and
environmental factors[1]. Bacterial virulence factors (VacA,
CagA) can modulate the immune response involved in
the initiation of the carcinogenesis in the stomach. Host
genetic factors including IL-1β, IL-10, and TNF-α influence the inflammatory response and the exasperation of
mucosal damage. Environmental factors, including salt
intake and smoking tobacco, are well-known harmful
aetiological factors. The ingestion of fruit and vegetables
has some protective effect[135].
The mechanisms of H. pylori-associated gastric carcinogenesis are still poorly defined; further recognition
may provide possibilities to develop effective strategies
for gastric cancer prevention and treatment[1].
Indications for H. pylori therapy have been extended
and now include idiopathic thrombocytopenic purpura,
iron deficiency anemia, and vitamin B12 deficiency. New
data are presented on the role of H. pylori in neurodegenerative disorders and in metabolic syndrome. H. pylori is
associated with a small increase in the risk for colorectal
adenoma and colon cancer[80] (Table 3).
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Table 3 Other possible pathogenetic roles of Helicobacter

pylori

[83,94,110,117,136,137]

Renal diseases
Renal resistive index, proteinuria
Hepatobiliary diseases
Alcoholic damages of the liver, cholestatic autoimmune liver diseases
(primary biliary diseases, primary sclerosing cholangitis),
cholelithiasis, cholangiocellular carcinoma
Pancreatic disorders
Autoimmune pancreatitis
Intestinal diseases
Enteric diseases, inflammatory bowel diseases
Neurological diseases
Alzheimer-disease, idiopathic parkinsonism
Dermatological diseases
Alopecia areata, atopic dermatitis, lichen planus, chronic prurigo
multiformis, nodular prurigo, pruritus, psoriasis, recurrent aphthous
stomatitis, rosacea, Sweet’s syndrome
Ophthalmological diseases
Glaucoma, central serous chorioretinopathy, uveitis, blepharitis
Autoimmune disorders
Autoimmune thyroiditis, Behçet’s disease, Sjögren’s syndrome,
progressive systemic sclerosis
Others
Impaired bioavailability of medication such as thyroxin and l-dopa,
pre-eclampsia, chronic prostatitis, growth retardation

10

11

12

13

14

H. pylori screening and treatment is a recommended
gastric cancer risk reduction strategy in high-risk populations. In low-risk populations for gastric cancer, H. pylori
screening is not recommended[84]. The removal of H.
pylori from a large section of the population may be economically difficult, and the long-term consequences are
still unpredictable. Identification of high-risk individuals
is thus very important[40].
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Efficacy of tailored Helicobacter pylori eradication therapy
based on antibiotic susceptibility and CYP2C19 genotype
Mitsushige Sugimoto, Takahisa Furuta
and inflammatory cytokines (e.g. , interleukin-1β). For
example, quadruple daily administration of PPI therapy
potently inhibits acid secretion within 24 h, irrespective of CYP2C19 genotype. Therefore, tailored H. pylori
eradication regimens that address acid secretion and
employ optimal antimicrobial agents based on results
of antimicrobial agent-susceptibility testing may prove
effective in attaining higher eradication rates.
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Core tip: The eradication for Helicobacter pylori infection is mainly influenced by antibiotic susceptibility and
insufficient acid inhibition [e.g. , cytochrome P450 2C19
(CYP2C19 ) genotype, proton pump inhibitor (PPI) dose,
and PPI treatment schedule]. When a PPI is administered to CYP2C19 rapid metabolizers and intermediate
metabolizers, plasma levels of PPIs cannot be maintained between once-daily doses. The intragastric pH
attained with four-times-daily-dosing of PPI is significantly higher than those observed when PPI is administered as once-daily-dosing of four-fold doses or twicedaily-dosing of two-fold doses. We describe a tailored
treatment that was designed according to pharmacogenomics and antimicrobial susceptibility to achieve an
eradication rate exceeding 95%, irrespective of different CYP2C19 genotypes.

Abstract
The cure rates of Helicobacter pylori (H. pylori ) eradication therapy using a proton pump inhibitor (PPI) and
antimicrobial agents such as amoxicillin, clarithromycin,
and metronidazole are mainly influenced by bacterial
susceptibility to antimicrobial agents and the magnitude
of the inhibition of acid secretion. Annual cure rates
have gradually decreased because of the increased
prevalence of H. pylori strains resistant to antimicrobial agents, especially to clarithromycin. Alternative
regimens have therefore been developed incorporating different antimicrobial agents. Further, standard
PPI therapy (twice-daily dosing) often fails to induce a
long-term increase in intragastric pH > 4.0. Increasing
the eradication rate requires more frequent and higher
doses of PPIs. Therapeutic efficacy related to acid
secretion is influenced by genetic factors such as variants of the genes encoding drug-metabolizing enzymes
(e.g. , cytochrome P450 2C19, CYP2C19), drug transporters (e.g. , multidrug resistance protein-1; ABCB1),
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INTRODUCTION

Table 1 Major factors preventing eradication of Helicobacter

pylori infection

The Maastricht Ⅳ/Florence Consensus Report issued by
the European Helicobacter Study Group in 2012[1] recommends Helicobacter pylori (H. pylori) eradication therapy as
first-line treatment for patients with upper gastrointestinal disorders such as peptic ulcer disease, gastric mucosa
associated-lymphoid tissue lymphoma {Evidence level
in support of the recommendations formulated in the
Maastricht Ⅳ/Florence Consensus Report: 1a [Systematic
review of randomized controlled trial (RCT)], Grade of
recommendation: A}, atrophic gastritis [2a (Systematic
review of cohort studies) and B], intestinal metaplasia (2a
and B), and functional dyspepsia (1a and A) as well as for
patients with extra-gastrointestinal disorders such as idiopathic thrombocytopenic purpura [1b (Individual RCT
with narrow CI) and A], vitamin B12 deficiency [3b (Individual case-control study) and B], and iron-deficiency
anemia (1a and A)[2-11].
“Test and treat” is a strategy involving a noninvasive
test (e.g., serum anti-H. pylori IgG or urea breath test)
given to patients with dyspepsia to diagnose H. pylori
infection of the gastric mucosa, with treatment initiated
upon detection[1]. In Japan, first-line H. pylori eradication
therapy is limited to a regimen that employs a proton
pump inhibitor (PPI) administered twice-daily (bid) using
a standard dose (e.g., omeprazole, rabeprazole, lansoprazole, and esomeprazole), amoxicillin (AMPC) 750 mg bid,
and clarithromycin (CAM) 200 mg or 400 mg bid for 1
wk. Unfortunately, the prevalence of CAM-resistant H.
pylori strains in Japan is increasing (> 30%)[12,13]. Therefore, alternative regimens are designed to consist of different antimicrobial agents with susceptibility to H. pylori
strain, increased dosing dosages of antimicrobial agents
and PPIs, increased dosing times of drugs and prolonged
treatment periods[14-17].
In this review article, we consider first the factors that
influence the cure rate of H. pylori eradication therapy
and the importance of inhibiting acid secretion. We then
propose optimal treatment strategies based on the most
effective antimicrobial agents and the patient’s genotype.

Factor
Antibiotics

Inhibition of
acid secretion

CYP2C19
CYP2C19*17
ABCB1 3435

H. pylori phenotype
Environment

IL-1B-511
IL-1B-31
Acid inhibitory drug dosing
time
Acid inhibitory drug dosing
dose
H. pylori virulence factors

Volume
Smoking
Compliance

Clarithromycin
Metronidazole
Levofloxacin
Amoxicillin
Rapid metabolizer
*17 carrier
C/C genotype
(Caucasian)
C/C genotype
T/T genotype
Low frequency (oid)
Insufficient dose
cagA-negative
vacA s2 genotype
Much
Many
Poor

CYP2C19: Cytochrome P450 2C19; IL: Interleukin; ABCB1: Multidrug
resistance protein-1; H. pylori: Helicobacter pylori.

determining the antibiotic susceptibility of H. pylori using either or both culture or genetic testing is of great
import, particularly in a population with a high rate of
infection with drug-resistant strains. These tests should
be conducted before treatment, particularly with secondand third-line treatment[1]. The Maastricht Ⅳ Consensus
Report[1] recommends that, after a second failure, if culture and susceptibility testing is not possible, molecular
genetic tests should be conducted to detect H pylori. Recently, a novel fully-automated rapid genetic analyzer was
developed which was capable of determining CAM resistance (e.g., 23S rRNA gene point mutations of A2143G
and A2144G) within 60-120 min[20], whereas culture tests
required 7-10 d. Note that the treatment strategy should
take into account the drug resistance of H. pylori in different patient populations in different localities.
The optimal intragastric pH condition with potent
acid inhibition in the stomach makes selected antibacterial agents more stable and bioavailable[21,22]. Controlling
intragastric pH with PPIs depends on dosing schedules,
dose, and combination of acid inhibitors[23-27], and polymorphisms in the genes encoding drug-metabolizing
enzymes and drug transporter genes such as CYP2C19
and multidrug resistance protein-1 (ABCB1) influence
pH during treatment[23-29]. In the gastrointestinal tract,
ABCB1 is expressed on the apical surfaces of superficial
columnar epithelial cells of distal small bowel and the
pharmacokinetics of PPIs are influenced by the activity of ABCB1. Polymorphism of ABCB1 is one of the
determinants of successful eradication of H. pylori by
the triple therapy with lansoprazole, amoxicillin and clarithromycin, and eradication rates for H. pylori infection
are 82%, 81% and 67% in patients with the ABCB1 3435

FACTORS CONTRIBUTING TO THE
SUCCESS OF H. PYLORI ERADICATION
THERAPY
The cure rates of H. pylori infection are influenced by several factors such as antibiotic susceptibility[12,13,18], insufficient inhibition of acid secretion [e.g., cytochrome P450
2C19 (CYP2C19) genotype, PPI dose, and PPI treatment
schedule][19], bacterial genotypes that reduce virulence (e.g.,
cagA-negative strains and the vacA s2 genotype), the environment (e.g., smoking), and compliance (Table 1).
Antibiotics targeted to H. pylori strains with known
drug sensitivities will likely increase the eradiation
rate[20,21]. When patients are treated with antibiotics that
are targeted specifically to the infecting H. pylori strain,
increased eradication rates are achieved. Therefore,
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C/C, C/T and T/T genotype, respectively (P = 0.001)[30].
In particular, patients’ pharmacogenetic characteristics
[e.g., CYP2C19 rapid metabolizer (RM), interleukin (IL)1β-511 C/C, and ABCB1 3435 T/T genotype] require
a modified treatment regimen to effectively inhibit acid
secretion for 24 h[23-29].
The increased levels of IL-1β induced by H. pylori infection potently inhibit acid production, and IL-1β is one
hundred times more potent an inhibitor than PPIs on a
molar basis[31]. Polymorphisms in the gene encoding IL1β are associated with individual differences in IL-1β levels[32], and presence of the IL-1B-511 polymorphism has
been shown to be related to eradication rate[33-35]. Indeed,
the eradication rate achieved for patients with the low IL1β-producer genotype IL-1B-511 C/C (77.4%) is lower
than that of the C/T and T/T genotypes (87.2%; odds
ratio for failure: 1.98, 95%CI: 1.38-2.84, P = 0.0002)[35].
Further, H. pylori virulence factors (e.g., cagA and vacA),
which play critical roles in gastric mucosal injury and inflammation, determine cure rates[19]. In a meta-analysis,
individuals infected with strains with the cagA-negative
69.9% (95%CI: 65.7%-73.9%) vs 83.1% (80.7%-85.3%)
for cagA-positive genotypes and vacA s2 genotype [72.1%
(64.8%-78.7%) vs vacA s1 genotype 79.2% (75.1%-83.0%]
are at increased risk of failure of eradication therapy[19].
The presence of dupA, which is associated with the development of duodenal ulcers, influences the cure rate of
eradication therapy[36,37].

druple treatment in areas of high resistance[1]. Extending
the duration of CAM-based triple treatment from 7 to
10-14 d improves the eradication success rate by approximately 5%[44,45]. When CAM-based treatment fails, either
bismuth-containing quadruple therapy or levofloxacinbased therapy is recommended. In areas of high CAM
resistance, levofloxacin-based treatment is recommended
after quadruple therapy fails.

IMPORTANCE OF INHIBITING GASTRIC
ACID SECRETION DURING ERADICATION
THERAPY
Rapid and potent neutralization of intragastric pH after treatment with drugs that inhibit acid secretion is
required to cure acid-related diseases. Thus, intragastric
pH during treatment is associated with the cure rates of
peptic ulcers[46], gastroesophageal reflux disease[47], and
aspirin-induced gastroduodenal mucosal injury[48]. Further, eradication treatment fails if acid secretion is not
sufficiently inhibited[49-51].
Whereas H. pylori survives with a periplasmic pH of
4.0-8.0, it only grows between pH 6.0-8.0[52]. When bacterial urease activity elevates the pH to 4.0-6.0, H. pylori
survives but does not divide[52]. The consistent and potent
action of drugs that inhibit acid secretion increases the
stability and bioavailability of acid-sensitive antimicrobial
agents such as CAM and AMPC by preventing their degradation in the stomach. Further, these inhibitors increase
the concentration of antimicrobial agents in the gastric
mucosa[21,52,53]. Raising pH from 3.5 to 5.5 increases the
in vitro effectiveness of AMPC more than 10-fold[21].
Ampicillin is bactericidal at pH 4.5-7.4 but not at pH
3.0, as this pH inhibits the expression of genes encoding cell envelope components and proteins required for
cell division[54]. The activity of CAM is higher at pH 7.4
than at pH 5.0, and activity is intermediate at pH 6.8[55].
Inhibiting acid secretion also allows H. pylori to grow and
become more sensitive to antimicrobial agents[52].
In a previous study, the 24-h intragastric pH level
in patients treated successfully with eradication therapy
(omeprazole 20 mg bid and AMPC 1 g bid) was found
to be higher than in patients that failed 7-d treatment[51].
When 24-h pH exceeds 5.5, H. pylori can be eradicated
using dual PPI/AMPC therapy without a second antimicrobial agent such as CAM, MNZ, or both[51]. Eradication using PPI/AMPC therapy is preferred for patients
with pH > 4.0 for 75% of total treatment duration and
above 5.5 in 4-h pH[49]. Univariate analysis shows that pH
values depend on the dose of omeprazole (P = 0.003),
CYP2C19 genotype (P = 0.001), and H. pylori density (P
= 0.044)[49]. We demonstrate further that the median 24-h
pH was 6.4 (range, 5.0-7.6) for successful eradication
therapy compared with that for failed therapy [pH 5.2
(2.2-6.2), P = 0.0131] and that median percentage time
at pH < 4.0 for successful cures [0.5% (0.0%-31.6%)]
is significantly shorter compared with failures [26.7%

CAM RESISTANCE AND ERADICATION
TREATMENT
CAM is a key component of H. pylori eradication therapy,
exerting its antimicrobial effects by binding to the subunit 23S of the bacterial ribosome, which inhibits protein
synthesis. In general, although the cut-off concentration
used to define resistance to CAM is higher than 1.0 mg/
mL[38], bacterial susceptibility to CAM in most strains is
conferred by a single nucleotide polymorphism at either
position 2142 or 2143 of the H. pylori 23S rRNA gene
(A2142G or A2143G). The most frequent mutation is
A2143G (69.8%), followed by A2142G (11.7%) and
A2142C (2.6%)[39,40].
From 1990 to 2000, the eradication rates achieved in
Japan using CAM-based triple therapy ranged from approximately 85%-91%[12]; in contrast, eradication rates
for patients infected with CAM-resistant strains were
markedly low (10%-30%)[41,42]. The frequencies of resistance of H. pylori strains to CAM in Japan and Europe
exceed 35% and 20%, respectively, and account for the
relatively low eradication rates with the CAM-based regimen[12,13,42,43].
The Maastricht Ⅳ consensus report recommends
first-line eradication treatment using a CAM-based regimen [PPI-CAM-AMPC or -metronidazole (MNZ)] and
an alternative eradication using a bismuth-containing
quadruple treatment in areas where prevalence of CAMresistant strains is low, and a bismuth-containing qua-
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Figure 1 Success of Helicobacter pylori eradication treatment as a function of pH. A, B: Median 24-h pH values (A) and the percentage of the times when pH < 4.0
during eradication therapy according to successful and failed treatment (B); C: Variation of pH and the percentage of time at pH < 4.0[51]. The median pH of successfully treated patients was significantly higher than compared with patients that failed treatment (A). The median percentage of the time when pH < 4.0 in successfully
treated patients was significantly shorter compared with unsuccessfully treated patients (B). The majority of patients were cured using triple therapy when the percentage of time at pH < 4.0 during the 24-h post-dose period was < 10% and the 24-h pH was > 6.0 (shaded area) (C). CAM: Clarithromycin.

(6.0%-72.2%), P = 0.0017; Figure 1A and B][50]. Therefore, the degree and duration of acid suppression are
related to cure rate, and we may conclude that pH > 4
should be maintained for 24 h and 24-h pH higher than
6.0 (Figure 1C). Unfortunately, the PPI standard-dose
bid treatment does not maintain pH values > 4.0 long
enough to satisfy the above criteria in all of patients[23].

ity classified into three genotypes: RMs, intermediate
metabolizers (IMs), and poor metabolizers (PMs)[60-63].
The inhibition of acid secretion achieved using PPIs
(e.g., omeprazole and lansoprazole) to treat PMs is enhanced compared with IMs or RMs because of the
different pharmacokinetics among the three CYP2C19
genotypes[26,27,29,64]. In contrast, rabeprazole reduces acid
secretion mainly via a non-enzymatic reaction, with minor
involvement of CYP2C19 (Figure 2)[60,65], and its acid inhibitory effect is less influenced by CYP2C19 genotypes
than that of omeprazole or lansoprazole. Esomeprazole,
which is the S-isomer of omeprazole, more effectively
inhibits acid secretion than omeprazole[66,67], and this
relatively high activity can be attributed to its less extensive metabolism during first-pass hepatic metabolism
compared with omeprazole. The increased systemic bioavailability of esomeprazole offers the prospect of improved clinical efficacy and more effective management
of acid-related diseases[68]. A 2006 study shows that the
CYP2C19*17 variant is an ultrarapid metabolizer genotype[69]. Interethnic differences have been reported in the
frequencies of genotypes[63,70,71], with frequency of the
*17 allele approximately 20% among Caucasian, AfricanAmerican, Swedish, and Ethiopian populations but only
4% among Asians.
Several studies have compared the level of acid inhibition attained among CYP2C19 genotypes on PPI bid

CYP2C19 POLYMORPHISMS AND H.
PYLORI ERADICATION THERAPY
Pharmacokinetics and pharmacodynamics of PPIs
according to CYP2C19 genotype
PPIs delivered through the circulatory system are absorbed in the small intestine and reach gastric parietal
cells where they bind irreversibly to and alter the function
of H+/K+-ATPase, which potently inhibits acid secretion[56,57]. Therefore, PPIs are currently used as the firstline treatment of acid-related diseases[33,50,58,59].
PPIs undergo extensive hepatic metabolism by the
CYP system, which includes CYP2C19 and CYP3A4
(Figure 2)[60]. CYP2C19 polymorphisms therefore influence both pharmacokinetics [i.e., peak plasma concentration (Cmax) and area under the curve (AUC) of the plasma
concentration] and pharmacodynamics (i.e., intragastric
pH) of PPIs (Figure 3A and B). At least 20 CYP2C19
variants (Figure 4) have been identified, with the major-

WJG|www.wjgnet.com

6403

June 7, 2014|Volume 20|Issue 21|

Sugimoto M et al . Tailored H. pylori eradication

CYP2C19

CYP3A4

5-Hydroxy
omeprazole

Omeprazole
sulphone

CYP3A4

A

Esomeprazole

CYP2C19

CYP2C19

CYP3A4

5-Hydroxy
esomeprazole

Esomeprazole
sulphone

CYP3A4

CYP2C19

Omeprazole
hydroxysulphone

Esomeprazole
hydroxysulphone

Lansoprazole

Rabeprazole

RM
IM
PM

PPI
8

Intragastric pH

Omeprazole

7
6
5
4
3
2
1

CYP2C19

CYP3A4

5-Hydroxylansoprazole

Lansoprazolesulphone

Nonenzymatic

CYP2C19

Rabeprazole Dimethylatedthioether
Rabeprazole

0

12:00

B

15:00

18:00 21:00

24:00

3:00

6:00

P < 0.05
P < 0.05

Figure 2 Metabolism of omeprazole, lansoprazole, rabeprazole, and esomeprazole by cytochrome P450 isoenzymes. Reproduced from Chang et al[61].

P < 0.05

8
Intragastric pH

7

administration[23,33,68,72,73]. Effects of lansoprazole (30 mg,
bid) have been found to vary markedly with CYP2C19
genotype[33,68], whereas little or no differences in efficacy
were observed in patients treated with rabeprazole (10
mg) or esomeprazole (20 mg) bid, regardless of CYP2C19
genotype[68,72,73]. Further, CYP2C19 genotype-dependent
differences in intragastric pH attained using esomeprazole
and rabeprazole are smaller than those noted with lansoprazole and omeprazole[68]. As such, twice-daily dosing
with a second-generation PPI may attenuate the influence
of CYP2C19 genotype, but not completely remove it.
We reported that the median 24-h pH [5.4 (3.5–
6.8)] of H. pylori-negative CYP2C19 RMs administered
esomeprazole 20 mg bid was significantly higher than that
achieved with omeprazole [5.0 (2.4-5.9), P = 0.018], rabeprazole [4.8 (2.5-6.4), P = 0.002], or (check) lansoprazole
[4.7 (3.7-5.5), P = 0.017][68]. However, these findings suggest that although esomeprazole inhibits acid secretion in
CYP2C19 RMs, twice-daily dosing of omeprazole, lansoprazole, and rabeprazole as well as with esomeprazole
does not sustain high pH for 24 h for all patients.

6
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IM (n = 63)

PM (n = 46)

Figure 3 Median 24-h intragastric pH profiles (A) and median 24-h pH
values after administering a standard dose of a proton pump inhibitor to
patients with the three CYP2C19 genotypes (B). Proton pump inhibitor (PPI)
treatment of poor metabolizers (PMs) inhibited gastric acid secretion more effectively than that of rapid metabolizers (RMs) and intermediate metabolizers (IMs).

genotype.
A more recent meta-analysis performed by Tang et
al[75] on the effects of CYP2C19 loss-of-function variants
revealed significant differences in rates between RMs and
IMs (OR = 0.72; 95%CI: 0.59-0.88), between RMs and
PMs (0.51; 0.38-0.68), and between IMs and PMs (0.69;
0.52-0.92) regardless of the PPI administered. Although
other studies have reported significant differences in
eradication rates using other PPI-based eradication therapies (e.g., rabeprazole, esomeprazole, or pantoprazole)
among the different CYP2C19 genotypes[76,77], Tang et al[75]
found no significant differences in efficacy between rabeprazole or esomeprazole for loss-of-function CYP2C19
variants. Therefore, CYP2C19 loss-of-function variants
such as CYP2C19 PMs are associated with increased H.
pylori eradication rates in patients taking PPI-based triple
therapies with either omeprazole or lansoprazole[75].

Influence of CYP2C19 polymorphisms on PPI-based
eradication of H. pylori
The rates for eradicating H. pylori infection using triple
therapy (omeprazole 20 mg bid or lansoprazole 30 mg bid,
AMPC 250 mg tid, and CAM 200 mg tid for 1 wk) vary
with CYP2C19 genotype as follows: 72.7%, RMs; 92.1%
IMs; and 97.8%, PMs[18]. The frequency of CYP2C19
RMs is relatively high among patients that experience
eradication failure (58.6%, vs 2.9% for PMs). Schwab et
al[74] also noted significant differences in eradication rates
among RMs (80.2%), IMs (97.8%), and PMs (100%) (P <
0.01), which were associated with corresponding changes
in median serum lansoprazole levels (753 ng/mL, PMs;
59 ng/mL, IMs; and 21 ng/mL, RMs; P < 0.001). A meta-analysis performed by those authors[74] further revealed
that failure to eradicate H. pylori infection using PPIbased regimens is strongly influenced by the CYP2C19
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EFFICACY OF DIVIDED DOSING WITH
PPIS
When PPIs are administered to CYP2C19 RMs and IMs,
plasma levels of PPIs cannot be maintained between
once-daily doses[23,26,29,78]. RMs rapidly eliminate PPIs
from the systemic circulation, and plasma levels of PPIs
before dosing and 3 h later are often below detectable
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levels (plasma half-life, 2-3 h). Following rapid elimination of PPIs, activated or newly synthesized H+, K+ATPase expressed in gastric parietal cells secretes gastric
acid[23,26,29,78]. Although the Cmax for multiple-dosing PPI
regimens (e.g., bid or qid) does not increase compared with
oid administration, plasma levels of PPIs reached using
multiple doses can be sustained throughout the 24-h period and continue to inactivate H+, K+-ATPase consistently
for 24 h, achieving sufficient inhibition of acid secretion.
We reported that when rabeprazole (40 mg oid or 20
mg bid) is administered to CYP2C19 RMs, the levels of
plasma rabeprazole are often below the limit of detection. However, when rabeprazole (20 mg bid or 10 mg
qid) is administered to IMs and RMs, respectively, plasma
levels are sustained above 10 ng/mL throughout the
24-h period, and sufficient suppression of acid secretion
is achieved[23]. When rabeprazole is administered once,
twice, or four times to achieve a daily dose of 40 mg, the
median pH values are 4.8 (3.6-6.4), 5.7 (4.1-7.4), and 6.6
(4.9-8.4), respectively (Figure 5A)[25]. Administering 10
mg rabeprazole, 30 mg lansoprazole, and 10 mg esomeprazole qid to RMs achieves sufficient inhibition of acid
secretion[23,64,73].
However, when patients with the same CYP2C19
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genotype were treated with different doses of rabeprazole on different dosing schedules, the median pH attained with 10 mg qid was significantly higher than those
observed when the drug was administered as 40 mg oid
or 20 mg bid (Figure 5A). Further, multiple doses of a
PPI decreased the influence of CYP2C19 genotype on
pH (Figure 5B)[25]. Fischbach et al[41] reported that inhibition of acid secretion attained using esomeprazole 20 mg
bid or 10 mg qid was similar among CYP2C19 genotypes
but differed markedly from that achieved with 40 mg oid.
We may therefore reasonably assume that, in order to
maintain plasma PPI levels above a certain threshold level
throughout the 24 h period, a multiple-dosing regimen
would be more effective in inhibiting acid secretion by
increasing the dose than by increasing either or both the
Cmax or the AUC value.
Previously, sufficient eradication rates were achieved
for RM patients treated with either lansoprazole 30 mg
qid or rabeprazole 10 mg qid plus AMPC 500 mg qid
for 2 wk. These findings suggest that potent inhibition
of acid secretion using more frequent dosing intervals
than at present bid may help to improve the eradication
rate[18,43,79-81]. In addition, interestingly, rabeprazole 20 mg
bid plus AMPC 1000 mg bid attains a 59.6% cure rate
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irrespective of administration of high daily doses of a
PPI and AMPC[82]. This observation may be explained by
findings that inhibition of acid secretion is insufficient
when RMs are treated with rabeprazole 20 mg bid.

Although this tailored treatment may be optimal with
high eradication rate, a setting of drug selection and dosing doses of PPI and antimicrobial agents may be complicated. We therefore propose that a regimen based on
administering rabeprazole qid for all patients, irrespective
of their CYP2C19 genotype, may achieve higher eradication rates than using a regimen employing a PPI bid, in
particular in RMs. We assessed the efficacy of the tailored
eradication regimens that control acid secretion using a
PPI qid and selected antimicrobial agents based on the
CAM-susceptibility of the patient’s H. pylori strain (Figure
6A). Patients infected with CAM-sensitive strains were
treated with a tailored regimen of rabeprazole (RPZ) qid,
AMPC 500 mg qid, and CAM 200 mg bid for 1 wk, while
those infected with resistant strains were given RPZ qid,
AMPC 500 mg qid, and MNZ 250 mg bid for 1 wk, irrespective of CYP2C19 genotype. The overall eradication rate achieved using the standard regimen was 77.8%
(95%CI: 72.0%-85.5%) according to ITT analysis and
that of the tailored regimen was 98.0% (94.3%-99.6%)
(Figure 6B). The eradication rates using CAM-based
and MNZ-based treatment were similar (96.5% and
98.4%, respectively, P = 0.469), and the eradication rates
using the tailored regimen were similar among different CYP2C19 genotypes (RM, 94.3%; IM, 98.3%; and
PM, 100%). In contrast, the outcomes achieved using
the standard regimen were as follows: RM, 75.7%; IM,
81.7%; and PM, 87.0%) (Figure 6C). A tailored H. pylori
eradication regimen based on CAM susceptibility that
inhibits acid secretion for 24 h using RPZ 10 mg qid is
more effective than the standard therapy used in Japan, as
its eradication rate exceeds 95% irrespective of CYP2C19
genotype. Benefits of this tailored treatment are to save
a cost of genotyping test and to prevent increased CAMresistant H. pylori strain. We added limitation of this
treatment in revised version. However, because not all
patients are CYP2C19 RM and more frequent dosing
with the PPI for IMs and PMs is more costly, this tailored treatment may be applicable third-line treatment.
To identify efficacy of this tailored treatment for firstand second-line treatment (i.e., eradication rate and cost
benefit), further study will be required.

EFFICACY OF DIVIDED DOSING WITH
AMPC
Similarly, AMPC should have been administered at 500
mg qid, not 1000 mg bid We therefore believe that administering AMPC using a regimen of 750-1000 mg bid is
theoretically inappropriate according to pharmacological
considerations, as antibiotics with a beta-lactam ring, such
as AMPC, exert little post-antibiotic effects on gramnegative rods[83]. Their antibacterial effect depends largely
on the duration for which their concentration is maintained at levels above the MIC and not the AUC or Cmax.
The regimens reported to achieve high re-eradication
rates (96.8%-100%) using dual therapy use a PPI qid plus
AMPC qid[18,43,79,84].

EFFICACY OF TAILORED ERADICATION
TREATMENT FOR H. PYLORI INFECTIONS
BASED ON SUSCEPTIBILITY TO
ANTIBIOTICS AND CYP2C19 GENOTYPE
Tailored eradication therapy shows promise for delivering significantly more successful outcomes than the
standard therapies described above. For example, in their
preliminary trial, Kawai et al[85] determined the efficacy of
a regimen based on bacterial drug susceptibility to CAM
that included 70 H. pylori-positive patients administered
the following drugs: PPI/AMPC/CAM for patients with
CAM-sensitive strains and PPI/AMPC/MNZ for CAMresistant strains. The tailored treatment regimen achieved
a 94.3% eradication rate, which is significantly higher
than that achieved with standard treatment (71.4%, PPI/
AMPC/CAM)[85], suggesting that treatment based on susceptibility to CAM will be effective, particularly in areas
such as Japan with a high prevalence of CAM-resistant
strains.
A second example of the increased efficacy of a
tailored therapy comes from our own studies in which
we administered PPIs according to CYP2C19 genotype
and sequence analysis of the gene encoding H. pylori 23S
rRNA[86]. Patients infected with a CAM-sensitive strain
were treated with CAM 200 mg tid, AMPC 500 mg tid,
and personalized doses of lansoprazole (e.g., RMs, 30 mg
tid; IMs, 15 mg tid; and PMs, 15 mg bid) for 1 wk. Patients
infected with a resistant strain were treated with AMPC
500 mg qid and a personalized dose of lansoprazole (e.g.,
RMs, 30 mg qid; IMs, 15 mg qid; and PMs, 15 mg bid
for 2 wk) [86]. The ITT analyses of eradication rates for
standard triple regimen (PPI/AMPC/CAM) are 70.0%
compared with 96.0% (P < 0.0001) for tailored treatment
(graded A, excellent)[86].
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CONCLUSION
This review focuses on H. pylori eradication therapy in
relation to pharmacogenomics and susceptibility to antimicrobial agents. We highlight the many genetic factors
that influence therapeutic outcomes of H. pylori eradication therapy using a PPI and antimicrobial agents. We
describe a tailored treatment that was designed according
to pharmacogenomics and antimicrobial susceptibility to
achieve an eradication rate exceeding 95%, irrespective
of eradication history, that overcomes differences among
CYP2C19 genotypes. Although a tailored regimen based
on an individual’s CYP2C19 genotype is a valid therapeutic consideration, our strategy saves the cost of CYP2C19
genotyping. However, using increased doses of PPIs may
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Figure 6 Study design and outcomes. A: Patients were classified into two treatment regimens: standard treatment group (first- or second-line standard Japanese
regimen) and tailored treatment group (based on clarithromycin-susceptibility); B: Eradication rates for the standard and tailored regimens for eradication of Helicobacter pylori; C: Eradication rates for the standard and tailored regimens among different CYP2C19 genotypes. CAM: Clarithromycin; PPI: Proton pump inhibitor;
AMPC: Amoxicillin; MNZ: Metronidazole; RPZ: Rabeprazole.

not be universally welcomed and may not be tolerated by
some patients. In addition, because there are other genetic factors to influence in eradication rate as listed in Table
1, it may be better to consider effects of genetic factors
for optimal tailored treatment.
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Core tip: Two critical pathogenic steps of high risk Helicobacter pylori (H. pylori ) gastritis and gastric carciono-

genesis are reviewed. Neutrophilic proliferative zone
foveolitis is a critical pathogenic step in H. pylori gastritis inducing intensive epithelial damage. It is suggested
to provide a new therapeutic goal replacing traditional
bactericidal antibiotics approach. Atypical Malgun cell
change is a novel premalignant condition in high risk
gastropathy, which may progress and undergo malignant transformation directly. A new diagnosis system
of gastritis is proposed based on the critical pathologic
steps classifying low and high risk gastritis for separate
treatment modality.

Abstract
Helicobacter pylori (H. pylori ) gastritis may progress to

high risk gastropathy and cancer. However, the pathological progression has not been characterized in detail.
H. pylori induce persistent inflammatory infiltration.
Neutrophils are unique in that they directly infiltrate
into foveolar epithelium aiming the proliferative zone
specifically. Neutrophilic proliferative zone foveolitis is
a critical pathogenic step in H. pylori gastritis inducing
intensive epithelial damage. Epithelial cells carrying accumulated genomic damage and mutations show the
Malgun (clear) cell change, characterized by large clear
nucleus and prominent nucleolus. Malgun cells further
undergo atypical changes, showing nuclear folding,
coarse chromatin, and multiple nucleoli. The atypical
Malgun cell (AMC) change is a novel premalignant condition in high risk gastropathy, which may progress and
undergo malignant transformation directly. The pathobiological significance of AMC in gastric carcinogenesis
is reviewed. A new diagnosis system of gastritis is proposed based on the critical pathologic steps classifying
low and high risk gastritis for separate treatment modality. It is suggested that the regulation of H. pylori -
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INTRODUCTION
It has been 3 decades since Helicobacter pylori (H. pylori)
was first identified[1]. H. pylori is now accepted as the
major cause for gastritis and gastric cancer. Numerous
investigations for the pathogenesis of H. pylori have been
done[2,3], heightening expectations for curative remedies
of most gastric diseases. However, the clinical transla-
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Figure 1 Neutrophilic proliferative zone foveolitis. A: Intense infiltration specifically focused on the proliferative zone of gastric pits (arrows). (HE, × 40); B: Neutrophils targeting the proliferative zone foveolar epithelium (arrows), while the surface is free of significant infiltration (long arrow) (HE, × 30); C: Infiltrate consisting of
pure neutrophils in single cells or small aggregates (arrows). Neutrophils in lamina propria close to the foveolitis (arrowheads), suggesting an active movement into
the epithelium (HE, × 150).

tion of the progress has been so sluggish that current
management for gastric diseases is not so much different from the pre-H. pylori era fundamentally. The major
therapeutic goal remains to be early detection and curative resection of gastric cancer, and cancer prevention
and clinical management at the premalignant stage have a
long way to be established.
Antibiotics treatment for H. pylori has been such a
controversial issue that it is still not well established as to
who should be treated. The high ‘recurrence rate’, potential long term complications, and socioeconomic usefulness of the bactericidal treatment have been disputed.
Even the benefits of H. pylori have been suggested such
as reducing excessive gastric secretion[4]. However, such
potential benefits may not be taken into account in countries like South Korea where the H. pylori infection and
gastric cancers are so rampant[5]. To detect gastric cancers
at the early stage, endoscopic examinations are done
massively nation-wide in Korea. More than 31000 gastric
biopsies are done annually in Asan Medical Center alone
for all stages of gastritis and advanced lesions. More than
10% of the patients eventually undergo mucosal/surgical resections for cancers. The huge pathologic samples
provide an exceptional opportunity to investigate the
pathogenesis and progression of H. pylori gastritis to high
risk gastropathies.
Most cancers develop after a multi-step carcinogenic
process for a long period. However, the pathological
progression to high risk H. pylori gastritis and cancer is
poorly understood. Gastric cancers are so heterogeneous
that it is not easy to define major carcinogenic routes. It
probably reflects that most gastric cancers develop after
accumulated random genomic damage in persistent inflammation without strong genetic predispositions. Common premalignant lesions, such as tubular adenomas in
colon, have been elusive to identify in stomach. Colontype tubular adenomas are not so frequent in H. pylori
gastritis, far less than cancers. Taken together, it is strongly suspected that we have missed or overlooked critical
pathogenic steps of H. pylori gastritis and premalignant
changes developing under persistent inflammatory pres-
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sure. They are likely to be rather common and subtle
pathological lesions.
Here, major pathological routes of gastric carcinogenesis including critical pathologic steps and clinical
implications are reviewed. Neutrophilic proliferative
zone foveolitis is the pathogenic core of H. pylori gastritis the biological significance of which has largely been
overlooked. Surface neutrophilic foveolitis appears to be
associated with predisposition for erosion. The atypical
Malgun cell (AMC) change is a newly recognized premalignant lesion present in advanced high risk H. pylori
gastritis. A new pathologic diagnosis system of gastritis is
proposed for practical use.

NEUTROPHILIC PROLIFERATVE ZONE
FOVEOLITIS: THE CORE OF H. PYLORI
GASTRITIS PATHOGENESIS
H. pylori gastritis shows various inflammatory infiltrates
including neutrophils, lymphocytes, plasma cells, eosinophils, macrophages, and mast cells. Neutrophils are
of particular pathobiological significance, because they
directly infiltrate into foveolar epithelium while other
infiltrates are mostly in lamina propria. Neutrophilic foveolitis is present in H. pylori gastritis worldwide[5], and
correlates directly with H. pylori infection[5-7].
Neutrophilic foveolitis consists of two specific forms,
i.e. neutrophilic proliferative zone foveolitis and surface
neutrophilic foveolitis. Neutrophilic proliferative zone
foveolitis (PNF) is the most characteristic feature of H.
pylori gastritis, which is shown rarely in other gastritis of
alcoholic, chemical, and viral causes. PNF is present in
most H. Pylori gastritis regardless of the stage[4-7]. The
neutrophilic infiltration is specifically localized to the pit
proliferative zone (Figure 1A and B). Lamina propria infiltrates are mostly present close to the foveolar infiltrates
(Figure 1C), supporting active movement of neutrophils
to the proliferative zone epithelium.
Surface neutrophilic foveolitis (SNF) consists of neutrophilic infiltrates into the surface epithelium (Figure 2).
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Figure 2 Surface neutrophilic foveolitis. A biopsy from a male subject with
recurrent episodes of erosive gastritis, showing a small focus of neutrophilic
infiltration in the surface epithelium (arrow). P: Proliferative zone (HE, × 50).

Figure 3 Malgun cell change. A: Malgun cell change of the epithelial cells at
the site of neutrophilic infiltration (arrows), showing large, pale nucleus, prominent nucleolus, and smooth nuclear envelope. They often show characteristic
‘‘perinuclear halo’’ reflecting artificial retraction of cytoplasm (HE, × 150). B:
Malgun cells are not stained by silver impregnation in triple silver staining (arrows), demarcating them clearly from other cells. They develop as single cells
at the proliferative zone in association with neutrophilic foveolitis, and make
small clusters as they move upward to the surface suggesting a clonogenic potential. Note numerous Helicobacter pylori attached to the epithelium and in the
lumen (long arrows). (Triple silver staining, × 150).

SNF is not as common as the proliferative zone foveolitis,
and may be present with or without PNF. SNF is usually
associated with a subgroup of patients with intractable
recurrent erosion and/or ulcer. In those patients, uninvolved “normal” mucosa often shows surface neutrophilic infiltration, suggesting a genetic predisposition to
the epithelial erosion. “Neutrophilic infiltration” has been
described in the Sydney system as one of the inflammatory infiltrates in H. pylori gastritis[8]. However, specific
details and pathobiological significance have largely been
overlooked. Regrettably, it is often described indiscriminately as ‘‘chronic active gastritis’’. Such a description
should be discarded, because it does not provide useful
clinical information but rather gives a misconception that
any gastritis without prominent neutrophils is ‘‘inactive’’.
H. pylori gastritis is a progressive disease, and should be
taken as ‘‘active’’ at any stage. Neutrophilic foveolitis may
not be readily found in small biopsies including intestinal
metaplasia or advanced high risk gastritis where H. pylori
are rare locally.
It is of interest how neutrophils specifically aim
the proliferative zone epithelium. Given that H. pylori
penetrate into the borders between epithelial cells[2,3], it
is tempting to postulate that neutrophils infiltrate into
the proliferative zone where the epithelial junctions are
relatively weak compared to surface or deep glandular
zones so that H. pylori would easily disrupt the epithelial
integrity. The precise mechanism(s) of specific targeting
may provide us a future therapeutic target replacing controversial bactericidal antibiotics therapy.

In the proliferative zone with intense neutrophilic
infiltrates, epithelial cells begin to show the Malgun(clear)
cell change characterized by clear, enlarged nuclei and
prominent nucleolus (Figure 3A). The word ‘‘Malgun’’
represents ‘‘clear’’ or ‘‘transparent’’ in Korean[7,9]. The
cytoplasm is so tender that a characteristic artifact of
‘‘perinuclear halo’’ is seen frequently due to shrinking
in the fixation and embedding process. Malgun cells are
demarcated clearly by negative silver staining in contrast
to other cells and H. pylori (Figure 3B). Malgun cells have
considerable genomic damage, supporting that activated
neutrophils indeed induces significant mutagenesis in
proliferating epithelial cells[9]. Despite the genomic damage, they manage to keep the proliferative activity and
may expand in groups (Figure 3B). Typical Malgun cells
may be regarded to reflect the genomic damage inside.
The pale face of Malgun cells reminds me of “the
Scream” by Edvard Munch, trying to warn the upcoming tragedy loudly to someone. We may have overlooked
them, because there are so many all over.

CHRONIC METAPLASTIC GASTRITIS
Intestinal metaplasia is very frequent in progressive H.
pylori gastritis. By definition, the word ‘‘metaplasia’’ represents a switch from a differentiated cell type to another.
What we actually refer to, however, represents a low
grade dysplastic condition ‘‘similar to other cell types’’.
Strictly speaking, it is a misnomer, but I follow it just to
avoid additional unwanted confusion. Nonetheless, it
should be reminded that the intestinal metaplasia does
not represent ‘‘normal’’ intestinal mucosa but a progressive dysplastic condition at relatively early stage.
Gastritis is a highly variegated process. H. pylori organisms are difficult to find in the metaplastic area. They
move to adjacent non-metaplastic mucosa to induce neu-

MALGUN (CLEAR) CELL CHANGE IN
FOVEOLAR EPITHELIUM
Intense neutrophilic infiltration targeting the proliferative
zone has a strong pathobiological impact. Activated neutrophils secrete abundant inflammatory agents damaging
the pits, which enhances epithelial proliferation in turn.
Such agents as reactive oxygen and nitrogen species are
mutagenic, inducing accumulated genomic damage in
vulnerable epithelial cells in the close vicinity.
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Figure 4 Chronic metaplastic gastritis with atypical Malgun cell change.
Panoramic view showing irregular arrangement of pits with multifocal crowding
of small atypical glands (arrows) (HE, × 10).

C

trophilic foveolitis in the new colony. Intestinal metaplasia
may be regarded as the second best measure for gastric
mucosa to avoid fierce neutrophilic foveolitis and to earn
some time to take a breath from the relentless attack.
However, it represents just another way of mucosal instability with slow progression to high-risk gastritis. In ‘‘advanced’’ or ‘‘complete’’ metaplasia, the mucosa is entirely
replaced by metaplastic pits showing paneth cells. It would
then undergo further atypical changes progressively.

Figure 5 Atypical Malgun cells. A: Atypical malgun cells (AMC) develops at
the proliferative zone, showing characteristic ‘‘perinuclear halo’’ but hyperchromatic nuclei (arrows) (HE, × 45). B: Magnified view of A, showing 2 mulberry
cells (arrows) in AMC (HE, × 100). C: High power view of AMC and Mulberry
cells. Atypical Malgun cells show irregular nuclear folding, hyperchromatism,
coarse chromatin, and multiple nucleoli nuclear folding. Two Mulberry cells with
extreme nuclear folding are indicated by arrows. The left one shows cytoplasmic mucin (HE, × 400).

ATROPHIC AND FOLLICULAR GASTRITIS
Upon persistent neutrophilic foveolitis, mucosal damage
and repeated erosions give rise to atrophic gastritis eventually. Mucosal atrophy itself would represent not only
a poor physiological function but also a limited capacity
for ‘‘intrinsic protection’’ against progressive epithelial
atypia.
It has been proposed to take the degree and extent
of mucosal atrophy for ‘‘staging’’ of gastritis[10]. Mucosal
atrophy may indeed be associated with the progression
to high risk gastropathy. However, the reproducibility of
measurement for atrophy is very doubtful, because it is
difficult to examine endoscopic gastric biopsies in standard orientations. Furthermore, the degree of atrophy
varies considerably throughout the mucosa. For a practical approach, mucosal atypia rather than atrophy should
be the focus of reproducible pathologic examination.
Lymphoid follicles are not present in gastric mucosa
normally but often appear in atrophic gastritis, suggesting
that atrophy somehow induces lymphoid follicle formation. Individual predisposition may play a role, because
not all atrophic gastritis shows lymphoid follicles. Numerous plasma cells in lamina propria would represent a
follicular gastritis even if no follicle is present in the given
biopsy.
The control of ad hoc follicles in aberrant location
seems to be precarious. In advanced follicular gastritis,
the mantle and marginal zones often shows irregular expansion which may precede MALT lymphoma. However,
such a progression is rare and usually very slow. The fact
that “MALT lymphomas” may often be treated with an-

WJG|www.wjgnet.com

B

tibiotics strongly suggests a practical over-diagnosis of
gastric lymphomas. Nonetheless, excessive expansion of
lymphoid follicles and/or evident epithelial infiltration
should be included in the pathology report.

AMC CHANGE
As H. pylori gastritis progresses, the mucosa shows irregular configuration and arrangement with frequent crowding of pits (Figure 4), where Malgun cells gradually show
evident atypical change. The AMC change first develops
at the proliferative zone and spreads out (Figure 5A). In
metaplastic pits, AMC tends to appear at the mucosal
bottom (Figure 4), which represents the proliferative
zone for the intestinal crypts. AMC have large nuclei and
‘‘perinuclear halo’’ as in classical Malgun cells. However,
nuclei are not clear and round anymore; they show irregular folding, hyperchromatism, coarse chromatin, and
multiple nucleoli (Figure 5B and C). AMC often show
extreme nuclear folding like a mulberry (Figure 5B and C),
which may be confused with mitotic figures. Mitoses are
also frequent with occasional atypical figures (Figure 6).
‘‘Mulberry cells’’ may be regarded as one of the diagnostic hallmarks for AMC. Histopathological and cytological
characteristics of atypical vs classical Malgun cell changes
are summarized in Table 1.
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Table 1 Atypical vs typical malgun cell change
''Typical'' malgun cell

Atypical malgun cell

Location
Proliferative/surface zone
Proliferative zone
Pits
Elongated proliferative zone Irregular with crowding
Cell size
Enlarged
Enlarged
Perinuclear halo
+
+
Nuclei
Clear
Hyperchromatic
Chromatin
Euchromatin
Heterochromatin
Nucleoli
1 (or 2)
2 (or multiple)
Nuclear envelope
Smooth
Folded
Mulberry cells
+
In metaplasia
+/Malignant
+
transformation

to AMC, a critical pathological feature representing high
risk gastritis. Cancers, particularly diffuse type carcinomas, may develop directly from AMC. Intestinal type
cancers mostly develop from AMC in metaplastic gastritis with or without overt epithelial dysplasia. Mucosal
atrophy, persistent inflammatory pressure, and other
carcinogenic factors would promote the malignant
transformation together. Lymphomas may develop in
association with chronic follicular gastritis arising in
atrophic mucosa. The proposal is to depict major carcinogenic routes for the majority of gastric cancers but
not to cover all pathways.

Figure 6 Atypical Malgun cells at the proliferative zone of pit (arrowheads).
Note an atypical mitotic figure (arrow) (HE, × 150).

AMC IS A PROGRESSIVE
PREMALIGNANT LESION
AMC represents a progressive high risk gastropathy. The
cellular and structural atypia increases as it progresses,
and atypia of variable degrees may be present simultaneously in a patient (Figure 7). AMC may progress to overt
‘‘epithelial dysplasia’’ consisting of crowded glands of
high grade atypia. Colon type tubular adenomas may develop in metaplastic gastritis, but are relatively infrequent.
Like AMC, gastric carcinomas first develop at the
proliferative zone and spreads out laterally in the mucosa.
Cancers frequently develop in AMC without any other
evident premalignant lesion (Figure 8A). Cytologic figures
of early cancers are often very similar to adjacent AMC
(Figure 8B and C), supporting that cancers, particularly
diffuse type carcinomas, develop directly from AMC.
As cancers grow, the histological features may change
depending on which cell clones emerge to dominate.
Other evidences also support the pathobiological role of
AMC in carcinogenesis. On long-term follow up, gastric
cancers seem to develop much more frequently in AMC
compared to gastritis without AMC, supporting the notion that AMC is a premalignant lesion. A prospective
epidemiological study is under progress.

PATHOLOGIC DIAGNOSIS SYSTEM
FOR GASTRITIS AND CLINICAL
IMPLICATIONS
A practical system for pathologic diagnoses for gastritis is
proposed in Table 2. Superficial congestive gastritis (SCG)
represents an acute process with mucosal edema, capillary congestion, and mild inflammatory infiltration. Regenerative atypia may be found in elderly subjects (SCGAd), which may reflect healed epithelial “scarring”.
Erosive gastritis (EG) shows inflammatory infiltration with epithelial damage. EG-PNF represents EG with
prominent neutrophilic proliferative zone foveolitis. Antibiotics treatment may be recommended to prevent rapidly
progressive mucosal damage. EG with superficial neutrophilic foveolitis represents an evident superficial epithelial
neutrophilic gastritis with or without EG-PNF. It consists
of a minor population of EG prone to intractable erosive
disease for whom anti-acid and/or -secretory regulators
would be helpful. Adavanced EG (EG-Ad) represents
longstanding EG with elongated proliferative zone, epithelial damage, and frequent typical Malgun cells. Cellular and
glandular atypia should not be significant. EG with AMC
(EG-AMC) should be regarded as a high risk gastritis so
that patients are followed-up regularly. EG-Ad progresses
to EG-AMC gradually. The points for the differential diagnosis are summarized in Table 1.
Chronic atrophic gastritis (CAG) is confirmed when
the tissue sample is oriented well so that the entire length

MAJOR ROUTES OF GASTRIC
CARCINOGENESIS
Major carcinogenic routes from chronic H. pylori gastritis are summarized in Figure 9. H. pylori infection
induces neutrophilic proliferative zone foveolitis that is
by far the most critical initial pathogenic step causing
intense and persistent pit damage and mucosal erosion.
Epithelial cells then show the Malgun cell change and/
or intestinal metaplasia. As genomic damage is accumulated, typical Malgun cells and metaplastic cells progress
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Figure 7 Atypical Malgun cells with progressive atypia. A-C: Three nearby loci of Atypical malgun cells (AMC) at antrum of a male patient showing progressive
glandular and cytological atypia from A to C (HE, × 75).

epithelial infiltration is to be included.
Chronic metaplastic gastritis (CMG) consists of intestinal metaplasia and mild inflammatory infiltration. Local
H. pylori and neutrophilic foveolitis are absent or rare in
CMG. Advanced CMG represents an extensive metaplasia replacing the whole mucosal layers with frequent
paneth cells. The cellular atypia should be minimal. CMG
with AMC (CMG-AMC) is quite common form of high
risk gastritis. AMC shows considerable cellular atypia,
increased mitoses, and occasional Mulberry cells. Gastric
cancers may develop directly from CMG-AMC.
Epithelial dysplasia is regarded to be a neoplastic
change, showing crowded atypical glands. Colon-like
tubular adenomas developing in CMG are included in
this category. High grade dysplasia shows severe cellular
and structural atypia of pits, and represents an imminent
malignant change. Local mucosal resection should be
considered whenever applicable.
Multiple diagnoses in the proposal may be made for
a given case. In such a case, the diagnosis of grave clinical implication should be placed first. The histological
presence of H. pylori may also be described. We do not
mention it anymore in our pathology report unless it is
in high risk gastritis or an antibiotics therapy is warranted
such as EG-PNF.

A

B

C

Figure 8 Gastric cancer developing in atypical Malgun cells. A: Small focus
of early mucosal gastric cancer (arrowheads) developing next to Atypical malgun cells (AMC) (arrows) at the proliferative zone (HE, × 30); B, C: High power
views of carcinoma (B) and AMC (C) in A, respectively. Although cancer cells (B)
are larger than AMC (C) at the same magnification, they keep cytological characteristics similar to AMC. No other ‘‘premalignant lesion’’ is present, supporting
direct malignant transformation from AMC (HE, × 120).

CONCLUSION AND FUTURE DIRECTIONS
Gastric cancers represent a typical inflammation-induced
malignancy arising after accumulated mutations and
genomic damage mostly induced by H. pylori infection.
Neutrophilic proliferative zone foveolitis is the core of
pathogenesis of H. pylori gastritis and cancers. Detailed
descriptions of neutrophilic foveolitis should be included
in the pathological diagnosis of gastritis. Surface neutrophilic foveolitis may be treated as a separate subgroup
prone to erosion and/or ulcer.
Neutrophilic foveolitis may be implicated in the future development of therapeutics for H. pylori gastritis.
The ‘‘eradication’’ of H. pylori using traditional bactericidal antibiotic therapy is controversial. After all, the
bacteria have been together with us through the evolu-

of pits may be assessed. CAG should not be confused
with ‘‘chronic active gastritis’’, which should be discarded
at once for many reasons as described. Advanced CAG
(CAG-Ad) represents severe mucosal atrophy with or
without significant epithelial atypia. Both CAG-Ad and
CAG-AMC are regarded as high-risk groups. Chronic follicular gastritis (CFG) is mostly associated with mucosal
atrophy. Advanced CFG represents gastritis with enlarged
lymphoid follicles and irregularly expanded mantle zone
into of adjacent pits. No lymphoid cellular atypia or overt
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Figure 9 Major routes for gastric carcinogenesis from Helicobacter pylori gastritis. Low and high risk gastritis are delineated. CFG: Chronic follicular gastritis; H.
pylori: Helicobacter pylori.

overlooked, because, ironically, it is so common in advanced H. pylori gastritis. The molecular mechanisms of
carcinogenesis from AMC need to be investigated in
detail. The proposed diagnostic system would be useful
for defining high risk group gastritis objectively. Separate clinical management of high risk gastritis would
be important for appropriate patient care as well as efficient use of the medical resources socioeconomically.
High risk group gastritis/gastropathy consists of about
5%-10% of all gastric biopsies in our population. Considering that biopsies are taken from a minor group of
endoscopic examinations, high risk group gastritis of the
whole population should be within manageable range for
follow-up care even in such a high prevalence society of
H. pylori gastritis as Korea.

Table 2 Pathologic diagnosis system of gastritis/gastropathy
Superficial congestive gastritis (SCG)
SCG with epithelial regenerative change (SCG-Ad)
Erosive gastritis (EG)
EG with prominent neutrophilic proliferative zone foveolitis (EG-PNF)
EG with superficial neutrophilic foveolitis (EG-SNF)
EG, advanced (EG-Ad)
EG with atypical Malgun cell change (EG-AMC)
Chronic atrophic gastritis (CAG)
CAG, advanced (CAG-Ad)
CAG with AMC (CAG-AMC)
Chronic follicular gastritis (CFG)
CFG, advanced (CFG-Ad)
Chronic metaplastic gastritis (CMG)
CMG-Ad
CMG-AMC
Epithelial dysplasia (DYS)
DYS-high grade (DYS-H)
General addendum, if necessary
H. pylori +/dominant infiltrate, etc.
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Core tip: Helicobacter pylori (H. pylori ) causes significant gastroduodenal diseases. Experimental animal
models play an important role in helping us understand
the pathogenesis and discovering new therapeutic
strategies. Previous H. pylori -associated gastritis candidate animal models have included gnotobiotic piglets,
non-human primates, pigs, dogs, cats, gerbils, and
mice. Rat models of H. pylori infection use a difficult
technique and take a long time to establish. In this
study, we developed a simple model of H. pylori infection in rats for further research.

Abstract

Werawatganon D. Simple animal model of Helicobacter pylori
infection. World J Gastroenterol 2014; 20(21): 6420-6424 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i21/6420.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i21.6420

Helicobacter pylori (H. pylori ) has become accepted as

a human pathogen for the development of gastritis and
gastroduodenal ulcer. To develop a simple rat model
of chronic H. pylori infection, male Sprague-Dawley
rats were pretreated with streptomycin suspended in
tap water (5 mg/mL) for 3 d. The rats were inoculated
by gavage at 1 mL/rat with H. pylori suspension (5 ×
8
10
10 -5 × 10 CFU/mL) twice daily at an interval of 4 h
for three consecutive days. Two weeks after inoculation,
rats were sacrificed and the stomachs were removed.
Antral biopsies were performed for urease test and the
stomachs were taken for histopathology. Successful
H. pylori inoculation was defined as a positive urease
test and histopathology. We reported a 69.8%-83.0%
success rate for H. pylori infection using the urease
test, and hematoxylin and eosin staining confirmed the
results. Histopathological analysis detected bacteria
along the mucous lining of the surface epithelium and
crypt lumen and demonstrated mild to moderate gastric
inflammation in successfully inoculated rats. We developed a simple rat model of chronic H. pylori infection
for research into gastric microcirculatory changes and
therapy with plant products.

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative spiral bacterium that causes infection with many different clinical
outcomes. It has been established as a major etiological
agent of chronic gastritis and peptic ulcer disease, which
includes duodenal and gastric ulcer[1]. The role of H. pylori
infection in gastric adenocarcinoma and mucosa-associated lymphoid tissue (MALT) lymphoma has also been
recognized[2].

ANIMAL MODELS OF H. PYLORI
INFECTION
Increasing evidence reveals that H. pylori is a significant
gastroduodenal pathogen. Experiment animal models are
needed to help us understand better its pathogenic mechanisms, and to verify the pathogenesis as well as the rela-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 Illustration of Helicobacter pylori rat inoculation. A: Male Sprague-Dawley rats 120-150 g; B: Pretreatment with streptomycin (5 mg/kg) for three consecutive days; C and D: H. pylori in microaerophilic condition: 5% O2, 50% CO2, 37 ℃; E and F: H. pylori 108-1010 CFU/mL, suspended in saline; G: Gavage, 1 mL/rat
twice daily at an interval of 4 h, for three consecutive days. H. pylori: Helicobacter pylori.

tionship of this bacterium to gastric injury. Experimental
animal models also play an important role in discovering
new therapeutic strategies including application of plant
products for efficient treatment against H. pylori infection[3]. Previous H. pylori-associated gastritis candidate
animal models have included gnotobiotic piglets, nonhuman primates, pigs, dogs, cats, gerbils, and mice[4-7].
Some studies have been successful for development
of models of H. pylori infection in rats, pretreated with
oral omeprazole to reduce acidic conditions in the stomach, and intragastric administration of H. pylori to colonize the stomach[7].
These animal models were designed and used to establish gastritis that closely resembled the disease commonly found in humans. Animal models offer many
benefits and have proved useful in conducting studies to
understand better human gastritis in animal counterparts.
Rats are one of the most commonly used laboratory animals in gastrointestinal research, and their gastric physiol-

WJG|www.wjgnet.com

ogy has been thoroughly investigated. Even though other
Helicobacter-infected animal models have yielded important information, an H. pylori-infected rat model would
be useful for studying pathophysiological events in the
gastrointestinal tract during chronic H. pylori infection[8].
In the past, H. pylori bacteria or bacterium-free H.
pylori filtrates have been used to inoculate rats with normal mucosa and surgically produced gastric ulcers[3].
Recently, rat models to study reactions from rat gastric
mucosa during long-term H. pylori infection have been
established[9]. Another model of H. pylori infection in rats
was also reported by Zeng et al[10], who developed mouse
and rat models of H. pylori infection by using the Sydney
strain 1 H. pylori (SS1 Hp) to colonize the stomach. They
used a difficult technique over a long period of time and
found that H. pylori could lead to chronic active gastritis
after 8, 12 and 24 wk.
Our model was a simple rat model of chronic H. pylori
infection developed to research gastric microcirculatory

6421

June 7, 2014|Volume 20|Issue 21|

Werawatganon D. H. pylori infection in animal study

A

B

Figure 2 Antral mucosa from Helicobacter pylori-infected rats with hematoxylin and eosin staining. A: Helicobacter pylori organism in the gastric mucosa (arrow)
(600 ×); B: Gastric mucosa with erosion and scattered infiltration of inflammatory cells (250 ×).
20

a

18
16

kocyte adhesion and emigration in the venules. H. pylori
extracts exhibited changes in the rat mesenteric microcirculation. However, H. pylori infection was localized in the
stomach, and the leukocyte involvement demonstrated
within the mesentery may not be mirrored in the gastric
mucosa. Kalia et al[14-16] studied gastric mucosal microcirculation changes caused by H. pylori extracts using intravital fluorescent in vivo microscopy. H. pylori water extracts
were applied to rat gastric mucosa and macromolecular
leakage, leukocyte adherence, leukocyte rolling, and platelet activity were observed for 90 min. H. pylori induced
increases in macromolecular leakage after 5 min, and
induced adherent platelet thrombi and circulating platelet
emboli after 5 and 15 min, respectively.
In our study, we explored the effects of in vivo chronic
H. pylori infection on changes in rat gastric microcirculation using intravital fluorescent microscopy to understand better the pathogenic mechanism of inflammation
by monitoring macromolecular leakage and leukocyteendothelium interaction[12,13]. Twenty-four male SpragueDawley rats were divided into two groups (12 control
and 12 H. pylori infected). In the H. pylori-infected group,
rats were inoculated by gavage with bacterial suspension
(5 × 108-5 × 1010 CFU/mL) twice daily at an interval of
4 h for three consecutive days. Two weeks after inoculation, intravital fluorescence microscopy was performed
to examine leukocyte adhesion to post-capillary venules.
Macromolecular leakage was examined at 0 and 30 min
after fluorescein isothiocyanate-dextran average molecular weight 250K (FITC-dx-250) injection on the posterior
surface of the stomach. In the H. pylori-infected group,
leukocyte adhesion per 100 µm vessel length was 13.40
± 1.0 cells, which increased significantly (P < 0.01) compared with the control group (2.47 ± 0.62 cells). The average macromolecular leakage was 15.41% ± 2.83% and
10.69% ± 1.43% in H. pylori-infected and control groups,
respectively (P < 0.01) (Figures 3-5).
The strain of H. pylori plays an important role in the
pathogenesis of gastroduodenal diseases. H. pylori obtained from peptic ulcer patients or other pathogenic
strains can increase infection rates and develop pathogenesis in the animal stomach. In contrast, intragastric admin-

Control

H.pylori infected group

a

14
12
10
8
6
4
2
0

Leukocyte aggregation
(cells/field)

Macromolecular
leakage %

Figure 3 Bar graph of the mean ± SE of adherent leukocytes and macromolecular leakage of control group compared with Helicobacter pyloriinfected group. The leukocyte adhesion and macromolecular leakage in the
H. pylori-infected group were significantly increased compared with the control
group (aP < 0.01 vs control group). H. pylori: Helicobacter pylori.

changes and treatment with plant products. SpragueDawley rats (120-150 g) were pretreated with streptomycin suspended in tap water (5 mg/mL) for 3 d before the
first H. pylori inoculation. The rats were then inoculated by
gavage at 1 mL/rat with H. pylori suspension (5 × 108-5 ×
1010 CFU/mL) twice daily at an interval of 4 h for three
consecutive days (Figure 1). We reported a 69.8-83.0%
success rate of H. pylori infection[11-13] using the urease test.
Hematoxylin and eosin staining confirmed these results.
The level of bacterial colonization was evaluated by using a grading system and gastric inflammation levels were
scored following the updated Sydney System (Figure 2).

GASTRIC MICROCIRCULATORY
CHANGES IN A RAT MODEL OF H.
PYLORI INFECTION
The effects of topical administration of H. pylori on the
mesenteric microcirculation were detected by using intravital microscopy[14]. The exposed mesentery that was
subjected to H. pylori extracts showed an increase in leu-
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Figure 4 Intravital microscopy demonstrated leukocyte adhesion in control group (A and C) and Helicobacter pylori-infected group (B and D) (40 ×).

A

B

C

D

50 µm

Figure 5 Intravital fluorescent microscopic images (20 ×) demonstrate macromolecular leakage from vessels to the interstitial fluid at 0 and 30 min after
injection of control group (A and B) and Helicobacter pylori-infected group (C and D). FITC-dx-250 injection (0 min) (A and C); same area at 30 min after FITCdx-250 injection (B and D).

only resulted in low-level colonization[3]. Gastric infection
with H. pylori expressing cagA- and vacA-encoded cyto-

istration of a nontoxigenic strain to normal rat stomach
was unsuccessful at inducing chronic inflammation, and
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toxins delayed healing of ischemia/reperfusion-induced
acute gastric lesions due to impairment of gastric microcirculation[17]. To conclude, after 2 wk inoculation, H. pylori
successfully colonized Sprague-Dawley rats, with development of mild to moderate gastric inflammation[18].

11

REFERENCES

12

1
2
3

4

5

6

7

8

9

10

Tytgat GN, Rauws EA. Campylobacter pylori and its role
in peptic ulcer disease. Gastroenterol Clin North Am 1990; 19:
183-196 [PMID: 2184128]
Suerbaum S, Michetti P. Helicobacter pylori infection.
N Engl J Med 2002; 347: 1175-1186 [PMID: 12374879 DOI:
10.1056/NEJMra020542]
Ross JS, Bui HX, del Rosario A, Sonbati H, George M, Lee
CY. Helicobacter pylori. Its role in the pathogenesis of peptic
ulcer disease in a new animal model. Am J Pathol 1992; 141:
721-727 [PMID: 1519673]
Fox JG. In vivo models of gastric Helicobacter infections.
In: Hunt RH, Tytgat GNJ, editors. Helicobacter pylori. Basic
mechanisms to clinical cure. Lancaster, UK: Kluwer Academic Publishers, 1994: 3-27 [DOI: 10.1007/978-94-011-1418-9_1]
Fox JG, Batchelder M, Marini R, Yan L, Handt L, Li X,
Shames B, Hayward A, Campbell J, Murphy JC. Helicobacter
pylori-induced gastritis in the domestic cat. Infect Immun
1995; 63: 2674-2681 [PMID: 7790084]
Hirayama F, Takagi S, Yokoyama Y, Iwao E, Ikeda Y. Establishment of gastric Helicobacter pylori infection in Mongolian gerbils. J Gastroenterol 1996; 31 Suppl 9: 24-28 [PMID:
8959513 DOI: 10.1007/BF02347631]
Li H, Kalies I, Mellgård B, Helander HF. A rat model of
chronic Helicobacter pylori infection. Studies of epithelial cell
turnover and gastric ulcer healing. Scand J Gastroenterol 1998;
33: 370-378 [PMID: 9605258 DOI: 10.1080/00365529850170991]
Lee A, O’Rourke J, De Ungria MC, Robertson B, Daskalopoulos G, Dixon MF. A standardized mouse model of Helicobacter pylori infection: introducing the Sydney strain.
Gastroenterology 1997; 112: 1386-1397 [PMID: 9098027 DOI:
10.1016/S0016-5085(97)70155-0]
Li H, Andersson EM, Helander HF. Reactions from rat gastric mucosa during one year of Helicobacter pylori infection.

13

14

15

16

17

18

Dig Dis Sci 1999; 44: 116-124 [PMID: 9952232 DOI: 10.1023/
A:1026662402734]
Zeng Z, Hu P, Chen M. Development of mouse and rat
model of Helicobacter pylori infection. Zhonghua Yixue Zazhi
1998; 78: 494-497 [PMID: 10923455]
Thong-Ngam D, Prabjone R, Videsopas N, Chatsuwan T. A
simple rat model of chronic Helicobacter pylori infection for
research study. Thai J Gastroenterol 2005; 6: 3-7
Prabjone R, Thong-Ngam D, Wisedopas N, Chatsuwan T,
Patumraj S. Anti-inflammatory effects of Aloe vera on leukocyte-endothelium interaction in the gastric microcirculation
of Helicobacter pylori-infected rats. Clin Hemorheol Microcirc
2006; 35: 359-366 [PMID: 16899957]
Sintara K, Thong-Ngam D, Patumraj S, Klaikeaw N, Chatsuwan T. Curcumin suppresses gastric NF-kappaB activation and macromolecular leakage in Helicobacter pyloriinfected rats. World J Gastroenterol 2010; 16: 4039-4046 [PMID:
20731017 DOI: 10.3748/wjg.v16.i32.4039]
Kalia N, Jacob S, Brown NJ, Reed MW, Morton D, Bardhan
KD. Studies on the gastric mucosal microcirculation. 2. Helicobacter pylori water soluble extracts induce platelet aggregation in the gastric mucosal microcirculation in vivo. Gut
1997; 41: 748-752 [PMID: 9462206 DOI: 10.1136/gut.41.6.748]
Kalia N, Bardhan KD, Atherton JC, Brown NJ. Toxigenic Helicobacter pylori induces changes in the gastric mucosal microcirculation in rats. Gut 2002; 51: 641-647 [PMID: 12377800
DOI: 10.1136/gut.51.5.641]
Kalia N, Bardhan KD, Reed MW, Jacob S, Brown NJ. Effects
of chronic administration of Helicobacter pylori extracts on
rat gastric mucosal microcirculation in vivo. Dig Dis Sci 2000;
45: 1343-1351 [PMID: 10961713]
Konturek SJ, Brzozowski T, Konturek PC, Kwiecien S, Karczewska E, Drozdowicz D, Stachura J, Hahn EG. Helicobacter
pylori infection delays healing of ischaemia-reperfusion
induced gastric ulcerations: new animal model for studying
pathogenesis and therapy of H. pylori infection. Eur J Gastroenterol Hepatol 2000; 12: 1299-1313 [PMID: 11192319 DOI:
10.1097/00042737-200012120-00007]
Sunanliganon C, Thong-Ngam D, Tumwasorn S, Klaikeaw
N. Lactobacillus plantarum B7 inhibits Helicobacter pylori
growth and attenuates gastric inflammation. World J Gastroenterol 2012; 18: 2472-2480 [PMID: 22654444 DOI: 10.3748/
wjg.v18.i20.2472]
P- Reviewers: Kim YJ, Luo JC, Pierzchalski P, Suk KT
S- Editor: Wen LL L- Editor: Kerr C E- Editor: Wang CH

WJG|www.wjgnet.com

6424

June 7, 2014|Volume 20|Issue 21|

World J Gastroenterol 2014 June 7; 20(21): 6425-6432
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i21.6425

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (8): Gastric cancer

Endoscopic therapy for early gastric cancer: Standard
techniques and recent advances in ESD
Keiichiro Kume
Keiichiro Kume, Third Department of Internal Medicine, University of Occupational and Environmental Health, Japan, School of
Medicine, Kitakyusyu 807-8555, Japan
Author contributions: Kume K wrote this review.
Correspondence to: Keiichiro Kume, MD, PhD, Third Department of Internal Medicine, University of Occupational and
Environmental Health, Japan, School of Medicine, 1-1 Iseigaoka,
Yahatanishi-ku, Kitakyusyu 807-8555,
Japan. k-kume@med.uoeh-u.ac.jp
Telephone: +81-93-6031611 Fax: +81-93-6920107
Received: November 22, 2013 Revised: January 12, 2014
Accepted: February 17, 2014
Published online: June 7, 2014

to prevent procedural complications. To overcome this
disadvantage of ESD, there have been various advances in the knives and other accessories used for this
procedure.
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INTRODUCTION

Abstract

Endoscopic submucosal dissection (ESD) enables en
bloc resection of early gastric cancer, facilitating detailed
histopathological evaluation[1]. ESD needs to be performed by highly skilled endoscopists in order to prevent
procedural complications[2,3]. To overcome this disadvantage of ESD, there have been various advances in the
knives and other accessories used for this procedure. I
previously reported a review of endoscopic therapy for
early gastric cancer in 2009[4]. The current review of ESD
will provide an overview of standard techniques, devices
and recent advances in the procedure since 2010.

The technique of endoscopic submucosal dissection
(ESD) is now a well-known endoscopic therapy for
early gastric cancer. ESD was introduced to resect large
specimens of early gastric cancer in a single piece. ESD
can provide precision of histologic diagnosis and can
also reduce the recurrence rate. However, the drawback
of ESD is its technical difficulty, and, consequently, it is
associated with a high rate of complications, the need
for advanced endoscopic techniques, and a lengthy
procedure time. Various advances in the devices and
techniques used for ESD have contributed to overcoming these drawbacks.

STANDARD ESD

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Standard ESD requires special cutting knives, such as a
needle knife (KD-1L-1, Olympus, Tokyo, Japan)[5], an
insulation-tipped electrosurgical (IT) knife (KD-610L/
KD-611L, Olympus)[1,2,6-9], a hook knife (KD-620LR/
KD-620QR, Olympus)[10,11], a flex knife (KD-630L, Olympus)[12], a dual knife (KD-650L/KD-650Q, Olympus), a
flush knife (DK2618JB/DK2618JN, Fujifilm, Saitama, Japan)[13], a triangle-tip (TT) knife (KD-640L, Olympus)[14],
a mucosectome (DP-D2518/DP-D2622, Pentax, Tokyo,

Key words: Endoscopic submucosal dissection; Early
gastric cancer; Standard techniques; Recent advances;
Complications; Indications
Core tip: Endoscopic submucosal dissection (ESD) enables en bloc resection of early gastric cancer, facilitating detailed histopathological evaluation. ESD needs to
be performed by highly skilled endoscopists in order
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Japan)[15], a grasping type scissor forceps (DP2618DT,
Fujifilm) [16,17], SB knife (MD-47706/MD-47704 and
MD-47703, Sumitomo Bakelite, Akita, Japan)[18], a Fork
knife (Kachu Technology, Seoul, South Korea)[19] and a
Cap knife (Create Medic, Yokohama, Japan)[20].
Standard ESD is performed with a standard, single
accessory-channel endoscope. Typical procedural steps
include marking, incision and submucosal dissection with
simultaneous hemostasis. After making several marking
dots outside the lesion, various submucosal solutions,
including a normal saline and epinephrine mixture,
glycerol mixture and hyaluronic acid, are injected. A circumferential incision into the mucosa is made using one
of the special cutting knives. Direct dissection of the
submucosal layer is carried out with one of the specified
knives until complete removal is achieved. During ESD,
we perform endoscopic hemostasis either with the knife
itself or with a hemostatic forceps whenever active bleeding is noticed. After the ESD, we perform preventive
endoscopic hemostasis for any oozing or exposed vessel.
High-frequency generators (Erbotom ICC 200 or VIO
300D; ERBE, Tuebingen, Germany) are used for marking, incision of the gastric mucosa, gastric submucosal
dissection and endoscopic hemostasis.

Hook knife
The top of the hook-type knife is right-angled and is 1
mm in size. Compared to the use of a needle knife, use of
this knife is associated with greater safety because the submucosal tissue is hooked and pulled before the incision.
This knife has a rotating function so that the operator can
select the optimal direction of the hook (Figure 1B).

INDICATIONS FOR ESD

Flush knife (Water jet short needle knife)
The Flush knife is a characteristic knife with a needle
0.4 mm in diameter, and five projecting parts 1, 1.5, 2,
2.5 and 3 mm in length. The knife clamp at the tip of
the sheath is made of ceramic for heat protection. The
outer sheath is 2.6 mm in diameter, and water emission
is possible through the lumen of the sheath by connecting a water pump to it. The water jet is swiftly activated
by pressing the foot pedal of the conduction pump. The
conductor of the sheath lumen is insulated in order to
prevent electric current dispersion (Figure 1E).

Flex knife
The point of the flex knife is rounded and has a twisted
wire that serves as a snare. The sheath is soft and flexible. This knife is less likely to cause perforation when it
reaches the muscular layer, as its tip is rounded, and the
entire knife is soft and flexible. As the tip of the sheath
is thick and functions as a stopper, operators can control
the depth of the incision very easily (Figure 1C).
Dual knife
This knife has a small ball-like process on the top, which
prevents it from slipping (unlike the Needle Knife).
When the tip is retracted, only 0.3 mm of the ball-like
process protrudes, increasing the ease of creating markings on the lesion. The thicker end of the sheath prevents
inadvertent tissue perforation (Figure 1D).

Absence of lymph node metastasis in the stomach is
considered a prerequisite for ESD for early gastric cancer.
A large series of patients with well-differentiated intestinal mucosal cancer without ulcers and no size limit, with
ulcers less than 30 mm in size, patients with submucosal
cancer limited to sm1 infiltration (< 500 μm deep in the
submucosa, starting from the muscularis mucosae) that
was less than 30 mm in diameter, and patients with undifferentiated cancer without ulcers or with ulcer size less
than 20 mm were found to satisfy this criterion[21]. Therefore, ESD is indicated in such patients.

TT knife
The TT knife has evolved along with the process of ESD,
which began with the IT knife. The triangular tip of the
knife can be used for either cutting or coagulating, and
has been designed to operate in any direction (Figure 1F).

COMMERCIAL CUTTING KNIVES
IT knife
The IT knife consists of a small ceramic ball attached to
the tip of a high-frequency needle knife. The ceramic ball
functions as an insulator for the tip of the needle knife, so
that incision and dissection of the mucosa and submucosa
can be performed safely. The insulator helps to prevent
perforation due to accidental cutting of the muscularis
propria. A specialized feature of the IT knife is that the
portion between the insulator tip and the sheath is used
for incision, sweeping off the tissue with the blade portion of the knife instead of the tip. This feature makes a
pull-cut, which limits the direction of the incision; however, a straightforward incision is difficult while looking
directly at the incision line or submucosa (Figure 1A).
The IT knife 2 is an improved version of the IT knife,
with a small metallic plate mounted inside the ceramic tip,
facilitating procedures in the traverse direction.
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Mucosectome
The mucosectome is composed of a flexible plastic shaft
and cutting wire (5 mm long in the standard device and
2.5 mm long in the Mucosectome 2). By operation of the
handle, the top of this device turns freely, which enables
the cutting wire to face in the proper direction. The plastic shaft moves the muscular layer aside, and the cutting
wire moves the mucosal layer away from the submucosa
during ESD, so that the procedure itself can be performed safely (Figure 1G).
Grasping type scissor forceps
Each step of ESD (circumferential incision, submucosal excision, hemostatic treatment) can be achieved by
the following three operations: (1) grasping the target
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Figure 1 Insulation-tipped knife 1 and 2 (A), Hook knife (B), Flex knife (C), Dual knife (D), Flush knife (E), TT knife (F), Mucosectome (G), Grasping type
scissor forceps (H), SB knife (I) and Cap knife (J).

SB knife and SB knife Jr.
These forceps have a claw and curved scissors to prevent
unnecessary injury to the normal muscle layer. The SB
knife line includes the following types of knives: standard type (7 mm knife), short type (6 mm knife) and thin
type (SB knife Jr.; 3.5 mm knife). The use of specially

tissue (fixation); (2) lifting up the grasped tissue (separation of the grasped tissue from the underlying muscle
layer); and (3) cutting the grasped tissue (or coagulating
the blood vessel) using an electrosurgical current. These
operations are simple and as easy as the bite biopsy
technique (Figure 1H).
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A

B

Figure 2 Water jet endoscope (A) and Irrigation hood (B).

Fork knife
The Fork knife has two interchangeable knives, a fixed
flexible snare and a forked knife, which form a single
working unit, and an inlet for material injection or saline irrigation during the procedure. The knives can be
changed during the procedure by using two switches, the
fork knob and core knob, located on the center of the
body.

WATER JET
Water jet endoscope
By washing the surgical field with a water jet, the source
of bleeding can be immediately identified and coagulated,
although it can be difficult to identify the bleeding source
in a small number of cases with erupting venous bleeding
(Figure 2A).

Figure 3 Small-caliber-tip transparent hood.

designed transparent hoods (SB hoods) is recommended
when these knives are used[18] (Figure 1I).

Irrigation hood
The author developed an end hood that facilitates endoscopic hemostatic procedures while simultaneously allowing irrigation of the hemorrhage site. The end hood piece
was fabricated by drilling a side hole in the cap portion of
a conventional transparent hood, and the irrigation tube
was glued to the exterior surface of the hole[22,24]. The
fabricated transparent hood was placed at the tip of the
endoscope. Based on this prototype, the irrigation hood
[the irrigation cap (Type KUME)] was developed (Create
Medic) (Figure 2B).

Cap knife
The author developed a novel partial (one-third) transparent hood that facilitates endoscopic hemostatic procedures while simultaneously allowing irrigation at the
site of bleeding[22]. The one-third partial hood is easily
placed on the tip of the endoscope, although the hood
has to be fitted to the right side of the endoscope. The
hood-knife was fabricated by drilling an extra side hole,
in addition to the hole of the irrigation tube at the cap
portion of the transparent end hood[23]. A snare forceps
was glued to the exterior surface over the hole and was
attached using short tubes at the inside of the cap. Based
on this prototype, the irrigation cap-knife [the cap-knife
attachment (Type KUME) with a fixed snare] was developed[20] (Figure 1J).
ESD procedures using the hood-knife are performed
as follows. After the tumor is separated from the surrounding normal mucosa by complete incision around
the lesion using the IT knife, the endoscope is removed
and the hood-knife is placed on the tip and fixed with
tape. A grasping forceps is passed through the accessory
channel and the lesion is pushed away from the muscle
layer. In submucosal exfoliation, the hood-knife is only
slid by the coagulation current on the muscle layer.

WJG|www.wjgnet.com

Transparent hood
A transparent hood facilitates better visualization of
the operating field. In particular, good visualization of
the submucosal tissue with the aid of a small-caliber-tip
transparent hood makes the cutting procedures easy and
safe[25] (Figures 2C and 3).

THERAPEUTIC ENDOSCOPE
Multibending scope
There are certain tumor locations where it is difficult to
perform EMR using the conventional scope, such as the
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EndoLifter
In ESD using an external grasping forceps through the
EndoLifter (LA-201, 202, Olympus), traction applied with
the external forceps can elevate the lesion and make the
submucosal layer wider and more visible, thereby facilitating submucosal dissection under direct vision (Figure 4).

INJECTION SOLUTIONS
There are two types of solutions for submucosal injection: an isotonic solution (normal saline, hyaluronic acid)
and a hypertonic solution (hypertonic saline, glucose,
Glyceol®)[25,32-35]. The advantage of hypertonic solutions is
better mucosal elevation and hemostatic effect than normal saline. However, a hypertonic solution is more likely
to damage tissue in the resected sample, post-resection
ulcer or the surrounding mucosa, compared with an isotonic solution.
Hyaluronic acid solution (MucoUp, Johnson and
Johnson, Tokyo, Japan) makes a better, long-lasting submucosal cushion without tissue damage, as compared to
other available solutions[25,32].

Figure 4 EndoLifter.

lesser curvature or posterior wall of the gastric body,
and the cardia. To facilitate EMR of tumors at these
locations, a two-channel scope with two independently
curving segments, that is, a multibending scope (the ‘‘Mscope’’), was developed[26]. The M-scope consists of a
distal flexible segment that can bend in any of the four
major directions, and a proximal flexible segment that
can bend in two directions. Combined operation of the
segments allows the operator to obtain a variety of visual
fields, to randomly approach or recede from the lesions,
and to obtain an en face view.

RECENT ADVANCES AFTER 2010
New devices and methods
Water jet-assisted knife: The water jet-assisted knife
(ERBEJET, Erbe Elektromedizin GmbH, Tuebingen,
Germany) with an outer diameter of 2.1 mm allows injection or hydrodissection without a needle, with a preselected effect setting through a standard working channel
of the endoscope. Without switching instruments, the
operator can alternatingly use the tool for marking the
targeted lesion, circumferential cutting, dissection, and
coagulation by radiofrequency application[36].

Multibending double-channel therapeutic endoscope
The multibending double-channel therapeutic endoscope
(the ‘‘R-scope’’) was designed for lifting lesions and for
improved dissection by the incorporation of two movable channels[27,28]. The R-scope has two movable instrument channels: one moves vertically and the other swings
horizontally. During the operation, the two instruments
can be manipulated with a knob and lever that surround
the angulation control knobs of the R-scope.

Thulium laser: The thulium 2-μm wavelength laser system (RevoLix; LISA Laser Products OHG, KatlenburgLindau, Germany) is used during ESD procedures for
marking, mucosal incision and submucosal dissection.
The original device, which consists of a 550-μm flexible
silica with metallic attachment, is inserted through the
working channel of the endoscope instead of endoscopy
knives[37].

TRACTION METHODS
Magnetic anchor system
The magnetic anchor (Pentax) consists of three parts: a
hand-made magnetic weight made of magnetic stainless
steel, microforceps, and a connecting thread. The weight
is designed to facilitate gastric ESD by use of an extracorporeal hands-free electromagnet, whereby magnetic forces
allow suitable countertraction for submucosal dissection[29].
Percutaneous traction
A small snare is introduced into the gastric lumen
through a percutaneous gastric port (2-mm diameter), to
grasp and pull the lesion away from the muscularis propria, thus facilitating resection[30].

Master and Slave Transluminal Endoscopic Robot:
The Master and Slave Transluminal Endoscopic Robot is
deployed through a two-channel therapeutic endoscope.
By remote operation of the two-armed master interface,
the endoscopist can intuitively control the slave endoscopic tools at the distal end of the endoscope[38].

External grasping forceps
In ESD using an external grasping forceps, oral traction
applied with the external forceps can elevate the lesion
and make the submucosal layer on the aboral side wider
and more visible, thereby facilitating submucosal dissection under direct vision[31].

Double-endoscope: The use of two endoscopes for
ESD provides a good field of vision and allows countertraction to be applied to the lesion, clearly facilitating submucosal dissection. Submucosal dissection is performed
with the main scope. Countertraction is applied to the
lesion with the use of the grasping forceps, introduced
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through the forceps channel of the sub-scope[39].

and highlighted the progresses in ESD. It should be emphasized that the performance of ESD, which involves
invasive endoscopic procedures, requires a high level of
technical skill and sufficient knowledge.

Yo-yo technique: The yo-yo technique is a traction
method. The endoscopic snare is mobilized through
the patient’s nose independently of the endoscope. The
partially resected specimen can be pushed or pulled according to the snare movements, exposing the dissection
plane and the distal luminal area, respectively, and facilitating submucosal dissection under direct vision[40].
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functional RNAs, such as microRNAs and long noncoding RNAs, have also been identified as key players in
these processes. This review highlights recent findings
concerning the epigenetic alterations associated with
cancers, especially gastric cancer.

Changwon Kang, Ji-Joon Song, Jaeok Lee, Mi Young Kim,
Department of Biological Sciences, Korea Advanced Institute of
Science and Technology, Daejeon 305-701, South Korea
Author contributions: Kang C and Kim MY contributed equally
to this work; Kang C, Song JJ and Kim MY designed and wrote
the manuscript; and Lee J searched the literature and outlined the
manuscript.
Supported by National Research Foundation of Korea, No.
2013056334
Correspondence to: Mi Young Kim, PhD, Department of Biological Sciences, Korea Advanced Institute of Science and Technology, 291 Daehak-ro, Yuseong-gu, Daejeon 305-701,
South Korea. miyoungkim@kaist.ac.kr
Telephone: +82-42-3502615 Fax: +82-42-3502610
Received: December 1, 2013 Revised: January 7, 2014
Accepted: February 17, 2014
Published online: June 7, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Epigenetics; DNA methylation; Histone modification; Gene expression
Core tip: The pathogenesis of gastric, or stomach
cancer has long been a topic of extensive research,
and these research efforts have resulted in tremendous improvements in the diagnosis and treatment of
gastric cancer patients. However, research on gastric
cancer has been focused on the genetic and environmental determinants of its formation and progression
while the role of regulators, another important set of
contributors to gastric cancer, has just begun to be
elucidated. In this review, we highlight our current
understanding of the epigenetic mechanisms by which
gastric cancer arises and progresses and discuss future
research directions.

Abstract
Cancers, like other diseases, arise from gene mutations
and/or altered gene expression, which eventually cause
dysregulation of numerous proteins and noncoding
RNAs. Changes in gene expression, i.e. , upregulation of
oncogenes and/or downregulation of tumor suppressor
genes, can be generated not only by genetic and environmental factors but also by epigenetic factors, which
are inheritable but nongenetic modifications of cellular
chromosome components. Identification of the factors
that contribute to individual cancers is a prerequisite to
a full understanding of cancer mechanisms and the development of customized cancer therapies. The search
for genetic and environmental factors has a long history
in cancer research, but epigenetic factors only recently
began to be associated with cancer formation, progression, and metastasis. Epigenetic alterations of chromatin include DNA methylation and histone modifications,
which can affect gene-expression profiles. Recent studies have revealed diverse mechanisms by which chromatin modifiers, including writers, erasers and readers
of the aforementioned modifications, contribute to the
formation and progression of cancer. Furthermore,
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INTRODUCTION
Gastric cancer is the fourth most frequently occurring
cancer worldwide and the second leading cause of cancer-related death[1]. The occurrence of gastric cancer varies with geographic area, with the highest incidence rate
of gastric cancer in East Asia, especially South Korea,
Mongolia, Japan and China. Although the mortality rate
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has dramatically decreased due to improvements in endoscopy and surgical technology, the survival rate is still
less than 15% once gastric cancer metastasizes.
Gastric cancer can arise from precursor lesions or de
novo and is commonly categorized into two main subtypes, diffuse-type gastric cancer and intestinal-type gastric cancer. Research in the past decades has provided us
with insights into the molecular mechanisms that drive
gastric cancer tumorigenesis and progression. As in other
types of cancer, genetic, epigenetic and environmental factors in combination contribute to gastric cancer
tumorigenesis and progression. Previous research has
mainly focused on genetic factors such as the inheritance
of gastric cancer susceptibility genes and environmental
factors including Helicobacter pylori infection, salt consumption, stress, smoking etc. In recent years, however,
the epigenetic mechanisms governing gastric cancer have
been at the center of gastric cancer research.

ylation through its substrate preference for hemimethylated DNA at CpG regions. DNMT3 family members,
DNMT3A, DNMT3B and DNMT3L, are involved in
establishing de novo DNA methylation patterns, although
DNMT3L is catalytically inactive and might cause gene
repression independent of DNA methylation[3].
DNA methylation was once believed to be a permanent epigenetic mark. So far, no enzyme has been discovered that directly removes the methyl group from methylcytosine. However, TET family proteins were identified
to oxidize 5-methylcytosine to 5-hydroxymethylcytosine,
eventually leading to the removal of the methyl group
from methylcytosine[4]. TET family proteins are involved
in regulating transcription during embryonic development. The tight regulation of writing and erasing methyl
marks on DNA is required for proper gene expression,
and the imbalance between writing and erasing is implicated in various cancers.
Regulation by histone modifications
The nucleosome, which is composed of 146 bp of
DNA and a histone octamer (dimers of H2A, H2B, H3
and H4) is the fundamental repeating unit of chromatin
structure and a major target of chromatin regulation[5].
Histone proteins have long flexible N-terminal tails that
are subject to several covalent modifications including
acetylation, methylation, phosphorylation, ubiquitylation,
ADP-ribosylation, crotonylation and glutarylation[6].
The combinations of different types and locations of
histone modifications, also known as histone codes, are
the main determinants of gene repression or activation.
Covalent modifications are regulated by a trio of writers,
erasers and readers. Writers and erasers add and remove
covalent modifications, respectively, while readers recognize specific modifications with specialized domains,
resulting in the recruitment of transcriptional machinery
or transcription-repression complexes. More detailed descriptions are given in the sections below.

EPIGENETIC REGULATION OF GENE
EXPRESSION
In multi-cellular organisms, different gene expression
patterns determine the fates of cells, causing them to differentiate into various cell types. Therefore, it is critical to
precisely coordinate the gene expression pattern based on
cell types during developmental processes. Furthermore,
gene expression patterns need to be maintained throughout the life span once established. Each cell appears to
‘‘memorize’’ the genetic information to be expressed and
precisely passes this memory on to its daughter cells after
cell division. This process is referred to as ‘‘epigenetic
cellular memory’’. Dysregulation of epigenetic memory
causes developmental defects, cancers and neurodegenerative diseases.
In the nucleus, DNA is packaged into a higher order
structure called chromatin, the physiological template for
transcription. Alteration of chromatin structure via the
various modifications described below is the major factor
that controls gene expression in a temporal and spatial
manner, resulting in the establishment and maintenance
of epigenetic cellular memory.

Regulation by histone lysine acetylation and
deacetylation
The first covalent modification identified was the acetylation of lysine (Lys or K) residues of histones by histone
acetyltransferases (HATs), more specifically called histone
lysine acetyltransferases (KATs). Many Lys residues of
histones are involved in interacting with DNA, and this
acetylation neutralizes the positive charge of Lys, leading to the weakening of the DNA-histone interaction
and subsequent activation of transcription[7]. In addition,
acetyllysine recruits other chromatin modifiers containing
a bromodomain that recognizes an acetyllysine to activate
transcription[8].
Histone deacetylases (HDACs), the erasers of acetylation, have been shown to be directly involved in cancer
pathogenesis via transcriptional repression of tumor suppressor genes[9]. Some HDAC inhibitors are currently in
use to treat certain types of cancer or in clinical trials[9].

Regulation by DNA methylation
Chromatin structure is modified and altered in several layers. First of all, DNA itself is methylated, and this event
mostly occurs at cytosines in CpG-rich regions. DNA
methylation at promoter regions generally occludes the
binding of transcription factors or recruits methyl-DNAbinding proteins, leading to the inactivation of gene expression, with few exceptions in which DNA methylation
can be involved in preventing gene repression[2]. DNA
methylation is a stable epigenetic mark that is inherited
by offspring or daughter cells once established.
Two different classes of DNA methyltransferases
(DNMTs) are responsible for establishing and maintaining DNA methylation. DNMT1 maintains DNA meth-
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Regulation by histone lysine methylation and
demethylation
Several Lys residues of histones can also be mono-, dior trimethylated. The different locations and levels of
histone methylation add another layer of complexity to
covalent modification of histones. Among histone lysine methylations, those of histone H3 Lys4 (denoted as
H3K4) and histone H3 Lys27 (H3K27) are particularly
interesting because H3K4 and H3K27 methylations are
directly implicated in transcriptional activation and repression, respectively[10].
Methylation of H3K4 and H3K27 is catalyzed by
multi-subunit protein complexes. For example, KMT2A
(K-specific methyltransferase 2A, commonly called
MLL), which methylates H3K4 using its SET domain, is
complexed with WDR5, RBBP5 and ASH2L[11]. H3K27
is methylated by PRC2 (polycomb repressive complex 2)
composed of EED, EZH2, SUZ12 and RBBP4[12].
It is not clearly understood how H3K4 or H3K27
methylation regulates transcriptional activation or repression, respectively. However, it has been shown that H3K4
methylation recruits the BAF chromatin remodeling complex via its chromodomain to activate transcription[13]. In
regard to H3K27 methylation, another polycomb repressive complex, PRC1, recognizes trimethylated H3K27
(denoted as H3K27me3) via the chromodomain-containing protein CBX1 (chromobox homolog 1) and induces
the compaction of chromatin, resulting in transcriptional
repression, although the requirement of H3K27me3 for
PRC1 function is controversial[14-16].
Because histone methylation status is critical for gene
expression, the removal of histone methylation is highly
regulated by several histone Lys-specific demethylases
(KDMs). H3K4 is demethylated by KDM1 (commonly
known as LSD1) and KDM5B (JARID1), whereas
H3K27 is demethylated by KDM6A (UTX) and KDM6B
(JMJD3)[10]. Because the balance between methylation
and demethylation of histones is critical for coordinating
gene expression, the disruption of this balance is found
in many cancers.

Regulation by other histone modifications and
nucleosome variants
Other covalent modifications such as ubiquitylation, crotonylation and glutarylation are also involved in regulating gene expression. However, the downstream pathways
of these modifications are not well studied.
A canonical nucleosome is composed of histones
H3, H4, H2A and H2B. There are also several histone
variants such as H3.3, H2A.Z, CENP-A and macroH2A,
which are incorporated into nucleosomes with other
histones to execute their specific functions. For example,
histone H3.3 is not only found in transcriptionally active
genes but is also involved in recruiting PRC2. H2A.Z
functions in the cell cycle, and the improper incorporation of H2A.Z is implicated in various cancers[21].
Regulation by chromatin remodeling
The immediate consequence of forming a nucleosome is
to limit DNA accessibility by protein factors. Therefore,
cells have developed an elaborate system to remodel nucleosomes using ATP as an energy source. ATP-dependent chromatin remodeling complexes are classified into
five families depending on the type of ATPase subunit
of the complexes and are known as the SWI/SNF, ISWI,
CHD, INO80 and SWR1 families.
Each ATP-dependent chromatin remodeling family
is believed to remodel nucleosomes via a distinct mechanism and is involved in a distinct biological pathway, such
as gene repression, gene activation, histone exchange and
the DNA-damage response[22]. Due to the importance
of the roles of ATP-dependent chromatin remodelers
in various physiological processes, mutations and overexpression of the remodelers are often found in several
cancers.
Regulation by long noncoding RNAs
The most interesting but least studied epigenetic regulator is long noncoding RNAs (lncRNAs), which are
defined as transcripts that are generally longer than 200
nucleotides and do not code for proteins. Most lncRNAs
are synthesized by RNA polymerase II, capped at the 5’
end and polyadenylated at the 3’ end[23]. Although the
role of lncRNAs in chromatin regulation was first identified in X-chromosome inactivation several decades ago,
the significance of lncRNAs in chromatin regulation was
not fully recognized until the recent discovery that many
lncRNAs interact with chromatin modifiers and directly
control gene expression[24].
Although exact mechanisms of lncRNAs are not well
understood, it is believed that lncRNAs function through
their binding partners in several different ways[25]. They
function as a scaffold for multi-subunit protein complex
formation or recruit chromatin modifying complexes to
a specific locus leading to transcriptional activation or
repression. For example, HOTAIR (HOX antisense intergenic RNA) transcribed from a HOXC locus interacts
with PRC2 and LSD1 via its 5’ and 3’ ends, respectively,
to repress gene expression.

Regulation by histone arginine methylation
Arginine (Arg or R) residues in histones are also targets
for methylation. Arg methylation affects gene expression
by activating or repressing transcription depending on
the methylated sites[17]. Arg can be monomethylated, symmetrically dimethylated, or asymmetrically dimethylated,
although the different biological consequences of symmetric vs asymmetric Arg dimethylation are unclear.
The methylation of Arg functions in at least two
different ways. The methylation of Arg near a Lys in
histones can block the Lys methylation[18]. Specifically,
methylation of histone H3 Arg2 (denoted as H3R2)
represses transcription by blocking H3K4 methylation,
which is critical for transcriptional activation[19]. In addition, methylarginine may serve as a site-specific docking
stage for methylarginine-binding proteins, which recruit
other transcriptional regulators[20].
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In addition to HATs and HDACs, proteins called
acetylation readers, which contain a bromodomain that
recognizes acetylated histones and recruits other complexes, have been reported to undergo mutations or
translocations in certain tumor types, suggesting that
modification readers also contribute to tumorigenesis.

CANCER AND EPIGENETICS
Numerous studies have unraveled complex networks of
epigenetic regulation in several types of cancer. In this
section, we will highlight some of the epigenetic mechanisms that contribute to tumorigenesis and tumor progression, mainly focusing on DNA methylation, histone
acetylation, histone methylation and lncRNAs.

Histone lysine methylation writers in cancer
Histone methylation can take place at lysine, histidine
or arginine residues. However, we will mainly discuss
lysine and arginine methylation in this section. With
the discovery of histone lysine demethylases (KDMs),
the contribution of aberrant histone methylation status
to tumorigenesis and cancer progression has received
renewed attention in the field of cancer epigenetics in
recent years.
Alteration of histone methylation status can be a consequence of translocation, amplification, deletion, overexpression or repression of histone methyltransferase or
demethylase genes. The best-studied methyltransferase
that undergoes chromosomal translocation is KMT2A
(commonly known as MLL). This H3K4 methyltransferase is often fused with another protein, such as AFF1
(AF4/FMR2 family, member 1), ELL (elongation factor
RNA polymerase Ⅱ, alternatively called ELL1), MLLT1
(myeloid/lymphoid or mixed-lineage leukemia; translocated to, 1, or ENL) or MLLT3 (myeloid/lymphoid or
mixed-lineage leukemia; translocated to, 3, or AF9)[36,39,40].
MLL-fusion proteins can cause aberrant H3K4 methylation of target genes including HOXA7 (homeobox A7)
and HOXA9 (homeobox A9)[41]. Intriguingly, several
MLL-fusion proteins have been reported to recruit other
histone methyltransferase such as DOT1L (DOT1-like
histone H3K79 methyltransferase) in leukemia[42]. Elevated expression of another H3K4 methyltransferase,
SMYD, was found in breast cancer.
In contrast, overexpression of another H3K27 methyltransferase gene, EZH2, has been observed in a wide
variety of solid tumors and exhibits a strong association
with tumor stage and aggressiveness. An inactivating
mutation of EZH2 has also been found in lymphoid,
myeloid and T-cell acute lymphoblastic leukemia (TALL) [43]. Specifically, NOTCH1 antagonizes PRC2,
thus driving the formation of T-ALL. Another histone
methyltransferase that undergoes mutation, translocation
or repression is the H3K36-specific methyltransferase
NSD1[44,45].

DNA methylation in cancer
In general, cancer cells exhibit hypermethylation of the
CpG islands of some genes, including tumor suppressor
genes, BRCA1 (breast cancer 1, early onset), CDKN2A
(cyclin-dependent kinase inhibitor 2A), MLH1 (mutL homolog 1) and VHL (von Hippel-Lindau tumor suppressor, E3 ubiquitin protein ligase)[26-28]. In contrast, cancer
cells exhibit global hypomethylation at many genomic
sequences, which can result in chromosomal instability as
well as activation of proto-oncogenes[29-31].
DNA methyltransferase genes have been shown to be
mutated in certain cancers. For example, DNMT3A gene
is mutated in acute myelogenous leukemia, myeloproliferative disease and myelodysplastic syndrome[32]. In addition, the recently identified TET1 (tet methylcytosine dioxygenase 1) and TET2 (tet methylcytosine dioxygenase
2) proteins in the Tet (ten-eleven translocation) family of
DNA hydroxylases are involved in DNA demethylation
and found to be mutated in acute myelogenous leukemia,
myeloproliferative disease, myelodysplastic syndrome and
chronic myelomonocytic leukemia. Furthermore, TET1
gene is also fused with the histone methyltransferase
MLL (myeloid/lymphoid or mixed-lineage leukemia)
gene in some cases of acute myelogenous leukemia[33,34].
Histone modifications in cancer
As described above, histone modification status is finely
regulated by modification writers and erasers. Disruption
of this balance can cause aberrant histone modifications,
resulting in dysregulation of gene expression. In cancer
cells, one of the best-established changes in histone modifications is a global decrease in the acetylation of H4K16
and trimethylation of H4K20[35]. Recent findings regarding the roles of histone modifications in various types of
cancer are summarized in the sections below.
Histone acetylation modifiers in cancer
In cancer cells, mutations or changes in the expression
of HATs and HDACs are frequently observed. For example, some genes that encode HATs such as CREBBP
(alternatively called CBP), EP300 (p300), KAT6A (MOZ),
KAT6B (MORF) and MOXD1 (MOX) have been shown
to be mutated, translocated, or overexpressed in solid and
hematological tumors[35-38]. In addition, altered expression
of HDACs has been observed in a variety of cancers,
while somatic mutations are rarely found. Moreover, the
recruitment of HDACs to certain target genes via chimeric fusion proteins, which can occur in leukemia, has been
shown to be another mechanism of gene repression[39].
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Histone lysine methylation erasers in cancer
In addition to histone methyltransferases, the role of
histone demethylases in cancer has been highlighted in
recent studies. The activity of histone demethylases can
be dysregulated by somatic mutations or changes in their
expression in cancer cells. So far, somatic mutations have
been found in KDM5A (commonly known as JARID1A),
KDM5C (JARID1C) and KDM6A (UTX)[28,46]. Specifically, mutations in UTX, a histone H3K27 demethylase
gene, have been found in 12 different types of cancer,
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prostate and colon cancers[74-77].
The mechanisms by which the aforementioned
PRMTs contribute to tumorigenesis and metastasis have
been studied by several groups. For example, PRMT1 and
CARM1 are involved in the activation of WNT signaling,
a well-known tumor-promoting signaling pathway[78,79].
In addition, elevated activity of PRMTs via the various
mechanisms mentioned above can affect cell growth and
migration and the tumor microenvironment.

indicating a tumor-suppressive role of UTX in various
cancers. This concept was supported by a recent finding
showing that UTX controls the cell cycle by targeting the
RB1 (Rb) protein network[47].
In contrast, the role of KDM6B (JMJD3), another
H3K27 demethylase, seems to vary depending on the
type of cancer. For example, JMJD3 has been shown
to function in oncogene-induced senescence, suggesting a tumor-suppressive role of the protein[48]. However,
upregulation of JMJD3 in metastatic prostate cancer indicates a potential role of the protein in the progression
of prostate cancer[48]. In addition, overexpression of the
histone H3K4 demethylase gene KDM1A (LSD1) has
been associated with the recurrence of prostate cancer[49].
Furthermore, LSD1 has been identified as a positive
regulator of neuroblastoma and breast tumors[50,51].
Other enzymes with altered expression in cancer
include KDM2B (JHDM1B), KDM4C (JMJD2C), KDM5A (RBP2) and KDM5B (PLU1)[52-57]. JMJD2C, a member of the JMJD2 H3K9 demethylase family, has been
shown to be upregulated in various tumors including
breast cancer, prostate cancer, esophageal squamous cell
carcinoma and desmoplastic medulloblastoma[54,55,58-60]. In
addition, its potential role as an oncogene has been suggested by a recent study using immortalized mammary
epithelial cells[61].

lncRNAs in cancer
It has become clear that lncRNAs have fundamental roles
in tumorigenesis and tumor progression. One of the
best-studied lncRNAs is HOTAIR. HOTAIR has been
shown to be overexpressed in breast and colon cancers
and esophageal squamous cell carcinoma and functions
via altering PRC2 target-gene occupancy[25,80-83]. In addition, several lncRNAs have been implicated in cancer
with oncogenic functions. They include CDKN2B-AS1
(CDKN2B antisense RNA 1, or ANRIL), H19 (imprinted
maternally expressed transcript), MALAT1 (metastasis
associated lung adenocarcinoma transcript 1), PCAT1
(prostate cancer-associated transcript 1), PCBP2-OT1
(PCBP2 overlapping transcript 1, or TUC338), PCGEM1
(prostate-specific transcript), PRNCR1 (prostate cancer
associated non-coding RNA 1) and SPRY4-IT1 (SPRY4
intronic transcript 1). These lncRNAs are often found to
be upregulated in several types of cancer and exert their
oncogenic effects via promoting cell proliferation or inhibiting apoptosis and senescence.
The mechanisms by which some of these lncRNAs
execute their oncogenic functions have been uncovered.
For instance, CDKN2B-AS1 functions by causing aberrant recruitment of the PRC2 complex to CDKN2A
(cyclin-dependent kinase inhibitor 2A, or INK4A) or
CDKN2B (cyclin-dependent kinase inhibitor 2B, or
INK4B), thus suppressing their expression[84,85], whereas
PCAT1 inhibits BRCA2 (breast cancer 2, early onset)
expression[86]. In contrast, other lncRNAs, such as GAS5
(growth arrest-specific 5), MEG3 (maternally expressed
3), PTENP1 (phosphatase and tensin homolog pseudogene 1) and LincRNA-p21, have been suggested to
have tumor-suppressive effects[87-92]. GAS5 induces the
expression of the proapoptotic protein BIRC3 (baculoviral IAP repeat containing 3, or cIAP2) and has been
found to be downregulated in breast cancer[87,88], while
LincRNA-p21 induces apoptosis by affecting the TP53
(p53) pathway[92].

Histone lysine methylation readers in cancer
Like acetylation readers, methyllysine readers play a pivotal role in cancer. For example, ING (inhibitor of growth)
family proteins, which can bind di- and trimethylated
H3K4, have been found to be mutated or downregulated
by the loss of heterozygosity, supporting their role as tumor suppressors in several types of cancer[62-64]. Another
example of a methylated H3K4 binding protein, NUP98
(nucleoporin 98 kDa), is often fused with several subunits
of histone lysine methyltransferases, thereby contributing
to hematopoietic cancer[65].
Histone arginine methylation in cancer
Although histone arginine methylation has not received
as much attention as lysine methylation, numerous studies
have implicated the function of protein arginine methyltransferases (PRMTs) in cancers. The best-studied PRMT1
has been reported to be overexpressed and/or aberrantly
spliced in various types of cancer, including breast, prostate, lung and colon cancers[66-69]. A recent study demonstrated that H4R3 methylation has a strong positive correlation with tumor stages in prostate cancer[67].
In addition to PRMT1, other PRMTs, such as
PRMT2, PRMT5 and PRMT6, are overexpressed in
breast, gastric, colon and lung cancers, while elevated
PRMT3 activity without changes in its expression level
has been reported [70-73]. Furthermore, somatic mutations in PRMT8 were found in ovarian and skin cancers.
Finally, a non-PRMT family arginine methyltransferase
CARM1 (coactivator-associated arginine methyltransferase 1) has been shown to be overexpressed in breast,
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DNA METHYLATION IN GASTRIC
CANCER
As in other types of cancer, numerous studies have
shown that key players in gastric cancer are regulated by
changes in DNA methylation patterns at their promoter
CpG islands, i.e., hyper- or hypomethylation (Table 1).
These genes include tumor-suppressor genes, oncogenes,
and genes that are involved in tumor progression and
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Table 1 Examples of epigenetic alterations found in gastric cancer
Alteration source
DNA hypermethylation

Expression
Down

Down
Down
DNA hypomethylation
H3/H4 hyperacetylation
H3/H4 deacetylation
H3 dephosphorylation
MicroRNA function

Up
Up
Up
Down
Down
Down

Alteration target
Signal pathway mediator genes (ADAMTS9, BCL2L10, BCL6B, BNIP3, CXCL12, DAPK, DKK1,
DKK3, DLL1, FBLN1, GATA4, HOXD10, LMX1A, OPCML, PCDH10, RELN, SFRP proteins,
, SOX17, TIMP3, VEZT)
Chromatin-modifying enzyme genes (MGMT, SMARCA5)
MicroRNA genes (Let-7f, MIR10B, MIR34C, MIR137, MIR155, MIR182, MIR195, MIR200B,
MIR200C, MIR210, MIR212, MIR338, MIR375, MIR378, MIR429, MIR449)
ALDH2, ASCL2, MTHFR, SULF1, SULF2, TERF2
MicroRNA gene (MIR93)
MYC
GATA, RND3
c-JUN, HSP70
Chromatin-modifying enzyme genes (DNMT1, DNMT3A, DNMT3B, UHRF1)

metastasis. In addition, recent findings demonstrating
changes in the DNA methylation patterns of microRNA
genes in gastric cancer patient samples have revealed
more complexity in the epigenetic regulation of gastric
cancer.

[100-120]

[93,140]
[127-139]
[122-126]
[83]
[107]
[149,150]
[151]
[141,142]

helix transcription factor, shows hypomethylation in
gastric cancer samples compared to normal tissues, and
high expression levels of this gene are correlated with
poor survival of gastric cancer patients. In addition, the
promoter of the well-known oncogene MYC has been
shown to undergo hypomethylation in gastric cancer
with lymph node metastasis[123]. Yashiro et al[124] showed
that demethylation in TERF2 (telomeric repeat binding
protein 2, or TRF2) and ERAS (ES cell expressed Ras)
promoters causes reactivation of these genes in gastric
cancer[124,125].
A recent study by Balassiano et al[126] reported that
gastric cancer patient samples contain hypomethylated
promoters of two cancer-associated genes, ALDH2
(aldehyde dehydrogenase 2 family) and MTHFR (methylenetetrahydrofolate reductase). Furthermore, overexpression of SULF1 (sulfatase 1) and SULF2 (sulfatase
1), members of the sulfatase family, caused by promoter
hypomethylation has been shown to be an independent
prognostic marker for lymph node metastasis. Finally, an
interesting study by Yuasa et al[127] showed an association
between hypomethylation of blood leukocyte DNA and
the risk of gastric cancer, indicating that changes in the
DNA methylation pattern in non-tumor cells in addition
to tumor cells themselves can be used as potential prognostic markers in gastric cancer.

DNA hypermethylation in gastric cancer
Hypermethylation of CpG islands results in the silencing
of neighboring genes, and promoters of tumor-suppressor genes are often methylated in gastric cancer patient
samples. Widely studied genes with methylated promoters include CDKN2A, TP53 (tumor protein p53), MLH1,
CDH1 (cadherin 1, or E-cadherin), RUNX3 (runt-related
transcription factor 3), APC (adenomatous polyposis
coli) and RASSF1A (Ras association (RalGDS/AF-6)
domain family member 1)[93-99]. In addition, recent studies
have identified numerous hypermethylated genes encoding pro-apoptotic or anti-growth proteins (BCL2L10,
BCL6B, BNIP3, DAPK and FBLN1), transcription factors (GATA4, HOXD10, LMX1A and SOX17), enzymes
(KL), cell-cell interaction or migration-related proteins
(ADAMTS9, OPCML, PCDH10, RELN, TIMP3 and
VEZT), DNA-repair proteins (XRCC1), signaling molecules (CXCL12, DKK1, DKK3, DLL1, SFRP proteins
and SOCS1), an RNA binding-protein (QKI) and others
(NDRG2)[100-121].
Hypermethylation of the aforementioned genes
generally promotes gastric cancer tumorigenesis and/or
metastasis via several mechanisms. DNA methylation of
tumor-suppressor genes endows gastric cells with the
ability to overcome oncogene-induced senescence as well
as apoptosis. For example, downregulation of DKK1
(dickkopf WNT signaling pathway inhibitor 1) and
SOCS1 (suppressor of cytokine signaling 1) reactivates
the WNT and STAT3 pathways, respectively[116,119,122].

MicroRNA promoter methylation in gastric cancer
MicroRNAs (miRNAs) are small noncoding RNAs that
can regulate the expression of target genes at the posttranscriptional level. Because a single miRNA can target
several messenger RNAs, dysregulation of miRNAs can
effectively affect multiple signaling pathways leading to
tumor formation and metastasis. As in other types of
cancer, recent studies have identified several miRNAs
as frequent targets of DNA methylation in gastric cancer (Table 1). For example, the suppression of several
miRNA genes, such as MIR137, MIR210, MIR375 or
MIR449, via promoter methylation has been shown to
prevent apoptosis by alleviating the miRNA-induced
inhibition of pro-survival pathways such as MAPK1 (by
MIR137 and MIR210) and PDK1 (by MIR375) or by inhibiting pro-apoptotic pathways (by MIR449)[128-130].

DNA hypomethylation in gastric cancer
Hypomethylation causes derepression of target genes;
several genes involved in tumorigenesis, progression, and
metastasis of gastric cancers have been found to be hypomethylated. For example, Kwon et al[122] demonstrated
that the promoter of ASCL2 (achaete-scute family bHLH
transcription factor 2), which encodes a basic helix-loop-

WJG|www.wjgnet.com

Ref.

6438

June 7, 2014|Volume 20|Issue 21|

Kang C et al . Epigenetics of gastric cancer

absent in gastric cancer due to promoter methylation[93].
Moreover, the expression of several CMEs is regulated by miRNAs. For example, upregulation of UHRF1
(ubiquitin-like with PHD and ring finger domains 1) expression via downregulation of MIR146A and MIR146B
causes aberrant DNA methylation in CDH1, RUNX3
and SLIT3 (slit homolog 3) genes [143]. Furthermore,
DNMT1, DNMT3A and DNMT3B proteins are downregulated via overexpression of MIR200B and MIR200C
in gastric cancer, and this may be a cause of global DNA
hypomethylation in gastric cancer cells[144].

In some cases, downregulation of miRNAs via methylation activates tumor growth-promoting pathways such
as CDK6-VEGF (by MIR195 and MIR378), c-MYC
(by MIR212 and MIR429), cAMP response element (by
MIR182) and MAPRE1 (by MIR10B) [28,131-133]. Thus,
methylation of the aforementioned miRNAs causes overall growth of gastric cancer.
In addition to regulating gastric cancer cell survival
and growth, DNA methylation of some miRNAs promotes the ability of gastric cancer cells to invade and migrate, thus increasing their metastatic potential. Examples
of these include Let-7f, MIR155 and MIR338, which exert their effects by altering the expression of MYH9 (myosin, heavy chain 9, non-muscle), SMAD2 (SMAD family
member 2) and SSX2IP (synovial sarcoma, X breakpoint
2 interacting protein), respectively[134-136].
Downregulation of MIR9 via hypermethylation in
gastric cancer has also been found to increase not only
proliferation but also cell migration and invasion, a
prerequisite for the formation of successful metastasis, although their target genes have not been identified
yet[137]. Finally, dysregulation of MIR34C can cause drug
resistance by affecting MAPT (microtubule-associated
protein tau)[138], and dysregulation of the MIR200BC/429
cluster can do so by altering the expression of BCL2 (Bcell CLL/lymphoma 2) and XIAP (X-linked inhibitor of
apoptosis)[139].
Hypomethylation of miRNAs has also been studied.
For example, the loss of methylation at the promoter of
the MIR196 gene and upregulation of this miRNA are
frequently found in primary gastric cancer, indicating the
tumor-suppressive role of MIR196[83]. In addition, the upregulation of several oncogenic miRNAs such as MIR9,
MIR93, MIR106B and MIR222 in gastric cancer have
been reported, and their role in proliferation, anti-apoptosis and metastasis has been studied in gastric cancer
cell lines[137,140,141]. However, the question of whether the
upregulation of the aforementioned miRNAs is a consequence of DNA hypomethylation has yet to be answered.

HISTONE MODIFICATIONS IN GASTRIC
CANCER
Histone modifications including acetylation, methylation,
phosphorylation and ubiquitylation can directly alter gene
expression. Several histone modifiers show aberrant expression patterns or mutations during tumorigenesis and
cancer progression as explained above. The mechanisms
by which alterations of histone modifications contribute to
tumorigenesis and metastasis have been intensively studied
in several types of cancer. In contrast, studies of histone
modifications in gastric cancer are lacking (Table 1).
Histone-modifying enzymes in gastric cancer
Most epigenetic studies of gastric cancer have been focused on DNA methylation. Thus, scientists only recently
started to investigate histone modifiers in gastric cancer.
Recent findings on the role of histone modifiers in gastric cancer have shed light on the complex epigenetic
mechanisms governing the development and progression
of gastric cancer.
For example, histone H3K4 demethylase KDM1A
(LSD1) is upregulated in some gastric cancer cells, and
treatment of these cells with LSD1 inhibitors exerts cytotoxic effects as well as inhibitory effects on the migration
and invasion of these cells, suggesting an important role
for LSD1 in gastric cancer[145]. In addition, it has been
shown that the histone deacetylase SIRT1 (sirtuin 1) plays
a tumor-suppressive role in gastric cancer development
via inhibition of NF-κB signaling and is downregulated
in gastric cancer[146].
In contrast, the H3K9/K36 demethylase KDM4B
(commonly called JMJD2B) was recently discovered to
be a potent activator of cell proliferation as well as the
epithelial-mesenchymal transition (EMT) and correlated
with lymph node/distant metastasis[147,148]. Another H3K9
demethylase, JMJD1C, is also upregulated in gastric cancer. In addition, the H3K27 methyltransferase EZH2 has
been shown to promote gastric cancer tumorigenesis in
various model systems and exhibits significant association
with patient survival as well as lymph node metastasis[149].
Furthermore, the expression of the histone lysine acetyltransferase KAT5 (TIP60) has been shown to be reduced
in gastric cancer and to have a significant correlation with
lymph node metastasis[150].

Promoter methylation of chromatin-modifying enzyme
genes in gastric cancer
Chromatin-modifying enzymes (CMEs) can affect the
DNA methylation and histone modification status of
target genes, thus causing changes in chromatin structure. Alteration at the level of CMEs can initiate several
epigenetic cascades that affect diverse pathways involved
in tumorigenesis and the progression and metastasis of
gastric cancer.
In gastric cancer, several CMEs are also the targets of
DNA methylation (Table 1). For example, Gigek et al[142]
found that SMARCA5 (SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily
a, member 5), which has helicase and ATPase activity, was
often downregulated in gastric cancer patient samples
compared to normal tissue and as a consequence of its
promoter methylation. MGMT (O-6-methylguanine-DNA
methyltransferase) has also been frequently found to be
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Genes deregulated by histone modifications in gastric
cancer
Several recent studies identified genes whose expression
is regulated by various histone modifications. These include the H3/H4 hyperacetylation of the MYC promoter
via FOXO6/HNF4 axis, the repression of GATA by
deacetylation of histone H3/H4 at the promoter, and the
downregulation of RND3 (RhoE)[107,151,152]. In addition,
dephosphorylation of histone H3 serine 10 on c-JUN
and HSP70 genes has been shown to cause altered expression of these genes[153].

oncogene), SNHG1 (small nucleolar RNA host gene 1),
LINC00152 (long intergenic non-protein coding RNA
152) and LINC00261 (long intergenic non-protein coding RNA 1261) as differentially expressed lncRNAs in
gastric cancer. Studies by several groups revealed that the
expression of HOTAIR is positively associated with gastric cancer development and plays a role in invasion and
the epithelial-mesenchymal transition of gastric cancer
cells[159,162,163].

DISCUSSION
Due to tremendous research efforts, it has become clear
that epigenetic modification is a major contributor to the
formation and metastasis of most, if not all, of cancers,
including gastric cancer. Epigenetic changes including
DNA methylation and histone modifications can be
caused by mutations and/or altered expression of writers, erasers and readers of these modifications. These
deregulated modifiers, in turn, facilitate uncontrolled expression of oncogenes and metastasis-promoting genes
while keeping that of tumor- and metastasis-suppressor
genes silenced.
The focus of epigenetic research in cancer has shifted
from mere identification of changes in chromatin modifications to distinguishing epigenetic modifications that
truly drive cancer formation from bystanders. These types
of research are imperative to the design and development
of effective anti-cancer therapeutic drugs. In contrast to
the extensive studies on the epigenetic dysregulation of
other types of cancer such as breast cancer, similar studies on gastric cancer are still lagging behind, calling for
more vigorous research on this subject.
In particular, our understanding of the histone modifications in gastric cancer is very limited compared to
that of other cancer types and to DNA methylation. In
contrast to the few types of DNA modifications, histone
modifications are more diverse, adding more layers of
complexity to the epigenetic mechanisms involved in
cancer. Thus, a better understanding of the network of
histone modifications in gastric cancer will provide not
only a complete picture of gastric cancer but also an opportunity to develop anti-gastric cancer therapeutics.
Another player whose importance in gastric cancer
has only recently been identified is noncoding RNA, such
as miRNAs and lncRNAs. Whereas miRNAs regulate
protein-coding RNAs via direct binding, lncRNAs work
through guiding chromatin modifiers to the target genes.
Studies on the role of lncRNAs in gastric cancer have
only recently begun, and we are just starting to understand their functions in gastric cancer. There is no doubt
that further studies on noncoding RNAs will reveal a new
paradigm in the field of gastric cancer research.
One of the remaining important needs in understanding gastric cancer is to gain insights into the diversity of
epigenetic drivers in different types of gastric cancer. As
in genetic modifications, the types of epigenetic changes
that contribute to the formation of tumors vary depend-

Combinatorial modifications of DNA and histones in
gastric cancer
DNA methylation events are often accompanied by
histone modifications and vice versa to tightly regulate
gene expression. Several studies also discovered that the
expression of several genes in gastric cancer can be regulated by DNA methylation and histone modification simultaneously. For example, Meng et al[154] showed that the
promoter of the CDKN2A gene undergoes both DNA
methylation and histone H3K9 dimethylation. Lee et al[97]
showed that hypoxia silences RUNX3, which is known to
be suppressed by DNA methylation, via modification of
histones during the progression of gastric cancer.
Overexpression of LAMB3 (laminin, beta 3) affects
several malignant phenotypes in gastric cancer cell lines,
and these genes not only undergo demethylation at CpG
islands but also exhibit an increase in H3K4 trimethylation[155]. MYO5B (myosin VB) gene is suppressed by
DNA methylation as well as histone deacetylation, causing persistent c-MET signaling in gastric cancer[156]. A
study by Ma et al[157] demonstrated that DNA hypermethylation and histone hypomethylation of PDX1 (pancreatic
and duodenal homeobox 1) causes downregulation of
this gene in gastric cancer. Finally, gene expression of
PRDM5 (PR domain containing 5), a member of the
kruppel-like zinc finger family, is downregulated via DNA
methylation and H3K27 trimethylation, alleviating the
cell growth suppressive effect of PRDM5[158].
LncRNAs in gastric cancer
LncRNAs, once thought to be junk in cells, have now
become a center of attention in various fields from developmental biology to the study of human diseases.
However, there are few studies of the role of lncRNAs
in gastric cancer. Arita et al[159] have examined several lncRNAs previously shown to be involved in other cancers,
including H19, HOTAIR and MALAT1, and showed
that the plasma level of H19 was higher in gastric cancer
patients than in healthy controls, raising the possibility of
using lncRNA as a tumor marker in gastric cancer. Another study of H19 showed its role in the proliferation
of gastric cancer cells[160].
Cao et al[161] compared the expression profiles of
almost 10000 lncRNAs in gastric cancer and normal tissue samples and identified TUG1 (taurine upregulated
1), UCA1 (urothelial cancer associated 1), PVT1 (Pvt1
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ing on cancer types and subtypes even within tumors
originating from the same organ. For example, a given
modification contributing to intestinal-type gastric cancer
may not be the key factor for diffuse-type gastric cancer
development. Thus, it is crucial to understand cancer
type-specific epigenetic modifications in order to develop
personalized anti-gastric cancer therapeutics.
Finally, for cancer cells to grow and metastasize, they
must acquire abilities to exploit surrounding stroma, emphasizing the importance of distinction between alterations in tumor cells and those in stromal cells. However,
most previous studies of gastric patient samples have
been performed on whole tumor tissues without separating tumor cells and surrounding stromal cells, making it hard to interpret the results. Very recently, several
research groups have utilized elegant methods including
fluorescence-activated cell sorting and laser capture microdissection to separate stromal cells from tumor cells.
They made the very intriguing discovery that stroma
cells also undergo alterations in gene expression profiles,
likely caused by epigenetic modifications. These stromaspecific changes might have been masked by the tumor
cell gene expression profile if whole tumor tissue had
been used. Scientists argue that targeting the tumor
stroma might be a safer and more effective way to treat
cancer due to the relatively stable and homogeneous features of stromal cells compared to heterogeneous and
rapidly evolving tumor cells. To this end, it is imperative
to accurately characterize stroma- and tumor cell-specific
epigenetic changes, particularly in the case of gastric
cancer.
As a final comment, the primary unmet needs for gastric cancer are the development of an accurate way to predict patients at high risk for metastasis and the generation
of therapeutic drugs that effectively treat gastric cancer.
This will reduce unnecessary gastrectomy, thus improving
the quality of patients’ life and moving us one step closer
to conquering gastric cancer in the near future.
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Core tip: Epstein-Barr virus (EBV)-associated gastric
carcinoma (EBVaGC) comprises nearly 10% of gastric
carcinoma cases worldwide. In the present review, we
critically discuss the role of EBV in gastric carcinogenesis, summarising the role of viral proteins and microRNAs) with respect to aberrant methylation in EBVaGC.
Given the role of epigenetic dysregulation in tumourigenesis, epigenetic modifiers may represent a novel
therapeutic strategy.
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Abstract
Epstein-Barr virus (EBV)-associated gastric carcinoma
(EBVaGC) comprises nearly 10% of gastric carcinoma
cases worldwide. Recently, it was recognised to have
unique clinicopathologic characteristics, including male
predominance, lower rates of lymph node involvement,
and better prognosis. EBVaGC is further characterised
by abnormal hypermethylation of tumour suppressor
gene promoter regions, causing down-regulation of
their expression. In the present review, we critically
discuss the role of EBV in gastric carcinogenesis, summarising the role of viral proteins and microRNAs with
respect to aberrant methylation in EBVaGC. Given the
role of epigenetic dysregulation in tumourigenesis, epigenetic modifiers may represent a novel therapeutic
strategy.

WJG|www.wjgnet.com

INTRODUCTION
Epstein-Barr virus (EBV) infection is ubiquitous, and is
accepted as a causative microorganism for various malignancies including nasopharyngeal carcinoma (NPC),
Burkitt’s lymphoma, and gastric carcinoma (GC). EBVassociated GC (EBVaGC) accounts for approximately
10% of cases worldwide[1,2], and is characterised by unique
clinicopathologic features including a relatively favourable prognosis (Table 1)[1-4]. In recent years, the molecular
mechanisms underlying EBV-related carcinogenesis have
become increasingly understood. EBV may contribute to
tumourigenesis through the expression of viral proteins
and microRNAs (miRNAs). Previous studies have also
reported that promoter methylation was observed more
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Table 1 Clinical and pathological features of Epstein-Barr
virus-associated gastric carcinoma

Table 2 Latent gene expression patterns in Epstein-Barr virus
infected malignancies

Clinical and pathological features

Genes

Latency Ⅰa Latency Ⅰb

Latency Ⅱ

Latency Ⅲ

EBNA1
EBNA2
EBNA3a
EBNA3b
EBNA3c
EBNA-LP
LMP1
LMP2A
LMP2B
EBER1
EBER2
BARTs
Disease

+
–
–
–
–
–
–
–
–
+
+
+
EBVaGC,
Burkitt’s
lymphoma

+
–
–
–
–
+
+
+
+
+
+
+
NPC,
Hodgkin’s
lymphoma,
NK/T-cell
lymphoma

+
+
+
+
+
+
+
+
+
+
+
+
AIDSassociated B-cell
lymphomas,
Pyothoraxassociated
lymphoma

Age
Gender
Associations
Prevalence
Location
Clinical

Histology

Prognosis

Younger1
Male predominance
Smoking
10% of gastric carcinoma cases
Gastric body/cardia
Remnant stomach
Multiple carcinomas1
Thickening of gastric wall
Ulcerated (saucer-like) neoplasm
Lower rate of lymph node involvement1
Lymphoepithelioma-like
Lymphocytic infiltration in various degrees
Atrophic gastritis
Lace pattern within the mucosa
Moderate to poorly differentiated adenocarcinoma
Longer survival1

1

Items are controversial and subject to on-going research.

EBVaGC: Epstein-Barr virus-associated gastric carcinoma; NPC:
Nasopharyngeal carcinoma; AIDS: Acquired-immunodeficiency-syndrome.

frequently in EBVaGC. Hence another method by which
EBV contributes to gastric carcinogenesis is through aberrant DNA methylation and histone modification. Thus
EBVaGC is characterised by distinct variations on genomic, epigenomic, and transcriptomic levels[5]. Here, we
review the mechanism by which EBV infection causes aberrant methylation, transformation, cancer development,
and its associated therapeutic implications.

stage. During latency, the viral genome is largely silenced
by host-driven methylation of CpG island motifs. Based
on the subset of viral genes which are expressed, tumours may be classified into four types; latency Ⅰa, Ⅰb,
Ⅱ, and Ⅲ (Table 2). EBVaGC belongs to latency type Ⅰ,
where the viral genes EBV nuclear antigen 1 (EBNA1),
EBV-encoded small RNA (EBER1/2), BamHI-A rightward transcripts (BARTs), and latent membrane protein
2A (LMP2A) may be expressed[12,13]. Notably, the expression of latency genes is associated with malignancy. For
example, EBER1 up-regulates the expression of insulingrowth factor-1, an autocrine growth factor which accelerates cell proliferation in EBVaGC[14].
Half of all EBVaGCs also express LMP2A. LMP2A
plays a critical role in the oncogenic processes in EBVaGC, and thus EBV latency patterns should be further
subdivided into Ia or Ib based on the absence or presence of LMP2A[12,15]. LMP2A not only inhibits apoptosis
through up-regulation of the cellular survivin gene via the
NF-kB pathway[16], but induces expression of phosphorylated signal transducer and activator of transcription 3
(pSTAT3), which causes up-regulation of DNA methyltransferase DNMT1[16] and DNMT3B[17] in EBV-infected
GC cells. DNA methyltransferases play important roles in
controlling DNA methylation. The subsequent overdrive
of CpG methylation and silencing of tumour suppressor
genes such as PTEN, p16, and p73 leads to the transformation of EBV-infected cells. Hence epigenetic dysregulation plays an important role in gastric carcinogenesis.

MECHANISM OF EBV INFECTION
EBV may infect host gastric epithelial cells directly or
indirectly (Figure 1). In direct infection, the viral envelope glycoprotein BMRF-2 interacts with cellular β1
integrins. Subsequently, viral protein gH/gL attaches
to cellular αvβ6/8 integrins, and triggers fusion of the
viral envelope with the epithelial cell membrane[6]. EBV
preferentially infects B lymphocytes, which then mediates
subsequent infection to epithelial cells[7]. In B cell invasion, EBV envelope glycoproteins gp350/220 bind to
B cell receptors CD21 and/or CD35[8,9]. Simultaneously,
viral glycoprotein gp42 interacts with Human Leukocyte
Antigen (HLA) class Ⅱ molecules on the B cell membrane to trigger the core fusion complex, enabling EBV
entry into the B cell (Figure 2)[8,10]. Through direct cellto-cell contact, EBV-infected B cells may subsequently
infect epithelial cells[11]. The exact mechanism of epithelial cell invasion is unclear, but involves CD21-mediated
co-capping of EBV and integrins on B cells, as well as
conjugate formation between EBV-infected B cells and
epithelial cells via the capped adhesion molecules[11]. Once
EBV enters epithelial cells, the viral capsid dissolves and
the viral genome is transported to the cell nucleus.

EBVaGC AND EPIGENETIC ALTERATIONS
Epigenetics refer to functionally relevant and heritable
changes in gene expression that occur without alteration of the underlying DNA sequence. The two primary
mechanisms which may produce this change are DNA

LATENCY, VIRAL PROTEINS, AND
CARCINOGENESIS
Following infection, EBV typically persists in a latent
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+
–
–
–
–
–
–
+
–
+
+
+
EBVaGC
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3 Invasion and cancer
development

Infection

EBV

Cell lysis
Abnormal intracellular signals

EBV

Cell
lysis

ctio

Infe
n

B cell mediated
EBV infection

2 CpG Island
methylator phenotype

Epigenetic modifications by DNMT1,
DNMT3a and EBV miRNAs

EBV

1 Latency expression EBNA1,
EBERs, LMP2A and BARTs
Gastric epithelial cells

Figure 1 Epstein-Barr virus infects host gastric epithelial cells through direct and indirect mechanisms. Epstein-Barr virus (EBV) preferentially infects B
lymphocytes, which subsequently infects gastric epithelial cells through direct cell-to-cell contact. EBV infection causes expression of latency 1a and/or 1b proteins in
gastric epithelial cells. EBV infection also up-regulates genes including EBNA1, EBER, LMP2A, and BART, altering expression of DNMTs and miRNAs. Collectively,
the abnormal intracellular signals lead to carcinogenesis and tumour development.

cells as a first step in the development of cancer[18]. This
epigenetic plasticity causes genomic instability, and collectively drives tumour progression[19].
The CpG island methylator phenotype was first
observed in EBVaGC in 1999[20]. EBV infection was
shown to induce extensive methylation and repression
of tumour suppressor genes over 18 wk in MKN7, a low
methylation GC cell line[21]. Subsequent studies confirmed
that EBVaGC has higher rates of aberrant DNA methylation than EBV non-associated GC (EBVnGC)[21,22].
Nevertheless, the mechanisms by which EBV induces
aberrant DNA methylation and histone modification remain poorly understood.

B cell
EBV

B cell
EBV
HLA Ⅱ
CD21

EBV AND microRNA

CD35

Viral encoded miRNAs play a pivotal role in alterations
to DNA methylation status in host cells. The expression
of EBV miRNAs vary under different latency programs
(Table 3)[23]. For example, miR-BART1-5p, 6, and 17-5p
suppresses LMP1 expression[24], whilst miR-BART-22
regulates expression of LMP2A[25]. EBV miRNAs further
repress cellular proteins, including PUMA, DICER1, and
BIM. EBV infection may also affect host cell miRNA
expression. Specifically, miR-200a and miR-200b are
down-regulated in EBVaGC compared to EBVnGC and
adjacent mucosa. This down-regulation may be mediated
by viral proteins such as BRAF0, EBER, and LMP2A, as
well as by aberrant DNA methylation following EBV infection[26]. More recently, miRNA sequencing studies have
revealed that EBV-infection mediates down-regulation of
tumour suppressor miRNAs including the Let-7 family.

gp42
gp350/220

B cell
EBV

Figure 2 Mechanism of Epstein-Barr virus infection in B lymphocytes. Epstein-Barr virus (EBV) envelope glycoproteins gp350/220 bind to B lymphocyte
receptors CD21 and/or CD35. Simultaneously, viral glycoprotein gp42 interacts
with HLA II on the B cell membrane to trigger the core fusion complex, enabling
EBV entry into the B cell.

methylation, and histone modification. According to the
epigenetic progenitor model, tumour-progenitor genes
promote the polyclonal epigenetic disruption of stem
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Table 3 Epstein-Barr virus-driven miRNAs and their target
genes

Table 4 Hypermethylated genes verified in Epstein-Barr
virus-associated gastric carcinoma tissue

Gene name

Function

Gene targets
in EBV

Gene targets in host cell

miR-BHRF1-1
miR-BART1-5p

LMP1[24]

miR-BART1-3
miR-BART2-5p
miR-BART3
miR-BART3-3p
miR-BART5
miR-BART6
miR-BART10
miR-BART13
miR-BART16
miR-BART17-p
miR-BART19
miR-BART22
miR-BARTs

BALF5[61]
LMP1[59]
LMP1[24]
BHRF1[59]
LMP1[24]
LMP1[24]
LMP1[59]
LMP2A[25]
-

GUF1[58], SCRN1[58]
CLEC2D[58,59], LY75[58,59], SP100[58,59],
DICER1[58,59], MICB[58,59]
CXCL11[60]
MICB[62]
DICER1[58], MICB[58]
IPO7[63]
PUMA[66]
DICER1[65]
CAPRIN2[59]
TOMM22[63]
BIM[66]

EBV: Epstein-Barr virus.

Further research is required to elucidate their role in tumourigenesis[27].

It may be caused by hypermethylation of SSTR1 and
GSTP1; both genes are frequently hypermethylated in
NPC and GC infected EBV tissues, and regulate cell
migration, proliferation, and apoptosis[30,31,39-42]. Notably,
EBV infection also up-regulates expression of FAM3B
and IHH[5]. FAM3B is associated with invasion[43], and
Indian Hedgehog (IHH) with increased metastatic
potential through angiogenesis and Snail protein expression, as well as a decrease in e-cadherin and tight
junctions[44,45]. Table 4 shows a comprehensive list of
hypermethylated genes and their role in carcinogenesis.
Hence aberrant DNA methylation plays an important
role in gastric carcinogenesis.

ABERRANT DNA METHYLATION IN
EBVaGC
Currently, GC is subdivided into three subtypes based on
CpG-island methylator phenotype (CIMP). Defined as
high (CIMP-H), low (CIMP-L), or none (CIMP-N), the
classification is based on the number of methylated loci
(≥ 4, 1-3, and 0 respectively) in the promoter regions
of five genes (LOX, HRASLS, FLNC, HAND1, and
THBD)[28]. It was previously shown that promoter methylation of cancer-related genes was seen more frequently
in EBVaGC than EBVnGC. EBVaGC is thus classified
as CIMP-H[29].
In a genome-wide study comparing promoter methylation between EBV-infected and EBV non-infected GC
cell lines, hundreds of genes involved in cancer pathways
such as cell adhesion molecules, wnt signalling pathway,
and mitogen-activated protein kinase signalling were
observed to be hypermethylated following EBV infection[17]. Further investigation through epigenomic and
transcriptomic sequencing revealed that 216 genes were
down-regulated by promoter hypermethylation. Significantly, hypermethylation of tumour suppressor genes,
including p14, p15, p16, APC, E-cadherin, and PTEN
were noted in EBVaGC, but not EBVnGC[30,31]. All studies unanimously agreed that p16 was significantly more
hypermethylated in EBVaGC[29-35]. P16 is a tumour suppressor gene which acts in the G1 phase of the cell cycle
to phosphorylate the retinoblastoma gene product (pRb).
Loss of p16 leads to uncontrolled cell growth[36], and is
thus commonly found in tumours[37,38].
Another important cellular abnormality in EBVaGC
is its resistance to apoptosis. The frequency of apoptosis
is significantly lower in EBVaGC than in EBVnGC[38].
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Hypermethylated genes

DAPK[30], BNIP3[29], FAM3B[5], HRK[29], IL15RA[17],
MINT31[32], p16[29-35], p73[30,32-34], PTEN[31,67], RASSF1A[31]
Cell adhesion
EPHB6[17], FLNc[30], FSD1[34], REC8[17], CSPG2[29]
Cell-cell interactions MDGA2[17], THBS1[31]
Cell cycle regulation APC[31], p15[30], p16[29-35], p57[29], p73[30,32-34]
Cell invasion
E-Cadherin[30,68,69]
Cell migration
EPHB6[17]
Cell proliferation
E-Cadherin[30,68,69], HRASLS[30], IL15RA[17],
MINT31[32], NKX3.1[34], RUNX3[32], TIMP2[21],
TIMP3[30]
Cell signalling
14-3-3Sigma[31], CSPG2[29], MINT1[31], MINT2[31,32],
PLXND1[21]
Differentiation
HAND1[30]
Dna repair
hMLH1[32,43,53], MGMT[31]
Exocytosis
SCRN1[34]
Metastasis
E-Cadherin[30,68,69], LOX[30]
Other
BCL7A[34], BLU[34], CHFR[29], CXXC4[21],
GSTP1[30,31,40], HLTF[29], HOXA10[70], IHH[5],
MARK1[34], MINT25[31], PAX5-β [29], SCARF2[17],
SSTR1[17,39], THBD[30], WNT5A[71]
Apoptosis

IMPLICATIONS FOR TREATMENT
Current treatment guidelines from the National Institute
for Health and Clinical Excellence (NICE) for the management of GC depends on the stage of disease. Broadly,
the mainstay for cure is surgical excision with clearance
of adjacent lymph nodes. Radiotherapy, and chemotherapeutic agents including cisplatin, docetaxel, epirubicin,
and 5-fluorouracil (5-FU) may be used as adjuvants or in
the palliative setting. Notably, no differentiation is made
between the distinct subtypes of GC in the treatment
guidelines.
Research has established that EBVaGC represents a
distinct entity of GC, characterised not only by unique
genomic aberrations, but also by clinicopathologic features such as less lymph node involvement, and significantly better prognosis[2]. Naturally, there are associated
therapeutic implications, as evidenced by resistance to
docetaxel and 5-FU in EBV-positive, but not EBVnGC
cell lines[46,47]. The chemoresistance is mediated by EBVlytic gene expression, which induces expression of Bcl-2
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epigenetic modifiers and ZEB1 inhibitors have been used
to induce lytic transformation of EBV-infected gastric
cancer cells. Expressed only in the lytic form of infection, virally encoded kinases convert ganciclovir into its
active form, potentiating its cytotoxic effects[53,54]. Hence
epigenetic modifiers may be a useful therapeutic strategy
in EBVaGC.
However, several problems must be considered.
Firstly, methylation is reversible, so re-methylation and
re-silencing after cessation of drug therapy may occur[55].
Moreover, there have been numerous concerns raised
regarding the systemic effects of non-specific gene activation in non-cancerous cells by epigenetic therapies.
Conflicting evidence exists in the literature regarding
the effect of epigenetic therapies on normal cells. Some
studies have demonstrated that 5-Aza and decitabine
increases mutation frequency, causes chromosomal rearrangements, and decreases fertility in mice. Conversely,
no increase in chromosomal integrity was observed following administration of low dose 5-aza-CdR in patients
with myelodysplastic syndrome[56]. Additionally, treatment
of 41 leukemia patients with 5-aza-CdR showed only
mild effects on global genomic de-methylation, as measured by changes in Alu methylation[57]. Few adverse effects were observed, and original methylation levels were
regained within two weeks after therapy. No development
of secondary malignancies were recorded. Consequently,
further studies are needed to investigate the long term effects of epigenetic therapies.

Table 5 Selection of epigenetic therapeutics in cancer
chemotherapy
Target

Drug name

DNA methylation

Azacitine (5-Aza-CR)
Decitabine (5-Aza-CdR)
Hydralazine
Epigallocatechin-3gallate (EGCG)
5-Fluoro-deoxycytidine
(FdCyd/FDAC)
5-fluoro-2′deoxycytidine (FCdR)
Procainamide
Procaine
Psammaplin A
RG108
Zebularine
Histone deacetylases
Vorinostat
Romidepsin
Panobinostat
SEN196
Phenyl butyrate
Valporic acid
Compound 6J
(R = -C4H8)

Status

Ref.

Approved
Approved
Phase Ⅱ/Ⅲ
Phase Ⅱ

[72]
[72]
[73]
[74-76]

Phase Ⅰ/Ⅱ

[77]

Phase Ⅰ/Ⅱ

[78]

Phase Ⅰ
Phase Ⅰ
Phase 0
Phase 0
Phase 0
Approved
Approved
Phase Ⅱ
Phase Ⅱ
Phase Ⅰ/Ⅱ
Phase Ⅰ
Phase 0

[79]
[80]
[81,82]
[83-86]
[87-89]
[90]
[90]
[91]
[92]
[93-95]
[93-95]
[96]

and survivin whilst simultaneously suppressing p21 to
inhibit apoptosis[48]. In support of this hypothesis, silencing of EBV-lytic gene LMP1 through specific small
interfering RNA (siRNA) enhanced chemosensitivity of
cancer cells to bleomycin and cisplatin[49]. Since epigenetic
dysregulation is implicated in the expression of EBV-lytic
genes and consequent tumour progression, we believe
that epigenetic processes are a rational therapeutic target
in EBVaGC.
Crucially, aberrant DNA methylation in cancer is
reversible. Thus the enzymes which regulate epigenetic
modifications are attractive targets for pharmacological
intervention. Current epigenetic therapies may be classified into histone acetyltransferase (HAT), histone deacetylase (HDAC), and DNA methyltransferase (DNMT)
inhibitors (Table 5). Broadly, they facilitate demethylation
and re-expression of epigenetically silenced tumour suppressor genes, lowering the apoptotic threshold to sensitise tumour cells to chemotherapy and radiotherapy. Consequently, there has been an emphasis on investigating
the clinical value of epigenetic therapies in combination
with conventional cytotoxic agents and radiation.
It was previously reported that the combination of
irradiation and 5-aza-CdR significantly decreased growth
activity compared with irradiation alone in OCUM-2M,
OCUM-12, and MKN-45 GC cell lines (P < 0.05). The
cell cycle arrest and increased apoptotic rate may be partly mediated by enhanced expression of p53, RASSF1,
and DAPK gene families by 5-aza-CdR[50]. The use of
epigenetic therapies in conjunction with targeted therapies such as geftinib in lung cancer, imatinib in chronic
myeloid leukemia, and trastuzumab in breast cancer cell
lines and in vivo tumour models also had synergistic effects on the induction of apoptosis[51,52]. More recently,
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CONCLUSION
EBVaGC is a unique type of GC. The characteristic
global hypermethylation of the promoter region in
tumour-suppressor genes may be due to overexpression
of DNMTs by viral latent proteins, miRNAs, and various epigenomic changes. However, the precise role of
EBV in the multifactorial etiology of GC is still not fully
understood. Further studies are needed to elucidate the
intricate relationship between EBV infection, environmental factors, genetic backgrounds, and aberrant DNA
methylation in GC. A better understanding of the role
of EBV in gastric carcinogenesis will enable discovery of
novel therapeutic targets and strategies.
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Virus-related liver cirrhosis: Molecular basis and therapeutic
options
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cirrhosis caused by chronic HCV infection. The standard
of care for the treatment of HCV-related cirrhosis with
interferon-α plus ribavirin should consider the genotypes of IL-28B. Understanding the mechanism of fibrogenesis and hepatocyte regeneration will facilitate
the development of novel therapies for decompensated
cirrhosis.
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Core tip: Hepatic inflammation caused by viral infections contributes to the inflammation-necrosis-regeneration process, ultimately cirrhosis. Immune selection
of some hepatitis B virus mutations in the evolution
towards cirrhosis seems different from that towards hepatocellular carcinoma. Hepatic stellate cells and macrophages are important for the fibrogenesis. Antiviral
treatment is generally effective in reducing the morbidity of decompensated cirrhosis. The standard of care for
the treatment of hepatitis C virus-related cirrhosis with
pegylated interferon-α and ribavirin should consider the
genotypes of IL-28B. Stem cell-based therapy can be
an option for the treatment of decompensated cirrhosis
patients who fail to respond to antiviral treatment.

Abstract
Chronic infections with hepatitis B virus (HBV) and/or
hepatitis C virus (HCV) are the major causes of cirrhosis globally. It takes 10-20 years to progress from viral
hepatitis to cirrhosis. Intermediately active hepatic inflammation caused by the infections contributes to the
inflammation-necrosis-regeneration process, ultimately
+
cirrhosis. CD8 T cells and NK cells cause liver damage
via targeting the infected hepatocytes directly and releasing pro-inflammatory cytokine/chemokines. Hepatic
stellate cells play an active role in fibrogenesis via secreting fibrosis-related factors. Under the inflammatory
microenvironment, the viruses experience mutationselection-adaptation to evade immune clearance. However, immune selection of some HBV mutations in the
evolution towards cirrhosis seems different from that
towards hepatocellular carcinoma. As viral replication
is an important driving force of cirrhosis pathogenesis,
antiviral treatment with nucleos(t)ide analogs is generally effective in halting the progression of cirrhosis, improving liver function and reducing the morbidity of decompensated cirrhosis caused by chronic HBV infection.
Interferon-α plus ribavirin and/or the direct acting antivirals such as Vaniprevir are effective for compensated
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INTRODUCTION
Liver cirrhosis represents a worldwide public health
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problem and its mortality rate increases stably these
years. Alcoholic hepatitis, non-alcoholic steatohepatitis, and chronic infection with hepatitis C virus (HCV)
are the major causes of cirrhosis in Western countries,
while chronic infection with hepatitis B virus (HBV)
contributes greatly to cirrhosis in HBV-endemic areas.
Chronic HBV and HCV infections account for 57% of
cirrhosis cases globally[1]. There are about 300 million
subjects chronically infected with HBV and 130-170 million subjects chronically infected with HCV worldwide.
About one million people die from diseases related to
chronic HBV and/or HCV infections each year, mostly
end-stage liver diseases, namely, decompensated cirrhosis, liver failure, and hepatocellular carcinoma (HCC). In
East Asia where HBV genotypes B and C are endemic,
HBV genotype B is more apt to cause acute infection
in young people and to be cleared than genotype C;
whereas HBV genotype C leads to higher persistence
following an acute course and is more apt to cause cirrhosis and HCC compared to genotype B [2-5]. HBV
genotype C is associated with a lower rate of spontaneous hepatits B e antigen (HBeAg) seroconversion
than HBV genotype B. Cirrhosis is specifically found in
HBeAg-negative subjects and more frequently found in
subjects with genotype C than in those with genotype B.
In HBeAg-negative subjects, high viral load is frequently
associated with abnormal alanine aminotransferase (ALT)
level, while ALT abnormality is more frequent in those
with cirrhosis than those without[6]. In addition, older
age (longer duration of infection), high levels of HBV
DNA, habitual alcohol consumption, and concurrent
infection with HCV, hepatitis D virus or human immunodeficiency virus are significantly associated with an
increased rate of cirrhosis[7]. Most (70%-80%) HCV infections may persist and about 30% of individuals with
persistent HCV infection will develop end-stage liver
diseases, including cirrhosis and HCC. According to the
most recent classification criteria, HCV variants are classified into 6 genotypes, of which HCV-1b is the most
common one worldwide[8]. HCV genotype 1b has been
associated with an increased risk of HCC in both European and Asian populations[9,10], but it remains uncertain
if this genotype of HCV is specifically related to fibrosis
and cirrhosis. An interesting cross-sectional study carried
out in mainland China indicated that co-infection with
HBV, low HCV viral load, low serum ALT, high serum
aspartate aminotransferase, diabetes, and high pickled
food consumption were significantly associated with the
risk of cirrhosis in HCV-infected patients[11].
Since both HBV and HCV are preferentially hepatotropic, not directly cytopathic, virus-caused liver damage
is attributed to immune-mediated mechanisms. Under
inflammatory microenvironment caused by the infections, the continuous infiltration of immune cells and
the secreted inflammatory cytokines result in liver damage. The hepatic lobule reconstruction following the
damage promotes hepatic fibrosis and eventually leads to
cirrhosis. Cirrhosis represents a consequence of wound-

WJG|www.wjgnet.com

healing response to chronic stimulation. It is generally
believed that cirrhosis is the outcome of interaction
between liver damage and tissue repair. Hepatic satellite
cells (HSCs) play a critical role in the progression of cirrhosis. However, the mechanisms by which HSCs modulate fibrogenesis and cirrhosis are less clarified. Active
viral replication and intermediate inflammatory reactions
facilitate hepatic fibrogenesis but the evolution of fibrogenesis might depart from HCC evolution[12]. In this paper, we focus on virus-related cirrhosis and summarize
recent progress on its molecular basis. Moreover, we also
discuss possible therapeutic options for hepatic fibrosis,
early cirrhosis, and even decompensated cirrhosis.

MOLECULAR BASIS OF VIRUS-RELATED
CIRRHOSIS
Immune response and liver damage
Roles of immune cells and cytokines: The immune
system is a complicated dynamic network constituted
by various immune cells and cytokines. T and B lymphocytes, macrophages (macrophages residing in the
liver are also called Kuffer cells), NK cells, neutrophils,
HSCs, NKT cells, dendritic cells (DCs), and mast cells
are all important in the maintenance of chronic inflammation. CD8 + cytotoxic T lymphocytes (CTL) and
CD4+ T helper lymphocyte subpopulations [Th1, Th2,
Th17, and regulatory T (Treg) cells] also play key roles
in maintaining chronic inflammation. The immune effectors not only play critical roles in the HBV and HCV
clearance, but also participate in liver damage. Tolllike receptors (TLR)-3 and -7 can recognize the viruses
and induce the production of type I interferon (IFN)
(IFN-α/β), proinﬂammatory cytokines and chemokines
to inhibit the viruses[13-15], whereas TLR-4 activation by
lipopolysaccharides (LPS) in HSCs enhances TGF- β
signaling and hepatic ﬁbrosis[16]. TGF-β, a pleiotropic
cytokine produced by immune and non-immune cells,
has receptors on several cell types. It induces fibrosis via
increasing Th17 and HSCs and reducing NK cell activation[17]. A study using TLR-9-deﬁcient mouse model
has demonstrated that TLR-9 is also involved in liver
ﬁbrosis[18]. As important antiviral cytokines activated in
the initial immune response, IFN-α/β can inhibit viral
replication and lead to death of the infected hepatocytes
by inducing the expression of multiple IFN-stimulated
genes (ISG), including protein kinase R (PKR), Mx proteins, ISG-15, RnaseL/2’,5’-oligoadenylate synthetase
(2’,5’-OAS) and RNA helicases[19,20]. Additionally, it may
activate the neighboring immune cells, including macrophages, NK cells, NKT cells and DCs[21-23]. Both NK
cells and CD8+ CTLs exert immunoregulatory functions
via direct, non-MHC-restricted cytotoxic mechanisms
and cytokine production[24,25]. IFN-γ and tumor necrosis
factor-α (TNFα) produced by NK cells and CD8+ CTLs
can not only inhibit the viruses, but also cause liver
damage through TNF-related apoptosis-inducing ligand
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(TRAIL)-mediated death of hepatocytes [25,26]. Moreover, CD8+ CTLs can exert the bystander killing effect
through perforin, Fas/Fas ligand and TNFα pathways[27],
thus causing a wide range of hepatocellular apoptosis.
IFN-γ-induced chemokines such as CXC chemokine
ligands CXCL9, CXCL10, and CXCL11 can induce the
migration of nonspecific mononuclear cells into the liver[28], which are unable to control the infection but result
in sustained liver damage. In addition, the antibody response has also been associated with the extent of liver
injury during HCV chronic infection, and anti-E2 antibodies can mediate liver damage via antibody-dependent
cell-mediated cytotoxicity (ADCC)[29], but it just occurs
after a prolonged HCV infection. The contributions of
natural HCV antibodies to liver damage and ﬁbrosis progression still need to be determined.

ERK, JAK/STAT, PI3K-AKT/PKB, Ras-MAPK, and
Vitamin A[45-48]. NF-κB as a dimeric transcription factor
can be activated by proinflammatory stimuli, such as
TNFα or interleukin-1β (IL-1β)[48]. The activated NFκB signaling pathway thereafter induced the expression
of a series of growth factors and cytokines to regulate
the inflammatory response. IL-6 can be released by
macrophages and regulate the proliferation and differentiation of liver fibroblasts[49]. The PI3K-AKT/PKB
and Ras-MAPK pathways are also important because
they are involved in the activation of HSCs. Platelet-derived growth factor (PDGF) can lead to the Ras-MAPK
activation by binding its receptor, and the activation of
protein kinase C (PKC) family through PI3K-AKT/
PKB eventually induces cell proliferation and HSC activation[50]. These signaling pathways and molecules may
play an active role in the pathogenesis of HBV- and
HCV-related cirrhosis, thus serving as therapeutic targets and prognostic markers.

Dysfunction of T cells: In the phase of chronic HBV
and HCV infections, specific T cells present a condition of dysfunction due to the persistent exposure to
high levels of viral antigens that exceed the capacity
of host immunity. It may be induced by the following
mechanisms. First, genetic predisposition of immunerelated genes contributes to persistence of HBV and/or
HCV infections. Genetic polymorphism of class Ⅱ human leukocyte antigen (HLA) has been associated with
HBV[30] and HCV persistence/clearance[31], possibly because this genetic predisposition affects T cell function
upon HBV infection. Genetic polymorphisms of other
immune-related genes, notably, interleukin-28B (IL28B),
have closely been associated with HCV clearance, progression, and treatment response[32,33]. Second, antigen
presentation by DCs and macrophages may be impaired,
resulting in ineffective priming of T cells or deficient
maintenance of antigen-experienced T cells [34]. Additionally, dysfunctional specific T cells can express the
inhibitory receptor programmed death-1 (PD-1), which
inhibits immune activity and induces the apoptosis of T
cells[35-37]. Moreover, HCV core protein can inhibit T cell
proliferation by binding to the complement receptor gC1qR[38,39]. During the prolonged infection, the expression
of chemokine (C-C) motif ligand (CCL) 17 and CCL22,
attractors for Tregs[40,41], can inhibit the proliferation and
function of T cells and other immune cells[42]. The dysfunctional T cells can hardly eliminate HBV or HCV. On
the contrary, the consistent but insufficient immune responses break up several balances between the immune
cells or cytokines, such as Th1/Th2 cells or Th17/Treg
cells, neutrophils/lymphocytes, neutrophils/CD8 + T
cells, and Th1/Th2 cytokines[43,44], which induces a high
immune pressure and results in the evolution of the viruses during chronic infection.

HBV and HCV escape strategies in chronic infection
Spontaneous clearance of the viruses can be achieved
in some infected subjects by an efficient immune response. However, following the early immune response,
70%-80% of HCV infected patients will develop chronic
infection[51] and 8.5% of adults with acute hepatitis B
will develop chronic infection[2]. Chronic infection of
HBV occurs frequently in those who acquired the infection perinatally (90%) or during childhood (20%-30%),
when the immune system is thought to be immature[12].
It implies that HBV and HCV can produce a series of
strategies to evade the clearance. Under immune pressure, HBV and HCV can evade the immune clearance
through persistent viral replication and mutations, making themselves preferably adapt to the inflammatory
microenvironment. However, HBV and HCV have different mutation patterns conforming to their distinct
viral structures. HCV replicates at a rate of 1010-1012
virions per day. The RNA-dependent RNA polymerase
lacks a proofreading function, favoring the Darwinian
selection of viral variants by humoral and cellular immune responses[52]. During the phase of acute infection,
there is a high rate of nonsynonymous and synonymous
substitutions due to the high levels of selective pressure exerted by antibodies and activated T cells, but
the rate decreases at continuous infection stage[53]. The
HCV E2 glycoprotein is thought to be a major target
for HCV-specific antibody. The nucleotide substitutions
at the hypervariable HCV E2 region 1 during anti-HCV
seroconversion in acutely HCV-infected individuals are
intensively correlated with the viral evasion. HBV exists
in the form of covalently closed circular DNA (cccDNA)
in the nuclei of hepatocytes and exhibits higher frequencies of mutations than other DNA viruses due to the
spontaneous error rate of reverse transcriptase. The rate
of HBV mutation in HBeAg-positive patients is 1.5 ×
10-5-5 × 10-5 nucleotide substitutions/site per year[54],
and is even higher in HBeAg-negative patients. Under

Role of inflammatory signaling pathways
There are multiple inflammatory signaling pathways
and molecules involved in the sustained inflammation
caused by chronic infection, including nuclear factor-κB
(NF-κB), Wnt/β-catenin, TGF-β/Smad, RAF/MEK/
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immune pressure, hypermutation provides viruses a
choice not only for growth advantage, but also for longterm survival. APOBEC3, an important member of the
APOBEC family of cellular cytidine deaminases, can
inhibit HBV through a series of editing-dependent and
-independent mechanisms. However, it is also involved
in the viral genetic diversification and evolution[12]. The
expression of activation induced deaminase, an APOBEC3 paralog, has been observed in a variety of chronic
inflammatory syndromes including HCV infection.
Introduction of exogenous APOBEC3G into HCV-infected Huh7.5 human hepatocytes inhibits HCV replication; knockdown of endogenous APOBEC3G enhances
HCV replication[55]. Some APOBEC3 genes in primary
human hepatocytes are up-regulated by IFN- α and
IFN-γ. Up-regulation of APOBEC3 by inflammation
inhibits HCV genome synthesis via viral editing. Two to
five APOBEC3 genes are significantly up-regulated in
cirrhotic livers in following order: HCV ± HBV-related
cirrhosis > HBV-related cirrhosis > alcoholic cirrhosis,
compared to normal livers. In HBV-related cirrhosis,
HBV genome is particularly edited by APOBEC3G,
and APOBEC3G is the dominant deaminase in vivo with
up to 35% of HBV genomes being edited[56]. Hepatic
inflammation might provide a “fertile field” to facilitate
“viral mutation-selection-adaptation” evolutionary process via activating a series of enzymes including APOBEC3 and promote immune escape of HBV and HCV
during chronic infection.

C3116T are independently associated with an increased
risk of HCC[57]. In the EnhⅡ/BCP/precore region of
HBV genotype C, C1673T, A1726C, A1727T, C1730G,
C1766T, T1768A, C1773T, and C1799G are significantly
associated with an increased risk of cirrhosis, compared
to CHB; whereas these mutations are inversely associated with HCC risk, compared to cirrhosis. T1768A,
A1762T/G1764A, and A1846T are independently associated with an increased risk of cirrhosis[57]. The frequencies of G1652A, T1673C, and G1730C increase
successively from the ASC state to CHB to cirrhosis, but
significantly decrease in HCC[58]. A study conducted in
Taiwan has demonstrated that multiple HBV mutations
including preS deletion, T1762/A1764, T1766 and/or
A1768 are more often found than a single mutation patterns in the process of progression to cirrhosis[59]. The
evidence indicates that immune selection of some viral
mutations in HBV evolution towards cirrhosis seems
different from that in the evolution towards HCC. Even
though, several important HCC-related HBV mutations,
namely, preS deletion, C1653T, T1753V, and A1762T/
G1764A successively increase in their frequencies during HBV evolution from ASC state, CHB, and cirrhosis
to HCC[58,60]. This reflects the robustness of HBV preS
deletion, C1653T, T1753V, and A1762T/G1764A in predicting the entire evolutionary process from ASC state
to HCC. Although cirrhosis is an important risk factor
of HCC, most of the virus-related cirrhosis patients do
not develop HCC. The difference in immune selection
of viral mutants between evolutionary processes towards
cirrhosis and HCC should be further elucidated.
Our previous study has demonstrated that genetic
predisposition to HLA-DP function play an important
role in immune selection of cirrhosis-related HBV mutations and a significant effect of HBV mutations on
cirrhosis is selectively evident in those with HLA-DP
genotypes that promote HBV persistence[58]. HLA class
Ⅱ loci are mainly associated with spontaneous clearance
of HBV and HCV. Interestingly, genetic polymorphisms
within HLA Ⅱ loci have been frequently associated with
chronic HBV or HCV hepatitis, hepatic fibrosis, and the
development of HCC[61]. Thus, HLA-DP affects HBV
persistence, regulates immune selection of viral mutations, and influences cirrhosis risk contributed by HBV
mutations.
Cirrhosis-related HBV mutations biologically affect
the progression from chronic hepatitis to cirrhosis. Approximately 30.9% of S gene mutations occur in the
major hydrophilic region of HBs antigen, which can
change the epitopes of the three-dimensional structure,
and lead to immune escape of HBV. C1766T/T1768A,
an independent risk factor of cirrhosis in HBeAgnegative patients, can increase the pre-genome mRNA
encapsidation and then promote viral assembly[62]. In addition, the X gene mutations such as G1386M, C1485T,
and C1653T, can regulate the NF-κB signaling pathway
which plays a crucial role in the progression to cirrhosis
or HCC[63].

Association of HBV mutations with cirrhosis
HBV DNA consists of four overlapping open reading frames that encoding the envelope (pre-S/S), core
(precore/core), polymerase (P), and X proteins, respectively. HBV preS region consists of preS1 and preS2 domains and they are essential for the immune responses
because they contain several epitopes for T and/or
B cells. In our previous studies, we defined wild-type
nucleotides and mutations of HBV genotypes B and
C, respectively. A nucleotide with the highest frequency
in the sequences of HBV from asymptomatic HBsAg
carriers (ASCs) seropositive for HBeAg was termed
a wild-type nucleotide because HBeAg-positive HBV
has been traditionally treated as a wild-type strain[6,57,58].
Under this definition, we found some of the cirrhosisrelated HBV mutations (compared to ASCs and CHB
patients) and HCC-related HBV mutations (compared
to HBV-infected subjects without HCC) in the preS and
enhancer Ⅱ (EnhⅡ)/basal core promoter (BCP)/precore regions. In the preS region, 81.0% of preS1 wildtype nucleotide hotspots of HBV genotype C are significantly associated with an increased risk of cirrhosis,
as compared with CHB; 90.5% of preS1 mutations of
HBV genotype C are significantly associated with an
increased risk of HCC, compared to cirrhosis. Furthermore, wild-type nucleotides A2964C and T3116C are
independently associated with an increased risk of cirrhosis, whereas their mutation counterparts C2964A and
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Figure 1 process of hepatic satellite cells induced fibrosis. HSC: Hepatic satellite cell; IGF: insulin-like growth factor; TGF: transforming growth factor; PDGF:
platelet-derived growth factor; EGF: epidermal growth factor; MMP: matrix metalloproteinase; TNF: tumor necrosis factor.

Tissue repair and liver fibrosis
Tissue repair following liver damage as a consequence
of the inflammation through the accumulation of extracellular matrix (ECM) proteins mainly secreted by
HSCs will eventually result in the occurrence of fibrosis.
PDGF is the most potent mitogen for HSCs via the RasMAPK and PI3K-AKT/PKB signaling pathways [50].
Moreover, TGFα and epidermal growth factor (EGF)
can also stimulate the proliferation of HSCs. The “inactive” HSCs should undergo a process of unidirectional
activation, contributing to differentiate into myofibroblast-like phenotypes during fibrosis[64]. TGF-β1,
the most important proﬁbrogenic cytokine known for
activated HSCs, is mediated by intracellular signaling
via Smad proteins. Smad2 and Smad3 proteins are associated with the activated receptor of TGF-β1, whereas
Smad7 is an effective inhibitor for TGF-β1 signaling. In
addition, TGF-β1 also can increase α1 collagen mRNA
stability via p38 MAPK. HSCs also can trigger an activated process via phagocytizing the apoptotic bodies
induced by virus infection [65]. The c-Jun N-terminal
kinase-1 (Jnk1) as a profibrotic kinase in HSCs, but not
in hepatocytes, significantly contributes to liver fibrosis development[66]. JNK is involved in HSC activation
and fibrogenesis and represents a potential target for
antifibrotic treatments[67,68]. These fibrosis-promoting
proteins will increase the secretion of ﬁbrillar collagens,
resulting in the deposition of excess ﬁbrotic matrix. The
activated HSCs also can inhibit the expression of matrix
metalloproteinases (MMPs)-2, -9 and -14 which play a
role because of proteolytic activity towards ECM, via
promoting the expression of tissue inhibitors of metalloproteinases (TIMPs), thus inhibit the matrix degradation[69]. The characteristics of HSC-mediated fibrogen-
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esis result in disruption of the original architecture and
liver dysfunction (Figure 1).
Macrophages also are critical for both liver damage
and fibrosis. The proinflammatory cytokines interleukin1β (IL-1β) and IL-18, which induced by macrophages in
HCV-infected patients, can promote the inflammation
via the NF-κB signaling pathway, resulting in liver damage[70]. Activated macrophages release growth factors,
cytokines and chemokines which induce the recruitment
of monocytes, thus affecting the function of HSCs and
fibroblasts[71]. In particular, TGF- β1 and insulin-like
growth factor can activate the fibroblasts and promote
a switch in fibroblast gene expression to initiate matrix
remodeling[72]. Macrophages display a key role in the different stages of fibrosis and these characteristics may be
induced by either different cytokines in the microenvironment or the populations of macrophages[73]. On the
other hand, macrophages can exert antifibrotic activity
and promote the resolution of fibrosis by producing
interstitial collagenases like MMP13[74]. In addition, the
phagocytosis of apoptotic hepatocytes has been shown
to inhibit the development of fibrosis. Understanding
the mechanism of fibrogenesis may pave the way for the
treatment of cirrhosis.

THERAPERUTIC OPTIONS FOR VIRUSRELATED LIVER CIRRHOSIS
Without appropriate therapy for cirrhosis caused by
HBV and/or HCV infections, liver injury may persist,
thus facilitating the development of decompensated cirrhosis and HCC, especially in those with active viral replication. As viral replication is an important driving force
of cirrhosis development, antiviral treatment should be
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carried out before progression into decompensated cirrhosis[75,76]. In addition, as some signaling systems, such
as JNK, have been recently associated with the formation of cirrhosis[66-68], targeting these signaling systems
might be an important option for the treatment of liver
fibrosis and cirrhosis.

LAM and TBV significantly decrease the mortality rate
and disease severity in patients with decompensated cirrhosis. Also, both of them promote HBeAg seroconversion in these patients[86]. NAs with low rates of inducing
drug-resistant mutations and powerful and rapid HBV
suppressive function, such as ETV or TDF, could be
regarded as the first-line drugs for NAs-naive patients
with decompensated cirrhosis for long-term therapy[84-91].
Even with low doses, the application of IFN-α in patients with HBV-related decompensated cirrhosis can facilitate clinical decompensation and increase the risk of
bacterial infection[92]. IFN is contraindicated in patients
with HBV-related decompensated cirrhosis in the era of
NAs. The studies using antivirals for the treatment of
cirrhosis are listed in Table 1.
Antiviral therapy using newer NAs could delay or
obviate liver transplantation in some patients[76]. Some
clinical guidelines suggest that the clinical improvement
in some wait-listed patients with antiviral therapy could
lead to their retreat from the transplant list[93,94]. However, if the decompensation is caused by superimposed
viral infection, the effect of anti-HBV therapy would
be limited. In this situation, liver transplantation should
be the most immediate option. Standard of therapy for
patients with HBV-related decompensated cirrhosis in
accordance with their clinical manifestations, including
control of ascites, infection or encephalopathy, should
be instituted quickly and sufficiently[93]. Monitoring of
HCC and timely transferring consultation for liver transplantation are also mandatory[93,94].

Antiviral treatment of HBV-related compensated
cirrhosis
Around 30%-70% of the patients with compensated
liver cirrhosis still have active viral replication, and this
active viral replication promotes the progression of
liver injury. Successful antiviral treatment prior to the
development of cirrhosis is able to greatly reduce the
morbidity and mortality of HBV-related end-stage liver
diseases. Currently approved nucleos(t)ide analogs (NAs)
for the treatment of HBV-related diseases include lamivudine (LAM), adefovir dipivoxil (ADV), entecavir
(ETV), telbivudine (TBV), and tenofovir disoproxil fumarate (TDF)[77,78]. Antiviral therapy using newer NAs
with lower resistance rates can suppress replication and
re-activation of HBV, improve liver function, and restore many patients to a state of well compensated cirrhosis[79,80]. Long-term antiviral therapy can prevent the
development of liver decompensation in patients with
compensated cirrhosis[77]. The antiviral treatment to halt
the progression of compensated cirrhosis should be carried out as early as the diagnosis has been confirmed.
Antiviral treatment of HBV-related decompensated
cirrhosis
About 2%-5% of patients with HBV-related compensated cirrhosis developed decompensation every
year[81]. The prognosis of patients with decompensated
cirrhosis is usually poor, with a 5-year survival rate of
14%-35%[82]. All oral antivirals can prevent viral replication efficaciously and improve biochemical and clinical
parameters in patients with viral-related decompensated
cirrhosis. The selection of antivirals with high efficiency
and a low rate of resistance is necessary to attain fast
and enduring viral suppression. The use of LAM or
TBV is restricted by drug resistance. ADV is restricted
by its slower initiation of effect and potential risk of renal injury, which is fatal in decompensated patients. Furthermore, with the more use of TBV, serum creatinine
phosphokinase levels frequently increase. Therefore,
TBV should be used as a second-line drug for patients
with decompensated cirrhosis because of the safety
is not guaranteed. A meta-analysis of clinical trials on
NA-naive patients with HBeAg-positive CHB has demonstrated that TDF is associated with the highest probability of achieving undetectable HBV DNA at 1 year of
all NAs considered[83]. A randomized open-label study
has shown that ETV has a virological efficacy precede
that of ADV in HBV-related hepatic decompensation[84].
TDF and ETV are well tolerated in these patients, with
an improvement in virological, biochemical and clinical parameters[85]. Recently, a meta-analysis showed that
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Antiviral treatment of HCV-related cirrhosis
The antiviral treatment of HCV-related cirrhosis poses
much greater challenges. IFN remains an essential element of HCV antiviral treatment, but has reduced efficacy and significant toxicity at this stage of cirrhosis[79].
The current standard of care for HCV patients is the
therapy with pegylated interferon (Peg-IFN) and ribavirin (RBV), leading to 45% of cure for genotype 1 HCV
patients and approximately 80% for patients infected
with HCV genotypes 2 and 3[95]. The current standard
of care for chronic hepatitis C is the combination of
PEG-IFNα and RBV[96]. A recent study provides solid
evidence that anti-HCV treatment using recombinant or
pegylated IFN plus RBV is equally effective in compensated cirrhosis both before and after liver transplantation[97]. Several clinical trials have demonstrated that the
new direct acting antivirals, such as Sofosbuvir, Daclastavir, Asunaprevir, ABT-450, Faldaprevir, Simeprevir, and
Deleobuvir, interact with several of vital components of
HCV (NS3/4, NS5A, NS5B polymerase, etc.) and have
a chance of viral eradication of 80%-90%, with a few
negligible side effects[98]. The combination of vaniprevir (a NS3/4A protease inhibitor) with Peg-IFN plus
RBV significantly increase rates of sustained virologic
response (SVR) among treatment-experienced patients
with chronic HCV genotype 1 infection, compared to
re-treatment with Peg-IFN plus RBV alone. Vaniprevir
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Table 1 Current regimes of antiviral treatment for virus-related cirrhosis
Medicine used
HBV-related cirrhosis
ETV (1.0 mg/d)
or ADV (10 mg/d)
TBV (600 mg/d)
or LAM (100 mg/d)
ETV (0.5 mg/d)

TDF (300 mg/d)
or TDF (300 mg/d)
+ FTC (200 mg/d)
or ETV (0.5 mg/d)
ADV (10 mg/d)

Number of patients

Virological responses

Survival

100 subjects treated with ETV, 91
subjects treated with ADV

57% and 20% of subjects achieve HBV
Overall 1-yr patient survival
DNA undetectable after 48 wk (ETV and rates were 84% and 83% (ETV
ADV, respectively)
and ADV, respectively)
114 in the TBV group, another 114 49.1% and 39.5% of subjects achieve HBV Overall 1-yr patient survival
in LAM group
DNA undetectable after 104 wk (TBV and rates were 94% and 88% (TBV
LAM, respectively)
and LAM, respectively)
144 compensated and 55
78.5% and 89.1% of subjects achieve
Not analyzed
decompensated cirrhosis patients
HBV DNA undetectable after 12 mo
treated with ETV
(compensated and decompensated,
respectively)
45 in TDF group, 45 in TDF plus
70.5%, 87.8% and 72.7% achieve HBV
Not analyzed
FTC group and 22 in ETV group DNA undetectable after 48 wk (TDF, TDF
plus FTC, ETV, respectively)
226 wait-listed and 241 post-LT
patients

HCV-related cirrhosis
Group 1: PegIFN-2a + RBV2
453 in group 1, 444 in group 2 and
Group 2: PegIFN-2b + RBV3
224 in group 3
Group 3: PegIFN-2a + placebo4
Treated: IFN5 Untreated: placebo 72 patients in both treated group
and untreated group
Non-LT and LT cirrhotic patients 43 HCV non-LT cirrhotic patients
are all treated for PEG-IFN a2a
and 17 LT HCV related-cirrhotic
or a2b plus RBV6
patients

Ref.
[83]

[85]

[86]

[84]

59% and 40% achieve HBV DNA
Overall 1-yr patient survival [87]
undetectable after 48 wk (wait-listed and rates were 86% and 91% (waitpost transplantation, respectively)
listed and post transplantation,
respectively)
69%, 52% and 59% achieve SVR1 after
24 wk (group 1, group 2 and group 3,
respectively)
Not analyzed

Not analyzed

[81]

5-yr overall survival is 50% and [89]
39% in treated and untreated
group, respectively
69.8% and 47.1% achieve EVR and 41.9% None of the non-LT cirrhotic [97]
and 29.4% achieve SVR (non-LT group
patients died; LT cirrhotic
and LT group, respectively)
patients with survival rates of
87% at 1 yr and of 76% at 3 and
5 yr after the treatment

1

Undetectable HCV RNA in serum after 24 wk of post-treatment follow-up; 2Once-weekly injections of 180 mcg of PegIFN-α2a plus RBV (1000 mg/d);
Thrice-weekly injections of 3 million units of PegIFN-α2b plus RBV (1000 mg/d); 4Once-weekly injections of 180 mcg of PegIFN-α2a plus daily placebo;
5
Treatment started with 1 mega unit three times weekly for three months then increased every three months to 3, 6, and 9 mega units; 6Peg-IFN-α2a or -α2b:
at the dose of 180 mcg/wk or 1.5 mcg/kg per week respectively; and RBV 800-1200 mg, based on body weight. HBV: Hepatitis B virus; ETV: Entecavir;
TBV: Telbivudine; LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; TDF: Tenofovir disoproxil fumarate; FTC: Emtricitabine; HCV: Hepatitis C virus;
SVR: Sustained virological response; PegIFN: Peginterferon; RBV: Ribavirin; CHB: Chronic hepatitis B; IFN: Interferon; LT: Liver transplanted; EVR: Early
virological response.
3

is generally well-tolerated for up to 48 wk in those with
compensated cirrhosis[99]. Eltrombopag (an oral, nonpeptide, thrombopoietin receptor agonist) can significantly increase platelet numbers in thrombocytopenic
patients with HCV-induced cirrhosis, allowing otherwise
ineligible or marginal patients to begin and maintain antiviral therapy and leading to significantly increased rates
of SVR[100]. It has been well-established that the CC genotype of the genetic polymorphism rs12979860 located
at 3 kilobases upstream of the IL28B gene, encoding
IFN-lambda-3, is associated with spontaneous clearance
of HCV infection and an approximately 2-fold change
in response to treatment with Peg-IFN plus RBV[101,102].
The frequency of C allele of rs12979860 is 80.3% in
subjects of European ancestry and 56.2% in those of
African ancestry[101], which might be one of reasons
why the European population is more apt to eradicate
HCV than the African population. The frequency of
rs12979860 CC genotype is 84.1% in Chinese HCVpositive patients[11], indicating that HCV-related cirrhosis
in Chinese HCV carriers should not be as common as
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in HCV carriers of African ancestry. Subsequent studies
have also demonstrated that the IL-28B rs8099917 genotype TT significantly predict SVR in patients chronically
infected with HCV genotype 1 to PEG-IFN-RBV therapy[96,103]. The prediction of nonresponse to the treatment
is mandatory to avoid side effects and reduce costs[104].
Genotyping the IL-28B rs12979860 and/or rs8099917
should be considered before the treatment of HCVrelated cirrhosis. The baseline mean model of end stageliver disease (MELD) score predicts the risk of hepatic
decompensation during antiviral therapy[105], and should
be considered for the treatment of HCV-related cirrhosis with peg-IFN and RBV. Thus, antiviral treatment
with PEG-IFN+RBV and/or DAAs is recommended to
prevent the progression of HCV-related cirrhosis in patients with the CC genotype of rs12979860 and/or the
TT genotype of rs8099917 polymorphisms.
Potential stem cell treatment for decompensated
cirrhosis
Liver transplantation is the currently last option for the
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tion of hepatic fibrosis[116]. These studies suggest that
BMCs are effective sources for regenerative liver therapy.
A study group have found that targeting androgen receptor, which is a key factor in male sexual phenotype in
bone marrow mesenchymal stem cells (BM-MSCs), can
improve the therapeutic efficacy of transplantation for
liver fibrosis[117]. Autologous BMC infusion (ABMI) in
patients with cirrhosis is one of regenerative therapies.
Serum albumin levels and Child-Pugh scores significantly
improved after ABMI therapy, and the most important
is lack of adverse effects[118]. Thus, ABMI therapy should
be developed as a hopeful option for the treatment of
decompensated cirrhosis.

treatment of virus-related decompensated cirrhosis patients who fail to respond to antiviral treatments. Due
to the lack of donors, surgical complications, rejection
reactions, and high cost for liver transplantation, other
strategies have been considered for the treatment of decompensated cirrhosis. Of those, stem cell-based treatments can be expected to be an alternative for patients
with liver failure or decompensated cirrhosis because it
may improve scarring and supplement hepatocytes[106,107].
Repopulation induced hepatic stem cells (iHepSCs)
can become hepatocyte-like cells in the injured liver of
fumarylacetoacetate hydrolase (Fah)-deficient mice[108].
Mesenchymal stem cells (MSCs) produce inhibitory cytokines or induce the development of regulatory T cells in
the inflammatory and fibrotic processes, therefore they
play an immunomodulatory role in this process although
many details remain unknown[109]. Interestingly, MSC
therapy seems to be effective in regulating the immune
response in liver injury, transplantation, and autoimmunity in both patients in clinical trials and animal models
of liver disease[110]. MSCs can directly suppress the activation of the main cell source of ECM, HSCs, via MSCderived IL-10 and TNF-α, and may also induce HSC
apoptosis via the Fas/FasL pathway[111]. Therefore, MSCs
are considered to work through multiple mechanisms
to harmonize a dynamic, integrated response to liver inflammation and fibrosis, which prevents the progressive
distortion of hepatic architecture.
Another actual objective of MSC treatment is to substitute impaired hepatocytes in patients with liver failure
or decompensated cirrhosis with exogenous functional
hepatocytes [106]. For this reason, induced pluripotent
stem (iPS) cells and embryonic stem (ES) cells have been
shown to be the most competent, producing large numbers of functional hepatocyte-like cells (HLCs) in both
animal models and humans. However, ethical issues and
indeterminacy about their reaction in vivo in a proper
homoeostatic manner have limited their clinical applications[112]. It is currently unknown whether MSC therapy
could induce side effects such as hepatic artery dissection, fibrogenesis, and even tumorigenesis. The longterm clinical significance and safety of stem cell-based
therapies should be confirmed in large-scale randomized
controlled trials. Thus, the co-transplantation of iPS/
ES-derived MSCs and HLCs may offer the potency for
a series of new therapeutic interventions for liver diseases[106]. It will be highly important to tailor future stem
cell therapies to specific patient types due to the mutable
feature of different stem cells (ES, iPS, and MSCs).
Regenerative therapies have the potential to provide
minimally invasive procedures with few complications.
The potential for stem cells in bone marrow (BM) to differentiate into hepatocytes and intestinal cells was confirmed through detection of Y chromosome-containing
cells in samples from female recipients of BM cells
(BMCs) from male donors[113-115]. Recent studies showed
that use of whole bone marrow as a cell therapy in a
rodent model with chronic liver disease led to the evolu-
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CONCLUSION
The process of virus-inducted cirrhosis is a dynamic,
multifaceted network. Inflammation provides a suitable
microenvironment for the evolution of viral mutationselection-adaptation, which in turn causes disease-specific viral mutation pattern. The repeated liver damage and
tissue repair eventually progress to fibrosis and cirrhosis.
In this process, both HSCs and macrophages are important for the fibrogenesis via excessive accumulation
of ECM, and macrophages also promote the formation
of fibrosis. Oral NAs can prevent viral replication efficiently in viral-related decompensated cirrhosis, cause
the stabilization or improvement of liver function, and
improve survival. Antiviral treatment should be started
as early as the diagnosis has been confirmed. Targeting key signaling pathway should be effective in halting
the progression of cirrhosis. Moreover, stem cell-based
treatments could be an option for patients with liver failure or decompensated cirrhosis. Future studies should
focus more on insight into the cross-link between the
mechanisms and therapeutic options.
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the development of hepatic encephalopathy. However,
given relatively low quality of evidence, prospective
well-designed studies should be warranted to further
confirm these recommendations.
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Core tip: This review suggests the following: first, a
10-mm stent may be more effective than an 8-mm or
12-mm stent for the management of portal hypertension in liver cirrhosis; second, Viatorr covered stents
may be recommended for maintaining the shunt patency; finally, the placement of a transjugular intrahepatic
portosystemic shunt stent in the left portal vein branch
may be more reasonable for decreasing the development of hepatic encephalopathy.

Abstract
Nowadays, transjugular intrahepatic portosystemic
shunt (TIPS) has become a mainstay treatment option
for the management of portal hypertension-related
complications in liver cirrhosis. Accumulated evidence
has shown that its indications are being gradually expanded. Notwithstanding, less attention has been paid
for the selection of an appropriate stent during a TIPS
procedure. Herein, we attempt to review the current
evidence regarding the diameter, type, brand, and position of TIPS stents. Several following recommendations
may be considered in the clinical practice: (1) a 10-mm
stent may be more effective than an 8-mm stent for
the management of portal hypertension, and may be
superior to a 12-mm stent for the improvement of survival and shunt patency; (2) covered stents are superior to bare stents for reducing the development of shunt
dysfunction; (3) if available, Viatorr stent-grafts may be
recommended due to a higher rate of shunt patency;
and (4) the placement of a TIPS stent in the left portal
vein branch may be more reasonable for decreasing
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for management of portal hypertension in liver cirrhosis:
An evidence-based review. World J Gastroenterol 2014;
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
refers to an interventional creation of a shunt between
the portal vein and the hepatic vein or inferior vena cava
by deploying an expandable stent, thereby reducing the
portosystemic pressure gradient[1,2]. Compared with the
traditional surgical portosystemic shunt, the major advantages of TIPS include local anaesthesia and less invasive-
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Table 1 Transjugular intrahepatic portosystemic shunt for the prevention of variceal rebleeding: An overview of meta-analyses
Ref.

Design

No. trials

Zheng et al[6]

Meta-analysis
of RCTs

12

TIPS vs endoscopic
treatment

Khan et al[7]

Meta-analysis
of RCTs

22

Burroughs et al[8]

Meta-analysis
of RCTs

13

Portosystemic
shunts (surgical or
TIPS) vs endoscopic
therapy
TIPS vs endoscopic
treatment

Papatheodoridis et al[9] Meta-analysis
of RCTs

11

Luca et al[10]

11

Meta-analysis
of RCTs

Comparative arms Target population

Efficacy of TIPS

Encephalopathy

Survival or death

Variceal
rebleeding in
cirrhosis
Variceal
rebleeding in
cirrhosis

Variceal rebleeding:
The frequency
TIPS was lower
of HE: TIPS was
(P < 0.00001)
higher (P < 0.00001)
Rebleeding: shunt
Acute or chronic
was lower
HE: shunt was
higher

Death due to all
causes: NS

Recurrent bleeding:
TIPS was lower

Encephalopathy:
TIPS was higher

Survival: NS

TIPS vs endoscopic
treatment

Variceal
rebleeding in
cirrhosis
Variceal
rebleeding

TIPS vs endoscopic
treatment with or
without propranolol

Recurrent
bleeding in
cirrhosis

Variceal rebleeding:
TIPS was lower
(P < 0.001)
Recurrent bleeding:
TIPS was lower

Encephalopathy:
TIPS was higher
(P < 0.001)
Encephalopathy:
TIPS was higher

Overall mortality:
NS; sensitivity
analyses: NS
Death due to all
causes: NS; death
due to bleeding: NS

Mortality: NS

HE: Hepatic encephalopathy; NS: Not significant; RCT: Randomized controlled trial; TIPS: Transjugular intrahepatic portosystemic shunt.

Table 2 Transjugular intrahepatic portosystemic shunt for the treatment of refractory ascites: An overview of meta-analyses
Ref.

Design

No. Comparative arms Target population
trials

Chen et al[25]

Meta-regression
and Trial
Sequential Metaanalysis

6

TIPS vs largevolume
paracentesis

Refractory ascites
in liver cirrhosis

Salerno et al[26]

Meta-analysis of
individual patient
data

4

TIPS vs largevolume
paracentesis

Refractory ascites
in liver cirrhosis

Saab et al[27]

Meta-analysis of
RCTs

5

TIPS vs
paracentesis

Refractory ascites
in liver cirrhosis

D'Amico et al[28]

Meta-analysis of
RCTs

5

TIPS vs
paracentesis

Refractory ascites
in liver cirrhosis

Albillos et al[29]

Meta-analysis of
RCTs

5

TIPS vs paracente- Refractory ascites
sis
in liver cirrhosis

Deltenre et al[30]

Meta-analysis of
RCTs

5

TIPS vs large-vol- Refractory ascites
ume paracentesis in liver cirrhosis

Efficacy of TIPS

Encephalopathy

Survival or death

Ameliorate
refractory ascites:
TIPS was better
(P < 0.05)

Frequency of HE:
Overall mortality: NS;
TIPS was higher
subgroup mortality
(P < 0.01)
(patients with better hepatic
and renal function): TIPS
was lower (P < 0.05)
Tense ascites
Average number Transplant-free survival:
recurrence: TIPS was of HE episodes: TIPS was better (P = 0.035)
lower (P < 0.0001) TIPS was higher
(P = 0.006)
Re-accumulation Frequency of HE: 30-d mortality: NS; 24-mo
of ascites: TIPS was TIPS was higher
mortality: NS
lower (P < 0.01)
(P < 0.01)
Recurrence of
Frequency of HE:
Mortality: NS
ascites: TIPS was
TIPS was higher
lower (P < 0.05)
(P < 0.05)
Ascites recurrence: Risk of HE: TIPS Overall mortality: NS; subTIPS was lower
was greater
group mortality (patients
(P < 0.05)
with recidivant ascites):
TIPS was lower (P < 0.05)
Control of ascites:
HE: TIPS was
Survival: NS
TIPS was better
higher (P < 0.001)
(P < 0.001)

HE: Hepatic encephalopathy; NS: Not significant; RCT: Randomized controlled trial; TIPS: Transjugular intrahepatic portosystemic shunt.

ness. Since its first clinical application, TIPS has been
widely used for the treatment of portal hypertensionrelated complications in liver cirrhosis for nearly 25
years[3]. Existing and well-established evidence supports
the following indications for TIPS[4,5]. First, TIPS should
be recommended as the second-line treatment option for
the prevention of variceal rebleeding in liver cirrhosis[4].
This recommendation is mainly based on the results of 5
meta-analyses[6-10] and 12 randomized controlled trials[11-22]
(Table 1). Although TIPS significantly reduces the incidence of variceal rebleeding in liver cirrhosis, it cannot
improve the survival with a significantly higher rate of
hepatic encephalopathy and shunt dysfunction. Second,

WJG|www.wjgnet.com

TIPS should be used as the rescue treatment for acute
varcieal bleeding that is not responsive to medical and/or
endoscopic therapy in liver cirrhosis[4]. However, a recent
multi-center randomized trial has shown a significant
survival benefit of early TIPS with covered stents for
the treatment of acute variceal bleeding in high-risk cirrhotic patients[23], which potentially challenges the current
recommendation[24]. Third, TIPS should be used for the
treatment of refractory ascites that is not responsive to
large volume paracentesis[4]. This recommendation primarily originates from the results of 6 meta-analyses[25-30]
and 6 randomized controlled trials[31-35] (Table 2). Notably, the subgroup meta-analyses have shown that TIPS
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can significantly reduce the mortality in patients with
recidivant ascites[29] and those with better hepatic and
renal function[25]. More importantly, a meta-analysis of
individual data has revealed that TIPS can significantly
improve the transplant-free survival [26]. This positive
conclusion is also confirmed by our recent meta-analysis
using hazard ratios (our unpublished data). However, due
to a high incidence of post-TIPS hepatic encephalopathy,
it is still regarded as the second-line therapy of choice.
Apart from these classical indications, emerging evidence
has attempted to establish the novel indications for TIPS,
such as the management of gastric variceal bleeding[36,37],
ectopic variceal bleeding[37-39], hepatic hydrothorax[40-42],
hepatorenal syndrome[42-44], portal vein thrombosis[45-49],
and Budd-Chiari syndrome (BCS)[50-52].
Generally, accumulated evidence has witnessed the
essential role of TIPS for the management of portal hypertension in liver cirrhosis. Notwithstanding, the technical details remain controversial, such as the selection of
stents and puncture position, necessity of adjunctive variceal embolization (see a recent meta-analysis[53]), and benefit of postoperative anticoagulation or anti-platelets (see
previous randomized controlled trials[54,55]). In this paper,
we focus on reviewing the current evidence regarding the
diameter, type, brand, and position of TIPS stents. Other
issues are beyond the scope of this review.

the 1-year rate of remaining free of recurrence and/or
persistence of complications due to portal hypertension
(82.9% vs 41.9%, P = 0.002, by Log-Rank test). In details,
the difference was statistically significant in patients treated for refractory ascites, but was slight in those treated
for variceal bleeding. In spite of its advantages in the
improvement of portal hypertension, the 10-mm stent
group was similar to the 8-mm stent group for the 1-year
rate of remaining free of post-TIPS hepatic encephalopathy (46.7% vs 42.6%, P = 0.48, by Log-Rank test) and
1-year cumulative survival rate (79.6% vs 79.1%, P = 0.20,
by Log-Rank test).
On the basis of these findings, it might be recommended that the 10-mm stent, rather than 12-mm or
8-mm stent, was more appropriate for TIPS procedure.
Notably, the latter clinical trial was prematurely stopped
due to the side effects of treatment failure from the 8-mm
stent group[57]. The behavior might influence the weight
of these conclusions. In this case, the statistical difference in the incidence of post-TIPS hepatic encephalopathy as the primary endpoint could not be reached.
Additionally, the subgroup analysis of this trial did not
show any significant improvement of variceal rebleeding in the 10-mm stent group[57]. Due to the potential
limitations, a randomized controlled trial (ClinicalTrials.
gov: NCT01410591) is ongoing to primarily compare the
incidence of shunt dysfunction as the primary endpoint
in cirrhotic patients with at least one episode of variceal
bleeding receiving 10-mm and 8-mm covered stents.

DIAMETER OF TIPS STENTS: 8-MM,
10-MM VS 12-MM
Theoretically, a larger diameter of TIPS stent can reach
the target portosystemic pressure gradient more effectively and rapidly. However, the excessive shunting of
portal blood flow can induce the development of hepatic
dysfunction and encephalopathy. Therefore, it is important to choose an appropriate diameter of stent to balance between the efficacy and complications of TIPS.
An early retrospective study compared the outcomes
of TIPS between cirrhotic patients receiving 10-mm (n
= 23) and 12-mm (n = 23) Wallstents[56]. The 1-d occlusion rate was significantly higher in the 12-mm stent
group than in the 10-mm stent group (17% vs 0%). But
the long-term primary and secondary patency rates were
similar between the two groups. Additionally, the 1-mo
mortality rate was higher in the 12-mm stent group than
in the 10-mm stent group (26% vs 4%). More importantly, the survival time was significantly shorter in the
12-mm stent group than in the 10-mm stent group (P <
0.03) over the course of the study.
Recently, an Italian, single-center, randomized controlled trial compared the outcomes of TIPS between
cirrhotic patients with variceal bleeding or refractory ascites receiving 8-mm (n = 22) and 10-mm (n = 23) PTFEcovered stents[57]. The 10-mm stents were more effective
than the 8-mm stents for reducing the portosystemic
pressure gradient after TIPS (6.5 ± 2.7 mmHg vs 8.9 ± 2.7
mmHg, P = 0.007). Accordingly, the 10-mm stent group
was also superior to the 8-mm stent group for decreasing
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TYPE OF STENTS: COVERED VS BARE
In the era of bare stents, a high incidence of shunt dysfunction is one of the most severe complications of
TIPS. Since the introduction of covered stents, numerous
comparative studies[45,58-69] (Table 3) and case series[70-77]
(Table 4) have shown their remarkable benefit in the
improvement of shunt patency. However, only one of
these studies was randomized controlled trial[68]. In this
European, multi-national, randomized controlled trial, 80
cirrhotic patients were assigned to the covered (n = 39)
and bare (n = 41) stent groups[68]. The preliminary analysis confirmed a lower incidence of shunt dysfunction
(5/39 vs 18/41, P < 0.001) and clinical relapse (3/39 vs
12/41, P < 0.05) in the covered stent group. Subsequently, an extended follow-up analysis further demonstrated
a higher actuarial rate of remaining free of hepatic encephalopathy (67% vs 51%, P < 0.05) in the covered stent
group[69]. But no survival benefit from the covered stents
was found[68,69]. Thus, the wide application of covered
stents during a TIPS procedure was greatly prompted
by these promising findings. But the potentially lethal
complication associated with covered stents should not
be neglected, such as segmental liver ischemia due to the
obstruction of hepatic venous outflow caused by covered
stents[78-80].
Recently, a meta-analysis of 6 studies, including 346
and 929 patients receiving covered and bare stents, re-
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Table 3 Comparison of outcome after transjugular intrahepatic portosystemic shunt between covered and bare stents: An overview
of comparative studies
Period

Target population

No.
patients
(covered/
bare)

Efficacy of TIPS
(covered/bare)

Luca et al[45]

2003.1-2010.2

Cirrhotic patients
with non-tumoural
PVT

70 (57/13)

NA

Sommer et al[58]

2001.2-2011.1

Patients with
elective TIPS
procedures

174
(58/116)

Clark et al[59]

2001-2010

Patients with PH

246
(176/70)

Maleux et al[60]

1992-2006

Cirrhotic patients
with refractory
ascites

222
(126/96)

Wu et al[61]

2007.4-2009.4

Patients with PH

60 (30/30)

Bandi et al[62]

2006.3-2009.3

Patients with PH

66 (33/33)

Jung et al[63]

1996.6-2006.2

Patients who
received de novo
TIPS

81 (51/30)

Pan et al[64]

2001.1- 2005.12

Patients with
variceal bleeding
and refractory
ascites

128 (57/71)

Tripathi et al[65]

1991.7- 2004.12

Ref.

Patients with
473
variceal bleeding,
(157/316)
ascites, portal
hypertensive
gastropathy, hepatic
hydrothorax
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Shunt dysfunction
or patency
(covered/bare)

Post-TIPS
encephalopathy
(covered/bare)

12-mo shunt
NA
dysfunction rate:
21%/38%; 24-mo
shunt dysfunction
rate: 29%/85%
Clinical success
12-mo primary
Overall rate:
rate: ascites:
shunt patency rate: 36.5%/37.5% (NS)
90.5%/81.3%;
62.4%/43.9%
ascites + bleeding:
(P < 0.05)
85.7%/73.7%;
bleeding:
90.0%/86.2% (NS)
NA
Overall shunt
NA
dysfunction rate:
22%/ 57%
(P = 0.05)
Rate of clinically
1-yr shunt
1-yr rate: 22%/56%
significant residual dysfunction rate:
(P < 0.0001)
ascites 1 mo after
19%/49%
TIPS: 35.5%/55.6%
(P < 0.0001)
(P = 0.003)
Number of
Number of shunt Number: 5/6 (P =
rebleeding: 1/6
dysfunction: 0/9
0.74)
(P = 0.04)
(P = 0.002)
Clinical relapse
Number of shunt
Overall rate:
number (rate): 8 dysfunction: 5/15
22%/33% (NS)
(26%)/15 (45%)
(P < 0.05)
(P < 0.05)
Bleeding group:
3-mo primary
Overall rate:
3-mo clinical
patency rate:
15%/14% (P = 0.7)
success rate:
94%/63%
100%/58%
(P = 0.03); 6-mo
(P = 0.03); 12-mo
primary patency
clinical success
rate: 67%/ 8%
rate: 67%/18%
(P = 0.47); 12-mo
(P = 0.046). Ascites primary patency
group: 3-mo
rate: 38%/24%
clinical success
(P = 0.65)
rate: 77%/70%
(P = 0.2); 12-mo
clinical success
rate: 64%/33% (P =
0.18)
NA
30-d shunt
NA
dysfunction rate:
1.8%/4.2%
(P = 0.4); 6-mo
shunt dysfunction
rate: 5.2/25.3%
(P = 0.003); 1-yr
shunt dysfunction
rate: 5.2%/30.9%
(P = 0.004); overall
shunt dysfunction
rate: 8.7%/40.8%
(P = 0.004)
2-yr cumulative
2-yr cumulative
2-yr cumulative
rebleeding rate:
shunt dysfunction rate: 23%/38% (P <
6%/17% (P < 0.05)
rate: 11%/74%
0.05)
(P < 0.001); overall
shunt dysfunction
rate: 8%/48%
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Survival or death
(covered/bare)

NA

12-mo survival
rate: 79.1%/75.6%;
overall survival
time: 835.25 ± 823.0
(9–3200)/805.6 ±
868.4 (6–3290) d
(NS)
Survival time:
33/31 mo (P = 0.5)

6-mo survival
rate: 73.2%/62.8%;
1-yr survival rate:
65.5%/55.0% (P =
0.0071)
Number of death:
0/4 (P = 0.038)
Overall survival
rate: 66%/37% (P <
0.05)
Bleeding group:
30-d mortality
rate: 40%/33% (P
= 0.69); overall
mortality rate:
40%/50% (P =
0.57). Ascites
group: 30-d
mortality rate:
6%/27% (P = 0.13);
overall mortality
rate: 13%/55% (P =
0.02)

6-mo mortality
rate: 10.5%/16.9%
(P = 0.3); 1-yr
mortality rate:
14%/23.9% (P
= 0.2); overall
mortality rate:
21.1%/35.2% (P =
0.08)

2-yr cumulative
mortality rate:
49%/50%
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Gandini et al[66]

1994.1- 2003.11

Patients with BCS

Barrio et al[67]

1998.9-2002.5

Cirrhotic patients
with PH related
complications

Bureau et al[68,69]

2000.2-2002.4

Patients with
cirrhosis and
uncontrolled
bleeding, recurrent
bleeding, or
refractory ascites

13 (7/6)

Clinical relapse
rate: 100%/0%

6-mo primary
Overall rate:
patency rate:
0%/0%
100%/16.7%;
12-mo primary
patency rate:
85.7%/0%
(P < 0.001, LogRank)
70 (20/50)
Rate of clinical
6-mo shunt
1-mo rate:
recurrence of portal dysfunction rate:
41%/20%; 3-mo
hypertension
0%/32%; 12-mo
rate: 44%/34%;
related
shunt dysfunction
9-mo rate:
complications:
rate: 0%/82%
44%/40% (P = 0.5,
0%/22% (P = 0.085)
(P = 0.03, LogLog-Rank)
Rank)
80 (39/41)
Clinical relapse
1-yr primary
1-yr rate: 22%/41%
rate: 7.7%/29.3%
patency rate:
(P = 0.0586)
85.6%/46.6%; 2-yr
primary patency
rate: 80.2%/18.6%
(P = 0.0005, LogRank)

NA

6-mo survival rate:
67%/88%; 12-mo
survival rate:
67%/81% (P = 0.11,
Log-Rank)

1-yr survival rate:
70.9%/59.5%;
2-yr survival rate:
64.5%/40.5%

BCS: Budd-Chiari syndrome; NA: Not available; NS: Not significant; PH: Portal hypertension; PVT: Portal vein thrombosis; TIPS: Transjugular intrahepatic
portosystemic shunt.

spectively, showed not only a significant improvement of
primary patency (HR = 0.28) and a significant reduction
of risk of hepatic encephalopathy (HR = 0.65) but also
a significant decrease of mortality in the covered stent
group (HR = 0.76)[81]. In addition, the heterogeneity
among studies was not significant in all analyses. But it
should be noted that the indication for TIPS was heterogeneous among these included studies.
Taken together, covered stents should be recommended for the TIPS procedure. More importantly, because bare stents were employed in all previous randomized controlled trials comparing the outcome between
cirrhotic patients with portal hypertension receiving
TIPS and those receiving other treatments, the role of
TIPS with covered stents in the management of portal
hypertension should be reconsidered in future trials[82].
Until now, one completed trial (Current Controlled Trials
number: ISRCTN58150114) has shown positive results
that the early use of TIPS with covered stents can significantly reduce the treatment failure and mortality of acute
variceal bleeding in high-risk cirrhotic patients[23]. Additionally, several ongoing trials have attempted to further
update the indications of TIPS, as follows: (1) whether
TIPS with coated stents or paracentesis plus albumin
administration is better for the treatment of refractory ascites in patients with cirrhosis (ClinicalTrials.gov:
NCT00222014); (2) whether TIPS with covered stents or
endoscopic band ligation is better in cirrhosis with recurrent variceal bleeding non-responding to medical therapy
(ClinicalTrials.gov: NCT00570973); (3) whether TIPS
endoprosthesis or large volume paracentesis is better for
the treatment of ascites in patients with portal hypertension (ClinicalTrials.gov: NCT01236339); (4) whether early
TIPS with covered stents or non-selective beta blocker
plus endoscopic treatment is better for acute variceal
bleeding in high-risk cirrhotic patients (ClinicalTrials.
gov: NCT01370161); and (5) whether TIPS with covered
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stents or conventional treatment is better for the prevention of variceal rebleeding in cirrhotic patients with portal vein thrombosis (ClinicalTrials.gov: NCT01326949).
As for BCS patients, the benefit of covered stents appears to be controversial. In 17 retrospective case series focusing on the outcome of BCS treated with TIPS alone[52],
the rate of shunt dysfunction is 18%-100%, which is higher in patients with BCS than in those with cirrhotic portal
hypertension. This phenomenon may be attributed to the
hypercoagulability and more complex anatomy in BCS
patients. Although most of studies support the use of covered stents for improving the shunt patency[50,66,83-88], a large
study reports a similar shunt patency rate (bare stents: 81%
vs covered stents: 85%)[89]. More recently, our retrospective
study of 51 BCS patients treated with TIPS, by using Cox
regression, demonstrated no significant association between the type of stents (bare vs covered) and the development of shunt dysfunction (HR = 1.14, 95%CI: 0.46-2.82,
P = 0.775)[51]. Certainly, the results should be cautiously
interpreted, due to a relatively small number of patients, a
short follow-up time, the retrospective nature of this study,
and the use of Fluency stents.

BRAND OF COVERED STENTS: FLUENCY
VS VIATORR
Currently, the Viatorr stent-graft (Gore WL and Associates, Flagstaff, AZ, United States), which is produced
as the specialized TIPS endoprosthesis, is commercially
available in the United States and Europe. Alternatively,
Fluency covered stent (Angiomed GmbH Co. subsidiary of C.R. Bard, Inc.), which is mainly employed for
the treatment of iliac artery diseases, can be purchased
in some other countries, such as China mainland. They
have different designs. The former mainly includes a 4 to
8-cm-long intra-hepatic region covered by PTFE inside a
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Table 4 Outcome of transjugular intrahepatic portosystemic shunt with covered stents: An overview of case series
Ref.

Period

n

Cumulative shunt HE (n ) No. Pts
Patients
death (n )
dysfunction or
with shunt
patency rate
dysfunction (n )

Indication for TIPS

Liver function

Follow-up
1
time

654 ± 341 6-mo: 8; overall:
NA
(253-1584)
14
d
NA
16
1-yr dysfunction
rate: 13.3%; 2-yr
dysfunction rate:
24.8%

15

7

23

NA

24.1 ± 8.8
mo

NA

23

18

NA

NA

22

6-mo
dysfunction
rate: 8.1%; 1-yr
dysfunction
rate: 20.1%; 2-yr
dysfunction rate:
24.1%
NA

27

35

10

30-d: 3;
overall: 16

Sajja et al[70]

2001.1- 2011.12

59

Ascites (16), variceal
bleeding (31), both (12)

MELD score:
12.5

Wu et al[71]

NA

114

CPC A/B/C:
29/68/34

Wu et al[72]

2008.1- 2011.12

150

Rössle et al[73]

2000.4-2004.10

100

Vignali et al[74]

2001.2-2003.12

114

Pure esophageal
variceal disruption
hemorrhage (92), pure
refractory cirrhotic
ascites (8), esophageal
variceal disruption
hemorrhage with
refractory ascites (14)
Gastroesophageal
variceal bleeding (134),
refractory ascites (16)
Variceal bleeding (41);
refractory ascites,
hydrothorax, or
hepatorenal syndrome
(59)
Variceal bleeding
(49), refractory ascites
(52), hypertensive
gastropathy (10),
BCS (1), hepatorenal
syndrome (2)

CPC A/B/C:
8/60/46

11.9 ± 10.2
(0-38) mo

15

Maleux et al[75]

2000.8-2003.5

56

CPC A/B/C:
8/13/35

337 (4-962)
d

1

Charon et al[76]

2000.7-2003.1

100

1999.9-2002.3

71

CPC A/B/C:
20/46/34
CPC A/B/C:
10/43/18

261
(45-837) d
NA

11

Hausegger et al[77]

Upper variceal
bleeding (18),
refractory ascites (23),
variceal bleeding
with refractory ascites
(10), refractory ascites
with hydrothorax (4),
hydrothorax (1)
Variceal bleeding (81),
refractory ascites (19)
Refractory ascites (44),
recurrent esophageal
bleeding (27)

CPC A/B/C:
30/81/39
CPC A/B/C:
21/58/21

17

22 ± 15 6-mo: 6; 1-yr: 7;
(0.8-47) mo 2-yr: 11; overall:
16

9

1-yr patency rate: Acute:
45
84%
13
6-mo patency
18
30-d: 7;
rate: 87.4%; 1-yr
overall: 20
patency rate:
80.8%

1

Data are expressed as absolute mean ± SD (range) or mean (range). BCS: Budd-Chiari syndrome; CPC: Child-Pugh class; HE: Hepatic encephalopathy;
MELD: Model for end-stage liver disease; NA: Not available.

stent and a 2-cm-long portal-vein region uncovered. The
latter is fully covered by PTFE inside and outside a bare
stent without a bare segment at the portal vein end of the
stent. Thus, the placement of a Fluency stent should not
be extended into the main portal vein trunk. Otherwise,
the hepatic perfusion from the portal vein blood flow
would be affected.
In a retrospective study, the investigators compared
the outcome of TIPS between patients receiving Viatorr
stents only (n = 28) and those receiving Fluency stents
only (n = 93)[90]. Although the major encephalopathy rate
was not significantly different between the two groups
(3.6% vs 4.3%, P = 1.0), the Viatorr stent group showed a
higher hemodynamic success rate (98% vs 90%) and primary unassisted patency rate (6-mo: 95% vs 87%; 12-mo:
89% vs 81%, P = 0.03) than the Fluency stent group. No-
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tably, the development of shunt dysfunction was primarily attributed to the stenosis of the portal and hepatic vein
end in the Fluency and Viatorr stent groups, respectively.
The difference in the causes of shunt dysfunction might
be explained by the different design of the two stents.
In a retrospective case series regarding the outcome
of TIPS for the treatment of BCS, Fluency covered
stents elevated the incidence of post-TIPS hepatic encephalopathy than bare stents[51]. This might be explained
by the possibility that fully covered stents decreased
hepatic perfusion, thereby preventing the liver from removing toxic substances from the body. However, the
retrospective nature and a small sample size of this study
might limit the generalization of this finding.
Collectively, the Viatorr stent may be superior to
the Fluency stent in reducing the incidence of shunt
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dysfunction. Certainly, the Fluency stent should be
an alternative choice due to the limited availability of
Viatorr stent in some regions. In addition, a combined
Wallstent/Fluency stent may be considered to further
improve the shunt patency[90].

real-world clinical situations. An occlusive intrahepatic
portal vein branch is considered an important factor for
TIPS failure in patients with portal vein thrombosis[46].
Thus, to increase the rate of TIPS success, the stent
should be placed in a patent vessel, regardless of left or
right portal vein branch. In addition, an ideal position of
stent placement is often difficult to be achieved in BCS
patients with hepatic vein thrombosis and hepatic enlargement and congestion, because the stent is often placed
through a long distance between the IVC and portal vein.

POSITION OF STENT PLACEMENT: LEFT
VS RIGHT PORTAL VEIN BRANCH
As for the proximal (i.e., hepatic vein) end of the stent
placement, the optimal position is the confluence of the
hepatic vein and the inferior vena cava[91]. This is primarily because venous intimal hyperplasia would develop
due to the increased high-velocity blood flow after TIPS
insertion and thereby lead to hepatic vein stenosis[92], if a
stent did not cover the proximal end of the hepatic vein.
As for the distant (i.e., portal vein) end, the stent placement into the right portal vein branch is preferred during
a TIPS procedure. This is mainly because it is relatively
easier to puncture from the hepatic vein to the right
portal vein branch in routine clinical practice. However,
whether the placement of TIPS stents into the left or
right portal vein branch is more beneficial has been rarely
recognized. In a recent randomized controlled trial, 72
advanced cirrhotic patients undergoing TIPS were assigned to the left and right portal vein branch groups[93].
The findings of this trial were impressive that the placement of stents into the left portal vein branch led to a
significantly lower incidence of overall hepatic encephalopathy (7/36 vs 14/32, P = 0.036) and de novo encephalopathy (4/36 vs 12/32, P = 0.012) after TIPS insertion.
Accordingly, the proportion of patients re-admitted to
the hospital at least once was significantly lower in the
left portal vein branch group than in the right portal vein
branch group (16/36 vs 24/32, P = 0.015). Also, the total
cost per patient within the first 2 years was significantly
lower in the left portal vein branch group than in the
right portal vein branch group. But the position of stent
placement did not significantly impact the reduction of
portosystemic pressure gradient after TIPS (10.2 ± 1.6 vs
10.4 ± 1.4, P = 0.889), the prevention of variceal rebleeding (6/36 vs 5/32, P = 0.907), and the control of ascites
persistence or recurrence (11/36 vs 15/32, P = 0.167).
This randomized study suggests the rationality of
placing a stent into the left portal vein branch during a
TIPS procedure. This may be explained by the anatomy
of the portal venous system. In the normal circumstance,
30% and 70% of the blood from the main portal vein is
drained into the left and right portal vein branch, respectively. Thus, as the stent is placed in the right portal vein
branch, a larger amount of blood will be bypassed from
the right liver lobe that is nearly 6 times larger than the
left liver lobe, thereby greatly decreasing the hepatic perfusion and inducing the development of liver dysfunction
and hepatic encephalopathy. By comparison, the stent
placement into the left portal vein branch may produce a
lower risk of hepatic encephalopathy.
Notably, this conclusion needs to be balanced in the
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CONCLUSION
Selection of an appropriate stent during a TIPS procedure is very important for the shunt function and treatment efficacy. By reviewing the current evidence, several
following recommendations may be considered in the
clinical practice: (1) a 10-mm stent may be superior to
an 8-mm or 12-mm stent for the management of portal
hypertension and the improvement of shunt patency; (2)
covered stents are better than bare stents for decreasing
the shunt dysfunction; (3) if available, Viatorr stent-grafts
may be superior to Fluency stent-grafts for the improvement of shunt patency; and (4) the placement of a stent
in the left portal vein branch may improve the hepatic
perfusion and decrease the incidence of hepatic encephalopathy. However, we have to acknowledge that these
recommendations are based on a majority of retrospective studies. Therefore, prospective well-designed studies
should be warranted to confirm them.
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Core tip: This review article focuses on how the management of variceal haemorrhage, has changed and
evolved over the decades. A novel historical approach
detailing changes per decades is taken - with a review
of each therapies and its impact on outcome.

Abstract

Rajoriya N, Tripathi D. Historical overview and review of current
day treatment in the management of acute variceal haemorrhage.
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Variceal haemorrhage is one of the most devastating
consequences of portal hypertension, with a 1-year
mortality of 40%. With the passage of time, acute
management strategies have developed with improved
survival. The major historical treatment landmarks in
the management of variceal haemorrhage can be divided into surgical, medical, endoscopic and radiological breakthroughs. We sought to provide a historical
overview of the management of variceal haemorrhage
and how treatment modalities over time have impacted
on clinical outcomes. A PubMed search of the following terms: portal hypertension, variceal haemorrhage,
gastric varices, oesophageal varices, transjugular
intrahepatic portosystemic shunt was performed. To
complement this, Google™ was searched with the
aforementioned terms. Other relevant references were
identified after review of the reference lists of articles.
The review of therapeutic advances was conducted divided into pre-1970s, 1970/80s, 1990s, 2000-2010 and
post-2010. Also, a summary and review on the pathophysiology of portal hypertension and clinical outcomes
in variceal haemorrhage was performed. Aided by the
development of endoscopic therapies, medication and
improved radiological interventions; the management
of variceal haemorrhage has changed over recent de-
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INTRODUCTION
Gastro-oesophageal variceal haemorrhage is a lifethreatening complication of portal hypertension. Historically, overall mortality rates have been reported up to
30%-50%[1] and 1-year mortality as high as 70%[2]. Chronic
liver disease of any aetiology can result in portal hypertension, the key event leading to formation of portosystemic
collaterals including gastro-oesophageal varices. An increase in portal pressure is the most important risk factor
for the development of varices[2]. The onset of portal
hypertension can not only cause variceal haemorrhage,
but also herald the development of other complications
of liver cirrhosis such as ascites formation and hepatic
encephalopathy. Therapies to reduce portal hypertension,
along with improved resuscitation techniques and the
advent of broad-spectrum antibiotics in variceal haemorrhage have improved outcomes[1]. Novel endoscopic and
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radiological therapies have also improved outcomes and
now play a pivotal role in the management of variceal
haemorrhage. Injection sclerotherapy with sclerosant
agents have been largely superseded by endoscopic variceal band ligation (EVBL) for oesophageal variceal haemorrhage whilst for gastric variceal haemorrhage, tissue
adhesives have become increasing used and incorporated
into consensus guidelines as 1st line therapies[2]. In addition
to direct endoscopic therapies, measures have been introduced such as increased access to endoscopy including
24-h “bleeding rotas” performed by skilled endoscopists.
These have coincided with the decline in use of tamponade equipment such as the Minnesota, Linton-Nachlas
and Sengstaken-Blakemore tubes, and virtual extinction
of emergency surgical procedures such as oesophageal
transection or portocaval shunt formation, which had
high associated mortality[1,3]. With all the pharmacological, radiological and endoscopic developments, mortality
has fallen in the last 3 decades, and in one study mortality
rates fell from 42%[4] in 1981 to recent actual rates ranging from 6%-12%[3]. New radiological procedures such
as transjugular intrahepatic portosystemic stent-shunts
(TIPSS) and balloon retrograde transvenous obliteration
(BRTO) have a role in acute variceal haemorrhage often
as “rescue therapy” when endoscopic therapies have
failed. The emerging role of TIPSS in an “early” setting,
within 72 h after haemostasis following the index bleed in
high-risk patients has been recently studied[4]. The excellent results could lead to new paradigm in the utility of
TIPSS following variceal bleeding.
This article aims to focus on the outcomes following variceal bleeding and how, over time, these have
improved with the advent of new medical therapies and
endoscopic and radiological therapies. A PubMed search
was performed using the following keywords: portal
hypertension, variceal haemorrhage, gastric varices, oesophageal varices, transjugular intrahepatic portosystemic
shunt, TIPS and TIPSS. From this search 37431 articles
were found, however 127 articles/abstracts were studied
for the writing of this review article. This search was
complemented by a search of the keywords using www.
google.com™.

intrahepatic eNOS activity. This second event is modifiable with medications such including beta-blockers and
nitrates. These events together result in the development of the portosystemic collateral circulation with the
aim of decompressing the portal circulation. However,
the opposite occurs, with splanchnic vasodilatation in
response to a relatively ischaemic liver or extrahepatic
excess of NO, with sGC-PKG signalling and smooth
muscle cell relaxation[3]. The increased portal blood flow
maintains portal hypertension. A hyperdynamic circulation results due to these haemodynamic changes in cirrhosis and portal hypertension. This manifests as high
cardiac output with low systematic vascular resistance
and arterial hypotension[5].
Portal pressure can be derived from the hepatic venous pressure gradient (HVPG), which is normally in
the range 1-5 mmHg. This is performed by advancing a
catheter until it is wedged into a hepatic vein thus gaining
a wedged hepatic vein pressure (WHVP)[6].
Initial studies on estimation of portal pressure from
an occluded hepatic venule date as far back as 1951[2].
HVPG = WHVP - free hepatic venous pressure (FHVP)
where HVPG represents the gradient between portal and
caval pressure. FHVP cancels out variations in abdominal
pressure and acts as an internal zero. Sinusoidal and post
sinusoidal, but not pre-sinusoidal portal hypertension results in a raised HVPG as the resistance to flow extends
from the hepatic venous system to the portal vein. It has
been demonstrated that varices are more likely to develop
if the HVPG is > 10 mmHg[7].

CLINICAL VARIABLES OF OUTCOME IN
VARICEAL HAEMORRHAGE
Variceal haemorrhage is a life-threatening emergency,
with a mortality of up to 20% at 6-wk[2,8]. It is now considered that any death occurring within 6 wk from a hospital admission for variceal haemorrhage be considered
a variceal bleed-related death[2]. Other end-points are the
advent of rebleeding after 1st variceal bleed (index bleed)
or failure to control bleeding, which are often used to
define outcomes. Rebleeding is an important predictive
factor of mortality and a good indicator of the success
of intervention directly targeted at upper gastrointestinal
(GI) bleeding[9]. The factors contributing to outcome
often from an upper GI bleed in patients with cirrhosis
can be broadly divided into those correlating to severity
of bleed and then also those relating to severity of liver
disease.
The most applicable measurement of portal hypertension is the HVPG, which has been shown to be of
prognostic benefit in patients having an acute variceal
haemorrhage. Moitinho et al[10] found HVPG the only
independent predictor of 5-d treatment failure after variceal bleed (rebleeding or death) with the best cut-off of
HVPG of 20 mmHg. HVPG has also been found to be
an independent predictor of 6-wk and 1 year mortality
(38% vs 5% in those with HVPG < 20, and 65% vs 20%

PATHOPHYSIOLOGY OF PORTAL
HYPERTENSION AND UTILITY OF
HEPATIC VENOUS PRESSURE GRADIENT
Portal hypertension results from 3 principal events. The
first is of a purely mechanical obstruction due to fibrosis
or regenerative nodules resulting in increased resistance
to flow. The second mechanism accounts for 20%-30%
of increased intrahepatic resistance to portal inflow.
There is contraction of sinusoidal and extra sinusoidal
contractile cells (stellate cells and VSMCs) with intrahepatic imbalance between vasoconstrictors (such as endothelin-1 and angiotensin) and vasodilators (such as nitric
oxide and glucagon). This imbalance leads to reduced
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Table 1 Predictors of day 5 treatment failure

Table 2 Predictors of 6-wk mortality

Variable

OR

95%CI

Variable

OR

95%CI

Transfusion in 24 h (units)
CTP class
AST (per 10 U increase)
PV thrombosis

1.35
2.27
1.03
2.75

1.13-1.61
1.22-4.22
1.01-1.06
1.25-6.04

Albumin (per 1 g reduction)
Bilirubin (per 1 mg increase)
Transfusion total (units)
Hepatocellular carcinoma
Encephalopathy

2.33
1.23
1.40
3.44
2.30

1.32-4.00
1.10-1.37
1.19-1.66
1.64-7.24
1.39-3.70

Adapted from D’Amico et al[14]. AST: Aspartate aminotransferase; PV:
Portal vein; CTP: Child–Turcotte–Pugh.

Adapted from D’Amico et al[14].

los et al[16] identified clinical predictors for early and late
mortality in patients with variceal haemorrhage. ChildPugh C (and haemodynamic shock - another marker of
severity of bleed) on admission were independent predictors of 6-wk mortality (P = 0.003 and 0.0037 respectively). Predictors of 1 year mortality at initial admission
included: Child-Pugh C (P = 0.028), presence of hepatocellular carcinoma (P = 0.04) and partial thromboplastin
time (P = 0.021) Mortality however in this series was not
affected by the presence of active bleeding at endoscopy
or infection. Thus with set parameters in measuring outcomes from acute variceal bleeding - in severity of liver
disease and also severity of haemorrhage; different therapeutic strategies over the years have evolved, improving
outcomes in this potentially life threatening condition.

at 1 year)[10,11]. A single HVPG measurement 2 wk after
a variceal bleed has been shown to be an independent
predictor for survival[12] with those patients having a
measurement < 16 mmHg having a 35% 2 year survival
(compared to 15% in those with HVPG > 16 mmHg). In
those patients on vasoactive therapy, a HVPG response
to treatment (i.e., > 20% drop from baseline of to < 12
mmHg)[13] are independent predictors of survival.
The severity of liver disease can also be measured by
a number of easily clinically accessible scoring systems including the Child-Pugh Turcotte (CPT) score/grade and
the MELD scores. In an Italian study of 465 patients[14],
prognostic parameters for 6-wk mortality and also day 5
failure (i.e., uncontrolled bleeding, rebleeding or death)
were studied in patients with cirrhosis and an upper gastrointestinal bleed (Tables 1 and 2). The variables in this
study could be divided into three variables: (1) severity
of underlying liver disease (CTP and its components); (2)
specific features of liver disease (HCC and portal vein
thrombosis); and (3) severity of bleeding (transfusion
requirement and rise in aspartate aminotransferase as reflected by hypotension causing ischaemic hit to liver).
In another study by Carbonell et al[3] patients presenting to a centre with variceal bleeding were studied over 2
decades with 523 episodes of GI bleeding encountered
in 468 patients with cirrhosis (319 episodes of variceal
bleeding in 295 patients). On multivariant analysis, independent predictors of survival were: younger age (P
= 0.04), antibiotic prophylaxis (P = 0.01), endoscopic
therapy (P = 0.008), lower CPT score (P < 0.0001) and
absence of hypovolemic shock (P = 0.005). In this same
study, persistent bleeding at admission and absence of
endoscopic therapy were independent predictors of rebleeding (P = 0.004 and P = 0.01 respectively). Interestingly, mortality fell from 9%-0% in CPT-A patients and
46%-0% in CPT-B over 20 years. Even in the patients
CPT-C disease, mortality fell from 70% to 32%.
The advent of infection, encephalopathy and acute
kidney injury (AKI) have been shown to be important
late prognostic markers after the 1st index bleed[15] with
AKI, rebleeding, HCC and encephalopathy all independent predictors of mortality in 403 patients presenting
with an upper GI bleed in liver cirrhosis (of which 187
episodes were from varices). In this retrospective study,
predictors of rebleeding included CPT class (P < 0.001)
and severity of bleeding (P < 0.005) with rebleeding more
common in those with oesophageal varices (OR = 4.3,
95%CI: 2.6-7.2). In a retrospective study by Thomopou-
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MANAGMEMENT STRATEGIES AND
THEIR INFLUENCE ON OUTCOME
Pre-1970s
Sclerotherapy for the management of oesophageal varices was described initially by Crafoord and Freckner[17] in
1939 with injection of Quinine. However, it was not until
later in the 20th century that this therapy became commonplace in the management of variceal haemorrhage,
especially with the advent of fibre-optic endoscopy.
Surgery was the mainstay of therapy for variceal haemorrhage prior to the 1970s. Surgical techniques such as
oesophageal stapling or oesophagectomy were used, but
with high mortality rates from complications such as sepsis, liver failure and renal failure[18]. In patients with portal
hypertension, devascularisation procedures were shown
to reduce variceal bleeding and mortality in primary prophylaxis in the 1980s, although there was heterogeneity in
one such study by Inokuchi et al[19] with recruitment from
a total of 22 centres. Shunt formation such as a splenorenal shunt was also performed with rebleeding rates varying from 5%-40%[20,21]. The role of splenectomy was and
continues to be useful in patients with segmental portal
hypertension secondary to an isolated splenic vein thrombosis. However, this surgical procedure was established
later in the 20th century. Surgical therapies in present
guidelines are reserved for patients who fail endoscopic
therapies, and have been superseded by either TIPSS as
rescue therapy or early TIPSS post index variceal bleeding, which will be discussed later[2].
Another method used prior to the advent of endo-
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sion of the lumen[34]. A meta-analysis by D’Amico et al[1]
showed the type and volume of sclerosant did not seem
to affect the efficacy.
Another issue of trials using injection sclerotherapy
in the late 1980s (and 1990s) was the confounding factor
that some trials had patients who were not actively bleeding at the time of initial endoscopy[1,35]. Furthermore,
the optimal doses of sclerosing agents is unknown, with
heterogeneity in scheduled follow-up endoscopies, and
also differences between para- and intra-variceal injections[36,37]. There was however no doubt of sclerotherapy
efficacy in the role of variceal bleeding. Sclerotherapy was
compared to placebo in a controlled trial, with 56 patients
having sclerotherapy injection and 60 placebo in patients
with variceal bleeding. Survival was significantly better in
those treated by sclerotherapy (P < 0.001)[38]. Sclerotherapy was also compared with oesophageal transection in 4
randomised trials[39-42] with similar mortality rates but rebleeding rates higher in the sclerotherapy arms. Only one
trial showed a statistically significant reduction in failure
to control bleeding with surgery[39]. When sclerotherapy
was compared to balloon tamponade in 4 trials[43-46], 2 trials showed significantly higher control of bleeding with
sclerotherapy[43,44].
In 1988, the first human cases were described of the
use of EVBL in patients with oesophageal varices, based
on the concept of banding haemorrhoids with elastic
O-rings[47]. This technique was initially applied to canine
models in the late 1980s[48,49] and then to patients with
portal hypertension by Van Stiegmann et al[50]. EVBL was
then successfully incorporated into the management of
oesophageal variceal bleeding in the 1990s.

scopic therapy pre-1970s was balloon tamponade. The
Sengstaken-Blakemore tube’s use was first described in
1950 by Sengstaken and Blakemore[22] although the role
of balloon tamponade was initially described in 1930[23].
Its place has largely been superseded by endoscopic
therapies, however 21st century guidelines[24] still suggest
a role for balloon tamponade, being used in massive
haemorrhage as a bridge until definitive treatment can be
instituted (for a maximum of 24 h). Although developed
pre-1970s, its role in variceal haemorrhage was secured
later in the century with effectiveness in controlling acute
bleeding in up to 90% of patients, however with up to
50% rebleeding rates when the balloon was deflated[25].
Complications of balloon tamponade include aspiration
pneumonia (often compounded by variceal haemorrhage
event itself in encephalopathic patients) and oesophageal
ulceration or rupture[26] in up to 15%-20%.
1970/1980s
The Linton-Nachlas balloon was developed in the
1970s[27] with a single 600 mL gastric balloon. The safety
of this tube compared to Sengstaken Blakemore tube was
identified in controlled trial of 79 patients with oesophagogastric variceal haemorrhage[28]. Both types of tamponade therapies resulted in primary haemostasis rates
of 86%, but when bleeding from oesophageal varices
was assessed, the Sengstaken Blakemore tube achieved
permanent haemostasis in 52% compared the LintonNachlas tube 30%. The latter was more effective at controlling gastric variceal haemorrhage with 50% primary
haemostasis rates compared to total failure in the Sengstaken Blakemore arm. The use of balloon tamponade
as definitive therapy however was to be revolutionised by
the advent of the fibre-optic endoscope and the therapies
that could be delivered with it.
Rigid endoscopes were replaced by narrow fibre-optic
endoscopes allowing therapy to be deployed through accessory channels. With a new and easier method for not
only diagnosis of variceal haemorrhage but also therapeutic manoeuvres, new therapies were developed. The
use of the overtube was phased out, patient comfort was
improved and twin channel endoscopes were developed.
The first reported case series of endoscopic sclerotherapy[29] was published in the early 1970s with its use becoming more established in the 1980s and thereafter. The
concept was that the bleeding varix would “thrombose
off ” by internal injection of sclerosant causing vascular
thrombosis and vascular obliteration[30]. Ethanolamine
oleate, sodium tetradecyl sulphate, polidocanol, sodium
morrhuate and ethanol have been used for injection
sclerotherapy and successfully used in controlled trials[31].
In Europe the most common agents used were ethanolamine oleate and polidocanol, whereas in the United
States sodium morrhuate was preferred[32,33]. Paravariceal
injection involved injection around the varix causing variceal occlusion by tamponade and subsequent submucosal
fibrosis of tissue around the varix, whereas intra-variceal
injection induced thrombosis and subsequent occlu-
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1990s
In the 1990s, further trials were carried out with injection sclerotherapy in not only oesophageal but also
gastric variceal haemorrhage. Endoscopic therapy with
sclerotherapy was found to control active bleeding from
oesophageal varices in more than 90% of patients, and
effective in reducing the frequency of rebleeding[51-53].
Injection sclerotherapy agents were compared, however most studies found them to have similar efficacy,
although with some differences in cost[54,55] and time to
obliteration[54,56]. The choice of sclerosant was dependant
often on the operator and availability in the endoscopy
units. A meta-analysis of 5 studies (Laine L, personal
communication[24]) of 251 patients, showed significant
benefits of sclerotherapy in terms of initial haemostasis
rates compared to sham sclerotherapy, vasopressor therapy alone or balloon tamponade. In another meta-analysis,
sclerotherapy was found to be the “gold standard” in
acute variceal bleeding[57] with survival benefit seen when
used in combination with vasoconstrictors than vasoconstrictors alone. Thus its role in the management of variceal bleeding became established. Injection sclerotherapy
use was also extended to the treatment of gastric varices
initially by Gotlib and Zimmerman[58] in 1984. The mechanism of action became clearer in the 1980s and 1990s
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Table 3 Comparison of vasoactive pharmacological therapies used in variceal haemorrhage

Mode of
administration
Class
Indication
Proposed mechanism
of action

Dose
Side effects/cautions

Octreotide

Somatostatin

Terlipressin

Bolus followed by Ⅳ infusion

Bolus followed by Ⅳ infusion

Ⅳ bolus

Somatostatin analogue
Variceal haemorrhage

Variceal haemorrhage

Mechanism unclear
Inhibition of glucagon-mediated splanchnic
vasodilatation and reduction of postprandial
gut hyperemia
Bolus of 50 μg, followed by an infusion of 50
μg per hour for up to 5 d
Vomiting, abdominal pain, nausea, hepatitis,
abnormal LFTs, diahorrea, hypoglycaemia.
Rarely arrhythmias, dyspnoea, pancreatitis,
rash and alopecia

Synthetic analogue of Vasopressin
Variceal haemorrhage
Hepatorenal syndrome
V1 receptors blockade causing splanchnic
vasoconstriction

Amino-acid peptide that reduced
splanchnic blood flow (especially
azygous). Prevent release of vasoactive peptides
Infusion of 250-500 μg/h
2 mg bolus followed by 1 mg every 4 h for 3-5
d
Loss of appetite, nausea, vomiting,
Vasoconstrictive side-effects: myocardial
abdominal, diahorrea and fatigue ischemia, limb ischemia (avoid if peripheral
vascular disease), nausea and diahorrea.
Hyponatraemia

LFTs: Liver function tests.

with reports of gastric variceal endothelial damage with
subsequent sclerosis[58]. Sarin et al[59] reported a 71.6%
variceal obliteration rate in patients with gastric variceal
haemorrhage treated with sclerotherapy. However, high
re-bleeding rates of up to 60%-90% were reported[26,60].
The combination of ethanolamine sclerosant and cyanoacrylate glue was reported to produce rapid eradication
of oesophagogastric varices, with fewer number of injection sessions[61,62].
The 1990s also saw the role of EVBL developed
to the forefront of oesophageal variceal haemorrhage.
EVBL however is not without complications including:
oesophageal ulceration, chest pain, transient dysphagia
and occasionally oesophageal stricturing seen at followup endoscopy. EVBL however evolved in the 1990s and
into the 21st century as the recommended standard treatment for bleeding oesophageal varices[24]. In a meta-analysis of 10 randomised controlled trials comparing sclerotherapy with EVBL, there was a non-significant benefit
of EVBL in achieving initial haemostasis vs sclerotherapy
(pooled relative risk of 0.53 with 95%CI: 0.28-1.01)[63]. In
one particular study, HVPG increased significantly immediately after both therapies but remained elevated for
the duration of the 5 d in the sclerotherapy group whilst
returning to baseline levels by 48 h after EVBL group[64]
thus potentially identifying a rationale for the use of
EVBL over sclerotherapy. In another meta-analysis there
was no difference in initial haemostasis rates between
both modalities (RR = 1.1, 95%CI: 0.4-2.9)[65], but actively bleeding patients represented only a small subset from
larger trials[24].
To complement endoscopic therapies, pharmacological therapies were developed for optimising outcomes
in variceal bleeding (Table 3). The lowering of portal
pressure, even prior to endoscopy, if the source of upper
gastrointestinal bleeding was suspected to be variceal[2,66]
became an important issue. To that end, vasopressin
and terlipressin were developed and deployed in such
a setting. Terlipressin (triglycyl-lysine vasopressin) is a
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synthetic analogue of vasopressin with longer half-life
negating the need for continuous infusion and acts on
V1 receptors leading to splanchnic vasoconstriction. This
in turn reduces portal inflow and pressure. Consequently
there is an improvement in renal blood flow and reduction in portal pressure. Blockade of the V2 receptors can
also result in free water absorption in the renal collecting
ducts. Vasopressin (mainly used in the United States due
to the unavailability in terlipressin) had been shown to
achieve haemostasis in 60%-80%[67] of patients, but compared with terlipressin had less effect on the reduction
of early rebleeding and did not improve survival from
active variceal haemorrhage. Terlipressin was shown to
reduce all-cause mortality when compared to placebo in
meta-analyses[68,69] and guidelines recommend early treatment, which should be continued for up to 5 d[24] when
potential for rebleeding is greatest. Side-effects include
peripheral or coronary ischaemia, nausea and diahorrea.
Blocking activation of the V2 receptors of the renal tubules can cause a dilutional hyponatraemia, an effect that
reverses rapidly on discontinuation of the drug. When
compared to somatostatin analogues such as octreotide,
the haemodynamic effects of terlipressin on portal pressure were found to be more sustained[69] suggesting terlipressin might have a more prolonged benefit in bleeding
varices. Thus vasoactive drugs became a key part of the
initial therapy in variceal haemorrhage.
One of the major radiological advances in the management of variceal haemorrhage in the 1990’s was the
advent of TIPSS. Although first described in 1983 by
Colapinto et al[70], it was largely in the 1990s and thereafter that its place in the management of portal hypertensive complications was secured. TIPSS involves the
placement of a stent between the portal and hepatic vein
to reduce portal pressure, thus stemming variceal haemorrhage or preventing rebleeding. Complications of
TIPSS include haemorrhage, infection, intravascular haemolysis, liver dysfunction, shunt dysfunction and worsening of hepatic encephalopathy[71,72]. Initial TIPSS were
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therapies using thrombin and N-butyl-2-cyanoacrylate
(Histoacryl ™) injection. N-butyl-2-cyanoacrylate is a
long-chain cyanoacrylate glue that polymerises and solidifies within seconds following contact with blood in a gastric varix. It is mixed with the oily agent Lipiodol delaying
polymerisation. Complications of its use include: endoscope damage due to blockage of the injection channel,
sticking of the injection needle into a varix, mediastinitis,
local abscesses, and cerebral/pulmonary embolisms or
splenic infarcts from glue migration. Immediate haemostasis rates of 92%-100% have been reported with variable
re-bleeding rates[86-93]. Cyanoacrylate glue when compared
with ethanol injection in a randomised study had faster
rates of variceal obliteration, required smaller injection
volumes, had improved efficacy in control of acute gastric
variceal bleeding and reduced need for rescue surgery[92,93].
Thrombin was another obturation therapy developed in
the 21st century used in acutely bleeding gastric varices. It
is a haemostatic agent converting fibrinogen to a fibrin
clot and causing platelet aggregation[94]. Initially in the late
1980s and 1990s there were small case-series of its use
with haemostasis rates between 70%-100% using bovine
thrombin[95-99]. Bovine thrombin was discontinued because
of the potential risk of prion transmission. Thus, shortterm small uncontrolled studies of human-derived thrombin have demonstrated initial haemostasis rates of 100%
but often a high mortality from re-bleeding[99-101]. A recent
retrospective study from Edinburgh, United Kingdom
demonstrated in 33 patients treated with human thrombin
for gastric variceal bleeding rebleeding rates of 10.8%[102].
It is worth noting to date there have been no controlled
trials with thrombin vs other obturation treatments such
as N-butyl-2-cyanoacrylate) to our knowledge.
Radiological interventions in variceal haemorrhage
improved in the new century too. In 2004, the advent
of covered TIPSS stent (with an expanded polytetrafluoroethylene cover) was hailed as a breakthrough and
approved by the United States Food and Drug Administration. The covered stent improved shunt patency
by reducing tissue ingrowth by minimising transmural
bile permeation[103]. The primary patency of covered
stents at 1-year were found to be up to 80%-90%[104-107]
with reduction of rebleeding post “index bleed” to less
than 10%[105,107,108]. Other studies confirmed the role of
a rescue TIPSS in variceal bleeding which could not be
controlled by endoscopy or vasoactive drugs[67,68]. The
early TIPSS placement has been shown to have beneficial
effect in patients with a HVPG > 20 mmHg presenting
with a variceal bleed[11]. In this study published in 2004,
patients who were considered high risk (HVPG > 20
mmHg) were selected and randomised to early uncovered
TIPSS or standard of care within 24 h of presentation.
Treatment failure was deemed as failure to control acute
variceal bleeding and/or early rebleeding after the first
endoscopic therapy. TIPPS reduced rebleeding and treatment failure, and was associated with superior in-hospital
and 1-year survival. However, the therapy used in the
control arm was endoscopic sclerotherapy alone, which

bare-metal stents with rebleeding rates of up to 20% at 2
years[73]. TIPSS was initially used for uncontrolled bleeding with control of bleeding in 90%-95% of patients
and a 4-wk survival of 50%-60%[74]. In a review of 15
studies, immediate haemostasis rates of 93% were found
with rebleeding rates of 12%[75]. In another meta-analysis
of 11 randomised controlled trials, although TIPSS reduced risk of rebleeding, TIPSS was found to not affect
survival in patients with variceal haemorrhage[76]. TIPSS
was also found to be successful in the management of
bleeding gastric varices[77-79].
2000-2010
With the dawn on the 21st century, pharmacological, endoscopic and radiological therapies for variceal haemorrhage
improved outcomes. The role of antibiotics in variceal
bleeding became clear in the early 21st century. Primary
or secondary bacterial infections are common in cirrhotic
patients[80,81] due to bacterial translocation into the portal
system from impaired mucosal integrity and an impaired
immune function. Antibiotics were found to reduce bacterial infections, recurrent bleeding and improve mortality
in patients bleeding from oesophageal varices[82-84]. Current guidelines recommend broad-spectrum antibiotic
prophylaxis[2,24,26] in patients with suspected and proven
variceal haemorrhage. Local antibiotic policy can vary
and a patient’s “nil-by mouth” status can influence the
choice of antibiotic. However, oral quinolones are recommended, or a 3rd generation cephalosporin in patients who
received quinolone prophylaxis, have advanced cirrhosis,
or live in areas of high quinolone resistance[2]. Another
area of interest recently in resuscitation has been that of
transfusion. In a study by Villanueva et al[85] the role of
over-transfusion in GI bleeding has been explored and its
effects on portal pressure. In patients with a liberal transfusion strategy [transfused when haemoglobin (Hb) fell
to less than 9 g/dL] there was a significant rise in portal
pressure gradient in the 1st five d post bleed compared to
patients with a restrictive transfusion strategy (transfused
when Hb fell to less than 7 g/dL). Thus is could be argued
that patients with a variceal bleed are not as aggressively
resuscitated/over-transfused as they may have previously
been, however further clarification in this area is required.
Endoscopic therapy developed further in the 21st century, with obturation therapies for gastric variceal bleeding coming of age in the new millennium. Gastric varices
account for 10%-30% of variceal haemorrhage, and
although less common than oesophageal varices, when
bleeding occurs it can often be torrential and associated
with a high mortality[86-89]. Gastric varices can also bleed
at a lower portal pressure than oesophageal varices[86-89].
There is limited data on EVBL in the management of
gastric variceal bleeding with high rates of gastric variceal
recurrence following EVBL due to a more superficial effect compared with obturation therapy[86]. Technical difficulty of banding in a retroflexed endoscope position and
a theoretical risk of gastric rupture has meant EVBL for
gastric varices has largely been superseded by obturation
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is not the accepted standard of care. The other major issue translating this study into real world practice was the
availability of HVPG in routine clinical practice.
Interventional radiological procedures for the treatment of gastric varices in the 2000s included the advent
of BRTO[109-111] as salvage or rescue therapy when endoscopic obturation therapy fails. BRTO is an interventional radiological technique for gastric variceal bleeding
whereby a splenorenal shunt often seen in such patients
can be occluded with sclerosant using a balloon catheter
approached via the left renal vein[109-111]. BRTO may potentially become an alternative to TIPSS in patients with active gastric variceal bleeding in whom a gastrorenal shunt
is present[110]. However, it is not commonly used out-with
the Far East or large tertiary referral centres. There is also
an increased risk of the development of oesophageal varices after its use[109]. Its role has not been incorporated in
any European or United States guidelines to date[2,24].
Liver transplantation is the only curative treatment
for liver cirrhosis at this point in time, although its role in
bleeding variceal haemorrhage has not been established.
In some centres it has been proposed as a treatment in
patients with advanced liver disease who fail endoscopic
therapies[112]. These studies were however in the era prior
to EVBL, combined pharmacological and endoscopic
therapies and TIPSS. In a trial by Orloff et al[113] unselected consecutive patients with advanced cirrhosis and
bleeding oesophageal varices were studied who had either
sclerotherapy (n = 106) or emergency direct portocaval
shunt (n = 105). The 3-, 5-, 10- and 15-year survival rates
were significantly higher in the portocaval shunt group (P
< 0.001). On the follow-up, 6% of patients were referred
for liver transplant assessment, 3% listed and only a total
of 2% actually underwent liver transplantation for progressive liver failure. A conclusion drawn from the study
authors was that transplantation was infrequently required in this setting (even prior to the TIPSS era) and if
initial bleeding was controlled (in 100% of the portocaval
shunt arm) then survival was similar or better than that
following transplant. It should be remembered that such
centre-specific data however often differs from centres
with less experience in portocaval shunts. However to our
knowledge there are no randomised trials of endoscopic
therapy with radiological therapy and liver transplantation in the setting for acute variceal haemorrhage and this
is certainly not current practice. It could be argued that
transplantation should only be reserved in those patients
whom combined pharmacological and endoscopic therapy fails along with a trial of radiological intervention such
as TIPSS or BRTO, or even surgery. However, patients
with poor liver function or in whom liver function does
not recover should always be considered at an early stage
for liver transplant assessment where appropriate based
on local scoring systems such as MELD in the United
States and UKELD in the United Kingdom.

and further study include the early role of TIPSS in variceal haemorrhage, oesophageal stents and new agents for
haemostasis.
The exact and optimal role of TIPSS in variceal haemorrhage has been particularly under the spotlight recently.
In 2004, the early placement of TIPSS was shown to have
beneficial effect in patients with a HVPG > 20 mmHg
presenting with a variceal bleed[11]. In a recent seminal
multi-centre European study in 2010[4], 63 cirrhotic patients with oesophageal variceal bleeding were treated
with vasoactive drugs plus endoscopic therapy and then
randomised to one of two treatment arms if they had
Child’s C disease or active bleeding and Child’s B disease.
The first arm was covered TIPSS within 72 h (“earlyTIPSS”), and the second arm continuation of vasoactive
drugs for 3 to 5 d followed by non-selective beta-blockers
and with long-term EVBL (with the insertion of a TIPSS
only if required as a rescue therapy). Rebleeding or failure
to control bleeding occurred in only one patient in the
“early TIPSS” arm, and in 14 patients in the control arm
(P < 0.001). Overall mortality was lower in the “earlyTIPSS” group (12 vs 4 patients, P = 0.01) with 1-year
survival of 61% in the control group vs 86% in the “earlyTIPSS” group (P < 0.001). There was no difference in the
incidence of hepatic encephalopathy. A post RCT surveillance study from the same group published last year,
aimed to confirm the results in a clinical setting[114] (Table
4). Patients admitted with acute variceal bleeding and high
risk of treatment failure (Child C < 14 or Child B plus
active bleeding) were thereafter treated with early covered
TIPSS (n = 45) or combined pharmacology/endoscopic
therapy (n = 30). The patients treated with “early-TIPSS”
had lower rates of rebleeding or failure to control bleeding than patients receiving combined therapy (3 vs 15,
P < 0.001). There was a tendency also towards reduced
mortality in the “early-TIPSS” group (P = 0.056). Criticisms of the “early TIPSS” trial however included that
recruitment was prolonged (3 years) to recruit 63 patients
via 9 centres[4], with a high exclusion rate (296 patients
excluded). The second issue is that of the inclusion of
patients with ongoing bleeding following index endoscopy. This might arguably be termed a “rescue” TIPSS
and although no studies have been done in this area it is
intuitive to suggest that survival would be improved if
haemostasis has not been achieved. Thirdly, survival at
1 year with “early TIPSS” was remarkably high (86% vs
61% in the medical management group)[4]. Thus the current Baveno V guidelines[2] suggest considering the “early
TIPSS” approach, but clearly further studies are necessary where patients requiring an “early TIPSS” as a rescue
therapy are excluded.
Another novel area of interest recently is the use
of self-expanding oesophageal stents, which again will
require further study to clarify their role in influencing outcome from variceal haemorrhage. The stent acts
by applying direct tamponade to the distal oesophageal
mucosa and any associated bleeding varices. Such stents
were used in a pilot study in 20 patients who failed to

Post-2010
Areas of recent interest that required future clarification
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Table 4 Summary of randomized controlled trials and meta-analysis of different therapies over time in variceal haemorrhage
Ref.

Trial design/therapy

Surgical techniques
Inokuchi et al[19]

Outcome/results

Randomised controlled trial (RCT)/prophylactic surgical
intervention (n = 60) vs non surgical intervention (n = 52) for
oesophageal varices

5-yr cumulative survival rate at 5 yr in the operated group was
72% vs 45% (P < 0.05). 5-yr cumulative variceal bleeding rate at 5
yr was 7% in the operated group v46% (P < 0.001)

Balloon tamponade
Terés et al[28]

RCT/comparison of SB vs Linton-Nachlas (LN)

Primary haemostasis rates of 86%. In oesophageal variceal
bleeding SB tube achieved permanent haemostasis in 52% vs 30%
in LN tube

Sclerotherapy
The Copenhagen
esophageal varices
sclerotherapy
project[46]
Westaby et al[38]

Randomised multicentre trial/187 unselected patients with
oesophageal variceal bleed randomly assigned to medical
treatment including balloon tamponade or to medical treatment
supplemented with paravariceal sclerotherapy
RCT of sclerotherapy (n = 56) vs placebo (n = 60)

Overall mortality in the sclerotherapy group (hazard) was 76%
(95%CI: 10%-54%) of that in the medical-regimen group ( relative
mortality in the sclerotherapy group was 63% of that in the
medical-regimen group)
Survival was significantly better in those treated by sclerotherapy
(P < 0.001)
Burroughs et al[39] Randomised trial/a comparison of sclerotherapy (n = 5) with
Total mortality did not differ significantly between the two
staple transection (n = 51) of the oesophagus for the emergency groups. Mortality at six wk was 44% among those assigned
control of bleeding from oesophageal varices
to sclerotherapy and 35% assigned to staple transection.
Complication rates were similar for the two groups
D’Amico et al[126]
Cochrane database systematic/meta-analysis of 17 trials,
Authors concluded no convincing evidence to support the use
assessing the benefits of sclerotherapy vs vasoactive drugs in
of emergency sclerotherapy as the first, single treatment when
patients with variceal bleeding
compared with vasoactive drugs
Thakeb et al[62]
Randomised controlled trial/assess the role of the combined
Arrested acute bleeding in 66.7% of patients with gastric variceal
N-butyl-2-cyanoacrylate and ethanolamine oleate (n = 58) vs
bleeding. Recurrent bleeding in 8.6% in the combined therapy
ethanolamine sclerotherapy (n = 56) for management of bleeding group vs 25% in the sclerosis group (P < 0.01). The mortality in
esophagogastric varices
the combined therapy group less than sclerosis group (3.5% and
8.8% respectively, P > 0.05)
Endoscopic variceal band ligation (EVBL)
Laine et al[65]
Meta-analysis of 7 RCTs/comparison of the effect of EVBL
EVBL (vs sclerotherapy) reduced the rebleeding rate (OR = 0.52,
vs sclerotherapy in the treatment of patients with bleeding
95%CI: 0.37-0.74), the mortality rate (OR = 0.67, 95%CI: 0.46-0.98),
esophageal varices
and the rate of death due to bleeding (OR = 0.49, 95%CI:
0.24-0.996)
Garcia-Pagán et al[63] Meta-analysis of 10 RCTs comparing sclerotherapy with EVBL
Non-significant benefit of EVBL in achieving initial haemostasis
vs sclerotherapy (pooled relative risk of 0.53 with 95%CI:
0.28-1.01)
Radiological transjugular intrahepatic portosystemic stent-shunts (TIPSS)
Monescillo et al[11] RCT of patients (116) divided into low risk/high risk of
Early TIPSS placement in patients with HVPG > 20 within 24 h of
rebleeding based on hepatic venous pressure gradient (HVPG)
admission reduced in-patient and 1 yr mortality
García-Pagán et al[4] RCT/role of early TIPSS in patients with oesophageal variceal
Rebleeding or failure to control bleeding in 14 patients in the
haemorrhage (n = 32) within 72 h of admission vs continuation of pharmacotherapy-EVBL group vs 1 patient in the early-TIPS
vasoactive Tx and B-blocker/EVBL (n = 31) thereafter
group (P = 0.001)
Garcia-Pagán et al[114] Post-RCT surveillance study/retrospective review of patients
Early-TIPSS group had a much lower incidence of failure to
admitted for acute variceal bleeding and high risk of treatment
control bleeding/rebleeding than drug + ET (3 vs 15, P < 0.001).
failure treated with early-TIPSS (n = 45) or drugs/endoscopic
1-yr actuarial survival was 86% vs 70% respectively (P = 0.056)
therapy (ET) (n = 30)
Yang et al[127]
Mata-analysis of 6 studies of covered stents vs bare metal stents Use of polytetrafluoroethylene-covered stent-grafts associated
with improved shunt patency without increasing the risk of
hepatic encephalopathy and with a trend towards better survival

achieve haemostasis with pharmacological or endoscopic
techniques[115], and achieved 100% immediate haemostasis rates in such a rescue setting. There was a stent
migration in 25% of patients in this initial study and
10% of patients died within 5 d. Three other studies
have further been published[116-118], with a combined total
of 57 patients. Successful stent placement ranged from
90%-100% and control of bleeding ranging between
70%-100%. Stent migration rates varied from 0%-18%
with a total of 4 patients rebleeding. Such stents may be a
promising option in refractory oesophageal haemorrhage
as bridge therapy to definite treatment such as TIPSS.
However, randomized controlled trials with comparison
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to other interventions or even as an adjunct to current
standard of care are necessary before they can be considered standard of care. Their mechanism of action
would make them comparable to balloon tamponade and
there is currently a study group in Barcelona exploring
this (NCT01242280). Another United Kingdom study
entitled “Effective haemostasis using self-expandable
covered mesh-metal oeosphageal stents vs standard endoscopic therapy in the emergency treatment of oesophageal variceal hemorrhage: A multicenter, open, prospective, randomized, controlled study-ISRCTN 98310189”
is under way and recruiting. Preliminary data was recently
presented in the use of stents compared to balloon tam-
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ponade in variceal bleeding refractory to endoscopic and
medical therapy. Escorsell et al[119] reported on 28 patients
(15 Sengstaken and 13 metal stents) with the intention to
treat analysis showing more frequent success of therapy
in the stent arm (46% vs 3%, P = 0.005). There was a
trend towards better control of bleeding (P = 0.1) and
less transfusion requirements (P = 0.08) in the stent arm.
Survival rates were comparable (P = 0.4). The authors
concluded that oesophageal stents were indeed more effective than balloon tamponade for temporary control
of variceal haemorrhage in treatment failures. The stents
however do not have a role in gastric variceal bleeding in
their current form.
Another new area of interest that has been the development of haemostatic powders/sprays. TC-325 (Hemospray, Cook Technology™) is a granular non absorbable mineral powder used in the management of arterial
wounds. It achieves hemostasis by activating platelets
and increasing the concentration of clotting factors and
also by forming a mechanical barrier over the wall of
a bleeding vessel[120] thus forming a mechanical plug at
site of bleeding[121]. It contains no proteins from animals
or humans. The spray device kit contains an application
catheter, a propellant CO2 canister and also a chamber
containing 20 g of powder. Its role has been studied in
patients bleeding from peptic ulcers[122].
In a pilot study by Ibrahim et al[123], the use of one
such powder TC-325 (was studied in 2 tertiary care referral centres with primary haemostasis rates and rebleeding
rates measured). Nine patients with confirmed variceal
bleeding had treatment within 12 h of admission, with
21 g of haemostatic powder applied via a catheter in the
accessory channel of the endoscope from the cardia up
to 15 cm above the gastro-oesophageal junction. There
was no rebleeding within 24 h and no mortality at 15 d.
Although a small pilot study, further larger trials needed
to secure its position in variceal haemorrhage. In another
case series, its role in the management of portal hypertensive bleeding was studied in 4 patients - 3 with portal
hypertensive gastropathies and 1 portal colopathy[124]. All
patients had cessation of bleeding with Hemospray and
reduced transfusion requirements thereafter however in
1 patient a complication of viscus perforation was encountered and the patient died shortly after endoscopy however it was unclear if perforation was secondary to
instrumentation during the procedure or the spray itself.
Its use has also been studied in small case reports in the
management of bleeding gastric varices[125]. This remains
a promising area requiring further large trials securing its
position in the management of variceal haemorrhage.

pled with improved medical management of variceal
bleeding patients has resulted in improved mortality
and rebleeding rates. However the delivery of optimal
management of these patients in the “real-world” setting remains variable. With firm guidelines in place for
the management of variceal haemorrhage and general
management of upper gastrointestinal bleed patients,
it is paramount that local centres aim to deliver such
standards. Currently the gold standard management involves adequate and early resuscitation including airway
support if required. The optimal circulating volume
should allow good perfusion pressures however over
transfusion recently has been contentious with further
studies required in this area. Vasopressor and antibiotic
treatments are now well established in variceal haemorrhage and should be instituted early in a presumed (or
confirmed) variceal haemorrhage. Definitive endoscopic
treatment is required, however the timing of endoscopy
often depends on local units and ease of endoscopic
services out-of-h. To develop optimal endoscopic services local and national auditing of services is required,
but also training of competent endoscopists who can
manage acute variceal haemorrhage optimally pre-, periand post-endoscopy.
In the management of oesophageal variceal haemorrhage, endoscopic band ligation should be the favored
definitive treatment, with sclerotherapy reserved potentially for those whom EVBL cannot be performed (Figure
1). In gastric varices the optimal treatment remains to be
ascertained between N-butyl-2-cyanoacylate or thrombin,
and a randomised controlled trial in this area would be
helpful in the future. Much depends on the endoscopist
familiarity with both injection methods, with thrombin
being technically easier in our experience with potentially
less complications. Other endoscopic therapies such as
oesophageal stents and Hemospray are intriguing and
may indeed have a role in patients who fail standard
endoscopic treatments, however larger trials are also required for these agents.
If endoscopic therapy is difficult, or does not halt
the bleeding in oesophageal variceal haemorrhage then a
rescue TIPSS can be performed. The role of an “early”
TIPPS in those who have had initial bleeding halted to
prevent rebleeding and potentially improve mortality is
something that requires further study and may potentially
have significant implications for regional radiological centres offering TIPSS to other hospitals. Other interventional radiological procedures such as BRTO offer promise in refractory gastric variceal haemorrhage however
there availability is dependent on the expertise of centre’s
radiologists.
In summary, over the last few decades, much has been
achieved in the management of variceal haemorrhage
from an almost always life terminating event, to now, an
event that can be adequately and aggressively managed,
with the aim to completely reduce mortality from variceal
bleeding. The next decade will be indeed an exciting time
in the management of variceal haemorrhage.

CONCLUSION
Variceal haemorrhage from oesophageal or gastric
varices remains a life-threatening emergency requiring
urgent specialist care. The development over the years
of endoscopic access and therapies has transformed
the management of variceal haemorrhage. This cou-
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Presumed variceal
haemorrhage

General recussitation measures including: intubation if at risk of aspiration/
encephalopathic, aim for Hb 7-8 g/dL, correction of coagulopathy if required,
iv antibiotic per local protocol (quinolone or 3rd generation cephalosporin) and
vasopressor (either terlipressin or octreotide) per availability

Oesophageal
variceal
haemorrhage

EVBL (or sclerotherapy if EVBL
difficult)

Haemorrage
cessation

Endoscopy within
12 h to confirm
diagnosis and treat

Gastric
variceal
haemorrhage

Recussitation ± balloon tamponade,
then repeat endoscopic therapy or
consideration of tipss with covered
stent if patent portal vein

Ongoing
haemorrhage

Enter in secondary prophylaxis
- EVBL programme or nonselective B-blocker after day 5

If torrential bleed
consider balloon
tamponade pre-ogd
(e.g. , sengstaken)

N -butyl-2-cyanoacrylate or
thrombin per local protocol

Ongoing
haemorrhage

Haemorrage
cessation

If childs B with active bleeding or childs
C (10-13) then consider early TIPSS
(within 72 h of index bleed

Figure 1 Summary in the management of acute variceal haemorrhage. EVBL: Endoscopic variceal band ligation; TIPSS: Transjugular intrahepatic portosystemic
stent-shunts; Hb: Haemoglobin.
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REVIEW

Involvement of heat shock proteins in gluten-sensitive
enteropathy
Erna Sziksz, Domonkos Pap, Gábor Veres, Andrea Fekete, Tivadar Tulassay, Ádám Vannay
which are highly conserved stress-induced chaperones
that protect cells against harmful extracellular factors.
HSPs are expressed in several tissues, including the
gastrointestinal tract, and their levels are significantly
increased under stress circumstances. HSPs exert immunomodulatory effects, and also play a crucial role in
the maintenance of epithelial cell structure and function,
as they are responsible for adequate protein folding,
influence the degradation of proteins and cell repair
processes after damage, and modulate cell signalling,
cell proliferation and apoptosis. The present review
discusses the involvement of HSPs in the pathophysiology of CD. Furthermore, HSPs may represent a useful
therapeutic target for the treatment of CD due to the
cytoprotective, immunomodulatory, and anti-apoptotic
effects in the intestinal mucosal barrier.
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Core tip: The only current effective therapy for the
treatment of coeliac disease (CD) is a gluten-free diet.
However, therapies targeting heat shock proteins (HSPs)
for the treatment of various autoimmune disorders and
cancers have been developed and have shown promising results. As CD is an autoimmune disorder, these
new therapies may prove beneficial as an alternative
treatment strategy. This review highlights and discusses
recent data concerning the involvement of HSPs in the
pathophysiology of CD.

Abstract
Gluten-sensitive enteropathy, also known as coeliac
disease (CD), is an autoimmune disorder occurring in
genetically susceptible individuals that damages the
small intestine and interferes with the absorption of
other nutrients. As it is triggered by dietary gluten and
related prolamins present in wheat, rye and barley, the
accepted treatment for CD is a strict gluten-free diet.
However, a complete exclusion of gluten-containing cereals from the diet is often difficult, and new therapeutic
strategies are urgently needed. A class of proteins that
have already emerged as drug targets for other autoimmune diseases are the heat shock proteins (HSPs),
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immunostimulatory potential[16]. These deamidated peptides are presented to CD4+ T-helper cells by the disease
associated HLA-DQ2 and -DQ8 molecules from macrophages, dendritic cells (DCs) and B lymphocytes[19], which
promote the differentiation of B-cells producing antigliadin and anti-transglutaminase 2 antibodies[20]. T-cells
may also produce pro-inflammatory cytokines, such as
tumour necrosis factor (TNF)-α and interferon (IFN)-γ,
and activate intestinal fibroblasts leading to further damage of the epithelial cell layer, mucosal matrix degradation and tissue remodelling[18]. Moreover, gliadin peptides
can directly activate pattern recognition receptors such
as Toll-like receptor (TLR) 2 and 4 on macrophages and
DCs[21], leading to a further upregulation of proinflammatory cytokines and chemokines[22] (Figure 1). These
inflammatory effects of stress lead to additional aggravation of the disease[23].

INTRODUCTION
Coeliac disease (CD), or gluten-sensitive enteropathy, is
an autoimmune inflammatory disorder characterized by
partial or total villous atrophy and crypt hyperplasia of
the small intestine in genetically predisposed patients.
Ninety-five percent of affected individuals carry one of
two specific human leukocyte antigen (HLA) class II alleles, either DQ2 (HLA-DQA1*05-DQB1*02) or DQ8
(HLADQA1*03-DQB1*0302)[1-4]. Since dietary gluten
and related prolamins are present in different types of cereals (wheat, barley and rye), medicines, and various other
products, including stamp and envelope adhesives, a
lifelong exclusion of gluten presents a considerable challenge for patients with CD[5,6]. Although the worldwide
incidence of CD has continued to increase over the past
decade, most cases remain undiagnosed[7]. The increased
incidence suggests that the disease manifestation is similar to that of other immune-mediated diseases, such as inflammatory bowel disease (IBD), allergies or asthma, and
results from a combination of genetic predisposition and
environmental factors. This hypothesis is supported by
the fact that CD is often first detected following physical
and emotional stress, such as from surgery, pregnancy, or
viral infection[8]. Heat shock proteins (HSPs) are known
to exert immunomodulatory effects, and have thus been
targeted for the treatment of autoimmune disorders.
Recent evidence suggests that the expression of HSPs is
altered in CD. This review presents and discusses the role
of HSPs and various stress factors in the pathophysiology of CD.

DEFENSE AGAINST STRESS: ROLE OF
HSPs
Stress results in the activation of various proteins such
as proteolytic system components, RNA/DNA modifying enzymes, metabolic enzymes, regulatory, transport,
detoxifying and membrane-modulating proteins, and
molecular chaperones, or HSPs[24]. HSPs were first discovered in Drosophila melanogaster in the early 1960s[25],
and have since been observed in all organisms after
exposure to cellular stresses[26], such as heat, UV light,
cytotoxic agents[27,28], and nutritional (e.g., the absence of
glucose and glutamine)[29] and oxidative stress[30]. HSPs
are expressed in many tissues, including heart[31], brain[26],
muscle[32], lung[33], kidney[34], liver[35], and intestinal and colonic epithelium[36]. These highly conserved molecules are
responsible for maintaining adequate protein folding[37]
and influencing the degradation of proteins[38] and cell
repair processes after damage[39]. Furthermore, HSPs are
involved in the modulation of immune responses[40,41],
autoimmunity[27], cell signalling[42], cell proliferation[43], apoptosis[44], and tumour cell differentiation and invasion[45].
Based on their molecular weight they can be classified
into six major families: small HSPs (molecular weight <
30 kDa), HSP60s, HSP70s, HSP90s, HSP100s[24,46], and
other non-ubiquitous HSPs[47] (Table 1).

EFFECT OF STRESS ON THE
PATHOGENESIS OF CD
Stress represents an acute threat to an organism, which
initiates and mediates the physiological adaptations necessary to maintain homeostasis and ensure survival[9]. Stress
can be caused by intrinsic factors, such as genes and
endoplasmic reticulum stress, or extrinsic factors, such
as heat, toxins, radiation, infection, mechanical force and
metabolic disturbances. Stress factors affecting the gastrointestinal tract may induce inflammation and reduce
its motility[10], resulting in disrupted mucosal integrity and
impaired epithelial barrier function[11,12]. Such changes
can lead to the development of CD in genetically predisposed individuals[13].
In CD, the transport of incompletely digested wheat
gluten peptides, such as gliadin, across a damaged epithelial layer into the lamina propria[14] triggers oxidative
stress and the release of pro-inflammatory cytokines[15].
However, gluten can induce adaptive as well as innate immune responses, such as enhancing the production of interleukin (IL)-15 in epithelial cells, which also leads to cell
damage through the activation of intraepithelial cytotoxic
CD8+ T-cells[16,17]. Activated transglutaminase 2 enzymes
in the lamina propria[18] deamidate neutral glutamine
residues of gluten, thus creating epitopes with increased
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Oxidative stress and HSPs
Environmental and chemical agents inducing oxidative
stress can enhance the generation of reactive oxygen
species (ROS)[48,49]. In CD, gluten itself can promote the
generation of ROS by stimulating the expression of the
inducible form of nitric oxide synthase (iNOS) and increasing nitric oxide levels[50,51]. This process contributes
to subsequent mucosal damage and villous atrophy of the
small intestine[52]. Interestingly, these same oxygen-free
radicals, such as superoxide, also induce the expression of
various HSPs which take part in the defence against oxidative stress[53]. The inducible form of HSP70 (HSP70i)
reduces iNOS expression by specifically binding to iNOS
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Figure 1 Key processes during the pathogenesis of coeliac disease. In the lamina propria. A: Gluten-derived gliadin peptides deamidated by tissue transglutaminase (tTG) are presented to T-cells by antigen presenting cells (APC). This process leads to the activation of anti-gliadin and anti-tTG antibody producing B-cells
and other T-cells promoting the activation of intestinal fibroblasts (FB). Furthermore, gliadin enhances the production of IL-15, which activates intraepithelial T lymphocytes (IEL); B: Gliadin peptides can directly activate Toll-like receptor (TLR) 2 and 4 on macrophages (MF) and dendritic cells (DC), resulting in increased production
of proinflammatory cytokines (Reproduced with permission from Sziksz et al[1]).

tection against stress[55]. In addition, glutamine-induced
HSP72 was shown in vivo to protect against endotoxininduced shock injury[56], and HSP90 has been shown
to exert antioxidative and anti-apoptotic effects against
chemical-induced hypoxic injury[57]. HSP60 contributes
to the protection of small intestine by enhancing the cytoprotective function of intestinal epithelial cells against
H2O2-induced injury[58]. Finally, HSP32, also known as
heme oxygenase-1, degrades heme into vasoactive carbon
monoxide, free iron and biliverdin, and is also a potent
antioxidant[59].

[46,113]

Table 1 Classification of heat shock proteins
Family

Subunit MW
(kDa)

Family
members

Cellular localization

HSP100

80-110

HSP100,
HSP104

HSP90

82-96

HSP90a,
HSP90β

HSP70

67-76

HSP70, HSP72,
HSP73, HSP80

HSP60
Small HSPs

58-65
8-40

Others (not
ubiquitous)

Various

HSP60, HSP65
αB-crystallin,
HSP25, HSP27,
ubiquitin
HSP33

Cytoplasm, nucleus,
mitochondria, plasma
membrane
Cytoplasm, nucleus,
mitochondria, endoplasmic
reticulum
Cytoplasm, nucleus,
mitochondria, endoplasmic
reticulum, lysosomes,
extracellular compartments
Mitochondria
Cytoplasm, nucleus

Inflammation and HSPs
HSPs can act as “danger signals” for the immune system
at sites of tissue injury[60]. HSPs were shown to contribute to antigen presentation and the proliferation and
activation of macrophages and DCs[61], and natural killer
cells[62]. HSP70 and HSP90 bind to TLRs on the surface
of DCs and macrophages[63] resulting in enhanced expression of pro-inflammatory cytokines[64,65], and HSP60
stimulates the release of TNF-α, IL-12, and IL-1β, via
TLR 4 signalling[66]. However, HSP60 can also activate
anti-inflammatory processes through TLR 2 signalling,

Various

MW: Molecular weight; HSP: Heat shock protein.

and its transcription factor Krueppel-like factor 6 [54];
moreover, its upregulation was shown to inhibit nuclear
factor (NF)-B activation, thereby providing cellular pro-
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upregulating the suppressive function of regulatory T-cells
and shifting the cytokine secretion balance toward a Th2
phenotype[67,68], suggesting that the immunomodulatory
effect can be cell and receptor type specific.
Altered expression of HSPs has been associated with
intestinal inflammation. An increased epithelial expression of HSP70, HSP60 and HSP10 was observed in the
colonic mucosa of patients with IBD[69,70]. This upregulation may be protective, as Tanaka et al[71] demonstrated
that transgenic mice overexpressing HSP70 showed
reduced apoptosis and suppressed expression of proinflammatory cytokines after dextran sulfate sodiuminduced colitis. HSP47, a collagen-specific molecular
chaperone, was also found in mesenchymal and submucosal cells in a murine model of colitis[72].

HSP72 directly binds and stabilizes other tight junctionassociated proteins on colonic epithelial cells, such as
zonula occludens[90]. Other HSPs, including members of
the HSP110 subfamily, have also been shown to bind to
junctional proteins[91]. Tissue integrity is also influenced
by matrix metalloproteinases (MMPs)[92], which have been
observed as increased in intestinal tissues of patients
with CD[93]. Extracellular HSP90a was shown to activate
MMP-2, which was enhanced by HSP70 and HSP40,
leading to increased cell migration[94]. HSP60 may also
induce MMP production in macrophages[95].
HSPs AND CD
HSPs are differentially expressed throughout the gastrointestinal tract, with gastric and colonic epithelial cells
showing high expression of HSP25 and HSP72, likely
the result of continuously low acidic pH, mechanical
stress and/or bacterial fermentation[96]. In contrast, the
expression of HSPs in the small intestine is normally
negligible[97], but the expression of HSP25 and HSP70
is markedly increased under stress[88]. The predominant
localization of HSPs in intestinal epithelial cells suggests their primary role is in maintaining the integrity
of the enterocyte layer, as demonstrated by Kojima et
al[98] who showed that Bacteriodes fragilis treatment of
young adult mouse colonocyte cells increased the expression of HSPs mediated by lipopolysaccharide and other
bacteria-derived factors. Using horseradish peroxidase to
evaluate human intestinal epithelial permeability, Yang et
al[99] found that heat stress increased transport across an
epithelial monolayer, which was inhibited by pretreatment
with HSP70. Asea[65] and Cario et al[100] provided further
supporting evidence by showing that HSP70 can behave
as a ligand for TLR 2 and TLR 4[101], the activation of
which can contribute to the maintenance of intestinal
barrier function by preserving the integrity of tight junction proteins, such as zonula occludens 1, under stressful
conditions.
The role of HSPs in the pathophysiology of CD is
not well understood, owing in part to the lack of experimental models. However, our lab has shown increased
mRNA and protein expression of HSP72 in the duodenal mucosa of children newly diagnosed with CD[102].
The most abundant expression of HSP72 was in villous
enterocytes of the epithelium and immune cells of the
lamina propria. Clinical symptoms were reduced with a
gluten-free diet (GFD), which also reduced the level of
intestinal HSP72, though levels were still higher than in
control individuals. In contrast, Brottveit et al[103] reported
that suspension of a GFD for three days did not alter the
mRNA expression of HSP70 or HSP27 in the mucosa
of adult CD patients. This apparent discrepancy may be
due to the difference in patient age, or in the experimental setting, for example, comparing the effect of dietary
gluten elimination in newly diagnosed CD patients vs
the return of dietary gluten in patients maintained on a
long-term GFD. Iltanen et al[104] found elevated expression of mitochondrial HSP65 in 80% of jejunal biopsies

Apoptosis and HSPs
Apoptosis is essential for the maintenance of intestinal
epithelial function, as it regulates the normal turnover of
enterocytes[73]. The increased apoptosis of enterocytes
in CD contributes to villous atrophy, which is mediated
either by the direct toxicity of gliadin domains or by the
gliadin-dependent activation of intraepithelial and lamina
propria lymphocytes[74]. Gliadin-induced apoptosis can be
blocked by Fas cascade inhibitors[75], although the activation of the Fas system can also contribute to cell survival
in the gut by inducing the expression of HSP72 and
HSP72-driven chemokines[76]. HSP70 can also promote
cell survival by inhibiting the mitochondrial translocation of Bax and subsequent release of cytochrome c and
activation of caspase-9 and -3[77,78], an intrinsic apoptotic
pathway that is initiated by intracellular stress signals[79].
Furthermore, HSP70 is a natural inhibitor of c-Jun
N-terminal kinase[80] and is also a modulator of the calcium signalling that play major roles in the regulation of
apoptosis[80-83]. Furthermore, HSP60 has been identified
as a novel mitochondrial permeability transition regulator. HSP60 is a component of a mitochondrial multichaperone complex that includes HSP90 and its related
molecule TNF receptor-associated protein 1, which associates with and antagonizes the pro-apoptotic, mitochondrial permeability transition pore modulator, cyclophilin
D, thereby contributing to the preservation of organelle
integrity and prevention of cell death[84,85].
Intestinal epithelial integrity and HSPs
The intestinal mucosa forms a barrier that is essential
for defending the intestine against the harmful effects
of different stressors. Oxidative stress, inflammation
and increased apoptosis all lead to mucosal damage and
increased permeability[86]. The integrity of the epithelial
barrier is determined by an apical junctional complex
composed of tight and adherent junctions[87]. During
heat stress, HSPs play a pivotal role in the preservation
of the intestinal barrier by promoting the upregulation of the tight junction protein occludin[88,89]. HSP70s
protect intestinal epithelial cells by preserving the integrity of the actin cytoskeleton and cell-cell contact, and
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Table 2 Involvement of heat shock proteins in coeliac disease
Samples

Investigation

Duodenal biopsies from 16 children
with newly diagnosed CD, 9 maintained
on GFD, 10 controls
Duodenal biopsy specimens from 30
HLA-DQ2 (+) NCGS and 15 CD patients
maintained on GFD
Jejunal biopsies from 78 children with
clinical suspicion of CD

HSP72 mRNA expression, protein
level and localization

Localization/major findings

Ref.

HSP72 mRNA and protein are increased in CD, and decreased
by GFD. HSP72 was localized in villous enterocytes of the epithelium and lamina propria immune cells
mRNA expression of HSP27 and HSP70 in the duodenal mucosa
was not different in any of the groups

[102]

HSP27 or HSP70 mRNA expression,
before and after challenge with
gluten-containing bread daily for 3 d
Epithelial HSP65 expression
Increased mitochondrial HSP65 expression in the jejunal mucosa
in 80% (16/20) of children with CD and in 24% (14/58) of nonCD patients. Strong correlation between HSP65, γd + T-cells
and serum IgA endomysial autoantibodies. HSP65 is a potential
mucosal integrity modulator
Duodenal biopsies from 12 patients
Small HSP αB-crystallin expression Increased aB-crystallin in CD, localized in the supra-nuclear
with CD and 10 controls
and distribution
region of enterocytes in the duodenal mucosa
Blood samples from 128 patients with
HSPA1A gene (HSP70-1)
Altered frequency of an intermediate HSPA1A allele in CD
CD and 94 healthy individuals
polymorphism
(64.5%) vs normal (37.2%). HSP70-1 gene is part of a high-risk
haplotype for CD
Blood samples from 19 families with CD HLA-linked HSPA1B gene (HSP70-2) Altered HSPA1B allele frequencies in CD vs normal and nonpatients and 95 healthy individuals
polymorphism
affected MHC haplotypes

[103]

[104]

[105]
[106]

[107]

CD: Coeliac disease; GFD: Gluten-free diet; HSP: Heat shock protein; NCGS: Non-coeliac gluten sensitivity; Ig: Immunoglobulin; HLA: Human leukocyte
antigen; MHC: Major histocompatibility complex.

geranylacetone (GGA) that reduced colitis in a mouse
model was found to induce the intestinal expression of
HSP70 and to suppress myeloperoxidase activity and
reduce TNF-a and IFN-γ levels[109]. Furthermore, it was
demonstrated that the upregulation of HSPs by GGA is
protective against intestinal damage from non-steroidal
anti-inflammatory drugs such as indomethacin[110]. Indeed, overexpression of HSP70 in mice decreased the
number of indomethacin-induced apoptotic cells and the
level of proinflammatory cytokines and chemokines (IL1β, IL-6) in the small intestine, suggesting that HSP70 is
protective and can reduce the extent of small intestinal
lesions[36]. A strong correlation between the expression of
HSPs and the advantageous effects of probiotics in IBD
has also been suggested[111], and probiotics containing
eight different naturally occurring strains of “beneficial”
bacteria may induce the expression of HSP25 and HSP72
in colonic epithelial cells[88]. Moreover, probiotic Lactobacillus GG induces the expression of HSP72 in intestinal
epithelial cells, contributing to the beneficial clinical effects through preservation of cytoskeletal integrity[112].
These data suggest that HSP-inducers are promising
drugs to treat gastrointestinal diseases, including CD, or
ameliorate their symptoms.

from children diagnosed with CD compared to 24% of
specimens from children with a normal biopsy. The levels
of HSP65 correlated with the number of + T-cells and
serum IgA endomysial autoantibodies, suggesting that
HSP65 may be an indicator of disease activity. Yeboah
et al[105] examined the duodenal mucosa of CD patients
and found a close correlation between the distribution
of the small HSP aB-crystallin and the degree of villous
atrophy, indicating its involvement in the modulation of
mucosal integrity.
Single nucleotide polymorphisms in the 5’ regulatory
region of the gene encoding HSP70-1 (HSPA1A) have
been linked with CD. Ramos-Arroyo et al[106] found a significantly higher frequency of an HSPA1A allele showing
an intermediate electrophoretic mobility in patients with
CD. Individuals expressing CD-associated HLA alleles
that were homozygous for this intermediate HSPA1A
allele were 12-fold more likely to develop CD, indicating
that HSPA1A polymorphisms are an additional predisposing factor for CD as a component of a high-risk haplotype. Partanen et al[107] found significantly deviated gene
frequencies of the HSPA1B (HSP70-2) gene cluster in 19
families of patients with CD compared to that of a normal population, indicating that a polymorphism of the
HLA-linked HSPA1B gene may be involved in the pathophysiology of CD. The main scientific findings indicating
involvement of HSPs in CD are summarized in Table 2.

CONCLUSION
HSPs are a class of highly conserved, stress-induced
chaperones that are responsible for proper protein
folding and regulating protein degradation, cell repair,
immune responses, cell signalling, cell proliferation,
apoptosis, and tumour cell differentiation. The increased
expression of various HSPs observed in CD suggests
that their antioxidant and anti-apoptotic features are
protective. Furthermore, HSPs may be involved in the
pathophysiology of CD through their immunomodula-

HSPs AND THERAPEUTIC TREATMENTS
Although promising results have been found using HSPbased vaccines for the treatment of cancer patients[108],
relatively little is known about the therapeutic potential
of HSPs in the treatment of gastrointestinal diseases.
There is evidence to suggest, however, that targeting of
HSPs would be beneficial. The anti-ulcer drug geranyl-
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tory effects, serving as “danger signals” for the immune
system at sites of tissue injury.
Intrinsic apoptotic pathways initiated by intracellular
stress signals can be blocked by HSPs, which likely contributes to the maintenance of intestinal homeostasis.
HSPs suppress the expression of iNOS and reduce the
level of nitric oxide, thereby providing cellular protection against stress. HSPs are also involved in tissue repair
and remodelling by regulating the production of matrix
metalloproteinases in the intestine, which are increased
in patients with CD. In conclusion, HSPs appear to influence the key features of CD through their contribution
to the maintenance of mucosal barrier integrity, inhibition of apoptosis, and regulation of inflammatory processes. Therefore, therapies targeting the expression of
HSPs in the intestinal mucosa should be pursued for the
treatment of inflammatory gastrointestinal diseases.
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REVIEW

Treatment of refractory diabetic gastroparesis: Western
medicine and traditional Chinese medicine therapies
Bing Pang, Qiang Zhou, Jun-Ling Li, Lin-Hua Zhao, Xiao-Lin Tong
electrical stimulation, pyloric botulinum toxin injection,
endoscopic or surgical therapy, and traditional Chinese
treatment. The therapeutic modalities may be used
alone or in combination. The use of traditional Chinese
treatments is prevalent in China. The effectiveness of
these therapies appears to be supported by preliminary
evidence and clinical experience, although the mechanisms that underlie these effects will require further
research. The purpose of this article is to explore the
potential of combined Western and traditional Chinese
medicine treatment methods for improved patient outcomes in refractory DGP.
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Core tip: In this review, we summarize the latest therapeutic approaches for refractory diabetic gastroparesis
(DGP), a condition that may be difficult to treat. For
most patients with refractory DGP, invasive and expensive treatment options are frequently applied. They
cause mental suffering and are expensive, and not
all patients are likely to benefit from these therapies.
Therefore, as with many chronic conditions, patients
may seek complementary and alternative therapies. In
clinical practice, traditional Chinese medicine (TCM) appears efficacious and offers a less invasive treatment
option. Moreover, preliminary evidence in the literature
has also suggested the efficacy of TCM.

Abstract
Refractory diabetic gastroparesis (DGP), a disorder that
occurs in both type 1 and type 2 diabetics, is associated with severe symptoms, such as nausea and vomiting, and results in an economic burden on the health
care system. In this article, the basic characteristics
of refractory DGP are reviewed, followed by a discussion of therapeutic modalities, which encompasses the
definitions and clinical manifestations, pathogenesis,
diagnosis, and therapeutic efficacy evaluation of refractory DGP. The diagnostic standards assumed in this
study are those set forth in the published literature
due to the absence of recognized diagnosis criteria
that have been assessed by an international organization. The therapeutic modalities for refractory DGP are
as follows: drug therapy, nutritional support, gastric
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Efficacy evaluation
The efficacy of treatment for refractory DGP demands
closer evaluation, as the subjective symptoms reported by
patients, rather than sole reliance on results of GE tests,
play an important role in the evaluation of treatment efficacy. The efficacy evaluation associated with an objective
indicator may not be ideal, as some reports have indicated
a poor correlation between improvement in GP symptoms and GE test results[21,22]. Additionally, frequent vomiting and generalized weakness may also interfere with
the performance of this complicated objective test, as it
is very difficult to complete GE studies in patients with
severe nausea and vomiting. The subjective symptoms are
the only measures that directly reflect the patient’s experience of symptom severity, functioning, and well-being[23].
Quantification of the severity and characteristics of
GP symptoms has been facilitated by the introduction
of validated questionnaires. The Gastroparesis Cardinal
Symptom Index (GCSI) has been the most widely used
validated questionnaire and best reflects the subjective
symptoms reported by patients, with a high correlation
between these symptoms and GE. The GCSI is an assessment of symptom severity over a two-week period
that incorporates nine symptoms assessed by three subscales (postprandial fullness/early satiety, nausea/vomiting, and bloating) and represents a subset of the more
comprehensive Patient Assessment of Gastrointestinal
Symptoms[24-26]. Furthermore, weekly vomiting frequency
and severity, the SF-36 Health Status Survey questionnaire, nutritional status, and weight of patients are also
commonly measured parameters for study enrollment
and efficacy evaluation in research trials.

OUTLINE OF REFRACTORY DIABETIC
GASTROPARESIS
Definition and clinical manifestations
First described in 1958, diabetic gastroparesis (DGP)
is a well-established complication of diabetes mellitus
(DM). As a chronic motility disorder of the stomach
that is associated with both type 1 and type 2 DM, DGP
is characterized by delayed gastric emptying (GE) of a
solid meal with no evidence of mechanical obstruction.
The most common disabling symptoms of DGP include
nausea, vomiting, postprandial fullness, early satiety, and
bloating[1-3]. In some patients with DGP, symptoms such
as severe, persistent nausea and vomiting may be very
difficult to treat, which together define refractory DGP.
This condition is often unresponsive to medical therapy,
and because patients are unable to maintain nutrition
via the oral route, frequent emergency department visits
and/or hospitalization may be necessary[2,4,5]. The overall
prevalence of refractory DGP has not been determined;
however, severe symptoms necessitating multiple hospitalizations are estimated to occur in 2% to 5% of patients
with gastroparesis (GP)[6].
Refractory DGP contributes to a range of morbidity
issues, including weight loss, malnutrition due to inadequate caloric and fluid intake, electrolyte disturbances
and dehydration, poor glycemic control, recurrent episodes of diabetic ketoacidosis, and increased healthcare
utilization[1,5-7]. These effects on health may also decrease
work performance and disrupt normal life, which may
themselves be disabling consequences. Notably, refractory DGP is increasingly recognized for its significant
economic burden on the health care system[8-10].

TREATMENT OVERVIEW

Pathogenesis
The pathogenesis of DGP has been related to autonomic
neuropathy of the vagal innervation of the stomach
in up to 40% of cases[11,12]. Many of the metabolic and
hormonal disturbances caused by DM may also lead to
impaired gastric tonicity and antral contractions[13].

Management
Strategies for the treatment of refractory DGP in clinical practice are based on controlling symptoms (particularly nausea and vomiting), improving delayed GE, and
providing dietary and hydration measures to stabilize
weight and support nutrition[2]. First among the general
principles that apply to refractory DGP treatment is the
establishment of an accurate diagnosis of GP. Second,
the metabolic status should be evaluated and glycemic
control should be optimized, as hyperglycemia has been
demonstrated to delay GE and to weaken the effects of
prokinetic drugs on GE. In patients with DM, glycemic
control includes dietary measures, which generally include
restricted meal volumes, increased meal frequency, smallparticle foods, and supplementary nutrition. The avoidance of excess fat and dietary fiber is necessary, as these
dietary elements may aggravate delayed GE. With respect
to drug therapy, standard drugs should be administered
before patients are categorized as drug-refractory. For patients with medically refractory gastroparesis, gastric electrical stimulation (GES) is a minimally invasive surgical
method that should be considered for severe symptoms,
especially nausea and vomiting. Pyloric botulinum toxin

Diagnosis
To date, there has been no accepted definition for the diagnosis of refractory DGP; most diagnostic parameters
are drawn from the published literature and are based on
reported clinical experiences. The key diagnostic criteria
are as follows: (1) documented diagnosis of DGP for
more than one year; (2) refractoriness or intolerance to
antiemetics and prokinetics after more than 6 mo on a
full regimen of standard medical therapy; (3) more than
7 emetic episodes per week or chronic daily nausea;
and (4) delayed GE (> 60% retention at 2 h and/or >
10% at 4 h on the basis of a standardized scintigraphic
method for GE of a solid meal)[14-16]. Based on published
literature, spleen-kidney yang deficiency syndrome is
thought to be common for refractory DGP in traditional
Chinese medicine[17-20].
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(BTX) injection has also been used recently for refractory DGP, as reported in several small case studies. More
aggressive treatments include hospitalization for the intensive management of high glucose levels with insulin
administration, intravenous hydration, and intravenous
administration of antiemetic and prokinetic agents[1,2,26-28].
Enteral or parenteral nutritional support and/or surgical
intervention may also be necessary. Gastrectomy is performed as a last option and under conditions of strict patient selection. The different therapeutic modalities may
be used alone or in combination, according to the needs
of the individual patients. The use of traditional Chinese
medicine (TCM) in the treatment of refractory nausea
and vomiting is extensive. Preliminary evidence that has
indicated the effectiveness of TCM appears to support
the efficacy of TCM utilized in clinical practice. Additional research on the mechanism(s) of action of TCM,
involving large-scale, randomized controlled trials, is warranted to strengthen the evidence base for future studies. The purpose of this article is to present the optimal,
combined benefits of Western medicine and traditional
Chinese treatments for refractory DGP for improved patient outcomes.

hyperglycemia is likely to be effective, as the prevention
of hyperglycemic spikes and widely fluctuating glycemia may be more important than the maintenance of a
given steady-state blood glucose level[31]. In summary, the
monitoring of 2-h postprandial blood glucose levels may
be useful, as the potential advantages of optimal glucose
control are increased antral contractility, correction of
gastric dysrhythmias, and accelerated GE[32,33].
Recently, a proof-of-concept study[34] demonstrated
that a ghrelin receptor agonist (TZP-101) significantly
improved GE and may be well tolerated in DM patients
with moderate-to-severe chronic GP. Wo et al[35] conducted a multicenter, randomized, double-blind, placebocontrolled study of TZP-101 in DGP patients with
severe nausea/vomiting. They reported a reduction in the
GCSI Nausea/Vomiting subscale score of 3.82 ± 0.76 (P
= 0.011) at the end of treatment compared with baseline
in the 80 μg/kg group, a result that reached statistical significance. The investigators demonstrated that TZP-101
was able to reduce the frequency and severity of nausea
and vomiting, as well as the overall symptoms, to a substantial and significant degree in a subset of the most
refractory DGP patients.
Nausea and vomiting are often the most debilitating
symptoms for patients with refractory DGP. Aprepitant,
a neurokinin-1 receptor antagonist, has been approved in
the US for nausea and vomiting associated with surgery
and cancer chemotherapy. Chong et al[36] reported a case
of refractory nausea in a patient with DGP who was
successfully treated with aprepitant. This treatment was
continued for 4 mo, and the patient showed a rapid and
significant response to the agent, with improvements in
both nausea and vomiting, despite an absence of significant effects of aprepitant on accelerated GE. The 5-HT2
receptor antagonist mirtazapine[37] has also been shown to
be effective in a single report involving refractory DGP.
The severe recurrent nausea and vomiting that persisted
for over 7 mo in this case improved dramatically within
a few days of once-daily mirtazapine administration.
However, controlled studies may be warranted to further
evaluate the benefit of these medications in improving
symptoms in patients with DGP.
Other symptoms, such as early satiety, have been related to the functional dyspepsia caused by defects in fundic
accommodation. The use of nitrates, buspirone, sumatriptan, and selective serotonin reuptake inhibitors may
relax fundic muscles in this condition, but no relevant
studies have indicated their efficacy in the management
of early satiety in patients with GP[5]. The pathogenesis
of abdominal pain, which can be disabling in patients
with GP, is postulated to be due to sensory rather than
motor dysfunction[38]. Thus, treatments that aim to reduce sensory afferent dysfunction may be more effective.
However, agents commonly used in clinical practice, including tricyclic antidepressants, gabapentin, paroxetine,
and opiates, have been generally unsatisfactory in treating
this pain. In a case report[39], a 50-year-old woman who
had suffered from type 1 DM for 20 years was described

Drug therapy
The standard drug therapy for DGP, essentially unchanged over the past decade, mainly relies on the use of
prokinetic agents, such as erythromycin, metoclopramide,
and domperidone, which are the cornerstones of refractory DGP therapy. Tegaserod, cisapride, bethanechol,
and other drugs are also commonly used; however, the
use of cisapride is markedly restricted or may be discontinued due to side effects[5]. Prokinetic agents have been
demonstrated as the mainstay of treatment in patients
with DGP, although the benefits may be short-lived and
some diabetic patients may respond poorly[1,2,26,27]. A
meta-analysis involving 514 patients from 36 clinical trials
revealed that erythromycin was the most potent stimulant
of GE[29], while a double-blind multicenter trial reported
metoclopramide and domperidone as being equally effective in reducing symptoms of nausea and vomiting in
patients with DGP[30]. The antiemetic medications used
included phenothiazine, a serotonin 5-HT3 receptor antagonist, an antihistamine, and low-dose tricyclic antidepressants. The D2 receptor antagonists metoclopramide
and domperidone also have some anti-emetic effects and
are usually administered to patients with nausea and/or
vomiting. Although the use of antiemetic agents may
delay stomach emptying, some patients who experience
insufficient relief from prokinetic drug therapy or who
develop unacceptable toxicity to prokinetics may respond
positively to antiemetics. In patients with refractory
DGP, prokinetic agents and antiemetic medications are
often used in combination to reduce symptoms. Patients
with DM should also be counseled regarding the need
to achieve tighter glycemic control. More aggressive glucose monitoring that allows for the frequent dosing of
short-acting insulin preparations to prevent post-prandial
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as having chronic abdominal pain and malnutrition due
to severe DGP and was successfully treated with a celiac
plexus block (CPB). This patient was able to successfully
avoid any narcotic use, with successful analgesia achieved
and maintained for 10 wk following CPB.

nificance. Symptoms of nausea/vomiting, hospitalization
rate, and nutritional status were also slightly improved.
There were 23 major and 42 minor complications identified in this study, as well as one death that was directly
caused by the J-tube placement, although a large proportion of the morbidity and mortality rates was clearly
attributed to the malignant nature of DM and other
chronic illness-related factors. Jacober et al[44] reported
the benefits of J-tube feeding in 4 diabetic patients with
refractory GP. They demonstrated that the J-tube may be
effective in providing nutrition, fluids, and medications in
cases of either normal or abnormal small intestinal motor
function. Technological improvements may influence the
placement of J-tubes and their efficacy[28,43]. Ginsberg et
al[45] used an endoscopically placed clip that assisted with
tube placement and may have possibly prevented later accidental dislodgement. In summary, in cases of patients
who fail medical therapy, the placement of a J-tube may
present an available option with acceptable morbidity and
mortality rates. Prospective, randomized controlled trials
of J-tube use are required to provide more specific evidence for the efficacy of this therapy.
In patients with severe vomiting and fullness, the
placement of a gastrostomy tube (G-tube) for intermittent decompression and the venting of secretions may
help to provide some symptom relief, but it is a poor
choice for feeding due to delayed GE. The G-tube can be
placed endoscopically, surgically, or by fluoroscopy guidance. Hejazi et al[28] indicated that G-tube decompression
is advocated in cases of intestinal pseudo-obstruction
rather than in the usual setting of gastroparesis given
that the infusion of liquid meals into the stomach via a
G-tube is unsafe due to the likelihood of symptom exacerbation and the risk of pulmonary aspiration caused
by delayed GE. Data from Revicki et al[46] revealed that 6
of 8 patients were able to return to work or school with
a venting gastrostomy. Kim et al[47] performed a nonrandomized study of 8 patients, the results of which included relief of nausea and some gastric decompression
in the treatment of refractory idiopathic GP.
Clinical data on other types of tubes have been limited until now. The nasogastric tube is usually inserted
for acute management by gastric decompression. Shortterm nasojejunal feeding is often used to help determine
whether a patient may tolerate chronic small bowel feedings via permanent enteral access[1,2,28,40].
Enteral alimentation is more acceptable than TPN in
most patients. TPN introduces the risk of catheter-related infections, which is an important concern in diabetic
patients; moreover, TPN is more expensive than enteral
alimentation. However, in cases of severe malnutrition in
which an adequate nutritional and hydration state cannot
be maintained; in patients with small-bowel dysmotility,
including chronic intestinal pseudo-obstruction, who are
unable to tolerate J-tube feedings; and when surgery is
planned, patients may benefit from the short-term use of
TPN. TPN may maintain short-term normalization of
GE and provide supplemental caloric support combined

Nutritional support
Nutritional support is often overlooked in patients with
DGP, and few randomized controlled trials have evaluated the effects of nutritional intervention on outcomes[33].
For patients with refractory DGP who are unable to meet
caloric and fluid needs via oral dietary modifications,
enteral alimentation or total parenteral nutrition (TPN)
should be considered.
Enteral alimentation is the preferred route for nutritional and hydration supplementation in patients with
recurrent vomiting and unpredictable oral intake. Clinically common intubations for enteral alimentation are
as follows: nasogastric tube, nasoduodenal/nasojejunal
tube, gastrostomy tubes, PEG-J or Jet-PEG, jejunostomy,
and dual gastrostomy and jejunostomy. The criteria for
initiation of enteral nutrition supplementation include
unintentional loss of more than 5%-10% of the usual
body weight during a period of 3-6 mo and/or repeated
hospitalizations for refractory symptoms[40]. Enteral feedings may maintain nutrition, relieve symptoms, improve
glycemic control, and reduce emergency department visits or hospitalizations in patients with normal small bowel
function[1]; however, a relatively high incidence of both
major and minor complications, including infection, tube
migration, and dislodgement[41,42], have been reported.
Jejunostomy tube (J-tube) placement is the most
common route for enteral alimentation and is a relatively
inexpensive, safe, and physiological option for refractory
DGP[28]. The feeding J-tube that bypasses the paralyzed
stomach is usually placed by laparotomy or laparoscopy[43]. J-tubes enable jejunal nutrient and medication
delivery and avoid gastric penetration that may interfere
with proper electrode placement for gastric electrical
stimulation. A disadvantage of the J-tube is the inability
to vent the stomach, and the most common complications are tube obstruction and skin infection[28,40]. Enteral
feedings can be initiated 24 h after J-tube placement.
They are initiated with diluted infusions and are gradually
advanced to iso-osmolar preparations at relatively low
infusion rates (e.g., 20 mL/h) that are then increased to
the target infusion rate that supports nutrition and hydration, typically at least 60 mL/h over 12-15 h/d[28,40]. With
regard to the important “rule of J-tube feeding,” oral caloric intake should not occur when the J-tube is running,
because calories within the small bowel will inhibit gastric
emptying and induce further nausea and/or vomiting[28].
Fontana et al[43] investigated the long-term results and
complications of J-tube placement. A retrospective analysis was performed on 26 patients with a mean follow-up
of 47 mo (1-130 mo). The results indicated that 83% of
the patients demonstrated improved overall health status,
which was the only indicator that reached statistical sig-
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values. The WVF and TSS (frequency and severity) were
not significantly different between patients who kept the
device turned on or off during the crossover period. At
12 mo, the WVF decreased significantly compared with
baseline, with a median reduction of 67.8% (P < 0.001),
while the frequency and severity of the TSS were also
reduced from baseline to 12 mo (P < 0.001). Patients also
had significant improvements in GE, quality of life, and
number of hospitalization days. The stimulation during
the initial 6 wk significantly decreased DGP symptoms
prior to the double-blind, randomized phase. An explanation for this finding may be the possibility of sustained
memory or carryover effects from the 6 “active” weeks,
which emphasizes the neuroplasticity of the mechanisms
controlling nausea and vomiting by the central nervous
system. Stimulation was administered for 1.5 mo before
the randomized controlled trial (RCT) (6 mo) in the study
by McCallum et al[54], and the results from the RCT period
may have been affected by the previous stimulation.
McKenna et al[49] reported short-term results in 19
patients who had the device activated for a mean of 38
wk. Within 6 wk, the WVF had significantly decreased in
75% of patients with DGP, the TSS improved after 6 wk
of stimulation and remained improved throughout the
12-mo follow-up, and nuclear medicine GE studies normalized in 80% of patients with DGP. However, there
was no significant difference in health and quality of life
as measured by the SF-36, most likely as a result of the
relatively small sample size. This study concluded that
GE correlated poorly with actual symptomatic outcomes,
while Hou indicated that GES not only significantly improved symptoms but also improved 2- and 4-h GE in
GP patients[56]. Therefore, further studies are needed to
resolve these results.
The Worldwide Anti-Vomiting Electrical Stimulation
Study[16] was a randomized, controlled, double-blind trial.
During the 2 × 1-mo crossover phase, the device was
alternately turned on and off, followed by a non-controlled observational phase. Included in the study were
33 patients, 17 of whom were diabetics, and most were
followed for 12 mo. Patients in this study experienced a
significant decrease in vomiting frequency and symptom
scores, and they reported feeling significantly better when
the devices were turned on than when they were turned
off. The mean quality of life scores were nonequivalent
at baseline. However, these changes did not reach statistical significance during the RCT phase, perhaps due to the
relatively brief stimulation time, which lasted for only 2
mo.
In conclusion, the majority of studies on GES have
demonstrated that GES therapy is effective in decreasing
nausea and vomiting scores, promoting GE[54-56], reducing gastroparesis-related hospitalizations[54,57], improving
health-related quality of life[57], and controlling hemoglobin A1C levels in diabetics[54-56,57]. Kastenmeier et al[58]
found GES to be beneficial for eliminating reliance on
supplemental nutrition, with 60% of patients able to
eliminate all supplemental nutrition within a mean of 5

with tight blood glucose control. In general, each liter of
TPN requires the addition of 30-40 units of regular insulin, depending on the patient’s previous insulin requirements and the TPN contents (1 unit of regular insulin
per 5 g of carbohydrate or 15 g of protein)[2].
GES
GES is a rapidly evolving treatment for patients with refractory symptoms related to DGP[48]. GES involves the
surgical implantation of unipolar electrodes into the muscular layer of the gastric antrum, as well as a pulse generator in the abdominal wall to deliver low-energy, 0.1-s
pulse trains at a high frequency of 12 cycles/min of electrical energy, which is higher than the normal slow-wave
gastric activity of 3 cycles/min[49-51]. The early use of
GES was reported by Lin et al[52] and McCallum et al[53] in
1998. The findings from two randomized trials that demonstrated good results prompted the US Food and Drug
Administration to approve the usage of high-frequency,
low-energy GES (Enterra Therapy System, Medtronic,
Minneapolis, United States) with a Humanitarian Device
Exemption in March 2000. The mechanism of action of
GES is postulated to be the modulation of function of
the autonomic nervous system and enteric nervous system, which affects the secretion of gastrointestinal hormones, reduces gastric sensitivity to distention, changes
antral motor function, and enhances fundic relaxation[48].
A direct central nervous system effect is also involved,
whereby energy stimulates a central nausea and vomiting
center in the brain[49]. Recent studies have demonstrated
that GES is an effective and safe treatment for patients
with refractory DGP[16,51,54-57].
Lin et al[57] reported a GES study involving the largest sample size and the longest follow-up period to date.
In this retrospective assessment, 221 patients (142 with
DGP) were treated with Enterra (Medtronic); 188 patients underwent follow-up visits, and data were collected
for up to 10 years (mean, 56 mo; range 12-131 mo). This
therapy was reported to reduce the need for hospitalizations, limit the need for prokinetic and antiemetic medications, improve nutritional status, and decrease total
symptom scores (TSSs). Two-hour gastric retention decreased from a median of 70% at baseline to 66%, and 4-h
retention decreased from 37% to 30% at the time of last
follow-up. The limited data showed a decrease in mean
HbA1c levels. In this long-term study, the complications
and overall safety of GES therapy were well documented;
specifically, 24 patients (11%) underwent device removal,
mainly due to infection, lack of efficacy, and small-bowel
obstruction. This report also discussed the relationship
between symptom improvement and stimulation energy,
concluding that energy parameters and increasing voltage
do not explain the likelihood of symptom reduction.
McCallum et al[55] also investigated outcomes in 55
patients who kept the device on or off over one year in a
prospective, placebo-controlled study. The median reduction in weekly vomiting frequency (WVF) during the initial 6 wk was 57% (P < 0.001) compared with the baseline
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mo post procedure. A meta-analysis showed similar feeding success postoperatively, with the majority (78%) of
patients no longer requiring enteral or parenteral nutrition.
GES treatment is expensive and invasive, and not all
patients are likely to benefit from this therapy[59]. According to the literature, three parameters were found to have
an impact on its clinical efficacy: the etiology of GP, main
symptoms, and use of narcotics. Patients with DGP did
better than patients with idiopathic GP, while patients in
whom nausea and vomiting were the main symptoms exhibited a more favorable response than patients in whom
abdominal pain was the main symptom. Additionally, patients who were not taking narcotics had better outcomes
than those who were using narcotics at the study onset[51].
Furthermore, there was a tendency for non-responders
to be female and to have suffered GP symptoms for a
longer period of time prior to initiating therapy[59].

period. The results indicated that symptom improvement
was achieved in 37.5% and 56.3% of the individuals in
the botulinum and control groups, respectively. Although
improvement in GE was observed in the botulinum
group, it was not superior to that in the placebo group.
The BTX group demonstrated improvement in GE;
however, this improvement was not significantly different
compared with that in the placebo group. Some limitations existed, e.g., the insufficient sample size and the
short follow-up period. In the future, this therapy will
require more in-depth testing and verification. To date,
no serious adverse events have been attributable to BTX.
The major limiting factors are related to insurance coverage and the inconvenience of undergoing endoscopy[2].
Surgical therapy
Surgical therapy is increasingly employed in the treatment
of patients with refractory DGP. Surgical therapy is a reasonable option to consider in patients who suffer from
medically refractory nausea and vomiting, fail to achieve
benefits from medical therapy, and present with weight
loss or aspiration, as well as in patients who experience
difficulty in taking oral medications. Unfortunately, this
therapy has historically been plagued by high morbidity
rates without consistent symptom response rates[68]. Thus,
in cases of judicious patient selection with careful assessments of the risk for malnutrition caused by surgery
and following surgery, as well as the risk of renal failure,
among other concerns, surgery may be performed. Traditional surgical options include sub-total gastrectomy or
esophagojejunostomy, surgical drainage procedures (pyloroplasty or pyloromyotomy), gastric stimulator implantation, gastrostomy/jejunostomy tube insertion and total
parenteral nutrition, pancreatic transplantation in diabetics. Generally, sub-total gastrectomy and completion gastrectomy comprise an effective therapy which can reduce
symptoms, enhance delayed GE, and improve quality of
life[49,69-71].
Saridena et al[69] reported on the outcomes in 9 patients with refractory GP (6 of whom were diabetic patients with a fully intact stomach) who underwent total
gastrectomy with a mean follow-up of 3.5 years (range,
1-5 years), with six patients available for follow-up. In all
patients, refractory nausea and vomiting were reduced by
an average of 55%, and the frequency of hospitalization
was significantly decreased. Their nutritional status was
stabilized with the insertion of J-tubes, and there was a
considerable improvement in the quality of life after total
gastrectomy.
Watkins et al[72] examined the long-term outcomes in
patients with intractable vomiting due to DGP. Symptomatic relief in patients with a preoperative grade of
Visick Ⅲ-Ⅳ was evaluated objectively and reached 43%
in 6 of 7 patients almost immediately after surgery. However, these results were accompanied by risks of subsequent renal failure and poor life expectancy.
Very limited data from uncontrolled studies have
shown a small improvement of symptoms with pylo-

Pyloric BTX injection
BTX has been previously used for the treatment of spasm
of the gastrointestinal sphincters. More recently, pyloric
BTX injection has been evaluated for use in patients who
are refractory to standard management in several small
case studies, open-label trials, and RCTs, although BTX
does not have an FDA-labeled indication for this use.
BTX injection therapy achieved the goal of improving
GE by decreasing the release of excitatory transmitter
substances and promoting muscle relaxation[24,60].
A few uncontrolled, open-label studies (< 30 cases)
have indicated that the injection of 80-200 units of BTX
during endoscopy in a circumferential manner at four
to five sites into the pylorus was effective in improving
GE and decreasing symptoms in patients with DGP[61-64].
Symptoms decreased by an average of 45% (range,
29%-58%), while GE improved by a mean of 42% (range,
33%-50%), with a decreased symptom duration lasting
1-4 mo after injection[40]. In a report by Coleski et al[65] on
179 patients (81 patients with DGP), the duration of the
response ranged from 1-4 mo, and 51.4% of the patients
experienced a symptomatic response to BTX. The study
concluded that responses to pyloric BTX depended on
dose and were maintained with repeated injections. Another study[66] showed that higher doses of BTX (150-200
units) were more likely to yield reductions in nausea and
vomiting compared with a dose of 100 units and that a
longer evaluation time also appeared to correlate with an
improved response.
However, a study by Coleski et al[65] indicated that
the response rate (35%) in patients with vomiting as a
major symptom of GP was significantly lower than that
in patients without vomiting (57%). BTX injection may
decrease the severity of subjective symptoms, but these
symptoms may not include nausea and vomiting, which
may even recur and worsen.
Additionally, this therapy has not been demonstrated
to be effective in RCTs[67,68]. In a randomized, doubleblind, placebo-controlled trial[68], 32 patients were randomized to BTX A or placebo for a 1-mo follow-up
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roplasty or pyloromyotomy [73]. Surgical pyloroplasty
resulted in some benefit in 30% of patients with GP[74].
Hibbard et al[75] reported excellent outcomes in patients
who underwent minimally invasive pyloroplasty for refractory GP and proposed that a completely endoscopic
pyloroplasty may be an even less invasive treatment option with advance of technology. A retrospective analysis
reviewed the collective data of 28 patients, 26 of whom
had undergone laparoscopic pyloroplasty and 2 of whom
had undergone endoscopic pyloroplasty. The pre- and
post-operative symptom severity scores (SSS), GES, and
medication use were evaluated. The use of prokinetic
agents was significantly reduced from 89% to 14%. The
mean GES T-1/2 was decreased from 320 to 112 min (P
= 0.001) and normalized in 71% of patients. Significant
improvements in the SSS were observed at 1 mo and persisted for 3 mo. Symptoms were reported as improved at
the 1-mo follow-up in 83% of patients.
Sarosiek et al[76] initiated a controlled study in which
GES was replaced with surgical pyloroplasty (PP) to improve GE and symptom control in patients with DM and
other conditions. Forty-nine patients (17 diabetic, 9 idiopathic, and 23 post-vagotomy) underwent GES implantation, and 26 (53%) additionally received PP, with a mean
follow-up of 7 mo. The TSS, 4-h GE, adverse events, and
hospitalizations were observed at baseline and at the last
follow-up. The results indicated that the TSS of patients
in both the GES plus PP and GES groups significantly
improved compared with their baseline scores; however,
the TSS was not significantly different between the two
groups. GE was improved by 64% at 4 h (P < 0.001) in
patients with GES and PP, compared with 7% after GES
therapy alone. No adverse events accompanied the addition of PP to GES. The authors concluded that in drugrefractory GP, the addition of PP to GES substantially
accelerated GE, as well as that PP added to GES may
sustain improved long-term symptom control, particularly in the post-vagotomy setting.

treatment. The results indicated that symptom relief after treatment was significantly improved compared with
baseline (P < 0.05) and that the efficacy increased with
time. Fasting blood glucose levels and HbAlc also improved with treatment.
Generally, Xiaoban Xiatang combined with Suye
Huanglian Tang contributes to improving symptoms of
severe nausea and vomiting rapidly[78-80]. Xiaoban Xiatang
is composed of Rhizoma Pinelliae (Ban Xia) and ginger
(Sheng Jiang). Ginger is a traditional Chinese antiemetic
agent that exhibits weak 5-HT3 receptor antagonist
properties and gastric slow-wave anti-dysrhythmic effects
in humans[81,82]. This prescription may effectively alleviate nausea and vomiting via inhibition of NK1 receptor
activity, antagonized motilin activity, and release of intestinal serotonin (5H-T)[79,80,83,84]. Suye Huanglian Tang is
composed of Rhizoma Coptidis (Huang Lian) and Perilla
Leaf (Su Ye), which has been used to treat intractable
vomiting, mainly based on clinical experience[85-87] and
without current pharmacological confirmation. Abdominal distention is also an important symptom in DGP.
The traditional Chinese formula Zhizhu Tang is commonly used to treat postprandial fullness⁄early satiety and
bloating by improving gastrointestinal motility. Zhizhu
Tang is composed of Atractylodes macrocephala and
Citrus aurantium. Liu et al[88] reported that Tangweian
Jianji, which is mainly composed of Zhizhu Tang, may
reduce symptoms of diabetic gastrointestinal disorder
via a pathway that involves changes in the morphometric
and biomechanical remodeling of the esophageal and
intestinal wall.
Professor Tong proposed the thought of a “combination of symptom, syndrome and disease” as a treatment
guide for refractory DGP[20]. In patients with recurrent
nausea and vomiting that cause great distress, the main
aim of treatment is to relieve symptoms. Because the
main symptoms are viewed as the key factors in syndrome differentiation, the principal prescription should
be related to the main symptoms[20,84]. Xiaoban Xiatang
combined with Suye Huanglian Tang is commonly employed, and the decoction must be taken in small doses at
short intervals. When nausea and vomiting were mostly
alleviated, Professor Tong performed “syndrome differentiation”. Based on its pathogenesis, “spleen-kidney
yang deficiency syndrome” is believed to be common
in refractory DGP, and the therapeutic method invokes
warm yang to dissipate cold and an increase in qi to fortify the spleen. The Fuzi Lizhong Decoction is established
as a fundamental prescription that may improve immune
system function[18-20,78,89]. The characteristics of “diseases”
and the glycemic level also need to be considered.
Among the existing complementary and alternative
therapies, acupuncture is the most-studied method for
the treatment of nausea and vomiting of diverse etiologies. The antiemetic effects of acupoint PC6 stimulation
have been well established based on a systematic review[90]. The mechanism of action may be associated with
effects on autonomic nerve function related to gastric

TCM
TCM and acupuncture are common modalities in
complementary and alternative therapies, both of which
have a long history of use in the treatment of refractory
nausea and vomiting and also help to alleviate abdominal
distension[2,5,40]. Some clinical guidelines and reviews have
recommended acupuncture as a treatment method for
DGP[2,5,40]. Many patients with incurable diseases, such as
refractory DGP, particularly in China, are advised to visit
a traditional Chinese physician[2].
Professor Tong conducted a study[77] based on a nearly six-year clinical practice. The method of retrospective
analysis was applied to collect data on 47 patients with
recurrent vomiting who were followed for three months.
Xiaoban Xiatang combined with Suye Huanglian Tang
was administered most frequently in this study. The severity of overall symptoms, particularly nausea/vomiting,
and the postprandial fullness⁄early satiety and bloating
subscale of the GCSI were evaluated before and after

WJG|www.wjgnet.com

6510

June 7, 2014|Volume 20|Issue 21|

Pang B et al . Treatment of refractory diabetic gastroparesis

motility and changes in gastric hormone levels[91,92]. Kim
et al[93] presented a case report of a patient with refractory
DGP who suffered from frequent nausea, vomiting, and
lack of appetite. The patient was treated with 16 sessions
of acupuncture for 8 wk as an adjunct to conventional
drug treatment, which remained the same during the
treatment course. After the treatment period, the GCSI
score was reduced from 2.4 to 0.6 and the GE time, as
measured by solid meal gastric scintigraphy, showed a significant reduction from 135 to 93 min. At a 4-mo followup visit after treatment, the patient reported complete
reduction of subjective symptoms. According to a singleblinded, randomized pilot study[92], acupuncture therapy
may also reduce postprandial fullness as well as early satiety and bloating subscale scores at the end of treatment,
as measured by the GCSI. Because most TCM treatments
for severe gastroparesis in China are reported as case
reports[94,95], prospective RCTs are warranted to obtain a
higher level of evidence.
In conclusion, TCM methods are often applied for
the treatment of nausea and vomiting and to help alleviate
abdominal distension. TCM methods, which are non-invasive and inexpensive, appear to be effective and promising
based on clinical practice and some preliminary evidence.
With regard to Western therapy, the process of diagnosis
and treatment is standardized, and the effectiveness of
Western methods has been demonstrated in large-scale
clinical trials. The purpose of this review is to propose a
combination of Western and TCM methods and to explore the respective advantages of these therapies.
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miR-132 inhibits colorectal cancer invasion and metastasis
via directly targeting ZEB2
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Gao-Chun Xiao, Shi-Lun Tong
distant metastases compared with the tissues without
metastases (10.52 ± 4.69 vs 23.11 ± 7.84) (P < 0.001).
Down-regulation of miR-132 was associated with tumor
size (P = 0.016), distant metastasis (P = 0.002), and
TNM stage (P = 0.020) in CRC patients. Kaplan-Meier
survival curve analysis indicated that patients with low
expression of miR-132 tended to have worse diseasefree survival than patients with high expression of
miR-132 (P < 0.001). Moreover, ectopic expression of
miR-132 markedly inhibited cell invasion (P < 0.05) and
the epithelial-mesenchymal transition (EMT) in CRC
cell lines. Further investigation revealed ZEB2, an EMT
regulator, was a downstream target of miR-132.
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CONCLUSION: Our study indicated that miR-132 plays
an important role in the invasion and metastasis of
CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the biological role and underlying
mechanism of miR-132 in colorectal cancer (CRC) progression and invasion.

Key words: microRNA; miR-132; Colorectal cancer; Invasion; Metastasis; epithelial-mesenchymal transition;
Prognosis

METHODS: Quantitative RT-PCR analysis was used to
examine the expression levels of miR-132 in five CRC
cell lines (SW480, SW620, HCT116, HT29 and LoVo)
and a normal colonic cell line NCM460, as well as in
tumor tissues with or without metastases. The KaplanMeier method was used to analyze the prognostic significance of miR-132 in CRC patients. The biological effects of miR-132 were assessed in CRC cell lines using
the transwell assay. Quantitative RT-PCR and western
blot analyses were employed to evaluate the expression
of miR-132 targets. The regulation of ZEB2 by miR-132
was confirmed using the luciferase activity assay.

Core tip: In this study, we reported the clinical significance and biological effects of miR-132 in colorectal
cancer (CRC). We found that miR-132 was significantly
down-regulated in tumor cell lines and CRC tissues with
distant metastases. Down-regulation of miR-132 was
associated with aggressive tumor phenotypes and adverse prognosis in CRC patients. Moreover, we showed
that ectopic expression of miR-132 significantly inhibited cell invasion and the epithelial-mesenchymal transition (EMT), whereas knockdown of miR-132 promoted
cell invasion and EMT in CRC cells. Further investigation
revealed ZEB2, an EMT regulator, was a downstream
target of miR-132.

RESULTS: miR-132 was significantly down-regulated
in the CRC cell lines compared with the normal colonic
cell line (P < 0.05), as well as in the CRC tissues with
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tion (EMT) of CRC cells. Further study indicated that
ZEB2 (an EMT regulator) was a direct downstream target of miR-132. Collectively, these results demonstrated
that miR-132 inhibited cell invasion and EMT in CRC
cells through targeting ZEB2, providing a valuable target
for cancer therapy.

INTRODUCTION

MATERIALS AND METHODS
Human tissue specimens and cell lines
CRC tissues with distant metastases (n = 32) and CRC
tissues without distant metastases (n = 30) were obtained
from 62 CRC patients who underwent initial surgery at
Renmin Hospital of Wuhan University between June 2005
and January 2008. All the patients had a histological diagnosis of CRC. Following resection, the specimens were
snap-frozen in liquid nitrogen and stored at -80 ℃ until
RNA extraction. All the subjects involved in this study
provided written informed consent. This project was approved by the ethics committee of Wuhan University.
The human HT-29, HCT116, SW480, SW620 and
LoVo CRC cell lines, the 293T embryonic kidney cell line,
and the NCM460 normal colonic epithelial cell line were
purchased from the American Type Culture Collection
(ATCC). The cells were cultured in RPMI-1640 medium
containing 10% fetal bovine serum in a humidified 37 ℃
incubator supplemented with 5% CO2.

Colorectal cancer (CRC) is the second leading cause
of cancer-related deaths in western countries[1]. Recent
development in the therapeutic strategies has helped to
cure many patients with early-stage disease. However, the
prognosis of patients with advanced disease and metastasis is still poor. Therefore, further investigation into the
underlying molecular mechanisms of CRC progression to
identify biomarkers to distinguish CRC patients with or
without a high risk of metastasis is of great importance.
Tumor invasion and metastasis are parts of a complicated process in which the tumor grows, then detaches
from the primary site and metastasizes to a distant organ.
Aberrations of protein-coding genes have been widely
accepted to play critical roles in the pathology of CRC,
including both oncogenes and tumor suppressive genes[2].
Recently, a series of studies have revealed that microRNAs (miRNAs) regulate various genes that play a pivotal
role in the process of tumor progression and metastasis.
miRNAs are a class of short (approximately 18-22
nucleotides in length), endogenous, non-coding RNAs
that can negatively regulate the expressions of various protein-coding genes by base pairing with their 3’
untranslated region (3’-UTR)[3-5], leading to their posttranscriptional translation inhibition or mRNA degradation[6]. miRNAs have been found to be involved in the
regulation of multiple pathological processes that contribute to tumorigenesis and metastasis, such as tumor
cell proliferation, differentiation, apoptosis, and invasion[7-9]. In CRC, several reports have indicated the role
of miRNAs in regulating tumor invasion and metastasis.
For example, miR-93 suppresses the proliferation and
colony formation of human colon cancer stem cells by
regulating HDAC8 and TLE4[10]. Additionally, miR-21 is
a potential biomarker in colon and rectal cancer[11]. Previously, Zhang et al[12] reported that down-regulation of
miR-132 by promoter methylation promotes pancreatic
cancer development; Formosa et al[13] found that miR-132
is silenced by promoter CpG island methylation, which
contributes to prostate cancer progression and metastasis.
However, the role of miR-132 in CRC progression and
metastasis remains unclear.
In the present study, we first examined the expression
level of miR-132 in CRC tissues and cell lines. The results
showed that miR-132 was significantly down-regulated in
CRC tissues with metastasis compared with tissues without metastasis; the level of miR-132 was lower in CRC
cell lines than in the NCM460 cell line (a normal colonic
cell line). Ectopic expression of miR-132 markedly inhibited the invasiveness and epithelial-mesenchymal transi-
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RNA isolation and quantitative real-time PCR analysis
Total RNA from the tissues and cells was extracted using
Trizol reagent (Invitrogen, Carlsbad, California, United
States). RNA quality and concentration were determined
using the Nanodrop 2000 system (Thermo Fisher Scientific, Wilmington, United States). For analysis of the
miR-132 level, a TaqMan MicroRNA Assay Kit (Applied
Biosystems) was used, and U6 snRNA was used as the
reference. For measurement of the ZEB2 mRNA level, a
SYBR Premix Ex TaqTM kit (Takara) was used, and β-actin
expression was used as endogenous control. Real-time
PCR was performed using the Applied Biosystems 7900
Fast Real-Time PCR system (Applied Biosystems, Foster
City, California, United States). Data were analyzed using
the 2-∆∆ct method.
Western blot analysis
Western blot analysis was performed as previously described[14]. Briefly, total cellular protein was isolated, and
the protein concentration was determined using the
Bradford DC protein assay (Bio-Rad, CA, United States).
A total of 40 μg of protein was separated by SDS-PAGE
and transferred to a polyvinylidene fluoride (PVDF)
membrane. Membranes were then incubated with the following primary antibodies: ZEB2 (1:1000; CST, United
States), E-cadherin (1:1000; CST, United States), α-catenin
(1:1000; CST, United States), vimentin (1:1000; CST,
United States), fibronectin (1:1000; CST, United States)
and GAPDH (1:2000; Santa Cruz Biotechnology, United
States). Proteins were visualized using the ECL procedure
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Vector construction and dual-luciferase reporter assay
For the luciferase assays, the potential miR-132 binding
site in the ZEB2 3′-UTR was predicted using TargetScan
(www.targetscan.org) and miRanda (www.microRNA.
org). The 3’-UTR of the ZEB2 mRNA and a mutant
ZEB2 mRNA were synthesized and cloned into the Xba
I site of a pGL3 basic vector (Promega, United States)
downstream from the luciferase stop codon and were
designated as pGL3-wt-ZEB2 and pGL3-mt-ZEB2,
respectively. Then, 293T cells (1 × 105 cells/well) were
cultured in 24-well plates and co-transfected with the
pGL3-Control (0.4 mg), pGL3-wt-ZEB2 (0.4 mg) or
pGL3-mt-ZEB2 (0.4 mg) plasmid, the pRL-TK luciferase
reporters (25 ng/well) and pcDNA-miR-132 (20 nmol/L)
or pcDNA-miR-NC (20 nmol/L) using Lipofectamine
2000 (Invitrogen, United States). Forty-eight hours later,
the cells were harvested, and luciferase activities were
measured using a Dual-Luciferase Reporter Assay kit
(Promega, United States).
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number of invasive cells was evaluated in five independent fields under a microscope. The mean of triplicate
assays for each experimental condition was analyzed.
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Statistical analysis
The data were expressed as the mean ± SD. Statistical
significance was analyzed using Student’s t-test (twotailed). All statistical analyses were performed using SPSS
13.0 or the GraphPad Prism 5.0 software package. The
Kaplan-Meier method and log-rank test were performed
to analyze the prognostic significance. P < 0.05 was considered to be statistically significant in all tests.

Figure 1 miR-132 is significantly down-regulated in colorectal cancer
cell lines and tissues with distant metastases. A: Relative expression level
of miR-132 in colorectal cancer (CRC) cell lines and the normal colonic cell
NCM460 (aP < 0.05); B: Relative expression level of miR-132 in CRC tissues
with distant metastases (n = 32) and CRC tissues without metastases (n = 30)
(bP < 0.01).

(Amersham Biosciences, United States).

RESULTS

Oligonucleotide transfection
The hsa-miR-132 mimic, negative control (NC) oligonucleotides, has-miR-132 inhibitor and scramble oligonucleotides were purchased from Ribobio (Guangzhou,
China). The cells were plated in a six-well plate the day
before transfection. LoVo cells were transfected with the
has-miR-132 mimic or NC (50 nmol/L), and HCT116
cells were infected with the has-miR-132 inhibitor or
scramble oligonucleotides (100 nmol/L), using Lipofectamine 2000 (Invitrogen). Twenty-four hours later, the
cells were collected, and in vitro assays were performed.

miR-132 was significantly down-regulated in CRC cell
lines and CRC tissues with metastases
First, we analyzed the expression of miR-132 in five
CRC cell lines and the normal colonic cell line NCM460.
miR-132 was significantly down-regulated in CRC cell
lines compared with the normal colonic cell line NCM460
(all P < 0.05) (Figure 1A). Among the six CRC cell lines,
LoVo possessed the lowest miR-132 level, and HCT116
exhibited the highest miR-132 level (Figure 1A). To explore the expression of miR-132 in CRC tissues with
different metastatic characteristics, the miR-132 level was
measured in tissues with distant metastases (n = 32) and
tissues without distant metastases (n = 30). Interestingly,
miR-132 was markedly lower in CRC tissues with distant
metastases than that in CRC tissues without distant metastases (10.52 ± 4.69 vs 23.11 ± 7.84) (P < 0.001; Figure
1B). To evaluate the clinical value of miR-132 in CRC
patients, we divided the patients into two groups according to the median value (15.40) of the miR-132 level.
The correlation between miR-132 and clinicopathological
characteristics was then analyzed (Table 1). Low expression of miR-132 was significantly associated with a larger
tumor size (P = 0.016), distant metastasis (P = 0.002) and

Cell invasion assay
The cell invasive potential was evaluated using specialized
transwell chambers (8-μm pore; BD Biosciences). The
cells (5 × 104 cells suspended in 500 μl of serum-free
medium) were added to the upper chamber of the inserts, which were coated with a Matrigel mix; fetal bovine
serum (500 μl) was added to the bottom chamber as a
chemoattractant. Twenty-four hours later, the non-invading cells on the upper surface were removed, and the cells
that invaded to the bottom side of the membrane were
fixed with methanol, stained with 0.1% crystal violet,
air dried and subjected to digital image acquisition. The
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Table 1 Correlations between miR-132 expression and
clinicopathological characteristics in colorectal cancer patients
n (%)

Age
< 60 yr
≥ 60 yr
Gender
Male
Female
CEA Level
0-5 ng/mL
> 5 ng/mL
CA199 Level
0-35 μ/mL
> 35 μ/mL
Tumor site
Colon
Rectum
Tumor size (cm)
≤5
>5
Differentiation
Well/moderate
Poor
Distant metastasis
Yes
No
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

n

80
Percent survival

Characteristics

P value

miR-132
Low

High

34
28

19 (55)
12 (42)

15 (45)
16 (58)

37
25

20 (54)
11 (44)

17 (46)
14 (56)

0.307

19 (59)
12 (40)

46
16

20 (43)
11 (69)

26 (57)
5 (31)

37
25

18 (49)
13 (52)

19 (51)
12 (48)

60
40
miR-132 low (n = 31)

0
0.127

13 (41)
18 (60)

miR-132 high (n = 31)

20

0.437

32
30

P < 0.001

0

30

60
90
Months after operation

120

150

Figure 2 miR-132 predicts disease-free survival in colorectal cancer
patients. The Kaplan-Meier curve of disease-free survival in patients with high
miR-132 expression (n = 31) and low miR-132 expression (n = 31) (P < 0.01).

0.082

0.796

spindle-shaped mesenchymal form to a cobblestoneshaped epithelial-like form in LoVo cells. By contrast,
knockdown of miR-132 in HCT116 cells led to more
spindle-shaped mesenchymal characteristics (Figure
4B). Moreover, the expression of a set of EMT-related
protein markers was also altered along with the morphological changes. Overexpression of miR-132 increased
the protein levels of epithelial markers (E-cadherin and
α-catenin) but decreased the expression of mesenchymal
markers (vimentin and fibronectin) in LoVo cells (Figure
4C). By contrast, knockdown of miR-132 resulted in a
decreased level of epithelial markers (E-cadherin and
α-catenin) but increased levels of mesenchymal markers
(vimentin and fibronectin) in HCT116 cells (Figure 4D).

0.016
41
21

16 (39)
15 (71)

25 (61)
6 (29)

45
17

23 (51)
8 (47)

22 (49)
9 (53)

32
30

10 (31)
21 (70)

22 (69)
9 (30)

11
51

2 (18)
29 (56)

9 (72)
22 (44)

0.776

0.002

0.020

TNM stage (P = 0.020). However, age, gender, CEA level,
CA199 level, tumor site and differentiation showed no association with miR-132 expression (Table 1). Kaplan-Meier analysis showed patients with low miR-132 expression
had significantly worse disease-free survival than patients
with high miR-132 expression (P < 0.001, Figure 2).

ZEB2 was identified as a direct target of miR-132
To investigate the underlying mechanism of miR-132 in
CRC, we first used TargetScan (www.targetscan.org) and
miRanda (www.microRNA.org) to search for potential targets of miR-132. Because miR-132 could suppress CRC
invasion, we focused on genes that could promote CRC
metastasis. We found that the 3’-UTR of ZEB2 contains
the complementary site for the seed region of miR-132.
Additionally, ectopic expression of miR-132 could significantly reduce the ZEB2 mRNA and protein levels in
LoVo and SW620 cells (Figure 5A and B). Furthermore, a
luciferase activity assay demonstrated that miR-132 could
significantly decrease the luciferase activity of the wildtype ZEB2 3’-UTR by 40%, a finding that was not observed for the mutant ZEB2 3’-UTR (Figure 5C).

Ectopic expression/knockdown of miR-132 inhibited/
promoted the invasion of CRC cells
Because miR-132 was significantly down-regulated in
CRC tissues with distant metastases, we hypothesized that
miR-132 could inhibit cell invasion. LoVo cells with low
miR-132 expression were transfected with the miR-132
mimic to overexpress miR-132, whereas HCT116 cells
with high miR-132 expression were transfected with the
miR-132 inhibitor to knockdown endogenous miR-132.
The efficiency of transfection was confirmed by real-time
PCR (data not shown). As expected, ectopic expression
of miR-132 reduced LoVo cell invasion by about 40% (P
< 0.05; Figure 3A). By contrast, knockdown of miR-132
significantly increased the invasiveness of the HCT116
cells (P < 0.05; Figure 3B).

DISCUSSION
Metastasis has been widely recognized as an adverse
prognostic factor in CRC. miRNAs have been demonstrated as an important regulator of tumor progression
and metastasis[15]. In CRC, many miRNAs have been
identified that are able to regulate known genes that are
involved in the pathology of tumorigenesis and metastasis. For example, miR-21, miR-31 and miR-192 could
induce CRC cell resistance to 5-fluorouracil (5-FU), a

Overexpression of miR-132 reversed EMT in CRC cells
EMT is known to be important for tumor metastasis.
Thus, we investigated the role of miR-132 in EMT in
CRC cells. As shown in Figure 4A, ectopic expression
of miR-132 induced a morphological change from the
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Figure 3 miR-132 inhibits colorectal cancer cell invasion. A: Ectopic expression of miR-132 inhibits cell invasion in LoVo cells (aP < 0.05); B: Knockdown of
miR-132 promotes cell invasion in HCT116 cells (aP < 0.05).
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Figure 4 miR-132 regulates epithelialmesenchymal transition in colorectal
cancer cells. A: Ectopic expression of
miR-132 leads to a cobblestone-shaped
epithelial-like form in LoVo cells; B: Knockdown of miR-132 leads to spindle-shaped
mesenchymal characteristics in HCT116
cells; C, D: Overexpression of miR-132
increased the protein levels of epithelial
markers (E-cadherin and α-catenin) but
decreased the expression of mesenchymal
markers (vimentin and fibronectin) in LoVo
cells, whereas knockdown of miR-132
resulted in decreased levels of epithelial
markers (E-cadherin and α-catenin) and
increased levels of mesenchymal markers
(vimentin and fibronectin) in HCT116 cells.
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Figure 5 ZEB2 is a direct target of miR-132 in colorectal cancer cells. A: Ectopic expression of miR-132 reduces the ZEB2 mRNA levels in LoVo and SW620 cells
(aP < 0.05); B: Ectopic expression of miR-132 decreases the ZEB2 protein levels in LoVo and SW620 cells; C: Co-transfection of pcDNA-miR-132 and pGL3-wt-EB2
reduced the luciferase activity in 293T cells (aP < 0.05).

finding that might shed light on chemotherapy for CRC
patients[16-18]; miR-28 inhibits CRC tumor growth and
metastasis by CCND1 and NM23-H1[19]. miR-132 has
been found to be a tumor suppressor in a series of cancers, such as prostate cancer, hepatocellular carcinoma
and ductal carcinoma in situ (DCIS) of the breast[13,20,21].
Recently, a report indicated that miR-132 could regulate
apoptosis in non-small cell lung cancer independent of
acetylcholinesterase[22]. In the present study, we showed
that miR-132 was significantly down-regulated in CRC
tissues with distant metastases.
Moreover, miR-132 was associated with tumor size,
distant metastasis and TNM stage and could predict
survival in CRC patients. These results indicated that
miR-132 down-regulation might be a common occurrence in CRC, and miR-132 could be used as a biomarker to predict clinical outcome and metastasis in CRC
patients.
EMT is a process in which adherent epithelial cells
shed their epithelial traits and acquire mesenchymal properties, including fibroblastoid morphology and increased
potential for motility, and, in the case of cancer cells,
increased invasion, metastasis and resistance to chemotherapy[23-25]. Although the signaling pathways of EMT are
complicated, the hallmark of EMT in tumors is the downregulation of E-cadherin, which is also considered to be
a suppressor of invasion and metastasis. A series of transcription factors have been found to regulate EMT programs in cancer metastasis, including direct transcriptional
repressors of E-cadherin-Snail (SNAI1), Slug (SNAI2),
ZEB2 (SIP1), ZEB1, FOXC2 and Twist[25]. In our study,
we found that ectopic expression of miR-132 inhibited
CRC cell invasion and EMT. By contrast, knockdown of
miR-132 promoted cell motility and EMT progression. To
the best of our knowledge, this is the first study to report
the role of miR-132 in CRC metastasis.
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miRNAs are known to function by regulating target
genes. Previous reports have found many target genes for
miR-132 in cancer. For instance, Lagos et al[26] reported
that miR-132 regulated antiviral innate immunity through
suppression of the p300 transcriptional co-activator.
Alvarez-Saavedra et al[27] showed that genes involved
in chromatin remodeling (Mecp2, Ep300, Jarid1a) and
translational control (Btg2, Paip2a) were direct targets of
miR-132 in the mouse suprachiasmatic nucleus. In our
study, we indicated that ZEB2, which is a transcriptional
repressor of E-cadherin and plays an important role in
EMT, was a direct target of miR-132 in CRC cells. These
results showed that one miRNA might target different
genes depending on the tumor types and cellular environment. However, further study is needed to investigate the
underlying mechanisms of miR-132 in CRC.
In conclusion, we found that miR-132 was significantly down-regulated in CRC with distant metastasis.
Moreover, miR-132 could predict disease-free survival
and distant metastasis in CRC patients. Further investigation identified that the EMT regulator ZEB2 was a direct
target of miR-132. Taken together, these data implicate
that miR-132 might be used as a prognostic indicator and
therapeutic target in CRC patients.
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promoter methylation promotes pancreatic cancer development. Formosa et al
found that miR-132 is silenced by promoter CpG island methylation, a process
that contributes to prostate cancer progression and metastasis. However, the
role of miR-132 in CRC progression and metastasis remains unclear and needs
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Innovations and breakthroughs

The authors found that miR-132 was significantly down-regulated in CRC tissues with metastasis compared with tissues without metastasis; the level of
miR-132 was lower in CRC cell lines than in NCM460 cells (a normal colonic
cell line). Ectopic expression of miR-132 markedly inhibited the invasiveness
and epithelial-mesenchymal transition (EMT) in CRC cells. Further study
indicated that ZEB2 (an EMT regulator) was a direct downstream target of
miR-132. Collectively, these results demonstrated that miR-132 inhibited cell
invasion and EMT in CRC cells by targeting ZEB2, thus providing a valuable
target for cancer therapy.
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Applications

The findings in this study indicated that miR-132 was significantly down-regulated in CRC with distant metastases. Moreover, miR-132 could predict diseasefree survival and distant metastasis in CRC patients. Further investigation
identified that the EMT regulator ZEB2 was a direct target of miR-132. Taken
together, these data implicate that miR-132 might be used as a prognostic indicator and therapeutic target in CRC patients.
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Terminology

miRNA: a small non-coding RNA molecule (approximately 22 nucleotides
in length) found in plants, animals, and some viruses that functions in transcriptional and post-transcriptional regulation of gene expression; epithelialmesenchymal transition: a process by which epithelial cells lose their cell polarity and cell-cell adhesion and gain migratory and invasive properties to become
mesenchymal stem cells.
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The authors report on the biological and clinical significance of miR-132 in
colorectal cancer, adding some information on a possible target of that microRNA. The results of the study are interesting and innovative. The sample
size of the study is sufficiently large. The methods used are updated and well
described, and the statistics are appropriate.
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ORIGINAL ARTICLE

IGFBPrP1 induces liver fibrosis by inducing hepatic stellate cell
activation and hepatocyte apoptosis via Smad2/3 signaling
Yun Zhang, Qian-Qian Zhang, Xiao-Hong Guo, Hai-Yan Zhang, Li-Xin Liu
sured by real-time reverse transcription-polymerase
chain reaction and Western blot analysis. The expression of Smad2/3 and p-Smad2/3 was examined by
Western blot and immunohistochemistry. A shSmad3expressing recombinant adenovirus (AdshSmad3) was
designed and used to knockdown the Smad3 gene
in HSC-T6 cells and rat liver fibrosis transfected with
IGFBPrP1. The expression of collagen Ⅰ, fibronectin,
and α-smooth muscle actin (α-SMA) was determined
by Western blot analysis and immunohistochemistry.
Hepatocyte apoptosis was assessed using TUNEL assay.
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RESULTS: IGFBPrP1 overexpression induced collagen
deposition and up-regulated the expression of α-SMA
and p-Smad2/3, and AdshSmad3 inhibited IGFBPrP1stimulated p-Smad2/3 activation and the expression of
α-SMA, collagen Ⅰ and fibronectin in HSC-T6 cells. Similarly, increased hepatocyte apoptosis (38.56% ± 3.42%
vs 0.24% ± 0.03%, P < 0.05), α-SMA positive stained
cells (29.84% ± 1.36% vs 5.83% ± 1.47%, P < 0.05),
and increased numbers of Smad3 (35.88% ± 2.15% vs
10.24% ± 1.31%, P < 0.05) and p-Smad2/3 positive
cells (28.87% ± 2.73% vs 8.23% ± 0.98%, P < 0.05)
were detected in the livers of IGFBPrP1-overexpressing
rats compared with the control group. Moreover, AdshSmad3 reduced IGFBPrP1-stimulated Smad3 expression
and attenuated α-SMA expression (29.84% ± 1.36%
vs 8.23% ± 1.28%, P < 0.05), hepatocyte apoptosis
(38.56% ± 3.42% vs 6.75% ± 0.52%, P < 0.05), and
both collagen Ⅰ and fibronectin deposition in the livers
of AdIGFBPrP1-treated rats.

Abstract
AIM: To investigate the role and mechanism of insulinlike growth factor binding protein-related protein 1
(IGFBPrP1) in the development of liver fibrosis.

CONCLUSION: IGFBPrP1 induces liver fibrosis by mediating the activation of hepatic stellate cells and hepatocyte apoptosis in a Smad3-dependent mechanism.

METHODS: An in vitro model using hepatic stellate cell
(HSC)-T6 cells and an in vivo model of rat liver overexpressing IGFBPrP1 were established using an IGFBPrP1expressing recombinant adenovirus. The expression of
IGFBPrP1 was examined by immunofluorescence, and
the expression of collagen Ⅰ and fibronectin was mea-
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pathways responsible for regulating ECM production and
liver fibrosis[15]. Since IGFBPrP1 can regulate the TGF-β
pathway, it is not surprising that IGFBPrP1 may contribute to liver fibrosis via the Smad signaling pathway.
The aim of this study was to identify the role and
mechanism of IGFBPrP1 in liver fibrosis using an adenovirus vector carrying IGFBPrP1 (AdIGFBPrP1) or
a small interfering RNA targeting Smad3 (AdshSmad3).
We found that overexpression of IGFBPrP1 induced
liver fibrosis by mediating hepatocyte apoptosis and HSC
activation. We also identified the important role of the
IGFBPrP1-Smad pathway in the regulation of IGFBPrP1 action in the development of liver fibrosis, and this
pathway is a potential therapeutic target for liver fibrosis.

Core tip: This study investigated the role and mechanism of insulin-like growth factor binding protein-related protein 1 (IGFBPrP1) in liver fibrosis using an adenovirus vector carrying IGFBPrP1 or a small interfering
RNA targeting Smad3. We found that overexpression
of IGFBPrP1 induced liver fibrosis by mediating hepatocyte apoptosis and hepatic stellate cells activation.
We also identified the important role of the IGFBPrP1Smad pathway in the regulation of IGFBPrP1 action in
the development of liver fibrosis, and this pathway is a
potential therapeutic target for liver fibrosis.
Zhang Y, Zhang QQ, Guo XH, Zhang HY, Liu LX. IGFBPrP1
induces liver fibrosis by inducing hepatic stellate cell activation and hepatocyte apoptosis via Smad2/3 signaling. World J
Gastroenterol 2014; 20(21): 6523-6533 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6523.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6523

MATERIALS AND METHODS
Preparation of IGFBPrP1 adenoviral constructs
The recombinant replication deficient adenovirus 5 expressing EGFP was constructed as previously described.
The full-length cDNA of rat IGFBPrP1 was obtained
from the cDNA library using the PCR method, then subcloned into the shuttle vector AdMax for preparation of
replication-deficient adenovirus type 5 expressing IGFBPrP1 (AdIGFBPrP1) or no cDNA (cAd) at the GenePharma Company (Shanghai, China). Both AdIGFBPrP1
and cAd contained an EGFP marker, which was used to
determine the transduction efficiency and to optimize
viral infection in HSCs.

INTRODUCTION
Hepatic fibrosis is characterized by excessive production and deposition of extracellular matrix (ECM) components including collagen and fibronectin, and often
results in hepatic cirrhosis and carcinoma[1]. During the
process of liver fibrosis, hepatic stellate cells (HSCs)
transform into myofibroblasts and are responsible for
progressive ECM accumulation[2-4]. Several cytokines and
growth factors have been shown to regulate HSC activation, proliferation and ECM production[5]. In addition,
hepatocyte apoptosis may also contribute to HSC activation and the development of liver fibrosis. To date, there
are no reports that a single molecule leads to hepatocyte
apoptosis and HSC activation.
Insulin-like growth factor binding protein-related protein 1 (IGFBPrP1) has been shown to be a tumor suppressor by regulating cell proliferation, senescence and
apoptosis. We previously reported that IGFBPrP1 was
up-regulated in the liver of patients with hepatic cirrhosis
and in mice with thioacetamide (TAA)-induced hepatic
cirrhosis[6]. Most importantly, we demonstrated that recombinant IGFBPrP1 was capable of triggering HSC activation[7,8]. These findings suggest that IGFBPrP1 plays
an important role in liver fibrosis. However, the mechanism has not been described.
Recent studies found that IGFBPrP1 stimulated
glioma growth or fibroblast activation by binding activin
A, a transforming growth factor (TGF)-β superfamily
member, to regulate TGF-β signaling. TGF-β combines
with transmembrane type Ⅰ and type Ⅱ serine/threonine
kinase receptors (TβRI and TβRⅡ) to form a complex,
which will activate the downstream Smad pathway[9,10] or
non-Smad pathway[11-14], such as the p44/p42 mitogen-activated protein kinase pathway and phosphoinositide 3-kinase-Akt-mTOR regulating ECM production. The TGFβ-Smad signaling pathway is one of the most important

WJG|www.wjgnet.com

Preparation of ShSmad3-expressing adenoviral
constructs
Four shRNAs targeting rat Smad3 mRNA (nt553-572,
906-925, 958-977, and 1054-1073) and a scrambled
shRNA used as a negative control (shNC) were designed
using software found on the Ambio website and synthesized by the GenePharma Company (Shanghai, China).
The most effective shSmad3 (1054-1073) or shNC was
then used to construct the adenoviral vectors containing
shSmad3 (AdshSmad3) or shNC (AdshNC). Both AdshSmad3 and AdshNC contained an RFP marker, which
was used to determine the transduction efficiency.
Cell culture and transfection
The HSC-T6 cell line was a gift from Scott L. Friedman
of the Mount Sinai School of Medicine (NY, United
States) and was cultured in RPMI 1640 medium (Gibco,
United States) supplemented with 10% fetal calf serum,
100 U/mL penicillin and 100 g/mL streptomycin. After
24 h, HSC-T6 cells were transiently infected with AdshSmad3 or AdshNC in the presence of cAd or AdIGFBPrP1 at a multiplicity of infection (MOI) of 25, 50 and
100. The transfection efficiency was expressed as a percentage of the number of EGFP or RFP positive cells to
the total cells.
Rats and adenovirus administration
Male wild-type Sprague-Dawley rats weighing 125-150 g
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or Sirius Red stain. Immunohistochemical staining was
performed to examine the expression of α-SMA, Smad3
and p-Smad3. The results were analyzed with Image-Pro
Plus 7.0 software and expressed as a percentage of the
area occupied by the signal.

were obtained from Shanxi Medical University Laboratory Animal Center (Shanxi, China). All procedures were
approved by the Shanxi Medical University Animal Care
and Use Committee. All rats were injected with 2 × 109
PFU of AdshNC or AdshSmad3 in the presence of PBS
or 2 × 109 PFU of cAd or AdIGFBPrP1 administered via
the tail vein. Ten rats were included in each experimental
group. Rats were sacrificed 14 and 28 d after adenovirus
administration. Blood and liver tissues were harvested.

TUNEL assay
Hepatocyte apoptosis in liver sections was measured by
TUNEL assay, which was performed according to the
manufacturer’s instructions (In Situ Cell Death Detection Kit; Boehringer Mannheim, Indianapolis, IN, United
States). The data were expressed as a percentage of the
area of TUNEL-positive cells in 10 random fields.

Real-time RT-PCR analysis
Total RNA was extracted from the cells or tissues with
Trizol reagent (Invitrogen Life Technology, CA, United
States). cDNA was obtained using the Reverse Transcription reagent kit (Fermentas Life Sciences, CA, United
States). Quantitative real-time PCR was performed
using the SYBR Green PCR kit (Fermentas Life Sciences, CA, United States). The primer sequences were
as follows: (1) IGFBPrP1 forward primer (5’-GCGAGCAAGGTCCTTCC AT-3’) and reverse primer (5’-CGGTCACCAGGCAGGAGTT-3’); (2) Collagen Ⅰ forward
primer (5’-AGCCAGCAGATCGAGAACAT-3’) and
reverse primer (5’-TCT TGTCCTTGGGGTTCTTG-3’);
(3) Smad3 forward primer (5’-GGGAGACATTCCACGCTTCA-3’) and reverse primer (5’-TAAGCTCCACGGCTGCATT-3’); (4) α-smooth muscle actin (α-SMA)
forward primer (5’-TTCGTTACTACTGCTGAGCGTGAGA-3’) and reverse primer (5’ -AAAGATGGCTGGAAGAGGGTC-3’); (5) fibronectin forward primer
(5’-CCAGGCACTGACTACAAGAT-3’) and reverse
primer (5’-CATGATACCAGCAAGGACTT -3’); and (6)
β-actin forward primer (5’-CTGGCACCACACCTTCTACA-3’) and reverse primer (5’-AGCACA GCCTGGATAGCAAC-3’). β -actin was used as an internal
control. Experiments were performed at least 3 times
with similar results. The mRNA results were expressed as
number of folds relative to the control group.

Hydroxyproline assay
Hydroxyproline content in whole liver specimens was
quantified colorimetrically, which evaluated the total
amount of collagen in the liver. The Hydroxyproline
Assay Kit was purchased from Nanjing Jiancheng Bioengineering (Nanjing, China). In brief, liver specimens
were hydrolyzed, lyophilized and the absorbance of each
sample at 550 nm was assayed for hydroxyproline content
using a spectrophotometer.
Statistical analysis
All data are expressed as mean ± SD. Statistical significance
was determined using the Student’s t test as appropriate.

RESULTS
IGFBPrP1 overexpression induces ECM production in
HSC-T6 cells
Having shown that rIGFBPrP1 induces HSC activation, we sought to determine whether endogenously
expressed IGFBPrP1 exerts similar effects. We first
established IGFBPrP1 overexpression using the adenovirus in HSC-T6 cells, a rat HSC cell line. As shown in
Figure 1A and B, adenoviral gene transfer of IGFBPrP1
(AdIGFBPrP1) increased IGFBPrP1 mRNA and protein
expression in HSC-T6 cells in a time-dependent manner
compared to cAd (0.254 ± 0.072, 0.689 ± 0.023, 0.856 ±
0.034 vs 0.038 ± 0.062, P < 0.05). IGFBPrP1 overexpression similarly increased collagen Ⅰ expression after transfection (Figure 1A, 0.614 ± 0.021, 0.986 ± 0.027, 1.294 ±
0.062 vs 0.596 ± 0.014, P < 0.05).

Western blot analysis
Western blot was performed as previously described
with antibodies to (1) IGFBPrP1 (1:300, Santa Cruz Biotechnology, United States); (2) α-SMA (1:500, Abcam,
United Kingdom); (3) collagen Ⅰ (1:300, Santa Cruz Biotechnology, United States); (4) fibronectin (1:300, Santa
Cruz Biotechnology, United States); (5) TGF-β1 (1:200,
Santa Cruz Biotechnology, United States); (6) Smad2/3
(1:300, Santa Cruz Biotechnology, United States); and
(7) p-Smad2/3 (1:500, Abcam, United Kingdom). Immunoreactive blots were visualized using the Super ECL
detection kit (Amersham Pharmacia Biotech, NJ, United
States) according to the manufacturer’s instructions. Specific signals were scanned using scanning densitometry
and quantified with Quantity One Image software.

IGFBPrP1-induced expression of α -SMA and typeⅠ
collagen is regulated via Smad2/3 pathway
IGFBPrP1 has been shown to activate the TGF- β
pathway in osteosarcoma cells. The TGF-β-Smad signaling pathway plays an important role in liver fibrosis.
Smad2 and Smad3 are the main downstream mediators
of TGF-β signaling in regulating ECM production. To
determine the role of the Smad signaling pathway in
mediating ECM up-regulation in response to elevated
IGFBPrP1 levels, we measured Smad2/3 activation in
HSC-T6 cells treated with AdIGFBPrP1. As shown in
Figure 2A and B, Western blot analysis revealed that

Histological examination and immunohistological
staining
All paraffin-embedded liver tissues were cut into 4 μm
thick sections, and stained with hematoxylin and eosin

WJG|www.wjgnet.com

6525

June 7, 2014|Volume 20|Issue 21|

Zhang Y et al . IGFBPrP1 and liver fibrosis

B

AdIGFBPrP1
Control

CAd

24 h

48 h

a

72 h

2.5
IGFBPrP1

Collagen Ⅰ

IGFBPrP1
(relative mRNA abundance)

A

2.0
a
1.5
1.0
0.5
0.0

β-actin

a

Control

CAd

25

50

100

AdIGFBPrP1

Figure 1 Insulin-like growth factor binding protein-related protein 1 overexpression induces extracellular matrix production in hepatic stellate cell-T6
cells. Hepatic stellate cell-T6 cells were infected with cDNA (cAd) or adenovirus vector carrying insulin-like growth factor binding protein-related protein 1 (IGFBPrP1)
(AdIGFBPrP1) for 24, 48 and 72 h at a multiplicity of infection of 100. Cell lysates were prepared from each culture. A: IGFBPrP1 and collagen Ⅰ protein expression
was detected by Western blot; B: IGFBPrP1 mRNA level was analyzed by real-time polymerase chain reaction. Data are expressed as mean ± SD (n = 4 per group).
a
P < 0.05 vs the levels in the control group.
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Figure 2 Insulin-like growth factor binding protein-related protein 1 overexpression stimulates Smad2/3 phosphorylation in hepatic stellate cell-T6 cells.
A: Total and phosphorylated Smad2/3 protein expression in hepatic stellate cell-T6 (HSC-T6) cells was examined by Western blot 48 and 72 h after cDNA (cAd) or adenovirus vector carrying insulin-like growth factor binding protein-related protein 1 (IGFBPrP1) (AdIGFBPrP1) transfection (multiplicity of infection = 100); B: P-Smad2/3
content normalized with total Smad3 content in cAd or AdIGFBPrP1-treated HSC-T6 cells. Data are expressed as mean ± SD (n = 4 per group). aP < 0.05 vs the levels in the control group.

phosphorylation of Smad2/3 was 0.6-fold higher at 48
h and 1.5-fold higher at 72 h in HSC-T6 cells transduced
with AdIGFBPrP1 than in the cAd group, suggesting
that IGFBPrP1 overexpression activated the Smad2/3
pathway (P < 0.05).
To further investigate whether activation of the
Smad2/3 pathway contributes to IGFBPrP1-stimulated
ECM production, we designed an adenovirus harboring an shRNA targeting Smad3 (AdshSmad3) to knock
down the expression of Smad3 gene. HSC-T6 cells were
co-transfected with AdshSmad3 or negative control (AdshNC) and AdIGFBPrP1 at three different MOI (25, 50
and 100). As shown in Figure 3A, transfection efficiency
in HSC-T6 cells was approximately 85.23% ± 10.2% at
an MOI of 100 (P < 0.05). As expected, real-time RTPCR and Western blot results revealed that AdshSmad3
significantly reduced Smad3 protein by 68.45% ± 12.6%

WJG|www.wjgnet.com

(P < 0.05) and mRNA by 76.45% ± 14.3% (P < 0.05) at
72 h at an MOI of 100 (Figure 3B and C). Our results
also showed that AdshSmad3 inhibited Smad3 protein
by 68.6% ± 12.6% and 58.6% ± 9.8% at 72 and 96 h,
respectively, in HSC-T6 cells compared with AdshNC
at an MOI of 100 (P < 0.05, Figure 3D). In addition,
AdshSmad3 inhibited Smad3 mRNA by 74.3% ± 11.2%
and 63.2% ± 10.4% (P < 0.05, Figure 3E). Importantly,
knockdown of Smad3 significantly abrogated IGFBPrP1-stimulated induction of α-SMA (0.196 ± 0.012
vs 0.723 ± 0.015, P < 0.05), collagen Ⅰ (0.482 ± 0.019
vs 1.268 ± 0.027, P < 0.05) and fibronectin expression
(0.334 ± 0.024 vs 1.146 ± 0.015, P < 0.05) (Figure 3F).
Similarly, up-regulation of α-SMA, collagen Ⅰ and fibronectin mRNA in response to IGFBPrP1 overexpression
was suppressed by AdshSmad3 (P < 0.05, Figure 3G).
Taken together, these data indicated that IGFBPrP1-
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Figure 3 Insulin-like growth factor binding protein-related protein 1-induced extracellular matrix expression is mediated through the Smad pathway in
hepatic stellate cell-T6 cells. Hepatic stellate cell-T6 (HSC-T6) cells were co-infected with adenovirus vectors containing shSmad3 (AdshSmad3) or shNC (AdshNC)
and adenovirus vector carrying insulin-like growth factor binding protein-related protein 1 (IGFBPrP1) (AdIGFBPrP1). A: Expression of enhanced green fluorescent
protein (EGFP) and red fluorescent protein (RFP) in HSC-T6 cells was visualized by confocal microscopy after treatment with AdshSmad3 (magnification ×200); B, C:
Smad3 protein (B) and mRNA (C) expression in HSC-T6 cells was detected by Western blot and real-time polymerase chain reaction (RT-PCR) after treatment with
different multiplicity of infection (MOI) of AdshSmad3, respectively; D, E: Smad3 protein (D) and mRNA (E) expression was detected by Western blot and real-time RTPCR 72 h or 96 h after AdshSmad3 treatment (MOI = 100), respectively; F, G: Protein (F) and mRNA (G) expression of α-smooth muscle actin (α-SMA) and extracellular matrix in HSC-T6 cells was analyzed by Western blot and real-time RT-PCR 72 h after AdshSmad3 treatment (MOI = 100), respectively. Data are expressed as
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induced ECM expression in HSC-T6 cells was Smad
dependent.

induced by IGFBPrP1 (Smad3, 1.128 ± 0.164, 1.345 ±
0.156 vs 0.626 ± 0.021, P < 0.05; collagen Ⅰ, 0.832 ±
0.031, 1.324 ± 0.076 vs 0.534 ± 0.018, P < 0.05; fibronectin, 0.647 ± 0.037, 1.225 ± 0.039 vs 0.324 ± 0.022, P <
0.05) and was markedly down-regulated 14 and 28 d after
AdshSmad3 treatment as demonstrated by Western blot
analysis (Smad3, 0.594 ± 0.147 vs 1.128 ± 0.164, 0.742 ±
0.189 vs 1.345 ± 0.156, P < 0.05; collagen Ⅰ, 0.626 ± 0.025
vs 0.832 ± 0.031, 0.728 ± 0.014 vs 1.324 ± 0.076, P < 0.05;
fibronectin, 0.428 ± 0.018 vs 0.647 ± 0.037, 0.532 ± 0.024
vs 1.225 ± 0.039, P < 0.05, Figure 6A).

Smad2/3 expression in IGFBPrP1-induced rat liver
fibrosis
Based on these in vitro data, we hypothesized that IGFBPrP1 leads to the development of liver fibrosis via the
Smad pathway. Rats were injected with 2 × 109 PFU of
cAd or AdIGFBPrP1 via the tail vein. Expression of
IGFBPrP1 in AdIGFBPrP1 or cAd-treated rat livers was
examined by immunohistochemistry. As shown in Figure
4A and B, IGFBPrP1 was expressed mainly in hepatocytes and sinusoidal cells 2 d after adenovirus injection.
Hepatocyte steatosis, cellular infiltration and excessive
collagen deposition were observed at 28 d in IGFBPrP1treated rats compared with cAd-treated rats (Figure
4C and D). Collagen content, quantified by Sirius Red
staining, was markedly increased at 28 d in the liver of
AdIGFBPrP1-injected rats compared with cAd-injected
rats (Figure 4E and F).
We then examined Smad2/3 expression. Immunohistochemistry revealed faint expression of Smad3 and
phosphorylated Smad2/3 (p-Smad2/3) in the liver of
normal rats. Moreover, Smad3 and p-Smad2/3 were
strongly expressed in the IGFBPrP1-induced fibrotic
liver (Figure 4G-J). The positive areas in IGFBPrP1induced fibrotic liver were larger than those in the cAd
group (Smad3, 35.88% ± 2.15% vs 10.24% ± 1.31%, P
< 0.05; p-Smad2/3, 28.87% ± 2.73% vs 8.23% ± 0.98%,
P < 0.05). Consistent with the immunohistochemistry
staining results, Western blot results also showed that
the expression of Smad2/3 and p-Smad2/3 protein was
increased 14 and 28 d after IGFBPrP1 administration
(Smad3, 1.342 ± 0.075, 1.586 ± 0.116 vs 0.657 ± 0.032,
P < 0.05; p-Smad2/3, 0.682 ± 0.043, 0.856 ± 0.064 vs
0.189 ± 0.007, P < 0.05) (Figure 4K) and the ratio of
p-Smad2/3 to total Smad2/3 was significantly up-regulated in the AdIGFBPrP1 group compared with the normal
and cAd groups (P < 0.05) (Figure 4L).

AdshSmad3 inhibits hepatocyte apoptosis and HSC
activation in IGFBPrP1-treated rats
The TGF-β/Smad pathway is not only associated with
HSC activation, but also participates in hepatocyte apoptosis. In light of the mechanism of the Smad pathway in
the development of liver fibrosis induced by IGFBPrP1,
hepatocyte apoptosis and HSC activation in rat livers
were evaluated 28 d after co-infection with AdIGFBPrP1
and AdShmad3. As shown in Figure 6B-D, no TUNELpositive cells were identified in normal liver, whereas scattered TUNEL-positive cells were observed in AdIGFBPrP1-treated rat liver (38.56% ± 3.42% vs 0.24% ± 0.03%,
P < 0.05). Interestingly, AdshSmad3 reduced AdIGFBPrP1-induced TUNEL-positive cells (6.75% ± 0.52% vs
38.56% ± 3.42%, P < 0.05). We then examined α-SMA
expression, a marker of HSC activation, by immunohistochemistry. α-SMA-positive cells were more abundant in
the liver of IGFBPrP1-treated rats compared with normal rats (29.84% ± 1.36% vs 5.83% ± 1.47%, P < 0.05).
More importantly, AdshSmad3 reduced AdIGFBPrP1induced α-SMA-positive cells (8.23% ± 1.28% vs 29.84%
± 1.36%, P < 0.05, Figure 6E-G).

DISCUSSION
Liver fibrosis is thought to be a reversible disease. HSCs
have been recognized to play an important role in the
development of liver fibrosis. Thus, many effective therapeutic approaches have intensified interest in regulating HSC activation and proliferation[16-19]. Recently, the
IGFBPrP1 gene was found to be significantly increased
during HSC activation[6]. Therefore, we examined the
role of IGFBPrP1 in liver fibrosis. We found that antiIGFBPrP1 antibody can attenuate TAA-induced hepatic
fibrosis[7]. Moreover, siRNA targeting IGFBPrP1 reduced
HSC activation and ECM production stimulated by
TGF-β. Most importantly, we previously reported that
recombinant IGFBPrP1 induces HSC activation in vitro[8].
However, the molecular mechanism underlying this process and the in vivo effect of IGFBPrP1 have not been
elucidated. In this study, we demonstrated that overexpression of IGFBPrP1 induced liver fibrosis by stimulating hepatocyte apoptosis and HSC activation, and the
underlying mechanism involved the Smad2/3 pathway.
IGFBPrP1, also known as Mac25 or IGFBP7, is a
member of the IGFBP superfamily. It appears to be in-

AdshSmad3 attenuates fibrosis in IGFBPrP1-treated rat
liver
To further elucidate the effect of the Smad2/3 pathway
on IGFBPrP1-induced liver fibrosis, we injected SD
rats with 2 × 109 PFU of AdshNC or AdshSmad3 in
the presence of 2 × 109 PFU of AdIGFBPrP1 into the
tail vein. The levels of serum ALT and AST increased
in AdIGFBPrP1-treated rats compared with the control
group and decreased in AdshSmad3-treated rats compared with AdIGFBPrP1-treated rats. As shown in Figure 5A-J, AdshSmad3 ameliorated liver fibrosis induced
by IGFBPrP1 as demonstrated by both hematoxylin and
eosin and Sirius red staining. Hydroxyproline content in
the AdshSmad3 group was down-regulated by 48.5% ±
12.6% as compared with the AdshNC group and IGFBPrP1 group (P < 0.05, Figure 5K). Moreover, the expression of Smad3, collagen Ⅰ and fibronectin proteins was
significantly up-regulated at 14 and 28 d in fibrotic livers
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Figure 4 Smad2/3 expression in insulin-like growth factor binding protein-related protein 1-induced rat hepatic fibrosis. Rats were injected with cDNA (cAd) or adenovirus vector carrying insulin-like growth factor binding protein-related
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Smad2/3 (I, J) in hepatocytes and HSCs (arrows) in the livers of cAd-treated and AdIGFBPrP1-treated rats was examined by immunohistochemistry (magnification × 400); K: Protein expression of total and phosphorylated Smad2/3 in the livers
was examined by Western blot analysis; L: P-Smad2/3 content normalized with Smad3 content in the livers of the control, cAd or IGFBPrP1 group. Data are expressed as mean ± SD (n = 10 per group). aP < 0.05 vs the levels in the control
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Figure 6 Adenoviral vector containing shSmad3 inhibits fibrogenic expression in insulin-like growth factor binding protein-related protein 1-treated rats. A:
Expression of Smad3, collagen Ⅰ and fibronectin in the livers were analyzed 28 d after treatment by Western blot; B-D: Hepatocyte apoptosis was examined 28 d after treatment by TUNEL assay; B: cDNA (cAd) + adenovirus vector containing shNC (AdshNC); C: Adenovirus vector carrying insulin-like growth factor binding proteinrelated protein 1 (IGFBPrP1) (AdIGFBPrP1) + AdshNC; D: AdIGFBPrP1 + adenovirus vector containing shSmad3 (AdshSmad3); E-G: α-smooth muscle actin (α-SMA)
expression was examined 28 d after treatment by immunohistochemistry; E: cAd + AdshNC; F: AdIGFBPrP1 + AdshNC; G: AdIGFBPrP1 + AdshSmad3. Data are
expressed as mean ± SD (n = 10 per group).

for liver fibrosis[26,27]. With this approach, we showed that
overexpression of IGFBPrP1 caused activation of HSCs
and ECM production in HSC-T6 cells, which resulted in
liver fibrosis, and AdIGFBPrP1-treated rats developed
liver steatosis and fibrosis.
HSCs are known to have an important role in liver
fibrosis, however, hepatocyte apoptosis is now emerging
as a critical event in the progression of liver fibrosis[28,29].
Engulfment of apoptotic bodies by HSCs stimulates the
activation of HSCs and ECM production. Hepatocyte
apoptosis may also be responsible for the generation of
inflammatory mediators leading to liver inflammation and
fibrosis. We observed increased hepatocyte apoptosis and

volved in diverse biological functions, such as regulation
of cell growth, stimulation of prostacyclin production,
and binding of type Ⅳ collagen, IGFs and insulin[20-23].
Interestingly, IGFBPrP1 demonstrated positive and negative roles in tumor progression by mediating fibroblast
activation or epithelial cell senescence[24,25]. However, the
relationship between IGFBPrP1 and liver fibrosis has not
been investigated. We established an in vitro and an in vivo
model in which we transiently overexpressed IGFBPrP1
in HSC-T6 cells and in rat liver by adenoviral-mediated
IGFBPrP1 gene transfer, respectively, as the replicationdeficient recombinant adenovirus has very high efficient
delivery into target cells and was reported to be suitable
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in vivo effects and the mechanism of endogenous IGFBPrP1 expression by
administration of a recombinant adenovirus expressing IGFBPrP1 or shSmad3.

HSC activation in IGFBPrP1-treated fibrotic liver.
The TGFβ-Smad signaling pathway is the main pathway regulating ECM production and liver fibrosis. Recent
studies found that IGFBPrP1 stimulated glioma growth
or fibroblast activation by binding activin A to regulate
the TGF-β pathway. Activin A belongs to the TGF-β
superfamily and activates the Smad pathway in systemic
sclerosis[30,31]. Therefore, it is not surprising that IGFBPrP1 may induce liver fibrosis via the activin A-Smads
pathway. Kitamura et al[15] reported that Smad expression
increased in the nucleus of HSCs in liver fibrosis both in
vivo and in vitro. We found that overexpression of IGFBPrP1 up-regulated p-Smad2/3 expression in cultured
HSC-T6 cells and IGFBPrP1-induced liver fibrosis. Our
results were consistent with stimulation by TGF-β1[32],
suggesting that IGFBPrP1 activated the Smad2/3 pathway in activated HSCs both in vivo and in vitro. Furthermore, our results also showed that strong p-Smad2/3
expression was observed in the nucleus of hepatocytes
in IGFBPrP1-induced liver fibrosis. Taken together,
our data suggest that the Smad pathway participated in
IGFBPrP1-induced liver fibrosis.
Latella et al[33] previously demonstrated that targeted
disruption of Smad3 inhibits the development of TAAinduced hepatic fibrosis in mice. In order to further
evaluate the effect of the Smad pathway on IGFBPrP1induced liver fibrosis, we successfully used AdshSmad3
to knockdown the Smad3 gene in AdIGFBPrP1-treated
HSC-T6 cells and rat liver as demonstrated by real-time
RT-PCR and Western blot analysis. Furthermore, AdshSmad3 attenuated AdIGFBPrP1-induced liver fibrosis
and reduced the expression of α-SMA, collagen Ⅰ and
fibronectin both in vivo and in vitro. More importantly, AdshSmad3 attenuated AdIGFBPrP1-induced hepatocyte
apoptosis. It was reported that the Smad2/3 pathway not
only stimulated HSC activation, but also induced hepatocyte apoptosis[34,35]. Taken together, these data demonstrated that IGFBPrP1 may contribute to liver fibrosis by
inducing HSC activation and hepatocyte apoptosis in a
Smad-dependent manner.
In summary, we have shown that adenovirus-mediated IGFBPrP1 overexpression induced HSC activation
and ECM production in vitro via the Smad pathway. More
importantly, overexpression of IGFBPrP1 induced hepatocyte apoptosis and HSC activation in vivo in a Smaddependent manner. These data suggest a novel potential
therapeutic target for liver fibrosis.

Innovations and breakthroughs

Recent studies have highlighted the importance of IGFBP5 and IGFBPrP1 in
the activation of HSCs. The authors provide the first evidence that overexpression of IGFBPrP1 induces liver fibrosis by inducing HSC activation and hepatocyte apoptosis in a Smad3-dependent manner.

Applications

By understanding the effect and mechanism of IGFBPrP1 in the development
of liver fibrosis, IGFBPrP1 could be a novel potential therapeutic target for liver
fibrosis.

Terminology

HSCs are responsible for extracellular matrix deposition during liver fibrosis.
The activation of HSCs is regulated by many cytokines. Hepatocyte apoptosis
may also contribute to HSC activation. IGFBPrP1 can induce hepatocyte apoptosis and HSC activation.

Peer review

The authors demonstrated that overexpression of IGFBPrP1 induced liver
fibrosis by mediating hepatocyte apoptosis and HSC activation and identified
the IGFBPrP1-mediated pathway involved in liver fibrosis development. The
interesting conclusion of the study was that this pathway could be a potential
therapeutic target for liver fibrosis.
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METHODS: Prospective and analytical study of DMT1
level at the brush border of proximal jejunum in patients having undergone RYGB surgery. The mucosa of
proximal jejunum forming the gastrojejunal anastomosis was biopsied during surgery and after 6 mo later
with an endoscopic biopsy. All the patients received
precise instructions regarding feeding and nutritional
supplementation. Both samples were processed at the
same time by immunohistochemistry and western blot.
Samples were analysed by a pathologist. For statistical
2
analysis, the χ and Wilcoxon tests were used.
RESULTS: Sixteen patients were recruited, 13 of whom
completed the study. Twelve were women. Average age
and body mass index (BMI) were 44.1 and 40.4, respectively. Both body weight and BMI decreased significantly during the study period, with an average percent
excess weight loss (%EWL) of 60% ± 13.3% and an
average percent excess BMI loss (%EBMIL) of 79.6% ±
21.6%. Only two patients presented with mild anaemia
6 mo after surgery, but their ferritin levels stayed within
normal ranges. Staining for DMT1 showed a significant
increase in the cytoplasm of enterocytes located at the
2
tips of the villi (χ = 6.03; p = 0.049). Nevertheless,
the total quantity of DMT1 decreased significantly (Z =
2.04; p = 0.04). Associated with these results, we observed a significant increase in goblet cells in the villi 6
mo postoperatively (Z = -2.47; p = 0.013).
CONCLUSION: Six months after RYGB surgery, patients exhibit an increase in DMT1 expression in the enterocytes of the tips of the villi at the proximal jejunum.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Roux-en-Y gastric bypass; bariatric surgery; divalent metal transporter 1; anaemia; iron

AIM: To describe the variation that divalent metal

WJG|www.wjgnet.com

6534

June 7, 2014|Volume 20|Issue 21|

Marambio A et al . DMT1 changes after gastric bypass

MATERIALS AND METHODS

Core tip: Anaemia after Roux-en-Y gastric bypass
surgery is one of the most common nutritional deficiencies. Different nutritional supplementation strategies have been developed to prevent this complication, but a subset of patients still develop it. This
study brings readers the first report on the molecular
changes that occur in the physiology of iron absorption in these patients.

For this prospective and analytical study, patients from
the Surgery Department of the University of Chile
Clinical Hospital were recruited. To be enrolled, patients
had to be scheduled for RYGB surgery. All patients were
informed of the nature of the study and authorised their
inclusion by signing an informed consent. The study was
approved by the ethics committee of our hospital. The
design consisted of an initial assessment that included
anamnesis and full physical examination. Age, weight,
height, body mass index (BMI), and medical, surgical
and family history were documented. All patients underwent a complete blood count and a serum ferritin
test. Exclusion criteria were preoperative iron deficiency,
previous use of iron supplements, poor tolerance to iron
supplements, the presence of diseases that affect the red
series or jejunum, habitual smoking (> 1 pack per week)
and current pregnancy. In addition, patients who subsequently presented significant early or late postoperative
complications (leak, haemorrhage, stenosis, etc.) were
excluded from the final analysis.
All patients underwent RYGB surgery by a standard
technique[5]. During the surgery, a sample of jejunal mucosa was collected at the level of the gastrojejunal anastomosis (GJA) for histological analysis (jejunum approximately 25 cm distal to Treitz’s angle). Once discharged,
all the patients received precise indications concerning
their feeding (similar guidelines for all patients having
undergone RYGB surgery) and vitamin supplement
intake. The latter consisted of Maltofer vitaminado ®
(multivitamin complex with minerals, trace elements and
iron as iron Ⅲ 60 mg from Andrómaco laboratory, Santiago, Chile), 1 tablet per day for 1 mo, which was then
changed to Berocca Plus® (B complex, calcium and magnesium from Bayer laboratory, Santiago, Chile), 1 tablet
per day permanently. In addition to the former, patients
were prescribed Neurobionta® (B complex, 10000 U,
from Merck laboratory, Santiago, Chile), 1 intramuscular
ampoule per month for 3 mo, and then every 3 or 6 mo
for women or men respectively.
Six months after surgery, patients underwent a complete blood count, a serum ferritin test and an upper
digestive endoscopy with biopsy of the jejunal mucosa
at the alimentary limb (approximately 10 cm distal to
the GJA). The histological specimens were fixed in 4%
formaldehyde (for haematoxylin-eosin staining and immunohistochemistry analysis) and stored in liquid nitrogen at -80 ℃ (for western blot analysis).
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INTRODUCTION
Nutritional deficiencies are common complications of
bariatric surgery, especially in association with Rouxen-Y gastric bypass (RYGB). Of particular importance
are iron deficiency and anaemia. It is accepted that such
patients must receive vitamin supplements perpetually,
and iron supplements depending on the presence or absence of factors that influence the development of anaemia, such as gender or age. In spite of this, a fraction of
the patients will still develop iron deficiency and in some
cases will require the administration of intravenous iron
supplementation[1].
The mechanisms that result in iron deficiency are
mainly related to a lack of gastric acidity and the exclusion of the duodenum and part of the jejunum, the
main sites of iron absorption[2]. The iron transporter divalent metal transporter 1 (DMT1) has been detected in
these regions. DMT1 is a transmembrane protein found
on the apical membrane of the enterocyte that, by the
proton-motive force, transports ferrous iron (Fe2+) into
the cell[3].
DMT1 is mainly found in the duodenum, and its
expression decreases along the digestive tract. In conditions of iron deficiency, the duodenum is capable of
adapting by overexpressing DMT1, and in overload
conditions by diminishing its expression[4]. In humans
there are no reports of the presence or absence of this
phenomenon at the proximal jejunum. Moreover, there
are no reports concerning over-expression in patients
undergoing RYGB surgery, which is an iron deficiency
model involving the described mechanism.
The aim of the current study is to describe the changes in DMT1 expression in a group of patients having undergone RYGB surgery. Because to our knowledge, no
research has been carried out on this topic, the intention
is to start a new line of research addressing the molecular aspects that regulate the occurrence of anaemia in
such patients.

WJG|www.wjgnet.com

Haematoxylin and eosin staining
Immediately upon collection, the tissue specimens were
fixed in 4% formaldehyde in phosphate-buffered saline
(PBS) for 24 h. The specimens were subsequently dehydrated and embedded in paraffin in an automatic processor to create paraffin blocks in standard plastic cassettes.
Sections 5 μ m thick were obtained using a rotation
microtome with disposable blades. These were mounted
on xylan-coated glass slides and dried in an oven at 60 ℃
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for 24 h.
Sections for haematoxylin and eosin (H and E) staining were deparaffinised in xylene and hydrated in a sequence of ethanol in decreasing concentrations ending
in distilled water. Nuclear contrast was obtained with
Harris haematoxylin for 3 min. The sections were then
washed under running water to turn the nuclei blue.
Cytoplasmic staining with aqueous 0.5% eosin Y was
applied for 30 s. Finally, sections were dehydrated with
ethanol, clarified with xylene and mounted with permanent synthetic medium.

(2) quantification of the protein in the extract by Lowry's method; (3) electrophoretic separation of the proteins (according to their molecular weight), carried out in
acrylamide/polyacrylamide gels (8%); (4) electrotransfer
of the proteins to a nitrocellulose membrane; (5) incubation of membranes with a specific antibody against the
protein of interest (anti-DMT1) and a secondary horseradish peroxidase-conjugated antibody, followed by immunodetection with the method of chemoluminescence
and its subsequent detection with auto radiographic film;
and (6) quantification of protein bands by appropriate
software showing the results as total pixels per quantifiable band.

Immunohistochemistry
Immunohistochemistry (IHQ) sections were processed
in the same way as for H and E staining but then rehydrated and pretreated with 1 mmol/L ethylenediaminetetraacetic acid (EDTA), pH 8.0 for 25 min at 96 ℃ in a
steamer for antigen retrieval. The slides were washed in
distilled water, followed by incubation with 3% aqueous
hydrogen peroxide to block the endogenous peroxidase.
The slides were then washed 3 times for 2 minutes with
0.01 mol/L Tris-buffered saline with 200 ìL/L Tween
20 (TBST), pH 7.6, and blockage of unspecific reactivity was carried out with horse serum for 10 min at room
temperature (RT).
Once the blockage was finished, sections were incubated with anti-DMT1 antibody (pan-DMT1 rabbit polyclonal antibody, which recognises the amino-terminal sequence MVLGPEQKMSDDSVSGDH present in all the
isoforms of human DMT1 and which was prepared by
the Immunology Service of the School of Sciences of
the University of Chile) in 1:200 dilution in TBST, for
45 min at 37 ℃ in a humid chamber. In parallel, sections
were incubated with horse serum under the same conditions, as a negative control. After incubation with the
antibody, sections were washed with TBST and treated
with the detection kit Vector PK 7200 (Vector Laboratories Inc. 30 Ingold Road, Burlingame, CA 94010 United
States). Sections were incubated for 25 min at RT with
biotinylated secondary antibody from the kit, followed
by a wash with TBST and finally incubation with developing solution (1 mg/mL dimethylaminobenzidine in
0.01 mol/L saline phosphate buffer pH 7.6 with 0.003%
hydrogen peroxide) for 2 min at RT. The reaction was
interrupted with distilled water. Nuclear contrast was
obtained with Harris haematoxylin for 1 min. Finally, the
sections were dehydrated with ethanol, clarified with xylene and mounted with permanent synthetic medium.

Histological analysis
The samples were analysed by a single pathologist (MV)
who was blinded to the groups (preoperative vs postoperative). For morphological analysis of the villi and
goblet cells, haematoxylin and eosin staining was used.
For the analysis of DMT1 staining, the enterocyte was
divided into cytoplasm and brush border. Qualitative
analysis was performed to compare the intensity of the
staining at 0 and 6 mo after surgery. The staining was
classified into three levels: (+) mild, (++) moderate and
(+++) intense.
Statistical analysis
All data are presented as the mean ± SD. Stata 8.1 software (Stata Corp., Lakeway Drive, TX, United States)
was used for statistical analysis. Because the data were
normally distributed, we applied Wilcoxon’s test and the
2
χ test, considering p ≤ 0.05 statistically significant.

RESULTS
We recruited 16 patients who met the inclusion/exclusion criteria, but 3 patients were lost from the study
because they failed to complete the 6-mo post-surgery
follow-up control. There were no postoperative complications. Among the 13 patients who were analysed,
the average age was 44.1 ± 12.7 years (20-66), and only
one patient was a male. Four of the patients had type 2
diabetes mellitus, 6 had arterial hypertension, and 6 had
dyslipidaemia. Twelve patients underwent non-resective
laparoscopic RYGB, whereas the patient with the highest
BMI (50.9) underwent an open technique with resection
of the gastric remnant.
Both weight and BMI decreased significantly (p =
0.001 for both variables), for an average percent excess
weight loss (%EWL) of 60% ± 13,3% and an average
percent excess BMI loss (%EBMIL) of 79.6% ± 21.6%.
Two patients presented with mild anaemia six months
after surgery (haemoglobin: 11.2 g/dl and 11.4 g/dl,
respectively). Nevertheless, their ferritin levels stayed
within normal ranges. When the group was analysed as a
whole, there was not a significant decrease in the level of
haemoglobin or ferritin. Table 1 shows the evolution of
anthropometric and haematologic variables.

Western blot
The western blot protocol consisted of (1) initial homogenisation of the specimens with a tissue lysis buffer
solution in presence of enzymatic inhibitors (RIPA solution) in a glass-glass Wheaton® homogeniser; sonication
of the sample for 7 min; further homogenisation to ensure its total distribution; and then centrifugation of the
sample at 10000 rpm at 4 ℃ for 10 min and extraction
of the supernatant that contained the protein of interest;
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A

B

C

D

Figure 1 Morphological and immunohistochemical changes in the jejunal villus of patients subjected to Roux-en-Y gastric bypass. A and B are jejunal villus
stained with haematoxylin-eosin at 0 and 6 mo after surgery, respectively. Note the preserved normal morphological pattern together with an increase of goblet cells.
C and D show immunohistochemical staining for divalent metal transporter 1 during the same period, with an evident increase of such staining in the cytoplasm of
epithelial cells at the apex of the villi.
40

Variable (averages)
Weight (kg)
BMI
Haematocrit (%)
Haemoglobin (g/dL)
Ferritin (ng/mL)

Preoperative

6 mo postop.

99.8 ± 17.7
40.4 ± 5.7
41.4 ± 2.7
13.7 ± 1
85.2 ± 76

71.7 ± 12.3
29.1 ± 4
39.7 ± 3.5
13.1 ± 1.1
69.3 ± 58.7

Number of goblet cells
per millimeter

Table 1 Progress of the anthropometric and haematologic
variables
P1
0.001
0.001
0.272
0.071
0.208

1

Wilcoxon test. BMI: Body mass index.

20

10

0

0

6

t (mo)

During histological analysis, most of the villi and
crypts showed preservation of the normal morphologic
pattern 6 mo after surgery (Figure 1A, B). Villi showed
an increase in the number of goblet cells per millimetre
of epithelium (p = 0.013) (Figure 2). By IHC, DMT1
was present in the whole epithelium, mainly concentrated at level of the brush border.
At 6 mo there was a significant increase of DMT1 in
the cytoplasm of epithelial cells (χ 2 = 6.03; p = 0.049) at
the apex of the villi (Figure 1C, D). At level of the brush
border, the expression of DMT1 did not show significant
variation (Table 2). In spite of these findings and having
analysed the total amount of the receptor in the jejunal
mucosa by western blot, we found a significant decrease
of DMT1 (p = 0.040) 6 mo post-surgery (Figure 3).

Figure 2 Change in the number of goblet cells in the proximal jejunum 6
mo after Roux-en-Y gastric bypass. Wilcoxon test: z = -2.47; p = 0.013.

increased given the obesity epidemic that affects the
population of many countries, especially in the West[6].
RYGB is one of the most frequent bariatric surgeries due to its excellent results, mainly in relation to the
resolution of comorbidities[7] and its low rate of complications[8]. Nevertheless, as the quantity of operated
patients increases, so do the long-term complications,
some of the most important of which are nutritional
deficiencies. The most frequent nutritional deficiencies
after bariatric surgery is iron deficiency and secondary
anaemia[9-11], although in many cases it follows the deficit
of other minerals or vitamins, such as vitamin B12 and
the folates. This is why there are established follow-up
and nutritional supplementation protocols, usually with

DISCUSSION
The number of bariatric surgeries has progressively
WJG|www.wjgnet.com
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Table 2 Change in staining intensity for divalent metal transporter 1 in jejunal mucosa from patients 6 mo after surgery

1
2
3
4
5
6
7
8
9
10
11
12
13

Cytoplasm
0 mo

6 mo

++
++
+
++
++
+
++
++
++
+
+
++
++

+++
+
+
+
++
++
++
+++
++
+++
+
+
+++

P1
0.049

Brush border
0 mo

6 mo

++
++
++
++
++
+
++
++
++
++
+
++
++

++
++
++
++
++
++
++
++
++
+++
++
++
++

P1

Normalized DMT1
expression

Patients

3

0.218

2

1

0

0

6

t (mo)

Figure 3 Change in expression of divalent metal transporter 1 in the
proximal jejunum 6 mo after Roux-en-Y gastric bypass. Wilcoxon test: z =
2.04; p = 0.04.

1 2

χ test. Staining intensity: (+) mild; (++) moderate; (+++) intense.

and copper[3]. In its ferric form (Fe3+), iron is absorbed
in parallel by mobilferrin[20]. However, the presence of
an apical ferric reductase (Dcytb) has been described at
the duodenal mucosa, where it reduces Fe+3 to facilitate
its absorption.
In conditions of iron deficiency, the duodenal mucosa is the mucosa that adapts the most. The amount of
DMT1 mRNA in the duodenum increases in iron deficiency[4,21-24], as does Dcytb[4,23]. The molecular mechanisms for this adaptation are not well known, although it
has been suggested that the apical transporters are regulated by local signals and the basolateral ones by systemic
signals[25]. We have demonstrated that in patients undergoing RYGB, DMT1 expression in the cytoplasm of enterocytes located in the apex of the villi of the proximal
jejunum is increased 6 mo after surgery. Nevertheless, we
were surprised that the total quantity of the receptor in
the same area decreased. To reduce the possibility of error in the measurements and in the handling of samples,
biopsies at 0 and 6 mo were kept under the same conditions and finally processed simultaneously under the
same laboratory conditions and by the same staff. While
the biopsies varied in size, western blots were performed
by normalising protein levels to the tissue size, thereby
eliminating the variable amount of tissue as a bias.
Therefore, a possible explanation for our protein expression findings are the cellular changes seen in the villi
in such patients, such as the significant increase in the
number of goblet cells that displace enterocytes which
have greater absorptive capacity than goblet cells. This
might be triggered by the physical/chemical stimulus of
food, now undigested by the exclusion of the stomach
and the duodenum, a mechanism that acts within these
cells[26,27]. This might be the beginning of a compensation mechanism between the enterocyte decrease and the
increased DMT1 in the remaining enterocytes. This adaptation would allow our patients to maintain their iron
reserves at normal levels despite all the side effects of
the RYGB that affect iron absorption, which after 6 mo
has already decreased[28]. These changes might explain
the high rate of iron metabolism disorders observed in

multivitamin and iron oral intake. However, a subset of
patients still will still manifest the deficit.
No randomised and controlled studies have addressed the iron deficiency in such patients. There are
only retrospective data and case series. From the latter,
it is possible to estimate that between 30% and 50%[11-15]
of patients will show iron deficiency or anaemia, depending on the study. These might manifest months or
even years after the surgery, but in most cases the disorder appears within the first 12 mo[16]. Thus, these proportions might vary depending on the moment at which
the measurement is carried out. Some patients have a
higher tendency than others to present this complication because it is more common in women of fertile age
(due to increased blood loss), adolescents and pregnant
women (the latter due to higher iron requirements). This
disorder is seen frequently before surgery, as a result of
the eating and living habits of such patients[17,18].
There are various reasons for the greater tendency
towards iron deficiency and anaemia among bariatric
surgery patients, mainly the lack of gastric acidity, the
exclusion of the main absorption site (duodenum),
decreased ingestion, postoperative bleeding and the
presence of marginal ulcers[2]. The longer the alimentary limb, the higher the incidence of this pathology[11],
because of the eventual increase of malabsorption. It
must be taken into account that these patients are also at
risk of presenting other mineral or vitamin deficiencies
that might also cause anaemia, such as vitamins from the
B complex, copper, vitamin C and protein deficiencies,
although these are less frequent reasons.
The iron in our diet comes in two forms, either as
haeme iron or as inorganic iron. The former is highly
bioavailable and is mainly found in red meats. Its absorption mechanism is not completely clear, but haeme
carrier protein 1 (HCP1) has been suggested as the iron
transporter at the brush border[19]. The non-haeme iron
is widely distributed and is absorbed in its ferrous state
(Fe2+) by DMT1, which has the ability to transport nonspecific metals such as manganese, lead, cadmium, zinc
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represent the first report on the molecular changes that occur in the physiology
of iron absorption in these patients.

all these patients during a longer-term follow-up, keeping in mind that many other individual factors may influence the development of anaemia. Undoubtedly, further
cellular research is needed, prospective in nature and for
longer periods, in patients undergoing RYGB, including
other molecules involved in iron metabolism, such as
Dcytb, ferroportin, hepcidin and hephaestin. This would
improve our understanding of the mechanisms that
produce iron metabolism disorders in bariatric surgery
patients.
In conclusion, 6 mo after RYGB surgery, patients
showed increased expression of DMT1 in the cytoplasm
of the enterocytes located in the apex of the villi of the
proximal jejunum. This could be a compensation mechanism because it is associated with a decrease of the total
quantity of the receptor in the mucosa, most likely following the cellular changes experienced by the intestinal
villi in RYGB patients.
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Core tip: It is known that reflux of duodenal contents
(bile acids) can induce mucosal injury, stimulate cell
proliferation, and promote tumorigenesis. We examined the expression of cyclooxygenase-2 (COX-2) and
prostaglandin E2 in rat esophageal lesions induced by
reflux of duodenal contents. All animals underwent an
esophagoduodenal anastomosis with total gastrectomy
to elicit chronic esophagitis. We demonstrated that reflux of duodenal contents induces COX-2 and increases
prostaglandin synthesis in dysplastic and cancer tissues. This result suggests a possible mechanism by
which bile acids promote esophageal cancer.

Abstract
AIM: To examine the expression of cyclooxygenase-2
(COX-2) and prostaglandin E2 (PGE2) in rat esophageal
lesions induced by reflux of duodenal contents.
METHODS: Thirty 8-week-old male Wistar rats were
exposed to duodenal content esophageal reflux. All
animals underwent an esophagoduodenal anastomosis
(EDA) with total gastrectomy to elicit chronic esophagitis. In ten rats sham operations with only a midline
laparotomy were performed (Control). The rats were
th
sacrificed at the 40 week, their esophagi were taken
for hematoxylin and eosin staining and for examination of expression of COX2, PGE2, and proliferating
cell nuclear antigen (PCNA), and total bile acids in the
esophageal lumen was measured.

Hashimoto N. Effects of bile acids on cyclooxygenase-2 expression in a rat model of duodenoesophageal anastomosis. World J
Gastroenterol 2014; 20(21): 6541-6546 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6541.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6541

RESULTS: After 40 wk of reflux, columnar dysplasia,
squamous cell carcinoma and adenocarcinoma were
observed. Total bile acids in the esophageal lumen
were significantly increased in the EDA group compared
with the sham operated rats. PCNA labelling index and
esophageal tissue PGE2 levels were higher in dysplastic
and cancer tissues than in control tissues. Overexpression of COX2 was observed in dysplastic and cancer
tissues.

WJG|www.wjgnet.com

INTRODUCTION
Reflux of duodenal contents appears to contribute to the
development of esophagitis and Barrett’s esophagus[1,2].
This idea is supported by several observations. In patients
with gastroesophageal reflux disease, the concentration
of bile acids in the esophageal refluxate correlates with
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nal incision was closed in two layers (Figure 1). In 10 rats,
sham operations with only a midline laparotomy (control
group) were performed. Postoperatively, the rats were allowed to drink water after six hours and were fed the following day. This procedure was approved by the Animal
Care and Facilities Committee, Kinki University.
All of the rats were killed as described previously[11].
Special care was taken to separate the esophagus from
the duodenum based on the suture line. For the animals killed at the 40th week, all of the esophagi were cut
longitudinally and fixed in 10% buffered formalin. The
formalin-fixed esophagus was Swiss-rolled, processed
and embedded in paraffin. Five-micron sections were
mounted on glass slides and used for pathological and
immunohistochemical analyses.

Esophagus

Biliary tract
Duodenum

Figure 1 Esophagoduodenal anastomosis model: Esophagoduodenal
anastomosis with total gastrectomy.

Immunohistochemical analysis
COX-2: Localization of COX-2 protein was determined
by immunohistochemical staining with a specific antibody. The DAKO EnVision system (Dako Cytomation
Japan Co. Ltd., Kyoto, Japan) was used with autoclave acceleration. After blocking endogenous peroxidase, deparaffinized sections were covered with a protein block and
serum-free medium (Dako) and were incubated overnight
at 4 ℃ with a primary anti-COX2 monoclonal antibody
(1:50; BD Transduction Laboratories, San Jose, CA). Sections were treated with a secondary biotinylated antibody
(Dako), 3,3’-diamonobenzidine tetrahydrochloride was
used as the chromogen, and the sections were counterstained with hematoxylin.

the degree of esophageal mucosal injury[3]. In experimental animals, induction of a duodenoesophageal anastomosis led to esophagitis, Barrett’s esophagus and esophageal
cancer[4]. The precise mechanism by which duodenal reflux causes esophageal injury and predisposes to neoplasia is uncertain. However, there is considerable evidence
to suggest that bile acids contribute to this mechanism.
Bile acids can induce mucosal injury[5], stimulate cell proliferation[6] and promote tumorigenesis[7].
Two isoforms of cyclooxygenase (COX), designated
COX-1 and COX-2, catalyze the synthesis of prostaglandins (PGs) from arachidonic acid. COX-1 is a housekeeping gene that is expressed constitutively in most
tissues. COX-2 is an immediate-early response gene that
is induced by a variety of mitogenic and inflammatory
stimuli[8]. Elevated levels of COX-2 have been detected
in both inflammatory[9] and neoplastic conditions[10]. For
example, COX-2 is up-regulated in peptic ulcer disease,
Barrett’s esophagus and esophageal cancer. Taking this
information together, it seems likely that COX-2 plays a
role in the pathogenesis of duodenal reflux-related diseases of the esophagus.
In this study, we investigated the effects of bile acids
and duodenal reflux on COX-2 expression in a rat model
of duodenoesophageal anastomosis.

Proliferating cell nuclear antigen: Immunohistochemical detection of proliferating cell nuclear antigen (PCNA)
was performed by the avidin-biotin complex method using a mouse anti-human PCNA monoclonal antibody and
the appropriate Histostain Gold AEC kit. The PCNA labeling index has been widely used to assess cell proliferation. In this study, the index was defined as the number of
squamous epithelial cells with a PCNA-positive nucleus (or
nuclei)/100 squamous epithelial cells (%).
Measurement of PGE2 production
Each tissue sample frozen at -80 ℃ was weighed and homogenized using a Polytron homogenizer PT-MR2100 in
0.5 mL of homogenization buffer (0.1 mol/L phosphate,
pH 7.4, containing 1 mmol/L ethylenediamine tetraacetic
acid and 10 μmol/L indomethacin) containing 100 mg
tissue. Then, 2 volumes of acetone were added to the
samples and vigorously spun. The samples were incubated at room temperature for 5 min, and centrifuged at
1500 × g for 10 min to remove precipitated proteins. The
supernatant was transferred into a clean tube, and dried
to remove the acetone using a gentle stream of nitrogen.
One mL of 1.0 mol/L acetate buffer (pH 7.4) was added
to dissolve the samples, which were immediately affinity
purified with an SPE cartridge (Cayman Chemical, Ann
Arbor, MI). The samples were assayed using a PGE2
EIA kit (Cayman Chemical), according to the manufac-

MATERIALS AND METHODS
Eight-week-old male Wistar rats weighing approximately
300 g were used for the experiments. They were allowed
to acclimatize for 2 wk prior to surgery. Solid food was
withdrawn 1 d before and for 1 d after surgery. Esophagoduodenal anastomosis (EDA) was performed in 30
rats under general anesthesia (pentobarbital 50 mg/kg
body weight, i.p.) through an upper midline incision.
The gastroesophageal junction was ligated, and the distal
esophagus was transected 2 mm above the ligature. Furthermore, the gastroduodenal junction was also ligated,
and the proximal duodenum was transected 3 mm distal
to the pylorus. A total gastrectomy was performed with
the removal of the entire stomach, and end-to-end anastomosis of the esophagus and duodenum. The abdomi-
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Control

SCC

EDA

ADC

Figure 2 Macroscopic appearance of resected esophagi from esophagoduodenal anastomosis and control rats. EDA: Esophagoduodenal anastomosis.

turer’s instructions. PGE2 levels were shown as pg/mg
of tissue.
Measurement of bile acids in the esophageal lumen
After each rat was sacrificed, their esophagi were removed and lavaged with 0.5 mL of saline. The lavage was
centrifuged at 1500 × g at 4 ℃ for 5 min. The supernatant was frozen and stored. Total bile acid concentration
was measured with an ENZa BILE kit (Daiichi Chemical,
Tokyo).

Figure 3 Microscopic findings in the distal portion of the esophagus from
esophagoduodenal anastomosis rats. ADC: Adenocarcinoma; SCC: Squamous cell carcinoma.

Statistical analysis
Data are expressed as mean ± SD of each group. Student’s t test was used for statistical analysis. P < 0.05 was
considered statistically significant.

Microscopic findings
The esophagi of the control rats did not reveal any pathological findings, but various squamous cell lesions were
observed in the middle and lower esophagus in the EDA
group (Figure 3).
All animals from the EDA group showed histological features of esophagitis, including marked hyperplastic
changes with increased thickness of the squamous epithelium, hyperkeratosis and regenerative changes with
papillomatosis, and basal cell hyperplasia. These features
were not found in the control group. Columnar lined epithelium (CLE) and epithelial ulceration were frequently
present adjacent to the anastomosis. CLE was observed
in 40% of rats at the 40th week. Sever dysplasia in the
lower esophagus occurred in 100%, squamous cell carcinoma (SCC) was observed in 40% and adenocarcinoma
(ADC) was observed in 30% at the 40th week.
To assess the biological behavior of various squamous
lesions, we performed immunohistochemical staining for
PCNA because the proliferative index is often increased
in dysplastic and cancerous tissues. The PCNA labeling
index of dysplasia and cancer (75% ± 5%) was higher
than that of control (30% ± 5%) (P < 0.05) (Figure 4).

RESULTS
General observations
A total of 37 of 40 (92.5%) rats completed the study. In
the EDA group, 27 (90%) rats completed the study, and
3 rats died from complications, such as malnutrition and
pneumonia. In the control group, 10 (100%) rats completed the study.
Macroscopic findings
The middle and lower esophagus of animals in the EDA
group was wide and thickened. There was gross evidence of severe esophageal mucosal injury in the EDA
group, which included epithelial thickening and extensive
hyperplasia of the lower two thirds of the esophagus.
Ulceration was frequently present in the area above the
anastomosis (Figure 2).
There was a small polyploid tumor in the lower
esophagus in the EDA group. The tumor was squamous
cell carcinoma and adenocarcinoma. Most of the nodular lesions were also associated with carcinomas, and the
others with esophagitis. In addition, there were grossly
normal tissues in the control group.

WJG|www.wjgnet.com

Total bile acids in the esophageal lumen (μ mol/L)
Total bile acids in the esophageal lumen were significantly
increased in the EDA group (180 ± 50) compared with
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A

Control

B

EDA

C

COX2 in SCC

D

COX2 in ADC

Figure 4 Immunohistochemical findings. A: For proliferating cell nuclear antigen in control; B: Esophagoduodenal anastomosis (EDA) rats; C: For cyclooxygenase-2 (COX2) in squamous cell carcinoma (SCC); D: Adenocarcinoma (ADC) in EDA rats.

the sham operated rats (35 ± 5) (P < 0.05).

gastrectomy, a situation in which bile reflux is common.
Development of Barrett’s esophagus and subsequently
esophageal cancer occurs in a rat model of esophagoduodenostomy. The present study demonstrates that it
is duodenal contents, not gastric contents, that induce
esophageal carcinogenesis through reflux. Because this
carcinogenesis required no administration of carcinogens,
and because spontaneous esophageal carcinoma is rare in
animals, duodenal contents are most likely carcinogenic
in the development of esophageal carcinoma.
The histological pattern of esophageal carcinoma
induced in the present study was classified into 2 types;
ADC and SCC.
ADC always occurred near the esophagoduodenostomy and always in the columnar lined epithelium. Human
esophageal ADC mostly arises in the lower third of the
esophagus, and when it does occur, it is usually associated
with Barrett’s esophagus. The majority of Barrett’s esophagus cases result from chronic gastro-esophageal reflux.
SCC was observed distant from the site of the anastomosis, and was surrounded by chronic squamous esophagitis
with features of basal-cell hyperplasia and regenerative
thickening.
It is widely accepted in humans that regurgitation of
duodenal contents is closely linked to Barrett’s esophagus
and to the development of esophageal ADC; however,
esophageal SCC is not reported to be related to reflux[15],
but is strongly associated with tobacco smoking and alcohol consumption. Gastroesophageal reflux does not
appear to be an independent risk factor for esophageal
SCC, but it may enhance the acknowledged risk factors

Immunohistochemistry of COX-2
Every animal that suffered from reflux demonstrated
COX-2 protein expression in the lower esophagus.
COX-2 was abundantly expressed in both inflammatory
and proliferative esophageal mucosa of rats exposed
to chronic EDA. Some SCC and ADC epithelial cells
strongly expressed the COX-2 protein (Figure 4).
Measurement of PGE2 production (pg/TPmg) in
esophageal tissue
PGE2 synthetic activity was significantly increased in the
EDA group (260 ± 50) compared with the sham operated group (25 ± 5) (P < 0.01).

DISCUSSION
Overexpression of COX-2 has been linked to a variety
of inflammatory and neoplastic conditions. Hence, it is
logical to postulate that endogenous inducers of COX-2
could predispose to inflammation and malignancy. Previously, Song et al[12] reported that unconjugated bile acids
induced COX-2 expression.
Recent evidence suggests that bile acids, major constituents of the duodenogastroesophageal refluxate, can
also promote the development of Barrett’s esophagus and
esophageal cancer. Bile reflux is particularly common in
individuals with gastroesophageal reflux disease who subsequently develop Barrett’s esophagus[13,14]. Barrett’s esophagus also develops in patients who have undergone total
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sues. This result suggests a possible mechanism by which bile acids promote
esophageal cancer.

such as tobacco smoking and alcohol consumption. In
contrast, results from several studies using rat duodenal
content reflux models have shown the development of
esophageal carcinomas including SCC[16]. In this study,
the incidence of pure ADC is lower than that of SCC. It
is unclear what factors lead to the formation of carcinomas of specified histology.
The precise mechanisms by which duodenal reflux
causes esophageal injury and predisposes to esophageal
cancer are uncertain. There is considerable evidence,
however, that bile acids contribute to this process. Total bile acids in the esophageal lumen were significantly
increased in the EDA group compared with the control
group. Bile acids induce AP-1-mediated gene transcription[17-19] and enhance the activity of protein kinase C[20].
Recent evidence has linked bile acid induced tumorigenesis to increased activity of COX-2. It is also unclear
which bile acids in the refluxate contribute to COX-2
induction.
As discussed above, bile acids represent one of the
important constituents of duodenal fluid that has been
implicated in esophageal mucosal injury[21]. Bile acids
strongly induce COX-2 by either transcriptional or posttranscriptional mechanisms in multiple gastrointestinal
tract cancers, including cancer of the colon, pancreas,
stomach, liver, esophagus and bile duct[22].
An animal model was used to determine whether
duodenoesophageal reflux caused induction of COX-2.
We observed markedly enhanced expression of COX-2
in dysplastic and cancerous mucosa obtained from rats in
which an esophagoduodenal anastomosis had been created. In contrast, COX-2 was undetectable in esophageal
and duodenal mucosa from the control rats. Esophageal
tissue PGE2 levels were significantly increased in rats that
developed dysplasia and cancer. This result suggests a
possible mechanism by which bile acids promote esophageal cancer.
Bile acids increase cellular proliferation and the number of mitotic events in colonic mucosa[23]. Enhanced
DNA synthesis has been demonstrated in the epithelium
of the large intestine of rats treated with bile acids[24].
Reduced susceptibility to apoptosis occurs in animal and
human models of colon cancer following bile acid treatment[25]. Taken together, the data suggest that bile acids
are important mediators of carcinogenesis.
In conclusion, our findings suggest that reflux of bile
acids induced the development of esophageal cancers.
COX-2 induced by bile acids might be responsible for
tumor angiogenesis, an important process in the development of esophageal cancers.

Terminology

Hematoxylin eosin, COX-2, PGE2, and proliferating cell nuclear antigen.
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RESULTS: H. pylori co-occurred with 76.0% (19/25)
of gastric ulcers, 64.3% (9/14) of duodenal ulcers,
and 33.3% (4/12) of gastritis cases. H. pylori infection
was found in 100% (3/3) of the patients with both
gastric and duodenal ulcers. Overall, H. pylori was
detected in 35 of 54 (64.8%) patients. The diagnostic sensitivities of histology, RUT, and DPO-PCR were
85.7% (30/35), 74.3% (26/35), and 97.1% (34/35),
respectively (P = 0.02). The positive predictive value
(PPV) of DPO-PCR was 94.4%, whereas the negative
predictive value (NPV) was 94.7%. In the rapid urease
test (CLOtest)-negative cases, the frequency of positive DPO-PCR and histologic results was 20.0% (7/35).
The concordance rate of the DPO-PCR tests between
the tissue samples from the RUT kit and the gastric
biopsy samples was 94.4% (51/54). The rate of DPOPCR and silver stain positivity in the RUT-negative
cases was 20.0% (7/35).
CONCLUSION: In diagnosing H. pylori infection,
DPO-PCR can be performed on tissue samples that
have been processed by the RUT kit. Particularly, in
patients with RUT-negative results, DPO-PCR on these
tissue samples could be helpful in detecting of H. pylori infection.

Abstract
AIM: To investigate whether tissue samples processed
by the rapid urease test (RUT) kit are suitable for dualpriming oligonucleotide-based multiplex polymerase
chain reaction (DPO-PCR) to detect Helicobacter pylori
(H. pylori ).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: A total of 54 patients with specific gastrointestinal symptom were enrolled in this study. During endoscopy, gastric biopsy specimens were taken
for histology, RUT, and DPO-PCR. DPO-PCR was performed on gastric biopsy samples and tissue samples
that were analyzed by RUT at 2 separate institutes. In
detecting H. pylori , the concordance rate of the DPO-
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Key words: Helicobacter pylori ; Diagnosis; Dual-priming oligonucleotide-based multiplex polymerase chain
reaction
Core tip: The rapid urease test (CLOtest) alone is unreliable in diagnosing Helicobacter pylori (H. pylori ) infec-
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about clarithromycin resistance because clarithromycin
resistance is the main predictor of failure of eradication
treatments; therefore, the detection of clarithromycin
resistance is important.
Previously, tissue samples taken for rapid urease testing have also been analyzed by PCR, whitch can detect
H. pylori DNA in gastric tissue samples obtained for the
RUT kit[10]. When H. pylori infection is not detected in
cases of peptic ulcer bleeding or peptic ulcer disease
with chronic atrophy, an additional biopsy specimen and
endoscopic procedure should be performed. In addition, in case repeated eradication therapy fails and the
patient is clinically suspected of having an infection with
a clarithromycin resistant strain, an additional biopsy
specimen is necessary. Unfortunately, taking extra biopsy
specimens is burdensome for clinicians and patients. In
this study, we aimed to evaluate DPO-PCR in diagnosing of H. pylori infection, and to determine whether the
tissue samples that already been submitted to the RUT
kit are suitable for the DPO-PCR test compared with
the result of DPO-PCR performed on gastric biopsy
samples, RUT, and histologic results.

tion and does not provide information about resistance
to clarithromycin. Therefore, we investigated whether
tissue samples that have been analyzed by the CLOtest
kit are suitable for dual-priming oligonucleotide-based
multiplex PCR (DPO-PCR) to detect H. pylori . Our results demonstrated that the DPO-based multiplex PCR
test using tissue samples processed by the CLO kit is
appropriate for detecting H. pylori and clarithromycin
resistance. Particularly, in patients with CLO-negative
results, this method is helpful for diagnosing H. pylori
infection. Moreover, it would be beneficial in economical aspects.
Chung WC, Jung SH, Oh JH, Kim TH, Cheung DY, Kim
BW, Kim SS, Kim JI, Sin EY. Dual-priming oligonucleotidebased multiplex PCR using tissue samples in rapid urease
test in the detection of Helicobacter pylori infection. World J
Gastroenterol 2014; 20(21): 6547-6553 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6547.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6547

INTRODUCTION

MATERIALS AND METHODS

In patients with Helicobacter pylori (H. pylori) - related
diseases, a reliable diagnosis of infection with this bacterium is crucial, but no single test can be considered the
gold standard. The rapid urease test (RUT) is the most
commonly used biopsy-based method to diagnose H.
pylori infection because it is simple, rapid and accurate.
However, it requires a high density of bacteria, and anything that reduces the bacterial load may produce falsenegative tests[1]. Moreover, various medications may affect the presence of urease in the gastric mucosa. Within
2 wk of taking a proton pump inhibitor, bismuth or antibiotic, most of the H. pylori organisms have disappeared,
making the RUT negative. Moreover, H. pylori does not
distribute evenly in the stomach[2]. Several factors including gastric pH, inflammatory cells, atrophic gastritis,
and intestinal metaplasia affect its distribution[3,4]. If the
biopsy sample is taken from an area of intestinal metaplasia, the RUT will fail[2,3].
Molecular methods are widely used to diagnosis H.
pylori infection, as are analyses of its virulence and resistance patterns[4-7]. Polymerase chain reaction (PCR) is the
most sensitive and specific method for detecting of H.
pylori in gastric biopsy specimens. It has great sensitivity
with a detection limit of 0.02 pg H. pylori DNA, which
corresponds to only 10 organisms[8]. However, in clinical
practice, PCR is complicated and it is not always simple
to achieve the desired result. It is a time-consuming and
labor-intensive method. Recently, a commercial dualpriming oligonucleotide (DPO) primer has been developed to detect single-nucleotide polymorphisms (SNP)
using a 1-step PCR assay[9]. Detection is accurate and
rapid using the specific primers. Moreover, DPO-based
multiplex PCR (DPO-PCR) can provide information

WJG|www.wjgnet.com

Study population
All patients with specific gastrointestinal symptoms were
enrolled at a teaching hospital of the Catholic University
of Medicine, St. Vincent’s Hospital, from November.
2011 to May 2012. Patients who were referred to the endoscopy unit were recruited for this prospective study.
Patients were eligible to enter the study if they were
older than 18 year of age and had gastric H. pylori infection. None of the patients had a history of H. pylori
eradication, had undergone previous gastric surgery or
had taken antibiotics in the 2 mo preceding the study.
Patients were also excluded if they had significant renal,
hepatic, cardiovascular, metabolic or hematological disorders. Additionally, pregnant or lactating women were
excluded from our investigation.
Sample size
An estimated sample size of 50 subjects per group
would give an 80% power to detect a difference of 15%
in the H. pylori detection rate compared to other tests
(assumed to have an detection rate of 85%), with a
2-sided alpha = 0.05. Thus, with a 10% drop out rate we
needed to recruit at least 55 patients for each group.
n = [Zα/2(p0q0)2/1 + Zβ(p0q0)2/1]2/[(ε-|δ|)2]
DPO-Based multiplex polymerase chain reaction PCR
Genomic DNA from gastric biopsy and tissue samples
analyzed by RUT (CLOtest; Kimberly- Clark, Utah,
United States) were extracted using the QIAamp DNA
Mini Kit (Qiagen, Valencia, CA, United States). DNAs
was stored at -20 ℃ until it was required for analysis.
A novel commercialized DPO-PCR (Seeplex ® ClaRH. pylori ACE Detection, Seoul, South Korea) was
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Figure 1 Representative example of the dual-priming oligonucleotide-based multiplex polymerase chain reaction. Lane M: Amplicon size marker (Seegene
Inc.,Korea); Lane 1: Negative; Lane 2: Mutant type of A2143G; Lane 3-4: Wild type; PC1: A2142G mutant positive control; PC2 : A2143G mutant positive control; NC:
Negative control.

performed according to the manufacturer’s recommendations. This method uses 2 forward and 2 reverse
DPO primers against the 23S rRNA gene. A 4-primer
combination mixture (HP-F, HP-R, A2142G-F, and
A2143G-R) that amplifies 3 fragments (i.e., a H. pylori common sequence, an A2142G mutant, and an
A2143G mutant) is made for the multiplex PCR (Figure
1). The A2142G and A2143G mutations of the 23S
rRNA gene in H. pylori are associated with resistance
to clarithromycin[11,12]. DPO-PCR is a multiplex PCR
that can be performed in any standard thermocycler. It
is analyzed using a semi-automated system (i.e., Screen
tape®), which allows ultra rapid migration and analysis of the PCR products in small polyacrylamide gels.
8-Methoxysporalen was added during the mix preparation to intercalate between the double-stranded nucleic
acids generated during amplification, thereby limiting
carry-over contamination after UV irradiation and before the PCR product analysis. The kit also includes a
primer pair for internal control.

specimens were placed at -15 to -20 ℃. If the CLOtest
was negative, it was re-interpreted 24 h later in ambient
air. DPO-PCR tests were performed on the gastric biopsy samples (Seegene Institute of Life Science, Seoul,
South Korea) (Figure 1) and on tissue samples obtained
from the CLOtest kit at 2 separate institutes (Research
Institute of St. Vincent Hospital, Suwon, South Korea)
(Figure 2).
Ethics statement
The study was approved by the institutional review
board of the Catholic University of South Korea
(VC11EISI0200). Each patient provided written informed
consent to participate.

RESULTS
Basal characteristics of the enrolled patients
Gastric tissue samples were taken from 57 patients, but
3 patients were excluded because of inadequate DNA
samples. A total of 54 patients (43 males, 11 females,
mean age 58.7 ± 14.2 years) were enrolled in this study.
Of these patients, 25 (46.3%) had gastric ulcers, while
14 (25.9%) had duodenal ulcers. Three (5.6%) patients
had both gastric and duodenal ulcers, and 12 (22.2%)
patients had chronic gastritis. H. pylori was detected in
76.0% (19/25) of the gastric ulcer patients, 64.3% (9/14)
of the duodenal ulcer patients, and 33.3% (4/12) of the
gastritis. H. pylori was detected in 100% (3/3) of the patients with both gastric and duodenal ulcers.

Methods
During endoscopy, gastric biopsy specimens were taken
from the greater curvature of the mid -antrum and
corpus for histology, CLOtest and DPO-PCR. The
diagnosis of H. pylori infection was made based on (1)
histologic evidence of H. pylori in any 2 specimens taken
from the antrum or corpus by silver stain; or (2) positive
CLOtest and serological test results. If only the CLOtest
was positive, serological test was performed additionally.
All patients with peptic ulcer disease were prescribed
proton pump inhibitor (PPI) therapy for 2-4 wk, and the
remaining patients were treated according to their symptoms for 2 wk. If the silver stain and CLOtest were H.
pylori -negative, we obtained an additional biopsy specimen under endoscopy 4-8 wk after initial examination.
Patients did not take PPIs for at least 2 wk before reendoscopy.
The specimens were fully immersed in the CLO
reagent, and the test was interpreted at 1 and 9 h in
the endoscopy room. If the CLOtest was positive, the

WJG|www.wjgnet.com

Diagnostic sensitivity
H. pylori was detected in 35 of 54 (64.8%) patients. The
diagnostic sensitivities of histology, CLOtest, and DPOPCR were 85.7% (30/35), 74.3% (26/35) and 97.1%
(34/35), respectively (P = 0.02) (Table 1). The positive
predictive value (PPV) is the proportion of patients
with positive test results who are correctly diagnosed.
The negative predictive value (NPV) is the proportion
of patients with negative test results who are correctly
diagnosed. The PPV of DPO-PCR was 94.4%, whereas
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Figure 2 Detection of Helicobacter pylori and the A2143G/A2142G of the 23S rRNA gene on the basis of the dual-priming oligonucleotide-based multiplex
polymerase chain reaction product in enrolled patients. M: 100 bp Marker; A: ClaR Marker; B: A2142G Positive Marker; C: A2143G Positive Marker; NC: Negative
Marker; 1-54 : Samples.

Resistance to clarithromycin and eradication therapy
Among the 35 patients with H. pylori infection, 7 patients
(20.0%) had 23S rRNA point mutations associated with
clarithromycin resistance. The mutation subtypes included 6 patients with A2143G and 1 patient with A2142G.
A total of 28 patients with peptic ulcer disease were
recommended to undergo eradication therapy of H. pylori,
and follow-up was incomplete in 4 patients. Twenty-four
patients completed the standard 7-d eradication therapy.
In the absence of a 23S rRNA point mutation in H. pylori,
the patients were treated with PPI-based triple therapy
- twice daily with 1000 mg of amoxicillin, 500 mg of clarithromycin and 30 mg of lansoprazole. If a mutation was
present, the patients took metronidazole containing triple
therapy, which consisted of 1000 mg of amoxicillin and
30 mg of lansoprazole twice daily and 500 mg of metronidazole 3 times daily. Eradication was determined by
the C13-urea breath test 6 wk after the eradication therapy.
H. pylori eradication (intention to treat) was successful in
23/28 (90.3%) patients and the per- protocol analyses is
showed a rate of 95.8% (23/ 24).

Table 1 Diagnosis of Helicobacter pylori in the enrolled patients of this study n (%)
Method of detection

Number of positivity

Number of

H.pylori infection
Silver stain - 1st session
2nd session
CLOtest
1st session
2nd session
DPO-PCR of gastric biopsy
DPO-PCR using tissue sample of CLO kit

30
2
26
3
37
34

30 (85.7)
26 (74.3)
34 (97.1)
33 (94.3)

DPO-PCR: Dual-priming oligonucleotide-based multiplex polymerase
chain reaction; H. pylori: Helicobacter pylori; CLOtest: The rapid urease test.

its NPV was 94.7%. In CLOtest-negative cases, DPOPCR and histology were both positive in 20.0% of the
patients (7/35).
Concordance rate of DPO-PCR tests
DPO-PCR was positive in 68.5% (37/54) of the gastric
biopsy smaples, whereas the CLOtest kit was positive
in 61.1% (33/54). The concordance rate of DPO-PCR
tests between gastric biopsy samples and tissue samples
analyzed by the CLOtest kit was 94.4% (51/54). There
were only 2 false-positives in the gastric biopsy samples.
Despite repeated histologic examinations, negative
results were observed. In 1 case, both of DPO-PCR
tests were all negative and there was positive histologic
examination.

WJG|www.wjgnet.com

DISCUSSION
Despite the highly sensitive and specific nature of PCR,
it can provide false-positive or false-negative results. To
reduce the risk of false-positive results in PCR, a sterilization protocol to prevent the amplification of contaminants and highly specific primers should be applied.
Compared to conventional PCR, DPO-PCR increases
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the reference test[13]. Our results show that the frequency
of clarithromycin resistance was 20%, but this result
was not conclusive because of the small number of
enrolled patients. A previous report from South Korea
revealed that the antibiotic resistance rates for amoxicillin, metronidazole, and clarithromycin were 0%, 40.6%,
and 5.9%, respectively, prior to 2000[20]. However, these
rates increased to 18.5%, 66.2%, and 13.8%, respectively,
in 2003[21]. Between 2003 and 2009, the resistance rates
to amoxicillin and metronidazole decreased to 4.5%
and 29.7%, respectively, but the resistance rate for clarithromycin increased drastically to 32.0%[22]. The recent
Maastricht Ⅲ consensus report recommended that the
clarithromycin not be used or that a susceptibility test
be performed when the resistance to this antibiotic is ≥
20%[23]. Currently, DPO-based multiplex PCR can detect
clarithromycin resistance before eradication therapy and
help in the selection of the appropriate regimen. Hopefully, this process can prevent exposure to unnecessary
antibiotics and increase the eradication rate.
Gastric biopsy specimens stored in a gel of the RUT
kit can be used to confirm the diagnosis of H. pylori infection and to test clarithromycin susceptibility despite
having been stored at room temperature for 30 d[24]. H.
pylori DNA can be detected by PCR on gastric biopsy
specimens processed by the RUT kit. The contents
of RUT are bacterial agar containing urea, phenol red
(phenolsulfonphthalein), and sodium phosphate. These
materials do not damage DNA. We combined the rationales for DPO-PCR and RUT and designed this study to
determine the diagnostic accuracy of a DPO-PCR test
using tissue specimens previously processed by a RUT
kit. DNA testing is becoming a popular method of clinical diagnosis. Furthermore, DNA profiling is being used
more often and can provide individual medical information. However, DNA testing can result in ethical or legal
issues if informed consent is not obtained. In clinical
practice, an institutional device or method to prevent inadvertent disclosure of personal information should be
established.
In conclusion, our results demonstrate that DPObased multiplex PCR using tissue samples analyzed by
RUT is appropriate for detecting of H. pylori and clarithromycin resistance. Particularly in patients with RUTnegative results, this test could be helpful for diagnosing
H. pylori infection. Moreover, it would be beneficial in
economical aspect. Further experience and large-scale
studies are needed to compare the various diagnostic
methods.

the specificity and sensitivity of detection by blocking non-specific binding sites; therefore, it eliminates
imperfect primer annealing[13]. On the basis of the C13urea breath test, H. pylori detection by DPO- PCR had
a sensitivity of 87.5%, a specificity of 91.3%, a positive
predictive value of 84.0%, a negative predictive value of
93.3%, and an accuracy of 90.0%[14].
However, in clinical practice, false-negative results
can be a more significant problem. When the detection
of H. pylori infection initially fails in patients with H.
pylori-associated disease, additional biopsies and endoscopic procedures are required, which would be burdensome for clinicians and patients. Particularly in patients
with recent upper gastrointestinal bleeding, the diagnosis
of H. pylori infection can be discouraging, and its prevalence in bleeding peptic ulcers is usually underestimated[15]. Therefore, a diagnostic test at some point after the
bleeding episode would be a good tool to diagnose of H.
pylori infection[16,17]. From this point of view, our results
are promising and the DPO-PCR test on the samples
taken for RUT can reduce medical costs.
RUT is a convenient and inexpensive way to diagnosis H. pylori infection and is used worldwide clinically
and for research. After interpretation, the biopsy specimen utilized for RUT is usually discarded. DPO- PCR
is more expensive than RUT. It is highly dependent on
the activity and equipment of the laboratory in which
the test is performed. However, PCR tests using gastric
biopsy specimens from the RUT kit can reduce the need
for re-endoscopic examination with biopsy. Particularly
when the RUT is negative and there is a suspicion of
H. pylori, our method will greatly lighten the burdens of
both clinicians and patients. In addition, when clarithromycin is the first-choice drug or in countries with high
prevalence of primary clarithromycin resistance, our test
will alleviate the social and economic costs of medical
treatment.
Primary resistance to clarithromycin significantly
affects the efficacy of eradication therapy and is considered to be a strong predictive factor for treatment
failure[18,19]. The eradication rate could be increased to
an ideal level by conducting a test for clarithromycin
resistance. The A2142G and A2143G mutations of the
23S rRNA gene in H. pylori are associated with clarithromycin resistance[11,12]. Using the rapid and inexpensive
DPO-based multiplex PCR test to detect clarithromycin
resistance, clinicians can select the best regimen before
eradication therapy. The DPO primer system differs
from a conventional system by including a poly(I) linker
between 2 unequal segments of primer sequences, which
increases the specificity sufficiently to discriminate single-base changes by using 1-step PCR and allows accurate multiplex PCR. Therefore, there is no need for additional steps, expensive equipment, or specialized skills.
In a previous clinical study, DPO-PCR was shown to be
an alternative to culture and testing for clarithromycin
resistance to H. pylori. The sensitivity of DPO-PCR was
97.7% and specificity was 83.1%, considering culture as
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Investigation of cholecystokinin receptors in the human
lower esophageal sphincter
Jun-Feng Liu, Jian Zhang, Xin-Bo Liu, Paul A Drew
optical density (IOD) value: 22.65 ± 0.642 vs 22.328
± 1.042, P = 0.806] or CCK-B receptor protein (IOD
value: 13.20 ± 0.423 vs 12.45 ± 0.294, P = 0.224) as
measured by Western blot. The maximum binding of
radio-labeled CCK-8S was higher in the sling fibers than
in the clasp fibers (595.75 ± 3.231 cpm vs 500.000
± 10.087 cpm, P < 0.001) and dissociation constant
was lower (Kd: 1.437 ± 0.024 nmol/L vs 1.671 ± 0.024
nmol/L, P < 0.001). The IC50 of the receptor specific
antagonists were lower for the CCK-A receptors than
for the CCK-B (P < 0.01).
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CONCLUSION: CCK binding modulates the contractile
function of the lower esophageal sphincter through differential binding to the CCK-A receptor on the sling and
clasp fibers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To compare the binding of cholecystokinin (CCK)-8
to CCK receptors in sling and clasp fibers of the human
lower esophageal sphincter.

Core tip: We isolated the sling and clasp muscles which
help form the human lower esophageal sphincter. The
expression of cholecystokinin (CCK)-A and CCK-B receptors was measured in the two muscles. The binding
3
of H-CCK-8S to the CCK receptors was studied to determine the binding characteristics of the hormone to
the receptor subtypes. It is concluded that the CCK-A
receptor probably plays a more important role than the
CCK-B receptor in mediating the contractile function of
lower esophageal sphincter, through a combination of
more receptors and a stronger binding affinity.

METHODS: Esophageal sling and clasp fibers were
isolated from eight esophagectomy specimens, resected for squamous cell carcinoma in the upper two
thirds of the esophagus, which had been maintained
in oxygenated Kreb’s solution. Western blot was used
to measure CCK-A and CCK-B receptor subtypes in the
two muscles. A radioligand binding assay was used
3
to determine the binding parameters of H-CCK-8S to
the CCK receptor subtypes. The specificity of binding
was determined by the addition of proglumide, which
blocks the binding of CCK to both receptor subtypes.

Liu JF, Zhang J, Liu XB, Drew PA. Investigation of cholecystokinin
receptors in the human lower esophageal sphincter. World J
Gastroenterol 2014; 20(21): 6554-6559 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6554.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6554

RESULTS: There was no significant difference between
the sling and clasp fibers of the human lower esophageal sphincter in the amount of CCK-A [integrated
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INTRODUCTION
The lower esophageal sphincter (LES) is the incrassate
muscle bundle located at the esophagogastric junction,
and includes the sling fibers from the greater curvature
and clasp fibers from the lesser curvature of the stomach[1]. The LES can open to allow liquids or solids to
enter the stomach, or to permit vomiting or belching.
At other times the basal tone of the LES is intended
to prevent abnormal reflux of gastric contents into the
esophagus [2]. The regulation of the LES is complex,
involving interplay between the nervous and hormonal
systems, as well as local myogenic influences[3,4]. In particular, gastrointestinal peptide hormones play important
roles in its regulation[5,6].
The cholecystokinins (CCK) are a family of peptide
hormones which have important roles in regulating gastrointestinal motility and the delivery of nutrients to the
small intestine[7-10]. The individual members are identified
by the number of amino acids in the hormone following post-translational modification of the CCK gene
product, preprocholecystokinin (e.g., CCK-58, CCK-8).
The receptors for CCK are divided into two subtypes,
CCK-A and CCK-B, based on their affinities to CCK
analogues, gastrin and specific antagonists. Gastrin and
CCK are similar in structure, and both bind to CCK-B
receptors. We have previously shown that human sling
and clasp fibers contract in response to both gastrin and
CCK-8, but the sling fibers have stronger contractions
than the clasp fibers[6].
Structural and functional abnormalities of the LES
may result in esophageal diseases[11,12]. An incompetent
LES permits gastro-esophageal reflux, which damages
the esophageal epithelial lining and may lead to complications such as esophagitis, Barrett’s esophagus or
cancer[13,14]. Currently, antireflux surgery, typically Nissen fundoplication, is the mainstay treatment to prevent
reflux, but it is invasive and has a number of potential
side-effects. A better understanding of the physiology
of the LES may lead to medical interventions to prevent
or reduce reflux, avoiding the need for surgery. In this
study we investigated if the differential response of sling
and clasp fibers to CKK-8 correlates with differential
binding characteristics of CCK-8 to the CCK receptors
in these fibers.

Sling

Clasp

Figure 1 Arrangement of the sling and clasp muscles in the human gastroesophageal junction viewed from the distal luminal aspect after resection of the submucosa.

ogy was performed to confirm absence of tumor in the
specimens. The sling and clasp fibers (Figure 1) were
separated as described previously[6]. The experimental
protocol was approved by the Ethics Committee of the
Fourth Hospital, Hebei Medical University.
Western blot
Membrane proteins were isolated using the Eukaryotic
Membrane Protein Extraction kit (Pierce, Rockford, IL,
United States), following the manufacturer’s instructions.
The CCK-A and CCK-B receptors in the membrane
protein preparation were detected by Western blot as
previously described[15]. A goat polyclonal antibody to
human CCK-A receptor (1:400 dilution) and a goat polyclonal antibody to human CCK-B receptor (Santa Cruz,
United States) were each used at a dilution of 1:400. The
secondary antibody was a donkey anti-goat IgG conjugated to peroxidase, used at a 1:2000 dilution and developed with DAB. The integrated optical density (IOD) of
each band was determined using the Gel-Pro analyzer
software package (Media Cybernetics, United States).
Binding studies
The binding studies were carried out as described by Salvatore et al[16]. The membrane protein isolate was incubated, at a final concentration of 0.15 mg/mL with serial
dilutions of 3H-CCK-8S (Sigma, United States), ranging
from 6.4 nmol/L to 0.05 nmol/L in a total volume of
200 μL for 10 h at 4 ℃ with shaking every 30 min. The
specificity of binding was determined by the addition
of 5 μ mol/L proglumide, which blocks the binding
of CCK to both receptor subtypes. Bound ligand was
isolated by filtration under vacuum on Whatman GF/B
filters which were then washed three times with ice-cold
HEPES buffer (130 mmol/L NaCl, 5 mmol/L MgCl2
and 10 mmol/L HEPES, pH 7.4). Bound radioactivity
was measured by liquid scintillation counting (Model
LS 6500, Beckman Instruments, Fullerton, CA, United
States). Nonspecific binding, defined as the binding of
radiolabelled ligand in the presence of 10 mmol/L CCK,
was subtracted from the total binding measured in each
assay. Competitive inhibition was determined using 7.5

MATERIALS AND METHODS
Tissues
Specimens of the esophagogastric junction were obtained from 5 men and 3 women (mean age 53 years,
range 45-75 years) who underwent esophagectomy for
squamous cell carcinoma in the upper two-thirds of the
esophagus. Patients with heartburn symptoms or motility disorders, such as achalasia of the esophagus or dermatosclerosis, were excluded from the study. Immediately after removal from the patient the esophagogastric
junction tissue was placed in oxygenated Kreb’s solution
and transported to the laboratory. Frozen section histol-
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nmol/L 3H-CCK-8S with CR1409 as an antagonist to
the CCK-A receptor or CR2945 to the CCK-B receptor
(Sigma, United States). Data were analyzed and competitive curves constructed from the mean of triplicate measurements. The dissociation constant of the radioligand
receptor complex (Kd) and the maximum binding value
(Bmax) were calculated using GraphPad Prism version 4.0
(GraphPad Software Inc., San Diego, CA, United States).
The inhibitory binding constant Ki was calculated from
the IC50 according to the Cheng-Prusoff equation, Ki =
IC50/(l + L/Kd), where L is the concentration of the radioligand, IC50 is the concentration of drug causing 50%
inhibition of the specific radioligand binding, and Kd is
dissociation constant[17].

Figure 3 Representative saturation isotherms of the binding of 3H-cholecystokinin-8S to membrane proteins isolated from the human sling (A)
and clasp (B) fibers. CCK: Cholecystokinin.

specific in both the sling and clasp fibers. A typical saturation isotherm plot for the binding of 3H-CCK-8S to
human cell membrane protein extract is shown in Figure
3. The mean Bmax and Kd values for all eight sling and
clasp muscle preparations analysed (clasp fibers: 500.00
± 10.09 vs 1.671 ± 0.024; sling fibers: 595.75 ± 3.23 vs
1.437 ± 0.024; t: 9.040 vs 6.898) differed significantly
between the sling and the clasp fibers (each P < 0.001).
The results in Figure 4 show the competitive inhibition curves of the specific CCK-A receptor antagonist,
CR1409, and the specific CCK-B receptor antagonist,
CR2945, for the binding of 3H-CCK-8S to the membrane protein extract from the sling and clasp fibers.
The mean IC50 values for CR1409 and CR2945 for all
eight sling and clasp muscle preparations analysed are
shown in Table 2. There were no significant differences
between the sling and clasp fibers in the IC50 for CR1409
(t = 1.72, P = 0.161) or CR2945 (t = 1.93, P = 0.126). In
both the sling and clasp fibers the IC50 for CR1409 was
significantly higher than that for CR2945 (P = 0.001 and
P < 0.001 respectively). The pKi values were also greater
for CR1409 than for CR2495 in both the sling and clasp
fibers (Table 2) (each P < 0.001).

Statistical analysis
Data are expressed as mean ± SD, and groups were
compared by the paired Student’s t test using the SPSS
statistical program. Differences were considered statistically significant when P < 0.05.

RESULTS
Receptor expression
Both CCK-A and CCK-B receptors were measured in
the membrane protein extract of the sling and the clasp
muscle fibers by Western blot (Figure 2). The results in
Table 1 show that the IOD for the beta-actin loading
control did not differ between the fibers. There were no
significant differences between the sling and clasp fibers
in the IOD for the CCK-A (t = 0.263, P = 0.806) or the
CCK-B (t = 1.439, P = 0.224) receptors.

DISCUSSION
The gastrointestinal hormone CCK plays an important
role in the regulation of gastrointestinal motility. We
have previously shown that the sling and clasp fibers,
which contribute to the tone of the LES, contract in re-

Binding studies
The binding of 3H-CCK-8S to the CCK receptor was
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Figure 4 Representative competitive inhibition curves of the binding of 3H- cholecystokinin-8S to membrane proteins isolated from the human sling (A)
and clasp (B) fibers. The antagonists used were CR-1409 [selective for cholecystokinin (CCK)-A receptors] and CR-2945 (CCK-B receptors). Binding is expressed
as the percentage of radioactivity specifically bound in the absence of antagonists.

Table 2 IC50 values and pKi values

IC50 values
Clasp fibers
Sling fibers
t
P value
pKi values
Clasp fibers
Sling fibers
t
P value

n

CR1409

CR2945

t

P value

8
8

3.165 ± 0.187
2.798 ± 0.104
1.72
0.161

9.583 ± 0.501
8.147 ± 0.551
1.93
0.126

11.99
9.53

< 0.001
0.001

8
8

8.476 ± 0.065
8.556 ± 0.022
1.653
0.156

8.018 ± 0.028
8.090 ± 0.042
2.754
0.058

12.69
11.73

0.001
0.001

The IC50 values and pKi values for the CCK-A receptor antagonist CR1409 and the CCK-B receptor antagonist CR2945 in human sling and clasp fibers (× 10-9
mol/L; mean ± SD).

receptor between the two fibers. The difference in the
Bmax for the binding of the radiolabelled CCK-8S between the sling fibers and clasp fibers suggest that there
are more CCK receptors in the sling fibers than in the
clasp fibers. Our results are consistent with the ability of
CCK to induce contraction of the sling and clasp fibers
by binding to both receptor subtypes, with induction
of stronger contractions in the sling fibers because of
higher binding to the CCK-A receptor.
A number of studies show that CCK can reduce LES
pressure, most commonly following a meal, when plasma
levels of the hormone are significantly elevated. Boulant
et al[21] found in dogs that CCK infusion increased transient LES relaxations (TLESRs), and that a CCK-A receptor antagonist (but not a CCK-B receptor antagonist)
prevented this increase, without affecting the basic tone
of the LES. Ledeboer et al[22] demonstrated in humans
that the TLESRs following a fat meal, which are CCK
mediated, are reduced by the CCK-A receptor antagonist loxiglumide. Masclee et al[23] reported that ingestion
of cholestyramine in humans resulted in a reduction of
LES pressure, again an effect which could be abolished
by loxiglumide, and similar findings following infusion
of a triglyceride meal were reported by Trudgill et al[11].
The postprandial reduction in LES pressure is complex,
involving at least CCK and nitric oxide[12,22,24]. Salapatek

sponse to CCK. The strength of the response differs between these fibers, with the sling fibers contracting more
strongly than the clasp fibers[6]. We report here that the
binding of CCK-8 to the CCK receptor subtypes differs
between these two types of fibers, which may provide
an explanation for the difference in their response to the
hormone.
The expression and distribution of the two CCK receptor subtypes, CCK-A and CCK-B, vary between tissues and organs, and within different parts of the same
organ, within a species[15]. CR1409 is a selective antagonist of the CCK-A receptor[18], with concentration dependent inhibitory effects on CCK-8 mediated responses in vivo, such as satiety or contraction of the smooth
muscle of the ileum or gallbladder[19]. CR-2945 is a potent, selective and reversible non-peptide antagonist of
CCK-B receptor. It is a candidate new generation, nonsedative anxiolytic, as well being considered a treatment
for acid-related dyspeptic symptoms, where visceral motility and acid exposure play a role[20]. We found that the
IC50 for CR1409 was less than that for CR2945 in both
the sling and clasp muscles, with the pKi for CR1409
greater than that for CR2945. There were no significant
differences in the IC50 of CR1409 and CR2945 between
the clasp fibers and sling fibers, implying that there were
no differences in the affinity of each antagonist to its
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et al[25] found in cats that CCK induced LES contraction
through a preganglionic cholinergic mechanism involving a nicotinic synapse, but induction of relaxation occurred predominantly at a postganglionic site involving
adrenergic modulation. Based on these experiments it
was proposed that there is animal-to-animal variability
in the balance of excitatory and inhibitory mechanisms
to the LES, which determines the effect of a mediator
which is capable of activating both mechanisms[25].
The most likely explanation for the difference in action of CCK described in these reports and our study is
that we studied the effect of the hormone on contraction of the isolated sling and clasp fibers in vitro, whereas
in the other studies the LES pressure was measured in
vivo[25]. The location of a high pressure zone at the gastroesophageal junction and the asymmetric distribution
of the pressure, as measured by esophageal manometry,
are in concordance with the position and arrangement
of the two bundles of fibers[26]. Thus, while it is clear
that the sling and clasp fibers contribute to the generation of the LES pressure, they are not the only muscles
involved. Additionally, in vitro studies permit the measurement of effects due to CCK alone, whereas with in
vivo studies it is difficult to control for all the variables
which may impact on a function as complex as that
which regulates LES pressure.
In conclusion, we found no difference in the amount
of CCK-A or CCK-B receptors between human sling
and clasp fibers, as measured by Western blot, but the
sling fibers bound more radiolabelled CCK-8S than the
clasp fibers. Our binding and inhibition data are consistent with the CCK-A receptor playing an important role
in mediating the contractile function of the LES, acting
through differential effects on the sling and clasp fibers.

the esophagus, lower esophageal sphincter and the stomach). CCK antagonists
may have therapeutic value in the prevention or treatment of gastro-esophageal
reflux disease including esophagitis, Barrett’s esophagus and esophageal adenocarcinoma.

Peer review

The results are interesting and suggest that CCK binding modulates the contractile function of the lower esophageal sphincter through differential binding to
the CCK-A receptor on the sling and clasp fibers.
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Colon cancer-associated B2 Escherichia coli colonize gut
mucosa and promote cell proliferation
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Pierre Déchelotte, Claude Darcha, Denis Pezet, Richard Bonnet, Marie-Agnès Bringer, Arlette Darfeuille-Michaud
determined by PCR. Adhesion and invasion experiments
were performed with I-407 intestinal epithelial cells
using gentamicin protection assay. Carcinoembryonic
antigen-related cell adhesion molecule 6 (CEACAM6)
expression in T84 intestinal epithelial cells was measured by enzyme-linked immunosorbent assay and by
Western Blot. Gut colonization, inflammation and procarcinogenic potential were assessed in a chronic infection model using CEABAC10 transgenic mice. Cell proliferation was analyzed by real-time mRNA quantification
of PCNA and immunohistochemistry staining of Ki67.
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RESULTS: Analysis of mucosa-associated E. coli from
colon cancer and diverticulosis specimens showed
that whatever the origin of the E. coli strains, 86% of
cyclomodulin-positive E. coli belonged to B2 phylogroup
and most harbored polyketide synthase (pks ) island,
which encodes colibactin, and/or cytotoxic necrotizing
factor (cnf ) genes. In vitro assays using I-407 intestinal
epithelial cells revealed that mucosa-associated B2 E.
coli strains were poorly adherent and invasive. However, mucosa-associated B2 E. coli similarly to Crohn’s
disease-associated E. coli are able to induce CEACAM6
expression in T84 intestinal epithelial cells. In addition,
in vivo experiments using a chronic infection model of
CEACAM6 expressing mice showed that B2 E. coli strain
11G5 isolated from colon cancer is able to highly persist
in the gut, and to induce colon inflammation, epithelial
damages and cell proliferation.
CONCLUSION: In conclusion, these data bring new
insights into the ability of E. coli isolated from patients
with colon cancer to establish persistent colonization,
exacerbate inflammation and trigger carcinogenesis.

Abstract
AIM: To provide further insight into the characterization of mucosa-associated Escherichia coli (E. coli ) isolated from the colonic mucosa of cancer patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Phylogroups and the presence of cyclomodulin-encoding genes of mucosa-associated E. coli
from colon cancer and diverticulosis specimens were
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cherichia coli (E. coli) compared to controls[10-12]. It has been
suggested that the role of E. coli in CRC promotion and
development is related to chronic inflammation. Inflammation can result from bacterial infection, via its effects
on both the host and the microbiota, in particular by promoting the expansion of E. coli, which actively contribute
to the accumulation of mutations resulting from DNA
damages induced by genotoxins, or by downregulating
host DNA mismatch repair proteins[3,11,13]. In particular,
E. coli strains harboring the polyketide synthase (pks)
genotoxic island, which are found in a significantly high
percentage of inflammatory bowel disease (IBD) and
CRC patients, can promote invasive carcinoma in monocolonized azoxymethane (AOM)-treated Il10-/- mice[3]. In
addition, certain pathogenic bacteria can also be involved
in cancer development, like, for example enterotoxigenic
Bacteroides fragilis (ETBF), a common human commensal
bacterium that is associated with colon cancer[14]. ETBFinduced chronic inflammation and tumorigenesis in ApcMin/+ mice (a mouse model of familial adenomatous polyposis) involve the induction of the polyamine catabolic
enzyme spermine oxidase, which causes DNA damages
and uncontrolled cell proliferation in intestinal epithelial
cells[15].
Patients with IBD have an increased risk of colon
cancer and small bowel adenocarcinoma[16,17]. As in colon
cancer patients, dysbiosis toward selected micro-organisms and decreased complexity of commensal bacteria
have been observed in patients with Crohn’s disease (CD)
and ulcerative colitis (UC), but it is not clear whether
dysbiosis contributes to the development of IBD or is
instead a consequence of the disease. Patients with IBD,
compared to healthy controls, have fewer bacteria with
anti-inflammatory properties and/or more bacteria with
pro-inflammatory properties. Several metagenomic-based
studies reported that members of the phyla Bacteroidetes and Firmicutes were reduced in patients with CD or
UC[18-20]. Among the Firmicutes, Faecalibacterium prausnitzii has anti-inflammatory properties; its numbers are
reduced in patients with CD and associated with a risk
of post-resection recurrence of ileal CD[20]. In contrast,
a greater relative abundance of Enterobacteriaceae, mostly
E. coli belonging to the B2 phylogenetic group, has been
reported in CD patients more notably on mucosa-associated microbiota than in fecal samples[10,18,21-24]. Intestinal
colonization by E. coli correlates with bacterial adhesion
of CD-associated E. coli strains to intestinal epithelial
cells[10,25]. CD-associated E. coli share abilities to adhere
to and to invade intestinal epithelial cells and to survive
within macrophages[26,27] and they are termed accordingly adherent-invasive E. coli (AIEC). The abnormal
colonization of CD mucosa by AIEC involves abnormal
expression of a host receptor, the carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6)[28]. Interestingly, CEACAM6 is not only abnormally expressed
in the ileum of patients with CD[28] but expression of
this molecule is also up-regulated in proliferating cells in
adenomas and colorectal tumors[29,30]. However, the origin

Colon cancer; polyketide synthase genomic island
Core tip: Tumors and mucosa of patients with colon
cancer are abnormally colonized by Escherichia coli
(E. coli ) belonging to B2 phylogroup. The aim of the
present study was to provide further insight into the
characterization of colon cancer-associated E. coli .
Despite their poor ability to adhere to and to invade
intestinal epithelial cells in vitro , we showed that colon
cancer-associated E. coli induce carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6) expression, a receptor involved in adhesion of pathogenic
E. coli . These bacteria were also able to persist and
promote low grade inflammation and cell proliferation,
in a chronic infection model of CEACAM6 expressing
mice, highlighting their oncogenic potential.
Raisch J, Buc E, Bonnet M, Sauvanet P, Vazeille E, de Vallée
A, Déchelotte P, Darcha C, Pezet D, Bonnet R, Bringer MA,
Darfeuille-Michaud A. Colon cancer-associated B2 Escherichia
coli colonize gut mucosa and promote cell proliferation. World J
Gastroenterol 2014; 20(21): 6560-6572 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6560.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6560

INTRODUCTION
Colorectal cancer (CRC) is the fourth leading cause of
cancer death and is responsible for about 610000 deaths
per year worldwide[1]. Although many etiologic genetic
changes are associated with progression from adenomatous lesions to invasive carcinoma[2], the specific causative factors in the development of sporadic CRC remain
unclear. Accumulating evidence supports that inflammation and gut microbial communities influence the development of colorectal carcinoma[3-5]. Two theories have
emerged to explain the contribution of bacteria in CRC:
(1) the “alpha bug” concept, wherein select members of
a microbial community with virulence and pro-carcinogenic features are capable of remodeling the microbiome
as a whole to drive pro-inflammatory immune responses
and colonic epithelial cell transformation leading to cancer[6]; and (2) the “driver-passenger” concept, wherein
certain indigenous intestinal bacteria, termed “bacteria
drivers”, initiate CRC by inducing epithelial DNA damages: the resulting tumorigenesis induces intestinal niche
alterations that promote the proliferation of passenger
opportunistic bacteria with a growth advantage in the tumour microenvironment[7].
Dysbiosis of the intestinal microbiota has been observed in CRC patients. Recent pyrosequencing data of
CRC-associated bacterial microbiota have revealed, in
particular, over-representation of some bacteria such as
Bacteroides/Prevotella, Faecalibacterium and Fusobacterium[8,9].
In addition, independent studies show that colonic adenomas, carcinomas and the mucosa of CRC patients are
abnormally colonized by high numbers of adherent Es-
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of CEACAM6 surexpression in colon cancer is not yet
clearly understood.
The aim of the present study was to provide further
insight into the characterization of mucosa-associated E.
coli isolated from the colonic mucosa of cancer patients.
We determined their ability to interact with intestinal epithelial cells, with a particular focus on biofilm formation
and the presence of cyclomodulin-encoding genes, and
to induce CEACAM6 expression in intestinal epithelial
cells. Finally, using CEABAC10 transgenic mice expressing human CEACAMs, we assessed the effects of longterm chronic infection by the colon cancer-associated
E. coli strain 11G5 for its ability to colonize the gut, to
potentiate inflammation and to induce cell proliferation.

by oral sodium picosulfate or oral polyethylene glycol
the evening before surgery. All resection patients had
received cefoxitin (2 g intravenously) at the time of incision and none had received antibiotics in the 4 wk before
sampling. Ethical approval for the study was granted by
the Clermont-Ferrand Research Ethics Committee.
Biopsy treatment for determination of associated E. coli
numbers
The mucosal biopsy specimens were transported on ice
to the laboratory. The samples were weighed (50 to 100
mg each) and washed thoroughly three times in 10 mL
PBS to remove most of the fecal bacteria. To determine
the number of associated bacteria, samples were crushed
(Ultra-Turrax, IKA) and incubated for 15 minutes in the
presence of 0.1% Triton X-100. Ten-fold dilutions of
the lysates were then plated on Drigalski agar and chromogenic agar chromID CPS3® (bioMérieux), which allow
the identification of E. coli isolates. Colony forming units
(CFUs) of E. coli isolates were collected after 24 h of
incubation at 37 ℃ and the identification of bacteria was
confirmed with the automated Vitek Ⅱ® (bioMérieux)
system. When possible a maximum of 96 E. coli isolates
per sample were collected for molecular typing. The bacteria were subcultured for 24 h at 37 ℃ in 96-well plates
in Luria Bertani medium, supplemented with 15% glycerol and then stored at -80 ℃.

MATERIALS AND METHODS
Ethical considerations
Ethical approval for the study was granted by the Clermont-Ferrand research ethics committee. This IRB
allowed for the waiver of written consent and approved
the process of obtaining verbal consent from potential
subjects, because the research involved no procedures
for which written consent is normally required outside
of the research context and presents no risk of harm
to subjects. The biological samples were collected from
colon resections, which were required for the treatment
of patients. The investigators explained the study to the
potential subject verbally, providing all pertinent information such as purpose, procedures and putative risks. Following this verbal explanation, the potential subject was
provided with a study information sheet. After allowing
the potential subject time to read the study information
sheet, the investigators answered any additional questions
the subject may have. A verbal agreement to participate
in the research was obtained for all patients included in
the study. The dates of verbal consent were tracked in a
non-identifiable manner.

Molecular phylogenetic grouping and PCR assay for
cyclomodulin and adhesin-encoding genes
Ten isolates per sample were typed with molecular
methods to identify the E. coli isolates (E. coli genotypes)
colonizing the samples. Two genotyping methods were
used: an “Enterobacterial Repetitive Intergenic Consensus” sequence (ERIC)-PCR using primer ERIC2 (5’
AAGTAAGTGACTGGGGTGAGCG 3’) and a “Random Amplified Polymorphic DNA” (RAPD)-PCR using
primer 1283 (5’ GCGATCCCCA 3’)[31,32]. For each isolate,
one representative isolate was subsequently analysed and
stored at -80 ℃ in Luria-Bertani medium supplemented
with 15% glycerol. E. coli isolates were then classified according to the E. coli Reference Collection system into
phylogenetic groups A, B1, B2, and D using a multiplex
PCR technique[33]. Strain RS218, which harbors all the
genes targeted by the multiplex PCR, was used as positive
control. To investigate the presence of cyclomodulin (pks
genomic island, cdt, cnf, and cif)-, adhesin (afa, afa/dr and
aaf)-, or intimin (eae)-encoding genes, PCR assays were
performed using primers listed in Table 1.

Patients
Eighty-one patients were studied between March 2007
and July 2010 at the University hospital of ClermontFerrand, France, 48 with colon cancer (adenocarcinoma),
and 33 with diverticulosis. For ethical considerations no
surgical specimens from healthy patients were included
and diverticulosis specimens were used as non-neoplastic
controls. Among patients with diverticulosis, we excluded
those with acute or chronic inflammation at the time
of surgery, and those with stenosis to avoid potential
consequences of inflammation on gut microbiota. Sex
ratio (M/F) was 1.22 and 0.74 for CRC and diverticulosis
patients respectively. The age range was 35-95 years for
cancer patients (median age, 70 years and average age,
67 years) and 34-81 years for controls (median age, 58
years and average age, 60 years). Biopsies were taken on
non-involved mucosa near the site of malignant tumors
in resected colon. Pathologic analysis confirmed the neoplastic features of the samples. Bowel preparation was
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Cell culture
The intestinal epithelial cell lines T84 (ATCC, CCL-248)
and Intestine-407 (I-407; ATCC, CCL-6) were maintained
in an atmosphere containing 5% CO2 at 37 ℃ in the
culture medium recommended by ATCC. For infection
assays, cells were seeded in 24-well plates at a density of
2 × 105/cm2.
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Adhesion and invasion assays
Ⅰ-407 cells were infected at a multiplicity of infection
(MOI) of 10 bacteria per cell. Adhesion and invasion
assays were performed as previously described[27]. For
adhesion assays, monolayers were washed five times in
PBS after 3 h of incubation at 37 ℃. To determine the
numbers of intracellular bacteria (invasion assay), cell
culture medium containing gentamicin at a concentration
of 200 µg/mL was added for 1 h to kill extracellular bacteria. The epithelial cells were then lysed with 1% Triton
X-100 in deionized water. This concentration of Triton
X-100 had no effect on bacterial viability for at least 30
min. Samples were diluted and plated onto LB agar plates
to determine the number of CFU.

Table 1 List of primers used for PCR assays
Primer
name

Sequence (5’-3’)

afa-f
afa-r
afa1

CGGCTTTTCTGCTGAACTGGCAGGC
CCGTCAGCCCCCACGGCAGACC
GCTGGGCAGCAAACTGATAACTCT
C
afa2
CATCAAGCTGTTTGTTCGTCCGCCG
afaE-f1
TTAGACCGTACTGTTGTGTTACCCC
C
afaE1-r
CATCGCCCGTCGCAGAGCCCAT
afaE2-r
GTTTCCCAGTAGACTGGAATGAAG
C
afaE3-r
CCCTATTGTTGTCGCTGATCAGGAA
G
daaE-r
CGGCTAGTCATATATAGATTTGTCG
C
afaE5-f
TCAACTCACCCAGTAGCCCCAG
afaE5-r
AGGAAGTGGTAGCACCGGTACG
afaE7-f
GCTAAATCAACTGTTGATGTT
afaE7-r
GGACAATCCAAATGGCGAATTA
afaE8-f
CTAACTTGCCATGCTGTGACAGTA
afaE8-r
TTATCCCCTGCGTAGTTGTGAATC
aggR1
CTAATTGTACAATCGATGTA
aggR2
CTGAAGTAATTCTTGAA
pksORF9- ATTCGATAGCGTCACCCAAC
10.1KJ
pksORF9- TAAGCGTCTGGAATGCAGTG
10.2KJ
CNF-1s
GGGGGAAGTACAGAAGAATTA
CNF-1as
TTGCCGTCCACTCTCACCAGT
CNF-2s
TATCATACGGCAGGAGGAAGCACC
CNF-2as
GTCACAATAGACAATAATTTTCCG
CNF3-3D TAACGTAATTAGCAAAGA
CNF-3as
GTCTTCATTACTTACAGT
CDT-s1
GAAAGTAAATGGAATATAAATGTC
CG
CDT-as1
AAATCACCAAGAATCATCCAGTTA
CDT-Ⅱas2 TTTGTGTTGCCGCCGCTGGTGAAA
CDT-Ⅲas2 TTTGTGTCGGTGCAGCAGGGAAAA
CDT-s2
GAAAATAAATGGAACACACATGTC
CG
CDT-as2
AAATCTCCTGCAATCATCCAGTTA
CDT-Ⅰs
CAATAGTCGCCCACAGGA
CDT-Ⅰas ATAATCAAGAACACCACCAC
CDT-Ⅳs
CCTGATGGTTCAGGAGGCTGGTTC
CDT-Ⅳas TTGCTCCAGAATCTATACCT
P105
GTCAACGAACATTAGATTAT
c2767r
ATGGTCATGCTTTGTTATAT
cif-int-s
AACAGATGGCAACAGACTGG
cif-int-as AGTCAATGCTTTATGCGTCAT
clbQ-F
TTGTATAGTTACACAACTATTTC
clbQ-R
CCTGTTAGCTTTCGTTC

Region
specific for

Ref.

afaC

[49]

afaBC

afaE1
afaE2
afaE3
daaE

Biofilm formation assays
Biofilm formation assays on abiotic surface were performed using a previously described method[34]. Biofilm
measurements were calculated using the formula SBF =
(AB-CW)/G, in which SBF is the specific biofilm formation, AB the OD570nm of the attached and stained bacteria, CW the OD570nm of the stained control wells containing only bacteria-free medium (to eliminate unspecific or
abiotic OD values), and G is the OD630nm of cell growth
in broth. Assays were performed in triplicate.
Biofilm formation assays were also performed using
PFA-fixed Ⅰ-407 cells[34]. Briefly, confluent Ⅰ-407 monolayers were fixed for 15 min in 3.7% PFA-PBS. The fixed
cells were washed and infected with bacteria in M63 minimal medium and incubated overnight at 30 ºC without
shaking. For visualization, infected epithelial cells were
fixed for 15 min in 3.7% PFA-PBS and permeabilized in
PBS-0.1% Triton X-100. Coverslides were incubated with
goat anti-E. coli polyclonal antibodies (dilution 1/100,
AbD serotec) and Alexa 488-labeled anti-goat antibodies (dilution 1/300, Invitrogen). Actin cytoskeleton was
stained using TRITC-labelled-phalloidin (Sigma). The
slides were examined with a Zeiss LSM 510 Meta confocal microscope (ICCF platform, Clermont-Ferrand,
France).

afaE5
afaE7
afaE8
aggR

[50]

clbK-clbJ

[51]

cnf1

[51]

cnf2
cnf3
cdtB-Ⅱ ,
cdtB-Ⅲ ,
cdtB-Ⅴ
cdtB-Ⅱ

[51]

cdtB-Ⅰ ,
cdtB-Ⅳ
cdtB-Ⅰ
cdtB-Ⅳ
cdtC-Ⅴ
cif

Mouse model infection
CEABAC10 transgenic mice (heterozygote [35] were
housed in specific pathogen-free conditions in the animal
care facility at Université d’Auvergne, Clermont-Ferrand,
France). Mice from the same generation were used for
experimentation. Animal protocols were approved by the
Committee for Research and Ethical Issues of the International Association for the Study of Pain.
A total of 22 female 10 wk-old CEABAC10 mice
were divided into three groups: non-infected control
group (n = 6), 11G5-infected group (n = 7) and AIEC
LF82-infected group (n = 9). The animals were pretreated
once before the first infection cycle by oral administration
of the broad-spectrum antibiotic streptomycin (20 mg intragastric per mouse) to disrupt normal resident bacterial
flora in the intestinal tract and received a dose of 0.25%

[51]

This
study

MIclbQaa- CATTAAATCATCAAATTAAACdA7-F
GAATTCTATTACACAACAAGGAGTGGGACGCACTGGCATTTAATAACGCGTC
MIClbQaa- GATGATGGAACAGCCATATCTATTdA7-R
GCTCCTTGTATAGTTACACAACTATTTTTAATCACTTTACTTTTATC
1

The afa-f and afa-r primers detect all afa-positive strains, irrespective of
the afaE subtype and the binding properties of the adhesins (Afa/Dr+
and Afa/Dr-). Specific detection of strains encoding Afa/Dr+ adhesins
was performed using afa-1 and afa-2 primers; 2Primers used with CDT-s1
primer.

WJG|www.wjgnet.com

6563

June 7, 2014|Volume 20|Issue 21|

Raisch J et al . B2 E. coli and colon cancer
Table 2 Histological grading of intestinal inflammation
Symptoms

Characteristics

Infiltration of inflammatory cells
0
Rare inflammatory cells in the lamina propria
1
Increased numbers of inflammatory cells, including neutrophils in the lamina propria
2
Confluence of inflammatory cells extending into the submucosa
3
Transmural extension of the inflammatory cell infiltrate
Infiltration of epithelium by polynuclear cells
0
No infiltration
1
Surface
2
Inside the crypt
3
Cryptic abscess
Severity of epithelial damage
0
Absence of mucosal damage
1
Lymphoepithelial lesions
2
Mucosal erosion/ulceration
3
Extensive mucosal damage and extension through deeper structures of the bowel wall
Surface of epithelial damage
0
Normal
1
Focal
2
Wide

the extent and depth of inflammation and the extent of
epithelial damages, as presented in Table 2. The histology
score corresponds to the sum of each item.

Table 3 List of primers used for RT qPCR assays
Primer name

Sequence (5’-3’)

mmu-26s-FW
TGTCATTCGGAACATTGTAG
mmu-26s-RV
GGCTTTGGTGGAGGTC
mmu-PCNA-FW CCACATTGGAGATGCTGTTG
mmu-PCNA-RV CAGTGGAGTGGCTTTTGTGA

Region
specific for

Ref.

S26

This
study

Immunohistochemistry
For immunohistochemical staining of mouse Ki-67, heatinduced epitope retrieval was performed using sodium
citrate buffer (pH 6.0). Ki-67 antigen was detected using
anti-mouse Ki-67 polyclonal antibodies (Leica) and revealed with Vectastain ABC kit (Vector) and DAB detection kit (Invitrogen). The sections were counterstained
using Gill’s hematoxylin (Vector).

PCNA

(wt/vol) of dextran sulfate sodium (DSS; molecular mass
= 36000-50000 daltons; MP Biomedicals) in drinking
water 3 d before infection to increase the accessibility of
bacteria to the surface of the epithelial layer. The administration of 0.25% DSS did not affect the body weight of
mice and did not induce clinical symptoms of colitis[36].
The mice were subjected to 8 consecutive cycles of infection. For each infection cycle, they were orally challenged
twice a week by intra-gastric gavage with 2 × 108 bacteria
for a 3-wk period. This infection period was followed by
a 1-wk recovery period without infection. For each cycle,
5 d after the last oral bacterial infection, fresh fecal pellets
(100-200 mg) were collected and suspended in PBS to
evaluate colonization. After serial dilution, bacteria were
enumerated by plating on LB agar medium containing 50
µg/ml of kanamycin and 50 µg/ml of ampicillin isolate
11G5 bacteria or 100 µg/ml of ampicillin and 20 µg/ml
of erythromycin to isolate LF82 bacteria, and incubated
at 37 ℃ overnight.

Real-time mRNA quantification
Total RNAs were extracted from tissue using a Nucleospin® RNA/Protein extraction kit (Macherey-Nagel
GmbH & Co). RNA samples were subjected to reverse
transcription using High-Capacity cDNA Reverse Transcription Kit and non-specific random hexamer primers
(Applied Biosystems) and quantification was performed
using FastStart SYBR® Green Master kit (Roche Applied
Science). The primer sequences used are given in Table
3. Gene expression values were calculated based on the
ΔΔCt method.
Enzyme-linked immunosorbent assay
T84 colon epithelial cells were infected with bacteria for
6h at a MOI of 100 bacteria per cell. The amount of
CEACAM6 on whole cell protein extracts was determined by enzyme-linked immunosorbent assay (ELISA)
according to manufacturer’s instructions (R and D systems).

Histological grading of intestinal inflammation and
epithelial damages
After mouse sacrifice, the entire colon was excised and
rolls of the proximal colon were fixed in buffered 4%
formalin, paraffin-embedded, cut into 5-µm slices, and
stained with hematoxylin/eosin/safranin. The histological severity of colitis was graded in a blinded fashion by
a GI pathologist. The tissue samples were assessed for
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Western immunoblotting
T84 colon epithelial cells were infected for 6h at a MOI
of 100 bacteria per cell. Whole-cell protein extracts were
prepared by adding NP-40 lysis buffer. Protein concen-

6564

June 7, 2014|Volume 20|Issue 21|

Raisch J et al . B2 E. coli and colon cancer
Table 4 Distribution of Escherichia coli strains producing various cyclomodulins according to phylogroups and specimen origins n (%)
Phylogoups

pks
Colon cancer-associated E. coli strains (n = 88)1

Diverticulosis-associated E. coli strains (n = 46)2

A (n = 20)
B1 (n = 14)
B2 (n = 38)
D (n = 16)
A (n = 17)
B1 (n = 3)
B2 (n = 15)
D (n = 11)

E. coli strains exhibiting cyclomodulin-encoding genes
cnf
cdt
cif

0 (0)
0 (0)
23 (26)
0 (0)
0 (0)
0 (0)
6 (13)
0 (0)

0 (0)
1 (1)
16 (18)
1 (1)
0 (0)
0 (0)
4 (9)
0 (0)

0 (0)
1 (1)
4 (11)
1 (1)
0 (0)
0 (0)
0 (0)
0 (0)

2 (2)
1 (1)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

1

Isolated from 48 colon cancer patients; 2Isolated from 33 patients with diverticulosis. E. coli: Escherichia coli.

Table 5 Phylogroup distribution of cyclomodulin-positive Escherichia coli strains according to specimen origins n (%)
Phylogroups
Cyclomodulin-positive E. coli strains isolated from colon cancer patients
Cyclomodulin-positive E. coli strains isolated from patients with diverticulosis
Cyclomodulin-positive E. coli strains

A

B1

B2

D

2 (6)
0 (0)
2 (5)

2 (6)
0 (0)
2 (5)

26 (84)
6 (100)
32 (86)

1 (3)
0 (0)
1 (3)

E. coli: Escherichia coli.

strains harboring pks, cnf and cdt genes represented 26%,
18% and 11% of the total strains isolated, respectively
(Tables 4 and 6). Among E. coli strains isolated from patients with diverticulosis, pks-positive B2 E. coli strains
represented 13%, and cnf-positive B2 E. coli strains 9% of
the total strains isolated. Although a higher prevalence of
B2 E. coli strains harboring pks or cnf genes was observed
in colon cancer patients than in patients with diverticulosis, this was not significant (p = 0.06 for both pks and
cnf genes). Of interest, all but two cnf positive strains also
harbored pks and all cnf- and pks-positive E. coli strains
belonged to the B2 phylogroup.

trations were determined by Bradford assay. Total proteins were subjected to SDS-PAGE on 12% gels.
Proteins were electroblotted onto nitrocellulose
membranes (Amersham International), and the membranes were immunoblotted for CEACAM6 (mouse antiCEACAM6, dilution 1/1.000, Genovac) and GAPDH
(rabbit anti-GAPDH; dilution 1/1.000, Cell Signaling).
Immunoreactants were detected using horseradish peroxidase-conjugated anti-rabbit or anti-mouse immunoglobulin G antibodies, ECL reagents (Amersham Biosciences)
and autoradiography.
Statistical analysis
Where appropriate, nonparametric data were expressed
by median value (range). Normally distributed data were
expressed as means. Error bars represent SEM. Statistical analysis was done using ANOVA (Histopathological
score and RT-qPCR), Mann Whitney (adhesion, invasion
and biofilm assays) using GraphPad prism5 software. A p
value of 0.05 was considered significant.

Low level of adhesion and invasion but high ability to
form biofilm of B2 E. coli strains isolated from colon
cancer or diverticulosis patients
The analysis of the ability of E. coli strains to adhere to
and to invade intestinal epithelial cells was restricted to
B2 E. coli, which were the main cyclomodulin producers
in our study. Of note, due to cytolytic activity of hemolysin on cultured cells, hemolysin-positive E. coli strains
were not tested. Results showed that B2 phylogroup E.
coli strains isolated from colon cancer and from diverticulosis displayed low levels of adhesion to Ⅰ-407 intestinal
epithelial cells (Figure 1A). Compared to the adhesion
level of the AIEC reference strain LF82, for which a
mean adhesion index of 53.23 ± 6.63 was observed, the
adhesion levels of all E. coli strains isolated from colon
cancer (except E. coli strain 14H4, which had a mean
adhesion level of 25.76 ± 5.06) or from diverticulosis
ranged from 0.15 ± 0.02 to 4.04 ± 1.24 or from 0.10 ±
0.04 to 9.17 ± 3.40, respectively. Microscopy examination
after Giemsa staining showed a diffuse adhesion pattern
(data not shown), and we therefore searched for adhesive
factor-encoding genes associated with diffusely adhering

RESULTS
Most cyclomodulin-producing E. coli strains associated
with colon cancer and diverticulosis belong to B2 phylogroup
The analysis of the presence of cyclomodulin-encoding
genes, pks island coding for colibactin, and/or cnf and/or
cdt and/or cif genes coding for cytotoxic necrotizing factor (CNF), cytolethal distending toxin (CDT), and cycleinhibiting factor (Cif) indicated that, whatever the origin
of the E. coli strains, either from colon cancer or diverticulosis samples, 86% of cyclomodulin-positive E. coli belonged to B2 phylogroup (Tables 4 and 5). Among E. coli
strains isolated from colon cancer specimens, B2 E. coli
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Table 6 Hemolysin expression and presence of cyclomodulin- and adhesin-encoding genes in B2 phylogroup Escherichia coli strains
E. coli strains
Colon cancer
1C12
1D2
1F8
2D5
2F8
2G2
4A9
6A8
6G8
6G10
6G11
7G1
7G2
8A9
8A10
8F1
8G8
9G5
10D12
10E9
11F1
11G5
12B1
13H2
14H4
15D1
15D3
16C1
17G3
18C3
18C5
18H5
19D12
19G1
19H2
20B6
20C3
20D5
Diverticulosis
1D5
4D5
9D7
9F1
9F4
11D9
12H1
13D1
15C1
16A4
16A8
17C1
17F2
17E1
18E6

Haemolytic
1
phenotype

pks

Cyclomodulin-encoding genes

cnf

cdtB

cif

afa

Adhesin-encoding genes

dra

aagR

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
cnf1
-

cdtB-Ⅳ
cdtB-Ⅳ
cdtB-Ⅳ
cdtB-Ⅰ
-

-

+
+
-

+ (afaE5)
-

-

+
+
+
+

+
+
+
+
+
+

cnf1
cnf1
cnf1
cnf1

-

-

-

-

-

1

Alpha-hemolysin expression was analysed after over-night growth of bacteria on agar plates containing sheep blood. cnf: Cytotoxic necrotizing factor; cdt:
Cytolethal distending toxins; cif: Cycle-inhibiting factor; afa: Afimbrial adhesion. E. coli: Escherichia coli.

E. coli (DAEC) strains (i.e., Afa and Afa/Dr adhesin-encoding genes). None of the B2 E. coli strains tested was
positive for afa or afa/dr genes except the highly adherent
E. coli strain 14H4 isolated from colon cancer (Table 6).
Of note, none of the B2 E. coli strains tested was positive
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for eae gene coding for intimin of enteropathogenic E.
coli or for aaf gene coding for the adhesive factor AAF of
enteroaggregative E. coli, indicating that B2 E. coli strains
studied do not belong to these E. coli pathovars. Analysis
of the ability of bacteria to invade Ⅰ-407 cells showed
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20
10
0
AIEC LF82

2.0

Colon cancerassociated E. coli

8
6
2
1
0

Diverticulosisassociated E. coli

AIEC LF82

1.8

1.4
1.2
1.0
Colon cancerassociated E. coli

AIEC LF82

1.6

AIEC LF82

Colon cancerassociated E. coli

Diverticulosisassociated E. coli

D

a

Uninfected

Relative CEACAM6
expression

C

10

11G5 14H4

Diverticulosisassociated E. coli

50
30

B

Colon cancerassociated E. coli

60

% internalized bacteria/
initial inoculum

A
Number of associated
bacteria per cell
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9F1

15C1
CEACAM6

Diverticulosisassociated E. coli

GAPDH

Figure 1 Adhesion, invasion and ability to induce carcinoembryonic antigen-related cell adhesion molecule 6 expression of B2 Escherichia coli strains. A
and B: Ability of colon cancer- and diverticulosis-associated B2 Escherichia coli (E. coli) strains and AIEC strain LF82 to adhere to and to invade I-407 intestinal epithelial cells. A: Adhesion. Results are expressed as number of associated bacteria per cell after 3 h of infection; B: Invasion. Results are expressed as percentage of
inoculum surviving after 3 h of infection and 1 h of gentamicin treatment; C and D: Induction of carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6)
expression in colon epithelial T84 cells infected for 6h with colon cancer- and diverticulosis-associated B2 E. coli strains and AIEC strain LF82. C: Quantitative dosage
of CEACAM6 by ELISA. Results are expressed as amounts of CEACAM6 in stimulated or infected cells relative to untreated cells. aP ≤ 0.05 vs diverticulosis associated E. coli. D: CEACAM6 expression analysis by Western Blot. E. coli strains 11G5 and 14H4 were isolated from colon cancer patients and E. coli strains 9F1 and
15C1 from patients with diverticulosis.

that whatever the origin of the B2 E. coli strains their invasion levels were very low, ranging from 0.02% to 1.49%,
except strain 14H4, for which invasion level was similar
to that of the AIEC strain LF82 (Figure 1B).
We also investigated the ability of B2 E. coli isolated
from colon cancer to induce CEACAM6 expression as
abnormal CEACAM6 expression was shown to promote gut colonization by AIEC[36] and AIEC bacteria
were reported to be able to induce increased CEACAM6
expression in intestinal epithelial cells[28]. A quantitative
analysis of the level of CEACAM6 expression by T84
intestinal epithelial cells in response to B2 E. coli infection
was determined by ELISA (Figure 1C) and Western blot
(Figure 1D). Interestingly, we observed that most of B2 E.
coli strains isolated from colon cancer induced increased
expression of CEACAM6 to a level similar to that of
AIEC strain LF82. Of note, B2 E. coli strains isolated
from diverticulosis induced no or very low expression of
CEACAM6 in T84 cells.
Another important bacterial trait involved in the colonization of the intestinal mucosa by gut resident bacteria
is their ability to form biofilm. This property was investigated both on abiotic and on fixed intestinal epithelial
cells. The level of biofilm formation on abiotic surface
was evaluated by calculating the specific biofilm formation index (SBF). An SBF index of 3.13 ± 0.23 was obtained for AIEC strain LF82 compared to 0.99 ± 0.22 for
the non-pathogenic K-12 E. coli strain C600 (Figure 2A).
We observed that 7/19 (37%) B2 E. coli strains isolated
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from colon cancer and 2/8 (25%) B2 E. coli strains isolated from diverticulosis harbored SBF index similar to that
of the biofilm producer AIEC strain LF82 (P ≥ 0.05).
Biofilm formation on fixed Ⅰ-407 intestinal epithelial
cells was evaluated by confocal microscopy (Figure 2B),
which confirmed that 6/9 B2 E. coli strains having a high
SBF index on abiotic surface were able to form a strong
biofilm on fixed I-407 cultured cells. Combining the two
methods of biofilm formation assessment, 16/27 B2 E.
coli strains tested were able to form biofilm. This shows
that even B2 E. coli strains have a low ability to adhere to
intestinal epithelial cells, at least half of them were able to
form biofilm to a level similar to that of CD-associated
E. coli strain LF82 known to form a strong biofilm and
no difference was observed between B2 E. coli strains
isolated from colon cancer patients or from patients with
diverticulosis.
Colonization of colon mucosa in CEACAM-expressing
mice by colon cancer-associated B2 E. coli strain 11G5:
induction of inflammation and enhanced epithelial
intestinal cell proliferation
CEABAC10 mice harboring a bacterial artificial chromosome that contains part of the human CEA family gene
cluster including the CEACAM6 gene were infected with
AIEC reference strain LF82 or B2 E. coli strain 11G5 isolated from colon cancer patient. To assess bacterial colonization, the levels of bacteria in the stools were determined 5 d after the last infection of each cycle, over the
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SBF index

A

(Figure 3B). Mice infected with E. coli strains LF82 and
11G5 exhibited infiltration of polynuclear cells in crypts,
larger numbers of crypt abscesses and large and multifocal erosion plates (Figure 3C).
The level of proliferating cell nuclear antigen (PCNA)
mRNA was measured in the colonic mucosa of infected
mice to determine the proliferative index (Figure 3D).
Significant (P ≤ 0.05) 2.5-fold and 2.9-fold increases in
PCNA mRNA levels were observed in the colonic mucosa of mice infected with the E. coli strain 11G5 compared
to those of control mice or mice infected with AIEC
strain LF82, respectively. This finding was confirmed by
Ki67 immunostaining on colonic mucosa tissue. 11G5infected mice had higher numbers of proliferative epithelial cells in crypts than control mice and mice infected
with AIEC strain LF82 (Figure 3E). This indicates that
colonic mucosa cells undergo accelerated proliferation in
response to infection by B2 E. coli strain 11G5 associated
with colon cancer.

6

4

2

0
K-12 C600

AIEC LF82 Colon cancer- Diverticulosis-

E. coli

B

K-12 C600

E. coli
LF82

DISCUSSION
11G5

Accumulating evidence supports the involvement of infectious agents in the development of cancer, especially
in organs that are continuously exposed to microorganisms such as the colon. Remodeling of the colonic
microbiota due to environmental changes is thought to
contribute to the pathogenesis of colon cancer by suppressing the growth of cancer-protective bacterial species
and allowing the emergence or expansion of bacterial
species with oncogenic potential. It has been suggested
that the role of E. coli in CRC promotion and development is linked to chronic inflammation, which can result
from bacterial infection via its effects on both the host
and the microbiota, in particular that of promoting the
expansion of certain bacteria, such as pro-inflammatory
E. coli[37] or ETBF[38,39]. In parallel, two different studies
have reported that between 71% and 82% of patients
with colonic adenoma or carcinoma[10,12] are highly colonized by mucosa-associated E. coli compared to controls.
The aim of the present study was to provide further
insight into the characterization of the E. coli colonizing
the mucosa of colon cancer patients.
It is well documented that B2 E. coli harbors genes
coding for cyclomodulins such as colibactin, which is
encoded by the pks genomic island, CDT, CNF or Cif,
which can act as genotoxic agents and/or can modulate
cellular differentiation, apoptosis, and proliferation[13,40,41].
In the present study, we observed that 86% of cyclomodulin-positive E. coli isolated from colon cancer and
diverticulosis specimens belonged to B2 phylogroup. Of
interest, all but two cnf positive strains also harbored pks
and all cnf- and pks-positive E. coli strains belonged to
the B2 phylogroup. Our results are in good agreement
with those reported by Arthur et al[3], who observed that
66.7% of patients with CRC and 20.8% of controls harbored pks-positive E. coli.
E. coli strains belonging to B2 phylogroup have a

12H1

Figure 2 Ability of B2 Escherichia coli strains to form biofilm. Biofilm formation of colon cancer-associated and diverticulosis-associated B2 Escherichia
coli (E. coli) were compared to that of the non-pathogenic K-12 E. coli strain
C600 and the biofilm producer AIEC strain LF82. A: Biofilm formation on abiotic
surface. Results are expressed as specific biofilm formation (SBF) index; B:
Biofilm formation on human I-407 intestinal epithelial cells. E. coli strain 11G5
was isolated from a patient with colon cancer and E. coli strain 12H1 from a patient with diverticulosis. Bacteria were stained using goat anti-E. coli polyclonal
antibodies (green) and I-407 cells were labeled for actin cytoskeleton using
TRITC-labeled phalloidin (red). Y- and Z-stack projections are presented.

8 consecutive cycles of infection. Analysis of the number
of bacteria recovered in the stools at cycle 4 and cycle 8
revealed similar (P = 0.78) colonization levels for mice
infected with AIEC LF82 and colon cancer-associated
11G5 bacteria (Figure 3A).
On macroscopic examination, no sign of tumor development such as neoplasia or polyp was observed in
the colon of mice infected with AIEC strain LF82 or
colon cancer-associated 11G5 E. coli strain. Histological
analysis showed a similar colonic histological score for
inflammation and epithelial damages for mice infected
with AIEC strain LF82 and E. coli strain 11G5 (P ≥ 0.05)
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Figure 3 Impact of CEABAC10 mice colonization by B2 Escherichia coli strain on inflammation and cell proliferation. CEABAC10 mice transgenic for human
CEACAMs, including CEACAM6, were subjected to 8 consecutive cycles of infection with AIEC LF82 or B2 phylogroup Escherichia coli (E. coli) strain 11G5. Control
mice received PBS. A: Quantification of the number of bacteria in the feces of mice at cycle 4 and cycle 8; B: Histopathological scoring for several parameters of inflammation and epithelial damages (see Table 2) was performed at the end of the 8th cycle. aP ≤ 0.05 vs control; P = NS vs LF82; C: Hematoxylin/eosin/safran (HES)
staining of colonic tissue sections; D: Total RNAs from colons were extracted at the end of the 8th cycle. PCNA and S26 mRNA levels were measured by RT-qPCR.
PCNA amount relative to S26 is presented. aP ≤ 0.05 vs control; cP ≤ 0.05 vs LF82; E: Immunohistochemistry examination of Ki67 on colonic tissue sections. NS:
Not significant.

greater ability to colonize the human gut, due, at least in
part, to accumulation of genes encoding fitness factors
such as pili and adhesins[42,43]. In addition, an increased
proportion of mucosa-associated E. coli expressing hemagglutinins was observed in CD patients (39%) and colon
cancer patients (38%) compared to controls (4%), in correlation with the ability of bacteria to adhere to Ⅰ-407
and HT-29 intestinal epithelial cells[10]. However in our
study, analysis of the adhesive abilities of B2 E. coli isolated from colon cancer or diverticulosis revealed that the
strains were poorly adherent to I-407, even if the majority of them were able to form biofilm. However some
B2 E. coli strains isolated from colon cancer induced
increased expression of CEACAM6 to a level similar to
that of AIEC strain LF82 associated with CD, indicating
that colon cancer-associated E. coli could influence carcinogenesis, since CEACAM6 has been implicated in cel-
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lular adhesiveness, invasiveness, and metastatic behavior
of tumor cells[30,44]. In addition, this result indicates that,
in agreement with what we previously reported for AIEC
strains isolated from CD patients[28], colon cancer-associated E. coli strains could have the ability to promote their
own colonisation since CEACAM6 serves as a receptor
for mediating adherence and/or cell entry of pathogenic
bacteria such as Neisseria bacteria[45], diffusely-adhering E.
coli (DAEC)[46] or AIEC[28].
Experiments of long-term colonization of CEABAC10 mice revealed that an E. coli strain isolated from
colon cancer (strain 11G5) was able to persist in the
gut of CEABAC10 transgenic mice expressing human
CEACAMs, including CEACAM6 and to exacerbate colonic inflammation. Whether colonisation of the intestinal
mucosa of colon cancer patients by B2 E. coli is a cause
or a consequence of malignant transformation is a ques-
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tion that has yet to be addressed. We show here that B2
phylogroup E. coli isolated from colon cancer increased
the proliferative index of epithelial cells in crypts in the
chronic infection model of CEABAC10 mice. This indicates that colonic mucosa cells undergo accelerated proliferation in response to infection by B2 E. coli. The ability
to induce cell proliferation is a common trait of various
pathogens involved in carcinogenesis. Indeed, Bacteroides
fragilis enterotoxin induces c-myc transcription and translation and persistent cellular proliferation ensues, mediated
in part by β-catenin/T-cell factor-dependent transcriptional activation[47]. Another example is Helicobacter pylori (H.
pylori), which increases the proliferation of gastric cancer
cells. This process is dependent on the LPS-TLR4 pathway since H. pylori LPS induces the proliferation of gastric
cancer cells and the use of neutralizing antibody against
TLR4 almost completely abrogates the proliferative activities of cancer cells[48]. Some cyclomodulins, such as CNF,
which are mostly produced by B2 E. coli, induce epithelial
cell proliferation[40]. In our study the B2 E. coli strain 11G5
did not harbor the cnf genes and was able to promote cell
proliferation as observed in infected CEABAC10 mice.
This effect could be related to E. coli-derived LPS, which
was previously reported to have a more remarkable cancer
proliferative activity than H. pylori-derived LPS[48]. Because
E. coli inhabits the host colon as normal intestinal flora,
owing to host tolerance toward E. coli, it is likely that E.
coli LPS stimulates the host cellular immune response to
prevent cancer progression. However, we can hypothesize
that when too great a load of E. coli colonize the colonic
mucosa, as observed in 11G5-infected CEABAC10 mice,
potent tumor proliferative activity is no longer effectively
repressed. The cell proliferation observed in 11G5-infected CEABAC10 mice could also result from the presence of colibactin. Colibactin with its genotoxic activity
promotes DNA damages, which leads to carcinogenesis
and cell proliferation.
In conclusion, B2 E. coli abnormally colonized the mucosa of colon cancer patients, indicating that microbiota
remodeling had occurred promoting their expansion.
Together with previous findings reported by Arthur et al[3],
this study on a larger cohort of patients confirms the high
prevalence of B2 pks-positive or pks-cnf-positive E. coli in
colon cancer patients. The study also indicates that, these
bacteria can promote low grade inflammation and cell
proliferation, as shown in the CEABAC10 infected mouse
model. Analyses to determine whether these bacteria take
advantage of the tumor microenvironment to colonize
the gut or promote their own colonization may be an important step in understanding their role in carcinogenesis
and in the development of therapeutic strategies.
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ues of cystatin C between patients with different stages
of liver cirrhosis according to Child-Pugh (P = 0.01),
and a significant correlation with model of end stage
liver disease (MELD) score (r s = 0.527, P < 0.001). More
patients with decreased glomerular filtration rate were
identified based on GFRCys than on GFRCr (P < 0.001).
Significantly higher renal resistive index was noted in
Child-Pugh C than in A (P < 0.001) and B stage (P =
0.001). Also, a significant correlation between renal resistive index and MELD score was observed (r s = 0.607,
P < 0.001). Renal resistive index correlated significantly
with cystatin C (r s = 0.283, P = 0.028) and showed a
negative correlation with GFRCys (r s = -0.31, P = 0.016).

Abstract

Core tip: Early diagnosis of renal dysfunction is important
to prevent serious complications. We conducted a study
of 63 patients with liver cirrhosis and 30 healthy controls.
Serum cystatin C (CysC) was measured and renal Doppler ultrasonography was performed. More patients with
decreased glomerular filtration rate (GFR) were identified based on CysC GFR than on creatinine GFR. Higher
renal resistive index in advanced disease by Child-Pugh
and model of end stage liver disease was noticed. Renal
resistive index (RRI) correlated with CysC and negatively
correlated with glomerular filtration rate from serum cystatin C. Cystatin C may be a more reliable marker for liver
insufficiency assessment. CysC and RRI represent sensitive indicators of renal dysfunction in liver cirrhosis.

CONCLUSION: Cystatin C may be a more reliable
marker for assessment of liver insufficiency. Additionally, cystatin C and renal resistive index represent sensitive indicators of renal dysfunction in patients with liver
cirrhosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver cirrhosis; Cystatin C; Renal resistive
index

AIM: To evaluate the clinical significance of cystatin C
and renal resistive index for the determination of renal
function in patients with liver cirrhosis.
METHODS: We conducted a study of 63 patients with
liver cirrhosis. A control group comprised of 30 age and
gender-matched healthy persons. Serum cystatin C
was determined in all study subjects and renal Doppler
ultrasonography was made. Estimated glomerular filtration rate from serum creatinine (GFRCr) and cystatin C
(GFRCys) was calculated.
RESULTS: We confirmed significant differences in val-
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patients. Laboratory analyses included tests of hepatocyte
integrity, cholestasis, synthetic liver function tests and
etiological tests.
The degree of liver insufficiency was assessed according to the Child-Pugh classification and divided into three
stages: A, B and C (score A ≤ 6, B 7-9, and C ≥ 10)[9]. The
diagnosis of hepatic encephalopathy was based on clinical criteria, and the severity of hepatic encephalopathy
was based on the West Haven Criteria for grading of
mental status[10]. The model of end stage liver disease
(MELD) has also been used to assess patients with liver
cirrhosis[11].
All respondents were evaluated for any superimposed
conditions such as infection, intrinsic renal disease,
chronic obstructive pulmonary disease, congestive heart
failure, thyroid dysfunction, and diabetes mellitus. The
following exclusion criteria were applied: patients with
hepatocellular carcinoma, gastrointestinal bleeding, or
hepatorenal syndrome (HRS). Patients receiving corticosteroids, antiviral agents, angiotensin Ⅱ receptor blockers,
angiotensin-converting enzyme inhibitors, amynoglicosides, nonsteroidal anti-inflamatory drugs, or aminoacids
L-arginine and L- ornithine were also excluded from the
study.

Ćulafić Đ, Štulić M, Obrenović R, Miletić D, Mijač D, Stojković
M, Jovanović M, Ćulafić M. Role of cystatin C and renal resistive index in assessment of renal function in patients with liver
cirrhosis. World J Gastroenterol 2014; 20(21): 6573-6579 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i21/6573.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i21.6573

INTRODUCTION
Cirrhosis of the liver is often accompanied by functional
renal failure particularly in advanced stages of liver disease. Hemodynamic alterations with reduced effective
arterial blood volume and peripheral vasodilation are followed by activation of vasoconstrictive hormones (reninaldosterone, vasopresin, endothelin) and neurohumoral
systems (including increased activity of nervous system)[1,2]. The most common functional renal abnormalities
in patients with cirrhosis are an impaired ability to excrete
sodium and water and a reduction of renal blood flow and
glomerular filtration rate, the latter two being secondary
to vasoconstriction of the renal circulation[3]. Hence renal
failure is directly linked to the mortality rate of cirrhotic
patients, it is of a great clinical importance to monitor renal function closely in order to estimate the prognosis and
determine the optimal therapeutic option[4].
Whereas patients with a significantly impaired glomerular filtration rate can be diagnosed easily by elevated
serum creatinine (Cr) concentrations, moderately reduced
renal function may go unnoticed by this conventional
parameter. Nevertheless, the protease inhibitor cystatin
C (CysC) has been proposed as a specific marker of glomerular filtration rate (GFR) and an early indicator of
impaired renal function[5].
CysC is a non-glycosylated 13 kDa protein, produced
at a constant rate by all nucleated cells, freely filtered
by the glomeruli and subsequently metabolized in the
proximal tubules[6]. Opposed to Cr, CysC is independent
of gender, age, and muscle mass and not influenced by
serum bilirubin, inflammation, or malignancy[7,8].
The aim of the study was to evaluate the clinical significance of CysC and renal blood flow for the determination of renal function in patients with liver cirrhosis.

Biochemistry
Diuretics were stopped in all patients, at least 24 h before
laboratory testing. Patients were adviced to adopt a lowsodium diet (less than 40 mmol/d). Serum samples were
obtained on the day of urine collection. Venous blood
samples were collected in vacutainers without additives,
centrifuged at 3500 rpm (about 2000 g) and preserved at
-80 ℃ after separation. CysC serum concentration was
determined by the PENIA method (Particle-Enhancesd
Nephelometric Immuno-Assay), using the SIEMENS
(Marburg, Germany) tests, on a laser nephelometer (BN
IIDadeBehring). CysC referent value was 0.59-1.04 mg/L.
Cr was determined according to the kinetic Jaffe’s method, using an automated biochemical analyzer (Olympus
AU 400) and commercially available assay kits by the
same manufacturer. Cr referent value for men was 59-104
µmol/L and for women 45-84 µmol/L. Creatinine clearance (CLCr) was calculated as a product of urinary Cr
and 24-h urine volumen divided by serum Cr (µmol/L)
and multiplied by 1440. Referent values for 24-h urinary
creatinine excretion were 23 mg/kg ideal body weight for
men and of 17 mg/kg ideal body weight for women[12].
Estimated GFR was calculated from serum Cr using the Modification of Diet in Renal Disease (MDRD)
equation: eGFR = 186 × sCr-1.154 × age-0.203 × 1.212 (if
African American) × 0.742 (if female)[13], and from serum CysC using Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation: eGFR = 127.7 ×
CysC-1.17 × age-0.13 × 0.91 (if female) × 1.06 (if African
American)[14]. Serum sodium (sNa+) referent value was
135-148 mmol/L, and urine sodium (uNa+) referent value for men was 40-220 mmol/L and for women 27-287
mmol/L.

MATERIALS AND METHODS
Subjects
We conducted a study of 63 patients, aged 18 years and
above, with alcoholic or viral liver cirrhosis examined and
treated between December 2011 and September 2013 at
the Clinic for Gastroenterology and Hepatology, Clinical
Center of Serbia, Belgrade. A healthy control group comprised of 30 age and gender-matched subjects. Diagnostic approach was based on clinical clues from the patient’
s medical history (e.g., consumption of pure alcohol more
than 50 g/d over a five-year period), physical examination, laboratory tests, abdominal ultrasonography and upper endoscopy; liver biopsy was performed in 15 (23.8%)
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Spearman's rank correlation coefficient-r s

Table 1 Characteristics of enrolled patients based on Child
Pugh score (n = 63)

< 0.001
0.035
0.187
0.888
0.153
< 0.001
0.008
0.540
0.823
0.476
0.010
0.017
< 0.001

0.4
0.2
0.0
-0.2
-0.4
-0.6

Figure 1 Correlation of renal parameters with model of end stage liver
disease score. rs: Spearman’s rank correlation coefficient; CysC: Cystatin C
(P < 0.001); Cr: Creatinine (P = 0.091); CLCr: Creatinine clearance (P = 0.557);
GFRCr: Glomerular filtration rate based on creatinine (P = 0.460); GFRCys:
Glomerular filtration rate based on cystatin C (P < 0.001); RRI: Renal resistive
index (P < 0.001).

All data are presented as median values. AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT:
Gamma-glutamyl transferase; sNa+: Serum sodium; Cr: Creatinine; CLCr:
Creatinine clearance; GFRCr: Glomerular filtration rate based on creatinine;
CysC: Cystatin C; GFRCys: Glomerular filtration rate based on cystatin C;
RRI: Renal resistive index.

for Good Clinical Practice, the Declaration of Helsinki,
and local laws and regulations. The protocol was approved by joint Research and Ethics Committee of the
Clinical Center of Serbia, Belgrade, filed under number
2385/5. Written informed consent was obtained from all
the participants in the study.

Abdominal and renal Doppler ultrasonography
Ultrasonography (Toshiba Core Vision, with Doppler
duplex convex probe, 3.5 MHz) was performed to
examine the liver size, echo structure of the hepatic
parenchyma and possible focal changes, spleen diameter,
and presence of ascites. Renal color Doppler duplex
ultrasonography was used to evaluate renal resistive
index (RRI). The renal arteries were evaluated bilaterally
of the distal arcuate branches. RRI equals peak systolic
velocity minus the final diastolic velocity divided by the
peak systolic velocity. RRI less than 0.7 is considered
normal and was calculated based on the mean value of
renal arteries[15,16].

RESULTS
The patient group comprised 47 (74.6%) males and 16
(25.4%) females. The average age of the patients was 50.8
± 13.5. Alcoholic cirrhosis was diagnosed in 41 (65.1%)
and viral cirrhosis in 22 (34.9%) patients.
The average value of CysC measured in patients with
liver cirrhosis was 1.09 ± 0.42 mg/L, while it was 0.88 ±
0.12 mg/L in the control group. Comparing these groups,
we have confirmed significantly higher CysC in patients
with cirrhosis (P = 0.036). Increased valuesof CysC were
observed in 23 (40%) patients.
The liver insufficiency degree, determined by generally accepted Child-Pugh classification, was divided into
three stages: A in 23 (36.5%), B in 21 (33.3%) and C in
19 (30.2%) patients. Patients’characteristics based on
Child-Pugh score are presented in Table 1. MELD score
ranged from 8 to 26.
Post-hoc comparisons showed statistically significant
differences in values of CysC between Child-Pugh A and
B (P = 0.014) and between A and C (P = 0.007) stages,
while there was no difference between B and C stages (P
> 0.05) (Table 1). Moreover, we confirmed a statistically
significant correlation between CysC and MELD score
(Figure 1).
Increased Cr values were detected in 7 (11.1%) patients, and all of them had increased values of CysC.
Mean values for 24-h urinary creatinine excretion for men
was 18.3 mg/kg, and for women 16.3 mg/kg. Decreased
creatinine values were detected in 32/47 (68%) men and
9/16 (56.3%) women. There were no significant differ-

Statistical analysis
One-sample Kolmogorov-Smirnov and Shapiro-Wilk
tests were performed to determine whether the data
showed normal distribution. t test or Mann-Whitney
test was applied to assess the differences in investigated
parameters. Analysis of variance (ANOVA) or KruskalWallis test was applied to assess the influence of the
investigated parameters. After assessing overall effects
of a factor by means of ANOVA, post-hoc multiple
comparison procedures with Bonferonni correction were
performed to determine individual differences between
the groups. Pearson’s (r) or Spearman’s correlation (rs)
procedures were performed to evaluate the relationship
between different variables. McNemar’s test was used to
assess the differences in detecting renal function using
two different approaches. The Statistical Package for Social Sciences version 15 (SPSS Inc., Chicago, IL, United
States) was used for statistical analyses, at the 0.05 level
of significance.
Ethical considerations
The study was conducted in accordance with Guidelines
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ences in Cr values between the stages of liver cirrhosis in
regards to Child-Pugh classification. Furthermore, we detected no significant correlation between Cr and MELD
score (Figure 1).
Decreased CLCr was detected in 24 (38%) patients
with an average value of 57.2 ± 21.2 mL/min. Reduced
CLCr in 9 out of 23 (39.1%) patients with Child-Pugh
A, 8 out of 21 (38.1%) with B and 7 out of 19 (36.8%)
with stage C were confirmed. No correlation was observed between CLCr and MELD score (Figure 1). Also
we detected no statistically significant differences in CLCr
between Child-Pugh stages. Additionally, CLCr negatively
correlated with CysC and Cr (rs = -0.415, P = 0.001; rs =
-0.511, P < 0.001, respectively).
There was a strong negative correlation between increased CysC and decreased sNa+ in patients (r = -0.9, P
= 0.002). In contrast, increased Cr values did not show a
significant correlation with sNa+ concentration (P > 0.05).
In patients with decreased urinary excretion of sodium,
CysC correlated negatively with uNa+ concentration (r =
-0.748, P = 0.05), while Cr showed no significant relation
with uNa+ (P > 0.05).
The mean GFR estimated using Cr (GFRCr) was
113.5 mL/min per 1.73 m2. Lower values of GFRCr (< 90
mL/min per 1.73 m2) were observed in 13 (20.6%) patients, and there was no statistically significant difference
between Child-Pugh stages. Lower values of GFRCr (<
60 mL/min per 1.73 m2) were observed in 7 (11.1%) patients (P > 0.05). No significant correlation was observed
in GFRCr between Child-Pugh stages (Table 1). Moreover,
no significant correlation was detected between GFRCr
and MELD score (Figure 1).
Mean GFR based on CysC (GFRCys) was 77.6 mL/
min per 1.73 m2. Lower values of GFRCys < 90 mL/min
per 1.73 m2 were observed in 40 (63.5%) patients and
GFRCys < 60 mL/min per 1.73 m2 in 16 (25.4%) patients,
with no statistically significant difference between ChildPugh stages (P > 0.05).
Mean GFRCys in patients with normal values of CysC
was significantly higher than that in patients with increased values of CysC (94.8 ± 15.0 mL/min per 1.73 m2
vs 53.5 ± 14.5 mL/min per 1.73 m2, P < 0.001, respectively). Statistically significant differences in GFRCys between Child-Pugh stages were observed (Table 1). Posthoc comparisons showed differences in GFRCys between
Child-Pugh stages A and B (P = 0.006) and between A
and C (P = 0.005). Also, a significant correlation between
GFRCys and MELD was determined (Figure 1). A moderate degree of correlation was found between GFRCys and
GFRCr in patients with liver cirrhosis (rs = 0.64, P < 0.001).
We identified significantly more patients with decreased
GFR based on CysC than on Cr (P < 0.001).
We noticed that RRI was significantly higher in cirrhotic patients than in controls (P = 0.005). RRI was
already more increased in 27 (43%) patients with ascites
when compared to 36 (57%) without ascites (P = 0.005).
Also, RRI was significantly influenced by Child-Pugh
stage (Table 1). Comparisons showed markedly higher
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RRI in Child-Pugh stage C than in A (P < 0.001) and
B stage (P = 0.001). Also, a significant correlation was
noted between RRI and MELD (Figure 1).
RRI correlated significantly with CysC (rs = 0.283, P =
0.028) and showed a significant negative correlation with
GFRCys (rs = -0.31, P = 0.016). However, we detected no
relationship between RRI and Cr, CLCr, or GFRCr.

DISCUSSION
Early diagnosis of impaired renal function, particularly
decreased GFR, is very important to prevent serious
complications[5]. The gold standard for determining GFR
is to measure the clearance of an exogenous substances
such as chromium-51 labeled ethylenediamine tetraacetic
acid (51Cr-EDTA) and inulin. Procedures determining
GFR using exogenous substances are invasive and carry
a risk for patients, usually are considered too expensive
and time consuming for routine clinical use[17]. Moreover,
procedure for measuring inulin clearance is impractical
because of the necessity for steady-state infusion, a urine
bladder catheter, and possible interference from blood
glucose[18].
The endogenous marker of GFR most commonly
used in routine clinical and laboratory practice is serum
Cr. However, in liver cirrhosis, specific non-renal factors
may influence Cr concentration. Protein-calorie malnutrition, muscle wasting, and impaired liver function will
directly reduce Cr production[19]. Moreover, ascites and
peripheral edema can also decrease the Cr due to larger
area for distribution[20,21]. We report that reduced urinary
creatinine excretion in cirrhosis correlates with anthropometrically estimated muscle mass and is not related to
reduced liver function. Our results are consistent with a
previous study conducted by Pirlich et al[22]. Given the fact
that serum Cr systematically overestimates renal function,
mild degree of renal insufficiency may go unnoticed as
Cr level may remain in the normal range despite a major
decline in GFR[4,23]. Moreover, several studies have shown
that CLCr overestimates true GFR about 13 mL/min per
1.73 m2 compared to inulin clearance in patients with cirrhosis[24,25]. Variation in creatinine excretion exists during
the day, making estimation of GFR, even from a valid
24-hour urine collection, incorrect[25].
Some studies have indicated that serum CysC could
be proposed as a marker of liver disease stage and a more
sensitive indicator of renal function in patients with cirrhosis than serum Cr level[26-28].
Particularly in patients with Child-Pugh class C, CysC
determination is a valuable tool for the early diagnosis of
moderately impaired renal function[5].
Significant differences were observed in CysC values
but not Cr values, between Child-Pugh class A, B, and
C. The finding suggests that CysC may indirectly reflect
the degree of liver dysfunction[22,29]. Woitas et al[30] found
that CysC was significantly higher in Child-Pugh B and
C patients when compared to Child-Pugh A patients.
Still no difference was observed between patients with
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creased filtration fraction. The recognition and identification of these patients are particularly important for the
early intervention and prevention of progression of renal
diseases[40]. Accordingly, we aimed to examine this hemodynamic disturbance by measuring RRI.
To our knowledge, a small number of studies have
been published on possible correlations between CysC,
GFR and arterial renal blood flow resistance. Cystatin C
was compared to RRI in patients with viral C cirrhosis
and authors reported significant positive correlations[22].
Ustundag et al[29] noted that serum CysC, but not serum
creatinine or RRI measurement, correlated with GFR
(GFR was estimated by technetium (99m)-diethylene triamine pentaacetic acid renal scintigraphy), in each stage
of liver failure. Interestingly, our data showed that RRI
significantly correlated with GFRCys, but not with GFRCr.
In conclusion, CysC may be a more reliable marker
for liver insufficiency assessment. Additionally, RRI and
CysC represent sensitive indicators of renal dysfunction
in patients with liver cirrhosis.

Child-Pugh B and C. Similar to the previous findings,
we confirmed that the values of CysC were significantly
increased in advanced stages (Child-Pugh B and C) compared to early stage (Child-Pugh A) of liver cirrhosis, although there was no significant difference between B and
C stages. Additionally, we report a significant correlation
between CysC and MELD score, advocating CysC as a
valid marker of liver insufficiency. Considering a variety
of non-renal factors influencing serum creatinine levels,
and exclusion of patients with HRS from the study, no
significant correlation between Cr and MELD score was
noted. Prognostic and clinical significance of CysC is also
shown in a recent study stating that CysC, serum sodium
and prothrombin time were independent factors for predicting survival in patients with cirrhosis[31].
In our study, unlike Cr, CysC levels and serum and
urinary concentration of sodium demonstrated a strong
negative correlation, suggesting a clinical relevance of
CysC. These findings may be especially useful for monitoring patients with decompensated liver cirrhosis.
A study comparing GFRCys formula to GFRCr formula
showed that CysC was more likely to predict the patients’
GFR below or above 60 mL/min per 1.73 m2[32]. Furthermore, the CysC showed a more significant correlation
than serum Cr with GFR by 99mTc-DTPA technique[4,33,34].
Also, Coll et al[35] reported that serum CysC levels started
to increase when GFR was 88 mL/min per 1.73 m2,
while serum Cr level began to increase when GFR was 75
mL/min per 1.73 m2.
However, Xirouchakis et al[36] compared 51Cr-EDTA
with GFRCr and GFRCys formulas in 74 patients with cirrhosis, candidates for liver transplantation. They reported
that estimated GFR in cirrhosis is not better based on
CysC formulas compared with creatinine ones.
In contrast, we identified significantly more patients
with decreased glomerular filtration based on GFRCys
compared to GFRCr. In regards to our findings, we suggest GFRCys as a more sensitive parameter for assessment
of renal function in patients with liver cirrhosis.
The RRI is a sensitive marker of intrarenal hemodynamics and it has been reported to increase even in
non-azotemic patients with cirrhosis[37]. Moreover, data
suggest that normal serum Cr levels may be associated
with a significantly decreased glomerular filtration rate
and that more than 50% of patients with end-stage liver
disease and increased RRI have normal serum creatinine
levels[38,39].
A recently published study reported that RRI was significantly higher in Child-Pugh C patients than in ChildPugh B or A patients[23]. Findings from our research
showed that RRI significantly increased from Child-Pugh
stages A to C. Also, the RRI increased with an increase
of MELD score. These results indicate that RRI is directly influenced by liver insufficiency degree.
In cirrhotic patients fluid accumulation can occur (in
form of pedal edema, minimal ascites and/or diureticsensitive ascites), and renal blood flow is expected to
decrease with GFR maintained at normal levels by in-
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Background

Early diagnosis of impaired renal function in cirrhotic patients is very important
to prevent serious complications. Renal blood flow decrease is common, while
glomerular filtration rate (GFR) remains normal because the filtration fraction increases. The protease inhibitor (CysC) has been proposed as a specific marker
of GFR and an early indicator of impaired renal function.

Research frontiers

Some studies have indicated that serum CysC could be proposed as a marker
of liver disease stage and a more sensitive indicator of renal function in patients
with cirrhosis. Opposed to creatinine (Cr), CysC is independent of gender, age,
and muscle mass and not influenced by serum bilirubin, inflammation, or malignancy. The renal resistive index (RRI) is proposed to be a sensitive marker
of intrarenal hemodynamics in patients with cirrhosis. The research hotspot is
to evaluate the clinical significance of cystatin C and RRI in early detection of
renal dysfunction in cirrhotic patients.

Innovations and breakthroughs

Previous studies have shown different results. Some confirmed a significant
correlation with CysC based GFR but not with Cr based GFR, when compared
to technetium 99m-diethylene triamine pentaacetic acid renal scintigraphy technique. However, others compared GFRCr and GFRCys with chromium-51 labeled
ethylenediamine tetraacetic acid in patients with cirrhosis and found no significant difference. These procedures that estimated GFR based on exogenous
substances are invasive and carry a risk for patients, usually are considered
too expensive and time consuming for routine clinical use. In order to eliminate
these invasive and costly procedures, the authors measured RRI to evaluate
renal blood flow, and examined correlations with GFRCys and GFRCr. RRI correlated significantly with CysC and showed a significant negative correlation with
GFRCys. Moreover, the authors detected no relationship between RRI and Cr,
CLCr, or GFRCr.

Applications

The study results suggest that RRI and CysC represent sensitive indicators of
renal dysfunction in patients with liver cirrhosis.

Terminology

Cystatin C: CysC is a non-glycosylated 13 kDa protein, produced at a constant
rate by all nucleated cells, freely filtered by the glomeruli and subsequently
metabolized in the proximal tubules. Renal resistive index: RRI equals peak
systolic velocity minus the final diastolic velocity divided by the peak systolic
velocity. RRI less than 0.7 is considered normal and was calculated based on
the mean value of renal arteries.

Peer review

The manuscript written by Culafic et al describes that cystatin C and renal
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resistive index may be more reliable markers for assessment of liver and renal
dysfunction in patients with liver cirrhosis. Conventionally, renal dysfunction is
assessed by serum Cr or GFRCr. However, cystatin C and renal resistive index
are more sensitive than those markers. The manuscript provides important
information in the management of patients with liver cirrhosis.
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spectively. Both univariate and multivariate analyses
demonstrated that tumor location was the only significant prognostic factor. The OS rate was 81.8% at
5-years when the tumor was located in the upper third
of the stomach and was 95.5% at 5-years when the
tumor was located in the middle or lower third of the
stomach (p = 0.0093).
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CONCLUSION: These data may suggest that tumor
location is associated with survival in patients with
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Core tip: This study identified the subset of patients
with stage IB gastric cancer with an unfavorable prognosis. Overall survival (OS) rates were examined in
103 patients with stage IB gastric cancer. Both univariate and multivariate analyses demonstrated that tumor
location was the only significant prognostic factor. The
OS rate was 81.8% at 5-years when the tumor was
located in the upper third of the stomach and was
95.5% at 5-years when the tumor was located in the
middle or lower third of the stomach (p = 0.0093). Our
data may suggest that tumor location is associated
with survival in patients with stage IB gastric cancer.

Abstract
AIM: To identify the subset of patients with stage IB
gastric cancer with an unfavorable prognosis.

Aoyama T, Yoshikawa T, Fujikawa H, Hayashi T, Ogata T, Cho H,
Yamada T, Hasegawa S, Tsuchida K, Yukawa N, Oshima T, Oba
MS, Morita S, Rino Y, Masuda M. Prognostic factors in stage IB
gastric cancer. World J Gastroenterol 2014; 20(21): 6580-6585
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i21/6580.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i21.6580

METHODS: Overall survival (OS) rates were examined
in 103 patients with stage IB (T1N1M0 and T2N0M0)
gastric cancer between January 2000 and December
2011. Univariate and multivariate analyses were performed to identify risk factors using a Cox proportional
hazards model.

INTRODUCTION

RESULTS: The OS rates of patients with T1N1 and
T2N0 cancer were 89.2% and 94.1% at 5-years, re-
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disease and the second most frequent cause of cancerrelated death worldwide [1]. East Asia has the highest
occurrence of gastric cancer. It was shown from massscreening programs and examinations that stage Ⅰ gastric
cancer has increased by up to 50% over the past two decades in Japan and South Korea[2].
Stage Ⅰ gastric cancer is divided into IA and IB according to the third English edition of the Japanese
Classification of Gastric Carcinoma. Five-year survival
rate was reportedly 95.1% in stage ⅠA and 88.9% in
stage IB following surgery alone (90.2% in T2N0 and
87.6% in T1N1) [3]. Standard treatment for stage Ⅰ is
defined as surgery alone according to Japanese gastric
cancer treatment guidelines[4]. Although the prognosis of
stage IB is excellent, some patients recur even after curative surgery. Once recurrence has developed, the prognosis is limited, and is up to 1 year[5,6].
As a result of the Adjuvant Chemotherapy Trial of
S-1 for Gastric Cancer (ACTS-GC) phase Ⅲ trial, S-1
became the first anti-cancer drug to have efficacy as
adjuvant chemotherapy for stages 2 and 3 after curative
gastrectomy for gastric cancer[7]. In updated results of
the ACTS-GC phase Ⅲ trial, the 5-year overall survival
of stage 2 was 71.3% in the surgery alone group, but
reached 84.2% in the S-1 group[8]. In the subset analyses, hazard ratio was lower in stage 2 than stage 3 and in
node-negative disease than node-positive disease. Thus,
S-1 was more effective, especially for relatively early
disease. If we know which patients with stage IB recur
after surgery, S-1 could prevent recurrence. However,
prognostic factors of stage ⅠB have not yet been fully
clarified. The aim of the present study was to identify
the subset of patients with stage IB gastric cancer with
an unfavorable prognosis.

The patients who diagnosed pathological stage ⅠB (n = 106)

pT1aN1M0
(n = 4)

pT2N0M0
(n = 60)

n = 3, received any
adjuvant chemotherapy
n = 103, eligible for this study
n = 101, complete survival data were obtained from hospital
records or from the city registry system. n = 2, lost to follow up

Figure 1 Flow diagrams and details of the 106 patients diagnosed with
stage ⅠB cancer according to the third English edition of the Japanese
Classification of Gastric Carcinoma.

Table 1 Comparison of patient’s characteristics in the pT1N1M0 group and pT2N0M0 group
Characteristics

pT1N1M0 group pT2N0M0 group
(n = 45)

Age (yr)
< 70
32
≥ 70
13
Gender
Male
30
Female
15
Performance status (ECOG)
0
45
1
0
Site of tumor
Upper third
11
Middle third
24
Lower third
10
Maximal tumor diameter (mm)
≤ 20
7
> 20, ≤ 40
22
> 40
16
Histological type
Differentiated
19
Undifferentiated
26
Lymphatic invasion
Negative
26
Positive
19
Vascular invasion
Negative
32
Positive
13

MATERIALS AND METHODS
Patients
The patients were selected from the prospective database of the Kanagawa Cancer Center, Department of
Gastrointestinal Surgery, Yokohama, Japan, according to
the following criteria: (1) the patients had histologicallyproven gastric adenocarcinoma; (2) the patients underwent curative resection for gastric cancer as a primary
treatment between January 2000 and December 2011;
(3) the patients with stage IB (T1N1M0 or T2N0M0)
disease were diagnosed pathologically according to the
third English edition of the Japanese Classification of
Gastric Carcinoma[9]; and (4) the patients did not receive
any adjuvant chemotherapy after surgery.

P value

(n = 58)
0.433
37
21
0.510
35
23
0.208
56
2
0.719
16
22
20
0.281
4
27
27
0.931
24
34
0.010
47
11
0.256
35
23

nodes included # 1, 2, 3, 4sa, 4sb, 4d, 5, 6, 7, 8a, 9, and
11p in D1+ plus #10, 11d, and 12a in D2. In principal,
D1+ lymphadenectomy was indicated for patients with
cT1N0 tumors other than those for whom endoscopic
mucosal resection or endoscopic submucosal dissection
were recommended. D2 lymphadenectomy was indicated for patients with potentially curable T2-T4 tumors,
as well as for those with cT1N+ tumors.
The patients received follow-up visits at outpatient
clinics. Hematological tests and physical examinations
were performed at least every three months for five

Surgery and follow up
All patients underwent total or distal gastrectomy with
D1+ or D2 lymph node dissection in accordance with
the Japanese gastric cancer treatment guidelines published in 2010 (ver. 3)[4]. In distal gastrectomy, resected
nodes included # 1, 3, 4sb, 4d, 5, 6, 7, 8a, and 9 in D1+
plus # 11p and 12a in D2. In total gastrectomy, resected
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A

1.0

Table 2 Comparison of recurrence-free survival rate by patient’s characteristics

Survival rate (%)

0.8
Characteristics
0.6
Five-year over all survival rate of
94.1% in patients with pT2N0M0

0.4

Five-year over all survival rate of
89.2% in patients with pT1N1M0

0.2
0.0

0

180 360 540 720 900 1080 1260 1440 1620 1800

t (mo)

B

1.0

Survival rate (%)

0.8
Five-year over all survival rate of 95.5%

0.6

in patients with tumor in middle and
lower third of the stomach

0.4
Five-year over all survival rate of 81.8%
in patients with tumor in upper third of
the stomach

0.2
0.0

0

No. of patients

Age (yr)
< 70
69
≥ 70
34
Gender
Female
38
Male
65
Tumor location
L
29
M
47
U
27
Pathological tumor diameter (mm)
≤ 20
11
> 20, ≤ 40
49
> 40
43
Histological type
Differentiated
43
Undifferentiated
60
Number of lymph node metastases
0
58
1
33
2
12
Lymphatic invasion
Negative
73
Positive
30
Vascular invasion
Negative
67
Positive
36

180 360 540 720 900 1080 1260 1440 1620 1800

3-yr rate

5-yr rate

97.0%
89.7%

94.7%
85.2%

100%
91.8%

95.2%
89.8%

91.7%
97.7%
88.8%

91.7%
97.7%
84.1%

90.9%
95.1%
95.1%

90.9%
91.8%
91.8%

92.5%
94.6%

92.5%
91.0%

94.1%
93.4%
90.9%

94.1%
89.1%
90.9%

95.4%
89.3%

93.2%
89.3%

93.3%
93.5%

93.3%
89.0%

P value
0.0637

0.1512

0.0565

0.6106

0.4419

0.9013

0.1645

0.7861

t (mo)

tical analyses.

Figure 2 overall survival curves. A: overall survival curves in patients with
stage T1N1M0 and stage T2N0M0 gastric cancer; B: overall survival curves in
patients with pathological tumors in the upper third of the stomach and tumors
in the middle and lower third of the stomach.

RESULTS
Between January 2000 and December 2011, a total of
106 patients underwent surgical resection and were diagnosed with pathological stage IB gastric cancer. The
details of the stage IB patients are shown in Figure 1.
Among these patients, 103 were eligible for the present study. Three patients were excluded from the study
because they received postoperative adjuvant chemotherapy. The patients’ median age was 64 years (range 34
to 86 years). Sixty-five patients were male and 38 were
female. The pathological stage was classified as T1N1 in
45 patients and T2N0 in 58 patients. Table 1 shows patient characteristics in the T1N1 group and T2N0 group.
Fifty-four patients received D1+ lymph node resection
and 52 patients received D2 lymph node resection. The
median follow-up period was 49.1 mo (range 2.7 to
103.6 mo). None of the patients died within 30 d after
surgery. Two patients were lost from follow up. Five patients died due to recurrence during the study period. Of
5 patients with metastases, lymph node metastasis was
observed in 3 patients and liver metastasis in 2 patients.
The OS rates of the patients with T1N1 and T2N0
were 92.7% and 96.5% at 3-years, 89.2% and 94.1% at
5-years, respectively (Figure 2A). There was no significant difference between the two groups (p = 0.6738).
Therefore, we grouped the patients with T1N1 and
T2N0 disease together. Further prognostic analyses were
then focused on the patients with stage T1N1 and T2N0

years after surgery. CEA and CA19-9 tumor marker levels were determined at least every three months for five
years. The patients underwent a computer tomography
examination every six months during the first three years
after surgery, and then every year for a further two years.
The patients who received distal gastrectomy underwent
an endoscopic examination every year for five years after
the surgery.
Evaluation and statistical analyses
The staging and clinicopathological characteristics of the
tumors were based on the third English edition of the
Japanese Classification of Gastric Carcinoma[9]. Overall
survival (OS) was defined as the period between surgery
and the occurrence of death. The data for patients who
did not experience an event were treated as censored
cases on the date of the final observation.
The OS curves were calculated using the KaplanMeier method and compared by the log-rank test. Cox’
s proportional hazard model was used to perform univariate and multivariate analyses. The survival data were
obtained from hospital records or from the city registry
system. A P value of < 0.05 was defined as statistically
significant. The SPSS software package (v11.0J Win,
SPSS, Chicago, IL, United States) was used for all statis-
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Table 3 Uni- and multivariate Cox proportional hazards analysis of clinicopathological factors
Characteristics

Number

Univariate
OR

Age (yr)
< 70
≥ 70
Gender
Female
Male
Tumor location
M or L
U
Pathological tumor diameter (mm)
≤ 40
> 40
Histological type
Differentiated
Undifferentiated
Number of lymph node metastases
0
1
2
Lymphatic invasion
Negative
Positive
Vascular invasion
Negative
Positive

95%CI

OR

95%CI

P value

0.078
69
34

1.000
3.147

38
65

1.000
4.118

76
27

1.000
5.273

0.879-11.271
0.186
0.506-33.527
0.018

0.018
1.000
5.273

1.326-20.969

1.326-20.969

0.874
60
43

1.000
1.123

43
60

1.000
1.608

58
33
12

1.000
1.293
1.563

73
30

1.000
2.369

67
36

1.000
1.192

0.268-4.704
0.482
0.428-6.041
0.902
0.287-5.830
0.169-14.495
0.177
0.674-8.512
0.786
0.334-4.253

when the tumors are located at the upper third of the
stomach. According to the subset analysis of the ACTSGC, S-1 was much more effective against stage Ⅱ than
stage ⅢA or stage ⅢB cancers[7]. Considering that S-1
was more effective, especially for relatively early disease,
adjuvant S-1 could be an option for these patients. Some
authors have reported the significance of tumor location in terms of the prognosis of gastric cancer. For
example, Piso et al[10] evaluated 532 patients with gastric
cancer, and reported that long-term survival was worse
in patients with proximal disease than in those with distal tumors. The proximal stomach is a predominant site
for undifferentiated-type tumors, which tend to have a
poorer prognosis than differentiated-type tumors. Anatomically, the lymphatic drainage is complex, and tumors
located in this region can metastasize to almost all lymph
nodes except #5. Curative surgery for proximal tumors
is D2 total gastrectomy with splenectomy, which is more
invasive than that for distal cancer. Although the precise
mechanism is unclear, multiple factors, including those
described above, could explain why patients with proximal tumors had a poorer survival.
Yokoyama et al[11] previously demonstrated that undifferentiated-type adenocarcinoma was the only risk factor
for the recurrence of stage IB gastric cancer. However,
there were some differences between the present study
and Yokoyama[11]’s study. First, the evaluation of staging
was different. We classified stage using the third English
edition of the Japanese Classification of Gastric Carcinoma, while Yokoyama et al[11] used the second English
edition of the Japanese Classification of Gastric Carcinoma. In addition, Yokoyama et al[11] included T3N0 and

cancer. When the OS rates were stratified according to
each clinical factor, a marginal difference was observed
for tumor location (Table 2). Each clinicopathological
factor was categorized as shown in Table 3 and analyzed
for prognostic significance. Both univariate and multivariate analyses of the OS rates demonstrated that tumor
location was the only significant prognostic factor (Table
3). The OS rates were 87.3% at 3-years and 81.8% at
5-years when the tumors were located at the upper third
of the stomach and were 95.5% at 3-years and 95.5% at
5-years when the tumors were located at the middle or
lower third of the stomach (p = 0.0093) (Figure 2B). Recurrence was observed in 3 patients who had tumors located at the upper third of the stomach and in 2 patients
with tumors located at the middle or lower third of the
stomach.

DISCUSSION
The present study identified a subset of patients with
stage IB gastric cancer who had unfavorable outcomes.
We found that patients with stage T1N1 and T2N0 cancer had similar outcomes. Therefore, we grouped the
patients with T1N1 and T2N0 disease together. Further
prognostic analyses were then focused on patients with
stage T1N1 and T2N0 cancer. In this study, the survival
rates of patients with stage IB cancer were clearly associated with tumor location. When the tumors were located
in the upper third of the stomach, the 5-year OS rate
was only 81.8%, which was poorer than 84.2% in stage
2 patients who received S-1 adjuvant chemotherapy[8].
Thus, surgery alone may not be justified for stage IB
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tumors are located at the upper third of the stomach. According to the subset
analysis of the ACTS-GC, S-1 was much more effective against stage Ⅱ than
stage ⅢA or stage ⅢB cancers. Considering that S-1 was more effective,
especially for relatively early disease, adjuvant S-1 could be an option for these
patients.

T1N2 cancers, which are now classified as stage ⅡA.
Ahn et al[3] analyzed stage-specific survival using the third
English edition of the Japanese Classification of Gastric
Carcinoma, and reported that the five-year survival was
88.9% for stage IB (90.2% in T1N1 and 87.6% in T2N0,
respectively) and 83.1% for stage ⅡA (84.0% in T1N2
and 82.1% in T3N0, respectively). Thus, survival was
worse in the latter cases than in the former. Second, Yokoyama et al[11] included patients who received adjuvant
chemotherapy in the analysis. Adjuvant chemotherapy
could have affected survival[12,13].
There are some limitations in the present study. First,
this was a retrospective single center study with a small
sample size. Our findings could have been observed by
chance in this series. Moreover, age or lymphatic invasion, which was marginally significant in the present
study, might become more significant by increasing the
number of patients or by extending the follow-up period. The only way to draw a definite conclusion is to
collect recent data from many hospitals. However, our
data help to clarify which parameters should be included
in such a study. Therefore, we believe that our study will
have an important clinical impact. Second, there is bias
regarding time in this study. The data were collected between 2000 and 2010 and surgical procedures and perioperative care have changed. For example, the patients
received two types of perioperative care, including conventional care before May 2009 and enhanced recovery
after surgery after June 2009[14]. These factors might have
affected our results.
In conclusion, our data may suggest that tumor location is associated with survival in patients with stage IB
gastric cancer. As our study was a retrospective singlecenter study with a small sample size, a prospective
multi-center study is necessary to confirm whether the
patients with stage IB gastric tumors located in the upper third of the stomach have a poorer survival than
those with tumors in other locations.

Terminology

S-1 is an oral fluoropyrimidine, consisting of tegafur (a prodrug of fluorouracil),
5-chloro-2, 4-dihydropyrimidine (CDHP), and potassium oxonate.

Peer review

There is still an open question what are the risk factors for the early recurrence
of gastric cancer (even when it presents as a limited disease) as these patients
might require additional treatment modalities besides the surgery, including but
not limited to the adjuvant chemotherapy, intraperitoneal chemotherapy (EPIC,
HIPEC), biological therapy, etc. There is a need for a systematic review of the
available in the recent literature data on the prognostic factors associated with
the early recurrences of early gastric cancer, and the research team has successfully contributed to this field by adding just another important paper.
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RETROSPECTIVE STUDY

Conventional endoscopic features are not sufficient to
differentiate small, early colorectal cancer
Wan Park, Bun Kim, Soo Jung Park, Jae Hee Cheon, Tae Il Kim, Won Ho Kim, Sung Pil Hong
ated retrospectively. All endoscopic features were evaluated by two experienced endoscopists who have each
performed over 1000 colonoscopies annually for more
than five years without knowledge of the histology.
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RESULTS: Among the morphological findings, the size
of deep submucosal cancers was bigger than that of
superficial lesions (16.9 mm vs 12.3 mm, P < 0.001).
Also, demarcated depressed areas, stalk swelling, and
fullness were more common in deep SM cancers than
in superficial tumors (demarcated depressed areas:
52.0% vs 15.7%, P < 0.001; stalk swelling: 100% vs
4.2%, P < 0.001; fullness: 25.0% vs 0%, P = 0.001).
Among deep SM cancers, 96% of polyps showed invasive pit patterns, whereas 19.4% of superficial tumors
showed invasive pit patterns (P < 0.001). A positive
non-lifting sign was more common in deep SM cancers
(85.0% vs 28.6%, P < 0.001). Diagnostic accuracy of
invasive morphology, invasive pit patterns, and nonlifting signs for deep SM cancers were 71%, 82%, and
75%, respectively.

Abstract

CONCLUSION: Conventional endoscopic findings were
insufficient to discriminate small, deep SM cancers
from superficial SM cancers by white light, standard
colonoscopy.

AIM: To evaluate the depth of invasion of small, early
colorectal cancers (ECCs) using conventional endoscopic features.
METHODS: From January 2005 to September 2011,
colonoscopy cohort showed that a total of 72 patients
with small colorectal cancers with the size less than 20
mm underwent colonoscopy at the Yonsei University
College of Medicine, Seoul, South Korea. Among them,
8 patients were excluded due to incomplete medical
records. Finally, a total of 64 ECCs with submucosa (SM)
invasion and size less than 20 mm were included. One
hundred fifty-two adenomas with size less than 20 mm
were included as controls. Nine endoscopic features,
including seven morphological findings (i.e. , loss of lobulation, excavation, demarcated and depressed areas,
stalk swelling, fullness, fold convergence, and bleeding
ulcers), pit patterns, and non-lifting signs, were evalu-
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Key words: Colonoscopy; Colorectal neoplasms; Differential diagnosis
Core tip: This present study was designed to evaluate
the depth of invasion of small, early colorectal cancers
using conventional endoscopic features. This study
exhibited that invasive pit patterns were a more accurate finding than morphological features or non- lifting signs to discriminate small, deep submucosa (SM)
cancers from superficial SM cancers by a white light,
standard colonoscopy. However, it also showed that
conventional endoscopic findings, such as morphologi-
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neoplasms less than 20 mm in size using a standard colonoscope for accurate diagnoses and treatment.

cal features, non-lifting sign, and invasive pit patterns
are insufficient to discriminate deep SM cancers to
determine therapeutic strategy under white light standard colonoscopy.

MATERIALS AND METHODS
Study population
From January 2005 to September 2011, colonoscopy
cohort showed that a total of 72 patients with small
colorectal cancers with the size less than 20 mm underwent a colonoscopy at the Yonsei University College
of Medicine, Seoul, South Korea. Among them, eight
patients were excluded from the present study due to
incomplete medical records. Finally, a total of 64 small
colorectal cancers with SM invasion were included; 25
(39%) deep submucosal cancers, and 39 (61%) superficial
submucosal cancers. All lesions were histologically confirmed to be adenocarcinomas. 39 superficial submucosal
cancers and 152 adenomas with high-grade dysplasia less
than 20 mm were included as control.

Park W, Kim B, Park SJ, Cheon JH, Kim TI, Kim WH, Hong
SP. Conventional endoscopic features are not sufficient to differentiate small, early colorectal cancer. World J Gastroenterol
2014; 20(21): 6586-6593 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6586.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6586

INTRODUCTION
Endoscopic management for early colorectal neoplasm
has been accepted as an effective method to treat or prevent colorectal cancer. Currently, colorectal neoplasms
either confined to the mucosa or after invasion to submucosa (SM) with a size less than 1000 μm are considered
good candidates for endoscopic treatment[1-3]. Because
6%-12% of lymph node metastases have been reported
in deep SM cancers, these lesions are not indicated for
endoscopic treatment[4]. Therefore, it is crucial to precisely evaluate the depth of invasion in advanced colorectal
neoplasm for adequate therapeutic treatment[5].
Size is one of the important indicators of the depth
of invasion and for the choice of an adequate treatment
for advanced colorectal neoplasms. A previous study
reported that 7.4%-14% of colorectal polyps larger than
20 mm were submucosal carcinoma[4], thus endoscopists
must treat large colorectal neoplasms endoscopically to
avoid an incomplete resection. However, during screening colonoscopy, most colorectal polyps are detected as
small polyps less than 20 mm in size and can be resected
by a simple polypectomy during the procedure[4,6-10]. Although a previous report showed that only 0.07%-5.80%
of polyps less than 20 mm in size are submucosal carcinoma[4], recent advances in colonoscopy technology enable the frequent detection of small advanced colorectal
neoplasms. However, it is difficult to determine whether
those small polyps are invasive carcinoma prior to histologic evaluation. Generally, endoscopists remove these
lesions using a simple polypectomy and fail to achieve
complete resection.
Recent innovative technology has allowed endoscopists to differentiate advanced colorectal neoplasms
during a colonoscopy. Magnifying chromoendoscopy or
narrow-band imaging (NBI) has been widely studied to
assess depth of invasion[11-13]. However, most of studies
have been focused on large colorectal neoplasms which
are candidates for advanced endoscopic techniques, such
as endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD)[1-3]. Therefore, the present
study evaluated conventional endoscopic findings, including morphological features, pit patterns, and no-lifting
signs, to assess depth of invasion in advanced colorectal

WJG|www.wjgnet.com

Colonoscopic examination
Colonoscopy was performed after bowel preparation
with 4 L polyethylene glycol solution (Colyte; Taejun,
Seoul, South Korea or Colyte-F or Colonlyte; Dreampharma, Seoul, South Korea) by three experienced
gastroenterologists. All colonoscopies were performed
with a standard colonoscope (CF Q240L, CF Q240I,
CF H260AI, CF Q260AI, or PCF Q260AI; Olympus
Optical Co, Ltd, Tokyo, Japan). The shape, size, number, location, and histology of small advanced colorectal
neoplasms were evaluated. The shape of small colorectal
neoplasms was classified as either pedunculated or nonpedunculated (sessile or flat/depressed) type. Location
was divided into the right colon (including the cecum, ascending colon, transverse colon, or splenic flexure) or left
colon (including the descending colon, sigmoid colon, or
rectum). Polyp size was estimated using a 7 mm diameter
open-biopsy forceps.
We investigated nine endoscopic findings of the
colorectal neoplasms, including seven morphological
features (i.e., loss of lobulation, excavation, demarcated
depressed areas, stalk swelling, fullness, fold convergence,
and bleeding ulcers), pit patterns, and non-lifting signs
from the previously published literature[14]. The definitions of the nine endoscopic findings were as follows
(Figure 1). (1) loss of lobulation: loss of normal lobulation; (2) excavation: a crumbled, damaged area of the tumor that prevents observation of the surface structure; (3)
demarcated depressed areas: depressed demarcations on
the surface of the tumor; (4) stalk swelling: a thickened
and expanded stalk; (5) fullness: a bursting appearance
due to expansive growth of the tumor; (6) fold convergence: fold convergence towards the tumor; (7) bleeding
ulcer; (8) Pit pattern: Sub-classified as invasive or noninvasive (Figures 2 and 3)[12]. Non-invasive pattern: normal mucosa, star-shaped crypts (Kudo’s type Ⅰ or Ⅱ), or
regular crypts with or without demarcated areas or irregular pits without demarcated areas (Kudo’s type ⅢS, Ⅲ
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Loss of lobulation

Excavation

Demarcated
depressed area

Stalk swelling
Ulcer bleeding

Fullness

Fold convergency

Non-lifting sign

Figure 1 Seven morphological features and non-lifting sign for submucosal cancer.

A

B

Figure 2 Pit-pattern classification; (A) non-invasive pattern, and (B) invasive pattern.

L, or Ⅳ); Invasive pattern: irregular and distorted crypts
in demarcated areas (Kudo’s type ⅤN and Ⅵ); and (9)
Non-lifting sign: SM injection was performed at a point
approximately 2 mm from the edge of the lesion using
a 23-gauge needle. A saline solution containing epinephrine (0.01 mg/mL) and 0.8% indigo carmine was injected
into the submucosal layer to lift the lesion off the muscle
layer. A non-lifting sign was defined as positive when the
surrounding mucosa, but not the lesion, was elevated and
negative when the lesion itself was elevated[15].
All endoscopic features were evaluated retrospec-
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tively by two experienced endoscopists who have each
performed over 1000 colonoscopies annually for more
than five years without knowledge of the histology. Final
endoscopic features were determined after agreement between the two endoscopists.
Histopathology
Histopathological diagnoses were based on the Vienna
classification by a highly experienced pathologist[16]. A microscope with a built-in ruler was used to determine the
depth of SM invasion. Superficial SM cancer was defined
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A

B

Figure 3 An 8-mm sessile polyp with negative non-lifting signs was treated by endoscopic mucosal resection (A); histology showed that cancer cells invaded the submucosa up to 200 μm (B); a 12-mm sized sessile polyp with negative non-lifting signs was treated by endoscopic mucosal resection. Histology showed that cancer cells invaded the submucosa to 2000 μm. The patient received additional surgery.

as invasion less than 1000 μm and deep SM cancer was
defined as invasion greater than 1000 μm.

Table 1 Baseline characteristics and endoscopic findings
according to the depth of invasion in submucosal cancer n (%)

Age (mean ± SD, yr)
Sex
Male
Female
Size (mm)
Shape
Sessile
Pedunculated
Superfical (Flat)
Location
Right colon
Left colon
Endoscopic finding
Morphological features
Any of them
None of them
(P, S) Loss of lobulation
(P, S) Excavation
(All) Demarcated
depressed area
(P) Stalk swelling
(F) Fullness
(F) Fold convergency
(All) Ulcer bleeding
Pit pattern
Non-invasive
Invasive
Non-lifting sign
Positive
Negative

Statistical analyses
The primary outcome of the present study was to evaluate the different endoscopic findings between small, deep
SM cancer and small, superficial SM cancers. Patients’
baseline characteristics were analyzed using descriptive
statistics. The differences of categorical variables were
analyzed by Fisher’s exact test. Continuous variables
were analyzed by the Student’s t test. The morphological
features were analyzed according to shape. Stalk swelling was assessed for only the pedunculated type; loss of
lobulation and excavation were assessed for both pedunculated and sessile types; fullness and fold convergence
were assessed for the flat/depressed type; demarcated depressed areas were assessed for all three types. Continuous variables are expressed as the means ± SD. P values
of less than 0.05 were considered statistically significant.
Statistical analyses were carried out using SPSS 18.0 (SPSS,
Chicago, IL, United States) and SAS 9.2 (SAS Institute
Inc., Cary, NC, United States).

Deep submucosal
Superficial
P value
cancer (n = 25) submucosal cancer
(n = 39)
58.4 ± 8.5
62.4 ± 9.8
0.097
0.241
13 (52.0)
26 (66.7)
12 (48.0)
13 (33.3)
16.88 ± 3.28
15.28 ± 3.64
0.080
8 (32.0)
5 (20.0)
12 (48.0)

18 (46.2)
4 (10.3)
17 (43.6)

0.397

8 (32.0)
17 (68.0)

10 (25.6)
29 (74.4)

22 (88.0)
3 (12.0)
3/13 (23.1)
0/13 (0.0)
13/25 (52.0)

27 (69.2)
12 (30.8)
7/22 (31.8)
1/22 (4.5)
17/39 (43.6)

0.084

2/4 (50.0)
0/17 (0.0)
0/17 (0.0)
1/39 (2.6)

0.167
0.060
0.414
1.000
1.000

0.581

5/5 (100.0)
3/12 (25.0)
1/12 (8.3)
1/25 (4.0)
1 (4.0)
24 (96.0)

2 (5.1)
37 (94.9)

17 (85.0)
3 (15.0)

17 (48.6)
18 (51.4)

0.709
1.000
0.511

RESULTS
SM cancers vs adenomas
Baseline characteristics and endoscopic findings between SM cancers and adenomas were described at the
Table 1. The size of SM cancers was bigger than that
of adenomas (15.91 mm vs. 11.47 mm, P < 0.001) and
the superficial (flat) shape was frequently observed in
SM cancer than adenomas (45.3% vs 13.2%, P < 0.001).

0.010

Superficial tumors: Superficial submucosal cancer and adenoma; P: Pedunculated type; S: Sessile type; F: Flat/depressed type.
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Table 2 Baseline characteristics and endoscopic findings
according to the depth of invasion n (%)

Table 3 Diagnostic accuracy of conventional endoscopic
features

Deep submucosal Superficial tumors P value
cancer (n = 25)
(n = 191)
Age (mean ± SD, yr)
Sex
Male
Female
Size (mm)
Shape
Sessile
Pedunculated
Superfical (Flat)
Location
Right colon
Left colon
Endoscopic finding
Morphological features
Any of them
None of them
(P, S) Loss of lobulation
(P, S) Excavation
(All) Demarcated
depressed area
(P) Stalk swelling
(F) Fullness
(F) Fold convergency
(All) Ulcer bleeding
Pit pattern
Non-invasive
Invasive
Non-lifting sign
Positive
Negative

58.4 ± 8.5

61.0 ± 9.4

13 (52.0)
12 (48.0)
16.88 ± 3.28

128 (67.0)
63 (33.0)
12.25 ± 4.93

8 (32.0)
5 (20.0)
12 (48.0)

106 (55.5)
48 (25.1)
37 (19.4)

Sensitivity Specificity
1

Invasive morphology
Invasive pit pattern1
Non-lifting sign2

0.191
0.179

57 (29.8)
134 (70.2)

22 (88.0)
3 (12.0)
3/13 (23.1)
0/13 (0.0)
13/25 (52.0)

59 (30.9)
132 (69.1)
27/154 (17.5)
3/154 (1.9)
30/191 (15.7)

5/5 (100.0)
3/12 (25.0)
1/12 (8.3)
1/24 (4.0)

2/48 (4.2)
0/37 (0.0)
0/37 (0.0)
2/189 (1.0)

1 (4.0)
24 (96.0)

154 (80.6)
37 (19.4)

17 (85.0)
3 (15.0)

22 (28.6)
55 (71.4)

0.27
0.39
0.46

0.98
0.99
0.95

0.71
0.82
0.75

Evaluated in all polyps; 2Evaluated in sessile and flat polyps. Deep
submucosal cancer
superficial tumors. PPV: Positive predictive value;
NPV: Negative predictive value.

0.005

cers than in superficial SM cancers (85.0% vs 48.6%, P =
0.010).
Deep submucosal cancers vs superficial tumors
Baseline characteristics and endoscopic findings according to the depth of invasion were seen at the Table 2.
When comparing endoscopic findings between deep SM
cancers and superficial tumors, the size of deep submucosal cancers was bigger than that of superficial lesions
(16.9 mm vs 12.3 mm, P < 0.001). Also, demarcated
depressed areas, stalk swelling, and fullness were more
common in deep SM cancers than superficial tumors
(demarcated depressed areas: 52.0% vs 15.7%, P < 0.001;
stalk swelling: 100% vs 4.2%, P < 0.001; fullness: 25.0%
vs 0%, P = 0.001; Table 2). Other morphological features
(i.e., loss of lobulation, excavation, fold convergence, and
bleeding ulcers) were not statistically different between
the two groups. Among deep SM cancers, 96% of polyps
showed invasive pit patterns, while 19.4% of superficial tumors showed invasive pit patterns (P < 0.001). A
positive non-lifting sign was more common in deep SM
cancers than in superficial tumors (85.0% vs 28.6%, P <
0.001).

< 0.001
0.705
1.000
< 0.001
< 0.001
0.001
0.310
0.245
< 0.001
< 0.001
< 0.001

Superficial tumors: Superficial submucosal cancer and adenoma; P: Pedunculated type; S: Sessile type; F: Flat/depressed type.

Also, demarcated depressed areas, stalk swelling, and fullness were more common in SM cancers than adenomas
(demarcated depressed areas: 46.9% vs 8.6%, P < 0.001;
stalk swelling: 77.8% vs 0%, P < 0.001; fullness: 10.9% vs
0%, P = 0.001). Other morphological features (i.e., loss
of lobulation, excavation, fold convergence, and bleeding ulcers) were not statistically different between the two
groups. Among SM cancers, 95.3% of polyps showed
invasive pit patterns, while 0% of adenomas showed
invasive pit patterns (P < 0.001). A positive non-lifting
sign was more common in SM cancers than in adenomas
(45.3% vs 11.9%, P < 0.001).

Diagnostic accuracy of endoscopic features for deep
SM cancer
When comparing deep SM cancers with superficial SM
tumors, the sensitivity, specificity, PPV, and NPV of any
of the invasive morphology were 88%, 69%, 27% and
98%, respectively (Table 3). The sensitivity, specificity,
PPV, and NPV of invasive pit patterns were 96%, 81%,
46%, and 95%, respectively. The sensitivity, specificity, PPV, and NPV of non-lifting signs were 85%, 73%,
46% and 95% in sessile and flat polyps, respectively. The
diagnostic accuracy of the presence of morphological
features, invasive pit patterns, and non-lifting sign were
71%, 82% and 75%, respectively.

Deep SM cancers vs superficial SM cancers
Baseline characteristics of 64 submucosal cancer patients
were as follows. Among 64 SM cancers, 6 cases (9%) were
10 mm or less in size, 33 cases (52%) were 11-15 mm in
size, and 25 cases (39%) were 16-19 mm in size. Deep
SM cancers were larger than superficial SM cancers, but
it was not statistically significant (16.88 mm vs 15.28 mm,
P = 0.080). The flat and sessile types were more common
in two groups than pedunculated type. The distributions
of cancers were similar in the two groups, more common
in left colon (68.0% in deep SM, and 74.4% in superficial
sm). Non-lifting sign was more common in deep SM can-

WJG|www.wjgnet.com

0.69
0.81
0.73

NPV Accuracy

1

< 0.001

1.000
8 (32.0)
17 (68.0)

0.88
0.96
0.85

PPV

Treatment
Among 39 superficial SM cancers, 30 cases were initially
treated with EMR (28 cases) or ESD (2 cases) and nine
cases were treated with surgery (Figure 4). Among 25
deep SM cancers, 17 cases were initially treated with
endoscopic techniques (polypectomy, 1 case; EMR, 15
cases; ESD, 1 case). Subsequently, 13 cases received further surgical treatment, and one case showed lymph node
metastasis. Eight cases with deep SM cancers were ini-
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64 cancers

Superficial SM (39)

EMR (28)
ESD (1)

Initial treatment

Positive margin (2)
or LV invasion (4)

Additional treatment

Operation (6)
LN metastasis
pN1 (1)

Operation (9)
None of
LN metastasis

Deep SM (25)

Polypectomy (1)
EMR (15)
ESD (1)
Positive margin (10),
LV invasion (2), and both (1)

Operation (8)
LN metastasis
pN2 (1)
pN1 (1)

Operation (13)
LN metastasis
pN1 (1)

Figure 4 Diagram for the treatment of 64 early colorectal cancers. SM: Submucosa; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

tially treated with surgery.

small polyps, as 15% of patients with deep SM cancers
showed negative non-lifting signs and were treated with
EMR. The present study revealed that the non-lifting
signs were limited to predict deep SM invasion in polyps
less than 20 mm in size. In this study, NPVs for SM deep
cancers of invasive morphology, invasive pit pattern and
non-lifting sign are over 95%. Surely, High NPVs useful
for determination of treatment strategy Nevertheless, the
diagnostic accuracy for SM deep cancers was not sufficient and it leads to initial under-treatment.
Recently magnifying chromoendoscopy has been
used to assess depth of invasion of colorectal polyps,
overcoming the limitations of morphological features[19].
Pit pattern classification of colorectal neoplasm, initially
proposed by Kudo and modified by Kudo and Tsuruta,
is reported to be related to the histologic characteristics
of the lesions[20]. A previous study demonstrated that invasive pit patterns are able to differentiate superficial SM
cancers from deep SM cancers with the diagnostic accuracy of 98.8%[12]. Under magnifying chromoendoscopy,
Kudo’s classification type V pit pattern is usually considered to be invasive to the SM, and type VN is strongly
suggestive of deep SM cancer[21]. Therefore, it is crucial
to discriminate between type VI and type VN patterns to
assess precisely the depth of invasion of colorectal polyps. Under non-magnifying colonoscopy, it is difficult to
discriminate type VN; for that reason, the present study
showed a low diagnostic accuracy of pit patterns for deep
SM cancers. However, it is unrealistic for clinics to apply
this method as magnifying chromoendoscopy is not a
conventional or universal method for screening or simple
surveillance colonoscopy.
The present study has several limitations. First, because of the retrospective study design, there were some
cases with poor qualified photos which made it difficult
to precisely evaluate all of the endoscopic features. Second, pit patterns were evaluated after the conventional
endoscopic diagnoses, suggesting an influence by the
morphological features of polyps. Finally, pit patterns
were evaluated by only standard colonoscopy; thus, it was

DISCUSSION
A recent study showed that endoscopic treatment of SM
cancers was safe and feasible with favorable long-term
efficacy when the following conditions are satisfied: a
lesion is determined histopathologically to be well differentiated; invasion of the SM layer is less than 1000
μm (superficial SM cancer); and the lesion is negative for
both lymphovascular invasion and sprouting[17]. Thus, it is
important to estimate whether the depth of SM invasion
is less than 1000 μm to determine appropriate treatment.
However, the present study showed that conventional
endoscopic features were insufficient to differentiate
deep SM cancers less than 20 mm in size resulting in a diagnostic accuracy of 79%. Among 25 patients with deep
SM cancers, 68% were initially under-treatmented.
During colonoscopy, endoscopists usually assess
colorectal polyps according to morphological findings
and choose a treatment. The present study evaluated
seven morphological features of polyps and found that
demarcated depression, fullness, and stalk swelling were
typical findings of small deep SM cancers. A previous
study, which included polyps larger than 20 mm in size,
showed that a loss of lobulation was also a typical endoscopic finding[14], but this observation was not confirmed
by the present study. The diagnostic accuracy of the
presence of any of the invasive morphological features
was 71%, meaning that the morphological characteristics
themselves are insufficient to assess depth of invasion of
small colorectal neoplasms. In a previous study, Uno et
al[15] reported the clinical usefulness of non-lifting signs
to predict depth of invasion for colorectal neoplasms.
Adenomas or superficial SM cancers are readily lifted
by SM injection, thus the non-lifting signs are clinically
used to determine the therapeutic strategy for advanced
colorectal neoplasm. A previous study showed that the
accuracy of non-lifting signs for deep SM cancers were
94.8%[18]. However, this does not seem to be applied to
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impossible to discriminate the type VN pit pattern, which
is strongly suggestive of deep SM cancer. Therefore,
the results of the present study should not be simply
compared to those of previous studies using magnifying
chromoendoscopy in terms of clinical usefulness. From a
different point of view, the present study is more realistic
because magnifying chromoendoscopy is not usually used
in screening or surveillance colonoscopy.
In conclusion, although the prevalence of SM invasion is low in small colorectal polyps, the present study
showed that conventional endoscopic findings, such as
morphological features, non-lifting sign, and invasive pit
patterns, are insufficient to discriminate deep SM cancers to determine therapeutic strategy under white light
standard colonoscopy. Further studies are mandatory to
evaluate precisely the depth of invasion in small colorectal polyps, using magnifying chromoendoscopy or NBI.
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score model using NLR and CRP represent new selection criteria for LDLT candidates with HCC, especially
beyond the Milan criteria.
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Selection criteria
Core tip: Although the Milan criteria are accepted as
the standard selection criteria for liver transplantation candidates with hepatocelluar carcinoma (HCC),
they are so strict; New selection criteria are needed to
predict more accurately the prognosis of patients with
HCC; Using a new score model using pretransplant
neutrophil-lymphocyte ratio (NLR) and C-reactive protein (CRP), we can differentiate HCC patients beyond
the Milan criteria with a good prognosis from those with
a poor prognosis; Combined with the Milan criteria, a
new score model using pretransplant NLR and CRP may
represent new selection criteria for living-donor liver
transplantation candidates with HCC, especially beyond
the Milan criteria.

Abstract
AIM: To investigate that inflammatory markers can
predict accurately the prognosis of hepatocelluar
carcinoma (HCC) patients in living-donor liver transplantation (LDLT).
METHODS: From October 2000 to November 2011,
224 patients who underwent living donor liver transplantation for HCC at our institution were enrolled in
this study. We analyzed disease-free survival (DFS)
and overall survival (OS) after LT in patients with HCC
and designed a new score model using pretransplant
neutrophil-lymphocyte ratio (NLR) and C-reactive
protein (CRP).

Na GH, Kim DG, Han JH, Kim EY, Lee SH, Hong TH, You YK.
Inflammatory markers as selection criteria of hepatocellular carcinoma in living-donor liver transplantation. World J Gastroenterol
2014; 20(21): 6594-6601 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6594.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6594

RESULTS: The DFS and OS in patients with an NLR
level ≥ 6.0 or CRP level ≥ 1.0 were significantly worse
than those of patients with an NLR level < 6.0 or CRP
level < 1.0 (P = 0.049, P = 0.003 for NLR and P = 0.010,
P < 0.001 for CRP, respectively). Using a new score
model using the pretransplant NLR and CRP, we can differentiate HCC patients beyond the Milan criteria with a
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Among the several treatment modalities for hepatocellu-
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lar carcinoma (HCC), liver transplantation (LT) and surgical resection are curative methods. Chronic liver disease
is one of the main etiologies of HCC; approximately
80% of patients with HCC have cirrhosis[1]. LT is an
ideal treatment for selected patients with HCC because
it targets not only the tumor but also the underlying liver
disease[2]. Since the introduction of the Milan criteria by
Mazzaferro et al[3] in 1996, disease-free survival and overall survival after LT for patients with HCC meeting the
Milan criteria have been equivalent to those of non-HCC
patients. Although survival rates after LT have improved
dramatically, HCC recurrence remains a significant problem. It has been demonstrated that about 10% of HCC
patients within the Milan criteria experience HCC recurrence[4]. In contrast, some patients with HCC beyond the
Milan criteria may have favorable outcomes[5]. There are
some limitations to the Milan criteria that should be addressed in any new standard selection criteria for HCC
patients. Inflammation is a critical component of tumor
progression[6]. Several inflammatory markers, such as the
neutrophil-lymphocyte ratio (NLR) and C-reactive protein (CRP), have been suggested as surrogate markers of
treatment response and survival in patients with HCC[7-9].
However, few studies have examined the relationship
between these factors and HCC recurrence after livingdonor liver transplantation (LDLT).
The aim of the present study was to assess whether
the pretransplant NLR and CRP levels can accurately
predict disease-free survival and overall survival after
LDLT in patients with HCC. Furthermore, we established a pretransplant score model that may assist in the
selection of patients with HCC that would benefit from
liver transplantation.

regional lymph node metastasis, and distant metastasis.
The alpha-fetoprotein (AFP) level and the proteins induced by vitamin K absence or angiotensin-Ⅱ (PIVKAⅡ ) level were evaluated as tumor markers. Hepatitis
viral markers and liver function tests were also assessed.
Neutrophil and lymphocyte counts were routinely measured on the day before transplantation, with the NLR
calculated by dividing the neutrophil count by the lymphocyte count. The serum CRP level was measured with
a turbidimetric immunoassay (Wako Chemicals GmbH,
Neuss, Germany). The pretransplant CRP level was not
measured routinely until 2006 and then was checked routinely on the day before transplantation. When HCC was
diagnosed, the treatment was based on the tumor stage
and the patient’s liver function. Patients who were eligible
for transplantation underwent DDLT or LDLT according to the meeting the Milan criteria and the availability
of liver donor. Pretransplant locoregional treatments
include hepatic resection, transarterial chemoembolization (TACE), radiofrequency ablation, and percutaneous
ethanol injection, which were selected according to the
Barcelona Clinic Liver Cancer scoring system. TACE was
the primary treatment modality among pretransplant locoregional treatment modalities.
Liver transplantation and post-transplant follow-up
LDLT was performed according to a standard technique
using a modified right lobe with middle hepatic vein
reconstruction. For patients with ascites, aspiration and
cytology were performed before beginning the operation.
When lymph node enlargement was present, or in cases
with suspicious metastatic disease, an intraoperative biopsy was performed. The operation was performed only
in cases with negative biopsy results.
Immunosuppression regimens consisted of a triple
drug regimen that included tacrolimus or cyclosporin,
mycophenolatemofetil (MMF), and prednisolone. The
dose of tacrolimus was adjusted to maintain levels of 7-10
ng/mL for the first postoperative month and 5-7 ng/mL
thereafter. The dose of cyclosporin was adjusted to maintain levels of 100-150 ng/mL for the first postoperative
month and 50-100 ng/mL thereafter. Steroids were withdrawn 1 mo after surgery, and MMF was withdrawn 6
mo after surgery. An interleukin-2 receptor blocker was
administered on both the day of surgery and the fourth
postoperative day.
Patients were followed weekly after hospital discharge
until they were stable and then monthly for the first year,
every 2 mo for 5 years, and then every 3 mo. Tumor
markers were measured monthly during the first year, and
then every 2 mo thereafter. Abdomen CT, chest CT, and
bone scintigraphy were routinely performed every 4 mo
for the first year, every 6 mo for the next year, and then
annually. When tumor recurrence was suspected, MRI
and/or PET-CT were performed.

MATERIALS AND METHODS
Patients
From October 2000 to November 2011, a total of 243
patients underwent LDLT for HCC at our transplant
center. Nineteen patients were excluded from the study:
7 for postoperative mortality within 30 d after transplantation, 6 for preoperative infection, 4 for undergoing
pretransplant locoregional treatment within 1 mo before
transplantation, and 2 for massive alimentary tract bleeding within 1 mo before transplantation. After excluding
these nineteen cases, the medical records of 224 patients
were reviewed retrospectively. This study was approved
by the Institutional Review Board of our center.
Diagnosis and treatment strategy of HCC
All patients who were to undergo transplantation for
HCC were evaluated preoperatively by dynamic liver
computed tomography (CT) and enhanced magnetic
resonance imaging (MRI). Chest CT, bone scan, and
positron emission tomography CT (PET CT) were performed to exclude distant metastasis and other primary
malignancies. Contraindications for LT in patients with
HCC included a tumor thrombus in the main portal vein,
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Continuous variables are reported as mean ± SD and
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Table 1 Clinical parameters of the study population n (%)
Parameter

Table 2 Disease-free survival and overall survival according
to neutrophil-lymphocyte ratio and C-reactive protein

Value

Mean age (yr)1
Male
Diagnosis
Hepatitis B
Hepatitis C
Others
GRWR1
Child pugh score1
MELD score1
AFP (ng/mL)1
PIVKA-Ⅱ (mAU/mL)1
C-reactive protein (mg/dL)1
Neutrophil lymphocyte ratio1
Pretransplant treatment for HCC
Tumor number1
Maximum tumor size (cm)1
Microvascular invasion
Edmondson-steiner grade (Ⅲ-Ⅳ)
Within the milan criteria
Follow-up duration (mo)1

Disease-free survival

51.9 ± 6.9
184 (82.1)

χ2

Neutrophil-lymphocyte ratio (n = 224)
NLR ≥ 1 (n = 195)
1.041
0.308
NLR ≥ 2 (n = 115)
2.938
0.087
NLR ≥ 3 (n = 70)
0.746
0.388
NLR ≥ 4 (n = 44)
1.132
0.287
NLR ≥ 5 (n = 34)
2.383
0.123
NLR ≥ 6 (n = 27)
3.497
0.049
NLR ≥ 7 (n = 22)
1.379
0.240
C-reactive protein (n = 145)
CRP ≥ 0.5 (n = 72)
1.359
0.244
CRP ≥ 1.0 (n = 42)
6.653
0.010
CRP ≥ 2.0 (n = 25)
6.974
0.008

197 (87.9)
13 (5.8)
14 (6.3)
1.21 ± 0.27
8.2 ± 2.4
12.8 ± 7.6
183.4 ± 762.7
206.5 ± 1118.7
1.36 ± 2.74
3.47 ± 4.68
167 (74.6)
2.6 ± 2.4
3.2 ± 3.1
44 (21.3)
81 (42.9)
133 (59.4)
48.9 ± 37.3
(median: 68, range: 6-139)

Overall survival

χ2

P value

0.125
2.777
3.308
5.301
7.257
8.799
6.411

0.724
0.096
0.069
0.021
0.007
0.003
0.001

4.032
12.604
6.728

0.045
< 0.001
0.009

NLR: Neutrophil-lymphocyte ratio; CRP: C-reactive protein.

88.5%, 78.0% and 76.6%, respectively. During the followup period, 50 patients (22.3%) died. The cause of death
was HCC recurrence in 31 patients (62.0%), technical
complications in nine patients (18.0%), sepsis in five patients (10.0%), graft failure in three patients (6.0%), and
other causes in two patients (4.0%). The 1, 3, and 5 year
disease-free survival rates were 88.3%, 83.3% and 81.6%,
respectively. Most HCC recurrences (n = 30, 81.1%) occurred within 2 years, with 26 patients (70.3%) experiencing HCC recurrence within 1 year. Two patients (5.4%)
experienced HCC recurrence 5 years after transplantation.

1

Values shown are mean ± SD except where stated otherwise. GRWR:
Graft-to-recipient body weight ratio; MELD: Model for end-stage liver
disease; AFP: Alpha-fetoprotein; PIVKA-Ⅱ: Proteins induced by vitamin K
antagonism or absence-II; HCC: Hepatocellular carcinoma.

were compared using the Student t test. Categorical variables were analyzed using the χ 2 test. To evaluate the risk
factors for HCC recurrence, univariate analysis of risk
factors was performed using the Kaplan-Meier method
and evaluated using the log-rank test. Candidate predictors associated with a P value less than 0.2 on univariate
analysis were entered into a multivariate analysis using
Cox regression analysis. The CRP level was excluded
from the multivariate analysis because the number of
patients with an available CRP level was small compared
with other clinico-pathological variables. Subgroup analysis by the Milan criteria was also conducted. Overall survival and disease-free survival were calculated using the
Kaplan-Meier method and evaluated with the log-rank
test. Statistical analysis was performed using SPSS (Chicago, IL, United States) 18.0 for Windows. A P value <
0.05 was considered to indicate statistical significance.

Correlation between NLR and HCC recurrence after
LDLT
To determine whether an elevated NLR level was correlated with HCC recurrence after LDLT, we performed
the Kaplan-Meier analysis with the log-rank test. Using
NLR cut-offs of 1, 2, 3, 4, 5, 6 and 7 and comparing
disease-free survival and overall survival rates, we showed
that an NLR of 6 was the most significant, with a χ 2 value of 3.497 and a P value of 0.049 for disease-free survival and a χ 2 value of 8.799 and a p value of 0.003 for
overall survival (Table 2). Of the 224 patents, 27 (12.1%)
had an NLR ≥ 6.0. Total bilirubin level (P = 0.006),
Child-Pugh score (P < 0.001), MELD score (P < 0.001),
and CRP level (P = 0.035) were significantly different
between the patients with an NLR level ≥ 6.0 and those
with an NLR level < 6.0. Tumor number and maximum
tumor size, tumor biologic factors such as microvascular invasion and tumor grade, and tumor markers were
not significantly different between the two groups of
patients. Also, the NLR level was significantly correlated
with the total bilirubin level (r = 0.384, P < 0.001), ChildPugh score (r = 0.268, P < 0.001), MELD score (r = 0.419,
P < 0.001), and CRP level (r = 0.220, P = 0.008) (Table 3).

RESULTS
Patients’ characteristics
Among the 224 patients, 184 (82.1%) were male, and the
mean age was 51.9 ± 6.9 years. The most common cause
for LT was hepatitis B (n = 197, 87.9%), followed by
hepatitis C (n = 13, 5.8%) and other causes (n = 14, 6.3%).
Pretransplant locoregional treatments for HCC were
performed in 167 patients (74.6%). Of the 224 patients,
133 (59.4%) met the Milan criteria. The mean Child-Pugh
score was 8.2 ± 2.4, and the mean Model for End-stage
Liver Disease (MELD) score was 12.8 ± 7.6 (Table 1).
The median follow-up period was 68 mo (range,
6-139 mo). The 1, 3, and 5 year overall survival rates were

WJG|www.wjgnet.com

P value

Correlation between CRP and HCC recurrence after
LDLT
To determine whether the elevated CRP level was correlated with HCC recurrence after LDLT, we performed
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Table 3 Clinicopathological characteristics according to Neutrophil-lymphocyte ratio and C-reactive protein n (%)
Parameters
Mean age (yr)1
Male
Etiology (HBV)
GRWR1
Total bilirubin (g/dL)1
PT INR1
Child Pugh score1
MELD score1
AFP (ng/mL)1
NLR1
CRP (mg/dL)1
Tumor number1
Maximal tumor size1
Microvascular invasion (+)
E-S grade (Ⅲ-Ⅳ)
Beyond the Milan criteria
Pretransplant locoregional treatment

NLR < 6

NLR ≥ 6

(n = 197)

(n = 27)

51.8 ± 7.0
164 (83.2)
172 (87.3)
1.20 ± 0.27
3.8 ± 6.8
2.6 ± 15.3
7.9 ± 2.3
11.7 ± 6.8
142 ± 366
2.12 ± 1.19
1.03 ± 2.13
2.5 ± 2.3
3.10 ± 2.37
38 (21.0)
94 (57.3)
69 (36.5)
146 (74.1)

52.2 ± 6.3
20 (74.1)
25 (92.6)
1.24 ± 0.30
11.1 ± 12.5
1.7 ± 0.5
9.8 ± 2.2
20.6 ± 8.8
490 ± 1995
13.3 ± 7.79
3.55 ± 4.76
3.3 ± 2.8
4.03 ± 6.13
6 (23.1)
14 (56.0)
14 (51.9)
21 (77.8)

P value
0.748
0.243
0.345
0.495
0.006
0.771
< 0.001
< 0.001
0.383
< 0.001
0.035
0.162
0.441
0.800
0.901
0.125
0.682

CRP < 1

CRP ≥ 1

(n = 103)

(n = 42)

52.4 ± 6.9
81 (78.6)
90 (87.4)
1.21 ± 0.29
3.2 ± 5.8
1.4 ± 0.3
7.8 ± 2.4
10.9 ± 6.0
128 ± 381
2.54 ± 2.71
0.33 ± 0.29
2.7 ± 2.4
2.9 ± 1.5
20 (21.1)
38 (44.7)
39 (39.0)
81 (78.6)

52.4 ± 6.8
35 (83.3)
37 (88.1)
1.23 ± 0.26
11.5 ± 12.2
6.6 ± 33.2
9.9 ± 1.9
19.4 ± 8.9
346 ± 1593
6.15 ± 7.37
3.87 ± 4.13
2.4 ± 2.1
4.1 ± 5.8
6 (15.0)
17 (45.9)
15 (36.6)
30 (71.4)

P value
0.992
0.522
0.991
0.777
< 0.001
0.293
< 0.001
< 0.001
0.389
0.003
< 0.001
0.352
0.475
0.225
0.415
0.899
0.352

1

Values shown are mean ± SD. NLR: Neutrophil-lymphocyte ratio; CRP: C-reactive protein; HBV: Hepatitis B virus; GRWR: Graft-to-recipient body weight
ratio; PT INR: Prothrombin time international normalized ratio; MELD: Model for end-stage liver disease; AFP: Alpha-fetoprotein; E-S grade: Edmondson
grade.

(HR = 2.512; 95%CI: 0.987-6.391, P = 0.053). Also, an
NLR level ≥ 6.0 (P = 0.003), CRP level ≥ 1.0 (P < 0.001),
AFP ≥ 100 (P = 0.048), pretransplant locoregional treatment (P = 0.023), and tumor size ≥ 5 cm (P = 0.001)
were significantly associated with overall survival after
LDLT on univariate analysis. An NLR level ≥ 6.0 was an
only independent prognostic factor for poor survival on
multivariate analysis (HR = 2.896; 95%CI: 1.399-5.996, P
= 0.004) (Table 4).
We analyzed disease-free survival and overall survival
for patients according to the Milan criteria. For 133 patients (59.4%) within the Milan criteria, an NLR level ≥
6.0 was associated with decreased overall survival (P =
0.037) but was not associated with disease-free survival
(P = 0.541). A CRP level ≥ 1.0 was not associated with
disease-free survival (P = 0.797) but was associated with
decreased overall survival, but with only marginal significance (P = 0.054). A tumor size ≥ 5 cm was an only
independent prognostic factor for HCC recurrence on
multivariate analysis (HR = 6.980; 95%CI: 1.497-32.535),
P = 0.013) (Table 5).
For 91 patients (40.6%) beyond the Milan criteria,
NLR level ≥ 6.0 (HR = 3.973; 95%CI: 1.288-12.249, P =
0.016) and AFP ≥ 100 (HR = 3.619; 95%CI: 1.184-11.063,
P = 0.024) were independent risk factors for HCC recurrence after LDLT. An NLR level ≥ 6.0 was an only independent prognostic factor for poor survival on multivariate analysis (HR = 4.685; 95%CI: 1.607-13.657, P = 0.005).
A CRP level ≥ 1.0 was significantly associated with both
disease-free survival (P = 0.004) and overall survival (P =
0.001) on univariate analysis (Table 5).

the Kaplan-Meier analysis with the log-rank test. Using
CRP cut-offs of 0.5, 1.0 and 2.0 and comparing diseasefree survival and overall survival rates, we showed that a
CRP of 1.0 was the most significant, with a χ 2 value of
6.653 and a P value of 0.010 for disease-free survival and
a χ 2 value of 12.604 and a P value of less than 0.001 for
overall survival (Table 2). Of the 145 patents, 42 (29.0%)
had a CRP ≥ 1.0. Total bilirubin level (P < 0.001), ChildPugh score (P < 0.001), MELD score (P < 0.001), and
NLR level (P = 0.003) were significantly different between patients with a CRP level ≥ 1.0 and those with
a CRP level < 1.0, as with the results for NLR. Tumor
number and maximum tumor size, tumor biologic factors such as microvascular invasion and tumor grade, and
tumor markers were not significantly different between
the two groups of patients. Also, the CRP level was
significantly correlated with the total bilirubin level (r =
0.207, P = 0.012), Child-Pugh score (r = 0.216, P = 0.009),
MELD score (r = 0.272, P = 0.001), the tumor number
(r = 0.415, P < 0.001), and the NLR level (r = 0.220, P =
0.008) (Table 3).
Prognostic factors for disease free survival and overall
survival after LDLT
On univariate analysis, the NLR level ≥ 6.0 (P = 0.049),
CRP level ≥ 1.0 (P = 0.010), AFP ≥ 100 (P = 0.015),
pretransplant locoregional treatment (P = 0.017), tumor
size ≥ 5 cm (P < 0.001), and microvascular invasion (P =
0.024) were significantly associated with HCC recurrence
after LDLT. According to multivariate analysis, AFP ≥
100 (HR= 2.588, 95%CI: 1.187-5.645, P = 0.017) and tumor size ≥ 5 cm (HR = 6.014; 95%CI: 2.432-14.869, P <
0.001) were independent risk factors for HCC recurrence
after LDLT. An NLR level ≥ 6.0 was a significant risk
factor for tumor recurrence with marginal significance
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Pretransplant prognostic score model using NLR and
CRP
We established a pretransplant new prognostic factor
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Table 4 Prognostic factors for disease free survival and overall survival in the whole study population

Age ≥ 60
Male gender
Etiology (HBV)
GRWR ≥ 1.0
Child C
AFP ≥ 100
NLR ≥ 6
Pretransplant locoregional treatment
Tumor number ≥ 2
Tumor size ≥ 5 cm
Microvascular invasion (+)
E-S grade (Ⅲ-Ⅳ)
CRP ≥ 1.0 (n = 145)

Univariate
P value
0.404
0.196
0.977
0.551
0.978
0.015
0.049
0.017
0.604
< 0.001
0.024
0.172
0.010

Disease free survival
Multivariate analysis
HR (95%CI)
P value
2.086 (0.595-7.307)

0.250

2.588 (1.187-5.645)
2.512 (0.987-6.391)
4.604 (1.074-19.740)

0.017
0.053
0.040

6.014 (2.432-14.869)
1.369 (0.599-3.132)
1.040 (0.470-2.302)

< 0.001
0.456
0.923

Univariate
P value
0.723
0.411
0.775
0.639
0.810
0.048
0.003
0.023
0.913
0.001
0.074
0.082
< 0.001

Overall survival
Multivariate analysis
HR (95%CI)
P value

1.567 (0.822-2.987)
2.896 (1.399-5.996)
1.946 (0.804-4.713)

0.172
0.004
0.140

2.206 (0.968-5.028)
1.554 (0.769-3.141)
1.371 (0.715-2.630)

0.060
0.220
0.342

HBV: Hepatitis B virus; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; NLR: Neutrophil lymphocyte ratio; E-S grade: Edmondson
grade; CRP: C-reactive protein.

Table 5 Prognostic factors for disease free survival and overall survival in patients with hepatocelluar carcinoma according to the
Milan criteria

Univariate
P value
Within the Milan criteria
AFP ≥ 100
NLR ≥ 6
Pretransplant locoregional treatment
Tumor number ≥ 2
Tumor size ≥ 5 cm
Microvascular invasion (+)
E-S grade (Ⅲ-Ⅳ)
CRP ≥ 1.0 (n = 145)
Beyond the Milan criteria
AFP ≥ 100
NLR ≥ 6
Pretransplant locoregional treatment
Tumor number ≥ 2
Tumor size ≥ 5 cm
Microvascular invasion (+)
E-S grade (Ⅲ-Ⅳ)
CRP ≥ 1.0 (n = 145)

0.475
0.541
0.193
0.764
< 0.001
0.619
0.835
0.797
0.058
0.034
0.096
0.001
< 0.001
0.226
0.083
0.004

Disease free survival
Multivariate analysis
HR (95%CI)
P value

2.126 (0.587-7.710)

0.251

6.980 (1.497-32.535)

0.013

3.619 (1.184-11.063)
3.973 (1.288-12.249)
0.429 (0.108-1.701)
3.753 (0.901-15.626)

0.024
0.016
0.972
0.228
0.069

2.191 (0.697-6.884)

0.179

Univariate
P value
0.471
0.037
0.257
0.459
0.681
0.307
0.592
0.054
0.082
0.045
0.086
0.016
0.003
0.318
0.067
0.001

Overall survival
Multivariate analysis
HR (95%CI)
P value

2.509 (0.945-6.658)

0.065

2.456 (0.888-6.793)
4.685 (1.607-13.657)
0.493 (0.121-2.001)
2.354 (0.587-9.449)

0.083
0.005
0.971
0.322
0.227

2.618 (0.895-7.651)

0.079

HBV: Hepatitis B virus; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; NLR: Neutrophil lymphocyte ratio; E-S grade: Edmondson
grade; CRP: C-reactive protein.

meeting the Milan criteria, the disease-free survival and
the overall survival were not significantly different according to the prognostic score model using NLR and
CRP. For patients beyond the Milan criteria, the diseasefree survival and the overall survival were significantly
superior in patients with a score of 0 compared to those
in patients with a score of 2 (P = 0.004 and P = 0.001,
respectively) (Figure 1).

score model based on the results for NLR and CRP.
Each factor (NLR level ≥ 6.0 or CRP level ≥ 1.0) was
given a score of 1, after which patients were divided into
three groups according to prognostic scores: those with
NLR level < 6.0 and CRP level < 1.0 [score 0, n = 97
(66.9%)], those with NLR level ≥ 6.0 or CRP level ≥
1.0 [score 1, n = 35 (24.1%)], and those with NLR level
≥ 6.0 and CRP level ≥ 1.0 [score 2, n = 13 (9.0%)]. The
disease-free survival for patients with a score of 1 or 2
was significantly lower than that for patients with a score
of 0 (P = 0.045 and P = 0.006, respectively). The overall survival for patients with a score of 1 or 2 was also
significantly lower than that for patients with a score of
0 (P = 0.001 and P = 0.002, respectively). For patients
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DISCUSSION
LT is considered an ideal treatment for selected patients
with HCC because it can treat not only the tumor but
also the underlying liver disease. Since the introduction

6598

June 7, 2014|Volume 20|Issue 21|

Na GH et al . NLR and CRP as selection criteria
1.0

Disease free survival

NPF = 0 (n = 97)

NPF = 1 (n = 35)

0.8

0.8
NPF = 1 (n = 35)

NPF = 2 (n = 13)
0.6
0.4
0.2
0.0

1 yr
3 yr
5 yr
NPF = 0 94.6% 90.6% 90.6% P value
1
2
NPF = 1 81.5% 77.5% 77.5%
0
0.045 0.006
NPF = 2 66.6% 66.6% 66.6%
1
0.340
0

B

1.0

NPF = 0 (n = 97)

12

24

36
t (mo)

48

Overall survival

A

NPF = 2 (n = 13)

0.4
0.2
0.0

1 yr
3 yr
5 yr
NPF = 0 94.7% 87.6% 82.8% P value
1
2
NPF = 1 75.5% 57.5% 57.5%
0
0.001 0.002
NPF = 2 69.2% 60.6% 60.6%
1
0.508
0

60

NPF = 2 (n = 5)

1.0

0.6

12

24

36

0.0

0

C

12

24

36

t (mo)

0.4

0.0

60

1 yr
3 yr
5 yr
NPF = 0 92.5% 87.8% 84.7% P value
1
2
NPF = 1 75.7% 60.0% 60.0%
0
0.130 0.371
NPF = 2 80.0% 80.0% 80.0%
1
0.551
0

NPF = 0 (n = 38)

NPF = 1 (n = 8)
NPF = 2 (n = 8)

0.4

0.0

NPF = 1 (n = 26)

12

1.0

0.6

0.2

NPF = 2 (n = 5)

0.6

0.2

1.0
0.8

Disease free survival

48

Overall survival

1 yr
3 yr
5 yr
NPF = 0 96.2% 96.2% 96.2% P value
1
2
NPF = 1 88.0% 88.0% 88.0%
0
0.223 0.562
NPF = 2 100.0% 100.0% 100.0%
1
0.462

0.8

1 yr
3 yr
5 yr
NPF = 0 92.1% 80.5% 80.5% P value
1
2
NPF = 1 71.4% 57.1% 57.1%
0
0.138 0.004
NPF = 2 46.9% 46.9% 46.9%
1
0.467
0

12

24

36

t (mo)

48

24

36

48

t (mo)

60

NPF = 0 (n = 38)

0.8
Overall survival

Disease free survival

0.4
0.2

NPF = 0 (n = 56)

NPF = 1 (n = 26)

0.6

60

1.0

NPF = 0 (n = 56)
0.8

48

t (mo)

NPF = 1 (n = 8)

0.6

NPF = 2 (n = 8)

0.4
0.2
0.0

60

1 yr
3 yr
5 yr
NPF = 0 94.7% 91.4% 76.1% P value
1
2
NPF = 1 85.7% 57.1% 57.1%
0
0.090 0.001
NPF = 2 62.5% 46.9% 46.9%
1
0.287
0

12

24

36

t (mo)

48

60

Figure 1 Disease free survival and overall survival according to the new prognostic factor score model. Based on the results for neutrophil-lymphocyte ratio
and C-reactive protein; each factor (neutrophil-lymphocyte ratio level ≥ 6.0 or CRP level ≥ 1.0) was given a score of 1. A: Whole population; B: Within the Milan criteria; C: Beyond the Milan criteria. NPF: New prognostic factor.

of the Milan criteria by Mazzaferro et al[3] in 1996, the
disease-free survival and overall survival after LT for
patients with HCC meeting the Milan criteria have been
equivalent to those of non-HCC patients. LT has become
the treatment of choice for cirrhotic patients with HCC.
However, there are some limitations in the Milan criteria
that must be adopted in the standard selection criteria for
HCC patients. First, the Milan criteria depend exclusively
on tumor size and number of pretransplant radiologic
evaluations. Many reports have demonstrated that tumor
biology such as microvascular invasion and tumor dif-
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ferentiation[10,11] and pretransplant tumor markers such
as AFP and PIVKA-Ⅱ[12,13] affect HCC recurrence after
LT. Second, because the Milan criteria are so strict, many
patients who may benefit from LT will be rejected. Many
centers have reported good results despite expansion
of the selection criteria[14,15]. Therefore, it is important
to establish more appropriate selection criteria for LT
candidates with HCC. The aim of the present study was
to identify new factors related to DFS and OS after LT
in order to expand the selection criteria in patients with
HCC.
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Inflammation is a critical component of tumor progression[6,16]. Many cancers generate from sites of infection, chronic irritation and inflammation. This process is
thought to be related to upregulation of cytokines and
inflammatory mediators. Inflammation promotes the
proliferation and survival of tumor cells and angiogenesis and provides a good microenvironment for tumor
growth[17]. It is reported that proinflammatory cytokines
such as TNF, IL-1, and IL-6 as well as tumor associated
macrophages and IL-17 are involved in this inflammatory process[18,19]. However, it is difficult to measure these
cytokines and factors routinely before transplantation.
NLR and CRP have been suggested as surrogate markers which can be easily measured preoperatively. An
elevated NLR level is associated with poor outcomes in
patients with several types of malignant tumors, including colorectal cancer[20], pancreatic cancer[21], intrahepatic
cholangiocarcinoma[22], and HCC[7]. Furthermore, an
elevated NLR is related to a poor prognosis in patients
undergoing LT for HCC[23,24]. Also, a high CRP level has
been shown to be significantly correlated with a poor
outcome in patients undergoing hepatic resection for
HCC[25,26].
In the present study, the pretransplant NLR and CRP
level were predictive of disease-free survival and overall
survival after LT in patients with HCC. These factors
correlated with hepatic functional parameters such as
the MELD score and Child-Pugh score rather than tumor size and number, and were more relevant to overall
survival than disease-free survival. Also, the subgroup
analysis using the Milan criteria showed that there were
more significant differences in disease-free survival and
overall survival of patients with HCC beyond the Milan criteria. Because the Milan criteria that adopted the
standard selection criteria for HCC patients are so strict,
many patients are excluded from LT who could actually
benefit greatly from the transplantation. However, the
new score model used in this study may help to identify
patients with HCC who could benefit most from LT, beyond the limitations imposed by the Milan criteria. The
present study is the first report to analyze NLR and CRP
levels together and to compare both factors. A new score
model using these factors may help to predict disease-free
survival and overall survival after LDLT in patients with
HCC. Our findings showed that the CRP level was more
powerful than the NLR level in predicting disease-free
survival and overall survival after LDLT in patients with
HCC. However, in the present study, the sample size for
the CRP level was smaller than that for the NLR level. If
the sample size for the CRP level was increased, better
results may be obtained.
There were some limitations to this study. First, it was
of a retrospective design. The pretransplant CRP level
was not measured routinely until 2006. Thus, the sample
size available for the pretransplant CRP level was smaller
than the sample sizes for the other data. Second, pretransplant NLR and CRP levels may have been affected
by various clinical factors (including preoperative sepsis,
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recent pretransplant locoregional treatments, and massive
alimentary bleeding). We attempted to reduce these confounding factors that can result in falsely elevated NLR
and CRP through careful pretransplant examination.
In conclusion, pretransplant NLR and CRP levels
are useful biomarkers to predict disease-free survival and
overall survival after LDLT in patients with HCC. These
factors are more useful in patients with HCC beyond the
Milan criteria than in patients with HCC who meet the
Milan criteria. Our score model may assist in the selection
of patients with HCC who would benefit from LDLT,
but would otherwise have been excluded by the Milan
criteria.
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RETROSPECTIVE STUDY

Hematologic diseases: High risk of Clostridium difficile
associated diarrhea
Tae-Geun Gweon, Myung-Gyu Choi, Myong Ki Baeg, Chul-Hyun Lim, Jae Myung Park, In Seok Lee, Sang Woo
Kim, Dong-Gun Lee, Yeon Joon Park, Jong Wook Lee
METHODS: We retrospectively reviewed the medical
records of patients who underwent C. difficile testing
in a tertiary hospital in 2011. The incidence and risk
factors for CDAD and its clinical course including recurrence and mortality were assessed in patients with hematologic disease and compared with those in patients
with nonhematologic disease.
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RESULTS: About 320 patients were diagnosed with
CDAD (144 patients with hematologic disease; 176
with nonhematologic disease). The incidence of CDAD
in patients with hematologic disease was estimated to
be 36.7 cases/10000 patient hospital days, which was
higher than the 5.4 cases/10000 patient hospital days
in patients with nonhematologic disease. Recurrence of
CDAD was more frequent in patients with hematologic
disease compared to those with nonhematologic disease (18.8% vs 8.5%, p < 0.01), which was associated
with higher re-use of causative antibiotics for CDAD.
Mortality due to CDAD did not differ between the two
groups. Multivariate analysis showed that intravenous
immunoglobulin was the only significant factor associated with a lower rate of recurrence of CDAD in patients with hematologic disease.
CONCLUSION: The incidence and recurrence of CDAD
was higher in patients with hematologic disease than in
those with nonhematologic disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clostridium difficile associated diarrhea;
Incidence; Clinical outcome; Patients with hematologic
disease; Intravenous immunoglobulin

Abstract

Core tip: Our study included a large number of Clostridium difficile associated diarrhea (CDAD) patients

AIM: To investigate the incidence and clinical outcome
of Clostridium difficile (C. difficile ) associated diarrhea
(CDAD) in patients with hematologic disease.
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at a dedicated hematopoietic stem cell transplantation
center, which is one of the most renown centers for
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transplantation carried out in 2011, which was the highest
number in Asia. CDAD was defined as a combination of
toxigenic stool culture (chromID C. difficile; bioMérieux,
Marcy l’Etoile, France) and the presence of diarrhea of
3 unformed stools in 24 h[11]. The toxin assay was conducted by either enzyme immunoassay (Wampole Tox
A/B Quik Chek; Alere, Orlando, FL, United States) or
polymerase chain reaction to detect toxin genes (tcdA,
tcdB, cdtA, cdtB).
Exclusion criteria were as follows: (1) communityacquired CDAD, defined as onset of diarrhea within 48
h of hospital admission[11]; (2) patients with loose stools
or diarrhea fewer than 3 times a day; and (3) patients
with inadequate medical records. The incidence and
risk factors for CDAD and its clinical course including recurrence and mortality were assessed in patients
with hematologic disease and compared with those in
patients with nonhematologic disease. Risk factors for
recurrence of CDAD were investigated in patients with
hematologic disease. This study protocol was approved
by the Institute Review Board of Seoul St. Mary’s Hospital.

the treatment of hematologic diseases. The incidence
and recurrence of CDAD was higher in patients with
hematologic disease than in those with nonhematologic
disease. This might be related to higher use of antibiotics. Use of intravenous immunoglobulin was associated
with a lower CDAD recurrence rate. Based on our data,
we suggest that physicians should be more aware of
the higher incidence and rate of recurrence of CDAD in
patients with hematologic disease.
Gweon TG, Choi MG, Baeg MK, Lim CH, Park JM, Lee IS, Kim
SW, Lee DG, Park YJ, Lee JW. Hematologic diseases: High risk
of Clostridium difficile associated diarrhea. World J Gastroenterol
2014; 20(21): 6602-6607 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6602.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6602

INTRODUCTION
Diarrhea is a common problem in patients with hematologic disease. Major causes of diarrhea include graft-versus-host disease, anticancer chemotherapy, and infections
such as Clostridium difficile (C. difficile), Escherichia coli and
cytomegalovirus[1,2]. Patients with hematologic disease are
susceptible to C. difficile associated diarrhea (CDAD) because of their frequent antibiotic use, prolonged duration
of hospital stay, and chemotherapy-induced disruption
of the intestinal mucosa[3-7]. Prophylactic and empirical
use of broad spectrum antibiotics is the common treatment for neutropenic fever patients with hematologic disease[8,9]. It is difficult for most patients with hematologic
disease and CDAD to discontinue treatment with broad
spectrum antibiotics. From this perspective, the incidence and the clinical outcome of CDAD in hematologic
disease might be different from that in nonhematologic
disease. The incidence of CDAD in patients with hematologic disease has been reported to be 7.0%-14%[4,6,7,10].
However, most studies have dealt with a small number of
patients and some studies only included patients receiving hematopoietic stem cell transplantation[4,6,7]. The aims
of this study were to evaluate the incidence of CDAD in
patients with hematologic disease and to assess factors
associated with its clinical outcome.

Methods
Demographic information, risk factors for CDAD,
medications, and hospitalization information during the
previous 60 d were investigated in patients with CDAD.
Blood samples taken within 2 d of testing for C. difficile
were used in the analysis. Admission days and antibiotic
duration were calculated from the sum of hospital days
during the 60 d prior to the index C. difficile test. Recurrence was defined as presence of diarrhea and positive
toxigenic stool culture at least 2 wk after resolution of
CDAD. Severe CDAD was defined as the presence of
any of the following: (1) leukocytosis with white blood
cell (WBC) count ≥ 15000/mm3; (2) acute kidney injury
(AKI), serum creatinine ≥ 1.5 × baseline creatinine;
and (3) hypoalbuminemia with serum albumin < 2.5
g/dl[11,12]. Antibiotic use was defined as the use of any
antimicrobial agents once or more during the 60 d prior
to the index C. difficile test. Concomitant medication was
defined as the use of such agents for more than 5 d during the 60 d prior to the index C. difficile test.
Statistical analysis
The incidence, risk factors, and clinical course of CDAD
were compared between the two groups. For this analysis,
we used a t test for continuous variables and a χ 2 test or
F test for categorical variables. The incidence of hospitalacquired CDAD was calculated as the total number of
CDAD cases per 10000 patient hospital days. In patients
with hematologic disease, factors possibly related to recurrence of CDAD were investigated in univariate and
multivariate logistic regression models. Odds ratio and
95% confidence intervals were calculated for each risk
factor. A p value < 0.05 was considered significant. All
statistical analyses were conducted using SAS software
(SAS Institute, Cary, NC, United States).

MATERIALS AND METHODS
Study population
Between January 2011 and December 2011, 53334 patients (hematologic disease patients 2061; nonhematologic disease patients 51273) were admitted to Seoul St.
Mary’s Hospital, a tertiary university-affiliated hospital in
South Korea. Among them, we retrospectively reviewed
the medical records of patients who underwent C. difficile
testing during the same period. Our hospital is one of
the most renown centers for the treatment of hematologic diseases with 360 cases of hematopoietic stem cell
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Table 1 Demographic characteristics and risk factors for

Table 2 Antibiotic use of the study subjects n (%)

Clostidirium difficile associated diarrhea of the study subjects
n (%)
Characteristics
Male
Age (mean ± SD)
Body mass index
(mean ± SD), kg/m2
Charlson score
WBC (mean ± SD)/mm3
ANC (mean ± SD)/mm3
Neutropenia
Total hospital days within
60 d
Previous anti-cancer
chemotherapy
Antibiotics
Use of antibiotics
Number of antibiotics
Days of antibiotics
Concomitant medications
Anti-fungal agents
Acyclovir, ganciclovir
Proton pump inhibitor
H2 antagonist
Toxin assay
Toxin A + B
Toxin B
Toxin A + B + binary
toxin
Pseudomembranous
colitis

HD
(n = 144)

NHD
(n = 176)

P value

84 (58.3)
47.4 ± 17.2
22.4 ± 3.4

102 (58.0)
65.2 ± 16.0
20.4 ± 7.1

0.90
< 0.01
< 0.01

2.3 ± 1.0
3093.6 ± 3879.1
2014.7 ± 3052.4
67 (46.5)
22.2 ± 13.9

4.0 ± 2.5
9160.0 ± 6252.1
6843.2 ± 5473.9
4 (2.3)
23.1 ± 17.0

< 0.01
< 0.01
<0.01
<0.01
0.62

139 (96.5)

60 (34.1)

< 0.01

142 (98.6)
4.0 ± 1.6
27.8 ± 15.7

166 (94.3)
2.6 ± 1.6
17.3 ± 13.9

0.07
< 0.01
< 0.01

111 (77.1)
44 (31.7)
62 (43.1)
71 (51.1)

21 (11.9)
7 (4.0)
56 (31.8)
91 (45.3)

< 0.01
< 0.01
0.04
0.67
0.30

111 (77.1)
26 (18.1)
7 (4.9)

132 (75.0)
40 (22.7)
4 (2.3)

7/31 (22.6)

16/32 (50)

HD
(n =144)

NHD
(n =176)

P value

Cephalosporin
Aminoglycoside
Quinolone
Carbapenem
Glycopeptide
β lactam/β lactamase inhibitor
TMP/SMX
Macrolide

128 (88.9)
96 (66.7)
99 (68.9)
58 (40.3)
43 (29.9)
40 (27.8)
30 (20.8)
16 (11.1)

119 (67.6)
34 (19.3)
63 (35.8)
39 (22.2)
47 (26.7)
82 (46.6)
9 (5.1)
19 (10.8)

< 0.01
< 0.01
< 0.01
< 0.01
0.53
< 0.01
< 0.01
0.93

HD: Hematologic disease; NHD: Nonhematologic disease; TMP/SMX,
Trimethoprim/sulfamethoxazole.

disease were as follows: solid organ cancer 62, infection
(pneumonia or acute pyelonephritis or cholecystitis) 42,
cardiovascular disease 20, cerebrovascular disease 16,
musculoskeletal disease 9, chronic kidney disease or liver
cirrhosis 12, abdominal organ surgery 4, others 11. Patients with hematologic disease were younger and had a
higher body mass index and lower Charlson comorbidity
score than patients with nonhematologic disease (Table 1).
WBC counts and absolute neutrophil counts were lower
in patients with hematologic disease.
Almost all patients with hematologic disease had
received previous anticancer chemotherapy. The percentage of the patients who received antibiotic therapy did
not differ significantly between the two groups (98.6%
vs 94.3%, p = 0.07). However, the total number of antibiotics administered and the duration of antibiotic treatment were higher in patients with hematologic disease
than in patients with nonhematologic disease (p < 0.01).
Cephalosporin, quinolone, and carbapenem were used in
88.9%, 68.9% and 40.3%, respectively, of patients with
hematologic disease, which was significantly higher than
the rate in patients with nonhematologic disease (Table
2). Concomitant use of an antifungal agent and antiviral
agents (acyclovir, ganciclovir) was higher in patients with
hematologic disease. Use of a proton pump inhibitor
(PPI) was higher in patients with hematologic disease, but
use of an H2 antagonist was not. The results of the toxin
assay did not differ between the two groups.

0.02

CDAD: Clostidirium difficile associated diarrhea; HD: Hematologic disease;
NHD: Nonhematologic disease.

RESULTS
Incidence of CDAD
In 2011, 2106 patients were tested for C. difficile, 408 of
whom had toxigenic C. difficile. Eighty-eight patients were
excluded for the following reasons: 14 with community
acquired CDAD, 20 with inadequate medical records and
54 with diarrhea or loose stools fewer than 3 times per
day. Three hundred and twenty patients were diagnosed
with CDAD, of whom 144 had hematologic disease and
176 nonhematologic disease. Total episodes of CDAD
was 174 in the hematologic disease group and 194 in the
nonhematologic disease group. The overall incidence of
CDAD in our hospital was 9.1 cases/10000 patient hospital days. The incidence of CDAD in patients with hematologic disease was 36.7 cases/10000 patient hospital
days, which was higher than that in patients with nonhematologic disease (5.4 cases/10000 patient hospital days).

Clinical course of CDAD
Treatment of CDAD included cessation of causative antibiotics, metronidazole and oral vancomycin. Initial treatments for CDAD did not differ between the two groups
(Table 3). The rate of additional use of causative antibiotics was higher in patients with hematologic disease (p <
0.01), as was the rate of concomitant use of intravenous
immunoglobulin (p < 0.01). Severe CDAD was less common in patients with hematologic disease. Overall mortality (16.0% vs 16.5%, p = 0.90) and mortality attributable
to CDAD (0.7% vs 0.6%, p = 0.89) within 1 mo did not
differ between the two groups. The rate of recurrence of
CDAD in patients with hematologic disease was 18.8%,
which was higher than that in patients with nonhematologic disease (8.5%).

Demographic characteristics and risk factor for CDAD
Patients with hematologic disease group were comprised
as follows: acute myeloid leukemia 62, acute lymphoid
leukemia 32, lymphoma 14, multiple myeloma 14, myelodysplastic syndrome 11, others 11. Among them, 56
patients underwent hematopoietic stem cell transplantation. Comorbidities of patients with nonhematologic
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logic disease was associated with higher additional use of
causative antibiotics for CDAD[17]. Multivariate analysis
revealed that intravenous immunoglobulin was the only
significant preventative factor for recurrence of CDAD
in patients with hematologic disease.
Well-known risk factors for CDAD are older age, use
of PPI, prolonged duration of hospital stay, comorbidity, and antibiotics[18]. Despite the younger age and lower
Charlson comorbidity score of the patients with hematologic disease in our study, their incidence of CDAD
was higher than that in patients with nonhematologic
disease. This might be related to their previous anticancer
chemotherapy and higher number of antibiotics with
longer treatment duration. Febrile neutropenia is a common complication of chemotherapy and hematopoietic
stem cell transplantation in patients with hematologic
disease[19]. Broad spectrum antibiotics are routinely prescribed to prevent and to treat neutropenic fever[2,8,9].
In South Korea, fourth generation cephalosporin and
aminoglycoside are also commonly used for empirical
therapy in neutropenic fever[20]. Cumulative exposure to
antibiotics increases the risk of CDAD[21]. Cephalosporin, quinolone, and carbapenem were the antibiotics most
frequently associated with CDAD[18,22,23], and were used in
88.9%, 68.9% and 40.3%, respectively, of the patients in
this study with hematologic disease, a significantly higher
rate than in patients with nonhematologic disease. Use
of PPI was higher in patients with hematologic disease,
which might increase the risk of CDAD[24,25].
In our study, risk factors associated with the recurrence of CDAD in patients with hematologic disease
were low WBC count, number of neutropenia, toxin A +
B, continuous use of causative antibiotics for CDAD, and
lower use of intravenous immunoglobulin in univariate
analysis. Interestingly, use of intravenous immunoglobulin was the only factor associated with fewer recurrences
of CDAD in multivariate anaylsis. Intravenous immunoglobulin had been used as adjuvant therapy for infection,
and is routinely administered in hematopoietic stem cell
transplantation[2,26,27]. Several studies have reported that
intravenous immunoglobulin is a promising adjuvant
therapy for CDAD. However, its therapeutic efficacy
against CDAD remains controversial, although monoclonal antibodies targeting C. difficile toxin were effective
for prevention of CDAD recurrence[28-31]. Given our data
showing a favorable effect of intravenous immunoglobulin, further study is needed to investigate its use in treatment of CDAD in patients with hematologic disease.
Mortality due to CDAD did not differ between the two
groups. Mortality due to CDAD is less common in Korea
than in Western countries, which might be explained by
the fact that there has been no outbreak of the hypervirulent B1/NAP1/027 strain in South Korea[13,32].
Due to the retrospective design, some patients might
have been omitted from C. difficile testing which is a limitation of our study.
This study was a large-scale single-center study comparing CDAD in patients with hematologic disease with

Table 3 Treatment and clinical course of the study subjects
n (%)
Characteristics

HD
NHD
P value
(n =144) (n =176)

Treatment
Cessation of causative antibiotics
42 (29.2)
for CDAD
Metronidazole
95 (66.0)
Oral vancomycin
7 (4.9)
Additional use of causative antibiotics 109 (75.7)
for CDAD
Continuous use
67 (46.5)
Re-use
42 (29.2)
Concomitant use of IVIG
80 (55.6)
Severe CDAD
11 (7.6)
Leukocytosis
3 (2.1)
Hypoalbuminemia
5 (3.5)
AKI
3 (2.1)
Clinical outcome
Overall mortality within 1 mo
23 (16.0)
Mortality due to CDAD within 1 mo
1 (0.7)
Recurrence
27 (18.8)

0.82
57 (32.4)
111 (63.1)
8 (4.5)
79 (44.9)

< 0.01

22 (12.5)
57 (32.4)
11 (6.3)
43 (24.4)
18 (10.2)
31 (17.6)
11 (6.3)

< 0.01
< 0.01
< 0.01
< 0.01
0.10

29 (16.5)
1 (0.6)
15 (8.5)

0.90
0.89
< 0.01

HD: Hematologic disease; NHD: Nonhematologic disease; CDAD:
CDAD: Clostidirium difficile associated diarrhea; IVIG: Intravenous
immunoglobulin; AKI: Acute kidney injury.

Factors projecting recurrence of CDAD in patients with
hematologic disease
Univariate analysis showed that a low WBC count, neutropenia, toxin A + B, toxin B, and additional use of
causative antibiotics were significantly associated with recurrence. Use of intravenous immunoglobulin was higher
in patients with nonrecurrence. Multivariate analysis demonstrated that intravenous immunoglobulin was the only
significant factor associated with reduced recurrence of
CDAD (Table 4).

DISCUSSION
The annual incidence of CDAD at our hospital was 9.0
cases/10000 patient hospital days, which was comparable
to a previous report from a single tertiary hospital in
South Korea (7.2 cases/10000 patient hospital days)[13].
The incidence of CDAD in Korea seems to be lower
than in Western countries. One study from Canada reported the incidence of hospital-acquired CDAD as 28.1
cases/10000 patient hospital days[14]. The higher incidence of CDAD in Western countries might be associated with a higher prevalence of the hypervirulent strain
B1/NAP1/027[3,15,16], which comprises up to 60% of
hospital-acquired CDAD in Western countries[14,16] compared with 2.1% of CDAD reported in South Korea[13].
At a single tertiary center in Korea, the incidence of
CDAD in patients with hematologic disease was estimated to be 36.7 cases/10000 patient hospital days, which
was higher than the 5.4 cases/10000 patient hospital days
in patients with nonhematologic disease. CDAD recurrence was more frequent in patients with hematologic
disease than in patients with nonhematologic disease.
Higher recurrence of CDAD in patients with hemato-
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Table 4 Comparison of recurrent vs non-recurrent Clostidirium difficile associated diarrhea in the hematologic disease group n (%)
Characteristics
Male
Age (mean ± SD)
Body mass index (mean ± SD), kg/m2
Total hospital days within 60 d
Charlson score
Antibiotics
Use of antibiotics
Number of antibiotics
Duration of antibiotics
WBC (mean ± SD)/mm3
ANC (mean ± SD)/mm3
Neutropenia
Severe CDAD
Toxin assay
Toxin A + B
Toxin B
Toxin A + B + binary toxin
Treatment for CDAD
Metronidazole or vancomycin
Discontinuation of causative antibiotics
IVIG
Additional use of causative antibiotics for CDAD
Continuous use
Re-use

Recurrent

Single episode

Univariate analysis

n =27

n =117

P value

13 (48.1)
47.5 ± 16.0
22.3 ± 3.6
24.3 ± 12.9
2.5 ± 1.7

71 (60.7)
47.3 ± 17.6
22.4 ± 3.4
21.8 ± 14.1
2.2 ± 0.8

27 (100)
115 (98.3)
4.2 ± 1.4
4.0 ± 1.7
27.8 ± 13.3
27.8 ± 16.2
1326.7 ± 1813.7 3501.4 ± 4113.1
751.1 ± 1224.5 2306.2 ± 3269.9
17 (63.0)
50 (42.7)
2 (7.4)
9 (7.7)
26 (96.2)
0 (0.0)
1 (3.7)

85 (72.6)
26 (22.2)
6 (5.1)

20 (74.1)
7 (25.9)
8 (29.6)
27 (100.0)
20 (74.1)
7 (25.9)

82 (70.1)
35 (29.9)
72 (61.5)
82 (70.1)
47 (40.2)
35 (29.9)

Multivariate analysis

P value

Odds ratio (95%CI)

0.23
0.93
0.87
0.89
0.13
0.49
0.57
1.0
< 0.01
0.02
0.04
1.0

0.50
0.83
0.87

1.0 (0.998-1.003)
1.0 (0.997-1.002)
1.13 (0.37-4.74)

< 0.01
< 0.01
1.0
0.68

0.87
1.00

0.82 (0.8-8.8)
0

< 0.01
< 0.01

< 0.01
1.00

0.24 (0.09-0.65)
0

CDAD: Clostidirium difficile associated diarrhea; WBC: White blood cell; ANC: Absolute neutrophil count; IVIG: Intravenous immunoglobulin.

disease.

that in patients with nonhematologic disease. Our study
showed that the incidence of hospital-acquired CDAD
in patients with hematologic disease was about six times
higher than that in patients with nonhematologic disease,
and that CDAD recurrence was more frequent in patients
with hematologic disease. Use of intravenous immunoglobulin was associated with a lower CDAD recurrence
rate. Based on our data, we suggest that physicians should
be more aware of the higher incidence and rate of recurrence of CDAD in patients with hematologic disease.

Peer review

The authors have retrospectively investigated the incidence and clinical outcome of CDAD in patients with hematologic disease and compared them with
those in patients with nonhematologic disease in a large-scale single center
setting. The data are interesting and provide some reference in clinical practice.
The increased incidence of CDAD in hematologic diseases was shown and the
multivariate analysis revealed that intravenous immunoglobulin-injected patients
showed less frequent recurrence of CDAD in hematologic disease patients.
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RESULTS: The sensitivity, specificity, and accuracy
of FDG PET/CT were 95.2%, 82.6%, and 92.5%, and
94.8%, 81.4% and 92.8%, respectively, in the caseand lesion-based analyses. The sensitivity and accuracy
of FDG PET/CT significantly differed from CT in both
2
2
analyses (χ = 8.186, P = 0.004; χ =6.201, P = 0.013;
2
2
χ =13.445, P = 0.000; χ =11.194, P = 0.001). In the
lesion-based analysis, the sensitivity, specificity, and accuracy of FDG PET/CT in the abnormal CEA group were
97.8%, 82.6%, and 95.6%, compared with 81.3%,
80%, and 80.6% for patients with normal CEA levels.
In case-based analysis, the sensitivity, specificity, and
accuracy of FDG PET/CT were 97.2%, 77.8%, and 95%
in abnormal CEA group. Only in lesion-based analysis,
the sensitivity and accuracy of FDG PET/CT in the abnormal CEA group were significantly superior to those
2
2
in the normal CEA group (χ =6.432, P = 0.011; χ
=7.837, P = 0.005). FDG PET/CT changed the management in 45.8% of patients with positive scans.
CONCLUSION: FDG PET/CT showed superior diagnostic value and is an advisable option in surveillance of
postoperative CRC patients with a vague diagnosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Colorectal cancer; Carcinoembryonic antigen; Fluorodeoxyglucose positron emission tomography/computed tomography; Recurrence; Metastasis

AIM: To evaluate the value of positron emission tomography (PET)/computerized tomography (CT) in surveillance of colorectal cancer (CRC) patients with different carcinoembryonic antigen (CEA) concentrations.

Core tip: In this paper, fluorodeoxyglucose (FDG) positron emission tomography (PET)/computerized tomography (CT) showed an excellent diagnostic performance
and its sensitivity and accuracy were significantly superior to those of CT. FDG PET/CT changed the management in some metastatic patients who might obtain the
chance for a second remission. The study also showed

METHODS: One hundred and six postoperative CRC
patients who had suspected recurrence or metastasis
and received fluorodeoxyglucose (FDG) PET/CT within
one week were included in this study. The final diagnosis was confirmed by histological examination or clinical
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that FDG PET/CT was effective similarly in the patients
with normal and abnormal carcinoembryonic antigen
(CEA) levels but had a tendency to increase with the
CEA level. FDG PET/CT was an advisable option for
surveillance of postoperative colorectal cancer (CRC)
patients with a vague diagnosis and should be recommended in surveillance of post-operative CRC patients
even with normal CEA.

Table 1 Characteristics of patients in the study

Male/female
Age (yr, median)
Primary site
Colon
Rectum
Pathological type
Adenocarcinoma
Adenosquamous carcinoma
Squamous cell carcinoma
Mucinous adenocarcinoma
Therapy
Operation
Operation and chemotherapy
Operation and radiotherapy
Operation, chemotherapy and radiotherapy

Zhang Y , Feng B, Zhang GL, Hu M, Fu Z, Zhao F, Zhang XL,
Kong L, Yu JM. Value of 18F-FDG PET-CT in surveillance of
postoperative colorectal cancer patients with various carcinoembryonic antigen concentrations. World J Gastroenterol 2014;
20(21): 6608-6614 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i21/6608.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6608

71/35
27-75 (56)
42
64
94
2
1
9
21
13
37
35

the early detection of recurrence and metastases in CRC
patients with elevated CEA[2,10]. Recently, it has been reported that PET/CT showed a high-positive predictive
value for metastases in postoperative colorectal cancer
patients with normal CEA levels[6,11]. However, due to
some limitations in previous studies, such as small number
of patients and unsatisfactory statistic analysis, the clinical
value and efficacy of FDG PET/CT in surveillance are
not yet fully established.
In this retrospective study, we aimed to evaluate the
diagnostic performance of 18F-FDG PET/CT in surveillance of postoperative CRC patients as compared with
CT and to investigate the role of FDG PET/CT in patients with different CEA concentrations.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
cancer entities worldwide[1]. Despite the fact that 70% of
the patients have a chance of radical operation, 30%-50%
of them will develop metastasis or local recurrence
within two years after operation[2,3]. For CRC patients,
both local recurrence and metastasis can be addressed by
reoperation. Only 10%-30% of recurrent patients can be
treated by salvage surgery[4,5], but curative-intent surgeries
are associated with a 5-year survival rate of 30%-40% in
selected patient populations with single organ metastasis[6]. Thus, the surveillance of postoperative colorectal
cancer should enhance the proportion of resectable cases
by early detection of the recurrence and metastasis in order to improve the survival of CRC patients.
The surveillance is usually performed by a regular
physical examination, determination of the serum carcinoembryonic antigen (CEA) level, colonoscopy, and
conventional imaging techniques such as ultrasound of
the liver, contrast-enhanced computerized tomography
(ceCT) and magnetic resonance imaging (MRI). It remains
unverified what strategy can provide significant survival
benefits in routine follow-up of CRC patients[7,8]. Serum
CEA is generally used as a tumor marker and CEA elevation predicts a high risk of recurrence and poor survival
for CRC[9]. Elevated CEA values can not provide any accurate information regarding the sites of recurrence and
complementary imaging techniques should be provided
for the diagnosis of CRC recurrence. Conventional imaging techniques primarily offer morphologic data based on
anatomical information. It is difficult to identify recurrent
disease from nonmalignant changes, such as scars, inflammation lesions and radiation necrosis by this morphological imaging tool. Fluorine-18 (18F) fluorodeoxyglucose
(FDG) positron emission tomography (PET)/CT is an
integrated imaging modality of anatomic and functional
imaging and can show metabolic changes before morphological ones. In the literature, 18F-FDG PET/CT was
considered to be superior to the conventional imaging in
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MATERIALS AND METHODS
Patients
A total of 106 postoperative CRC patients who underwent FDG PET/CT examinations at our institution from
January 2008 to April 2012 were included in this study.
The inclusion criteria were as follows: (1) histopathologic
confirmation of primary CRC; (2) undergoing complete
treatment including curative resection with or without
chemoradiation therapy; (3) regular clinical examination
every three or six months, including physical examinations, determination of serum CEA concentration, and
chest and abdomen ceCT; (4) the patients suspected with
recurrence or metastasis by routine examination received
FDG PET/CT within one week; and (5) at least six
months of clinical follow-up. Patient’s characteristics and
other preoperative information are summarized in Table
1. This study was approved by the Institutional Review
Board at our institution. Informed consent was waived
due to the retrospective design of the study.
PET/CT scanning
The 18F-FDG PET/CT was performed using an integrated PET/CT system (GE Discovery LS, GE Healthcare).
All patients fasted for at least 6 h before the injection
of 5 MBq/kg of 18F-FDG. Images were obtained ap-
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of 18F-FDG PET/CT and ceCT were calculated using
standard statistical formula in the case-based and lesionbased analyses.
The SPSS version 17.0 (SPSS Inc, Chicago, IL, United
States) was used for statistical analyses. The Chi-square
test was used to compare the differences between the two
imaging modalities.

Table 2 Intersections of positron emission tomography/
computerized tomography and computerized tomography
diagnoses
CT (n = 106)

PET/CT (n = 106)
TP (n = 79) FP (n = 4) TN (n = 19) FN (n = 4)

TP (n = 67)
FP (n = 6)
TN (n = 17)
FN (n = 16)

67
4
12

2
17
4

RESULTS

CEA examination
Serum CEA concentration was determined by electrochemiluminescence immunoassay with normal reference
ranging from 0 to 3.4 ng/mL. It was categorized as abnormal when it exceeded 3.4 ng/mL. The patients were
divided into four groups according to the CEA levels:
group 1 (CEA ≤ 3.4 ng/mL), group 2 (CEA 3.4-10 ng/
mL), group 3 (CEA 10-30 ng/mL), and group 4 (CEA >
30 ng/mL).

Overall diagnostic performance of FDG PET/CT
In the group, 51 patients were confirmed by histocytology while 55 patients by follow-up. In the case-based analysis, 83 patients had positive findings in PET/CT and 79
patients were finally diagnosed as TP. Nineteen patients
were identified as TN, including four patients with benign
diseases (one thyroid adenoma and three enteric polyps).
Among the four FP patients, two were suspected to have
recurrence at the anastomotic site and finally confirmed
to have inflammatory changes by colonoscopy. In two
FN patients, tiny peritoneum and lung metastases were
revealed with a diameter less than 0.5 cm, which were
not visualized by PET/CT but confirmed by ceCT imaging several months later when the diameter was larger.
With little FDG uptake, two mucinous adenocarcinoma
patients showed negative PET/CT scans and were determined as FN by histological confirmation. In all patients,
67 TP patients and 17 TN patients were diagnosed by
ceCT and there were intersections of PET/CT and ceCT
(Table 2).
In the lesion-based analysis, out of the 152 positive
lesions determined by 18F-FDG PET/CT, 146 were confirmed as TP lesions and six as FN lesions by gold standard. Thirty five lesions were confirmed as TN scans and
eight lesions were identified as FP scans. The locations
of the foci included anastomotic site, intraperitoneal
and thoracic lymph nodes, pelvic, bone, liver, and lungs.
Three FP lesions showed nonspecific FDG uptake, which
were confirmed as inflammatory changes in the wall
of the bowel or around operation site, and five lesions
had hypermetabolic lesions in the liver, lung, pelvic, and
bone. Three FN lesions were mucinous adenocarcinoma
and the others were mediastinal lymph nodes and small
nodules of the lung and peritoneum. The sensitivity and
accuracy of FDG PET/CT significantly differed from
those of ceCT in both case- and lesion-based analyses (P
< 0.05, Table 3). As for the specificity, the PET/CT results did not show a significant difference from those of
ceCT in both analyses.

Statistical analysis
The final diagnosis of recurrence or metastasis was confirmed by gold standard (histopathological or cytological
confirmation or at least six months of clinical follow-up).
PET/CT findings and ceCT findings were classified as
true positive (TP), false positive (FP), true negative (TN),
and false negative (FN), as compared to those of the
gold standard. The sensitivity, specificity, and accuracy

Impact of CEA concentrations on diagnostic accuracy of
FDG PET/CT
We detected serum CEA concentration in all of the patients. In case-based analysis, the sensitivity, specificity,
and accuracy of PET/CT were 97.2%, 77.8%, and 95%,
respectively, in the group with abnormal CEA levels and
did not significantly differ from those in the group with
normal CEA levels. In lesion-based analysis, the sensitiv-

PET: Positron emission tomography; CT: Computerized tomography; TP:
Ture positive, FP: False positive; TN: True negative; FN: False negative.

proximately 1 h after an intravenous injection of FDG.
The PET/CT system was used for 4-slice helical CT
acquisition, followed by a full-ring dedicated PET scan
of the same axial range. PET scans were performed in
the whole-body mode from top to the middle thigh for 4
min per field of view, each covering 14.5 cm, at an axial
sampling thickness of 4.25 mm/slice. PET images were
reconstructed with CT-derived attenuation correction using ordered-subset expectation maximization software.
The attenuation-corrected PET images, CT images, and
fused PET/CT images were available for review in axial,
coronal, sagittal planes, and a cine display of maximum
intensity projections of the PET data, using the manufacturer’s review station (Xeleris; GE Healthcare).
FDG PET/CT interpretation
The attenuation-corrected PET images, CT images, and
fused PET/CT images displayed as coronal, sagittal, and
transaxial slices were viewed on a Xeleris workstation.
Two experienced nuclear medicine physicians, who were
aware of the patient’s clinical history and recent radiographic data, interpreted the PET/CT images side-byside using visual observation and semi-quantity analysis.
It was considered positive when the maximum standard
uptake value (SUVmax) of the region of interest (ROI) exceeded 2.5.
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Table 3 Diagnostic performance comparisons in case-based and lesion-based analyses
PET/CT and CT in all patients
Case-based analysis
Sensitivity (%)
Specificity (%)
Accuracy (%)
Lesion-based analysis
Sensitivity (%)
Specificity (%)
Accuracy (%)

PET/CT in patients with different CEA levels
PET/CT (CEA ≤ 3.4 ng/mL) PET/CT (CEA > 3.4 ng/mL)

PET/CT

CT

95.2 (79/83)1
82.6 (19/23)
92.5 (98/106)2

80.7 (67/83)1
73.9 (17/23)
79.3 (84/106)2

83.3 (10/12)
85.7 (12/14)
84.6 (22/26)

97.2 (69/71)
77.8 (7/9)
95 (76/80)

96.1 (146/152)3
81.4 (35/43)
92.8 (181/195)4

83.1 (118/142)3
73.5 (25/34)
81.3 (143/176)4

81.3 (13/16)5
80 (16/20)
80.6 (29/36)6

97.8 (133/136)5
82.6 (19/23)
95.6 (152/159)6

χ = 8.186, P = 0.004; 2χ 2 = 6.201, P = 0.013; 3χ 2 = 13.445, P = 0.000; 4χ 2 = 11.194, P = 0.001; 5χ 2 = 6.432, P = 0.011; 6χ 2 = 7.837, P = 0.005. PET: Positron emission
tomography; CT: Computerized tomography; CRC: Colorectal cancer.
1 2

Table 4 Diagnostic performance of positron emission tomography/computerized tomography and computerized tomography in
patients with various carcinoembryonic antigen levels
CEA level (ng/mL)
≤ 3.4 (n = 26)

3.4-10 (n = 29)
10-30 (n = 34)
> 30 (n = 17)

CT (%)

PET/CT (%)

Sensitivity

Specificity

Accuracy

Sensitivity

57.1 (8/14)
78.3 (18/23)
86.7 (26/30)
93.8 (15/16)

75 (9/12)
66.7 (4/6)
75 (3/4)
100 (1/1)

65.4 (17/26)
75.9 (22/29)
85.3 (29/34)
94.1 (16/17)

83.3 (10/12)
96 (24/25)
96.7 (29/30)
100 (16/16)

Specificity
85.7 (12/14)
75 (3/4)
75 (3/4)
100 (1/1)

Accuracy
84.6 (22/26)
93.1 (27/29)
94.1 (32/34)
100 (17/17)

PET: Positron emission tomography; CT: Computerized tomography; CRC: Colorectal cancer; CEA: Carcinoembryonic antigen.

A

B

Figure 1 Positron emission tomography/computerized tomography and computerized tomography images of a 60-year-old man with rising carcinoembryonic antigen level of 32.3 ng/mL who had undergone rectal cancer resection and chemoradiotherapy 3 years ago. 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) image showed a FDG-avid metastasis lesion, which is not typical in computerized tomography (CT) image. A:
CT; B: 18F-FDG PET/CT.

ity and accuracy of PET/CT in the group with abnormal
CEA levels were significantly superior to those in the
group with normal CEA levels (P < 0.05, Table 3). The
diagnostic performance of FDG PET/CT and ceCT was
calculated in each group with various CEA levels. The
sensitivity, specificity, and accuracy of both imaging techniques were increased with the CEA level, but there was
no significant statistical difference among the groups of
patients with different CEA levels due to the small quantity of sample in each group (Table 4).

positive scans, while CT was negative (Figures 1 and 2).
Of the patients with recurrence and metastasis, 57 received radiotherapy or/and chemotherapy. Ten patients
received secondary surgery for a single metastatic lesion
and eight patients had canceled operative scheme due to
the observation of extra lesions by FDG PET/CT. Of
the total 83 patients with positive scans, FDG PET/CT
changed the management in 38 (45.8%) patients (Table 5).

FDG PET/CT scan and change of management
Among all the patients, 69 showed positive scans in both
FDG PET/CT and ceCT, but 18 showed extra lesions in
FDG PET/CT. In 12 patients, FDG PET/CT showed

In surveillance of postoperative CRC, CT is the preferred imaging technique for local recurrence detection[6]
and MRI is regarded as the most sensitive conventional
imaging tool for liver metastases[12,13]. However, the early
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A

B

Figure 2 A 38-year-old woman revealed normal carcinoembryonic antigen level of 2.8 ng/mL who underwent rectal cancer resection 22 mo ago. 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) image displayed a lymph node but computerized tomography (CT) did not
show it clearly. A: CT; B: 18F -FDG PET/CT.

most accurate imaging technique. Ozkan et al[2] reported
that the sensitivity and specificity of 18F-FDG PET/CT
in the detection of disease recurrence in postoperative
CRC patients were 97% and 61%, while they were 51%
and 60% for CT, respectively. Mittal et al[20] reported that
PET/CT showed recurrences in 71% of CRC patients
and the positive rate increased with the CEA level. Our
data also showed coincidentally that PET/CT was superior to CT in terms of sensitivity, specificity, and accuracy
in all groups of patients and had a tendency to increase
with the CEA level (Table 4). Lee et al[21] evaluated a
group of CRC patients with normal CEA levels and
reported that the sensitivity, specificity, and accuracy for
FDG PET/CT were 95%, 76.6%, and 88.8%, respectively. In our study, the sensitivity, specificity, and accuracy of
PET/CT in patients with normal CEA was similar to the
data. In addition, the sensitivity and accuracy of FDG
PET/CT in patients with abnormal CEA levels significantly differed from those with normal CEA levels in the
lesion-based analysis. But in the case-based analysis, the
FDG PET/CT diagnostic performance did not show a
significant difference between these two groups. It may
be related to the small quantity of patients with normal
CEA levels, which could influence the statistical analysis.
However, the data still suggested that FDG PET/CT
was effective similarly in patients with normal and abnormal CEA levels. For patients with a vague diagnosis of
recurrence or metastasis based on a routine examination,
FDG PET/CT might provide much benefit to patients
by increasing the diagnostic accuracy. Based upon these
results, FDG PET/CT is an advisable option for CRC
patients with an indefinable diagnosis and should be
recommended in surveillance of post-operative CRC patients even with normal CEA.
In this study, the specificity of FDG PET/CT did not
significantly differ from that of ceCT in both case- and
lesion-based analyses. FDG PET/CT scans showed falsepositive results which mainly included the inflammatory
lesion and single hypermetabolic lesion in the organs.
Our data demonstrated that inflammatory processes
can result in hypermetabolism and consequently false-

Table 5 Positron emission tomography/computerized
tomography scan and change of management
Surgery Radiotherapy
Added
cases
(n = 23)
Reduced
cases
(n = 15)
Total
(n = 38)

Chemotherapy Chemoradiotherapy

6

3

9

5

8

2

3

2

14

5

12

7

PET: Positron emission tomography; CT: Computerized tomography.

diagnosis of recurrence is still difficult through conventional surveillance strategies. It has been reported
that PET/CT showed better sensitivity and specificity
(87%-100% and 90%-98%, respectively) for detection
of hepatic and extra-hepatic metastasis than CT[14-16].
In some studies, the sensitivity of PET/CT for hepatic
lesions was 91%-100%, which was similar to that of
MRI[17,18]. In our study, 18F-FDG PET/CT showed an excellent diagnostic performance in the detection of CRC
recurrence and metastasis and its sensitivity and accuracy
were significantly superior to those of ceCT. We found
that many positive lesions in FDG PET/CT, which were
once classified as negative lesions by CT (Table 5), were
finally confirmed as true positives by gold standard. This
showed that it would be possible that some CRC patients with recurrences and metastasis might obtain the
chance for a second remission and improve the prognosis
through PET/CT findings.
CEA is used as the early indicator for the recurrent
disease and is elevated in approximately 60%-70% of
patients with recurrence[10,19]. It has been observed that
some potentially curable recurrent tumors were detected
by routine imaging techniques, while CEA levels were still
normal. Therefore, CEA measurements had only a marginal effect on survival[11]. Moreover, for postoperative
CRC patients who have a suspicion of recurrence based
on the rise in the CEA level, there is controversy on the
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positive results, for example, the inflammatory processes
of colitis in the anastomotic site. In addition, for a single
hypermetabolic lesion of the bone, metastasis should be
differentiated from the injuries and restorations correlated to other imaging systems. For lung nodules, metastasis
should be differentiated from inflammatory lesions and
tuberculosis.
It has been reported that mucinous carcinoma usually showed little uptake of the FDG and the sensitivity
of FDG-PET imaging for detection of mucinous carcinoma was significantly lower than that for nonmucinous
carcinomas[3]. In our results, two quarters of FN cases
and three sixths of FN lesions were mucinous adenocarcinoma and it demonstrated that mucinous carcinoma
was the main factor responsible for FN scans. Therefore,
it was suggested that for mucinous adenocarcinoma
patients with negative FDG-PET imaging results, other
imaging modalities should be recommended for further
diagnosis. Otherwise, nonvisualization of FDG PET/CT
detection should be attributed to the little FDG uptake
for lymph nodes and peritoneal micrometastases, consistent with the literature report. Moreover, our FDG
PET/CT scanning data were acquired in a 2D mode with
4.25 mm spatial resolution and a 256 x 256 matrix. Given
better spatial and temporal resolution (3D mode with 2
mm spatial resolution, 400 x 400 matrix and continuous
table movement), more tiny lymph nodes and metastases
can be revealed precisely. With the decrease of false diagnosis, the further accuracy elevation can be expected.
In terms of the superiority of FDG PET/CT over
CT in detection of recurrence and metastasis, FDG
PET/CT might provide chances to select suitable patients for surgical resection or other local treatments (radiotherapy, embolization, and radio-frequency ablation).
Meanwhile, some unnecessary operations might be avoided. Many studies demonstrated some disease management change as a result of PET/CT usage in 30%-56%
of patients with a suspected or confirmed recurrence of
CRC[22-24]. It is possible to benefit from this strategy in
terms of patient survival with early detection and treatment of tumor recurrence by FDG PET/CT[6,25]. In our
studies, 45.8% of FDG positive patients had a changed
disease management and received suitable treatments.
Second operation was performed only in 12% of retreatment candidate patients, because most patients of the
groups had already developed multi-organ metastases
when they received the FDG PET/CT scan. It suggested
that the early detection due to the use of PET/CT in surveillance of CRC could correct the disease management
strategy and improve the treatment efficacy by reoperation for potential curative patients.
Our study had two potential limitations. Due to the
retrospective nature of the study, we were unable to obtain unified clinical date for the patients and there was an
inter-observer variation for imaging interpretation that
might have had some influence on the sequences. The
second was that histopathological confirmation was only
performed in some of the patients in this study.
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In conclusion, FDG PET/CT showed a superior diagnostic performance in surveillance of postoperative CRC
patients. For patients with suspicious recurrence or metastasis based on a routine examination, our data suggest
that PET/CT is an excellent option to replace CT in the
follow-up of CRC patients even when CEA is normal.

ACKNOWLEDGMENTS
The authors thank Dr. Hui-Qing Li and Yuan-Yuan Liu
for their assistance with this paper.

COMMENTS
COMMENTS
Background

Recurrent or metastatic colorectal cancer (CRC) patients will have a chance
of remission by early detection in postoperative surveillance and improve the
survival. It remains unverified which strategy can provide significant survival
benefits in routine surveillance of CRC patients. In the literature, fluorodeoxyglucose (FDG) positron emission tomography (PET)/computerized tomography
(CT) was considered to be superior to conventional imaging in early detection
of recurrence and metastasis in CRC patients. However, due to insufficient evidence, the clinical value of FDG PET/CT in surveillance is not definite.

Research frontiers

Recently, as an integrated imaging modality of anatomic and functional imaging diagnosis, FDG PET/CT showed enormous potential in area of diagnosis,
staging and monitoring and response evaluation of CRC. In the surveillance of
postoperative CRC patients, the hotspots are whether PET/CT is more effective
than conventional imaging such as CT and what kind of patients should be suitable candidates for PET/CT.

Innovations and breakthroughs

Previous studies usually compared the diagnostic performance of imaging
modes in all patients regardless the carcinoembryonic antigen (CEA) level. In
the current literature, the diagnostic performances of FDG PET/CT were evaluated only in patients with normal or abnormal CEA levels. In this retrospective
study, the authors evaluated the diagnostic performance of Fluorine-18 (18F)FDG PET/CT in surveillance of postoperative CRC patients as compared with
CT and to investigate the role of FDG PET/CT in patients with different CEA
levels. The data showed that PET/CT was superior to CT in terms of sensitivity,
specificity, and accuracy in all groups of patients. The data also suggested that
FDG PET/CT was effective in patients with normal or abnormal CEA levels.

Applications

The study suggested that PET/CT was an excellent option to replace CT in
surveillance of CRC patients who were suspected to have recurrence or metastasis by routine examinations even when CEA is normal.

Terminology
18

F-FDG PET/CT is an integrated imaging modality of anatomic and functional
imaging and can show metabolic changes before morphological ones. It depicts
the spatial distribution of metabolic or biochemical activity in the body and has
excellent diagnostic performance in various tumors.

Peer review

This is a good retrospective study in which the authors compared the diagnostic
performance of 18F-FDG PET/CT with CT in surveillance of postoperative CRC
patients and assessed the value of FDG PET/CT in patients with normal or abnormal CEA levels.
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Core tip: Telomerase activity and human telomerase
reverse transcriptase (hTERT) protein expression were
detected in normal human gastric mucosal epithelial
cells isolated from human gastric tissues, and were
similar to those found in cell lines from human gastric
adenocarcinoma. The results of this study suggest that
the use of telomerase or hTERT as diagnostic markers
for gastric cancer may require further studies.

Abstract
AIM: To investigate telomerase activity and human
telomerase reverse transcriptase (hTERT) expression
in normal human gastric mucosal epithelial cells (nhGMECs) and fibroblasts (nhGMFs).

Cheng YB, Guo LP, Yao P, Ning XY, Aerken G, Fang DC. Telomerase and hTERT: Can they serve as markers for gastric cancer
diagnosis? World J Gastroenterol 2014; 20(21): 6615-6619
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i21/6615.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i21.6615

METHODS: nhGMECs and nhGMFs were isolated
and cultured from specimens obtained during routine
surgery for bleeding peptic ulcer. Telomerase activity in nhGMFs, nhGMECs, and the tumor cell lines
BGC-823, SGC-7901 and MKN-28 cells was analyzed
using the telomeric repeat amplification protocol assay.
hTERT protein was determined in nhGMECs, nhGMFs,
BGC-823, SGC-7901 and MKN-28 cells by indirect immunofluorescence.

INTRODUCTION
Despite its decreasing frequency worldwide, gastric cancer remains one of the major causes of cancer-related
deaths[1,2]. This is due to the fact that most cases are in the
advanced stages of disease when diagnosed. While the

RESULTS: A similar level of telomerase activity was ob-
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5-year survival of patients with advanced gastric cancer is
approximately 20%, early tumor resection can achieve a
5-year survival rate of around 90%[3]. Therefore, early diagnosis is an important measure to improve the prognosis of patients with gastric cancer. Researchers have been
looking for early diagnostic markers for gastric cancer for
more than ten years[4-8].
Telomerase is a specialized reverse transcriptase that
adds telomeric repeats to the ends of eukaryotic chromosomes, and is responsible for continuous cell growth.
Human telomerase reverse transcriptase (hTERT) is the
major subunit of the telomerase enzyme complex and
plays a critical role in the regulation of telomerase activity[1,9]. They are observed in 80%-90% of human tumors
including gastric cancer and nearly all cancer-derived cell
lines[4,5,10], and are not observed in the majority of normal
tissues and somatic cells, therefore could be considered
useful markers for the early diagnosis of human gastric
cancer. However, hTERT expression was also found in
normal gastric tissues; a full-length hTERT mRNA was
present in 43% of normal gastric specimens and hTERT
protein was expressed at all the proliferation zones in
crypts[11]. Therefore, the use of hTERT and subsequently
telomerase as gastric cancer markers is unclear.
In the present study, we determined the expression
of telomerase and hTERT in primary cultured cells from
normal human gastric mucosal epithelium, and evaluated
whether they could be used as cytological markers for the
diagnosis of gastric cancer.

repeat amplification protocol (TRAP) assay and a telomerase detection kit (Dingguo, Beijing, China). nhGMFs,
nhGMECs, BGC-823, SGC-7901 and MKN-28 cells
were analyzed according to the manufacturer’s protocol.
Protein was extracted from 3 × 106 cells in each group.
After 35 polymerase chain reaction cycles of 94 ℃ for
30 s, 55 ℃ for 30 s, and 72 ℃ for 60 s, the products were
electrophoresed on 12.5% polyacrylamide gels.
hTERT protein detection
hTERT protein was determined in nhGMECs, nhGMFs,
BGC-823, SGC-7901 and MKN-28 cells by indirect immunofluorescence. Cells were grown on slides coated
with polylysine, fixed in 4% paraformaldehyde for 10 min
and then permeabilized with 0.5% Triton X-100 for 10
min at room temperature. An hTERT antibody (Santa
Cruz Biotechnology, CA, United States) was added to
the slides and incubated for 2 h at 37 ℃. After washing
with phosphate-buffered saline, the cells were further incubated with TrITC conjugated secondary antibodies for
50 min at 37 ℃. Finally, the cell nuclei were stained with
diamidino-phenyl-indole (DAPI) (Vector Laboratories,
United States) and observed under a Leica TCS SP5 laser
scanning confocal microscope. Phosphate-buffered saline
replaced the primary antibody in the controls.

RESULTS
Primary culture of nhGMECs
nhGMECs were dissociated and cultured. The viability
of these cells showed a maximal increase between the 2nd
and 3rd day, reached a peak on the 4th day, and then declined gradually. As shown in Figure 1, cultured cells were
PAS-positive and CK-18 positive. On the 2nd day of inoculation, the cells grew in clumps and proliferated rapidly,
then gradually ceased to grow after the 4th day and began
to detach and die on the 5th day. Transmission electron
microscopy revealed microvilli and secretary granules in
gastric mucosal epithelial cells. Toluidine blue staining
was weakly positive in nhGMECs and strongly positive in
SGC-7901 cells. nhGMFs were also isolated and cultured.

MATERIALS AND METHODS
Cell culture
After the study protocol was approved by the university
and hospital ethical committees and informed consent
was obtained from the patients, normal human gastric
mucosal epithelial cells (nhGMECs) were isolated from
specimens obtained during routine surgery for bleeding peptic ulcer using a method previously developed
by us[12]. Cell viability was estimated by methyl thiazolyl
tetrazolium assay to examine the general growth process.
Periodic acid-Schiff (PAS) staining was used to identify
mucinogen granules in epithelial cells and cytokeratin
(CK)-18 staining was used to identify epithelial cells.
Light microscopy and transmission electron microscopy
were used to observe the morphological structures of
cells. Toluidine blue (0.5%) staining was used to observe
the nucleus of nhGMECs and SGC-7901 cells. Normal human gastric mucosal fibroblasts (nhGMFs) were
also isolated from the same specimens. Male or female
patients aged 40-71 years provided the gastric samples.
BGC-823, SGC-7901 and MKN-28 cell lines maintained
in our laboratory were used as controls. All cells were
grown in DMEM-F12 medium supplemented with 10%
fetal bovine serum without antibiotics.

Telomerase activity
Telomerase activity was detected in all cultured cells
using TRAP assay. Amplified telomeric repeats (160
bp) in nhGMECs and nhGMFs were equal to those
in BGC-823, SGC-7901 and MKN-28 tumor cell lines
(Figure 2). These results suggested that a similar level of
telomerase expression was seen in nhGMECs, nhGMFs
and the tumor cell lines.
hTERT protein expression
In situ detection of hTERT showed that positive hTERT
immunostaining was detected in nhGMECs, nhGMFs,
BGC-823, SGC-7901 and MKN-28 cells (Figure 3).
Both cellular cytoplasm and nuclear compartments were
stained with the hTERT antibody. There was little difference in hTERT expression among nhGMECs, nhGMFs

Telomerase activity assay
Telomerase activity was determined using the telomeric
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Figure 1 Periodic acid-Schiff, cytokeratin-18 and toluidine blue staining and cell morphology. A: Cytoplasm of normal human gastric mucosal epithelial cells
(nhGMECs) was stained purple with periodic acid-Schiff (PAS), and contained neutral mucin granules, magnification × 1000; B: nhGMEC network-structure staining
with an antibody against cytokeratin (CK)-18 demonstrates the presence of CK-18; C: Phase-contrast micrograph of nhGMECs after 4 d of culture, magnification ×
100; D: Transmission electron microscopy revealed the presence of microvilli (mv) and secretary granules (sg) in nhGMECs, magnification × 1000; E: nhGMECs were
detected by toluidine blue staining, and nuclei (light color) were observed, magnification × 400; F: SGC-7901 cells were detected by toluidine blue staining, and nuclei
with multiple nucleoli (deep color) were observed, magnification × 400; G: Phase-contrast micrograph of nhGMFs after 13 d of culture, magnification × 100.

years. However, some researchers have recently found
similar expression of hTERT in both normal and cancerous gastric specimens[11], which challenges the widespread
concept that hTERT and telomerase are repressed in
normal tissues. Many highly proliferative normal human
cells such as lymphocytes, hematopoietic progenitor
cells and basal epidermal cells have been shown to express telomerase and hTERT[14,15]. Consistent with this,
telomerase activity and hTERT protein were detected in
primary cultured nhGMECs in our study. Telomerase activity and hTERT protein expression in nhGMECs were
very similar to those in the three human gastric adenocarcinoma cell lines, BGC-823, SGC-7901 and MKN-28.
In general, primary cultured nhGMECs are from the
proliferation zones of crypts in gastric glands and have
good proliferative ability. The presence of telomerase and
hTERT in these cells could affect the feasibility of the
diagnostic markers in the neoplastic process.
Fibroblasts are widely found in various tissues, both
in benign and malignant tissues. They were previously
believed to lack telomerase activity and hTERT expression[16]. However, several studies have confirmed the
presence of telomerase and hTERT in human fibroblasts
in recent years[15,17]. In the present study, telomerase activity and hTERT expression were similarly detected in
primary cultured nhGMFs isolated from human gastric
tissues, which will interfere with their use as gastric cancer markers.
Novel molecular biology techniques have generated
some new ideas for therapeutics such as gene therapy
in gastric cancer. Telomerase is one of therapeutic tar-

160 bp

140 bp

120 bp

100 bp

80 bp

1

2

3

4

5

6

Figure 2 Telomerase activity in normal human gastric mucosal epithelial
cells, normal human gastric mucosal fibroblasts and tumor cell lines.
Lane 1: Normal human gastric mucosal fibroblasts; lane 2: Normal human
gastric mucosal epithelial cells; lane 3: BGC-823 cells; lane 4: SGC-7901 cells;
lane 5: MKN-28 cells; lane 6: Marker.

and the tumor cell lines.

DISCUSSION
Increased telomerase activation and hTERT expression
are generally considered early events in carcinogenesis[10,13]. Their assessment as diagnostic markers in various
types of cancers has been carried out for more than ten
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Figure 3 Expression of human telomerase reverse transcriptase in cultured cells, stained with diamidino-phenyl-indole, human telomerase reverse transcriptase antibody, and rhodamine labeled human telomerase reverse transcriptase second antibody. A: Normal human gastric mucosal epithelial cells; B:
Normal human gastric mucosal fibroblasts; C: BGC-823 cells; D: SGC-7901 cells; E: MKN-28 cells; F: Negative control.

Innovations and breakthroughs

gets[17,18]. Its presence in nhGMECs and nhGMFs isolated from gastric tissues suggests that anti-telomerase
treatment may trigger undesired toxicity in normal gastric cells, which will have an influence on the therapeutic
outcome.
In conclusion, the present study demonstrated the expression of telomerase and hTERT in primary cultured
nhGMECs and nhGMFs isolated from gastric tissues.
Combined with the observation that hTERT expression
occurs in normal human gastric tissues[6], from a cytological and histological point of view, the use of telomerase
and hTERT as diagnostic markers for gastric cancer may
require further investigation.

Telomerase and hTERT are observed in 80%-90% of human tumors including
gastric cancer and nearly all cancer-derived cell lines, and are not observed in
the majority of normal tissues and somatic cells. However, some researchers
have recently found that hTERT mRNA and protein were expressed in normal
gastric tissues. In this study, the authors observed that both telomerase and
hTERT were expressed in primary cultured normal human gastric mucosal cells
including nhGMECs and nhGMFs.

Applications

The present study demonstrated the expression of telomerase and hTERT in
primary cultured nhGMECs and nhGMFs isolated from gastric tissues, which
suggested from the cytological point of view that using telomerase and hTERT
as useful markers for early diagnosis and promising targets for gastric cancer
treatment may need further investigation.

Terminology

Telomerase is a specialized reverse transcriptase that adds telomeric repeats
to the ends of eukaryotic chromosomes, and is responsible for continuous cell
growth. hTERT is the major subunit of the telomerase enzyme complex and
plays a critical role in the regulation of telomerase activity. Increased telomerase activation and hTERT expression are generally considered the early events
in carcinogenesis.
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CLINICAL TRIALS STUDY

Liver resection in hepatitis B related-hepatocellular
carcinoma: Clinical outcomes and safety in elderly patients
Hai-Qing Wang, Jian Yang, Lu-Nan Yan, Xiao-Wu Zhang, Jia-Yin Yang
in the two groups (33.3% vs 29.6%, P = 0.271). Elderly
patients had a higher rate of postoperative cardiovascular complications (3.9% vs 0.6%, P = 0.001), neurological complications (2.9% vs 0.4%, P ＜ 0.001) and mortality (3.4% vs 1.2%, P = 0.035), and had more hospital
stay requirement (13 d vs 12 d , P < 0.001) and more
intensive care unit stay (36.7% vs 27.8%, P = 0.008)
compared with younger patients. However, postoperative
hepatic insufficiency was more common in the younger
group (7.7% vs 3.4%, P = 0.024).
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CONCLUSION: Hepatectomy can be safely performed
in elderly patients. Age should not be regarded as a
contraindication to liver resection with expected higher
complication and mortality rates.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Elderly; Hepatocellular carcinoma; Hepatectomy; Complication; Hepatitis B
Core tip: Elderly patients are regarded as unsuitable
for liver resection due to the presence of comorbidities.
Our study found that elderly patients did have more comorbidities than younger patients, but also had better
liver function and reduced hepatitis B infection. Elderly
patients had similar overall morbidity and higher mortality compared with younger patients. Older patients
also had more cardiovascular complications, neurological complications and a longer hospital stay, but less
hepatic insufficiency. Our study suggested that liver
resection can be safely performed in carefully selected
elderly patients with accepted higher complication and
mortality rates.

Abstract
AIM: To compare the morbidity and mortality in young
and elderly hepatocellular carcinoma (HCC) patients
undergoing liver resection.
METHODS: We retrospectively enrolled 1543 consecutive hepatitis B (HBV)-related HCC patients undergoing
elective hepatic resection in our cohort, including 207
elderly patients (≥ 65 years) and 1336 younger patients (＜ 65 years). Patient characteristics and clinical
outcomes after liver resection were compared between
the two groups.
RESULTS: Elderly patients had more preoperative comorbidities and lower alanine aminotransferase and aspartate aminotransferase levels. Positive rates for hepatitis B surface antigen (P ＜ 0.001), hepatitis B e antigen
(P ＜ 0.001) and HBV DNA (P = 0.017) were more common in younger patients. Overall complications and their
severity classified using the Clavien system were similar
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test and coronary angiography were carried out if necessary. Routine preoperative imaging examinations to evaluate the tumor included contrast computed tomography or
magnetic resonance imaging of the abdomen. American
Society of Anesthesiologists (ASA) category was used for
anesthetic assessment. Patients were explored through
an extended right subcostal incision and intraoperative
ultrasonography was performed routinely. Hemihepatic
vascular inﬂow occlusion[6] or the Pringle maneuver[7]
were used according to the surgeon’s preference in most
patients. Liver parenchymal transection was performed
using the Hooking ligation technique or an ultrasonic
dissector with coagulator[6]. Based on preoperative and
intraoperative conditions, patients were transferred to the
intensive care unit for treatment if necessary.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most common global cause of
cancer-related deaths[1]. Fifty to fifty-five percent of HCC
cases are attributed to chronic hepatitis B virus infection
worldwide, and up to 80% in China[2]. There will be more
elderly patients as people live longer, especially in China,
which has the world’s largest population. Moreover, aging
itself is a risk factor for HCC carcinogenesis and development[3]. Therefore, the number of elderly HCC patients will increase[3], which may also result in social problems. The elderly tend to be considered clinically ‘‘fragile’’
due to comorbidity and a poorer performance status,
which make them less amenable and tolerant to resection[4]. Liver resection is the treatment of choice in HCC
patients, however, elderly HCC patients with comorbidity
may have an increased surgical risk and may have higher
morbidity and mortality[5]. These age-related contraindications have prevented elderly HCC patients from receiving
optimal surgical treatment. With the refinement of surgical techniques and perioperative management in liver surgery during the last few decades, liver resection in elderly
HCC patients has become safer[3].
Many studies have reported the safety of liver resection in elderly HCC patients, but have drawn inconsistent
conclusions. The aim of our study was to evaluate the
safety of liver resection in a large sample of elderly HCC
patients, by comparing the outcome of liver resection
performed in patients younger and older than 65 years.

Deﬁnition of the parameters used
Mortality was defined as death within 30 d after surgery or death before discharge involving a hospital stay
of more than 30 d. The Clavien-Dindo complications
classiﬁcation system[8] was used to grade postoperative
complications. Liver resection of more than 3 segments
was defined as major resection, and liver resection of
less than 3 segments was defined as minor resection[5].
Portal hypertension was deﬁned as esophageal varices
detected by endoscopy or splenomegaly (major diameter
> 12 cm) with a platelet count < 100000/mm3 according to the Barcelona Clinic Liver Cancer Group criteria[9].
For individual pre-existing disease, we used the Charlson
index[10,11] to quantify comorbidities. The 50-50 criteria[12]
defined as prothrombin time < 50% and serum bilirubin
level > 50 µmol/L on day 5 after liver resection, was
deﬁned as liver failure. Hepatic insufficiency was deﬁned
as serum bilirubin > 60 µmol/L on postoperative day 5.
Extrahepatic procedures included all other operations,
except liver resection, such as bowel resection, adrenalectomy, diaphragm resection, biliary tract exploration and
adhesion separation due to reoperation.

MATERIALS AND METHODS
Population and study design
We carried out a retrospective study. Between January
2009 and March 2013, 1543 consecutive hepatitis B virus
(HBV)-related HCC patients undergoing elective hepatic
resection were included in this study. All included patients
were diagnosed with HCC by histology and with current
or a history of HBV infection. All patients underwent
surgery only when the Child-Turcotte-Pugh (CTP) class
was A. Patient data on pre-, intra-, and postoperative
parameters were collected prospectively from the West
China Hospital of Sichuan University HCC database
(HCCWCHSU System). The protocol was approved by
the West China Hospital Ethics Committee and written
informed consent was obtained from all patients before
inclusion. Based on the age distribution, the patients
were divided into the elderly group (≥ 65 years) and the
younger group (< 65 years). The primary outcomes were
preoperative mortality and postoperative complications
in the elderly group compared with the younger group.

Statistical analysis
Statistical analysis was performed using SPSS Version 17
statistical analysis software and signiﬁcance was set at P
< 0.05. The Student t and Mann-Whitney U tests were
used to compare continuous variables when appropriate.
The χ 2 test and Fisher exact test were used to compare
categorical variables.

RESULTS
Patient clinical characteristics
Clinical characteristics of the elderly and younger groups
are shown in Table 1. All 1543 patients were diagnosed
with HBV-related HCC. Of these patients, 13.4% were
elderly, with a median age of 68 years (interquartile range:
66-73 years), and the median age of the younger group
was 47 years (interquartile range: 40-56 years). A similar
distribution in gender and portal hypertension was seen
in both groups. No significant differences were found
for platelets, white blood cells and body mass index.

Perioperative management
All the included patients were managed by the same
surgical team. All patients underwent a thorough history
enquiry, physical examination and routine preoperative
laboratory measurements. Echocardiography, chest radiography or computed tomography, pulmonary function
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Table 1 Clinical characteristics in elderly and younger hepatitis
B virus-related hepatocellular carcinoma patients n (%)
Clinical
characteristics
Age (yr), median
(IQR)
Male
Body mass index
(kg/m2), mean (SD)
HBsAg(+)
HBeAg(+)
HBV DNA (+)
AST (U/L), median
(IQR)
ALT (U/L), median
(IQR)
White Blood Cells
(109/L), median
(IQR)
Hemoglobin (g/L),
median (IQR)
Platelets (109/L),
median (IQR)
Portal hypertension

Elderly (≥ 65 yr)
(n = 207)
68 (66-73)

Younger (< 65 yr) P value
(n = 1336)
47 (40-56)
1128 (84.4)
22.9 (2.9)

123 (59.4)
10 (4.8)
50 (24.2)
35 (25-55)

1127 (84.4)
236 (17.7)
433 (32.4)
40 (29-64)

< 0.001
< 0.001
0.017
0.001

34 (24-49)

40 (29-60)

< 0.001

5.37 (4.25-6.63)

Major resection
Extrahepatic
procedures,
Inﬂow occlusion
Liver resection with
Hooking
with ligation
Liver resection with
ultrasonic dissector
Laparoscopic
hepatectomy
Blood loss (mL),
mean ± SD
Blood transfusion
Anatomic resection

0.123
0.899

0.656

134 (122-144)

143 (130-153)

136 (92-185)

130 (92-183)

0.999

376 (28.1)

0.366

52 (25.1)

Intraoperative
parameters

< 0.001

166 (80.2)
22.8 (2.9)

5.34 (4.18-6.67)

Table 3 Intraoperative parameters in elderly and younger
patients n (%)

ASA grade (Ⅲ + Ⅳ)
Charlson index,
median (IQR)
Charlson index > 3
Comorbidity
Hypertension
Cardiovascular
disease
Pulmonary disease
Diabetes mellitus
Renal-related disease

Younger (< 65 yr) P value
(n = 1336)

133 (64.3)
2 (1-3)

95 (7.1)
1 (1-3)

< 0.001
< 0.001

37 (17.9)
122 (58.9)
89 (43)
14 (6.8)

114 (8.5)
326 (24.4)
188 (14.1)
28 (2.1)

< 0.001
< 0.001
< 0.001
< 0.001

22 (10.6)
39 (18.8)
6 (2.9)

25 (1.9)
78 (5.8)
21 (1.6)

< 0.001
< 0.001
0.285

1.000
0.601

82 (39.6)

560 (41.9)

0.532

78 (37.7)

460 (34.4)

0.361

129 (62.3)
4 (1.9)

876 (65.6)
15 (1.1)

0.361
0.519

432 ± 327

496 ± 528

0.092

38 (18.4)
76 (36.7)

250 (18.7)
481 (36)

0.903
0.843

Intraoperative data
The same proportion (37.2%) of patients undergoing
major liver resection was found in both groups (Table
3). For the elderly and younger groups, respectively, 38
(18.4%) and 266 (19.9%) patients underwent a simultaneous non-hepatic procedure, most commonly adhesiolysis,
portal vein tumor thrombus resection, biliary tract exploration, diaphragm resection, splenectomy and bowel
resection. There were no significant differences between
the two groups with regard to the parameters analyzed
(Table 3). Information on the Ishak score was available in
only 713 patients and there was no significant difference
in the rate of cirrhosis (Ishak score ≥ 5) between the elderly and younger groups (P = 0.404).

Cardiovascular diseases included coronary heart disease, previous
coronary revascularization, cerebral arterial occlusive disease, and/or
peripheral vascular occlusive disease. Pulmonary diseases indicated chronic
obstructive pulmonary disease, asthma, chronic bronchitis and tuberculosis.
Renal disease indicated chronic glomerulonephritis, renal insufficiency,
hydronephrosis, lithangiuria, and diabetic nephropathy. ASA: American
Society of Anesthesiologists category; IQR: Interquartile range.

Postoperative outcome
Postoperative complications and their severity are shown
in Table 4. The elderly group had similar morbidity and
levels of complications (from grade Ⅰ to Ⅵ) to those in
the younger group. However, the elderly patients had a
higher mortality than the younger group (3.4% vs 1.2%, P
= 0.035). Cardiovascular complications and neurological
complications were more frequent in the elderly patients
(P = 0.001). In addition, the incidence of hepatic insufficiency was higher in younger patients (P = 0.024). The
most common complications in elderly patients were pul-

Compared with younger patients, elderly patients had
a significantly lower positive rate of hepatitis B surface
antigen (HBsAg) (59.4% vs 84.4%, P < 0.001), hepatitis
B e antigen (HBeAg) (4.8% vs 17.7%, P < 0.001), HBV
DNA (24.2% vs 32.4%, P = 0.017) and lower hemoglobin
concentration (P < 0.001). Although liver resections were
performed for CTP grade A, elderly patients had better liver function, with lower aspartate aminotransferase
(AST) (P = 0.001) and alanine aminotransferase (ALT)
levels (P < 0.05).
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497 (37.2)
266 (19.9)

With regard to comorbidities (Table 2), 122 of 207
(58.9%) elderly patients had more than one comorbidity, compared with 326 of 1336 (24.4%) in the younger
group (P < 0.001). In addition, elderly patients had a significantly higher Charlson index, a higher proportion of
Charlson index > 3 (17.9% vs 8.5%, P < 0.001) and ASA
grade Ⅲ-Ⅵ (64.3% vs 7.1%, P < 0.001). In the elderly
group, the most common comorbid conditions were
hypertension, diabetes mellitus, pulmonary disease, cardiovascular disease and renal-related disease, which were
all significantly higher, with the exception of renal-related
disease, than those in the younger patients.

Table 2 Comorbidity in elderly and younger patients n (%)
Elderly (≥ 65 yr)
(n = 207)

77 (37.2)
38 (18.4)

< 0.001

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HBsAg: Hepatitis
B surface antigen; HBeAg: Hepatitis B e antigen; HBV-DNA: Positive
indicated by hepatitis B virus DNA > 2000U/mL; IQR: Interquartile range;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Comorbidity

Elderly (≥ 65 yr) Younger (< 65 yr) P value
(n = 207)
(n = 1336)
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in morbidity and mortality, however, other studies[20-22]
found that elderly patients had more complications. The
present study assessed the safety of liver resection in a
large sample of elderly patients enrolled in a retrospective
cohort. Our elderly and younger HCC patients differed
with regard to several features. Elderly patients had a higher rate of comorbidity, lower AST and ALT levels, and
lower positive rates for HBsAg, HBeAg and HBV DNA,
but higher cardiovascular and neurological complications.
The overall morbidity was similar in the two groups, but
elderly patients had high mortality and longer hospital and
more intensive care unit (ICU) stay requirement.
The cut-off age for elderly HCC patients varies widely in the literature from 65 to 80 years[16,23-25]. However,
most studies[13,17,20-21,24,26-28] used 70 years as the cut-off age
and these studies included HCC due to various etiologies,
such as HBV, hepatitis C virus (HCV) and nonalcoholic
fatty liver disease. The average age at onset of HBV-related HCC was reported to be 10 years younger than that
of HCV-related HCC[3]. In our cohort, HCC was related
to HBV infection and we defined elderly patients as aged
more than 65 years. That was because the mean age at
HCC diagnosis was found to be 55-59 years in China[29],
and in South Korea[2], however, the mean age at HCC
diagnosis was 63-65 years in Europe and North America
and 75 or older in low-risk populations[29]. Thus, 65 years
is a more suitable cut-off for elderly patients in China.
Based on the cut-off age of 65 years, 13.4% of the
patients in our cohort were elderly, which was less than
that in other studies[13-14,17,20,23-24]. This may be because
elderly patients were highly selected for liver resection
based on preoperative general condition and assessment
of hepatic reserve in our center.
In agreement with previous reports[17,20], elderly patients showed a higher rate of comorbidities, ASA grade
≥ Ⅲ and higher quantitative comorbidity (Charlson index). The higher prevalence of hypertension and cardiovascular disease may be the reason for the higher rate of
postoperative cardiovascular complications in elderly patients. The function of most organs usually deteriorates
with age[16] and this could explain why elderly patients had
more neurological complications. Cho et al[17] reported
that confusion after liver resection was far more common
in the elderly than in younger patients.
Although both elderly and younger patients had
preserved liver function with CTP class A, the AST and
ALT levels were significantly higher in younger patients.
Approximately 80% of HBV-related HCC cases occur in
patients with cirrhosis[1], and cirrhosis severity influences
liver function and postoperative complications. The rate
of cirrhosis was not different between the two groups
in our cohort. We compared the rate of portal hypertension, which caused the underlying liver damage, but no
difference was observed between the two groups. The
positive rates of HBsAg, HBeAg and HBV DNA were
significantly lower in the elderly group, this meant that
the younger patients had worse underlying liver damage
resulting from HBV infection. This study revealed an

Table 4 Postoperative outcomes in elderly and younger
patients n (%)
Postoperative
outcomes
Total complications
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
Grade Ⅳ
Mortality (grade Ⅴ)
Bile Leakage
Liver failure
Hepatic insufficiency
Cardiovascular
complications
Pulmonary
complications
Infectious
complications
Bleeding
Neurological
complications
Ascites
Gastrointestinal
complications
ICU stay
ICU stay (d),
median (IQR)
Hospital stay (d),
median (IQR)

Elderly (≥ 65 yr) Younger (<65 yr) P value
(n = 207)
(n = 1336)
69 (33.3)
18 (8.7)
30 (14.5)
7 (3.4)
7 (3.4)
7 (3.4)
1 (0.5)
2 (1.0)
7 (3.4)
8 (3.9)

395 (29.6)
128 (9.6)
163 (12.2)
64 (4.8)
24 (1.8)
16 (1.2)
20 (1.5)
25 (1.9)
103 (7.7)
8 (0.6)

19 (9.2)

80 (6.0)

0.081

14 (6.8)

67 (5.0)

0.294

3 (1.4)
6 (2.9)

17 (1.3)
6 (0.4)

1.000
0.001

7 (3.4)
5 (2.4)

61 (4.6)
32 (2.4)

0.440
1.000

76 (36.7)
0 (0-1)

371 (27.8)
0 (0-1)

0.008
0.006

13 (11-17)

12 (10-15)

0.271
0.686
0.354
0.368
0.213
0.035
0.396
0.523
0.024
< 0.001

< 0.001

Neurological complications indicated confusion and epilepsy.
Cardiovascular complications included myocardial infarction, arrhythmia,
heart failure and sudden cardiac arrest. Pulmonary complications
indicated pulmonary infection, respiratory failure, hydrothorax and
hydrothorax. ICU: Intensive care unit; IQR: Interquartile range.

monary complications, followed by infectious complications, cardiovascular disease, hepatic insufficiency, ascites,
and neurological complications.

DISCUSSION
The incidence rate of HCC among the elderly is progressively increasing[3], however, only a minority undergo
curative procedures[13]. Historically, there were biases
against cancer treatment for the elderly as life expectancy
of elderly patients will be determined by medical comorbidities and not malignancy[14]. Moreover, aging leads to a
number of structural and functional changes in the liver,
including a decline in liver volume, a reduction in the
mass of functional hepatocytes, and alterations in hepatic
microcirculation, which may make liver resection less tolerable[15]. With the refinement of surgical techniques and
perioperative management in liver surgery during the last
few decades, some studies have suggested that liver resection is a safe and effective treatment in elderly patients,
even for elderly patients over 80 years old[16]. However,
there is still controversy as to whether age influences the
postoperative outcome of HCC patients.
Several studies[13,16-19], which included elderly patients
aged 70 to 80 years, showed that there were no differences
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age-related difference in HBV infection status (current
or previous infection) and more elderly patients had a
history of HBV infection. This difference may also indicate that inflammation of the liver due to HBV infection
was less active in elderly patients as younger patients had
higher AST and ALT levels. The same phenomenon was
observed in the study by Oishi et al[30] in which elderly patients > 75 years with HCC had better liver function than
younger patients as assessed by prothrombin time, AST
and ALT. Several studies have also found[23-24,30] better
preoperative liver function in elderly patients. In addition,
postoperative hepatic insufficiency was found to be more
common in younger patients and Yau et al[31] also found
that young patients had a significantly higher rate of liver
derangement after TACE than elderly patients. Several
reasons could explain this result. Firstly, the preoperative
AST and ALT levels and HBV infection status may influence postoperative liver function. Secondly, HCC is less
frequently associated with cirrhosis in elderly patients[32].
It is possible that patients with cirrhosis and HCC died
before reaching elderly status and the surviving patients
had well preserved hepatic function[32]. In addition, this
result may be due to elderly patients being highly selected
for liver resection based on the assessment of hepatic reserve in our center. Thus, considering postoperative liverrelated complications, age is not a contraindication to
liver resection, although aging may lead to a number of
structural and functional changes in the liver.
Compared with younger patients, overall complications and their severity, classified using the Clavien system, were similar in elderly patients, but these patients
had higher mortality (3.4%). Despite higher mortality in
elderly patients, a mortality rate of 3.4% suggested that
liver resection was relatively safe in the elderly, compared
with mortality of 3.15% in a meta-analysis which included 35000 hepatic resections[33]. Many studies[13-14,17-19] have
also drawn the same conclusion in that there were no significant differences in postoperative complications. These
data suggest that hepatic resections can be safely performed in elderly patients. However, elderly patients had
a longer hospital stay and more ICU stay requirement.
Therefore, although the elderly were not predisposed to
postoperative complications, recovery in these patients
may be slower due to less physiologic reserve compared
with younger patients[14]. Therefore, advanced age is not
the major determinant in the incidence and severity of
postoperative complications.
The results of our study should be interpreted cautiously, as our analysis was restricted to patients with
HBV-related HCC, and may not be appropriate for other
etiologies. Moreover, it is important to point out that the
elderly patients in our study were highly selected for surgical safety.
In conclusion, liver resection can be safely performed
in carefully selected elderly patients. Although elderly patients had more cardiovascular and neurological complications, age should not be regarded as a contraindication
to liver resection.
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Background

There will be more elderly patients in the future and this may cause social
problems as elderly patients have more comorbidity and a poorer performance
status. Hepatocellular carcinoma is a common cancer and usually occurs in
older patients. The safety of liver resection in elderly patients is still a concern.

Research frontiers

Aging not only results in more and severe comorbidities, but usually leads to a
number of structural and functional changes in the liver, including a decline in
liver volume, a reduction in the mass of functional hepatocytes, and alterations
in hepatic microcirculation. These may make liver resection less tolerable. The
research hotspot is to evaluate the safety of liver resection in elderly patients.

Innovations and breakthroughs

The authors’ study found that elderly patients had more preoperative comorbidities compared with younger patients. However, elderly patients did not only have
better liver function, but also had less hepatitis B infection. Overall complications
were similar in the two groups. However, elderly patients had more postoperative
cardiovascular complications, mortality and less hepatic insufficiency.

Applications

In general, hepatectomy can be safely performed in elderly patients with expected higher complications and mortality rates. Aging should not be regarded as a
contraindication to liver resection when surgeons make decisions before surgery.

Peer review

The authors present a series of 1543 liver resections in patients diagnosed with
hepatitis B virus related hepatocellular carcinoma. There were 1336 young patients and 207 elderly patients. It is a series collected in a period of four years.
The article is well redacted and its conclusions are very interesting for the international literature.
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OBSERVATIONAL STUDY

Controlled attenuation parameter for evaluating liver
steatosis in chronic viral hepatitis
Giovanna Ferraioli, Carmine Tinelli, Raffaella Lissandrin, Mabel Zicchetti, Barbara Dal Bello, Gaetano Filice,
Carlo Filice
eatosis in decibel per meter (dB/m). An expert operator
performed all measurements. Steatosis was graded according to Kleiner’s classification. Pearson or Spearman
rank coefficient was used to test correlation between
two study variables. Linear regression was used for multivariate model to assess the association between CAP
and other variables. Receiver operating characteristic
curve analysis was performed to calculate area under
the curve (AUROC) for S0 vs S1-S3 and S0-S1 vs S2-S3.
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RESULTS: 115 subjects (85 males and 30 females) were
prospectively studied. The mean values of CAP were 227.1
± 43.1 for S0; 254.6 ± 38.9 for S1; 297.8 ± 49.4 dB/m
for S2-S3. In univariate analysis CAP showed a significant
correlation with age, body mass index (BMI), degree of
steatosis, and cholesterol. Multivariate regression analysis
confirmed the correlation with the degree of steatosis [co-5
efficient, 1.2 (0.60-1.83); P < 10 ] and BMI [coefficient,
4.1 (0.5-7.8); P = 0.03] but not with all other variables.
Optimal cutoff values for S ≥ 1 and S ≥ 2 were 219 dB/m
[AUROC, 0.76 (0.67-0.84); sensitivity, 91.1% (78.8-97.5);
specificity, 51.6% (38.7-64.2); positive predictive value,
56.9% (44.7-68.6); negative predictive value, 89.2%
(74.3-97.0); positive likelihood ratio, 1.88 (1.4-2.5); negative likelihood ratio, 0.17 (0.07-0.5)] and 296 dB/m [AUROC, 0.82 (0.74-0.89); sensitivity, 60.0% (32.3-83.7);
specificity, 91.5% (83.9-96.3); positive predictive value,
52.9% (27.8-77.0); negative predictive value, 93.5%
(86.3-97.6); positive likelihood ratio, 7.05 (3.2-15.4); negative likelihood ratio, 0.44 (0.2-0.8)], respectively.

Abstract
AIM: To assess the performance of controlled attenuation
parameter (CAP) in patients with chronic viral hepatitis.

CONCLUSION: Controlled attenuation parameter could
be a useful tool in the clinical management of patients
with chronic viral hepatitis for detecting liver steatosis.

METHODS: CAP is a new technique that measures the
attenuation in the liver of an ultrasound beam, which is
directly related to lipid accumulation. Consecutive patients undergoing liver biopsy for chronic viral hepatitis
were studied using the M probe of FibroScan device
(Echosens, Paris, France). The device estimates liver st-
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of CAP in detecting liver steatosis in patients with chronic viral hepatitis undergoing liver biopsy in the same day.

Core tip: A number of factors may affect response to
treatment of patients with chronic viral hepatitis and it
is well known that patients with liver steatosis are less
responsive to antiviral drugs. On the other hand, early
stages of liver steatosis are usually reversible with appropriate intervention. Controlled attenuation parameter (CAP) is a new method for non-invasive quantification of liver steatosis. The results of our study show
that CAP is highly and significantly correlated with the
extent of liver fat accumulation and it could be a useful
tool in the clinical setting to diagnose the presence/absence of liver steatosis.

MATERIALS AND METHODS
Subjects
This was a single center cross-sectional study. The performance of CAP was prospectively estimated in a cohort
of consecutive patients undergoing LB for chronic viral
hepatitis. Inclusion criteria were the presence of serum
markers of infection with HBV/HCV, or HCV/HIV
coinfection and serum alanine aminotransferase (ALT)
levels > 1.5 the upper normal limit, either persistently or
intermittently. Exclusion criteria was decompensated liver
cirrhosis. As a rule, patients with clinically overt cirrhosis
were not scheduled for LB.
Subject characteristics, epidemiological data, and biochemical tests were recorded. LB was performed on the
same day as CAP and LSM, as day case procedure.
The study protocol was approved by the institutional
Ethics Committee and it was in accordance with the
Helsinki Declaration of 1975. Participants gave their informed written consent.

Ferraioli G, Tinelli C, Lissandrin R, Zicchetti M, Dal Bello B,
Filice G, Filice C. Controlled attenuation parameter for evaluating liver steatosis in chronic viral hepatitis. World J Gastroenterol
2014; 20(21): 6626-6631 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6626.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6626

INTRODUCTION

Controlled attenuation parameter
CAP and LSM were obtained by using the FibroScan®
502 touch (Echosens, Paris, France). The device estimates
liver stiffness in kilopascal (kPa) and liver steatosis in decibel per meter (dB/m). The principles of CAP have been
described elsewhere[11]. As of today, CAP measurement
is available only on the M probe of the Fibroscan device,
and it is computed only when the associated liver stiffness measurement is valid. Thus, all patients were studied
by using the M probe of the Fibroscan device after fasting for at least six hours. All examinations were carried
out by the same physician with three years of experience
in LSM (M.Z.). As reported in the literature, only LSM
with 10 validated measurements and an interquartile
range/mean (IQR/M) < 30% for values higher than 7.1
kPa were considered reliable[24]. CAP examinations with
no successful measurements after at least 10 attempts
were deemed as failures.

In developed countries liver steatosis is a major health
problem since 20%-30% of the population is affected
with nonalcoholic fatty liver disease[1,2]. Moreover, steatosis, oxidative stress, and insulin resistance have been
proposed as important factors in hepatitis C virus (HCV)
infection and are reported to be closely interconnected
and responsible of accelerating the progression of fibrosis[3,4]. In patients with chronic hepatitis C the presence
of liver steatosis affects the response to treatment and
can predict the occurrence of hepatocellular carcinoma
independently of fibrosis stage[5-7]. Steatosis is a relatively
common finding in hepatitis B virus (HBV)-infected patients and metabolic host factors rather than viral factors
are responsible for this finding in these patients[8].
Liver histology is the reference standard for grading
steatosis even though sampling variability due to the uneven distribution of lipid accumulation throughout the
liver parenchyma does exist[9]. On the other hand, liver
biopsy (LB) is an invasive procedure which has some
risk of morbidity and mortality, and it is not the ideal
procedure to follow up patients[10]. Recently, a novel controlled attenuation parameter (CAP) for the assessment
of liver steatosis has been developed[11]. CAP is based on
the properties of ultrasound signal acquired by transient
elastography (Fibroscan®, Echosens, Paris) using the postulate that fat affects ultrasound propagation[12]. Transient
elastography is a technique that noninvasively estimates
the elasticity of liver parenchyma, which is directly related
to the amount of fibrosis. Several studies have shown significant positive correlation between liver stiffness measurements (LSM) and the stage of liver fibrosis[13-22]. CAP
is evaluated using the same radio-frequency data, and the
same region of interest used to assess LSM[23].
The aim of this study was to assess the performance

WJG|www.wjgnet.com

Liver biopsy and histology
Ultrasound-assisted percutaneous LB was performed by
three experienced physicians (C.F., G.M., and E.B.) by
using an intercostal approach. A disposable 1.4-mm-diameter modified Menghini needle (Hepafix; Braun, Melsungen, Germany) was used. All biopsy specimens were
fixed in formalin and embedded in paraffin. The length
of each LB specimen (in centimetres) was recorded.
The specimens were interpreted on site by a single
expert liver pathologist (B.D.B.), blind to CAP and LSM
results, but not to the patient’s clinical and biochemical
data. Fibrosis and necro-inflammation were evaluated
semiquantitatively according to the METAVIR system[25].
Steatosis was expressed as a percentage of fat in the
hepatocytes and graded according to the method of
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Table 1 Main clinical and demographic characteristics of the subjects n (%)
Characteristics
Sex, females
Age, yr (mean ± SD)
BMI, kg/m2 (mean ± SD)
BMI ≥ 25 kg/m2
AST, IU/L (IQR)
ALT, IU/L (IQR)
Alkaline phosphatase, IU/L (mean ± SD)
GGT, IU/L (IQR)
Total bilirubin, μmol/L (IQR)
Platelets count, 103/mm3 (mean ± SD)
Prothrombin time, % (mean ± SD)
HCV infection
HBV infection
HCV/HIV infection
Fibrosis score (Metavir)
F0
F1
F2
F3
F4
Activity grade (Metavir)
A0
A1
A2
A3
LSM, kPa (IQR)
CAP, dB/m (mean ± SD)

Total, n = 115

S0, n = 66

30 (24.1)
43.1 ± 10.5
24.8 ± 4.2
57 (50.0)
43 (28-73)
63 (38-110)
72.2 ± 25.5
48 (26-88)
0.69 (0.49-0.92)
221 ± 78
93.9 ± 12.6
82 (71.3)
28 (24.3)
5 (4.3)

16 (24.2)
41.3 ± 11.0
24.0 ± 3.5
28 (42.4)
39 (25-59)
54 (33-73)
77.1 ± 27.8
39 (20-57)
0.70 (0.46-1.06)
229 ± 81
93.4 ± 11.5
44 (66.7)
18 (27.3)
4 (6.1)

S1, n = 33
10 (30.3)
46.8 ± 8.6
25.6 ± 5.2
18 (56.2)
52 (31-88)
70 (38-142)
65.4 ± 16.9
58 (32-133)
0.64 (0.55-0.92)
204 ± 66
94.2 ± 15.0
26 (78.8)
7 (21.2)
0 (0)

S2-S3, n = 16
4 (25.0)
43.0 ± 11.1
26.7 ± 3.6
11 (68.7)
45 (35-73)
98 (63-125)
62.6 ± 24.6
73 (40-106)
0.70 (0.54-0.86)
223 ± 90
95.4 ± 12.2
12 (75.0)
3 (18.7)
1 (6.2)

14 (12.2)
42 (36.5)
31 (27.0)
18 (15.6)
10 (8.7)

9 (13.6)
29 (43.9)
17 (25.8)
9 (13.6)
2 (3.0)

5 (15.1)
7 (21.2)
10 (30.3)
7 (21.2)
4 (12.1)

0 (0)
6 (37.5)
4 (25.0)
2 (12.5)
4 (25.0)

12 (10.4)
66 (57.4)
19 (16.5)
18 (15.6)
6.7 (5.1-9.1)
244.4 ± 49.1

8 (12.1)
43 (65.1)
7 (10.6)
8 (12.1)
6.4 (4.9-8.4)
227.1 ± 43.1a

3 (9.1)
14 (42.4)
9 (27.3)
7 (21.2)
6.7 (4.8-9.5)
254.6 ± 38.9b

1 (6.2)
9 (52.2)
3 (18.7)
3 (18.7)
8.0 (5.6-11.1)
297.8 ± 49.4d

SD values represent mean, and interquartile range (IQR) values represent median. aP < 0.05 (S0 vs S1); bP < 0.01 (S1 vs S2-S3); dP < 0.01 (S0 vs S2-S3). BMI:
Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; CAP: Controlled attenuation
parameter; LSM: Liver stiffness measurement.

Kleiner et al[26] as S0, steatosis in less than 5% of hepatocytes; S1, 5%-33%; S2, 34%-66%; and S3, more than
66%. For the purpose of this study, S2 and S3 grades
were grouped in the subsequent statistical analysis.

the area under the ROC (AUROC) curve analysis.
Data analysis was performed with STATA statistical
package (release 11,1, 2010, Stata Corporation, College
Station, Texas, United States) and Medcalc (Version 11.2,
2011 MedCalc Software bvba, Be).

Statistical analysis
Sample size considerations for performance of CAP: A
total sample size of 115-which includes 50 subjects with
the disease, i.e. a prevalence approximately 45%-achieves
83% power to detect a change in sensitivity and in specificity from 0.80 to 0.90 using a one-sided binomial test.
The target significance level is 0.05.
Descriptive statistics were produced for demographic,
clinical and laboratory characteristics for this study sample of patients. The Shapiro-Wilk test was used to test the
normal distribution of quantitative variables. When quantitative variables were normally distributed, the results
were expressed as mean values and SD, otherwise median
and interquartile range (IQR; 25th-75th percentile) were
reported; qualitative variables were summarized as counts
and percentages. One-way ANOVA or Kruskal-Wallis
analysis of variance by ranks, with Bonferroni correction,
was used to analyze differences among patients undergoing liver biopsy. Pearson or Spearman rank coefficient
was used to test correlation between two study variables.
Linear regression was used for multivariate model to assess the association between CAP and other variables.
The diagnostic performance of CAP was assessed by
using receiver operating characteristic (ROC) curves and
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RESULTS
From February 2012 to November 2013, 115 subjects
were enrolled into the study. For all patients the consumption of alcohol was less than 20 g/d. The characteristics of the study population is shown in Table 1.
In six patients (5.2%) the examination failed with the
M probe of the Fibroscan device. No unreliable measurements were obtained. In all patients LB was performed on
the same day as CAP and LSM measurements, no complication was observed. The mean length of the LB specimen was 2.2 (0.73) cm. At histology, all specimens contained ≥ 10 portal tracts. None of the specimens showed
steatohepatitis or siderosis. Sixty-six (57.4%) subjects were
S0, 33 (28.7%) S1, 11 (9.6%) S2, and 5 (4.3%) S3.
In univariate analysis CAP showed a significant correlation with age, body mass index (BMI), degree of steatosis, and cholesterol. Corresponding r values were 0.29
(P = 0.002); 0.55 (P < 10-3); 0.55 (P < 10-3); 0.35 (P = 0.04),
respectively. LSM showed a significant correlation with
METAVIR stage, METAVIR grade, AST, and platelets.
Corresponding r values were 0.41 (P < 10-3); 0.28 (P =
0.003); 0.26 (P = 0.02); 0.23 (P = 0.04) respectively.
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Table 2 Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio
of controlled attenuation parameter best cut-off values
Sensitivity% (95%CI) Specificity% (95%CI)
S≥1
S≥2

91.1 (78.8-97.5)
60.0 (32.3-83.7)

51.6 (38.7-64.2)
91.5 (83.9-96.3)

PPV% (95%CI)

NPV% (95%CI)

+LR (95%CI)

-LR (95%CI)

56.9 (44.7-68.6)
52.9 (27.8-77.0)

89.2 (74.3-97.0)
93.5 (86.3-97.6)

1.88 (1.4-2.5)
7.05 (3.2-15.4)

0.17 (0.07-0.5)
0.44 (0.2-0.8)

PPV: Positive predictive value; NPV: Negative predictive value; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio.

stiffness and it is not influenced by fibrosis[11,12].
The results of our study show that CAP is highly and
significantly correlated with the percentage of liver fat accumulation and it could be a useful tool in the clinical setting to diagnose the presence/absence of liver steatosis.
In our series, in the detection of liver steatosis CAP misclassified one third of cases. Nonetheless, the technique
showed a high sensitivity, thus it was able to confidently
identify patients with liver steatosis.
The optimal cut-off value obtained in our series for
the diagnosis of steatosis (S ≥ 1) is similar to that obtained by Sasso et al[12] in a series of patients with chronic
hepatitis C and by de Lédinghen et al[28] in a series of patients with chronic hepatitis of mixed etiologies.
We observed that the performance of CAP in detecting and quantifying liver steatosis was moderate compared to what was found in other series which included
patients with alcoholic liver disease and metabolic syndrome[11]. These differences may be due to the low prevalence of steatosis in our series of patients with chronic
viral hepatitis.
In our study CAP values were not influenced by fibrosis stage or necro-inflammation but, in addition to the
degree of liver steatosis, a correlation between CAP and
BMI that persisted in multivariate analysis after correction
for confounding variables was found. We would like to
underline that in our series the false positive cases for S=0
had significantly higher BMI. This finding could be due
to the comparison with a histological classification that
is fairly subjective for low grades of liver steatosis. Moreover, it should be underlined that we compared a method
that gives continuous measurements - such as CAP-to
liver histology, which gives a semiquantitative grading of
steatosis in a categorical scale. On the other hand, the
histological grading of fatty infiltration of the liver is not
a perfect gold standard because it examines only a small
sample and this could lead to sampling bias especially
when fat is heterogeneously distributed throughout the
liver as it may happens in mild steatosis[29]. This difference
could reduce the information given by the CAP method.
CAP is evaluated in the same region of interest of LSM,
which is a volume at least 100 times bigger than a biopsy
sample thus more representative of liver parenchyma[14].
Further studies aimed at comparing CAP also with techniques that give a quantification of the fat in the liver may
help understanding whether there is any limitation when
using as reference a histological classification of liver steatosis based only in a four-point scale.
The optimal cutoff value to assess significant steatosis

Multivariate regression analysis confirmed the correlation with the degree of steatosis [coefficient, 1.2 (95%CI:
0.60-1.83); P < 10-5] and BMI [coefficient, 4.1 (95%CI:
0.5-7.8); P = 0.03] for CAP, and with METAVIR stage
for LSM [3.1 (coefficient, 95%CI: 0.25-5.9); P = 0.03)]
but not with all other variables.
The mean values of CAP were 227.1 ± 43.1 dB/m
for S0; 254.6.4 ± 38.9 dB/m for S1; 297.8 ± 49.4 dB/m
for S2-S3. ROC curve analysis showed that optimal cutoff values for the diagnosis of steatosis - S0 vs S1-S3 (S
≥ 1) - and for the assessment of significant steatosisS0-S1 vs S2-S3 (S ≥ 2)-were 219 dB/m [AUROC, 0.76
(95%CI: 0.67-0.84)] and 296 dB/m [AUROC, 0.82
(95%CI: 0.74-0-89)]. The corresponding sensitivity, specificity, positive and negative predictive value, positive and
negative likelihood ratio are reported in Table 2. CAP
demonstrated excellent negative predictive value for assessing and grading steatosis. For the diagnosis of liver
steatosis 35 of 109 (32.1%) subjects were misclassified,
of these 31 were false positive cases and 4 false negative.
The 31 false positive cases had a significantly higher BMI
compared to the 33 true negative cases [25.6 (3.4) vs 22.1
(2.3); P < 0.0001].

DISCUSSION
The availability of new and more effective treatment options for patients with chronic hepatitis has questioned
the utility of liver biopsy, that is an invasive procedure not
free of risks. As a consequence, non-invasive methods for
assessing liver fibrosis are becoming widely used[13-22,24].
They have no complications and can be performed also
to monitor progression or improvement of liver fibrosis
over time. On the other hand, a number of factors may
affect response to treatment of patients with chronic viral
hepatitis and it is well known that patients with liver steatosis are less responsive to antiviral drugs[6]. In patients
with chronic hepatitis C liver steatosis is associated with
the progression of liver fibrosis[5]. Thus, there is a need
to noninvasively and reliably assess not only fibrosis but
also fatty infiltration of the liver. Moreover, early stages
of liver steatosis are usually reversible with appropriate
intervention. Magnetic resonance imaging shows high
accuracy for quantification of liver steatosis, but it has
high cost and is too complex to be used to monitor the
disease[27]. Ultrasound is a low cost imaging modality but
it lacks sensitivity for detection of mild steatosis. CAP is a
new method for quantification of liver steatosis, and it has
the advantage of being measured at the same time as liver
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procedure which has some risk of morbidity and mortality, and it is not the
ideal procedure to follow up patients. Recently, a novel controlled attenuation
parameter (CAP) for the noninvasive assessment of liver steatosis has been
developed.

(S ≥ 2) was similar to that obtained in another series and
it had only a fair positive predictive value, probably due
to the low prevalence of subjects with grade S2 or more
in our study population[30].
This study has limitations. First, even though consecutive subjects were studied, a low prevalence of severe
obesity was observed in our cohort. Second, we did not
assess the correlation with biochemical markers of liver
steatosis because they were available only for some subjects. Nonetheless, BMI could be regarded as a surrogate
marker of the metabolic syndrome, thus we believe that
this is not a flaw of the study. Third, the accuracy of the
method was evaluated in a small number of subjects.
Fourth, the patients undergoing liver biopsy had chronic
viral hepatitis, thus the applicability of the cutoffs in the
general population and in patients with nonalcoholic fatty
liver disease could be limited and needs to be further validated to determine the possible influence of etiology.
In conclusion, CAP could be a useful tool in the clinical management of patients with chronic viral hepatitis
for detecting liver steatosis. Further studies in larger
series are needed to assess the value of CAP in grading
liver steatosis.

Innovations and breakthroughs

A number of factors may affect response to treatment of patients with chronic
viral hepatitis and it is well known that patients with liver steatosis are less responsive to antiviral drugs. Moreover, early stages of liver steatosis are usually
reversible with appropriate intervention. Magnetic resonance imaging shows
high accuracy for quantification of liver steatosis, but it has high cost and is too
complex to be used to monitor the disease. Ultrasound is a low cost imaging
modality but it lacks sensitivity for detection of mild steatosis. CAP is a new
method for quantification of liver steatosis, and it has the advantage of being
measured at the same time as liver stiffness and it is not influenced by fibrosis.

Applications

CAP could be a useful tool in the clinical management of patients with chronic
viral hepatitis for detecting liver steatosis. Further studies in larger series are
needed to assess the value of CAP in grading liver steatosis.

Terminology

CAP is a measure of the ultrasound attenuation which corresponds to the decrease in amplitude of ultrasound waves as they propagate through the liver.
The unit of measure is decibel per meter.

Peer review

The manuscript is well documented and interesting. The performance of methodology and the statistical analysis are very well established. The study is in
agreement with previous ones that have shown the correlation of CAP with liver
steatosis. He also believes that the development and standardization of CAP
will be a useful tool in the future in detecting and measuring steatosis. Concerning the limitations of the study He agrees with the authors that CAP needs to
be further validated in a larger number of patients with respect to the etiology
of steatosis (viral hepatitis, non-alcoholic fatty liver disease), but the efforts the
authors have done still remains reliable.
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protocol of prevention of cross- and environmental
contamination was applied during DNA isolation, and
amplification, as well as confirmation of the biological
activity of the virus in tumor cells, was implemented.
The study utilized the Real-time High Risk HPV test,
which detects the DNA of 14 HPV subtypes that are
considered to have high oncogenic potential. The overINK4a
expression of the p16
protein assessed immunohistochemically was considered confirmation of the HPV
infection.

Abstract

CONCLUSION: The study does not confirm the presence or biological activity of HPV in tumor tissues.
Thus, the relationship between GAC and HPV infection,
in the Central European population seems doubtful.

RESULTS: Among the 89 patients initially included in
the study group, diagnostic results were obtained for
84 individuals. In five cases, either the histopathological
material was too scant to isolate the necessary amount
of DNA, or the isolated DNA was significantly degraded,
resulting in the failure of internal control amplification
within the predefined number of 35 cycles. Those patients were excluded from further analysis. The amplification of HPV DNA was demonstrated in none of the
84 tissue samples; thus, all cases were considered to
have a negative DNA status of highly oncogenic HPV
subtypes. Immunohistochemical staining provided diagnostic results for all of the examined tissue samples,
INK4a
and excluded the accumulation of the p16
protein
in tumor cells, thus confirming the lack of active HPV
infection in all of the individuals.

AIM: To demonstrate the presence and biological activity of human papilloma virus (HPV) in gastric cancer
(GAC) tissues.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: The study involved 84 surgically treated
patients with gastric adenocarcinoma, regardless of the
clinical stage of the disease. The presence of HPV DNA
of high oncogenic risk types in formalin-fixed, paraffinembedded tumor samples was determined using quantitative polymerase chain reaction analysis. A stringent
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Core tip: The study aimed to demonstrate the presence
and biological activity of human papilloma virus (HPV)
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in gastric cancer tissues. The genomes of 14 HPV subtypes of high oncogenic potential were assessed using
quantitative polymerase chain reaction in 84 tumor
samples. A stringent protocol for preventing sample
contamination, and confirming the biological activity of
the virus in the tumor cells, was applied. The study did
not confirm either the presence of the HPV genome or
viral activity in the examined tumor tissues.

Table 1 Clinical and histopathological characteristics of the
study group
Feature
Gender

Age
Ethnicity

Snietura M, Waniczek D, Piglowski W, Kopec A, Nowakowska-Zajdel E, Lorenc Z, Muc-Wierzgon M. Potential role of human papilloma virus in the pathogenesis of gastric cancer. World
J Gastroenterol 2014; 20(21): 6632-6637 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6632.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6632

Histopathological
type

Histopathological
grading
Clinical staging
according to the
pTNM scale

INTRODUCTION

Female
Male
Total
Median
Range
Caucasian
Other
Adenocarcinoma
Intestinal type
Mucous type
Signet ring type
G1
G2
G3
T
N
M

Alimentary tract carcinoma is a group of cancers characterized by a high risk of occurrence and a relatively high
mortality rate. Recently, significant progress has been
made in understanding the epidemiology, pathology and
pathogenesis of alimentary tract carcinomas. Gastric
cancer is the third leading cause of cancer death in both
sexes worldwide (723000 deaths, 8.8% of the total)[1].
The greater proportion of the disease occurs within the
male population in developing countries - mostly East
Asia, South America and Eastern Europe. A downward
trend has also been observed in the incidence of this
cancer[1,2]. Among the etiological factors, the most significant is improper eating habits, particularly a diet rich
in cured and smoked meat products, with low antioxidant content. Additionally tobacco smoking and alcohol
consumption have a significant effect on the gastric
cancer development. An important role is also played by
chronic Helicobacter pylori (H. pylori) or Epstein-Barr virus
(EBV) infection[2-5]. Neoplastic transformation is usually
a long, highly complex and multi-stage process. that is
caused by various genetic and epigenetic changes. human
papilloma virus (HPV) is a suspected risk factor of neoplastic transformation. Abundant evidence has demonstrated the oncogenic properties of HPV in studies on
anal[6,7], oral[8,9] and pharyngeal cancers[8,10], suggesting a
role for the virus in the pathogenesis of cancer of other
sections of the alimentary tract. Only a few studies have
addressed the role of HPV in the epidemiology and development of gastric cancer (GAC), and they are limited
mainly to South and East Asia. However, the results
obtained seem divergent, and the conclusions drawn are
controversial.
The present study was aimed to evaluate the presence
of HPV DNA in GAC tissues using quantitative polymerase chain reaction (PCR) method and to indirectly
confirm active infection through a demonstration of the
p16INK4a protein overexpression using the immunohistochemical method.
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Value
38
46
84
64 yr
18-85 yr
84
0
84
13
17
5
3
35
46
T1-7, T2-16, T3-51,
T4-10
N0-23, N1-28, N2-19,
N3-11, Nx-3
M0-62, M1-20, Mx-2

MATERIALS AND METHODS
The study involved 89 consecutive patients treated surgically for GAC from 2007 to 2013, regardless of the
clinical stage of the disease. The inclusion criteria were
as follows: age > 18 years and confirmed gastric adenocarcinoma. The exclusion criteria included the following:
previous diagnosis of malignant carcinoma and previous
anti-cancer therapy (radiotherapy, chemotherapy) for
GAC. Paraffin blocks of the tumor tissue, histopathological and clinical documentation allowing for the determination of the primary location of the lesion, histological
type of the tumor, histopathological grading and clinical
staging using the pTNM scale were studied. Clinical and
histopathological characteristics of the patients who were
included in the study are presented in Table 1.
Isolation of the genomic DNA aseptically from the
paraffin tissue blocks was confirmed using a Maxwell
AS2000 instrument and the Maxwell 16 FFPE Plus LEV
DNA Purification Kit (Promega Corporation, Medison,
WI, United States). The purity of the obtained isolates
and DNA concentration was measured using NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific, Inc.
Waltham, MA, United States). The presence of HPV
DNA of high oncogenic risk types was confirmed using
a quantitative PCR (Q-PCR) analysis. The study utilized
the RealTime High Risk HPV test (Abbott Laboratories,
Abbott Park, IL, United States) to detect the DNA of 14
HPV subtypes that are considered to have high oncogenic risk. The usefulness of the test in the assessment of
HPV status in formalin-fixed, paraffin-embedded tissue
samples has been demonstrated elsewhere[8,10].
The reaction was a multiplex PCR using 5 (3 forward and 2 reverse) consensual starters for conservative
sequences in the L1 gene of the virus, allowing simultaneous DNA amplification of several subtypes of the
virus[11]. The detection of amplification products was
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completed using a set of fluorescence marked hybridization probes, specific for individual subtypes of the virus.
That method allows for the separate detection of HPV
for types 16 and 18 and for one or more of the other
less common types: 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66 and 68. This configuration of the test covers over
93% of the high oncogenic risk subtypes reported for
the European population[12]. The entire amplification and
reaction product detection process was realized using the
RT7500 Fast platform (Life Technologies Inc., Carlsbad,
CA, United States). Although the test uses quantitative
PCR, its result is of qualitative character - confirming or
excluding the presence of an individual type of the virus.
The results with a threshold cycle less than or equal to 32
(CT ≤ 32) were considered positive. An internal control
in the form of human β-globin was included in each
sample. Amplification of the β-globin gene confirmed
the isolation of a sufficient amount of DNA of satisfactory quality and excluded the possibility of false-negative
results.
Commercially available negative and positive controls
(RealTime High Risk HPV Control Kit, Abbott Laboratories, Abbott Park, IL, United States) were also included
in each run to verify that the sample processing, amplification and detection steps were performed correctly. The
negative control was formulated with DNA containing
the β-globin sequence and poly-dA:dT as carrier DNA.
The positive control contained HPV16, HPV18, HPV58
and β-globin sequences and carrier DNA.
A possible biological activity of the virus was confirmed immunohistochemically based on the accumulation of the p16INK4a protein caused by inhibition of the
retinoblastoma gene (pRB) by the viral oncoprotein E7.
Determination of the p16INK4a protein overexpression
was completed on 3-µm-thick paraffin sections, following
their dewaxing and rehydratation. The antigen retrieval
procedure was carried out in Antigen Retrieval Solution
(Mtm Laboratories Inc., Heidelberg, Germany) (100
mmol/L Tris, 10 mmol/L EDTA (pH 9.0), 15 mmol/L
sodium azide). The presence of the p16INK4a protein in
the examined tissues was detected using mouse antihuman p16INK4a monoclonal antibody, clone E6H4 (Mtm
Laboratories Inc., Heidelberg, Germany) at a ready-to-use
concentration and was visualized using the HRP/DAB+
system (Dako Denmark A/S, Glostrup, Denmark). Contrast staining was completed using hematoxylin according
to Meyer. Each batch was supplemented with a positive
control in the form of a section of squamous cell carcinoma of a tonsil with a known, positive HPV status
(demonstrating a strong and uniform color reaction) and
negative controls in which the primary antibody was replaced by TBS buffer.
The intensity of the cytoplasmic immunohistochemical reaction was evaluated under a light microscope BX41
(Olympus Corporation, Tokyo, Japan) at magnifications
of 100 x and 200 x using a semiquantitative three-grade
scale: total lack of p16INK4a expression in the tumor tissue; focal staining in separated cells; and moderate or
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strong color reaction involving most of the cancer cells.
Only a moderate or strong color reaction was considered
a positive result.
Ethical consideration
The present study was conducted in accordance with the
guidelines of the Declaration of Helsinki and its subsequent amendments, and informed consent was obtained
from all of the patients.

RESULTS
Among the 89 patients initially included in the study, diagnostic results were obtained for 84 samples. In five cases, either the histopathological material was insufficient to
isolate the necessary DNA amount or the isolated DNA
was significantly degraded, resulting in the failure of internal control amplification within the predefined number
of 35 cycles. Those patients were excluded from further
analysis. The amplification of high risk HPV DNA was
demonstrated in none of the 84 tissue samples; thus, all
of the cases were considered negative (Figure 1).
Immunohistochemical staining provided diagnostic
results for all of the examined samples, and excluded the
accumulation of the p16INK4a protein, confirming the lack
of active HPV infection in all individuals. In 80 cases
the complete absence of staining with the specific antip16INK4a antibody was observed. In the other four cases,
a focal, weakly expressed reaction within the neighboring
epithelium, in a single tumor or in stromal cells was observed; (all of these expression patterns were classified as
negative results) (Figure 2).

DISCUSSION
In GAC, dietary and lifestyle factors primarily contribute
to the risk of developing cancer, in addition to infections
with H. pylori or EBV[1-4]. It was demonstrated that approximately 9% of GAC display EBV in the tumor cells,
although its effect on carcinogenesis and the development
of GAC remains unclear[5,13,14]. Some authors believe
that there may be a correlation between HPV infection
and the development of GAC similar to that found for
EBV. However, the role of HPV in GAC has not been
yet extensively studied. Therefore, some recent papers
have aimed at demonstrating of a correlation between
HPV and GAC and other alimentary tract carcinomas.
Unfortunately, those papers provided contradictory data.
In studies from various authors, the incidence of HPV in
patients with alimentary tract carcinomas is highly variable, depending on the selected detection technique. Currently, PCR is most often used due to its high sensitivity,
but its disadvantage is its low specificity[15-18]. The data
variability may be a result of using not only various HPV
detection methods but also various study material collection procedures and sites, various methods of specimen protection against viral contamination, geographical differences and various selected subtypes of high
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Figure 1 Representative subset of quantitative polymerase chain reaction amplification plots for 55 patients including non-informative cases. A: Human
papilloma virus (HPV) type 16; B: HPV type 18; C: One or more subtypes from the group of 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68; D: Internal control (β-globin).
The two leftmost curves correspond to the positive controls, horizontal line corresponds to ΔRn threshold. ΔRn: The magnitude of the generated fluorescent signal.

A

HPV DNA in 29% of GCA and 47% of ESCC cases.
Although HPV occurred less commonly in GCA than
it did in ESCC, higher p16INK4a expression was observed
in GCA than in ESCC (75% vs 25%, respectively; P <
0.05). In some older studies on EBV, some authors demonstrated the presence of EBV or HPV (less commonly)
in GAC; in some cases, the simultaneous presence of
both viruses was revealed[22,23]. In contrast, Koshiol et al[24]
found no HPV16/18 in any of the tissues collected from
144 cardia cancers. They used a standardized protocol to
minimize the potential for environmental HPV to contaminate the tissues. Control β-globin, and therefore the
DNA quality, was adequate in 75% of the cases (108/144).
Among the 108 cases, all were negative for HPV DNA
based on Linear Array and E6/E7-based PCR. Yuan et
al[25] investigated the relationship between GAC and HPV.
They performed PCR analyses of tissue samples from 98
patients with gastroduodenal diseases, including GAC, in
a region presenting a high incidence rate of GAC. HPV
genotypes were detected using the HPV GenoArray test
kit (Hybribio Ltd, Hong Kong). HPV DNA was not
detected in any of the patients’ tissues, including: GAC
cells, adjacent dysplastic epithelium, surrounding lymphocytes, and paired normal gastric mucosa. The results of
Kamangar et al[26]’s prospective, seroepidemiological study
in a high-risk region of GAC in China did not support
a major role for HPV 16, HPV 18 and HPV 73 in GAC
etiology. Lagergren et al[27] performed a population-based,
case-control study and found no association between
HPV16 and an inverse association between HPV 18, and

B

Figure 2 Representative results of immunostaining for p16INK4a protein.
A: Negative immunostaining in gastric adenocarcinoma G3; B: Human papilloma virus-positive squamous cell carcinoma of the oropharynx as the positive
control. Scale bar: 200 µm.

oncogenic risk HPV (mostly HPV16 and HPV18). Ma et
al[19] using liquid and in situ PCR found HPV16E6 genes
in 37.5% of GAC (15/40) and stated that the gastric
adenoid epithelium may be a target of HPV-dependent
carcinogenesis. Xu et al[20] using the in situ hybridization
technique, found HPV in 68% of the examined GAC
samples and even in 20% (10/50) of the normal gastric
mucosa tissue samples. Among 23 cases of concurrent
esophageal squamous cell carcinoma (ESCC) and GCA
(gastric cardia cancer), Ding et al[21] using PCR, found
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types of the virus, and confirmation of tumor cell infection by demonstrating the
changes in cellular metabolism caused by HPV. Using this combined approach,
we could eliminate the false-positive results emerging from HPV presence in the
alimentary tract without infecting its tissues. This study is the first from Middle
and Eastern Europe characterized by one of the highest gastric cancer incidence
and mortality rates. Obtained results confirmed neither the presence of virus nor
its biological activity in the tested tissues of gastric cancer.

adenocarcinomas of the esophagus or gastroesophageal
junction (OR = 0.2; 95%CI: 0.1-0.7). Other studies have
also ruled out the presence of HPV in GAC or have
found that it has low significance[28,29].
In the present study, we used the unique combination
of viral DNA detection and confirmation of transcriptional activity of the virus, by demonstrating of p16INK4a
accumulation in target cells. This algorithm based on p16
immunostaining followed by GP5+/6+ PCR in the p16positive cases proposed by Smeets et al[30] is claimed to
be 100% sensitive and specific. Moreover, it should be
noted that the expression of p16INK4a is a sensitive surrogate marker of HPV infection but is not limited only to
HPV-positive tumors, and the use of this marker alone as
an indicator of biologically relevant HPV infections inevitably entails the risk of including some HPV-negative
p16INK4a-positive results[31].
Another distinguishing attribute of the present study
is the application of quantitative PCR, which covers
more than 93% of the subtypes of high-oncogenic-risk
viruses, including HPV16, HPV18 and twelve less abundant subtypes. The analytical parameters of this assay
were precisely described[12] and the usefulness of HPV
detection in the formalin-fixed, paraffin-embedded tissue samples was demonstrated in our previous studies[8,10]
and by independent investigators[32]. The results obtained
in the study failed to detect the presence of the HPV
genome in GAC, suggesting that the incidence of highoncogenic-risk HPV in GAC tissue is very low; therefore,
the potential participation of the virus in GAC development is highly doubtful.
In conclusion, infectious agents such as HPV are
suspected to play causal roles in various human malignancies. However, the present study failed to confirm the
presence of the HPV genome as well as any viral biological activity in GAC tissues. Therefore, any role of the virus in the pathogenesis of GAC, at least in the Caucasian
population of Middle end Eastern Europe, is doubtful.

Applications

The potential participation of HPV in the development of gastric cancer, at least
in the population of the Middle and Eastern Europe, is highly doubtful.

Terminology

HPVs represent a large group of relatively small viruses that contain DNA as
genetic material and can infect epithelial tissues of mammalians, including humans. Most HPVs are benign and cause skin or genital warts, but a subgroup,
known as high oncogenic subtypes, are responsible for the development of
several cancers, including cervical, anal and pharyngeal cancer.

Peer review

In this study, the authors explored the presence of high-risk HPVs and the expression of p16INK4a in a cohort of 84 gastric cancer tissues using RT-PCR and
IHC analysis. The author failed to detect HPVs and p16INK4a expression in all
samples. Therefore, they claimed that the presence and role of high-risk HPVs
in the pathogenesis of gastric adenocarcinoma in a European population are
not evident. This study is interesting and within the scope of the journal.
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OBSERVATIONAL
BRIEF ARTICLE
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Protocol liver biopsy is the only examination that can detect
mid-term graft fibrosis after pediatric liver transplantation
Yukihiro Sanada, Koshi Matsumoto, Taizen Urahashi, Yoshiyuki Ihara, Taiichi Wakiya, Noriki Okada,
Naoya Yamada, Yuta Hirata, Koichi Mizuta
cold ischemic time, no acute cellular rejection and an
alanine amino transaminase (ALT) level of ≥ 20 IU/L
(P = 0.028, P = 0.033 and P = 0.012, respectively);
however, no risk factors were identified for a score of
≥ F1. Furthermore, no independent risk factors associated with scores of ≥ A1 and ≥ F1 at five years
were identified using multivariate analysis. A ROC curve
analysis of ALT at two years for a score of ≥ A1 demonstrated the recommended cutoff value for diagnosing
≥ A1 histology to be 20 IU/L. The incidence of scores
of ≥ A2 or ≥ F2 at two years after LT was 3.4% (three
cases), and all patients had an absolute score of ≥ A2.
In contrast to that observed for PLBs at five years after
LT, the incidence of scores of ≥ A2 or ≥ F2 was 20.0%
(11 cases), and all patients had an absolute score of ≥
F2. In all cases, the dose of immunosuppressants was
increased after the PLB, and all ten patients who underwent a follow-up liver biopsy improved to scores of
≤ A1 or F1.
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CONCLUSION: PLB at two years after LT is an unnecessary examination, because the serum ALT level
reflects portal inflammation. In addition, immunosuppressive therapy should be modulated to maintain the
ALT concentration at a level less than 20 IU/L. PLB at
five years is an excellent examination for the detection of early reversible graft fibrosis because no serum
markers reflect this finding.

Abstract
AIM: To assessed the clinical significance of protocol
liver biopsy (PLB) in pediatric liver transplantation (LT).
METHODS: Between July 2008 and August 2012, 89
and 55 PLBs were performed in pediatric patients at
two and five years after LT, respectively. We assessed
the histopathological findings using the Metavir scoring
system, including activity (A) and fibrosis (F), and we
identified factors associated with scores of ≥ A1 and
≥ F1. Our results clarified the timing and effectiveness
of PLB.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Protocol liver biopsy; Graft fibrosis; Immunosuppression; Liver function test; Pediatric liver transplantation

RESULTS: The incidences of scores of ≥ A1 and ≥
F1 were 24.7% and 24.7%, respectively, at two years
after LT and 42.3% and 34.5%, respectively, at five
years. Independent risk factors in a multivariate analysis of a score of ≥ A1 at two years included ≥ 2 h of
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Core tip: Few studies have investigated the impact of
the timing and effectiveness of post-transplant protocol
liver biopsy (PLB). We assessed the histopathological
findings of these biopsies using the Metavir scoring system, and our results clarified the timing and effective-
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riod was between six and 55 mo.

ness of PLB. PLB at two years after pediatric liver transplantation is an unnecessary examination, because the
serum alanine amino transaminase (ALT) level reflects
portal inflammation. In addition, immunosuppressive
therapy should be modulated to maintain the ALT concentration at a level less than 20 IU/L. PLB at five years
is an excellent examination for the detection of early
reversible graft fibrosis because no serum markers reflect this finding.

Immunosuppressive therapy
Tacrolimus (Tac) and methylprednisolone (MP) were used
as the standard postoperative immunosuppressive regimen. The target trough levels of Tac were 15-20 ng/mL
during the first week, 8-12 ng/mL during the first month,
5-8 ng/mL during the first six months, 3-5 ng/mL during
the first year and 2-4 ng/mL thereafter. MP was administered at an initial dose of 20 mg/kg intravenously on the
morning of the operation and before graft reperfusion.
The MP dose was thereafter decreased gradually to 3
mg/kg per day on postoperative day (POD) 1, 0.5 mg/kg
per day on POD 7 and 0.25 mg/kg per day at one month
after LDLT and was then discontinued within one year
except in patients in whom immunosuppression could
not be maintained at the lowest dose. Mycophenolate
mofetil (MMF) was used when more potent immunosuppression was required, such as in ABO-incompatible
recipients older than five years, patients with steroidresistant acute rejection episodes and patients with liver
dysfunction following the cessation of MP therapy.

Sanada Y, Matsumoto K, Urahashi T, Ihara Y, Wakiya T, Okada
N, Yamada N, Hirata Y, Mizuta K. Protocol liver biopsy is the
only examination that can detect mid-term graft fibrosis after
pediatric liver transplantation. World J Gastroenterol 2014;
20(21): 6638-6650 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i21/6638.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6638

INTRODUCTION
Liver transplantation (LT) is an established curative treatment for pediatric patients with end-stage liver disease
or acute liver failure[1-3]. Graft fibrosis and/or chronic
rejection can still occasionally lead to graft failure or
even death despite improvements and innovations in
immunosuppressive therapy, and the histopathological
assessments performed after LT remain insufficient. It is
therefore necessary to further improve the prognosis by
maintaining the function of the liver graft using a minimum degree of immunosuppression to achieve an optimal balance between the effectiveness and side effects of
individual immunosuppressants.
The development of liver graft fibrosis after pediatric
LT has been reported to occur in 69%-97% of cases, including cases of mild fibrosis[4-8]. Graft dysfunction does
not occur unless the fibrosis becomes advanced, and the
occurrence of graft fibrosis or portal inflammation cannot be predicted using the standard liver function test
(LFT) alone. Therefore, histopathological assessments
using protocol liver biopsy (PLB) have recently been reported to be important[4-9]. However, the significance of
mild to severe fibrosis is unclear, and the indications for
the treatment of abnormal PLB findings are controversial. In addition, few studies have investigated the impact
of the timing and effectiveness of PLB. This retrospective study assessed the clinical significance of the timing
and effectiveness of PLB after pediatric living donor liver
transplantation (LDLT).

Diagnosis of acute cellular rejection
All episodes of acute cellular rejection were diagnosed
based on the histopathological findings of a liver biopsy.
In all specimens, the diagnosis of acute cellular rejection
was evaluated by highly experienced pathologists and
graded into four classes according to the Banff scheme[10].
The degrees of portal infiltration by lymphocytes (P0-3),
bile duct inflammation or damage (B0-3) and venous
endothelial inflammation (V0-3) in the Banff scheme
were evaluated. A liver biopsy was indicated when all liver
function data (aspartate amino transferase, alanine amino
transferase (ALT), gamma-glutamyl transpeptidase, and
total bilirubin) were elevated compared with the previous
data.
PLB procedure and timing
We began to perform PLBs in pediatric patients at two
and five years after LT in July 2008 because we experienced cases of normal LFTs coexisting with histopathological portal inflammation and fibrosis, including cases 4
and 5, which are discussed later. In those cases in which
the dose of immunosuppressants was increased after the
PLB, we generally performed a follow-up liver biopsy between six months and one year after the PLB. In addition
to a PLB, an episode biopsy was performed when a recipient with a high serum level of ALT or hyaluronic acid
was refractory to an increase in immunosuppressants.
The PLB necessitated an overnight stay at our hospital.
A percutaneous transhepatic liver biopsy was performed
under analgesia and sedation using ultrasonographicallyguided 14 G Monopty (C.R.Bard, Inc. United States).
Manual compressive hemostasis was conducted for 20
min, after which compressive bandage hemostasis was
performed until the following day. Preventive cefoperazone and sulbactam were also administered on that day.

MATERIALS AND METHODS
Patients
Between July 2008 and August 2012, 144 PLBs were
performed in pediatric patients at two and five years after
LDLT at the Department of Transplant Surgery, Jichi
Medical University, Japan (Table 1). The observation pe-
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Table 1 Demographic characteristics of recipients and grafts undergoing protocol liver biopsy at two and five years after living
donor liver transplantation

Recipient characteristics at LDLT
Gender
Age (mo)
Body weight (kg)
Original disease
PELD or MELD
Operation time
Cold ischemic time
Warm ischemic time
Blood loss volume (mL/kg)
Transfusion volume (mL/kg)
Donor and graft characteristics at LDLT
Gender
Age (yr)
ABO compatibility
GV/SLV (%)
Graft type
Recipient and graft characteristics at PLB
Age (mo)
Body weight (kg)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
Hyaluronic acid (ng/mL)
IgG (mg/dL)
GV/SLV (%)
Spleen volume (mL)
Trough of tacrolimus (ng/mL)

PLB at two years after LDLT (n = 89)

PLB at five years after LDLT (n = 55)

Male 37, female 52
22 (0-234)
10.7 (2.6-58.5)
BA 63, OTCD 9, AS 4, FHF 4, CEPS 3, graft failure 2, WD 1,
PSC 1, CPS1D 1, LC 1
7.4 (-9.7-39.4)
13 h 25 min (7 h 33 min-30 h 28 min)
2 h 17 min (36 min-8 h 6 min)
45 min (30 min-2 h 2 min)
77.0 (3.1-585.1)
91.3 (0.0-597.7)

Male 20, female 35
19 (7-198)
9.7 (5.9-64.9)
BA 43, OTCD 3, AS 2, WD 2, FHF 1, HB 1, CF
1, CEPS 1, graft failure 1
8.6 (-8.9-39.4)
17h 19 min (11 h 11 min-30 h 28 min)
2 h 06 min (25 min-16 h 19 min)
1 h 00 min (30 min-4 h 27 min)
45.5 (6.7-776.2)
68.1 (0.0-670.7)

Father; 45, mother; 44
33 (23-57)
Identical; 55, compatible; 20, incompatible 14
68.0 (33.0-120.9)
Lateral segment; 57, left lobe; 23,
S2 monosegment; 5, left lobe + caudate; 4

Father; 30, mother; 25
33 (23-53)
Identical; 40, compatible; 8, incompatible 7
75.8 (35.7-121.2)
Lateral segment; 43, left lobe; 10,
left lobe + caudate; 2

48 (24-259)
15.6 (7.3-64.6)
0.63 (0.25-3.25)
30 (14-61)
17 (9-54)
17 (6-440)
21 (9-239)
927 (440-2063)
90.6 (70.2-126.9)
125 (0-892)
3.4 (0-10.1)

81 (68-257)
21.4 (14.4-71.6)
0.68 (0.26-2.55)
27 (10-251)
17 (8-260)
16 (9-510)
17 (9-216)
1148 (475-2961)
93.0 (58.8-157.0)
145 (0-692)
2.3 (0-15.5)

PLB: Protocol liver biopsy; LDLT: Living donor liver transplantation; BA: Biliary atresia; OTCD: Ornithine transcarbamylase deficiency; AD: Alagille
syndrome; FHF: Fulminant hepatic failure; CEPS: Congenital extrahepatic portsystemic shunt; WD: Wilson disease; PSC: Primary sclerosing cholangitis;
CPS1D: Carbamoyl-phosphate synthase 1 deficiency; LC: Liver cirrhosis; HB: Hepatoblastoma; CF: Cystic fibrosis; PELD: Pediatric end-stage liver disease;
MELD: Model for end-stage liver disease; GV/SLV: Ratio of graft volume to standard liver volume; AST: Aspartate amino transferase; ALT: Alanine amino
transferase; IgG: Immunoglobulin G.

Assessment of the PLB findings
We assessed the histopathological features of the PLB
samples using the Metavir scoring system[11], which grades
the activity (A), i.e., the amount of inflammation (specifically, the intensity of necro-inflammatory lesions), on a
four-point scale from A0 to A3. Fibrosis (F) was graded
on a five-point scale from F0 to F4.

the dose of immunosuppressants.
Statistical analysis
The significance of the differences between two groups
was evaluated using the chi-squared test. Associations
between the recipient, donor or graft variables and abnormal histopathological findings were evaluated using
univariate and backward selection multivariate Cox regression methods. A ROC curve analysis was performed
to identify the cutoff value for the correlation between
the ALT level and abnormal histopathological findings.
All statistical analyses were performed using the StatView software package (SAS Institute, Cary, NC) and
EZR (Saitama Medical Center, Jichi Medical University,
Japan). Differences of P < 0.05 were considered to be
significant.

Strategy of increasing the dose of immunosuppressants
after LDLT
When the serum level of ALT or hyaluronic acid was
found to be high in outpatients, we increased the dose
of immunosuppressants if the suspected causes of the
elevation of these levels was an immune response. When
the serum level of ALT or hyaluronic acid was maintained at a normal level for a few months in the early period or for six months in the late period after LDLT, we
gradually decreased the dose of immunosuppressants.
When the PLB score was ≥ A2 or ≥ F2, we increased the dose of immunosuppressants to provide the
early treatment of portal inflammation or fibrosis. When
the PLB grade was A0 and F0, we gradually decreased
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RESULTS
Results of PLB at two years after LDLT
The incidence of scores of ≥ A1 and ≥ F1 at two years
after LDLT was 24.7% and 24.7%, respectively. The ac-
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Table 2 Risk factors for ≥ A1 and ≥ F1 of protocol liver biopsy at two years after living donor liver transplantation: univariate
analysis
Variables
Recipient age at LDLT
< 12 mo (n = 30) vs ≥ 12 mo (n = 59)
Recipient body weight at LDLT
< 10 kg (n = 43) vs ≥ 10 kg (n = 46)
Original disease
Cholestatic diseases (n = 69) vs others (n = 20)
PELD or MELD
≥ 20 (n = 22) vs < 20 (n = 67)
Donor age
≥ 35 yr (n = 39) vs < 35 yr (n = 50)
Gender combinations between donor and recipient
Mismatch (n = 50) vs match (n = 39)
ABO compatibility
Incompatible (n = 14) vs others (n = 75)
HLA-A
Mismatch (n = 65) vs match (n = 24)
HLA-B
Mismatch (n = 84) vs match (n = 5)
HLA-DRB1
Mismatch (n = 76) vs match (n = 13)
Lymphocyte cross-matching
≥ 4 × (n = 7) vs negative (n = 82)
GV/SLV
< 40 % (n = 6) vs ≥ 40 % (n = 83)
Graft type
Lateral segment graft (n = 57) vs others (n = 32)
Operation time
≥ 20 h (n = 12) vs < 20 h (n = 77)
Cold ischemic time
≥ 2 h (n = 49) vs < 2 h (n = 40)
Warm ischemic time
≥ 45 min (n = 45) vs < 45 min (n = 44)
Blood loss volume
≥ 100 mL/kg (n = 30) vs < 100 mL/kg (n = 59)
Transfusion volume
≥ 100 mL/kg (n = 41) vs < 100 mL/kg (n = 48)
Splenectomy
Yes (n = 7) vs No (n = 82)
Portal vein complications
Yes (n = 11) vs No (n = 78)
Hepatic arterial complications
Yes (n = 6) vs No (n = 83)
Hepaticojejunostomic anastomotic stricture
Yes (n = 14) vs No (n = 75)
Cytomegalovirus infection
Yes (n = 29) vs No (n = 60)
Acute cellular rejection
Yes (n = 29) vs No (n = 60)
Total bilirubin at PLB
≥ 0.7 mg/dL (n = 29) vs < 0.7 mg/dL (n = 60)
AST at PLB
≥ 30 IU/L (n = 49) vs < 30 IU/L (n = 40)
ALT at PLB
≥ 20 IU/L (n = 27) vs < 20 IU/L (n = 62)
γ-GTP at PLB
≥ 20 IU/L (n = 34) vs < 20 IU/L (n = 55)
Hyaluronic acid at PLB
≥ 20 ng/mL (n = 52) vs < 20 ng/mL (n = 37)
IgG at PLB
≥ 1200 mg/dL (n = 18) vs < 1200 mg/dL (n = 71)
ANA at PLB
≥ 20 × (n = 8) vs < 20 × (n = 81)
ASMA at PLB
≥ 20 × (n = 21) vs < 20 × (n = 68)
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Incidence of ≥ A1 (%)

P value

Incidence of ≥ F1 (%)

P value

26.7 vs 23.7

0.762

36.7 vs 18.6

0.062

23.3 vs 26.1

0.757

27.9 vs 21.7

0.500

33.3 vs 38.1

0.637

33.3 vs 38.1

0.637

22.7 vs 25.4

0.803

31.8 vs 22.4

0.374

23.1 vs 26.0

0.751

25.6 vs 24.0

0.858

24.0 vs 25.6

0.858

22.0 vs 28.2

0.501

21.4 vs 25.3

0.755

14.3 vs 26.7

0.324

30.8 vs 8.3

0.029

27.7 vs 16.7

0.285

26.2 vs 0.0

0.187

25.0 vs 20.0

0.802

26.3 vs 15.4

0.398

26.3 vs 15.4

0.398

0.0 vs 26.8

0.114

28.6 vs 24.4

0.805

33.3 vs 24.1

0.612

16.7 vs 25.3

0.636

21.1 vs 31.3

0.285

29.8 vs 15.6

0.136

16.7 vs 26.0

0.113

25.0 vs 24.7

0.975

32.7 vs 15.0

0.055

28.6 vs 20.0

0.351

20.0 vs 29.5

0.297

26.7 vs 22.7

0.666

16.7 vs 28.8

0.209

26.7 vs 23.7

0.762

22.0 vs 27.1

0.576

22.0 vs 27.1

0.576

42.9 vs 23.2

0.247

28.6 vs 24.4

0.805

9.1 vs 26.9

0.199

27.3 vs 24.4

0.834

16.7 vs 25.3

0.636

33.3 vs 24.1

0.509

21.4 vs 25.3

0.755

28.6 vs 24.0

0.716

31.0 vs 21.7

0.337

27.6 vs 23.3

0.663

10.3 vs 31.7

0.029

17.2 vs 28.3

0.255

17.2 vs 28.3

0.255

24.1 vs 25.0

0.929

24.5 vs 25.0

0.956

34.7 vs 12.5

0.016

40.7 vs 17.7

0.021

37.0 vs 19.4

0.075

32.4 vs 20.0

0.189

29.4 vs 21.8

0.420

32.7 vs 13.5

0.039

23.1 vs 27.0

0.671

27.8 vs 23.9

0.737

33.3 vs 22.5

0.343

12.5 vs 25.7

0.401

12.5 vs 25.9

0.401

23.8 vs 25.0

0.913

28.6 vs 23.5

0.640
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Trough of tacrolimus at PLB
1
≥ 3.0 ng/mL (n = 54) vs < 3.0 ng/mL (n = 32)

25.9 vs 25.0

0.924

24.1 vs 25.0

0.924

1

Three cases which were used a cyclosporine were removed. LDLT: Living donor liver transplantation; PELD: Pediatric end-stage liver disease; MELD:
Model for end-stage liver disease; GV/SLV: Ratio of graft volume to standard liver volume; PLB: Protocol liver biopsy; AST: Aspartate amino transferase;
ALT: Alanine amino transferase; IgG: Immunoglobulin G; ANA: Antinuclear antibody; ASMA: Antismooth nuclear antibody.

1.0

Table 3 Risk factors for ≥ A1 and ≥ F1 of protocol
liver biopsy at two and five years after living donor liver
transplantation: multivariate analysis
OR

95%CI

Risk factors for ≥ A1 of PLB at two years after LDLT
HLA-A mismatch
Mismatch vs match
0.46
0.145-1.479
Cold ischemic time
≥ 2 h vs < 2 h
4.15
1.164-14.789
Acute cellular rejection
Yes vs No
0.20
0.046-0.878
ALT
≥ 20 IU/L vs < 20 IU/L
4.64
1.409-15.306
Hyaluronic acid
≥ 20 ng/mL vs < 20 ng/mL
3.30
0.982-11.076
Risk factors for ≥ F1 of PLB at two years after LDLT
Recipient age
< 1 yr vs ≥ 1 yr
1.54
0.506-4.706
AST
≥ 30 IU/L vs < 30 IU/L
2.68
0.775-9.238
ALT
≥ 20 IU/L vs < 20 IU/L
1.86
0.646-5.335
Risk factors for ≥A1 of PLB at five years after LDLT
Cold ischemic time
≥ 2 h vs < 2 h
2.94
0.778-11.140
Acute cellular rejection
Yes vs No
2.26
0.728-7.035
Risk factor for ≥ F1 of PLB at five years after LDLT
Acute cellular rejection
Yes vs No
2.75
0.876-8.637

P value
Sensitivity

Variables

0.8

0.194

20 (0.761, 0.500)
0.4

0.028
0.2

0.033

0.0

0.012

1.0
0.054

0.8

0.6
0.4
Specificity

0.2

0.0

Figure 1 Receiver operating characteristic curve analysis of the alanine
amino transaminase level at two years after living donor liver transplantation in the patients with a score of ≥ A1. The recommended cutoff value for
diagnosing a score of ≥ A1 was set at 20 IU/L (sensitivity: 50.0%, specificity:
76.1%, area under the curve: 0.685 and 95%CI: 0.557-0.813).

0.446
0.120
0.251

under the curve: 0.685 and 95%CI: 0.557-0.813) (Figure
1). Univariate analysis identified the risk factor for a score
of ≥ F1 at two years after LDLT to be the aspartate
amino transferase level (P = 0.016). The variables with P
< 0.100 included a recipient age of < 12 mo and an ALT
level of ≥ 20 IU/L (P = 0.062 and P = 0.075, respectively). A multivariate analysis of these variables found
none to be independent risk factors for a score of ≥ F1
at two years after LDLT (Table 3).
The incidence of scores of ≥ A2 or ≥ F2 at two
years after LDLT was 3.4% (three cases), and all patients
had a score of ≥ A2 (Table 4). In all cases, the dose of
immunosuppressants was increased after the PLB, and
two patients who underwent a follow-up liver biopsy improved to scores of ≤ A1 and F1.

0.112
0.158

0.083

PLB: Protocol liver biopsy; LDLT: Living donor liver transplantation; ALT:
Alanine amino transferase; AST: Aspartate amino transferase.

tivity score was A0 in 67 patients, A1 in 19 patients and
A2 in three patients, and the fibrosis score was F0 in 67
patients, F1 in 21 patients and F2 in one patient.
The impact of various recipient and graft variables on
scores of ≥ A1 and ≥ F1 was assessed, and the results
are summarized in Table 2. A univariate analysis revealed
the following variables to be risk factors for a score of ≥
A1 at two years after LDLT: HLA-A mismatch, no acute
cellular rejection, ALT level of ≥ 20 IU/L, and hyaluronic acid level of ≥ 20 ng/mL (P = 0.029, P = 0.029,
P = 0.021 and P = 0.039, respectively). The only variable
with P < 0.1000 was ≥ 2h of cold ischemic time (P =
0.055). A multivariate analysis including these variables
identified ≥ 2 h of cold ischemic time, no acute cellular
rejection and ALT level of ≥ 20 IU/L to be independent
risk factors for a score of ≥ A1 at two years after LDLT
(P = 0.028, P = 0.033 and P = 0.012, respectively) (Table
3). The ROC curve analysis of the ALT level at two years
after LDLT in the patients with a score of ≥ A1, the recommended cutoff value for diagnosing a score of ≥ A1
was 20 IU/L (sensitivity: 50.0%, specificity: 76.1%, area

WJG|www.wjgnet.com

0.6

Results of PLB at five years after LDLT
The incidence of scores of ≥ A1 and ≥ F1 at five years
after LDLT was 42.3% and 34.5%, respectively. The activity score was A0 in 29 patients, A1 in 23 patients and
A2 in three patients, and the fibrosis score was F0 in 36
patients, F1 in 12 patients and F2 in seven patients.
The impact of various recipient and graft variables
on the scores of ≥ A1 and ≥ F1 was assessed, and the
results are summarized in Table 5. A univariate analysis
identified no risk factors for scores of ≥ A1 at five years
after LDLT. The variables with P < 0.100 included ≥ 2
h of cold ischemic time and acute cellular rejection (P =
0.061 and P = 0.087, respectively). Multivariate analysis
of these variables found none to be independent risk factors for a score of ≥ A1 at five years after LDLT (Table
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Table 4 Clinical and hitopathological findings of cases with ≥ A2 or ≥ F2 of protocol liver biopsy at two or five years after living
donor liver transplantation
Case

Original
disease

Age at PLB/ Previous
sex
ACR

PLB at two years after LDLT
1
OTCD
71/female

Post-transplant
complications

IS at PLB

Tac trough at ALT/HA A/F at
PLB
at PLB
PLB

-

-

Tac (3.0)

2.5

12/35

2/1

Tac (2.0)/MMF
(1000)
Tac (0.8)/MMF
(250)

5.2

34/13

2/1

2

25/< 9

2/2

2

OTCD

164/female

-

BDS

3

OTCD

44/male

-

-

+

Bowel perforation

Tac (0.6)

1.1

22/13

2/2

PLB at five years after LDLT
4
BA
70/female
5

BA

118/female

-

-

Tac (1.0)

2.3

20/24

2/2

6

BA

70/female

+

HAT/IHBDS

3.6

32/28

1/2

7
8

BA
FHF

71/female
83/female

-

CMV-I
-

0
2.2

16/< 9
26/< 9

2/2
1/2

9
10
11

BA
BA
BA

77/female
84/female
89/male

+
+

CMV-I
Fungal infection
PVS

2.6
2.1
2.2

14/29
26/11
12/17

2/3
2/2
2/2

12
13

BA
BA

174/male
69/female

+

BDS
CMV-I

Tac (0.8)/
MMF(500)
Tac (0.4)
Tac (2.0)/MMF
(500)
Tac (0.4)
Tac (0.4)
Tac (1.6)/MP
(4.0)/MMF (1500)
Tac (3.0)
Tac (1.6)

2.3
2.8

16/20
18/< 9

1/2
1/2

14

BA

84/male

-

HVS

Tac (2.0)/MP
(1.0)/MMF (1000)

5.6

12/23

1/2

IS at follow-up
biopsy

A/F at follow-up
biopsy

Tac (1.0)/MMF
(400)
Tac (2.0)/MMF
(1000)
Tac (0.8)/MMF
(500)

1/1

Tac (2.0)/MMF
(1000)
Tac (2.0)/MMF
(1000)
Tac (2.0)/MMF
(500)
Tac (1.6)
Tac (2.8)/MMF
(500)
Tac (0.8)
Tac (0.4),MMF (500)
Tac (1.6)/MP (2.0)/
MMF (1500)
Tac (4.0)
Tac (2.0)/MMF
(1000)
Tac (2.0)/MP (1.0)/
MMF (1000)

1/0
N.E.

0/0
1/0
1/1
N.E.
N.E.
0/1
1/1
1/1
0/1
0/1
N.E.

PLB: Protocol liver biopsy; LDLT: Living donor liver transplantation; ACR: Acute cellular rejection; IS: Immunosuppressants; Tac: Tacrolimus; ALT:
Alanine amino transferase; HA: Hyaluronic acid; A: Activity; F: Fibrosis; OTCD: Ornithine transcarbamylase deficiency; BA: Biliary atresia; FHF: Fulminant
hepatic failure; BDS: Biliary duct anastomotic stenosis; HAT: Hepatic artery thrombosis; IHBDS: Intrahepatic biliary duct stenosis; CMV-I: Cytomegalovirus
infection; PVS: Portal vein stenosis; HVS: Hepatic vein stenosis; MMF: Mycophenolate mofetil: MP: Methylprednisolone.

3). Univariate analysis identified no risk factors for a
score of ≥ F1 at five years after LDLT. The variable with
P < 0.100 included acute cellular rejection (P = 0.079).
Multivariate analysis of these variables found none to be
independent risk factors for a score of ≥ F1 at five years
after LDLT (Table 3).
The incidence of scores of ≥ A2 or ≥ F2 at five
years after LDLT was 20.0% (11 cases), and all patients
had a score of ≥ F2 (Table 4). In all cases, the dose of
immunosuppressants was increased after the PLB, and
all eight patients who underwent a follow-up liver biopsy
improved to scores of ≤ A1 and F1.

ever, the remaining patients exhibited worse a score of ≥
A2 or ≥ F2.
Complications of PLB
Complications related to the PLB occurred in only one
patient (0.7%) who developed acute cholangitis. This
complication resolved following the administration of
antibiotics for three days.
Case reports
We described two representative liver transplant recipients with abnormal histopathological findings and normal LFT results in whom the dose of immunosuppressants was increased, which led to improvements in the
histopathological findings (Table 4).

Clinical and histopathological findings in the patients
who underwent PLB at both two and five years after
LDLT
PLBs were performed at both two and five years after
LDLT in 21 cases; the results are summarized in Table 6.
The activity and fibrosis scores at two years after LDLT
were A0 and F0 in 14 patients, A1 or F1 in six patients
and ≥ A2 or ≥ F2 in one patient. Seven patients with
scores of A0 and F0 at two years after LDLT maintained
scores of A0 and F0 at five years; however, the remaining patients exhibited worse scores of ≥ A1 or ≥ F1.
Three patients with a score of A1 or F1 at two years after
LDLT maintained a score of A1 or F1 at five years; how-
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Case 4: A seven-month-old female infant with biliary
atresia underwent ABO-identical LDLT using a left lateral segment graft. Tac and MP were administered as the
standard postoperative immunosuppressive regimen. The
patient’s postoperative course included an episode of
small intestine perforation requiring surgical repair and
acute cellular rejection requiring steroid pulse treatment;
however, she was discharged from the hospital on POD
28 after LDLT. MP was withdrawn at 18 mo after LDLT,
and thereafter, only Tac was administered for immuno-
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Table 5 Risk factors for ≥ A1 and ≥ F1 of protocol liver biopsy at five years after living donor liver transplantation: univariable
analysis
Variables
Recipient age at LDLT
< 12 mo (n = 18) vs ≥ 12 mo (n = 37)
Recipient body weight at LDLT
< 10 kg (n = 29) vs ≥ 10 kg (n = 26)
Original disease
Cholestatic diseases (n = 45) vs others (n = 10)
PELD or MELD
≥ 20 (n = 12) vs < 20 (n = 43)
Donor age
≥ 35 yr (n = 22) vs < 35 yr (n = 33)
Gender combinations between donor and recipient
Mismatch (n = 30) vs match (n = 25)
ABO compatibility
incompatible (n = 7) vs others (n = 48)
HLA-A
Mismatch (n = 41) vs match (n = 14)
HLA-B
Mismatch (n = 52) vs match (n = 3)
HLA-DRB1
Mismatch (n = 47) vs match (n = 8)
Lymphocyte cross-matching
≥ 4 × (n = 16) vs negative (n = 39)
GV/SLV
< 40 % (n = 2) vs ≥ 40 % (n = 53)
Graft type
Lateral segment graft (n = 43) vs others (n = 12)
Operation time
≥ 20 h (n = 16) vs < 20 h (n = 39)
Cold ischemic time
≥ 2 h (n = 40) vs < 2 h (n = 15)
Warm ischemic time
≥ 1 h (n = 42) vs < 1 h (n = 13)
Blood loss volume
≥ 150 mL/kg (n = 11) vs < 150 mL/kg (n = 44)
Transfusion volume
≥ 100 mL/kg (n = 15) vs < 100 mL/kg (n = 40)
Splenectomy
Yes (n = 2) vs No (n = 53)
Portal vein complications
Yes (n = 9) vs No (n = 46)
Hepatic arterial complications
Yes (n = 4) vs No (n = 51)
Hepaticojejunostomic anastomotic stricture
Yes (n = 16) vs No (n = 39)
Cytomegalovirus infection
Yes (n = 17) vs No (n = 38)
Acute cellular rejection
Yes (n = 23) vs No (n = 32)
Total bilirubin at PLB
≥ 0.7 mg/dL (n = 25) vs < 0.7 mg/dL (n = 30)
AST at PLB
≥ 30 IU/L (n = 22) vs < 30 IU/L (n = 33)
ALT at PLB
≥ 20 IU/L (n = 21) vs < 20 IU/L (n = 34)
γ-GTP at PLB
≥ 20 IU/L (n = 20) vs < 20 IU/L (n = 35)
Hyaluronic acid at PLB
≥ 20 ng/mL (n = 22) vs < 20 ng/mL (n = 33)
IgG at PLB
≥ 1200 mg/dL (n = 24) vs < 1200 mg/dL (n = 31)
ANA at PLB
≥ 20 × (n = 14) vs < 20 × (n = 41)
ASMA at PLB
≥ 20 × (n = 10) vs < 20 × (n = 45)
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Incidence of ≥ A1 (%)

P -value

Incidence of ≥ F1 (%)

P -value

38.9 vs 51.4

0.385

38.9 vs 32.4

0.637

41.4 vs 53.8

0.355

55.0 vs 30.8

0.577

46.7 vs 50.0

0.850

35.6 vs 33.3

0.738

41.7 vs 48.8

0.660

41.7 vs 52.6

0.558

40.9 vs 51.5

0.440

36.4 vs 33.3

0.816

53.3 vs 40.0

0.324

40.0 vs 28.0

0.352

42.9 vs 47.9

0.802

28.6 vs 35.4

0.722

51.2 vs 35.7

0.316

39.0 vs 21.4

0.232

48.1 vs 33.3

0.619

32.7 vs 66.7

0.229

51.1 vs 25.0

0.172

36.2 vs 25.0

0.539

31.3 vs 53.8

0.127

18.8 vs 41.0

0.115

0.0 vs 49.1

0.173

0.0 vs 35.8

0.295

51.2 vs 33.3

0.274

39.5 vs 16.7

0.141

37.5 vs 51.3

0.352

31.3 vs 35.9

0.742

55.0 vs 26.7

0.061

40.0 vs 20.0

0.165

42.9 vs 61.5

0.238

31.0 vs 46.2

0.314

27.3 vs 52.3

0.137

27.3 vs 36.4

0.57

40.0 vs 50.0

0.508

40.0 vs 32.5

0.603

100.0 vs 45.3

0.128

0.0 vs 35.8

0.295

44.4 vs 47.8

0.852

33.3 vs 34.8

0.933

25.0 vs 49.0

0.354

25.0 vs 35.3

0.677

31.3 vs 53.8

0.127

25.0 vs 38.5

0.340

47.1 vs 47.4

0.999

47.1 vs 28.9

0.192

60.9 vs 37.5

0.087

47.8 vs 25.0

0.079

48.0 vs 46.7

0.920

36.0 vs 33.3

0.836

54.5 vs 42.4

0.378

36.4 vs 33.3

0.816

57.1 vs 41.2

0.249

28.6 vs 38.2

0.464

45.0 vs 48.6

0.799

30.0 vs 37.1

0.592

50.0 vs 45.5

0.741

36.4 vs 33.3

0.816

54.2 vs 41.9

0.368

41.7 vs 29.0

0.328

35.7 vs 51.2

0.316

28.6 vs 36.6

0.586

70.0 vs 42.2

0.111

40.0 vs 33.3

0.688
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Trough of tacrolimus at PLB
1
≥ 3.0 ng/mL (n = 19) vs < 3.0 ng/mL (n = 33)

52.6 vs 42.4

0.477

36.8 vs 33.3

0.797

1

Three cases which were used a cyclosporine were removed. LDLT: Living donor liver transplantation; PELD: Pediatric end-stage liver disease; MELD:
Model for end-stage liver disease; GV/SLV: Ratio of graft volume to standard liver volume; PLB: Protocol liver biopsy; AST: Aspartate amino transferase;
ALT: Alanine amino transferase; IgG: Immunoglobulin G; ANA: Antinuclear antibody; ASMA: Antismooth nuclear antibody.

Table 6 Clinical and histopathological findings of cases who performed protocol liver biopsy at both two and five years after living
donor liver transplantation
Case Original
disease

Age at
LT/sex

Previous Post-transplant
ACR
complications

IS at two
years PLB

Tac trough
at PLB

ALT/HA
at PLB

A/F at
PLB

IS at five years
PLB
Tac (1.0)/MMF
(400)
Tac (1.6)/MP
(4.0)/MMF (1500)

0.5

11/52

1/1

2.2

12/17

2/2

Tac (3.0)
Tac (1.6)
Tac (2.0)/MP
(1.0)/MMF (1000)
Tac (4.0)

2.3
2.8
5.6

16/20
18/< 9
12/23

1/2
1/2
1/2

7.0

17/< 9

0/0

91020

0/1

5.3

15/18

1/1

0.2
2.1

8/20
15/15

1/1
0/1

3.8

14/15

1/1

1.4
15.5

19/13
39/22

0/0
1/0

5.4

41/19

1/0

0
0.9
5.3

10/10
15/10
41/19

0/0
1/0
1/1

1.5

11/59

0/0

4.6
1.1
3.9

11/10
13/25
11/< 9

0/0
0/0
0/0

1

OTCD

46/female

-

-

Tac (3.0)

2.5

12/35

2/1

11

BA

26/male

+

PVS

3.2

20/11

0/1

12
13
14

BA
BA
BA

114/male
10/female
30/male

+
-

BDS
CMV-I
HVS

Tac (0.8)/
MP (4.0)/
MMF (500)
Tac (2.0)
Tac (0.4)
Tac (1.2)

2.6
3.8
5.3

14/21
19/11
18/29

1/0
0/0
1/1

15

BA

15/14

0/0

BA

Tac (1.5)/
PSL (2.5)
CsA (150)

4.4

16

CsA 50

9/27

0/0

17

BA

120/
female
163/male
+
M
8/female +/OKT3

2.4

30/36

0/0

18
19

BA
BA

12/male
13/female

+
+

CMV-I

3.8
9.3

14/58
22/11

0/0
0/0

20

AD

19/female

+

CMV-I

2.3

19/13

0/1

21
22

WD
BA

+

BDS

1.3
6.3

16/16
17/16

0/0
0/1

23

BA

112/male
170/
female
33/F

Tac (0.8)/
MP (0.5)
Tac (0.8)
Tac (1.6)/
MP (2.0)
Tac (0.8)/
MMF (500)
Tac (4.0)
Tac (2.0)

+

HVS

3.7

10/< 9

0/0

24
25
26

BA
BA
BA

9/female
28/female
9/female

-

HAT
IHBDS

Tac (1.0)/
MP (2.0)/
MMF (400)
Tac (0.6)
Tac (0.4)
Tac (0.4)

0.3
2.8
2.1

14/24
18/< 9
23/< 9

0/0
0/0
0/1

27

AD

19/male

-

-

Tac (0.6)

3.3

12/17

0/0

28
29
30

BA
BA
CEPS

45/female
9/female
37/male

-

BDS
-

Tac (1.2)
Tac (0.4)
Tac (2.0)/
MP (2.5)/
MMF (500)

3.6
0.9
2.5

13/15
11/17
13/< 9

0/0
0/0
0/0

BDS
BDS/CMV-I
PVS/CMV-I

CsA (150)/MMF
(1000)
Tac (2.0)
Tac (0.8)
Tac (1.4)/MP
(3.0)/MMF (500)
Tac (2.4)/MMF
(500)
Tac (5.0)
Tac (6.0)/MP (12)/
MMF (2000)
Tac (1.5)/MMF
(1000)
Tac (0.8)
Tac (1.0)
Tac (2.0)/MP
(0.5)/MMF (500)
Tac (2.0)/MMF
(500)
Tac (1.5)
Tac (0.8)
Tac (2.0)/MP
(1.5)/MMF (500)

Tac trough ALT/HA A/F at
at PLB
at PLB
PLB

CsA 83

PLB: Protocol liver biopsy; LDLT: Living donor liver transplantation; ACR: Acute cellular rejection; IS: Immunosuppressants; Tac: Tacrolimus; ALT:
Alanine amino transferase; HA: Hyaluronic acid; A: Activity; F: Fibrosis; OTCD: Ornithine transcarbamylase deficiency; BA: Biliary atresia; AD: Alagille
syndrome; WD: Wilson disease; CEPS: Congenital extrahepatic portsystemic shunt; OKT3: Muromonab-CD3; PVS: Portal vein stenosis; BDS: Biliary duct
anastomotic stenosis; CMV-I: Cytomegalovirus infection; HVS: Hepatic vein stenosis; HAT: Hepatic artery thrombosis; IHBDS: Intrahepatic biliary duct
stenosis; MP: Methylprednisolone; MMF: Mycophenolate mofetil; PSL: Prednisolone; CsA: Cyclosporin A.

suppression. In postoperative year (POY) 5, a PLB was
performed; the LFT data were normal, but the Metavir
scores were A2 and F2 (Figure 2A). The immunosuppression was subsequently strengthened by increasing the
dose of Tac and adding MMF because the PLB histopathology was considered to be abnormal. A follow-up liver
biopsy was performed 18 mo after the PLB, at which
time the scores were A0 and F0 (Figure 2B).

underwent ABO-identical LDLT using a left lateral segment graft. Tac and MP were administered as the standard postoperative immunosuppressive regimen. The
patient’s postoperative course was uneventful, except
for an episode of acute respiratory distress, and she was
discharged from the hospital on POD 56 after LDLT.
MP was withdrawn at 18 mo after LDLT, and thereafter,
only Tac was administered for immunosuppression. In
POY 5, PLB was performed; the LFT data were normal,
but the Metavir scores were A2 and F2 (Figure 2C). The

Case 5: A 58-month-old female girl with biliary atresia
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A

B

HE 400 ×

500 mm

HE 400 ×

AZAN 100 ×

500 mm

AZAN 100 ×

C

D

HE 400 ×

HE 400 ×

AZAN 100 ×

AZAN 100 ×

Figure 2 In postoperative year 5, a protocol liver biopsy was performed. A: At which time the Metavir scores were abnormal: A2 (portal inflammation) and F2 (portal
and pericellular fibrosis); B: Follow-up liver biopsy was performed at 18 mo after the protocol liver biopsy (PLB), at which time the scores were A0 and F0; C: At which
time the Metavir scores were abnormal: A2 (portal inflammation) and F2 (portal fibrosis); D: A follow-up liver biopsy was performed at 20 mo after the PLB, at which
time the scores were A1 (portal inflammation) and F0. HE: Hematoxylin and eosin stain; AZAN: Azan stain.
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immunosuppression was then strengthened by increasing the dose of Tac and adding MMF because the PLB
histopathology was considered to be abnormal. A followup liver biopsy was performed 20 mo after the PLB, at
which time the scores were A1 and F0 (Figure 2D).

ALT level reflects the degree of portal inflammation in
PLB patients at two years after LDLT with an ALT level
of ≥ 20 IU/L.
With respect to concrete assessment methods for
evaluating graft liver fibrosis, portal fibrosis-based liver
fibrosis staging systems, such as those reported by Ishak
et al[16] and the Metavir Study Group[11], are widely used,
even in studies of pediatric LT recipients[7,8,17]. Therefore, we applied histopathological assessments using the
Metavir score in the present study. Recent reports have
indicated that centrilobular perisinusoidal fibrosis occurs
in pediatric LT recipients in association with tacrolimus
withdrawal or in the presence of donor-specific antihuman leukocyte antigen antibodies[18,19]. Venturi et al[17]
recently developed a novel histopathological scoring
system based on the detection of fibrosis in three areas:
portal tracts, sinusoids and centrilobular veins. However,
the significance of these histopathological findings with
respect to morbidity has yet to be clarified and is the
most important issue that should be addressed in the
future. In the present study, using the Metavir scoring
system, the incidence of the scores of ≥ F1 at two and
five years after LDLT was 24.7% and 34.5%, respectively.
However, no risk factors for graft fibrosis were identified, and no serum markers reflected the degree of graft
fibrosis. Therefore, detecting graft fibrosis by performing
a histopathological assessment using a liver biopsy is important. Furthermore, the PLB represents an important
periodic examination in long-term recipients after LDLT
because it enables the assessment of the effectiveness
of the current immunosuppressive regimen, even when
the PLB histopathology is normal. Therefore, at present,
PLB is an indispensable examination for the management
of patients who have undergone LDLT.
Potential problems associated with PLB include the
following: (1) timing; (2) invasiveness; and (3) the obscure
definition of abnormal PLB histopathology. The timing
of PLB after LT is not definitive. In our department, we
performed PLB at two, five, ten and 15 years after LT,
considering the examination’s effectiveness, invasiveness
and potential complications. In the present study, the
PLB performed two years after LDLT was found to be
an unnecessary examination because the serum ALT level
reflected the degree of portal inflammation. At the time,
the immunosuppressive therapy should be modulated to
maintain the ALT concentration at a level less than 20
IU/L. Gelson et al[20] reported that the histological inflammatory index is correlated with the ALT level. A PLB
performed at five years is an excellent examination for
the detection of early reversible graft fibrosis because no
serum markers reflect the degree of graft fibrosis.
PLB suffers, however, from a disadvantage. PLB is an
invasive procedure that is potentially associated with severe complications, with an incidence of 0.57%[21]. In the
present study, although the rate of PLB-associated complications was only 0.7%, this rate may nevertheless be
considered high. Non-invasive examinations, such as imaging, may be used instead of PLB if such examinations

DISCUSSION
LT is an established curative treatment for pediatric patients with end-stage liver disease or acute liver failure[1-3].
However, histopathological assessments performed during the mid- and long-term period after LT remain insufficient, and it is necessary to further improve the prognosis by maintaining the function of the liver graft using
a minimum degree of immunosuppression to obtain an
optimal balance between the effectiveness and side effects of individual immunosuppressants.
Histopathological assessments using PLB have recently been reported to be important in adult recipient[12-15],
because the occurrence of graft fibrosis or the recurrence
of the original disease cannot be predicted using standard
LFTs alone. However, in pediatric recipients, the need
for PLB is controversial due to the low incidence of recurrent original diseases. Liver graft fibrosis has recently
been reported to be present in 43%-65% and 25%-69%
of patients at two and five years after LT, respectively,
even if the LFT data are normal[4-6]. Moreover, there is a
relationship between liver graft fibrosis and chronic rejection[4,5], and the progression to severe fibrosis has been
reported to occur in 14%-25% of patients at ten years
after LT[4,6]. Furthermore, the development of liver graft
fibrosis after pediatric LT occurs in 69%-97% of cases,
including cases of mild fibrosis[4-8]. The risk factors for
fibrosis include an increasingly long interval after LT[4,7],
positivity for antinuclear antibodies[4], long cold ischemic
time[6], young age at LT[6], a high donor to recipient graft
ratio[6] and partial LT[6]. In the present study, independent
risk factors in a multivariate analysis of a score of ≥ A1
at two years after LDLT included ≥ 2 h of cold ischemic time, no acute cellular rejection and an ALT level
of ≥ 20 IU/L (P = 0.028, P = 0.033 and P = 0.012, respectively); however, no risk factors were identified for a
score of ≥ F1. Furthermore, no independent risk factors
were identified in a multivariate analysis of scores of ≥
A1 and ≥ F1 at five years. We believe that ≥ 2 h of cold
ischemic time was found to be an independent risk factor for a score of ≥ A1 at two years after LDLT because
a prolonged cold ischemic time may induce an immune
response by affecting graft liver dysfunction. In addition,
we believe that no acute cellular rejection was found to
be an independent risk factor for a score of ≥ A1 at two
years after LDLT because acute cellular rejection may
cause an immune response due to the use of less immunosuppression. However, as a result of the ROC curve
analysis of ALT at two years after LDLT in the patients
with a score of ≥ A1, the recommended cutoff value for
diagnosing a score of ≥ A1 was set at 20 IU/L (sensitivity: 50.0% and specificity: 76.1%). Therefore, the serum
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occur in 69%-97% of cases, including cases of mild fibrosis. Because graft
dysfunction does not occur unless the fibrosis becomes advanced and because
the occurrence of graft liver fibrosis or portal inflammation cannot be predicted
using standard liver function test (LFT) alone, histopathological assessments
using PLB have recently been reported to be important. However, the significance of mild to severe fibrosis is unknown, and the indications for the treatment of abnormal PLB findings are controversial. In addition, few studies have
investigated the impact of the timing and effectiveness of PLB.

become more effective than PLB in the future. Acoustic
radiation force impulse and transient elastography imaging have been reported to exhibit good accuracy in the
noninvasive diagnosis of liver fibrosis in the setting of
pediatric LT[22,23].
The most problematic aspect of PLB is the obscure
definition of abnormal histopathology. The histopathological findings of PLB after LT include idiopathic
post-transplantation hepatitis (4.4%-64.0%)[4,24-26], central venulitis (16.0%-27.0%) [13,27], interface hepatitis
(14.0%-24.4%)[28-30] and fibrosis (69.0%-97.0%)[4-8]. However, the indication for treatment with respect to each
histopathological finding is unclear and controversial.
In general, liver fibrosis is thought to be irreversible and
resistant to treatment. However, in the present cases, the
liver fibrosis was reversible, and portal inflammation was
ameliorated after strengthening the immunosuppressive
regimen. Immunosuppression can be strengthened effectively by increasing the dose of Tac and introducing
MMF, given concerns about the side effects of MP[31-34]
and the proven effectiveness of MMF[35,36]. Our present
findings suggest that the early detection of graft liver fibrosis can be achieved using a liver biopsy and that liver
fibrosis may be reversible if early treatment is initiated. In
our department, we initially defined a histopathological
abnormality as a Metavir score of ≥ A2 or ≥ F2. However, among 21 patients who underwent PLB at both
two and five years after LDLT, the activity and fibrosis
scores at two years after LDLT were A0 and F0 in 14
patients, A1 or F1 in six patients and ≥ A2 or ≥ F2 in
one patient. Seven patients with scores of A0 and F0 at
two years after LDLT exhibited worse a score of ≥ A1
or ≥ F1. Three patients with a score of A1 or F1 at two
years after LDLT exhibited worse a score of ≥ A2 or
≥ F2. Therefore, we currently define a histopathological
abnormality as a Metavir score of ≥ A1 or ≥ F1 and
consider such scores to indicate the need for treatment
because liver fibrosis is reversible if early treatment is initiated. Both further investigations and the accumulation
of more LT cases are required to confirm our present
findings.
In a conclusion, A PLB performed at two years after
LDLT is an unnecessary examination because the serum
ALT level reflects the degree of portal inflammation. In
addition, immunosuppressive therapy should be modulated to maintain the ALT concentration at a level less than
20 IU/L. A PLB at five years is an excellent examination
for the detection of early reversible graft fibrosis because
no serum markers reflect the degree of graft fibrosis.

Innovations and breakthroughs

The development of liver graft fibrosis after pediatric LT has been reported to
occur in 69%-97% of cases, including cases of mild fibrosis. Because graft liver
dysfunction does not occur unless the fibrosis becomes advanced and because
the occurrence of graft liver fibrosis or portal inflammation cannot be predicted
using standard LFT alone, histopathological assessments using PLB have
recently been reported to be important. However, the significance of mild to severe fibrosis is unknown, and the indications for the treatment of abnormal PLB
findings are controversial. In addition, few studies have investigated the impact
of the timing and effectiveness of PLB. This retrospective study assessed the
clinical significance of the timing and effectiveness of PLB after pediatric living
donor liver transplantation (LDLT). In conclusion, a PLB performed at two years
after LDLT is an unnecessary examination because the serum ALT level reflects
the degree of portal inflammation. In addition, immunosuppressive therapy
should be modulated to maintain the ALT concentration at a level less than 20
IU/L. A PLB at five years is an excellent examination for the detection of early
reversible graft fibrosis because no serum markers reflect the degree of graft
fibrosis.

Applications

The study results suggest the following contents. A PLB performed at two years
after LDLT is an unnecessary examination because the serum ALT level reflects
the degree of portal inflammation. In addition, immunosuppressive therapy should
be modulated to maintain the ALT concentration at a level less than 20 IU/L. A
PLB at five years is an excellent examination for the detection of early reversible
graft fibrosis because no serum markers reflect the degree of graft fibrosis.

Terminology

Protocol liver biopsy: Protocol liver biopsy is a liver biopsy that is periodically
performed at two and five years after LT.

Peer review

This is a good descriptive study in which the authors analyzed the histopathological findings using the Metavir scoring system and identified factors associated with scores of ≥ A1 and ≥ F1. They, thereafter, clarified the timing and effectiveness of PLB. The results are interesting and suggest the following. A PLB
performed at two years after LDLT is an unnecessary examination because the
serum ALT level reflects the degree of portal inflammation. In addition, immunosuppressive therapy should be modulated to maintain the ALT concentration at
a level less than 20 IU/L. A PLB at five years is an excellent examination for the
detection of early reversible graft fibrosis because no serum markers reflect the
degree of graft fibrosis.
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sion electron microscopy. Exosome marker proteins
were detected by Western blot analysis. Two potential
hepatoma-associated proteins, tissue transglutaminase
2 (TGM2) and annexin A2, were analyzed.
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RESULTS: The exosomes separated by the new extraction assay based on the nanomaterial were discshaped, intact vesicles with lipid bilayer membranes.
They were approximately 30-100 nm in diameter, which
is similar to the diameter of exosomes isolated by the
traditional method. The protein concentration of exosomes extracted by the new method was approximately
8
780 µg/10 cells, and therefore, it was 19 times higher
than that of exosomes extracted in the traditional manner. There were differences between the total proteins
of Huh-7 cells and the exosomal proteins. Typical exosome proteins, such as the transmembrane protein
CD63 and heat shock protein 70, were confirmed. Two
potential hepatoma-associated proteins were also identified. TGM2 was first found to exist in the exosomes
of human liver cancer cells, but annexin A2 was not
secreted into exosomes.
CONCLUSION: The new extraction method based on
the nanomaterial is quick and efficient. The cancerassociated protein TGM2 can be secreted through an
exosome-mediated non-classical secretion pathway,
and it may be a valuable tumor marker.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To develop a novel method for the rapid and efficient extraction of exosomes secreted by tumor cells.

Key words: Exosome; Membrane vesicles; Tissue transglutaminase 2; Annexin A2; Nanomaterials

METHODS: Unlike the traditional extraction method,
the supernatants of cell cultures were concentrated,
and the exosomes were isolated promptly and effectively using a novel nanomaterial called ExoQuick.
Coomassie brilliant blue staining was used for protein
quantification, and the morphology of the exosomes
extracted by both methods was visualized by transmis-

Core tip: The traditional extraction assay of exosomes
is usually complicated and time consuming. In this
manuscript, we investigate a novel assay based on a
nanomaterial to extract exosomes more quickly and
efficiently compared with the traditional method. A
hepatoma-associated protein, tissue transglutaminase
2, was first found to exist in the exosome of the human
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tion units (3 kDa) and polyvinylidene difluoride (PVDF)
membranes were purchased from Millipore (Bedford,
MA, United States); ExoQuick Exosome precipitation
solution was purchased from SBI (San Francisco, CA,
United States). Rabbit anti-human CD63 and heat shock
protein 70 (HSP70) polyclonal antibodies, rabbit antihuman annexin A2 monoclonal antibody, and mouse
anti-human TGM2 monoclonal antibody were purchased
from Santa Cruz (Santa Cruz Biotech., CA, United
States). Mouse anti-human β-actin monoclonal antibody
was purchased from Sigma-Aldrich (St. Louis, MO, United States). Horseradish peroxidase (HRP)-labeled goat
anti-rabbit IgG and goat anti-mouse IgG were obtained
from ZSGB-BIO (Beijing, China). An ultrasensitive
enhanced chemiluminescence solution kit was obtained
from Thermo (Waltham, MA, United States).

liver cancer cell line Huh-7. This protein can be secreted
through an exosome-mediated non-classical secretion
pathway and is a potential tumor marker.
Zhu L, Qu XH, Sun YL, Qian YM, Zhao XH. Novel method for
extracting exosomes of hepatocellular carcinoma cells. World J
Gastroenterol 2014; 20(21): 6651-6657 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i21/6651.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i21.6651

INTRODUCTION
The term “exosome” was first used by Pan and Johnstone to describe the small vesicles secreted by reticulocytes during their differentiation into mature red blood
cells; in this context, exosomes could carry away plasma
membrane proteins that were not required by mature red
blood cells, such as transferrin receptor and acetylcholinesterase[1]. In recent years, it has been demonstrated that
exosomes can induce anti-tumor immune responses, and
researchers have therefore devoted increasing attention
to both basic research on exosomes and applied research
regarding the use of exosomes for the development of
anti-tumor vaccines. Recent studies have reported that
many types of cultured cells can secrete exosomes, and
exosomes can also be isolated from many types of body
fluids, such as plasma[2], bile[3], urine[4], breast milk[5],
saliva[6], pleural fluid[7], ascites[8], and bronchoalveolar
lavage fluid[9-11]. Traditional exosome extraction methods
involve ultracentrifugation or density gradient centrifugation; however, in this study, a new nanomaterial was
utilized to isolate and purify exosomes secreted by hepatoma cells. This novel procedure was convenient and
saved time and effort relative to traditional procedures.
To determine whether this nanomaterial-based approach
could quickly and efficiently purify exosomes, exosome
morphology was observed by transmission electron microscopy, and biological marker proteins of the isolated
exosomes were identified by Western blotting. These
validation steps confirmed that the new isolation and
purification method served as an efficacious approach
for use in subsequent exosome research. Furthermore,
in this study, exosomes were isolated and purified from
the supernatant of cultured hepatoma cells, and Western
blot analysis revealed the presence of tissue transglutaminase 2 (TGM2) in these exosomes. Therefore, these
findings provide a theoretical foundation for the secretion of proteins through non-classical exosome-mediated pathways.

Cell culture and preparation of concentrated culture
medium
Human hepatocellular carcinoma Huh-7 cells were cultured in DMEM medium containing 10% fetal bovine
serum, 100 U/mL penicillin, and 100 g/mL streptomycin
at 37 ℃ with 5% CO2. When the cells reached approximately 90% confluence (in total, approximately 1.8 × 108
cells), they were washed three times with 20 mL of phosphate-buffered saline (1 × PBS) and were cultured for 24
h in serum-free DMEM medium. Approximately 100 mL
of culture supernatant was collected and centrifuged at
3000 × g for 15 min at 4 ℃ (480 g for 5 min followed by
2000 g for 10 min) to remove intact cells and cell debris,
and then, the remaining supernatant was concentrated
to 1 mL using an Amicon Ultra-15 via centrifugation in
a swing-out rotor at 4 ℃ and 4000 × g. An ultracel centrifugal filter device with a 3 kDa molecular weight cutoff
(MWCO) was used.
Ultracentrifugation exosome isolation
The concentrated culture medium (CCM) was then subjected to high-speed centrifugation at 100000 × g (TLA-45
fixed angle, Beckman Coulter) at 4 ℃ for 2 h. The pellet
was resuspended in 1 mL of PBS and washed by recentrifugation at 100000 × g for 3 h. The resulting exosomeenriched pellet was resuspended in 50 µL 1 × PBS and
either used immediately or stored at -80 ℃.
Nanomaterial exosome isolation
The CCM was added to an equal volume of ExoQuick
exosome precipitation solution, and the resulting solution was mixed by inverting the tube and allowing it to
stand overnight in a refrigerator. This mixture was then
centrifuged at 1500 × g for 30 min. The supernatant was
discarded, and the precipitate consisted of exosomes.
A portion of the precipitate was then re-suspended in
1 × PBS for morphological observations via electron
microscopy. Proteins were extracted from the remaining
precipitate through resuspension in protein lysis buffer
containing protease inhibitors, and the resulting solution
was stored at -80 ℃ for future analysis.

MATERIALS AND METHODS
Cell line, antibodies, and reagents
The human liver cancer cell line Huh-7 was obtained
from the Human Science Research Resources Bank
(Osaka, Japan). Amicon Ultra-15 centrifugal ultrafiltra-
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A

Figure 1 Characterization of the exosomes of Huh-7 cells
extracted by two methods. Electron micrographs of exosomes isolated from Huh-7 cells in serum-free concentrated
culture medium by the traditional method (A) and the new
extraction method based on a nanomaterial (B). Negativestained images show exosomes with a smooth, saucer-like
morphology. The sizes are between 30-100 nm. The scale bar
is 50 nm. Direct Mag: 100000 ×, HV = 80.0 kV.

B

50 nm

Morphology analysis by transmission electron
microscopy
One drop of the solution of exosomes resuspended in
1 × PBS was placed on a copper mesh with a diameter
of 2 mm. Fluid was gently absorbed from the edges of
the copper mesh with filter paper. A drop of 2% phosphotungstic acid solution was added to the sample, and
negative staining was performed for 10 min at room
temperature. After the negative staining solution was absorbed by the filter paper, the sample was dried for 2 min
under incandescent light. The copper mesh was placed
under a transmission electron microscope, and exosome
morphology was observed and photographed at 80 kV.

bilayer membranes. In particular, the diameters of these
vesicles were between 30 and 100 nm (Figure 1). Therefore, the exosome morphology resulting from the new
extraction assay based on the nanomaterial is similar to
that of exosomes isolated by the traditional method.
Comparison of protein concentrations of exosomes
isolated by two methods
Exosomal proteins from the supernatants of Huh-7 cells
were quantified using the Bradford method. In particular,
the actual protein concentrations were calculated using
the standard curve equation and the appropriate dilutions.
The concentration of exosomal proteins extracted by
the new method based on the nanomaterial was approximately 780 µg/108 cells, which was more than 19 times
higher than that of exosomes extracted in the traditional
manner, which typically yields less than 40 µg/108 cells.

Western blot analysis
Western blotting was used to analyze annexin A2 and
TGM2 in the exosomes secreted by Huh-7 hepatoma
cells as previously described, with slight modifications[4,12].
Briefly, approximately 30 µg of Huh-7 whole cell lysates
and exosomal protein were separated, added to loading
buffer, and heated at 95 ℃ for 10 min. The samples were
subjected to electrophoresis using sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) in running buffer at constant 80 V at 4 ℃ for 3 h, and then, they
were transferred to PVDF membranes. After blocking, the
membranes were incubated with primary rabbit anti-CD63
(1:200), rabbit anti-HSP70 (1:200), rabbit anti-annexin
A2 (1:500), or mouse anti-TGM2 (1:1000) at 4 ℃ overnight followed by incubation with the secondary antibody,
HRP-labeled goat anti-rabbit IgG or goat anti-mouse IgG
(1:3000), at room temperature for 1 h. The membranes
were washed three times after each incubation for 5 min
and visualized using the LAS4000 imaging system (Fujifilm).

Exosomal protein identification and secretion
mechanisms of human liver cancer-associated proteins
Approximately 30 µg of Huh-7 whole cell lysates and
exosomal proteins were separated by SDS-PAGE. A
Coomassie brilliant blue-stained gel obtained after SDSPAGE demonstrated differences between the total proteins of Huh-7 cells and exosomal proteins secreted by
Huh-7 cells (Figure 2). Exosomal proteins were separated
by SDS-PAGE, electrotransferred, and probed with exosome markers (HSP70 and CD63). The membrane contained two bands of intense signal at 70 kDa and 53 kDa,
which corresponded to the exosomal molecular biomarkers HSP70 and CD63, respectively (Figure 3). It is known
that the hepatoma-associated proteins annexin A2 and
TGM2 can be extracellularly secreted through non-classical secretory pathways, and the transport of proteins out
of cells by exosomes is one of these non-classical secretory pathways. Therefore, we determined whether these
proteins were localized to exosomes by Western blot
analysis. The results indicated that exosomes secreted by
Huh-7 cells contained TGM2 but not annexin A2 (Figure 3), confirming that TGM2 is extracellularly secreted
through a non-classical exosome-mediated pathway.

RESULTS
Exosome morphology
The identity of the Huh-7 hepatocellular carcinoma cells
was confirmed by short tandem repeats. Observations of
the growth of the cells under an inverted phase contrast
microscope revealed good adherence. Exosomes isolated
from Huh-7 cells by the nanomaterial-based method and
ultracentrifugation were viewed with a transmission electron microscope, which indicated the presence of many
disc-shaped small vesicles of different sizes with lipid

WJG|www.wjgnet.com

DISCUSSION
Exosomes are small, membranous vesicles with diam-
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Figure 3 Exosome protein identification and secretion mechanisms of
human liver cancer-associated proteins as analyzed by Western blotting.
In total, 30 μg of proteins from Huh-7 whole cell lysates and exosomal proteins
were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis, electrotransferred and incubated with antibodies against exosome
protein markers (HSP70 and CD63) and hepatocellular carcinoma-associated
proteins (TGM2 and annexin A2). β-actin was used as an internal control. Exosome protein markers (HSP70 and CD63) were identified on the surfaces of
exosome membranes. Exosomes secreted by Huh-7 hepatocellular carcinoma
cells contained the hepatoma-associated protein TGM2 but were negative for
annexin A2. Huh7-exo indicates exosomal proteins isolated from the supernatants of human hepatocellular carcinoma Huh-7 cells; Mr. stands for molecular
weight.

Figure 2 Detection of differences in Huh7 whole cell lysates and exosomal proteins. Approximately 30 μg of Huh-7 whole cell lysates and exosomal proteins isolated by the nanomaterial procedure were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The proteins were
visualized by Coomassie brilliant blue staining. The marker is a prestained protein marker; Huh7-exo indicates exosomal proteins isolated from the supernatants of human hepatocellular carcinoma Huh-7 cells; Mr. stands for molecular
weight.

eters between 30 and 100 nm that are extracellularly secreted by cells. Their surfaces contain large quantities of
protein and lipid components that are closely associated
with exosomal origins and functions, and microRNAs
(miRNAs), messenger RNAs (mRNAs), and cytoplasmic proteins are contained within exosomes. The unique
biological characteristics of exosomes have attracted
great interest. For example, the membranous structure of
exosomes can protect cytokines or other proteins carried
by these vesicles from degradation by serum proteases,
and exosomes therefore serve as important carriers that
transmit information between cells in the body. Exosomes are derived from endosomes during endocytosis.
In particular, during this process, the membranes of endosomes may bud inward into the endosomal lumen to
form membrane-enclosed structures. The bases of these
structures gradually separate from the endosomal membrane to form small vesicles within endosomes. Multiple small vesicles can be formed at once; these sets of
many small vesicles are known as multivesicular bodies
(MVBs)[13]. During exosome formation, cytoplasmic proteins and membrane proteins are selectively incorporated
into exosomes. Because these proteins may include a variety of cell surface receptors and/or ligands, exosomes
can act in either an autocrine or a paracrine manner and
can therefore regulate their own functions or affect distant target cells[10,14]. However, the specific mechanisms
of these interactions and regulatory functions remain
unclear. For example, interactions between exosomes
and target cells may rely on growth factors or bioactive
lipids expressed on the surfaces of exosomes and cells,
the transfer of membrane receptors, or direct stimula-
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tion through the delivery of proteins to target cells. The
presence of mRNAs and miRNAs in exosomes suggests
that the exchange of genetic material may be another aspect of exosome-mediated information transfer between
cells[15]. Exosomes from tumor cells have been proposed
to induce the cytotoxic T lymphocyte response, and
many scientists initially had high hopes for the antitumor
functions of exosomes. 5-Aza-2’-deoxycytidine, an inhibitor of DNA methyltransferase, can increase exosomes
produced by hepatoma cells and the immune-associated
protein component of exosomes[16]. However, recent
studies have demonstrated that exosomes can downregulate immune responses or induce immune tolerance under certain conditions, leading researchers to re-examine
the immunologic properties of exosomes[17]. The finding
that glioblastoma tumor cell-derived exosomes contain
mRNAs and microRNAs coupled with the detection of
these exosomes in the serum of glioblastoma patients
suggests that blood-based exosomes may provide valuable diagnostic information and aid in therapeutic decisions for cancer patients[18]. Exosomes were quantified by
cytometry in the plasma of colorectal cancer patients to
evaluate their potential as a tumor indicator. The fraction
of exosomes in cancer patients was statistically higher
than that in healthy controls[19]. To better understand the
biological role of exosomes, it is important to work with
highly purified material.
To date, few studies have examined exosomes. One
reason for this lack of research is that the traditional exosome extraction process is relatively complex and cum-
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cell types are dependent on various factors, such as the
specific apoptotic pathways and types of stimuli that are
involved, the subcellular localization of TGM2, and the
conversions catalyzed by the various enzymatic activities
of TGM2[24-27]. TGM2 and annexin A2 do not contain
signal peptides or transmembrane domains. The extracellular secretion of these proteins is thought to occur
through non-classical secretory pathways[28]. However,
these proteins were not detected during the construction
of the normal human plasma protein database as part of
the Human Plasma Proteome Project (HPPP). Based on
the characteristic expression patterns of these proteins
and the results indicating that these proteins are potential
markers for HCC, it is possible that these proteins could
be secreted into the plasma by hepatoma cells. Therefore,
Western blot analyses were performed to detect annexin
A2 and TGM2 in the isolated and purified exosomes
secreted by Huh-7 hepatoma cells. These analyses indicated that exosomes secreted from Huh-7 cells contained
TGM2 but not annexin A2. These findings confirmed
our hypothesis that TGM2 could be secreted by hepatoma cells and that exosomes constitute one method of
TGM2 transport. In contrast, annexin A2 may be extracellularly secreted through other non-classical secretory
pathways. Furthermore, an exosome database (ExoCarta)
was searched to determine the sources of exosome
samples in which annexin A2 and TGM2 had been detected[22]. This search revealed that these proteins had
not previously been detected in exosome samples from
human hepatoma cells, and therefore, our experimental
results address this gap in previously reported data.
This study experimentally confirmed the feasibility
of a novel approach utilizing a nanomaterial to rapidly
and efficiently isolate and purify exosomes. In addition,
annexin A2 and TGM2, which are candidate markers for
HCC, were detected in exosomes secreted by hepatoma
cells. The extracellular secretion of TGM2 must occur
through non-classical secretory pathways because this
protein possesses neither a signal peptide nor a transmembrane domain, and our results revealed that one
such non-classical pathway for TGM2 secretion is the
transport of this protein in exosomes. Together, these
findings provide necessary theoretical foundations for
future exosome-related research.

bersome, rendering exosome research difficult. In prior
studies in which exosomes have been extracted using
conventional methods, such as ultracentrifugation and
density gradient centrifugation, the reported quantities of
protein obtained from exosomes have generally been no
higher than 40 µg/108 cells[20]. In contrast, our approach,
which involves the use of a new type of nanomaterial
to isolate and extract exosomes, yielded protein quantities of up to 780 µg/108 cells from exosomes secreted
by hepatoma cells. In recent years, it has been reported
that an immunomagnetic method can be used to purify
the exosome proteins and RNA. The quality has been
greatly improved[21], but there still are cumbersome and
expensive shortcomings. This novel procedure is convenient and efficient, and it involves only a short period
during which the samples are exposed in an open system;
as a result, the samples are not readily contaminated by
environmental or cell debris and can therefore readily
fulfill experimental and clinical needs. We first utilized
low-speed centrifugation to remove cells and cell debris
from cell culture supernatant samples and then used
ultrafiltration tubes with a 3 kDa MWCO to remove
proteins smaller than 3 kDa and a large quantity of fluid
from each sample. Subsequently, the nanomaterial was
mixed with this concentrated sample solution, and the
resulting mixture was incubated overnight in a refrigerator and centrifuged; following centrifugation, the exosomes precipitated at the bottom of the centrifuge tube.
Observations of exosomal morphology using transmission electron microscopy revealed that the isolated and
purified exosomes were circular discs with diameters of
30 to 100 nm, and these findings were consistent with
the descriptions of exosomes in the published literature.
In addition, the biomarker proteins HSP70 and CD63
were detected in the isolated exosomes by Western blot
analysis[22]. In particular, Western blotting revealed clear
bands at the theoretical molecular weights of both proteins, indicating that HSP70 and CD63 are expressed in
exosomes and confirming that the bodies extracted using
the nanomaterial-based approach were indeed exosomes.
These results validate our novel method for rapidly and
efficiently isolating and purifying exosomes for exosomerelated research.
Annexin A2 and TGM2 are hepatoma-related proteins, and our previous study reported histological and
serological findings validating annexin A2 and TGM2 as
candidate markers for hepatocellular carcinoma (HCC)[23].
The results of immunohistochemical examinations of
HCC tissues have revealed that annexin A2 is a highly
expressed protein in HCC cells. TGM2 is a member of
the transglutaminase protein family with Ca2+-dependent
transamidation functions. In particular, TGM2 facilitates
the crosslinking or polymerization of proteins by crosslinking glutamine residues to the ε-amino groups of lysine residues. TGM2 has very diverse functions, including
roles in cell differentiation, apoptosis, adhesion, receptormediated endocytosis, cell movement, and cell migration.
Notably, TGM2 has bidirectional roles in cellular apoptosis, and the specific functions of TGM2 in different
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Background

Exosomes are small membranous vesicles with diameters of between 30 and
100 nm. They are released from different cell types under both normal and
pathological conditions. Exosomes have been reported in many types of cul-
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tured cells and body fluids. MicroRNAs (miRNAs), messenger RNAs (mRNAs),
and cytoplasmic proteins are contained within exosomes, and exosomes have
diverse biological functions including immunomodulatory activity, intercellular
communication abilities, and the transport of infectious cargo.

6

Research frontiers

The molecular composition of exosomes extracted from the cell culture medium from diverse cell types and various body fluids has been analyzed by
proteomics. Proteomic studies with large data sets might contribute to the
understanding of the biological functions of exosomes, such as the mechanism
of regulating tumor development. Scientists try to develop exosomes as tools to
target tumor cells. Exosomal proteins, as potential biomarkers, may be studied
more frequently in the future.

7

8

Innovations and breakthroughs

Exosomes are membrane vesicles that are 40-100 nm in diameter and are of
endocytic origin. They are released by most cell types upon the fusion of multivesicular bodies with the plasma membrane, presumably as a vehicle for intercellular communication. To better understand the biological role of exosomes,
it is important to work with highly purified materials. However, the extraction
assay of exosomes is normally complicated and time consuming. Here, the
authors describe a novel assay based on a nanomaterial to extract exosomes
more quickly and efficiently compared with the traditional method. A hepatomaassociated protein, tissue transglutaminase 2 (TGM2), was found to exist in
the exosomes of the human liver cancer cell line Huh-7 for the first time. This
protein can be secreted through an exosome-mediated non-classical secretion
pathway as a potential tumor marker.
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10

11

Applications

Improving conventional methods for purifying exosomes might contribute to
studying exosome biological function, and an analysis of exosomal proteins
may provide insights into the clinical monitoring of cancer patients.

Terminology

Exosomes are small membrane vesicles of endocytic origin secreted by various
cell types, and they are thought to play important roles in intercellular communication. Cancer cell-derived exosomes play a role in immune escape, neovascularization, and metastasis. Although exosomes were originally described in
1983, interest in these vesicles has increased dramatically in recent years after
the finding that they contain mRNAs and miRNAs.
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Peer review
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The authors describe a new extraction method for exosomes from hepatocellular carcinoma cells and show that the protein TGM2 can be secreted through
an exosome-mediated non-classical secretion pathway. The methodology and
the data reported are of great interest.
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Prognostic factors in patients with middle and distal bile
duct cancers
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margin by the frozen histology in all cases. Univariate
and multivariate analyses of clinicopathologic factors
were performed, utilizing the Kaplan-Meyer method
and Cox hazard regression analysis.
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RESULTS: The overall 5-year survival rate for the 133
patients who underwent resection (R0, R1, and R2)
was 41.2%, whereas no patients survived longer than
3 years among the 61 patient who underwent nonresectional surgeries. The 5-year survival rate of the
patients who underwent a PD (n = 90) was higher
than the rate of those who underwent BDR (n = 43),
although the difference was not statistically significant
(46.6% vs 30.0% P = 0.105). However, PD had a higher rate of R0 resection than BDR (90.0% vs 48.8%, P
< 0.0001). If R0 resection was achieved, PD and BDR
showed similar survival rates (49.4% vs 46.5% P =
0.762). The 5-year survival rates of R0 and R1 resections were not significantly different (49.0% vs 21.0%
P = 0.132), but R2 resections had lower survival (0%,
P = 0.0001). Although positive lymph node, presence
of perineural invasion, presence of lymphovascular
th
invasion (LVI), 7 AJCC-UICC tumor node metastasis
(TNM) stage, and involvement of resection margin
were significant prognostic factors in univariate analysis, multivariate analysis identified only TNM stage and
LVI as independent prognostic factors.

Abstract

CONCLUSION: PD had a greater likelihood of curative
resection and R1 resection might have some positive
impact. The TNM stage and LVI were independent
prognostic factors.

AIM: To identify the influence of the surgery type
and prognostic factors in middle and distal bile duct
cancers.
METHODS: Between August 1990 and June 2011,
data regarding the clinicopathological factors of 194
patients with surgical and pathological confirmation
were collected. A total of 133 patients underwent
resections (R0, R1, R2; n = 102, 24, 7), whereas 61
patients underwent nonresectional surgery. Either pancreaticoduodenectomy (PD) or bile duct resection (BDR)
was selected according to the sites of tumors and comorbidities of the patients after confirming resection
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Core tip: The prognosis in bile duct cancer is unfavor-
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liver, lungs, or multiple bones. The unpredictable prognoses of such cases might be explained by bile duct cancer
progressing not only by directly invading into the depths
of the bile duct wall but also into the perineural, vascular,
and lymphatic spaces[7]. Nagahashi et al[8] recently insisted
that the presence of lymphovascular invasion resulted
in poor prognosis, comparing a pT1 tumor invading the
fibromuscular layer to a pT1 tumor confined to the mucosa. The role of such factors as perineural invasion (PNI)
and low viscosity index (LVI) must be investigated.
In this study, we analyzed the clinicopathological
data of 133 patients who underwent surgical resection
for middle and distal bile duct cancers, to identify the
influence of the type of surgery selected and of clinicopathological factors on the long-term prognoses of the
patients.

able and varies according to the type of surgery, curability, and pathological factors. We analyzed data collected over a period of 22 years that provide valuable
information regarding the prognosis. We show that
pancreaticoduodenectomy (PD) has a higher chance
of curative resection and suggest that BDR should be
applied only to tumors located around the cystic duct
or in patients with comorbidity precluding PD. Tumor
node metastasis stage and lymphovascular invasion
are independent prognostic factors. We believe this
study to be of great value for the physician and surgeon treating patients with these rare tumors.
Kwon HJ, Kim SG, Chun JM, Lee WK, Hwang YJ. Prognostic
factors in patients with middle and distal bile duct cancers.
World J Gastroenterol 2014; 20(21): 6658-6665 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6658.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i21.6658

MATERIALS AND METHODS
Patient population and diagnosis of middle and distal
bile duct carcinoma
Between August 1990 and June 2011, a total of 194 patients with middle and distal bile duct cancers underwent
surgery and were pathologically diagnosed in the Department of Surgery, Kyungpook National University
Hospital, Daegu, South Korea. Data regarding the clinicopathological factors of the patients were obtained by
retrospective review of medical records.
The preoperative diagnosis of middle and distal bile
duct cancer was made by imaging studies, including an abdominal computed tomography scan, magnetic resonance
imaging, and positron emission tomography. Preoperative
endoscopic retrograde cholangiopancreatography was
performed to decompress jaundice and to obtain tissue
diagnosis whenever possible. The sites of tumors were
determined by imaging studies. Middle and distal bile duct
cancer was defined by imaging studies and by the operative findings of tumors with the main lesions located at
middle and distal third of extrahepatic bile duct. Tumors
that were grossly identified to extend toward the hilar bifurcation during surgery were excluded from this study.

INTRODUCTION
Cholangiocarcinoma is a rare malignant tumor of the
biliary tree that can arise anywhere from the intrahepatic
to the extrahepatic bile duct just proximal to the duodenal ampulla, excluding the gallbladder. Extrahepatic bile
duct cancer, defined as the presence of malignant tumors
arising at the biliary tree distal to second-order branches,
accounts for 80% to 90% of all cholangiocarcinomas.
Extrahepatic bile duct cancer can be further divided into
hilar or middle/distal bile duct cancers. Among these
extrahepatic bile duct cancers, middle and distal bile duct
cancers comprise approximately 20% to 30%[1-4].
The site of an extrahepatic bile duct cancer has clinical importance because it affects the selection of the
appropriate type of surgical resection and the outcomes
after surgery. Compared to hilar bile duct cancer, which
requires concomitant bile duct and liver resection, the
surgical resection for a middle and distal bile duct cancer
requires either segmental bile duct resection or pancreaticoduodenectomy with lymph node dissection. The type
of surgery selected depends on the possibility of achieving tumor-free resection margins, and the prognostic influence of the type of resection on long-term prognosis
has been controversial[5,6].
In some patients, the superficial spreading nature of
the disease, as well as comorbid diseases, can make it hard
to achieve R0 resection, inevitably resulting in R1 resection.
Because such cases have been anecdotal, the effect of R1
resection on long-term prognoses must be investigated.
Factors such as tumor node metastasis (TNM) stage,
perineural invasion, and lymphovascular invasion have
been reported to affect survival, but their influences on
prognosis have not always been universal. Tumors with
higher T stages tend to run a greater risk of distant metastasis and poorer prognosis, but in some cases, tumors
are confined to the bile duct without lymph node metastasis, showing early recurrence in distant areas, such as the
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Definition of margin status and selection of type of
surgery
In all of the cases, the resection margins were sent for
frozen biopsy. Resection of the remnant tissue with
microscopic involvement of carcinoma in situ or with
invasive carcinoma was defined as R1 resection, and
resection of remnant tissue with gross involvement was
defined as R2 resection.
Pancreaticoduodenectomy was performed for tumors
located in the distal third of the extrahepatic bile duct.
When proximal resection margins were microscopically
negative, we proceeded to perform PD. If positive, the
proximal bile duct was repeatedly resected until a negative margin was achieved. If a negative margin could not
be achieved from the uppermost bile duct, we tried to
perform an R1 or R2 PD in selected cases.
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Either PD or BDR was performed for tumors in the
middle third of extrahepatic bile duct. When the proximal resection margin was microscopically negative, we
proceeded to resect the bile duct, including the tumor.
If the lowest distal resection margin was negative after
BDR, no additional resection was performed; however,
if the lowest resection margin was positive, PD was
added unless the patient had a serious comorbidity precluding an additional PD. When the proximal resection
margin was microscopically positive, the proximal bile
duct was repeatedly resected until a negative margin was
achieved. If a negative margin could not be achieved
from the uppermost bile duct, we performed R1 or R2
BDR. Lymph node dissection was routinely performed
around the hepatoduodenal ligament, common hepatic
artery, and retropancreas when resection was possible.
Nonresectional surgeries, including exploration only,
simple cholecystectomy, and bypass surgery, were indicated for patients with very advanced bile duct carcinoma. These cases included tumors directly invading
the common hepatic artery, superior mesenteric artery,
inferior vena cava, long segment, or more than half the
circumference of the portal vein, as well as tumors with
peritoneal or liver metastases.

the mean age was 66.4 ± 8.6 years old. Among these 194
patients, 133 patients received resection, and the resection rate was 68.6%. Ninety patients (67.7%, 90/133)
underwent PD, and 43 (32.3%) patients underwent BDR.
The remaining 61 patients underwent nonresectional
surgeries, such as bypass, cholecystectomy, or exploration only.
The numbers of patients with R0, R1, and R2 resections were 102, 24, and seven, respectively. The PD
group had a higher rate of R0 resection than the BDR
group [90% (81/90) vs 48.8% (21/43) P < 0.0001]. In
detail, the PD group included eight patients with R1 and
one patient with R2 PD, whereas the patients who underwent BDR included 16 patients with R1 and six patients with R2 BDR. The reason for R1 PD and R1 BDR
was a microscopic positive margin at the uppermost resection margin in eight and 12 patients, respectively. The
remaining four patients with R1 BDR had positive margins at their lowermost resection margins, but the comorbidity of the patients precluded an additional PD. In
one patient with portal vein invasion, a combined portal
vein wedge resection was performed.
According to the 7th AJCC-UICC classification, the
frequencies of TIS, T1, T2, and T3 were 1.6%, 28.1%,
19.5% and 50.8%, respectively. Lymph node dissection
was performed routinely whenever R0 or R1 resection
was possible. The average number of lymph nodes
which were harvested was 10.9 ± 4.5. Lymph node metastasis was present in 25%, and perineural invasion was
present in 41.4%. The rates of perineural invasion for
T1, T2 and T3 tumors were 18.4%, 60% and 46.2%, respectively, showing significant associations (P = 0.017).
Lymphovascular invasion was present in 25 of 128
(19.5%). The frequencies of lymphovascular invasion
in T1, T2, and T3 were 5.3%, 20.0%, and 26.2%, respectively; invasion was associated with T staging at a
statistically significant level (P = 0.013). Lymphovascular
invasion was not significantly associated with nodal metastasis (P = 0.071).
Well, moderately, and poorly differentiated cases
were found in 33.6%, 55.5% and 10.9% of patients,
respectively.

Patient follow-up after surgery
Follow-up examinations were performed based on abdominal ultrasonography, computed tomography, and
measurement of the serum carcinoembryonic antigen
and carbohydrate antigen 19-9 levels every 3 to 6 mo
None of the patients received chemotherapy before or
after surgery. Information on long-term outcomes after
surgery was collected by personal interview or on the
telephone. If a patient died, we recorded the survival
time after surgery and the cause of death. For surviving
patients, the postoperative length of survival and status
of recurrence were recorded.
Statistical analysis
A prognostic analysis was performed using the data
from 133 patients who underwent resectional surgery
including R0, R1 and R2 resection. For the survival
analysis after surgical resection, the patients with non-resectional surgery or mortality cases were excluded from
this study. The survival data were processed using the
Kaplan-Meier method and were compared using the logrank test. A P value less than 0.05 was considered statistically significant. Multivariate analysis was performed
using the clinicopathologic factors that were statistically
significant in univariate analysis or other marginal predictors, which were obtained using Cox proportional
hazards regression.

Long-term survival of all patients with resections and
univariate analysis of their clinicopathologic factors
The overall 1-, 3-, and 5-year survival rates for the 133
patients who underwent resection (R0, R1, and R2) were
86.8%, 54.4% and 41.2%, respectively, whereas no patients survived longer than 3 years among the 61 who
underwent nonresectional surgeries (Figure 1).
To elucidate the factors influencing long-term survival after resection, 10 clinicopathologic factors for 133
patients who underwent R0, R1 and R2 resection were
entered into univariate analysis (Table 1). The 5-year
survival rates, according to the type of resection, were
46.6% for PD and 30.0% for BDR, although the differences between the two groups did not reach statistical
significance (P = 0.105). The 5-year survival rates ac-

RESULTS
Clinicopathological features and types of surgery of
patients who underwent surgery
In total, the study enrolled 120 men and 74 women, and
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Resection (n = 133) vs nonresection (n = 61)

Table 1 Univariate analysis of survival, according to the clinicopathological factors of patients who underwent surgical resection (R0, R1 and R2) for mid-distal extrahepatic bile duct
cancer n (%)

Resection (R)
Nonresection (NR)

1.0

0.8

Total (n = 133)

Variables

Cumulative survival

No.
Age

R vs NR P = 0.000

0.6

≤ 70

86 (64.7)
47 (35.3)
81 (60.9)
52 (39.1)
27 (30)
63 (70)
90 (67.7)
43 (32.3)
38 (29.7)
25 (19.5)
65 (50.8)
96 (75.0)
32 (25.0)
130 (97.7)
3 (2.3)
51 (39.5)
Ⅱ
75 (58.1)
Ⅲ
0 (0)
Ⅳ
3 (2.3)
PNI
75 (58.6)
+
53 (41.4)
LVI
103 (80.5)
+
25 (19.5)
Resection
R0
102 (76.7)
R1
24 (18.0)
margin
R2
7 (5.3)
Differentiation Papillary
4 (3.2)
W/D
40 (32.5)
M/D
66 (53.7)
P/D
13 (10.6)
> 70
Sex
M
F
CA19-9 (U/mL) ≤ 35
> 35
Type of
PD
BDR
resection
T classification
Tis, T1
T2
T3
N classification
N0
N1
M classification
M0
M1
TNM stage
0, Ⅰ

0.4

0.2

0.0
0

24

48

72

96 120 144 168 192 216 240

Time after surgery (mo)

Figure 1 Overall survival of 194 patients who underwent resection (n =
133) or nonresectional surgeries (n = 61) for middle and distal bile duct
cancers.

R0 Resection
R1 Resection
R2 Resection

1.0

0.8

R0 vs R1 vs R2 P = 0.000

Cumulative survival

R0 vs R1

P = 0.132

0.6

5 yr survival
Mean 65.8
39.1
44.8
33.6
59.4
57.9
44.9
47.2
30.0
52.3
56.8
34.1
51.3
17.0
42.2
0
64.5
30.1
0
55.8
17.5
52.3
6.7
49.0
21.0
0
66.7
48.8
36.7
56.1

Median P value
41.0
38.0
36.0
105.0
85.0
37.0
59.0
32.0
63.0
36.0
63.0
30.0
41.0
16.0
105.0
36.0
16.0
105.0
38.0
63.0
23.0
59.0
31.0
12.0
105.0
59.0
36.0
63.0

0.917
0.359
0.734
0.105
0.144

0.033
0.242
0.006

0.022
0.000
0.000

0.409

PD: Pancreatoduodenectomy; BDR: Segmental bile duct resection; W/D:
Well differentiated; M/D: Moderately differentiated; P/D: Poorly differentiated; LVI: Lymphovascular invasion; PNI: Perineural invasion.

0.4

0.2

lymph node metastasis (51.3% vs 17.0%, P = 0.033).
The five-year survival rates of the patients at TNM
stage 0 and 1 were higher than those of patients with
TNM stage 2 and 4 respectively (64.5% vs 30.1%, and
0%; P = 0.006).
The 5-year survival rate for patients with perineural
invasions was worse than that for patients without perineural invasion in univariate analysis (17.5% vs 55.8%; P
= 0.022).
Lymphovascular invasion was present in 25 patients
(19.5%). The presence of lymphovascular invasion unfavorably affected long-term survival. The 5-year survival
rate of the 103 patients without lymphovascular invasion
was 52.3%, compared to 6.7% for the 25 patients with
lymphovascular invasion.
The pathological grading of differentiation was not
associated with prognosis in this study (P = 0.409).
Recurrence after surgery occurred in 58.8% (60/102)
of the patients with R0 resection during the period of
follow up. The most common site of first recurrence
was abdominal lymph nodes only (38.3%, periportal,
around Superior mesenteric artery, paraaortic) followed

0.0
0

24

48

72

96 120 144 168 192 216 240

Time after surgery (mo)

Figure 2 Overall survival of the 133 patients who underwent resection according to the status of their resection margins.

cording to margin status were 49.0% for R0 resections
(n = 102), 21.0% for R1 resections (n = 24), and 0% for
R2 resections (n = 7) (P < 0.0001) (Figure 2). When an
R0 resection was achieved, the 5-year survival rates after
PD and BDR were similar (49.4% vs 46.5%, P = 0.762)
(Figure 3A).
According to the 7th edition of the AJCC T-staging
system, the 5-year survival rates of Tis/T1, T2, and T3
were 52.3%, 56.8% and 34.1%, respectively (P = 0.144).
The 5-year survival rate of patients without lymph
node metastasis was higher than that of patients with
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A

R0-PD
R0-BDR

1.0

B

R0-PD
R0-BDR

0.8

R0-PD vs R0-BDR P = 0.762

0.6

0.4

Cumulative survival

Cumulative survival

0.8

1.0

0.2

R0-PD vs R0-BDR P = 0.892

0.6

0.4

0.2

0.0

0.0
0

24

48

72 96 120 144 168 192 216 240

0

Time after surgery (mo)

50

100

150

200

250

Time after surgery (mo)

Figure 3 Overall (A) and disease free (B) survival of the patients according to R0-pancreatoduodenectomy and R0-bile duct resection.

as independent prognostic factors associated with poor
survival (Table 2).

Table 2 Multivariate analysis of survival according to the
clinicopathological factors of patients who underwent surgical
resection (R0, R1 and R2) for middle and distal extrahepatic
bile duct cancers
Variable
AJCC stage

Hazard ratio
0, Ⅰ
Ⅱ
Ⅲ
Ⅳ

LVI

+

1
4.572
11.185
1
2.942

95%CI

Influence of lymphovascular invasion on survival,
according to T and N stage
Lymphovascular invasion was present in 25 of 128 cases
(19.5%), unfavorably affecting the 5-year survival rate
(52.3% vs 6.7%, P < 0.0001). pT1 tumors without lymphovascular invasion showed significantly better survival,
compared to pT1 tumors with lymphovascular invasion
(5-year survival rate, 57.40% vs 0%; P < 0.0001).
The presence of lymphovascular invasion in patients
with nodal metastasis did not affect survival, whereas the
presence of lymphovascular invasion in patients without
nodal metastasis strongly affected the 5-year survival rate
(0% vs 60.4%; P < 0.0001).

P value
0.023

1.473-14.183
1.061-117.922
0.002
1.510-5.733

LVI: Lymphovascular invasion.

by liver only (35%), anastomosis site (8.3%), and lung
(1.7%). The abdominal lymph node metastasis was present in combination with local recurrence and liver metastasis at the time of first recurrence in 5% and 1.7%
respectively. Lymph node metastases were found in
55.0% of the patients with first recurrence in the pattern
of lymph node metastasis only (38.3%) or combination
with other organ metastases (16.7%). The long term
disease free survival of R0 PD was similar to R0 BDR
(Figure 3B).
In summary, univariate analysis revealed that lymph
node metastasis (P = 0.033), TNM stage (P = 0.006),
perineural invasion (P = 0.022), lymphovascular invasion
(P < 0.0001), and resection margins (P < 0.0001) were
significant factors for long-term survival.

DISCUSSION
Middle and distal bile duct cancers are rare malignancies
with poor prognoses, and only complete surgical resection of bile duct cancer offers a chance for long-term
survival. The prognosis of middle and distal bile duct
cancers remains poor, even with radical resection, due to
the high incidence of recurrence. Furthermore, it is difficult to determine the optimal extent of resection and
to identify the prognostic factors. Although several prognostic factors, such as surgical radicality, nodal status,
depth of invasion, differentiation, perineural invasion,
and lymphovascular invasion, have been reported for
middle and distal extrahepatic bile duct cancers[9-13], the
prognostic values of these factors have not been consistent. Among the aforementioned factors, nodal metastasis, differentiation, and R0 resection have been widely
recognized to be associated with long-term survival[3,14-17].
In this study, the overall survival was longer in patients with resection, compared to patients without
resection. However, the prognosis of patients with R2

Multivariate analysis of clinicopathologic factors
A multivariate analysis was performed using the seven
clinicopathologic factors that had been proved to be
significant, or at least marginally predictive, in univariate
analysis: type of resection; T classification; N classification; TNM stage; perineural invasion; lymphovascular invasion; and resection margin. In multivariate analysis, the
TNM stage and lymphovascular invasion were identified
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resection was much poorer compared that of patients
with R0 or R1 resection. As shown in the results, patients with R0 and R1 resections showed 5-year survival
rates of 49.0% and 21.0%, respectively, whereas none of
the patients with nonresection or R2 resection survived
longer than 3 years (medians of 10 mo and 12 mo , respectively).
Many studies have reported that R0 resection is necessary for long-term survival[5,17-19]. However, it is sometimes very difficult to achieve a tumor-free margin of the
bile duct due to superficial microscopic spreading and
multifocal tumors. In such cases, R1 resection is inevitable, and some authors have reported that patients with
R1 resections have survived longer than expected[3,5,6,20].
In our study, R1 resection was performed in 24 patients,
including eight patients with R1 PD and 16 patients
with R1 BDR. Positive uppermost bile duct margins accounted for the 20 patients with R1 resections (8 PD
and 12 BDR), and positive lowermost bile duct margins
accounted for the four patients with R1 BDR resections,
for whom the addition of further PD was precluded by
the presence of co-morbidities. The 5-year survival rates
after R0-resection were higher than those after R1-resection, but the difference did not reach statistical significance (49.0% vs 21.0%; P = 0.132) (Lymphovascular. 2).
Thus, it can be assumed that R1 resection, if inevitable,
should be recognized as prolonging survival, according
to our data, which reflected that no patients with R2
resections or nonresections survived longer than 36 mo
The definition of RI resection in this study was a microscopically positive margin of the resected bile duct. The
major drawbacks of this study were that the pathological description was not made by a single pathologist and
that the invasiveness of the positive margin was not subclassified into carcinoma in situ or invasive carcinoma.
These means of analysis will be further investigated in
the near future.
According to the primary site and the extent of the
tumor, different surgical procedures can be applied. PD
is most commonly performed for tumors because bile
duct resection is sometimes not sufficient to achieve adequate surgical margins, compared to PD[5,6]. In our study
as well, the microscopic involvement of margins was
more frequent after bile duct resection, compared to PD
[37.2% (16/43) vs 8.9% (8/90); P < 0.0001]. The 5-year
survival rates of patients with PD and BDR were 46.6%
and 30.0% (P = 0.105), respectively; this difference, although not statistically significant, can be attributed to a
higher rate of positive resection margins in patients with
bile duct resection. The lack of statistical significance in
the difference between the two groups might have been
due to the limited number of patients. However, if R0
resection had been achieved, the 5-year survival rates
after bile duct resection would have been similar after
PD (46.5% vs 49.4%; P = 0.762) (Figure 3A). Thus, it is
possible that PD offers a greater likelihood of complete
resection and, consequently, better survival. Therefore,
PD is recommended unless patient co-morbidities pre-
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clude its implementation. BDR is an option only if the
co-morbidities of patients preclude PD or if an R0 resection seems to be achieved for tumors limited to the
area surrounding the cystic duct.
The frequency of lymph node metastasis has been
reported to range from 23.8% to 68%, and lymph node
involvement has been determined to be an important
predictor of survival in patients with middle and distal
bile duct cancers[3,6,16,19,21,22]. In our study, the frequency
of nodal metastasis was 25%, and patients with nodal
metastasis had worse survival than patients without nodal metastasis in univariate analysis (5-year survival rate
17.0% vs 51.3%; P = 0.033)
Perineural invasion is one of the pathways through
which local infiltrations spread and metastasize. Although perineural invasion has recently been accepted as
a prognostic factor in a number of different malignancies, its clinical significance for mid-distal extrahepatic
cholangiocarcinoma remains unclear. According to
Bhuiya et al[7], perineural invasion had a profound impact
on the survival of patients with extrahepatic bile duct
cancer. The 5-year survival rate for patients with perineural invasion was 32%, compared to 67% for patients
without invasion. A distinct and significant correlation
was potentially reported between the depth of tumor
invasion and perineural invasion. In our study as well,
the frequency of perineural invasion was 41.4%, and the
rates of perineural invasion for T1, T2 and T3 tumors
were 18.4%, 60% and 46.2%, respectively. Thus, a significant association with depth of invasion was shown (P
= 0.017). The survival of patients with perineural invasion was worse than that of patients without perineural
invasion in univariate analysis (5-year survival rate 17.5%
vs 55.8%; P = 0.022).
Lymphovascular channel invasion is one of many
different manners by which tumors spread. The clinical significance of LVI was first described as far back
as 1967, when studies reported higher recurrence and
poorer survival in cervical cancer patients with lymphovascular invasion[23]. Nevertheless, few reports have been
published regarding the significance of lymphovascular
invasion, and its clinical significance has not been established in middle and distal bile duct cancers[8,24]. Our
study showed that the presence of lymphovascular invasion was an independent prognostic factor and unfavorably influenced long-term survival. Lymphovascular invasion was present in 19.5% of patients, and the overall
5-year survival rates of these patients with lymphovascular invasion were poor, compared to the rates of patients
without lymphovascular invasion (6.7% vs 52.3%, P <
0.0001).
Additionally, lymphovascular invasion was significantly associated with the depth of invasion (T classification) (P = 0.013). The frequency of lymphovascular
invasion, according to the depth of the invasion (T1,
T2 and T3), was 5.3%, 20% and 26.2%, respectively. Although pathologic T1 (pT1) tumors generally have favorable prognoses after resection, the presence of lympho-
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vascular invasion, even in pT1 tumors, affected survival
unfavorably, compared to pT1 tumors without lymphovascular invasion (5-year survival rate, 0% vs 57.4%; P <
0.0001). Our results were similar to those from a study
published by Nagahashi et al[8], who reported poorer
prognoses in patients with invasion into the fibromuscular layer, compared to those with mucosal layer invasion.
These authors insisted that the cause of these adverse
effects was related to lymphovascular invasion. Contrary
to our expectations, the present study did not find that
lymphovascular invasion was strongly associated with
nodal metastasis (P = 0.071). This lack of association
has also been reported in other studies examining nodal
status and lymphovascular invasion in breast cancer[25,26].
A direct correlation between the presence of lymphovascular invasion and nodal metastasis might not always
be apparent. The presence of lymphovascular invasion
in patients with nodal metastasis did not affect survival,
but in patients without nodal metastasis, the presence of
lymphovascular invasion affected 5-year survival (0% vs
60.4%; P < 0.0001). This result suggests that lymphovascular invasion has a profound impact on the survival
of patients with lymph node-negative middle and distal
extrahepatic bile duct cancers.
Pancreaticoduodenectomy had higher rate of R0 resection than bile duct resection, although the long-term
survival between the two groups was not significantly
different. BDR can be an applied when only R0 resection is possible or if the co-morbidity of the patient precludes PD. R1 resection, if inevitable, can be performed
because it offers better survival than R2 or no resection.
The TNM stage and LVI were identified as independent
factors influencing the survival of patients with middle
and distal bile duct cancers.
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Cholangiocarcinoma is a rare malignant tumor of the biliary tree that can arise
anywhere from the intrahepatic to the extrahepatic bile duct just proximal to the
duodenal ampulla, excluding the gallbladder. The prognosis in bile duct cancer
is unfavorable and varies according to the type of surgery, curability, and pathological factors.
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Authors analyzed the clinicopathological data of 133 patients who underwent
surgical resection for middle and distal bile duct cancers, to identify the influence of the type of surgery selected and of clinicopathological factors on the
long-term prognoses of the patients.
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META-ANALYSIS

Toll-like receptor 4 polymorphisms to determine acute
pancreatitis susceptibility and severity: A meta-analysis
Xiao-Jin Zhou, Yan Cui, Li-Yi Cai, Jing-Ying Xiang, Yan Zhang

TLR4 Asp299Gly or Thr399Ile polymorphisms and AP
risk using five models with high homogeneity (P > 0.05).

Xiao-Jin Zhou, Li-Yi Cai, Jing-Ying Xiang, Yan Zhang, Department of Gynecology and Obstetrics, Wuxi Maternal and Child
Health Hospital, the Affiliated Hospital of Nanjing Medical University, Wuxi 214002, Jiangsu Province, China
Yan Cui, Department of Pharmacology, College of Pharmaceutical Sciences, Soochow University, Suzhou 215123, Jiangsu Province, China
Author contributions: Zhou XJ and Zhang Y designed the
study, collected and analyzed the data and wrote the manuscript;
Cui Y and Cai LY collected and analyzed the data and wrote the
manuscript; Xiang JY contributed to the discussion.
Supported by Joint Research Program of Medical Science and
Technology Development Fund of the Medical Control Center in
Wuxi City, No. YGZX1204
Correspondence to: Yan Zhang, PhD, Department of Gynecology and Obstetrics, Wuxi Maternal and Child Health Hospital,
the Affiliated Hospital of Nanjing Medical University, 48 Huaishuxiang, Chong’an District, Wuxi 214002, Jiangsu Province,
China. 2004zhangshanshi@163.com
Telephone: +86-510-82725161 Fax: +86-51-82725094
Received: November 4, 2013 Revised: January 24, 2014
Accepted: March 4, 2014
Published online: June 7, 2014

Furthermore, stratification analysis by ethnicity or assay
also found no significant association in these two polymorphisms (P > 0.05), and TLR4 Asp299Gly was not
associated with AP severity (P > 0.05). In addition, no
publication bias was found in these studies (P > 0.05).
CONCLUSION: Our current meta-analysis suggests
that TLR4 Asp299Gly and Thr399Ile polymorphisms
may not be risk factors to AP susceptibility.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Toll-like receptor 4; Acute pancreatitis;
Risk; Single nucleotide polymorphisms
Core tip: Toll-like receptor 4 (TLR4 ) is one of the central
proinflammatory factors in the pathology of acute pancreatitis (AP). Nevertheless, the relationship between
TLR4 polymorphisms and AP susceptibility has been
controversial. Here, we performed a systematic metaanalysis of TLR4 polymorphisms and AP risk, and our
data showed that TLR4 Asp299Gly and Thr399Ile polymorphisms may not be associated with AP susceptibility.

Abstract
AIM: To investigate the correlation of toll-like receptor 4 (TLR4 ) gene Asp299Gly and Thr399Ile polymorphisms and acute pancreatitis (AP) risk and severity.

Zhou XJ, Cui Y, Cai LY, Xiang JY, Zhang Y. Toll-like receptor
4 polymorphisms to determine acute pancreatitis susceptibility and severity: A meta-analysis. World J Gastroenterol 2014;
20(21): 6666-6670 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i21/6666.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6666

METHODS: To get a more precise estimation of the
relationship, a comprehensive search was performed to
examine all the eligible studies of TLR4 Asp299Gly and
Thr399Ile polymorphisms and AP risk. The odds ratios
with 95% confidence intervals were used to assess the
strength of the association. Publication bias was analyzed by Begg’s funnel plots.

INTRODUCTION
Acute pancreatitis (AP) is a potentially lethal disease with
a mortality rate ranging from 10% to 25% depending on
the infectious status of the disease[1]. Therefore, AP is

RESULTS: In total, six studies with 1255 cases and
998 controls were included in this meta-analysis. Totally, no significant associations were found between
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one of the major problems encountered by many clinical
specialists. Clinically, AP is divided into two groups by
the disease severity: mild AP (MAP) and severe AP (SAP).
MAP is a self-limited disease while SAP has a fast malignant progression, even resulting in multiple organ failure
and death[2]. However, the molecular mechanisms that explain why some people suffer from SAP and others have
MAP, remains largely unknown up to now.
Recently more and more solid evidence has demonstrated that the involvement of the immune system and,
largely, release of multiple proinflammatory factors have
played a fundamental role in the pathogenesis of AP.
Toll-like receptor 4 (TLR4) is one of these key factors in
the inflammatory process of AP disease. It has been reported that there are two common single nucleotide polymorphisms (SNPs) exist in the coding region of TLR4:
Asp299Gly and Thr399Ile. Many studies have investigated
the relationship between these two TLR4 polymorphisms
and AP risk. Nevertheless, the conclusions are still controversial. Therefore, we conducted a systematic metaanalysis of current data to clarify the association of
TLR4 Asp299Gly and Thr399Ile polymorphisms and AP
susceptibility.

phisms and AP susceptibility in five different genetic
models, and the Z test was used to determine the significance of the pooled OR. Cochran’s χ 2-based Q statistic
test was performed to assess possible heterogeneity between the individual studies[3]. The fixed-effects model
was applied to calculate the pooled OR with its 95%CI
when there was no obvious between-study heterogeneity,
otherwise, the random-effects model was used[4,5]. In the
case of zero cells, an appropriate continuity correction
(addition of 0.5) was implemented[6]. Publication bias
analysis was performed by the funnel plot and Egger’s
test[4]. All P values are two-sided, and P < 0.05 was considered statistically significant. Statistical analyses were
done with Stata software (version 12.0).

RESULTS
Characteristics of studies
We collected 24 studies after database searches. After
evaluation of title and abstract for the association of
TLR4 polymorphisms and AP susceptibility, nine relevant
studies were identified and retrieved for further investigation. Finally, six studies were identified according to the
selection criteria. A total of 6 studies[7-12] with 1255 cases
and 998 controls were included in this meta-analysis.
In these studies, six studies[7-12] with 1255 cases and 998
controls were about the association of TLR4 Asp299Gly
polymorphism and AP risk; three studies[7,8,11] with 815
cases and 744 controls were about the association of
TLR4 Thr399Ile polymorphism and AP risk. Among
these studies, five studies were published in English[7-11],
and one study was in Chinese[12]. There were two studies
of subjects of Caucasian descent[7,11], and four studies
of subjects of Asian descent[8-10,12]. A classic polymerase
chain reaction restriction fragment length polymorphism
assay (PCR-RFLP) was used in four studies[8-10,12], a Taqman assay was conducted in two studies[7,11]. Table 1
listed the main characteristics of these six studies for two
SNPs of TLR4 and AP. All five studies were consistent
with HWE in the controls except for one study[11] (Table
1). Moreover, TLR4 Asp299Gly polymorphism and the
severity of AP susceptibility from 4 studies[7,9,11,12] are also
summarized in Table 2.

MATERIALS AND METHODS
Databases search
A literature search was conducted to looking for eligible
studies that explored the association between TLR4 polymorphisms and AP risk using Pubmed, Embase, Web of
Science, CBM (China Biological Medicine Database) on
September 27, 2013 with combinations of the following key words including (“toll like receptor” or “TLR”)
and (“polymorphism” or “genotype” or “variant” or
“mutation”) and “pancreatitis”. There was no language
restriction in the literature search. All reference lists from
relevant studies and reviews were hand searched for additional eligible studies. The studies with the latest sample
size were included when there were republished studies.
Eligible studies and data extraction
Eligible studies had to meet all of the following criteria:
(1) evaluating the association of TLR4 Asp299Gly or
Thr399Ile polymorphisms and AP risk; (2) a case-control
study; (3) it is of Hardy Weinberg equilibrium (HWE) in
the control group; and (4) sufficient genotyping information to evaluating an odds ratio (OR) and 95% confidence interval (CI).
The following information of each study was extracted independently by two reviewers: the name of first
author, year of publication, country, ethnicity, genotypes
distribution in both AP and controls, P values for HWE
evaluation, source of controls, sample size (case/control),
and genotyping methods.

Meta-analysis of TLR4 Asp299Gly polymorphisms and
AP susceptibility
When those six studies were included in the metaanalysis, there was no obvious heterogeneity between the
individual studies using five genetic models (P > 0.05).
In overall analysis, TLR4 Asp299Gly polymorphism was
not associated with AP risk when all studies were pooled
into the meta-analysis using five genetic models (for A vs
G: OR = 1.022, 95%CI: 0.748-1.397, P = 0.891; for AA
vs GG: OR = 1.537, 95%CI: 0.466-5.075, P = 0.480; for
AG vs GG: OR = 1.828, 95%CI: 0.454-7.368, P = 0.396;
for AA + AG vs GG:OR = 1.576, 95%CI: 0.477-5.205,
P = 0.456; for AA vs AG + GG:OR = 0.764, 95%CI:
0.458-1.277, P = 0.305, Table 3, Figure 1). Moreover, the

Statistical analysis
The pooled OR with its 95%CI was calculated to evaluate the strength of association between TLR4 polymor-
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Table 1 Studies included in the meta-analysis
SNP

Ref.

Year

Country

Ethnicity

AP
AA

Asp299Gly

Hofner et al[11]
Gao et al[10]
Zhang et al[9]
Takagi et al[8]
Chen et al[12]
Guenther et al[7]

2006
2007
2008
2009
2009
2010

Thr399Ile

Hofner et al[11]
Takagi et al[8]
Guenther et al[7]

2006
2009
2010

Hungary
China
China
Japan
China
Germany,
United States
Hungary
Japan
Germany,
United States

AB

Control
BB

AA

AB

BB

P value
for HWE

Source of
controls

AP Control

Assay

Caucasian
Asian
Asian
Asian
Asian
Caucasian

84
7
1
101 22
0
238
0
0
202
0
0
64 15
0
A 991 G 51

64
7
2
71
9
0
121
0
0
286
0
0
47
6
0
A 725 G 45

0.01
0.59
1.00
1.00
0.76

PB
PB
PB
PB
PB
PB

92
123
238
202
79
521

73
80
121
286
53
385

Taqman
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
Taqman

Caucasian
Asian
Caucasian

85
6
1
202
0
0
C 977 T49

64
7
2
286
0
0
C 728 T 36

0.01
1.00

PB
PB
PB

92
202
521

73
286
385

Taqman
PCR-RFLP
Taqman

SNP: Single nucleotide polymorphisms; AP: Acute pancreatitis; PB: Population-based study; HWE: Hardy-Weinberg equilibrium in controls; PCR-RFLP:
Polymerase chain reaction-restriction fragment length polymorphism.

Table 2 Studies of TLR4 Asp299Gly polymorphism and severity of acute pancreatitis
Ref.

Year

Hofner et al[11]
Zhang et al[9]
Chen et al[12]
Guenther et al[7]

2006
2008
2009
2010

Country
Hungary
China
China
Germany, United States

Ethnicity

Assay

Caucasian
Asian
Asian
Caucasian

Taqman
PCR-RFLP
PCR-RFLP
Taqman

MAP

SAP

AA

AG

GG

AA

AG

GG

41
104
32

1
2
8
A 587 G 33

0
0
0

43
128
32

6
4
7
A 404 G 18

1
0
0

PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism; MAP: Mild acute pancreatitis; SAP: Severe acute pancreatitis.

not show publication bias for TLR4 Asp299Gly polymorphism (for A vs G Pegger = 0.659; for AA vs GG Pegger =
0.204; for AG vs GG Pegger = 0.051; for AA + AG vs GG
Pegger = 0.250; for AA vs AG + GG Pegger = 0.594) in all
five genetic models (Figure 2).

five studies possessed highly homogeneity in all four genetic models (Pheterogeneity > 0.05, Table 3, Figure 1).
Additionally, the further subgroup analysis by ethnicity or
test assay showed that TLR4 Asp299Gly polymorphism
was not a risk for in Asian or Caucasian populations or
using PCR-RFLP assay or Taqman assay (P > 0.05, Table
3) with highly homogeneity.
Considering the two different types of AP (MAP and
SAP), we then assessed the association of TLR4 Asp299Gly polymorphism and two different types of AP risk
using an allele genetic model. Our meta-analysis showed
that the TLR4 Asp299Gly polymorphism has no association with MAP risk or SAP risk or the severity of AP using a fixed-effects model (P > 0.05, Table 4).

DISCUSSION
The early phase of severe AP progression is commonly
accompanied by activation of monocytes, polymorphonuclear granulocytes and macrophages, and the activated
monocytes are the index of AP severity. Many factors
and multiple pathways participated in the regulation of
innate immune response of AP. Toll-like receptors (TLRs)
can recognize pathogen-associated molecular patterns
and protect bodies by initiating inflammatory reactions
to destroy the invaders, thus playing pivotal roles in immune regulation. TLR4 has been extensively explored in
inflammatory reactions and immune responses among
the TLR family. TLR4 is commonly secreted by immune
cells and can bind to its receptor Gram-negative bacterial
lipopolysaccharide (LPS) as well as to a series of diverse
ligands, such as heat-shock proteins, in both exogenous
and endogenous situations[13,14]. It has been reported that
about 29 SNPs have been found in the TLR4 gene till
now[15]. Among these SNPs, Asp299Gly and Thr399Ile are
the most common mutations in TLR4 gene. Asp299Gly is
an A to G conversion which results in the replacement of
Asp by Gly, while Thr399Ile is a C to T conversion which
results in the replacement of Thr by Ile. Mutant Gly299
and Ile399 change the fourth exon structure of TLR4

Meta-analysis of TLR4 Thr399Ile polymorphisms and AP
susceptibility
For TLR4 Thr399Ile polymorphism, overall no association was found between TLR4 Thr399Ile polymorphism
and AP risk using four genetic models (for C vs T: OR =
1.090, 95%CI: 0.736-1.614, P = 0.667; for CC vs TT: OR
= 1.523, 95%CI: 0.258-9.012, P = 0.643; for CT vs TT:
OR = 1.455, 95%CI: 0.166-12.756, P = 0.735; for CC +
CT vs TT: OR = 1.494, 95%CI: 0.253-8.844, P = 0.658;
for CC vs CT + TT: OR = 1.530, 95%CI: 0.580-4.041, P
= 0.390, Table 5) with highly homogeneity.
Publication bias analysis
A funnel plot of these six included studies was symmetrical and didn’t suggest a possibility of publication bias
(Figure 2). The statistical results from Egger’s test still did
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Table 3 Meta-analysis of TLR4 Asp299Gly polymorphism
and acute pancreatitis risk
Test of association
OR
Total
A vs G
AA vs GG
AG vs GG
AA vs AG/GG
AA/AG vs GG
Asian
A vs G
AA vs GG
AG vs GG
AA vs AG/GG
AA/AG vs GG
Caucasian
A vs G
AA vs GG
AG vs GG
AA vs AG/GG
AA/AG vs GG
PCR-RFLP
A vs G
AA vs GG
AG vs GG
AA vs AG/GG
AA/AG vs GG
Taqman
A vs G
AA vs GG
AG vs GG
AA vs AG/GG
AA/AG vs GG

95%CI

Model

Table 4 Meta-analysis of TLR4 Asp299Gly polymorphism
and severity of acute pancreatitis (A vs G)

Test of
heterogeneity

Comparison

Test of association

P value I 2 (%)

P value

OR
1.022
1.537
1.828
1.576
0.764

0.748-1.397
0.466-5.075
0.454-7.368
0.477-5.205
0.458-1.277

0.891
0.480
0.396
0.456
0.305

F
F
F
F
F

0.446
0.971
0.992
0.973
0.570

0.000
0.000
0.000
0.000
0.000

0.628
1.273
1.760
1.326
0.606

0.349-1.133
0.316-5.126
0.338-9.153
0.330-5.339
0.330-1.115

0.122
0.734
0.502
0.691
0.107

F
F
F
F
F

0.874
0.965
0.966
0.961
0.861

0.000
0.000
0.000
0.000
0.000

1.264
2.625
2.000
2.563
1.477

0.869-1.839
0.233-29.591
0.146-27.447
0.228-28.840
0.540-4.039

0.221
0.435
0.604
0.446
0.448

F
F
F
F
F

0.592
-

0.000
-

0.628
1.273
1.760
1.326
0.606

0.349-1.133
0.316-5.126
0.338-9.153
0.330-5.339
0.330-1.115

0.122
0.734
0.502
0.691
0.107

F
F
F
F
F

0.874
0.965
0.966
0.961
0.861

0.000
0.000
0.000
0.000
0.000

1.264
2.625
2.000
2.563
1.477

0.869-1.839
0.233-29.591
0.146-27.447
0.228-28.840
0.540-4.039

0.221
0.435
0.604
0.446
0.448

F
F
F
F
F

0.592
-

0.000
-

MAP vs
SAP
MAP vs
Control
SAP vs
Control

Hofner P (2006)
Gao HK (2007)
Zhang D (2008)
Takagi Y (2009)
Chen WL (2009)
Guenther A (2010)
2
Overall (I = 0.0%, P = 0.448)
0.0317

P value I 2 (%)

P value

1.040 0.658-1.643 0.866

F

0.219 32.300

0.124

1.112 0.747-1.655 0.601

F

0.159 42.000

0.955

1.054 0.691-1.609 0.807

F

0.334 11.800

0.020

Genetic
models
C vs T
CC vs TT
CT vs TT
CC vs CT/TT
CC/CT vs TT

Test of association
OR

95%CI

P value

1.090
1.523
1.455
1.494
1.530

0.736-1.614
0.258-9.012
0.166-12.756
0.253-8.844
0.580-4.041

0.667
0.643
0.735
0.658
0.390

Model

Test of
heterogeneity

P value I 2 (%)
F
F
F
F
F

0.503
0.481
0.823
0.493
0.560

0.000
0.000
0.000
0.000
0.000

F: Fixed-effects model.

4

2

OR (95%CI)

Weight
(%)
1.58 (0.64-3.93)
9.47
0.61 (0.27-1.35)
21.05
1.97 (0.12-31.58)
0.88
0.71 (0.04-11.32)
1.50
0.57 (0.21-1.53)
14.62
1.21 (0.80-1.82)
52.49
1.02 (0.75-1.40) 100.00

0

-2

-4
0.0

0.5

1.0

1.5

s.e. LogOR

Figure 2 Funnel plot of TLR4 Asp299Gly polymorphism and acute pancreatitis risk for A vs G genotype.

31.6

Figure 1 Forest plot of TLR4 Asp299Gly polymorphism and acute pancreatitis risk for A vs G genotype.

findings have been inconclusive for the association of
TLR4 Asp299Gly and Thr399Ile polymorphisms and AP
susceptibility[6-12,15,21], therefore, we performed this metaanalysis to clarify this association.
In this meta-analysis, we finally collected six studies
with 1255 cases and 998 controls, and our meta-analysis
indicated that no significant associations were found
between TLR4 Asp299Gly or Thr399Ile polymorphisms
and AP risk using five models with high homogeneity.
Furthermore, subgroup analysis showed no significant
association in these two polymorphisms by ethnicity or
assay, and TLR4 Asp299Gly was not associated with AP
severity. Our current meta-analysis indicates that both

protein, thus affecting the binding sites of ligands and
bringing about interruption of TLR4 to LPS pathway[16].
In the past decade, accumulated studies demonstrated
that bacterial infection in the necrotic tissues of pancreases is the major reason for death from SAP, and the
chief pathogenic bacteria of infection in necrotic tissues
are Gram-negative bacteria[2,17]. Many studies showed that
Asp299Gly mutation of the TLR4 gene has changed the
susceptibility of hosts to Gram-negative bacteria and
turnover of individual bacterial infection[18-20]. The recent
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Table 5 Meta-analysis of TLR4 Thr399Ile polymorphism and
acute pancreatitis risk

LogOR

OR (fixed)

95%CI

Test of
Test of
heterogeneity publication
bias

MAP: Mild acute pancreatitis; SAP: Severe acute pancreatitis; F: Fixedeffects model.

PCR-RFLP: Polymerase chain reaction-restriction fragment length
polymorphism; F: Fixed-effects mode.

Study (year)

Model
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Asp299Gly and Thr399Ile polymorphisms of TLR4 gene
may not be risk factors to AP susceptibility, implying
that the polymorphisms of TLR4 have little effect in the
pathogenesis of AP although TLR4 is one of the key
genes in AP progression.
In summary, our meta-analysis implies that TLR4
gene polymorphisms were not significantly associated
with AP susceptibility. However, the connection between
TLR4 gene polymorphisms to AP susceptibility remains
to be addressed in future investigations with a larger
number of subjects.
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CASE REPORT

Rapid improvement in post-infectious gastroparesis
symptoms with mirtazapine
Shinjini Kundu, Shari Rogal, Abdulkader Alam, David J Levinthal
ated oral intake shortly after taking mirtazapine. Based
on mirtazapine’s primary action as a serotonin (5-HT)
1a receptor agonist, we infer that this receptor system
mediated the clinical improvement through a combination of peripheral and central neural mechanisms. This
report highlights the potential utility of 5-HT1a agonists in the management of nausea and vomiting. We
conclude that mirtazapine may be effective in treating
symptoms associated with non-diabetic gastroparesis
that are refractory to conventional therapies.
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Core tip: The management of symptoms associated
with severe gastroparesis remains challenging because
current therapeutic options are fairly limited. This case
report documents the rapid improvement of nausea
and vomiting in a patient with severe post-infectious
gastroparesis with mirtazapine. Because mirtazapine
acts primarily as a serotonin 1a receptor agonist, this
receptor system may be an important adjunctive target for nausea and vomiting refractory to standard
therapies. Thus, mirtazapine should be considered as a
treatment option for gastroparesis.

Abstract
We report the case of a 34-year-old woman with severe
post-infectious gastroparesis who was transferred from
an outside medical facility for a second opinion regarding management. This patient had no prior history of
gastrointestinal symptoms. However, in the aftermath
of a viral illness, she developed two months of intractable nausea, vomiting, and oral intake intolerance that
resulted in numerous hospitalizations for dehydration
and electrolyte disturbances. A solid-phase gastric emptying scan had confirmed delayed emptying, confirming
gastroparesis. Unfortunately, conventional pro-kinetic
agents and numerous anti-emetic drugs provided little
or no relief of the patient’s symptoms. At our institution, the patient experienced a cessation of vomiting,
reported a significant reduction in nausea, and toler-
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INTRODUCTION
Gastroparesis is a disorder defined by delayed gastric
emptying in the absence of mechanical gastric outlet
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obstruction[1]. Patients with gastroparesis typically experience symptoms including anorexia, nausea and vomiting, abdominal pain, and other dyspeptic symptoms
(e.g., early satiety, post-prandial bloating)[1-3]. Patients can
have a wide range of symptom severity, and those with
more severe cases may require multiple hospitalizations[4].
Patients tend to have a clinical course that lasts several
months to years[5,6]. The prevalence of gastroparesis has
been extrapolated to include up to approximately 2% of
the general population, but even this estimate has been
thought to represent the “tip of the iceberg”[7,8].
While the etiology of gastroparesis was once thought
to be primarily caused by uncontrolled diabetes mellitus
(i.e. visceral neuropathy) or prior gastric surgery resulting
in vagal nerve injury, it is now appreciated that the majority of cases of gastroparesis are idiopathic[3,6]. However, a
significant subset of patients with idiopathic gastroparesis can associate the onset of symptoms following a virallike illness, and this subset of patients tends to present
with more acute and severe symptoms. Fortunately, most
cases of post-viral gastroparesis ultimately resolve, but
patients typically have fairly durable symptoms during the
course of the illness[6].
The management of symptoms associated with severe
gastroparesis is challenging because current therapeutic
options are fairly limited. The current mainstay of treatment focuses on symptom control using a variety of
pharmacologic approaches including prokinetic agents
such as metoclopramide, domperidone, and erythromycin,
and anti-emetic agents such as phenothiazines and 5-HT3
antagonists (e.g. ondansetron)[1-3,7]. We report a case of a
patient whose symptoms attributable to gastroparesis were
refractory to such conventional treatments. This patient
experienced significant improvement of her symptoms
following initiation of treatment with mirtazapine.

oped C. difficile colitis, which was effectively treated.
Unfortunately, the patient’s nausea and vomiting persisted for several weeks after the other issues had resolved.
A 2 h, solid phase gastric emptying study using a standardized test meal was performed at an outside facility.
This study demonstrated gastric emptying of < 23% at 2
h, and the patient was diagnosed with gastroparesis. This
result was obtained without the patient having taken narcotics or anti-cholinergic agents. Ultimately, the patient
had lost 16 lbs over the two months of illness prior to
presenting to our institution for a second opinion regarding management.
Review of the patient’s prior therapy showed that
she had trialed numerous oral and intravenous forms of
anti-emetics including ondansetron, prochlorperazine,
promethazine, scopolamine (via transdermal patch),
dronabinol, and aprepitant. The prokinetic agents erythromycin and metoclopramide had both been tried without significant clinical benefit, and she experienced central side effects with metoclopramide. At our institution,
she continued to have significant nausea and was unable
tolerate oral intake without vomiting. A head computed
tomography was negative for any intracranial pathology
to explain symptoms. On psychiatric evaluation, she did
not meet DSM-Ⅳ criteria for any psychiatric illness such
as depression, anxiety, somatoform disorder, or factitious
disorder that could contribute to symptoms. Because of
the poor oral intake and subsequent weight loss, she had
a post-pyloric nasojejunal tube placed for enteral feeding,
along with continuous Ⅳ fluids. She was also trialed on
proton pump inhibitors and benzodiazepines, in addition
to scheduled dosing of several other antiemetics. Several
days after initiation of enteral feeding, she continued to
have ongoing severe symptoms attributed to gastroparesis. Using an 11-point verbal rating scale, she reported
that her nausea was 8/10 in severity with only brief and
mild relief from combination therapy using clonazepam,
promethazine, ondansetron, and a transdermal scopolamine patch. She continued to have increased nausea
with vomiting after attempts at solid food ingestion and
had generally poor tolerance of even minimal volumes
of ingested liquids.
Given the lack of efficacy of conventional approaches, she was started on mirtazapine 15 mg PO qhs, in addition to the other agents as above. Within a couple of
days after starting mirtazapine, she had a complete cessation of her vomiting and reported an improvement in
nausea to 5/10 in severity. However, because nausea still
remained and the patient still did not tolerate significant
oral intake, a standardized, 4 h solid-phase gastric emptying study was repeated to clarify the diagnosis of gastroparesis. This study was performed while she was using
the transdermal scopolamine patch. Interestingly, the
study demonstrated some improvement in gastric emptying as compared to the previous study obtained at the
outside hospital, with a normalization of early phases of
gastric emptying - at 2 h, there was 55% emptying (normal
> 40%). However, the same study still demonstrated per-

CASE REPORT
A 34-year-old woman was referred to the inpatient gastroenterology and consult-liaison psychiatry services for
evaluation of intractable nausea, vomiting, and intolerance of oral intake. She had no significant past medical
history other than occasional migraine headaches responsive to sumatriptan. Two months prior to presentation at our institution, she developed a presumptive
upper gastrointestinal viral illness manifesting as nausea
with vomiting, as the patient’s two younger children had
similar symptoms. However, despite the rapid resolution
of symptoms in her children, the patient subsequently
developed constant nausea and intractable vomiting requiring intermittent emergency room visits and eventual
hospitalization. Initial workup at an outside hospital was
consistent with mild dehydration, but multiple diagnostic
studies were fairly unremarkable except for the finding
of a decreased gallbladder ejection fraction. Based on
this result, coupled with the continued symptoms of
nausea and vomiting, she proceeded with a laparoscopic
cholecystectomy. Subsequent to the surgery, she devel-
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sistent delay in the later stages of gastric emptying, with
a 3 h emptying of 65% (normal > 70%) and 4 h emptying of 70% (normal > 90%). Given that there was some
clinical improvement in symptoms with the lower dose
of mirtazapine, the medication was increased to a dose
of 30 mg PO qhs. There were no discernible side effects
reported with the increased dose. Within a couple of
days, the patient subsequently reported further improvement in nausea to 4/10 in severity, a level which was
deemed tolerable to her. She also experienced improved
appetite and was able to drink larger volumes of liquids
and to tolerate small volumes of soft foods. Intravenous
hydration was stopped and she remained in stable condition. She was subsequently discharged home without
readmission for the first time in 3 mo on a regimen only
including mirtazapine 30 mg PO qhs, clonazepam 1 mg
PO BID, and ondansetron PRN. While nocturnal nasojejunal feeding was continued over the ensuing 6 wk, this
therapy was ultimately discontinued because the patient
had continued to improve with no episodes of vomiting, generally improved nausea, further improvements in
oral intake (including some tolerance of solid foods), and
weight gain near to her prior baseline.

cal improvement, given that high doses of intravenous
ondansetron had not been particularly effective. Furthermore, while we observed mildly improved gastric emptying following the administration of a lower dose of mirtazapine, symptoms of nausea and general intolerance to
oral intake still persisted at that time. This observation
fits with the generally poor correlation of gastroparesis
symptom severity with the degree of delay in gastric
emptying[15]. Therefore, it is unlikely that the beneficial
effects of the medication were driven by improved gastric emptying per se.
Interestingly, receptive fundic relaxation, a process
largely controlled by the activity of nitrergic neurons, is
influenced by the stimulation of 5-HT1A receptors[16].
Selective 5-HT1A receptor agonism using the agent buspirone has been shown to dose-dependently and acutely
increase gastric accommodation in healthy subjects[16].
This mechanism also operates in those with functional
dyspepsia, and buspirone can improve symptoms in this
patient population[17]. Improved gastric accommodation
would be predicted to allow for larger ingested volumes
of liquids or solid food. Gastric wall tone influences intragastric pressures and may drive the perception of nausea via increased vagal afferent activity. While mirtazapine
has not been studied in this specific context, its shared
pharmacology with buspirone implicates improved gastric accommodation via stimulation of 5-HT1A receptors
as a potential mechanism that could account for some of
the clinical improvement seen in our patient. Finally, given the pleiotropic pharmacological effects of mirtazapine, it is possible that its therapeutic effect could also be
mediated by an impact on multiple central neural systems
important for the generation of the percept of nausea,
autonomic sensorimotor integration important for stomach motility and sensation, and the central regulation of
appetite. Thus, it is clear that mirtazapine could be beneficial through multiple potential mechanisms. However,
regardless of mechanism, the dramatic improvement in
this patient’s symptoms after the initiation of mirtazapine
suggests that this medication may be an effective treatment for severe gastroparesis-related symptoms.
While the current case is confounded by the concurrent use of other medications (benzodiazepine, 5-HT3
antagonist, and anti-cholinergic agents), these other
medications had been used for a week or more with only
modest clinical benefits. The significant improvement in
both the nature and severity of the symptoms after only
two doses of mirtazapine would suggest that mirtazapine
was primarily responsible for the clinical effect. Secondly,
while post-viral gastroparesis symptoms can improve as a
part of the natural history of the illness, symptoms tend
to last at least several months. This patient’s symptoms
were durable for nearly 3 mo and refractory to standard
therapies at the time mirtazapine was started. It appears
quite unlikely that her illness spontaneously improved in
the days during which mirtazapine was started. Also, the
fact that symptoms were only partially improved on mirtazapine, would argue against a spontaneous remission of

DISCUSSION
To our knowledge, this is the first report of mirtazapine
successfully used to treat symptoms of post-infectious
gastroparesis. A previous report documented the successful use of mirtazapine in a patient with treatmentrefractory diabetic gastroparesis[9]. Mirtazapine has well
documented efficacy in managing symptoms of nausea
and vomiting in other clinical contexts, such as in cancer
chemotherapy[10] and in perioperative settings[11,12]. Therefore, we felt mirtazapine could be an effective medication for the treatment of similar symptoms related to
gastroparesis.
Mirtazapine is a unique antidepressant that is currently
approved for use in the treatment of major depression. It
specifically blocks histamine H1[13] and serotonin 5-HT2A,
5-HT2C, and 5-HT3 receptors, and stimulates 5-HT1A
receptors[14] both peripherally and in the central nervous
system. Stimulation of 5-HT1A receptors is believed to
be responsible for its antidepressant and anxiolytic effects,
whereas blockade of H1, 5-HT2A and 5-HT2C receptors
may also relate to some of its anxiolytic and sedating effects[13,14]. Mirtazapine’s impact on central neural systems
involved in mood regulation could have contributed to
symptom improvement in this case. While our patient did
not have any overt depression or anxiety disorder, some
degree of dysregulated mood in the context of prolonged
and repeated hospitalizations could have influenced the
perceived severity of symptoms.
Mirtazapine blocks 5-HT3 receptors with similar efficacy to ondansetron[10], and this mechanism may have
contributed to the anti-emetic effects observed in the
present case. However, 5HT-3 receptor blockade alone was
unlikely the primary mechanism driving this patient’s clini-
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the underlying gastroparesis.
Treatment for post-infectious gastroparesis can be
challenging because symptoms are often severe and conventional therapies may not be effective. We report a case
of patient with post-infectious gastroparesis who had an
excellent clinical improvement after starting mirtazapine.
The specific mechanism driving this response remains to
be clarified, but mirtazapine could exert a therapeutic effect on nausea and vomiting via 5-HT1 receptor agonism.
Mirtazapine could represent an effective, alternative treatment for patients with gastroparesis who are refractory to
conventional prokinetic and anti-emetic medications.
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Core tip: We present the case of a 37-year-old female
patient with an endometrial growth on the sigmoid
colon wall causing pain, diarrhea and the presence of
blood in the feces associated with the involvement of
the utero-vesical fold, the recto-vaginal septum and a
pericolic lymph node, which are quite uncommon findings. We also reviewed the literature to examine the behavior of deep infiltrating endometriosis, analyzing the
risk of recurrence related to the possible treatments.
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Abstract

INTRODUCTION

Deep infiltrating endometriosis is an often-painful disorder affecting women during their reproductive years
that usually involves the structures of the pelvis and
frequently the gastrointestinal tract. We present the
case of a 37-year-old female patient with an endometrial growth on the sigmoid colon wall causing pain,
diarrhea and the presence of blood in the feces. The
histology of the removed specimen also revealed the
involvement of the utero-vesical fold, the recto-vaginal
septum and a pericolic lymph node, which are all quite
uncommon findings. To identify the endometrial cells,
we performed immunohistochemical staining for CD10
and the estrogen and progesterone receptors.

Endometriosis is an estrogen-dependent inflammatory
dysfunction first described by Rokitansky in 1860 and
characterized by the presence of glands and stroma that
histologically resemble functional endometrial tissue but
are located outside of the uterus[1,2].
Endometriosis occurs in an estimated 1% to 20% of
asymptomatic women, 10% to 25% of sterile patients
and 60% to 70% of women with chronic pelvic pain.
Different manifestations of this disorder have been described, such as endometriosis genitalis externa, adenomyosis externa, endometriosis extra-genitalis and deep
infiltrating endometriosis (DIE)[3].
Within the abdomen, endometriosis can be divided
into intra- and extra-peritoneal disease. In decreasing or-
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(November 2011). In 2004, the patient had undergone
exploratory laparoscopy with the removal of some endometrial cysts from both ovaries, the extra-pelvic abdominal peritoneum and the pouch of Douglas, resulting in a
diagnosis of stage four endometriosis. A forced menopause via treatment with a GnRH agonist (Decapeptyl)
was induced for one year. Between 2005 and 2011, the
patient had four IVF attempts to become pregnant, all
unsuccessful. During these attempts, she satisfactorily
contained the symptomatology with an estroprogestinic
pill. At the worsening of symptoms in November 2011,
she consulted her gynecologist and underwent an abdominal ultrasound examination, revealing the presence
of a 3 cm diameter node on the surface of the sigmoid
colon suspected for endometriosis growth. A subsequent
double-contrast barium enema highlighted a stenosis of
the proximal tract of the sigmoid colon with an extrinsic
compression on the medial wall, approximately 35 cm in
length (Figure 1). An abdominal-pelvic magnetic resonance imaging (MRI), performed on January 31st, 2012,
confirmed the presence of a node infiltrating the sigmoid
colon wall approximately 17 cm from the pectinate line.
MRI examination also revealed the presence of an adhesion between the sigmoid colon and an adjacent intestinal
loop; a secondary subcentimetric nodule at the level of
the recto-vaginal septum was also identified, with the
same radiological aspects as the largest nodule. Finally, on
April 6th, a colonoscopy performed to refine the diagnosis revealed the presence of an inflamed and hyperemic
mucosa roughly 20 cm from the anus. Due to the stenosis, the examination was unable to reach the ileocecal
valve. The biopsy only revealed the presence of inflammatory cells and edema. The physical examination prior
to the operation showed mild diffuse abdominal tenderness and negative Blumberg’s sign. Auscultation detected
normal bowel sounds and peristaltic rushes. Laboratory
analysis revealed values of white blood cell 4.58 K/uL,
hemoglobin 13.2 g/dL, carbohydratic antigen (CA)125
29.7 U/mL, CA15.3 14.3 U/mL, CA19.9 7.3 U/mL, and
carcinoembryonic antigen 0.4 mg/mL; metabolic panel
and liver function tests were within normal limits. The
patient underwent laparoscopic surgery on May 2nd, 2012
during which a minimal left hemicolectomy was performed with the resection of only 7 cm of the sigmoid
colon. Both radiologically described nodes were detected
and removed during the surgical procedure. Another 1.5
cm node was revealed at the level of the utero-vesical
fold during the operation (Figure 2). There was no evidence of adhesion between the sigmoid colon and the
near intestinal loops as documented by MRI. The postoperative course was uneventful, and the patient left the
hospital 5 d later. The evaluation of the excised specimen
showed endometriosis involving the removed sigmoid
colon tract and causing its convoluted course. Histological analysis revealed infiltration of the bowel wall (Figure
3), but the mucosa was not ulcerated. Endometriosis was
evident in the serosa, the subserosa, the entire thickness
of the muscularis propria and focally within the submu-

Figure 1 Double-contrast barium enema examination. Endometriosis implant in sigmoid colon: extrinsic compression with protruding polypoid appearance and mucosal pleating.

der of frequency, the prevalent intra-peritoneal locations
are the ovaries (30%), the utero-sacral and large ligaments (18%-24%), the fallopian tubes (20%), the pelvic
peritoneum, Douglas’ pouch, the appendix and the small
and large intestines. In contrast, it is uncommon to find
endometriosis in an extra-peritoneal structure, such as
the cervix (0.5%), vagina and recto-vaginal septum, the
round ligament and inguinal hernia sac (0.3%-0.6%), the
navel (1%), abdominal scars resulting from gynecological
surgery (1.5%) and the abdominal rectus muscle (0.5%).
Finally, endometriosis rarely affects extra-abdominal organs, such as the lungs, urinary system, skin and central
nervous system[2].
Gastrointestinal involvement of endometriosis has
been found in 3% to 37% of women, most commonly
in the sigmoid colon, rectum, and terminal ileum [2,4].
Although bowel endometriosis may cause severe gastrointestinal symptoms, these disturbances are not often
adequately investigated at the time of gynecologic evaluation[1]. As a result, bowel endometriosis may be an unexpected finding at the time of surgery.
Lymph node involvement in endometriosis is usually
considered to be uncommon. However, some studies[5]
emphasize that lymph node involvement in endometriosis might just be an underestimated event related to the
minimal removal of tissues by surgeons.
We report a case of DIE with recto-sigmoid and
paracolic lymph node involvement and compare our remarks with the current literature.

CASE REPORT
A nulliparous 37-year-old woman was referred to the
general surgery department of our hospital in April 2012
for widespread abdominal pain associated with diarrhea
and bloody stools. The patient had started to complain
about the pain seven months earlier, in September 2011.
Episodes of pain relapsed regularly every month, approximately three days after menstruation. Initially, the
pain did not match the diarrhea and presence of blood
in the feces, which both appeared only two months later
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Figure 3 Histology of the sigmoid wall showing endometrial tissue in the
muscular layer.

Figure 2 Magnetic resonance imaging shows two hypointense nodular
implants of endometriosis infiltrating the proximal sigmoid wall and the
utero-vesical fold, with the latter retrospectively recognized after the surgery (arrows). The presence of high signal intensity foci within the nodules is
due to hemorrhagic foci.

lopian tubes during menstruation, in turn implanting and
growing on the serosal surface of the abdominal and
pelvic organs. The usual anatomic distribution of endometriotic lesions also favors the retrograde menstruation
theory[8]. Some authors[6,8,9] sustain that this theory is not
sufficient to explain the origin of the so-called “deep
endometriosis,” which includes recto-vaginal and infiltrative lesions involving vital structures such as the bowel,
ureters, and bladder. Koninckx and Martin[9] were the
first to define deep endometriosis, having distinguished
posterior cul-de-sac and recto-vaginal lesions in three different subgroups: type Ⅰ, conically shaped, developed
from infiltration; type Ⅱ, deeply located, covered by extensive adhesions, most likely formed by retraction; and
type Ⅲ, the most severe, having one or more spherical
nodules located in the recto-vaginal septum with the largest size under the peritoneum, possibly to be considered
as adenomyosis externa. As a matter of fact, these latter
endometriosis growths should be considered a different
entity than peritoneal endometriosis, likely with another
pathogenesis. Since 1997, it has been suggested that these
growths could correspond to an adenomyotic nodule
originating from mullerian rests through a metaplastic
process[7]; however, this hypothesis remains very disputed
and is not universally shared[10]. Endometriosis usually occurs in the pelvic organs and peritoneum but rarely in the
rectum, colon, small intestine, kidney, ureter, appendix,
external female genital organs, lymphatic nodules or the
surrounding area of the anus. Endometriosis infiltrates
the bowel with a frequency of 5% to 37%[11] in the following order: rectum, sigmoid colon, appendix, ileum
and cecum. Clinical symptoms of endometriosis include
dysmenorrhea, chronic pelvic pain, dyspareunia and infertility, but the clinical presentation is often non-specific.
DIE, especially if it involves the bowel, is often also associated with constipation or diarrhea, abdominal bloating,
bowel movements and occasionally bloody stools. Symptoms are often cyclical but may become permanent when
the lesion progresses. Furthermore, the symptoms are
not always the same in each woman, and in some women
with endometriosis, they are totally absent.
The status of the lymph nodes in endometriosis re-

cosa. The submucosa also showed diffuse congestion,
fibrosis and focal clusters of hemosiderin-laden macrophages. All of the removed nodes were diagnosed as
endometrial growths. Endometrial involvement, with a
cystic glandular pattern, was also detected in a pericolic
lymph node measuring 3 mm, as confirmed by immunohistochemical staining for CD10 and the estrogen and
progesterone receptors (Figure 4). Approximately one
year after the surgical operation (July 2013), the patient
referred to her physician for an episode of constipation and pain associated with defecation. A transvaginal
ultrasound examination performed in September 2013
revealed the presence of a cystic structure around the
rectum and in the utero-vesical fold, strongly suspected
for a relapse of the disease.

DISCUSSION
Endometriosis is a common condition that affects women during the reproductive years. It occurs when normal
tissue from the uterine lining, the endometrium, attaches
to other organs and starts to grow. This displaced endometrial tissue causes irritation in the pelvis, which may
lead to pain and infertility. Experts do not understand
why some women develop endometriosis. Although we
know the factors potentially involved in the etiology
and pathogenesis of endometriosis, the exact mechanism by which this disease develops, with its associated
signs and symptoms, remains obscure. Nevertheless, it is
recognized that three separate entities exist (peritoneal,
ovarian, and recto-vaginal endometriosis) based on the
different locations, possible origins, appearances and
hormone responsiveness of all these lesions[6]. Several
theories been developed to account for the pathogenesis
of different implants, which can be divided into implants
originating from the uterine endometrium and those
arising from tissues other than the uterus[7,8]. The most
widely accepted theory is the retrograde menstruation
theory proposed by Sampson in 1920[8]. According to
this theory, endometrial tissue refluxes through the fal-
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Figure 4 Lymph node endometriosis with a cystic glandular pattern. A: Hematoxylin/eosin stain × 200; B: CD10 immunostaining × 200; C: Estrogen receptor
immunostaining × 200; D: Progesterone receptor immunostaining × 200. A BX-51 Olympus microscope connected to a computer by a color CCD camera was used to
obtain and edit histology images. The analySISB software (Olympus) was used to acquire images at different magnifications.

osis lesion and the heavy symptomatology of the patient.
Despite the fact that bowel resection has become a popular treatment modality, even with the improved operative
laparoscopy techniques, many authors emphasize that
an aggressive surgery for DIE involving a bowel resection is rarely justified[14]. In their studies on DIE, Acién
et al[14] strongly suggest that the efficacy of an aggressive
surgery may be lower than that of medical treatment. For
instance, in the case of widespread disease with bowel involvement, nonaggressive sharing (NAS), with or without
a hysterectomy and salpingo-oophorectomy (HBSO), followed by hormone replacement therapy may be considered a valid alternative to intestinal surgery. Indeed, it has
been proven that surgery associated with post-operative
hormone therapy can provide better results than an
exclusively surgical or pharmacological treatment[15]. In
general, these studies show that patients who undergo an
aggressive operation have a worse outcome than those
treated with NAS and/or HBSO. Nevertheless, these
studies also underline the fact that NAS is deeply associated with a higher risk of recurrences and reoperations
over the years: approximately 55% of patients experience
a recurrence ,with approximately 38% needing a more
extensive operation, versus patients treated with HBSO
who experienced a follow-up free of recurrences[14]. In
our case, the detection of the involved lymph node has
been an infrequent event, proving, however, the existence
of some possible endometriosis foci beyond the obvious ones. If the aim of surgery is to remove all areas of

mains obscure or, more likely, underestimated. The greatest limit to their identification is that dissection is not
usually performed for benign diseases. Noël et al[5] carefully studied 26 cases of recto-sigmoid endometriosis,
finding lymph node involvement in 42.3% of the cases
and demonstrating that lymph node involvement in the
recto-sigmoid endometriosis should not be considered
an uncommon occurrence. A shared hypothesis is that
lymph node endometriosis represents a lymphatic drainage from endometriotic tissue. Similar to true malignant
tumors, DIE, in particular the recto-sigmoid endometriosis, has an aggressive potential and ability to invade the
adjacent tissue extensively with probable lymphovascular
invasion. Endometriosis is considered a benign disease,
but it occasionally becomes severe and progressive with
a high rate of recurrence: endometriotic and cancer cells
have similar characteristics, such as responsiveness to
growth factors, resistance to antiproliferative factors, decreased apoptosis, the promotion of neoangiogenesis and
metastatic potential[12].
Finally, there are numerous reported cases of malignancy arising from endometriotic deposits and substantial histologic evidence according to which endometriosis
is associated with endometrioid carcinoma and clear cell
carcinoma of the ovary[13]. At the present moment, there
are many controversies regarding the therapeutic approach to DIE, in particular if bowel involvement is associated. In our case, the sigmoid resection was necessary
due to the deep infiltration of the wall by the endometri-
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endometriosis, then it could appear irrational to remove
only all visible foci when there is a high risk of associated
lymph node involvement and/or of recurrence[5,16].
After these considerations, a more conservative type
of surgery aimed at removing all visible endometriosis
foci followed by pharmacological therapy could be the
best choice to have a positive outcome, but it does not appear as good at reducing the risk of recurrence as a wide
surgical operation. Only randomized studies of medical
treatments with or without conservative surgery versus
HBSO, alone or with bowel resection, will allow us to determine which option provides the best balance between
patient satisfaction and the risk of disease recurrence.

3

4

5

6

COMMENTS
COMMENTS
Case characteristics

7

A 37-year-old female with a history of deep infiltrating endometriosis presented
with abdominal pain, diarrhea and blood in her feces.

Clinical diagnosis

Diffuse abdominal tenderness and negative Blumberg’s sign, auscultation with
normal bowel sounds and peristaltic rushes.

8

Endometriosis, inflammatory bowel disease, cancer.

9

Double-contrast barium enema highlighted a stenosis of the proximal tract of
the sigmoid colon, and abdominal-pelvic magnetic resonance imaging confirmed the presence of a node infiltrating the sigmoid colon wall previously detected by ultrasound examination and also revealed a secondary subcentimetric
nodule at the level of the recto-vaginal septum.

10

Differential diagnosis
Imaging diagnosis

Pathological diagnosis

11

All specimens surgically removed were diagnosed as endometriosis foci, with
one of them infiltrating the sigmoid wall.

Term explanation

CD10, estrogen and progesterone receptors are immunohistochemical markers
typically expressed by the endometrial stromal cells.

12

Conservative surgical treatment of only visible endometriosis foci, even followed by pharmacological therapy, might expose the patient to a higher risk of
disease recurrence.

13

Experiences and lessons

Peer review

14

Based on the belief that finding a lymph node involved in endometriosis is
uncommon, we reflected on the relevance of leaving undetected endometriosis
foci behind after a surgical operation.

15
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CASE REPORT

Ehealth monitoring in irritable bowel syndrome patients
treated with low fermentable oligo-, di-, mono-saccharides
and polyols diet
Natalia Pedersen, Zsuzsanna Vegh, Johan Burisch, Lisbeth Jensen, Dorit Vedel Ankersen, Maria Felding,
Nynne Nyboe Andersen, Pia Munkholm
low fermentable oligo-, di-, mono-saccharides and polyols (FODMAP) diet (LFD) was introduced for the next
6 wk while continuing the registration. Though a small
sample size a significant improvement in disease activity (IBS-SSS) was observed during both the control period, median: 278 (range: 122-377), p = 0.02, and subsequently during the LFD period, median: 151 (range:
29-334), p < 0.01. The IBS-QoL solely changed significantly during the LFD period, median: 67 (37-120),
p < 0.01. The significant reduction in disease activity
during the control period shows a positive effect of the
web-application on IBS symptoms when presented as
a “traffic light”. However adding the diet reduced IBSSSS to < 150, inactive to mild symptoms. In the future
results from larger scale trials are awaited.
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Core tip: The treatment of irritable bowel syndrome
(IBS) symptoms provides a challenge for clinicians in
everyday practice. In our case report we present the
changes in disease activity and quality of life of 19
IBS patients using web-application as a tool for selfmanagement over 6-wk and then applying the low
Fermentable Oligo-, Di-, Mono- saccharides and Polyols
diet while continuing the registration of their symptoms
over a second 6-wk period.

Abstract
In the present study we report on changes in irritable
bowel syndrome-severity scoring system (IBS-SSS)
and irritable bowel syndrome-quality of life (IBS-QoL)
in 19 IBS patients, aged 18 to 74 years (F/M: 14/5),
during 12 wk registering their symptoms on the webapplication (www.ibs.constant-care.dk). During a control period of the first 6-wk patients were asked to register their IBS-SSS and IBS-QoL on the web-application
weekly without receiving any intervention. Thereafter,
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Table 1 Demographic and disease characteristics of patients
with irritable bowel syndrome at baseline n (%)

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal disorder of partly known etiology. The
condition is characterized by relapsing symptoms of abdominal pain and discomfort associated with bloating, distension and altered bowel habit (ranging from diarrhoea
to constipation) but without any pathological abnormality of the gut wall[1]. The low FODMAP (Fermentable
Oligo-, Di-, Mono- saccharides and Polyols) diet (LFD)
provides a new therapeutic approach for patients with
IBS[2-4]. FODMAPs are short-chain, poorly absorbed and
readily fermented carbohydrates[5]. Their ingestion induces
luminal distension and gastrointestinal symptoms by gas
production (H2, CH4) in and water delivery to the colon[6].
The efficacy of the LFD in decreasing gastrointestinal
symptoms in IBS was previously confirmed[7-9]. Web-based
self-management programs have proven to be feasible approaches in chronic diseases, among others inflammatory
bowel diseases (IBD), by influencing disease course and
increasing self-adherence, compliance and quality of life
(QoL)[10-15]. The web-app (web-application) and homepage
www.ibs.constant-care.dk, ConstantMed Inc., was developed in order to investigate whether the same encouraging effect could be achieved for patients with IBS[16]. The
application contains education about IBS symptoms and
treatment options, IBS disease activity score and QoL
scoring presented in a traffic light and e-learning. Further
it carries a web-ward round system applicable for e.g. nurses or doctors, ranking patients in colours in accordance
with IBS severity. We report on changes in irritable bowel
syndrome-severity scoring system (IBS-SSS) and IBS-QoL
of 19 IBS patients in a pilot study.

5 (26)

Median age at inclusion, yr (range)
IBS subtype
IBS-D, diarrhoeal
IBS-C, constipating
IBS-A, alternating
Abdominal surgery before study
Appendectomy
Hysterectomy
Laparoscopy
IBS medication at baseline
Antidepressivum ± laxativum
Laxativum ± spasmolyticum
Smoking status
Never
Former
Currently
Median BMI (range)

35 (18-74)
8 (42)
4 (21)
7 (37)
4 (21)
2 (11)
1 (5)
1 (5)
7 (37)
4 (50)
3 (38)
11 (58)
7 (37)
1 (5)
22 (17-27)

IBS: Irritable bowel syndrome; BMI: Body mass index.

for the differentiation from infectious gastroenteritis.
Patients having any alarm symptoms as fever (> 38.5 ℃),
anaemia, unintended weight loss > 5 kg, familiar disposition to colorectal cancer or any other significant diseases
were excluded. During the first 6-wk, non-interventional
control period, patients were asked to fill in the IBS-SSS
(Irritable Bowel Syndrome-Severity Scoring System) and
IBS-QoL (Irritable Bowel Syndrome-Quality of Life)
questionnaires weekly in the web-app. At the end of the
control period they were instructed by a FODMAP-certified dietician regarding the LFD during a 45-min consultation. The end of the control period was considered as
the start of the LFD period, because the patients started
the LFD between week 6 and 7. They were requested to
follow strictly the LFD during the second 6-wk period
and continue the registration of their IBS-SSS and IBSQoL in the web-app. The patients and the study investigator could monitor the disease course by the changes in
IBS-SSS and IBS-QoL in a traffic light system (a patient
case is illustrated in Figure 1): red indicated severe IBSSSS, yellow moderate IBS-SSS and green mild IBS-SSS
and remission (= no symptoms). All statistical analyses
were carried out using SPSS software Version 20.0 for
Windows (SPSS Inc., Chicago, IL). Standard descriptive
statistics were performed, including calculation of median and range for continuous variables. Differences between the IBS-SSS and IBS-QoL values between the start
and the end of the control period, between the start and
the end of the LFD period and between the start of the
control period and the end of the LFD period were analysed by Wilcoxon two-related-samples test. A P value of
< 0.05 was considered statistically significant. The power
of the study was not performed as it was planned to be a
case/pilot report. The study was approved by the Ethical
Committee, Denmark (protocol number H-2-2011095-IBS). All patients included in this study signed an
informed consent. For measuring the IBS severity the

CASE REPORT
We hereby report on 19 IBS patients aged 18 to 74 years
fulfilling the Rome Ⅲ criteria of IBS. Eight patients
were diagnosed with IBS-D (diarrhoea predominant
subtype), 7 with IBS-A (alternating subtype) and 4 with
IBS-C (constipation predominant subtype). The patients
were selected consecutively in 2011-2012 from Herlev
Hospital and Hamlet Hospital in Copenhagen[17]. Patient
characteristics at baseline are shown in Table 1. IBS was
differentiated from IBD by negative outcome of sigmoidoscopy/colonoscopy, normal histological specimens
from the bowel, negative inflammatory markers (white
blood cells, platelets, CRP, faecal calprotectin) and by
no presence of blood in the stool. Negative bacterial
culture results, negative transglutaminase antibodies and
negative lactose intolerance gene test were required for
the participation as well as no history of known food
allergy. Negative bacterial culture results were required
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Figure 2 Box plot irritable bowel syndrome symptom severity score
(median, range per week) during 12-wk in 19 irritable bowel syndrome patients. Y axis: IBS-SSS scores from 0-500 points; X axis: Week 1-12. Control
period (normal diet): Week 1-6; LFD period: Week 7-12. FODMAP: Fermentable, oligosaccharides, disaccharides, monosaccharide’s and polyols; LFD:
Low FODMAP diet.

Figure 1 Patient self-managed web-based registry of irritable bowel syndrome symptom severity score during twelve weeks. Y-axis: Irritable bowel
syndrome symptom severity score (IBS-SSS) score which ranges from 0-500
points [Green: Remission and/or mild (0-175); yellow: Moderate disease severity (175-300); and red: Severe disease severity (> 300)]; X-axis: Control period
(normal diet): week 1-6 and LFD period: week 7-12. FODMAP: Fermentable,
oligosaccharides, disaccharides, monosaccharide’s and polyols; LFD: Low
FODMAP diet.

IBS-QOL

IBS-SSS questionnaire was used[18]. Each of the five questions generates a maximum score of 100 using prompted
visual analogue scales (VAS), leading to a total possible
score of 500. Below 175 indicates mild or remission, 175
to 300 moderate and above 300 severe IBS-SSS. The IBSQoL is a 34-item validated, 1-5 options, self-administered
questionnaire for assessing the perceived quality of life
for persons with IBS (range: 34-170, lower scores indicate
better IBS-QoL)[19]. Each questionnaire was administered
at least once a week during the study period.
During the non-interventional control period there
was a significant reduction in IBS-SSS from baseline
to week six in all patients, start median: 320 (range:
260-406), end median: 278 (range: 122-377); p = 0.02.
During the LFD period a significant reduction was
observed from week 6 to week 12 in all patients, start
median: 278 (range: 122-377), end median: 151 (range:
29-334); p < 0.01 (Figure 2). Out of 19 patients, 6 had
obtained remission, 5 had mild activity, 5 had moderate, 3
had severe activity. Investigating the changes in IBS-SSS
in each IBS subtype, we found significant difference only
in IBS-D during the LFD period, control period: IBS-D:
p = 0.06, and after LFD period: IBS-D: p = 0.01.
During the control period we found no significant
difference in IBS-QoL from baseline to week six in all
patients, start median: 82 (range: 56-131), end median: 81
(range: 47-127); p = 0.33. During the LFD period IBSQoL improved significantly from week 6 to week 12 in
all patients, start median: 81 (range: 47-127), end median:
67 (37-120), p < 0.01 (Figure 3). Similarly to IBS-SSS, significant difference in IBS-QoL was observed only in the
IBS-D during the LFD period: p = 0.02.
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Figure 3 Box plot of irritable bowel syndrome quality of life (median,
range per week) during 12-wk in 19 irritable bowel syndrome patients. Y
axis: Irritable bowel syndrome quality of life (IBS-QOL) scores from 170 (worst)
to 34 (best) points; X axis: Week 1-12. Control (normal diet) period: Week 1-6;
LFD period: Week 7-12. FODMAP: Fermentable, oligosaccharides, disaccharides, monosaccharide’s and polyols; LFD: Low FODMAP diet.

observed during the control and the LFD period as well.
However, stratifying between the three IBS subtypes,
only a significant reduction in the diarrhoea predominant
subtype was observed, but because of the small sample
size final interpretation can only be carried out in a larger
scale randomized trial. At the outset of the LFD period
the IBS-SSS value improved from moderate to mild IBS
severity. IBS-SSS scoring at the end of LFD showed that
out of the 19 patients, 11 had obtained remission to mild
IBS severity.
An interesting finding was the significant reduction of IBS-SSS during the control period, from severe
to moderate IBS symptoms. The web-based program
seems to be feasible and efficient for IBS patients. One
of the explanations could be that with the help of the
web-program patients recognize the disease pattern of
their IBS, thus could manage their disease course also by
themselves possibly by identifying the cause of their in-

DISCUSSION
We demonstrate in 19 patients a difference in IBS-SSS
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crease of their symptoms and subsequently eliminate the
specific environmental components (diet, stress, polyols
in candy etc.). Furthermore, the web-app tool might have
a placebo effect in this patient group: the fact, that a physician follows the changes in patients’ IBS symptoms, this
might also have a positive effect on their disease course.
Similarly to previous studies, the efficacy of the LFD in
decreasing IBS-SSS was confirmed also in our present
case report[2-4]. The natural disease course of IBS should
also be taken into account when evaluating our results,
as it has a chronic course with intermittent flares. The
strength of our study is that this is the first case report
on the use of the web-application as a new initiative in
the management of IBS patients applying LFD. The
weakness of the manuscript is that the small simple size
impedes interpretation of the significant results observed
in the IBS diarrhea predominant subtype. Furthermore,
the adherence to the LFD was not measured, however
the patients had close contact to the dieticians and they
could easily reach them via e-mail and telephone if they
had any questions regarding the LFD.
In conclusion, the web-app and the LFD might be
feasible concepts and help the IBS patients to control
and lower their IBS symptom severity scoring. Larger
randomized controlled trials are awaited.

(LFD) is based on the reduced intake of the short chain carbohydrates and
polyols and it proved to be an effective treatment option in IBS patients in previous studies. The IBS-SSS (Irritable Bowel Syndrome-Severity Scoring System)
was used for measuring the disease severity in IBS patients. The IBS-QoL (Irritable Bowel Syndrome-Quality of Life) was applied for measuring the quality of
life of IBS patients.
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CASE REPORT

Solitary schwannoma of the gallbladder: A case report and
literature review
Lin-Na Liu, Hui-Xiong Xu, Shu-Guang Zheng, Li-Ping Sun, Le-Hang Guo, Jian Wu
showed no blood flow signals on color Doppler US, and
the wall beneath the lesion was intact on CEUS. The
lesion was believed to be a benign entity; in addition,
gallbladder adenomyomatosis was suspected. A laparoscopic cholecystectomy was performed to remove
the mass. Pathological examination revealed that the
tumor was mainly composed of spindle-shaped cells;
neither atypical cells nor signs of malignancy were
found. Immunohistochemical staining showed a strong
positive S-100 protein reaction. Vimentin and CD56
staining were also positive, whereas CD34 and CD117
were negative. Finally, the lesion was diagnosed as
schwannoma. Herein, we report the case; the associated literature is also reviewed.
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Contrast-enhanced ultrasound
Core tip: Gallbladder schwannoma, a benign tumor derived from the Schwann’s cells in the gallbladder wall,
is extremely rare. This paper describes the case of a
55-year-old man with a mass in the gallbladder but no
other symptoms. The patient was treated by cholecystectomy. After 1 year of follow-up with clinical evaluation and ultrasound (US), it did not show any evidence
of local recurrence. We learned through this rare case
of gallbladder schwannoma that the imaging findings
have not been reported in detail before. The US, especially contrast-enhanced ultrasound, features seemed
to be helpful in excluding malignancy, and it was essential for treatment planning and the alleviation of patient
anxiety in this case.

Abstract
Schwannomas occurring in the gallbladder are extremely rare. Preoperative diagnosis of gallbladder
schwannomas appears to be very difficult because they
are normally asymptomatic and are often found incidentally. Until now, only five cases have been reported
in the literature. To our knowledge, the contrastenhanced ultrasound (CEUS) features of gallbladder
schwannomas have not been reported before in other
studies. We treated a 55-year-old male patient with
gallbladder schwannoma in China. He had no symptoms, and the lesion was incidentally found by conventional ultrasound (US) when performing a health
examination. The patient had normal liver function;
moreover, serum carcinoembryonic antigen and alphafetoprotein were within the normal ranges. The lesion
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round mass in the gallbladder. The mass showed homogeneous hypo-attenuation without internal calcification
or liquefaction (Figure 2A). On CECT, the mass showed
slight enhancement in the arterial phase (Figure 2B) and
delayed enhancement until the late venous phase (Figure
2C). A CT diagnosis of a gallbladder polyp was suspected
before surgery.
A laparoscopic cholecystectomy was performed to
remove the mass. The gross specimen showed a 2.5-cmsized, well-circumscribed, localized mass, which was surrounded by a fibrous capsule. Microscopic examination
revealed that the tumor mainly consisted of spindleshaped cells; neither atypical cells nor signs of malignancy
were found (Figure 3A). Immunohistochemical staining
showed a strong positive S-100 protein reaction (Figure
3B). Vimentin and CD56 staining were also positive (Figure 3C), whereas CD34 and CD117 were negative (Figure
3D). The final diagnosis of gallbladder schwannoma was
made. Until now, twelve months after operation, the patient remained alive and in good status, without signs of
recurrence of the lesion.

INTRODUCTION
Schwannomas are benign neurogenic tumors that originate from the Schwann’s cells of the peripheral nerves
in young to middle-aged patients[1]. Schwannoma can
develop in any part of the body, but the most common
sites include the head, neck, and flexor surfaces of the
extremities[2]. Schwannomas arising in the digestive tract
are quite rare, and they occur most commonly in the
stomach, followed by the colon and rectum[3,4]. Primary
benign schwannoma of the gallbladder is extremely rare.
In this paper, we present a case of gallbladder schwannoma, with an emphasis on the imaging and pathological
findings. Biliary system schwannomas in the literature are
also reviewed.

CASE REPORT
A 55-year-old male patient was admitted to the hospital
because a 2.1-cm mass was incidentally detected in his
gallbladder by ultrasound (US) during a health examination. The patient had neither complaints nor symptoms.
According to the physical examination, his abdomen was
soft and flat; there was no evidence of jaundice or abdominal tenderness. He had no previous history of any
other major illness, and his vital signs were stable. The
blood laboratory study results were as follows: leukocyte
count, 6.86 × 109/L; hemoglobin, 159 g/L; total protein, 80 g/L, total albumin, 50 g/L; total bilirubin, 13.4
µmol/L; direct bilirubin, 10.8 µmol/L; serum alanine
aminotransferase 16.1 U/L; serum alkaline phosphatase,
53.4 U/L; and serum gamma-glutamyltranspeptidase,
31.4 U/L. The laboratory studies revealed almost normal liver function. Carcinoembryonic antigen and alphafetoprotein were within the normal ranges.
US was performed using a LogiQ E9 scanner (GE
Healthcare, Milwaukee, WI, United States) with a convex
transducer (frequency range, 2-6 MHz). Conventional US
showed a 2.1-cm iso-echoic mural mass in the gallbladder. The mass was solid, homogeneously echogenic, and
well defined with no infiltration into the liver (Figure 1A).
Color Doppler US showed no flow signals within the
mass (Figure 1B). Contrast-enhanced ultrasound (CEUS)
was then performed using the low acoustic power contrast-specific imaging mode. The contrast agent used was
SonoVue (BR1; Bracco SpA, Milan, Italy), a sulfur hexafluoride-filled microbubble contrast agent. The contrast
agent was injected into the antecubital vein as a bolus
(within 1-2 s) at a dose of 1.5 mL, followed by a flush of
5 mL of normal saline. The mass appeared slightly hyperenhanced in the arterial phase and slightly hypo-enhanced
in the venous phase. The gallbladder wall under the mass
was intact (Figure 1C, 1D and 1E). A diagnosis of gallbladder adenomyomatosis was suspected before surgery.
Contrast-enhanced computed tomography (CECT)
was subsequently performed to examine the gallbladder
within 1 wk after the US examination, using a 64-slice
computed tomography (CT) scanner. An un-enhanced
CT scan of the gallbladder region showed a well-defined
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DISCUSSION
Schwannoma is a benign tumor derived from the
Schwann’s cells that encapsulates the nerve sheath, so it
is known as a neurilemoma. Malignant schwannomas are
extremely rare and are always associated with von Recklinghausen’s disease[5,6]. Schwannoma usually occurs in
the extremities, but it can also found in head, neck, trunk,
retroperitoneum or mediastinum[5]. It can also develop
in the gallbladder due to the abundant anastomotic network of sympathetic and parasympathetic nerve fibers
in the wall of the gallbladder and bile duct[7]. However,
schwannomas arising in gallbladder are extremely rare.
As a result of lacking of adequate knowledge of this
tumor and low incidence in clinical practice, correct preoperative diagnosis is hard to achieve. When tumor was
small, patient normally appeared asymptomatic; on the
contrary, jaundice and vague pain may happened when
tumor was too large to compress surrounding organs.
Until now, only five similar cases have been reported (Table 1). In the reported cases of gallbladder schwannomas,
two cases revealed obstructive jaundice and vague pain;
the other three cases were asymptomatic.
Imaging modalities, such as CT, magnetic resonance
imaging (MRI), and US, are useful for detecting and
locating tumors; however, definitive diagnosis is rarely
achievable. Some cases might even be not visible on
imaging examinations when the lesions coexist with
cholecystolithiasis or are overly small[5]. Generally speaking, an unenhanced CT scan depicts a schwannoma as
a well-defined hypoattenuating area, and CECT shows
peripheral enhancement with an irregular pattern. Delayed peripheral enhancement until the late venous phase
on the CT scan reflects a fibrous capsule and an internal
fibrillary element[1,8]. In our case, however, no obvious
enhancement during the arterial phase was observed on
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Figure 1 Ultrasound and contrast-enhanced ultrasound imaging. A: Conventional ultrasound shows a lesion (arrows) sized 2.1 cm in diameter in the gallbladder;
B: Color Doppler ultrasound shows no blood supply in the mass (arrows); C: The lesion (arrows) shows hyper-enhancement 21 s after contrast agent injection; D: The
lesion (arrows) shows iso-enhancement 34 s after contrast agent injection; E: The lesion (arrows) shows slight hypo-enhancement 54 s after contrast agent injection.

CECT. On MRI, schwannomas present as masses of low
signal intensity on T1-weighted images and of high signal
intensity on T2-weighted images[2,9].
The US features of this lesion are unknown and nonspecific. Ohta et al[5] reported a lesion appearing on US
as local gallbladder wall thickening at the fundus of the
gallbladder with cholecystolithiasis. The lesion was diagnosed as chronic cholecystitis before surgery. In the present case, the lesion was visualized as a well-defined round
isoechoic mass originating from the gallbladder wall on
gray-scale US, and no intra-lesional blood flow signals
were visible on color Doppler US. Although the lesion
was larger than 2 cm in diameter, the wall beneath the
mass was intact. No infiltration into the adjacent liver was
present. CEUS with SonoVue was used for the preoperative diagnosis, which has not been reported before. The
contrast arrival time to the lesion was 19 s after administration of the contrast agent. The lesion showed hyper-
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enhancement in the arterial phase of CEUS and began
to be hypo-enhanced 54 s after contrast administration.
The gallbladder wall under the mass was intact in all of
the phases. According to the previous literature regarding gallbladder CEUS[10-12], malignant gallbladder lesions
usually fade more quickly than benign gallbladder lesions,
and most malignant gallbladder lesions begin to be hypoenhanced 50 s before contrast administration. In addition, the gallbladder wall beneath the malignant lesion is
usually destroyed, whereas it remains intact with benign
gallbladder lesions.
Immunohistochemical analysis is necessary to distinguish schwannomas from neurofibromas, gastrointestinal
stromal tumors and leiomyomas[13]. Schwannomas are
strongly positive for vimentin and S100 protein while
negative for muscle cell markers; CD117 and CD34 are
also useful clues for schwannoma, whereas positive staining has been helpful for the immunohistochemical diag-
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Figure 2 Gallbladder computed tomography imaging. A: Unenhanced computed tomography shows an iso-attenuating mass (arrow) in the gallbladder; B: No obvious enhancement (arrow) was found in the arterial dominant phase; C: The mass (arrow) shows slight hyper-attenuating in the late venous phase.

A

B

C

D

Figure 3 Pathological examinations. A: Microscopic examination shows that the tumor mainly composes of spindle-shaped cells and no atypical cells are found (HE
staining; magnification: 10 × 30); B, C, D: Immunohistochemical staining shows the tumor is positive for S-100 protein (10 × 30) (B) and CD56(10 × 30) (C), whereas
negative for CD117 (10 × 30) (D).
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Table 1 Reported cases of schwannomas of the gallbladder
Ref.

Year

Sex Age

Symptom

Imaging
method

Location

Yamagiwa
et al[18]
Matsuoka
et al[19]

1991

M

58

Jaundice

NA

Neck

1996

M

74

Asymptomatic

2001

F

26

Vague pain

2003

F

61

NA

US MRI
CT and
endoscopy
US and
CECT
NA

Ren et al[20]
Colović
et al[21]
Ohta et al[5]
Current case

2008
2012

M
M

58
55

Asymptomatic CT and US
Asymptomatic CEUS and
CECT

Size
(mm)

Preoperative
diagnosis

With GB
stones

Treatment

Followup

Status

4

Bile duct cancer

NA

Cholecystectomy

NA

NA

Fundus

10

Adenomyomatosis

N

Cholecystectomy +
hepatectomy

NA

NA

Neck

110

Tumor of GB

N

Cholecystectomy

NA

NA

Whole

90

Tumor of GB

N

Cholecystectomy

10 Y

Survived

Fundus
Neck

3
22

Cholecystolithiasis
Adenomyomatosis

Y
N

Cholecystectomy
Cholecystectomy

16 M
12 M

Survived
Survived

NA: Not available; CEUS: Contrast-enhanced ultrasound; CECT: Contrast-enhanced computed tomography; US: Ultrasound; CT: Computed tomography;
MRI: Magnetic resonance imaging.

nosis of gastrointestinal stromal tumors[5,14].
Histologically, schwannomas originating in the digestive tract are S-100 protein-positive spindle cell tumors
that consist mainly of cellular (Antoni A) areas, and they
generally do not show a nuclear palisading pattern, which
is usually found in conventional schwannomas of the
soft tissue and central nervous system[2,15,16]. Whether lack
neurofibromatosis-2 genetic alterations might be the key
point to distinct schwannomas of the digestive tract from
conventional schwannomas[2,17].
Schwannomas of the gallbladder can be successfully
treated surgically, like schwannomas in other locations[1].
The treatment of choice is cholecystectomy due to the
diagnostic uncertainty before surgery, even with extensive
application of various imaging modalities. To our knowledge, this was the first time to evaluate the features and
usefulness of CEUS in diagnosing solitary schwannoma
of the gallbladder. CEUS can easily excluding the possibility of malignant GB disease.

contrast-enhanced ultrasound (CEUS) showed the mass slightly was hyper-enhanced in the arterial phase and slightly hypo-enhanced in the venous phase;
moreover, the gallbladder wall under the mass was intact.

Pathological diagnosis

Microscopic examination revealed that the tumor mainly consisted of spindleshaped cells; it was S-100/Vimentin/CD56-positive and CD34/CD117-negative.

Treatment

The patient was treated with cholecystectomy.

Related reports

Schwannomas arising in the gallbladder are extremely rare, and preoperative
diagnosis appears to be very difficult because these tumors are commonly asymptomatic and are often discovered incidentally.

Term explanation

To our knowledge, the CEUS features of gallbladder schwannomas have not
been reported before in the other literature.

Experiences and lessons

This report not only presents the details of the US and CEUS features in this
case, but it also indicates the usefulness of CEUS in excluding malignancy before surgery.

Peer review

This article presents a case of gallbladder schwannoma with an emphasis on
the imaging and pathological findings; also, biliary system schwannomas in the
literature are reviewed.
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Core tip: This is the first report of reversible posterior
leukoencephalopathy syndrome (RPLS) induced by
bevacizumab in China. RPLS is a rare complication of
bevacizumab, but may present with life-threatening
symptoms such as coma. Sudden blood pressure increase is the most common risk factor, and early recognition and prompt control of blood pressure may
make this complication reversible.
Wang W, Zhao LR, Lin XQ, Feng F. Reversible posterior
leukoencephalopathy syndrome induced by bevacizumab plus
chemotherapy in colorectal cancer. World J Gastroenterol 2014;
20(21): 6691-6697 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i21/6691.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6691

Abstract
Reversible posterior leukoencephalopathy syndrome
(RPLS) is a rare brain-capillary leak syndrome, characterized by clinical symptoms of headache, visual loss,
seizures and altered mental functioning. This syndrome is usually reversible and is associated with hypertension, nephropathy, and use of immunosuppressive medication and cytotoxic agents. We describe two
rare cases of RPLS occurring in colorectal cancer, both
of which presented with coma, that we believe can
be directly attributed to bevacizumab, a monoclonal
antibody that inhibits the angiogenesis of tumours by
specifically blocking vascular endothelial growth factor.
We analysed the clinical features, risk factors and outcomes of RPLS in these two patients, and although no
typical finding was identified on imaging examination,
we found that inadequate blood pressure control was
one of the risk factors leading to RPLS and that supportive treatment including intensive blood pressure
control improved outcomes. Due to the increasing use
of bevacizumab in colorectal cancer, clinicians should
be aware of this potential complication.

WJG|www.wjgnet.com

INTRODUCTION
Reversible posterior leukoencephalopathy syndrome
(RPLS)，first described by Hinchey et al[1] in 1996,is
also known as posterior reversible encephalopathy syndrome. RPLS is an underappreciated syndrome characterized by clinical symptoms of headache, altered mental
functioning, visual loss, and seizures, and radiological
findings by magnetic resonance imaging (MRI) of subcortical oedema predominantly in the posterior cerebral
white matter. In most cases both the symptoms and
radiological features of RPLS are reversible. The precise
pathophysiology of RPLS remains uncertain. Deficiency
in cerebrovascular auto-regulation is a favoured hypothe-
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Figure 1 Brain enhanced computed tomography scan of case 1 (8 h after coma). A mild degree of cerebral atrophy; no remarkable intracranial metastases were
found.

sis because the syndrome is associated with hypertensive
encephalopathy.
Bevacizumab, an angiogenesis inhibitor, was approved in the United States in February 2004 for the
treatment of newly diagnosed metastatic colorectal cancer, usually combined with intravenous fluorouracil chemotherapy. Bevacizumab is the first-line treatment for
metastatic colorectal cancers. It specifically binds to the
vascular endothelial growth factor (VEGF) in peripheral blood and significantly improves the efficacy of the
combined chemotherapy drugs[2,3]. The major adverse effects of bevacizumab include hypertension, proteinuria,
thrombotic events and delayed wound healing, largely
due to its anti-angiogenic effect. Although this combination regimen has recently been associated with RPLS,
RPLS-associated coma is not common. Here we report
the first known series of cases in China of RPLS-associated coma in the context of bevacizumab combination
with chemotherapy, and provide a review of the relevant
literature.

notecan 270 mg Ⅳ infusion on D1, leucovorin 0.3 Ⅳ
infusion on D1, 5-FU 0.6 Ⅳ bolus on D1, 5-FU 3.6 continuous Ⅳ 46 h, repeated every 2 wk). The patient had
no history of hypertension. Her blood pressure and urine
protein were normal during treatment. The third cycle of
chemotherapy was given on April 9th, 2011. The patient
developed coma and convulsion of the limbs at 6:00 AM
on April 11th, and her blood pressure was 126/81 mmHg
at that point. She had a normal neurological examination.
Infusion of 5-FU was withdrawn immediately. The patient was treated intravenously to reduce intracranial hypertension and was given medication for sedation. Continuous blood pressure monitoring recorded that blood
pressure was stable at around 105-165/63-92 mmHg.
Eight hours after coma an enhanced computed tomography (CT) scan of the brain showed mild brain atrophy
(Figure 1). After 12 h of coma, she recovered with some
verbal response but was still aphasic. Her limbs demonstrated some involuntary movements. The administration was withdrawn. On the morning of April 14th, she
showed complete recovery. She could answer questions
correctly and walk around. Enhanced MRI scan and venography (MRV) on April 16th showed (Figure 2) mottled
lesions in the left parietal lobe, which was a possible microhaemorrhage, but no other abnormal findings. The
patient was discharged on April 18th. Subsequent followups documented partial response to treatment. Given
the toxicity of the previous treatment, her subsequent
regimen was switched to palliative chemotherapy alone
without monoclonal antibody.

CASE REPORT
Case 1
A 56-year-old female patient was diagnosed as having
Stage Ⅳ rectal cancer and developed retroperitoneal and
left supraclavicular lymph node metastasis in March 2011,
as confirmed by PET-CT scan and colonoscopy. She was
treated with three cycles of “FOLFIRI + bevacizumab”
regimen (bevacizumab 300 mg Ⅳ infusion on D1, iri-
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Figure 2 Enhanced brain magnetic resonance imaging and magnetic resonance venography scan of case 1 (2 d after recovery). Mottled lesions of the left
parietal lobe, indicating intracerebral microbleeds.

Case 2
A 58-year-old female was admitted with abdominal pain
for more than 1 mo. She was previously diagnosed as
having Stage Ⅳ carcinoma of the descending colon in
January 2011 with extensive metastasis, including mesenteric, mesenteric root, retroperitoneal, bilateral hilar, mediastinal and bilateral supra- and infra-clavicular lymph
nodes based on enteroscopy, lymph node puncture and
biopsy, and PET-CT scan. She received eight cycles of
“mFOLFOX6 + bevacizumab” combination regimen
(bevacizumab 300 mg Ⅳ infusion on D1, oxaliplatin
150 mg Ⅳ infusion on D1, leucovorin 0.68 Ⅳ bolus on
D1, 5-FU 0.68 Ⅳ bolus on D1, 5-FU 4.0 CIV 46 h, repeated every 2 weeks). The last dose of chemotherapy
was administered on May 21st, 2011. The patient had
a history of hypertension and bronchitis for 10 years.
No records were available about her medication. Blood
pressure monitoring and urine protein were normal
on admission. On the morning of June 4th, the patient
presented severe headache and dizziness. Her blood
pressure was 225/135 mmHg. Other vital signs were
normal. She was treated intravenously with uradil hydrochloride as well as oral amlodipine, hydrochlorothiazide
and spironolactone, but the symptom was not relieved.
Continuous blood pressure monitoring showed blood
pressure around 127-191/80-165 mmHg. The patient
then developed coma, restlessness, muscle weakness of
the left limbs, and pathological signs in the left lower

WJG|www.wjgnet.com

limb on June 7th. Right cerebral infarction was suspected.
CT scan and CTA (CT angiography) of the brain (Figure
3) showed mild cerebral atherosclerosis; narrowing in
the A1 segment of the right anterior cerebral artery and
the intracranial segment of the right vertebral artery, but
appropriate distal blood supply; mild brain atrophy and a
small lacunar infarction in the bilateral region of the basal ganglia. Symptomatic treatment was maintained. On
the morning of June 8th, her blood pressure was 152/82
mmHg. She recovered consciousness and the muscle
strength of her limbs and could eat food. On June 9th,
the patient experienced mild dizziness but blood pressure was normal. The intravenous antihypertensive drug
was discontinued. The results of a CT scan and CTA
of the brain were similar to those obtained previously
(Figure 4). The patient then received oral medications
to maintain normal blood pressure. She was discharged
from hospital on June 15 th. Follow-up examination
showed that her tumour partially responded to the chemotherapy. The patient is currently undergoing regular
follow-up.

DISCUSSION
The two cases described above were diagnosed as RPLS
according to current clinical guidelines. To the best of
our knowledge these are the first series of cases in China
of RPLS-associated coma induced by bevacizumab com-
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Figure 3 Enhanced computed tomography and magnetic resonance venography scan of the brain of case 2. Mild cerebral arteriosclerosis, stenosis of the A1 segment of the right anterior cerebral artery and right intracranial artery, and effective blood supply of distal vascular and mild lacunar infarction of bilateral basal ganglia.

bined with chemotherapy. RPLS is a rare brain-capillary
leak syndrome, and is associated with hypertension, nephropathy, and use of immunosuppressive medication
and cytotoxic agents (e.g., cyclosporin A, tacrolimus).
The clinical manifestations include rapidly progressing
intracranial hypertension, seizure, visual disorder, disturbance of consciousness, and mental disorder. Coma is
rarely seen in RPLS. The imaging findings of RPLS are
characteristic of reversible extensive oedema in the white
matter of bilateral posterior cerebral hemispheres, frontal lobe, region of basal ganglia, brain stem, cerebellum,
and cerebral cortex. The diagnosis of RPLS primarily
depends on MRI, however typical imaging findings may
not always be present.
Although the pathogenesis of RPLS is not yet fully
understood two common theories have been described.
The first one argues that a sudden increase in blood
pressure could lead to the dysfunction of cerebral vascular autoregulation, including deficiency of vasodilative
prostaglandin release and cerebral vascular endothelial
dysfunction. Even a mild rise in blood pressure, if acute,
especially in the presence of an underlying endothelial
dysfunction, may result in breakdown of the blood-brain
barrier, pathological vasodilation, and capillary leakage,
leading to extravasation of fluids into the brain parenchyma. As a result, vasospasm and brain hypoperfusion,
activation of the coagulation system and fluid effusion eventually take place. For this reason RPLS is also

WJG|www.wjgnet.com

known as “hypertensive encephalopathy”. The posterior
cerebral circulation is more susceptible to such injury,
probably due to the presence of fewer adrenergic nerves
in the posterior cerebral circulation system, which makes
the blood vessels more sensitive to sudden changes in
blood pressure[4].
The second theory states that toxic substances such
as immunosuppressive agents could directly lead to transient impairment of the blood-brain barrier by injuring
the vascular endothelium. Reconditioning vasoconstriction or microthrombosis will result in occlusion of the
cerebral artery, cerebral ischaemia/hypoxia and vasogenic oedema[5].
Bevacizumab is a monoclonal antibody that inhibits
the angiogenesis of tumours by specifically blocking vascular endothelial growth factor (VEGF). Bevacizumab is
commonly used in combination with various chemotherapy regimens to provide additional survival benefits to
patients with metastatic colorectal cancer[6]. Currently, the
NCCN guideline recommends bevacizumab in combination with chemotherapy as the standard treatment regimen for metastatic colorectal cancer. The two patients in
this report received bevacizumab as well as chemotherapy
agents, including oxaliplatin, irinotecan, 5-FU, etc. It has
been reported that 5-FU can cause a rare kind of encephalopathy, known as multifocal inflammatory leukoencephalopathy, which usually occurs from 6 wk to 5 mo
after 5-FU treatment. However, the clinical and imaging
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Figure 4 Repeat enhanced computed tomography and magnetic resonance venography scan of the brain of case 2 on the following day showed the same
image changes as previously described.

features differ from those of RPLS. In our cases leukoencephalopathy can be excluded[7]. To date, neither RPLS
nor other relevant encephalopathies have been reported
to be induced by irinotecan or oxaliplatin. In March 2006,
Professor Glusker et al[8] of Stanford University reported
the first case of bevacizumab-induced typical RLPS in
the New England Journal of Medicine. Furthermore, the
United States Food and Drug Administration updated
the safety information of bevacizumab on September 25,
2006, indicating that healthcare professionals should pay
attention to RPLS, a rare adverse reaction during bevacizumab treatment. Hypertension is the most frequently
reported adverse reaction during bevacizumab treatment.
Bevacizumab may cause RPLS via the following possible
mechanisms: sudden blood pressure rise during bevacizumab treatment causes dysfunction of cerebral vascular
autoregulation. Moreover, bevacizumab can disrupt the
blood-brain barrier by extensively impairing the endothelium. When blood pressure in the systemic circulation
increases, the above changes can cause vasogenic oedema
and eventually RPLS[9,10].
RPLS may occur at any time during bevacizumab
treatment. However, in most cases it develops within
the half-life (about 20 d) of bevacizumab[8,11,12]. Typical
RPLS-related adverse symptoms have been observed in
colorectal and renal cancers treated with bevacizumab
combination chemotherapy[12,13]. RPLS usually occurs
during the first seven cycles of bevacizumab treatment.

WJG|www.wjgnet.com

The interval between the administration of bevacizumab
and onset of RPLS ranges from 16 h to 11 d. The first
patient in our report developed RPLS on day 2 of the
third cycle of bevacizumab therapy. The second patient
developed RPLS on day 17 after eight cycles of treatment. These are consistent with previous reports.
Poor blood pressure control is the most important
risk factor for RPLS. Most cases of RPLS are associated with increased blood pressure. The second patient
in this report developed RPLS when her blood pressure
was not controlled appropriately. The first patient also
experienced increased blood pressure before she developed RPLS. Generally, if grade 2 or higher hypertension
(according to NCI-CTC, grade 2 hypertension is defined
as diastolic blood pressure increase > 20 mmHg, or >
150/100 mmHg if previously normal blood pressure) is
documented, it is recommended that the offending agent
should be withdrawn as soon as possible and blood pressure should be controlled[14].
Fortunately RPLS is reversible. Immediate diagnosis,
proper blood pressure control and withdrawal of the
implicated drugs will enable recovery of the clinical and
imaging findings. Although some patients may develop
progressive neurological symptoms, these will generally
improve or resolve within several days. Instant and effective blood pressure control is the primary objective of
managing RPLS. If malignant hypertension is present,
the diastolic blood pressure must be reduced at a steady

6695

June 7, 2014|Volume 20|Issue 21|

Wang W et al . Reversible posterior leukoencephalopathy syndrome in colorectal cancer

Term explanation

speed to below < 100 mmHg within several hours.
Blood pressure control is recommended for even mild
hypertension. Intravenous antihypertensive agents, e.g.,
sodium nitroprusside and nicardipine, are recommended
for rapid onset. Such intravenous therapy can also maintain adequate cerebral perfusion pressure.
It is not clear whether it is safe for patients who
have experienced RPLS to continue bevacizumab, although discontinuation of bevacizumab is recommended. Since it became available on the market 6 years ago,
five cases of bevacizumab-induced RLPS have been
reported worldwide[15], while no similar case has ever
been reported in China since it entered the Chinese
market in 2010. Indeed, only two out of 30 cases developed RLPS induced by bevacizumab in combination
with chemotherapy.
The lack of typical imaging or thrombotic changes
in the central nervous system makes early recognition of
RPLS crucial. Whenever coma is present during bevacizumab treatment, RPLS should be considered, especially
when complicated with hypertension. Moreover, bevacizumab combination with chemotherapy should be carefully used in patients with a history of hypertension, and
blood pressure should be monitored closely during bevacizumab therapy. Precaution and timely management are
vital to prevent coma. RLPS is a reversible complication
if handled appropriately.
In conclusion, these are the first cases of coma of
RPLS induced by bevacizumab combination chemotherapy reported in China. Although usually reversible, RPLS
is a serious and potentially life-threatening syndrome
and its association with hypertension in the setting of
bevacizumab combination chemotherapy should be recognized. In addition, a history of hypertension should
be addressed prior to the combination regimen. If RPLS
develops, a less toxic regimen should be considered to
prevent possible effects on future cognitive function.

RPLS is a syndrome characterized by clinical symptoms of headache, altered
mental functioning, visual loss and seizures, and is associated with hypertension, nephropathy, and use of immunosuppressive medication and cytotoxic
agents.

Experiences and lessons

RPLS is a rare complication of bevacizumab, and may present with life-threatening symptoms such as coma; however, early recognition and prompt control
of blood pressure may make this complication reversible.

Peer review

This article demonstrates a rare complication of bevacizumab in colorectal cancer, and given the increasing use of bevacizumab, clinicians should be aware of
this potential complication.
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Core tip: We performed endoscopic submucosal dissection (ESD) of a gastric fundus tumor. It was difficult
to strip the tumor completely due to space limitation,
therefore, we used blunt dissection and removed the
tumor quickly and safely. This is a new method based
on traditional ESD, and ensured quick and safe removal
of the tumor in this patient.
Wen ZQ, Wu GY, Yu SP, Lin XD, Li SH, Huang XG, Zhang F,
Zeng XY, Huang HY, Li AM. Application of blunt dissection
in ESD of a gastric submucosal tumor. World J Gastroenterol
2014; 20(21): 6698-6700 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i21/6698.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i21.6698

INTRODUCTION
Endoscopic submucosal dissection of a submucosal
tumor located in the gastric fundus adjacent to the
gastric cardiac region or which has extended into the
cardioesphageal junction, is difficult to perform due to
space limitation. Recently, we performed endoscopic
submucosal dissection (ESD) of a 2.5 cm gastric fundus
submucosal tumor adjacent to the gastric cardiac region.
The tumor was removed safely and quickly using blunt
dissection.

Abstract
We performed endoscopic submucosal dissection of a
gastric fundus tumor. It was difficult to strip the tumor
completely due to space limitation, and we used blunt
dissection to remove the tumor quickly and safely.
Firstly, the basal area of the 2.5 cm submucosal tumor
located in the gastric fundus was cut open, and the
mucosa was dissected. The tumor was difficult to peel,
therefore, a snare was used and the tumor was pulled
and tightened slightly. Short electronic coagulation was
used during the procedure. The tumor was then bluntly
dissected. This method ensured rapid and complete removal of the tumor.

CASE REPORT
Patient
A 30-year-old female was admitted due to recurrent nausea of 3 years, which had worsened in the previous 2 wk.
A neoplasm was found in the stomach. Computed to-
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Figure 1 Computed tomography revealed a tumor located in the gastric
fundus adjacent to gastric cardiac region.

Figure 4 Blunt dissection using the spring rolling pattern.

Figure 2 Gastroscopy showed the gastric fundus tumor.

Figure 5 Base of the tumor after dissection, no perforation can be seen.

Figure 3 Endoscopic submucosal dissection of the basal area of the
tumor.

Figure 6 Immunohistochemistry confirmed the diagnosis of gastrointestinal stromal tumor.

mography of the epigastric zone showed irregular thickening of the gastric fundus wall adjacent to the gastric
cardiac region, local nodosity, and the tumor was found
to be approximately 2.4 cm in size (Figure 1). The first
therapeutic choice was ESD.

extended to the gastric cardiac region, and it was difficult to peel from the submucosa due to space limitation.
The submucosa around the tumor was injected with the
above-mentioned solution, the tumor was removed using
a snare which was pulled and tightened slightly around
the tumor and short electronic coagulation was used during the procedure. This process was carefully repeated to
avoid excessive traction. The tumor was bluntly dissected
cautiously to avoid bleeding caused by mechanical cutting (Figure 4). The tumor was completely removed, the
raw surface was clean with no residual tumor, bleeding or
perforation (Figure 5). Pathology and immunohistochemistry results confirmed that the tumor was a gastrointestinal stromal tumor, with a low risk of malignancy (Figure
6). The patient was discharged after 5 d of observation

Method
A hyaline cap was placed in front of the gastroscope
and a hemispheroid submucosal tumor approximately
2.0 cm × 2.5 cm was seen in the gastric fundus (Figure
2). The range was marked, and a mixture of methylene
blue, epinephrine, and physiological saline was injected.
The mucosa was incised, the tumor was removed from
the basal area using an IT knife, and the submucosa was
dissected using a cut knife (Figure 3). The patient’s tumor
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without bleeding, perforation or other complications.

rated. The repair of perforated tissue is complex. In this
case, the use of blunt dissection allowed peeling of the
tumor, resulting in a good outcome.

DISCUSSION
Gastrointestinal stromal tumors are the most common
mesenchymal tissue tumors in the gastrointestinal tract,
and arise from the Cajal mesenchymal cells or their costem cells[1]. The standard treatment is laparoscopy or
laparotomy. Endoscopic therapy has been gradually
developed in recent years, and the main endoscopic
techniques include endoscopic band ligation, endoscopic
submucosal dissection (ESD), endoscopic mucosal resection and endoscopic full-thickness resection. En bloc dissection of stromal tumors, whatever the size or shape of
the tumor, is an advantage of ESD. During electromagnetic resonance, the neoplastic tissue is resected rapidly,
and the endoscopist has little or no control in adjusting
the plane or the margin of resection; during ESD, the
endoscopist deliberately and diligently creates a plane of
dissection through the submucosa, while attempting to
achieve a margin that is free of neoplastic tissue[2]. Endoscopic therapy has developed rapidly in recent years,
and several methods had been modified based on ESD.
BR Liu et al[3] reported an endoscopic technique known
as endoscopic muscularis dissection for removing lesions
located in upper gastrointestinal subepithelium. Takizawa
et al[4] reported a technique to remove lesions in the colon
using blunt balloon dissection.
In our patient, we examined the status of the tumor
and the gastric fundus wall using computed tomography,
and initially determined the possibility and risk of endoscopic therapy in this patient. ESD was the first choice in
the treatment of this tumor. When dissected, the tumor
body was exposed during the submucosa dissection, and
it was difficult to peel the tumor tissue accurately and
effectively using the cut knife due to space limitation.
Following submucosa injection around the tumor, the
tumor was removed at the basal area using a snare, which
was slightly pulled and tightened around the tumor. Short
electronic coagulation was used during the procedure.
This process was carefully repeated to avoid excessive
traction. The tumor was bluntly dissected cautiously, as
mechanical cutting needs to be well managed to avoid excessive traction, and the tumor was completely removed.
It is impossible to bluntly dissect the tumor with a snare
directly without ESD. The snare may enclose too much
or too little tissue, which makes it impossible to manage
the range of dissection and the tissue can easily be perfo-
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Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged

March 26, 2014

Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
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Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
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Core tip: Hepatitis C virus (HCV) core antigen can be
a cost effective alternative to confirm HCV infection,
though patients with low HCV RNA (< 1000 IU/mL)
have a chance of being false negative. It could have a
role in therapy monitoring, but that is currently not well
enough studied.
Tillmann HL. Hepatitis C virus core antigen testing: Role in diagnosis, disease monitoring and treatment. World J Gastroenterol
2014; 20(22): 6701-6706 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6701.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6701

Abstract
While hepatitis B virus (HBV) screening relies on hepatitis B surface antigen to confirm HBV infection since the
early days of hepatitis B disease management, hepatitis
C virus (HCV) infection screening is based on anti-HCV
testing which does not discriminate active from past
infection. Thus to confirm infection HCV RNA testing
has been required; recently a HCV core antigen assay became widely commercially available which could
serve to confirm infection. That assay is less sensitive
than current HCV RNA assays, but as more than 50%
of anti-HCV positive persons will be HCV core antigen
positive, HCV core antigen testing can be a cost effective and reflex test to confirm HCV infection in anti-HCV
positive individuals and will be easier as it can be applied on the same platform. For treatment monitoring,
more data need to be generated, but the early data
available at present suggest that HCV core antigen may
be an alternative to HCV RNA monitoring. With direct
antivirals, HCV core antigen could even be superior
to HCV RNA testing, as direct antivirals might already
prevent virus formation when HCV core antigen is still
produced and thereby correlates better with eventual
viral clearance.

INTRODUCTION
The first report on identification of the non-A, non-B
hepatitis virus now known as hepatitis C virus (HCV)
came as a press release by the Chiron Corporation in May
1988[1]. The first scientific report on HCV was published
in 1989 together with the first generation diagnostic assay to test for antibodies against HCV[2,3]. Subsequent
assays were developed to reduce the rate of false positive in anti-HCV testing. A positive antibody reaction
should be confirmed with either a confirmatory antibody
assay such as recombinant immunoblot assay (RIBA)
to confirm true presence of anti-HCV antibodies or
preferentially by proof of viremia and thereby infection.
Confirmation of infection was initially depending on “in
house” polymerase chain reaction (PCR) assays until the
first commercially available assay for HCV RNA detection was released based on bDNA technology. Later also
qualitative and quantitative commercial PCR based assays to confirm infection were released and continuously
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improved in sensitivity and linear range accuracy. While
earlier versions showed only moderate correlations in the
range of r-values of 0.6-0.8 among each other[4], current
assays show good correlations with each other. Still for
HCV RNA level monitoring during antiviral therapy, it is
recommended to use the same diagnostic assay to limit
variability[5], though this might change with potent antiviral therapy, where monitoring during treatment becomes
obsolete as its result are clinically irrelevant with everyone
becoming undetectable.
As a rule of thumb, molecular assays are nowadays
frequently more sensitive than serological assays such as
in human immunodeficiency virus (HIV, HIV RNA vs
p-24), but even though sensitivity is lower, such lower
sensitivity assays have a role in diagnosis and management of disease. For CMV, there are studies indicating
even higher sensitivity with an viral antigen targeting
assay (pp65) compared to PCR[6], while others did not
find same results[7]. Importantly concerning their clinical
relevance, it seems that they may be interchangeable in
several scenarios, as a very low level may be clinically less
relevant[8].
For HCV as reviewed here, HCV RNA detection assays are more sensitive, still HCV antigen detection can
serve as an alternative. HCV antigen detection might be
the first next step following a positive antibody test. As
anti-HCV and HCV core antigen testing can be done on
the same platform, a reflex test for anti-HCV positive
samples can be done to confirm HCV infection within
40 min of the positive anti-HCV result. There might be
a small number of HCV core antigen negative individuals who would be positive for HCV RNA. However,
HCV core antigen negative individuals can be confirmed
to have either no or only low level HCV viremia, which
may translate to less significant clinical disease. Thus, if
accepting to miss low level HCV viremic patients, HCV
core antigen could be the principal screening assay as
with hepatitis B, where hepatitis surface antigen (HBsAg)
is the principal screening assay though some patients may
be HBsAg negative but HBV DNA positive.
A first HCV core antigen test was developed around
2000, but did not really take off, in part due to cost
concerns. Now a newer and more sensitive HCV core
antigen assay has become available, which is about 25
times more sensitive and licensed in several countries.
Importantly, as mentioned in some papers, in addition
to a faster turnaround time compared to molecular tests,
it is cheaper and thereby very attractive[9]. The currently
available assay is a Chemiluminescent Microparticle Immunoassay and allows for a quantitative determination of
HCV core antigen in human serum and plasma.
The purpose of this paper is to review the current
knowledge on this newer assay with a sensitivity of 3
fmol/L in different scenarios and reflect on it utility. In
Japan there are additional 4 assays with slightly reduced
sensitivity marketed[10]. General considerations on the
data presently available for HCV core antigen are also
discussed.
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In principal, a big advantage of HCV core antigen
testing is that the same testing platform and sample used
for anti-HCV testing, can be used for HCV core antigen
testing allowing for reflex HCV core antigen testing in
anti-HCV positive samples, thereby enhancing speed of
clinically meaningful release of important results[11]. Rather than testing for anti-HCV and releasing that result, and
awaiting a new sample for confirmation of infection or
transfer of the anti-HCV positive sample to the molecular testing facility, physicians could get the results of both
anti-HCV and HCV core antigen within the same hour.

SENSITIVITY
One limitation of the earlier and but still also of the
more recent HCV core antigen assay is the lower sensitivity compared to HCV RNA assays. Current HCV RNA
assays have a lower level of detection between about 5-15
IU/mL.
The sensitivity for the currently available HCV core
antigen assay by Abbott was improved to about 3.00
fmol/L (0.0 6 pg/mL), which is about 25 times more sensitive than the Trac-C assay, which was in development
by Ortho Diagnostic and had a sensitivity of 1.5 pm/mL.
Importantly, the intra-run and between-run precision is
now well under 10%. Therefore, samples tested for HCV
core antigen do not need to be tested in duplicates anymore; only samples with a value between the lower limit
of detection for HCV core antigen of 3 fmol/L and 10
fmol/L should be re-tested in duplicate, but otherwise
samples can be run in singleton.
Ross et al[12] estimated that the sensitivity of 3 fmol/L
should approximately be equivalent to 507 IU/mL for
subtype 1a, 405 IU/mL for subtype 1b, 600 IU/mL for
genotype 2 and 771 IU/mL for genotype 3. However,
they also found that the analytic sensitivity to detect 95%
of samples at the respective level was slightly higher than
the 3 fmol, varying from 3.9 fmol/L (equivalent to about
1002 IU/mL HCV RNA) for genotype 3a to 13.5 fmol/L
(equivalent to about 2700 IU/mL HCV RNA) for genotype 2a[12]. However, these differences are not likely to be
clinically relevant.
In general, it seems that about 90% of HCV RNA
positive samples are positive with a viral load above
10.000 IU/mL[13], and thus well in the sensitivity range of
the HCV core antigen assay.

SEPCIFICITY
Specificity in HCV RNA negative samples has been determined as high as 99.98% in 5394 anti-HCV-negative
samples[14]. In smaller studies of 420 and 100 persons,
none was found to be false positive[12,15]. However, some
studies found that individual patients with detectable
HCV core antigen were negative for HCV RNA, i.e.,
Miedouge et al[16] tested for HCV RNA in mini-pools, but
the assay had an insufficient sensitivity to exclude HCV
RNA. Overall, it appears that the assay is highly specific.
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Anti-HCV positive

HCV core antigen test

Positive

Replication confirmed
Consider further testing
HCV genotype
Liver biopsy, state of disease
Treatment indication

Negative

HCV RNA testing
(sensitivity 100 IU/mL)

Positive

Negative

No active HCV replication
Consider exploring anti-HCV confirmatory test

Figure 1 Suggested algorithm for hepatitis C virus testing in anti-hepatitis C virus positive individuals. HCV: Hepatitis C virus.

HCV core antigen assay performance was also assessed in seroconversion panels and its performance
was compared to HCV RNA tests. Several such studies
explored the option to shorten the window of HCV
seroconversion when HCV core antigen would be used
vs anti-HCV testing and compared the performance of
the HCV core antigen to that of HCV RNA testing, and
in common HCV core antigen leads to earlier detection
compared to anti-HCV. For the setting of blood transfusion the modern sensitive HCV RNA assays are the most
sensitive option[17], but where costs are a constrain, testing with HCV core antigen might be a better option than
not testing for HCV virema at all.

pend on the scenario, each of which will be addressed
below in regard to where we stand and what we still need
now: (1) role in a diagnostic algorithm; (2) role in a blood
bank/organ donor setting; (3) monitoring during natural
history; (4) monitoring during and after therapy; and (5)
predicting histological chances.
Potential role of HCV core antigen in a diagnostic
algorithm
An HCV core antigen assay can be useful in an diagnostic algorithm (as previously already suggested for the
less sensitive assay[20]), but such use is even greater with a
newer more sensitive assay (Figure 1)[11,19].
As HCV RNA is still more sensitive, utility of HCV
core antigen in such diagnostic algorithm will depend on
potential cost saving for diagnosing HCV infection in a
population setting. A big advantage is the ease to allowing
reflex testing when the same testing-instrument is used
for anti-HCV and HCV core antigen testing.
Thus anti-HCV positive results would be reflexed to
HCV core antigen testing, and additional HCV RNA testing would only be required if HCV core antigen would
be negative and potential confirmation of anti-HCV with
RIBA (Recombinant ImmunoBlot Assay) only when both
HCV core antigen and HCV RNA were negative.
In a setting where samples need to be shipped to a
laboratory, HCV core antigen could prove to be more
stable than HCV RNA in a setting where blood samples
cannot be assessed soon after blood draw[16]. But this
would likely require some more data.
The principal usefulness for population screening
was indeed confirmed by some recent papers[21]. With a
special focus on dialysis patients in some studies, a number of anti-HCV negative patients could be identified

CORRELATION BETWEEN HCV CORE
ANTIGEN LEVEL AND HCV RNA LEVEL
Numerous studies have explored the correlation between
HCV RNA values and HCV core antigens also in relation
to genotypes, and overwhelmingly high correlations were
reported between 0.7 to > 0.9 for r-values[10,16,17]. This
would indicate that HCV core antigen might be a substitute for HCV RNA testing. Interestingly, the fluctuations
in individual patients during a time course without any
antiviral treatment were less pronounced with HCV core
antigen vs the HCV RNA[18].
Furthermore, a significant lower correlation between
HCV core antigen levels and HCV RNA levels is found
in HBV coinfection patients with a “r-value” of 0.04[19],
indicating that HCV core antigen actually may reveal
additional information compared to HCV RNA levels,
though this aspect has not been sufficiently explored yet.
The ability to commercialize an HCV antigen assay
and need for a quantitative vs a qualitative assay will de-
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Table 1 Time point and thresholds reported to predict response or non-response
Ref.

n

Wada et al[25]
Tedder et al[9]

64
41

Genotype

Time point

Threshold

gt 2
u.n.

1 wk
week 12

100 fmol/L
HCV RNA > 2log reduction
HCV core Ag negative
HCV RNA > 2log reduction
HCV core 1log reduction
undetectable
undetectable
undetectable
HCV RNA 1log reduction
HCV core Ag 1log reduction
HCV RNA 2log reduction
HCV core Ag 2log reduction
2log reduction
2log reduction
500 fmol/L
500 fmol/L
500 fmol/L
500 fmol/L

within 2 wk
Vermehren et al[26]

160

1

Tamai et al[28]

106

1b

29
9
60

1/4
2/3
1b

Ross et al[12]
Fujino et al[23]

1
2
4
2
2
2
2
week 12
week 12
day 3
day 7
day 14
day 28

PPV
96% (SVR)
70% (EOTR)
85% (EOTR)
86% (EOTR)
75% (EOTR)
90.9% (RVR)
79.4% (RVR)
47.6% (RVR)
65% (SVR)
64% (SVR)
86% (SVR)
93% (SVR)
45% (SVR)
87.5% (SVR)
96.7% (SVR)
90% (SVR)
96.7% (SVR)
100% (SVR)

NPV
100% (SVR)
74% (EOTR)
93% (EOTR)
72% (EOTR)
76% (EOTR)
92.8% (RVR)
97.6% (RVR)
100% (RVR)
90% (SVR)
97% (SVR)
67% (SVR)
69% (SVR)
100% (SVR)
1/1 (SVR)
46.6% (SVR)
76.7% (SVR)
53.3% (SVR)
26.7% (SVR)

PPV: Positive predictive value; NPV: Negative predictive value; HCV: Hepatitis C virus.

to be infected by HCV by a positive HCV core antigen
assay[16,22]. Concerning the sensitivity in dialysis patients,
it might be worth mentioning that in one study where all
dialysis patients were individually tested for HCV RNA,
only one HCV RNA positive patient was found to be
HCV core antigen negative, but that patient had a low
HCV viral load of HCV RNA < 100 IU/mL[22].

in all countries.
Role of HCV core antigen in monitoring during and after
therapy
Monitoring HCV viral load with HCV core antigen during antiviral treatment might be an attractive tool for
the future. Unfortunately data are too limited for strong
recommendations thereof (Table 1). Especially, there
are no data with the newer antivirals available at present.
For Pegylated Interferon plus Ribavirin regimens, there
have been some studies suggesting that one can predict
response as early as day 3[23], week 1[23-26] or week 2[9,23,26-28].
When 2log rule is used to terminate treatment at week
12, Ross et al[12] suggest that failure of 2log HCV core antigen decline reflects a lack of eventual response in 10/10
patients. Furthermore, with the introduction of direct antiviral agents targeting HCV maturation and replication,
HCV core antigen could even be superior to HCV RNA
testing, as direct antivirals might already prevent virus
formation when HCV core antigen is still produced and
thereby correlates better with eventual viral clearance. No
data on such therapy in relation to HCV core antigen and
achieving SVR are currently available.

Role of HCV core antigen in a blood bank/organ donor
setting
As outlined above, the sensitivity of HCV core antigen is
inferior to HCV RNA, but superior to no testing. Thus,
in a resource limited setting, where HCV RNA testing
might be impossible due to cost restrains at present,
HCV core antigen testing would allow for a compromise.
Given the cost of organ transplantation, HCV RNA
testing cost is unlikely to be a rate limiting step, and therefore not likely to be relevant to organ donation. Still if
currently no HCV RNA testing is performed, HCV core
antigen might be better than no testing for infectivity.
Role of HCV core antigen in monitoring untreated
patients
There currently is no role in monitoring the viral load
of patients not undergoing antiviral therapy, but patients
frequently want to know that their viral load has not significantly changed. For these circumstances HCV core
antigen might be an alternative to quantitative HCV RNA
testing.
Depending on country, there are or will soon be regimens available with a cure rate close to 100%. In such a
setting it might well be that all patients who tested HCV
viremic (with either HCV core antigen or HCV RNA)
would get treated in an attempt to eradicate HCV. In such
situation monitoring of untreated patients would become
obsolete. However, likely the cost of such newer regimens might be prohibitive to treat all infected individuals
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Role in predicting histological chances
It has recently been shown that quantitative HBsAg is
useful in excluding significant liver damage in HBeAg
positive patients[29]. It would be unlikely that high HCV
core antigen levels will translate into mild disease, but the
ratio of HCV core antigen to HCV RNA might reveal
differences in histology. In a study with a moderate size
of 114 patients Durante-Mangoni et al[30] found some
correlation with histology activity index and liver fibrosis,
though both correlated slightly better with viral load determined by HCV RNA than by HCV core antigen. Only
steatosis correlated better with the HCV core antigen
level.
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Interestingly, the ratio between HCV RNA and HCV
core antigen was in an earlier version of an HCV core antigen assay found to potentially play a role in identifying
patients who will have a long term biochemically inactive
disease[31].

12

CONCLUSION

13

HCV core antigen has a relative strong role in a diagnostic algorithm for HCV infection, while it is too insensitive
in its present form to substitute for HCV RNA testing in
the blood bank setting. Its role in treatment monitoring
remains to be determined, especially for the newer direct
antiviral.

14
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Hepatic flares in chronic hepatitis C: Spontaneous
exacerbation vs hepatotropic viruses superinfection
Evangelista Sagnelli, Caterina Sagnelli, Mariantonietta Pisaturo, Nicola Coppola
of the illness. Nearly a quarter of cases with chronic
hepatitis C (CHC) develop liver cirrhosis with or without
hepatocellular carcinoma. The indolent course of the
illness may be troubled by the occurrence of a hepatic
flare, i.e. , a spontaneous acute exacerbation of CHC
due to changes in the immune response, immunosuppression and subsequent restoration, and is characterized by an increase in serum aminotransferase values,
a frequent deterioration in liver fibrosis and necroinflammation but also a high frequency of sustained viral
response to pegylated interferon plus ribavirin treatment. A substantial increase in serum aminotransferase
values during the clinical course of CHC may also be a
consequence of a superinfection by other hepatotropic
viruses, namely hepatitis B virus (HBV), HBV plus hepatitis D virus, hepatitis E virus, cytomegalovirus, particularly in geographical areas with high endemicity levels.
The etiology of a hepatic flare in patients with CHC
should always be defined to optimize follow-up procedures and clinical and therapeutic decisions.
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Core tip: Patients with chronic hepatitis C virus infection may experience hepatic flares due to an acute
exacerbation of this disease that is frequently characterized by a significant increase in liver fibrosis and
necroinflammation but by a high rate of sustained viral
response to Peg-interferon plus ribavirin treatment.
A hepatic flare may also be due to superinfection by
other hepatotropic viruses, drug injury or a concomitant autoimmune disease. The aim of this review is to
be of some help in identifying the cause of the flare in
a single patient in order to optimize the follow-up and
clinical and therapeutic decisions.

Abstract
The hepatitis C virus (HCV) causes an acute infection
that is frequently asymptomatic, but a spontaneous
eradication of HCV infection occurs only in one-third of
patients. The remaining two-thirds develop a chronic
infection that, in most cases, shows an indolent course
and a slow progression to the more advanced stages
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values)[39-43], a frequent deterioration in liver fibrosis and
necroinflammation of 2 or more scores in the Ishak
scoring system but also a higher rate of sustained viral
response (SVR) to Peg-INF plus ribavirin treatment[43].
Hepatic flares in patients with chronic hepatitis C may
also be a consequence of the restoration of the immune
system after pharmacological or spontaneous immunosuppression. In geographical areas where other viral
infections of the liver are highly endemic, CHC patients
may also develop hepatic flares due to hepatitis A virus
(HAV), hepatitis B virus (HBV) or HBV plus hepatitis
delta virus (HDV), hepatitis E virus (HEV) or cytomegalovirus (CMV) superinfection, particularly in groups of
subjects at a greater risk of acquiring these viruses.
The aim of this review article is to analyze the pathogenesis, clinical course, difficulties in correctly diagnosing
and possible treatment of flares of various origins, on
the basis of our personal experience and published data.

Sagnelli E, Sagnelli C, Pisaturo M, Coppola N. Hepatic flares
in chronic hepatitis C: Spontaneous exacerbation vs hepatotropic viruses superinfection. World J Gastroenterol 2014;
20(22): 6707-6715 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i22/6707.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6707

INTRODUCTION
Hepatitis C virus (HCV) infection is a major global health
problem with approximately 3% of the world’s population infected[1,2]. HCV is a small enveloped positive-strand
RNA virus of the genus hepacivirus of the flaviviridae
family[3]. Phylogenetic analysis of HCV isolates has enabled the viral classification into six major genotypes
(from 1 to 6) and more than 100 subtypes[3].
HCV transmission follows percutaneous exposure
to human blood, but more recently increasing evidence
has highlighted the role of unsafe sexual intercourse[4-6],
particularly in human immunodeficiency virus-positive
males who have sex with males[1,7-9]. Worthy of note is the
changing impact of various risk factors for HCV transmission in the last 20 years in several countries, consequent to variations in social and economic conditions and
to the widespread use of invasive medical procedures,
particularly in developing countries[1,4,5,8,10,11].
HCV causes an acute infection that is frequently
asymptomatic, but in its symptomatic form it is characterized by nausea, malaise and jaundice. A spontaneous
eradication of HCV infection occurs in 15%-30% of patients, whereas in the remaining percentage the infection
becomes chronic[12-14].
Thus, the outcome of the infection is viral clearance
or viral persistence, depending on certain, not fully recognized, host (sex, age at the time of infection, initial immune response, and more recently IL28B genotype)[15-20]
and viral characteristics (HCV genotypes, subtypes, quasispecies)[21-23]. Today, chronic HCV infection is a leading
cause of end-stage liver disease including liver cirrhosis
and hepatocellular carcinoma (HCC)[24-27]. For patients
with HCV genotype 2 or 3, treatment is still based on a
24-wk administration of pegylated interferon (Peg-IFN)
given once a week in combination with a daily oral dose
of 800 mg of ribavirin, whereas for those with HCV
genotype 1 a combination treatment with Peg-IFN, ribavirin and a protease inhibitor has been more recently
introduced[28-31]. These treatment schedules allow a sustained virological response in nearly 80% of patients with
HCV genotype 2 or 3 and in 65%-75% of those with
HCV genotype 1[28,29,32,33]. At present interferon-free combination therapies with directly acting antivirals are under
investigation, with excellent preliminary results[34-38].
The natural history of chronic hepatitis C (CHC)
may include the development of a spontaneous hepatic
flare, i.e., an acute exacerbation of CHC (ae-CHC), characterized by a substantial increase in the serum aminotransferase levels (usually 5 times or more the baseline
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SPONTANEOUS AE-CHC
This is a clinical event characterized by a substantial increase in the serum aminotransferase values compared to
the previous levels, associated or not with an increase in
serum bilirubin and with other symptoms characteristic
of acute hepatitis[39-48]. This acute exacerbation can occur
spontaneously[15-19,21-25] or due to the restoration of a deficient immune system, a clinical condition frequently observed in patients with onco-hematological diseases[49-64].
(Table 1).
Regarding spontaneous ae-CHC, most information
comes from the studies carried out by Sheen et al[39], Rumi
et al[41] and Sagnelli et al[43]. In 1996 Sheen et al[39] first described this clinical event observed during a follow-up of
5 or more years of 194 patients with CHC. This Author
reported a hepatic flare in 78 (40.2%) patients, with an
incidence of 11.9% per year.
Rumi et al [41] followed up 206 patients (106 with
genotype 1 and 100 with genotype 2) for 71 mo (range
24-144) and observed spontaneous hepatic flares in 31
patients with genotype 2c and in 8 patients with genotype
1b (with a rate of 55.6 per 1000 persons/year for genotype 2c vs 15.0 for genotype 1b, P = 0.001). A second
liver biopsy was available for a few patients, and those
who experienced a hepatic flare more frequently showed
a more than 2-point increase in the fibrosis score in the
second biopsy, according to the Ishak scoring system
(63% vs 19%, P = 0.003).
In 2013, Sagnelli et al[43] extensively analyzed the clinical presentation and clinical course of ae-CHC, and
for the first time described the response to pegylated
interferon plus ribavirin. In this study, 82 patients with a
spontaneous symptomatic exacerbation of chronic HCV
infection were pair-matched by age, sex and HCV genotype with 82 patients with chronic HCV infection who
had not shown signs or symptoms of an acute exacerbation for at least 10 years. HCV genotype 2 was detected
in 46.4% and genotype 1 in 43.9% of cases, and IL-
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Table 1 Hepatic flares in patients with hepatitis C virus chronic infection: Main characteristics of published studies
Ref.

Type of study

Sheen et al[39]
Tsuji et al[47]
Rumi et al[41]
Ferri et al[64]
Pitini et al[53]
Coppola et al[50]
Grebely et al[85]
Sagnelli et al[43]
Coppola et al[48]
Sagnelli et al[67]
Biliotti et al[80]
Sagnelli et al[81]
Pritchard[65]
Deterding et al[84]
Sagnelli et al[86]
Accapezzato et al[90]
Hiraga et al[40]
Ennishi et al[51]
Mahale et al[62]
Li et al[66]
Marignani et al[52]

Prospective
Prospective
Prospective
Prospective
Prospective
Prospective longitudinal
Prospective
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Case report
Case report
Case report
Case report
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Patients (flare/total)
78/194
28/120
39/206
1/31
10/10
7/7
5/136
82/82
57/57
8/8
14/14
29/29
1/1
1/1
1/1
1/1
22/1760
36/131
33/308
1/8
2/3

Patients with flare

Etiology of flare

40%
23.30%
19%
3.20%
/
/
3%
/
/
/
/
/
/
7%
/
/
1.25%
27.40%
11%
12.50%
66.60%

Spontaneous ae-CHC
Spontaneous ae-CHC
Spontaneous ae-CHC
ae-CHC due to anti-TNF alfa
ae-CHC due to anti-CD20
ae-CHC due to anti-CD20
HCV-superinfection
Spontaneous ae-CHC
Spontaneous ae-CHC
HAV superinfection
HBV superinfection
HBV superinfection
ae-CHC due to anti-TNF alfa
HBV/HDV superinfection
HCV-superinfection
HCV-superinfection
Spontaneous ae-CHC
ae-CHC due to anti-CD20
ae-CHC related to chemotherapy
ae-CHC due to anti-TNF alfa
ae-CHC due to anti-CD20

HCV: Hepatitis C virus; HBV: Hepatitis B virus; ae-CHC: Acute exacerbation chronic hepatitis C; TNF: Tumor necrosis factor; HAV: Hepatitis A virus;
HDV: Hepatitis delta virus.

28B CC genotype was more frequent in patients with aeCHC than in those without (40.2% vs 24.4%, P < 0.05).
A second liver biopsy was available for 23 patients with
ae-CHC and for 31 patients without, the first performed
at enrolment and the second during the follow-up. These
patients were naïve for anti-HCV therapy. A deterioration
in liver fibrosis > 2 scores (Ishak) was observed in 78.3%
of patients with ae-CHC and in 35.5% of those without (P
< 0.005); a deterioration in necroinflammation > 2 scores
occurred in 60.9% of patients with ae-CHC and in 9.6%
of those without (P < 0.005). In this study 32 (46.4%)
patients with ae-CHC and 38 without (52%) received
pegylated interferon plus ribavirin, with an SVR in 81.2%
of the patients in the first group and in 60.5% of those
in the second, a difference not significant to the statistical
analysis but of substantial clinical importance.
Other authors have described episodes of ae-CHC:
Tsuji et al[47] reported ae-CHC in 27.4% of 120 patients
with CHC with persistently normal alanine aminotransferase levels; Coppola et al[48] described 57 consecutive
HCV-RNA-positive patients with a hepatic flare hospitalized because of the severity of symptoms and found a
high prevalence of cases with HCV genotype 2a, whereas
Hiraga et al[40] reported a prevalence of less than 1.5% of
flares in a follow-up study of 1760 patients with CHC.
To conclude on this point, patients with a spontaneous ae-CHC frequently show HCV genotype 2, IL28-B
CC genotype and an unfavorable outcome. The more
rapid progression to liver cirrhosis and the risk of developing HCC strongly warrant an early initiation of
anti-HCV therapy, also considering that about 80% of
subjects obtain an SVR with standard Peg-IFN plus ribavirin treatment. The high frequency of HCV genotype
2 and of IL28-B CC genotype and the reactivation of a
cell-mediated immune response favoring HCV clearance
WJG|www.wjgnet.com

may be among the reasons for this favorable response to
treatment.
Hepatic flares in chronic HCV infection may also occur during interferon-based antiviral treatment, but with
no increase in HCV viral load in the case of drug-related
toxicity[54,55] and interferon-induced autoimmune disorders[56-60] and with viral rebound in the case of treatment
failure. A hepatic flare in patients who have achieved a
sustained viral response with interferon-based treatment
can be considered rare since in a 4-year follow-up study
of more than 1300 such patients this event never occurred[61].

AE-CHC IN PATIENTS WITH
SPONTANEOUS OR DRUG-INDUCED
IMMUNOSUPPRESSION
Some authors have recently demonstrated HCV reactivation during or after drug-induced immunosuppression,
but the knowledge of ae-CHC in these immunosuppressed patients is scanty[49] (Table 1). Coppola et al[50]
described an increase in HCV RNA of at least 1.5 log
IU/mL in plasma and of at least 1.1 log IU/mL in peripheral blood mononuclear cells of 7 patients receiving
rituximab and corticosteroid-based chemotherapy; these
patients developed a hepatic flare 3-5 mo after treatment
was discontinued. In a retrospective study Ennishi et al[51]
described a hepatic flare in 27% of 131 patients with
non-Hodgkin’s lymphoma (NHL) and HCV infection
treated with rituximab and prednisone-based chemotherapy. Marignani et al[52] described 3 patients with NHL
and HCV infection treated with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP)
therapy, two of whom experienced HCV reactivation and
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a subsequent hepatic flare after chemotherapy was discontinued. Pitini et al[53] described HCV reactivation with
a hepatic flare in 10 anti-HCV-positive patients treated
with R-CHOP for NHL.
In a retrospective study on 308 patients with cancer
and HCV infection, Mahale et al[62] described a hepatic
flare in 11% of cases, 73% in those with hematological
malignancies and 29% in those with solid cancer (P <
0.001); in the multivariate analysis, the underlying hematological malignancy (P = 0.02, OR = 3.2, 95%CI: 1.2-8.7)
and the use of rituximab (P = 0.004, OR = 4.2, 95%CI:
1.6-10.9) were the only independent predictors of aeCHC.
Also the relationship between anti-TNF-alfa agents
and HCV infection needs further investigation. These
biological agents are effective therapy for a wide spectrum of chronic inflammatory diseases such as psoriasis,
rheumatoid arthritis and inflammatory bowel disease and
have been demonstrated to be safe in CHC[63]. In fact,
Ferri et al[64] reported that of 31 patients with rheumatoid
arthritis and HCV infection treated with anti-TNF-alfa
agents only one developed a hepatic flare but without an
elevation in the HCV viral load. Pritchard[65] described a
patient with rheumatoid arthritis treated with the antiTNF-alfa agent etanercept who experienced a 3-fold increase in the serum aminotransferase levels together with
an increase in HCV viral load and who reverted to the
previous values once etanercept treatment was discontinued. Li et al[66] also described a patient who developed
a hepatic flare under etanercept and showed remission
once this drug was replaced with infliximab.
To conclude on this point, in patients with an oncohematological disease, rituximab-based chemotherapy,
and to a lesser degree rituximab-sparing chemotherapy,
favors HCV replication in hepatocytes, which, once the
treatment is discontinued and the immunological conditions restored, may be a target for enhanced cell-mediated
activity. In these patients, ae-CHC may have a further unfavorable clinical impact since the hepatic flare frequently
requires the discontinuation of life-saving chemotherapy.
Thus, the HCV load and serum aminotransferases should
be closely monitored in onco-hematological patients receiving chemotherapy, particularly if therapy is rituximabbased and/or includes high-dose corticosteroids.

always had a self-limiting clinical course, associated with
a marked inhibition of HBV and HCV genomes; no patient had clinical, laboratory or ultrasound evidence of
liver cirrhosis in this study and the underlying chronic
hepatitis showed a regular clinical course. These data are
in contrast with those from a previous study reporting
a high rate of fulminant hepatitis due to acute hepatitis
A occurring in patients with pre-existing chronic hepatitis[68], but are in complete agreement with those reported
in numerous other studies[69-74].
Several studies have been published on HBV superinfection in HCV chronic carriers and an inhibition of the
HCV genome, temporary or persistent, has always been
documented[75-83]. Biliotti et al[80] in 2008 described 14
patients with an underlying chronic HCV infection who
developed acute hepatitis B of mild clinical course that
suppressed HCV replication. To this regard Sagnelli et
al[81] in 2009 described the clinical and virological impact
of hepatitis B virus superinfection in 29 patients with
chronic HCV infection and compared the data obtained
with those from a control group of 29 normal subjects
who developed acute hepatitis B in the same period, pairmatched by age, sex, and risk factors for the acquisition
of HBV infection. Acute hepatitis B showed a severe
course more frequently in patients with a pre-existing
chronic HCV infection (34.5% vs 6.9%, P < 0.05). HCV
RNA was undetectable in all patients during HBV superinfection: one-third eradicated the HCV chronic infection
and two-thirds became HCV-RNA-positive during a follow-up of 4-6 years; HCV clearance was more frequent
in patients with acute hepatitis B with a severe course
(83.3% vs 22.2%, P < 0.05). Some published case reports
are in good agreement with these data[75-77].
Hepatic flares due to superinfections by other viruses
such as HDV, heterologous HCV strains, HEV and CMV
in patients with chronic hepatitis C have been poorly investigated.
There is little information on the outcome of chronic
HCV infection after HBV/HDV superinfection. To this
regard Deterding et al[84] described a patient with chronic
hepatitis C who cleared HCV infection during an acute
self-limiting HBV/HDV superinfection.
Patients with chronic HCV infection may also develop a superinfection by a heterologous HCV strain if they
continue to be at risk of acquiring HCV infection[85-90].
Grebely et al[85] described 6 patients with chronic HCV infection and a history of intravenous drug addiction who
became superinfected with a different HCV strain; 5 of
these 6 developed a new episode of acute hepatitis C. In
a patient with chronic hepatitis C and a history of intravenous drug addiction, Sagnelli et al[86] documented a second episode of HCV infection associated with a hepatic
flare and with the replacement of HCV subgenotype 2c
with subgenotype 2b.
Accapezzato et al[90] described a patient with chronic
hepatitis C who developed a second episode of acute
hepatitis C after colonoscopy, and the replacement of
HCV genotype 1b with genotype 4. Thus, this might sug-

VIRAL SUPERINFECTION IN PATIENTS
WITH CHRONIC HEPATITIS C
In patients with chronic CHC a hepatic flare may also be
the clinical manifestation of HAV, HBV, HBV plus HDV,
HEV or CMV superinfection (Table 1) or of lifestyle factors such as alcohol intake or the consumption of hepatotoxic drugs.
HAV superinfection in patients with CHC has been
documented by several authors[67-74]. Sagnelli et al[67] described 21 patients with chronic hepatitis who developed
hepatitis A, 13 with an underlying chronic HBV infection
and 8 with a chronic HCV infection. In all cases HAV
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Figure 1 Monitoring schedule for the identification of
a spontaneous hepatic flare in immunocompetent antihepatitis C virus/hepatitis C virus-RNA-positive patients.
HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

Anti-HCV/HCV RNA positive patients

Currently untreated

HCV genotype non-2

Under interferon treatment

HCV genotype 2

ALT monitor
At 6 mo interval

ALT monitor
At 3 mo interval

ALT monitor
At 1 mo interval

Anti-HCV/HCV RNA positive patients

With onco-hematological disease

Rituximab-based
treatment

With other immunosuppressive
conditions

Figure 2 Monitoring schedule for the identification of a
hepatic flare in anti- hepatitis C virus/hepatitis C virusRNA-positive patients with spontaneous or drug-induced
immunosuppression. HCV: Hepatitis C virus; ALT: Alanine
aminotransferase.

Rituximab-sparing
treatment

During chemotherapy:
HCV RNA at 1 mo interval

During immunosoppression:
HCV RNA at 3 mo interval

After chemotherapy:
ALT at 1 mo interval

After immunosoppression:
ALT at 3 mo interval

gest re-determining the HCV subgenotype in the case of
a hepatic flare in patients with CHC who continue to be
at risk of acquiring HCV infection.
HEV infection is endemic in Southeast Asia and
some studies have suggested that HEV superinfection in
patients with an underlying chronic liver disease can cause
severe hepatic decompensation[91-94]. This event should be
considered for a differential diagnosis even in geographical areas where HEV infection is infrequent[95].
Cytomegalovirus can also cause liver damage and
hepatic flares in the context of a systemic infection[96,97].
Reactivation of CMV infection is a frequent complication
after solid-organ transplantation[99], but it may occur also
in immunocompetent patients[98-105] and, consequently, it
should be considered among the possible causes of hepatic flares in patients with CHC.
Concluding on this point, HAV or HBV superinfection in patients with a pre-existing chronic HCV infection can cause acute viral hepatitis that may induce a
strong inhibition of HCV replication and lead in some
cases to a long-term HCV eradication. Viral superinfection, however, may be life-threatening in HCV chronic
carriers at an advanced stage of the disease. Therefore,
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efforts should be made to extend HAV and/or HBV vaccination to patients with CHC, a practice recommended
by several international and national healthcare institutions but which remains poorly applied[28,29]. The data on
the clinical impact of HEV and CMV superinfection in
patients with underlying chronic hepatitis C are scanty,
but there is enough evidence to conclude that these two
viruses should be considered in the differential diagnosis
of flares.

CONCLUSION
The hepatic flare is a frequent and well-known event that
may occur during the clinical course of CHC and may
be due to different causes and have different outcomes.
Apart from IL28B-CC aplotype and HCV genotype 2,
the risk factors for the development of a hepatic flare
are still somewhat obscure, but a possible role of the
metabolic disorders and endocrine derangements, such
as liver steatosis, diabetes and insulin resistance should be
investigated. The clinician treating a patient with chronic
HCV infection should monitor for hepatic flares during the follow-up since an increase in the serum amino-
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transferase values may be asymptomatic. To this regard,
suggested monitoring schedules for immunocompetent
and immunocompromised HCV patients are shown in
Figures 1 and 2, respectively. When a hepatic flare occurs,
the cause of this event or the etiologic agent should be
identified and, when possible, appropriate treatment administered. The influence of the flares on the course of
the underlying CHC should be monitored in order that
the best clinical and therapeutic decisions be made.
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Hepatitis C virus reactivation in cancer patients in the era
of targeted therapies
Ozan Yazici, Mehmet Ali Nahit Şendur, Sercan Aksoy
sial. However, there is the possibility of life-threatening
hepatic flare that can develop after HCV ribonucleic
acid (HCV-RNA) viral load increases. Routine followup of liver function tests should be advised. Especially
in high-risk patients, such as those with baseline
chronic active hepatitis and cirrhosis, and where there
are plans to administer rituximab concomitantly with
corticosteroids, it is advised to have close follow-up of
HCV viral load. The data is insufficient to make accurate statements about the association of alemtuzumab
therapy and HCV reactivation. However, alemtuzumab
may cause deep immunosuppression. Due to this, it
is better to follow up with liver function tests and HCV
RNA levels during alemtuzumab therapy. Brentuximab
has effects on antibody dependent cellular toxicity and
may decrease humoral immunity. Thus, we believe that
during brentuximab treatment of HCV infected patients,
clinicians may encounter hepatitis C reactivation. There
have been no reported cases of hepatitis C reactivation
with imatinib therapy. However, there are many reports
of hepatitis B reactivation with imatinib treatment.
Based on the evidence of hepatitis B reactivation with
imatinib and the effects of imatinib on immune system
functions, we suggest that imatinib therapy might be a
risk factor for HCV reactivation. Anti-human epidermal
growth factor receptor 2 therapies are not associated
with hepatic flare in HCV infected patients. Post-transplant studies reported that mTOR was safely administered to patients with active hepatitis C without causing
hepatic flare. Cetuximab and panitumumab have not
been associated with HCV reactivation. Two cases of
HCV infected melanoma were safely treated with ipilimumab without any HCV reactivation or hepatic flare.
Targeted therapies are a new and emerging area of
oncology treatment modalities. While treating HCV infected cancer patients, clinicians should be mindful of
the immunosuppressive properties of targeted therapies. Further randomized trials are needed to establish
algorithms for this issue.
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Abstract
The purpose of this review is to summarize the evidence of hepatitis C reactivation in cancer patients in
the era of targeted therapies. Targeted therapies are
novel therapeutics frequently used in cancer patients.
During treatment with targeted therapies, viral replication is one of the major problems that can occur. The
PubMed database, ASCO, and ASCO Gastrointestinal
Cancer Symposium abstracts were searched up until
September 15, 2013 using the following search keywords: “targeted therapies, rituximab, alemtuzumab,
brentuximab, hepatitis, hepatitis C reactivation, tyrosine kinase inhibitors, imatinib, mammalian target of
rapamycin (mTOR) inhibitors, everolimus, anti-HER
therapies, trastuzumab, pertuzumab, lapatinib, antiepidermal growth factor receptor therapies, cetuximab,
panitumumab, and ipilimumab”. Papers considered
relevant for the aim of this review were selected by the
authors. The data about rituximab-induced hepatic flare
in hepatitis C virus (HCV) positive patients is controver-
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tive examinations. Most chronic hepatitis C patients have
stable HCV RNA levels over a long time period, which
may be altered no more than 0.5 logs. In this context,
hepatitis C reactivation can be defined as an increase of
HCV-RNA viral load greater than 1 log10 IU/mL and/or
at least a threefold increase in serum ALT in HCV infected patients[7,8].
Hepatitis C virus is one of the leading causes of
chronic hepatitis, cirrhosis, and hepatocellular carcinoma[9]. There has been a widely accepted theory related to
HCV replication with immunosuppressive treatment[10,11].
According to this theory, hepatitis C reactivation with
immunosuppressive therapy can be divided into three
phases. In the first phase, an increase in HCV replication
in hepatic cells causes cell-mediated immunoreactions.
After discontinuation of treatment, the immune system
is fully restored. In the third phase, called the recovery
phase, liver functions recover and HBV markers return
to baseline levels[12]. We will discuss the issue of HCV reactivation according to subtypes of targeted therapies in
the section below.

Core tip: During treatment with targeted therapies,
especially with monoclonal antibodies, viral replication
is one of the major problems for cancer patients. Especially in high risk patients, such as patients with baseline chronic active hepatitis and cirrhosis, and where
there are plans to administer rituximab concomitantly
with corticosteroids, it is advised to have close followup of hepatitis C virus (HCV) viral load and to perform
liver function tests. During alemtuzumab therapy we
also advise to follow liver function tests and HCV RNA
levels. In the course of imatinib therapy, clinicians
should follow liver function alterations. Anti-human epidermal growth factor receptor 2, anti-epidermal growth
factor receptor, and immunomodulating therapies can
be safely used in HCV positive patients.
Yazici O, Şendur MAN, Aksoy S. Hepatitis C virus reactivation in cancer patients in the era of targeted therapies. World J
Gastroenterol 2014; 20(22): 6716-6724 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6716.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6716

MONOCLONAL ANTIBODIES AGAINST
CLUSTER OF DIFFERENTIATION
Rituximab
Rituximab is a chimeric mouse-human antibody that
reacts against CD20 antigens expressed on pre-B and mature lymphocytes. By causing B cell depletion, rituximab
induces humoral immunity dysfunction, may affect T cell
activation, and can also cause dysfunction of cellular cytotoxicity[13]. Rituximab was the first monoclonal antibody
approved by the Food and Drug Administration, and is
the most widely used treatment for CD20 positive B cell
lymphoma patients[14]. As a result of rituximab treatment,
B cell depletion occurs within 24-48 h following the first
infusion. After completion of rituximab therapy, nearly
6-9 mo are needed for B cell recovery. This may render
patients at a high risk of infection. In many studies, it has
been demonstrated that HCV infected B cell lymphoma
patients had more frequent hepatitis than non-infected
controls[15]. In contrast, some studies showed only an increased HCV viral load, but not concomitantly increased
liver function tests. One of these reports, by Aksoy et
al[16], evaluated a case of a HCV infected non-Hodgkin
lymphoma (NHL) patient treated with rituximab monotherapy for three consecutive weeks. During rituximab
therapy, HCV RNA viral load gradually increased without
a significant increase in liver function tests[16]. In another
study, the researchers monitored HCV-RNA levels of five
HCV-antibody (ab) positive NHL patients treated with
rituximab. They observed an increased HCV RNA viral
load during and after chemotherapy in all five patients,
but only one had a significant increase in liver function
tests[17]. In a study from Italy, 156 consecutive HCV infected patients with NHL were retrospectively evaluated.
None of the patients had antiviral therapy. In this retrospective cohort, thirty-five patients were administered

INTRODUCTION
Viral hepatitis reactivation is one of the major challenges encountered during a variety of chemotherapy
treatments. In the literature, there is a well-established
association between hepatitis B virus (HBV) reactivation and some anti-cancer drugs, especially monoclonal
antibodies[1-5]. On the other hand, there is limited data
concerning the reactivation of hepatitis C virus (HCV)
with chemotherapeutic drugs and targeted therapies. In
this review, we aimed to outline the evidence of hepatitis
C reactivation in the era of targeted therapies.
Currently, many oncologists encounter patients
treated with chemotherapy regimens consisting of targeted therapies. Therefore, it is important to deal with
the side effects of these therapies. During treatment with
targeted therapies, especially monoclonal antibodies, viral
replication is one of major problems for cancer patients.
The reactivation of hepatitis viruses has potentially fatal
complications, which have to be followed closely and
carefully. HBV replication is strongly associated with
anti-cluster of differentiation 20 (CD20) monoclonal
antibody containing chemotherapy regimens. However,
only a few studies have investigated the occurrence of
HCV reactivation during immunosuppressive treatments.
As we know from the data of transplant patients, HCV
RNA negative solid organ transplants did not demonstrate HCV replication in plasma, liver, or peripheral
blood mononuclear cells with long-term immunosuppressive treatment[6]. Hepatitis is described as more than
a threefold increase in the upper limit of normal serum
alanine aminotransferase (ALT) levels on two consecu-
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rituximab-containing regimens. Five out of thirty-five
patients had a mild increase in liver function tests, which
did not cause therapy interruption[18].
Nosotti et al[19] showed that HCV infected NHL patients had hepatic flares while treated with regimens containing rituximab. In this study, ALT and bilirubin were
monitored every 2 wk and monthly for at least 12 mo
after completion of chemotherapy, and HCV RNA was
monitored every month in HCV positive NHL patients.
Hepatic flare is defined as a 5 fold increase according to
the criteria of National Cancer Institute Common Terminology Criteria for Adverse Events, Version 3.0. HCVpositive patients had a 12 fold relative risk of developing
liver dysfunction compared to a HCV-negative group
(P < 0.001). Patients who did not receive rituximab did
not develop liver dysfunction. Some patients had hepatic
flares during therapy (n = 3) and two others had flares after completion of therapy, which may be a consequence
of different mechanisms of hepatic damage. Three patients had concurrently increased ALT and HCV RNA,
whereas 2 patients showed a HCV RNA increase before
the rise of ALT. Hepatic flares in this study did not develop into a clinically important problem and none of
the patient treatment regimens were stopped or changed
due to liver dysfunction[19]. In a trial by Nosotti et al[19], no
correlation was found between increased ALT and HCV
RNA during hepatic flares. Besides hepatitis B and C,
rituximab containing regimens may cause reactivation of
many viral diseases, such as cytomegalovirus, parvovirus
B19, echo virus, and varicella-zoster virus[20]. On the other hand, in the cohort of Ennishi et al[17], only one case
had elevated liver enzymes with rituximab therapy. In this
case, while liver function tests increased, HCV RNA levels decreased. This suggests to us that the cause of liver
damage was an immune reaction against hepatocytes with
HCV. This study could not demonstrate any association
between increased viral load and hepatic dysfunction[17].
In one single center experience, 4 patients infected with
HCV with a diagnosis of NHL were treated with rituximab containing regimens. HCV-RNA and HCV antibody titers were analyzed. They found that after postrituximab administration, HCV IgG antibodies in all four
patients decreased slightly throughout the clinical course.
Rituximab induced B cell depletion for many months, but
HCV RNA load did not remain elevated. As a result, we
think that B cell depletion was not the only reason for the
elevated HCV RNA level. Data about the pathogenesis
of rituximab induced HCV reactivation is controversial.
As a consequence of B cell depletion, IgG antibody titers
decrease, which may lead to viral evasion from the immune system and cause accelerated viral replication[21].
Another explanation was obtained from lupus studies.
One lupus study demonstrated that regulatory T cells increased within 30 d of rituximab administration, but after
the 30th day T cell apoptosis suddenly increased and the
number of T cells decreased within 90 d[22]. Decreased
numbers of T cells suggest that this decreased amount
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may have not been enough for suppression of HCV. On
the other hand, another study from Italy did not find any
association between rituximab administration and HCV
reactivation[18]. A third explanation for the association
between HCV reactivation and rituximab therapy is that
HCV particles are carried by B-lymphocytes of HCV infected patients and after destruction with rituximab these
particles disperse to the whole body[23]. In another study,
104 consecutive patients with NHL, who had no antiviral treatment, were retrospectively evaluated. This study
aimed to evaluate the liver related effects of rituximab on
HCV-infected NHL patients. All patients were screened
for HCV serum antibodies. HCV antibody positive patients were further examined for HCV RNA levels and
HCV genotyping. Nine out of 104 patients were HCV
positive prior to rituximab-containing regimens. Hepatic
flare was defined as an ALT increase > 5 times the upper
limit of normal. Three of the HCV-Ab positive patients
had hepatic flares, as well as a slightly increased HCV
RNA viral load compared to HCV-Ab negative patients,
none of whom had hepatic flares. The difference was
statistically significant (P < 0.001). However, no correlation was detected between ALT and levels of HCV-RNA.
Until now, there have not been any randomized placebo
controlled studies. The results thus far have been from
single center institution experiences and small studies. For
instance, Dizdar et al[24] reported that patients with a high
baseline HCV RNA load might have a mortality rate of
up to 45% after rituximab containing therapy. The study
from Italy evaluated 8 HCV infected onco-hematological
malignancies. Seven of the patients had rituximab containing regimens, and all of which had at least a 1.5 log
IU/mL increase of HCV RNA level. Hepatic flare was
detected after discontinuation of rituximab, possibly due
to cell mediated immunological response against HCV
infected hepatocytes. One cirrhotic patient had a life
threatening hepatic flare[25]. These interesting results were
also supported by the results of one cryoglobulinemia
patient who had two cycles of rituximab. After discontinuation of rituximab, the hepatic flare observed in this
patient coincided with a reappearance of B cells and a
HCV RNA decline, suggesting a role of antibody dependent cellular cytotoxicity[26].
In conclusion, the evidence concerning hepatic flare
in HCV infected patients undergoing rituximab therapy
is inconsistent. However, there is the possibility of lifethreatening hepatic flares developing after a HCV-RNA
viral load increase. Therefore, routine follow-up of liver
function tests should be recommended. Especially in
high-risk patients, such as those with chronic active hepatitis and cirrhosis, and where it is planned to administer
rituximab concomitantly with corticosteroids and chemotherapy regimens, patients should be closely monitored
for HCV RNA levels. For HCV infected lymphoma patients, as suggested in recent studies[27,28], we advise considering anti-hepatitis C virus treatment on an individual
basis prior to rituximab therapy.
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Alemtuzumab
Alemtuzumab is a human monoclonal antibody against
CD52 receptors localized on lymphoid cells[29]. It fixes
complements and causes antibody dependent cellular
cytotoxicity. Thus, alemtuzumab depletes normal and
malignant T and B lymphocytes and causes deep immunosuppression[30]. It can be used alone or in combination
with chemotherapy regimens for the treatment of patients with refractory chronic lymphocytic leukemia (CLL)
that have poor prognostic factors. In the literature, it was
first reported that two CLL patients with occult hepatitis
B infection, developed virological and biochemical hepatic flares following alemtuzumab therapy[31]. After publication of the first cases of hepatitis B reactivation with
alemtuzumab, the first case of hepatitis C reactivation
was reported[24]. This patient in said case was suffering
from CLL, and had severe hepatitis due to reactivation of
HCV following treatment with a combination of alemtuzumab and methylprednisolone. This was a case of relapsed CLL, which was anti-HCV IgG positive and HCV
RNA negative. Liver function tests were within normal
limits prior to alemtuzumab therapy. Thirty-four days
after the first dose of alemtuzumab and prednisolone, a
rapid rise of ALT and gamma glutamyltransferase was
detected. Concurrently, HCV RNA viral load increased
to > 106 copies/mL. Immediately after discontinuation
of alemtuzumab therapy, administration of ribavirin
600 mg orally twice daily and interferon alfa-2a 180 mcg
subcutaneously once weekly was begun. However, HCV
RNA copies continued to fluctuate and never returned to
normal levels[32].
In conclusion, the data is insufficient to offer clear
advice concerning the effect of alemtuzumab therapy
on HCV infected lymphoma patients. However, as alemtuzumab causes deep immunosuppression, like all other
immune response modifiers during alemtuzumab therapy
of HCV infected patients, we advise following liver function tests and HCV RNA levels.

cians may encounter hepatitis C reactivation. For further
comments on this issue, we will have to wait for an accumulation of experience with brentuximab administration.

TYROSINE KINASE INHIBITORS
The tyrosine kinase inhibitor group consists of many
different drugs. Some tyrosine kinase inhibitors, especially sunitinib, sorafenib, and pazopanib, still have no
reported association with viral hepatitis reactivation in
the literature. In a phase 3 trial, sorafenib or sunitinib was
administered to hepatocellular carcinoma patients. In this
study most of the patients were HBV or HCV positive
prior to diagnosis of hepatocellular carcinoma. During
treatment, only one patient (0.2%) in the sunitinib arm
and three (0.6%) in the sorafenib arm had hepatic failure.
HCV and HBV infected patients safely used sunitinib or
sorafenib without clinically significant hepatitis C reactivation[35]. However, sorafenib-induced liver failure has
only been reported in two patients with a diagnosis of
thyroid cancer[36,37]. Although hepatic failure associated
with sorafenib treatment is rare, in HCV infected patients
the possible development of sorafenib induced hepatic
flare must be kept in mind. On the other hand, HCV
uses some tyrosine kinase pathways during the replication
process[38]. Therefore, some TKIs may have a suppressive
role on HCV replication. For example, one in vitro study
demonstrated that sorafenib efficiently blocks HCV replication in vitro[39].
Pazopanib is another multikinase inhibitor used in
the treatment of advanced renal cell cancer and different
types of sarcomas. In a phase 3 trial of pazopanib in advanced renal cell carcinoma patients, the most commonly
detected laboratory abnormality was elevated ALT and
AST. However, most of the elevations in liver function
tests were asymptomatic and irreversible[40]. There have
been no reported cases of hepatitis related to axitinib
treatment[41]. We therefore believe that pazopanib and
axitinib can be safely used in HCV infected cancer patients. Crizotinib is a novel multi-targeting tyrosine kinase
inhibitor. One case report showed acute hepatitis with
crizotinib therapy in a dose dependent manner[42]. From
this point of view, we should keep in mind that in HCV
infected patients crizotinib induced liver injury may cause
a high risk of mortality. We will focus on imatinib, which
was reported in the literature as causing viral hepatitis
reactivation.

Brentuximab
Brentuximab vedotin is another monoclonal antibody
against CD30 on lymphocytes, conjugated with the antimicrotubule agent monomethyl auristatin. CD30 can be
found on malignant lymphoid cells and activated T cells.
CD30 has an important role in developing memory and
effector CD4+ T cells, but its effects on B cells are controversial. However, studies on mice demonstrated that
CD30L/CD30 interactions cause an increased humoral
immune response[33]. Following binding to CD30, brentuximab vedotin is rapidly internalized and leads to cell
cycle arrest and apoptosis. Brentuximab has been used
in relapsed/refractory Hodgkin lymphoma and CD30positive lymphoproliferative disorders[34]. In the literature,
there have been no reported cases of viral hepatitis reactivation with brentuximab treatment, but brentuximab
may affect antibody dependent cellular toxicity and may
decrease humoral immunity. Thus, we believe that during
brentuximab treatment of HCV infected patients, clini-
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Imatinib
Imatinib mesylate is a well-known tyrosine kinase inhibitor of the BCR-ABL fusion gene product, and is generally used for the treatment of chronic myeloid leukemia
(CML) and gastrointestinal stromal tumors. Still, there
has been no reported case of hepatitis C reactivation
under imatinib therapy. However, there were many reports of hepatitis B reactivation in CML patients[43-46].
Interestingly, in none of the gastrointestinal stromal tumor patients was it reported that they had viral hepatitis
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B reactivation. Except for CML, only one case of desmoid tumor had hepatitis B reactivation during imatinib
treatment. The reason imatinib induces reactivation is
unclear, but in vitro studies have shown that imatinib can
inhibit T-cell activation and proliferation[47]. The explanation is that there is an impairment of differentiation of
progenitor stem cells to dendritic cells by imatinib, and as
a consequence there is a defective immune response[48].
Two of the reported cases by Lai et al[46] support the hypothesis of the immune restoration stage of HBV reactivation. Clinicians should follow up HBV DNA and liver
function tests of HBV infected patients during imatinib
treatment. There has been no clear data about hepatitis
C reactivation. Only one case report has shown that a
HCV-positive CML patient with molecular remission did
not develop any clinically important hepatic flare[49]. In a
phase Ⅱ study, HCV and HBV infected hepatocellular
carcinoma patients were treated with imatinib and no
clinically relevant hepatic flare occurred as a treatment
complication, although one patient had grade 3 ALT elevation in this study. In this trial, imatinib was safely used
in HCV and HBV infected patients[50]. These data are
insufficient to make a correct interpretation, but based
on the evidence of hepatitis B reactivation with imatinib
and the effects of imatinib on immune system functions,
we think that imatinib therapy might be a risk factor for
HCV reactivation in infected patients. Therefore, during
imatinib treatment of HCV infected patients, clinicians
should be alert and carefully following liver function alterations.

sion, and clinical, biochemical, and histological parameters were stabilized[56]. Another post-transplant study also
included relapsed HCV infections, and demonstrated that
everolimus can be used safely without HCV reactivation
in long-term post-transplant patients[57]. Temsirolimus
is another mTOR inhibitor used for advanced renal cell
carcinoma. It has similar immunosuppressive and anticancer properties as everolimus. The use of temsirolimus
may cause immunosuppression and an increased risk of
infections[58]. To our knowledge, no case of viral hepatitis
reactivation related to the use of temsirolimus has been
reported in the literature. Although these are post-transplant studies, we should emphasize that mTOR activity
is critical for the anti-hepatitis C virus action of interferon[59]. Therefore, we can speculate that mTOR inhibitors
may induce HCV replication in HCV infected patients by
blocking mTOR activity.

ANTI-HER-2 AND ANTI-EPIDERMAL
GROWTH FACTOR RECEPTOR
MONOCLONAL ANTIBODIES
Trastuzumab is a monoclonal antibody against HER-2
(also known as ErbB-2). Single center experience reported the results of 10 breast cancer patients infected with
HCV. Among 10 patients who received chemotherapy,
two received only trastuzumab and two received combination therapy of trastuzumab and cytotoxic chemotherapy. This study demonstrated no clinically meaningful
changes in HCV-RNA viral load or increased liver enzymes in breast cancer patients receiving chemotherapy
and/or trastuzumab[60]. One interesting case report had
decreased HCV RNA levels with trastuzumab therapy. In
this editorial it was suggested that epidermal growth factor signaling might be biologically relevant for HCV[61].
To date in the literature, there has been no report related
to pertuzumab and lapatinib associated with hepatic flare
in HCV infected cancer patients. In summary, it seems
to be safe to administer anti-HER2 therapies to HCV infected patients.
Cetuximab and panitumumab are two monoclonal
antibodies against epidermal growth factor receptor
(EGFR). Although there has been no association with
HCV reactivation, there has been interesting data about
EGFR and hepatitis C virus. EGFR has been shown to
be important in the entry process for HCV[62,63]. HCV
infection has been shown to result in EGFR activation.
Lupberger et al[64] reported that, in HCV infected patients,
IFN-alfa and the EGFR inhibitor erlotinib potentiate the
anti-viral effect in a synergistic manner.

MAMMALIAN TARGET OF RAPAMYCIN
INHIBITORS
The most well-known mammalian target of rapamycin
(mTOR) inhibitor is everolimus, which is approved in
renal carcinoma, neuroendocrine tumors, and breast cancer. Inhibition of mTOR blocks interleukin 2 and nuclear
factor-kappa signaling. Therefore, mTOR inhibitors have
anticancer and immunosuppressive properties, which
can cause various infections[51]. Teng et al[52] reported that
activation of the mTOR pathway in HBV infected hepatocytes may feedback suppress HBV surface antigen
synthesis. According to this report, mTOR inhibitor
therapies may potentially activate HBV replication[52]. In a
clinical trial of everolimus, one patient died due to HBV
reactivation. In the literature, two patients with renal cell
cancer were reported to have hepatitis B reactivation
associated with everolimus treatment[53,54]. In a phase 3
study, which investigated the efficacy of everolimus in
breast cancer patients, the first case of everolimus-related
HCV reactivation was reported[55]. Most of our knowledge about everolimus administration in HCV infected
patients is dependent on transplant studies. One such
study demonstrated that three recurrent hepatitis C patients after liver transplantation were treated with everolimus as a post-transplant immunosuppressive agent. In
this study, none of the patients had hepatitis C progres-
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IMMUNOMODULATING MONOCLONAL
ANTIBODIES
Ipilimumab is a recombinant monoclonal antibody that
blocks the action of negative T cell regulator cytotoxic
T-lymphocyte associated antigen 4 (CTLA4). Therefore,
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Table 1 Association of targeted therapies and hepatitis C virus reactivation
Targeted therapy
Anti-CD antibodies
Rituximab

Increased HCV viral load

HCV related hepatic flare

Liver function test follow-up

HCV RNA follow-up

Yes, in case series

May cause, further studies are
needed
Yes, in one case report
No data in literature

Yes
Yes
No

Yes, especially in
high risk patients
Yes
No

Yes (DIH)

No

No (DIH)

No

Yes, may cause dose
dependent hepatitis
Yes (DIH)
Yes (DIH)

No
No
No

Yes

No

No
No

No
No

No
No

US
US

No
No

No
No

No

Yes (DIH)

No

Alemtuzumab
Yes, in one case report
Brentuximab
No data in literature
Tyrosine kinase inhibitors:
Imatinib
HBV reactivation in CML patients,
No (possibly in HBV infected
insufficient data related to HCV
patients)
Sorafenib
No, on the contrary in some cases
No
sorafenib may have a suppressive effect
on HCV viral load
Crizotinib
US
US
Pazopanib
Lapatinib
mTOR inhibitors:
Everolimus

US
No

US
No

Maybe (2 cases of HBV reactivation in
Yes
the literature)
(In phase 3 trial as a side effect)

Anti-Her2 Ab:
Trastuzumab
No
Pertuzumab
No
Anti-EGFR therapies:
Cetuximab
US
Panitumumab
US
Immunomodulating Ab:
Ipilimumab
No (Two cases of HCV infected patients
were safely treated)

Ab: Antibodies; US: Unspecified; DIH: Drug induced hepatotoxicity; HCV: Hepatitis C virus.

ipilimumab causes T cell activation and proliferation. Immune mediated hepatitis is a well-known side effect of
ipilimumab treatment. CTLA4 pathways have a role in
the exhaustion of HCV specific T cells in HCV infected
patients[65]. One of the well-known side effects of ipilimumab is autoimmune hepatitis. However, only two cases
of HCV infected melanoma patients have been safely
treated with ipilimumab without any HCV reactivation
and hepatic flare, and one of these case reports showed
decreased viral load during ipilimumab treatment[66,67].

baseline active hepatitis or cirrhosis. In addition, if administration of corticosteroids to patients concomitantly
with rituximab is planned, we recommend close monitoring of HCV RNA levels. Anti-HCV treatment should be
considered on an individual base before rituximab therapy. Alemtuzumab is another monoclonal antibody against
CD52 that can cause deep immunosuppression like all
other immune response modifiers. We advise testing of
liver function and HCV RNA levels for HCV infected
patients receiving alemtuzumab therapy. Brentuximab
is an anti-CD 30 antibody and may cause hepatitis C reactivation in HCV infected patients. Further evidence is
needed to make comments on brentuximab.
As a group, tyrosine kinase inhibitors do not cause
HCV reactivation. However, imatinib mesylate, the most
widely-used tyrosine kinase inhibitor, has been associated with HBV reactivation. Based on this information,
we think that imatinib therapy might be a risk factor for
reactivation of HCV in infected patients. Therefore, clinicians should be alert and carefully follow liver function
alterations during imatinib treatment of HCV infected
patients. mTOR inhibitors have immunosuppressive
properties, but only in one phase 3 study was everolimus related HCV reactivation reported as a side effect.
In contrast, post-transplant studies demonstrated that
everolimus could be safely used in HCV infected patients.
Anti-HER2 and anti-EGFR therapies can be safely used
in HCV infected patients. To our knowledge, only two
cases of a HCV infected melanoma patient were safely

CONCLUSION
Hepatitis C reactivation is one of the major challenges
during treatment of HCV infected cancer patients. Targeted therapies are a new emerging area in cancer treatment and may interfere with normal immune system
function, leading to reactivation of viral hepatitis. We
should consider HCV reactivation during treatment with
targeted therapies in HCV infected patients (Table 1).
It is clear that an increased HCV viral load is caused
by rituximab therapy in HCV infected patients. However,
said increase is not directly associated with hepatic flares.
The pathogenesis of rituximab induced hepatic flares
needs to be investigated in further randomized studies.
However, there is the possibility of having life threatening hepatic flares during and after rituximab therapy. In
this context, we strongly recommend close follow-up
with liver function tests, especially in patients who have
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treated with ipilimumab without any HCV reactivation or
hepatic flare.
Targeted therapies are a new emerging area of oncology treatment modalities. When treating HCV infected
cancer patients, clinicians should be careful about the
immune suppressive properties of targeted therapies.
Furthermore, randomized trials are needed to establish
algorithms for this issue.
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Gender-related differences in irritable bowel syndrome:
Potential mechanisms of sex hormones
Mathieu Meleine, Julien Matricon
menstrual cycle affect sensorimotor gastrointestinal
function in both healthy and IBS populations. They can
modulate pain processing by interacting with neuromodulator systems and the emotional system responsible for visceral pain perception. These hormones can
also modulate the susceptibility to stress, which is a
pivotal factor in IBS occurrence and symptom severity.
For instance, estrogen-dependent hyper-responsiveness
to stress can promote immune activation or impairments of gut barrier function. In conclusion, whereas
it is important to keep in mind that ovarian hormones
cannot be considered as a causal factor of IBS, they arguably modulate IBS onset and symptomatology. However, our understanding of the underlying mechanisms
remains limited and studies assessing the link between
IBS symptoms and ovarian hormone levels are needed
to improve our knowledge of the disease evolution with
regard to gender. Further studies assessing the role of
male hormones are also needed to understand fully the
role of sex hormones in IBS. Finally, investigation of
brain-gut interactions is critical to decipher how stress,
ovarian hormones, and female brain processing of pain
can translate into gut dysfunctions.
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Abstract
According to epidemiological studies, twice as many
women as men are affected by irritable bowel syndrome (IBS) in western countries, suggesting a role for
sex hormones in IBS pathophysiology. Despite growing
evidence about the implications of sex hormones in IBS
symptom modulation, data on mechanisms by which
they influence disease development are sparse. This
review aims to determine the state of knowledge about
the role of sex hormones in sensorimotor dysfunctions
and to address the possible interplay of sex hormones
with common risk factors associated with IBS. The
scientific bibliography was searched using the following keywords: irritable bowel syndrome, sex, gender,
ovarian hormone, estradiol, progesterone, testosterone, symptoms, pain, sensitivity, motility, permeability,
stress, immune system, brain activity, spinal, supraspinal, imaging. Ovarian hormones variations along the
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Key words: Irritable bowel syndrome; Pathophysiology;
Gender; Sex hormones; Gut; Sensori-motricity; Neurosensitization; Stress; Immune activation; Permeabilization
Core tip: This review summarizes the current knowledge
on the role of ovarian hormones in the pathophysiology
of irritable bowel syndrome (IBS). A better understanding of gender differences in IBS may help unveil some
key mechanisms contributing to IBS development. We
present data on: (1) the modulatory role of ovarian
hormones on IBS symptoms; (2) influence of ovarian
hormones on risk factors associated with IBS; and (3)
potential mechanisms of action, by which ovarian hormones can modulate and/or induce IBS symptoms.
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knowledge on the influence of ovarian hormones on the
pathophysiology of IBS. A better understanding of gender differences in IBS may be a useful approach to unveil
some key mechanisms contributing to its development,
and eventually, may provide new therapeutic strategies. In
this review, we present data on: (1) the modulatory role
of ovarian hormones on IBS symptoms; (2) influence of
ovarian hormones on risk factors (e.g., stress, permeability
and immune system dysfunction) associated with IBS;
and (3) potential mechanisms of action, by which ovarian
hormones can modulate and/or induce IBS symptoms.

Meleine M, Matricon J. Gender-related differences in irritable
bowel syndrome: Potential mechanisms of sex hormones. World
J Gastroenterol 2014; 20(22): 6725-6743 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6725.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6725

INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal (GI) disorder. IBS is typically characterized by chronic abdominal pain and bowel
habit disturbance[1]. The chronicity and the nature of IBS
symptoms lead to major impairment in patients’ quality
of life and to a significant financial burden for the public
healthcare system[2]. However, IBS management remains
difficult because of the current lack of appropriate treatment[3]. Consequently, understanding the pathophysiological mechanisms underlying IBS is a key issue for drug
development[4,5].
Epidemiological data on sex ratio in IBS provides
an intriguing and often overlooked potential avenue for
deciphering the pathophysiological mechanisms of IBS:
the role of sex hormones in IBS etiology. Indeed, IBS
is predominantly diagnosed in women, with a female to
male sex ratio ranging from 2:1 (questionnaire-based diagnostics) to 4:1 (practice-based diagnostics)[6]. It is also
noteworthy that many if not all the comorbid diseases
associated with IBS also share this female predominance.
To name the most common, fibromyalgia[7], migraine[8],
other functional GI disorders such as functional dyspepsia[9], chronic pelvic pain[10], chronic fatigue syndrome[11],
and depression[12] all have sex ratio skewed towards female gender[13].
Ovarian hormones can modulate intestinal function
and transit speed[14-18]. These properties make ovarian
hormones an interesting suspect for explaining gender
differences in IBS. There is a strong correlation between
IBS and dysmenorrhea[19] and variations in ovarian hormone levels during the menstrual cycle have been shown
to modulate IBS symptomatology in women [17,20]. In
particular, exacerbation of abdominal pain during perimenses (i.e., the menstruation phase period characterized
by low ovarian hormone levels) has been consistently observed when compared to other phases of the menstrual
cycle[6,16,21-23]. Interestingly, the same findings have also
been observed in inflammatory bowel disease, another
chronic intestinal disease[24]. Lower ovarian hormone levels characterize the perimenses period, therefore, these
observations suggest that female sex hormones have
a protective role against IBS-associated pain[25]. However, studies in this field of research are scarce and the
mechanisms of action of ovarian hormones are unclear.
For instance, no correlation has been found between
plasma ovarian hormone levels and premenstrual symptoms[16,20,26], suggesting more complex interactions between hormones and the gut sensorimotor system.
The goal of this review is to summarize the current

WJG|www.wjgnet.com

RESEARCH
Search strategy
A multidisciplinary search of the clinical and preclinical
bibliography was conducted using Medline/PubMed to
identify studies assessing involvement of sex hormones
in the pathophysiology of IBS. The search was restricted
to studies published in English up to October 2013. The
following key words were used to identify original articles
with potential relevance to gender differences in IBS, effect of menstrual cycle, menopausal status or hormonal
treatments on IBS symptomatology: irritable bowel syndrome, sex, gender, ovarian hormone, estradiol, progesterone, testosterone, symptoms, pain, sensitivity, motility,
permeability, stress, immune system, brain activity, spinal,
supraspinal, imaging.
Data extraction and exclusion criteria
The bibliography search yielded a total of 473 articles.
The articles retrieved by the Medline/PubMed search
were evaluated based on their title and abstract. Studies
including patients diagnosed using Rome Ⅰ, Ⅱ or Ⅲ criteria were included. Individual case reports, abstracts and
studies published in languages other than English were
excluded. Additionally, relevant publications cited in reviews, but which were not captured by the search strategy, were also considered. After selection, 175 papers were
analyzed and used to write the review. The outcome measure was the description of ovarian-dependent changes
in gut immunity, gut sensori-motricity, gut permeability,
or pain processing, which were compared between IBS
patients and healthy controls.

RESULTS
The first part of this review describes associations between gender and IBS intestinal symptoms, and aims at
deciphering the influence of ovarian hormones on sensorimotor dysfunction. Sensorimotor dysfunction is the
key feature of IBS pathophysiology and results in altered
bowel habits and visceral hypersensitivity, the two major
symptoms leading patients to seek medical attention. In
the second part, the review details the impact of gender
and ovarian hormones on central and peripheral alterations frequently associated with IBS, namely stress, gut
barrier permeability and immune system activation.
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Role of ovarian hormones in GI motility impairments in
IBS
Female gender and influence of ovarian hormones
on GI motility: Generally, women display slow GI transit
compared to men, with delayed gastric emptying[27] and
reduced colonic transit time[28]. This gender difference
in GI motility could be, at least partially, due to ovarian
hormone variations during the menstrual cycle. Indeed,
it has been shown in healthy women that GI transit duration tends to be prolonged during the luteal phase and
at onset of menses compared to the follicular phase[29],
although this finding was not consistently replicated[30,31].
Further support is given to the idea of a modulatory role
of ovarian hormones on GI motility by the frequent association between hormonal changes during pregnancy
and the co-occurrence of GI motility disorders[32,33]. GI
transit time is significantly prolonged in the third trimester of pregnancy when ovarian hormone levels are increased, compared to the postpartum period[32]. Although
mechanical causes inherent to morphological changes
during pregnancy can account for bowel habit disturbances[34], it seems that the endocrinological changes are
more likely to be the accountable causes of GI motor
impairments. Preclinical studies showed an increase in
the release of NO in the vascular compartment and from
the nonadrenergic, noncholinergic nerves, innervating
the proximal colon, during late pregnancy compared with
mid-pregnancy[35]. This NO increase is responsible for
motility decrease in the GI tract and is thought to be mediated by estradiol[36]. Other animal studies confirmed the
correlation between hormonal fluctuations and GI motility. In naive female rats, a biphasic transit pattern was
observed during estrus cycling with a slow transit during
proestrus and estrus (i.e., the period preceding ovulation and during which estrogen levels rise up) compared
to metestrus-diestrus phases (i.e., the period following
ovulation, characterized by decreased estrogen levels and
increased progesterone levels)[37]. Moreover, pregnant
animals have a transit time comparable to those of rats
in proestrus-estrus phases, when estrogen levels are increased[37], thus supporting clinical observations.
GI complaints during the menstrual cycle can be
related to motility changes and/or altered perception of
intestinal motor events. These abnormalities can be, at
least partially, mediated by changes in ovarian hormone
levels as demonstrated by clinical and animal studies
highlighting a differential role of these hormones on GI
motility. Indeed, it has been shown that estrogens inhibit
colonic smooth muscle contractility via a nongenomic
mechanism as suggested by the rapid onset and reversible action of the ovarian/sex steroids[38]. Animal studies
further showed that estrogens have a peripheral action on
smooth muscle contractility. For instance, in ileal tissue
isolated from ovariectomized rats, contractions induced
by the cholinergic agonist carbachol were impaired in rats
treated with estradiol for 3 d. This alteration is due to the
inhibition by estradiol of RhoA signaling, a small GTPase
protein known to regulate smooth muscle contractility[39].
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Inhibitory effects of estrogen on colonic contractile activity have been confirmed in isolated rabbit distal colon
in which estradiol potentiates the inhibitory effects of
oxytocin on distal colonic contraction[40]. Interestingly,
estradiol had no effects on the oxytocin-induced decrease
in motility in the proximal colon[41], suggesting a fine
regulation of intestinal motility by ovarian hormones depending on GI segments. Oxytocin and estradiol display
diverse and sometimes opposite effects depending on
species, methods and gut segments considered, adding
complexity to our limited understanding of these mechanisms[42,43]. Thus, another report demonstrated that in
rats, systemic administration of oxytocin excited colonic
motility during proestrus and estrus when estradiol concentration is elevated but not during diestrus when estradiol concentration is low[44].
Estrogen can also affect intestinal motility via the
involvement of peptidergic hormones. For instance, in
ovacter-iomized rats, estradiol benzoate (EB), an estrogen-like hormone, inhibited GI transit and this inhibition
was correlated with cholecystokinin (CCK) plasma concentration. CCK(A) receptor antagonists attenuated EBinduced inhibition of GI transit while CCK(B) receptor
antagonists had no effects. These results suggest that GI
transit estradiol-induced inhibition involves CCK and
CCK(A) receptor activation[42].
Similarly to estrogen, data from studies performed in
different species suggest an inhibitory effect of progesterone on GI tract motility[45-49]. However, it is noteworthy that depending on the dose, progesterone displays
opposite effects. Indeed, while a decrease in GI motility
is generally described with high doses, low dose of progesterone seems to induce a motility increase[47]. Several
mechanisms have been proposed to explain the differential effects of progesterone. In the guinea pig distal colon,
progesterone inhibits transit by altering the normal levels
of prostaglandins that induce contraction (PGF2α) and
relaxation (PGE2) of intestinal muscles. This is the result
of changes in the pattern of G proteins which regulate
prostaglandins expression[48]. Similar mechanisms have
been observed in intestinal muscle cells from women with
chronic constipation, in which G proteins promoting
contractions were downregulated and inhibitory G proteins were, by contrast, upregulated. In this study, these
abnormalities were reproduced in vitro by pretreatment of
normal colonic muscle cells with progesterone, suggesting a direct involvement of progesterone and its receptor
activation on colonic muscle contractility[48]. Interplay between progesterone and the serotoninergic system could
also underlie altered bowel habits in women. Serotonin
(5-hydroxytryptamine or 5-HT) is known to play a key
role in the motor function of the GI tract by regulating
smooth muscle contractility[50]. It has been shown that
progesterone administration globally increased 5-HT levels by decreasing the level of serotonin transporter (SERT)
which participates in 5-HT reuptake[51], monoamine oxidase mRNA[52,53] expression, and increasing the availability
of 5-HT precursor, tryptophan[53]. This effect of proges-
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terone on the serotoninergic system is surprising because
5-HT, in many cases, promotes peristalsis. However,
recent studies demonstrated that in women with slow
transit constipation (STC), progesterone receptors were
overexpressed in colonic muscle[54] and epithelial cells[55].
SERT levels were lower and 5-HT concentration was
higher than in healthy controls. These results are difficult
to explain but the authors hypothesized that increased
levels of 5-HT are mostly ineffective in female patients
with STC because of the overexpression of progesterone
receptors in muscle cells, which impairs the contraction
of the circular muscle layer[55]. Nevertheless, the interaction between progesterone, 5-HT and muscle contractions remains to be clarified.

5HT system, which is known to regulate peristalsis; female IBS patients report constipation-related symptoms
more often than men, except at the time of menses,
when ovarian hormone levels are low; ovarian hormones
may contribute to altered motility in IBS-D patients by
interacting with the 5HT system.
Role of ovarian hormones in visceral hypersensitivity in
IBS
Influence of gender and sex hormones on visceral pain:
Over the past 20 years, clinical studies regarding the influence of gender on pain responses have built up a body
of evidence demonstrating that women are at greater
risk for many pain conditions than men. It is now well
established that prevalence of most common forms of
pain is higher in women than men, and women display
increased sensitivity to several forms of experimentally
induced pain including visceral pain [13,64,65]. Accordingly, women are more likely to report abdominal pain,
increased pain perception and discomfort to colorectal
distension (CRD), and pain-related IBS symptoms than
men do[56,66,67]. Similar observations have been made in
rodents, in which females have greater visceromotor response to CRD than males[68-72]. The influence of gonadal
hormones on nociception could explain these gender-related differences. Accordingly, animal studies showed that
hormonal status is able to modulate visceral and somatic
sensitivity to different nociceptive stimuli[73-77].

Influence of ovarian hormones on motility in IBS
pathophysiology: The aforementioned studies were
conducted in healthy volunteers, naive animals or isolated
organs. Only few studies assessing the effects of ovarian hormones on intestinal motility are available in IBS
patients or in animal models of impaired motility. Female IBS patients are more likely to report constipationrelated symptoms including abdominal distension, bloating, infrequent stools and hard stools than men with
IBS[56]. In contrast, men report more frequently diarrhearelated symptoms of loose stools and increased stool
frequency[57]. Interestingly, at the time of menses, when
ovarian hormones are low, diarrhea symptoms become
more prevalent in women than constipation does[56]. It is
important to notice that menstrual cycle effects on motility symptoms were similar in healthy women and IBS
patients but symptom severity was greater in women with
IBS[56]. The 5-HT system plays a pivotal role in motility impairment associated with IBS, because it has been
shown that postprandial platelet-depleted plasma 5-HT
concentration was abnormally elevated in IBS patients
with diarrhea (IBS-D)[58-60] but reduced in IBS patients
with constipation (IBS-C)[60,61] compared with healthy
volunteers. These observations are consistent with animal studies reporting accelerated GI transit induced by
increased 5-HT levels[62]. Houghton et al[63] highlighted the
influence of the menstrual status on plasma 5-HT concentration by showing that IBS-D women who exhibit
lower estrogen and progesterone levels at time of menses
have an increased 5-HT plasma concentration compared
to IBS-D women with high ovarian hormone levels. Although no correlation with motility symptoms were made
in this study, it pointed out differential 5-HT metabolism
depending on the cycle phases considered in IBS-D
patients. Given the involvement of 5-HT system in GI
motor function, these data suggest a dynamic role for
ovarian hormones in GI transit impairments observed in
IBS-D patients.

Modulation of peripheral pain processing by ovarian hormones: Altered visceromotor response to CRD
in rodents after ovariectomization indicate that ovarian
hormones modulate gut sensitivity[78-80] and this is corroborated by changes in visceral sensitivity during the estrus cycle. Indeed, in female rats, visceral sensitivity is increased during proestrus compared to met/diestrus[81,82].
In ovariectomized rats, estradiol administration increases
visceromotor response to a visceral painful stimulation
consisting of colon or bladder distension[75,76,78,79,83-87],
whereas progesterone is thought to counteract the effects
of estradiol by an antinociceptive action[83]. However,
depending on the dose, ovarian hormones can have opposite effects, and if estrogens are thought to be pronociceptive at physiological concentrations, one study showed
that estradiol can be antinociceptive at supraphysiological levels[88]. Furthermore, conflicting results come from
studies in different species. For instance, unlike rats,
ovariectomized mice displayed long lasting visceral hyperalgesia, which was reversed by estradiol administration[26].
Estrogen receptor (ER) α and ER β are both expressed at a peripheral level in small-diameter dorsal root
ganglion (DRG) neurons conducting nociceptive information[89]. ER activation can modulate nociception by
regulating the expression of ion channels and receptors
in sensory neurons. Estradiol can inhibit high-voltage
activated calcium channel of L and N type expressed
on primary afferents[90]. Moreover, the ATP purinoceptor P2X3 and the capsaicin-sensitive transient receptor

Key points: Women display slow GI transit compared
to men; transit time is prolonged when ovarian hormone
levels are high; estrogen and progesterone inhibit smooth
muscle contraction; progesterone modulates the colonic
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Gender and ovarian hormones influences on
hypersensitivity in IBS
Gender differences in peripheral visceral pain processing and IBS pathophysiology: Gender-related differences in somatic and visceral sensitivity in the general
population have been widely described, however, the
link between gender and pain-related symptoms in IBS is
still discussed. The most recent meta-analysis[56] did not
reveal any difference in visceral-pain-related symptoms
between men and women in the IBS population. This
finding contrasts with several studies reporting greater
abdominal pain and a reduction in discomfort thresholds
during phasic CRD in women compared with men[66,67,101].
Discrepancies between these studies may be attributed
to the fact that menstrual cycle phase, menopausal status
and hormonal therapy were not taken into account.
Only a limited number of studies have investigated
correlations between pain perception and hormonal status. Yet, sex hormones are likely to play an important role
in the pathogenesis of visceral hypersensitivity in IBS.
This is supported by observations that premenopausal
patients present exacerbation of their abdominal pain
symptoms at the time of menses[102,103]. Moreover, when
considering the different phases of the cycle, worsening abdominal pain and increased rectal perception in
response to CRD specifically are observed at the time of
menses compared with other phases in IBS patients[25].
Interestingly, it was shown in healthy volunteers that
rectal sensitivity was not influenced by the menstrual
cycle, suggesting that ovarian hormone fluctuations only
affect lower GI sensitivity in pathological conditions[22].
Globally, a negative correlation between female gonadal
hormone levels and pain severity is pointed out in several
studies supporting a protective role of ovarian hormones.
For example, a recent analysis using a population-based
questionnaire reported that abdominal pain/discomfort
increases after menopause, when ovarian hormones levels
fall down, compared to premenopausal women[104]. Nevertheless, some data are conflicting because another study
reported that abdominal pain is reduced in women over
50 years old, suggesting a benefit of menstrual cycle cessation[105]. Discrepancies may result from different clinical designs, because the studies used different diagnostic
criteria for IBS and different recruitment strategies (i.e.,
10-year longitudinal follow-up vs single questionnaire). In
a recent meta-analysis comparing relative risk of individual IBS symptoms between men and women at different
times of the cycle, Adeyemo et al[56] concluded that sensitivity was globally increased during menses compared to
other phases of the cycle but further analysis is needed
to conclude definitively on the involvement of hormonal
status in visceral pain. It is noteworthy that these clinical
observations are not consistent with preclinical results
because increased sensitivity in women is observed when
estrogen levels are low, whereas estrogen has globally a
pronociceptive effect in the rat. These data suggest that
some of the effects of estradiol on visceral nociception

potential vanilloid type 1 (TRPV1) receptor, known to
participate in visceral nociceptive integration, are both
downregulated in ERα and ERβ knock-out (KO) mice[91].
Further studies demonstrated that ATP-induced [Ca2+]
in DRG neurons is attenuated following estradiol administration in wild type and ERβ KO but not in ERα
KO mice[92,93], suggesting that this attenuation depends
on ERα specifically. Thus, an interaction between P2X3
and ERα in primary sensory neurons could underlie
gender differences in visceral nociception. Finally, recent
research highlighted the potential role of a new estrogen
receptor called GPR30 in estrogen-dependent visceral
hypersensitivity induced by 5-HT[94].
Modulation of central pain processing by ovarian
hormones: Modulation of visceral nociceptive signal by
sex hormones at the spinal cord level is also complex.
ERα is expressed predominantly in the superficial dorsal horn, which receives information from nociceptive
sensory neurons, while ERβ is expressed in deeper layers
suggesting a differential function for these receptors in
nociceptive processing. Spinal ERs are thought to play an
important role in the modulation of visceral sensitivity as
suggested by the finding that administration of the ERα
agonist 4,4′,4′′-[4-propyl-(1H)-pyrazole-1,3,5-triyl]trisphenol via intrathecal route increases visceromotor response to CRD in ovariectomized rats[87]. In contrast,
administration of the ERβ agonist diaryl proprionitrile
attenuates the response of visceroceptive dorsal horn
neurons and the visceromotor response during CRD,
suggesting antinociceptive action of ER[95]. The proposed
mechanism of action of ERs on visceral sensitivity at the
spinal level is gating of synaptic transmission by modulation of ion channel activity[71,84,96]. Some studies have
explored the possible interaction between ERα and the
NR1 subunit of the glutamate N-methyl-D-aspartate
receptor (NMDA). Both receptors are coexpressed in
dorsal horn neurons, and it was shown that estradiol
increases spinal processing of visceral nociception by upregulating NR1 expression and activity following PKAmediated NR1 phosphorylation. In contrast, ovariectomy
increases the potency of the NMDA receptor antagonist
(2R)-amino-5-phosphonovaleric acid in modulating the
visceromotor response to CRD [71,84]. Taken together,
these data confirm the pronociceptive effect induced by
spinal ERα activation in the rat.
In the brain, a recent study showed in ovariectomized
rats receiving implants of estradiol that elevated levels of
estradiol in the amygdala correlated with increased visceromotor response to CRD. Estradiol administration to
adjacent brain areas had no such effect and did not affect
somatic sensitivity[80]. The underlying mechanisms of the
central action of estrogens in the amygdala have not been
investigated yet but could involve opioid receptors, which
are highly expressed in this brain area[97-99] and have been
implicated in the estrogen-dependent differential effects
of morphine[70,100].
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are species dependent. Moreover, estrogens may have
differential effects depending on the organ considered.
Indeed, results from experiments investigating the role of
ovarian hormones on vaginal sensitivity in a rat model of
ureteral stone suggested an anti-nociceptive role of estradiol. The study showed lower vaginal sensitivity during
proestrus/estrus (high estradiol levels), than during met/
diestrus[73]. These dual effects could result from different
functions of ERα and ERβ.
On the fringe of research on the link between IBS
and sex hormones, a few authors have raised the question
of the possible protective effect of male sex hormones.
In a study including 50 male IBS patients compared to 25
controls, serum and free testosterone were measured and
correlated to sensitivity to CRD. Sensory thresholds for
urgency and discomfort in patients were negatively correlated with testosterone levels, indicating a potential protecting effect of male hormones[106]. In animals, one study
evaluated the effects of testosterone administration in a
visceral pain model induced by artificial calculus. They
concluded that testosterone had no effect on visceral
pain because operated animals presented an increase in
frequency and duration of ureteral crises independently
from testosterone treatment[88].
Peripheral mechanisms underlying visceral hypersensitivity in IBS patients are widely unknown. Clinical trials
using pharmacological drugs targeting the serotoninergic
system in patients with visceral hypersensitivity have led
to the proposal that gender differences may rely upon
5-HT-dependent mechanisms. In particular, the 5-HT3
antagonist alosetron provides abdominal pain relief with
a greater effect in women than men[107]. This difference
of efficacy could be explained by ovarian-hormone-driven 5-HT3 upregulation, making women more sensitive to
this therapeutic agent. Nevertheless, studies are needed to
understand the link between 5-HT receptors, estrogens
and visceral hypersensitivity in IBS pathology.

in the processing of pain messages, such as enhanced
“wind-up” in the spinal cord for instance[110,111] which
corresponds to the progressive increase of the electrical
response to repeated nociceptive stimulation in spinal
cord neurons, possibly via the involvement of sex hormones and their spinal receptors[112].
Functionally, functional magnetic resonance imaging (fMRI) and positron emission tomography studies
showed that colorectal stimulation and expectation of
abdominal pain activate preferentially the arousal/emotional circuits (anterior cingulate cortex and amygdala)
in female patients, while male patients present greater
activation of the cortical regions (insula and dorsal prefrontal cortex)[113-118]. These patterns of activation were
replicated with remarkable similarity in rodents using
cerebral-blood-flow-related tissue autoradiography after
aversive CRD[119,120]. The results indicate that sex-related
differences in brain response to visceral stimulation are
mainly due to alterations in the emotional arousal circuitry rather than visceral afferent processing circuits.
However, in a task-free resting-state fMRI study, although
disease-related differences (IBS vs healthy controls) were
observed, no differences in emotional arousal circuit
activation were evidenced between male and female IBS
patients[121]. Moreover, the idea of a greater subjectivity
and emotional response in women and of greater cortical
control of limbic structures in men was recently challenged by an imaging study monitoring brain activity following the presentation of more male-oriented emotions
to female and male patients. In this study, and contrary
to previous reports, presentation of faces expressing fear
and anger elicited greater activation of the emotional
arousal circuits in men and greater activation of the cortical modulatory circuits in women[122]. Thus, the nature
and the emotional valence of the stressor are critical to
explain gender differences in brain activation patterns.
Structurally, there are widespread gray matter changes
in IBS patients although the data is equivocal. Reductions
have been reported in the insular and anterior cingulate
cortices[123], while another study found increased gray
matter thickness in viscera and somatosensory regions
(insula and somatosensory cortex S2) with no change in
the cingulate[124]. A recent study found no disease-related
difference at all between patients and controls[125]. However, the same study reported a sex-related difference
in patients, with IBS female subjects showing decreased
cortical thickness in the anterior cingulate and insula,
and increased cortical thickness in somatosensory and
primary motor cortex when compared to female healthy
controls. These alterations correlated with IBS symptom
severity[125]. White matter and connectivity alterations
have also been observed in IBS patients and are more
marked in female than male subjects[126,127]. The data indicate that IBS patients have greater connectivity, with sexspecific patterns. Males have stronger connectivity between anterior cingulate subregions, amygdala, and insula,
while females have stronger connectivity to and from the
prefrontal modulatory regions[127].

Gender differences in central visceral pain processing and IBS pathophysiology: In IBS, the diminished
thresholds of perception to visceral experimental stimulations in women compared to men can result not only
from sex-related differences in peripheral encoding of
the visceral pain message, but also from differences in
spinal and supraspinal processing of this message, and/
or from a greater reactivity of arousal (attention) and
emotional (stress) circuits.
Gender differences in visceral pain perception in IBS
have originally been attributed to hypervigilance, and it
was suggested that this pronounced hypervigilance was
primarily driven by greater anxiety in women[108]. Kilpatrick and colleagues confirmed the involvement of
hypervigilance but only in naturally cycling female IBS
patients[109], thus stressing the complex involvement of
ovarian hormones in the process.
Gender differences in pain perception can also reflect
structural and functional differences in central visceral
nociceptive pathways. Indeed, women display differences
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loon distension)[143] and have greater autonomic responses and adrenocorticotropic hormone and cortisol release
in response to stress[144,145] than female patients. These
results suggest that gender differences in the effects of
sex hormones on the autonomic systems and hypothalamo-pituitary axis (HPA) cannot account for differential
responses to stress in IBS. However, the parameters of
autonomic response assessed in these studies were indirect (e.g., skin conductance and heart rate) and stress hormones levels were determined only in plasma and saliva
but not in tissue. Also, methodological confounders such
as menstrual phase of the cycle in female patients are not
always factored in the data analyses or the clinical designs.
Hence, one cannot rule out the possibility of subtle
hormone level changes in specific windows of time, or
that molecular and cellular changes occur at the tissue
level. Indeed, in rodent models, where the experimental
designs can be controlled in a tighter manner and where
invasive methodologies (e.g., cerebral infusions of hormones) can be used, it was shown that there is a positive
correlation between the levels of estradiol and progesterone and the levels of cortisol, corticotropin releasing
hormone (CRH) and its receptors[146-149]. This is particularly true during the proestrus phase, where the levels of
estradiol are at their nadir[150-152]. Consequently, these data
indicate that ovarian hormones can increase HPA axis activation and that further studies in humans are required.
Accordingly, the most recent research has been focusing
on the link between ovarian hormones and gut response
to stress (see below “Stress, ovarian hormones and IBS
pathophysiology”).
Finally, discrepant findings in humans can also be explained by the fact that ovarian hormones may influence
stress responses through other ways than a direct action
on the HPA axis, primarily by inducing changes in emotion regulation strategies through tuning up of limbic
system reactivity[114,122,141]. In IBS patients, it was observed
that women are psychologically more reactive to stress as
showed by suggestive stress ratings[153]. A study showed
that female IBS patients also had increased negative affect both at baseline and in response to a psychological
stressor, even though this was not associated with any
change in autonomic responses[154]. This altered emotional balance may explain IBS patients’ somatic and psychiatric comorbidity, as well as heightened awareness of
bodily sensations[155,156]. In line with the higher prevalence
of stress and abuse history in women with IBS, it is thus
possible to hypothesize that early traumatic experience
can later influence vulnerability to stress mediated by altered limbic system activation[157].

If progress has been made in identifying circuits involved in gender-differences in IBS, little is known about
their molecular determinants. One study evaluated the
impact of serotonin transporter gene polymorphism on
brain activation upon CRD and found that subjects with
a weak function of the serotonin transporter (s/s genotype) respond with more activation in emotion-regulating
brain regions such as the amygdala[128]. Similar alterations
of amygdala reactivity were observed during emotional
face processing[129]. Further support for the idea of sexual
dimorphism of the serotoninergic system came from a
study in rodents, which showed that in response to CRD,
female but not male rats showed significant changes in
cerebral blood flow in the raphe nucleus and in many target regions of its serotoninergic efferent projections[120].
Estrogens can act centrally as steroid neuromodulators
to alter the function of glutamatergic or GABAergic
systems and modulate synaptic plasticity[72,130]. Moreover,
estrogens are known for their ability to shape dendritic
spines and modify synaptic plasticity[131-133]. It is therefore
likely that gender-related differences in these systems
underlie gender-related differences in central processing
of pain in IBS, especially during periods when estrogen
levels are high. Further studies addressing these questions
are warranted.
Key points: In IBS patients, heightened abdominal pain
sensation is observed at the time of menses (low ovarian
hormone concentrations), which suggests a protective
role of estrogens; estrogens modulate peripheral and
central nociceptive pathways and have a pro- or antinociceptive action on visceral sensation, depending on the
model studied and the neurotransmitter system considered (MOR, NMDA, GABA, NK1); the 5-HT system
may contribute to gender differences in pain-related IBS
symptoms via modulation of gut sensitivity in the periphery and modulation of pain-associated emotional circuits
in the brain; female IBS patients present higher activity
of brain structures involved in emotional processing of
pain sensation (i.e., insula, cingulate cortex and amygdala)
and greater connectivity between brain structures involved in cortical control (i.e., prefrontal cortex).
Stress and ovarian hormone interactions in
pathophysiology of IBS
Stress and female gender in IBS: Women are more
vulnerable to life stress[134,135], are more prone to anxiety
and depression[136], are exposed to life traumas more often than men[137], and present exacerbated IBS symptoms
under stress[16], therefore, it was proposed that the interaction between ovarian and stress hormones may explain
female predominance in IBS[138-142].
However, studies assessing gender difference in response to different types of stress failed to show a correlation between women’s vulnerability to stressful adverse
life events and neuroendocrine responses. In contrast, it
was observed that male IBS patients have greater autonomic responses to a visceral stressor (rectosigmoid bal-
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Stress, ovarian hormones and IBS pathophysiology:
Preclinical studies performed in rodents have shown that
stress can have deleterious effects on gut physiology via
mechanisms involving ovarian hormones. For instance,
restraint stress can decrease colon motility and increase
colon contractility in ovariectomized rats when compared
to the sham group and these alterations are reversed by
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administration of estradiol and progesterone[158]. The effects of ovarian hormones in this paradigm were mediated by the serotonin receptor 5-HT3R[158], the neurokinin
receptor NK1[159] and the stress-related hormone thyrotropin-releasing hormone[160]. Most importantly, extensive
work by Yvette Taché’s group showed that the interplay
between CRH and estrogen signaling pathways, both
peripherally and centrally, modulates visceral hypersensitivity induced by colorectal distension in rodents[161-163].
These data suggest that overactivity of CRH signaling in
the brain and the gut could explain the comorbidity of
stress, depression and IBS in women[162].
In humans, it was shown by comparing healthy
women with a life stress history and low-stressed women,
equilibrated by menstrual phase, that life stress can confer
a gut vulnerability[164]. In this study, women experiencing
significant life events presented increased jejunal permeability and diminished secretory ability after being subjected to a mild cold pain stress. Interestingly, the abnormal jejunal epithelial response occurred independently of
any autonomic activation or stress hormones release, and
was not associated with changes in the levels of ovarian
hormones. These findings suggest that a history of stress
can induce maladaptive intestinal epithelial response to
new stressors, even mild stressors, which do not induce
autonomic or HPA activation[164].
A follow-up study by the same group addressed the
question whether gender differences underlie maladaptive intestinal response to stress and showed that the mild
cold pain stress specifically increased jejunal intestinal
macromolecular permeability in women. No differences
were detected in the autonomic, hormonal and psychological responses to acute stress parameters between men
and women, hence suggesting that the maladaptive gut
response is due to gender differences in the intestinal barrier[165]. The molecular mechanisms underlying such a vulnerability are still unclear but animal models suggest that
CRH can enhance gut permeability by activating epithelial mast cells[166-170] and subsequent mast cell-dependent
decrease of tight junction proteins expression[171,172].

um[177-179]. Studies on the role of estrogens on paracellular
permeability and gut barrier integrity are scarce but there
is now growing evidence that ERs play a key role in their
regulation. Indeed, ERs have been implicated in chloride
ion secretion[180] and nutrient transluminal transport[181,182].
Also, indirect evidence from contraceptive use, pregnancy, and hormone replacement therapy in patients with
barrier-dysfunction-related pathologies such as inflammatory bowel diseases show that fluctuations in ovarian hormone levels influence the course of and the risk for these
diseases[183-185]. Altogether, these observations suggest
that ovarian hormones modulate gut permeability. Hence,
they have prompted interest in studying the link between
estrogens and gut barrier integrity, and especially paracellular permeability. Recent studies in female rodents have
provided insights into how estrogens and ERβ signaling
can modulate paracellular permeability. These pharmacological studies showed that distal colon epithelial
paracellular permeability varies during the sexual cyclic
fluctuations of estrogen levels due to variations in tight
junction protein expression. Specifically, estrogen level
peak during the follicular phase correlated with improved
epithelial barrier as shown in the ileum of proestrus
rats[186]. Decreased intestinal permeability in male rats was
also found following estradiol supplementation[186]. Subsequent investigation of the link between estrogens and
the regulation of paracellular spaces found that estradiol
influence during the follicular phase resulted in decreased
colonic permeability and ERβ-mediated upregulation of
the tight junction proteins occludin and junctional adhesion molecule (JAM)-A in epithelial cells[187]. Similarly, the
xenoestrogen bisphenol A dose-dependently decreased
basal paracellular permeability through upregulation of
JAM-A and occludin[188]. Interestingly, progesterone had
no effect in these experimental designs. The effects of
estrogens on tight junction protein upregulation were
also observed in human colon cell line Caco-2[187,188]. In
another study, ER expression and colon permeability
were negatively correlated in mice and in human HT-29
and T84 colonic epithelial monolayers, thereby confirming a role for estrogens in the maintenance of epithelial
permeability in the colon[189]. Finally, chronic oral administration of estrogen compounds (17β-estradiol benzoate
and the phytoestrogen-rich soy germ fermented ingredient SG) was associated with less colon permeability
during the follicular phase in female rats although the
authors did not report any associated effect on occludin
expression[190]. Overall, these studies support the idea
that estrogens reinforce the gut epithelial barrier through
ERβ-mediated upregulation of the tight junction proteins
occludin and JAM-A. As such, it is reasonable to propose
that estrogens can have a protective role on colon physiology and it has been shown that low ER levels are a vulnerability factor to colon inflammation[186,188,189].

Key points: IBS onset and symptoms severity are associated with acute or chronic stress; IBS female patients
present emotional hyper reactivity to stress (limbic system
hyper reactivity to stress); levels of estradiol, progesterone and stress hormones are positively correlated in rodent models of IBS; female intestinal barrier vulnerability
in response to stress may underlie gender differences in
IBS.
Effects of ovarian hormones on gut permeability and
relevance to IBS
Estrogens and the gut barrier: ERα and ERβ have
been identified in the GI tract, where ERβ is preferentially expressed on colon epithelial cells[173-177]. Estrogen
functions in the gut encompass development and regulation of gut barrier, cell differentiation and proliferation,
and architectural maintenance of the intestinal epitheli-
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Ovarian hormones, gut barrier and IBS: In the last
couple of years, several studies have reported increased
intestinal epithelial permeability in IBS patients (for re-
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view, see Matricon et al[5]). Intestinal permeability is correlated with IBS symptom severity[191,192]. However, no
study has evaluated the link between permeability, symptoms and ovarian hormones so far. Preclinical studies indicate that estrogens are protective but on the contrary,
the clear IBS female predominance points to more complex mechanisms. Indeed, the scarce data on this topic
suggests the existence of estrogen-dependent maladaptive intestinal epithelial responses to environmental factors such as stress. For instance, Alonso and coworkers
specifically showed in healthy women (but not in men)
that life or even acute stress could result in decreased
jejunal secretory response and increased jejunal permeability[164,165]. Strikingly, these changes were independent
of estrogen blood levels. These findings raise the interesting possibility that female over-susceptibility to IBS
might be due to a dynamic estrogen-driven maladaptive
response of the intestinal barrier to certain risk factors
(e.g., stress) rather than a phase-dependent intestinal hyper permeability.

responses by regulating immune cell activation and proliferation and cytokine production[203-206]. T cell function
is particularly affected by hormonal regulation since
both estrogen and progesterone enhance their cytotoxic
activity by stimulating reactive oxygen species production[207-209]. In mast cells, progesterone inhibits histamine
secretion, which may explain the partial remission in
certain inflammatory conditions during pregnancy when
progesterone levels are high[210]. In contrast, mast cells
express high affinity estrogen receptors and their activation by estradiol has been shown to potentiate histamine
and serotonin secretions in mast cells pretreated with
the mast cell secretagogue 48/80[211]. Only one study has
considered the role of male hormones in immunity. Castration experiments in rats induced a significant decrease
in CD4+ and CD25+ T cells and an alteration of CD8+ T
cell activation, which could be prevented by testosterone
administration[212]. These results show that testosterone
can modulate T-cell-mediated immunity and support the
notion of gender-related differences in cell-mediated immune response depending on sex hormones.

Key points: A subset of IBS patients has increased intestinal permeability; estrogens reduce epithelial barrier
permeability by upregulating tight junction proteins; in
IBS patients, no correlation between ovarian hormones
levels and intestinal permeability has been found.

Ovarian hormones, immune activation and IBS: To
the best of our knowledge, only one study established a
potential link between gender differences in IBS pathophysiology and immune activation. In this work, Cremon
et al[213] performed quantitative immunohistochemistry of
colonic immunocytes on endoscopic biopsies of IBS-D
and IBS-C patients, and compared the results to patients
suffering from microscopic colitis or ulcerative colitis
and to healthy controls. IBS patients showed a significant
increase in mucosal immune cell counts compared to
healthy controls but the magnitude of the immune infiltration was significantly lower than in microscopic and
ulcerative colitis. Further analyses concluded that immune
activation in IBS patients was characterized by increased
CD3+, CD4+, CD8+ T cells and mast cells numbers. Mast
cells were significantly increased in female IBS patients,
whereas CD3+ and CD8+ T cells were decreased in male
patients[213]. It is noteworthy that mast cells are involved
in several diseases, among which, some are frequently
associated with IBS and affect women particularly (painful bladder syndrome, chronic fatigue syndrome, and
fibromyalgia)[214]. As described previously, mast cell degranulation is inhibited by progesterone and stimulated
by estradiol[210,211]. An imbalance in ovarian hormone levels in IBS patients could, consequently, explain the mastcell-mediated immune activation while increased T-cellmediated activation in men could be due to testosterone
modulation[212]. However, further studies are needed to
elucidate the mechanisms of interaction between sex
hormones and immune cells and to distinguish the differential effects of sex hormones. In this regard, studies
assessing changes in GI immune activation along the
menstrual cycle in correlation with ovarian hormones
levels are warranted.

Effects of ovarian hormones on immune activation and
relevance to IBS
Effects of ovarian hormones on immune activation:
Although immune response is a predominant function of
the gut, little is known about the contribution of sex hormones to gut-associated lymphoid tissue activation and
most of our knowledge comes from experiments performed in blood samples. A recent immunophenotypic
study analyzed lymphocytes population and lymphocyte
gene expression in both peripheral blood samples and
small intestine biopsies of healthy men and women.
This study demonstrated that immune activation and
inflammation-associated gene expression were increased
in women compared to men[193]. Gender-related differences in immune activation have been pinpointed by the
observation of higher incidence of autoimmune diseases
in women than in men and are mediated by both humoral
and adaptative responses[194]. Gene expression analysis
of isolated peripheral blood mononuclear cells recently
showed a marked increase in the expression of inflammatory/cytotoxic effector genes, such as interferon,
lymphotoxin and interleukin 12 receptor β2, in women
compared to men[195]. The differential immune cells gene
expression profile detected in women was indicative of
enhanced cytotoxic T cell responses compared to men[195].
Sex hormones are thought to play a crucial role in the
modulation of immune responses[196-198], possibly by direct action on immune cells. Indeed, a large number of
these cells, including T cells and macrophages, expresses
ovarian hormone receptors and in particular ERs[199-202].
Thus, estrogen signaling can modulate directly immune
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Key points: Recent findings suggest associations be-
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(CRH+, cortisol+)
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Central pain processing
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involved in emotional processing of
pain sensation (limbic system)
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Peripheral and spinal pain processing
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(VGCC-, TRPV1+, P2X3+)

DRG

Dorsal horn
5-HT3, NK1, TRH: ↘ motility

ERa activation: ↗ sensitivity
(NR1 phosphorylation)
IBS ♀: ↗ spinal neuronal
activity

Immune system
E2, P4: ↗ T cells activity
E2: ↗ mast cells activity
P4: ↘ mast cells activity
IBS ♀: ↗ mast cells activity

ERb activation: ↘ sensitivity

Intestinal transit
E2: ↘ motility [RhoA GTPase -, CCK(A) activity+]
P4: ↘ motility (PGF2a-, PGE2+)
IBS-D♀ with low E2/P4 = ↗ 5-HT

GI tract

Gut barrier
E2: ↘ permeability (JAM-A+, occudin+)
Normal (data from preclinical and clinical studies)
IBS

Figure 1 Possible mechanisms of action of ovarian hormones in the pathophysiology of irritable bowel syndrome. Arrows show increase or decrease. The
symbol “+” after the name of a protein indicates upregulation of the protein. The symbol “-” indicates downregulation of the protein. E2: Estradiol; JAM: Junctional adhesion molecule; NK: Neurokinin; PG: Prostaglandin; P4: Progesterone; VGCC: Voltage-gated calcium channel; IBS: Irritable bowel syndrome; GI: Gastrointestinal.

tween immune activation and IBS, and especially, GI mucosal mast cell infiltration is consistently reported in IBS
patients; estrogens promote mast cell activation; the only
study assessing the effect of gender on mast cell infiltration in IBS found a specific increase of mucosal mast cell
counts in the colon of female IBS patients.
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CONCLUSION
Data summary
Sex ratio in IBS is highly skewed towards female gender.
This suggests that sex hormones play a key role in IBS
physiopathology as suggested by some findings reporting
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TRIGGERING FACTORS

Psychosocial stress
(adverse life events)

Puberty
(interaction between ovarian and
stress hormones, 5HT)

CNS

CNS

MAINTAINING FACTORS

Symptom-associated
anxiety

Patient
ENS

ENS

Physical stress (abuse) and risk factors
(surgery, antibiotics, infection, diet)

Figure 2 Integrative multiple hits model of irritable bowel syndrome pathophysiology. CNS: Central nervous system; ENS: Enteric nervous system; 5-HT: 5-hydroxytryptamine; ER: Estrogen receptor. Adapted from Mayer et al[139].

fluctuations in IBS symptoms during the menstrual cycle,
especially exacerbation of abdominal pain at menses (i.e.,
when ovarian hormones levels are low). However, the
mechanisms underlying these gender-related differences
are unclear. Clinical studies in the field remain scarce and
the data obtained in humans are still weak and sometimes
conflicting with findings from preclinical models. Moreover, our understanding is hampered by the fact that differences seen between male and female IBS patients are
multifactorial and result from intrinsic differences in male
and female hormonal systems, stress reactivity and emotionality, nociceptive system and inflammatory response,
as well as sociocultural differences.
Nonetheless, the currently available data provide some
insights into the potential mechanisms at play (Figure 1).
In female IBS patients, estrogens seem to have a modulatory effect on GI pain by slowing down intestinal motor
activity via mechanisms that likely involve the 5HT system. Interactions between the 5HT system and ovarian
hormones have also been involved in differential peripheral pain processing. Moreover, in line with the frequent
history of stress and adverse life events in female IBS
patients, altered responsiveness of the HPA axis to stress
and abnormal CRH signaling have been pinpointed as
major factors responsible for IBS prevalence in women.
It is not completely clear whether alterations of the emotional motor system[215] are a cause or consequence of the
altered patterns of activity of the limbic system seen in
female IBS patients, who display hyperactivity of emotional and attentional circuits (especially the amygdala, a
key structure in the processing of aversive experiences).
Reciprocal positive feedback in these systems could explain ongoing hyper-reactivity to stress in patients. Indeed,
it has been shown in animal models of IBS that stress
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and hormones can have a synergistic action and result in
changes in the periphery leading to IBS-like pathological
features such as increased intestinal barrier vulnerability in
response to stress or increased intestinal mast cell activation and infiltration.
Proposed integrative model
Given the diversity of pathophysiological mechanisms
known at currently, it is essential to develop a disease
model integrating the multifactorial aspects of gender-related differences in IBS. Such a model could be helpful to
identify research avenues leading to a better understanding of IBS etiology. An integrative multiple hits model
can thus be proposed to account for the numerous IBS
risk factors, their possible interplay, and their time scale in
the course of IBS development (Figure 2).
In this model, gender-based genetic differences (e.g.,
polymorphisms in 5HT genes) confer a vulnerability to
women to risk factors such as stress. Subsequent early life
adverse events during childhood contribute to develop a
hyper-reactive stress system, with hyper-responsiveness
of HPA and emotional brain circuits, leading to heightened pain perception and cognition. In these predisposed
patients, after puberty, ovarian hormones could act as
triggering factors to sensitize further this priming, and
ultimately contribute to the adult onset of IBS. Several
mechanisms can be put forward to explain the transition
to disease. Ovarian hormones may have synergistic actions with stress mediators and receptors to deleteriously
impact nociceptive processes (i.e., interaction with key
neuromodulator systems such as 5HT and CRH, and
changes in neuroplasticity) and gut function (i.e., GI immune system, gut permeability and sensori-motricity).
Interestingly, one can also integrate other IBS risk factors
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in this scenario, and diet, GI infection or dysbiosis can
all be considered as possible additional “hits” leading to
IBS development. Finally, symptom-related anxiety and
lifestyle can explain the lasting and intermittent course of
IBS in the long run.

11

Future directions
This review highlights the complexity of the multiple actions of ovarian hormones in IBS and the key role played
by stress. Consequently, it appears crucial to understand
better the brain-gut interactions and how ovarian hormones modulate them. Animal models can be highly
valuable to this end and could shed light on the role of
genes and environment in gender-related differences in
IBS. Another element stressed by the data reported herein is the scarcity of information regarding sex hormones
involvement in patients. There is a need for powerful
longitudinal studies taking into account phases of cycles
and correlating symptoms and ovarian hormones levels.
These studies should also use pair-matched cohorts and
factor IBS subtypes in their analysis to minimize methodological confounders. Finally, assessing the role of male
sex hormones has remained an unexplored research avenue even though such studies could prove very insightful.
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psychosocial factors, such as personality traits, early
experiences, affective disturbances, altered attention
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Core tip: Irritable bowel syndrome is a complex, biopsychosocial disorder usually developing under stress,
which builds upon hypersensitization, underlined by
physiological specificities and heightened neuroticism.
Symptom onset is followed by inappropriate cognitive
interpretations that can be accompanied by affective
disturbances. We consider increased attention to visceral sensation and different manifestations of anxiety
to be key components that may lead to symptom exacerbation and perpetuation. This applies to patients who
express higher trait neuroticism and are more prone to
interpret even mild somatic changes as serious symptoms. An individualized approach is necessary for each
patient to estimate current physical and psychological
status.

Abstract
Irritable bowel syndrome (IBS) is considered a biopsychosocial disorder, whose onset and precipitation
are a consequence of interaction among multiple factors which include motility disturbances, abnormalities of gastrointestinal sensation, gut inflammation
and infection, altered processing of afferent sensory
information, psychological distress, and affective disturbances. Several models have been proposed in order
to describe and explain IBS, each of them focusing on
specific aspects or mechanisms of the disorder. This
review attempts to present and discuss different determinants of IBS and its symptoms, from a cognitive
behavioral therapy framework, distinguishing between
the developmental predispositions and precipitants of
the disorder, and its perpetuating cognitive, behavioral,
affective and physiological factors. The main focus in
understanding IBS will be placed on the numerous
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INTRODUCTION
One of the most common functional gastrointestinal
disorders (FGIDs) is irritable bowel syndrome (IBS),
broadly defined as a variable combination of chronic gas-
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trointestinal (GI) symptoms, such as abdominal pain and
discomfort and change in stool form and frequency, that
are not explained by structural or biochemical abnormalities[1]. Additional characteristics include a high female
predominance, heterogeneity of symptoms in relation to
the predominating bowel habit (constipation-predominant, diarrhea-predominant or alternating symptoms) and
common extraintestinal symptoms and comorbidity[2].
Despite a large body of research, IBS is still poorly
understood and there is a need for a more comprehensive
model of the disorder. It is currently accepted that symptom formation involves an interaction among multiple
factors that include motility disturbances, abnormalities
of GI sensation, GI inflammation and infection, altered
processing of afferent sensory information, psychological distress and affective disturbances[1,3,4]. In other words,
IBS is considered a biopsychosocial disorder[5].
This review addresses the biological and psychosocial
factors that possibly contribute to the onset and perpetuation of IBS symptoms. In the first part of the review
we describe previous findings on different components
of the cognitive behavioral therapy (CBT) model that
are relevant for understanding IBS. In the second part
of the review we present a new model of IBS symptom
perpetuation in which attention to visceral sensation and
different manifestations of anxiety have a central role.
According to the biopsychosocial model[6] illness is
viewed as a multifactorial entity resulting from the interactions between psychosocial and biological factors in
the etiology and progression of the disease[7]. This model
has become popular in explaining and clarifying the etiological mechanisms relevant for functional somatic syndromes in general and functional GI disorders in particular[8-11]. Several specific biopsychosocial models of IBS
have been proposed, some emphasizing the contribution
of biobehavioral factors[4,12-14] and others emphasizing the
contribution of psychosocial factors[15-18].
There is a consensus that a CBT approach offers a
generic framework for understanding functional somatic
syndromes, such as IBS, while also providing effective
treatment[5,11,19-24]. This approach is based on the classical
CBT model of emotional distress proposed by Beck[25],
which distinguishes between its developmental predispositions and precipitants, and its perpetuating cognitive,
behavioral, affective and physiological factors. The CBT
model has several advantages, for example, it uses operationally defined concepts resulting in a large body of supporting research and it is implemented in a wide range of
illnesses, from heart disease to IBS[11,25].
The CBT model is built around three core concepts
that help define the development and maintenance of
IBS symptoms[11,20,21]. The first of these concepts incorporates the biopsychosocial assumption that biological
(e.g., bowel inflammation, hormonal changes, autonomic
dysfunction, and abdominal pain), psychological (e.g.,
altered attention, anxiety and depression, symptom interpretations, and illness behavior) and social (e.g., environmental influences and social support) domains are equally
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important components in the understanding of illness.
The second core concept is the differentiation among
predisposing vulnerabilities for IBS (e.g., genetics, early
experiences, and neuroticism), those that precipitate the
development of this condition (e.g., adverse life events
and everyday hassles), and those that maintain them once
they have been established (e.g., sensitization and selective
attention). Finally, the third core concept of the model is
the assumption that individuals can take control of the
effect their illness has on their life by changing their cognition and behavior, which affects physiology and emotion, and vice versa.
In Figure 1 we illustrate the core concepts of the
CBT model of IBS. This model is based on the existing
data on IBS patients and it incorporates various aspects
of the disorder, which have already been recognized as
important by other researchers in previously published
models[4,12-18].
Although the model separates predisposing, precipitating and perpetuating factors, one must keep in
mind that they are continuously involved in bidirectional
interactions, which means that in the context of mechanisms and processes they cannot be separated. Some
components of the model can be considered either as
predisposing, precipitating or perpetuating, depending on
context, personal history or current illness status. For example, trait anxiety is related to neuroticism as a possible
predisposing factor, state anxiety is a common reaction to
various stressful situations (precipitating factor), but anxiety sensitivity also plays an important role in perpetuating
the symptoms of the disorder.
Each of the model components will be described in
detail in the context of IBS.

PREDISPOSING FACTORS
This component of the model relates to those factors
that increase an individual’s susceptibility to developing a
wide range of functional disorders. Among them, genetics may play an important role but due to lack of obvious
pathology (e.g., specific biomarkers of disease) research
for specific genes has been difficult. Genetic predispositions are shaped by early experiences that have been
found to have significant influences on illness development. Finally, neuroticism as a personality trait has been
repeatedly confirmed as a general predisposition for experiencing distress and has been recognized as a common
trait underlying vulnerability to various illnesses[20,26,27].
Genetics
In spite of some inconsistent findings there is a general
accordance with the hypothesis that IBS may be a complex genetic disorder. Family and twin studies have clearly
established a genetic component in IBS and several studies point to genetic contributions to IBS[28,29]. Gut motility, visceral secretion, persistent pain, mood, sensation
and inflammation are greatly influenced by genotype.
There are several potential candidate genes that are asso-

6745

June 14, 2014|Volume 20|Issue 22|

Hauser G et al . Understanding IBS

Predisposing factors

Precipitating factors

Genetics

Psychological distress

Early experiences

Perpetuating factors

Central

Stressful life events

Attention

Everyday hassles

Emotions
(anxiety, depression,

Personality (N)

mood)

Lack of social support

Cognitions
Illness behaviors

Bowel inflammation

Hormonal changes

Peripheral
HPA axis hormones

Autonomic dysfunction

Abdominal pain

Altered gut microbiota

Figure 1 Cognitive behavioural therapy model of irritable bowel syndrome.

compared to patients with organic GI diseases [37]. A
population-based survey has revealed that the prevalence
of childhood abuse is significantly higher in persons
with IBS compared to those without IBS[38]. In addition,
there is a higher likelihood of GI symptoms in victims
of abuse[39], which implies that there is a relationship between abuse and GI symptoms. Research on early adverse
life events, which encompass a wider array of traumatic
experiences than abuse alone, shows similar results. In a
study by Chang[40], IBS was associated with a higher total
early life trauma score, which included general trauma,
as well as physical, emotional and sexual abuse under the
age of 18 years. This relationship was significant even
after controlling for anxiety and depression. In another
study[41], female IBS patients reported a higher prevalence
of general trauma, physical punishment, emotional abuse,
and sexual events when compared to healthy controls.
Emotional abuse was the strongest predictor of IBS.
Although IBS treatment is primarily directed at precipitating factors while early experiences are a possible predisposing factor, addressing them during treatment might
be beneficial for symptom reduction and quality of life
improvement.

ciated with IBS. Research has focused on the relations of
various gene polymorphisms with IBS symptom manifestations. Gene polymorphisms involve the serotonergic,
adrenergic and opioidergic systems, and genes encoding
proteins with immunomodulatory and/or neuromodulatory features[30]. A detailed review of genetic polymorphisms is beyond the scope of this paper, therefore,
only a few are mentioned (for a full review, see Fukudo
and Kanazawa[31]). One of the well-studied potential genetic groups involves the genes related to serotonergic
mechanisms. Serotonin transporter or solute carrier 6A4
(SLC6A4) is the protein involved in serotonin reuptake
after it has interacted with the downstream receptor.
SLC6A4 is also expressed in the GI tract and there are
conflicting data as to whether it is underexpressed in
mucosal biopsies of IBS patients[32,33]. This may be partly
because of small sample sizes and ethnic heterogeneity
within the cohorts studied. Mutations in the serotonin
receptor gene (5-HT2A, 5-HT3A and 5-HT3D) are
another important mechanism that can cause disturbed
serotonin (5-hydroxytryptamine; 5-HT) function. Higher
expression can be associated with more severe pain in
patients with IBS[34]. Furthermore, serotonin transporter
polymorphism (5-HTT) can predispose towards stress
hypersensitivity in patients with IBS[35]. Of course, a cautious approach is needed before making firm conclusions
about the genetics of IBS. Some of the studies in this
field have certain methodological issues, or are yet to be
replicated.

Neuroticism and other personality traits
Research in several countries has shown that IBS patients
have higher levels of trait neuroticism than healthy persons have[42-49]. Neuroticism refers to a broad dimension
of individual differences in the tendency to experience
negative emotions and express associated behavioral and
cognitive traits. Some of the traits that define neuroticism are fearfulness, social anxiety, helplessness, poor
inhibition of impulses and irritability[50]. Even though

Early experiences
Research indicates there is a relatively high (30%-56%)
rate of abuse history among IBS patients[36], even when
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neuroticism scores vary slightly depending on age, sex
and socioeconomic status, studies of the associations
of neuroticism and health have controlled for these demographic factors and still found a significant negative
association of neuroticism and health. Neuroticism has
been linked to several mental disorders as well as physical health problems, even when depression is controlled
for[26]. In IBS patients, high neuroticism has been linked
to higher pain reports[46] and low response to treatment
with antidepressants[51].
In addition to neuroticism, other fundamental personality traits included in the concept of the five factor
personality model (“The Big Five”: neuroticism, extraversion, agreeableness, openness, and conscientiousness)
have been used to describe behavioral patterns of IBS
patients. The findings related to other personality traits,
however, are much less consistent than those found for
neuroticism. Some studies have shown that IBS patients
have lower agreeableness[44,49] and openness scores than
healthy subjects[43,44,49], while others report no differences
in agreeableness[42,43,47] or openness[42,47]. Extraversion is
also sometimes reported as lower in IBS patients, for
example, compared to peptic ulcer patients[52] or healthy
controls[42,48], and other times no differences are found
between IBS patients and healthy controls[43,44,47]. Studies have also reported higher conscientiousness scores in
IBS patients than in healthy subjects[43,44], although there
are reports of no differences[47,49] and even opposite results[42]. Personality traits may be important for IBS symptom expression, especially neuroticism, which has been
established as a critical trait underlying general disease
vulnerability.

tion, or any combination of predisposing factors (genetics, early experience, or personality traits), also play roles
in IBS symptom generation and maintenance.
Psychosocial aspects of precipitating and perpetuating
factors
Stressful life events and everyday hassles: Around
three quarters of IBS patients report that stress causes
them abdominal pain and bowel motility changes. In
line with a history of early adverse experiences, IBS patients report a significantly higher number of stressful
life events[53,54]. Research findings emphasize the importance of differentiating between a positive or negative
assessment of a stressful event. Although patients with
functional and organic GI diseases report similar numbers of stressful life events, patients with IBS and other
functional diseases report more negative[51,55] and less
positive stressful events[56]. It could be speculated that
this is related to higher levels of neuroticism in the IBS
population, making these patients more likely to interpret
events in a negative manner. Research also shows a greater prevalence of IBS among male war veterans than the
general population, which could be related to increased
psychological stress, traumatic experiences and posttraumatic stress disorder[55]. Additionally, IBS prevalence
is high (46%) among primary caregivers of chronically
ill patients[57]. Taking all of these findings into consideration, there is strong evidence of a relationship between
IBS and chronic or life stress.
Research on everyday hassles in IBS patients shows
that daily levels of stress are related to symptom severity[58,59]. Even when neuroticism is controlled for, IBS
patients report higher everyday stress levels than healthy
subjects and subjects with digestion problems who do
not meet the IBS criteria[59]. IBS patients perceive stressful events as more severe than inflammatory bowel disease (IBD) patients do, but considering that both patient
groups have similar lowered levels of health related quality of life (HRQoL), it seems that both groups have similar levels of psychological stress[60].

PRECIPITATING AND PERPETUATING
FACTORS
The second component of the CBT model of IBS refers
to factors whose occurrence relatively closely precedes
the onset of the illness, while the third component refers to factors that maintain and perpetuate the illness
symptoms. As Deary et al[20] have appropriately illustrated, they present a unique autopoietic interaction of
cognitive, behavioral and physiological factors for each
individual. Both of these groups of factors are a result
of specific psychological and physiological reactions that
are determined by predisposing factors and could play a
precipitating role in certain circumstances or a perpetuating role in others. For example, people with high levels
of neuroticism are more likely to perceive minor physical
symptoms or somatic changes as serious symptoms of
possible disorder[23]. They are also more prone to interpreting events as negative, which could lead to higher
levels of reported psychological distress, both in the context of major life events and everyday hassles, which may
be related to specific avoidance behavior. Additionally,
physiological factors such as mild bowel inflammation or
alterations in the hypothalamic-pituitary-adrenal (HPA)
axis hormones, which may be a result of previous infec-
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Social support: Social support refers to any and all processes by which social relations can affect physical or psychological health[61,62]. Perceived social support is defined
as a person’s perception that other people will provide
them with support when needed. Many studies indicate
that perceived social support is more important for the
person’s health than objective indicators of received
social support. It is believed that the cause of this finding could be the experience of acceptance and care of
significant others[62]. From a cognitive perspective, social
support acts by changing the cognitive appraisal of stressful situations. Perceived social support reduces the impact
of stressful events on health either through supportive
behavior of others or through the belief that support
is available. It is presumed that supportive behavior improves coping, and that the perception of support availability leads to assessing the situation as less stressful[63].
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Research shows that IBS patients report receiving significantly less interpersonal support than healthy persons
do[64]. Higher support has been linked to lower symptom
scores[65,66], but the question about the directionality of
the relationship still remains. It is possible that support
may lead to lower symptom scores, but it is also possible
that patients with lower symptom scores elicit less anxiety and distress in significant others, making them more
susceptible to provide help and support[65]. Additionally, it is possible that IBS patients with high symptom
scores view their social support as less satisfactory due
to their own psychological characteristics such as high
neuroticism[42-49,66]. The effect of perceived social support
on physical pain seems to be mediated by stress, more
specifically - the higher the perceived social support, the
lower the reported levels of stress and physical pain[66].
Findings also suggest that satisfaction with social support
mediates the relationship between psychological distress
and perceived stress. When perceived stress is low, satisfaction with social support does not affect the levels
of psychological distress. However, when the levels of
perceived stress are high, satisfaction with social support
leads to the reduction of psychological distress[67].
Coping with stress is influenced by assessment of environmental and personal resources, hence social support
can also be conceptualized as assistance with coping[62].
In line with the results of social support studies, research
shows that IBS patients have lower coping capabilities
than IBS non-patients, that is, persons without an IBS
diagnosis who match IBS criteria but have not sought
medical help[56]. When investigating the use of different
coping strategies, research shows that IBS patients with
a predominantly positive affect (low levels of anxiety,
depression, negative mood and perceived stress) seek
social support more often than IBD patients with a positive affect, IBS patients with negative affect and healthy
controls[68]. Crane and Martin[69] found no differences
between IBS and IBD patients in the use of passive coping strategies. Higher levels of anxiety and depression
were associated with higher levels of behavioral passive
coping in both groups, and with emotional passive coping in the IBS group alone. It seems that IBS patients
use different coping mechanisms than healthy persons
use, which could be a result of differences in personality characteristics. Research shows that in general, high
extraversion and low neuroticism are predictors of high
perceived social support[70]. IBS patients have higher levels of neuroticism[42-49], and perhaps lower levels of extraversion than healthy persons[42,48], thus, it is possible that
their perceived social support is lower, which contributes
to the negative impact of stress on their symptoms. Although research so far[66] has not established perceived
social support as a predictor of HRQoL in IBS patients,
further research is needed in this area.

levels of anxiety and depression were identified as predictors of IBS in a general population sample[75]. IBS nonpatients also show higher anxiety levels than healthy persons show[45]. Pace et al[60] found that, although IBS and
IBD patients have different levels of physical symptom
severity, there are no differences in their psychological
symptom severity, such as stress and anxiety. However,
IBD patients with IBS-like symptoms report higher levels of anxiety and depression than IBD patients without
IBS-like symptoms[76]. Furthermore, psychiatric comorbidity in the IBS population is common. A meta-analysis
of 244 studies[77] showed that patients with FGIDs, including IBS patients, more frequently suffer from anxious
and depressive disorders compared to healthy persons or
patients with similar diseases of known organic pathology. IBS patients with comorbid psychiatric diagnoses
report higher levels of anxiety, anxiety sensitivity, and
worry[78].
Anxiety sensitivity is a stable personality trait distinguished from trait anxiety, which has also been found
to be a risk marker for anxiety pathology. Unlike trait
anxiety, which refers to the predisposition to respond
anxiously to a wide range of stressors, anxiety sensitivity
describes a more specific tendency to fearfully respond
to one’s own anxiety symptoms[79]. It is characterized
by hypersensitivity to somatic sensations based on the
belief that they have harmful physical, psychological, or
social consequences[79,80]. An important construct that
encompasses contextual cues or stressors, in addition to
the interoceptive ones, is GI-specific anxiety. GI-specific
anxiety can be defined as GI-related cognition, affect
and behavior, which stem from fear of GI sensations,
symptoms, and the context in which these sensations and
symptoms occur[81]. GI-specific anxiety may be an especially important variable related to increased pain sensitivity, hypervigilance, and poor coping responses[45,81]. It
could be hypothesized that other measures of psychological distress (neuroticism, anxiety sensitivity, and state
anxiety) relate to IBS symptom severity through GIspecific anxiety[80].
Attention and perception: One of the possible mechanisms in IBS could be enhanced perception of, and
selective attention to visceral stimuli, resulting from the
dysfunction of the digestive system[82-84]. Conversely, central mechanisms that enhance responses to interoceptive
information may be critical for maintaining and exacerbating symptoms[85]. The disruption of central brain control mechanisms that modulate the motility and sensation
of the gut might be even more important than bowel
dysfunction itself[86]. Research shows that patients with
functional bowel disorders express attention-dependent
alterations of central nervous system processing, as well
as a generally negative emotional tendency in their cognitive processing strategies[87]. Models of attention to emotional material can be applied to the issue of attentiondependent alterations in IBS. Mogg and Bradley’s [88]
model of cognitive motivational analysis and Mathews

Affective status: Research consistently shows that IBS
patients present with higher levels of anxiety and depression than healthy persons[48,71-74]. Moreover, heightened
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and Mackintosh’s[89] model of a competitive activation
network, point out that a valence or threat evaluation
system enhances the activation of any items identified as
potentially threatening thereby increasing automatic selective attention to such items. The first model[88] proposes
two cognitive structures mediating attention-emotion
interaction: (1) valence evaluation system (VES), which
automatically evaluates threat posed by the stimulus; and
(2) goal engagement system (GES), which controls current processing according to goals set by the individual.
When VES is activated by the presence of a threatening
stimulus it sends a signal to the GES, which interrupts
current processing and orients attentional resources to
the material signaled by the VES. Similarly, Mathews and
Mackintosh’s[89] model proposes that the threat-evaluation
system enhances the representation of threatening stimuli
in the competition for attentional resources. These models point to individual differences in attentional biases
toward threatening stimuli[20,90].
Afzal et al[82] found evidence for selective processing
of GI-symptom-related words compared with neutral
words in IBS patients. A study by Kilpatrick et al[85] used
the acoustic startle response to examine the early preattentive stages of information processing, and found that
male IBS patients have a decreased ability to filter information, while female IBS patients have increased vigilance and greater attention to threat. Similarly, Martin and
Chapman[91,92] used a modified exogenous cueing task on
IBS patients and found signs of increased vigilance to GI
symptoms. The authors showed that IBS patients have
a faster orientation response to social threat and pain
words than to neutral stimuli. In our recent study[93] we
found evidence for Stroop facilitation to situational threat
words. The facilitation index was positively associated
with trait anxiety and GI-specific anxiety. Increased anxiety and worries about visceral symptoms led to a faster
attentional engagement to situational threat words, which
is consistent with the findings of Chapman and Martin.

his/her GI sensations are caused by an organic disease
and he/she can consequently show hypervigilance to GI
sensations. Bray et al[96] have specified that patients with
IBS can express one of the three symptom attributional
styles: somatizing attributional style (tendency to interpret symptoms as a physical disorder); psychologizing
attributional style (tendency to interpret symptoms as an
emotional response to stress); and normalizing attributional style (tendency to interpret symptoms as a normal
experience). Contrary to common opinion, they have
found that the normalizing style was predominant among
IBS patients specifically in those attending general practice compared to patients referred to hospital clinics. The
latter usually have more severe symptoms and could be
less likely to accept psychological or normalizing explanations of their unexplained symptoms[96]. The concept of
attributional style is closely related to the term “subjective theory of illness” or a system of illness-related ideas,
convictions and appraisals[97]. The self-regulatory model
of Leventhal[98] emphasizes the role of cognitive representations of illness and coping efforts on the patients’
responses to health threats. This model suggests several
important cognitive and affective facets of risk perceptions. Leventhal et al[98] have suggested that patients form
ideas about their illness around five representation dimensions: identity, causal attributions, expectations of
duration, consequences, and perceived control and curability. The search for the origin of the illness, as well as
causal attributions, is a main focus of illness representations, which is associated with outcome measures.
Somatization is a widespread clinical phenomenon[99]
and concerns the tendency to report multiple unexplained
somatic complaints and physical illnesses whose expression can be influenced by stress and negative affect[94,100].
Spiegel et al[100] have emphasized that a significant number
of IBS patients have a somatization trait exhibiting one
or more related symptoms including functional chest
pain, generalized weakness, numbness or tingling. This
trait is expressed in a wide range of alterations, which
include increased cognitive (e.g., hypervigilance), affective (e.g., fear), and behavioral (e.g., health care seeking)
responses to physical sensations[100].
Pain catastrophizing is the tendency to ruminate,
magnify, or feel helpless about pain[94,101] and is conceptualized as a negative cognitive-affective response to anticipated or actual pain[102]. Catastrophic thinking specific
to pain has been linked to GI symptom severity and has
been identified as a key cognitive variable mediating the
link between depression and the experience of pain in
IBS patients[94,95].
The relationship between cognitions and pain is bidirectional; in other words, cognitive processes can influence pain and pain perception, but pain can disrupt cognitive processes as well[94,103]. Cognitive processes, such as
appraisals, can play a significant role in the modulation
of visceral pain[94], therefore, it is not surprising that CBT
can have beneficial effects for patients with IBS.
Kennedy et al[94,103] postulated a hypothesis that IBS

Cognition: Within the cognitive-behavioral model of
IBS the way in which the individual reacts cognitively to
recurrent GI symptoms and life-events will in turn affect emotional responses, the severity of GI symptoms,
and coping ability[94]. The importance of cognitive processes comes from the research showing that patients
with IBS are characterized by biases in central processing of visceral stimuli[95]. As previously mentioned, IBS
patients show enhanced perceptual responses to visceral
sensations. They show a generally negative emotional
tendency in their cognitive processing strategies[88] and
their dysfunctional cognitions can maintain and exacerbate symptoms[94]. Three dysfunctional cognitions, within
a cognitive behavioral framework, seem to be especially
important in IBS patients[94]: hypervigilance, somatization
and pain catastrophizing.
Hypervigilance relates to selective attention to information that matches the patient’s set of beliefs about
his/her disorder. For example, a patient can believe that
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is a disorder associated with cognitive impairment and
revealed interesting findings about the impact of IBS on
cognition. They assessed several cognitive domains including reversal learning and attentional flexibility, selective attention and response inhibition, working memory,
and visuospatial episodic memory. The results showed
that patients with IBS exhibit a deficit in visuospatial
episodic memory functioning due to the negative impact
of HPA axis dysregulation on hippocampus-mediated
cognitive performance. The authors hypothesized that visuospatial memory impairment may be a common component of IBS. Of course, as the authors stated, there is
a need for further investigation in order to identify the
neurobiological mechanisms influencing cognitive performance in this group of patients.

sity, or avoid possible embarrassing consequences that
they might have. Unfortunately, this behavior perpetuates
the symptoms and overall, they are not beneficial for the
patient[108].
Biological aspects of precipitating and perpetuating
factors
Bowel inflammation: Numerous studies have investigated the presence of inflammatory cell activity in IBS
patients. There is evidence to support the existence of
mild inflammation, at least in a subgroup of IBS patients.
For instance, there is evidence of elevated blood levels
of T lymphocyte activity markers, increased counts of
intraepithelial lymphocytes in some areas of the colon,
increased T lymphocyte counts in the lamina propria of
the rectum[110], as well as elevated counts and activation
of mast cells in the jejunum[111], with indications that mast
cell activation near nerve endings seems to be correlated
with the severity and frequency of abdominal pain[112].
One of the most frequently used markers of bowel
inflammation is fecal calprotectin. In general, patients
with IBS express negative or clinically insignificant levels of calprotectin, which makes this marker a valuable
tool for differentiating between IBD and IBS. Research
shows that compared to IBD patients, IBS patients have
significantly lower levels of calprotectin[113-115] while no
differences in calprotectin are found when comparing
them to healthy persons[113,115,116]. In a study investigating
the differences between IBD patients in remission with
and without IBS-like symptoms, fecal calprotectin was
significantly higher in those with IBS-like symptoms[117],
connecting IBS-like symptoms to microscopic inflammation in the absence of structural disease[118]. Also, there
are indications that calprotectin is a good predictor of
the physical component of HRQoL in IBS patients[119],
with patients of low HRQoL showing higher calprotectin
levels although no patients had clinically significant values
of calprotectin.

Illness behavior: Cognitive interpretations of symptoms
influenced by stress and social support availability, may
lead to alterations in patient behavior. The behavior in
which patients engage to decrease or avoid symptoms includes health care seeking, avoidance behavior, and maladaptive behavioral coping strategies. The use of coping
strategies has already been described in relation to social
support and is not repeated here. Health care seeking
behavior refers to physician visits and frequent somatic
complaints. IBS patients have more frequent visits to the
physician and are more likely to consult for minor illnesses than patients with peptic ulcer[104]. In a population
sample, persons with bowel dysfunction have reported
more frequent visits to the physician and more non-GI
symptoms than persons without bowel dysfunction. They
are also more likely to visit a physician for those non-GI
symptoms, and have reported that they view their colds
and influenza-like illnesses as more serious than those of
other people[105]. IBS patients who frequently consult a
physician do not differ from IBS non-consulters in levels
of mental distress or chronic stress, however they report significantly higher GI symptom intensity[106]. Even
children of IBS patients have more physician visits than
children of healthy persons, both for GI and non-GI
symptoms. Although frequent GI complaints in children
whose parents have IBS are not explained by the parent’
s biased perceptions, it seems that parental IBS status and
their solicitous responses have independent effects on the
child’s symptom complaints[107].
Avoidance behavior has not been measured directly in
IBS patients, but data from treatment studies suggest targeting cognitive and behavioral factors can improve IBS
symptoms[108,109]. Based on clinical practice experiences
we can list common behavior reported by IBS patients,
which can roughly be divided into avoidance and control
behavior. Avoidance behavior includes activities such as
avoiding exercise, food, sex, work and social situations,
while control behavior includes checking for blood in
stools, wearing baggy clothes when bloated, having medications on hand, and similar types of behavior[109]. The
patients use control and avoidance behavior in an attempt
to gain control over their symptoms, reduce their inten-
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HPA axis and hormonal changes: Neurobiological
models of IBS point out alterations in neuroendocrine
circuits as well as autonomic nervous system, which result
in maladaptive responsiveness to various stressors[120].
Stress reactions include the activation of the HPA axis. In
short, the perception of physical or psychological stress
results in HPA axis activation, leading to increased secretion of corticotropin-releasing hormone (CRH), which
stimulates the release of adrenocorticotropic hormone
(ACTH) from the anterior pituitary, resulting in increased
cortisol secretion from the adrenal cortex. Some studies
support the concept of a dysregulated HPA axis system
in IBS patients[95,120]. For example, Hellhamer and Hellhamer[35] have listed IBS among disorders with a hypoactive HPA axis. Such hypocortisolemic disorders are characterized by a triad of symptoms: fatigue, pain and stress
sensitivity. Hellhamer and Wade[121] have postulated a twostage model of such disorders: first, chronic stress results
in prolonged hypercortisolism that later develops into
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hypocortisolism. In such circumstances the adrenal glands
remain hypertrophic but secrete lower levels of cortisol.
The connection between low cortisol levels and symptoms of pain is the impact of cortisol on prostaglandins,
important mediators in pain perception. They sensitize
peripheral and central pain receptors, while cortisol has a
suppressive effect on their secretion. Prostaglandins also
contribute to illness response characterized by elevated
body temperature, altered mood, fatigue and hyperalgesia[35].
Generally, several different hypotheses have been
proposed about the relationship between HPA axis
dysfunction and IBS. One of them is that elevated immune activity and resulting elevated cytokine levels
stimulate the HPA axis, resulting in its hypersensitivity.
However, although some studies have reported elevated
basal plasma cortisol levels in patients with IBS compared to healthy persons[122], others show lower salivary
and plasma cortisol levels[123] pointing to a decreased
HPA axis reactivity[124]. A possible explanation for such
contradictory results is the possibility that the type of
hormonal dysregulation (reduced or elevated cortisol
levels) depends on the predominant symptoms a patient
is experiencing. It seems that functional pain symptoms
are related to reduced cortisol secretion while depressive
symptoms are related to elevated cortisol secretion[124].
In support of this assumption, Ehlert et al[124] found elevated cortisol levels and a hypersensitive HPA axis in
a group of patients with FGIDs who expressed higher
depression and anxiety, and found a hypofunctional HPA
axis in a group of patients with high somatization levels.
It would also seem that patients with a faster resolution
of cortisol to basal values express milder symptoms and
higher QoL scores[125]. Some studies have indicated that
individuals who experience early adverse life events have
higher cortisol levels after exposure to a visceral stressor.
However, HPA axis hypersensitivity as a reaction to a
visceral stressor is under the influence of early stressful
experiences rather than IBS diagnosis per se[125].
In addition to cortisol, sex hormones can also modify
the perception of visceral sensations and pain, but considering the many interactions female sex hormones
have with pain pathways, the underlying mechanisms are
difficult to define. Women with IBS have a lower pain
threshold during rectal distension[124,126-128] compared to
men with IBS and healthy women, while there are no sex
differences among healthy subjects or among men with
and without IBS[122]. When rectal sensitivity is compared
across the phases of the menstrual cycle, results indicate
that women with IBS are more sensitive during menstruation, which is not the case in healthy women[129,130].
Nevertheless, upon repeated noxious stimuli (rectosigmoid distension), even healthy women show visceral sensitization or heightened perceptual responses[122]. These
findings indicate that there is a possible role of female
sex hormones in increased pain perception. Many women
with IBS report symptom flare-ups in the perimenstrual
and perimenopausal phases and symptom fluctuations
during their menstrual cycles[131-133]. Some studies have
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shown that the time of menses is associated with looser
stools compared with follicular and luteal phases[133,134].
Additionally, IBS is diagnosed more often in women
with dysmenorrhea than in those with a normal cycle[135].
It is possible that hormonal disparities and fluctuations
may be responsible for differences in IBS prevalence
and symptom presentation among women and between
women and men[136-138].
Research on sex differences in HPA axis reactivity
shows that even though men express higher cortisol and
ACTH levels after psychological distress, women express
higher cortisol level as a reaction to opioid antagonist
administration on CRH neurons. It is possible that sex
hormones influence opioid regulation of the HPA axis.
CRH neurons receive inhibitory information from neurons producing β endorphins through μ-opioid receptors. The expression of μ-opioid receptors in the rat
brain is modulated by steroid hormones while estrogen
stimulates opioid secretion. If we apply these findings to
human physiology, then we can explain the absence of
differences in cortisol levels after stress exposure between
men and women in the luteal phase as well as the findings about the hypoactivity of the HPA axis in women in
the follicular phase compared to men[139]. Despite the inconsistencies in research findings, sex differences in HPA
axis sensitivity are another possible reason for a higher
prevalence of women in the IBS population.
To conclude, results assessing neuroendocrine responses in IBS patients are mixed, depending on the patient’s life history and affective status[120].
Autonomic dysfunction: It is believed that the variability of the dynamic balance of the sympathetic and the
parasympathetic systems is the basis for the preservation
of stability and health, in other words, that the variable
conditions in the environment favor patterns of variability instead of static levels. In line with this assumption,
an autonomic imbalance in which one system dominates
over the other leads to a decrease in dynamic flexibility
and negative health outcomes[140]. The hypothesis about
the relationship of parasympathetic hypoactivity and
FGIDs has been present for a long time. Even Tougas[141]
has suggested that low vagal tone along with sympathetic hyperactivity alters visceral perception. Although
research has generally shown altered autonomic function in IBS patients, the findings have been inconsistent.
Some researchers[69] have observed increased sympathetic
and decreased parasympathetic activity in IBS patients,
while others[142,143] have found this pattern to be typical
for constipation-predominant IBS (IBS-C) patients, and
the opposite pattern typical in diarrhea-predominant IBS
(IBS-D) patients[142]. A study by Elsenbruch and Orr[144]
found differences in postprandial autonomic activity
depending on IBS subtype. IBS-D patients show a postprandial sympathetic dominance, which is the result of
parasympathetic depression rather than sympathetic activation. The change in parasympathetic activity is related
to reports of postprandial symptom exacerbation. These
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Figure 2 Irritable bowel syndrome symptom perpetuation model.

alterations are not found in IBS-C patients or healthy
subjects, although IBS-C patients also report postprandial
symptom exacerbation. These results have to be regarded
with caution, as pointed out in a meta-analysis performed
by Tak et al[145]. The authors reviewed 14 studies of autonomic activation in functional bowel disease patients and
found that research shows they have lower parasympathetic activation compared to healthy subjects, but also
that IBS subtypes cannot be differentiated based on that
activation. The included studies, however, varied greatly
in quality, so the authors concluded that autonomic dysfunction in IBS patients at this moment cannot be confirmed or disputed[145].

function with emotional, attentional and perceptual factors to the final expression of symptoms is the key to our
understanding of pain mechanism underlying IBS[155].
Dorn et al[156] have reported that IBS patients show an
increased tendency to report pain, but similar neurosensory sensitivity compared to controls, and this tendency
is correlated with psychological distress.

THE IBS SYMPTOM PERPETUATION
MODEL
The CBT model of IBS also serves as a framework for
describing the vicious circle of symptom generation and
perpetuation, based upon the feedback loops between the
underlying processes.
Therefore, we propose the IBS symptom perpetuation model (Figure 2) attempting to explain the factors
contributing to symptom maintenance. The novel aspect
introduced by this model is the identification of key elements which drive the vicious circle of symptom exacerbation. These key elements (attention to visceral sensation, trait anxiety, visceral anxiety and anxiety sensitivity)
should be the target of psychosocial interventions.
Building upon genetic predispositions that include
several possible gene polymorphisms and personality
traits, primarily neuroticism, early adverse events create
a baseline sensitive to further adversities. This baseline
is heterogeneous among IBS patients, namely because
the personal histories of patients in combination with
their genetic makeup create individual patterns with a
wide range of variation. What the patients do share is the
hypersensitivity resulting from their altered psychophysiological baseline. Hypersensitivity to stress manifested
by increased limbic system reactivity can be directly associated with increased perception of and responses to

Altered gut microbiota: Considering that the human
microbiota in adults is stable over time it is interesting
to note that IBS patients show higher variability and
quantitative composition of the microbiota compared
to healthy persons[146,147]. Research on fecal microbiota
in IBS patients indicates reduced levels of fecal lactobacilli[148] and bifidobacteria[148-151]. Some research[152] has
shown decreased levels of lactobacilli in IBS-D patients,
while other studies[153] have found increased levels of
lactobacilli in that subgroup of IBS patients. This inconsistency can be the result of different molecular methods
used, as well as the result of unstable symptoms in patients samples, diet or the high variability of microbiota
in IBS patients[154].
Abdominal pain: Abdominal pain is a common and
most disturbing symptom in FGID such as IBS. It seems
that the evaluation of abdominal pain is altered in IBS
and this may be attributable to affective disturbances,
negative emotions and cognitions in anticipation of or
during visceral stimulation and altered pain-related expectations[2]. Dissection of pathways linking higher cortical
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visceral sensations via inappropriate upregulation of pain
facilitation systems[18,22].
Precipitating events, usually stressful life events, trigger the onset of symptoms that are then a subject of cognitive interpretations resulting in affective disturbances,
primarily anxiety, visceral anxiety and anxiety sensitivity.
These disturbances alter cognitive interpretations increasing the perception of the symptoms themselves, and alter
illness beliefs that lead to avoidance behavior. Such cognitive alterations can lead to symptom exacerbation and
long-term symptom perpetuation.
We consider increased attention to visceral sensation and different manifestations of anxiety to be key
components that could lead to symptom exacerbation
(abdominal pain and associated bowel disturbances) as
illustrated in Figure 2. Anxiety can serve as a mediator
between symptom maintenance and altered attention that
finally leads to increased perception of visceral sensation
and avoidance behavior. Should we conclude that this explanation of symptom maintenance applies to all IBS patients? Of course not. Those patients who express higher
trait neuroticism are more prone to interpret even mild
somatic changes as serious symptoms and to respond
anxiously in such situations. This heightened anxiety can
lead to increased attention to and perception of visceral
sensations and consequently to symptom exacerbation.
The patients aim to reduce discomfort and accompanying
negative feelings by avoiding the situations they perceive
as threatening. As a result of such individual differences,
related to the contribution of predisposing and precipitating factors to symptom maintenance, an integrative
analysis of psychological, biological and symptom measures should be performed for each patient as a part of a
systematic clinical translational approach, as suggested by
Hellhamer and Hellhamer[35]. This is a way to get an estimate of each patient’s status by assuming a concurrent
effect of biological, psychological and social factors on
disorder expression and persistence.
Based on the described components of the selfmaintaining circle it can be assumed that by changing
behavior and/or cognition through various psychotherapeutic approaches, primarily the cognitive-behavioral, it
is possible to change affective states, which in turn might
reduce symptoms and improve the patients’ overall QoL.
This assumption is based on the core premise of the
CBT approach that physiological, cognitive/affective and
behavioral responses are interdependent and responsible
for maintaining the disorder[108]. For this reason, changing
cognitions (e.g., reinterpreting symptoms or redirecting
attention), behavior (e.g., exposure to threatening stimuli
or situations followed by a positive outcome), or both
may indirectly reduce anxiety and lead to an improvement
in symptoms. David and Szentagotai[157] have proposed
a cognitive framework that incorporates the constructs
of cognitive psychology into the CBT approach. It is a
general model that can be adapted for specific clinical
problems, such as IBS. There are seven steps one should
take into account when approaching the key elements of
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the self-maintaining circle of IBS: (1) the covert stimulus
(e.g., bodily sensations, such as GI symptoms, emotional
arousal, memories and anticipation); (2) input and selection (e.g., patients tend to selectively attend to GI stimuli);
(3) perception and symbolic representation of the stimulus (definitions and descriptions of the stimulus, e.g., they
may interpret symptoms as a physical disorder or as an
emotional response to stress); (4) nonevaluative interpretation of the symbolic representation of the stimuli
(inferences about unobserved aspects of the perceived
stimulus; e.g., the patient could ruminate “I worry that
symptoms could appear suddenly”); (5) evaluative interpretations of processed stimuli (non-neutral appraisals of
stimuli or images that can be conscious or unconscious;
e.g., “If my symptoms appeared suddenly, I could be embarrassed”); (6) emotional response to processed stimuli
(arousal, worry and anxiety); and (7) coping mechanisms
to feelings arising from response to stimuli (e.g., patients
could try to eliminate what they evaluate negatively, either
by avoidance or escape). Psychotherapists can intervene
at any point based on each patient’s status.
In conclusion, the CBT model of IBS provides not
only a useful overview of the interactions between psychological and biological processes underlying IBS symptoms but also gives an effective treatment for alleviating
these symptoms.
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high-priority endpoints, leaving those of lower priority
largely unreported. Therefore, the aim of this review
is to provide a comprehensive evidence-based review
of the diagnosis, pathogenesis and treatment to guide
clinicians diagnosing and treating their patients.
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Core tip: Irritable bowel syndrome (IBS) has been well
documented; these patients exhibit a poorer quality
of life and utilize the health care system to a greater
degree than patients without this diagnosis. The pathophysiology of IBS is not clear. Many theories have been
put forward, but the exact cause of IBS is still uncertain. The complexity and diversity of IBS presentation
makes treatment difficult. Although there are reviews
and guidelines for treating IBS, they focus on the efficacy of medications for IBS symptoms. Therefore,
the aim of this review is to provide a comprehensive
evidence-based review of the diagnosis, pathogenesis,
prevention and treatment to guide clinicians diagnosing
and treating their patients.

Abstract
Irritable bowel syndrome (IBS) is a chronic and debilitating functional gastrointestinal disorder that affects
9%-23% of the population across the world. The percentage of patients seeking health care related to IBS
approaches 12% in primary care practices and is by far
the largest subgroup seen in gastroenterology clinics. It
has been well documented that these patients exhibit a
poorer quality of life and utilize the health care system
to a greater degree than patients without this diagnosis. The pathophysiology of IBS is not clear. Many
theories have been put forward, but the exact cause of
IBS is still uncertain. According to the updated ROME
Ⅲ criteria, IBS is a clinical diagnosis and presents as
one of the three predominant subtypes: (1) IBS with
constipation (IBS-C); (2) IBS with diarrhea (IBS-D);
and (3) mixed IBS (IBS-M); former ROME definitions
refer to IBS-M as alternating IBS (IBS-A). Across the
IBS subtypes, the presentation of symptoms may vary
among patients and change over time. Patients report
the most distressing symptoms to be abdominal pain,
straining, myalgias, urgency, bloating and feelings of
serious illness. The complexity and diversity of IBS
presentation makes treatment difficult. Although there
are reviews and guidelines for treating IBS, they focus
on the efficacy of medications for IBS symptoms using
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INTRODUCTION
Irritable bowel syndrome (IBS) is a gastrointestinal (GI)
disorder characterized by altered bowel habits in association with abdominal discomfort or pain in the absence
of detectable structural and biochemical abnormalities[1].
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with which they frequently overlap[8]. FGID are frequent
disorders of which the pathophysiology is incompletely
understood. Psychosocial factors are believed to influence
GI sensorimotor function and/or symptom generation
in FGID as predisposing, precipitating or perpetuating
factors; comorbidity with psychiatric disorders, mostly
mood or anxiety disorders is frequent[8]. Modern epidemiological, psychophysiological and functional brain
imaging research has partially clarified the mechanisms
through which these psychosocial factors may act on GI
function or symptomatology[8], although the exact nature
of their relationship remains a matter of controversy.
The ‘‘brain-gut axis’’ can be conceptualized as the bidirectional connection system between the GI tract (with
its enteric nervous system) and the brain (central nervous
system) through (autonomic) neural, neuroimmune and
neuroendocrine pathways. Thus, when gut function is
disturbed, the cause of this disturbance can be found
in the GI tract itself or in the modulatory input from
the central nervous system via the brain-gut axis[8]. The
percentage of patients seeking health care related to IBS
approaches 12% in primary care practices and is by far
the largest subgroup seen in gastroenterology clinics[7].
It has been well documented that these patients exhibit
a poorer quality of life and utilize the health care system
to a greater degree than patients without this diagnosis
but have other FGID[9,10]. Patients with IBS visit the doctor more frequently, use more diagnostic tests, consume
more medications, miss more workdays, have lower work
productivity, are hospitalized more frequently, and consume more overall direct costs than patients without IBS.
In this review, an evidence based diagnosis, pathogenesis,
and treatment will be presented, to guide clinicians diagnosing and treating their patients.

The understanding of IBS has undergone a rapid evolution with scientific advancement, but historically it was
recognized over 150 years ago. In 1849, Cumming reported, “The bowels are at one time constipated, another
lax, in the same person. How the disease has two such
different symptoms Ⅰ do not profess to explain”[2]. IBS
is a common functional bowel disorder that generates
a significant health care burden and can severely impair
quality of life and is the most commonly diagnosed gastrointestinal condition. The etiology is poorly understood
and many factors are involved. Understanding the pathogenesis of IBS is important because today’s newer pharmacotherapy agents are beginning to target the known
pathophysiologic mechanisms of IBS[3]. Altered gastrointestinal motility, visceral hypersensitivity, post infectious
reactivity, brain-gut interactions, alteration in fecal micro
flora, bacterial overgrowth, food sensitivity, carbohydrate
malabsorption, and intestinal inflammation all have been
implicated in the pathogenesis of IBS[3]. However, the
perceived symptoms from these mechanisms consist of
abdominal pain or discomfort, bloating, diarrhea, and
constipation. Not all symptoms are gastrointestinal, for
instance, fatigue is very common. Historically, medical
management has focused on symptomatic treatment of
these individual complaints[3]. Serotonin is largely present
in the enterochromaffin cells in the gut and is a major
regulator of the peristaltic reflex and sensory relays in
the gut[4]. There are two lines of evidence supporting the
view that serotonin regulation is abnormal in IBS. The
release of serotonin in plasma appears to be reduced in
those with constipation-predominant IBS (IBS-C) and
increased in diarrhea-predominant IBS (IBS-D) [5]. A
defect in serotonin signaling was noted in both IBS and
ulcerative colitis, with a reduction in normal mucosal
serotonin and serotonin transporter immunoreactivity in
both diseases[6].
Studies have also begun to focus on the molecular
level with serotonin receptor agonists and antagonists.
The role of psychosocial factors in IBS also must be considered because these factors influence treatment options
and patients’ expectations. According to an American
Gastroenterology Association (AGA) technical review[7],
research into this area has yielded four general observations. First, psychological stress exacerbates gastrointestinal symptoms magnifying the severity of diarrhea,
abdominal discomfort, and so on.
Next, psychological and psychiatric co morbidity is
often represented among IBS patients. These psychosocial factors influence the illness experience, patient expectations, and treatment outcome of IBS patients. Lastly,
the AGA emphasizes that these factors also dictate which
patients consult physicians. All these considerations must
be kept in mind when considering long-term treatment
goals via pharmacotherapy or psychological management.
Functional GI disorders (FGID), most notoriously
functional dyspepsia (FD) and IBS, take a prominent
place within the “functional somatic syndromes’’, together with chronic fatigue syndrome and fibromyalgia,
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DEFINITION AND EPIDEMIOLOGY
IBS is a chronic and debilitating functional gastrointestinal disorder that affects 9%-23% of the population
across the world (World Gastroenterology Organization,
2009)[11]. Over the past 20 years, the definition of IBS
has evolved, driven largely by expert opinion and based
on studies that have identified symptoms that discriminate those labeled as IBS from organic disease, as well
as factor analyses that have identified clear symptom
clusters. Classically, IBS presents with abdominal pain or
discomfort that is relieved by defecation or is associated
at its onset with a change in stool frequency (either an
increase or decrease) or a change in the appearance of
the stool (to either loose or hard). The absence of red
flag (alarm) symptoms such as gastrointestinal bleeding,
weight loss, fever, anemia or an abdominal mass support
such a symptom complex as IBS rather than as structural
disease[12]. A number of other comorbid conditions may
occur more often than expected by chance in those with
IBS, including gastro-esophageal reflux, genito-urinary
symptoms, fibromyalgia, headache, backache and psychological symptoms[13]. Hence, IBS can present to a number
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of different subspecialists and is often initially misdiagnosed[13].
IBS can be subdivided into those who tend to have
predominant diarrhea or predominant constipation[1,13,14].
There is also a group of IBS patients who have mixed
constipation and diarrhea. To complicate matters, those
with one predominant bowel pattern can alternate with
the other. Highly variable bowel symptoms support a
diagnosis of IBS, but the coexistence of abdominal pain
and disturbed defecation remains a sine qua non for
diagnosis. According to WHO DMS-IV code classification for IBS and its subcategories, IBS can be classified
as either diarrhea-predominant (IBS-D), constipationpredominant (IBS-C), or with alternating stool pattern
(IBS-A) or pain-predominant. In some individuals, IBS
may have an acute onset and develop after an infectious
illness characterized by two or more of the following:
fever, vomiting, diarrhea, or positive stool culture. This
post-infective syndrome has consequently been termed
“post-infectious IBS” (IBS-PI)[15].
IBS is a remarkably common condition according
to population-based studies[13,14,16]. In Western countries,
including the United States and Australia, approximately
10% of the general population fulfills the Rome Ⅲ criteria for IBS, although many do not ever consult for the
problem. IBS overlaps with a number of other unexplained gastrointestinal symptom complexes, including
chronic constipation and dyspepsia, suggesting that these
conditions may not be discrete entities, but represent
disorders with a common aetiopathogenesis[17]. In the
West, there tends to be a female predominance but this
is not seen in the East. It has been postulated that IBS is
under diagnosed in Asia and the condition will increase in
prevalence because of changes in diet and infectious risk
factors[18].

entity. Furthermore, a genetic contribution to IBS also
seems likely[13].
Infection and Immune activation in IBS
There is increasing evidence regarding the role of immune activation in the etiology of IBS, which has mainly
been shown in studies investigating mechanisms of IBSPI[19]. Approximately 1 in ten patients with IBS believe
their IBS began with an infectious illness. Prospective
studies have shown that 3%-36% of enteric infections
lead to persistent new IBS symptoms; the precise incidence depends on the infecting organism. Whereas viral
gastroenteritis seems to have only short-term effects,
bacterial enteritis and protozoan and helminth infections
are followed by prolonged IBS-PI. Risk factors for developing IBS-PI include, in order of importance, prolonged
duration of initial illness, toxicity of infecting bacterial
strain, smoking, mucosal markers of inflammation, female gender, depression, hypochondriasis, and adverse
life events in the preceding 3 mo. Age older than 60 years
might protect against IBS-PI, whereas treatment with
antibiotics has been associated with increased risk. The
mechanisms that cause IBS-PI are unknown but could
include residual inflammation or persistent changes in
mucosal immunocytes, enterochromaffin and mast cells,
enteric nerves, and the gastrointestinal microbiota[20]. Exposure to intestinal infection induces persistent low-grade
systemic and mucosal inflammation, which is characterized by an altered population of circulating cells, mucosal
infiltration of immune cells and increased production
of various cytokines in IBS patients. Recent studies have
also indicated an increased innate immune response in
these patients by evaluating expression and activation of
Toll-like receptors[21]. These findings suggest that immune
activation may play a crucial role in the pathogenesis of
IBS. In addition, psychological stress has been reported
to be one of the factors that induce immune activation.
However, it remains unknown whether immune activation in IBS patients is largely dependent on infectious
gastroenteritis and/or psychological stress. Additional
studies are necessary to understand the precise mechanism of immune activation and its relationship to the
development of IBS[22].

PATHOPHYSIOLOGY
Traditionally, IBS has been conceptualized as a condition
of visceral hypersensitivity (leading to abdominal discomfort or pain) and gastrointestinal motor disturbances
(leading to diarrhea or constipation)[7,14]. The gastrointestinal motor disturbances identified, including changes in
intestinal transit, do not easily explain mixed or alternating IBS[14]. Some have suggested that these abnormalities
are secondary to psychological disturbances rather than
being of primary relevance. However, not all patients
with IBS have significant psychological overlay and referral bias may partly account for the psychological associations[7,14]. Hints as to why visceral hypersensitivity and
gastrointestinal motor disturbances may arise are emerging. There is increasing evidence that organic disease of
the gastrointestinal tract can be identified in subsets of
patients who fulfill the Rome criteria for IBS. Evidence
for subtle inflammatory bowel disease, serotonin dysregulation, bacterial overgrowth and central dysregulation
continue to accumulate. The underlying causes of IBS remain to be adequately identified, but IBS-PI is a clear-cut
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Serotonin dysregulation
Serotonin (5-HT), acting particularly through the 5-HT3
and 5-HT4 receptors, plays a significant role in the control
of gastrointestinal motility, sensation, and secretion[23-25].
Furthermore, observations that plasma 5-HT concentrations are reduced in IBS patients with constipation[25,26],
but raised in those with diarrhea[26,27], especially those
showing postprandial symptoms[27], provide further support for its involvement in the motor and sensory dysfunction associated with this condition. Thus there has
been considerable interest in these receptors as possible
therapeutic targets for IBS, with agonists at the 5-HT4
receptor predicted to enhance gastrointestinal propulsion (that is, to be prokinetics)[28-30] and antagonists at the
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5-HT3 receptor to slow gastrointestinal transit and reduce
visceral sensation[28,31-33].

There are differences in brain responses in patients with
IBS that have been documented. For example, measures
of regional cerebral blood flow during rectal distention
have shown that IBS patients have greater activation of
the anterior cingulate cortex, amygdala and dorsomedial
frontal cortex, in contrast to patients with ulcerative colitis and controls[39]. It has been postulated that the brains
of people without IBS are better able to activate endogenous pain inhibition areas. This could represent a genetic
predisposition to IBS. The antidepressant amitriptyline
has been shown to reduce rectal pain and this has been
correlated to activation of the right prefrontal cortex,
right insula and perigenual anterior cingulate cortex[40].
Such central changes might explain the potential benefit
of antidepressants in IBS.

Bacterial overgrowth
Studies indicate that small intestinal bacterial overgrowth
(SIBO) is prevalent in IBS, it remains unclear whether
SIBO causes IBS[34]. Although, the bacterial overgrowth
hypothesis of IBS may be biologically plausible, there
is also a strong rationale for competing hypotheses. It is
unlikely that SIBO is the predominant cause of IBS in all
comers, because competing explanations are sensible and
defensible. Moreover, data indicate that the test used to
promulgate the SIBO hypothesis - the lactulose hydrogen
breath test - may not have measured SIBO in the first
place[34]. We do not have evidence of SIBO being absent
before IBS symptoms, and present after IBS emerges.
There is not a dose-response relationship between small
intestinal microbiota and IBS symptoms. The relationship between SIBO and IBS is highly inconsistent among
studies. Many effective IBS therapies do not address
SIBO at all, yet have a more favorable “number needed
to treat” than antibiotics. IBS does not behave like a
traditional infectious disease, suggesting that microbes
may not principally cause the syndrome. Other factors
may confound the relationship between SIBO and IBS,
including proton pump inhibitors. Whereas the brain-gut
hypothesis is evolutionarily sensible, the bacterial hypothesis is harder to defend from an evolutionary perspective.
So it can be said that bacteria may contribute to some
IBS symptoms, but that bacteria cannot be the only explanation, and a causal link between SIBO and IBS is not
secure[34].

Genetics
Studies have suggested that there is a genetic contribution to IBS, although the importance of this remains in
dispute[41]. A search for candidate genes continues, with
the working hypothesis that environmental factors likely
play an important role in the pathogenesis in the genetically primed individual.

DIAGNOSIS AND CLINICAL
MANIFESTATIONS
Diagnostic criteria have evolved since 1979 when Manning et al[42] first published their criteria. The changes
have included the Rome Ⅰ criteria, which were revised
to the Rome Ⅱ guidelines[13], and now to the most recent Rome Ⅲ criteria to allow for ease of diagnosis. The
Rome Ⅱ criteria state that a patient must have abdominal
pain or discomfort for at least 12 wk, which need not
be consecutive, during the past 12 mo. This pain or discomfort must have at least two of the following three
features: relief with defecation, association with a change
in stool frequency, or association with a change in stool
consistency. The Rome Ⅲ diagnostic criteria simply state
that a patient must have recurrent abdominal pain or
discomfort at least 3 d/mo in the last 3 mo associated
with two or more of the following features: improvement with defecation, onset associated with a change
in stool frequency, or onset associated with a change in
stool consistency[3]. A 2009 position statement issued by
the American College of Gastroenterology (ACG) states
that no symptom-based criteria have ideal accuracy for
diagnosing IBS[43]. Therefore, the ACG Task Force defines IBS as abdominal pain or discomfort that occurs in
association with altered bowel habits over a period of at
least 3 mo. Understanding the pathogenesis of IBS is important because today’s newer pharmacotherapy agents
are beginning to target the known pathophysiologic
mechanisms of IBS. Altered gastrointestinal motility, visceral hypersensitivity, post infectious reactivity, brain-gut
interactions, alteration in fecal micro flora, bacterial overgrowth, food sensitivity, carbohydrate malabsorption, and
intestinal inflammation all have been implicated in the

Central dysregulation and brain-gut interaction
Psychosocial factors appear to be important in IBS,
although whether these factors directly alter gastrointestinal function remains uncertain. It is also possible that
gastrointestinal dysfunction modulates central processes
too. For example, there is good evidence now that abuse
in childhood or adulthood is associated with IBS, although whether it is of etiological importance remains in
dispute[35]. Anxiety and depression are also common in
IBS[7,14]. Some have conceptualized IBS as a somatization
disorder, but the clear evidence for an organic pathophysiology in some cases of IBS makes this unlikely[14,35].
The central nervous system modulates various functions such as secretion, motility, and blood flow [36].
Signals from the gut, in turn, are involved in regulating
reflexes. Perception of events in the gut involves activation of afferent pathways, with information being
modulated at different levels, peripheral as well as central[37]. A major advance in our understanding of braingut interaction and its alteration in IBS occurred with the
introduction of functional magnetic resonance imaging.
This technique allowed assessment of the difference in
cortical function in response to gut stimulation between
healthy subjects and IBS patients[38], opening the door for
potential pharmacologic and behavioral interventions.
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Table 1 Summary of diagnostic criteria used to define irritable bowel syndrome
Diagnostic criteria
Manning (1978)

Kruis (1984)

Rome Ⅰ (1990)

Rome Ⅱ (1999)

Rome Ⅲ (2006)

Symptoms, signs, and laboratory investigations included in criteria
IBS is defined as the symptoms given below with no duration of symptoms described. The number of symptoms that need to be
present to diagnose IBS is not reported in the paper, but a threshold of three positive is the most commonly used:
Abdominal pain relieved by defecation
More frequent stools with onset of pain
Looser stools with onset of pain
Mucus per rectum
Feeling of incomplete emptying
Patient-reported visible abdominal distension
IBS is defined by a logistic regression model that describes the probability of IBS. Symptoms need to be present for more than two
years.
Symptoms:
Abdominal pain, flatulence, or bowel irregularity
Description of character and severity of abdominal pain
Alternating constipation and diarrhea
Signs that exclude IBS (each determined by the physician):
Abnormal physical findings and/or history pathognomonic for any diagnosis other than IBS
Erythrocyte sedimentation rate > 20 mm/2 h
Leukocytosis > 10000/cc
Anemia (Hemoglobin < 12 for women or < 14 for men)
Impression by the physician that the patient has rectal bleeding
Abdominal pain or discomfort relieved with defecation, or associated with a change in stool frequency or consistency,
PLUS two or more of the following on at least 25% of occasions or days for 3 mo:
Altered stool frequency
Altered stool form
Altered stool passage
Passage of mucus
Bloating or distension
Abdominal discomfort or pain that has two of three features for 12 wk (need not be consecutive) in the last one year:
Relieved with defecation
Onset associated with a change in frequency of stool
Onset associated with a change in form of stool
Recurrent abdominal pain or discomfort three days per month in the last 3 mo associated with two or more of:
Improvement with defecation
Onset associated with a change in frequency of stool
Onset associated with a change in form of stool

IBS: Irritable bowel syndrome; 5-HT: 5-hydroxytryptamine.

pathogenesis of IBS. However, the perceived symptoms
from these mechanisms consist of abdominal pain or
discomfort, bloating, diarrhea, and constipation. Historically, medical management has focused on symptomatic
treatment of these individual complaints. In addition, our
current pharmaceutical repertoire is usually limited to
treatment for only one symptom.
As individual symptoms are not completely accurate
in diagnosing IBS, criteria have been developed to identify a combination of symptoms to diagnose the condition. Manning et al[42] promulgated the original account
of this approach. Two of four studies that have evaluated the accuracy of the Manning criteria suggested they
perform well, with a sensitivity of 78% and specificity
of 72%. Kruis et al[44] developed another set of criteria;
three of four studies that examined the accuracy of the
Kruis symptom score suggested it provides an excellent
positive predictive value with a high sensitivity (77%)
and specificity (89%). The Rome criteria subsequently
were developed and have undergone three iterations.
One study has evaluated the accuracy of Rome Ⅰ criteria,
and determined it had a sensitivity of 71% and specificity of 85%. Studies have demonstrated that there are no
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consistent differences in sensitivity or specificity between
Manning, Rome Ⅰ, and Rome Ⅱ and support the validity
of symptom-based IBS criteria[45]. A cross sectional study
by Engsbro et al[46] exploring the sensitivity of Rome Ⅲ
criteria in primary care in patients suspected of irritable
bowel syndrome. In this study, a total of 604 patients
were referred and 499 were included (32.8 ± 9.5 years,
75% were female). The Rome Ⅲ criteria were fulfilled by
376 patients (sensitivity, 0.75; 95%CI: 71%-79%). Rome
Ⅲ-positive patients more frequently reported disturbed
defecation, had a higher symptom burden, and lower
disease-specific health-related quality of life compared
with Rome Ⅲ-negative patients. The various symptombased criteria identified slightly different subpopulations
with the highest agreement between the Rome Ⅱ and Ⅲ
criteria[46] (Table 1).

TREATMENTS
Before discussing treatment options with patients suspected of IBS, the physician should carefully perform a
detailed history and physical to exclude other diagnoses
with symptoms similar to those of IBS. The American
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College of Gastroenterology Functional GI Disorders
Task Force stated that the current data do not support
extensive testing in IBS patients[25]. IBS patients do not
appear to have a higher prevalence of organic disease
than the general population. If no alarming findings exist such as weight loss, hematochezia, iron deficiency,
and symptoms that are typical of IBS, routine diagnostic
testing is not recommended. If symptoms are not typical or alarm features are present, testing should include
complete blood cell count, comprehensive metabolic
profile, an inflammatory marker such as erythrocyte sedimentation rate or C-reactive protein, and thyroid stimulating hormone level. If diarrhea is predominating, fecal
leukocytes and stool analysis for Clostridium difficile when
appropriate (such as patients with antibiotic use within 3
mo or recent chemotherapy) should be obtained. Travel
and social history may make stool tests for Giardia and
Cryptosporidium antigens appropriate. Serology for
celiac disease, preferably the tissue transglutaminase or
TTG-IgA, should be performed as part of the workup
for all patients suspected of having IBS associated with
diarrhea or mixed subtype. Sanders et al[47] demonstrated
that a higher prevalence of celiac disease exists in IBS
patients (4.67%) compared with the general population (<
1%). However, a recently published study found that 1.7%
of IBS patients were positive for TTG, and this was not
different from the placebo group[48]. Nonetheless, testing
for celiac disease does seem reasonable in non constipating IBS. Colonoscopy is acceptable in patients with a
family history of inflammatory bowel disease; colon cancer; alarm symptoms, such as hematochezia, nocturnal or
progressive abdominal pain, weight loss, anemia, elevated
inflammatory markers, or electrolyte disturbances; or
in patients over 50. When a colonoscopy is performed
in patients with IBS-D, random biopsies should be performed to rule out microscopic colitis. These are general
suggestions, as each individual patient will present with
unique characteristics. The physician must realize that a
strong physician-patient relationship will be the foundation for effective treatment and realistic expectations[3].
Many patients with IBS have been bounced around the
medical field for many years with varying diagnoses
because of the lack of interest or profound frustration
by the physician in treating IBS, possible stigma of this
disease as being a psychiatric entity, or lack of clinical,
physical, or laboratory diagnostic criteria. The medical literature supports gaining the confidence of the patient on
the first clinical interview through attentive listening, and
detailed explanations of the pathophysiology, natural history, management, and prognosis of IBS[49,50]. Responding
to all the patient’s concerns and questions and spending
time in the initial visit validates their problem. This reassurance aids in the patient’s attempts to understand and
accept his or her affliction. Setting appropriate goals and
limits gives patients a more structured environment and a
sense of purpose and allows them to participate in their
own health care strategy[3]. Once a rapport with the patient has been established, long-term goals for this chronic illness are easier to obtain as evident by a decrease in
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the number of health care visits, reduction in symptoms,
and improved patient satisfaction[3]. The physician should
also emphasize the chronic nature of this syndrome because nearly 75% of patients continue to have a diagnosis
of IBS 5 years later[51].
Non-pharmacological therapies
A complementary and alternate medicine (CAM) is often
used for chronic medical conditions, health promotion,
and/or disease prevention[52]. Currently available systematic reviews provide conflicting findings about the effectiveness of CAM therapies for IBS. The American College of Gastroenterology Task Force on IBS[3] reported
that CAM therapies have not demonstrated any strong
evidence-based support for positive outcomes. Other
systematic reviews, however, indicate evidence of effectiveness[53]. Among mind-body therapies, hypnotherapy
and cognitive-behavioral therapy seem to be the most
widely accepted by IBS patients. Relaxation techniques
have been studied for their potential role in alleviating
IBS symptoms. Multiple studies have indicated positive
correlations among psychological distress, daily stress,
and GI symptom aggravation[54-57] that triggered IBS
symptoms[58]. Women with IBS tend to report a higher
amount of psychological distress and lifetime psychopathology than those with no GI symptoms[58]. Relaxation
training may be beneficial for symptom improvement and
appears to be at least as effective as standard pharmacological treatment. Acupuncture can cause physiological
changes that affect various endogenous neurotransmitter
systems. Of specific interest to the treatment of IBS is
the influence of acupuncture and moxibustion on the
serotonergic and cholinergic neurotransmission of the
brain-gut axis. Both animal and human trials indicate specific targets for acupuncture on serotonergic, cholinergic,
and glutamatergic pathways as well as reductions in blood
cortisol levels[59-63].

EXERCISE
Exercise can help maintain GI function and reduce stress,
which can help relieve some IBS symptoms. Studies of
IBS indicate positive relationships between physical activity and symptom relief[64]. Physical activity, such as pedaling a bicycle, protects against GI symptom aggravation
and alleviates gas in several studies[64-66]. The practice of
yoga has also demonstrated reduction of IBS symptoms
in both adult and adolescent populations[67,68]. Pranayama
yoga has been identified as an exercise regimen that increases sympathetic tone, which is decreased in IBS-D
patients[69]. In a two-month study, a yoga intervention
group practiced twice daily, while the conventional treatment group received 2-6 mg loperamide daily. Results
indicated that yoga demonstrated improvement of IBS
symptoms equivalent to conventional treatment[69].

DIET MODIFICATION
A primary goal of all IBS interventions is to provide the

6764

June 14, 2014|Volume 20|Issue 22|

Saha L. Evidence based review on IBS

patient with relief of symptoms and improve the quality
of life. Although the data from clinical trials may in some
cases not provide strong evidence for benefits of dietary
modification, it remains the primary non-pharmacological clinical intervention for IBS patients; exclusion diets
are successfully used by many clinical practitioners[3].
Food intolerances or allergies are strong contributors
to the exacerbation of IBS symptoms. Individuals with
IBS often discover that certain foods aggravate symptoms[70-72], while others have found relief from IBS symptoms by modifying their daily diet and increasing exercise
activities[73-75]. Symptoms of IBS may be associated with
visceral hyperactivity, GI motility disturbances, sugar
malabsorption, gas-handling disturbances, and abnormal
intestinal permeability[1,76]. Elimination diets are often employed that remove the most common allergens from the
diet[77]. Although some patients reported that removing
wheat, dairy products, eggs, coffee, yeast, potatoes, and
citrus fruits from their diets is helpful, such restrictions
may be difficult to follow[72]. Dietary restrictions may
provide patients with relief of IBS symptoms over time,
while entirely skipping meals has been found to worsen
IBS symptoms[65,72].

demonstrated a less significant effect. Neither intervention, however, decreased abdominal pain in IBS patients.
Due to its moderate effectiveness, additional intake of
soluble fiber may be recommended for IBS-C patients.
Studies also revealed that pain relief was not associated
with increased fiber intake and that the addition of insoluble fiber such as nuts or whole grains to the diet had
either no effect or exacerbated IBS symptoms[79].

LACTOSE INTOLERANCE
Patients with IBS were found to have significantly more
subjective lactose intolerance complaints (bloating, distention, and diarrhea) than those without IBS and to have
increased likelihood of lactose malabsorption than the
general population[81]. Thus, decreased intake of lactose
can benefit some IBS patients[82]. It is hypothesized that,
following ingestion of lactose, hydrogen gas is produced
and gut distention is promoted due to bacterial fermentation of the unabsorbed lactose. Interestingly, the majority
of IBS sufferers, however, failed to test positive for hydrogen breath tests that indicate lactose intolerance[82].

PHARMACOTHERAPY

MACRONUTRIENTS: FAT, SUGAR, AND
SUGAR ALCOHOLS

In the past patients with IBS were treated by giving medicines targeting individual symptoms of IBS such as bloating, abdominal pain, diarrhea, and constipation. However,
newer medications are beginning to focus on the molecular level like serotonin receptor agonists and antagonists
and drugs that act locally on chloride channels (Lubiprostone) and guanylate cyclase receptors (linaclotide) in the
gastrointestinal tract[83]. The problem is that no one drug
fits all, meaning that the IBS population is very diverse
with each individual presenting with different prevailing
complaints. The heterogeneity of the IBS population
exists because of the wide range of complaints and the
varying degree of symptom severity. Because of poorly
designed studies and ill-defined outcomes, the medical
literature regarding IBS therapy is generally inconsistent[84,85]. The placebo response in IBS patients is quite
significant with short-term trials reporting a 30%-80%
response[86]. One can imagine the difficulty of treating
a syndrome that is heterogeneous in its presentation,
lacks in significant supporting medical literature, and has
a remarkably high placebo response rate. Even though
patients’ symptoms overlap, addressing them individually
allows the physician to simplify and organize the appropriate medical therapy.

IBS studies indicate a positive relationship between fat
intake and increased stool number and diarrhea. Intake
of carbohydrates can also aggravate IBS symptoms[72].
Offending carbohydrates include fermentable oligo-, di-,
and monosaccharides and polyols (FODMAPs). This
group includes fructans, galactans, lactose, fructose, sorbitol, xylitol, and mannitol[78]. Sorbitol and other sugaralcohols found in most sugar-free or reduced-sugar products are poorly absorbed in the GI tract and may cause
increased flatulence, abdominal discomfort. Other types
of sugar-alcohols proposed to aggravate IBS symptoms
include mannitol, xylitol, erythritol, lactitol, maltitol, and
isomalt[71]. Due to the multitude of variables related to
IBS symptoms, study results are difficult to validate and
challenging to interpret.

FIBER
Fiber intake from fruits and vegetables is inversely correlated to bloating[74]. The addition of psyllium fiber, especially for persons with IBS-C, reduced IBS symptoms in
some people[71,79,80] while either wheat bran or a low-fiber
diet was found to be an ineffective management measure
as evaluated by two meta-analyses of a total of 30 studies[80]. Because most of the evaluated studies had small
sample sizes, the results are highly variable. Other widely
variable factors included the amount of soluble (5-30 g)
and insoluble (4.1-36 g) fiber added to the diet and the
duration of study intervention (3-16 wk). Overall, consumption of soluble fiber resulted in a decrease in global
IBS symptoms and constipation, whereas insoluble fiber
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ABDOMINAL PAIN
The major contributing factor in abdominal pain experienced by IBS patients is visceral hypersensitivity. The
management of abdominal pain in IBS has changed very
little over the past few decades: antispasmodics remain a
cornerstone of therapy. Antispasmodic agents work by
anticholinergic properties like dicyclomine and hyoscya-
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mine. The evidence of the effectiveness of these agents
is not compelling, as even the meta-analyses for smooth
muscle relaxants are conflicting. One meta-analysis demonstrated an advantage over placebo for antispasmodics
in terms of abdominal pain and distention[87]. Brandt et
al[43] examined 18 randomized controlled trials, of which
only three included dicyclomine and hyoscyamine, but
concluded the trials were of suboptimal quality based on
study design with inadequate duration of treatment. With
only one of those previously mentioned three studies
demonstrating a statistically significant improvement in
global IBS symptoms and abdominal pain[88] and more
frequent anticholinergic side effects versus placebo (69%
vs 16%), it is easy to understand why insufficient data exist about antispasmodics. Even though the antispasmodic
medications have not demonstrated an overwhelming
statistically significant advantage[84], it is common practice
in the United States to utilize these agents. The anticholinergic effects, including constipation, dry mouth, visual
disturbances, and urinary retention, can lead to discontinuation of these medications. These medications can
be given as an oral formulation or a sublingual tablet, and
be dosed on an as-needed or regular basis. Many patients
benefit by taking the medication before meals. If known
exacerbating factors such as a particular diet or stress
are anticipated, these medications can be given as a prophylactic measure. It has also been noted that medicines
such as dicyclomine can lose effectiveness with chronic
use; therefore, it may be best employed on an as-needed
basis[7]. Given the potential side effect of constipation,
these medications should be used cautiously in IBS with
constipation predominating[43].

other new antidepressant drug classes are available in the
literature[43].
When addressing abdominal pain in the IBS patient,
it is helpful to distinguish whether the pain is constant/
chronic versus intermittent with known exacerbating factors. The latter has better results when treated with the
antispasmodics, whereas the former may have a better
response from low-dose TCAs or SSRIs[3]. Antidepressants in IBS patients can facilitate endogenous endorphin
release, blockade of norepinephrine leading to enhancement of descending inhibitory pain pathways, and blockade of the pain neuromodulator, serotonin[89,90]. TCAs, via
their anticholinergic properties, also slow intestinal transit
time, which may provide benefit in diarrhea-predominant
IBS[91]. The goal is to reduce the visceral hypersensitivity,
allowing for better management of chronic pain. Reducing abdominal pain allows for reduced anxiety and a distraction from these patients’ IBS complaints[43]. A 2009
meta-analysis concluded that antidepressants were significantly more effective than placebo for the relief of pain
and global symptoms. The treatment effects were similar
for SSRIs and TCAs[92]. Some patients will hesitate to use
antidepressants because of the associated stigma of these
medications; therefore, the management of chronic pain
should be emphasized. Counseling the patient regarding
the potential side effects of constipation and sedation is
essential, and caution should be used when prescribing
these medications in constipation predominant IBS[43].
Treatment with TCAs generally starts with a very low
dose given before bedtime and even with gradual increases never reaches the same doses that are used to
treat depression. Often only 25-50 mg of amitriptyline
can be utilized with success, although one can start with a
very low dose of 10 mg daily. Currently, the evidence for
using SSRIs is limited and inconsistent. These agents may
be more beneficial in treating patients with concomitant
anxiety and constipation-predominating IBS; generally,
there are fewer side effects.

EFFECTIVENESS OF ANTIDEPRESSANT
AGENTS IN THE MANAGEMENT OF
IRRITABLE BOWEL SYNDROME
Tricyclic antidepressants (TCAs) and selective serotonin
reuptake inhibitors (SSRIs) are more effective than placebo at relieving global IBS symptoms, and appear to reduce abdominal pain. There are limited data on the safety
and tolerability of these agents in patients with IBS. Nine
trials were identified that tested TCAs in various doses
for IBS. TCAs clearly were superior to placebo (NNT = 4,
95%CI: 3-6)[43]. There is no convincing evidence that the
dose needed has to be in the antidepressant range, and
most trials tested low-dose TCAs. In two of the trials, abdominal pain was the primary endpoint and a significant
benefit was observed. Five trials that assessed SSRIs also
showed a benefit in IBS over placebo (NNT = 3.5)[43].
Theoretically, SSRIs should be of most benefit for IBS-C,
whereas TCAs should be of greatest benefit for IBS-D
because of their differential effects on intestinal transit
time, but there is a lack of available data from the clinical
trials to assess this clinical impression. The safety of using antidepressants in IBS remains poorly documented,
although data suggest that the SSRIs are tolerated better than the TCAs. No data on the efficacy of SSRIs or
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Bloating
Bloating is unfortunately a very subjective complaint
among IBS patients and remains extremely difficult to
treat. The majority of the medications designed for this
indication have not been helpful. Simethicone and activated charcoal theoretically should aid in alleviating bloating, but have not demonstrated a true clinical or even
statistical benefit. The role of prokinetic agents has yet
to be defined and further well-designed studies are needed[86]. Because even IBS treatments such as dietary fiber
supplementation can actually worsen bloating secondary
to colonic metabolism of non digestible fiber, care must
be taken in prescribing fiber in patients with a significant bloating problem[86,93]. Non absorbable sugars like
lactulose potentially used for constipation predominating
patients can exacerbate gaseous distention. The physician
should instruct the patient to be mindful of gaseous food
(i.e., beans, carbonated beverages, etc.) and attempt to
elicit any aerophagia symptoms.
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Constipation
When treating mild to moderate symptoms of constipation-predominant IBS, dietary and lifestyle modifications
should be the initial management tools. Patients should
increase their consumption of fiber-enriched foods, and
the physician needs to encourage fluid intake to prevent
stool dehydration. Teaching the patient to schedule times
for bowel evacuations with the aid of stimulating substances such as coffee or prunes allows for a regimental
routine, thus eliminating previously unrecognizable bad
habits. Bulking agents (corn fiber, bran, psyllium, polycarbophil, ispaghula husk, and methylcellulose) are a simple
and inexpensive next-treatment option. In theory, adding
these to the diet increases luminal water, which adds bulk
to the stool and allows easier stool passage. One metaanalysis of 13 trials using bulking agents concluded that
evidence was lacking to firmly demonstrate an advantage
with only polycarbophil and ispaghula husk in three trials
exhibiting improvement in constipation[84]. Not surprisingly, no benefit was seen with abdominal pain or bloating. Furthermore, a systematic review summarized that
all 13 trials were flawed in methodology and fiber was no
more effective than placebo[94]. A randomized placebo
controlled trial compared the effectiveness of increasing
dietary content of soluble fiber (psyllium) or insoluble
fiber (bran) in patients with IBS[95]. It was concluded that
those patients taking psyllium had a significant improvement in relief of symptoms and overall reduction in
severity of symptoms. However, bran showed no clinical
benefit and actually caused worsening of symptoms in
many cases[93]. Given that these agents possess a relatively
safe profile, it is reasonable to prescribe a trial as initial
management for constipation with the understanding
that these agents can worsen bloating and abdominal discomfort. Currently, there are no randomized controlled
trials examining laxatives in IBS patients[43]. However,
polyethylene glycol can be considered for refractory cases
as it was shown to improve stool frequency but not abdominal pain[86].
Lubiprostone is a locally acting chloride channel
activator that enhances chloride-rich intestinal fluid
secretion. It was initially approved for use in chronic
idiopathic constipation, but later received approval for
use in women with constipation-predominant IBS. Two
placebo-controlled trials as well as an open-label study
showed significant overall response to the medication[96].
The approved dose for IBS is 8 μg twice daily, and 24 μg
dosing can be used for constipation. There seem to be no
short-term safety issues and the main side effect is nausea. However, long-term safety remains to be established.
Further studies will need to be performed to determine
its role in treatment of male IBS patients. Currently, it is
best reserved for women with IBS and severe constipation that has been refractory to other treatments.

anecdotal event could include eating, walking, traveling
with the fear of not being near a restroom, or stressful
encounters in a social setting or even at work. As previously mentioned, keeping a diary of not only foods but
also events or situations that correlate with the onset of
diarrhea can help the patient in recognizing these stressors and allow the physician to better coordinate therapy.
Once these predictable episodes of diarrhea are known,
the physician can begin to utilize conservative, first-line
treatment with anti diarrhea agents. Of the two most
commonly used anti diarrhea agents, loperamide and
diphenoxylate HCl-atropine, loperamide is the only one
to have been studied for IBS-D. These medications increase gastrointestinal transit time by interacting with the
GI musculature, thus allowing for more water absorption[86]. Of the few randomized controlled trials, the data
indicated a decrease in diarrhea without any effect on
global IBS symptoms or abdominal pain[94]. The physician
should instruct the patient to discontinue these medications once the diarrhea has subsided to prevent constipation. Because of this side effect, the physician should
have a higher threshold in prescribing these agents in
IBS patients with alternating diarrhea and constipation[43].
Although opioid medications can decrease diarrhea, they
should be used with extreme caution because of the possibility of severe constipation and obviously for the addiction potential. As a result, most physicians avoid using
these agents. Cholestyramine may have a role in the treatment of diarrhea-predominant IBS, but further evidence
is needed to better elucidate the role of bile acid malabsorption and its treatment in IBS[86]. Cholestyramines’
side effect of constipation should be remembered. As
mentioned above, patients with multiple IBS symptoms
that include abdominal pain and diarrhea may benefit
from low dose TCAs, which decrease the frequency of
bowel movements and treat the visceral hypersensitivity.
Alosetron is a 5-hydroxytryptamine (serotonin) 3-receptor antagonist, which modulates visceral afferent activity
from the gastrointestinal tract[96]. A meta-analysis that
included multiple randomized controlled trials demonstrated its efficacy in relieving global IBS symptoms.
These trials demonstrated effectiveness versus placebo
for improvement of abdominal discomfort, stool frequency, consistency, and urgency[10,97]. It has been found
to be most effective in women with IBS-D. Constipation was reported in approximately one third of patients
using alosetron[10,97]. Severe constipation and ischemic
colitis were rarely reported as well as some potential
drug-related fatalities[86,97]. After being withdrawn from
the market, it was reapproved by the United States Food
Drug Administration with restrictive guidelines[7], and is
currently available under a specific prescribing protocol,
with a starting dose of 1 mg daily.

Diarrhea
When considering treatment for IBS-D, the physician
should attempt to elicit any particular stressors that might
initiate the patient’s exaggerated gastro colic reflex. The

MISCELLANEOUS TREATMENT
STRATEGIES
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antibiotics in IBS patients with SIBO. A study by Pimentel et al[98] found that out of 202 IBS patients, 157 or 75%
had abnormal lactulose hydrogen breath test results signifying bacterial overgrowth. However, the study did show
that patients with successful eradication had statistically
significant improvement in abdominal pain and diarrhea. The same author subsequently published a doubleblinded randomized controlled trial substantiating that
the normalization of the lactulose breath test with antibiotics in IBS patients led to a significant reduction of IBS
symptoms[99]. In the TARGET 1 and TARGET 2 trials,
patients with IBS and without constipation were randomly assigned to receive either rifaximin 550 mg three
times a day or a placebo for 2 wk. In this study, results
showed that those patients that received rifaximin were
more likely to report relief of global IBS symptoms than
those that received a placebo[100]. These were large studies enrolling over 1200 patients with greater than 70%
completing the study which followed the patients for
12 wk after treatment. Like most IBS studies, there was
a predictable response in the placebo group. Currently,
there are insufficient data to recommend breath testing
for SIBO in all IBS patients as the optimal test is unclear.
It is also not clear why antibiotics are effective-are they
treating small bowel bacterial overgrowth or altering the
colonic flora? The benefit from treatment appears to be
transient. Therefore, the routine use of antibiotics in all
IBS patients is not recommended. However, it is reasonable to try a 2-wk trial of rifaximin in those patients with
IBS without constipation and with moderate to severe
symptoms, especially bloating, who have failed other
therapies. In prior studies, there were no significant side
effects of rifaximin compared with placebo, but currently
its cost can be a prohibitive factor.

native flora of the colon with “probiotics” such as the
commercially available preparations of the Lactobacillus
species[84,101]. Patients have often tried these preparations
even before seeking medical care due to widespread marketing techniques and availability. Trials to date remain
conflicting and no clear benefit has yet to be established
for lactobacilli. However, Bifidobacteria, Saccharomyces
boulardii and other combinations of probiotics demonstrate some efficacy. The probiotic strain Bifido bacterium infantis 35624 (one capsule per day) has been shown
to reduce pain, bloating, and defecatory difficulty and
to normalize stool habit in IBS patients, regardless of
predominant bowel habit[104]. The probiotic strain Bifido
bacteriumlactis DN-173 010 has been shown to accelerate gastrointestinal transit and to increase stool frequency
among IBS patients with constipation[53]. However, a
systematic review of randomized clinical trials evaluating
the efficacy, safety, and tolerability of probiotics in IBS
determined that only Bifido bacterium infantis 35624
showed significant improvement in global and specific
IBS symptoms in appropriately designed studies[104]. The
theory behind the mechanism for improvement appeared
to be downregulation of a proinflammatory state. No
other probiotic showed significant improvement in IBS
symptoms in an appropriately designed study[104]. The
best clinical evidence for probiotic efficacy is in protection against infection, especially in neonatal and elderly
groups. The role of probiotics in IBS remains uncertain
given the limited clinical studies[104]. The role of psychological therapies has been analyzed in multiple studies[105].
The methodological design of most of these studies was
inadequate; therefore, unequivocal evidence is lacking.
However, the ACG Task Force concluded that cognitive
therapy, dynamic psychotherapy, and hypnotherapy are
more effective than usual care in relieving global symptoms of IBS[43]. Along the lines of alternative therapy,
many patients will seek methods considered nontraditional in Western medicine. This is not surprising given
the frustration of the symptoms. Individual patients may
obtain relief from acupuncture, meditation, and relaxation techniques. There has been a recent study showing
the effectiveness of mindfulness-based stress reduction
in a small number of patients[105].

ALTERNATIVE THERAPIES FOR
IRRITABLE BOWEL SYNDROME
Many IBS patients turn to herbal preparations because of
a widespread perception that they are safe and effective
for a variety of ailments. Although many patients utilize
herbal and alternative approaches, they usually do not
volunteer this information during the physician interview,
so it is important to specifically ask about these agents in
a nonjudgmental fashion. An excellent review by Spanier
et al[101] examined these alternative therapies. Though unstudied in IBS, aloe has been frequently used in treating
constipation-predominant IBS. Peppermint oil, which
has antispasmodic properties by relaxing smooth muscle,
demonstrated efficacy in terms of abdominal discomfort and pain and abdominal distention in IBS patients
in three randomized trials when compared with placebo[102,103]. The American College of Gastroenterology
Task Force on IBS determined that antispasmodics, such
as peppermint oil, may provide short-term relief, but evidence for long-term efficacy is not available and evidence
for safety and tolerability is limited[43]. Perhaps the most
common strategy employed by patients is to alter the
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TREATMENT OF
NONGASTROINTESTINAL SYMPTOMS
The IBS patient population has a wide variety of other
symptoms. A study by Gralnek et al[106] of the healthrelated quality of life (HRQOL) of IBS showed significant other symptomatology. Patients with IBS had lower
scores on the SF 36[107], a QOL scale. This was specifically noted in areas such as bodily pain, emotional wellbeing, fatigue, and poor social functioning. It is recommended that clinicians perform routine screening for
diminished HRQOL in their IBS patients[94]. Bringing a
treatment strategy into play that addresses these other
mental and physical symptoms is difficult; again, the rela-
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Table 2 Emerging therapies for irritable bowel syndrome
Agent

Mechanism of action

Peripheral acting agents
Crofelemer
CFTR inhibitor
Linaclotide (MD-1100)
Guanylatecyclase-c agonist
Arverapamil (AGI-003)
Calcium channel blocker
Verapamil
Kappa opioid agonist
Mitemcinal
Motilin receptor agonist
Peripheral and central acting agents
Ramosetron
5-HT 3 antagonist
TD-5108
5-HT 4 agonist
DDP-773
5-HT 3 agonist
BMS-562086
Corticotropin-releasing hormone antagonist
GW876008
(319) Corticotropin-releasing hormone antagonist
DDP-225
5-HT 3 antagonist and NE reuptake inhibition
GTP-010
Glucagon-like peptide
AGN-203818
Alpha receptor agonist
Solabegron
Beta-3 receptor agonist
Espindolol (AGI-011)
Beta receptor antagonist
Dextofisopam
2,3 benzodiazepine receptors

Targeted disorder

Clinical status

IBS-D
IBS-C
IBS-D
IBS
IBS-C

Phase 2b complete
Approved by US FDA in 2012, 30th August
Phase 3
Phase 2b complete
Phase 2

IBS-D
IBS-C
IBS-C
IBS-D
IBS
IBS-D
IBS pain
IBS pain
IBS
IBS (all subtypes)
IBS-D and IBS-M

Phase 3
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 2
Phase 3

IBS-C: Irritable bowel syndrome with constipation; IBS-D: Irritable bowel syndrome with diarrhea; IBS-M: Mixed irritable bowel syndrome; CFTR: Cystic
fibrosis transmembrane conductance regulator; US FDA: United States Food and Drug Administration.

tionship and rapport between the physician and patient is
very important.

symptoms of IBS. 5HT 3 antagonists are efficacious in
IBS patients with diarrhea and the quality of evidence
is good. Patients need to be carefully selected, however,
because of the risk of ischemic colitis. 5HT 4 agonists
are modestly effective in IBS patients with constipation
and the quality of evidence is good although the possible risk of cardiovascular events associated with these
agents may limit their utility. Tricyclic antidepressants and
selective serotonin reuptake inhibitors have been shown
to be effective in IBS patients of all subtypes. The trials
generally are of good quality but the limited number of
patients included in trials implies that further evidence
could change the confidence in the estimate of effect and
therefore the quality of evidence was graded as moderate. Non absorbable antibiotics are effective particularly
in IBS-D and selective C-2 chloride channel activators
are efficacious in IBS-C with a moderate quality of evidence. Psychological therapies may also provide benefit
to IBS patients although the quality of evidence is poor.
Patients with IBS often seek CAM therapies, including
cognitive-behavioral therapy, herbal therapies, probiotics,
mind-body therapies, acupuncture, dietary changes, and
exercise. Although most CAM therapies seem to provide
some benefit in alleviating IBS, it is apparent that the duration, dosages, and specifics of the intervention greatly
affect the outcomes. More studies need to be conducted
to establish the subtle nuances associated with these treatments (e.g., specific probiotics, standardization of herbal
extracts, yoga style, etc.) to provide the most significant
benefit for IBS. A wide variety of novel agents targeting
various mechanisms of IBS are now in various stages of
drug development.

EMERGING THERAPIES FOR IBS
Our current knowledge on the pathogenesis of IBS has
led to the identification of a wide variety of novel agents
targeting various mechanisms, now in various stages of
development. This discussion will focus on drugs that
have progressed beyond the proof of concept stage of
development and will consider agents with predominantly
peripheral effects, as well as those with both peripheral
and central effects. Table 2 summarizes the status of
various centrally and peripherally acting agents which are
under various stages of clinical trial (Table 2).

CONCLUSION
IBS is a common disorder characterized by abdominal
pain and altered bowel habit for at least 3 mo. A 2009
position statement issued by the ACG states that no
symptom-based criteria have ideal accuracy for diagnosing IBS. Therefore, the ACG Task Force defines IBS as
abdominal pain or discomfort that occurs in association
with altered bowel habits over a period of at least 3 mo.
The Task Force recommends that further investigations
are unnecessary in young patients without alarming features with the exception of celiac sprue serology, which
may be of benefit in some patients. Further investigation
such as colonoscopy is recommended in those over 50
years of age and in patients with alarming features. Trials suggest psyllium fiber, certain antispasmodics, and
peppermint oil are effective in IBS patients although the
quality of the evidence is poor. Evidence suggests that
some probiotics may be effective in reducing overall IBS
symptoms but more data are needed. Anti diarrheals reduce the frequency of stools but do not affect the overall
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Core tip: The ulcerative colitis (UC)-associated carcinogenesis presents a different sequence of tumorigenic
events compared to those that contribute to the development of sporadic colorectal cancer. In fact, in UC,
early events are represented by oxidative DNA damage
and DNA methylation that can produce inhibition of
oncosuppressor genes, mutation of p53, aneuploidy,
and microsatellite instability. Epithelial cell-T-cell crosstalk mediated by CD80 is a key factor in controlling the
progression from low to high grade dysplasia in UCassociated carcinogenesis.

Abstract
Ulcerative colitis (UC) is characterized by repeated
flare-ups of inflammation that can lead to oncogenic
insults to the colonic epithelial. UC-associated carcinogenesis presents a different sequence of tumorigenic
events compared to those that contribute to the development of sporadic colorectal cancer. In fact, in UC, the
early events are represented by oxidative DNA damage
and DNA methylation that can produce an inhibition
of oncosuppressor genes, mutation of p53, aneuploidy, and microsatellite instability. Hypermethylation
of tumor suppressor and DNA mismatch repair gene
promoter regions is an epigenetic mechanism of gene
silencing that contribute to tumorigenesis and may
represent the first step in inflammatory carcinogenesis.
Moreover, p53 is frequently mutated in the early stages
of UC-associated cancer. Aneuploidy is an independent
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INTRODUCTION
Ulcerative colitis (UC) is historically known as a risk factor for developing intestinal cancers via mechanisms that
remain incompletely understood. In a recent meta-analy-
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alterations in adenomatous polyposis coli (APC), p53,
bcl-2, and K-ras genes, microsatellite instability, and aneuploidy, are also observed in UC-related neoplasms, albeit
with a different frequency and timing in many cases[18-26].
This is a comprehensive overview of the available literature on pathogenesis and immunosurveillance mechanisms in inflammatory colonic carcinogenesis. A text
word literature review was performed using PubMed and
Medline databases. Although this was not a systematic
review, the search terms used were as follows: colorectal
AND cancer OR carcinoma AND UC OR IBD OR
AND pathogenesis OR immune surveillance. The reference lists of identified articles were searched for further
relevant publications. Two researchers (Scarpa M and
Pozza A) independently selected the studies, which were
limited to clinical studies published between January 1980
to July 2013 and in the English language. Unpublished
data and data published in abstract form only were excluded, as these were unlikely to contain sufficient methodological information to allow valid conclusions to be
made. Whenever discordance regarding study inclusion
existed, the two researchers negotiated an agreement.

sis of population-based cohorts, UC increases the risk of
colorectal cancer (CRC) 2.4-fold. Male sex, UC diagnosis
at young age, and extensive colitis also increase this risk[1].
In European collaborative studies, northern countries
were observed to have more inflammatory bowel disease
(IBD)-related intestinal cancers than southern ones[2].
The cumulative risk of colon cancer is approximately 8%
20 years after the initial UC diagnosis, rising to 18% at 30
years[3,4]. Adenocarcinoma of the colon develops from a
dysplastic precursor lesion. In UC patients, pre-malignant
histological changes are broadly referred to as dysplasia
rather than adenoma, since the dysplasia is very often
not polypoid[5]. Even though recent studies reported
that at least 25% of UC patients may be diagnosed with
low grade dysplasia in a 10 year follow-up period, some
studies, such as the one by Lim et al[6] and Lynch et al[7]
in 1993, suggested that low grade dysplasia will develop
in all UC patients if they are followed for an adequate
length of time. Nevertheless, very recent epidemiological data seems to make uncertain these classical pillars in
IBD-associated cancer knowledge. In fact, very recent
Dutch data pointed out that a high proportion of IBDassociated CRCs develop before the recommended start
of surveillance[8,9]. Moreover, an authoritative Danish
study concluded that a diagnosis of UC or CD no longer
seems to increase patients’ risk of CRC, although subgroups of patients with UC remain at an increased risk[10].
The decreasing risk for CRC from 1979 to 2008 might
result from the improved therapies for IBD patients that
have developed over that time[10].
In recent years, a causal link between chronic inflammation and gastrointestinal tract carcinogenesis
has gained increasingly strong support[11,12]. In a recent
Finnish study, the degree of inflammation and duration of disease were observed to cumulatively increase
the risk for dysplasia and CRC in IBD patients[13]. A
chronic inflammatory condition exposes IBD patients to
a number of signals with potential tumorigenic effects.
These signals include persistent activation of the nuclear
factor-kappa B (NF-κB) and cyclooxygenase-2 (COX2)
pathways, release of proinflammatory mediators such as
tumor necrosis factor-alpha (TNFα) and interleukin-6
(IL-6), and augmented levels of reactive oxygen and nitrogen species. An inflammatory microenvironment can
contribute to colonic tumorigenesis via 3 major processes:
(1) increasing oxidative stress, which causes direct DNA
damage that contributes to tumor initiation; (2) activating prosurvival and anti-apoptotic pathways in epithelial
cells that contribute to tumor promotion; and (3) creating
a microenvironment that promotes sustained growth,
neoangiogenesis, migration, and invasion of tumor cells,
thus supporting tumor local progression and distant metastasis[14]. Precancerous lesions and invasive carcinoma in
UC differ from sporadic ones in terms of a younger age
at onset and flat mucosa within large fields of genetic abnormalities, rather than as isolated and visible exophytic
lesions[15-17]. However, many of the genetic abnormalities
observed in sporadic adenoma and carcinoma, including
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HOW IT STARTS: DNA DAMAGE AND
GENOMIC INSTABILITY
Definition
Genomic instability includes microsatellite instability
(MSI) associated with mutant phenotypes and chromosome instability (CIN) characterized by gross chromosomal abnormalities[27]. Three fundamental intracellular
mechanisms are involved in the repairing of DNA
damage: nucleotide excision repair (NER), base excision
repair, and mismatch repair (MMR). Their alteration/inactivation can lead to MSI. On the other hand, CIN is
typically associated with the progressive accumulation of
mutations in oncosuppressor genes and oncogenes[16].
Defects in DNA MMR genes and CIN pathways are responsible for a variety of hereditary cancer predisposition
syndromes, including hereditary non-polyposis colorectal carcinoma, Bloom syndrome, ataxia-telangiectasia,
and Fanconi anemia[27]. Furthermore, besides the many
genetic contributors to CIN and MSI, there are also epigenetic factors that can be equally damaging to cell-cycle
control. Hypermethylation of oncosuppressor and DNA
MMR gene promoter regions is an epigenetic mechanism
of gene silencing involved in colorectal carcinogenesis.
Finally, telomere shortening has been demonstrated to
increase genetic instability and tumor formation in mice
models[27].
Role of genomic instability
In UC, colonocytes are subject to high levels of genetic
damage. In fact, chronic inflammation of the colon can
contribute to carcinogenesis by increasing oxidative stress
which promotes DNA damage, thus contributing to tumor initiation. Oxidative DNA damage is more evident
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Figure 1 Timing of mutation occurrence in inflammatory and sporadic colorectal carcinogenesis. LOH: Loss of heterozygosis; MSI: Microsatellite instability;
COX-2: Cyclooxygenase-2; APC: Antigen-presenting cell.

in patients with UC and dysplasia[28,29]. Furthermore, the
severity of colitis inflammation has been associated with
high levels of reactive oxygen species (ROS) and reduced
defenses to oxidative stress. Both of these mechanisms
might contribute to oxidative DNA damage[25,30-36]. ROS
induce genetic damage either as base alterations, “abasic”
sites, or as strand breaks, and each of these damage types
could cause genomic instability. Therefore, an interesting hypothesis is that in a subgroup of UC patients who
could be defined as “progressors”, the mucosal epithelium is damaged by ROS, producing genomic instability
and eventually carcinogenesis initiation and progression.
This hypothesis is supported by the observation of
chromosomal instability and MSI in the non-dysplastic
mucosa of UC patients with dysplasia and cancer[25,37,38].
Genomic instability occurs with the same frequency
(10%) throughout the whole neoplastic progression in
UC. Therefore, genomic instability does not accumulate
as the neoplasia progresses, but rather occurs very early
and persists at a steady level. The constant presence of
instability may be linked to the maximal tolerated degree
of genetic damage and the dynamic rate of cell turnover
in the inflamed colon.
Genomic instability rate in the colonic mucosa without dysplasia from patients with UC and dysplasia is
significantly higher than that of UC patients who are
completely dysplasia/cancer-free. On the other hand, in
normal mucosa from patients with sporadic colon cancers and adenomas, genomic instability is not observed[39].
On the contrary, in patients with widespread UC, ge-
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nomic instability precedes neoplastic transformation, and
may be related to the extension of chronic inflammation.
These observations suggest once again the peculiarity of
the pathogenesis of UC CRC, and can in part explain the
difference from sporadic cancers: in fact, UC neoplasia
is frequently multifocal, widespread, and may occur in
flat mucosa. The differences in UC-related and sporadic
colorectal carcinogenesis is shown in Figure 1.
On the other hand, non-progressor patients may be
exposed to a lower oxidative stress in their colon than
progressors, or may present a lower susceptibility for
genomic instability after oxidative stress because of better protective mechanisms. For example, glutathione and
glutathione S-transferase levels vary among UC patients
and may influence ROS levels[40]. Nevertheless, a small
amount of heterogeneity was also observed in the nonprogressor group: 20% of patients demonstrated increased genomic instability in the colon without any trace
of dysplasia or cancer at the optimized combination of
sensitivity and specificity. Curiously enough, the genomic
instability rate approximates the percentage of patients
with no dysplasia or cancer that one might expect to
develop a cancer in the following 20 to 30 years[41]. Nevertheless, the question as to why some UC patients have
a mutator phenotype, while others do not, still remains
open[42].
Role of MSI
UC-related colonic carcinogenesis can also be associated
with MSI. In fact, it was demonstrated that MSI can be
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caused by ROS[43]. Microsatellites are short repetitive sequences (1- to 5-nucleotide) of DNA that are randomly
distributed throughout the whole genome. The stability of these sequences is a good measure of the general
integrity of the genome. MSI reflects a gain or loss of
repeat units in a germline microsatellite allele, suggesting the clonal expansion that is typical of a cancer. A
high rate of MSI in severe long standing UC is probably
related to the genomic instability produced by repeated
inflammatory insults. Therefore, the influence of inflammation should be considered when estimating MSI in
UC[44]. Indeed, although the great number of molecular
mechanisms involved in the increased risk of CRC in
UC is still unclear, it appears to be related to MSI[25,45].
The prevailing hypothesis is that overproduction of free
radicals saturates the ability of the cell to repair oxidative
DNA damage prior to replication[25,46]. Another hypothesis is that prolonged and repeated oxidative insults directly inactivate DNA MMR genes[47]. One study reported
half of UC mucosal samples with high MSI as having
MLH1 hypermethylation[48]. However, differently from
what is observed in hereditary non-polyposis colon cancer, other studies found little evidence for MMR defects
as a cause of MSI in UC[49,50]. These data suggest the possibility that mechanisms other than MMR defects exist.
Recently, adaptive increased activity of 3-methyladenine
DNA glycosylase (AAG) and apurinic endonuclease
(APE1) in areas of UC colon undergoing active inflammation was observed[51]. Interestingly, this imbalanced increase appeared to be associated with the MSI observed
in UC. These data were consistent with a possible novel
mechanism by which patients with chronic colonic inflammation acquire MSI. UC patients were demonstrated
to have increased AAG and APE1 enzyme activity in
epithelial areas of their colon with active inflammation,
and those with MSI have the largest increase and imbalance in the levels of AAG and APE1 in inflamed areas
of their colons. These observations showed that the
adaptive imbalanced increase of these enzymes may have
DNA-damaging effects and contribute to carcinogenesis
in chronic colonic inflammation[51].

DNA damage, and thus they can activate oncogenes
and inactivate oncosuppressors[34,53]. Therefore, oxidative
injury to mitochondria in a chronic inflammation situation may contribute to the early stages of carcinogenesis.
Human cancers are characterized by mutations of mtDNA[54-56] and, curiously enough, accumulation of mtDNA
mutations in cancerous tissue seems to be related to the
grading of malignancy. An interesting hypothesis is that
genetic instability in the process of carcinogenesis results
in the high rate of mtDNA mutation in the colorectal
mucosa of individuals with UC, and the increased instability of genes in mtDNA are consistent with the high
incidence of CRC in individuals with UC.
Recently, Nishikawa et al[54,57] observed that the number of mtDNA mutations in the colonic mucosa in UC
patients is significantly higher than that found in other
types of malignancies. Moreover, the rate and the timing of genetic mutations underlying sporadic cancer
(adenoma-carcinoma sequence) and UC-associated
carcinogenesis seem to be different. Although the definite mechanism of these differences is still unknown,
increased oxidative stress in the UC colon[58,59] appears
to be a major cause of DNA damage[60]. Thus, the high
mtDNA mutation rate in the colonic epithelial cells of
UC patients is associated with mutation of nuclear DNA
in long-lasting inflammation. The observation that the
great majority of mtDNA mutations in UC patients were
homoplasmic in nature suggests that these mutations had
become dominant in their mucosa. Mitochondrial DNA
with certain types of mutations are characterized by the
generation of abnormal proteins and increased electron
leakage from the electron transport chain, and therefore
the amounts of endogenously produced free radicals may
be increased in these cells. Finally, in tissues with chronic
inflammation, the resulting increase in oxidative stress
acts to enhance the mutation of either mtDNA or, probably, nuclear DNA, thereby promoting the early stage of
tumorigenesis. Given its clonal nature and the large number of mtDNA copies, mutation of the mitochondrial
genome in the colonic mucosa of UC patients is suggestive of genomic instability that enhances carcinogenesis.
The high incidence of mtDNA mutation in the colonic
mucosa of subjects with UC indicates that the DNA
mutation rate is enhanced in their epithelial cells by the
oxidative stress produced by chronic inflammation and,
hence, malignant transformation can occur more easily
than in normal subjects[57].

Role of mitochondrial DNA damage
In inflammatory conditions, ROS induce DNA damage[31], and since mitochondrial DNA (mtDNA) lacks
histones and related protective systems, mutations accumulate there more than in nuclear DNA[52]. The human
mitochondrial genome includes a 16.5-kb circular doublestranded DNA molecule encoding 13 polypeptides of
the respiratory chain, 22 transfer RNAs, and 2 ribosomal
RNAs necessary for protein synthesis. Since the correct
expression of the complete mitochondrial genome is
necessary for the maintenance of mitochondrial functions, including electron transport, even small changes in
the mtDNA sequence can cause profound functional impairment that enhances generation of free radicals, which
in turn increase the extent of DNA mutation. Free radicals can act as initiators and/or promoters that can cause
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Role of epigenetic mutations
Finally, DNA hypermethylation may play a role in UC
carcinogenesis. Altered genomic methylation is a wellrecognized characteristic of tumor cells, and specific
aberrant methylation events occur in the early steps of
colorectal carcinogenesis, leading to profound modifications in gene expression[61]. In fact, the aberrant methylation of H-cadherin (CDH13) beginning at an early stage
of colorectal tumorigenesis frequently silences the expression of this tumor suppressor gene in colorectal ad-
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enomas and cancers[62]. Moreover, besides germ-line mutations associated with hereditary familial adenomatous
polyposis and somatic mutations in sporadic colorectal
tumors, hypermethylation provides an important mechanism for impairing APC function[63]. Furthermore, hypermethylation of the CpG island in the cellular DNA-repair protein O-6-methylguanine-DNA-methyltransferase
(MGMT) gene[64] and in the MLH1 gene is associated
with the reduced gene expression observed in the majority of sporadic primary CRCs with MSI[65]. Finally, in gastrointestinal cancer RUNX3 hypermethylation decreases
transforming growth factor-β (TGF-β)/BMP signaling[66].
In our series, the methylation of these genes occurred in
more than half of the patients (data not yet published).
Garrity-Park et al[67] evaluated the methylation status of 10
genes [p16, p14, runt-related transcript factor-3 (RUNX3),
COX-2, E-cadherin, methylated-in-tumor-1 (MINT1),
MINT31, HPP1, estrogen receptor, and SLC5A8] in mucosal samples from UC-CRC tumors and non-neoplastic
colonic tissue from both UC-CRC cases and UC controls.
Methylated promoters of RUNX3, MINT1, and COX-2
resulted in potential biomarkers of the presence of CRC
in patients with UC, and so these genes might also be
used as biomarkers for colorectal dysplasia.
Furthermore, in UC-associated carcinogenesis, hypermethylation of the promoter of Death-Associated Protein Kinase (DAPK) was observed in long-standing UC
patients[68]. DAPK is a pro-apoptotic protein implied in
various apoptotic cascades. Kuester et al[68] observed that
DAPK is overexpressed in inflamed colonic epithelium,
suggesting a protective role of this molecule. Therefore,
its inactivation mediated by promoter hypermethylation
might be critical for the accumulation of epithelial cells
with genomic damage in inflamed epithelium of UC, and
might contribute to the initiation of the neoplastic process and development of UC-associated carcinoma. Increased expression of DNA methyltransferase (DNMT)-1
in non-neoplastic mucosa may either precede or be a
relatively early event in UC-related carcinogenesis, and
may be useful to predict the risk of colorectal neoplasia
in UC[69]. In fact, in our series of UC patients DNMT1,
DNMT3a, and DNMT3b, mRNA expression resulted
in being significantly higher than in patients without an
inflammatory condition (data not yet published).

HOW IT GROWS: ONCOGENE
INVOLVEMENT IN INFLAMMATORY
COLONIC CARCINOGENESIS
UC-associated cancer vs sporadic cancer
Preneoplastic lesions and invasive cancers associated with
UC usually develop as multiple and superficially extended
lesions called DALMs (dysplasia-associated lesion or
mass)[71-74]. DALMs are frequent in the most inflamed
colonic areas. Thus, a chronic inflammation - dysplasia carcinoma sequence has been suggested[75]. Comparisons
of the molecular alteration profiles between sporadic
and UC-associated CRCs have shown clear differences.
The timing and frequency of the gene alterations in UCrelated cancers appear to be unique. Mutations of APC
and of K-ras genes are less frequent[76,77] in UC-related
cancer than sporadic ones. LOH at the APC loci in UC
was noted in dysplasia with associated carcinoma, but
LOH of APC was not present either in cases of nondysplastic epithelium or in high grade dysplasia alone.
Conversely, LOH of APC is present in 20% of colonic
adenomas[78,79]. In contrast, p53 is frequently mutated at
the early stages of UC-related carcinogenesis; 33%-67%
in dysplasia and 83%-95% in UC-related cancer[20,80].
Moreover, loss of heterozygosity (LOH) of the p53 gene
and src activation occur in UC non-dysplastic epithelium,
UC-associated dysplasia, and in UC-associated carcinoma,
whereas there is an absence of LOH of p53 in regions
with negative, indefinite, or low grade dysplastic histology[81]. Mutations in the ras proto-oncogene are present
in 40%-60% of sporadic colon cancers and are probably an early event; in contrast, these mutations are less
frequently seen in UC-related cancer, and are probably a
late event[22,82,83]. Finally, network analysis discovered that
Sp1 and c-myc proteins may play roles in UC in the early
and late stages of carcinogenesis, respectively. Two overexpressed proteins in the non-dysplastic tissue of UC
progressors, CPS1 and S100P, were further confirmed by
IHC analysis[84]. Finally, telomerase and ILK activation
occurs during the later stages of carcinoma progression,
whereas upregulation of survivin, c-MYB, and Tcf-4 is
a feature of the early stage development of neoplasia,
and thus they might serve as early indicators for UCassociated colorectal carcinogenesis[85]. These distinctive
molecular patterns seem to result from different aetiological factors and microenvironments that characterize
the adenoma-carcinoma sequence or UC-associated carcinogenesis[75].

Role of aneuploidy
Aneuploidy is an independent risk factor for tumorigenesis in UC. A less favorable prognosis in patients with UCrelated CRC compared with those with sporadic CRC has
been reported. UC-related neoplasms presented a significantly higher rate of aneuploidy than sporadic CRC. UCrelated CRC and aneuploid sporadic CRC have a similarly
lower than that of diploid sporadic CRC. Aneuploidy
resulted in being the strongest independent prognostic
marker for R0-resected CRC patients[70].
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Role of apoptosis related genes
Recently, van der Woude et al[86] observed that Bcl-xl was
not expressed in chronic UC, but was clearly present in
UC-related cancer tumor cells. Furthermore, they found
interesting differences in the expression of Fas and Bcl-xl
between UC-related cancer and sporadic carcinoma. Fas
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UC-related neoplasms occurs at the early stages, beginning in mucosa that is only diploid and still negative for
dysplasia, and in mucosa that is not yet inflamed. Moreover, they showed that COX-2 protein overexpression
detected by immunohistochemistry in mucosal samples
occurs early on in UC-related neoplastic progression.
Two potential mechanisms may be involved in the relationship between COX-2 overexpression and neoplastic
progression in UC: one related to malondialdehyde levels,
and one related to the up-regulation of bcl-2[84]. The first
hypothesis suggests that increased COX-2 activity, in part
related to the normal physiological response to injury
and inflammation, may induce DNA damage through increased production of malondialdehyde, a mutagenic byproduct of COX-mediated prostaglandin synthesis and
lipid peroxidation[40,95]. This malondialdehyde production
would be in addition to that produced by the constitutive
activity of COX-1, which is thought to be important in
sporadic colorectal neoplasia[90]. In support of this hypothesis, elevated levels of malondialdehyde have been
observed both in sporadic colon cancer and in IBD[96-99].
After tumor initiation, COX-2 may promote its progression by increasing expression of bcl-2[100,101]. In fact,
bcl-2 mediates the resistance to apoptosis, and bcl-2 upregulation was also observed in UC-associated neoplasia.
Moreover, overexpression of bcl-2 is reversible by both
nonspecific COX inhibitors[101] and by highly selective
COX-2 inhibitors[102]. Genes involved in UC-related carcinogenesis are shown in Table 1.

Table 1 Altered genes in ulcerative colitis-associated
carcinogenesis
Gene

Function

Mutation/overexpression
Apc
Wnt signaling pathway inhibition
Bcl-xl
Apoptosis suppression
Ptgs2
Inflammation promotion and
apoptosis inhibition
iNos
Apoptosis inhibition through NO
production
Kras
Cell survival promotion and
apoptosis suppression
Tp53
Cell-cycle regulation
Tnfrsf6
Apoptosis promotion
Smad3
Wnt signaling pathway component
Aberrant methylation
p16
Cell-cycle regulation
Mlh1
DNA mismatch repair
Runx3
Transcription factor
Dapk
Induction of cell death

Ref.
23,80,81,88,89
90
26
90
22,80,81,84-86
20,82,83,87
90
121
71
69
71
72

expression was strong in most UC-related dysplasia and
tumor cells, whereas it was weak in sporadic carcinoma
tumor cells. Moreover, Bcl-xl expression was important
in chronic UC tumor cells, but was only weak in sporadic
colon cancer cells[86]. However, the different expression
patterns of proapoptotic and anti-apoptotic proteins did
not result in actual differences in apoptosis[85]. Activated
caspase 3 staining, used as a marker of apoptosis, was
weakly represented in both chronic UC-associated colon
cancer and sporadic colon cancer, and may be the result
of the decreased apoptosis rate in the presence of increased cell proliferation[86].
The inflammation process leads to the activation of
the transcription factor NF- κB, which stimulates the
expression of many genes promoting cell survival, including anti-apoptotic genes[12,85,87]. NF-κB regulation of
inducible nitric oxide synthase (iNOS) and COX-2 in the
gastritis-metaplasia-gastric cancer sequence and in the
metaplasia-dysplasia-adenocarcinoma sequence in Barrett’s esophagus have been extensively assessed[88]. Nitric
oxide, produced by iNOS, was demonstrated to inhibit
apoptosis by downregulating caspase activity[89]. In a paper by Watson et al[90], increased expression of iNOS in
UC-associated dysplasia was described, whereas iNOS
expression was absent in UC-associated carcinoma.
COX-2 is an inducible cyclooxygenase whose production is stimulated by IL-1, TNF, and many other inflammatory mediators[90,91]. COX-2 was demonstrated to play
a role in the reparative process after mucosal injury in
the gastrointestinal tract[90,91]. Multiple studies reported
COX-2 overexpression (either protein or mRNA levels)
in colonic adenomas and carcinomas, suggesting that
this enzyme is definitely involved in sporadic colorectal
carcinogenesis[92-94]. In a study by Agoff et al[26], COX-2
expression was examined at protein and mRNA levels
on several mucosal samples in total colectomy specimens
from UC patients who had developed dysplasia or carcinoma, which they showed that COX-2 overexpression in
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Role of inflammatory cytokines
The importance of IL6/p-STAT3 in patients with
inflammation-induced CRC has recently been demonstrated[103]. In fact, IL-6 is a critical tumor promoter during early CAC tumorigenesis. In addition to enhancing
proliferation of tumor-initiating cells, IL-6 produced by
lamina propria myeloid cells protects normal and premalignant intestinal epithelial cells from apoptosis. By binding to its gp130-associated receptor, IL-6 activates three
separate signaling pathways, namely Shp2-Ras-ERK,
JAK1/2-Stat3, and PI3K-Akt-mTOR[104] and, according
to their results, Grivennikov concluded that among these,
Stat3 is a critical IL-6 effector in colitis-associated cancer
induction[103]. In fact, Stat3 has the capacity to mediate
IL-6- and IL-11-dependent IEC survival and to promote
proliferation through G1 and G2/M cell-cycle progression as the common tumor cell-autonomous mechanism
that bridges chronic inflammation to tumor promotion[105]. Moreover, IL-6 signaling also seems to affect tumor growth during later stages of CAC[106]. IL-6 signaling
during that stage increases TNF-α production, and its
interference with TNF-α signaling inhibits tumor growth
and reduces IL-6 production. Such cross-regulation was
also observed in the case of IL1 and IL-6; IL-1 can induce IL-6 production in colon cancer cell lines[107]. The
role for suppressor cytokines is more controversial. In
fact, TGF-β signaling in colonic myeloid cells is significantly involved in the development of colitis-associated
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cancer[108]. In fact, Suppressor of Cytokine Signaling 3
(SOCS3) seems to be involved in UC pathogenesis, and
its absence seems critical for CRC progression[109]. Oncogenic Smad3 signaling, altered by chronic inflammatory
conditions and eventual somatic mutations, promotes
UC-associated neoplastic progression through the upregulation of growth-related proteins[110].

antigen presenting cells infiltrating colorectal carcinoma
express MHC molecules, but do not express CD80 or
CD86[124]. In vitro, the observation of CD80 and CD86
expression by human carcinoma cells lines up well with
the regulation by IFN that was attributed to the early
stage of carcinogenesis when they were selected[125]. In
fact, the role of co-stimulatory molecules in the immune
response to tumor initiation and progression has already
been suggested by Antonia et al[126], who showed in 1995
that surface CD80 expression can be induced by an oncogenic insult, and its downregulation at a later stage in
the carcinogenesis process may lead to their escape from
immunosurveillance mechanisms. In previous work by
our group, we showed that there is significant and specific CD80 overexpression in the colon mucosa of patients
with UC and dysplasia that is downregulated at later stages in carcinogenesis. On the other hand, in the non-inflammatory carcinogenesis pathway, CD80 is significantly
less expressed[127,128]. Our more recent data show that the
proportion of epithelial cells acting as antigen presenting cells peaks in the dysplastic colonic mucosa of UC
patients, and that the activation of CD8+ T cells can be
mediated by epithelial cells through a CD80-dependent
mechanism. Moreover, in a murine model of inflammatory colonic carcinogenesis, we demonstrated that CD80
inhibition significantly increased the high grade dysplasia
rate and extension, whereas enhancing CD80 signaling
with anti-CTLA4 antibody significantly decreased these
lesions (data not yet published). These data suggest that,
in UC-associated carcinogenesis, the progression from
dysplasia to invasive cancer is controlled not by a mere
immunoediting process, such as that observed in sporadic invasive cancer by Galon et al[129], but a truly effective immunosurveillance mechanism mediated by CD80
expression on epithelial cells (data not yet published).
Immune surveillance mechanisms in UC-related carcinogenesis are shown in Figure 2.

HOW WE DEFEND OURSELVES: IMMUNE
SURVEILLANCE IN INFLAMMATORY
COLONIC CARCINOGENESIS
The inconsistencies between the high frequency of
colonic dysplasia and the much lower incidence of invasive cancer suggests the presence of mechanisms of
surveillance that may prevent malignant progression
of neoplasms in the colon in most cases. Observations
that proctocolectomy specimens with preoperative UC
and dysplasia showed cancer or dysplasia only in 64%
cases[111] and, that 64% of UC patients with low grade
dysplasia (LGD) had indefinite or no dysplasia after 4-year
follow-up[16], suggest the presence of an efficient immune
surveillance mechanism based on T-lymphocytes activation, ensuring the elimination of developing tumor cells.
Tumor cell escape from immunosurveillance enables
unrestrained neoplastic cell growth and metastatic diffusion. The immune escape is thought to be facilitated
both by active defense of tumor cells and by defects in
function of the immune system[112,113]. Both CD4 and
CD8 T lymphocytes are responsible for anti-tumor immunity[114,115]. The effective activation of naive T lymphocytes implies the engagement of the T cell receptor (TCR)
with the major histocompatibility complex (MHC)antigen-complex in the presence of co-stimulation molecules that promote an effective interaction of APC and
T cells[116-118]. The presentation of MHC-antigen-complex
without co-stimulatory signals leads to T-cell energy[119].
These co-stimulatory signals are provided by the interaction of CD80 or CD86 on APC surface, with their receptors expressed by T-cells[120,121]. CD80 or CD86 binding to CD28 induces tyrosine phosphorylation of several
substrates and enhances T cell activation promoted by
the MHC-TCR interaction[122]. An increase in CD4/CD8
ratio was observed in sentinel lymph nodes draining
dysplastic epithelium compared to normal mucosa. The
increase in CD4(+) T cells in relation to CD8(+) T cells
correlated with the degree of dysplasia reflected by a significant increase in the ratio against low-grade dysplasia
compared to indefinite dysplastic lesions. The T-cell response was specific to antigens from dysplastic epithelial
lining, as seen in proliferation assays. This observation
suggests an important surveillance role for the immune
system against premalignant intestinal lesions in patients
with long-standing UC[123]. The products of oncogenes
or oncosuppressor mutated proteins can act as potentially immunogenic proteins, and are expressed by CRC cells
without any rejection by the immune system. Moreover,
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CONCLUSION
Patients with UC undergo repeated episodes of colonic
inflammation that are associated with various tumorigenic events, and the sequence of these events is different from that which contributes to the development of
sporadic CRC. In fact, in UC, early events are represented
by DNA methylation that produces inhibition of oncosuppressor genes, mutation of p53, aneuploidy, and MSI.
Hypermethylation of tumor suppressor and DNA MMR
gene promoter regions is an epigenetic mechanism of
gene silencing that can be involved in tumorigenesis and
may also represent the first step in inflammatory carcinogenesis. Moreover, p53 is frequently mutated in the early
stages of UC-associated carcinogenesis. Aneuploidy is an
independent risk factor for forthcoming carcinogenesis
in UC. Epithelial cell-T-cell cross-talk mediated by CD80
is a key factor in controlling the progression from LGD
to HGD in UC-associated carcinogenesis.
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Figure 2 Mucosal microenvironment providing immune surveillance against carcinogenesis in ulcerative colitis. MHC: Major histocompatibility complex; NK:
Natural killer; CTL: Cytotoxic T lymphocyte.
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Colorectal cancer: From prevention to personalized
medicine
Gemma Binefa, Francisco Rodríguez-Moranta, Àlex Teule, Manuel Medina-Hayas
and an increase of 80% in deaths from CRC by 2030.
The incidence of CRC can benefit from different strategies depending on its stage: health promotion through
health education campaigns (when the disease is not
yet present), the implementation of screening programs (for detection of the disease in its early stages),
and the development of nearly personalized treatments
according to both patient characteristics (age, sex) and
the cancer itself (gene expression). Although there
are different strategies for screening and although the
number of such strategies is increasing due to the potential of emerging technologies in molecular marker
application, not all strategies meet the criteria required
for screening tests in population programs; the three
most accepted tests are the fecal occult blood test
(FOBT), colonoscopy and sigmoidoscopy. FOBT is the
most used method for CRC screening worldwide and
is also the primary choice in most population-based
screening programs in Europe. Due to its non-invasive
nature and low cost, it is one of the most accepted
techniques by population. CRC is a very heterogeneous
disease, and with a few exceptions (APC , p53 , KRAS ),
most of the genes involved in CRC are observed in a
small percentage of cases. The design of genetic and
epigenetic marker panels that are able to provide maximum coverage in the diagnosis of colorectal neoplasia
seems a reasonable strategy. In recent years, the use
of DNA, RNA and protein markers in different biological samples has been explored as strategies for CRC
diagnosis. Although there is not yet sufficient evidence
to recommend the analysis of biomarkers such as DNA,
RNA or proteins in the blood or stool, it is likely that
given the quick progression of technology tools in molecular biology, increasingly sensitive and less expensive, these tools will gradually be employed in clinical
practice and will likely be developed in mass.
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Abstract
Colorectal cancer (CRC) is a very heterogeneous disease that is caused by the interaction of genetic and
environmental factors. CRC develops through a gradual
accumulation of genetic and epigenetic changes, leading to the transformation of normal colonic mucosa into
invasive cancer. CRC is one of the most prevalent and
incident cancers worldwide, as well as one of the most
deadly. Approximately 1235108 people are diagnosed
annually with CRC, and 609051 die from CRC annually.
The World Health Organization estimates an increase of
77% in the number of newly diagnosed cases of CRC
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in older women and locations proximal to the splenic
angle[6]. These tumors are histologically characterized by
an increased lymphocyte infiltration (Crohn-like) and as
being mucinous and poorly differentiated tumors[7].
Finally, a third route of carcinogenesis has been
recently identified in the field of epigenetics: aberrant
hypermethylation, a mechanism to silence gene function. Dinucleotide methylation in the promoter region of
many genes has been referred to as the CpG island methylator phenotype (CIMP). The CIMP is responsible for
15%-20% of sporadic CRC. A tumor is considered to be
CIMP-positive if it exhibits methylation of at least 3 of
the following markers: CACNA1G, IGF2, NEUROG1,
RUNX3 and SOCS1[8]. Methylating pathway tumors occur more frequently in women and elderly people, are
preferably located in the right colon and do not benefit
from treatment with 5-fluorouracil (5-FU). These tumors
are histologically poorly differentiated tumors with mucinous differentiation or signet rings, exhibit microsatellite
instability and are BRAF mutation carriers. The precursor lesions of these CIMP tumors are sessile serrated
adenomas[9]. A better understanding of carcinogenesis
pathways has allowed the development of diagnostic and
prognostic markers as well as the investigation of new
therapeutic targets and predictors of response to cancer
treatments.

ing; Biological markers; Drug therapy
Core tip: Although there are different strategies for
screening, the number of which is increasing due to the
potential of emerging technologies in molecular marker
application, not all strategies meet the criteria required
for screening tests in population programs; the three
most accepted tests are fecal occult blood test, colonoscopy and sigmoidoscopy.
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COLORECTAL CANCER PATHOGENESIS
Colorectal cancer (CRC) is a very heterogeneous disease
that is caused by the interaction of genetic and environmental factors and can be classified based on the importance of each of these factors. The majority of CRCs are
sporadic (70%-80%), with age being the most important
risk factor. Only a small proportion of cases are due to
inherited forms, either familial adenomatous polyposis
(less than 1%), non-polyposis hereditary CRC or Lynch
syndrome (2%-5%) or MYH-gene associated polyposis (<
1%)[1]. An additional 20%-25% of cases are estimated to
have an associated hereditary component, which has not
yet been well established and is known as familial CRC[2].
CRC develops through a gradual accumulation of
genetic and epigenetic changes, leading to the transformation of normal colonic mucosa into invasive cancer.
Most CRC develops from adenomas (adenoma-carcinoma
sequence), and the neoplastic transformation time is
considered approximately 10-15 years, which represents
the available time to detect and remove these adenomas
before their progression to invasive carcinoma.
Three main routes of CRC carcinogenesis are currently considered. The first known was proposed by
Fearon et al[3] and is called the suppressor pathway or
pathway of chromosomal instability. This route involves
the accumulation of mutations that leads to oncogene activation (KRAS) and suppressor gene inactivation (DCC,
APC, SMAD4, TP53). The accumulation of these molecular alterations, regardless of the order in which they are
acquired, is responsible for neoplastic transformation[4].
A second mechanism involves the accumulation of errors
during DNA replication due to the presence of mutations in genes responsible for its repair (MSH2, MLH1,
MSH6, PMS2, MLH3, MSH3, PMS1 and Exo1)[5]. These
errors accumulate predominantly in repetitive DNA fragments (microsatellites) scattered throughout the genome,
resulting in mutations in various target genes. This mutator pathway or microsatellite instability is involved in
Lynch syndrome and in 15%-20% of sporadic CRCs[4].
The mutator pathway tumors occur more frequently

WJG|www.wjgnet.com

EPIDEMIOLOGY
CRC is one of the most prevalent and incident cancers
worldwide, along with lung and breast cancers, and is one
of the most deadly. Approximately 1235108 people are
diagnosed annually with CRC, and approximately 609051
die from CRC annually[10].
CRC is more frequent and causes more deaths in men
than in women worldwide, except in the Caribbean. CRC
is the third most common cancer in men (663000 cases/
year) and the second most common cancer in women,
after breast cancer, with 571000 cases a year.
Approximately 60% of CRC cases are diagnosed in
developed countries, and after Japan, Europe represents
one of the regions with the highest rates both in incidence and mortality.
Japan is one of the countries with the highest incidence rate, especially in men (41.7 cases per 100000);
despite this fact, CRC mortality rates are below those of
Europe[10]. This low mortality rate is due, in part, to the
effect of the screening program implemented since 1992,
one of the first in the world, along with Italy and Israel[11].
In Europe, CRC is the third most common cancer
and is one of the leading causes of cancer death. An estimated 432414 new cases and 212219 deaths occur each
year due to CRC, which represents an age-standardized
rate of 29.6 and 13.3 per 100000, respectively[12].
Although historically the incidence and mortality rates
in the US have remained above those in Europe, this
relationship has recently changed. According to the latest GLOBOCAN data[10], the standardized incidence rate
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HNPCC
Other lesions

↓ Red meat/Fat
↑ Vegetables/Fruit/Fiber
↑ Exercise
↓ Obesity
No tobacco
↓ Alcohol

FINAL STATE

Prognostic biomarkers
(KRAS , BRAF , IMS )

FOBT (guayac/immunochemical)
Sigmoidoscopy
FOBT + sigmoidoscopy
Colonoscopy
Double-contrast barium enema
Virtual colonoscopy
DNA in stool (Kras , p53 , APC )
DNA methylation (septin 9 )

Chronicity

Residual disability
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Figure 1 Colorectal cancer: From prevention to treatment. The figure shows the different alternatives to prevent and treat colorectal cancer (CRC). When the
disease is not present, the best alternative is to have a healthy lifestyle (primary prevention). To detect CRC in its early stages without symptoms, screening programs
are the paramount option (secondary prevention); and finally, when symptoms appear, the treatment to be considered will depend to the existence of prognostic biomarkers and the personal or family history. All these factors will be decisive in the evolution of the disease. FOBT: Fecal occult blood test; FAP: Familial adenomatous
polyposis; HNPCC: Hereditary nonpolyposis colorectal cancer.

by age in the US stands at 29.2 cases per 100000, with a
mortality rate of 8.8. It has been estimated that Europe is
undergoing a minimum annual increase of 0.5% in CRC
incidence.
The European countries with the highest incidence
rates of CRC in men are Slovakia, Hungary and Czech
Republic, all with results greater than 50 cases per 100000.
In women, the highest rates (> 30 cases per 100000) are
observed in Norway, Denmark and the Netherlands[12,13].
Within Europe, Spain is positioned slightly above the
European average in terms of incidence rate (30.4 cases
per 100000)[12,14], although the mortality rate is average
(13.3 per 100000). CRC is the most common tumor in
Spain when considering both sexes together and is the
second leading cause of cancer death in both men and
women. Estimations for next year predict a pattern similar to the present one, with increased mortality in men
and a stabilization in women[15]. There is a marked geographic variation in CRC rates, with Catalonia presenting
the highest incidence of this tumor, with an adjusted rate
above the European average in men[16].
Based on current incidence and mortality rates as
well as on projected demographic changes in the world
population for the coming decades, the World Health
Organization (WHO) estimates an increase of 77% in
the number of newly diagnosed CRC cases and an increase of 80% in deaths from CRC by 2030[13,17]. Most of
the additional incidence and mortality would occur in the
world’s less developed regions. This estimation could be
higher if developing countries continue with an increasingly Westernized lifestyle[18].

WJG|www.wjgnet.com

Since the 1990s, there has been an improvement in
CRC relative survival at 5 years in both sexes that can be
explained by an early diagnosis at initial stages, a breakthrough in the treatment of stage Ⅱ and Ⅲ disease and
also a decrease in postoperative mortality. Different
theories have been proposed to explain the difference in
the CRC mortality rate between men and women, one of
which is that the use of hormone replacement treatment
in women may be a protective factor[19]. Other factors
that could explain the different patterns of mortality are
an increased access to health care and the adoption of
healthier lifestyles by women.
Current data confirm the need to urgently incorporate
measures to improve the situation, taking into account
both the accelerated aging process and estimates of an increase in incidence rates. As shown in Figure 1, CRC can
benefit from different strategies depending on its stage:
health promotion through health education campaigns
(when the disease is not yet present), the implementation
of screening programs (for the detection of the disease
in its early stages), and the development of nearly personalized treatments according to both patient characteristics
(age, sex) and the cancer itself (gene expression).

PRIMARY PREVENTION (RISK FACTORS)
As previously mentioned, over 70% of CRC cases are
sporadic and thus related to lifestyle. Despite being one
of the most common cancers, CRC is also one that could
benefit most from prevention through primary and secondary prevention strategies, and it is estimated that be-
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tween 66% and 75% of CRC cases could be avoided with
a healthy lifestyle[20].
The known risk factors for CRC are as follows: a diet
low in fruit and vegetables, excessive intake of red meat
and saturated fat, alcohol intake, a sedentary lifestyle,
tobacco and being overweight[21]. However, the main risk
factor is age. From 50 onwards, CRC is much more frequent, and the incidence increases exponentially with age.
Primary prevention is the best strategy to avoid CRC,
but health promotion programs, aimed at changing
dietary and hygiene habits, have long-term results and
should therefore be complemented by other more immediate impact strategies such as secondary prevention.

low cost. In this sense, the three most accepted tests are
the fecal occult blood test (FOBT), colonoscopy and sigmoidoscopy.
European population screening programs typically
use the biennial FOBT as a screening test and colonoscopy as a confirmatory exploration (in positive FOBT
cases)[26]. In contrast, in Japan, the interval is an annual
FOBT. In the US, recommendations are either of one
annual FOBT, sigmoidoscopy, double-contrast barium
enema (DCBE) or CT colonography every 5 years or
colonoscopy every 10 years. Among the various implemented programs, there are other differences in addition
to the screening intervals, such as the target population
to which they are addressed or the type of test used[27,28]
(Table 1).
However, there are many other techniques that,
although far from being incorporated into screening
programs, are extremely useful for the early diagnosis of
CRC and for determining the course of treatment.
All tests or techniques (screening or not) can be divided into two groups as detailed below: (1) explorations to
visualize the large intestine; and (2) analyses of biological
samples.

SECONDARY PREVENTION OR
SCREENING
Among the different CRC prevention options, secondary
prevention is considered one of the most appropriate, as
it can detect cancer precursor lesions (reducing incidence
and mortality) and/or early-stage disease, when treatment
is more effective (also reducing mortality).
Due to its high morbidity and mortality, its wellknown natural history, the diagnostic methods to detect
the disease in early stages or as even precursor lesions,
and treatments that can improve survival if implemented
in early stages, CRC meets the main requirements established by the WHO to be screened[22].
It is well known that the main CRC prognostic factor
is the stage at diagnosis. CRC survival at 5 years is between 50% and 60%[23] and is higher in the initial stages
(75%-90%) than in advanced stages (< 15%)[24]. Many
CRCs are detected from the presence of signs or symptoms, which typically appear in advanced phases; in these
cases, a quick diagnosis does not ensure a better prognosis, as the presentation of any symptoms may indicate
the presence of advanced CRC. Thus, early detection and
implementation, ideally, of CRC population-screening
programs is of paramount importance. However, not
everyone is likely to benefit from the programs; target
population are men and women over 50 years (as this is
the age from which developing CRC is more common)
who are asymptomatic and lack a personal or family history of CRC, the so called average risk population. There
are rapid diagnostic circuits for cases with symptoms or a
high suspicion diagnosis and genetic counseling units or
high risk clinics for cases with a family history.
In 2000, the Advisory Committee on Cancer Prevention recommended to European Union member states
the use of CRC screening in the asymptomatic population from 50 years of age[25].
Although there are different strategies for screening,
the number of which is increasing due to the potential of
emerging technologies in molecular marker application,
not all strategies meet the criteria required for screening
tests in population programs: (1) acceptable sensitivity and specificity; (2) a demonstrated reduction in CRC
mortality; (3) acceptable by the target population; and (4)
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EXPLORATIONS TO VISUALIZE THE
LARGE INTESTINE
Colonoscopy
Colonoscopy is considered the gold standard of excellence for the diagnosis of colorectal pathologies.
Although its use is clearly associated with a reduction
in CRC-related deaths, there are no results from randomized controlled clinical trials demonstrating its effectiveness. However, other studies (prospective observational,
case-control) have reported a significant reduction in
CRC mortality and incidence, reaching, in some cases, up
to 65% and 67%, respectively[29,30], some of them highlighting the differences according to the lesion location,
being more favorable for the left colon[31,32].
Two major multicenter randomized clinical trials are
currently being conducted in Europe to assess colonoscopy effectiveness. The NordICC study is being conducted
in the Nordic countries, the Netherlands and Poland and
compares colonoscopy (22000 people between 55 and 64
years old are invited to undergo once-only colonoscopy)
with no screening (44000 people of the same age)[33].
The COLONPREV is a Spanish study in which over 8
regions collaborate and in which the performance of a
once-only colonoscopy (group of 26703 subjects from
50 to 69 years old) is compared with a biennial immunological fecal occult blood test (FIT) (26599 subjects)[34].
The final results of both studies are expected in 2026 and
2021, respectively.
However, colonoscopy has some disadvantages. Because it is an invasive test, the procedure is not exempt
of complications, with perforation and post-polypectomy
bleeding being the most serious. According to the European Guidelines for quality assurance in CRC screening
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Table 1 Characteristics of some colorectal cancer screening programs worldwide
Country
Germany

1

Italy
Israel
Japan
United States1

Taiwan
Spain
Poland1
Czech Republic1
France
Finland
South Korea
Latvia1
Australia
England
The Netherlands
Canada
Ontario
Manitoba
Croatia
Scotland
Sweden

2

Test

Periodicity

Target population (age)

Year

FOBT
FOBT or CS
FOBT
FS
FOBT
FOBT
FOBT
FS/FOBT
CS
FOBT
FOBT
CS
FOBT
FOBT/CS
FOBT
FOBT
FOBT
FOBT
FOBT
FOBT
FOBT

Annual
Biennial/Every 10 yr
Biennial
Once-only
Annual
Annual
Annual
Every 5/Every 3 yr
Every 10 yr
Biennial
Biennial
Periodic
Annual
Biennial/Every 10 yr
Biennial
Biennial
Annual
Annual
Biennial
Biennial
Biennial

50-54
≥ 55
50-69/74
58-60
50-74
≥ 40
50-75

1971

FOBT
FOBT
FOBT
FOBT
FOBT

Biennial
Biennial
Biennial
Biennial
Biennial

≥ 50
50-74
50-74
50-74
60-69

50-69
50-69
50-66
50-54
≥ 55
50-74
60-69
≥ 50
≥ 50
55-74
50-74
60-69

1982
early 1990s
1992
1994

1995
2000
2000
2000
2002
2004
2004
2005
2002
2006
2006
2007

2007
2007
2008

1

Most countries have population-based screening programs (national or regional) except Czech Republic, Germany, Latvia, Poland and United States (which
all have opportunistic screening). 2It refers to the year which some kind of screening began (pilot, population-based or opportunistic). FOBT: Fecal occult
blood test; FS: Flexible Sigmoidoscopy; CS: Colonoscopy.

and diagnosis[28], major complications occur in 3‰ to
16‰ of examinations, depending on whether the colonoscopy is chosen as a screening test or as a confirmatory
test after a positive FOBT.
Furthermore, a lesion miss rate ranging between 6%
and 12% for large polyps and 5% for cancers has been
described[35-38]. Thus, it is important to ensure good colonic cleansing and to use experienced endoscopists with
an extensive history of examinations performed over his
or her career and a minimum of annual procedures[28,39,40].
Other limitations of the use of colonoscopy as a
screening test are its cost and its lower acceptance by the
population (because of the requirement of a specific diet
and the intake of a bowel cleansing preparation, the fear
of anesthesia and the exploration itself or shame)[41-44].
In the COLONPREV study previously mentioned[34], the
participation rate was higher in the FIT group than in the
colonoscopy group (34.2% vs 24.6%). In an Italian trial
in 2007, the results were very similar, with an attendance
rate of 32.3% for FIT and 26.5% for colonoscopy[44].
These data demonstrate the clear preference of the population.
As the gold standard test for the detection of colorectal pathology, colonoscopy exhibits the best results, exceeding 98% sensitivity and 99% specificity for lesions >
6 mm[45-47].
Assuming an exploration under perfect conditions
(excellent or good colonic cleansing that allows a view of
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> 90% of the mucosa and cecal intubation) and taking
into account the natural history of CRC, the different
guidelines currently available recommend a colonoscopy
every 10 years for an average-risk population starting at
an age of 50 years[28,48,49]. The cases with family or personal history with a high risk of developing CRC must
follow different controls to the average-risk population,
usually by reducing the interval between surveillance
colonoscopies.
Sigmoidoscopy
With respect to colonoscopy, sigmoidoscopy has the
advantage of requiring less preparation and is typically
performed without sedation. However, sigmoidoscopy
has the great disadvantage of only detecting distal colon
neoplasms.
The decision to perform a colonoscopy if a neoplasia
is detected with sigmoidoscopy is controversial and must
be individualized. Factors associated with an increased
risk of proximal neoplasia include age > 65 years, villous
histology in the distal lesion, distal adenoma ≥ 1 cm or
multiple adenomas in the distal colon, and family history
of CRC[50,51]. Several studies demonstrate that the prevalence of advanced adenomas in the proximal colon in
patients without distal lesions is only 2%-5%. Moreover,
evidence also suggests that the risk of proximal advanced
neoplasia in individuals with only hyperplastic polyps in
the distal colon is comparable to the risk of people with-
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out distal polyps[52].
Unlike colonoscopy, there are results from randomized clinical trials assessing sigmoidoscopy. The most
favorable results are those of a US study[53], in which a
33% reduction in CRC incidence and a 43% reduction
in mortality were obtained. United Kingdom[54] and Italy
(SCORE)[55] trials also achieved satisfactory results (decreased incidence and mortality of 21% and 26%). In
contrast, in the Norwegian study, there was no benefit
after 7 years of follow-up[56].
The sensitivity for detecting advanced neoplasia is
lower than that of colonoscopy. Results between 78%
and 83% have been reported[50-52].
A sigmoidoscopy is recommended every five years in
an average-risk population. Sigmoidoscopy can be performed alone or combined with an FOBT annually or
biennially[28,48,49].

autofluorescence imaging system, etc.), still under development but very promising for CRC screening, with the
goal of increasing population acceptance as well as the
detection rate of neoplasia, especially in the proximal colon. It will be necessary to wait a few years to understand
the results of the different ongoing studies[65,66].

BIOLOGICAL SAMPLE ANALYSIS
Feces
Fecal hemoglobin: Most cases of CRCs develop in advanced adenomatous polyps (AA) (greater than 10 mm
in diameter, with high-grade dysplasia or with more than
20% villous component). These preneoplastic lesions and
CRC are characterized by presenting intermittently inappreciable blood loss in stool, which can be detected by
FOBT before becoming clinically visible.
FOBT is the most used method for CRC screening
worldwide and it is also the choice in most populationbased screening programs in Europe. Due to its noninvasive nature and low cost, FOBT is one of the most
accepted techniques by the population.
There are two basic types of FOBT: those based on
guaiac resin (mostly biochemical qualitative) and those that
are immunologically based (qualitative or quantitative).
The guaiac test (gFOBT) is the most studied by randomized clinical trials, demonstrating its effectiveness in
reducing both CRC incidence and mortality[67-71]. These
studies demonstrate a reduction in mortality between
15% and 33%, primarily due to the higher proportion
of early-stage diagnoses; a decreased incidence is also
confirmed thanks to preneoplastic lesion (adenomas)
detection and their removal to avoid CRC progression.
The largest reduction is observed when offering the test
annually (33% after 13-years follow-up). A biennial test
obtained a reduction between 15%-21% after 8-years
follow-up and between 18%-21% after 10 years[67-71].
In gFOBT, peroxidase activity in the hemoglobin
heme subunit is detected. These tests are not specific to
human hemoglobin and can react with blood in the diet
(e.g., from red meat) and with the presence of peroxidase
in some vegetables. Therefore, and to avoid false positives, dietary restriction few days before the test is recommended[72]. In addition, gFOBT are not specific for lower
gastrointestinal bleeding and may give false positives
secondary to a bleeding pathology in the upper digestive
tract. The test is performed by collecting two small stool
samples from three separate bowel movements.
The two main types of gFOBT are the standard and
the sensitive methods, differing by their ability to detect
peroxidase activity (being better for the sensitive test).
The tests are qualitative tests, whose results are obtained using a reagent that changes the color of the stool
sample; therefore, the result is exposed to a subjective assessment by the lab technician.
gFOBT sensitivity for neoplasia is very wide, from
6.2% to 83.3%, depending on the test used. Specificity is
more constant, exceeding 80% in all cases and reaching

DCBE
There is little evidence regarding DCBE, and the existing few results do not belong to randomized trials. In a
case-control study, a reduction in CRC mortality of 33%
was detected[57]. In a substudy of the popular National
Polyp Study, DCBE detected 53% of polyps between 6
and 10 mm, 48% of polyps larger than 10 mm and 32%
of those under 6 mm[58]. In a non-randomized study
conducted in general clinical practice, the sensitivity for
detecting adenomas > 7 mm and CRC with DCBE was
73% and 85%, respectively[59].
DCBE is not a very frequently used first choice test
for screening due to its cost and its low acceptance by the
population. DCBE is often used as a complementary test
to endoscopic techniques.
CT colonography
Although CT colonography exhibits superior patient acceptability than colonoscopy in symptomatic patients[60],
this method is very recent and remains little explored for
screening. No sedation is required, but as in conventional
colonoscopy, preparation is needed, and in the case of
finding lesions, an additional exploration has to be performed to resect or biopsy the lesions.
Two meta-analyses[61,62] have reached the same conclusion regarding the use of CT colonography: its sensitivity
and specificity are high for the identification of polyps >
10 mm (82%) but not for smaller polyps (56% for polyps
< 5 mm and 63% for lesions between 6 and 10 mm).
One of the disadvantages described is the high percentage of extracolonic lesions detected (to 66%), nearly
a third of them requiring further testing and monitoring,
generating an unexpected additional cost[63,64].
Although its use as a first choice for CRC screening is
unclear, the American Association of Gastroenterologists
recommends CT colonography every five years[48].
Other exploratory techniques
There are some new endoscopic techniques (wide angle
colonoscopy, endoscopy capsule, narrow band imaging,
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Table 2 Main colorectal cancer screening tools
Test

Sensitivity

Colonoscopy
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
Sigmoidoscopy1
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
gFOBT standard
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
gFOBT sensitive
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
FIT
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC

Specificity

Considerations

90%

It requires a bowel cleansing preparation and sedation.
Risk of severe complications.
Not well accepted by population.

92%

It requires less preparation.
Sedation it is not necessary.
Proximal lesions are not detected

95%-99%

Dietary and pharmacological interactions.
3 samples

90%-95%

Dietary and pharmacological interactions.
3 samples

92.5%-98%

The sample needs to be refrigerated.

70%-79%
80%-92%
92%-99%
92%-99%
70%-79%
80%-92%
92%-99%
90%-92%
1%-5%
5%-13.7%
8.9%-27.5%
25%-50%
5%-10%
10%-26.2%
17.7%-49.4%
50%-87%
2%-7.5%
7.5%-24.0%
16%-48%
50%-87%

1

Sensitivity and specificity only for distal lesions. Data based on the report “Evaluating test strategies for colorectal cancer screening: a decision analysis
for the US Preventive Services Task Force”. Available from: URL: http://www.uspreventiveservicestaskforce.org/uspstf08/colocancer/cartzaubtab2.htm.
DCBE: Double-contrast barium enema; gFOBT: Guayac fecal occult blood test; FIT: Immunochemical fecal occult blood test; CRC: Colorectal cancer.

98.4% in some cases[73-75].
FITs are based on the use of monoclonal or polyclonal antibodies specific for human hemoglobin. The
tests detect the presence of globin through immunochemical reactions[76]. The most commonly used methods
are latex agglutination (turbidimetry), enzyme immunoassay (ELISA) and immunochromatography.
FITs do not require dietary restriction, as they are specific for human hemoglobin. The tests are also specific for
lower gastrointestinal bleeding. The tests can be qualitative
and semi-quantitative, being able to set the cutoff point at
convenience. These features make it increasingly often the
chosen test in screening programs across Europe (such as
Italy, France, Holland, Spain, Slovenia), Japan, New Zealand and Australia. The United Kingdom, a faithful user
of gFOBT, is considering changing to FIT shortly.
FIT is better accepted by the population because it
does not require a special diet, is easier to perform and
requires fewer samples than gFOBT. However, it has the
disadvantage that samples should be stored in a refrigerator, as high temperatures can alter the outcome, increasing the number of false negatives[77].
Results from the literature regarding FIT sensitivity
are highly variable, including tests with very little sensitivity (5.4%) and those that reach nearly 98%. Specificity
ranges from 77% to 99%[73,78]. Significant differences
were reported according to the lesion location, with higher sensitivity for distal colon neoplasms[79].
Several studies have demonstrated the superiority of
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FIT to gFOBT in AA and CRC detection rates as well as
a higher participation rate[80-83].
Regardless of the FOBT used (gFOBT, FIT), a colonoscopy should be performed in all patients with a positive FOBT.
One of the main disadvantages of FOBT is its false
positive and negative results. False positives lead to unnecessary explorations (with their associated complications), and false negatives give a false tranquility[84-86].
Currently, a test can be chosen from a vast variety in the
market (over 70 tests)[87].
Thus far, we have seen CRC early detection techniques most frequently used in the context of population
programs. Table 2 summarizes their main characteristics.
Fecal DNA and RNA: The spectacular improvement in
the knowledge of the genome[88-90], methylome[91], transcriptome[92,93] and proteonome[94] has led to the exploration of new methods for CRC diagnosis.
CRC is a very heterogeneous disease, and with a few
exceptions (APC, p53, KRAS) most genes involved are
observed in a small percentage of cases[89,90]. Furthermore, hypermethylation of suppressor gene promoters
is an early event in carcinogenesis[95] detectable in the
majority of CRCs, although this phenomenon is not
universal[96]. Therefore, the design of genetic and epigenetic marker panels able to give maximum coverage
in the diagnosis of colorectal neoplasia seems a reasonable strategy. In recent years, the use of DNA, RNA and
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Table 3 Fecal DNA markers for advanced adenoma and colorectal cancer n (%)
Marker

Study

Meth vimentin

Meth SFRP2
Meth TFPI2
Meth ITGH4
Meth Spastic paraplegia-20
Meth PHACTR3
Meth TFPI2, long DNA
APC, KRAS, p53, long DNA
APC, KRAS, p53, long DNA
APC, KRAS, Meth vimentin
Meth SFRP2, HPPI, MGMT
Meth APC, ATM, hMLH1, sFRP2, HLTF, MGMT, and GSTP1
Meth vimentin, long DNA
Meth RASSF2 or SFRP2
Meth BMP3, hDNA, KRAS, APC
Meth vimentin, MLH1, MGMT
Meth RARB2, p16INK4a, MGMT, APC
KRAS, a actina Meth NDRG4, BMP3, vimentin, TFPI2
β-actin, KRAS, meth BMP3 and NDRG4, fecal hemoglobin

Sensitivity

Chen et al[166]
Itzkowitz et al[167]
Li et al[168]
Huang et al[169]
Wang et al[170]
Glöckner et al[171]
Ausch et al[172]
Zhang et al[173]
Bosch et al[174]
Zhang et al[175]
Imperiale et al[102]
Alhquist et al[103]
Alhquist et al[103]
Huang et al[169]
Leung et al[176]
Itzkowitz et al[167]
Nagasaka et al[177]
Zou et al[100]
Baek et al[178]
Azuara et al[179]
Ahlquist et al[107]
Lidgard et al[105]

Specificity

CRC

Adenoma > 1 cm

43 (46)
29 (73)
9 (41)
49 (94)
60 (87)
36 (76)
77 (80)
(50-60)
52 (87)
16 (52)
3 (25)
11 (58)
50 (96)
15 (75)
68 (83)
63 (75)
67 (91)
45 (75)
16 (62)
214 (85)
91 (98)

9 (45)
11 (53)
21 (62)
4 (21)
9 (69)
(17-29)
4 (44)
84 (12)
47 (8)
55 (45)
15 (71)
17 (68)
6 (86)
25 (44)
21 (78)
31 (60)
8 (40)
72 (54)
48 (57)

178 (90)
106 (89)
63 (95)
23 (96)
28 (93)
22 (79)
30 (100)
(92-98)
25 (83)
1344 (94)
2246 (96)
63 (84)
23 (96)
27 (90)
298 (82)
101 (89)
85 (85)
32 (87)
20 (100)
264 (90)
139 (90)

Meth: Methylation; CRC: Colorectal cancer; APC: Adenomatous polyposis coli gene.

previous sDNA techniques[100]. A trial comparing sDNA
testing with gFOBT[102] obtained a sensitivity for AA of
46% and 16%, respectively.
Although APC and p53 are mutated in the majority
of CRCs, mutations are distributed through hundreds
of positions, making mutational analysis non-viable for
trials in clinical practice. Abnormal methylation of specific suppressor gene promoters is an early event in CRC
carcinogenesis[95], thus making it an attractive target for
the identification of biomarkers. The methylation status
of various genes has exhibited remarkable diagnostic accuracy for CRC and AA, which has been improved by
analyzing multimarker panels (Table 3). Sensitivity for adenoma detection increases with the size of the lesion[104].
Serrated lesions may also be detected by these sDNA
marker panels[105].
One limitation of FOBT is its lower sensitivity for
proximal lesions[78]. In addition, colonoscopy has been recently questioned in the detection of proximal lesions[106].
sDNA tests may not be affected by the neoplasia location[106]. Ahlquist et al[107] evaluated a panel of markers that
identified 85% of patients with CRC and 54% with AA,
without sensitivity differences depending on the location.
A recent technique is fluorescent long DNA (FLDNA), which allows the identification of tumor DNA
fragments > 150-200 base pairs. Neoplastic cells are
characterized by not undergoing apoptosis, unlike normal
cells that typically initiate cleavage and degradation of
DNA, producing small identifiable fragments. FL-DNA
has exhibited a sensitivity of 80% in the detection of
CRC[108].
The major disadvantage of sDNA tests is their cost.
Song et al[109] concluded, from a Markov model, that

protein markers in different biological samples has been
explored[92,94] as strategies for CRC diagnosis.
These tests have been the non-invasive molecular
tests most extensively evaluated. CRC cells exhibit a high
mitotic index and a low adhesion to the basal membrane,
which facilitates their continuous exfoliation into the intestinal lumen[97], unlike intermittent blood loss detected
by FOBT. This constant exfoliation may be used for molecular analysis.
Only 0.01% of total fecal DNA tests (sDNA) is human; the rest comes from diet and bacterial flora[98].
Furthermore, the tumor sDNA is a small percentage of
all human sDNA[99,100] and is even smaller in the case of
AA. This implies that marker detection techniques must
exhibit high sensitivity (Table 3).
The first sDNA tests investigated mutations in KRAS[101]
in CRC patients. Imperiale et al[102] assessed a populationbased cohort comparing a gFOBT with an sDNA panel
that analyzed 21 mutations. The sensitivity for CRC was
13% and 53%, respectively (P = 0.003). First-generation
sDNA tests did not incorporate stabilizing buffers, and
so studies using stool samples sent by mail[102,103] exhibited
a low sensitivity but one far superior to gFOBT. Stabilizing buffers were subsequently incorporated[100,104], avoiding marker degradation during transport and storage, as
well as new, more sensitive detection techniques such as
the digital melt curve method[100] and beads, emulsion,
amplification, and magnetics (BEAMing)[99], enabling the
detection of < 0.1% of mutated copies (the first generation detection threshold was > 1%). A technique called
allele-specific quantitative real-time target and signal amplification (QuARTS) detected less frequent mutations
significantly improving sensitivity for AA compared with
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Table 4 Fecal RNA markers for colorectal adenoma and colorectal cancer n (%)
Marker

Sample

CDA, MGC20553, BANK1, BCNP1, MS4A1
ANXA3, CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1, IL2RB
ANXA3, CLEC4D, TNFAIP6, LMNB1, PRRG4, VNN1, IL2RB
MicroRNA (miRNA-21, miRNA-106a)
MicroRNA-L6
MicroRNA (miRNA-92)
MicroRNA (miRNA-92a, miRNA-21)
ANXA3, CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1, IL2RB
COX2, matrix metalloproteinase 7

Blood
Plasma
Plasma
Fecal
Plasma
Plasma
Fecal
Plasma
Fecal

Han et al[138]
Marshall et al[180]
Yip et al[181]
Link et al[113]
Schiedeck et al[182]
Ng et al[142]
Wu et al[183]
Chao et al[184]
Takai et al[111]

Sensitivity

Specificity

CRC

Adenoma

30 (88)
145 (72)
60 (61)
(74)
145 (79)
80 (89)
63 (72)
215 (78)
56 (90)

32 (56)
-

27 (64)
146 (70)
85 (77)
(79)
45 (100)
35 (70)
74 (73)
215 (66)
29 (100)

calcium binding protein A12 and metallopeptidase inhibitor
1. The latter exhibits a sensitivity for CRC of 85% and a
specificity of 95% compared with controls[120].

FOBT and colonoscopy were more cost-effective than
fecal sDNA analysis. In the future, the use of new generation sDNA platforms with fewer markers could reduce
costs and improve their viability in clinical practice[110].
RNA expression levels in stool can also be quantified to identify CRC patients[111]. An mRNA analysis of
COX-2 in feces yielded a sensitivity of 87% for CRC with
a specificity of 100%. mRNA of matrix-7 metalloproteinase
detected 65% of CRC cases. The combination of these
two markers reached a sensitivity of 90%. However,
mRNA levels in stool exhibited a very low sensitivity for
AA (4%)[111] (Table 4).
MicroRNAs (miRNAs or miR) are small non-coding
RNA molecules of 18-22 nucleotides that regulate gene
expression at a posttranscriptional level. CRC exhibits a
unique and identifiable pattern of miRNA expression[112]
that can be detected in feces. A pilot study assessed an
miRNA expression profile, detecting overexpression of
miR21 and miR106 with a sensitivity and specificity of
74.1% and 79.0%, respectively[113]. Koga et al[114] observed
clusters miR17-92 and miR-135 overexpressed but could
not confirm miR21 overexpression. Kanaoka et al[115]
evaluated prostaglandin-synthase 2 in a small group of patients and reported a sensitivity between 50% to 90% and
a specificity of 93% in the CRC diagnosis.

Blood and plasma
Unlike stool, all of the blood/plasma DNA proceeds
from the host, but the number of altered DNA copies in
early CRC or preneoplastic lesions may be absent or at
levels below the detection limit[121]. Some plasma enzymes
could affect the marker stability[122]. Therefore, a processing optimization of the sample to remove PCR inhibitors
will be required to improve its sensitivity[121].
Tumor cells can get into the blood through blood
vessel invasion[123,124], where they then circulate in the
blood and release detectable markers in plasma samples
or circulating phagocytes. However, such vessel invasion
occurs more frequently in advanced stages of the disease
and is absent in AA[125-127]; thus, the detection of circulating tumor cells could be of prognostic value but would
not be useful in the context of CRC screening. Moreover,
the presence of free nucleic acids of tumor origin in
plasma has been documented, and although these nucleic
acids exhibit a small representation in plasma[128,129], their
use as biomarkers could be possible[130]. However, certain
tumor markers could be phagocytosed by inflammatory
cells, allowing their detection in blood at any disease
stage.

Protein in feces: Some plasma protein markers (albumin,
lactoferrin, calprotectin, haptoglobin)[116] are detectable
in feces, although with a very low sensitivity for AA.
However, detection of proteins derived from CRC and
AA could have a greater discriminant value. A pilot study
employing magnetic resonance spectroscopy used feces
from patients with CRC exhibiting a sensitivity and specificity of 92%[117].
Pyruvate kinase isoenzyme type M2 (M2-PK) is the
dimeric form of pyruvate kinase isoenzyme glycolysis.
M2-PK is overexpressed in all proliferating cells[118,119] and
is measurable in feces. A meta-analysis evaluated the concentration of M2-PK in stool samples from 704 patients
with CRC and 11412 healthy controls from 17 independent studies. The sensitivity for CRC and adenomas > 1
cm was 80% and 44%, respectively, with a specificity of
95%.
Other mutated proteins detected in feces include S100
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Study

DNA in plasma: A variety of DNA markers have been
assessed in plasma (Table 5). With respect to the detection of mutations, by BEAMing assay (Beads, Emulsification, Amplification, and Magnetics), APC mutations
in tumor tissue and plasma samples were detected with a
sensitivity of 73%, but the sensitivity was only 9% in the
case of AA[121].
As an alternative to mutation analysis, the accuracy
of detecting epigenetic changes in plasma was assessed.
Specifically, hypermethylation of Septine 9 (a gene belonging to a guanosine triphosphatase class) is associated with
CRC[131,132]. Methylation analysis of Septin 9 in plasma
detected between 58% and 96% of CRC patients and
18% of AA, with specificities of 86%-100%[131-134]. Its low
sensitivity for AA would force patients to take the test
annually or biennially. A multicenter trial included 7941
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Table 5 Serum DNA markers for adenoma and colorectal cancer n (%)
Marker

Study

APC, KRAS, p53
APC mutation
APC, MLH1, HLTF
Meth SEPT9

TMEF2, NGFR, SEPT9
Meth on 10 genes
Meth Vimentin

Wang et al[185]
Diehl et al[121]
Leung et al[186]
Lofton-Day et al[134]
Grützmann et al[133]
deVos et al[131]
Tóth et al[187]
Lofton-Day et al[134]
Lee et al[188]
Li et al[168]

Sensitivity

Specificity

CRC

Adenoma

36 (46)
16 (73)
3-28 (6-57)
92 (69)
73 (58)
62 (69)
88 (96)
40-69 (30-52)
210 (87)
48 (59)

1 (9)
3 (18)
48 (75)
-

50 (100)
33 (100)
37-41 (90-100)
154 (86)
165 (90)
132 (89)
78 (85)
170 (95)
254 (92)
102 (93)

TMEF2: Transmembrane protein with EGF–like and follistatin–like and two follistatin-like domains 2; SEPT9: Septin 9; Meth: Methylation; CRC: Colorectal
cancer; APC: Adenomatous polyposis coli gene; MLH1: MutL homolog 1; HLTF: Helicase-like transcription factor.

individuals ≥ 50 years with an average CRC risk. A sensitivity of 48% and a specificity of 91% were observed.
However, the sensitivity for AA was low (11%)[135]. There
is currently an automated test available on the market (Epi
proColon Early Detection Assay Kit®)[132]. The addition
of new markers to this detection blood test could optimize its performance in the future[136]. Nevertheless, its
high cost compared with FOBT could limit its use.

allows the analysis of large-scale protein patterns, including chromatographic techniques based on mass
spectrometry (MS) assays, surface-enhanced laser desorption/ionization time-of-flight (SELDI-TOF)-MS and
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) MS, that identify peptide patterns that
discriminate CRC patients from healthy individuals with
a sensitivity and specificity of over 90%[150]. The application of these profiles has to be defined, as most of these
studies are conducted in a small number of cases, and in
some of them, the identified biomarkers are not CRCspecific[151,152] but part of larger serum protein degradation products.
Circulating lymphocytes may contain traces of dysplastic lesions[153]. A pilot study examined the possibility
of detecting CD24 in circulating leukocytes, demonstrating the ability to detect CRC and AA[154].
Another area of research is the identification of
tumor-associated autoantibodies (epithelial cell adhesion
molecule, p53, p62, CEA, HER-2/neu, Ras, topoisomerase Ⅱ-alpha, histone deacetylase 3 and 5, ubiquitin L3, tyrosinase, tropomyosin, cyclin B1) as CRC markers[155-157].
These markers are absent in healthy individuals, and because they are very stable molecules and can be detected
by immunoassays, they suggest a promising avenue for
research.
Babel et al[158] used a microarray platform evaluating
8000 proteins. The authors identified 43 proteins capable
of discriminating tumor serum from normal serum. The
combined ELISA analysis of two of the markers (MAPKAPK3 and ACVR2B) in a CRC population and in a
healthy population obtained a sensitivity of 83% and a
specificity of 74%[156]. The accuracy of these proteins was
enhanced through the incorporation of two new proteins
to the panel (MST1/STK4 and SULF1)[159].
This research field, still in the experimental stage, is
very interesting because it uses immunoassay techniques
characterized by low cost, robustness and applicability.

RNA in plasma: The transcriptome of peripheral blood
and plasma provides a source of potential diagnostic
markers[137]. Han et al[138] designed a plasmatic marker
panel (BANK1, BCNP1, CDA, MGC20553 and MS4A1)
as a result of mRNA leukocyte microarray expression
profiling, capable of discriminating a CRC patient from
a healthy individual. An independent analysis revealed a
sensitivity and specificity of 88% and 64%, respectively.
miRNAs have been demonstrated to be stable plasma
markers, reproducible and consistent[139-141]. High miR92
levels have been identified in CRC patient plasma compared with healthy control samples[142], and significantly
elevated miR92a and miR29a levels were detected in AA
and CRC patients compared with controls[143].
Proteins in plasma: Carcinoembryonic antigen (CEA)
is the most investigated protein but is not useful in CRC
screening due to its low sensitivity (43% to 69%) in early
CRC. Other antigens, such as CA 19.9, CA 50, CA 72.4,
CO 29.11, have been studied without demonstrating acceptable diagnostic performance[144]. Furthermore, the
performance of some proteins analyzed as single markers has demonstrating promising results in a small group
of patients, thus they must be validated. Among these
proteins, the most prominent include CD26 (sensitivity
90%, specificity 90%)[145], alpha-defensin 1 (sensitivity
69%, specificity 100%)[146], colon cancer-specific antigen (CCSA)-3 and CCSA-4 (for CRC sensitivity 100%,
specificity 96%; for AA sensitivity 78%)[147], CCSA-2 (for
CRC sensitivity 89%, specificity 84%; for AA sensitivity 20%)[148]; and TIMP-1 (sensitivity 60%, specificity
98%)[149] (Table 5).
The incorporation of new technologies in proteomics
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Urine
Tumor markers can access urine through blood circulation. The markers are metabolized in small fragments and
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COLORECTAL CANCER TREATMENT

Table 6 TNM classification of colorectal cancer

Colorectal locoregional non-metastatic cancer treatment
Surgery: Surgical treatment for non-metastatic rectal
cancer should include total mesorectal excision (TME),
which consists of the total excision of the rectum vascular pedicle along fascia anatomic planes[189] with adequate
distal and circumferential margins and inferior mesenteric lymphadenectomy[190]. Sphincter-sparing surgery is
possible in most cases of middle or lower rectal tumors
as long as there is a distal margin at least of 1 cm. In
very low tumors, an abdominoperineal resection may be
required[191].
Local excision by transanal endoscopic microsurgery
is also an option in tumors that do not exceed the upper
third of the submucosa if a complete excision with adequate margins is obtained[192].
Likewise, it has been postulated that in colon cancer,
surgery should be based on colectomy and bloc resection of lymph nodes[193]. In most cases, a laparoscopic
intervention is possible[194]. The evaluation of a minimum
of 12 lymph nodes is considered a measure of surgery
quality[195,196]. Resection must be complete to be curative,
so other atypical nodes or ganglions outside the resection
field should be biopsied or resected whenever possible.

T = Primary tumor
TX = Primary tumor cannot be assessed
T0 = No evidence of primary tumor
Tis = Carcinoma in situ: intraepithelial or invasion of lamina propria
T1 = Tumor invades submucosa
T2 = Tumor invades muscularis propria
T3 = Tumor invades through the muscularis propia into subserosa or
into nonperitonealized pericolic or perirectal tissues
T4a = Tumor penetrates to the surface of the visceral peritoneum
T4b = Tumor directly invades or is adherent to other organs or
structures
N = Regional lymph nodes
NX = Regional lymph nodes cannot be assessed
N0 = No regional lymph node metastasis
N1a = Metastasis in one regional lymph node
N1b = Metastasis in two to three regional lymph nodes
N1c = Tumor deposit(s) in the subserosa, mesentery, or
nonperitonealized pericolic or perirectal tissues without regional
nodal metastasis
N2a = Metastasis in four to six regional lymph nodes
N2b = Metastasis in seven or more regional lymph nodes
M = Distant metastasis
MX = Distant metastasis cannot be assessed
M0 = No distant metastasis
M1a = Distant metastasis to one organ or site
M1b = Distant metastasis to more than one organ/site or the
peritoneum
Staging
Stage Ⅰ (T1-T2, N0, M0)
Stage ⅡA (T3, N0, M0)
Stage ⅡB (T4a, N0, M0)
Stage ⅡC (T4b, N0, M0)
Stage ⅢA (T1-T2, N1, M0 and T1, N2a, M0)
Stage ⅢB (T1-T2, N2b, M0; T2-T3, N2a, M0 and T3-T4a, N1, M0)
Stage ⅢC (T3-T4a, N2b, M0 and T4b, N1-N2, M0 and T4a, N2a, M0)
Stage ⅣA (any T, any N and M1a)
Stage ⅣB (any T, any N and M1b)

Adjuvant chemoradiotherapy: The anatomic complexity of the pelvis adds complication to rectal cancer
treatment. The locoregional recurrence risk is higher in
rectal than in colon cancer and is associated with a worse
prognosis. This risk is due to the absence of serosa in
the rectum and its proximity to other pelvic organs and
structures, making it difficult to obtain wide surgical
margins[197]. The treatment of choice for stage Ⅱ and Ⅲ
rectal cancer, clinically T3, T4 or ganglionar affectation
(Table 6)[198], includes preoperative chemoradiotherapy
with conventional radiotherapy fractionation of 50.4 Gy
in 28 fractions. Performing this treatment preoperatively
reduces the incidence of local recurrence and toxicity,
also allowing greater sphincter preservation, compared
with its postoperative administration[199]. In those patients
not treated with preoperative chemoradiotherapy, postoperative administration is recommended, exhibiting no
differences in 10-year overall survival (OS), in 10-year
cumulative incidence for distant metastasis, or in 10-year
progression-free survival (PFS)[200].
The addition of concomitant chemotherapy to radiotherapy in locoregional rectal cancer treatment, both
preoperatively and postoperatively, is due to its sensitizing effect in irradiated tissues, increasing the complete
pathological responses percentage, along with its micrometastases potential eradication, improving disease systemic control[201]. To date, conventional chemotherapeutic
treatment concomitant with radiation includes 5-FU
continuous infusion or, more recently, capecitabine (one
fluorouracil oral prodrug), with both drugs being equivalent[202]. The use of short hypofractionated radiotherapy

cross glomerular filtration[160]. Urine sample collection is
easy and non-invasive, and DNA isolation is easier than
in the feces, due to its low content in foreign proteins.
Urine contains products that have been excreted over a
period of time; therefore, urine may be less vulnerable to
the intermittent release of markers in the blood[160,161].
Nucleosides that can accurately discriminate CRC
patients from healthy controls have been identified in
urine[162]. One study evaluated mutated KRAS sequences
in the tissue and urine of a small number of CRC
patients and healthy controls, reporting an 83% concordance between the mutated DNA in tissue and the
corresponding urine sample[161]. This concordance of
results between urine and tissue could be higher than that
observed between plasma and tumor tissue[163].
Hypermethylation detection of the vimentin gene
in urine samples was significantly associated with CRC
compared with controls[164]. The use of SELDI-TOF MS
and MALDI-TOF MS platforms to identify protein profiles in the urine of CRC patients have been evaluated by
Ward et al[165], with a sensitivity of 78% and a specificity
of 87%.
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with 5-FU-based schemes[214].
No survival benefit has been reported for CRC adjuvant treatment using irinotecan[215,216] or new drugs such
as bevacizumab [humanized monoclonal vascular endothelial growth factor (VEGF) antibody][217] or cetuximab
(murine monoclonal antibody directed against epidermal
growth factor receptor, EGFR), regardless of tumor
KRAS status[218].
There is no evidence for the benefit of adjuvant chemotherapy in stage Ⅰ CRC[205].

(25 Gy for 5 d) has also exhibited a decreased local recurrence rate and improved survival compared with surgery
alone[203,204] and is currently considered an alternative to
conventional chemoradiotherapy treatment in elderly patients or with higher comorbidity.
Unlike rectal cancer, adjuvant treatment of CRC
is more aimed at the prevention of distant metastases
because the local recurrence rates are lower. Therefore,
treatment with perioperative chemoradiotherapy is administered only in selected cases of T4 tumors with fixed
structures impairment or recurrent disease[205].

Colorectal metastatic cancer treatment
Approximately half of the patients diagnosed with CRC
eventually develop metastases, mainly those of metachronic presentation. The most common site for metastases occurrence is the liver. Approximately 20% of
patients are diagnosed with synchronous liver metastases.
However, resection of hepatic metastatic disease may
achieve healing in a group of patients, with 5-year DFS
of 20% in those patients where liver metastases resection
was achieved. For this reason, it is essential to select those
patients with resectable or potentially resectable disease.
In addition, some patients with extrahepatic metastases
may also benefit from their resection[219]. This has made
the metastatic CRC therapeutic approach more complex,
with multiple treatment options that increasingly require
a multidisciplinary medical team, which can combine
locoregional treatment of metastases with systemic treatment to obtain disease resectability[220].

Adjuvant chemotherapy: Surgery is the main treatment
for CRC cure, but in cases with ganglionar involvement
(stage Ⅲ), the administration of adjuvant chemotherapy
is the treatment of choice for optimizing the chances
of healing. The administration of 5-FU and folinic acid
(Leucovorin) for 6 mo improves survival by approximately 10%-15%[206]. The oral capecitabine monotherapy
scheme has been shown to be equivalent to that of 5-FU
with a lower percentage of adverse effects[207]. Despite
this, the treatment of choice in stage Ⅲ after MOSAIC
results[208] is the scheme that uses oxaliplatin with 5-FU
and Leucovorin (FOLFOX), adding a 7% 3-year diseasefree survival (DFS) with respect to the scheme without
oxaliplatin. Similarly, the scheme combining capecitabine
with oxaliplatin (CapeOx) also proved to be superior to
the traditional scheme of 5-FU and Leucovorin, increasing the 3-year DFS in 4.4%[209]. Both schemes with oxaliplatin are considered of choice in stage Ⅲ, reserving
schemes without oxaliplatin for patients where this drug
is considered contraindicated.
The use of adjuvant chemotherapy in stage Ⅱ colon
cancer is more controversial. There is a subgroup of patients at this stage with increased risk of recurrence [T4,
inadequate nodal surgery (< 12 nodes removed), lymphovascular invasion, visceral peritoneum affectation, bowel
obstruction or poorly differentiated histology] in which
the use of adjuvant chemotherapy with the previous
schemes discussed can be considered[210]. In these cases, it
is recommended to discuss with the patient the pros and
cons of using chemotherapy, as the survival benefit is
unclear[211,212]. However, there are good prognostic markers, such as high microsatellite instability (H-MSI), to be
taken into account when assessing the use of adjuvant
chemotherapy in stage Ⅱ disease because there are studies reporting little benefit or even a negative impact of
5-FU adjuvant chemotherapy without oxaliplatin in these
cases[213]. On this basis, the generalized use of adjuvant
chemotherapy in stage Ⅱ tumors with H-MSI is not recommended.
With regard to rectum cancer, the use of adjuvant
chemotherapy is recommended in both stages Ⅱ and Ⅲ
disease, although its effectiveness in many cases is extrapolated from colon cancer studies. A meta-analysis published in 2012 and based on 21 randomized clinical trials
in rectal cancer patients reported an increase in OS and
PFS in patients receiving postoperative chemotherapy
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Surgery: Good prognostic factors in liver metastases resection have been postulated, including the presence of a
low number of metastases, lesions smaller than 5 cm, no
major vasculature affectation, absence or a low volume
of extrahepatic disease, sufficient liver reserves and the
presence of negative margins in liver resection[221,222]. Furthermore, although the presence of extrahepatic disease
is a poor prognostic factor, the possibility of extrahepatic
disease resection in selected patients may increase the
DFS median[219]. Resection of lung metastases in punctual
cases could have an impact on survival[223].
The surgical approach to peritoneal carcinomatosis
along with hyperthermic intraperitoneal chemotherapy
and perioperative systemic chemotherapy are considered
palliative, although with encouraging results in terms of
survival[224].
Local liver treatments: In daily clinical practice, other
techniques (radiofrequency ablation [225], hepatic arterial chemotherapy[226] administered directly to the liver,
radioembolization with yttrium-90 microspheres[227] and
stereotactic radiotherapy[228]) have been incorporated in
the treatment of selected patients with few liver metastases or as a complement to surgery to achieve resectability.
The role of such treatments is not fully defined in the
absence, in most cases, of randomized trials. Stereotactic
radiotherapy and radiofrequency are also being evaluated
for the treatment of pulmonary metastases in selected
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patients[229].

or BRAF from being sensitive to cetuximab treatment,
being effective only in tumors with unmutated KRAS.
Cetuximab and FOLFIRI combination increases PFS and
OS[242]. In contrast, in first-line therapy, there is no benefit
in statistically and clinically significant survival after the
addition of cetuximab to FOLFOX[243]. Cetuximab has
been shown to reverse resistance to irinotecan after progression to schemes containing the drug[244].
Panitumumab is a completely humanized monoclonal
antibody against EGFR that is effective as monotherapy
in patients in chemotherapy progression[245] or in combination. Its mechanism of action is similar to that of
cetuximab; thus, the presence of KRAS mutations should
also be considered. The addition of panitumumab to
chemotherapy has demonstrated efficacy in PFS in combination with FOLFOX[246] in first-line therapy and in
combination with FOLFIRI[247] in second-line therapy.
Aflibercept is a new molecule targeting against VEGF.
The addition of aflibercept to FOLFIRI in second-line
therapy increases PFS and OS[248] compared with chemotherapy alone.
The combination of chemotherapy with more than
one biological agent (anti-EGFR and anti-VEGF) does
not provide benefits but increases toxicity; therefore, it is
contraindicated[249,250].
In Table 7, a summary of the different systematic
treatments available for CRC is presented.

Chemotherapy: In metastatic CRC treatment, chemotherapy can be used as a complement to metastases potentially curative by surgery as neoadjuvant treatment to
achieve resectability of initially unresectable disease or as
palliative therapy.
As adjuvant treatment, the administration of chemotherapy with 5-FU for 6 mo (Mayo scheme, which to date
is considered suboptimal) has resulted in improvements
in 5-year DFS[230]. Another study has compared the use
of perioperative FOLFOX for 6 mo with surgical treatment alone in patients with up to 4 resectable liver metastases, demonstrating a better 3-year PFS. This scheme
is currently considered first choice as adjuvant to surgery
for liver metastases[231].
Regarding neoadjuvant treatment for potentially resectable liver disease, FOLFOX and FOLFIRI have exhibited similar response rates of approximately 30%[232],
whereas the combination of oxaliplatin, irinotecan and
5-FU (FOLFOXIRI) exhibit higher reported response
rates (66%), achieving a higher rate of resectability than
FOLFIRI[233].
Palliative therapy with chemotherapy increases survival, can reduce the symptomatology and can improve
quality of life. The treatment length may be 6 mo or until
disease progression[234], depending mainly on toxicity.
The choice of both first-line and subsequent treatments
depends on previous treatments, the administration and
toxicity profiles as well as the objectives to be achieved
with the treatment. The use of 5-FU results in approximately 12-mo survival[235], being equivalent to Capecitabine treatment[236]. FOLFOX and FOLFIRI exhibit similar
survival outcomes in first-line metastatic disease[232], with
15 mo OS, being also equivalent in oxaliplatin schemes
the substitution of 5-FU by capecitabine[237].

CONCLUSION
CRC is one of the most common cancers worldwide.
Today, various techniques are available to detect CRC in
its early stages or as precursor lesions, thereby preventing
aggressive treatment.
Screening programs have helped make these techniques more accessible to the population, with FOBT,
sigmoidoscopy and colonoscopy representing the most
used. FIT is emerging as the best test for screening due
to its better acceptance among populations. However, its
sensitivity, yet distant from the gold standard (colonoscopy), requires further research.
The enormous work of basic and translational research in recent times has identified a large number of
potential biomarkers. Although there is not sufficient
evidence yet to recommend the analysis of biomarkers
such as DNA, RNA or proteins in the blood or stool, it
is likely that given the quick progression of technological
tools in molecular biology, increasingly sensitive and less
expensive, they will gradually be implemented in clinical
practice and will most likely be developed in mass.
Chemotherapy remains the cornerstone of systemic
treatment today, but several new targeted drugs have
emerged in this filed in the last decade, improving the
management of metastatic disease. The recent advances
in molecular biology and the genetic classification of
CRC are essential to individualize these therapies and will
be basic for improving the treatment in the next years.

New drugs: The addition of new drugs to the traditional chemotherapy schemes has not demonstrated efficacy
as a complementary treatment in the resection of liver
metastases.
Bevacizumab is a partially humanized monoclonal antibody against VEGF. Several studies have demonstrated
the benefit of adding bevacizumab to oxaliplatin and irinotecan chemotherapy schemes. In first line therapy, the
addition of bevacizumab to IFL scheme with irinotecan
resulted in a statistically significant increase of both, PFS
and OS[238]. Its combination with oxaliplatin schemes has
resulted in an increased PFS but not OS[239,240].
The effectiveness of adding bevacizumab to chemotherapy is independent of the KRAS status[241]. Although
the response rate with bevacizumab is approximately
50%[239], its role as neoadjuvant treatment with respectability intention is not clearly defined.
Cetuximab is a partially humanized monoclonal antibody against EGFR (epidermal growth factor receptor).
Mutations in KRAS or BRAF in the signaling pathway
downstream EGFR prevent tumors with mutated KRAS
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Table 7 Systemic treatment of colon cancer

6

Adjuvant therapy (stage Ⅲ and stage Ⅱ with high-risk features for
systemic recurrence)
FOLFOX
CapeOx
If oxaliplatin is contraindicated or elderly patients
Capecitabine
5-FU/Leucovorin
Metastatic disease (stage Ⅳ)
Resectable disease (lung, hepatic or peritoneal metastasis)
Consider surgery and/or locoregional treatment (radiofrequency,
stereotactic radiotherapy) and 6 mo of perioperative chemotherapy
(FOLFOX, CapeOx preferred)
Potentially resectable
FOLFOX
FOLFIRI
FOLFOXIRI
Cetuximab + FOLFIRI (only KRAS wild type)
Panitumumab + FOLFOX (only KRAS wild type)
Bevacizumab + FOLFOX
Unresectable (palliative)
FOLFOX
CapeOx
FOLFIRI
FOLFOX + Bevacizumab
CapeOx + Bevacizumab
FOLFOX + Panitumumab (only KRAS wild type)
FOLFIRI + Panitumumab (only KRAS wild type)
FOLFIRI + Cetuximab (only KRAS wild type)
FOLFIRI + Aflibercept
Capecitabine
5-FU/Leucovorin
Cetuximab + Irinotecan (only KRAS wild type)
Cetuximab monotherapy (only KRAS wild type)
Panitumumab monotherapy (only KRAS wild type)
Regorafenib

7
8

9

10

11
12

13

FOLFOX: 5-fluorouracil (5-FU), leucovorin, and oxaliplatin; FOLFIRI: 5-FU,
folinic acid, irinotecan; FOLFOXIRI: 5-FU, folinic acid oxaliplatin irinotecan; CapeOx: Capecitabine together with oxaliplatin.
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hypothetical predictive role of MSI regarding its response to 5-fluorouracil-based adjuvant chemotherapy
has proven a much more difficult issue to address.
Almost every possible relation between MSI and chemotherapy outcome has been described in the adjuvant colon cancer setting in the international literature,
and the matter is far from being settled. In this current
report we critically evaluate the prognostic and predictive impact of MSI status in patients with stage Ⅱ and
stage Ⅲ colon cancer patients.
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Core tip: Adjuvant chemotherapy in patients with stage
Ⅱ colon cancer is still a subject of controversy. Stage
Ⅱ tumors are highly heterogeneous, with five-year
relative overall survival rates ranging from 58.4% to
87.5%. Recently reported European Society for Medical
Oncology guidelines suggest that microsatellite instability (MSI) should be evaluated in stage Ⅱ colorectal
cancer patients in order to contribute in treatment
decision-making regarding chemotherapy administration. The current report critically evaluates the prognostic and predictive impact of MSI status in patients with
stage Ⅱ and stage Ⅲ colon cancer.

Abstract
In colon cancer, classic disease staging remains the key
prognosis and treatment determinant. Although adjuvant chemotherapy has an established role in stage Ⅲ
colon cancer patients, in stage Ⅱ it is still a subject of
controversy due to its restriction to a small subgroup
of patients with high-risk histopathologic features.
Patients with stage Ⅱ tumors form a highly heterogeneous group, with five-year relative overall survival
rates ranging from 87.5% (ⅡA) to 58.4% (ⅡC). Identifying those for whom adjuvant chemotherapy would
be appropriate and necessary has been challenging,
and prognostic markers which could serve in the selection of patients more likely to recur or benefit from
adjuvant chemotherapy are eagerly needed. The stronger candidate in this category seems to be microsatellite instability (MSI). The recently reported European
Society for Medical Oncology guidelines suggest that
MSI should be evaluated in stage Ⅱ colorectal cancer
patients in order to contribute in treatment decisionmaking regarding chemotherapy administration. The
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INTRODUCTION
Colorectal cancer (CRC) remains a major public health
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problem in the western world, with an estimated 143397
new cases and 51690 deaths occurring in 2012 in the
United States alone[1].
In the adjuvant setting, after the oxaliplatin/fluorouracil (5-FU)/leucovorin (LV) era[2,3] we have reached a deadlock. Up until now, classic disease staging remained the
key prognosis and treatment determinant. Based on that,
adjuvant chemotherapy has an established role in stage Ⅲ
patients, where it is restricted to a small subgroup of patients with high-risk histopathologic features and stage Ⅱ
disease[4,5]. Adjuvant chemotherapy in patients with stage
Ⅱ colon cancer is still a subject of controversy. Stage Ⅱ
tumors are highly heterogeneous, with five-year relative
overall survival (OS) rates ranging from 87.5% (ⅡA) to
58.4% (ⅡC). Several data suggest that chemotherapy is
not mandatory for low risk stage Ⅱ tumors (T3N0 without risk factors), while FOLFOX or XELOX should be
considered as candidates for adjuvant treatment for stage
Ⅱ tumors with high risk factors (T4 or bowel obstruction, perforation, poorly differentiated tumor, < 10 or 12
examined lymph nodes, and/or histological signs of vascular, lymphatic, or perineural invasion).
Nevertheless, it is fair to admit that a significant percentage of adjuvant patients receive chemotherapy in
vain. Identifying those for whom adjuvant chemotherapy
would be appropriate and necessary has been challenging, and prognostic markers which could serve in the
selection of patients more likely to recur or benefit from
adjuvant chemotherapy are eagerly needed. Microsatellite
instability (MSI), alongside 18q loss of heterozygosity[6],
KRAS, BRAF, and TP53, are among the most investigated parameters[7-11]. While awaiting the fruits of considerable efforts being undertaken regarding the evaluation
of the above mentioned markers in large prospective
series, as well as the evaluation of multigene signatures
on prognosis and prediction, the stronger candidate
seems to be MSI. Nevertheless, it is worth noting that it
has not yet found its place as a robust parameter, and it is
only in the guidelines of the European Society for Medical Oncology[12] where MSI is advised to be evaluated in
stage Ⅱ CRC patients in order to contribute in treatment
decision-making regarding chemotherapy administration.
The current review concerns the prognostic and predictive significance of MSI status in patients with stage
Ⅱ colon cancer.

flects the absence of protein expression encoded by the
corresponding MMR genes (hMLH1, hMSH2, hMSH6,
or PMS2)[13,16,17]. It has also been shown that the incidence
of MSI differs between stage Ⅱ and stage Ⅲ disease,
and that its prognostic impact seems to be significantly
stronger in stage Ⅱ than in stage Ⅲ. In its familial form,
the genetic basis of instability is largely due to inherited
germline mutations of the MMR genes (notably hMLH1
and hMSH2)[18,19], whereas, in its sporadic form, this is
due to hMLH1 inactivation by epigenetic hypermethylation of the promoter, and less frequently due to genetic
alterations of hMSH2 and hMSH6 genes[16,20-22].
Since 1998, microsatellite genotyping of CRC patients
for clinically applicable diagnosis is based on panels of
specific microsatellite markers (loci containing mono- or
di-nucleotide repeated sequences) and standard criteria,
as published by Boland et al[23]. Usually the panels used
consist of the five markers from the Bethesda reference
panel, as well as some additional markers from the alternative panel suggested during the International Workshop on HNPCC in 1997[23]. Based on that, a locus is
called unstable if unequivocal instabilities are seen in the
tumor sample in comparison to the paired normal DNA
in a given patient. MSI is graded as high (MSI-H) when
30% or more of the markers used are unstable, low when
10%-20% of the markers used are unstable, and stable
(MSS) when all the markers used are stable.

CLINICAL VALIDITY OF MSI IN STAGE Ⅱ
AND Ⅲ COLON CANCER PATIENTS
Prognostic value of MSI in stage Ⅱ colon cancer
Since approximately 1998, we have known that the majority of MSI-H CRC patients form a unique subset
characterized by a differential, less aggressive clinical behavior and a favorable prognosis compared to MSS CRC
patients[24,25]. Recent large trials[26-32], a meta-analysis[17], as
well as a number of earlier reported retrospective studies[13,33-44], support the favorable stage-adjusted prognosis
of MSI-H compared to MSS CRC patients.
Initially, it was the study by Ribic et al[39] which described that patients with MSI-H tumors have a modestly better prognosis than those with MSS tumors.
These findings were confirmed five years later when, in
a pooled population of more than 500 untreated stage
Ⅱ and Ⅲ patients, a clear improvement in 5-year disease
free survival (DFS) rate was observed in favor of MSI-H
patients. Nevertheless, in this report containing a respective number of 5-FU adjuvantly treated stage Ⅱ and Ⅲ
patients, no significant differences were found between
MSI and MSS[27]. Somewhat opposing this finding is the
control 5-FU treated arm of the PETACC3 trial, where
over 600 stage Ⅱ and Ⅲ patients displayed a significant
difference in 5-year DFS between MSI and MSS (P =
0.0077), suggesting that MSI improved prognosis can be
maintained under 5-FU[31,45].
A 2011 study by Sinicrope et al[28] had the impressive
inclusion of 2141 CRC patients and specimens from

BIOLOGY BEHIND THE MSI
PHENOMENON
MSI in hereditary and sporadic colon cancer
The abnormal shortening or lengthening of DNA by 1-6
repeating base pair units is a phenomenon caused by the
inactivation of the DNA mismatch repair (MMR) system,
and leads to the MSI phenotype[13]. Nearly all patients
suffering from hereditary non-polyposis colon cancer
(HNPCC) or Lynch Syndrome[13-15], as well as approximately 15%-20% of patients with sporadic early CRC[15],
are identified as having the MSI phenotype, which re-
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various adjuvant trials randomized between 5-FU and no
treatment or no 5-FU treatment. Of these, 344 patients
had MSI tumors (164 stage Ⅱ and 180 stage Ⅲ tumors),
and had an overall better prognosis compared to MSS
tumor patients[28]. In the multivariate analysis of this
article, MSI status was shown to be a statistically significant independent prognostic variable granting MSI CRC
patients an improved TTR (P = 0.005), DFS (P = 0.035)
and OS (P = 0.031) compared to MSS patients. Similarly
to the PETACC3 authors[31], this improved prognosis was
shown in both treated and untreated patients with stage
Ⅱ and stage Ⅲ MSI CRC tumors, as it was highlighted
by a statistically significant improved time to recurrence (P
< 0.001), DFS, and OS (P = 0.004) compared to patients
with MSS tumors. Similarly, a retrospective analysis of
MSI status was reported from the QUASAR study[46], in
which 1913 patients with stage Ⅱ colon or rectal cancer
were randomly assigned to receive or not receive 6 mo
adjuvant treatment with 5FU/LV. The recurrence rate
for dMMR tumors was significantly lower in comparison with that for MMR-proficient tumors [11% (25 of
218) vs 26% (438 of 1695) recurred; RR = 0.53; 95%CI:
0.40-0.70; P = 0.001]. Recently, Sinicrope et al[32] introduced primary tumor site as another parameter in the
MSI equation; supporting the observation that MSI was
found to be prognostic and conferring a favorable outcome only in patients with proximal primary tumors.

the second largest publication on the matter, where in
a pooled analysis by Sargent et al[27] including a total of
1027 patients, no difference in 5-year DFS rate in favor
of MSI patients was observed in the 512 treated stage Ⅱ
and stage Ⅲ patients (contrary to what was observed in
the untreated patient group), suggesting that the survival
benefit of MSI patients was abolished by 5-FU treatment. In this article, a statistically significant improved
DFS (P = 0.001) was observed in patients with stage Ⅲ
MSS tumors receiving adjuvant 5-FU chemotherapy, but
no treatment effect was observed in patients with stage
Ⅲ MSI tumors. A non-statistically significant benefit of
adjuvant therapy was observed in patients with stage Ⅱ
MSS tumors, whereas a trend towards worse outcome
was observed in patients with stage Ⅱ MSI tumors[27,45].
However, the authors of the original article, as well as
those of the two accompanying editorials[52,53], were extremely careful in the interpretation of the results and
did not suggest that stage Ⅲ MSI CRC patients should
thereafter be excluded from standard 5-FU-based chemotherapy. Nevertheless this issue was still evident.
Interestingly, in a 2011 article by Sinicrope et al[28] concerning 2141 CRC patients, a benefit of 5-FU treatment
for stage Ⅲ MSI CRC patients was observed, contrary
to what was previously reported[27,39]. In addition, the
authors went further, and added the germline vs sporadic
MSI origin parameter, stating that the beneficial treatment outcome in stage Ⅲ MSI CRC patients seemed
to be restricted to tumors where MSI originated from a
germline defect[28]. Unfortunately, Sinicrope et al[32] did not
formally compare the predictive value of MSI status for
DFS or survival in patients treated in adjuvant 5-FU-based
clinical trials compared to untreated control groups in the
available cohorts, nor did they perform a formal analysis
of the treatment effect in stage Ⅱ MSI CRC patients[45].
Another pending question open for debate is “which
kind of adjuvant chemotherapy should be used in MSI
CRC patients?” A trial by Bertagnolli et al[54] was suggestive of a positive effect of irinotecan-based adjuvant chemotherapy (CALGB 89803) in favor of MSI patients[54],
which became only marginally significant in the updated
trial[26] and was not replicated in PETACC-3[31].

Predictive value of MSI in stage Ⅱ and Ⅲ colon cancer
patients
The hypothetical predictive role of MSI regarding response to 5-FU-based adjuvant chemotherapy has been
proven a much more difficult issue to address. Almost
every possible relation between MSI and chemotherapy
outcome has been described in the international literature. Before going into this subject in more detail and in
an attempt to explain the controversies, we could hypothesize that among the reported articles are some based
on older studies, with small patient populations and no
randomization between treatment vs control, allowing for
potential selection bias and other inherent pitfalls of nonrandomized comparisons to occur. Although, as will be
described, despite this not being the case with the newer
larger series, contradictory results were still documented,
stressing the possibility that such findings could occur by
chance and thus need careful interpretation and validation before unwarranted restriction of chemotherapy in
adjuvant stage Ⅲ MSI-H patients is advocate[45].
As noted above, we have reports highlighting increased
sensitivity of MSI patients to 5-FU treatment[47-50], while
others are suggestive of no differential response related
to MMR proficiency or deficiency [51]. Subsequently, a
stronger and larger publication by Ribic et al[39], which
incorporated data from randomized clinical trials of
surgery only vs 5-FU-based treatment, showed that MSI
patients not only did not seem to benefit from adjuvant
chemotherapy, but were in fact possibly harmed by it
in terms of OS. This notion seemed to be replicated in
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CONCLUSION: ISSUES FOR FUTURE
ELABORATION
We believe the prognostic value of MSI to be clearer than
its predictive value. According to our opinion, MSI status
should be evaluated in all stage Ⅱ CRC patients in order
to contribute in treatment decision-making regarding
chemotherapy administration; indeed MSI-H patients can
be spared adjuvant chemotherapy.
Although undoubtedly much progress has been made,
pending questions, such as the differential impact of MSI
status between stage Ⅱ and stage Ⅲ CRC patients and
the potential harm of 5-FU treatment in stage Ⅱ CRC
MSI patients, still exist and remain largely unanswered[45].
A possible method of moving forward and resolving
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the prognostic and predictive validity of such an easy to
perform and relatively cheap biomarker in the controversial area of stage Ⅱ colon cancer disease is to combine
efforts. Patient series from large databases from Europe
and the United States analyzed together and preferably
having in their included trials patients randomized between treatment and no treatment, could allow a per stage
stratification and open the field for strong and unambiguous answers regarding prognosis and prediction[30,45].
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a higher proportion of microsatellite instability cancer
than patients with a solitary colorectal carcinoma. Also,
limited data have revealed that in many synchronous
colorectal carcinomas, carcinomas in the same patient
have different patterns of microsatellite instability status, p53 mutation and K-ras mutation. Overall, the
prognosis of patients with synchronous colorectal carcinoma is not significantly different from that in patients
with solitary colorectal carcinoma, although a marginally better prognosis has been reported in patients with
synchronous colorectal carcinoma in some series. A
different management approach and long-term clinical follow-up are recommended for some patients with
synchronous colorectal cancer.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Synchronous colorectal carcinoma refers to more than
one primary colorectal carcinoma detected in a single
patient at initial presentation. A literature review has
shown that the prevalence of the disease is approximately 3.5% of all colorectal carcinomas. This disease
has a male to female ratio of 1.8:1. The mean age at
presentation of patients with synchronous colorectal
cancer is in the early half of the seventh decade. Patients with inflammatory bowel diseases (ulcerative
colitis and Crohn’s disease), hereditary non-polyposis
colorectal cancer, familial adenomatous polyposis and
serrated polyps/hyperplastic polyposis are known to
have a higher risk of synchronous colorectal carcinoma.
These predisposing factors account for slightly more
than 10% of synchronous colorectal carcinomas. Synchronous colorectal carcinoma is more common in the
right colon when compared to solitary colorectal cancer. On pathological examination, some synchronous
colorectal carcinomas are mucinous adenocarcinomas.
They are usually associated with adenomas and metachronous colorectal carcinomas. Most of the patients
with synchronous colorectal cancer have two carcinomas but up to six have been reported in one patient.
Patients with synchronous colorectal carcinoma have
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Key words: Synchronous carcinoma; Colorectal carcinoma; Prevalence; Microsatellite instability; Review
Core tip: Synchronous colorectal carcinoma accounts for
approximately 3.5% of colorectal carcinoma. This type
of carcinoma has different clinical, pathological and
molecular features from solitary colorectal carcinoma.
There has been a lack of comprehensive reviews of this
entity in recent years.
Lam AKY, Chan SSY, Leung M. Synchronous colorectal cancer: Clinical, pathological and molecular implications. World J
Gastroenterol 2014; 20(22): 6815-6820 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6815.htm DOI:
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INTRODUCTION
Synchronous colorectal carcinoma denotes more than
one primary colorectal carcinoma detected in a single patient. Metachronous colorectal carcinoma is the presence
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men. In the majority of the series analyzed, the male
to female ratio of patients with synchronous colorectal
cancer was > 1. By pooling the data from the 38 series with the sex of the patients mentioned, the male
to female ratio was 1.8 : 1.0 (2260 men vs 1241 women)[1-14,16-19,23,24,26-33,38-40,43,46-48,52-54]. It has also been shown
that when compared to solitary colorectal carcinoma,
synchronous colorectal carcinoma had a higher male to
female ratio[46]. There is no obvious reason for the higher
male predominance for this entity. Investigations may
help to detect if any genetic and environmental factors
can contribute to the sex difference in prevalence.

Table 1 Characteristics of synchronous colorectal cancer as
compared to solitary colorectal cancer
Higher male to female ratio
More likely to be associated with precursor lesions such as adenoma,
and in the settings of inflammatory bowel diseases, hereditary nonpolyposis colorectal cancer and familial adenomatous polyposis
More noted in the proximal portion of the colon
Higher incidence of mucinous adenocarcinoma
Higher likelihood of having microsatellite instability

of more than one primary colorectal carcinoma detected
consecutively in a single person after a set time interval.
In the literature, many studies have mixed these two entities together in their analysis.

AGE AT PRESENTATION
There is no common consensus on whether synchronous colorectal carcinoma occurs in a different age range
when compared to solitary colorectal carcinoma. In the
literature, the mean age at presentation of synchronous
colorectal carcinoma ranged from 47 to 79 years[27,31]. By
pooling the data from 32 series in the analysis, the mean
age at presentation of patients with synchronous colorectal carcinoma was 63[4,6-14,16,18,19,23,24,26-34,37,40,43,46,48,52-54]. In
many of the series, the mean age at presentation for
synchronous colorectal cancer was higher than solitary
colorectal cancer. However, in a large series such as that
presented by Latourniere and colleagues, the age at diagnosis for solitary colorectal and synchronous colorectal
carcinoma was similar[38].

DATA COLLECTION
The literature between 1981 and 2013 recorded in
PubMed was searched for research papers on synchronous colorectal carcinoma. Keywords included “synchronous”, “colorectal”, “colon”, “rectum”, “cancer”, and
“carcinoma”. Only original full-text publications were
reviewed. The eligibility criteria included articles in English, with adequate sample numbers and description of
the cases. Case reports were excluded. The demographic
details were entered into a computer database. If the
same cases were reported more than once, only one entry
was entered. The data were analyzed by SPSS version 22.0
(IMB SPSS Inc., New York, United States). Overall, 51 series were selected with sufficient data for review[1-54]. The
characteristics of the selected series are shown in Table
1. This is to ensure comprehensive understanding of the
characteristics of the disease entity in recent decades.

PREDISPOSING CONDITIONS
Patients with inflammatory bowel diseases, hereditary
non-polyposis colorectal cancer and familial adenomatous
polyposis are known to have higher risk of synchronous
colorectal cancer[5,45,46,51]. The reason behind this is obvious and related to a multiple field of dysplasia (adenomas) that can occur in these patients. Also, synchronous
colorectal carcinoma is associated with more adenomas
than solitary colorectal cancer[4,7,9,10,14,18]. In recent years,
precursor multiple serrated sessile serrated adenoma/hyperplastic polyposis were more commonly noted in synchronous colorectal cancer[46,49].
Synchronous colorectal carcinoma is often reported in
patients with ulcerative colitis. Liu et al[51] reported a series
of 108 patients with cancer associated with inflammatory bowel disease (95 with ulcerative colitis and 13 with
Crohn’s disease), and 22 (20%) had synchronous colorectal carcinoma. All synchronous carcinoma was noted in
the patients with ulcerative colitis. In another large series
of 240 patients with colorectal carcinoma associated with
inflammatory bowel diseases (176 with ulcerative colitis
and 64 with Crohn’s disease), synchronous colorectal
carcinoma occurred in both types of inflammatory bowel
diseases. Similarly, patients with ulcerative colitis had
a significantly higher risk of developing synchronous
colorectal cancer than patients with Crohn’s disease[45].
A study performed by Greenstein and colleagues reported that synchronous carcinoma accounted for 2.5%

PREVALENCE
The prevalence of synchronous colorectal carcinoma
ranged from 1.1% to 8.1%[1-54]. In some series, the number of cases analyzed was small and the figures quoted
are unlikely to be representative. In contrast, in large
population studies, many clinical and pathological characteristics of synchronous colorectal carcinoma were
not analyzed. Differences in the range of prevalence of
synchronous colorectal carcinoma were obtained from
studies in Europe, Asia and America (Europe 1.1%-8.1%,
Asia 1.1%-8.1%, and America 1.2%-7.0%). There were
three large studies with > 10000 colorectal cancers analyzed. The prevalence of synchronous colorectal carcinoma in these three series was 3.1%, 3.7% and 3.9%,
respectively[2,38,47]. Also, pooling the data from 39 series in
which the prevalence of synchronous colorectal cancer
could be found, the overall prevalence of synchronous
colorectal carcinoma was 3.5% (3667 of 105686) of
colorectal cancers[1-13,15,16,18,19,24,26-35,37-40,43,46-48,52-54].

GENDER PREFERENCE
Synchronous colorectal cancer is more often seen in
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of de novo colorectal carcinoma, 18% of ulcerative colitisrelated carcinoma, and 21% of familial adenomatosis
polyposis-related carcinoma [5]. However, the relative
prevalence of these predisposing factors in synchronous
colorectal carcinoma was rarely documented. One of the
reasons is that in many studies on synchronous colorectal carcinoma, patients with these predisposing lesions
were excluded. Nevertheless, in a series obtained from a
general population of colorectal carcinoma, patients with
known predisposing conditions may account for slightly
more than 10% of synchronous colorectal cancer[46].
Thus, other unknown factors may be the cause of the
synchronous colorectal carcinoma.

carcinoma reported in the literature had only two carcinomas in the large intestine. In some cases, more than
two colorectal cancers were found in each patient. The
percentages of patients with synchronous colorectal carcinomas with three or more cancers ranged from 1.8% to
16.7%[13,38]. Up to six synchronous carcinomas have been
reported in the large intestine of a single patient[10,46].

MOLECULAR BIOLOGY
The majority of research in molecular biology on synchronous colorectal carcinoma has focused on analysis
of microsatellite instability (MSI)[41,43,52]. Microsatellites
are simple repetitive DNA sequences scattered throughout the genome. Due to their repetitive nature, they are
susceptible to errors during DNA replication, which are
usually corrected by mismatch repair genes. Failure of the
mismatch repair system results in accumulation of alterations in microsatellite lengths; a process described as MSI.
MSI-positive colorectal carcinoma can occur in familial
settings known as HNPCC[57-59]. Patients with HNPCC
inherit a germline mutation in one of the mismatch repair genes. However, many of the MSI-positive colorectal
carcinomas are sporadic, resulting from methylation of
mismatch repair genes, rather than by germline mutation
as in HNPCC. Sporadic MSI cancers show methylation
of MLH1 promoters; a condition which is strongly correlated to the V600E mutation of human gene braf (v-Raf
murine sarcoma viral oncogene homolog B1).
Some studies have shown that patients with synchronous colorectal carcinoma have a higher proportion of
MSI-positive cancers than patients with solitary colorectal
carcinoma. Also, methylation of multiple genes or braf
mutation status in these cancers suggests that many of
these cancers are sporadic rather than familial[27,36,42,43]. It
is likely that the higher portion of MSI cancers in synchronous colorectal cancer is sporadic and may be due to
the local carcinogenic environment in the large intestine.
Patients with individual cancers discordant for MSI
status have the worst clinical outcome, whereas those
with individual cancers concordant for MSI-deficient
status have the best outcome[50]. This result concurs with
the fact patients with MSI-positive colorectal carcinoma
have better prognosis than those with MSI-negative carcinoma[60].
Other than MSI, K-ras and p53 mutations are commonly studied in colorectal carcinoma[57-61]. K-ras mutations are predictive markers of resistance to monoclonal
antibody therapies for metastatic colorectal carcinoma,
which targets the epidermal growth factor receptor. p53
mutations are common in human cancer and are often
found in more aggressive cancer. In many studies, there
is a portion of synchronous colorectal carcinoma with
discordant MSI status, p53 mutation and K-ras mutation
between the synchronous colorectal carcinomas in a given
individual[14,17,23,40,41]. These findings suggest that the mechanism of formation of synchronous colorectal carcinoma
is complex and is unlikely to be linked to known genetic

LOCATION OF SYNCHRONOUS CANCER
Common sites of synchronous colorectal cancer are the
sigmoid colon or rectum. The relative frequencies of
carcinoma in a different portion of the large intestine differ for synchronous and solitary colorectal carcinoma[46].
When compared to solitary colorectal carcinoma, synchronous carcinoma appears to more often involve the
proximal portion of the colon; in particular the ascending
colon. These findings were in concurrence with the rightside predominance of some genetic predisposing factors.
Some authors have reported that many synchronous
colorectal carcinomas occurred in the same segment of
the large intestine or close to each other[2,12,38]. In contrast,
there a large proportion of cancers are noted in different
segments of the large intestine. This stresses the importance of thorough preoperative examination of synchronous colorectal cancer.

PATHOLOGY
Mucinous adenocarcinoma is a type of colorectal adenocarcinoma and accounts for approximately 14% of
colorectal carcinomas[55]. Mucinous adenocarcinoma is
reported to be slightly more common in patients with
synchronous colorectal adenocarcinoma[9]. It is worth
noting that mucinous adenocarcinoma is a pathological
feature of colorectal carcinoma in the setting of hereditary nonpolyposis colorectal cancer (HNPCC), which can
predispose to synchronous or metachronous colorectal
carcinoma. In a large series of 102 patients with synchronous colorectal carcinoma and 56 with metachronous
colorectal carcinoma, mucinous adenocarcinoma was not
more common in synchronous colorectal carcinoma when
compared to solitary colorectal carcinoma[56]. In contrast,
this type of carcinoma is more common in the metachronous (subsequent) carcinoma[56]. In some cases, cancers
in the same patient can be mucinous adenocarcinoma[45].
The other cancers detected in the patients with synchronous colorectal carcinomas are usually smaller, with lower
pathological grade and T staging than the index cancer[45].
Also, metachronous carcinoma can also occur in some
patients with synchronous colorectal carcinoma[45].
The majority of patients with colorectal synchronous
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mutations commonly found in colorectal carcinoma.
Lastly, genetic polymorphism of glutathione S-transferases
(null GSRM1 phenotype) is associated with synchronous
colorectal carcinoma[54]. The glutathione S-transferases
form a group of multi-gene isoenzymes involved in the
cellular detoxification of both xenobiotic and endobiotic
compounds[62]. They are related to cancer risk characterization and chemotherapy resistance. This result needs to
be confirmed in future studies.

Complete colonoscopy may not be possible in all patients to detect synchronous colorectal carcinoma before
an operation due to the presence of synchronous carcinoma proximal to a stenosing colorectal carcinoma[46]. Even
with complete colonoscopy, synchronous carcinoma may
also be missed as a result of its small size or being close
to the main cancer. Computed tomography colonography
has been used to detect synchronous cancers proximal to
stenosing colorectal cancers[63]. Nevertheless, it has limited capability in differentiating advanced adenoma from
colorectal carcinoma.

PROGNOSTIC IMPACT
The prognosis of patients with synchronous carcinoma
has been documented to be better, the same or worse
than those with solitary colorectal carcinoma[2,19,20]. The
variation is likely due to the differences in the sample size
and length of clinical follow-up and needs to be interpreted with caution. The first prospective study on the
effect of synchronous colorectal carcinoma on survival
as compared to solitary colorectal cancer was presented
by Nosho and colleagues in the United States in 2009[43].
The study showed that synchronous colorectal carcinoma
was significantly associated with poor prognosis. The reasons proposed are more related to the predicted clinical
effects of the higher chance of complications and metastases in multiple colorectal carcinomas. However, in the
majority of the studies and many of the recent studies involving a larger number of cases, the survival of patients
with synchronous colorectal carcinoma was reported
to be no different from that of solitary colorectal carcinoma. In the studies by Hu and co-authors in 2012[52]
and also from our group in 2011 and 2012[46,56], marginal
survival benefits of patients with synchronous colorectal
carcinoma were noted. Hu and co-authors have proposed
that the reason for the better survival rates in this type
of carcinoma may be related to the genetic difference in
a portion of cancers[52]. Nevertheless, it is likely that the
prognosis of patients with colorectal carcinoma depends
on many factors, and the occurrence of synchronous
colorectal carcinoma is not strong enough as an independent predictive factor for survival rates.

CONCLUSION
Synchronous colorectal cancer is different from solitary
colorectal cancer in many aspects. The features are summarized in Table 1. It is likely that both environmental
and genetic factors account for the presence of synchronous colorectal carcinoma. These factors may lead to a
higher risk of further cancer in this group of patients.
However, there is yet no strong predictive parameter for
the presence of synchronous cancer or metachronous
cancer. The molecular biology of the tumors is complex.
Long-term clinical follow-up is recommended for patients with synchronous colorectal cancers.
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REVIEW

Bedside ultrasound in the diagnosis of nonalcoholic fatty
liver disease
Nancy Khov, Amol Sharma, Thomas R Riley
by clinicians from bedside ultrasound. The accessibility,
ease of use, and low-side effect profile of ultrasound
make bedside ultrasound an appealing imaging modality in the detection of hepatic steatosis. When used with
appropriate clinical risk factors and steatosis involves
greater than 33% of the liver, ultrasound can reliably
diagnose NAFLD. Despite the ability of ultrasound in
detecting moderate hepatic steatosis, it cannot replace
liver biopsy in staging the degree of fibrosis. The purpose of this review is to examine the diagnostic accuracy, utility, and limitations of ultrasound in the diagnosis
of NAFLD and its potential use by clinicians in routine
practices.
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Abstract

Core tip: Ultrasound is a non-invasive, widely available,
and accurate tool in the detection of Non-alcoholic fatty
liver disease (NAFLD). Ultrasound should be used as
the first-line diagnostic test in patients with abnormal
liver enzymes when other causes are excluded. Clinical
risk factors, when used with ultrasound findings, have
high accuracy in identifying NAFLD patients. We present an algorithm for chronic abnormal liver enzymes
that illustrates the use of ultrasound in reducing the
need for liver biopsy in the diagnosis of NAFLD. Clinicians should be aware of the known limitations of ultrasound, including the inability to grade or stage fibrosis
in NAFLD patients.

Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease in the United States. While the
American Association for the Study of Liver Diseases
guidelines define NAFLD as hepatic steatosis detected
either on histology or imaging without a secondary
cause of abnormal hepatic fat accumulation, no imaging modality is recommended as standard of care for
screening or diagnosis. Bedside ultrasound has been
evaluated as a non-invasive method of diagnosing
NAFLD with the presence of characteristic sonographic
findings. Prior studies suggest characteristic sonographic findings for NAFLD include bright hepatic echoes,
increased hepatorenal echogenicity, vascular blurring
of portal or hepatic vein and subcutaneous tissue thickness. These sonographic characteristics have not been
shown to aid bedside clinicians easily identify potential
cases of NAFLD. While sonographic findings such as
attenuation of image, diffuse echogenicity, uniform
heterogeneous liver, thick subcutaneous depth, and enlarged liver filling of the entire field could be identified
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INTRODUCTION
The potential role of ultrasound by the clinician is increasing. The estimated prevalence of non-alcoholic fatty
liver disease (NAFLD) is approximately 34%. Strongly
associated with metabolic syndrome, the incidence of
NAFLD will continue to rise with the projected progression of the obesity epidemic[1,2]. NAFLD includes a wide
spectrum of disease activity, from simple steatosis to
non-alcoholic steatohepatitis (NASH)[3,4]. Simple steatosis
has a benign and potentially reversible course, however,
NASH can progress to advanced fibrosis, cirrhosis, and
hepatocellular carcinoma[3,4]. The diagnosis of NAFLD
remains under recognized as most patients are asymptomatic until late stages of disease[5]. Liver biopsy is the
gold standard in diagnosing NAFLD and the most accurate tool for grading fibrosis, however is invasive and carries the risk of complications[2,3]. Bedside ultrasound, as a
non-invasive and readily available tool, has an important
role in diagnosing NAFLD. In this paper we present a
review of current knowledge and literature on the utility
of beside ultrasound in the diagnosis of NAFLD by the
clinician.

Figure 1 Bedside ultrasound image displaying sonographic characteristics on non-alcoholic fatty liver disease. Attenuation of image (green arrow),
diffuse echogenicity, uniform heterogeneous liver, thick subcutaneous depth
(yellow arrow), and enlarged liver filling of the entire field as described by Riley
et al[9].

(1) attenuation of image quickly within 4-5 cm of depth,
making deeper structures difficult to decipher; (2) echogenic diffusely but particularly important to note brightness within the first 2-3 cm of depth; (3) liver uniformly
heterogeneous; (4) thick subcutaneous depth (> 2 cm);
and (5) liver fills entire field with no edges visible (viewed
as helpful but not necessary for diagnosis), as shown in
a prototypical bedside ultrasound image in Figure 1. Using these characteristic sonographic findings, bedside
ultrasound yielded a sensitivity of 80% and specificity of
99%.

CHARACTERISTIC SONOGRAPHIC
FEATURES OF NAFLD
High diagnostic accuracy can be achieved by the ultrasound when sonographic features unique to NAFLD are
standardized and used to aid in diagnosis. Bright hepatic
echoes, increased hepatorenal echogenicity and vascular
blurring of portal or hepatic vein have been classified as
unique sonographic features of NAFLD. In a prospective study by Dasarathy et al[6], real time ultrasound was
performed followed by a liver biopsy to evaluate the accuracy of ultrasound in hepatic steatosis. When steatosis
was greater than 20% on biopsy, these sonographic features were able to predict the presence of NAFLD with
greater than 90% sensitivity. Lower levels of fat content
resulted in reduction of sensitivity[6]. A sonographic
scoring system used by Hamaguchi et al[7] was developed
based on similar pre-determined imaging findings. By
using hepatorenal echo contrast, liver brightness, deep
attenuation and vascular blurring, they were able to report similar sensitivities in detecting histologically proven
NAFLD[7].
Subcutaneous tissue thickness, measured as the distance between the skin surface and the liver surface, has
been shown to be another characteristic sonographic
finding. When compared to other non-NAFLD liver diseases, NAFLD patients had thicker subcutaneous tissue,
with a mean measurement of 25.6 ± 5.6 mm. In comparison, the non-NAFLD patients had a mean subcutaneous tissue thickness of 19.5 ± 5.2 mm. NAFLD was
unlikely when the subcutaneous tissue thickness was less
than 20 mm[8]. Along with subcutaneous tissue thickness,
Riley et al[9] defined five characteristic sonographic findings for NAFLD that can be identified by the clinician:
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EASE OF CLINICAL USE AND
INTERPRETATION
These typical sonographic features can be identified by
the clinician with the use of bedside ultrasound. Ultrasound can result in an immediate diagnosis and development of a plan of care at the initial visit. Riley et al[9]
demonstrated that clinical providers could be trained to
identify ultrasound images consistent with NAFLD after
a brief 20-min session. Healthcare providers were subsequently able to reliably identify NAFLD using the prototype image with substantial inter-observer agreement, κ
= 0.76[9].

ULTRASOUND AS A DIAGNOSTIC TOOL
In patients with chronic hepatitis, an algorithm weighing
the relative importance between characteristic ultrasound
findings and clinical risk factors has been proposed for
the diagnosis of NALFD, as shown in Figure 2. To use
the algorithm, viral hepatitis, autoimmune liver disease,
alcoholic liver diseases, and genetic diseases must first
be excluded. Clinical risks include any of the following: diabetes, body mass index (BMI) greater than 30,
hepatomegaly, and hyperlipidemia[10]. Ultrasound features
include any 4 of the following 5 sonographic features:
(1) attenuation of image quickly within 4-5 cm of depth;
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Presence of chronically
abnormal liver enzymes

Are clinical risks
present?
Yes

No

Are ultrasound features
present?
Yes

No

Is the AST/ALT > 1 or
has the BMI > 30 for
more than 15 yr?
Yes

Proceed to liver biopsy

Proceed to liver
biopsy

Proceed to liver
biopsy

No

Initiate lifestyle changes

Figure 2 Diagnostic algorithm for suspected non-alcoholic fatty liver disease. The algorithm illustrates the use of ultrasound in reducing the need for liver biopsy
in the diagnosis of non-alcoholic fatty liver disease. BMI: Body mass index; AST/ALT: Aspartate aminotransferase/alanine aminotransferase.

(2) echogenic diffusely but particularly important to note
brightness within the first 2-3 cm of depth; (3) liver uniformly heterogeneous; (4) thick subcutaneous depth (> 2
cm); and (5) liver fills entire field with no visible edges[9].
Characteristic features for NAFLD on ultrasound were
found to be the strongest independent predictor on
multivariable analysis. Other clinical risk factors with significant correlation with the biopsy-proven diagnosis of
NAFLD on multivariate analysis include the presence of
diabetes, BMI > 30, hepatomegaly, female gender, age >
55, and triglyceride greater than 250[10]. The severity of
hepatic steatosis on ultrasound in the presence of metabolic syndrome is a better non-invasive tool for monitoring liver disease than liver enzymes[11]. Normal alanine
aminotransferase (ALT) level alone was not sufficient for
exclusions of significant hepatic steatosis[12]. Aspartate
aminotransferase (AST)/ALT ratio greater than 1, however, has been associated to findings of advanced fibrosis
on liver biopsy[13]. The recognition of appropriate clinical
factors in conjunction with characteristic ultrasound findings can lead to an accurate diagnosis of NAFLD without the use of invasive testing, and also identify those
individuals that should go onto have a liver biopsy.

known liver disease or significant alcohol use, they found
non-alcoholic fatty liver disease to be more prevalent
than previously reported. All individuals who had ultrasound findings suggestive of fatty liver had a liver biopsy
to confirm their diagnosis. Using ultrasound as a screening tool, they found NASH and NAFLD to be present at
12.2% and 46% of the population, respectively.
Detection of NAFLD in potential living donor liver
transplantation is an important part of the routine pretransplant work-up[12]. During the evaluation of living
donors, invasive procedures for healthy donors should be
minimized. It is well-recognized that the diagnostic accuracy of ultrasound diminishes with less than 20% hepatic
steatosis. Identification of living donor candidates with
a higher degree of hepatic steatosis by ultrasound may
allow them to forgo unnecessary liver biopsy needed for
such assessment[15]. A study by Lee et al[12] evaluated 589
living donor candidates with ultrasound, CT scan, and liver biopsy. They found a higher incidence than previously
reported. In their study, 51.4% living donor candidates
has greater than 5% steatosis and 10.4% had greater than
30% steatosis. Ultrasound had a sensitivity of 92.3%
when steatosis was greater than 30% when screening this
population for a pre-transplant work-up.
In comparison to other non-invasive imaging techniques, ultrasound has comparable sensitivities, greater
ease of use, availability, and lower cost in screening for
moderate to severe degrees of NAFLD. Although other
modalities such as dual-gradient echo magnetic resonance
imaging (DGE-MRI) is more accurate with sensitivity and
specificity greater than 90% when hepatic steatosis was
greater than 5%, the difference between DGE-MRI’s sen-

ULTRASOUND AS A SCREENING TOOL
The prevalence of NAFLD and NASH may be higher
than previously predicted creating the need for an accurate, non-invasive, and easily available modality for the
diagnosis of NAFLD in the asymptomatic patient[12,14].
When Williams et al[14] used ultrasound to screen asymptomatic individuals in the general population without
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ultrasound findings that could predict the presence of
steatosis. Although this score showed significant correlation with metabolic derangements, the US-FLI had
poor performance in predicting the presence of NASH.
Similarly, when Charatcharoenwitthaya and Lindor [23]
evaluated various radiologic modalities in NASH, they
found that neither ultrasound, CT scan, nor MRI were
able to distinguish between NASH and other degrees of
NAFLD. Other studies have also shown that ultrasound
cannot be used to grade degrees of fibrosis and cannot
replace needle biopsy in distinguishing simple steatosis
from steatohepatitis[24,25].

Table 1 Strength and weakness of ultrasound to diagnosis
non-alcoholic fatty liver disease
Utility of ultrasound
Non-invasive
Ease of clinician use
Ease of clinician interpretation
Widely available
Low cost
Allows quick diagnosis
Limitations of ultrasound
Cannot grade degree of fibrosis
Limited use in pre-existing chronic liver disease
Limited use in obese patients
Low sensitivity when steatosis is less than 20%-30%

DISCUSSION
sitivity and ultrasound were statistically insignificant when
steatosis was greater than 30%[1].

Ultrasound represents a non-invasive, widely available,
and accurate tool in the detection of NAFLD. Although
there is limited data available to support the use of ultrasound as a screening tool, ultrasound can be a powerful
tool in the setting of known liver abnormality. Ultrasound
should be used as the first-line diagnostic test in patients
with abnormal liver enzymes. Standardized, characteristic
sonographic findings are able to reliably identify patients
with NAFLD. Clinical risk factors, when used with ultrasound findings, have high utility in identifying NAFLD
patients and initiating an early plan of care. In a study by
Riley et al[26], the risk of advanced fibrosis was increased
in patients with a BMI greater than 30 for over 15 years.
In this clinical setting, with abnormal liver enzymes and
ultrasound findings suggestive of NAFLD, these patients
would benefit from a liver biopsy to identify the degree
of fibrosis.
Bedside ultrasound can be incorporated into the
training of clinicians and used in hepatology practices at
outpatient visits. There is also potential use of ultrasound
when screening liver donor candidates. Ultrasound can
be used to exclude candidates with existing hepatic steatosis without putting them through liver biopsy. An early
ultrasound and diagnosis will allow a potential liver donor
candidate with hepatic steatosis to initiate early intervention and re-evaluation at a later date.
In conclusion, the bedside ultrasound is a powerful
and useful diagnostic tool in the detection of NAFLD.
It is an accurate and reliable method that can reduce the
need for liver biopsy in the appropriate clinical setting.
Clinicians should be aware of the known limitations
when interpreting ultrasound, most importantly the inability to grade or stage degree of fibrosis in NAFLD
patients. While bedside ultrasound cannot replace liver
biopsy in monitoring the progression from simple steatosis to NASH, its accessibility, ease of use, and low-side
effect profile make it an appealing diagnostic tool when
used in the appropriate clinical setting. As the incidence
of NAFLD continues to rise, we expect an increase in
the use of bedside ultrasound by clinicians as it becomes
integrated into the routine practices of gastroenterologists and hepatologists.

LIMITATIONS OF ULTRASOUND
Ultrasound is limited in its utility in several settings, as
shown in Table 1. As previously mentioned, multiple
studies have shown that ultrasound underestimates the
prevalence of hepatic steatosis when less than 20% of
steatosis is present. The sensitivity for detecting mild degrees of steatosis is low, ranging from 55%-90%[1,3,6,13,16,17].
Guajardo-Salinas et al[18] reported a low sensitivity in detecting all degrees of NASH in obese individuals (mean
BMI 46-49) by ultrasound. In his retrospective chart
review of ultrasound reports, the right upper quadrant
ultrasound was an unreliable tool for screening fatty liver,
with a sensitivity of 40%. In another study evaluating the
diagnosis of NAFLD by ultrasound in obese patients undergoing bariatric surgery, de Moura Almeida et al[19] also
found a low sensitivity of 64.9%. In this study, patients
had an average BMI of 43.8. Low sensitivities in both
these studies may be a result of the lack of clearly defined characteristic sonographic findings for the diagnosis
of NAFLD. Nonetheless, severe obesity may also limit
the ability to reliably detect liver echogenicity due to thick
layers of subcutaneous fat[19,20].
When used in the setting of other chronic liver diseases, such as chronic hepatitis C, ultrasound had unacceptably low sensitivity and specificity in identifying
hepatic steatosis[2,21]. Perez et al[21] revealed in their chronic
hepatitis C patients that ultrasound had only a sensitivity of 32% for detecting fat on biopsy in these patients.
These low sensitivities suggest that ultrasound should
not be the only modality used in detecting co-existing
NAFLD in patients with chronic hepatitis C.
Perhaps the most important limitation of using ultrasound alone is its inability to correlate with the degree
of fibrosis[20]. Ultrasound scoring systems fall short of
distinguishing between progressive NASH and benign
steatosis. Studies have shown poor correlation between
sonographic findings and the histological stage of fibrosis
on biopsy[2,20]. Ballestri et al[22] developed the ultrasound
fatty liver indicator (US-FLI), a scoring system based on
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Input of microenvironmental regulation on colorectal
cancer: Role of the CCN family
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cancer cells. The CCN family proteins share a uniform
modular structure, mediating a variety of physiological
functions, including proliferation, apoptosis, migration,
adhesion, differentiation, and survival. Furthermore,
CCN proteins are also involved in CRC initiation and
development. Many studies have shown that CCN
members, such as CCN1, CCN2, CCN3, Wnt-induced
secreted protein (WISP)-1, WISP-2, and WISP-3, are
dysregulated in CRC, which implies potential diagnostic
markers or therapeutic targets clinically. In this review,
we summarize the research findings on the role of CCN
family proteins in CRC initiation, development, and
progression, highlighting their potential for diagnosis,
prognosis, and therapeutic application.
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Core tip: Colorectal cancer (CRC) is a major health
problem causing significant morbidity and mortality.
Many studies have revealed that CCN members, such
as CCN1, CCN2, CCN3, Wnt-induced secreted protein
(WISP)-1, WISP-2, and WISP-3, are dysregulated in
CRC, which implied potential diagnostic markers or
therapeutic targets clinically. In this review, we summarize the research findings on the role of CCN family
proteins in CRC initiation, development, and progression, highlighting their potential for diagnosis, prognosis, and therapeutic application, as well as discussing
future perspectives.

Abstract
Colorectal cancer (CRC) is a major health problem
causing significant morbidity and mortality. Previous results from various studies indicate that CRC tumorigenicity encompasses tumor microenvironment, emphasizing the complex interacting network between cancer
cells and nearby host cells, which triggers diverse signaling pathways to promote the growth and spread of
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organs[13-20]. Moreover, signaling activates not only tumor
cells, but also normal cells in the immediate environment
such as TAMs, fibroblasts, and endothelial cells.
Since IBD is a paradigm of cancer-related inflammation, patients affected by IBD are at an increased risk of
developing neoplasia. Transformed epithelial cells are able
to secrete various inflammatory mediators, such as interleukin (IL)-1, IL-6, COX-2, and TNF-α, to affect proinflammatory leukocytes, endothelial cells, and fibroblasts
to further establish a tumor-promoting microenvironment[11]. Therefore, some studies indicated that massive
macrophage infiltration is correlated with CRC growth
and progression. These TAMs resemble M2-polarized
macrophages and have been shown to promote tissue
remodeling and angiogenesis to secrete cytokines[21].
CRC cells create or modify a microenvironment that is
conducive to metastasis colonization and angiogenesis,
which provides a rationale for efforts to enhance cancer
progression. Chemokines, cytokines, growth factors,
and inflammatory mediators confer the infrastructures
of CRC microenvironment, and their concentrations
decide the cellular and molecular signaling transduction
and functional outcome[22,23]. Thus, these small molecules
orchestrate the responses to stimuli and help regulate this
unique fine-tuned system.

INTRODUCTION
Both mortality and morbidity associated with colorectal
cancer (CRC) have been increasing exponentially over
the past several decades, and this disease is a major health
problem worldwide[1-3]. Although the regulatory events
in CRC progression are diverse, microenvironment plays
crucial roles in controlling CRC cell proliferation, apoptosis, replication, motility, angiogenesis, and metastasis[4-6].
Though our knowledge about the contents and interactions of the microenvironment in CRC is increasing,
the cytokines within this compartment are still not wellunderstood. Chronic inflammation is also a key predisposing factor in CRC[7], especially inflammatory bowel
disease (IBD)-related CRC. The inflammatory-related
cytokines secreted from surrounding active stromal cells,
immune cells, even tumor cells may stimulate the activation of more inflammation-associated molecules, such
as transcription factors or microRNAs which could promote advanced colon carcinogenesis process[7,8]. Furthermore, many studies recently have shown that cancer and
host cell-derived cytokines or chemokines drive the transition of tumor-associated macrophages (TAMs) towards
an M2 phenotype from M1[9], which exert immnunosuppressive activity and induce cancer proliferation, apoptosis, autophagy, angiogenesis, and distal metastasis[10,11].
These signaling molecules also function to manipulate
epigenetic modifications, such as DNA methylation and
acetylation, which regulate post-transcriptional activities
of possible downstream gene(s) in CRC initiation and
progression[12]. The functions and underlying mechanisms
of these cytokines are still to be clarified.
The effects of these cytokines in microenvironment
are being studied including identification of the targeted and executioner cells of the cytokine, regulatory
mechanism(s) of the secreted protein, and protein(s) that
are involved in the process. As the understanding of the
components and their interactions in microenvironment
is important, we aimed to summarize the recent advances
in the understanding of the molecular basis of CRC in
this review.

CCN PROTEINS IN CRC
MICROENVIRONMENT
The CCN family was firstly described by P. Bork in 1993,
and contains connective tissue growth factor/CCN2,
cysteine-rich 61 (Cyr61/CCN1), and nephroblastoma
overexpressed/CCN3, as well as Wisp-1/elm1 (CCN4),
Wisp-2/rCop1 (CCN5), and Wisp-3 (CCN6). The CCN
proteins all show a common multimodular organization,
and contain an N-terminal signal peptide followed by
four structural domains resembling insulin-like growth
factor binding proteins, Von Willebrand factor, thrombospondin, and cysteine knot containing family of growth
regulator-like module (CT) (Figure 1). They are involved
in various physiological and pathological events, including
proliferation, apoptosis, migration, adhesion, differentiation, and survival[24,25]. They also participate in the development of connective tissue such as cartilage and bone,
nervous system, muscle, kidney, and bone marrow. Moreover, wound healing, bone fracture repair, pathological
fibrosis, and tumorigenesis are all regulated by CCN proteins[26-28]. Recently, many studies have shown that these
proteins play crucial roles in CRC progression, including
cell migration, invasion, adhesion, and distal metastasis.
In this paper we review the current knowledge regarding
the implication of CCN proteins in CRC.

MICROENVIRONMENT IN CRC
The characters in microenvironment include cancer cells
and host cells, for example, fibroblasts, TAMs, dendritic
cells, lymphocytes, monocytes, endothelial and lymphatic
cells. The interacting network between cancer cells and
host cells is highly regulated, and is not completely defined. Receptors present within cells specifically respond
to cytokines and act to form the unique microenvironment. Signaling pathways driven by growth factors,
including epidermal growth factor, hepatocyte growth
factor, or c-Met, and signaling proteins, such as transforming growth factor (TGF)-α, Wnt, sonic hedgehog,
Notch, insulin, integrins, Src, and Ras, can significantly
promote the transformation. The transformation process
from single crypt lesions through colorectal adenomas
to CRC can promote the spread of cancer cells to distal
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CORRELATION OF CCN PROTEIN WITH
ADVANCED CRC PROGRESSION
CCN proteins are believed to be multifunctional signaling
molecules, and have been found to be involved in a va-
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SP

IGFBP

VWC

Variable

TSP1

CT

CCN1/CYR61
CCN2/CTGF
CCN3/NOV
CCN4/WISP-1
CCN5/WISP-2
CCN6/WISP-3

Figure 1 CCN proteins share a conserved multimodular organization. WISP: Wnt-induced secreted protein; Cyr-61: Cysteine-rich 61; NOV: Nephroblastoma
overexpressed; CTGF: Connective tissue growth factor; IGFBP: Insulin-like growth factor-binding proteins; VWC: Von Willebrand factor; TSP: Thrombospondin; CT:
Cysteine knots.

riety of CRC initiation and development events. Experimental data indicated that CCN1 (also known as Cyr61)
overexpression increased Matrigel invasion in vitro, which
required integrin αvβ5, and promoted lung metastasis
formation in vivo[29]. Moreover, local recurrence after radiotherapy in CRC often occurs within preirradiated stroma, and CCN1 has been found to be overexpressed in
these areas and correlated with invasion and metastasis[29].
However, CCN1 is not highly expressed in advanced
stages of CRC, and one may suggest that CCN1 may be
crucial in the early stage of CRC development and play a
role as an early prognostic biomarker[30,31]. CCN1 is an angiogenic factor, and may function through the ability of
CCN1 to bind and activate cell surface integrins[32]. Using SW620, H460, and TE-7 cell lines and their isogenic
variants with altered CCN1 expression, Jandova et al[33] in
2012 had proved that migration of CRC cells is CCN1and αώβ5-dependent.
CCN2 (also named CTGF), a 36-38 kD cysteine-rich
peptide containing 349 amino acids, is predominantly
identified in fibroblasts, endothelial cells, smooth muscle
cells, and cartilaginous cells[34]. TGF-β enhances CCN2
synthesis, and CCN2 is a typical downstream mediator
of this major inflammatory mediator[34,35]. Although these
two proteins share many functions in common, there are
still many aspects of tumor regulation which are different. We have found that CCN2 inhibits CRC metastasis
and acts as an independent prognostic marker. Mechanistically, CCN2 could inhibit the β-catenin/TCF signaling
pathway and cause matrix metalloproteinase 7 downregulation[36].
Clinically, peritoneal carcinomatosis (PC) has a very
poor prognosis and is treated palliatively. CCN2 has been
suggested to be a therapeutic agent, and can be used as
a predictor of PC in CRC[37]. Low CCN2 expression in
tumor samples was associated with an 8-fold increase
in the peritoneal recurrence rate compared with tumors
with high levels of CCN2 expression[37]. CCN2 alters cellular function, including adhesion which is the first and
most crucial step of PC. CCN2 treatment could enhance
cell adhesion in normal fibroblast 293T cells, but significantly decreased CRC adhesion ability[37] in vitro and in
vivo. Although high expression of CCN2 is the hallmark
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of good prognosis of CRC, its roles in CRC cell differentiation and proliferation are still under investigation. In
previous studies, Cunningham et al[38] showed that CCN2
expression was positively correlated with α -smooth
muscle actin expression, which in turn indicated a potential role for CCN2 in myofibroblast-mediated fibrosis associated with ileal carcinoids. Moreover, Kaltsas et al[39] in
2010 demonstrated that CCN2 involved in the neoplastic
transformation into ileal carcinoids is positively correlated with tumours larger than 1 cm. Jacobson et al[40] in
2012 also indicated that CCN2 expression is the hallmark
of ileal carcinoids, and potentially is highly related to several functions including cell migration and anti-apoptosis,
which proposes an oncogenic role of CCN2 in the progression of well-differentiated CRC and other tumors.
Wnt-induced secreted protein (WISP)-1 is the fourth
member of CCN family, which was identified to be a
Wnt-1- and β-catenin-regulated protein [41-44]. WISP-1
transcript was reported to be overexpressed in 80 % of
human colon carcinomas[43], and immunohistochemistry
studies of WISP-1 further supported this result. A comparative study of 47 CRCs exhibited positive interplays
between Wnt-1, WISP-1, survivin, and cyclin-D1 proteins
in CRC tumorigenicity[41]. Furthermore, WISP-1 may
be used as a specific diagnostic and prognostic marker
in CRC[42]. However, the precise underlying mechanism
is still lacking and needs further investigations. WISP-2
and WISP-3 are parts of the CCN family, and have been
showed to play crucial roles in angiogenesis and carcinogenesis[32]. The mRNA expression of WISP-2, but not
WISP-1, was significantly decreased in CRC, compared
to normal colonic mucosa[43]. Davies et al[44] in 2010 also
showed that WISP-2 demonstrated the opposite pattern
with lower levels of expression in CRC cancer cells compared to normal controls. The WISP-2 gene is considered
a tumor suppressor gene, however, the molecular mechanism is not defined. The WISP-3 gene is located on 6q226q23, and its cellular function is linked to chondrocyte
growth and cartilage integrity[45]. Previous studies showed
that WISP-3 could be an oncogene in CRC[43,44], especially
microsatellite instability subtype of CRC[25]. However,
WISP-3 transcript levels showed no significant differences between cancer and normal groups[44]. According to
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Table 1 Expression of CCN family members in colorectal cancer
Capital member

Model

Effects

Ref.

CCN1
CCN1
CCN1
CCN2

Periradiated stroma
Clinical sample
Cultured cancer cells
Clinical sample

[29]
[30,31]
[33]
[36,37,40]

WISP-1

Clinical sample

WISP-2
WISP-3

Clinical sample
Clinical sample

Positively correlated with metastasis
Positively correlated with early stage of tumor development
Promoting cancer cell migration
Positively correlated with early stage of tumor development
Negatively correlated with prevalence of peritoneal carcinomatosis
Inhibiting invasion and metastasis
Negatively correlated with metastasis and patient survival
Promoting cell cycle checkpoint progression, accelerating cell growth and inhibiting apoptosis
Positively correlated with tumor grade
Negatively correlated with tumor grade
Positively correlated with tumor grade

[41-45]
[43,44]
[43,44]

WISP: Wnt-induced secreted protein.

the findings, WISPs may play crucial but contrasting roles
in CRC, which demonstrated that WISP-1 could be an
oncogene, but WISP-2 might tend to be a tumor suppressor gene and WISP-3 gene still needs further clarification
(Table 1).

5

CONCLUSION
Microenvironmental regulation is crucial in cancer biology. In this compartment, many effecter host cells,
immune cells, cytokines, chemokines, inflammatory proteins, besides intestinal microbiota (not discussed), are
orchestrated to form the infrastructure of CRC. The interaction is complicated and but has potential therapeutic
applications. In this review, we have extensively discussed
the secreted proteins called CCN family, which function
in many physiological and pathological processes, and
showed their important regulatory roles in CRC microenvironment. Although genetic and epigenetic alternations
drive the transformation of normal enterocytes into
neoplasia, CCN family proteins mediate significant communications between CRC and host cells.
Understanding the detailed mechanisms involved in
CCN-mediated regulation will provide further insight into
the progression and metastasis of CRC. Furthermore, the
utility of CCN family proteins to regulate metastasis and
invasion/angiogenesis suggests that these growth factors
may be relevant candidates or targets for CRC treatment.
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ORIGINAL ARTICLE

Multispecies probiotic protects gut barrier function in
experimental models
Mylene Nébot-Vivinus, Cherryl Harkat, Hanene Bzioueche, Christel Cartier, Raffaella Plichon-Dainese,
Lara Moussa, Helene Eutamene, Dorsa Pishvaie, Sophie Holowacz, Christian Seyrig, Thierry Piche,
Vassilia Theodorou
METHODS: The effect of the multispecies probiotic
LT was assessed on several models of epithelial barrier
function both in vitro (in basal and inflammatory conditions) and in vivo [visceral hypersensitivity induced
by chronic stress or by colonic perfusion of a fecal
supernatant (FSN) from patients with irritable bowel
syndrome (IBS)]. In vitro , we measured the permeability of confluent T84 cell monolayers incubated with
or without LT by evaluating the paracellular flux of
macromolecules, in basal conditions and after stimulation with lipopolysaccharide (LPS) or with conditioned
medium of colonic biopsies from IBS patients (IBS-CM).
In vivo , male C57/Bl6 mice received orally NaCl or LT
for 15 d and were submitted to water avoidance stress
(WAS) before evaluating visceral sensitivity by measuring the myoelectrical activity of the abdominal muscle
51
and the paracellular permeability with Cr-EDTA. Permeability and sensitivity were also measured after colonic instillation of FSN. Tight-junctions were assessed
by immunoblotting and TLR-4 expression was evaluated
by immunohistochemistry
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RESULTS: Incubation of T84 cell monolayers with LT
in basal conditions had no significant effect on permeability (P > 0.05 vs culture medium). By contrast, addition of LT bacterial bodies (LT) completely prevented
the LPS-induced increase in paracellular permeability (P
< 0.01 vs LPS 10 ng/mL (LPS 10); P < 0.01 vs LPS 100
ng/mL (LPS 100), P > 0.05 vs culture medium). The
9
effect was dose dependent as addition of 10 LT bacterial bodies induced a stronger decrease in absorbance
6
9
than 10 LT (10 LT + LPS 10: -20.1% ± 13.4, P < 0.01
6
vs LPS 10; 10 LT + LPS 10: -11.6% ± 6.2, P < 0.01 vs
9
LPS 10; 10 LT + LPS 100: -14.4% ± 5.5, P < 0.01 vs
6
LPS 100; 10 LT + LPS 100: -11.6% ± 7.3, P < 0.05 vs
LPS 100). Moreover, the increase in paracellular permeability induced by culturing T84 cells with conditioned
medium of colonic biopsies from IBS patients (IBS-CM)
9
was completely inhibited in the presence of 10 LT (P

Abstract
AIM: To investigate the effect of the probiotic combi®
nation Lactibiane Tolerance (LT) on epithelial barrier
function in vitro and in vivo .
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< 0.01 vs IBS-CM). LT also significantly prevented the
epithelial disruption induced by intracolonic infusion of
fecal supernatant from IBS patients (P < 0.01 vs IBS
FSN) or water avoidance stress P < 0.01 vs WAS) in
C57/Bl6 mice and increased the expression of occludin
in vitro and in vivo , as assessed by immnunoblotting.
The WAS-induced effect on visceral sensitivity was
prevented by LT treatment since values obtained for
all steps of colorectal distension were significantly (P <
0.01) different from the WAS group. Finally, LT downregulated the response mediated through TLR-4 in
vitro (decrease in tumor necrosis factor α secretion in
9
6
response to LPS: -65.8% for 10 LT and -52.5% for 10
LT, P < 0.01 vs LPS) and in vivo (inhibition of WAS induced an increase in TLR-4 expression in the LT treated
mice colon, P < 0.01 vs WAS).

been associated with altered expression or distribution
of tight junction proteins such as occludin and ZO-1
and positively correlated with visceral pain or stressinduced visceral hypersensitivity. Increased intestinal
permeability and the occurrence of dysbiosis in IBS may
therefore participate in the generation of IBS-symptoms
through Toll-like receptor (TLR) (recognizing microbialassociated molecular patterns) signaling. Accordingly,
increased expression of TLR-4 in the colonic mucosa of
IBS patients, according to the disease subtype, has been
reported[1,2]. The evidence that dysbiosis explains, at least
in part, the pathophysiology of IBS constitutes a strong
argument for probiotic use, some of which have shown
beneficial effects. However, the therapeutic gain over
placebo was often low and the mechanism of action explaining their effect was often lacking[3,4].
Probiotics are defined as live organisms that exert
a health benefit on the host through diverse mechanisms. They affect the composition or function of the
commensal bacteria and the host epithelium, influence
immunological responses[5], restrict bacterial and LPS
translocation[6,7] and decrease visceral sensitivity[8,9]. In recent clinical trials, the use of probiotic combinations has
been privileged over a single strain[10,11]. As enhancement
of the intestinal barrier function was associated with a
decrease in visceral sensitivity, we assumed that probiotic
treatments targeting the maintenance of the EB integrity
might be of particular interest to alleviate IBS symptoms
and so tested different probiotic strains or combinations
in vitro and in vivo. Central nervous system-directed stressors are one of the most common IBS-like animal models.
Indeed, stress exacerbates IBS symptoms and increases
intestinal permeability in animal models in which dysbiosis was reported.
This study aimed to provide preclinical data for a
probiotic dietary supplement, Lactibiane Tolerance® (LT),
which is composed of five different strains (Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus salivarius and
two strains of Bifidobacterium lactis) and has already been
characterized for its anti-inflammatory properties[12]. In
vitro, we investigated the effect of the LT strain combination on the EB function of confluent human colonic T84
cell monolayers in basal and inflammatory conditions.
In vivo, we studied the impact of LT strains on chronic
stress-induced changes to the intestinal permeability and
visceral sensitivity. Finally, a translational approach from
humans to animals was assessed to evaluate the effect of
LT on EB impairment and visceral hypersensitivity induced by IBS colonic fluid in C57/Bl6 mice.

CONCLUSION: The probiotic LT mix prevented the
disruption to the epithelial barrier induced by LPS,
stress or colonic soluble factors from IBS patients and
prevented visceral hypersensitivity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Some probiotics are effective in treatment of
irritable bowel syndrome (IBS). The pathophysiology of
IBS involves disruption of the epithelial barrier together
with low grade inflammation, which represent peripheral targets for probiotics. This study aimed to elucidate
the effect of a multispecies combination of bacterial
strains on in vitro and in vivo models mimicking IBS.
This commercialized combination was able to prevent
visceral hypersensitivity and to repair the disruption
to the epithelial barrier induced by lipopolysaccharide,
stress or colonic soluble factors from IBS patients.
Nébot-Vivinus M, Harkat C, Bzioueche H, Cartier C, PlichonDainese R, Moussa L, Eutamene H, Pishvaie D, Holowacz S,
Seyrig C, Piche T, Theodorou V. Multispecies probiotic protects
gut barrier function in experimental models. World J Gastroenterol 2014; 20(22): 6832-6843 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i22/6832.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6832

INTRODUCTION
Irritable bowel syndrome (IBS) is a common chronic
functional disorder of the gastrointestinal tract characterized by abdominal pain and alterations in bowel habit. Its
etiology remains poorly understood, but epithelial barrier
(EB) impairment associated with low-grade inflammation
and dysbiosis (increased Clostridium perfringens, decreased
Bifidobacteria or Lactobacilli) have been incriminated, and
are related, in some ways, to IBS severity. In IBS patients,
as in stressed animals, an increase in gut permeability has
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MATERIALS AND METHODS
Ethics
All the research conducted for this work was performed
in France. Colonic biopsies and fecal samples from
healthy subjects and IBS patients fulfilling the Rome Ⅲ
criteria were collected in the Department of Gastroenterology of the University Hospital of Nice, France.
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The study was conducted with local approval from the
Ethics Committee (Comité Consultatif de Protection
des Personnes dans la Recherche Biomédicale N°07.047)
and all patients gave their written informed consent.
This study was carried out in strict accordance with the
recommendations of the Guide for the Care and Use of
Laboratory Animals of the National Institute of Health.
All experimental protocols were approved by the Local
Animal Care and Use Committee of the Institut National
de la Recherche Agronomique and all effort was made to
minimize suffering.

tions with and without LT. Statistical significance was set
at P < 0.05.
Determination of ZO-1 and occludin expression
by immunoblotting: T84 cells were grown in 6-well
microplates (Becton Dickinson, Pont de Claix, France)
until they reached confluence, which was assessed by light
microscopy, before incubating them with LT or culture
medium only for 1 to 5 h. After washing, proteins were
extracted with 1% Triton (Sigma Aldrich, Steinheim,
Germany) buffer containing a protease and phosphatase
inhibitor cocktail (Roche, Meylan, France). For analysis,
50 µg of total protein per lane was loaded onto a 7.5%
SDS-polyacrylamide gel and transferred to 0.45 µm nitrocellulose membranes (Santa Cruz, Heidelberg, Germany).
Membrane strips were cut, after staining the membrane
with Ponceau red, according to the target, blocked for 1 h
with 5% non-fat milk, 0.4% PBS-Tween 20 (Euromedex,
Mundolsheim, France) buffer and incubated overnight
at 4 ℃ with the primary antibodies (anti-ZO-1 mAb
(clone1/ZO-1, 0.25 µg/mL, BD Bioscience, Le Pont de
Claix, France); anti-occludin mAb (clone OC-3F10, 0.5
µg/mL, Invitrogen, Saint Aubin, France); (anti calnexin
mAb (clone37, 0.25 µg/mL, BD Biosciences, Le Pont de
Claix, France). After washing with 0.4% PBS-Tween 20,
membranes were incubated with a secondary antibody.
Proteins were detected with enhanced chemiluminescence
reagents (ECL Advance Western Blotting Kit detection,
GE Healthcare, United Kingdom), visualised with FUJIFILM LAS4000 (FUJIFILM) and analysed using FUJIFILM Multi Gauge V3.0 software. Calnexin was used as a
loading control.

In vitro experiments
Cell culture: The human colon epithelial cell line T84
(ATCC, Rockville, Maryland, United States) was cultured
at 37 ℃ with 5% CO2 in Dulbecco’s Modified Eagle Medium:Nutrient Mixture F-12 GlutaMax™ (DMEM⁄F-12)
supplemented with 10% heat inactivated fetal calf serum,
1% penicillin, 1% streptomycin and 1% of MEM Nonessential Amino-Acids (all reagents from Gibco, Saint
Aubin, France).
Bacterial culture: LT was provided by Pileje. This is
a mix of 5 bacterial strains: 10% Lactobacillus acidophilus (LA201), 40% Lactobacillus plantarum (LA301), 20%
Lactobacillus salivarius (LA302), 10% Bifidobacterium lactis
(LA303) and 20% of Bifidobacterium lactis (LA304). Bacteria were grown on Man Rogoza Sharpe broth (Dominique
Dutscher, Brumath, France) overnight at 37 ℃ in anaerobic conditions and used at the exponential phase of
growth. Bacteria were separated from the culture supernatant by centrifugation (10 min at 3500 g), washed twice
with PBS (Gibco, St Aubin, France) and resuspended in
DMEM ⁄ F-12 without antibiotics. A suspension containing 10% LA201, 40% LA301, 20% LA302, 10% LA303
and 20% LA304 was prepared extemporaneously.

Preparation of IBS colonic biopsy conditioned medium: Colonic biopsies from 5 IBS patients classified
according to Rome Ⅲ criteria, 2 with constipation and 3
with predominance of diarrhea, were cultured as previously described[14]. Briefly, biopsies were cultured for 25
minutes at 37 ℃ under oxygenation in 10 mL/mg of
DMEM F12. Conditioned medium was then collected,
centrifuged, 0.2 µm filtered and frozen at -20 ℃ until
use. When indicated, 150 µL of each IBS patient biopsy
culture medium (IBS-CM) were added to the wells (100
µL into the lower chamber and 50 µL onto the insert),
with or without addition of 109 LT. Cells were then cultured for 6 h at 37 ℃, 5% CO2 and permeability assays
performed as described above. Experiments were performed in duplicate. Statistical significance evaluated with
the Student’s t test was set at P < 0.05.

Permeability assays: Permeability assays were performed in Transwell chambers (Sigma, L’Isle D’Abeau
Chesnes, St. Quentin Fallavier)[13]. T84 cells were grown
on Transwell insert filters (0.4 µm pore size, 6.5-mm diameter) pre coated with 0.1% collagen (Sigma Aldrich,
St Quentin Fallavier, France) until they reached confluence. Cell confluency in each well was examined with a
microscope before adding 106 or 109 LT bacterial bodies
(LT) or only culture medium to the inserts. Plates were
incubated for 5 h at 37 ℃, 5% CO2. When indicated, 10
ng/mL or 100 ng/mL LPS (Sigma Aldrich, St Quentin
Fallavier, France) was added to the wells concomitantly
to LT. 5 µL of 1 mg/mL FITC-dextran (478 Da, Invitrogen, CARLSBAD, Germany) were added to the apical
side of T84 monolayers and the absorbance at 450 nm of
the medium in the lower chamber was measured with a
microplate reader (Tecan, Lyon, France) to assess dextran
flux toward the lower chamber, before adding LT bodies and every hour for 5 h. Experiments were performed
in duplicate. A one-way Anova analysis followed by the
Bonferroni post-test were used for comparison of condi-

WJG|www.wjgnet.com

Determination of the tumor necrosis factor α response to LPS by ELISA: T84 cells were grown in 6-well
microplates (Becton Dickinson, Pont de Claix, France)
until they reached confluence, which was assessed by
light microscopy. Cells were then cultured for 24 h with
or without addition of 106 or 109 LT bacterial bodies (LT),
in basal conditions or in the presence of 100 ng/mL
LPS. Supernatants were then centrifuged, concentrated
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30-fold in Corning Spin-X UF 6 mL concentrators 5 kDa
(Sigma Aldrich, Schnelldorf, Germany) and tested for
tumor necrosis factor α (TNFα) using a Human TNFα
high sensitivity ELISA (eBioscience, Vienna, Austria) according to the manufacturer’s recommendations. Experiments were performed in duplicate. Statistical significance
evaluated with the one-way Anova analysis followed by
the Bonferroni post-test was set at P < 0.05.

was measured with a gammacounter (Cobra Ⅱ; Packard,
Meriden, CT). Permeability to 51Cr-EDTA was expressed
as a percentage of the total radioactivity administered.
Determination of occludin expression: After sacrifice colonic samples were collected in dry ice and stored
at -80 ℃ until processed. Proteins were extracted with
RIPA buffer and protein concentrations assessed using
the BCA-200 Protein Assay Kit (Pierce Rockford, IL).
For analysis, 15 µg of protein was loaded onto a 10%
SDS-polyacrylamide gel and transferred to 0.45 µm nitrocellulose membranes (Whatman, Dominique Deutcher, Brumath, France). The membranes were blocked 1
h with Odyssey blocking buffer (Rockland, Tebu-bio,
France). Membranes were then incubated with rabbit
anti-occludin 1/500 (Invitrogen, Life Technologies, CA)
or rabbit anti-GAPDH 1/1000 antibodies (Cell Signaling Technology, Danvers, MA), overnight at 4 ℃. After
washing, membranes were incubated with fluorescent
CF770 anti-rabbit 1/10000 antibody (Biotium, Hayward,
CA). Finally, they were scanned on an infrared imaging
system Odyssey (Li-Cor, Lincoln, NE). Occludin expression was assessed relative to GAPDH for each sample.

In vivo experiments
Animals: Six to 8-week-old male C57/Bl6 mice (Janvier
Le Genest St-Isle, France) were used. Mice were housed
in propylene cages in a light and temperature-controlled
room (12/12 h cycles, 21 ℃ ± 1 ℃). They had free access to food (standard pellets; Harlan Tecklan, Oxon
United Kingdom) and tap water.
Water avoidance stress: The water avoidance stress
(WAS) protocol was adapted from Larauche et al [15].
Briefly mice were placed on a 3 cm × 3 cm platform in a
40 cm × 40 cm size pool filled with tap water for 1 hour
during 4 consecutive days. The animals that fell into the
water were gently dried with a towel and placed back
onto the platform.

Immunohistochemistry of TLR-4: Colon specimens
were fixed in 4% buffered paraformaldehyde and incubated 24 h in 30% sucrose at 4 ℃. Samples were embedded in Neg 50 medium (Microm, Francheville, France)
and frozen in isopentan at -45 ℃. Cryostat sections (7
µm) were post-fixed with acetone (10 min, -20 ℃) and
hydrated in PBS-Tween. After incubation in blocking solution (PBS-Tween containing 1% bovine serum albumin
and 2% donkey serum), sections were incubated (overnight, +4 ℃) with rabbit anti-TLR-4 antibodies (1/200)
(Abcam, Paris, France). Sections were then washed in PBS
and incubated for 90 min at room temperature with Alexa
fluor 488-conjugated IgG donkey anti-rabbit (1/2000)
(Life Technologies, Saint-Aubin, France). Sections were
mounted in Prolong gold antifade mounting medium (Life
Technologies) and examined under a Nikon 90i fluorescence microscope. TLR-4 immunoreactivity was quantified employing the Nis-Elements-Ar software (Nikon,
Champigny-sur-Marne, France). The total intensity per
square micrometer of the epithelium apical region was
measured on five fields of each group (n = 5).

Visceral sensitivity measurement: A painful stimulus was given by colorectal distension, which evokes an
abdominal response as a sign of visceral sensitivity, recorded by electromyography (EMG). Under anesthesia
(xylasine 5 mg and ketamine 1 mg), administered subcutaneously (sc), animals were chronically fitted with two
nickel-chrome electrodes implanted in the abdominal external oblique muscle and a third in the abdominal skin.
The electrodes were drawn to the back of the neck sc
and protected by a plastic tube. Four to 6 d post-surgery,
mice were placed in a plastic tunnel 1 hour prior to the
experiments to stimulate the emptying of bowel contents.
Under light sodium pentobarbital anesthesia (1 mg, ip),
distension catheters (Fogarty catheter for arterial embolectomy, 4F; Edwards Lifesciences, Nijmegen, The Netherlands) were inserted into the colon (2.5 cm from the
rectum). The colorectal distension (CRD) was performed
in conscious mice with progressively increasing volumes
in 0.02 mL steps from 0 to 0.08 mL each step lasting 10
s with 5 min non distension periods in-between. During
the distension periods, the abdominal muscle electrical
activity was recorded and analyzed with a Powerlab Chart
5 program from AD instruments. Basal EMG activity
was subtracted from the EMG activity registered during
the periods of distension.

Fecal sample collection and preparation: This series of experiments was carried out using fecal samples
from healthy subjects and IBS patients who fulfilled the
Rome Ⅲ criteria. Samples were collected in the Department of Gastroenterology of the University Hospital
of Nice, France. Fecal samples were kept at -20 ℃ and
transported on dry ice to INRA, Toulouse, France, and
then thawed at 4 ℃. 0.5 g of each sample was diluted and
homogenized in 4 mL of 0.9% NaCl solution. After centrifugation (10 min, 5000 g, 4 ℃), pellets were discarded
and fecal supernatants (FSN) were filtered on 0.8 µm
syringe filters.

In vivo permeability studies: Mice received by gavage

200 mL of 51Cr-ethylenediamine tetra-acetic acid (51CrEDTA, 0.35 mCi diluted in water, Perkin Elmer Life
Science, Courtaboeuf, France). 51Cr-EDTA was used as
a marker of paracellular intestinal permeability[16]. Mice
were then placed in metabolic cages and urine was collected for 6 h. The total radioactivity found in the urine
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Intracolonic infusions: Mice were fasted for 24 h and
then placed in a plastic tunnel as described for the visceral sensitivity measurement. Under light sodium pentobarbital anesthesia (1 mg, ip) a polyethylene perfusion
catheter was inserted into the distal colon ending 3.5 cm
from the anus. After recovery from anesthesia, animals
were infused intracolonically with 0.3 mL of FSN from
healthy or IBS patients.

which remained similar to control wells containing culture medium only (variation of the mean absorbance by
comparison with the control (VAM/control) of -2.5% ±
4.3% for 109 LT and -3.2 % ± 5.5% for 106 LT; P > 0.05).
By contrast, we observed a very significant (P < 0.01) difference in permeability between T84 monolayers treated
or not with LT in the presence of 10 ng/mL LPS. The
LPS-induced increase in absorbance in the lower chambers (VAM/control of +14.1% ± 9.1%; Figure 1B) was
completely abolished in the presence of LT, as shown
by the absorbance, which remained similar to control
wells containing culture medium only (VAM/control
of -2.5% ± 3.9% for LPS + 109 LT and -3.2% ± 3.6%
for 106 LT-B; NS). The effect was dose-dependent, with
stronger inhibition of FITC-dextran extravasation induced by addition of 109 LT than 106 LT when compared
to wells containing LPS only (VAM/LPS of -20.1% ±
13.4% and -11.6% ± 6.2% respectively; P < 0.01). When
LPS was used at a higher concentration (100 ng/mL), we
obtained similar results (Figure 1C). Addition of 109 LT
induced a significant decrease in FITC-dextran extravasation by comparison with wells containing LPS only
(VAM/LPS: -14.4% ± 5.5%; P < 0.01) while addition of
106 LT induced a smaller but still significant decrease in
absorbance (VAM/LPS: -11.6% ± 7.3%; P < 0.05). The
protective effect on the barrier function was complete,
as shown by the absence of a significant difference for
FITC-dextran extravasation with controls wells containing culture medium only (VAM/control: -2.5% ± 8.9%
for 109 LT and 0.4% ± 7.6% for 106 LT; NS).

Experimental design: The probiotic combination Lactibiane Tolerance® (LT) (freeze-dried bacteria provided
by Pileje, Paris, France) was freshly prepared every day in
0.9% NaCl. Animals received orally LT at a concentration of 109 CFU/day/mouse or vehicle (0.9% NaCl) 15
d before and for 4 d during the WAS session. In a first
series of experiments animals received LT or vehicle and
were submitted to WAS or not. Animals not submitted to
WAS were handled daily (controls). In 4 groups of 8 mice
visceral sensitivity was evaluated 1 h after the WAS. Intestinal paracellular permeability was evaluated in another
set of 4 groups of mice. Finally, in a last set of 4 groups
of 5 mice submitted to WAS or not, colonic segments
were collected after the WAS session to evaluate occludin
expression by immunoblotting and TLR-4 expression by
immunostaining. In a second series of experiments mice
received, as previously described, LT or vehicle for 15
d. At the end of the treatment period they were infused
intracolonically with 0.3 mL of FSN from healthy or
IBS-D patients for 2 h (infusion rate 0.10 mL/h) and the
CRD procedure and intestinal paracellular permeability
measurement were performed 1 h after the end of the infusion. 4 FSN from healthy controls or IBS patients were
tested. Each supernatant was tested in 5 mice.

Expression of the junction proteins ZO-1 and occludin
was increased in T84 monolayers cultured with LT
ZO-1 expression was assessed by immunoblotting of
samples of T84 monolayers incubated with LT. In basal
conditions, incubation of T84 monolayers with LT induced a slight augmentation of ZO-1 expression, starting
after 2 h, while the expression of occludin remained similar to controls (Figure 1D, a). In the presence of 10 ng/
mL LPS, both ZO-1 and occludin expression increased
after incubation of T84 with LT (Figure 1D, b). Calnexin
was used as a loading control.

Statistical analysis
All data are presented as means ± SEM. Statistical analyses were performed using Graph Pad Prism 4.0 (Graph
Pad, San Diego, CA). A two-way Anova analysis followed
by a Bonferroni post-test was used for comparison of LT
treatment stress or FSN infusion-induced hypersensitivity. A one-way Anova analysis followed by a Bonferroni
post-test was used for comparison of LT treatment stress
or FSN infusion-induced hyperpermeability. Statistical
significance was set at P < 0.05.

Incubation with LT strongly inhibited the TNFα response
of T84 cells to LPS stimulation
Intestinal cell permeability can be modulated by inflammatory cytokines, in particular TNFα. Therefore, we
investigated if incubation of T84 monolayers with LT
altered TNFα secretion in response to LPS (Figure 2).
Addition of 109 LT or 106 LT in basal conditions did not
significantly alter TNFα secretion by the T84 monolayer.
However, the augmentation in TNFα secretion induced
by LPS stimulation (+119.6%, P < 0.001) was strongly
inhibited in the presence of LT in the wells (-65.8%, P
< 0.01 for 109 LT and -52.5%, P < 0.01 for 106 LT) with
TNFα levels identical to the unstimulated control.

RESULTS
Incubation with the LT probiotic strain combination
inhibited the LPS-induced increase in permeability of a
T84 monolayer
We compared the barrier function of human colonic T84
cell monolayers grown on 0.4 µm Transwell inserts and
cultured with or without LT for 5 h by measuring the
extravasation of FITC-dextran through the monolayers.
In basal conditions, incubation with 109 or 106 LT had
no significant effect on the monolayer permeability as
shown by the absorbance levels in the lower chambers,
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Figure 1 Effect of the Lactibiane Tolerance®. Strain combination on T84 monolayer permeability in basal conditions (A) and after stimulation with 10 ng/mL (B) or
100 ng/mL lipopolysaccharide (C). Experiments were performed in duplicate and data were normalized by comparison to control wells containing culture medium only.
The results displayed on the left panels are the means of 5 experiments in basal conditions and 3 experiments with lipopolysaccharide (LPS) stimulation. The right
panels show the dispersion of values and statistical significance of the differences evaluated with the one-way Anova analysis followed by the Bonferroni post-test set
at P < 0.05 and is displayed as aP < 0.05, bP < 0.01 or dP < 0.01 vs culture medium + LPS; D: On ZO-1 and occludin expression in basal conditions (a) or in the presence of 10 ng/mL LPS (b). Expression of occludin (65 kDa) and ZO-1 (220 kDa) was evaluated by immunoblotting. Calnexin (95 kDa) was used as a loading control.
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protected the monolayer from the IBS-CM-induced increase in permeability in all cases (Figure 3A). The inhibition of the IBS-CM-induced augmentation in absorbance
was already visible after 1 hour of incubation with LT
(-25.8% ± 5.0%) and maximal at 5 h (-72.2% ± 20.7%)
with an average diminution of 47.2% ± 23.3% between
wells containing IBS-CM + LT and IBS-CM only and was
statistically significant (P < 0.01, Figure 3B and C).
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Figure 3 Effect of the Lactibiane Tolerance® strain combination on the
changes in T84 monolayer permeability induced by intestinal bowel syndrome colonic biopsy conditioned medium. Experiments were performed in
duplicate and data were normalized to the culture medium control. A: Variations
in permeability induced by each conditioned medium: Conditioned medium of
intestinal bowel syndrome patient colonic biopsies (IBS-CM) “A” and “B” were
obtained from patients with a constipation form of IBS and “C”,” D” and “E”
with a diarrhea form; B: Mean of permeability variations induced by the five
conditioned media; C: Statistical significance for differences between IBS-CM
and IBS-CM + LT were evaluated with the Student’s t test set at P < 0.05 and is
displayed as bP < 0.01 (IBS-CM vs IBS-CM + LT). LT: Lactibiane Tolerance.

Effect of LT treatment on stress-induced visceral
hypersensitivity, intestinal hyperpermeability and
occludin expression
WAS significantly (P < 0.01) increased the amplitude of
the muscular EMG response to CRD from the 0.02 to
0.08 mL steps of distension applied in comparison to
controls (Figure 4A). The WAS-induced effect on visceral
sensitivity was prevented by LT treatment since values
obtained for all steps of CRD were significantly (P < 0.01)
different from the WAS group (Figure 4A). LT treatment
in the absence of stress did not modify visceral sensitivity
in response to CRD since the values obtained were not
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significantly different from control values (Figure 4A).
Intestinal paracellular permeability was significantly increased in stressed animals compared to controls (0.65%
± 0.01% vs 1.67% ± 0.20% of 51Cr-EDTA recovery in 6
h urines) (Figure 4B). The increase in intestinal permeability induced by stress was associated with a sharp (P
< 0.01) decrease in occludin expression by colonocytes
(Figure 4C). LT treatment strongly (P < 0.01) prevented

6838

June 14, 2014|Volume 20|Issue 22|

Nébot-Vivinus M et al . Probiotics protect gut barrier function

A

80

0.20

WAS

51

% of Cr-EDTA in 6 h urines

d

d

40

b

20

b

b

0.04
Volumes (mL)

0.06

0.10

c

0.05

0.00
0.02

2.0

0.08

Control

LT

WAS

LT + WAS

Figure 5 Effect of Lactibiane Tolerance® treatment on toll-like receptor-4
immunoreactivity in colonic sections of control or stressed (water avoidance stress) mice. The Toll-like receptor-4 (TLR-4) staining intensity was
increased in colonic epithelial cells in stressed mice (arrows). Lactibiane Tolerance (LT) treatment decreased TLR-4 expression in stressed animals. Statistical significance for differences was evaluated with the two-way Anova analysis
followed by the Bonferroni post-test set at P < 0.05: aP < 0.05 vs control group;
c
P < 0.05 vs water avoidance stress (WAS) group.

d
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ed this effect since the TLR-4 immunostaining intensity
with LT treatment was similar to controls whereas LT
treatment in the absence of stress did not modify colonic
TLR-4 expression (Figure 5).

0.0
Control

LT
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LT + WAS

Effect of LT treatment on visceral sensitivity and
intestinal permeability induced by intracolonic infusion
of IBS fecal supernatants
Intracolonic infusion of FSN from IBS patients performed prior to CRD significantly (P < 0.01) increased
the muscular EMG response to CRD at 0.04 to 0.08 mL
of distension when compared to values obtained after
intracolonic infusion of healthy controls FSN (Figure 6).
LT treatment blocked (P < 0.01) the IBS FSN-induced
hypersensitivity at higher CRD volumes, namely 0.06 and
0.08 mL (Figure 6). A marked (P < 0.01) increase in intestinal paracellular permeability was also induced by IBS
FSN infusion (Figure 7), which was totally blocked (P <
0.01) in animals treated with LT (Figure 7).
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Figure 4 Effect of Lactibiane Tolerance® treatment. A: On stress-induced
visceral hypersensitivity; B: On stress-induced intestinal hyperpermeability; C:
On stress-induced occludin expression. A treatment with Lactibiane Tolerance
(LT) given 15 d before and for 4 d during water avoidance stress (WAS) prevented stress-induced hypersensitivity in mice as well as stress-induced hyperpermeability and the defect in occludin expression. Statistical significance for
differences was evaluated with the one-way Anova analysis (hyperpermeability)
or two-way Anova analysis (hypersensitivity) followed by the Bonferroni posttest set at P < 0.05: dP < 0.01 vs control group; bP < 0.01 vs WAS group.

DISCUSSION
In the present study, we showed that the multispecies
probiotic LT was able to prevent epithelial barrier disruption in in vitro and in vivo models mimicking IBS pathophysiology. The present findings have shown that LT
prevented experimentally induced EB impairment both in
vitro and in vivo.
In vitro, EB disruption of T84 monolayers was obtained by incubating cells with LPS or IBS colonic biopsy
conditioned medium, which was completely prevented
in the presence of LT. In vivo, increased gut paracellular
permeability was induced by chronic stress or intracolonic infusion of IBS FSN in mice, which was prevented
by a two week treatment with LT. Interestingly, LT live
bacteria did not alter the basal EB function, which is in

the WAS-induced effects on intestinal permeability and
occludin expression, but did not modify intestinal permeability nor occludin expression in the absence of stress
(Figures 4B and C).
LT treatment and stress-induced TLR-4 expression
WAS strongly (P < 0.01) increased colonic TLR-4 expression in comparison with controls. LT treatment prevent-
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Figure 7 Effect of Lactibiane Tolerance® treatment on changes to the
intestinal paracellular permeability induced by intracolonic infusion of
intestinal bowel syndrome fecal supernatants. Intestinal bowel syndrome
fecal supernatants (IBS FSN) (from 4 IBS patients) infusion in naive mice increased intestinal paracellular permeability. The 15-d treatment with Lactibiane
Tolerance® (LT) before IBS FSN infusion totally prevented this effect. Statistical
significance for differences was evaluated with the one-way Anova analysis followed by the Bonferroni post-test set at P < 0.05: dP < 0.01 vs healthy control;
b
P < 0.01 vs IBS.

Figure 6 Effects of Lactibiane Tolerance® treatment on changes to the visceral sensitivity induced by intracolonic infusion of intestinal bowel syndrome fecal supernatants. Intestinal bowel syndrome fecal supernatants (IBS
FSN) (from 4 IBS patients) infusion in naive mice induced visceral hyersensitivity in response to colorectal distension (from 0.04 to 0.08 mL). Lactibiane
Tolerance® treatment during 15 d before IBS FSN infusion prevented the IBS
FSN-induced hypersensitivity at the highest volumes of distension applied. Statistical significance for differences was evaluated with Two-way Anova analysis
followed by the Bonferroni post-test set at P < 0.05: aP < 0.05 vs healthy control
(0.04 mL); fP < 0.01 vs healthy control (0.06 and 0.08 mL); cP < 0.05 vs IBS (0.04
mL); hP < 0.01 vs IBS (0.08 mL).

of particular interest since IBS colonic biopsies reveal
lower expression of ZO-1 mRNA associated with increased permeability[14], further supported by the marked
internalization of ZO-1 observed in mouse colonocytes
exposed to FSN from diarrhea-IBS[20].
Intestinal cell permeability can be modulated by inflammatory cytokines produced in response to various
stimuli including TLR binding. In particular, TLR-4 is
required for the recognition of LPS and its activation
leads to EB impairment and pro-inflammatory mediator
release[21]. LT prevention of WAS-induced EB integrity
loss could possibly be linked to the ability of this treatment to decrease the WAS-induced TLR-4 up regulation
in the colonic mucosa. We can therefore hypothesize that
the effect of LT on permeability and TNFα secretion
involves the inhibition of a pathway stimulated through
TLR-4 activation.
Additionally, LT also prevented the visceral hypersensitivity (VHS) also induced by stress as by mucosal application of IBS FSN. These results highlight the ability of
LT to enhance EB function and to improve the gut dysfunction associated with disruption of the intestinal EB
integrity. Furthermore, mucosal application of IBS FSN
to mice increased the abdominal response to colorectal
distension. These findings are in agreement with previous studies showing that the addition of a IBS colonic
supernatant increased Caco-2 cell permeability[14] and that
mucosal exposure to IBS FSN increased gut permeability
and visceral sensitivity in mice[20,22] .
Increased proteolytic activity in both fecal and colonic
IBS supernatants has been described[14,20-23] and directly
related to EB impairment, reflected by enhanced cytoskeleton contraction[24,25] and VHS, through a proteaseactivated receptor-2 pathway[20]. These findings strongly
support the involvement of proteases. Interestingly, a
positive correlation between increased gut permeability

agreement with the generally admitted safety of probiotic treatments, whereas they prevented stress-induced
gut hyperpermeability. Similarly, LT did not alter the T84
monolayers barrier function in basal conditions, but prevented LPS-induced hyperpermeability. Co-incubation of
colonic biopsy conditioned medium (IBS-CM) with T84
monolayers resulted, as expected, in a significant increase
in the T84 cells permeability and this effect was prevented in a significant way in the presence of LT.
In vivo, intra-colonic infusion of an IBS fecal supernatant in mice led to disruption of the epithelial integrity, suggesting that soluble mediators from both fluids
are able to increase gut permeability, and this effect was
prevented by LT treatment. These data are in line with
results reported by Mangell et al[17] who showed that ingestion of Lactobacillus plantarum 299v by rats inhibited the
Escherichia coli-induced intestinal permeability assessed in
Ussing chambers, but had no effect in basal conditions.
Enhancement of the intestinal EB function by probiotics
is well recognized, modifying tight junction (TJ) dynamics[6] and decreasing bacterial translocation[6]. In agreement with these data, we have shown that LT treatment
decreased WAS-induced occludin expression.
In vitro, incubation with LT also enhanced occludin
expression in T84 monolayers in the presence of LPS,
suggesting that LT could inhibit the degradation of occludin by enzymes that are activated in inflammatory
conditions. Indeed, it was previously shown that occludin degradation could be induced by uPA, a protease
activator[18] and is sensitive to proteasome inhibition[19].
Another possibility is that LT interacts with epithelial cell
signaling proteins involved in TJ regulation. The observation that LT treatment increased ZO-1 expression is also
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and visceral pain in IBS patients has been reported[26]
suggesting that disruption of intestinal EB plays a pivotal
role in emergence of IBS symptoms. It is noteworthy
that stress-induced gut hyper-permeability has been identified as the cause of stress-induced VHS in rodents[27].
The leaky intestinal epithelium, by facilitating upload of
luminal factors, leads to immune stimulation and release
of pro-inflammatory mediators sensitizing afferent nerve
terminals. Therefore one can hypothesize that targeting
the reinforcement of the EB may contribute to improvement of IBS associated visceral pain. LT treatment prevented VHS induced by stress and IBS FSN intra-colonic
infusion. Our data suggest that the anti-nociceptive effect of LT we observed resulted from the LT-induced
decrease in gut permeability. These data are in agreement
with a previous study showing that L. farciminis treatment
prevented stress-induced VHS[8]. Concerning the effect
of LT treatment on IBS colonic biopsy conditioned medium or fecal supernatant-induced hyperpermeability, we
cannot exclude a possible inhibitory effect of LT-derived
metabolites on soluble mediators present in these fluids.
For example, lactobacilli are known to exert an anti-protease activity, suggesting a possible degradation or inhibition of proteases present in colonic and fecal IBS fluids.
Interestingly, a decrease in the lactobacilli population has
been observed in IBS fecal microbiota[28,29]. Moreover,
Brint et al[1] reported an increase in TLR-4 receptors in
the colonic mucosa of IBS patients.
Regarding the LT strain composition, the literature indicates that L. plantarum, which represents 40% of the LT,
increases occludin, ZO-1 and cingulin gene expression
when incubated with Caco-2 cells[30] while L. acidophilus
and L. salivarius enhance EB function[31,32]. Interestingly,
these strains exert their effect on gut permeability when
given in combination with another Lactobacillus[32] or a Bifidobacterium[31] respectively, suggesting a synergistic action
between strains. We can hypothesize that in the present
study L. acidophilus and L salivarius contribute to the effect
of LT on gut permeability through positive interaction
with the other lactobacilli and bifidobacteria composing
LT. Similarly, Bifidobacterium lactis was shown to prevent
stress-induced EB disruption in the presence of other
probiotic strains or bacterial products of fermentation[33].
Taken together, the in vitro and in vivo data suggest that
live LT strains exert a beneficial effect on the intestinal
barrier function and converge towards protection of the
EB.
Finally, we also suggest that our experimental approaches including several models mimicking IBS epithelial disruption may help to better select strains with
the highest therapeutic potential. Indeed, impairment of
permeability has been associated with IBS severity[14,26]. In
the present study, permeability was assessed in a subsequently validated model of stress-induced visceral hypersensitivity, intestinal hyperpermeability and translational
effect of soluble mediators from IBS patients[14,27].
In conclusion, the LT multispecies combination tested in this study prevented EB impairment in vitro and in
vivo. This effect was associated with (1) regulation of the
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TJ proteins leading to the normalization of EB integrity,
possibly through an anti-protease activity; and (2) modulation of TLR-4 receptor expression through a direct
action on TLR-4 expressing cells in the intestine or indirect action through a crosstalk between LT and the microbiota. Furthermore, LT prevented VHS probably by
enhancing the EB function. Finally, the beneficial effects
of LT on the EB integrity and on visceral sensitivity that
were altered by colonic and fecal IBS fluids reinforced
the rationale for evaluating its impact on IBS symptoms
in a clinical trial.
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Background

The etiology of irritable bowel syndrome (IBS) is thought to be multifactorial,
involving a complex interplay between increased intestinal permeability, lowgrade immune activation and alterations in the gut flora, thus leading to activation in the enteric nervous system and increased visceral hypersensitivity. Some
of these postulated factors may be potent attractive molecular and/or cellular
targets for probiotic therapy.

Research frontiers

This study aimed to provide preclinical data for a probiotic dietary supplement
composed of five different strains (Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus salivarius and two strains of Bifidobacterium lactis). In this
study, the authors demonstrated that these strains when delivered in combination are able to prevent visceral hypersensitivity and to repair disruption to the
epithelial barrier that was induced by different inflammatory and stress conditions that mimick IBS.

Innovations and breakthroughs

There is a limited amount of convincing evidence to support the empiric use of
probiotics in IBS. The randomized controlled trials that have been performed
are typically small and methodologically biased. The study design reported here
is of particular interest since the effect of probiotics was evaluated by combining several in vitro and in vivo experimental approaches that are likely to cover
the spectrum of IBS pathophysiology. The authors clearly need to increase the
number of studies using designed integrative models and techniques to assess
the complexity of probiotic effects in IBS.

Applications

This study reinforces previous findings obtained in a randomized trial that used
these strains and showed a clinical benefit to IBS symptoms. Moreover, the
translational experimental approach using several models such as stress, lowgrade inflammation, mucosal barrier defects and hypersensitivity should be
encouraged to obtain a thorough comprehension of the effect of probiotics in
humans.

Terminology

Compromised intestinal barrier function has been reported to be associated
with low-grade inflammation in the gut mucosa of IBS patients. Intestinal barrier
function is believed to play a crucial role, at least in part, in some of the IBS
symptoms, mainly abdominal pain and discomfort.

Peer review

The role of probiotics in IBS in humans has already been reviewed in many
articles. High quality studies in humans are limited. Nebot-Vivinus and coworkers present a study about the effect of the multispecies probiotics Lactibiane
Tolerance® (LT) on various models of epithelial barrier function both in vitro
and in vivo. LT is a bacterial composition of five different strains (Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus salivarius and two strains of
Bifidobacterium lactis). In this interesting study the authors show that LT helps
to prevent visceral hypersensitivity and to repair disruption to the epithelial barrier. Additionally in this study LT down-regulated the response mediated through
TLR-4 in vitro and in vivo.
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Role of the Na /K /2Cl cotransporter NKCC1 in cell cycle
progression in human esophageal squamous cell carcinoma
Atsushi Shiozaki, Yoshito Nako, Daisuke Ichikawa, Hirotaka Konishi, Shuhei Komatsu, Takeshi Kubota,
Hitoshi Fujiwara, Kazuma Okamoto, Mitsuo Kishimoto, Yoshinori Marunaka, Eigo Otsuji
METHODS: An immunohistochemical analysis was
performed on 68 primary tumor samples obtained from
ESCC patients that underwent esophagectomy. NKCC1
expression in human ESCC cell lines was analyzed by
Western blotting. Knockdown experiments were conducted using NKCC1 small interfering RNA, and the effects on cell cycle progression were analyzed. The gene
expression profiles of cells were analyzed by microarray
analysis.
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RESULTS: Immunohistochemical staining showed that
NKCC1 was primarily found in the cytoplasm of carcinoma cells and that its expression was related to the histological degree of differentiation of SCC. NKCC1 was
highly expressed in KYSE170 cells. Depletion of NKCC1
in these cells inhibited cell proliferation via G2/M phase
arrest. Microarray analysis identified 2527 genes with
altered expression levels in NKCC1depleted KYSE170.
Pathway analysis showed that the top-ranked canonical pathway was the G2/M DNA damage checkpoint
regulation pathway, which involves MAD2L1, DTL, BLM,
CDC20, BRCA1, and E2F5.
CONCLUSION: These results suggest that the expression of NKCC1 in ESCC may affect the G2/M checkpoint
and may be related to the degree of histological differentiation of SCCs. We have provided a deeper understanding of the role of NKCC1 as a mediator and/or a
biomarker in ESCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Na+/K+/2Cl- cotransporter 1; Esophageal
cancer; Cell cycle

Abstract
AIM: To investigate the role of Na+/K+/2Cl- cotransporter 1 (NKCC1) in the regulation of genes involved in
cell cycle progression and the clinicopathological significance of its expression in esophageal squamous cell
carcinoma (ESCC).
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Core tip: The objectives of the present study were
+
+
to investigate the role of Na /K /2Cl cotransporter 1
(NKCC1) in the regulation of genes involved in cell cycle progression and the clinicopathological significance
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sion levels of many genes involved in G2/M cell cycle
progression. Our results indicate that NKCC1 plays an
important role in the tumor progression of ESCCs.

of its expression in esophageal squamous cell carcinoma (ESCC). An immunohistochemical analysis revealed that the expression of NKCC1 in ESCC samples
was related to the histological type. Microarray results
suggested that NKCC1 exhibits marked effects on the
expression of genes related to G2/M cell cycle progression. A deeper understanding of the role of NKCC1
may lead to its use as an important biomarker and/or
a novel therapeutic target for ESCC treatment.

MATERIALS AND METHODS
Cell lines, antibodies, and other reagents
The human ESCC cell lines TE2, TE5, TE9, and TE13
were obtained from the Cell Resource Center for Biomedical Research at the Institute of Development, Aging, and Cancer (Tohoku University, Sendai, Japan)[10].
The human ESCC cell lines KYSE70 and KYSE170
were obtained from Kyoto University (Kyoto, Japan)[11].
These cells were grown in RPMI-1640 medium (Nacalai
Tesque, Kyoto, Japan) supplemented with 100 U/mL of
penicillin, 100 μg/mL of streptomycin, and 10% fetal
bovine serum. Cells were cultured in flasks or dishes in a
humidified incubator at 37 ℃ under 5% CO2 in air.
The anti-NKCC1 antibody used for immunohistochemical analysis and the protein assay were obtained
from Sigma-Aldrich (St. Louis, MO). The anti-Ki-67
antibody was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibodies were purchased
from Cell Signaling Technology (Beverly, MA), and the
antibody for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was obtained from Santa Cruz Biotechnology. Furosemide was purchased from Nacalai Tesque,
Inc. (Kyoto, Japan).

Shiozaki A, Nako Y, Ichikawa D, Konishi H, Komatsu S, Kubota
T, Fujiwara H, Okamoto K, Kishimoto M, Marunaka Y, Otsuji
E. Role of the Na+/K+/2Cl- cotransporter NKCC1 in cell cycle
progression in human esophageal squamous cell carcinoma.
World J Gastroenterol 2014; 20(22): 6844-6859 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6844.htm
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INTRODUCTION
Several studies have recently shown that ion channels
and transporters play important roles in fundamental
cellular functions. Their physiological roles in cell proliferation have been studied in more detail because ion
transport across the cell membrane is involved in the
regulation of cell volume, which is indispensable for cell
cycle progression. Several reports have demonstrated
the important roles of Cl- channels/transporters, such as
Ca2+- activated 2Cl- channels and Cl-/HCO3- exchangers,
in gastrointestinal cancer cells[1,2]. These studies indicated
that transepithelial Cl- transport plays an important role
in the proliferation of gastrointestinal cancer cells.
The Na+/K+/2Cl- cotransporter (NKCC) is a member of the cation-chloride cotransporter family. NKCC
transports one sodium ion, one potassium ion, and
two chloride ions across the plasma membrane and
is sensitive to loop diuretics, such as furosemide and
bumetanide. There are two isoforms of NKCC, and
NKCC1 is ubiquitously expressed in various types of
cells including epithelial cells[3,4]. We previously examined
transepithelial Cl- transport in various types of cancer
cells[5-7] and showed that NKCC1 plays an important role
in the proliferation of gastric and prostate cancer cells[8,9].
However, the role of NKCC1 in the proliferation of
esophageal squamous cell carcinoma (ESCC) cells and
its detailed regulatory mechanisms have not been fully
investigated. Furthermore, the clinicopathological meaning of NKCC1 expression in ESCCs remains uncertain.
The objectives of the present study were to investigate the role of NKCC1 in the regulation of genes involved in cell cycle progression and the clinicopathological significance of its expression in ESCC. We analyzed
the expression of NKCC1 in human ESCC samples
and determined its relationship with the degree of histological differentiation of SCC samples. Furthermore,
microarray analyses showed that depletion of NKCC1
with small interfering RNA (siRNA) changed the expres-
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Patients and primary tissue samples
ESCC tumor samples were obtained from 68 patients
with a histologically confirmed primary ESCC who underwent esophagectomy at Kyoto Prefectural University
of Medicine between 1998 and 2007 and were embedded in paraffin after 12 h of formalin fixation. Patient
eligibility criteria were as follows: no synchronous or
metachronous cancers (in addition to ESCC) and no
preoperative chemotherapy or radiation therapy. We
excluded patients with non-curative resected tumors
or non-consecutive data. All patients provided written informed consent. Relevant clinicopathological and
survival data were obtained from the hospital database.
Staging was principally based on the International Union
Against Cancer/tumor node metastasis Classification of
Malignant Tumors (7th edition)[12].
Immunohistochemistry
Paraffin sections (4 μm thick) of tumor tissues were subjected to immunohistochemical staining for the NKCC1
protein using the avidin-biotin-peroxidase method. Briefly, paraffin sections were dewaxed with xylene and dehydrated with a graded series of alcohols. Antigen retrieval
was performed by heating the samples in Dako REAL
Target Retrieval Solution (Glostrup, Denmark) for 40
min at 98 ℃. Endogenous peroxidases were quenched
by incubating the sections for 30 min in 0.3% H2O2. Sections were then treated with protein blocker and incu-

6845

June 14, 2014|Volume 20|Issue 22|

Shiozaki A et al . Roles of NKCC1 in esophageal cancer

Plus Western Blotting Detection System (GE Healthcare, Piscataway, NJ).

Ki-67

Small interfering RNA transfection
Cells were transfected with 10 nmol/L NKCC1 Small
interfering RNA (siRNA) (Stealth RNAi™ siRNA
No.HSS109914; Invitrogen, Carlsbad, CA) using the Lipofectamine RNAiMAX reagent (Invitrogen), according to
the manufacturer’s instructions. The medium containing
siRNA was replaced with fresh medium after 24 h. The
control siRNA provided (Stealth RNAi™ siRNA Negative Control; Invitrogen) was used as a negative control.
Figure 1 Immunohistochemical staining of a primary tumor sample of
human esophageal squamous cell carcinomas with a Ki-67 antibody. The
expression of Ki-67 was clearly identified in the nucleus of ESCCs (Magnification
× 200).

Cell cycle analysis
The cell cycle phase was evaluated 48 h after siRNA
transfection by fluorescence-activated cell scoring (FACS).
Briefly, cells were treated with Triton X-100 and RNase,
and nuclei were stained with propidium iodide (PI) prior
to DNA content measurement using a Becton Dickinson
FACS Calibur instrument (Becton Dickinson, Mountain
view, CA). At least 10000 cells were analyzed, and ModFit
LT software (Verity Software House, Topsham, ME) was
used to analyze cell cycle distribution.

bated overnight at 4 ℃ with anti-NKCC1 or anti-Ki-67
antibody. The avidin-biotin-peroxidase complex (Vectastain ABC Elite kit; Vector laboratories, Burlingame,
CA) was visualized with diaminobenzidine tetrahydrochloride. Sections were counterstained with hematoxylin,
dehydrated with a graded series of alcohols, cleared in
xylene, and mounted.
Immunohistochemical samples stained with NKCC1
were graded semi-quantitatively by considering both the
staining intensity and the percentage of positive tumor
cells using an immunoreactive score (IRS)[13]. Staining
intensity was scored as 0 (no staining), 1 (weak staining),
2 (moderate staining), or 3 (strong staining). The proportion of positive tumor cells was scored as 1 (1%-10%),
2 (11%-50%), 3 (51%-80%), or 4 (81% or more). Each
sample’s score was calculated as the maximum multiplied
product of the intensity and proportion scores. Scores of
6 or more and scores of less than 6 were defined as high
grade and low grade NKCC1 expression, respectively.
Tumor cells with nuclei containing brown immunoreactive products were considered Ki-67 positive (Figure
1). To evaluate the positive staining rate, the number
of Ki-67 labeled cells was quantified in five randomly
selected fields at a magnification of × 400. The positive
staining rate in each case was calculated as the number
of positive cells divided by the total number of examined cells in all examined fields. The mean Ki-67 labeling
index was 29.4% (range, 2.9%-55.9%) in 68 primary tumor samples.

Cell proliferation
Cells were seeded in 6-well plates at a density of 1.0 ×
105 cells per well and incubated at 37 ℃ with 5% CO2.
siRNA was transfected 24 h after the cells seeded. Cells
were detached from the flasks with trypsin-EDTA 72 h
after siRNA transfection and were counted using a hemocytometer.
Real time reverse transcription-polymerase chain
reaction
Total RNA was extracted using an RNeasy kit (Qiagen,
Valencia, CA). Messenger RNA (mRNA) expression was
measured by quantitative real-time PCR (7300 Real-Time
PCR System; Applied Biosystems, Foster City, CA) with
TaqMan Gene Expression Assays (Applied Biosystems),
according to the manufacturer’s instructions. Expression
levels were measured for the following genes: NKCC1
(Hs00169032_m1), MAD2L1 (Hs01554513_g1), DTL
(Hs00978565_m1), BLM (Mm00476150_m1), CDC20
(Hs00426680_mH), BRCA1 (Hs01556193_m1), and
E2F5 (Hs00231092_m1) (Applied Biosystems). Expression was normalized for each gene to the housekeeping
gene beta-actin (ACTB, Hs01060665_g1; Applied Biosystems). Assays were performed in triplicate.

Western blotting
Cells were harvested in M-PER lysis buffer (Pierce, Rockford, IL) supplemented with protease inhibitors (Pierce,
Rockford, IL). The protein concentration was measured
with a modified Bradford assay (Bio-Rad, Hercules, CA).
Cell lysates containing equal amounts of total protein
were separated by SDS-PAGE and then transferred onto
PVDF membranes (GE Healthcare, Piscataway, NJ).
These membranes were then probed with the indicated
antibodies, and proteins were detected using an ECL
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Microarray sample preparation and hybridization
Total RNA was extracted using an RNeasy kit (Qiagen).
RNA quality was monitored with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Cyanine-3 (Cy3)-labeled cRNA was prepared from 0.1 μg
of total RNA using a Low Input Quick Amp Labeling
Kit (Agilent), according to the manufacturer’s instructions. Samples were purified using RNeasy columns
(Qiagen). A total of 0.60 μg of Cy3-labelled cRNA was
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RESULTS

Table 1 Correlations between clinicopathological parameters
+
+
and Na /K /2Cl cotransporter 1 expression

NKCC1 protein expression in human ESCCs
An immunohistochemical examination of non-cancerous
esophageal epithelia performed with the NKCC1 antibody demonstrated that cells with NKCC1 expression
were chiefly confined to the lower and middle layer of the
squamous epithelium but were absent from the basal and
parabasal cell layers (Figure 2A). Photographs of well differentiated, moderately differentiated, or poorly differentiated ESCC tumor samples with high or low NKCC1 expression are shown in Figure 2B. NKCC1 expression was
observed in the cytoplasm of ESCC cells in all groups.
NKCC1 staining scores were significantly increased as
histological differentiation decreased (Figure 2C).
We divided ESCC patients into 2 groups, a low grade
NKCC1 expression group with staining scores < 6, n
= 28, and a high grade NKCC1 expression group with
staining scores ≥ 6, n = 40, and compared their clinicopathological features. We found that the percentage
of poorly differentiated SCC samples was significantly
higher in the high grade group (47.5%) when compared
to the low grade group (10.7%) (Table 1). No correlation was found between NKCC1 expression and any
other clinicopathological parameter. No correlation was
found between NKCC1 expression and the Ki-67 labeling index (Table 1). Furthermore, the 5-year survival
rate did not differ between the high grade group (69.9
%) and the low grade group (63.5 %) (P = 0.501, the
log-rank test). Subgroup analysis of pStage I patients
showed that the 5-year survival rate of the high grade
group (86.5%) tended to be lower than that of the low
grade group (100.0 %), although no significant difference was observed (P = 0.403, the log-rank test). These
results suggest that NKCC1 plays an important role in
the differentiation of ESCC cells, although a significant
prognostic impact could not be determined.

NKCC1 expression P value

Variable

Age (yr)

< 60
≥ 60

Gender
Location of tumor
Tumor size (mm)
Histological type

pT
pN
pStage

Male
Female
Ce/Ut
Mt/Lt/Ae
< 50
≥ 50
Differentiated type
SCC
Poorly differentiated
type SCC
pT1
pT2-3
negative
positive
Ⅰ
Ⅱ-Ⅲ

Ki-67 labeling index

Low
grade
12
16
25
3
4
24
18
10
25

High
grade
10
30
32
8
3
37
30
10
21

3

19

10
21
18
19
13
20
15
20
6
16
22
24
28.7 ± 2.3 29.9 ± 2.0

0.1874
0.5049
0.4346
0.4206
0.0015a

0.2191
0.8095
0.1231
0.6834

Ce: Cervical esophagus; Ut: Upper thoracic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; Ae: Abdominal esophagus;
pT: Pathological T stage; pN: Pathological N stage; pStage: Pathological
stage; SCC: Squamous cell carcinoma; aP < 0.05 vs control, Fisher’s exact
test.

fragmented and hybridized to an Agilent SurePrint G3
Human Gene Expression 8 × 60K Microarray for 17 h.
Slides were washed and scanned immediately on an Agilent DNA Microarray Scanner (G2565CA) using the one
color scan setting for 8 × 60K array slides.
Processing of microarray data
Scanned images were analyzed with Feature Extraction
Software 10.10 (Agilent) using default parameters to obtain background-subtracted and spatially detrended Processed Signal intensities. Signal transduction networks
were analyzed with Ingenuity Pathway Analysis (IPA)
software (Ingenuity Systems, Inc., Redwood City, CA).

NKCC1 controls cell cycle progression in ESCC cells
We examined six ESCC cell lines, TE2, TE5, TE9 TE13,
KYSE70, and KYSE170, to determine NKCC1 protein
expression levels. Western blotting analysis revealed that
NKCC1 was highly expressed in the KYSE170 cell line,
and lower levels of expression were observed in the TE2
and TE5 cell lines (Figure 3A). We conducted knockdown experiments using NKCC1 siRNA in KYSE170
cells and analyzed the effects of NKCC1 depletion on
cell cycle progression. NKCC1 siRNA effectively reduced NKCC1 protein levels (Figure 3B) and NKCC1
mRNA levels (Figure 3C) in the KYSE170 cell line. The
downregulation of NKCC1 induced G2/M phase arrest in KYSE170 cells (Figure 3D). The cell counts of
NKCC1 depleted cells were significantly lower when
compared to those of control siRNA transfected cells
72 h after siRNA transfection (Figure 3E). Furthermore,
the NKCC blocker furosemide significantly inhibited

Statistical analysis
Fisher’s exact test was used to evaluate the differences
between proportions, and Student’s t tests (for comparisons between two groups) and Tukey-Kramer HSD
tests (for multiple comparisons) were used to evaluate
continuous variables. Survival curves were constructed
by the Kaplan-Meier method, and differences in survival
were examined using the log-rank test. Differences were
considered significant when the relevant P value was <
0.05.
These analyses were performed using the statistical
software JMP (version 8, SAS Institute Inc., Cary, NC).
Correlation analysis was performed by creating Fit Y by
X plots using JMP.
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A

B

Well differentiated ESCC

Moderately differentiated ESCC

Poorly differentiated ESCC

Low grade
NKCC1
expression

High grade
NKCC1
expression

NKCC1 scoring

C

10
9
8
7
6
5
4
3
2
1
0

a
a
a

Well

Moderately

Poorly

Differentiated type of SCC

Figure 2 Na+/K+/2Cl- cotransporter 1 protein expression in human esophageal squamous cell carcinomas. A: Immunohistochemical staining of human esophageal epithelia with an Na+/K+/2Cl- cotransporter 1 (NKCC1) antibody. Cells with NKCC1 expression were primarily confined to the lower and middle layers of the
squamous epithelium with the exception of the basal and parabasal cell layers; B: Immunohistochemical staining of well differentiated, moderately differentiated, or
poorly differentiated esophageal squamous cell carcinoma (ESCC) tumor samples with high or low grade NKCC1 expression (magnification: × 200); C: NKCC1 staining scores according to the differentiation type of SCC. Mean ± SEM. Well differentiated ESCC; n = 15. Moderately differentiated ESCC; n = 31. Poorly differentiated
ESCC; n = 22. aP < 0.05 vs control, Tukey-Kramer HSD test.

the proliferation of KYSE170 cells (Figure 3F). Similar
trends were found in several cell lines, including TE9,
TE13 and KYSE 70, which expressed NKCC1 (Figure 4).
These results suggest that NKCC1 plays an important
role in regulating cell cycle progression and cell proliferation in ESCC cells.

pleted KYSE170 cells in microarray and bioinformatics
studies. Microarray analysis showed that the expression
levels of 2527 genes displayed fold changes of > 2.0 in
KYSE170 cells upon depletion of NKCC1. Of these
genes, 1157 were upregulated and 1370 were downregulated in NKCC1 siRNA depleted KYSE170 cells. A list of
20 genes with expression levels that were the most strongly up- or downregulated in NKCC1 depleted KYSE170
cells is shown in Table 2. NKCC1 (SLC12A2) expression

Gene expression profiles of NKCC1 depleted cells
We analyzed the gene expression profiles of NKCC1 de-
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DMSO

Furosemide

Figure 3 Na+/K+/2Cl- cotransporter 1 controls cell cycle progression in esophageal squamous cell carcinoma cells. A: Na+/K+/2Cl- cotransporter 1 (NKCC1)
protein expression was analyzed in 6 esophageal squamous cell carcinoma (ESCC) cell lines. Western blotting revealed that NKCC1 was highly expressed in the
KYSE170 cell line, and lower levels of expression were observed in TE2 and TE5 cells. B: Western blotting revealed that NKCC1 small interfering RNA (siRNA) effectively reduced the protein levels of NKCC1 in KYSE170 cells; C: NKCC1 siRNA effectively reduced the mRNA levels of NKCC1 in KYSE170 cells. The mean ± SEM.
n = 4. aP < 0.05 vs the control siRNA group; D: The depletion of NKCC1 induced G2/M phase arrest in KYSE170 cells. Cells transfected with control or NKCC1 siRNA
were stained with propidium iodide (PI) and analyzed by flow cytometry. The mean ± SEM. n = 5. aP < 0.05 vs control siRNA; E: The depletion of NKCC1 inhibited the
proliferation of KYSE170 cells. Cell number was counted 72 h after siRNA transfection. The mean ± SEM. n = 5. aP < 0.05 (significantly different from control siRNA); F:
The NKCC blocker furosemide inhibited the proliferation of KYSE170 cells. Cell number was counted 72 h after drug stimulation (500 μmol/L furosemide). The mean
± SEM. n = 5. aP < 0.05 vs control (significantly different from 500 μmol/L DMSO). GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 4 Effects of the Na+/K+/2Cl- cotransporter blocker furosemide on the proliferation of TE9, TE13 and KYSE70 cells. Cell number was counted 72 h after
drug stimulation (500 μmol/L furosemide). The mean ± SEM. n = 3. aP < 0.05 vs control (significantly different from 500 μmol/L DMSO).
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Table 2 Twenty genes displaying the highest change in expression levels in Na /K /2Cl cotransporter 1 depleted KYSE170 cells
Gene Symbol

Gene ID

Upregulated Genes
C18orf34
NM_001105528
KCNA6
NM_002235
CCDC147
NM_001008723
C20orf202
NM_001009612
A1CF
NM_138933
SH3GL2
NM_003026
PTGFR
NM_001039585
NDN
NM_002487
INPP5D
NM_001017915
CYP2E1
NM_000773
AGBL3
NM_178563
UBTFL1
NM_001143975
PADI2
NM_007365
CCR1
NM_001295
ARC
NM_015193
COLEC10
NM_006438
DNAH6
NM_001370
BOLL
NM_033030
CORO2B
NM_006091
MUC7
NM_152291
Downregulated Genes
NPFFR1
NM_022146
LRRFIP1
NM_001137550
PPIL6
NM_173672
CRHR2
NM_001883
CMTM2
NM_144673
C5
NM_001735
KCNMA1
NM_001014797
HESX1
NM_003865
SLC22A2
NM_003058
WNT8B
NM_003393
GRIA1
NM_000827
ZNF367
NM_153695
GPR128
NM_032787
SLC12A2
NM_001046
KCNG2
NM_012283
ECT2L
NM_001077706
ERMN
NM_020711
DPP10
NM_020868
TSPAN7
NM_004615
APOA1
NM_000039
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Gene Name

Fold Change

Chromosome 18 open reading frame 34
Potassium voltage-gated channel, shaker-related subfamily, member 6
Coiled-coil domain containing 147
Chromosome 20 open reading frame 202
APOBEC1 complementation factor
SH3-domain GRB2-like 2
Prostaglandin F receptor (FP)
Necdin homolog (mouse)
Inositol polyphosphate-5-phosphatase, 145 kDa
Cytochrome P450, family 2, subfamily E, polypeptide 1
ATP/GTP binding protein-like 3
Upstream binding transcription factor, RNA polymerase Ⅰ-like 1
Peptidyl arginine deiminase, type Ⅱ
Chemokine (C-C motif) receptor 1
Activity-regulated cytoskeleton-associated protein
Homo sapiens collectin sub-family member 10 (C-type lectin)
Dynein, axonemal, heavy chain 6
Bol, boule-like (Drosophila)
Coronin, actin binding protein, 2B
Mucin 7, secreted
Neuropeptide FF receptor 1
Leucine rich repeat (in FLII) interacting protein 1
Peptidylprolyl isomerase (cyclophilin)-like 6
Corticotropin releasing hormone receptor 2
CKLF-like MARVEL transmembrane domain containing 2
Complement component 5
Potassium large conductance calcium-activated channel, subfamily M, alpha member 1
HESX homeobox 1
Solute carrier family 22 (organic cation transporter), member 2
Wingless-type MMTV integration site family, member 8B
Glutamate receptor, ionotropic, AMPA 1
Zinc finger protein 367
G protein-coupled receptor 128
Solute carrier family 12 (sodium/potassium/chloride transporters), member 2
Potassium voltage-gated channel, subfamily G, member 2
Epithelial cell transforming sequence 2 oncogene-like
Ermin, ERM-like protein
Dipeptidyl-peptidase 10 (non-functional)
Tetraspanin 7
Apolipoprotein A-I
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155.49
140.4
105.98
86.17
70.98
70.93
66.99
66.45
52.83
52.44
50.88
47.88
46.83
44.86
44.41
44.28
41.96
41.31
41.04
36.97
-54.97
-44.72
-44.46
-39.78
-39.62
-39.13
-38.59
-33.03
-32.49
-32.17
-31.27
-30.04
-29.88
-28.92
-28.3
-27
-26.61
-26.58
-25.54
-25.21
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C
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Smad2/3-Smad4
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HIST1H2AG (includes others)
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LAG3
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CDC6 (includes EG23834) MCM5
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Figure 5 Top-ranked signaling networks related to Na+/K+/2Cl- cotransporter 1 downregulation according to ingenuity pathway analysis. A: This network is
called “Cellular Assembly and Organization; DNA Replication, Recombination, and Repair; Cell Cycle”; B: This network is called “Cellular Assembly and Organization, Cell Cycle, DNA Replication, Recombination, and Repair”; C: This network is called “Cell Cycle; DNA Replication, Recombination, and Repair; Cancer”. Red and
green indicate genes with expression levels that were higher or lower, respectively, than reference RNA levels. Genes analyzed for verification in Figure 6 were highlighted by red circles.
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Figure 6 Verification of gene expression by real-time quantitative reverse transcription-polymerase chain reaction. The expression levels of six selected
genes (MAD2L1, DTL, BLM, CDC20, BRCA1, and E2F5) in NKCC1 depleted KYSE170 cells were compared to those in control siRNA transfected cells using realtime quantitative reverse transcription-polymerase chain reaction. Gene expression levels were normalized to the level of ACTB. The mean ± SEM. n = 3. aP < 0.05 vs
control siRNA.
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Figure 7 Expression levels of six selected genes (MAD2L1, DTL, BLM, CDC20, BRCA1, and E2F5) in Na+/K+/2Cl- cotransporter 1 depleted TE9, TE13 and
KYSE70 cells. The expression levels of six selected genes (MAD2L1, DTL, BLM, CDC20, BRCA1, and E2F5) in Na+/K+/2Cl- cotransporter 1 (NKCC1) depleted TE9 (A),
TE13 (B) and KYSE70 cells (C) were compared to those in control siRNA transfected cells using real-time quantitative RT-PCR. Gene expression levels were normalized to the level of ACTB. The mean ± SEM. n = 3. aP < 0.05 vs control siRNA.
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+
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Table 3 Top biological functions, canonical pathways, and networks of Na /K /2Cl cotransporter 1 according to Ingenuity Pathway Analysis
Top Biological Functions
Diseases and disorders
Name
Cancer
Gastrointestinal disease
Reproductive system disease
Hematological disease
Hereditary disorder
Molecular and cellular functions
Name
Cell cycle
Cellular assembly and organization
DNA replication, recombination, and repair
Cellular movement
Cell death
Top canonical pathways
Name
Role of BRCA1 in the DNA damage response
Mitotic roles of Polo-Like kinase
Estrogen-mediated S-phase entry
Cell Cycle: G2/M DNA damage checkpoint regulation
Role of CHK proteins in cell cycle checkpoint control
Top networks
Associated network functions
Cellular assembly and organization; DNA replication, recombination, and repair; Cell cycle
Cellular assembly and organization, Cell cycle, DNA replication, recombination, and repair
Cell cycle; DNA replication, recombination, and repair; Cancer
Digestive system development and function, organismal injury and abnormalities, cellular function
and maintenance
Cellular assembly and organization; DNA replication, recombination, and repair; Cardiovascular
disease

P value
2.08E-12 - 1.59E-02
8.03E-12 - 1.60E-02
2.25E-09 - 1.57E-02
1.72E-06 - 1.22E-02
2.10E-06 - 1.57E-02

Number of molecules
277
149
138
70
120

P value
1.06E-20 - 1.60E-02
1.06E-20 - 1.36E-02
1.06E-20 - 1.16E-02
8.36E-11 - 1.51E-02
2.98E-06 - 1.56E-02

Number of molecules
158
111
133
82
216

P value
9.79E-6
7.37E-5
4.91E-4
5.07E-4
5.37E-4

Ratio
12/65 (0.185)
11/69 (0.159)
6/28 (0.214)
8/49 (0.163)
9/56 (0.161)

Score
47
43
37
37
35

was downregulated in NKCC1 depleted KYSE170 cells
(fold change: -28.92; Table 2). Ingenuity Pathway Analysis
showed that “Cancer” was the top-ranked disease and
that “Cell Cycle” was the top-ranked biological function
related to NKCC1 depletion. Furthermore, “Cell Cycle:
G2/M DNA Damage Checkpoint Regulation” was one
of the top-ranked canonical pathways related to NKCC1
depletion (Table 3), and this result was in agreement with
the results obtained via cell cycle analysis. Among the
2527 genes with expression levels that were altered by
NKCC1 depletion, 267 genes exhibited cell proliferationrelated functions (Table 4). Among these genes, 82 genes
were upregulated, and the other 185 genes were downregulated. We then examined the signal transduction networks induced by NKCC1 depletion (Table 3). All of the
top 3 ranked signal networks were related to the cell cycle
(Figure 5). These results indicate that the expression level
of NKCC1 influences genes related to cellular growth
and cell cycle progression.

CDC20 from Network B, and DTL and E2F from Network C (Figure 5). BRCA1 was chosen because “Role of
BRCA1 in DNA Damage Response” was the top-ranked
canonical pathway related to NKCC1 (Table 3). All of
these genes were related to the G2/M checkpoint according to IPA and are included in Table 4. The expression
levels of MAD2L1, DTL, BLM, CDC20, and BRCA1
mRNA were significantly lower in NKCC1 depleted
KYSE170 cells compared to control siRNA transfected
cells (Figure 6). The expression levels of E2F5 mRNA
were significantly higher in NKCC1 depleted KYSE170
cells compared to control siRNA transfected cells (Figure
6). Similar trends were found in several cell lines, including TE9, TE13 and KYSE 70 which expressed NKCC1
(Figure 7).These changes were in agreement with the
microarray results and suggest that NKCC1 controls
cell cycle progression via G2/M checkpoint regulation in
ESCC cells.

Verification of gene expression by real-time quantitative
RT-PCR
Six genes (MAD2L1, DTL, BLM, CDC20, BRCA1, and
E2F5) were further examined by quantitative Real time
reverse transcription-polymerase chain reaction (RTPCR). BLM was chosen from Network A, MAD2L1 and

DISCUSSION

WJG|www.wjgnet.com

The roles of ion transporters have recently been studied in cancer cells[14,15]. Some types of K+ channels have
been reported to be expressed at high levels in colonic
carcinoma[16,17]. The voltage-gated HERG channel has
also exhibited cancer-specific expression in gastric can-
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ITGAL
NM_002209
INHBA
NM_002192
HEYL
NM_014571
JAK3
NM_000215
MMP13
NM_002427
NNMT
NM_006169
BNIPL
NM_138278
LTC4S
NM_145867
MMP24
NM_006690
MMP1
NM_002421
CD19
NM_001770
ADC
NM_052998
TGFBR1
NM_004612
RHOB
NM_004040
CDKN1C
NM_000076
HOXB13
NM_006361
IPMK
NM_152230
BMF
NM_001003940
VTCN1
NM_024626
CEACAM1 NM_001712
TSSK3
NM_052841
Downregulated genes
CRHR2
NM_001883
C5
NM_001735
KCNMA1
NM_001014797
GRIA1
NM_000827
SLC12A2
NM_001046
APOA1
NM_000039
PRKAR2B NM_002736
TF
NM_001063
BRCA2
NM_000059
AURKC
NM_001015878
PLXNA4
NM_181775
TYR
NM_000372
BACH2
NM_021813
KIF14
NM_014875
HEY2
NM_012259
TMPO
NM_003276
FCGR3A
NM_000569
ARF6
NM_001663
MYBL1
NM_001080416
CCNA1
NM_003914
ESCO2
NM_001017420
TOP2A
NM_001067
CENPI
NM_006733
ATAD2
NM_014109
POSTN
NM_006475
MKI67
NM_002417
ABCB1
NM_000927
KIF20B
NM_016195
SPN
NM_001030288
MAD2L1
NM_002358
HLA-DPB1 NM_002121
SGOL1
NM_001012410
RRM2
NM_001034
FANCD2
NM_033084
FANCA
NM_001018112
HDAC2
NM_001527
NUF2
NM_145697
CLSPN
NM_022111
RAD54L
NM_003579
KLHL13
NM_033495
CCNA2
NM_001237
MCM10
NM_182751
MCTS1
NM_014060
ANLN
NM_018685
HMGB2
NM_002129
VPREB1
NM_007128
KIF4A
NM_012310
SPC25
NM_020675
ALOX5
NM_000698

Table 4 Cell growth-related genes with expression levels in
+
KYSE170 cells that were changed by the depletion of Na /
+
K /2Cl cotransporter 1
Gene symbol

Gene ID

Biological functions

Fold change

Cell cycle
Cell
growth and
proliferation
Upregulated genes
NDN
NM_002487
INPP5D
NM_001017915
CCR1
NM_001295
COL1A2
NM_000089
EDAR
NM_022336
RBP4
NM_006744
DCLK1
NM_004734
RARRES1
NM_002888
FMOD
NM_002023
BARX1
NM_021570
MAPK10
NM_138980
ADORA2A NM_000675
CHRNA7
NM_001190455
SOX10
NM_006941
FGF20
NM_019851
FAM5C
NM_199051
MBD2
NM_015832
EGF
NM_001963
TLR5
NM_003268
TNN
NM_022093
SLC1A2
NM_004171
CD36
NM_001001547
CD52
NM_001803
NR2E3
NM_016346
PLCB1
NM_182734
MYCN
NM_005378
ZNF365
NM_199451
ERG
NM_004449
MSH4
NM_002440
DMRT1
NM_021951
RNF128
NM_194463
CD69
NM_001781
PDE3A
NM_000921
ACVR1C
NM_145259
SPI1
NM_001080547
SH2D3C
NM_170600
IFNG
NM_000619
MRAS
NM_012219
MCF2L
NM_024979
RRAD
NM_004165
E2F5
NM_001951
BGN
NM_001711
KIFC1
NM_002263
ABCC6
NM_001171
SERPINE1 NM_000602
CIITA
NM_000246
GJB6
NM_006783
TP53INP1
NM_033285
GHRL
NM_016362
CCNG2
NM_004354
RORC
NM_005060
NCF1
NM_000265
NFATC4
NM_001136022
CHRM5
NM_012125
HMOX1
NM_002133
IL18RAP
NM_003853
C8orf4
NM_020130
L1CAM
NM_024003
TNFSF8
NM_001244
MSMB
NM_002443
ITPR1
NM_002222

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
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●
●

●

66.45
52.83
44.86
36.72
35.86
30.40
28.95
22.92
22.85
21.47
20.00
18.78
18.47
18.03
16.73
14.35
12.13
11.50
11.35
10.98
10.74
10.43
10.34
10.31
10.26
10.23
10.12
10.04
10.03
9.61
9.37
8.89
8.58
8.57
8.55
8.53
8.22
8.20
7.43
7.42
7.32
7.13
7.02
6.98
6.74
6.74
6.45
6.38
6.30
6.29
6.24
6.24
6.15
6.01
6.00
5.98
5.95
5.87
5.85
5.77
5.77
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●

●
●
●
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●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

5.73
5.53
5.38
5.30
5.23
5.06
4.86
4.74
4.72
4.66
4.52
4.46
4.33
4.32
4.30
4.20
4.07
4.06
4.05
2.97
2.00
-39.78
-39.13
-38.59
-31.27
-28.92
-25.21
-24.25
-22.85
-22.04
-21.69
-20.54
-20.39
-20.01
-18.06
-18.01
-15.97
-15.18
-15.09
-14.60
-14.29
-14.05
-13.91
-13.87
-13.41
-12.91
-12.41
-12.15
-11.53
-11.41
-11.16
-11.12
-10.91
-10.71
-10.55
-10.31
-9.94
-9.76
-9.57
-9.47
-9.32
-9.13
-9.11
-9.02
-9.00
-8.86
-8.81
-8.78
-8.75
-8.55
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PBK
TNFRSF11B
CIT
HELLS
CDC45
DTL
RGS3
TYMS
NDC80
ERCC6L
CENPE
TTK
SIM2
KRT4
RAD51AP1
LTA
PAK2
SLC5A8
BLM
NUSAP1
JDP2
CASP3
NEIL3
POLH
KIF20A
MYO7A
NRGN
NCAPG
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NM_017790
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APC
KIF15
LMNB1
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HMMR
BRIP1
ECT2
CDT1
MCAM
LAG3
ZWINT
DCLK2
TRAIP
SSTR2
TXK
TBC1D9
IL1RN
CDCA7
STK38
CDCA5
E2F7
FIGNL1
SMC4
CYCS
FBN1
NCAPD3
IL16
PCNA
FBXO5
CKAP2
IL34
PSRC1
C11orf82
CHRDL1
RAD54B
DIAPH3
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INHBB
MDM2
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TPX2
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NM_002687
NM_001007156
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NM_181803
NM_004217
NM_001254
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NM_000038
NM_020242
NM_005573
NM_017760
NM_057749
NM_012484
NM_032043
NM_018098
NM_030928
NM_006500
NM_002286
NM_032997
NM_001040260
NM_005879
NM_001050
NM_003328
NM_015130
NM_173843
NM_031942
NM_007271
NM_080668
NM_203394
NM_001042762
NM_005496
NM_018947
NM_000138
NM_015261
NM_172217
NM_002592
NM_001142522
NM_018204
NM_152456
NM_032636
NM_145018
NM_145234
NM_012415
NM_001042517
NM_001353
NM_002193
NM_002392
NM_206907
NM_032844
NM_006739
NM_012120
NM_007300
NM_012112
NM_005130
NM_001172705
NM_198433
NM_004219
NM_000679
NM_004260
NM_004004
NM_001012271
NM_017489
NM_032832
NM_012395
NM_014629

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●
●

●
●
●
●
●

●
●

●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●

-5.20
-5.17
-5.09
-5.09
-5.08
-5.08
-5.06
-5.06
-5.05
-5.05
-5.04
-5.03
-5.02
-4.96
-4.94
-4.93
-4.90
-4.89
-4.87
-4.82
-4.78
-4.73
-4.72
-4.71
-4.69
-4.65
-4.63
-4.61
-4.56
-4.56
-4.54
-4.54
-4.51
-4.50
-4.48
-4.48
-4.46
-4.44
-4.42
-4.37
-4.34
-4.34
-4.33
-4.32
-4.31
-4.31
-4.29
-4.26
-4.25
-4.25
-4.25
-4.23
-4.21
-4.20
-4.18
-4.15
-4.14
-4.12
-4.10
-4.08
-4.07
-4.02
-4.00
-3.35
-3.18
-2.43
-2.21
-2.08

June 14, 2014|Volume 20|Issue 22|

Shiozaki A et al . Roles of NKCC1 in esophageal cancer

cer and its blocker diminished the G1 to S phase transition[18]. Increased mRNA levels of Ca2+ channels have
also been reported in colorectal adenocarcinoma[19,20].
Furthermore, some reports have indicated that Cl- channels/transporters, such as Cl- channels, K+/Cl- cotransporters, and NKCC play important roles in the proliferation of colorectal, breast, lung, and prostate cancer
cells[14,15]. To the best of our knowledge, the present
study is the first report examining NKCC1 expression in
ESCC tissue and the gene expression profile of NKCC1
depleted cancer cells.
We investigated the role of transepithelial Cl- transport in cancer cells[5-7]. In the present study, we found that
the depletion of NKCC1 induced G2/M phase arrest
in KYSE170 cells. We have previously shown that the
blockage of NKCC inhibited G1/S cell cycle progression
in gastric and prostate cancer cells[8,9], which suggests that
the mechanism by which NKCC1 regulates cell cycle progression varies among cell types and their different genetic backgrounds. Microarray analysis showed that many
of the genes that displayed changes in expression levels
after NKCC1 depletion were well connected in the topranked signaling network related to the cell cycle, indicating that they are not only functionally related but are also
regulated together at the level of expression by NKCC1related signal transduction pathways.
With regard to signaling networks, we noted that the
expression levels of several G2/M checkpoint-related
genes were altered by the depletion of NKCC1. In the
spindle checkpoint, the anaphase-promoting complex
(APC) was activated by CDC20, which subsequently
triggered anaphase. MAD2L1, a mitotic spindle assembly checkpoint protein, inhibited the activity of the APC
by a direct physical interaction with a ternary complex
containing CDC20[21,22]. DTL, BLM, BRCA1, and E2F5
are also known regulators of the G2/M checkpoint[23-26].
One possible mechanism by which NKCC1 changes
the expression of these major G2/M checkpoint-related
genes may be through the regulation of intracellular Clconcentrations ([Cl-]i). Recent reports have indicated that
[Cl-]i is a fundamental signal mediator for the regulation
of various cellular functions[27-29]. For example, our study
showed that [Cl-]i could act as a signal to regulate mRNA
expression of the epithelial Na+ channel via a protein
tyrosine kinase-dependent pathway in renal epithelial
cells[29]. We have also previously shown that [Cl-]i regulated cell proliferation in gastric and prostate cancer cells[5-9].
We consider NKCC to be one of the important transporters that regulates [Cl-]i in the steady state and have
previously shown that the blockage of NKCC decreased
[Cl-]i[9]. Although the detailed mechanism should be verified by further studies, these observations suggest that
the change in [Cl-]i induced by NKCC1 may be a critically
important messenger that regulates the expression of
these G2/M checkpoint-related genes in ESCC cells.
Our results demonstrate that no correlation was found
between NKCC1 expression and the Ki-67 labeling
index in immunohistochemical studies of ESCC expres-

WJG|www.wjgnet.com

sion. Ki-67 is commonly used to assess cell proliferation, and this factor reacts with a nuclear antigen present
throughout the cell cycle (late G1, S, G2, and M phase)
of proliferating cells but is absent from quiescent (G0)
cells [30]. In the present study, we found that NKCC1
plays an important role in the G2/M phase of the cell
cycle. The different rates of progression through each
phase of the cell cycle may explain why no correlation
was found between NKCC1 and Ki-67 expression,
although further studies will be needed with a larger
sample size to confirm these observations. Furthermore,
in the present study NKCC1 expression was correlated
with the degree of histological differentiation in SCC.
Similarly, we previously found that mRNA levels and the
functional expression levels of NKCC1 were higher in
poorly differentiated type gastric adenocarcinoma cells
compared to differentiated cells[8]. Furosemide (a NKCC
blocker and a loop diuretic) is often used as a diuretic
to maintain urine output and improve edema, ascites, or
pleural effusion for the treatment of patients with terminal stage cancers. From this viewpoint, our observation
that the blockage of NKCC1 diminished the proliferation of ESCC cells provides strong clinical evidence that
furosemide can be used for ESCC patients with high
NKCC1 expression, such as those with poorly differentiated SCC, and suggests the possibility of a novel tailormade treatment.
In summary, we found that NKCC1 plays a role in
the proliferation of ESCC cells. An immunohistochemical analysis revealed that the expression of NKCC1 in
human ESCC samples was related to the histological
type of ESCC. Our microarray results also suggest that
NKCC1 exhibits marked effects on the expression of
genes related to G2/M cell cycle progression. A deeper
understanding of the role of NKCC1 may lead to its use
as an important biomarker of tumor development and/
or a novel therapeutic target for ESCC.
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NKCC1 diminished the proliferation of ESCC cells provides clinical evidence
that furosemide can be used for ESCC patients with high NKCC1 expression,
and suggests the possibility of a novel tailor-made treatment.
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AIM: To investigate the low gastric cancer incidence
rate relative to the highly prevalent Helicobacter pylori
(H. pylori ) infection; data relevant to H. pylori infection
during gastric carcinogenesis in Indian patients is currently lacking.
METHODS: The present study examines the prevalence of H. pylori infection in DNA derived from 156
endoscopic gastric biopsies of different disease groups
that represent gastric pre-cancer [intestinal metaplasia
(n = 15), dysplasia (n = 15)], cancer [diffuse adenocarcinoma (n = 44), intestinal adenocarcinoma (n =
21)], and symptomatic but histopathologically-normal
controls (n = 61). This was done by generic ureC polymerase chain reaction (PCR) and cagA -specific PCR
that could specifically identify the carcinogenic H. pylori strain.
RESULTS: Our analysis showed the presence of H.
pylori infection in 61% of symptomatic histopatholog-

ically-normal individuals, however only 34% of control
+
tissues were harboring the cagA H. pylori strain. A
similar proportion of H. pylori infection (52%) and
cagA (26%) positivity was observed in the tumor tissue of the gastric cancer group. In comparison, H.
pylori infection (90%) and cagA positivity (73%) were
the highest in gastric pre-cancer lesions. In relation to
tobacco and alcohol abuse, H. pylori infection showed
an association with tobacco chewing, whereas we did
not observe any association between tobacco smoking
or alcohol abuse with prevalence of H. pylori infection
in the tissue of any of the patient groups studied.
CONCLUSION: High incidence of H. pylori infection
and carcinogenic cagA positive strain in pre-cancer lesions during gastric carcinogenesis may be associated
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nied with low socioeconomic conditions, the incidence
of gastric cancer is low in India, which could be partly
due to underreporting of this disease. In India, gastric
cancer is ranked the 5th and 7th most common cancer in
males and females, respectively[1,12]. Moreover, these cancers are detected very late due to misdiagnosis caused by
the absence of necessary health infrastructure and endoscopic clinics.
Gastric cancer associated with H. pylori infection evolves
as a consequence of histological changes in the mucosa
due to chronic inflammation, which culminates initially
into intestinal metaplasia (IM), dysplasia (Dys), and, at
later stages, intestinal (IC) or diffuse-type adenocarcinoma (DC)[13]. Not all strains of H. pylori are equally
pathogenic. The pathogenicity and virulence of H. pylori
is primarily determined by a set of genes (denoted as
pathogenicity island or PIA), among which the presence of the cytotoxin associated gene cagA codes for
protein that confers the pathogenic character to H. pylori
strains[14]. CagA+ H. pylori strains have strong association
with gastric cancer[15]. The CagA protein of H. pylori has
been shown to translocate into the cytoplasm of gastric
cells, where it mediates a number of cellular events including: rearrangement of the cytoskeleton, induction of
inflammatory mediators through the specific induction
of proliferative and oncogenic proteins (via induction of
oncogenic transcription factors like nuclear factor κB),
activating protein-1, phosphatidylinositol 3 kinase, signal
transducer and activator of transcription (STAT)-3[16,17]
that promote tumorigenic transformation. Despite disparity in the high rates of H. pylori infection, a low incidence of gastric carcinogenesis in India[2,18], and reports
of H. pylori prevalence in different types of gastric ailments (primarily non-malignant conditions like gastritis,
duodenal ulcers and gastric ulcer)[19-22], in India there is a
strong need for a comprehensive analysis of the prevalence of H. pylori infection and carcinogenic cagA positivity in gastric pre-cancer and cancer lesions, along with
its correlation with habits of tobacco and alcohol use
that are considered potential risk factors.
In the view of the above, the present study aided to
estimate the prevalence of carcinogenic cagA+ H. pylori
infection in different grades of pre-cancer and cancer
lesions, as well as to assess its association with clinicoepidemiological variables, particularly the habits of tobacco and alcohol abuse.

with the habit of chewing tobacco.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: UreC ; CagA ; Dysplasia; Intestinal metaplasia; Gastric adenocarcinoma; Tobacco chewing
Core tip: The manuscript deals with the role of Helicobacter pylori (H. pylori ) infection and its carcinogenic
cagA positivity during gastric cancer progression from
normal to pre-cancer and pre-cancer to adenocarcinoma, as well as its association with tobacco and alcohol use in these patients. Results showed that H. pylori
infection in general, and its carcinogenic cagA positive strains in particular, were associated with tobacco
chewing.
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INTRODUCTION
With nearly one million new cases estimated in 2008,
gastric cancer accounts for 7.8% of the total cancer
burden and is the second leading cause of cancer deaths
reported worldwide (738000/year)[1]. The distribution of
gastric cancer is particularly high in Asia, Latin America,
and some areas of Europe and Africa. Despite some of
the high risk populations being in Asian countries such
as Japan, Korea, and China, other Asian countries like
India present relatively low rates of gastric cancer[2].
Like other malignancies, data addressing the process
of multistage carcinogenesis for gastric cancer suggest
that pathogenesis of gastric cancer is associated with a
variety of environmental factors, like chronic gastritis[3]
and consumption of tobacco and alcohol[4,5]. Excluding
these, Helicobacter pylori (H. pylori) infection is considered
the most prominent risk factor for onset of gastric cancer. Based on experimental evidence by Marshall et al[6]
and subsequent clinico-epidemiological studies[7,8], in
1994 the International Agency for Research on Cancer
classified H. pylori as a group Ⅰ carcinogen[9]. Despite the
fact that H. pylori colonization is a risk factor for gastric
adenocarcinoma, various aspects such as association of
H. pylori with different grades of gastric cancer lesions,
necessity of its persistent infection in the carcinogenic
progression of malignant disease, and its correlation
with tobacco and alcohol habits of infected individuals,
particularly understanding of their pathological effects,
are poorly understood. Regardless of the prevailing and
varied tobacco and alcohol habits[10,11] and reportedly
high prevalence of pathogenic H. pylori strains accompa-
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MATERIALS AND METHODS
Clinical specimens and reagents
A total of 156 gastric tissues comprising 61 histologically normal, 30 pre-cancers [IM (n = 15) and Dys (n =
15)], and 65 adenocarcinomas [DC (n = 44) and IC (n
= 21)] prospective, but selectively-collected, endoscopic
biopsies were obtained prior to any chemo/radiotherapy
from the patients attending the Gastroenterology OutPatient Department of the Swaroop Rani Hospital (affiliated with the Motilal Nehru Medical College, Allahabad,
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Table 1 Clinico-epidemiological details of subjects enrolled in study n (%)
Clinico-epidemiological characteristics
Total subjects
Gender
Male
Female
Histopathological classification of lesions
Intestinal metaplasia
Dysplasia
Diffuse adenocarcinoma
Intestinal adenocarcinoma
Age (yr) (median)
Habits1
Tobacco chewers
Tobacco non-chewers
Tobacco smokers
Tobacco non-smokers
Alcoholic
Non-alcoholic
Multiple habits

Normal

Pre-cancer

Cancer (adenocarcinoma)

61

30

65

42 (68.9)
19 (31.1)
7-85 (40)
28 (45.9)
33 (54.1)
22 (36.1)
39 (64)
15 (24.6)
46 (75.4)
22 (36.1)

17 (56.7)
13 (43.3)

42 (64.6)
23 (35.4)

15 (50)
15 (50)
13-78 (41.5)

44 (67.7)
21 (32.3)
22-90 (55)

15 (50)
15 (50)
11 (36.7)
19 (63.3)
8 (26.7)
22 (73.3)
9 (30)

24 (37)
41 (63)
20 (30.8)
45 (69.2)
16 (24.6)
49 (75.4)
16 (24.6)

1

Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco and/or alcohol habits.

cal grading of cancer lesions was done as per Laurén’s
classification[23,24]. All reagents used in the study were of
analytical or molecular biology grade and procured from
Sigma Aldrich (St Louis, MO, United States) unless otherwise specified.

India) during the period of 2007-2012. IM and Dys were
grouped as gastric pre-cancer lesions, while DC and IC
were grouped as cancer lesions. Symptomatic, clinicallysuspected cases that were found to be histologically
normal (non-malignant) were used as controls. Patients
taking antibiotics, with a bleeding ulcer, suffering acute
hemorrhage from other sites in the upper gastrointestinal track, or having undergone stomach surgery were excluded. Written informed consent was obtained from all
subjects. The study was carried out in accordance with
the principles of the Helsinki Declaration. The Institutional Ethics Committees of the Motilal Nehru Medical
College, Allahabad and the Institute of Cytology and
Preventive Oncology, Noida, India approved this study
prior to its commencement. Clinico-epidemiological and
demographic details were taken from clinical record of
patients and captured on a pre-designed study pro forma.
The study questionnaire/case report form included details of tobacco use (chewing or smoking) and alcohol
use habits. Any person having these habits at the time of
examination or using tobacco or alcohol daily (at least
one cigarette or beedi/tobacco chew/alcohol shot) and
regularly (at least 3 d/wk) for 6 mo or more in the past
were grouped as tobacco users or alcoholics. A person
having more than one habit was grouped under multiple
habits. A summary of clinico-epidemiological characteristics included in the different disease groups is presented in Table 1.
Thorough endoscopic examination was done after
obtaining patient consent. Two biopsies from the lesion
were taken. One piece was immediately fixed in formalin
for routine histopathological examination, whereas the
other piece was collected in chilled 1xPBS for DNA isolation. Formalin-fixed tissues were processed routinely,
and 3 micron thick sections from paraffin blocks were
stained with hematoxylin and eosin. The histopathologi-
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Detection of H. pylori infection in gastric samples
DNA from gastric endoscopic biopsies was extracted
by commercially available DNA isolation kits for tissues
(Roche Diagnostics GmbH, Germany) as per the manufacturer’s protocol. H. pylori diagnosis was performed by
conventional ureC and cagA gene polymerase chain reaction (PCR) using a pair of pre-published primers derived
from the highly conserved ureC region[25] and cagA intragenic region[26], while β-globin amplification was used as
an internal control as previously described[27]. PCR assays
based on ureC and cagA pre-standardized primer could
detect at least 3.6 fg of bacterial DNA, which corresponds to approximately two H. pylori genomes[28]. PCR
was performed in a 25 μL reaction mixture containing
approximately 100 ng DNA, 10 mmol/L Tris-HCl (pH
8.4), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 125 μmol/L
of each dNTPs [dATP, dGTP, dCTP, and dTTP (Applied
Biosystems, CA, United States)], 5 pmol of oligonucleotide primers, and 0.5 U Taq DNA polymerase (Merck,
Bangalore Genei, India). Details of PCR primers with
their respective target region, primer sequence, amplicon
size, and amplification program are provided in Table 2.
DNA from known ureC and cagA gene positive H. pylori
strains and water blank were assayed invariably in each
PCR run as positive and negative controls, respectively.
After amplification, PCR products were electrophoresed
on 2% agarose gel along with 100 bp DNA ladder as a
molecular weight marker, visualized under an UV transilluminator, and documented in AlphaDigidoc (Alpha Innotech Corp. CA, United States).
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Table 2 Primer sequences, primer annealing positions, expected lengths of amplified DNA products, and amplification cycle of polymerase chain reaction performed in the study
Primer
Hp ureC-F
Hp ureC-R
Hp cagA-F
Hp cagA-R
β-globin-F
β-globin-R

Sequence

Annealing position

Product length (bp)

Amplification cycle

5’-AAG CTT TTA GGG GTG TTA
GGG GTT T-3’
5’-AAG CTT ACT TTC TAA CAC
TAA CGC-3’
5’-AAT ACA CCA ACG CCT CCA
AG-3’
5’-TTG TTG CCG CTT TTG CTC
TC-3’
5’-GAA GAG CCA AGG ACA GGT
AC-3’
5’-CAA CTT CAT CCA CGT TCA
ACC-3’

1293-1318

294

94 ℃, 10’, 36 cycle (94 ℃, 2’; 55 ℃, 2’; 72 ℃, 2’),
72 ℃, 10’

1587-1563
2593-2612

400

10’

2992-2973
195-176

268

+VE

-VE

N

N

Dys

Dys

94 ℃, 4’, 30 cycle (95 ℃, 30’’; 55 ℃, 30’’; 72 ℃, 1’),
72 ℃, 10’

54-73

Pre-cancer
M

94 ℃, 4’, 39 cycle (94 ℃, 2’; 59 ℃, 2’; 72 ℃, 2’), 72 ℃,

IM

Cancer
IM

DC

DC

IC

IC

←ureC (299 bp)

←cagA (399 bp)

←β-globin (268 bp)

Figure 1 Detection of Helicobacter pylori infection by ureC and cagA-specific polymerase chain reactions in human gastric biopsies. Representative agarose gel photographs showing specific polymerase chain reaction amplification of Helicobacter pylori ureC and cagA gene segments in DNA isolated from different
histopathological grades of gastric biopsies. N: Normal; Dys: Dysplasia; IM: Intestinal metaplasia; DC: Diffuse adenocarcinoma; IC: Intestinal adenocarcinoma; M:
Marker 100 bp ladder.

Statistical analysis
The relationships between PCR analysis and clinicoepidemiological parameters were tested using χ 2 and
Fischer’s Exact Test. Two-sided P values were calculated
and a P value of 0.05 or less was considered to be significant, while a P value of 0.001 or less was considered
highly significant. Multivariate linear regression analysis
was performed with age and gender stratification, and
age gender bias was adjusted while doing the statistics.

vealed the presence of generic and pathogenic H. pylori
strains, respectively (Figure 1). Tissues were considered
H. pylori positive if the DNA was positive for either of
the two PCRs. Analysis of H. pylori positivity in the gastric tissue of the hospital visiting symptomatic control
group revealed a H. pylori positivity of 61%, whereas
only 34% of the control gastric tissues were cagA+ (Table
3). On the other hand, the positivity of H. pylori infection
was the highest in pre-cancer tissues (93%) compared
to the control or cancer groups (Table 4). Moreover,
the pre-cancer tissues, irrespective of histopathological
grade, demonstrated a high prevalence of the cagA+ H.
pylori strain in this disease group (73%). Contrary to precancer tissues, gastric tissues from cancer lesions (DC or
IC) had a lower frequency of H. pylori infection (52%)
as well as a cagA positivity (26%) that more closely resembled the symptomatic control group (Table 5).
In general, study samples had an overrepresenta-

RESULTS
A total of 156 histologically-confirmed gastric tissues
from 65 adenocarcinoma (median age: 55 years; range:
22-90 years), 30 pre-cancer (median age: 41.5 years;
range: 13-78 years), and 61 symptomatic control patients
(median age: 40 years; range: 7-85 years) were examined
for H. pylori infection by ureC and cagA PCRs, which re-
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Table 3 Analysis of Helicobacter pylori gene expression in normal gastric tissues with clinico-epidemiological parameters n (%)
Clinico-epidemiological characteristics
Normal
Age (median 40 yr; range: 7-85 yr)
< 40
≥ 40
Gender
Male
Female
Habits1
Tobacco chewers
Tobacco non-chewers
Tobacco smokers
Tobacco non-smokers
Alcoholic
Non-alcoholic
Multiple habits

n

positive

ureC

P

cagA

P

Hp +ve

P

61

33 (54.1)

-

21 (34.4)

-

37 (60.7)

-

29
32

13 (44.8)
20 (62.5)

0.167

8 (27.6)
13 (40.6)

0.284

15 (51.7)
22 (68.8)

0.174

42
19

18 (42.9)
15 (78.9)

0.009

14 (33.3)
7 (36.8)

0.789

22 (52.4)
15 (78.9)

0.049

28
33
22
39
15
46
22

19 (67.9)
14 (42.4)
13 (59.1)
20 (51.3)
9 (60)
24 (52.2)
14 (63.6)

0.047

14 (50)
7 (21.2)
11 (50)
10 (25.6)
6 (40)
15 (32.6)
10 (45.5)

0.018

20 (71.4)
17 (51.5)
15 (68.2)
22 (56.4)
10 (66.7)
27 (58.7)
15 (68.2)

0.113

Total cases

0.557
0.597
0.262

positive

0.055
0.601
0.173

0.366
0.583
0.366

1

Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco and/or alcohol habit.

Table 4 Analysis of Helicobacter pylori gene expression in pre-cancer gastric tissues with clinico-epidemiological parameters n (%)
Clinico-epidemiological characteristics

Total cases

n

positive

ureC

P

Pre-cancer
Age (median: 41.5 yr; range: 13-78 yr)
< 41.5
≥ 41.5
Gender
Male
Female
Types
Dysplasia
Intestinal metaplasia
Habits2
Tobacco chewers
Tobacco non-chewers
Tobacco smokers
Tobacco non-smokers
Alcoholic
Non-alcoholic
Multiple habits

30

27 (90)

0.0011

15
15

14 (93.3)
13 (86.7)

17
13

P

Hp +ve

P

22 (73.3)

< 0.0011

28 (93.3)

< 0.0011

0.543

11 (73.3)
11 (73.3)

1.00

14 (93.3)
14 (93.3)

1.00

15 (88.2)
12 (92.3)

0.713

14 (82.4)
8 (61.5)

0.201

16 (94.1)
12 (92.3)

0.844

12
18

12 (100)
15 (83.3)

0.136

9 (75)
13 (72.2)

0.866

12 (100)
16 (88.9)

0.503

15
15
11
19
8
22
9

13 (86.7)
14 (93.3)
11 (100)
16 (84.2)
8 (100)
19 (86.4)
9 (100)

0.543

12 (80)
10 (66.7)
10 (90.9)
12 (63.2)
7 (87.5)
15 (68.2)
8 (88.9)

0.409

14 (93.3)
14 (93.3)
11 (100)
17 (89.5)
8 (100)
20 (90.9)
9 (100)

1.000

0.165
0.271
0.232

cagA

positive

0.098
0.290
0.207

0.265
0.377
0.338

1

Normal vs pre-cancer; 2Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco
and/or alcohol habits.

as no association between H. pylori infection and tobacco
smoking, alcohol consumption, or a combination of the
two could be ascertained (Tables 3-5).

tion of males in each disease group. Excluding gastric
tissues from females in the symptomatic control group
(who expressed significantly higher H. pylori positivity),
there was no gender bias in H. pylori infection in precancer or cancer tissue types. To understand the effect
of confounding factors on the final outcome, age and
gender stratification was performed and adjusted while
doing the statistics. We also performed multivariate linear regression analysis, which again showed that these
two factors did not play any significant role in the final
outcome. Moreover, gastric tissue from these female
patients showed no difference in the frequency of the
pathogenic strain when compared to cagA positivity.
H. pylori infection in general and cagA positivity in
particular was strongly associated with the habit of
chewing tobacco irrespective of the disease group, where-
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DISCUSSION
The present study was conducted to perform a comparative analysis of H. pylori infection, and to examine the
potential contribution of carcinogenic cagA+ strains in
gastric cancer progression and their association with tobacco use and alcohol abuse that may play a permissive
role in carcinogenic transformation. Our results demonstrate that the frequency of H. pylori infection was highest in precancerous gastric lesions and was associated
with the habit of chewing tobacco. Pre-cancer lesions,
irrespective of histopathological grade, had a relatively
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Table 5 Analysis of Helicobacter pylori gene expression in adenocarcinoma gastric tissues with clinico-epidemiological parameters n (%)
Clinico-epidemiological Characteristics
Adenocarcinoma
Age (median 55 yr; range: 22-90 yr)
< 55
≥ 55
Gender
Male
Female
Types
Diffuse
Intestinal
Habits3
Tobacco chewers
Tobacco non-chewers
Tobacco smokers
Tobacco non-smokers
Alcoholic
Non-alcoholic
Multiple habits

Total cases

n

ureC

positive

P

cagA

positive

P

Hp +ve

P

65

33 (50.8)

< 0.0011
0.7082

17 (26.2)

< 0.0011
0.3122

34 (52.3)

< 0.0011
0.3452

31
34

14 (45.2)
19 (55.9)

0.388

10 (32.3)
7 (20.6)

0.285

15 (48.4)
19 (55.9)

0.546

42
23

22 (52.4)
11 (47.8)

0.725

10 (23.8)
7 (30.4)

0.561

23 (54.8)
11 (47.8)

0.592

44
21

24 (54.5)
9 (42.9)

0.378

13 (29.5)
4 (19)

0.368

25 (56.8)
9 (42.9)

0.292

24
41
20
45
16
49
16

19 (79.2)
14 (34.1)
10 (50)
23 (51.1)
9 (56.2)
24 (49)
9 (56.2)

< 0.001

12 (50)
5 (12.2)
8 (40)
9 (20)
4 (25)
13 (26.5)
6 (37.5)

0.001

19 (79.2)
15 (36.6)
11 (55)
23 (51.1)
9 (56.3)
25 (51)
9 (56.3)

0.001

0.934
0.614
0.614

0.090
0.904
0.234

0.772
0.716
0.716

1

Pre-cancer vs adenocarcinoma; 2Normal vs adenocarcinoma; 3Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits
include two or more of any tobacco and/or alcohol habits.

high proportion of carcinogenic cagA+ strains. However,
frequency of H. pylori infection or cagA positivity was
detected at low levels in tumor tissue of adenocarcinoma
lesions that more closely resembled the symptomatic
control group.
Our PCR data demonstrated the presence of H. pylori
infection in each disease group (a significant proportion
of which was cagA+), although its prevalence varied in
different types of gastric tissues. Our study showed the
presence of H. pylori infection in 61% of histologically
normal, but symptomatic, individuals. Studies carried out
using serological or microscopic tests reported a variable presence of H. pylori infection in the gastric mucosa
that ranged from 15%-92% in different adult populations worldwide[8]. An earlier study on H. pylori revealed
a high prevalence of this pathogen, which could reach
as high as 80%[20,29]. However, the prevalence of H. pylori
shows major variations in ulcers, gastritis, and dyspepsia
in India[20,21,29,30]. Despite high H. pylori prevalence, its importance in the progression of malignant gastric lesions
is still debated. The high prevalence of H. pylori infection but correspondingly low incidence of gastric cancer
in Asian countries like India is still a major paradox[18].
Accumulating evidence indicates a major variation in
H. pylori prevalence that ranged from 45%-87.5%[20,21,31].
Moreover, it is important to note that prevalence of H.
pylori infection in asymptomatic individuals increases
with age; 56%-63% in the adult population[31]. The association between carcinogenic H. pylori and progression
of gastric carcinoma may have been previously under- or
overestimated due to the poor accuracy of serologic H.
pylori markers, lack of discrimination of infecting genotypes, and the inclusion of previously resolved exposure
with concurrent infection. Studies showed that PCR is a
more accurate and sensitive technique than conventional
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methods like histopathology, rapid urease tests, and serological assays in detecting H. pylori infection[32]. Among
the different primers of H. pylori genes, ureC and cagA
gene primers are most frequently used in different studies[25,26], and represent the identification of generic and
pathogenic H. pylori strains, respectively.
Our PCR-based analysis revealed the presence of a
lower percentage of the pathogenic cagA+ strain in overall H. pylori infection in symptomatic individuals. However, other investigators have demonstrated a higher
percentage of cagA positivity that ranged up to 90% in
duodenal ulcers and gastritis in different geographical
location[33]. Further investigation of H. pylori infection
in pre-cancer gastric tissues revealed a high frequency
of H. pylori infections in intestinal metaplasia (89%) and
dysplasia (100%); interestingly, the majority of these
infections were cagA+. Information regarding the prevalence of pathogenic cagA+ H. pylori in pre-cancer lesions
in India is grossly inadequate. Prevalence of H. pylori
has been described in some reports that addressed precancer lesions in isolation[34,35]. However, a comparative
analysis of H. pylori infection within pre-cancer and adenocarcinoma groups in a single population have not yet
been made, which, in purview of the variability in the
frequency of H. pylori and its virulent strain, is essential
in order to understand the pathogenic role of H. pylori
in different stages of gastric carcinogenesis. Nevertheless, data from other geographical regions demonstrate
that the prevalence of H. pylori ranges from 34%-71%
in different studies[36-38], whereas prevalence of the H.
pylori cagA strain showed a frequency that ranged from
40%-52% in other studies[39,40]. In contrast, we observed
a high frequency of cagA in pre-cancer lesions. CagA
is a bacterial oncoprotein that functionally mimics the
mammalian Gab family of adaptor proteins and is re-
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sponsible for gastric carcinogenesis[41]. H. pylori infection
is significantly associated with intestinal metaplasia (72%)
and dysplasia (75%) of pre-cancerous lesions, while in
adenocarcinoma H. pylori-cagA infection was significantly
higher in the diffuse type than the intestinal type of adenocarcinoma. It is unknown as to why there are high
overall H. pylori or cagA+ strains in pre-cancer lesions but
not in cancer lesions in our clinical specimens, as well
as the reason for the low incidence of gastric cancer. In
view of observations by both us and others, it is likely
that the Indian population is highly prone to carcinogenic H. pylori infection. However, due to the prevailing
medical practice of indiscriminate and widespread overuse of antibiotics in the treatment of gastric and other
ailments[42], carcinogenic progression of H. pylori induced
lesions may be prevented.
In contrast to pre-cancer lesions, the prevalence of H.
pylori was characteristically lower in cancer tissues (52%);
more closely resembling the symptomatic control group.
Globally, prevalence of H. pylori infection ranges from
27%-92% in advanced gastric carcinoma (predominantly
intestinal type)[18]. On the other hand, H. pylori infection in gastric cancer lesions in studies from different
regions of India demonstrates similar H. pylori positivity (43%-86%)[35,43,44], which was closer to the frequency
detected in the present investigation. Interestingly, we
found a low frequency of cagA+ strains in gastric cancer
tissues, whereas a study from another group from India showed a high proportion of cagA positivity (up to
100%), of which 86% cases were found to possess H. pylori with intact cagA-PAI[45]. It is likely that cagA+ H. pylori
in cancer lesions are a remnant of a more carcinogenic
infection that could have been involved in tumorigenic
transformation.
Though the sample size in our study showed a male
gender bias in gastric pre-cancer and cancer lesions, H.
pylori infection was not age or gender specific. Incidentally, symptomatic females showed significantly higher
H. pylori infection than males, though they did not differ
in cagA positivity. Contrary to this observation, gastric
cancer incidence in India is reported to be lower in
Indian females[12]. The reasons behind such discrepant
observations are not clear. The high prevalence of H.
pylori infection may be due to poor household hygiene in
rural areas and addiction to tobacco, particularly chewing
tobacco, in females which is quite frequent in northern
India[11,46]. According to a population-based epidemiological study, women significantly (P < 0.00001) preferred
smokeless/chewable tobacco compared to smoking[11].
Moreover, it has been generally observed that females
from rural areas usually do not come to referral hospitals until they have significant symptoms, whereas males
report even if symptoms are milder. It is quite likely that
this phenomenon resulted in the higher percentage of
females who came for endoscopy having H. pylori infection than males in the control and pre-cancerous groups,
whereas in cancer cases, where both genders had equally
severe symptoms, such a bias did not exist.
Analysis of H. pylori infection with habits of tobacco
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and alcohol abuse in different disease groups revealed
an association of tobacco chewing with H. pylori infection, whereas its association with tobacco smoking or
alcoholism could not be established in our study. Tobacco smoking and alcoholism have been indicated as
risk factors for gastric cancer[47,48], and the association
of tobacco use and H. pylori infection is equally frequent[49,50]. However, the mechanism by which these factors cooperate during gastric carcinogenesis is not clear.
Tobacco chewing is a highly prevalent practice in the low
socioeconomic strata population in India[11,46]. Our study
demonstrates that habit of tobacco chewing in general,
and specifically in combination with contaminated hands
or unhygienically-prepared tobacco in such forms as
khaini, local snuff, and lime-tobacco, could be a major
factor promoting the transmission of H. pylori. Interestingly, in a study on a Yemeni population, a similar habit
of chewing qat was found to be associated with high H.
pylori infection[51], which supports our findings regarding
the association of chewing tobacco with infection of H.
pylori.
Although the onset of H. pylori infection starts in
early childhood, our study group comprised subjects
older than 17 years (except two cases of 7 and 13 yearolds who did not use tobacco in any form). Therefore,
H. pylori positive subjects in the present study might have
received prior exposure to H. pylori infection in early
childhood by tobacco use or other means. A significant
association between tobacco chewing and H. pylori in
the cancer group, but not in the control or pre-cancer
groups, further shows that H. pylori and tobacco may act
as a co-carcinogen. It is likely that the toxic effect of tobacco may further promote cagA+ H. pylori-mediated carcinogenic transformation in gastric epithelial cells over a
long time period. A large cross-sectional epidemiological
study in school children demonstrated that 11.2% of
school-going children were addicted to tobacco in some
form. Interestingly, 2.5% of the study subjects were
“exclusive tobacco chewers” and the mean age of initiation of these habits in school children was found to be
around 12.4 years[52]. Moreover, the likelihood of concurrent H. pylori infection due to tobacco being contaminated by being rubbed on the palm prior to use cannot
be ruled out.
Overall, our study provides a comprehensive account
of generic and cagA+ H. pylori infection in different gastric pre-cancer and cancer lesions, and demonstrates a
high incidence of H. pylori infection and carcinogenic
cagA+ strains in pre-cancer lesions during gastric carcinogenesis that may be acquired orally due to the habit of
chewing tobacco or other similar abusive products.
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(TBil), and albumin were used to evaluate it during
plasma circulation. Mass transfer and hepatocyte injury
were evaluated by comparing the results from the two
experimental conditions. In addition, the viability and
microstructure of encapsulated cells were observed in
the different environments.
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RESULTS: The bioartificial liver model based on a
CFBB was verified by in vitro experiments. The viability
of encapsulated cells accounting for 84.6% ± 3.7% in
CFBB plasma perfusion was higher than the 74.8% ±
3.1% in the static culture group (P < 0.05) after 6 h.
ALT release from cells was 29 ± 3.5 U/L vs 40.6 ± 3.2
U/L at 12 h (P < 0.01) in the CFBB medium circulation
and static medium culture groups, respectively. Albu7
min secretion from cells was 234.2 ± 27.8 µg/1 × 10
7
cells vs 167.8 ± 29.3 µg/1 × 10 cells at 6 h (P < 0.01),
7
274.4 ± 34.6 µg/1 × 10 cells vs 208.4 ± 49.3 µg/1 ×
7
10 cells (P < 0.05) at 12 h, in the two medium circulation/culture groups, respectively. Furthermore, ALT and
TBil levels were 172.3 ± 24.1 U/L vs 236.3 ± 21.5 U/L (P
< 0.05), 240.1 ± 23.9 µmol/L vs 241.9 ± 31.4 µmol/L (P
> 0.05) at 6 h in the CFBB plasma perfusion and static
plasma culture groups, respectively. There was no significant difference in albumin concentration between
the two experimental plasma groups at any time point.
The microstructure of the encapsulated hepatocytes remained healthier in the CFBB group compared with the
static culture group after 6 h of plasma perfusion.

Abstract
AIM: To construct and evaluate the functionality of a
choanoid-fluidized bed bioreactor (CFBB) based on microencapsulated immortalized human hepatocytes.

CONCLUSION: The CFBB can function as a bioartificial
liver based on a bioreactor. The efficacy of this novel
bioreactor is promising for the study of liver failure.

METHODS: Encapsulated hepatocytes were placed in
the constructed CFBB and circulated through Dulbecco’s
Modified Eagle’s Medium (DMEM) for 12 h, and then
through exchanged plasma for 6 h, and compared with
encapsulated cells cultivated under static conditions in
a spinner flask. Levels of alanine aminotransferase (ALT)
and albumin were used to evaluate the CFBB during
media circulation, whereas levels of ALT, total bilirubin
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Core tip: We constructed a novel choanoid fluidized bed
bioreactor (CFBB) and received a national invention
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ized bed. In a fixed bed, the beads cannot withstand the
extreme stresses caused by high perfusion velocity. The
fluid often mobilizes through channels in the space that
is devoid of beads, which results in formation of a void
volume or dead space in the traditional fixed bed bioreactors. We developed a BAL based on a choanoid-fluidized
bed bioreactor (CFBB) configuration that allowed the fluidization of AC beads in which cells can be immobilized.
In terms of liver support, substances such as albumin
and other macromolecules should be exchanged between
the ambient media (the patient’s plasma) and the encapsulated cells. Mass transfer occurs in both directions:
from the surrounding fluid into the beads (oxygen, nutrients, or substances to be metabolized by hepatocytes),
and from the beads into the surrounding fluid (substances
secreted by the cells).
To confirm the functionality of the CFBB, it is important to demonstrate stable function of the encapsulated immortalized human hepatocyte line during perfusion
in culture medium or potentially toxic liver failure plasma.
So far, only a few groups have attempted to assess its effects on cells grown in 3D cultures in the context of a
BAL[18,19]. Other studies that assessed functionality of 3D
hepatocyte cultures in putative BALs perfused their systems with culture medium[20]. In this study, we evaluated
the newly constructed bioreactor using AC microcapsules
that contained the immortalized HepLi4 human hepatocyte line established in our laboratory.

patent. We evaluated the CFBB functionality based on
microencapsulated immortalized human hepatocytes.
For this purpose, we placed the cultured hepatocytes
into the CFBB and circulated through Dulbecco’s Modified Eagle’s Medium media for 12 h and through exchanged plasma for 6 h. The bioartificial liver based
on a fluidized-bed bioreactor with microencapsulated
immortalized human hepatocytes appeared to be effective for improving severe hepatitis plasma parameters.
The efficacy of this novel bioreactor is promising for the
study of liver failure.
Yu CB, Pan XP, Yu L, Yu XP, Du WB, Cao HC, Li J, Chen P,
Li LJ. Evaluation of a novel choanoid fluidized bed bioreactor for future bioartificial livers. World J Gastroenterol 2014;
20(22): 6869-6877 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i22/6869.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6869

INTRODUCTION
Despite recent considerable improvements in supportive
therapy, fulminant hepatic failure has a high mortality worldwide[1]. To date, the only effective long-term
treatment is orthotropic liver transplantation. However,
there is a worldwide shortage of organ donors. A bioartificial liver (BAL) support system represents a new tool
for end-stage liver failure after injury or for bridge-totransplantation use[2,3]. Researchers have developed extracorporeal BALs to investigate the potential performance
of hepatocytes immobilized in a bioreactor. Such devices
should be able to replace all or most liver functions[4,5].
Presently, various configurations of BALs have been
proposed using flat plate and monolayer bioreactors[6,7],
hollow fiber[8,9], perfused beds or scaffolds[10-12], beds with
encapsulated or suspended cells[13,14], and other complicated configurations with compound bioreactors[15]. The
most widely investigated bioreactor at present is based on
a hollow fiber membrane. However, this model is difficult
to scale-up. Moreover, the semipermeable membrane can
act as a diffusion barrier between the hepatocytes and the
plasma of patients; therefore, the xenogenic hepatocytes
are placed directly in contact with patient plasma without
an impermeable immunological barrier. As such, hepatocytes immobilized into alginate/chitosan (AC) microcapsules might be an interesting alternative.
Encapsulated cells hosted in bioreactors may enhance
mammalian cell culture within a controlled and efficient
environment[16]. At present, AC has been widely applied
for immobilization or encapsulation of biological constituents because of its stability, compatibility and simplicity
of use[17]. This immobilization allows growth of hepatocytes in a favorable environment: the porous structure
of AC maintains a close interaction with the external
medium. Exchange between beads and medium can be
achieved in flasks or bioreactors. Within a bioreactor, the
microcapsules are usually hosted either in a fixed or fluid-

WJG|www.wjgnet.com

MATERIALS AND METHODS
CFBB
The CFBB consists of a column containing AC beads.
The column size was 500 mL, which was designed for
a perfusion plasma flow rate ranging from 80 to 120
mL/min and a bead volume of 400 mL. The bioreactor
height allowed for a safety volume theoretically free of
beads at the top of the column. The materials used for
the cylinders were biocompatible. The different components are shown in Figure 1 and are labeled for reference.
The microcapsule access port enabled ease of filling of
microencapsulated hepatocytes, while the blood sample
port allowed fluid samples to be taken during operation.
In addition, the cell sieve prevented cells or cell debris
from being released into the fluid circulation. The total
length of the CFBB was 250 mm. This bioreactor device
has received a national invention patent (patent number:
ZL200710070279.0).
Immortalization of human hepatocytes
The immortalization of HepLi4 was established from a
brain-dead male by transfection with pcDNA 3.1 (-) recombinant plasmid containing the genes encoding SV40
LT antigen.
Hepatocyte isolation and microencapsulation
preparation
The hepatocytes were cultured for 4 d, isolated, and then
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Figure 2 Fluidized bed bioreactor artificial liver. General setup includes the
bioreactor hosting alginate/chitosan (AC) beads in the continuous fluidized bed
motion.
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idized bed bioreactor (n = 5 tests)
Extracorporeal culture medium perfusion
Culture medium was introduced at the bottom of the
bioreactor. For the in vitro experiment, a 1500-mL reservoir was installed between the peristaltic pump and BAL
module. Oxygen was supplied by bringing the culture
medium into contact with a gas mixture of 95% O2 and
5% CO2, using silastic tubing. The optimal flow rate of
fluid for proper fluidization of entrapped hepatocytes
was 100 mL/min, and the temperature was maintained at
37 ℃ (Figure 2).

Figure 1 Different components of the choanoid fluidized bed bioreactor. 1:
Blood inflow; 2: Blood outflow; 3: Microcapsules accessing port; 4: Upper valve;
6: Lower valve; 5: Blood sample port; 7 and 8: Cell sieve; 9: Microcapsulated
hepatocytes; 10: Choanoid container; 11: Cellular filter; 12: Buffer zone.

suspended in 1.8% high-viscosity sodium alginate solution (Sigma, St Louis, MO, United States). The concentration of hepatocytes in the final solution was 2 × 106
viable cells/mL. Droplets of cell solution formed by a
drop generator fell into a 0.6% (w/v) chitosan solution;
the size of droplets ranged from 500 to 600 mm. The
microencapsulation procedure has been described previously [21]. After culturing in special spinners for 2 wk, the
microencapsulated hepatocytes achieved their maximum
functionality[22]. Viable hepatocytes (5 × 109 cells) were
loaded into the CFBB.

Determination of BAL medium perfusion system in vitro
Cell viability: Cell viability was assessed by trypan blue
exclusion before and after medium perfusion. The cell
count was performed with a hemocytometer as hepatocytes were detached after AC dissolution in citrate buffer
(pH 7.4).

Preparation of CFBB
The CFBB was treated with hypochlorite solution,
ethanol, and 0.02% collagen solution (Nichirei, Tokyo,
Japan). Dulbecco’s Modified Eagle’s Medium (DMEM)
was passed through the circuit for 2 h prior to the experiment. Microencapsulated hepatocytes (5 × 109), which
had a viability consistently > 90%, were loaded into the
CFBB. A CFBB containing AC microcapsules encapsulating viable hepatocytes was inserted in the flow circuit
containing a medium reservoir and peristaltic pump.

Function of the BAL medium perfusion system: Independent experiments were performed five times with
the BAL device. Samples of microencapsulated hepatocytes in DMEM were obtained at 2-h intervals during
12 h of circulation. Changes in alanine aminotransferase
(ALT) and albumin levels were determined with an automatic biochemical analyzer (Hitachi 7600, Tokyo, Japan).
Exchanged plasma perfusion in vitro : The exchanged
plasma, collected from patients with severe hepatitis, was
diluted twice with physiological saline, which was set up
at the bottom of the bioreactor, as described above, for
the in vitro experiments (Figure 2). The optimal flow rate
of fluid for proper fluidization of entrapped hepatocytes
was 85 mL/min, and the temperature was maintained at

Study groups
Group 1 (Control group): AC microcapsules hosting cells
in static medium/plasma (n = 5 tests). Group 2 (Experimental group): AC microcapsules hosting cells in the flu-
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Figure 3 Changes in alanine aminotransferase in encapsulated hepatocytes in medium (n = 5). Levels are given as U/L (mean ± SD), (gray bar)
encapsulated in alginate/chitosan (AC) microcapsules in static conditions; (white
bar) encapsulated in AC microcapsules and placed in the choanoid-fluidized
bed bioreactor. Student’s t test (aP < 0.05; bP < 0.01, static vs fluidized). NS:
Not significant; ALT: Alanine aminotransferase.

Figure 4 Secretion of albumin from encapsulated hepatocytes in medium
(n = 5). The levels are given as μg/L (mean ± SD), (gray bar) encapsulated in
alginate/chitosan (AC) microcapsules in static conditions; (white bar) encapsulated in AC microcapsules and placed in the choanoid-fluidized bed bioreactor.
Student’s t test (aP < 0.05, 4 h vs 6 h in Static; bP < 0.01, 4 h vs 6 h in Fluidized;
d
P < 0.01, 4 h vs 12 h in Static; dP < 0.01, 4 h vs 12 h in Fluidized; eP < 0.05,
6 h vs 12 h in Fluidized; hP < 0.01, Static at 6 h vs Fluidized at 6 h; iP < 0.05,
Static at 12 h vs Fluidized at 12 h). NS: Not significant.

37 ℃.
Determination of the BAL plasma perfusion system in
vitro
Cell viability: Cell viability was assessed by trypan blue
exclusion before and after plasma perfusion, as described
above.

RESULTS
Cell viability
The viability of encapsulated cells in the CFBB group
was 93.5% ± 3.2% at the beginning of the experiment
and 90.6% ± 6.5% after 12 h (P > 0.05). The viability of
encapsulated hepatocytes in the static culture flask decreased from 93.9% ± 4.4% to 86.8% ± 3.8% after 12 h
(P > 0.05).

Function of the BAL plasma perfusion system: Independent experiments were performed five times with the
BAL device. Plasma samples were obtained before and
after circulation. Changes in ALT, total bilirubin (TBil)
and albumin levels were determined.

Function of the BAL medium perfusion system
ALT levels: As shown in Figure 3, ALT was released
from beads containing hepatocytes maintained under
static culture conditions and culture medium in the
CTBB. In the fluidized bioreactor group, the ALT release
was 16.4 ± 2.7 U/L after 2 h, which increased to 29 ± 3.5
U/L after 12 h. ALT released from the cells in the static
culture group was 19 ± 2.7 U/L at 2 h and 40.6 ± 3.2
U/L at 12 h. These data indicate that ALT release from
the fluidized bioreactor was significantly lower compared
with that from the static medium culture group from 4 to
12 h (4 h, 12 h, P < 0.01; 6 h, P < 0.05).

Transmission electron microscopy: Microencapsulated hepatocytes in the fluidized bed and static culture
groups obtained before and after circulation were observed by transmission electron microscopy (TEM)
(JEM-1200EXII; Jeol). Specimens were fixed in 2.5%
glutaraldehyde (pH 7.4) overnight at 4 ℃, followed by
post-fixation in 1% osmium tetroxide for 1 h and by progressive dehydration in an ethanol series (50%-100%, v/
v), and then finally embedded in Epon (Hexion Specialty
Chemicals, Columbus, OH, United States), followed by
pathological serial thin sectioning. Thin sections were observed and photographed using an electron microscope
(JEM-1200EXII; Jeol). The specimens were examined by
TEM after plating with gold under a vacuum. Areas for
examination were randomly chosen.

Albumin secretion: As indicated in Figure 4, the amount
of albumin secreted after 2 h (94.4 ± 11.1 µg/1 × 107
cells) significantly increased after 6 h in the cells within
the CFBB (234.2 ± 27.8 µg/1 × 107 cells) (P < 0.01), and
further increased to 274.4 ± 34.6 µg/1 × 107 cells (P <
0.01) after 12 h. The amount of albumin secreted from
cells in the static culture group was 94.6 ± 19.8 µg/1
× 107 cells, 167.8 ± 29.3 µg/1 × 107 cells, and 208.4 ±
49.3 µg/1 × 107 cells at 2 h, 6 h, and 12 h, respectively.
Albumin secretion from cells in the CFBB group was sig-

Statistical analysis
Measurements are presented as mean ± SD and comparisons were made using Student’s t test. In univariate
analyses significance was accepted at P ≤ 0.05. SPSS for
Windows Version 16.0 (Chicago, IL, United States) was
used for data analysis.
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Figure 7 Secretion of albumin from encapsulated hepatocytes in exchanged plasma (n = 5). The levels are given as g/L (mean ± SD), (gray bar)
encapsulated in alginate/chitosan (AC) microcapsules in static conditions; (white
bar) encapsulated in AC microcapsules and placed in the choanoid-fluidized
bed bioreactor. Student’s t test. NS: Not significant.

Figure 5 Changes in alanine aminotransferase in encapsulated hepatocytes in exchanged plasma (n = 5). The levels are given as U/L (mean ±
SD), (gray bar) encapsulated in alginate/chitosan (AC) microcapsules in static
conditions; (white bar) encapsulated in AC microcapsules and placed in the
choanoid-fluidized bed bioreactor. Student’s t test (aP < 0.05, Static vs Fluidized
bed; bP < 0.01, 0 h vs 6 h). NS: Not significant; ALT: Alanine aminotransferase.
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and after plasma perfusion through the fluidized bed
increased after 6 h (from 141.7 ± 31.9 U/L to 172.3 ±
24.1 U/L, P < 0.05). There was a significant increase in
ALT levels in the plasma of the static culture group after
6 h (139 ± 37.6 to 236.3 ± 21.5 U/L, P < 0.01). The level
of ALT after the experiment in the static plasma culture
group was significantly higher than in the plasma in the
fluidized bed group (P < 0.05).
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Figure 6 Changes in total bilirubin in encapsulated hepatocytes in exchanged plasma (n = 5). The levels are given as μmol/L (mean ± SD), (gray
bar) encapsulated in alginate/chitosan (AC) microcapsules in static conditions;
(white bar) encapsulated in AC microcapsules and placed in the choanoidfluidized bed bioreactor. Student’s t test. NS: Not significant; TBil: Total bilirubin.

TBil concentration: As shown in Figure 6, the concentration of TBil before and after plasma perfusion through
the fluidized bed decreased (228.7 ± 24.3 µmol/L to
240.1 ± 23.9 µmol/L, P > 0.05), while the concentration
in the plasma before and after static culture showed no
significant change (226.6 ± 27.8 µmol/L to 241.9 ± 31.4
µmol/L, P > 0.05). The TBil concentration in the plasma
perfusion group after the experiment was not significantly different compared with that of the static plasma
culture group (P > 0.05).

nificantly higher than that from cells in the static culture
group over 6-12 h (6 h, P < 0.01; 12 h, P < 0.05).

ALB concentration: As shown in Figure 7, there was no
significant difference in albumin concentration between
the two experimental groups at any time point.
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Determination of the BAL plasma perfusion system in vitro
Cell viability: The viability of encapsulated cells in the
fluidized bed plasma perfusion group was 94.5% ± 3.2%
at the beginning of the experiment, which decreased
to 84.6% ± 3.7% after 6 h (P < 0.05). The viability of
encapsulated hepatocytes in the static culture flask decreased from 95.2% ± 4.4% at the beginning of the experiment to 74.8% ± 3.1% after 6 h (P < 0.01). The two
groups were significantly different after 6 h (P < 0.05).

TEM
Before the experiments, encapsulated hepatocytes were
maintained in a healthy growth state with cohesive colonies. TEM showed normal hepatocyte subcellular architecture with mitochondria, endoplasmic reticulum, nuclei
with prominent nucleoli, lipid vacuoles, and pools of glycogen. In addition, desmosomes, hemidesmosomes, bile
canaliculi-like formation, and junction complexes were
well formed, and there was striking formation of canaliculi lined with microvilli (Figure 8). After the experiments,
encapsulated hepatocytes in the CFBB group still possessed numerous mitochondria, endoplasmic reticulum,

Function of the BAL plasma perfusion system
ALT levels: As shown in Figure 5, ALT levels before
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Figure 8 Transmission electron microscopy of alginate/chitosan-encapsulated cells in plasma before testing (× 12000). A: Low-power view of a single spheroid with an alginate bead shows cohesive colonies of cuboidal cells; B: High-power view showing cytoplasmic organelles, rough endoplasmic reticulum (RER), glycogen granules and mitochondria; C: Extensive microvilli, bile canalicular formation, junctional complexes and desmosomes; D: Tight junction.
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Figure 9 Transmission electron microscopy of alginate/chitosan-encapsulated cells in choanoid-fluidized bed bioreactor after 6 h plasma fluidization (×
12000). A, B, C: High-power view showing cytoplasmic organelles, rough endoplasmic reticulum (RER), glycogen granules and mitochondria; D: Small amount of
vacuolization.
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A
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C

Figure 10 Transmission electron microscopy of alginate/chitosan-encapsulated cells in the choanoid-fluidized bed bioreactor after 6 h of static culture (×
12000). A: High-power view showing many organelles, mitochondria; B: High–power view showing some microvilli and tight junctions; C: A few nuclei showed shrinkage and some cells showed vacuolar degeneration.

desmosomes, bile canaliculi-like formation, and junction
complexes, with little vacuolization (Figure 9). However,
some cells in the static plasma culture group had shrunken nuclei and some cells showed vacuolar degeneration,
although there were cells with many organelles, mitochondria, microvilli, and tight junctions (Figure 10).

the CFBB. We determined whether hepatocytes could
function properly in the fluidization state compared with
those in the static culture conditions, in the presence of
plasma isolated from patients with severe hepatitis. Perfusion was conducted for 6-12 h, which corresponds to the
length of a session of plasma exchange in combination
with continuous renal replacement therapy. It is generally recognized that the extracorporeal circulation should
be interrupted after this time period and that several
consecutive sessions, using several bioreactors, should be
performed before transplantation[23,24]. Therefore, we did
not study the long-term metabolism of encapsulated hepatocytes because the application of the bioreactor is not
recommended as a long-term culture device.
In vitro media circulation is easier to perform; therefore, we compared the function of the encapsulated
hepatocytes under fluidized vs static culture conditions.
The index of encapsulated hepatocyte injury, such as
the release of ALT, was significantly lower in the fluidized bed group because microcapsules provided a 3D
growth environment, and the fluidization state of the
encapsulated hepatocytes in the CFBB promoted more
rapid bidirectional mass exchange. In contrast, diffusion
of metabolites from encapsulated hepatocytes was slower
from the microcapsules in the static culture group, which
could lead to accumulation of metabolites and perhaps
damage to the hepatocytes. Furthermore, the hepatocytes
in the static culture lacked effective nutrition because they
clustered together. Therefore, the level of ALT increased
in the static culture group, while there was no significant
increase observed in the CFBB group. This indicated
increased mass exchange caused by the fluidization and
diffusion through the myriad of micropores in the microcapsules. Similarly, the level of albumin released from
hepatocytes in the CFBB group was higher compared
with that in the static culture group. These data indicate
that fluidization in the CFBB could improve the function
and viability of encapsulated hepatocytes.
To better evaluate the CFBB, the exchanged plasma
from patients with severe hepatitis was used to simulate
patient treatment. The plasma circulated through the

DISCUSSION
Day 14 was determined to be the optimal time to use the
cells for the CFBB devices, which were constructed by
scaling up and evaluating the encapsulated immortalized
human hepatocyte cells with spinner cultivation (data not
shown). The work described here will provide an important foundation to evaluate the bioreactor for future use
as a BAL. We also investigated the structural parameters
of the bioreactor, which play a key role in providing beneficial technical support for the bioreactor assessment.
Using the CFBB, we investigated the effect of fluidization on the metabolism of the encapsulated hepatocytes
by circulating culture medium for 6-12 h, and to verify
whether this bioreactor could replace part of the normal
liver and serve as an extracorporeal BAL.
For the objective and comprehensive study of the
bioreactor, we studied medium circulation and the exchange of plasma isolated from patients with severe
hepatitis while circulating through the CFBB. The bioactive component was in the encapsulated immortalized
human hepatocytes, which was circulated in the CFBB.
For the control group, the beads containing hepatocytes
were maintained in a spinner culture flask under static
conditions. For the CFBB group, the beads containing
hepatocytes were circulated in the fluidized bed. The
hepatocytes (5 × 10 9) were placed in the CFBB, and
DMEM with high glucose concentration was circulated
through the bioreactor for 12 h to determine the effect
of fluidization on hepatocyte metabolism. The exchanged
plasma was perfused in vitro for 6 h to determine the effect of encapsulated hepatocytes on the metabolism of
plasma from patients with severe hepatitis, and the toxic
effect of this plasma on the encapsulated hepatocytes in
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CFBB had 5 × 109 cells, which met the preliminary requirements of a BAL. In addition, we studied the effect
of encapsulated hepatocytes under fluidization conditions on exchanged plasma from patients with severe
hepatitis. We tried previously to use the concentrated
“toxic” plasma (not diluted) in our research model. However, after the 6-h BAL session, SEM data indicated that
the hepatocytes were necrotic and cell viability was markedly decreased (data not shown). This might be related to
the toxic effect induced by the high toxin levels present
in the plasma of patients with severe hepatitis. Therefore,
we diluted the concentrated plasma twofold for these
experiments. The measured parameters were related to
the structural integrity of the hepatocytes, including their
viability, because ALT is a cytoplasmic enzyme that is
released after damage to the hepatocytes. In addition, the
metabolic and synthetic functions of hepatocytes were
indicated by the TBil and albumin measurements. In this
study, a statistically significance difference in cell viability
and ALT levels between the groups was observed after
the 6-h BAL session, which indicated decreased damage
to the hepatocytes in the CFBB group. The plasma levels
of enzymes and albumin in the CFBB group that contained encapsulated hepatocytes were likely related to the
protective effect of fluidization compared to the static
conditions. Moreover, the TBil concentration was slightly
higher after plasma circulation because of the lack of
bilirubin excretion mechanism in our system, which suggests that an absorber of bilirubin is necessary in BAL
circulation.
The ultrastructure of the microencapsulated hepatocytes was also observed after the plasma experiments.
We found that the hepatocytes remained viable and many
organelles were healthy, with only slight necrosis in the
CFBB group. In contrast, after 6 h of static culture, the
static encapsulated hepatocytes presented obvious necrosis and vacuolization. Therefore, we concluded that the
CFBB bioreactor system can maintain functional hepatocytes that are protected from potential toxins.
This study was only performed in vitro; we did not use
a BAL in vivo in our study. Therefore, these factors must
be considered in a large-animal model of severe liver
failure or preclinical application in future research. By
creating a hybrid of the CFBB with a BAL, more toxic
elements would be removed, and thus the BAL could exert longer-lasting effects, which will be investigated in the
future.
The technology described in this experiment is simple
to operate, although a systematic evaluation has yet to be
demonstrated. Previously, the curative effect of BALs has
generally been observed through animal liver failure induced by drug poisoning and small liver remnant volume
or anhepatic state postoperatively[25-27]. Currently, there
are no systematic data describing the exchange plasma of
patients with severe hepatitis as an alternative to animal
models for the curative effect of BAL. The merits of this
method are as follows: (1) a rich source of plasma with
aseptic collection; (2) this technique precludes the effect
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of multiple factors on the curative effect of BAL, which
is favorable for the BAL mechanism; (3) the plasma was
isolated from patients with severe hepatitis; therefore,
the surrogate model meets the clinical requirements of
severe hepatitis with more practical significance; and (4)
it is a low-cost method with good repeatability, and it is
easy to operate. Inevitably, some limitations exist. This
technique has only been conducted in vitro; thus, it may
not be extrapolated to animal or human studies because
there are differences between the two systems. These
considerations should be addressed in the future. The
CFBB can function as a bioartificial liver based on a bioreactor. The efficacy of this novel bioreactor is promising
for the study of liver failure.

COMMENTS
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Background

A bioartificial liver (BAL) support system represents a new tool for terminalstage liver failure. A bioreactor is the key device for a BAL system. The most
widely investigated bioreactor at present is based on a hollow fiber membrane.
However, this model is difficult to scale-up. Moreover, the semi-permeable
membrane can act as a diffusion barrier between hepatocytes and patients’
plasma; therefore, the xenogenic hepatocytes are placed directly in contact with
patient plasma without an impermeable immunological barrier. As such, hepatocytes immobilized into alginate/chitosan microcapsules might be an interesting
alternative. Within a bioreactor, the microcapsules are usually hosted either in
a fixed or fluidized bed. In a fixed bed, the beads cannot withstand the extreme
stresses caused by high perfusion velocity. The fluid often mobilizes through
channels in the space that is devoid of beads, which results in formation of a
void volume or dead space in the traditional fluidized bed bioreactors.

Research frontiers

A fluidized bed bioreactor is fit for encapsulated hepatocytes. In the area of a
fixed bed bioreactor, the beads cannot withstand the extreme stresses caused
by high perfusion velocity and the BAL based on fixed fluidized bed has inefficient mass exchange; much research is being devoted to determining how to
overcome the extreme stress and decrease the void volume or dead space in
the traditional fixed bed bioreactors.

Innovations and breakthroughs

In this study, the authors constructed a novel choanoid fluidized bed bioreactor
(CFBB) and received a national invention patent. Traditional fluidized bed bioreactors have some shortcomings, such as a void volume or dead space, which
directly affect the stability and mass exchange of a BAL. To address these
problems, the authors constructed this bioreactor, which is characterized by a
perfect combination of the “choanoid” form and fluidized bed. The BAL based
on a CFBB with microencapsulated immortalized human hepatocytes appeared
to be effective in treatment of severe hepatitis plasma associated with protection of hepatocytes. The efficacy of this novel bioreactor is promising for the
study of liver failure.

Applications

The study results suggest that the CFBB is a promising key BAL device for the
study of liver failure.

Terminology

A Bioreactor, as a key device in bioartificial liver system, can provide a favorable growth and metabolic environment, mass exchange and immunological
isolation as a platform. The fluidized bed is formed when a quantity of a solid
is placed under appropriate conditions to cause the solid/fluid mixture to behave as a fluid. This is usually achieved by the introduction of pressurized fluid
through the particulate medium. The resulting phenomenon is called fluidization. Fluidized beds are used for several purposes, such as fluidized bed reactors (types of chemical reactors) or mass transfer.

Peer review

This is a good descriptive study in which the authors constructed and evaluated
a novel CFBB based on extracorporeal circulation. The results are interesting
and suggest that the CFBB can function as a bioartificial liver based on a biore-
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actor and the efficacy of this novel bioreactor is promising for the study of liver
failure.
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Laparoendoscopic single-site distal pancreatectomy in pigs
Dong Wang, Zhen-Ling Ji, Xiao-Hua Jiang, Jing-Min Wang, Yu-Yan Tan, Yan Wang, Ya-Zhou Wen
intraoperative bleeding. Except for this failure, the mean
operative time was 155 min (range: 102-236 min). A
steep learning curve was observed in the study, with a
mean operative time of 177 min in the first two operations vs 134 min in the last three operations. The mean
blood loss was 50 mL, and the postoperative course
was uneventful. The animals were sacrificed three
weeks after the procedures, and no pancreatic leakage
or abdominal infection was found macroscopically.
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CONCLUSION: Laparoendoscopic single-site distal
pancreatectomy is a safe and feasible procedure and
can be implemented in humans in selected cases at
qualified surgical centers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoendoscopic single-site surgery; LESS;
Pancreatectomy; Fish hook retraction; Curved laparoscopic multifunctional operative device
Core tip: Laparoendoscopic single-site surgery (LESS)
is a rapidly evolving field in minimally invasive surgery.
LESS requires specialized instruments and is a technically demanding procedure that is particularly challenging for pancreatic surgery. We present our surgical
technique for laparoendoscopic single-site distal pancreatectomy in pigs using a novel flexible multichannel
port, a curved laparoscopic multifunctional operative
device and a fish hook retractor, which provided a favorable operative field. It is a safe and feasible procedure and can be implemented in humans in selected
cases. To our knowledge, this is the first surgical series
of laparoendoscopic single-site distal pancreatectomy in
pigs reported in the literature.

Abstract
AIM: To explore the technique for laparoendoscopic
single-site distal pancreatectomy.
METHODS: Laparoendoscopic single-site spleenpreserving distal pancreatectomy was performed in
pigs using a novel flexible multichannel port, a curved
laparoscopic multifunctional operative device and a fish
hook retractor, which provided a favorable operative
field.

Wang D, Ji ZL, Jiang XH, Wang JM, Tan YY, Wang Y, Wen
YZ. Laparoendoscopic single-site distal pancreatectomy in pigs.
World J Gastroenterol 2014; 20(22): 6878-6883 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6878.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6878

RESULTS: Six pigs were involved in this study, and five
survived the procedure. The first animal died following
injury to the superior mesenteric vein and uncontrolled
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port. The straight needle punctures the abdominal wall
with a grasper from the abdominal cavity to the exterior.
The hook is placed in the organ or peritoneum, and pulling the suture provides enough operating space. The
second method is to insert the straight needle from the
planned skin incision site into the abdominal cavity, using
a grasper to pull the needle out through the port; the suture is then tied to the hook hole on the exterior. Finally,
the hook is introduced into the abdominal cavity for retraction.

INTRODUCTION
Laparoendoscopic single-site surgery (LESS) is an emerging technique that has been suggested as a promising
alternative to conventional laparoscopic surgery for
the management of many common diseases[1,2]. LESS
requires specialized instruments and is a technically demanding procedure that is particularly challenging for
sophisticated operations, such as pancreatic surgery[3-6]. In
this study, we present a surgical technique for laparoendoscopic single-site spleen-preserving distal pancreatectomy
(LESS-SPDP) in pigs using articulating instruments and
specially designed devices. This is the first report of this
procedure in pigs and may provide a basis for performing
advanced LESS in human beings.

Other materials and devices
To avoid collisions and to rebuild the operative triangulation, articulating instruments were utilized in the procedure, including graspers and scissors (YouShi, ZheJiang,
China), ENDO GIA staplers (Covidien, MA, United
States) and a 5-mm flexible EndoEye™ laparoscope
(Olympus, Center Valley, United States).

MATERIALS AND METHODS
A self-made single port with multiple channels
A novel flexible multichannel port (designed by us, and
manufactured by Kang Mei Sci and Tech, Jiangsu, China)
was introduced in this study. The port consists of a
wound retractor and a valve component as well as trocars. The retractor is a cylindrical sleeve of silicon material with distal and proximal rings. The distance between
the two rings is approximately 3 cm and can extend to
approximately 4.5 cm with increasing abdominal wall
thickness. The valve component acts like a cap and has
four channels that allow the laparoscope and instruments
of different sizes (5-10 mm) to pass through. The remarkable advantages of the cap component are the wide
distance between the channels and the flexible characteristics, which provide a broad operative fulcrum and are
particularly suitable for articulated instruments (Figure
1A and B).

Animals
Six domestic pigs (range: 25-31 kg) were included in this
study to explore the feasibility of LESS-SPDP. The protocol was approved and recorded by the Ethics Committee of Southeast University Medical School.
Surgical technique
A pig was placed in a supine and reverse Trendelenburg
position, with the right side rotated down, after the induction of general anesthesia. The surgeon stood on
the pig’s tail side; the cameraman and assistant were on
the surgeon’s right and left side, respectively. After skin
preparation, an approximately 2.5 cm longitudinal incision was made in the abdominal wall near the umbilicus.
The Hasson method[8] was applied to enter the abdominal
cavity, and a wound retractor was inserted into the incision. The valve component covered the outer ring of the
retractor, and the trocars were passed through the valve.
The gas tube was connected to the port, and a pneumoperitoneum was established at 6-8 mmHg.
The EndoEye™ laparoscope, articulating graspers
and C-LMOD were inserted into the abdominal cavity
through the port. To obtain convenient operative triangulation and avoid extraperitoneal clashing, instruments
were inserted into the abdomen in an inverted-pyramid
position on the valve, i.e., the laparoscope was at the bottom and the articulating instrument and the C-LMOD
were on the top channels (Figure 2A). The gastrocolic
ligament was divided to expose the pancreas, as in the
conventional technique. To obtain a sufficient operating space and ensure an adequate laparoscopic view, the
greater curvature of the stomach and the pancreatic capsule were suspended towards the xiphoid using two fish
hook retractors (Figure 2B). The suspending position was
identified by palpating the abdominal wall, and the suspending distance depended on the exposure. The gastric
epithelium and pancreatic capsule were strong enough to
be retracted with the fish hooks. At the point where transection of the pancreas would be carried out, the inferior

A curved laparoscopic multifunctional operative device
A laparoscopic multifunctional operative device (LMOD
or Ji-rod) was built, according to the author’s patent, and
had already been used in laparoscopic surgery[7]. We modified the standard LMOD to a curved LMOD (C-LMOD).
It is a combination of an electric coagulation device and
irrigation equipment, with a curve of approximately
20°-30° near the handle to avoid extraperitoneal counteraction and improve ergonomic maneuvering in LESS
(Figure 1C-E). The C-LMOD has the same functions as
the LMOD for intraoperative cutting, coagulation, curettage, dissection, irrigation and aspiration.
A fish hook retractor
Transabdominal stay sutures by fish hooks were introduced in this study. A midsized fish hook has a hole on
the tail, and the barb at the tip was removed. A straight
needle with a 2-0 Prolene was tied on the fish hook hole
(Figure 1F). The fish hook retractor is effective and
reliable for traction. There are two methods to release
the fish hook. One method is by introducing a Prolene
straight needle stay suture, tying the hook through the
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Figure 1 Special instruments used in this study. A: The novel flexible multichannel port set (KangMei, JiangSu, China) includes three components, a wound retractor and valve as well as trocars; B: The valve component has four channels, with approximately 4.5 cm (black line) between the two 10-mm channels and 3.5 cm (red
line) between the two 5-mm channels; C: The curved laparoscopic multifunctional operative device (C-LMOD) bent near the handle at an angle of 20°-30°; D: The
handle of the C-LMOD controlling the douching and absorbing conduits by a triplet, with an electrocautery touch-point connected to the C-LMOD lumen; E: The tip of
the C-LMOD with a slope; F: The fish hook retractor with a straight needle to penetrate the abdominal wall and a fish hook to retract the target.

edge of the pancreatic capsule was incised and a tunnel
was created beneath the body of the pancreas from the
caudal to cephalad using the C-LMOD; thus, the pancreatic parenchyma was mobilized from the retroperitoneal
and splenic vessels (Figure 2C). The superior mesenteric
and splenic vessels were important during the procedure,
and the C-LMOD was used to dissect the pancreatic
parenchyma away from these vessels, using blunt dissection with the slope on the tip. A flexible sling was passed
through the tunnel by an articulating grasper to lift the
pancreas ventrally, and the pancreas was transected using a 60-mm ENDO GIA stapler (Figure 2D). The distal
pancreas was removed using a medial-to-lateral method,
i.e., the resection was performed from the body of the
pancreas to the tail. The short transverse branches of the
splenic vessels were individually isolated and sealed by
titanium clips. After the distal pancreas was completely
mobilized from the retroperitoneum, it was extracted
through the wound retractor as an intact piece (Figure
2E). If the proximal pancreatic stump was not satisfying,
it was reinforced with fibrin glue. The fish hook retractors were removed, and a drainage catheter was placed in
the pancreatic bed through the sole incision. The incision
was closed with absorbable sutures (Figure 2F).
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RESULTS
Six pigs were involved in this study, and five survived the
procedure. The first animal died following injury to the
superior mesenteric vein and uncontrolled intraoperative bleeding. Except for this failure, the mean operative
time was 155 min (range: 102-236 min). A steep learning
curve was observed in the study, with a mean operative
time of 177 min in the first two operations vs 134 min
in the last three operations. The mean blood loss was 50
mL, and the postoperative course was uneventful. A liquid diet was begun on the second postoperative day after
fasting for 24 h. A normal diet was begun on the third
day, and the weight of the pigs began to increase after
10.6 d (range: 6-15 d). The animals were sacrificed three
weeks after the procedure, and no pancreatic leakage or
abdominal infection was found macroscopically.

DISCUSSION
LESS is a positive development in the field of minimally
invasive surgery, requiring only one incision that is disguised within the umbilical folds, which is in contrast to
the, at least three, necessary incisions for conventional
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Figure 2 Example operation of laparoendoscopic single-site spleen-preserving distal pancreatectomy. A: An inverted-pyramid operative status with an articulating grasper, an EndoEye™ laparoscope and a curved laparoscopic multifunctional operative device (C-LMOD); B: Exposure of the pancreas by fish hook retractors
suspending the greater curvature of the stomach and the pancreatic capsule; C: Dissection of a tunnel beneath the body of the pancreas and lift it by a flexible sling; D:
Transection of the pancreas by using a 60-mm ENDO GIA stapler; E: Extraction of the distal pancreas through the cannula; F: Closure of the incision. a: C-LMOD; b:
Stomach; c: Fish hook retraction; d: Pancreas.

laparoscopic surgery. The potential advantages of LESS
are its comparable safety, improved cosmetic results, decreased complications, reduced postoperative pain and
shorter postoperative stay[9,10]. Given the complexity of
this novel technique, LESS is performed mostly in common procedures, such as appendectomy and cholecystectomy. For complicated pancreatic surgery, dedicated
instruments and advanced skills are necessary to compensate for the shortcomings of LESS.
A number of multichannel access ports have been introduced for use in LESS[11,12]. From the literature, we can
conclude that a wide distance between the channels of
the multichannel port provides a broad fulcrum, which is
important for LESS[13,14]. This is the main characteristic
of our novel port. The distance between the channels is
wider than most of the available multichannel devices
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and has been demonstrated to reduce instrumental collision in our procedures. Another advantage of the novel
multichannel cannula is the flexible characteristics that are
especially suitable for articulated instruments and devices
with larger diameters, such as the 12-mm ENDO GIA
stapler used in this study, while maintaining the pneumoperitoneum perfectly without the trocars.
To avoid the frequent replacement of instruments,
we redesigned the LMOD to the C-LMOD. As described
previously[7], the LMOD has many functions, including
scraping, dissecting, cutting, coagulating, irrigating and
aspirating. By using this device, we can perform many
types of manipulations without instrumental substitution.
The C-LMOD can evacuate smoke quickly to maintain
clear laparoscopic vision, while the electrocautery is in
use. This is useful in LESS. In our experience, articulating
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devices are necessary to provide intraperitoneal triangulation and avoid extraperitoneal collisions. The next step
for the development of the C-LMOD is to cooperate
with a medical device manufacture to design an articulating laparoscopic multifunctional operative device.
The introduction of two working instruments and a
laparoscope parallel to one another through one incision
results in extraperitoneal collisions and a lack of intraperitoneal triangulation[11]. Specially designed articulating
instruments and laparoscopes can reestablish the triangulation and provide a favorable laparoscopic view[15].
There are only four such case reports in Pubmed[3-6].
Consistent with our technique, articulating instruments
were involved in all of these studies. The changes in the
operative manner produce a significant learning curve for
both the surgeon and the camera operator[16]. In our surgical series, the operative time decreases as more cases are
performed. It is worth noting that LESS should be performed by experienced laparoscopic surgeons, and it is
better for the camera operator to have experience operating a flexible endoscope before operating the articulating
flexible EndoEye™ laparoscope. For novices, adequate
training on a simulator is necessary to become familiar
with rules of LESS and the specially designed devices.
Retraction is another key point in our technique.
Although articulating graspers could perform some retraction, a suitable operative field should be provided by
another device at a more favorable angle. In the studies
by Barbaros et al[3] and Kuroki et al[4], the body of the
stomach was taped using a loop to maintain the exposure
of the pancreas. In the technique of Chang et al[5], three
Prolene straight needle stay sutures were placed superficial to the posterior gastric wall and were slung to the
anterior abdominal wall to expose the pancreas. Several
other retractors have been described in the literature,
such as Endograb™ (Virtual Ports, Misgav, Israel) and
a magnetic anchoring and guidance system[17,18]. In our
experience, suture retractions are simple and easy and are
most frequently used in LESS. There is a problem with
the release of suture retractors, i.e., there must be suitable
space to pass through the tissue using a straight needle.
In the pancreatectomy procedure, suture retractors are
very difficult to release because of the limited operative
field. The fish hook retractor is a refinement of the suture retractor, and can be released in a narrow space. In
our technique, the pancreatic capsule is retracted toward
the anterior abdominal wall to dissect the tunnel beneath
the body of the pancreas. This cannot be achieved with
straight needle stay sutures. Another advantage of the
fish hook retractor is that the straight needle only passes
through the abdominal wall once when releasing a retractor, compared to twice when releasing a suture retractor[19]. Unintentional injuries to other organs must be
avoided during the procedure.
To our knowledge, this is the first surgical series of
LESS-SPDP in pigs reported in the literature. Consistent
with the sporadic case reports, we verified the critical
technique involved in LESS-SPDP, reestablishing opera-
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tive triangulation and generating a favorable operative
field. It is a safe and feasible procedure and can be implemented in humans in selected cases at qualified surgical
centers.
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Background

Laparoendoscopic single-site surgery (LESS) is an emerging technique that
has been suggested as a promising alternative to conventional laparoscopic
surgery for the management of many common diseases. The potential advantages of LESS are its comparable safety, improved cosmetic results, decreased
complications, reduced postoperative pain and shorter postoperative stay.
Given the complexity of this novel technique, LESS is performed mostly in common procedures, such as appendectomy and cholecystectomy.

Research frontiers

For complicated surgery, dedicated instruments and advanced skills are necessary to compensate for the shortcomings of LESS. In the area of LESS, the
research hotspot is to design and develop multichannel access cannula platform, intraoperative retractions and functional integration of commonly used
instruments.

Innovations and breakthroughs

The curved laparoscopic multifunctional operative device (C-LMOD) can evacuate smoke quickly to maintain clear laparoscopic vision, while the electrocautery
is in use. Although articulating graspers could perform some retraction, a suitable operative field should be provided by another device at a more favorable
angle. The fish hook retractor is a refinement of the suture retractor, and can be
released in a narrow space. Another advantage of the fish hook retractor is that
the straight needle only passes through the abdominal wall once when releasing a retractor, compared to twice when releasing a suture retractor.

Applications

Using the novel flexible multichannel port, C-LMOD and fish hook retractors,
surgeons can obtain a favorable operative field, and can try some complicated
operations.

Terminology

LESS is a positive development in the field of minimally invasive surgery, requiring only one incision that is disguised within the umbilical folds, which is in
contrast to the, at least three, necessary incisions for conventional laparoscopic
surgery. Articulating instruments: The articulating design of the instruments is
a revolutionary development for LESS, enabling surgeons to obtain the best
angle for retraction and dissection. The two articulating instruments in both
hands must be crossed over at the fulcrum, with the instrument in the right hand
operating at the left side and vice versa, conflicting with the existing operating
rules.

Peer review

This is a well written manuscript presenting a technique for single-port distal
pancreatectomy. Clearly, single-port surgery of the pancreas is in an experimental phase, and careful assessment is mandatory before its application in
humans.
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Mesothelin promotes cell proliferation in the remodeling of
neonatal rat pancreas
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Wei De
sothelin expression in INS-1 cells was carried out to
investigate the effect of mesothelin during cell proliferation and cell apoptosis in vitro . Adenovirus-mediated
RNA interference was performed to block mesothelin
in vivo to directly assess the role of mesothelin in the
remodeling of the endocrine pancreas in neonatal rats.
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RESULTS: Exogenous overexpression of mesothelin
promoted cell proliferation, cell colony formation and
enhanced cell resistance to apoptosis of INS-1 cells.
Down-regulation of mesothelin made no difference in
cell proliferation and apoptosis compared with that in
the control group. After an injection of adenovirusmesothelin, a significantly increased number of small
islets appeared, and the expression of PCNA was decreased on day 7 and day 14 compared with the AdEGFP group.
CONCLUSION: Mesothelin was able to promote β cell
proliferation in the remodeling stage of neonatal rats.
Mesothelin may have an important role in the remodeling of the endocrine pancreas in neonatal rats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mesothelin; Pancreatic remodeling; Cell proliferation; Pancreatic development; Small islets
Core tip: Mesothelin may promote cell proliferation and
affect the number of small islets during the remodeling
of the endocrine pancreas in neonatal rats.
Yin DD, You LH, Yuan QX, Liang XD, Wang N, Wang LT, Yuan
L, Wang KM, De W. Mesothelin promotes cell proliferation in
the remodeling of neonatal rat pancreas. World J Gastroenterol
2014; 20(22): 6884-6896 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6884.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6884

Abstract
AIM: To investigate the effect of mesothelin in the remodeling of the endocrine pancreas in neonatal rats.
METHODS: Overexpression or downregulation of me-
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lin 1275 to over-express or down-regulate mesothelin,
respectively. Furthermore, adenovirus-mediated RNA
interference was performed to block the mesothelin gene
in the neonatal rat pancreas to directly assess the role of
mesothelin during pancreatic development in the neonatal rat.

INTRODUCTION
The islets of Langerhans are scattered throughout the
pancreas and contribute to only 1% of the total pancreatic cell mass. At approximate embryonic day 16.5 (E16.5),
some of the endocrine cells aggregate to form the islets
of Langerhans. The islets are not fully formed until they
undergo further remodeling and maturation for 2-3 wk
after birth[1]. The 2-3 wk period after birth has been defined as the period during which the remodeling of the
endocrine pancreas occurs in neonatal rats. Many major
developmental changes occur during the pancreatic remodeling stage, including β-cell apoptosis, replication and
neogenesis. Islet formation in the neonatal pancreas may
occur as a result of the fission of elongated structures
composed of β cells and surrounding α cells, following
by contiguous proliferation and the branching of endocrine cells into cord-like structures in the newborn mouse
pancreas[2]. We hypothesized that cell adhesion and migration molecules may play an important role during the
pancreatic remodeling stage.
According to our previous microarray results, a series
of molecules, including matrix metalloproteinase (MMPs),
integrins and cadherin, which are associated with islet
cell adhesion and migration, were highly expressed in the
newborn rat pancreas[3]. MMPs have a crucial role in pancreas development, and the reduction of MMP activity
results in aberrant islet formation[4-6]. Integrins have also
been implicated in endocrine and islet formation[7]. Cadherins regulate the aggregation of pancreatic β cells in
vivo[8]. Here, we focused on mesothelin, one of the genes
that was highly expressed in late gestation on our previous microarrays.
The rat mesothelin gene contains an 1878-bp open
reading frame encoded by 16 exons that occupies 6 kb
of rat chromosome 10. Mesothelin, a differentiation antigen of mesothelial cells, is a 40-kDa glycosylphosphatidylinositol (GPI)-linked glycoprotein. It is synthesized
as a precursor with a molecular mass of 69 kDa that is
then proteolytically processed into an N-terminal secreted form that is 32 kDa and a membrane-bound form
that is 40 kDa. Mesothelin is highly expressed in various
cancer types, including ovarian cancer, breast cancer and
pancreatic adenocarcinoma[9-13]. Mesothelin mediates the
transfer of ovarian cancer to the peritoneum in combination with CA125 ovarian cancer antigen[14-16]. In vitro,
the over-expression of mesothelin in pancreatic cancer
cells and breast cancer cells significantly increased tumor
proliferation and migration, suggesting that mesothelin
may be a malignant factor and could be a suitable target
for a therapeutic vaccine for pancreatic cancer and breast
cancer[17,18]. We previously detected the expression of mesothelin and demonstrated that mesothelin is localized in
islet β cells. However, the effect of mesothelin during the
pancreatic remodeling stage of neonatal rats has not been
previously reported.
To investigate the effect of mesothelin during cell
proliferation and cell apoptosis, INS-1 cells were treated
with pEGFP-N3/mesothelin or pcDNA/miR-mesothe-
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MATERIALS AND METHODS
Cell culture
The INS-1 cell line (rat insulinoma cell) was obtained
from the Chinese Academy of Science Committee on
Type Culture Collection cell bank. INS-1 cells were
grown in regular RPMI medium (11.1 mmol/l glucose)
supplemented with 10% heat-treated fetal calf serum (Invitrogen), 100 IU/ml penicillin, 100 µg/ml streptomycin, 2 mmol/l L-glutamine, 1 mmol/l sodium pyruvate,
50 µmol/l β-mercaptoethanol, and 10 mmol/l HEPES
(pH 7.4).
Construction of mesothelin expression plasmids and
stable transfection
Mesothelin (GenBank accession no.: NM 031658) was amplified by polymerase chain reaction (PCR) from rat pancreas cDNA using the following primers: Mesothelin-forward
5’-CCCAAGCTTATGGCCTTGCCAACAGCCC-3’;
Mesothelin-reverse, 5’-CGGGATCCTCAGCTCAGTCTTAAAGCT-3’. The amplified mesothelin fragment was
digested with the restriction enzymes BamH Ⅰ and Ⅲ and
ligated into the pEGFP-N3 mammalian expression vector (Clonetech). The sequence of the cloned mesothelin
plasmids was verified by DNA sequencing. The mesothelin
expression plasmids were transfected into INS-1 cells using
Lipofectamine 2000 (Invitrogen), according to the manufacturer’s instructions. INS-1 cells stably expressing mesothelin
were selected in the presence of 800 mg/mL G418 (Sigma).
Construction of mesothelin interference plasmids and
transient transfection
To create pcDNA6.2-GW/EmGFP-miR-mesothelin301
(si-301) and pcDNA6.2-GW/EmGFP-miR-mesothelin1275 (si-1275) encoding rat mesothelin interference
RNA, single-strand oligonucleotides were designed using
BLOCK-iT RNA Designer (Invitrogen). The following
primers were used: mesothelin301-forward 5’-TGCTGTAGGCCAGATACCTCATCACAGTTTTGGCCACTGACTGACTGTGATGATATCTGGCCTA-3’;
mesothelin301-reverse 5’-CCTGTAGGCCAGATATC A T C A C A G T C A G T C A G T G G C C A A A A C TGTGATGAGGTATCTGGCCTAC-3’ and
mesothelin1275-forward 5’-TGCTGTTAAGCAGAGTATTCACTGTGGTTTTGGCCACTGACTGACCACAGTGAACTCTGCTTAA-3’; mesothelin1275-reverse
5’-CCTGTTAAGCAGAGTTCACTGTGGTCAGTCAGTGGCCAAAACCACAGTGAATACTCTGCTTAAC-3’. The oligonucleotides were annealed and cloned
into a pcDNA6.2-GW/EmGFP-miR vector (Invitrogen)
using a BLOCK-iT Pol Ⅱ miR RNAi Expression Kit
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96-well plates (2 × 104 cells/well) and serum starved (0%
fetal bovine serum) for 24 h. For the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay,
cell growth was assessed 0 h, 12 h, 24 h and 48 h after being releasing from starvation. Twenty microliters of MTT
reagent was added to each well and incubated at 37 ℃ for
4 h. Absorbance was recorded at 490 nm with an ELx-800
universal microplate reader (Bio-Tek Instruments).

(Invitrogen), according to the manufacturer’s instructions. The mesothelin interference plasmids, pcDNA6.2GW/EmGFP-miR-mesothelin301 and pcDNA6.2-GW/
EmGFP-miR-mesothelin1275, were transfected into the
INS-1 cell line using lipofectamine 2000 (Invitrogen), according to the manufacturer’s instructions.
RNA extraction and qPCR analyses
Total RNA was extracted from rat pancreas tissues or cultured cells with TRIzol reagent (Invitrogen). For qPCR,
RNA was reverse transcribed to cDNA from 1 µg of
total RNA using a reverse transcription kit (Takara). Realtime PCR analyses were conducted with Power SYBR
Green (Takara). All protocols were carried out according to the manufacturer’s instructions. The results were
normalized to the expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or 18S ribosomal RNA
(18S). The primer sequences for qPCR were as follows:
mesothelin-forward: 5’-GTTTGCTGGTAGTGTTGGATGA-3’; mesothelin-reverse: 5’-GCAGGCTTTCTGTTCTGTGTC-3’; GAPDH-forward: 5’-GACTCATGACCACAGTCCATGC-3’; GAPDH-reverse:
5’-AGAGGCAGGGATGATGTTCTG-3’; 18S-forward:
5’-AAACGGCTACCACATCCAAG-3’; 18S-reverse: 5’TTGCCCTCCAATGGATCCT-3’. qPCR and data collection were carried out on ABI 7500 PCR system.

Flow cytometry
The percentage of cells in the G0/G1, S and G2/M
phases was determined by flow cytometric analysis following propidium iodide (PI; Invitrogen) staining. For
PI staining, cells were seeded at a concentration of 1 ×
106 cells/well. Following treatment, cells were harvested
using trypsin followed by washing twice with phosphate
buffered saline (PBS). Harvested cells were then resuspended and fixed with ice-cold 75% ethanol (750-1000
μL). Samples were then stored at -20 ℃ overnight. Fixed
cells were centrifuged at 1000 × g for 5 min and resuspended in PBS buffer containing 40 μg/mL PI and 100
μg/mL RNase (Qiagen, United Kingdom) for 30 min
at room temperature in the dark. Samples were analyzed
using a FACS flow cytometer (BD Biosciences) and winMDI software.
For the cell apoptosis assay, apoptotic cells were
evaluated in vitro by Annexin-V-fluorescein isothiocyanate
(FITC) and propidium iodide according to the manufacturer’s protocol. Stained cells were then analyzed with a
FACS flow cytometer (BD Biosciences).

Western blotting
The pancreata were homogenized in a detergent lysis
buffer. A total of 50 µg of the samples were loaded into
each lane of 12% SDS-PAGE gels and transferred to
nitrocellulose membranes (Bio-Rad). Membranes were
incubated with mouse anti-β-actin (sc-8432, Santa Cruz)
and goat anti-mesothelin (sc-27001, Santa Cruz) overnight at 4 ℃. The specific protein-antibody complex
was detected using HRP-linked goat anti-mouse IgG
conjugates (sc-2055, Santa Cruz) or HRP-conjugated rabbit anti-goat IgG (sc-2004, Santa Cruz). The signal was
detected by chemiluminescence using an ECL kit (Amersham Life Science). Densitometric quantification of
bands at subsaturating levels was carried out using Syngenetool gel analysis software (Syngene).
Soft agar colony formation assay
INS-1 cells transfected with pEGFP-mesothelin or pEGFP-N3 were trypsinized. First, 0.5% agarose in growth
medium was added to a six-well plate and allowed to
solidify. Then, 4000 cells per well were plated in triplicate
in 0.3% agarose onto the bottom agarose. The cells were
then incubated at 37 ℃ in a 5% CO2 atmosphere for 20
d. Fresh growth medium (0.5 mL/well) was added after
1 wk of incubation. At the end of incubation, colonies
were stained with 0.005% crystal violet for 1 h and photographed. Colonies were counted using the Image J imaging software developed at the NIH.

Animals, recombinant adenovirus construction and
administration of adenovirus
Recombinant Ad-EGFP and Adenovirus-Mesothelin
RNAi were generated using the Ad Max system (Microbix Biosystems). Pregnant Sprague Dawley rats (Animal
Center of Nanjing Medical University) were kept under
conventional conditions and provided with a 12:12 h lightdark cycle. The litters were reduced to 12 pups at birth.
Seven days after birth, four of the pups in each litter were
included in the mesothelin group and injected with Ad-mesothelin RNAi solution (5 × 109 pfu in 250 μl of lactated
Ringer’s solution) via the intraductal route, as described in
Doiron et al[19]. Another group of four rats was included in
the Ad-EGFP group and injected with Ad-EGFP by the
same method, and the remaining rats were included in the
sham group and received a sham operation. The rats were
sacrificed at various times after the injection. Blood glucose was measured with a One Touch Ultra blood glucose
meter (Life Scan) in blood obtained by lancing the tail vein.
Body weight was recorded every two days after treatment.
All animal and tissue sample experiments were performed
in accordance with the guidelines of the National Institutes
of Health and approved by the Research Ethics Committee of Nanjing Medical University.

Cell proliferation assay
INS-1 cells stably expressing mesothelin were seeded in

Immunostaining
Tissues were fixed in 4% paraformaldehyde for 24-36 h,

WJG|www.wjgnet.com

6886

June 14, 2014|Volume 20|Issue 22|

Yin DD et al . Mesothelin and cell proliferation

followed by a standard protocol of dehydration and paraffin embedding. Sections (5-μm) were cut and mounted
on glass slides (Fisher Scientific). For the double fluorescence immunohistochemical localization of insulin/glucagons, a rabbit anti-insulin polyclonal antibody (1:100,
sc-9168, Santa Cruz) was applied and then revealed by
FITC-labeled anti-Rabbit IgG (1:400, AP123J, Chemicon). A mouse anti-glucagon (1:100, G-2654, Sigma)
antibody was applied and revealed using goat anti-mouse
IgG-TRITC (1:400, sc-2010, Santa Cruz). The islet number and size were measured as described in Liang et al[20].
The expression of the cell proliferation marker PCNA
was examined by immunohistochemistry using an antiPCNA antibody (1:200; Santa Cruz, United States). A
secondary antibody (goat anti-rabbit IgG; 1:500; Bioworld, United States) was applied. The final detection
step was carried out using 3,3’-diaminobenzidine (DAB;
Sigma-Aldrich Corp, United States) as the chromogen.
Sections were lightly counterstained with hematoxylin
and mounted. All of the sections were placed in Gel
Mount Aqueous Mounting Medium (G0918, Sigma)
with a cover glass and were examined under an Olympus
BX51 microscope (Olympus Optical, Tokyo, Japan).

independent conditions in soft agar. After 20 d of culture, pEGFP-N3/mesothelin cells formed a significantly
greater number of colonies compared with pEGFP-N3
and mock-transfected cells (Figure 1E). To determine
whether the over-expression of mesothelin prevents
apoptosis in INS-1 cells, we performed flow cytometric
analysis. The results showed no significant difference in
the cell apoptosis ratio between pEGFP-N3/mesothelin,
pEGFP-N3 and mock cells (Figure 1F). Taken together,
the over-expression of mesothelin in INS-1 cells is associated with increased cell proliferation.
Down-regulation of mesothelin does not affect cell
proliferation in INS-1 cells
Two specific interference sequences were designed to
inhibit mesothelin. PcDNA6.2-GW/EmGFP-miRmesothelin301 (si-301) and were effective at silencing rat
mesothelin gene. qPCR and western blot analysis were
performed. Mesothelin mRNA in the si-1275 group was
reduced by 80%, and protein expression was reduced by
60% compared with that in si-NC, thereby confirming
si-1275 to be more effective for rat mesothelin gene inhibition (Figure 2A and B).
According to the results of the MTT assay, we found
that cells transiently transfected with si-1275 showed no
significant reduction in cell viability compared to cells
transfected with the mock construct or the si-NC controls (Figure 2C). Flow cytometry was carried out to analyze the cell cycle of INS-1 cells after transfection with
si-1275 or si-NC, and there were no difference between
the two groups (Figure 2D). Soft agar colony formation assays showed no significant difference between the
mock, si-NC and si-1275 groups (Figure 2E). Furthermore, flow cytometry detected no change in the apoptosis ratio in si-1275 cells when compared with control cells
(Figure 2F). However, the apoptosis ratio of the si-1275
group increased when compared with the mock condition, but there was no significant difference between the
si-1275 group and the si-NC group. All of these data
indicated that the decrease in mesothelin level does not
influence INS-1 proliferation or apoptosis. This result
may be because the INS-1 cells we adopted have low mesothelin levels.

Statistical analysis
The Students t test (2-tailed) and one-way ANOVA were
conducted to analyze the in vivo and in vitro data by SPSS
16.0 software. P values less than 0.05 were considered
statistically significant.

RESULTS
Overexpression of mesothelin promotes cell
proliferation of INS-1 cells
To study the potential functions of mesothelin in β cells,
INS-1 cells were transfected with pEGFP-N3/mesothelin or the empty pEGFP-N3 vector. After 4 wk of selection with G418, stably overexpressed mesothelin INS-1
cells were obtained. qPCR and western blot analysis were
performed. The mRNA expression of mesothelin in the
pEGFP-N3/mesothelin group was up-regulated by 6-fold
and protein expression increased by 5.5-fold compared
with the mock transfection. Mesothelin over-expression
in a representative pEGFP-N3/mesothelin cell line is
shown in Figure 1A and B.
MTT was performed to examining the cell viability
of pEGFP-N3/mesothelin cells. After 48 h of culture,
pEGFP-N3/mesothelin cells exhibited significantly greater viability than their respective vector control cells (Figure
1C). To investigate the effects of mesothelin on cell cycle
distributions, flow cytometric analysis was performed to
detect cell cycle changes in pEGFP-N3/mesothelin cells.
As depicted in Figure 1D, the percentage of INS-1/mesothelin cells in S phase was increased when compared
with mock cells. It has been reported that mesothelin
can promote anchorage-independent growth in human
breast carcinoma. Accordingly, we examined the viability of pEGFP-N3/mesothelin cells under anchorage-
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Adenovirus-mediated down-regulation of mesothelin in
neonatal rat pancreas
To investigate the effect of mesothelin during neonatal
pancreatic development, Ad-mesothelin was injected into
rats on postnatal day 7 (P 7) to block the expression of
mesothelin in vivo. To detect the interference efficiency,
qPCR and western blotting were performed. Mesothelin
mRNA and protein were significantly reduced on day 7
(Figure 3A and B), and the expression of mesothelin in
the interference group was still lower than that of the
Ad-EGFP group at day 14; however, the expression of
mesothelin was restored to the level of the Ad-EGFP
group after 1 mo, both at the mRNA and protein level.
After injecting the virus solution at P7, we examined the
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Figure 1 Overexpression of mesothelin in INS-1 cells. Real-time polymerase chain reaction assay (A) and western blot assay (B) of mesothelin in INS-1 cells
transfected with pEGFP-N3 and pEGFP-N3/mesothelin; C: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were conducted 48 h after transfection
to determine the proliferation of INS-1 cells; D: Bar chart represents the percentage of cells in G0-G1, S, or G2-M phase, as indicated; E: Colony-forming growth assays were conducted to determine the proliferation of INS-1 cells; assays were quantified by spectrophotometer at O.D. 450; F: Apoptotic rates of cells were detected
by flow cytometry. Values are expressed as the mean ± SD from three experiments. aP < 0.05 vs mock group. UL: Necrotic cells; UR: Terminal apoptotic cells; LR:
Early apoptotic cells.

A

B

0.8
0.6
0.4

a

0.2
0.0
Mock

si-NC

si-301

si-1275

D

Mock

0.45

si-NC

0.40

si-1275

si-1275

0.35

1.2
1.0
0.8
0.6
0.4

a

0.2
0.0

Mock

40

0.30

35

0.25

30

0.20
0.15
0.10
0.05

si-NC

si-301

si-1275

Mock
si-NC
si-1275

50
45

Gated (%)

Cell vitality (OD 490 nm)

si-301

β-actin

Relative expression of
Mesothelin protein

Relative expression of
Mesothelin mRNA

1.0

25
20
15
10

0.00

5
0

E

si-NC

Mesothelin

1.2

C

Mock

12
24
Incubation time (h)

Mock

WJG|www.wjgnet.com

48

0

si-NC

G1-G0

S

G2-M

si-1275

6889

June 14, 2014|Volume 20|Issue 22|

Yin DD et al . Mesothelin and cell proliferation

Number of clonies

100
80
60
40
20
0
Mock

F

si-NC

si-1275

Mock

si-NC
UR

UL 0523AV.002

4

10

3

10

10

7-AAD

7-AAD

10

2

10

1

4

10

3

10

0

3

2

10

1

0

1

10

10
LL

2

10
AV

3

10
LR

4

10

2

10

10

0

10
0

UR

4

10

10

2.5

UL 0523AV.003

1

10

3.0

si-1275
UR

7-AAD

UL 0523AV.001

10
0

1

10

10
LL

2

10
AV

3

10
LR

4

10

0

1

10

10
LL

2

10
AV

3

10
LR

4

10

Mock
si-NC
si-1275

Gated (%)

2.0
1.5
1.0
0.5
0.0
UL

UR

LR

Figure 2 Mesothelin knockdown in INS-1 cells. Real-time polymerase chain reaction (PCR) assay (A) and western blot assay (B) of mesothelin in INS-1 cells
transfected with pcDNA6.2-GW/EmGFP-miR, pcDNA6.2-GW/EmGFP-miR-mesothelin (301), or pcDNA6.2-GW/EmGFP-miR-mesothelin (1275). The qPCR data are
normalized against GAPDH; C: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were conducted to determine the proliferation of INS-1 cells; D:
Bar chart represents the percentage of cells in G0-G1, S, or G2-M phase, as indicated; E: Colony-forming growth assays were conducted to determine the proliferation of INS-1 cells and were quantified by spectrophotometer at O.D.450; F: Apoptotic rates of cells were detected by flow cytometry. Values are expressed as the
mean ± SD from three experiments. aP < 0.05 vs mock group. UL: Necrotic cells; UR: Terminal apoptotic cells; LR: Early apoptotic cells.

bodies and blood of the rats every three days (Figure 3C
and D), and no significant change in the rat body weight
or blood sugar was found.

is shown in a histogram (Figure 4A-C). The number of
small islets in the Ad-mesothelin group was greater than
that in the Ad-EGFP group on day 7 and day 14 (Figure
4A and B). The total numbers of islets increased in the
Ad-mesothelin group compared to the Ad-EGFP group
on day 7 and day 14.
Then, we suspected decreased cell proliferation in
pancreas tissues by immunohistochemical staining of
PCNA protein. PCNA is a marker of cell proliferation.
As shown in Figure 4D, PCNA expression in islets was
decreased at 7 d and 14 d in the Ad-mesothelin group
compared with the Ad-EGFP group. Down-regulation
of mesothelin in vivo decreased cell proliferation; therefore, the number of small islets was increased. These

Quantification of islets after downregulation of
mesothelin during the remodeling of the endocrine
pancreas in neonatal rats
To further examine the role of mesothelin during morphogenesis in neonatal rat islets, we detected insulin and
glucagon expression by double-labeling immunofluorescence. Image J was used to measure the number and size
distribution of islets according to the fluorescent images.
The overall distribution of islets (including small clusters of β cells) on the day 7, day 14 and 1 mo pancreas
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Figure 3 Adenovirus-mediated downregulation of mesothelin in neonatal rat pancreas. Real-time polymerase chain reaction (PCR) (A) and western blotting (B)
assays show the relative expression of mesothelin in the day 7, day 14 and 1 mo rat pancreas after adenovirus injection. Body weight (C) and blood glucose (D) in
the sham, Ad-EGFP and Ad-mesothelin did not differ between the three groups. The qPCR data are normalized to18S. Values are expressed as the mean ± SD from
three experiments (n = 3 litters; 18 animals). aP < 0.05 vs Ad-EGFP group.
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Figure 4 Islet number and cell proliferation of neonatal rats injected with Ad-mesothelin. Immunofluorescence showed the colocalization of insulin and glucagons. Pancreatic sections were immunostained with anti-insulin antibody (green) and anti-glucagon antibody (red). A histogram showed the distribution of islets (including small islets) on day 7 (A), day 14 (B) and 1 mo (C) after injection. Original magnification, × 100; D: Immunochemistry showed the expression of PCNA in islets
on day 7, day 14 and 1 mo. Original magnification, × 200. Values are expressed as the mean ± SD from three experiments. aP < 0.05 vs Ad-EGFP group.

results indicated that the increased number of small islets
may be related to the expression of mesothelin. Mesothelin may have an important role in the remodeling of the
endocrine pancreas in neonatal rats.

tion and migration. Mesothelin-induced pancreatic cancer
cell proliferation involves the alteration of cyclin E via
the activation of transcription protein 3[23]. However, the
details of the biological function of mesothelin during
pancreatic development of the neonatal rat are not clear.
Mesothelin over-expression has been reported to promote anchorage-independent growth in breast cancer[18].
The viability of pEGFP-N3/mesothelin cells under
anchorage-independent conditions in soft agar was examined. MTT was also performed to examine the viability
of pEGFP-N3/mesothelin cells. Otherwise, down-regulation of mesothelin did not influence the cell proliferation and apoptosis established by a MTT assay, cell
colony formation assay and flow cytometry assay. These
findings may be due to the low expression of mesothelin
in INS-1 cells.
As shown in Figure 3C and D, no significant change
in the rat body weight or blood glucose level was observed between the Ad-mesothelin group and Ad-EGFP
group after injection. We considered the following reasons for these results: (1) mesothelin is a surface adhesion protein that is not involved in the secretion function
of β cells, so the inhibition did not affect insulin release
and blood glucose; (2) small islets are superior to large
islets in function. It has been reported that small islets
release three times more insulin under basal conditions
than large islets during static incubation. During exposure

DISCUSSION
It has been established that mesothelin is a malignant
factor and a target for therapeutic vaccines in several
cancers[17]. However, the role of mesothelin in neonatal
rat pancreatic development is not clear. In this article,
we demonstrated that the over-expression of mesothelin
promotes cell proliferation in vitro. Meanwhile, the reduction of mesothelin in pancreatic β cells led to decreased
cell proliferation and the increase of small islets in vivo.
Mesothelin is one of the glycoproteins that is attached
to the cell surface by GPI. GPI-linked proteins have a
wide variety of functions in different cells. Some are
receptors involved in cell signaling; others are involved
in cellular recognition and migration. Mesothelin overexpression was reported to be present in 60 resected primary pancreatic adenocarcinomas but not in the adjacent
normal pancreas or benign pancreatic ducts[21,22]. Moreover, mesothelin mediates the transfer of ovarian cancer
to the peritoneum in combination with CA125 ovarian
cancer antigen. In vitro, overexpressed mesothelin in pancreatic cancer cells significantly increases tumor prolifera-
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to high glucose conditions, small islets release four times
more insulin than islet equivalents of large islets[24]; and (3)
the downturn of mesothelin protein may induce a compensatory up-regulation of islet structure and function
from other proteins.
It has been well established that intercellular interactions within the islets of Langerhans are important for
the development and functional competence of the islet.
Cell-to-cell interactions are important for the development and maintenance of the β cell phenotype. Pancreatic β cells express a number of cell migration molecules,
including mesothelin which is described as a cell migration molecule[8,24-26]. The in vivo reduction of mesothelin
induced an amount of small islets on day 7 and day 14
that was comparable with that in the Ad-EGFP group.
This finding indicated that mesothelin likely plays an important role in cell to cell interactions and in maintaining
primary islet architecture.
Bera et al [27] demonstrated that mesothelin is not
essential for growth or reproduction in mice after mesothelin protein is blocked. These results have some
similarities with ours, but they do not show the effects of
mesothelin on the islets. Methods to promote the formation of mature pancreatic islet β-cells in vitro or in vivo is
still a research focus. In summary, we demonstrated that
mesothelin can promote cell proliferation and affect the
number of small islets, and we have therefore established
the importance of mesothelin during the rat pancreatic
remodeling stage.
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Background

Knowledge of the effect of mesothelin on cell proliferation will be useful in understanding its potential role in the remodeling endocrine pancreas of neonatal
rats. However, no study has investigated the role of mesothelin in the remodeling of the endocrine pancreas in neonatal rats.
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The authors demonstrated that mesothelin may have an important role in the
remodeling of endocrine pancreas in neonatal rats.
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The study demonstrated that mesothelin could promote cell proliferation and
downregulation of mesothelin could lead to a reduction in cell proliferation and
an increase in the number of small islets in the remodeling of endocrine pancreas in neonatal rats.
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the work has important implications in the future as it shows the ability of mesothelin as a mediator stimulating the proliferation of pancreatic cells and their
possible use in the future. It would be interesting to establish the relationship
between mesothelin, damaged normal cells, and local proliferation of cells but
also migration of progenitor cells from bone marrow. This mechanism would put
the stamp seal help. The work not only stands out for its findings but also by the
detailed methodology.
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Expression of gastrointestinal nesfatin-1 and gastric
emptying in ventromedial hypothalamic nucleus- and
ventrolateral hypothalamic nucleus-lesioned rats
Zi-Bin Tian, Run-Jun Deng, Gui-Rong Sun, Liang-Zhou Wei, Xin-Juan Kong, Xue-Li Ding, Xue Jing,
Cui-Ping Zhang, Yin-Lin Ge
weights were monitored after surgery. Reverse transcription-polymerase chain reaction and immunostaining were used to analyse the levels of NUCB2 mRNA
and nesfatin-1 immunoreactive (IR) cells in the stomach, duodenum, small intestine, and colon, respectively.
Gastric emptying was also assessed using a modified
phenol red-methylcellulose recovery method.
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RESULTS: The VMH-lesioned rats fed normal chow exhibited markedly greater food intake and body weight
gain, whereas the VLH-lesioned rats exhibited markedly
lower food intake and body weight gain. NUCB2/nesfatin-1 IR cells were localised in the lower third and
middle portion of the gastric mucosal gland and in the
submucous layer of the enteric tract. Compared with
their respective controls, gastric emptying was enhanced in the VMH-lesioned rats (85.94% ± 2.27%),
whereas the VLH lesions exhibited inhibitory effects
on gastric emptying (29.12% ± 1.62%). In the VMHlesioned rats, the levels of NUCB2 mRNA and nesfatin-1
protein were significantly increased in the stomach and
duodenum and reduced in the small intestine. In addition, the levels of NUCB2 mRNA and nesfatin-1 protein
in the VLH-lesioned rats were decreased in the stomach, duodenum, and small intestine.
CONCLUSION: Our study demonstrated that nesfatin-1 level in the stomach and duodenum is positively
correlated with body mass. Additionally, there is a positive relationship between gastric emptying and body
mass. The results of this study indicate that gastrointestinal nesfatin-1 may play a significant role in gastric
mobility and energy homeostasis.

Abstract
AIM: to determine the expression levels of gastrointestinal nesfatin-1 in ventromedial hypothalamic nucleus
(VMH)-lesioned (obese) and ventrolateral hypothalamic
nucleus (VLH)-lesioned (lean) rats that exhibit an imbalance in their energy metabolism and gastric mobility.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Male Wistar rats were randomly divided
into a VMH-lesioned group, a VLH-lesioned group, and
their respective sham-operated groups. The animals
had free access to food and water, and their diets and
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supported by the inhibition of gastric emptying observed
after the central administration of the peptide[7,14]. It is
possible that gastric mobility participates in the process
underlying imbalances in the energy metabolism correlated with nesfatin-1. The electrolytic lesions of the bilateral ventromedial nuclei and ventrolateral nuclei in the
hypothalamus are known to cause obese and lean rats,
respectively[15]. Unlike congenitally obese and lean animals, the lesioned rats present an increased and decreased
body weight gain, respectively[16-18]. In this study, to assess
the mechanisms regulating body weight homeostasis, we
hypothesise that nesfatin-1 in the gastrointestinal tract
exhibits functional relevance with ventromedial hypothalamic nucleus (VMH)-lesioned polyphagia or obesity and
VLH-lesioned anorexia or frailty.

Core tip: We report that nesfatin-1 level in the stomach
and duodenum is positively correlated with body mass.
To our knowledge, this is the first time to detect the
nesfatin-1 level in the duodenum, small intestine and
colon with traditional obese and lean subjects induced
by nuclei lesions. Additionally, the data of gastric nefatin-1 expression are an objective supplement to the
previous report. Notably, we also show a positive relationship between gastric emptying and body mass. Further, it is possible that the expression level of gastrointestinal nesfatin-1 may be used to diagnose the gastric
mobility disorder and metabolism disturbance.
Tian ZB, Deng RJ, Sun GR, Wei LZ, Kong XJ, Ding XL, Jing
X, Zhang CP, Ge YL. Expression of gastrointestinal nesfatin-1
and gastric emptying in ventromedial hypothalamic nucleusand ventrolateral hypothalamic nucleus-lesioned rats. World J
Gastroenterol 2014; 20(22): 6897-6905 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6897.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6897

MATERIALS AND METHODS
Animals
Adult male Wistar rats (240-250 g) were purchased from
the Qingdao Institute for Drug Control and housed
in a temperature-controlled environment with a 12-h
light/12-h dark cycle with access to laboratory chow and
water ad libitum. All of the rats were allowed to adapt to
the laboratory for 7-10 d before being used in the experiments. Our study protocol was approved by the Qingdao
University Animal Care Committee.

INTRODUCTION
The energy balance and homeostasis of the body are
maintained when the energy intake equals the energy
expenditure over an extended period of time with a
steady-state plateau of body weight, including the adaptive adjustment of appetitive factors and gastrointestinal
mobility. Anabolic and catabolic neuropeptides acting at
either cerebral or peripheral sites contribute to the regulation of the energy balance[1-3].
Nesfatin-1, which is an 82-amino-acid peptide derived
from nucleobindin-2 (NUCB2), was initially identified
as an anorectic hypothalamic neuropeptide by Oh-l and
coworkers[4]. As a brain-gut peptide, nesfatin/NUCB2 is
expressed in appetite-control hypothalamic nuclei, such
as the supraoptic nucleus (SON), the paraventricular
nucleus, the arcuate nucleus, the ventrolateral nucleus
(VLH) of the hypothalamus, and the nuclei of the solitary tract and zona incerta of rats[5,6]. Additionally, peripheral tissues, such as the oesophagus, gastrointestinal
tract, liver, endocrine pancreas, adipose, serum, and testis,
exhibit multiple peptidergic correlations[7-10]. The intracerebroventricular administration of nesfatin-1 reduces
dark-phase feeding in a dose-dependent manner, whereas
the injection of an antibody that neutralises nesfatin-1
stimulates appetite in mice[4]. The chronic administration
of nesfatin-1 into the periphery significantly decreases
body weight gain in rodents. Thus, it was proposed that
the systemic or local administration of nesfatin-1 and its
analogues may treat obesity in the clinic[11].
In previous years, many efforts have been made to
document the expression of NUCB2/nesfatin-1 in hypothalamic areas with essential roles in food intake control[5,6,12,13]. Notably, central nesfatin-1 can influence gastric mobility and feeding behaviour, and this hypothesis is

WJG|www.wjgnet.com

VMH and VLH lesions
For the VMH and VLH surgical procedures, the rats
were anaesthetised with 10% chloral hydrate (0.3 ml/100
g i.p.) The coordinate was selected from the atlas of Paxinos and Watson. The flat-skull position of the rats was
achieved when the incisor bar was lowered 3.3 ± 0.4 mm
below the horizontal zero. The stereotaxic coordinates of
the VMH were 2.8 mm posterior to the bregma, 0.6 mm
lateral to the midline, and 9.6 mm ventral to the top of
the skull. For the VLH, the electrode was placed 1.3 mm
posterior to the bregma, 0.18 mm lateral to the midline,
and 8.9 mm ventral to the skull. Bilateral VMH and VLH
were produced by passing an anodal direct current (2 mA
for 10 s) through the exposed tips of insulated nickelcadmium electrodes (0.3 mm at the tip). The control animals received sham VMH lesions (no current was passed
through the electrode). After surgery, the animals had
free access to food and water, and their diet and weight
were monitored. On day 21 post lesion, the brain of each
rat was removed, fixed in paraformaldehyde, sectioned,
pathologically stained, and examined microscopically to
confirm the sites of VMH and VLH. Those animals in
which the nuclei were not destroyed on both sides were
not analysed.
Measurement of gastric emptying
Gastric emptying was assessed using a modified phenol
red-methylcellulose recovery method. The rats were deprived of food but had free access to tap water for 16
h before the experiments. The non-absorbable dilution,
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and conserved at -80 ℃. The total RNA was extracted
from the samples using the TRIzol® RNA isolation reagent according to the manufacturer’s instructions, and
the concentration and purity of the mRNA were verified
by spectrophotometry and agarose gel electrophoresis,
respectively. Only those samples with an absorption ratio
(OD 260 nm/OD 280 nm) greater than 1.7 were used
for cDNA synthesis. The cDNA was obtained using
a reverse transcription kit (Takara Bio Inc.) according
to the supplier’s manual and directly used as templates
for PCR amplification. For the analysis of normalised
mRNA expression, β-actin was used as a housekeeping
gene. The primer sequences were as follows: β-actin forward, 5’-GGAGAT-TACTGCCCTGGCTCCTA-3’ and
reverse, 5’-GACT-CATCGTACTCCTGCTTGCTG-3’;
NUCB2 forward, 5’-CAGTTTGAA-CACCTGAACCACCA-3’ and reverse, 5’-TCATGCC-GAGTCCGGTCATA-3’. The amplification of the genes consisted of 40
cycles of predenaturation at 95 ℃ for 30 s, denaturation
at 95 ℃ for 3 s, primer annealing at 60 ℃ for 30 s, and
elongation at 72 ℃ for 30 s and was performed on a realtime PCR instrument (RotorGene 3000, Australia).

which consisted of continuously stirred 1.5% methylcellulose (wt/vol) with phenol red (50 mg/100 ml), was
given intragastrically through a stainless steel feeding tube
equipped with a 2-mL syringe to conscious rats. The rats
were sacrificed 15 min later through CO2 inhalation. The
abdominal cavity was opened, the gastric cardia and pylorus were clamped, and the stomach was removed, rinsed,
and placed into 20 mL of distilled water. The gastric
contents were homogenised with 20 ml of 0.5 mol/L
NaOH solution through electric agitation for 1 min and
allowed to settle for 60 min at room temperature. Then,
5 ml of the supernatant was added to 0.5 ml of 20%
trichloroacetic acid (wt/vol), and the mixture was centrifuged for 10 min (3500 rpm). The standard 0% emptying
was defined by homogenisation through the above-mentioned extracorporeal operation. All of the samples were
analysed by spectrophotometry at 560 nm to determine
the absorbance values. Gastric emptying was calculated as
percent emptying = (1 - absorbance of test sample/absorbance of standard).
Immunohistochemical and immunofluorescence
staining
After the animals were sacrificed, the stomach, duodenum, small intestine, and colon were quickly resected,
transferred to 4% paraformaldehyde, and fixed at 4 ℃ for
24 h. After dehydration through an ethanol-xylene series,
the specimens were embedded in paraffin. The paraffin
sections were then cut, dewaxed, rehydrated through a
graded xylene-alcohol series (once in each of the following: 95% ethanol, 70% ethanol, and 50% ethanol; 5 min
in each solution; 25 ℃), and subjected to antigen retrieval
in citrate buffer (pH 6.0). The endogenous peroxidase
was inactivated with 3% hydrogen peroxide in PBS for
10 min. The sections were subsequently incubated with
the primary rabbit anti-mouse antibody (1:1000 dilution;
H-003-22, Phoenix Pharmaceuticals) for 1 h at room
temperature. After washing, the tissue was incubated with
a goat anti-rabbit antibody (30 min; PV-6001, Beijing,
Zhongshan Jinqiao). The sections were finally coverslipped with neutral gum mounting and observed and
photomicrographed under an optical microscope (CX31,
Olympus Corp, Tokyo, Japan). In addition, the number
of nesfatin-1-positive cells was counted and compared
between groups. The percentage of nesfatin-1-positive
cells was determined using Image Pro Plus software (Media Cybernetics, United States)
For immunofluorescent double-staining, the sections
were prepared as described above, incubated with rabbit
polyclonal anti-nucleobindin antibody (ab125260, Abcam
Corp.) and goat anti-rabbit antibody (ZF0311, Beijing,
Zhongshan Jinqiao), and analysed by fluorescence microscopy.

Statistical analysis
The statistical significance for all of the analyses was determined by one-way ANOVA followed by Scheffe’s F-test,
and data were analysed using an independent t test. All
of the data in the figures are expressed as mean ± SE of
the mean. Differences with a P value less than 0.05 were
considered significant.

RESULTS
Effects of VMH and VLH on food intake and body weight
The daily food intake and body weight gain were monitored and calculated on days 3, 7, 14, and 21 after the operation, and the lesions were confirmed by pathological
staining (Table 1, Figure 1). The data from those rats with
misplaced lesions were discarded. As shown in Table 1,
the rats with bilateral VMH lesions consumed more food
and gained greater weight than the sham-operated rats,
whereas the VLH-lesioned group exhibited the opposite
trend. The diversities in the weight tended to be further
enlarged with continued growth (Figure 1), and the differences between the matched groups reached statistical
significance (P < 0.01), which is consistent with previous
observations in rodents[16,17]. The total body weight and
ingestion observed in the VLH-sham rats (sham-VLHlesioned rats) were somewhat higher than those observed
in the VMH-shams, but this difference was not significant (P > 0.05).
Gastric emptying rate of phenol red solution
The amount of phenol red recovered from the stomach
was negatively correlated with the gastric empting rate.
Compared with the calculated output of gastric emptying
for each control animal, the VMH-lesioned rats exhibited
increased values (85.94% ± 2.27% vs 61.66% ± 2.28%, P

Real-time RT-PCR analysis of NUCB2 mRNA expression
The gastric, duodenal, small intestinal, and colonic tissues
were removed quickly after the animals were sacrificed,
immediately immersed into RNA preserving solution,
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Table 1 Daily food intake and cumulative body weight gain on days 3, 7, 14, and 21 post ventromedial hypothalamic nucleus and
ventrolateral hypothalamic nucleus lesioning in rats
Daily food intake (g)
VMH
Sham 1
VLH
Sham 2

Body weight gain (g)

Day 3

Day 7

Day 14

Day 21

Day 3

Day 7

Day 14

Day 21

33.46 ± 1.96
24.71 ± 1.89b
8.50 ± 1.20
26.31 ± 0.86b

35.85 ± 1.88
26.39 ± 0.82b
16.16 ± 0.83
29.06 ± 1.69b

33.42 ± 1.25
27.73 ± 0.95b
17.44 ± 1.54
29.30 ± 0.51b

36.21 ± 1.51
25.26 ± 1.76b
17.25 ± 1.20
26.89 ± 1.01b

35.02 ± 3.46
8.14 ± 3.47b
0.58 ± 1.08
18.57 ± 2.44d

70.07 ± 3.51
31.40 ± 2.48b
18.35 ± 1.15
37.54 ± 2.48d

118.72 ± 3.23
68.57 ± 2.31b
45.05 ± 2.58
81.80 ± 2.29d

184.36 ± 4.28
111.02 ± 3.34b
66.43 ± 2.34
116.72 ± 3.25d

The values are mean ± SE (n = 6 rats per group). bP < 0.01 vs sham-operated rats; dP < 0.01 vs sham-operated rats. VLH: Ventrolateral nucleus; VMH: Ventromedial hypothalamic nucleus.
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Figure 1 Changes in the body weight and daily food intake between hypothalamic nucleus-lesioned and sham-operated rats. A: Body weight on days 3, 7,
14, and 21 post the operation; B: Daily food intake on days 3, 7, 14, and 21 post the operation. VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic nucleus.

Gastric emptying (%)

the location of the protein, immunofluorescence (Figure
4) was also examined. Figure 3 shows that NUCB2/nesfatin-1 IR cells were mainly localised in the lower twothirds of gastric mucosal glands (A-D), Paneth cells of
the duodenum (E-H), and the small intestine (I-L) (brown
stating). The same localisation was also obtained by immunofluorescence (green fluorescence; Figure 4). In our
experiment, the immunostaining of NUCB2/nesfatin-1
immunoreactive cells was undetectable in the colon tissue.
In VMH-lesioned rats, the proportion of nesfatin-1-positive cells amounted to 24.74% ± 3.54% per observation
field in the stomach (Figure 3A), 17.40% ± 1.52 % in the
duodenum (Figure 3E), and 11.01% ± 1.54% in the small
intestine (Figure 3I) compared with the stomach (16.57%
± 1.77%; Figure 4B), duodenum (12.24% ± 1.34%;
Figure 4F) and small intestine (16.16% ± 1.41%; Figure
4J; P < 0.01) of the control rats. The VLH-lesioned rats
showed a decreased percentage of nesfatin-1-positive
cells in the stomach (Figure 3C), duodenum (Figure 3G),
and small intestine (Figure 3K) than the control group
(Figure 3D, H, and L; 8.53% ± 1.59% vs 15.79% ± 1.83%,
8.03% ± 0.98% vs 12.06% ± 1.74%, and 11.18% ± 1.36%
vs 15.37% ± 14.17%, respectively; P < 0.01). The immunofluorescence results tend to correspond with the
diversities in the nesfatin-1 peptide observed between
different groups by immunohistochemistry. To further
investigate the differences in NUCB2/nesfatin-1 protein
in the nuclei-lesioned rats and the control groups, realtime PCR techniques were used to quantify the NUCB2

b

100

d

80
60
40
20
0
VMH

Sham 1

VLH

Sham 2

Figure 2 Effects of ventromedial hypothalamic nucleus and ventrolateral
hypothalamic nucleus lesions on gastric emptying rate in rats. The values
represent mean ± SE (n = 6); bP < 0.01 and dP < 0.01 vs sham-operated rats.
VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic
nucleus.

< 0.01), whereas the VLH-lesioned rats exhibited lower
gastric emptying values (29.12% ± 1.62% vs 61.08% ±
2.46%, P < 0.01; Figure 2).
Immunohistochemistry and immunofluorescence of
NUCB2/Nesfatin-1 in gastrointestinal tissues
The immunolocalisation of the nesfatin-1 peptide in the
stomach, duodenum, and small intestine of rats is shown
in Figure 3. To reduce the feasibility of any unspecific
reaction induced by the goat antibody and to confirm
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Figure 3 Immunohistochemical localisation of nesfatin-1 in the gastrointestinal tissues. A-D: Nesfatin-1 IR cells (brown) in the stomach of VMH-lesioned,
VMH-sham, VLH-lesioned, and VLH-sham rats, respectively; E-H: Nesfatin-1 IR cells (brown) in the duodenum of VMH-lesioned, VMH-sham, VLH-lesioned, and VLHsham rats, respectively; I-L: Nesfatin-1 IR cells (brown) in the small intestine of VMH-lesioned, VMH-sham, VLH-lesioned, and VLH-sham rats, respectively. All of the
magnifications are × 200 with the exception of the stomach, which is × 100. VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic nucleus; IR:
Immunoreactive.
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Figure 4 Immunofluorescence localisation of nesfatin-1 in the gastrointestinal tissue. A-D: Nesfatin-1 IR cells (arrow; enhanced green) in the stomach of VMHlesioned, VMH-sham, VLH-lesioned, and VLH-sham rats, respectively; E-H: Nesfatin-1 IR cells (arrow; enhanced green) in the duodenum of VMH-lesioned, VMHsham, VLH-lesioned, and VLH-sham rats, respectively; I-L: Nesfatin-1 IR cells (arrow; enhanced green) in the small intestine of VMH-lesioned, VMH-sham, VLHlesioned, and VLH-sham rats, respectively. All of the magnifications are × 200 with the exception of the stomach, which is × 100. VMH: Ventromedial hypothalamic
nucleus; VLH: Ventrolateral hypothalamic nucleus; IR: Immunoreactive.
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mRNA levels.

energy expenditure under obese and lean conditions.
The hypothalamus is the main centre for energy balance, where numerous neuropeptides and transmitters
are released to participate in the control of essential
body functions. We have confirmed the previous findings
that VMH and VLH can be considered “feeding” and
“hunger centres”[15-18]. The VMH-lesioned rats exhibited
significant increases in daily food intake and body weight
compared with the sham-operated rats, whereas these
measurements were evidently decreased in the VLHlesioned group compared with the controls. Therefore, it
is likely that the variation in body weight is due to altered
ingestion. The data show that the gastric emptying rate
is distinctly elevated by 85.94% in the VMH-lesioned
group compared with the sham-operated rats (61.66%)
and markedly reduced by 29.12% in the VLH-lesioned
group compared with the controls (61.08%), and these
results are similar to those found in a previous study[23].
Cummings et al[24] reported that an increased gastric volume induced by a lower gastric emptying rate can result
in suppression of food intake, and this finding is similar
to the observations found in our study. It has also been
reported that the gastroduodenal motility of mice is
inhibited after the intracerebroventricular administration of nesfatin-1[14,25] and that the suppressing effect on
gastric emptying is dose-dependent[26]. The underlying
mechanisms may involve alterations in the expression of
nesfatin-1. Sakaguchi et al[27] found reduced sympathetic
activity and enhanced vagal activity in VMH-lesioned
rats. Activated cholinergic neurons in the gastric submucosal, myenteric plexuses, and subsequent vagal gastric
nerve may stimulate the gastric secretory and motor
functions[28]. Therefore, it is possible that hypothalamic
nucleus lesions and nesfatin-1 exert an influence on gastric mobility by adjusting vagal activity. To confirm the
regulatory mechanism of nesfatin-1 in gastric mobility,
further neuroendocrine characterisation of the brain-gut
axis is essential.
As a “satiety molecule”, NUCB2/nesfatin-1 was recently studied in the peripheral organs and not just in the
brain. Ramanjaneya et al[29] found increased NUCB2/nesfatin-1 expression in adipose tissue in obesity. The analysis of obese patients detected a positive correlation between gastric nesfatin-1 IR cells and BMI[20]. Accordingly,
it was recently reported that the plasma nesfatin-1 levels
are significantly lower in AN-R (restricting-type anorexia
nervosa) patients[21]. A similar tendency of increased
expression of NUCB2/nesfatin-1 in both subcutaneous
and visceral fat tissues in VMH-lesioned rats was also observed previously[30]. Our study describes a novel relationship between the expression of nesfatin-1 in gastrointestinal tissue and body mass. The analysis of our data from
the stomach and duodenum samples led us to speculate
that the elevation and decrease of nesfatin-1 levels in
obese and lean rats may be a compensatory upregulation
and downregulation to compensate for the abnormal metabolism. It is possible that the nesfatin-1-driven positive
feedback may play a physiological role in the regulation

Expression level of NUCB2 mRNA in gastrointestinal
tissues
To investigate the physical changes in NUCB2 mRNA
expression, the relative expression ratio was determined
by real-time PCR analyses[19]. As shown in Figure 5, the
expression levels of the target gene in the stomach and
duodenum of VMH-lesioned rats were 2.022 and 2.960
higher than those observed in the control animals (P <
0.05; Figure 5A and B). In contrast, the levels in the small
intestine and colon were 0.476 and 0.268 compared with
the controls (P < 0.05; Figure 5C and D). In the VLHlesioned group, the NUCB2 mRNA levels were significantly decreased in the stomach, duodenum, and small
intestine (0.271-fold, 0.278-fold, and 0.534-fold, respectively; P < 0.05). The NUCB2 concentration in the colon
tended to be slightly lower in the operated animals, but
these differences did not reach statistical significance (P
> 0.05).

DISCUSSION
To the best of our knowledge, nesfatin-1 is a potent
anorexigen with a reproducible food intake-reducing effect. It has been reported that the number of nesfatin-1
IR cells is positively correlated with BMI in the gastric
oxyntic mucosa of obese patients, as shown by immunofluorescence[20]. In addition, Ogiso et al[21] reported
that plasma nesfatin-1 levels are significantly lower in
restricting-type anorexia nervosa patients than in control
patients. Therefore, we hypothesised that there is difference in the expression of nesfatin-1 in gastrointestinal
tissues between polyphagous/obese and anorectic/lean
rats. To confirm this hypothesis, rats pretreated with
VMH and VLH lesions, which were induced through
a direct current, were compared to the controls. In the
present study, we identified the presence of NUCB2
mRNA and nesfatin-1 IR cells in rat gastrointestinal tissues by RT-PCR and immunostaining. It was shown that
the NUCB2/nesfatin-1 IR cells detected in the stomach,
duodenum, and small intestine are in agreement with
previous reports that showed that nesfatin-1/NUCB2 IR
cells are localised in the lower third and middle portion
of the gastric mucosal gland and in submucous layer of
the duodenum in SD rats and ICR mice[7,8,22]. The present study provides the first demonstration that the levels
of NUCB2 mRNA and nesfatin-1 protein are increased
in the stomach and duodenum of VMH-lesioned rats
compared with their sham-operated controls. However,
in the VLH-lesioned rats with a lower body weight, the
levels of NUCB2 mRNA and nesfatin-1 protein were
significantly reduced compared with their controls. Interestingly, our observations showed that the expression of
nesfatin-1 in the small intestine is significantly decreased
in both VMH- and VLH-lesioned rats. Taken together,
these observations indicate that peripheral nesfatin-1
from gastrointestinal tissues is participated to regulate the
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Figure 5 Relative expression levels of nucleobindin-2 mRNA in the stomach (A, B), duodenum (C, D), small intestine (E, F), and colon (G, H) between ventromedial hypothalamic nucleus- or ventrolateral hypothalamic nucleus-lesioned rats and the respective sham-operated rats. Each tissue represents mean ± SE in
the model rats and control groups (n = 6); bP < 0.01, aP < 0.05 vs sham-operated rats. VMH: Ventromedial hypothalamic nucleus; VLH: Ventrolateral hypothalamic nucleus.
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of the metabolic disturbance imposed by obese and lean
conditions and the maintenance of homeostasis. However, our study reveals no clear significance of nesfatin-1 in
the small intestine and colon. Future studies are needed
to determine whether the variations in the nesfatin-1 levels are the cause or consequence of metabolic disorder.
In addition, it should be mentioned that conflicting results have been reported regarding the association
between BMI and nesfatin-1 levels. Abaci et al[31] found
that the serum nesfatin-1 level in obese children is significantly lower compared to that in healthy subjects.
Tsuchiya et al[32] presented data that are in agreement with
a negative correlation between nesfatin-1 and body mass
index in non-obese males. It was also reported that the
cord blood nesfatin-1 levels are decreased in LGA (large
for gestational age) compared to AGA (appropriate for
gestational age) foetuses[33]. Based on the study conducted
by Stengel et al[7], we hypothesised that the nesfatin-1 in
the circulation is secreted from gastric and pancreatic tissues. Studies in mice have provided strong evidence that
nesfatin-1 traverses the blood-brain barrier bidirectionally in a non-saturable manner[34,35]. In addition, there is a
significant linear relationship between the cerebrospinal
fluid and plasma nesfatin-1/NUCB-2 levels in both obese
and lean subjects[36]. Thus, it can be hypothesised that the
nesfatin-1 levels in the cerebrospinal fluid and plasma are
negatively correlated with the levels of this protein in the
stomach and duodenum. However, further studies on the
functional relevance of central and peripheral nesfatin-1
are needed to address this question.
In conclusion, this study provides the first demonstration of the expression of peripheral nesfatin-1 in
gastrointestinal tissues in VMH-lesioned/obese rats and
VLH-lesioned/lean rats. Notably, the present study demonstrates that the nesfatine-1 levels in the stomach and
duodenum are upregulated under conditions of a positive
energy balance (obesity) and downregulated under conditions of a negative energy balance (lean). Additionally,
there is a positive correlation between gastric emptying
and body mass. Therefore, we hypothesised that nesfatin-1 may participate in the regulation of gastric mobility
by adjusting the vagal activity. These data are supported
by numerous previous observations and provide new insight regarding the physiological relevance of nesfatin-1,
gastric mobility, and metabolic disturbances that result
in obese and lean conditions. This study also gives rise
to numerous unanswered questions on the physiological
regulation of nesfatin-1. Further investigation of the biochemical and physiological functions of nesfatin-1 will
help improve our understanding of the mechanisms of
energy homeostasis.

Research frontiers

In addition to its central anorexigenic activity, the expression patterns of
NUCB2/nesfatin-1 in peripheral tissues, such as adipose and serum, were recently reported. However, it is not known whether gastrointestinal nesfatin-1 is
correlated with energy balance and gastric mobility.

Innovations and breakthroughs

This study showed that the nesfatine-1 levels in the stomach and duodenum
are upregulated under conditions of a positive energy balance (obesity) and
downregulated under conditions of a negative energy balance (lean). Notably,
there is also a positive correlation between gastric emptying and body mass.

Applications

The identification here about the relevance of gastrointestinal nesfatin-1 and
gastric motility in obese or lean subject will help to improve our understanding of the mechanisms of gastric dysfunction and metabolism disturbance.
Knowledge of nesfatin-1 may facilitate clinical diagnosis of the gastric mobility
disorder and metabolic disturbances.

Peer review

The authors did a complicated experiment to investigate changes of nesfatin-1
in gastrointestinal tissues of ventromedial hypothalamic nucleus (VMH)-lesioned
rats and ventrolateral hypothalamic nucleus (VLH) -lesioned rats. A phenomenon that peripheral nefastin-1 may participate in regulation of energy balance
in VMH-lesioned and VLH-lesioned rats was observed, but the authors did not
express their ideas using simple and legible writing.
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RESULTS: miR-218 was reduced significantly in the serum of gastric cancer patients compared to healthy individuals (1.15 ± 0.08 vs 0.37 ± 0.023; P = 0.026). In
the gastric cancer group, serum expression of miR-218
was lower in patients with metastasis and poorly differentiated cancer compared with non-metastatic and
well-differentiated cancer (0.19 ± 0.011 vs 0.45 ±
0.021, P = 0.031 and 0.21 ± 0.019 vs 0.49 ± 0.021, P
= 0.025). Serum miR-218 was found to be significantly
associated with gastric cancer metastasis (P = 0.003),
tumor T stage (P = 0.018) and tumor grade (P = 0.012).
Low serum expression of miR-218 was related to an
increase in the stage of gastric cancer. The expression
level of miR-218 in the serum was correlated with the
3-year survival. Ninety-seven percent of patients with a
high level of miR-218 expression survived for 3 years,
while only 54% of those with low miR-218 expression
survived.
CONCLUSION: miR-218 is deregulated in gastric
cancer patients and is strongly correlated with tumor
stage, grade and metastasis. Serum expression of
miR-218 may be a prognostic marker.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; microRNA-218; Invasion;
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Abstract

Core tip: microRNA-218 (miR-218) has been shown to
be a tumor-suppressor miRNA in several cancers. In
this study, we investigated the expression of miR-218 in
the serum of gastric cancer patients and its relationship
with clinicopathological characteristics. miR-218 was
deregulated in gastric cancer patients and associated
with tumor invasion and prognosis.

AIM: To investigate the expression of microRNA-218
(miR-218) in serum from gastric cancer patients and its
relationship with clinicopathological characteristics.
METHODS: A total of 68 patients with pathologically
diagnosed gastric cancer and 56 healthy individuals
were recruited to this study. The expression of miR-218
was detected in the serum of gastric cancer patients
and healthy individuals by quantitative real-time polymerase chain reaction. The clinical data were collected
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RNA isolation and qRT-PCR
TRIzol reagent (CWbio Co. Ltd., Beijing, China) was
used to isolate total RNA from the snap-frozen tissues.
The isolated RNA was treated with DNase Ⅰ (Invitrogen,
Carlsbad, CA, United States). The RNA concentration
and purity were determined using NanoDrop ND-1000.
The ratio of 28S/18S was analyzed by Glyko Bandscan
5.0. RNA quality and quantity were determined by spectrophotometer (Wilmington, DE, United States) at 260
and 280 nm. Reverse transcription of RNA was performed using the NCode miRNA First-Strand cDNA
Synthesis Kit (Invitrogen, United States). qRT-PCR was
performed with the Light Cycler 2.0 Real-Time PCR
System (Roche, Germany) in a total volume of 20 μL
in glass capillaries containing 2 μL cDNA, 0.8 μL each
primer, and 10 μL Light Cycler TaqMan Master Mix
(Invitrogen). The PCR for the miR-21 gene was initiated
using a 10-min denaturation step at 95 ℃ followed by
termination with a 30-s cooling step at 40 ℃. The cycling
protocol consisted of denaturation at 95 ℃ for 15 s and
annealing at 60 ℃ for 60 s; this cycle was performed 40
times. Fluorescence detection was performed at the end
of each extension step. The PCR products were confirmed by melting curve analysis. For data analysis, we
used the cel-miR-39 as an endogenous control. All procedures were repeated three times. The relative expression of miR-218 for gastric cancer and normal controls
was calculated by the 2-ΔΔCT method. The mean relative
expression of miR-218 in the serum of healthy people
was set as N, and all relative expressions of miR-218 in
samples of gastric cancer were compared with it. Based
on the ratios, we determined low miR-218 expression (T/
N < 1.2); medium expression (T/N = 1.2-10); and high
expression (T/N > 10).

expression of circulating microRNA-218 in gastric cancer and
correlation with tumor invasion and prognosis. World J Gastroenterol 2014; 20(22): 6906-6911 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i22/6906.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6906

INTRODUCTION
Gastric cancer is the second most common cancer worldwide and causes nearly 1 million deaths annually[1]. However, to date, our knowledge about gastric cancer invasion
and metastasis is limited. Therefore, further screening
and investigation of some new predictive and prognostic
markers are warranted, which could be helpful in finding new therapeutic targets and strategies and improving
prognosis. Recent studies about microRNAs (miRNAs)
might shed light on this problem[2].
Two decades ago, miRNAs were discovered as a novel
class of evolutionarily conserved, small (18-24 nucleotides), noncoding RNA molecules that are important
regulators of gene expression[3,4]. By targeting the 3’ untranslated region (UTR) of mRNA transcripts, miRNAs
influence RNA stability and translational efficiency via
degradation or protein translation inhibition, respectively[3,5-8]. miRNAs are involved in cellular proliferation,
differentiation, apoptosis, angiogenesis, invasion and
migration[9,10]. Thus, alterations in miRNA expression can
affect crucial biological processes in cancer development
and progression, such as proliferation, differentiation and
apoptosis[11,12]. As reported previously, some miRNAs
are reduced in malignancies and function as tumor suppressors[13,14]. microRNA (miR)-218 is downregulated in
glioma, bladder cancer, lung cancer and oral cancer[13,15-17].
In vitro assays have shown that restored expression of
miR-218 enhances tumor growth and invasion, but
reduces apoptosis[17-19]. Therefore, we investigated the
expression of miR-218 in the serum of gastric cancer
patients using quantitative real-time polymerase chain reaction (qRT-PCR), and analyzed the relationship between
miR-218 levels and clinicopathological characteristics.

Statistical analysis
Differences of miR-218 expression in the two groups were
assessed by one-way analysis of variance. The MannWhitney U test was used to determine the associations of
miR-218 expression and Gastric Cancer clinicopathological features. Survival functions and differences were calculated by the Kaplan-Meier method and assessed using
the log-rank statistic. Multivariable survival analyses were
performed using the Cox proportional hazards regression
model. SPSS version 17.0 was used for statistical analysis.
Statistically significant level was defined as P < 0.05.

MATERIALS AND METHODS
Blood samples
A total of 68 patients with pathologically diagnosed gastric cancer were recruited from January 2009 to June 2010
at the First Affiliated Hospital of Henan University of
Science and Technology (Henan Province, China). Blood
samples were obtained before any treatment and immediately centrifuged; sera and other components were
stored at -80 ℃. Blood samples from 56 healthy people
were used as controls. The control group was defined as
healthy individuals who visited hospital for routine checkup, and they did not have any gastric lesions or a history
of malignancy. Permission was obtained from the hospital Ethical Committee, and written informed consent was
provided by all patients.

WJG|www.wjgnet.com

RESULTS
Clinical and pathological variable analysis
Demographic and clinicopathological variables for the
cohort are summarized in Table 1. Sixty-eight patients
with gastric cancer were included in this study (46 male
and 22 female) aged 35-82 years (mean = 63 years). Pathological classification of tumor grading resulted in 18
poorly differentiated, 24 moderately differentiated and 26
well differentiated tumors, and T staging resulted in 19 as
T1, 17 as T2, 15 as T3, and 17 as T4. There were 28 cases
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Table 1 microRNA-218 expression in sera of normal subjects
and gastric cancer patients
n

Parameters
Age
≤ Mean
> Mean
Gender
Male
Female
Location
Upper
Middle
Lower
T-stage1
T1
T2
T3
T4a
T4b
N- stage1
N0
N1
N2
N3a
Nx
Metastasis1
Metastasis
Non-metastasis
Grade2
Well differentiated
Moderately
differentiated
Poorly differentiated
Resection
Resections
No-resections

microRNA-218 expression
Low

Middle

High

22
46

11
24

8
16

3
6

49
19

24
11

19
4

6
4

19
12
37

9
6
20

8
5
10

2
1
7

19
17
15
10
7

4
9
10
6
4

12
6
3
3
3

3
2
2
1
0

16
11
10
2
29

3
6
7
2
16

6
4
2
0
10

7
1
1
0
3

28
40

20
11

6
19

2
10

26
24

10
12

13
9

3
3

18

15

1

2

Table 2 microRNA-218 expression in serum of healthy
individuals and gastric cancer patients

P value

Variable
GC
NS

0.0816

36
7

24
32

8
17

P value

0.018

Figure 1C). Moreover, there was a significant decrease
in miR-218 expression in the serum of gastric cancer
patients compared to the healthy individuals (P = 0.018,
Table 2).
miR-218 expression and gastric cancer features
The relationships between miR-218 expression and clinicopathological variables of gastric cancer are summarized
in Table 1. There was no significant relationship between
miR-218 expression and patient age (P = 0.816), sex
(P = 0.866), and tumor location (P = 0.916). However,
miR-218 was found to be significantly associated with
tumor metastasis (P = 0.003), tumor T stage (P = 0.018),
and tumor grade (P = 0.012). Taken together, these findings strongly imply that miR-218 expression was negatively correlated with tumor differentiation, invasion, and
metastasis, which are associated with tumorigenesis and
tumor progression.

0.012

Relationship between miR-218 expression and gastric
cancer prognosis
The expression level of miR-218 correlated with 3-year
survival and tumor stage. Associations between the
miR-218 expression parameters and overall survival were
evaluated by Kaplan-Meier survival analysis with logrank statistics for determining significance (Figure 2).
The mean overall survival was significantly decreased in
the low miR-218 group compared to the high miR-218
group (low miR-218: mean overall survival 23.6 mo, high
miR-218: mean overall survival 35.6 mo; P = 0.008). For
patients with high miR-218, 97% survived for 3 years
after surgery, while for those with low miR-218 expression, only 54% survived. In patients with low, medium
and high miR-218 expression, the percentage of those in
stage I decreased by 87%, 31.5% and 17.5%, respectively.
This implies that increased expression of miR-21 correlates with increased gastric cancer stage.
In a multivariate analysis based on the Cox proportional hazards regression model, we tested the independent predictive value for miR-218 expression as well as
relevant clinical and pathological parameters including
sex, age, tumor location, tumor size, metastasis or not, T
stage and grade. As shown in Table 3, decreased miR-218
expression proved to be an independent prognostic
marker for overall survival (P = 0.035), in addition to the
presence of tumor metastasis (P = 0.005) and high tumor
grade (P = 0.000).

0.0662
9
3

1

Tumor stage was determined using the 2009 TNM staging classification
system. 2Tumor grade was determined using the Fuhrman classification
system (well differentiated = grade 1/2; moderately differentiated = grade
3; and poorly differentiated = grade 4).

of metastatic gastric cancer and 40 non-metastatic cases.
Follow-up for the entire cohort ranged from 18 to 36 mo
(mean = 29.6 mo).
miR-218 expression in serum of gastric cancer patients
and healthy individuals
qRT-PCR analysis was performed to demonstrate the
differences in miR-218 expression in gastric cancer and
normal serum. Expression of miR-218 was significantly
decreased in gastric cancer compared with normal serum
(1.15 ± 0.08 vs 0.37 ± 0.023, P = 0.026, Figure 1A). Furthermore, compared with the earlier stages (stage Ⅰ and
Ⅱ) and non-metastasis, the later stages (stage Ⅲ and Ⅳ)
(0.48 ± 0.023 vs 0.22 ± 0.011, P = 0.023 and 0.45 ± 0.021
vs 0.19 ± 0.011, P = 0.031; Figure 1B and D) and metastasis had lower serum expression of miR-218. There was
a significant difference between the well-differentiated
and poorly differentiated tumors in serum expression
of miR-218 (0.49 ± 0.021 vs 0.21 ± 0.019, P = 0.025,
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High

0.916

0.003

12
10

Medium

GC: Gastric cancer; NS: Normal serum.

0.021

18
16

68
56

microRNA-218 expression
Low

0.0866

0.018

39
29

n
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C

1.2
1.0
0.8
0.6

a

0.4
0.2
0.0
Normal

miR-218 relative expression

B

miR-218 relative expression

1.4

0.6
0.5
0.4
0.3

0.1
0.0
Well differentiate

D

0.6
0.5
0.4
0.3

a

0.2
0.1
0.0
Ⅰ/Ⅱ

a

0.2

Cancer

miR-218 relative expression

miR-218 relative expression

A

Ⅲ/Ⅳ

Poor differentiated

0.5
0.4
0.3
a

0.2
0.1
0.0

Non-metastasis

Metastasis

Figure 1 Expression of microRNA-218. A: Expression of microRNA (miR)-218 in the serum of gastric cancer patients (n = 68) and healthy controls (n = 56) (aP
= 0.026); B: Relationship between expression of miR-218 and tumor stages Ⅰ/Ⅱ (n = 40) and Ⅲ/Ⅳ (n = 28) (aP = 0.023); C: Relationship between expression of
miR-218 and well-differentiated (n = 26) and poorly differentiated (n = 18) tumor (aP = 0.025); D: Relationship between expression of miR-218 and tumor metastasis (n
= 28) and non-metastasis (n = 40) (aP = 0.031).

cancer development.
In gastric cancer, patients with regional or distant
metastasis usually have poor outcomes. Unfortunately,
the exact mechanisms of invasion and metastasis are
still unknown. In recent decades, studies on miRNAs
have shown their potential advantage in uncovering the
mechanisms of tumor invasion and metastasis[2]. In the
latest studies, several tumor suppressor miRNAs were reduced in human malignancies[14]. miR-218 is one of those
that could suppress tumor progression and invasion.
Although many miRs, such as miR-21, miR-27a and the
miR-106b-25 cluster, are increased in gastric cancer, other
miRs, especially miR-218, are reduced. Furthermore, Gao
et al[20] used a stem-loop RT-PCR assay to detect miR-218
expression levels in 20 pairs of gastric tissue samples.
They identified the specific downregulation of miR-218
in gastric cancer, and they observed that the forced expression of miR-218 decreased cell proliferation markedly and induced apoptosis in gastric cancer cell lines,
consistent with previous microarray data[21,22]. However,
in other malignancies, miR-218 reportedly was highly
expressed; for example, in acute and chronic lymphocytic
leukemia, miR-218 and miR-34a were considered to function as carcinogenic miRs[23,24]. These differences in miR
expression may reflect the developmental lineage and/or
the state of differentiation in the tumor. As the status
of serum miR-218 in gastric cancer has not been well
studied, we investigated the expression of miR-218 in the
serum of gastric cancer patients and detected its relationships with clinical parameters. According to our results,
miR-218 in the serum was decreased in gastric cancer, especially in the later stages, highlighting its roles in tumor

Survival functions

1.2

Cum survival (%)

1.0
0.8
0.6
High miR-218
0.4

Low miR-218

0.2
0.0
0

6

12
18
24
Survival time (mo)

30

36

Figure 2 Kaplan-Meier estimates of cumulative overall survival by microRNA-218. Signiﬁcant difference was observed between the high and low
microRNA (miR)-218 subgroups indicating the predictive value of miR-218 for
gastric cancer (P = 0.008).

DISCUSSION
To the best of our knowledge, this is the first study of
the expression of miR-218 in the serum of gastric cancer patients. We detected miR-218 in the serum of 68
patients with gastric cancer and in 56 healthy individuals using qRT-PCR. We also examined the relationships
between expression of miR-218 and clinicopathological
characteristics. The results showed that miR-218 expression in the serum of gastric cancer patients was lower
than that in the serum of healthy individuals, indicating
that miR-218 may be associated with carcinogenesis and
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Table 3 Cox regression analysis parameters for overall survival in gastric cancer (Backward: LR)
B

SE

Wald

df

P value

HR

95%CI

1.161
1.713
2.026
-1.463
1.162
2.312

0.8556
0.4126
0.583
0.522
0.484
0.664

4.284
5.536
8.746
7.698
5.782
12.136

1
1
1
1
1
1

0.035
0.027
0.007
0.005
0.016
0.000

3.162
3.347
9.321
0.231
3.212
10.061

1.062-9.401
1.193-31.643
2.438-37.465
0.091-0.653
1.230-8.265
2.753-36.857

Variable
miR-218 expression (high vs low)
T-status (T1-2 vs T3-4)
N-status (N0-1 vs N2-3)
Metastasis (non-M vs M)
Grade1
Grade2
1

Moderately differentiated vs well differentiated; 2Poorly differentiated vs well differentiated. B: Coefficient; df: Degree of freedom; M: Metastasis; non-M:
Non-Metastasis; miR: microRNA.

development and progression. This phenomenon was
consistent with results of previous studies[15,19]. In addition, the expression of miR-218 in the serum was lower
in later stage gastric cancer. In the gastric cancer group,
patients with lymphatic node metastasis showed lower
expression of serum miR-218. Furthermore, our KaplanMeier survival analysis with log-rank statistics suggested
that downregulation of miR-218 expression was positively correlated with tumor-related mortality. Meanwhile,
our multivariate analysis suggested that downregulation
of miR-218 expression had a prognostic effect independent of tumor metastasis, stage and grade. Our findings
further implied that miR-218 might be an important
factor in tumor invasion[25]. However, one must keep
in mind that the findings from multivariate analyses in
our study were based on a limited number of cases and
clinicopathological parameters, and require confirmation
from the analysis of larger cohorts.
Many studies have tried to identify pathways through
which miR-218 can regulate tumor invasion, such as
IKK-β, Slits-Robo, nuclear factor-κB, Survivin, and Rictor-AKT[13,17,18,20,26]. According to these publications, the
loop of Slit-miR-218-Robo has been the most studied.
In a study about cervical cancer, it was demonstrated that
miR-218 could inhibit tumor invasion and metastasis by
targeting the Robo1 receptor[19]. Moreover, interactions
between miR-218 and the Slit-Robo pathway were also
demonstrated in nasopharyngeal cancer and vascular formation[26,27].
To date, there are few gastric cancer-specific biomarkers that have been used clinically for diagnosis and prediction of prognosis. Although miR-218 seems not to be
a specific marker for gastric cancer, it can probably benefit patients due to its significance in prediction of tumor
prognosis. From the clinical viewpoint, low expression of
miR-218 might be considered as a risk factor for tumor
progression, and thereby a strict systemic therapeutic
strategy after surgery, such as immunotherapy, angiogenesis inhibitor drugs, chemotherapy, and radiotherapy
with regular investigation might improve prognosis. Li
et al[27] found a safe and highly efficient method for gene
delivery to solid tumors by self-assembled supramolecular nanovesicles that shows significant potential for
use in practical gene therapy. As such, we may improve
the prognosis of gastric cancer patients by changing the
expression of miR-218 with these simply tailored non-
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cytotoxic nanovesicles in future.
In summary, we found that the expression of
miR-218 in serum was frequently reduced in gastric cancer, and that this expression had a close relationship with
later tumor stages, metastasis and differentiation, which
confirms that miR-218 is a tumor suppressor miRNA in
gastric cancer. We also found that miR-218 might be a
prognostic marker, which needs to be verified in further
follow-up studies.
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RESULTS: Baseline leptin concentrations were significantly decreased in both types of IBD compared to
controls (8.0 ± 9.1 in CD and 8.6 ± 6.3 in UC vs 16.5
± 10.1 ng/mL in controls; P < 0.05), and significantly
increased after treatment only in subjects with CD (14.9
± 15.1 ng/mL; P < 0.05). Baseline serum resistin concentrations were significantly higher in CD (19.3 ± 12.5
ng/mL; P < 0.05) and UC subjects (23.2 ± 11.0 ng/mL;
P < 0.05) than in healthy controls (10.7 ± 1.1 ng/mL).
Treatment induced a decrease in the serum resistin
concentration only in UC subjects (14.5 ± 4.0 ng/mL;
P < 0.05). Baseline serum concentrations of visfatin
were significantly higher in subjects with CD (23.2 ± 3.2
ng/mL; P < 0.05) and UC (18.8 ± 5.3 ng/mL; P < 0.05)
than in healthy controls (14.1 ± 5.3 ng/mL). Treatment
induced a decrease in the serum visfatin concentrations
only in CD subjects (20.4 ± 4.8 ng/mL; P < 0.05). Serum levels of adiponectin, chemerin and tissue growth
factor-β1 did not differ between CD and UC subjects
compared to healthy controls and also were not altered
by anti-inflammatory therapy. Clinical indices of IBD activity did not correlate with adipokine levels.

Abstract

CONCLUSION: IBD modulates serum adipokine levels
by increasing resistin and visfatin release and suppressing leptin production.

AIM: To investigate serum adipokine levels in inflammatory bowel disease (IBD) patients before treatment
and after achieving clinical remission.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Serum concentrations of six adipokines
(tissue growth factor-β1, adiponectin, leptin, chemerin,
resistin, and visfatin) were studied in 40 subjects with
active IBD [24 subjects with Crohn’s disease (CD) and
in 16 subjects with ulcerative colitis (UC)] before and
after three months of therapy with corticosteroids
and/or azathioprine. Clinical diagnoses were based on
ileocolonoscopy, computed tomography or magnetic
resonance enterography and histological examination
of mucosal biopsies sampled during endoscopy. Serum
levels of adipokines were assessed by an indirect enzyme-linked immunosorbent assay. The control group
was comprised of 16 age- and sex-matched healthy

WJG|www.wjgnet.com

Key words: Adipokines; tumor growth factor-β1; Crohn’s
disease; Ulcerative colitis; Inflammatory bowel disease
Core tip: Recently, many adipokines with varying metabolic effects have been discovered. A bidirectional interaction between inflammation of the gut and visceral fat
may exist in cases of inflammatory bowel disease (IBD).
In this work, plasma levels of selected adipokines were
studied in subjects with Crohn’s disease and ulcerative
colitis before treatment and after achieving clinical
remission. The results of this study indicate that IBD
modulates serum adipokine levels by stimulating resistin
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sociation and was approved by the Ethics Committee
of the Medical University of Silesia (resolution number
KNW/0022/KB1/4/13). Subjects provided written
informed consent before enrollment to the study. Individuals with clinically active IBD not treated with corticosteroids or azathioprine between the ages of 19 and
60, including those on low doses of 5-aminosalicylate
(up to 2 g/d), were eligible to be included in the study.
Exclusion criteria included the presence of any other
inflammatory, systemic, endocrine, or metabolic disease,
pregnancy, or lack of participant agreement. Patients who
required surgical treatment or underwent bowel resection
procedures were also excluded from the study. Volunteer
subjects were included if they did not have signs of any
disease and did not report any associated complaints.
A total of 56 volunteers participated in the study:
24 with CD, 16 with UC, and 16 healthy subjects. Participants in all three groups were comparable regarding
demographics and clinical characteristics including age,
sex, body mass index (BMI), and waist and hip circumferences (Table 1). Clinical diagnosis of IBD was based
on ileocolonoscopy, computed tomography, or magnetic
resonance enterography, and histological examination
of mucosal biopsies sampled during endoscopy. Blood
morphology, serum levels of C-reactive protein, glucose,
creatinine, aspartate transaminase, alanine transaminase,
gamma-glutamyl transpeptidase, and alkaline phosphatase
were measured from each subject. The Vienna classification, which measures the time from initial diagnosis (A),
localization of lesions in the bowel (L), and the clinical
course (B), was used for CD diagnosis[10], and the activity
and extent of UC was defined according to the Montreal
classification[11] (Table 1).
We synchronized all IBD subjects according to the
following corticosteroid treatment schedule: prednisone
at a daily dose of 0.8 mg/kg of body mass for two weeks,
then tapered by 5 mg over each of the following weeks
for a total of three months. Simultaneously, subjects with
CD were treated with azathioprine at a constant dose of
2 mg/kg per day. All subjects were administered 5-aminosalicylate at a constant dose of 3 g/d. All subjects
participated in monthly check-ups, when the subject’s
complaints and any abnormalities discovered by physical
examination were recorded, and medication compliance
was determined.
Blood samples were collected from subjects under
fasting conditions both before and after three months of
treatment. Blood was centrifuged 10 min after collection
and serum samples were immediately frozen at -80 ℃.
Enzyme-linked immunosorbent assays (ELISA) were
used to determine serum concentrations of adiponectin,
leptin, and chemerin (BioVendor, Brno, Czech Republic),
resistin (Millipore Corporation, Billerica, MA, United
States), visfatin (Phoenix Europe GmbH, Karlsruhe,
Germany), and TGF-β1 (Gen Probe Diaclone SAS, Besancon, France).

and visfatin release and suppressing leptin production.
Waluga M, Hartleb M, Boryczka G, Kukla M, Żwirska-Korczala
K. Serum adipokines in inflammatory bowel disease. World J
Gastroenterol 2014; 20(22): 6912-6917 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6912.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6912

INTRODUCTION
Inflammatory bowel diseases (IBDs) such as Crohn’s
disease (CD) and ulcerative colitis (UC) are severe and
difficult to treat diseases of the digestive tract. Despite
considerable progress in the field, the pathophysiology
of IBD remains unclear, while its prevalence continues
to rise. The most important determinant of the clinical
course of IBD is the balance, levels, and ratios of proinflammatory, anti-inflammatory, and immunomodulating
factors.
Inflammatory reactions localized in the bowel wall
may penetrate the surrounding visceral adipose tissue.
Imaging methods provide evidence for hypertrophy of
the mesenteric adipose tissue in patients with CD[1-3].
Moreover, submucosal fat deposition (fat halo sign) in
the bowel is observed in both CD and UC patients[4]. The
anatomic proximity of the bowel and visceral fat favors
the activation of adipocytes. Visceral adipose tissue is not
only an energy storage site, but is also an active endocrine
organ. Activated visceral adipocytes secrete many mediators, cytokines and adipokines, such as leptin, adiponectin, resistin, chemerin, and visfatin. Adipokines influence
the immunologic system of the gastrointestinal tract, in
some cases worsening IBD by amplifying inflammation
via the secretion of proinflammatory interleukins, tumor
necrosis factor alpha (TNF-α) and adhesion factors. Visfatin is an example of an adipokine that increases the epithelial expression of TNF-α, interleukin (IL)-l, IL-6, and
adhesion molecules[5,6]. Furthermore, the adipokines visfatin, chemerin, and resistin have increased tissue expression in many acute and chronic inflammatory diseases[6-9].
The significance of adipokines for IBD pathophysiology is the subject of intensive research, as on one hand
the adipokine levels might serve as an index of inflammatory activity and on the other hand, inhibition of specific
adipokines could expand the spectrum of therapeutic interventions for this disease. The aim of the present study
was to determine the serum concentrations of tumor
growth factor (TGF)-β1, adiponectin, leptin, chemerin,
resistin, and visfatin in patients with active CD and UC in
the pre-treatment stage and after three months of antiinflammatory and/or immunosuppressive therapy.

MATERIALS AND METHODS
Patients and study design
This work was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical As-
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Statistical analysis
All analyses were performed using Statistica PL version
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Table 1 Subject characteristics
Crohn’s disease (n = 24)
Female, %
Age, yr
BMI, kg/m2
Waist circumference, cm
Hip circumference, cm
Waist/hip ratio
Duration of IBD, yr
Activity of IBD
CDAI
Montreal severity classification
S0/S1/S2/S3
Vienna classification
A1/A2
L1/L2/L3/L4
B1/B2/B3

Ulcerative colitis (n = 16)

Control group (n = 16)

P value

56
33.2 ± 21.9
23.4 ± 5.6
78.4 ± 15.7
93.6 ± 11.9
0.84 ± 0.08
10.5 ± 8.1

50
30.3 ± 12.2
22 ± 4.8
78.5 ± 8.5
91.1 ± 8.1
0.86 ± 0.07
-

0.902
0.060
0.444
0.090
0.345
0.472
0.105

54
31.0 ± 9.4
21.4 ± 2.8
78.8 ± 9.9
91.5 ± 8.8
0.86 ± 0.08
9.5 ± 7.9
A: 241 ± 155
B: 36.6 ± 25.3

-

-

A: 0/1/14/1
B: 8/8/0/0
-

-

21/3
2/5/17/0
14/6/4

A: Before treatment; B: 3 mo after initiation of treatment; CDAI: Crohn’s disease activity index; IBD: Inflammatory bowel disease; BMI: Body mass index.

10.0 (StatSoft Inc., Tulsa, OK, United States). Intergroup
differences for each adipokine were analyzed using the
Kruskal-Wallis test (nonparametric ANOVA) for global
comparisons between CD, UC and healthy volunteer subjects. Adipokine levels were compared between groups
using an unpaired Student’s t-test if the data showed a
normal distribution; otherwise the Mann-Whitney U
test was used. A paired Wilcoxon test was used to independently compare data acquired before and after three
months of treatment for each disease group. Linear regression analysis was performed to assess the associations
between the severity of the disease, time post-diagnosis,
age, waist and hip circumference, BMI (independent variables) and the levels of each adipokine (dependent variables). Data are expressed as mean ± sd, and a P value
of 0.05 or less was considered as statistically significant.

any of the adipokines examined or TGF-β1 and the clinical severity of IBD, time from initial diagnosis, age, waist
or hip circumference, or BMI (Table 3).

DISCUSSION
Although the etiology of IBD remains unclear, the most
prevalent hypothesis is that the disease develops due to
a genetic predisposition and a hyperactive gut-associated
immune response to food allergens and bacteria. Individuals with IBD exhibit hypertrophy of the mesenteric
adipose tissue lying in direct proximity to the inflamed
bowel as well as alterations in local or serum adipokine
concentrations[1].
Adipokines have both pro- and anti-inflammatory
effects in IBD patients. Adiponectin is one of the most
richly represented adipokines in the blood, exerting many
metabolic effects[12-14]. It also has anti-inflammatory effects by increasing the synthesis of an interleukin receptor antagonist and decreasing the dendritic cell release
of interferon gamma. Moreover, adiponectin enhances
phagocytosis by human macrophages[15,16]. In the present
study, no statistically significant increase in serum adiponectin concentration was found in either type of IBD,
indicating strong adaptive mechanisms of adiponectin
homeostasis.
Leptin, one of the most well studied adipokines,
exerts many metabolic, endocrine, and immunologic effects. This adipokine stimulates the proliferation of naïve
T-helper lymphocytes, but inhibits the proliferation of
T-memory lymphocytes and subsequent production of
cytokines[17]. In addition, leptin activates phagocytosis by
macrophages[15] and regulates proinflammatory immune
responses[18]. The adipose tissue mass is the most important determinant of serum leptin concentration. In our
study, despite similar BMI in the three groups of subjects, serum leptin levels were decreased in subjects with
both types of IBD, compared with healthy controls. Low

RESULTS
All subjects completed the study. The serum concentrations of adiponectin, TGF-β1, and chemerin were not
different between subjects with active IBD and healthy
controls, and there was no effect of treatment (Table
2). Baseline serum leptin concentrations were significantly lower in subjects with CD and UC compared with
healthy controls (P < 0.05), and significantly increased in
CD subjects after three months of treatment (P < 0.05).
Baseline serum resistin concentrations were significantly
higher in CD and UC subjects compared with healthy
controls (P < 0.05), and treatment induced a decrease
in levels only in UC subjects (P < 0.05). Baseline serum
concentrations of visfatin were also significantly higher in
subjects with CD and UC compared to healthy controls
(P < 0.05). Treatment induced a decrease in the serum
visfatin concentration only in CD subjects (P < 0.05),
but the post-therapy level of this adipokine remained significantly higher than that in healthy controls (P < 0.05)
(Table 2). There were no correlations detected between
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Table 2 Serum adipokine concentrations

Crohn’s disease
Before treatment (n = 24)
Upon treatment (n = 24)
Ulcerative colitis
Before treatment (n = 16)
Upon treatment (n = 16)
Control group
Healthy subjects (n = 16)

Adiponectin, μg/mL

Leptin, ng/mL

TGF-b1, pg/mL

Chemerin, ng/mL

14.7 ± 19.4
11.7 ± 6.7

8.0 ± 9.1a
14.9 ± 15.1c

3152 ± 1137
3261 ± 1327

418 ± 193
344 ± 127

19.3 ± 12.5a
17.9 ± 13.2a

23.2 ± 3.2a
20.4 ± 4.8ac

9.8 ± 4.1
13.7 ± 5.3

8.6 ± 6.3a
9.2 ± 7.3

4378 ± 361
2877 ± 1761

421 ± 214
379 ± 208

23.2 ± 11.0a
14.5 ± 4.0c

18.8 ± 5.3a
21.0 ± 3.5a

9.3 ± 3.0

16.5 ± 10.1

3027 ± 809

355 ± 69

10.7 ± 1.1

14.1 ± 5.4

Resistin, ng/mL

Visfatin, ng/mL

P < 0.05 vs control group; cP < 0.05 vs before treatment. TGF: Tumor growth factor.

a

Table 3 Results of correlational analyses (P values) between adipokine levels and clinical parameters
Adipokine level
Crohn’s disease
TGF-b1
Adiponectin
Leptin
Chemerin
Resistin
Visfatin
Ulcerative colitis
TGF-b1
Adiponectin
Leptin
Chemerin
Resistin
Visfatin

2

A/B

Severity, points

Duration of IBD, yr

Age, yr

Waist circumference, cm

Hip circumference, cm

BMI, kg/m

A
B
A
B
A
B
A
B
A
B
A
B

0.157
0.235
0.086
0.056
0.274
0.065
0.066
0.149
0.065
0.159
0.094
0.085

0.068
0.065
0.055
0.054
0.118
0.086
0.129
0.097
0.066
0.129
0.076
0.085

0.067
0.468
0.065
0.058
0.065
0.081
0.063
0.224
0.080
0.056
0.159
0.054

0.061
0.084
0.171
0.061
0.076
0.070
0.088
0.183
0.061
0.078
0.127
0.075

0.126
0.068
0.096
0.085
0.074
0.085
0.115
0.093
0.116
0.075
0.097
0.087

0.065
0.056
0.116
0.075
0.085
0.268
0.095
0.085
0.063
0.069
0.061
0.105

A
B
A
B
A
B
A
B
A
B
A
B

0.068
0.073
0.065
0.106
0.093
0.085
0.065
0.077
0.064
0.084
0.065
0.115

0.061
0.137
0.060
0.070
0.080
0.056
0.052
0.130
0.060
0.068
0.079
0.069

0.137
0.193
0.061
0.070
0.060
0.071
0.088
0.093
0.061
0.080
0.060
0.070

0.082
0.156
0.067
0.090
0.086
0.080
0.075
0.088
0.073
0.062
0.079
0.117

0.154
0.954
0.177
0.095
0.158
0.085
0.173
0.055
0.084
0.275
0.054
0.064

0.054
0.068
0.061
0.271
0.081
0.224
0.101
0.094
0.070
0.260
0.161
0.070

A: Before treatment; B: 3 mo after initiation of treatment; BMI: Body mass index; IBD: Inflammatory bowel disease; TGF: Tumor growth factor.

normal colonic epithelium. However, it is detected in the
subapical region of the epithelial cells during conditions
of inflammation[21]. This finding explains the differences
between leptin concentrations measured in the serum,
tissue, or gut lumen.
Recent studies suggest that TGF-β1 decreases symptoms of IBD by suppressing the immunologic system in
the gut and the bowel epithelium through inhibition of
immature dendritic cells[22,23]. In our study, TGF-β1 serum
concentrations were not significantly different in IBD
subjects versus healthy controls, and anti-inflammatory
treatment had no effect on TGF-β1 serum levels. These
data indicate that any potential role of TGF-β1 in IBD is
limited to the mucosa and potential changes in the local
concentration of this cytokine cannot be monitored in
the systemic circulation.
Chemerin acts as either an activator (initiating stage)

leptin concentrations in CD and UC subjects, which are
consistent with previous studies[19], may be the result of
TNF-α hyperactivity. TNF-α stimulates the temporary
release of substantial amounts of leptin in response to
inflammation eventually leading to a decrease in leptinmediated chronic inflammation. Moreover, serum leptin
levels increase in CD subjects treated with the TNF-α
antagonist infliximab confirming the role of TNF-α in
the regulation of leptin release by adipocytes[20]. Similarly, our study showed that a 3-month treatment period
with corticosteroids alone or with azathioprine leads to
increased blood leptin concentrations, which is particularly noticeable in CD subjects. Interestingly, while some
studies report increased expression of leptin mRNA in
the mesenteric adipose tissue or increased concentrations
of leptin in large bowel lavage fluid from patients with
mild to severe CD or UC[3,21], leptin is not detected in
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or inhibitor (later stages) of inflammation[24,25]. Weigert et
al[8] reported elevated serum concentrations of chemerin
in IBD patients, especially those with CD. Surprisingly,
the highest levels of this adipokine were observed in patients with the non-active form of CD. However, results
from this study failed to show significant differences in
the baseline chemerin concentrations, though serum levels tended to be higher in IBD patients before treatment.
Resistin is a proinflammatory agent, as it stimulates
the synthesis and secretion of TNF-α, IL-12, and adhesive factors upon nuclear factor kappa B activation[26].
Expression of resistin in the mesenteric adipose tissue is
elevated in patients with severe CD compared to those
with colon cancer [27]. Adipose tissue is not a unique
source of resistin as it is also found in mononuclear
blood cells, macrophages, and stem cells[28]. The production of resistin by mononuclear cells may be increased by
lipopolysaccharides, TNF-α, IL-1, and IL-6[29]. Karmiris
et al[19] reported elevated serum levels of resistin in IBD
patients, irrespective of disease type. Consistent with
these findings, results of this study found significantly
higher serum resistin concentrations in both CD and UC
subjects compared to healthy controls. Resistin levels returned to baseline levels following three months of treatment in UC, but not CD, subjects.
Adipose tissue produces large amounts of visfatin.
Apart from its role in the regulation of insulin receptor
sensitivity[30], visfatin also inhibits apoptosis in a neutrophilic response to inflammatory factors[31], and induces
the synthesis of interleukins by CD14+ monocytes[5].
Increased serum concentrations of visfatin have been detected during active IBD symptoms[9] and correlate with
indices of IBD activity[32]. The findings of the present
study confirm this role of visfatin in IBD, as levels were
significantly higher in CD and UC subjects compared
with healthy controls. Moreover, three months of treatment significantly lowered visfatin levels in CD subjects,
indicating that azathioprine-mediated immunosuppression affects the visfatin level.
In summary, bowel inflammation is responsible for elevation of serum levels of some adipokines (resistin, visfatin), while others are not significantly altered (adiponectin, chemerin) or are even suppressed (leptin). In general,
the treatment of IBD led to a normalization of adipokine
serum levels, though it is unknown if the improvement
in leptin and visfatin levels observed only in CD patients
is related to disease specificity or the use of azathioprine.
Overall, the findings suggest that adipokines are involved
in the pathogenesis of IBD. However, the lack of a direct
correlation between serum levels and IBD activity implies
that adipokines are modulators rather than determinants
of IBD severity.

However, this relationship between serum adipokine levels and IBD activity is
poorly understood.

Research frontiers

Although many functions of adipokines in inflammatory diseases have been
investigated, their impact on the exacerbation of IBD, as well as the impact of
therapy-induced remission on serum levels of adipokines, is unknown.

Innovations and breakthroughs

This study examined serum levels of six adipokines in IBD patients before treatment and after 3 mo of immunosuppression leading to clinical remission. Results indicate that serum adipokine levels differ in IBD patients compared to a
healthy population. Their profile and reaction to immunosuppressive treatment
seems to depend on type of disease (Crohn’s disease vs ulcerative colitis) and
not clinical indices of IBD activity.

Applications

Understanding the biochemical and immunological relationship between IBD
the surrounding adipose tissue may influence the future therapy of IBD.

Terminology

IBD refers to a group of chronic inflammatory diseases usually involving the
ileocecal region (Crohn’s disease) or the large bowel (ulcerative colitis). Adipokines are hormones mostly produced in adipose tissue and have an impact on
many metabolic, endocrine and inflammatory pathways.

Peer review

This paper reports differential changes in serum levels of adipokines, including adiponectin, leptin, chemerin, resistin, visfatin and TGF-β1, in individuals
with Crohn’s disease and ulcerative colitis, before and after treatment and after
achieving clinical remission.
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RESULTS: Of the 36 patients, 17 were positive for

H. pylori infection and eradication was achieved in

16 patients. The mean baseline platelet count in the
3
eradicated patients was 88615.38 ± 30117.93/mm
and platelet count after eradication at 6 wk, 3 mo and
3
6 mo was 143230.77 ± 52437.51/mm (p = 0.003),
3
152562.50 ± 52892.3/mm (p = 0.0001), 150187.50
3
± 41796.68/mm (p = 0.0001) respectively and in
the negative patients, the mean baseline count was
3
rd
th
71000.00 ± 33216.46/mm and at 6 wk, 3 and 6
3
month follow up was 137631.58 ± 74364.13/mm (p
3
= 0.001), 125578.95 ± 71472.1/mm (p = 0.005),
3
77210.53 ± 56892.28/mm (p = 0.684) respectively.
CONCLUSION: Eradication of H. pylori leads to increase in platelet counts in patients with cITP and can
be recommended as a complementary treatment with
conventional therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Immune thrombocytopenic purpura; Platelet counts
Core tip: immune thrombocytopenic purpura (ITP) is an
autoimmune haematological disorder in which destruction of platelets is mediated by auto-antibodies in the
reticuloendothelial system. Some studies have demonstrated improvement in the platelet count after Helicobacter pylori (H. pylori ) eradication in cITP. The present
study describes the effect of H. pylori eradication on
the platelet count in patients with cITP. It was found
that following H. pylori eradication there was a signifird
cant sustained rise in the platelet count at 6 wk, 3
th
and 6 months following eradication. In patients where
conventional therapy was administrated, although there
was a significant rise in the platelet count at 6 wk and

Abstract
AIM: To assess the effect of Helicobacter pylori (H.
pylori ) eradication on platelet counts in patients with
chronic immune thrombocytopenic purpura (cITP).

METHODS: A total of 36 cITP patients were included
in the study. The diagnosis of H. pylori was done by
rapid urease test and Giemsa staining of the gastric
biopsy specimen. All H. pylori positive patients received
standard triple therapy for 14 d and were subjected
for repeat endoscopy at 6 wk. Patients who continued to be positive for H. pylori on second endoscopy
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from the Institute Research Council and Ethics Committee. Informed written consent was obtained from all the
patients included in the study.
After enrolment in the study, all the patients had baseline platelet counts, complete blood count and serology
for hepatitis B, hepatitis C and human immunodeficiency
virus analysis done. A baseline platelet count of less than
120000/mm3 and stable treatment for 3 wk prior to study
entry were included in the study.
Patients with other causes of thrombocytopenia such
as Hepatitis C virus, Human Immunodeficiency virus
or Hepatitis B virus infections were excluded. The patients also were excluded if they had received eradication
therapy for H. pylori infection within the previous 2 years
of enrolment or an antibiotic or proton pump inhibitor
within the previous 4 wk. Those patients who had active
life threatening bleeding at the time of enrolment were
also excluded.
All cITP patients underwent diagnostic upper gastrointestinal endoscopy (UGIE). Four gastric mucosal biopsies were taken (two from the antrum and two from the
body) and subjected to rapid urease test and histology by
Giemsa staining for the diagnosis of H. pylori infection. A
biopsy of mucosa is taken from the stomach and placed
into the solution containing urea with phenol red as indicator and observed for 24 h. The urease produced by
H. pylori catalyzes the urea to ammonia, which raises the
pH of the solution, and changes the colour from yellow
(negative) to red (positive). This urease test was earlier
standardized in our institution, which contained 250 mg
urea, 400 µl of gentamycin (40 mg/ml), and 400 µl of
phenol red in 15 ml of distilled water[14].
Any one or both above mentioned tests, if positive,
were considered to be positive for H. pylori infection.
Eradication of H. pylori was defined when a patient was
negative for urease test and H. pylori. After endoscopy
and biopsy, the patients were divided into two groups.
Study group - H. pylori positive patients (Cases) were
given standard first line eradication therapy for H. pylori
(capsule- amoxicillin 1 gm twice daily, tablet- clarithromycin 500 mg twice daily, and capsule- omeprazole 20 mg
twice daily for 14 d).
Control group - This group included cITP patients
negative for H. pylori. The conventional therapy for ITP
was continued (Prednisolone/Dapsone/azathioprine) for
them.
Regular follow up was done at the end of 6 wk, 3 mo,
and 6 mo following completion of eradication therapy.
Study group were subjected for repeat UGIE with rapid
urease test and histology by Giemsa stain to confirm the
eradication of H. pylori at the end of 6 wk. The patients
who continued to be positive for H. pylori on second endoscopy received second line salvage regime with amoxicillin 1 mg twice daily, levofloxacin 500 mg twice daily,
and omeprazole 20 mg twice daily for 14 d, to eradicate
H. pylori. In both the groups the platelet counts were estimated at 6 wk, 3 mo and 6 mo follow up.

3 month, it was found that at 6 month the platelet
count was similar to the baseline pre therapy level.
Noonavath RN, Lakshmi CP, Dutta TK, Kate V. Helicobacter
pylori eradication in patients with chronic immune thrombocytopenic purpura. World J Gastroenterol 2014; 20(22): 6918-6923
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i22/6918.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i22.6918

INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral shaped microaerophilic gram-negative bacterium, first isolated from gastric
biopsy by Robin Warren and Barry J. Marshall in 1984. H.
pylori has been implicated in the aetiology of many upper
gastrointestinal disorders like acid peptic disease, chronic
gastritis and gastric lymphoma (MALToma)[1]. Recently,
H. pylori has been found to be associated with various
extra-intestinal and immune mediated diseases, including
pernicious anemia, idiopathic thrombocytopenic purpura
(ITP), rheumatoid arthritis, auto immune thyroiditis and
Sjogren’s syndrome[2,3].
Some studies have shown an increased prevalence of
H. pylori infection in patients with chronic ITP (cITP)
compared to the general population[4]. The prevalence
of H. pylori infection in cITP patients varies according to
the geographic region[5]. Some studies have demonstrated
significant improvement in the platelet count after H. pylori eradication in cITP patients[2,3,6-8]. Several mechanisms
have been proposed to explain the association of H.
pylori infection and ITP. H. pylori surface antigen, such as
cytotoxin associated gene A protein (CagA) evokes host
systemic immune response that produces auto antibodies
which cross-reacts with host platelets[9].
However, some studies have reported that there was
no significant improvement of platelet counts after eradication of H. pylori infection in cITP patients[10,11].
To the best of our knowledge, no studies have been
reported from India regarding the association of H. pylori
and cITP. Hence, this study has been done to evaluate
the role of H. pylori infection in cITP and the response
of H. pylori infected cITP patients to the eradication of H.
pylori.

MATERIALS AND METHODS
All the patients attending the haematology clinic of JIPMER hospital, Puducherry in-between September 2011
to July 2013 with the diagnosis of cITP were included
in the study. The diagnosis of cITP was confirmed by a
haematologist according to the standard criteria proposed
by the American Society of Haematology guidelines[12].
cITP was defined as ITP that persists for more than 6
mo[13]. The study was conducted after obtaining clearance
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was 81588.2 ± 7100/mm3 vs 34294.8 ± 33216.5/mm3, (p
= 0.354).
As regards UGIE findings, 18 (50.0%) had gastritis,
15 (41.7%) had normal study and 3 (8.3%) had ulcer. The
UGIE findings were similar in both H. pylori positive and
H. pylori negative patients and the difference was not significant (p = 0.66).
Comparison of the platelet count at 6 wk, 3 mo and
6 mo between H. pylori eradicated and H. pylori negative
patients from the baseline count is shown in the Table 2,
Table 3 and Table 4 respectively. Eradication of H. pylori
in the patients with cITP achieved a significant increase
in the platelet count at 6 wk, 3 mo and 6 mo follow up,
whereas with conventional therapy in H. pylori negative
patients although there was short term benefit in the
platelet response at 6 wk and 3 mo follow up, the platelet
count reduced a 6 mo follow up closer to the baseline
counts (p = 0.0001).
Table 5 shows the comparison of platelet response in
the patients with successful eradicated and H. pylori negative patients. Among sixteen H. pylori eradicated patients,
13 had a complete response (CR), 3 had partial response
(PR) and in 19 H. pylori negative patients, 5 had complete
response, 5 had partial response and 9 patients did not
have any response (NR) (p = 0.002).
In the present study, platelet response (CR, PR and
NR) was assessed between the successful H. pylori eradicated (13/3/0) and H. pylori negative patients (5/5/9),
and it was statistically significant (p = 0.002).
Assessment of platelet response was done as per the
following criteria - CR - platelet count of at least 120000
for more than 2 mo, PR - platelet count of at least 20000
and at least doubling the base line count over a period
of more than 2 mo. NR - platelet counts below 20000 or
when the counts do not increase to more than 50% of
the pretreatment level.

Table 1 Prevalence of Helicobacter pylori in patients with
immune thrombocytopenic purpura (n = 36)
ITP Patients

n (%)

H. pylori positive
H. pylori negative
Total

17 (47.2)
19 (52.8)
36 (100)

ITP: Immune thrombocytopenic purpura; H. pylori: Helicobacter pylori.

Statistical analysis
Statistical analysis was done by using SPSS 19.0 software
version for windows. The following variables were analyzed to identify factors associated with the improvement
in the platelet count after eradication therapy: age, sex,
disease duration, duration of H. pylori eradication therapy,
platelet count before and after H. pylori eradication, endoscopic and histopathological findings.
The χ 2 t tests was used for comparison of age and
gender distribution, disease duration, and mean baseline
platelet counts between H. pylori negative and H. pylori
positive cITP patients. χ 2 test was used for comparison
of UGIE findings and platelet response between H. pylori
eradicated and H. pylori negative cITP patients. Unpaired
student t test was used for comparing platelet count response between H. pylori eradicated and H. pylori negative
patients during follow up period. A p value of less than
0.05 was considered as statistically significant.

RESULTS
A total of thirty seven patients were enrolled in the study.
Out of these, 36 patients underwent UGIE and biopsies
were taken and subjected to rapid urease test and histology by Giemsa stain for the diagnosis of H. pylori. After
endoscopy and biopsy, patients were divided into two
groups.
Total of seventeen patients were diagnosed to have H.
pylori infection with cITP. Table 1 shows the prevalence
of H. pylori infection in the study population (47.2%).
The mean age in both the groups was similar. In H. pylori
positive cITP patients the mean age was ± SD of 29.1 ±
10.9 years and in H. pylori negative patients the mean age
was ± SD of 29.8 ± 9.2 years, (p < 0.0830). Most of the
patients 15/36 (41.5%) were in the age group of 21-30
years with a mean age of 29.5 ± 9.92 years (range: 14-52
years).
The gender distribution between the groups was similar. Among H. pylori positive patients, 2 were males and
15 were females and in H. pylori negative group, 5 were
males and 14 were females (p ≤ 0.271). In the present
study, the most common symptom was gum bleeding 18
(52.9%) followed by menorrhagia 11 (32.4%), petechiae 4
(11.8%) and epistaxis 1 (2.9%).
The mean cITP duration between H. pylori positive
and H. pylori negative patients was 2.09 ± 1.9 years vs 5.3
± 6.4 years (p ≤ 0.057). The mean baseline platelet count
between H. pylori positive and H. pylori negative patients
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DISCUSSION
ITP is an autoimmune hematological disorder in which
destruction of the platelets is mediated by anti-platelet
auto-antibodies in reticuloendothelial system [15]. The
mechanisms of anti-platelet auto-antibodies development
are still not yet known. In recent years, several studies
have proposed that H. pylori infection may be associated
with extra gastrointestinal diseases, especially haematological disorders like iron deficiency anaemia and immune
thrombocytopenic purpura[15].
In 1998 Gasbarrini, for the first time proposed that H.
pylori infection may be associated with ITP and showed
that, there was a significant improvement of platelet
counts in H. pylori positive ITP patients after eradication
of H. pylori infection[2]. Emilia et al[16] have demonstrated
that H. pylori eradicated cITP patients exhibited a significant increase in the platelet count. Sato et al[8] and Inaba
et al[7]. Demonstrated a favourable platelet response in the
patients in whom H. pylori was successfully eradicated
In the present study, the results are similar to that of
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Table 2 Comparison of platelet count at 6 wk follow up between Helicobacter pylori eradicated
patients and Helicobacter pylori negative patients (n = 32)
Groups

n

H. pylori eradicated
Baseline count
Count at 6 wk
H. pylori negative
Baseline count
Count at 6 wk

13

3

Platelet count (mean ± SD)/mm

P value1

CI

0.003

-89230.8 - -20000

0.001

-104526 - -2736.8

88615.38 ± 30117.93
143230.77 ± 52437.51
19
71000.00 ± 33216.46
137631.58 ± 74364.13

1

Unpaired t test. H. pylori: Helicobacter pylori.

Table 3 Comparison of platelet count at 3 mo follow up between Helicobacter pylori eradicated
patients and Helicobacter pylori negative patients (n = 35)
Groups

n

H. pylori eradicated
Baseline count
Count at 3 mo
H. pylori negative
Baseline count
Count at 3 mo

16

3

Platelet count (mean ± SD)/mm

P value1

CI

0.0001

-100118.68 - -36256.32

0.0050

-91249.09 - -17908.79

84375.00 ± 33372.39
152562.50 ± 52892.3
19
71000.00 ± 33216.46
125578.95 ± 71472.1

1

Unpaired t test. Post salvage therapy 3 patients added to H. pylori eradication Group. H. pylori: Helicobacter pylori.

Table 4 Comparison of platelet count at 6 mo follow up between Helicobacter pylori eradicated
patients and Helicobacter pylori negative patients (n = 35)
Groups

n

H. pylori eradicated
Baseline count
Count at 6 mo
H. pylori negative
Baseline count
Count at 6 mo

16

3

Platelet count (mean ± SD)/mm

P value1

CI

0.0001

-93120.40--38504.60

0.6840

-36862.56-24441.51

84375.00 ± 33372.39
150187.50 ± 41796.68
19
71000.00 ± 33216.46
77210.53 ± 56892.28

1

Unpaired t test. H. pylori: Helicobacter pylori.

Table 5 Comparison of platelet response in patients with successful eradication and Helicobacter

pylori negative patients

n

Groups
H. pylori eradicated
H. pylori negative

16
19

Response
Yes (CR/PR)

No (NR)

16 (13/3)
10 (5/5)

0
9

P value1

CI

0.002

0.2835–0.6308

1

Unpaired t test. H. pylori: Helicobacter pylori.

in the mean platelet count from the baseline value (84375
± 33372/mm3 vs 152562 ± 52892/mm3, p ≤ 0.0001),
whereas, H. pylori negative patients also had a significant
increase in the platelet count (125578 ± 71472/mm3)
from the baseline value (71000 ± 33216/mm 3, p ≤
0.005).
In the present study, at 6 mo follow up in the patients
with H. pylori eradication there was a significant increase
in the mean platelet count from the baseline value (84375
± 33372/mm3 vs 150187 ± 41796/mm3, p < 0.0001),

the previous studies, and at 6 wk follow up in patients
with H. pylori eradication there was a significant increase
in the mean platelet count from the baseline value (88615
± 30117/mm3 vs 143230 ± 52437/mm3, p ≤ 0.003),
whereas, H. pylori negative patients also had a significant
increase in the platelet count (137631 ± 74364/mm3)
from the baseline value (71000 ± 33216/mm 3, p ≤
0.001).
In the present study, at 3 mo follow up in the patients
with H. pylori eradication there was a significant increase
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whereas, in H. pylori negative patients who received conventional therapy had a drop in mean platelet count close
to the baseline value (71000 ± 33216/mm3 vs 77210 ±
56892/mm3, p < 0.684).
It appears from the present study, in the short term
such as at 6 wk and 3 mo follow up, H. pylori eradication
therapy or conventional therapy achieved a significant
increase in the platelet count. However, at 6 mo follow
up it was found that patients without H. pylori infection
who received conventional therapy had a drop in platelet
count close to the baseline level, whereas in patients with
H. pylori eradication there was sustained increase in the
platelet counts. Eradication of H. pylori was achieved in
94% of patients with standard triple therapy and salvage
therapy. This could be due to long term effect of H. pylori eradication therapy in H. pylori positive chronic ITP
patients.
In contrast to our study, Stasi et al[17] reported that H.
pylori eradication therapy had no effect on the platelet
counts in the patients with cITP. Ahn et al[11] too reported
a poor response to H. pylori eradication therapy in patients with cITP in Western countries.
The prevalence of H. pylori infection in cITP patients
varies according to the geographical location [5]. The
prevalence of H. pylori in cITP patients in most of the
Asian countries such as Japan, Iran and South Korea is
high at 50% to 85%[10,18-20]. However, the prevalence of H.
pylori in cITP patients in the Western countries is lower at
22% to 30%[10,18-21]. In the present study, the prevalence
of H. pylori infection in cITP patients was 47.2%. This
was lower than the prevalence of H. pylori in cITP patients in other Asian countries[10,18-20]. This may be due to
differences in the socioeconomic status, hygiene factors,
H. pylori strains and widespread use of antimicrobials for
treatment of various infections in the childhood[22,23].
Stasi et al[17] and Fujimura et al[6] reported better platelet response in patients with shorter duration of cITP
and mild thrombocytopenia than in patients with long
duration of cITP and severe thrombocytopenia. In the
present study, there was no significant difference between
the H. pylori positive and H. pylori negative patients with
regard to duration of cITP (p < 0.057) and the baseline
platelet count (p < 0.354).
In H. pylori positive and H. pylori negative patients with
cITP did not show difference in the baseline characteristics such as age, gender, symptoms and UGIE findings.
The main limitations of the present study are: (1) the
sample size of the study was not larger (n = 36); and (2)
follow up period of the study was limited.
The eradication of H. pylori in the patients with cITP
was effective in restoring platelet counts at 6 mo follow
up (p ≤ 0.0001), whereas in H. pylori negative patients
with cITP there was a transient improvement in the
platelet count with conventional therapy (p < 0.684). The
persistent increase in the platelet count in H. pylori eradicated patients could be due to long term efficacy of H.
pylori eradication therapy in cITP patients.
Therefore we conclude that H. pylori eradication
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therapy was effective in H. pylori positive cITP patients in
increasing the platelet count. Further studies are required
to identify other possible causative factors involved in the
platelet recovery, and to understand the mechanism underlying the response to eradication therapy.
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malignancies, from January 1999 to August 2010. A
total of 5167 patients underwent operations, and 77
patients had BDIs following surgery. The primary end
point was the treatment success rate according to different types of BDIs sustained using endoscopic or
percutaneous hepatic approaches. The type of BDI was
defined using one of the following diagnostic tools:
endoscopic retrograde cholangiography, percutaneous
transhepatic cholangiography, computed tomography
scan, and magnetic resonance cholangiography. Patients with a final diagnosis of BDI underwent endoscopic and/or percutaneous interventions for the treatment of bile leak and/or stricture if clinically indicated.
Patient consent was obtained, and study approval was
granted by the Institutional Review Board in accordance with the legal regulations of the Human Clinical
Research Center at the Seoul National University Hospital in Seoul, South Korea.
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RESULTS: A total of 77 patients were enrolled in the
study. They were divided into three groups according
to type of BDI. Among them, 55 patients (71%) underwent cholecystectomy. Thirty-six patients (47%) had
bile leak only (type 1), 31 patients had biliary stricture
only (type 2), and 10 patients had both bile leak and
biliary stricture (type 3). Their initial treatment modalities were non-surgical. The success rate of non-surgical
treatment in each group was as follows: BDI type 1:
94%; type 2: 71%; and type 3: 30%. Clinical parameters such as demographic factors, primary disease,
operation method, type of operation, non-surgical
treatment modalities, endoscopic procedure steps, type
of BDI, time to diagnosis and treatment duration were
evaluated to evaluate the prognostic factors affecting
the success rate. The type of BDI was a statistically
significant prognostic factor in determining the success
rate of non-surgical treatment. In addition, a shorter
time to diagnosis of BDI after the operation correlated
significantly with higher success rates in the treatment
of type 1 BDIs.

Abstract
AIM: To investigate the prognostic factors determining
the success rate of non-surgical treatment in the management of post-operative bile duct injuries (BDIs).
METHODS: The study patients were enrolled from the
pancreatobiliary units of a tertiary teaching hospital for
the treatment of BDIs after hepatobiliary tract surgeries, excluding operations for liver transplantation and
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or radiological interventions[13-15]. However, there is no
current consensus regarding gold standard treatment of
post-operative BDIs. In addition, there is controversy as
to whether such patients should be treated with surgical
or non-surgical methods[11,16]. Provided that the treatment
outcomes are equivalent, non-surgical approaches are
preferred over invasive surgical options.
Therefore, the aims of this study were to analyze the
clinical outcomes of non-surgical treatments in patients
with BDI following hepatobiliary operations based on
BDI type and to determine the appropriate management
according to post-operative BDI type.

CONCLUSION: Endoscopic or percutaneous hepatic
approaches can be used as an initial treatment in type
1 and 2 BDIs. However, surgical intervention is a treatment of choice in type 3 BDI.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiography;
Percutaneous transhepatic cholangiography; Percutaneous transhepatic biliary drainage; Bile duct; Biliary
stricture
Core tip: It is not unusual to encounter patients with
post-operative bile duct injuries (BDIs) in the setting
of a specialized biliary clinic at tertiary hospitals. With
regard to the patients’ best interests, it is important to
determine the suitability of non-invasive treatment. We
analyzed the clinical outcomes and various prognostic
factors that affected the success rates of non-surgical
treatments. The BDI type was the single most powerful
factor that determined the success rate of non-surgical
treatment. In addition, we emphasize that this series
of 77 patients with post-operative BDI was one of the
largest series of this type to be examined.

MATERIALS AND METHODS
Patients
The study patients were enrolled from the pancreatobiliary units of a tertiary teaching hospital (Seoul National
University Hospital) for the treatment of BDIs after hepatobiliary tract surgeries, excluding operations for liver
transplantation and malignancies, from January 1999 to
August 2010. A total of 5167 patients underwent hepatobiliary tract surgeries, excluding operations for liver transplantation and malignancies, and 77 patients had BDIs
after their operations. Patient consent was obtained, and
study approval was granted by the Institutional Review
Board in accord with the legal regulations of the Human
Clinical Research Center at our hospital in Seoul, South
Korea.

Eum YO, Park JK, Chun J, Lee SH, Ryu JK, Kim YT, Yoon YB,
Yoon CJ, Han HS, Hwang JH. Non-surgical treatment of postsurgical bile duct injury: Clinical implications and outcomes.
World J Gastroenterol 2014; 20(22): 6924-6931 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6924.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6924

Protocol for endoscopic intervention
The patients underwent endoscopic retrograde cholangiography (ERC) using a duodenoscope (TJF240; Olympus, Tokyo) after an overnight fast. The type and anatomical location of the BDIs were confirmed by contrast
media injection during ERC. Cannulation of the bile duct
and endoscopic sphincterotomy (EST) were performed,
and a guide-wire (Jagwire, 0.025 or 0.035-inch; Boston
Scientific Inc., MA) was passed proximal to the site of
the BDI. Dilatation with a 6-10 mm balloon catheter
(Boston Scientific Inc., MA) was performed at the stricture site. Inflation of the balloon catheter was maintained
for 45-60 s, and single or multiple plastic stents -as many
as possible - were placed at the stricture site (7 Fr or 10
Fr RX Plastic Biliary Stents; Boston Scientific Inc., MA).
If there was more than one stricture site, multiple biliary
stents were placed simultaneously. In the case of a bile
leak, a 10 Fr plastic stent was placed into the proximal
section of the affected site. The patients were monitored
closely, and an ERC was repeated every 1-2 mo until the
bile leak was resolved. Each patient received prophylactic
antibiotics, either cefotaxime or ciprofloxacin, immediately before endoscopic intervention. However, antibiotic
treatment was continued if the patient showed any signs
or symptoms of systemic infection after the procedure.
The primary end point was the treatment success rate according to the different types of BDIs sustained during
endoscopic or percutaneous hepatic approaches.

INTRODUCTION
Bile duct injuries (BDIs) such as bile leak or stricture can
occur as one of the most serious complications following
a variety of hepatobiliary tract surgical procedures, and
the associated morbidities have a definite impact on quality of life[1-3]. Previous studies have reported the incidence
of post-operative BDI following open and laparoscopic
cholecystectomy to be 0.1%-0.3% and 0.11%-1.4%[4-8].
The laparoscopic approach is preferred because it results in less postoperative pain, a shorter hospital stay,
and a faster return to normal activity[6]. Laparoscopic
cholecystectomy, which has become the first-line surgical treatment for calculous gallbladder disease, has been
associated with a higher risk (2- to 4-fold increase) in
the incidence of postoperative BDI[9]. Patients with BDI
can have multiple different presentations, and they may
present with life-threatening complications such as peritonitis, sepsis, cholangitis or external biliary fistulae[10].
Furthermore, they are also at high risk of developing
long-term complications such as secondary biliary cirrhosis, and therefore, BDI may have a major impact on
patients’ quality of life[10-12]. Some studies have indicated
that bile leaks from post-operative BDIs can be successfully treated in 78%-100% of patients using endoscopic
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Protocol for percutaneous transhepatic intervention
A percutaneous transhepatic biliary drainage (PTBD)
track was made to approach the biliary stricture site. A
0.018-inch-diameter guide-wire (Cook, Bloomington, Illinois) was inserted into the bile duct through a Chiba
needle. A Terumo guide-wire (0.035-inch) with a 5 Fr
yellow sheath was placed using the standard guide-wire
technique. Dilatations using balloons 6-10 mm in diameter (Blue Max; Microvasive Boston Scientific Inc.,
Natick, Massachusetts) were performed along with guidewire insertion through a percutaneous transhepatic biliary
drainage tract. A biliary drainage catheter (8.5 Fr, Cook,
Bloomington, IL) was advanced into the bile duct and
finally placed at the stricture site. In the same manner, a
biliary drainage catheter (8.5 Fr, Cook, Bloomington, IL)
was placed beyond the leakage point, which facilitated
the healing process at the leakage site. Imaging evidence
of resolution of the BDI was confirmed by subsequent
percutaneous transhepatic cholangiographys (PTCs), and
functional testing of intact bile duct status was confirmed
by closing the PTBD track. The catheter was removed
when there were no symptoms of biliary obstruction despite closure of the PTBD track.

B

C

D

E

2
< 2 cm

1
> 2 cm

Terms and definitions
The type of BDI was defined using one of the following
diagnostic tools: ERC, PTC, CT scan, and magnetic resonance cholangiography. Patients with a final diagnosis of
BDI underwent endoscopic and/or percutaneous interventions for the treatment of a bile leak and/or stricture
if clinically indicated. Patient consent was obtained, and
study approval was granted by the Institutional Review
Board in accord with the legal regulations of the Human
Clinical Research Center at the Seoul National University
Hospital in Seoul, Korea. The patients with post-operative BDIs were stratified into the following types: type 1:
bile leak only; type 2: biliary stricture only and type 3: bile
leak and biliary stricture[17]. We also used the Strasberg
classification, which is based on stricture location, size
and bile leakage, to determine the type of BDI (Figure
1, Table 1). A successful intervention was defined by the
fulfillment of all of the following criteria: (1) resolution
of symptoms associated with BDI; (2) a cholangiogram
showing no evidence of residual biliary stricture or leakage with removal of the stent or biliary catheter; and (3)
no subsequent need for additional procedures including
surgery during or after the 6 mo following stent or catheter removal. The clinical events were defined as follows:
time to diagnosis of post-operative BDI, duration of the
treatment, and relapse of post- operative BDI. The duration from the hepatobiliary surgery to the diagnosis of
BDI was defined as the time to diagnosis of post- operative BDI. Duration of the treatment was the time interval
from the time of endoscopic and/or percutaneous procedures until the removal of biliary stents with a patent
bile duct. Relapse of post-operative BDI was defined as
a clinical condition requiring intervention due to a recurrence of BDI at least 6 mo after the removal of biliary
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Figure 1 Strasberg classification of biliary injury.

Table 1 Strasberg classification of biliary injury
Class
A
B
C
D
E1
E2
E3
E4
E5

Description
Injury to small ducts in continuity with biliary system, with
cystic duct leak
Injury to sectoral duct with consequent obstruction
Injury to sectoral duct with consequent bile leak from a duct not
in continuity with biliary system
Injury lateral to extrahepatic ducts
Stricture located > 2 cm from bile duct confluence
Stricture located < 2 cm from bile duct confluence
Stricture located at bile duct confluence
Stricture involving right and left bile ducts
Complete occlusion of all bile ducts

stents or tubes.
Complications
Procedure-related complications included the following:
cholangitis, acute pancreatitis, perforation and significant
bleeding. Cholangitis was defined as the new onset of fever (> 38.3  ℃) and/or leukocytosis (WBC > 10000/mm3)
with abdominal pain around the right upper quadrant.
Acute pancreatitis was diagnosed when serum amylase
levels reached three times the upper limit of normal (180
U/L) with persistent abdominal pain for at least 24 h after
the treatment procedure. Significant bleeding was defined
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Table 3 Characteristics of study patients according to types
of bile duct injurys n (%)

Table 2 Study patients n (%)
Total (n = 77)

Variables
Age (yr, range)
Sex
Male
Disease
GB stones with/without CBD stones
IHD stones
Others1
Operation
Laparoscopic surgery
Open laparotomy
Bile duct exploration
Time to diagnosis [median, d (IQR)]
Follow up period [median, d (IQR)]

Total (n = 77)

Variables

49.94 (20-81)

BDI type
Type 1 (leak only)
Type 2 (stricture only)
Type 3 (combined)
BDI type (Strassberg classification)
Type A
Type B
Type C
Type D
Length of stricture, mm (median)
Size of bile leak, mm (median)

46 (60)
52 (68)
11 (14)
14 (18)
49 (64)
28 (36)
43 (56)
13 (5-90)
339 (200-817)

36 (47)
31 (40)
10 (13)
36 (47)
10 (13)
31 (40)
0 (0)
3.2 (2.3-3.7)
6 (2-12)

BDI: Bile duct injury.

1

Others: Gallbladder polyp and etc. CBD: Common bile duct; IHD: Intrahepatic duct; BDI: Bile duct injury; IQR: Interquartile range; GB: Gallbladder.

with 7-10 Fr plastic stents with sphincterotomy. The patients’ bile duct strictures had a median length of 6 mm,
with a range of 2-12 mm. Patients with BDIs underwent
endoscopic treatment first, unless it was technically impossible to access the ampulla of Vater via endoscopic
approaches or endoscopic interventions had failed.

as progressive anemia requiring transfusions of more
than 2 units or hemostasis after the treatment procedure.
Statistical analysis
Statistical analysis was performed using SPSS 15.0 (Fisher’s
exact test Pearson’s χ 2 test and Kruskall-Wallis test were
used, when appropriate, to determine the statistical significance of different demographic and clinical variables).
Multivariate logistic regression analysis was performed
to determine the significance of variables with respect to
the treatment results in patients with biliary stricture. A P
value < 0.05 was considered statistically significant.

Clinical outcomes of non-surgical treatment
The median duration of follow up was 11.3 (range
6.7-27.2) mo after the treatment. The overall success
rate of non-surgical treatment was 77% (59/77). We
evaluated the following factors that potentially affected
the success rate of non-surgical treatment: age, sex,
bile duct exploration, type of surgery (laparoscopic vs
open), operation type (cholecystectomy or not), method
of initial treatment (endoscopic vs percutaneous) endoscopic sphincterotomy, BDI type, time to diagnosis,
and treatment duration (Table 4). Among these clinical
parameters, BDI type was the only statistically significant
factor in determining clinical outcomes of non-surgical
treatment (P < 0.001) (Table 4). The success rate for BDI
type 1 was significantly higher than the other two types
(94% vs 61%, P < 0.01), whereas the success rate for
BDI in type 3 patients was significantly lower than the
other types (30% vs 84%, P < 0.01). Furthermore, there
was no significant difference in the overall success rate
according to the initial treatment approach (endoscopic
vs percutaneous, P = 0.547). As shown in Table 4, BDI
type 1 was associated with the shortest time to diagnosis
compared to the other BDIs (median time to diagnosis, 6
d vs 216 and 11 for types 2 and 3, respectively). Of note,
the time to diagnosis of BDI type 1 was significantly
shorter in the success group than in the failure group (9
d vs 129 d, P = 0.037), whereas the time to diagnosis was
not statistically significant between the groups (success
vs failure group) for BDI type 2 and 3 (data not shown).
We also analyzed baseline characteristics to determine
whether there were any significant differences among
the BDI types with respect to age, gender, bile duct exploration, laparoscopic surgery, cholecystectomy, and
status of EST (Table 5) but detected no significant clinical difference among the groups (Table 5). We observed

RESULTS
Study patients
The total of 5167 patients underwent hepatobiliary tract
surgeries, excluding operations for liver transplantation
and malignancies, and 77 patients had BDIs after the surgical procedures. Seventy-seven patients who developed
BDI after the hepatobiliary operations were enrolled in
this study. Among them, 55 patients (71%) underwent
cholecystectomy and 22 patients underwent partial hepatectomy with bile duct exploration due to intrahepatic
duct stones. The initial treatment modalities were nonsurgical. The characteristics of study patients are listed in
Table 2. The mean age and male-to-female ratio were 50
years and 1.5, respectively. The preoperative diagnosis in
52 (68%) patients was symptomatic GB stone, and a total
of 64% patients underwent laparoscopic surgery. Bile
duct exploration was performed in 56% of the patients
(Table 2).
There were three types of BDI (type 1: bile leak only;
type 2: stricture only; and type 3: both bile leak and stricture), and the prevalence of each type was as follows:
type 1, 47%; type 2, 40%; and type 3, 13%. The patients
with BDIs were categorized in more detail according to
the Strasberg classification (Table 3)[18,19]. The patients’
bile leaks had a median size of 3.2 mm, ranging from
2.3-3.7 mm, and were treated non-surgically, i.e., ERBD
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Table 4 Treatment success rate according to clinical
characteristics n (%)
Success rate
Overall
Age (yr)
≤ 50
> 50
Sex
Female
Male
Bile duct exploration
Yes
No
Operation method
Laparoscopic
Open
Operation name
Cholecystectomy
Other operations
Initial procedure
Endoscopic
Percutaneous
EST
Yes
No
BDI
Type 1
Type 2
Type 3
Time to diagnosis (d)
≤ 15
> 15
Treatment duration (d)
≤ 30
> 30

Table 5 Clinical Characteristics according to bile duct injury
type

P value

BDI type
Patients (n)
Age (mean, yr)
Male
Bile duct exploration
Laparoscopic surgery
Cholecystectomy
Endoscopic sphincterotomy
Complication rate
Time to diagnosis (median, d)

59/77 (77)
0.467
32/40 (80)
27/37 (73)
0.101
27/31 (69)
32/46 (77)
0.291
31/43 (72)
28/34 (82)

2

3

P value

31
52
65%
65%
48%
74%
54%
36%
216

10
44
60%
70%
80%
90%
78%
20%
11

0.321
0.756
0.161
0.067
0.246
0.059
0.056
0.000

0.387

BDI: Bile duct injury.

0.247

Clinical outcomes in a subgroup of patients who
underwent cholecystectomy
We also analyzed 55 patients with BDIs who underwent
cholecystectomy due to gallstones or gallbladder polyps
(Table 7). The type of BDI was the only significant factor
affecting the success rate of non-surgical treatments, and
that result was consistent with the results observed in all
patients with BDI. Patients with bile duct exploration experienced more frequent biliary stricture (BDI type 2 or
3) compared with patients without bile duct exploration
[20/25 (80%) vs 12/30 (40%), respectively, P = 0.006].

36/49 (74)
23/28 (82)
40/55 (72)
19/22 (86)
0.547
28/38 (74)
31/39 (80)
0.310
28/39 (72)
31/38 (82)
0.000
34/36 (94)
22/31 (71)
3/10 (30)
0.325
34/42 (81)
25/35 (71)

DISCUSSION

0.950
30/39 (77)
29/38 (76)

Post-operative BDI is one of the most serious complications after hepatobiliary surgery despite tremendous
improvement in surgical techniques and experiences[20].
Furthermore, non-surgical treatments such as endoscopic
or percutaneous procedures have played an important
role in the treatment of BDIs with excellent long-term
success rates, except in cases of complete bile duct
transection[16,21]. Therefore, the aim of this study was to
report our experiences with a series of 77 patients with
post-operative BDIs, specifically including the homogenous group of 55 patients who developed BDI after
cholecystectomy. The study data set examined here is one
of the largest series that has been examined. As noted
in the methods section, the BDIs were initially managed
non-surgically, and the success rate was approximately
80%. Our success rate was lower than those of previous
studies, which reported a 78%-100% success rate[8-10]. A
possible explanation for this difference may be that we
defined the point of successful treatment very strictly, as
successful treatment without relapse for at least 6 mo after initial management. We observed that only 3% (2 out
of 59) of patients relapsed during a median follow-up of
11.3 (6.7-27.2) mo.
To identify the important variables affecting clinical
outcomes of non-surgical treatment in patients with BDI,
we investigated all possible clinical factors. Among the
possible contributing factors, BDI type was the only factor that significantly affected treatment outcomes. Non-

EST: Endoscopic sphincterotomy; BDI: Bile duct injury.

the lowest treatment success rate in BDI type 3, and the
detailed clinical characteristics and treatment outcome
for each patient with BDI type 3 is described in Table 6.
Despite multiple interventions, the treatment success rate
in BDI type 3 was only 30%. Overall, treatment-related
complications occurred in 15 out of 77 patients (20%).
Cholangitis was the most common complication (14/15,
93%), and these patients were treated successfully with
medical therapy. One patient had duodenal perforation
related to an EST (endoscopic sphincterotomy) procedure, and intervention for a biliary stricture could not be
performed due to the incident. The patient was managed
non-surgically; however, his clinical signs and symptoms
deteriorated, and hepaticojejunostomy was performed
to resolve perforation and biliary stricture. We observed
that patients with BDI type 2 or 3 appeared to have more
intervention-related complications than patients with
BDI type 1 (34% vs 13%, respectively, P = 0.117). Two
of the 23 patients with BDI type 2 who were successfully
treated initially relapsed during the long-term follow-up
period and could be treated medically. No relapses occurred in patients with BDI type 1 or type 3 during the
follow-up period.
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Table 6 Clinical characteristics and treatment outcomes of patients with bile duct injury type 3
Sex/age
F/37
M/40
F/26
M/22
F/50
M/45
M/25
M/45
F/65
M/81

Result
Success
Failure
Success
Failure
Failure
Failure
Failure
Failure
Success
Failure

Operation

Time to diagnosis (d) Number of procedures

Cholecystectomy
Cholecystectomy
Cholecystectomy
Cholecystectomy
Cholecystectomy
Cholecystectomy
Cholecystectomy
Rt. hepatectomy
Cholecystectomy
Cholecystectomy

10
5
59
21
5
0
13
12
60
8

ERC

PTC

PCD

2
1
2
0
1
1
1
0
5
1

7
1
0
3
2
0
1
1
0
5

2
0
1
0
0
0
0
1
0
4

Treatment duration (d) Leak location
180
5
94
69
13
45
7
45
364
482

Multiple
IHD
CBD/CHD
CBD/CHD
Duct stump
CBD/CHD
CBD/CHD
IHD
CBD/CHD
Duct stump

Stricture location
Anastomosis
IHD/
CBD/CHD
CBD/CHD
IHD
CBD/CHD
CBD/CHD
IHD
CBD/CHD
IHD

IHD: Intrahepatic duct; CBD: Common bile duct; CHD: Common hepatic duct; ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous
transhepatic cholangiography; PCD: Percutaneous drainage; M: Male; F: Female.

cutaneous), and there were no significant differences in
success rate between the two groups. However, we cannot rely entirely on this result when choosing either of
the non-surgical treatment options (endoscopic or percutaneous) as an initial treatment modality when managing
patients with BDIs. Post-operative BDI is a very complex
condition that requires a multidisciplinary approach[22].
This study demonstrated that BDI type 1 can be more
successfully treated by non-surgical methods than BDI
type 2 or type 3 (94% vs 71% vs 33%, respectively). It has
recently been reported that endoscopic approaches were
used successfully to treat 12 out of 13 patients with BDI
type 1; however, treatment failed in 1 out of 3 patients
with BDI type 3[23]. The studies above clearly indicate that
BDI type 1 can easily be treated by non-surgical therapies
and that these therapies may be widely accepted. Some
investigators have suggested that initial non-surgical treatment might not be suitable for the management of postoperative bile duct stricture because most cases of postoperative bile duct stricture ultimately require surgical
treatment, even in patients with isolated bile duct stricture[17,24]. On the contrary, recently published accounts
have indicated that endoscopic and/or percutaneous
intervention should be regarded as an initial treatment
choice in patients with post-operative BDI, including
stricture[25,26]. In our series, isolated bile duct stricture like
BDI type 1, 2 were also managed successfully compared
to patients with BDI type 3. Therefore, it can be suggested that BDI types 1 and 2 can initially be treated non-surgically. On the other hand, 7 patients who had BDI type
3 underwent surgical reconstruction, and they recovered
without post-operative complications. Although we had a
low success rate of 30% among BDI type 3 patients, this
result might also be interpreted to mean that one third of
patients with BDI type 3 did not require invasive surgery.
Therefore, we stress the importance of a multidisciplinary approach to decision making in the management
of BDI type 3.
Another important factor in the management of
BDIs was the time-to-diagnosis interval. Delayed detection of BDI may lead to increased morbidity, increased
severity of the injury, treatment failure and even death[22].

Table 7 Subgroup analyses of 55 patients who underwent
cholecystectomy n (%)
Success rate
Overall
Age (yr)
≤ 50
> 50
Sex
Female
Male
Bile duct exploration
Yes
No
Operation method
Laparoscopic
Open
EST
Yes
No
BDI
Type 1
Type 2
Type 3
Time to diagnosis (d)
≤ 15
> 15
Treatment duration (d)
≤ 30
> 30

P value

40/55 (73)
0.428
14/21 (67)
26/34 (775)
0.359
17/21 (81)
23/34 (68)
0.185
16/25 (64)
24/30 (80)
1.000
29/40 (73)
11/15 (73)
0.537
25/36 (69)
15/19 (79)
0.001
22/23 (96)
15/23 (65)
3/9 (33)
0.322
22/28 (79)
18/27 (68)
1.000
17/24 (71)
23/31 (74)

EST: Endoscopic sphincterotomy; BDI: Bile duct injury.

surgical treatment failed in two-thirds of the patients
with BDI type 3, and these patients may be considered
better candidates for surgery. Three patients with BDI
type 3 were successfully treated by multiple interventions
(3, 5, and 11 interventions each) and they experienced
longer durations to completion of non-surgical treatment
(mean, 213 d) (Table 5). Based on our study, initial surgical management might be judiciously applied in patients
with BDI type 3, considering the low success rate of
non-surgical treatments, extended treatment duration and
the need for multiple interventions.
We also analyzed the success rate according to the
various initial non-surgical treatments (endoscopic vs per-
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Terminology

In this study, time to diagnosis of BDI type 1 was significantly shorter than that of BDI type 2, as might be
expected, because a bile leak can immediately cause bile
peritonitis and induce severe abdominal pain[27]. Early diagnosis resulted in a better outcome in patients with BDI
type 1 but was not significant in BDI type 2 patients. It
may be suggested that early detection ensures the success
rate of treatment in BDI type 1.
We also wish to discuss operative approaches with
regard to the development of BDIs. As we mentioned in
Table 2, 43 out of 77 patients (56%) underwent bile duct
exploration, and the transcystic technique was used in
33 patients (77%). Subgroup analysis of 55 patients with
cholecystectomies revealed that patients who underwent
bile duct exploration during cholecystectomy had a tendency to develop BDI type 2 more often than patients
who did not undergo bile duct exploration. Some studies
have also suggested the potential for BDIs such as bile
leak or stricture after intraoperative bile duct exploration[28-30]. Interestingly, the results of both this and other
indicated that there was no significant difference in the
clinical outcomes of BDI treatment according to whether
patients had undergone bile duct exploration[30].
Here, we report that the most important prognostic
parameter in determining the success rate of treatment
of post-operative BDI is the type of BDI, regardless of
other clinical factors. BDI type 1 (bile leak only) and type
2 (biliary stricture only) after hepatobiliary operations can
be managed by endoscopic intervention with a promising
success rate that is associated with a better quality of life
for patients with BDI after surgery. Surgical treatment
could be considered as a first treatment of choice in BDI
type 3 (bile leak and biliary stricture) considering low success rate of non-surgical treatment. Further investigation
with larger groups of patients and randomized clinical
trials would provide a better understanding of appropriate treatments in patients with BDIs after hepatobiliary
surgery.

Post-operative BDI: Iatrogenic complications associated with significant perioperative morbidity and mortality, reduced long-term survival and quality of life.

Peer review

This paperis clear and innovative and provides useful information in determining
treatment choices for patients with post-surgical BDIs. Data are well organized,
results provide sufficient experimental evidence.
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EVIDENCE-BASED MEDICINE

Helicobacter pylori eradication with
moxifloxacin-containing therapy following failed first-line
therapies in South korea
Kyu Keun Kang, Dong Ho Lee, Dong Hyun Oh, Hyuk Yoon, Cheol Min Shin, Young Soo Park, Nayoung Kim,
Hyun Chae Jung
completion of the treatment. The primary outcome was
the H. pylori eradication rate analyzed using intentionto-treat (ITT) and per protocol (PP) analyses. The secondary outcome was the occurrence of serious adverse
events. Demographic and clinical factors were analyzed
2
using Student’s t -tests and Pearson’s χ tests according to first- and second-line regimens. A p value of less
than 0.05 was considered statistically significant.
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RESULTS: The eradication rate of moxifloxacincontaining triple therapy was 68.4% (ITT; 95%CI:
62.8-73.5) and 73.9% (PP; 95%CI: 68.3-78.8). The
eradication rate was significantly higher with 14 d
compared to 7 d of treatment (77.5% vs 62.5%, p =
0.017). Peptic ulcer patients had a higher eradication
rate than the patients without ulcers (82.9% vs 70.6%,
p = 0.046). The demographic and clinical characteristics were not significantly different between the groups
according to first-line therapies. ITT and PP analyses
of the moxifloxacin-containing triple therapy indicated the following eradication rates: 70.9% (95%CI:
63.8-77.2) and 77.2% (95%CI: 70.1-83.1) for standard
triple; 67.9% (95%CI: 51.5-84.2) and 67.9% (95%CI:
51.5-84.2) for bismuth-containing quadruple; 60.4%
(95%CI: 46.3-73.0) and 70.7% (95%CI: 54.0-80.9)
for sequential; and 67.6% (95%CI: 51.5-80.4) and
67.6%(95%CI: 51.5-80.4) for concomitant therapy.
There were no statistically significant differences in the
efficacy of the first-line regimens (p = 0.492). The most
common adverse event was diarrhea. There were no
serious adverse events and no significant differences
in the frequency of side effects between the first- and
second-line regimens (28.7% vs 26.1%, respectively).

Abstract
AIM: To investigate moxifloxacin-containing triple therapy as second-line treatment for Helicobacter pylori (H.
pylori ) infection following failed first-line treatment.
METHODS: The sample included 312 patients for
whom first-line treatment failed between January 2008
and May 2013; 27 patients were excluded, and a total of 285 patients received 7- or 14-d moxifloxacincontaining triple therapy as second-line treatment for
H. pylori infection. First line regimens included 7-d
standard triple (n = 172), 10-d bismuth-containing
quadruple (n = 28), 14-d concomitant (n = 37), or
14-d sequential (n = 48) therapy. H. pylori status was
13
evaluated using C-urea breath testing 4 wk later, after
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CONCLUSION: Moxifloxacin-containing triple therapy
as second-line treatment resulted in low eradication
rates. There were no differences in the efficacy between the first-line regimens in South Korea.
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ment, which is a type of fluoroquinolone, as second-line
therapy is reported to be high[6,7]. However, the use of
moxifloxacin as second-line treatment has only been reported after the use of standard triple and bismuth-containing therapy as first-line treatments. In addition, rescue
regimens have not been well established after failed sequential and concomitant therapy as first-line treatments,
and both regimens include metronidazole, which creates
challenges in using bismuth-containing triple therapy
as second-line treatment. To our knowledge, there have
been no reports of the effectiveness of moxifloxacin as
second-line treatment following failed first-line treatment
in the form of sequential or concomitant therapy.
This study aimed to examine H. pylori eradication rates
using moxifloxacin-containing triple therapy as secondline treatment and compared the efficacy of failed firstline regimens which included standard triple, bismuthcontaining quadruple, sequential, and concomitant
therapies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fluoroquinolones; Helicobacter pylori ; Disease eradication; Drug resistance; Second-line
Core tip: This study aimed to examine Helicobacter
pylori (H . pylori ) eradication rates using moxifloxacin-

containing triple therapy as second-line treatment. The
effectiveness of the failed first-line treatment options
was compared. The use of moxifloxacin-containing triple therapy resulted in low eradication rates, and there
were no differences in the efficacy between the failed
first-line regimens. As a result, we recommend tailored
therapy for H . pylori and careful antibiotic selection before second-line treatment in South Korea.
Kang KK, Lee DH, Oh DH, Yoon H, Shin CM, Park YS, Kim
N, Jung HC. Helicobacter pylori eradication with moxifloxacincontaining therapy following failed first-line therapies in South
korea. World J Gastroenterol 2014; 20(22): 6932-6938 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i22/6932.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6932

MATERIALS AND METHODS
Participants
The sample included 312 patients for whom eradication
of H. pylori infection in the gastrointestinal outpatient
clinic at the Seoul National University Bundang Hospital
was not successful following first-line treatment between
January 2008 and May 2013 and who subsequently received moxifloxacin-containing triple therapy as secondline treatment. The patients had not previously received
H. pylori eradication therapy before the first-line treatment. Patients were excluded if they received H2 receptor
antagonists, PPIs, or antibiotics in the previous 4 wk, or
they used a NSAIDs or steroid in the 2 wk before the 13Curea breath test (13C-UBT). The exclusion criteria were as
follows: previous gastric surgery or endoscopic mucosal
dissection for gastric cancer; advanced gastric cancer; a
systemic illness, such as liver cirrhosis or chronic renal
failure; pregnancy; age < 18 years; and insufficient data.
All patients gave written informed consent, and the study
was performed in accordance with the Declaration of
Helsinki. We also received institutional review board approval from Seoul National University Bundang Hospital.

INTRODUCTION
Traditional indications for Helicobacter pylori (H. pylori)
eradication are peptic ulcer disease, gastric mucosa associated lymphoid tissue lymphoma, and early gastric cancer
after endoscopic submucosal dissection[1]. However, current consensus also includes functional dyspepsia, longterm use of aspirin and nonsteroidal anti-inflammatory
drugs (NSAIDs), iron deficiency anemia, idiopathic
thrombocytopenic purpura, and H. pylori infection after
subtotal gastrectomy for gastric cancer[2].
The combination of proton pump inhibitors (PPI),
clarithromycin, and amoxicillin is the standard triple therapy, and it has been prescribed as a first-line treatment
for H. pylori infection. Despite the increase in the indications for H. pylori treatment, there has been a decrease
in the rate of H. pylori eradication due to an increase in
resistance to clarithromycin and amoxicillin[3]. Therefore,
levofloxacin-based triple, sequential, concomitant, hybrid,
high-dose dual, and rifabutin-based triple therapies have
also been used for the treatment of H. pylori infection.
Due to the increase in resistance to clarithromycin,
not only standard triple therapy but also bismuth-containing quadruple therapy is recommended as first-line treatment in Korean guidelines[4]. In addition, sequential and
concomitant therapies are used as first-line regimens in
other countries[5]. For this reason, the availability of rescue therapies has increasingly become a concern. In the
Maastricht IV/Florence Consensus[2], fluoroquinolonebased triple therapy, such as levofloxacin, was used as
second-line treatment after the failure of standard triple
and bismuth-containing quadruple therapies. The rate
of H. pylori eradication using moxifloxacin-based treat-
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Histologic evaluation and rapid urease test
The presence of H. pylori was defined as a positive result
on histology or rapid urease test. A biopsy specimen,
obtained by endoscopy, was fixed in formalin and used
for the determination of H. pylori infection by Giemsa
staining. The results of the rapid urease tests (CLO test;
Delta West, Bentley, Western, Australia) were interpreted
as positive if the color of the gel turned pink or red at
room temperature within 24 h after the examination.
H. pylori eradication regimens
Patients received standard triple, bismuth-containing
quadruple, sequential, or concomitant therapy as the
first-line regimen for eradication of H. pylori. Standard
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Assessed for eligibility (n = 312)

Moxifloxacin-containing
triple therapy (n = 312)
7 d (n = 71)
14 d (n = 241)

Exclusion criteria (n = 27)
Gastric cancer (n = 12)
Medication (n = 7)
PPI (n = 1)
NASID (n = 2)
Antibiotic (n = 4)
Liver cirrhosis (n = 5)
Chronic renal failure (n = 3)

Enrollment (n = 285)
Loss to follow up (n = 17)
Low compliance (n = 4)
Eradication success (n = 195)
Eradication failure (n = 69)

Figure 1 Flow chart of patients. PPI: Proton pump inhibitor; NSAID: Nonsteroidal anti-inflammatory drugs.

triple therapy included 1 g amoxicillin twice a day (b.i.d),
500 mg clarithromycin b.i.d., and 20 mg rabeprazole (or
40 mg esomeprazole) b.i.d. for 7 d. Bismuth-containing
quadruple therapy was comprised of 300 mg tripotassium dicitrato bismuthate 4 times a day (q.i.d.), 500 mg
tetracycline q.i.d., 500 mg metronidazole 3 times a day,
and 20 mg rabeprazole (or 40 mg esomeprazole) b.i.d.
for 10 d. Sequential therapy was given for 2 wk and included 1 g amoxicillin and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d. for the first week, followed by 500
mg clarithromycin, 500 mg metronidazole, and 20 mg
rabeprazole (or 40 mg esomeprazole) b.i.d for the second
week. Concomitant therapy consisted of 1 g amoxicillin,
500 mg clarithromycin, 500 mg metronidazole and 20 mg
rabeprazole (or 40 mg esomeprazole) b.i.d for 2 wk.
As second-line treatment, moxifloxacin-containing
triple therapy included 400 mg moxifloxacin q.d., 1
g amoxicillin b.i.d., and 20 mg rabeprazole (or 40 mg
esomeprazole) b.i.d. for 7 or 14 d.
The patients who took < 70% of the prescribed
medication were considered to have low compliance.

determined by intention-to-treat (ITT) and per protocol (PP) analyses. ITT analysis compared the treatment
groups including all the patients as originally allocated.
PP analysis compared treatment groups including only
those patients who completed the treatment as originally
allocated. Eradication rates in both the overall sample and
subgroups with failed first-line therapies were analyzed
using Student’s t-tests and Pearson’s χ 2 tests according to
the demographic and clinical factors. A P value less than
0.05 was considered statistically significant. The analysis was conducted using SPSS 20.0 for Windows (IBM
Corp., Armonk, NY, United States).

RESULTS
Characteristics of the study groups
Of the 312 patients, 27 were excluded from the study due
to gastric cancer (n = 12); use of medications including
antibiotics, NSAIDs, or steroids (n = 7) before the 13CUBT; liver cirrhosis (n = 5); and chronic renal failure (n
= 3). Thus 285 patients underwent eradication treatment.
Seventeen were lost to follow-up, and 4 had low treatment compliance (Figure 1).
The demographic and clinical characteristics of the
patients who were administered moxifloxacin-containing
triple therapy as the second-line regimen are shown in
Table 1, and these characteristics divided into subgroups
according to the first-line regimens are provided in Table
2. The proportion of patients with peptic ulcer disease
(PUD) was significantly higher than patients without
PUD in the moxifloxacin-containing triple therapy group
(P = 0.046). There were no other significant differences
between the groups of first-line therapies.

Urea breath test
H. pylori eradication was evaluated using 13C-UBT exactly
4 wk after the completion of treatment. An initial breath
sample was obtained after 4 h of fasting, with a second
breath sample obtained 20 min later. One hundred milligrams of 13C-urea powder (UBiTkit™; Otsuka Pharmaceutical, Tokyo, Japan) dissolved in 100 mL of water was
administered orally. Collected samples were analyzed using
an isotope ratio mass spectrometer (UBiT-IR300®; Otsuka
Pharmaceutical, Japan) with a cutoff value of 2.5%.
Statistical analysis
The primary and secondary outcomes of this study were
the H. pylori eradication rate and treatment-related adverse effects, respectively. H. pylori eradication rates were
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Outcomes of moxifloxacin-containing therapy according
to the first-line regimens
The overall eradication rate by moxifloxacin-containing
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DISCUSSION

Table 1 Baseline characteristics and Helicobacter pylori
eradication rates due to moxifloxacin triple therapy
Moxifloxacin-containing
triple therapy as second line
Total eradication rate
Clinical factors
Gender
Male
Female
Age
< 45
≥ 45
Smoking
Current smoker
Non-smoker
Alcohol
Current drinker
Non-drinker
Comorbidity
HTN
DM
Disease status
Peptic ulcer (DU/GU)
Non-ulcer

P value

To our knowledge, this is the first study to evaluate the
efficacy of moxifloxacin-containing triple therapy as
a second-line treatment for H. pylori infection following failed first-line regimens. The use of moxifloxacin
resulted in a low eradication rate, regardless of the type
of first-line treatment; however, longer duration of treatment (14 d) was more effective than shorter treatment
duration (7 d).
Our results are similar to those reported previously by
Yoon et al[8] based on data collected in 2007-2008, where
the eradication rates were 68% and 79.9% using ITT and
PP analyses, respectively. These findings are comparable
to our results of 68.4% (ITT) and 73.9% (PP) eradication
based on data from 2008-2013. These rates are considered unacceptably low. However, the increased effectiveness observed with longer moxifloxacin treatment is
similar to that previously reported[7].
The eradication rate in patients with PUD was higher
than in non-ulcer patients in our study. Although strong
evidence is lacking to support expectations of higher
eradication rates in PUD, there are several hypotheses
that may explain greater success in PUD. H. pylori strains
with high virulence factors were more likely to cause
PUD and had a higher eradication rate than those of low
virulence. PUD results in moderate to severe inflammation of the antrum, and this may play an important role
in the success of H. pylori eradication. Inflammation degrades the mucus and epithelial layers and alters the vascular and epithelial permeability; these effects may result
in better penetration and delivery of drugs[9,10].
Previous reports indicate that moxifloxacin-containing triple therapy results in high rates of eradication. The
eradication rate of moxifloxacin-containing triple therapy
as first-line treatment is between 84.1% and 89%, and it
results in a higher eradication rate compared to standard
triple therapy[11,12]. Furthermore, it demonstrates good
efficacy as second-line treatment with eradication rates
up to 90% in reports from 2008[6,7]. Although bismuthcontaining quadruple therapy has generally been used as
a second-line therapy[13], moxifloxacin-containing therapy
is preferred owing to poor compliance related to side effects, complicated dosing schedules, and low eradication
rate with bismuth-containing quadruple therapy[14]. Other
studies have also indicated that the use of levofloxacincontaining triple therapy as rescue treatment is effective
by itself and more so than bismuth-containing quadruple
therapy[15,16].
Resistance to any form of treatment is increasing,
presenting difficulties in identifying the most effective
treatment. A recent study conducted in South Korea
demonstrated that the resistance of H. pylori to fluoroquinolone is increasing, and the authors indicated that a fluoroquinolone-based regimen is not adequate for first- or
second-line eradication therapy[17]. Fluoroquinolone exhibits bacteriostatic activity by interfering with topoisomerase Ⅱ (DNA gyrase) and topoisomerase Ⅳ, and DNA
gyrase interrupts the DNA synthetic process in H. pylori.

1

73.9% (195/264)
0.794
74.6% (94/126)
73.2% (101/138)
0.965
74.2% (23/31)
73.8% (172/233)
0.575
77.1% (37/48)
73.1% (158/216)
0.356
69.4% (43/62)
75.2% (152/202)
69.4% (34/49)
90.5% (19/21)

0.429
0.076
0.046

82.9% (58/70)
70.6% (137/194)

1

Pearson's χ 2 test. HTN: Hypertension; DM: Diabetes mellitus; DU: Duodenal ulcer; GU: Gastric ulcer.

triple therapy as the second-line treatment was 68.4%
(95%CI: 62.8-73.5) and 73.9% (95%CI: 68.3-78.8) using
ITT and PP analyses, respectively. The eradication rates
due to moxifloxacin-containing triple therapy according to the failed first-line regimens using ITT analysis
were 70.9% (95%CI: 63.8-77.2) in the standard triple
therapy group, 67.9% (95%CI: 51.5-84.2) in the bismuthcontaining quadruple therapy group, 60.4% (95%CI: 46.3
-73.0) in the sequential therapy group, and 67.6% (95%CI:
51.5-80.4) in the concomitant therapy group. According
to PP analyses the eradication rates related to the use of
moxifloxacin-containing triple therapy for each of the
failed first-line regimens were 77.2% (95%CI: 70.1-83.1),
67.9% (95%CI: 51.5-84.2), 70.7% (95%CI: 54.0-80.9),
and 67.6% (95%CI: 51.5-80.4) in the standard triple, bismuth-containing quadruple, sequential, and concomitant
therapy groups, respectively.
The 14-d moxifloxacin-containing triple therapy resulted in a higher eradication rate compared with the 7-d
regimen. The ITT analyses resulted in rates of 58.0%
for the 7-d treatment and 71.8% for the 14-d treatment
(P = 0.032), while the PP analyses resulted in 62.5% and
77.5%, respectively (P = 0.017). The group treated with
moxifloxacin-containing triple therapy following the failure of standard triple therapy had the highest rates of
eradication (70.9% and 77.2% by ITT and PP analyses,
respectively); however there were no statistically significant differences in the efficacy of the first-line regimens (P
= 0.492). The most common adverse event was diarrhea,
but there were no serious adverse events and no significant differences in the frequency of side effects between
the first- and second-line regimens (28.7% vs 26.1%)
(Table 3).
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Table 2 Baseline characteristics according to first line therapies n (%)
Standard triple therapy Bismuth quadruple therapy
Mean age ± SD (yr)
Male/Female (n)
Smoking (n)
Alcohol (n)
HTN (n)
DM (n)
Endoscopic finding (n)
DU/GU
CAG
IM
Erosive gastritis
MALT lymphoma

Sequential therapy

Concomitant therapy

P value1
0.591
0.150
0.904
0.851
0.451
0.845
-

58.1 ± 11.6
72/86
28 (17.7)
35 (22.2)
34 (21.5)
14 (8.9)

58.5 ± 11.4
10/18
4 (13.8)
7 (24.1)
5 (17.2)
3 (10.3)

56.1 ± 11.5
20/21
8 (19.5)
10 (24.4)
6 (14.6)
2 (4.9)

56.9 ± 11.3
24/13
8 (21.6)
10 (27)
4 (10.8)
2 (5.4)

55
66
23
30
0

1
18
1
9
0

6
13
5
18
2

8
12
3
15
0

1

Pearson's χ 2 test. HTN: Hypertension; DM: Diabetes mellitus; DU: Duodenal ulcer; GU: Gastric ulcer; CAG: Chronic atrophic gastritis; IM: Intestinal
metaplasia; MALT: Mucosa associated lymphoid tissue.

of Gastroenterology announced a revised edition of the
guidelines for the diagnosis and treatment of H. pylori
infection in 2013. One important change is that bismuthcontaining quadruple therapy is recommended as firstline therapy[4]. In addition, several countries recommend
the use sequential therapy, because previous reports
have indicated that it is more effective than standard
triple therapy for first-line treatment[5,22,23]. Furthermore,
concomitant therapy is also effective for H. pylori eradication[24]. However, almost all of these regimens include
amoxicillin, clarithromycin, metronidazole, or tetracycline,
and there are very few recommendations for the use of
antibiotics such as fluoroquinolones after the failure of
first-line treatment.
The use of an antibiotic susceptibility test for H. pylori
is ideal; however, it is difficult to conduct in local clinics,
and it is easy to choose fluoroquinolone antibiotics in the
absence of a test. The use of moxifloxacin-containing
triple therapy as rescue treatment without an antibiotic
susceptibility test in the current study resulted in low
rates of eradication. Sitafloxacin, also a fluoroquinolone,
has a low minimum inhibitory concentration, and H. pylori demonstrates low resistance to its effects; therefore;
it has recently been used in Japan. Triple therapy with
sitafloxacin, PPI, and amoxicillin as third-line treatment
has demonstrated high eradication rates of approximately
70%-90%[25,26]. However, it is not yet available in South
Korea. We recommend that antibiotic susceptibility tests
should be conducted before the selection of a secondline regimen.
This study had several limitations. First, it was retrospectively conducted in a single center. Second, the proportion of patients who received standard triple therapy
was higher than those who received the other regimens
due to health insurance coverage and typically low compliance to bismuth-containing quadruple therapy. Third,
the rate of eradication was higher when esomeprazole
was used than when rabeprazole was used, particularly
in the PP analysis (P = 0.028) (Table 4). We selected only
rabeprazole and esomeprazole because they were less
influenced by polymorphism of cytochrome P450 2C

Table 3 Adverse events n (%)

Diarrhea
Nausea/Vomiting
Abdominal pain
Taste distortion
Dizziness
Dyspepsia
Total

First-line therapy

Moxifloxacin-containing
triple therapy

21 (7.9)
14 (5.3)
14 (5.3)
19 (7.2)
3 (1.1)
3 (1.1)
76 (28.7)

25 (9.4)
23 (8.7)
11 (4.2)
4 (1.5)
1 (0.4)
5 (1.9)
61 (23.1)

The mechanism of resistance in H. pylori has been associated with mutation of the fluoroquinolone resistance
determining region of gyrA in DNA gyrase[18,19]. This
results in a decrease in the eradication rates observed
using moxifloxacin-containing triple therapy as secondline treatment[3,8]. In 2004, the primary resistance rate to
moxifloxacin was low (5.6%); however, the rate of resistance dramatically increased to 28.2% over the following
4 years[8]. In recent data, the documented resistance rate
was as high as 34.6% in 2009-2012[3]. This rapid increase
in moxifloxacin resistance might be explained by crossresistance to other fluoroquinolones such as ciprofloxacin
and levofloxacin. Fluoroquinolones are being prescribed
more frequently for other diseases such as respiratory and
urinary tract infections potentially resulting in an increase
in antibiotic resistance by H. pylori[8,20].
Amoxicillin resistance is also increasing in South Korea. Lee et al[3] reported that the prevalence of amoxicillin
resistance was 7.1% from 2003 to 2005 and 18.5% from
2009 to 2012. Although a decrease in the eradication
rate by standard triple therapy as first-line treatment and
moxifloxacin-containing triple therapy as second-line
treatment has been observed, the effect of amoxicillin
resistance on treatment remains controversial. It is difficult to determine if the resistance to amoxicillin itself is
a problem such as the resistance previously demonstrated
by clarithromycin and levofloxacin[3,21].
Several regimens, including standard triple therapy, are
recommended as first-line therapy. The Korean Society
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cal structure of DNA.

Table 4 Helicobacter pylori eradication rates due to 14-d
moxifloxacin triple therapy according to proton pump
inhibitors

ITT analysis
% Eradication (ratio)
95%CI
PP analysis
% Eradication (ratio)
95%CI

Esomeprazole

Rabeprazole

P value1

73.8% (127/172)
66.8-79.8

63.6% (28/44)
48.9-76.2

0.180

80.9% (127/157)
74.0-86.3

65.1% (28/43)
50.2-77.6

0.028

Peer review

This study may support the guideline recommendation for treatment of H. pylori
infection.
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patients: Report of 16 cases
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mean follow-up period was 58 mo. Two female patients
(1.7%) developed tumor recurrence or metastases and
required a second resection, and two female patients
(1.7%) died during the follow-up period.
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CONCLUSION: Male patients with SPT of the pancreas
are older than female patients. There are no significant
differences between male and female patients regarding surgical strategies and prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Frantz tumor; Pancreas neoplasm; Solid
pseudopapillary tumor
Core tip: Solid pseudopapillary tumor (SPT) of the pancreas is a rare tumor, with low-grade malignancy and a
strong female preponderance. Male patients have been
shown to have distinct patterns of onset and aggressiveness compared with female patients. However, this
finding is controversial. This study included the largest
number of male patients with SPT of the pancreas from
a single institution and provided a better understanding
of SPT in male patients.

Abstract
AIM: To investigate the clinical characteristics, surgical
strategies and prognosis of solid pseudopapillary tumors (SPTs) of the pancreas in male patients.
METHODS: From July 2003 to March 2013, 116 patients were diagnosed with SPT of the pancreas in our
institution. Of these patients, 16 were male. The patients were divided into two groups based on gender:
female (group 1) and male (group 2). The groups were
compared with regard to demographic characteristics,
clinical presentations, surgical strategies, complications
and follow-up outcomes.

Cai YQ, Xie SM, Ran X, Wang X, Mai G, Liu XB. Solid pseudopapillary tumor of the pancreas in male patients: Report of 16
cases. World J Gastroenterol 2014; 20(22): 6939-6945 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i22/6939.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6939

INTRODUCTION

RESULTS: Male patients were older than female patients (43.1 ± 12.3 years vs 33.1 ± 11.5 years, P =
0.04). Tumor size, location, and symptoms were comparable between the two groups. All patients, with
the exception of one, underwent complete surgical
resection. The patients were regularly followed up. The
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Solid pseudopapillary tumor (SPT) of the pancreas was
first reported by Frantz[1] in 1959. SPT is a rare pancreatic tumor, accounting for approximately 1%-3% of
pancreatic neoplasms, and has low-grade malignancy and
a strong female preponderance[2,3]. Less than 10% of
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Committee of Sichuan University.
Tumor samples were sent to the pathology department of our institution for histopathological examination
and selected samples were sent for immunohistochemical
examination. The diagnosis of SPT of the pancreas was
made by two pathology specialists.

Table 1 Demographic characteristics of patients n (%)
Variable
Cases
Age (yr)
Tumor size (cm)
Symptoms
Abdominal pain
Abdominal discomfort
Palpable abdominal mass
No symptoms
Jaundice
Location of tumors
Head
Neck
Body and Tail
Tail
The uncinate process
Head and tail

Group 1

Group 2

P value

100
33.1 ± 11.5
6.5 ± 3.5

16
43.1 ± 12.3
5.8 ± 2.0

0.043
NS
NS

41 (41)
17 (17)
17 (17)
24 (24)
1 (1)

6 (37.5)
2 (12.5)
0
8 (50.0)
0

31 (31)
21 (21)
6 (6)
37 (37)
4 (4)
1 (1)

7 (43.7)
2 (12.5)
2 (12.5)
5 (31.3)
0
0

Statistical analysis
Numerical data are expressed as mean ± SD. Statistical
analyses were performed using SPSS 16.0 for Windows.
Differences between variables were compared using the
Student’s t test, the χ 2 test, and Fisher’s exact test. Values
of P < 0.05 were considered statistically significant.

NS

RESULTS
The demographic characteristics of the patients included
in this study are shown in Table 1. There were 100 female
patients and 16 male patients, with a female to male ratio
of 6.25 to 1. The mean age of these patients at diagnosis was 35 years (range, 13-68 years). Male patients were
older than female patients (43.1 ± 12.3 years vs 33.1 ±
11.5 years, P = 0.04). The oldest patient in our series was
a 68-year-old man. The mean diameter of the tumors was
6.3 cm (range, 1-25 cm). On average, male patients had
smaller SPTs than female patients (5.8 ± 2.0 cm vs 6.5 ±
3.5 cm), however, this difference was not significant.
Overall, 84 patients (72.4%) were symptomatic, including abdominal pain (47 cases, 40.5%), abdominal
discomfort (19 cases, 16.4%), palpable abdominal mass
(17 cases, 14.7%), and jaundice (1 case, 0.9%). Thirty-two
patients were asymptomatic. They were diagnosed with a
pancreatic neoplasm by routine examination using ultrasonography or computed tomography. Compared with
female patients, a higher proportion of male patients were
asymptomatic (8 cases, 50%). The most frequent location
of SPT in male patients was the pancreatic head (7 cases,
43.7%), followed by the pancreatic tail (5 cases, 31.3%),
and the pancreatic neck (2 cases, 12.5%). Tumor locations
were comparable between male and female patients.
The surgical details of the patients included in this
study are shown in Table 2. In male patients, we performed 6 non-radical operations, including 2 cases of
middle pancreatectomy, 2 cases of distal pancreatectomy
with spleen preservation, and 2 cases of enucleation. For
the other ten male patients, we performed radical operations, including 5 cases of pancreaticoduodenectomy, and
5 cases of distal pancreatectomy with splenectomy. In female patients, non-radical operations were carried out in
46 of 100 patients, including 13 cases of middle pancreatectomy, 17 cases of distal pancreatectomy with spleen
preservation, and 16 cases of enucleation. The other 53
patients had more radical operations, including 29 cases
of pancreaticoduodenectomy and 23 cases of distal pancreatectomy with splenectomy. There was one female
patient suffered from simultaneous pancreatic head and
tail SPT. Enucleation of pancreatic head lesion and distal
pancreatectomy with splenectomy of pancreatic tail le-

Data are means with standard deviations in brackets or numbers with percentages in parentheses unless otherwise indicated. NS: Not significant.

patients with SPT in the reported literature were male[4].
Complete surgical resection of SPT can achieve a favorable prognosis, with a 5-year survival rate higher than
95%[5].
Male patients have been shown to have distinct patterns of onset and aggressiveness compared with female
patients. However, this finding is controversial. Machado
et al[3] stated that SPTs in male patients were more aggressive than those in female patients and should be treated
more radically. In the present study, we included 116
cases of SPT from a single institution. Of these patients,
16 were male. To our knowledge, our series included the
largest number of male patients with SPT from a single
institution, and provided a better understanding of SPT
in male patients.

MATERIALS AND METHODS
From July 2003 to March 2013, 116 patients were diagnosed with SPT of the pancreas at our hospital based
on histopathological examination. These patients were
divided into two groups based on gender: female (group 1,
100 cases) and male (group 2, 16 cases). All patients were
consecutively enrolled into the present study. Following
surgery, all patients were followed-up in the outpatient department or via telephone interviews. Data were collected
retrospectively by chart review and included demographic
characteristics, clinical presentations, surgical strategies,
post-operative details and follow-up outcomes. Pancreatic
fistula was defined as the Johns Hopkins Hospital and
the International Study Group on Pancreatic Fistula[6].
Overall morbidity was defined as total complications occurred from the day of operation to post-operative day
30. Mortality was defined as the number of patients who
died from any cause, directly or indirectly related to operation from the day of operation to post-operative day 30.
Written consent was obtained from the patients included
in this study, and the study was approved by the Ethics
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Table 2 Surgical details n (%)
Variables
Surgical strategies
Pancreaticoduodenectomy
Middle pancreatectomy
Distal pancreatectomy
Distal pancreatectomy with
splenectomy
Enucleation
Enucleation + distal
pancreatectomy
Cholangiojejunostomy without
tumor resection
Organ-preserving operation
Vessel involvement and
metastases
Vessel involvement
Pancreatic tissue infiltration
Adjacent organs compromised
Liver metastases
Total

Table 3 Post-operative complications n (%)

Group 1

Group 2

(n = 100)

(n = 16)

P value

Variables

NS
29 (29)
13 (13)
17 (17)
23 (23)

5 (31.3)
2 (12.5)
2 (12.5)
5 (31.3)

16 (16)
1 (1)

2 (12.5)
0

1 (1)

Complications
Pancreatic fistula
Incision infection
Fluid collection in abdomen
Pulmonary infection
Alimentary tract hemorrhage
Total

Group 2
(n = 16)

11(11)
2 (2)
3 (3)
3 (3)
1 (1)
20 (20)

2 (12.5)
0
0
0
0
2 (12.5)

P value

NS

Data are numbers with percentages in parentheses; NS: Not significant.

0

46 (46)

6 (37.5)

NS

29 (29)
6 (6)
2 (2)
5 (5)
31 (31)

3 (18.8)
2 (12.5)
1 (6.3)
0
4 (25)

NS

puted tomography (CT) or magnetic resonance imaging
(MRI), were routinely performed. Typical appearance
of the pancreatic SPT on CT was a well-circumscribed
cystic and solid mass with heterogeneous enhancement
(Figure 1A). Calcification of the mass may also be present; however, pancreatic duct dilatation or parenchymal
atrophy is rare. Eighteen cases (15.5%) of SPT in our
series showed calcification on CT images. Dilation of
the bile duct or pancreatic duct was very rare. Only three
cases (2.6%) of SPT showed dilation of the bile duct or
pancreatic duct. However, for SPTs smaller than 3 cm,
the cystic portion of the tumor may not be apparent. It
may appear as a solid mass with a sharp margin and with
weak enhancement during the pancreatic phase (Figure
1B). MRI, with superior contrast resolution, displayed
intratumoral hemorrhage and the capsule of the SPT
better than CT[7]. The typical appearance of SPT on MRI
examination was a well encapsulated lesion with heterogeneous high or low signal intensity on T1-weighted images, heterogeneous high signal intensity on T2-weighted
images, and early peripheral heterogeneous enhancement
on gadolinium-enhanced dynamic MRI. Spotty areas of
high intensity which suggested hemorrhagic degeneration
were constantly detected on fat-suppressed T1-weighted
images[8].

Data are numbers with percentages in parentheses; NS: Not significant.

sion was carried out. We performed tumor fine-needle
biopsy and cholangiojejunostomy in a patient with a 9-cm
SPT in the pancreatic head, due to extensive portal vein
and superior mesenteric vein involvement and multiple
liver metastases. There was no significant difference between the two groups in terms of organ-preservation rate
(46% vs 37.5%, P = 0.526).
The operative time and the estimated blood loss differed due to surgical strategies and tumor size. The median operative time was 235 min (range, 155-420 min).
The median estimated blood loss was 320 mL (range,
50-1500 mL). There was no perioperative mortality. Postoperative complications are shown in Table 3. The overall complication rate was 19.1% (n = 22). Two patients
(12.5%) in group 2 developed pancreatic fistulae, which
were resolved by conservative therapy. Twenty patients
(20%) in group 1 developed complications, including 11
cases of pancreatic fistula, 3 cases of pulmonary infection, 3 cases of fluid collection in the abdominal cavity, 2
cases of incision infection, and 1 case of alimentary tract
hemorrhage. Six patients with a pancreatic fistula required
percutaneous drainage; the other 5 patients underwent
successful conservative therapy. The patient who developed alimentary tract hemorrhage required emergency
laparotomy to stop the bleeding. She was discharged on
the 8th postoperative day after the second surgery. However, the patient experienced abdominal pain and was
diagnosed with abdominal infection one month after discharge. This was resolved by percutaneous drainage and
antibiotics. There was no significant difference between
the two groups in terms of post-operative complications.

Pathological findings
The gross appearance of SPT depends to some extent on
the size of the tumor. The typical appearance of SPT was
a well capsulated and well demarcated tumor, with a combination of solid, pseudopapillary, or hemorrhagic components in various proportions (Figure 2A). However, smaller
tumors may be less likely to have cystic changes, and often
appeared as an uncapsulated, solid mass (Figure 2B).
Microscopically, the histologic appearance of SPT was
remarkably uniform. The typical microscopic appearance
of the solid area of SPT was a uniform poorly cohesive
area of polygonal cells surrounding delicate blood vessels. On immunohistochemical examination, the neoplastic cells were typically positive for β-catenin and vimentin
in all tumors, and most expressed α1-antitrypsin, CD56,
CD10, and neuron specific enolase. No differences in
immunohistochemical staining or in pathologic characteristics were found to be attributable to gender alone.

Radiological findings
Preoperative radiological examinations, such as com-
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A

B

Figure 1 Computed tomography image of solid pseudopapillary tumor. A: The typical appearance of solid pseudopapillary tumors (SPTs) shows a well-circumscribed cystic and solid mass with heterogeneous enhancement; B: Atypical appearance of SPT shows a solid mass with a sharp margin and weak enhancement during the pancreatic phase.

A

B

Figure 2 Gross appearance of solid pseudopapillary tumor. A: The typical appearance of solid pseudopapillary tumors (SPTs) shows a well capsulated mass, with
a combination of solid, pseudopapillary, or hemorrhagic components in various proportions; B: Atypical appearance of SPT shows a solid mass with a sharp margin.

Benign vs malignant SPT
Pathologically, SPT is considered malignant if it manifests pancreatic parenchymal infiltration, extrapancreatic
involvement, perineural or vascular infiltration, or metastases[9]. In group 1, 31 patients (31%) manifested at
least one of the biological behaviors listed above. Four
patients (25%) had malignant SPT. No significant difference between the two groups regarding the proportion
of malignant SPTs was observed.
The results of a comparison between benign and
malignant SPTs are shown in Table 4. There were no significant differences between benign and malignant SPTs
with regard to gender, age, and location of the tumors.
The mean tumor size was larger in the malignant group
(7.6 ± 3.7 cm vs 4.5 ± 1.9 cm, P = 0.035). Thirty SPTs in
the malignant group were larger than 5 cm. SPTs larger
than 5 cm were more likely to be malignant tumors (P =
0.001).

recurrence or metastases. However, two patients (2%)
in group 1 developed tumor recurrence or metastases,
respectively. One patient in group 1 had SPT in the pancreatic body and underwent distal pancreatectomy with
splenectomy. On histological examination, the tumor
manifested pancreatic parenchymal infiltration, perineural and vascular infiltration. The patient developed local
recurrence three months after surgery and underwent a
second laparotomy. This patient was followed for 21 mo
and did not show recurrence. Another patient developed
isolated liver metastases 11 mo after the first surgery and
underwent resection of the liver metastases, resulting in
a 38-month tumor-free period. Two patients in group 1
died during the follow-up period, including one patient
with a 25-cm SPT which was resected, who died of arrhythmia three months after surgery, and a patient whose
tumor was unresectable and died of liver failure 18 mos
after surgery. There were no local recurrences or metastases in the remaining patients. No significant differences
between the two groups regarding the follow-up outcomes were observed.

Follow-up outcomes
All patients were regularly followed-up every six months
or yearly after surgery. The follow-up data were collected
by telephone interview or outpatient department interview. The mean follow-up period was 58 mo (range, 6-121
mo). None of the patients in group 2 experienced tumor
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Solid pseudopapillary tumor of the pancreas is an un-
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a very rare symptom of SPT, even in cases with large
tumors located in the pancreatic head and involving the
common bile duct. In our series, male patients were older
than female patients, with an average age of 43.1 years,
and more male patients were asymptomatic. The other
clinical presentations of SPT were not significantly different between the two groups.
SPT is difficult to accurately diagnose preoperatively[13]. As surgeons have become better able to recognize this neoplasm, there has been a steady increase in
the number of SPTs. With a better understanding of its
epidemiological characteristics, clinical presentations and
radiological appearances, it is possible to diagnose this
rare neoplasm preoperatively. The radiological appearance of SPT is unique. Computed tomography can show
a heterogeneous mass, with a combination of solid and
cystic components in various proportions. However, it is
more difficult to diagnose SPT when the tumor is smaller
than 3-cm in diameter. For SPTs smaller than 3-cm, the
cystic component may not be obvious. SPTs may appear
as solid tumors with a sharp margin, weak enhancement
during the pancreatic phase and a gradually increasing
enhancement pattern[14]. Magnetic resonance imaging can
display the capsule and intratumoral hemorrhage better
than CT[15]. Tumor markers, such as carbohydrate antigen
19-9 and carcinoembryonic antigen, are always normal in
patients with SPT. Only two patients (1.7%) in our series
had slight elevation of carbohydrate antigen 19-9. Percutaneous or endoscopic fine-needle aspiration may be
helpful in establishing an accurate preoperative diagnosis[16,17]. However, the utility of this procedure in patients
with suspected SPT may be contraindicated because this
procedure may cause tumor cell dissemination[18]. Kim et
al[19] stated that radiologic diagnosis is sufficient for SPT,
especially when planning surgery. To date, most SPTs
have been diagnosed based on their gross and microscopic appearance. For SPTs which are difficult to diagnose
morphologically, immunohistochemical staining is useful.
Most SPTs express nuclear β-catenin, but do not express
E-cadherin[20]. Beta-catenin is a useful biomarker to differentiate SPT from endocrine tumors of the pancreas,
which strongly express E-cadherin, but do not express
β-catenin. Overall, a diagnosis of SPT should be strongly
suspected in young female patients or older male patients,
with typical radiological appearance and a normal level of
carbohydrate antigen 19-9.
Complete surgical resection (R0) is the most effective
therapy for SPT[21]. Pancreatoduodenectomy, distal pancreatectomy (with or without splenectomy), middle pancreatectomy, or enucleation can be performed based on
the location, size, angioinvasion, and adjacent organ compromise. A classic or pylorus-preserving pancreatoduodenectomy is indicated in cases with tumors located in the
pancreatic head or uncinate process. Given the excellent
prognosis, in patients with SPTs which involve the superior mesenteric vein or/and portal vein, vein resection and
reconstruction should be considered. Distal pancreatectomy with or without splenectomy can be performed for

Table 4 Comparison between benign and malignant solid
pseudopapillary tumors n (%)
Variables
Gender (M/F)
Age (yr)
Tumor size
< 5 cm
≥ 5 cm
Mean tumor size
Location of SPT
Head
Neck
Body and tail
Tail
The uncinate process
Multiple locations

Benign SPT

Malignant SPT

(n = 81)

(n = 35)

12/69
36.4 ± 3.3

4/31
31.8 ± 5.9

38 (46.9)
43 (53.1)
4.5 ± 1.9

5 (14.3)
30 (86.7)
7.6 ± 3.7

28 (34.7)
19 (23.4)
4 (4.9)
26 (32.1)
4 (4.9)
0

10 (28.6)
4 (11.4)
4 (11.4)
16 (45.7)
0
1 (2.9)

P value
NS
NS
0.001

0.035
NS

Data are means with standard deviations in brackets or numbers with percentages in parentheses unless otherwise indicated; NS: Not significant;
SPT: Solid pseudopapillary tumor; F: Female; M: Male.

common neoplasm, which was first reported by Frantz
in 1959 and was described as a new entity with solid
and cystic components. Over time, this tumor has been
reported to have different names, such as solid and papillary tumor, solid-cystic tumor, papillary cystic tumor, and
solid and papillary epithelial neoplasm. In 1996, it was
defined by the World Health Organization as a “solid
pseudopapillary tumor” of the pancreas, which described
the two major histological features of the tumor: solid
and papillary components[10].
Due to the rarity of SPT, especially in male patients,
there are few data available in the literature regarding the
differences between male and female patients. Machado
et al[3] performed a retrospective study which included 27
female patients and 7 male patients with SPT of the pancreas. They reported that male patients with SPT had distinct patterns of onset and aggressiveness compared with
female patients and would be best treated by more radical
surgery. Tien et al[11] compared the immunohistological
staining patterns and presence of sex hormone receptors
in 4 male and 11 female patients, and demonstrated that
there were no differences in the expression of sex hormone receptor protein or clinicopathologic characteristics
between male and female patients. However, due to limited sample size, it was difficult to determine if differences
were definite or incidental. The present study included
the largest sample size of male SPT patients to date, and
allowed us to establish a more definite conclusion.
Different from other pancreatic tumors, SPTs have
unique epidemiological characteristics[12]. They mainly
affect young women in the third or fourth decade of
life. Due to their rarity, clinical data on SPTs in male patients are scarce in the literature. In general, the clinical
presentations of a SPT are usually unspecific. The most
frequent symptoms of SPT in our series, which were
abdominal pain, followed by abdominal discomfort, may
be the result of compression of the tumor. Jaundice is
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tumors located in the pancreatic body or tail. For patients
with tumors located in the neck or body of the pancreas,
without vessel involvement, we prefer to perform middle
pancreatectomy with distal pancreatojejunostomy, preserving the rim of the head, the uncinate process, and
the tail portion. Due to the low grade of malignancy and
the dense fibrous capsule of SPT, enucleation is feasible
for smaller tumors which are distant from the main pancreatic duct, without impairing long-term survival. The
incidence of lymph node metastasis is extremely rare.
None of the patients in our series developed lymph node
metastases. Routine radical lymphadenectomy is not recommended in patients with SPT[19]. Tumors with vessel
involvement or metastases do not indicate unresectability[9]. Sperti et al[4] reported 17 patients who underwent
vascular resection and reconstruction without mortality.
All patients, except one, with malignant SPT underwent
complete resection of the tumor. The patients included
in our study who underwent surgical resection achieved
good long-term survival during the follow-up period.
SPT is considered to be malignant if it manifests pancreatic parenchymal infiltration, extrapancreatic involvement, perineural or vascular infiltration, or metastases.
Approximately 15% to 20% of cases in the reported
literature manifested malignant behavior[22,23]. The liver
is the most common site of metastasis[24]. Simultaneous
multiple SPTs were rarely reported in the literature. There
was only one female patient who suffered from multiple
SPTs. The multiple SPTs were successfully resected. This
patient has been followed for 38 mo and she did not suffer from tumor recurrence. Some studies have reported a
correlation between tumor size (> 5 cm), tumor necrosis,
male sex, and SPTs with malignant potential[25]. However,
other studies have indicated that gender, age, tumor size,
tumor location, and increased tumor markers were not
associated with the malignant potential of SPTs[26]. There
were 35 cases (30.1%) of malignant SPT in our series, including 31 female patients and 4 male patients. We found
that age, gender, and tumor location were not associated
with the malignant potential of SPT; however, tumor size
was associated with malignancy. There was no significant
difference between the two groups in terms of the proportion of malignant SPTs and follow-up outcomes.
However, there were some limitations associated with
this study. It was a retrospective cohort study from a
single institution, with a relatively small number of male
patients. Furthermore, the sample size was imbalanced
between the two groups, which may have caused statistical bias. A prospective study with a large sample size
from multiple centers is required to validate our findings.
In conclusion, SPT is a rare pancreatic tumor, with
a low grade of malignancy and a strong female preponderance. Compared with female patients, male patients
were older, with an average age of 43.1 years, and more
male patients were asymptomatic. Radical resection was
not necessary in male patients compared with female
patients. Surgical strategies should be chosen based on
tumor location, size, and adjacent organ compromise, not
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gender. Complete resection of the tumor can result in
good survival, even in patients with vessel involvement or
metastases.
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Diabetes mellitus increases risk for colorectal adenomas in
younger patients
Hongha T Vu, Nneka Ufere, Yan Yan, Jean S Wang, Dayna S Early, Jill E Elwing
ing for date of exam and gender. ADR was 14.4% in
those ages 40-49 years without DM, 30.4% in those
ages 40-49 years with DM, and 32.0% in those ages
50-59 years without DM. Compared to those ages
40-49 years without DM, ADR was higher in those ages
40-49 years with DM (OR = 3.1; 95%CI: 1.5-6.4; P =
0.002) and those ages 50-59 years without DM (OR =
2.9; 95%CI: 1.5-5.6; P = 0.002). There was no difference between the ADR in those ages 40-49 years with
DM and those ages 50-59 years without DM (P = 0.83).
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CONCLUSION: DM was associated with higher risk
of colorectal adenomas in patients ages 40-49 years.
These subjects harbored as many adenomas as those
at the standard screening age of 50-59 years without
DM.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To determine if diabetes mellitus (DM) is associated with increased risk of colorectal adenomas in
younger subjects.

Core tip: Diabetes mellitus (DM) is associated with increased risk of colorectal neoplasia. It is unknown if patients with DM should be screened more aggressively.
Three cohorts were compared: patients aged 40-49
years with DM, 40-49 years without DM, and 50-59
years without DM. DM was associated with increased
risk for developing colorectal adenomas in patients
40-49 years old. This is the first study to specifically examine these differences among patients with or without
DM younger than the recommended colorectal cancer
screening age of 50 years.

METHODS: This was a retrospective cohort study of
375 patients undergoing index colonoscopy at a single
tertiary care center in the United States. Three cohorts
of patients matched for exam date and gender were
compared: (1) ages 40-49 years with DM; (2) ages
40-49 years without DM; and (3) ages 50-59 years
without DM. Data collected included demographics,
co-morbidities, colonoscopy and pathology results.
Adenoma detection rates (ADR) were calculated and
compared. Conditional logistic regression analysis was
performed to determine the association between each
cohort and ADR.

Vu HT, Ufere N, Yan Y, Wang JS, Early DS, Elwing JE. Diabetes
mellitus increases risk for colorectal adenomas in younger patients. World J Gastroenterol 2014; 20(22): 6946-6952 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i22/6946.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6946

RESULTS: One hundred and twenty-five patients ages
40-49 with DM met study eligibility criteria. Patients in
the other two cohorts were randomly selected, match-
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years with DM; and (3) ages 50-59 years without DM.
Subjects were identified from an endoscopy database
among patients undergoing index colonoscopies at Washington University in St. Louis, Missouri between June 1,
2005 and June 30, 2011. Medical records were reviewed
to determine DM status. All patients ages 40-49 years
with DM undergoing index colonoscopies within the
study period were first identified. Patients in the other
two cohorts were then randomly selected in a 1:1 ratio,
matching for date of exam and gender. Inclusion criteria also included index (first) colonoscopy, colonoscopy
completed to the cecum, and excellent or good bowel
preparation. Exclusion criteria included incomplete
colonoscopy, poor or fair bowel preparation, history of
prior colonoscopy, inflammatory bowel disease, polyposis
syndrome, prior colectomy, personal history of CRC, or
family history of CRC in a first-degree relative.
Medical records were reviewed to obtain data on demographics including age, gender, ethnicity, and height
and weight to determine body mass index (BMI). Presence or absence of DM was determined by medical history obtained by nurses at the time of colonoscopy and
corroborated by review of medical records and medication lists. DM status was also reviewed in terms of type
of diabetic medication used and hemoglobin A1C level
(HgbA1C) as a marker of glycemic control. Co-morbidities including presence of hypertension, hyperlipidemia,
tobacco use, and alcohol use were also recorded. Family history of CRC was determined by medical history
obtained by nurses and interview by colonoscopist at
the time of colonoscopy and corroborated by review
of medical records. Colonoscopy and pathology reports
were reviewed to obtain data on indication, bowel preparation quality, completeness of procedure to cecum, and
polyp characteristics (number, location, size, and pathology). Histopathologic diagnoses were recorded; high risk
state was defined as adenoma size ≥ 1 cm, number of
adenomas ≥ 3, villous features, or high grade dysplasia.
If multiple polyps were placed in the same specimen container, then pathology reports were closely reviewed to
ascertain correct histopathologic diagnosis of each polyp.
Polyp and adenoma detection rates (ADR), defined as
the proportion of screened subjects in whom at least one
polyp or adenoma was identified respectively, were calculated for each cohort.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer affecting both men and women and second most
common cause of cancer death in the United States. In
2011, there were an estimated 141000 new diagnoses of
CRC and 49000 deaths associated with CRC[1]. There
has been a decline in the incidence of CRC over the past
two decades, which has been attributed to screening by
colonoscopy, and removal of pre-malignant colon polyps.
The United States Preventive Services Task Force. MultiSociety Task Force, and American College of Gastroenterology guidelines recommend initiating CRC screening
at 50 years of age for those at average risk, and earlier
for those at increased risk, such as those with family
history[2-4]. The American College of Gastroenterology
guidelines also recommend earlier screening in AfricanAmericans and awareness of increased risk of CRC in
patients with obesity and history of smoking[4].
Diabetes mellitus type 2 (DM) has been found to be
associated with a 20%-60% increased risk of CRC[5,6].
It is postulated that insulin resistance and the resulting
hyperinsulinemia may promote carcinogenesis directly
by stimulating colonic cell growth[7,8]. In addition, insulin
is thought to act indirectly by up-regulating growth hormone receptors in the liver to increase levels of insulinlike growth factor (IGF)-1 and inhibiting IGF binding
proteins which also results in elevated levels of free
IGF-1[7,8]. IGF-1 is theorized to then enhance cell proliferation and inhibit apoptosis, thus promoting tumor
growth. Insulin and IGF-1 may also act through Ras activation which leads to increased sensitivity to growth factors in colonic cells and possible accelerated progression
from adenoma to carcinoma[7,8]. Observational studies
have shown an increased CRC risk with hyperinsulinemia
as well as with elevated IGF-1 levels[9]. In addition, there
have been data showing a similar association with adenomatous polyps, the precursor to CRC[10-13].
There currently are no modifications in CRC screening guidelines for people with DM. In particular, it is
unknown if patients with DM should be screened earlier than patients at average risk for CRC. The aim of
this study was to determine if DM is associated with
increased risk of developing colorectal adenomas in subjects ages 40-49 years compared to an age matched group
without DM and to average risk non-diabetics at the standard screening age of 50 years or older. Our hypothesis
was that patients with DM would have increased rates of
adenomas compared to those without DM.

Statistical analysis
Statistical analyses include comparisons of patient demographics and clinical characteristics among the three
cohorts and use regression models to determine association of group status with ADR, adjusting for patient demographics and clinical characteristics. ANOVA was used
to compare continuous variables (age, body mass index)
among the three cohorts, and χ 2 test or Fisher exact test
was used to compare categorical variables (gender, ethnicity, hypertension, hyperlipidemia, indication) among the
three groups. For regression analyses, conditional logistic
regression model was used since the patients in different
cohorts were matched by date of exam and gender. Con-

MATERIALS AND METHODS
The study was approved by the Washington University
Institutional Review Board and Siteman Cancer Center
Protocol Review and Monitoring Committee. We performed a retrospective cohort study of patients undergoing colonoscopy at a single center over a six-year period,
comparing three cohorts matched for date of exam and
gender: (1) ages 40-49 years without DM; (2) ages 40-49
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Table 1 Baseline characteristics
40-49 yr without DM (n = 125)

40-49 yr with DM (n = 125)

50-59 yr without DM (n = 125)

P -value

45.7 ± 3.1
63.2
35.2
29.6 ± 7.4

46.1 ± 2.7
63.2
46.0
36.0 ± 9.6

53.7 ± 2.7
63.2
39.2
28.6 ± 7.0

< 0.001
1.0
0.13
< 0.001

40.8
16.9

76.6
50.0

46.8
25.0

< 0.001
< 0.001

15.3
41.9
29.8
6.5
2.4

14.8
45.9
30.3
3.3
3.3

83.2
7.2
5.6
1.6
1.6

< 0.001
< 0.001
< 0.001
0.13
0.69

Age (yr, mean ± SD)
Gender (% Female)
Ethnicity (% African-American)
Body mass index
(kg/m2, mean ± SD)
Hypertension (%)
Hyperlipidemia (%)
Indication (%)
Screening
Gastrointestinal bleeding
Change in bowel habits
Abdominal pain
Other
DM: Diabetes mellitus.

ditional logistic regression analysis was performed to determine the association between each cohort and ADR.
Variables included in the conditional logistic regression
model for adjustment were ethnicity, BMI, tobacco, and
alcohol. Sensitivity analyses after further allowances for
hypertension and hyperlipidemia were also performed.
Data analyses were performed by using SAS software
version 9.2 (Cary, North Carolina, United States).

in their late forties close to the recommended age of 50
years to start CRC screening. All other colonoscopies
were performed for diagnostic purposes including gastrointestinal bleeding, change in bowel habits, or abdominal
pain.
Polyp and adenoma detection rates
The polyp and adenoma detection rates are found in
Table 2. The ADRs were 14.4% in those ages 40-49 years
without DM (17.4% in men, 12.7% in women), 30.4% in
those ages 40-49 years with DM (39.1% in men, 25.3%
in women), and 32.0% in those ages 50-59 years without
DM (41.3% in men, 26.6% in women). Compared to
those ages 40-49 years without DM, there was a statistically significant higher association between cohort and
presence of adenoma in those ages 40-49 years with DM
(adjusted OR = 2.6, 95%CI: 1.4-4.9; adjusted OR=3.1,
95%CI: 1.5-6.4; P = 0.002) and those ages 50-59 years
without DM (adjusted OR = 2.8, 95%CI: 1.5-5.2; adjusted OR = 2.9, 95%CI: 1.5-5.6; P = 0.002) in both univariate and multivariate analyses. A slightly stronger association was found in men (adjusted OR = 4.7 in patients
ages 40-49 years with DM, adjusted OR = 4.0 in those
ages 50-59 years without DM) than in women (adjusted
OR = 2.5 in patients ages 40-49 years with DM, adjusted
OR = 3.3 in those ages 50-59 years without DM). Despite differences in terms of prevalence of hypertension
and hyperlipidemia between the two younger cohorts,
sensitivity analyses after further allowances for the two
co-morbidities showed a similar significant association
(OR = 3.2, 95%CI: 1.5-7.1) for patients ages 40-49 years
with DM and (OR = 3.0; 95%CI: 1.5-5.9) for those ages
50-59 without DM. There was no statistically significant
difference between cohort and presence of adenoma in
those ages 40-49 years with DM and those ages 50-59
years without DM (P = 0.78 on univariate analysis and P
= 0.83 on multivariate analysis).

RESULTS
A total of 3749 patients between the ages of 40-49 years
underwent index colonoscopy between June 2005 and
June 2011. After manual review of medical records, we
found that 193 patients ages 40-49 years had DM at the
time of their colonoscopy, but 68 of these patients were
excluded due to poor or fair bowel preparation. Therefore, 125 patients ages 40-49 years with DM met study
eligibility criteria and were included in the study. We then
randomly selected 125 patients ages 40-49 years without DM and 125 patients ages 50-59 years without DM,
matching for date of exam and gender.
Baseline characteristics
Baseline characteristics of the three cohorts are found
in Table 1. Mean age was 46 years in the two younger
cohorts and 54 years in the older cohort. Gender was
matched for in all three cohorts with 63.2% female.
There was no difference in ethnicity among the three
cohorts with 35.2% African-Americans in the younger
cohort without DM, 46.0% with DM, and 39.2% in the
older cohort. There were significantly greater rates of comorbid obesity (higher mean BMI), hypertension, and hyperlipidemia in the cohort with DM as expected. Among
patients with DM, 77.7% were on oral hyperglycemic
medications, 52.3% were on insulin, and mean HgbA1C
was 7.4%.
Indication for colonoscopy was screening in 83% of
the patients ages 50-59 years without DM and 15% in the
younger cohorts. Nearly all of the screening colonoscopies in the younger cohorts were performed in patients
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High risk state
The prevalence of high risk state, defined as adenoma
size ≥ 1 cm, presence of high grade dysplasia or villous
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Table 2 Polyp and adenoma detection rates
40-49 yr
without DM
(n = 125)

Table 3 Prevalence of high risk state
50-59 yr
40-49 yr
40-49 yr
with DM without DM
without DM
(n = 125) (n = 125) (n = 125)

50-59 yr
40-49 yr
with DM without DM
(n = 125) (n = 125)

Polyp detection rate (%)
31.2
49.6
Adenoma detection rate (%)
14.4
30.4
Univariate OR (95%CI)
1.0 (reference) 2.6 (1.4-4.9)
Multivariate OR (95%CI)1 1.0 (reference) 3.1 (1.5-6.4)

Prevalence of high risk state1
7.2
9.6
12.8
(%)
Univariate OR (95%CI)
1.0 (reference) 1.4 (0.6-3.4) 1.9 (0.8-4.5)
P = 0.5
P = 0.1

50.4
32.0
2.8 (1.5-5.2)
2.9 (1.5-5.6)

1

1

Analyses were adjusted for ethnicity, body mass index, smoking, and
alcohol use; DM: Diabetes mellitus.

High risk state was defined as adenoma number ≥ 3, size ≥ 1 cm, high
grade dysplasia, or villous features; DM: Diabetes mellitus.

these cohorts having significantly more adenomas than
those ages 40-49 years without DM. To our knowledge,
this is the first study to specifically examine these differences among patients with or without DM younger than
the recommended CRC screening age of 50 years.
In a large population-based retrospective cohort study,
Limburg et al[14] showed an association between DM and
increased CRC risk with a standardized incidence ratio of
1.39. Hu et al[15] also demonstrated a similar association
in the Nurses’ Health Study. After 18 years of follow-up,
relative risk for CRC was 1.43 in those with documented
DM at baseline. A recent meta-analysis by Yuhara et al[6]
found that DM was an independent risk factor for CRC
and was associated with an increased risk for CRC in
both men and women even after controlling for smoking,
obesity, and physical exercise with relative risk of 1.37.
Prior studies have also shown higher prevalence of
adenomas, the precursor to CRC, in patients with DM
compared to those without DM. In a prospective study,
Schoen et al[10] found an association between increased
levels of insulin and IGF-1 and presence of colorectal
adenomas as well as advanced adenomas in 458 asymptomatic patients who underwent flexible sigmoidoscopy.
Elwing et al[11] previously compared 100 women with DM
to 500 controls without DM undergoing index colonoscopy and found that women with DM had higher rates
of adenomas (37% vs 24%, OR = 1.82) and advanced
adenomas (14% vs 6%, OR = 2.38). With multivariate
analysis, they found that DM was an independent predictor for the presence of both adenomas and advanced
adenomas. Eddi et al[12] performed a retrospective casecontrol study of patients with or without adenomas and
found that DM, insulin exposure, and thiazolidinedione
use was associated with developing adenomas. More recently, Kanadiya et al[13] performed a retrospective crosssectional analysis of 405 patients with DM and 3038
without DM undergoing first colonoscopy. DM was associated with increased risk of adenoma (OR = 1.35) and
ADR was higher in diabetics (29.3% vs 23.9%). However,
none of these studies compared ADR in patients with or
without DM in patients under the age of 50 years.
There is consensus among guidelines that CRC
screening should be initiated in average-risk individuals starting at 50 years of age[2-4]. The rationale for this
threshold is that the risk of CRC and advanced adenomas
is low in younger individuals. The reported incidence of

Table 4 Polyp characteristics among patients with adenomas
(n = 96)
40-49 yr 40-49 yr 50-59 yr P -value
without DM with DM without DM
(n = 18) (n = 38) (n = 40)
Number of adenomas
(mean)
Location (% proximal)
Advanced adenoma (%)
Size ≥ 1 cm (%)
Villous features (%)
High grade dysplasia
(%)

1.5

1.7

1.5

0.69

38.9
50.0
33.3
27.8
0

55.3
31.6
18.4
13.2
2.6

52.5
40.0
32.5
15.0
2.5

0.50
0.40
0.30
0.36
0.79

DM: Diabetes mellitus.

features, or number of adenomas ≥ 3 in the three cohorts are found in Table 3. Prevalence of high risk state
were 7.2% in those ages 40-49 years without DM (10.9%
in men, 5.1% in women), 9.6% in those ages 40-49 with
DM (10.9% in men, 8.9% in women), and 12.8% in those
ages 50-59 years without DM (15.2% in men, 11.4% in
women). Compared to those ages 40-49 years without
DM, we found trends towards higher prevalence of high
risk state in those ages 40-49 years with DM and those
ages 50-59 years without DM, but these were not statistically significant. There was no statistically significant difference between the prevalence of high risk state in those
ages 40-49 years with DM and those ages 50-59 years
without DM (P = 0.4).
Polyp characteristics
Among patients with adenomas, mean number of adenomas per patient, location of adenomas, and prevalence
of advanced adenomas were not statistically significant
among the three cohorts (Table 4). There were one, zero,
and two synchronous CRC found in the cohorts ages
40-49 years without DM, ages 40-49 years with DM, and
ages 50-59 years without DM, respectively.

DISCUSSION
In this retrospective cohort study, DM was associated
with a significantly higher risk of developing colorectal
adenomas in patients ages 40-49 years. These subjects
harbored as many adenomas as those at the standard
screening age of 50-59 years without DM, with both of
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CRC per 100000 population rises from 45.9 at age 40-49
years, to 133.3 at age 50-59 years and 268.2 at age 60-69
years[16]. In two screening colonoscopy studies performed
in asymptomatic patients ages 40-49, the prevalence
of advanced adenomas was found to be 2% and 3.5%
with no cases of CRC[17,18]. The evidence from our study
shows that the existence of DM in patients ages 40-49
years increases their risk of adenomas and advanced adenomas to that of patients ages 50-59 years without DM.
Greater DM severity as determined by the need for
insulin therapy and HgbA1C levels, a measure of DM
control, has also been found to be associated with increased risk for both CRC as well as adenomas. In a prospective population study, Khaw et al[19] reported a threefold risk for CRC in known diabetics. In addition, they
found that there was a 1.34 increase in relative risk with
every 1% increase in HgbA1C concentrations. Yang et
al[20] demonstrated a two-fold increased risk of CRC in
patients with DM on insulin therapy for greater than one
year compared to non-insulin using patients with DM.
Chung et al[21] found that diabetic patients with adenomas
showed significantly higher rates of chronic insulin therapy compared to age and sex-matched controls, and that
chronic insulin therapy was associated with three times
the risk of having colorectal adenomas among a cohort
of 325 patients with DM who underwent colonoscopy.
Siddiqui et al[22] found that poorly controlled diabetics
with HgbA1C ≥ 7.5% had greater number of adenomas,
more advanced lesions, greater use of exogenous insulin,
and younger age of presentation in a retrospective cohort study of 652 male veterans with DM and adenomas.
In our cohort with DM, 52% were on chronic insulin
therapy and mean HgbA1C was 7.4, implying that at least
half of our patients with DM qualified as having severe
disease and were at higher risk for adenomas despite their
relatively young age.
Our study had several limitations. It was a retrospective cohort study with inherent limitations in this design
study. To date, there have been no reported prospective
studies evaluating the development of adenomatous
polyps in patients with DM or specifically those younger
than the age of 50 years. There was also a relatively low
sample size in each of the cohorts, likely due to low rates
of diabetes in patients 40-49 years old. Another limitation
of our study is that it was not performed in an average
risk screening population. However, patients under the
age of 50 years are currently not recommended to undergo screening colonoscopy unless they are at increased risk
for CRC. The only way to establish risk in this younger
population would be to design a prospective study of
asymptomatic, average-risk young patients with and without DM to compare risk of adenomas and CRC. Prior
published studies have also encountered this limitation.
In a recent study by Gupta et al[23] asymptomatic patients
aged 40-49 years undergoing screening for a family history of polyps were compared to a control population of
40-49 years olds with symptoms. In addition, longitudinal
studies following patients with DM over time would be
needed to study more clinically significant outcomes such
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as incidence of CRC and related mortality to address
whether the increase in number of adenomas found in
patients with DM leads to higher rates of CRC and related mortality. Such a study would require at least ten years
of follow-up to answer these questions. In the meantime,
retrospective cohort studies such as ours are the only
means to examine a younger population of diabetics.
The same may be said for studies evaluating the increased
CRC risk for African Americans, in which no prospective
studies have been performed. However, those retrospective studies have accumulated enough evidence to change
the American College of Gastroenterology guidelines
to recommend initiating CRC screening earlier at age 45
years[4,24].
Our study controlled for age, gender, and date of
procedure by design. Males have been established to
have higher risk for CRC and adenomas[1,25]. Dates of
procedures were controlled to take into account different endoscopists and to decrease accrual bias. Although
we adjusted our analyses by ethnicity, tobacco, alcohol,
and BMI, our study did not control for additional possible confounding risk factors such as diet and exercise.
There were higher rates of African-Americans in the DM
cohort, but this did not reach statistical significance and
ethnicity was adjusted for in the multivariate analysis. A
prior study by He et al[26] demonstrated increased risk of
CRC associated with DM (RR 1.19), which was consistent across four ethnic populations including Caucasians,
African-Americans, Japanese-Americans, and Latinos in a
prospective analysis of the population-based Multiethnic
Cohort. The other variables that were significantly different among our three cohorts are to be expected: age
(which was a defining feature of the cohorts) as well as
co-morbidities known to be associated with DM (obesity,
hypertension, and hyperlipidemia). However, the ADR
differences in the three cohorts still remained significant
after multivariate analysis adjusted for the presence of
ethnicity, BMI, smoking, and alcohol use.
In our study, we noted that the bowel preparation was
poor or fair in one-third of patients with DM, causing
their exclusion from the cohort. Diabetic patients may
have inadequate bowel preparation due to autonomic
neuropathy and gastrointestinal dysmotility associated
with their DM. This may lead to decreased detection of
both adenomas and CRC in patients with DM, since bowel
preparation is vital to high-quality screening colonoscopy.
If pre-malignant polyps are less frequently detected and
removed in diabetic patients due to inadequate visibility,
this may lead to the development of more interval CRC
in these patients. In addition, decreased detection of both
adenomas and CRC may lead to the underestimation of
their risk in those with DM. At our institution, we are
recommending that patients with DM undergo a more
stringent bowel preparation to ensure adequate visibility
and effective screening.
Our data may have important public health implications given the estimated 25.8 million people affected by
DM with rapidly rising incidence in the United States[27].
Other studies have suggested that DM increases the risk
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for development of CRC and adenomatous polyps, the
pre-malignant precursor to CRC. Our study confirms
this increased risk in patients with DM who were up to
a decade younger than the recommended screening age
of 50 years. These findings need to be validated in further studies, optimally with prospective and longitudinal
studies in younger diabetics that are asymptomatic and at
average risk for CRC. If our results are corroborated, this
high risk group may be targeted for more aggressive CRC
screening.
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RETROSPECTIVE STUDY

Liver regeneration after liver resection: Clinical aspects and
correlation with infective complications
Duilio Pagano, Marco Spada, Vishal Parikh, Fabio Tuzzolino, Davide Cintorino, Luigi Maruzzelli,
Giovanni Vizzini, Angelo Luca, Alessandra Mularoni, Paolo Grossi, Bruno Gridelli, Salvatore Gruttadauria
at a mean follow-up of 43.85 d. The Clavien-Dindo
classification was used to evaluate postoperative events
in the first 6 mo after transplantation, and Centers for
Disease Control and Prevention definitions were used
for healthcare associated infections data. Generalized
linear regression models with Gaussian family distribution and log link function were used to reveal the principal promoters of early liver regeneration.
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RESULTS: Ten of the 27 patients (37%) underwent
chemotherapy prior to surgery, with a statistically significant prevalence of patients with metastasis (P =
0.007). Eight patients (30%) underwent embolization,
3 with primary tumors, and 5 with secondary tumors.
Twenty patients (74%) experienced complications,
with 12 (60%) experiencing Clavien-Dindo Grade 3a
to 5 complications. Regeneration ≥ 100% occurred
in 10 (37%) patients. The predictors were smaller future remnant liver volume (-0.002; P < 0.001), and
a greater spleen volume/future remnant liver volume
ratio (0.499; P = 0.01). Patients with a resection of ≥
5 Couinaud segments experienced greater early regeneration (P = 0.04). Nine patients experienced surgical
site infections, and in 7 cases Clavien-Dindo Grade 3a
to 4 complications were detected (P = 0.016). There
were no significant differences between patients with
primary or secondary tumors, and either onset or infections or severity of surgical complications.
CONCLUSION: Regardless of the onset of infective
complications, future remnant liver and spleen volumes
may be reliable predictors of early liver regeneration
after hepatic resection on an otherwise healthy liver.

Abstract
AIM: To investigate whether early liver regeneration
after resection in patients with hepatic tumors might be
influenced by post-operative infective complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver regeneration; Liver resection; Liver
tumor

METHODS: A retrospective analysis of 27 liver resections for tumors performed in a single referral center
from November 2004 to January 2010. Regeneration
was evaluated by multidetector computed tomography
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diation oncologic treatments. These issues are highlighted
in the National Healthcare Safety Network, a Web-based
system used by the Centers for Disease Control and
Prevention (CDC)[13]. The aims of this single center, retrospective study were to analyze the impact of surgical
infections on early liver regeneration after liver resection
in patients with hepatic malignancies, primary or secondary, but no underlying liver disease, and determine which,
if any, preoperative variables have significant predictive
value for liver regeneration soon after surgery.

hepatectomies focuses on early liver regeneration after
resection in patients with hepatic tumors but no underlying liver disease and on determining if post-operative
infective complications might influence it. We identify
three predictive factors for optimal early regeneration.
Pagano D, Spada M, Parikh V, Tuzzolino F, Cintorino D, Maruzzelli L, Vizzini G, Luca A, Mularoni A, Grossi P, Gridelli B,
Gruttadauria S. Liver regeneration after liver resection: Clinical
aspects and correlation with infective complications. World J
Gastroenterol 2014; 20(22): 6953-6960 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6953.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6953

MATERIALS AND METHODS
Twenty-seven patients with no underlying chronic liver
disease who underwent liver resection of at least 2 Couinaud classification[14] segments between November 2004
and January 2010 were retrospectively identified from a
prospectively collected data base (Table 1). The study was
approved by our Institutional Research Review Board.

INTRODUCTION
The success of liver resection for the treatment of hepatic malignancies depends on the remnant liver’s ability
to regenerate after major tissue loss. Human liver is able
to regenerate thanks to a hyperplastic reaction in the remnant liver[1]. However, if after resection, the remnant liver
is less than 20% of the original liver volume, liver function might not sustain metabolic, synthetic, and detoxifying needs, leading to post-resection liver failure[2].
Since Lortat-Jacob reported the first anatomic right
hepatectomy, in 1952[3], and particularly in the last two
decades, hepatic surgery has achieved important technical
breakthroughs, such as intermittent portal triad clamping,
total vascular exclusion, preoperative portal vein embolization with two-stage hepatectomy, and sophisticated
methods of parenchymal transection[1,4,5].
These changes have resulted in a significant reduction
in post-resection liver failure, and the related onset of
complications, resulting in improved post-resection survival[6-8]. In addition, pre- and postoperative multidetector
computed tomography (MDCT) scans have become essential tools for both estimating and assessing the volume
of the remnant liver[9-11]. Yet, despite these advances, few
studies have investigated the impact of post-operative
infective complications on early liver regeneration after
resection for hepatic tumors. Healthcare-associated infections (HAIs) are a major cause of increased length of
hospital stay and mortality[12]. Hospitals with surgeons
who treat patients with multiple no modifiable risk factors would expect higher HAIs rates; moreover, risk
adjustment that accounts for differences in patient case
mix is critical to allow for more meaningful comparisons
between surgeons and/or hospitals, when using infection data as a performance evaluation. Clinical variables
may reflect surgical technique more than patient case mix
for calculating any risk adjustment strategy, and surgical
technique analyses can inappropriately allow for adjusting
rates down among surgeons with poor technique. In addition, the presence of more complex procedure-specific
HAIs might delay adjuvant treatment following radical
liver resections that would include chemotherapy or ra-
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MDCT
Patients were imaged pre- and postoperatively with
64-slice MDCT (VCT, GE Medical Systems, Milwaukee,
United States). The protocol consisted of the acquisition
of basal images of the entire superior abdomen, followed
by acquisition of triple-phase, contrast-enhanced images
during the hepatic arterial phase, portal venous phase,
and delayed phase. All MDCT acquisitions were started
at the top of the liver and proceeded in a cranio-caudal
direction during a single breath-hold on inspiration.
Contrast-enhanced images were obtained with a dose of
1.8 mL/kg body weight of non-ionic iodinated contrast
material (iopramide 370 mg I/mL, Ultravist, BayerShering Pharma, Berlin, Germany) administered with a power
injector (Stellant, Medrad, Pittsburgh, United States) at
a flow rate of 5 mL/s through an 18-gauge intravenous
catheter placed in an antecubital vein.
Measurement of liver volumetry
Calculation of the future remnant liver volume (FRLV)
was made according to the number of Couinaud segments to be resected. Major vessels, including the inferior
vena cava and the extrahepatic portal vein, as well as major fissures, such as the fissure for the ligamentum teres,
were excluded. Regeneration of the remnant liver volume
(RLV), expressed as percentage, was calculated with the
following formula: Percent liver regeneration = (RLVday,
follow-up - FRLV) × 100/FRLV.
Evaluation of clinical variables
Preoperative blood biochemical tests were done in all 27
patients. Values drawn from electronic medical records
included alanine aminotransferase, aspartate aminotransferase, albumin, total bilirubin, gamma-glutamyl transpeptidase, glucose, platelet count, prothrombin time in (%),
and international normalized ratio (INR) (Table 2). The
Clavien-Dindo classification was used to evaluate postoperative events in the first 6 mo after transplantation[15].
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Table 1 Type of liver resection performed, according to
Couinaud classification n (%)

Table 2 Preoperative variables in patients with liver
malignancies (n = 27, mean ± SD)

Patients (n )

Preoperative factor

Right
Extended right
Left
Left
hepatectomy hepatectomy hepatectomy lobectomy

Overall
Tumor
patients (27)
Primary liver
tumor (14)
Secondary
liver tumor
(13)

5 (18.5)

13 (48.1)

8 (29.6)

1 (3.7)

1 (20.0)

7 (46.6)

5 (33.3)

1 (6.7)

4 (25.0)

6 (50.0)

3 (25.0)

0

Of the 27 patients, 13 had an extended right hepatectomy, 5 a right hepatectomy, 8 a left hepatectomy, and 1 a left lobectomy.

When patients had more than one complication, only
the seminal one was counted, or the most serious one if
complications occurred contemporaneously. The onset
of the complication was defined as the time when the
resulting organ dysfunction began, or the corrective treatment was started. For infections data, Centers for Disease
Control and Prevention definitions were used[13].

61.04 ± 11.40
71.71 ± 12.33
165.74 ± 8.82
26.02 ± 3.43
2036.47 ± 804.95
701.45 ± 343.56
0.88 ± 1.86
57.26 ± 33.14
3.44 ± 0.67
45.78 ± 38.28
0.94 ± 0.24
179. 33 ± 164.98
278.96 ± 107.22
95.93 ± 21.56
1.05 ± 0.14
1.10 ± 0.18
13.83 ± 2.01
315.38 ± 129.06
110.19 ± 38.08
4.67 ± 1.07

Steatosis was measured using the Hounsfield units of the liver from a
basal CT scan and using the spleen Hounsfield unit as a reference value.
Portal hypertension was measured indirectly by measuring the diameter
of the common portal vein on portal venous phase images. BMI: Body
mass index; LV: Liver volume; FRLV: Future remnant liver volume; ALT:
Alanine aminotransferases; AST: Aspartate aminotransferases; GGT:
Gamma-glutamyl transpeptidase; INR: International normalized ratio; SV:
Spleen volume.

Type of liver resection
The Couinaud classification was used to define and describe resection. Fourteen patients had a primary neoplasm on otherwise healthy liver (hepatocellular carcinoma in 5 cases, intrahepatic cholangiocarcinoma in 6, hilar
cholangiocarcinoma in 1, gallbladder cancer in 1, and
huge hepatobiliary cystadenoma in 1). The other 13 had
liver metastases (from colorectal cancer in 10 cases, ileal
neuroendocrine tumor in 1 case, gastrointestinal stromal
tumor in 1 case, and ovarian leiomyosarcoma in 1 case).

significance level of 0.2 for removing variables from the
model. Because we considered the entire cohort of patients who underwent resection for primary or secondary
tumors on otherwise healthy livers between November
2004 and January 2010, no formal sample-size calculation
was made beforehand. Statistical tests were considered
significant when the corresponding P value was less than
5%. Data handling and analyses were done with R 2.14[18]
and SPSS version 17.0 software.

Definition of surgical site infections
Surgical site infections (SSIs) were defined according
National nosocomial infections surveillance system[16,17].
Criteria for SSIs included infection occurring at the incision site within 30 d after surgery. In addition the onset
time after surgery and the causative bacteria were identified. Due to the small number of infection episodes no
comparison between groups of causative bacteria was
performed.

RESULTS
Based on preliminary analysis, and solely for exploratory
purposes, a regeneration ≥ 100% was used as a cutoff to
divide all 27 patients into two groups: major regeneration
(10 patients, 37%) and minor regeneration (17 patients,
63%). Moreover, because the Vauthey formula was used
for establishing minimal FRLV, we considered 100% regeneration of FRLV in the early postoperative period a
more than acceptable result.
Generalized linear regression analysis, adjusted for
follow-up time, found that among all the preoperative
variables the only statistically significant predictors of
early liver regeneration were smaller FRLV (-0.0023; P
< 0.001), smaller BMI (-0.1155, P < 0.001), and greater
spleen volume (SV)/FRLV ratio (0.4999; P = 0.016)
(Table 4).
Preoperative weight, serum bilirubin level, prothrom-

Statistical analysis
Quantitative variables are expressed as mean ± SD, and
qualitative variables as absolute and relative frequencies.
Comparisons between groups of quantitative and qualitative variables were done with the t test, and Fisher’s exact
test. Generalized linear regression models with Gaussian
family distribution and log link function were used to
reveal the principal promoters of early liver regeneration.
The residuals analyses were graphically assessed and the
predictor coefficients and corresponding 95%CI were
meter adjusted for follow-up time, which was assumed
as a linear predictor in the regression models. Table 3 is
a stepwise multiple generalized linear regression with a
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Patients with malignancies

Age (yr)
Weight (kg)
Height (cm)
BMI
LV (cc)
FRLV (cc)
Bilirubin (mg/dL)
ALT (u/L)
Albumin (g/dL)
AST (u/L)
Creatinine(mg/dL)
GGT (u/L)
Platelet (103/µL)
Prothrombin time (%)
INR
Steatosis (Hounsfield units)
Portal vein diameter (mm)
SV (cc)
Glucose (mg/dL)
Numbers of resected liver segments
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Table 3 Postoperative variables in minor and major regeneration groups after 6 d (mean ± SD)
Post-surgical factors

Minor liver
regeneration

Major
regeneration

P value

Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Creatinine (mg/dL)
Prothrombin time (%)
PT/INR

2.37 ± 4.75
1.44 ± 2.78
2.73 ± 0.67
0.89 ± 0.41
81.58 ± 25.84
1.41 ± 0.71

2.99 ± 4.68
2.13 ± 3.64
2.76 ± 0.51
0.92 ± 0.27
80.61 ± 17.16
1.16 ± 0.21

0.745
0.586
0.912
0.817
0.917
0.306

Table 5 Preoperative factors, adjusted for follow-up time,
associated with early liver regeneration in 27 patients
with hepatic tumor (stepwise multiple generalized linear
regression)
Preoperative
factors
FRLV
SV/FRLV
Follow-up time

< 100

> 100

Total

4
3
3
1
5
0
1
17

3
1
1
1
3
0
1
10

7
4
4
2
8
2
27

1
5
0
1
7

1
3
0
1
5

2
8
2
12

SE

P value

95%CI

-0.00232
0.49988
0.00704

0.00054
0.20731
0.00232

< 0.001
0.016
0.002

(-0.00337 - -0.00127)
(0.09357-0.90619)
(0.00249-0.01159)

The future remnant liver volume, body habitus, and spleen volume
proved to be markers of optimal early liver regeneration. LV: Liver volume; FRLV: Future remnant liver volume; SV: Spleen volume.

Table 4 Onset and severity of complications within 90 d of
surgery, and grouped within the five tiers of the Clavien–
Dindo classification
GRADE

Coefficient

Liver regeneration by segment resected in relation to days
Tumor patients

200

Segments ≥ 5
Segments < 5

Onset
0
1
2
3a
3b
4
5
Total
Severity2
3a
3b
4
5
Total

% Liver regeneration

1

100
50
0
0

50

100

150

t /d

Figure 1 Distribution of liver regeneration over time in all patients. A
physiologic association between follow-up time and greater percentage of liver
regeneration is showed.

1

Fisher's exact test - P value > 0.999; 2Fisher's exact test - P value > 0.999.

5 complications. Interestingly, no significant association
was found between early regeneration and either onset
or severity of surgical complications, classified according
to the Clavien-Dindo model, with a P value > 0.999 for
both. No remarkable discrepancies were showed in terms
of preoperative blood biochemical tests between patients
with early minor and major liver regeneration (Table 3).
Clinically relevant infections developed in 9 patients
(33%): they all experienced SSIs and 2 of them had secondary bloodstream infections. Median SSI onset time
was 10 d (range 4-30 d). Five patients had plurimicrobial
infection. The most commonly causative bacteria were
Enterococcus spp. and Enterobacteriaceae. SSIs were not
associated with early liver regeneration.
On the other hand, SSIs were significantly associated
with the onset of surgical complications: 9 patients experienced SSIs, and in 7 cases Clavien-Dindo Grade 3a to 4
complications were detected (P = 0.016).

bin time in (%), and diameter of portal vein were similar
in all patients. The mean follow-up time was 43.85 d and,
on stepwise multiple regression, there was an association
between follow-up time and greater percentage of liver
regeneration (P = 0.002) (Figure 1, Table 5).
Thirteen patients (48%) underwent a resection of ≥
5 Couinaud segments, with a mean 94.75% ± 45.72%
of liver parenchymal regeneration, while the 14 patients
(52%) with a resection of < 5 Couinaud segments had a
mean percentage of regeneration of 56.64% ± 47.72%.
Comparison of the percentage of regeneration in relation
to the number of segments resected showed that patients
with a resection of ≥ 5 Couinaud segments experienced
greater early regeneration (P = 0.0446). The 14 patients
resected for primary liver malignancy had a mean of
60.32% ± 41.23% of liver regeneration but, when compared with the other 13, resected for secondary tumors
(90.79 ± 54.86), no significant difference was detected (P
= 0.1136) (Table 6).
Ten of the 27 patients (37%) underwent chemotherapy prior to surgery, with a statistically significant
prevalence of patients with metastasis (P = 0.007). Eight
patients (30%) underwent embolization, 3 with primary
tumors, and 5 with secondary tumors.
Twenty patients (74%) experienced complications,
with 12 (60%) experiencing Clavien-Dindo Grade 3a to
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150

DISCUSSION
According to the NNIS system, the United States Centers
for Disease Control and Prevention (CDC) reported that
SSIs are the third most common nosocomial infection,
accounting for 14%-16% of all nosocomial infections in
the United States. In surgical patients, SSIs are the most
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Liver regeneration: Primary vs Secondary tumors

Table 6 Generalized linear regression analysis of factors
influencing liver regeneration, adjusted for follow-up time

FRLV
BMI
SV/FRLV
Bilirubin
Albumin
GGT
Creatinine
INR
Age
Steatosis
(Hounsfield units)
HAIs

Coefficient

P value

95%CI

-0.0027
-0.1155
1.0925
-0.0885
0.0003
0
0.7841
0.7054
-0.0032
0.1326

< 0.001
< 0.001
< 0.001
0.547
0.999
0.993
0.194
0.435
0.744
0.857

(-0.0036- -0.0018)
(-0.1763- -0.0548)
(0.7356-1.4494)
(-0.3762-0.1993)
(-0.3945-0.3951)
(-0.0016-0.0016)
(-0.4001-1.9683)
(-1.0666-2.4775)
(-0.0224-0.0160)
(-1.3137-1.5788)

0.2739

0.402

% Liver regeneration

Preoperative factors

200

100

50

0
Native

(0.3661-0.9141)

other
Liver disease

BMI: Body mass index; LV: Liver volume; FRLV: Future remnant liver volume; GGT: Gamma-glutamyl transpeptidase; INR: International normalized ratio; SV: Spleen volume; HAIs: Healthcare-associated infections.

Figure 2 Box plot of liver regeneration comparing patients with primary
and patients with secondary tumors. The distribution could indicate that the
type of malignancy might not influence the early liver regeneration in resected
patients.

common nosocomial infection, and are still a common
cause of major morbidity after hepatectomy for hepatic
tumors[19].
In recent years, attention has increasingly been focused on the accurate identification and monitoring of
SSIs. The NNIS system established by the CDC in the
United States provides a comprehensive monitoring system that reports on trends in SSIs. Risk factors for SSIs
after hepatectomy for hepatic tumor under CDC guidelines have not yet been fully investigated[20].
To the best of our knowledge, there is a scarcity of
data in the English literature on the impact of infection
on early liver regeneration after resection for hepatic
tumors. The human liver is able to regenerate thanks to
a hyperplastic reaction in the residual liver[1], with portal
flow volume considered the most important factor for
liver regeneration[21,22]. Postoperative liver failure is currently defined as impaired ability of the liver to maintain
its synthetic, excretory, and detoxifying functions, and is
characterized by increased INR and bilirubin levels on or
after postoperative day 5. Severity is graded according to
its impact on clinical management[23].
Some studies have suggested that preoperative variables such as age, gender, BMI, native liver disease,
chemotherapy, platelet count and steatosis may have a
significant influence on human liver regeneration[2,24-27].
With this in mind we wanted to investigate whether postoperative infective complications would have any impact
of early liver regeneration in patients resected for hepatic
tumors on otherwise healthy livers. Moreover, the key aim
was to identify which, if any, preoperative factors may
influence early liver regeneration after hepatic resection.
Olthoff cites a number of studies that show the
release of pro-inflammatory cytokines such as tumor
necrosis factor alpha and interleukin-6 after injury due
to resection as initiators of the regenerative process[27],
and like many, we postulated that larger resections may
lead to a greater concentration of cytokines, and promote growth[28,29]. Indeed, the patients in our study who
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150

underwent a resection of ≥ 5 Couinaud segments had a
greater percentage of early liver regeneration (P = 0.0446)
than those with a resection of < 5 segments.
Interestingly, we found no significant differences in
early regeneration between patients with primary or secondary tumors (P = 0.1136), suggesting that the type of
malignancy may not have an effect on early liver regeneration in resected patients (Figure 2).
Wang et al[30] have hypothesized that inflammatory
response was strong and persistent when biliary leakage
occurred, and it may promote the restoration of liver
function after partial hepatectomy, but we did not recognize any protective role of HAIs or major complication
grades. On stepwise generalized linear regression analysis,
the only independent variables (adjusted for follow-up
time) significantly associated with major early regeneration were a smaller FRLV, and a greater SV/FRLV ratio,
which could be interpreted as a result of portal hyperperfusion, itself the result of parenchymal decurtation, and
not portal hypertension, given that our patients were not
suffering from chronic liver disease (Figure 3).
A previous study of ours, a retrospective investigation
of early regeneration in 70 living donors who underwent
right hepatectomy, also found a statistically significant association between smaller FRLV, greater SV/FRLV ratio,
and early regeneration[31]. Of note here is the fact that
nearly half of our tumor patients underwent extended
right hepatectomy, with removal of the middle hepatic
vein, while in all 70 of our living donors the middle hepatic vein was preserved. Though there is a considerable
difference in the number of patients (27 vs 70), there
was no association between either onset or severity of
Clavien-Dindo classification of complications or infective complications[32], and early regeneration, and in both
study cohorts early regeneration was associated with
larger resection.
We undertook a stepwise generalized linear regres-
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Figure 3 Scatterplot with line fit. A: Percentage of liver regeneration in relation to future remnant liver volume (FRLV); B: Percentage of liver regeneration in relation
spleen volume (SV)/FRLV; C: Percentage of liver regeneration in relation to follow-up time.

sion analysis of the 4 variables that had significant value
on bivariate generalized liner regressions analysis, adding
follow-up time as a 5th variable. We were fully aware of
the fact that this was a far statistical overreach for just 27
patients. Nonetheless, we undertook this analysis as an
exploration of potential factors associated with early regeneration, and not looking to suggest causality.
This study has a number of inherent limitations, the
most important of which is its retrospective design, and
the fact that we studied a small group of patients, though
we feel this is partially mitigated by the fact that cancer,
primary or secondary, on an otherwise healthy liver is
a relatively rare condition. The small group of patients
studied also posed limits to the number of variables that
could be simultaneously investigated with multiple linear
regression analysis. In addition, this is a single center
study, and was performed in a small, highly specialized
transplant hospital, perhaps rendering the associations
that we found to be significant ungeneralizable to larger,
more heterogeneous settings. Future prospective, multicenter, studies will be needed to confirm our results. Our
findings would seem to underscore the importance of
pre-operative imaging tools not only for estimating the
volume of the residual liver, but also for predicting the
impact of portal blood flow on the functional quality of
the regenerating liver. This information, together with
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knowledge of the anatomic vascular and biliary variations
potentially detected by preoperative MDCT scan, can allow surgeons and clinicians to plan safer resective surgery
for patients with hepatic neoplasms on otherwise healthy
livers. We can conclude by suggesting that in this relatively rare group of patients, with primary or secondary
tumors and no underlying chronic liver disease, a smaller
FRLV, and a greater SV/FRLV ratio may indicate those
patients who will experience greater early regeneration
after major hepatectomy. We have not detected any crucial role of HAIs or surgical complications on early liver
regeneration after resection for hepatic tumors.
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Background

Liver regeneration follows a similar pathway in living donors and in patients
resected for cancer. After liver resection if the remnant liver volume is less than
20% of the standard liver volume, liver function might fails to sustain metabolic
needs leading to the “small-for-size” syndrome.

Research frontiers

The authors have recently put emphasis not only on the evaluation of the ratio
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between donor and recipient liver volume but also on the predictors of optimal
early liver regeneration in the donors, and the degree of portal hypertension
and the stage of the liver disease in the recipients of a 12 years single Italian
center experience.

9

Innovations and breakthroughs

The authors have identified three predictive factors for optimal early regeneration: the future remnant liver volume, body habitus, and spleen volume proved
to be markers of liver regeneration. Preoperative multi-detector computed tomography volumetry is an essential tool to assess future remnant liver volume.
The alterations of hepatic blood flow have a negative impact on the progression
of liver regeneration that always follows major hepatic resection, therefore
impairing liver function with varying degrees of severity. Furthermore, biliary
system ischemic damage could cause biliary leakages and probably favors the
occurrence of biliary complications and sepsis that plague the post-operative
clinical course.

10

11

Applications

To further improve the outcome of these complex procedures, refinements in
the surgical technique and better comprehension of the interrelations between
liver regeneration, portal hypertension and healthcare-associated infections will
be needed.

12

Terminology

Liver regeneration: The success of liver resection for the treatment of liver
malignancies relies on the remnant liver’s ability to regenerate after major tissue loss. However, after liver resection, if the remnant liver is less than 20% of
the original liver volume, liver function might not sustain metabolic, synthetic,
and detoxifying needs, leading to the post-resection liver failure. Healthcareassociated infections: are infections that patients acquire during the course of
receiving healthcare treatment for other conditions. Every day, about 1 in every
20 hospitalized patients has an infection caused by receiving medical care.
These infections related to medical care can be devastating and even deadly.

13

14
15

Peer review

The article is important guidance to clinicians who know about the clinical
aspects correlation with infective complications of liver regeneration after liver
resection.
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RETROSPECTIVE STUDY

Factors associated with incomplete colonoscopy at a
Japanese academic hospital
Shigeo Koido, Toshifumi Ohkusa, Kosaburo Nakae, Tetsuji Yokoyama, Tomoyoshi Shibuya, Naoto Sakamoto,
Kan Uchiyama, Hiroshi Arakawa, Taro Osada, Akihito Nagahara, Sumio Watanabe, Hisao Tajiri
RESULTS: The cecal intubation rate was 95.0%. By
univariate analysis, age, female sex, poor bowel cleansing, and a history of abdominal or pelvic surgery were
significant risk factors for incomplete colonoscopy (P
< 0.001). Moreover, age- and sex-adjusted analysis
showed that significant risk factors for incomplete
colonoscopy were female sex (OR = 1.38, 95%CI:
1.17-1.64, P = 0.0002), age ≥ 60 years old (OR =
1.44, 95%CI: 1.22-1.71, P < 0.0001), a history of
prior abdominal or pelvic surgery (OR = 1.55, 95%CI:
1.28-1.86, P < 0.0001), poor bowel cleansing (OR =
4.64, 95%CI: 3.69-5.84, P < 0.0001), and inflammatory bowel disease (IBD) (OR = 1.48, 95%CI: 1.13-1.95,
P = 0.0048). In Japanese men, by age-adjusted analysis, IBD (OR = 1.69, 95%CI: 1.18-2.43, P = 0.005) was
an independent risk factor for incomplete colonoscopy.
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CONCLUSION: Several characteristics in the Japanese
population were identified that could predict technical
difficulty with colonoscopy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonoscopy; Incomplete; Intubation rates;
Japanese academic hospital; Risk factors; Inflammatory
bowel disease
Core tip: In a Japanese academic hospital, we retrospectively evaluated the significant risk factors for
incomplete colonoscopy. A total of 11812 consecutive Japanese people were enrolled. By age- and sexadjusted analysis, the significant risk factors for incomplete colonoscopy were female sex, age ≥ 60 years
old, a history of prior abdominal or pelvic surgery,
inadequate bowel preparation, and inflammatory bowel
disease (IBD). In Japanese men, by age-adjusted analysis, IBD was an independent risk factor for incomplete
colonoscopy. Therefore, several characteristics in the
Japanese population might predict technical difficulty

Abstract
AIM: To evaluate significant risk factors for incomplete
colonoscopy at a Japanese academic hospital.
METHODS: A total of 11812 consecutive Japanese
people were identified who underwent a colonoscopy
at an academic hospital. A multiple logistic regression
model was used to evaluate retrospectively the significant risk factors for incomplete colonoscopy.
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260I; Olympus. Co., Ltd., Tokyo, Japan) or a long colonoscope (PCF-260L; Olympus. Co., Ltd.). In this study, we
excluded patients who met any of the following criteria:
a history of colorectal resection or cases of emergency
or therapeutic colonoscopy. Cecal intubation rates were
evaluated with regard to following factors; (1) age; (2) sex;
(3) a history of abdominal or pelvic surgery; (4) quality
of bowel cleansing; (5) melanosis coli[13]; (6) IBD; and (7)
the experience of the colonoscopist. IBD was diagnosed
according to conventional criteria[14].

with colonoscopy.
Koido S, Ohkusa T, Nakae K, Yokoyama T, Shibuya T, Sakamoto
N, Uchiyama K, Arakawa H, Osada T, Nagahara A, Watanabe
S, Tajiri H. Factors associated with incomplete colonoscopy
at a Japanese academic hospital. World J Gastroenterol 2014;
20(22): 6961-6967 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i22/6961.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6961

Statistical analysis
Proportions of factors and mean age were compared
between men and women by the Mann-Whitney U-test
and Fisher’s exact test, respectively. Age- and sex-adjusted
OR, with 95%CI, were estimated using a multiple logistic
regression model to examine the risk factors for incomplete colonoscopy. Moreover, stepwise multiple logistic
regression analysis was used to select significant factors
that were independently related to the risk of incomplete
colonoscopy, where age and sex were forced to enter
into the models; other significant factors were selected
from among abdominal or pelvic surgery, adequate bowel
cleansing, and IBD, with P < 0.05 for entry and removal.
Statistical analysis was performed with STAT VIEW software, version J 5.1 (SAS Institute, Inc., Cary, NC, United
States). P < 0.05 was considered statistically significant.

INTRODUCTION
Colonoscopy is currently recommended for initial
screening and as a surveillance test for the evaluation of
colorectal polyps, cancer, and other lower gastrointestinal tract diseases, such as inflammatory bowel disease
(IBD)[1-3]. Colonoscopy is also useful for assessing the
causes of unexplained changes in bowel habits, such as
persistent constipation and diarrhea, for evaluating symptoms of abdominal pain or bleeding, and for investigating
weight loss. A complete examination of the colon and
rectum is fundamental to any screening program[4]; however, incomplete colonoscopy occurs in approximately
10% of patients[5-7]. Therefore, lower gastrointestinal tract
pathology can be missed due to incomplete colonoscopy[7]. A variety of factors that contribute to an incomplete colonoscopy, including prior abdominal surgeries
resulting in adhesions, inadequate bowel cleansing, and
patient discomfort, have been reported in the West[6,7].
In contrast, there has been scant information concerning explanatory factors for incomplete colonoscopy in
Asian patients, especially the Japanese population. Such
information might assist in developing recommendations
about which patients might be more suitable for capsule
endoscopy[8] or non-endoscopic modalities, including
computed tomography (CT) and magnetic resonance
(MR) colonography[9-12] rather than colonoscopy. Therefore, we conducted a study to determine the colonoscopy completion rate and to identify the risk factors for
incomplete insertion of the colonoscope at a Japanese
academic hospital.

RESULTS
Characteristics of the Japanese population with
complete or incomplete colonoscopy
Overall, 11812 consecutive Japanese people underwent
colonoscopy at our hospital between 2003 and 2006. As
shown in Table 1, the complete cecal incubation rate was
95.0% (11222/11812). The mean age was 57.8 ± 14.8
years old, the median age was 60 years old, the percentage of men was 65.1% (7686/11812), and that of women
was 34.9% (4126/11812). The Japanese population with a
history of abdominal or pelvic surgery, IBD, or melanosis
coli numbered 20.5% (2417/11812), 10.2% (1199/11182),
and 3.7% (438/11812), respectively. After bowel preparation, 5.0% (593/11812) had prepared inadequately. We
first compared the following variables between the complete and incomplete colonoscopy groups: age; sex; poor
bowel cleansing; a history of abdominal or pelvic surgery;
melanosis coli; and IBD. In the incomplete colonoscopy
group, the percentages of female sex, poor bowel cleansing and a history of abdominal or pelvic surgery were significantly higher than those in the complete group (P <
0.001). Moreover, in the incomplete colonoscopy group,
the Japanese population was significantly older than in
the complete colonoscopy group (P < 0.001). In contrast,
there were no significant differences in the proportions
of patients with melanosis coli and IBD between the
complete and incomplete groups (P = 0.50 and 0.16, respectively) (Table 1).

MATERIALS AND METHODS
Study design
We conducted an academic hospital-based, retrospective
study to examine the factors associated with incomplete
procedures in the Japanese population. Overall, 11812
consecutive Japanese people who underwent colonoscopy at Juntendo University Hospital between 2003 and
2006 were retrospectively examined. In our hospital,
bowel preparation is performed with 2 L of polyethylene
glycol (PEG) with an adjunct laxative, sodium picosulfate. The enrolled people underwent regular colonoscopy,
with either an intermediate-length colonoscope (PCF-
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Table 1 Baseline characteristics of the Japanese population n (%)
Total (n = 11812)

Variables
Age (mean ± SD)
Age ≥ 60 yr
Sex (female)
Poor bowel cleansing
History of abdominal or pelvic surgery
Melanosis coli
Inflammatory bowel disease

Cecal intubation

57.8 ± 14.8
6174 (52.3)
4126 (34.9)
593 (5.0)
2417 (20.5)
438 (3.7)
1199 (10.2)

Incomplete (n = 590)

Complete (n = 11222)

60.8 ± 15.6
358 (60.7)
248 (42.2)
107 (18.1)
175 (29.7)
25 (4.2)
70 (11.9)

57.6 ± 14.7
5816 (51.8)
3878 (34.6)
486 (4.3)
2242 (20.0)
413 (3.7)
1129 (10.1)

Table 2 Characteristics of male and female patients n (%)
Variables

Male (n = 7686)

Female (n = 4126)

P value1

58.2 ± 14.3
353 (4.6)
1231 (16)
179 (2.3)
753 (9.8)

57.0 ± 28.7
240 (5.8)
1186 (28.7)
259 (6.6)
446 (10.8)

0.0141
0.0041
< 0.0001
< 0.0001
0.0845

Age (mean ± SD)
Poor bowel cleansing
History of abdominal or pelvic surgery
Melanosis coli
Inflammatory bowel disease
1

Mann-Whitney U-test (for age) or Fisher's exact test (for others).

Characteristics of variables in men and women
undergoing colonoscopy
In this patient cohort, men underwent colonoscopy more
frequently than women. Thus, the following variables
were compared separately between men and women: age;
poor bowel cleansing; history of abdominal or pelvic
surgery; melanosis coli; and IBD. There were significantly
higher percentages of women with poor bowel cleansing (P = 0.004), a history of abdominal or pelvic surgery
(P < 0.0001), and melanosis coli (P < 0.0001) (Table 2).
Moreover, men were significantly older than women (P =
0.01). There was no significant difference between men
and women in IBD (P = 0.08) (Table 2).

for incomplete colonoscopy (P = 0.04, < 0.0001, < 0.0001,
< 0.0001, and 0.01, respectively) (Table 3).
Analysis of risk factors associated with incomplete
colonoscopy in men and women
To evaluate risk factors associated with incomplete colonoscopy in men and women separately, multiple logistic
regression models were used. Age- and sex-adjusted analysis demonstrated that a history of abdominal of pelvic
surgery in men (OR = 1.44, 95%CI: 1.10-1.87, P = 0.007)
or in women (OR = 1.66, 95%CI: 1.27-2.16, P = 0.0002)
and poor bowel cleansing in men (OR = 6.11, 95%CI:
4.58-8.17, P < 0.0001) or in women (OR = 3.03, 95%CI:
2.07-4.44, P < 0.0001) were significant risk factors for incomplete colonoscopy (Tables 4 and 5). Moreover, IBD
(OR = 1.69, 95%CI: 1.18-2.43, P = 0.005) and age ≥
60 years old (OR = 1.71, 95%CI: 1.36-2.15, P < 0.0001)
were significant risk factors for incomplete colonoscopy
in men but not in women (Tables 4 and 5). These differences between sexes were not significant (P for interaction of IBD with sex = 0.80). After multivariable adjustment, inadequate bowel cleansing in men (OR = 5.89,
95%CI: 4.39-7.90, P < 0.0001) or in women (OR = 3.09,
95%CI: 2.11-4.54, P < 0.0001), a history of abdominal or
pelvic surgery in men (OR = 1.51, 95%CI: 1.15-1.99, P =
0.003) or in women (OR = 1.71, 95%CI: 1.31-2.24, P <
0.0001), and IBD in men (OR = 1.57, 95%CI: 1.08-2.28,
P = 0.02) were independent risk factors for incomplete
colonoscopy (Tables 4 and 5).

Age- and sex-adjusted analysis of the complete cecal
intubation rate
By the age- and sex-adjusted analysis, the significant risk
factors for incomplete colonoscopy were female sex (OR
= 1.38, 95%CI: 1.17-1.64, P = 0.0002), age ≥ 60 years
old (OR = 1.44, 95%CI: 1.22-1.71, P < 0.0001), inadequate bowel cleansing (OR = 4.64, 95%CI: 3.69-5.84, P
< 0.0001), a history of prior abdominal or pelvic surgery
(OR = 1.55, 95%CI: 1.28-1.86, P < 0.0001), and IBD
(OR = 1.48, 95%CI: 1.13-1.95, P = 0.005) (Table 3). Poor
bowel cleansing showed a clearly high OR in comparison
with the other factors; it was thus strongly associated with
failure of the colonoscopy. The mean experience period
of the colonoscopist was 15.6 ± 6.3 years, and the median
was 15 years in our hospital. There was no significant differences in the complete cecal incubation rates between
endoscopists with less than 15 and more than 15 years
of experience. Moreover, the stepwise multiple logistic
regression model revealed that female sex, age ≥ 60 years
old, poor bowel cleansing, a history of prior abdominal
or pelvic surgery, and IBD were independent risk factors
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DISCUSSION
Colonoscopy is the investigation of choice for most colonic diseases, although its usefulness is limited by the
technical proficiency of the endoscopist[15]. The reported
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Table 3 Age- and sex-adjusted and multivariable-adjusted analysis for complete cecal intubation rate
n

Complete rate

Total
11812
Sex
Male
7686
Female
4126
Age (yr)
< 60
5638
6174
≥ 60
Poor bowel cleansing
11219
+
593
History of abdominal or pelvic surgery
9395
+
2417
Melanosis
11374
+
438
Inflammatory bowel disease
10613
+
1199
Experience of colonoscopist (yr)
< 15
5460
6329
≥ 15

P value1

Age- and sex-adjusted

2

Multivariable-adjusted

3

OR

95%CI

P value

OR

95%CI

P value

95.0%
95.6%
94.0%

< 0.0001

1.00
1.38

1.17-1.64

0.0002

1.00
1.20

1.01-1.43

0.0377

95.9%
94.2%

< 0.0001

1.00
1.44

1.22-1.71

< 0.0001

1.00
1.48

1.23-1.79

< 0.0001

95.7%
82.0%

< 0.0001

1.00
4.64

3.69-5.84

< 0.0001

1.00
4.57

3.62-5.76

< 0.0001

95.6%
92.8%

< 0.0001

1.00
1.55

1.28-1.86

< 0.0001

1.00
1.65

1.36-1.99

< 0.0001

95.0%
94.3%

0.5012

1.00
0.99

0.65-1.50

0.9503

95.1%
94.2%

0.1617

1.00
1.48

1.13-1.95

0.0048

1.00
1.45

1.10-1.92

0.0091

95.04%
95.0%

0.9324

1.00
0.99

0.84-1.17

0.9256

1

Fisher's exact test; 2Age-adjusted for sex; sex-adjusted for age; 3Multivariable-adjusted OR in stepwise logistic regression model, where age and sex were
forced to enter into the model; other significant factors were selected from history of abdominal or pelvis surgery, poor bowel preparation, and inflammatory bowel disease with P < 0.05 for entry and removal.

Table 4 Age-adjusted and multivariable-adjusted analysis for complete cecal intubation rate in men
n

Complete rate

Total
7686
95.6%
Age (yr)
< 60
3625
96.7%
4061
94.5%
≥ 60
Poor bowel cleansing
7333
96.3%
+
353
79.9%
History of abdominal or pelvic surgery
6455
95.9%
+
1231
93.7%
Melanosis coli
7507
95.6%
+
179
93.9%
Inflammatory bowel disease
6933
95.6%
+
753
94.7%
Experience of colonoscopist (yr)
< 15
3662
95.6%
4009
95.6%
≥ 15

P value1

Age-adjusted

2

Multivariable-adjusted

3

OR

95% CI

P value

OR

95% CI

P value

< 0.0001

1.00
1.71

1.36-2.15

< 0.0001

1.00
1.74

1.35-2.23

< 0.0001

< 0.0001

1.00
6.11

4.58-8.17

< 0.0001

1.00
5.89

4.39-7.90

< 0.0001

0.0015

1.00
1.44

1.10-1.87

0.0073

1.00
1.51

1.15-1.99

0.003

0.2674

1.00
1.23

0.66-2.29

0.5222

NS

0.2263

1.00
1.69

1.18-2.43

0.0045

1.00
1.57

1.08-2.28

0.017

0.9557

1.00
0.98

0.79-1.22

0.8348

NS

1

Fisher's exact test; 2Age-adjusted for sex; sex-adjusted for age; 3Multivariable-adjusted OR in stepwise logistic regression model, where age and sex were
forced to enter into the model; other significant factors were selected from history of abdominal or pelvis surgery, poor bowel preparation, and inflammatory bowel disease with P < 0.05 for entry and removal. -: Not entered into the model to avoid multicollinearity; NS: Not selected.

rates for complete optical colonoscopy examination
have ranged widely, from 57% to more than 99.4%[16-22].
An incomplete colonoscopy examination can result in
missed cancer if additional tests for completion are not
performed. Our results showed 95.0% complete colonoscopies in usual clinical practice at a Japanese academic
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hospital. It has been reported that older age, female
sex, poor bowel cleansing, and having the procedure in
a private office resulted in higher rates of incomplete
colonoscopy in the West[6,23-26]; however, there has been
scant information concerning explanatory factors for
incomplete colonoscopy in Asian people, especially the

6964

June 14, 2014|Volume 20|Issue 22|

Koido S et al . Incomplete colonoscopy factors in Japan
Table 5 Age-adjusted and multivariable-adjusted analysis for complete cecal intubation rate in women
n

Complete rate

Total
4126
94.0%
Age (yr)
< 60
2013
94.4%
2113
93.6%
≥ 60
Poor bowel cleansing
3886
94.5%
+
240
85.0%
History of abdominal or pelvic surgery
2940
94.9%
+
1186
91.7%
Melanosis coli
3867
94.0%
+
259
94.6%
Inflammatory bowel disease
3680
94.1%
+
446
93.3%
Experience of colonoscopist (yr)
< 15
1798
94.0%
2320
94.0%
≥ 15

P value1

Age-adjusted

2

Multivariable-adjusted

3

OR

95%CI

P value

OR

95%CI

P value

0.3257

1.00
1.15

0.89-1.49

0.2951

1
1.13

0.87-1.48

0.3558

< 0.0001

1.00
3.03

2.07-4.44

< 0.0001

1
3.09

2.11-4.54

< 0.0001

0.0002

1.00
1.66

1.27-2.16

0.0002

1
1.71

1.31-2.24

< 0.0001

0.7872

1.00
0.86

0.50-1.51

0.6052

NS

0.5262

1.00
1.25

0.82-1.90

0.2964

NS

1.00
1.01

0.78-1.30

0.9653

NS

1

1

Fisher's exact test; 2Age-adjusted for sex; sex-adjusted for age; 3Multivariable-adjusted OR in stepwise logistic regression model, where age and sex were
forced to enter into the model; other significant factors were selected from history of abdominal or pelvis surgery, poor bowel preparation, and inflammatory bowel disease with P < 0.05 for entry and removal. -: Not entered into the model to avoid multicollinearity; NS: Not selected.

Japanese population. Several factors could be associated
with incomplete procedures.
We first compared the following variables between
the Japanese populations with complete and incomplete
colonoscopy: age; poor bowel cleansing a history of
abdominal or pelvic surgery; melanosis coli; and IBD.
The univariate analysis showed that older age; female
sex; poor bowel cleansing; and a history of abdominal
or pelvic surgery were significant risk factors for incomplete colonoscopy in a Japanese academic hospital. It was
reported that poor bowel cleansing was associated with
prolonged intubation time, increased patient discomfort,
and incomplete colonoscopy[27]. Indeed, adequate bowel
preparation is a prerequisite for high-quality colonoscopy[28]. At our hospital, bowel preparation has been performed with 2 L PEG and a laxative adjunct, which is the
gold standard[28]. Poor bowel cleansing was one of the
risk factors for incomplete colonoscopy. Moreover, in the
West, it has been reported that women, especially those
with a history of abdominal hysterectomy, and men who
have undergone abdominal surgery usually have significantly lower cecal intubation rates because of an impassable sigmoid colon[17,18,29]. Anatomic features, including
colonic elongation and tortuosity, have also been shown
to be associated with a failure to reach the cecum in optical colonoscopy[10,16].
There was a significant sex difference in the enrolled
patients. Traditionally, in Japan, men have worked outside
the home and have served as the sole breadwinners for
families, while women have stayed at home. Thus, many
Japanese men in Tokyo use health examinations, including fecal occult blood testing. Men underwent colonoscopy more frequently than women in this patient cohort;
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therefore, the risk factors for incomplete colonoscopy
were subsequently compared between men and women
in this study. Our results demonstrated that there were
significant differences between men and women in age
(P = 0.01), poor bowel cleansing (P = 0.004), a history of
abdominal or pelvic surgery (P < 0.0001), and melanosis
coli (P < 0.0001). Thus, all of the subsequent analyses
were performed with statistical adjustments for age and
sex. The factors associated with incomplete colonoscopy
at an academic hospital in Tokyo were age ≥ 60 years
old, female sex, poor bowel cleansing, a history of prior
abdominal or pelvic surgery, and IBD. Unexpectedly, our
results also showed that IBD was a significant risk factor
for incomplete colonoscopy in men but not in women. It
has been reported that a complete colonoscopic examination is not possible in 5%-20% of IBD cases, even for
experienced colonoscopists, due to technical difficulties
or the patient having severe activity, fulminant colitis, or
stricture formation[11,30]. However, there was no reason to
expect that IBD would not differently affect the numbers
in the complete and incomplete colonoscopy groups in
women. In this study, the OR that indicated the risk of
incomplete cecal incubation in IBD women was greater
than 1.23, which was not significantly different from that
in men (P > 0.5). The total numbers of women and men
with IBD were 446 and 753, respectively. Thus, the result
that there were no risk factors for incomplete colonoscopy in women with IBD, while there were for men, possibly occurred because of the relatively small numbers
of women with IBD analyzed in this study. The use of
a population-based cohort might be a strength because
it more accurately reflects usual clinical practice than cohorts from specialist endoscopy centers.
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The factors associated with incomplete colonoscopy
in the Japanese population were female sex, older age,
poor bowel cleansing, a history of prior abdominal or
pelvic surgery, and IBD. We could not detect any different factors between Japan and the West in this study.
Women older than the age of 60 years old with a history
of prior abdominal or active IBD patients might be a
population to submit to other more effective examinations before endoscopy is performed. Alternative investigations, such as CT and MR colonography[9-12] can serve
as useful adjuncts for the assessment of the entire colon
in cases of incomplete colonoscopy. Comparison with
alternative investigations was not possible in this study
because none of the patients in this study underwent
CT or MR colonography. In addition, both examinations
have high costs and are not sensitive for the detection of
small colonic polyps (< 1 cm)[9,12]. A major disadvantage
of CT colonography is the radiation dose[9]. As both CT
and MR colonography remain insufficient, an additional
barium enema, which is close to the sensitivity and specificity for adenomas and cancer during colonoscopy, is
still recommended at our hospital in cases of incomplete
colonoscopy.

REFERENCES

COMMENTS
COMMENTS

6

1

2

3
4

5

Background

It has been reported that older age, female sex, poor bowel cleansing, and
having the procedure in a private office resulted in higher rates of incomplete
colonoscopy in the West; however, there has been scant information concerning explanatory factors for incomplete colonoscopy in Asian people, especially
the Japanese population. Several factors could be associated with incomplete
procedures. Such information may assist in developing recommendations
about which patients might be more suitable for capsule endoscopy or non-endoscopic modalities including computed tomography and magnetic resonance
colonography.

7

8

Research frontiers

The authors conducted a study to determine the colonoscopy completion rate
and to identify risk factors for incomplete insertions of colonoscope in a Japanese academic hospital. In this study, a total of 11812 consecutive Japanese
people were identified who underwent a colonoscopy in an academic hospital.
A multiple logistic regression model was used to evaluate the significant risk
factors of incomplete colonoscopy retrospectively.
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Innovations and breakthroughs

11

By age- and sex-adjusted analysis, significant risk factors of incomplete colonoscopy were women, ≥ 60 years old, history of prior abdominal or pelvic
surgery, poor bowel preparation, and inflammatory bowel disease.

Applications

Several characteristics in the Japanese population were identified that could
predict technical difficulty with colonoscopy.

12

Terminology

The factors associated with incomplete colonoscopy in the Japanese population
were female sex, older age, poor bowel cleansing, a history of prior abdominal
or pelvic surgery, and IBD. There were no different factors between Japan and
the West in this study.

13

Peer review

Authors reviewed 11812 patients undergoing colonoscopy in a hospital. This
is a theoretically interesting study. They performed logistic regression to show
the factors predicting incomplete colonoscopy, which include female, previous
abdominal surgery, old age, and inflammatory bowel disease. The results are
intriguing with practical values.
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RETROSPECTIVE
BRIEF ARTICLE
STUDY

Evaluation of endoscopic biliary stenting for obstructive
jaundice caused by hepatocellular carcinoma
Gen Sugiyama, Yoshinobu Okabe, Yusuke Ishida, Fumihiko Saitou, Ryuichi Kawahara, Hiroto Ishikawa,
Hiroyuki Horiuchi, Hisafumi Kinoshita, Osamu Tsuruta, Michio Sata
RESULTS: The technical success rate was 100% for
both the initial endoscopic nasobiliary drainage and EBS
in all patients. Single stenting was placed in 21 patients
and multiple stenting in the remaining 15 patients. The
drainage successful rate was 75% and the median interval to successful drainage was 40 d (2-295 d). The
median survival time was 150 d in group A and 22 d in
group B, with the difference between the two groups
being statistically significant (P < 0.0001). There were
no statistically significant differences between the two
groups with respect to patient background characteristics, background liver condition, or tumor factors; on
the other hand, the two groups showed statistically
significant differences in patients without a history
of hepatectomy (P = 0.009) and those that received
multiple stenting (P = 0.036). The median duration of
stent patency was 43 d in group A (2-757 d). No early
complications related to the EBS technique were encountered. Late complications occurred in 13 patients
(36.1%), including stent occlusion in 7, infection in 3,
and distal migration in 3.
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Abstract
AIM: To review the usefulness of endoscopic biliary
stenting for obstructive jaundice caused by hepatocellular carcinoma and identify problems that may need to
be addressed.

CONCLUSION: EBS is recommended as the initial
drainage procedure for obstructive jaundice caused by
HCC, as it appears to contribute to prolongation of survival time.

METHODS: The study population consisted of 36 patients with obstructive jaundice caused by hepatocellular carcinoma (HCC) who underwent endoscopic biliary
stenting (EBS) as the initial drainage procedure at our
hospital. The EBS technical success rate and drainage
success rate were assessed. Drainage was considered
effective when the serum total bilirubin level decreased
by 50% or more following the procedure compared to
the pre-drainage value. Survival time after the procedure and patient background characteristics were assessed comparatively between the successful drainage
group (group A) and the non-successful drainage group
(group B). The EBS stent patency duration in the successful drainage group (group A) was also assessed.
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Core tip: Taking into account quality of life, percutaneous transhepatic biliary drainage is normally carried out
as a first choice endoscopic biliary stenting in recent
years. The resulting prolonged survival time was observed as significantly different when the non-successful group was compared to the successful group. Obstructive jaundice caused by hepatocellular carcinoma
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biochemical test data. Pertinent data obtained during the
non-icteric state were utilized as reference, insomuch as
the total bilirubin (TB) is elevated in this disease state.
Subsequently, the patient was examined to identify sites
of large bile duct obstruction by diagnostic imaging,
including abdominal ultrasonography and computed
tomography. In addition, clinical stage and PVTT was
determined according to the criteria of the Liver Cancer
Study Group of Japan[7]. PVTT grading was as follows:
Vp0, no PVTT; Vp1, tumor thrombus in a third or more
of the peripheral branches of the portal vein; Vp2, tumor
thrombus in a second branch of the portal vein; Vp3, tumor thrombus in the first branch of the portal vein; and
Vp4, tumor thrombus in the trunk of the portal vein.
Endoscopic retrograde cholangiopancreatography
(ERCP) was performed with the patient under deep sedation using a duodenoscope (JF240, JF260V, Olympus
Optical Co., Tokyo, Japan) in all cases. Upon confirming
the site of the biliary stricture by endoscopic retrograde
cholangiography (ERC), the stagnant bile was collected
from upstream of the stricture using an ERCP catheter
under the guidance of a guidewire and checked for any
evidence of bile infection (and, if present, its severity)
or hemorrhage. Initial drainage consisted of endoscopic
nasobiliary drainage (ENBD) in patients positive for bile
infection and/or hemorrhage. ENBD was inserted not
only for the treatment of infection, but also to judge the
biliary drainage effect. However, considering the prognosis, ENBD was not performed in either advanced cases
of HCC or in poor cases of the general state, but it was
performed in EBD from the beginning. If any blood clot
was detected, an endoscopic sphincterotomy was carried
out to extract the blood clots with basket and balloon
catheters. Evaluation of tumor invasion to the bile ducts
was then applied via the Bismuth-Corlette classification[8]
followed by endoscopic placement of a nasobiliary drain.
In cases where the ENBD had produced an external
biliary drainage effect, nasobiliary drainage was later replaced with an EBS. Plastic stents (7 or 8.5 Fr) were used
for ENBD and EBS. When the biliary drainage was insufficient or cholangitis developed, the additional procedure of either repeated EBS replacement or PTBD was
undertaken.

is a complex disease state; therefore endoscopic biliary
stenting should be investigated from a different viewpoint from that of biliary drainage performed for other
malignant biliary obstructions, such as bile duct carcinoma.
Sugiyama G, Okabe Y, Ishida Y, Saitou F, Kawahara R, Ishikawa
H, Horiuchi H, Kinoshita H, Tsuruta O, Sata M. Evaluation
of endoscopic biliary stenting for obstructive jaundice caused
by hepatocellular carcinoma. World J Gastroenterol 2014;
20(22): 6968-6973 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i22/6968.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6968

INTRODUCTION
It has been reported that concurrent obstructive jaundice
due to tumor invasion of the bile ducts in hepatocellular
carcinoma (HCC) is less frequent (incidence: 0.5%-13%)
than tumor invasion of the portal vein or that of the hepatic vein[1-3]. With the advances made in HCC diagnosis
and treatment techniques in recent years, the rates of
early tumor diagnosis and long-term survival have been
increasing; however, it is not uncommon for treatment
to involve grave difficulties, for the prognosis to become
unfavorable in patients in whom intercurrent obstructive
jaundice develops, and for it to rapidly progress to hepatic failure[3]. Conventionally, percutaneous transhepatic
biliary drainage (PTBD) has usually been carried out for
the treatment of obstructive jaundice caused by HCC;
however, in recent years, endoscopic biliary stenting (EBS)
has often been undertaken as first-line therapy to take
into account the quality of life[4-6] of the patients. Drainage for obstructive jaundice caused by HCC, nevertheless,
often entails greater difficulty as compared to drainage
for biliary strictures caused by other malignancies than
HCC.
Herein, we carried out a retrospective analysis of the
outcomes of EBS for obstructive jaundice caused by
HCC undertaken at our hospital, in an attempt to review
the usefulness of the procedure and identify problems
that may need to be addressed.

Methods
ENBD or EBS technical success and drainage success
rates were assessed. Drainage success was evaluated as (TB
just prior to the procedure) = (lowest TB after the EBS)/
(TB just prior to the procedure) × 100, and a drainage
success rate of ≥ 50% was considered to indicate effectiveness. Furthermore, survival time (survival days:
No. of days from initial drainage to death) and patient
background characteristics were assessed comparatively
between the successful drainage group (group A) and the
non-successful drainage group (group B). EBS patency
duration (No. of days from initial drainage stent patency
to re-drainage or death) in the successful drainage group
(group A) was also assessed. Procedure-related complica-

MATERIALS AND METHODS
Patients
The study population consisted of 36 HCC patients with
obstructive jaundice caused by direct invasion of the bile
duct or hemobilia associated with a tumor who underwent EBS as initial external biliary drainage at our hospital between March 2003 and December 2012.
Endoscopic biliary drainage technique
In HCC patients with suspected obstructive jaundice
caused by a tumor, the patient’s hepatic functional reserve (Child-Pugh score) was evaluated from blood
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Table 2 Comparison of background factors between groups
2
A and B (Mann-Whitney U test/χ test)

Table 1 Patients’ characteristics
Total number of patients
Age, yr (mean)
Gender, male/female
Etiology, HBV/HCV/non-BC
Chronic hepatitis/liver cirrhosis
Child-Pugh score, A/B/C
Hepatocellular carcinoma, stage Ⅰ/Ⅱ/Ⅲa/Ⅳb
Grade of portal vein invasion, VP0-2/VP3/VP4
Previous treatment for Hepatocellular carcinoma, Y/N
Location of bile duct obstruction, intrahepatic/extrahepatic
Location of bile duct stricture, unilobular/bilobular
Hemobilia, present/absent
Following treatment for hepatocellular carcinoma, Y/N

36
65 (37-83)
30/6
9/23/4
3/33
8/19/3
1/2/29/4
19/11/6
26/10
13/23
11/25
12/24
15/21

Group A
Number
27
Age, yr (range)
67 (43-77)
Gender, male/female
22/5
Etiology, HBV/HCV/
6/17/4
non-BC
Child-Pugh score, A/B/C
5/16/1
Platelet count (× 104)
12. 4 (3.0-22.7)
Albumin (g/dL)
3.1 (2.1-4.1)
ALP, max (U/L)
824 (365-4447)
PT (%)
79 (45-117)
Tumor size 2 cm over, Y/N
19/8
Tumor location, unilobular
12/15
/bilobular
Hepatocellular carcinoma.
15/12
T1-T3/T4
Grade of portal vein invasion,
24/3
VP0-3/VP4
VP, present/absent
17/10
Grade of bile duct invasion,
16/11
Bismuth classification 1-3/4
Previous treatment, Y/N
18/9
HAI, Y/N
9/18
TACE, Y/N
8/19
Interventional radiology,
14/13
Y/N
Hepatectomy, Y/N
1/26
The number of stent, single
13/14
/multiple

HCV: Hepatitis C virus; HBV: Hepatitis B virus; Y: Yes; N: No.

tions were also analyzed in relation to the clinical progression of HCC.
Statistical analysis
Medians (range) were determined for the measured variables. Comparisons between 2 groups were performed
using the Mann-Whitney U test for continuous variables,
and the χ 2 test for discrete variables. Drainage patency
and survival rate were evaluated by the Kaplan-Meier
method and compared by the Log-Rank test.

RESULTS

P value

9
58 (37-77)
8/1
3/6/0

0.168
0.848
0.432

3/3/2
11.1 (3.8-17.2)
3.0 (2.2-4.0)
798 (422-1350)
74 (47-99)
5/4
4/5

0.136
0.880
0.755
0.476
0.199
0.888
0.652

5/4

0.647

5/4

0.039

6/3
6/3

0.721
0.782

9/0
4/5
4/5
5/4

0.046
0.842
0.888
0.716

4/5
8/1

0.009
0.036

HCV: Hepatitis C virus; HBV: Hepatitis B virus; ALP: Alkaline phosphatase; HAI: Hepatic arterial infusion chemotherapy; TACE: Transcatheter
arterial chemoembolization; Y: Yes, N: No.

Patient characteristics
Patient characteristics for those who underwent EBS
in this study are shown in Table 1. In total, there were
36 patients in the study, consisting of 30 males and 6
females. The median age of the patients was 65 (37-83)
years, and the underlying liver disorder was chronic
hepatitis in 3 patients [hepatitis B virus (HBV)/hepatitis
C virus (HCV)/non-BC= 1/0/2] and cirrhosis in the
remaining 33 patients (HBV/HCV/non-BC= 8/23/2).
The Child-Pugh score prior to the development of jaundice in the patients with cirrhosis was A/B/C = 8/19/3
cases (excluding 3 cases with insufficient data). The clinical stage was stage Ⅱ, Ⅲ/Ⅳa/Ⅳb = 3/29/4 according
to the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer, 5th edition, 2009[7]. PVTT
was evident in 23 patients (Vp0-2/3/4 = 19/11/6), and
hemobilia in 12.

Comparison of the background factors between groups
A and B
Statistical analysis of the data did not reveal any significant differences between group A and group B with
respect to patient background characteristics (age, gender, and hepatitis virus marker profile), background liver
(hepatic functional reserve), or tumor factors [tumor
location, T-factor, stage, grade of portal vein invasion, or
grade of bile duct invasion (Bismuth classification)] (Table
2). As for previous treatment, statistically significant differences were noted between the two groups in the number of patients without a history of hepatectomy (P =
0.009). The number of cases in which hepatectomy was
carried out before the appearance of obstructive jaundice
was 5 out of the 36 patients. The operation method consisted of: central bisegmentectomy being performed in 1
patient in group A, right hemihepatectomy in 2 patients
in group B, left hemihepatectomy in 1 patient in group B,
and limited hepatic resection in 1 patient in group B, with
a number of patients receiving multiple stents (P = 0.036).

Technical success rate and successful drainage rate
The technical success rate was 100% for both initial
ENBD and EBS in all patients. The cases in which
ENBD was previously performed consisted of 11 patients in group A and 7 patients in group B. There was
only one case in group A in which infection existed in the
initial drainage.
A single stent was placed in 21 patients and multiple
stents in 15 patients. The drainage was successful in 27
patients (75%), and the median interval to successful
drainage was 40 d (2-295 d).

WJG|www.wjgnet.com

Group B

Patient survival and duration of stent patency
At the time of statistical analysis, 35 patients had died
(group A, n = 26; group B, n = 9), with only 1 patient
(group A) surviving. The median survival time (MST)
was 150 d in group A and 22 d in group B; the differ-
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Figure 1 Comparison of the cumulative survival associated with the
drainage effect between groups A and B. Overall cumulative survival in the
36 patients according to the drainage effect. The cumulative survival period was
significantly higher in the successful drainage group patients compared with
those in the unsuccessful drainage group (P < 0.0001) (Kaplan-Meier method;
Log-Rank test).

60

90 120 150 180 210
t /d

Figure 2 Kaplan-Meier estimation of the cumulative drainage patency
duration according to the biliary drainage method in the 27 patients of the
successful drainage group.

Obstructive jaundice is estimated to occur at an incidence
rate of 0.5%-13%[1-3]. Obstructive jaundice caused by
HCC was first reported by Mallory et al[1] in 1947. This
type of jaundice has been described as more common
among highly advanced cases and to be a disease state
with a poor prognosis[3,9,10]. The following mechanisms
for the genesis of obstructive jaundice caused by HCC
have been postulated: (1) intraductal growth and invasion
by the tumor per se; (2) impaction of tumor or necrotized
tissue fragments coming off from a tumor or blood clots
from hemorrhage; and (3) impingement by a large tumor
or lymph node[11-13].
It was previously the case that PTBD was often performed for biliary drainage in the treatment for obstructive jaundice caused by HCC[14-16], but in recent years it
has become more common for EBS to be undertaken
instead when quality of life is taken into account[4-6]. The
current widespread application of EBS seems to stem
from the high success rate of EBS, the not insignificant
risk of technique-related hemorrhage in PTBD, a shorter
interval to tube replacement in PTBD, and superior stent
patency duration in EBS[6]. Therefore, PTBD is currently
applied as a second-line procedure in such cases as failure
of EBS[17,18]. We basically chose EBS as the primary route,
but in some patients, such as those with a decreased systematic state, endoscopy cannot possible. Surgery is also
impossible in patients where the duodenal papilla cannot be reached by endoscopy due to abdominal surgery.
PTBD is selected from the beginning in such cases, but
we had no such cases in this study.
The drainage success rate with EBS was 75% in our
study. Reported drainage success rates in the literature are
in the range of 50%-75.9%[19-21], which are inferior to the
results of EBS for malignant biliary obstructions, such
as carcinoma of the bile duct[2,22,23]. Statistical analysis of
data from studies that were performed to explore the factors responsible for such a poor drainage effect, including patient background characteristics, background liver
factors, and tumor factors, failed to reveal any significant
factors. There have been reports indicating poor drain-

ence in survival between the two groups was statistically
significant (P < 0.0001) (Figure 1). The median duration
of stent patency in group A was 43 d (2-757 d) (Figure
2). PTBD was performed later in 2 of the 27 patients
of group A (in anticipation of attaining an early external
biliary drainage effect in one patient and because of hemobilia in 1 patient).
On the other hand, in group B, because of depressed
performance status after EBS, PTBD and re-EBS could
not be performed in all patients. Only conservative management was carried out, leading to a dismal prognosis.
Procedure-related complications
No early complications associated with the EBS technique were encountered. Late complications occurred
after endoscopic placement of biliary stenting in 13 patients (36.1%), including stent occlusion in 7 patients, infection in 3 patients, and distal migration in 3 patients; all
these events were successfully managed by conservative
treatment (such as re-EBS).
Subsequent treatment for hepatocellular carcinoma
After EBS, treatment for HCC was performed in 15 of
the 27 patients of group A. The treatment undertaken
for HCC was: hepatectomy in 2 patients, interventional
radiology in 12 patients, percutaneous radiofrequency
ablation in 2 patients, radiation therapy in 1 patient, and
administration of a molecular-targeted drug (sorafenib
®
) in 1 patient (with duplication). No treatment for HCC
was undertaken in 12 of the 27 patients of group A due
to various factors (e.g., depressed performance status and
advanced age) or in any of the patients of group B.

DISCUSSION
Jaundice presents in 19%-40% of patients with HCC at
the time of diagnosis and usually occurs in later stages.
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age efficacy and lack of a survival prolongation effect in
patients with VP3 or more advanced disease, as well as
in patients with a total bilirubin level of ≥ 13 mg/dL
or Child-Pugh class C disease[19]. Elements such as a difficulty in performing a strict evaluation of the hepatic
functional reserve in the presence of jaundice, localization of HCC, the diversity of factors contributing to bile
duct obstruction, and greater liability to bleeding in HCC
are also considered to account for the difficulty inherent
in the statistical analysis. On the other hand, in the present study, there was a statistically significant difference in
the number of patients without a history of hepatectomy
between group A and group B. This would suggest the
possibility that such factors as reduced hepatic volume
and the complex coursing of the bile duct might have
influenced the drainage effect; an article that previously
mentioned this in the past was not reported due to it
being thought to be an examination error. A statistically
significant difference was observed in the number of
patients receiving multiple stents between group A and
group B. It is thus inferred that proactive introduction of
multiple stenting aimed at rapid biliary drainage proved
efficacious because most HCC patients had chronic hepatic disorders. This differed from the results of stenting
for the treatment of unresectable hilar cholangiocarcinoma. Further investigation in an increased number of
cases is needed to identify factors contributory to successful biliary drainage for obstructive jaundice caused by
HCC.
As for patient survival duration, the successful drainage group exhibited prolongation of survival time, which
was consistent with previous reports. The feasibility of
additional treatment for HCC in the successful drainage group might also contribute to the prolongation of
survival time. The median duration of stent patency was
42 d; shorter when compared to the duration of stent patency in patients with other malignant bile duct strictures.
This could be attributable to the fact that most patients
with obstructive jaundice caused by HCC have chronic
liver disorders in the background, as well as due to the
greater liability of HCC for bleeding. Recent reports have
documented placement of self-expandable metallic stents
in the treatment of HCC[24-26]; therefore, more effective
drainage is anticipated.
Although there have been no reported prospective
randomized studies concerning drainage procedures for
obstructive jaundice caused by HCC to date, it would be
reasonable to establish a first-line drainage method as
previously reported. PTBD is an important second-line
drainage method for patients in whom EBS is impracticable, as well as in patients who respond poorly to biliary
drainage. It is difficult to allude to concrete procedures
such as stenting in this paper dealing with a retrospective
study, but proactively undertaken biliary drainage afforded prolongation of survival, as reported previously.
Most patients with obstructive jaundice caused by
HCC present with a complex disease state (e.g., presence
of a chronic liver disorder, greater liability to bleeding,
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complex factors for bile duct obstruction, and diversity
of history of treatment for HCC). Therefore, it is not
easy to determine a definite treatment strategy, and a prospective randomized study must be pursued.
In conclusion, proactively undertaken EBS is recommended as a first-line drainage method for the treatment
of obstructive jaundice caused by HCC, as it is expected
to contribute to prolongation of patient survival. Obstructive jaundice caused by HCC is a complex disease
state, so the EBS procedure should be investigated from
a viewpoint different from that of biliary drainage performed for other malignant biliary obstructions, such as
bile duct carcinoma.

COMMENTS
COMMENTS
Background

Jaundice appeared in about 40% of patients during the course of hepatocellular
carcinoma (HCC); 13% were obstructive jaundice. The state of the cancer progresses greatly, so that drainage is often difficult and the prognosis is usually
dismal.

Research frontiers

Percutaneous transhepatic biliary drainage (PTBD) was performed for biliary
drainage in the treatment for obstructive jaundice caused by HCC, but endoscopic biliary stenting (EBS) has become more common in recent years due to
the consideration of quality of life.

Innovations and breakthroughs

MST was 150 d in the successful drainage group and 22 d in the non-successful drainage group; the difference in median survival time between the two
groups was statistically significant (P < 0.0001) and, as was the case in previous treatment, statistically significant differences were noted between the two
groups in the number of patients without a history of hepatectomy (P = 0.009),
as well as the number receiving multiple stents (P = 0.036).

Applications

EBS effective cases have been shown to significantly prolong survival. Obstructive jaundice caused by HCC is a complex disease state, so the EBS procedure
should be investigated from a viewpoint different from that of biliary drainage
performed for other malignant biliary obstructions, such as bile duct carcinoma.
Therefore, further studies concerning patient background and a drainage
method is expected.

Terminology

PTBD: A method of performing drainage in patients with obstructive jaundice
via ultrasound guided puncturing of the bile duct in the liver. EBS: A method of
performing drainage in patients with obstructive jaundice via a duodenoscope
and bile duct drainage by duodenal papilla.

Peer review

The authors’ report the management of a rare HCC associated complication.
They present of 36 consecutive patients in their manuscript and clinical outcome; the largest group of patients with said complication in the literature.

REFERENCES
1
2

3
4

6972

Mallory TB, Castleman B, Parris EE. Case records of the
Massachusetts General Hospital. N Eng J Med 1947; 237:
673-676
Nomura Y, Kagaya T, Ueda T, Sunagozaka H, Takatori H,
Arai K, Kakinoki K, Kawaguchi K, Kitamura K, Yamashita
T, Sakai Y, Yamashita T, Mizukoshi E, Sakai A, Honda M,
Kaneko S. The biliary drainage for patients with obstructive
jaundice due to hepatocellular carcinoma (article in Japanese). Kanzo 2012; 53: 734-740
Qin LX, Tang ZY. Hepatocellular carcinoma with obstructive jaundice: diagnosis, treatment and prognosis. World J
Gastroenterol 2003; 9: 385-391 [PMID: 12632482]
Barkay O, Mosler P, Schmitt CM, Lehman GA, Frakes JT,

June 14, 2014|Volume 20|Issue 22|

Sugiyama G et al . Biliary stenting for hepatocellular carcinoma

5

6
7
8
9

10

11
12
13

14

15

16

Johanson JF, Qaseem T, Howell DA, Sherman S. Effect of
endoscopic stenting of malignant bile duct obstruction on
quality of life. J Clin Gastroenterol 2013; 47: 526-531 [PMID:
23269313 DOI: 10.1097/MCG.0b013e318272440e]
Ducreux M, Liguory C, Lefebvre JF, Ink O, Choury A, Fritsch
J, Bonnel D, Derhy S, Etienne JP. Management of malignant
hilar biliary obstruction by endoscopy. Results and prognostic factors. Dig Dis Sci 1992; 37: 778-783 [PMID: 1373361]
Lau WY, Leung JW, Li AK. Management of hepatocellular
carcinoma presenting as obstructive jaundice. Am J Surg
1990; 160: 280-282 [PMID: 2168129]
Liver Cancer Study Group of Japan. The General Rules for
the Clinical and Pathological Study of Primary Liver Cancer
(article in Japanese). 5th ed. Tokyo: Kanehara, 2009
Bismuth H, Nakache R, Diamond T. Management strategies
in resection for hilar cholangiocarcinoma. Ann Surg 1992;
215: 31-38 [PMID: 1309988]
Lau W, Leung K, Leung TW, Liew CT, Chan MS, Yu SC, Li
AK. A logical approach to hepatocellular carcinoma presenting with jaundice. Ann Surg 1997; 225: 281-285 [PMID:
9060584]
Murata K, Shiraki K, Kawakita T, Yamamoto N, Okano H,
Sakai T, Ohmori S, Deguchi M, Shimizu A, Nakano T. Hepatocellular carcinoma presenting with obstructive jaundice: a
clinicopathological study of eight cases. Hepatogastroenterology 2003; 50: 2057-2060 [PMID: 14696464]
Wu CS, Wu SS, Chen PC, Chiu CT, Lin SM, Jan YY, Hung
CF. Cholangiography of icteric type hepatoma. Am J Gastroenterol 1994; 89: 774-777 [PMID: 7513492]
Lai EC, Lau WY. Hepatocellular carcinoma presenting with
obstructive jaundice. ANZ J Surg 2006; 76: 631-636 [PMID:
16813631 DOI: 10.1111/j.1445-2197.2006.03794.x]
Lau WY, Leow CK, Leung KL, Leung TW, Chan M, Yu
SC. Cholangiographic features in the diagnosis and management of obstructive icteric type hepatocellular carcinoma. HPB Surg 2000; 11: 299-306 [PMID: 10674744 DOI:
10.1155/2000/79241]
Karnabatidis D, Spiliopoulos S, Katsakiori P, Romanos O,
Katsanos K, Siablis D. Percutaneous trans-hepatic bilateral
biliary stenting in Bismuth IV malignant obstruction. World J
Hepatol 2013; 5: 114-119 [PMID: 23556043 DOI: 10.4254/wjh.
v5.i3.114]
Lau WY, Leung KL, Leung TW, Ho S, Chan M, Liew CK,
Leung N, Johnson P, Li AK. Obstructive jaundice secondary to
hepatocellular carcinoma. Surg Oncol 1995; 4: 303-308 [PMID:
8809952]
Lu Z, Sun W, Wen F, Liang H, Shan M, Guo Q. Clinical application of percutaneous drainage in treating hepatocellular
carcinoma with bile duct tumor thrombus. Contemp Oncol
(Pozn) 2013; 17: 176-183 [PMID: 23788987 DOI: 10.5114/
wo.2013.34622]

17

18

19

20

21

22

23

24

25

26

Choi J, Ryu JK, Lee SH, Ahn DW, Hwang JH, Kim YT,
Yoon YB, Han JK. Biliary drainage for obstructive jaundice
caused by unresectable hepatocellular carcinoma: the endoscopic versus percutaneous approach. Hepatobiliary Pancreat
Dis Int 2012; 11: 636-642 [PMID: 23232636 DOI: 10.1016/
S1499-3872(12)60237-9]
Lee JW, Han JK, Kim TK, Choi BI, Park SH, Ko YH, Yoon CJ,
Yeon KM. Obstructive jaundice in hepatocellular carcinoma:
response after percutaneous transhepatic biliary drainage
and prognostic factors. Cardiovasc Intervent Radiol 2002; 25:
176-179 [PMID: 12058212 DOI: 10.1007/s00270-0010100-0]
Minami Y, Kudo M. Hepatocellular carcinoma with obstructive jaundice: endoscopic and percutaneous biliary
drainage. Dig Dis 2012; 30: 592-597 [PMID: 23258100 DOI:
10.1159/000343087]
Matsueda K, Yamamoto H, Umeoka F, Ueki T, Matsumura T,
Tezen T, Doi I. Effectiveness of endoscopic biliary drainage
for unresectable hepatocellular carcinoma associated with
obstructive jaundice. J Gastroenterol 2001; 36: 173-180 [PMID:
11291880 DOI: 10.1007/s005350170125]
Martin JA, Slivka A, Rabinovitz M, Carr BI, Wilson J, Silverman WB. ERCP and stent therapy for progressive jaundice
in hepatocellular carcinoma: which patients benefit, which
patients don’t? Dig Dis Sci 1999; 44: 1298-1302 [PMID:
10489909]
Cho HC, Lee JK, Lee KH, Lee KT, Paik S, Choo SW, Do YS,
Choo IW. Are endoscopic or percutaneous biliary drainage
effective for obstructive jaundice caused by hepatocellular
carcinoma? Eur J Gastroenterol Hepatol 2011; 23: 224-231
[PMID: 21228705 DOI: 10.1097/MEG.0b013e3283436ff6]
Kanno Y, Ito K, Fujita N, Noda Y, Kobayashi G, Obana T,
Horaguchi J, Takasawa O, Kato Y, Koshita S, Yamashita Y,
Ogawa T. Single-session endoscopic bilateral y-configured
placement of metal stents for hilar malignant biliary obstruction. Dig Endosc 2011; 23: 91-96 [PMID: 21198924 DOI:
10.1111/j.1443-1661.2010.01048.x]
Speer AG, Cotton PB, Russell RC, Mason RR, Hatfield AR,
Leung JW, MacRae KD, Houghton J, Lennon CA. Randomised trial of endoscopic versus percutaneous stent insertion in malignant obstructive jaundice. Lancet 1987; 2: 57-62
[PMID: 2439854]
Kawaguchi Y, Ogawa M, Maruno A, Ito H, Mine T. A case
of successful placement of a fully covered metallic stent
for hemobilia secondary to hepatocellular carcinoma with
bile duct invasion. Case Rep Oncol 2012; 5: 682-686 [PMID:
23341812 DOI: 10.1159/000346341]
Okazaki M, Mizuta A, Hamada N, Kawamura N, Nakao K,
Kikuchi T, Osada T. Hepatocellular carcinoma with obstructive jaundice successfully treated with a self-expandable metallic stent. J Gastroenterol 1998; 33: 886-890 [PMID: 9853566
DOI: 10.1007/s005350050194]

P- Reviewers: Juntermanns B, Lalisang TJM S- Editor: Zhai HH
L- Editor: Rutherford A E- Editor: Zhang DN

WJG|www.wjgnet.com

6973

June 14, 2014|Volume 20|Issue 22|

World J Gastroenterol 2014 June 14; 20(22): 6974-6980
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i22.6974

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Influence of adriamycin on changes in Nanog, Oct-4, Sox2,
ARID1 and Wnt5b expression in liver cancer stem cells
Ding Sun, Lei Qin, Yang Xu, Jian-Xia Liu, Li-Ping Tian, Hai-Xin Qian
cells. However, neither ARID1A nor Oct4 was detected
in these two cell lines. Genes, related to the stem cells,
showed different expression in liver cancer cells with
different metastatic potential following treatment with
ADM (LD50). Wnt5b protein increased gradually within
4 h of ADM (LD50) treatment, while Nanog decreased
(P < 0.05). After 12 h, Wnt5b decreased gradually,
while Nanog increased steadily (P < 0.05). In addition,
only Sox2 was expressed in HCCLM3 cells with high
metastatic potential following ADM (LD50) treatment.
The expression of Sox2 increased gradually with ADM
(LD50) in HCCLM3 cells (P < 0.05).
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CONCLUSION: ADM increased the death rate of
MHCC97-L and HCCLM3 cells, while the growth suppressive effect of ADM was higher in MHCC97-L cells
than in HCCLM3 cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract

Core tip: This study, comprehensively and systematically reports the gene expression of Nanog, Wnt5b,
Oct4, and Sox2 and ARID1A, in two hepatoma cell
lines. This was performed to explore the molecular
mechanism of the recurrence and metastasis of hepatocellular carcinoma, and to detect accurate markers
and targets for stem cell-targeted therapeutic interventions. The results showed that Adriamycin (ADM)
increased the death rate of MHCC97-L and HCCLM3
cells, while the growth suppressive effect of ADM was
higher in MHCC97-L cells than in HCCLM3 cells.

AIM: To determine the influence of Adriamycin (ADM)
on the changes in Nanog, Oct4, Sox2, as well as, in
ARID1 and Wnt5b expression in liver cancer stem cells.
METHODS: The MHCC97-L and HCCLM3 liver cancer
cell lines were selected as the cell models in this study,
and were routinely cultured. The 50% lethal dose
(LD50) in the cell lines was detected by the MTT assay.
Expression changes in liver cancer stem cell related
genes (Nanog, Oct-4, Sox2, ARID1, and Wnt5b) were
detected by western blot following treatment with ADM
(LD50).
RESULTS: The LD50 of ADM in MHCC97-L cells was
lower than that in HCCLM3 cells (0.4123 ± 0.0236
μmol/L vs 0.5259 ± 0.0125 μmol/L, P < 0.05). Wnt5b
and Nanog were expressed in both MHCC97-L and HCCLM3 cells, while only Sox2 was expressed in HCCLM3
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(from Cell Signaling Technology Company), ADM and
other reagents were purchased in China. DMEM medium, fetal bovine serum (FBS) and the MTT kit were
purchased from Invitrogen Company, United States.
The equipment used included a laser scanning confocal microscope (Olympus, Japan), inverted microscope
(CKX41, Olympus, Japan), clean benches (SW-CJ-2FD,
Suzhou Purification Equipment Co., Ltd.), CO2 incubator thermostat (Model 310, Thermo Company, United
States), and an ultra-low temperature freezer (MDF-382E,
SANYO Company, Japan).

org/10.3748/wjg.v20.i22.6974

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common liver cancers in adults, and is the fifth most
common types of cancer in the world. Liver cancer
ranks third in all cancer-related deaths[1,2]. The incidence
of liver cancer in China accounts for 55% worldwide
and mortality due to liver cancer is second to lung cancer[3,4]. Recurrence is the main cause of high mortality in
patients with HCC.
Liver cancer stem cells (CSCs) play an important
role in cancer development, metastasis, recurrence, and
multidrug resistance. However, markers for liver cancer
stem cells have yet to be recognized. Thus, research on
liver cancer stem cells has mainly focused on identifying
markers. Currently, the expression of Oct4, Sox2, and
Nanog (the embryonic stem cell specific genes) has been
detected in human hepatoma cell lines[5]. These findings
have proved the role of stem cells in cancer development. Furthermore, a previous study[6] showed that the
expression of target factors, in the Wnt signaling pathways of liver cancer stem cells, led to reduced metastasis
and drug resistance. In addition, frequent ARID1A (ATrich interactive domain-containing protein 1A) mutations
were discovered in ovarian cancer, bladder cancer, gastric
cancer, and other tumors by a number of researchers[7-10].
Hence, ARID1A may be expressed in hepatoma cells. To
date, expression changes in some stem-cell related genes
have been detected due to the effect of an anti-cancer
drug[11]. However, the numbers of observed genes were
limited. In order to study the mechanism of these genes,
more genes related to HCC were evaluated in this study
in order to understand the full mechanism of HCC. In
this research, the hepatoma cell lines MHCC97-L and
HCCLM3 were selected as the cell models in this study,
as they share the same background, but have different
metastatic potential. One of the broad-spectrum anticancer drugs, Adriamycin (ADM), was used in this study,
and its effects on these cell lines, with different metastatic potential, were observed. Furthermore, the 50% lethal
dose (LD50) of ADM in the cell lines was measured.
Using the LD50 concentration of ADM, the expression
of Nanog, Oct-4, Sox2, ARID1A and Wnt5b were determined at different time intervals (0 h, 2 h, 4 h, 12 h,
24 h, and 72 h) to analyze the molecular mechanism of
recurrence and metastasis of HCC, and to identify the
accurate markers and targets for stem cell-targeted therapeutic interventions.

Cell culture
The human hepatoma cell lines MHCC97-L and HCCLM3 were incubated with DMEM medium + 10% FBS
+ 1% penicillin at 37 ℃ and 5% CO2. A small amount
of cell suspension was drawn to adjust the concentration
to 103-104 cells/well, and each well contained 100 μL.
ADM, at different concentrations, was added to the bottom of the well (96-well plate) containing the cells. Then,
16-48 h later, the cells were observed under an inverted
microscope, and 20 μL of MTT solution (5 mg/mL, 0.5%
MTT) was added. After 4 h incubation, the culture liquid
was discarded, and 150 μL of dimethyl sulfoxide was
added. The plate was then placed on a shaker for 10 min
to fully dissolve the crystals. Finally, absorption of the
cells, in each well, was evaluated using an ELISA meter at
OD 490 nm. A null-balanced well (medium, MTT, methyl
sulfoxide) and a control well (cells, the same concentration of the drug dissolution medium, medium, MTT,
methyl sulfoxide) were included.
Analysis of PAGE-SDS electrophoresis and Western blot
First, the extracted protein was denatured at 100 ℃ for
8 min and then centrifuged at 12000 r/min for 5 min.
Subsequently, the denatured protein was placed in the
prepared polyacrylamide gel and electrophoresed with
a voltage of 80 V for 2 h. When the indicator, bromophenol blue, reached the bottom, the electrophoresis
was terminated. The gel was then cut to an appropriate
size and processed with a nitrocellulose filter membrane
film. Subsequently, the transformation was performed at
a current density of 1 mA/cm2 for 1.5 h. The film strip
was then processed by immune blot and the standard
protein band was stained as a control. Antibody Ⅰ of
Nanog was a Nanog (D73G4) XP®sRabbit mAb, which
was incubated at 4 ℃ overnight, and then, Ⅱ anti DyLight 649 labeled Goat anti rabbit IgG (H + L) was incubated for 2 h at room temperature. The colored liquid
was then added and the band appeared. To terminate
the reaction, double distilled water was added. To detect
the expression of Oct4, Sox2, ARID1A, and Wnt5b,
corresponding antibodies were added, according to the
method mentioned above.

MATERIALS AND METHODS
Materials and reagents
The human hepatoma cell lines MHCC97-L and HCCLM3 (from BIOVOL Biological Technology Co., Ltd.),
antibodies of Nanog, Sox2, Oct4, ARID1A and Wnt5b
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Data processing
SPSS16.0 software was used for statistical analysis. The
LD50 of ADM was calculated using the regression
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Figure 1 Adriamycin growth inhibition curve for MHCC97-L and HCCLM3
cells. Adriamycin (ADM) (at concentrations of 0, 0.005, 0.1, 0.35, 0.6, 1.3, 2.45,
5 μmol/L) was added to MHCC97-L and HCCLM3 cells, and the cell death rate
was calculated accordingly. The concentration and growth inhibition rates were
taken as the X-axis and Y-axis, respectively. ADM LD50 for MHCC97-L cells
was significantly lower than that for HCCLM3 cells (0.4123 ± 0.0236 μmol/L vs
0.5259 ± 0.0125 μmol/L, P < 0.05).
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ADM inhibition of hepatocellular carcinoma cells
Growth inhibition of the human hepatoma cell lines
MHCC97-L and HCCLM3 by ADM was detected by
MTT assay. The results showed that ADM inhibited
both human hepatoma cell lines to different degrees. At
higher concentrations, ADM showed a stronger effect
(Figure 1). The calculated ADM LD50 for MHCC97-L
cells (0.4123 ± 0.0236 μ mol/L) and HCCLM3 cells
(0.5259 ± 0.0125 μmol/L) (P < 0.05) was based on the
inhibition rate and the corresponding ADM concentration, using a linear regression method.

Figure 2 Wnt5b and Nanog expression in cell line MHCC97-L treated with
Adriamycin. A: Wnt5b expression in cell line MHCC97-L treated with Adriamycin (ADM). The expression of Wnt5b was evaluated at different time intervals
(0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was
highest at 12 h. The relative gene expression was indicated by the Wnt5b
protein band gray value or β-actin band gray value calculated using western
blot. The relative expression curve was a normal distribution line; B: Nanog
expression in cell line MHCC97-L treated with ADM. The expression of Nanog
was measured at different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by
western blot. The band gray value was lowest at 12 h, and highest at 72 h. The
relative expression of the gene was indicated by the Nanog protein band gray
value or β-actin band gray value calculated using western blot. The relative
expression curve was a parabola.

Influence of ADM on stem cell-related gene expression
in hepatoma cell lines with different metastatic potential
Influence of ADM on the expression of Nanog,
Wnt5b, Oct4, Sox2, and ARID1A in the hepatoma cell
line MHCC97-L with low metastatic potential: In the
low-metastatic human hepatoma cell line, MHCC97-L,
Wnt5b, and Nanog proteins were expressed and the
changes were both time- and ADM concentrationdependent. Within a short period (≤ 4 h), the longer
the ADM (LD50) inhibition time, the higher the protein
level of Wnt5. However, 12 h later, Wnt5b protein levels gradually decreased (Figure 2A). The expression of
Nanog was the opposite to that of Wnt5 (Figure 2B),
and its expression curve was a parabola.
There was a statistically significant difference between the expression changes of Wnt5b and Nanog in
MHCC97-L cells (P < 0.05) (Table 1). However, Sox2,
ARID1A, and Oct4 were not expressed in these cells.
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0

Table 1 Comparison of expression changes in stem-cell genes
in the hepatoma cell lines with different metastatic potential
treated with Adriamycin (mean ± SD)
Group

n

Wnt5b

Nanog

Sox2

MHCC97-L
HCCLM3
t value
P value

3
3

31.5 ± 1.2↑
36.7 ± 2.1↑
6.03
0.04

30.8 ± 0.2↓
90.4 ± 0.8↓
45.40
0.00

6.0 ± 2.3↑
-

Influence of ADM on the expression of Nanog,
Wnt5b, Oct4, Sox2, and ARID1A in the hepatoma
cell line HCCLM 3 with high metastatic potential: In
the high-metastatic human hepatoma cell line HCCLM3,
Wnt5b and Nanog proteins were significantly expressed
and were associated with prolonged ADM inhibition of

6976

June 14, 2014|Volume 20|Issue 22|

Sun D et al . Influence of adriamycin on cancer stem cells

A

B

Wnt5b

Nanog

β-actin

β-actin
160

200
180
160
140
120
100
80
60
40
20
0

120
Expression (%)

Expression (%)

140

100
80
60
40
20

0

2

4

12

24

0

72

0

2

4

12

24

72

t /h

t /h

C
Sox2

Expression (%)

β-actin

100
90
80
70
60
50
40
30
20
10
0

0

2

4

12

24

72

t /h

Figure 3 Wnt5b, Nanog and Sox2 expression in cell line HCCLM3 treated with Adriamycin. A: Wnt5b expression in cell line HCCLM3 treated with Adriamycin
(ADM). The expression of Wnt5b was evaluated at different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was highest at 4
h, and lower at both ends. The relative gene expression was indicated by the Wnt5b protein band gray value or β-actin band gray value calculated using western blot.
The relative expression curve was a normal distribution line; B: Nanog expression in cell line HCCLM3 treated with ADM. The expression of Nanog was measured at
different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was lowest at 4 h and highest at 72 h. The relative gene expression
was indicated by the Nanog protein band gray value or β-actin band gray value calculated using western blot. The relative expression curve was a parabola, but was
more concave than that in MHCC97-L cells; C: Sox2 expression in cell line HCCLM3 treated with ADM. The expression of Nanog was measured at different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value increased with time and was highest at 72 h. The relative gene expression was indicated
by the Nanog protein band gray value or β-actin band gray value calculated using western blot. The relative gene expression correlated positively with time.

in the hepatoma cell lines with different metastatic
potential following treatment with ADM: There
was a difference between the expression changes of
stem-cell genes in the hepatoma cell lines with different
metastatic potential within 4 h following treatment with
ADM (LD50). Interestingly, the expression changes of
Wnt5 and Nanog in cell line MHCC97-L were smaller
than those in cell line HCCLM 3, and the difference was
statistically significant (P < 0.05).

these cells. Both, the gene expression curve patterns, and
the time-dependent acceleration and deceleration, were
similar in cell line HCCLM 3 and MHCC97-L (Figure
3A). Nanog expression level gradually decreased within
the first 4 h and reversed after 12 h (Figure 3B). However, the Sox2 protein expression level in cell line HCCLM3
increased in a time-dependent manner (Figure 3C).
Relative expressions were calculated as mentioned
above. There was a statistically significant difference
between the expression changes of Sox2, Wnt5b, and
Nanog, caused by ADM in HCCLM3 cells (P < 0.05).
However, ARID1A and Oct4 were not expressed in these
cells.

DISCUSSION
To our knowledge, this may be the first study to report
the gene expression of Nanog, Wnt5b, Oct4 and Sox2,
and ARID1A comprehensively and systematically in two

Difference in expression changes of stem-cell genes
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hepatoma cell lines. This was carried out to explore the
molecular mechanism of the recurrence and metastasis
of HCC, and to detect the accurate markers and targets
for stem cell-targeted therapeutic interventions.

mal liver tissues was higher than that in adjacent cancer
tissues and HCC tissue; and the expression in adjacent
cancer tissues was highest[17]. In this study, the expression of Wnt5 initially increased, then decreased in both
cell lines following treatment with ADM (LD50). Also,
the Wnt5 expression level in cell line HCCLM3 was
lower than that in cell line MHCC97-L. Yuan et al[18] also
observed similar findings. Thus, it can be speculated that
Wnt5 was negatively related with the malignancy of liver
cancer cells.
Nanog was discovered in May, 2003. It plays a key
role in stem-cell totipotency in the embryo. In addition,
it is expressed in embryonic tumor cells and ESCs[19-22],
but not in differentiated ESCs[23]. There are no reports
on the expression of Nanog in differentiated cells.
Therefore, there should be at least some undifferentiated
cells in HCC, as the expression of Nanog was detected
in both cell lines. In addition, the expression is thought
to be related to the transformation of somatic cells to
cancer cells, as found by Lin[24] and Piestun[25]. In the
present study of two hepatoma cell models, Nanog expression decreased gradually in a short time period (T
< 4 h) due to ADM (LD50), and later increased (T > 4
h). Based on this phenomenon, Nanog is thought to be
an important factor that could set the cell state during
turbulent periods. Moreover, ADM can induce the transformation of hepatic cancer cells from differentiated to
undifferentiated states. By keeping these undifferentiated
cells in the stationary phase, ADM promoted tumor cells
to avoid the killing effect of chemotherapeutic drugs. In
conclusion, the expression of Nanog was related to tumor recurrence or distant metastasis.
The expression patterns of Sox2, ARID1A, and Oct4
were also studied. Sox2 expression was found only in cell
line HCCLM3 which has high metastatic potential, and
both ARID1A and Oct4 were not expressed in these two
cell models. Sox2 is a member of the SOX family, which
may be involved in a variety of solid tumors[26-29]. The
abnormal expression of Sox2 in breast cancer[30], hypopharyngeal squamous cell carcinoma[30], lung adenocarcinoma[31], ovarian cancer[32] and other diseases, has been
detected in recent years. In this study, Sox2 expression
was only detected in the HCC cell line HCCLM3 with
high metastatic potential, and the level of expression
was time-dependent. Other studies have reported similar
results[32-35]. It is suggested that the higher the expression of Sox2, the higher the tumor malignancy; and high
expression of Sox2 may involve liver cell carcinogenesis.
Sox2 expression level, and the invasion and metastasis
of HCC may be interrelated.
As an embryonic stem cell specific gene, Oct4 is
mainly expressed in embryo and germ cell tumors. Although, some researchers have detected its expression in
the HCC cell line, Mahlava, it was not observed in this
study. Further study is required to determine the relationship between Oct4 and the occurrence and development of HCC.

Study background
The concept of CSCs was put forward by Reya in 2001.
Due to their characteristics, they have a natural resistance
to drugs, consequently, leading to tumor recurrence and
metastasis after chemotherapy[12]. As a broad-spectrum
anticancer drug, ADM, can induce apoptosis of tumor
cells by interfering with the transcription process [13].
However, most of the traditional chemotherapy agents,
including ADM, can only kill cells in the proliferating
period. Therefore, it reduces the tumor volume or can
cause complete remission, but cannot eradicate CSCs.
This can lead to a series of stress protective reactions
thus the cells become resistant to drugs. This study evaluated the relationship between HCC recurrence, multidrug resistance, and CSCs by evaluating the influence of
ADM on CSCs-related gene expression in hepatoma cell
lines with different metastatic potential.
Study findings
ADM significantly inhibited the growth of hepatoma
cells with different metastatic potential. Moreover, the
LD50 of ADM in the hepatoma cell line with high
metastatic potential was higher than that in the cell line
with low metastatic potential. According to clinical findings, when recurrence and metastasis occur at an early
stage, HCC patients tend to show higher resistance to
drugs. ADM at < 0.625 μmol/L showed stronger inhibition of the HCCLM3 cell line than the MHCC97-L
cell line, without an apparent killing effect; and with
increased concentration (> 1.25 μmol/L), the inhibitory
action of ADM increased. Consistently, the HCCLM3
cell line with higher metastatic potential showed stronger
resistance to drugs than the MHCC97-L cell line. While
ADM inhibited cancer cell growth, it led to stimulation
of CSCs. Thus, the degree of drug resistance increased.
As demonstrated by Ma et al[14], cultured hepatoma cells
treated with ADM and fluorouracil showed enhanced
expression of survival proteins in stem-cell related pathways; suggesting the possible correlation of CSCs with
drug resistance.
This study determined the expression of Wnt5b,
Nanog, Sox2, ARID1A and Oct4 at different time intervals in two cell line models treated with ADM. Wnt5 was
expressed in HCC cell lines MHCC97-L and HCCLM3.
Wnt5 plays a critical role in embryonic development
by regulating cell growth, differentiation, and development[15]. Abnormal expression of the Wnt signal was
detected in more than 30% of HCCs, which highlighted
its role in carcinogenesis. Mutations in the Wnt signaling
pathways can result in appropriate activation, which may
be related to tumor occurrence and development[16]. Research has shown that the expression of Wnt5b in nor-
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Problems and prospects of the study
The correlation between Nanog and Wnt5b should be
explored as both were expressed in the HCC cell lines,
MHCC97-L and HCCLM3, at the same time, but their
expression was negatively correlated. However, research
on the interaction between these two factors would be
very costly, both in time and funding. Further study will
be initiated, when conditions permit.
In conclusion, ADM increased the death rate of
MHCC97-L and HCCLM3 cells, while the suppressive
effect of ADM was higher in MHCC97-L cells than in
HCCLM3 cells. In addition, a negative correlation between Wnt5b and the malignancy rate of liver cancer
stem cells was found. Also, Sox2 was expressed only
in the cell line with high metastatic potential, and was
combined with Nanog. Sox2 expression increased gradually, which indicates a potential relationship between the
metastatic capability of liver cancer and drug resistance.
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Should peri-gastrectomy gastric acidity be our focus among
gastric cancer patients?
Lei Huang, A-Man Xu, Tuan-Jie Li, Wen-Xiu Han, Jing Xu
um, sodium and bicarbonate ions, urea nitrogen, direct
and indirect bilirubin, and bile acid were detected using
Automatic Biochemical Analyzer. Data regarding tumor
size, histological type, tumor penetration and tumornode-metastasis (TNM) stage were obtained from the
pathological records. Reflux symptoms pre- and 6 mo
post-gastrectomy were evaluated by reflux disease
questionnaire (RDQ) and gastroesophageal reflux disease questionnaire (GERD-Q). SPSS 16.0 was applied
to analyze the data.
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RESULTS: Before surgery, gastric pH was higher than
the threshold of hypoacidity (4.25 ± 1.45 vs 3.5, P =
0.000), and significantly affected by age, tumor size
and differentiation grade, and potassium and bicarbonate ions; advanced malignancies were accompanied
with higher pH compared with early ones (4.49 ± 1.31
vs 3.66 ± 1.61, P = 0.008). After operation, gastric pH
in all groups was of weak-acidity and significantly higher than that pre-gastrectomy; on days 3-5, comparisons of gastric pH were similar between the 3 groups.
Six months later, gastric pH was comparable to that on
days 3-5; older patients were accompanied with higher
total bilirubin level, indicating more serious reflux (r =
0.238, P = 0.018); the TG and PG groups had higher
RDQ (TG vs DG: 15.80 ± 5.06 vs 12.26 ± 2.14, P =
0.000; PG vs DG: 15.37 ± 3.49 vs 12.26 ± 2.14, P =
0.000) and GERD-Q scores (TG vs DG: 10.54 ± 3.16 vs
9.15 ± 2.27, P = 0.039; PG vs DG: 11.00 ± 2.07 vs 9.15
± 2.27, P = 0.001) compared with the DG group; all
gastric juice contents except potassium ion significantly
rose; reflux symptom was significantly associated with
patient’s body mass index, direct and indirect bilirubin,
and total bile acid, while pH played no role.

Abstract
AIM: To investigate the necessity and correctness of
acid suppression pre- and post-gastrectomy among
gastric carcinoma (GC) patients.
METHODS: From June 2011 to April 2013, 99 patients
who were diagnosed with GC or adenocarcinoma of
the gastroesophageal junction (type Ⅱ or Ⅲ) and
needed surgical management were enrolled. They all
underwent gastrectomy by the same operators [35
undergoing total gastrectomy (TG) plus Roux-en-Y reconstruction, 34 distal gastrectomy (DG) plus Billroth
I reconstruction, and 30 proximal gastrectomy (PG)
plus gastroesophagostomy]. We collected and analyzed
their gastrointestinal juice and tissues from the preth
operational day to the 5 day post-operation, and 6 mo
post-surgery. Gastric pH was detected with a precise
acidity meter. Gastric juice contents including potassi-
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CONCLUSION: Acidity is not an important factor causing unfitness among GC patients. There is no need to
further alkalify gastrointestinal juice both pre- and postgastrectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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MATERIALS AND METHODS
Patients and specimens
All patients enrolled in our study were diagnosed with
GC or adenocarcinoma of the gastroesophageal junction
(type Ⅱ or Ⅲ)[8] without metastasis by pathology and
imaging, and needed surgical management. They were in
relatively fine overall conditions (hemoglobin > 90 g/L,
and serum albumin > 30 g/L) without any disease that
could cause a significant difference of pressure between
thoracic and abdominal cavities, severe dysfunction of
important organs or systematic unfitness like refractory
ascites or dyscrasia. Before operation, they were certified to be free from successive diseases associated with
reflux including esophagitis by endoscopy, and all got
Reflux Disease Questionnaire (RDQ)[9] scores less than
12, and Gastroesophageal Reflux Disease Questionnaire
(GERD-Q)[10] scores less than 8, indicating no reflux.
Written informed consent was obtained from each patient, and the study was permitted by Ethics Committee
of Anhui Medical University and carried out according to
Declaration of Helsinki[11].
Patients undergoing multivisceral resection or having
other gastroenterological diseases, including hiatus hernia
indicated by X-ray and gastroscopy, were excluded from
our study. The selected patients did not have a history of
gastrectomy and were not dependent on any kind of drug
affecting the secretion of gastrointestinal fluid. They had
not received any chemotherapy or radiotherapy before.
Drainage samples collected were not polluted by blood
or remnant food, and we had complete data of each of
them.
A total of 118 patients treated in the First Affiliated
Hospital of Anhui Medical University from June 11th,
2011 to April 23rd, 2013 were chosen according to the criteria above. Finally we got 99 patients’ drainage samples,
with 35 undergoing TG plus Roux-en-Y reconstruction (TG group), 34 DG plus Billroth I reconstruction
(DG group), and 30 PG plus gastroesophagostomy (PG
group), apart from 19 individuals (5 in TG group, 8 DG
and 6 PG) who quit the study half-way or were affected
greatly by irrelevant factors or whose samples or data
went against our standards (Table 1).

Core tip: Necessity of peri-gastrectomy acid suppression
for gastric cancer patients remains controversial. This
innovative prospective study showed: before surgery,
gastric pH was higher than the threshold of hypoacidity, and affected by age, tumor size and differentiation
grade, and potassium and bicarbonate ions; advanced
malignancies were accompanied with higher pH; after
operation, gastric pH in all groups was of weak-acidity
and higher than that pre-gastrectomy; six months later,
gastric pH was comparable to that on days 3-5; reflux
symptom was significantly associated with patient’s
body mass index, direct and indirect bilirubin, and total
bile acid, while pH played no role.
Huang L, Xu AM, Li TJ, Han WX, Xu J. Should peri-gastrectomy gastric acidity be our focus among gastric cancer patients?
World J Gastroenterol 2014; 20(22): 6981-6988 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6981.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6981

INTRODUCTION
Although the incidence and cancer-related mortality have
been decreasing steadily during the past century, gastric carcinoma (GC) remains one of the most common
malignancies and the second leading cause of cancer
death worldwide[1]. Approximately 2/3 of GC patients
are at advanced stages when initially diagnosed, with a
5-year survival rate of about 25%[2,3]. Surgery is the major
treatment, which includes total gastrectomy (TG), distal
gastrectomy (DG) and proximal gastrectomy (PG). D2
lymphonectomy is strongly recommended for its assurance of relatively high survival and low recurrence rates[4].
With the advancement in gastrointestinal operation and
the improvement of the comprehensive methods to treat
cancer, patients undergoing gastrectomy can enjoy a longer life, leading to their growing focus on the post-surgical quality of life (QOL). Nowadays gastroenterologists
are trying harder to reduce complications and improve
QOL after patients’ stomach is removed.
Reflux is common among patients after stomach
resection, affecting their QOL greatly[4,5]. Studies on the
correlation between gastric juice contents and stomach
diseases have been widely conducted, and studies of
reflux are mainly concentrated on patients with intact
stomach[4-7]. However, the comparison between pre- and
post-surgery has been rarely observed. We used to suppress acid hoping to release reflux symptoms[5-7], while
the essentiality and rationality are debatable. In this study,
we detected the acidity and contents of gastrointestinal
juice, and assessed reflux among GC patients pre- and
post-TG, DG and PG, aiming at clarifying whether patients benefit from acid suppression.
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Samples collection and monitoring
Before surgery, the selected patients were forbidden from
food, drink, cigarette and alcohol for more than 12 h, and
drugs affecting the acidity of gastrointestinal juice like
proton-pump inhibitors (PPIs), anticholinergic agents,
and cortical hormones for more than 1 d, and had only
some liquid food the night before. If the tumor caused
obvious obstruction, the patients were required to have
easily digestible food 2 d before. At 7:00 on the morning
of the operation day, we required the patient to lie on
his/her left side in a quiet circumstance, put the gastric
tube into his/her digestive tract until the end reached
the mucoid pool[12], aspirated about 10 mL fluid with a
syringe, and wrote down the depth the tube had been
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Table 1 General clinicopathological features of patients enrolled in the study (mean ± SD)

Number of patients
Gender (male/female)
Smoking (yes/no)
Drinking (yes/no)
Age (yr)
Body mass index (kg/m2)
Hemoglobin (g/L)
Lymphocyte count (109/L)
Albumin (g/L)
Pre-albumin (mg/L)
RDQ score pre-operation
GERD-Q score pre-operation
Days in hospital pre-operation
Days to peri-bed activities post-operation
Days to borborygmus recovery post-operation
Flatus duration post-operation (d)
Transverse diameter of tumor (cm)
Longitudinal diameter of tumor (cm)
Depth of tumor (cm)
Tumor stage (early/advanced)
Tumor differentiation (well/moderately/poorly)
Tumor TNM classification (Ⅰ/Ⅱ/Ⅲ)1
Postoperative NRS score

Total gastrectomy

Distal gastrectomy

Proximal gastrectomy

35
20/15
19/16
17/18
62.49 ± 9.69
20.55 ± 4.02
114.83 ± 26.00
1.61 ± 0.50
38.43 ± 4.92
252.20 ± 60.65
3.77 ± 2.58
1.49 ± 1.15
3.09 ± 0.92
1.14 ± 0.36
1.51 ± 0.51
3.11 ± 0.63
4.71 ± 1.87
4.06 ± 1.86
1.41 ± 0.64
4/31
6/15/14
4/5/26
3.34 ± 0.97

34
19/15
18/16
18/16
63.68 ± 9.48
20.92 ± 2.57
125.59 ± 24.99
1.34 ± 0.47
41.58 ± 3.50
282.71 ± 70.35
3.35 ± 2.36
1.47 ± 1.05
3.06 ± 0.92
1.12 ± 0.33
1.56 ± 0.50
3.29 ± 0.80
4.90 ± 1.46
4.20 ± 1.15
1.66 ± 0.47
5/29
7/12/15
7/6/21
3.32 ± 0.98

30
19/11
18/12
17/13
59.40 ± 10.61
19.70 ± 2.43
122.23 ± 21.46
1.65 ± 0.51
40.99 ± 1.85
262.23 ± 45.65
3.50 ± 2.36
1.63 ± 1.40
3.00 ± 0.87
1.13 ± 0.35
1.57 ± 0.50
3.47 ± 0.68
4.78 ± 2.04
4.40 ± 1.54
1.16 ± 0.66
3/27
4/13/13
3/8/19
3.30 ± 1.02

1

There was no patient with tumor-node-metastasis (TNM) Ⅳ tumor in our study. RDQ: Reflux disease questionnaire; GERD-Q: Gastroesophageal reflux
disease questionnaire; NRS: Numerical rating scale.

pushed in. We fixed the tube to the same depth as that
pre-operation after surgery, and all kinds of drugs affecting the secretion of gastrointestinal fluid were abandoned. Patients all received parenteral nutrition, and we
changed the suction disc at 7:00 pm, and collected about
10 mL fluid again from inside the disc at 7:00 am the next
day, from the 1st to the 5th days post-operation. Gastrointestinal juice (10 mL) was collected again via gastroscopy
6 mo post-gastrectomy. No acid-suppressing drugs were
applied during this postsurgical period.
We labeled all samples and detected their pH with a
precise acidity meter (precision: 0.01) right after we got
them. Gastric juice contents including potassium, sodium
and bicarbonate ions, urea nitrogen, direct and indirect
bilirubin and total bile acid were detected using Automatic Biochemical Analyzer provided by Roche, Germany
(type: Modular DPP). The rest samples were preserved in
a refrigerator (-80  ℃).

nerve, while the hepatic and celiac ones were preserved.
For those undergoing PG plus gastroesophagostomy, the
two vagus nerve trunks were also cut during standard removal of proximal part of the stomach.
Information regarding the intra-abdominal findings
with special reference to regional and distant metastases
was obtained from the surgical reports. Data regarding
tumor size, histological type, tumor penetration, and
pathological TNM disease stage (based on Japanese classification[13]) were obtained from the pathological records.
Reflux assessment
Mucosal damage caused by reflux was evaluated by gastroscopy. Reflux symptoms were quantified by both RDQ
(with frequency and degree of heartburn, non-cardiac
chest pain, acid regurgitation and upwelling of stomach
contents recorded and scored, and a diagnostic threshold
of 12)[9] and GERD-Q (with frequency and degree of
heartburn, acid regurgitation, sleep disturbance, over the
counter drugs required, bellyache and nausea recorded
and scored, and a diagnostic threshold of 8)[10] scores
pre- and 6 mo post-gastrectomy.

Surgical management and pathology
All patients underwent standard open radical gastrectomy
and lymphonectomy (D2)[4] by the same operators (Huang
L, Xu AM, Han WX and Xu J). For those undergoing TG
and Roux-en-Y reconstruction, we sealed the duodenal
stump with closure device, cut the jejunum 15 cm from
the Treitz ligament, performed anastomosis of proximal
and distal jejunum with an anastomat 40 cm from the
disarticulation place after removing the whole gastric,
and cut both vagus nerve trunks. For those undergoing
DG with Billroth I reconstruction, we performed jejunogastrostomy with an anastomat after removing the distal
part of the stomach and cut the gastric branch of vagus
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Statistical analysis
We analyzed the data using SPSS 16.0 (Inc. Chicago, IL,
United States), comparing means from two identical samples with independent samples t-test, mean of a sample
and population mean with one-sample t-test, and means
of three different samples with one-way analysis of variance, measuring correlation of 2 groups of normally distributed variables using univariate analysis with Pearson
coefficient r calculated, and searching factors affecting
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Table 2 Results of multiple linear regression suggesting
potential factors influencing gastric pH pre-gastrectomy
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Gender
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Body mass index
Tumor size
Tumor location
TNM classification
Differentiation grade
Potassium ion
Sodium ion
Bicarbonate ion
Urea nitrogen
Direct bilirubin
Indirect bilirubin
Total bile acid
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Figure 1 Gastric pH of patients undergoing total, distal and proximal gastrectomy. Pre-surgical pH was all very significantly larger than 3.5, the threshold value of hypoacidity (P < 0.01). No significant difference in pre-operative pH
was observable between the 3 groups (P > 0.05). Gastric pH on the 1st to the 5th
days and 6 mo post-surgery in the 3 groups was all very significantly larger than
that pre-operation and 4, the threshold pH of weak-acid reflux (P < 0.01). On
the 1st day post-gastrectomy, gastric pH was comparable among the 3 groups (P
> 0.05). On the 2nd day, both the total gastrectomy (TG) and proximal gastrectomy (PG) groups were accompanied with significantly higher gastric pH than
the distal gastrectomy (DG) group (P < 0.01), while there was not significant
difference between the TG and PG groups (P > 0.05). On days 3, 4 and 5 and
6 mo post-gastrectomy, patients undergoing TG had significantly higher gastric
pH than both individuals receiving DG and those undergoing PG (P < 0.05),
while the difference between the DG and PG groups was insignificant (P > 0.05).
There were no significant differences between gastric pH on the 3rd, 4th, and 5th
days and 6 mo post gastrectomy in all groups (P > 0.05).

t

P value

-0.270
2.461
0.919
2.401
1.371
-0.436
2.866
-2.317
0.224
2.122
1.145
-0.440
1.347
0.582

0.788
0.016c
0.361
0.019c
0.174
0.664
0.005d
0.023c
0.823
0.037c
0.256
0.661
0.182
0.562

concentrations of gastric juice potassium and bicarbonate ions were factors that significantly influenced gastric
pH, while the coefficients of patient’s gender and body
mass index, tumor location and TNM classification, and
concentrations of gastric juice sodium ion, urea nitrogen,
direct and indirect bilirubin, and total bile acid were not
statistically significant (Table 2). Sodium ion was positively correlated with urea nitrogen (r = 0.440, P = 0.000).
Postoperative gastric juice pH
The pH of drainages from the 1st to the 5th days postgastrectomy in the 3 groups was all very significantly
larger than that pre-gastrectomy (P < 0.01 for all, Figure
1). All postsurgical values detected were greater than 4,
the lower boundary of cut-off value of weak-acid reflux.
No significant differences existed among all groups
with regard to postoperative recovery parameters including time to peri-bed activities (F = 0.138, P = 0.871), borborygmus recurrence (F = 0.235, P = 0.791), flatus duration (F = 2.010, P = 0.140), and degree of pain measured
by numerical rating scales (NRS) (F = 0.015, P = 0.985).
On the 1st day post-gastrectomy, gastric juice pH was
comparable among the 3 groups (6.69 ± 0.94 vs 6.31 ±
0.55 vs 6.68 ± 0.64, F = 2.917, P = 0.059). On the 2nd day,
both the TG (6.86 ± 0.67 vs 6.35 ± 0.57, t = 3.399, P =
0.001) and PG (6.74 ± 0.38 vs 6.35 ± 0.57, t = 3.111, P =
0.003) groups were accompanied with significantly higher
gastric juice pH than the DG group, while there was not
significant difference between the TG and PG groups (t
= 0.952, P = 0.345). On days 3-5, situations were similar:
patients undergoing TG had significantly higher gastric
pH than both individuals receiving DG (day 3: 6.92 ± 0.67
vs 6.49 ± 0.79, t = 2.471, P = 0.016; day 4: 7.35 ± 0.49 vs
6.52 ± 0.75, t = 5.433, P = 0.000; day 5: 7.21 ± 0.56 vs 6.63
± 0.60, t = 4.139, P = 0.000) and those undergoing PG
(day 3: 6.74 ± 0.38 vs 6.56 ± 0.70, t = 2.146, P = 0.036;
day 4: 7.35 ± 0.49 vs 6.79 ± 0.44, t = 4.760, P = 0.000;
day 5: 7.21 ± 0.56 vs 6.31 ± 0.36, t = 7.732, P = 0.000),
while the difference between the DG and PG groups was

target parameters using multiple linear regression with
partial regression coefficient b and standardized partial
regression coefficient b’ calculated. Continuous data are
expressed as mean ± SD. The difference was significant
with P < 0.05 and very significant with P < 0.01.

RESULTS
Gastric juice pre-gastrectomy
The overall pH of all samples before surgery was 4.25
± 1.45, which is very significantly larger than 3.5, the
threshold value of hypoacidity (t = 5.084, P = 0.000).
We estimated that the patients with hypoacidity took up
72.73% ± 8.77% of total. No significant difference in
pre-operative gastric pH was observed between the 3
groups (4.17 ± 1.63 vs 4.46 ± 1.38 vs 4.07 ± 1.31, F =
0.642, P = 0.529, Figure 1). There were not significant
differences between those who smoked and those who
did not (4.36 ± 1.52 vs 4.13 ± 1.38, t = 0.786, P = 0.434),
or between those who drank and those who did not (4.29
± 1.49 vs 4.19 ± 1.41, t = 0.332, P = 0.741). Patients suffering from advanced GC had significantly higher gastric
juice pH than those with early malignancies (4.49 ± 1.31
vs 3.66 ± 1.61, t = 2.704, P = 0.008).
Patient’s age, tumor size and differentiation grade, and
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b’
-0.020
0.249
0.067
0.176
0.108
-0.048
0.359
-0.222
0.022
0.210
0.090
-0.030
0.108
0.043

b: Partial regression coefficient; b’: Standardized partial regression coefficient. cP < 0.05; dP < 0.01. TNM: Tumor-node-metastasis.
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vs 12.26 ± 2.14, t = 3.801, P = 0.000; PG vs DG: 15.37 ±
3.49 vs 12.26 ± 2.14, t = 4.345, P = 0.000) and GERD-Q
(TG vs DG: 10.54 ± 3.16 vs 9.15 ± 2.27, t = 2.103, P =
0.039; PG vs DG: 11.00 ± 2.07 vs 9.15 ± 2.27, t = 3.395,
P = 0.001) scores compared with the DG group, while
the TG and PG groups showed similar scores (RDQ: t =
0.395, P = 0.694; GERD-Q: t = 0.699, P = 0.484).
We further searched factors potentially affecting
change in reflux syndrome based on RDQ and GERD-Q
scores 6 mo post-surgery compared with those pre-operation, and found that the larger a patient’s body mass index was, the greater change in unfit feeling he/she would
experience. As for the gastric juice contents, change in
degree of unwell feeling was significantly positively correlated with concentrations of indirect bilirubin and total
bile acid, while direct bilirubin played a negative role.
Higher level of potassium ion tended to contribute to
greater change in discomfort using RDQ scale, but definitely generated greater GERD-Q score change. However, gastric pH was not influential, as well as gender, age,
TNM classification, sodium and bicarbonate ions, and
urea nitrogen (Table 3). No significant difference was observable between patients at early and at advanced stages
(RDQ: 13.87 ± 3.76 vs 14.71 ± 4.20, t = 0.947, P = 0.346;
GERD-Q: 9.80 ± 2.61 vs 10.38 ± 2.69, t = 0.991, P =
0.324).
All detected gastric juice contents significantly rose
post-gastrectomy compared with those pre-operation (sodium ion: 102.22 ± 30.70 vs 63.34 ± 29.64, t = 11.791, P
= 0.000; bicarbonate ion: 3.75 ± 2.32 vs 1.14 ± 0.52, t =
7.227, P = 0.000; urea nitrogen: 9.07 ± 5.26 vs 4.27 ± 1.51,
t = 6.145, P = 0.000; direct bilirubin: 1.49 ± 1.69 vs 0.16
± 0.18, t = 3.724, P = 0.000; indirect bilirubin: 18.03 ±
14.53 vs 0.58 ± 0.61, t = 4.832, P = 0.000; total bile acid:
209.65 ± 149.76 vs 2.55 ± 1.22, t = 11.036, P = 0.000),
except potassium ion (15.29 ± 8.74 vs 14.12 ± 6.09, t =
1.379, P = 0.171) (Table 4). Gastric juice potassium ion
was significantly negatively correlated with sodium ion (r
= -0.233, P = 0.020), which was positively correlated with
bicarbonate ion (r = 0.210, P = 0.037); direct bilirubin
was positively correlated with indirect bilirubin (r = 0.438,
P = 0.000); and total bilirubin post-gastrectomy was significantly correlated with total bile acid (r = 0.400, P =
0.000).

Table 3 Results of multiple linear regression suggesting
possible factors influencing reflux syndrome change (6 mo
post- minus pre-gastrectomy)
Scale
Gender

RDQ
GERD-Q
Age
RDQ
GERD-Q
Body mass index
RDQ
GERD-Q
TNM classification
RDQ
GERD-Q
pH
RDQ
GERD-Q
Potassium ion
RDQ
GERD-Q
Sodium ion
RDQ
GERD-Q
Bicarbonate ion
RDQ
GERD-Q
Urea nitrogen
RDQ
GERD-Q
Direct bilirubin
RDQ
GERD-Q
Indirect bilirubin
RDQ
GERD-Q
Total bile acid
RDQ
GERD-Q

b

b’

t

P value

-1.342
-0.604
0.072
0.056
0.339
0.227
-0.119
-0.014
0.121
-0.142
0.079
0.074
0.017
0.013
0.381
0.192
-0.074
-0.070
-0.985
-0.704
0.077
0.073
0.005
0.005

-0.139
-0.098
0.160
0.194
0.265
0.277
-0.059
-0.011
0.017
-0.031
0.155
0.227
0.117
0.136
0.198
0.156
-0.087
-0.129
-0.374
-0.416
0.252
0.374
0.178
0.272

-1.393
-1.046
1.506
1.952
2.629
2.939
-0.546
-0.108
0.17
-0.331
1.295
2.025
1.137
1.417
2.019
1.701
-0.781
-1.242
-2.970
-3.542
2.251
3.585
1.517
2.485

0.167
0.299
0.136
0.054
0.010c
0.004d
0.587
0.914
0.865
0.741
0.099
0.046c
0.259
0.160
0.147
0.193
0.437
0.218
0.004d
0.001d
0.027c
0.001d
0.033c
0.015c

b: Partial regression coefficient; b’: Standardized partial regression
coefficient; RDQ: Reflux disease questionnaire; GERD-Q: Gastroesophageal
reflux disease questionnaire. cP < 0.05; dP < 0.01.

insignificant (day 3: t = 0.375, P = 0.709; day 4: t = 1.731,
P = 0.088; day 5: t = 2.571, P = 0.130) (Figure 1).
Six months post-gastrectomy
The comparison between the 3 groups was the same as
those on the 3rd to the 5th days post-operation: the TG
group was accompanied with gastric pH significantly
higher than that in both the DG (7.34 ± 0.47 vs 6.54 ±
0.58, t = 6.271, P = 0.000) and PG groups (7.34 ± 0.47
vs 6.44 ± 0.38, t = 8.361, P = 0.000), while the DG and
PG groups revealed similar results (t = 0.804, P = 0.425)
(Figure 1). No significant difference appeared when comparing smokers and nonsmokers (6.78 ± 0.64 vs 6.80 ±
0.63, t = 0.209, P = 0.835), drinkers and nondrinkers (6.68
± 0.56 vs 6.89 ± 0.68, t = 1.737, P = 0.086), and patients
at early and at advanced stages (6.64 ± 0.55 vs 6.86 ± 0.66,
t =1.585, P = 0.119).
We did not find any hiatus hernia which might contribute to GERD. Univariate analysis revealed that the
older a patient was, the higher concentration of total
bilirubin (r = 0.238, P = 0.018) there would be in gastric
juice, indicating more serious reflux. RDQ (2.91 ± 1.81
vs 2.65 ± 2.07 vs 2.33 ± 1.71, F = 0.776, P = 0.463) and
GERD-Q (1.49 ± 1.15 vs 1.35 ± 1.10 vs 1.37 ± 1.00, F =
0.154, P = 0.857) scores pre-surgery in the 3 groups were
both comparable. Six months post-operation, interestingly and not in accordance with the case of gastric juice
pH, we found that both the TG and PG groups were accompanied with higher RDQ (TG vs DG: 15.80 ± 5.06
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DISCUSSION
We used to further alkalify gastric juice, hoping to relieve
reflux symptoms like heartburn among GC patients, regardless of the completeness of the stomach[4-7]. Patients
treated usually take drugs like PPIs and/or H2 receptor
blocking agents, hoping to relieve their reflux symptoms
pre- and post-gastrectomy, which causes the usage of
acid-suppressive drugs to increase obviously without definite indications, and increases the rate of indigestion and
the cost of health care[14]. However, whether it is proper
to increase gastrointestinal pH has long been discussed
and remains controversial[14-17]. Since former studies on
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when taking benefits and disadvantages concerned with
post-surgical QOL and prognosis in the long run into
account comprehensively[2,3]. After gastrectomy, with the
breakdown of physiological anti-reflux barrier, reflux
exists in diverse degrees. Our study revealed that all detected gastric contents including sodium and bicarbonate
ions, urea nitrogen, direct and indirect bilirubin and total
bile acid significantly rose post-gastrectomy, except potassium ion. After the distal part of the stomach is removed,
secretion of acid weakens as parietal and G cells decrease
and neural stimulating effects weaken. Delayed emptying
of the remnant stomach, antiperistalsis of the intestine
due to destruction of “Crow’s foot” of vagus nerve, and
the dysfunction of the low esophageal sphincter (LES)
cause more reflux to emerge. After PG, with cardiac
sphincter removed, cavity of the remnant stomach shifts
position or becomes narrower, leading to malfunction
of storage and emptying. Neural influences disappear
completely after both vagus nerve trunks are cut off. The
function of the pylorus weakens due to being dragged
and losing control of nerves. Thus acidity inside the remnant gastric decreases greatly. Besides, in both cases, the
stimulation and stress reaction of surgical and emotional
factors also contribute to the increase of pH inside the
remnant gastric. Obviously, different post-resection reconstructions might result in discrepant gastric contents.
Gastrointestinal reflux post-surgery can be divided
into acid reflux (AR, with pH of reflux content < 4),
weak AR (WAR, with pH of reflux content = 4-7) and
none-AR (NAR, with pH of reflux content > 7)[21]. Studies have shown that duodenogastric reflux contents are
the same as those entering the esophagus, and that the
acidity of contents entering the lower esophagus is in
accordance with that inside the stomach[26,27], so the acidity of drainage we collected through the gastric tube can
basically stand for or is even more basic than the reflux
juice contacting the esophagus. In our study, we found
that gastrointestinal juice significantly rose and was all in
weak- or non-acidity state post TG, DG and PG. With
early activities out of bed, the effects of anesthesia,
stress, and psychological factors die away. With the recovery of gastrointestinal motility, rectification of internal
environment and stabilization of neurohormonal factors,
the acidity inside the remnant digestive tract reaches a
relatively steady condition gradually. Our results proved
that gastric pH 6 mo post-surgery was basically the same
as that on the 3rd to the 5th days post-operation in fasting
state, suggesting a steady interval between them. After
exposure to diet, due to the buffering and evacuation effects of food, patients may have more basic juice[3]. We
further found that acidity did not play a significant role in
causing reflux symptom change. Higher gastric pH will
increase solubility of bile salts. Our multivariate analysis
revealed that indirect bilirubin and total bile acid contributed to greater change in symptom, while direct bilirubin
seemed to be protective. Studies reported that direct bilirubin was lipophilic, and could effectively reduce cell oxidative toxicity, while hydrophilic substances like indirect

Table 4 Gastrointestinal juice contents pre- and 6 mo postgastrectomy in the 3 groups
Gastric juice content
Potassium ion
(mmol/L)
Sodium ion
(mmol/L)
Bicarbonate ion
(mmol/L)
Urea nitrogen
(mmol/L)
Direct bilirubin
(μmol/L)
Indirect bilirubin
(μmol/L)
Total bile acid
(μmol/L)

Way of
Pre-gastrectomy
Six months
gastrectomy
post-gastrectomy
TG
DG
PG
TG
DG
PG
TG
DG
PG
TG
DG
PG
TG
DG
PG
TG
DG
PG
TG
DG
PG

11.77 ± 4.41
14.18 ± 5.70
16.80 ± 7.17
56.16 ± 34.09
78.68 ± 21.71
54.32 ± 25.44
1.05 ± 0.52
1.19 ± 0.47
1.19 ± 0.58
3.63 ± 0.83
4.80 ± 1.58
4.42 ± 1.80
0.17 ± 0.16
0.14 ± 0.17
0.16 ± 0.21
0.49 ± 0.55
0.64 ± 0.65
0.61 ± 0.65
1.98 ± 1.32
3.00 ± 1.08
2.73 ± 1.00

16.54 ± 11.80
12.65 ± 5.90
16.80 ± 6.55
111.68 ± 36.06
104.10 ± 23.27
89.06 ± 27.44
4.36 ± 2.51
3.28 ± 2.09
3.58 ± 2.25
10.60 ± 6.00
9.74 ± 4.83
7.17 ± 4.39
0.87 ± 1.40
2.20 ± 1.92
1.39 ± 1.43
13.61 ± 12.74
17.85 ± 11.91
23.41 ± 17.56
187.13 ± 199.14
212.94 ± 103.39
232.21 ± 126.40

TG: Total gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy.

acid-suppression were mainly focused on patients with
an intact stomach[18-20], our study which is concentrated
on the peri-operative gastrointestinal contents and acidity
and aims at uncovering whether it is proper to suppress
acid with the stomach removed may be novel and valuable in providing direct evidence for front-line gastroenterologists to make wise decisions.
Gastric juice is liquid in the stomach, containing
hydrochloric acid, which is strong and produced by the
parietal cells in the corpus, generating gastric pH of 2-3,
pepsin, electrolytes, bile due to reflux, etc. When the pH
exceeds 3.5, we call it hypoacidity[21,22]. According to our
study, pre-operative pH in 99 patients was basically of
hypochlorhydria, and advanced GC was associated with
higher gastric pH, which is in accordance with a histological report showing that atrophic mucosa with low
acid secretion exists in 80%-90% of patients with GC[23].
In this case, pathogenic microorganisms may escape the
preventive mechanism, causing more diarrheas, and activating the carcinogenic process again with more N-nitroso
compounds generated[24]. Also, it may lead to esophageal
squamous cell carcinoma in the long run[25], and if we
further alkalify the gastrointestinal juice, the situation
may get worse. We further found that the older a patient
was, the larger the tumor was, the more poorly the malignancy differentiated, and the more bicarbonate ion there
was in gastric juice, the higher gastric pH there would be,
while higher potassium ion concentration contributed to
greater acidity.
We performed standard jejunal Roux-en-Y reconstruction, gastroduodenostomy in the Billroth I way and
esophagogastrostomy after TG, DG and PG, respectively,
for they are the commonly used reconstructive methods,
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bilirubin and total bile acid might strengthen the damage[28]. There is evidence showing that reflux fluid mixed
with intestinal juice does more harm than pure acid, damage caused by which may be induced by immune factors,
rather than direct oxidation of acid, which might even
suppress the toxicity of other reflux contents[29]. Furthermore, with pH > 4 post-gastrectomy supported by our
study, pepsin whose fittest pH is 1.8 will degenerate and
weaken in function[12]. Besides, we only have to make the
gastric pH larger than 4 if we want to heal reflux esophagitis, and stress ulcer usually occurs with pH lower than
4[30]. Moreover, in the circumstance with pH > 4 post-operation according to our research, clearance of PPI which
is weak basic will significantly accelerate, and its function
will quickly weaken, disappear or even reverse[31]. In addition, with gastric pH > 4 in accordance with our study,
solubility of most new oral anti-carcinoma and molecular
targeting drugs decreases significantly and interactions
between them intensify. If we further increase pH inside
the stomach, the situation may become worse[32].
After gastrectomy, our finding also suggested that
larger body mass index resulted in greater change in unfit
feeling caused by reflux. Interestingly, higher potassium
ion level also contributed to greater GERD-Q score
change, while gender, age, TNM classification, sodium
and bicarbonate ions, and urea nitrogen were not influential. Both vagus nerve trunks or the gastric brunch of
the nerve were cut off during gastrectomy, and this leads
to a potential change in gastric emptying after operation, which might also contribute to GERD symptoms.
However, we have not got any data available to suggest
the influence of this factor in our study. The bivariate
correlations between potassium, sodium and bicarbonate
ions aroused our interest, and we are further working on
it, hoping to uncover the mechanism.
Still, further study is needed to uncover whether acid
suppression will cause more terrible discomfort and
potential disastrous consequences than non-acid suppression post gastrectomy in the long run, and we are
keeping track of the patients studied. Also, we need to
further analyze the potential function of reflux contents
and maybe we should transfer our attention to other possible damaging factors like bile acid and bilirubin rather
than acidity, and change in eating habits and contents in
order to improve our patients’ post-gastrectomy QOL
and prognosis.
This study is mainly limited by the original method
for collecting gastrointestinal juice applied, the specific
surgical approaches conducted, neglect of the influence
of a potential change in gastric emptying due to vagus
nerve blocking on GERD symptoms after gastrectomy,
and the fact that this is mainly a symptom study while the
pathological data of successive diseases related to reflux
including esophagitis were not available in analysis.
In conclusion, patients with gastric cancer suffer from
weak- or non-AR post-surgery, and acidity is not an important factor causing discomfort among them. It is not
a wise choice to further decrease gastric acidity both pre-
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New index to predict esophageal variceal bleeding in
cirrhotic patients
Xiao-Dan Xu, Jian-Jun Dai, Jian-Qing Qian, Xun Pin, Wei-Jun Wang
pleted follow-up evaluations for an average of 31.6
mo (range: 12 to 47 mo). Fifty-one (12.3%) patients
experienced EVB. The change in the MELD score over
three months (ΔMELD), LGVV and LGVBFD were independently associated with EVB occurrence. MELDUS-Doppler Index (MUI), a new index, was developed
and calculated using the following logistic regression
equation: MUI = Logit (P) = 1.667 (ΔMELD) + 2.096
(LGVV) - 3.245 (LGVBFD) - 1.697. The area under the
receiver operating characteristic curve for prediction
of EVB occurrence was significantly higher for the MUI
[0.858 (95%CI: 0.774-0.920)] than for ΔMELD [0.734
(95%CI: 0.636-0.817); P < 0.05], LGVV [0.679 (95%CI:
0.578-0.769); P < 0.05] or LGVBFD [0.726 (95%CI:
0.627-0.810); P < 0.05] alone. When the MUI was set
at 46, the index had high diagnostic accuracy (85.8%),
with high specificity (80%) and sensitivity (87.27%).
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CONCLUSION: The MUI, a noninvasive and affordable
index, can predict EVB occurrence in decompensated
cirrhotic patients and serve as an alternative when conventional endoscopic screening is declined.

Abstract
AIM: To develop a safe, simple, noninvasive and affordable system to predict esophageal variceal bleeding
(EVB) in decompensated cirrhosis patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Portal hypertension; Ultrasound-Doppler;
Esophageal variceal bleeding; Decompensated cirrhosis; Endoscopy

METHODS: Four hundred and eighty-six patients with
decompensated cirrhosis (238 males and 248 females),
with a mean age of 63.1 ± 11.2 years, were admitted
to Changshu Affiliated Hospital of Suzhou University between May 2008 and March 2011. Patients enrolled in
this study underwent ultrasound-Doppler (US-Doppler)
to assess left gastric vein (LGV) blood flow velocity
(LGVV) and blood flow direction (LGVBFD), and were
evaluated by the Model For End-Stage Liver Disease
(MELD) scoring system. All patients received followup evaluations every three months. The resulting data
were entered into a database after each time point collection.

Core tip: Bleeding is a common occurrence in cirrhotic patients with portal hypertension and establishing indicators of risk is critical. Although screening by
endoscopy is the recommended approach for patients
with decompensated cirrhosis, it is an invasive, uncomfortable and costly procedure. In the present study, a
new index that combines ultrasound-Doppler and the
Model For End-Stage Liver Disease was evaluated as a
suitable alternative. This MUI represents a noninvasive,
low-cost and convenient method for assessing the risk
of esophageal variceal bleeding in decompensated cirrhotic patients.

RESULTS: Four hundred and sixteen patients com-
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patients provided informed consent prior to study enrollment. The following exclusion criteria were applied: (1)
patients who declined the evaluation schedule; (2) patients with hepatocellular carcinoma; (3) patients who frequently took medicines such as proton pump inhibitors,
propranolol or antivirals; and (4) patients who underwent
a splenectomy, received transjugular intrahepatic portosystemic shunts (TIPS), sclerotherapy, or band ligation
endoscopic treatments before or after enrollment in this
study. A total of 486 decompensated cirrhotic patients
(238 males and 248 females), with an average age of 63.1
± 11.2 years, were enrolled in the study between May
2008 and March 2011 at the Changshu Affiliated Hospital
of Suzhou. A diagnosis of decompensated cirrhosis was
made after analyzing a combination of physical, laboratory and radiological examination results. A diagnosis of
EVB was confirmed when esophageal varices with stigmata from recent bleeding (e.g., fibrin plug on the varix,
adhered blood clot, etc.) or active bleeding (e.g., oozing or
spurting blood) were observed by endoscopy.

Xu XD, Dai JJ, Qian JQ, Pin X, Wang WJ. New index to predict esophageal variceal bleeding in cirrhotic patients. World J
Gastroenterol 2014; 20(22): 6989-6994 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/6989.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.6989

INTRODUCTION
In patients with cirrhosis, esophageal varices are commonly observed, with an estimated prevalence of 50%[1].
After esophageal varices have formed, the annual risk for
bleeding can range from 10% to 30%[2,3]. In patients with
decompensated cirrhosis, acute esophageal variceal bleeding (EVB) represents a predominant cause for morbidity
and mortality. Due to the increased risk of fatality in cirrhotic patients with EVB, the risk status in patients must
be routinely evaluated such that the appropriate prophylactic therapy is administered to prevent variceal bleeding events. Typically, the EVB risk is assessed through
endoscopic screening to assign a grade to the varices and
determine if red signs are present, which is currently recommended for all patients with diagnosed cirrhosis[4-6].
Endoscopy, however, is invasive, painful and costly, especially to those in developing countries, which ultimately
limits the frequency of examinations.
One way to overcome the obstacle of frequent endoscopies is to develop a safe, noninvasive and affordable system to better predict the risk of variceal hemorrhage in cirrhotic patients. An ultrasound approach that
includes duplex ultrasonography and color Doppler is
a simple, precise, noninvasive and affordable imaging
method that is predominantly used to diagnose and stage
cirrhotic portal hypertension. The Model for End-stage
Liver Disease (MELD) prognostic scoring system, which
has an equal or better predictive ability than the traditional Child-Pugh system, is another method to evaluate
portal hypertension for short- or intermediate-term outcome[7-9]. Monitoring changes in the MELD score over
time (ΔMELD) has also been proposed as another way
to estimate the risk for complications[10]. Patients with a
rapidly worsening ΔMELD score are at risk for more severe liver disease and complications such as EVB, which
ultimately increase the risk of mortality.
The objective, noninvasive and affordable natures
of the MELD score and color ultrasound-Doppler (USDoppler) allow data to be obtained quickly. The capability of a combined approach using the MELD scoring
system and US-Doppler to predict EVB has not yet been
described. In the present study, the predictive capability
of a new index, the MELD-US-Doppler Index (MUI),
was evaluated in a cohort of cirrhotic patients.

Patient follow-up
Patients enrolled in this study were subjected to US-Doppler and MELD evaluations every three months. After
each patient evaluation, the database was updated with
the newly obtained data. The occurrence of EVB served
as the end point for patient follow-up. Patients who died
for reasons unrelated to cirrhosis or were unable to be
reached for follow-up were excluded from the trial.
MELD score and ΔMELD
MELD scores were calculated as specified by the United
Network of Organ Sharing (UNOS) database using the
following equation: MELD = 9.57 [Ln creatinine (mg/
dL)] + 3.78 [Ln bilirubin (mg/dL)] + 11.2 (Ln international normalized ratio) + 6.43 (constant for liver disease
etiology). For calculations, the minimum values were set
to 1. The maximum serum creatinine level applied to the
MELD score equation was 4.0 mg/dL. The change in the
MELD score over a three month period was represented
as ΔMELD.
Color US-Doppler
One of two sonographers (WMF and YYG, each with
over 20 years of experience), who were blinded to the
clinical data for the study duration, performed all examinations using an Aplio color US-Doppler unit (Toshiba,
Tokyo, Japan) and a 3.75 MHz phased array curved electronic probe. All patients were imaged while resting (>
15 min) in a supine position the morning following an
overnight fast. Quantitative measurements were obtained
during a brief inspiratory apnea. To obtain images, the
transducer was oriented along the longitudinal axis of
the portal vein (PV) and splenic vein (SV), and Doppler
traces were obtained at an insonation angle < 60°. The
Doppler signal for the PV was obtained at the halfway
point between the convergence of the splenic and superior mesenteric veins, and the PV hilar split. For the SV,

MATERIALS AND METHODS
Patients
This study was approved by the ethical committee of
Changshu Hospital, a Suzhou University affiliate. All
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Table 1 Patient characteristics and results
EVB+ (n = 51)

Variable
Age (yr)
Sex (male/female)
Etiology of liver disease
Hepatitis B virus
Primary biliary cirrhosis or primary sclerosing cholangitis
Alcohol-related liver disease
Schistosomiasis-associated liver disease
MELD score
ΔMELD score
US parameters
PV diameter (cm)
PV velocity (cm/s)
PV flow (mL/min)
SV diameter (cm)
SV velocity (cm/s)
SV flow (mL/min)
LGV diameter (cm)
LGV velocity (hepatopetal) (cm/s)
LGVBFD (hepatofugal)
Spleen longitudinal diameter (cm)

EVB- (n = 365)

P value

67.5 ± 13.4
27/24

62.3 ± 11.8
201/164

0.0085
0.7749

36
0
1
14
26.5 ± 9.8
1.89 ± 1.23

255
2
4
104
18.9 ± 10.3
0.66 ± 0.47

0.9157
0.5962
0.5955
0.8771
0.0000
0.0001

1.37 ± 0.25
16.9 ± 10.1
809 ± 396
1.23 ± 0.45
27.1 ± 11.3
1124 ± 412
0.73 ± 0.33
-21.1 ± 8.1
49
20.7 ± 4.1

1.31 ± 0.18
19.9 ± 8.4
776 ± 412
1.01 ± 0.23
29.1 ± 12.0
896 ± 331
0.61 ± 0.21
14.1 ± 6.9
73
18.6 ± 3.6

0.0979
0.0428
0.5907
0.0006
0.2623
0.0002
0.0115
0.0002
0.0000
0.3356

EVB+: Patients with esophageal variceal bleeding; EVB-: Patients without esophageal variceal bleeding; LGV: Left gastric vein; LGVBFD: LGV blood flow
direction; MELD: Model for End-stage Liver Disease; PV: Portal vein; SV: Splenic vein; US: Ultrasound.

the Doppler signal was obtained halfway between the
spleen and the PV, prior to the left gastric vein (LGV).
The LGV appears as a tubular structure within the gastrohepatic ligament near the esophagogastric junction,
emanating from the SV or PV with blood flowing towards the head. The maximum diameter of the LGV was
measured from long-axis sonograms taken in the sagittal
or transverse oblique plane, depending on the orientation
of the vein. The direction of the LGV blood flow was
assessed with respect to the portal system (hepatopetal vs
hepatofugal). Software associated with the US unit was
used to calculate velocity and flow for each vessel.

racy. All statistical tests were two-tailed and the threshold
for statistical significance was set at P < 0.05.

RESULTS
Seventy of the original 486 patients were excluded from
the trial. Of these, 43 patients declined to undergo USDoppler or MELD evaluation during the first threemonth follow-up, 12 patients had been medicated with
proton pump inhibitors, propranolol or antivirals, eight
patients underwent a splenectomy and seven patients
received other endoscopic procedures after study enrollment. A total of 416 patients were followed until March
2012, with a mean follow-up period of 31.6 mo (range:
12-47 mo). Fifty-one patients had an EVB episode (EVB+
group), while the remaining 365 patients did not (EVBgroup), resulting in an incidence of 12.3%. The characteristics and results for the EVB+ and EVB- groups are
displayed in Table 1.

Statistical analysis
All statistical analyses were performed with SPSS 13.0
(IBM, Chicago, IL, United States) and MedCalc 12.7.0.0
(MedCalc Software, Ostend, Belgium). For analysis of
categorical data, a χ 2 test or Fisher’s exact test (two-tailed)
was used, while an independent samples t-test was used
to analyze continuous data. A normality test was applied
to continuous data to ensure that a t-test was the most appropriate to use. All patient characteristics are expressed
as mean ± SD or as percentages when appropriate. A
multivariate logistic regression analysis with the Wald test
was used to analyze MELD scores. The ΔMELD and US
parameters were analyzed to identify the independent factors that were predictive of EVB risk. Variables from the
univariate analysis with a P value < 0.20 were analyzed by
multivariate logistic regression analysis to identify independent predictive factors. Receiver operating characteristic (ROC) curves were constructed for the independent
predictive factors, and the area under the curve (AUC)
was then determined. To define the best discriminating
probability threshold, sensitivity, specificity and predictive
values were calculated and compared for diagnostic accu-
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EVB prediction by univariate and multivariate logistic
regression analyses
Patients in the EVB+ group were significantly older
than in the EVB- group (67.5 ± 13.4 years vs 62.3 ± 11.8
years; P < 0.05) and had significantly higher MELD (26.5
± 9.8 vs 18.9 ± 10.3; P < 0.05) and ΔMELD (1.89 ± 1.23
vs 0.66 ± 0.47; P < 0.05) scores. EVB+ patients also had
significantly larger diameters of the SV (1.23 ± 0.45 cm
vs 1.01 ± 0.23 cm; P < 0.05) and LGV (0.73 ± 0.33 cm
vs 0.61 ± 0.21 cm; P < 0.05), and significantly higher SV
blood flow (1124 ± 412 mL/min vs 896 ± 331 mL/min;
P < 0.05). Moreover, the EVB+ group demonstrated a
significantly higher proportion of patients with hepatofugal LGV blood flow (49/51 patients vs 73/365 patients;
P < 0.05) and with a higher velocity (21.1 ± 8.1 cm/s vs
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highly selective subgroup of cirrhotic patients. Despite
this caveat, the MELD score provides a reliable shortterm survival estimate for a broad spectrum of liver
diseases[17]. The MELD scoring system was then adopted
by UNOS in February 2002 as a way to prioritize livers
for transplantation. A more recent study performed by
Merion et al[10] analyzing the utility of MELD in assessing
survival of patients awaiting liver transplantation, showed
that a change in the MELD over a 30-day period was
a better predictor of mortality than a one-time MELD
score. The alterations in prothrombin time and serum bilirubin and creatinine levels are factors known to perturb
the MELD score. Increased MELD scores are indicative
of more severe liver disease and may signify the presence
of complications, such as EVB, which ultimately increase
the risk for patient mortality.
The results of this prospective study further demonstrate the prognostic value of the MELD score in prediction of EVB risk in cirrhotic patients. The change in
MELD score over time provides a more dynamic profile
of disease severity that may be indicative of cirrhotic
complications. Previously, most studies have calculated
a change in the MELD score over a one-month time interval[18,19], which is insufficient for an accurate estimate
of the dynamically occurring changes. Moreover, the
frequency of MELD score evaluations may incite patient
resistance to follow-up visits. To overcome this obstacle,
the follow-up interval in this study was lengthened to
three months. A multivariate logistic regression analysis
demonstrated that the ΔMELD score was an independent predictive factor for EVB risk, indicating that patients with a rapid deterioration in liver function, and thus
a higher ΔMELD, are at a higher risk for EVB.
Portal hypertension, characterized by an increase
in PV pressure, is caused by a blockage in blood flow
through the liver. This increase in PV pressure results in
the development of varices in the stomach and esophagus in an effort to bypass the blockage. These enlarged
vessels are fragile and bleed more easily. Noninvasive,
rapid, highly sensitive and specific ultrasound approaches
such as duplex ultrasonography or color US-Doppler are
the modalities of choice to examine patients for bleeds.
Although attention has been predominantly focused on
measurement of PV and SV size, dilation of the LGV
can also occur as a result of portal hypertension. LGV
blood flow direction and velocity within its trunk and
branches may affect blood flow to esophageal varices or
contribute to their development. To support this idea,
previous studies have demonstrated a strong correlation between LGV hepatofugal blood flow velocity and
EVB[20-23]. To this end, Wachsberg et al[22] showed that
portal hypertension patients with preserved hepatopetal
LGV flow were at a lower risk for bleeding. In the present study, the EVB+ group had a significantly higher
proportion of patients with hepatofugal LGV blood
flow and significantly larger LGV diameters. However,
a multivariate logistic regression analysis showed that
hepatofugual LGV blood flow and an enlarged LGV diameter were not independent predictive factors for EVB.

Table 2 Multivariate logistic regression analysis
Variable

Coefficient

SE

Wald

P value

OR (95%CI)

ΔMELD
LGVV
LGVBFD
Constant

1.667
2.096
-3.245
-1.697

0.781
0.658
1.271
0.659

4.719
13.116
7.001
6.635

0.023
0.001
0.006
0.010

6.195 (1.193-22.624)
7.129 (2.725-24.256)
23.306 (2.376-337.186)
0.183

ΔMELD: Change in the Model for End-stage Liver Disease score over a
period of three months; LGVBFD: Left gastric vein blood flow direction;
LGVV: Left gastric vein blood flow velocity.

14.1 ± 6.9 cm/s; P < 0.05), while the velocity of the PV
was significantly lower (16.9 ± 10.1 cm/s vs 19.9 ± 8.4
cm/s; P < 0.05). Furthermore, multivariate analyses identified ΔMELD, LGVV and LGV blood flow direction
(LGVBFD) as being independently associated with EVB
occurrence (Table 2). Hepatopetal LGVBFD results in
an LGVBFD of 1 and a negative value for the LGVV.
Hepatofugal blood flow results in an LGVBFD of -1 and
a positive value for the LGVV.
Diagnostic accuracy for EVB occurrence
As indicated by the logistic regression model, the predicted probability of EVB occurrence in cirrhotic patients was due to an increase in ΔMELD and LGVV and
a decrease in the hepatopetal LGV blood flow. Thus a
new index was proposed, the MELD-US-Doppler index
(MUI), which includes ΔMELD, LGVV and LGVBFD
in order to strengthen the diagnostic accuracy: MUI =
Logit (P) = 1.667 (ΔMELD) + 2.096 (LGVV) - 3.245
(LGVBFD) - 1.697. The AUCs for prediction of EVB
occurrence were substantially higher for the MUI compared to the ΔMELD, LGVV or LGVBFD alone (Figure
1). The highest diagnostic accuracy (85.8%) was demonstrated with a MUI of 46, with a specificity of 80%
(95%CI: 65.4-90.4) and a sensitivity of 87.27% (95%CI:
75.5-94.7).

DISCUSSION
In cirrhotic patients, esophageal varices are a common
complication, occurring in 35% to 80% of individuals.
Approximately one-third of patients with esophageal
varices will go on to develop EVB, a potentially fatal
complication[11-14], with 70% of these at risk for additional bleeding episodes[15]. Prophylactic therapies such
as endoscopic variceal ligation, sclerotherapy and surgery
should be offered to patients at high risk for EVB. The
serious nature of EVB and its complications necessitates
the development of a reliable system to predict the risk
of bleeding in patients. Although screening by endoscopy
is currently recommended for all cirrhotic patients[1-5], can
identify esophageal varices and provide information on
variceal severity, the procedure is difficult to implement in
developing countries due to the high cost, inconvenience
and potential complications.
The MELD system, initially developed to assess mortality risk in patients receiving TIPS[16], was based on a
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sible. Third, the current study was a single-center study,
and independent external validation in other patient populations is required to validate the predictive ability of the
MUI. Fourth, as MELD score is particularly effective in
predicting one-year patient survival[24,25], an investigation
of the predictive ability for the MUI in an intermediateterm is needed.
In conclusion, the newly developed MUI presented
here is a noninvasive, affordable and convenient index to
assess EVB risk in decompensated cirrhosis patients. It is
a suitable alternative for patients who have declined regular screening via endoscopy. It is currently unclear whether the MUI can reduce the requirement for screening
endoscopies, and future prospective studies are warranted
to further validate the clinical strength of this index.

100

Sensitivity

80

60

40

MUI
∆MELD
LGVBFD
LGVV

20

0
0

20

40
60
100-Specificity

80

100

Figure 1 Comparison of the Model for End-Stage Liver Disease-ultrasound-Doppler index to the ΔModel for End-Stage Liver Disease, left
gastric vein blood flow velocity and left gastric vein blood flow direction
for diagnostic accuracy. The MELD-US-Doppler Index (MUI) (blue dotted
line) had a significantly higher AUC compared to the ΔMELD alone (red dotted
line) [0.858 (95%CI: 0.774-0.920) vs 0.734 (95%CI: 0.636-0.817); P < 0.05].
Additionally, the AUC for the MUI was significantly higher than those for the
LGVBFD alone (orange dotted line) [0.726 (95%CI: 0.627-0.810); P < 0.05] and
the LGVV alone (green dotted line) [0.679 (95%CI: 0.578-0.769); P < 0.05].
AUC: Area under the receiver operating characteristic curve; ΔMELD: The
change in the MELD score over a period of three months; LGVBFD: Left gastric
vein blood flow direction; LGVV: Left gastric vein blood flow velocity.
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Background

A predominant cause of morbidity and mortality in decompensated cirrhosis
patients is acute esophageal variceal bleeding (EVB). To determine whether a
cirrhotic patient is at risk for EVB, they must undergo screening endoscopies to
grade the varices and look for the presence of red signs. However, screening
endoscopies are invasive, uncomfortable and expensive to those in developing
nations, thus the frequency of endoscopic examination is often quite limited.

Research frontiers

The Model for End-stage Liver Disease (MELD) score is widely used in Western countries to evaluate the status of cirrhotic patients, and has been adopted
by the United Network of Organ Sharing to prioritize patients awaiting a liver
transplant from a deceased donor. Increased MELD scores are indicative of
more severe liver disease and may signify the presence of complications such
as EVB, which ultimately increase the risk for patient mortality. Analysis of the
patient’s liver through an ultrasound approach using duplex ultrasonography
and color Doppler is a noninvasive, affordable and simple method to diagnose
and stage cirrhotic portal hypertension.

Rather, the results indicate that both the LGVV and the
LGVBFD were independently associated with incidences
of EVB.
An ROC analysis demonstrated that the ΔMELD,
LGVV, or LGVBFD alone were insufficient in providing
diagnostic accuracy for EVB prediction. When the three
independent factors were combined to form the MUI,
however, a significant diagnostic accuracy was achieved,
with a high AUC. Moreover, a MUI of 46 provides high
sensitivity, specificity and positive and negative predictive
value for the study population. By establishing the above
cutoff value, a correct prediction for EVB would have
been obtained in 85.8% of patients, without the need for
an invasive endoscopy. Thus, the MUI represents a lowcost, convenient and noninvasive index to predict EVB
occurrence during a short time-period (three months).
The combination of a rapid increase in the MELD score,
indicating liver function deterioration, with an increase
in hepatofugal LGV blood flow leads to portal hypertension, ultimately causing varices to become fragile and
more prone to bleeding.
Although this study demonstrates that a newly developed MUI results in an improved diagnostic accuracy
for EVB prediction, there are still some limitations of
this study. First, the results suggest that a small percentage of high-risk patients could be improperly diagnosed
with EVB, which can have serious consequences for the
patient. For example, seven patients in the EVB+ group
would have been misdiagnosed. Second, because a majority of the patients were unwilling to undergo frequent
screening endoscopies, a side-by-side comparison of the
predicative ability of the MUI vs endoscopy was impos-
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Innovations and breakthroughs

This study demonstrates the use of a new index combining the MELD score
and ultrasound-Doppler, the MUI, to predict EVB in a cohort of cirrhotic patients.

Applications

The MELD-US-Doppler Index (MUI) is a noninvasive, affordable and convenient
index to assess EVB risk in decompensated cirrhosis patients, and is a suitable alternative for patients who have declined regular endoscopic screening.
However, it is currently unclear whether the MUI can reduce the requirement for
screening endoscopies, and future prospective studies are warranted to further
validate the clinical strength of this index.

Terminology

MELD score is a widely used index to evaluate the status of cirrhotic patients
and is based on the following objective parameters: total bilirubin, prothrombin
time, international normalized ratio and serum creatinine. Portal hypertension, when portal pressure rises above 12 mmHg, is a feature associated with
several disease conditions, though cirrhosis is the most common cause. Portal
hypertension can promote the formation of esophageal varices, or enlarged
vessels, which can lead to massive gastrointestinal hemorrhage.

Peer review

The study presented here is a useful and clinically relevant study on a newly
developed index, the MUI, to evaluate the risk of esophageal variceal bleeding
in cirrhotic patients. The MUI represents a suitable alternative for patients that
have declined screening by endoscopy.
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OBSERVATIONAL STUDY

Risk factors and therapeutic results of early local recurrence
after transcatheter arterial chemoembolization
Woo Sun Rou, Byung Seok Lee, Hee Seok Moon, Eaum Seok Lee, Seok Hyun Kim, Heon Young Lee
local recurrence group, which were significantly lower
than those in both the late local and no local recurrence groups (P < 0.001). On multivariate analyses,
non-compact lipiodol uptake, large tumor size, and
an alpha-fetoprotein > 20 ng/mL after achieving a CR
were significant predictors. When TACE was performed
for early and late locally recurrent lesions, a CR was observed in 15 patients (41.7%) and 11 patients (78.6%),
and the cumulative recurrence rates at 6, 12, and 24
mo were 17.9%, 43.3%, and 71.2%, respectively,
which did not differ significantly from those after the
first CR of 20.5%, 44.0%, and 58.6%, respectively (P
= 0.639).

Woo Sun Rou, Byung Seok Lee, Hee Seok Moon, Eaum
Seok Lee, Seok Hyun Kim, Heon Young Lee, Division of
Gastroenterology, Department of Internal Medicine, Chungnam
National University College of Medicine, Daejeon 301-721,
South Korea
Author contributions: Lee BS contributed to the conception,
design, analysis, and supervision of the study; Rou WS performed the research, designed the study, analyzed the data, and
wrote the manuscript; Moon HS and Lee ES contributed to the
analysis and discussion; Kim SH and Lee HY contributed to the
discussion and review of the manuscript.
Correspondence to: Byung Seok Lee, Professor, Division of
Gastroenterology, Department of Internal Medicine, Chungnam
National University College of Medicine, 282 Munwha-ro, Junggu, Daejeon 301-721, South Korea. gie001@cnuh.co.kr
Telephone: +82-42-2807125 Fax: +82-42-2544553
Received: November 20, 2013 Revised: January 27, 2014
Accepted: March 7, 2014
Published online: June 14, 2014
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early local recurrence of HCC.
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Abstract
AIM: To identify factors affecting early local recurrence
after transcatheter arterial chemoembolization (TACE)
and investigate treatments and outcomes for local recurrence.

Core tip: We analyzed the risk factors for early local
recurrence following transcatheter arterial chemoembolization (TACE) and investigated the treatment method
and therapeutic results for local recurrence. This study
showed that patients with early local recurrence had
significantly lower survival rates and unfavorable treatment responses to repetitive TACE. Therefore, careful
follow-up is believed to be necessary in patients exhibiting risk factors for early local recurrence, such as noncompact lipiodol uptake, large tumors, and an alphafetoprotein level > 20 ng/mL. Moreover, there was a
small chance of a complete response after TACE, and
considering other treatments or combining multiple
treatments would therefore be advisable.

METHODS: Early local recurrence and no early local
recurrence groups drawn from 134 patients who were
initially diagnosed with hepatocellular carcinoma (HCC)
and showed a complete response (CR) to TACE treatment between January 1, 2006, and January 31, 2012,
were analyzed by univariate and multivariate analyses.
Additionally, the subsequent treatment for patients with
recurrence was analyzed, and in cases in which TACE
had been performed, the cumulative recurrence rates
were calculated using the Kaplan-Meier method and
compared with those of the primary lesion.
RESULTS: The 1-, 2-, and 3-year survival rates were
92.3%, 60.2%, and 39.8%, respectively, in the early
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malignancies or who had delayed a procedure by more
than 3 mo after the diagnosis of HCC, 148 subjects
showed a CR, whereas 14 subjects showed a CR with
other methods such as RFA or resection; the latter were
thereby excluded from this study because they did not fit
the focus of this study. As such, 134 subjects ultimately
participated in this study (Figure 1).
HCC is diagnosed on the basis of histopathological findings or blood alpha-fetoprotein (AFP) levels and
radiologic evaluations satisfying the diagnostic criteria
of the American Association for the Study of Liver Diseases[12]. This study was approved by the Institutional Review Board at Chungnam National University Hospital,
Daejeon, South Korea.

transcatheter arterial chemoembolization. World J Gastroenterol
2014; 20(22): 6995-7004 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i22/6995.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.6995

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and has the third highest mortality rate[1]. Curative treatments for HCC include surgical
resection and radiofrequency ablation (RFA), but > 50%
of cases are not discovered until the disease has reached
the incurable stage[2]. The results of randomized controlled trials show that transcatheter arterial chemoembolization (TACE) increases survival rates in patients who
are ineligible for curative treatments[3,4]. In some studies,
survival rates similar to those of resection were reported
when the lipiodol used in the TACE procedure was kept
compact, even in cases in which surgical resection was
feasible[5].
However, studies have shown that intrahepatic local or distant recurrence commonly occurs after the
achievement of complete response (CR). Active treatment for recurrent lesions improves survival rates, but
the prognosis is generally unfavorable[6-9]. Therefore, the
early detection of recurrences and proper treatment are
important for improving survival rates. Local recurrence
and intrahepatic distant recurrence exhibit different risk
factors and characteristics[10]. Intrahepatic distant recurrence appears to develop in the presence of cirrhosis,
whereas local recurrence is known to be influenced by
insufficient treatment and tumor characteristics at the
time of diagnosis[8,10,11]. Thus, local and intrahepatic distant recurrences should be analyzed separately; however,
intrahepatic distant recurrent lesions have been evaluated
simultaneously in most studies[7,10], and few cases have
demonstrated the treatment effects on local recurrence.
Therefore, this study aimed to assess the risk factors
and survival outcomes for early local recurrence after
TACE and to investigate the treatment methods for local
recurrence and the therapeutic results.

Procedure of TACE
TACE was performed by two experienced interventional
radiologists. First, portal circulation was evaluated using superior mesenteric angiography with 5-French RH
(COOK, Bloomington, IN, United States) or Yashiro
(Terumo, Tokyo, Japan) angiocatheters. Hepatic angiography was then implemented, utilizing a coaxial microcatheter (Microferret; COOK; or Progreat; Terumo, Tokyo,
Japan or Renegade; Boston Scientific, Watertown, MA,
United States). The feeding artery of the hepatic tumors
was found, and the catheter was advanced to the distal
area. Doxorubicin hydrochloride emulsion (AdriamycinRDF; Ildong Pharm. Co. Ltd., Seoul, Korea) and lipiodol
(Lipiodol Ultra-Fluide; Guerbet, Paris, France) were
injected, and embolization was performed using gelatin
sponge particles (Cutanplast; Mascia Bruneli Spa, Milano,
Italy) or polyvinyl alcohol (Contour; Boston Scientific
Corp., Natick, MA, United States).
Definition of CR
Contrast-enhanced dynamic computed tomography (CT)
or magnetic resonance imaging was performed 1-3 mo
after TACE. In the hypervascular tumors, the absence
of contrast enhancement of all intra-hepatic lesions in
the arterial phase was defined as a CR. For the hypovascular tumors, however, compact lipiodol uptake without
any defect observed was defined as a CR[13]. If contrast
enhancements remained after TACE or hypovascular tumors without compact lipiodol uptake remained, TACE
was performed repeatedly until a CR was achieved. Local
recurrence was observed only in patients who achieved a
CR. Portal vein thrombosis (PVT) and extra-hepatic lesions rarely disappeared after TACE and were excluded
from the criteria of CR evaluation to assess its effects on
local recurrence.
In particular, the presence of lipiodol intake > 75%
with 200 Hounsfield units on pre-contrast CT images
was defined as compact uptake[8,14].

MATERIALS AND METHODS
Subjects
A total of 793 patients were first diagnosed with HCC
at Chungnam National University Hospital from January
2007 to January 2012. When curative treatments (liver
transplantation, resection, RFA) were difficult to perform due to tumor characteristics, indocyanine green test
results, decompensated liver function, jaundice, performance status, or age, or the patients rejected them, even
though the patients were satisfied with those conditions,
TACE was considered the primary treatment.
Of these 793 patients, 238 subjects received TACE
as a primary treatment method in our hospital. Among
them, excluding the patients who had other uncontrolled
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Treatment responses and follow-up
Patients identified as achieving a CR underwent examinations using the same methods every 3 mo. With regard
to lesions in which a CR was noted, the new detection of
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Patients with newly
diagnosed HCC in our
hospital (n = 793)

TACE as first treatment
(n = 266)

Complications
We retrospectively reviewed medical records and followup radiological findings for evidence of acute TACErelated complications for 238 patients (for a total of 523
TACE procedures), including non-CR patients.
Post-embolization syndrome was defined as the presence of fever (≥ 38.0 ℃), nausea, vomiting, the need for
the administration of analgesics, or the occurrence of
abdominal pain with a visual analogue scale (VAS) score
≥ 4 points. We used the VAS to evaluate abdominal pain
by indicating a position along a continuous line between
two end points (0 = no pain, 10 = maximum pain).
Hepatic failure after TACE was identified when at
least one of the following conditions was met within 2
wk after TACE: hepatic encephalopathy or ascites was
newly found; ascites was significantly increased; the
Child-Pugh score was increased by more than 2 points;
the overall serum bilirubin level was elevated by more
than twice the normal level if the pre-TACE level was
normal or the baseline level if the pre-TACE level was
abnormal; or the prothrombin time was increased by > 3
s compared with the baseline value[19-22].

LT or Resection (n = 116)
RFA or PEIT (n = 61)
Chemo- or Radiotherapy (n = 39)
No treatment (n = 189)
Insufficient data (n = 116)
CCC + HCC (n = 6)

TACE by other hospitals (n = 28)

Non-curable other cancer (n = 4)
Delayed TACE > 3 mo (n = 3)

CR was not achieved (n = 68)
Not evaluable (n = 15)
CR was achieved
(n = 148)
Achieved CR with other treatment:
RFA (n = 12)/Resection (n = 1)
RFA + Resection (n = 1)
CR was achieved using
only TACE (n = 134)

Statistical analysis
The patient clinical characteristics are expressed as the
mean and median. To compare the early and no early local recurrence groups, significant factors were evaluated
by univariate and multivariate analyses through binary
logistic regression. The Kaplan-Meier method was used
in the analyses of cumulative survival rates and cumulative recurrence rates between groups, and the differences
between them were compared using a log-rank test. To
compare the TACE treatment results between cases with
a first CR and cases with a second CR after additional
TACE was performed because of the first local recurrence, the cumulative recurrence rate was calculated, and
differences between groups were analyzed using the logrank test. Statistical analyses were performed using SPSS
15.0 for Windows (SPSS Inc., Chicago, IL, United States).
P values < 0.05 were considered statistically significant.

Figure 1 Flow chart summarizing patient outcomes. A: Insufficient data due
to transfer to other hospital or loss to follow-up; B: TACE was delayed more
than 3 mo from the time of diagnosis. LT: Liver transplantation; PEIT: Percutaneous ethanol injection therapy; CCC: Cholangiocarcinoma; TACE: Transcatheter arterial chemoembolization.

contrast-enhanced lesions in the arterial phase, contrastlost lesions in the portal and venous phase at the tumor margin, or an increase in lesion size after CR was
achieved were considered local recurrences[7,8,15-17]. According to the duration from the first CR to recurrence,
local recurrence within 1 year and local recurrence after 1
year were defined as early local recurrence and late local
recurrence, respectively[10,18].
In cases of local recurrence, treatment methods were
analyzed after dividing the patients into early and late local recurrence groups. After 1-3 mo, cases in which the
contrast-enhanced lesions in the arterial phase in the recurrence area disappeared on radiological evaluation were
considered to have achieved a second CR. This study
aimed to analyze the effects of locally recurrent lesions,
and the treatment outcomes of distant intra-hepatic recurrence observed in the follow-up after the CR were
therefore excluded from the criteria of a second CR.
However, the frequency of distant intra-hepatic recurrence is described separately.
Patients lost to follow-up within 1 year and those who
died were excluded from the analyses of survival rates
and risk factors in the early and late recurrence groups, as
the presence of early local recurrence could not be determined. The reasons for this are reported.

WJG|www.wjgnet.com

RESULTS
Patient clinical characteristics
The mean patient age was 63.1 years, and 89 (66.4%) of
the patients were men. Viral hepatitis B infection was the
most frequent cause of HCC (73 subjects, 54.5%), followed by viral hepatitis C infection (24 subjects, 17.9%)
and alcohol consumption (22 subjects, 16.4%). According to the Child-Pugh classification, hepatic function was
classified as class A in 93 patients (69.4%), as class B in
39 subjects (29.1%), and as class C in two subjects (1.5%).
Regarding the tumor characteristics, 88 (65.7%) and 46
(34.3%) patients had solitary and multiple lesions, respectively, and the median tumor diameter was 2.6 cm (range,
1.0-12.7 cm). Nine patients (6.7%) had concomitant PVT.
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time.
The patient who underwent resection showed decompensated cirrhosis with a 1.2-cm hypervascular tumor at
the time of diagnosis, and TACE was performed because
the lesions were not clearly visible on ultrasonography.
Wedge resection was then performed for the treatment
of local recurrence, and no recurrence has been noted
since.
Radiotherapy was employed in two patients. The first
patient’s condition has been stable for 1.5 years. However,
the disease progressed in the other patient and resulted
in an incomplete response after additional TACE. Since
then, that patient has received conservative treatment after chemotherapy.

Table 1 Baseline patient characteristics n (%)
Characteristic

Total patients, n = 134

Male sex
89 (66.4)
Age, yr, mean ± SD
63.1 ± 10.4
Etiology of primary hepatic tumor
Viral hepatitis B infection
73 (54.5)
Viral hepatitis C infection
24 (17.9)
Alcohol consumption
22 (16.4)
Others
9 (6.7)
Viral infection + alcohol consumption
6 (4.5)
Decompensated cirrhosis
51 (38.1)
Child-Pugh class (A/B/C)
93 (69.4)/39 (29.1)/2 (1.5)
Portal hypertension (present)
93 (69.4)
Tumor related characteristics
Tumor maximal diameter, median (range)
2.6 (1.0-12.7)
Tumor number (single/multiple)
88 (65.7)/46 (34.3)
Portal vein thrombosis (present)
9 (6.7)
Well defined/infiltrating
131 (97.8)/3 (2.2)
Ruptured HCC
4 (3.0)
Tumor staging (AJCC 7th edition)
84 (62.7)
Stage Ⅰ
Stage Ⅱ
36 (26.9)
Stage ⅢA/ⅢB/ⅢC
7 (5.2)/5 (3.7)/Stage ⅣA/ⅣB
-/2 (1.5)
Laboratory finding
Total bilirubin, mg/dL, median (range)
0.90 (0.20-5.20)
Prothrombin time, s, mean ± SD
13.41 ± 2.10
Albumin, mg/dL, mean ± SD
3.61 ± 0.53
TACE no. to CR (1/2/3/≥ 4)
107/19/5/3
(79.9/14.2/3.7/2.2)

Comparison of early and late locally recurrent lesions in
patients treated with TACE when local recurrence was
detected
Comparing the factors that could possibly affect the
TACE therapeutic result, no significant differences were
observed in the number of lesions, median maximal tumor diameter by procedure, Child-Pugh class, age, sex,
PVT incidence, lipiodol uptake, post-CR AFP, or the
presence of decompensated liver cirrhosis at the time of
treatment. A total of 19 of 36 patients in the early recurrence group had a maximum recurrent lesion diameter >
2 cm, a proportion that was significantly larger than that
in the late recurrence group (3/14) (P = 0.045, Pearson’s
2
χ test).

AJCC: American Joint Committee on Cancer; HCC: Hepatocellular carcinoma; SD: Standard deviation; TACE: Transcatheter arterial chemoembolization; CR: Complete response.

Comparison of cumulative survival rates in the early
local recurrence group
The overall survival rates of the 134 patients were 93.0%,
77.0%, 62.3%, and 32.2% at 1, 2, 3, and 5 years, respectively. A total of 117 subjects, except for 17 patients
who died or were lost to follow-up within 1 year, were
analyzed following their classification into the early local
recurrence, late local recurrence, and no local recurrence
groups. Accordingly, the early local recurrence group
showed 1-, 2-, 3-, and 5-year survival rates of 92.3%,
60.2%, 39.8%, and 26.6%, respectively; the late local recurrence group showed rates of 100.0%, 94.4%, 94.4%,
and 41.3%, respectively; and the no local recurrence
group had rates of 100.0%, 95.4%, 77.8%, and 41.3%,
respectively (Figure 3).
Nine patients died within 1 year. Among them, five
died due to hepatic dysfunction and progression of the
hepatic tumor (hepatic failure, two; hepatorenal syndrome, one; hepatic tumor, one; unknown, one), whereas
four patients died of other conditions (cerebral hemorrhage, one; tension pneumothorax, one; pneumonia,
two). Five patients were lost to follow-up. The other
three patients underwent resection or liver transplantation within 1 year, and the embolized lesions were removed; because the presence of recurrence could not be
confirmed in these patients, they were excluded from the

A total of 107 (79.9%), 19 (14.2%), 5 (3.7%), and 3
(2.2%) cases achieved a CR after one, two, three, and four
rounds of TACE, respectively (Table 1).
Local recurrence and treatment methods after the first
CR
A CR was noted in a total of 134 subjects, and the mean
follow-up duration was 26.4 months (range, 2.3-66.0 mo).
Among these subjects, early local recurrence was found in
52 subjects, late local recurrence was observed in 19 subjects, and no detectable local recurrence by the last examination was noted in 63 subjects. Among the 52 patients
with early local recurrence, TACE was performed on 36
(69.2%); of those, a CR was achieved a second time in 15
subjects (41.7%). Among the 19 patients with late local
recurrence, TACE was performed on 14 subjects (73.7%);
of them, a CR was noted in 11 subjects (78.6%) (Figure 2).
RFA, resection, and radiotherapy were employed in
two, one, and two patients with early local recurrence,
respectively. Among the patients who received RFA, one
had 1.7-cm and 1.4-cm hypervascular tumors, and the
other had a 3.1-cm hypovascular tumor and a 1.0-cm
hypervascular tumor at the time of diagnosis. RFA was
performed for the 1.4-cm and 3.1-cm locally recurrent
tumors. Recurrence has not been observed since that
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All patients (n = 134)

First local recurrence within 1 yr (n = 52) or after 1 yr (n = 19)

1

RFA (n = 2/0)

1

1

Surgery (n = 1/0)

1

TACE (n = 36/14)

Complete response
1
(n = 15/11)

Radiotherapy (n = 1/1)

Loss to follow up, death
1
(n = 12/4)

Incomplete response
1
(n = 21/3)

nd

2 local recurrence
1
(n = 8/5)

Incomplete response
1
(n = 1/0)

1

38 patients (n = 30/8)

1

1

RFA (n = 1/0)

1

Radiotherapy (n = 3/0)

TACE (n = 13/6)

Complete response
1
(n = 7/3)

Loss to follow up, death
1
(n = 13/2)

Incomplete response
1
(n = 6/3)

rd

3 local recurrence
1
(n = 5/0)

1

14 patients (n = 11/3)

1

RFA (n = 1/0)

1

Radiotherapy (n = 2/0)

1

TACE (n = 6/0)

Loss to follow up, death
1
(n = 2/3)

Figure 2 Flow chart shows the first, second, and third local recurrences and the following treatments. 1n = patients with local recurrence within 1 year/local
recurrence after 1 year.

analysis.

When factors significant in the univariate analysis
were entered into multivariate analyses, non-compact lipiodol uptake (OR = 9.092; P = 0.001), tumor sizes of 2-5
and > 5 cm (OR = 3.911 and 5.218; P = 0.012 and 0.043,
respectively), and an AFP level > 20 ng/mL after CR
achievement (OR = 3.464, P = 0.016) showed a significant independent relationship with early local recurrence
(Table 2). All eight patients with PVT manifested early
local recurrence, indicating a statistically significant difference; however, multivariate analysis and OR analysis were
not performed (P = 0.001, Fisher’s exact test).

Analyses of risk factors involved in early local
recurrence
Univariate analysis of the 12 factors showed that sex (P =
0.042), multiple tumors (P = 0.015), non-compact lipiodol
uptake (P < 0.001), tumor size 2-5 and > 5 cm (P = 0.010
and 0.001, respectively), an AFP level > 20 ng/mL after a
CR was achieved (P = 0.044), and more than 2 rounds of
TACE before the achievement of a CR (P = 0.030) were
statistically significant for early local recurrence.
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Table 2 Univariate and multivariate analysis of factors significantly predictive of early local recurrence after achieving a complete
response
Variable

Univariate analysis

Age (≥ 65 yr)
Sex (female)
Tumor number, multiple
Tumor size (cm)
2-5
>5
Child-Pugh score (≥ 8)
Decompensated LC
Gelfoam or PVA use
Bilirubin (> 2.0 mg/dL)
Albumin (< 3.5 mg/dL)
Post-CR AFP (> 20 ng/mL)
Lipiodol uptake (non-compact)
TACE number to CR (≥ 2)

Multivariate analysis

P value

OR

95%CI

0.489
2.239
2.614

0.233-1.026
1.028-4.876
1.203-5.680

3.107
9.000
2.773
0.830
1.487
3.351
1.550
2.362
9.342
2.765

1.318-7.324
2.401-33.738
0.785-9.788
0.385-1.788
0.662-3.340
0.623-18.030
0.732-3.284
1.023-5.456
2.916-29.929
1.105-6.924

OR

95%CI

P value

0.058
0.042
0.015

1.969
2.171

0.704-5.507
0.784-6.012

0.197
0.136

0.010
0.001
0.113
0.634
0.336
0.159
0.252
0.044
< 0.001
0.030

3.911
5.218
3.464
9.092
2.029

1.344-11.383
1.056-25.767
1.262-9.507
2.537-32.508
0.715-5.756

0.012
0.043
0.016
0.001
0.715

100

100

80

80

Overall survival rate (%)

Overall survival rate (%)

AFP: α-fetoprotein; CR: Complete response; OR: Odds ratio; LC: Liver cirrhosis; PVA: Polyvinyl alcohol; TACE: Transcatheter arterial chemoembolization;
PVT: Portal vein thrombosis.

60
A vs B, P < 0.001
B vs C, P < 0.002
A vs C, P = 0.540

40

No local recurrence, A
Early local recurrence, B
Late local recurrence, C

20
0
0

1

2

60
40
st

1nd local recurrence
2 local recurrence

20
0

3

4

5

0

t /yr

2

3

4

5

t /yr

Figure 3 Overall survival rates according to the timing of local recurrence. The 1-, 2-, 3-, and 5-year survival rates were 92.3%, 60.2%, 39.8%, and
26.6%, respectively, which were significantly lower than those following both the
late local recurrence and no local recurrence (Kaplan-Meier method, log-rank
test, overall P < 0.001).

Figure 4 Cumulative local recurrence rates were not significantly different
between the first and second complete responses (Kaplan-Meier method,
log-rank test, P = 0.639).

69.7% and 75.8%, respectively; the late local recurrence
group showed rates of 15.8%, 26.3%, 59.1% and 65.9%,
respectively; and the no local recurrence group had rates
of 8.7%, 28.3%, 48.2% and 54.2%, respectively (Figure 5).

Effects of TACE on local recurrence area
The cumulative local recurrence rates after the first CR
were 20.5%, 44.0%, 58.6% and 64.3% at 6, 12, 24 and 36
mo, respectively. When TACE was performed again in
the local recurrence area, the cumulative local recurrence
rates after the second CR at 6, 12, 24 and 36 mo were
17.9%, 43.3%, 71.2% and 71.2%, respectively. The local
recurrence rate tended to be similar until 12 mo. After the
second CR, however, late local recurrence was observed
more frequently than the first CR over time, but the difference was not statistically significant (Figure 4).

Complications
Complications, including lack of a CR, were assessed for
all 523 TACEs (in the 238 patients) performed during
the corresponding period (Table 3). Post-embolization
syndrome occurred in 434 cases (83.0%). Acute hepatic
failure was concomitant in 110 cases (21.0%); of these,
recovery was not noted until the next TACE in 19 cases
(3.6%). Biloma occurred in six cases (1.1%); an infected
biloma was suspected in 3 cases and improved after percutaneous catheter drainage and antibiotic treatments. A
liver abscess was noted in five cases (1.0%). All five of
those patients received antibiotic treatments for 4-6 wk,
and percutaneous catheter drainage was performed in
one case. One patient who was incapable of undergoing percutaneous catheter drainage due to a low platelet

Frequency of distant intra-hepatic recurrence
The cumulative distant intra-hepatic recurrence rates of
the 134 patients were 15.4%, 38.4%, 59.4%, and 65.3%
at 6, 12, 24 and 36 mo, respectively. The early local recurrence group showed 6-, 12-, 24- and 36-mo cumulative
distant intra-hepatic recurrence rates of 21.2%, 52.7%,
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Cumulative distant intra-hepatic
recurrence rate (%)

100

Table 3 Complications from the chemoembolization
procedure n (%)

No local recurrence, A
Early local recurrence, B
Late local recurrence, C

80

Complication

Frequency per 523
procedures

60
Postembolization syndrome
Fever
Abdominal pain
Nausea/vomiting
Acute hepatic failure
Reversible/Irreversible
Biloma
Liver abscess
Septicemia
Acalculous cholecystitis
Diarrhea, simple/infectious
(including PMC)
Headache
Dizziness
Itching sense
Acute urticaria, drug eruption, skin rash
Local bleeding
(including rebleeding, hematoma)
Upper GI bleeding, total
Esophageal varix bleeding
Gastric varix bleeding
Ulcer bleeding
Mallory-Weiss tear
Others
Splenic infarction
Stress-induced cardiomyopathy
Paralytic ileus
Skin necrosis

40
A vs B, P = 0.014
B vs C, P = 0.145
A vs C, P = 0.542

20
0
0

1

2

3

4

t /yr

Figure 5 Cumulative distant intra-hepatic recurrence rates showed a
significantly high frequency in the early local recurrence group compared
with the no local recurrence group. However, no statistically significant difference was observed compared with the late local recurrence group (Kaplan-Meier
method, log-rank test, P = 0.034 overall).

count died of sepsis. There were 11 cases (2.1%) of
upper gastrointestinal bleeding with considerable ulcer
bleeding and slightly high varix bleeding.

DISCUSSION
Studies have reported that patients who achieved a CR
that occurred after TACE had 1- and 3-year survival rates
of 96%-99% and 60%-64%, respectively[6,9]. Studies have
also shown that the 3- and 5-year survival rates, except
in patients with Child-Pugh C class or PVT, were 92%
and 62%, respectively[10,18]. In the present study, the 1-, 3-,
and 5-year survival rates of patients who achieved a CR
were 93.0%, 62.3%, and 32.2%, respectively, which were
not remarkably different from the rates reported by other
studies.
However, the survival rate was lower than that of patients without recurrence and that of patients in need of
repetitive treatments due to frequent recurrence after the
procedure[9,10].
In the present study, we focused on local recurrence
and found that the early local recurrence group had a
significantly lower survival rate. The risk factors for local recurrence are known to be the levels of proteins
induced by vitamin K absence, lipiodol uptake, and multiple tumors[8,10,18]. In this study, the risk factors of early
local recurrence were non-compact lipiodol uptake, large
tumor size, and an AFP level > 20 mg/mL after a CR
was achieved. A few studies have reported that compact
lipiodol uptake later results in complete necrosis in the
resected tissues[23-26] and is known to influence cell differentiation, blood vessel distribution, and tumor size[14,26-30].
In addition, a study was published indicating that even in
the presence of complete necrosis, cancer cells remaining around the fibrous capsules surrounding tumors
were found in the tissues that were surgically removed[24].
The increased frequency of early local recurrence for
non-compact lipiodol intake indicated the possibility of
incomplete necrosis in the presence of non-compact lipi-
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434 (83.0)
305 (58.3)
326 (62.3)
135 (25.8)/26 (5.0)
110 (21.0)
91 (17.4)/19 (3.6)
6 (1.1)
5 (1.0)
6 (1.1)
2 (0.4)
22 (4.2)/3 (0.6)
83 (15.9)
15 (2.9)
24 (4.6)
6 (1.1)
5 (1.0)
11 (2.1)
4 (0.8)
2 (0.4)
4 (0.8)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)

PMC: Pseudomembranous colitis; GI: Gastrointestinal.

odol intake despite the observation of a CR upon radiologic evaluation.
Insufficient embolization or undetected residual lesions were assumed to be the cause of early recurrence,
and undetected lesions on CT that were detected during
TACE were reported to occur in 45% of cases[9,10]. In
our hospital, areas of local recurrence that were invisible on CT were detected in many cases when performing TACE for other lesions. Therefore, in cases of large
multiple tumors, repeating the procedures until the AFP
level decrease to < 20 ng/mL after a CR is achieved is
considered[10], but this is believed to require a careful approach because the AFP level may not drop immediately
after the procedures and may remain elevated for other
reasons.
In our study, early locally recurrent lesions had a different CR rate for subsequent TACE treatments than did
late locally recurrent lesions. Comparison of the groups
revealed no specific differences except for a slightly high
ratio of the maximum diameter of the recurrent lesions
(> 2 cm) in the early local recurrence group. Tumor
size is also known to be predictive of CR after TACE[9].
However, because of the low median maximum diameter of the early recurrent lesions (2.1 cm), it is difficult
to explain the result of the low CR frequency after retreatment, and the treatment response of the early locally recurrent lesion itself may not be good. This may
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be because HCC consists of different cell types, both
well-differentiated hepatic tumor cells that are vulnerable to hypoxia induced by TACE and undifferentiated
hepatic tumor cells that are relatively resistant to hypoxia.
Therefore, following TACE, the undifferentiated cells
are retained, making HCC more aggressive or decreasing the treatment response to TACE[31,32]. Additionally,
studies have reported that the doubling time of recurrent
lesions is shorter than that of the first diagnosed HCC
and that the prognosis was not good in cases with a short
doubling time[17]. Therefore, it would be necessary to examine the contrast-enhancement patterns of the tumor
as well as its doubling time and the differentiation of locally recurrent lesions. In cases of early recurrence, other
treatments such as RFA, resection, or a combination with
other treatments can be considered.
TACE was perfor med most commonly to retreat recurrent lesions (65%-84%), followed by RFA
(12%-19%)[10,33], likely because TACE was implemented
when RFA was not feasible at the time of the procedure and because multiple hepatic tumors were detected
at the same time as the local recurrence. Tezuka et al[7]
performed embolization only in patients in whom local recurrence occurred after a CR was achieved and
determined the recurrence-free rate; they showed that
this rate was not different from the previously published
recurrence-free rate after the first embolization, thereby
suggesting that TACE was still effective against the recurrent lesions. Although further studies are required due
to the small number of subjects in the present study, the
cumulative recurrence rate between the first lesions and
recurrent lesions did not differ when a CR was achieved
after TACE. However, the frequency of achieving a CR
was low in patients with early local recurrence, and care
must therefore be taken with regard to repeated TACE
for early locally recurrent lesions. In addition, because recurrence after RFA was not observed in two patients with
early local recurrence, the selected patients had a small
chance of recurrence due to compact lipiodol uptake by
other lesions treated in the past, even in cases of small
and multiple tumors.
This study has a few limitations. First, it was retrospective, and most of the recurrent lesions were cured
by TACE, so other treatment methods were not usually
included. Second, our findings appear to support the role
of PVT as a possible risk factor of intrahepatic recurrence[9,34]; however, as early local recurrence occurred in
all eight patients with PVT in this study, OR and multivariate analyses could not be performed because none of
the patients with PVT at diagnosis exhibited no local recurrence after achieving a CR. Significant results may be
obtained in larger studies. Third, patients who underwent
lesion removal or were lost to follow-up within 1 year
and those who died were excluded because the presence
of early local recurrence could not be confirmed, which
may have led to selection bias. However, even when the
five dead patients were included in the no early local recurrence group, the survival rate was statistically higher
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in this group than in the early local recurrence group. Finally, because the cumulative recurrence rate of patients
with a second CR after local recurrence was compared
with that of all patients with the first CR, only a small
number of patients were included.
In conclusion, this study showed that the early local
recurrence group had a significantly lower survival rate
when compared with the late local recurrence group and
the no local recurrence group. Responses to TACE were
examined, and risk factor analyses were performed; we
found that the lesions recurring within 1 year and those
recurring after 1 year were different. Therefore, it is necessary to consider the use of active follow-up and treatments in such patients and other treatment methods for
recurrent lesions.
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COMMENTS
Background

Transcatheter arterial chemoembolization (TACE) is the mainstay of treatment
for patients with unresectable hepatocellular carcinoma and can be performed
in patients in the early disease stage for which curative treatment is not feasible. Recent randomized controlled trials and a meta-analysis have shown
significant beneficial effects on patient survival.

Research frontiers

Frequent tumor recurrence after complete response (CR) is associated with a
worse prognosis. TACE has a higher local recurrence frequency than all other
treatment methods. Therefore, the early diagnosis of recurrence and selection
of the appropriate therapy are very important factors that increase patient survival rates. However, few studies to date have examined local recurrence or the
efficacy of the post-recurrence treatment.

Innovations and breakthroughs

The risk of early local recurrence was high in cases of non-compact lipiodol uptake, large tumor size, and an AFP level > 20 mg/mL. The presence of an early
local recurrence led to a significantly lower survival rate compared with the no
early local recurrence group. In addition, lesions with early local recurrence
were associated with a low likelihood of achieving a CR, even when TACE was
repeated. This is the first study to mention the importance of early local recurrence.

Applications

Based on the results of this study, more active follow-up is needed for patients
at high risk of local recurrence. In addition, considering other treatment methods or combining current treatments with those for early local recurrence would
be advisable.

Terminology

Recurrent lesions are classified by the timing of recurrence and the distance
from primary lesions. Recurrence within 1 year after a CR is achieved and that
after 1 year are categorized as early recurrence and late recurrence, respectively. Depending on the distance from the lesion, recurrent lesions are classified as local recurrence and intrahepatic distant recurrence. The definitions
differ slightly among studies, but local recurrence is most often defined as either
a recurrence bordering the initial lesion site or within 2 cm of the initial lesion.

Peer review

The paper, “Risk factors and therapeutic results of early local recurrence after
TACE” by Rou WS et al suggests that an early local recurrence after TACE is
associated with a worse outcome in patients with HCC and multinodularity, the
tumor size and a higher AFP level are independent factors that can predict early
local recurrence.

REFERENCES
1

7002

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269

June 14, 2014|Volume 20|Issue 22|

Rou WS et al . Risk, prognosis of early local recurrence

2

3

4

5

6

7

8

9

10

11

12
13
14

DOI: 10.1002/ijc.25516]
Pinter M, Hucke F, Graziadei I, Vogel W, Maieron A,
Königsberg R, Stauber R, Grünberger B, Müller C, Kölblinger C, Peck-Radosavljevic M, Sieghart W. Advancedstage hepatocellular carcinoma: transarterial chemoembolization versus sorafenib. Radiology 2012; 263: 590-599 [PMID:
22438359 DOI: 10.1148/radiol.12111550]
Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, Fan
ST, Wong J. Randomized controlled trial of transarterial
lipiodol chemoembolization for unresectable hepatocellular
carcinoma. Hepatology 2002; 35: 1164-1171 [PMID: 11981766
DOI: 10.1053/jhep.2002.33156]
Llovet JM, Real MI, Montaña X, Planas R, Coll S, Aponte
J, Ayuso C, Sala M, Muchart J, Solà R, Rodés J, Bruix J.
Arterial embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomised controlled trial. Lancet
2002; 359: 1734-1739 [PMID: 12049862 DOI: 10.1016/S01406736(02)08649-X]
Lee HS, Kim KM, Yoon JH, Lee TR, Suh KS, Lee KU, Chung
JW, Park JH, Kim CY. Therapeutic efficacy of transcatheter
arterial chemoembolization as compared with hepatic resection in hepatocellular carcinoma patients with compensated
liver function in a hepatitis B virus-endemic area: a prospective cohort study. J Clin Oncol 2002; 20: 4459-4465 [PMID:
12431969 DOI: 10.1200/JCO.2002.02.013]
Yang MJ, An SY, Moon EJ, Lee MS, Hwang JA, Cheong
JY, Won JH, Kim JK, Wang HJ, Cho SW. [Comparison of
radiofrequency ablation and transarterial chemoembolization for the treatment of a single hepatocellular carcinoma
smaller than 4 cm]. Korean J Hepatol 2009; 15: 474-485 [PMID:
20037266 DOI: 10.3350/kjhep.2009.15.4.474]
Tezuka M, Hayashi K, Okada Y, Irie T, Ina H. Therapeutic
results of computed-tomography-guided transcatheter arterial chemoembolization for local recurrence of hepatocellular carcinoma after initial transcatheter arterial chemoembolization: the results of 85 recurrent tumors in 35 patients.
Dig Dis Sci 2009; 54: 661-669 [PMID: 18649138 DOI: 10.1007/
s10620-008-0388-6]
Kinugasa H, Nouso K, Takeuchi Y, Yasunaka T, Onishi H,
Nakamura S, Shiraha H, Kuwaki K, Hagihara H, Ikeda F,
Miyake Y, Takaki A, Yamamoto K. Risk factors for recurrence after transarterial chemoembolization for early-stage
hepatocellular carcinoma. J Gastroenterol 2012; 47: 421-426
[PMID: 22048256 DOI: 10.1007/s00535-011-0492-9]
Lee JK, Chung YH, Song BC, Shin JW, Choi WB, Yang
SH, Yoon HK, Sung KB, Lee YS, Suh DJ. Recurrences of
hepatocellular carcinoma following initial remission by
transcatheter arterial chemoembolization. J Gastroenterol
Hepatol 2002; 17: 52-58 [PMID: 11895553 DOI: 10.1046/
j.1440-1746.2002.02664.x]
Jin YJ, Chung YH, Kim JA, Park W, Lee D, Shim JH, Lee
D, Kim KM, Lim YS, Lee HC, Lee YS, Kim PN, Sung KB.
Predisposing factors of hepatocellular carcinoma recurrence
following complete remission in response to transarterial
chemoembolization. Dig Dis Sci 2013; 58: 1758-1765 [PMID:
23361574 DOI: 10.1007/s10620-013-2562-8]
Kumada T, Nakano S, Takeda I, Sugiyama K, Osada T, Kiriyama S, Sone Y, Toyoda H, Shimada S, Takahashi M, Sassa T.
Patterns of recurrence after initial treatment in patients with
small hepatocellular carcinoma. Hepatology 1997; 25: 87-92
[PMID: 8985270 DOI: 10.1002/hep.510250116]
Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI:
10.1002/hep.20933]
Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin Liver Dis 2010; 30:
52-60 [PMID: 20175033 DOI: 10.1055/s-0030-1247132]
Stefanini GF, Amorati P, Biselli M, Mucci F, Celi A, Arienti
V, Roversi R, Rossi C, Re G, Gasbarrini G. Efficacy of trans-

WJG|www.wjgnet.com

15

16

17

18

19

20

21

22

23

24

25

26

7003

arterial targeted treatments on survival of patients with hepatocellular carcinoma. An Italian experience. Cancer 1995;
75: 2427-2434 [PMID: 7736385 DOI: 10.1002/1097-0142(1995
0515)75:10<2427::AID-CNCR2820751007>3.0.CO;2-J]
Murakami T, Ishimaru H, Sakamoto I, Uetani M, Matsuoka
Y, Daikoku M, Honda S, Koshiishi T, Fujimoto T. Percutaneous radiofrequency ablation and transcatheter arterial
chemoembolization for hypervascular hepatocellular carcinoma: rate and risk factors for local recurrence. Cardiovasc
Intervent Radiol 2007; 30: 696-704 [PMID: 17497071 DOI:
10.1007/s00270-007-9003-z]
Ishii H, Okada S, Nose H, Okusaka T, Yoshimori M, Takayama T, Kosuge T, Yamasaki S, Sakamoto M, Hirohashi S. Local
recurrence of hepatocellular carcinoma after percutaneous
ethanol injection. Cancer 1996; 77: 1792-1796 [PMID: 8646676
DOI: 10.1002/(SICI)1097-0142(19960501)77:9<1792::AIDCNCR6>3.0.CO;2-E]
Tezuka M, Hayashi K, Kubota K, Sekine S, Okada Y, Ina H,
Irie T. Growth rate of locally recurrent hepatocellular carcinoma after transcatheter arterial chemoembolization: comparing the growth rate of locally recurrent tumor with that
of primary hepatocellular carcinoma. Dig Dis Sci 2007; 52:
783-788 [PMID: 17268830 DOI: 10.1007/s10620-006-9537-y]
Park W, Chung YH, Kim JA, Jin YJ, Lee D, Shim JH, Lee D,
Kim KM, Lim YS, Lee HC, Lee YS, Kim PN, Sung KB. Recurrences of hepatocellular carcinoma following complete
remission by transarterial chemoembolization or radiofrequency therapy: Focused on the recurrence patterns. Hepatol
Res 2013; 43: 1304-1312 [PMID: 23442052 DOI: 10.1111/
hepr.12083]
Chan AO, Yuen MF, Hui CK, Tso WK, Lai CL. A prospective study regarding the complications of transcatheter
intraarterial lipiodol chemoembolization in patients with
hepatocellular carcinoma. Cancer 2002; 94: 1747-1752 [PMID:
11920537 DOI: 10.1002/cncr.10407]
Jeon SH, Park KS, Kim YH, Shin YS, Kang MK, Jang BK,
Chung WJ, Cho KB, Hwang JS. [Incidence and risk factors of
acute hepatic failure after transcatheter arterial chemoembolization for hepatocellular carcinoma]. Korean J Gastroenterol
2007; 50: 176-182 [PMID: 17885283]
Hsin IF, Hsu CY, Huang HC, Huang YH, Lin HC, Lee RC,
Chiang JH, Lee FY, Huo TI, Lee SD. Liver failure after transarterial chemoembolization for patients with hepatocellular
carcinoma and ascites: incidence, risk factors, and prognostic prediction. J Clin Gastroenterol 2011; 45: 556-562 [PMID:
21666547 DOI: 10.1097/MCG.0b013e318210ff17]
Huang YS, Chiang JH, Wu JC, Chang FY, Lee SD. Risk of hepatic failure after transcatheter arterial chemoembolization for
hepatocellular carcinoma: predictive value of the monoethylglycinexylidide test. Am J Gastroenterol 2002; 97: 1223-1227
[PMID: 12014732 DOI: 10.1111/j.1572-0241.2002.05709.x]
Matsuo N, Uchida H, Soda S, Ohshima M, Nakano H, Ohishi H, Nagano N, Kitanura I, Nishimura Y, Nishimine K,
Yoshioka T. Histopathological study of the resected specimens after Segmental Lp-TAE using Lipiodol mixed with
anticancer agent for hepatocellular carcinoma. Anti-tumor
effect and influence on non-tumor area. Acta Hepatol Jpn
1990; 31: 1084-1093 [DOI: 10.2957/kanzo.31.1084]
Raby N, Karani J, Michell M, Gimson A, Nunnerley H,
Williams R. Lipiodol enhanced CT scanning in assessment
of hepatocellular carcinoma. Clin Radiol 1989; 40: 480-485
[PMID: 2551562 DOI: 10.1016/S0009-9260(89)80254-5]
Matsuo N, Uchida H, Sakaguchi H, Nishimine K, Nishimura Y, Hirohashi S, Ohishi H. Optimal lipiodol volume in
transcatheter arterial chemoembolotherapy for hepatocellular carcinoma: study based on lipiodol accumulation patterns and histopathologic findings. Semin Oncol 1997; 24: S661-S6-S6-61-70 [PMID: 9151919]
Kwan SW, Fidelman N, Ma E, Kerlan RK, Yao FY. Imaging
predictors of the response to transarterial chemoemboliza-

June 14, 2014|Volume 20|Issue 22|

Rou WS et al . Risk, prognosis of early local recurrence

27

28

29

30

tion in patients with hepatocellular carcinoma: a radiological-pathological correlation. Liver Transpl 2012; 18: 727-736
[PMID: 22344899 DOI: 10.1002/lt.23413]
Sasaki Y, Imaoka S, Kasugai H, Fujita M, Kawamoto S,
Ishiguro S, Kojima J, Ishikawa O, Ohigashi H, Furukawa H.
A new approach to chemoembolization therapy for hepatoma using ethiodized oil, cisplatin, and gelatin sponge. Cancer 1987; 60: 1194-1203 [PMID: 2441837 DOI: 10.1002/1097-01
42(19870915)60:6<1194::AID-CNCR2820600607>3.0.CO;2-T]
Kanematsu T, Furuta T, Takenaka K, Matsumata T, Yoshida
Y, Nishizaki T, Hasuo K, Sugimachi K. A 5-year experience
of lipiodolization: selective regional chemotherapy for 200
patients with hepatocellular carcinoma. Hepatology 1989; 10:
98-102 [PMID: 2544499 DOI: 10.1002/hep.1840100119]
Takayasu K, Shima Y, Muramatsu Y, Moriyama N, Yamada
T, Makuuchi M, Hasegawa H, Hirohashi S. Hepatocellular
carcinoma: treatment with intraarterial iodized oil with
and without chemotherapeutic agents. Radiology 1987; 163:
345-351 [PMID: 3031724]
Nishimine K, Uchida H, Matsuo N, Sakaguchi H, Hirohashi
S, Nishimura Y, Guo Q, Ohishi H, Nagano N, Yoshioka T.
Segmental transarterial chemoembolization with Lipiodol

31
32

33

34

mixed with anticancer drugs for nonresectable hepatocellular carcinoma: follow-up CT and therapeutic results. Cancer
Chemother Pharmacol 1994; 33 Suppl: S60-S68 [PMID: 7511069
DOI: 10.1007/BF00686670]
Semela D, Dufour JF. Angiogenesis and hepatocellular carcinoma. J Hepatol 2004; 41: 864-880 [PMID: 15519663 DOI:
10.1016/j.jhep.2004.09.006]
Arora AS, de Groen PC, Croall DE, Emori Y, Gores GJ. Hepatocellular carcinoma cells resist necrosis during anoxia
by preventing phospholipase-mediated calpain activation. J
Cell Physiol 1996; 167: 434-442 [PMID: 8655597 DOI: 10.1002
/(SICI)1097-4652(199606)167:3<434::AID-JCP7>3.0.CO;2-Q]
Terzi E, Golfieri R, Piscaglia F, Galassi M, Dazzi A, Leoni
S, Giampalma E, Renzulli M, Bolondi L. Response rate and
clinical outcome of HCC after first and repeated cTACE performed “on demand”. J Hepatol 2012; 57: 1258-1267 [PMID:
22871502 DOI: 10.1016/j.jhep.2012.07.025]
Shirabe K, Kajiyama K, Harimoto N, Masumoto H, Fukuya
T, Ooya M, Maehara Y. Prognosis of hepatocellular carcinoma accompanied by microscopic portal vein invasion.
World J Gastroenterol 2009; 15: 2632-2637 [PMID: 19496194
DOI: 10.3748/wjg.15.2632]
P- Reviewers: Akarsu K, Kinoshita A, Kapoor S, Wei HS
S- Editor: Qi Y L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

7004

June 14, 2014|Volume 20|Issue 22|

World J Gastroenterol 2014 June 14; 20(22): 7005-7010
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI:10.3748/wjg.v20.i22.7005

© 2014 Baishideng Publishing Group Inc. All rights reserved.

OBSERVATIONAL STUDY

Magnetic resonance cholangiopancreatography study
of pancreaticobiliary maljunction and pancreaticobiliary
diseases
Cheng-Lin Wang, He-Yu Ding, Yi Dai, Ting-Ting Xie, Yong-Bin Li, Lin Cheng, Bing Wang, Run-Hui Tang,
Wei-Xia Nie
All cases were examined by MRCP using single-shot
fast spin-echo sequences. In order to obtain MRCP images, the maximum intensity projection was used.

Cheng-Lin Wang, Yi Dai, Ting-Ting Xie, Bing Wang, WeiXia Nie, Department of Radiology, Peking University Shenzhen
Hospital, Shenzhen 518000, Guangdong Province, China
He-Yu Ding, Yong-Bin Li, Run-Hui Tang, Graduate School,
Shantou University Medical College, Shantou 515000, Guangdong Province, China
Lin Cheng, Department of Radiology, Nanjing Drum Tower
Hospital, Nanjing 210000, Jiangsu Province, China
Author contributions: Wang CL performed the research and analyzed the data; Ding HY, Dai Y and Cheng L designed the study,
analyzed the data and wrote the paper; Xie TT, Li YB, Wang B
and Nie WX performed the clinical work; Tang RH reviewed the
manuscript.
Correspondence to: Cheng-Lin Wang, MS, Department of
Radiology, Peking University Shenzhen Hospital, Lianhua Road
1120, Futian District, Shenzhen 518000, Guangdong Province,
China. wangcl@17huizhen.com
Telephone: +86-755-83695203 Fax: +86-755-83695204
Received: November 3, 2013 Revised: January 8, 2014
Accepted: March 6, 2014
Published online: June 14, 2014

RESULTS: According to the anatomy of pancreaticobiliary ductal union based on our analysis of MRCP
images, all cases were classified into normal type and
abnormal type according to the position of pancreaticobiliary ductal union. The abnormal type could be further
divided into P-B type, B-P type and the duodenum type.
By analyzing the incidence of biliary stone and inflammation, pancreatitis, biliary duct tumors and pancreatic
tumors between normal and abnormal types, significant
differences existed. The abnormal group was more likely to suffer from pancreaticobiliary diseases. Comparing
three different types of PBM that were associated with
pancreaticobiliary diseases by using Fisher’s method,
the result showed that there was no significant difference in the incidence of biliary stones, cholecystitis and
pancreatic tumors. The incidence of pancreatitis in B-P
type and P-B type was higher than that in duodenum
type; the incidence of biliary duct tumor in B-P type
was higher than that in P-B type; the incidence of biliary duct tumor in duodenum type was lower than that
in P-B type. The incidence of congenital choledochus
dilatation in normal type and abnormal type was similar, and there was no significant difference between the
two types.

Abstract
AIM: To discuss the imaging anatomy about pancreaticobiliary ductal union, occurrence rate of pancreaticobiliary maljunction (PBM) and associated diseases in a
Chinese population by using magnetic resonance cholangiopancreatography (MRCP).

CONCLUSION: Types of PBM are closely related to the
occurrence of pancreaticobiliary diseases. MRCP has
important clinical value in the early diagnosis and preventive treatment of pancreaticobiliary diseases.

METHODS: Data were collected from 694 patients
who underwent MRCP from January 2010 to December
2012. Three hundred and ninety-three patients were
male and 301 patients were female. The age range was
16-92 years old and the average age was 51.8 years.
The recruitment indication of all cases was patients
who had clinical symptoms, such as abdominal pain,
jaundice, nausea and vomiting, which thus were clinically suspected as relative pancreaticobiliary diseases.
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male and the other 301 patients were female. The age
range was 16-92 years and the average age was 51.8 years.
All cases were initially suspected of having pancreatic
biliary diseases.

Core tip: This article analyzed the types of pancreaticobiliary ductal union, pancreaticobiliary maljunction
(PBM) and associated diseases in a Chinese population
by observing the anatomical characteristics of the pancreaticobiliary duct of patients who underwent magnetic resonance imaging and magnetic resonance cholangiopancreatography (MRCP), and found that types of
PBM are closely related to the occurrence of pancreaticobiliary diseases, particularly pancreatitis, biliary duct
tumors and pancreatic tumors. MRCP has important
value in the early diagnosis and preventive treatment
of pancreaticobiliary diseases.

Scanning method
SIEMENS Avanto 1.5 Tesla superconducting magnetic
resonance scanner was used in the study. Heavy T2weighted images were originally achieved using a gradient-echo balanced steady-state free precession technique.
A fast spin-echo pulse sequence with a long echo time
(TE) was then introduced. Non-breath-hold techniques
(with respiratory triggering) were used, with images obtained either as a two-dimensional or three-dimensional
(3D) acquisition. A 3D technique provides a higher signal
to noise ratio, which is traded off for thinner contiguous slices (repetition time 2500 ms, TE 681 ms, slice
thickness 1.00 mm, field of view 380 mm). Acquiring
images with near isotropic voxels allows improved postprocessing manipulation of the images with multi-planar
reconstruction, maximum intensity projection and volume rendering.

Wang CL, Ding HY, Dai Y, Xie TT, Li YB, Cheng L, Wang B,
Tang RH, Nie WX. Magnetic resonance cholangiopancreatography study of pancreaticobiliary maljunction and pancreaticobiliary diseases. World J Gastroenterol 2014; 20(22): 7005-7010
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i22/7005.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i22.7005

Types of pancreaticobiliary ductal union and diagnosis
standard
Normal type: Common bile duct and main pancreatic
duct join in the duodenal wall, but the length of the common channel is ≤ 8 mm.

INTRODUCTION
Recently, pancreaticobiliary maljunction and its related
pancreaticobiliary diseases promised to be areas of intense interest, particularly for Japanese scholars. However,
the reported results about anatomical characteristics of
pancreaticobiliary maljunction and its typing were mostly
on the basis of autopsy and endoscopic retrograde choledochopancreatography (ERCP)[1]. Magnetic resonance
cholangiopa-ncreatography (MRCP) is a noninvasive
cholangiopancreatography technique which rapidly popularized in clinical use in the 1990s. With the principle that
the hydrated pancreaticobiliary duct could be depicted
clearly on MR images (MRI) by using heavy T2-weighted
sequences, its anatomical structure would be shown as
well. This study analyzed the type of pancreaticobiliary ductal union, pancreaticobiliary maljunction (PBM)
and the associated diseases in a Chinese population by
observing the pancreaticobiliary duct and the anatomical characteristics of patients who underwent MRI and
MRCP.

Anomalous union: The main pancreatic duct and the
common bile duct open at the second part of the duodenum respectively or after joining as a common channel, which is > 8 mm. It is further divided into P-B type
(joining of common bile duct with pancreatic duct), B-P
type (joining of pancreatic duct with common bile duct)
and duodenum type (the main pancreatic duct and the
common bile duct open into different parts of the duodenum).
Statistical analysis
MRI and MRCP images were comprehensively analyzed
and diagnosed by 3 senior radiologists. The index below
was observed: (1) the existence of common duct and its
length; (2) the existence of pancreaticobiliary maljunction
and its type; and (3) the diagnosis of pancreaticobiliary
disease. In case of any differences in diagnostic opinion,
an agreement should be reached for reference. The results underwent statistical analysis by SPSS 17.0.

MATERIALS AND METHODS
General data
Data of 963 patients who underwent MRI and MRCP
from January 2010 to December 2012 were collected.
The recruitment indication of all cases was patients who
had clinical symptoms, such as abdominal pain, jaundice,
nausea and vomiting, which thus were clinically suspected
as relative pancreaticobiliary diseases. Two hundred and
sixty-nine cases were excluded from analysis due to postoperative examination or poor image quality. Six hundred
and ninety-four cases met the diagnostic requirement for
this study. Three hundred and ninety-three patients were

WJG|www.wjgnet.com

RESULTS
Length of common duct
PBM is a congenital anomaly defined as a junction of the
pancreatic and bile ducts located outside the duodenal
wall, and usually forming a markedly long common channel. The action of the sphincter of oddi does not have a
functional impact on the junction of the pancreatic and
bile ducts. The normal length of the common duct does
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Figure 1 Types of bile duct and pancreatic duct. A: Normal type of pancreaticobiliary duct union in a 45 years old woman. The common duct can hardly be seen
and the common bile duct widens (diameter, 12.53 mm); B: Pancreatic duct joins to common bile duct in a 39 years old man (arrow, P-B type); C: Common bile duct
joins to pancreatic duct in a 55 years old woman (arrow, B-P type); D: Common bile duct and pancreatic duct don’t join while opening into duodenal wall separately in
a 44 years old woman (arrows).

Relationship of pancreaticobiliary duct union types and
pancreaticobiliary diseases
In the normal type group (453 cases), 357 cases (78.8%)
suffered from biliary stones combined with cholecystitis,
while 33 cases (7.3%) suffered from pancreatitis, and
9 cases (2.0%) suffered from biliary duct tumors, and
only 1 case (0.2%) suffered from pancreatic tumor. In
the anomalous union type group (241 cases), 187 cases
(77.6%) suffered from biliary stone and cholecystitis,
while 33 cases (13.7%) had pancreatitis, 17 cases (7.1%)
had biliary duct tumors and 1 case (0.4%) had a pancreatic tumor (Table 2). In order to compare the differences
of corresponding diseases between the normal type
group and the abnormal type group, the data underwent
a statistical variance test. The differences between the two
groups presented statistical significance (P < 0.05). There
were differences in the incidence of pancreaticobiliary
diseases in different types of PBM (Table 2). Sixty-five
cases combined with biliary stone and cholecystitis, and
18 cases with pancreatitis, 4 cases with biliary duct tumor,
and 3 cases with pancreatic tumor were in P-B type; 62
cases combined with biliary stone and cholecystitis, and
21 cases with pancreatitis, 11 cases with biliary duct tumor, and 3 cases with pancreatic tumor were in B-P type;
and 60 cases combined with biliary stone and cholecystitis, and 3 cases with pancreatitis, 2 cases with biliary duct
tumor, and 3 cases with pancreatic tumor were in the
duodenal type. In order to compare differences of cor-

Table 1 Typing results of all 694 cases n (%)
Results

Type

Case

P-B type
B-P type
Duodenal type

453 (65.3)
84 (12.1)
85 (12.2)
72 (10.4)
694 (100.0)

Normal type
Abnormal type
Total

not have a unified diagnosis standard, yet most literature
reported the length of the long common channel was ≥
8 mm, 12 mm, or 15 mm[2-4]. Three hundred and twentysix cases in this study could show common ducts clearly
by MRCP, and the average length was 7.9 mm. We thus
defined long common duct as a common channel with
length ≥ 8 mm. The incidence of pancreaticobiliary diseases in < 8 mm group was found to be higher than that
in the common duct ≥ 8 mm group.
Types
In all 694 cases, 453 cases (65.3%) were classified as normal type (Figure 1A), and 241 cases (34.7%) were anomalous union. In the anomalous group, 84 cases (12.1%)
were P-B type (Figure 1B), 85 cases (12.2%) were B-P
type (Figure 1C), and 72 cases (10.4%) were duodenal
type (Figure 1D). The typing results of all 694 cases were
shown in Table 1.
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Table 2 Relationship of pancreaticobiliary maljunction, pancreaticobiliary duct union types and pancreaticobiliary diseases
Type

Biliary inflammation

Types of union Normal type
Abnormal type
P value
Types of union P-B type
B-P type
Duodenum type
P value

Biliary tumor

Pancreatic inflammation

Pancreatic tumor

Y

N

Y

N

Y

N

Y

N

357
187

96
54

9
17

444
224

33
42

420
199

1
9

452
232

19
23
12

4
11
2

80
74
70

18
21
3

66
64
69

3
3
3

0.390
65
62
60

0.001

0.501

0.006

0.000

0.022

0.001
81
82
69
0.002

Y: Yes; N: No.

pancreaticobiliary diseases in < 8 mm group was higher
than that in the common duct ≥ 8 mm group, therefore
taking 8 mm as the standard is thought to be appropriate.
The definition of PBM has two meanings: (1) bile duct
and pancreatic duct join out of the duodenal wall to form
a long common duct that ≥ 8 mm; and (2) bile duct and
pancreatic duct do not join and open into the duodenal
wall separately.

responding diseases in the three abnormal types, the data
underwent Fisher’s exact test and the result showed that
there was no significant differences in the incidence of
biliary stone, cholecystitis and pancreatic tumor (P > 0.05).
The incidence of pancreatitis in the B-P type and the P-B
type was higher than that in the duodenum type (P < 0.05)
and the incidence of biliary duct tumor in the B-P type
was higher than that in the P-B type. The incidence of
biliary duct tumors in the duodenum type was lower than
that in the P-B type (P < 0.05).

Incidence of PBM
The results of studies about the incidence of PBM were
inconsistent. ERCP reported that the incidence was only
0.9%-6.2%, whereas autopsy reported the incidence
reached 61.8%-70% [9,10]. Two hundred and forty-one
cases showed PBM in the symptomatic group (694 cases)
in this article, and the incidence was 34.7%, which was
much higher than the ERCP study but lower than autopsy findings reported in literature. This may be related
with patient selection, examination method, sample size
and other factors.

Relationship of pancreaticobiliary duct union and
congenital choledochus dilatation
Matsumoto et al[5] found that congenital choledochus
dilatation (CCD) was closely related to PBM, as they all
originated from the 10th week of embryonic development; whereas Deng et al[6] thought that PBM and CCD
were both independent diseases, and they were different
either in histology and embryology or in pathology. We
analyzed cases combined with CCD in normal type (n =
453) and abnormal type (n = 241), and found that the incidence of CCD in normal type (n = 186) and abnormal
type (n = 111) are similar, and there was no significant
difference between the two types.

Types of PBM
PBM classification was first found in surgical and pathological reports. Clinicians began paying attention to intravital studies about PBM along with the appearance of
various cholangiography techniques. In 1977, Kimura et
al[3] classified PBM into type Ⅰ (pancreatic duct: bile duct
type or acute angle type) and type Ⅱ (bile duct: pancreatic duct type or right angle type). Warshaw et al[10] amended
the above-mentioned typing method and proposed classifying PBM into type Ⅰ-Ⅲ. Obara et al[11] studied PBM
classification integrally and completely with 50 cases,
and concluded that type Ⅰ and type Ⅱ were the same
as Warshaw’s work, but took type Ⅲ as a complex type
which was further classified into three subtypes (a, b, and
c type). This method is still in use today. Cases with PBM
in this article were classified into three types (P-B type,
B-P type and duodenum type), but there was no complex
type cases in the symptomatic group. This may be related
with patients from different races, different examination
methods, restricted MRCP spatial resolution and other
relative factors.

DISCUSSION
Definition of PBM
PBM was recorded in the early 20th century, but named
PBM officially in 1969; this name is still in use today[7].
Suda et al[8] found that pancreaticobiliary diseases were
mainly caused by backflow of pancreatic juice and bile.
The main anatomical feature of PBM is that the bile duct
and pancreatic duct join out of the duodenal wall forming a lengthy common duct, often combined with sphincter of Oddi dysplasia; thereby the pancreatic duct and
bile duct are out of control, causing backflow of pancreatic juice and bile. There is still no unified recognition
about the normal length of the common duct, and many
literatures reported the length of common duct ≥ 8 mm,
12 mm or 15 mm as abnormality[2-4]. The average length
of the common duct measured in MRCP images of this
study was 7.9 mm, so the length ≥ 8 mm was taken as
the standard to define normal and abnormal common
duct in the contrast study. We found that the incidence of
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PBM and pancreaticobiliary diseases
Data in this article show that PBM is closely related to
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Clinical significance
This study has important clinical significance to comprehend the anatomic features of pancreaticobiliary duct
union and PBM types: (1) it is beneficial to the differential diagnosis of lesions in the pancreatic head, ampullary
region, duodenal papilla, and pancreaticobiliary duct; (2)
it provides reference information for clinical diagnosis
according to the pathological anatomy of PBM and its
relationship with pancreaticobiliary diseases in Chinese
people; (3) patients with PBM, particularly with recurrent biliary inflammation and pancreatitis, could be given
preventive treatment when necessary; and (4) patients
with PBM which has a close relationship with pancreaticobiliary malignant tumors should be paid great attention clinically.
There are also some limitations to this study. This
study is analyzed on the basis of a symptomatic group,
but not based on MRCP performed in a healthy population followed for many years after the MRI, so the
incidence of PBM and its relationship with pancreaticobiliary diseases obtained in this study only represents the
symptomatic group. Nonetheless, it still has much clinical
significance.

Figure 2 B-P type of pancreaticobiliary maljunction in a 53 year old man
with gallbladder carcinoma. Gallbladder volume enlarges, and the middle part
of the common bile duct isn’t displayed (arrow). The length of the common duct
is larger than 1 cm (10.07 mm).

COMMENTS
COMMENTS
Background

Most of the reported results about anatomical characteristics of pancreaticobiliary maljunction (PBM) and its typing were on the basis of autopsy and
endoscopic retrograde choledochopancreatography. Magnetic resonance
cholangiopancreatography (MRCP) is an atraumatic cholangiopancreatography
technique, and there is no study on PBM and its related diseases, particularly
differences in the incidence of biliary stone, cholecystitis, pancreatitis, biliary
duct tumor and pancreatic tumor in three PBM types on large sample.

Figure 3 Lateral wall of the gallbladder shows a mass in a 69 year old
man with gallbladder carcinoma, with unclear boundary and heterogeneous enhancement growing into capsular space. An irregular mass (arrow)
in the hepatic hila above the pancreatic head shows heterogeneous enhancement after enhanced scan.

Research frontiers

The authors demonstrated that PBM are closely related to the occurrence of
pancreaticobiliary diseases, particularly pancreatitis, biliary duct tumor and pancreatic tumor. The incidences of certain pancreaticobiliary diseases are different
in the three PBM types.

the occurrence of pancreatitis, biliary duct tumor and
pancreatic tumor; particularly, the incidence of biliary
duct tumor is significantly raised in B-P type. This may
be related with flow direction of pancreatic juice. The
pressure in the normal pancreatic duct is higher than
that in the common duct group, which causes a continuous reciprocal reflux of pancreatic juice and bile which
might chronically stimulate biliary epithelial cells, initiate
gene mutation, activate oncogenes and inactivate tumor
suppressor genes. Biliary epithelial cells then undergo
hyperplasia, metaplasia and, finally, carcinogenesis[12].
Relationships of PBM and CCD were studied by many
scholars; some of them thought that PBM and CCD
were related to each other to a certain extent, whereas
some thought they didn’t have much relationship[5,6]. This
study combined CCD in a normal group and a PBM
group, and found that the incidence of CCD in the two
groups was not significantly different. Therefore, PBM
and CCD are supposed to be two independent diseases
(Figures 2 and 3).
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Innovations and breakthroughs

This article analyzed the types of pancreaticobiliary ductal union, PBM and
associated diseases in Chinese people by observing the pancreaticobiliary
duct and the anatomic characteristics of patients who underwent magnetic
resonance imaging and MRCP. Since this clinical study included a large sample
of patients, the relationship of PBM and pancreaticobiliary diseases could be
elaborated.

Applications

MRCP has important value in the early diagnosis and preventive treatment of
pancreaticobiliary diseases, and it could provide important information for clinical diagnosis and further comprehension of the anatomy of pancreaticobiliary
duct union benefitting from the development of medical image examination
machines and imaging techniques.

Peer review

This is an interesting retrospective study of clinical relevance. The relation between PBM and pancreaticobiliary disorders is a wellknown issue. Authors have
handled and discussed this topic extensively in the manuscript.
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PROSPECTIVE STUDY

Subclinical abnormal glucose tolerance is a predictor of
death in liver cirrhosis
Diego García-Compeán, Joel Omar Jáquez-Quintana, Fernando Javier Lavalle-González,
José Alberto González-González, Linda Elsa Muñoz-Espinosa, Jesús Zacarías Villarreal-Pérez,
Héctor J Maldonado-Garza
liver cirrhosis and normal fasting plasma glucose were
included. Fasting plasma insulin (FPI) levels were measured, and oral glucose tolerance test (OGTT) was
performed. According to OGTT results two groups of
patients were formed: those with normal glucose tolerance (NGT) and those with SAGT. Patients were followed every three months. The mean follow-up was
932 d (range of 180-1925). Survival was analyzed by
the Kaplan-Meyer method, and predictive factors of
death were analyzed using the Cox proportional hazard
regression model.
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RESULTS: Of the included patients, 30 showed NGT and
70 SAGT. Groups were significantly different only in age,
INR, FPI and HOMA2-IR. Patients with SAGT showed
lower 5-year cumulated survival than NGT patients
(31.7% vs 71.6%, P = 0.02). Differences in survival
were significant only after 3 years of follow-up. SAGT,
Child-Pugh B, and high Child-Pugh and Model for EndStage Liver Disease (MELD) scores were independent
predictors of death. The causes of death in 90.3% of
cases were due to complications related to liver disease.
CONCLUSION: SAGT was associated with lower survival. SAGT, Child-Pugh B, and high Child-Pugh and
MELD scores were independent negative predictors of
survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract

Core tip: In this controlled prospective long term study
we demonstrated that subclinical forms of abnormal
glucose tolerance (IGT) or diabetes mellitus (DM) may
influence survival of non-diabetic cirrhotic patients. Previously it had been demonstrated that clinically overt

AIM: To determine if subclinical abnormal glucose tolerance (SAGT) has influence on survival of non-diabetic
patients with liver cirrhosis.
METHODS: In total, 100 patients with compensated
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DM is associated with low survival of cirrhotic patients.
This issue is important since a high proportion of cirrhotic patients (about 70%) without history of DM and
with normal fasting plasma glucose have subclinical
abnormal glucose tolerance. The use of oral glucose
tolerance test for early recognition and treatment of
DM may improve prognosis of these patients.

MATERIALS AND METHODS
Patients
Patients with LC, who were seen in our hospital from August 2007 to August 2012, were prospectively evaluated.
Only those with normal FPG (< 100 mg/dL), no history
of overt DM, with clinical or histological diagnosis of
LC, aged over 18 years old and without clinically evident
complications of liver disease (e.g., esophageal or gastric
variceal bleeding, hepatic encephalopathy, hepatorenal
syndrome, infection, spontaneous bacterial peritonitis,
and moderate to severe ascites), were selected for the
study (patients with complications were excluded in order
to avoid the effect of medications used for treating them,
on glucose metabolism of patients). Clinical diagnosis of
LC was made by using a combination of clinical symptoms, laboratory tests and imaging studies (abdominal
ultrasonography or CT scan)[21,22]. The etiology of cirrhosis was determined as follows: Alcohol-related cirrhosis
was determined when daily alcohol consumption was >
80 g in men and > 40 g in women for at least 10 years
with negative viral, metabolic and autoimmune markers.
Diagnosis of hepatitis C virus and B virus related cirrhosis was determined with specific viral markers (HBsAg
or anti-HCV). Autoimmune liver disease was diagnosed
with specific autoimmune markers (anti-nuclear antibodies, anti-smooth muscle antibodies or liver-kidney antimicrosomal antibodies). Meanwhile, cryptogenic cirrhosis
was established in the absence of any of the causes above
described[23].
Informed consent was obtained from each patient.
The protocol was approved by The Research and Ethics
Committee of the Faculty of Medicine of the Autonomous University of Nuevo Leon in Monterrey.

García-Compeán D, Jáquez- Quintana JO, Lavalle-González FJ,
González-González JA, Muñoz-Espinosa LE, Villarreal-Pérez JZ,
Maldonado-Garza HJ. Subclinical abnormal glucose tolerance
is a predictor of death in liver cirrhosis. World J Gastroenterol
2014; 20(22): 7011-7018 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i22/7011.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.7011

INTRODUCTION
Overt diabetes mellitus (DM) has been reported in
21%-30% of patients with liver cirrhosis (LC)[1]. DM may
arise from a progressive disorder of insulin secretion in
the presence of liver and muscle resistance to insulin[2,3].
DM is related to LC in two ways: (1) type 2 DM (T2DM)
(often associated with metabolic syndrome) causes nonalcoholic fatty liver disease (steatosis, steatohepatitis, LC, and
hepatocellular carcinoma)[4-7]; and (2) DM may develop as
a complication of LC, which is known as “hepatogenous
diabetes” (HD)[8,9]. As liver disease advances, DM becomes
clinically evident[10,11]. T2DM and HD are associated with
an increased risk of complications of chronic liver diseases
and mortality[7,9,12-17].
On the other hand, subclinical abnormal glucose
tolerance (SAGT) disorders, such as impaired glucose tolerance or DM (called subclinical since they are detected
only by means of an oral glucose tolerance test), may be
observed in 45% and 22%, respectively, of patients with
LC and no history of DM[18,19]. Therefore, the prevalence
of DM and impaired glucose tolerance (IGT) may be
underestimated when only fasting plasma glucose (FPG)
levels are taken into account. Our group has recently
published a study determining the prevalence of T2DM,
DH and IGT in patients with LC who underwent oral
glucose tolerance test (OGTT). In total, 86% of the cases
had either overt or subclinical IGT and DM, with or
without insulin resistance (IR)[18].
The negative influence of SAGT on the survival of
cirrhotic patients was demonstrated in one study carried out in Japan, which found that patients with IGT or
DM diagnosed by OGTT had a significantly lower 5-year
survival rate[20]. However, similar findings have not been
reported by others elsewhere.
The aims of this study were: (1) to evaluate if SAGT
has any influence on survival of patients with compensated LC and normal FPG levels; and (2) to identify mortality predictors.

WJG|www.wjgnet.com

Fasting plasma insulin and OGTT
Fasting plasma insulin (FPI) levels were measured and
OGTT was performed according to the World Health
Organization criteria[24]. Patients were fasted for at least
12 h, and baseline plasma glucose was measured; then,
they were given an oral glucose load (75 g). Additionally,
plasma glucose (PG) levels were measured every 30 min
for 2 h. The results were interpreted as follows: a) normal
glucose tolerance (NGT) if 2-h PG was < 140 mg/dL;
IGT if 2-h PG between 140 mg/dL and 200 mg/dL;
and DM if 2-h PG > 200 mg/dL. Plasma HbA1c was
not used for diagnosing DM due to its low sensitivity reported in cirrhotic patients[19].
FPI was measured using the electrochemiluminescence method (normal values: 5-20 μU/mL). HOMA2IR index (Homeostasis Model Assessment 2-Insulin Resistance Index) was calculated using the following online
software (http://www.dtu.ox.ac.uk/homacalculator/index.php).
Assessments
The following data were recorded in a database specially
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Evaluated patients
with LC n = 293

Fulfilled selection criteria
n = 124 (42.3%)

13 Refused to participate
8 Found difficult to attend
consultations
3 Did not returned for OGTT

Included patients

n = 100 (34.1%)

OGTT

Normal

IGT

DM

n = 30 (20.0%)

n = 44 (29.3%)

n = 26 (17.3%)

Figure 1 Flowchart describing how selection of patients for the study was done. LC: Liver cirrhosis; OGTT: Oral glucose tolerance test; IGT: Impaired glucose
tolerance; DM: Diabetes mellitus.

designed for the study: gender, age, and family history of
DM as well as laboratory blood test results (serum hemoglobin, leukocytes, platelets, BUN, creatinine, albumin,
bilirubin, aspartate aminotransferase, γ-glutamyltranspe
ptidase, alkaline phosphatase, cholesterol, triglycerides,
and INR). The body mass index (BMI) was calculated
and construed as follows: normal if < 24.9, overweight if
between 25 and 29.9, and obesity if > 30[25]. Liver function was estimated using Child-Pugh and Model for EndStage Liver Disease (MELD) classifications[26,27].

dians and ranges. Categorical variables are expressed as
relative proportions. Intergroup comparisons were made
by Student’s t, χ 2 and Mann-Whitney tests. Variables were
analyzed using the Cox proportional hazard regression
model in order to determine independent predictive factors of mortality[28]. Only the variables that were statistically significant in univariate analysis were analyzed in
multivariate analysis. The results were expressed as HR
with 95%CI, and the P value was calculated.
The cumulative survival was analyzed using the Kaplan-Meier method, and the curves were compared using
log-rank test. A P value less than 0.05 was considered
statistically significant. All statistical analyses were done
using the statistical package SPSS v17.0 (Chicago, Illinois,
United States).

Follow-up
All patients were followed every 3 mo in the outpatient
department. A full clinical examination was made in each
interview. Laboratory blood testing (serum hemoglobin,
hematocrit, blood cell count, glucose, creatinine, BUN,
liver function tests and coagulation tests) was also performed. Moreover, plasma alpha-fetoprotein and liver ultrasonography were performed every 6 mo. Additionally,
hospital admissions were recorded during which clinical
course of the patient was determined. Patients or their
relatives were contacted by telephone when he or she did
not attend to appointments. Callings were done in order
to determine the clinical status of the patient, or to inquire whether their death occurred.
During follow-up patients were treated with life style
and diet modifications, and in particular cases with oral
hypoglycemic agents or insulin administration. No antidiabetic medication was given to those with impaired
glucose tolerance.

RESULTS
Patient population
Of 293 cirrhotic patients evaluated, 124 (42.3%) met the
inclusion criteria. However, 24 (8.1%) of them were not
finally included due to the following reasons: 13 refused
to participate in the study, 8 found difficult to attend
consultation because they lived in another state, and 3
did not attend their appointments for performing OGTT
(Figure 1).
Finally, 100 (34.1%) patients were included in the
study. Their clinical and biochemical characteristics are
shown in Table 1. Although BMI is not the best parameter for assessing nutritional status in cirrhotic patients
(particularly in those with ascites), this method showed
that most of them (69%) were overweight or obese. The
etiology of cirrhosis was predominantly alcoholic and
cryptogenic (47% and 26%, respectively). The diagnosis

Statistical analysis
Continuous variables are expressed as means and standard deviations, while non-continuous variables as me-
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Table 1 Clinical and biochemical characteristics of cirrhotic
patients

1.0

Total (n = 100) NGT (n = 30) SAGT (n = 70)

Age, yr
BMI, kg/m2
Males
Etiology: Alcohol
HBV
HCV
Autoimmunity
Cryptogenic
Liver biopsy
Length of LC, mo
Hemoglobin, g/dL
Platelets, × mm3
INR
Creatinine, mg/dL
Albumin, g/dL
ALT, UI/L
Total bilirubin,
mg/dL
Fasting plasma
insulin, µU/mL
HOMA2 score
Child-Pugh A
B
Child Pugh score
MELD score
Survival, d

0.8

53.9 ± 11.8
49.0 ± 12.0
56.0 ± 11.11
26.9 ± 4.2
26.4 ± 4.40
27.21 ± 4.15
60 (60)
18 (60)
42 (60)
47 (47)
14 (46.6)
33 (47.1)
4 (4)
1 (3.3)
3 (4.2)
13 (13)
2 (6.6)
11 (15.7)
10 (10)
3 (10)
7 (10)
26 (26)
10 (33.3)
16 (22.8)
44 (44)
13 (43.3)
31 (44.2)
21.6 + 27.6
21.4 ± 30.6
21.7 ± 33.2
11.8 ± 2.3
11.6 ± 2.1
11.9 ± 2.3
128140 ± 89501 159186 ± 112108 114834 ± 73269
1.3 ± 0.3
1.2 ± 0.3
1.36 ± 0.32
0.8 ± 0.2
0.90 ± 0.33
0.83 ± 0.2
3.2 ± 0.73
3.33 ± 0.71
3.21 ± 0.74
46.5 ± 40.8
48.9 ± 53.9
45.4 ± 34.0
1.71 ± 0.90
1.55 ± 0.88
1.78 ± 0.91
15.9 ± 10.2

11.9 ± 7.6

18.2 ± 113

2.67 ± 1.6
47 (47)
53 (53)
6.8 ± 1.8
8.94 ± 4.8
1237
(990-1925)

2.36 ± 1.46
15 (50)
15 (50)
6.5 ± 1.61
8.3 ± 5.2
1448
(1256-1925)

4.6 ± 3.34
32 (45.7)
38 (54.2)
6.82 ± 1.67
9.21 ± 4.63
1116
(990-1790)5

NGT
Cumulated survival

Variable

P = 0.02
0.4
SAGT
0.2

0.0
0.00

500.00

1000.00
1500.00
Follow-uo period (d)

2000.00

Figure 2 Cumulated survival of cirrhotic patients with normal glucose
tolerance or subclinical abnormal glucose tolerance. Note that significant
differences between both groups are evident after 3 years of follow-up. NGT:
Normal glucose tolerance; SAGT: Subclinical abnormal glucose tolerance.

times of follow-up, oral antidiabetic medications were
prescribed in 6, and subcutaneous insulin was prescribed
in 2 out of 12 patients with overt DM.
In total, 49% of alcoholic patients consistently
stopped alcohol consumption, 47% of patients with hepatitis C virus infection were treated with antiviral therapy,
50% and 90% of patients with hepatitis B virus infection
or autoimmune liver disease were treated. There were no
dropouts.

Data are expressed as absolute numbers (percentage) or mean ± SD. 1P
= 0.003; 2P = 0.025; 3P = 0.03; 4P = 0.009; 5P = 0.045. NGT: Normal glucose
tolerance; SAGT: Subclinical abnormal glucose tolerance; HOMA: Homeostatic model assessment; LC: Liver cirrhosis. BMI: Body mass index;
MELD: Model for End-Stage Liver Disease; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; INR: International normalized ratio; ALT: Alanine transaminase.

of LC was confirmed by liver biopsy in 44% of cases. In
total, 47% and 53% of patients were assigned into the
groups A and B of the Child-Pugh classification, respectively. The mean Child-Pugh score was 6.9 ± 1.8 points
and the mean MELD score was 8.9 ± 4.8. The mean
values of FPI levels and HOMA2-IR index were 15.9 ±
10.2 µU/mL and 2.67 ± 1.6, respectively.

Cumulative survival
The mean survival time was 1448 d (range: 1256-1925)
in the patients with NGT, while it was 1116 d (range
990-1790) in the patients with SAGT (P = 0.045). Cumulative survival curve of patients with NGT and SAGT is
shown in Figure 2. SAGT patients had significantly lower
survival (P = 0.02).
One to 5-year survival rates are shown in Table 2. Statistically significant differences were observed only after
three years of follow-up. Increasing differences were observed over time until the end of follow-up.

Clinical characteristics and survival rate of patients
Two groups were formed according to the results of
OGTT: those with NGT (30 patients) and those with
SAGT (70 patients, 44 with IGT and 26 with DM). Clinical and biochemical characteristics are shown in Table 1.
SAGT patients were significantly older and had higher values of INR, FPI and HOMA2-IR. Although Child-Pugh
and MELD scores were mildly higher in patients with
SAGT, these differences were not statistically significant.

Causes of death
In total 31 patients died (5 from the NGT group and 26
from the SAGT group). The causes of death are shown
in Table 3. Twenty eight (90.3%) patients died due to the
following complications related to liver disease: 8 due to
esophageal variceal bleeding (25.8%), 6 due to chronic
liver failure (19.3%), 5 due to spontaneous bacterial peritonitis and other infections (16.2%), 5 due to hepatorenal
syndrome (16.2%) and 4 due to hepatocellular carcinoma
(12.9%). Additionally, 2 of the remaining patients died
due to renal impairment (6.4%), and 1 due to cardiovas-

Follow-up
The mean follow-up was 932 d (range 180-1925). At the
end of follow-up, 19 (19%) patients (5 NGT patients
and 14 SAGT patients) developed overt IGT (7 cases) or
overt DM (12 cases). All patients with SAGT were prescribed dietary and life style modifications. At different
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Table 2 Annual cumulated survival of cirrhotic patients n (%)
Year(s)
1
2
3
4
5

NGT (n = 30)
2 (93)
4 (83.2)
4 (83.2)
4 (83.2)
5 (71.6)

SAGT (n = 70)
9 (87)
14 (79)
23 (51.4)
24 (47.5)
26 (31.7)

Table 3 Causes of death n (%)

P value (χ 2 test)

Cause

0.36
0.34
0.04
0.03
0.02

Variceal bleeding
Liver failure
SBP e infection
Hepatorenal syndrome
HCC
Renal impairment
Cardiovascular

NGT: Normal glucose tolerance; SAGT: Subclinical abnormal glucose
tolerance.

8 (25.8)
6 (19.3)
5 (16.2)
5 (16.2)
4 (12.9)
2 (6.4)
1 (3.2)

SBP: Spontaneous bacterial peritonitis; HCC: Hepatocellular carcinoma.

cular disease (3.2%). There were no significant differences in the causes of death among patients with NGT vs
those with SAGT.

cular complications and atherosclerosis. In a study with
virus C-infected patients, IR and DM were significantly
associated with liver fibrosis[32]. Furthermore, in other
reports, it has been suggested that DM can increase fibrosis, incidence of hepatocellular carcinoma, and resistance
to antiviral therapy in patients with hepatitis C[33]. DM
may be involved in the progression of liver fibrosis and
inflammation through diverse mechanisms: it is likely that
adipokine production (such as leptin and Tumor necrosis
factor-alpha, which activate inflammatory pathways exacerbating liver injury) is increased by insulin resistance[34-36].
Leptin and oxidative stress associated with liver inflammation may activate transforming growth factor beta 1
(TGF-β1), which is one of the most potent profibrogenic
cytokines produced in the liver. TGF-β1 activates hepatic
stellate cells which are the major source of collagen Ⅰ and
[37-39]
. In our study,
Ⅲ and extracellular matrix proteins
SAGT as well as high Child-Pugh and MELD scores
were independent predictors of death. This suggests that
SAGT combined with other etiologic agents of liver cirrhosis might have induced liver failure and death.
On the other hand, as it has been pointed out in other
publications, most of our patients with SAGT died from
liver disease related complications[9,20,40] (Table 3). DM
increases the incidence of severe infections by inducing
immunosuppression. Cirrhotic patients with DM have a
higher prevalence of infections compared to non-diabetic
ones. In a recent study, spontaneous bacterial peritonitis
was more frequent in patients with cryptogenic cirrhosis
(which is associated with DM) compared to those with
cirrhosis of other causes[41]. These infected patients had
higher in-hospital mortality due to sepsis, liver failure, and
hepatorenal syndrome[42]. In addition, DM may increase
the risk of variceal bleeding, as postprandial hyperglycemia that occurs in diabetic patients produces splanchnic
vasodilatation and increases the flow and pressure of the
porto systemic venous system[43]. Also, esophageal variceal bleeding increases the risk of infection and death by
inducing bacterial intestinal translocation[44]. DM has been
also associated with an increased risk of hepatic encephalopathy (HE). A significant association between malnutrition and diabetes with HE was observed in a study with
cirrhotic patients[45]. In multivariate analysis, Child-Pugh
classification, malnutrition and DM showed independent
correlations with HE. Plasma ammonium ion levels were
related to insulin resistance and muscle mass. Authors

Predictors of death
Serum creatinine, albumin, INR, Child-Pugh B, ChildPugh and MELD scores, SAGT as well as FPI were
statistically significant according to univariate analysis.
However, only Child-Pugh B (HR = 8.2, 95%CI: 2.0-28.5,
P = 0.02), Child-Pugh score (HR = 10.2, 95%CI: 2.4-21.9,
P = 0.008), MELD score (HR = 12.3, 95%CI: 6.4-33.6,
P = 0.001) and SAGT (HR = 3.2, 95%CI: 2.8-54.2, P =
0.01) were independent predictors of survival according
to multivariate analysis (Table 4).

DISCUSSION
Our study suggests that SAGT may have negative impact on the survival of patients with LC, as those who
showed this abnormality had lower 5-year survival than
those who had NGT. Significant differences in survival
were observed after 3 years of follow-up (Table 2). These
results are consistent with another study carried out in
Japan, with 58 cirrhotic patients without overt DM who
underwent OGTT[20]. In that study, 5-year survival rate
was lower in patients with IGT and DM compared to
those with NGT. Albumin and abnormal OGTT were
independent negative predictors of survival[20]. Despite
the similarities in results of both studies, ours differs in
the following points: (1) 74% of our patients had alcoholic and cryptogenic cirrhosis, while 78.5% of patients
in the Japanese study had viral etiology (HBV and HCV).
The causes of chronic liver disease in our patients were
identical to those observed in most Western countries,
where alcohol and metabolic syndrome are the predominant causes (especially nowadays, the frequency of obesity and nonalcoholic fatty liver disease have dramatically
increased), while viral etiology is predominantly observed
in Asian countries[29-31]; (2) At time of inclusion, our patients did not have liver-related complications, whereas
in the Japanese study, up to 30% had ascites and hepatic
encephalopathy; and (3) The number of patients in our
study was almost twice.
The mechanism by which SAGT may be involved in
the occurrence of death of cirrhotic patients is difficult
to explain. DM may induce progression of liver fibrosis,
inflammation and liver failure, or may increase cardiovas-
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Table 4 Univariate and multivariate analyses: Independent predictors of death
Variable

HR

95%CI

P value

Creatinine
Albumin
INR
Child-Pugh B
Child Pugh score
MELD score
SAGT
Fasting serum insulin

1.6
3.4
2.2
7.2
5.2
8.1
4.5
1.2

1.2-40.2
1.8-22.3
1.6-32.4
3.4-33.0
2.9-25.8
4.2-18.7
2.0-15.2
1.0-33.5

0.030
0.015
0.050
0.0003
0.008
0.001
0.042
0.040

HR

95%CI

P value

2.62
6.3
3.5
8.2
10.2
12.3
3.2
3.2

0.5-3.46
0.4-32.1
0.3-23.6
2.0-28.5
2.4-21.9
6.4-33.6
2.8-54.2
0.1-27.3

0.650
0.180
0.230
0.020
0.008
0.001
0.010
0.320

MELD: Model for end stage liver disease; INR: International normalized ratio; SAGT: Subclinical abnormal glucose tolerance.

rhosis of diverse etiology. Since a long time ago, it has been known that overt
DM is linked to a reduction of survival of patients with liver cirrhosis. Causes of
death of these patients are mostly due to liver disease complications. Nonetheless, 60% of non-diabetic patients with liver cirrhosis may have abnormal glucose tolerance disorders, either impaired glucose tolerance (IGT) or DM, after
an oral glucose tolerance test.

concluded that nutritional status and insulin resistance
might be implicated in the pathogenesis of HE[45].
On the other hand, some authors reported low frequency of diabetic complications in cirrhotic patients[46].
However, these observations have been recently challenged: in two published studies, patients with chronic
hepatitis C compared to controls, showed significant
higher carotid intima media thickness, greater number of
carotid plaques and carotid atherosclerosis affection[47,48].
In one of these studies[47], older age and severe hepatic
fibrosis were independently associated with early carotid
atherosclerosis. In the other one[48], diabetes and metabolic syndrome were associated with carotid plaques. The
precise prevalence of cardiovascular disease or atherosclerosis and their role in the induction of death in cirrhotic patients with DM need to be defined in future well
conducted studies.
In our study, we did not observe significant differences in the causes of death among patients with NGT
compared to those with SAGT (Table 3). This may be
due to the small number of individuals in each group.
Some differences might be clearly evident using a larger
sample of patients.
Although the negative impact of DM on survival of
cirrhotic patients is well known a long time ago, the beneficial effects of early detection and treatment of DM
and IGT for reducing complications and mortality rates
have not been clearly determined. In our study, analysis
of this issue was not performed due to the low number
of patients. This important point has to be determined in
future studies.
In conclusion, SAGT disorders were associated with
reduced long term survival in patients with compensated
LC and normal FPG. Additionally, SAGT, Child-Pugh B,
and high Child-Pugh and MELD scores were independent negative predictors of survival. These findings suggest that SAGT may give rise to morbid conditions that
increase mortality of patients. According to this, OGTT
is useful for accurate assessment of mortality in nondiabetic cirrhotic patients.

Research frontiers

The impact of subclinical forms of IGT and DM on survival of cirrhotic patients
has not been extensively described. In this paper, the authors demonstrate that
patients with these forms of abnormal glucose tolerance have reduced long
term survival than those with normal glucose tolerance. Nevertheless, this study
does not allow demonstrating the mechanisms by which abnormal glucose tolerance may reduce survival of patients

Related publications

The impact of subclinical forms of abnormal glucose tolerance on survival of cirrhotic patients has been described in only one study performed in Japan. In this
study, patients with IGT and DM detected by oral glucose tolerance test (OGTT)
had reduced 5-year survival than those with normal glucose tolerance.

Innovations and breakthroughs

Most of the patients in the previously published study had cirrhosis of viral etiology and 30% had liver complications, while in this study, patients were clinically
compensated and most of them had alcoholic and cryptogenic etiology. In addition the sample size of this study was double.

Applications

The practical applications of the findings of this study are clear: early detection
of abnormal glucose tolerance conditions through OGTT allows early treatment
of DM and consequently a reduction of complications and mortality of patients.
The use of OGTT is suggested in all patients with liver cirrhosis without previous DM, in order to assess prognosis of survival. Those with DM may be
included in a close monitoring and an early treatment program. Future studies
concerning the mechanisms by which DM induces death of cirrhotic patients
may allow focusing prevention and therapeutic measures.

Terminology

Subclinical abnormal glucose tolerance refers to impaired glucose tolerance
and diabetes mellitus detected by an oral glucose tolerance test.

Peer review

The investigators correlated the subclinical abnormal glucose tolerance and
reduced survival in cirrhosis patients, and found that the subclinical abnormal
glucose tolerance was associated with lower survival.
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PROSPECTIVE STUDY

Correlations between skin lesions induced by anti-tumor
necrosis factor-α and selected cytokines in Crohn's disease
patients
Marcin Włodarczyk, Aleksandra Sobolewska, Bartosz Wójcik, Karolina Loga, Jakub Fichna,
Maria Wiśniewska-Jarosińska
certolizumab. Inclusion criteria were exacerbation of
the underlying disease, Crohn’s Disease Activity Index
over 300 and the ineffectiveness of previously used
non-biological therapies. Patients with a history of psoriasis, atopic dermatitis and other autoimmune skin lesions were excluded from the study. The control group
consisted of 12 healthy subjects. A diagnostic survey
was carried out, blood tests and careful skin examination were performed, and the serum levels of IL-17,
IL-23 and IFN-γ were measured using an enzyme-linked
immunosorbent assays technique. Dermatoses that
have developed in the course of biological therapy in
patients who had no pre-existing skin lesions of similar
character were qualified as skin lesions induced by antiTNF-α therapy.
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RESULTS: Skin manifestations occurred in 18 of CD
patients during the anti-TNF-α therapy (60%), in the
average time of 10.16 ± 3.42 mo following the beginning of the 52-wk treatment cycle. Skin lesions observed in CD patients during biological therapy included
psoriasiform lesions (44.4%), and eczema forms lesions (22.2%). In CD patients with drug induced skin
lesions significantly higher levels of hemoglobin (13.3
± 1.5 g/dL vs 10.8 ± 1.9 g/dL, P = 0.018) and hematocrit (39.9% ± 4.5% vs 34.3% ± 5.4%, P = 0.01),
as well as a significantly lower level of platelets (268
3
3
± 62 × 10 /μL vs 408 ± 239 × 10 /μL, P = 0.046)
was observed compared with CD patients without skin
manifestations. The concentrations of IL-17A and IL-23
in CD patients with skin lesions developed under antiTNF-α therapy were significantly higher compared to
those in patients without lesions (IL-17A: 39.01 ± 7.03
pg/mL vs 25.71 ± 4.90 pg/mL, P = 0.00004; IL-23:
408.78 ± 94.13 pg/mL vs 312.15 ± 76.24 pg/mL, P =
0.00556).

Abstract
AIM: To investigate the correlation between the appearance of skin lesions and concentration of interleukin
(IL)-17A, IL-23 and interferon-γ (IFN-γ) in Crohn’s disease (CD) patients during anti-tumor necrosis factor-α
(TNF-α) therapy
METHODS: A prospective study included 30 adult
patients with CD of Caucasian origin (19 men and 11
women; mean age ± SD 32.0 ± 8.6 years) during biological therapy with anti-TNF-α antibodies from January
2012 to March 2013. Eighteen patients were treated
with infliximab, seven with adalimumab and five with
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include the most common symptoms of arthritis, uveitis,
hematologic and hepatobiliary disorders, and skin lesions[4,5]. Non-specific skin lesions can be classified into
characteristic for IBD, which include gangrenous dermatitis and erythema nodosum, and uncharacteristic, which
include mucositis, aphthous stomatitis, vasculitis, and
perianal disease - ulcers, abscesses, and fistulas[1,2,6,7].
The aim of the anti-IBD treatment is to induce and
maintain remission by taking control of inflammation.
To achieve this, 5-aminosalicylic acid, corticosteroids,
immunosuppressants and antibiotics are used[2]. More
comprehensive studies on the CD pathogenesis lead to
the introduction of targeted therapies in the form of
biological drugs. Anti-TNF-α monoclonal antibodies act
by suppressing the immune pathway, which is dependent
on TNF-α. Although very effective in CD treatment,
biological drugs interfere with the immune system and
can cause a variety of side effects, such as hypersensitivity
to the drug, opportunistic infections including reactivation of tuberculosis, autoimmunity with the formation
of antibodies, demyelinating disease, an increased risk of
lymphoma, and cancer development. A broad, diverse
group of the anti-TNF-α side effects are skin lesions.
There may be a local hypersensitivity reaction related to
drug administration or a generalized reaction based on
immunological imbalance.
According to the recent studies, skin lesions induced
by biological therapy are the result of an immune imbalance. Similarly to CD, there is an enhanced expression
of Th17 cytokines, such as IL-17A in inflammatory skin
lesions of patients with psoriasis or atopic dermatitis. It
has been speculated that the inhibition of the excessive
production of TNF-α and IFN-γ by CD4+ Th1 lymphocytes may stimulate the IL-23-dependent pathway
associated with activation of Th17 cytokines[8] and an
overproduction of IL-17A, responsible for the development of changes in the dermis. The most common skin
lesions, which appear in the course of the treatment with
anti-TNF-α are local hypersensitivity reactions, psoriasis
and psoriasiform lesions, eczema, lupus-like lesions, vasculitis, bacterial infections of the skin, dermatitis caused
by viruses, and skin cancer[9,10].
The aim of this study was to evaluate the concentration of IL-17A, IL-23 and IFN-γ in patients with CD
treated with anti-TNF-α drugs and their correlation with
appearance of drug induced skin lesion.

logical therapy may result from significantly increased
concentrations of IL-17A and IL-23, which are strongly
associated with TNF-α/Th1 immune pathways.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The important and often underestimated problem of skin lesions associated with biological treatment
in Crohn’s disease. The authors found the correlation
between the appearance of skin lesions and concentrations of interleukin (IL)-17A, IL-23 and interferon-γ in
Crohn’s disease patients. This is a new and innovative
view on the phenomenon “treat and trigger” in clinical
practice. Better understanding the pathway of these
disorders can influence the effectiveness of the treatment of skin lesions induced by biological therapy.
Włodarczyk M, Sobolewska A, Wójcik B, Loga K, Fichna J,
Wiśniewska-Jarosińska M. Correlations between skin lesions
induced by anti-tumor necrosis factor-α and selected cytokines in Crohn's disease patients. World J Gastroenterol 2014;
20(22): 7019-7026 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i22/7019.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i22.7019

INTRODUCTION
Crohn’s disease (CD) belongs to a group of inflammatory
bowel diseases (IBD) and is characterized by a chronic,
segmental granulomatosus inflammation with periods
of exacerbation and remission, which may involve any
part of the gastrointestinal tract. The pathogenesis of
the intestinal lesions in CD is not entirely identified and
understood. Excessive activation of the immune system
comes as a result of the interaction of various environmental and infectious factors, genetic predisposition, and
the mediation of abnormal intestinal flora. The imbalance between proinflammatory and anti-inflammatory
cytokines leads to a disproportionate activation of T
helper (Th)1 cells and overproduction of interleukin (IL)1β, IL-2, IL-10, IL-12, IL-18, transforming growth factor
beta (TGF-β) and tumor necrosis factor-α (TNF-α)[1,2].
Clinical manifestations and inflammatory lesions in the
intestinal wall are induced by elevated levels of several of
these cytokines, mainly TNF-α. Recent studies showed
an additional impact of lymphocyte Th17 excessive proinflammatory cytokine secretion in CD[3].
CD symptomatology is non-specific and very diverse. General symptoms, such as fever, weakness, and
weight loss are accompanied by symptoms associated
with chronic inflammation of the intestinal mucosa, such
as abdominal pain and chronic diarrhea. Extraintestinal
manifestations occur in 6%-36% of CD patients and
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MATERIALS AND METHODS
The study was conducted in accordance with the ethical
principles of the 1975 Declaration of Helsinki. The study
protocol was approved by the Committee of Bioethics
of Medical University of Lodz, and all participants gave a
written informed consent to participate in the study.
Thirty adult patients with CD of Caucasian origin (19
men and 11 women; mean age ± SD 32.0 ± 8.6 years)
during biological therapy with anti-TNF-α antibodies
from January 2012 to March 2013 were enrolled in this
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study. Eighteen patients were treated with infliximab,
seven with adalimumab and five with certolizumab. All
patients were hospitalized at the Department of Gastroenterology, Medical University of Lodz, Poland. CD was
diagnosed and confirmed according to clinical, radiological, endoscopic, and histological criteria developed by the
European Crohn’s and Colitis Organisation. The clinical
state of each patient was classified according to Crohn’
s Disease Activity Index (CDAI). Inclusion criteria for
biological therapy were exacerbation of the underlying
disease, CDAI over 300 and the ineffectiveness of previously used non-biological therapies. From the study were
excluded patients with a history of hypersensitivity, psoriasis, atopic dermatitis and other autoimmune skin lesions.
In the study group there were 18 patients with cutaneous manifestations induced by biological treatment and
12 patients in whom there were no skin lesions observed
during the therapy. Dermatoses that have developed in
the course of biological therapy in patients who had
no pre-existing skin lesions of similar character were
qualified as skin lesions induced by anti-TNF-α therapy.
Patients with lesions of hypersensitivity underlying character were excluded from this group. In each patient, the
skin manifestations were diagnosed by a specialist gastroenterologist and then confirmed by independent, experienced, board-certified dermatologist. The skin lesions
were classified based on careful examination and their
clinical appearance. Patients with skin lesions induced by
anti-TNF-α were not under topical therapy during the
study and one-year before the enrolment. Patients in the
study group were not taking any other anti-inflammatory
drugs that may affect the immunological profile and appearance of skin lesions. After completion of biological
treatment, patients were included in the 6-mo follow-up,
in which all were retested twice, with carful skin examination. The control group of 12 healthy subjects consisted
of students and medical staff and was homogenous to
the study group in terms of age and sex.
From all patients, 5 mL venous blood was taken to
determine cytokine levels. Serum was quickly frozen at
-80 ℃ and stored until use. In the group of CD patients
with skin lesions, the blood was taken at the time of the
appearance of first cutaneous manifestations; in CD patients without skin involvement the blood was taken at
the end of the course of biologic therapy. Additional laboratory tests included peripheral complete blood count
and serum C-reactive protein (CRP). At the same time
frames clinical disease characteristics charts, a detailed
written questionnaire, and an interview were collected
from all patients.

17A, and < 20.0 pg/mL for IL-23. For each detection,
calibration blank tests have been taken into account. Each
determination was carried out in duplicate in accordance
with the principles of laboratory.
Statistical analysis
The data were analyzed using the Statistica 10.0 software
(StatSoft, Inc., United States). The results were expressed
as means ± SD. Comparison between groups were
performed using the Student’s t-test (or nonparametric
Mann-Whitney U-test) and Fisher’s exact test (or χ 2 test),
depending on the distribution of the variables. Correlations were evaluated using the Pearson’s test or Spearman’
s rank correlation coefficient test depending on normality
of distribution. A value of P < 0.05 was considered statistically significant.

RESULTS
The baseline characteristics of 30 CD patients on biological therapy and 12 health controls are presented in Table
1. Eighteen (60%) of CD patients developed skin lesions
during anti-TNF-α therapy, whereas twelve (40%) of CD
patients had no skin manifestations. Drug induced skin
lesions were observed in twelve patients treated with infliximab (66.7%), four with adalimumab (57.1%), and two
with certolizumab (40.0%). Skin lesions in patients with
CD occurred in the average time of 10.16 ± 3.42 mo following the beginning of the anti-TNF-α therapy with a
52-wk treatment cycle. Each patient was retested twice
in a 6 mo follow-up after the termination of biological
therapy. All drug induced skin lesions were reversible and
subsided without necessity to use topical or general treatment in the mean time of 2.6 mo after the last dose of
the anti-TNF-α agent.
Analysis of patients with and without skin lesions
showed no statistically significant differences in terms
of the impact of sex, age, body mass index, smoking,
disease duration, and location of intestinal inflammatory
lesions. The study showed no relationship between the
disease activity and the presence of skin lesions. A comparison of laboratory tests revealed that CD patients with
drug induced skin lesions had significantly higher levels
of hemoglobin (Hb) (13.3 ± 1.5 g/dL vs 10.8 ± 1.9 g/dL,
P = 0.018) and hematocrit (Ht) (39.9% ± 4.5% vs 34.3%
± 5.4%, P = 0.01), as well as significantly lower level of
platelets (PLT) (268 ± 62 × 103/μL vs 408 ± 239 × 103/
μL, P = 0.046) compared with CD patients without skin
manifestations. There were no differences between the
levels of red blood cell (RBC), white blood cell (WBC)
and CRP between CD patients groups with and without
skin lesions.
Skin lesions observed in CD patients during biological therapy included psoriasiform lesions (44.4%), eczematiforms lesions (22.2%), erythema (22.2%), excessive
skin dryness (22.2%), acne (16.7%) and furunculosistype lesions (11.1%). In 6 of 18 patients with skin lesions
(33.3%), more than one skin manifestation occurred at

Cytokine evaluation
The serum concentrations of IL-17A, IL-23 and IFN-γ
were determined by the quantitative sandwich enzymelinked immunosorbent assay (ELISA), using the standard
ELISA kits from DIACLONE SAS according to the
manufacturer’s instructions. The sensitivity of the methods were < 5.0 pg/mL for IFN-γ, < 2.3 pg/mL for IL-
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Table 1 Baseline clinical characteristics and laboratory findings n (%)
Characteristics

Crohn disease
All patients

Subjects
Sex

Women
Men

Age, yr
Smokers
BMI, kg/m2
Duration of disease, yr
Location of lesions Small intestine
Large intestine
Small and large intestine
Perianal lesions
CDAI, points
Disease activity
Low CDAI (150-220)
Moderate CDAI (220-450)
Hemoglobin, g/dL
Hematocrit
Red blood cell count, × 106/mm3
White blood cell count, × 103/μL
Platelet count, × 103/μL
CRP, mg/L

30 (100)
11 (36.7)
19 (63.3)
32.0 ± 8.6
11 (36.7)
23.0 ± 3.5
8.2 ± 5.9
2 (6.7)
10 (33.3)
18 (60)
6 (20)
177 ± 58
11 (36.7)
7 (23.3)
12.4 ± 2.1
37.9% ± 5.5%
4.35 ± 0.61
7.49 ± 2.46
315 ± 160
19.2 ± 31.0

Control group

P value1

Skin lesions
+

-

18 (60)
5 (27.8)
13 (72.2)
34.0 ± 8.1
8 (44.4)
23.5 ± 3.5
7.4 ± 4.9
1 (5.6)
7 (38.9)
10 (55.5)
3 (16.7)
177 ± 74
7 (38.9)
3 (16.7)
13.3 ± 1.5
39.9%± 4.5%
4.46 ± 0.61
7.09 ± 2.47
268 ± 62
14.9 ± 28.6

12 (40)
6 (50)
6 (50)
29.0 ± 8.7
3 (25)
22.2 ± 3.4
9.2 ± 7.3
1 (8.3)
3 (25)
8 (66.7)
3 (25)
177 ± 56
4 (33.3)
4 (33.3)
10.8 ± 1.9
34.3% ± 5.4%
4.16 ± 0.59
8.19 ± 2.39
400 ± 239
25.9 ± 35.0

0.215
0.119
0.245
0.314
0.452
0.719

0.456
0.987
0.570
0.002
0.010
0.252
0.293
0.046
0.417

12 (100)
6 (50)
6 (50)
25 ± 5.1
4 (33.3)
22.7 ± 2.3
NA
NA
NA
NA
NA
NA
NA
NA
13.5 ± 1.2
42.8% ± 2.4%
4.91 ± 0.49
6.7 ± 1.5
279 ± 75
4.3 ± 0.8

1

Statistical significance between Crohn’s disease (CD) patient group with and without skin lesions during anti-tumor necrosis factor-α (TNF-α) therapy.
Data are presented as mean ± SD or number (percentage). Baseline clinical characteristics and laboratory findings in Crohn’s disease (CD) patients with and
without skin lesions during anti-TNF-α therapy and healthy controls. BMI: Body mass index; CDAI: Crohn’s Disease Activity Index; CRP: C-reactive protein; NA: Not applicable.

the serum levels of IL-17A, IL-23 vs IFN-γ.
The statistical analysis revealed a significant increase
in IL-17A and IL-23 serum concentrations in CD patients with skin lesions during anti-TNF- α therapy
compared with CD patients without skin manifestations
(IL-17A: 39.01 ± 7.03 pg/mL vs 25.71 ± 4.90 pg/mL,
P = 0.00004; IL-23: 408.78 ± 94.13 pg/mL vs 312.15 ±
76.24 pg/mL, P = 0.00556, respectively). There were
no statistically significant differences in serum level of
IFN-γ between patients with and without skin manifestation (IFN-γ: 223.12 ± 66.52 pg/mL vs 216.29 ± 67.38
pg/mL, P = 0.96622, Figure 2). The analysis showed no
significant difference between IL-17A, IL-23 and IFN-γ
serum levels in CD patients with skin lesions depending
on the type and number of skin lesions. There was also
no statistically significant relationship between IL-17A,
IL-23 and IFN-γ serum levels in CD patients and age,
sex, duration of disease, location of intestinal lesions and
the length of anti-TNF-α therapy. The analysis showed
that CDAI did not correlate with cytokine serum levels.
The study demonstrated statistically significant positive correlation between IL-17A serum concentration
and Hb (r = 0.505, P = 0.01, Figure 3) and Ht (r = 0.474,
P = 0.022) levels in all CD patients. On the other hand,
a negative correlation between IL-17A serum concentration and WBC and PLT was observed in CD patients, but
without statistical significance. There were no significant
correlations between the serum concentrations of IL-23
and IFN-γ and the levels of Hb, Ht, PLT, and WBC. Cytokine serum concentrations did not correlate with RBC

Table 2 Localization of nonspecific skin lesions during antitumor necrosis factor-α therapy in Crohn’s disease patients
n (%)
Skin lesions localization

Value

Scalp region
Facial region
Presternal region
Intracapsular region
Upper limb
Lower limb
Generalized

4 (22)
8 (44)
3 (17)
4 (22)
1 (6)
3 (17)
2 (11)

the same time. Generalized skin lesions were observed in
2 patients (11.1%) in the form of psoriasiform eruptions.
Location and frequency of skin lesions are outlined in
the Table 2.
Analysis of cytokine levels showed a statistically significant increase in serum concentrations of IL-17A,
IL-23 and IFN-γ in patients with CD compared to controls. Specifically, substantial differences in the serum
levels of IL-17A: 33.69 ± 9.06 pg/mL in CD vs 6.23 ±
4.26 pg/mL in controls (P < 0.000001); IL-23: 370.13 ±
98.58 pg/mL in CD vs 69.58 ± 29.44 pg/mL in controls
(P < 0.000001); and IFN-γ: 220.39 ± 65.78 pg/mL in
CD vs 44.03 ± 14.30 pg/mL in controls (P < 0.000001)
were observed. The statistical analysis of the obtained
data showed that there is a significant positive correlation
between IL-17A and IL-23 concentrations (r = 0.482, P
= 0.007, Figure 1). No correlations were found between
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Figure 1 Correlation between the serum concentration. Correlation between the serum concentration of interleukin 17 (IL-17) and IL-23 in Crohn’s
disease patients (r = 0.48182, P = 0.007).

Figure 3 Scatter plot. Scatter plot showing correlation between hemoglobin
rate and interleukin 17A (IL-17A) serum levels in Crohn’s disease patients (r =
0.505, P = 0.01).

450

with CD consist of a heterogenic group of dermatopathologies. In our study, skin lesions occurred in 60% of
CD patients during biological therapy and approximately
33% were of a polymorphic nature. A wide variety of
skin lesions occurring in patients during the anti-TNF-α
therapy was also observed. The most common types of
dermatoses were psoriasiform eruptions or eczematiforms lesions. The face was the most commonly observed location; other privileged locations were scalp and
intrascapular or presternal region.
Observations of skin lesions obtained in our study
can be compared with a large comparative meta-analysis
by Moustou et al[9], which evaluated skin complications
during biological treatment regardless of the underlying
disease. The occurrence of anti-TNF-α induced skin lesions was described as an adverse reaction of medium
or high probability. The highest correlation concerned
appearance of psoriasis or psoriasiform lesions. It was
suggested that the skin manifestations may be the result
of the participation of the same cytokines or combining
activation of various immune pathways in the course of
biological treatment in CD patients[9,11].
In this study we aimed at further characterizing the
IL-17A and IL-23-related pathways in relation to antiTNF-α therapy in patients with CD. The pathogenesis of
autoimmune diseases is not fully understood. Although
a similar cytokine activation profile is observed in IBD,
psoriasis, rheumatoid arthritis and systemic lupus erythematosus, causing generalized immune imbalance, clinical
symptoms are different and may involve various organs.
Available data suggest that autoimmune diseases, including IBD, are probably connected with a genetic predisposition to specific tissue responses to elevated levels of
proinflammatory cytokines[12].
The main immune pathway in CD is associated with
disproportionate activation of Th1 cells. Th1 cells are
responsible for the secretion of several proinflammatory cytokines, such as IL-2, IL-3, IL-12, IL-18, TGF-β,
IFN-γ and TNF-α, which is the main proinflammatory

Skin leasion
Without skin lesion
Control

400
350
300
250
200
150
100
50
0

IL-17A

IL-23

IFN-γ

Figure 2 Interleukin 17A, interleukin 23 and interferon gamma serum concentration in controls and Crohn’s disease patients with and without skin
adverse side effects of anti-tumor necrosis factor-α therapy. Interleukin
17A (IL-17A): With skin lesions vs without skin lesions: P = 0.000044; with skin
lesions vs control: P = 0.000005; without skin lesions vs control: P = 0.000037;
IL-23: With skin lesions vs without skin lesions: P = 0.005557; with skin lesions
vs control: P = 0.000005; without skin lesions vs control: P = 0.000037; interferon gamma (IFN-γ): With skin lesions vs without skin lesions: P = 0.966233;
with skin lesions vs control: P = 0.000005; without skin lesions vs control: P =
0.000037.

and CRP.
In CD patients with skin lesions, a statistically significant positive correlation between the IL-17A serum
concentration and Hb level was shown (r = 0.521, P =
0.047). In these patients correlations between IL-17A
and Ht and PLT were observed, but without statistical
significance (Hct: r = 0.4703 P = 0.077; PLT: r = -0.4808,
P = 0.07). In CD patients with skin lesions there were no
statistically significant correlations between cytokine serum concentrations and RBC, WBC, CRP levels or CDAI
score.

DISCUSSION
Skin lesions induced by anti-TNF-α therapy in patients
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cytokine in the persistent inflammation of the intestinal
mucosa[1,2]. Recent studies point at other pathways in
the pathogenesis of CD and suggest a strong link between IL-23, IL-17A, TNF-α and IFN-γ. In a study by
Hovhannisyan et al[3] the elevated levels of IL-17A were
observed in the mucosa and serum of CD patients. This
may suggest that in some cases IBD development may
be due to an excessive activation of TNF-α pathway and
simultaneous Th17 lymphocyte activation dependent
on IL-23. Another study demonstrated that CD4+ Th17
lymphocytes are responsible for the induced skin and gut
inflammation[13].
Biological therapy interferes with the immune system
and inhibits the Th1 lymphocytes pathway linked with
TNF-α. As a result of the TNF-α dependent pathway
inhibition, the precursor cells T cell CD4+ under the
influence of TGF-β and IL-6 can enter the pathway
dependent on IL-23. Increasing the level of IL-23 stimulates Th17 lymphocytes, which secrete mainly IL-17A,
initiating the inflammatory response upon binding with
specific receptors[8]. The location of these receptors, as
they may be skin or intestinal mucosa, is responsible for
clinical symptoms manifested by the CD patients[14,15].
Our study showed an increased level of IL-23 in all
CD patients compared to a control group and was the
highest in the group with skin manifestations. IL-23 is an
important cytokine involved in the development of skin
lesions during biological therapy in CD patients. Its role in
lymphocyte differentiation is crucial in the formation of
psoriasiform eruptions. Also, an increase in the number of
lymphocytes and dendritic cells with abnormal expression
of IL-23R on the surface can also play an important role
in this process[16]. Several studies have shown that IL-23 is
responsible for the final redirection of the immune system
on the Th-17 pathway. Various cytokines, such as IL-12,
IL-1β and IL-6 are responsible for the initial differentiation of immune activation, while IL-23 directly affects the
proliferation of Th-17 lymphocytes[12,14,17].
In our study an increased level of IL-17A was detected in CD patients. IL-17 participate in the development
of autoimmune disorders and include six polymorphic
cytokines (IL-17A to IL-17F). In the pathogenesis of
skin lesions, mainly psoriasiforms, the highest concentration of IL-17 variant A or F, or both of these cytokines
were recorded. Lesions induced by an excess of IL-17A
are characterized by hyperproliferation of keratinocytes
and traceability of activated T-cells in the dermis[18,19].
Activated Th17 lymphocytes in the dermis secrete IL17A and IL-22, which are probably the ultimate causative
factor of skin lesions, based on the increased expression
of proinflammatory genes in kerationcytes[20]. This report
is confirmed by Ariza et al[8] in a mouse psoriasis model.
IL-17A and IL-23 play crucial role in the formation
of skin lesions, mainly manifested as psoriasis and psoriasiform eruptions. Lesions are caused by many coexisting
factors, such as immune imbalance caused by the CD and
therapy with anti-TNF-α agents, abnormal infiltration of
inflammatory cells in dermis, immune disorders second-
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ary to malnutrition and anti-TNF-α agents, delamination
of the skin layers, and secondary bacterial infections of
skin lesions. In clinical practice most skin infections, such
as furuncles and furunculosis were observed in the end
of the cycle of therapy with anti-TNF-α agents, apparently due to the highest degree of suppression of TNF-α
pathway and activation of pathways dependent on IL-23
and IL-17A.
In our study we observed a positive correlation between increased levels of IL-23 and IL-17A in all CD
patients. A similar relationship in CD patients with skin
lesions induced by anti-TNF-α therapy was found, which
is in good agreement with previously published data[21,22].
We also aimed to evaluate the relationship between
the occurrence of the skin lesions and serum concentrations of IL-17A, IL-23 and INF-γ in CD patients during
the treatment with anti-TNF-α monoclonal antibodies.
The study showed significant increase of the analyzed
cytokine levels in the relation to the control group, which
consisted of healthy subjects. Moreover, an association
between IL-23 and IL-17A and the appearance of skin
lesions in CD patients during the biological treatment was
observed. Therefore we suggest that elevated levels of
IL-23 and IL-17A may be responsible for the formation
of skin lesions. Furthermore, since all tested cytokines
were elevated in CD patients compared to the control
group, the participation of these molecules in the inflammatory pathway of CD may also be suggested.
Finally, we observed a statistically significant relationship between Hb, Ht and PLT, the appearance of
induced skin lesions and cytokine levels during the treatment with anti-TNF-α drugs. The levels of Hb, Ht and
PLT may reflect an appropriate gut response to antiTNF-α therapy and the reduction of intestinal inflammatory process. In our study a positive correlation between
Hb and Ht with IL-17A were recorded. Lower level of
PLT and higher levels of Hb and Ht suggested more significant suppression of TNF-α related gut inflammatory
pathway and more excessive activation Th17 lymphocytes
in the dermis in CD patients with skin lesions. This statement is also indicated by the occurrence of drug induced
skin lesions in the late phase of anti-TNF-α therapy.
In conclusion, the use of targeted therapy and modulation of the immune response of the patient, mainly
through anti-TNF-α drugs has become a growing trend
in IBD treatment. Therefore, a clear understanding of
IL-23/IL-17A and TNF-α immune pathways involved
in intestinal inflammation in the course of CD, as well as
side effects of anti-TNF-α drugs, including those concerning skin, will allow clinicians to select the appropriate
therapy based on the individual patient cytokine profile.
Our study clearly showed that skin lesions in CD patients after biological therapy may result from significantly increased concentrations of IL-17A and IL-23, which
are strongly associated with TNF-α/Th1 immune pathways. Our observations lead to a better understanding of
the mechanisms underlying IBD and may be crucial for
the development of new biological drugs, which could
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provide more effective induction and maintenance of the
intestinal remission in IBD, with fewer side effects.
Further studies to confirm our observations in a
larger cohort and to verify whether there are differences
between the anti-TNF-α drugs used in terms of skin
manifestations during biological therapy are thus warranted.
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Skin lesions induced during anti-tumor necrosis factor (TNF)-therapy in patients
with Crohn’s disease (CD) are important and often underestimated problem in
clinical practice. According to recent studies, this broad and diverse group of
side effects may be the result of an immune imbalance.
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The aim of this study was to investigate the correlation between the appearance
of drug induced skin lesions and the concentration of interleukin (IL)-17A, IL-23
and interferon (IFN)-γ in Crohn’s disease patients during anti-TNF-α therapy.
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Earlier studies reported drug induced skin lesion under biological therapy with
anti-TNF-α agents. This study clearly showed that skin lesions in CD patients
after biological therapy may result from significantly increased concentrations of
IL-17A and IL-23, which are strongly associated with TNF-α/Th1 immune pathways.
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The observations lead to a better understanding of the mechanisms underlying
inflammatory bowel diseases (IBD) and may be crucial for the development of
new biological drugs, which could provide more effective induction and maintenance of the intestinal remission in IBD, with fewer side effects.

Terminology
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CD belongs to a group of IBD and is characterized by a chronic, segmental
granulomatosus inflammation with periods of exacerbation and remission,
which may involve any part of the gastrointestinal tract. Biological therapy with
anti-TNF-α is a targeted therapy in CD patients, directed against the main
proinflammatory cytokine. As skin lesions induced by anti-TNF-α therapy, dermatoses that have developed in the course of biological therapy in patients who
had no pre-existing skin lesions of similar character were qualified.
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This is a nice small study correlating plasma levels of ILs and IFN with that of
the appearance of skin lesions with biological treatment in CD patients. What is
shown in highest expression levels of IL-17 and IL-23 in CD patients with antiTNF-α drug induced skin lesions. The results are interesting and may represent
an immunological mechanism of skin lesions induced by biological therapy in
CD patients.
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health, including physical (17.3 ± 6.0 vs 22.4 ± 3.1,
P < 0.01), emotional (12.6 ± 4.3 vs 16.6 ± 3.1, P <
0.01) and social function (14.7 ± 3.9 vs 17.9 ± 2.5, P <

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the common gastro-intestinal
symptoms and quality of life in severely obese subjects.

Key words: Severe obesity; Quality of life; Gastro-intestinal symptoms; Glycosylated hemoglobin

METHODS: We prospectively recruited 340 severely
obese patients [mean age 30.5 ± 7.8 years; mean body
2
mass index (BMI) 42.9 ± 6.1 kg/m ] and 340 healthy
2
persons (mean BMI 23.1 ± 3.8 kg/m ) matched in sex,
age, marriage and education. The quality of life was
studied using a specific gastrointestinal quality of life
index (GIQLI) questionnaire. The 36 items and four
functional domains of the GIQLI were compared and
analyzed between the groups. The possible correlation
of GIQLI scores with specific clinical variables in severely obese patients was assessed by measuring Pearson’s
coefficient of correlation.

Core tip: This study found that the severely obese
patients had a significant impaired general quality of
life, including social, emotional and physical domain.
This finding is similar to previous studies and supports
the role of bariatric surgery in treating this group of
patients. Although the impairment of the specific gastrointestinal quality of life is not as high as the general
quality of life, this study did detect a significant impairment in 9 (47%) out of 19 specific gastrointestinal
symptoms. The arousing of these annoying gastrointestinal symptoms is interesting and deserves further
investigation.

RESULTS: The mean GIQLI score of severely obese
patients was lower than the normal control group (108.5
± 17.1 vs 123.2 ± 14.8, P < 0.01). Severely obese patients had decreased scores in the domains of general

Yu PJ, Tsou JJ, Lee WJ, Lee KT, Lee YC. Impairment of gastrointestinal quality of life in severely obese patients. World J
Gastroenterol 2014; 20(22): 7027-7033 Available from: URL:
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0.01), and in the domain of gastrointestinal symptoms
(63.9 ± 6.7 vs 66.3 ± 7.2, P < 0.05). A significantly decreased score was found in nine items, and there was
an increased score in one out of the 19 items in the
domain of symptoms of the GIQLI questionnaire. The
decreased score in the domain of symptoms was correlated with increasing glycosylated hemoglobin (HbA1c)
levels.
CONCLUSION: Severe obesity resulted in a significant
impairment of the quality of life and caused specific
gastrointestinal symptoms compared with normal controls. The development of gastrointestinal symptoms
is correlated increasing HbA1c, suggesting that a poor
control of hyperglycemia might be the etiology.
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340 normal healthy subjects matched by age and sex were
included as the normal control group. The subjects in
the normal control group were volunteers who had no
symptoms and received an annual health check-up at this
hospital. The obesity-related co-morbidities were recorded, and the presence of metabolic syndromes was documented. Demographic and laboratory data were collected
at the pre-operative evaluation. Metabolic syndrome was
defined according to the ATPIII definition[20].
All of the patients and normal controls received a
life quality questionnaire evaluation using the GIQLI, a
36-item-questionnaire[11]. The GIQLI explores the patient’
s self-evaluation of the 2-wk period before the questionnaire is filled out. It includes 36 items covering four
domains. Three domains belong to the general quality of
life: physical function (7 questions), emotional function (5
questions) and social function (5 questions). One domain
is specific to gastrointestinal symptoms (19 questions).
Each question is scored from zero to four (zero being the
worst and four being the best). The maximum score is
144.

http://www.wjgnet.com/1007-9327/full/v20/i22/7027.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.7027

INTRODUCTION
Obesity is becoming a pan-endemic health problem in
the United States and worldwide[1,2]. It increases the risk
for many common diseases, including coronary artery
disease, type 2 diabetes, dyslipidemia, hypertension, gallbladder disease and osteoarthritis, thus increasing the
risk of death[3,4]. It is likely that severe obesity surpasses
smoking as the number one cause of preventable death
in the United States[5]. Because severe obesity causes a
great deal of suffering related to these co-morbidities, a
reduction in the general quality of life is well documented
and well understood in previous reports[6,7]. Obesity is
known to be an important risk factor for some gastro-intestinal diseases, such as gastro-esophageal reflux disease
and non-alcoholic steatohepatitis and gall bladder disease[8-10]. Gastrointestinal complains are common in the
severely obese, but there is little data specifically evaluating the impairment of gastrointestinal function in these
patients or the possible etiology. A possible investigation
tool, the gastrointestinal quality of life index (GIQLI), is
a well-validated tool for assessing the specific quality of
life and gastrointestinal symptoms in patients with various gastrointestinal diseases[11]. This questionnaire was
used for many gastrointestinal diseases to investigate the
changes before and after surgical treatment, including
gastric cancer, reflux disease, achalasia, obesity and diabetes[12-17]. Data from the GIQLI in severely obese patients
compared with the normal population is lacking. These
data are very important for investigating the etiology and
therapeutic effect of associated gastrointestinal disease
in severely obese patients. In this study, we examine the
differences in the GIQLI between severely obese patients
and normal controls, and evaluate the relationship of
various clinical parameters with the difference in GIQLI.

Statistical analysis
SPSS version 12.01 for Windows (SPSS Inc, Chicago, IL,
United States) was used for all of the statistical analyses.
The results for all of the items were expressed as the
mean ± SD of the mean or median as appropriate. The
paired Student’s t test was used to compare each item
between the study and control groups. A two-tailed t
test was used for comparison of the total scores and
the scores in each subgroup of items between the two
groups. Values of P < 0.05 were considered statistically
significant. The GIQLI scores of the severely obese patients were assessed for possible correlation by measuring
Pearson’s coefficient of correlation, which was evaluated
for significance within the 95% confidence interval. All
of the data were recorded on standardized data collection
forms, which were transferred into a commercially available electronic database system for personal computers
and analyzed.

MATERIALS AND METHODS

RESULTS

This study was conducted in the Endoscopic Bariatric
Center of the Min-Sheng General Hospital of the National Taiwan University from October, 2007 to September 2011. The study was approved by the human-research
review board at Min-Sheng General Hospital. This prospective study of 340 consecutive patients was part of an
extensive preoperative evaluation and data collection on
patients with severe obesity referred for laparoscopic bariatric surgery for weight reduction in Min-Sheng General
Hospital, Taiwan. The inclusion criteria were essentially
the same as the NIH Consensus Development Panel of
1991 recommended, but with a modification for Asians,
including a history of obesity of > 5 years’ duration,
body mass index (BMI) > 37 kg/m2 or BMI > 32 kg/m2
with co-morbidities, documented weight-loss attempts in
the past and good motivation for surgery[18,19]. Another

WJG|www.wjgnet.com

The demographic data regarding the study and control
groups are given in Table 1. The mean age and BMI of
the severely obese patients were 30.5 ± 7.8 years and
42.9 ± 6.1 kg/m2. There was no difference in the age,
sex ratio, education level and martial ratio between the
two groups, but the mean BMI was significantly higher in
the severely obesity group (42.9 kg/m2 vs 23.1 kg/m2, P
< 0.01). The majority of the severely obese patients had
more than one abnormal criteria of metabolic syndrome
as shown in Table 2. Hypertension, followed by hyperglycemia, was the most common abnormal criteria in the
severely obese patients. Type 2 diabetes [glycosylated hemoglobin (HbA1c) > 6.5%] was found in 64 (18.8%) of
the severely obese patients. Among these patients, 34%
were taking anti-lipid medication, 18% took anti-hyper-
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Table 1 Demographics of patients and normal controls n (%)
Demographics
Age (mean ± SD)
Sex ratio (F/M)
BMI (kg/m2)
Marriage (Y/N)
Education (College)

Severe obesity

Normal control

(n = 340)

(n = 340)

30.5 ± 7.8
270:70
42.9 ± 6.1
159:181
238 (70)

31.6 ± 8.6
270:70
23.1 ± 3.8
163:177
252 (74)

Table 3 Total gastrointestinal quality of life and domain
scores n (%)

P value
GIQLI
Overall
Symptoms
Physical
Emotional
Social

NS
NS
< 0.001
NS
NS

Severe obesity (n = 340)
221 (65.1)
170 (50.0)
148 (43.5)
162 (47.0)
28 (40.5)
175 (64.8)
64 (18.8)

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting
plasma glucose; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol.

tension medication and 11% took hypoglycemic agents.
Approximately half of them were married.
Severely obese patients have a significant deterioration in the GIQLI score compared with the normal control group (108.5 ± 17.1 vs 123.2 ± 14.8, P < 0.01). The
decreasing scores are observed in all four domains, as
shown in Table 3. Severely obese patients had decreased
scores in the domains of general health, including physical (17.3 ± 6.0 vs 22.4 ± 3.1, P < 0.01), emotional (12.6
± 4.3 vs 16.6 ± 3.1, P < 0.01) and social function (14.7 ±
3.9 vs 17.9 ± 2.5, P < 0.01), and in the domain of gastrointestinal symptoms (63.9 ± 6.7 vs 66.3 ± 7.2, P < 0.05).
Severely obese patients had the highest defect in the
social domain (29%), followed by the emotional (24.1%)
and physical (22.8%) domains. Severely obese patients
had decreased scores in 14 of the 17 items of general
health, including all five items in the domain of social
function, four out of five items in emotional function
and five out of seven items in physical function (Table
4). In the domain of gastrointestinal symptoms, severely
obese patients had a decreased mean score of 3.6% and
a decreased score in nine out of the 19 items, but had an
increased score in one item. Severely obese patients had
more frequent heart burn (3.6 ± 0.8 vs 3.7 ± 0.8, P < 0.05)
and regurgitation (3.5 ± 0.8 vs 3.7 ± 0.7, P < 0.05) than
the normal control. In eating, severely obese patients
more frequently needed selective food restriction (2.9 ±
1.1 vs 3.4 ± 0.9, P < 0.01) and felt less pleasure with eating (2.0 ± 1.1 vs 2.5 ± 1.1, P < 0.01). They were troubled
by a low speed of eating (3.6 ± 0.7 vs 3.8 ± 0.5, P < 0.01).

WJG|www.wjgnet.com

123.2 ± 14.8
66.3 ± 7.2
22.4 ± 3.1
16.6 ± 3.1
17.9 ± 2.5

Difference

P value

14.7 (11.9)
2.4 (3.6)
5.1 (22.8)
4.0 (24.1)
5.2 (29.0)

< 0.01
< 0.05
< 0.01
< 0.01
< 0.01

Severely obese patients were also more troubled with
functional gastrointestinal symptoms, including abdominal fullness (2.7 ± 1.0 vs 3.1 ± 0.9, P < 0.01), urgent bowel movement (3.7 ± 0.6 vs 3.8 ± 0.5, P < 0.05), diarrhea
(3.3 ± 0.8 vs 3.5 ± 0.8, P < 0.01), and incontinence (3.9 ±
0.2 vs 4.0 ± 0.2, P < 0.05) than normal person. Severely
obese patients were less troubled by gurgling abdominal
noises than the normal persons (3.6 ± 0.6 vs 3.4 ± 0.8, P
< 0.01).
In the correlation analyses, the deterioration of the
total score of GIQLI in severely obese patients was correlated with female patients, increasing age and lower
BMI (Table 5). The subgroup analyses showed that the
deterioration of the sores in the domains of general life
quality including physical, emotional and social function
had similar results to the total score, but the deterioration of the symptoms score was only correlated with the
HbA1C level.

Table 2 Distribution of co-morbidities in severely obese
patients n (%)

Hypertension
SBP > 130 mmHg
DBP > 85 mmHg
Hyperglycemia (FPG > 100 mg/dL)
Hyper TG ( TG > 150 mg/dL)
HDL-C (male) < 40 mg/dL
HDL-C (female) < 50 mg/dL
Diabetes (HbA1c > 6.5)

108.5 ± 17.1
63.9 ± 6.7
17.3 ± 6.0
12.6 ± 4.3
14.7 ± 3.9

GIQLI: Gastrointestinal quality of life.

BMI: Body mass index; NS: Not significant; BP: Blood pressure; F: Female;
M: Male.

Distribution

Severe obesity Normal control

DISCUSSION
This study is the first to examine the impairment of specific gastro-intestinal quality of life in severely obese patients in a large cohort. This study found that the severely
obese patients had a significantly impaired general quality
of life, including social, emotional and physical domain.
This finding is similar to previous studies using a general
quality of life questionnaire[6,7] and supports the role of
bariatric surgery in treating this group of patients[17-24].
This study detected a significant impairment in gastrointestinal symptoms in this group of severely obese
patients using a specific GIQLI questionnaire. Although
the impairment of the specific gastrointestinal quality of
life is not as high as the general quality of life, this study
did detect a significant impairment in nine (47%) out of
19 specific gastrointestinal symptoms. These data are important for clinicians to understand the impairment and
manage these symptoms in clinical practice. These annoying gastrointestinal symptoms are interesting and deserve
further investigation.
Two gastroesophageal reflux disease (GERD)-related
symptoms (regurgitation, heart burn) in this study were
significantly worse in severely obese patients. These
symptoms, in combination with obstructive sleep apnea,
might result in insomnia in these patients. The score of
the item “wake-up at night” in the physical function domain was significantly lower in the severely obese patients
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a lower pressure of the esophageal sphincter, esophageal
motor disorders and hiatal hernia secondary to increased
intra-abdominal pressure[25-27]. Medical therapy, along
with weight reduction, is generally agreed to help alleviate
GERD in obese patients. Laparoscopic Nissen fundoplication is a safe and effective treatment option for GERD,
but studies have demonstrated that obesity adversely
affects the long-term success of the anti-reflux operation[28]. Previous studies showed an improvement of
GRED-related symptoms in severely obese patients after
significant weight loss following bariatric surgery[29,30], and
this might be recommended as the procedure of choice
for severely obese patients suffering from GERD[31].
Another cluster of gastrointestinal symptoms in severely obese patients can be classified as symptoms of
irritable bowel syndrome, including abdominal fullness,
bowel urgency, diarrhea and incontinence. The proposed
etiology of irritable bowel symptoms in severely obese
patients has been related to increased intra-abdominal
pressure[32]. This increased pressure causes a chronic
abdominal compartment syndrome that can produce
marked irritable bowel type symptoms. These symptoms
are expected to improve significantly after bariatric surgery and weight reduction[30,33]. The proposed mechanism
of increased intra-abdominal pressure is only a hypothesis. The findings in this study that the deterioration of
the symptoms score in severely obese patients did not
relate to the BMI or waist circumference did not support
the hypothesis. The only significant factor correlated with
the development of GI symptoms is the HBA1c concentration. This finding implies that the diabetic associated
autonomic neuropathy, rather than the increased intraabdominal pressure, is the principle cause of the development of irritable bowel symptoms in severely obese
patients.
Another possible explanation for the development of
gastrointestinal symptoms in severely obese patients is
the change in the intestinal microbiota in obese patients.
Recent studies have shown that the gut microbiome of
obese human beings is distinct from healthy-weight individuals[34,35]. Changes in the gut microbiota might be
responsible for the development of non-alcoholic fatty
liver disease and gastrointestinal symptoms[36]. Probiotic
agents were found to be helpful in treating irritable bowel
syndrome and improving outcomes after gastric bypass
surgery[37,38]. The development of some gastrointestinal
symptoms might be related to the change of the gut microbiota in obese patients.
Severely obese patients had a lower score in enjoying
eating and the need for restricted eating. These are likely
a psychological complication of obesity. In addition to
many physical co-morbid conditions, there are significant
psychopathologic factors affecting the morbidly obese.
Depression, low self-esteem and poor body image are
common in obese persons[39,40]. This altered self-image
might cause severely obese patients to feel guilty and
restrict their eating. These symptoms are expected to improve with the improved self-image and self-esteem that

Table 4 Items in the questionnaire of gastrointestinal qualityof-life index and scores in each item
Morbid obesity Normal control P value

Item
Symptoms
Abdominal pain
Feeling of abdominal
fullnessb
Abdominal bloating (too
much gas)
Trouble with flatulence
Trouble with burping or
belching
Trouble with gurgling
abdominal noisesb
Trouble with bowel
frequency
Enjoyed eatingb
Need for restricted eatingb
Regurgitationa
Trouble with slow speed of
eatingb
Trouble with dysphagia
Trouble with bowel
urgencya
Trouble with diarrheab
Trouble with constipation
Trouble with nausea
Trouble with blood in stool
Trouble with heartburna
Trouble with incontinencea
Emotional items
Coping with every day
stress
Sadness about illnessb
Nervousness or anxious
about illnessb
Happiness with life in
generalb
Frustration about illnessb
Physical items
Trouble with fatigue
Feeling unwell
Wake-up at nightb
Trouble with changes in
appearanceb
Loss of physical strengthb
Loss of endurance through
illnessb
Feeling unfitb
Social items
Coping with daily
activitiesb
Taking part in leisure
activitiesb
Bothered by medical
treatmentb
Trouble of personal
relationshipb
Sexual life impairmentb

3.4 ± 0.7
2.7 ± 1.0

3.4 ± 0.7
3.1 ± 0.9

NS

3.2 ± 0.9

3.1 ± 1.0

NS

3.1 ± 1.0
3.4 ± 0.8

3.1 ± 0.9
3.5 ± 0.8

NS
NS

3.6 ± 0.6

3.4 ± 0.8

3.4 ± 0.8

3.5 ± 0.8

2.0 ± 1.1
2.9 ± 1.1
3.5 ± 0.8
3.6 ± 0.7

2.5 ± 1.1
3.4 ± 0.9
3.7 ± 0.7
3.8 ± 0.5

3.8 ± 0.5
3.7 ± 0.6

3.9 ± 0.1
3.8 ± 0.5

3.3 ± 0.8
3.4 ± 0.9
3.5 ± 0.7
3.8 ± 0.5
3.6 ± 0.8
3.9 ± 0.2

3.5 ± 0.8
3.5 ± 0.8
3.6 ± 0.7
3.8 ± 0.5
3.7 ± 0.8
4.0 ± 0.2

2.5 ± 0.8

2.6 ± 0.8

2.5 ± 1.2
2.8 ± 1.1

3.4 ± 1.1
3.3 ± 0.8

2.3 ± 1.1

2.8 ± 1.0

2.5 ± 1.2

3.5 ± 0.8

2.7 ± 1.1
2.8 ± 0.9
3.1 ± 1.1
2.1 ± 1.4

2.8 ± 1.0
2.9 ± 0.9
3.4 ± 0.9
3.6 ± 0.7

2.1 ± 1.2
2.1 ± 1.2

3.4 ± 0.8
3.1 ± 1.0

2.2 ± 1.2

3.2 ± 1.0

2.8 ± 1.1

3.5 ± 0.8

2.8 ± 1.1

3.3 ± 1.0

2.8 ± 1.0

3.7 ± 0.6

3.3 ± 1.0

3.6 ± 0.7

3.0 ± 1.2

3.8 ± 0.6

NS

NS

NS
NS
NS

NS

NS
NS

a

P < 0.05, bP < 0.01 vs preoperative data. NS: Not significant.

than the normal controls. Obesity is a well-known precipitating factor of GERD[8,9]. There are several possible
patho-physiologic mechanisms responsible for the development of GERD in severely obese patients, including
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Table 5 Pearson correlation coefficients analysis between clinical and laboratory data and scores of different domains in the
gastrointestinal quality-of-life index
Clinical and laboratory items
Age (yr)
Sex
BMI (BMI > 35 kg/m2)
Weight (kg)
Waist circumference (cm)
Waist:hip ratio
Systolic blood pressure
Diastolic blood pressure
Fasting glucose (mmol/L)
HbA1c
Fasting insulin (mU/L)
C-Peptide (pmol/mL)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Fasting triglyceride (mmol/L)
Total protein (g/L)
Albumin (g/L)
ALT
AST
Alkaline phosphatase
HSCRP
WBC
Hemoglobin
MCV

Total Score

Physical domain

Emotional domain

Social domain

Symptoms

(36 items)

(7 items)

(5 items)

(5 items)

(19 items)

-0.1353
0.1472
0.1151
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.1262
0.1523
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.1543
0.1983
0.1442
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.1773
0.1893
0.1221
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
-0.1762
NS
NS
NS
NS
NS
NS
0.0941
NS
NS
NS
NS
NS
NS
NS

1

Correlation is significant at 0.05 level (2-tail); 2Correlation is significant at 0.01 level (2-tail); 3Correlation is significant at 0.001 level (2-tail). HSCRP: High
sensitive C-reactive protein; MCV: Mean cellular volume; HDL: High-density lipoprotein; WBC: White blood cells; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; BMI: Body mass index; HbA1c: Hemoglobin A1c.

occur after significant weight loss[41].
In this study, the deterioration of the total score of
the GIQLI and the deteriorations in the domains of
general quality of life, including psychological, physical
and social function were correlated with increasing age,
female gender, and lower BMIs. The inverse relationship with age reflects the chronic deterioration effect of
obesity on a patient’s health. The relationship with female
gender and the BMI might be because of the bias of
patient selection. The BMI is an objective measurement
of general obesity and might not reflect the quality of
life in obese patients, which is a subjective measurement.
Severely obese patients who felt higher impairment in
quality of life might seek surgical treatment earlier, when
they have a lower BMI. In previously reported bariatric
surgery studies, females are almost always predominant
because female patients have more psychological and
social pressure than male patients in our society[20-24]. The
significance of gender and BMI might be a result of the
bias of patient selection, but this study did confirm an
impaired general quality of life in these patients compared with normal persons.
A limitation of this study is that this is not a general
population survey but a prospective study of severely
obese patients who were seeking bariatric surgery. A severe selection bias might exist because only patients who
felt the most deterioration in their quality of life might
seek an interventional treatment. In a relatively large

WJG|www.wjgnet.com

number of severe patients compared with a matched
group, this study provides very useful knowledge about
the gastrointestinal symptoms in severely obese patients.
Our study has proven that severely obese patients
who seek bariatric surgery had significant impairment of
their general and specific gastrointestinal quality of life.
The deterioration of the gastrointestinal life quality is not
related to the degree of obesity but is related to age, female gender and increasing of HbA1c, suggesting a poor
control of hyperglycemia might be the principle etiology.
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META-ANALYSIS

Does hyoscine butylbromide really improve polyp detection
during colonoscopy? A meta-analysis of randomized
controlled trials
Pei-Jing Cui, Jing Yao, Hua-Zhong Han, Yi-Jun Zhao, Jun Yang
RESULTS: The initial search identified nine articles.
After screening, five RCTs with a total of 1998 patients
were included in this meta-analysis. Of the five studies,
all described a comparison of baseline patient characteristics and showed that there was no statistically
significant difference between the two groups. Among
the 1998 patients, 1006 received hyoscine butylbromide and 992 were allocated to the control group, and
the polyp detection rate was reported. There were
no signiﬁcant differences between the treated and
the control group (OR = 1.09, 95%CI: 0.91-1.31, P
= 0.33). Four RCTs included 1882 patients, of whom
948 received hyoscine butylbromide, and the adenoma
detection rate was reported. There were no signiﬁcant
differences between the treated and the control group
(OR = 1.13, 95%CI: 0.92-1.38, P = 0.24).
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CONCLUSION: The use of hyoscine butylbromide did
not significantly improve the polyp detection rate during colonoscopy.

Abstract
AIM: To investigate the benefits of hyoscine butylbromide in polyp detection during colonoscopy by a
meta-analysis of available randomized controlled trials
(RCTs).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Databases, including PubMed, EMBASE,
the Cochrane Library, and the Science Citation Index
up to September 2013, were searched. The primary
outcome was polyp detection rate, and the secondary outcome was adenoma detection rate. The metaanalysis was performed using the free software Review
Manager. Differences observed between the treated
and the control groups were expressed as odds ratio
(OR) with a 95% confidence interval (CI). A fixedeffects model was used to pool data when statistical
heterogeneity was absent. If statistical heterogeneity
was present (P < 0.05), a random-effects model was
used.

Core tip: There is a debate as to whether hyoscine butylbromide can really improve polyp detection during
colonoscopy. We performed a meta-analysis of the results of randomized controlled trials to investigate the
benefits of hyoscine butylbromide in polyp detection
during colonoscopy. We found that the use of hyoscine
butylbromide did not significantly improve the polyp
detection rate during colonoscopy.
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Study selection
The initial inclusion criteria were as follows: (1) RCTs
regardless of whether they were single blinded, double
blinded or unblinded; (2) the treatment group received
hyoscine butylbromide during colonoscopy; and (3) a
parallel control group received placebo during colonoscopy. Studies that met the initial inclusion criteria were
further examined. Those with duplicate publications, unbalanced matching procedures or incomplete data were
excluded. When publication duplication occurred, or the
studies were reported in conference proceedings, the
earliest publications were excluded.

Gastroenterol 2014; 20(22): 7034-7039 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/7034.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.7034

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
gastrointestinal cancers in the Asian-Pacific region due
to socioeconomic development and adaptation of Western lifestyle[1]. Adenomatous polyps are usually the precursor of CRC, and early identification and removal prevent progression of colonic neoplasia[2]. Colonoscopy is
currently the gold standard for the diagnosis of mucosal
diseases[3]. However, polyps can remain undetected during colonoscopy, with a reported miss rate of 5%-32%[4],
probably because some lesions lie in areas of the colonic
surface that do not enter the field of view[5]. Therefore,
improvements in polyp detection are a major focus of
endoscopic research and quality improvement programs
worldwide. The use of antispasmodic agents in colonoscopy is considered when the rationale is to reduce colonic spasm, which can impede advancement of the colonoscope and impair visualization of the mucosa[6]. The
advantages of these agents have been proved in some
trials with respect to speed and ease of colonoscope
insertion[7] and ileal intubation rates[8,9]. In recent years,
authors such as Corte et al[10] found that antispasmodic
agents could reduce the depth of the haustral folds and
may facilitate the detection of polyps. Hyoscine butylbromide, a well-known antispasmodic drug, can block
muscarinic receptors and thus exert a parasympathicolytic action which results in a reduction in the tone and
motility of smooth muscle[11,12]. This helps to achieve
rapid spasmolysis, and may increase mucosal view and
polyp detection[13]. Although adverse effects, such as visual accommodation disturbance, mild tachycardia, or a
dry mouth have been observed, hyoscine butylbromide
is still a well tolerated and safe drug, especially when
monitored[11,14].
However, an ongoing debate still exists as to whether
hyoscine butylbromide can really improve polyp detection during colonoscopy[15,16]. To critically appraise the
current evidence, we performed a meta-analysis of the
results of randomized controlled trials (RCTs) to investigate the benefits of hyoscine butylbromide in polyp
detection during colonoscopy.

Data extraction
Data were extracted independently by two reviewers
(Cui PJ and Yao J) according to the prescribed selection
criteria. Any disagreements were resolved by discussion
between the two reviewers. The following data were
extracted: the baseline trial data (e.g., mean age, gender,
bowel preparation type, colonoscopy staff arrangement,
methods of sedation during colonoscopy, and dosage
and administration routes of hyoscine butylbromide);
the outcomes of colonoscopy (polyp and adenoma detection rate, number of adenomas and polyps detected
per patient). Where necessary, the corresponding authors
were contacted to obtain supplementary information.
The polyp/adenoma detection rate was defined as the
number of patients with ≥ 1 polyp/adenoma divided by
the total number of screened patients.
Study quality
The quality of the included trials was assessed using the
Jadad composite scale[17] in addition to a description of
an adequate method for allocation concealment. The
Jadad score assesses descriptions of randomization,
double blinding, and withdrawals or dropouts. It ranges
from 0-5 points, with a low-quality study having a score
of ≤ 2 and a high-quality study having a score of ≥
3[18]. Study quality was assessed independently by two
authors (Cui PJ and Yao J), and any discrepancies in interpretation were resolved by consensus (Table 1).
Statistical analysis
The meta-analysis was performed using the free software
Review Manager (Version 4.2.10, Cochrane Collaboration, Oxford, United Kingdom). Differences observed
between the two groups were expressed as the odds
ratio (OR) with a 95% confidence interval (CI). A fixed
effects model was used to pool data when statistical heterogeneity was absent. If statistical heterogeneity was
present (P < 0.05), a random effects model was used.

MATERIALS AND METHODS
Literature search
Electronic databases, including PubMed, EMBASE, the
Cochrane Library and the Science Citation Index up to
September 2013, were searched. Literature references
were hand-searched during the same time period. The
search terms used were “hyoscine butylbromide or buscopan and polyp detection”.

WJG|www.wjgnet.com

RESULTS
The initial search identified nine articles (Figure 1). After
screening, six RCTs were identified. One study[19] compared outcomes unrelated to this meta-analysis, and was
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Table 1 Quality analysis of included trials
Study
Byun et al[20]
Lee et al[21]
Corte et al[10]
de Brouwer et al[15]
Rondonotti et al[16]

Randomization method

Allocation concealment

Blinding

Withdrawals

Jadad score

Not mentioned
Computer-generated
Computer-generated
Not mentioned
Computer-generated

Unclear
Adequate
Adequate
Unclear
Adequate

Double-blind
Double-blind
Double-blind
Double-blind
Double-blind

Not mentioned
Not mentioned
Described
Described
Described

3
6
7
4
7

Potentially relevant publications identified from search strategy (n = 9)

Excluded after review of title and abstract (n = 3)

Studies retrieved for detailed evaluation (n = 6)

Studies excluded from Meta-analysis (n = 1)

Original studies included in the meta-analysis (n = 5)

Figure 1 Search protocol for the meta-analysis.

consequently excluded from the pooled meta-analysis.
Therefore, five RCTs [10,15,16,20,21] were included in this
meta-analysis. All five studies described a comparison
of baseline patient characteristics and showed that there
were no statistically significant differences between the
two groups. The principal characteristics of the included
studies are shown in Tables 2 and 3. The outcomes were
measured as follows.

patients (29.9%) in the hyoscine butylbromide group and
256 patients (27.4%) in the control group. There was no
signiﬁcant difference between the two groups (OR = 1.13,
95%CI: 0.92-1.38, P = 0.24) (Figure 2B).

DISCUSSION
The prevalence of polyps in the colon and rectum is
high, as is the incidence of colorectal cancer[22]. Many individuals with polyps have been identified in recent years
as a result of screening using colonoscopy[23]. Polyps
are considered to be the precursor lesions of colorectal
carcinoma, and colonoscopy which is used to identify
and remove polyps has become standard practice for the
prevention of CRC[24]. However, colonoscopy is not an
ideal procedure in every case. Several reports have been
published detailing the pitfalls of colonoscopy, which
has significant miss rates for polyp and cancer detection[25,26]. Many factors including quality and timing of
bowel preparation[27,28], colonoscopic technique[29], polyp
position[30] and colonic contractility[13] may impede polyp
detection. Several methods, including the administration of antispasmodic agents during colonoscopy to
enhance the quality of colonoscopic examinations and
to increase polyp detection rate, have been suggested.
Colonic spasm can make it difficult for the endoscopist
to advance the colonoscope and visualize the mucosa[6].
It seems that adequate colonic distension to improve

Primary outcome
In this report, we considered polyp detection rate as
the primary outcome. All five studies[10,15,16,20,21] reported
polyp detection rate. These trials included 1998 patients,
of whom 1006 received hyoscine butylbromide and
992 were allocated to the control group. A total of 906
patients were found to have polyps on colonoscopy,
including 467 patients (46.4%) in the hyoscine butylbromide group and 439 patients (44.3%) in the control
group. There was no signiﬁcant difference between the
two groups (OR = 1.09, 95%CI: 0.91-1.31, P = 0.33)
(Figure 2A).
Secondary outcome
The secondary outcome in this analysis was adenoma detection rate. The data were derived from four RCTs[10,15,16,20].
These trials included 1882 patients, 948 of whom received
hyoscine butylbromide. A total of 539 patients were
found to have adenomas on colonoscopy, including 283
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Table 2 Baseline characteristics of included trials in the meta-analysis
Study

Group

Age

Gender

Intervention

Time of
intervention

Bowel preparation

20 mg, iv

At the time of
colonoscopic
withdrawal

Not mentioned

(M/F)
Byun et al[20]

Lee et al[21]

Corte et al[10]

de Brouwer et al[15]

Rondonotti et al[16]

Hyoscine
butylbromide
Placebo

Not
mentioned

Hyoscine
butylbromide
Placebo
Hyoscine
butylbromide
Placebo

59.4 ± 8.5

103 (total
number)
102 (total
number)
27/31

58.4 ± 7.9
60.6 ± 11.2

23/35
162/141

61.4 ± 10.4

157/141

Hyoscine
butylbromide
Placebo

61.5

156/184

61.4

176/158

Hyoscine
butylbromide
Placebo

57.3 ± 11.5

90/112

57.3 ± 13.5

87/113

1 mL NS, iv

Colonoscopy
staff

Sedation

Not mentioned Not mentioned

20 mg, iv

When the scope Polyethylene glycol A single experi- Midazolam, 3-5
reached the
solution
enced endoscomg, iv
1 mL NS, iv
cecum
pist
20 mg, iv After the cecum
PrepKit C; pi8 endoscopists, Midazolam,
was reached
coPrep; moviPrep;
14 fellows
fentanyl with or
1 mL NS, iv
glycoPrep
without propofol, iv
20 mg, iv
When the
Polyethylene glycol 5 gastroenter- Not mentioned
cecum was
solution
ologists and 3
1 mL NS, iv reached and the
nurse endoscowithdrawal of
pists
the colonoscope
was started
20 mg, iv At cecal intuba- Senna-based prepaSix boardMidazolam and
tion
ration
certiﬁed gastro- pethidine, iv
1 mL NS, iv
enterologists

Table 3 Characteristics of randomized comparisons of hyoscine butylbromide and placebo groups reported in the literature
Study
Byun et al[20]
Lee et al[21]
Corte et al[10]
de Brouwer et al[15]
Rondonotti et al[16]

Group

Polyp detection rate

Adenoma detection rate

Polyps per patient (n )

Adenomas per patient (n )

Hyoscine butylbromide
Placebo
Hyoscine butylbromide
Placebo
Hyoscine butylbromide
Placebo
Hyoscine butylbromide
Placebo
Hyoscine butylbromide
Placebo

45.6%
39.2%
34.5%
25.9%
43.6%
36.6%
55.9%
60.2%
38.6%
37.0%

35.0%
29.4%
NR

NR

NR

0.9 ± 1.8
0.6 ± 1.2
0.91 ± 0.084
0.70 ± 0.075
1.13
1.21
NR

NR

27.1%
21.8%
29.7%
31.4%
31.7%
28%

0.55 ± 0.073
0.42 ± 0.062
NR
NR

NR: Not reported.

shown by Misra et al[9]. However, its advantage in increasing polyp detection is still debatable.
In the present meta-analysis, the baseline characteristics in the two groups were similar in all the studies.
Hyoscine butylbromide 20 mg was administered intravenously after intubation of the cecum, thereby maximizing homogeneity for possible polyp detection. All five
RCTs[10,15,16,20,21] evaluated the effectiveness of hyoscine
butylbromide in improving polyp detection during colonoscopy. The meta-analysis showed that the polyp detection rate (OR = 1.09, 95%CI: 0.91-1.31, P = 0.33) was
not correlated with the use of hyoscine butylbromide.
The results of this meta-analysis indicated that hyoscine
butylbromide did not improve the rate of polyp detection during colonoscopy. Moreover, there was no association between the use of hyoscine butylbromide and
improvement in the detection of adenomas (OR = 1.13,
95%CI: 0.92-1.38, P = 0.24), although adenomas were
not reported in all studies. We also evaluated the quality
of these RCTs according to the Jadad score[17] and found
that the results of the meta-analysis were consistent with

mucosal view can lead to increased polyp and adenoma
detection[31]. However, trials employing dicyclomine hydrochloride[32], glucagon[33], and atropine[34] have failed to
show any benefit. Furthermore, there are some endoscopists who believe that the use of an antispasmodic may
actually make colonoscopy more difficult by reducing colonic muscular tone[25]. In contrast to earlier studies, Lee
et al[21] suggested that polyp detection may be enhanced
by spasmolysis in patients with more pronounced colonic spasms. Corte et al[10] also found that antispasmodic
agents could reduce the depth of the haustral folds and
may facilitate the detection of polyps.
Hyoscine butylbromide, an antimuscarinic anticholinergic antispasmodic with a quaternary ammonium structure, is a commonly used, inexpensive, and safe drug. Its
parasympathicolytic action results in a reduction in the
tone and motility of smooth muscle[11,12]. These characteristics make it an attractive choice for the pretreatment
of patients who undergo colonoscopy in an effort to
obtain adequate colonic distension. The advantage of
hyoscine butylbromide in facilitating ileal intubation was
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A

Study or subgroup
Byun 2009
Corte 2012
de Brouwer 2012
Lee 2010
Rondonotti 2013

Hyoscine
Events Total
47
103
132
303
190
340
20
58
78
202

Placebo
Events Total
40
102
109
298
201
334
15
58
74
200

Weight
9.6%
27.1%
39.1%
4.3%
20.0%

Total (95%CI)
1006
992 100.0%
Total events
467
439
2
2
Heterogeneity: χ = 5.37, df = 4 (P = 0.25); I = 26%
Test for overall effect: Z = 0.97 (P = 0.33)

B

Study or subgroup
Byun 2009
Corte 2012
de Brouwer 2012
Rondonotti 2013

Hyoscine
Events Total
36
103
82
303
101
340
64
202

Placebo
Events Total
30
102
65
298
105
334
56
200

Weight
10.9%
26.5%
41.3%
21.3%

Total (95%CI)
948
934 100.0%
Total events
283
256
2
2
Heterogeneity: χ = 2.47, df = 3 (P = 0.48); I = 0%
Test for overall effect: Z = 1.18 (P = 0.24)

Odds ratio
M-H, fixed, 95%CI
1.30 [0.75, 2.27]
1.34 [0.96, 1.86]
0.84 [0.62, 1.14]
1.51 [0.68, 3.35]
1.07 [0.72, 1.60]

Odds ratio
M-H, fixed, 95%CI

1.09 [0.91, 1.31]
0.01 0.1
1
10
100
Favours experimental
Favours control
Odds ratio
M-H, fixed, 95%CI
1.29 [0.72, 2.32]
1.33 [0.92, 1.93]
0.92 [0.66, 1.28]
1.19 [0.78, 1.83]

Odds ratio
M-H, fixed, 95%CI

1.13 [0.92, 1.38]
0.01

0.1

1

Favours experimental

10

100

Favours control

Figure 2 Comparison of polyp detection rate between the hyoscine butylbromide and placebo groups. A: Polyp detection rate; B: Adenoma detection rate.

Innovations and breakthroughs

the sensitivity analysis. Thus, the results showing the ineffectiveness of hyoscine butylbromide in improving the
polyp detection rate during colonoscopy are credible and
robust.
This meta-analysis had several limitations. The small
number of studies and the restricted sample size in most
trials implied that the quantitative analysis was not very
powerful. Moreover, the experience of the endoscopist
and the type of bowel preparation used may influence
the results of colonoscopy[35]. In our meta-analysis, most
trials involved different colonoscopy staff and there was
no standardization of bowel preparation type, and this
may account for the heterogeneity and influence our
results. Further large multicenter studies based on a unified colonoscopy procedure are required.
In conclusion, the present meta-analysis showed
that the use of hyoscine butylbromide did not improve
the polyp detection rate during colonoscopy. Therefore,
this analysis does not support the routine use of hyoscine butylbromide to improve the rate of polyp detection.
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Meta-analyses of clinical trials have shown that there is no statistically significant benefit in the use of hyoscine butylbromide to improve the polyp detection
rate during colonoscopy.

Applications

The present meta-analysis does not support the routine use of hyoscine butylbromide to improve the rate of polyp detection.

Terminology

Hyoscine butylbromide, an antispasmodic drug, can block muscarinic receptors
and thus exert a parasympathicolytic action which results in a reduction in the
tone and motility of smooth muscle.

Peer review

In this article, the authors investigated the benefits of hyoscine butylbromide in
polyp detection during colonoscopy by a meta-analysis of available randomized
controlled trials. The results gave no support to the routine use of hyoscine butylbromide as a tool to improve the rate of polyp detection.
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META-ANALYSIS

Placement of prophylactic pancreatic stents to prevent
post-endoscopic retrograde cholangiopancreatography
pancreatitis in high-risk patients: A meta-analysis
Qing-Qing Shi, Xiao-Yi Ning, Ling-Ling Zhan, Guo-Du Tang, Xiao-Ping Lv
sion and exclusion criteria were used to screen for
suitable studies. Two reviewers independently judged
the study eligibility while screening the citations. The
methodological quality of the included trials was assessed using the Jadad scoring system. All results were
expressed as OR and 95%CI. Data were analyzed using
Stata12.0 software.
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RESULTS: Ten eligible randomized controlled trials
were selected, including 1176 patients. A fixed-effects
model in meta-analysis supported that pancreatic duct
stents significantly decreased the incidence of postERCP pancreatitis (PEP) in high-risk patients (OR =
0.25; 95%CI: 0.17-0.38; P < 0.001). Pancreatic stents
also alleviated the severity of PEP (mild pancreatitis
after ERCP: OR = 0.33; 95%CI: 0.21-0.54; P < 0.001;
moderate pancreatitis after ERCP: OR = 0.30; 95%CI:
0.13-0.67; P = 0.004). The result of severe pancreatitis after ERCP was handled more rigorously (OR =
0.24; 95%CI: 0.05-1.16; P = 0.077). Serum amylase
levels were not different between patients with pancreatic stents and control patients (OR = 1.08; 95%CI:
0.82-1.41; P = 0.586).
CONCLUSION: Placement of prophylactic pancreatic
stents may lower the incidence of post-ERCP pancreatitis in high-risk patients and alleviate the severity of this
condition.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To assess the effectiveness of pancreatic stents
for preventing pancreatitis in high-risk patients after endoscopic retrograde cholangiopancreatography
(ERCP).

Key words: Pancreatic stent; endoscopic retrograde
cholangiopancreatography; Pancreatitis; Hyperamylasemia; Meta-analysis
Core tip: Post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis is the most common and
serious complication of ERCP. In the past few decades,
a number of clinical randomized controlled trials have

METHODS: PubMed, Embase, Science Citation Index,
and Cochrane Controlled Trials Register were searched
to identify relevant trials published in English. Inclu-
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risk patients. The primary search terms were “pancreatic
stent”, “ERCP”, and “post-ERCP pancreatitis”, which
were limited to the article title and abstract, using human
and randomized controlled trials as filters. Reference
lists were manually handled to exclude the possibility of
omission of eligible studies. This process was repetitively
performed until no articles were identified as suitable
candidates.
The inclusion criteria were as follows: (1) study type
was prospective clinical RCTs, regardless of whether the
trial was double-blind; (2) study patients included adults
with risk factors and those undergoing ERCP; (3) intervention included pancreatic stent placement before or
after ERCP; and (4) the incidence of PEP was required
to be the primary outcome, and the severity of PEP and
incidence of hyperamylasemia were secondary outcomes.
Studies were excluded if any of the required information
was not obtainable and if they were retrospective studies
or published only in abstract form.

shown that pancreatic stents can effectively prevent the
occurrence of post-ERCP pancreatitis (PEP). In view of
these high quality data, we conducted this meta-analysis to evaluate the effectiveness of pancreatic stent
placement in preventing PEP in high-risk patients. Our
results supported that pancreatic stent placement is an
effective means to prevent PEP and alleviate the severity (mild and moderate) of PEP in high-risk patients.
Furthermore, no serious complications were reported in
subjects in the stent group.
Shi QQ, Ning XY, Zhan LL, Tang GD, Lv XP. Placement of prophylactic pancreatic stents to prevent post-endoscopic retrograde
cholangiopancreatography pancreatitis in high-risk patients: A
meta-analysis. World J Gastroenterol 2014; 20(22): 7040-7048
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i22/7040.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i22.7040

Data extraction and quality assessment
Two investigators (Shi QQ and Ning XY) independently
extracted data from the included studies, and a common
data form was used during this process. The form contained mainly the following information: first author, publication year, study type, patient characteristics, number
of subjects, PEP outcomes, PEP severity, incidence of
hyperamylasmia, stent type, and stent size. Any disagreements were resolved through discussion and consensus.
The Jadad scale was used to evaluate the quality of
the included studies[13]. The scale included scores for 3
items: (1) randomization: suitable (2 points), randomized
but unclear (1 point), and improper (0 points); (2) blinding: a suitable blind method was used (2 points), unclear
blinding method (1 point), and improper blinding method (0 points); and (3) the dropouts and withdraws were
recorded (1 point), not recorded dropouts and withdraws
(0 point). This quality scale ranges from 0 to 5 points, and
higher scores indicate better quality studies. If an article
was given a score of 2 points or less, it was considered to
be low quality, whereas articles scoring 3 or more were
considered high quality.

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) plays a significant role in the diagnosis and treatment of bile duct and pancreatic diseases. Post-ERCP
pancreatitis (PEP) is the most common and serious
complication of ERCP, and the incidence of PEP ranges
from 1% to 30%[1-5]. Independent patient-related and procedure-related risk factors for PEP have been previously
reported[3-6], and the risk factors for PEP include female
gender, post-ERCP pancreatic history, pancreatic sphincterotomy, sphincter of Oddi dysfunction, sphincter of
Oddi manometry, difficult cannulation, pancreatic duct
biopsy, and intraductal pancreatic duct ultrasonography.
In high-risk patients undergoing ERCP, the incidence of
pancreatitis after ERCP ranges from 30% to 40%[7-9]. In
the past few decades, a number of clinical randomized
controlled trials (RCTs) have shown that pancreatic stents
can effectively prevent the occurrence of PEP. Several
meta-analyses have also confirmed that placement of
pancreatic duct stents significantly decreases the incidence of PEP and alleviates its severity[10-12]. However, all
of the included articles in previous meta-analyses were
published before 2008. In recent years, several high quality RCTs investigating pancreatic stent placement for
the prevention of PEP have been published. In view of
these newly added data, we conducted a meta-analysis to
evaluate the effectiveness of pancreatic stent placement
in preventing PEP in high-risk patients.

Statistical analysis
We performed all statistical analyses using the Stata12.0
software. Categorical data are expressed with OR and
95%CI, and P values less than 0.05 represented statistical significance. The heterogeneity of studies was tested
by the χ 2 test, and I2 described the percentage of variability attributed to heterogeneity instead of sampling
error. I2 values less than 25% indicated no heterogeneity,
values between 25% (inclusive) and 50% represented low
heterogeneity, values between 50% (inclusive) and 75%
represented moderate heterogeneity, and values of 75%
or above represented high heterogeneity. Based on these
ranking of heterogeneity, a fixed-effects (low heterogeneity) or random-effects model (moderate or high heterogeneity) was selected.

MATERIALS AND METHODS
Literature search and study selection
Articles published up to May 2013 were searched in the
following databases: PubMed, Embase, Science Citation
Index, and the Cochrane Controlled Trials Register. We
searched for related RCTs that studied pancreatic stent
placement for preventing the incidence of PEP in high-
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Table 1 Main characteristics of the included studies
Jadad

Total (n )

Risk factors/procedures

Stent type

Time for spontaneous
dislodgement

Kawaguch et al[16]
Lee et al[17]
Pan et al[18]
Sofuni et al[14]

4
5
2
5

120
101
40
407

5F (3 cm)
3F (4, 6, 8 cm)
5F
5F (3 cm)

3 d 96.7% (58/60)
7 d 94% (45/48)
NA
3 d 95.7% (178/186)

Ito et al[19]
Sofuni et al[15]

4
3

70
201

5F (4 cm)
5F (3 cm)

NA
3 d 95.7% (90/94)

Tsuchiya et al[20]
Harewood et al[21]
Fazel et al[22]
Tarnasky et al[23]

3
4
2
2

64
19
74
80

History of previous PEP, difficult cannulation, SOD
Difficult cannulation
High-risk patients without
High-risk patients irrespective of the type of the risk
factor
Difficult cannulation
High-risk patients irrespective of the type of the risk
factor
Bile duct sphincterotomy
Endoscopic ampullectomy
Difficult cannulation, SOM, billiy ES
SOD, SOM

5F (3, 4 cm)
5F (3, 5 cm)
5F (2 cm)
5F or 7F (2, 2.5 cm)

NA
1 d 60% (6/10)
NA
NA

Ref.

PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis; NA: Not available; ES: Endoscopic sphincterotomy; SOD: Sphincter of Oddi dysfunction; SOM: Sphincter of Oddi manometry.

Characteristics of included studies
The Jadad scores and main characteristics of the included
RCTs are shown in Table 1. The incidence and severity of
PEP are presented in Table 2. The definition of post-PEP
in all included trials was based on the Cotton’s criteria[9].
The degree of severity of PEP was graded from mild to
severe: pancreatitis was considered mild if hospitalization
was extended 2 to 3 d after the procedure, moderate if
hospitalization was extended 4 to 10 d after the procedure. The incidence of hyperamylasemia after ERCP is
described in Table 3. Hyperamylasemia was defined as an
amylase level greater than three times the upper limit of
normal in the majority of the studies. The incidence of
PEP and its severity in patients who experienced failure
of pancreatic stent placement are shown in Table 4. The
studies were published between 1998 and 2012, and the
sample size ranged from 19 to 407 subjects, with a total
of 1176 subjects included in the analysis. Eight out of
10 studies reported using 5F stents, with lengths ranging
from 2 to 5 cm.

Initial search: 238 articles

Excluded duplicate: 68 articles
Nonrandomized: 52 articles
Retrospective: 28 articles
Others not meeting the inclusion
criteria: 60 articles

30 articles initially selected

Excluded duplicate: 2 articles
Abstract form: 4 articles
Others not meeting the inclusion
criteria: 14 articles

Final screening: 10 articles

Figure 1 Article search and selection.

RESULTS

Quality assessment
The studies included in this meta-analysis were reasonably well designed and performed, with an average Jadad
score of 3.4 points (Table 1). All of the trials were RCTs
and had detailed records of dropouts and withdraws.
Three trials described randomization methods, 5 studies
used appropriate blinding, and all studies defined PEP
according to the cotton index[9] as the primary outcome.
Only two studies did not have detailed records of the severity of PEP[18,21].

Eligible studies
A comprehensive literature search was performed using
PubMed, Embase, Science Citation Index, and the Cochrane Controlled Trials Register databases. The initial
search identified a total of 238 articles. Among them,
208 articles were excluded because they were nonrandomized trials, duplicates, reviews, or used inappropriate
interventions. Thirty relevant articles were selected and
reviewed, but 20 articles were excluded subsequently due
to duplication of data, publication in abstract form only,
or absence of important outcomes. Eventually, 10 RCTs
(including a total of 1176 subjects) met the inclusion
criteria and were selected for review and analysis (Figure
1). Among the included studies, two articles had the same
first author[14,15]; however, since these studies were independent RCTs, both articles were included in this metaanalysis.
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Incidence of PEP
The incidence of PEP is shown in Table 3. All of the
included RCTs reported the incidence of PEP in both
the stent group and the non-stent group. A total of 1176
patients were included; of these, 156 patients developed
PEP, including 34 patients in the stent group, 117 patients
in the non-stent group, and 5 patients who underwent
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Table 2 Incidence and severity of post-endoscopic retrograde cholangiopancreatography pancreatitis
Stent group (n )

Ref.
S-sten
Kawaguch et al[16]
Lee et al[17]
Pan et al[18]
Sofuni et al[14]
Ito et al[19]
Sofuni et al[15]
Tsuchiya et al[20]
Harewood et al[21]
Fazel et al[22]
Tarnasky et al[23]

60
48
20
186
32
94
32
10
38
41

Non-stent group (n )

Mild PEP Moderate PEP Serve PEP
1
5

0
1
NA
4
0
1
0
0
0
0

12
0
2
1
0
2
1

Total PEP

n

1
6
4
16
0
3
1
0
2
1

60
51
20
204
35
103
32
8
32
39

0
0
0
0
0
0
0
0
0

P value

Mild PEP Moderate PEP Serve PEP
8
12
22
8
8
2
5
5

0
2
NA
8
0
6
1
NA
2
5

0
1
1
0
0
1
0
3
0

Total PEP
8
15
14
31
8
14
4
3
10
10

0.032
0.031
< 0.01
0.021
NA
0.019
NS
0.020
< 0.05
0.003

PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis; S-stent: Successful stent; NA: Not available; NS: Not significant.

occurrence of mild PEP (OR = 0.33; 95%CI: 0.21-0.54;
P < 0.001; Figure 2B).

Table 3 Incidence of hyperamylasemia
Ref.

Year
[16]

Kawaguchi et al
Lee et al[17]
Sofuni et al[14]
Ito et al[19]
Sofuni et al[15]
Tsuchiya et al[23]

2012
2012
2011
2010
2007
2007

Hyperamylasemia
Stent (n )

Control (n )

P value

18
8
86
21
31
11

23
6
68
26
34
16

0.862
0.538
0.200
NA
0.996
NS

Incidence of moderate PEP
As shown in Table 3, among the 8 RCTs that reported the
severity of PEP, two studies reported no moderate PEP
in either the stent group or the non-stent group. There
was no significant change with these studies incorporated
into the analysis, and thus, they were excluded. No heterogeneity was found in the remaining studies (I2 = 0.0%, P
= 0.805), and a fixed-effects model was used to incorporate ORs. The results indicated that pancreatic stents were
also effective in the prevention of moderate PEP (OR =
0.30; 95%CI: 0.13-0.67; P = 0.004; Figure 2C).

NA: Not available; NS : Not significant.

unsuccessful stent placement. The incidence of PEP was
13.27% (156/1176). Due to the low heterogeneity among
the included studies (I2 = 17.0%, P = 0.286), a fixedeffects model was used to calculate ORs. The incidence
of PEP was significantly different between subjects in
the stent group and those in the non-stent group (OR =
0.25; 95%CI: 0.17-0.38; P < 0.001; Figure 2A).

Incidence of severe PEP
As shown in Table 3, nine studies reported that no subject in the stent group experienced severe PEP. Among
these studies, four reported the occurrence of severe
PEP in six patients in the non-stent group. The other
five trials were excluded from this analysis since no severe PEP was reported. No heterogeneity was found in
the four included studies (I2 = 0.0%, P = 0.955), and a
fixed-effects model was used to incorporate ORs. The
incidence of severe PEP was not significantly different
between the stent group and the non-stent group (OR =
0.24; 95%CI: 0.05-1.16; P = 0.077; Figure 2D).

Sensitivity analysis
Subsequently, we performed sensitivity analyses to explore the stability of the pooled results. Exclusion of
three low-quality studies (Jadad score ≤ 2) only slightly
changed the overall estimate (OR = 0.31; 95%CI:
0.20-0.49; P < 0.001) and still resulted in low heterogeneity I2 = 3.5%, P = 0.399). Exclusion of one study with the
largest sample size (N = 407) also only slightly changed
the overall estimate (OR = 0.16; 95%CI: 0.09-0.28, P <
0.001), and no evidence of heterogeneity was observed
among the remaining studies (I2 = 0.9%, P = 0.847). Further exclusion of any single trial also did not significantly
alter the overall combined OR (data not shown).

Incidence of hyperamylasemia
Six studies reported the incidence of hyperamylasemia
after ERCP, and low heterogeneity was found among
these studies (I2 = 26.5%, P = 0.236); therefore, a fixedeffects model was used to analyze these data. The results
demonstrated that pancreatic stent placement did not
increase the incidence of hyperamylasemia (OR = 1.08;
95%CI: 0.82-1.41; P = 0.586; Figure 3).

Incidence of mild PEP
The incidence of mild PEP is shown in Table 3. Eight
out of 10 RCTs reported the incidence of mild PEP. No
heterogeneity was found between these studies (I2 = 0.0%,
P = 0.624), and a fixed-effects model was used to incorporate ORs. The outcome of statistical analysis demonstrated that pancreatic stents could effectively prevent the
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Publication bias
Assessment of publication bias using Begg’s tests showed
that there was no potential publication bias among the
included trials (Begg’s test, P = 0.210; Figure 4).
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A

Study

OR (95%CI)

Kawaguch et al , 2012
Lee et al , 2012
Pan et al , 2011
Sofuni et al , 2011
Ito et al , 2010
Sofuni et al , 2007
Tsuchiya et al , 2007
Harewood et al , 2005
Fazel et al , 2003
Tarnasky et al , 1998
2
Overall (I = 17.0%, P = 0.286)

0.11 (0.01, 0.91)
0.34 (0.12, 0.98)
0.11 (0.03, 0.46)
0.52 (0.27, 0.98)
0.05 (0.00, 0.90)
0.21 (0.06, 0.75)
0.23 (0.02, 2.14)
0.07 (0.00, 1.72)
0.14 (0.03, 0.72)
0.07 (0.01, 0.60)
0.25 (0.17, 0.38)
0.01

0.1

1

10

Weight
7.34%
11.87%
10.45%
25.37%
7.47%
12.06%
3.61%
3.43%
9.07%
9.33%
100.00%

100

B
Study

OR (95%CI)

Weight

Kawaguch et al , 2012

0.11 (0.01, 0.91)

12.04%

Lee et al , 2012

0.38 (0.12, 1.17)

15.96%

Sofuni et al , 2011

0.56 (0.27, 1.17)

30.24%

Ito et al , 2010

0.05 (0.00, 0.90)

12.26%

Sofuni et al , 2007

0.26 (0.05, 1.25)

11.44%

Tsuchiya et al , 2007

0.48 (0.04, 5.62)

2.97%

Fazel et al , 2003

0.34 (0.06, 1.90)

7.45%

Tarnasky et al , 1998

0.17 (0.02, 1.53)

7.65%

0.33 (0.21, 0.54)

100.00%

2

Overall (I = 0.0%, P = 0.624)

0.01

0.1

1

10

100

C
Study

OR (95%CI)

Weight

Lee et al , 2012

0.52 (0.05, 5.94)

7.68%

Sofuni et al , 2011

0.53 (0.16, 1.80)

30.38%

Sofuni et al , 2007

0.17 (0.02, 1.47)

22.92%

Tsuchiya et al , 2007

0.32 (0.01, 8.23)

5.98%

Fazel et al , 2003

0.18 (0.01, 3.86)

10.25%

Tarnasky et al , 1998

0.07 (0.00, 1.38)

22.79%

0.30 (0.13, 0.67)

100.00%

2

Overall (I = 0.0%, P = 0.805)

0.01

0.1

1

10

100

D
Study

OR (95%CI)

Weight

Lee et al , 2012

0.35 (0.01, 8.73)

18.24%

Sofuni et al , 2011

0.36 (0.01, 8.89)

18.17%

Tsuchiya et al , 2007

0.32 (0.01, 8.23)

18.70%

Fazel et al , 2003

0.12 (0.01, 2.49)

44.89%

0.24 (0.05, 1.16)

100.00%

2

Overall (I = 0.0%, P = 0.955)

0.01

0.1

1

10

100

Figure 2 Forest plots. A: Forest plot showing the effects of pancreatic stents to prevent patients after post-endoscopic retrograde cholangiopancreatography (PEP); B:
Forest plot showing the effects of pancreatic stent placement in the prevention of mild PEP; C: Forest plot showing the effects of pancreatic stents in the prevention of
moderate PEP; D: Forest plot showing the effects of pancreatic stents in the prevention of severe PEP.
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Study

OR (95%CI)

Weight

Kawaguch et al , 2012

0.69 (0.32, 1.47)

15.97%

Lee et al , 2012

1.50 (0.48, 4.69)

4.81%

Sofuni et al , 2011

1.47 (0.98, 2.20)

38.77%

Ito et al , 2010

0.66 (0.23, 1.89)

8.47%

Sofuni et al , 2007

1.00 (0.55, 1.81)

21.57%

Tsuchiya et al , 2007

0.52 (0.19, 1.43)

10.41%

2

1.08 (0.82, 1.41)

100.00%

Overall (I = 26.5%, P = 0.236)

0.1

1

10

Figure 3 Forest plot of hyperamylasemia.

als, no occurrence of severe PEP was found in the stent
group, while six patients suffered from severe PEP in the
non-stent group, yielding an incidence of 0.51% (6/1176);
this was too low to obtain significant results with such
a small sample size. A domestic meta-analysis[10] demonstrated statistically significant results using the same
type of analysis; however, this study included studies
published before 2008 only and included three abstracts,
which makes its reliability hard to assess. Therefore, additional prospective and high-quality studies are needed
to evaluate whether pancreatic stents can prevent severe
PEP.
An analysis of the incidence of post-ERCP hyperamylasemia was also performed. Importantly, pancreatic
stent placement did not increase the incidence of postERCP hyperamylasemia. However, this result was inconsistent with a previous meta-analysis[11], which suggested
that stents could decrease the occurrence of hyperamylasemia. Since our study used a different index to define
hyperamylasemia, it is difficult to determine which study
is more accurate. Five out of 10 RCTs reported the occurrence of abdominal pain[14,15,18,20,21]; however, various
definitions were used in the studies, and it was impossible
to synthesize the data in this regard. Other relevant complications after pancreatic stent placement were recorded
in some studies. For example, 4 studies[14-16,22] reported no
occurrence of hemorrhage, perforation, infection (cholangitis or cholecytitis), or other complications in the stent
group. One study[19] reported mild cholangitis in the stent
group, and another study[23] reported mild cholangitis
and guidewire perforation during stent placement. The
remaining four articles did not give details on complications during or after stent placement. Analysis based on
the above-mentioned six studies (including 475 subjects)
revealed that two (0.42%) subjects experienced cholangitis and one (0.21%) subject had a perforation. Bases
on these low incidences of complications, we concluded
that pancreatic stent placement is a very safe procedure,
consistent with the report by Ding[27], who demonstrated
that placement of pancreatic stents was safe during emergency ERCP for acute biliary pancreatitis and difficult
sphincterotomy. However, further prospective trials are
needed to confirm this viewpoint.
Four RCTs[14,15,17,19] reported the incidence of unsuc-

Begg's funnel polt with pseudo 95% confidence limits
2

Logor

0

-2

-4
0

0.5

1.0

1.5

s.e. of logor

Figure 4 Tests for publication bias for odds ratio of the incidence of postendoscopic retrograde cholangiopancreatography.

DISCUSSION
PEP remains the most common and serious complication of ERCP. Some researchers have tried to solve this
problem by means of drug research or related interventions[24-26]. However, more researches have investigated
the effectiveness of pancreatic stents in prevention of
PEP[14-23]. Three previous meta-analyses have reported
that pancreatic stent placement is an effective method to
prevent PEP[10-12]. However, some of these meta-analyses
included analysis of abstracts rather than full articles, and
no high-quality analysis concerning the incidence of PEP
following stent placement in high-risk patients had been
performed. Therefore, we conducted the current metaanalysis to provide better evidence for the effectiveness
of pancreatic stent placement in preventing PEP.
Our analysis demonstrated that prophylactic pancreatic stent placement before or after ERCP significantly
decreased the odds of PEP occurrence in high-risk patients. Additionally, our analysis demonstrated that stent
placement also significantly prevented both mild and
moderate PEP. These data were similar to those of previously published meta-analyses[10,11]. However, we also
found that prophylactic pancreatic stent placement did
not reduce the incidence of severe PEP, and further careful analyses must be performed to better understand this
finding. As shown in Table 2, among all the included tri-
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bias. Second, various lengths of stents were used, which
may result in evaluation bias. Finally, included studies
included in this analysis are not sufficient to confirm the
relationship between pancreatic stents and severe PEP.
In conclusion, this meta-analysis supported that pancreatic stent placement is an effective means to prevent
PEP and alleviate the severity (mild and moderate) of
PEP in high-risk patients. Furthermore, no serious complications were reported in subjects in the stent group.
However, more high-quality RCTs are needed to further
confirm whether pancreatic stent placement can prevent
severe PEP as well. Additionally, more studies are needed
to determine the optimal time for stent placement and
whether 3F or 5F stents are most appropriate. Thus,
more prospective RCTs are needed to resolve these disagreements.

Table 4 Incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis in subjects with unsuccessful
stent placement
Candidate for
Successful
Unsuccessful PEP (n )
stent (n )
placement (n ) placement (n )

Ref.
Lee et al[17]
Sofuni et al[14]
Ito et al[19]
Sofuni et al[15]

50
203
35
98

48
186
32
94

2
17
3
4

1
3
1
0

PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

cessful stent placement (Table 4), and no placement
failure occurred in the other six RCTs. Of these studies,
a total of 587 patients were allocated to the stent group,
and failure occurred in 26 subjects (4.43%). Importantly,
of these 26 subjects, five acquired mild pancreatitis
(19.23%), while no moderate or severe pancreatitis occurred. This percentage was higher than that in subjects
with successful stent placement (6.06%, 34/561), but the
incidence of PEP among these high-risk patients reached
30%-40%[7-9]. Therefore, it is hard to conclude whether
the failure of stent placement results in a higher incidence of PEP.
Five studies reported the rate of spontaneous dislodgment of stents, as shown in Table 1. Various endpoints
of time were used. No guidelines are available describing how long the stent must remain correctly placed to
obtain the greatest effectiveness for preventing PEP.
Conigliaro et al[28] and Cha et al[29] conducted an RCT to
address this question. They randomly allocated patients
with successfully placed stents to two groups: one underwent immediate removal of the stent after the procedure,
and the other group did not have the stent removed for a
period of 7-10 d[28] or 96 h[29]. Both studies demonstrated
that the incidence of PEP was higher in subjects who
underwent immediate removal; therefore, leaving the
stent in place for a period of 4-10 d is an excellent choice
to prevent PEP. However, further studies are required to
determine the optimal stent placement time.
Among the 10 RCTs, eight studies selected 5F stents
(with lengths ranging from 2 to 5 cm), and the other two
studies used 3F or 5F stents. Chahal et al[30] compared
the stability of 5F (3 cm) and 3F (8 cm or longer) stents
and found that 5F stents exhibited a higher frequency of
spontaneous dislodgement (P < 0.0001). Additionally,
the incidence of PEP was lower (although no statistical
significance was found: P = 0.3), and a higher rate of
successful stent placement was observed (P = 0.0003).
Zolotarevsky et al[31] also proved that 5F stents were more
effective than 3F stents in the prevention of PEP. However, these results were contradictory with a retrospective
study[32]. Therefore, more prospective RCTs are needed
to confirm which stent type is optimal for prevention of
PEP.
Our study has some limitations. First, we only searched
relevant trials published in English in four databases, and
this conduct may result in sample bias and geographical
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Background

Post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis
(PEP) is the most common and serious complication of ERCP, and the incidence of PEP ranges from 30% to 40% in high-risk patients. A number of clinical randomized control trials have shown that pancreatic stents can effectively
prevent the occurrence of PEP, however, whether pancreatic stent placement
contributes to prevent PEP remains uncertain.

Research frontiers

In recent years, several meta-analyses have confirmed that placement of pancreatic duct stents significantly reduces the incidence of PEP and alleviates its
severity. However, all of the included articles in previous meta-analyses were
published before 2008.

Innovations and breakthroughs

Based on this meta-analysis, pancreatic stent placement is an effective means
to prevent PEP and alleviate the severity (mild and moderate) of PEP in highrisk patients. Different from the previous studies, our conclusions was based on
high quality articles. Furthermore, the authors also pay attention to the complications in the stent group.

Applications

Evidence suggested that pancreatic stents can effectively prevent the occurrence of PEP (mild and moderate), and these results will provide valuable information to the doctors to prevent post-ERCP pancreatitis.

Peer review

PEP is the most common and serious complication of ERCP. The authors
performed a good analysis to deal with this important issue and found that pancreatic stent placement is an effective means to prevent PEP and alleviate its
severity.
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CASE REPORT

Long-term durable response to lenalidomide in a patient
with hepatic epithelioid hemangioendothelioma
Maria Caterina Pallotti, Margherita Nannini, Claudio Agostinelli, Simona Leoni, Valerio Di Scioscio,
Anna Mandrioli, Cristian Lolli, Maristella Saponara, Stefano Pileri, Luigi Bolondi, Guido Biasco,
Maria Abbondanza Pantaleo
ner known as hepatic EH (HEH). Surgical resection with
curative intent represents the gold standard therapy.
When surgery is not feasible, or in cases of metastatic
disease, no standard medical treatment is currently
indicated. In small series, drugs with anti-angiogenic
activity (such as bevacizumab, sorafenib, thalidomide,
and lenalidomide) have been proposed with promising
results. We describe a 73-year-old man with multifocal non-resectable HEH treated with lenalidomide.
Disease status was evaluated by abdominal ultrasound
and magnetic resonance every four months. The patient was treated for a total of 39 mo with prolonged
disease stabilization and, at the time of writing, is still
under treatment with a good tolerance profile. During a
short period of treatment discontinuation, the disease
showed slight progression that immediately resolved
after the reintroduction of lenalidomide. Lenalidomide
may represent a valid treatment option for HEH due
to its anti-angiogenic and antineoplastic activities. This
preliminary result merits further study in a large series.
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Core tip: Hepatic epithelioid hemangioendothelioma
(HEH) is a rare tumor. Currently, no standard medical treatment is indicated in unresectable disease. We
describe the case of a patient with HEH who obtained
stable disease after 40 mo of treatment with lenalidomide. Tolerance to treatment was very good. This
report highlights the possibility of obtaining very long
stable disease with an anti-angiogenesis drug. In recent years, the introduction of angiogenesis inhibitors
has offered an interesting medical approach to this rare
tumor.

Abstract
Epithelioid hemangioendothelioma (EH) is a rare tumor
arising from the vascular endothelial cells of soft tissue
or visceral organs. The most common visceral site is
the liver, where it is often involved in a multifocal man-
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or large prospective clinical trials involving patients with
HEH. Therapy is selected based on clinical judgment.
Therefore, it is very important for patients to be evaluated in a specialized oncology center for HEH diagnosis
and treatment.
Percutaneous treatment, radiofrequency or embolization of the hepatic lesion, chemotherapy, radiotherapy,
immunotherapy, and hormone therapy have been evaluated[3,8,13]. For some time, fluorouracil, doxorubicin, vincristine, and interferon were used in HEH patients to
obtain partial or stable disease[3,14,15].
Vascular endothelial growth factor (VEGF) is commonly expressed on vascular endothelial cells, and drugs
with anti-angiogenic activity are proposed for treatment
of HEH and EH[8]. Recently, thalidomide, bevacizumab,
sorafenib, and metronomic cyclophosphamide have been
used in patients affected with HEH or EH, with variable
responses being obtained[5,6,8,16-19]. Non-steroidal antiinflammatory drugs that have an anti-angiogenic effect
have also been used alone or in combination with other
drugs in the treatment of HEH[20].
The natural course of HEH is not predictable: sometimes the tumor is indolent and stable for several years,
whereas in others it is aggressive and rapidly metastatic[8].
Lenalidomide is an antineoplastic drug with antiproliferative and cytotoxic effects, immunomodulatory
properties, and anti-angiogenic activity[21,22]. A few cases
of patients with solid tumors treated with lenalidomide,
in association with other medical therapies, are described
in the literature, but in only one of these cases does the
patient have EH[4,23-25]. We describe the case history of
an HEH patient demonstrating a long-term durable response to lenalidomide treatment.

Pallotti MC, Nannini M, Agostinelli C, Leoni S, Di Scioscio V,
Mandrioli A, Lolli C, Saponara M, Pileri S, Bolondi L, Biasco
G, Pantaleo MA. Long-term durable response to lenalidomide in
a patient with hepatic epithelioid hemangioendothelioma. World
J Gastroenterol 2014; 20(22): 7049-7054 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/7049.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.7049

INTRODUCTION
Epithelioid hemangioendothelioma (EH) is a rare tumor
that develops from vascular endothelial cells and involves
soft tissue and visceral organs. In 1982, the literature first
defined EH as a pathologic histotype, and in 1984, the
first retrospective study of 34 patients with EH was published[1,2]. The incidence of this rare tumor is less than
1 per million people, and it is more frequent in females
than in males, with a median age in the fifties[3-5]. The etiology is unknown[3].
EH can arise in the lung, skin, brain, spleen, heart,
stomach, bones, or lymph nodes, but it is in the liver
that it is most prevalent[3,4,6]; in such cases, the disease
is known as hepatic epithelioid hemangioendothelioma
(HEH). HEH metastases are commonly found in the
lung, peritoneum, lymph nodes, and bones[3,7,8].
HEH is often asymptomatic, or patients may present
with generalized signs and symptoms such as abdominal
pain, jaundice, hepatomegaly, raised laboratory parameters of liver function, fatigue, weight loss, anorexia, ascites, and/or emesis[2,3,7]. At diagnosis, HEH can be a single
focal disease in about 13% of cases, whereas it involves
multifocal disease in the other 87%[3,4,6]. Ultrasound, computed tomography (CT), or magnetic resonance (MR) imaging can be used in diagnosis and treatment follow-up.
Definitive diagnosis can only be made with histopathologic biopsy examination or by surgery[3].
The t(1;3) (p36.3;q25) translocation was recently
reported in some HEH patients, as demonstrated by
fluorescence in situ hybridization. This translocation was
not found in other epithelioid vascular tumors such as
epithelioid hemangioma, epithelioid angiosarcoma, or
epithelioid sarcoma-like hemangioendothelioma, and is
likely specific to HEH. This could have an important role
in differential diagnosis. Subsequent reverse transcriptionpolymerase chain reaction showed that the fusion product of this translocation is WWTR1-CAMTA1. These
genes (WWTR1 and CAMTA1) play an important role in
oncogenesis[9].
Surgery (hepatic resection or orthotopic liver transplantation) would be the initial standard treatment of
HEH if the disease is localized[10-13]. This approach could
be curative. After surgery, the patient must undergo medical therapy, but in selective cases it is also possible to evaluate liver transplantation despite extrahepatic disease[3,12].
By comparison, a standard medical treatment is not
defined for cases ineligible for surgery or where the disease is metastatic[5,6,8]. There are no treatment guidelines
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CASE REPORT
In December 2009, a 73-year-old man presented with
elevated serum alanine aminotransferase (ALT 56 U/L,
normal range < 41), aspartate aminotransferase (AST
41 U/L, normal range < 3), alkaline phosphatase (ALP
380 U/L, normal range 98-280), and gamma-glutamyl
transpeptidase (GGT 168 U/L, normal range 8-61). The
patient was asymptomatic. Contrast CT, abdominal gadoxetic acid-enhanced dynamic MR imaging (Figure 1A),
and contrast-enhanced ultrasound of the liver showed
multiple hepatic lesions (Figure 2A). An ultrasound-guided biopsy of one of the hepatic lesions was made. Histologically, the liver tissue was infiltrated by a neoplastic
population composed of short strands, cords, and nests
of rounded to slightly spindled eosinophilic cells, embedded in a myxohyaline stroma. At immunohistochemistry,
tumor cells were CD34 and von Willebrand factor positive, negative for CD21, CD23, smooth muscle actin,
epithelial membrane antigen (EMA), and cytokeratins,
and showed a low proliferation index/MIB1 (< 5%). According to morphologic and immunohistochemical data,
epithelioid hemangioendothelioma was diagnosed (Figure
3). Due to the multiple hepatic lesions, a liver resection
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A

B

Figure 1 Abdominal magnetic resonance at diagnosis and after ten months of treatment. A: Multiple hepatic lesions with heterogeneous characteristics: central
hypodensity and peripheral hyperdensity (arrows); B: Stable disease, with a greater contrast between central and peripheral parts of the lesion as colliquative necrosis
(arrows).

A

B

C

D

Figure 2 Ultrasound and contrast-enhanced ultrasound of the liver at diagnosis, six months after the beginning of treatment, five months after lenalidomide interruption, and six months after lenalidomide reintroduction. A: Multiple lesions visualized in the arterial phase (arrows); B: Stable disease (arrow); C:
Target lesion is increased (32.9 mm now vs 22.8 mm previously) (arrow); D: Target lesion is slightly decreased in size again (28.1 mm) (arrow).

was not indicated and, given the patient’s age, a liver
transplant was not proposed. The decision was made to
treat the patient with 25 mg of lenalidomide daily on 1-21
every 28 d due to its anti-angiogenic properties. The patient started lenalidomide treatment in January 2010 and
was treated for 39 mo in total.
Disease was evaluated by abdominal ultrasound
and MR, blood tests, and clinical evaluation every four
months. After only two cycles of treatment, liver function
tests (LFT) showed that AST and ALT had decreased to
the normal range. The other LFT parameters (GGT and
ALP) decreased, but remained above the normal range
(GGT 121 U/L, ALP 163 U/L). After 6 mo, abdominal
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ultrasound showed stable disease (Figure 2B). MR also
demonstrated an intralesional structure modification as
colliquative necrosis; indirect signs of tumor response to
the medical treatment (Figure 1B) after 10 mo.
In February 2012, 26 mo after starting lenalidomide,
we decided to stop the treatment due to the occurrence
of a comorbidity (psychological distress). After five
months of treatment discontinuation, an ultrasound evidenced an increase in size of a target hepatic lesion (32.9
mm vs the previous 22.8 mm); therefore lenalidomide
therapy was restarted for another six cycles (Figure 2C).
A slight reduction in size of the target hepatic lesion (28.1
mm) was demonstrated by subsequent liver ultrasound
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C

D

Figure 3 Pathological and immunohistochemical evaluation. A: Hematoxylin-eosin section at 100 microscopic fields; B Hematoxylin-eosin section at 200 microscopic fields; C: Immunohistochemical expression of vascular cell marker CD34 at 200 microscopic fields (APAAP technique; Gill’s hematoxylin nuclear counterstain);
D: Neoplastic cells showing a low proliferation index/MIB1 at 200 microscopic fields (APAAP technique; Gill’s hematoxylin nuclear counterstain). APAAP: Alkaline
phosphatase monoclonal anti-alkaline phosphatase.

(US) (Figure 2D). At the time of writing, the patient is
continuing to receive treatment and is doing well.

[del(5q)] with lower or intermediate-1 risk. Data suggest
a role for this therapy in non-Hodgkin lymphoma and
chronic lymphocytic leukemia[28-32]. The drug is administered orally and is generally well-tolerated. The most
frequent adverse events are fatigue, skin rash, thrombocytopenia, and neutropenia[4,21]. A promising recent study
reported the combination of lenalidomide with chemotherapy or proteasome inhibitor in relapsed or refractory
multiple myeloma[21].
In our patient, the antitumor activity of lenalidomide
in HEH is suggested by the increased size of the target
lesion during the period of treatment discontinuation
and the new stability obtained after restarting treatment.
In another case report of an EH patient treated with lenalidomide, a young woman with cutaneous and intracranial EH with pulmonary, liver, brain, and skill metastases
after multiple local and systemic treatments was enrolled
in two subsequent lenalidomide protocols that led to
stable disease for six years[4].
Our patient has been treated for 39 mo and no sideeffects or abnormal laboratory values have been noted.
The decision to stop treatment for a few months was
taken at the patient’s request and was not related to lenalidomide. Therefore, lenalidomide appears to be welltolerated for an extended period.
This is the second report on the potential role of
lenalidomide in the treatment of HEH. Further single
reports, case collections, or a phase 2 study should be encouraged.

DISCUSSION
HEH is a rare tumor that develops from vascular endothelial cells with overexpression of VEGF and its
receptor[1]. Surgery is the first treatment approach for
this disease. In cases of unresectable disease, no standard
medical therapy is available[3]. The recent introduction of
anti-angiogenic drugs (such as bevacizumab, sorafenib,
thalidomide, and lenalidomide) has offered new options
in the treatment of HEH[5,6,8,16-18]. Since HEH is a rare
tumor, only a few patient case reports or case collections are available. A recent phase 2 study reported on
7 EH patients and 23 with angiosarcoma treated with
bevacizumab[17]. Six out of the seven patients obtained
stable disease or a partial response. The French Sarcoma
Group also presented a phase 2 study with Sorafenib in
15 patients with progressive EH, obtaining interesting
results[18].
Lenalidomide is an antineoplastic drug derived by
modifying the chemical structure of thalidomide, which
not only makes it less toxic, but also more active and
potent [21]. It has both anti-angiogenic and antitumor
activity. Lenalidomide is approved for the treatment of
multiple myeloma and can be used alone or with steroid
therapy[26,27]. It is also approved for the treatment of myelodysplastic syndrome with deletion of chromosome 5q
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Case characteristics

A 73-year-old man with a diagnosis of hepatic epithelioid hemangioendothelioma.

Clinical diagnosis

The patient was asymptomatic.

7

Differential diagnosis

Liver metastases, hepatocellular carcinoma, and other epithelioid vascular tumors such as epithelioid hemangioma, epithelioid angiosarcoma, or epithelioid
sarcoma-like hemangioendothelioma.

Laboratory diagnosis

8

ALT 56 U/L, AST 41 U/L, ALP 380 U/L, GGT 168 U/L.

Imaging diagnosis

Contrast computed tomography, abdominal gadoxetic acid-enhanced dynamic
magnetic resonance imaging, and contrast-enhanced ultrasound of the liver
showed multiple hepatic lesions.

9

Pathological diagnosis

An ultrasound-guided biopsy of one of the hepatic lesions was made. Epithelioid hemangioendothelioma was diagnosed by morphologic and immunohistochemical data. Histologically, the liver tissue was infiltrated by a neoplastic
population composed of short strands, cords, and nests of rounded to slightly
spindled eosinophilic cells, embedded in a myxohyaline stroma. At immunohistochemistry, tumor cells were CD34 and von Willebrand factor positive, negative for CD21, CD23, smooth muscle actin, epithelial membrane antigen, and
cytokeratins, and showed a low proliferation index/MIB1 (< 5%).

10

11

Treatment

The patient was treated with lenalidomide 25 mg daily on 1-21 every 28 d.

Experiences and lessons

The patient was treated with lenalidomide for a total of 39 months with prolonged disease stabilization and, at the time of writing, the patient is still under
treatment with a good tolerance profile. During a short period of treatment
discontinuation, the disease showed a slight progression that immediately resolved after the reintroduction of lenalidomide. This drug may represent a valid
treatment option for hepatic epithelioid hemangioendothelioma. This preliminary
result merits further study in a large series.

12

13

Peer review

The authors report an interesting case which presents a conservative therapy of
a rare neoplasm in adulthood - hepatic epithelioid hemangioendothelioma. The
treatment option described in the article may be helpful for readers who have
patients suffering the same condition.
14
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Core tip: Primary mucoepidermoid cancer (MEC) of the
esophagus, including the sclerosing variant, is rarely
reported, and sclerosing MEC with “tissue eosinophilia”
has never been reported in this location. The rarity of
this latter condition has precluded a thorough understanding of esophageal MEC. Heightened recognition
of MEC in this location is also necessary to distinguish
MEC from squamous carcinoma, adenocarcinoma or
adenosquamous carcinoma. This distinction has therapeutic implications. Based largely on past experience
managing tumors in the salivary gland, MEC is characterized by a poor response to adjuvant chemotherapy
and radiotherapy; notwithstanding a poor response to
surgery, this treatment approach remains the mainstay
of management.

Abstract
Mucoepidermoid carcinoma (MEC) is a rare primary
esophageal malignancy. It is characterized by poor
clinical recognition, pre-operative diagnostic challenges
and a lack of standardized therapeutic guidelines. We
report the clinicopathological features of a hitherto
unreported variant of esophageal MEC, sclerosing MEC
with “tissue eosinophilia”, in a mid-esophageal location
in a 51-year-old female. The diagnosis of the initial biopsy was challenging, because of the small size, poor
orientation and inadequate representation of the MEC
components. Recognition of the resectability of the
tumor prompted surgical resection and enabled a demonstration of the low grade foci containing intermediate cells, mucin pools and the hitherto undescribed
presence of stromal sclerosis and tissue eosinophils in
esophageal MEC. Heightened clinicopathological awareness of esophageal MEC facilitated a definitive diagnosis and patient management. Increased recognition and
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INTRODUCTION
Mucoepidermoid carcinoma (MEC) is the most common malignant neoplasm in the major and minor salivary glands[1]. It may also arise in other organs, including
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the bronchi, lacrimal sac, thyroid gland and, rarely, the
esophagus. While MEC is characterized by variable proportions of malignant squamoid, mucous and intermediate cells, several histopathological variants, including the
clear cell, oncocytic, sebaceous, spindle cell and psammomatous types, have been documented[2]. More recently, sclerosing MEC with an intense sclerosing pattern has
been documented[3]. In this subtype, some tumors may
also demonstrate an infiltrate of eosinophils, which have
been labelled “sclerosing MEC with eosinophilia”. Primary MEC of the esophagus is reported uncommonly,
accounting for less than 1% of all primary esophageal
cancers[4].
While the rarely described, sclerosing variant of
esophageal MEC has been reported in 4 patients[5], to
date, sclerosing MEC of the esophagus with “tissue eosinophilia” is undocumented in the literature. In reporting for the first time a primary esophageal sclerosing
mucoepidermoid carcinoma with “tissue eosinophilia”
(SMCE), we describe the clinicopathological features
and also compare and contrast the features of the index
tumor with those of other sclerosing esophageal MECs
in the world literature. In addition, the pathogenesis of
sclerosis and stricture formation in SMCE are discussed.

A

Figure 1 Clinical features. A: Contrast swallow with mid-esophageal stenosis;
B: Partially ulcerated annular tumor (arrows).

acterized by intercellular bridges, focal squamous pearls
and dyskeratotic cells, prominent apoptosis and brisk,
including atypical, mitotic activity. Intraepithelial neutrophilic aggregates and mucin pools were noted (Figure
2C). Intracytoplasmic and luminal mucin production was
confirmed on Southgate mucicarmine staining (Figure
2D). Rupture of the mucin pools and stromal extravasation of the mucin were noted. Discrete, separate glandular structures were not observed. In addition, there were
large areas of fibrosis, keloid-like sclerosis (Figure 2E),
desmoplasia and an inflammatory infiltrate composed of
a prominence of eosinophils (Figure 2A), neutrophils,
plasma cells and lymphoid aggregates. Perineurial invasion was observed, but lymphovascular invasion was
absent. The diagnosis of the sclerosing variant of mucoepidermoid carcinoma with “tissue eosinophilia” was
confirmed.

CASE REPORT
Clinical features
A 51-year-old Indian female presented to our institution with a 2 mo history of progressive dysphagia. She
was able to tolerate a soft diet on presentation. Barium
swallow revealed a malignant-appearing stricture in the
mid-thoracic region (Figure 1A). Endoscopic assessment
revealed an ulcerated lesion at 31 cm. Biopsy of the lesion demonstrated a mucoepidermoid carcinoma of the
esophagus. The tumor was deemed resectable on computed tomography scan, and the patient was found to be
medically fit for an esophageal resection. She was subjected to an exploration. Intra-operatively, tumor adherence to the descending aorta was noted. A 3-stage total
esophagectomy was performed by shaving the tumor off
the aorta, followed by performing a gastric pull-up and
esophago-gastrostomy in the neck. The tumor bed was
clipped with titanium clips. Our patient had an uneventful recovery post operatively and was referred to our local
oncology unit for further management.

DISCUSSION
Esophageal MEC occurs mainly in men in their sixth decades. Characterized by the predominant involvement of
the middle and lower thirds of the esophagus[6], the exact
micro-anatomic origins of these tumors are debatable.
The hypothesis that these tumors arise from the esophageal glandular or ductal epithelium[7] is supported by their
submucosal location, microscopic findings of normal
stratified squamous epithelium overlying the MEC[8] and
the common embryological derivation of esophageal and
salivary glands[6]. In contrast, the view of some authors,
that MEC arises through dysplasia in metaplastic surface
squamous epithelia, is supported by documented dysplastic alterations in the surface epithelium[5].
Sclerosing MEC, which was first described in 1987
in the salivary gland[9], is typified by its occurrence across
a wide age range and a male predilection. While intratumoral eosinophils and peripheral lymphoid aggregates

Pathological features
The resected esophagectomy specimen contained a fungating tumor that measured 52 and 70 mm in the crosssectional and longitudinal dimensions (Figure 1B). Luminal stenosis and mural thickening were noted in the area
of the tumor. A single serosal lymph node was identified.
Microscopic assessment confirmed an infiltrative tumor
that was composed of a variable admixture of squamoid
(Figure 2A), glandular (Figure 2B) and intermediate cells
(Figure 2C). High-grade foci demonstrated pleomorphic
solid islands of cells with a squamoid appearance char-
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A

B

D

Figure 2 Pathological features. A: Islands of malignant
squamoid cells with surrounding stromal eosinophils (arrow)
[hematoxylin and eosin (HE), × 480]; B: Glandular foci (HE,
× 480); C: Foci of intermediate (arrows) and clear cells and
of the cystically dilated mucinous component (HE, × 480); D:
Southgate mucicarmine stain demonstrating the luminal (arrows) and intracytoplasmic mucin (southgate mucicarmine, ×
480); E: Sclerotic stroma with keloid-like areas (arrows) (HE,
× 480).

C

E

are variable findings in sclerosing MEC, the widespread
and obliterative keloidal-type sclerosis sets it apart from
other sclerosing conditions in this location[2,3]. Sclerosing
MEC of the esophagus has been reported in 4 patients,
but sclerosing SMCE of the esophagus is unreported to
date. All reported sclerosing MECs and the index case
have mid-esophageal involvement, with variable proximal or distal extension in two patients. Dysphagia and
stenosing lesions were common findings in all patients.
While all reported tumors and the index case demonstrated stromal sclerosis, the exact etiopathogenesis of
this sclerosing phenomenon is unresolved. Some authors
have speculated that the sclerosing process is a bystander
effect [10], while others have suggested an ischaemic
pathomechanism[9]. In addition, the presence of extravasated mucin pools throughout the tumor underpins the
mucin extravasation theory that posits the temporal sequence of mucin extravasation, an associated inflammatory reaction and subsequent fibrosis[9,11]. More recently
eosinophils have been identified in sclerosing MEC of
the salivary and thyroid gland, in association with lymphocytic thyroiditis[12]. In the former location, a role for
immunoglobulin G4 (IgG4)-positive plasma cells has also
been proposed with pathogenetic extension to include a
role for IgG-4 related chronic sclerosing inflammation[13].
The exact etiology and pathogenesis of eosinophilic
infiltration of cancer in general, and MEC in particular,
remain unclear[10,14,15]. The neoplastic milieu contains
tumor-associated secretions and released factors that
orchestrate qualitative differences in inflammatory cells,
recruited stem cells and reparative angiogenic and stromagenic responses[14]. The regulation of the recruitment
of eosinophils in cancer is controversial. Some workers
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hypothesize an interplay of innate and adaptive immune
reactions, mainly those elicited by the cytokine activity of
T-helper 2 and mast cells[16,17]. Although “tumor-associated
tissue eosinophilia” (TATE) is defined as eosinophilic
infiltration of a tumor not associated with tumor necrosis or ulceration[18], some workers advocate that necrotic
foci within tumors release eosinophil-chemotactic factors[19], including eotoxin, a selective eosinophil chemoattractant, that mediates eosinophil recruitment [15-17].
Sclerosing MEC with eosinophilia of the thyroid gland is
associated with lymphocytic thyroiditis. In this setting, it
remains to be seen whether the eosinophils are part of an
auto-immune process or are tumor-induced. Fadare et al[3]
hypothesized that the stromal fibrocellular response was
characterized by a “temporal evolutionary spectrum”[3] in
which a predominance of inflammatory cells and sclerosis represented the early and late stages of the spectrum,
respectively. In the index esophageal MEC, ruptured
mucinous cysts, extravasation of mucin and an associated
inflammatory reaction were noted focally, but the sclerosing stromal response with eosinophils that intimately
associated with and surrounded the high-grade tumor
nests lacked stromal mucin when analyzed using routine
and special stains. Based on the theory of Fadare et al[3],
we hypothesized that, even within a single SMEC with
eosinophilia, including the index esophageal SMEC, the
“temporal evolutionary spectrum” applies, with mucin
being identified in the lower grade areas with less stromal
fibrosis, while mucin is absent in the densely sclerotic foci
with inflammatory cells, including eosinophils.
The relationship between TATE and prognosis is
debatable and varies in tumors within a single anatomical
location and in different locations[18,20-23]. Some authors
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not a usual finding[26]. Higher-grade tumors demonstrate
established features of squamous differentiation, including intercellular bridges and single cell keratinization[26].
Recognition of these squamoid and glandular components on endoscopic esophageal biopsies is critical for
the identification of the divergent squamoid and glandular differentiation. The identification of intermediate cells
may be an unrealistic expectation in small biopsies, and
histochemical mucin stains are not helpful in differentiating between MEC and adenosquamous cell carcinoma.
In the described extrasalivary MECs, advanced squamous
differentiation and pleomorphism of squamous, glandular and solid cell growth have been documented[2,3,5-7].
Helpful morphological features of MEC that may aid
their diagnostic distinction from adenosquamous carcinoma include the presence of mucin pools, extravasation
of mucin, intermediate cells and the deep location of the
tumor. While the absence of surface epithelial dysplasia
is a helpful diagnostic feature, its identification does not
exclude MEC. Because of the glandular and squamous
co-differentiation of MEC, immunohistochemical markers of glandular or squamous origins are not helpful in
the distinction. There is variable S100 protein staining in
salivary MEC[26]. However, S100 immunopositivity in an
esophageal tumor with glandular and squamous elements
may favor a mucous glandular origin and a diagnosis
of MEC. Technological and molecular advances have
advocated the role of fusion genes in the diagnosis and
prognosis of MEC from salivary and extrasalivary locations, including the uterine cervix[27]. MEC is typified by
a specific translocation, t(11;19) (q12;p13), which results
in the fusion of the MECT1 and MAML2 genes. The
CRTC family includes 3 human genes: CRTC1 (MECT1),
CRTC2 at 1q21 and CRTC3 at 15q26. MAML2 (mastermind-like 2) is a 125kD protein that is involved in
Notch signaling pathways[28]. The incidence of this fusion varies, but more than 50% of MEC demonstrate
MECT1-MAML2 fusion. Other fusions include MECT1MAML2 and CRTC3-MAML2. MECT1-MAML2 fusion
transcript is present less frequently in high-grade than in
low- or intermediate-grade tumors and may be regarded
as a diagnostic and prognostic biomarker for MEC. Gene
fusion studies were not undertaken in the index case.
In the index case, not only were glandular and squamoid components identified in the initial biopsy, but solid
cellular nests with focal intracytoplasmic mucin production were also observed. Intermediate cells, however,
were absent. In the resected tumor, the absence of adjacent surface epithelial dysplasia, spectrum of low intermediate and high grade features, focal representation of
intermediate cells, mucinous pools, extravasated mucus
and focal S100 protein immunopositivity supported the
diagnosis of esophageal MEC. In addition, the presence
of stromal sclerosis with foci of keloid-like sclerosis and
eosinophils facilitated the definitive diagnosis.
In common with the reported outcome of MEC, radiation and chemotherapy are not highly effective as adjunctive therapies in the management of MEC in the sali-

have demonstrated an association between TATE and
advanced patient age in laryngeal carcinoma, stromal
invasion in advanced clinical stage oral squamous carcinoma[22] and an association among specific histopathological carcinoma subtypes [24]. TATE has also been
associated with variable patient survival outcomes[20-23].
The prognostic significance not only of eosinophils but
also of the sclerosis in SMEC is poorly elucidated. This
is mainly a function of the rarity of MECs with these
histomorphological attributes[3]. Urano et al[10] suggested
that the eosinophilic infiltrate in SMEC was responsible
for the stromal fibrosis and the decrease in the epithelial
component. The former was attributed to the impact of
eosinophils on transforming growth factor (TGF)-β1accelerated synthesis of DNA by fibroblasts. Additionally, eosinophils produce angiogenic factors, including
vascular endothelial growth factor, fibroblast growth
factor-2 and TGF-α, that induce stromal neovascularization[10,23]. Eosinophils influence interleukin-4-mediated tumor destruction in mice[25]. It remains debatable whether
eosinophils in cancers, including in the index SMEC,
represent part of the host’s immunosurveillance armamentarium against the tumor or whether they promote
cancer growth by immunoregulation and remodeling of
the stromal-epithelial interface[23].
The main diagnostic hurdles include diagnostic confirmation and distinction of MEC from adenosquamous
carcinoma. Because esophageal MEC is not recognizable
as a distinct entity clinically, esophageal biopsy and histopathological appraisal are the gold standard for diagnosis.
In a review of 20 patients with esophageal MEC diagnosed over a 20 year period, Chen et al[6] demonstrated
a 100% false pre-operative diagnoses; 18 were misdiagnosed as squamous cell carcinoma, and the remaining 2,
as adenosquamous carcinoma. The ductoglandular origin
and deeper submucosal location of MEC pose challenges
to endoscopic sampling, adequate tumor representation
and the interpretation of the architectural and cellular
features. Diagnostic difficulties are attributed to poor
attention to the exact anatomic location of the tumor,
surface epithelial dysplastic alterations and the range of
terminology encompassing tumors that contain squamous and glandular elements. A proposal that tumors
with squamous and glandular differentiation be labelled
“squamous cell carcinoma with prominent mucin-secreting components” does not address the histogenesis of
the tumors. In addition, the understanding and management of esophageal MEC has been stymied by the rarity
of reported cases. Grouping tumors as “squamous cell
carcinoma with prominent mucin-secreting components”
will not address these shortcomings.
The challenges associated with the distinction between adenosquamous carcinoma and MEC are multiple
and emerge mainly in the context of salivary glands.
In the low-grade component of MECs of the salivary
gland, squamoid foci are characterized by nests of cells
with a stratified morphology[26]. Intercellular bridges are
inconspicuous, and keratinization or keratin pearls are
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vary glands[29]. It is thus not surprising that the response
to radiation and chemotherapy in the esophagus is poor
or that the prognosis for this tumor remains dismal[30].
Therefore, surgery remains the best option for a reasonably improved survival in a patient who is physically fit
enough to withstand an esophagectomy[31]. In an attempt
to appraise independent prognostic factors influencing
survival, Chen et al[6] reviewed 36 patients with MECs of
the esophagus over a 20-year period in their institution.
Their findings were as follows: most tumors occurred in
the middle third of the thoracic esophagus; the median
length of the tumor was 5.0 cm; 22% had lymph node
metastases; the median survival time was 29 mo; and the
5-year survival rate post-resection was 25%. The median
survival time was higher in patients without lymph node
metastases compared to those with lymph node metastases. The median survival was also higher in patients who
underwent a radical operation compared to those who
had a palliative procedure. The age, gender, length of tumor, location of tumor and post-operative radiotherapy
did not show a statistically significant correlation with
prognosis.
In conclusion, primary MEC of the esophagus, including the sclerosing variant, is rarely reported, but sclerosing MEC with “tissue eosinophilia” has never been
reported in this location. The rarity of this situation has
precluded a thorough understanding of esophageal MEC.
While the deeper, submucosal location of the tumor
poses challenges in diagnostic sampling to adequately
represent the spectrum of histopathological features, a
heightened recognition of MEC in this location is also
necessary to distinguish MEC from squamous carcinoma,
adenocarcinoma or adenosquamous carcinoma. This
distinction has therapeutic implications. Based largely on
past experience managing tumors in the salivary gland,
MEC is characterized by a poor response to adjuvant
chemotherapy and radiotherapy; notwithstanding a poor
response to surgery, this procedure remains the mainstay
of management. Heightened clinicopathological recognition of the occurrence of MEC in the esophagus and
fastidious reporting of the clinicopathological profiles
of additional cases are pivotal, not only to facilitate improved understanding of the biological features of this
tumor in this location but also to supplement the global
diagnostic and management approaches to esophageal
MEC, including rare variants.

coepidermoid carcinoma, stromal sclerosis and increased eosinophils.
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Imaging diagnosis

Barium swallow demonstrated a malignant-appearing stricture in the midthoracic region.

Pathological diagnosis

The features of a sclerosing mucopepidermoid carcinoma with “tissue eosinophilia” on routine haematoxylin and eosin-stained sections, that encompassed
squamoid, glandular and intermediate cells in a sclerosing stromal background
rich in eosinophils was supported by positive Southgate mucicarmine demonstration of intracytoplasmic and luminal mucin production.

Treatment

A 3-stage total oesophagectomy that included shaving the tumour of the aorta,
performance of a gastric pull-up and oesophago-gastrostomy in the neck, was
undertaken.

Related reports

Oesophageal mucoepidermoid carcinoma must be differentiated from adenosquamous carcinoma. The ductoglandular origin and deep submucosal
location of the oesophageal mucoepidermoid carcinoma poses challenges to
endoscopic sampling, adequate tumour representation and interprestation of
architectural and cellular details on pathological appraisal. The presence of intermediate cells, mucin pools and deep tumour location aid the distinction from
adenosquamous carcinoma.

Term explanation

“Tissue eosinophilia” refers to eosinophilic infiltration of a tumour not associated
with tumour necrosis and ulceration.

Experiences and lessons

Mucoepidermoid carcinoma is diagnosed rarely in the oesophagus but heightened awareness of the entity is pivotal to optimal diagnosis, which in turn underpins appropriate management.
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This is an interesting case of a primary oesophageal sclerosing mucoepidermoid carcinoma with eosinophilia.
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INTRODUCTION

Abstract

Choledochal cysts are disproportionate dilatations of
the biliary system[1]. The incidence of choledochal cysts
shows significant geographic variation, being higher in
the Asian population and reaching up to 1 in 1000[2].
Complete excision of the cyst is the best treatment strategy to avoid long-term complications especially malignant
transformation, recurrent cholangitis and gallstones[2,3].
To our knowledge, there are no studies on choledochal
cysts from Africa or the Middle East region to assess the
local prevalence of the disease. In this study, we report 20
years of single Egyptian tertiary center experience in 50
cases of choledochal cyst with a focus on the etiological,
clinical and surgical implications according to the findings
in this case series.

We report the first case series from Africa and the
Middle East on choledochal cyst, a disease which shows
significant geographical distribution with high incidence
in the Asian population. In this study, the epidemiological data of the patients are presented and analyzed. Attention was paid to diagnostic imaging and its accuracy
in the diagnosis and classification of choledochal cyst.
Most cases of choledochal cyst disease have type Ⅰ and
Ⅳ-A cysts according to the Todani classification system,
which support the etiological theories of choledochal
cyst, especially Babbitt’s theory of the anomalous pancreaticobiliary duct junction, which are clearly stated.
The difficulties and hazards of surgical management
and methods used to avoid operative complications
are clarified. Early and late postoperative complications are also included. This study should be followed
by multicenter studies throughout Egypt to help assess
the incidence of choledochal cysts in one of the largest
populations in Africa and the Middle East.

CASE REPORT
This is a retrospective study of all patients admitted to
Mansoura Gastrointestinal Surgical Center during the
period from January 1991 to November 2012. Data were
retrieved from the internal web-based Ibn Sina registry
system supplemented by paper-based records. Data were
collected and rearranged in a standardized manner. Cho-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 Ultrasound imaging and abdominal computed tomography of type Ⅰ choledochal cyst. A: Ultrasound imaging; B: Abdominal CT. CC: Choledochal
cyst; GB: Gall bladder; CBD: Common bile duct; CT: Computed tomography.

ledochal cysts were classified according to the Todani
modification of the Alonoso-Lej classification[4]. Early
and late complications were noted.
The Shapiro-Wilk test is used to assess normality
of the data. Numerical data are presented as means and
standard deviations or as medians with ranges. A P < 0.05
was considered statistically significant. Statistical analysis
was performed using IBM SPSS v20.
In total, 50 patients (39 females, 11 males, ratio 3.5:1)
were admitted to our center during the study period.
Data on 2 female patients were lost from the medical records and one female patient refused to undergo surgery.
The mean age at presentation was 265 ± 207.7 mo ranging from 3 mo to 65 years. Right hypochondrial pain was
the most common presenting symptom (n = 45%-93.8%)
followed by jaundice (n = 28%-58.3%), vomiting (n =
23%-47.9%), recurrent fever (n = 21%-43.8%) and abdominal mass (n = 4%-8.3%). The classic triad of abdominal pain, jaundice and palpable right upper quadrant
mass was identified in one patient.
Five patients underwent previous biliary surgery during which choledochal cysts were not detected. Three of
the five cases underwent cholecystectomy, and two cases
underwent exploration for abdominal cysts which were
not operated on. Moreover, one case was explored for
acute abdomen which was mostly attributed to perforated
duodenal ulcer, but the exploration was negative and the
patient improved under conservative treatment. Choledochal cysts were associated with congenital anomalies
in 5 cases (10.4%); ventricular septal defect (one case),
medullary sponge kidney (one case), multiple bilateral

WJG|www.wjgnet.com

renal cortical cysts (one case), congenital megacolon (one
case), and intestinal malrotation (one case).
In our series, abdominal ultrasound (US) was performed in 38 cases; diagnosed 19 cases (50%) and accurately classified the cyst type in 11 cases (28.8%) (Figure 1).
Magnetic resonance cholangiopancreatography (MRCP)
was performed in 41 cases; diagnosed 38 cases (92.7%)
and accurately classified the cyst type in 36 cases (87.8%)
(Figure 2). Anomalous pancreaticobiliary duct junction
(APBDJ) was detected by preoperative cholangiography
in 6 cases (14.6%), 5 cases by MRCP and one case by
percutaneous transhepatic cholangiography (Figure 3).
According to the Todani modification of the AlonsoLej classification, we identified patients with type Ⅰa (n
= 29%-60.4%), type Ⅰb (n = 2%-4.2%), type Ⅰc (n =
4%-8.3%), type Ⅳ-A (n = 12%-25%) and type Ⅴ (n =
1%-2.1%) choledochal cyst. Table 1 shows a comparison
between the results of our study and other studies from
countries in South East Asia including patient demographic data, clinical presentation and cyst classification.
Thirty eight patients underwent cyst excision and
hepatico-jejunostomy Roux-en-Y (Figure 4), one case underwent pancreaticoduodenectomy due to intrapancreatic
extension of the cyst, 3 cases of type Ⅳ-A underwent
left hepatectomy, extrahepatic biliary resection and right
hepatico-jejunostomy Roux-en-Y. Five cases underwent
internal drainage procedures via cysto-duodenostomy in
3 cases and cysto-jejunostomy in 2 cases. Of the surgical
cases, a mass was detected in the cyst wall in one case and
its malignant nature was confirmed by intraoperative frozen section.
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Figure 2 Magnetic resonance cholangiopancreatography images of choledochal cyst. A: Type Ⅳ-A choledochal cyst with anomalous pancreaticobiliary duct
junction (white arrow); B: Type Ⅰ choledochal cyst with multiple stones inside (white arrow). IHB: Intrahepatic biliary radicals; CHD: Common hepatic duct; GB: Gall
bladder; CBD: Common bile duct.
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surgery with recurrent tumor in segment Ⅳ of the liver.

B

DISCUSSION
In our experience, most cases of choledochal cyst (64.6%)
were diagnosed after the first decade of life. This increased incidence in adults may be attributed to institutional referral bias. However, increased incidence in
adults has been reported in many case series of both
children and adults[5,9]. This increase is justified, according
to some authors, by the advance in hepatobiliary imaging
techniques[7]. The possibility of choledochal cyst should
be kept in mind during surgical exploration in all patients
with biliary tract-related symptoms. In our series, 5 cases
(10.4%) had undergone previous biliary surgery and choledochal cysts were unnoticed during the surgery.
The most accepted theory in explaining the pathogenesis of choledochal cyst is Babbitt’s theory of the APBDJ
precluding normal sphincter development at the APBDJ.
This anomalous junction leads to reflux of pancreatic
secretions into the common bile duct due to the smaller
diameter and higher pressure of the pancreatic duct. This
theory is supported by radiological detection of APBDJ
or by a high level of amylase in the cyst fluid[10]. In our
series, APBDJ was detected in 6 cases (14.6%) (Figure
3), but unfortunately amylase cyst fluid is not routinely
performed in our center. In addition, the presence of
five cases of choledochal cyst (10.4%) with associated
congenital anomalies supports other etiological theories
of a congenital background[11]. These associations give
rise to the necessity of a thorough evaluation of patients
with choledochal cysts to exclude associated congenital
diseases for safe surgical and anesthetic considerations[12].
The so-called classic triad of intermittent jaundice,
abdominal mass, and pain was found in a minority of
cases according to most case series[13]. The most frequently seen presentation was abdominal pain (93.8%) which
is a nonspecific symptom and usually associated with a
relatively late diagnosis. On the other hand, jaundice was

Figure 3 Anomalous pancreaticobiliary duct junction detected by cholangiography (white arrow). A: Percutaneous transhepatic cholangiography
of type Ⅳ-A choledochal cyst; B: MRCP of type Ⅳ-A choledochal cyst. MRCP:
Magnetic resonance cholangiopancreatography.

Early postoperative complications included postoperative wound disruption (n = 1) that was managed surgically; collections (n = 4) 3 managed conservatively, and 1
with ultrasound guided tube drainage; biliary leakage (n
= 3) that was managed conservatively, pancreatic leakage
(n = 1) that was managed conservatively, internal hemorrhage on top of acute hemorrhagic pancreatitis that was
managed surgically (n = 1), and air embolism (n = 1). The
overall early complication rate was 23.4%. There was no
early postoperative mortality.
The median follow-up period was 55 ± 38.3 mo (mean
± SE). Late postoperative complications included intrahepatic duct stones (n = 2%-4.3%), anastomotic stricture
(n = 1%-2.1%), liver abscess (n = 2%-4.3%) and hepatic
malignancy (n = 1%-2.1%). The overall late complication
rate was 12.8%. There were 2 late postoperative mortalities. One died 3 years after surgery due to bilobar liver
abscesses. The other, with confirmed malignant transformation by intraoperative frozen section, died 7 mo after
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Table 1 Comparison between our study and other studies from South East Asia
Shi et al
Country
Total number
Sex
(F:M)
Age
Mean
Range
Presentation
Pain
Jaundice
Vomiting
Fever
Mass.
Triad
Incidental
Classification
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

Unclassified
APBDJ

[5]

(2001)

She et al

[6]

(2009)

Shah et al

[7]

(2009)

Woon et al

[8]

(2006)

Our study (2013)

China
108
85:23
Ratio 3.7:1

Hong Kong
83
60:23
Ratio 2.6:1

Kashmir
79
67:22
Ratio 3:1

Singapore
32
25:7
Ratio 3.5:1

Egypt
50
39:11
Ratio 3.5:1

27.8 yr
3-68 yr

45 mo
0-16 yr

NR

41 yr
18-74 yr

265 d
3 mo-65 yr

(61%-56.5%)
(77%-71.3%)
NO
(61%-56.5%)
NO
NO
NO

(39%-46.9%)
(35%-42.2%)
(26%-31.3%)
NO
NO
(2%-2.4%)
NO

(58%-73.4%)
(26%-32.9%)
NO
NO
(20%-25.3%)
(17%-21.5%)
(7%-8.9%)

(29%-91%)
(13%-41%)
(12%-38%)
(11%-34%)
(8%-25%)
(4%-13%)
(3%-9%)

(45%-93.8%)
(28%-58.3%)
(23%-47.9%)
(21%-43.8%)
(4%-8.3%)
(1%-2%)
NO

(75%-69.4%)
NO
(1%-0.9%)
(24%-22.2%)
(6%-5.6%)
(2%-1.8%)
NR

(53%-67.9%)
(4%-5.1%)
(2%-2.6%)
(15%-19.2%)
(4%-5.1%)
(5%-6.1%)
NR

(54%-68.3%)
NO
NO
(21%-26.6%)
(4%-5%)
NO
(21%-26.6%)

(27%-84.4%)
(2%-6.2%)
NO
(2%-6.2%)
(1%-3.1%)
NO
NR

(35%-72.9%)
NO
NO
(12%-25%)
(1%-2.1%)
NO
(6%-14.6%)

NR: Not reported; APBDJ: Anomalous pancreaticobiliary duct junction.

the second most common presentation (58.3%), and it
was usually associated with early diagnosis. These clinical
findings were corroborated by other studies[6,14].
For any case with biliary symptoms, abdominal ultrasound scan is the initial imaging modality of choice.
Precise and accurate delineation of the biliary system
mandates cholangiography with the advantage of noninvasive MRCP over endoscopic retrograde cholangiopancreatography[1,11]. In our experience, abdominal US
diagnosed 19 cases (50%) and accurately classified the
cyst type in 11 cases (28.8%), while MRCP diagnosed 38
cases (92.7%) and accurately classified the cyst type in 36
cases (87.8%). These findings were consistent with other
studies[2,14,15].
Based on the Todani modification of the Alonso-Lej
classification, we found 35 cases of type Ⅰ (72.9%), and
12 cases of type Ⅳ-A (25%) making a total of 97.9%
with choledochal cysts. This supports the criticism of this
standard classification scheme describing it to be misleading, purposeless, and thus it should be abandoned to reserve the term congenital choledochal cyst for congenital
extrahepatic or intrahepatic biliary duct dilatation apart
from Caroli’s disease, choledochocele and diverticulum
of the common bile duct[16].
Consensus has established that the best treatment for
choledochal cysts is surgical excision whenever possible.
This helps to avoid long-term complications of the cyst
including pancreatitis, cholangitis, choledocholithiasis,
biliary cirrhosis and malignant transformation. To achieve
complete cyst excision, accurate recognition of the beginning and the termination of the cyst is mandatory[17].
Dissection towards the lower end of the cyst may
require pancreaticoduodenectomy in favor of complete

WJG|www.wjgnet.com

cyst excision; otherwise inevitable unplanned pancreatic
duct injury would occur. In our experience, one case was
complicated by postoperative pancreatic leakage that was
managed conservatively, one case was planned for pancreaticodoudenectomy, and one case had an accidental
pancreatic duct injury that was managed by pancreaticoduodenostomy over external stent, but later this case was
readmitted due to acute hemorrhagic pancreatitis and
was explored and managed by external pancreatic duct
tube reposition. Diao et al[18] performed choledochal cyst
excision without ligation of the distal stenotic stump in
207 patients and there was no significant difference in the
results compared to the ligated group of patients. This
technique helped to decrease the incidence of pancreatic
injury which was reported to be 2%-6% in previous reports from China. A probe inserted into the pancreatic
duct through a duodenotomy may help to prevent pancreatic duct injury in difficult cases[19].
Dissection towards the upper end of the cyst should
be performed considering measures to avoid postoperative anastomotic stricture. The best strategy is to resect at
the level of the carina with left duct spatulation to obtain
a wide stoma for the anastomosis. However, a significant therapeutic challenge is present with a dilated biliary system above the carina. Complete excision in such
cases may put the surgeon in the situation of performing two to four duct anastomoses with normal caliber
ducts. Although all portions of choledochal cysts should
be removed, residual proximal cyst walls may be left to
facilitate biliary anastomosis[20]. Some cases may require
hepatectomy or liver transplantation.
Limitations of this study were the absence of institutional referral bias to our center making it difficult to
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A
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Figure 4 Surgical excision of choledochal cyst. A: Exposure of type IA choledochal cyst; B: Division of biliary system at the carina proximal to the cyst; C: The biliary system after excision of the cyst; D, E: Restoration of biliary continuity by hepaticojejunostomy; F: The specimen after complete excision of the cyst consisting of
gall bladder (GB) and choledochal cyst (CC).

compare the incidence of choledochal cysts in adults
compared to children. Also, the absence of emergency
referral to our center prevents the study of emergent
presentation of the disease as spontaneous perforation
and acute pancreatitis. However, this study needs to be
followed by multicenter studies throughout Egypt to help
assess the incidence of choledochal cysts in one of the
largest populations in Africa and the Middle East.
Choledochal cysts are disproportionate dilatations of
the biliary system[1]. They can present at different ages
with variable biliary symptoms. Thus, a high sense of
suspicion for the disease is required. Most cases of choledochal cyst disease have type Ⅰ and Ⅳ-A cysts. If left
untreated, choledochal cysts have an increased risk of
malignant transformation. Early surgical excision and restoration of biliary tract continuity is mandatory, whatever
the symptom severity to avoid long-term complications
whenever possible[20].
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CASE REPORT

Expression of alpha smooth muscle actin in living donor
liver transplant recipients
Masataka Hirabaru, Kyoko Mochizuki, Mitsuhisa Takatsuki, Akihiko Soyama, Taiichiro Kosaka, Tamotsu Kuroki,
Isao Shimokawa, Susumu Eguchi
increase over time in three adult transplanted patients
with liver fibrosis, and the α-SMA-positive area was
increasing even during the pre-fibrotic stage in these
adult cases, according to a retrospective review. Therefore, α-SMA could be a useful marker for the detection
of early stage fibrosis.
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Core tip: The primary finding presented in this case
report is that there is that the cessation of immunosuppressant therapy may promote liver fibrosis in patients
after liver transplantation, even though normal liver
function is maintained. In addition, the alpha smooth
muscle actin (α-SMA)-positive area increased during
the pre-fibrotic stage. Therefore, α-SMA may serve as a
useful marker to detect early stage fibrosis.

Abstract

Hirabaru M, Mochizuki K, Takatsuki M, Soyama A, Kosaka T,
Kuroki T, Shimokawa I, Eguchi S. Expression of alpha smooth
muscle actin in living donor liver transplant recipients. World J
Gastroenterol 2014; 20(22): 7067-7074 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/7067.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.7067

Recently, there have been reports from liver biopsies
that showed the progression of liver fibrosis in liver
transplant patients after the cessation of immunosuppression. Herein, we focused on activated hepatic
stellate cells expressing alpha smooth muscle actin
(α-SMA) to understand the correlation between immunosuppressant medication and liver fibrosis. The study
enrolled two pediatric patients who underwent living
donor liver transplantation and ceased immunosuppressant therapy. The number of α-SMA-positive cells in the
specimens obtained by liver biopsy from these two patients showed a three-fold increase compared with the
number from four transplanted pediatric patients who
were continuing immunosuppressant therapy. In addition, the α-SMA-positive area evaluated using the WinRooF image processing software program continued to

WJG|www.wjgnet.com

INTRODUCTION
Liver transplantation is an established treatment for hepatic failure. Recent developments in surgical techniques, anesthesia and perioperative management have contributed
to a decrease in early mortality after liver transplantation.
However, the mortality in patients with chronic hepatic
failure has remained unchanged[1]. Some of the causes of
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the poor prognosis for these patients include renal disorders, vascular disorders, malignant tumors, and the use of
immunosuppressant medication[2-4]. Therefore, a reduction
in such medication may reduce the mortality rate[5].
Despite many reports describing patients who have
acquired immune tolerance[6,7], the characteristics of patients with immune tolerance are still unknown[8]. Clinical
immune tolerance refers to the state of maintaining normal organ graft function even after the cessation of immunosuppressant medication[9,10]. In practice, the cessation of immunosuppressant medication varies depending
on each patient’s condition and must be individualized;
although some patients have a favorable postoperative
course and can successfully achieve a reduction of immunosuppressant medication, other patients have no choice
but to stop the treatment, such as in the case of infection with the Epstein-Barr virus (EBV). The probability
of adult patients acquiring immune tolerance has been
reported to be 8%-33%[11-18], and this rate has been suggested to be much higher in pediatric patients[6,19,20].
However, liver transplant recipients with no abnormalities in hepatic function after the cessation of immunosuppressant medication have recently been reported
to developed hepatic fibrosis, with the hepatic fibrosis
improving after resumption of the medication[21]. Therefore, there is a need to understand the mechanism(s) of
hepatic fibrosis induced by withdrawal of immunosuppression. We have herein focused on hepatic stellate
cells (HSCs), which may be involved in hepatic fibrosis.
HSCs constitute a large portion of the hepatic interstitium, representing 5%-8% of the total number of liver
cells[22]. In the healthy liver, HSCs are quiescent, but can
be activated by factors, including TGFβ1 and IFNγ, that
are released by Kupffer cells (KC) and T cells after injury
or stimulation[22,23]. The appearance of alpha smooth
muscle actin (α-SMA) in the activated HSCs can be detected using α-SMA immunostaining[24]. Activated HSCs
undergo apoptosis at sites of acute inflammation but
induce sinusoidal sclerosis, leading to the development of
sinusoidal portal hypertension at sites of chronic inflammation. The activated HSCs have also been suggested to
be responsible for the expression of type Ⅰ collagen and
the progression of fibrosis[25]. We therefore predict that
an immune response may cause fibrosis in patients who
have discontinued immunosuppressant medication, however the mechanism underlying this response remains to
be determined.
We performed immunohistological analysis to determine the mechanism underlying the fibrosis associated
with immunosuppressant medication in two pediatric
patients who were doing well with good graft function
without immunosuppression for several years after receiving living donor liver transplantation (LDLT).

ment from August 1997 to May 2012. Among them, 12
were pediatric patients who were less than 18 years of
age, and 2 of these pediatric patients had ceased immunosuppressant medication for a long period. One patient
was an 18-year-old male who underwent LDLT for biliary atresia (BA) at 5-years of age. In this case, immunosuppression (IS) was stopped according to the weaning
protocol because of his good condition 68 mo after the
LDLT. Another patient was an 11-year-old female who
underwent LDLT for BA at 11-mo of age. Her IS was
stopped non-electively because of EBV infection 3 mo
after the LDLT. A total of eight liver biopsies were performed in these two patients. As a control, this study also
included four pediatric patients who did not have hepatic
function abnormalities or fibrosis and continued their
immunosuppressant medication (no-tolerance cases).
To examine whether the findings in these pediatric cases
were also relevant to adult patients with fibrosis, three
randomly selected patients with liver fibrosis not due to
hepatitis C were evaluated.
Specimens were collected by ultrasound-guided core
needle biopsy. Each specimen was stained with hematoxylin eosin, and the severity of fibrosis was determined using Ishak’s modified staging system[26]. The evaluation of
each specimen was conducted blindly by two pathologists.
Immunohistochemistry
Four-micrometer-thick sections, cut from formalin-fixed,
paraffin-embedded tissues, were immunohistochemically
stained for SMA, CD68, and CD79α. The following primary antibodies and a staining kit [MAX-PO (MULTI),
Nichirei Corporation, Tokyo, Japan] containing peroxidase-labeled -secondary antibodies were used: anti-alphaSMA (Nichirei; Code 412021), anti-CD68 (Dako, Tokyo,
Japan; Code M0814), and anti-CD79 α (Dako; Code
N162830). The immunostaining was performed according to the manufacturer’s instructions.
Histology score-based semiquantitative analysis
A semiquantitative analysis was performed by light microscopy at × 100 magnification, and the number of
positively immunostained cells was calculated in five arbitrarily selected fields of view.
Computer-assisted semiquantitative analysis
The tissues in the α-SMA-stained area were subjected to
objective semiquantitative analysis using the WinROOF
image processing software program (MITANI Corporation, Tokyo, Japan). The ratio of the positive area in the
specimen to the total area was calculated.
Immunohistochemistry in pediatric patients with
immune tolerance
The number of cells in five randomly selected fields of
view (Table 1) that were α-SMA-positive was 250.5 ±
102.8 (mean ± SD) in the two pediatric patients with
tolerance, whereas the count was 69.6 ± 67.7 in the
four pediatric cases without tolerance. The numbers of

CASE REPORT
Patients
A total of 163 patients underwent LDLT in our depart-
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Table 1 Characteristics of patients in tolerance cases and no tolerance cases
Tolerance cases
Pediatric Case Age at LDLT

Sex

Original disease

1
5 yr
(Period of IS: 5 yr 8 mo)

M

BA

2
11 mo
(Period of IS: 3 mo)

F

BA

Sex

Original disease

No tolerance cases
Pediatric Case Age at LDLT
3

11 yr

F

BA

4

10 mo

M

BA

5

7 yr

M

BA

6

6 yr

F

BA

Duration of biopsy after
cessation of IS
2 yr
5 yr 4 mo
6 yr 4 mo
7 yr 4 mo
4 yr 9 mo
7 yr 9 mo
8 yr 9 mo
9 yr 9 mo

Fibrosis
(F Stage)
0
0
0
0
0
0
1
1

Positive area
Number of positive cells/5 fields
CD68
CD79α
of α-SMA (%)
α-SMA
2.10
377
395
19
2.03
250
194
3
2.26
147
422
3
2.95
243
500
10
1.53
91
264
20
2.49
257
552
16
2.69
398
490
27
2.76
241
369
21
2.3 ± 0.46
250.5 ± 102.8 398.2 ± 121.6 14.8 ± 8.7

Duration of biopsy after
LDLT
1 yr
2 yr
1 yr
1 yr 6 mo
2 yr
1 yr
1 yr 6 mo
2 yr
8 yr
13 yr

Fibrosis
(F Stage)
0
0
0
0
0
0
0
0
0
0

Positive area
of α-SMA (%)
0.02
1.86
0.47
0.32
0.83
1.08
0.63
0.38
0.70
1.26
0.75 ± 0.53

Number of positive cells/5 fields
CD68
CD79α
α-SMA
9
508
12
134
446
14
1
332
8
2
424
10
107
525
9
178
537
0
153
637
7
15
92
12
37
202
16
60
432
15
69.6 ± 67.7 413.5 ± 164.2 10.3 ± 4.6
(mean ± SD)

LDLT: Living donor liver transplantation; IS: Immunosuppression; α-SMA: Alpha smooth muscle actin; BA: Biliary atresia; M: Male; F: Female.

CD68/CD79α-positive cells in the cases with and without tolerance were 398.2 ± 121.6/14.8 ± 8.7 and 413.5 ±
164.2/10.3 ± 4.6, respectively.
In addition, the number of α-SMA-positive cells was
227.5 ± 99.0 in the tolerant patients with F0 stage fibrosis, which was higher than that in the patients without tolerance. The α-SMA-positive area ratio was also calculated
using the WinROOF software program. The α-SMApositive area ratio in the patients without tolerance with
any fibrotic stage was 2.3% ± 0.46%; it was 2.2% ± 0.47%
in cases with fibrotic stage F0 and 0.75% ± 0.53% in the
no-tolerance patients (all patients with fibrotic stage F0).
Accordingly, even among patients with no findings of
fibrosis, the α-SMA area ratio was higher in patients with
tolerance than in those without tolerance.

4.6% ± 1.2% in the F4 stage. The α-SMA area ratio was
higher in the F0-1 stages than in the F4 stage (Figure 1B).
The α-SMA-positive area continued to increase over
time in the pediatric patients with tolerance. Pediatric
Case 1 showed F0 fibrosis in the liver at all time points,
whereas pediatric Case 2 showed a slight progression of
fibrosis (F1) eight years after the cessation of the immunosuppressant treatment (Figure 2). However, there were
no significant increases in the α-SMA-positive area in the
pediatric cases without tolerance (Figure 3).

DISCUSSION
Immune tolerance is the ultimate goal of transplantation,
and many transplant patients have been reported to have
ceased immunosuppressant medication for a long period
while maintaining a favorable clinical course in clinical
practice[6,7]. However, hepatic fibrosis has been reported
to have developed in transplant patients who have ceased
immunosuppressant medication[21], and there are some
concerns over whether the cessation of immunosuppressive treatment leads to fibrosis. We performed a
histological analysis in patients who had ceased immunosuppressant medication and examined the impact of the
cessation on the liver graft.
As shown by the findings of this and previous studies[23], the expression of α-SMA increases with the progression of hepatic fibrosis because liver injury that is
caused by hepatic viruses or medication allows T cells and
Kupffer cells to release PDGF, IGF-I, TGF-β, activated

Degree of α -SMA staining in LDLT cases with fibrosis
The α-SMA-positive area ratio was calculated for adult
patients with fibrosis using the WinROOF software program. Liver specimens obtained from a total of 10 liver
biopsies in fibrosis Cases 1 to 3 were subjected to the
analysis (Figure 1). Figure 1A shows the timing of the biopsies, fibrosis grade, and α-SMA-positive area ratio. The
α-SMA-positive area continued to increase over time in
all patients, and the α-SMA-positive area also increased in
all patients even when they were in the pre-fibrotic stage
(arrowhead).
The α-SMA-positive area ratio in adult patients with
fibrosis was also evaluated based on the fibrosis stage.
The area ratio was 1.1% ± 0.5% in the F0-1 stage and
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A

Case 1

Case 2

Case 3

5
4

4

3

3

2

2

1

1
0
1 yr
Fibrosis

B

Fibrosis

Positive area of α-SMA
(%)/5 fields

6

Fibrosis stage

3 yr

8 yr

6 mo

1 yr

2 yr

3 yr

F0, α-SMA > 1.0%

1 yr

2 yr

3 yr

Duration of biopsy after LDLT

Positive area of α-SMA (%)/5 fields

F0-F1

1.1 ± 0.5

F4

4.6 ± 1.2

C

F4

Positive area of α-SMA

Positive area of α-SMA
(digital image)

Figure 1 Changes in alpha smooth muscle actin expression in adult patients with fibrosis. A: The α-smooth muscle actin (SMA)-positive area continued to
increase over time in all the patients, even when they were in the pre-fibrotic stage (arrow head); B: The α-SMA positive area ratio in the patients with fibrosis was
calculated based on the fibrosis stage. The α-SMA area ratio was higher in the patients with F0-1 fibrosis than in those with F4 fibrosis; C: The photograph on the left
shows the α-SMA staining in a representative case with F4 fibrosis. The photograph on the right shows a WinRoof digital image, with green corresponding to the area
of α-SMA-positive staining. α-SMA: Alpha smooth muscle actin; LDLT: Living donor liver transplantation.

fully to ensure that the progression of fibrosis is not
missed. Because this study was a retrospective analysis
and the time of biopsy varied for the individual patients,
periodic follow-up examination will be required to evaluate and support this hypothesis. These findings suggest
that a routine protocol biopsy could be an important tool
to understand the dynamic state of α-SMA in detail.
These assumptions suggest that the possibility of developing fibrosis is higher in tolerant patients than in patients who continue immunosuppression, because α-SMA
expression was consistently high in the tolerant patients
in this study. In addition, the expression of α-SMA gradually increased in the tolerant patients, indicating that care
should be taken in future follow-ups for these patients to
ensure that their liver function does not deteriorate.
The liver is known to be the organ most susceptible to immune tolerance compared with other organs,
and phenomena in different animal species have been
observed that demonstrate that the major histocompatibility complex was successfully engrafted without immunosuppressant medication after an allogeneic liver

oxygen, lipid peroxide, and α-SMA into the cytoplasm
of HSCs. Subsequently, type Ⅰ collagen is produced and
fibrosis develops[24]. Therefore, it is supposed that the
α-SMA level is increase in the pre-fibrotic stage, although
there have been no reports on the correlation between
the α-SMA expression level and fibrotic changes.
Here, we investigated the association between α-SMA
expression and the fibrotic stage in patients with hepatic
fibrosis. An increase in α-SMA over time was observed
in all patients with fibrosis, suggesting that there is a correlation between the progression of fibrosis and the increase in α-SMA. Furthermore, all patients with fibrosis
had increased α-SMA expression at the pre-fibrotic stage.
In the current study, in two cases of tolerance, the progression of fibrosis remained low, although the ratio of
α-SMA-positive areas remained high in both cases. However, Yoshitomi et al[21] reported that liver fibrosis progression in tolerant patients was higher than that in nontolerant patients. Therefore, we propose that α-SMA may
be a potential marker of the progression of liver fibrosis.
Thus, we should continue to follow these two cases care-
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3

Case 1

Case 2

3

2

2

1

1

Fibrosis

Positive area of α-SMA
(%)/5 fields

A

0

0
2 yr

5 yr 4 mo

6 yr 4 mo

7 yr 4 mo

4 yr 9 mo

8 yr 9 mo

9 yr 9 mo

Duration of biopsy after IS free

Fibrosis

B

7 yr 9 mo

Azan-Mallory staining

α-SMA positive are

α-SMA positive are
(digital image)

F0
7 yr 4 mo after IS free

Case 1

Immediately following
IS free

F0

Immediately following
IS free

F0

Case 2

7 yr 9 mo after IS free

F0

9 yr 9 mo after IS free

F1

Figure 2 Change in alpha smooth muscle actin expression in the two pediatric cases with immune tolerance. A: The α-SMA-positive area continued to increase over time in both cases. Case 1 showed F0 fibrosis in the liver at all time points, whereas Case 2 showed a slight progression of fibrosis (F1) eight years after
the cessation of immunosuppressive treatment; B: The findings of Azan-Mallory staining and the α-SMA-positive area determined by immunohistochemical analysis
are shown. α-SMA: Alpha smooth muscle actin; IS: Immunosuppression.
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Case 3

Case 4

Case 5

Case 6

3

2

2

1

1

Fibrosis

Positive area of α-SMA
(%)/5 fields

3

0

0
1 yr

2 yr

1 yr

1 yr 6 mo

2 yr

1 yr

1 yr 6 mo

2 yr

8 yr

13 yr

Duration of biopsy after LDLT

Figure 3 Changes in alpha smooth muscle actin expression in the four pediatric cases that continued immunosuppression. There was no clear increase in
the α-SMA-positive area. α-SMA: Alpha smooth muscle actin; LDLT: Living donor liver transplantation.

transplant[27,28]. The effects of immunosuppressive factors
produced in the liver and the correlations among antigen-presenting cells in the transplanted liver, including
Kupffer cells, sinusoidal endothelial cells, and recipientderived T cells, are believed to be involved in this immune tolerance. In addition, there have been some studies in mice showing that T cells became unresponsive to
the antigen presented from sinusoidal endothelial cells of
the specific donor type[29,30]. A treatment strategy leading
to the acquisition of immune tolerance is considered to
be important for human liver transplantation to prevent
damage to hepatic sinusoidal endothelial cells.
CD68 (KCs) and CD79α (T cells) were immunostained to search for factors related to fibrosis in patients
with and without immune tolerance, but there were no
significant differences in either KCs or T cells. The major
factor determining the progression of fibrosis in patients
with immune tolerance still remains unknown, and predictors for the development of tolerance are also unknown. Therefore, we confirm that liver fibrosis staging
assessed by biopsy is the main parameter influencing the
treatment course.
A previous study indicated that calcineurin inhibitors (CNIs) may inhibit the activity of HSCs and the
progression of fibrosis[21], but convincing evidence has
not yet been provided. However, there is a good possibility that the cessation of immunosuppressant medication
may cause a certain degree of rejection without abnormal hepatic function or histological rejection. There
were also no differences in α-SMA expression between
hepatitis C virus-infected patients with and without liver
transplants[23]. In addition, CNIs administration may not
always inhibit α-SMA expression if there is an infectious
background. In addition, the infiltration of inflammatory
cells stimulates the expression of pre-fibrotic growth factors[31], and inflammatory cells and activated HSCs are
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actually mixed in patients with chronic hepatic dysfunction[32]. Therefore, controlling inflammation is considered
to inhibit the progression of fibrosis regardless of the
use of immunosuppressant medication.
When deciding whether to resume immunosuppressant medication, it is important to determining whether
the progression of fibrosis is due to an antigen response
is important[33]. However, the factors associated with an
increase in α-SMA were not determined in the present
study in the two pediatric patients, who had most likely
acquired immune tolerance. Immunosuppressant medication has not been resumed in these two pediatric patients
because they have not shown clear abnormalities in liver
function. However, we are performing a strict follow-up
regime for both patients to determine whether they will
continue to have a good long-term prognosis.

COMMENTS
COMMENTS
Case characteristics

An 18-year-old male with a history of living donor liver transplantation (LDLT)
for biliary atresia with no symptoms and an 11-year-old female with a history of
LDLT for BA with no symptoms.

Clinical diagnosis

Immune tolerant state for a long period of time post-LDLT.

Differential diagnosis
Progression of liver fibrosis.

Laboratory diagnosis

The result of the liver function and all other tests were within normal limits.

Imaging diagnosis

In the imaging examinations, morbid findings were not detected.

Pathological diagnosis

In one patient, slight liver fibrosis was revealed by liver biopsy 9 years after the
cessation of immunosuppressive therapy.

Experiences and lesson

This case report suggested that alpha smooth muscle actin may be a predictor
of liver fibrosis; however, this assumption needs further validation from additional cases.
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Core tip: Fish bones are the most commonly observed
objects leading to bowel perforation. In this case report, abscess formation due to perforation of rectosigmoid colon by a fish bone can lead to its migration to
the urinary bladder. The operation timing for removal of
foreign body should be tactically considered if the vital
signs are stable, but we should always keep in mind
that delayed complications such as migration of foreign
body to adjacent organ could happen.
Cho MK, Lee MS, Han HY, Woo SH. Fish bone migration to
the urinary bladder after rectosigmoid colon perforation. World
J Gastroenterol 2014; 20(22): 7075-7078 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i22/7075.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i22.7075

Abstract
Fish bones are the most common foreign objects leading to bowel perforation. Most cases are confined to
the extraluminal space without penetration of an adjacent organ. However, abscess formation due to the
perforation of the rectosigmoid colon by a fish bone
can lead to the penetration of the urinary bladder and
may subsequently cause the fish bone to migrate into
the urinary bladder. In the presented case, a 42-yearold female was admitted for lower abdominal pain.
The computed tomography (CT) demonstrated a 5cm
pelvic abscess containing a thin and curvilinear foreign
body. After conservative management, the patient was
discharged. After 1 mo, the subject developed a mechanical ileus. Surgery had to be delayed due to her
hyperthyroidism. Migration of the foreign body to the
urinary bladder was shown on additional CT. A Yellowish fish bone 3.5 cm in size was removed through intraoperative cystoscopy. The patient was discharged 8 d
after the operation without any unexpected event.

INTRODUCTION
The ingestion of a foreign body (FB) is not uncommon and often goes unnoticed. The majority of FBs
that pass into the stomach traverse the gastrointestinal
tract without complication[1]. Less than 1% of FBs cause
perforation, depending on the size and type of the FB[2].
The most common perforation site is the terminal ileum, followed by the rectosigmoid junction. Fish bones
are the most commonly observed objects that result in
bowel perforation[3], and these FBs may occasionally lead
to penetration injuries, resulting in complications, such
as the formation of an abscess. In most reported cases,
foreign bodies that have perforated the gastrointestinal
tract were confined to the extraluminal space without
penetrating an adjacent organ. However, in this case, the
ingested FB, a fish bone, caused the formation of an abscess formation after its perforation of the rectosigmoid

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 Initial computed tomography image. A, B: Computed tomography revealed a 3 cm, thin, curvilinear object with a high density within a 5 cm sized fluid collection adjacent to the urinary bladder, which can be regarded as a foreign body and abscess formation (arrow); C: Wall of the rectosigmoid colon (arrow) is thickened,
suggesting that the rectosigmoid colon was perforated.

colon and lead to the penetration of the urinary bladder,
resulting in its migration into the urinary bladder.

and the subject was discharged. After 1 mo, the patient
returned to the hospital and presented with vomiting
and the absence of gas passage. In the follow-up CT, a
mechanical ileus was observed due to a transitional point,
with the presence of a 2 cm pelvic abscess in the right
lower abdomen, which had decreased compared to the
previous study (Figure 2A). The follow-up thyroid function test showed T3 levels of > 800 ng/dl, free T4 levels of 7.89 ng/dl, and TSH < 0.01 mIU/L, which may
suggest poor medication compliance. The surgery had
to be delayed to properly manage the patient’s hyperthyroidism. An additional CT was performed 7 d before the
operation, and it revealed the migration of the foreign
body into the urinary bladder (Figure 2B). An adhesion
of sigmoid colon was found near the urinary bladder in
the pelvic area, and a small abscess was observed adjacent to the bladder wall during laparoscopic exploration.
However, there was no bowel perforation or fistula. Using intra-operative cystoscopy, a yellowish foreign body
was observed between the dome and lateral wall of the
urinary bladder, and this foreign body was removed using forceps (Figure 3). The surgical specimen consisted
of a thin, curvilinear fish bone, 3.5 cm in length. There
were no other specific intra-operative events. The patient
was discharged 8 d after the operation, without any unexpected event.

CASE REPORT
A 42-year-old female was admitted for lower abdominal
pain and fever that lasted for 1 wk. The physical examination revealed mild abdominal tenderness without rebound tenderness in the supra-pubic area. The patient’s
vital signs were recorded: body temperature was 37.4 ℃,
heart frequency was 108 beats/min and blood pressure
was 100/63 mmHg. No mass or hernia was identified.
Laboratory tests showed an elevated white blood cell
count (15870 cells/L) and increased C-reactive protein
level (3.74 mg/dl). The patient had no history of abdominal surgery, suffered from uncontrolled hyperthyroidism, which was not treated with medication. The
thyroid function test showed elevated T3 levels of 281
ng/dL (60-181), elevated free T4 levels of 4.47 ng/dL
(0.7-1.4) and a low thyroid stimulating hormone (TSH)
level, which was shown to be less than 0.01 mIU/L
(0.4-4.0). These laboratory results demonstrated an active hyperthyroidism state, which required medication.
Computed tomography (CT) demonstrated a pelvic
abscess, 5 cm in size, in the lower abdomen, and this abscess contained a thin and curvilinear hyperdense foreign
body (Figure 1). However, the patient had no memory
of swallowing any foreign body, such as a fish bone. After conservative management including antibiotics, the
symptoms and laboratory data were returned to normal,
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Figure 3 Cystoscopic view. A yellowish, linear structure was seen between
the dome and the lateral wall of the urinary bladder.

tion caused by the fish bone, which usually presents as
a curvilinear foreign body[12]. Moreover, CT scans allow
the differential diagnosis of other causes of abdominal
pain, and the scans also show the surrounding anatomical
connections. The possibility of the migration of a sharp
foreign body, such as a fish bone, into adjacent organs
should always be considered. If the operation should be
delayed, additional CT should be performed prior to the
operation.
The standard management for foreign body-induced
bowel perforation is emergency surgery. However, there
are reported cases in which the foreign body-induced
bowel perforation as successfully treated using only
conservative management. A non-operative management could be employed if there is a lack of peritoneal
irritation, as assessed during physical examination, or if
the patient has a relative contraindication for surgery. In
that case, close observation is required in order to detect
possible delayed complications, such as mechanical ileus
caused by inflammation or the penetration of an adjacent
organ, as was the case in this study. It may be difficult to
remove the foreign body due to inflammation during the
acute period. If the operation is delayed for too long, the
extent of bowel resection and the rate of complication
may increase as the time until the operation increases.
However, delaying the emergency operation may, paradoxically, downscale the range of operation in some
cases. There are reported cases in which the foreign body
was successfully removed after the resolution of the initial inflammation[10]. Therefore, the operation timing for
the removal of a foreign body should be tactically considered if the patient’s vital signs are stable, but we should
always keep in mind that delayed complications, such as
the migration of the foreign body into an adjacent organ,
could occur.

Figure 2 Follow up computed tomography image after the patient developed mechanical ileus. A: One month before the operation. Follow up
computed tomography (CT) demonstrated a transitional zone at the distal ileum
near the pelvic abscess, with small bowel dilatation; B: Seven day before the
operation. Follow-up CT showed a linear, radiopaque lesion that was partially
penetrated into the dome of the bladder.

the gastrointestinal tract within 1 wk[4,5]. However, the
perforation rate can be as high as 15%-35% when sharp
foreign objects are ingested[6,7]. Fish bones are the most
commonly observed objects that lead to bowel perforations. The most common intestinal perforation site is
the terminal ileum, followed by the rectosigmoid colon,
due to its narrow and angulating anatomical nature[8].
Intestinal perforation by a foreign body may result in the
development of an abscess, enteric fistula, or intestinal
obstruction, as well as peritonitis with or without pneumoperitoneum. In most cases, the reports of foreign
bodies are confined to the extraluminal space, without
any penetration of an adjacent organ. However, there are
reported cases of the migration of a needle into the liver
or the migration of a fish bone into the urinary bladder,
similar to this case[9,10]. Therefore, the migration of a foreign body toward an adjacent organ, as well as the intestinal perforation, should be considered if a sharp foreign
body is ingested.
Because a foreign body may perforate any part of
the gastrointestinal tract, the clinical presentations may
vary and mimic diverse surgical conditions such as diverticulitis, appendicitis, and peptic ulcer perforation, which
makes the diagnosis of intestinal perforation due to the
ingestion of an unrecognized foreign body very difficult[11]. Moreover, fish bones are invisible on plain film. A
CT scan is helpful in recognizing the intestinal perfora-
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Case characteristics

A 42-year-old female was admitted for lower abdominal pain and fever that
lasted for 1 wk.

Clinical diagnosis

Clinical findings suggested localized peritonitis.
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Differential diagnosis

2

The symptoms were also similar to pelvic inflammatory disease and acute appendicitis; further evaluation was required.

Laboratory diagnosis

3

Laboratory tests showed elevated white blood cell count (15870/L) with increased C-reactive protein level (3.74 mg/dl) suggesting acute inflammation.

Imaging diagnosis

4

Computed tomography (CT) demonstrated 5 cm-sized pelvic abscess in lower
abdomen containing thin and curvilinear hyperdense foreign body.

Pathological diagnosis

On intra-operative cystoscopy, yellowish foreign body was observed in the urinary bladder and was removed.

5

The patient initially received conservative management using only antibiotics,
and was discharged, but she developed mechanical ileus and follow up CT finding showed foreign body in the urinary bladder; surgery had to be performed to
remove the foreign body.

6

Treatment

Related reports

7

Experiences and lessons

8

There are reported cases of migration of needle to liver or the migration of fish
bone to urinary bladder similar to this case[9,10].
The operation timing for removal of foreign body should be tactically considered
if the vital signs are stable, but the authors should always keep in mind that delayed complications such as migration of foreign body to adjacent organ could
happen.

9

Peer review

This is a well written and interesting case report on a rare case of a gastrointestinal foreign body penetrating the intestinal wall and migrating into the lumen of
the bladder.
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diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic
diagnosis, biotechnological diagnosis, functional diagnosis, and
physical diagnosis; (4) Therapeutics Advances: The editorial
board members are invited to write high-quality therapeutic
advances in their field to help improve the therapeutic skills of
readers. The topic covers medication therapy, psychotherapy,
physical therapy, replacement therapy, interventional therapy,
minimally invasive therapy, endoscopic therapy, transplantation
therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic
articles, hot topic articles, or latest articles to keep readers at
the forefront of research and increase their levels of clinical
research. Classic articles refer to papers that are included in Web
of Knowledge and have received a large number of citations
(ranking in the top 1%) after being published for more than
years, reflecting the quality and impact of papers. Hot topic
articles refer to papers that are included in Web of Knowledge
and have received a large number of citations after being published for no more than 2 years, reflecting cutting-edge trends
in scientific research. Latest articles refer to the latest published
high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
write a series of articles (7-10 articles) to comment and discuss
a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
peer-reviewed open access (OA) journal. WJG was established
on October 1, 1995. It is published weekly on the 7th, 14th, 21st,
and 28th each month. The WJG Editorial Board consists of 1353
experts in gastroenterology and hepatology from 68 countries.
Aims and scope
The primary task of WJG is to rapidly publish high-quality
original articles, reviews, and commentaries in the fields of
gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal
oncology, gastrointestinal radiation oncology, gastrointestinal
imaging, gastrointestinal interventional therapy, gastrointestinal
infectious diseases, gastrointestinal pharmacology, gastrointestinal pathophysiology, gastrointestinal pathology, evidence-based
medicine in gastroenterology, pancreatology, gastrointestinal
laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal therapeutics. WJG is
dedicated to become an influential and prestigious journal in
gastroenterology and hepatology, to promote the development
of above disciplines, and to improve the diagnostic and therapeutic skill and expertise of clinicians.
WJG is published by Baishideng Publishing Group (BPG)
in both electronic and online forms. All WJG articles are published in WJG website and PubMed Central. The major advantages of OA journals are faster release and delivery, no page or
graph restrictions, and increased visibility, usage and impact.
Full-text PDF articles and electronic/online versions are freely
available to global readers. After the paper is published, the
author(s) can obtain high-quality PDF files, which contain the
journal cover, a list of editorial board members, table of contents, text, and back cover of the journal. BPG has a strong
professional editorial team composed of editorial board members, editors-in-chief, science editors, language editors, and electronic editors. BPG currently publishes 43 OA clinical medical
journals, including 42 in English, has a total of 15471 editorial
board members or peer reviewers, and is a world first-class
publisher.
Columns
The columns in the issues of WJG will include: (1) Editorial:
The editorial board members are invited to make comments
on an important topic in their field in terms of its current research status and future directions to lead the development of
this discipline; (2) Frontier: The editorial board members are
invited to select a highly cited cutting-edge original paper of
his/her own to summarize major findings, the problems that
have been resolved and remain to be resolved, and future re-
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and innovative findings in gastroenterology and hepatology;
(13) Meta-Analysis: Covers the systematic review, mixed treatment comparison, meta-regression, and overview of reviews, in
order to summarize a given quantitative effect, e.g., the clinical
effectiveness and safety of clinical treatments by combining data
from two or more randomized controlled trials, thereby providing more precise and externally valid estimates than those which
would stem from each individual dataset if analyzed separately
from the others; (14) Case Report: To report a rare or typical
case; (15) Letters to the Editor: To discuss and make reply to
the contributions published in WJG, or to introduce and comment on a controversial issue of general interest; (16) Book
Reviews: To introduce and comment on quality monographs of
gastroenterology and hepatology; and (17) Autobiography: The
editorial board members are invited to write their autobiography
to provide readers with stories of success or failure in their
scientific research career. The topic covers their basic personal
information and information about when they started doing research work, where and how they did research work, what they
have achieved, and their lessons from success or failure.

Instructions to authors
Full instructions are available online at http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm
Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®), Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifier, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2011 Impact Factor: 2.471 (32/74 Gastroenterology and Hepatology).

Name of journal
World Journal of Gastroenterology

SPECIAL STATEMENT

All articles published in journals owned by the BPG represent
the views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where otherwise explicitly indicated.

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
Launch date
October 1, 1995

Biostatistical editing
Statistical review is performed after peer review. We invite an
expert in Biomedical Statistics to evaluate the statistical method
used in the paper, including t test (group or paired comparisons), chi-squared test, ridit, probit, logit, regression (linear,
curvilinear, or stepwise), correlation, analysis of variance, analysis of covariance, etc. The reviewing points include: (1) Statistical methods should be described when they are used to verify
the results; (2) Whether the statistical techniques are suitable or
correct; (3) Only homogeneous data can be averaged. Standard
deviations are preferred to standard errors. Give the number of
observations and subjects (n). Losses in observations, such as
drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits
calculated and compared by weighted probit analysis (Bliss and
Finney); and (5) The word “significantly” should be replaced
by its synonyms (if it indicates extent) or the P value (if it indicates statistical significance).

Frequency
Weekly
Editors-in-chief
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon,
Department of Surgery, Universidad Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital, Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of Biomedical
Sciences, College of Medicine, University of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of Laboratory
Medicine, Division of Pathology, Karolinska Institutet, Stockholm
141-86, Sweden
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In the interests of transparency and to help reviewers assess any potential bias, WJG requires authors of all papers to
declare any competing commercial, personal, political, intellectual, or religious interests in relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
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Editorial office
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
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Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
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E-mail: editorialoffice@wjgnet.com

Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics com-
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should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

mittee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
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Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
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provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
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Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
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Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours
V. Proceedings of the 5th Germ cell tumours Conference;
2001 Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end
page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
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Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.
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Core tip: A plethora of new agents for the management
of hepatitis C promising higher response rates and better tolerated side effect profiles is upon us. Many of
these new drugs in development utilize novel pharmacologic mechanisms and may replace older more toxic
therapies such as interferon and ribavirin. In addition,
once daily dosing and shorter treatment durations
should help improve adherence and optimize therapeutic outcomes for hepatitis C infection.

Abstract
Until recently the traditional treatment for hepatitis C
infection included pegylated interferon and ribavirin
combination therapy. The sustained virological response
(SVR) seen with this combination is poor and requires
lengthy treatment to achieve. Additionally, significant
side effects and numerous contraindications prevented
many patients from being successfully treated with
this therapy. In 2011, two new protease inhibitors,
telaprevir and boceprevir, were approved for use with
pegylated interferon and ribavirin in the United States
by the United States Food and Drug Administration.
These agents have significantly improved SVR rates;
however significant problems with toxicity remain including severe skin rash and neutropenia. There are a
wide range of compounds in late stage development for
the future treatment of hepatitis C that exploit many
different mechanisms of viral inhibition. Some of these
compounds include additional protease inhibitors, like
telaprevir and boceprevir, as well as inhibitors of other
nonstructural proteins in the viral genome such as
NS5A and NS5B, and compounds that target host proteins within the virus. Some of these agents are being
developed for oral administration once daily and various
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INTRODUCTION
The hepatitis C virus (HCV) is a major cause of gastrointestinal morbidity and mortality worldwide. According to
the World Health Organization (WHO), approximately
170 million people have chronic HCV infection with 3-4
million new infections occurring each year. In the United
States, up to four million people have chronic HCV and
18-20000 new infections are diagnosed annually per the
Centers for Disease Control (CDC).
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Until recently treatment for HCV infection relied
upon pegylated-interferon (PEG-IFN) and ribavirin
combination therapy. The sustained virological response
(SVR) seen with this combination is poor and requires
lengthy treatment to achieve[1]. Additionally, significant
side effects and numerous contraindications, prevent
most patients from being successfully treated with these
agents.
Recently two new protease inhibitors, telaprevir and
boceprevir, have been approved by the Food and Drug
Administration in the United States and the use of directacting antiviral (DAA) triple therapy has substantially
improved SVRs[2,3]. In addition, a plethora of new chemical entities directed against various components of the
nonstructural proteins in the hepatitis C virion are in
late phase development and offer the promise of greater
efficacy and fewer side effects, with once or twice daily
oral administration and perhaps no longer requiring interferon and ribavirin. This paper will review telaprevir
and boceprevir as well as agents that are in late phase
development and may come available within the next 1-2
years.

tive pulmonary disease, and ischemic cardiovascular or
cerebrovascular disease. Also, side effects associated with
both pegylated interferon and ribavirin are substantial
and include fatigue, fever, headache, nausea, arthralgia,
musculoskeletal pain, insomnia, depression, neutropenia,
thrombocytopenia, and anemia. For these reasons, only
about 10% of patients with hepatitis C are successfully
treated with traditional therapy.

TRIPLE THERAPY WITH PROTEASE
INHIBITORS FOR HEPATITIS C
The hepatitis C virus contains six nonstructural HCV
proteins that are processed by both viral and host proteases[6]. These nonstructural proteins (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B) are primarily enzymes that
are essential in the HCV life cycle (Figure 1). A number
of compounds have been developed which target these
proteases involved in HCV polyprotein procession. They
are divided into two chemical classes, macrocyclic inhibitors and linear tetra-peptide α-ketoamid derivatives. The
NS3/4A protease inhibitors are potent anti-viral agents
as monotherapy against HCV replication, but may cause
selection of resistance species. However, this resistance
appears to be attenuated when the drugs are used in combination with standard peginterferon/ribavirin therapy.
The first two drugs to reach the commercial marketplace
in this class are telaprevir and boceprevir.

TRADITIONAL TREATMENT APPROACH
TO HEPATITIS C
The traditional treatment approach to hepatitis C relies
heavily on combination therapy with pegylated interferon
and ribavirin[4,5]. For genotype Ⅰ disease, patients less than
75 kg receive peginterferon alpha-2a 180 μg by injection
per week plus ribavirin 1000 mg daily in divided doses for
48 wk or peginterferon alpha-2b 1.5 μg/kg per week by
injection plus ribavirin 800-1000 mg (based on weight)
daily in divided doses for 48 wk. Patients greater than 75
kg receive peginterferon alpha-2a 180 μg by injection per
week plus ribavirin 1200 mg daily in divided doses for
48 wk or peginterferon alpha-2b 1.5 μg/kg per week by
injection plus ribavirin 1000-1400 mg (based on weight)
daily in divided doses for 48 wk. Patients with genotypes
2 or 3 disease may be treated with peginterferon alpha-2a
180 μg by injection per week plus ribavirin 800 mg daily
in divided doses for 24 wk or peginterferon alpha-2b 1.5
μg/kg per week by injection plus ribavirin 800-1400 mg
(based on weight) daily in divided doses for 24 wk. Dose
reductions may be necessary for patients with significant
renal disease or those experience serious adverse reactions.
For patients with contraindications or intolerance to ribavirin, monotherapy with peginterferon alpha-2a 180 μg by
injection per week for 48 wk or peginterferon alpha-2b 1
μg/kg per week by injection for one year may be used.
Clinical success is greater with combination therapy,
but SVR rates remain less than optimal at 54%-56%[5].
Numerous contraindications to ribavirin preclude some
patients from receiving combination therapy. These
contraindications include autoimmune hepatitis, decompensated liver disease, pregnancy, hemoglobinopathy,
renal insufficiency, hemodialysis, thyroid disease, diabetes, rheumatoid arthritis, asthma or chronic obstruc-
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Telaprevir
Telaprevir is an orally bioavailable NS3 protease inhibitor of the α-ketoamid class that binds the enzyme
in a covalent but reversible manner with an enzymeinhibitor complex half-life of 58 min. A phase I, placebocontrolled dose ranging study compared telaprevir 450
mg or 750 mg every 8 h with 1250 mg every 12 h in
treatment-naïve genotype Ⅰ patients and found the 750
mg dose to be most effective with a median reduction in
HCV RNA of 4.4 log10 after 14 d[7]. A subsequent similar
phase Ⅰ study compared this dose following a 1250 mg
loading dose either alone or in combination with peginterferon alpha-2a with peginterferon alpha-2a monotherapy for 14 d. The reduction in HCV RNA was 1.09 log10
in the peginterferon alpha-2a/placebo group, 3.99 log10 in
the telaprevir/placebo group, and 5.49 log10 in the peginterferon alpha-2a/telaprevir group at the end of therapy.
The development of resistant mutants was significantly
lower in the peginterferon combination treatment group
and no breakthrough of virus was seen throughout the
study period[8]. An additional 28 d trial in treatment-naïve
genotype Ⅰ patients showed undetectable HCV RNA
serum levels following telaprevir 750 mg every 8 h combined with peginterferon alpha-2a and weight-based dosing of ribavirin[9].
These early results were further validated in two
phase Ⅱ trials, PROVE 1 (American) and PROVE 2
(European) in treatment naïve, genotype Ⅰ patients. In
the PROVE 1 trial, combination therapy with telaprevir
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1250 mg loading dose followed by 750 mg every 8 h or
placebo, peginterferon alfa-2a 180 μg weekly, and ribavirin 1000-1200 mg/d based on weight for 12 wk was
followed by interferon alfa-2a and ribavirin at the same
dosages for an additional 0, 12, or 36 wk. Treatment was
stopped after 12 or 24 wk only when a rapid virologic
response (RVR) was achieved. This produced SVR rates
of 35%, 61% and 67% at 12, 24, and 48 wk, respectively,
vs 41% SVR with 48 wk standard therapy[10]. The PROVE
2 trial compared telaprevir + peginterferon alone for 12
wk, telaprevir + peginterferon and ribavirin for 12 wk,
and telaprevir + peginterferon and ribavirin for 12 wk
followed by an additional 12 wk of peginterferon and
ribavirin alone, against standard peginterferon and ribavirin therapy. SVRs of 36%, 60%, and 69% respectively,
vs 46% with standard therapy were documented[11]. thus,
ribavirin appears important to achieve high SVRs and 12
wk of therapy appears insufficient to prevent relapse. In
these trials skin rash, anemia, and gastrointestinal disorders were the most common side effects, causing up to
18% of patients to discontinue therapy.
A third trial, PROVE 3, evaluated telaprevir-based
combination therapy in patients who had prior nonresponse or relapse with standard peginterferon and ribavirin therapy[12]. SVRs in patients retreated with telaprevir,
interferon and ribavirin for 12 or 24 wk followed by peginterferon and ribavirin alone for up to 24 wk were 51%
and 53%, respectively, compared with standard therapy at
14%. However, retreatment with telaprevir and interferon
alone for 24 wk followed by peginterferon and ribavirin
alone for an additional 24 wk gave only a 24% SVR rate,
again demonstrating the need for ribavirin in initial therapy with telaprevir.

WJG|www.wjgnet.com

Telaprevir has since been evaluated in three large,
randomized, controlled trials in both treatment naïve and
standard treatment failure patients. The ADVANCE trial
enrolled a total of 1095 patients with treatment naïve
genotype 1 chronic hepatitis C and compared three treatment arms: telaprevir 750 mg three times daily for 8 wk
followed by peginterferon and ribavirin or placebo for an
additional 4 wk and then peginterferon and ribavirin in
both groups for 12 subsequent weeks (or 36 subsequent
weeks in patients who did not have a RVR at 24 wk); telaprevir 750 mg three times daily for 12 wk followed by peginterferon and ribavirin for 12 subsequent weeks (or 36
subsequent weeks in patients who did not have a RVR at
24 wk); and peginterferon and ribavirin or placebo for 12
wk followed by peginterferon and ribavirin for the subsequent 36 wk. SVRs were seen in 72% of the telaprevir
8-wk arm, 79% in the telaprevir 12-wk arm, but only
46% in the peginterferon and ribavirin or placebo 48-wk
group (p < 0.001)[13]. A 24-wk treatment period appeared
sufficient for patients who achieved an early RVR.
The REALIZE trial evaluated telaprevir in 662 patients of which 354 were prior relapsers and 308 were
prior non-responders to standard treatment with peginterferon and ribavirin. This study compared telaprevir
750 mg three times daily with peginterferon and ribavirin
for 12 wk followed by peginterferon and ribavirin for
an additional 36 wk; peginterferon and ribavirin for 4
wk followed by telaprevir 750 mg three times daily with
peginterferon and ribavirin for an additional 12 wk, and
then peginterferon and ribavirin alone for a subsequent
32 wk; or standard therapy with peginterferon and ribavirin for a full 48 wk course. In patients who had previously relapsed, SVR rates were 84%-88% in the telaprevir
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groups compared with only 22% in the placebo or peginterferon and ribavirin standard therapy groups[14]. In patients who had previously partially responded to standard
therapy, SVR rates were 56%-61% in telaprevir treated
patients compared with 15% in placebo or peginterferon
and ribavirin treated patients. Previous nonresponders
to standard therapy achieved SVRs of 31%-33% with
telaprevir compared with only 5% with placebo or peginterferon and ribavirin standard therapy. The 4 wk leadin exposure to interferon and ribavirin did not produce
substantially different results than starting simultaneously
with telaprevir. Patients with on-treatment virologic failure were fewer in telaprevir groups and relapse rates were
lower than the control subjects for prior relapsers and
prior non-responders.
A third phase Ⅲ clinical trial, ILLUMINATE, evaluated the efficacy of telaprevir therapy for 12 wk with
either 24 or 48 wk of peginterferon and ribavirin based
upon an achievement of extended RVR (eRVR) at 24
wk. Treatment naïve patients with genotype Ⅰ chronic
hepatitis C were given telaprevir 750 mg three times daily
for 12 wk with peginterferon and ribavirin for at least 24
wk. Patients who achieved an extended rapid virologic
response as evidenced by undetectable HCV RNA levels
at weeks 4 and 12 were randomized to either stop treatment at week 24 or continue peginterferon and ribavirin
therapy for a full 48 wk. Patients who did not achieve an
eRVR continued peginterferon and ribavirin therapy for
the full 48 wk as well. SVRs were at least 90% in both
groups and total treatment for 24 wk was non-inferior
to 48 wk for those achieving an extended rapid virologic
response. The SVR rate was > 70% for all groups, compared with historical standards of 46%-52%, and this
study population included patients with historically lower
SVRs with standard therapy. In addition, the relapse rate
was low for both eRVR+ and eRVR- patients at an overall
rate of 9.2%[15].
The safety profile of telaprevir was evaluated in a
pooled analysis of adverse events reported in all five
phase Ⅱ and Ⅲ placebo-controlled trials [16]. During
these trials, 2012 patients received at least one dose of
telaprevir and 1346 patients were randomized to receive
telaprevir 750 mg three times daily for 12 wk with peginterferon and ribavirin for 24-48 wk and 764 patients
were randomized to receive placebo with peginterferon
and ribavirin. A total of 73% of telaprevir-treated patients and 49.1% of placebo-treated patients completed
the full duration of therapy. The most frequently occurring adverse events in the telaprevir group (> 20%)
included pruritus, nausea, rash, anemia, and diarrhea.
Hemorrhoids, anorectal discomfort, anal pruritus, dysgeusia, and generalized pruritus occurred less frequently.
Anemia caused discontinuation of participation in
2.7% of telaprevir treated patients and 0.5% of placebo
treated patients. Hemoglobin concentrations decreased
rapidly over the first four weeks of treatment in both
groups, but continued to decrease to a greater extent
thereafter in telaprevir treated patients. The initial onset
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of rash occurred at any time following treatment with
telaprevir, but most commonly occurred within the first
four weeks. Progression of severity was reported for
< 10% of cases, and many cases of rash resolved over
the first 24 wk of therapy. A Dermatology Expert Panel
reviewed the rashes and determined that the visual appearance of rash in telaprevir-treated patients was virtually indistinguishable from that seen in peginterferon
and ribavirin-treated patients. One case of rash was
suggestive of Stevens-Johnson syndrome, but it was not
thought to be drug related as it occurred 11 wk after the
last dose of telaprevir.
Boceprevir
Boceprevir is another orally bioavailable NS3 protease
inhibitor of the α-ketoamid class that binds the enzyme
in a covalent but reversible manner. In an early dose
ranging trial of 100-400 mg daily for 14 d as monotherapy in genotype Ⅰ patients with prior treatment
failure on standard therapy, the maximum dose achieved
a 2.06 log10 reduction in HCV RNA load and was well
tolerated. Viral breakthrough occurred in some patients,
however[17]. A later phase Ⅰ trial compared boceprevir
200 or 400 mg every 8 h for 7 d alone or in combination
with peginterferon alpha 2b for 14 d with peginterferon
alpha 2b monotherapy for 14 d in genotype Ⅰ patients
who were nonresponders to standard therapy. This
approach achieved maximal reductions in HCV RNA
of 2.45 and 2.88 log10 for boceprevir 200 and 400 mg,
respectively, with peginterferon alpha 2b, 1.08 and 1.61
log10 for boceprevir 200 and 400 mg monotherapy, and
1.08 and 1.26 log10 for peginterferon alpha 2b alone in
the respective boceprevir dose groups[18]. Boceprevir
was well tolerated in this trial as well, both alone and
in combination with peginterferon alpha-2b, but viral
breakthrough was observed again, primarily in patients
receiving monotherapy.
The addition of ribavirin to boceprevir and peginterferon alpha-2b was evaluated in a phase Ⅱ trial
(SPRINT-1) in treatment naïve, genotype Ⅰ patients. In
this trial patients received 28 or 48 wk of boceprevir 800
mg three times daily, peginterferon alpha-2b, and ribavirin
or a 4 wk lead-in treatment of peginterferon alpha-2b
with ribavirin followed by 24 or 44 wk of boceprevir 800
mg three times daily, peginterferon alpha-2b, and ribavirin
compared with standard therapy with peginterferon alpha2b and ribavirin for a full 48 wk. The four week leadin treatment with peginterferon alpha-2b and ribavirin
boosted SVR rates from 54% to 56% at 28 wk and from
67% to 75% at 48 wk, compared with 38% with standard
peginterferon alpha-2b and ribavirin therapy for 48 wk[19].
However, RVR rates with boceprevir triple therapy were
only 38% compared with 70% seen in telaprevir triple
therapy trials. The most common side effects seen with
boceprevir in this trial were anemia, nausea, vomiting, and
dysgeusia. A subsequent phase Ⅱ trial evaluated boceprevir triple therapy in HCV genotype Ⅰ nonresponders, but
SVR rates were poor, ranging from 2% for control to 14%
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peginterferon alpha-2b and ribavirin for 48 wk, boceprevir 800 mg three times daily with peginterferon alpha-2b
and ribavirin for 32 wk, or boceprevir 800 mg three times
daily with peginterferon alpha-2b and ribavirin for 44 wk.
Both boceprevir triple therapy arms were preceded by 4
wk of treatment with standard peginterferon alpha-2b
and ribavirin therapy. One arm of the trial was allowed
to discontinue therapy at 32 wk if HCV RNA levels were
undetectable, while those with detectable levels received
additional interferon alpha-2b and ribavirin with placebo
from weeks 36 to 48. The overall rate of SVR for boceprevir treated patients was significantly higher in this
trial (59% at 32 wk and 66% at 44 wk) compared with
standard therapy (21%, p < 0.001) for the full 48 wk[22].
Patients who had undetectable HCV RNA levels at week
8 had SVR rates of 86% after 32 wk of boceprevir triple
therapy and 88% after 44 wk. Patients whose HCV RNA
level decreased by less than 1 log10 at 4 wk had SVR rates
of 33% and 34% after boceprevir triple therapy compared with 0% after standard therapy. Side effects seen
in this trial were similar to those seen in SPRINT-2, with
anemia being more common in boceprevir treated patients (43%-46%) compared with standard therapy (20%).
Erythropoeitin was required to manage the anemia in
41%-46% of boceprevir treated patients compared with
21% with standard therapy.

Table 1 Protease inhibitors currently under development
First generation (wave 2)
Simeprevir
Faldaprevir
Danoprevir
Vaniprevir
ABT-450/ABT-450r
Asunaprevir
Second generation
MK-5172
ACH-2684

with boceprevir[20].
Boceprevir has subsequently been evaluated in
two large, well-controlled, multicenter clinical trials in
both untreated and previously treated patients with
genotype Ⅰ chronic HCV infection. The SPRINT-2
trial enrolled a total of 1099 patients with untreated
genotype Ⅰ HCV infection who were randomized to receive triple therapy with boceprevir 800 mg three times
daily with peginterferon alpha-2b and ribavirin for 24
or 44 wk following a lead-in treatment of 4 wk with
standard peginterferon alpha-2b and ribavirin therapy
and compared with a full 48 wk course of standard peginterferon alpha-2b and ribavirin therapy. One arm of
the trial was allowed to discontinue therapy at 24 wk if
HCV RNA levels were undetectable, while those with
detectable levels received additional interferon alpha2b and ribavirin with placebo from weeks 28 to 48.
Black patients and nonblack patients were enrolled and
analyzed separately. In the larger, nonblack cohort, an
SVR rate of 40% was achieved with standard pegylated
interferon alpha-2b and ribavirin for 48 wk, compared
with 67% in patients treated with boceprevir for 24 wk
and 68% in patients treated with boceprevir for 44 wk
(p < 0.001)[21]. In the black cohort, an SVR rate of 23%
was achieved with standard pegylated interferon alpha-2b
and ribavirin for 48 wk, compared with 42% in patients
treated with boceprevir for 24 wk (p < 0.04) and 53% in
patients treated with boceprevir for 44 wk (p < 0.004). In
the variable duration arm, 44% of patients had nondetectable HCV RNA levels and were able to discontinue
therapy at 24 wk. Adverse events occurred in 98% of patients and were similar in number across groups. Fatigue,
headache, and nausea were the most common clinical
adverse events. Dysgeusia was twice as frequent in boceprevir treated patients and anemia occurred in 49% of
boceprevir treated patients compared with 29% of those
receiving peginterferon alpha-2b only. This led to dose
reduction in 13% of the control patients and 21% of boceprevir treated patients and discontinuation of therapy
in 1% and 2%, respectively.
The RESPOND-2 trial provided a similar evaluation of boceprevir in patients with chronic HCV
genotype Ⅰ infection, who had been previously treated
with standard therapy and experienced either a nonresponse or relapse. This trial enrolled 403 patients and randomized them in a 1:2:2 fashion to standard therapy with
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DEVELOPMENTAL PROTEASE
INHIBITORS
Protease inhibitors are classified as 1st generation or 2nd
generation based upon resistance profiles. The generations are further subdivided into waves based on improved potency and dosing[23]. Telaprevir and boceprevir
represent the first wave of the first generation of protease inhibitors. A number of agents are currently being
investigated, which constitute the second wave. These
agents have resistance profiles similar to telaprevir and
boceprevir. Second generation protease inhibitors have
pan-genotypic activity and a higher barrier for resistance
than first generation PIs. Table 1 lists protease inhibitors
currently under development.
Simeprevir
Simeprevir is a macrocyclic NS3/4A protease inhibitor
that is active against all genotypes of hepatitis C except
genotype 3. It undergoes hepatic metabolism through
cytochrome p4503A with an elimination half-life of 40 h,
which makes it suitable for once daily dosing[24]. In a large
phase Ⅲ clinical trial, simeprevir 150 mg once daily with
pegylated interferon and ribavirin for 12 wk followed by
pegylated interferon and ribavirin alone for an additional
12-36 wk produced SVRs at 12 wk post-treatment (SVR12)
of 81% in genotype 1, treatment naïve patients[25]. Response rates were even higher in patients with the IL28B
polymorphism and lower stage liver fibrosis. Frequently
reported adverse effects included rash and indirect hyperbilirubinemia.

7083

June 21, 2014|Volume 20|Issue 23|

Thompson JR. Emerging options for hepatitis C

in rash or anemia occurred between the two groups.

Table 2 Additional drugs in development for hepatitis C

ABT-450/ABT-450r
ABT-450 is an NS3/4A protease inhibitor that is metabolized by cytochrome p4503A and coadministered with
ritonavir 100 mg (ABT-450r) to allow once daily dosing.
It has been studied in combination with ABT-333, an
NS5B nonnucleoside polymerase inhibitor, as part of
an interferon-free regimen[29]. Clinical trial results of this
combination will be discussed later.

NS5A hepatitis C virus replication inhibitors
Daclatasvir
Ledipasvir
ACH-3102
ABT-267
NS5B RNA dependent RNA polymerase inhibitors
Sofosbuvir
Mericitabine
ABT-333
Host targeted agents
Alisporivir
Miravirsen
Interferon-λ

Asunaprevir
Asunaprevir is also a potent NS3 inhibitor that is dosed
twice daily, but is limited in efficacy to genotype 1 disease. It has been studied in combination with daclatasvir,
a potent NS5A replication complex inhibitor, as a part of
an interferon-free regimen[30]. Clinical trial results of this
combination will be discussed later.

Faldaprevir
Faldaprevir is another potent NS3 protease inhibitor that
can be dosed on a once daily basis. However, its activity is
limited to genotype 1 disease. In a large phase Ⅲ trial of
genotype 1, treatment-naïve patients, faldaprevir 120 or
240 mg once daily with pegylated interferon and ribavirin
for 12 wk achieved 80% SVR12 with even higher responses seen in patients with the IL28B polymorphism[26]. Indirect hyperbilirubinemia was reported in this trial as well.

MK-5172
MK-5172 is a second generation protease inhibitor with
pan-genotypic activity. In a phase Ⅱ trial, MK-5172 100,
200, 400 and 800 mg once daily combined with pegylated
interferon and ribavirin for 12 wk gave SVRs of 86%,
92%, 91%, and 87%, respectively, compared with 54% in
the control group receiving triple therapy with pegylated
interferon/ribavirin and boceprevir[31]. Elevations in bilirubin and serum transaminases were seen mostly in the
higher dose groups. Rates of serious adverse events were
similar between all groups but half as many patients discontinued therapy due to adverse events in the MK-5172
treatment arms (7% vs 14%).

Danoprevir
Danoprevir is also a potent macrocyclic protease inhibitor with activity against HCV genotypes 1, 4, and 6.
Unlike simeprevir and faldaprevir, however, danoprevir
requires twice daily dosing. In a recent phase Ⅱb study,
danoprevir 300 mg every 8 h, 600 mg every 12 h, 900 mg
every 12 h or placebo was given with pegylated interferon
and ribavirin for 12 wk in genotype 1 patients and followed with pegylated interferon/ribavirin alone for an
additional 48 wk[27]. Treatment was stopped at 24 wk if
an extended rapid virologic response (eRVR) with HCV
RNA below 15 IU/mL during weeks 4-20 was achieved.
This occurred in 65% of the 300 mg group and 70% of
the 600 mg group. Unfortunately, the 900 mg group was
discontinued early due to reversible, grade 4 increases in
alanine aminotransferase in three patients. SVR at 24 wk
post-treatment was 68%, 85%, and 76% in the 300 mg,
600 mg, and 900 mg groups, respectively, vs 42% in the
placebo group. Serious adverse effects occurred in 19%
of patients in the placebo group vs 7%-8% of patients in
the active treatment groups.

ACH-2684
ACH-2684 is also a pan-genotypic, highly potent second
generation protease inhibitor. This compound can be
dosed orally once daily and does not inhibit cytochrome
p450 microsomal enzymes or activate transcription[32].
ACH-2684 has completed phase Ⅰ trials and is currently
being evaluated in phase Ⅱ.

NS5A HCV REPLICATION INHIBITORS
Daclatasvir
Unlike protease inhibitors that generally interfere with
protein processing within the HCV genome, a number
of compounds in development target nonstructural proteins involved in viral replication. (Table 2) Daclatasvir
works by inhibiting the function of a viral replication
complex by binding to the NS5A protein. It is highly potent orally, pan-genotypic in coverage and can be dosed
once daily, but offers a lower barrier to resistance so will
likely be used as combination therapy. Initial studies in
combination with pegylated interferon/ribavirin showed
10 and 60 mg doses once daily produced SVRs at 24 wk
post-treatment of 83% compared to 25% with standard
therapy alone[33]. More recently, daclatasvir combined
with sofosbuvir, an NS5B polymerase inhibitor discussed

Vaniprevir
Vaniprevir is a potent NS3/4A protease inhibitor in
genotypes 1 and 2 that has shown efficacy in phase Ⅱ trials when given twice daily to non-cirrhotic patients who
failed previous pegylated interferon/ribavirin therapy.
Vaniprevir 300 mg and 600 mg twice daily for 24-48
wk with pegylated interferon/ribavirin therapy produced SVR rates at 24 wk post-treatment ranging from
66.7%-78% vs only 19% with placebo and pegylated interferon/ribavirin[28]. Higher rates of gastrointestinal adverse events were seen with vaniprevir, but no difference
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Sofosbuvir
Sofosbuvir is an NS5B nucleoside inhibitor that is pangenotypic, highly potent, and suitable for once daily oral
dosing. This compound has now completed study in
four large, phase Ⅲ trials and has been awarded priority
review status by the United States Food and Drug Administration. Additionally, phase Ⅱ studies of sofosbuvir
combination therapies as interferon-free regimens are
currently underway.
Sofosbuvir 400 mg once daily was initially studied in
combination with pegylated interferon/ribavirin therapy
in 327 HCV patients with genotypes 1, 4, 5, or 6 for 12
wk (98% of patients were genotype 1 or 4)[38]. A SVR of
90% was achieved in these patients. A subsequent follow
up study compared 499 patients with HCV genotypes 2
or 3 receiving sofosbuvir 400 mg once daily plus ribavirin
or pegylated interferon plus ribavirin for 12 wk. The sofosbuvir/ribavirin regimen was shown to be non-inferior
to the pegylated interferon/ribavirin regimen achieving as
SVR of 67%[38]. Adverse events were less common with
sofosbuvir than pegylated interferon and consisted primarily of headache, fatigue, nausea, and neutropenia.
Sofosbuvir has since been evaluated in HCV patients
with genotype 2 or 3 who were not eligible to receive
pegylated interferon or who had previous failed therapy
with this agent. Sofosbuvir 400 mg once daily in combination with ribavirin or matching placebos was studied in
278 patients who had previously discontinued pegylated
interferon therapy secondary to side effects, who had
a current medical condition precluding treatment with
pegylated interferon, or who decided against treatment
with pegylated interferon for other reasons. Sofosbuvir
produced a SVR at 12 wk of 78% vs 0% with placebo in
these patients[39]. In a study of 201 similar patients who
had failed previous therapy with pegylated interferon, sofosbuvir 400 mg once daily plus ribavirin was compared
in 12 and 16 wk treatment groups. Sofosbuvir achieved
SVR rates of 50% and 73% in these treatment arms respectively, compared with historical controls of 25%[39].
The drug was well tolerated in both of these trials with
primary side effects of fatigue and insomnia occurring
in 3%-5% of patients and few patients discontinuing use
because of adverse effects.

below, was shown to produce a 100% SVR at 24 wk in
genotype 1 patients who had failed triple therapy with pegylated interferon/ribavirin and telaprevir or boceprevir
without ribavirin[34]. The combination was generally well
tolerated without serious adverse events or discontinuations related to adverse events. Daclatasvir has also been
studied in combination with asunaprevir and another
NS5B polymerase inhibitor (BMS-791325) in treatmentnaïve, genotype 1 non-cirrhotic patients for 12 and 24 wk
with SVRs of 88% and 94%, respectively[30].
Ledipasvir
Ledipasvir is also an NS5A replication inhibitor that has
been studied in combination with sofosbuvir, an NS5B
polymerase inhibitor, in phase Ⅱ trials. Ledipasvir 90
mg orally once daily in combination with both sofosbuvir and ribavirin in genotype 1 treatment-naïve and
prior nonresponse patients increased SVRs to 100%
at 12 wk post-treatment vs 84% in naïve patients given
sofosbuvir and ribavirin alone and 10% in sofosbuvir/
ribavirin nonresponders[35]. These agents are currently in
phase Ⅲ trials in a fixed-dose, once daily oral combination formulation.
ACH-3102
ACH-3102 is a structurally distinct, pan-genotypic, second generation NS5A replication inhibitor with a high
barrier to resistance. An ongoing phase Ⅱ clinical trial is
evaluating an oral, interferon-free combination regimen
of ACH-3102 and sovaprevir with and without ribavirin
for 12 and 8 wk durations of treatment in genotype 1
patients with HCV[36]. ACH-3102 has been granted fasttrack status from the United States Food and Drug Administration.
ABT-267
ABT-267 is an additional NS5A replication inhibitor
that has been studied at a dose of 25 mg once daily in
combination with ABT-450/r and ABT-333, an NS5B
polymerase inhibitor, and ribavirin in non-cirrhotic, treatment-naïve patients with genotype 1 disease and prior
pegylated interferon/ribavirin nonresponders. Phase Ⅱ
trial data showed a greater than 90% SVR in both groups
at both 12 and 24 wk post-treatment[37]. This combination
regimen is currently being evaluated in a large phase Ⅲ
trial.

Mericitabine
Mericitabine is also an NS5B nucleoside inhibitor with
pan-genotypic activity, but requiring twice daily dosing.
Mericitabine 1000 mg twice daily or placebo was given
with pegylated interferon/ribavirin to 166 patients with
HCV genotypes 1 or 4 for 24 wk. Patients who achieved
an HCV RNA level < 15 IU/ml (eRVR) from weeks 4
to 22 stopped all treatment at that time, but all other patients continued to receive pegylated interferon/ribavirin
for a full 48 wk of therapy. Mericitabine-treated patients
achieved a SVR at 24 wk post-treatment of 56.8%, compared with 36.5% of placebo-treated patients[40]. Relapse
rates were 27.7% and 32% in patients treated with mericitabine and placebo, respectively. The safety profile was
similar in both groups, but fewer patients in the meric-

NS5B RNA DEPENDENT RNA
POLYMERASE INHIBITORS
Nucleoside/tide inhibitors (NIs) block HCV RNA transcription and elongation by acting as chain terminators.
Because of the highly conserved nature of the polymerase catalytic site, NIs as a class are pan-genotypic in
coverage and they have the highest barrier to resistance.
Non-NIs (NNIs) bind allosteric polymerase sites away
from the catalytic site and, while potent, have a much
lower barrier to resistance.
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itabine group discontinued therapy for reasons of safety.

feron, but can inhibit HCV viral replication in vitro. In
early trials it was well tolerated without the usual flu-like
syndrome and hematopoietic effects typically seen with
interferon alpha. A phase Ⅱ trial comparing pegylated
interferon lambda with pegylated interferon alpha each in
combination with ribavirin found comparable SVR rates
but less interferon side effects with pegylated interferon
lambda[45]. This could prove to be a useful option for
patients who do not respond to interferon-free regimens
currently in development.

ABT-333
ABT-333 is a NS5B non-nucleoside polymerase inhibitor
that has been evaluated in combination with the protease
inhibitor, ABT450/r, and ribavirin in HCV genotype 1
treatment-naïve patients, as well as null or partial prior responders to pegylated interferon and ribavirin. ABT-333
at a dose of 400 mg twice daily plus ABT-450/r 150 or
250 mg and ribavirin produced SVRs of 93%-95% at
12 wk post-treatment in previously untreated patients[41].
Only 47% of prior null or partial responders to pegylated
interferon and ribavirin achieved an SVR12, however. As
mentioned previously, this drug is currently being studied
in a phase Ⅲ trial in combination with ABT-450/r and
ABT-267, with or without ribavirin in genotype 1b patients with HCV.

PLACE IN THERAPY OF NEW AGENTS
FOR HEPATITIS C
Clearly the availability of both telaprevir and boceprevir,
as well as other anti-HCV drugs in development, will
vastly improve our antiviral armamentarium for patients
with hepatitis C. Telaprevir and boceprevir must be used
in conjunction with standard pegylated interferon and
ribavirin therapy. However, the duration of treatment
may be reduced substantially for many patients, based
upon the clinical trial results from patients receiving a
rapid virologic response. Substantial improvement in the
SVR should be seen with these new agents for both treatment-naïve as well as prior relapsed or non-responsive
patients. The further development of non-protease inhibitor based therapy offers the potential for interferon and
ribavirin free therapy with once or twice daily oral dosing
and a better tolerated side-effect profile. Additional studies are needed to determine which agent or agents should
be used initially and the optimal combination regimen for
patients needing additional therapy.
At this point in time, it appears that second generation
protease inhibitors will supplant current protease inhibitor therapy on the basis of broader genotypic coverage
and a higher barrier to resistance. Both NS5A replication
inhibitors and NS5B RNA dependent RNA polymerase
inhibitors offer greater potency than currently available
drugs, but a lower barrier to resistance with the NS5As
will likely require combination therapy. The availability of
these new agents should preclude the continued need for
interferon therapy and possibly for ribavirin therapy as
well.

HOST TARGETED AGENTS FOR
HEPATITIS C
Alisporivir
Alisporivir is a nonimmunosuppressive form of cyclosporine that blocks HCV replication by neutralizing the
peptidyl-prolyl isomerase activity of the host protein, cyclophilin, which is required by NS5B for maximum RNA
binding[42]. Alisporivir 600 mg twice daily for one week
followed by 600 mg daily thereafter or placebo combined
with pegylated interferon and ribavirin was evaluated in
288 patients with treatment-naïve genotype 1 HCV for
24 and 48 wk of therapy[43]. SVR rates at 24 wk posttreatment were 76% in patients receiving triple therapy
with alisporivir and pegylated interferon/ribavirin for 48
wk vs 55% in the control arm. The drug was well tolerated overall with serious adverse events occurring in 7%
of patients treated with alisporivir for 24 wk and 10% of
patients treated with alisporivir for 48 wk. Subsequent to
this trial, 3 patients developed pancreatitis, including one
who died, and the FDA asked the manufacturer to place
further trials on clinical hold until it can be determined if
alisporivir potentiates the risk of hepatitis that is known
with interferon therapy.
Miravirsen
Miravirsen is an antisense oligonucleotide that works by
inhibiting miR-122, a micro-RNA found in the liver essential to the stability and propagation of HCV RNA.
Miravirsen can be dose subcutaneously once daily, is pangenotypic in activity, and has a high barrier to resistance.
In a phase Ⅱa dose-ranging trial, miravirsen resulted
in dose-dependent reduction in HCV RNA levels that
were still not present 14 wk post-treatment[44]. No doselimiting adverse events or escape mutations were noted in
this small trial.
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and de novo lipogenesis; decreased oxidation of fatty
substrates and export of fatty substrates) are shared
by all HCV genotypes. However, genotype 3 seemingly
amplifies such steatogenic molecular mechanisms reported to occur in NAFLD via more profound changes
in microsomal triglyceride transfer protein; peroxisome
proliferator-activated receptor alpha; sterol regulatory
element-binding proteins and phosphatase and tensin
homologue. HCV steatosis has a remarkable clinical
impact in as much as it is an acknowledged risk factor
for accelerated fibrogenesis; for impaired treatment
response to interferon and ribavirin; and development
of hepatocellular carcinoma. Recent data, moreover,
suggest that HCV-steatosis contributes to premature
atherogenesis via both direct and indirect mechanisms.
In conclusion, HCV steatosis fulfills all expected requirements necessary to perpetuate the HCV life cycle.
A better understanding of the physiology of HCADS will
likely result in a more successful handling of disease
with improved antiviral success rates.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Hepatitis C virus (HCV) is a successful pathogen on the
grounds that it exploits its host’s metabolism to build
up viral particles; moreover it favours its own survival
by inducing chronic disease and the development of
specific anatomic changes in the infected organ. Steatosis, therefore, is associated with HCV infection by
necessity rather than by chance alone. Approximately
6% of HCV patients have steatohepatitis. Interestingly,
HCV steatosis occurs in the setting of multiple metabolic abnormalities (hyperuricemia, reversible hypocholesterolemia, insulin resistance, arterial hypertension
and expansion of visceral adipose tissue) collectively
referred to as “hepatitis C-associated dysmetabolic
syndrome” (HCADS). General, nonalcoholic fatty liver
disease (NAFLD)-like, mechanisms of steatogenesis
(including increased availability of lipogenic substrates

Key words: Atherosclerosis; Fibrosis; Hepatitis C-associated dysmetabolic syndrome; Hepatocellular carcinoma; Steatohepatitis; Sustained virological response;
Hepatitis C virus
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Core tip: Hepatitis C virus (HCV) steatosis occurs in the
setting of multiple abnormalities collectively referred
to as “hepatitis C-associated dysmetabolic syndrome”.
General, nonalcoholic fatty liver disease-like, mechanisms of steatogenesis are shared by all HCV genotypes. However, genotype 3 seemingly amplifies such
steatogenic molecular mechanisms. HCV steatosis has a
remarkable clinical impact in accelerating fibrogenesis;
impairing treatment response to interferons and ribavirin; and favouring the development of hepatocellular
carcinoma and atherosclerosis. In conclusion, steatosis
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lent of NAFLD[5], the extent of such a similarity remained
poorly defined. Since then, increasing evidence has been
reinforcing the view that steatosis is only one of the many
analogies linking these two conditions. In particular, HCV
infection is associated with multiple metabolic derangements which, collectively, are referred to as hepatitis C
associated dysmetabolic syndrome (HCADS)[6-10]. Figure 1
illustrates our present understanding of HCADS (modified from[10]). Some of such metabolic derangements, e.g.,
insulin resistance (IR) and hypocholesterolemia had been
earlier identified[11], others (e.g., hyperuricemia and altered
body fat distribution) have been recognized more recently.
Viral (including genotype, HCV RNA load and gene
mutations) and host features [such as body mass index
(BMI), type 2 diabetes (T2D) and alcohol consumption]
affect the risk of steatosis[9-11]. Little is known about the
impact of HCADS on HCV life cycle. However, it is
increasingly being recognized that the individual components of the HCADS tend to facilitate HCV survival, as
discussed below.

fulfills all expected requirements necessary to perpetuate the HCV life cycle and is associated with HCV infection by necessity rather than by chance.
Lonardo A, Adinolfi LE, Restivo L, Ballestri S, Romagnoli
D, Baldelli E, Nascimbeni F, Loria P. Pathogenesis and significance of hepatitis C virus steatosis: An update on survival
strategy of a successful pathogen. World J Gastroenterol 2014;
20(23): 7089-7103 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7089.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i23.7089

BACKGROUND
Steatosis was reported to occur in acute and chronic
“non-A, non-B hepatitis” several years before hepatitis C
virus (HCV) testing was available[1,2] suggesting a direct
steatogenic role of HCV. Over time, a large body of evidence has exhaustively demonstrated HCV to be strongly
associated with both metabolic derangements and steatosis.
The biological significance of such metabolic derangements and histological changes is unknown. However, it is intriguing to speculate that they occur as a
result of an evolutionary strategy developed by HCV to
ensure its survival. Indeed, in order to be successful in
its struggle for life, a pathogen virus may be expected to:
(1) exploit its host’s metabolic pathways to build up viral
particles; (2) favour its own survival by inducing chronic
disease as opposed to self-limiting infection; and (3) induce the development of specific anatomic changes in
the infected organ more often than by chance.
The aim of this article is to review the evidence that
steatosis associated with HCV infection fulfills each and
all the above theoretical requirements for HCV to be a
successful pathogen. The existence of such a survival
strategy suggests that steatosis is associated with HCV
infection by necessity rather than by chance.

Insulin resistance
In the transgenic mouse model HCV core protein induces IR which predates the development of steatosis[12].
The specific cellular and molecular bases of IR associated
with HCV infection have been extensively reviewed elsewhere[13-15]. Given that HCV infected patients are at greater risk of developing IR, it is not surprising that HCV
should be considered a diabetogenic virus in predisposed
individuals[16]. In their meta-analytic review, White et al[17]
reported that the presence of HCV infection significantly
increased the risk of T2D compared to both HCVnegative [odds ratio (OR) 1.68 and 1.67 in retrospective
and prospective studies, respectively] and HBV-infected
controls (OR 1.80). Such findings indicate that HCV infection per se, irrespective of chronic liver disease, directly
increases T2D risk. Further evidence for such a diabetogenic action of HCV comes from the finding that human
immunodeficiency virus (HIV)-HCV co-infected patients
showed a higher risk of T2D when compared with HIV
mono-infection (OR 1.82)[18], a condition which is often
associated with hepatic steatosis and other metabolic derangements[19]. Similar results were obtained by our group
by evaluating IR in different groups of mono- and coinfected patients (HIV, HCV, and HIV-HCV) with virusassociated steatosis, compared to NAFLD cases. We
found that IR was predicted by HCV infection, a finding
representing direct evidence for HCV infection per se to
be associated with increased IR[20].
On these grounds, it is plausible to hypothesize that
successful HCV eradication should be associated with the
prevention of T2D. Although studies on this topic have
yielded conflicting results (reviewed in[14]), recent research
on a large cohort of HCV patients showed that sustained
virological response (SVR) to treatment with interferon
based regimen prevents the development of IR, whereas
treatment failure was an independent risk factor for the de

STEATOSIS OCCURS IN THE SETTING OF
MULTIPLE METABOLIC ABNORMALITIES
Steatosis is a common finding in many hepatic and extrahepatic disorders notably including visceral obesity, a
component of metabolic syndrome (MS). Over time, the
initial theory that steatosis represents the hepatic manifestation of MS has evolved into the paradigm that nonalcoholic fatty liver disease (NAFLD) is an essential
requirement for the development of the MS[3]. MS is a
cluster of cardio-metabolic risk factors which, triggered
by the expansion of adipose tissue, tend to self aggregate
and to self perpetuate[4].
The prevalence of steatosis, in patients with chronic
hepatitis C, is higher than expected by simple chance association[5]. When our group first suggested that HCV-related steatosis should probably be interpreted as an equiva-
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Figure 1 The hepatitis C virus-associated dysmetabolic syndrome (modified from ref[10]). HCV: Hepatitis C virus.

novo development of IR[21].
Taken collectively, these findings support the view
that HCV is a strong risk factor for IR, as well as T2D in
predisposed individuals. Accordingly, HCV eradication
may potentially reverse IR thus helping to prevent the development of T2D in these patients.

by the perturbed distal cholesterol synthesis pathway[25,26].
Altered body fat distribution
Contrary to common belief, HCV infects and replicates
not only in hepatocytes but in many extra-hepatic sites
(reviewed in[27]). Nevertheless, evidence for adipocyte
infection by HCV is still lacking, although clinical data
seem to suggest an interaction between HCV and adipose
tissue. Evidence for such an interaction comes from two
recent studies[28,29].
Mostafa et al[28] showed that mesenteric fat was significantly thicker in HCV-infected patients than in those
never infected. Although, these authors did not provide
direct evidence for mesenteric fat colonization by HCV,
these findings seem to suggest a possible interaction of
HCV with mesenteric fat. A possible interaction of HCV
with visceral adipose tissue is also suggested by the data
published by Zampino et al[29]. These Authors reported
that, in chronic hepatitis C patients, an increased amount
of abdominal fat is associated with patatin-like phospholipase domain-containing 3 gene (PNPLA3) p.I148M and
with hepatic steatosis).
Although the full pathogenic scenario is far from being elucidated, the above pioneer studies[28,29] envisage the
possibility of an interaction of HCV with visceral fat accumulation and host genetics.

Hypocholesterolemia and arterial hypertension
In a previous study from our group, both cirrhotic and
chronic hepatitis C patients showed lower serum levels of
cholesterol than those observed in both healthy controls
and NAFLD individuals[8]. Of interest, normalization of
serum cholesterol levels occurs following achievement of
SVR[22] suggesting that HCV itself reversibly perturbs the
cholesterol biosynthetic pathway.
Recent research has promoted our understanding of
the fine molecular mechanisms eventually leading to the
development of hypocholesterolemia in the setting of
HCV infection. Lipids play a key role on virion structure,
target membrane, cell receptor recognition, viral membrane fusion, viral replication, assembly and egress[23].
Research has particularly focused on the key steps of
HCV entry into and egress from infected hepatocytes[23,24]
which represent potential targets for antiviral strategies.
HCV-associated hypocholesterolemia results from the inhibition of apolipoprotein B100 secretion and, selectively,
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Hyperuricemia
This recent line of research has been successfully conducted exploiting in depth the concept that HCV infection closely recapitulates naturally occurring MS in humans. Petta et al[30], showed that hyperuricemia, defined as
serum uric acid either > 7 mg/dL or > 6 mg/dL in men
and woman, respectively, was present in 7.5% of 496
consecutive patients with biopsy-proven chronic hepatitis
C. Not surprisingly, such a metabolic feature tended to
cluster with low HDL cholesterol, high blood pressure,
estimated glomerular filtration rate and severity of steatosis. Moreover, hyperuricemia was among the independent
predictors of steatosis severity.
Younossi et al[31] in their United States population
study reported that at multivariate analysis HCV-RNA
positivity (found in in 173 individuals out of 19741 eligible participants) was independently associated with
the presence of arterial hypertension (further to IR and
T2D).
The findings in HCADS of hyperuricemia and arterial hypertension are closely reminiscent of those occurring in NAFLD[32-34].

Figure 2[9]: increased availability of lipogenic substrates;
increased de novo lipogenesis; decreased oxidation of fatty
substrates and decreased export of fatty substrates from
the hepatocyte into the blood stream.
Increased availability of lipogenic substrates: The
state of IR which is a typical feature of HCV infection[14-16,35] represents the biological background providing
the hepatocyte with abundance of lipogenic substrates
(such as glucose and non-esterified fatty acids) and hormones (hyperinsulinemia).
Increased de novo lipogenesis: It is well demonstrated that elevated fasting lipogenesis occurs in HCV
in humans[36] as a result of up-regulated genes mediating
fatty acid de novo synthesis and uptake[37]. Coupled with
impaired cholesterol synthesis, therefore, HCV has been
reported to induce a paradoxical state in which, while
cholesterol synthetic pathways are up-regulated, synthesis
of the end product cholesterol is actually impaired as a
result of diversion of the intermediate geranylpyrophospate, which is necessary to HCV life cycle[36,38,39].
Decreased oxidation of fatty substrates: The seminal
study by Okuda et al[40] provided the first evidence for
perturbed mitochondrial function as a direct result of
HCV core protein. These Authors found that expression of HCV core protein uniformly increased ROS in 3
different cell lines and also increased lipid peroxidation

MOLECULAR MECHANISMS
General mechanisms
Based on the analogy of HCV-steatosis with NAFLD
paradigm, it may be anticipated that HCV-related steatogenesis occurs via the following four steps, illustrated in
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products in 2 out of the 3 in vitro systems. Interestingly,
inhibition of mitochondrial electron transport prevented
such an oxidative stress induced by core protein[40]. These
findings were confirmed in HCV transgenic mice indicating that oxidative injury occurs as a direct result of HCV
core protein expression both in vitro and in vivo[40].
Evidence for disruption of fatty acids metabolism in
patients with chronic HCV infection has been reported
by an elegant metabolomic profile analysis study by Roe
et al[41] Moreover, Sato et al[42] reported that the rate of
change in total ketone body concentration between 12
and 15 h after the start of fasting (an indirect index of
decreased oxidation of fatty substrates) was significantly
lower in chronic hepatitis C patients than in healthy volunteers and such a reduction was associated with increasing viral load and IR.

HCV infection have been reported to exhibit significantly
reduced MTP activity[52]. Although not a definite evidence
for a HCV genotype 3 direct inhibition of MTP, these
data may circumstantially suggest such an effect[44], so accounting for the elective steatogenic potential of HCV
genotype 3 even in the absence of worsened IR.
PPAR-alpha
In liver cells, the highly expressed nuclear receptor
PPAR-alpha promotes oxidation of fatty acids by stimulating their entry into mitochondria, where they undergo
oxidation. Lipid-lowering fibrates, are ligands of PPARalpha[53].
Conversely, decreased PPAR-alpha activity will result
in increased fatty deposition mediated by impaired fatty
acid uptake and decreased mitochondrial oxidation of
lipidic substrates[44].
Interestingly, genotype 3 HCV displays PPAR-alpha
mRNAs lower than those observed in patients with
genotype 1 HCV infection[54] suggesting this to be one
more pathogenic mechanism accounting specifically for
genotype-3 steatogenesis[44]. Indirectly confirming that
steatosis represents a selective advantage for HCV survival, a pilot study has suggested the potential usefulness
of PPAR-alpha agonist bezafibrate in the treatment of
CHC patients[55]. Unfortunately, long-term treatment of
transgenic mice expressing HCV core protein with clofibrate, induced hepatocellular carcinoma (HCC) with
mitochondrial abnormalities and hepatic steatosis[2,56].

Decreased export of fatty substrates from the hepatocyte into the bloodstream: Using the HCV subgenomic replicon expression system, Domitrovich et al[25]
have demonstrated that interaction with the nonstructural
protein 5A and apoB 100 results in the inhibition of apolipoprotein B100 secretion.
In conclusion, in order to induce steatogenic pathways, HCV infection affects each and all the four chief
classical steps involved in NAFLD steatogenesis[9,43].
HCV genotype diversity
This topic has recently been analyzed in depth by Roingeard et al[44]. Data suggest that, with the notable exception
of phosphatase and tensin homologue (PTEN) downregulation, rather than having specific “steatogenic strategies”, HCV genotype 3 seemingly amplifies steatogenic
mechanisms reported to occur in NAFLD[45]. Specific
differences in the core protein aminoacid sequence have
been reported to account for the more elevated steatogenic activity featured by HCV genotype 3[46]. Moreover,
alcohol abuse might be another, spurious, mechanism
accounting for the finding that HCV genotype 3 is more
frequently associated with steatosis and that such steatosis
is more severe[9,11]. HCV genotype 3, indeed, tends to be
more common among intravenous drug addicts, a population typically featuring high alcohol consumption[47-49].
Finally, the theoretical possibility that genotype 3 HCV
infection might exert a more pronounced steatogenic activity via more increased IR remains controversial[14,44].

Sterol regulatory element-binding protein
Sterol regulatory element-binding proteins (SREBPs),
SREBP-1c being the hepatic isoform, are a family of
transcription factors which, following activation, are
translocated intranuclearly, eventually up-regulating the
transcription of lipogenic genes, including fatty acid synthase (FAS)[57]. The relationships between SREBP-1c and
HCV proteins are unclear. Of interest, FAS serum levels
predict the development of steatosis in patients with viral
hepatitis due to HCV[58]. It remains controversial whether
HCV genotype 3 core proteins are capable of inducing
FAS more efficiently than HCV genotype 1 proteins[59,60].
However, it is possible that HCV genotype 3 activates
SREBPs more efficiently via increased oxidative stress
(PI-3-K-Akt pathway and inactivation of PTEN)[61].
PTEN
Studies in vitro have reported intra-hepatic down-regulation of PTEN to be another, NAFLD-like[24], genotype
3-core protein specific steatogenic mechanism which
does not occur in HCV genotype 1 infection[62].
In conclusion, Figure 3 recapitulates the principles of
genotype-specific molecular mechanisms of steatogenesis
which exploit the host’s metabolic machinery[63-69].

Microsomal triglyceride transfer protein
Microsomal triglyceride transfer protein (MTP) is effective in stabilizing apoB lipidation, a key step in the assembly of VLDL particles and thus in the export capacity of
triglycerides from the hepatocyte into the bloodstream[50].
Core and nonstructural HCV proteins promote steatosis by impairing MTP activity[25,51]. Such a pathogenic
mechanism accounts for the acknowledged finding that
both hypo-lipidemia and steatosis are reversed by HCV
eradication[11,44]. Interestingly, compared to those infected
with other HCV genotypes, patients with genotype 3
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fibrosis progression risk is increased in the presence of
HCV-steatosis (reviewed in[11]). Several published studies,
summarized in Table 1[68,70-101], have evaluated the association of steatosis and fibrosis in either cross-sectional or
prospective studies.
The vast majority of these reports have consistently
provided robust evidence for steatosis being associated
with fibrosis. Among such studies, probably the most
single conclusive evidence that steatosis represents a risk
factor for fibrosis progression comes from the study by
Leandro et al[79]. These Authors conducted a meta-analysis
on data belonging to 3068 CHC patients recruited at 10
centers in Europe, Australia, and north America. Steatosis
and fibrosis were found in 50.9% and 87.6% of cases, respectively. At logistic regression analysis, fibrosis was independently associated with steatosis and other variables.
Based on the finding that, in the subgroup analyses, the
association between steatosis and fibrosis was invariably
dependent upon a concurrent association of steatosis
with liver inflammatory changes, the Authors reasonably
speculated that the association of steatosis and fibrosis is
likely mediated by hepatic inflammation.
A more restricted number of studies, however, have
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identified a genotype-dependency of the association of
steatosis with fibrosis[68,95-97]. Finally, only in a minority of
studies fibrosis and steatosis were not associated[91,98-101].
In conclusion, an impressive body of evidence supports the strong association of steatosis with fibrosis in
chronic HCV infection. It is logical to hypothesize that
inflammatory hepatic changes represent the candidate lesion mediating the progression, in the liver, from fatty to
fibrotic changes.

IMPAIRED TREATMENT RESPONSE
Several studies, reported in Table 2, have identified
steatosis as a predictor of poor treatment outcome in
chronic HCV infection since the early 2000s[96,102-111].
These findings appear to be consistent across different HCV genotypes. It may be argued that steatosis, in
patients with HCV infection, is closely associated with
hepatic fibrosis and multiple metabolic derangements
(HCADS). Therefore steatosis, further to directly impairing SVR per se, may also act as a marker of dysmetabolic
milieu (HCADS) and that it is the latter that actually impairs SVR.
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Table 1 Steatosis is associated with fibrosis
Method and findings

Conclusion

98 CHC patients who had undergone repeat liver biopsies
before antiviral treatment (median follow-up 5.8 yr)
297 consecutive patients with HCV

Ref.

In HCV patients with genotype 3 infection, steatosis was a risk factor for fibrosis
progression
Steatosis and inflammation scores were the only parameters independently
predicting fibrosis
96 non-cirrhotic treatment-naive CHC patients
In untreated CHC patients fibrosis progression was strongly associated with
worsening of steatosis
1428 CHC treatment-naïve patients included in a French
The variables independently associated with steatosis were genotype 3 , higher
therapeutic trial
age, triglycerides and body mass index (BMI) values and septal fibrosis
131 biopsy-proven CHC individuals
Hepatic steatosis was related to genotype, fibrosis degree, and serum leptin level
160 CHC patients
Irrespective of viral genotype, patients who had steatosis showed significantly
more fibrosis than non-steatosic
Cross sectional study evaluating: 233 hepatic biopsies from 219 Steatosis was associated with fibrosis independently of necroinflammation, but
CHC patients and hepatectomy specimens from 65 patients
declined in cirrhosis
transplanted for HCV-related cirrhosis. Longitudinal study: 41
patients with two biopsies and 10 patients with three biopsies
performed over 2-8 yr
Retrospective study conducted on 324 US patients with CHC Steatosis was independently associated with advanced fibrosis stage
from a university medical center and a regional VA medical
center
135 treatment-naive CHC patients who had undergone repeat Irrespective of HCV genotype, steatosis was a chief contributor to fibrosis
liver biopsies after a median interval of 61 months after the
progression in mild CHC and the probability of such a fibrosis worsening is
baseline biopsy
directly dependent on the proportion of steatotic hepatocytes
116 CHC patients undergoing liver biopsy
The MTHFR C677T polymorphism, responsible for hyperhomocysteinemia,
contributed to increasing steatogenesis and steatosis which in its turn, hastened
hepatic fibrosis progression
Meta-analysis on individual data from 3068 patients with
Steatosis was significantly and independently associated with fibrosis in CHC.
biopsy- proven CHC recruited from 10 centers in Europe,
Hepatic inflammation may mediate fibrogenesis in patients with liver steatosis
Australia, and United States
180 patients infected with genotype 1b HCV
At multivariate analysis, fibrosis was significantly related to age, alanine
transaminase, diabetes, hepatitis B core antibody, steatohepatitis and grading
Overall, 600 consecutive individuals: 500 with CHC; and 100 IR, was associated with 1 and 4 HCV genotypes and high viral load. The
with CHB
association of significant fibrosis with IR occurs independent of steatosis
153 chronic hepatitis C patients enrolled in the Swiss hepatitis By multiple regression analysis, CTGF levels were independently associated with
c cohort study and for whom a liver biopsy and plasma
steatosis, a past history of alcohol abuse, plasma leptin and HCV RNA levels;
samples were available
when only patients with genotypes non-3 were considered, CTGF levels were
independently associated with a past history of alcohol abuse, plasma leptin
levels and steatosis
107 consecutive CHC patients
Multiple regression analysis revealed that, HOMA-IR, fibrosis and oxidative
stress were independently associated with steatosis, whereas steatosis was
independently associated with oxidative stress and HOMA-IR. Steatosis and HAI
were also independent predictors of fibrosis
143 AA and 157 CA adults with untreated chronic HCV
In 3-variable models including race and biopsy adequacy, the factors significantly
genotype 1 infection
associated with fibrosis progression were age when infected, steatosis, ALT level,
and necroinflammatory score
228 HCV treatment-naive patients who met the inclusion/
Genotype 1 and presence of steatosis were found to be associated significantly
exclusion criteria
with MS. After adjusting for confounding variables, MS remained independently
associated with a lack of SVR
346 untreated, nondiabetic patients solely infected with either HOMA-IR rather than steatosis was independently associated with fibrosis for
genotype 1 or 3
both HCV genotype 1 and genotype 3. Exclusion of cirrhotic subjects did not alter
the findings with respect to the greater contribution of IR compared to hepatic
steatosis, as a predictor of fibrosis
Retrospective study of 460 patients with CHC
Elevated AST, alpha fetoprotein, and presence of grade 2 and 3 steatosis are
independent parameters associated with stage 3 and 4 fibrosis in patients with
CHC
112 HCV RNA positive subjects who had two liver biopsies
On multivariate analysis, only baseline steatosis was significantly associated with
performed
fibrosis. Kaplan-Meier analysis demonstrated that steatosis impacted on time to
progression to both significant fibrosis and cirrhosis
Of 253 HCV RNA-positive persons who underwent at least
The presence of T2D, steatosis and duration of HCV infection were independent
one liver biopsy
predictors of advanced fibrosis
Metanalysis of 12 published studies, including 1989 HIV/HCV In co-infected patients, HS was associated with higher body mass index, diabetes
co-infected patients
mellitus, elevated alanine aminotransferase, necroinflammatory activity and
fibrosis
Liver biopsy samples were collected from 59 patients with
There were no associations between fibrosis progression and histologic features
HCV without a sustained virologic response (SVR) or cirrhosis including inflammation, fibrosis, or steatosis
170 genotype 1 CHC patients
At multivariate analysis Severe (F3-F4 fibrosis), , was independently associated
with older age, IR, steatosis > 10%, and moderate-severe necroinflammatory
activity in CHC patients
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92 untreated consecutive adults with chronic HCV infection
admitted for liver biopsy
152 LT recipients with HCV were followed up with repeated
liver biopsies for a median of 2.09 yr after index biopsy

In multivariate analyses, fibrosis was associated with high AST level, age ≥ 40 yr,
and steatosis
In the multivariate analysis, steatosis at 1 yr was an independent predictor of
subsequent F2 to F4 fibrosis. Steatosis was a stronger predictor of fibrosis in the
setting of sirolimus use
Fibrosis was associated with steatosis in genotype 3 infected individuals alone

[93]

In CHC owing to genotype 1 infection HCV, fibrosis was associated with steatosis
severity
Age at liver biopsy, BMI and duration of HCV were independent risk factors for
increased fibrosis in HCV patients. Steatosis as a risk factor for fibrosis is evident
in HCV genotype-1
60 HCV patients compared to 41 NASH patients and 18 CHB Compared to patients who had mild steatosis, those CHC individuals with modindividuals
erate steatosis exhibited higher fibrosis stages
251 CHC women
Severity of fibrosis was associated with a longer duration of infection, a higher
BMI, advanced steatosis and the menopause
Ninety HCV infected patients undergoing liver biopsy
Steatosis was not found to be independently associated with fibrosis
Liver biopsies from 66 out of 306 HCV/HIV non-cirrhotic
Progression of fibrosis was similar in HIV/HCV-co-infected compared to HCV
patients without cirrhosis at baseline who underwent a second mono-infected individuals and no clinical or laboratory predictor of worsening
biopsy were case-matched with a control group selected from liver disease was identified
a cohort of 233 HCV mono-infected patients

[96]

755 consecutive chronic hepatitis C patients (178 with genotype 3), admitted to three referral hospitals in Switzerland
574 CHC patients with chronic hepatitis C from a single
United States center
Clinical data and liver histology findings in 510 HCV patients
were analysed

[94]

[95]

[97]

[98]
[99]
[100]
[101]

AA: African American; CA: Caucasian American; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; CTGF: Connective tissue growth factor; HAI:
Hepatic activity index; HOMA-IR: Homeostasis model of insulin resistance; HS: Hepatic steatosis; LT: Liver transplantation; T2D: Type 2 diabete; HCV:
Hepatitis C virus; HIV: Human immunodeficiency virus.

Table 2 Steatosis is associated with poor treatment outcome
Method and findings

Conclusion

Ref.

574 patients with chronic hepatitis C
HCV genotype 2 and 3 patients
148 consecutive adults with HCV admitted for
liver biopsy
932 patients infected with HCV genotype 2 or 3

Steatosis reduces the likelihood of achieving early and SVR in genotype 1 infected patients
Steatosis is the independent predictor of relapse
Steatosis in chronic hepatitis C is not a negative prognostic factor of response to combined
antiviral therapy
Steatosis was associated with significantly higher rates of relapse, irrespective of viral load, in
patients infected with HCV genotype 3 who had an RVR
The NAS steatosis score correlates with response to antiviral therapy

[96]
[102]
[103]

A total of 116 patients [HCV-G4 85 (73.3%);
HCV-G1 31 (26.7%)] were included
885 HCV patients

[104]
[105]

Steatosis did not influence the efficacy of treatment in our study population. Baseline viral load [106]
is a confounding factor, particularly in patients infected with genotype 3 and once baseline
viral load was accounted for, the association between steatosis and SVR was not relevant
250 patients with genotype 4 chronic hepatitis Among genotype 4 chronic hepatitis C patients, severe fibrosis, severe steatosis, treatment
[107]
C, treated with different regimens of combined with standard interferon and a high serum AFP level were all negatively associated with SVR
interferon
207 HCV patients
Features of the metabolic syndrome are associated with hepatic steatosis in most of these
[108]
patients. Steatosis is significantly more common in genotype 3 compared with other genotypes,
and in these patients, an SVR is associated with steatosis clearance
357 HCV-infected US veterans
Steatosis is independently associated with stage III-IV fibrosis. However, only HCV genotype, [109]
and not steatosis, obesity, or stage III-IV fibrosis, was associated with SVR to interferon alpha2b and ribavirin treatment
80 Japanese patients with CHC. treated with
HS is an important predictor of poor response to therapy of IFN-alpha-2b and ribavirin in
[110]
IFN alpha-2b and ribavirin for 24 wk evaluated patients with CHC
retrospectively
Liver specimens with both CHC and significant Overall SVR for patients with HCV and significant steatosis or SH is considerably lower than
[111]
steatosis (> 33%) or SH were categorized as
for HCV and steatosis less than 33% and no SH
group 1 (84 specimens). A control group (group
2) of 231 CHC patients without evidence of
steatosis > 33% or SH
CHC: Chronic hepatitis C; IFN: Interferon; NAS: Nonalcoholic fatty live disease activity score; RVR: Rapid virologic response; SH: Steatohepatitis; SVR:
Sustained virologic response; AFP: Alpha fetoprotein; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis.

oping HCC in those with HCV infection is not limited to
case-reports alone.
Data appear to be consistent and most studies support this conclusion while a single case-control study has
provided negative results concerning such HCV-steatosis
HCC association[119]. In this limited case-control study

HCC
Published studies on steatosis as a risk factor for HCC
in those with HCV infection are summarized in Table
3[112-120]. With reference to such studies, it is of note that
evidence linking steatosis and an increased risk of devel-
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Table 3 Steatosis is associated with increased hepatocellular carcinoma risk
Method and findings

Conclusion

Ref.

1818 patients with histologically proven CHC treated with IFN
Cumulative incidence and HCC risk were analyzed over a mean
follow-up period of 6.1 yr HCC developed in 179 study subjects
The 5-yr occurrence rate of HCC in 353 consecutive patients with
histologically proven HCV cirrhosis and persistent viral replication
prospectively followed and screened for HCC was 34% in genotype 3
and 17% in non-3 genotype group
The steatohepatitis-HCC variant was found in 35.5% of 62 HCC cases
In 14 of the 22 cases (63.6%) of SH-HCC, the non-neoplastic liver
showed changes of NAFLD/NASH superimposed on otherwise
typical features of HCV-C
This retrospective study investigated the features of 5 patients who
developed HCC after 10 yr of achieving SVR

Severe steatosis, is an independent factor significantly associated with
HCC

[112]

For patients with HCV cirrhosis and ongoing infection, infection with
genotype 3 (a potent steatogenic virus) is independently associated with
an increased risk of HCC development

[113]

This study suggests a possible NAFLD/NASH pathway leading to SHHCC in the setting of HCV-C

[114]

In 3 patients, liver tissues were obtained at the treatment of HCC. These
tissues showed marked improvement in both activities and fibroses, but
severe steatosis in 1 patient
Two-hundred and sixty-six patients, who achieved SVR, were enrolled Age, hepatic fibrosis, and hepatic steatosis at pre-interferon treatment
in this retrospective study
might be risk factors for developing HCC after SVR
A retrospective study was conducted in 88 patients undergoing
Hepatic steatosis is a useful predictor of postoperative recurrence of
curative resection of HCV-associated HCC
HCV-related HCC
94 consecutive patients with cirrhosis due to HCV who underwent
In patients with HCV-related cirrhosis, the presence of hepatic steatosis
liver transplantation and had pathology available for review were
is independently associated with the development of HCC
retrospectively identified
The histological severity of steatosis in the index liver biopsies of 25
The odds of developing HCC among those with steatosis grades 1 and
patients with chronic hepatitis C who subsequently developed HCC
2 did not differ significantly from those without steatosis. There was no
was compared with matched controls who did not. As determined
association between increasing morphometric percentage area occupied
by percentage area of biopsy core occupied by steatosis on computer by steatosis and the subsequent development of HCC. Neither steatosis
assisted morphometric evaluation, and graded semiquantitatively,
grade or percent area of steatosis on biopsy were selected in multivariate
steatosis was comparable among cases and controls
regression analysis as independent predictors for the development of
HCC
161 patients with chronic HCV infection
At multivariate analysis hepatic steatosis, (together with aging, cirrhosis,
and no IFN treatment) was an independent, significant risk factor for
HCC

[115]

[116]
[117]
[118]

[119]

[120]

CHC: Chronic hepatitis C; IFN: Interferon; SH-HCC: Steatohepatitis-hepatocellular carcinoma (HCC); SVR: Sustained virologic response; HCV: Hepatitis C
virus.

patients with a SVR to antiviral therapy were excluded.
Based on data reported in Table 2, given that steatosis
poses an additional risk for HCC, increased surveillance
is necessary in HCV patients with steatosis. According to
Nkontchou et al[113] such a caution needs to be particularly
exercised in those with HCV genotype 3. Moreover, a
possible NAFLD/NASH pathway leading to steatohepatitic-HCC in the setting of HCV-cirrhosis requires further investigation[114].
Hepatocarcinogenesis in those with HCV steatosis
involves both IR and, particularly, deranged lipid metabolism. The molecular bases underlying the pathogenesis of HCV-HCC have been accurately detailed elsewhere[14,15,37,121,122].

occurs in 4% to 10% of cases, averaging 6.13 % of 2316
published cases as shown in Table 4[70,124-127].
Acknowledged risks for the development of steatohepatitis in patients with chronic hepatitis C include
BMI[128]; either trigliceride and HDL cholesterol (genotype
1) or AST (genotpe 3)[127].
Similar to steatosis, steatohepatitis has been associated with advanced fibrosis[124] and impaired SVR[111] suggesting that the biological significance of steatohepatitis
closely overlaps with that of high-grade steatosis. However, whether steatohepatitis is an independent risk factor for HCC in HCV-infected individuals, remains to be
shown.

ATHEROSCLEROSIS

HCV AND STEATOHEPATITIS

In the past, individuals with chronic liver disease were
deemed to be spared from atherosclerosis but this paradigm has been changed by an ever increasing body of
literature concerning hepatitis C[129]. HCV infection is not
a unique model of atherosclerosis and numerous reports
document an association of atherosclerosis with infections due to a large variety of pathogens[130].
Data reviewed elsewhere[129] indicate that HCV is associated with excess cardiovascular mortality and that,
possibly, achieving SVR might prevent at least a fraction

Steatohepatitis is the stereotypical histological hallmark
of a wide spectrum of etiologically diverse liver conditions which invariably display concurrent steatosis and
inflammatory-fibrotic changes occurring to a variable
extent[123].
Compared to simple steatosis, less has been published
concerning steatohepatitis occurring in the setting of
HCV infection. Probably this occurs as a result of steatohepatitis being a much more uncommon finding which
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Table 4 Prevalence of steatohepatitis associated with hepatitis
C virus infection n (%)
Series

Steatohepatitis

297 patients
170 patients
1458 liver biopsies
95 patients
296 liver biopsies
2316 biopsies/patients

17 (6)
17 (10)
80 (5.5)
4 (4)
24 (9)
142 (6,13)

2

Ref.
[70]
[124]
[125]
[126]
[127]
Cumulative

3

4

of such deaths. Studies evaluating the association of
HCV sero-positivity (either HCV-Ab or HCV-RNA) with
surrogate markers of atherosclerotic burden (Carotid
Intima Media Thickening or plaques) have been reviewed
recently elsewhere[129]. Data from our and other groups
indicate that viral (HCV viral load) and host features (liver
histology changes) are likely to contribute to increased
vascular risk in these individuals[131,132]. Interestingly, Adinolfi et al[133] have recently reported that HCV infection is
a risk factor for human ischemic stroke.
The mechanisms underlying excess cardiovascular risk
include both HCV direct vessel colonization and indirect
mechanism associated with HCV infection such as proatherogenic cardiometabolic derangement, i.e., HCADS
per se, increased expression of pro-inflammatory cytokines and adhesion molecules, hyperomocysteinemia and
steatosis[129,134].

5

6
7
8

9
10

CONCLUSION
We have discussed data favoring the interpretation of
steatosis as an example of successful viral strategy. HCV
steatosis fulfills all requirements expected to occur in order to perpetuate HCV life cycle.
Indeed, for steatosis to develop, the host’s metabolic
pathways are engaged giving life to a variant (HCADS)
of the commonly occurring metabolic syndrome. Such
an HCADS will typically display, further to steatosis,
the corollary of ordinary metabolic syndrome including
IR, hyperuricemia and expanded visceral adipose tissue.
However, given that intermediate products of the cholesterol biosynthetic pathway rather than cholesterol itself
are necessary to HCV replication, HCV will perturb the
distal biosynthetic pathway, eventually leading to hypocholesterolemia.
A better understanding of the physiology of HCADS
will likely result in a more successful handling of disease
with improved antiviral success rates.
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the +1 frame, an ORF overlaps with the core proteincoding sequence and encodes the alternative reading
frame proteins (ARFP or core+1). ARFP/core+1/F protein could enhance hepatocyte growth and may regulate iron metabolism. In this review, we briefly summarized the current knowledge regarding the production
of different core gene products and their roles in viral
pathogenesis.
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Core tip: In addition to the mature core protein (a.a.
1-177) and the cleaved peptide (a.a. 178-191), different alternative reading frame (ARF)/core+1 proteins
could be expressed from the core+1 reading frame
of hepatitis C virus (HCV) core gene. Core gene products play an important role in the HCV pathogenesis.
Core protein could induce insulin resistance, steatosis,
and even hepatocellular carcinoma. The peptide (a.a.
178-191) may play a role in the immune response and
steatosis development. ARF proteins/core+1/F protein
could enhance hepatocyte growth and may regulate
iron metabolism. We summarized the current knowledge regarding the HCV core gene products and their
pathogenicity in this article.

Abstract
Hepatitis C virus (HCV) is a major cause of chronic liver
diseases, including steatosis, cirrhosis and hepatocellular carcinoma, and its infection is also associated with
insulin resistance and type 2 diabetes mellitus. HCV,
belonging to the Flaviviridae family, is a small enveloped virus whose positive-stranded RNA genome encoding a polyprotein. The HCV core protein is cleaved
first at residue 191 by the host signal peptidase and
further cleaved by the host signal peptide peptidase at
about residue 177 to generate the mature core protein
(a.a. 1-177) and the cleaved peptide (a.a. 178-191).
Core protein could induce insulin resistance, steatosis
and even hepatocellular carcinoma through various
mechanisms. The peptide (a.a. 178-191) may play a
role in the immune response. The polymorphism of this
peptide is associated with the cellular lipid drop accumulation, contributing to steatosis development. In addition to the conventional open reading frame (ORF), in
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Hepatitis C virus (HCV) accounts for approximately
7104

June 21, 2014|Volume 20|Issue 23|

Li HC et al . HCV core gene products

15%-20% cases of acute hepatitis. After acute infection, around 50% to 80% of HCV patients will develop
chronic infection. HCV persistently infected individuals
are at risk to develop liver inflammation, steatosis, fibrosis, cirrhosis and hepatocellular carcinoma (HCC)[1-4]. Epidemiological studies also indicate that HCV is associated
with insulin resistance and type 2 diabetes mellitus[5,6].
HCV is a small enveloped RNA virus belonging to
the family Flaviviridae and genus hepacivirus. The HCV genome is a single, positive-stranded RNA with a nucleotide
length of about 9.6 kb. This genome encodes a polyprotein precursor of approximately 3000 amino acids, which
is processed by host and viral proteases into at least 10
different proteins, which are arranged in the order of
NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5BCOOH. C, E1, and E2 are structural proteins while NS2NS5B and perhaps also p7 are non-structural proteins.
The release of C, E1, E2 and, p7 from the polyprotein
is mediated by the cellular signal peptidase located in the
endoplasmic reticulum, whereas the cleavages between
NS2-NS5B are mediated by viral NS2/3 and NS3/4A
proteases (for a review[7,8]).
Following the discovery of HCV, the presence of
great nucleotide diversity among isolates was reported[1,9].
Due to the lack of proof-reading mechanism in the
NS5B polymerase, a closely related but diverse population of viral variants known as quasispecies is produced
at a rate of approximately one mutation per replication
cycle within infected individuals[10]. Accumulation of nucleotide substitutions in the virus has resulted in diversification into subtypes and distinct genotypes. Therefore,
the HCV RNA genome sequences are highly heterogeneous. At present, HCV is classified into seven major
genotypes and numerous subtypes[11]. There is 30%-50%
variation among viral genotypes and 15%-30% variation
among different subtypes, while there is 1%-5% variation in HCV nucleotide sequence from a single infected
patient[12,13]. Viral pathogenesis and response to anti-viral
treatment are different among different HCV genotypes,
e.g., genotype 3 infection is associated with a high level
of liver steatosis while genotypes 1 and 4 are more resistant to interferon (IFN) based therapies than genotypes
2 and 3[11].
The pathobiological changes caused by HCV infection have been attributed to both the host immune
responses and the direct viral cytopathic effects[8]. Viral
pathogenesis caused by direct viral cytopathic effects is
the outcome of the interactions between the host cell
and different HCV proteins. In this review, we will only
focus on the pathogenicity of HCV core gene products.

host signal peptidase (SP) to release it from the precursor polyprotein. This immature core protein is further
cleaved by the host SP peptidase (SPP) within the C-terminal transmembrane region to generate the mature core
protein and the cleaved peptide. The cleavage of HCV
core protein by SPP is essential for HCV assembly[14,15].
The cleavage between core and E1 proteins by SP facilitates further cleavage of core protein by SPP[16]. The exact C terminal amino acid residue of the mature, virionassociated core protein is not known. The studies of core
protein expressed in insect cells have indicated that SPP
cleaves after residue 177[17], 179 or 182[18], and the studies
in human cells have supported that the mature protein
terminates at residue 177[15]. Moreover, a recent report
demonstrated that a core protein with amino acids 1 to
177 efficiently trans-complemented the viral assembly[19].
Therefore, although the exact C terminus of the core
protein awaits further investigation, it is likely that the
mature core protein contains 177 amino acid residues.
And, the cleaved peptide generated by the sequential
cleavages of SP and SPP is composed of amino acid 178
to 191 (Figure 1A).
Comparing with other HCV proteins, core protein is
thought to be the most conserved one: results of nucleotide and deduced amino acid sequence analysis across
diverse HCV strains reveal 81%-88% nucleotide and 96%
amino acid sequence homology[20,21]. Assembly of the
virion is initiated by the oligomerization of core protein.
Small molecules directly binding to core protein could
potentially be potent antiviral agents[22].
The mature core protein having 177 amino acids consists of two domains: positively charged domain 1 (a.a.
1-117) and hydrophobic domain 2 (a.a. 118-177) (Figure
1A). The domain 1 is rich in basic residues, and is implicated in RNA-binding and homo-oligomerization. The
domain 2 is important for the membrane association activity of the core protein as well as for its folding and stability (for a review[23,24]). The amphipathic helices Ⅰ and
Ⅱ in domain 2 spanning from residue 119 to 136 and
residue 148 to 164, respectively, are involved in the association of HCV core protein with lipid droplets[25]. In
addition, the region spanning from residue 112 to 152 is
associated with membranes of the endoplasmic reticulum
and mitochondria[26,27].
The core protein may also localize with nucleus[26,28]
and bind to the nuclear proteasome activator PA28-γ/
REGγ, resulting in PA28-γ-dependent degradation of the
core protein[28].
The cleaved peptide (a.a. 178-191) is highly conserved
with close to 100% identity among different HCV genotypes[19,29].

PRODUCTION OF HCV CORE GENE
PRODUCTS

ARF/core+1 proteins from the +1 reading frame
In addition to the proteins translated from the conventional open reading frame (ORF), existence of a new
antigen encoded in the -2/+1 alternative reading frame
(named ARF) was first demonstrated through bioinfor-

HCV core protein and the cleaved peptide from the
conventional open reading frame
The HCV core protein is cleaved at residue 191 by the
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Figure 1 Various hepatitis C virus core gene products. A: The hepatitis C virus (HCV) polyprotein is cleaved at residues 191/192 by the host signal peptidase (SP)
and further cleaved at residue 177/178 by signal peptide peptidase (SPP) to release the mature core protein (a.a. 1-177) and the cleaved peptide (a.a. 178-191) from
the precursor polyprotein. The mature core protein consists of the positively charged domain 1 (a.a. 1-117) and the hydrophobic domain 2 (a.a. 118-177). The highly
basic domain 1 is involved in RNA-binding and its oligomerization. The region containing residues 44-71 of domain 1 binds to PA28γ. Domain 2 is involved in the association of HCV core protein with lipid droplets; B: Different alternative reading frame (ARF)/core+1 proteins from different HCV isolates/genotypes. The polypeptides
from the conventional open reading frame are marked by empty rectangles while those from the alternative reading frame (ARF/core+1) by filled rectangles. The termination codon of ARF/core+1 proteins from other isolates/genotypes may be different from those shown in this figure.

matics and patient-based research in 2001[30].
Besides the core protein, a smaller protein was first
detected in 1994 when the HCV-1 isolate was in vitro
translated[31]. In 2001, this smaller protein (named F) was
found to be synthesized by the ribosomal frameshift into
the -2/+1 reading frame, not from the conventional viral
open reading frame. Results from sequence analysis of
different HCV genotypes and from the reactivity of patients’ sera also indicated the existence of a protein product encoded from this -2/+1 reading frame[32].
In 2002, translation of this -2/+1 reading frame
(named core+1) was also verified by the fusion protein
reporter assay and antibody response [33]. Therefore,
proteins from this alternative reading frame was named
ARFP/F/core+1 at first (for a review[34]).
In addition to F protein, proteins with different
lengths were synthesized from this alternative reading frame through various translational mechanisms
used in different HCV genotypes and/or strains. The
ARFP/double-frameshift (DF) protein from genotype
1b is a chimera: N-terminal with 42 amino acids of the
core protein, followed by 101 amino acids of ARFP in

WJG|www.wjgnet.com

the middle, and end with the C-terminal 30 amino acids
of the core protein[35]. Translation from the ARF could
be started from non-AUG codon 26 (core+1), GUG or
GCG, of genotype 1a or 1b, or initiated from codon 58
(GUG) of genotype 1b[36,37]. Actually, translation initiation from this ARF was detected most efficient at the
internal AUG codon at position 85/87 of genotype 1b or
86/88 of H77 strain[37-39], named core+1/S (short form).
Therefore, proteins translated from the +1 reading frame
are composed of proteins with different lengths[34,40] (Figure 1B). All proteins containing amino acids from this
ARF are called ARFP, core+1 proteins or ARF/core+1
proteins. Specific proteins from this ARF are designated
after ARFPs or core+1, e.g., F protein was called ARFP/F,
core+1/F or ARFP/core+1/F[34,41].
Different ARF/core+1 proteins could have similar
subcellular localization, e.g., both F and core+1/S are
cytoplasmic proteins, primarily associated with the endoplasmic reticulum[37,42]. Further immunoflurescence and
subcellular fractionation analyses indicated that core+1/S
and core+1/F are cytoplasmic proteins with partial endoplasmic reticulum distribution at interphase, whereas in
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Figure 2 Pulse-chase experiments of different recombinant alternative reading frame/core+1 proteins (H77 sequence was used for this study). A: Authentic
F[alternative reading frame (ARF)/core+1/F] protein (the empty rectangle marks the sequence overlapping with the core protein while the filled rectangle for the core+1
coding sequence) with a V5 tag (represented by a gray circle) at its C-terminus; B: The ARF/core+1 protein translated from AUG of amino acid 26 with a V5 tag at its
C-terminus; C: The ARF/core+1 protein translated from AUG of amino acids 86/88 with a V5 tag at its C-terminus. HuH7 cells were mock-transfected or transfected
with various constructs expressing different recombinant ARF/core+1 proteins as indicated. Forty-eight hours after transfection, cells were incubated in methioninefree medium for two hours and subsequently radiolabeled with 35S-methionine in the same medium (160 mCi/mL) for two hours. Then, regular medium with or without
MG132 treatment was used for further cultivation. At the indicated times, cells were disrupted and proteins were extracted to perform the immunoprecipitation assay
using rabbit anti-F polyclonal antibody.

dividing cells they also localize to the microtubules of the
mitotic spindle[41]. ARF/core+1 proteins seem to be labile
in the cells. F protein was labile in the cells and its degradation is ubiquitin-independent[42,43]. Moreover, core+1/S
is also very unstable[41]. In the cells, the half-lives of several
ARF/core+1 proteins were around 30 to 120 min (Figure
2A-C). Biochemical properties of different ARF/core+1
proteins are largely unknown. Core+1/S, a highly basic
polypeptide, was found to be highly disordered under native conditions, with a tendency for self-association[44].
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PATHOGENICITY OF HCV CORE GENE
PRODUCTS
Pathogenicity of HCV core protein
At present, the transgenic mouse model was used mostly
to study the pathogenic roles of core protein in animals[45].
Core protein was shown to induce the ROS overproduction in the liver of transgenic mice[46]. In one study, core
protein could induce steatosis only in the transgenic
mice[47]. In another study, the transgenic mice expressing
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STAT, core protein could therefore interfere with both
insulin and JAK/STAT pathways. Through interacting
with Yin Yang 1, connecting IJT network, core protein
could perturb these three pathways[53]. To explore the
protein-protein interactions further, the yeast two-hybrid
membrane protein system was performed. Eleven human
proteins interacting with core protein were identified in
this assay. A virus-human protein interactome network
has also been constructed [54]. This network suggests
that core protein may (1) interfere the host innate immune response through interacting with SLC25A5; (2)
induce oxidative stress through interacting with NDUFS2
and ETFB; (3) affect focal adhesion pathway through
SLC25A5 and ENO1; and (4) elevate hepatic iron level
through its cellular partner FTL[54]. Therefore, core protein could potentially target insulin, Jak/STAT, TGF-β
and focal adhesion pathways.
Through extensive literature review, more than 100
cellular proteins (including the proteins mentioned above)
were found to interact with core protein and the interaction network of core protein was constructed. These
cellular proteins are involved in the processes of signal
transduction, transcription, nucleic acid binding, apoptosis, cell cycle, cytoskeleton and kinase activity[55]. Pathogenicity of core protein may be resulted from its interaction
with these cellular proteins.

Core protein

ROS

Insulin resistance

Type 2 diabetes

Hepatic steatosis

Hepatocellular
carcinoma

Figure 3 Pathogenecity of hepatitis C virus core protein in the transgenic
mice. Some studies have showed that the transgenic mice with core protein
developed steatosis only, or steatosis followed by hepatocellular carcinoma.
In other studies, the transgenic mice with constitutive core protein expression
developed insulin resistance, then leading to type 2 diabetes on a high-fat diet.
Most of these mice would develop hepatic steatosis and some of them would
even develop hepatocellular carcinoma.

core protein developed steatosis and HCC in the absence
of inflammation[48]. On the other hand, the transgenic
mice with constitutive core protein expression developed
insulin resistance at 1 to 2 mo-old, then leading to type
2 diabetes on a high-fat diet. Most of these mice would
develop hepatic steatosis at 6-mo-old and some of them
would develop HCC at 16 to 23 mo-old[24,49-51] (Figure 3).
Transgenic mice with constitutive expression of
core protein are usually lack of immune response to this
protein. Therefore, transgenic mouse models suitable to
study fibrosis and cirrhosis caused by core protein are not
available yet. A Cre/loxP recombination system has been
developed in transgenic mice to study the inflammation
caused by the core protein[52]. This inducible system in
transgenic mice may be suitable to study fibrosis and cirrhosis caused by core protein in the near future.
Molecular mechanisms regarding the pathogenic roles
of core protein were studied extensively in the cell culture and transgenic mouse models.

Modulation of cellular gene expression by core protein
HCV core protein could modulate cellular gene expression by directly interacting with transcription factors
or indirectly through affecting the signal transduction
pathways. Expression of numerous cellular genes is
regulated by HCV core protein (for a review[56]). This
review focuses only on the cellular genes modulated
by core protein identified through global analysis, i.e.,
microarray. Core protein could stimulate hepatocyte
growth, which is at least partly mediated through upregulation of Wnt-1 expression, both in Huh-7 cells and
transgenic mice[57,58]. Stat3 signaling pathway was induced
when primary human hepatocytes was immortalized by
core protein[59]. Genes involved in lipid metabolism (e.g.,
SREBP pathway) were affected by core protein in either
cultured cells or transgenic mice[60,61]. Core protein could
also induce interferon-inducible gene 27 in primary
human hepatocytes[62]. Moreover, transgenic mice that
conditionally express intermediate HCV core protein
develop inflammation possibly through activation of
complement 3[52]. On the other hand, core protein may
mute the cellular inflammatory response via inhibition of
cyclooxygenase 2 expression during HCV infection[63]. In
B cells, core protein may impair antigen presentation by
downregulation of MHC class Ⅱ molecules[64]. Therefore, gene expression profiles regulated by core protein
are mainly involved in lipid metabolism, signal transduction, protease activity and immune responses[59,60,65-67].
It is important to notice that cellular gene expression
profiles modulated by core proteins from different genotypes are not the same[60,67].

Interaction of HCV core with cellular proteins
HCV proteins orchestrate a complex and dynamic interaction network with cellular proteins contributing to viral
persistence and pathogenecity. Through high-throughput
yeast two-hybrid screening assay and computation-based
analysis, a virus-human protein interactome network
has been constructed[53]. Cellular proteins related to four
pathways are major targets by HCV proteins: insulin,
Jak/STAT, TGF-β and focal adhesion pathways. Core
protein appeared as a major perturbator of IJT network
(insulin, Jak/STAT and TGF-β pathways) in this study.
Seventy-six cellular proteins were found to interact with
core protein in this yeast two-hybrid screening assay. By
interacting with PLSCR1, connecting insulin and JAK/
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MicroRNAs (miRNAs) affect gene silencing via translational inhibition and/or mRNA degradation[68]. The
miRNA dysfunction is believed to play important roles
in human diseases, including viral infectious diseases,
e.g., HCV infection (for a review[56]). HCV core protein
could down-regulate the expression of miRNA-122 and
miRNA-124 in the cells[69,70]. On the other hand, core
protein could down-regulate p21(Waf1/Cip1) expression by enhancing miRNA-345 expression in human
hepatoma cells[71]. In monocytes, core protein could also
increase the miRNA-155 expression, which in turn upregulate the TNF-α production[72]. Recently, core protein
was reported to induce steatosis through up-regulation of
the miRNA-27 expression[73]. It is not surprising to know
that differentially expressed microRNAs were detected
in HuH-7 cells expressing core proteins from different
genotypes[74].
Pathogenicity of core protein should be at least partially through modulating cellular gene expression (mRNA
and/or miRNA production).

the host immune responses, HCV is efficient to establish
persistent infection[83]. HCV core protein could modulate
immune response in many ways. It is well known that
core protein would suppress interferon signaling (for a
review[84]). Core protein is reported to block interferon
signaling by interacting with the STAT1 protein [85,86].
Through inhibition of interferon regulatory factor-3
(IRF-3) dimerization, core protein suppressed interferon
[87]
β expression . By reducing the interaction with DEADbox RNA helicase (DDX3), core protein with specific
mutations also attenuated type Ⅰ interferon response[88].
Core protein is also reported to abrogate DDX3 and
interfere with DDX3-enhanced interferon signaling in
two different cells[89]. In addition, core protein may alter
NK cell function by inducing apoptosis in these cells[90].
Core protein was also reported to stimulate TLR2 pathway assisting the virus to evade from the innate immune
system[91]. Therefore, core protein impairs the innate immunity through these activities.
In hepatocytes, HCV infection or core protein expression could up-regulate the CD55 expression, limiting
excessive complement activation [92]. Moreover, hepatocytes infected with HCV or expressing core protein
displayed significant repression of complement 9 expression[93]. On the contrary, in the transgenic mice with core
protein, complement 3 was up-regulated in inflamed liver.
Moreover, administration of CD55 reduced hepatic inflammation[52]. It is not known which factor(s) caused the
discrepancy. However, it is possible that core protein may
modulate the complement activity in different situations.
In the transgenic mice, core protein could suppress
T cell response via enhancing Fas-mediated apoptosis in
these cells[94]. In addition, through interaction with gClqR,
core protein could up-regulate the expression of PD-1
and SOCS-1 in T cells and monocytes/macrophages[95,96],
of Tim-3 in monocytes[97], and of STAT3 on human
monocytes, macrophages, and dendritic cells[98], and in
turn, suppress the functions of these cells. Core protein
could also inhibit cathepsin S-mediated MHC class Ⅱ
maturation, contributing to weak immunogenicity of viral antigens in chronically infected humans[99]. Therefore,
core protein affected the innate and adaptive immunities.
Jurkat cells expressing core proteins suppressed CD4+
and CD8+ T-cell responses to anti-CD3 plus anti-CD28
stimulation by up-regulation of both FOXP3 and CTLA-4
expression[100]. Therefore, core protein also inhibited the
functions of regulatory T cells.
In summary, HCV core protein could modulate immune responses through different mechanisms.

Effect of core protein on apoptosis
Apoptosis is important for a host to defend viral infections, to inhibit viral spread and persistence. Induction of
apoptotic pathways in HCV-infected patients, primarily
as a result of host immune responses, could lead to viral
suppression and virus-mediated liver damage. In HCVinfected liver, however, despite enhanced hepatocyte
apoptosis, viral persistence is observed. To date, it is not
known whether the infectious virions act as pro- or antiapoptotic agent in vivo. For virtually all HCV proteins,
pro- and anti-apoptotic effects have been described.
However, which HCV protein affecting apoptosis in vivo
is still unknown (for a review[56,75,76]).
The data regarding the effect of HCV core protein
on apoptosis is controversial. Core protein was reported
to enhance Fas-mediated apoptosis[77]. However, Fasmediated apoptosis was inhibited in the transgenic mice
expressing core, E1, E2 and NS2 proteins[78]. Core protein could either enhance or inhibit TNFα-mediated
apoptosis[79-81]. The discrepancy of these results is possibly due to that different virus strains and/or different
experimental systems were used. Recently, core protein
from genotype 3a was demonstrated to have a stronger
effect on anti-apoptosis than the one from genotype
1a[82]. Moreover, it has been mentioned that other factors, possibly cell-type specific, might be involved in different pro- and anti-apoptotic effects of core protein in
the cells[83]. Therefore, it is unclear whether core protein
inhibits or induces apoptosis in hepatocytes. However, it
is still believed that inhibition of apoptosis and enhanced
cell proliferation are important in progression of HCC[76].
Recently, core protein was reported to have anti-apoptotic effect in B cells that were isolated from two individual
donors[64].

Role of core protein in interferon treatment
As mentioned earlier, core protein is known to inhibit interferon signaling[84-89]. Therefore, core protein sequence
variation may be associated with interferon (IFN) therapy
resistance. Indeed, substitutions of amino acid 70 and
amino acid 91 in the core protein of genotype 1b were
reported as independent factors associated with a non-virological response toward interferon treatment. Especial-

Immunomodulatory role of core protein
Through escaping immune detection and/or suppressing
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Role of core protein in insulin resistance and diabetes
HCV infection is known to be associated with insulin
resistance (IR)[109], leading to the development of type 2
diabetes[6,110]. IR in chronic hepatitis C is reported to associate with genotypes 1 and 4, the serum HCV RNA
level, and liver fibrosis[111]. Therefore, IR could be promoted by HCV via a genotype-specific mechanism. HCV
core protein is a pathogenic factor for the development
of IR[84,112,113].
Core protein could cause ER stress, increase oxidative stresses[104,105], which can further exacerbate IR[114]. IR
caused by core protein (genotype 1b) in transgenic mice
was at least partially mediated by induction of TNF-α
over-production, responsible for phosphorylation of
serine residues of insulin receptor substrates (IRS-1 and
IRS-2) and down-regulation of glucose transporter gene
expression. Indeed, administration of antibodies against
TNF-α to these mice could restore insulin levels to normal and return insulin sensitivity to normal[51]. Further
analysis of this mouse model indicated that a PA28γ-dependent pathway was required for core proteinmediated IR [49]. To impair the insulin signaling, core
protein (genotype 1a) increases IRS-1 phosphorylation at
Ser(312) by activating JNK in hepatocytes[115] (Figure 4).
Core proteins from different genotypes down-regulate IRS-1 through genotype-specific mechanisms: the
core protein of genotype 3a promoted IRS-1 degradation
through the down-regulation of PPAR-γ and by upregulating SOCS-7 while the core protein of genotype 1b activated mTOR[116]. Further study indicated that core protein of genotype 3a increases SOCS-7 expression through
PPAR-γ in Huh-7 cells[117]. Indeed, deletion of SOCS-7 in
the transgenic mice leads to enhanced insulin action[118].
In addition to SOCS-7, over-expression of SOCS-3 has
also been linked to insulin resistance[119]. Indeed, core
protein (genotype 1b) up-regulated SOCS-3 and caused
ubiquitination of IRS1 and IRS2 in the transgenic mice.
Furthermore, core protein-induced down-regulation of
IRS1 and IRS2 was not seen in the SOCS3(-/-) mouse
embryonic fibroblast cells[120]. Actually, activation of
SOCS family members is a general mechanism associated
with the core proteins from genotypes 1-4 except a rare
genotype 1b variant failed to activate any of the SOCS
tested. This leads to identifying the role of the amino acids 49 and 131 of core protein in mediating SOCS transactivation[121].
Sequence variations in core protein may affect IR development. Indeed, in Japanese patients without cirrhosis
and diabetes mellitus, a.a. substitutions of the genotype
1b core protein [Glu70 (His70) and/or Met91] are the
significant determinants of severe IR[122].

ly, substitutions of arginine by glutamine at amino acid
70, and/or leucine by methionine at amino acid 91 were
significantly more common in non-virological responses
toward interferon treatment[101]. After this finding, numerous reports confirmed this association (for a review[11,84]).
Consistent with these clinical findings, an in vitro study
has also demonstrated that cells with core mutants (R70Q,
R70H, and L90M) were significantly more resistant to the
interferon treatment than the cells with the wild-type core
protein. Moreover, the interferon-resistance of the cells
with these core mutants may be through IL-6-induced,
SOCS3-mediated suppression of interferon signaling[102].
Role of core protein in oxidative stress
HCV infection is characterized by a systemic oxidative
stress. The possible mechanisms of HCV-induced oxidative stress include (1) activation of NAD(P)H oxidase
of Kupffer cells and PMN cells during inflammation;
(2) iron overload and lipid peroxidation; (3) activation of
NAD(P)H oxidase by NS3 protein; (4) increased production of mitochondrial ROS/RNS by the electron transport chain due to core and NS5A proteins; (5) decreased
GSH output due to liver damage; (6) decreased antioxidants and antioxidant gene expression; (7) alcohol, drugs,
and other chemicals; (8) increased cytokines that increase
ROS; (9) increased expression/activity of COX-2; and
(10) increased expression of CYP2E1 (for a review[103]).
HCV core protein is reported to be associated with endoplasmic reticulum (ER) and interacted directly with
mitochondria. Then, core protein would cause ER stress,
inhibit mitochondrial electron transport and increase
ROS production[104,105].
In the transgenic mice, core protein could induce
overproduction of ROS in liver. At the same time, some
genes of the antioxidant systems, including heme oxygenase-1 and NADH dehydrogenase quinone 1, were downregulated in the liver with HCV infection[46]. Similarly, in
cooperation with NS3 protein, core protein would impair
the induction of cytoprotective Nrf2 target genes in the
cells[106]. The expression of a variety of cytoprotective
genes is regulated by short cis-acting elements in their
promoters, called antioxidant response elements (AREs).
A central regulator of ARE-mediated gene expression is
Nrf2. Therefore, core protein could induce ROS production and impair cytoprotective response.
On the other hand, it was reported that core protein
expression leads to intracellular oxidative stress, and that
vital cellular functions are, in turn, protected by the upregulation of cellular antioxidant defense mechanisms in
cultured hepatoma cells[107]. Furthermore, core protein
could activate the antioxidant defense Nrf2/ARE pathway in a ROS-independent manner[108]. Therefore, core
protein could induce ROS production and, at the same
time, activate the cytoprotective response.
In summary, core protein could induce ROS production. Meanwhile, core protein might up- or down-regulate
Nrf2 target genes in different conditions.
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Role of core protein in steatosis
Steatosis or ‘‘fatty liver’’ is common in patients infected
with HCV. Steatosis caused by HCV infection should
be classified into two types: metabolic steatosis in patients infected with non-genotype 3, and viral steatosis
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Figure 4 Molecular mechanisms regarding the insulin resistance induced by core protein. Core proteins from different isolates/genotypes may use common
and/or distinct mechanisms to cause insulin resistance.

in patients infected with genotype 3. Metabolic steatosis
occurs in the setting of obesity, hyperlipidemia, and IR,
whereas viral steatosis is caused by HCV as a direct cytopathic effect[112,123-126]. Transgenic mice with core protein
developed hepatic steatosis[47,127]. Therefore, core protein
plays an important role in the development of steatosis[128]. Three mechanisms have been proposed regarding
the induction of triglyceride accumulation in the liver
cells by core protein: firstly by impaired lipoprotein secretion, secondly by increased lipogenesis, and thirdly by
impaired fatty acid degradation[124-126,128] (Figure 5).
To impair lipoprotein secretion, core protein inhibits
the activity of microsomal triglyceride transfer protein
(MTTP), which plays a key, rate-limiting role in VLDL
assembly/secretion. Thus, its inhibition results in the
accumulation of triglycerides in the cells, which causes
steatosis[129]. Furthermore, through interaction with mitochondria, core protein induces ROS production. The
production of ROS results in peroxidation of membrane lipids and structural proteins, that are involved in
the trafficking and secretion apparatus, blocking VLDL
secretion.
To increase lipogenesis, core protein activates transcription factor SREBP-1c through up-regulation of
liver X receptor alpha (LXRα) and retinoid X receptor
alpha (RXRα), leading to enhanced activity of various
enzymes involved in cellular lipid biosynthesis[61,130-133].
Interestingly, the genes related to fatty acid biosynthesis
and srebp-1c promoter activity were up-regulated by core
protein in cell line and mouse liver in a PA28γ-dependent
manner[50]. Recently, a study reported that accumulation
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of triglycerides in HepG2 cells with core proteins was
due to delta-9 desaturase, an enzyme involved in fatty
acid biosynthesis (primarily the synthesis of oleic acid),
activated by core protein. Moreover, polyunsaturated
fatty acids could counteract the impact of core protein
on lipid metabolism[134].
To impair fatty acid degradation, core protein is believed to down-regulate PPARα and MCPT-1, resulting in
the reduction of fatty acid oxidation activity[135-138], though
some contradictory results were also reported[139,140]. Recently, core protein is reported to induce the expression
of miRNA 27 to repress PPARα expression[73]. Downregulation of PPARα and MCPT-1 by core protein may
be mediated by repressing the SIRT1-AMPK signaling
pathway[141].
Recently, a bipartite model has been proposed as a
novel mechanism for core protein-induced steatosis:
core protein first requires DGAT1 to gain access to lipid
droplets[142], and then lipid droplets-localized core protein
interferes with triglyceride turnover, thus stabilizing lipid
droplets and leading to steatosis[143].
In the transgenic mice, HCV core-induced nonobese
hepatic steatosis is associated with down-regulation of
the leptin gene in visceral fat and concurrent hypoadiponectinemia. Moreover, steatosis is ameliorated by adiponectin administration[144].
Collectively, the multiple activities of core protein
may participate in the triglyceride accumulation in chronic HCV infection.
The higher prevalence and much more severity of
liver steatosis are observed in patients infected with HCV
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Figure 5 Molecular mechanisms proposed for the steatosis caused by core protein. Core protein from one genotype may use more than one mechanism to
induce steatosis.

motes liver fibrogenesis via up-regulation of CTGF
with TGFβ1 when co-cultured with HSCs[154]. Recently,
TGF-β was also reported to be up-regulated in transgenic mice with core protein. Moreover, hepatoma cells
expressing core protein could activate stellate cells in
the co-culture system and this activation was TGF-β dependent[155]. In addition, core protein could increase the
TNF-α production in monocytes[72].
Core protein could also provoke fibrogenesis via
HSCs directly. Non-enveloped core protein could be
secreted by infected cells[156,157]. These secreted core proteins could stimulate fibrosis in HSCs via either obese
receptor[158] or toll-like receptor 2[159].
Little is known regarding the molecular mechanism(s)
of HCV-related cirrhosis. Core protein could up-regulate
and sustain HIF-1α expression under hypoxia, thereby
contributing to increased VEGF expression, a key regulator in the hypoxic milieu of liver cirrhosis[160]. Therefore,
core protein may play a role in liver cirrhosis through the
up-regulation of VEGF expression.

genotype 3 than in patients infected with other genotypes. Indeed, core protein from genotype 3a but not
from genotype 1b could down-regulate PTEN in hepatocytes and trigger the formation of large lipid droplets[145].
Recent studies examining a possible mechanism of steatosis formation in genotype 3a isolates have focused on
the a.a. 164 of core protein[146]. Core protein has Phe at
164 position up-regulated fatty acid synthetase promoter
stronger[147].
Sequence variations in core protein may affect steatosis development. Indeed, substitutions at a.a. position 70
and/or 91 of the genotype 1b core gene are associated
with the lipid accumulation that causes steatosis[148,149].
Moreover, polymorphisms at the a.a. position 182 and
186 of the genotype 3 core gene are correlated with the
intrahepatic steatosis[150].
Role of core protein in fibrosis and cirrhosis
The molecular mechanism(s) of HCV-related fibrosis is
unclear. Hepatic stellate cells (HSCs), one of the sinusoid
constituent cells, play a critical role in liver fibrosis[151].
Oxidative stress and various cytokines are well known
profibrogenic mediators[152]. HCV may induce fibrosis by
the following mechanisms: (1) stimulating secretion of
profibrogenic cytokines in hepatocytes; (2) interacting
with sinusoidal endothelium; and (3) provoking fibrogenesis via HSCs. Transgenic mice with conditional core protein expression developed inflammation and fibrosis[52].
Therefore, core protein plays an important role in liver
fibrosis.
Core protein could stimulate secretion of profibrogenic cytokines in hepatocytes. Indeed, core protein is
known to up-regulate TGFβ1 expression in hepatoma
cells[153]. Moreover, core protein in hepatoma cells pro-
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Role of core protein in hepatocellular carcinoma
The major risk factor for the development of HCC in
HCV-infected patients is pre-existing cirrhosis. Therefore,
the main hypothesis for HCV carcinogenesis is that it
occurs through the effects of chronic inflammation and
hepatocellular injury. However, HCC can still develop in
a small proportion of non-cirrhotic patients with chronic
hepatitis C, suggesting that HCV may be directly involved
in hepatocarcinogenesis. This was supported by the report that transgenic mice with constitutive expression
of HCV structural and nonstructural proteins would develop HCC[161]. HCV core protein plays a very important
role in the development of HCC. This was supported by
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Figure 6 Involvement of core protein in the development of hepatocellular carcinoma. In addition to inducing immortalization of hepatocytes, core protein could
enhance angiogenesis and promote the epithelial-mesenchymal transition to result in hepatocellular carcinoma.

the report that transgenic mice with constitutive HCV
core protein expression would develop HCC[162].
Core protein may induce HCC development through
its contribution to the onset of oxidative stress, steatosis and anti-apoptosis[48,50,76]. In addition to overcoming
apoptosis, disruption of hepatocyte growth control is
another key molecular event leading to the development
of HCC. Actually, core protein could increase cell proliferation through the interaction with cellular proteins
(e.g., p53, p73 and pRb), or through the modulation of
cellular gene expressions (e.g., p21) and intracellular signal
transductions, such as MAPK and Wnt/β-catenin pathways[56-58,163,164]. Moreover, core protein could stimulate
primary human hepatocytes to escape from senescence
and promote an immortalized phenotype[165,166] (Figure 6).
Furthermore, core protein is reported to trigger
hepatic angiogenesis by induction of TGF- β 2 and
VEGF[167].
Core proteins derived from HCC were demonstrated
to shift the TGF-β responses from tumor suppression
to epithelial-mesenchymal transition (EMT)[168]. Recently,
core protein is reported to epigenetically silence SFRP1
and enhance HCC aggressiveness by inducing EMT[169].
Another report also showed that core protein could
promote the migration and invasion of hepatocyte via
activating transcription of extracellular matrix metalloproteinase inducer[170].
Collectively, the multiple regulatory activities of core
protein may result in the development of HCC.
HCV core protein-induced pathogenesis may be
genotype-specific. Indeed, over expression of core gene
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from genotype 3a showed stronger effect in regulating
expression of Cox-2 as compared to that from genotype
1a in Huh-7 cells[171]. Sequence variations within HCV
core gene are reported in tumors and adjacent non-tumor
tissues from the same patients[172-174]. Therefore, sequence
variations of core protein within the same genotype may
have different pathogenic effect. Indeed, amino acid substitutions in the core protein of genotype 1b are associated with HCC development[175-178], especially at amino
acids 70 and 91[84].
Role of core protein in other cancers
In addition to HCC, HCV core protein may be also associated with the development of intrahepatic cholangiocarcinoma (ICC) and hilar cholangiocarcinoma[70,179].
However, more studies are needed to reveal the molecular mechanisms.
Role of HCV core protein in co-infection with HIV or HBV
When co-infection with HIV/HCV occurs, HCC is more
likely to occur at a younger age and with a shorter duration of HCV infection compared to those with HCV
mono-infection[180]. This indicates HIV could worsen the
pathogenic effects caused by HCV. On the other hand,
HCV core protein could interact with HIV-1 Nef protein to stimulate HIV-1 replication in macrophages[181].
Moreover, HCV core protein could induce neuroimmune
activation and potentiate HIV-1 neurotoxicity[182].
Dual infection with HCV and HBV in cirrhotic patients has been linked to an increased risk of HCC[183],
indicated the interactions between these two viruses. A
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zebrafish model of ICC was established recently by dual
expression of hepatitis B virus X protein (HBx) and
HCV core protein in liver. Further studies in this model
revealed that TGF-beta1 plays an important role in HBxand HCV core protein-induced ICC development[184].

proteins and the T-cell responses in HCV-infected patients provided strong evidence that ARF/core+1 protein is expressed in vivo[30,32,33,189]. However, abolishing the
production of ARF/core+1 proteins had no effect on
HCV replication in cultured cells or uPA-SCID mice,
suggesting that ARF/core+1 proteins is probably not important for the HCV reproductive cycle[190]. On the other
hand, the gene sequence conservation of this open reading frame argues that ARF/core+1 proteins should serve
an important function[34].
The role of ARF/core+1 proteins in viral pathogenesis is largely unknown. It was shown that the F protein,
unlike core protein, is not involved in NF-kappaB regulation[191]. Moreover, F protein, unlike core protein, could
not up-regulate the expression of the fibrosis marker
[58]
α-smooth muscle actin . Actually, F protein does not
share the major properties identified previously for the
core protein, other than repressing p21 expression[192].
Down-regulation of p21 expression by F protein suggests
that F protein may regulate cellular proliferation. Cellular MM-1 protein was found to interact with F protein.
Further analysis indicated that F protein can enhance
the gene trans-activation activity of c-Myc, apparently
by antagonizing the inhibitory effect of MM-1[193]. The
ability of F protein to enhance the activity of c-Myc also
raises the possibility that F protein may enhance cellular
proliferation. Indeed, F protein could induce hepatocyte
proliferation in the transgenic mice possibly through
[58]
β-catenin signaling pathway . These results suggest that
F protein may play a role in hepatocellular transformation in HCV patients. This hypothesis was supported by
the finding that HCV sequences derived from HCC tissues could produce F protein more efficiently than those
derived from non-HCC tissues[173,174,194]. Moreover, high
occurrence of anti-core+1 antibodies was detected in the
serum of HCC patients[195].
HCV core protein may regulate iron metabolism
through interacting with FTL[54]. Recently, core+1/ARF
protein was found to decrease hepcidin transcription
through an AP1 binding site [196]. This indicates that
core+1/ARF protein may also affect iron metabolism
because hepcidin is the main regulator of iron metabolism. Moreover, HCV core and F proteins were shown
to induce hepatocyte proliferation in the transgenic mice
possibly through β-catenin signaling pathway[58]. Therefore, these two proteins seem to have redundant pathogenic roles. This explains the findings that HCV patients
who do not produce normal anti-core antibodies have
unusually high levels of anti-core+1/ARFP[197], and that
the HCV-1b core+1 products are negatively regulated by
core expression[38].
F protein was also found to interact with cellular
prefoldin 2 protein. Moreover, expression of F protein
resulted in aberrant organization of tubulin cytoskeleton[198], which suggests that F protein may affect cellular
functions. On the other hand, it is possible that F protein
may serve as a modulator to prevent high level of HCV
replication and thus contributes to viral persistence in

Pathogenicity of the HCV core cleaved peptide
Though the exact C terminus of core protein has not
been determined yet, it is likely that the mature core protein contains 177 amino acid residues[15,19]. Therefore, the
cleaved peptide generated by the cleavages of both SP
and SPP is from amino acid 178 to 191 (Figure 1A). This
peptide is the E1 signal peptide region that facilitates
the proper cleavage at core-E1 junction. All signal peptide sequences contain a hydrophobic core region, but,
despite of this, they show great variation in both overall
length and amino acid sequence[185]. However, the cleaved
peptide (a.a. 178-191) is highly conserved with close
to 100% identity among different HCV genotypes[19,29].
Sequence conservation in this cleaved peptide suggests
that it should play important roles during virus infection.
However, no individual residue among these 14 amino
acids of the cleaved peptide is absolutely required for
infectious virus production, as individual substitutions
resulted in wild-type titers and a core protein fragment
comprising residues 1 to 177 efficiently complemented
assembly in trans[19]. Signal peptides have been suggested
to have additional functions[186]. For example, the signal peptide of the lymphocytic choriomeningitis virus
glycoprotein is presented by major histocompatibility
complex class Ⅰ as an immunodominant epitope[187], and
the liberated HIV-1 gp160 leader sequence is associated
with calmodulin[185,186]. A previous report argued for an
additional function for this cleaved peptide. The synthetic
peptide containing HCV core protein a.a. 178-187, which
shows sequence homology with CYP2A6 and CYP2A7,
could induce primary CTL responses in peripheral blood
mononuclear cells in an HLA-A*0201-restricted manner[188]. If the cleaved peptide (a.a. 178-191) was further
processed into (a.a. 178-187), it will be interesting to
know how this process occurs in the cells.
Amino acid substitutions at positions 182 and 186
of the HCV genotype 3a core protein have been identified to cause increased intracellular lipid accumulation in
hepatic cells[150]. These amino acid substitutions did not
affect the production of mature core protein[150], in agreement with the results of a previous report[19]. Therefore,
polymorphisms in the cleaved peptide (a.a. 178-191)
may contribute to steatosis development. Jhaveri et al[150].
speculated (1) that the cleaved peptide interacts with host
proteins within the ER membrane that mediate lipid metabolism and trafficking; and (2) that this interaction may
differ between genotypes. It will be interesting to find out
which cellular proteins could interact with this cleaved
peptide.
Pathogenicity of HCV ARF/core+1 proteins
Detection of the specific antibodies against ARF/core+1
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chronic HCV infection since HCV replication requires
intact microtubule and actin polymerization[198].
It is not known whether different ARF/core+1 proteins regulate cellular activities through similar pathways.
Similar subcellular localization and short half-lives of F
and core+1/S proteins[41,42] suggest that these two proteins may have similar regulatory activities. However, further investigations are needed to clarify this issue.
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CONCLUSION
In addition to the mature core protein (a.a. 1-177) and
the cleaved peptide (a.a. 178-191) encoded from the
conventional open reading frame of HCV core gene, several ARF/core+1 proteins could be expressed from the
core+1 reading frame.
Through interacting with cellular proteins, modulating cellular gene expression, inducing reactive oxygen
species production, and modulating cellular apoptosis,
core protein could induce insulin resistance, steatosis, and
even hepatocellular carcinoma. The cleaved peptide (a.a.
178-191) may play a role in the immune response and
steatosis development. Though labile, ARFP/core+1/F
protein could interact with cellular proteins and enhance
hepatocyte growth. The core+1/ARF protein may also
affect iron metabolism.
The present-day knowledge about the pathogenic
roles of core gene products discussed here is obtained
from cell culture and transgenic mouse models. The
transgenic mice with constitutive expression of core gene
products are tolerant to these proteins, leading to an insufficient immune response. A Cre/loxP recombination
system has been developed in transgenic mice to study
the inflammation caused by core protein. This inducible
system in transgenic mice may be suitable to study the
fibrosis and cirrhosis caused by core protein in the near
future.
Studies of the cellular mechanisms involved in the
pathogenesis of core gene products should help in the
design of therapeutic drugs.
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Inflammatory bowel diseases and human reproduction: A
comprehensive evidence-based review
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Giovanni Fornaciari, Romano Sassatelli, Giovanni Battista La Sala
liographies of retrieved articles, books, expert opinion
review articles and reviewed bibliographies from subject experts were manually searched. Titles and abstracts were screened initially, and potential relevant
articles were identified and reviewed. Whenever possible, data were analyzed by comparing IBD patients
vs healthy controls, and patients with active IBDs vs
those with disease in remission. The effects of IBDs
on female fertility, fertility in infertile couples, pregnancy and male infertility were examined separately.
Patients with IBDs in remission have normal fertility.
At the moment, there is no established guideline for
the preservation of fertility in women with IBD undergoing surgery. Further data are needed regarding
guidelines for the management of these patients. Data
regarding IBDs and infertility are currently completely
lacking. Considering the prevalence of intestinal pathology in young adults of childbearing age, this field
is of great scientific and clinical interest, opening up
important future perspectives. Another important and
as yet unexplored point is the response to treatments
for infertility in patients with IBDs. In particular, the
question is whether the reproductive outcomes (clinical
and biological) can be influenced by the IBD of one
of the partners. The goals for successful reproductive
outcomes in IBD population are correct counseling
and disease remission. IBDs significantly affect several
reproductive aspects of human (female, male, couple)
reproduction. Further data are needed to develop
guidelines for the clinical management of subjects of
reproductive age with IBDs.
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Abstract
To evaluate the effects of inflammatory bowel diseases
(IBDs) on human reproduction, we reviewed the current literature using a systematic search for published
studies (articles and/or abstracts) without limits for
English language. We searched on Medline (through
PubMed), the Institute for Scientific Information, the
Web of Science and the websites for the registration
of controlled trials (http://controlled-trials.com/). Bib-
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trials (http://controlled-trials.com/). Bibliographies of
retrieved articles, books, expert opinion review articles,
and reviewed bibliographies from subject experts were
manually searched. Titles and abstracts were screened initially, and potentially relevant articles were identified and
reviewed
For each issue, we analyzed mainly meta-analyses
and/or randomized controlled trials (RCTs). When metaanalytic data or data from RCTs were lacking, prospective
non-randomized and then cohort studies were included
in the final analysis.
To construct a comprehensive review, data regarding
both primary endpoints, as traditionally suggested by
evidence-based medicine (pragmatic view), and intermediate endpoints, crucial to understanding the mechanisms of action (mechanistic view), were extrapolated
and analyzed.
Whenever possible, data were analyzed by comparing
IBD patients vs healthy controls, and patients with active
IBDs vs those with disease in remission.

effects of inflammatory bowel diseases on human reproduction.
Palomba S, Sereni G, Falbo A, Beltrami M, Lombardini S, Boni
MC, Fornaciari G, Sassatelli R, La Sala GB. Inflammatory bowel
diseases and human reproduction: A comprehensive evidencebased review. World J Gastroenterol 2014; 20(23): 7123-7136
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i23/7123.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i23.7123

INTRODUCTION
Inflammatory bowel diseases (IBDs) predominantly
affect younger patients of reproductive age. To date,
several reviews[1-4] have been published in the English literature whose aim was to evaluate and clarify the impact
on obstetric outcomes of both the IBDs themselves and
the drugs commonly used to treat them. However, very
little is known on the overall effect of IBDs on human
reproduction.
The study of human reproduction includes not only
the effects of IBDs and their treatment on pregnancy but
also their effects on the menstrual cycle and hormonal
patterns, on the subfertile women scheduled for ovulation induction cycles or assisted reproductive techniques
(ARTs), on future reproductive potential in younger and/
or adolescent women, and on male fertility, including data
on semen parameters and libido/hormonal patterns.
Based on these considerations, the current study was
designed to provide an evidence-based overview on the
effects of IBDs on all aspects of human reproduction,
including both female and male fertility, and to provide a
critical synthesis useful for clinical practice.

FEMALE FERTILITY
Women with inactive Crohn’s disease (CD) or ulcerative
colitis (UC) appear to have normal fertility. In remission, female fertility seems not to be diminished. A casecontrol study by Elbaz et al[5] showed that there was an increased need for fertility treatment of women with IBD;
however, this association was no longer significant after
controlling for maternal age (increasing maternal age is
associated with subfertility).
In CD, fertility is normal or slightly reduced [6-8];
older referral center studies estimated infertility rates of
32%-42%[8-11], but community-based and populationbased studies suggest infertility rates of 5%-14%, similar
to that of the general population[7]. Women with UC have
normal fertility until they undergo surgery[9,10].
Several reasons for the potentially reduced fertility in
IBD women have been hypothesized. We have identified
two main sources: psychological problems and surgeryrelated problems.

SEARCH STRATEGY
To obtain evidence-based data and to provide evidencebased recommendations, a systematic search for studies
(articles and/or abstracts), without English language limitation, was performed.
It included the combination of the following medical subject headings or keywords: “assisted reproduction
techniques”, “ART”, “Crohn’s disease”, “complication”,
“effectiveness”, “efficacy”, “embryo”, “endometrium”,
“fertility”, “fetal”, “foetal”, “infertility”, “inflammatory
bowel disease(s)”, “IBD(s)”, “intracytoplasmic insemination”, “ICSI”, “in vitro fertilization”, “IVF”, “libido”,
“management”, “menstrual cycle”, “menses”, “neonatal”, “obstetrics”, “ovary”, “pregnancy”, “prevention”,
“safety”, “semen analysis”, “sex hormones”, “sperm”,
“spermatozoa”, “subfertility”, “surgery”, “therapy”,
“treatment”, “UC”, “ulcerative colitis”.
We searched on Medline (through PubMed), the
Institute for Scientific Information , the Web of Science, and the websites for the registration of controlled
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Psychological problems
Relatively few data are available regarding sexual dysfunctions in women with IBD. Moody et al[12] did not find any
significant change in rates of dyspareunia and overall frequency of sexual intercourse between women with IBD
and matched controls. On the other hand, a mismatch
of perception and reality seems to significantly affect
family planning decisions in women with IBD. A recent
large study[13] was published whose aim was to evaluate
whether, and to what extent, IBD patients’ perceptions
of risk influence their reproductive behavior and to describe IBD patients’ specific concerns related to fertility
and pregnancy. “Voluntary childlessness” was the main
cause of the reduced fertility rate (number of live births
per woman) reported in IBD patients[13]. This fear of
infertility was most evident in women with CD and pre-
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vious surgery[13]. In particular, IBD-related reproductive
risks seemed to be overestimated by the examined subjects. The main reproductive concerns of IBD patients
regarded pregnancy risks, drug-related teratogenicity or
toxicity, long-term risks and IBD inheritance[13].

A recent Finnish study showed that, although the
probability of a women conceiving in any short time
period seemed to be reduced to 47% of the average,
the lifetime chance of having at least one live birth after
IPAA was 80%[24]. Thus, women with IPAA mostly suffer
a reduction in the probability of conception rather than
complete infertility.
Strategies are needed to improve fertility after IPAA.
One possibility would be to perform sub-total colectomy/end ileostomy and delay IPAA, but this would
likely be unacceptable to most females. A second strategy
would be to preserve tubal patency and normal tuboovarian relationship. Various materials are available to
prevent post-surgical adhesions in the pelvis; however,
as there are no data regarding their efficacy in improving
fertility, further research is needed[25].
To date, there are no established guidelines for the
preservation of fertility in women with IBD undergoing
surgery. However, we believe that an effective strategy
should be based on the following principles: (1) proper
selection of patients with a specific clinical indication
for surgery; (2) proper evaluation of the patient based
on factors predictive of ovarian reserve [i.e., age, antiMüllerian hormone (AMH), antral follicle count]; and
(3) surgery that is as minimally destructive of the radical
pelvic anatomy as possible.

Surgery-related problems
Women with active CD have decreased fertility[6], perhaps
related to the formation of adhesions caused by the disease itself and/or surgery, resulting in tubal infertility[14].
Fertility may normalize after induction of remission in
women with CD[15]. Some surgical procedures, such as
rectal excision and pouch formation, appear to have detrimental effects on male and female fertility.
In UC with ileal pouch anal anastomosis (IPAA), the
ability to become pregnant is significantly reduced, probably because of the presence of post-surgical adhesions
in the pelvis, secondary obstruction of the fallopian tubes
or altering the normal tubo-ovarian relationship necessary for ovum capture and transport[16-18]. Two studies
that evaluated the impact of proctocolectomy with pelvic
pouch or end ileostomy on pelvic anatomy, showed that
50 percent of females had complete unilateral or bilateral
obstruction of the fallopian tubes[19,20]. These studies suggested that pelvic dissection is the likely cause of adhesions and altered pelvic anatomy.
A systematic review showed that IPAA for UC results in decreased fertility [21]. The conception rate in
women with UC was 40% before IPAA and only 29%
after IPAA[21]. A meta-analysis estimated that the risk of
infertility after IPAA increased by a factor of three[22].
The high use of fertility treatments after IPAA compared
with other groups illustrates the difficulty these women
have in getting pregnant after surgery. Olsen et al [10]
found that after IPAA, 29% of children were born after
in vitro fertilization compared with only 1% in the general
population. Another study[10] of Danish and Swedish
patients found that females had significantly decreased
fecundity (probability of becoming pregnant per month
of unprotected intercourse) after IPAA compared with
before IPAA. The data regarding fertility after IPAA do
not state the number of women who voluntarily chose
not to become pregnant and the impact of age on female
fertility, which could greatly influence the interpretation
of the results.
In a Canadian study, Johnson et al[23] confirmed that
the infertility rate was significantly higher in IPAA patients compared with patients managed non-operatively
(38.6% vs 13.3%). In that study, the effect of age on the
risk of becoming pregnant was investigated for all patients who attempted to become pregnant in both the
IPAA and non-operative management groups. There was
a negative association between advancing age and success of becoming pregnant: for each additional year of
age there was a 12% decrease in the odds of becoming
pregnant[23]. Increasing age was associated with decreased
reproductive ability among all females included in that
study[23].
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FERTILITY IN INFERTILE COUPLES
The purpose of this section is to evaluate the effects of
the IBDs in the infertile couple. In particular, our attention focused on reproductive outcomes (i.e., all intermediate steps and final results) of an infertile couple in which
one or both partners are affected by IBDs. Both CD
and UC mainly affect young adults of reproductive age.
Whereas substantial data are available concerning pregnancy in young IBD women or fertility in IBD men, no
study has been conducted on IBDs in infertile couples.
In the few last years, only two studies[26,27] investigated
the ovarian reserve status in CD women, as reflected
by serum AMH. The first study[26] showed that women
with CD do not have severe ovarian reserve alterations
compared with a control population. However, age ≥
30 years and a colonic location of the disease could be
associated with an accelerated loss of follicles. Another
study[27] confirmed that serum AMH levels of reproductive-age women with CD were significantly lower compared with the controls, and the Crohn’s Disease Activity
Index (CDAI) and AMH were inversely correlated. Thus,
these data could encourage gastroenterologists to inform
CD women of the risk of delaying childbirth.
Finally, only one report[28] described the reproductive outcome following intracytoplasmic sperm injection
(ICSI) for male factor infertility associated with CD and
6-mercaptopurine (6-MP) chemotherapy. The authors[28]
reported the first successful birth after ICSI for severe
oligozoospermia associated with CD.
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birth weight[32,42]. Overall pregnancy outcomes in women
with IBDs (CD or UC) were similar to those of non-IBD
pregnant patients[31].
A meta-analysis[43], including 3907 subjects, reported
increased risks for preterm delivery (OR = 1.87, 95%CI:
1.52-2.31) in both CD and UC patients; low birth weight
(OR = 2.82, 95%CI: 1.42-5.60) in CD but not in UC; and
congenital abnormalities (OR = 3.88, 95%CI: 1.14-10.67)
in UC but not in CD. A Swedish population study found
4.5% and 1.2% of children born to IBD patients had,
respectively, low and very low birth weight, as compared
to 2.9% and 0.6% in the overall Swedish population[44].
Moser et al[32] additionally found an increased incidence
of poor maternal weight gain during pregnancy in CD
patients with quiescent disease at conception.
In both CD and UC patients, pregnancies ended more
frequently with caesarean section compared with the general population[45]. Furthermore, pregnant CD and UC
patients who needed to be hospitalized had a higher risk
of undergoing a caesarean section (OR = 1.72, 95%CI:
1.44-2.04 and OR = 1.29, 95%CI: 1.01-1.66, respectively)
in comparison with patients without IBD[46].

PREGNANCY
Several recent data are available in literature on IBDs and
pregnancy. However, the majority of published studies
are reviews or retrospective analyses.
Effects of pregnancy on IBDs disease activity
Pregnancy seems to have a beneficial effect on IBD
symptoms, especially when it occurs during disease remission. A small, but significant, decrease in the HarveyBradshaw index of disease activity during pregnancy, in
comparison with the year preceding and following pregnancy, was observed in a retrospective analysis on women
with CD[29]. Similar results were found in a large European prospective study, showing that 74% of CD and 67%
of UC patients with active disease at conception achieved
remission later during pregnancy[30].
Factors affecting remission or exacerbation of IBDs
have been investigated extensively. In particular, smoking has a negative effect on the course of CD, and some
authors showed that the reduced disease activity in pregnancy was partly the result of reduced tobacco smoking
during pregnancy[31]. By contrast, exacerbation of disease,
particularly in the first trimester of pregnancy, could result from discontinuation of maintenance therapy.
The state of the disease at conception is a factor influencing the course of pregnancy[32-34]. In fact, patients
with active disease at conception often continue to have
symptoms during pregnancy, whereas a normal course
of pregnancy can be expected in patients who conceive
when in remission. In a cohort study with a 10-year
follow-up period, it was observed that if conception occurred during remission, the risk of a flare-up was comparable to that in non-pregnant patients with IBD. Instead, when conception occurred during an active disease
period, two-thirds of patients relapsed during pregnancy
and more than 60% of these patients experienced further
deterioration[35].
The course of IBD in the postpartum period remains
controversial. A small prospective study reported a decrease in relapse rate in CD, as well as in UC patients,
4 years after pregnancy, in comparison with the 3 years
before pregnancy[36]. Similarly, in a large cohort study, the
yearly flare-up rates decreased from 0.34 to 0.18 in UC
and from 0.76 to 0.12 in CD. Two studies[37,38] also reported reduced stenosis and resection rates in women with
IBD after pregnancy. Mechanisms potentially involved
could be related to the hormone relaxin, the effect of
pregnancy on the immune response, as well as feto-maternal HLA disparity[38,39]. The effects of breastfeeding on
flare-up rates in IBD mothers are also controversial[40,41].

Prevention and treatment of IBDs during pregnancy
Most of the drugs used to treat IBD are not associated
with increased risk of congenital anomalies or adverse effects on the fetus (Table 1). The 2010 European Crohn´s
and Colitis Organisation (ECCO) guidelines state “medical treatment for Crohn’s disease (except methotrexate)
should generally continue during pregnancy, because the
benefits outweigh the risks of medication”[46]. Moreover,
as complications and adverse pregnancy outcomes mainly
occur in patients with active disease, the main concern
should be to achieve remission before conception and
maintain quiescent disease during pregnancy. Patients
who received counseling regarding the benefits and risks
of drug treatment before conception and during pregnancy were more likely to remain compliant[34].
It is generally regarded as safe to keep using aminosalicylates (ASA) during pregnancy [Food and Drugs
Administration (FDA) category B drug], despite some
reports noting a higher incidence of neural tube defects,
oral cleft and cardiovascular defects[47]. In a recent metaanalysis of treatment of IBD patients with 5-ASA drugs,
IBD did not significantly increase the risk of congenital
abnormalities (OR = 1.16), stillbirth (OR = 2.38), spontaneous abortion (OR = 1.14), preterm delivery (OR =
1.35) or low birth weight (OR = 0.93)[48].
Several studies[49,50] reported that sulfasalazine assumption during pregnancy does not give rise to increased
rates of birth defects in women with IBD. Sulfasalazine
therapy should be accompanied by extra folate supplementation, as this medication halts folate synthesis by
inhibiting dihydrofolate reductase. Folic acid supplementation decreases the augmented risk of oral clefts and
cardiovascular anomalies associated with folate antagonist
treatment during pregnancy[51]. Caution should be applied
regarding the use of some mesalamine formulations (e.g.,

Effect of IBDs on pregnancy/perinatal outcomes
Current data indicate that quiescent disease has minimal
impact on the course and outcome of pregnancy in IBD
patients, whereas patients with active disease at conception have increased rates of spontaneous abortion[33] and
a significantly increased risk of preterm delivery and low
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Table 1 Safety indications for drugs in pregnancy and breastfeeding
UC

ECCO rating
pregnancy

ECCO rating
breastfeeding

Personal observations
Avoid high doses for long time, asacol preparations may be switched
to another mesalamine
Folate supplements are required
Discuss breastfeeding with the patient. Avoid lactation in the four
hours after intake of the drug
Use only in severe cases of UC to avoid urgent colectomy during
pregnancy
Discontinue at least 4 mo prior to conception
Very low risk of malformations. If possible, not use for long time
Can be used safely in the first two trimesters of pregnancy. If possible,
avoid in the third trimester
Can be used safely in the first two trimesters of pregnancy. If possible,
avoid in the third trimester
Very slight increase of cleft lip. Use only if strictly necessary
Use only for short periods and avoid in the first trimester

5-ASA
(except sulfasalazine)
Sulfasalazine
AZA/6-MP

B

Safe

Safe

B
D

Safe
Safe

Safe
Probably safe

Cyclosporine A

C

Probably safe

Contraindicated

Methotrexate
Corticosteroids
Infliximab

X
C
B

Contraindicated
Safe
Probably safe

Contraindicated
Safe
Safe

Adalimumab

B

Probably safe

No data

Metronidazole
Ciprofloxacin
Thalidomide

B
C
X

Probably safe
Probably safe
Contraindicated

Best avoided
Probably safe
Contraindicated

5-ASA: 5-aminosalicylates; AZA: Azathioprine; 6-MP: 6-mercaptopurine; ECCO: European Crohn’s Colitis Organisation; UC: Ulcerative colitis.

asacol) that contain dibutyl phthalate (DBP) as a coating
agent. The use of DBP-coated medications produces
measurable phthalate metabolite levels in urine. Prenatal
exposure to DBP can cause congenital malformations in
the male urogenital tract[52]. Finally, the sulfasalazine metabolite sulfapyridine is secreted into breast milk. ASA are
generally considered safe during lactation, although a case
of bloody diarrhea in an infant has been reported[53-55].
The use of antibiotics during pregnancy, i.e., matronidaole and quinolones, should be considered with caution. Metronidazole is considered a low-risk drug during
pregnancy (FDA class B). While several studies did not
find an association between metronidazole treatment
and birth defects[56], a large case-control study showed
an increased incidence of cleft lip and/or cleft palate in
infants of mothers exposed to metronidazole in the first
trimester of pregnancy[57]. Thus, it should be limited to
short-term use for the treatment of pouchitis. In addition, as metronidazole is excreted in breast milk, breastfeeding during its administration is not recommended[56].
Quinolone antibiotics are FDA category C drugs and
should be avoided because they carry an increased risk of
arthropathy because of their high affinity for bone and
cartilage. ECCO recommends avoiding quinolone use in
the first trimester of pregnancy[57]. Data on breastfeeding are limited, but quinolone use is probably compatible
with breastfeeding[58,59].
The recent London position statement on biological
therapy for IBD states that anti-tumor necrosis factor
(TNF) therapy is considered low risk and can be used
in the preconception period and during the first two trimesters of pregnancy[60]. The cytokine TNF-α not only
plays a pivotal role in the inflammation process underlying IBD, but also plays physiological roles in host defense
mechanisms and pregnancy. During pregnancy, TNFαprobably plays a role in protecting the fetus against teratogenic stress[61]. Despite the role of TNF in pregnancy,
treatment with anti-TNF antibodies can be considered
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safe in the preconception period and the first part of
pregnancy, because IgG antibodies do not cross the placenta in the first pregnancy trimester and transplacental
IgG transport mainly takes place during the late second
and third trimester of pregnancy[62,63]. Maternal transfer
of IgG during the last trimester of pregnancy provides
the neonate with sufficient acquired immunity to defend
itself while its own immune system is becoming fully
functional.
The currently available TNF inhibitors (etanercept,
infliximab, adalimumab, golimumab and certolizumab)
are all classified as FDA category B drugs, indicating
that no teratogenic effects of these drugs were observed
in animal reproduction studies; however, adequate and
controlled human safety data are still lacking. Transfer
of anti-TNF antibodies to the fetus during the last part
of pregnancy may mean exposure of the neonate in the
first months after birth, raising potential concerns about
infection and response to vaccines[60].
Infants exposed to immunosuppressive drugs during
pregnancy probably should be considered to be immunocompromised, as are their mothers. ECCO guidelines
state that live vaccinations (BCG, rotavirus, mumpsmeasles-rubella (MMR) and varicella zoster) are contraindicated until exposure to immunosuppressants has been
discontinued for at least 3 mo[64]. IgA is the predominant
immunoglobulin in human milk, so secretion of TNF inhibitors in milk is likely to be very limited and breastfeeding under anti-TNF treatment can be considered safe[65].
Natalizumab is an α-4 integrin inhibitor approved
for treatment of CD in the US, but not in Europe. Experience with natalizumab in the context of IBD is still
limited, even if this biological compound is widely used
for treating multiple sclerosis. It has received an FDA
category C label. Thus, at present insufficient data are
available to reach a definite conclusion on the safety of
natalizumab during pregnancy and lactation.
Corticosteroids are FDA category C drugs. They are
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believed to be safe throughout pregnancy at doses up to
15 mg per day[60], whereas higher doses increase the risk
of infection and premature delivery[66]. Systemic treatment with corticosteroids during the first trimester of
pregnancy was found to slightly increase the risk of oral
clefts (OR = 3.35, 95%CI: 1.97-5.69), while the overall
risk of congenital malformations is not significantly increased (OR = 1.45, 95%CI: 0.80-2.60)[67].
Pregnant women are preferably treated with prednisone or prednisolone, as the bulk of these compounds
are inactivated by placental 11β-hydroxy steroid dehydrogenase, the physiological mechanism in place to protect
the fetus from elevated maternal cortisol levels during
pregnancy. Treatment with corticosteroids is compatible
with breastfeeding[68,69].
Cyclosporine crosses the placenta but is rapidly
cleared in the neonate and has no known teratogenic effect. FDA categorizes cyclosporine in pregnancy category
C for lack of controlled studies in humans; however, cyclosporine does not appear to be a major teratogen.
A meta-analysis[58] on the use of cyclosporine in pregnancy showed that cyclosporine use in pregnancy was
not associated with major malformations, but slightly
decreased birth weight and duration of gestation. In IBD
patients, cyclosporine use in refractory UC during pregnancy has been shown to be safe and effective. Its main
use in pregnant IBD patients is the prevention of urgent
colectomy in fulminant UC[70,71].
Although a number of cases are reported where no
overt adverse effects were observed in breastfed infants
of mothers treated with cyclosporine, the use of this
drug during lactation is generally not advised as cyclosporine is secreted in milk at high concentrations, leading
to potential nephrotoxicity and immunosuppression in
exposed infants[72].
ASA and 6-MP are still designated as FDA category
D drugs, indicating that increased risk for the fetus exists,
but the risk must be weighed against the possible benefits
of the drug. A recent Danish cohort study showed an
increased risk of preterm delivery and low birth weight in
women exposed to azathioprine (AZA) or 6-MP during
pregnancy, but no significant increase in congenital malformations[50].
The CESAME study[73], a cohort study comparing
IBD patients exposed to thiopurine therapy during pregnancy with women receiving other treatments or women
without any drug therapy, showed that thiopurine exposure was not associated with low birth weight prematurity
and congenital abnormalities, but was associated with
preterm birth. Exposure in men at the time of conception was not associated with congenital abnormalities[74].
Thiopurine treatment is generally considered a contraindication for breastfeeding.
Methotrexate has teratogenic properties and is contraindicated during pregnancy (FDA category X). Methotrexate metabolites have long tissue half-lives; therefore,
its administration must be stopped 3 to 6 mo before conception[75]. Folic acid supplementation after methotrexate
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withdrawal is also recommended because methotrexate
acts as a folate antagonist. Methotrexate is also contraindicated during lactation because of its potential accumulation in the child’s tissues.
Thalidomide and its analog lenalidomide partly counteract the effects of TNF-α and have been used in patients with refractory CD, even if currently available systematic evidence does not clearly demonstrate the benefit
of these drugs[76]. The teratogenicity of these drugs has
been well documented, indicating increased risks for limb
defects, central nervous system defects, and congenital
abnormalities in the cardiovascular, respiratory, gastrointestinal, and genitourinary tracts. Thus, thalidomide is
absolutely contraindicated in pregnancy (FDA category
X) and patients taking thalidomide are advised to use two
complementary contraceptive methods[77,78]. Although lenalidomide appears less teratogenic in animal studies, the
lack of studies demonstrating its safety in humans leads
to the absolute contraindication of this drug in pregnant
patients or in patients wishing to become pregnant[77,78].
Management of delivery in women with IBDs
Pregnancy should not be considered high risk in all cases
of IBDs. Delivery, therefore, can be carried out in clinics of the second or third level. Only patients with active
IBD necessitating steroid and/or anti-TNF treatment,
patients with ileostomies, and patients with ileoanal
pouches should be referred to high-risk pregnancy clinics.
Active perianal disease at the time of delivery is an
indication for caesarean section, whereas patients without
history of perianal disease or inactive perianal disease
do not require caesarean delivery[45]. In UC patients with
IPAA, caesarean section rates of almost 50% have been
reported, but the incidence of pouch-related complications was low and pouch function was found to be unrelated to the mode of delivery[79]. However, the most
recent ECCO guidelines state that the presence of an
ileoanal pouch in CD patients is an indication for caesarean section[80]. Moreover, patients with IPAA surgery
in the past are always advised to have caesarean section,
and we recommend that an abdominal surgeon should be
present during the surgery.

MALE FERTILITY
Clinical data
Infertility in men with IBD has been relatively less studied than infertility in women with IBD. A recent European consensus states that both male and female fertility
are not significantly affected in non-operated IBD patients when disease is quiescent, compared to the general
population[81]. It is important to note that IBD patients
remain voluntarily childless more frequently than nonIBD controls[82]. In a survey among 255 Australian IBD
patients, fear concerning IBD heritability, side effects of
the medication on the child, and medical advice given by
physicians were the most important reasons for voluntary
childlessness[13].
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Table 2 Effects of inflammatory bowel disease medications on erectile dysfunction, male infertility and partner’s pregnancy

5-ASA (except sulfasalazine)

Erectile
dysfunction

Infertility

Pregnancy
complications

Recommendations

No

Single reversible case

No reports

No recommendations to discontinue prior to
conception
Switch to other 5-ASA preparations

Sulfasalazine

Single case Yes, reversible, not dose One study
dependent
AZA/6-MP
No reports
No
Controversial No recommendations to discontinue prior to
conception
Cyclosporine A
No reports
No
No reports
No recommendations to discontinue prior to
conception
Methotrexate
Yes
Controversial
No reports
Discontinue 3-4 mo prior to conception
Steroids
No reports
No
No reports
Lack of data to discontinue
TNF-α inhibitors
No reports Reduce sperm quality,
No
No recommendations to discontinue prior
(infliximab, and only a case report for adalimumab)
but no infertility
to conception, but barrier methods during
pregnancy
5-ASA: 5-aminosalicylates; AZA: Azathioprine; 6-MP: 6-mercaptopurine; TNF: Tumor necrosis factor.

A recent systematic review[83] on fertility in non-surgically treated IBD showed that in men with CD (a total of
493 men in two population-based and one referral center
studies), there was an 18%-50% reduction in fertility
compared with controls, although whether the cause was
involuntary infertility or voluntary childlessness was not
indicated. There was no evidence of reduced fertility in
men with UC[83].

Proctocolectomy with IPAA has been associated with
sexual dysfunction in men. A large study found 1% and
2% of sexual dysfunction at 1 year and 12 years after surgery, respectively[94]. Furthermore, 3% of men reported
experiencing either retrograde ejaculation or no ejaculation 10 years after surgery[94].
A meta-analysis of 43 observational studies that
evaluated patients after IPAA found the pooled incidence of sexual dysfunction to be 3.6%[95]. On the other
hand, a study of 122 men who had undergone IPAA
evaluated male sexual function using a validated index
based on erectile function, orgasmic function, sexual
desire, intercourse satisfaction and overall satisfaction[96].
This study showed that, despite any negative effect on
erectile function (in particular retrograde ejaculation),
the other four features had a statistically significant improvement[96]. A Dutch study confirmed that despite an
elevated rate of sexual dysfunction of up to 25% in 35
men after IPAA for UC, 90% of patients were satisfied
with the operation[97].
A randomized, placebo-controlled trial of sildenafil
for erectile dysfunction following rectal excision performed either for cancer or IBD in 32 men showed that
post-operative sexual dysfunction can be treated successfully with sildenafil in most cases (79% of the sildenafiltreated group compared to only 17% of the group taking
placebo)[98].
There are other types of surgery beyond IPAA, for
example, total colectomy with end ileostomy, colectomy
with ileo-rectal anastomosis, and proctocolectomy with
ileo-anal anastomosis without a pouch. The reports on
sexual function after these procedures are limited, but
only ileo-rectal anastomosis avoids the extensive pelvic
dissection of the other procedures, which produces adverse effects on sexual function.

IBD and male fertility intermediate end-points
Active disease, IBD treatment, and psychological factors
affect male reproductive and sexual function[84]. Most
male IBD patients considered “maintaining remission”
as important at conception[85] and in fact inflammation
has a negative effect on male fertility[86]. Men who were in
remission or who had only mild disease activity had rates
of erectile dysfunction similar to those of healthy control
subjects, whereas men with more severe IBD activity had
higher rates[87].
IBD and semen parameters
There are no large studies that assess semen abnormalities in IBD patients on no medication at all. Some studies
suggest that factors such as disease activity and nutritional status could affect semen[88-90]. Furthermore, there are
reports of antisperm antibodies in both men and women
with IBD, and these antibodies might contribute to infertility. Antisperm antibodies might be a result of the
increased immunological response, caused by increased
intestinal permeability, against antigens of gut microbiota
possessing common antigenicity with spermatozoa[91].
Dimitrova et al[92] showed that antisperm antibody incidence in 50 patients with ulcerative colitis was statistically
significant compared with 50 healthy blood donors[92]. A
little study on 10 IBD patients (four women and six men)
and reported the presence of antisperm antibodies in semen of male patients and cervical secretions of female
patients at the time of ovulation[93].

Medical treatments and male fertility
Table 2 shows the effects of IBD medications on erectile dysfunction, infertility and pregnancy. In the general
population, medications are responsible for erectile dysfunction in up to 25% of cases[99]. The medications used

Surgery and male fertility
The most common surgery in IBD patients is IPAA.
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to treat IBD rarely cause erectly dysfunction; however,
antidepressants and anti-anxiety medications, frequently
prescribed for patients with IBD, could cause erectile
dysfunction because depressive mood negatively influences sexual function (patients with a first diagnosis of
IBD had higher rates of depression than patients with
diagnosis of colon cancer)[100].
On the other hand, many drugs have been reported
to impair semen parameters; sulfasalazine, methotrexate, and infliximab seem to affect sperm quality[57]. Of
note, confounding factors that could affect male fertility,
such as smoking, alcohol consumption, disease status,
and medication use, are not always reported in studies
investigating the effects of medical treatments on male
fertility. Men with IBD rarely have documented physician
counseling regarding the potential effects of medication
on fertility and pregnancy because gastroenterologists’
lack of knowledge of the effects of medications on male
fertility or a lack of documentation of their counselling
practices[101].
Except for sulfasalzine, the risk of adverse fetal outcomes of other medications must be weighed against the
benefit of maintaining good health of the father at the
time of conception.
The only 5-ASA medication shown to cause male infertility is sulfasalazine[102,103]. Sulfasalazine causes reversible non-dose-dependent semen abnormalities (oligospermia, reduced motility and abnormal morphology)[104,105]
and infertility in up to 60% of men[106]. Impaired sperm
maturation and oxidative stress from the sulfapyridine
constituent of the drug are thought to be the cause[107-110].
Male fertility is restored two months after sulfasalazine
withdrawal or switching to other mesalazine preparations[111-115]. A single case of impotence was reported that
was resolved after switching to olsalazine[116]. One study
found an association between sulfasalazine use in men
and a higher rate of congenital malformations in their
children[106]. There is a single case report of mesalazineinduced oligospermia and infertility that reversed when
the drug was stopped[117]. Given these data, no recommendations are made to discontinue 5-ASA (except sulfasalazine) for men planning to conceive.
A study of 18 men with IBD showed that AZA
did not reduce semen quality, and thus male fertility, in
IBD: no changes in semen parameters were noted after
11 ± 5 mo of AZA administration or during long-term
treatment (49 ± 14 mo)[118]. In a survey of 164 male
renal transplant patients, long-term therapy with cyclosporine, AZA and prednisone demonstrated no effects
on fertility[119].
The teratogenic effect of AZA and its metabolite
6-MP remains controversial. In one retrospective study,
the incidence of pregnancy-related complications was
significantly increased when the fathers used 6-MP within
3 mo of conception[120]. Specifically, in men with IBD
under 6-MP, congenital anomalies and spontaneous abortions were detected in 4% and 6% of cases, respectively.
These data are substantially different from those ob-
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served in men with IBD who were not taking this drug
(no congenital anomalies and 2% of spontaneous abortions)[120]. However, the rates of congenital abnormalities and spontaneous abortions were below those of the
general population - 3% and 10%, respectively[121]. In a
Danish population-based cohort study, the paternal use
of AZA or 6-MP before conception was associated with
an increased, but not statistically significant, risk of congenital abnormalities[122].
Two other studies did not observe any significant effect of preconception thiopurine exposure of the father
on pregnancy outcomes. Francella et al[123] showed that
there was no statistical difference in conception failures
(defined as a spontaneous abortion), abortion secondary
to a birth defect, major congenital malformations, neoplasia or increased infections among offspring of male
patients taking 6-MP compared with controls. In 2010,
Teruel et al[124] confirmed there were no significant differences in terms of unsuccessful pregnancies between the
exposed group (MP 9, AZA 37) and the control group.
Given these data, no recommendations are made to discontinue AZA/6-MP for men planning to conceive.
There are no data regarding the effects of cyclosporine on fertility of men with IBD. In animal models,
cyclosporine A causes damage of testicular tissue and
sperms[125], but antioxidants may protect from testicular
toxicity[126,127]. In humans, the small studies conducted do
not seem to suggest any association between cyclosporine and male infertility: a decrease in serum antisperm
antibodies[128,129], normal semen analysis, and successful
pregnancies are described[130]. There are no reports of adverse pregnancy among partners of men who were taking
cyclosporine. No recommendations are made to discontinue cyclosporine A for men planning to conceive.
Methotrexate is the one most often associated with
impotence[131-133]. However, few data are available on the
effects of methotrexate on male reproductive capability.
In animal models, it causes altered spermatogenesis and
degeneration of spermatocytes, Sertoli cells, and Leydig
cells[134-136]. Opinions differ in the literature on the effects of methotrexate on male fertility: the concurrent
administration of other chemotherapeutic agents is a
limitation[137].
There are small studies reporting on methotrexate use
with no other agents. In patients affected by psoriasis,
there are cases of documented reversible sterility when
the methotrexate was stopped[138] and there are several
case series that report no change in sperm quality[139-142].
There are no reports of adverse pregnancy outcomes
among the partners of men exposed to methotrexate
before conception[143]. However, the active metabolites
of methotrexate can remain in cells or tissues for several
months after discontinuation[144]. Given these data, it is
recommended that the drug should be discontinued at
least 3-4 mo before attempts at conception for men with
IBD[145-147].
Few data are available on the effects of steroid
therapy on male fertility[118,148]: it appears there is little
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impact. Although steroids may inhibit apoptosis of damaged sperm cells, they may prevent pathological excessive
apoptosis, which results in oligospermia[149]. No recommendations can be made to discontinue steroid use due
to insufficient data.
There are few studies also on the effects of anti-tumor necrosis factor agents; the data do suggest, however,
that these medications may impair male fertility. Infliximab may also serve to counter the negative effects of
TNF-α on sperm quality[150]: supraphysiological levels of
TNF-α were seen to cause chromatin and DNA damage,
and reduce sperm motility[151]. Reports on male fertility
in ankylosing spondylitis patients showed a decrease in
sperm motility in patients on conventional treatment vs
anti-TNF-α-treated patients[152].
In a study of 10 men, infliximab increased semen
volume with a trend towards decreased sperm motility
and morphology, but its impact on male fertility was not
reported[153]. Villinger et al[154] showed sperm abnormalities that were more pronounced in patients with active
spondyloarthritis, but the sperm quality of patients with
inactive disease receiving long-term TNF inhibition is
comparable to that in healthy controls. Another report
on four patients with ankylosing spondylitis who fathered
six healthy children during infliximab treatment may provide some reassurance for male patients treated with infliximab[155]. The data support continuation of anti-TNF
treatment when IBD patients plan fatherhood[154].
The recent Austrian evidence-based consensus on the
safe use of infliximab in inflammatory bowel disease[156]
states that infliximab may lead to reduced quality by decreasing sperm motility and affecting sperm morphology,
although these findings do not demonstrate that male
fertility would be reduced[157].
Infliximab treatment of men prior to planned conception does not seem to cause embryo toxicity. For antiTNF alpha, as it is unknown whether the fetus will be
affected by exposure to anti-TNF alpha through semen,
the ECCO consensus on reproduction in IBD advises
barrier methods during pregnancy. Data on the impact
of other biologicals on male fertility are currently lacking,
although there is a case report of 35-year-old father of a
healthy 4-year-old child who was successfully treated for
3 years with adalimumab for ankylosing spondylitis[158].
No recommendations are made to discontinue antiTNF-α treatment for men planning to conceive.

pletely lacking. Considering the prevalence of intestinal
pathology in young adults of childbearing age, this field is
of great scientific and clinical interest, opening up important future perspectives. Further studies should, in fact,
be conducted to determine whether the treatments for
infertility have an effect on the state of IBD (remission,
flare-up, recurrence). Another important point as yet
unexplored is the response to treatments for infertility in
patients with IBDs. In particular, the question is whether
the reproductive outcomes (clinical and biological) can be
influenced by the IBD of one of the partners.
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tor. In tumorigenesis it exerts a tumor suppressor role
and is potentially linked with the Wnt/β-catenin pathway. Based on these results, the identification of new
selective PPARγ modulators with inhibitory effects on
the Wnt/β-catenin pathway is becoming an interesting perspective. Should, in fact, these molecules display such properties, new research avenues would be
opened aimed at developing new molecular targeted
drugs. Herein, we review the basic principles and present new hypotheses underlying the crosstalk between
Wnt/β-catenin and PPARγ signaling. Furthermore, we
discuss the advances in our understanding as to how
their altered regulation can culminate in colon cancer
and the efforts aimed at designing novel PPARγ agonists endowed with Wnt/β-catenin inhibitory effects to
be used as therapeutic and/or preventive agents.
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Core tip: Genetic and epigenetic modifications of the
Wnt/β-catenin pathway play a fundamental role in the
initiation and progression of colorectal cancer (CRC).
The nuclear receptor peroxisome proliferator activated
receptor γ (PPARγ) acts as a differentiation-promoting
transcription factor with a potential link with Wnt/
β-catenin. In this review, we discuss the basic principles underlying the crosstalk between Wnt/β-catenin
and PPARγ signaling, present the most recent progress
in understanding as to how their alterations can culminate in CRC and, finally, suggest new hypotheses and
perspectives on the identification of selective PPARγ
modulators endowed with Wnt/β-catenin inhibitory effects to be used as molecular targeted drugs.

Abstract
Multiple lines of evidence indicate that Wnt/β-catenin
signaling plays a fundamental role in colorectal cancer
(CRC) initiation and progression. Recent genome-wide
data have confirmed that in CRC this pathway is one
of the most frequently modified by genetic or epigenetic alterations affecting almost 90% of Wnt/β-catenin
gene members. A major challenge is thus learning how
the corrupted coordination of this pathway is tied to
other signalings to enhance cell growth. Peroxisome
proliferator activated receptor γ (PPARγ) is emerging
as a growth-limiting and differentiation-promoting fac-
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ation of CpG islands at several genomic loci[2,6,7]. These
data suggest that CRC is a highly heterogeneous disease,
i.e., clinicopathologically similar tumors strikingly differ
as distinct biological subtypes and, consequently, in their
response to treatment and patient’s survival. Extensive
molecular profiling, genome-wide studies and the integrative analysis of genomic data support the notion
that clinically distinct subtypes exist and provide insights
into the pathways that are dysregulated in CRC[8,9]. Multiple lines of evidence indicate that Wnt signaling plays
a fundamental role in CRC development as it is altered
from the very early stages[10]. Consistently, almost 90%
of CRCs present genetic or epigenetic alterations of
Wnt players such as adenomatous polyposis coli (APC),
AXIN, β-catenin, sex determining region Y (SRY)-box
9 (SOX9), regardless of the CIN or MSI signature, according to the cancer genome atlas[11]. These observations support the hypothesis that mutationally corrupted
cancer (stem) cells, distributed among normal epithelial
colonic cells, are the driving force of initiation and progression. Along with driver genes mutations implicated
in tumor initiation, Wnt signaling alterations may influence the CRC course and prognosis and be instrumental
in determining the optimal patients’ treatment.
In this context, peroxisome proliferator-activated
receptor gamma (PPARγ) signaling is drawing increasing
attention because of its role in CRC pathogenesis and
because novel compounds identified as selective ligands
could be used as pharmaceutics to improve therapies’
efficacy [12,13]. A number of studies have shown that
PPARγ levels within primary tumors correlate with patients’ prognosis[14-16]. Evidence has also been provided
that PPARγ tumor suppressive activity can be altered at
multiple levels through aberrant phosphorylation, DNA
promoter hypermethylation and microRNAs modulation. Thus, modifications of PPARγ appropriate levels,
subcellular localization and activity presumably play a
key role in colorectal tumorigenesis[13-15].
In this review, we present recent evidence and new
hypotheses that underscore the growing impact of dysregulated Wnt and PPARγ signaling in CRC initiation
and progression. Furthermore, we discuss the advances
in our understanding as to how these pathways crosstalk
and impact colon cancer biology and response to the
therapy. Finally, we discuss new therapeutic perspectives of molecular target drugs represented by selective
PPARγ modulators endowed with Wnt/β-catenin inhibitory effects.

Sabatino L, Pancione M, Votino C, Colangelo T, Lupo A, Novellino E, Lavecchia A, Colantuoni V. emerging role of the
β-catenin-PPARγ axis in the pathogenesis of colorectal cancer.
World J Gastroenterol 2014; 20(23): 7137-7151 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i23/7137.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7137

INTRODUCTION
More than 1.2 million colorectal cancers (CRC) are diagnosed every year, accounting for approximately 10%
of all cancers worldwide. Despite the progress made in
surgical and therapeutic management, still 600000 deaths
are caused every year by CRC representing over half of
all gastrointestinal cancer deaths. CRC survival is highly
dependent on the tumor stage at the time of diagnosis;
over one-third of patients die within five years from the
initial diagnosis and most of fatal outcomes result from
liver metastases[1,2].
Colorectal cancer can have a hereditary (10%) or sporadic (90%) origin; in both cases, environmental factors
contribute to its development. Interestingly, one third
of patients have an increased risk of developing a CRC
due to familial factors synthesized by yet unidentified
genes. It is well established that CRC results from the
cumulative effects of sequential genetic and epigenetic
alterations, leading to a progressive and irreversible loss
of cell growth and differentiation control[3]. In the last
decades, a large number of investigations have identified
several “driver genes” in CRC initiation and progression,
including wingless-type (WNT) MMTV integration site
family, RAS, mitogen-activated protein kinase (MAPK),
phosphatidyl-inositol3-kinase (PI3K), trasforming
growth factor β (TGF-β ), tumor protein p53 (TP53) and
DNA mismatch-repair genes. The various and sequential
pathways in which these genes are involved support the
theory that CRC is a heterogeneous, complex and multifactorial disease[3]. Indeed, at least three well-defined
pathways, the traditional (adenoma-carcinoma sequence
or Vogelstein’s model[4,5]), the alternative and the serrated
pathway underlie these malignancies, leading to genomic
instability that perpetuates a widespread loss of DNA
integrity. Thus, genomic instability is emerging as a hallmark of the carcinogenic process and at least three distinct types have been described: chromosomal instability
(CIN); microsatellite instability (MSI) and CpG island
methylator phenotype (CIMP). CIN is the most common type of genomic instability, occurs in 60%-80% of
CRCs and results in an imbalance of the chromosome
number “manifested as aneuploidy”. MSI is an alternative pathway that accounts for 15%-20% of sporadic
CRCs in which the characteristic signature is deletion of
repetitive regions of DNA that in most cases generates
frameshift mutations in the coding sequences of genes
leading to their inactivation. CIMP is a novel instability
pathway characterized by the widespread hypermethyl-
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Wnt/β-catenin pathway and CRC
initiation and progression
The epithelial cells of the intestine have a relatively
short life span compared to cells of other epithelial tissues. They, in fact, orchestrate a unique mechanism of
constant cell migration starting from the bottom of the
crypts and going upwards to the luminal surface. It is
well established that long-lived multipotent intestinal
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stem cells (ISCs) reside at the bottom of the intestinal
crypts and give rise to transit amplifying progenitors
that, upon constant upward migration, undergo cell cycle
arrest and terminally differentiate into the diverse intestinal cell lineages. Once a differentiated cell has reached
the villus tip or the colonic surface, it undergoes apoptosis and is shed into the lumen. The intestinal renewal
system is tightly controlled and depends on the spatial
organization of signals that emanate from supportive
mesenchymal as well as from differentiated epithelial
cells[17]. Until recently, ISCs were a rather elusive entity
at the bottom of the intestinal crypt; only in the last few
years, important efforts have been made in the stem cell
research field to characterize their existence, position
and function. In 2007 Van der Flier et al[18], through both
a Wnt transcriptome analysis and in situ studies, identified a panel of 17 putative stem cell markers expressed
at the crypt base[17]. Two genes displayed the strongest
relationship with the Wnt signaling: Leucine rich repeat
containing G protein coupled receptor 5 (Lrg5) and
achaete-scute like2 (Ascl2). Lgr5 was subsequently localized at the crypt base of the mouse small intestine and
positive cells were shown to be able to differentiate into
all epithelial cell lineages. These studies suggest that
Lgr5 and Ascl2 are intestinal-specific stem cell markers
and emphasize a “crucial role” of the Wnt cascade not
only during embryonic development but also in adult organs, particularly in tissue homeostasis, cell renewal and
ISC maintenance[18-20]. Wnt is the “fusion of two terms”
the segment polarity gene wingless (wg) discovered in
Drosophila and the proto-oncogene integration-1 (int-1).
The first direct connection of the Wnt pathway with
CRC came out in the early 1990s. The APC gene was
found to be involved in a hereditary cancer syndrome,
termed familial adenomatous polyposis (FAP) but also
in sporadic CRC[4,5]. Soon thereafter, the large “scaffold”
cytoplasmic APC protein was found to interact with
β-catenin providing the molecular basis of the seminal
work by Fearon and Vogelstein: CRC develops as a stepwise accumulation of genetic hits in specific genes and
pathways[4,5]. From that time, many additional components of the pathway and disease connections have been
identified so that the list of new target genes, as well as
new interacting pathways, constantly grows. Recent studies have disclosed that the interplay between Wnt and
Hippo signaling pathways is indispensable to coordinate
proliferation and differentiation during organ growth.
Interaction of Wnt ligands with their receptor complexes triggers two major intracellular signaling cascades that
are traditionally indicated according to the role played
by β-catenin[21,22]. The Wnt “canonical” signaling is “activated” upon the binding of one of multiple Wnt factors,
a family of soluble secreted proteins, to one of ten possible Frizzled receptors (Fzd) in the presence of a low
density lipoprotein receptor related co-receptor (LRP5 or
6). This interaction generates a cascade of events involving the cytosolic adapter protein, Disheveled (Dvl), that
promotes the dissociation of a multiprotein “destruction
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complex” resulting in the stabilization of β-catenin and
its translocation to the nucleus. Upon displacement of
the transcriptional repressor Groucho, β-catenin interacts with and activates members of the T cells factors
and lymphoid enhancing factors (TCF/LEF) to promote
the expression of target genes involved in cell differentiation and proliferation such as c-myc (MYC), cyclin D1
(CCND1), axin 2 (AXIN2), CD44 and Survivin (Figure
1A)[23]. When the Wnt pathway is “inactive”, β-catenin
binds to its destruction complex formed by the scaffold
proteins, APC and axin, and is phosphorylated by the
specific kinases glycogen synthase kinase 3β (GSK3β)
and casein kinase 1 (CK1)[23,24]. This leads to its ubiquitination and subsequent targeting to the proteasome for
degradation. β-catenin consists of three main domains:
the N-terminal region of 141 aminoacids, a central core
domain of 513 aminoacids, and a C-terminus of 107
aminoacids, which contains the transactivation domain.
Phosphorylation of β-catenin by GSK3β and CK1 occurs at aminoacids S33, S37, T41 and S45, generating a
recognition tag for ubiquitination and subsequent proteasomal degradation[25,26]. The central “core region” contains 12 imperfect armadillo repeats each formed by 42
aminoacids; the repeats consist of three α-helices and,
together, the twelve repeats form a superhelix containing
a long positively charged groove[27]. This structure appears to facilitate the binding to the negatively charged
[28,29]
β-catenin binding domains (CBD) within TCF/LEF
or other interacting proteins such as APC, axin, and cadherins. Recent studies have identified two lysines, K312
and K435, defined “charged buttons”, within the armadillo repeats 5 to 9 of β-catenin, that form salt bridges
with negatively charged glutamate or aspartate in the
CBD of the interacting proteins[28]. Mutations of one of
the components of the pathway (APC, axin, β-catenin)
or autocrine signaling due to constitutive Wnt production by tumor cells cause an “active” Wnt signaling. In
most cases, APC loss-of-function mutations result in a
truncated and inactive protein; in other cases, mutations
in β-catenin phosphoacceptor sites turn into an active
oncogene; for instance, S37A β-catenin is expressed at
high levels in several human carcinomas[30]. β-catenin
phosphorylation is also hampered through GSK3β sequestration into multivesicular compartments and/or
other still unknown mechanisms.
The critical step in the Wnt canonical pathway appears then to be the ratio of cytosolic and/or membrane-associated β-catenin levels vs its nuclear counterpart[30]. Consistently, nuclear β-catenin is an indicator of
an active Wnt signaling, likely operating in cancer initiating cells, and is a useful biomarker associated with CRC
disease progression and poor prognosis; more recently,
it has predominantly been observed at the invasive front
of CRC tissues. According to these data, a recent metaanalysis suggests that increased cytoplasmic expression
of β-catenin, not accompanied by nuclear accumulation,
has no relationship with the prognosis[31]. Finally, growing evidence indicates that aberrant activation of the
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Figure 1 Schematic representation of the Wnt/β-catenin signaling in epithelial cells. The Wnt signaling pathway can be subdivided into a “canonical” or
β-catenin-dependent and “non-canonical” or β-catenin-independent. A: In the absence of Wnt ligands, a multi-subunit destruction complex, composed by adenomatous polyposis coli (APC), Axin, GSK3β, CKI, binds and phosphorylates β-catenin tagging for ubiquitination and subsequent proteasomal degradation (βTrCP). The
“canonical” Wnt signaling is initiated by the binding of one of 19 Wnt ligands to one of 10 Frizzled receptors (Fzd), in the presence of the co-receptor LRP5 or 6. This
leads to recruitment of Disheveled and inhibition of the APC destruction complex. Accumulation of β-catenin in the cytoplasm leads to its translocation to the nucleus
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Rock2, RhoA, Rac or JNK. Alternatively, Wnt11 can bind a Frizzled receptor alone and activate the Wnt/calcium pathway that involves the calcium/calmodulin dependent Kinase II (CamKII), protein-kinase-C (PKC) and nuclear factor of activated T cells (NFAT). Importantly, the “non-canonical” Wnt pathway inhibits the “canonical“
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Wnt cascade leads to stem cell expansion, proliferation
and disturbed tissue architecture (Figure 1A).
The so-called Wnt “non-canonical” signaling is independent of β-catenin function and is less characterized
than the “canonical” one. It is initiated by the binding
of Wnt5a to receptor tyrosine kinase-like orphan receptor 2 (ROR2), alone or in combination with a Frizzled
receptor, leading to the activation of the planar-cell
polarity (PCP) pathway through Rock2, RhoA, Rac or
JNK. Alternatively, Wnt11 can bind a Frizzled receptor alone and activate the Wnt/calcium pathway that
involves the calcium/calmodulin-dependent kinase Ⅱ
(CamKⅡ), protein-kinase-C (PKC) and nuclear factor
of activated T cells (NFAT) (Figure 1B)[32]. Importantly,
the Wnt “non-canonical” pathway inhibits the canonical one either impairing β-catenin accumulation in the
cytoplasm or the β-catenin/TCF/LEF complex formation. In this review, for space reasons, we will focus only
on the Wnt “canonical”, β-catenin-dependent signaling.
In epithelial cells, membrane-bound β-catenin interacts
with E-cadherin forming cell adhesion complexes that
anchor the extracellular matrix to the cytoskeleton [33].
Upon β-catenin nuclear translocation, the interactions
with E-cadherin are reduced, impairing cell-cell interactions and providing cells a migration and invasion potential into the neighbouring tissues and, eventually, into the
circulation. These events are the basis of the epithelial
mesenchymal transition (EMT), a process implicated
in tumor progression and metastasis[34]. Both activation
of the Wnt/β-catenin signaling and E-cadherin loss are
important effectors of EMT in CRC. β-catenin nuclear
accumulation at the invasive front of CRCs has been
associated with migrating cancer stem cells (MCSCs),
metastatic spreading and EMT. Conversely, the serrated
pathway has been associated with a lower frequency of
nuclear β-catenin localization or reduced membranebound β -catenin expression than the traditional one
(adenoma-carcinoma sequence), suggesting that the Wnt
“non-canonical” pathway may influence metastasis formation especially in right-sided tumors[6,14].

tor coactivator (SRC) family and histone acetyltransferases, such as p300/CBP (Figure 2)[12,35-37]. A variety
of endogenous and exogenous lipophilic molecules,
such as polyunsaturated fatty acids, prostaglandines,
leukotrienes and hypolipidemic drugs, have been identified as PPAR ligands. The structural heterogeneity of
these compounds seems to reflect the conformation of
the ligand binding domain (LBD), that forms a large
Y-shaped hydrophobic pocket with relatively low ligand
specificity (Figure 3A). Yet these compounds display
selective binding for each of the three PPAR isotypes
identified so far PPARα (NR1C1), PPARβ/δ (NR1C2)
and PPARγ (NR1C3) that, in addition to their ligand
specificity, display distinct tissue expression patterns.
PPAR γ , in particular, is expressed in adipose tissue,
muscle, gastrointestinal tract, blood cells, macrophages
and liver. PPARγ modulates cellular and whole-body
glucose and lipid homeostasis, increases insulin sensitivity in adipose and muscle tissues following activation by
the antidiabetic agents thiazolidinediones (TZDs)[12,35-37].
PPAR γ has also been implicated in the modulation
of immune and inflammatory processes, vascular homeostasis and cell differentiation both in normal and
neoplastic tissues [13,37,38]. In line with this, PPAR γ is
expressed in a variety of tumors and its role in cancer initiation/progression has been debated for long
time[13,37]. In vitro studies have shown that PPARγ activation induces growth arrest of epithelial-derived cancer
cell lines, including those from thyroid, lung, prostate,
breast, pituitary and colon[36]. Consistently, some PPARγ
downstream targets, such as p18, p21, and p27 are
induced, determining a cell cycle block [39,40]. PPAR γ dependent upregulation of the tumor suppressor gene
phosphatase and tensin homolog (PTEN) inhibits PI3kinase and AKT phosphorylation reducing cell migration and proliferation[41]. The anti-proliferative effects
are reinforced by downregulation of the anti-apoptotic
protein B-cell CLL/lymphoma 2 (Bcl-2)[42]. More recently, PPARγ has been endowed with anti-angiogenic
activity through inhibition of VEGF and its receptors
in various cells[43] and with anti-inflammatory activity
through inhibition of NFκB-mediated gene transcription[44]. Finally, PPARγ hampers the EMT and thus metastasis formation[45]. All these data strongly support for
PPARγ a role as a tumor suppressor; other studies, in
contrast, support a role as tumor promoter[46,47]. A more
recent work suggests for PPARγ a dual function as a tumor promoting factor in neuroblastoma cells and tumor
suppressor in breast cancer cells[48]. Also in vivo, contentious results have been reported: administration of
PPARγ ligands increases the incidence of colon tumors
in Apc+/Min mice[49,50]. In contrast, PPARγ has no effects on tumor incidence in Apc/1638N and 1309 mice,
using both genetic and pharmacological models[51,52]. Recently, exposure to pioglitazone, a TZD family member,
suppresses colon tumor growth in Apc+/Min mice[52].
Data obtained by a Pparg tissue-specific biallelic knockout in ApcMin/+ mice have apparently solved these

PPARγ signaling pathway in CRC
initiation and progression
PPARs are ligand-activated transcription factors belonging to the nuclear receptor superfamily. PPARs activate
transcription by recognizing specific sequence motifs,
defined PPRE (peroxisome proliferator response elements), located in the regulatory regions of target
genes as heterodimers with the retinoid X receptors
(RXR)[12,35-37]. In the absence of ligand, PPARs are complexed with corepressor proteins such as the nuclear
receptor corepressor (NCoR) or silencing mediator
of retinoid and thyroid receptors (SMRT) and act as
transcriptional repressors. Ligand binding induces conformational changes that allow displacement of the corepressor complexes and recruitment of transcriptional
coactivators, including members of the steroid recep-
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contraddictory observations. In this mouse strain, an
increased tumor incidence and tumor size is observed,
consistent with the in vitro data: PPARγ ligands inhibit
cell growth even in the presence of APC mutations[53].
In azoxymethane (AOM)-treated mice, the most widely
used preclinical model of sporadic CRC in rodents,
PPARγ inhibits colon carcinogenesis and TZDs act as
potent suppressors of tumor formation[54]. Of note,
some of the effects attributed to TZDs can be due to
PPARγ-independent effects[55]. A direct role of PPARγ
as tumor suppressor is confirmed by the observation
that hemizygous Pparg colon-specific knockout mice
display a significantly higher incidence of colon tumors
following AOM treatment[56]. Epidemiological studies in
humans have clearly established a link between chronic
inflammatory conditions, such as inflammatory bowel
diseases (IBD), and a higher risk of CRC[57]. In colitisassociated cancers (CAC), tumor promotion is mainly
due to the presence of a leucocyte infiltration and to
inflammatory mediators; moreover, administration of
nonsteroidal anti-inflammatory drugs to IBD patients
reduces the risk of CRC development[57,58]. In spite of
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the results obtained in murine models, evidence of a
PPARγ involvement in human colon carcinogenesis is
still circumstantial. PPARγ is expressed at high levels in
about 60% of sporadic human CRCs and specific lossof-function gene mutations have been reported in 8%
of primary CRCs[59]. Increasing evidence suggests that
PPARγ activity is attenuated during the transition from
adenoma to carcinoma, likely explaining why PPARγ
agonists can block the early stages of tumorigenesis,
inhibiting the aberrant crypt focus (ACF) formation
but with little or no effect on advanced tumor stages[36].
PPARγ phosphorylation operated by the mitogen activated kinases ERK1 and 2 and its ligand-independent
SUMOylation negatively regulate its function[44,60]. Both
loss-of-function mutations and the reduced activity due
to posttranslational modifications, however, do not fully
explain the low PPARγ levels found in 35%-40% of
sporadic CRCs[61]. Interestingly, they are associated with
a more aggressive course, EMT activation, and patients’
worse prognosis, suggesting that PPARγ can be considered an independent prognostic factor[16,62]. PPARG has
recently been shown to be post-transcriptionally modu-
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lated by miRNAs[48,63].

interact with a variety of coactivators and transcription
factors, implying an even wider involvement in physiologic and pathologic processes[17,22]. Specific interactions
of β-catenin with nuclear receptors signaling pathways
seem to be fundamental in gut physiology. Such crossregulation, in addition, provides a molecular platform to
evaluate alterations in cell adhesion and transcription occurring during tumor progression[64]. All components of

WNT/β-CATENIN AND PPARγ SIGNALING
CROSSTALK IN CRC
Recent reports suggest that, in addition to members
of the canonical Wnt signaling pathway, β-catenin can
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the Wnt pathway can affect nuclear receptors functions
by events including transcriptional activation or repression and protein phosphorylation. Conversely, nuclear
receptors and their ligands confer a dynamic impact
upon Wnt functions as shown by the effects on their
target genes. In this context, liver receptor homologue
1 (LRH-1) is activated upon association with β-catenin,
promotes cyclin D1 and cyclin E transcriptional activation and governs the self-renewal of intestinal crypt
cells. Proliferation of epithelial cells is thus enhanced,
contributing to CRC development [65] . In contrast,
β-catenin activity is repressed by association with retinoic acid receptor, vitamin D receptor and androgen
receptor. Retinoic acid and its synthetic derivatives, 1α,
25-dihydroxyvitamin D3, the active form of vitamin D
and its synthetic derivatives, have shown chemopreventive effects in animal models of CRC and are employed
in cancer therapy[64]. Although the mechanism by which
these receptors inhibit the Wnt/β-catenin pathway is
not fully understood, several hypotheses have been
put forward. In the case of the androgen receptor, the
complex with β-catenin represses β-catenin activity and
tumor formation in some target tissues[66]. Molecular
interactions between components of the Wnt/β-catenin
and PPAR γ signalings have been reported in several
studies, suggesting the potential for cross-regulation at
different levels (Figure 3A). PPARγ protein is generally
elevated in human CRC specimens and altered in colon
tissues from the APC/Min mice; these results are correlated with and attributed to high β-catenin levels and
activation[25,56,67,68]. Girnun and collaborators provided
the first evidence that PPARγ is capable of inhibiting
colon carcinogenesis by suppressing β-catenin in cells
that express a functional Wnt/ β -catenin pathway [56].
Loss of one Pparg allele is sufficient to increase sensitivity to chemical carcinogenesis likely due to the higher
β-catenin levels that may prime the colonic epithelium to
respond more rapidly to a carcinogenic insult. Addition
of PPARγ selective ligands can alter the balance between
this nuclear receptor and β-catenin in preadipocytes by
activating PPARγ and inducing β-catenin proteasomal
degradation in a GSK3β-dependent manner[68]. Oncogenic β-catenin mutants in the phosphoacceptor sites at
residues S33, S37, T41 and S45 of the N terminal region
of the protein, escape phosphorylation by GSK3β and
proteasomal degradation by several hypothesized molecular routes[25] (Figure 3A). The accumulated protein can
translocate to the nucleus and suppress PPARγ activity
as assessed by lack of transcription of selected target
genes[25]. Interestingly, despite the reduced activity, the
total amount of PPARγ in these cells is higher likely due
to posttranscriptional and not transcriptional events[67].
The selective inhibition of target genes expression may
alternatively be ascribed to the interaction of β-catenin
with PPARγ-associated transcriptional complexes recruited on the DNA that results in transcription inhibition or squelching of critical PPARγ coactivators[25] (Figure 3A). Notably, β-catenin interaction with the PPARγ
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transcriptional complexes involves the same sequence
motifs of the central region that are required for binding to TCF/LEF without affecting the transcriptional
activation of the target genes of this latter complex[25].
TCF factors may form binary complexes with β-catenin
or ternary complexes including PPARγ. Indeed, ternary
complexes containing β -catenin/PPAR γ /TCF4 have
already been found in tumor tissues although their biological significance remains elusive[67]. In cells with an
intact form of APC or β-catenin, a dominant model can
be hypothesized whereby PPARγ suppresses tumorigenesis by activating transcription of its own target genes
but also facilitating the GSK3β-dependent degradation
of β-catenin. In CRC-derived HT29 cells, that harbor a
mutated APC and a wild type β-catenin, selective ligands
activate PPARγ stimulating not only target gene expression but also interaction with β-catenin leading to its
proteasomal degradation (our unpublished data). Given
the fact that the canonical Wnt signaling pathway may
be altered at multiple levels, PPARγ could exert its tumor suppressive activity in a context-dependent manner.
Data in the literature, in fact, suggest that the cellular response to extracellular effectors and intracellular signalings depends on the relative amounts of β-catenin and
PPARγ present in a given cell and on changes of this
ratio that can influence their crosstalk (Figure 4). Furthermore, the molecular mechanisms by which PPARγ
ligands can elicit transcription of different target genes
owing to the differential recruitment of co-activators
have not been completely elucidated and the reciprocal
effects of PPARγ activation on Wnt signaling pathway
are only at the beginning to emerge. We and others have
shown that the overall survival of CRC patients is markedly better when PPARγ expression in primary tumours
is detectable[14,16,61,62]. Notably, reduced PPARγ expression
is not correlated with “activated” β-catenin (i.e. nuclear
β-catenin) suggesting that these pathways signal differently in cancer and that there may be subtle tissue specific differences in their regulation. Defining how PPARγ
influences the Wnt/β-catenin activities will be important
to modulate downstream effectors as possible treatment
of intestinal diseases.

Old and new compounds
targeting both β-catenin and
PPARγ pathways
In this section we discuss how natural and synthetic
compounds can affect β-catenin and PPARγ activity. The
rationale for targeting β-catenin stems from the important functions that this protein serves in cell-adhesion
and in the Wnt signaling. Thus, drugs targeting aberrantly activated members of the pathway have the potential
as cancer therapeutics. In addition to the known mutations, the Cancer Genome Atlas Network has identified
mutations in other genes of the Wnt pathway such as
transcription factor 7-like 2 (TCF7L2; previously known
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Figure 4 Molecular interactions between Wnt/β-catenin and PPARγ signaling in colorectal cancer cells. The Wnt/β-catenin and PPARγ signal transduction
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as TCF4), SOX9, CTNNB1 and Wilms tumour gene on
the X chromosome (WTX; also known as FAM123B)
known to activate the Wnt/β-catenin signaling[11]. Furthermore, many of the cell surface markers (including
LGR5/GPR49, CD44, CD24 and Epcam) used to identify tumor stem cell populations are Wnt direct targets[17].
Similar considerations underlie PPARγ targeting. Given
that PPARγ acts as a tumor suppressor in CRC, attempts
have been made to identify and/or synthesize new molecules that can enhance this activity. The list of natural or
synthetic compounds able to interfere with either Wnt/
β-catenin and/or PPARγ signaling is long and constantly
growing (Table 1). Herein we will describe the effects of
only some of them.
A large number of natural compounds derived from
dietary intake, plants and marine organisms, fungi and
microrganisms, display chemopreventive and/or chemotherapeutic activity through modulation of the Wnt/
[69-71]
. Direct targeting of this pathway
β-catenin signaling
has been difficult, largely owing to the lack of pathway-
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specific targets and the potential redundancy of many
components; moreover, inhibition of β-catenin signaling could cause side effects in normal, adult cells. To
overcome these difficulties, it has been suggested to
specifically target Wnt factors and Wnt receptors as an
attractive cancer therapeutic strategy. Promising results
have been obtained with Wnt3A or FZD7-neutralizing
antibodies in vivo.
Among the small-molecule inhibitors, the non-steroidal anti-inflammatory drugs (NSAIDs) (indomethacin, sulindac, aspirin) and the selective COX-2 inhibitor
(celecoxib) prevent β-catenin-dependent transcription
in colorectal cells. Other existing drugs include molecular targeted agents such as the CBP/β-catenin antagonist ICG-001 [71]. The common mechanism by which
NSAIDs and their derivatives act is through inhibition
of β-catenin/TCF pathway transcriptional activity and,
consequently, down-regulation of target genes such as
cyclin D1.
Indomethacin is a COX-1 and COX-2 inhibitor and
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Table 1 Natural and synthetic compounds targeting Wnt/β-catenin and PPARγ pathways
Subcategory
Natural
ligands

Synthetic
ligands

Drug

Pathways

Effects

Polyphenols

Quercetin EGCG Curβ-catenin/TCF
cumin Resveratrol DIF
WNT GSK-3β
Phytochemicals Capsaicin Cladosporol β-catenin GSK-3β
Thymoquinone
Vitamins
Retinoids 1α25,β-catenin Dab2
dihydroxy Vitamin D3
NSAIDs
Aspirin Sulindac
β-catenin, TCF,
Celecoxib Indometacin
PPARγ
Diclofenac NS398
Small Molecules PNU 74654 2,4-diamiβ-catenin/TCF
no-quinazoline ICG-001 CBP Dv1 Axin
FH535 Others
Tankyrase 1,2
PPARγ ligands
TZDs Lutein
β-catenin/TCF
Partial PPARγ
Agonists

Drug1

β-catenin/TCF

Target tissues

β-catenin, TCF, cMyc, cyclin D1, CRC, Adipose
survivin, conductin reduction Tissue, Kidney
CRC
β-catenin, cMyc reduction; GSK3β, PPARγ activation
CRC
β-catenin reduction

Ref.
[81,91-101]
[89,102-105]
[79,106-108]

β-catenin, TCF cMyc reduction;
PPARγ activation

CRC

[72-74,76,77,109-116]

Block Wnt Wnt/β-catenin suppression

CRC

[71-80]

β-catenin degradation; PPARγ
activation
β-catenin degradation; PPARγ
activation

CRC

[82-86,89]

CRC

[86-90]

NSAIDs: Non-steroidal anti-inflammatory drugs; CRC: Colorectal cancer.

exhibits anti-inflammatory and analgesic properties. In
addition to the more general inhibition of the β-catenin/
TCF pathway mentioned above, indomethacin impairs β-catenin gene expression itself at early times, as
shown by the significant reduction of the corresponding
mRNA. Furthermore, indomethacin stimulates β-catenin
degradation in an APC/GSK3β and proteasome-independent manner (Wnt “non-canonical” pathway) even in
cells bearing a mutated APC or β-catenin. These results
support the potential chemotherapeutic activity of the
molecule[71-73].
Sulindac inhibits β-catenin/TCF pathway and reduces β-catenin levels in human colon cancer cells. The
antiproliferative effects of sulindac and its derivatives are
confirmed in different mouse models of multiple intestinal adenomas and also in human colorectal adenomas.
Like indomethacin, also sulindac causes β-catenin degradation mainly through an APC/GSK3β-independent
mechanism, while the canonical pathway and, in turn,
the proteasomal degradation are activated at late times,
especially after induction of apoptosis[71,74]. Finally, a
third alternative degradation mechanism in CRC cells
is mediated by an increase of cGMP levels due to the
cGMP phosphodiesterase (PDE) inhibition. High cGMP
levels activate the cGMP-dependent kinase (PKG) that,
in turn, stimulates β-catenin phosphorylation reducing
its protein levels. It has been proposed that phosphorylation by PKG is an alternative way to induce proteasomalmediated β-catenin degradation in cells with an inactive
APC/GSK3β-destruction complex[75].
Aspirin also down-regulates the Wnt/β-catenin pathway in CRC cells leading to reduced transcription of
target genes. Unlike other NSAIDs, this effect seems to
be mediated by stabilization of β-catenin in its transcriptionally inactive form (i.e., phosphorylated form), hampering its activity as transcription factor[76].
All NSAIDs, in addition to their effects on β-catenin
and related pathway, act as PPARγ ligands[77]. As such,
they stimulate PPARγ-dependent effects as cell cycle
block, differentiation and apoptosis, adding to those reWJG|www.wjgnet.com

ported on β-catenin and providing the basis of a double
benefit in cancer therapy.
The active form of vitamin D, 1α, 25-dihydroxyvitamin D3, plays a relevant role in chemoprevention in
animal models of colon cancer by targeting the Wnt/
β-catenin pathway. Although the molecular mechanisms
have not been elucidated yet, the vitamin D receptor
has been proposed to specifically interact with β-catenin
competing for TCFs binding. The resulting complex is
no longer able to activate transcription of β-catenin target genes. Indeed ternary complexes have been reported
and their putative functions suggested; in the case of
the vitamin D receptor, the active complex is no longer formed, the novel is not functional thus explaining
the negative results[78,79]. Also small molecules, such as
PKF115-584, CGP049090, PKF222-815, derived from
fungi, and PKF118-744, PKF222-310 from actinomycete
strains, inhibit colon cancer cell proliferation by blocking
β-catenin/TCF4 interaction and, subsequently, repressing their target genes[80].
Resveratrol, a polyphenol belonging to the stilbene
phytochemical family, is found in dark grapes, red wine,
peanuts and shown to block colon cancer cell proliferation through inhibition of the Wnt/β-catenin pathway.
Specifically, low (subapoptotic) concentrations of resveratrol reduce the expression of Bcl9, Pygo Ⅰ and Ⅱ and
interfere with β-catenin nuclear localization[81]. In addition, resveratrol displays a PPARγ agonist effect inducing
cell growth arrest and apoptosis doubling its beneficial
antitumor activity. The molecular mechanisms underlying these activities are currently under investigation.
Different classes of new molecules have been isolated and/or synthesized as putative PPAR γ ligands.
When administered to cells in culture they are assessed
for PPARγ-dependent effects and compared with full
agonists. Among all molecules tested, only TZDs can
interfere with the Wnt/β-catenin pathway, indicating
that they function not only as PPARγ transcriptional
activators[82]. Therefore, it would be useful to examine
whether other partial agonists could display such a
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repressive effects on β-catenin signaling in order to establish a structure/function relationship. As mentioned,
PPARγ displays a Y shaped ligand binding domain in
which molecules with heterogeneous structures can accommodate. The aminoacid residues of the receptor
involved in the interactions with full agonists have been
identified as well as the conformational changes implicated[83-85]. The new partial agonists could accommodate
in a distinct binding pocket, induce different conformational changes of the LBD that, in turn, result in the
activation of only a subset of PPARγ target genes. Such
an alternative mode of action has been reported for
luteolin and appears to be carried out by an additional
ligand whereby only genes involved in lipid and glucose
metabolism are transcribed, through a differential recruitment of coactivators[86].
On the basis of these considerations, attempts are
currently made to synthesize or isolate novel molecules
able to act as PPARγ partial agonists[87,88]. These should
only partially transactivate the receptor, promote transcription of genes involved in cell growth arrest, differentiation and/or apoptosis and, additionally, exhibit inhibition of β-catenin at different levels. In line with this,
we have recently shown that cladosporol A, a secondary
metabolite from the fungus Cladosporium tenuissimum,
displays antiproliferative properties in human colorectal
cancer cells through up-regulation of p21waf1/cip1
and down-regulation of cyclin D1, cyclin E, CDK2 and
CDK4[89]. The effects observed are mediated through
activation of PPARγ as a partial agonist. Interestingly,
cladosporol A causes β-catenin nuclear export and its
proteasomal-mediated degradation. Consistently, also
cyclin D1 and c-Myc are reduced, indicating that the
β-catenin/TCF pathway is inhibited, further strenghtening the antiproliferative properties of this drug (Zurlo
et al[89] submitted for publication). We have also tested a
new compound belonging to the class of chiral phenoxyacetic acids for its ability to act as a PPARγ ligand
and activate downstream genes[90]. As shown in Figure
3B, Drug 1 acts as a partial agonist displaying a transactivation potential that is only 60% of that obtained with
rosiglitazone. Interestingly, when tested for the ability
to downregulate β-catenin, Drug 1 shows a 40% higher
ability than rosiglitazone, likely through the proteasomal
destruction machinery. These results suggest that it is
possible to design novel PPARγ partial agonists with
the ability to recruit selected coactivators and stimulate
transcription of a subset of genes. The possibility to
enhance β-catenin degradation and counteract an active and oncogenic Wnt signaling is an added value that
should further stimulate the search for such compounds
as novel drugs in cancer therapy.

volved in its initiation/development and the progress in
the treatment. Therefore, an interdisciplinary approach
that combines new techniques aimed at the identification
of novel biomarkers with the treatment of advanced
CRCs will aid in guiding future therapeutic interventions.
Recent genome-wide studies and the integrative analysis
of genomic data support the notion that clinically distinct CRC subtypes exist and provide insights into the
pathways that are dysregulated in this malignancy. The
Wnt/β-catenin signaling is one of the most frequently
modified pathways in CRC, suggestig that drugs targeting aberrantly activated members have the potential as
cancer therapeutics. PPARγ is emerging as a growthlimiting, differentiation-promoting signal with known
potential link with Wnt/β-catenin signaling. Accumulating evidence suggests that PPARγ overexpression has
prominent suppressive activities in CRC growth, acting
as an independent biomarker of good prognosis. Naturally occurring and novel synthetic agonists capable of
differently modulating PPARγ signaling and interfering
with related pathways show great promise in animal
models and in preclinical studies. Specifically, novel
PPARγ agonists, endowed with Wnt/β-catenin pathway
inhibitory activities, are currently designed and investigated to provide new molecular target therapies in CRC.
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Molecular identification of hepatitis B virus genotypes/
subgenotypes: Revised classification hurdles and updated
resolutions
Mahmoud Reza Pourkarim, Samad Amini-Bavil-Olyaee, Fuat Kurbanov, Marc Van Ranst, Frank Tacke
lular carcinoma. However, HBV (sub)genotyping has
caused some controversies in the past due to misclassifications and incorrect interpretations of different
genotyping methods. Thus, an accurate, holistic and
dynamic classification system is essential. In this review article, we aimed at highlighting potential pitfalls
in genetic and phylogenetic analyses of HBV and suggest novel terms for HBV classification. Analyzing fulllength genome sequences when classifying genotypes
and subgenotypes is the foremost prerequisite of this
classification system. Careful attention must be paid
to all aspects of phylogenetic analysis, such as bootstrapping values and meeting the necessary thresholds for (sub)genotyping. Quasi-subgenotype refers to
subgenotypes that were incorrectly suggested to be
novel. As many of these strains were misclassified due
to genetic differences resulting from recombination,
we propose the term “recombino-subgenotype”. Moreover, immigration is an important confounding facet of
global HBV distribution and substantially changes the
geographic pattern of HBV (sub)genotypes. We therefore suggest the term “immigro-subgenotype” to distinguish exotic (sub)genotypes from native ones. We
are strongly convinced that applying these two proposed terms in HBV classification will help harmonize
this rapidly progressing field and allow for improved
prophylaxis, diagnosis and treatment.
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Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

The clinical course of infections with the hepatitis B
virus (HBV) substantially varies between individuals, as
a consequence of a complex interplay between viral,
host, environmental and other factors. Due to the high
genetic variability of HBV, the virus can be categorized into different HBV genotypes and subgenotypes,
which considerably differ with respect to geographical
distribution, transmission routes, disease progression,
responses to antiviral therapy or vaccination, and clinical outcome measures such as cirrhosis or hepatocel-
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Core tip: Hepatitis B virus (HBV) eradication could be
achieved through three important points: (1) efficient
universal vaccination; (2) accurate diagnostic assays;
and (3) effective treatment of HBV carriers. Undoubtedly, these critical measures are not possible without
fully understanding the genetics of the virus and be-
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worldwide will definitely have positive impact on HBV
eradication in the near future.
Despite advances that have resulted in several generations of HBV vaccines, a series of viral screening assays
and effective treatment options, HBV is still considered
a dangerous, life-threatening illness and a serious public
health problem. The WHO estimates that at least two
billion people (one fourth to one third of the world’s
population) had been infected with the virus; 400 million
people are infected chronically[8]. HBV-related diseases
are currently ranked ninth on the global list for causes of
mortality, and HBV is the fifth most important infectious
agent, resulting in about one million deaths annually[9].
Due to the significant public health risk that HBV poses,
it is important to compile comprehensive knowledge of
both viral and host properties to enable elimination of
HBV infection in the near future.

ing able to differentiate the isolates. In this review
article we provide an update of HBV virology, focusing
on classification and its impact on diagnosis, clinical
outcomes, therapy, prophylaxis, evolution and epidemiology. Subsequently, the role of correct classification
in describing HBV is highlighted, and misclassifications together with their causes are recounted. Finally,
through the proposal of novel terms, HBV strains are
reclassified.
Pourkarim MR, Amini-Bavil-Olyaee S, Kurbanov F, Van Ranst M,
Tacke F. Molecular identification of hepatitis B virus genotypes/
subgenotypes: Revised classification hurdles and updated resolutions. World J Gastroenterol 2014; 20(23): 7152-7168 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i23/7152.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7152

Host-related complications
The existence of a large reservoir of chronically infected HBV carrier patients hampers eradication of the
virus[10]. The prevalence of chronic infection varies from
region to region, such that different geographical parts
of the world exhibit different sero-epidemiological patterns of HBV infection. The highest seroprevalence (8%)
is found in Asia and the South Pacific region, which is
considered a highly endemic region. In Sub-Saharan
Africa, Alaska, the Mediterranean region and India,
HBV seroprevalence is between 2% and 7%, which is
considered an intermediate endemic range. In European
countries and some parts of Central and South America,
HBV seroprevalence is less than 2%, which is considered low[11].
Patients chronically infected with HBV have a greater
than 100-fold chance of developing HCC compared to
uninfected people[12]. From a global perspective, HBV is
the leading cause of HCC and causes one million deaths
annually[13]. Although the eradication of hepatitis B by
means of universal vaccination seems technically achievable, this task is made difficult by the fact that hundreds
of millions individuals are already chronically infected
with HBV. The elimination of hepatitis B will only be
successful when this group of chronically infected patients is cured naturally or through antiviral treatments.
Only accurate and continuously improved diagnostic
policies will identify the pool of carriers for appropriate treatment. To further complicate diagnosis, different
types of chronicity like normal obvious infection (overt)
or masked infection (occult) increase the complexity of
the diagnostic algorithms[14,15]. Vaccinating patients in
high-risk groups, which come in contact with infected
people, would decrease the infectivity and risk of transmission to the healthy population and should therefore
be considered a priority[4,6].

POSSIBLE ERADICATION OF HEPATITIS
B VIRUS; MULTI-FACTORIAL
COMPLICATIONS
Undoubtedly, the World Health Organization’s (WHO)
announcement in 1980 that smallpox virus was eradicated through vaccination represented one of the extraordinary human breakthroughs in the battle against
infectious diseases[1,2]. Unfortunately, it seems that vaccination alone is not enough for hepatitis B virus (HBV)
eradication.
HBV was discovered by Blumberg et al[3] (1925-2011)
in 1965. Five years later, the first HBV vaccine and diagnostic blood test were developed[4]. The HBV vaccine
is considered to be the first widely used vaccine against
cancer and a chronic disease. In contrast to other vaccines, the clinical trial of this vaccine was short, and the
vaccine was quickly approved by the United States Food
and Drug Administration (FDA)[5]. Multiple studies have
confirmed that the incidence of acute hepatitis, chronic
liver disease as well as hepatocellular carcinoma (HCC)
is decreased in the HBV-vaccinated population. Owing
to the administration of more than one billion doses of
HBV vaccines since 1982[6], the worldwide mortality rate
of HBV has diminished significantly[7].
The WHO and other alliance organizations established the annual World Hepatitis Day in 2008. July 28th
was selected for this particular day in honor of Prof.
Blumberg’s birth date. The experts and healthcare organizations put their efforts into raising global awareness
of viral hepatitis, especially about HBV and hepatitis
C virus (HCV). The experts educate people all around
the world about prevention, transmission, diagnosis and
treatment against viral hepatitis infection. Undoubtedly,
like smallpox eradication and its global preventative
program, the World Hepatitis Day also moves up the
knowledge of the global strengthening of preventive and
control measures against viral hepatitis. Consequently, it
is anticipated that increasing HBV vaccination coverage
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Virus related complexity
HBV is the prototypic species of a family of DNA viruses called Hepadnaviridae. The HBV genome is approximately 3200 bp long, circular, and consists of four genes
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and seven open reading frames (ORFs). HBV itself
evolves inter- and intra-genetically in reservoirs. Since
the reverse transcriptase enzyme lacks proofreading activity, the nucleotide substitution rate for HBV is higher
than that of other DNA viruses[16]. During persistent,
long-term HBV infection and under different selective
pressures, variants of HBV can emerge. Some variants
are able to evade diagnostic, prophylactic and therapeutic
measures. This extraordinary genomic diversity, together
with a high replication capacity, allows HBV to adapt
to different hosts [17]. Based on evolutionary analysis,
HBV has eight confirmed genotypes (named A to H)
and two tentative genotypes (called I and J), and almost
forty subgenotypes (Figure 1A)[18,19]. Phylogenetic and
evolutionary analyses of complete genome sequences
have classified HBV into these eight distinct genotypes;
each has an intergroup nucleotide divergence greater
than 7.5%[20]. “Subgenotypes” are subgroups within the
same genotype that meet two particular criteria. First,
they have a nucleotide divergence between 4% and 7.5%
over the full-length genome[21], and secondly, there is
high phylogenetic bootstrap support. “Clades” further
divide subgenotypes, and have less than 4% nucleotide
diversity based on the complete genome sequences[20].
Prior to molecular analyses (genotype, subgenotype and
clades), classification of HBV strains was based on the
immunological heterogeneity of HBsAg, which led to
the categorization into different HBV serotypes (subtypes). The development of DNA sequencing revealed
that amino acid changes in the major hydrophilic region
(MHR) region of the HBsAg are responsible for this
classification. This serotype-based classification is still
used, and epidemiological studies describe associations
between serologic subtypes and genotypes[20,22].

since they carry small genomes compared to eukaryotic
organisms. One of the most popular online systems is
a sequence similarity algorithm, such as BLAST, which
is available through the National Center for Biotechnology Information (NCBI). BLAST analysis can be used
to identify the sequences that are most similar to the
sample by comparing the sample sequence to sequences
archived in GenBank. NCBI has generated additional
online tools specifically to determine the sequence of
certain genotypes and subgenotypes of viruses. Thus,
HBV and several other viruses can currently be genotyped using the NCBI web-based HBV genotyping
tool[25]. To further facilitate HBV genotype determination, several experts in the field have introduced different online HBV genotyping tools, such as the hepatitis
B virus database (HBVdb)[26], HBV STAR[27], BioAfricaOxford HBV Automated Subtyping Tool[28], HepSEQ
Genotyper[29,30] and the jumping profile Hidden Markov
Model (jpHMM)[31].
French experts developed the HBVdb online genotyping
system, allowing researchers not only to genotype HBV but
also to create virus recombination and drug resistance
profiles. A group from the United Kingdom designed
the HBV STAR online tool to genotype HBV based on
a statistically defined, position-specific scoring model.
This tool is able to predict recombinant and non-human
primate isolates. The HBV STAR tool also supports
human immunodeficiency virus-1 (HIV-1) subtyping.
Another group established a rapid high-throughputgenotyping system called BioAfrica-Oxford Automated
Subtyping Tool, which is able to genotype and subtype
several viruses, including HBV. The tool employs a
phylogenetic approach to genotype viruses and uses
bootscanning methods to detect recombination[30]. The
HepSEQ Genotyper online tool is an international public health repository for hepatitis B developed by British
scientists, which provides molecular, clinical and epidemiological information regarding HBV. HepSEQ Genotyper is capable of determining the HBV genotype and
classifying clinically relevant mutations within the HBV
genome such as vaccine escape, precore or antiviral-resistant mutations. This tool uses only HBV polymerase/
surface genes for genotype computation and is therefore
less accurate for detecting recombination. The jpHMM
online tool was developed to subtype/genotype two
viruses: HIV-1 and HBV. This tool uses a probabilistic
approach to compare a sequence to a multiple alignment
of a sequence family and can also be extended to detect
recombination.

HBV CLASSIFICATION METHODS
Phylogenetic analysis of the nucleotide sequences of
the whole HBV genome represents the most conclusive
method for HBV genotyping[23]. This method is considered the “gold standard” approach for genotyping
and subgenotyping, though it is relatively expensive and
time-consuming. Fortunately, sequencing is becoming
cheaper and faster, so it may serve as a common molecular method in the very near future even for clinical routine purposes. Phylogenetic analysis can also be
performed on individual genes instead of the complete
genome, in particular on the HBV envelope (S) gene[24].
The results obtained from the partial sequence (HBV S
gene) may be useful for determining the HBV genotype,
but it will not be appropriate for determining the HBV
subgenotype.

Molecular-based methods to genotype HBV
Several molecular approaches have been developed to
characterize HBV genotypes, including polymerase chain
reaction-restriction fragment length polymorphism (PCRRFLP)[32,33], genotype-specific primers in a single or a
multiplex-PCR set[34], oligonucleotide microarray chip
(DNA Chip), restriction fragment mass polymorphism
(RFMP), mass spectrometry (MS), PCR-invader assay, re-

Online methods to genotype HBV
Bioinformatics is currently used in many fields of science, and numerous bioinformatics software tools are
available online. Genotyping of microorganisms has
also become readily available, particularly for viruses,
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Figure 1 Neighbour-joining phylogenetic tree was conducted based on hepatitis B virus full-length genomes of all proposed genotypes and subgenotypes before (A) and after (B) reclassification. HBV genome sequence that used are listed below: JN182318: A1; HE576989: A2; AB194951: A3; AY934764:
A4; FJ692613: A5; GQ331047: A6; FN545833: A7; AB642091: B1; FJ899779: B2; GQ924617: B3; GQ924626: B4; GQ924640: B5; JN792893: B6; GQ358137: B7;
GQ358147: B8; GQ358149: B9; AB697490: C1; GQ358158: C2; DQ089801: C3; HM011493: C4; EU410080: C5; EU670263: C6; GU721029: C7; AP011106: C8;
AP011108: C9; AB540583: C10; AB554019: C11; AB554025: C12; AB644280: C13; AB644284: C14; AB644286: C15; AB644287: C16; GU456636: D1; GQ477452:
D2; EU594434: D3; GQ922003: D4; GQ205377: D5; KF170740: D6; FJ904442: D7; FN594770: D8; JN664942: D9; FN594748: E; FJ709464: F1b; DQ899146: F2b;
AY090459: F1a; DQ899142: F2a; AB036920: F3; AF223965: F4; GU563556: G; AB516393: H; FJ023659: I1; FJ023664: I2 ; AB486012: J and AY226578: Woolly
monkey as an out-group. HBV: Hepatitis B virus.

al-time PCR, hybridization strips as INNO-LiPA, reverse
dot blot assay and sequencing[35].
Among them, PCR-RFLP is widely used to genotype
HBV since it is simple and inexpensive. Nevertheless,
there are many reports that indicate this technique is not
always accurate and may often result in an ‘untypable’
genotype[36]. Genotype-specific primers in single and
multiplex PCR sets are also utilized to distinguish different genotypes. This method is rapid and inexpensive
and widely used for large population studies; however,
any mutation in the genome may alter the result of the
assay due to primer-DNA hybridization mismatching[37].
Recently, the DNA Chip method[38], invader assays[39],
real-time PCR [40-42], hybridization and dot blot methods[43] have been employed for HBV genotype detection[38]. These techniques are highly sensitive; however,
fidelity can be affected by any mutation within the HBV
genome. Mass spectrometry[44] and RFMP[45] can also be
used for genotyping of HBV. These methods can detect
drug resistant variants, but fidelity is also affected by
mutations, and the methods themselves are costly and
require specialized equipment. Despite the emergence
of many methods to genotype HBV, sequencing is still
considered the “gold standard” method for genotyping,
followed by phylogenetic and evolutionary analysis. This

WJG|www.wjgnet.com

method is the most reliable, since it is able to determine
the whole genome sequence of HBV.
Methods to determine HBV subtypes
Three decades ago, HBV subtyping was introduced as the
first classification system for hepatitis B, in which categories
were assigned based on the amino acid sequences at the
surface antigen region[22,46]. This sero-molecular taxonomy
based on the specific motifs of HBsAg led to 10 different
sero-subtypes of HBV. Different HBV subtypes can be
distinguished based on enzyme-linked immunosorbent
assay (ELISA) or enzyme immunoassays (EIA) using
specific monoclonal antibodies against pre-S2 and S
regions[47]. Since sequencing of the HBV HBsAg region
reveals subtype-specific motifs, serological subtyping
(serotyping) of HBV can also be predicted by HBsAg
amino acid sequence mapping[22].
The relationship between particular subgenotypes
and subtypes has already been demonstrated[20,21]. Also,
different impacts of HBV subtypes on results of serological assays for HBsAg have been demonstrated[48]. Little is known about the driving forces behind the divergence of HBV genotypes, subgenotypes and subtypes.
We believe that they are the result of long-term adaptation to the host’s genetic background of certain human
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populations where they circulated. Subtypes distributed
consistently with the pre-historic human migration[49].
Genotype, subgenotype and subtype-specific variability
is stably transmitted within the host population and is
considered to stay constant from the beginning of the
infection in an individual[50].

for the common source of HBV infection, full-length
genome analysis provides strong evidence [10,58,59]; (2)
Adherence to the ranges of intra-genotypic nucleotide
divergence (more than 4.5% and less than 7.5%) that define distinct subgenotypes is the second most important
factor for correctly identifying subgenotypes of HBV.
Disregarding this rule in several cases, like with A5 and
A7, has resulted in misclassification of strains[60,61]; (3)
Bootstrap values greater than 75% are necessary to support the monophyletic tree to introduce a cluster as an
independent subgenotype. There are several subgenotypes that have been introduced without considering this
critical rule. Shi et al[62] misclassified the B3 subgenotype
and Huy et al[63] misclassified C2 of HBV due to ignoring
this criteria; (4) Recombinant strains should be excluded
from any subgenotyping analysis as much as possible
because they can disrupt the topology of a phylogenetic tree and falsely increase nucleotide divergence. For
example, subgenotypes D8, D9, CD1 and CD2 have
been misclassified[18,64-67]. The impact of recombination
on HBV strain analysis will be discussed in more detail
below; (5) To introduce novel subgenotypes, strains
harbouring specific nucleotide and amino acid motifs
should be identified. Some investigators have demonstrated this particular criteriaon for subgenotypes of A1,
A3 and A6[55,68]; and (6) To avoid sampling bias, a minimum of three purported novel strains, together with
all available subgenotype strains belonging to the same
genotype, should be subjected to evolutionary and phylogeny analysis. Using random reference sequences, as
opposed to selecting some particular reference sequence,
is highly recommended for subgenotyping phylogeny
analysis.
Since recombination is an inevitable part of HBV’
s evolution, most subgenotypes that belong to a HBV
genotype (such as genotype B) show a trace of recombination[69]. However, in several cases, the level of recombination is significant and the strain should not be
classified as a subgenotype. This is discussed below in
more detail. Table 1 presents examples of misclassified
subgenotypes, their methodological errors, and the proposed correct subgenotype classification of HBV.

Methods to determine HBV subgenotype
Although all aforementioned methods are able to detect
HBV genotype, no molecular method has been introduced to determine HBV subgenotypes accurately. There
are several studies that used PCR-based approaches to
distinguish subgenotypes of HBV, however, they were
designed to differentiate only limited subgenotypes. For
instance, investigators introduced multiplex-PCR or
semi-nested PCR assays to differentiate between HBV
subgenotypes B1, B2, C1 and C2 [51] or Ba and Bj [52].
Therefore, sequencing is still the only method that is able
to determine subgenotypes of HBV accurately following
careful phylogeny analysis. Based on our own experience
in the field of HBV epidemiology, we would like to explain in more detail how the HBV subgenotype can be
accurately determined.
Introducing “HBV subgenotyping guidelines”
To determine HBV subgenotype, several rules must be
strictly applied: (1) Analyzing the full-length genome is
the foremost prerequisite for determining the accurate
subgenotype. This is necessary for the analysis of entire
genes and ORFs at the nucleotide level. It also allows for
accurate subgenotyping, even if mutations or recombinations occur in the particular strain of interest. In the
past, using only the partial genome has led to several misclassifications of HBV subgenotypes. The preeminent
example is the introduction of the subgenotypes A4 and
A5 through partial genome analysis by Olinger et al[53] in
2006. Further analysis revealed that these strains should
not be considered independent subgenotypes[54,55]. The
partial genome is inadequate for HBV subgenotyping,
because of the particular genomic structure in which
four genes and seven proteins are arrayed in a concise
genome. Furthermore, analysing partial genes instead
of the full-length genome can sometimes lead to false
epidemiological signals from distant geographical
regions. For instance, Khedive et al[56] analysed 681 bp of
isolated strains from HBV carriers in Iran and reported
five strains with HBV subgenotypes D5 and D8, which
is inconsistent with the known geographical distribution of subgenotypes. According to all epidemiological
studies from Iran, D1 is the most frequent subgenotype
of HBV, followed by a minor population of D2. Moreover, recent analysis showed that Iran is the most probable location of the common ancestor of subgenotype
D1-D3[57]. Also, there is no accurate evidence of other
subgenotypes of genotype D in Iran or its neighbouring countries. Thus, the reported identification of D5
and D8 is not geographically congruent with previous
studies from Iran. Also, in other studies, like searching

WJG|www.wjgnet.com

IMPORTANCE OF HBV CLASSIFICATION
Before passing away in 2011, the Nobel Prize winner
Professor Blumberg emphasized the importance of eliminating HBV. He believed eradication could be achieved
through three important points: (1) efficient universal vaccination; (2) accurate diagnostic assays; and (3) effective
treatment of HBV carriers[4]. Undoubtedly, eradicating
HBV is not possible without fully understanding the
genetics of the virus and being able to differentiate the
isolates. Thus, before delving into HBV classification
and current methodological drawbacks, we first present
a comprehensive overview of differences in HBV strains
in terms of virological, epidemiological, clinical and
evolutionary aspects.
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Table 1 The misclassifications detected in hepatitis B virus subgenotyping
Genotypes

Subgenotypes

Reasons (R) for misclassification

Suggested resolution

New proposed subgenotypes reclassification

old classification
A

B

C

D

A1, A2
A3, A4, A5
A6
A7
B1, B2
B3, B5, B7, B8, B9
B4
B6
C1
C2
C3
C4
C5
C6-C13
C14
C15, C16
C/D1, C/D2
D1, D2, D3
D4, D5, D6, D7, D8, D9

R1

R2

R3

R5

Quasisubgenotype-A3

R2

R3

R5

Quasisubgenotype-A3

R2

R3

Quasisubgenotype-B3

R3

Quasisubgenotype-C2
R4
R4

Trace recombination
Trace recombination

R2

Quasisubgenotype-C2
R4

R2
R4

Inter-genotypic recombinant
Not decided yet
Recombino-subgenotype

A1, A2
QS-A3
A4
QS-A3
B1, B2
QS-B3
B4
B5
C1
QS-C2
C3
RS-C4
RS-C5
C6-C13
QS-C2
C15, C16
Not considered as subgenotype
RS-D4, RS-D5, RS-D6, RS-D7, RS-D8, RS-D9

Number (R1-R5) indicates the reason of problems in classification. R1: Applying partial gene in introducing subgenotype; R2: < 4% nucleotide divergence;
R3: Weak bootstrap value or no monophyletic cluster; R4: Recombination; R5: Bias in reference collection. QS: Quasi-subgenotype; RS: Recombino-subgenotype.

Genotypic virological differences
It has been proposed that genotypic virological differences
have evolved and adapted through long-term evolution,
as well as through sequence insertions and deletions in
the HBV genome. The HBV prototype strains comprises
3215 nucleotide base-pairs (bp), which are found in HBV
genotypes B, C and F and H. The length of HBV strains
varies from 3182 bp in the shortest genotype (genotype D)
to 3248 bp in the longest one (genotype G)[17]. Particular
genetic characteristics are present in some genotypes. For
example, because of the existence of two stop codons in
the core region of genotype G of HBV, this strain does
not have the ability to secrete hepatitis B e antigen (or
HBeAg)[70]. Also, the G1896A precore (PC) mutation,
which also ablates HBeAg expression due to a stop
codon in the precore region, is rare in genotypes A, F
and H, while this mutation has the highest prevalence
in genotype D[16,71,72]. Some reports have demonstrated
the high prevalence of the PC mutation in non-Japanese
subgenotypes of genotype B (B2-B5) compared to
subgenotype B1[73]. Also, A1762T and G1764A/T basal
core promoter (BCP) mutation, which is significantly
associated with advanced liver diseases, is more prevalent in genotypes A and H of HBV [74,75]. Moreover,
nucleotide variation and deletion in the pre-S region are
particularly prevalent in distinct genotypes, such as genotype C in comparison with genotype B[76]. Studies revealed that diversity within the HBV genome is directly
associated with cirrhosis as well as HCC incidence and
outcome[77]. Moreover, heterogeneity and substitution
rates are dissimilar in different HBV genotypes. Based
on intra-genotype genetic diversity, some genotypes like
genotypes A, B, C, D, and F have been classified into
different subgenotypes, while genotypes of E, G and H
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do not contain enough heterogeneity to be subdivided
into subgenotypes[69].
Genotype epidemiological distinctions
In addition to virological aspects, epidemiological studies revealed that HBV genotypes are associated with
differences in geographical distribution and route of
transmission.
Geographical distribution: Different genotypes of HBV
show distinct geographical distribution patterns. For example, genotype A is dominant in Northwest Europe
and North America. Also, some strains of genotype A
have been found in the Philippines, Hong Kong and in
some parts of Africa and Asia. Genotypes B and C are
mainly prevalent in Southeast Asia and can be also found
in the Pacific islands[21]. Genotype D is the most globally
distributed genotype, and it can be found from Southern Europe and Africa to India. It can be also detected
among intravenous drug users on all continents[78]. Genotype E is mainly dominant in West Africa[79]. Genotype
F is found in South and Central America[19]. Genotype G
was first discovered in France and the United States[80],
and it has recently been reported in Belgium[81]. Genotype H has been described in America and Japan[82]. Recently, two controversial genotypes (I and J) have been
proposed in South Asia[37,83], which will be discussed
comprehensively later in Section 6 (recombination).
Transmission route: Generally, HBV is transmitted
through contaminated body fluids. Various routes of
transmission include blood transfusions from infected
patients, sexual intercourse, unsafe injections and mother-to-neonate transmission. Recently, tears, urine, saliva,
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is an independent risk factor for fulminant hepatitis[94].
Interestingly, however, patients infected with genotype
F have a higher rate of liver-related mortality than those
infected with genotype D[95].
Genotype C and D generally tend to be related to
more severe liver disease than genotype A and B and
are more frequently associated with HCC[96]. In HBeAgpositive patients treated with standard interferon-alpha,
the post-treatment HBeAg seroconversion and normalization of serum ALT levels are considerably better in
those infected by genotype A and B than patients infected with genotypes C and D[97]. Furthermore, following
pegylated interferon-alpha therapy, HBeAg seroconversion and a substantial decrease in serum titer of HBsAg
was observed in genotypes A and B but not in patients
infected with genotypes C and D[98-100]. In the case of
antiviral therapy, it has been shown that genotype B is
more frequently associated with lamivudine-resistant
variants than genotype C. Likewise, in some studies, it
has been observed that genotype A develops antiviralresistant variants earlier than genotype D[74].

bites and broken skin have also become accepted as
probable modes of transmission[7]. Since HBV is able to
survive on surfaces for up to seven days, direct transmission through contaminated surfaces to persons that have
frequent contact with HBV carriers has been also reported[84]. To complicate matters, the transmission routes
largely depend on the regional prevalence of chronic
carriers of HBV-infected individuals[84]. Differences in
the natural history of infection with different genotypes
have also impacted the modes of HBV transmission[85].
The local prevalence of HBV with its geographical distribution, regional and social cultures, as well as taboos
can help to draw an informative transmission pattern for
each genotype[10]. In highly endemic areas (prevalence
rate > 8%), such as South Asia where genotypes B and
C are dominant, perinatal (mother-to-child) transmission
is most common. It has been proposed that genotype C
is primarily transmitted perinatally in this region, since
the seroconversion of HBeAg to anti-HBe took longer
in these patients, which is consistent with the fact that it
takes longer for genotype C than for other genotypes[86].
In European countries with a low prevalence of
HBV (prevalence rate < 2%), where genotype A and D
are dominant, sexual transmission and unsafe injection
practices are the main modes of HBV transmission.
Nosocomial transmission and unsafe injection practices
are considered responsible for more than 60% of HBV
infections in Central Europe[87]. Though genotype E is
transmitted by heterosexual relations in Africa, genotype
A and particularly genotype G were isolated from men
who have sex with men in Europe and Canada[81,88]. In
West Asia and in the Middle East (where genotype D is
dominant), the route of transmission and HBV seroprevalence depend on the region. For instance, Iran has a
low HBV endemicity (around 2%), and intravenous drug
injections, tattooing and phlebotomy are considered the
major potential risk factors and transmission routes of
HBV infection in the country. Furthermore, socioeconomic status, life style, occupation, and cultural attitude
in different ethnic groups greatly impact the route of
HBV transmission[89,90].

Genotypes’ impact on prophylaxis measures
Current HBV vaccines are recombinant peptides that
cover a ‘‘super antigenic’’ and highly conserved motif
of HBsAg. Protective serum titers of anti-HBs (greater
than 10 IU/L) develop in 95%-99% of healthy infants,
children[101,102] and young adults[103]. Many studies have
demonstrated that HBV vaccination has dramatically decreased the HBV chronicity rates and HBV-related complications[7]. The current vaccine is derived from genotypes A and D of HBV[104]. Despite its success in most
cases, there are several reports of vaccination failure
due to genotype complications[105]. In one case, a German patient who was vaccinated and showed production
of formally protective anti-HBs antibodies developed
acute hepatitis B following infection with genotype F of
HBV[104]. In a similar report from Europe, an Irish man
was vaccinated, but developed infection by genotype
F[106]. Both patients received HBV vaccines produced
using the S gene of HBV genotypes A and D, which are
the most common genotypes in Europe. Furthermore,
in both reports, the HBV isolates did not carry typical vaccine escape mutations. Several investigators have
described S gene variations isolated from vaccine failure
cases[107,108]. The frequency of these mutations varies in
different genotypes. Of note, some of these mutations
are considered wild type motifs in another genotype[109].
Such instances of failure serve as reminders that our
current vaccination program is imperfect. Future efforts
should be directed towards developing vaccines that protect against all genotypes of HBV and also account for
vaccine escape mutations.

Genotypes’ impact on clinical outcomes
Increasing evidence suggests that HBV genotyping is
important for determining HBV disease progression
and designing appropriate antiviral treatment. Some
genotypes are more associated with particular kinds of
prognoses, such as acute forms of disease[88]. Several
reports showed that genotype A evolves more rapidly in
patients than genotype D does, which poses problems
for treatment[16]. Also, patients infected with genotype
C progressed to end stage liver disease earlier than
those infected by genotype B [91]. Interestingly, it has
been shown that patients infected with genotype F have
higher mortality rates than those infected with genotype
A or D[92]. In India, genotype D is associated with more
severe liver complications than other genotypes[93]. In
the United States, it has been shown that genotype D
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Evolutionary differences of genotypes
Phylogenetic analysis has demonstrated that genotype H
is closely related to genotype F, though there is enough
inter-nucleotide divergence between these two particu-
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2001
FⅠ, FⅡ, FⅡ
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2004

A1, A2
B1, B2
C1, C2, C3, C4
D1, D2, D3, D4
FⅢ
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B8
C7

A6
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A7
B9
D11, C12
D8
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B7
C6
D6
I1, I2

A4, A5
B5
C5
D5
F1, F2, F3, F4

2009

2010

2011

A6
C8, C9, C10
D7

D9
2012

2013

C13, C14

Figure 2 The time line of identification and designation of hepatitis B virus subgenotypes.

HBV subgenotypes and geographical distribution
Subgenotypes reflect properties and distributions of
genotypes. Figure 3 shows the geographical distribution
of genotypes and subgenotypes of HBV together with
the prevalence of HBsAg in different areas around the
world. For instance, subgenotype A2 is dominant in Europe, A1 is prevalent in Asia and most of Africa, A3 is
found in Cameroon and Gambia, A6 (currently named
A4) and quasi-subgenotype A3 (which includes previously named A4 from Mali, A5 from Nigeria and A7 from
Cameroon) have been isolated from other regions [69].
Subgenotype B1 was isolated from Japan, while B2, B3,
B4, B5, B6, B7, B8 and B9 were isolated from Taiwan,
Indonesia, Vietnam, Philippines, the Arctic region,
Nusa Tenggara (a region from Eastern Indonesia) and
Indonesia, respectively[119]. Subgenotype C1 was isolated
from Taiwan, C2-C16 were isolated from China, Oceania, Australian Aborigines, Philippines, Papua-Indonesia
and Nusa Tenggara[120]. Two recombinant mixed strains
C/D1 and C/D2 (combination of HBV genotype C and
D) were specifically reported in Tibet[65,121]. Although
the genotype D of HBV is distributed globally, its subgenotypes are locally confined to certain geographical
regions. For example, subgenotype D1 is restricted to
Iran and its neighboring countries[116,122-126]. Subgenotype
D2 is derived from East Europe and Russia, D3 was detected in Serbia, South Africa and Alaska, D4 was found
in Oceania and Somalia, and D5-D9 were reported from
India, Indonesia Tunisia and Nigeria[67]. Genotype F is
also widely distributed: F1a is dominant in Costa Rica
and Salvador, F1b in Argentina, Chile and Alaska, F2a in
Venezuela and Brazil, F2b in Venezuela, F3 in Panama,
Venezuela and Colombia and F4 is circulating in Brazil,
Argentina and Bolivia[127].

lar genotypes to distinguish them as distinct genotypes.
Phylogenetic analysis also revealed that these two genotypes (‘‘New World human genotypes’’) lie on the branch
of the Woolly Monkey, which suggests cross-speciation
between non-human and human genotypes of HBV[110].
This scenario was reiterated after evolutionary relationship analysis between genotypes D and E. Furthermore,
they showed different evolutionary rates (number of
substitution per site per year)[49].

SUBGENOTYPES ARE MORE DETAILED
GENOTYPES
For some HBV genotypes, several subgroups can be easily defined as when the intra-genotypic nucleotide divergence stays between 4% and 7.5% over the full-length
genome. According to conventions of identification,
HBV subgenotypes are differentiated by numbers corresponding to the order of discovery; the numbers do
not correspond to subgenotype evolution. For instance,
D1-D4 were identified by Norder et al[21] earlier than
D5[111]. However, D5 is the most ancient of all known
subgenotypes for genotype D[112]. Also, it was noted that
A6 (currently known as A4) is from a basal lineage that
diverged earlier than the other African subgenotypes of
genotype A[54,55]. Figure 2 illustrates the updated time line
of HBV subgenotype identification. Uncovering the relationship between subgenotypes and subtypes of HBV
has added significant value to molecular epidemiological
studies of HBV[74].
It should be noted that because of inappropriately
applied methods, some subgenotypes have been incorrectly classified in the past. One of the most common
mistakes is applying phylogenetic analysis over a partial
genome sequence instead of the full-length genome. Experts in the field have attempted to correct the errors in
numbering and misclassification (Figure 1B, Table 1), but
inaccurate subgenotyping of HBV is continuously being
reported[54,58,62,69,113-118].
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HBV subgenotypes and ethnic origin
It has been demonstrated that in some cases, such as
for genotype B8, the distribution of HBV genotypes/
subgenotypes is related to the ethnic origin[128], or B6 is
considered confined to indigenous populations[129]. Inter-
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Figure 3 Geographical distribution of hepatitis B virus genotypes and subgenotypes in different regions of the world. Yellow arrows illustrate the directions
of HBV subgenotype dispersal through immigration from highly and intermediate endemic countries to low HBV endemic areas (map of hepatitis B surface antigen
(HBsAg) prevalence adapted from the website of the WHO). HBV: Hepatitis B virus; WHO: World Health Organization.

pered by the fact that it is difficult to adjust the studied
patient cohorts for all potential confounding factors.
Subgenotype B6 is commonly associated with a mild
clinical outcome in infected patients, while B1 can result
in fulminant and acute hepatitis B infection. Patients infected with subgenotype B1 also developed advanced liver
disease at an older age compared to patients infected with
subgenotypes B2-B5[73,132]. In most studies in South Asia,
genotypes B and C were compared. Though there is a paucity of data of comparing the clinical findings of different
subgenotypes of genotype C, one study demonstrated an
increased risk for HCC in patients infected by subgenotype
C2 compared to C1 and genotype B subgenotypes[133].
Interestingly, precore mutations have not been observed
in subgenotype F2, whereas subgenotype F1 frequently
carries precore mutations[16]. In one large study, a higher
percentage of patients who developed HCC had been
infected by subgenotypes F2 or C2 compared to subgenotype A2, B6 or subgenotypes of genotype D[131].

estingly, C4 can be detected in the Australian Aborigines
but nowhere else, which suggests that C4 independently
evolved from its ancestor in that region [130]. Strains
isolated from indigenous populations, such as C3 and
C5-C10 from Indonesia and B6 from the Canadian Arctic, proposed that HBV (sub)genotypes have evolved in
different streams of human immigration[49].
HBV subgenotypes and clinical outcome
HBV subgenotypes also present differently in terms of
clinical outcome. It is possible to uncover more details
regarding the natural history of infection by comparing
genotypes. For example, subgenotype A1, which is prevalent in West and South Africa, has a more severe clinical
outcome compared to subgenotype A2. Patients infected
with this subgenotype developed HCC at a young age in
West and South Africa, whereas those who were infected
with A2 and developed HCC in Europe were mainly older patients[131]. European patients infected with A2 had a
mild clinical outcome and high chance of clearing HBsAg and losing HBV DNA[95]. Furthermore, in Europe
more occult cases have been infected by A1 comparing
with A2 or other (sub)genotypes[81]. Nevertheless, it is
important to keep in mind that all these studies are ham-
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CLASSIFICATION AND IMPORTANCE OF
ACCURACY
In order to accurately investigate the impact of different
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(sub)genotypes of HBV on different aspects of infection from prophylaxis, diagnosis and therapy, it is crucial
to agree to a holistic classification. Numerous HBV
strains have been described through PCR and sequencing, however, many disregarded well-established HBV
(sub)genotype definitions, which has resulted in several
misclassifications. Subsequently, experts in the field
agreed that the classification of HBV should be mended
and rectified[54,69,113-115]. There are several reviews or commentary articles regarding the misclassification of HBV
that describe the history of identification of different
(sub)genotypes. However, the reclassification and renovation of this system has been considered less often.
We, along with others, believe that recombination is the
main cause of misclassifications and major evolutionary
characteristics of HBV should be investigated to help
identify strains that require additional analysis for proper
classification[115]. Besides this factor, massive but gradual
conversion of geographical distribution of HBV should
be concomitantly investigated.

types C1 or C2 with D1 or D2) formed 50% of the
recombination[135,136].
Recombination as a source of HBV misclassification
Recombination is an inevitable event in evolution and
can cause errors in classification of HBV genotyping
or subgenotyping [18,69,114,115]. In many cases, recombinant strains have been erroneously introduced as new
genotypes or subgenotypes. For instance, Ghosh et al[137]
introduced six HBV strains as a novel subgenotype of
HBV named D9. In the phylogenetic tree, subgenotype
D9 strains are grouped as a monophyletic and distinct
cluster with a maximum bootstrap value. Not surprisingly, according to their analysis, these recombinant strains
showed extraordinary nucleotide divergence from the
other subgenotypes of genotype D (from minimum 5.2
± 0.3 with D1 to 6.7 ± 0.4 with D7 and D8). This nucleotide divergence was odd, because it did not meet the
threshold of genotype definition, yet it was much higher
than normal nucleotide divergence within well-classified
subgenotypes. More interestingly, there was a highly
diverse pattern of recombination in these strains. Although all strains showed recombination with genotype
E in the HBV core and pol regions, there was no identifiable recombination pattern among all strains. Indeed,
different lengths of genotype D recombined with genotype E. Moreover, in some strains, some recombination
with genotype C was observable. If PCR and sequencing
had been perfectly carried out, subgenotype D9 strains
should be classified as a D/E recombinant strain. Exactly the same scenario was suggested by another group
for the D8 subgenotype[18]. Similar concerns have been
raised regarding subgenotype D7, which was introduced
as a novel subgenotype of genotype D. However, these
strains harbored at least 900 nucleotides of genotype
E in the backbone of this genotype D strain[138]. Likewise, subgenotype D4 may have recombined with D7
or D8, which were grouped in an exclusive cluster in
the phylogeny tree[64]. The same concern was raised for
other HBV subgenotypes, like genotype C, in which the
recombinant strains C/D1 and C/D2 were suggested as
new subgenotypes[65,66].

RECOMBINATION AND ITS ETIOLOGY
Recombination in HBV is principally the result of the
co-infection of a host with more than one strain from
different (sub)genotypes. Different HBV strains can
exchange their genetic material within the host cells.
Recombination is favoured in particular geographical
regions by three conditions: (1) two or more different
HBV genotypes are circulating in the population; (2) the
chronicity of HBV is high; and (3) public health level
is low. Most recombinant strains have been reported
from East Asia or Africa, where the prevalence of HBV
infection is high and prophylaxis and control of infection is low. Due to the dense population, the chance of
co-infection is boosted so risk of recombination is subsequently elevated. In contrast, HBV recombinant isolates have been reported rarely within typical European
strains (such as subgenotypes A2, D2 and D3). This corroborates the necessity of efficient health control and
prophylactic measures in order to decrease the risk of
infection, co-infection and eventually recombination.
Currently, more than 30 recombinant strains have
been described [126,134]. Sometimes recombination can
occur between strains with high genetic homology, in
which two different subgenotypes from a similar genotype are co-infected in a patient. Such recombination
has been reported between HBV subgenotype B2 with
B5 and between B1 with B6[128]. Also, there are some
reports regarding recombination between two strains of
different genotypes[65,66,121,135]. Although more than 60%
of recombinant isolates have their breakpoint between
nucleotides that span 1640-1900 (which encompasses
the core region), recombinant strains with breakpoints
in the S gene (350-500, 3150-100 or 650-830) have also
been identified[134]. Markedly, the largest breakpoints
have been detected among HBV isolates from Tibet, in
which two different genotypes of C and D (subgeno-
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Proposing the term “recombino-subgenotype”
Owing to the availability of sequencing and free online
phylogenetic software, novel subgenotypes of HBV are
continually being suggested by researchers that disregard
the fundamental definitions of HBV classification. To
address the misclassification of HBV subgenotypes that
lack enough nucleotide divergence and bootstrapping
value to definitively be considered subgenotypes, we
previously proposed the term of quasi-subgenotype[54].
This term has somewhat settled irregularities in subgenotyping of HBV and was respected by other studies[10,62,69,81,113,118,139-143]. To address the classification of
recombinant strains, which are being introduced as independent subgenotypes, we propose to call the indefinitely recombinant strains as “recombino-subgenotype”
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rather than an independent subgenotype. According to
our proposed definition, the “recombino-subgenotype”
is a lineage that shows strong evidence of recombination
and its nucleotide divergence, together with supportive
bootstrap value, fall within the range necessary to define
subgenotypes. Although these strains are recombinant,
in a comprehensive phylogenetic tree (only based on
full-length genome), “recombino-subgenotypes” are
clustered around intra-genotype clusters and could have
supporting bootstrap value. While this new term cannot prohibit the introduction of HBV recombinants as
novel subgenotypes, it can clearly differentiate the pure
subgenotypes from recombinant strains. Therefore, we
would like to offer the term “recombino-subgenotype”
to differentiate recombinant from non-recombinant
(sub)genotypes. We sincerely hope that this term will
help to remind scientists about recombination as a potential pitfall in HBV classification as well as allow a
more accurate description of novel HBV isolates derived
by recombination in HBV taxonomy.

been identified in immigrants, who were born in HBVendemic areas[145]. This is one of the clearest pieces of
evidence highlighting the direct impact of immigration
on the introduction of exotic genotypes to areas with
low endemicity. Therefore, we would like to propose the
term ”immigro-subgenotypes“ to differentiate native
strains from imported stains.
Effect of “immigro-subgenotype” on clinical outcome
The genotype-specific history of HBV strains should
be considered when studying imported strains[133]. In the
HBV-endemic area, the main route of transmission is
usually perinatal. It has been estimated that over 21% of
worldwide HBV-related mortality is associated with perinatal transmission[146]. The risk of perinatal transmission is
100%, when the mother is HBeAg-positive and does not
take any antiviral medications or HBV immunoglobulins
(HBIg). The risk of chronicity of the infant will be 90%,
if prophylactic countermeasures are not administrated directly after birth[147]. When the patient is HBeAg-positive,
viral load is usually high, which further increases the risk
of transmission. As a genotype-related characteristic in
HBV endemic regions, the HBeAg test of mothers is
positive in the years of childbearing, and just after four
decades of life seroconversion might happen. This shows
the infectivity potential of HBV carriers infected by
(sub)genotypes circulating in endemic regions like East
Asia, Africa, Alaska and East Europe[133]. In a recent investigation in Italy, the immigrant population (mostly from
Eastern European countries) showed a high prevalence
of HBeAg-positivity with a mean age of 31 years[148]. In
another study, Dervicevic et al[149] showed the integration
of exotic genotypes of HBV with HBeAg-positivity and
high viral load among antenatal women in the United
Kingdom. Dervicevic et al[149] emphasized the trend of
changing epidemiological patterns of HBV in the United
Kingdom, where an influx of immigration brings almost
6000 HBV carriers annually to this country. In numerous
studies in Belgium, exotic (sub)genotypes of HBV have
been identified and found to have integrated into the native population[55,59,81,135,150]. In Bolivia, the exchange of native HBV subgenotype F4 and exotic ones (subgenotypes
B2 and C2) between Bolivian and Japanese immigrants
was clearly demonstrated by phylogenetic analysis[151].
Interestingly, the exotic strains have different mutational
patterns in different ORFs of HBV[123], which would have
a different impact on the course of infection, therapeutic,
diagnostic and prophylactic measures[152,153].
Naturally occurring mutations associated with drug
resistance have been reported in native populations in
Asia and Europe[154]. Additionally, in a study conducted
by Bottecchia et al[155], a primary drug resistance mutation (rtM204V) was found in the course of treatmentnaïve immigrants infected by (sub)genotype E and A3.
In a recent study from our group, we found that exotic
(sub)genotypes (A6) carried clinically important mutations, which could help the virus to escape from diagnostic assays or prophylactic measures[81,135]. Finally, it

IMMIGRATION: INTRODUCING THE
TERM “IMMIGRO-SUBGENOTYPE”
While recombination is an important virological aspect
to be considered in classification, the epidemiological
profile of HBV is another valuable scope to study. Although ancient dispersal of HBV alone has made the
HBV pool a dynamic viral population, recent trends of
globalization and increasing human mobility are significantly speeding up HBV distribution and recombination
between viral strains. Immigration and direct human
contact are the two main causes of changes in geographic dispersal of HBV genotypes and subgenotypes;
however, their profound impact has yet to be studied
in more detail. People typically emigrate from countries
with high HBV endemicity, which alters the geographical
distribution of HBV (sub)genotypes around the world,
notably in low sero-prevalence regions including Europe
and North America.
Recently, novel subgenotypes have been reported
from immigrants who are not living in their original
home areas. For instance, HBV subgenotype A6 (currently named A4) strains have been isolated from African immigrants currently residing in Europe and North
America[54,55,81,113,135]. It has been predicted that within
the next few decades, HBV epidemiological patterns
will be completely modified by waves of immigration.
Thus, such “immigro-subgenotypes” may replace native strains in regions with high immigration. Their
integration might alter the local prevalence of carriers,
routes of transmission, and will have a great impact on
prophylactic, diagnostic and therapeutic measures. In a
recent study, Mitchell et al[144] showed that roughly 53800
HBV chronic carriers settled in the United States each
year between 2004 and 2008 from countries of intermediate or high HBV endemicity (2%-31%). In all states
of the United States, genotypes A, B, C and D have
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should be added that different disasters such as wars[156]
or mass-casualties[157] can have direct and indirect impacts on the epidemiology of HBV. Since virological and
clinical characteristics of HBV (sub)genotypes differ, it
is crucial to monitor changes in epidemiological patterns
of HBV infection as it relates to immigration[158].

5
6
7

CONCLUSION
In this review, we attempted to provide strong and
up-to-date evidence about the impact of different
(sub)genotypes on prophylaxis, diagnosis, clinical outcomes and treatment of HBV infection. Controlling
HBV requires massive and unified efforts because
modern human measures like vaccination and antiviral
therapies have led to the rise of invasive strains, drug
resistant, vaccine and diagnosis escape variants. Furthermore, immigration has changed the distribution of HBV
and resulted in the emergence of exotic strains in destination territories. These strains, together with intra- and
inter-(sub)genotypes recombination, complicate diagnosis, treatment and classification. Elimination of HBV
infection requires concomitant vaccination, effective
treatment and a vigorous diagnostic scheme. To organize
all measures from prophylaxis to therapy, an accurate,
holistic and dynamic classification system is essential.
This system should be based on robust virological and
epidemiological facts to cover all existing strains, and
also have the capacity for newly identified strains in the
future. Analyzing full-length genome sequences when
classifying genotypes and subgenotypes is the foremost
prerequisite of this classification system. Careful attention must be paid to all aspects of phylogenetic analysis,
such as bootstrapping values and meeting the necessary
thresholds for (sub)genotyping. Quasi-subgenotype refers to subgenotypes that were incorrectly suggested to
be novel. As many of these strains were misclassified
due to genetic differences resulting from recombination,
we propose the term “recombino-subgenotype”. We also
suggest to introduce the term “immigro-subgenotype”
to distinguish exotic (sub)genotypes from native ones;
immigration demonstrates a confounding facet of global
HBV distribution. We are strongly convinced that applying these two proposed terms in HBV classification will
help harmonize this field and allow for improved prophylaxis, diagnosis and treatment.
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Core tip: Patients treated with entecavir or tenofovir in
routine clinical practice at referral centres, with good
clinical follow-up and adherence to international guidelines, can achieve high treatment response rates with
a very low rate of adverse events.
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INTRODUCTION
The hepatitis B virus (HBV) is estimated to have infected more than 2 billion people worldwide, of whom
400 million are chronically infected today and are at an
increased risk of liver-related complications, including
cirrhosis, liver failure, hepatocellular carcinoma (HCC)
and death[1,2]. In most regions of America, HBV prevalence is relatively low, with hepatitis B surface antigen
(HBsAg) positivity ranging from < 2% to 7% compared
with Asia, Africa and the Middle East, where chronic
hepatitis B (CHB) prevalence rates reach 5%-20% of
the general population[2,3]. Indications for treatment have
been established by several international guidelines[3,4].
Treatment end-points are complete viral suppression
(undetectable levels of HBV DNA replication), hepatitis
B e antigen (HBeAg) clearance and seroconversion in
HBeAg-positive patients, and if possible HBsAg clearance and development of antiHBs antibody[3,4]. Patients
achieving these serologic end-points may discontinue
treatment after an additional 6-12 mo period of consolidation therapy according to the cited guidelines. The
goal of HBV treatment is to improve survival by preventing disease progression to decompensated cirrhosis
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Results from phase Ⅲ clinical trials clearly demonstrate
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and HCC[3,4].
Treatment induced suppression of HBV DNA to
undetectable levels reduce the risk of disease progression improving liver fibrosis, and can result in fibrosis
and cirrhosis regression[5,6]. Also, HBV DNA clearance
is associated with increased rates of HBeAg and HBsAg
seroconversion, the ultimate goal of HBV therapy. Since
HBV DNA is integrated in the host genome, HBV persists in the covalently closed circular DNA form in the
hepatocyte even if HBV DNA is not detectable in the serum. This HBV persistence may result in reactivation and
hepatocarcinogenesis. Long-term treatment nucleos(t)ide
analogs (NUC) is required in HBeAg negative and positive patients who cannot maintain off-treatment virologic
suppression.
Pegylated interferon alpha (PEG-IFN alpha), entecavir (ETV) and tenofovir disoproxil fumarate (TDF) had
been selected as the first-line therapy to initiate treatment in naïve CHB infected patients[3,4]. Other NUCs
like lamivudine (LAM), adefovir (ADV) and telbivudine
(LdT), are no longer recommended as first-line therapy
since long-term therapy success with these drugs has
been reduced with the emergence of drug-resistant
mutants[3,4]. ETV and TDF were approved by different regulatory agencies in most countries between 2005
and 2009 on the basis of phase Ⅲ clinical trials results.
Since their approval, observational studies have been
performed in everyday clinical practice (also known as
“real life studies”), with their long term use adding valuable information to the efficacy and safety profiles of
these two drugs. The aim of this review is to analyze the
currently available data of long term ETV and TDF use
in clinical practice as first-line treatments for NUC naïve
chronic HBeAg positive and negative HBV patients.

randomized clinical trials (RCT) ETV showed increased
virologic, biochemical and histologic response rates
when compared with LAM. ETV at a dose of 0.5 mg/d
in treatment-naïve patients suppressed HBV DNA to
undetectable levels by year 1 in 67% of HBeAg-positive
and in 90% of HBeAg-negative patients compared with
36% and 72% in the LAM arms, respectively [7,8]. Recent reports showed that when administered for 2 to 5
years, ETV resulted in better HBV DNA suppression
and higher HBeAg seroconversion rates[9-11]. ETV treatment for 3 years in HBeAg-negative and for 5 years in
HBeAg-positive patients resulted in 95% and 94% HBV
DNA undetectable levels, respectively[10,11]. In HBeAgpositive patients, treatment for 96 wk resulted in 31%
HBeAg seroconversion rates[9]. In the ETV-901 study,
continuing treatment in those patients who remained
HBeAg positive at week 96 resulted in 23% HBeAg seroconversion rates and 1.4% HBsAg loss[11].
ETV has a high genetic barrier to resistance and a
strong resistance profile, and has a very favorable safety
profile. Recently reported results of more than 6 years
of therapy showed that in NUC naïve patients the cumulative probability of genotypic resistance to entecavir
was very low (1.2%) and that treatment was well tolerated[12,13]. Also, analysis of liver biopsies from the two
phase Ⅲ entecavir studies (ETV-022 and ETV-027) and
the open-label rollover study (ETV-901) have shown that
ETV treatment can improve fibrosis of the liver and can
cause fibrosis and cirrhosis regression[5]. Patients receiving treatment for at least 3 years had ≥ 2 point decrease
in the Knodell necroinflammatory score and no worsening of the Knodell fibrosis score in 96% of the cases,
and ≥ 1-point improvement in the Ishak fibrosis score
in 88% of the cases[5]. Reversal of advanced fibrosis/
biopsy-proven cirrhosis was demonstrated in nine of 10
patients with baseline Ishak fibrosis scores of 4-6 who
underwent serial liver biopsies up to year 6.

RESULTS FROM CLINICAL TRIALS
Results from phase Ⅲ clinical trials (CT) are critical for
the approval of new drugs. Their main objective is to
demonstrate the efficacy and safety of the drug being
evaluated in comparison with the current standard of
care, in a controlled setting. These trials are conducted
on large patients groups under standardized conditions.
“Ideal” young patients without comorbidities are included, and usually, patients with advanced liver disease
are excluded. These strict inclusion/exclusion criteria are
developed to facilitate analyzing the results and getting
the new drug approved for its use in clinical practice.
Also, patients treated within CT are strictly monitored
and assist more frequently to clinical consultation and to
laboratory monitoring than in routine clinical practice.
Once approved, treating physicians use the same drug
in “real life” patients, some of whom would have been
excluded from these trials.

Tenofovir
TDF is also a potent inhibitor of HBV replication,
which has been commercially available since 2008. In
phase Ⅲ RCT TDF showed increased virologic and
biochemical response rates when compared with ADV.
TDF at a dose of 300 mg/d in treatment-naive patients
suppressed HBV DNA to undetectable levels by year
1 in 76% of HBeAg-positive and in 93% of HBeAgnegative patients compared with 13% and 63% in the
ADV arms, respectively[14]. As previously shown with
ETV, extending treatment with TDF is associated with
increasing HBV DNA suppression and higher HBeAg
seroconversion rates[15-17]. After 4 years of treatment,
96% of HBeAg positive and 99% of HBeAg negative
patients achieved undetectable HBV DNA levels[15-17].
In HBeAg positive patients, HBeAg loss occurred in
41% of patients and HBeAg seroconversion in 29%;
the cumulative probability of HBsAg loss was 11%[15,16].
Longer treatment with TDF is associated with higher
HBV DNA negativization rates (98%-99%), and higher

Entecavir
Entecavir is a potent inhibitor of HBV replication, which
has been commercially available since 2005. In phase Ⅲ
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HBeAg and HBsAg negativization and seroconversion
rates[18].
As with ETV, long-term treatment with TDF has
been associated with histologic improvement. Sustained
viral suppression with TDF treatment over 5 years was
associated with histological improvement in 87% of patients and 51% fibrosis regression; 74% of patients with
cirrhosis (Ishak score 5 or 6) at baseline no longer had
cirrhosis[6]. TDF was well tolerated over this treatment
period[15-18], and no resistance with long term treatment
has been reported to date[19,20].

of patients achieved HBV DNA undetectable levels, 8%
of the HBeAg positive patients cleared HBeAg and 1%
cleared HBsAg[24].
A retrospective/prospective, multicentre study was
conducted at 19 Italian centres and included 418 consecutive NUC-naïve patients treated with ETV[25]. In their
last evaluation, 100% of HBeAg positive patients and
99% of HBeAg negative patients achieved HBV DNA
undetectable levels after 60 mo of treatment. In HBeAg
positive patients, HBeAg seroconversion occurred in 31
patients (cumulative rate of 55%) and HBsAg loss in 15
patients (cumulative rate of 34%). One patient developed resistance to ETV (L180M, M204V, S202G) over
the treatment period and was successfully treated with
TDF[25].
A single centre study from Italy included 100 patients, 85 of whom were NUC-naïve treated with ETV
for 36 mo. Overall, 94% of the patients achieved HBV
DNA negativization, 33% of HBeAg positive patients
cleared HBeAg and 15% cleared HBsAg [26]. Another
multicentre study from Italy included 300 patients, 287
being NUC-naïve treated for 24 mo. At the end of follow up, cumulative rates of undetectable HBV DNA
was 89%, 39 patients were HBeAg positive and 17
achieved negative HBeAg with antiHBe seroconversion
in 15 cases (38.4%), and HBsAg loss was observed in 5
patients[27]. Unfortunately, both studies presented their
overall results, including both NUC-naïve and NUCexperienced patients.
The results from a previously reported multicentre
study performed in Argentina were recently updated[21,28].
One hundred and sixty nine consecutive patients were
treated with ETV for a median 181 wk. Overall, 156
(92%) patients became HBV DNA undetectable, 92
(88%) of HBeAg positive and 64 (98%) of HBeAg
negative patients. Cumulative clearance of HBV DNA
by week 192 and 240 was 100% in both HBeAg positive and negative patients. Seventy four (71%) patients
cleared HBeAg, 23 (14%) patients cleared HBsAg (19
HBeAg positive and 4 HBeAg negative, P = 0.025), and
22 (13%) patients developed protective titers of antiHBs. One patient developed virological breakthrough due
to ETV resistance (M204V, S202G) over the treatment
period[29]. In a follow up study, post-treatment outcomes
of patient from this study were evaluated in clinical
practice[30]. Thirty-five patients (20%) discontinued ETV
treatment due to sustained virological response; 33 of
these patients developed HBeAg seroconversion and 18
HBsAg seroconversion. Nine patients (26%), all HBeAg
positive at baseline, developed virological relapse after a
median 48 wk off treatment, 3 of them showed HBeAg
reversion and 4 lost antiHBe. No patient with HBsAg
seroconversion relapsed[30]. These results confirmed that
ETV, after 12 mo consolidation therapy, can be discontinued in real life. Patients have to be followed since
there is still a risk of virological relapse.
A single-centre prospectively followed cohort from
Hong Kong analyzed 222 NUC-naïve patients receiv-

RESULTS FROM CLINICAL PRACTICE
STUDIES
Results from phase Ⅲ RCT clearly demonstrate the efficacy and safety of ETV and TDF in the controlled
environment of randomized clinical studies. There are
several studies with both drugs performed in clinical
practice (also called “real life studies”). Some had been
published in full text in peer review journals, and some
had been only presented at the liver meetings organized
by the American Association for the Study of Liver
Diseases and the European Association for the Study
of Liver. These studies contain a heterogeneous mixture
of patients treated for different periods of time who are
differentiated from those in clinical trials as based on a
number of criteria and may, therefore, be more reflective
of the treatment population and the real efficacy and
safety of the drug (Table 1)[21]. Results from these studies
are discussed in the following section and summarized in
Table 2.
Entecavir
There are several studies of ETV treatment in clinical
practice from different regions of the world. Most of
them are from Europe and Asia, and a minority from
America and Oceania. The Oriente study analyzed the
results from 190 NUC-naïve patients treated for a year
in 25 centres in Spain. The cohort was 73% male, 84%
Caucasian, 30% HBeAg positive and 34% of the patients who underwent biopsy had advanced fibrosis/cirrhosis. At week 48, 83% of the patients (61% HBeAgpositive; 92% HBeAg negative) achieved a virological
response, 26% of the HBeAg-positive patients lost
HBeAg and 22% achieved seroconversion to antiHBe
and 2% showed HBsAg clearance [22]. The European
network of excellence for vigilance against viral resistance (VIRGIL) performed a multicentre cohort study
at over 10 European referral centres between 2005 and
2010 including 243 NUC-naïve patients[23]. At week 144,
90% of HBeAg positive patients and 99% of HBeAg
negative patients achieved a virologic response, and
34% of the HBeAg-positive patients lost HBeAg. In a
single-centre cohort study from the King’s College in
the United Kingdom 3 treatment strategies were compared. One hundred and fifty four patients were treated
with ETV monotherapy for a median of 28 mo: 76%
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Cirrhosis

26/329 (8)

140.5 (114.3)2

ALT, IU/L1

15/303 (5)

141 (114.7)2

33 (10)
46 (14)
57 (18)
157 (48)
322 (99)
7.6 (1.8)2,5

193 (59)
122 (38)
2 (< 1)
Europe 48%,
North America 9%, South
America 11%,
Australia and
Asia 33%

140 (40)
204 (58)
2 (< 1)
Europe 24%,
North America
13%, South
America 14%,
Australia and
Asia 49%

94 (27)
68 (19)
111 (31)
37 (10)
6 (3)
9.62 (2.01)2,5

248 (76)

274 (77)

Genotype
A
B
C
D
HBeAg negative
HBV DNA, log10 IU/mL1

[8]
325
44 ± 112

ETV-027

[7]
354
35 ± 132

ETV-022

133 (70)
5.94
(4.64-7.39)3
71.5
(44-108)3
07

NR

60 (84)
18 (9)
6 (3)
Europe

139 (73)

[22]
190
44 (35-54)3

Oriente

Europe

122 (79)
NR

[24]
154
423

King’s
College
Cohort

Europe

316 (76)
NR

[25[
418
58 (18-82)4

Italian
cohort

South
America

143 (85)
26 (15)

113 (77)

[29]
169
51 ± 132

Argentinean
cohort

Asia

157 (71)
NR

[32]
222
47 (21-77)4

Hong Kong
cohort

Asia

321 (67)
NR

[33]
474
47 (17-82)4

Japan cohort

57 (24)

NR
52 (34)

NR

92
(11-2241)4
202 (49)
38 (23)

139 (231)2
0

92 (17-2168)4

102 (22)

70 (8-2121)4

China
cohort 2

Asia

196 (85)
NR

NR

Asia

67 (68)
NR

[36]
98
48 ± 132

Taiwan
cohort
[37]
248
39
(17-77)4
172 (69)

Taiwan
cohort 2

North
America

7(4)
162 (96)

100 (59)

[38]
169
39 ± 122

United
States
cohort

North
America

10 (7)
126 (93)

83 (61)

[39]
136
39 ± 122

26(16)

NR

10 (6.1)
NR

NR

Oceania

[40]
163
52
(24-86)4
113 (69)
NR

United Australia
States
cohort 2

0
-61
-57
-39
-41
0
602 (34)
57 (58)
0 (0)
0 (0)
0 (0)
6.74
6.0 ± 1.53
7.6
7.58
7.48
(1.04-9.69)4
(2.2-13.1)4 (3.77-9.70)4 (3.8-9.9)4
68(3-2631)4
NR
138
201
62
67
(21-4190)4 (27-2415)4 (14-839)4 (14-1077)4
74 (32)
NR
13 (14)
39 (16)
NR
NR

NR

Asia

1768 (100)

1414 (80)

[34]
[35]
230
1768
42 ± 122 36 (16-70)4

China
cohort

NR
NR
NR
NR
40 (22)
12 (3)
14 (8)
67 (16)
25 (14)
336 (81)
91 (50)
84 (90)
0 (0)
157 (65) 106 (69) 347 (83)
65 (39)
132 (59)
252 (53)
117 (51)
6.2 ± 1.73 4.6 (0.2)6 6.0 (1.5–9)4 6.88 (1.81)2 7.1 (4.0-> 8.8)4 6.7 (2.6-> 9.0)4 6.3 ± 1.43

114 (47)
70 (29)
59 (24)
Europe

177 (73)

[23]
243
43 ± 142

Virgil

[21]

ing ETV (0.5 mg daily) for up to 4 years[31,32]. The cumulative rate of patients achieving HBV DNA undetectable levels was 90% by year 4. HBeAg seroconversion occurred
in 53% of HBeAg positive patients, and of HBsAg positive patients seroconversion developed only in one patient (0.5%). Only one case of resistance (rt180M, rt204V, and
rt184S/C/G/A) was reported in this cohort, representing a 0.6% cumulative resistance rate up to year 4[32]. This low rate, by comparison with previously mentioned results,
probably evidences the less frequent occurrence of HBsAg loss (mainly if not exclusively reported in HBeAg positive patients) in genotypes B and C (the most frequent in
Asia) compared with genotypes A and D (the most frequent in Europe)[21].
A retrospective analysis from Japan included 474 patients who received ETV treatment for up to 4 years[33]. The cumulative rate of patients achieving HBV DNA undetectable levels was 96% by year 4. HBeAg seroconversion occurred in 42% of HBeAg positive patients, and of HBsAg patients seroconversion developed only in one patient
(0.2%). In this cohort, 5 patients showed virological breakthrough during the treatment period, including 2 patients who developed ETV-resistant mutations[33]. Two hundred
and thirty NUC-naïve patients treated for up to 5 years were retrospectively evaluated in China[34]. Incremental increases were observed in undetectable HBV DNA rates, with

Unless otherwise specified; 2Mean ± SD; 3Median (interquartile range); 4Median (range); 5log10 copies/mL; 6Mean ± SE; 7Advanced fibrosis in 34%. ALT: Alanine transaminase; NR: Not reported; NUC: Nucleos(t)ide analogue;
VIRGIL: Vigilance against viral resistance; ETV: Entecavir.

1

1

Ref.
n
Age, yr
(mean ± SD or range)
Male
Race
White
Asian
Other
Region

Characteristic, n (%)

Table 1 Baseline characteristics of patients included in entecavir studies
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Table 2 Summary of efficacy results from real-life studies of entecavir in nucleos(t)ide analogue-naïve patients n (%)
Study
ORIENTE[22]
VIRGIL[23]
King’s College cohort[24]
Italian cohort[25]
Argentinean cohort[29]
Hong Kong cohort[32]
Japan cohort[33]
China cohort[34]
China cohort 2[35]
Taiwan cohort[36]
Taiwan cohort 2[37]
United States cohort[38]
United States cohort 2[39]
Australia cohort[40]

Median follow-up
(range)

Patients
(n )

Cut-off (assay
limit) (IU/mL)

52 wk (46-53 wk)
19 mo (3-45 mo)
28 mo (NR)
58 mo (2-80 mo)
181 wk (108-248 wk)
3 yr (12-60 mo)
2.37 yr (0.5-7.2 yr)
27.5 mo (3-73 mo)
191 wk (1-233 wk)
144 wk
25.3 mo (12-69 mo)
25 mo (6-68 mo)
36 mo
26 mo (3-46)

190
243
154
418
169
222
473
230
1768
98
248
169
136
163

50
80
12
12
6
12
12
100
50
NR
6
100
100
12

HBV DNA undetectable
115 (82)
126 (74)
NR
93 (99)
34 (100)
51 (90)
70 (96)
NR
1327 (83)
93 (95)
33 (82)
75 (44)
115 (85)
134 (82)

1

HBeAg seroconversion
12 (21)
13 (15)
NR
527 (31 patients)
71 (68)
16 (53)
93 (42)
17 (15)
NR
5 (12)
64 (28)
12 (8)
41 (30)
66 (43)

1,2

[21]

1

HBsAg loss

2 (1)
3 (1)
NR
337 (15 patients)
23 (14)
1 (0.5)3
1 (0.2)
1 (0.4)
NR
0
NR
NR
0
1 (0.6)

Unless otherwise specified; 2Median (interquartile range); 3Advanced fibrosis in 34%.

1

100% being undetectable at 5 years of treatment. Fifteen
percent achieved HBeAg/antiHBe seroconversion, and
only one patient cleared HBsAg (0.4%). Only one patient developed ETV resistance mutations (rtL180M +
rtT184A + rtM204V), and was subsequently treated with
ETV+ADV combination therapy[34].
In a sub-study of the randomized, observational study
of entecavir to assess long-term [(REALM) outcomes
associated with nucleoside/nucleotide monotherapy for
patients with chronic HBV infection] trial, 1768 NUCnaïve patients were treated with ETV in a ‘real-world’
clinical practice setting in China [35]. The preliminary
results of the virologic efficacy and limited safety data
were recently presented. At week 144, 84% of ETVtreated patients had HBV DNA undetectable levels. Unfortunately HBeAg and HBsAg clearance rates were not
reported. Importantly, in this large cohort of patients
prospectively followed, ETV demonstrated to be very
safe with no serious adverse events reported. In Taiwan
98 patients were treated with ETV, in a study comparing its efficacy with LdT[36]. Short term treatment, up to
48 wk, showed HBV DNA was undetectable in 95% of
patients and the HBeAg seroconversion rate was 27%.
None of the patients achieved HBsAg clearance. No
resistance was reported. In the real-world study “Taiwan
Retrospective study of Entecavir Treatment: a Multicenter E Antigen positive Treatment-Naïve Trial of
Chronic Hepatitis B” (TREATMENTCHB), 248 HBeAg
positive patients were treated with ETV[37]. Undetectable
serum HBV DNA levels were achieved in 52% (111/213),
79% (101/128), and 82% (33/40) of patients at 1, 2, and
3 years of treatment, respectively. Of 248 patients, 99
(40%) achieved HBeAg loss at the time of data analysis.
The rate of HBeAg seroconversion was 28% (64/231;
17 missing data of antiHBe antibody). The cumulative
rates of HBeAg loss were 20%, 38%, and 49% at years 1,
2, and 3 of treatment, respectively. HBsAg loss rate were
not reported[37].
A retrospective cohort study was performed including 333 consecutive treatment-naïve HBeAg positive

WJG|www.wjgnet.com

patients treated with oral NUC monotherapy with LAM,
ADV, ETV, or TDF for up to 12 mo at three gastroenterology clinics in the United States, where 96% of the
cohort were Asians[38]. One hundred and sixty nine of
them received treatment with ETV. At the time of evaluation 44% achieved HBV DNA undetectable levels and
the HBeAg seroconversion rate was only 8%. In the entire cohort, a total of 118 patients switched therapy during the course of treatment: 38 switched to combination
therapy and 80 switched to alternative monotherapy. The
HBeAg seroconversion rates improved with time, being
21% at year 2, 28% at year 3, 38% at year 4, and 38%
at year 5. There is no data about ETV patients treated
outcome. A subgroup of this study, those receiving only
ETV was reported[39]. One and hundred thirty six patients received treatment for up to 36 mo. Complete viral
suppression rates at months 24 and 36 were 66% and
85%, respectively. The cumulative HBeAg seroconversion rates were 20% at month 24 and 30% at month 36.
No patients achieved HBsAg loss or HBsAg seroconversion in this study. The results from this study suggest
that, unlike the majority of the studies reported, achieving HBeAg seroconversion in real-life settings appears to
be much more difficult than in registration trial settings.
In this case, it might be related to lower ALT levels.
Also, the low rate of HBsAg loss in this predominately
Asian cohort may be associated with the predominance
of HBV genotypes B and C as previously mentioned.
A study from Australia included 163 NUC-naïve patients treated with ETV for up to 36 mo[40]. It showed
that 134 patients (82%) achieved complete virological
suppression (HBV DNA levels < 12 IU/mL). Authors
reported that the annual HBeAg positive to negative
seroconversion rate was 14%; after 36 mo 66 patients
(43%) achieved this serologic endpoint. In this cohort
only one patient (HBeAg negative) cleared HBsAg. A
recent review also from Australia showed similar results:
81%-89% HBV DNA suppression rates[41]. Unfortunately they do not report HBeAg and HBsAg clearance rates.
Results from these 13 studies, including 4434 pa-
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Table 3 Baseline characteristics of patients included in tenofovir studies n (%)
Characteristic

1

Study 103

Study 102

[21]

King’s College Cohort United States cohort European cohort German cohort

Reference
[14]
14
n
176
250
Age, yr (mean ± SD or range)
34 ± 112
44 ± 112
Male
119 (68)
193 (77)
Race
White
92 (52)
161 (64)
Asian
64 (36)
63 (25)
Other
20 (11)
26 (10)
Region
Europe 55%, North Europe 63%, North
America 27%, Aus- America 21%, Australia and Asia 18% tralia and Asia 16%4
Genotype
A
94 (27)
33 (10)
B
68 (19)
46 (14)
C
111 (31)
57 (18)
D
55/173 (32)
156/243 (64)
HBeAg negative
0 (0)
250 (100)
HBV DNA, log10 IU/mL1
8.64 (1.076)2,5
6.86 (1.31)2,5
ALT, IU/L1
142 (102.81)2
127.5 (101.21)2
Cirrhosis
34/172 (20)
47/250 (19)

[24]
60
403
30 (50)
NR

[38]
28
36 ± 92
16 (58)

[42]
302
55 (19-80)
222 (74)
NR

[43]
184
44 ± 142
127 (69)

1 (4)
27 (96)
Europe

140 (76)

North America

NR

Europe

Europe

NR

NR

241 (80)
5.9 (1.4 -> 9)3
88 (11-3733)3
105 (35)

127 (69)
6.9

18 (65)
10 (35)
46 (77)
4.2 (0.3)6
NR
14 (23)

0 (0)
7.74 (3.34-8.66)3
52.5 (8-468)3
NR

20 (11)

1

Unless otherwise specified; 2mean ± SD; 3median (range); 4Australia or New Zealand; 5log10 copies/Ml; 6mean ± SE. ALT: Alanine transaminase; NR: Not
reported; HBeAg: Hepatitis B e antigen.

Table 4 Summary of efficacy results from real-life studies of tenofovir in nucleos(t)ide analogue-naïve patients n (%)
Study
King’s College cohort[24]
United States cohort[38]
European cohort[42]
German cohort[43]

Median follow-up
(range)

Patients
(n )

Cut-off (assay limit)
(IU/mL)

HBV DNA undetectable

12 mo
12 mo (6-23 mo)
33 mo (0-66 mo)
24 mo

60
28
302
184

12
100
12
69

33 (76)
23 (82)
91 (97)
170 (92)

1

HBeAg seroconversion
2 (7)
7 (5)
18 (36)3
NR

1,2

1

HBsAg loss
0
0
8 (13)
NR

1

Unless stated otherwise; 2among those hepatitis B e antigen (HBeAg) (+) at baseline; 3Kaplan–Meier estimate. NR: Not reported; HBV: Hepatitis B virus;
NR: Not reported; NUC: Nucleos(t)ide analogue; HBsAg: Hepatitis B surface antigen.

tients, showed that ETV is as effective in clinical practice
as in clinical trials. Extending treatment duration is associated with increasing rates of HBV DNA complete
suppression, HBeAg seroconversion and HBsAg loss.
Different response rates between studies, mainly regarding serological response, may be associated with particular virological and host factors of each geographic
region.

treatment at the time of the analysis (9 mo compared
with 28 mo). At 12 mo of treatment, 76% of TDF treated patients cleared HBV DNA, 7% achieved HBeAg seroconversion and no patient cleared HBsAg. In another
previously mentioned study, 333 consecutive treatmentnaïve CHB patients treated with oral NUC monotherapy
with LAM, ADV, ETV, or TDF for up to 12 mo were
evaluated at three gastroenterology clinics in the United
States[38]. Twenty eight of them received treatment with
TDF. At 12 mo of treatment, 82% of TDF treated patients cleared HBV DNA, 5% achieved HBeAg seroconversion and no patient cleared HBsAg.
Two large studies evaluating TDF use in clinical practice were recently reported[42,43]. A multicentre cohort
study conducted at 19 European centres retrospectively
and prospectively monitored 302 NUC-naïve patients
followed for a median of 33 mo and the 3 years follow
up study was presented[42]. Virological response rates increased over time from 84% at year 1 to 95% at year 3 in
the overall population, from 66% to 86% in HBeAg positive patients and from 74% to 98% in HBeAg negative
ones. The cumulative probability of HBeAg seroconversion steadily increased to 36% at year 3, with 8 patients

Tenofovir
There are fewer studies published with TDF than with
ETV. Also, the population included in these studies
tended to be heterogeneous, patients were treated for
different periods of time (generally for shorter periods
of time than with ETV) (Table 3), and may also be more
reflective of the treatment population and the real efficacy and safety of the drug[22]. Results from these studies
are discussed in the following section and summarized in
Table 4.
The King’s College Cohort from London (already discussed in the ETV section) included 60 patients receiving
first-line TDF treatment[24]. Since TDF was approved
after ETV, these patients received a shorter duration of
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(13%) clearing HBsAg, and 5 of these stopping TDF
successfully. Virologic breakthrough was reported in
2% of patients, with no potentially resistance-associated
mutations identified to date. A prospective observational
study including 400 TDF-naïve patients was performed
in Germany and the 2 year data is available (GEMINIS
study)[43,44]. Forty-six percent of the patients (n = 184)
were NUC-naïve. At the time of evaluation, overall 92%
of NUC-naïve patients achieved HBV DNA undetectable levels, 81% of HBeAg positive and 91% of HBeAg
negative patients; 20% achieved HBeAg seroconversion,
and there was 5% loss in HBsAg in HBeAg positive patients. No virologic breakthrough and no resistance have
been reported to date.

NUCs in CHB cirrhotic patients. Lactic acidosis (LA)
with ETV was first reported in 2009. Five of 16 HBV
cirrhotic patients treated with EVT developed lactic
acidosis. One of the patients died, and the other 4 recovered after treatment discontinuation. A significant
correlation between the MELD score and the development of lactic acidosis was observed (P = 0.002). The
single components of the MELD score - bilirubin, INR,
and creatinine - also correlated with the development
of lactic acidosis (P = 0.003, P = 0.003, and P = 0.008,
respectively). LA developed in patients with more severe
liver dysfunction (MELD score > 20)[45]. There were no
cases of LA reported in the ETV 901 study or in the
clinical practice studies, considering that 8% to 49% of
patients included were cirrhotics[22-26,30-41]. A recent study
using ETV and/or TDF in compensated or decompensated HBV cirrhotic patients in real-life clinical practice
demonstrated that both drugs can be safely used in this
subgroup of high risk patients [46]. Safety of ETV in
decompensated HBV cirrhotic patients was confirmed
in an open label study[47]. This data suggested that ETV
can be used, but should be applied cautiously, in patients
with severe decompensated liver disease. As per reported
NUCs preclinical data, a usual concern with the long
term administration is their potential carcinogenicity. After a 5 year period of ETV administration, only 3 cases
of the novo non liver neoplasms were identified: two
gastric and one pancreatic adenocarcinoma[13,44]. However, to date, there is no evidence for the occurrence
of cancers as a result of ETV treatment in patients. A
global phase Ⅳ study (the REALM study), preliminary
results of which were discussed above[35], is continuing
to address this safety concern in patients treated with
ETV during a 10-year follow-up period.

SAFETY AND TOLERABILITY IN CLINICAL
PRACTICE
Entecavir
ETV should be administered on an empty stomach (at
least 2 h after a meal and 2 h before the next meal) and
is generally well tolerated. The most commonly reported
treatment related adverse events in phase Ⅲ clinical trials
were headache, fatigue, dizziness, and nausea at comparable rates to LAM[7,8]. In the ETV-901 rollover study
1051 patients were enrolled from 10 prior Phase Ⅱ/Ⅲ
studies and were treated with ETV for at least a 5 year
period[13]. Most of the reported adverse events (AEs)
were mild to moderate, 19% were grade 3-4 events, with
only 4% of them possibly related to ETV. These grade
3-4 AEs were myalgias (5%), neuropathy (hypoparesthesia and hyperparesthesia, polyneuropathy) (4%), increased lipase (2%), increased serum creatinine (< 1%),
increased serum lactate or decreased serum bicarbonate
(< 1%), hypophosphatemia (< 1%), muscular weakness
(< 1%), pancreatitis (< 1%) and creatinine phosphokinase elevation (< 1%)[45,46]. It was reported an overall discontinuation rate due to AEs was extremely low (< 1%).
Are these results from phase Ⅲ trials applicable to
treatment in real life settings? After reviewing the experience from these studies (including 4434 patients), it
seems that the ETV Safety profile in clinical practice is
consistent with those of Phase Ⅲ studies, in that no major safety issues or serious side effects have been reported to date[21-25,29-40,44]. As a controlled trial, patients have
been carefully selected in order to be able to be included.
Excluded patients usually have advanced liver diseases
or comorbidities. The latter commonly require administration of concomitant medications. The addition of
different medications may have an important impact
upon study drug pharmacokinetics, efficacy and safety.
The strict inclusion criteria of these studies did not allow testing unexpected adverse events due to drug to
drug interactions, nor potential toxicity in patients with
advance liver disease. For this reason, studies reporting
results in “real life” are necessary to add information to
controlled clinical trials reports[44].
There are some safety concerns when using the newer
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Tenofovir
In phase Ⅲ trials the overall incidence of AEs was
comparable in patients receiving TDF vs ADV[14]. The
most common AEs in both studies included headache,
nasopharyngitis, back pain, nausea, and fatigue. Nephrotoxicity may be a potential concern with TDF, based on
evidence from post-marketing surveillance of patients
receiving TDF for HIV infection, but so far the problem
appears to be less evident in patients with HBV infection[22,43]. Results from the long term follow up of phase
[20]
Ⅲ studies have been recently presented . At year 6, less
than 2% of patients discontinued TDF due to an adverse event, and less than 1.5% experienced a confirmed
renal event (≥ 0.5 mg/dL increase in serum creatinine
from baseline, phosphorus < 2 mg/dL, or CrCL < 50
mL/min)[21]. The use of tenofovir has been associated
with greater loss of bone mineral density during the
early months of therapy in HIV monoinfected patients,
although no HBV monoinfected patient experienced
bone fractures in these studies[16-20]. Bone mineral density (BMD) remained stable from year 4 through year 6,
for both hip and lumbar spine[20]. Recent data suggests
that in HBV monoinfected patients, bone mineral loss
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might be related to vitamin D deficiency and no to TDF
treatment[48]. Nevertheless, BMD should be periodically
evaluated in HBV patients taking TDF[44]. Safety data
collected from the European cohort study concerning
TDF were generally consistent with the long term clinical study safety data[42].
Median serum creatinine, eGFR and phosphorus
blood levels remained unchanged over time. Approximately 2% of the patients showed > 0.5 mg/dL increase
of serum creatinine or < 2 mg/dL phosphorus or
proteinuria. The proportion of patients with eGFR <
50 mL/min by MDRD increased from 3% at baseline
to 6% at the end of the study. TmPO4/GFR ratio, a
marker of urinary phosphate reabsorption, was reduced
in nearly 20% of the patients at baseline and in nearly
30% during follow-up. TDF doses were reduced to 300
mg/48 h in 10 patients (3%, decline of eGFR in all) and
discontinued in an additional 9 patients (3%, renal-related events in 2 cases). Overall, 5% stopped TDF (HBsAg
loss in 5, adverse events in the remaining 11)[42]. In the
GEMINIS study serum creatinine clearance and phosphorous levels remained stable. No frequent AEs were
reported. Four renal events were detected, all in NUCexperienced patients (prior long-term LAM +/− ADV
therapy) with comorbidities: diabetes (2 patients), renal
insufficiency (2 patients), and cirrhosis (1 patient)[43].
A French multicentre prospective cohort (Vireal
study) evaluated the tolerance of TDF treatment in a
real life cohort, including elderly patients with comorbidities[49]. Unfortunately, 58% of the 441 HBV patients
treated were NUC-experienced or resistant and were not
included in the review of the virological response discussed above. The 2-year data reported no major safety
issues. Forty-eight elderly patients were subsequently analyzed: mean age 71 ± 6 years, 73% male, 87% HBeAgnegative, 58% advanced fibrosis and 79% treatment
experienced. Although 82% of elderly had prior GFR
< 90 mL/min (estimated by CKD-EPI formula), GFR
remained stable or improved in 91%. The mean GFR
was 73, 69 and 70 mL/min at baseline, 1 and 2 years.
This study showed that TDF safety and tolerance were
similar in elderly and younger patients[49]. Also, TDF can
be safely used in patients with mild renal impairment.
A prospective, randomized, double-blind trial of TDF
vs emtricitabine (FTC)/TDF combination in LAMresistant patients compared mild renal impairment (MRI;
CrCL 50 ≤ 80 mL/min by Cockroft-Gault) patients
(74/280; 26%) and normal renal function (NRF; CrCL
[50]
≥ 80 mL/min) patients (206/280; 74%) . No patients
had a confirmed increase in serum creatinine of ≥ 0.5
mg/dL, and 1% (2-NRF) had transient phosphorus <
2 mg/dL. Nine MRI patients had CrCL < 50 mL/min
(pre-treatment range: 49-61 mL/min) that stabilized
with dose adjustment. No differences were observed
in percentage change in spine or hip BMD over 96 wk,
and no clinically relevant bone loss was noted in either
group. The safety of patients with MRI receiving TDF
was similar to NRF patients; in MRI patients there was
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no evidence of increased risk for renal- or bone-related
complications[50]. In TDF treated patients serum chemistries, including creatinine and phosphorus, should be
monitored every 6 mo. Monitoring may be more frequent in patients with impaired baseline renal function
or other medical conditions that increase the risk of renal failure[51].
TDF was also used in HBV patients with decompensated liver disease in a phase Ⅱ double-blind randomized study[52]. TDF, alone or in combination with FTC,
was demonstrated to be safe in this population. As previously mentioned, TDF was safe when used in this group
of patients in real-life clinical practice[46].

PREDICTORS OF RESPONSE IN CLINICAL
PRACTICE
The factors that determine the likelihood of achieving a
virological and/or serological response are called predictors of response. They can be classified as viral or host
related, or as baseline or on-treatment depending on the
time point of evaluation. Many viral and host factors affect treatment response, and not achieving the desired
response might be related to a combination of them. Before initiating treatment, it is useful for patients and physicians to know the likelihood of achieving a response,
so that they can decide whether treatment benefits
outweigh its costs and its risks. Also, predictors may be
helpful to guide the continuation of antiviral therapy[4].
In CHB therapy, some baseline and on-treatment
predictors of subsequent response have been identified.
These factors are stronger predictors of treatment outcomes and are more useful for IFN/PegIFN based than
for NUCs based therapies[4]. Predictors of response for
the existing NUCs at various time points vary for different agents. In HBeAg positive patients, baseline factors
predictive of antiHBe seroconversion are low viral load
(HBV DNA below 2 × 108 IU/mL), high serum ALT
levels, and high activity scores on liver biopsy[4]. HBV
genotype does not influence the virological response to
any of the available NUCs[4,53]. Virological response (undetectable HBV DNA) at 24 wk during treatment with
LAM or LdT and at 48 wk during treatment with ADV
is associated with a lower incidence of resistance, i.e. an
improved chance of maintained virological response
in both HBeAg positive and HBeAg negative patients
and with a higher chance of antiHBe seroconversion in
HBeAg positive patients[4]. A decline of HBsAg, HBeAg
and HBV DNA levels during NUC treatment in HBeAg
positive patients may identify cases with subsequent
HBeAg or HBsAg loss[4,54-56].
Evaluation of predictors of response tends to be
difficult in real world studies since patients’ characteristics are heterogeneous and treatment duration and
parameters evaluated may vary between studies. But
there are some data reported with ETV treatment in
the studies cited above, and unfortunately none of the
TDF studies reported predictors of response. In the
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effectiveness is its usefulness in routine practice[57]. Clinical trials differ in many ways from clinical practice, and
many patients treated in clinical practice would have
been excluded from these trials. This is the main reason
why studies performed in routine clinical practice provide useful information for the treating physician. This
review shows that ETV and TDF used in clinical practice have similar response rates when compared with CT,
with low rates of resistance and favorable safety profiles.
Studies performed in clinical practice have some
limitations when compared with CT. They are, in most
cases, retrospective; the treatment protocol is not standardized; adverse events may be under-reported since
there is no strict register of safety parameters; and they
include a variable number of patients. These treatments
were conducted at referral centres by highly trained
specialists with experience in the field who have participated in CT. This ensures treatment effectiveness, but
tends to exclude less experienced investigation centres.
Another concern is that patient compliance to these
long term treatment regimens may be poorer and less
controlled than compliance to short term strictly monitored treatments in CT. Most of the studies reviewed
show a low rate of patients lost to follow up and a low
rate of non-adherence [58]. Even if adherence is not
strictly evaluated in these types of studies, it can be
assumed that if there is a low rate of virological breakthroughs and resistance, adherence has to be good to
maintain treatment responses.
Despite the pros and cons, studies performed in real
life conditions represent everyday practice and add important information about long term treatment effectiveness
and safety in this clinical setting. This review shows that
patients treated with first line NUCs at referral centres,
with good clinical follow-up and adherence to international guidelines, can achieve high treatment response
rates with a very low rate of adverse events.

ORIENTE study, virological response in the HBeAg
positive patients at week 12 correlated significantly with
antiHBe seroconversion rate at week 48: odds ratio for
this correlation at week 12 was 8 (95%CI: 1.17-54.5, P
< 0.05). This correlation was also observed at weeks 24,
36 and 48 (P = 0.003, 0.002 and 0.017, respectively)[22].
In the single centre study from Italy, the presence of
cirrhosis (OR = 1.730, 95%CI: 1.082-2.766, P = 0.022)
and absence of HBeAg at baseline (OR = 0.479, 95%CI:
0.273-0.842, P = 0.011) were independent predictors of
earlier clearance of serum HBV DNA[26].
In our study from Argentina, baseline HBV DNA ≥
7 log10 IU/mL (HR = 9.40, 95%CI: 3.46-25.54, P < 0.001)
and Metavir A score ≥ 2 (HR = 2.48, 95%CI: 1.39-4.40,
P = 0.002) predicted HBeAg clearance in ETV treated
patients[29]. Being HBeAg positive at baseline (HR = 11.1,
95%CI: 0.96-128, P = 0.053) and HBV DNA clearance
before week 48 (HR = 7.76, 95%CI: 0.96-62.4, P = 0.054)
tended to predict HBsAg seroclearance, but they were
not statistically significant[29]. In the Hong Kong cohort
baseline HBV DNA levels ≥ 8 logs10 copies/mL and
undetectable HBV DNA levels at week 24 were associated the higher possibilities of achieving undetectable
HBV DNA at year 3 of ETV treatment[31]. In the Japan
cohort, HBV DNA levels < 7.6 log10 copies/ml (OR =
15.8, 95%CI: 43.1-79.9, P = 0.001) predicted HBV DNA
undetectable levels after 3 years of ETV treatment[33].
Serum albumin < 3.5 g/dL (RR = 2.0, 95%CI: 1.1-3.6, P
= 0.019) was the only significant determinant of HBeAg
seroconversion[33]. In the Chinese study, high baseline
HBV DNA levels (OR = 0.532, 95%CI: 0.315-0.896, P
= 0.018) and virological non-response at week 24 (OR =
6.093, 95%CI: 2.099-17.685, P = 0.001) to ETV monotherapy were the independent risk factors for a partial virologic response at 1 year[34]. In the TREATMENT CHB
study form Taiwan, baseline ALT > 5-times ULN (HR
= 1.810, 95%CI: 1.062-3.085, P = 0.001) and baseline
HBV-DNA level (HR = 0.812, 95%CI: 0.700-0.942, P =
0.014) were independent factors associated with HBeAg
loss in ETV treated patients[37]. In the Australian cohort,
patients with baseline DNA levels < 108 log10 IU/mL
vs > 108 log10 IU/mL (P = 0.001) and HBeAg negative
patients (P = 0.001) achieved more rapidly complete virological suppression[40].
In summary, baseline HBV DNA levels and HBeAg
status appeared to predict HBV DNA clearance and
HBeAg clearance/seroconversion in clinical practice.
There is little information about predictors of HBsAg
clearance/seroconversion. There is no information
about how HBsAg and/or HBeAg baseline and on-treatment levels impact on treatment response in real life.
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medicine approach
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of severe chronic liver disease. This article provides a
critical view of the importance of genomic medicine for
the study of HBV infection and its clinical outcomes in
Latin America. Three levels of evolutionary adaptation
may correlate with the clinical outcomes of HBV infection. Infections in Latin America are predominantly of
genotype H in Mexico and genotype F in Central and
South America; these strains have historically circulated
among the indigenous population. Both genotypes appear to be linked to a benign course of disease among
the native and mestizo Mexicans and native South
Americans. In contrast, genotypes F, A and D are common in acute and chronic infections among mestizos
with Caucasian ancestry. Hepatocellular carcinoma is
rare in Mexicans, but it has been associated with genotype F1b among Argentineans. This observation illustrates the significance of ascertaining the genetic and
environmental factors involved in the development of
HBV-related liver disease in Latin America, which contrast with those reported in other regions of the world.
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Core tip: We explore the influence of genetic and environmental factors that may participate in the clinical
outcome of hepatitis B virus (HBV) infection among the
Latin American population. Such features may be of
interest to clinicians and scientists in the field of hepatology because this population differs importantly from
others worldwide. A novel genomic medicine approach
is required to implement new strategies for the prevention, management and treatment of HBV infection.

Abstract
Hepatitis B virus (HBV) infection is the leading cause
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creatures[11]. When did viruses first originate? It is an exciting question that still inspires researchers to develop
new methods for genetic sequence analysis [12-14]. For
example, the hepadnaviridae family is divided into two
genera, orthohepadnavirus and avihepadnavirus, based
on their genomic similarities and hosts[15]. Additionally,
the Hepadnaviruses have the ability to integrate their
genome into the host’s genome[16,17]. This feature is useful for paleovirologists to identify ancient endogenous
viral elements and estimate how long they have coexisted with their host[18-20]. Interestingly, rock and sediment
fossils are crucial to date the age of any plant or animal
species, while in some viruses, fossil information can be
found in contemporary cells’ genomes. The genus Avihepadnavirus primarily infects birds, and it is estimated
that it emerged in the Mesozoic era, 65 million years
ago[20], when mammals lived in the shadow of the dinosaurs[21]. In contrast, the genus Orthohepadnavirus affects
mammals[15]. This genus includes the human hepatitis B
virus, one of the most important etiological agents of
viral hepatitis in the world[22]. The HBV genome is approximately 3.2 kb, made of partially doubled stranded
DNA confined within a fenestrated nucleocapsid (core
protein) enveloped in a membrane containing three
surface antigen proteins (large, medium and small HBsAg)[15,23]. HBV genome replication is carried out by a
viral DNA polymerase without DNA proof-reading capacity[23], which contributes to the high genetic diversity
of HBV.
Based on their genomic divergence, HBV is classified
into eight genotypes, designated A through H. New information has been gathered that suggests the existence
of genotypes I and J[24]. However, the .origin of HBV still
remains unclear[25] due to the lack of consensus on the
estimated evolutionary rates for HBV and the inconsistency between these data and archeological evidence[26].
Recently, Paraskevis et al[6] estimated that diversification
among the different genotypes may have occurred 33000
years ago. Thus, by adapting these results to the hypothesis that HBV came from Africa[6,25,27], it is plausible that
the most recent common ancestor (MRCA) of all HBV
genotypes traveled together with humans from Africa
to their arrival in Beringia. Archaeological and genetic
evidence show that modern humans originated 200000
years ago[28]. In addition, it has been estimated that humans began to migrate out of Africa 100000 years ago,
traveling through Israel, India, China, Australia, Europe
and Russia before reaching the limits of the old continent[29]. Later, the expansion was detained by the glacier
of the Beringia region for approximately 36000 years[30].
In this region, the pre-Amerindians faced an extremely
hostile climate that reduced their population from 9000
to approximately 3200 people, who then crossed the
strait to the Americas[30]. In the last 20000-13000 years,
humans have dispersed to Alaska, the continental United
States, Mexico and Central and South America[18,31-35].
The ancestral population of Greenland may have been
the last to cross over to the new continent, roughly 5500
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INTRODUCTION
Hepatitis B virus (HBV) is a globally distributed human
pathogen that can cause life-threatening liver disease
such as chronic hepatitis, liver cirrhosis and hepatocellular cancer[1]. At least 350 million people worldwide
contribute to the large reservoir of chronic carriers, especially in developing regions, which may now be facing
epidemiological shifts due to immigration[1,2].
The study of the HBV reflects many of the chronological stages of scientific and technological development in the field of medical virology [3]. During the
immunological phase, the discovery of the hepatitis B
surface antigen protein (HBsAg)[4] supported worldwide
serological testing for HBV infection; later, the use of
DNA amplification and sequencing tools marked the era
of molecular epidemiology to test for viral genomes and
genotypes, respectively[3]. Most recently, the Bayesian coalescent and phylogeographic framework[5] coupled with
bioinformatics and specialized software is rapidly contributing new data regarding the geographic origin and
spread of HBV infection throughout different populations globally[6].
Significant progress has also been made in regards
to understanding the epidemiology, virology, natural
history and therapy of HBV infection [3]. Moreover,
novel prevention, management and treatment strategies
should now be studied with a genomic medicine approach. Herein, we consider that the interrelationship
between genetic and environmental factors involved in
the development of human diseases should be based on
the features of each population[7,8]. Hence, HBV infection is a particularly suitable candidate to examine such
an approach.
This paper provides a critical view of why the application of genomic medicine is required for the study of
HBV among the Latin American (LA) population. This
complex ethnic group, which arose from the mixture of
Native American, Caucasian and African lineages, presents a combined distribution of HBV genotypes from
the Old and New World, which may have an impact on
the clinical outcomes of and treatment strategies for
HBV infection.

WALKING WITH THE HEPATITIS B VIRUS
Origin and diversification of HBV
It is plausible that viruses have accompanied humans
since their emergence on planet earth[9,10]. Within their
genetic information and replication cycles may lie the
history of key events in the diversification of all living

WJG|www.wjgnet.com

7182

June 21, 2014|Volume 20|Issue 23|

Roman S et al . Hepatitis B virus in Latin America

years ago[36].
From Africa to South America, man was exposed
to diverse climates, geographic altitudes, foodstuffs and
pathogens. Consequently, due to host-environment interactions, inhabitants may have undergone region-specific
genotypic and phenotypic adaptations[37,38]. Examples
include the anatomical structure of the Eskimos[39,40], the
height and pigmentation of the African population[41],
tolerance of hypoxic conditions in the Tibetans[42,43] and
adaptations to varying diets[44] and infectious agents[45,46];
these adaptations allowed them to survive. Based on such
features, it is likely that each new human settlement carried an HBV strain with its own MRCA, which may have
developed specific adaptations to its host, allowing it to
survive and spread efficiently through its autochthonous
population. These changes are reflected at the genomic
level, giving rise to what we now know as genotypes.
It is estimated that the first genotype to diversify was
C, followed by B, D, A, F, E, H and G[6]. HBV genotypes
A through E are predominant among Old World populations. Genotypes B and C are predominant in Asia; genotype D in Africa, Europe and India; and genotype A in
sub-Saharan Africa, North Africa and Western Europe;
genotype E is restricted to East Africa[47]. Furthermore,
genotype G may be the most recent, with an estimated
time of MRCA of 800 years[6]; however, because its genome contains fragments of other genotypes[48,49] and
the number of complete sequences studied is limited,
further research is required to determine its geographic
origin[8]. Nonetheless, genotype G is restricted primarily
to populations of men who have sex with men in America[8], suggesting that these patients play a key role in the
spread of HBV to other parts of the world[50-53].
Genotype H is predominant in Mexico [7,8], while
genotype F prevails in Central and South America[54,55].
Phylogeny tests performed by the Neighbor-Joining and
Maximum Likelihood methods group these genotypes as
“sisters”, near the root of many phylogenetic trees[56-60]
due to their strong genetic similarities. Thus, by this
methodology, genotypes F and H belong to a monophyletic clade and can be considered direct descendants of
the ancestor of all human hepatitis B genotypes. Because
they share common epidemiological and transmission
routes, such features may be of medical relevance to
the clinical outcome and response to treatment among
human populations in Mexico and Central and South
America.

Incomplete adaptation: Incomplete adaptation events
may be exemplified in patients who develop fulminant
hepatitis[63], wherein a hyperimmune response to viral
antigens may lead to the deterioration of liver function,
severely compromising the patient’s life[64,65]. This is an
inefficient state for the survival of HBV, which depends
on the host to exist. Viruses exhibiting incomplete adaptation may be those that recently crossed the species
barrier[66]. Alternatively, they may arise in the circulating
population in the form of core and pre-core gene mutants, which enhance the encapsidation of virions and
in some cases may cause fulminant hepatitis B[67-69]. In
general, the frequency of fulminant hepatitis is approximately 0.1% to 1%[70,71], suggesting that the majority of
HBV carriers have other forms of adaptation.
Another mechanism of incomplete adaptation, which
is beneficial to the host, may occur when HBV DNA
genomes are eliminated by an efficient and coordinated
immune response[72]. In this type of infection, Th1 cytokines (IFN-γ, IL-2, TNF-α) quickly clear HBV DNA
by means of an optimal polyclonal response against the
viral antigens[73]. Then, T cell (CD4+ and CD8+) activity
fights infection by cytolytic and non-cytolytic mechanisms[73,74]. This type of response may annihilate HBV;
however, if all human populations responded in the
same manner, today’s HBV would not have achieved
such a broad distribution.
Semi-complete adaptation: Semi-complete adaptation
can be exemplified in patients with chronic hepatitis B
infection. In this group, it is a common characteristic
to detect HBV DNA and HBsAg after more than six
months[75]. It is likely that an inadequate immune response and HBV evasion mechanisms are responsible for
chronicity[74]. This type of infection does not immediately
compromise the host’s life, allowing hepatitis B virions
to fulfill their life cycle and transmit to the susceptible
population. Nevertheless, prolonged exposure to chronic
infection is associated with the development of fibrosis
and cirrhosis[22,75]. Additionally, the HBx protein has been
related to the development of hepatocellular carcinoma
by interacting with different signaling pathways[76], preventing DNA repair[77] and modulating the cell cycle[78].
There are 350 million people suffering from chronic
HBV infection[71], many of whom are part of the Asian
population, which harbors genotypes B and C and has a
higher risk for hepatocellular carcinoma (HCC)[79]. This
situation contrasts with the clinical presentation of HBV
genotypes F and H[7,8] and may indicate that an important majority of the human population presents semicomplete adaptation; thus, in the long run, some HBV
genotypes may be more aggressive than others.

Human adaptations to HBV
Based on their historical background and types of infection[61], human populations have developed a wide
spectrum of adaptations to HBV. From an evolutionary
perspective, “adaptation” is defined as all changes that
increase the success of the survival of an organism[62].
Applying this concept to HBV, we may consider three
levels of the adaptation process: incomplete, semi-complete and complete; these classifications may be related
to the clinical outcomes of HBV infection in humans.
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Complete adaptation: Finally, complete adaptation
comprises what is known as occult hepatitis B (OHB).
In this scenario, infections are characterized by low viral
loads (< 200 IU/mL) and the absence of HBsAg[80]. It
is likely that the ability to integrate the HBV genome
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into the host’s cell[79], the stability of the cccDNA and
immune tolerance [81] achieve a balance between the
rate of viral replication and tissue damage, conferring
a homeostatic state between the human host and the
specific HBV genotype. Under this hypothesis, complete
adaptation may allow patients to be asymptomatic for
many years[82]. However, other viral infections (i.e., HIV
or HCV)[83], intravenous drug use, immunosuppression,
antiviral therapy and even massive vaccination may break
the equilibrium state, triggering the onset of symptoms.
Additionally, these environmental “stress” factors may
provoke genetic diversification, thus enhancing viral
fitness and survival.
Finally, HBV could have accompanied humans from
their origin to their arrival in South America, developing variable degrees of mutual adaptation depending
on the degree of endemicity, HBV genotype, extent of
exposure and genetic background of the human population. Thus, the clinical manifestations and outcomes
of HBV infection may reflect the degree of adaptation
between the human host and their specific viral genotype companion.

ica, was inhabited by small and isolated semi-nomadic
groups [88], while Mesoamerica, in central-south and
southeast Mexico, with its extraordinary natural resources, especially in the Mexican Basin, invited the nomadic
hunter-gatherers to become sedentary societies [87,88].
Anthropological evidence dates the earliest settlers in
Mexico as far back as 30000 years, during the Lithic
Period[89]. The climatic conditions and environment of
Mesoamerica allowed the domestication and earliest cultivation of plants (7000-5500 BC), which resulted in the
eventual emergence of agriculture systems. The growth
of sedentary societies during the Pre-classical period
(2200 BC) flourished in the Classical (150-900 AC) and
Post-classical (900-1519 AC) period with the subsequent
increase in population density[89].
The size of the most developed population, in Tenochtitlan, the Aztec capital city, at the time of the Spanish
conquest was 25000000, which declined drastically to
5000000[90] due to warfare, overwork and the presence of
epidemic diseases, thereby allowing the wide expansion
and settlement of Europeans that gave rise to the initial
genetic and cultural admixture[89,90]. The Spaniards later
brought slaves from several regions of Africa and further admixture occurred[88]. These historical processes, in
conjunction with successive colonization and industrial
development from the 16th to the 18th century, brought
other foreign settlers; in recent years, ongoing migration has come to shape the present-day gene pool of the
Mexican population.
Several genome-wide analyses[87,88,91,92] have demonstrated that the Mexican population still retains its Native
American ancestry, with the degree of Amerindian ancestry increasing from north to south (38%-76%) and a
proportional decrease in European ancestry (50%-8.5%);
African ancestry remains relatively low throughout
the population (9%-18%)[92,93]. Likewise, most of the
population of Central and South America underwent
the same pattern of socio-demographic transformation
as the Amerindian ancestry, which led to the heterogeneous distribution of the admixture background of
LA. For example, the population of Argentina displays
predominantly European ancestry (78%), followed by
Amerindian (19%) and African ancestry (3%), although
the precise proportions may differ according to the studied subpopulations[94]. Brazil and Colombia show similar
proportions of European (71%) followed by the Amerindian ancestry (18%-19%), and the African ancestry
(10%-11%)[95].

HBV IN LATIN AMERICA
The Latin American and Caribbean region encloses the
Spanish, Portuguese and French-speaking countries of
the American continent and covers almost 22000000
km2. It includes Mexico, the islands of the Caribbean
and Central and South America, which possess a rich
cultural and natural heritage[84]. In this region, HBV endemicity ranges from low to high with at least 7 to 12
million people infected[85,86]. In the following section,
we offer an overview of the relationship between the
genetic backgrounds of LA hosts and HBV genotypes,
both endemic and foreign, with an eye to the clinical
outcomes of HBV infection.
Human population
The peopling of the Americas, and consequently the origin of the present-day LA population, is an active topic
of research. In a recent population genetics study, Reich
et al[87] proposed that Native Americans descend from at
least three streams of Asian gene flow. One stream of
ancestry comprises the Native American descendants
that came from the homogenous “First Americans”,
who crossed the Bering Strait more than 15000 years ago
(range, approximately 40000-15000 years). Two additional Asian lineages were detected among the EskimoAleut speakers and Na-Dene-speaking Chipewyan, with
a subsequent admixture between First Americans and
the following streams of aforementioned Asian migrations[87]. The nomadic lifestyle of these people and the
climatic changes allowed for their widespread expansion
throughout the continent in a southward direction[87].
The establishment of human populations in continental Latin America began mainly in the northern part
of Mexico. This dry land region, known as Aridoamer-
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Epidemiology of HBsAg seroprevalence
HBV infection in Latin America has a heterogeneous
distribution when estimated by the HBsAg serological
marker. According to the World Health Organization
(WHO), the majority of LA countries are considered
low seroprevalence (< 2%) regions, including Mexico,
Honduras, Nicaragua, Costa Rica, Panama, Cuba, Paraguay, Uruguay, Chile, Argentina, Peru and north Colombia. Regions with intermediate seroprevalence of HBV
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infection in Central America are Guatemala, Belize, El
Salvador, Honduras, Haiti the Dominican Republic and
Puerto Rico (> 2.0%-< 8.0%). In South America, some
countries or regions are classified as having intermediate
endemicity, such as Ecuador, Venezuela, Guyana, Surinam, French Guyana and the south of Brazil; whereas
Peru, south Colombia, northern Bolivia and northern
Brazil are known for their high seroprevalence (HBsAg
> 8%) [2,22,96,97]. However, WHO reports are primarily
estimates that require updated feedback obtained by national, large-scale epidemiological studies, which are not
commonly carried out in developing countries, including
those of Latin America. For example, the introduction
of HBV vaccination campaigns among members of the
WHO has diminished its prevalence in several regions
of Latin America[86].
Interestingly, countries that have a pattern of low
endemicity for HBsAg may have a higher prevalence of
anti-HBc, a marker of past or ongoing infection[98,99],
suggesting that exposure to HBV infection may be
higher than previously estimated by HBsAg alone. Additionally, it is unlikely that a given prevalence reported
by the WHO is applicable to all regions or risk groups in
a given country (i.e., rural and urban areas, or native and
mixed race populations). Furthermore, despite advancements in the sensitivity thresholds for HBsAg testing,
many commercial kits have their limitations; thus, the
surface antigen protein may be undetected[98,99]. Furthermore, among special populations, precautions should
be taken in patients with comorbidities related to overt
immunosuppression, such as cancer or HCV/HIV coinfections, as well as in cases of obesity and alcoholism,
which may indeed mask HBV infection in the form of
OHB[7,8]. Thus, given that Latin America is a diverse region and that the aforementioned situations are likely to
be encountered, it may be advisable to proceed with further HBV testing by using the anti-HBc marker, as well
as nucleic acid testing, because HBsAg provides only
one view of the status of infection.

African populations. Specifically, genotype F has been
detected as the predominant genotype in Central America and occurs at a high frequency among the HBVinfected Amerindians in all countries of South America
(i.e., Venezuela, Colombia, Peru, Bolivia, Argentina, and
Brazil), as well as in Native Alaskan populations[106]. In
general, its prevalence depends on the degree of admixture of the population with Amerindians[57] (see section
Clinical Outcomes for further discussion of this topic).
Moreover, F sequences isolated from sporadic cases
among non-Amerindian populations appear as nested
clades within the Amerindian genotype F radiation[6]. On
the contrary, HBV genotype H has been predominantly
isolated from both Amerindians and mestizos in Mexico
with a frequency that ranges from 60% to 100% depending upon the ethnicity and geographic location of the
sample population[7,107].
Genotypes F and H display a close phylogenetic
relationship (Figure 1, section A), which suggests an
introduction of the F/H ancestral strains to the Americas before the recent European colonization[54]. It has
recently been proposed that the estimated time of the
MRCA for genotypes F and H within the New World
was approximately 8900 years ago[6]. It appears that both
the ancestral and distinct F/H lineages (i.e., clusters or
subgenotypes) emerged under appropriate conditions
for human settlement, development of agricultural systems and an increase in population size throughout the
American continent[103]. However, genotype F presents
greater genetic diversity than genotype H. Phylogenetic
tree topology and genetic distances built using maximum
likelihood and maximum parsimony methods show the
deep clusters and geographical structure typical of genotype F[103]. Notably, the phylogeography of genotype F
denotes the presence of subgenotypes designated F1-F4;
some are further classified in subdivisions “a” or “b”
suggesting a high level of isolation of the Amerindian
populations carrying HBV[6] (Figure 1, section B). The
estimated times of the MRCAs for the F1-F4 subgenotypes are, in chronological order (i.e., oldest to newest), 6.4
ky, 3.3 ky, 3.2 ky and 2.4 ky, respectively[6]. Additionally,
characteristic amino acid positions of complete genomes
of HBV genotype F confirm the existence of the four
subgenotypes[58,104].
Within genotype H, at least four nested sub-clusters
(Figure 1, section C) are noticeable, though they are
not yet definite clades or subgenotypes. So far, these
correspond to the geographic region of origin of the
isolates[7]. Accordingly, genotype H isolates depict an
intragenotypic divergence of 0.032%-3.82% (data not
shown). In Table 1, the genetic distance by pair-wise
analysis among the four F subgenotypes and the HMEX,
HUSA, HSA and HNON-HISPANIC subsets range from 7.17% to
10.40% on the basis of complete genomes. Interestingly,
the highest divergence is within the H subsets and F1
genotypes, followed by F2 and F4, while F3 had the lowest (Table 1). These data are consistent with the fact that
F3 and H share amino acid positions[58,104] and with the

Molecular epidemiology and phylogeography
As previously mentioned, diagnostic tests based on
molecular techniques, either manual or automated, to
ascertain HBV genomes have revolutionized the clinical management of HBV infection worldwide. It is now
a standard practice to use them to confirm serological
testing, to decide who and when to treat, and during the
follow-up of antiviral treatment. These guidelines are
recommended by several liver associations worldwide.
Paralleling these advancements is the gradual appearance
of research in the field of molecular epidemiology[100,101]
and phylogeography[58,102-104] of HBV genotypes in Latin
America.
At the beginning of the molecular epidemiology era
in Latin America, it was clear that the HBV genotypes F
and H were the indigenous genotypes[54,57,105], while the
incidence of the HBV genotypes A and D within this
region was the result of admixture with European and
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Figure 1 Maximum-Likelihood phylogenetic tree of the F/H genotype family (1000 bootstrap replicates, Mega 5.0). An illustration of the genetic relationship
between genotype F and H and their subdivisions. Section A: Common ancestry; Section B: Hepatitis B virus (HBV) genotype F lineages; Section C: HBV genotype H
subsets.

similarity in the estimated times of MRCA, 3.2 ky and
4.1 ky, respectively[6]. Furthermore, recent studies based
on coalescence and phylogeographic methods have provided new insights into the introduction and spread of
F genotypes (F1-F4) among the LA populations through
human migration, especially in Colombia[58], Brazil[102]
and Argentina[103] (Figure 2).
In regards to genotypes D and A, they have maximum frequencies of 35% and 5%, respectively, among
urban populations in Guadalajara, Jalisco, Mexico [7],
while in various cities in Argentina in South America,
they occur at frequencies of 22% and 45%, respectively
(see references cited in Table 2). Both cases are in accordance with the ethnic demographic shift that took place
during the European colonization. Likewise, genotypes
B and C are dispersed among the LA populations due to
Asian immigrants (Tables 2, 3).
HBV genotype G is a minor strain that exists throughout the Americas in special populations with blood-

Table 1 Nucleotide divergence over the complete genome
among hepatitis B virus genotypes F and H
Cluster
F1a
F1b
F2
F3
F4

HMEX
8.63
(8.11-9.9)
8.63
(8.22-10.1)
8.07
(7.59-9.66)
7.84
(7.17-9.91)
8.36
(7.77-10.40)

HUSA
8.89
(8.16-9.5)
8.88
(8.04-9.86)
8.83
(8.04-9.86)
7.76
(7.28-8.94)
8.66
(7.84-9.98)

HSA
8.70
(8.5-8.8)
8.59
(8.19-9.39)
8.77
(8.09-8.24)
7.94
(7.24-8.97)
8.50
(8.06-9.34)

Hnon-Hispanic
8.51
(8.22-8.91)
8.49
(8.04-9.31)
7.9
(7.66-8.48)
7.69
(7.24-8.82)
8.29
(7.91-9.33)

Evolutionary distances between nucleotide sequences of 61 hepatitis B virus
(HBV) genes calculated in accordance with the Gen Bank database. Values
correspond to mean percentage of genetic distances of pair-wise analysis.
Values in parentheses indicate ranges (bootstrap value 1000; Kimura two
parameter method). HMEX, HUSA, HSA, Hnon-Hispanic, refer to isolates of HBV
genotype H from Mexico, United States, South America and Asian subjects,
respectively in compliance with Figure 1. MEX: Mexico; SA: South America.
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Figure 2 Pathway of hepatitis B virus in Latin America. A composite map of the theoretical pathway of hepatitis B virus (HBV) through Latin America based on
molecular epidemiology and phylogeographic evidence that relate past and current human migration. (Adapted from references: 6, 55, 57, 58, 101, 103, 104).

borne infectious diseases, however due to the high
frequency of this genotype in Mexico and the common
practice of sexual relationships among native men, it
may be associated with an Amerindian ancestry[7,8,98]. Finally, an uncommon genotype E was reported in Colombia[108], as well as an F3/A1 recombinant among an AfroColombian community[109].
Thus, with the advancement of molecular epidemiology and phylogeography, future progress can allow a
better understanding of the relationship between the
evolutionary history of the HBV genotypes and its impact on the clinical outcomes of HBV infection among
the LA populations.

associated with mixed infections and high viral loads; in
contrast, genotype D manifests at very low or undetectable viral loads or in mixed infections. The progression
to chronic infection occurs primarily among mestizo
adults through horizontal transmission and, to a lesser
degree, in children by vertical transmission[7,99,110]. OHB
is a key feature in native populations with high rates of
endemic HBV infection, although surprisingly few clinical manifestations occur. Recently, in an analysis of native Mexican groups, we reported differences in cytokine
levels in the serum that can distinguish OHB genotype
H-infected patients from patients that resolved HBV
infection. This result suggests that cytokine expression,
along with specific immune responses, can influence
the severity of OHB disease. Differences in immune response may be responsible for viral transcription repression, which in turn results in both HBsAg and minimal
detectable levels of HBV DNA[111].
Moreover, it is plausible that the course of liver
disease and immune response in native populations in
Mexico may be different from those described in other
areas of the world. In general, liver cirrhosis and HCC

Clinical outcomes of HBV infection
Mexico: HBV endemicity and clinical outcomes among
the native or mestizo Mexican population are associated
with the predominance of genotype H, followed by genotypes A, D and G[7,8,50,98,107] (Table 3). Two outstanding
features of HBV infection are OHB and low viral load
regardless of the degree of endemicity[7]. HBV genotype
A is most likely to be detected in acute infections and
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Table 2 Hepatitis B virus genotypes, clinical and serological characteristics and type of liver damage in South America n (%)
Ref.

Country

Cortes-Mancera et al[130], 2011 Colombia

Devesa et al[131], 2008
Alvarado Mora et al[58], 2011
Nakano et al[134], 2001
Quintero et al[132], 2002
Gutierrez et al[138], 2004

Study
population

Patients with 131 14 (11)
end-stage liver
disease

Palumbo et al[133], 2007
Bertolini et al[144], 2012

D

F

G

H

6 (5)

-

-

-

-

7 (100)
F1a, F3

-

-

NA

2 (2)

-

2 (2)

8 (8)

NA
NA
NA

8 (15)
3 (50)

-

-

-

1 (9)

-

-

7 (64)

3 (27)

Venegas et al[142],2011
Solari et al[149], 2009
Pezzano et al[150], 2011
Trinks et al[148], 2012
Barbini et al[101], 2013
Araujo et al[146], 2013

-

-

-

-

-

NA

-

-

OHB in 34%;

-

2 (100)
F1
81 (91)
F1; F2a;
F2b; F3
25 (100)
F3
-

OHB in 4.3%;
Rare severe liver
disease
AH in 100%

-

-

CH in 100%

-

-

15 (100)

-

-

CH in 68%

-

-

9 (9)
F1b
10 (10)

-

-

CH in 100%

-

-

CH in 100%

-

-

-

CH in 100%

3 (1)
F2a, F4
12 (100)
F2a, F1b,
F4
1 (1)

-

1 (0.4)

NA

-

-

NA

-

-

-

1 (100)
F4

1
-100

-

Asymp in 70;
AH in 2%; CH in
28%
CH in 100%

1 (1) 5 (50)
Ba
C2
1 (8) 3 (25)

-

4 (4)

-

-

NA

-

8 (68); F4

-

-

NA

2 (5) 3 (7)

-

27 (67)

-

-

NA

-

-

CH in 100%

-

-

CH in 100%

-

-

89

NA

NA

3 (3)

-

-

5 (6)

Amerindian

70

2 (3)

25 (36)

-

-

-

-

0 (0)

2 (100)

-

-

84 (95)

-

-

NA

-

-

NA

51 (49)

0 (0)

3 (25)

-

NA

32 (14)
A1, A2
-

-

-

-

74 (92)

-

4 (5)

1 (1)

-

-

Ecuador
Peru

Brazil

Immigrants in
2 2 (100)
Italy
Military per84 77 (88)
sonnel
HBV-infected
9 9 (100)
patients
HBV-infected 103 103 (100)
patients
Immigrants in 12 12 (100)
Italy
Blood donors 228 228 (100)

HBV-infected 119 80 (100) 80 (100)
patients

Di Lello et al[141], 2009,

-

-

Eloy et al[145], 2013

Khan et al[147], 2008

NA
CH in 33%
CH in 100%

-

HBV-infected
patients

Khan et al[147], 2008

-

NA

258 2 (0.8) 258 (100)

Mello et al[102], 2013

Araujo et al[146], 2013

-

Cirrhosis in 71%
HCC in 12%;
Cirrhosis and
HCC in 17%
NA

NA

Von Meltzer et al[140], 2008
Sitnik et al[143], 2004

C

2

143 143 (100)
12 12 (100)
222 8 (4)

12

NA

Diagnosis

B

HBV-infected
patients
Amerindian

Cardona et al[135], 2011

NA

1

A

100

Devesa et al[131], 2008

Casey et al[139], 1996

Positive

HBV genotypes

HBV-infected
patients
Blood donors
Venezuela Amerindian
Afro-Venezuelan
Blood donors

Kato et al[123], 2005

Palumbo et al[133], 2007

n HBsAg Anti-HBc

NA

HBV/HIV1 1 (100) 1 (100)
coinfected
patients
Bolivia
Japanese im- 287 10 (8)
NA
migrants
Native popula- 200 12 (6)
NA
tion
Chile
HBV-infected 40 NA
NA
3 (7)
patients
HBV-infected 21 21 (100) 21 (100)
patients
Argentina HBV-infected 21 21 (100)
8 (38)
patients
HBV-infected 139 128 (100) 128 (100) 22 (28)
patients
HBV-infected 33 33 (100) 33 (100) 15 (45)
patients
A1, A2
HBV-infected 29 29 (100) 29 (100) 4 (14) A2
patients
HBV/HIV1 1 (100) 1 (100)
coinfected
patients

86 (86) 2 (2)
F3
40 (77) 8 (15)
12 (100)
3 (50)
-

3 (3) 14 (14) 25 (24)
-

9 (75)

3 (1) 189 (83)

-

-

-

3 (14)

-

3 (14)

21 (100)
F1b
7 (33)

28 (22)

60 (47)

-

-

2 (6)
D1
2 (7) D2,
D3
-

13 (39)
F1b, F4
20 (62)
F1b, F4
1 (100);
F1b

-

-

AH in 37%; CH
in 63%
CH in 100%

2 (7)

-

CH in 100%

1
-100

-

CH in 100%

1 (0.8) 3 (2)
-

-

-

-

-

-

1

The percentage of hepatitis B virus (HBV) genotypes is according to the number of samples that were sequenced. Subgenotypes are reported. NA: Not
available; Asymp: Asymptomatic; AH: Acute hepatitis; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; OHB: Occult hepatitis B.
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Table 3 Hepatitis B virus genotypes, clinical and serological characteristics and type of liver damage in Mexico and Central America n (%)
Ref.

Country

Sanchez et al[107], 2002

Mexico

Sanchez et al[50], 2007

Ruiz-Tachiquin et al[151],
2007

Roman et al[98], 2010

Study
population

n

HBVinfected
adults

15

13 (87)

HBV67
infected
patients
Blood
33
donors
and HBVinfected
patients
Native
306
adults

HBsAg

1

Diagnosis

A

B

C

D

E

F

G

H

6 (40)

3 (20)

-

-

1 (7)

-

10 (67)

1 (7)

-

67 (100)

NA

10 (15)

-

-

4 (6)

33 (100)

NA

-

-

4 (12)

1 (3)

-

26 (79)

Asymp in
64%; CH in
36%

17 (5.6)

100 (32.7)

6 (24)

1 (4)

2 (8)

4 (16)

-

1 (4) 11 (44)

71 (21)

13 (14)

-

1 (1)

5 (6)

71 (79)

OHB in
14.2%;
asymp in
100%
CH in 21%;

Central
HBV330 330 (100)
America:
infected
Costa Rica, patients,
Nicaragua,
blood
Honduras, donors and
El Salva- pregnant
dor, Guate- woman
mala
Leon et al[122], 2005
Costa Rica
HBV50 32 (64)
infected
patients
Kato et al[123], 2005
Panama
HBV2
NA
infected
patients
Martinez et al[124], 2013
Chinese 320 42 (13)
residents
Haití

HBV genotypes

Positive

Arauz-Ruiz et al[115],
1997

Andernach et al[125],
2009
Couto et al[126], 2013

Anti-HBc

Pregnant 320 320 (100)
woman
Haitian’
27
NA
s in South
Florida

AH in 30%;
CH in 27%;
cirrhosis in
7%.
4 (6) 44 (66) AH in 15%;
CH in 48%

-

F1a; F1b;
F2

18 (36)

-

-

-

2 (4)

NA

-

-

-

-

-

NA

128 (71)
A1, A2, A5
-

11 (61) 7 (39)
B2
C1
-

-

-

-

-

-

-

40 (22) 11 (6)
D3, D4
19 (79)
-

AH in 16%

48 (96)

-

CH in 47%;
HCC in 16%

2 (100)
F1, F3

-

-

NA

-

-

-

-

-

-

No evident
liver disease
NA

-

-

-

NA

1

The percentage of hepatitis B virus (HBV) genotypes is according to the number of samples that were sequenced. Subgenotypes are reported. NA: Not
available; Asymp: Asymptomatic; AH: Acute hepatitis; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; OHB: Occult hepatitis B.

with acute and chronic infection was associated with seropositivity for HBsAg and anti-HBc, as well as pre-core
stop mutations[115].
In Guatemala, HBsAg prevalence was reported to
be as low as 0.5% in a group of 77 pregnant women[116]
and 1.3% (i.e., 6 cases) among 484 female sex workers from the Mexican-Guatemalan border[117]; in both
populations, the infected individuals were asymptomatic
carriers of HBsAg. However, among a group of Guatemalan refugees near the same border, the percentage of
asymptomatic carriers of HBsAg increased to 17%[118].
In this country, the HBV genotype F1a was found, and
the infection with this subgenotype apparently does not
produce important hepatic inflammation. Likewise, in
Belize, 35% of a studied population with acute hepatitis
infection was indigenous[119], and chronic hepatitis B has
not been reported in this region.
In Honduras and Nicaragua, HBsAg and anti-HBc
seroprevalence have been reported in high-risk groups,

associated with HBV infection do not occur frequently
in native populations in Mexico[112,113], even in comparison with the rest of Latin America[113]. However, it is
noteworthy that Mexico ranks first in mortality due to
alcoholic liver disease[114] and ranks lowest for mortality
due to HCC in general[112]. This epidemiological profile
contrasts with what occurs in Asia, where countries such
as China are exposed to HBV genotypes B and C at earlier ages through vertical transmission and have a higher
prevalence of HCC and different responses to antiviral
therapy, suggesting that genetic and environmental factors may modulate the degree of adaptation to HBV
infection, as previously mentioned.
Central America: In Central America, data regarding
the HBV genotype distribution in countries such as
Costa Rica, Nicaragua, Honduras, El Salvador and Guatemala were reported in the late nineties (Table 3). HBV
genotype F (specifically, F1a, F1b and F2) in patients
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such as multi-transfused adult patients[120] and children
with cancer[121]. In addition, genotype F was reported in
96% of HBV cases in Costa Rica, followed by genotype
D in 4%[122]; in contrast, genotype F (specifically, F1
and F3) was found in two patients in Panama[123]. All of
these cases were in HBV-infected patients who presented with chronic hepatitis B and HCC associated with
HBx gene mutations in genotype F strains. Therefore,
the genetic characteristics of mutant HBV may increase
the rate of HBV-related liver damage and HCC in Central America. On the other hand, the presence of HBV
genotypes B and C among Chinese residents living in
Panama without liver disease[124] provides the opportunity to study the natural history of these genotypes in a
new environment.
Central America is an important gateway for immigration in which further serological and molecular epidemiological studies may provide new evidence concerning
shifts in the genotype distribution and its effect on the
clinical manifestations of HBV infection.

Chile with differences in the frequencies of the subgenotypes (specifically, F1a, F2a, F2b and F3) among the
Afro-Venezuelan[132], Amerindian[133-137] and mestizo[138-142]
populations. In these groups, chronic hepatitis B is common and OHB has been found in blood donors and
Amerindians[139-142] (Table 2).
Although genotype F (specifically, F4) has been reported in Brazil, genotype A (specifically, A1 and A2)
has been found to be dominant, followed by genotype
D, in patients with chronic hepatitis B; coinfection with
genotypes F and G was reported in one HIV-infected
patient [102,132,143,144-146]. Interestingly, genotype F4 was
reported in Bolivia [147] and Argentina[101], which have
populations of mixed ethnic backgrounds, and the characteristics of the HBV genotypes could have changed
over time in these regions. In fact, this population had
chronic liver disease, HCC was associated with HBV
infection, HBsAg was positive in all cases, and the viral
load was high. On the other hand, HBV genotypes B
and C (specifically, Ba and C2) were found in Japanese
immigrants living in Bolivia[147], which reflects immigration events into South America. Regarding HBV genotypes A and D in patients in Argentina[148-151], a chronic
progression of the infection with these genotypes was
reported, contrasting with OHB and the asymptomatic
clinical outcome reported in Mexico[151] (Tables 2 and 3).
Therefore, research on HBV strains in LA should be
clinically associated with the natural evolution of liver
disease, hepatic complications and the response to different treatments. These issues may have a strong impact
on the prevention and control of HBV transmission because they may influence the prognosis and response to
the hepatitis B vaccine.

The Caribbean region: In general, HBV genotypes
have rarely been reported in the Caribbean, but it seems
that the HBV genotype distribution and progression of
liver damage could be different from those observed in
Central America. HBV genotype A (specifically, A1, A2
and A5) was the dominant strain reported in Haiti, followed by genotype D (specifically, D3 and D4) among
320 pregnant women without liver inflammation[125]. It
is noteworthy that despite the fact that this country has
significant African ancestry, HBV genotype E has rarely
been found, suggesting that this genotype emerged after
the slave trade in the Americas[125]. Additionally, in another study in Haitians living in Florida, United States,
genotype D was found with spontaneous pre-core region mutations[126], whereas OHB was reported in Cuba
in HIV-infected patients[127] in whom these HBV genotypes were unknown. In a Jamaican study, the HBsAg
prevalence was reported at 3.2% among patients with
sexually transmitted diseases, but liver damage was not
studied[128]. Further, HCC was found to be associated
with HBV infection in 5.3% of 114 veterans in Puerto
Rico[129] (Table 3).

CONCLUSION
This overview has illustrated the influence of genetic
and environmental risk factors in the onset and development of HBV-related liver disease. The people of Latin
America share a similar genetic ancestry with varying
degrees of admixture from three distinct lineages. The
closely related HBV genotypes F and H have been in
contact with the native population of the Americas and
tend to cause mild liver disease with no further complications. In contrast, the mestizo population of South
America presents acute and chronic liver disease with a
tendency toward HCC. Based on these features, personalized medicine strategies provide a novel framework for
the prevention, management and treatment of HBVrelated liver disease in Latin America. Future genomic
medicine research will have an important impact on
the clinical approach to liver diseases. An integrated approach requires that genetic and environmental factors
be taken into account, as both are involved in the endemicity and clinical outcome of HBV infection. Among
the human host factors, the susceptibility to liver damage
and the response to antiviral treatment, which in turn are
modulated by the immune system, are linked to genetic

South America: Countries in this region, including Colombia, Venezuela, Ecuador, Peru, Brazil, Bolivia, Chile
and Argentina, have defined the predominant circulating
HBV genotypes, although the numbers of HBV strains
in some regions are limited. Thus, in Colombia, a connecting country between Central and South America,
HBV genotype F (specifically, F1a and F3) is more frequent (77% and 86%, respectively) than genotypes A
and G (15% and 2%, respectively)[58,130,131]. In these studies, HBV-infected patients were at end-stage disease due
to cirrhosis and HCC[130], whereas in other studies, the
type of liver damage in HBV-infected patients and blood
donors was not reported. Various studies report HBV
genotype F as the most frequent in Venezuela, Peru and
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polymorphisms that are associated with specific ethnic
backgrounds. Genes involved in various metabolic pathways are influenced by changes in environmental lifestyle
factors, such as nutrition, physical activity and emotional
stress. Other comorbidities that enter the picture are the
worldwide obesity epidemic and increased consumption of alcohol, which impose a greater burden on liver
health.
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nological studies demonstrated that HBV e antigen
(HBeAg) is more efficient at eliciting T-cell tolerance,
including production of specific cytokines IL-2 and
interferon gamma, than HBV core antigen. HBeAg
downregulates cytokine production in hepatocytes by
the inhibition of MAPK or NF-κB activation through the
interaction with receptor-interacting serine/threonine
protein kinase. MicroRNAs (miRNAs) are also able to
regulate various biological processes such as the innate immune response. When the expressions of approximately 1000 miRNAs were compared between
human hepatoma cells HepG2 and HepG2.2.15, which
could produce HBV virion that infects chimpanzees,
using real-time RT-PCR, we observed several different
expression levels in miRNAs related to TLRs. Although
we and others have shown that HBV modulates the
host immune response, several of the miRNAs seem
to be involved in the TLR signaling pathways. The
possibility that alteration of these miRNAs during HBV
infection might play a critical role in innate immunity
against HBV infection should be considered. This
article is intended to comprehensively review the association between HBV and innate immunity, and to
discuss the role of miRNAs in the innate immune response to HBV infection.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Hepatitis B virus (HBV) chronically infects more than
350 million people worldwide. HBV causes acute and
chronic hepatitis, and is one of the major causes of
cirrhosis and hepatocellular carcinoma. There exist
complex interactions between HBV and the immune
system including adaptive and innate immunity. Tolllike receptors (TLRs) and TLR-signaling pathways
are important parts of the innate immune response
in HBV infections. It is well known that TLR-ligands
could suppress HBV replication and that TLRs play
important roles in anti-viral defense. Previous immu-

Key words: Hepatitis B virus; HepG2.2.15; Innate immunity; MicroRNA; Persistent infection; Toll-like receptor

WJG|www.wjgnet.com

Core tip: Hepatitis B virus (HBV) is the leading cause
of chronic hepatitis, cirrhosis, and hepatocellular carcinoma in the world. HBV could interact with the host’
s innate and adaptive immune responses to establish
chronic infection. HBV also interacts with Toll-like receptors (TLRs) and TLR signaling pathways, and regulates host immune responses through the regulation of
microRNAs (miRNAs) to some extent. This article fo-
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(type Ⅰ IFNs) are secreted by almost all virus-infected
cells including hepatocytes and by specialized blood lymphocytes. In contrast, the production of IFN-γ (type Ⅱ
IFN) is restricted to cells of the immune system, such as
natural killer (NK) cells, macrophages, and T cells. On
the other hand, tumor necrosis factor alpha (TNF-α)
primarily initiates innate immune response and triggers
acquired immune responses[19]. TNF-α-induced apoptosis is important for clearance of hepatocytes infected
with HBV and HCV, and IFN-γ accelerates the killing
of theses hepatocytes[19,20]. The previous studies demonstrated that TNF-α and IFN-γ downregulate HBV gene
expression in the liver of HBV transgenic mice by posttranscriptionally destabilizing the viral mRNA[21-23]. It
has been widely believed that the cytotoxic T lymphocyte
response clears viral infections by killing infected cells.
However, Chisari’s group[21-24] reported that noncytopathic clearance of HBV from hepatocytes by cytokines,
which abolish viral replication and HBV gene expression,
is another important mechanism. Isogawa et al[24] reported
that TLR3, TLR4, TLR5, TLR7 and TLR9 ligands could
induce antiviral cytokines and inhibit HBV replication in
HBV transgenic mice, thereby indicating TLR activation
as a powerful strategy for the treatment of chronic HBV
infection. HBV replication can be controlled by innate
immune response, involving TLRs, if it is activated in
hepatocytes[24]. Together, these facts indicate that innate
immunity including TLR signaling plays an important
role in the pathogenesis of HBV infection.
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INTRODUCTION
Hepatitis B virus (HBV), a member of hepadona viridae,
has partially circular double-stranded DNA genome, 3.2
kb in length[1]. It contains four overlapping open reading
frames that encode seven proteins: the precore protein,
also known serologically as HBe antigen (HBeAg), the
core protein (HBcAg), viral polymerase, three forms of
the envelope protein known as S antigen (HBsAg) and X
(HBx) protein[1,2]. HBV as well as hepatitis C virus (HCV)
causes acute and chronic hepatitis, cirrhosis and hepatocellular carcinoma (HCC)[3]. Hepatic cirrhosis and HCC
are the most common causes of death in patients with
chronic liver disease[4].
The outcome of HBV infection is the result of complex interactions between HBV and the immune system
including adaptive and innate immunity [5,6]. Toll-like
receptors (TLRs) are important parts of the innate immune response in hepatitis virus infections[7]. There are
several reports about the important role of TLRs and
TLR-mediated signaling in the pathogenesis and outcome of HBV infection[2,5-11].
MicroRNA (miRNA) is one of the endogenous
noncoding small RNAs, approximately 18-22 nucleotides in size, a post-transcriptional regulator that binds
to the 3′-untranslated region (UTR) of the target gene
messenger RNA, usually resulting in cleavage or inhibiting translation of the target gene mRNA[12,13]. It
is estimated that the human genome may encode over
2000 miRNAs, which may control about 60% of the
human genome[14,15]. Physiologically, miRNAs are able
to regulate various biological processes such as cell proliferation, differentiation and apoptosis, neuroprocesses,
carcinogenesis and immune response[16-18]. This article
is intended to comprehensively review the association
between HBV and innate immunity, and to discuss the
role of miRNAs in the innate immune response to HBV
infection.

TOLL-LIKE RECEPTORS AND ANTI-VIRAL
DEFENSES
TLRs, germline-encoded pattern recognition receptors
(PRRs), can play a central role in host cell recognition
and response to various pathogens such as viruses[25].
TLR1, TLR2, TLR4, TLR5, and TLR6 are expressed on
the cell surface while TLR3, TLR7, TLR8 and TLR9 are
expressed within intracellular vesicles. TLR3, TLR7/8
and TLR9 are involved in the recognition of viral nucleotides such as double-stranded RNA, single-stranded
RNA and DNA, respectively[26]. Other than TLRs, membrane-bound C-type lectin receptors (CLRs), cytosolic
proteins such as NOD-like receptors (NLRs) and RIGI-like receptors (RLRs), which include retinoic acidinducible gene Ⅰ (RIG-Ⅰ ), melanoma differentiation
antigen 5 (MDA5), and lipophosphoglycan biosynthetic
protein 2 (LPG2), and unidentified proteins that mediate sensing of cytosolic DNA or retrovirus infection, are
also involved in the recognition of pathogen-associated
molecular patterns (PAMPs)[25].
TLRs play a crucial role in defending against pathogenic infection through the induction of inflammatory
cytokines and type Ⅰ IFNs by myeloid differentiation
primary response 88 (MYD88)-dependent and MYD88independent pathway. In the MYD88-dependent pathway, MYD88 recruits a set of signal cascades such as
MAPK and NF-κB through receptor-interacting serine/

INNATE IMMUNITY IS IMPORTANT FOR
THE ERADICATION OF HBV
Interferons (IFNs) play an important role in the innate
immune response to virus infection. IFN-α and IFN-β
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threonine protein kinase (RIPK/RIP). In the MYD88independent pathway, TLR3 activates NF- κ B and
MAPKs through RIPK. TLR3 also activates IFN regulatory factor 3 (IRF3) and IRF7 via TRIF/TICAM-1,
inducing the production of type Ⅰ IFN. The activated
NF-κB and IRFs are translocated to the nucleus. NF-κB
and MAPKs initiate the transcription of inflammatory
cytokine genes, whereas IRFs initiate the transcription
of type Ⅰ IFN[2]. RIG-Ⅰ and MDA5 pathways can also
activate IRF3 to produce type Ⅰ IFNs. RNA helicases
RIG-Ⅰ and MDA5, specific receptors for double-stranded RNA, and the downstream mitochondrial effector
known as CARDIF/MAVS/VISA/IPS-1, are also major
pathways for type Ⅰ IFN induction.

shown that acute liver failure occasionally occurs in persons who are negative for HBeAg[35,36]. It is well known
that perinatal transmission of HBV occurs in about
10%-20% of HBeAg-negative mothers without prevention of perinatal HBV transmission by combined passive
and active immunoprophylaxis, and the babies are at risk
of developing fulminant hepatitis[37]. Chronic hepatitis
B with high HBV DNA and ant-HBe is associated with
a severe and evolutive liver disease [38]. These clinical
findings could be assumed to have immune tolerance
for HBeAg, although the function of HBV precore or
HBeAg is unknown. Previous immunological studies[39-41]
demonstrated that HBeAg is more efficient at eliciting
T-cell tolerance, including production of its specific
cytokines IL-2 and IFN-γ, than HBV core antigen. We
also demonstrated that HBeAg expression inhibits IFN
and cytokine production[2] and that HBeAg physically
associates with RIPK2 and regulates IL-6 gene expression[6]. Visvanathan et al[42] reported that the expression
of TLR2 on hepatocytes, Kupffer cells, and peripheral
monocytes was significantly reduced in HBeAg-positive
chronic hepatitis B patients. Thus, HBV seems to have
evolved strategies that block the effector mechanisms induced through IFN and/or cytokine signaling pathways,
similar to other viruses[19].

ASSOCIATION BETWEEN HBV AND
TOLL-LIKE RECEPTORS
TLRs have been recognized as playing an important role
in the pathogenesis of chronic hepatitis B[8]. NF-κB is
activated by three TLR adaptors, MYD88, Toll/interleukin (IL)-1 receptor (TIR)-domain-containing adaptorinducing IFNβ (TRIF), and IFN promoter stimulator 1
(IPS-1), to elicit anti-HBV response in both HepG2 and
Huh7 cells[27]. Down-regulations of TLR7 and TLR9
mRNA were observed in peripheral blood mononuclear
cells (PBMC) of HBV-infected patients[28]. Chen et al[29]
reported that TLR1, TLR2, TLR4 and TLR6 transcripts
were also downregulated in PBMC of chronic hepatitis
B patients. After being challenged by TLR2 and TLR4
ligands, cytokine production was impaired in PBMC of
chronic hepatitis B patients on the basis of the levels
of plasma HBsAg [29]. Xie et al [30] reported that HBV
infection results in reduced frequency of circulating
plasmacytoid dendritic cells (pDCs) and their functional
impairment via inhibiting TLR9 expression. HBV replication suppresses the TLR-stimulated expression of proinflammatory cytokines (TNF, IL6) and the activation
of IRF3[31]. It has also been reported that HBV could
target RIG-Ⅰ signaling by HBx-mediated IPS-1 downregulation, thereby attenuating the antiviral response of
the innate immune system[32].

MIRNAS WERE DIFFERENTIALLY
EXPRESSED IN HEPG2.2.15 AND HEPG2
HepG2.2.15 cells assemble and secrete HBV virion that
infects chimpanzees[43,44]. We examined the expression
of approximately 1000 miRNAs in the human hepatoma
cells HepG2.2.15 and HepG2 using real-time RT-PCR,
the most sensitive technique for mRNA detection and
quantification[45,46].
First, 1008 miRNAs were examined in the hepatoma
cells HepG2.2.15 and HepG2, using quantitative real-time
RT-PCR with specific primers (Qiagen, Hilden, Germany). SNORD61, SNORD68, SNORD72, SNORD95,
SNORD96A and RNU6-2 were used as endogenous
controls to normalize expression to determine the foldchange in miRNA expression between the test sample
(HepG2.2.15) and control sample (HepG2) by 2-ddCT
(comparative cycle threshold) method[21]. MiRNAs were
annotated by Entrez Gene (NCBI, Bethesda, MD, United
States), accessed on 2/27/2013. Data were analyzed with
miRNA PCR array data analysis software (http://www.
sabiosciences.com/mirnaArrayDataAnalysis.php). Scatter
plot analysis is shown in Figure 1A. There were differences in expression between HepG2 and HepG2.2.15
(Figure 1B).
We then excluded 599 miRNAs according to the following criteria: (1) average threshold cycle was relatively
high (> 30) in either HepG2 or HepG2.2.15, and was
reasonably low in the other samples (< 30); (2) average
threshold cycle was relatively high (> 30), meaning that
its relative expression level was low, in both HepG2 and

HBV E ANTIGEN DOWNREGULATES
CYTOKINE PRODUCTION
The HBV precore/core region of HBV genome also
encodes HBeAg as well as the HBV core. The precore
stop codon prevents the formation of precore protein
and HBeAg[2,33]. The existence of HBeAg in serum is
known to be a marker of a high degree of viral infectivity. In Japan, the major HBV genotypes are B and
C, but our previous study[34] revealed that the precore
mutation A1896 and the core promoter mutations at
nt1762 and 1764 were found more frequently in acute
liver failure than in acute hepatitis, and HBV genotype
B was predominant in acute liver failure. It has also been
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Figure 1 MicroRNAs expression in hepatoma cells HepG2.2.15 and HepG2. A: Scatter plots of 1008 miRNAs indicate 2-dCT numerical values in HepG2 cells (xaxis) and HepG2.2.15 cells (y-axis). The black line indicates fold changes of 1. The pink lines indicate 5-fold change in miRNA expression threshold, comparing
HepG2.2.15 with HepG2. Red + indicates miRNA expressed at least 5-fold higher in HepG2.2.15 than in HepG2 cells. Green + indicates miRNA expressed at least 5-fold
lower in HepG2.2.15 than in HepG2 cells. Black + indicates that the difference of miRNA between the two cells was within 5-fold; B: Comparison of miRNAs expression between HepG2 and HepG2.2.15 cells. Red color indicates miRNA expressed at least 5-fold higher in HepG2.2.15 than in HepG2 cells. Green color indicates
miRNA expressed at least 5-fold lower in HepG2.2.15 than in HepG2 cells. miRNAs: MicroRNAs.

HepG2.2.15; and (3) average threshold cycle was either
not determined or was greater than the defined cut-off
value (default 35) in both samples, meaning that its expression was undetected, making this fold-change result
erroneous and uninterpretable.
Out of 409 miRNAs examined, 30 (7.3%) were upregulated by 5-fold or greater in HepG2.2.15 compared
to HepG2. Twelve miRNAs (miR-200b-3p, miR-5053p, miR-148a-3p, miR-145-5p, miR-194-5p, miR-8855p, miR-192-5p, miR-146b-5p, miR-340-5p, miR-375,
miR-139-5p and miR-200c-3p) were upregulated 10-fold
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or more in HepG2.2.15 cells. MiRNAs upregulated
5-fold or more are shown in Figures 1B and 2A. On
the other hand, out of 409 miRNAs, 35 (8.6%) were
downregulated 5-fold or more in HepG2.2.15 compared
to HepG2. Twenty-two miRNAs (let-7c, miR-573, let7b-5p, miR-338-3p, miR-100-5p, miR-92b-3p, miR542-3p, miR-4302, miR-4291, miR-193a-5p, miR-98-5p,
miR-4299, miR-132-3p, let-7f-2-3p, let-7f-5p, let-7i-5p,
let-7d-5p, miR-193a-3p, let-7a-5p, let-7i-3p, miR-196a-p
and let-7a-3p) were downregulated 10-fold or more in
HepG2.2.15 cells. MiRNAs downregulated 5-fold or
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Figure 2 MicroRNAs expressed at more than 5-fold difference between hepatoma cells. HepG2.2.15 and HepG2 cells. A: MiRNA expressed at least 5-fold
higher in HepG2.2.15 than in HepG2 cells; B: MiRNA expressed at least 5-fold lower in HepG2.2.15 than in HepG2 cells. miRNAs: MicroRNAs.
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Figure 3 MicroRNAs and Toll-like receptor signaling pathway in hepatitis B virus infection. IRAK: Interleukin (IL)-1 receptor-associated kinase 1; IRF: Interferon
regulator factor; miRNA: MicroRNA; MYD88: Myeloid differentiation factor 88; NF-κB: Nuclear factor-κB; TLR: Toll-like receptor; TRAF: Tumor necrosis factor receptorassociated factor.

Table 1 MicroRNAs associated with Toll-like receptor signaling pathways, upregulated by 5-fold or greater in HepG2.2.15 than in HepG2
MicroRNAs

Genomic location

Fold changes

Description of target molecules/pathways

Ref.

miR-200b-3p
miR-148a-3p
miR-145-5p
miR-146b-5p
miR-200c-3p
miR-455-3p
miR-455-5p

1p36.33
7p15.2
5q32
10q24.32
12p13.31
9q32
9q32

140.15
73.36
66.97
20.05
10.75
7.36
5.76

TLR4 signaling through MyD88-dependent pathway
TLR3, TLR4 and TLR9 agonists upregulated miR-148/152 expression
miR-145 promoted interferon-β induction by SOCS7
TNF receptor-associated factor 6 and IL-1 receptor-associated kinase 1
TLR4 signaling through MyD88-dependent pathway
miR-455 was involved in TLR4 signaling pathway through E2F1 transcription factor
miR-455 was involved in TLR4 signaling pathway through E2F1 transcription factor

[47]
[48]
[49]
[50]
[47]
[51]
[51]

Genomic location was analyzed using GeneCards (http://gene4.weizmann.ac.il/). TLR: Toll-like receptor.

more are shown in Figures 1B and 2B.

TLR9 agonists upregulated miR-148/152 expression and
downregulated calcium/calmodulin-dependent protein
kinase Ⅱ (CaMKⅡ) in dendritic cells (DCs) on maturation[48]. Thus miR-148/152 can act as fine-tuners in regulating the innate response and antigen-presenting capacity of DCs[48]. Exogenous miR-145 promoted IFN-β induction by targeting the suppressor of cytokine signaling
7 (SOCS7), through the nuclear translocation of signal
transducer and activator of transcription 3 (STAT3) and
SOCS7-silencing enhanced IFN-γ induction by stimulation with TLR3 ligand, poly(I-C)[49]. MiR-146 plays a role
in the control of TLR and cytokine signaling through a
negative feedback regulation loop involving down-regulation of interleukin (IL)-1 receptor-associated kinase
1 (IRAK1) and tumor necrosis factor (TNF) receptorassociated factor 6 (TRAF6) protein levels[50]. MiR-455
was involved in the TLR4 signaling pathway through
E2F1 transcription factor[51].

MIRNAS RELATED TO TLR PATHWAY
UPREGULATED IN HEPG2.2.15 CELL
LINES
Innate immunity represents the first line of defense
against HBV, and we and others have reported its importance in the persistence of HBV infection[2,5-11]. So, we
focused on miRNAs related to the TLR pathway. Among
miRNAs upregulated 5-fold or more in HepG2.2.15
cells, 7 miRNAs (miR-200b-3p, miR-148a-3p, miR-1455p, miR-146b-5p, miR-200c-3p, miR-455-3p and miR455-5p) were reported to be related to TLR pathways
(Table 1). MiRNAs miR-200b and miR-200c are the
factors that modify the efficiency of TLR4 signaling
through MYD88 in HEK293 cells[47]. TLR3, TLR4 and
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Table 2 MicroRNAs associated with Toll-like receptor signaling pathways, downregulated by 5-fold or greater in HepG2.2.15 than
in HepG2
MicroRNAs Genomic
location

Fold
changes

Description of target molecules/pathways

Ref.

-7.29
-11.44

Akt1 activated by TLR4-ligand LPS, positively regulated let-7e
Repression of let-7 family relieves IL-6 and IL-10 mRNAs from negative post-transcriptional control in
TLR4 signaling pathway

[52]
[53]

-11.57
-11.96

let-7i regulates Toll-like receptor 4 expression
Repression of let-7 family relieves IL-6 and IL-10 mRNAs from negative post-transcriptional control in
TLR4 signaling pathway

[54]
[53]

let-7d-5p

19q13.33
9q22.32
11q24.1
22q13.31
12q14.1
9q22.32
11q24.1
22q13.31
9q22.32

-14.03

[53]

let-7i-5p
miR-132-3p
let-7b-5p

12q14.1
17p13.3
22q13.31

-15.10
-18.18
-116.31

Repression of let-7 family relieves IL-6 and IL-10 mRNAs from negative post-transcriptional control in
TLR4 signaling pathway
let-7i regulates Toll-like receptor 4 expression
TNF receptor-associated factor 6 and IL-1 receptor-associated kinase 1
let-7b activates TLR 7

let-7e-5p
let-7a-3p

let-7i-3p
let-7a-5p

[54,55]
[56]
[56]

Genomic location was analyzed using GeneCards (http://gene4.weizmann.ac.il/). TLR: Toll-like receptor.

ated with chronic persistent HBV infection as well as its
clearance. In the present study, miR-194 was upregulated
10-fold or more in HepG2.2.15 cells.

MIRNAS RELATED TO TLR PATHWAY
DOWNREGULATED IN HEPG2.2.15 CELL
LINES

CONCLUSION

Among miRNAs downregulated 5-fold or more in
HepG2.2.15 cells, 8 miRNAs (let-7e-5p, let-7a-3p, let7i-3p, let-7a-5p, let-7d-5p, let-7i-5p, miR-132-3p and let7b-5p) were reported to be related to TLR pathways
(Table 2). Protein kinase Akt1, which is activated by
the TLR4-ligand lipopolysaccharide (LPS), positively
regulated let-7e and miR-181c but negatively regulated
miR-155 and miR-125b[52]. Repression of the let-7 family relieves IL-6 and IL-10 mRNAs from negative posttranscriptional control in the TLR4 signaling pathway[53],
and the miRNAs let-7i and let-7b activate TLR4 and
TLR7, respectively[54-56].

MicroRNAs miR-122 and miR-130a play an important
role in chronic hepatitis C[63,64]. Regulation of miRNAs
also plays an important role in HIV infection[65]. In HCV
infection, a set of miRNAs that regulate host immune
response are modulated[66]. We and others have demonstrated that HBV modulates the host immune response.
It might be possible that HBV as well as HCV regulates
host immune response through the regulation of miRNAs in some steps toward chronic infection. MiRNAs
and their regulation play a critical role in HBV infection, and HBV may regulate the TLR signaling pathway
through the regulation of miRNAs.

ROLE OF MIRNAS IN REGULATION OF
INNATE IMMUNE RESPONSE IN HBV
INFECTION
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When to stop nucleos(t)ide analogues treatment for chronic
hepatitis B? Durability of antiviral response
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data on off-treatment durability of highly potent NAs.
Based on the available evidences, current guidelines for
stopping NA therapy seems to be inadequate in terms
of off-treatment durability, with relapse rates of more
than 40% for both hepatitis Be antigen (HBeAg)-positive
and HBeAg-negative patients. Therefore, further studies are required to accumulate data on off-treatment
durability of highly potent NAs, and future studies are
warranted to identify adequate predictive markers that
could provide supplementary information to guide the
timing of stopping NA therapy.

Wonseok Kang, Jun Yong Park, Department of Internal Medicine, Institute of Gastroenterology, Yonsei University College of
Medicine, Seoul 120-752, South Korea
Wonseok Kang, Jun Yong Park, Liver Cirrhosis Clinical Research Center, Seoul 120-752, South Korea
Author contributions: Kang W and Park JY contributed to the
concept and design of the study, literature search, analysis and
interpretation of data and drafting of the manuscript; Park JY obtained funding and supervised the study.
Supported by Liver Cirrhosis Clinical Research Center, in
part by a grant from the Korea Healthcare Technology R and D
project, Ministry of Health and Welfare, Republic of Korea No.
HI10C2020
Correspondence to: Jun Yong Park, MD, PhD, Department
of Internal Medicine, Institute of Gastroenterology, Yonsei University College of Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul
120-752, South Korea. drpjy@yuhs.ac
Telephone: +82-2-22281994 Fax: +82-2-3936884
Received: October 28, 2013 Revised: December 13, 2013
Accepted: January 14, 2014
Published online: June 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic hepatitis B; Antiviral therapy;
Nucleos(t)ide analogue; Durability; Cessation
Core tip: Introduction of nucleos(t)ide analogues (NAs)
for oral antiviral therapy has dramatically improved
the clinical outcome in patients with chronic hepatitis
B (CHB). While attention has been drawn to whether
antiviral treatment with NAs can be a finite therapy in
patients with CHB, current guidelines for stopping NA
therapy seems to be inadequate in terms of off-treatment durability in both hepatitis Be antigen (HBeAg)positive and HBeAg-negative patients. In the present
work, we discussed the validity of current stopping
rules of NA therapy and addressed areas of uncertainty
in deciding the best timing to stop NA treatment.

Abstract
Introduction of nucleos(t)ide analogues (NAs) for oral
antiviral therapy has dramatically improved the clinical outcome in patients with chronic hepatitis B (CHB).
Although current international guidelines for the management of CHB provide information regarding when
to begin the antiviral therapy with NAs, there is no
clear consensus on when to stop the treatment, especially for those who respond to the therapy. Hepatitis
B surface antigen loss has been regarded as an ideal
endpoint of oral antiviral therapy with NAs, however
since this is rarely achieved, practical endpoints have
been suggested by the international guidelines. Despite
the stopping rules recommended by the international
guidelines, whether oral antiviral therapy with NAs can
be safely discontinued is of major concern. While attention has been drawn to whether antiviral treatment with
NAs can be a finite therapy, there is lack of sufficient
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INTRODUCTION
Hepatitis B virus (HBV) infects more than 350 million
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people worldwide and is a major cause of chronic liver
disease, which may eventually evolve to cirrhosis and hepatocellular carcinoma (HCC)[1,2]. There are several host and
viral factors which affect the natural course of HBV infection, and active HBV replication has been described as the
key driving force for the subsequent HBV-related immune
clearance that determine liver injury and progression of
liver disease, implicating the importance of sustained viral
suppression, or ideally, elimination of the virus[3].
In recent years, introduction of nucleos(t)ide analogues (NAs) for oral antiviral therapy has dramatically
improved the clinical outcome in patients with chronic
hepatitis B (CHB). Although current international guidelines for the management of CHB provide information
regarding when to begin the antiviral therapy with NAs,
there is no clear consensus on when to stop the treatment, especially for those who respond to the therapy.
In this article, we discuss the validity of current stopping rules of NA therapy recommended by the international guidelines by assessing the durability of antiviral
response after cessation of NAs based on currently available literature. We also address areas of uncertainty in
deciding the best timing to stop NA therapy.

Table 1 Criteria for stopping nucleos(t)ide analogue therapy
in chronic hepatitis B patients
HBeAg-negative chronic
hepatitis B

APASL 2012

HBeAg seroconversion
with undetectable HBV
DNA for at least 12 mo

EASL 2012

HBsAg seroclearance or
HBeAg seroconversion
with undetectable HBV
DNA and 12 mo of
consolidation therapy
HBeAg seroconversion
with undetectable HBV
DNA and > 6 mo of
consolidation therapy

HBsAg seroclearance or
NA therapy > 2 yr and
undetectable HBV DNA on
three separate occasions, 6 mo
apart
HBsAg seroclearance

AASLD 2009

HBsAg seroclearance

HBeAg: Hepatitis Be antigen; APASL: Asian Pacific Association for the
Study of the Liver; EASL: European Association for the Study of Liver;
AASLD: American Association of the Study of Liver Disease.

safety but also encourage the patients to stay adherent to
the treatment.
For patients with hepatitis B e antigen (HBeAg)positive CHB, the European Association for the Study
of Liver (EASL) guideline recommends HBsAg loss with
or without seroconversion as an ideal finite goal of NA
therapy[9]. However, NA therapy-induced HBsAg seroclearance or seroconversion is only achievable in a minority of patients. Hence, the EASL guideline also provides
a reasonable option that is comparable to the recommendations of the asian pacific association for the study of
the liver (APASL) and american association of the study
of liver disease (AASLD) guidelines. The APASL guideline suggests that treatment can be stopped after HBeAg
seroconversion with undetectable HBV DNA by a sensitive polymerase chain reaction assay for at least 12 mo[8].
Likewise, the EASL and AASLD guidelines recommend
that treatment can be stopped after HBeAg seroconversion with undetectable HBV DNA and an additional 6-12
mo of consolidation therapy[9,10]
For patients with HBeAg-negative CHB, however,
currently there is no clear consensus on the optimal
duration of oral antiviral therapy with NAs. Both the
EASL and AASLD guidelines recommend long-term NA
therapy until HBsAg seroclearance has been achieved[9,10].
On the contrary, the APASL guideline suggests that unless HBsAg seroclearance has been achieved, cessation
of NA therapy can be considered after at least 2 years of
treatment if HBV DNA remains undetectable on three
separate occasions 6 mo apart[8].
Despite the stopping rules recommended by the international guidelines, whether oral antiviral therapy with
NAs can be safely discontinued is of major concern.
Accordingly, many studies have been conducted to evaluate the durability of antiviral response after cessation of
NAs in patients with CHB (Table 2).

TREATMENT GOALS AND STOPPING
RULES
Seroclearance of hepatitis B surface antigen (HBsAg) is a
condition that is most similar to complete and definitive
remission status of chronic HBV infection. In this view,
the international guidelines have suggested HBsAg loss
as an ideal endpoint of oral antiviral therapy with NAs.
However, HBsAg loss is almost negligible even after a
long-term therapy[4-7]. Therefore it is anticipated that most
patients with CHB probably require lifelong oral antiviral treatment with NAs. The primary goals of antiviral
therapy are sustained suppression of HBV replication
and hepatic inflammation thereby improving long-term
outcomes and prolonging patient survival by preventing
the development of progressive fibrosis, cirrhosis and/or
HCC[8-10]. Response to treatment is assessed based on
biochemical, virological, serological, as well as histological
parameters. Treatment with NAs can effectively suppress
HBV replication and prevent the progression of disease.
On the other hand, long-term treatment with NAs is
associated with significant problems in the management
of CHB. Generally, adherence to long-term therapy is
an important issue in patient management, and safety
of long-term NA treatment is of concern since they are
primarily eliminated by the kidney[11]. Financial burden
of long-term NA treatment represent another important
issue in the management of CHB. In this regard, international guidelines have suggested the timing of stopping
antiviral NAs based on the studies demonstrating offtherapy durability of responses to NA therapy in patients
with CHB (Table 1). A finite therapy would not only
offer reduced financial burden and increased treatment
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Table 2 Off-therapy durability of response to nucleos(t)ide analogue therapy in chronic hepatitis B patients
Ref.
HBeAg-positive CHB
Song et al[13]
Chien et al[14]
Dienstag et al[12]
Ryu et al[18]
van Nunen et al[15]
Byun et al[16]
Yoon et al[17]
Fung et al[44]
Lee et al[19]
Reijnders et al[21]
Wang et al[20]
Chaung et al[22]
HBeAg-negative CHB
Santantonio et al[23]
Fung et al[24]
Chien et al[45]
Chan et al[46]
Shouval et al[47]
Paik et al[25]
Liu et al[26]
Hadziyannis et al[27]
Jeng et al[28]
Kim et al[48]

NA

n

Treatment duration

Cumulative relapse rate

LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
Various
LMV
Various

98
82
39
61
59
132
95
22
178
132
82
39

10.3 ± 3.1 mo
16 (3-55) mo
36.6 (4.8-45.6) mo

1 yr, 37.5%; 2 yr 49.2%
48%1
77%1
6 mo, 15%; 1 yr, 21%; 2 yr, 31%
3 yr, 54%
6 mo, 58%; 1 yr, 66%
1 yr, 52%; 2 yr, 55.7%
44%1
1 yr, 15.9%; 5 yr, 30.2%
67%1
1 yr, 23.4%; 2 yr, 25.0%; 4 yr, 29.4%
90%1

LMV
LMV
LMV
LMV
ETV
LMV
LMV
LMV
ADV
ETV
Various

15
50
85
139
257
201
50
61
33
95
45

52 wk
2 yr
7.4 (6-12) mo
24 mo
48 wk
48 wk
24 mo
≥ 24 mo
≥ 4 yr
721 (395-1762) d

14 ± 7 mo
26 mo
23 (5-91) mo
26 (12-77) mo
26 (16-43) mo
24 (12-54) mo

74%1
6 mo, 30%; 12 mo, 50%; 18 mo, 50%
61%1
90%1
3%1
5%1
1 yr, 20.9%; 2 yr, 36.0%; 3 yr, 43.1%
6 mo, 26.2%; 1 yr, 43.6%; 5 yr, 56.1%
45%1
1 yr, 45.3%
6 mo, 48.9%; 1 yr, 73.3%

1

Overall relapse. NA: Nucleos(t)ide analogue; CHB: Chronic hepatitis B; LMV: Lamivudine; ETV: Entecavir; ADV: Adefovir dipivoxil.

23.4% at 6 mo and 29.4% at 4 years after discontinuation
of lamivudine[20].
However, in a series of recent studies with various antiviral NAs the off-treatment response was shown to be
not durable despite consolidation therapy after HBeAg
seroconversion. A study of 132 patients who achieved
HBeAg seroconversion by various NAs demonstrated an
overall relapse rate of 67% despite consolidation therapy
after HBeAg seroconversion[21]. Moreover, a more recent
study of 39 patients treated with various NAs reported
that almost all (90%) patients who stopped NA therapy
after achieving HBeAg seroconversion and clinical response experienced recurrent viremia despite consolidation therapy prior to discontinuation of NAs[22].
To summarize, the results from these studies imply
that the current guidelines of stopping NAs after achieving HBeAg seroconversion with undetectable HBV
DNA do not seem to result in a durable off-treatment
antiviral response in the majority of HBeAg-positive
CHB patients.

OFF-THERAPY DURABILITY OF
ANTIVIRAL RESPONSE
HBeAg-positive patients
Initial studies with lamivudine showed disappointing results with its antiviral durability after cessation of therapy.
Although a study of 39 patients reported lamivudineinduced HBeAg seroconversion to be durable in 77%
of patients[12], a subsequent study of 34 HBeAg-positive
CHB patients in whom lamivudine was stopped after
HBeAg seroconversion showed that the cumulative relapse rate was 37.5% after 1 year and increased to 49.2%
after 2 years of discontinuation[13]. Similarly, Chien et al[14]
also reported that 48% of the patients relapsed after discontinuing lamivudine for 12 mo. In parallel with these
results, several studies from different groups showed
that the off-treatment durability of lamivudine-induced
HBeAg seroconversion was not sustained in a large proportion of patients, with cumulative relapse rate of more
than 50% after 1 year[15-17].
On the other hand, some studies have reported a
higher antiviral durability after cessation of therapy.
In a study of 61 patients, Ryu et al[18] reported that the
cumulative relapse rate was 15% at 6 mo and 31% at 2
years after stopping lamivudine therapy. A more recent
study by Lee et al[19] also showed a durable off-treatment
response in 178 patients with lamivudine-induced complete response. In this study, the cumulative relapse rate
was 15.9% at 1 year and 30.2% at 5 years. These results
were supported by a more recent prospective study with
82 patients demonstrating a cumulative relapse rate of
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HBeAg-negative patients
Earlier studies showed consistent results that the antiviral
response was not durable in patients who stopped NA
therapy even if the guideline recommendations were followed. In a small study of 15 HBeAg-negative patients
who stopped lamivudine after a year of therapy, 86% of
the patients developed virological and/or biochemical
relapse[23]. Succeeding studies with more stringent cessation criteria showed some improvements in the durability
of NA-induced antiviral response, yet the results were
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still disappointing. In a retrospective study of 50 HBeAgnegative patients, the cumulative relapse rates at 6 mo
was 30% and at 18 mo was 50% despite successful lamivudine treatment for 2 years followed by withdrawal[24].
Moreover, several prospective studies also demonstrated
that off-treatment response rates were below satisfaction.
In a long-term prospective study of 50 HBeAg-negative
patients who stopped lamivudine after treatment for 24
mo, the cumulative relapse rate was 43.1% at 3 years after
withdrawal[25]. Similarly, Liu et al[26] have also reported a
cumulative relapse rate of 56.1% at 5 years after stopping
lamivudine treatment.
In a series of recent studies with antiviral NAs other
than lamivudine, the durability of off-treatment response
was shown to be comparable to that of lamivudine treatment. A prospective cohort study of 33 HBeAg-negative
patients who had been treated with adefovir for 4-5 years
and monitored for 5.5 years after cessation of treatment
showed an overall relapse rate of 45% during the followup period[27]. Interestingly, among 18 of 33 patients who
achieved sustained response, 13 (72%) patients showed
HBsAg clearance. Of note, serum HBsAg levels at the
end of treatment showed significant association with
HBsAg clearance, suggesting a possible role of HBsAg
quantitation for predicting the antiviral response to NA
therapy.
A more recent study by Jeng et al[28] demonstrated offtreatment durability of entecavir therapy in 95 HBeAgnegative patients using the stopping rule recommended
by the APASL guideline. In this observational study,
patients were treated with entecavir for a median of 721
d, and followed up for at least 12 mo. The cumulative
relapse rate after 1 year of stopping entecavir treatment
was 45.3%.
For the patients with HBeAg-negative CHB, current
data show that about half of the patients attain durable
antiviral response after discontinuation of NA therapy.
This is somewhat disappointing as the off-treatment durability is not satisfactory despite following the stopping
rule recommended by the guideline. Therefore, further
studies would be required to find adequate factors that
could predict the best timing of stopping the NA therapy.

levels during the course of antiviral therapy may provide
useful information regarding off-treatment response.
Clinically, low serum levels of HBsAg and HBV DNA
were reported to be predictive of spontaneous HBsAg
seroclearance in treatment-naïve patients[32]. For HBeAgpositive patients on NA therapy, older age, high baseline
alanine aminotransferase and HBeAg loss were reported
as the predictive factors for HBsAg loss[33]. Based on these
findings, it has been suggested that monitoring of serum
HBsAg levels along with serum HBV DNA levels may
guide the timing of stopping NA therapy[34]. However,
the clinical significance of serum HBsAg quantitation for
predicting HBsAg loss during antiviral therapy with NAs
has been challenged by several studies. In a study investigating the effect of long-term entecavir or tenofovir treatment
on serum HBsAg levels in CHB patients, Zoutendijk et al[33].
reported that the predicted median time to HBsAg loss
was 36 years for HBeAg-positive and 39 years for HBeAgnegative patients Moreover, another study from a French
group, based on their mathematical modeling, suggested
that more than 50 years of NA therapy would be required
for the clearance of HBsAg[35], implying that cessation of
NA therapy would be almost impossible. Nevertheless,
there is an increasing attention in the clinical utility of serum HBsAg quantitation, and further studies are needed
to validate its role for monitoring the antiviral response
and predicting the off-treatment durability.

CONCLUSION
For the minority who have achieved the ultimate goal of
NA therapy, i.e., HBsAg loss, the treatment may be discontinued. However, loss of HBsAg does not necessarily
indicate complete eradication of the virus as cccDNA
persists within the infected hepatocytes, and thus there is
still a risk of developing HCC[36,37]. Therefore, long-term
surveillance for HCC would be mandatory albeit successful achievement of HBsAg loss and discontinuation of
NA therapy.
In addition, for patients with liver cirrhosis, it would
be beneficial to maintain than to discontinue NA therapy.
This is supported by an increasing data that long-term
viral suppression with NA therapy not only decreases hepatic inflammation but also induces regression of cirrhosis which may translate to improved clinical outcome[38-43].
In conclusion, while attention has been drawn to
whether antiviral treatment with NAs can be a finite
therapy, there is lack of sufficient data on off-treatment
durability of highly potent NAs, particularly tenofovir,
and based on the available evidences, current guidelines
for stopping NA therapy seems to be inadequate in terms
of off-treatment durability. Therefore, further studies are
required to accumulate data on off-treatment durability
of highly potent NAs. Furthermore, search for adequate
predictive markers that could provide supplementary information to guide the timing of stopping NA therapy is
warranted. Clinical studies addressing this issue seems to
be highly desirable in the future.

HBSAG QUANTITATION AS A
PREDICTIVE MARKER
Current guidelines for stopping NA therapy seems to
be inadequate in terms of off-treatment durability, with
relapse rates of more than 40% for both HBeAg-positive
and HBeAg-negative patients. As a result, further studies
are warranted to identify adequate predictive markers that
could provide supplementary information to guide the
timing of stopping NA therapy.
One of the recently proposed predictive factors for
HBsAg loss is serum HBsAg quantitation. Since serum
HBsAg level seems to correlate with the amount of covalently closed circular DNA (cccDNA) within the infected
hepatocytes[29-31], serial monitoring of serum HBsAg

WJG|www.wjgnet.com

7210

June 21, 2014|Volume 20|Issue 23|

Kang W et al . Durability of nucleos(t)ide analogues therapy

REFERENCES
1
2

3
4

5

6

7

8

9

10
11

12

13

14

15

Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337:
1733-1745 [PMID: 9392700 DOI: 10.1056/NEJM199712113372406]
Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging prevention and
control measures. J Viral Hepat 2004; 11: 97-107 [PMID:
14996343 DOI: 10.1046/j.1365-2893.2003.00487.x]
Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 2009; 373: 582-592 [PMID: 19217993 DOI: 10.1016/
S0140-6736(09)60207-5]
Dienstag JL, Schiff ER, Wright TL, Perrillo RP, Hann
HW, Goodman Z, Crowther L, Condreay LD, Woessner
M, Rubin M, Brown NA. Lamivudine as initial treatment for chronic hepatitis B in the United States. N Engl J
Med 1999; 341: 1256-1263 [PMID: 10528035 DOI: 10.1056/
NEJM199910213411702]
Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao
YC, Lok AS, Han KH, Goodman Z, Zhu J, Cross A, DeHertogh D, Wilber R, Colonno R, Apelian D. A comparison
of entecavir and lamivudine for HBeAg-positive chronic
hepatitis B. N Engl J Med 2006; 354: 1001-1010 [PMID:
16525137 DOI: 10.1056/NEJMoa051285]
Lai CL, Gane E, Liaw YF, Hsu CW, Thongsawat S, Wang Y,
Chen Y, Heathcote EJ, Rasenack J, Bzowej N, Naoumov NV,
Di Bisceglie AM, Zeuzem S, Moon YM, Goodman Z, Chao G,
Constance BF, Brown NA. Telbivudine versus lamivudine
in patients with chronic hepatitis B. N Engl J Med 2007; 357:
2576-2588 [PMID: 18094378 DOI: 10.1056/NEJMoa066422]
Marcellin P, Heathcote EJ, Buti M, Gane E, de Man RA,
Krastev Z, Germanidis G, Lee SS, Flisiak R, Kaita K, Manns
M, Kotzev I, Tchernev K, Buggisch P, Weilert F, Kurdas OO,
Shiffman ML, Trinh H, Washington MK, Sorbel J, Anderson J, Snow-Lampart A, Mondou E, Quinn J, Rousseau F.
Tenofovir disoproxil fumarate versus adefovir dipivoxil for
chronic hepatitis B. N Engl J Med 2008; 359: 2442-2455 [PMID:
19052126 DOI: 10.1056/NEJMoa0802878]
Liaw YF, Kao JH, Piratvisuth T, Chan HL, Chien RN, Liu
CH, Gane E, Locarnini S, Lim SG, Han KH, Amarapurkar
D, Cooksley G, Jafri W, Mohamed R, Hou JL, Chuang WL,
Lesmana LA, Sollano J, Suh DJ, Omata M. Asian-Pacific
consensus statement on the management of chronic hepatitis
B: a 2012 update. Hepatol Int 2012; 6: 531-561 [DOI: 10.1007/
s12072-012-9365-4]
European Association for the Study of the Liver. EASL
clinical practice guidelines: Management of chronic hepatitis
B virus infection. J Hepatol 2012; 57: 167-185 [PMID: 22436845
DOI: 10.1016/j.jhep.2012.02.010]
Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]
Ridruejo E, Silva MO. Safety of long-term nucleos(t)ide
treatment in chronic hepatitis B. Expert Opin Drug Saf 2012;
11: 357-360 [PMID: 22417072 DOI: 10.1517/14740338.2012.67
2972]
Dienstag JL, Cianciara J, Karayalcin S, Kowdley KV, Willems B, Plisek S, Woessner M, Gardner S, Schiff E. Durability
of serologic response after lamivudine treatment of chronic
hepatitis B. Hepatology 2003; 37: 748-755 [PMID: 12668966
DOI: 10.1053/jhep.2003.50117]
Song BC, Suh DJ, Lee HC, Chung YH, Lee YS. Hepatitis
B e antigen seroconversion after lamivudine therapy is
not durable in patients with chronic hepatitis B in Korea.
Hepatology 2000; 32: 803-806 [PMID: 11003626 DOI: 10.1053/
jhep.2000.16665]
Chien RN, Yeh CT, Tsai SL, Chu CM, Liaw YF. Determinants for sustained HBeAg response to lamivudine therapy.
Hepatology 2003; 38: 1267-1273 [PMID: 14578866 DOI:
10.1053/jhep.2003.50458]
van Nunen AB, Hansen BE, Suh DJ, Löhr HF, Chemello L,

WJG|www.wjgnet.com

16

17

18

19

20

21

22

23

24

25

26

7211

Fontaine H, Heathcote J, Song BC, Janssen HL, de Man RA,
Schalm SW. Durability of HBeAg seroconversion following antiviral therapy for chronic hepatitis B: relation to type
of therapy and pretreatment serum hepatitis B virus DNA
and alanine aminotransferase. Gut 2003; 52: 420-424 [PMID:
12584227]
Byun KS, Kwon OS, Kim JH, Yim HJ, Chang YJ, Kim JY,
Yeon JE, Park JJ, Kim JS, Bak YT, Lee CH. Factors related
to post-treatment relapse in chronic hepatitis B patients
who lost HBeAg after lamivudine therapy. J Gastroenterol
Hepatol 2005; 20: 1838-1842 [PMID: 16336441 DOI: 10.1111/
j.1440-1746.2005.03952.x]
Yoon SK, Jang JW, Kim CW, Bae SH, Choi JY, Choi SW,
Lee YS, Lee CD, Chung KW, Sun HS, Kim BS. Long-term
results of lamivudine monotherapy in Korean patients with
HBeAg-positive chronic hepatitis B: response and relapse
rates, and factors related to durability of HBeAg seroconversion. Intervirology 2005; 48: 341-349 [PMID: 16024938 DOI:
10.1159/000086061]
Ryu SH, Chung YH, Choi MH, Kim JA, Shin JW, Jang MK,
Park NH, Lee HC, Lee YS, Suh DJ. Long-term additional
lamivudine therapy enhances durability of lamivudineinduced HBeAg loss: a prospective study. J Hepatol 2003; 39:
614-619 [PMID: 12971973]
Lee HW, Lee HJ, Hwang JS, Sohn JH, Jang JY, Han KJ, Park
JY, Kim do Y, Ahn SH, Paik YH, Lee CK, Lee KS, Chon
CY, Han KH. Lamivudine maintenance beyond one year
after HBeAg seroconversion is a major factor for sustained
virologic response in HBeAg-positive chronic hepatitis B.
Hepatology 2010; 51: 415-421 [PMID: 19902424 DOI: 10.1002/
hep.23323]
Wang L, Liu F, Liu YD, Li XY, Wang JB, Zhang ZH, Wang
YZ. Stringent cessation criterion results in better durability of lamivudine treatment: a prospective clinical study in
hepatitis B e antigen-positive chronic hepatitis B patients. J
Viral Hepat 2010; 17: 298-304 [PMID: 19758278 DOI: 10.1111/
j.1365-2893.2009.01178.x]
Reijnders JG, Perquin MJ, Zhang N, Hansen BE, Janssen HL.
Nucleos(t)ide analogues only induce temporary hepatitis B e
antigen seroconversion in most patients with chronic hepatitis B. Gastroenterology 2010; 139: 491-498 [PMID: 20381492
DOI: 10.1053/j.gastro.2010.03.059]
Chaung KT, Ha NB, Trinh HN, Garcia RT, Nguyen HA,
Nguyen KK, Garcia G, Ahmed A, Keeffe EB, Nguyen MH.
High frequency of recurrent viremia after hepatitis B e antigen seroconversion and consolidation therapy. J Clin Gastroenterol 2012; 46: 865-870 [PMID: 22941429 DOI: 10.1097/
MCG.0b013e31825ceed9]
Santantonio T, Mazzola M, Iacovazzi T, Miglietta A, Guastadisegni A, Pastore G. Long-term follow-up of patients with
anti-HBe/HBV DNA-positive chronic hepatitis B treated
for 12 months with lamivudine. J Hepatol 2000; 32: 300-306
[PMID: 10707871]
Fung SK, Wong F, Hussain M, Lok AS. Sustained response after a 2-year course of lamivudine treatment of
hepatitis B e antigen-negative chronic hepatitis B. J Viral
Hepat 2004; 11: 432-438 [PMID: 15357648 DOI: 10.1111/
j.1365-2893.2004.00556.x]
Paik YH, Kim JK, Kim do Y, Park JY, Ahn SH, Han KH,
Chon CY, Lee KS. Clinical efficacy of a 24-months course
of lamivudine therapy in patients with HBeAg negative
chronic hepatitis B: a long-term prospective study. J Korean
Med Sci 2010; 25: 882-887 [PMID: 20514309 DOI: 10.3346/
jkms.2010.25.6.882]
Liu F, Wang L, Li XY, Liu YD, Wang JB, Zhang ZH, Wang
YZ. Poor durability of lamivudine effectiveness despite
stringent cessation criteria: a prospective clinical study in
hepatitis B e antigen-negative chronic hepatitis B patients. J
Gastroenterol Hepatol 2011; 26: 456-460 [PMID: 21332542 DOI:
10.1111/j.1440-1746.2010.06492.x]

June 21, 2014|Volume 20|Issue 23|

Kang W et al . Durability of nucleos(t)ide analogues therapy
27

28

29

30

31
32

33

34

35

36

37

Hadziyannis SJ, Sevastianos V, Rapti I, Vassilopoulos D,
Hadziyannis E. Sustained responses and loss of HBsAg
in HBeAg-negative patients with chronic hepatitis B who
stop long-term treatment with adefovir. Gastroenterology 2012; 143: 629-636.e1 [PMID: 22659218 DOI: 10.1053/
j.gastro.2012.05.039]
Jeng WJ, Sheen IS, Chen YC, Hsu CW, Chien RN, Chu CM,
Liaw YF. Off-therapy durability of response to entecavir
therapy in hepatitis B e antigen-negative chronic hepatitis
B patients. Hepatology 2013; 58: 1888-1896 [PMID: 23744454
DOI: 10.1002/hep.26549]
Chan HL, Wong VW, Tse AM, Tse CH, Chim AM, Chan
HY, Wong GL, Sung JJ. Serum hepatitis B surface antigen
quantitation can reflect hepatitis B virus in the liver and
predict treatment response. Clin Gastroenterol Hepatol 2007; 5:
1462-1468 [PMID: 18054753 DOI: 10.1016/j.cgh.2007.09.005]
Thompson AJ, Nguyen T, Iser D, Ayres A, Jackson K,
Littlejohn M, Slavin J, Bowden S, Gane EJ, Abbott W, Lau
GK, Lewin SR, Visvanathan K, Desmond PV, Locarnini SA.
Serum hepatitis B surface antigen and hepatitis B e antigen
titers: disease phase influences correlation with viral load
and intrahepatic hepatitis B virus markers. Hepatology 2010;
51: 1933-1944 [PMID: 20512987 DOI: 10.1002/hep.23571]
Lee JM, Ahn SH. Quantification of HBsAg: basic virology for
clinical practice. World J Gastroenterol 2011; 17: 283-289 [PMID:
21253386 DOI: 10.3748/wjg.v17.i3.283]
Liu J, Lee MH, Batrla-Utermann R, Jen CL, Iloeje UH, Lu SN,
Wang LY, You SL, Hsiao CK, Yang HI, Chen CJ. A predictive
scoring system for the seroclearance of HBsAg in HBeAgseronegative chronic hepatitis B patients with genotype B or
C infection. J Hepatol 2013; 58: 853-860 [PMID: 23246508 DOI:
10.1016/j.jhep.2012.12.006]
Zoutendijk R, Hansen BE, van Vuuren AJ, Boucher CA,
Janssen HL. Serum HBsAg decline during long-term potent nucleos(t)ide analogue therapy for chronic hepatitis B
and prediction of HBsAg loss. J Infect Dis 2011; 204: 415-418
[PMID: 21742840 DOI: 10.1093/infdis/jir282]
Chan HL, Wong GL, Chim AM, Chan HY, Chu SH, Wong
VW. Prediction of off-treatment response to lamivudine by
serum hepatitis B surface antigen quantification in hepatitis
B e antigen-negative patients. Antivir Ther 2011; 16: 1249-1257
[PMID: 22155906 DOI: 10.3851/IMP1921]
Chevaliez S, Hézode C, Bahrami S, Grare M, Pawlotsky
JM. Long-term hepatitis B surface antigen (HBsAg) kinetics
during nucleoside/nucleotide analogue therapy: finite treatment duration unlikely. J Hepatol 2013; 58: 676-683 [PMID:
23219442 DOI: 10.1016/j.jhep.2012.11.039]
Ahn SH, Park YN, Park JY, Chang HY, Lee JM, Shin JE, Han
KH, Park C, Moon YM, Chon CY. Long-term clinical and
histological outcomes in patients with spontaneous hepatitis
B surface antigen seroclearance. J Hepatol 2005; 42: 188-194
[PMID: 15664243 DOI: 10.1016/j.jhep.2004.10.026]
Papatheodoridis GV, Manolakopoulos S, Touloumi G,
Vourli G, Raptopoulou-Gigi M, Vafiadis-Zoumbouli I,
Vasiliadis T, Mimidis K, Gogos C, Ketikoglou I, Manesis EK.
Virological suppression does not prevent the development
of hepatocellular carcinoma in HBeAg-negative chronic
hepatitis B patients with cirrhosis receiving oral antiviral(s)
starting with lamivudine monotherapy: results of the nationwide HEPNET. Greece cohort study. Gut 2011; 60: 1109-1116

38

39

40

41

42

43

44

45
46

47

48

[PMID: 21270118 DOI: 10.1136/gut.2010.221846]
Dienstag JL, Goldin RD, Heathcote EJ, Hann HW, Woessner
M, Stephenson SL, Gardner S, Gray DF, Schiff ER. Histological outcome during long-term lamivudine therapy. Gastroenterology 2003; 124: 105-117 [PMID: 12512035 DOI: 10.1053/
gast.2003.50013]
Malekzadeh R, Mohamadnejad M, Rakhshani N, NasseriMoghaddam S, Merat S, Tavangar SM, Sohrabpour AA.
Reversibility of cirrhosis in chronic hepatitis B. Clin Gastroenterol Hepatol 2004; 2: 344-347 [PMID: 15067631]
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang
TT, Kitis G, Rizzetto M, Marcellin P, Lim SG, Goodman Z,
Ma J, Brosgart CL, Borroto-Esoda K, Arterburn S, Chuck
SL. Long-term therapy with adefovir dipivoxil for HBeAgnegative chronic hepatitis B for up to 5 years. Gastroenterology 2006; 131: 1743-1751 [PMID: 17087951 DOI: 10.1053/
j.gastro.2006.09.020]
Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, Safadi
R, Lee SS, Halota W, Goodman Z, Chi YC, Zhang H, Hindes R,
Iloeje U, Beebe S, Kreter B. Long-term entecavir therapy results
in the reversal of fibrosis/cirrhosis and continued histological
improvement in patients with chronic hepatitis B. Hepatology
2010; 52: 886-893 [PMID: 20683932 DOI: 10.1002/hep.23785]
Schiff ER, Lee SS, Chao YC, Kew Yoon S, Bessone F, Wu SS,
Kryczka W, Lurie Y, Gadano A, Kitis G, Beebe S, Xu D, Tang
H, Iloeje U. Long-term treatment with entecavir induces
reversal of advanced fibrosis or cirrhosis in patients with
chronic hepatitis B. Clin Gastroenterol Hepatol 2011; 9: 274-276
[PMID: 21145419 DOI: 10.1016/j.cgh.2010.11.040]
Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson
IM, Washington MK, Germanidis G, Flaherty JF, Schall RA,
Bornstein JD, Kitrinos KM, Subramanian GM, McHutchison
JG, Heathcote EJ. Regression of cirrhosis during treatment
with tenofovir disoproxil fumarate for chronic hepatitis B: a
5-year open-label follow-up study. Lancet 2013; 381: 468-475
[PMID: 23234725 DOI: 10.1016/S0140-6736(12)61425-1]
Fung J, Lai CL, Tanaka Y, Mizokami M, Yuen J, Wong DK,
Yuen MF. The duration of lamivudine therapy for chronic hepatitis B: cessation vs. continuation of treatment after HBeAg
seroconversion. Am J Gastroenterol 2009; 104: 1940-1946; quiz
1947 [PMID: 19455108 DOI: 10.1038/ajg.2009.200]
Chien RN, Liaw YF. Short-term lamivudine therapy in
HBeAg-negative chronic active hepatitis B in Taiwan. Antivir
Ther 2006; 11: 947-952 [PMID: 17302259]
Chan HL, Wang H, Niu J, Chim AM, Sung JJ. Two-year
lamivudine treatment for hepatitis B e antigen-negative
chronic hepatitis B: a double-blind, placebo-controlled trial.
Antivir Ther 2007; 12: 345-353 [PMID: 17591024]
Shouval D, Lai CL, Chang TT, Cheinquer H, Martin P,
Carosi G, Han S, Kaymakoglu S, Tamez R, Yang J, Tenney
D, Brett-Smith H. Relapse of hepatitis B in HBeAg-negative
chronic hepatitis B patients who discontinued successful entecavir treatment: the case for continuous antiviral therapy.
J Hepatol 2009; 50: 289-295 [PMID: 19070393 DOI: 10.1016/
j.jhep.2008.10.017]
Kim YJ, Kim K, Hwang SH, Kim SS, Lee D, Cheong JY,
Cho SW. Durability after discontinuation of nucleos(t)ide
therapy in chronic HBeAg negative hepatitis patients. Clin
Mol Hepatol 2013; 19: 300-304 [PMID: 24133668 DOI: 10.3350/
cmh.2013.19.3.300]
P- Reviewers: Abaalkhail FA, Niu ZS S- Editor: Qi Y
L- Editor: A E- Editor: Wu HL

WJG|www.wjgnet.com

7212

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7213-7216
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i23.7213

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (9): Hepatitis B virus

Association between metabolic factors and chronic hepatitis
B virus infection
Chien-Hsieh Chiang, Kuo-Chin Huang
betes with incidence of HBV-related HCC. However, the
association between incidence of HCC and metabolic
factors other than diabetes is still inconclusive. More
long-term prospective studies should elucidate the association of chronic HBV infection and its outcomes
with metabolic factors in clinical practice.
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Core tip: Facing the increasing burden of metabolic
syndrome and chronic hepatitis B worldwide, this review tries to highlight the association of metabolic
factors with chronic hepatitis B. Intriguingly, hepatitis
B virus carriers are reported to have higher serum adiponectin levels, previously linked with individuals with
low body mass index. Obesity and hypertriglyceridemia
(metabolically bad factors) are inversely associated
with high hepatitis B viral load; a crucial predictor for
primary liver cancer. In contrast, serum adiponectin
levels (a metabolically good factor) are positively related to high hepatitis B viral load in individuals with high
body mass index.

Abstract
There are limited data regarding the relationship between chronic hepatitis B virus (HBV) infection and
metabolic factors. This article aims to highlight the link
of metabolic factors with hepatitis B surface antigen
(HBsAg) serostatus, HBV load, and HBV-related hepatocellular carcinoma (HCC). Although HBsAg-positive
serostatus was positively correlated with a high risk of
metabolic syndrome in students, chronic HBV-infected
individuals have high serum adiponectin levels. The androgen pathway in HBV carriers with a low body mass
index is more triggered which leads to enhanced HBV
replication. High HBV load was inversely associated
with obesity in hepatitis B e antigen (HBeAg)-seropositive HBV carriers; while in HBeAg-seronegative HBV
carriers, high HBV load was inversely related to hypertriglyceridemia rather than obesity. For overweight and
obese HBV-infected patients, high HBV load was positively associated with serum adiponectin levels. Several
large cohort studies have revealed a positive link of dia-
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is wellknown as a major risk factor for hepatocellular carci-

7213

June 21, 2014|Volume 20|Issue 23|

Chiang CH et al . Metabolic factors and hepatitis B

noma (HCC)[1-4]. The burden of obesity and metabolic
syndrome has been increasing in recent decades [5].
Subsequently, there is growing concern regarding the association between metabolic factors and chronic HBV
infection. This review article tries to highlight the association of metabolic factors with hepatitis B surface antigen
(HBsAg) serostatus, HBV load, and HBV-related HCC.

of adiponectin levels over the 75th percentile (adjusted
OR = 4.25, 95%CI: 2.36-7.66) after controlling age, sex,
BMI, and insulin resistance index[11]. The link between
HBsAg serostatus and metabolic factors should be further clarified from the perspective of HBV load.

METABOLIC FACTORS AND HEPATITIS B
VIRAL LOAD

METABOLIC FACTORS AND HBsAg
SEROSTATUS

Some animal models considered HBV a “metabolovirus”
because the gene expression of HBV and key metabolic
genes in hepatocytes was shown to be similarly regulated[12]. The androgen production in HBV carriers with
a low BMI (< 23 kg/m2) was more triggered and upregulated HBV replication, as shown in a transcriptional
animal model and a campus-based study[13,14]. A Taiwanese community-based study including 3587 HBV-infected
participants revealed that high HBV load was inversely
associated with extreme obesity (adjusted OR = 0.17,
95%CI: 0.05-0.63) and central obesity (adjusted OR =
0.44; 95%CI: 0.25-0.78) in HBeAg-seropositive patients;
while high HBV load was inversely associated with hypertriglyceridemia (adjusted OR = 0.74, 95%CI: 0.61-0.89)
in HBeAg-seronegative patients[15]. Liver steatosis was
neither associated with HBV load in HBeAg-seropositive
patients (adjusted OR = 1.46, 95%CI: 0.90-2.36) nor
in HBeAg-seronegative patients (adjusted OR = 0.88,
95%CI: 0.72-1.08). The above findings altogether implicate that metabolically bad factors (obesity and hypertriglyceridemia) may cause liver damage through hepatic
steatosis and oxidative stress, independently of HBV
replication.
Although adipokines were observed to contribute to
histological liver injury of chronic HBV-infected patients
hospitalized for liver biopsy[16], an experimental animal
model demonstrated that HBV replication boosted the
increase in circulating adiponectin levels through activation of peroxisome proliferator-activated receptorγ
(PPAR γ ) gene expression. Reciprocally, adiponectin
and PPARγ agonist treatment triggered HBV replication[17]. Consistently, we also revealed that the logarithmic
transformation of HBV load was positively associated
with serum adiponectin levels, but only in patients with
a higher BMI (BMI ≥ 23 kg/m2) (P = 0.018) adjusted
for age, sex, BMI, HBeAg serostatus, liver function, and
homeostasis model assessment of insulin resistance[11].
In patients with a lower BMI, HBV load tended to be
up-regulated by the activated androgen production more
than the adiponectin pathway[14]. More elucidation of
adiponectin pathways in HBV carriers may help develop
adjuvant treatments of HBV infection in the future.

Chronic-HBV-infected university freshers (4475 men and
3751 women) had a higher risk of metabolic syndrome
(OR = 1.58, 95%CI: 1.04-2.47) compared to individuals
with seroprotective titers after HBV vaccination[6], after
controlling for age, sex, body mass index (BMI), uric acid
quartiles, smoking, alcohol consumption, and physical activity. However, another population-based cross-sectional
study (53528 participants) showed that the likelihood of
developing metabolic syndrome was lower in HBsAgpositive (n = 5995, 12.6%) than HBsAg-negative (adjusted
OR = 0.84, 95%CI: 0.76-0.93) adults after controlling
for age and sex[7]. High triglyceride level (≥ 150 mg/dL)
(adjusted OR = 0.65, 95%CI: 0.60-0.69) and high blood
pressure (adjusted OR = 0.89, 95%CI: 0.83-0.94) were
inversely associated with being HBsAg-positive. One of
the probable explanations of the inconsistency between
the above student- and population-based studies is the
different age compositions (freshers vs 30-79 years) and
comparison groups (individuals with seroprotective titers
after HBV vaccination vs being HBsAg positive). It is
worth mentioning that being positive for hepatitis C virus
(HCV) antibody was positively associated with reduced
high-density lipoprotein (adjusted OR = 1.61, 95%CI:
1.37-1.88), while inversely associated with high triglyceride level (adjusted OR = 0.63, 95%CI: 0.55-0.71) according to the population-based study[7]. Thus, the likelihood
of developing metabolic syndrome in HCV carriers (n =
1792, 3.8%) was similar to that in non-HCV carriers.
There have been controversial results. A hospitalbased cross-sectional study (243 men and 264 women;
mean age: 46.6 years) showed no significant relationship
between chronic HBV infection and insulin resistance
or ultrasonographic hepatic steatosis[8]. Another crosssectional population study reported that HBV-infected
Hong Kong Chinese (n = 91) had lower intrahepatic
triglyceride content measured by proton-magnetic resonance spectroscopy (P < 0.001), lower serum triglycerides
(P < 0.001), lower metabolic syndrome (11.0% vs 20.2%,
P = 0.034), and a lower risk of fatty liver (adjusted OR
= 0.42, 95%CI: 0.20-0.88) than controls (n = 922)[9].
The association of HBV with selected adipokines is also
under investigation. For example, adiponectin possesses
anti-inflammatory effects and is inversely associated with
BMI, type 2 diabetes and several metabolic disorders[10].
Recently, we demonstrated that HBV-infected individuals,
though heavier than healthy controls, had higher serum
adiponectin levels (P < 0.0001) and a higher proportion
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The potential link between diabetes mellitus and metabolic factors with HBV-related HCC has aroused increasing concern[18-22], not necessarily related to serum HBV
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load, a well-known risk factor of HCC[23,24]. For example,
a long-term community-based cohort revealed that HBVrelated HCC risk was associated with diabetes (adjusted
OR = 2.27, 95%CI: 1.10-4.66) rather than extreme obesity (adjusted OR = 1.36, 95%CI: 0.64-2.89)[18]. However,
the study performed no adjustment of hepatitis B viral
load or HBeAg serostatus.
The relationship between HCC and metabolic factors other than diabetes, however, is more inconclusive.
A large European cohort study of 289273 men has reported an inverse link between cancer occurrence of the
liver and intrahepatic ducts and serum total cholesterol[25].
Tsan et al [26,27] analyzed a National Health Insurance
claims database and found protective effects of statins on
HBV- and HCV-related HCC incidence. Notably, secondary data analyses using claims database in Taiwan usually
lack important confounding information including BMI,
blood pressure, liver function, cigarette or alcohol habits,
and medication adherence. Besides, clinicians may decide
to withhold or withdraw statins for patients with abnormal liver function, though some human trials of statins
were shown to improve hepatic steatosis and hepatic
fibrosis[28]. This concern in real practice might confound
the true protective role of statins in HBV- and HCVrelated HCC incidence.
High triglyceride levels (≥ 150 mg/dL) were inversely
associated with subsequent HBV-related HCC incidence
(adjusted OR = 0.60, 95%CI: 0.40-0.90)[18]. This finding
is consistent with the inverse association between serum
triglycerides and HBV load in HBeAg-seronegative patients[15]. HBV X protein could inhibit the secretion of
apolipoprotein B, located on the surface of every triglyceride-rich very-low-density lipoprotein particle[29]. Once
HBV actively replicates, HBV X protein increases rapidly
and impairs the production of very-low-density lipoprotein and circulating triglycerides. However, an animal
study reported fibrate-induced anti-proliferative effects
in cultured human HCC cells[30]. The investigators demonstrated that the protective effects were independent of
the PPARα pathway. There are still no prospective human studies prospectively exploring fibrate use and HCC
occurrence in HBV-infected individuals.

of metabolic factors with chronic HBV infection and its
relevant outcomes.
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centages of alcohol (above 45% by volume), but for
considerably less costs compared with licit beverages,
potentially causing more problematic patterns of drinking. In this review, it is investigated whether patterns
of drinking rather than product composition can explain
the liver cirrhosis mortality rates. Statistical examination
of World Health Organization country data shows that
the originally detected correlation of the percentage
of unrecorded alcohol consumption and liver cirrhosis
mortality rates disappears when the data is adjusted
for the prevalence of heavy episodic drinking. It may
be concluded that there is currently a lack of data to
demonstrate causality between the composition of illicit
spirits (e.g. , higher levels of certain contaminants in
home-produced products) and liver toxicity on a population scale. Exceptions may be cases of poisoning with
antiseptic liquids containing compounds such as polyhexamethyleneguanidine, which were reported to be
consumed as surrogate alcohol in Russia, leading to an
outbreak of acute cholestatic liver injury, histologically
different from conventional alcoholic liver disease.

Abstract

Core tip: Various constituents and contaminants of
unrecorded alcohol (i.e. , illicitly or informally produced
alcohol) were implicated as over proportionally causing liver disease. Quantitative risk assessments were
not able to corroborate these claims by identifying
such contaminants above toxicological levels, however.
The higher rates of liver disease can be alternatively
explained by more detrimental patterns of drinking in
regions with a high prevalence of unrecorded alcohol
consumption.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Unrecorded alcohol includes illegally distributed alcohol
as well as homemade or surrogate alcohol which is unintended for consumption by humans (e.g. , cosmetics
containing alcohol). The highest unrecorded alcohol
consumption occurs in Eastern Europe and some of
these countries have an over proportional liver cirrhosis mortality. Compounds besides ethanol have been
hypothesized as being responsible for this observation.
On the other hand, chemical investigations were unable
to prove that unrecorded alcohol regularly contains
contaminants above toxicological thresholds. However,
illegally produced spirits regularly contain higher per-
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inferred from Figure 1. Hungary, Moldova and Romania
show very high levels of unrecorded adult (15+) per
capita alcohol consumption [4.0 L (Hungary, Romania)
or 10 L (Moldova) of pure alcohol per year]. For these
countries, liver cirrhosis mortality rates (47, 43 and 119
per 100000 adult population for Hungary, Romania and
Moldova, respectively) were much higher than for other
European countries. In contrast, comparably low unrecorded alcohol consumption in France, Spain, and Switzerland (0.34, 1.4, and 0.50 L of pure alcohol per year)
were associated with low liver cirrhosis mortality rates
in these countries (less than 12 deaths per 100000 adult
population from alcoholic liver disease).

Gastroenterol 2014; 20(23): 7217-7222 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i23/7217.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i23.7217

INTRODUCTION
In Central and Eastern Europe, large discrepancies can
be found between recorded alcoholic beverage consumption and alcohol-related mortality[1]. An example is Hungary, a country in which liver disease mortality is circa
four times that of countries with comparable per capita
consumption of alcohol (e.g., Refs.[2,3]). An explanation
for this finding might be the particularly high unrecorded
alcohol consumption[2].
Despite the high levels of unrecorded alcohol consumption in some countries (up to 40% of total consumption), there is an absence of data about chronic
long-term health consequences that may specifically be
influenced by unrecorded alcohol consumption. The
proof of causality is particularly difficult because people
may co-consume both forms of alcohol (i.e., recorded
and unrecorded alcohol)[4]. Rehm et al[4] have provided an
example of a Russian person having died of alcoholic
liver cirrhosis, and for whom unrecorded alcohol products were the main form of alcohol consumption in his
final years. Nevertheless, he would have been expected to
exclusively consuming recorded alcohol for some years
before switching out of economic reasons to unrecorded
alcohol consumption (typically to medicinal, cosmetic or
other surrogate alcohol) when his patterns of drinking
became more and more detrimental[5]. With this change
and the following exposure to “other” forms of alcohol,
there are 3 potential effects according to Rehm et al[4]: “(1)
The alcoholic liver cirrhosis would have taken exactly the
same course; (2) The alcoholic liver cirrhosis would have
taken a different course, for example, later onset, longer
duration, or no fatal outcome, if this person had consumed recorded alcohol only; and (3) The alcoholic liver
cirrhosis would not have occurred with consumption of
recorded alcohol”.
The determination of causality of the link of unrecorded alcohol with chronic disease is, therefore, a challenging task[6,7]. As a result, few studies have researched
the question if unrecorded alcohol consumption may
have detrimental health effects that are not found in recorded consumption, e.g., because unrecorded alcohol
may contain some compounds that are not present in
recorded alcohol. An exception is a study from India[8],
which found an association between unrecorded alcohol
consumption (country liquor) and an increased risk of alcoholic liver disease, particularly alcoholic liver cirrhosis.
It is notable that the country liquor contained lower alcoholic strengths than the local types of recorded alcohol.
However, the study may have been confounded by social
status and other factors that were not well controlled[4].
The connection between unrecorded alcohol consumption levels and liver cirrhosis mortality rates can be
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INVESTIGATION INTO THE INFLUENCE
OF UNRECORDED ALCOHOL
CONSUMPTION ON LIVER CIRRHOSIS
MORTALITY
To provide further and more systematic insight into the
connection between unrecorded alcohol consumption
and liver cirrhosis, the following data was taken from
the Global Information System on Alcohol and Health
(GISAH) of the World Health Organization (WHO)[9]:
(1) The liver cirrhosis age-standardized mortality rate is
“the number of individuals in a given population (100000
people) that died from alcoholic liver disease during a
calendar year (2005)”. Only adults (population above 15
years) were taken into account; (2) The levels of unrecorded and total consumption (in liters of pure alcohol)
for the year 2005 and for the population older than 15
years; and (3) Heavy episodic drinkers, defined as “the
percentage of adults (aged 15+) who have drunk at least
60 g (approximately 6 standard alcoholic drinks) or more
of pure alcohol on at least one occasion weekly”.
The following definitions are quoted verbatim from
the WHO GISAH website[9] for reasons of clarity: “recorded alcohol consumption refers to official statistics
(production, import, export, and sales or taxation data),
while unrecorded alcohol consumption refers to alcohol which is not taxed and is outside the usual system
of governmental control, such as home- or informallyproduced alcohol (legal or illegal), smuggled alcohol, surrogate alcohol (which is alcohol not intended for human
consumption), or alcohol obtained through cross-border
shopping (which is recorded in a different jurisdiction).
Recorded adult per capita consumption of pure alcohol
is calculated as the sum of beverage-specific alcohol consumption of pure alcohol (beer, wine, spirits, other) from
different sources. The first priority in the decision tree is
given to government statistics; second are country-specific alcohol industry statistics in the public domain (Canadean, IWSR-International Wine and Spirit Research,
OIV-International Organisation of Vine and Wine, Wine
Institute, historically World Drink Trends); and third is
the Food and Agriculture Organization of the United
Nations’ statistical database (FAOSTAT). The method of
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Figure 1 Comparison of levels of unrecorded alcohol consumption and liver cirrhosis mortality rates in Europe for 2005. Data from World Health Organization[9]; no data available for uncolored countries.
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consumption, unrecorded was calculated as total consumption estimated from survey minus recorded adult
per capita consumption. In some countries, unrecorded
is estimated based on confiscated alcohol confiscated by
customs or police. Total consumption is the sum of recorded and unrecorded consumption”.
The full methodology is available on the WHO
GISAH webpages[9,10]. The percentage of unrecorded alcohol consumption for each country was then calculated
from these data.
Data analysis was conducted with Origin V.7.5
(Originlab, Northampton, United States). Mathematical
correlation between the investigated parameters was evaluated using linear regression for all countries for which
data was available. The 0.05 probability level was used to
define statistical significance. The results are shown in
Figure 2.
There appears to be a statistically significant correlation between mortality from liver cirrhosis and the
amount of unrecorded alcohol consumption (r = 0.65,
P < 0.0001). This trend upholds even when the data is
controlled for per capita consumption (r = 0.35, P = 0.04;
for calculation see Ref.[11]), but becomes non-significant
after controlling for heavy episodic drinking (r = 0.35,
P = 0.12). However, five countries (Hungary, Estonia,
Slovakia, Mauritius, and Ecuador) still showed over proportional liver cirrhosis mortality after the adjustment
for heavy episodic drinking. However, as consumption
of alcohol per se may also cause liver cirrhosis, it remains
unclear what the specific contribution of unrecorded al-
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Figure 2 Correlation between unrecorded alcohol consumption and liver
cirrhosis mortality for countries worldwide. Own calculation based on World
Health Organization data[9]; the lower curve shows the result after controlling for
heavy episodic drinking.

measurement of unrecorded alcohol consumption gives
the first priority in the decision tree to nationally representative empirical data; these are often general population surveys in countries where alcohol is legal. Second
are specific other empirical investigations, and third is
expert opinion. Survey questions on consumption of
unrecorded alcohol are converted into estimates per year
of unrecorded adult per capita consumption. Usually
surveys underestimate consumption. However, in countries where survey based estimates exceeded the recorded
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Table 1 Compounds potentially associated with toxicity in unrecorded alcohol
Compounds in unrecorded alcohol

Occurrence

Toxic effect

Risk assessment

Several acute and chronic
health effects including liver
cirrhosis
Poisoning at high
concentrations

Major risk factor of unrecorded alcohol on a
population scale

Ethyl carbamate

Main components of every alcoholic
beverage; often found in higher
strength in unrecorded alcohols
Minor constituent in all alcoholic
beverages, higher in some fruit spirits;
acute toxic concentrations due to
adulteration
Minor constituents in all alcoholic
beverages, higher concentrations in
certain fruit spirits
Minor constituents in all alcoholic
beverages, higher concentrations in
certain fruit spirits
High levels in stone fruit spirits

Diethyl phthalate

Denatured alcohols

Ethanol

Methanol

Higher alcohols
(e.g., propanol, butanol)
Acetaldehyde

Coumarin
Polyhexamethyleneguanidine

Flavoring in cosmetic alcohol
Antiseptic liquids in Russia

Similar to ethanol

Carcinogenicity

Could constitute higher chronic risk
if contained at higher levels, but
epidemiological evidence is missing
See acetaldehyde

No human data.
Hepatocellular tumors in
rodents
Developmental effects,
See acetaldehyde
hepatotoxicity in animals
Hepatotoxicity in animals
See acetaldehyde
Potentially causing cholestatic Unclear causality, but observational studies
hepatitis in humans
suggest a plausible risk

cohol may be[11,12].

most of the samples[15-17]. For example, some hepatotoxic
contaminants such as copper or ethyl carbamate were
found in some samples of unrecorded alcohol, however, the intake in alcohol consumers was below 1% of
the threshold doses in rodents[16]. In conclusion, there
are considerable research needs regarding unrecorded
alcohol[18]. In light of the current state of research, the
authors believe that the two indicators “volume of alcohol consumption” and “drinking patterns” are the major
contributors that cause the observed differences in liver
cirrhosis mortality[16]. Both indicators may be influenced
by unrecorded alcohol because it typically contains higher
concentrations of ethanol and its lower costs may additionally increase the drinking amounts[16]. Unrecorded
alcohol consumption is also inversely associated with
socioeconomic status (SES) and education, both of
which are also factors connected to alcohol-related death,
disease and injury[19]. Further confounding factors in the
population consuming unrecorded alcohol may be drug
use, viral hepatitis or HIV, which could potentially contribute to multifactorial liver disease[12]. However, there
is currently an absence of quantitative epidemiological
research on these risk factors in connection with unrecorded alcohol consumption.

MECHANISMS POTENTIALLY LEADING
TO OVER PROPORTIONAL LIVER
CIRRHOSIS MORTALITY ASSOCIATED
WITH UNRECORDED ALCOHOL
CONSUMPTION
The large variance of cirrhosis mortality rates between
the countries Hungary and Romania and the rest of
Europe, mentioned above, were suggested to having
been caused by some specific compounds in unrecorded
alcoholic beverages[2] but not by differences in drinking
behavior between recorded and unrecorded alcohol (e.g.,
regarding the volume or patterns of consumption)[13,14].
Some studies (see summary in Refs.[12,15]) have used
various chemical methods to systematically analyze the
composition of unrecorded alcoholic beverages with the
focus on potential harmful components (Table 1). If we
examine the potential long-term health consequences of
unrecorded alcohol consumption such as liver cirrhosis,
a single consistent finding was regularly described: the
concentration of ethanol is higher in unrecorded alcohols (considerably above 40% vol) than in the recorded
alcoholic beverages[4]. These higher contents of ethanol
alone may cause detrimental effects, for example, regarding injuries and ethanol intoxication. The alcoholic
strength of unrecorded alcohol is normally not labeled,
so that the consumer is unaware that some high strength
types should be diluted with water before consumption.
Therefore, the original high-strength beverages could be
consumed directly[12].
Other components besides ethanol analyzed in unrecorded alcohols were below toxicological thresholds in
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Extremely high risk for consumers of highly
contaminated products; poisoning outbreaks
are uncommon but cause high morbidity/
mortality
Lack of causality with effects of unrecorded
alcohol (exposure below thresholds)

Methanol and PHMG: Exceptions
to the rule
While unrecorded alcohol seldom contains substances
more toxic than ethanol itself, the exception to the rule
may be isolated outbreaks of methanol poisoning[20] as
well as the occurrence of polyhexamethyleneguanidine
hydrochloride (PHMG). PHMG is a substance that
was linked to widespread acute cholestatic liver injury
in Russia connected to the consumption of surrogate
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alcohol[21]. In that case, the surrogate that was ingested
was an antiseptic fluid, which consisted of ethanol
(93%), diethyl phthalate (DEP) (0.08%-0.15%) and
PHMG (0.10%-0.14%). While PHMG is the disinfecting ingredient[22], DEP is used to denature the alcohol[23].
Several other Russian studies detected PHMG together
with DEP in solutions consumed as surrogate alcohol
connected to intoxications[6,22,24]. Ostapenko et al[21] concluded from clinical and laboratory findings in 579 cases
that the cholestatic hepatitis histologically different from
conventional alcoholic liver disease was connected to
PHMG exposure. A history of hepatitis and cirrhosis
caused by long-term alcohol consumption may have
contributed to a more severe course of the intoxication.
Besides PHMG, multifactorial liver damage may have
been caused by further factors such as DEP or chronic
viral hepatitis. Nevertheless, the causality in these poisoning cases in Russia remains questionable because
the exact composition of the surrogate alcohol that has
been consumed is often unknown, and the studies were
not controlled for confounding factors such as volume
and patterns of drinking[12,17,25].

3

4

5

6

7

8

9

CONCLUSION
Comprehensive literature reviews proof that concerns
about the health effects of unrecorded alcohol were
typically overstated[4,15]. To provide only one example,
the first quantitative risk assessments of compounds in
alcohol have provided evidence that the effect of alcohol
itself regarding harm to the liver is more than 5000 times
greater than the one of ethyl carbamate[26,27]. Liver cirrhosis mortality rates connected to unrecorded alcohol
consumption may be rather explained by the higher ethanol contents, detrimental patterns of drinking, lower SES
and poor health status and the interaction between these
indicators than by reference to alcohol quality[4].
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Core tip: Cirrhosis patients’ comorbidities are their
other diseases than cirrhosis. They can increase mortality and are therefore clinically important. They are also
an important source of confounding in epidemiologic
studies. Comorbidity scoring systems have been developed as tools to measure the cirrhosis patient’s total
burden of comorbidity, and they are useful in the clinic
and for epidemiologic studies. Studies of individual comorbid diseases can provide insight into the interactions between cirrhosis and other diseases and thus into
the pathophysiology of cirrhosis. This article reviews
the literature on comorbidity in cirrhosis.
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Abstract
Cirrhosis patients’ comorbidities are their other diseases
than cirrhosis. Comorbidities are neither causes nor consequences of cirrhosis, but they can increase mortality
and are therefore clinically important. They are also an
important source of confounding in epidemiologic studies. Comorbidity scoring systems have been developed
as tools to measure the cirrhosis patient’s total burden
of comorbidity, and they are useful in the clinic and for
epidemiologic studies. The recently developed CirCom
score is the only comorbidity scoring system developed
specifically for cirrhosis patients, and it may be preferred over the older, generic, and more complex Charlson comorbidity index. Studies of individual comorbid
diseases can provide insight into the interactions between cirrhosis and other diseases and thus into the
pathophysiology of cirrhosis. This article reviews the
literature on comorbidity in cirrhosis.

INTRODUCTION
Cirrhosis patients’ comorbidities are their other diseases
than cirrhosis[1,2]. Comorbidities increase mortality and
are therefore clinically relevant[3,4]. The presence of comorbidity may also be an important source of confounding and should be accounted for in epidemiologic studies
of cirrhosis patients.
Comorbidities must be distinguished from complications such as ascites, variceal bleeding, and hepatic encephalopathy. Complications are at least to some extent a
consequence of the portal hypertension and loss of liver
function resulting from cirrhosis, whereas comorbidities are neither causes nor consequences of cirrhosis[1].
Sometimes the distinction is difficult: for example, is
hepatocellular carcinoma a complication or comorbidity
to cirrhosis? Cirrhosis develops in response to a repeated
injury to the hepatocytes, and hepatocellular carcinoma in
a cirrhosis patient likely develops in response to the same
injury[5]. Therefore it is reasonable to interpret hepatocel-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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lular carcinoma as a complication to cirrhosis although it
can also develop in patients without cirrhosis. There are
many diseases whose causal relationship with cirrhosis is
unclear, and the categorization of a disease as a complication or comorbidity may change as our understanding
of cirrhosis pathophysiology evolves.
The aim of this article is to review the evidence
regarding comorbidities’ impact on the mortality of cirrhosis patients. The cirrhosis patient’s total burden of
comorbidity may be assessed by a comorbidity scoring
system, and such a system may be helpful for clinical
decision-making and for confounder control in epidemiologic studies. The prognostic impact of individual
comorbidities, on the other hand, may point to areas
where cirrhosis and comorbid diseases interact. Studies
of individual comorbidities may therefore improve our
understanding of the pathophysiology of cirrhosis. This
article reviews studies of comorbidity scoring systems
and studies of the impact of individual comorbidities on
the clinical course of cirrhosis.

for cirrhosis patients or for patients with any other particular index disease[8]. There are other reasons why it is
probably suboptimal for use among cirrhosis patients:
First, it was developed based on only 559 patients[8], so
rare but severe diseases may not have been included.
Second, psychiatric diseases were not considered for
inclusion, but eight percent of Danish cirrhosis patients
have been diagnosed with a psychiatric disease other than
substance abuse[3]. Third, it does not consider the duration between the occurrence of the comorbidity and the
development of cirrhosis; but the impact of, e.g., a peptic
ulcer or an acute myocardial infarction decreases over
time[9,10], whereas the opposite is true for cancer and diabetes[8]. Fourth, the prognostic impact of many diseases
has changed since the Charlson index was developed
in 1984[11-13]. Despite these shortcomings, the Charlson
index has been shown to be strongly associated with
mortality among cirrhosis patients in Denmark and the
United Kingdom[4,14]. Moreover, it was not only associated with the risk of death from any cause, it was also
associated with the risk of death from cirrhosis[4].

COMORBIDITY SCORING SYSTEMS

CirCom score
Our group recently developed a cirrhosis-specific comorbidity scoring system using data from healthcare registries
on 12976 Danish cirrhosis patients, most of whom had
alcoholic cirrhosis[3]. We defined 34 comorbidities on the
basis of hospital discharge diagnosis codes[3]. Fifty-five
percent of patients had at least one of these comorbidities at the time of cirrhosis diagnosis. The final comorbidity scoring system-the CirCom score-included nine
diseases (Table 1). The prevalence of any of these nine
diseases was 24.2% at the time of cirrhosis diagnosis,
with the highest prevalence for chronic obstructive lung
disease (7.3%), cancer (6.7%), and heart failure (5.2%).
The CirCom score is based on nine diseases of which
at most two count towards a patient’s CirCom score
(Figure 1). Although simpler than the Charlson index,
the CirCom score was slightly better at predicting mortality: In the full cohort of 12976 cirrhosis patients the C
statistic for the CirCom score was 0.6% points (95%CI:
0.3%-0.8%) higher than the C statistic for the Charlson
index. The Net Reclassification Index, a newer measure
of predictive ability, was 3.6% (95%CI: 2.3%-5.0%) higher for the CirCom score. In the two validation cohorts
of 419 patients with alcoholic cirrhosis and 4656 patients
with chronic hepatitis C infection, the CirCom score remained superior, although not by a statistically significant
amount[3].

The purpose of a comorbidity scoring system is to express a patient’s total burden of comorbidity as a single
number rather than a list of diagnoses: Comorbidity
scores make it easier to communicate a patient’s comorbidity burden, and they also facilitate epidemiologic studies because inclusion or exclusion criteria can be based on
a comorbidity score, analyses can be stratified according
to the comorbidity score, and the comorbidity score may
serve as a confounding factor that can be adjusted for in
the statistical analysis.
A comorbidity scoring system should reflect the combined effects of all a patient’s comorbidities. This might
be complex, but for purposes of mortality prediction
it appears that there is no need to consider more than
two diseases for each patient[3]. It is possible to develop
comorbidity scores for other outcomes than mortality,
e.g., surgical risk or variceal bleeding, but existing scoring
systems have been developed to predict mortality. Two
comorbidity scores have been validated as predictors of
mortality among cirrhosis patients: The Charlson comorbidity index and the CirCom score[3,4]. The Charlson comorbidity index and a modified version thereof, the CCIOLT, have also been shown to predict mortality among
liver transplant recipients[6,7].
Charlson comorbidity index
The Charlson comorbidity index assigns a numeric score
ranging from one to six to 17 diseases according to their effect on mortality (Table 1). The sum of a patient’s scores is
a measure of the total burden of comorbidity[8]. In studies of cirrhosis patients, liver disease must be excluded
from the Charlson index because liver diseases cannot be
considered co-morbidities.
The Charlson index was developed to predict mortality among hospitalized patients, but it was not developed
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CCI-OLT
The Charlson comorbidity index has been evaluated in
a study of 221 Italian liver transplant recipients. The
prevalence of comorbidity was 57%, and patients with a
comorbidity score > 1 had higher risks of graft loss and
death than patients with a score of 0 or 1[7]. Thus the
Charlson index predicted both death and graft loss, but
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Table 1 Comorbidity scoring systems for patients with cirrhosis
Target population

Charlson comorbidity index

CirCom

CCI-OLT

Patients with any disease

Patients with cirrhosis

Orthotopic liver transplant recipients

HIV/AIDS
Cancer (metastatic)
Cancer (non-metastatic or hematologic)
Liver disease (mild)
Liver disease (severe)
Diabetes (no complications)
Diabetes (with complications)
Kidney disease
Hemiplegia
Peptic ulcer
Connective tissue disease
Chronic obstructive lung disease
Dementia
Epilepsy
Cerebrovascular disease
Peripheral vascular disease
Congestive heart failure
Acute myocardial infarction
Substance abuse other than alcoholism

6
6
2
1
3
1
2
2
2
1
1
1
1

31
11

3

1
1
2

1

2
3

1
1
1
1
1

1
1
11
1

2

1

Add two points if the comorbid disease is active. The numbers indicate the comorbid diseases’ weight. HIV: Human immunodeficiency virus; AIDS:
Acquired immunodeficiency syndrome; CCI-OLT: Charlson comorbidity index for orthotopic liver transplantation.

Does the patient have chronic
obstructive pulmonary disease, acute
myocardial infarction, peripheral arterial
disease, epilepsy, substance abuse
other than alcoholism, heart failure,
cancer, or chronic kidney disease?

Yes

No

Does the
patient
have active
metastatic
cancer?

No

Does the patient have active
myocardial infarction, active
non-metastatic or hematologic
cancer, inactive metastatic
cancer, or chronic kidney
disease?

Yes

CirCom score 0

CirCom score 5 + 1

Does the patient have
more than one of the listed
comorbidites?

Yes

Does the patient have
more than one of the listed
comorbidities?
Yes

No

Yes

Does the patient have
more than one of the listed
comorbidities?

No

Yes

CirCom score 1 + 1

No

CirCom score 1 + 0

No

CirCom score 5 + 0
CirCom score 3 + 1

CirCom score 3 + 0

Figure 1 Algorithm for computing of CirCom scores[3]. Reprinted from reference 3, with permission from Elsevier.

not predict mortality[16]. The second study followed 624
patients for up to twelve years after transplantation and
found that a simplified index with five comorbidities
predicted survival. This comorbidity scoring system was
named CCI-OLT (Table 1).

none of the individual comorbid diseases in the Charlson
index was a statistically significant predictor of mortality,
and only chronic obstructive lung disease was a statistically significant predictor of graft loss (HR = 4.71, 95%CI:
1.07-20.83).
The Charlson comorbidity index has been modified
for analyses of kidney transplant recipients[15], and the
same modified index with only nine comorbidities has
been evaluated in two studies of orthotopic liver transplant recipients followed from transplantation. In the two
studies, 30% and 40% of patients had one or more of
these nine comorbidities[6,16]. The first study followed 169
patients for one month after transplantation. It showed
that the prevalence of the nine comorbidities was similar for those who lived or died, hence comorbidity did
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Which comorbidity scoring system should be preferred?
For the cirrhosis patient, the choice between the CirCom
score and the Charlson comorbidity index is not obvious.
The CirCom score was developed in a cohort dominated
by patients with alcoholic cirrhosis, and it has not been
validated using data from other countries than Denmark
or data obtained in the clinic[17]. The Charlson index is
more extensively validated[4,14], but has limitations, as described above. Based on the available evidence, clinicians
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physiology of cirrhosis. Unfortunately, only few such
studies have been conducted[18], and all have focused on
the prognosis with respect to death. This section presents
the available evidence.

Table 2 Effects of comorbid diseases on the mortality of
patients with liver cirrhosis in the CirCom cohort of 12976
Danish cirrhosis patients. Hazard ratios are adjusted for
[3]
gender and age differences
Comorbidity

Hazard ratio (95%CI)

Diabetes with complications
Diabetes without complications
Acute myocardial infarction
Peripheral arterial disease
Heart failure
Valvular heart disease
Cardiomyopathy
Arterial hypertension with complications
Cardiac arrhythmia
Mesenteric vascular disease
Ischemic heart disease without myocardial
infarction
Mesenteric vascular disease
Cerebrovascular disease
Venous thromboembolism
Chronic obstructive lung disease
Peptic ulcer with bleeding or perforation
Chronic pancreatitis
Chronic inflammatory bowel disease
Peptic ulcer without complications
Acute pancreatitis
Chronic kidney disease
Psoriasis
Connective tissue disease
Epilepsy
Schizophrenia
Bipolar disorder
Depression
Dementia
Substance abuse other than alcoholism
Metastatic cancer
Non-metastatic solid cancer
Hematologic cancer
Human immunodeficiency virus infection
Osteoporosis
Obesity

Diabetes
Diabetes is the best studied comorbidity to cirrhosis, but
studies have reached different conclusions. Among the
12976 Danish cirrhosis patients included in the CirCom
study, diabetes without complications was unassociated
with mortality whereas diabetes with complications did
increase mortality (Table 2)[3]. A study from the Netherlands including 226 patients diagnosed with cirrhosis in
2001-2011 found that diabetes was unassociated with allcause and liver-related mortality[19], and a smaller Mexican
study found that the reduced survival for cirrhosis patients with diabetes was due to confounding by cirrhosis
severity and renal impairment[20]. Earlier studies have
been reviewed by Garcia-Compean et al[21] who concluded
that diabetes mellitus does increase mortality in cirrhosis,
and that the excess mortality in diabetes patients is due
to hepatocellular failure, not to diabetes[22]. More detailed
studies are needed to clarify the interactions between cirrhosis and diabetes.

1.16 (1.10-1.22)
1.03 (0.98-1.08)
1.59 (1.40-1.79)
1.29 (1.18-1.40)
1.27 (1.20-1.34)
1.17 (1.04-1.30)
1.16 (1.03-1.30)
1.16 (0.98-1.37)
1.14 (1.08-1.20)
1.13 (0.85-1.49)
1.13 (1.06-1.21)
1.13 (0.85-1.49)
1.09 (1.02-1.16)
1.20 (1.08-1.33)
1.24 (1.18-1.30)
1.17 (1.11-1.23)
1.09 (1.03-1.16)
1.08 (0.95-1.22)
1.03 (0.97-1.10)
1.01 (0.92-1.12)
1.59 (1.37-1.83)
1.05 (0.92-1.21)
0.99 (0.91-1.08)
1.22 (1.11-1.35)
1.15 (1.00-1.32)
0.98 (0.76-1.26)
1.00 (0.91-1.09)
1.04 (0.95-1.15)
1.25 (1.14-1.37)
1.72 (1.53-1.94)
1.35 (1.27-1.43)
1.30 (1.10-1.53)
0.79 (0.49-1.26)
1.03 (0.93-1.15)
1.02 (0.92-1.12)

Cardiovascular disease
The hyperdynamic circulation in cirrhosis provides some
protection against atherosclerosis, ischemic events, and
overt heart failure[23,24], but acute myocardial infarction,
peripheral arterial disease, and heart failure were all strong
predictors of mortality in the CirCom study. Other cardiovascular diseases were weaker predictors (Table 2)[3].
Coronary disease, defined by acute myocardial infarction
or coronary disease on angiography, was also a predictor
of mortality among liver transplant recipients[6]. The reasons for these associations are unclear.

and researchers may prefer the simpler, yet slightly better
cirrhosis-specific CirCom score, but more comparative
studies are necessary to determine which comorbidity
scoring system is better.
For the liver transplant recipient, the CCI-OLT
should be preferred because it assigns transplantationspecific weights to the comorbid diseases from the Charlson index. Liver transplant recipients are a highly selected
group that excludes patients with severe comorbidities,
and the post-transplant immunosuppression may affect
the prognosis of the comorbidities. Therefore it makes
good sense to have a comorbidity index specifically for
liver transplant recipients. The greater detrimental effect of chronic obstructive lung disease than of cancer
highlights the importance of having a transplant-specific
comorbidity index[6,7].

Venous thromboembolism
In the CirCom cohort, venous thromboembolism in the
form of deep venous thrombosis or pulmonary embolism increased mortality 1.20-fold (95%CI: 1.08-1.33)
after adjustment for gender and age (Table 2) [3]. By
contrast, both manifestations were unassociated with
mortality in a study of United States veterans with cirrhosis after adjustment for gender, age, race, Charlson
comorbidity index, insurance type, and presence of cirrhosis complications (HR = 1.01, 95% CI: 0.83-1.23)[25].
This could indicate that the association in the Danish
cohort is due to uncontrolled confounding by cirrhosis
complications, with greater risk of thromboembolism
for cirrhosis patients with complications. Coagulation in
liver disease is complex[26], and it remains unclear whether venous thromboembolism is a marker of severe liver
function loss.

INDIVIDUAL COMORBIDITIES

Lung disease
In the CirCom cohort, chronic obstructive lung disease
increased cirrhosis patients’ mortality (Table 2)[3], and it

Studies of individual comorbidities’ effect on the clinical
course of cirrhosis can provide insight into the patho-
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was also the strongest predictor of mortality in the studies of liver transplant recipients[6,7]. Chronic obstructive
lung disease is a relative contraindication for the nonselective beta blockers that reduce the risk of variceal
bleeding[27], but endoscopic ligation is a satisfactory alternative treatment[28]. The mechanisms behind the adverse
effect of chronic obstructive lung disease are therefore
unclear. Smoking has also been identified as an adverse
prognostic factor in patients with cirrhosis[29], but this association is unexplained, too[30].

in rheumatoid arthritis there seems to have been no
improvements in overall survival[39]. This explanation is
therefore questionable. An alternative explanation is that
connective tissue diseases have a smaller impact on the
mortality of cirrhosis patients than on other patients,
possibly because cirrhosis patients do not survive long
enough to suffer the long-term consequences of these
diseases. Further studies are needed to substantiate this
speculation.
Epilepsy
Idiopathic epilepsy-i.e., epilepsy not due to brain tumor,
vascular disease, alcoholism, or metabolic disease-has
been found to increase mortality 1.6-fold in the general
population[40]. Even so, we had not expected epilepsy to
increase mortality as much as it did in the CirCom cohort, the hazard ratio being 1.22 (95%CI: 1.11-1.35), on
par with chronic obstructive lung disease (Table 2)[3]. The
reasons for this strong association are unclear. It is possible that hepatic encephalopathy may manifest as status
epilepticus[41], or that some patients given a diagnosis of
non-convulsive epilepsy did in fact have hepatic encephalopathy. In both instances a diagnosis of epilepsy would
be a marker of cirrhosis with hepatic encephalopathy,
and this complication has a very poor prognosis [42].
St Germaine-Smith et al[43] previously constructed an
epilepsy-specific comorbidity index. It included cirrhosis
without complications in the ‘‘mild liver disease’’ category
which was unassociated with mortality, whereas cirrhosis with complications was in the ‘‘severe liver disease’’
category which was associated with a three-fold increase
in mortality. These findings suggest that cirrhosis and
epilepsy do not always interact to cause a poor prognosis,
supporting the hypothesis that epilepsy is a marker of severe cirrhosis, not a cause. It is also possible that epilepsy
promotes the development of hepatic encephalopathy
or vice versa; that treatments for epilepsy are detrimental
to cirrhosis patients; or that the explanation lies in alcohol which is a cause of status epilepticus[44] and also an
adverse prognostic factor in cirrhosis. Further research is
clearly needed.

Gastrointestinal disease
Alcohol is the dominant cirrhosis etiology in Denmark,
yet the prevalence of chronic pancreatitis in the CirCom
cohort was only 4.5%[3], a prevalence similar to that
seen among alcohol abusers with or without cirrhosis[31].
This observation is consistent with the hypothesis that
cirrhosis and chronic pancreatitis develop along different pathogenetic lines[31,32]. The same hypothesis might
explain why chronic pancreatitis increased mortality only
1.09-fold (95%CI: 1.03-1.16) (Table 2)[3], despite the generally increased cancer risk and mortality in patients with
chronic pancreatitis[33]. Another possible explanation to
this unexpectedly weak association is that patients with
chronic pancreatitis are immediately screened for cirrhosis and therefore have their cirrhosis diagnosed in an earlier stage than other cirrhosis patients. No other studies
have examined chronic pancreatitis in cirrhosis.
Acute pancreatitis, chronic inflammatory bowel disease, and uncomplicated peptic ulcer had no clinically
or statistically significant effect on cirrhosis patients’
mortality in the CirCom cohort (Table 2), but patients
with a history of complicated peptic ulcer had a 1.17-fold
(95%CI: 1.11-1.23) increased mortality (Table 2). The
reasons are unclear, but cirrhosis patients’ high risk of
rebleeding from peptic ulcer-26% within five years after
first bleeding-is likely to have contributed[34].
Chronic kidney disease
Chronic kidney disease increases morbidity and mortality among the general population [35] and among liver
transplant recipients[6]. It was also a strong predictor of
mortality in the CirCom cohort (Table 2)[3]. The circulatory dysfunction that ultimately leads to the hepatorenal
syndrome may worsen an existing kidney dysfunction[36],
and the International Ascites Club has been involved in
defining and studying the complex interplay between kidney disease and cirrhosis[37,38].

Psychiatric disease
In developing the CirCom score we had expected psychiatric disease to be a strong predictor of mortality in cirrhosis patients due to its association with substance abuse
and suicide risk[45]. Schizophrenia was indeed an adverse
prognostic factor, whereas bipolar disorder and depression were unassociated with mortality (Table 2). No other
studies have examined the prognostic impact of psychiatric diseases in cirrhosis.

Connective tissue disease
Connective tissue disease is included in the Charlson
comorbidity index and also a predictor of mortality
among liver transplant recipients (HR = 2.32, 95%CI:
1.02-5.25)[6]. It was, however, unassociated with mortality
in the CirCom cohort (Table 2)[3]. One possible explanation is that better treatment methods introduced after the
Charlson index’s development in 1984 have improved
the prognosis of connective tissue diseases, but at least
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Substance abuse
Alcohol abuse is highly prevalent among cirrhosis patients in the Western world, but since it is a cause of liver
disease it should not be considered a comorbid condition.
Substance abuse other than alcoholism increased mortality in the CirCom cohort (Table 2)[3], possibly because it
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is a marker of adverse lifestyle factors, malnutrition, and
low socioeconomic status[46].

ease? That would providence evidence that cirrhosis may
affect the pathogenesis of the comorbid disease; or (4)
are cirrhosis patients with decompensated as opposed to
compensated cirrhosis at greater risk of developing the
comorbid disease? That would provide evidence that portal hypertension and/or loss of liver function facilitates
the development of the comorbid disease.
A better understanding of the interactions between
cirrhosis and individual comorbid diseases is the first step
towards clinical advances, e.g., the possibility to tailor cirrhosis treatments to specific comorbidity patterns. Currently, our understanding of the impact of comorbidities
in cirrhosis is in its infancy.

Non-hepatic cancer
Cirrhosis patients have an increased risk of non-hepatic
cancer[47,48]. The mechanisms are unclear, but lifestyle
factors associated with both cirrhosis and cancer development-primarily alcohol consumption and tobaccoare clearly important. Unsurprisingly, non-hepatic cancer
increased the mortality of the CirCom cohort (Table 2)[3].
Some cancer forms may aggravate ascites formation and
portal hypertension, e.g., by causing portal vein thrombosis,
and patients with advanced cirrhosis may not tolerate chemotherapy[49]. These two mechanisms indicate that cirrhosis and non-hepatic cancer may worsen each other’s prognosis. Reuken et al[50] have previously reported that cancer
increases mortality among cirrhosis patients with urinary
tract infections, and Gundling et al[51] have shown that,
among cirrhosis patients in general, metastatic cancer was
a stronger predictor of mortality than was non-metastatic
cancer.
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Core tip: In order to overcome the well-known drawbacks of liver biopsy, different non-invasive imaging
tests have been developed for diagnosing and staging liver fibrosis. At present, transient elastography
and acoustic radiation force impulse imaging are the
most widely used. Reviewing literature, it seems that
acoustic radiation force impulse imaging, having the
advantage of being included in ultrasound equipments,
could provide higher reproducibility and successful
measurements rate, with a more precise examination
than transient elastography. Magnetic resonance-based
methods, especially hepatospecific contrast medium
uptake/excretion measurements and elastography, are
promising but still not universally available tools.
De Robertis R, D’Onofrio M, Demozzi E, Crosara S, Canestrini
S, Pozzi Mucelli R. Noninvasive diagnosis of cirrhosis: A review
of different imaging modalities. World J Gastroenterol 2014;
20(23): 7231-7241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7231.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i23.7231

Abstract
Progressive hepatic fibrosis can lead to cirrhosis, so
its early detection is fundamental. Staging fibrosis is
also critical for prognosis and management. The gold
standard for these aims is liver biopsy, but it has several drawbacks, as it is invasive, expensive, has poor
acceptance, is prone to inter observer variability and
sampling errors, has poor repeatability, and has a risk
of complications and mortality. Therefore, non-invasive
imaging tests have been developed. This review mainly
focuses on the role of transient elastography, acoustic
radiation force impulse imaging, and magnetic resonance-based methods for the noninvasive diagnosis of
cirrhosis.

INTRODUCTION
Fibrosis is the common result of several chronic hepatic
diseases that, if progressive, can lead to cirrhosis, which
is developed by 20%-30% of patients. Since fibrosis can
be reversible, its early detection is fundamental[1,2]. Staging is also needed, because it is critical for prognosis
and management, especially for chronic viral hepatitis:
antiviral therapy is recommended in chronic hepatitis B
(CHB) with cirrhosis, while in chronic hepatitis C (CHC)
the treatment may not be indicated with minimal or absent fibrosis[3,4]. Furthermore, the assessment of residual
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fibrosis in CHC patients who achieved a sustained virological response to interferon is of strategic importance,
for prognostication and to define a cost-effective surveillance, especially for patients with eradicated infection but
ongoing complications[5]. Moreover, staging is needed for
the treatment of CHC with protease inhibitors, which
are effective but expensive[6]. Finally, staging is important
in human immunodeficiency virus/hepatitis C virus coinfection, because of the more rapid progression and to
the diminished response to therapy[7]. The gold standard
for diagnosing and staging fibrosis is liver biopsy (LB),
which gives information on presence and extent of fibrosis but also on other concomitant processes. Fibrosis is mainly staged with the METAVIR system, which
comprises five stages: F0 (no fibrosis), F1 (portal fibrosis
without septa: minimal fibrosis), F2 (portal fibrosis with
few septa: moderate fibrosis or clinically significant fibrosis), F3 (septal fibrosis with many septa but no cirrhosis:
severe fibrosis) and F4 (cirrhosis). LB has several drawbacks, as it is invasive, expensive, has poor acceptance,
is prone to interobserver variability and sampling errors,
has poor repeatability, and has a risk of severe complications of 0.57%, and a mortality rate of 0.009%-0.12%[8-10].
Therefore, non-invasive imaging tests for evaluation of
liver fibrosis have been developed. This review focuses
on the most widely used imaging methods and on possible future developments for the non-invasive diagnosis
of cirrhosis, with particular emphasis on transient elastography, acoustic radiation force impulse imaging, and
magnetic resonance (MR) elastography.

adults is 5.81 ± 1.54 and 5.23 ± 1.59 kPa, respectively for
men and women[11]. The main published meta-analyses
have proved the reliability of TE and its usefulness (Table
1). Different cut-off values for different etiologies have
been proposed for the diagnosis of cirrhosis: 12.5 kPa
in CHC, 13.4 kPa in CHB, 10.3 kPa in non-alcoholic
fatty liver disease (NAFLD), 22.4 kPa in alcoholic steatohepatitis (ASH), 17.3 kPa in primary biliary cirrhosis and
primary sclerosant cirrhosis[12-16]. Liver biopsy is often not
recommended in the NAFLD patients, because of its
cost, the potential risk of complications and the absence
of consensus regarding the histopathological criteria
that firmly differentiate between the NAFLD entities;
because of the remarkable increase in the prevalence of
NAFLD, which represents the most common chronic
liver disease in the general population and is expected to
increase in future as a result of an ageing population, and
the concomitant efforts in developing novel therapies, a
non-invasive, simple and reproducible technique as TE
is needed in the clinical practice[17]. TE does not always
provide a perfectly corresponding estimation of fibrosis
stage; one of the known reasons for this is that LS is affected by other histological findings, as edema, steatosis,
inflammation or necrosis. Acute or chronic inflammation,
in fact, can produce higher LS, indicating the presence of
falsely higher fibrosis stages[18]. Several studies have reported the usefulness of TE for longitudinal monitoring
of antiviral treatment, mainly reporting a decrease in LS,
which could indicate a regression of fibrosis. Particularly,
Martinez et al[19] performed TE at baseline and at weeks
24, 48, and 72 in patients with CHC: LS significantly decreased in treated patients and remained stable in untreated patients. These results are not universally accepted; it
must be kept in mind that both reduction in fibrosis and
necroinflammation might contribute to the decrease of
LS. For example, Wong et al[20] reported that the absolute
change in LS poorly correlated with the modifications of
fibrosis stage, and resolution of advanced fibrosis could
only be assumed with significantly decreased liver stiffness to 5.0 kPa or less after treatment.

Elastographic techniques
This group comprises imaging techniques that observe
tissue deformation after applying a force, that can be so
slow that is considered “quasi-static” [strain elastography
(SE) and strain-rate imaging (SRI)] or dynamic [acoustic
radiation force impulse (ARFI), transient elastography
(TE), point shear-wave elastography (pSWE), shear wave
elastography (SWE)].

Pros and cons
TE is rapid and easy to perform and can be repeated
over time. TE can assess a sample area about 100 times
bigger than a biopsy sample; therefore it should be more
representative. Despite this, with TE is impossible to be
sure that the chosen area is free of parenchymal inhomogeneities, which could affect the measurement. The
success rate of TE is dependent on operator expertise,
as well as on other factors (age, width of the intercostal
space, ascites, BMI, visceral fat). Sporea et al[21] reported a
rate of reliable measurements of 81.6%, which is in line
with Castera et al[22]. The obesity problem has been partially solved by the development of XL probe, increasing the success rate in obese patients from 45%-50% to
about 75%[23,24]. As above mentioned, necroinflammation
influences LS. D’Ambrosio et al[25] reported that 30%
of patients with persistent F4 had LS values suggestive
of a less severe disease, and this was explained by the

TE
Technical aspects
TE is a dynamic quantitative technique, which uses
acoustic waves (“thumps”-50 Hz), generated by an external driver. Liver stiffness (LS) measurement is performed
in the right lobe, with patient in dorsal decubitus, with
the right arm above the head. A portion of parenchyma
free of large vessels, > 6 cm thick, must be chosen; LS is
measured at depth of 25-65 mm, in a 1 cm × 4 cm area.
At least 10 valid measurements must be obtained, with a
success rate, defined as the number of valid acquisitions
divided by the attempts, > 60%, and a ratio of the interquartile range to the median of 10 measurements ≤ 0.3.
Liver elasticity is expressed in kilopascals (kPa).
Clinical applications, normal and pathological values
LS ranges from 2.5 kPa to 75 kPa; mean LS in normal
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Table 1 Diagnostic performance of transient elastography for the diagnosis of cirrhosis in different chronic liver disease from
different etiology, data from meta-analysis
Meta-analysis

No. of studies

Etiology

Cut-off (kPa)

Sensitivity

Specificity

AUROC

13
4
9
50
40
5
22
23
18

Various
HCV
Various
Various
HCV
HCV
Various
Various
HBV

12.5
15 ± 4.1
15.08
11.7

89%
86%
87%
83%
98%
84.45%
83.40%
84.60%

87%
93%
91%
89%
84%
94.69%
92.40%
81.50%

0.95
0.94
0.929

Bota et al[53]
Shaheen et al[107]
Talwalkar et al[108]
Friedrich-Rust et al[109]
Tsochatzis et al[110]
Adebajo et al[111]
Stebbing et al[112]
Abd El Rihim et al[113]
Chon et al[114]

AUROC: area under receiver operating characteristic; HCV: hepatitis C virus; HBV: hepatitis B virus.

years. Eiler’s et al[32] study is in contrast also with other two
studies: Sporea et al[34], which found a poor correlation
between subcapsularly-measured values and fibrosis; and
Chang et al[35], which found that the measurement depth
with lower variability was 4 cm. Moreover, also D’Onofrio et al[36] reported that higher values could be obtained
in the superficial right lobe: the absence of this aspect in
children is probably due to a lower age-related fibrosis in
the superficial parenchyma. In the study of Eilers et al[32],
an interlobar difference was found, with lower values in
the right lobe. This difference has been reported also by
other authors, reporting both higher both lower values in
the left lobe[33-39]. Rifai et al[40], instead, reported that ARFI
values of both lobes were comparable; in addiction, Goertz et al[41] reported a lower number of faulty measurements in right posterior segments. There is no definite
explanation for this: probably the presence of heartbeating artifacts in the left lobe and the direct compression with the probe during the examination can be issues;
these aspects, however, should not to be considered as a
limitation of ARFI, since they can also reflect real interlobar differences and heterogeneity in disease progression.
Regarding this, it was demonstrated that biopsies taken
in both lobes during laparoscopy presented differences
in fibrosis stage in up to 33% of cases[42]. However, since
the reference standard for the assessment of fibrosis is
LB of the right lobe, it is recommend to measure LS in
this lobe[43]; an approach with bilateral multiple measurements is worthy of further investigation, as it may lead to
interesting diagnostic results. ARFI must be performed in
fasting conditions: Popescu et al[44] reported that mean LS
increased significantly 1 h after food intake, but 3 h after
the meal the difference was no longer significant.

onset of liver remodelling and necroinflammation. Park
et al[26] reported that 3 mo after acute exacerbation ALT
levels decreased and stabilised, while LS required 3 more
months for stabilisation: LS should be postponed for >
3 mo after stabilisation of ALT levels to restore the reliability. As patients with higher ALT levels tend to have
higher LS, several authors suggested to use different cutoffs to adjust the inflammation-induced overestimation.
In particular, Chan et al[27] proposed that for patients with
normal ALT, a LS value > 12 kPa would indicate F4,
while for patients with ALT 1-5-times > ULN, this value
should be > 13.4 kPa. Kim et al[28] reported that the cutoff value for F4 was 10.1 kPa in patients with normal
ALT, whereas it was 15.5 kPa in those with elevated ALT.

ARFI
Technical aspects
ARFI is a dynamic technique that uses ultrasoundinduced radiation force impulses to obtain both qualitative measure of displacement, both quantitative measure
of shear waves speed (ARFI quantification). It involves
targeting a region of interest (ROI) of 5 mm × 10 mm,
at maximum depth of 8 cm, chosen while performing B-mode imaging. The ultrasound probe produces
short-duration acoustic “push” pulses (262 ms), with a
transmission frequency of 2.67 MHz, which generate
shear waves, propagating perpendicularly, tracked using
ultrasound, thus obtaining the shear wave speed quantification in m/s. Patients should be supine, with the right
arm in maximum abduction. Probe is placed parallel to
the intercostal space. 5-10 measurements are performed
in the right lobe, with the patient holding breath gently.
Several technical aspects must be taken into account.
The influence of deep inspiration on measurement is still
debated, as Karlas et al[29] reported that it could increases
values by an average of 13%, while Horster et al[30] and
Goertz et al[31] did not report differences. Eiler et al[32]
evaluated 132 healthy children, reporting a shear waves
speed (SWS) of 1.16 ± 0.14 m/s, stating that neither age
or depth had influence on results. This is in contrast with
the study by Lee et al[33], who evaluated the age-related
modifications in 202 healthy children, founding a mean
SWS of 1.14 ± 0.020 < 5 years and of 1.08 ± 0.023 > 10
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Clinical applications, normal and pathological values
It is still difficult to definitely determine the real value of
ARFI for the early diagnosis of fibrosis; it is also difficult
to compare the large amount of published papers on
this issue. It must be noted that the newest release of the
Siemens ARFI system is based on two acoustic pulses,
and the maximum depth nowadays achievable is 8 cm, so
the more recent published data should be more indicative
of what can be obtainable. Moreover, high variability in
normal values has been reported; for example, in both
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Table 2 Diagnostic performance of acoustic radiation force impulse for the diagnosis of cirrhosis in different chronic liver disease
from different etiology, data from main published meta-analysis
Meta-analysis
Bota et al[53]
Friedrich-Rust et al[57]
Nierhoff et al[115]

No. of studies

Etiology

Cut-off (m/s)

Sensitivity

Specificity

AUROC

13
9
36

Various
Various
Various

1.80
1.87

87%
-

87%
-

0.93
0.91

AUROC: area under receiver operating characteristic.

the preliminary studies from the Verona group, D’Onofrio et al[36] and Gallotti et al[45] reported a mean value of
about 1.5 m/s: these results should be considered a outliers, if compared to other studies, but however possible,
as it has been also reported by other authors[46]. The main
published meta-analyses suggest that ARFI is a reliable
method for the diagnosis of cirrhosis (Table 2). Almost
all published studies report an increase in SWS with
the increase of fibrosis, despite there is a wide overlap
between consecutive stages; moreover, mean values indicating cirrhosis have a wide range, while cut-offs have
a narrower range. For these reasons, what it seems most
important, more than the accurate staging, is to give the
correct task to this new technique, as previously stated
by D’Onofrio et al[47]: the correct use of ARFI must be
based on the possibility of this technique to detect significant modifications of LS, related to the development
of a significant amount of fibrosis. In fact, as for TE, it
seems unreal that this technique could identify very small
and localized amount of fibrosis, as it happens in F1, or
to differentiate between early stages; it seems to be more
“real”, technically feasible and clinically useful the differentiation between the two extremes of the grading scale,
i.e. the distinction between non-cirrhotics and cirrhotics.
For example, in the study by Fierbinteanu-Braticevici et
al[48] there is a wide overlap between F0-F1 and F2 stages,
and the increase in SWS is more significant between F2
and F3 than between F1 and F2, and this is consistent
with the more important increase in fibrosis deposit
between stages F2 and F3 than between F1 and F2. In
the international multicentric study by Sporea et al[49], the
chosen cut-offs were really strict: F = 1 > 1.19 m/s; F =
2 > 1.33 m/s; F = 3 > 1.43 m/s; F = 4 > 1.55 m/s. The
difference between non-cirrhotics and cirrhotics was just
0.12 m/s. In order to make ARFI a useful tool, the chosen cut-off values must not be too strict, but they should
be adapted in relation to clinical aspects, imaging findings
and technical settings, in order to avoid an overestimation
of pathology and to identify inconsistent diseases. This
is a further evidence of the necessity of placing ARFI in
the right setting, in a protocol that includes an ultrasound
(US) evaluation of the liver and a clinical evaluation of
the patient, rather than use its results alone.
As above mentioned, liver biopsy is often not recommended in patients with non-alcoholic fatty liver disease
(NAFLD), because of its cost, the potential risk of complications and the absence of consensus regarding the
histopathological criteria that firmly differentiate between
the NAFLD entities. ARFI can represent a useful tool
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in diagnosing the onset of fibrosis in NAFLD and nonalcoholic steatohepatitis (NASH), in which B-mode evaluation can be inaccurate; Fierbinteanu-Braticevici et al[50]
reported a high diagnostic performance in predicting
cirrhosis in these patients (AUROC = 0.984). Most studies report at least equivalence between TE and ARFI:
Friedrich-Rust et al[51] (AUROCs of 0.91 and 0.91 for
cirrhosis), Piscaglia et al[37] (high correlation, r = 0.891),
Vermehren et al[52] (r = 0.75, P < 0.001), Bota et al[53] (mean
difference in rDOR = 0.12), Cassinotto et al[54] (no significant difference). Some other studies reported a superiority of ARFI: in the 2013 multicentric study by FriedrichRust et al[55], the diagnostic accuracy for cirrhosis of ARFI
and TE was 0.97 and 0.93; similarly, Rizzo has shown a
superiority of ARFI vs TE regardless of fibrosis stage[56].
Other studies reported a slightly lower diagnostic accuracy of ARFI: the Friedrich-Rust et al[57] pooled metaanalysis reported a comparable accuracy of ARFI and
TE for the diagnosis of significant and severe fibrosis in
2012, with a trend to be inferior for the diagnosis of cirrhosis; also in the 2012 international multicentric study
by Sporea et al[49] TE was better than ARFI for predicting
cirrhosis.
Pros and cons
A first advantage of ARFI is its integration into conventional US equipment, as opposed to TE: this enables the
preliminary evaluation of the whole liver, seeking for
signs of cirrhosis and for focal lesions. Then, ARFI is
US-guided, so it should be more reliable than TE, for the
possibility to position the ROI in an area free of vessels,
lesions, biliary ducts or other inhomogeneities. Moreover,
ARFI is easy, rapid, and painless; results are immediately
available; intra-operator and inter-operator correlation
is good[58]. Several studies reported higher rates of valid
measurements in comparison to TE: Crespo et al [59]
reported that ARFI was successfully performed in its
whole cohort, while TE failed in 11% of patients; Rifai
et al[40] reported that ARFI was feasible in all patients,
while TE gave invalid results in 34% of patients. Then,
ARFI can be performed in patients with ascites or in
obese patients. Some limits of ARFI are that the elasticity
measurement cannot be performed a posteriori; the ROI
has a predetermined and not-changeable size. The influence of necroinflammation on measurements is a debated issue, as it initially appeared poorly relevant. However,
a multicentric study[60] showed that, for the same fibrosis
degree, the threshold was slightly lower for patients with
normal ALT and higher for those with altered ALT; this
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study concluded that necroinflammation partially affects
ARFI, but with lower extent than TE. The influence of
steatosis is another debated issue: Guzman-Aroca et al[61]
reported that ARFI was not influenced by the severity of
steatosis; Marginean et al[39] found that SWS in patients
with steatosis was statistically higher compared to healthy
controls. Righi et al[62] reported the influence of chronic
autoimmune diseases (primary biliary cirrhosis, autoimmune hepatitis, primary sclerosing cholangitis, overlap
syndromes) on ARFI: SWS was significantly higher.

Perfusion computed tomography
Few studies have been performed on perfusion computed
tomography applied to fibrosis evaluation; Ronot et al[75]
found that mean transit time could differentiate F1 from
F2-3 with a sensitivity of 0.71 and a specificity of 0.65.
Motosugi et al[76] reported that portal venous perfusion in
cirrhotics was significantly lower than in patients without
cirrhosis. Kanda et al[77] reported that mean hepatic arterial perfusion and arterial perfusion fraction were significantly higher in cirrhotics than in healthy controls.

SWE

MR

SWE is a dynamic technique, which does not require
manual compression, similar to ARFI; it provides a quantitative measure of SWS using ultrasound-induced radiation forces to create a Mach cone. SWS is calculated as a
colorimetric elastographic map, showing quantitative tissue stiffness, expressed as kilopascal. Few and controversial papers focus on the application of SWE in chronic
liver diseases. In particular, Leung et al[63] reported that the
AUROC of SWE and TE was respectively 0.98 and 0.92
for F4; SWE had significantly higher accuracy than TE
in all stages and a higher successful rate. Poynard et al[64]
reported that the performance of SWE for staging was
lower than those of TE. Ferraioli et al[65] reported an AUROC of 0.98 for SWE and 0.96 for TE when comparing
F0-F3 vs F4.

Several MR-based techniques can be used to evaluate
cirrhosis. Regarding unenhanced MR, Banerjee et al[78] reported that T1 mapping strongly correlated with fibrosis
degree, with AUROC of 0.94; Hshiao et al[79] reported
that standard deviation, mean, and entropy of pixel intensity in selected ROIs of dynamically grey-level scaled
T2-weighted images were significantly smaller in patients
with cirrhosis. Balassy et al[80] studied the modifications
induced by fibrosis in susceptibility-weighted images
and found that liver-to-muscle signal intensity (SI) ratio
decreased in parallel with the increase of fibrosis and
performed well in grading fibrosis (AUROC = 0.93 for
F4). Regarding contrast-enhanced MR, especially with
gadolinium-EOB-DTPA, a reduced SI in patients with
cirrhosis is mostly reported. Particularly, Feier et al[81]
found that relative enhancement values correlated strongly with fibrosis stage, with an AUC of 0.83 for > F4;
Norén et al[82] found that liver-to-spleen contrast ratios at
10 and at 20 min and contrast uptake rate had AUROCs
values of respectively 0.80, 0.78, and 0.71 with regard to
severe vs mild fibrosis; Verloh et al[83] found that the mean
relative enhancement in patients with Child-Pugh Score
A cirrhosis had significant increase between arterial, late
arterial, portal and hepato-biliary phases, while for ChildPugh B+C cirrhosis, relative enhancement increased until
portal phase and was significantly reduced in C cirrhosis
during hepatobiliary phase; Nojiri et al[84] found that SI
at 25 min could discriminate F = 0-3 vs F = 4, with AUROC of 0.87; Goshima et al[85] reported that sensitivity,
specificity, and AUROC demonstrated by linear regression formula generated by volumetric ratio and contrast
enhancement index in predicting fibrous scores were
91%, 100% and 97% for F4. Kim et al[86] reported that
the relative enhancement [(hepatocyte phase SI - precontrast SI)/pre-contrast SI] of patients with Child-Pugh cirrhosis was significantly higher than that of patients with
Child-Pugh B or C cirrhosis. Few studies have been performed on perfusion MRI. Nilsson et al[87] quantitatively
assessed hepatic uptake of gadolinium in the whole liver
as well as on a segmental level, finding a larger parenchymal liver volume, lower hepatocyte function and more
inhomogeneous distribution of function in cirrhotics.
Hagiwara et al[88] reported that the most discriminating
perfusion parameter to differentiate F0-2 vs F 3-4 was

Real-time strain elastography
It is based both on strains and on shear waves; the stress
is manually induced or by internal body movements.
Qualitative maps of the strain are produced, in which
colors range from red for soft components to blue for
hard components. LS evaluation can be either qualitative
or semi-quantitative, by analyzing strain histograms and
distribution pattern of the pixels in the ROIs[66]. Different quantitative assessment methods as elastic ratio or
liver fibrosis index were proposed by Koizumi et al[67] and
Tomeno et al[68]. Real-time strain elastography (RTE) has
several advantages over TE, as it allows the evaluation of
LS while performing the US exam. RTE does not seem
to suffer from breathing artifacts, nor from ascites, steatosis, BMI, or skin thickness[69]. Some studies reported
the utility of RTE to evaluate liver stiffness, but with
controversial results[67-72].

Contrast-enhanced ultrasound
Very few studies have tested contrast-enhanced ultrasound (CEUS) for fibrosis assessment. Orlacchio et al[73]
used time intensity curve analysis and found an AUROC
of 0.88 for the distinction between F0-2 vs F3-4. Sugimoto et al[74] proposed a subjective assessment of CEUS
images to identify morphologic changes of portal vein
branches, reporting AUROCs of 0.96 for F1 vs F2-4 distinction, 0.97 for F1-2 vs F3-4, and 0.91 for F1-3 vs F4.
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distribution volume (AUROC = 0.82, sensitivity = 0.77,
specificity = 0.79). Diffusion-weighted imaging (DWI)
uses the diffusion properties of water molecules in biological tissues; the microscopic movement of water molecules in biological tissues can be measured by apparent
diffusion coefficient (ADC) values derived from DWI.
Fibrosis should modify this movement, and this has been
proved by several studies: Cece et al[89] found a significant
difference between patients and controls and between
different METAVIR stages in respect of liver mean ADC
values. DWI images analysis could be also performed
directly evaluating the SI of DWI images: Tosun et al[90]
reported that the SI of cirrhotic liver in b = 1000 images
was significantly higher than those of the normal volunteers. Despite these encouraging results, the correlation
between ADC values of different diffusion b values and
the influence of necroinflammation have not been definitely determined; for example, Onur et al[91] found that
mean ADC values of CHC patients were significantly
lower than mean ADC values of the control group at b
= 100 and b = 600 gradients, while no significant difference was found at b = 1000 gradient; moreover, no significant correlation was found between ADC values and
histopathologic scores of CHC; Bulow et al[92] stated that
ADC values can be confounded by fat and iron. Finally,
the Wang et al[93] reported that MRE outperformed DWI:
the AUROC for DWI was 0.86 for F0 vs F1-4, 0.83 for
F0-1 vs F2-4, and 0.86 for F0-2 vs F3-4, all significantly
lower than the equivalent AUROCs for MRE. Diffusion
tensor imaging (DTI) is an evolution of DWI, which uses
additional gradients to detect the degree of diffusion in
multiple dimensions. Tosun et al[90] reported that ADCs
reconstructed from conventional DWI and DTI of the
patients were significantly lower than those of the normal volunteers; despite this, DWI performed better than
DTI for the diagnosis of fibrosis and inflammation. MR
spectroscopy has been poorly used in the assessment of
fibrosis. Some authors found that 31P-MR spectroscopy
measurements correlate with the fibrosis stage whereas
others found no correlation[94-99].

studies confirm the usefulness of MRE in fibrosis detection. Yin et al[100] reported that a cut-off of 2.93 kPa
is optimal for distinguishing healthy livers from fibrotic
ones (sensitivity = 98%, specificity = 99%); Kim et al[101]
reported that the best cut-off for advanced fibrosis was
4.15 kPa (AUROC = 0.954, sensitivity = 0.85, specificity
= 0.929). Ichikawa et al[102] found that mean stiffness value
increased with increasing stages of fibrosis: F0 = 2.10 ±
0.10 kPa; F1 = 2.42 ± 0.29 kPa; F2 = 3.16 ± 0.32 kPa; F3
= 4.21 ± 0.78 kPa; and F4 = 6.20 ± 1.08 kPa; the mean
AUROC values for discriminating fibrosis stages were F1
= 0.984; F2 = 0.986; F3 = 0.973; and F4 = 0.976. Wang
et al[93] reported an overall sensitivity, specificity, and AUROC of 0.83, 0.99, and 0.95 for the distinction between
F0 and F1-4. Venkatesh et al[103] found that MRE was
significantly more accurate than serum fibrosis markers
for the detection of significant fibrosis (AUROC 0.99 vs
0.55-0.73) and cirrhosis (AUROC 0.98 vs 0.53-0.77); sensitivity, specificity, positive predictive and negative predictive values for MRE for significant fibrosis and cirrhosis
were 97.4%, 100%, 100% and 96%, and 100%, 95.2%,
91.3% and 100%, respectively. Choi et al[104] found that LS
values measured on MRE were more strongly correlated
with fibrosis stage than with the contrast enhancement
index (SIpost/SIpre, where SIpost and SIpre are, respectively, the liver-to-muscle signal intensity ratio on hepatobiliary phase images and on unenhanced images): MRE
showed higher sensitivity and specificity for predicting F1
(91% and 87%), F2 (87% and 91%), F3 (80% and 89%),
and F4 (81% and 85%) compared with contrast enhancement index.
Regarding NAFLD, Kim et al[101] reported that the
best cutoff for advanced fibrosis was 4.15 kPa (AUROC
= 0.954, sensitivity = 0.85, specificity = 0.929), concluding that MR elastography can be a useful diagnostic tool
for detecting advanced fibrosis in NAFLD. Chen et al[105]
reported that the mean hepatic stiffness for patients with
simple steatosis (2.51 kPa) was lower than that for patients with inflammation but no fibrosis (3.24 kPa). The
mean hepatic stiffness for patients with inflammation
but no fibrosis was lower than that for patients with hepatic fibrosis (4.16 kPa). Liver stiffness had high accuracy
(AUROC = 0.93) for discriminating patients with NASH
from those with simple steatosis, with a sensitivity of
94% and a specificity 73% by using a threshold of 2.74
kPa; the author concluded that in patients with NAFLD,
hepatic stiffness measurements with MR elastography can
help identify individuals with steatohepatitis, even before
the onset of fibrosis; NAFLD patients with inflammation but no fibrosis have greater liver stiffness than those
with simple steatosis and lower mean stiffness than those
with fibrosis.

MR elastography
Technical aspects
MR elastography (MRE) provides a qualitative and quantitative imaging of LS by measuring acoustic shear waves
progression. It uses vibrations produced by an external
driver; the shear modulus of tissues can be then assessed
using a specific MRI sequence. The resulting data are
processed to generate quantitative maps (elastograms),
displaying LS. The external device is triggered and synchronized with the MR pulse sequence. Different driving
mechanisms have been developed, as electromechanical
drivers, piezoelectric stack drivers, focused-ultrasoundbased radiation force systems. Different pulse sequences
can be used.

Pros and cons
The main advantage of MRE is that the acquisition time
is relatively short, so it could be included in standard protocols, providing a comprehensive evaluation of the liver.
Second, it provides quantitative maps of tissue stiffness
over large regions, so it is much less operator dependent

Clinical applications, normal and pathologic values
Although not as widely available as TE or ARFI, many
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than ultrasound-based techniques, and can accurately reflect the distribution of fibrosis in the whole liver. Finally,
MRE has been reported to be more accurate than any
non-invasive alternative, with a success rate higher than
TE; moreover, it can be suitable for patients with obesity
or ascites[106]. Despite these pros, MRE remains poorly
available, more expensive and not suitable for patients
with contraindications to MR.

10
11

CONCLUSION

12

At present, TE and ARFI are the most widely used noninvasive methods for the diagnosis of cirrhosis. ARFI
has the great advantage of being included in standard
US equipment, so it can be used as a complement to
the conventional B-mode whole-liver evaluation, with
higher reproducibility and success rate, providing also a
more precise examination than TE. MR-based methods,
especially hepatospecific contrast medium uptake/excretion measurement and MRE, are promising tools; in the
future, a wider availability of these techniques should be
expected, in order to add these measurements to standard MRI protocols, to obtain a better comprehensive
liver assessment.
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insufficient concentrations accumulate around the target cell and adverse effects result as other non-target
cells are affected. Hepatic stellate cells play a critical
role in liver fibrogenesis , thus they are the target cells
of antifibrotic therapy. The application of nanoparticles
has emerged as a rapidly evolving area for the safe
delivery of various therapeutic agents (including drugs
and nucleic acid) in the treatment of various pathologies, including liver disease. In this review, we give an
overview of the various nanotechnology approaches
used in the treatment of liver fibrosis.
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Core tip: New drugs or new drug delivery strategies to
cure liver fibrosis are needed to find effective therapeutic options for this pathologic condition. Therapies
based on nanotechnologies have emerged as an innovative and promising alternative to conventional
therapies. This work aims to review the most recent
literature about the use of nanotechnology approaches
to reduce liver fibrosis.

Abstract

Giannitrapani L, Soresi M, Bondì ML, Montalto G, Cervello M.
Nanotechnology applications for the therapy of liver fibrosis.
World J Gastroenterol 2014; 20(23): 7242-7251 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i23/7242.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7242

Chronic liver diseases represent a major global health
problem both for their high prevalence worldwide and,
in the more advanced stages, for the limited available
curative treatment options. In fact, when lesions of different etiologies chronically affect the liver, triggering
the fibrogenesis mechanisms, damage has already occurred and the progression of fibrosis will have a major
clinical impact entailing severe complications, expensive treatments and death in end-stage liver disease.
Despite significant advances in the understanding of
the mechanisms of liver fibrinogenesis, the drugs used
in liver fibrosis treatment still have a limited therapeutic
effect. Many drugs showing potent antifibrotic activities
in vitro often exhibit only minor effects in vivo because
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INTRODUCTION
Chronic liver diseases (CLD) are disorders that chronically affect the liver, undermining its capacity to regenerate after injury and triggering a wound-healing response
that involves a range of cell types and mediators which
try to limit the injury and set in motion the fibrogenesis
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mechanisms. The sustained signals associated with CLD
of whatever origin (infections, drugs, metabolic disorders,
autoimmunity, etc.) are required for significant fibrosis to
accumulate, which predisposes to the development of
cirrhosis and its complications.
Liver fibrogenesis in response to a chronic infection associated with hepatitis viruses (HBV and HCV),
chronic alcohol consumption, genetic abnormalities,
steatohepatitis, autoimmunity, etc. is the consequence at
the cellular and molecular levels of the activation of hepatic stellate cells (HSCs) and their transformation into
myofibroblasts which overproduce extracellular matrix,
mainly type Ⅰ and Ⅲ collagens. Liver fibrosis may regress
following specific therapeutic interventions, but no antifibrotic drugs are currently available in clinical practice
other than those which eliminate the risk factors. Indeed,
several clinical trials testing potential anti-fibrotic drugs
[such as angiotensin Ⅱ antagonists, interferon gamma,
peroxisomal proliferator activated receptor (PPAR)
gamma ligands, pirfenidone, colchicine, silymarin, polyenylphosphatidylcholine, ursodeoxycholic acid and Interleukin-10], have failed to observe either a halt in the
progression of liver fibrosis or its reversal[1].
An important disadvantage of the standard therapy is
that it is unable to provide a sufficient concentration of
the therapeutic agent to treat liver disease and/or it leads
to side effects.
Recently, therapies based on nanotechnologies have
emerged as an innovative and promising alternative to
conventional therapy. Nanotechnology is a rapidly growing branch of science focused on the development, manipulation and application of materials ranging in size
from 10-500 nm either by scaling up from single groups
of atoms or by refining or reducing bulk materials into
nanoparticles (NPs). Currently, nanoparticles are being
constructed with biocompatible materials and they possess great potential in delivering drugs in a more specific
manner: either passively by optimizing the physicochemical properties of the drug nanocarriers (such as the size
and surface properties) or actively by using tissue/cellspecific homing devices which allow the targeting of the
disease site, while minimizing side-effects. Therefore,
NPs can be engineered as nanoplatforms for the effective
and targeted delivery of drugs, also thanks to their ability
to overcome many biological, biophysical, and biomedical
barriers.
In recent years, nanomedicine-based approaches have
been explored for liver disease treatment. In this review,
we will describe the most common NP types employed
in the treatment of fibrotic liver diseases.

cannot achieve an effective and targeted delivery due to
biological, biophysical, and biomedical barriers can be engineered as NPs. The possibility to incorporate drugs and
genes into NPs through the conjugation or coating of
ligands specifically binding to target cells or tissues opens
a new era for delivering drugs and genes selectively to
the disease site. There are several advantages to using NP
delivery systems: (1) protection of the therapeutic agent,
especially nucleic acid, against inactivation until it reaches
the site of action; (2) feasibility of incorporation of both
hydrophilic and hydrophobic agents; (3) optimization of
pharmacological effectiveness (increased bioavailability
of drugs); (4) reduction of toxicity and side effects of the
drug; (5) reduction of drug blood level fluctuations (lower
risk of ineffective or toxic concentration); (6) potential
broad spectrum of administration routes (external, ophthalmic, oral and parenteral); (7) controlled drug release;
and (8) active targeting due to the possibility of obtaining
a greater affinity of the nanoparticle system (functionalized nanoparticle) for certain tissues. Following systemic
administration, conventional NPs are opsonized by
plasma proteins, recognized as foreign bodies and rapidly
captured by the reticuloendothelial system (RES). The
liver and the spleen are the major organs of accumulation of NPs[2,3] due to their rich blood supply and the
abundance of tissue-resident phagocytic cells, therefore
liver targeting by NPs may be favorable for treating liver
diseases[2,3].
The uptake and distribution of NPs depend on their
size: (1) NPs with a mean diameter > 400 nm are quickly
captured by the RES; and (2) NPs with a diameter < 200
nm show prolonged blood circulation and a relatively low
rate of RES uptake[4]. On the other hand, to reduce opsonization by blood proteins and to prolong bloodstream
circulation by limiting RES uptake and reducing immunogenicity/antigenicity, biologically inert hydrophilic
polymers, such as poly(ethylene glycol) (PEG), have been
covalently linked to the nanocarrier surface [5,6]. These
types of NPs are commonly called “stealth” NPs[5,6].
Nanomedicine is referred to as the field of medicine
that deals with the application of nanotechnology to address medical problems[7-9], and recently nanomedicinebased approaches have been explored for liver disease
treatment.

COMMON NP TYPES TO BE EMPLOYED
FOR THE TREATMENT OF LIVER DISEASE
The variety of materials that can be used to create NPs
is enormous and the number of NPs used in biomedical research and drug delivery is rapidly increasing. They
can be classified into two major types: inorganic and
organic NPs. Here, we briefly summarize only the structure, properties and characteristics of some of the most
commonly-used NPs for the treatment of liver fibrosis.
Inorganic NPs have received great attention because

NANOTECHNOLOGIES IN HUMAN
DISEASES
Therapeutic NPs are generally defined as nanostructures
constituted by therapeutic drugs, peptides, proteins or
nucleic acids loaded in carriers with at least one length
in the nanometer range. Drugs and imaging labels which
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Figure 1 Major types of nanoparticles including: inorganic nanoparticles, liposomes and solid lipid nanoparticles.

of their outstanding properties. Generally, inorganic nanoparticles can be defined as particles with a metal oxide
(iron oxide, titanium oxide, etc.) or metal (gold and silver)
central core and with a protective organic layer on the
surface. The organic outer layer both protects the core
from degradation and also allows the conjugation of
biomolecules with reactive groups (amines and thiols) to
link peptides, proteins and folic acid (Figure 1). In recent
years inorganic NPs have gained significant attention
due to their unique material- and size-dependent physicochemical properties, which are not possible with organic NPs. Their unique optical, magnetic and electronic
properties can be tailored by controlling the composition, size, shape, and structure. In some cases, inorganic
nanoparticles are attractive alternatives to organic NPs
for drug delivery and imaging a specific tissue because
of their physical features, such as optical and magnetic
properties, in addition to their inertness, stability and
easy functionalization[10-13].
Polymeric NPs, liposomes, solid lipid nanoparticles
(SLN) and nanostructured lipid carriers (NLC) form a
large and well-established group of organic nanoparticles
(Figure 1). These biodegradable, biocompatible polymeric
NPs have attracted significant attention as potential drug
delivery systems since they can be applied in drug targeting to particular organs/tissues and as carriers of DNA
in gene therapy, and are also able to deliver proteins and
peptides via oral administration.
Biodegradable natural polymers include chitosan, albumin, rosin, sodium alginate and gelatin, while synthetic
polymers include polylactic acid (PLA), polylactic-glycolic
acid (PLGA), polycaprolactones (PCL), polycyanoacrylates and polyaminoacid conjugates)[14-17]. PLA and PLGA
biodegradable polymeric nanoparticles have recently been
approved by the US Food and Drug Administration for
human use.
Liposomes are spherical artificial vesicles consisting in
one or more phospholipid bilayers enclosing an aqueous
compartment. Liposomes can encapsulate a wide variety
of lipophilic (hydrophobic) and hydrophilic drugs within
their dual compartment structure. Hydrophobic drugs
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can be incorporated into the bilayer, while hydrophilic
drugs can be contained within the inner aqueous core
formed by the lipid membrane. NPs made with liposomes are the simplest form of NPs and have several advantages, such as easy preparation, good biocompatibility,
reduced systemic toxicity and increased uptake[11,18]. Conventional liposomes, termed “non-stealth” liposomes, are
rapidly removed from the blood circulation because of
their high affinity for the RES. However, this phenomenon has been avoided by coating them with hydrophilic
molecules (such as PEG derivatives) linked to the liposomal formulation by a lipid anchor. This modification significantly prolongs liposome circulation over time[19], and
therefore improves pharmacological potency, reduces the
dose and widens the range of indications.
In the early 1990s a new class of colloidal drug carriers, SLNs, were developed[20]. SLNs have been reported
to be an alternative carrier system to emulsions, liposomes and polymeric nanoparticles. SLNs are particles
measuring above the submicron range (from about 50 to
500 nm). SLNs are produced by substituting the liquid
lipid (oil) with a solid lipid, i.e., the lipid is solid at both
room and human body temperatures. SLN are mainly
composed of physiological solid lipid dispersed in water
or, if necessary, in aqueous surfactant solution. The solid
lipid core may contain triglycerides, glyceride mixtures,
fatty acids, steroids or waxes. SLNs offer the advantages
of the traditional systems but avoid some of their major
disadvantages. SLNs are relatively easy to produce without the use of organic solvents, and may be produced on
a large scale at low cost[21]. They do not cause toxicity or
biodegradability problems, being obtained from physiological lipids and, since the mobility of a drug in solid
lipid is lower compared to that in liquid lipid, they can
control drug release[22-27].
NLCs were developed at the end of the 1990s to
overcome some limitations related to older generation
SLNs[25,27,28]. NLCs are produced using blends of solid
lipids and liquid lipids (oils), the blends being solid at
room and body temperatures. Both NLCs and SLNs are
made of physiological, biodegradable, and biocompat-
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Figure 2 Quiescent stellate cell activation is initiated by
different types of stimulus (cytokines, reactive oxygen species, toxins, viruses). The activated cell is transformed into
myofibroblasts which contain contractile filaments. Activation of
hepatic stellate cells is associated with a gradual replacement
of the extracellular matrix (ECM) by the collagen rich fibers and
the production of fibrous bands. In advanced stages of fibrosis,
the liver contains more ECM components than normal, including collagens (I, Ⅲ and Ⅳ), fibronectin, elastin, laminin, hyaluronan, and proteoglycans. PDGFRs: Platelet-derived growth
factor receptors; TGFR: Transforming growth factor receptor.
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ible lipids and surfactants. NLCs, similar to SLNs, are
colloidal particles ranging in size from 100 to 500 nm.
Compared to SLNs, NLCs possess a higher drug loading
capacity, lower water content, reduced drug expulsion
during storage and longer physical stability[22,23-31].

The strongest experimental evidence on possible new
approaches for the treatment of liver fibrosis derives
from the use of different HSC-selective nanoparticle
carriers, most of which are based on the conjugation of
targeting ligands directed against receptors expressed by
activated HSCs at the surface of various types of NPs.
In fact, activated HSC cells express or over-express various receptors, such as mannose-6-phosphate/insulinlike growth factor Ⅱ (M6P/IGFⅡ) receptor, PPARs,
integrins, platelet-derived growth factor receptors (PDGFRs), retinol binding protein (RBP) receptor and galactosyl receptor, which could be the target of NPs.

TREATMENT OF LIVER FIBROSIS BY
NANOTECHNOLOGY APPROACHES
Liver fibrosis is an abnormal liver condition in which
there is a scarring of the liver. It is the consequence of
a chronic liver injury and a continual wound-healing
process mainly triggered by hepatitis viruses (HBV and
HCV) chronic infection, alcohol consumption, genetic
abnormalities, steatohepatitis, autoimmune damage, etc.
Key players in the fibrotic process, which takes place at
the cellular and molecular levels, are the HSCs. Their
activation and transformation into myofibroblasts, initiated by different types of stimuli, such as cytokines[32],
reactive oxygen species[33], toxins[34] and viruses[35], determine an overproduction of extracellular matrix (mainly
type Ⅰ and Ⅲ collagens) which greatly contributes to
intrahepatic connective tissue expansion during fibrogenesis (Figure 2). Moreover, activated HSCs secrete
pro-fibrotic and pro-inflammatory mediators which perpetuate their activated state, and due to their contractile
features they also play a pivotal role in the portal hypertension setting, the major cause of clinical complications
of liver cirrhosis[36,37].
In the clinical setting, the conventional anti-fibrotic
treatments are still limited, often due to non-specific drug
disposition. Thus, the aim of efficient antifibrotic drug
delivery using nanotechnology approaches is to achieve
liver-specificity with subsequent targeting of the fibrotic
region. In this context, HSCs have been the major target
for delivering drugs to fibrosis using nanotechnology approaches (Figure 3).
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M6P/IGFⅡ receptor
M6P/IGFⅡ receptor is involved in the activation of latent transforming growth factor β (L-TGFβ). M6P/IGF
Ⅱ receptor is highly and specifically up-regulated on
activated HSC during liver fibrosis[38,39]. TGFβ is a fibrogenic cytokine with many functions, including collagen
production and inhibition of its degradation[40]. TGFβ
binds to the TGFβ type-Ⅱ receptor on the cell surface,
which then heterotetramerizes with a type-I receptor, in
most cases activin-like kinase 5. Several preclinical results
using different animal models of liver fibrosis suggest
that selective localization of a drug to HSC can be possible by targeting the M6P/IGFⅡ receptor. First, Beljaars
et al[41] demonstrated that in rats with liver fibrosis M6Phuman serum albumin (albumin chemically modified
with 28 M6P groups, M6P-HSA) could be taken up and
selectively accumulated in activated HSC. The binding of
M6P-HSA to HSC was specific and mediated by binding
to M6P/IGF-Ⅱ receptor. This first evidence therefore
suggested that M6P-HSA is a suitable carrier for the
selective delivery of antifibrotic drugs to activated HSC.
Based on these findings, Adrian et al[42,43] coupled M6PHSA to the surface of liposomes and injected them via
the penile vein in rats with liver fibrosis induced by bile
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Stellate cell

Drug loaded nanoparticles for active targeting

Figure 3 Nanoparticles are loaded with drugs to actively target the disease site by using cell-specific homing devices.

duct ligation. M6P-HSA liposomes were rapidly cleared
from the blood circulation in the diseased rats and mainly
accumulated in the liver. These studies demonstrated that
liposomes coupled with M6P-HSA are potentially effective drug carriers and therefore open up new possibilities
for pharmacological interference with a disease as complex as liver fibrosis. Subsequently, to explore new potential therapeutic interventions based on a genetic approach
for the treatment of liver fibrosis, inactivated hemagglutinating virus of Japan (HVJ, also known as Sendai virus)
containing plasmid DNA was fused with M6P-HSA
liposomes to yield HVJ liposomes that selectively target
HSCs[43]. Adrian et al[44], showed that following iv injection
into mice with liver fibrosis, M6P-HSA-HVJ-liposomes
efficiently associated with HSC. This approach therefore
offers new possibilities for treating liver fibrosis.

and that treatment with PPAR-γ agonist rosiglitazone
inhibits HSC activation[49]. Therefore, PPARs are considered a promising drug target for antifibrotic therapy[50-52].
M6P-HSA-conjugated liposomes have also been used
to deliver ligands for PPAR to activated HSCs. Recently,
Patel et al[53] reported a significant enhancement of liver
uptake, improvement in histopathological morphology
and decreased fibrosis grade when the PPARγ ligand rosiglitazone was loaded in M6P-HSA-conjugated liposomes
and administrated intravenously in rats with liver fibrosis.
Integrins
Activated HSCs express increasing amounts of integrins. Integrins are a large family of heterodimeric cell
surface receptors which mediate the interaction between
cells and extracellular matrix molecules (such as collagens and fibronectin) and recognize a common motif
in their ligands, among which the best studied is the
RGD sequence (arginine-glycine-aspartic acid)[54-56]. Collagen Ⅵ, abnormally produced in the liver by activated
HSCs and deposited during fibrogenesis, is recognized
by cell-surface integrins, mainly integrin δ1β1, through
the specific interaction of the receptor with the RGD
sequence present in the matrix molecule. Therefore, the
RGD sequence has been used as a homing device to target integrins and hence HSCs in fibrotic liver. In 2000 a
carrier which showed binding and internalization to HSC
was successfully used for the first time[57], suggesting the
possibility to deliver anti-fibrotic agents directly to HSC.
Subsequently, Du et al[58] developed cyclic RGD-labeled
sterically-stabilized liposomes (SSLs) to deliver IFNδ-1b
to HSC. They demonstrated that cyclic RGD peptide-

PPARs
PPARs, which belong to the superfamily of nuclear
hormone receptors with transcriptional activity controlling multiple processes, have been implicated in liver
fibrogenesis[45]. To date, four isoforms of PPARs have
been identified, namely PPARδ, β, γ and δ. Growing
evidence shows that activated HSCs express PPARδ and
its expression exerts important effects on fibrogenesis in
animal models[46], and that treatment with PPARδ ligands,
Wy-14643 (WY) or fenofibrate, dramatically reduces
hepatic fibrosis[47]. PPARβ and PPARδ are also highly expressed in HSCs, and their activation increases hepatic fibrosis[48]. There is clear evidence that activation of HSCs
and their transdifferentiation into myofibroblasts is accompanied by significantly decreased PPARγ expression,
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labeled liposomes were selectively taken up by activated
HSCs in a liver fibrosis rat model, and that liposome
encapsulated IFNδ-1b displayed an improved efficiency
in blocking fibrogenesis. In another study, Li et al[59] also
used SSLs labeled with cyclic RGD peptide to encapsulate hepatocyte growth factor (HGF), in order to prevent
its degradation and therefore to reverse fibrogenesis processes[60]. When HGF was encapsulated in SSL labeled
with cyclic RGD peptide (RGD-SSL-HGF) it was more
effective than SSL-HGF in promoting liver fibrosis regression in cirrhotic rats, indicating that HGF loaded in
RGD-SSL enhanced its effect on activated HSCs[60].

sodium arsenite (NaAsO2)-induced collagen deposition
and fibrosis initiation. However, whereas free QC does
not protects rats from oxidative damage, galoctosylated
liposomes QC might be therapeutically useful to prevent
NaAsO2-induced acute liver toxicity.
Apoptosis-inducing agents
Oxymatrine (OM) is an alkaloid extracted from the
medicinal plant Sophora alopecuroides L. which, among its
multiple pharmacological functions, can induce apoptotic
cell death in different cell types[67,68] and exerts antiviral
effects, inhibiting HBV and HCV replication[69,70]. In addition, OM has also been demonstrated to have antifibrotic effects, being effective in reducing collagen
production and deposition in CCl4-induced liver fibrosis
in rats[71]. Based on these findings, Chai et al[72] used OMRGD liposomes in both in vitro and in vivo experiments
and demonstrated that delivery of OM to HSCs with this
formulation attenuates hepatic fibrosis by inhibiting viability and inducing HSC apoptosis, thus highlighting its
possible application in the treatment of hepatic fibrosis.
The influence of OM on the fibrotic process has also
been evaluated in a bile duct ligation rat model of liver
fibrosis using self-assembled polymeric vesicles based on
biodegradable poly(ethylene glycol)-b-poly(e-caprolactone)
(PEG-b-PCL), referred to as polymersomes (PM), and
modified with RGD peptide to obtain RGD-PM-OM[73].
Yang et al[73], demonstrated that intravenous injection of
RGD-PM-OM and PM-OM formulations showed significant benefits in ameliorating the degree of liver injury
and fibrosis as shown by lower levels of fibrosis markers
in the serum compared to free OM. This novel approach
therefore appears to be more effective than conventional
treatment with OM.
Curcumin or diferuloylmethane, a yellow polyphenol
extracted from the rhizome of turmeric Curcuma longa,
has been extensively studied for its therapeutic effects
in a variety of disorders because of its antineoplastic,
antioxidant and anti-inflammatory effects[74-76]. Several
studies have shown its potential anti-fibrotic activity[77-84]
but the compound has poor aqueous solubility, which
results in low bioavailability and low concentrations at
the target site[85,86]. Consequently, nanotechnology approaches have been developed to deliver curcumin to
targets. For example Bisht et al[87] developed a polymeric
nanoparticle formulation of curcumin (NanoCurcTM).
Nanocurcumin was synthesized utilizing the micellar
aggregates of cross-linked and random copolymers of
N-isopropylacrylamide, with N-vinyl-2-pyrrolidone and
poly(ethylene glycol) monoacrylate (PEG-A). Nanocurcumin showed to be readily dispersed in aqueous media
with a comparable in vitro therapeutic efficacy to free
curcumin against a panel of human cancer cell lines[87].
The same authors subsequently performed in vivo studies
using NanoCurc™ to treat animals with hepatic injury
and fibrosis induced by CCl4 administration[88]. Results
following intraperitoneal injection of NanoCurcTM were
extremely promising, as NanoCurcTM enhanced the bio-

PDGFRs
PDGF is the most potent proliferative factor in liver fibrosis. Its receptor (PDGFR) has two forms, PDGFRδ
and PDGFRβ. PGFRs are cell surface tyrosine kinase
receptors for members of the PDGF family. In particular, PDGF-β receptor is highly upregulated on activated
HSCs[61]. Recent studies in rats with hepatic fibrosis
showed that pPB-SSL-IFN-γ, a targeted SSL modified
by a cyclic peptide (pPB) with affinity for the PDGF-β
receptor to deliver IFN-γ (pPB-SSL-IFN-γ) to HSCs, improves the anti-fibrotic effects of IFN-γ and reduces its
side effects to some extent[62,63].
RBP receptor
RBP receptor expressed by HSCs, is involved in the uptake and storage of vitamin A. Sato et al[64] assessed the
anti-fibrotic properties of vitamin A-coupled liposomes
containing small interfering RNA (siRNA) against gp46,
the rat homolog of human heat shock protein 47 and
involved in the inhibition of collagen secretion, in three
experimental models of liver fibrosis induced by dimethylnitrosamine, carbon tetrachloride (CCl4), and bile
duct ligation. They showed that the treatment decreased
collagen deposition, induced apoptosis of HSCs, improved liver function tests and prolonged survival in the
treated rats.
Galactosyl receptor
Hepatic fibrosis is also the result of oxidative damage
to the liver due to exposure to environmental metalloid toxicants. Therefore, a promising strategy has been
developed to deliver antioxidants to damaged liver by
nanocarriers. The galactosyl receptor expressed on the
hepatocytes mediates the internalization of molecular asialoglycoproteins and small particles. With this in
mind, liposomes decorated with p-aminophenyl δ-Dgalactopyranoside, which binds to galactosyl receptor,
have been used as carriers for targeted iv delivery of the
antioxidant flavonoid quercetin (QC) in animals with
liver fibrosis[65,66]. It has been shown that the administration of QC loaded in galactosylated liposomes in rats
results in the maximum prevention of arsenic deposition
(a contaminant responsible for oxidative damage present in drinking water, particularly in developing countries
such as India and Bangladesh) and protects the liver from
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availability of intrahepatic curcumin concentrations compared to control void NPs, attenuated hepatocellular injury and levels of pro-inflammatory cytokines, inhibited
CCl4-induced liver injury, prevented hepatic fibrosis and
induced HSC apoptosis. The exact mechanism by which
curcumin induces a protective hepatocellular environment is not clear. Curcumin might work through multiple
mechanisms. As reported by Bisht et al[88] NanoCurcTM
accumulates in hepatocytes and in the non-parenchymal
cell compartment, which contains pro-fibrotic stellate
cells and myofibroblasts. Authors have demonstrated
that NanoCurcTM inhibits pro-fibrogenic transcripts associated with activated myofibroblasts and directly induces
HSC apoptosis. However, another possibility is that
NanoCurcTM might also affect hepatic progenitor cells or
bile duct cells and thus ameliorate the effects of CCl4induced liver injury by influencing these cells.
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CONCLUSION
The extremely wide diffusion of CLD worldwide and
the relatively ineffective therapeutic options especially for
advanced liver fibrosis demand new drugs or new drug
delivery strategies to cure liver fibrosis. Therapies based
on nanotechnologies have emerged as an innovative and
promising alternative to conventional therapies. The
number of NPs used in biomedical research and drug delivery is rapidly increasing. Several reports in the literature,
most of all in animal models, have shown that different
HSC-selective NP carriers, based on the conjugation of
targeting ligands directed against several receptors expressed by activated HSCs at the surface, can reduce liver
fibrosis. These data, if confirmed in humans, could open
up a new era in the treatment of liver fibrosis. In the next
few years the clinical validation of CLD therapies based
on nanotechnologies will hopefully be demonstrated.
However, much more needs to be done, particularly
because the use of nanoparticles also creates unique environmental and societal challenges[89]. Toxicity associated
with nanomaterials should be considered before NPs are
widely utilized as drug delivery systems, especially for
inorganic nanoparticles[90,91]. In this respect, the risk associated with organic NPs seems to be less problematic
because this type of nanoparticles are very often typically
either made from, or covered with natural or highly biocompatible polymers (such as PEG)[92].
Finally, it is necessary to develop a regulatory framework based on objective scientific research which will
ensure that human exposure to unwanted engineered
nanomaterials in the environment will be limited to safe
levels. However, the therapeutic use of nanomaterials
in medicine requires a different framework in which the
therapeutic benefits will be balanced against the potentially harmful risks.

9

10
11

12
13

14

15

16
17

18
19

REFERENCES
1

20

Rockey DC. Current and future anti-fibrotic therapies for
chronic liver disease. Clin Liver Dis 2008; 12: 939-962, xi

WJG|www.wjgnet.com

7248

[PMID: 18984475 DOI: 10.1016/j.cld.2008.07.011]
Moghimi SM, Hunter AC, Murray JC. Long-circulating and
target-specific nanoparticles: theory to practice. Pharmacol
Rev 2001; 53: 283-318 [PMID: 11356986]
Demoy M, Gibaud S, Andreux JP, Weingarten C, Gouritin
B, Couvreur P. Splenic trapping of nanoparticles: complementary approaches for in situ studies. Pharm Res 1997; 14:
463-468 [PMID: 9144732 DOI: 10.1023/A:1012095431931]
Li SD, Huang L. Pharmacokinetics and biodistribution of
nanoparticles. Mol Pharm 2008; 5: 496-504 [PMID: 18611037
DOI: 10.1021/mp800049w]
Owens DE, Peppas NA. Opsonization, biodistribution,
and pharmacokinetics of polymeric nanoparticles. Int J
Pharm 2006; 307: 93-102 [PMID: 16303268 DOI: 10.1016/
j.ijpharm.2005.10.010]
Jokerst JV, Lobovkina T, Zare RN, Gambhir SS. Nanoparticle PEGylation for imaging and therapy. Nanomedicine (Lond)
2011; 6: 715-728 [PMID: 21718180 DOI: 10.2217/nnm.11.19]
Moghimi SM, Hunter AC, Murray JC. Nanomedicine: current status and future prospects. FASEB J 2005; 19: 311-330
[PMID: 15746175 DOI: 10.1096/fj.04-2747rev]
Sandhiya S, Dkhar SA, Surendiran A. Emerging trends of
nanomedicine--an overview. Fundam Clin Pharmacol 2009; 23:
263-269 [PMID: 19527298 DOI: 10.1111/j.1472-8206.2009.00692.
x]
Teli MK, Mutalik S, Rajanikant GK. Nanotechnology and
nanomedicine: going small means aiming big. Curr Pharm
Des 2010; 16: 1882-1892 [PMID: 20222866 DOI: 10.2174/13816
1210791208992]
Sekhon BS, Kamboj SR. Inorganic nanomedicine--part
2. Nanomedicine 2010; 6: 612-618 [PMID: 20417314 DOI:
10.1016/j.nano.2010.04.003]
Heneweer C, Gendy SE, Peñate-Medina O. Liposomes
and inorganic nanoparticles for drug delivery and cancer
imaging. Ther Deliv 2012; 3: 645-656 [PMID: 22834408 DOI:
10.4155/tde.12.38]
Chithrani DB. Nanoparticles for improved therapeutics and
imaging in cancer therapy. Recent Pat Nanotechnol 2010; 4:
171-180 [PMID: 20618149 DOI: 10.2174/187221010792483726]
Das A, Mukherjee P, Singla SK, Guturu P, Frost MC, Mukhopadhyay D, Shah VH, Patra CR. Fabrication and characterization of an inorganic gold and silica nanoparticle mediated
drug delivery system for nitric oxide. Nanotechnology 2010;
21: 305102 [PMID: 20610873]
Lebre F, Bento D, Jesus S, Borges O. Chitosan-based
nanoparticles as a hepatitis B antigen delivery system.
Methods Enzymol 2012; 509: 127-142 [PMID: 22568904 DOI:
10.1016/B978-0-12-391858-1.00007-1]
Kamaly N, Xiao Z, Valencia PM, Radovic-Moreno AF,
Farokhzad OC. Targeted polymeric therapeutic nanoparticles: design, development and clinical translation. Chem
Soc Rev 2012; 41: 2971-3010 [PMID: 22388185 DOI: 10.1039/
c2cs15344k]
Elsabahy M, Wooley KL. Design of polymeric nanoparticles
for biomedical delivery applications. Chem Soc Rev 2012; 41:
2545-2561 [PMID: 22334259 DOI: 10.1039/c2cs15327k]
Craparo EF, Teresi G, Licciardi M, Bondí ML, Cavallaro G.
Novel composed galactosylated nanodevices containing a
ribavirin prodrug as hepatic cell-targeted carriers for HCV
treatment. J Biomed Nanotechnol 2013; 9: 1107-1122 [PMID:
23858977 DOI: 10.1166/jbn.2013.1608]
Dreaden EC, Austin LA, Mackey MA, El-Sayed MA. Size
matters: gold nanoparticles in targeted cancer drug delivery.
Ther Deliv 2012; 3: 457-478 [PMID: 22834077]
Immordino ML, Dosio F, Cattel L. Stealth liposomes: review
of the basic science, rationale, and clinical applications, existing and potential. Int J Nanomedicine 2006; 1: 297-315 [PMID:
17717971]
Müller RH, Mäder K, Gohla S. Solid lipid nanoparticles
(SLN) for controlled drug delivery - a review of the state

June 21, 2014|Volume 20|Issue 23|

Giannitrapani L et al . Nanotechnology applications for the liver fibrosis

21
22
23

24

25

26

27

28

29

30

31

32

33

34
35

36
37
38

of the art. Eur J Pharm Biopharm 2000; 50: 161-177 [PMID:
10840199 DOI: 10.1016/S0939-6411(00)00087-4]
Bondì ML, Fontana G, Carlisi B, Giammona G. Preparation
and characterization of solid lipid nanoparticles containing
cloricromene. Drug Deliv 2003; 10: 245-250 [PMID: 14612340]
Wissing SA, Kayser O, Müller RH. Solid lipid nanoparticles
for parenteral drug delivery. Adv Drug Deliv Rev 2004; 56:
1257-1272 [PMID: 15109768 DOI: 10.1016/j.addr.2003.12.002]
Puri A, Loomis K, Smith B, Lee JH, Yavlovich A, Heldman E,
Blumenthal R. Lipid-based nanoparticles as pharmaceutical
drug carriers: from concepts to clinic. Crit Rev Ther Drug Carrier Syst 2009; 26: 523-580 [PMID: 20402623]
Pardeike J, Hommoss A, Müller RH. Lipid nanoparticles
(SLN, NLC) in cosmetic and pharmaceutical dermal products. Int J Pharm 2009; 366: 170-184 [PMID: 18992314 DOI:
10.1016/j.ijpharm.2008.10.003]
Pardeshi C, Rajput P, Belgamwar V, Tekade A, Patil G,
Chaudhary K, Sonje A. Solid lipid based nanocarriers: an
overview. Acta Pharm 2012; 62: 433-472 [PMID: 23333884
DOI: 10.2478/v10007-012-0040-z]
Müller RH, Radtke M, Wissing SA. Nanostructured lipid
matrices for improved microencapsulation of drugs. Int J
Pharm 2002; 242: 121-128 [PMID: 12176234 DOI: 10.1016/
S0378-5173(02)00180-1]
Bondì ML, Azzolina A, Craparo EF, Capuano G, Lampiasi N,
Giammona G, Cervello M. Solid lipid nanoparticles (SLNs)
containing nimesulide: preparation, characterization and in
cytotoxicity studies. Curr Nanosc 2009; 5: 39-44
Müller RH, Radtke M, Wissing SA. Solid lipid nanoparticles
(SLN) and nanostructured lipid carriers (NLC) in cosmetic
and dermatological preparations. Adv Drug Deliv Rev 2002;
54 Suppl 1: S131-S155 [PMID: 12460720 DOI: 10.1016/S0169409X(02)00118-7]
Müller RH, Petersen RD, Hommoss A, Pardeike J. Nanostructured lipid carriers (NLC) in cosmetic dermal products.
Adv Drug Deliv Rev 2007; 59: 522-530 [PMID: 17602783 DOI:
10.1016/j.addr.2007.04.012]
Bondì ML, Craparo EF, Giammona G, Cervello M, Azzolina
A, Diana P, Martorana A, Cirrincione G. Nanostructured
lipid carriers-containing anticancer compounds: preparation,
characterization, and cytotoxicity studies. Drug Deliv 2007;
14: 61-67 [PMID: 17364869 DOI: 10.1080/10717540600739914]
Bondi ML, Azzolina A, Craparo EF, Lampiasi N, Capuano
G, Giammona G, Cervello M. Novel cationic solid-lipid
nanoparticles as non-viral vectors for gene delivery. J Drug
Target 2007; 15: 295-301 [PMID: 17487698 DOI: 10.1080/1061
1860701324698]
Li JT, Liao ZX, Ping J, Xu D, Wang H. Molecular mechanism
of hepatic stellate cell activation and antifibrotic therapeutic
strategies. J Gastroenterol 2008; 43: 419-428 [PMID: 18600385
DOI: 10.1007/s00535-008-2180-y]
He Q, Zhang J, Chen F, Guo L, Zhu Z, Shi J. An anti-ROS/
hepatic fibrosis drug delivery system based on salvianolic
acid B loaded mesoporous silica nanoparticles. Biomaterials
2010; 31: 7785-7796 [PMID: 20674009 DOI: 10.1016/j.biomaterials.2010.07.008]
Siegmund SV, Dooley S, Brenner DA. Molecular mechanisms of alcohol-induced hepatic fibrosis. Dig Dis 2005; 23:
264-274 [PMID: 16508291]
Zan Y, Zhang Y, Tien P. Hepatitis B virus e antigen induces
activation of rat hepatic stellate cells. Biochem Biophys Res
Commun 2013; 435: 391-396 [PMID: 23665329 DOI: 10.1016/
j.bbrc.2013.04.098]
Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115:
209-218 [PMID: 15690074 DOI: 10.1172/JCI200524282]
Hernandez-Gea V, Friedman SL. Pathogenesis of liver fibrosis. Annu Rev Pathol 2011; 6: 425-456 [PMID: 21073339 DOI:
10.1146/annurev-pathol-011110-130246]
de Bleser PJ, Jannes P, van Buul-Offers SC, Hoogerbrugge
CM, van Schravendijk CF, Niki T, Rogiers V, van den Brande

WJG|www.wjgnet.com

39

40
41

42

43

44

45

46

47

48

49
50

51

52

7249

JL, Wisse E, Geerts A. Insulinlike growth factor-II/mannose
6-phosphate receptor is expressed on CCl4-exposed rat fatstoring cells and facilitates activation of latent transforming
growth factor-beta in cocultures with sinusoidal endothelial
cells. Hepatology 1995; 21: 1429-1437 [PMID: 7737649]
Greupink R, Bakker HI, van Goor H, de Borst MH, Beljaars
L, Poelstra K. Mannose-6-phosphate/insulin-Like growth
factor-II receptors may represent a target for the selective
delivery of mycophenolic acid to fibrogenic cells. Pharm
Res 2006; 23: 1827-1834 [PMID: 16850269 DOI: 10.1007/
s11095-006-9025-2]
Hayashi H, Sakai T. Biological Significance of Local TGF-β
Activation in Liver Diseases. Front Physiol 2012; 3: 12 [PMID:
22363291 DOI: 10.3389/fphys.2012.00012]
Beljaars L, Molema G, Weert B, Bonnema H, Olinga P,
Groothuis GM, Meijer DK, Poelstra K. Albumin modified
with mannose 6-phosphate: A potential carrier for selective
delivery of antifibrotic drugs to rat and human hepatic stellate cells. Hepatology 1999; 29: 1486-1493 [PMID: 10216133
DOI: 10.1002/hep.510290526]
Adrian JE, Poelstra K, Scherphof GL, Molema G, Meijer DK,
Reker-Smit C, Morselt HW, Kamps JA. Interaction of targeted liposomes with primary cultured hepatic stellate cells:
Involvement of multiple receptor systems. J Hepatol 2006; 44:
560-567 [PMID: 16368158 DOI: 10.1016/j.jhep.2005.08.027]
Adrian JE, Kamps JA, Scherphof GL, Meijer DK, van
Loenen-Weemaes AM, Reker-Smit C, Terpstra P, Poelstra
K. A novel lipid-based drug carrier targeted to the nonparenchymal cells, including hepatic stellate cells, in the
fibrotic livers of bile duct ligated rats. Biochim Biophys Acta
2007; 1768: 1430-1439 [PMID: 17493581 DOI: 10.1016/
j.bbamem.2007.03.027]
Adrian JE, Kamps JA, Poelstra K, Scherphof GL, Meijer DK,
Kaneda Y. Delivery of viral vectors to hepatic stellate cells in
fibrotic livers using HVJ envelopes fused with targeted liposomes. J Drug Target 2007; 15: 75-82 [PMID: 17365276 DOI:
10.1080/10611860601141481]
Zardi EM, Navarini L, Sambataro G, Piccinni P, Sambataro
FM, Spina C, Dobrina A. Hepatic PPARs: their role in liver
physiology, fibrosis and treatment. Curr Med Chem 2013; 20:
3370-3396 [PMID: 23746272]
Rodríguez-Vilarrupla A, Laviña B, García-Calderó H, Russo
L, Rosado E, Roglans N, Bosch J, García-Pagán JC. PPARα
activation improves endothelial dysfunction and reduces fibrosis and portal pressure in cirrhotic rats. J Hepatol 2012; 56:
1033-1039 [PMID: 22245887]
Toyama T, Nakamura H, Harano Y, Yamauchi N, Morita A,
Kirishima T, Minami M, Itoh Y, Okanoue T. PPARalpha ligands activate antioxidant enzymes and suppress hepatic fibrosis in rats. Biochem Biophys Res Commun 2004; 324: 697-704
[PMID: 15474484]
Kostadinova R, Montagner A, Gouranton E, Fleury S, Guillou H, Dombrowicz D, Desreumaux P, Wahli W. GW501516activated PPARβ/δ promotes liver fibrosis via p38-JNK
MAPK-induced hepatic stellate cell proliferation. Cell Biosci
2012; 2: 34 [PMID: 23046570 DOI: 10.1186/2045-3701-2-34]
Chen H, He YW, Liu WQ, Zhang JH. Rosiglitazone prevents
murine hepatic fibrosis induced by Schistosoma japonicum.
World J Gastroenterol 2008; 14: 2905-2911 [PMID: 18473419]
Zhang F, Kong D, Lu Y, Zheng S. Peroxisome proliferatoractivated receptor-γ as a therapeutic target for hepatic fibrosis: from bench to bedside. Cell Mol Life Sci 2013; 70: 259-276
[PMID: 22699820 DOI: 10.1007/s00018-012-1046-x]
Rodríguez-Vilarrupla A, Laviña B, García-Calderó H, Russo
L, Rosado E, Roglans N, Bosch J, García-Pagán JC. PPARα
activation improves endothelial dysfunction and reduces fibrosis and portal pressure in cirrhotic rats. J Hepatol 2012; 56:
1033-1039 [PMID: 22245887 DOI: 10.1016/j.jhep.2011.12.008]
Zhang F, Lu Y, Zheng S. Peroxisome proliferator-activated
receptor-γ cross-regulation of signaling events implicated

June 21, 2014|Volume 20|Issue 23|

Giannitrapani L et al . Nanotechnology applications for the liver fibrosis

53

54
55

56

57

58

59

60

61
62

63

64

65

66

67

in liver fibrogenesis. Cell Signal 2012; 24: 596-605 [PMID:
22108088 DOI: 10.1016/j.cellsig.2011.11.008]
Patel G, Kher G, Misra A. Preparation and evaluation of
hepatic stellate cell selective, surface conjugated, peroxisome
proliferator-activated receptor-gamma ligand loaded liposomes. J Drug Target 2012; 20: 155-165 [PMID: 21913877 DOI:
10.3109/1061186X.2011.610800]
Patsenker E, Stickel F. Role of integrins in fibrosing liver
diseases. Am J Physiol Gastrointest Liver Physiol 2011; 301:
G425-G434 [PMID: 21659620 DOI: 10.1152/ajpgi.00050.2011]
Levine D, Rockey DC, Milner TA, Breuss JM, Fallon JT,
Schnapp LM. Expression of the integrin alpha8beta1
during pulmonary and hepatic fibrosis. Am J Pathol
2000; 156: 1927-1935 [PMID: 10854216 DOI: 10.1016/
S0002-9440(10)65066-3]
Zhou X, Murphy FR, Gehdu N, Zhang J, Iredale JP, Benyon
RC. Engagement of alphavbeta3 integrin regulates proliferation and apoptosis of hepatic stellate cells. J Biol Chem
2004; 279: 23996-24006 [PMID: 15044441 DOI: 10.1074/jbc.
M311668200]
Beljaars L, Molema G, Schuppan D, Geerts A, De Bleser
PJ, Weert B, Meijer DK, Poelstra K. Successful targeting to
rat hepatic stellate cells using albumin modified with cyclic
peptides that recognize the collagen type VI receptor. J Biol
Chem 2000; 275: 12743-12751 [PMID: 10777570 DOI: 10.1074/
jbc.275.17.12743]
Du SL, Pan H, Lu WY, Wang J, Wu J, Wang JY. Cyclic ArgGly-Asp peptide-labeled liposomes for targeting drug therapy of hepatic fibrosis in rats. J Pharmacol Exp Ther 2007; 322:
560-568 [PMID: 17510318 DOI: 10.1124/jpet.107.122481]
Li F, Sun JY, Wang JY, Du SL, Lu WY, Liu M, Xie C, Shi JY.
Effect of hepatocyte growth factor encapsulated in targeted
liposomes on liver cirrhosis. J Control Release 2008; 131: 77-82
[PMID: 18692530 DOI: 10.1016/j.jconrel.2008.07.021]
Kim WH, Matsumoto K, Bessho K, Nakamura T. Growth
inhibition and apoptosis in liver myofibroblasts promoted
by hepatocyte growth factor leads to resolution from liver
cirrhosis. Am J Pathol 2005; 166: 1017-1028 [PMID: 15793283
DOI: 10.1016/S0002-9440(10)62323-1]
Bonner JC. Regulation of PDGF and its receptors in fibrotic
diseases. Cytokine Growth Factor Rev 2004; 15: 255-273 [PMID:
15207816 DOI: 10.1016/j.cytogfr.2004.03.006]
Li Q, Yan Z, Li F, Lu W, Wang J, Guo C. The improving effects on hepatic fibrosis of interferon-γ liposomes targeted to
hepatic stellate cells. Nanotechnology 2012; 23: 265101 [PMID:
22700686 DOI: 10.1088/0957-4484/23/26/265101]
Li F, Li QH, Wang JY, Zhan CY, Xie C, Lu WY. Effects of
interferon-gamma liposomes targeted to platelet-derived
growth factor receptor-beta on hepatic fibrosis in rats. J Control Release 2012; 159: 261-270 [PMID: 22226772 DOI: 10.1016/
j.jconrel.2011.12.023]
Sato Y, Murase K, Kato J, Kobune M, Sato T, Kawano Y, Takimoto R, Takada K, Miyanishi K, Matsunaga T, Takayama T,
Niitsu Y. Resolution of liver cirrhosis using vitamin A-coupled liposomes to deliver siRNA against a collagen-specific
chaperone. Nat Biotechnol 2008; 26: 431-442 [PMID: 18376398
DOI: 10.1038/nbt1396]
Mandal AK, Das S, Basu MK, Chakrabarti RN, Das N.
Hepatoprotective activity of liposomal flavonoid against arsenite-induced liver fibrosis. J Pharmacol Exp Ther 2007; 320:
994-1001 [PMID: 17138861 DOI: 10.1124/jpet.106.114215]
Ghosh D, Ghosh S, Sarkar S, Ghosh A, Das N, Das Saha K,
Mandal AK. Quercetin in vesicular delivery systems: evaluation in combating arsenic-induced acute liver toxicity associated gene expression in rat model. Chem Biol Interact 2010;
186: 61-71 [PMID: 20371363 DOI: 10.1016/j.cbi.2010.03.048]
Ling Q, Xu X, Wei X, Wang W, Zhou B, Wang B, Zheng
S. Oxymatrine induces human pancreatic cancer PANC-1
cells apoptosis via regulating expression of Bcl-2 and IAP
families, and releasing of cytochrome c. J Exp Clin Cancer Res

WJG|www.wjgnet.com

68

69
70

71

72

73

74
75

76

77

78

79

80

81

7250

2011; 30: 66 [PMID: 21714853 DOI: 10.1186/1756-9966-30-66]
Dong XQ, Yu WH, Hu YY, Zhang ZY, Huang M. Oxymatrine reduces neuronal cell apoptosis by inhibiting Toll-like
receptor 4/nuclear factor kappa-B-dependent inflammatory
responses in traumatic rat brain injury. Inflamm Res 2011; 60:
533-539 [PMID: 21190123 DOI: 10.1007/s00011-010-0300-7]
Chen XS, Wang GJ, Cai X, Yu HY, Hu YP. Inhibition of
hepatitis B virus by oxymatrine in vivo. World J Gastroenterol
2001; 7: 49-52 [PMID: 11819732]
Ding CB, Zhang JP, Zhao Y, Peng ZG, Song DQ, Jiang JD.
Zebrafish as a potential model organism for drug test against
hepatitis C virus. PLoS One 2011; 6: e22921 [PMID: 21857967
DOI: 10.1371/journal.pone.0022921]
Wu XL, Zeng WZ, Jiang MD, Qin JP, Xu H. Effect of Oxymatrine on the TGFbeta-Smad signaling pathway in rats with
CCl4-induced hepatic fibrosis. World J Gastroenterol 2008; 14:
2100-2105 [PMID: 18395914 DOI: 10.3748/wjg.14.2100]
Chai NL, Fu Q, Shi H, Cai CH, Wan J, Xu SP, Wu BY. Oxymatrine liposome attenuates hepatic fibrosis via targeting
hepatic stellate cells. World J Gastroenterol 2012; 18: 4199-4206
[PMID: 22919254 DOI: 10.3748/wjg.v18.i31.4199]
Yang J, Hou Y, Ji G, Song Z, Liu Y, Dai G, Zhang Y, Chen J.
Targeted delivery of the RGD-labeled biodegradable polymersomes loaded with the hydrophilic drug oxymatrine on
cultured hepatic stellate cells and liver fibrosis in rats. Eur J
Pharm Sci 2014; 52: 180-190 [PMID: 24296297 DOI: 10.1016/
j.ejps.2013.11.017]
Gupta SC, Patchva S, Aggarwal BB. Therapeutic roles of curcumin: lessons learned from clinical trials. AAPS J 2013; 15:
195-218 [PMID: 23143785 DOI: 10.1208/s12248-012-9432-8]
Notarbartolo M, Poma P, Perri D, Dusonchet L, Cervello
M, D’Alessandro N. Antitumor effects of curcumin, alone
or in combination with cisplatin or doxorubicin, on human
hepatic cancer cells. Analysis of their possible relationship
to changes in NF-kB activation levels and in IAP gene expression. Cancer Lett 2005; 224: 53-65 [PMID: 15911101 DOI:
10.1016/j.canlet.2004.10.051]
Labbozzetta M, Notarbartolo M, Poma P, Giannitrapani L,
Cervello M, Montalto G, D’Alessandro N. Significance of
autologous interleukin-6 production in the HA22T/VGH
cell model of hepatocellular carcinoma. Ann N Y Acad Sci
2006; 1089: 268-275 [PMID: 17261774 DOI: 10.1196/annals.1386.014]
Yao QY, Xu BL, Wang JY, Liu HC, Zhang SC, Tu CT. Inhibition by curcumin of multiple sites of the transforming
growth factor-beta1 signalling pathway ameliorates the
progression of liver fibrosis induced by carbon tetrachloride
in rats. BMC Complement Altern Med 2012; 12: 156 [PMID:
22978413 DOI: 10.1186/1472-6882-12-156]
Tu CT, Yao QY, Xu BL, Wang JY, Zhou CH, Zhang SC. Protective effects of curcumin against hepatic fibrosis induced
by carbon tetrachloride: modulation of high-mobility group
box 1, Toll-like receptor 4 and 2 expression. Food Chem
Toxicol 2012; 50: 3343-3351 [PMID: 22683883 DOI: 10.1016/
j.fct.2012.05.050]
Wang ME, Chen YC, Chen IS, Hsieh SC, Chen SS, Chiu
CH. Curcumin protects against thioacetamide-induced
hepatic fibrosis by attenuating the inflammatory response
and inducing apoptosis of damaged hepatocytes. J Nutr
Biochem 2012; 23: 1352-1366 [PMID: 22221674 DOI: 10.1016/
j.jnutbio.2011.08.004]
Wu SJ, Tam KW, Tsai YH, Chang CC, Chao JC. Curcumin
and saikosaponin a inhibit chemical-induced liver inflammation and fibrosis in rats. Am J Chin Med 2010; 38: 99-111
[PMID: 20128048 DOI: 10.1142/S0192415X10007695]
Vizzutti F, Provenzano A, Galastri S, Milani S, Delogu W,
Novo E, Caligiuri A, Zamara E, Arena U, Laffi G, Parola M,
Pinzani M, Marra F. Curcumin limits the fibrogenic evolution of experimental steatohepatitis. Lab Invest 2010; 90:
104-115 [PMID: 19901911 DOI: 10.1038/labinvest.2009.112]

June 21, 2014|Volume 20|Issue 23|

Giannitrapani L et al . Nanotechnology applications for the liver fibrosis
82

83

84

85

86

87

Shu JC, He YJ, Lv X, Ye GR, Wang LX. Curcumin prevents
liver fibrosis by inducing apoptosis and suppressing activation of hepatic stellate cells. J Nat Med 2009; 63: 415-420
[PMID: 19554395 DOI: 10.1007/s11418-009-0347-3]
Fu Y, Zheng S, Lin J, Ryerse J, Chen A. Curcumin protects
the rat liver from CCl4-caused injury and fibrogenesis by
attenuating oxidative stress and suppressing inflammation. Mol Pharmacol 2008; 73: 399-409 [PMID: 18006644 DOI:
10.1124/mol.107.039818]
Bruck R, Ashkenazi M, Weiss S, Goldiner I, Shapiro H, Aeed
H, Genina O, Helpern Z, Pines M. Prevention of liver cirrhosis in rats by curcumin. Liver Int 2007; 27: 373-383 [PMID:
17355460 DOI: 10.1111/j.1478-3231.2007.01453.x]
Anand P, Kunnumakkara AB, Newman RA, Aggarwal
BB. Bioavailability of curcumin: problems and promises.
Mol Pharm 2007; 4: 807-818 [PMID: 17999464 DOI: 10.1021/
mp700113r]
Sharma RA, Steward WP, Gescher AJ. Pharmacokinetics
and pharmacodynamics of curcumin. Adv Exp Med Biol 2007;
595: 453-470 [PMID: 17569224 DOI: 10.1007/978-0-387-464015_20]
Bisht S, Feldmann G, Soni S, Ravi R, Karikar C, Maitra A,
Maitra A. Polymeric nanoparticle-encapsulated curcumin
(“nanocurcumin”): a novel strategy for human cancer

88

89
90

91

92

therapy. J Nanobiotechnology 2007; 5: 3 [PMID: 17439648 DOI:
10.1186/1477-3155-5-3]
Bisht S, Khan MA, Bekhit M, Bai H, Cornish T, Mizuma
M, Rudek MA, Zhao M, Maitra A, Ray B, Lahiri D, Maitra
A, Anders RA. A polymeric nanoparticle formulation of
curcumin (NanoCurc™) ameliorates CCl4-induced hepatic
injury and fibrosis through reduction of pro-inflammatory
cytokines and stellate cell activation. Lab Invest 2011; 91:
1383-1395 [PMID: 21691262 DOI: 10.1038/labinvest.2011.86]
Elsaesser A, Howard CV. Toxicology of nanoparticles. Adv
Drug Deliv Rev 2012; 64: 129-137 [PMID: 21925220 DOI:
10.1016/j.addr.2011.09.001]
Soenen SJ, Rivera-Gil P, Montenegro JM, Parak WJ, De
Smedt S, Braeckmans K. Cellular toxicity of inorganic
nanoparticles: Common aspects and guidelines for improved
nanotoxicity evaluation. Nano Today 2011; 6: 446-465
Soenen SJ, Manshian B, Montenegro JM, Amin F, Meermann B, Thiron T, Cornelissen M, Vanhaecke F, Doak S,
Parak WJ, De Smedt S, Braeckmans K. Cytotoxic effects of
gold nanoparticles: a multiparametric study. ACS Nano 2012;
6: 5767-5783 [PMID: 22659047 DOI: 10.1021/nn301714n]
McClements DJ. Edible lipid nanoparticles: digestion,
absorption, and potential toxicity. Prog Lipid Res 2013; 52:
409-423 [PMID: 23664907 DOI: 10.1016/j.plipres.2013.04.008]
P- Reviewers: Han T, Ji G, Ramani K, Tsuchiya A
S- Editor: Gou SX L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

7251

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7252-7259
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i23.7252

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

New determinants of prognosis in bacterial infections in
cirrhosis
Juan Acevedo, Javier Fernández
syndrome and death. We advise a change in the standard empirical antibiotic therapy in patients with high
risk for multiresistant infections and also to take into
account endothelial and adrenal dysfunction in prognostic models in hospitalized patients with decompensated cirrhosis.

Juan Acevedo, Department of Gastroenterology and Hepatology, Hospital of Calella, 08370 Barcelona, Catalunya, Spain
Javier Fernández, Liver Unit, Hospital Clínic, University of
Barcelona, 08150 Barcelona, Catalunya, Spain
Javier Fernández, Institut d’Investigacions Biomèdiques August-Pi-Sunyer (IDIBAPS), 08036 Barcelona, Spain
Javier Fernández, Centro de Investigación Biomédica en Red
de Enfermedades Hepáticas y Digestivas (CIBEREHED), 08150
Barcelona, Spain
Author contributions: Acevedo J designed and wrote the review; and Fernández J revised critically the manuscript.
Correspondence to: Juan Acevedo, MD, PhD, Department of
Gastroenterology and Hepatology, Hospital of Calella, Carrer de
Sant Jaume 209-217, 08370 Barcelona, Catalunya,
Spain. jacevedoharo@salutms.cat
Telephone: +34-937-667400 Fax: +34-937-695466
Received: November 15, 2013 Revised: February 9, 2014
Accepted: May 12, 2014
Published online: June 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bacterial infections; Liver cirrhosis; Drug
resistance; Bacterial; Endothelial dysfunction; Relative
adrenal insufficiency
Core tip: Despite major advances in the management
of cirrhosis, it still carries high morbidity and mortality.
Bacterial infection is one of the major causes of decompensation. This review deals with the new determinants
of prognosis in patients with cirrhosis and bacterial
infection reported recently. It summarizes the existing
evidence for emergence of multiresistant bacteria, endothelial dysfunction, and relative adrenal insufficiency;
and resultant changes in medical practice are given.

Abstract
Despite major advances in the knowledge and management of liver diseases achieved in recent decades,
decompensation of cirrhosis still carries a high burden
of morbidity and mortality. Bacterial infections are
one of the main causes of decompensation. It is very
important for clinical management to be aware of the
population with the highest risk of poor outcome. This
review deals with the new determinants of prognosis in
patients with cirrhosis and bacterial infections reported
recently. Emergence of multiresistant bacteria has led
to an increasing failure rate of the standard empirical antibiotic therapy recommended by international
guidelines. Moreover, it has been recently reported that
endothelial dysfunction is associated with the degree
of liver dysfunction and, in infected patients, with the
degree of sepsis. It has also been reported that relative
adrenal insufficiency is frequent in the non-critically ill
cirrhotic population and it is associated with a higher
risk of developing infection, severe sepsis, hepatorenal
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INTRODUCTION
Decompensation of liver cirrhosis carries a huge burden of morbidity and mortality in society. In the past 30
years there has been major progress in the knowledge
and management of liver disease; despite this, there are
approximately 29 million people in the European Union
who still suffer from a chronic liver condition. Available
data suggest that about 0.1% of the European popula-
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that time, only 1.2% of infections caused by Enterobacteriaceae were resistant to third generation cephalosporines
(TGC)[4]. On that account, international clinical guidelines
recommend the use of TGC to treat the most common
infections in cirrhosis as they are active against Enterobacteriaceae and streptococci, but not against enterococci, and
they also have a good security profile[8-10].

tion is affected by cirrhosis, corresponding to 14-26 new
cases per 100000 inhabitants per year or an estimated
170000 deaths per year[1,2].
Bacterial infection is a major cause of decompensation. Patients with cirrhosis are at an increased risk of
developing bacterial infections, sepsis, severe sepsis
and death[3]. Thus, infection is present at admission or
develops during hospitalization in about 25%-30% of
patients[4,5]. Bacterial infection is not only more frequent
but also more severe in cirrhosis, causing a four-fold
increase in the probability of death, reaching 38% at 1
mo[6]. Infection can accentuate circulatory dysfunction
leading to the development of hepatorenal syndrome
(HRS) and can also induce an excessive pro-inflammatory
response that could contribute to the development of
sepsis-related organ failure (acute-on-chronic liver failure)
and septic shock[7]. Therefore, it is important to identify
determinants of poor prognosis in patients with bacterial
infections and cirrhosis in order to be alert to the group
of patients with highest risk of death and, if possible,
reverse the deleterious effect of these determinants by
modifying the standard clinical practice performed in this
major disease.
This review aims to summarize the recently reported
data regarding recent changes in the epidemiology of
bacterial infections in cirrhosis, endothelial dysfunction,
and relative adrenal insufficiency; all of which are the new
determinants of prognosis in patients with cirrhosis and
bacterial infections reported recently.

Types of multiresistance patterns around the world
The employment of TGC for two decades has led to
the emergence of MR bacteria, as evidenced by various
reports from very different geographical areas[5,11-22]. MR
bacteria are resistant to at least three of the main antibiotic families including β-lactamics[23]. The most common MR bacteria are extended-spectrum β-lactamaseproducing Enterobacteriaceae (ESBL), non-fermentable
GNB such as Pseudomonas aeruginosa, Stenotrophomonas
maltophilia or Acinetobacter baumanii, methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-susceptible
Enterococcus (VSE) and vancomycin-resistant Enterococcus
(VRE).
The emergence of MR bacteria is present worldwide,
but in a heterogeneous manner. Thus, different geographical areas have different epidemiological patterns of
multiresistance; for example, ESBL-producing Enterobacteriaceae are predominant in South Europe and Asia[5,11-19],
while MRSA and VRE are frequently isolated in centers of the United States[22]. Moreover, Carbapenemaseproducing K. pneumoniae has only been reported in some
centers in Italy[24]. Table 1 summarizes the prevalence and
risk factors for the development of MR bacteria across
the world.

EMERGENCE OF MULTIRESISTANT
BACTERIA IN CIRRHOSIS

Risk factors and clinical impact of multiresistance
bacterial infections
The main risk factors for the development of infections
caused by MR bacteria are: nosocomial origin of infection [hazard ratio (HR): 4.43], long-term norfloxacin
prophylaxis (HR: 2.69), recent infection by an MR bacteria (HR: 2.45), and recent use of β-lactams (HR: 2.39)[5].
Other reports suggest that infections that develop in the
setting of recent contact with the health-care environment (health-care associated), like dialysis centers, are also
at risk of developing MR bacteria infections[16].
The emergence of MR bacteria has a major impact on
the clinical evolution of infected patients with cirrhosis,
through impairment of the efficacy of standard empirical antibiotic therapy. In an in-depth prospective study
regarding this topic, the final resolution of infection was
still high in community-acquired infections (83%), but
low in healthcare associated infections (73%), and extremely low in nosocomial infections (40%)[5]. Final resolution was significantly lower in infections caused by multiresistant strains (70% vs 92%, P < 0.0001), particularly
in SBP and pneumonia (50% and 55%, respectively). In
consequence, septic shock was more frequently observed
in MR infections (26% vs 10%, P < 0.0001) and hospital
mortality in MR infections duplicate that observed in infections caused by susceptible bacteria (25% vs 12%, P =

The discovery of antibiotics in the early to mid-20th century remains one of the most significant achievements
to date, but inherent with its use is the development of
antimicrobial resistance. In consequence, epidemiology
of bacterial infections is continuously changing and the
emergence of multiresistant (MR) bacteria in the general
and cirrhotic population has risen as a new determinant
of prognosis.
In the 1980s, epidemiological surveillance showed
that most infections were community acquired and approximately 70% to 80% of the isolated organisms were
gram-negative bacilli (GNB)[4]. Since the 1990s, practice
in hepatology has involved invasive procedures (i.e.,
variceal ligation, transjugular intrahepatic portosystemic
shunt, and arterial chemoembolization or percutaneous
ablation of hepatocellular carcinoma) and also severely
ill patients have been treated in Intensive Care Units.
Consequently, in the 2000s some important changes were
reported: 39% of infections were of nosocomial origin
and gram positive cocci (GPC) was the most frequently
isolated bacteria in the nosocomial setting. GPC were
also isolated more frequently in the admissions which required invasive procedures or treatment in the Intensive
Care Unit. Another important change observed was the
emergence of SBP caused by quinolone-resistant GNB
in patients under long-term norfloxacin prophylaxis. At
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Table 1 Prevalence, clinical impact and risk factors of multiresistant bacterial infections around the world
Ref.

Infections

Prevalence of MR bacteria

Risk factors

Clinical impact

Song et al[14],
2006 South Korea

SBP

No data

No impact

Angeloni et al[61],
2008 Italy
Umgelter et al[20],
2009 Germany
Piroth et al[19],
2009 France

SBP

29% ESBL-producing Enterobacteriaceae:
14% in community-acquired, 67% in
nosocomial episodes
8% ESBL-producing Enterobacteriaceae

Healthcare-associated infections

SBP

10% VSE, 1% Pseudomonas aeruginosa

No data

SBP and
bacterioascites

8% MRSA
5% VSE
4% ESBL-producing Enterobacteriaceae
15% ESBL-producing Enterobacteriaceae

No data

Higher initial treatment failure
No impact on mortality
Higher initial treatment failure
Higher hospital mortality
No data

Cheong et al[13],
2009 South Korea
Song et al[12],
2009 South Korea

SBP

Merli et al[16],
2010 Italy
Ariza et al[17],
2012 Spain

All

SBP

SBP

Fernández et al[5],
2012 Spain

All

Novovic et al[21],
2012 Denmark
Tandon et al[22],
2012 United States

SBP
All

Previous exposition to β-lactams
Independent predictor of 30-d
Nosocomial infection
mortality
4%-7.5% ESBL-producing
Recent hospital stay
Higher initial treatment failure
Enterobacteriaceae
Previous SBP
Higher hospital and 30-d
Antibiotic treatment in the last month
mortality
20% ESBL-producing Enterobacteriaceae
Antibiotic treatment in the last month
Higher hospital mortality
7% MRSA
HCA infection
6% ESBL-producing Enterobacteriaceae
Nosocomial infection
Independent predictor of
2% Pseudomonas aeruginosa
Previous exposition to β-lactams
mortality at 30 d
2% Acinetobacter baumannii
Diabetes mellitus
1% VSE
Upper gastrointestinal bleeding
8%-9% ESBL-producing Enterobacteriaceae
Nosocomial infection
Lower infection resolution
3% Pseudomonas aeruginosa
Long-term norfloxacin prophylaxis
Higher risk of septic shock
3%-4% MRSA
Treatment with β-lactams in the last 3 mo
Higher hospital mortality
3%-7% VSE
MR bacteria in the last 6 mo
1% ESBL-producing Enterobacteriaceae
No data
Higher hospital mortality
12% VSE-VRE
9% VRE
Systemic antibiotics in the past 30 d
No data
6.5% ESBL-producing Enterobacteriaceae
Nosocomial infection
5% MRSA

ESBL: Extended-spectrum β-lactamase-producing Enterobacteriaceae (bacteria with chromosomal β-lactamases are also included); MRSA: Methicillin-resistant
Staphylococcus aureus; VSE: Vancomycin-susceptible enterococci; VRE: Vancomycin-resistant enterococci; SBP: Spontaneous bacterial peritonitis.

0.001)[5].

MR bacteria infection in the previous six months because
these two factors identify a subgroup of patients with
high risk of MR bacteria infection (Figure 1).
In summary, recent data demonstrate that currently
recommended empirical antibiotic therapy is not appropriate for the treatment of nosocomial and some
healthcare associated infections in cirrhosis because of
the high prevalence of MR bacteria in these settings.
New antibiotic strategies for these infections should be
tailored according to the local epidemiological patterns
of multiresistance and early de-escalation of antibiotics
according to the microbiological results is also mandatory
to slow down the development of new resistances.

New recommendations of empirical antibiotic therapy
According to this new epidemiological data it has been
recommended to change the empirical antibiotic therapy
(i.e., third generation cephalosporins) employed in nosocomial infections. Marked epidemiological differences
observed among countries and centers suggest that local epidemiology should be evaluated regularly and new
guidelines should be tailored according to the specific local epidemiological pattern of multiresistance[25].
In general, our recommendation for nosocomial infections is that in areas with a high prevalence of ESBLproducing Enterobacteriaceae, carbapenems should be used.
It is also important to tailor the antibiotics according
to the severity of infection: in severe sepsis and septic
shock it is important to cover all possible bacteria, therefore glycopeptides should be added[5]. In areas with high
prevalence of VSE and MRSA, a glycopeptide should be
used. In the United States and other regions with a high
rate of infections caused by VRE, glycopeptides should
be replaced by linezolid or daptomycin. In areas with low
prevalence of MR bacteria but high prevalence of Enterococcus faecalis, piperacillin-tazobactam should be used.
In healthcare associated infections our recommendation is to treat as nosocomial infections those patients
under long-term norfloxacin prophylaxis or those with an
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CIRCULATORY AND ENDOTHELIAL
DYSFUNCTION
It is well known that a clinically important characteristic
of cirrhotic patients is systemic circulatory dysfunction
which is characterized by arterial splanchnic vasodilation
which progresses in parallel with the degree of liver impairment and portal hypertension. This situation is due to
a local release of vasoactive substances, especially nitric
oxide[26-28] but also prostaglandines, P substance, carbon
monoxide, calcitonin gene-related peptide and endocannabinoids[29-33]. In the initial phase of the disease, the
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Spontaneous bacterial infection
(SBP, SBE or SB)

Community-acquired
infection

Health-care associated
infection

Nosocomial
infection

Presence of at least 1 risk factor
1
for multiresistant bacteria or
severe sepsis or shock?

No

Yes

Third-generation
cephalosporins

PPZ/TZB or
carbapenem +
2
glycopeptide

Figure 1 Proposed algorithm for the empirical treatment of infections in cirrhosis.1Risk factors for multiresistant bacteria in Health care associated infections
are long-term norphloxacin prophylaxis or previous infection by multiresistant (MR) bacteria within 6 mo; 2Piperaziline/tazobactam in areas of low MR bacteria but high
Enterococcus faecalis prevalence. Meropenem and glycopeptides in areas with high prevalence of extended-spectrum β-lactamase-producing Enterobacteriaceae
and methicillin-resistant Staphylococcus aureus. SBP: Spontaneous bacterial peritonitis; SBE: Spontaneous bacterial empyema; SB: Spontaneous bacteremia; PPZ/
TZB: Piperaziline/tazobactam.

and oxidative damage produced by high levels of nitric
oxide and proinflammatory cytokines[44,45]. Translocation
of not only viable bacteria, but also bacterial products like
DNA, have been associated with a higher inflammatory
response and worse prognosis, due to the development of
acute-on-chronic liver failure[46,47].

reduction of effective arterial volume is compensated for
by an increase in cardiac output. Nevertheless, while liver
dysfunction progresses patients develop cirrhotic cardiomyopathy characterized by diastolic dysfunction which
can affect inotropic function during stress[34]. Therefore,
patients develop arterial hypotension and compensating
activity of vasoactive systems (sympathetic and reninangiotensin-aldosterone) with sodium and water retention and ascites production[26]. When circulatory dysfunction continues to progress, vasopressin is activated
which leads to dilutional hyponatremia and hepatorenal
syndrome[35].
Bacterial infection is a main cause of circulatory dysfunction. Infection in cirrhosis is characterized by a more
intense inflammatory response than that observed in noncirrhotic population. Accordingly, cirrhotic patients with
SBP present very high levels of cytokines[36] which exacerbate circulatory dysfunction[37]. Thus, infection in a patient
with baseline circulatory dysfunction can have devastating effects. Up to 30% of patients develop progressive
circulatory dysfunction with acute renal failure, cardiac
impairment, hepatic encephalopathy, type-1 hepatorenal
syndrome and death[38]. On that account, expansion of effective arterial volume with intravenous albumin reduces
renal failure and improves survival in SBP[39].
Moreover, advanced cirrhosis is characterized by an increased intestinal permeability and bacterial translocation
which results in severe infections like spontaneous bacterial peritonitis, spontaneous bacteremia, and spontaneous
empyema[40,41]. Increased intestinal permeability is caused
by many factors including structural changes in intestinal
mucosa due to circulatory dysfunction[42,43], hypomotility
secondary to sympathetic nervous system hyperactivity,
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Endothelial dysfunction
There are well recognized markers of endothelial dysfunction; these involve mainly the von Willebrand factor
(vWF), but also P-selectin and isoprostanes. It has been
reported that serum levels of vWF increase according to
the degree of liver dysfunction and portal hypertension.
Endothelial dysfunction, and higher levels of vWF have
been associated with a higher incidence of decompensations related to portal hypertension and mortality[48,49]. In
one study it has been suggested that vWF is released in the
hepatosplanchnic vascular bed[49]. Furthermore, regarding
infection in cirrhosis, it has been reported that the degree
of endothelial dysfunction increases according to the degree of sepsis, vWF serum levels increased progressively
among non infected patients, infected patients without
sepsis, infected patients with sepsis and, showing the highest levels of vWF, patients with septic shock[50] (Figure 2).
The high mortality associated with endothelial dysfunction could be explained beyond its association with
circulatory dysfunction. The increasing levels of vWF in
parallel with increasing degrees of sepsis would reflect
increasing endothelial activation produced by increasing
levels of cytokines. Moreover, cytokines and inflammation activate coagulation cascade and lead to hemostatic
abnormalities leading to poor organ perfusion reaching,
in some cases, the extreme degree of disseminated intra-
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Figure 2 Correlation between von Willebrand factor and degree of sepsis.
SIRS: Systemic inflammatory response syndrome. (thanks Hepatology journal
for permission to reproduce the figure).
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Figure 3 Hypothalamic-pituitary-adrenal axis in the critical illness. CRH:
Corticotrophin releasing hormone; ADH: Antidiuretic hormone; ACTH: Adrenocorticotropic hormone. Original work of the authors.

vascular coagulation and multiple organ failure.
In summary, endothelial dysfunction is clearly associated with poor prognosis and vWF should be taken into
account in predictive models in hospitalized patients.

of RAI in septic shock[57] and in digestive bleeding[58].
However, there are contradictory results on the beneficial
effects on outcome produced by the administration of
steroids at stress doses[55-59]; large-scale randomized controlled trials are required to clarify this point.
It has recently been reported that RAI is not only
common in critically ill patients with cirrhosis but also in
non-critically ill patients hospitalized by decompensation
of cirrhosis. RAI prevalence in this setting is 26%, and
it is associated with a higher degree of circulatory dysfunction evidenced through lower mean arterial pressure
(76 ± 12 mmHg vs 83 ± 14 mmHg, P = 0.009), higher
serum levels of noradrenaline (544 ± 334 pg/mL vs 402
± 316 pg/mL, P = 0.02), plasma renin activity (7.1 ± 9.9
ng/mLh vs 3.4 ± 5.6 ng/mLh, P = 0.03), and lower serum sodium levels (131 ± 7 mEq/L vs 135 ± 5 mEq/L,
P = 0.007). Furthermore, patients with RAI presented
a tendency to a higher inflammatory state with a higher
prevalence of systemic inflammatory response syndrome
(SIRS) (60% vs 41%, P = 0.08) and higher plasmatic levels of tumoral necrosis factor alpha (54 ± 115 pg/mL vs
27 ± 24 pg/mL) and interleukine-6 (916 ± 2532 pg/mL
vs 244 ± 439 pg/mL). Patients with RAI showed a higher
probability of developing infections (41% vs 21%, P =
0.008), severe sepsis (27% vs 9%, P = 0.003), type-1 hepatorenal syndrome (16% vs 3%, P = 0.002), and death (22%
vs 7%, P = 0.01) (Figures 4 and 5)[60].
The higher incidence of infections observed in patients with RAI is explained by the presence of an important circulatory dysfunction which leads to bacterial
translocation. The higher degree of inflammation would
contribute to mucosal barrier damage and bacterial translocation and also to the development of renal failure and
hepatorenal syndrome by worsening circulatory dysfunction, as already described. The addition of a baseline low
vascular tone and a functional deficit of cortisol which
leads to a further decrease in vascular tone would con-

ADRENAL DYSFUNCTION
A normal adrenal function is essential to surviving critical illness. Cortisol maintains vascular tone, endothelial
integrity, vascular permeability and total corporal water
distribution[51]. In consequence, an inappropriate adrenal
response, i.e., relative adrenal insufficiency (RAI), during
a critical illness like severe sepsis or septic shock has important clinical consequences. These patients secrete cortisol and corticotrophin at the initial stage of the disease,
but less than needed to overcome stress. Activation of
the axis is triggered by cytokines and other factors that
promote the release of corticotrophin releasing hormone
(CRH) and vasopressin in the hypothalamus[51,52]. These
hormones stimulate pituitary secretion of corticotrophin
(ACTH) which induces adrenal production of cortisol. In
addition, the levels of cortisol binding protein decrease
fast, leading to higher levels of free cortisol, which is the
active component of cortisol[53]. Furthermore, negative
feedback of cortisol upon CRH and ACTH is inactive,
thus maintained activation on the hypothalamic-pituitaryadrenal axis can be exerted[51]. Finally, there is an increase
in the number and sensibility of cortisol receptors[51,52].
In this sense, during critical illness there is an integrated
multilevel response that optimizes the cortisol effect in
peripheral tissues, and cytokines and bacterial products
are also able to modify the response of hypothalamicpituitary-adrenal axis at each level[51] (Figure 3).
There is a high prevalence of RAI in patients with cirrhosis and septic shock and it is associated with liver and
renal failure, refractory septic shock and hospital mortality[54-56]. Two recent studies confirmed a high prevalence
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Figure 4 Probability of development of severe sepsis and septic shock in
patients with and without relative adrenal insufficiency. Probability of developing new episodes of severe sepsis or septic shock in patients with relative adrenal insufficiency (RAI) (continuous line) or with normal adrenal function (doted
line) during 3 mo follow-up. Probability was significantly higher in patients with
RAI. (thanks Hepatology journal for permission to reproduce the figure).
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Figure 5 Probability of survival at 3 mo in patients with and without relative adrenal insufficiency. Probability of survival at 3 mo in patients with relative adrenal insufficiency (RAI) (continuous line) or with normal adrenal function
(doted line). Probability was significantly higher in patients with RAI. (thanks
Hepatology journal for permission to reproduce the figure).

insufficiency are clearly associated with poor prognosis
and should be taken into account in prognostic models in
hospitalized patients with decompensation of cirrhosis.
Trials focused on whether steroid administration in patients with septic shock and RAI improves survival, and
evaluation of antibiotic prophylaxis in the non criticallyill population with RAI would be interesting fields of
research.

tribute to the development of severe sepsis and septic
shock[60].
Circulatory dysfunction and inflammation are causes
of RAI through vasodilation and reduction in adrenal
blood flow which diminishes adrenal function; high levels
of proinflammatory cytokines also directly inhibit cortisol synthesis by the adrenal glands.
To sum up, RAI has a negative impact on prognosis
in critically-ill and non critically-ill cirrhotic patients and
large-scale randomized controlled trials should be performed, aimed at evaluating cortisol supplementation
during critical illness and antibiotic prophylaxis during
admission in the non-critically ill population.
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Core tip: Liver fibrosis is a dynamic process that results
from an imbalance between the production and dissolution of the extracellular matrix. Development of liver
fibrosis is orchestrated by many cell types, including
hepatic stellate cells (HSCs). The activation of HCSs is a
complex process, leading to multiple potential sites for
therapeutic interventions. Additionally, the differences
between the pathogenesis of liver fibrosis associated
with different etiologies may provide the determination
of new therapeutic approaches. This review summarizes the most significant data that has contributed to
the understanding of the cellular and molecular pathogenesis of liver fibrosis, which may be translated into
future therapeutic strategies.

Abstract
There have been considerable recent advances towards a better understanding of the complex cellular
and molecular network underlying liver fibrogenesis.
Recent data indicate that the termination of fibrogenic
processes and the restoration of deficient fibrolytic
pathways may allow the reversal of advanced fibrosis
and even cirrhosis. Therefore, efforts have been made
to better clarify the cellular and molecular mechanisms
that are involved in liver fibrosis. Activation of hepatic
stellate cells (HSCs) remains a central event in fibrosis,
complemented by other sources of matrix-producing
cells, including portal fibroblasts, fibrocytes and bone
marrow-derived myofibroblasts. These cells converge in
a complex interaction with neighboring cells to provoke
scarring in response to persistent injury. Defining the
interaction of different cell types, revealing the effects
of cytokines on these cells and characterizing the regulatory mechanisms that control gene expression in activated HSCs will enable the discovery of new therapeutic targets. Moreover, the characterization of different
pathways associated with different etiologies aid in the
development of disease-specific therapies. This article
outlines recent advances regarding the cellular and molecular mechanisms involved in liver fibrosis that may
be translated into future therapies. The pathogenesis
of liver fibrosis associated with alcoholic liver disease,
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INTRODUCTION
Liver fibrosis is a common pathological consequence of
a variety of chronic stimuli, including viral, autoimmune,
drug induced, cholestatic and metabolic diseases[1-4]. Liver
fibrosis can be defined as a result of the progressive accumulation and decreased remodeling of the extracellular
matrix (ECM), which disrupts the normal architecture of
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the liver[2]. If left untreated, fibrosis can progress to liver
cirrhosis, ultimately leading to organ failure and death.
The characterization of the underlying mechanisms of
liver fibrogenesis has indicated that fibrosis is driven by
a dynamic process involving the increased synthesis of
matrix components and a failure of physiological mechanisms of matrix turnover. Moreover, the capacity of the
liver to undergo fibrosis regression following cessation
of the liver insult has been highlighted[4-6]. These findings have provided progressed the understanding of the
pathogenesis of chronic liver diseases and have presented
opportunities for novel therapeutic approaches for the
management of liver fibrosis.
This review presents key advances in the new insights into the cellular and molecular mechanisms that
regulate liver fibrosis, which may represent future therapeutic targets.

amplification[16-18]. Consequently, many potent angiogenic
mediators are involved in the exaggerated wound healing
response to chronic liver injury, leading to an excessive
accumulation of ECM[17,18]. The ECM can also affect cell
function indirectly by releasing cytokines. These include
transforming growth factor β (TGF-β), platelet derived
growth factor (PDGF), hepatocyte growth factor (HGF),
connective tissue growth factor (CTGF), tumor necrosis
factor-α (TNF-α), basic fibroblast growth factor (bFGF)
and vascular endothelial growth factor (VEGF)[19].

Cell types involved in the
pathogenesis of LIVER FIBROSIS
Although the cellular source of ECM components in
fibrotic liver has been a matter of controversy for many
years, recent investigations have revealed that ECM accumulation during chronic liver injury is driven by a heterogeneous population of cells. Currently, it is accepted that
liver fibrogenic cells (myofibroblasts) play a central role
during liver fibrosis. Their origin has been extensively
studied, and several sources of myofibroblasts (MFs)
have been identified[3,20-27]. Because HSCs are the main
ECM-producing cells in the injured liver[20] they are currently considered to be the major source of MFs[3,20-22].
Hepatic MFs may also originate from portal fibroblasts
and bone marrow derived mesenchymal cells[24,28]. Two
other minor contributors of fibrogenic cells are the
epithelial-mesenchymal transition (EMT)[29,30] and endothelial to mesenchymal transition (Figure 2)[31,32].

ECM IN LIVER FIBROSIS
During chronic liver injury, an increase of fibril-forming
collagen and the replacement of the low density, basement membrane-like interstitial matrix occurs[4,6,7]. There
is also an accumulation of other matrix proteins, including elastin, hyaluronan, proteoglycans and fibronectin.
This type of matrix has the capacity to activate quiescent
HSCs, leading to the loss of hepatocyte microvilli and the
disappearance of endothelial fenestrations (Figure 1)[4,7,8].
This architectural change of endothelial cells also impairs
the transport of solutes from the sinusoid to the hepatocytes, further contributing to hepatocyte dysfunction[7].
Moreover, the accumulation of ECM itself provokes
positive feedback pathways that further amplify fibrosis[8].
The alteration of ECM proteins influences cellular behavior via cell membrane receptors. The most potent proteins are integrins that permit communication between
the ECM and the cytoskeleton[9-11]. Patsenker et al [11]
demonstrated that the inhibition of integrin alpha-V-beta
slows the progression of biliary fibrosis and suggested
that this inhibition could have potential therapeutic utility.
ECM remodeling is critical in the preservation of homeostasis during liver injury. This homeostasis depends
on the fine balance between matrix metalloproteinases
(MMPs) and their inhibitors, tissue inhibitors of matrix
metalloproteinases (TIMPs). While the excessive increase
in the ECM is controlled by MMPs (especially MMP-1,
2, 8 and 13), progressive fibrosis is correlated with the
marked increase of TIMPs (TIMP-1 and TIMP-2)[12,13].
Moreover, because TIMP-1 has also anti-apoptotic effects on HSCs, it induces fibrogenesis by promoting
fibrogenic cell survival. Several studies have reported
that the regulation of TIMPs in HSCs may accelerate
the elimination of fibrotic liver tissue and the reversal of
fibrosis[14,15]. Enhancing the degradation of excess ECM
by increasing the activity of MMPs or decreasing that of
TIMPs is an additional approach in the development of
antifibrotic drugs.
Angiogenesis is another response to chronic liver
injury that leads to sinusoidal remodeling and pericyte
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HSCs
Activation of HSCs is recognized as a central event during liver fibrosis, and the molecular mechanisms of this
cellular alteration continue to attract increasing attention, creating many new findings[33,34]. However, there
is limited knowledge about HSC activation from the
viewpoint of cell fate or lineage regulation[35-37]. Recently,
many studies have shown that HSCs are derived from
mesodermal-derived multipotent mesenchymal progenitor cells (MMPC), which also give rise to neural cells
and other mesenchymal cells[38,39]. Supporting these findings, HSCs also express neural and mesenchymal lineage
markers. Because cell types derived from MMPC may
undergo transdifferentiation within their lineages, the
notion that HSC transdifferentiation may reside in these
mesenchymal lineages is reasonable[39]. In normal liver
tissue, HSCs exist in a quiescent state, storing retinoids
and synthesizing glial fibrillary acidic protein (GFAP)[40-43].
Following liver injury, HSCs are activated with a gradual
loss of retinoids and GFAP, leading to a reduction in the
expression of adipogenic/lipogenic factors. Meanwhile,
a complex network of autocrine/paracrine fibrogenic
signals promotes the transdifferentiation of HSCs to a
myofibroblastic phenotype.
Portal fibroblasts
Portal fibroblasts are spindle shaped cells of mesenchy-
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Figure 1 Extracellular matrix accumulation in subendothelial space activates quiescent hepatic stellate cells leading to the loss of hepatocyte microvilli
and disappearance of endothelial fenestrations. These architectural changes impair transport of solutes from the sinusoid to the hepatocytes, further contributing
to the hepatocyte damage. ECM: Extracellular matrix; HSCs: hepatic stellate cells.

expression[50-52]. However, more recent reports provide
strong evidence against EMT in the liver as a source of
MFs, convincingly arguing for an epithelial origin of
ECM-producing cells[52,53].

mal origin that undergo myofibroblastic differentiation,
primarily in biliary and cholestatic liver injuries[44-46]. Although they possess biological similarities with activated
HSCs, portal fibroblasts have different genetic profiles
and signaling responses[45,46]. The latter could enable the
development of disease specific antifibrotic therapies targeting these cells.

HSCs IN LIVER FIROSIS
During liver fibrogenesis, parenchymal injury and the
resulting inflammatory reaction generate a large panel of
signals that stimulate the induction of specific transcription factors and morphogens in quiescent HSCs, thereby
initiating the activation and the acquisition of fibrogenic
and proinflammatory properties. Sustained activation
leads to discrete changes in hepatic stellate cell (HSC) behavior, including proliferation, chemotaxis, fibrogenesis,
contractility, retinoid loss and WBC chemoattractant/
cytokine release[1]. In these phases there is a release of
proinflammatory, profibrogenic and promitogenic stimuli
acting in an autocrine and paracrine manner (Figure 3).

Fibrocytes
Fibrocytes originate from hematopoietic stem cells and
have the ability to differentiate into MFs. In cases of
tissue damage, fibrocytes proliferate and migrate to the
injured organ and secrete growth factors that promote
deposition of the ECM[47-49]. Several studies have suggested that the extent of fibrocyte differentiation into
MFs depends on the organ and the type of injury[48,49].
Other studies have demonstrated that liver injury induces
migration of fibrocytes to lymphoid organs[49], suggesting that the function of these cells may not be limited to
ECM deposition.

ACTIVATION OF HSCS

Bone marrow-derived MFs
A fraction of hepatic MFs can also arise from bone marrow-derived mesenchymal stem cells (MSCs), which are
defined as multipotent progenitor cells with the capacity
to differentiate into lineage-specific cells[44,48,49]. Currently,
it is not clear whether circulating MSCs significantly contribute to ECM deposition in the course of liver fibrosis
or not, but they most likely represent a population that is
distinct from hematopoietic-derived fibrocytes[49].

Activation of HSCs by neighboring cells
In the early stage of injury, all neighboring cell types
can contribute to the paracrine stimulation of HSC activation.
Hepatocytes
Hepatocyte apoptosis is a common feature in liver injury. This process is mediated partially by Fas and may
also involve TNF-related-apoptosis-inducing ligand
(TRAIL)[54-56]. Recent data have shown that the engulfment of the apoptotic bodies of hepatocytes by HSC
lines results in a profibrogenic response and activates
Kupffer cells[57,58]. A similar profibrogenic response can
be observed following disruption of Bcl-xl (an anti-apoptotic mediator) that leads to hepatocyte apoptosis[59,60].

EMT
EMT is a process during which fully differentiated epithelial cells undergo phenotypic transition to fully differentiated mesenchymal cells. Liver cell culture studies have
shown that hepatocytes and cholangiocytes may undergo
EMT and acquire mesenchymal features, including FSP-1
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Figure 2 Hepatic myofibroblasts are a heterogenous population of fibrogenic cells. Hepatic stellate cells are considered to be a major source of liver fibrogenic
cells followed by portal fibroblasts that play an important role in the fibrogenic process during cholestatic liver diseases. Other sources of hepatic myofibroblasts
include circulating fibrocytes and bone marrow-derived cells that constitute a minor proportion of liver fibrogenic cells. The epithelial origin of liver fibrogenic cells is
unlikely. EMT: epithelial mesenchymal transition; MFBs: myofibroblasts; HSCs: Hepatic stellate cells.

HSC activation by hepatocyte-derived apoptotic bodies is
partially mediated by the interaction of hepatocyte DNA
with Toll-like receptor 9 (TLR9) expressed in HSCs[61].
Hepatocytes also produce fibrogenic lipid peroxides[62].
Experimental studies have demonstrated that either
blockage of hepatocyte apoptosis or selective stimulation
of apoptosis in HSCs could be a therapeutic strategy for
the prevention of fibrosis[63-66]. However, this approach
has not been successful in clinical trials[26].

Lymphocytes
Lymphocytes, especially CD4 T-helper lymphocytes, may
activate HSCs via cytokine production. Previous experimental models imply that during liver injury Th2 lymphocytes, a subset of T-helper lymphocytes, are more fibrogenic as compared to the Th1 lymphocytes subset[81,82].
Natural killer cells
Recent findings indicate that natural killer (NK) cells inhibit liver fibrosis by directly killing activated HSCs[83-86].
In cases of liver injury, NK cells induce apoptosis of
HSCs by IFN-γ. Moreover, IFN-γ not only inhibits HSC
activation directly but also amplifies NK cell cytotoxicity
against HSCs via upregulation of NKG2D (best defined
natural cytotoxicity receptor) and TRAIL expression on
NK cells[87-90]. It has been shown that HSCs in the early
stages of activation are more prone to be killed by NK
cells than quiescent or fully activated HSCs, because they
still produce retinoic acid that is important in the induction of NK cell-activating ligands (MICA in humans)[91].
Thus, activation of NK cells could be a novel, therapeutic target to treat liver fibrosis[91,92]. It should be noted that
another T cell subset, NKT cells, has diverse effects on
liver fibrosis depending on the stage of the disease[91-93].
Leukocytes recruited to the liver during injury produce compounds that modulate HSC behavior. Neutrophils are an important source of reactive oxygen species
(ROS) that also produce nitric oxide (NO), which may
counteract the effect of superoxide on collagen production[94,95].
Platelets that produce TGF-β1, PDGF and epidermal
growth factor (EGF) are also an important source of

Liver sinusoidal endothelial cells
In response to injury, sinusoidal endothelial cells contribute to HSC activation, owing to their capacity to produce
fibronectin, TGF-β1 and PDGF[67]. Conversely, recent
data indicate that restoration of liver sinusoidal endothelial cell differentiation may contribute to fibrosis regression by promoting HSC quiescence[68-70]. It has been
proposed that a loss of endothelial fenestration following
injury leads to changes in liver sinusoidal endothelial cell
differentiation and, consequently, HSC activation[3].
Kupffer cells
Kupffer cells and infiltrating monocytes express a
number of chemokine receptors that influence fibrosis
progression and resolution[71-74]. Indeed, different macrophage subsets have been described in experimental models; however, their molecular profile is incomplete and
additional studies are warranted[74-78]. To date, profibrogenic macrophages have been shown to have high Gr1
(Ly6c) expression and to activate HSCs[74,78]. Additionally,
another subset of monocytes (Gr1Io) is vital for fibrosis
regression[79,80].
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Figure 3 Hepatic myofibroblasts myofibroblasts have multiple functions during liver fibrogenesis. In the activated form, hepatic stellate cells show de novo
properties, including increased proliferation, fibrogenesis, contractility, chemotaxis, matrix degradation, retinoid loss and secretion of chemokines. Each of these
properties is controlled by the release of many cytokines acting in an autocrine and paracrine manner offering many potential sites for therapeutic intervention. MMP:
Matrix metalloproteinase; TIMP: Tissue inhibitor of matrix metalloproteinase; ADAMS2: A disintegrin and metalloproteinase 2; PDGF: Platelet derived growth factor;
VEGF: Vascular endothelial growth factor; TGF-α: Transforming growth factor-α; EGF: Epidermal growth factor; bFGF: Basic fibroblast growth factor; TGF-β1: Transforming growth factor-β1; CTGF/CCN2: Connective tissue growth factor; ET-1: Endothelin 1; NO: Nitric oxide; FXR: Farnesoid X receptor; PPARγ: Peroxisome proliferators activated nuclear receptorsγ; ADRP: Adipose differentiation related protein.

paracrine stimuli in HSC activation and fibrogenesis[96-98].

through the induction of oxidative stress, homologs of
NADPH oxidase (NOX) might contribute not only to
HSC activation but also to the activation of Kupffer cells
and macrophages[109]. More recently it has been shown
that the phagocytic NADPH oxidase NOX2 is expressed
in HSCs and its activation leads to the induction of fibrogenic cascades[110,111]. Angiotensin Ⅱ-mediated induction
of NOX1 was also described as profibrogenic[111,112]. In
a recent study, Jiang et al[113] demonstrated that NOX4
plays an important role in ROS production and HSC activation. They proposed that inhibition of NOX4 might
be a promising new strategy for translational trials in
liver fibrosis. The cytochrome P450 2E1 (CYP2E1) may
also contribute to activation of HSCs via the generation
of ROS. In the presence of cells that express CYP2E1
(E47 cells), the production of collagen by HSCs is increased[114,115]. Conversely, in the presence of antioxidants
or a CYP2E1 inhibitor the increase in collagen production is blocked, suggesting that the CYP2E1 derived ROS
are responsible for the increased collagen production[115].
Because ROS constitute a heterogeneous group of
species with widely varying chemical reactivity and biological properties, the blockade of oxidative stress as a
therapeutic target is still under investigation. Early results
demonstrated that the use of an antioxidant mitoquinone
might decrease liver inflammation possibly through the
induction of the antioxidant transcription factor Nrf2[116].

Molecular activation of HSCs
ROS: ROS that are generated through lipid peroxidation have the ability to activate HSCs and stimulate the
progression of fibrosis[99,100] They can originate from
hepatocytes, macrophages, cholangiocytes and inflammatory cells[99,100]. Moreover, ROS can also be produced by
HSCs in response to several fibrogenic mediators, such
as PDGF, TGF-β leptin and Angiotensin Ⅱ[101-104]. Although it has been suggested that the loss of antioxidant
capacity in activated HSCs amplifies the effects of lipid
peroxidation products, more recent studies have indicated
that activated HSCs have an increased ROS-detoxifying
capacity compared to quiescent HSCs[62,105-107]. It has also
been demonstrated that increased glutathione levels and
hydrogen peroxide detoxifying enzymes protect HSCs
from ROS-induced necrosis and apoptotic cell death,
respectively[107]. Because ROS can activate signal transduction pathways and transcription factors, including
JNK and NFκB, they also upregulate the expression of
fibrosis-associated genes, including COL1A1, COL1A2,
MCP1 and TIMP1 in HSCs[102-104]. At the cellular level,
ROS are generated via mitochondrial damage, mitochondrial transport chain or via activation of cytochrome
P450 (especially cytochrome P450 2E1), xanthine oxidase
and NADPH oxidase[108]. It has been demonstrated that,
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HSC activation and reduces collagen production[128-130].

In a more recent study, chloride channels that are involved in HSC activation by superoxide anion radicals
were proposed as a potential target for new anti-fibrotic
drugs[117].

microRNAs: Micro RNAs (mi-Rs) regulate posttranscriptional gene repression by decreasing target mRNA
levels. Many mi-Rs are expressed in HSCs and control
fibrosis progression[131] including mi-R29, mi-R19b and
miR 221/222, among others[132-134]. Based on gene array
analysis, mi-R29, which is a physiological inhibitor of
various ECM proteins, including collagens, is down regulated by TGF-β and LPS in cultured HSCs[132,133]. MiR19b is an inhibitor of TGF-β signaling and its expression
is decreased in patients with advanced fibrosis, while its
overexpression in HSCs blocks activation[132]. In contrast,
miR-221/222 is upregulated in human livers in parallel with progression of liver fibrosis. Its expression also
increases during HSC activation, and its contribution to
HSC proliferation has been proposed[134].

Toll-like receptors: Toll-like receptors (TLRs), receptors
for microbial products, are present in HSCs and Kupffer
cells, introducing a role of immunity in HSC activation
and hepatic fibrosis. In chronic liver diseases, increased
intestinal permeability results in an enhanced portal inflow of gut-derived microbial products, lipopolysaccharides (LPS), bacterial DNA, peptidoglycan and viral and
fungal components[118]. The impact of intestinal decontamination on liver fibrogenesis has been reported. Parallel to this data, mice with a knockout of TLR4 (the LPS
receptor), TLR2 and TLR9 were shown to be protected
from liver fibrosis[118]. The stimulation of HSCs by LPS
or bacterial products through TLR4, TLR9 and TLR2 has
been shown to induce a proinflammatory response[118,119].
The activation of HSCs in response to LPS and its receptor TLR4 may elicit a fibrogenic response by downregulating a transmembrane suppressor of TGF-β-1,
BAMBI[119-121]. By contrast, it has been indicated that in
addition to LPS (exogenous ligand) TLR4 signaling may
also be activated by endogenous ligands from cellular
compartments that are released and/or increased during
tissue injury, including high mobility group box 1 protein
(HMGB1)[122,123]. This chromatin-associated, highly conserved nuclear protein has been shown to be upregulated
during liver fibrosis. In vitro studies have demonstrated
that HMGB1 activates TLR4 signaling in HSCs to enhance their inflammatory phenotype, indicating that
TLR4 signaling need not rely solely on gut-derived LPS
for activation during liver injury[123]. HMGB1 also has a
synergistic effect with TGF-β1 to stimulate fibrogenic
protein expression, which is likely to be TLR4-dependent[123]. It has been suggested that inhibition of HMGB1
and TLR4 signaling activity may therefore be important
targets of antifibrotic therapy, warranting further investigation by in vitro and in vivo studies[122,123].

DNA methylation and histone modifications: DNA
methylation of genes expressed in quiescent HSCs contributes to the maintenance of the quiescent phenotype.
During activation, HSCs express DNA-methyl binding
proteins (MeCP2). These proteins promote the silencing
of antifibrogenic genes and increase the expression of
histone methyl transferases, leading to enhanced transcription of collagen, TIMP-1 and TGF-β[135-137].
It is noteworthy that epigenetic changes can also
modulate fibrosis susceptibility[136]. In a recent study, offspring from the progeny of male fibrotic rat ancestors
are found to be more resistant to liver fibrosis than their
counterparts with no previous history of fibrosis [137].
In experimental models, DNA methylation and histone
acetylation in the sperm of rats with fibrosis may also
take place in the resistance to the wound healing process,
leading to hypomethylation of the PPARγ gene, resulting
in elevated hepatic expression of this antifibrogenic transcription factor in adult offspring[137].

prolIferatIon of hscs
The most potent mitogen in HSCs is PDGF. Other
mitogens that stimulate HSC proliferation are VEGF,
thrombin and its receptors, EGF, TGFα and bFGF[3,104].
Downstream pathways in HSCs include PI3 kinase and
ERK/MAP kinase, among others[104,138]. PDGF signaling
at the cell membrane of HSCs can also be enhanced by a
co-receptor, neuropilin-1[139]. In addition to its mitogenic
effect, PDGF also stimulates Na+/H+ exchange, providing a potential site for therapeutic intervention by blocking ion transport[140]. Signaling pathways for these mitogens have been clearly identified in HSCs, offering many
potential sites for therapeutic intervention[141,142].

Gene regulations in activated HSCs
There are countless changes in gene transcription that
may take place after HSC activation. Among the many
target genes of transcription factors described in HSCs
include: Type 1 collagen, α-SMA, TGF-β-1, TGF-β receptors, MMP-2, TIMPs 1 and 2[124-126]. The transcription
factors that activate these downstream targets are Ets-1,
Mef2, CREB, Egr-1, Vitamin D receptor, Foxf1, JunD
and C/EBPβ[127].
HSCs also express many nuclear receptors, such as
the retinoid responsive RxR and RAR, the farnesoid
X receptor (FXR), the pregane X receptor (PXR) and
peroxisome proliferators-activated nuclear receptorsγ
(PPARγ)[128-130]. While RXR an FXP suppress collagen
production, PXR is activated by steroids and antibiotics,
dimerizes RXR to induce cytochrome p450 and thereby
induces fibrosis[128]. By contrast, PPARγ down-regulates
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CHEMOTAXIS OF HSCs
HSCs can migrate towards many chemokines, including VEGF, PDGF, MCP-1, CXCR4 and CXCR3[3]. For
example, CCR5 and its ligand RANTES stimulate the mi-
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gration of HSCs[143]. Hypoxia is another activator of HSC
migration. In hypoxic conditions the motility of HSCs is
not only induced by ROS but also by VEGF in an autocrine manner because prolonged hypoxia induces HSCs
to produce and secrete VEGF in an HIF-1α-dependent
manner[144].
The role of ECM in migratory behavior of HSCs has
been previously described. Additionally, cellular fibronectin containing an alternatively spliced domain A (EⅡA)
has been shown to induce motility of HSCs, supporting
the role of ECM in HSC behavior[145].
Interestingly, while adenosine blunts chemotaxis and
fixes cells at sites of injury via the loss of actin fibers,
enhanced adenosine signaling may also stimulate HSC
fibrogenesis[146,147]. Therefore, understanding the dual role
of adenosine will be important in the development of
antifibrotic agents. Recent epidemiologic studies demonstrated that caffeine exerts its protective effect by inhibiting adenosine signaling in HSCs[148,149].

ghrelin are the main adipokines that contribute to liver
injury[157-161]. Leptin is an adipogenic hormone that promotes HSC fibrogenesis and activates Kupffer cells, macrophages and endothelial cells to produce TGF-β1[162].
It modulates the HSC phenotype through the leptin
receptor (OB-R), which leads to stimulation of the Janus
kinase 2 (JAK 2) and signal transducer and activator of
transcription 3 (STAT 3) pathways[157]. Leptin also partially suppresses PPARγ, which can reverse HSC activation and maintain senescence[163]. Recently, it has been
demonstrated that leptin deficiency may reduce the activity of norepinephrine, thereby reducing fibrogenesis[164].
Reduced activity of norepinephrine leads to decreased
activity of NK cells and attenuates the release of profibrogenic cytokines and reduces ECM production[164].
Adiponectin, a counter-regulatory hormone of leptin,
inhibits hepatic fibrogenesis both in vivo and in vitro[160,162].
Ghrelin also appears to attenuate hepatocellular damage
and fibrosis in experimental studies[161].
Neurochemical and neurotrophic factors also contribute to the fibrogenic function of HSCs. Following liver
injury, activated HSCs express specific receptors (CB1
and CB2) that are components of the endocannabinoid
system that regulates the fibrogenic cascade[165-168]. Two
receptors exert opposing effects; while CB1 stimulation induces fibrogenesis, the stimulation of the CB2
receptor is anti-fibrotic and hepatoprotective[165-167]. The
overexpression of these receptors is observed both in
experimental models of liver fibrosis and in the livers
of patients with chronic liver disease[165,167]. Therefore,
efforts for therapeutic strategies are being directed to
either antagonize CB1 or agonize CB2. Non-brain penetrant CB1 antagonists have shown promising results in
experimental models[168]. Similarly, opioids that contribute
to fibrogenesis by stimulating HSCs can be antagonized
by naltrexone[169,170]. Serotonin and thyroid hormones are
also involved in fibrogenesis, with agonists or antagonists
for these mediators already in existence[41,171].

HSCs IN FIBROGENESIS
Production of the ECM, in particular collagen type Ⅰ,
is a major characteristic of HSCs. The expression of
collagen type Ⅰ in HSCs is regulated posttranscriptionally by multiple stimuli and pathways. Prominent among
these is TGF-β, the most profibrogenic cytokine in the
liver[150,151]. TGF-β is produced by Kupffer cells, liver sinusoidal endothelial cells, hepatocytes and HSCs and has
paracrine/autocrine effects on HSCs[150,151]. It has three
major isoforms: TGF-β1, TGF-β2 and TGF-β3. In addition to its role in the stimulation of collagen type Ⅰ,
TGF-β also stimulates the production of other matrix
components, including cellular fibronectin and proteoglycans[150,151]. Although none appears to be as potent as
TGF-β, a variety of other factors have profibrogenic
effects on HSCs, including retinoids and angiotensin Ⅱ
[103,152]
. TGF-β1 is stored as an inactivated protein and,
when activated, signals via its receptors to Smad proteins,
which enhance the transcription of target genes, such as
procollagens Ⅰ and Ⅲ[150,151]. The response of SMADs
in HSCs differs between acute and chronic injury to further favor matrix production[151]. Because TGF-β1 may
also contribute to liver homeostasis during regeneration,
therapeutic antagonization of TGF-β1 is challenging[153].
Connective tissue growth factor (CTGF/CCN2) is
a growth factor protein that is upregulated by hyperglycemia, hyperinsulinemia and alcohol-induced cellular injury[154,155]. While the stimulation of CTGF/CCN2 in hepatocytes is TGF-β dependent, this stimulation in HSCs
is independent of TGF-β, highlighting the fact that, in
exception to the general rule, cytokine signaling in HSCs
is not always autocrine[156].
Adipokines are polypeptides mainly secreted in adipose tissue and, to lesser extent, by stromal cells. In the
liver, they not only contribute to the hepatic manifestation of obesity but are increasingly recognized as key
mediators of liver fibrogenesis. Leptin, adiponectin and
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CONTRACTILITY OF HSCs
Activation of HSCs is accompanied by an increase
in expression of proteins characteristic of contractile
cells[172]. In the process of becoming contractile, HSCs
develop an increased expression of the cytoskeletal
protein α-smooth muscle actin (α-SMA)[172]. It has also
been reported that HSC contraction is mediated by both
Ca2+ dependent and Ca2+ independent mechanisms[173,174].
Contractility of HSCs has a multitude of effects in the
injured liver, including perisinusoidal constriction and
portal hypertension, leading to an increase in portal resistance during liver fibrosis[174]. Contractile HSCs impede
portal blood flow by constricting sinusoids and by contracting the cirrhotic liver[174-177]. This contractility is likely
associated with multiple different systems, including
endothelin-1. Endothelin-1 receptors are expressed in
both quiescent and activated HSCs[176]. Nuclear receptor
FXR antagonizes endothelin 1[176]. There is a shift in the
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predominant type of endothelin receptor and increased
sensitivity to endothelin-1 after activation of HSCs[178].
The effect of endothelin-1 may also be reversed by locally produced vasodilator substances; particularly, nitric
oxide (NO) may counteract the constrictive effects of
endothelin-1[179]. Similarly, carbon monoxide also mediates sinusoidal dilatation[179].

the capacity to interact with bacterial LPS because they
express TLRs[94,118,119].

PATHOGENESIS OF FIBROSIS
ASSOCIATED WITH VARIOUS
ETIOLOGIES
Alcoholic liver disease
The pathogenesis of liver fibrosis in alcoholic liver
disease (ALD) is complex and may be cell specific and
controlled through feedback mechanisms and cross-talk
between neighboring and distant cells. The development
of liver fibrosis in alcoholics has been linked to the oxidation of ethanol to the highly reactive compound acetaldehyde. After alcohol consumption, acetaldehyde stimulates type Ⅰ collagen synthesis and gene transcription
in cultured rat and human HSCs through the activation
of protein kinase C (PKC)[192]. Acetaldehyde was also
shown to increase NFκB (p65) and its binding to the
α2(I) collagen promoter as well as to enhance NFκB by
a mechanism dependent on H2O2 accumulation[90,193-195].
The activity of cytochrome P450 isoform 2E1 (CYP2E1)
is an important source of ROS in alcohol-induced injury. It has been reported that the inhibition of CYP2E1
activity prevented the induction of collagen Ⅰ gene expression in rat stellate cells overexpressing CYP2E1[196].
Oxidative stress also activates c-Jun N-terminal kinase
(JNK), a protein that regulates the secretion of proinflammatory cytokines in cultured HSCs[144]. The results
of a recent study indicated that butein inhibited ethanol- and acetaldehyde-induced activation of HSCs at
different levels, acting as an antioxidant and inhibitor of
ethanol-induced MAPK, TGF-β and NFκB/IκB transduction signaling; therefore, butein is a promising agent
for antifibrotic therapies[197].
Alcohol inhibits the anti-fibrogenic effects of NK
cells by stimulating TGF-β production by HSCs, inducing suppressors of cytokine signaling (SOCS-1) and ROS
in hepatocytes, thereby sustaining HSC activation and reducing HSC apoptosis[90,198]. Recently, it has been suggested that alcohol increases the binding of the early growth
response-1 (Egr-1) transcription factor to the TNF-α
promoter and enhances macrophage sensitivity to LPS
in the progression of liver injury to fibrosis[199]. Recent
discoveries have revealed that alcohol inhibits PPARα,
suppressing sterol-regulatory element binding protein-1
(SREBP-1), which is involved in fatty acid synthesis, leading to the activation of HSCs and ultimately fibrosis[90,200].
Other recently identified novel molecules and physiological/cell signaling pathways include hedgehog (Hh)
signaling, fibrinolysis and involvement of novel cytokines
such as osteopontin. Alcohol increases liver progenitor
cell accumulation by providing an increase of Hh and Hh
ligands in an autocrine manner[201]. Osteopontin (OPN),
which is secreted by several cell types in the presence of
alcohol, activates NFκB and activator protein 1 (AP-1) as
well as several other genes, including urokinase plasmino-

RETINOID LOSS OF HSCs
Retinoid is stored as retinyl esters in the form of perinuclear droplets in the cytoplasm of quiescent HSCs.
Activation of HSCs is accompanied by the loss of these
characteristic droplets. The form of retinoid released
outside the cell during activation is retinol, suggesting
that there is intracellular hydrolysis of esters prior to
export[127]. Several nuclear retinoid receptors have been
identified in HSCs. Lecithin retinol acetyl transferase
(LRAT) catalyzes the esterification of retinol into retinyl
ester in liver[180]. In liver injury models, LRAT-deficient
animals exhibit increased fibrogenesis in the liver[181]. In
contrast, treatment with retinoid acid decrease activation
of HSCs by inhibiting TGF-β[182].
PPARs regulate glucose and lipid metabolism[129]. Their
expression decreases with the activation of HSCs[128,130]. In
contrast, forced expression of PPARγ in activated HSCs
inhibits collagen expression, blocks TGF-β1 signaling and
increases cytoplasmic lipid droplets[129].
Adipose differentiation related protein (ADRP), an
intracellular lipid storage protein, is present in quiescent
HSCs and its expression is reduced during HSC activation. ADRP is induced by retinoid exposure, suggesting
that ADRP may have a regulatory role between lipid content and cellular activation through an unknown mechanism[183,184].
Because energy homeostasis is maintained through
autophagic digestion of lipid droplets in many cells, it
has been hypothesized that autophagy drives HSC activation by digesting lipid droplets, thereby providing energy
required for the activation process[185,186]. Recent studies
have demonstrated that inhibition of autophagy downregulates the fibrogenic properties of HSCs, revealing
HSC autophagy as a therapeutic target[185-187].

HSCs IN INFLAMMATION AND WBC
CHEMOATTRACTION
HSCs may produce chemokines that amplify inflammatory responses by inducing migration of inflammatory
cells[141,188]. Additionally, cell surface expression of chemokines by HSCs promotes ICAM-1- and VCAM-1dependent adhesion and migration of lymphocytes[189].
Therefore, some of these chemokines are attractive
therapeutic targets[188]. The interaction of HSCs with immune cells (especially with T cells) promotes or inhibits
their maturation[190]. The results from a recent proteomics
analysis supports the immunosuppressive role of activated HSCs[191]. It has been suggested that HSCs also have

WJG|www.wjgnet.com

7267

June 21, 2014|Volume 20|Issue 23|

Elpek GO. Pathogenesis of liver fibrosis

gen activator (uPA), MMPs and TGF-β[202,203]. Moreover,
the profibrogenic plasminogen activator inhibitor (PAI-1)
was increased in liver cells after alcohol consumption,
leading to the inhibition of uPA, plasmin and fibrinolysis,
thereby tipping the balance in favor of fibrosis[204].

more recent experimental study LXR ligands were found
to suppress the activation of HSCs and the expression of
fibrosis related genes[216].
Chronic viral hepatitis
During liver fibrogenesis, hepatotrophic viruses can
induce HSC activation through several mechanisms. Immune cell types, especially NK cells, are engaged in the
hepatitis B virus (HBV)-related acceleration of fibrosis[217]. It has been demonstrated that hepatitis B virus X
protein (HBx) expression in hepatocytes leads to paracrine activation and proliferation of HSCs[218]. Moreover,
in patients with chronic HBV, superinfection of hepatitis
delta virus (HDV) accelerates the progression of fibrosis.
The large isoform of hepatitis delta antigen (LHDAg)
can induce liver fibrosis through the regulation of TGFβ-mediated signal transduction. LHDAg synergistically
activates HBx protein-mediated TGF-β and AP-1 signaling, enhancing the level of TGF-β-induced PAI-1[219].
It has been found that the biology of activated HSCs
is modulated by hepatitis C virus (HCV)-derived proteins
in a profibrogenic manner[220]. Recent findings indicate
that both oxidative stress and mitochondrial dysfunction
are related to HCV pathogenesis. The blockade of oxidative stress as a therapeutic target in patients with HCV
hepatitis remains under investigation[221,222]. Recent studies have indicated that hepatic iron accumulation is also
correlated with histologic disease severity and with HSC
numbers in patients with HCV infection, supporting the
assumption that hepatic iron concentration may also influence fibrogenesis[223]. Huang et al[224] demonstrated that
specific single nucleotide polymorphisms of TLR4 are
related to the rate of progression of fibrosis in patients
with HCV hepatitis. It has been suggested that this finding presents a link between a genetic marker and disease
pathogenesis.
Although a correlation between HCV viral load and
the progression of fibrosis has not been demonstrated
in HCV hepatitis, HIV RNA levels predict the fibrogenic
progression of chronic hepatitis in HCV/HIV-co-infected individuals[225,226]. In contrast, patients infected with
HIV alone do not show significant liver fibrosis, indicating that HIV infection is not profibrogenic per se but
rather accelerates the fibrogenic process in the presence
of hepatic damage induced by hepatotropic viruses[225-227].
A recent, elegant study by Bruno et al[228] demonstrated
that HIV gp120 modulates HSC behavior, including directional cell movement and expression of proinflammatory cytokines. They concluded that these results identify
a direct pathway that most likely links HIV infection with
liver fibrosis via envelope proteins, presenting new prospective strategies for the management of liver diseases
in HCV/HIV-co-infected patients.

Non-alcoholic fatty liver diseases and non-alcoholic
steatohepatitis
Although the role of HSC activation in non-alcoholic
fatty liver disease (NAFLD) has not been completely
clarified, several studies have reported increased HSC
activation in non-alcoholic steatohepatitis (NASH)[205].
Although the TGF-β signaling pathway plays a major
role in the activation of HSCs in liver fibrosis, many
other signaling pathways are implicated in liver fibrosis in
NAFLD, including the hedgehog (Hh), PI3K/AKT and
JAK/STAT signaling pathways[206].
Several studies have demonstrated that insulin resistance is associated with advanced stages of fibrosis in
NAFLD[206,207]. Because insulin promotes HSC activation
and insulin sensitizers can attenuate hepatic fibrosis in
NASH, it has been suggested that insulin resistance plays
an important role in NASH-related fibrogenesis[208,209].
It is understood that oxidative stress induces the activation of HSCs in NASH[108]. The role of oxidative stress
in fibrogenesis is supported by the finding that antioxidants, such as vitamin E and astaxanthin, can decrease
NASH-related fibrogenesis[210].
Recently reported data also indicate that adipokines
affect not only lipid metabolism but also inflammatory
and fibrotic processes in NAFLD[157] (the adipokines
are described in more detail in the section “HSCs in fibrogenesis”). Recent data related to the newly described
adipokines visfatin, chemerin and vaspin in NASH
fibrogenesis is limited, warranting further studies to better understand their importance in the pathogenesis of
NASH[211,212].
It has been hypothesized that various factors might
contribute to the development of liver fibrosis in NAFLD,
including LPS-derived from gut bacteria. Because LPS
presents its effects by binding TLRs and because a recent
finding in a murine NAFLD model demonstrated that
TLR9 knockout mice demonstrate less steatohepatitis
and liver fibrosis than controls, a role for TLRs in the
progression of fibrosis of NASH have been proposed[213].
Recently, it has also been suggested that NK cells may
play a pivotal role in NAFLD-related liver fibrogenesis.
Although the population of hepatic NK cells in NAFLD
patients is controversial, it has been shown that activation
of the Hh pathway lead to hepatic accumulation of NK
cells, resulting in progression of liver fibrosis in NASH[214].
In experimental studies as well as studies in patients
with NASH, PPARγ agonists and especially pioglitazone
have been shown to diminish liver fibrosis[209,215]. These
data support the key role of PPARs in fibrosis in NASH.
Among the other nuclear receptor family, liver X receptors (LXRs) play important roles in the regulation of cholesterol absorption, efflux, transport and excretion. In a
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CONCLUSION
In conclusion, there have been considerable advances in
the understanding of the mechanisms that underlie he-
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patic fibrogenesis. A critical event in liver fibrogenesis is
that the ECM is a dynamic structure, and even advanced
fibrosis may be reversible. Multiple interactions between
the ECM, HSCs, endothelial cells and immune cells have
been identified. The central event in fibrogenesis appears
to be the activation of HSCs, which is a complex process,
leading to multiple potential sites for therapeutic interventions. Although specific, effective and safe antifibrotic
therapies are not currently available for the identification
of potential new therapeutic agents, once available, they
will mediate the progression of hepatic fibrogenesis.
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Core tip: Gallstones often occur in patients with liver
cirrhosis. Their prevalence increases with age and with
disease severity. In most cases, stones are of pigment type; in about 15% of cases, they are cholesterol
stones. This review presents new data on pathogenesis
and risk factors for gallstones in patients with liver cirrhosis. An evidence-based approach to gallstones in
these patients is described. Patients with liver cirrhosis
and asymptomatic gallstones should be followed-up
closely and offered laparoscopic cholecystectomy once
symptoms develop. In patients with advanced liver disease, noninvasive or mini-invasive procedures should
be used to treat the complications of gallstones.

Abstract
Gallstones occur in about one third of the patients
having liver cirrhosis. Pigment gallstones are the most
frequent type, while cholesterol stones represent about
15% of all stones in cirrhotics. Increased secretion of
unconjugated bilirubin, increased hydrolysis of conjugated bilirubin in the bile, reduced secretion of bile acids and phospholipds in bile favor pigment lithogenesis
in cirrhotics. Gallbladder hypomotility also contributes
to lithogenesis. The most recent data regarding risk
factors for gallstones are presented. Gallstone prevalence increases with age, with a ratio male/female higher than in the general population. Chronic alcoholism,
viral C cirrhosis, and non-alcoholic fatty liver disease
are the underlying liver diseases most often associated
with gallstones. Gallstones are often asymptomatic,
and discovered incidentally. If asymptomatic, expectant
management is recommended, as for asymptomatic
gallstones in the general population. However, a closer
follow-up of these patients is necessary in order to earlier treat symptoms or complications. For symptomatic
stones, laparoscopic cholecystectomy has become the
therapy of choice. Child-Pugh class and MELD score are
the best predictors of outcome after cholecystectomy.
Patients with severe liver disease are at highest surgical
risk, therefore gallstone complications should be treat-
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INTRODUCTION
Gallstone disease (GD) is a common disease in many
parts of the world: gallstones are present in 10%-15%
of the population in developed countries. There are two
main types of gallstones with regard to the chemical
composition: cholesterol and pigment type. Cholesterol
gallstones represent the major type of gallstones in developed countries. In many cases, gallstones are mixed,
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with the predominance of one or the other component.
Pigment gallstones might be black stones (metabolic), in
patients with hemolytic conditions, or brown stones (infectious), in patients with biliary infections/infestations.
Liver cirrhosis develops as the end-stage of chronic
liver diseases. It is a quite common disease, with a rising
prevalence in Western countries[1,2]. This is due to the
growing epidemics of obesity and metabolic syndrome,
having fatty liver as hepatic expression, and also to the
fact that the spread of hepatitis C virus (HCV) infection
in the United States and Europe occurred after the 1970s
and a long duration of infection is necessary for cirrhosis
to develop.
Among the many liver disorders that can lead to cirrhosis, some progress rapidly (years) and others more
slowly (decades). Gallstones usually develop after a longer duration of cirrhosis. Gallstone prevalence in patients
with liver cirrhosis ranges between 25% and 30%, being
at least twice that in the general population.
In this paper we have reviewed the current literature
in order to present the mechanisms responsible for the
development of GD in patients with liver cirrhosis, as
well as the clinical and therapeutical aspects of gallstones
formed in this setting.

The major abnormalities leading to gallstone formation are the changes in bile composition (supersaturation
of the bile in calcium bilirubinate for pigment stones,
or supersaturation in cholesterol for cholesterol stones),
enhanced crystal nucleation in the presence of mucin and
its congeners, and gallbladder hypomotility (stasis) that
allows crystals to grow into gallstones.
Changes in bile composition
Pathogenesis of black pigment stones: Pigment gallstones invariably contain a mucin glycoprotein matrix
(“scaffolding”)[26]. Black pigment stones develop in the
sterile bile supersaturated in calcium bilirubinate. Supersaturation occurs in the presence of an increased concentration of unconjugated bilirubin or of an increased
concentration of free ionized Ca2+ in the bile[27-30]. The
unconjugated bilirubin fraction represents in physiological conditions less than 1% of the total amount of
bilirubin in bile. It increases significantly in case of: (1)
increased excretion of unconjugated bilirubin due to defective conjugation or hemolysis; (2) increased hydrolysis
of conjugated bilirubin in bile due to enhanced betaglucuronidase activity; (3) defective acidification of the
bile due to mucin hypersecretion, resulting in increased
ionization of unconjugated bilirubin and precipitation of
Ca2+; (4) decreased solubilization of bilirubinate anions
in the presence of reduced bile salt concentration; and (5)
induced enterohepatic cycling of unconjugated bilirubin.
Increased hemolysis and/or hydrolysis of conjugated
bilirubin in bile lead to a shift in the ratio of bilirubin
conjugates in the bile of cirrhotic patients in favour
of bilirubin monoconjugates, especially monoglucuronides[24]. Bilirubin monoglucuronide is more easily deconjugated in bile by the β-glucuronidase secreted by hepatic
parenchymal[31] or biliary epithelial cells, or is deconjugated through non-enzymatic hydrolysis.
Most mechanisms involved in pigment lithogenesis
are also present in liver cirrhosis. A higher prevalence
of hypersplenism and hemolysis was found in cirrhotics with gallstones than in those without gallstones[10,25].
Hemolysis could be promoted in advanced liver disease
by hypersplenism, Kupffer cell destruction and altered
membrane lipid composition.
The very low bile salt/unconjugated bilirubin molar
ratio found in cirrhotic patients as compared to controls
is an independent physico-chemical factor predisposing
to pigment gallstone formation[24]. The reduction of the
global bile acid pool size in cirrhotic patients is due to the
impaired bile acid synthesis in the liver. Solubilization of
the unconjugated bilirubin in bile, which is dependent on
its interaction with bile salts, is reduced in liver cirrhosis. Vlahcevic et al[32] found a decreased cholic acid, but
relatively preserved chenodeoxycholic acid synthesis in
cirrhotic patients. They explained the fact that cirrhotic
patients form rather pigment than cholesterol stones by
demonstrating a reduced secretion of phospholipids and
especially of cholesterol in their bile[33].
The decreased biliary secretion of phosphatidylcho-

PREVALENCE AND INCIDENCE
The first data indicating a higher prevalence of gallstones
in cirrhotics were derived from necroptic studies[3-7].
Prospective ultrasound studies have later confirmed the
higher prevalence[8-13] and incidence[9,14-17] of gallstones in
cirrhotic patients. The global cumulative incidence of gallstones was first evaluated in 72 patients followed-up for a
mean of 2 years: 12 patients (16.6%) developed gallstones.
The cumulative incidence was 5.5 cases/100 cirrhotics/
year, and it was higher in advanced (decompensated) cirrhosis, irrespective of etiology[15]. Conte et al[17] followedup 618 cirrhotic patients for almost 4 years, and found
that 141 (22.8%) developed gallstones in this period, with
an estimated cumulative probability of 6.5%, 18.6%,
28.2%, and 40.9% at 2, 4, 6, and 8 years, respectively. The
multivariate analysis confirmed that advanced cirrhosis
(Child class B and C) was associated with a greater risk for
gallstones in these patients.
Although a number of risk factors for lithogenesis in
liver cirrhosis have been identified, there are still aspects
insufficiently elucidated. This is why cohort and casecontrol studies continue to be published[16,18-22], trying
to better define the risk factors and the pathogenesis of
gallstones in the cirrhotic patients.

Gallstone pathogenesis
In most patients with liver cirrhosis, gallstones are of
black pigment type[21,23-25]. Liver cirrhosis is considered as
the major risk factor for pigment lithogenesis in adults.
Only a small proportion of cirrhotic patients harbour
cholesterol stones.
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line and cholesterol diminishes the detergent effect on
membranes of the bile salts, potentially leading to bile
salt-induced injury of the gallbladder mucosa. This favors
pigment lithogenesis not only by production of mucosal
β-glucuronidase from the biliary epithelial cells, but also
by mucin glycoprotein hypersecretion and possibly by reactive oxygen species (ROS) production[34].
An induced enterohepatic cycling of unconjugated
bilirubin, favored by alcohol abuse and low-protein diets[35] might contribute to gallstone formation in liver
cirrhosis.

earlier studies revealed a normal gallbladder emptying in
patients with liver cirrhosis[43,44], but later most ultrasonographic[45-49] and scintigraphic[50] studies documented the
reduced gallbladder contractility in these patients. The
contradictory findings were mainly due to the different
test meals used in these studies for evaluating gallbladder
emptying.
Changes in the neurohormonal control of gallbladder
motility and the structural changes of the gallbladder wall
(edema caused by hypoalbuminemia and venous congestion in the context of portal hypertension) might account
for the impaired gallbladder emptying in cirrhotics.
The level of circulating CCK is higher in cirrhotic
patients than in controls[44,51,52]. This was explained by
the impaired hepatic degradation in cirrhosis, as CCK-8
is normally metabolized on its first passage through the
liver[53]. In spite of the higher levels of circulating CCK,
gallbladder motility is diminished in liver cirrhosis, possibly due to a higher resistance of the gallbladder at the receptor site. Increased plasma concentrations of intestinal
peptide hormones that have an inhibitory influence on
gallbladder smooth muscle, such as VIP, somatostatin[54],
glucagon[55] and pancreatic polypeptide were also detected
in liver cirrhosis, as a consequence of their impaired degradation in the liver. The increased levels of relaxing peptides might explain the earlier cessation of the humoral
stimulation of gallbladder emptying in cirrhotics: refilling
of the gallbladder is more important and starts before
complete emptying of the stomach in cirrhotics as compared to controls[45].
Hypocontractility of the gallbladder in patients with
liver cirrhosis is proportional with the severity of liver
disease, and is more important in cirrhotics with gallstones than in those without gallstones[56]. This suggests
that gallbladder stasis might be a contributor to gallstone
formation in the advanced stages of cirrhosis.

Pathogenesis of cholesterol stones in liver cirrhosis: Cholesterol gallstones occur more rarely in cirrhotic
patients. Coelho et al[21] in their study on 369 transplant
recipients with liver cirrhosis and gallstones observed
on direct examination of the explanted livers that 318
patients (86.2%) had pigment stones, and 51 patients
(13.8%) had cholesterol stones. The type of gallstones
was not evaluated in relation to the etiology of liver cirrhosis. Viral C infection was in 132 patients (33% of the
transplanted patients) the cause of liver cirrhosis[21].
Cholesterol gallstones occur in liver cirrhosis mainly
in patients with viral C and non-alcoholic fatty liver disease (NAFLD) cirrhosis, and are due to the cholesterol
supersaturated bile. Chronic HCV infection seems to be
a risk factor for GD in patients with liver cirrhosis: gallstones are more frequent in patients with viral C as compared with viral B or alcoholic cirrhosis[20,36]. An increased
incidence of gallstones in subjects with chronic HCV
infection was found not only in cirrhosis, but also in the
stage of chronic viral C hepatitis[37].
Non-alcoholic fatty liver diseases is associated with an
increased prevalence of gallstones[38-40] due to obesity and
increased insulin resistance. The risk of GD increases
with the severity of liver disease; the highest prevalence
of gallstones was found in the more advanced stages of
fibrosis (cirrhosis) in NAFLD patients[39].

Risk factors for lithogenesis

Enhanced nucleation in bile
Both cholesterol and pigment stones form on a matrix of
mixed mucin glycoproteins secreted by the epithelial cells
lining the biliary tree. Mucin hypersecretion, favored by
gallbladder wall inflammation, accounts for the enhanced
nucleation in cirrhotic patients.
Advanced liver disease is associated with a reduced
apolipoprotein (apo) A1 and apoAII secretion in alcoholic patients with liver disease[41,42] and also in cirrhosis
of other etiology. This might contribute to the enhanced
crystal nucleation in cirrhotics’ bile, as apo A-I and A-II
act as antinucleating factors.

Age and gender
Diehl et al[25], in a clinical study on 551 patients undergoing cholecystectomy, found that patients with pigment
stones were older than those with cholesterol stones:
most subjects older than 70 years had pigment stones (p
< 0.00001), and cirrhosis was strongly associated with
pigment gallstones. Other studies also found that gallstone prevalence increased with age in cirrhotics[5,10,17,20].
Advanced age was shown to represent also an independent risk factor for gallstone symptom development in
patients with liver cirrhosis[57].
Necroptic studies, as well as clinical and ultrasound
surveys resulted in contradictory data regarding the gender influence on gallstone formation in cirrhosis. Some
studies indicated a higher prevalence in men[3,4,12-14,19], up
to a 1/1 female/male ratio. The increased estrogen level
in cirrhotic males was suggested to favor gallstone formation[12], but no correlation between presence of clinical
signs of hyperestrogenemia in men and the incidence of

Gallbladder hypomotility
Unlike its contribution to the formation of cholesterol
gallstones, the role of gallbladder hypomotility in pigment lithogenesis has longtime been controversial. However, larger fasting gallbladder volumes in patients with
liver cirrhosis have been unanimously found[43-45]. Some
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gallstones could be demonstrated[3]. In other studies, the
female/male ratio was comparable with that of gallstone
carriers in the general population[9,10,57]. Even if the prevalence in these studies was higher in cirrhotic females, gallstones were considerably more frequent in the cirrhotic
males when compared with control males. Regarding
development of symptoms, males seem to have a lower
risk (OR = 0.20, p = 0.0049) than female patients with
cirrhosis[57].

positive family history of GD increases the risk of developing symptoms in cirrhotic gallstone carriers[57].
Etiology of liver cirrhosis
All prevalence studies agree that the lithogenetic risk
in patients with liver cirrhosis is related to the cirrhotic
change of the liver, which develops as the end stage of
chronic liver diseases of any etiology. However, for some
liver diseases, the lithogenetic risk was demonstrated to
be higher.

Family history of GD
GD is a complex disease, resulting from the interaction
between environmental factors and numerous genetic
influences. The familial aggregation of gallstones supporting the genetic influence on gallstone formation has
been known since decades. A large family study, comprising 358 families with 1038 subjects having symptomatic
gallstones, suggested that the genetic factors account for
at least 30% of the etiology of symptomatic GD[58].
The first human susceptibility genes for cholesterol
gallstone formation were recently identified. A genomewide association study (GWAS) detected a highly significant association of GD with the DH19 polymorphism
in the ABCG8 gene, the gene controlling the cholesterol
transporter in the bile[59]. This variant of the ABCG8
gene was found to be associated with GD in a linkage
and association study in siblings with gallstones[60], and
it was later confirmed in many populations. An update
inventory of human gallstone genes can be found in two
recent reviews[61,62].
The Gilbert syndrome variant rs6742078 in the promoter of the UGT1A1 gene, the gene encoding uridine
5'-diphosphate (UDP)-glucuronyltransferase 1A1 (UGT1A1), that is responsible for bilirubin conjugation, was
identified as a candidate gene for GD in a genome-wide
association study of Sardinian subjects having increased
serum bilirubin levels[63]. This variant promotes formation of pigment gallstones. It was confirmed as a candidate gene for pigment stones in German and Chilean
patients[64], especially in men, and was shown to increase
the risk not only for pigment gallstones, but for all types
of gallstones. The association of the variant of UGT1A1
not only with the stone bilirubin content but also with
the global risk for gallstones confirms the presence of
common factors in the pathogenesis of cholesterol and
pigment gallstones[64]. An increased gallstone risk was
later found in Swedish twins carriers of this variant[65],
supporting also the nucleation in the bilirubin supersaturated bile as an initial step in cholelithogenesis. Buch et
al[64] calculated that the population-attributable fraction
of the common ABCG8 and UGT1A1 variants in men
was 21.2%. If estimated for all European gallstone carriers, this fraction was between 15% and 20%[62].
It would be of interest to evaluate the presence of
these variants in patients with liver cirrhosis and gallstones. A genetic susceptibility might represent an independent risk factor for the occurrence of gallstones in
cirrhotic patients. It has been already demonstrated that a
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Chronic alcoholism: Friedman et al[66] did not find an
association between chronic alcoholism and lithogenesis.
Trotman and Soloway[67] observed that a history of alcoholism in cholecystectomized patients did not influence
gallstone type, cholesterol or pigment. Some clinical studies found a protective effect of alcohol in moderate consumers (39 g/d), suggesting a reduced bile lithogenicity as
responsible for this effect[68]. Other studies noted an association between pigment stones and chronic alcoholism
without cirrhosis[69], which was explained by the direct
effect of chronic alcohol consumption on the liver, bile
and red blood cells (macrocytosis) leading to an increased
proportion and decreased solubilization of unconjugated
bilirubin in the bile. Alcohol consumption was shown in
one study to reduce the risk of symptoms in noncirrhotic
women with gallstones[70]. In summary, epidemiological
studies have been contradictory regarding the protective/favoring effect of alcohol for gallstone formation in
patients without liver cirrhosis.
But all studies agree that alcohol-related liver cirrhosis
is associated with an increased prevalence of gallstones.
And previous alcohol abuse was found to be an independent risk factor for gallstone formation in a prospective
follow-up of cirrhotic patients of all etiologies[16]. Regarding the risk for gallstone symptoms, this is significantly
lower in patients with alcoholic versus viral cirrhosis (OR
= 0.23, p = 0.0116)[57].
Chronic HCV infection: HCV infection represents a
major cause of liver cirrhosis in the developed countries,
where its prevalence is rising[1]. Some prospective[71] and
retrospective[19,72] studies evidenced a higher gallstone risk
in patients with chronic HCV infection in the stage of
liver cirrhosis. A study derived from a populational survey in the United States (NHANES Ⅲ) found that antiHCV positive men had a higher prevalence of gallstones
than the HCV-negative, and that gallstone prevalence was
higher in those with severe disease[35]. Stroffolini et al[20]
noted a significantly higher prevalence of GD in viral C
versus viral B or alcohol-related cirrhosis.
A study performed on 453 patients with chronic
HCV-infection (cirrhotics excluded) demonstrated that
HCV infection represented an independent risk factor for
gallstone formation[37]. Prevalence of GD was higher in
patients than in controls, gallstones occurred at a younger
age and central obesity and fatty liver (steatosis) were
the significant risk factors for their occurrence. A causal
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link between chronic HCV infection and GD was thus
proved, at least for the subgroup of obese subjects with
liver steatosis.
The increased insulin resistance, commonly present
in obese subjects and in those with fatty liver disease,
could represent the link between chronic HCV infection
and cholesterol GD. Increased insulin resistance favors
cholesterol lithogenesis via increased biliary saturation in
cholesterol. Although gallstone composition has not been
evaluated in these patients, one can presume that cholesterol stones are the prevalent type in patients with viral C
liver disease.

gallstone prevalence significantly correlated with the severity of liver fibrosis[39].

Clinical Aspects
Asymptomatic (silent) stones
In most patients, gallstones remain asymptomatic (silent) during the entire life. Gallstones are asymptomatic
even if accompanied by dyspeptic symptoms, provided
biliary pain is absent. They are often discovered incidentally at abdominal ultrasonography performed for
various indications. Epidemiological studies suggest that
about 70%-80% of gallstones in the general population
are/remain asymptomatic and about 20% will eventually
develop symptoms and complications within 5 and 20
years after diagnosis[74,75]. However, a recent large epidemiological study[76] found that in the general population,
a significant proportion of cholecystectomies (41.3%) are
still performed in asymptomatic patients.
In patients with liver cirrhosis, gallstones are also usually asymptomatic and have more chances to be detected
at the periodical check-ups of liver disease by ultrasonography. A higher percentage of cholecystectomies used to
be found in cirrhotic patients than in the normal population in the same area[8,18]. In his retrospective study, Maggi
et al[18] found that only 62% of the cholecystectomized
cirrhotics had a history of biliary pain. This could be due
either to the detection of unknown latent cirrhosis during cholecystectomy, or because cholecystectomy is more
readily recommended in case of altered liver function
tests in these patients, presumed erroneously to indicate
symptomatic or complicated lithiasis.
The risk of developing symptoms and complications
is also low for patients with liver cirrhosis, but it was
evaluated only in a few studies.

NAFLD: NAFLD is characterized by the fat accumulation in the liver in the absence of alcohol abuse and
includes a large spectrum of liver changes, from simple
fatty liver to non-alcoholic steatohepatitis (NASH) and
liver cirrhosis. Cholesterol GD and NAFLD share many
common risk factors, such as insulin resistance, type 2
diabetes mellitus, central obesity, hypertriglyceridemia
and metabolic syndrome. These common factors account for the higher prevalence of cholesterol GD in
patients with NAFLD[38-40]. Given this frequent association, it was even suggested that routine liver biopsy for
diagnosing and staging NAFLD might be justified during cholecystectomy[73].
A recent study by Fracanzani et al[39] showed a progressive increase of gallstone prevalence with the severity of fibrosis in NAFLD (p for trend = 0.0001): from
a gallstone prevalence of 15% in fibrosis stages 0-2, to
29% in stage 3 and 56% in stage 4 (cirrhosis). Female
gender, prediabetes/diabetes, central obesity, older age
and metabolic syndrome were significantly more frequent
in NAFLD patients with gallstones than in NAFLD patients without gallstones.
Obesity and type 2 diabetes mellitus
Abdominal (central) obesity, type 2 diabetes mellitus
and hypertriglyceridemia are risk factors for cholesterol
gallstones in the general population, and have also been
found to be independent risk factors for GD in patients
with liver cirrhosis[13,17,22]. Increased insulin resistance
represents the link between these disorders, being also
responsible for NAFLD development. The increased
gallstone risk in cirrhotics with obesity and type 2 diabetes mellitus might thus mainly refer to patients with
NAFLD-induced liver cirrhosis, but to date, no study has
evaluated this aspect.

Symptomatic stones
Gallstones are symptomatic when pain occurs: pain is
either colicky or continuous, steady. The simplest definition of biliary pain is that of pain located in the right hypocondrium or epigastrium, which irradiates to the back,
occurs (usually, but not always) postprandially, is intense
and lasts more than 15-30 min.
In the era before the introduction of laparoscopic
cholecystectomy (LC), a small study found that out of 64
patients hospitalized with the diagnosis of liver cirrhosis
and having gallstones, 14 (22%) developed biliary complications necessitating cholecystectomy[77]. Fifty patients
(78%) remained asymptomatic at a 2-year follow-up. It
was concluded that complications of gallstones do not
occur more frequently than in gallstone carriers in the
general population. In those patients with asymptomatic
gallstones who were later submitted to elective surgical
treatment for porto-systemic shunt, morbidity and mortality of the associated cholecystectomy did not differ
from the rates observed in a group of 170 patients who
underwent only portal surgery during the same period.
But if complications occurred, emergency operation car-

Duration/severity of liver disease
The main determinant for gallstone formation in patients
with cirrhosis of the liver appears to be the severity of
liver disease. Advanced liver cirrhosis indicates a long
duration of the disease. Most authors have shown that
prevalence of gallstones was higher in the advanced stages of the disease: in decompensated versus compensated,
or in Child C vs Child A patients, respectively[4,9,11,12,14,15].
This was confirmed in patients with NAFLD, in whom
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ried a higher risk in cirrhotic patients. According to this
study, the proportion of symptomatic versus asymptomatic gallstones seems to be similar in cirrhotic patients
with that in the general population.
In a case-control study of 140 patients with liver
cirrhosis and gallstones, both symptomatic and asymptomatic, the univariate analysis showed that advanced
age, female gender, positive family history of gallstones,
viral etiology of cirrhosis and duration of cirrhosis were
significantly associated with the symptomatic stones[57].
In the multivariate analysis, only family history of gallstones and advanced age were independent risk factors
for symptom development. Male gender and alcoholic
etiology of cirrhosis negatively correlated with symptom
presence, suggesting their protective effect on symptom
development.
Recognizing the risk factors for symptoms is a very
important issue for the medical decision. Once symptoms appear, patients are at risk for pain recurrence and
complications. When symptoms do occur, morbidity and
mortality are higher than in noncirrhotic patients. Early
cholecystectomy in patients with surgical risk, as soon
as the first symptoms occur, could avoid emergency surgery for complications in a more advance stage of liver
disease.

surgery for another indication is controversial. Concomitant cholecystectomy might be a reasonable option
for patients with well compensated cirrhosis undergoing elective abdominal surgery for other conditions[77].
However, in a small study on 34 patients with liver cirrhosis, all patients, even those in Child A or B class, who
underwent additional cholecystectomy during the nonshunting operation for esophageal varices required blood
transfusion[79].
Laparoscopic or open conventional cholecystectomy
Before the introduction of laparoscopic cholecystectomy
(LC), the postoperative mortality in patients with cirrhosis undergoing conventional open cholecystectomy
(OC) was between 7.5% and 25.5%[77,80-82]. As expected,
patients with the most severe liver disease were at the
highest risk. And although at the beginning of the 1990s
it was already documented that LC had important advantages over OC when considering hospital stay and morbidity of gallstone patients, a consensus statement on LC
in 1992 stipulated that patients with end-stage cirrhosis
of the liver and with portal hypertension were not candidates for LC.
One year later, a first study was published regarding
the outcome of LC in cirrhotic patients[83]. Lacy et al[84] reported a 9% conversion rate, no morbidity and an average
hospital stay of patients of less than 2 d. Case series, casecontrol studies[85] and meta-analyses[86-90] were thereafter
published. The first meta-analysis published in 2003 by
Puggioni et al[86] showed that LC offered the advantages
of less blood loss, shorter operative time, and shorter
length of hospitalization in patients with cirrhosis. Further meta-analyses and randomized controlled trials
(RCTs) confirmed that shorter operative time, reduced
hospital stay, rapid recovery, reduced complications
rate[86,89,90] and earlier resumption of a normal diet[90] were
the most important advantages of LC in patients appropriately selected. The Child-Pugh classes and especially
the MELD score were established as the best predictors
of a better outcome after LC[88,91].
Patients with advanced cirrhosis (Child-Pugh class C)
remain at significantly higher risk of complications and
mortality for cholecystectomy. Progress in the surgical
equipment, better therapy for liver failure, and multiplication of surgical options, including laparoscopic cholecystostomy and percutaneous transhepatic cholecystostomy
have increased the safety of the intervention also for
these patients. A recent systematic review and meta-analysis comparing LC and OC, which included all published
RCTs and a total of 2005 cirrhotic patients undergoing
cholecystectomy, showed that the mortality rates reported
for both LC and OC were “substantially lower than those
reported for OC in the 1980s”[89], acknowledging the
progress in the management of these patients in the last
two decades. Laparoscopic cholecystectomy per se did
not entirely account for the lower mortality in cirrhotics.
A rigorous selection of patients for surgery, based on
imaging techniques with higher diagnostic accuracy and

Treatment
Expectant management for asymptomatic stones
Expectant management (observation alone) is the appropriate recommendation for patients with asymptomatic
gallstones in the general population, due to the low risk
to develop symptoms and/or complications. Cholecystectomy is not only an expensive procedure, but it carries
a risk, even low, of morbidity and mortality in patients
who might otherwise never develop symptoms or complications.
The same recommendation should be made for the
cirrhotic patients with silent gallstones. Asymptomatic
gallstones in cirrhotic patients are best managed conservatively, with close monitoring and surgery if symptoms
or complications occur. Given the higher risk for surgery
in the presence of advanced liver disease, the management options should be discussed with the patients when
gallstones are diagnosed, and they should be actively involved in the process of therapeutic decision.
Prophylactic cholecystectomy
For the time being, there are no published randomized
trials to evaluate the better approach for patients with
silent gallstones: cholecystectomy or expectant management[78]. Prophylactic cholecystectomy is generally not
recommended for gallstone carriers in the general population, except for some special situations. It should be
also not recommended in cirrhotic patients given their
higher surgical risk as compared to patients without liver
disease. The management of asymptomatic gallstones
found incidentally in these patients during abdominal
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a better control of the underlying liver disease, as well
as the availability of less invasive techniques for temporary management-surgical or endoscopic-in those with
advanced liver cirrhosis have substantially contributed to
the improved outcome of these patients.

12

13

CONCLUSION

14

Gallstones occur often in patients with liver cirrhosis.
Their prevalence increases with age and with the severity
(i.e., duration) of disease. They are in most patients pigment stones, while about 15% of cirrhotics have cholesterol stones. Lithogenesis is induced in these patients by
the metabolic changes in the liver, involving bilirubin and
biliary lipid secretion, and is favored by gallbladder hypomotility. Gallstones develop in cirrhosis of all etiologies,
but more frequently in alcoholic, viral C and fatty liver
disease. Asymptomatic gallstones should not be operated
in cirrhotic patients, but patients should be followedup closely and offered LC once symptoms develop.
In patients with advanced liver disease, noninvasive or
minimally-invasive procedures should be used to treat the
complications of gallstones.
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Core tip: Recent studies have shown that sarcopenia
is a predictor of poor survival in liver cirrhosis (LC)
patients. LC-associated sarcopenia develops based on
impaired nutrient metabolism and decreased physical
activity. To improve this condition, nutrition and exercise management is imperative. Energy intake with
branched chain amino acid supplementation is a promising method for nutrition management. Exercise can
increase skeletal muscle volume and strength; however, nutritional status and LC complications should be
assessed before exercise management begins. Obesity
is another health issue for LC patients; improvement of
insulin resistance is a key component in nutrition and
exercise management for obese LC patients.

Abstract
Liver cirrhosis (LC) patients often have protein-energy
malnutrition (PEM) and decreased physical activity.
These conditions often lead to sarcopenia, which is the
loss of skeletal muscle volume and increased muscle
weakness. Recent studies have demonstrated that
PEM and sarcopenia are predictors for poor survival in
LC patients. Nutrition and exercise management can
improve PEM and sarcopenia in those patients. Nutrition management includes sufficient dietary intake and
improved nutrient metabolism. With the current high
prevalence of obesity, the number of obese LC patients
has increased, and restriction of excessive caloric intake without the exacerbation of impaired nutrient metabolism is required for such patients. Branched chain
amino acids are good candidates for supplemental
nutrients for both obese and non-obese LC patients.
Exercise management can increase skeletal muscle
volume and strength and improve insulin resistance;
however, nutritional status and LC complications should
be assessed before an exercise management regimen
is implemented in LC patients. The establishment of
optimal exercise regimens for LC patients is currently
required. In this review, we describe nutritional status
and its clinical impact on the outcomes of LC patients
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INTRODUCTION
Liver cirrhosis (LC) is a critical stage of chronic liver disease with poor outcomes. Substantial data have indicated
that poor liver function and the occurrence of hepatocellular carcinoma (HCC) are responsible for the shortened
survival of LC patients[1-4]. Accumulating data have also
demonstrated that LC patients often develop protein-energy malnutrition (PEM) at a rate of 25.1%-65.5%[5-8] and
that PEM plays a crucial role in their poor survival[6,9-11].
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LC-associated PEM occurs in combination with poor
dietary intake, malabsorption, increased intestinal protein
loss, decreased hepatic protein synthesis, abnormal substrate utilization, and hypermetabolism[12,13]. Individuals
with PEM typically suffer from a loss of skeletal muscle
volume and from muscle weakness; this condition is classified as sarcopenia[14]. Aging-related sarcopenia is defined
as primary sarcopenia, while LC is a cause of secondary
sarcopenia[15]. Recent studies have demonstrated that
sarcopenia is an independent predictor of poor survival
in LC patients with or without HCC[16,17]. However, overnutrition is increasingly affecting humans worldwide[18],
and thus, overweight/obesity are frequently observed in
LC patients. For example, 72.4% of patients had excess
caloric intake in a study of compensated hepatitis C virus
(HCV)-related LC[19], and 61% of compensated HCVrelated LC patients have a body mass index (BMI) ≥
25 kg/m2[20]. Both chronic HCV infection[21] and overweight/obesity can cause insulin resistance, which raises
the risk of liver fibrosis progression[22] and HCC occurrence[23] in HCV-related LC. Thus, clinicians are now
confronted with problems related to malnutrition and
overnutrition in the management of LC. In this review,
we describe nutritional status and its clinical impact on
the outcomes of LC patients and discuss nutrition and
exercise management strategies for LC patients.

have decreased transplant-free survival compared with
non-hypermetabolic LC patients (9.7 mo vs 31.8 mo, P =
0.05)[28]. Moreover, in a study of patients with end-stage
liver disease, pre-transplantation hypermetabolism was
associated with decreased post-transplantation survival[29].
Carbohydrate and lipid metabolism
The liver plays a critical role in carbohydrate and lipid
metabolism. Ingested carbohydrates are taken up by the
liver and converted into and stored as glycogen. In the
fasting state, glucose is generated in the liver via glycogenolysis and gluconeogenesis; thus, blood glucose levels
are maintained[30]. Because LC patients have decreased
gluconeogenesis ability and glycogen stores capacity[31],
they are prone to entering into a starvation state after a
relatively short fasting period (e.g., overnight)[32]. In this
situation, lipid metabolism is enhanced; energy metabolism shifts from a carbohydrate preference to lipid oxidation preference[33-35]. Accordingly, free fatty acid (FFA)
levels are elevated in LC patients. A previous study found
that impaired re-esteriﬁcation rather than accelerated lipolysis elevates FFA in LC patients[36].
Protein metabolism
Because albumin synthesis is decreased in LC patients,
serum albumin levels inversely correlate with the grade
of liver dysfunction[37]. Furthermore, in a study of compensated LC patients with alanine aminotransferase levels
> 50 IU/L, a positive correlation between serum albumin
levels and skeletal muscle volume was observed[38]. LCassociated PEM accelerates protein catabolism, which is
the overall breakdown of cellular proteins, mainly in skeletal muscles, and which provides amino acids, especially
branched chain amino acids (BCAAs), for protein synthesis and energy supply[39-41]. BCAAs consist of leucine,
isoleucine, and valine. In a study with LC patients, energy
efficacy (increased energy expenditure/energy equivalent
of the supplemented nutrient) was significantly higher
in BCAAs (96% ± 16%) than in glucose (96% ± 16% vs
41% ± 8%, P < 0.01) and fatty acids (96% ± 16% vs 27%
± 13%, P < 0.05)[42]. Moreover, BCAAs are consumed for
ammonia detoxification in LC patients in whom hepatic
detoxification to urea is impaired. Skeletal muscles and, to
a lesser extent, the brain clear blood ammonia by incorporating ammonia into the process of glutamine production from glutamate. During the process, BCAAs are required for glutamate synthesis[40]. Thus, there is a frequent
lack of BCAAs in LC patients, resulting in decreased
albumin synthesis. In contrast to decreased BCAA levels,
aromatic amino acid (AAA) levels are typically increased
in LC patients[43,44], although underlying mechanisms for
the altered AAA metabolism in LC are not fully understood. A decrease in the BCAA to AAA ratio (Fischer
ratio; BCAA to tyrosine ratio, BTR) is thought to play a
causal role in hepatic encephalopathy by enhanced brain
AAA uptake and subsequent neurotransmission disturbance[45]. Recent studies have suggested that this amino
acid imbalance occurs in the early stages of LC[46].

ENERGY METABOLISM ASSOCIATED
WITH PEM IN LC PATIENTS
Metabolic activity
Metabolic activity can be assessed by comparing a measured resting energy expenditure (REE) and a predicted
REE[24]. There are notable differences in metabolic activity among LC patients; previous studies have reported
that 15%-33.8% of LC patients exhibited hypermetabolism, while 8%-31% were hypometabolic[7,8,25,26]. Earlier
studies with LC patients demonstrated that a hypermetabolic state is strongly associated with decreased muscle
volume[27]. Increased beta-adrenergic activity may explain,
at least in part, hypermetabolism[26]. In a multicenter prospective study, a detailed analysis of metabolic activity
and energy balance in LC patients was conducted. The
results showed that PEM significantly correlated with
Child-Pugh grade, that hypermetabolic and hypometabolic patients showed a significant decrease in kg of free
fat mass, and that hypermetabolic patients had a positive
energy balance due to decreased physical activity, while
hypometabolic patients had a negative energy balance
due to a reduced caloric intake[7].
The relationship between metabolic activity and
outcomes in LC patients has been investigated. A study
found that survival rate is signiﬁcantly higher in normal
metabolic LC patients than in hypometabolic or hypermetabolic LC patients [10]. Furthermore, some results
have suggested that LC-related hypermetabolism is a
factor associated with both transplant-free[25,28] and posttransplantation survival[29]. Hypermetabolic LC patients
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tive of poor survival in LC patients[16,17], the impact of
sarcopenic obesity on LC patient outcomes remains unknown. However, it has been suggested that obesity is an
independent predictor of hepatic decompensation in LC
patients[53]. Furthermore, obesity has been shown to be a
risk factor for LC-related death or hospitalization[63,64]. A
study of cancer patients revealed that sarcopenic obesity
is associated with a poorer functional status compared
with obesity without sarcopenia and is an independent
predictor of survival[65]. These findings provide the rationale for further studies to clarify whether sarcopenic
obesity worsens LC patient outcomes.

IMPACT OF SARCOPENIA ON LC
PATIENT OUTCOMES
Sarcopenia
As described above, protein breakdown from skeletal
muscles is an important pathologic mechanism for sarcopenia in LC patients. Recently, some analyses have indicated that hyperammonemia can cause sarcopenia. The
results of an animal experiment demonstrated that skeletal muscle autophagy is induced by hyperammonemia and
may contribute to sarcopenia in cases of LC[47]. Another
study showed that skeletal muscle from LC patients had
increased expression of myostatin, a known inhibitor of
skeletal muscle accretion and growth. That study found
that myostatin expression is induced by hyperammonemia in murine myotubes, suggesting a mechanism by
which sarcopenia develops in LC patients[48].
Recent studies have examined outcomes in LC patients with sarcopenia[16,17]. In a study of LC patients in
which sarcopenia was observed in 40% of the patients,
sarcopenia, Child-Pugh scores, and model for end-stage
liver disease (MELD) scores were each found to be independent factors for mortality, with the mortality risk
more than 2-fold higher in sarcopenic than nonsarcopenic patients[16]. Interestingly, the study also revealed a
strong relationship between sarcopenia and sepsis-related
death, which may reflect the impaired immunity found
in LC patients. In line with those findings, a prospective
study of LC patients demonstrated that PEM is an independent predictor of bacterial infection[49]. Furthermore,
sarcopenia has been shown to correlate with poor survival after liver transplantation[50,51].

ASSESSMENT METHODS FOR PEM IN LC
PATIENTS
Table 1 lists the methods used to assess PEM and sarcopenia.
Indirect calorimetry
Indirect calorimetry can measure oxygen consumption
per minute (VO2) and carbon dioxide production per minute (VCO2), thus calculating energy expenditure and nonprotein respiratory quotient (npRQ). npRQ is considered
to be a good marker for PEM assessment. In LC patients,
npRQ is lower than in normal controls due to a shift of
preferred energy metabolism from carbohydrate to lipid
oxidation. A recent study of LC patients has revealed
that the survival rate is signiﬁcantly lower in patients with
low npRQ (< 0.85) than in patients with scores above 0.85
(P < 0.01)[10]. Although the utility of indirect calorimetry
in assessing energy metabolism has been proven, the high
cost constrains its clinical application.

Sarcopenic obesity
The current global obesity epidemic has created a new
condition: the combination of sarcopenia and obesity,
described as sarcopenic obesity [52]. Because LC patients occasionally have sarcopenia (40%)[16] and obesity
(30%-31%)[53,54], it can be deduced that a considerable
number of them may have sarcopenic obesity. Furthermore, obesity is frequently accompanied by nonalcoholic
fatty liver disease (NAFLD), and the prevalence of this
liver disease is increasing in industrialized countries[55-57].
NAFLD can progress to nonalcoholic steatohepatitis and
LC. Given this global trend, sarcopenic obesity will likely
be a major condition in LC patients in the future.
Obesity typically occurs in tandem with decreased
physical activity[58,59], which may create a vicious cycle
of sarcopenia progression. Obesity also induces insulin
resistance and systemic inflammation, both of which
prompt hypercatabolism and impair the anabolic effect
of muscles, resulting in protein breakdown stimulation
and muscle synthesis suppression[59-61]. Moreover, a recent
study revealed that sarcopenic obesity is more closely associated with insulin resistance than sarcopenia or obesity
alone[62]. Taken together, this new condition appears to
accelerate sarcopenia progression.
Although sarcopenia has been reported to be predic-
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Anthropometric measurement
Because skeletal muscle volume reflects nutritional status, anthropometric measurement has been conducted
to assess PEM in LC patients[66,67]. PEM indices include
triceps skinfold thickness (TSF), arm muscle circumference (AMC), and arm circumference (AC). A study with
LC patients reported that decreased AMC and TSF correlate with malnutrition and decreased liver functional reserve[67]. Accumulated data found a significant association
between nutritional status estimated by anthropometric
measurement and outcomes in LC patients. A previous
study suggested that AMC may improve the prognostic
capacity of Child-Pugh scores in LC patients[68]. Another
study demonstrated that AMC and TSF may be useful
in predicting survival of LC patients. In addition, the
prognostic power of AMC was found to be higher than
that of TSF[9]. A more recent study examined whether
the anthropometric indices are alternatives to npRQ.
When the measured values were expressed as percentages of normal values, percent of AMC and percent of
AC were found to significantly correlate with npRQ, and
a formula using %AC and Child-Pugh scores could represent npRQ[69]. External validation is needed to verify
the relationship between the measurement values and
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Table 1 Methods to assess protein-energy malnutrition and sarcopenia in liver cirrhosis patients
Method

Ability

Advantage

Disadvantage

PEM
Indirect calorimetry

To calculate energy expenditure and npRQ
Non-invasive and accurate
Expensive
npRQ being a marker for survival
Anthropometric
To estimate nutritional status and liver function
Simple and inexpensive
Possible errors related to the
AMC and TSF serve as markers for survival
measurements
measurements
%AMC and %AC serve as alternatives to npRQ
Bioimpedance analysis
To estimate body cell mass
Convenient and inexpensive
Limitations in patients with ascites
PA serves as a measure to estimate nutritional status
Comparable with the DXA and
and as a marker for survival
MRI methods in the assessment of
skeletal muscle volume
Sarcopenia
Imaging method
To assess skeletal muscle volume
CT and MRI
Accurate
Radiation-exposed (CT)
DXA
Comparable with the CT and MRI
methods
Less radiation exposure and lower
cost than the CT method
Handgrip strength
To measure muscle strength
Simple and inexpensive
Possible errors related to
A marker for nutritional status
measurements
A predictor of hepatic decompensation
PEM: Protein-energy malnutrition; LC: Liver cirrhosis; npRQ: Non-protein respiratory quotient; AMC: Arm muscle circumference; TSF: Triceps skinfold
thickness; AC: Arm circumference; PA: Phase angle; DXA: Dual energy X-ray absorptiometry; MRI: Magnetic resonance imaging; CT: Computed
tomography.

by magnetic resonance imaging (MRI)[73] or dual energy
X-ray absorptiometry (DXA)[81] (see below). Because of
its convenience and low cost, BIA is a potential alternative to these imaging methods[14].

npRQ. Although anthropometric measurements are simply and inexpensively performed, the interpretation of
the measured values should be performed carefully. For
example, a study suggested that AMC may be affected by
edema[70], a symptom frequently observed in LC patients.
Furthermore, possible errors related to anthropometric
measurements should be noted: repeated measurements
providing different values (unreliability, imprecision, undependability) and measurements departing from true
values (inaccuracy, bias)[71].

Methods for sarcopenia assessment
Imaging methods: There are several methods for
sarcopenia assessment. Computed tomography (CT) is
an imaging method that permits the precise measurement of skeletal muscle volume. CT technology enables
specific tissue demarcation according to a CT measure
of the tissue, thereby permitting calculation of its area.
Human muscle tissue has a CT number in the range of
-29 to +150 hounsfield units (HU). Muscles at the third
lumbar (L3) vertebra encompass the psoas, erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques, and rectus abdominis. A recent
analysis revealed that the calculated L3 muscle area accurately represents the whole-body skeletal muscle volume
(r = 0.86-0.94, P < 0.001)[82]. Based on that finding, the
L3 muscle area normalized for stature (cm2/m2) can be
used as an index of skeletal muscle volume (the L3 skeletal muscle index, L3 SMI)[65]. Although cutoff values
for diagnosing sarcopenia have not been established,
a recent study used cutoff values of 38.5 cm2/m2 for
women and 52.4 cm2/m2 for men[65]. MRI has also been
used for the assessment of skeletal muscle volume and
sarcopenia[73,83,84].
DXA is another imaging method used in sarcopenia
assessment. This method allows for the measurement of
bone, fat, and lean-tissue content. Appendicular skeletal
muscle mass (ASM) accounts for more than 75% of
the total body skeletal muscle mass and can thus serve
as a marker for sarcopenia[59,85]. ASM divided by height

Bioimpedance analysis
Bioimpedance analysis (BIA) is another measure to assess
PEM. This method is based on the measurement of tissue conductivity[72]. Skeletal muscle is a major body component with low resistance and is therefore a dominant
conductor[73]. A study with LC patients has demonstrated
that BIA is a reliable bedside tool for the estimation of
body cell mass, although it is limited in the case of LC
with ascites[74]. The phase angle (PA) is a derived measure calculated from two parameters of BIA: PA = arctangent reactance/resistance × 180°/π[75]. Several studies
have demonstrated that PA is useful in the assessment
of the nutritional status in hemodialysis[76] or preoperative[77] patients. Another study has suggested that PA
can serve as a prognostic indicator in cancer patients[78].
With regard to LC, a recent study indicated that PA is a
promising parameter for the assessment of patient nutritional status[79]. Furthermore, a study suggested that PA
is more predictive of survival than commonly used body
composition information: a low PA is associated with
shorter survival time[80]. Several studies have revealed that
the estimated values of skeletal muscle mass obtained by
BIA are not significantly different from those obtained
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squared (ASM/Ht2; kg/m2)[86] and ASM as a percentage
of body weight (ASM/Wt)[87] have been proposed as indices for sarcopenia. Sarcopenia has been deﬁned as an
ASM < 1 SD[62] or < 2 SD[59] below the sex-speciﬁc mean
for a young reference group. The accuracy of the DXA
method has been shown to be comparable to that of the
CT or MRI method[84,88], and the DXA method requires
less radiation exposure and costs than the CT method[88].

late nocturnal energy supplementation altered energy metabolism from preferred lipid oxidation to preferred carbohydrate metabolism[96,97]. More recently, a randomized
controlled trial with LC patients suggested that nocturnal
energy supplementation may be superior to daytime energy supplementation for protein accretion[98].
BCAA supplementation: As previously discussed, a lack
of BCAAs in LC patients can accelerate muscular protein
catabolism, decreased albumin synthesis, and hyperammonemia and associated hepatic encephalopathy. A loss
of skeletal muscle volume (i.e., sarcopenia)[16], low serum
albumin levels[99-104], and hepatic encephalopathy[105] have
been found to be predictors of poor survival in LC patients. These findings lead to the notion that BCAA supplementation may restore impaired protein metabolism
and thereby improve outcomes of LC patients. Indeed,
previous studies have revealed that BCAA administration
stimulates albumin synthesis[40] and protein synthesis in
skeletal muscles[106]. Of the BCAAs, leucine[106-108] is considered to play a central role in the synthesis process, of
which, the mammalian target of rapamycin (mTOR)[106,107]
appears to be a key component in controlling its signaling
pathway.
BCAA administration can be conducted either orally
or intravenously. A BCAA-enriched amino acid solution has been used in the treatment of acute hepatic encephalopathy for several decades, and its utility has been
demonstrated[109]. Oral BCAA-enriched formulas, BCAA
granules and BCAA and carbohydrate mixtures, have
been used in the effort to achieve preferred nutritional
status and improved outcomes of decompensated LC
patients[110]. Studies with LC patients have demonstrated
that serum albumin levels and npRQ increased with oral
BCAA supplementation[111,112]. In a study of HCV-related
LC, the intake of BCAA and carbohydrate mixtures as
late evening snacks was more effective in increasing serum albumin levels and improving energy metabolism
than ordinary food intake[111]. Long-term follow-up studies of BCAA supplementation for LC patients showed
positive results. In a randomized clinical trial with decompensated LC patients, supplementation with BCAA
granules contributed to preventing progressive liver failure[113]. A similar randomized controlled trial found that
supplementation with BCAA granules increased serum
albumin levels and contributed to decreased liver failure
and mortality[114].
Thus, BCAA supplementation is an effective therapeutic strategy for improving energy metabolism and
overall outcomes in LC patients. This nutritional treatment is recommended in several guidelines[93,115]. The
optimal timing of BCAA administration during the
course of LC remains to be determined, although one
randomized controlled trial suggested that patients with a
BTR of < 4 should begin BCAA treatment even in cases
of compensated LC[116]. Given the close relationship between BCAAs and protein synthesis in skeletal muscles,
future studies focusing on the benefits of BCAA supple-

Handgrip strength: Decreased muscle strength reflects
a decreased volume of skeletal muscle. The European
Working Group on Sarcopenia in Older People (EWGSOP) recommends handgrip strength as a practical
measure of muscle strength[14]. Handgrip strength has
been shown to be a useful marker for the assessment of
nutritional status in LC patients[89]. Moreover, a previous
analysis has revealed that handgrip strength can be a useful predictor of hepatic decompensation in LC patients[6].
However, it should be noted that considerable variation
in the measurement methods has the potential to introduce measurement errors[90].

NUTRITION MANAGEMENT FOR LC
PATIENTS
Management for PEM in LC patients
Dietary management: Poor dietary intake is an important cause of PEM in LC patients. In a study of nutritional status in LC patients, decrease in daily caloric intake paralleled worsening of progressive liver failure: 48%
and 34% of Child A patients, 51.7% and 35.8% of Child
B patients, and 80.3% and 62.9% of Child C patients at
admission had a caloric intake below 30 kcal/kg of body
weight and protein intakes below 1 g/kg of body weight,
respectively (P < 0.001). Furthermore, poor dietary intake
was found to be an independent predictor for in-hospital
mortality[67]. Some studies have aimed to clarify whether
efforts to increase dietary intake can improve the outcome of LC patients, and short-term follow-up has suggested an improvement of nutritional status[91,92]. A study
of alcoholic LC patients demonstrated that an increase in
dietary intake altered the energy metabolism of Child C
patients from preferred lipid oxidation to preferred carbohydrate metabolism. However, the dietary management
appeared to be limited in improving nutritional status in
end-stage LC patients, such as those with refractory ascites[92]. The European Society for Clinical Nutrition and
Metabolism (ESPEN) guidelines recommend that energy
and protein intake should be 35-40 kcal/kg of body
weight per day and 1.2-1.5 g/kg of body weight per day,
respectively[93].
The timing of dietary intake can influence energy
metabolism. Because LC patients are prone to entering
a starvation state after a relatively short fasting period, a
large number of small meals (“nibbling” pattern) rather
than a small number of large meals (“gorging” pattern)
is considered preferable to maintain optimal energy metabolism[94,95]. Several studies of LC patients found that
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mentation on sarcopenia in LC are necessary. In addition,
some evidence suggests that BCAAs are essential for
lymphocyte responsiveness and are necessary to support other immune cell functions[117]. Whether BCAA
treatment can improve immunity in LC patients with
sarcopenia and decrease the incidence of severe infection
requires investigation.

associated with LC severity but also predictive of mortality after liver transplantation[133,134]. Earlier studies on
exercise management demonstrated that physical training programs as short as approximately one month were
useful in increasing VO2max or peak oxygen consumption
(VO2peak) in LC patients[131,135].
Given these findings, exercise management is a key
component in the management of LC patients because
it can lead to increases in physical activity, skeletal muscle
volume and strength, and exercise capacity, ultimately improving the quality of life and survival.

Nutrition management of obese LC patients
With the increasing prevalence of obesity worldwide, the
prevalence of obese LC patients is increasing[54]. Given
that obesity accompanied by LC can accelerate hepatic
decompensation[53], enhance hepatocarcinogenesis[118,119],
and result in poor patient survival[63,64], nutrition management is imperative for obese LC patients. The restriction of excessive caloric intake without exacerbation of
impaired nutrient metabolism is necessary for successful
LC management. Furthermore, obesity is closely linked
to insulin resistance; this metabolic problem increases
the risk of disease progression, hepatocarcinogenesis,
and mortality in LC patients[120]. Considering that obesity can exacerbate sarcopenia-associated insulin resistance[62,121], nutrition strategies for insulin resistance
appear to be important, particularly in LC patients with
sarcopenic obesity. Recent studies have suggested that
BCAA supplementation is effective in improving insulin
resistance[122,123]. Of the BCAAs, leucine appears to play a
critical role in controlling carbohydrate metabolism; the
amino acid regulates the oxidative use of glucose by skeletal muscle through the stimulation of glucose recycling
via the glucose-alanine cycle[122]. Further trials are required
to establish dietary regimens, such as dietary nutrient balance, for obese LC patients.

Assessment of nutritional status and complications for
exercise management
The current guidelines for physical activity and health
in older adults (men and women aged ≥ 65 years and
adults aged 50-64 years with clinically significant chronic
conditions and/or functional limitations) recommend
that moderate-intensity aerobic physical activity should
be performed for a minimum of 30 min five days each
week in addition to two sessions of resistance training
and flexibility exercises each week[136]. The applicability
of these recommendations depends on the severity of
the chronic conditions and complications. With regard
to LC, inappropriate exercise may cause undesirable outcomes due to the impaired energy metabolism and/or
complications associated with LC, including ascites[137],
hepatic encephalopathy[138], portal hypertension[139], and
hepatopulmonary syndrome[140]. For example, in patients
with LC, portal pressure and portal hypertension reportedly increased with moderate exercise (30% of the
maximum), suggesting that such physical load poses a
risk for variceal bleeding[139]. Moreover, exercise under
insufficient nutrient intake can promote protein catabolism and thereby a loss of skeletal muscle mass in LC
patients[141,142]. The assessment of nutritional status and
complications is therefore mandatory before any exercise management of LC patients.

EXERCISE MANAGEMENT FOR LC
PATIENTS
Physical activity and exercise capacity in LC patients
A recent survey of LC patients reported that physical
activity levels were lower in LC patients than in healthy
controls[124]. The survey results also suggested that low
levels of physical activity were inversely associated with
insulin resistance. In a study of compensated LC, low
levels of physical activity and poor caloric intake were
closely linked to sarcopenia[125]. These findings indicate
that increased physical activity may prevent and improve
sarcopenia in LC patients. Indeed, in studies of the elderly[126] or patients with certain types of chronic diseases[127],
exercise management has been shown to be effective in
preventing and improving sarcopenia.
Exercise capacity is described as the ability to use
oxygen during exercise. The commonly used measure of
exercise capacity is maximal oxygen consumption (VO[128]
2max)
. Studies with LC patients have shown decreased
exercise capacity as evaluated by VO2max[129,130] and an
inverse relationship between exercise capacity and the
severity of liver disease[130-132]. Recent research has demonstrated that a decrease in exercise capacity is not only
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Exercise regimens for LC patients
The optimal exercise regimens for LC patients remain uncertain. However, there are some preliminary data with regard to efficacious exercise management for LC patients.
Recently, based on a survey of compensated LC patients,
researchers recommended the following exercise regimen:
walking 5000 or more steps per day with a total caloric
intake of approximately 30 kcal/ideal body weight[125].
The authors claimed that the regimen has the potential
to maintain and increase skeletal muscle volume in LC
patients. Most recently, a randomized pilot study with LC
patients, in which most participants had Child-Pugh grade
A LC, examined whether an exercise program combined
with leucine supplementation (10 g/d) can improve patient outcome. The program included three sessions per
week of a 1-h treadmill and cycle ergometry exercise at an
intensity of 60%-70% of the maximum heart rate, over a
period of 12 wk. The intervention group had improved
exercise capacity, as shown by the 6-min walk test (from
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Assessment of PEM and sarcopnia
Anthropometric measurement
Handgrip strength
Indirect calorimetry
Bioimpedance analysis
Measurement of skeletal muscle volume
using CT, MRI or DXA

Examination of complications
Ascites
Hepatic encephalopathy
Portal hypertension
Hepatopulmonary syndrome

No

Yes

Presence of obesity

No

Sufficient dietary intake
35-40 kcal/kg of body weight per day
and 1.2-1.5 g/kg of body weight per day
BCAA supplementation
Moderate exercise
Walking 5000 or more steps per day
Three sessions per week of a 1-h
exercise at an intensity of 60%-70%
of the maximum heart rate

Yes

Caloric restriction
Without exacerbation of
impaired nutrient metabolism
BCAA supplementation
Exercise for weight loss

Sufficient dietary intake
BCAA supplementation
Treatment of complications

Figure 1 A practical approach for managing liver cirrhosis patients with sarcopenia or sarcopenic obesity. LC: Liver cirrhosis; PEM: Protein-energy malnutrition; CT: Computed tomography; MRI: Magnetic resonance imaging; DXA: Dual energy X-ray absorptiometry; BCAA: Branched chain amino acid.

median 365 m to median 445 m) and the 2-min step test
(from median 100 steps to median 150 steps), increased
lower thigh circumference, and improved health-related
quality of life; the control group had no significant changes[143]. During the study, no adverse events due to the
implementation of the exercise program were observed.
These studies suggest the possibility that moderate exercise combined with LC-specific nutritional support can increase skeletal muscle volume and improve the outcomes
of LC patients. Other studies have indicated that aerobic
exercise can be expected to improve insulin resistance in
patients with chronic liver disease[144,145]. This favorable effect of exercise on insulin sensitivity is particularly important for obese patients[144,146]. Future intensive studies are
required to establish efficacious and safe exercise regimens
for LC patients.

vival. Nutrition and exercise management can improve
PEM and sarcopenia in LC patients. Nutrition management includes sufficient dietary intake and an improvement of impaired nutrient metabolism. In contrast,
the current rise in obesity prevalence has increased the
number of obese LC patients. Restriction of excessive
caloric intake without exacerbation of impaired nutrient metabolism is necessary for those patients. BCAAs
are good candidates for supplemental nutrients for both
obese and non-obese LC patients. Exercise management
can increase skeletal muscle volume and strength and
can improve insulin resistance; however, assessment of
nutritional status and LC complications is mandatory before the implementation of an exercise program for LC
patients. The establishment of optimal exercise regimens
for LC patients is required. Figure 1 shows a tentative
practical approach for managing LC patients with sarcopenia or sarcopenic obesity. The further development
of methods for nutrition and exercise management will
improve the overall health outcomes of LC patients.

CONCLUSION
Substantial data exist clearly demonstrating that PEM
confers a risk of poor survival in LC patients. PEM in
LC patients is highly associated with sarcopenia and a
decrease in serum albumin levels. These conditions have
also been reported to be predictors of poor patient sur-

WJG|www.wjgnet.com

REFERENCES
1

7292

Wilt TJ, Shamliyan T, Shaukat A, Taylor BC, MacDonald R,

June 21, 2014|Volume 20|Issue 23|

Toshikuni N et al . Nutrition and exercise in cirrhosis management

2

3
4

5
6

7

8

9
10

11

12

13
14

15

16

Yuan JM, Johnson JR, Tacklind J, Rutks I, Kane RL. Management of chronic hepatitis B. Evid Rep Technol Assess (Full
Rep) 2008; (174): 1-671 [PMID: 19408969]
Alazawi W, Cunningham M, Dearden J, Foster GR. Systematic review: outcome of compensated cirrhosis due to chronic
hepatitis C infection. Aliment Pharmacol Ther 2010; 32: 344-355
[PMID: 20497143 DOI: 10.1111/j.1365-2036.2010.04370.x]
Schwartz JM, Reinus JF. Prevalence and natural history of
alcoholic liver disease. Clin Liver Dis 2012; 16: 659-666 [PMID:
23101975 DOI: 10.1016/j.cld.2012.08.001]
Duvnjak M, Lerotić I, Barsić N, Tomasić V, Virović Jukić L,
Velagić V. Pathogenesis and management issues for nonalcoholic fatty liver disease. World J Gastroenterol 2007; 13:
4539-4550 [PMID: 17729403]
Lautz HU, Selberg O, Körber J, Bürger M, Müller MJ. Protein-calorie malnutrition in liver cirrhosis. Clin Investig 1992;
70: 478-486 [PMID: 1392415]
Alvares-da-Silva MR, Reverbel da Silveira T. Comparison
between handgrip strength, subjective global assessment,
and prognostic nutritional index in assessing malnutrition
and predicting clinical outcome in cirrhotic outpatients.
Nutrition 2005; 21: 113-117 [PMID: 15723736 DOI: 10.1016/
j.nut.2004.02.002]
Guglielmi FW, Panella C, Buda A, Budillon G, Caregaro
L, Clerici C, Conte D, Federico A, Gasbarrini G, Guglielmi
A, Loguercio C, Losco A, Martines D, Mazzuoli S, Merli M,
Mingrone G, Morelli A, Nardone G, Zoli G, Francavilla A.
Nutritional state and energy balance in cirrhotic patients
with or without hypermetabolism. Multicentre prospective
study by the ‘Nutritional Problems in Gastroenterology’ Section of the Italian Society of Gastroenterology (SIGE). Dig
Liver Dis 2005; 37: 681-688 [PMID: 15978878 DOI: 10.1016/
j.dld.2005.03.010]
Peng S, Plank LD, McCall JL, Gillanders LK, McIlroy K,
Gane EJ. Body composition, muscle function, and energy
expenditure in patients with liver cirrhosis: a comprehensive
study. Am J Clin Nutr 2007; 85: 1257-1266 [PMID: 17490961]
Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L,
Boffo G, Caregaro L. Nutrition and survival in patients with
liver cirrhosis. Nutrition 2001; 17: 445-450 [PMID: 11399401]
Tajika M, Kato M, Mohri H, Miwa Y, Kato T, Ohnishi H,
Moriwaki H. Prognostic value of energy metabolism in patients with viral liver cirrhosis. Nutrition 2002; 18: 229-234
[PMID: 11882395]
Sam J, Nguyen GC. Protein-calorie malnutrition as a prognostic indicator of mortality among patients hospitalized with
cirrhosis and portal hypertension. Liver Int 2009; 29: 1396-1402
[PMID: 19602136 DOI: 10.1111/j.1478-3231.2009.02077.x]
Tsiaousi ET, Hatzitolios AI, Trygonis SK, Savopoulos CG.
Malnutrition in end stage liver disease: recommendations and
nutritional support. J Gastroenterol Hepatol 2008; 23: 527-533
[PMID: 18397483 DOI: 10.1111/j.1440-1746.2008.05369.x]
O’Brien A, Williams R. Nutrition in end-stage liver disease:
principles and practice. Gastroenterology 2008; 134: 1729-1740
[PMID: 18471550 DOI: 10.1053/j.gastro.2008.02.001]
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm
T, Landi F, Martin FC, Michel JP, Rolland Y, Schneider SM,
Topinková E, Vandewoude M, Zamboni M. Sarcopenia: European consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People.
Age Ageing 2010; 39: 412-423 [PMID: 20392703 DOI: 10.1093/
ageing/afq034]
Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, Harris TB. Sarcopenia: etiology, clinical consequences, intervention, and assessment. Osteoporos Int 2010; 21: 543-559 [PMID:
19779761 DOI: 10.1007/s00198-009-1059-y]
Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR,
Baracos VE, Bain VG, Sawyer MB. Muscle wasting is associated with mortality in patients with cirrhosis. Clin Gastroenterol Hepatol 2012; 10: 166-173, 173.e1 [PMID: 21893129 DOI:

WJG|www.wjgnet.com

17

18

19

20

21

22

23

24

25

26

27
28

29

30

7293

10.1016/j.cgh.2011.08.028]
Meza-Junco J, Montano-Loza AJ, Baracos VE, Prado CM,
Bain VG, Beaumont C, Esfandiari N, Lieffers JR, Sawyer MB.
Sarcopenia as a prognostic index of nutritional status in concurrent cirrhosis and hepatocellular carcinoma. J Clin Gastroenterol 2013; 47: 861-870 [PMID: 23751844 DOI: 10.1097/
MCG.0b013e318293a825]
Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK,
Paciorek CJ, Singh GM, Gutierrez HR, Lu Y, Bahalim AN,
Farzadfar F, Riley LM, Ezzati M. National, regional, and
global trends in body-mass index since 1980: systematic
analysis of health examination surveys and epidemiological
studies with 960 country-years and 9·1 million participants.
Lancet 2011; 377: 557-567 [PMID: 21295846 DOI: 10.1016/
S0140-6736(10)62037-5]
Yasutake K, Bekki M, Ichinose M, Ikemoto M, Fujino T, Ryu
T, Wada Y, Takami Y, Saitsu H, Kohjima M, Fukuizumi K,
Nakashima M, Nakamuta M, Enjoji M. Assessing current nutritional status of patients with HCV-related liver cirrhosis in
the compensated stage. Asia Pac J Clin Nutr 2012; 21: 400-405
[PMID: 22705430]
Moucari R, Asselah T, Cazals-Hatem D, Voitot H, Boyer
N, Ripault MP, Sobesky R, Martinot-Peignoux M, Maylin
S, Nicolas-Chanoine MH, Paradis V, Vidaud M, Valla D,
Bedossa P, Marcellin P. Insulin resistance in chronic hepatitis
C: association with genotypes 1 and 4, serum HCV RNA
level, and liver fibrosis. Gastroenterology 2008; 134: 416-423
[PMID: 18164296 DOI: 10.1053/j.gastro.2007.11.010]
Harrison SA. Insulin resistance among patients with chronic
hepatitis C: etiology and impact on treatment. Clin Gastroenterol Hepatol 2008; 6: 864-876 [PMID: 18585970 DOI: 10.1016/
j.cgh.2008.03.024]
Cammà C, Petta S, Di Marco V, Bronte F, Ciminnisi S, Licata
G, Peralta S, Simone F, Marchesini G, Craxì A. Insulin resistance is a risk factor for esophageal varices in hepatitis C
virus cirrhosis. Hepatology 2009; 49: 195-203 [PMID: 19065558
DOI: 10.1002/hep.22655]
Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, Li G,
Wang L. Increased risk of hepatocellular carcinoma in patients with diabetes mellitus: a systematic review and metaanalysis of cohort studies. Int J Cancer 2012; 130: 1639-1648
[PMID: 21544812 DOI: 10.1002/ijc.26165]
Plank LD, Metzger DJ, McCall JL, Barclay KL, Gane EJ,
Streat SJ, Munn SR, Hill GL. Sequential changes in the metabolic response to orthotopic liver transplantation during the
first year after surgery. Ann Surg 2001; 234: 245-255 [PMID:
11505071]
Müller MJ, Lautz HU, Plogmann B, Bürger M, Körber J,
Schmidt FW. Energy expenditure and substrate oxidation in
patients with cirrhosis: the impact of cause, clinical staging
and nutritional state. Hepatology 1992; 15: 782-794 [PMID:
1568718]
Müller MJ, Böttcher J, Selberg O, Weselmann S, Böker KH,
Schwarze M, von zur Mühlen A, Manns MP. Hypermetabolism in clinically stable patients with liver cirrhosis. Am J
Clin Nutr 1999; 69: 1194-1201 [PMID: 10357739]
Müller MJ, Böker KH, Selberg O. Are patients with liver cirrhosis hypermetabolic? Clin Nutr 1994; 13: 131-144 [PMID:
16843374]
Mathur S, Peng S, Gane EJ, McCall JL, Plank LD. Hypermetabolism predicts reduced transplant-free survival independent of MELD and Child-Pugh scores in liver cirrhosis.
Nutrition 2007; 23: 398-403 [PMID: 17395427 DOI: 10.1016/
j.nut.2007.02.003]
Selberg O, Böttcher J, Tusch G, Pichlmayr R, Henkel E, Müller MJ. Identification of high- and low-risk patients before
liver transplantation: a prospective cohort study of nutritional and metabolic parameters in 150 patients. Hepatology 1997;
25: 652-657 [PMID: 9049214 DOI: 10.1002/hep.510250327]
Postic C, Dentin R, Girard J. Role of the liver in the control of

June 21, 2014|Volume 20|Issue 23|

Toshikuni N et al . Nutrition and exercise in cirrhosis management

31

32

33

34

35

36
37
38

39

40

41

42

43

44

45
46

carbohydrate and lipid homeostasis. Diabetes Metab 2004; 30:
398-408 [PMID: 15671906]
Changani KK, Jalan R, Cox IJ, Ala-Korpela M, Bhakoo K,
Taylor-Robinson SD, Bell JD. Evidence for altered hepatic
gluconeogenesis in patients with cirrhosis using in vivo
31-phosphorus magnetic resonance spectroscopy. Gut 2001;
49: 557-564 [PMID: 11559655]
Schneeweiss B, Graninger W, Ferenci P, Eichinger S, Grimm
G, Schneider B, Laggner AN, Lenz K, Kleinberger G. Energy
metabolism in patients with acute and chronic liver disease.
Hepatology 1990; 11: 387-393 [PMID: 2107137]
Campillo B, Chapelain C, Bonnet JC, Frisdal E, Devanlay
M, Bouissou P, Fouet P, Wirquin E, Atlan G. Hormonal and
metabolic changes during exercise in cirrhotic patients. Metabolism 1990; 39: 18-24 [PMID: 2403618]
Merli M, Riggio O, Romiti A, Ariosto F, Mango L, Pinto G,
Savioli M, Capocaccia L. Basal energy production rate and
substrate use in stable cirrhotic patients. Hepatology 1990; 12:
106-112 [PMID: 2373471]
Riggio O, Merli M, Romiti A, Pinto G, Fanella R, Attili
AF, Capocaccia L. Early postprandial energy expenditure
and macronutrient use after a mixed meal in cirrhotic patients. JPEN J Parenter Enteral Nutr 1992; 16: 445-450 [PMID:
1433778]
Shangraw RE, Jahoor F. Lipolysis and lipid oxidation in cirrhosis and after liver transplantation. Am J Physiol Gastrointest Liver Physiol 2000; 278: G967-G973 [PMID: 10859227]
Tessari P. Protein metabolism in liver cirrhosis: from albumin to
muscle myofibrils. Curr Opin Clin Nutr Metab Care 2003; 6: 79-85
[PMID: 12496684 DOI: 10.1097/01.mco.0000049044.06038.30]
Kotoh K, Nakamuta M, Fukushima M, Matsuzaki C, Enjoji
M, Sakai H, Nawata H. High relative fat-free mass is important for maintaining serum albumin levels in patients with
compensated liver cirrhosis. World J Gastroenterol 2005; 11:
1356-1360 [PMID: 15761975]
Blonde-Cynober F, Aussel C, Cynober L. Abnormalities in
branched-chain amino acid metabolism in cirrhosis: influence of hormonal and nutritional factors and directions for
future research. Clin Nutr 1999; 18: 5-13 [PMID: 10459077
DOI: 10.1054/clnu.1998.0233]
Moriwaki H, Miwa Y, Tajika M, Kato M, Fukushima H,
Shiraki M. Branched-chain amino acids as a protein- and
energy-source in liver cirrhosis. Biochem Biophys Res Commun 2004; 313: 405-409 [PMID: 14684176 DOI: 10.1016/
j.bbrc.2003.07.016]
Laviano A, Muscaritoli M, Cascino A, Preziosa I, Inui A,
Mantovani G, Rossi-Fanelli F. Branched-chain amino acids:
the best compromise to achieve anabolism? Curr Opin Clin
Nutr Metab Care 2005; 8: 408-414 [PMID: 15930966]
Kato M, Miwa Y, Tajika M, Hiraoka T, Muto Y, Moriwaki H.
Preferential use of branched-chain amino acids as an energy
substrate in patients with liver cirrhosis. Intern Med 1998; 37:
429-434 [PMID: 9652895]
Dejong CH, van de Poll MC, Soeters PB, Jalan R, Olde
Damink SW. Aromatic amino acid metabolism during liver
failure. J Nutr 2007; 137: 1579S-1585S; discussion 1597S-1598S
[PMID: 17513430]
Michitaka K, Hiraoka A, Kume M, Uehara T, Hidaka S,
Ninomiya T, Hasebe A, Miyamoto Y, Ichiryu M, Tanihira
T, Nakahara H, Ochi H, Tanabe A, Uesugi K, Tokumoto Y,
Mashiba T, Abe M, Hiasa Y, Matsuura B, Onji M. Amino acid
imbalance in patients with chronic liver diseases. Hepatol
Res 2010; 40: 393-398 [PMID: 20236360 DOI: 10.1111/j.1872034X.2009.00614.x]
Fischer JE, Baldessarini RJ. False neurotransmitters and hepatic failure. Lancet 1971; 2: 75-80 [PMID: 4103986]
Habu D, Nishiguchi S, Nakatani S, Lee C, Enomoto M,
Tamori A, Takeda T, Ohfuji S, Fukushima W, Tanaka T,
Kawamura E, Shiomi S. Comparison of the effect of BCAA
granules on between decompensated and compensated cir-

WJG|www.wjgnet.com

47

48

49

50

51

52

53

54

55

56
57
58

59

60

7294

rhosis. Hepatogastroenterology 2009; 56: 1719-1723 [PMID:
20214224]
Qiu J, Tsien C, Thapalaya S, Narayanan A, Weihl CC, Ching JK, Eghtesad B, Singh K, Fu X, Dubyak G, McDonald
C, Almasan A, Hazen SL, Naga Prasad SV, Dasarathy S.
Hyperammonemia-mediated autophagy in skeletal muscle
contributes to sarcopenia of cirrhosis. Am J Physiol Endocrinol
Metab 2012; 303: E983-E993 [PMID: 22895779 DOI: 10.1152/
ajpendo.00183.2012]
Qiu J, Thapaliya S, Runkana A, Yang Y, Tsien C, Mohan
ML, Narayanan A, Eghtesad B, Mozdziak PE, McDonald
C, Stark GR, Welle S, Naga Prasad SV, Dasarathy S. Hyperammonemia in cirrhosis induces transcriptional regulation
of myostatin by an NF-κB-mediated mechanism. Proc Natl
Acad Sci USA 2013; 110: 18162-18167 [PMID: 24145431 DOI:
10.1073/pnas.1317049110]
Merli M, Lucidi C, Giannelli V, Giusto M, Riggio O, Falcone
M, Ridola L, Attili AF, Venditti M. Cirrhotic patients are
at risk for health care-associated bacterial infections. Clin
Gastroenterol Hepatol 2010; 8: 979-985 [PMID: 20621200 DOI:
10.1016/j.cgh.2010.06.024]
Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, Harbaugh C, Holcombe SA, Wang SC, Segev DL, Sonnenday CJ.
Sarcopenia and mortality after liver transplantation. J Am
Coll Surg 2010; 211: 271-278 [PMID: 20670867 DOI: 10.1016/
j.jamcollsurg.2010.03.039]
Kaido T, Ogawa K, Fujimoto Y, Ogura Y, Hata K, Ito T,
Tomiyama K, Yagi S, Mori A, Uemoto S. Impact of sarcopenia on survival in patients undergoing living donor liver
transplantation. Am J Transplant 2013; 13: 1549-1556 [PMID:
23601159 DOI: 10.1111/ajt.12221]
Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V.
Sarcopenic obesity: a new category of obesity in the elderly.
Nutr Metab Cardiovasc Dis 2008; 18: 388-395 [PMID: 18395429
DOI: 10.1016/j.numecd.2007.10.002]
Berzigotti A, Garcia-Tsao G, Bosch J, Grace ND, Burroughs
AK, Morillas R, Escorsell A, Garcia-Pagan JC, Patch D,
Matloff DS, Groszmann RJ. Obesity is an independent risk
factor for clinical decompensation in patients with cirrhosis.
Hepatology 2011; 54: 555-561 [PMID: 21567436 DOI: 10.1002/
hep.24418]
Shiraki M, Nishiguchi S, Saito M, Fukuzawa Y, Mizuta T,
Kaibori M, Hanai T, Nishimura K, Shimizu M, Tsurumi H,
Moriwaki H. Nutritional status and quality of life in current patients with liver cirrhosis as assessed in 2007-2011.
Hepatol Res 2013; 43: 106-112 [PMID: 23409849 DOI: 10.1111/
hepr.12004]
Kojima S, Watanabe N, Numata M, Ogawa T, Matsuzaki S.
Increase in the prevalence of fatty liver in Japan over the past
12 years: analysis of clinical background. J Gastroenterol 2003;
38: 954-961 [PMID: 14614602 DOI: 10.1007/s00535-003-1178-8]
McCullough AJ. Epidemiology of the metabolic syndrome
in the USA. J Dig Dis 2011; 12: 333-340 [PMID: 21091931 DOI:
10.1111/j.1751-2980.2010.00469.x]
Fan JG. Epidemiology of alcoholic and nonalcoholic fatty
liver disease in China. J Gastroenterol Hepatol 2013; 28 Suppl 1:
11-17 [PMID: 23855290 DOI: 10.1111/jgh.12036]
Launer LJ, Harris T, Rumpel C, Madans J. Body mass index,
weight change, and risk of mobility disability in middleaged and older women. The epidemiologic follow-up study
of NHANES I. JAMA 1994; 271: 1093-1098 [PMID: 8151851]
Levine ME, Crimmins EM. The impact of insulin resistance and inflammation on the association between sarcopenic obesity and physical functioning. Obesity (Silver
Spring) 2012; 20: 2101-2106 [PMID: 22310233 DOI: 10.1038/
oby.2012.20]
Lee CG, Boyko EJ, Strotmeyer ES, Lewis CE, Cawthon PM,
Hoffman AR, Everson-Rose SA, Barrett-Connor E, Orwoll
ES. Association between insulin resistance and lean mass
loss and fat mass gain in older men without diabetes mel-

June 21, 2014|Volume 20|Issue 23|

Toshikuni N et al . Nutrition and exercise in cirrhosis management

61

62

63

64

65

66
67

68

69

70
71
72

73

74

75

litus. J Am Geriatr Soc 2011; 59: 1217-1224 [PMID: 21718263
DOI: 10.1111/j.1532-5415.2011.03472.x]
Lee CG, Boyko EJ, Barrett-Connor E, Miljkovic I, Hoffman
AR, Everson-Rose SA, Lewis CE, Cawthon PM, Strotmeyer
ES, Orwoll ES. Insulin sensitizers may attenuate lean mass
loss in older men with diabetes. Diabetes Care 2011; 34:
2381-2386 [PMID: 21926282 DOI: 10.2337/dc11-1032]
Lim S, Kim JH, Yoon JW, Kang SM, Choi SH, Park YJ, Kim
KW, Lim JY, Park KS, Jang HC. Sarcopenic obesity: prevalence and association with metabolic syndrome in the Korean Longitudinal Study on Health and Aging (KLoSHA).
Diabetes Care 2010; 33: 1652-1654 [PMID: 20460442 DOI:
10.2337/dc10-0107]
Ioannou GN, Weiss NS, Kowdley KV, Dominitz JA. Is
obesity a risk factor for cirrhosis-related death or hospitalization? A population-based cohort study. Gastroenterology 2003; 125: 1053-1059 [PMID: 14517789 DOI: 10.1053/
S0016-5085(03)01200-9]
Ioannou GN, Weiss NS, Boyko EJ, Kowdley KV, Kahn SE,
Carithers RL, Tsai EC, Dominitz JA. Is central obesity associated with cirrhosis-related death or hospitalization? A
population-based, cohort study. Clin Gastroenterol Hepatol
2005; 3: 67-74 [PMID: 15645407]
Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB,
Martin L, Baracos VE. Prevalence and clinical implications
of sarcopenic obesity in patients with solid tumours of the
respiratory and gastrointestinal tracts: a population-based
study. Lancet Oncol 2008; 9: 629-635 [PMID: 18539529 DOI:
10.1016/S1470-2045(08)70153-0]
Nutritional status in cirrhosis. Italian Multicentre Cooperative Project on Nutrition in Liver Cirrhosis. J Hepatol 1994;
21: 317-325 [PMID: 7836699]
Campillo B, Richardet JP, Scherman E, Bories PN. Evaluation of nutritional practice in hospitalized cirrhotic patients:
results of a prospective study. Nutrition 2003; 19: 515-521
[PMID: 12781851]
Abad-Lacruz A, Cabré E, González-Huix F, FernándezBañares F, Esteve M, Planas R, Llovet JM, Quer JC, Gassull
MA. Routine tests of renal function, alcoholism, and nutrition improve the prognostic accuracy of Child-Pugh score in
nonbleeding advanced cirrhotics. Am J Gastroenterol 1993; 88:
382-387 [PMID: 8438845]
Terakura Y, Shiraki M, Nishimura K, Iwasa J, Nagaki M,
Moriwaki H. Indirect calorimetry and anthropometry to
estimate energy metabolism in patients with liver cirrhosis. J Nutr Sci Vitaminol (Tokyo) 2010; 56: 372-379 [PMID:
21422706]
Heymsfield SB, Casper K. Anthropometric assessment of
the adult hospitalized patient. JPEN J Parenter Enteral Nutr
1987; 11: 36S-41S [PMID: 3312693]
Ulijaszek SJ, Kerr DA. Anthropometric measurement error
and the assessment of nutritional status. Br J Nutr 1999; 82:
165-177 [PMID: 10655963]
Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M,
Gómez JM, Heitmann BL, Kent-Smith L, Melchior JC, Pirlich
M, Scharfetter H, Schols AM, Pichard C. Bioelectrical impedance analysis--part I: review of principles and methods. Clin
Nutr 2004; 23: 1226-1243 [PMID: 15380917 DOI: 10.1016/
j.clnu.2004.06.004]
Chien MY, Huang TY, Wu YT. Prevalence of sarcopenia estimated using a bioelectrical impedance analysis prediction
equation in community-dwelling elderly people in Taiwan.
J Am Geriatr Soc 2008; 56: 1710-1715 [PMID: 18691288 DOI:
10.1111/j.1532-5415.2008.01854.x]
Pirlich M, Schütz T, Spachos T, Ertl S, Weiss ML, Lochs H,
Plauth M. Bioelectrical impedance analysis is a useful bedside technique to assess malnutrition in cirrhotic patients
with and without ascites. Hepatology 2000; 32: 1208-1215
[PMID: 11093726 DOI: 10.1053/jhep.2000.20524]
Baumgartner RN, Chumlea WC, Roche AF. Bioelectric im-

WJG|www.wjgnet.com

76

77

78

79
80

81

82

83
84

85

86

87

88

89

90

91

7295

pedance phase angle and body composition. Am J Clin Nutr
1988; 48: 16-23 [PMID: 3389323]
Oliveira CM, Kubrusly M, Mota RS, Silva CA, Choukroun
G, Oliveira VN. The phase angle and mass body cell as
markers of nutritional status in hemodialysis patients. J
Ren Nutr 2010; 20: 314-320 [PMID: 20303790 DOI: 10.1053/
j.jrn.2010.01.008]
Cardinal TR, Wazlawik E, Bastos JL, Nakazora LM, Scheunemann L. Standardized phase angle indicates nutritional status in hospitalized preoperative patients. Nutr Res 2010; 30:
594-600 [PMID: 20934600 DOI: 10.1016/j.nutres.2010.08.009]
Paiva SI, Borges LR, Halpern-Silveira D, Assunção MC,
Barros AJ, Gonzalez MC. Standardized phase angle from
bioelectrical impedance analysis as prognostic factor for
survival in patients with cancer. Support Care Cancer 2010; 19:
187-192 [PMID: 20039074 DOI: 10.1007/s00520-009-0798-9]
Fernandes SA, Bassani L, Nunes FF, Aydos ME, Alves AV,
Marroni CA. Nutritional assessment in patients with cirrhosis. Arq Gastroenterol 2012; 49: 19-27 [PMID: 22481682]
Selberg O, Selberg D. Norms and correlates of bioimpedance
phase angle in healthy human subjects, hospitalized patients,
and patients with liver cirrhosis. Eur J Appl Physiol 2002; 86:
509-516 [PMID: 11944099 DOI: 10.1007/s00421-001-0570-4]
Bosaeus I, Wilcox G, Rothenberg E, Strauss BJ. Skeletal muscle mass in hospitalized elderly patients: comparison of measurements by single-frequency BIA and DXA. Clin Nutr 2014;
33: 426-431 [PMID: 23827183 DOI: 10.1016/j.clnu.2013.06.007]
Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A practical and precise approach to
quantification of body composition in cancer patients using
computed tomography images acquired during routine care.
Appl Physiol Nutr Metab 2008; 33: 997-1006 [PMID: 18923576
DOI: 10.1139/H08-075]
Beneke R, Neuerburg J, Bohndorf K. Muscle cross-section
measurement by magnetic resonance imaging. Eur J Appl
Physiol Occup Physiol 1991; 63: 424-429 [PMID: 1765055]
Chen Z, Wang Z, Lohman T, Heymsfield SB, Outwater E,
Nicholas JS, Bassford T, LaCroix A, Sherrill D, Punyanitya M,
Wu G, Going S. Dual-energy X-ray absorptiometry is a valid
tool for assessing skeletal muscle mass in older women. J
Nutr 2007; 137: 2775-2780 [PMID: 18029498]
Gallagher D, Visser M, De Meersman RE, Sepúlveda D,
Baumgartner RN, Pierson RN, Harris T, Heymsfield SB.
Appendicular skeletal muscle mass: effects of age, gender,
and ethnicity. J Appl Physiol (1985) 1997; 83: 229-239 [PMID:
9216968]
Baumgartner RN, Koehler KM, Gallagher D, Romero L,
Heymsfield SB, Ross RR, Garry PJ, Lindeman RD. Epidemiology of sarcopenia among the elderly in New Mexico. Am J
Epidemiol 1998; 147: 755-763 [PMID: 9554417]
Janssen I, Heymsfield SB, Ross R. Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability. J Am Geriatr
Soc 2002; 50: 889-896 [PMID: 12028177]
Wang ZM, Visser M, Ma R, Baumgartner RN, Kotler D, Gallagher D, Heymsfield SB. Skeletal muscle mass: evaluation
of neutron activation and dual-energy X-ray absorptiometry methods. J Appl Physiol (1985) 1996; 80: 824-831 [PMID:
8964743]
Hirsch S, Bunout D, de la Maza P, Iturriaga H, Petermann
M, Icazar G, Gattas V, Ugarte G. Controlled trial on nutrition
supplementation in outpatients with symptomatic alcoholic
cirrhosis. JPEN J Parenter Enteral Nutr 1993; 17: 119-124
[PMID: 8455312]
Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H,
Cooper C, Sayer AA. A review of the measurement of grip
strength in clinical and epidemiological studies: towards a
standardised approach. Age Ageing 2011; 40: 423-429 [PMID:
21624928 DOI: 10.1093/ageing/afr051]
Bories PN, Campillo B. One-month regular oral nutrition

June 21, 2014|Volume 20|Issue 23|

Toshikuni N et al . Nutrition and exercise in cirrhosis management

92

93

94

95

96

97

98

99

100

101

102

103

104

105

in alcoholic cirrhotic patients. Changes of nutritional status,
hepatic function and serum lipid pattern. Br J Nutr 1994; 72:
937-946 [PMID: 7827013]
Campillo B, Bories PN, Pornin B, Devanlay M. Influence of
liver failure, ascites, and energy expenditure on the response
to oral nutrition in alcoholic liver cirrhosis. Nutrition 1997;
13: 613-621 [PMID: 9263252]
Plauth M, Cabré E, Riggio O, Assis-Camilo M, Pirlich M,
Kondrup J, Ferenci P, Holm E, Vom Dahl S, Müller MJ, Nolte
W. ESPEN Guidelines on Enteral Nutrition: Liver disease.
Clin Nutr 2006; 25: 285-294 [PMID: 16707194 DOI: 10.1016/
j.clnu.2006.01.018]
Swart GR, Zillikens MC, van Vuure JK, van den Berg JW.
Effect of a late evening meal on nitrogen balance in patients
with cirrhosis of the liver. BMJ 1989; 299: 1202-1203 [PMID:
2513050]
Verboeket-van de Venne WP, Westerterp KR, van Hoek B,
Swart GR. Energy expenditure and substrate metabolism in
patients with cirrhosis of the liver: effects of the pattern of
food intake. Gut 1995; 36: 110-116 [PMID: 7890212]
Chang WK, Chao YC, Tang HS, Lang HF, Hsu CT. Effects of
extra-carbohydrate supplementation in the late evening on
energy expenditure and substrate oxidation in patients with
liver cirrhosis. JPEN J Parenter Enteral Nutr 1997; 21: 96-99
[PMID: 9084012]
Miwa Y, Shiraki M, Kato M, Tajika M, Mohri H, Murakami
N, Kato T, Ohnishi H, Morioku T, Muto Y, Moriwaki H. Improvement of fuel metabolism by nocturnal energy supplementation in patients with liver cirrhosis. Hepatol Res 2000;
18: 184-189 [PMID: 11058823]
Plank LD, Gane EJ, Peng S, Muthu C, Mathur S, Gillanders
L, McIlroy K, Donaghy AJ, McCall JL. Nocturnal nutritional
supplementation improves total body protein status of
patients with liver cirrhosis: a randomized 12-month trial.
Hepatology 2008; 48: 557-566 [PMID: 18627001 DOI: 10.1002/
hep.22367]
Alvarez MA, Cirera I, Solà R, Bargalló A, Morillas RM, Planas R. Long-term clinical course of decompensated alcoholic
cirrhosis: a prospective study of 165 patients. J Clin Gastroenterol 2011; 45: 906-911 [PMID: 21814145 DOI: 10.1097/
MCG.0b013e3182284e13]
Masson S, Emmerson I, Henderson E, Fletcher EH, Burt AD,
Day CP, Stewart SF. Clinical but not histological factors predict long-term prognosis in patients with histologically advanced non-decompensated alcoholic liver disease. Liver Int
2014; 34: 235-242 [PMID: 23834275 DOI: 10.1111/liv.12242]
Serfaty L, Aumaître H, Chazouillères O, Bonnand AM,
Rosmorduc O, Poupon RE, Poupon R. Determinants of
outcome of compensated hepatitis C virus-related cirrhosis.
Hepatology 1998; 27: 1435-1440 [PMID: 9581703 DOI: 10.1002/
hep.510270535]
Hu KQ, Tong MJ. The long-term outcomes of patients with
compensated hepatitis C virus-related cirrhosis and history
of parenteral exposure in the United States. Hepatology 1999;
29: 1311-1316 [PMID: 10094980 DOI: 10.1002/hep.510290424]
Kobayashi M, Ikeda K, Hosaka T, Sezaki H, Someya T,
Akuta N, Suzuki F, Suzuki Y, Saitoh S, Arase Y, Miyakawa
Y, Kumada H. Natural history of compensated cirrhosis in
the Child-Pugh class A compared between 490 patients with
hepatitis C and 167 with B virus infections. J Med Virol 2006;
78: 459-465 [PMID: 16482557 DOI: 10.1002/jmv.20562]
Toshikuni N, Izumi A, Nishino K, Inada N, Sakanoue R,
Yamato R, Suehiro M, Kawanaka M, Yamada G. Comparison
of outcomes between patients with alcoholic cirrhosis and
those with hepatitis C virus-related cirrhosis. J Gastroenterol
Hepatol 2009; 24: 1276-1283 [PMID: 19486451 DOI: 10.1111/
j.1440-1746.2009.05851.x]
Bustamante J, Rimola A, Ventura PJ, Navasa M, Cirera I,
Reggiardo V, Rodés J. Prognostic significance of hepatic
encephalopathy in patients with cirrhosis. J Hepatol 1999; 30:

WJG|www.wjgnet.com

890-895 [PMID: 10365817]
106 Kimball SR, Jefferson LS. Signaling pathways and molecular mechanisms through which branched-chain amino acids
mediate translational control of protein synthesis. J Nutr
2006; 136: 227S-231S [PMID: 16365087]
107 Anthony JC, Anthony TG, Kimball SR, Jefferson LS. Signaling pathways involved in translational control of protein
synthesis in skeletal muscle by leucine. J Nutr 2001; 131:
856S-860S [PMID: 11238774]
108 Nicastro H, Artioli GG, Costa Ados S, Solis MY, da Luz CR,
Blachier F, Lancha AH. An overview of the therapeutic effects of leucine supplementation on skeletal muscle under
atrophic conditions. Amino Acids 2011; 40: 287-300 [PMID:
20514547 DOI: 10.1007/s00726-010-0636-x]
109 Freund H, Dienstag J, Lehrich J, Yoshimura N, Bradford
RR, Rosen H, Atamian S, Slemmer E, Holroyde J, Fischer JE.
Infusion of branched-chain enriched amino acid solution in
patients with hepatic encephalopathy. Ann Surg 1982; 196:
209-220 [PMID: 6284073]
110 Sato S, Watanabe A, Muto Y, Suzuki K, Kato A, Moriwaki
H, Kato M, Nakamura T. Clinical comparison of branchedchain amino acid (l-Leucine, l-Isoleucine, l-Valine) granules
and oral nutrition for hepatic insufficiency in patients with
decompensated liver cirrhosis (LIV-EN study). Hepatol
Res 2005; 31: 232-240 [PMID: 15792640 DOI: 10.1016/
j.hepres.2005.01.009]
111 Nakaya Y, Okita K, Suzuki K, Moriwaki H, Kato A, Miwa
Y, Shiraishi K, Okuda H, Onji M, Kanazawa H, Tsubouchi
H, Kato S, Kaito M, Watanabe A, Habu D, Ito S, Ishikawa T,
Kawamura N, Arakawa Y. BCAA-enriched snack improves
nutritional state of cirrhosis. Nutrition 2007; 23: 113-120
[PMID: 17234504 DOI: 10.1016/j.nut.2006.10.008]
112 Urata Y, Okita K, Korenaga K, Uchida K, Yamasaki T,
Sakaida I. The effect of supplementation with branchedchain amino acids in patients with liver cirrhosis. Hepatol
Res 2007; 37: 510-516 [PMID: 17539993 DOI: 10.1111/j.1872034X.2007.00081.x]
113 Marchesini G, Bianchi G, Merli M, Amodio P, Panella C,
Loguercio C, Rossi Fanelli F, Abbiati R. Nutritional supplementation with branched-chain amino acids in advanced
cirrhosis: a double-blind, randomized trial. Gastroenterology
2003; 124: 1792-1801 [PMID: 12806613]
114 Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A,
Kato M, Nakamura T, Higuchi K, Nishiguchi S, Kumada H.
Effects of oral branched-chain amino acid granules on eventfree survival in patients with liver cirrhosis. Clin Gastroenterol Hepatol 2005; 3: 705-713 [PMID: 16206505]
115 ASPEN Board of Directors and the Clinical Guidelines
Task Force. Guidelines for the use of parenteral and enteral
nutrition in adult and pediatric patients. JPEN J Parenter Enteral Nutr 2002; 26: 1SA-138SA [PMID: 11841046]
116 Nishiguchi S, Habu D. Effect of oral supplementation with
branched-chain amino acid granules in the early stage of
cirrhosis. Hepatol Res 2004; 30S: 36-41 [PMID: 15607137 DOI:
10.1016/j.hepres.2004.08.009]
117 Calder PC. Branched-chain amino acids and immunity. J
Nutr 2006; 136: 288S-293S [PMID: 16365100]
118 Shen C, Zhao CY, Zhang R, Qiao L. Obesity-related hepatocellular carcinoma: roles of risk factors altered in obesity.
Front Biosci (Landmark Ed) 2012; 17: 2356-2370 [PMID:
22652784]
119 Shimizu M, Tanaka T, Moriwaki H. Obesity and hepatocellular carcinoma: targeting obesity-related inflammation
for chemoprevention of liver carcinogenesis. Semin Immunopathol 2013; 35: 191-202 [PMID: 22945457 DOI: 10.1007/
s00281-012-0336-6]
120 Garcia-Compean D, Jaquez-Quintana JO, Gonzalez-Gonzalez JA, Maldonado-Garza H. Liver cirrhosis and diabetes:
risk factors, pathophysiology, clinical implications and
management. World J Gastroenterol 2009; 15: 280-288 [PMID:

7296

June 21, 2014|Volume 20|Issue 23|

Toshikuni N et al . Nutrition and exercise in cirrhosis management
19140227]
121 Srikanthan P, Hevener AL, Karlamangla AS. Sarcopenia
exacerbates obesity-associated insulin resistance and dysglycemia: findings from the National Health and Nutrition
Examination Survey III. PLoS One 2010; 5: e10805 [PMID:
22421977 DOI: 10.1371/journal.pone.0010805]
122 Layman DK, Walker DA. Potential importance of leucine
in treatment of obesity and the metabolic syndrome. J Nutr
2006; 136: 319S-323S [PMID: 16365106]
123 Zhang Y, Guo K, LeBlanc RE, Loh D, Schwartz GJ, Yu YH.
Increasing dietary leucine intake reduces diet-induced obesity and improves glucose and cholesterol metabolism in mice
via multimechanisms. Diabetes 2007; 56: 1647-1654 [PMID:
17360978 DOI: 10.2337/db07-0123]
124 Hayashi F, Momoki C, Yuikawa M, Simotani Y, Kawamura E,
Hagihara A, Fujii H, Kobayashi S, Iwai S, Morikawa H, Enomoto M, Tamori A, Kawada N, Ohfuji S, Fukusima W, Habu
D. Nutritional status in relation to lifestyle in patients with
compensated viral cirrhosis. World J Gastroenterol 2012; 18:
5759-5770 [PMID: 23155318 DOI: 10.3748/wjg.v18.i40.5759]
125 Hayashi F, Matsumoto Y, Momoki C, Yuikawa M, Okada G,
Hamakawa E, Kawamura E, Hagihara A, Toyama M, Fujii
H, Kobayashi S, Iwai S, Morikawa H, Enomoto M, Tamori
A, Kawada N, Habu D. Physical inactivity and insufficient
dietary intake are associated with the frequency of sarcopenia in patients with compensated viral liver cirrhosis. Hepatol
Res 2013; 43: 1264-1275 [PMID: 23489325 DOI: 10.1111/
hepr.12085]
126 Montero-Fernández N, Serra-Rexach JA. Role of exercise
on sarcopenia in the elderly. Eur J Phys Rehabil Med 2013; 49:
131-143 [PMID: 23575207]
127 Zinna EM, Yarasheski KE. Exercise treatment to counteract
protein wasting of chronic diseases. Curr Opin Clin Nutr
Metab Care 2003; 6: 87-93 [PMID: 12496685 DOI: 10.1097/01.
mco.0000049042.06038.b7]
128 Jones JC, Coombes JS, Macdonald GA. Exercise capacity and
muscle strength in patients with cirrhosis. Liver Transpl 2012;
18: 146-151 [PMID: 22139897 DOI: 10.1002/lt.22472]
129 Lemyze M, Dharancy S, Nevière R, Wallaert B. Cardiopulmonary response to exercise in patients with liver cirrhosis
and impaired pulmonary gas exchange. Respir Med 2011; 105:
1550-1556 [PMID: 21764574 DOI: 10.1016/j.rmed.2011.06.011]
130 Terziyski K, Andonov V, Marinov B, Kostianev S. Exercise performance and ventilatory efficiency in patients
with mild and moderate liver cirrhosis. Clin Exp Pharmacol
Physiol 2008; 35: 135-140 [PMID: 18197891 DOI: 10.1111/
j.1440-1681.2007.04751.x]
131 Campillo B, Fouet P, Bonnet JC, Atlan G. Submaximal oxygen consumption in liver cirrhosis. Evidence of severe functional aerobic impairment. J Hepatol 1990; 10: 163-167 [PMID:
2332586]
132 Epstein SK, Ciubotaru RL, Zilberberg MD, Kaplan LM,
Jacoby C, Freeman R, Kaplan MM. Analysis of impaired exercise capacity in patients with cirrhosis. Dig Dis Sci 1998; 43:
1701-1707 [PMID: 9724156]
133 Lemyze M, Dharancy S, Wallaert B. Response to exercise in
patients with liver cirrhosis: implications for liver transplantation. Dig Liver Dis 2013; 45: 362-366 [PMID: 23137795 DOI:
10.1016/j.dld.2012.09.022]
134 Bernal W, Martin-Mateos R, Lipcsey M, Tallis C, Woodsford
K, McPhail MJ, Willars C, Auzinger G, Sizer E, Heneghan
M, Cottam S, Heaton N, Wendon J. Aerobic capacity dur-

135

136

137

138
139

140

141

142

143

144

145

146

ing cardiopulmonary exercise testing and survival with and
without liver transplantation for patients with chronic liver
disease. Liver Transpl 2014; 20: 54-62 [PMID: 24136710 DOI:
10.1002/lt.23766]
Ritland S, Petlund CF, Knudsen T, Skrede S. Improvement
of physical capacity after long-term training in patients
with chronic active hepatitis. Scand J Gastroenterol 1983; 18:
1083-1087 [PMID: 6673079]
Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO,
King AC, Macera CA, Castaneda-Sceppa C. Physical activity and public health in older adults: recommendation from
the American College of Sports Medicine and the American
Heart Association. Med Sci Sports Exerc 2007; 39: 1435-1445
[PMID: 17762378 DOI: 10.1249/mss.0b013e3180616aa2]
Saló J, Guevara M, Fernández-Esparrach G, Bataller R, Ginès
A, Jimenez W, Ginès P, Rivera F, Arroyo V, Rodés J. Impairment of renal function during moderate physical exercise in
cirrhotic patients with ascites: relationship with the activity
of neurohormonal systems. Hepatology 1997; 25: 1338-1342
[PMID: 9185749 DOI: 10.1002/hep.510250606]
Sinniah D, Fulton TT, McCullough H. The effect of exercise
on the venous blood ammonium concentration in man. J Clin
Pathol 1970; 23: 715-719 [PMID: 5488045]
García-Pagàn JC, Santos C, Barberá JA, Luca A, Roca J,
Rodriguez-Roisin R, Bosch J, Rodés J. Physical exercise increases portal pressure in patients with cirrhosis and portal
hypertension. Gastroenterology 1996; 111: 1300-1306 [PMID:
8898644]
Epstein SK, Zilberberg MD, Jacoby C, Ciubotaru RL, Kaplan
LM. Response to symptom-limited exercise in patients with
the hepatopulmonary syndrome. Chest 1998; 114: 736-741
[PMID: 9743159]
Shimomura Y, Murakami T, Nakai N, Nagasaki M, Harris
RA. Exercise promotes BCAA catabolism: effects of BCAA
supplementation on skeletal muscle during exercise. J Nutr
2004; 134: 1583S-1587S [PMID: 15173434]
Shimomura Y, Honda T, Shiraki M, Murakami T, Sato J, Kobayashi H, Mawatari K, Obayashi M, Harris RA. Branchedchain amino acid catabolism in exercise and liver disease. J
Nutr 2006; 136: 250S-253S [PMID: 16365092]
Román E, Torrades MT, Nadal MJ, Cárdenas G, Nieto JC,
Vidal S, Bascuñana H, Juárez C, Guarner C, Córdoba J,
Soriano G. Randomized Pilot Study: Effects of an Exercise
Programme and Leucine Supplementation in Patients with
Cirrhosis. Dig Dis Sci 2014; Epub ahead of print [PMID:
24599772 DOI: 10.1007/s10620-014-3086-6]
Hickman IJ, Jonsson JR, Prins JB, Ash S, Purdie DM, Clouston AD, Powell EE. Modest weight loss and physical activity
in overweight patients with chronic liver disease results in
sustained improvements in alanine aminotransferase, fasting insulin, and quality of life. Gut 2004; 53: 413-419 [PMID:
14960526]
Konishi I, Hiasa Y, Tokumoto Y, Abe M, Furukawa S,
Toshimitsu K, Matsuura B, Onji M. Aerobic exercise improves insulin resistance and decreases body fat and serum
levels of leptin in patients with hepatitis C virus. Hepatol
Res 2011; 41: 928-935 [PMID: 21707884 DOI: 10.1111/j.1872034X.2011.00833.x]
Goodpaster BH, Katsiaras A, Kelley DE. Enhanced fat oxidation through physical activity is associated with improvements in insulin sensitivity in obesity. Diabetes 2003; 52:
2191-2197 [PMID: 12941756]
P- Reviewers: Maasoumy B, Ruiz-Margain A
S- Editor: Qi Y L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

7297

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7298-7305
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i23.7298

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

Impairment of innate immune responses in cirrhotic
patients and treatment by branched-chain amino acids
Ikuo Nakamura
oral supplementation could reduce the risk of development of hepatocellular carcinoma in cirrhotic patients.
The mechanisms of the effects will also be discussed in
this review article.
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Core tip: This review will discuss the recent research
on impairment of innate immune responses in cirrhotic
patients and the treatment by branched-chain amino
acids (BCAA). It was revealed that BCAA oral supplementation could improve not only nutrition status but
phagocytic function of neutrophils and natural killer
activity of lymphocytes in cirrhotic patients. Therefore,
BCAA supplementation might reduce the risk of bacterial and viral infection in patients with decompensated
cirrhosis. Additionally, it was also revealed that BCAA
oral supplementation could reduce the risk of development of hepatocellular carcinoma in cirrhotic patients.
The mechanisms of the effects of BCAA described
above will also be discussed.

Abstract
It has been reported that host defense responses,
such as phagocytic function of neutrophils and natural
killer (NK) cell activity of lymphocytes, are impaired in
cirrhotic patients. This review will concentrate on the
impairment of innate immune responses in decompensated cirrhotic patients and the effect of the treatment
by branched-chain amino acids (BCAA) on innate immune responses. We already reported that phagocytic
function of neutrophils was significantly improved by
3-mo BCAA supplementation. In addition, the changes
of NK activity were also significant at 3 mo of supplementation compared with before supplementation.
Also, Fisher’s ratios were reported to be significantly
increased at 3 mo of BCAA supplementation compared
with those before oral supplementation. Therefore, administration of BCAA could reduce the risk of bacterial
and viral infection in patients with decompensated cirrhosis by restoring impaired innate immune responses
of the host. In addition, it was also revealed that BCAA
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INTRODUCTION
Innate immunity is the first defense mechanism of host
against pathogens such as bacteria and viruses. Patients
with insufficient innate immunity may have increased
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risk of bacterial and viral infection. Patients with liver
cirrhosis, especially those with decompensated cirrhosis,
are liable to suffer from bacterial infection such as bacteremia and spontaneous bacterial peritonitis (SBP), which
could be lethal to the patients. The incidence of bacterial
infections in cirrhotic patients is almost 4-7 times greater
than that of general hospital population[1,2]. SBP occurs in
10%-25% of hospitalized cirrhotic patients and its mortality rate is 17%-50%[3]. The high incidence of bacterial
infections in patients with cirrhosis has prompted an assessment of defects in their immune defense against microorganisms. The functional studies of peripheral blood
neutrophils have shown defective phagocytic activity and
intracellular killing activity in patients with cirrhosis[4-9]. In
addition, natural killer (NK) cells also constitute the first
line of host defense against invading pathogens. They
usually become activated in an early phase of viral infection. Effective clearance of an acute viral infection requires the coordinated function of multiple arms of the
immune systems, including innate immune systems mediated by NK cells and cytokines such as interferon, as well
as adaptive immune responses. It was reported that not
only phagocytic function of neutrophils but NK activity
of lymphocytes were impaired in cirrhotic patients[10-14].
So far, there are few therapies for restoration of activity of immune responses of innate immunity in patients
with liver cirrhosis. Branched-chain amino acid (BCAA)
supplementation has been previously shown to improve
serum albumin levels and Fisher’s ratios in those patients[15-17]. In addition, BCAA was also shown to improve
impaired glucose tolerance of the cirrhotic patients with
creatinine height index (CHI) greater than 80 by Urata
et al[18]. It was reported that BCAA oral supplementation
might reduce the incidence of events comprising the primary endpoint (which was a composite of death by any
cause, development of liver cancer, rupture of esophageal varices, or progress of hepatic failure[19]. In addition, recent studies have revealed that BCAA promotes
albumin synthesis in rat hepatocyte through activation of
mammalian target of rapamycin (mTOR) signal transduction system[20]. Much is still unknown on the effects of
BCAA supplementation on reactions of innate immunity.
This review will concentrate on the impairment of innate
immune responses in decompensated cirrhotic patients
and the effect of the treatment by BCAA on innate immune responses.

was previously reported that infections in patients with
cirrhosis increase mortality 4-fold; 30% of patients die
within 1 mo after infection and another 30% die by 1
year[22]. In patients with cirrhosis and severe sepsis, high
production of proinflammatory cytokines seems to play
a role in the worsening of liver function and the development of organ failures such as shock, renal failure, acute
lung injury or acute respiratory distress syndrome, coagulopathy, or hepatic encephalopathy[23].
Impairment of innate immune response in cirrhotic
patients
Functional abnormalities of neutrophils and macrophages[4-9], NK cells[10-14], and the complement system[25]
contribute to impaired innate immune responses. On
Neutrophils, it was reported that there was a defect of
neutrophil phagocytosis and a defect of intracellular killing of bacteria in cirrhotic patients. In addition, it was
revealed that these neutrophil defects are caused by both
reduced production of superoxide and defects of degranulation[4]. In addition, the function of macrophage Fc
gamma receptors was reported to be impaired in patients
with cirrhosis, and this impairment probably contributes
to the high incidence of bacterial infections among such
patients[6]. Neutrophil migration and phagocytosis were
reported to be decreased in cirrhotic patients with previous episodes of bacterial infection compared with noninfected patients. In addition, expression of complement
receptor type Ⅲ (CR3) in circulating neutrophils was
significantly higher in cirrhotic patients. These data suggest that deficient neutrophil recruitment to the infection
site and impaired phagocytic activity may contribute to
bacterial infections in cirrhotic patients with advanced
liver disease[5]. Polymorphonuclear cells (PMNs) obtained
from cirrhotic patients were reported to be less effective
than those from controls in producing O2- after stimulation with opsonized zymosan, while they were more effective in producing NO, NO synthase activity was higher
in leukocytes from cirrhotic patients than in controls[8].
It was also reported that the plasma of cirrhotic patients
induced neutrophil phagocytic dysfunction and the degree of the impairment was greater in cirrhotic patients
with more severe disease[9]. The study also clarified that
dysfunction of phagocytic function of neutrophils was
associated with increased expression of toll-like receptors
2 and 4. Stable cirrhosis is characterized by neutrophil
phagocytic dysfunction which may be subtle and only
revealed in inflamed peripheral tissues where excessive
inflammatory mediators continue to be released (Table 1).
NK cell activity was revealed to be significantly decreased in cirrhotic patients compared with normal
controls and that in patients with other, non-malignant
diseases, supporting the notion that immune-surveillance
mechanisms may be affected in these patients[10-12]. Chuang
et al[12] reported that cirrhotic patients with Child Pugh’s C
grade of severity of liver disease had lower NK cell activity. The depression of NK cell activity in cirrhotic patients
was inversely correlated with prothrombin time ratios.

Immune Responses in Cirrhotic
Patients
Increased risk of infection and death in cirrhotic patients
It was reported that alterations of the immune system
are common in patients with end-stage liver disease
and associated with an increased risk of infection and
death[1-3,21-24]. Bacterial infection involving such as urinary
tract, ascites, blood, respiratory tract is a severe complication of decompensated cirrhosis. Additionally, it might
induce longer hospital stay and increased mortality[21]. It
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Table 1 Impairment of innate immune responses in cirrhotic
patients

Table 2 Impairment of adaptive immune responses in
cirrhotic patients

Impairment of phagocytic activity of neutrophils
Impairment of intracellular killing activity of neutrophils
Impairment of migration of neutrophils
Impairment of natural killer cell activity
Impairment of function of macrophage Fc gamma receptors
Impairment of opsonisation activity
Impairment of hemolytic complement function

Down regulation of major histocompatibility complex class II on
monocyte/macrophages
Impairment of maturation and function of myeloid dendritic cells
Inhibition of T cell proliferation and T cell-mediated cytokine
production
Inhibition of T-cell co stimulatory pathways
Impairment of tumor necrosis factor-alpha production of CD4+ and
CD8+ cells
Increased fraction of CD4+ CD25+ cells
Increase in circulating anti-inflammatory cytokines

And NK cell activity in cirrhotic patients with hepatic encephalopathy was lower than that in patients without hepatic encephalopathy. Thus, the diminished NK cell activity in cirrhotic patients might be related to the severity of
liver damage[12]. Reduction of NK cell activity might occur
partially due to lower frequency of NK cell in peripheral
blood[13]. However, the mechanisms of diminished NK
cell activity was not clarified so far.
Also, acquired deficiencies of certain complement
proteins and impaired opsonisation activity was reported
to be implicated in the pathogenesis of the increased
susceptibility to infections of patients with cirrhosis. Low
serum C3 concentrations and decreased haemolytic complement function predispose to infection and increased
mortality in patients with cirrhosis[25].

systemic inflammation. Furthermore, TNF-α production
in responding T cells was attenuated in patients with a
high frequency of CD14+ HLA-DR- monocytes. The
results of the study suggested that bacterial translocation,
endotoxaemia, inflammation and T cell activation in cirrhosis are accompanied by an increase in circulating antiinflammatory cytokines, reduced monocytic MHC class
Ⅱ expression and attenuated cytokine production in T
cells.

TREATMENT BY BCAA AND THE EFFECT
ON INNATE IMMUNE RESPONSES IN
CIRRHOTIC PATIENT

Impairment of adaptive immune response in cirrhotic
patients
On the adaptive immune response in cirrhotic patients,
there was evidence to suggest that the response was defective[26,27]. Generally speaking, impairment of adaptive
immune responses can be due to either impairment of
antigen presentation of professional cells or to reduction
of T cell responses. T cell such as cytotoxic T lymphocyte
(CTL) and helper T cell (Th) recognize a peptide-MHC
complex on antigen presenting cell (Table 2). In cirrhotic
patients, levels of interleukin-10 (IL-10) in blood became
high due to increase of endotoxin and tumor necrosis
factor-alpha (TNF-α)[28-30]. IL-10 could reduce cytokine
responses of T cells, reduction of MHC class Ⅱ expression on antigen-presenting cells and suppression of costimulatory signals[31-34].
In addition, there was a report on association of T
cell responses in vitro and markers of bacterial translocation, serum IL-10, monocyte HLA-DR expression and T
cell subsets in cirrhotic patients[24]. Advanced liver disease
predisposes to bacterial translocation and endotoxaemia
which can contribute to elevated circulating levels of
IL-10 and down-regulation of MHC class Ⅱ on antigenpresenting cells. Peter et al[24] evaluated antigen-specific
T-cell responses toward common viral antigens in order
to investigate defects in cellular immunity in cirrhosis.
Compared to healthy controls, patients with cirrhosis had
higher circulating levels of LBP and IL-10, an expansion of peripheral blood CD14+ monocytes with low
HLA-DR expression and an increased fraction of CD25positive CD4+ and CD8+ T cells. These findings were reported to be most pronounced in cirrhotic patients with
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BCAA and mTOR signaling pathway
BCAA comprise three essential amino acids: leucine (Leu),
isoleucine (Ile), and valine (Val). And chemical formulas of
Leu, Ile, and Val are HO2CCH(NH2)CH2CH(CH3)2, HO2C
CH(NH2)CH(CH3)CH2CH3, and HO2CCH(NH2)CH(CH3)2
respectively.
They are often used as supplemental therapy to improve protein malnutrition in patients with liver cirrhosis.
Long-term oral supplementation with BCAA granules
to cirrhotic patients improved their nutrition status (i.e.,
hypoalbuminemia)[19,35]. In addition to the role of acting
as nutrient substrates, recent studies have demonstrated
that BCAA also serve as physiologically active substances.
BCAA have been shown to have pharmacological effects,
such as induction of protein synthesis[36] and promotion
of glucose uptake in skeletal muscle[37]. In rat primary hepatocytes, albumin synthesis is significantly increased by
BCAA administration, which is dependent on activation
of the mammalian target of rapamycin (mTOR), mainly
induced by leucine (Figure 1)[20].
mTOR integrates the input from upstream pathways, including insulin, growth factors (such as IGF-1
and IGF-2), and amino acids[38]. In addition, mTOR also
senses cellular nutrient, oxygen, and energy levels [39].
The mTOR pathway is dysregulated in human diseases,
such as diabetes, obesity, depression, and certain cancers[40]. mTOR is the catalytic subunit of two molecular
complexes: mTORC1 and mTORC2[41]. mTOR complex 1 (mTORC1) is composed of mTOR, regulatoryassociated protein of mTOR (Raptor), mammalian lethal
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Figure 1 mammalian target of rapamycin signaling pathway. branched-chain amino acids (BCAA) promotes albumin synthesis through activation of the mammalian target of rapamycin (mTOR) signal transduction system. mTOR complex 1 (mTORC1) is composed of mTOR, Raptor, LST8, PRAS40 and Deptor. Raptor: Regulatory-associated protein of mTOR; LST8: Mammalian lethal with SEC13 protein 8; PRAS40: Protein-rich Akt subsrtrate of 40 kDa; Deptor; DEP domain-containing
mTOR-interacting protein; eIF-4E: Eukaryotic translation initiation factor 4E; 4E BP1: Eukaryotic translation initiation factor 4E binding protein 1.

with that before oral supplementation and also at 3 mo
of BCAA supplementation compared with that before
oral supplementation. In addition, the phagocytic function of neutrophils was reported to be significantly increased at 3 mo of supplementation compared with that
before BCAA supplementation. It was also reported on
the effects of BCAA supplementation on NK activity of
lymphocytes. NK cell activity were also significantly improved at 3 mo of supplementation compared with that
before BCAA supplementation.
In the chapter of discussion in our report, the several points were discussed as follows[46]. There were few
therapies to restore the reactions of innate immunity
such as phagocytic function of neutrophils and NK activity of lymphocytes. The mechanisms of the improvement by BCAA supplementation were not completely
elucidated. It has been reported that BCAA supplementation promotes albumin synthesis through activation
of the mTOR signal transduction system[20]. In addition,
not only synthesis of albumin but HGF synthesis was
enhanced by BCAA supplementation. Therefore, production of a factor which could stimulate neutrophil
function of phagocytosis such as tuftsin[47,48] might be increased by BCAA by mTOR signal transduction system.
Alternatively, improvement of poor nutritional status
in cirrhotic patient by BCAA might restore phagocytic
function of neutrophils and NK activity of lymphocytes
by indirect mechanisms. In the study, phagocytic function of neutrophils and NK activity of lymphocytes were

with SEC13 protein 8 (LST8) and the recently identified partners PRAS40 and DEPTOR (Figure 1)[42,43].
This complex is characterized by the classic features of
mTOR by functioning as a nutrient/energy/redox sensor
and controlling protein synthesis[38,42]. The activity of this
complex is stimulated by insulin, growth factors, serum,
phosphatidic acid, amino acids (particularly leucine), and
oxidative stress[42,44].
In this paragraph, several reports on promotion of
albumin synthesis by BCAA through activation of the
mammalian target of rapamycin (mTOR) signal transduction system were introduced (Figure 1)[20].
Restoration of innate immune responses by oral
supplementation of BCAA in cirrhotic patients
We reported on restoration of innate immune responses
such as phagocytic function of neutrophils and NK cell
activity[45,46]. In the reports, patients with decompensated
cirrhosis received 12 g BCAA daily for 3 mo. Phagocytic
function of neutrophils and NK cell activity of lymphocytes as well as Fisher’s ratio were determined before and
at 1 and 3 mo of BCAA supplementation. For quantification of phagocytic function, fluorescent intensities
of cells in the neutrophil region in the cytogram were
determined by flow cytometry after incubation of whole
blood with fluorescent microspheres. NK cell activity was
estimated by 51Cr release assay using K-562 cell line as
target cells. Fisher’s ratio was reported to be significantly
increased at 1 mo of BCAA supplementation compared
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Murata et al[53] showed that isoleucine prevents tumor
growth in a mouse liver metastatic model of colon cancer
through inhibition of vascular endothelial growth factor (VEGF). Yoshiji et al[54] reported that BCAA exerts a
chemopreventive effect against HCC, which is associated
with the suppression of VEGF expression and hepatic
neovascularization in obese diabetic rats. Both of these
reports suggest an anti-angiogenesis activity of BCAA or
Isoleucine through suppression of VEGF expression.
In the study by Miuma et al[55], they analyzed the expression of vascular VEGF in HepG2 cells under highinsulin culture conditions, and examined the effect of
BCAA on VEGF expression. VEGF secretion was significantly increased by 200 nmol/L of insulin under BCAA
deficient conditions, but it was repressed by the addition
of BCAA. BCAA activated the mTOR pathway and increase HIF-1a expression under high-insulin culture conditions, however quantitative PCR analysis showed that
insulin-induced expression of VEGF mRNAs decreased
2 h after the addition of BCAA. The half-lives of VEGF
mRNAs were shortened in the presence of BCAA compared to the absence of BCAA. Therefore, the results of
the study suggested that BCAA regulate VEGF expression mainly at the post-transcriptional level in patients
who have hyperinsulinemia and are in the process of
developing HCC. They also examined which of the Valine, Leucine, and Isoleucine components of BCAA were
essential for VEGF mRNA degradation. All three BCAA
components were revealed to be required for acceleration
of insulin-induced VEGF mRNA degradation.
Recently, another study on the mechanisms of reduction of the risk of HCC development by BCAA was
reported[56]. Hagiwara et al[56] reported the result of the
study to investigate the effects of BCAA on insulininduced proliferation of hepatic tumor cells and determine the underlying mechanisms. BCAA was reported
to suppress insulin-induced cell proliferation of H4ⅡE,
HepG2 cells. They demonstrated that BCAA inhibited
PI3K/Akt pathway not only by promoting negative feedback loop from mammalian target of rapamycin complex
1 (mTORC1)/S6K1 to PI3K/Akt pathway, but also by
suppressing mTORC2 kinase activity toward Akt. Their
findings suggested that BCAA supplementation may be
useful to suppress liver cancer progression by inhibiting
insulin-induced PI3K/Akt and subsequent anti-apoptotic
pathway, indicating the importance of BCAA supplementation to the obese patients with advanced liver disease.
Furthermore, NK cells were previously revealed to
play important roles not only in the defense against viral
infection but in tumor surveillance[57,58]. Therefore, the
restoration of NK cell activity by BCAA supplementation might partly contribute to the reduction of the risk
of HCC in cirrhotic patients.

BCAA
Nutrition
Protein nutrition
Energy nutrition

Host defense
Phagocytic function
of neutrophils
NK cell activity

Nutrition
Protein nutrition
Energy nutrition

Host defense
Phagocytic function
of neutrophils
NK cell activity

Figure 2 Restoration of nutrition state and host immune responses
by branched-chain amino acids in decompensated cirrhotic patients.
branched-chain amino acids (BCAA) oral supplementation could not only improve nutrition state (protein nutrition, energy nutrition) but restore host defense
mechanisms [phagocytic function of neutrophils and natural killer (NK) cell
activity] in cirrhotic patients.

significantly restored before serum albumin level became
statistically improved. That might imply a clue to clarify
the mechanisms of effect on improvement of reactions
of innate immunity by BCAA oral supplementation. To
estimate the effects of BCAA supplementation on the
innate host responses in cirrhotic patients, further studies on intrahepatic neutrophils, Kupffer cells and pit cells
might be valuable.
Reduction of the risk of hepatocellular carcinoma
development by BCAA in cirrhotic patients
A multicenter, randomized, and nutrient intake-controlled
trial on the comparative effects of BCAA, conducted in
646 patients with decompensated cirrhosis, showed that
the incidence of events comprising the primary endpoint
(which was a composite of death by any cause, development of liver cancer, rupture of esophageal varices, or
progress of hepatic failure) significantly decreased in the
BCAA supplementation group as compared with the
control group[19]. Marchesini et al[35] also reported that
long-term oral supplementation of BCAA granules to
cirrhotic patients were reported to improve not only their
nutrition status (i.e., hypoalbuminemia) but their eventfree survival. In addition, Muto et al[49] reported that
close association exists between insulin resistance due to
hyperinsulinemia and BCAA, and that this association
contributes to the progression of hepatocellular carcinoma (HCC) in cirrhotic patients. It was also reported
that the risk for liver cancer was significantly reduced
by oral BCAA supplementation in the patients with a
BMI of 25 or higher. Oral supplemental treatment with
BCAA might reduce the risk of liver cancer in cirrhotic
patients [49]. Recent studies have revealed that BCAA
supplemental therapy to patients with liver cirrhosis improves their insulin resistance and hyperinsulinemia[50,51],
which can account for the reduced risk of HCC. BCAA
is supposed to prevent insulin resistance through improving glucose tolerance by promoting insulin-independent
glucose uptake by skeletal muscle[52].
There have been only a few reports to date regarding
the suppression of liver cancer progression by BCAA.
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BCAA oral supplementation could improve not only nutrition status (both protein nutrition and energy nutrition
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) but phagocytic function of neutrophils and NK activity
of lymphocytes in cirrhotic patients (Figure 2). BCAA
supplementation might reduce the risk of bacterial and
viral infection in patients with decompensated cirrhosis.
In addition, administration of BCAA could improve
glucose intolerance and hyperinsulinemia in cirrhotic patients. It has also been reported that the risk of developing HCC could be significantly reduced following longterm administration of BCAA in obese cirrhotic patients
with diabetes mellitus.

14

15

REFERENCES
1

2

3
4

5

6

7

8

9

10

11

12

13

Rimola A, Soto R, Bory F, Arroyo V, Piera C, Rodes J. Reticuloendothelial system phagocytic activity in cirrhosis and
its relation to bacterial infections and prognosis. Hepatology
1984; 4: 53-58 [PMID: 6693068 DOI: 10.1002/hep.1840040109]
Barnes PF, Arevalo C, Chan LS, Wong SF, Reynolds TB. A
prospective evaluation of bacteremic patients with chronic
liver disease. Hepatology 1988; 8: 1099-1103 [PMID: 3417230
DOI: 10.1002/hep.1840080520]
Hoefs JC. Spontaneous bacterial peritonitis: prevention and
therapy. Hepatology 1990; 12: 776-781 [PMID: 2210680 DOI:
10.1002/hep.1840120424]
Rajkovic IA, Williams R. Abnormalities of neutrophil
phagocytosis, intracellular killing and metabolic activity in
alcoholic cirrhosis and hepatitis. Hepatology 1986; 6: 252-262
[PMID: 3007318 DOI: 10.1002/hep.1840060217]
Fiuza C, Salcedo M, Clemente G, Tellado JM. In vivo neutrophil dysfunction in cirrhotic patients with advanced liver
disease. J Infect Dis 2000; 182: 526-533 [PMID: 10915084 DOI:
10.1086/315742]
Gomez F, Ruiz P, Schreiber AD. Impaired function of macrophage Fc gamma receptors and bacterial infection in alcoholic cirrhosis. N Engl J Med 1994; 331: 1122-1128 [PMID:
7935636 DOI: 10.1056/NEJM199410273311704]
Bruns T, Peter J, Hagel S, Herrmann A, Stallmach A. The
augmented neutrophil respiratory burst in response to
Escherichia coli is reduced in liver cirrhosis during infection.
Clin Exp Immunol 2011; 164: 346-356 [PMID: 21413941 DOI:
10.1111/j.1365-2249.2011.04373.x]
Masini E, Mugnai L, Foschi M, Laffi G, Gentilini P, Mannaioni PF. Changes in the production of nitric oxide and
superoxide by inflammatory cells in liver cirrhosis. Int Arch
Allergy Immunol 1995; 107: 197-198 [PMID: 7613130 DOI:
10.1159/000236975]
Tritto G, Bechlis Z, Stadlbauer V, Davies N, Francés R, Shah
N, Mookerjee RP, Such J, Jalan R. Evidence of neutrophil
functional defect despite inflammation in stable cirrhosis.
J Hepatol 2011; 55: 574-581 [PMID: 21236309 DOI: 10.1016/
j.jhep.2010.11.034]
Nakamura T, Morizane T, Watanabe T, Tsuchimoto K, Inagaki Y, Kumagai N, Tsuchiya M. Decreased natural killer
activity in patients with liver cirrhosis. Int J Cancer 1983; 32:
573-575 [PMID: 6315603 DOI: 10.1002/ijc.2910320509]
Laso FJ, Madruga JI, Girón JA, López A, Ciudad J, San
Miguel JF, Alvarez-Mon M, Orfao A. Decreased natural killer cytotoxic activity in chronic alcoholism is associated with
alcohol liver disease but not active ethanol consumption.
Hepatology 1997; 25: 1096-1100 [PMID: 9141423 DOI: 10.1002/
hep.510250508]
Chuang WL, Liu HW, Chang WY, Chen SC, Hsieh MY,
Wang LY. Natural killer cell activity in patients with liver
cirrhosis relative to severity of liver damage. Dig Dis Sci
1991; 36: 299-302 [PMID: 1995265 DOI: 10.1007/BF01318200]
Meier UC, Owen RE, Taylor E, Worth A, Naoumov N, Willberg C, Tang K, Newton P, Pellegrino P, Williams I, Klenerman P, Borrow P. Shared alterations in NK cell frequency,

WJG|www.wjgnet.com

16

17

18

19

20

21

22

23
24

25

26

7303

phenotype, and function in chronic human immunodeficiency virus and hepatitis C virus infections. J Virol 2005; 79:
12365-12374 [PMID: 16160163 DOI: 10.1128/JVI.79.19.1236512374.2005]
Pár G, Rukavina D, Podack ER, Horányi M, Szekeres-Barthó
J, Hegedüs G, Paál M, Szereday L, Mózsik G, Pár A. Decrease in CD3-negative-CD8dim(+) and Vdelta2/Vgamma9
TcR+ peripheral blood lymphocyte counts, low perforin
expression and the impairment of natural killer cell activity is associated with chronic hepatitis C virus infection. J
Hepatol 2002; 37: 514-522 [PMID: 12217606 DOI: 10.1016/
S0168-8278(02)00218-0]
Yoshida T, Muto Y, Moriwaki H, Yamato M. Effect of longterm oral supplementation with branched-chain amino acid
granules on the prognosis of liver cirrhosis. Gastroenterol Jpn
1989; 24: 692-698 [PMID: 2606303]
Bianchi GP, Marchesini G, Zoli M, Abbiati R, Ferrario E,
Fabbri A, Pisi E. Oral BCAA supplementation in cirrhosis
with chronic encephalopathy: effects on prolactin and estradiol levels. Hepatogastroenterology 1992; 39: 443-446 [PMID:
1459529]
Habu D, Nishiguchi S, Nakatani S, Kawamura E, Lee C,
Enomoto M, Tamori A, Takeda T, Tanaka T, Shiomi S. Effect
of oral supplementation with branched-chain amino acid
granules on serum albumin level in the early stage of cirrhosis: a randomized pilot trial. Hepatol Res 2003; 25: 312-318
[PMID: 12697253 DOI: 10.1016/S1386-6346(02)00267-X]
Urata Y, Okita K, Korenaga K, Uchida K, Yamasaki T,
Sakaida I. The effect of supplementation with branchedchain amino acids in patients with liver cirrhosis. Hepatol
Res 2007; 37: 510-516 [PMID: 17539993 DOI: 10.1111/j.1872034X.2007.00081.x]
Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A,
Kato M, Nakamura T, Higuchi K, Nishiguchi S, Kumada H.
Effects of oral branched-chain amino acid granules on eventfree survival in patients with liver cirrhosis. Clin Gastroenterol Hepatol 2005; 3: 705-713 [PMID: 16206505 DOI: 10.1016/
S1542-3565(05)00017-0]
Ijichi C, Matsumura T, Tsuji T, Eto Y. Branched-chain amino
acids promote albumin synthesis in rat primary hepatocytes
through the mTOR signal transduction system. Biochem
Biophys Res Commun 2003; 303: 59-64 [PMID: 12646166 DOI:
10.1016/S0006-291X(03)00295-X]
Borzio M, Salerno F, Piantoni L, Cazzaniga M, Angeli P, Bissoli F, Boccia S, Colloredo-Mels G, Corigliano P, Fornaciari G,
Marenco G, Pistarà R, Salvagnini M, Sangiovanni A. Bacterial infection in patients with advanced cirrhosis: a multicentre prospective study. Dig Liver Dis 2001; 33: 41-48 [PMID:
11303974 DOI: 10.1016/S1590-8658(01)80134-1]
Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis E,
Pleguezuelo M, Burroughs AK. Infections in patients with
cirrhosis increase mortality four-fold and should be used in
determining prognosis. Gastroenterology 2010; 139: 1246-1256,
1256.e1-5 [PMID: 20558165 DOI: 10.1053/j.gastro.2010.06.019]
Gustot T, Durand F, Lebrec D, Vincent JL, Moreau R. Severe
sepsis in cirrhosis. Hepatology 2009; 50: 2022-2033 [PMID:
19885876 DOI: 10.1002/hep.23264]
Peter J, Frey O, Stallmach A, Bruns T. Attenuated antigenspecific T cell responses in cirrhosis are accompanied by
elevated serum interleukin-10 levels and down-regulation
of HLA-DR on monocytes. BMC Gastroenterol 2013; 13: 37
[PMID: 23446058 DOI: 10.1186/1471-230X-13-37]
Homann C, Varming K, Høgåsen K, Mollnes TE, Graudal
N, Thomsen AC, Garred P. Acquired C3 deficiency in patients with alcoholic cirrhosis predisposes to infection and
increased mortality. Gut 1997; 40: 544-549 [PMID: 9176087]
Rožnovský L, Orságová I, Petroušová L, Tvrdík J, Kabieszová
L, Rydlo M, Lochman I, Kloudová A. [Low response rate to a
vaccination against hepatitis B in patients with end-stage liver disease]. Klin Mikrobiol Infekc Lek 2010; 16: 179-181 [PMID:

June 21, 2014|Volume 20|Issue 23|

Nakamura I. BCAA treatment of LC

27

28

29

30

31
32
33

34

35
36

37

38
39

40

41
42

43

21191876]
Cheong HJ, Song JY, Park JW, Yeon JE, Byun KS, Lee CH,
Cho HI, Kim TG, Kim WJ. Humoral and cellular immune
responses to influenza vaccine in patients with advanced
cirrhosis. Vaccine 2006; 24: 2417-2422 [PMID: 16406176 DOI:
10.1016/j.vaccine.2005.11.064]
González-Navajas JM, Bellot P, Francés R, Zapater P, Muñoz C, García-Pagán JC, Pascual S, Pérez-Mateo M, Bosch
J, Such J. Presence of bacterial-DNA in cirrhosis identifies a
subgroup of patients with marked inflammatory response
not related to endotoxin. J Hepatol 2008; 48: 61-67 [PMID:
17998145 DOI: 10.1016/j.jhep.2007.08.012]
Emmanuilidis K, Weighardt H, Maier S, Gerauer K, Fleischmann T, Zheng XX, Hancock WW, Holzmann B, Heidecke
CD. Critical role of Kupffer cell-derived IL-10 for host defense in septic peritonitis. J Immunol 2001; 167: 3919-3927
[PMID: 11564810]
Barsig J, Küsters S, Vogt K, Volk HD, Tiegs G, Wendel A.
Lipopolysaccharide-induced interleukin-10 in mice: role of
endogenous tumor necrosis factor-alpha. Eur J Immunol 1995;
25: 2888-2893 [PMID: 7589088 DOI: 10.1002/eji.1830251027]
Moore KW, O’Garra A, de Waal Malefyt R, Vieira P, Mosmann TR. Interleukin-10. Annu Rev Immunol 1993; 11: 165-190
[PMID: 8386517 DOI: 10.1146/annurev.iy.11.040193.001121]
Akdis CA, Blaser K. Mechanisms of interleukin-10-mediated
immune suppression. Immunology 2001; 103: 131-136 [PMID:
11412299 DOI: 10.1046/j.1365-2567.2001.01235.x]
Berry PA, Antoniades CG, Carey I, McPhail MJ, Hussain MJ,
Davies ET, Wendon JA, Vergani D. Severity of the compensatory anti-inflammatory response determined by monocyte
HLA-DR expression may assist outcome prediction in cirrhosis. Intensive Care Med 2011; 37: 453-460 [PMID: 21161643
DOI: 10.1007/s00134-010-2099-7]
Berres ML, Schnyder B, Yagmur E, Inglis B, Stanzel S, Tischendorf JJ, Koch A, Winograd R, Trautwein C, Wasmuth HE.
Longitudinal monocyte human leukocyte antigen-DR expression is a prognostic marker in critically ill patients with
decompensated liver cirrhosis. Liver Int 2009; 29: 536-543
[PMID: 18795898 DOI: 10.1111/j.1478-3231.2008.01870.x]
Marchesini G, Marzocchi R, Noia M, Bianchi G. Branchedchain amino acid supplementation in patients with liver diseases. J Nutr 2005; 135: 1596S-1601S [PMID: 15930476]
Anthony JC, Yoshizawa F, Anthony TG, Vary TC, Jefferson
LS, Kimball SR. Leucine stimulates translation initiation in
skeletal muscle of postabsorptive rats via a rapamycin-sensitive pathway. J Nutr 2000; 130: 2413-2419 [PMID: 11015466]
Nishitani S, Matsumura T, Fujitani S, Sonaka I, Miura Y, Yagasaki K. Leucine promotes glucose uptake in skeletal muscles of rats. Biochem Biophys Res Commun 2002; 299: 693-696
[PMID: 12470633 DOI: 10.1016/S0006-291X(02)02717-1]
Hay N, Sonenberg N. Upstream and downstream of mTOR.
Genes Dev 2004; 18: 1926-1945 [PMID: 15314020 DOI: 10.1101/
gad.1212704]
Tokunaga C, Yoshino K, Yonezawa K. mTOR integrates
amino acid- and energy-sensing pathways. Biochem Biophys Res Commun 2004; 313: 443-446 [PMID: 14684182 DOI:
10.1016/j.bbrc.2003.07.019]
Beevers CS, Li F, Liu L, Huang S. Curcumin inhibits the
mammalian target of rapamycin-mediated signaling pathways in cancer cells. Int J Cancer 2006; 119: 757-764 [PMID:
16550606 DOI: 10.1002/ijc.21932]
Wullschleger S, Loewith R, Hall MN. TOR signaling in
growth and metabolism. Cell 2006; 124: 471-484 [PMID:
16469695 DOI: 10.1016/j.cell.2006.01.016]
Kim DH, Sarbassov DD, Ali SM, King JE, Latek RR, Erdjument-Bromage H, Tempst P, Sabatini DM. mTOR interacts
with raptor to form a nutrient-sensitive complex that signals
to the cell growth machinery. Cell 2002; 110: 163-175 [PMID:
12150925 DOI: 10.1016/S0092-8674(02)00808-5]
Kim DH, Sarbassov DD, Ali SM, Latek RR, Guntur KV,

WJG|www.wjgnet.com

44

45

46

47
48

49

50

51

52

53

54

55

56

7304

Erdjument-Bromage H, Tempst P, Sabatini DM. GbetaL, a
positive regulator of the rapamycin-sensitive pathway required for the nutrient-sensitive interaction between raptor
and mTOR. Mol Cell 2003; 11: 895-904 [PMID: 12718876 DOI:
10.1016/S1097-2765(03)00114-X]
Fang Y, Vilella-Bach M, Bachmann R, Flanigan A, Chen J.
Phosphatidic acid-mediated mitogenic activation of mTOR
signaling. Science 2001; 294: 1942-1945 [PMID: 11729323 DOI:
10.1126/science.1066015]
Nakamura I, Ochiai K, Imawari M. Phagocytic function of
neutrophils of patients with decompensated liver cirrhosis is
restored by oral supplementation of branched-chain amino
acids. Hepatol Res 2004; 29: 207-211 [PMID: 15288012 DOI:
10.1016/j.hepres.2004.04.005]
Nakamura I, Ochiai K, Imai Y, Moriyasu F, Imawari M.
Restoration of innate host defense responses by oral supplementation of branched-chain amino acids in decompensated
cirrhotic patients. Hepatol Res 2007; 37: 1062-1067 [PMID:
17608669 DOI: 10.1111/j.1872-034X.2007.00166.x]
Najjar VA, Nishioka K. “Tuftsin”: a natural phagocytosis stimulating peptide. Nature 1970; 228: 672-673 [PMID:
4097539 DOI: 10.1038/228672a0]
Trevisani F, Castelli E, Foschi FG, Parazza M, Loggi E, Bertelli M, Melotti C, Domenicali M, Zoli G, Bernardi M. Impaired tuftsin activity in cirrhosis: relationship with splenic
function and clinical outcome. Gut 2002; 50: 707-712 [PMID:
11950821 DOI: 10.1136/gut.50.5.707]
Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A,
Kato M, Nakamura T, Higuchi K, Nishiguchi S, Kumada H,
Ohashi Y. Overweight and obesity increase the risk for liver
cancer in patients with liver cirrhosis and long-term oral
supplementation with branched-chain amino acid granules
inhibits liver carcinogenesis in heavier patients with liver
cirrhosis. Hepatol Res 2006; 35: 204-214 [PMID: 16737844 DOI:
10.1016/j.hepres.2006.04.007]
Kawaguchi T, Taniguchi E, Itou M, Sumie S, Oriishi T,
Matsuoka H, Nagao Y, Sata M. Branched-chain amino
acids improve insulin resistance in patients with hepatitis C virus-related liver disease: report of two cases. Liver
Int 2007; 27: 1287-1292 [PMID: 17919242 DOI: 10.1111/
j.1478-3231.2007.01559.x]
Kawaguchi T, Nagao Y, Matsuoka H, Ide T, Sata M.
Branched-chain amino acid-enriched supplementation improves insulin resistance in patients with chronic liver disease. Int J Mol Med 2008; 22: 105-112 [PMID: 18575782]
Nishitani S, Takehana K, Fujitani S, Sonaka I. Branchedchain amino acids improve glucose metabolism in rats
with liver cirrhosis. Am J Physiol Gastrointest Liver Physiol
2005; 288: G1292-G1300 [PMID: 15591158 DOI: 10.1152/ajpgi.00510.2003]
Murata K, Moriyama M. Isoleucine, an essential amino acid,
prevents liver metastases of colon cancer by antiangiogenesis. Cancer Res 2007; 67: 3263-3268 [PMID: 17409434 DOI:
10.1158/0008-5472.CAN-06-3739]
Yoshiji H, Noguchi R, Kaji K, Ikenaka Y, Shirai Y, Namisaki
T, Kitade M, Tsujimoto T, Kawaratani H, Fukui H. Attenuation of insulin-resistance-based hepatocarcinogenesis and
angiogenesis by combined treatment with branched-chain
amino acids and angiotensin-converting enzyme inhibitor in
obese diabetic rats. J Gastroenterol 2010; 45: 443-450 [PMID:
19941011 DOI: 10.1007/s00535-009-0158-z]
Miuma S, Ichikawa T, Arima K, Takeshita S, Muraoka T,
Matsuzaki T, Ootani M, Shibata H, Akiyama M, Ozawa E,
Miyaaki H, Taura N, Takeshima F, Nakao K. Branched-chain
amino acid deficiency stabilizes insulin-induced vascular endothelial growth factor mRNA in hepatocellular carcinoma
cells. J Cell Biochem 2012; 113: 3113-3121 [PMID: 22581719
DOI: 10.1002/jcb.24188]
Hagiwara A, Nishiyama M, Ishizaki S. Branched-chain

June 21, 2014|Volume 20|Issue 23|

Nakamura I. BCAA treatment of LC

57

amino acids prevent insulin-induced hepatic tumor cell
proliferation by inducing apoptosis through mTORC1 and
mTORC2-dependent mechanisms. J Cell Physiol 2012; 227:
2097-2105 [PMID: 21769869 DOI: 10.1002/jcp.22941]
Wu J, Lanier LL. Natural killer cells and cancer. Adv Cancer

58

Res 2003; 90: 127-156 [PMID: 14710949 DOI: 10.1016/S0065230X(03)90004-2]
Koziel MJ. NK cells: natural born killers in the conflict between humans and HCV. Hepatology 2006; 43: 395-397 [PMID:
16496351 DOI: 10.1002/hep.21127]
P- Reviewers: Liu Y, Yokota S S- Editor: Ma YJ L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

7305

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7306-7311
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i23.7306

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

Does antiviral therapy reduce complications of cirrhosis?
Goh Eun Chung, Jeong-Hoon Lee, Yoon Jun Kim
Goh Eun Chung, Department of Internal Medicine, Healthcare
Research Institute, Gangnam Healthcare Center, Seoul National
University Hospital, Seoul 135-984, South Korea
Jeong-Hoon Lee, Yoon Jun Kim, Department of Internal Medicine and Liver Research Institute, Seoul National College of
Medicine, Seoul 110-744, South Korea
Author contributions: Chung GE and Kim YJ designed the
research; Chung GE and Lee JH performed the research; Chung
GE and Kim YJ wrote the paper.
Correspondence to: Yoon Jun Kim, MD, PhD, Department of
Internal Medicine and Liver Research Institute, Seoul National
University College of Medicine, 101 Daehang-no, Jongno-gu,
Seoul 110-744, South Korea. yoonjun@snu.ac.kr
Telephone: +82-2-20723081 Fax: +82-2-7436701
Received: October 28, 2013 Revised: January 2, 2014
Accepted: April 1, 2014
Published online: June 21, 2014

Core tip: The goals of antiviral therapy in hepatitis B
virus-related cirrhosis would be to improve the hepatic
disease severity, improve the clinical symptoms and
quality of life, and prolong patient’s survival. Despite
the limitations, antiviral therapy with nucleos(t)ide in
patients with HBV-related cirrhosis can prevent the
development of complications from cirrhosis, particularly, decompensation and acute-on-chronic liver
failure (ACLF). Early antiviral treatment is important
for patients with severe decompensated cirrhosis and
ACLF. Thus, physicians could treat these patients using
lamivudine with careful monitoring for the development
of resistance or using the most potent antiviral agent,
such as entecavir or tenofovir.
Chung GE, Lee JH, Kim YJ. Does antiviral therapy reduce
complications of cirrhosis? World J Gastroenterol 2014;
20(23): 7306-7311 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7306.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i23.7306

Abstract
Chronic hepatitis B infection is associated with the development of cirrhosis, hepatocellular carcinoma, and
finally liver-related mortality. Each year, approximately,
2%-5% of patients with hepatitis B virus (HBV)-related
compensated cirrhosis develop decompensation, with
additional clinical manifestations, such as ascites,
jaundice, hepatic encephalopathy, and gastrointestinal
bleeding. The outcome of decompensated HBV-related
cirrhosis is poor, with a 5-year survival of 14%-35%
compared to 84% in patients with compensated cirrhosis. Because the risk of disease progression is closely
linked to a patient’s serum HBV DNA level, antiviral
therapy may suppress viral replication, stabilize liver
function and improve survival. This article briefly reviews the role that antiviral therapy plays in cirrhosis
complications, particularly, in decompensation and
acute-on-chronic liver failure.

INTRODUCTION
Chronic hepatitis B (CHB) infection is associated with
the development of cirrhosis, hepatocellular carcinoma
(HCC), and finally, liver-related mortality[1,2]. According
to studies of the natural course of cirrhosis, every year,
2%-5% patients with hepatitis B virus (HBV)-related
compensated cirrhosis develop decompensation (i.e., ascites, jaundice, hepatic encephalopathy, and gastrointestinal
bleeding)[3,4]. The prognosis of patients with decompensated HBV-related cirrhosis is poor, with a 5-year survival
rate of 14%-35% compared to 84% in patients with
compensated cirrhosis[4,5].
Abundant evidence indicates that the risk of disease
progression is closely linked to a patient’s serum HBV
DNA level[6-9]. A population-based prospective cohort
study in Taiwan showed that the progression to cirrhosis
in HBV-infected patients was strongly associated with the
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serum level of the circulating virus. The risk of cirrhosis
significantly increased with an elevated hepatitis B viral
load and was independent of the hepatitis B e antigen
(HBeAg) status and the serum alanine aminotransferase
(ALT) level[2].
Currently, six drugs are approved by the US Food and
Drug Administration to manage CHB: interferon (IFN)
or its pegylated version, lamivudine (LAM), adefovir
(ADV), entecavir (ETV), telbivudine (TBV), and tenofovir disoproxil fumarate (TDF). This article briefly reviews
the effects of antiviral therapy on the complications of
cirrhosis, particularly, in decompensation and acute-onchronic liver failure (ACLF).

therapeutic option for decompensated cirrhosis. However, because of the shortage of donor organs, transplantation has not been an option for many patients. Thus,
the management goal for decompensated cirrhosis is to
reduce disease-related complications and the liver-related
mortality rate.
Patients with decompensated HBV-related cirrhosis tend to have low or undetectable HBV DNA levels.
However, some patients have high rates of HBV replication with high serum HBV DNA levels. The natural
history of decompensated HBV-related cirrhosis is influenced by the levels of HBV replication, and sustained
viral suppression may result in reduced hepatic necroinflammation and fibrosis progression, thereby preventing
decompensation in patients with cirrhosis[14].
Among the antiviral therapy options, IFN has been
associated with serious complications, including lifethreatening hepatitis flares and infectious complications
in decompensated HBV-related cirrhosis[15,16]. In contrast,
oral nucleos(t)ide analogues (NAs) are well-tolerated in
patients with decompensated HBV-related cirrhosis. Most
clinical guidelines strongly recommend using oral NAs
for patients with decompensated HBV-related cirrhosis
independent of the HBV DNA levels[17,18].
LAM is a nucleoside analogue that inhibits HBV
DNA synthesis. Yao et al[19]. showed a dramatic decline
in the CTP scores (≥ 3 points) of 69% of the severely
decompensated cirrhosis patients with LAM treatment.
In 38% of patients, the CTP scores decreased to < 7,
and their statuses on the United Network of Organ
Sharing waiting list changed to inactive. A randomized
controlled trial in Asia demonstrated less liver-related
morbidity in the LAM-treated patients with HBVassociated advanced compensated cirrhosis compared to
the untreated controls because of the reduced incidence
of hepatic decompensation and lower risk of HCC. Increased CTP scores were noted in 3.4% of the patients
in the LAM group compared to 8.8% of the patients
in the placebo group (p = 0.02). Variceal bleeding occurred in 2 patients in the LAM group vs 3 patients in
the placebo group. Spontaneous bacterial peritonitis and
liver-related death did not occur in either group[10]. LAM
generally improved the liver functions and prognosis of
the patients with HBV-related cirrhosis. However, some
of the patients died or underwent liver transplantation.
Another study evaluated patients with decompensated
HBV-related cirrhosis treated with LAM and found that
most deaths occurred within the first 6 mo because of
hepatic failure complications. Elevated pretreatment
serum bilirubin, creatinine and HBV DNA levels were
significantly associated with 6-mo mortality rates[20]. This
finding suggests that early treatment with antiviral agents
might be important.
During long-term LAM therapy, a substantial proportion of cirrhotic patients exhibited viral resistance to
LAM and virologic response loss[21,22]. LAM resistance
develops in up to 70% of patients after 5 years of continuous therapy, with an annual incidence of up to 20%

Antiviral therapy in patients with
compensated cirrhosis
A cohort study of the natural history of compensated
cirrhosis has shown that the risk of the development of
a decompensation episode (i.e., ascites, jaundice, hepatic
encephalopathy or variceal bleeding) is higher in HBVDNA positive patients compared to HBV-DNA negative
patients (RR = 4.05, 95%CI: 1.09-15.1)[4]. A randomized
study using LAM in patients with HBV-related compensated cirrhosis found that the Child-Turcotte-Pugh (CTP)
scores increased in 3.9% of the patients in the LAM
group compared to 7.4% in a placebo group (p = 0.047),
and LAM significantly reduced the rate of disease progression, which was defined as an increase of at least 2
points in the CTP score, 7.8% in the LAM group vs 18%
in the placebo group (p = 0.001)[10]. A study evaluated the
effect of LAM on portal pressure using hepatic venous
pressure gradient (HVPG), which precisely reflects portal pressure[11]. Among the 19 patients with HVPG > 10
mmHg, HVPG significantly decreased at 12 mo of LAM
therapy (14.4 mmHg vs 12.4 mmHg, p = 0.007). These
data suggest that long-term LAM treatment can prevent
complications from chronic HBV infection.
Another study evaluated the long-term results in 69
patients treated with ETV using liver biopsy after a median of 6 years[12]. Overall, 88% had a reduction in Ishak
fibrosis score by ≥ 1 points including all 10 patients with
advanced fibrosis or cirrhosis at baseline (Ishak score
≥ 4). A randomized double blind comparison of TDF
with ADF has reported the long-term effect of TDF
in patients with CHB, including patients with advanced
fibrosis. Among the 641 patients enrolled the trial, 96
(28%) had cirrhosis at baseline with Ishak fibrosis scores
≥ 5, 71 (74%) of the patients with cirrhosis initially had
reduced fibrosis (≥ 1 unit score decrease) at year 5 and
were no longer cirrhotic[13]. These findings suggest the
role of antiviral therapy in cirrhosis regression.

Antiviral therapy in patients with
decompensated cirrhosis
Until now, liver transplantation has been the ultimate
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in antiviral-naïve patients[18]. On the contrary, the resistance rate to ETV at 4 years of treatment is ≤ 0.5% in
antiviral-naïve patients[23]. Thus, LAM treatment is no
longer considered to be the first-line therapy in CHB or
cirrhosis patients because of its lower genetic barrier and
higher resistance rate compared to ETV or TDV[24].
ADV is an acyclic nucleotide analogue of adenosine
monophosphate. A total of 128 patients with LAM-resistant HBV-related decompensated cirrhosis were treated
with 10 mg/d of ADV and achieved undetectable serum
HBV DNA levels (< 400 copies/mL) in 81% of cases;
the CTP scores improved in ≥ 90% of the patients at
48 wk of treatment[25]. In a long-term follow-up study
of up to 240 wk, 73% of the patients showed improved
fibrosis compared to the baseline. However, the cumulative probability of subsequent genotypic resistance to
ADV was 20%, and renal toxicity was confirmed in 3%
of patients[26]. Although ADV has a better genetic resistance profile than LAM, a lower antiviral potency and
the potential risk of nephrotoxicity remain a concern for
routine use as a first-line treatment in patients with HBVrelated decompensated cirrhosis.
ETV is a cyclopentyl guanosine analogue that shows
potent inhibition of the priming, DNA-dependent synthesis and reverse transcription of the HBV polymerase.
ETV has a more potent activity against wild type HBV
compared with LAM or ADV[27,28]. Several studies have
used ETV in cirrhotic patients. A retrospective study
from Korea evaluated the effect of ETV in 70 CHB
patients with decompensated cirrhosis (CTP scores ≥
7)[29]. Compared to the baseline, the 55 patients treated
with ETV for 12 mo showed improved CTP (8.1 vs 6.6,
respectively, p < 0.05) and Model for End-Stage Liver
Disease (MELD) scores (11.1 vs 8.8, respectively, p <
0.05). The 2-year cumulative incidence of HCC was 6.9%,
and the cumulative death rate was 17%. Theses findings
suggest that ETV monotherapy improves hepatic function and provides overall benefits that are comparable to
antiviral therapy in patients with HBV-related decompensated cirrhosis.
A randomized, open-label study compared the efficacy of ETV 1.0 mg (n = 100) or ADV 10 mg (n = 94)
daily for up to 96 wk in subjects with decompensated cirrhosis (CTP scores ≥ 7)[30]. ETV showed more profound
reductions in the HBV DNA levels than ADV (treatment
difference, -1.74 log copies/mL, p < 0.0001). The ETV
group showed a greater reduction of the HBV DNA levels at all time points through week 48 and a greater proportion of subjects who achieved HBV DNA < 300 copies/mL at weeks 24 (ETV 49% vs ADV 16%, p < 0.0001)
and 48 (ETV 57% vs ADV 20%, p < 0.0001). In both
groups, two-thirds of the subjects showed improvement
or stabilization in CTP and MELD score. The cumulative HCC and death rates were 12% and 23% for ETV,
respectively, and 20% and 33% for ADV, respectively.
However, mean time to HCC and HCC-free survival did
not differ significantly between the groups. These findings suggest that although clinical benefits were demonstrated in both groups, ETV is superior to ADV in its
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virologic efficacy through week 48.
A recent study investigated the efficacy of ETV on
the clinical outcomes of two cohorts: the ETV cohort
(subjects administered ETV 0.5 mg/d) and the historical
control cohort (subjects who underwent routine clinical care). In the patients with cirrhosis (482 ETV-treated
patients, 69 treatment-naïve patients), the ETV-treated
patients had reduced risks for all clinical outcomes
compared to the treatment-naïve patients after adjusting for the MELD score: hepatic events (HR = 0.51,
95%CI: 0.34-0.78, p = 0.002); HCC (HR = 0.55, 95%CI:
0.31-0.99, p = 0.049); liver-related mortality (HR = 0.26,
95%CI: 0.13-0.55, p < 0.001); and all-cause mortality (HR
= 0.34, 95%CI: 0.18-0.62, p < 0.001). However, the risk
for hepatic events in the ETV-treated cirrhotic patients
who failed to achieve undetectable HBV DNA levels was
comparable to that in the untreated patients.
TBV is a synthetic thymidine nucleoside analogue
with potent antiviral activity against HBV. A doubleblind randomized trial using TBV (n = 114) and LAM
(n = 114) for 104 wk has shown that TBV was an independent predictive factor for HBV DNA < 300 copies/
mL and ALT normalization (p = 0.037) in patients with
HBV-related decompensated cirrhosis (CTP score ≥
7)[31]. The changes in the CTP and MELD scores were
comparable between both the groups. Cumulatively,
27% of the TBV patients and 36% of the LAM patients
developed genotypic resistance during the 2-year period.
These results suggest that because of the significant
rate of virologic breakthrough, TBV has limitations as
a first-line therapy in patients HBV-related decompensated cirrhosis.
TDF is an ancyclic nucleotide analogue and a potent
inhibitor of HBV polymerase/reverse transcriptase. A
multicenter study in Turkey determined the long-term
effects of LAM, ETV and TDF. The mean CTP score
change was comparable in 3 groups. A minimum 1-point
decrease in the CTP score occurred in 29.6% of patients
in the TDF group, 37.7% of patients in the ETV group
and 21.9% of patients in the LAM group (p = 0.35).
The MELD score (per year) decreased more in the TDF
group than in the ETV group (p = 0.04). Regarding the
complications from cirrhosis, variceal bleeding-free time
and encephalopathy free-time were longer in the ETV
group than in the TDF group, but theses differences
were not statistically significant (p = 0.38 and p = 0.87,
respectively)[32]. Until now, TDF has been the most potent
suppressor of HBV replication, and no-resistance has
been reported. Considering both the potency and resistance profiles, TDF and ETV are superior to LAM, ADV
and TBV and can be considered to be a first-line therapy
in HBV-related decompensated cirrhosis.

Antiviral therapy in patients with
acute severe exacerbation or
acute on chronic liver failure
The definition of reactivation of hepatitis B is the reap-
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pearance of necroinflammatory activity of the liver in a
person known to be in an inactive HBsAg carrier state
or with resolved hepatitis B[33]. The definition of flare or
exacerbation is the intermittent elevation of aminotransferase activity to > 10 times the upper limit of normal
and more than twice the baseline value[34]. Severe acute
exacerbations characterized by high ALT level, jaundice
and hepatic decompensation may progress to ACLF with
sepsis-like immunological changes[35]. ACLF is defined
as an acute hepatic insult with manifestations of jaundice and coagulopathy (INR > 1.5) that are complicated
within 4 wk by ascites and/or encephalopathy in a patient
with previously diagnosed or undiagnosed compensated
chronic liver disease[36]. ACLF is accompanied by the
development of multi-organ failure, thereby leading to
a high mortality rate. The prognosis of ACLF in CHB
is poor, with 3-mo mortality rates > 50% without liver
transplantation. Liver transplantation remains the only
definite therapeutic option for these patients. In recent
years, data have emerged regarding the efficacy of NA.
IFN-based therapy may aggravate the hepatic decompensation in the severe exacerbation of CHB. Previous
studies using LAM for patients with severe acute exacerbation have not shown any survival benefit from antiviral
therapy[37,38]. However, there is a study that suggests the
beneficial effects of antiviral treatment on short-term
survival. Among the patients with severe acute exacerbation of CHB, more patients in the LAM treatment
group with baseline bilirubin levels < 20 mg/dL survived
compared to patients in the control group (p = 0.013).
However, the mortality rates in the two groups did not
differ among the patients with baseline bilirubin level
[39]
≥ 20 mg/dl . Another prospective study from Hong
Kong used ETV (n = 36) and LAM (n = 117) to evaluate the overall mortality rate at week 48 in patients with
severe acute CHB exacerbation. By week 48, the patients
in the ETV group had a higher liver-related mortality rate
(p = 0.044) and more liver-related complications than the
LAM group despite their better virological responses (p
= 0.007). However, the cause of the increased mortality
in the ETV group is not completely understood[40]. Lactic
acidosis might be one possible cause[41], but this finding
must be confirmed by other centers. This study has a
limitation of small number of patients in the ETV group.
A matched retrospective cohort study from China
using patients with ACLF showed that the 3-mo mortality rate in the LAM group (n = 130) was lower than that
of the control group (n = 130), with a MELD score of
20-30 (50.7% vs 75.7%, p = 0.0021)[42]. A retrospective
study compared ETV 0.5 mg (n = 33), LAM 100 mg (n =
34) and no-NA (n = 37) in patients with HBV-associated
ACLF. The HBV DNA levels and the ACLF recurrence
rate were lower in both treatment groups. However,
no significant difference in the 3-mo mortality rate was
found (51.5% for ETV, 50% for LAM and 59.5% for noNA)[43]. A recent study from China compared the shortterm and long-term efficacies of ETV, LAM or no-NA
in patients with HBV-related ACLF. The ETV and LAM
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groups showed similar cumulative mortality rates in the
first 3 mo of treatment (p = 0.374). The no-NA group
had a significantly higher mortality rate compared with
the ETV group (p = 0.007) and the LAM group (p =
0.006). The recurrence of ACLF was found in 33.3%
of patients in the no-NA group, 11.1% from the LAM
group and 0% from the ETV group (p = 0.003)[44].
A prospective randomized study from India using TDF (n = 14) and placebo (n = 13) in patients with
ACLF from the spontaneous reactivation of CHB
showed that TDF significantly reduced the HBV DNA
levels and improved the CTP and MELD scores and the
3-mo survival rate compared to a placebo [8/14 (57%) vs
2/13 (15%), p = 0.03]. A > 2 log reduction in the HBV
DNA levels at 2 wk was found to be an independent
predictor of survival[45]. However, the limitations of this
study include its small sample size and the unavailability
of liver transplantation.
Although most patients with acute exacerbation of
CHB resolve spontaneously, a certain proportion of patients may progress to liver failure and death. Antiviral
therapy has no obvious benefit for short-term survival.
However, antiviral treatment may prevent future exacerbation and ongoing hepatic injury. Thus, an antiviral
agent should be administered as early as possible and liver
transplantation should be considered for patients with
severe disease.

CONCLUSION
The goals of antiviral therapy in HBV-related cirrhosis would be to stabilize or improve the hepatic disease
severity, improve the clinical symptoms and quality of
life, and extend patient survival. Despite the limitations
of the existing data, it is likely that antiviral therapy with
nucleos(t)ide in patients with HBV-related cirrhosis can
prevent the development of complications from cirrhosis, particularly decompensation and ACLF. In addition,
early antiviral treatment is important for patients with severe decompensated cirrhosis and ACLF. Thus, hepatologists could treat these patients using LAM with careful
monitoring for the development of resistance or using
the most potent antiviral agent such as ETV or TDF.
However, there are several unmet needs with regard
to antiviral agents. First, the designs of published studies
have been heterogeneous and the sample sizes have been
small and until now, the antiviral agent could not reverse
advanced cirrhosis. Second, because the NAs are less
effective against cccDNA formation in the hepatocyte,
antiviral therapy should be maintained for life. Third,
the long-term safety of NAs has not been confirmed in
cirrhosis patients. The carcinogenicity of ETV has been
reported in rodents after exposure to doses > 35-fold the
dose administered in humans. Thus, the cumulative risk
of human will require post-marketing surveillance. Regarding TDF, patients with pre-existing renal impairment
may be at risk of nephrotoxicity from TDF and decreases in bone mineral density have been rarely reported in
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HIV-positive patients treated with TDF. Fourth, patients
with drug-resistance are limited in their choices of new
antiviral agents.
Several innovative antiviral approaches have been
evaluated in vitro and in animal models, such as selectively
targeting antiviral agents to the liver or using antisense
approaches, RNA interference, and HBV-specific immunomodulatory therapy (i.e., S and pre-S antigen vaccines,
DNA vaccination, T-cell vaccines and adoptive immunity
transfer), alpha-glucosidase inhibitor derivatives, and
monoclonal antibodies). Further studies are needed to
examine patient outcomes after using newer antiviral
therapy to prevent the complications of cirrhosis.
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Core tip: Cirrhosis is the end-stage condition of many
types of chronic liver diseases but the underlying mechanisms are far from being clarified. Multiple cellular and
molecular factors might be involved in the initiation and
progression of cirrhosis. Activation of hepatic stellate
cells is a pivotal event in the development of cirrhosis.
Animal models are crucial for understanding the pathogenesis and the development of more efficient therapeutic strategies for cirrhosis, with which cirrhosis may
become a treatable or even a reversible disease.
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Abstract
Liver cirrhosis is the final pathological result of various
chronic liver diseases, and fibrosis is the precursor of
cirrhosis. Many types of cells, cytokines and miRNAs
are involved in the initiation and progression of liver
fibrosis and cirrhosis. Activation of hepatic stellate cells
(HSCs) is a pivotal event in fibrosis. Defenestration
and capillarization of liver sinusoidal endothelial cells
are major contributing factors to hepatic dysfunction in
liver cirrhosis. Activated Kupffer cells destroy hepatocytes and stimulate the activation of HSCs. Repeated
cycles of apoptosis and regeneration of hepatocytes
contribute to pathogenesis of cirrhosis. At the molecular level, many cytokines are involved in mediation of
signaling pathways that regulate activation of HSCs and
fibrogenesis. Recently, miRNAs as a post-transcriptional
regulator have been found to play a key role in fibrosis
and cirrhosis. Robust animal models of liver fibrosis
and cirrhosis, as well as the recently identified critical
cellular and molecular factors involved in the develop-
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INTRODUCTION
Liver cirrhosis is the final common pathological pathway
of liver damage arising from a wide variety of chronic
liver diseases[1-3]. The etiology of cirrhosis varies geographically, with alcoholism, chronic hepatitis C virus
infection, and nonalcoholic fatty lives disease (NAFLD)
being the most common causes in western countries[4-6],
whereas chronic hepatitis B is the primary cause of liver
cirrhosis in the Asia-Pacific region[7-9]. Liver cirrhosis has
many other causes, include inherited diseases such as hemochromatosis and Wilson’s disease[10-14], primary biliary
cirrhosis, primary sclerosing cholangitis[15-18], and autoimmune hepatitis[14,19]. Some cases are idiopathic or crypto-
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genic. In recent decades, NAFLD has become a leading
cause of chronic liver disease in Western countries such
as the United States, with a prevalence of as high as 30%
in the general population[20]. Thus, NAFLD has attracted
extensive attention as an important cause of chronic liver
diseases[21-23].
Although the causes of liver cirrhosis are multifactorial, there are some pathological characteristics that are
common to all cases of liver cirrhosis, including degeneration and necrosis of hepatocytes, and replacement
of liver parenchyma by fibrotic tissues and regenerative
nodules, and loss of liver function[24-27]. Fibrosis as a precursor of cirrhosis is a pivotal pathological process in the
evolution of all chronic liver diseases to cirrhosis[2,28]. At
present, effective strategies to treat liver cirrhosis are still
lacking, partially because of a poor understanding of the
molecular mechanisms leading to cirrhosis. Thus, a better understanding of the pathogenesis of liver cirrhosis
would facilitate the development of more effective treatment options.
In this review, we aim to summarize the recent advance in the molecular pathogenesis, animal models, and
therapeutic strategies for liver cirrhosis.

acteristic of LSECs is the fenestrae on the surface of
the endothelium[28,35,36] The endothelial fenestrae measure 150-175 nm in diameter, and act as a dynamic filter
facilitating the exchange of fluids, solutes and particles
between sinusoidal blood and the parenchymal cells[37-39].
LSECs have high endocytotic capacity[28,40]. Chronic alcohol abuse could result in defenestration, and a decrease in
the number of fenestrae[37,41]. In cirrhotic liver, defenestration of sinusoidal endothelium and the presence of a
subendothelial basement membrane are frequently present[35,42]. It is known that retinol deficiency can activate
and transform HSCs into myofibroblasts with enhanced
ECM production, resulting in perisinusoidal fibrosis and
ultimately in cirrhosis[24,35]. Defenestration and capillarization of the hepatic endothelium are believed to be
important in the initiation of perisinusoidal fibrosis by altering retinol metabolism. Studies in animals and humans
have revealed that LSECs can secrete the cytokine IL-33
to activate HSCs and promote fibrosis[43]. Defenestration
and capillarization of LSECs lead to impaired substrate
exchange and are considered major contributing factors for hepatic dysfunction in liver cirrhosis[39]. On the
contrary, differentiated LSECs can promote reversion
of activated HSCs to quiescence and thereby accelerate
regression and prevent progression of fibrosis through
vascular endothelial growth factor (VEGF)-stimulated
NO production[44,45].

MULTIPLE CELL TYPES CONTRIBUTE TO
PATHOGENESIS OF LIVER CIRRHOSIS
The liver is formed by parenchymal cells (i.e., hepatocytes) and other cells commonly known as nonparenchymal cells. The walls of hepatic sinusoids are lined
by three different nonparenchymal cells: liver sinusoidal
endothelial cells (LSECs), Kupffer cells (KCs), and hepatic stellate cells (HSCs). Both hepatic parenchymal and
nonparenchymal cells are involved in the initiation and
progression of liver fibrosis and cirrhosis.

KCs
KCs, also known as Browicz-Kupffer cells and stellate
macrophages, are specialized macrophages located in
the lining walls of the sinusoids of the liver that form
part of the reticuloendothelial system (RES)[46]. Studies
in animal models have shown that KCs are implicated in
the pathogenesis of various liver diseases[47,48]. KCs can
be activated by many injurious factors such as viral infection, alcohol, high-fat diet, and iron deposition. Activated
KCs destroy hepatocytes by producing harmful soluble
mediators and serving as antigen-presenting cells during
viral infection[47]. KC-mediated hepatic inflammation is
considered to aggravate liver injury and fibrosis[49,50]. KCs
are involved in the activation of HSCs and formation of
fibrosis. In vitro studies have shown that KC-conditioned
medium can promote activation of cultured rat HSCs
with enhanced matrix synthesis and cell proliferation by
eliciting expression of PDGF receptor in HSCs[51]. KCderived TGF-β1 stimulates proliferation and collagen
formation of HSCs derived from rats fed with high-fat
diet and ethanol[52,53]. Alcohol can induce the circulating level of Gram-negative bacterial lipopolysaccharide
(LPS), which is a strong activator of KCs[54]. In genetic
hemochromatosis, iron overload in KCs could induce the
expression of intercellular adhesion molecule (ICAM)-1
on hepatocytes, therefore facilitating activation of HSCs
and collagen deposition in the hepatic tissues[55]. Gelatinase secreted by activated KCs triggers the phenotypic
change in HSCs by degrading collagen type Ⅳ[56]. KCs
engulf apoptotic bodies and produce death ligands, in-

HSCs
HSCs, formerly known as fat-storing cells, Ito cells, lipocytes, perisinusoidal cells, or vitamin A-rich cells, reside
in the space of Disse in the normal liver and their main
function is storage of vitamin A and other retinoids[27,29].
Following multiple injurious insults and/or exposure to
inflammatory cytokines such as platelet-derived growth
factor (PDGF), transforming growth factor (TGF)-β,
tumor necrosis factor (TNF)-α, and interleukin (IL)-1,
HSCs undergo the transition from a quiescent to activated state. HSC activation is a pivotal event in initiation and
progression of hepatic fibrosis and a major contributor
to collagen deposition[30,31]. Activation of HSCs is characterized by cell proliferation and migration, contraction
after transforming into myofibroblasts, generation of a
large amount of collagen and other extracellular matrix
(ECM), ultimately leading to liver fibrosis[32-34].
LSECs
LSECs constitute the sinusoidal wall, also called the
endothelium, or endothelial lining. The structural char-
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cluding Fas ligand and TNF-α, thereby promotes inflammation and fibrogenesis[57]. In addition, KCs activated by
β-glucans increase portal pressure through the release of
thromboxane A2 in normal and fibrotic livers[58].

the membrane of HSCs, PDGF activates corresponding
signal molecules and transcription factors, leading to the
activation of its downstream target genes and activation
of HSCs[74,75]. PDGF has been shown to upregulate the
expression of MMP-2, MMP-9 and TIMP-1, and inhibit
the activity of collagenase, thereby reducing ECM degradation[69,75]. PDGF-B and PDGF-D are potent PDGF
isoforms in PDGF receptor (PDGFR)β signaling within
HSCs, as evidenced by PDGFRβ autophosphorylation
and activation of extracellular signal-regulated kinase
(ERK)1/2, C-Jun N-terminal kinase (JNK), p38 mitogenactivated protein kinase (MAPK), and protein kinase
(PK)B/Akt pathways[75-77]. PDGF-D can activate HSCs
and exerts mitogenic and fibrogenic effects, and therefore plays an important role in matrix remodeling in liver
fibrosis[72].

Hepatocytes
Hepatocytes are the primary liver parenchymal cells, and
play complicated roles in fibrosis and cirrhosis. Hepatocytes are targets for most hepatotoxic agents, including
hepatitis viruses, alcohol metabolites, and bile acids[59].
Chronic liver diseases either promotes apoptosis or trigger compensatory regeneration of hepatocytes[60]. Damaged hepatocytes release reactive oxygen species (ROS)
and fibrogenic mediators, induce activation of HSCs,
and stimulate the fibrogenic actions of myofibroblasts[59].
Apoptosis of hepatocytes is a common event in liver injury and contributes to tissue inflammation, fibrogenesis,
and development of cirrhosis. Steatohepatitis enhances
Fas-mediated hepatocyte apoptosis, which correlates
with active nuclear factor (NF)-κB and disease severity[61].
Both HCV infection and ethanol consumption induce
hepatocyte apoptosis in animal models and humans, and
induction may be related to downregulation of Bcl-2 signaling[62]. Chronic HCV infection can induce hepatocyte
G1 arrest and impair hepatocellular function and limit
hepatic regeneration[63,64]. In CCl4-induced liver injury,
hepatocyte apoptosis is induced at the early phase, which
is followed by constant proliferation and if it persists,
liver cirrhosis ensues at a later stage[65]. Hepatocytes are
the major sources of matrix metalloproteinases (MMP-2,
MMP-3 and MMP-13) and tissue inhibitors of matrix
metalloproteinases (TIMP-1 and TIMP-2); all of which
are involved in the pathogenesis of liver cirrhosis in CCl4induced liver cirrhosis in rats[66]. In the last fibrotic stage
or cirrhosis, hypoxic hepatocytes become a predominant
source of TGF-β1, further exacerbating hepatic fibrogenesis[67]. Recently, it has been shown that hepatocyte
telomere shortening and senescence can result in fibrotic
scarring at the cirrhosis stage, presenting a novel explanation for the pathophysiology of cirrhosis[68].

TGF-β
TGF-β is the strongest known inducer of fibrogenesis
in hepatic fibrosis[78,79]. TGF-β is mainly synthesized by
HSCs/myofibroblasts, KCs, LSECs, and hepatocytes in
the liver. The TGF-β1 family is composed of six members, and among them, TGF-β1 has been shown to play
a key role in the initiation and maintenance of liver fibrosis[78-82]. The expression level of TGF-β1 is increased
in fibrotic liver and reaches a maximum at cirrhosis[67].
The pro-fibrogenesis effect of TGF-β1 is complicated,
involving multiple aspects: the primary effect of TGF-β1
is to stimulate activation of HSCs, and the TGF-β1 autocrine loop in activated HSCs is an important positive
feedback to the progression of liver fibrosis[80,81]. TGF-β1
induces expression of the matrix-producing genes and
inhibits degradation of ECM by downregulating expression of MMPs and promoting TIMP, leading to excessive deposition of collagenous fibers and promoting the
development of liver fibrosis[82,83]. In addition, TGF-β1
has been shown to inhibit DNA synthesis and induces
apoptosis of hepatocytes. TGF-β1-induced apoptosis
is thought to be responsible for tissue loss and decrease
in liver size seen in cirrhosis[78]. Given the critical role of
TGF-β1 in the pathogenesis of liver cirrhosis, specific
blockade of TGF-β1/Smad3 signaling has shown some
therapeutic value for liver fibrosis[82].

ROLE OF CYTOKINES IN LIVER FIBROSIS
AND CIRRHOSIS

TNF-α
TNF-α is mainly produced by monocyte, macrophage,
HSCs, and KCs. It has proinflammatory activities and
cytotoxic effects in these cells. In the process of liver
fibrosis, TNF-α plays an important role in the activation of HSCs and synthesis of ECM[84,85]. TNF-α can
reduce the spontaneous apoptosis of activated rat HSCs
by upregulating the antiapoptotic factors NF-κB, Bcl-XL
and p21WAF1, as well as downregulating the proapoptotic
factor p53[86]. However, the effects of TNF-α on HSCs
and fibrosis are complicated and even paradoxical, as
demonstrated by studies showing that TNF-α could induce apoptosis in HSCs[87]. TNF-α has also been shown
to exert antifibrogenic effect in rat HSCs by reducing

Liver cirrhosis is orchestrated by a complex network of
cytokine-mediated signaling pathways regulating the activation of HSCs and fibrogenesis.
PDGF
PDGF is the strongest mitogen to HSCs among all polypeptide growth factors. PDGF family has four members,
PDGF-A, -B, -C and -D[69]. PDGF and its receptors are
markedly overexpressed in fibrous tissues, and its activity
increases with the degree of liver fibrosis[70-72]. A variety
of factors such as viruses, chemicals, or mechanical damage to hepatocytes can induce KCs to synthesize and release PDGF[73]. Upon binding to its specific receptor on
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glutathione and inhibiting pro-collagen α1 expression[88].
In a rat model of nonalcoholic steatohepatitis (NASH),
TNF-α antibody was shown to reduce the inflammation,
necrosis and fibrosis in liver[89]. TNF-α signaling through
activation of KCs plays an essential role in the pathogenesis of liver fibrosis in animal models of NASH[90].

dependent upregulation of inflammatory signaling in
macrophages[100].
Another profibrotic cytokine is IL-17, whose expression level increases with degree of liver fibrosis[101,102],
indicating that IL-17 may be involved in disease progression and chronicity[101]. Studies in mice have shown that
IL-17 induces liver fibrosis through multiple mechanisms,
including upregulation of TNF-α, TGF-β1, and collagen
1α, which is dependent on signal transducer and activator
of transcription (STAT)3 signaling pathway, and promotion of myofibroblast-like change of HSCs[102,103].

Interferon
Interferon (IFN) is a family of soluble extracellular
signaling molecules. Leukocytes synthesize IFN-α and
IFN-β in response to virus infection, and T cells secrete IFN-γ upon stimulation with various antigens and
mitogens. IFNs possess antiviral activity and is wellrecognized for their antiviral effects[91]. Patients treated
with IFNs exhibit a regression of liver fibrosis even if
viral eradication is not achieved, indicating that IFN itself has antifibrotic activity via triggering the apoptosis
of HSCs[92]. IFN-β could inactivate HSCs and decrease
their production of α-smooth muscle actin (SMA) and
collagen through inhibition of the TGF-β and PDGF
pathways[93]. Similarly, IFN-γ has been demonstrated
to reduce ECM deposition in vivo by inhibiting HSC
activation via TGFβ1/Smad3 signaling pathways[94,95].
Treatment of rats with fibrosis by IFN-γ led to a reduced production and deposition of collagen, laminin,
fibronectin, and pro-collagen type I in liver[95]. However,
the effect of IFNs on fibrosis is not consistent, as demonstrated by a recent study showing that IFN-α and
IFN-γ may exert opposite effects on apoptosis in HSCs.
IFN-α was shown to elicit an antiapoptotic effect on
activated HSCs, whereas IFN-γ was found to exert proapoptotic effect on HSCs by downregulating heat-shock
protein 70[96].

Antifibrogenic ILs: IL-10 is a cytokine that downregulates the proinflammatory response and has a modulatory effect on hepatic fibrogenesis[104,105]. IL-10 may have
therapeutic potential for patients with HCV-related liver
fibrosis who do not respond to IFN-based therapy[105].
IL-10 has been shown to exert antifibrotic effects through
inhibiting HSC activity[106], and this was demonstrated
in a rat model in which exogenous IL-10 was shown to
reverse CCl4-induced hepatic fibrosis by inhibiting the
expression of TGF-β1, MMP-2 and TIMP-1[104,106,107].
IL-22 is known to play a key role in promoting antimicrobial immunity, inflammation, and tissue repair at
barrier surfaces. IL-22 has been shown to induce HSC
senescence, restrict liver fibrosis, and accelerate the
resolution of liver fibrosis during recovery in a mouse
model[108].
IL-6 is a pleiotropic cytokine involved in inflammatory pathways, hematopoiesis and immune regulation.
IL-6 can attenuate apoptosis and promote regeneration
of hepatocytes through NF-κB signaling and the RasMAPK pathway[109]. IL-6 reduces CCl4-induced acute
and chronic liver injury and fibrosis[110]. Pretreatment
of fibrotic liver with IL-6 improves hepatic microenvironment and primes it for mesenchymal stem cell
transplantation, leading to improvement in liver injury
after fibrosis[111]. Meanwhile, increased blood level of
IL-6 has been found in patients with NAFLD, and IL-6
could induce insulin resistance and inflammation in the
liver[112,113], suggesting that IL-6 may play a role in the development of NAFLD.

ILs
ILs are a group of cytokines initially found to be expressed by leukocytes, but later on were shown to be
produced by a wide variety of cells, such as CD4 T lymphocytes, monocytes, macrophages, and endothelial cells.
ILs have a complicated role in immune response, inflammation, and liver fibrogenesis.
Pro-fibrogenic ILs: KCs and SECs can rapidly produce
ILs in response to liver tissue damage. IL-1 can directly
activate HSCs and stimulate them to produce MMP-9,
MMP-13 and TIMP-1, resulting in liver fibrogenesis. In
contrast, IL-1-receptor-deficient mice are less likely to
sustain liver damage and exhibit reduced susceptibility
to develop fibrosis[97]. Deficiency of IL-1α or IL-1β also
makes the mice less susceptible to develop liver fibrosis
in animal models of steatohepatitis[98]. Similarly, IL-1 receptor antagonists were found to protect rats from developing liver fibrosis in response to dimethylnitrosamine[99],
and blocking IL-1 signaling could markedly attenuate
alcohol-induced liver inflammation and steatosis. IL1β was reported to increase the inflammatory and prosteatotic chemokine monocyte chemoattractant protein-1
in hepatocytes, and augment Toll-like receptor (TLR4)-
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miRNAS AND CIRRHOSIS
miRNAs represent a family of small noncoding RNAs
controlling translation and transcription of many genes,
which have recently emerged as post-transcriptional regulators. miRNAs play a key role in various hepatic pathologies, including hepatitis, cirrhosis and hepatoma[34,114].
miRNAs may play pro- and antifibrogenic roles, depending on cellular context and the nature of the stimuli.
Profibrogenic miRNA
miR-21 has an important role in the pathogenesis and
progression of hepatic fibrosis. miR-21 can downregulate TGF-β expression and suppress HSC activation[115].
TGF-β1 induces expression of miR-181a and miR-181b,
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and the latter can promote HSC proliferation by regulating p27 and the cell cycle. Elevation of serum level of
miR-181b is suggested as a potential diagnostic biomarker for patients with cirrhosis[116].
miR-214-5p can increase expression of fibrosis-related
genes (such as MMP-2, MMP-9, α-SMA, and TGF-β1) in
LX-2 cells, and therefore, it may play crucial roles in HSC
activation and progression of liver fibrosis[117].
miR-221 and miR222 are upregulated in human liver
in a fibrosis progression-dependent manner and in mouse
models of liver fibrosis. TGF-α or TNF-α induce expression of miR-222, which can bind to the CDKN1B (p27)
3’-untranslated region (UTR) and regulate expression of
the corresponding protein[118].
Other fibrosis-associated miRNAs have been identified. For example, miR-199a, miR-199a*, miR-200a, and
miR-200b were positively and significantly correlated with
progression of liver fibrosis in both mouse and human
studies. Overexpression of these miRNAs significantly
increases the expression of fibrosis-related genes in
HSCs[119]. miR-571 is upregulated in human hepatocytes
and HSCs in response to TGF-β[120].

Animals develop NAFLD and cirrhosis when they are
fed these diets alone or in combination with other chemical agents; (3) Physical methods. Bile duct ligation creates
obstruction of the extrahepatic bile duct[139,140], leading to
cholestasis and subsequent injury to biliary epithelial cells
and hepatocytes, infiltration of inflammatory cells in the
portal area, fibrous tissue proliferation, and formation of
liver fibrosis; (4) Fibrosis induced by immune reaction.
Antigen-antibody complexes can provoke type Ⅲ hypersensitive reactions. Deposition of immune complexes in
the portal area and around the central vein area causes
allergic reaction and inflammation, stimulating HSCs to
secrete collagen, and fibrosis formation. Common immunogens include plant protein concanavalin A[141] and
xenogenic serum[142,143], such as serum from pigs, cattle,
humans, and schistosoma. It was reported that 85.5% of
rats immunized with subcutaneous injection of human
serum albumin develop liver fibrosis and cirrhosis[144].
Similarly, injection of the excretory-secretory (ES) antigens of Ascaris suum into golden hamsters also successfully induces hepatic fibrosis[144]; and (5) Genetic modification. Forced overexpression of critical profibrotic genes
and/or silencing of antifibrotic genes has been shown to
induce cirrhosis in animals. For example, high-speed intravenous injection of naked plasmid DNA of TGF-β1 can
induce transient and reversible liver fibrosis in mice[145].
Mice with liver-specific deletion of CYLD exon7/8
[CYLD(FF)xAlbCre] exhibit a prominent biliary phenotype with ductular reaction and biliary-type fibrosis[146].

Antifibrogenic miRNAs
miRNA-150 and miRNA-194 are reduced in HSCs isolated from experimental rats with liver fibrosis. It has been
demonstrated that these two miRNAs inhibit HSC activation and ECM production, at least in part, via inhibition of c-myb and rac1 expression[121]. In contrast, several
miRNAs such as miR-29, miR 19b, miR-146a, and miR133a are markedly downregulated in HSCs isolated from
experimental animals with liver fibrosis, and restoration
of these miRNAs attenuates hepatic fibrogenesis[30,122,123].
It is now thought that miRNAs can serve as biomarkers for HSC activation and liver fibrosis progression, and
may represent therapeutic targets for hepatic fibrosis and
cirrhosis.

THERAPY OF LIVER FIBROSIS AND
CIRRHOSIS
Recent developments in our understanding of the
process of hepatic fibrogenesis have revealed that the
process is dynamic and reversible. Animal and clinical
evidence has confirmed that any degree of fibrosis and
even cirrhosis are potentially reversible by reasonable
therapeutic strategies[147-149]. At present, the therapeutic
strategies for liver fibrosis include the following.

ANIMAL MODELS OF LIVER FIBROSIS
AND CIRRHOSIS

Therapies to eliminate the etiological factors
Removing the etiological factors is the most direct and
perhaps most effective method of treating liver fibrosis. As such, treatments against HBV and HCV infections[150,151], abstinence from alcohol abuse, weight and
blood lipid control, chelation of overloaded iron and
copper[152] are considered potentially effective therapies
for a large proportion of liver fibrosis cases. In particular, the commonly used antiviral agents such as IFN-α,
ribavirin, lamivudine, adefovir, entecavir, and especially
pegylated IFN-α have been shown to exert antifibrotic
effects[91,151,153-156].

Animal models are crucial to understanding the pathogenesis and development of therapeutic strategies for
liver fibrosis and cirrhosis. So far, many types of animal
model have been developed in mice, rats, rabbits, and
pigs to mimic the complicated process of fibrosis and
cirrhosis. Animal models of liver fibrosis and cirrhosis
can be induced by one of the following approaches: (1)
Fibrosis induced by chemical compounds and toxins.
These agents cause direct injury to hepatocytes and trigger secondary inflammatory reaction in the liver, which in
turn activate HSCs and result in fibrosis. Commonly used
chemical agents include CCl4[124-126], thioacetamide[127,128]
dimethylnitrosamine[129,130], dioxin[131], sodium arsenate[132],
and ethanol[126,133,134]. These agents can be administered to
experimental animals alone or in combination; (2) Special diet, such as choline-deficient, L-amino acid-defined,
methionine-deficient diet[89,135,136], and high-fat diet[134,137,138].
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Anti-inflammatory and immunosuppressive therapies
Intrahepatic inflammation and immune response are
direct causes of injury to hepatocytes and activation of
HSCs. Therefore, anti-inflammatory and immunosup-
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promising therapeutic effects on liver fibrosis[178].

pressive therapies are important measures to inhibit fibrogenesis, especially for fibrosis and cirrhosis resulting
from viral hepatitis, autoimmune hepatitis, and primary
sclerosing cholangitis. The anti-inflammatory drug celecoxib[157] and antioxidative agents taurine and vitamin
E[158,159] all show some degree of antifibrotic effect. Likewise, glucocorticoids, azathioprine[160], colchicines[161] and
rapamycin[162,163] appear to exert anti-inflammatory, antifibrotic and immunomodulatory effects, and therefore may
potentially be useful in the treatment of liver fibrosis.

Gene therapy and targeted therapy
Several critical genes implicated in the pathogenesis of
liver cirrhosis such as TGF-β, PDGF-β, CTGF, and
TIMP have been investigated as therapeutic targets for
liver cirrhosis[179]. Antisense oligonucleotides[167,180,181] and
siRNAs[182-184] against these genes have been tested in vitro
and in vivo. Recently, miRNA has been found to play a
regulatory role in the pathogenesis of liver fibrosis and
cirrhosis through regulating the expression of profibrotic
or antifibrotic genes, and influencing the proliferation
and activation of HSCs. As such, miRNA-based therapy
can potentially be useful for the treatment of liver fibrosis[185]. Furthermore, in order to target more directly the
fibrogenic cells, attempts have been made to target the
receptors of the profibrogenic proteins expressed on
HSCs[184,186,187].

Suppressing activation and promoting apoptosis of
HSCs
HSCs play a critical role in hepatic fibrogenesis, and
therefore are potential target cells of antifibrotic therapy[164]. As such, inhibition of HSC activation is an attractive therapeutic approach for liver fibrosis. Inactivation
of HSCs can be achieved by inhibiting the TGF-β1 signaling pathway and PDGF-B[165-167], and activated HSCs
can be removed by inducing these cells to undergo apoptosis[27,31,164]. Some cytokines and growth factors such as
insulin-like growth factor-1, IFN-α and IFN-γ have been
found to induce apoptosis of HSCs[90,96,168]. Inhibitors of
IκB kinase has also been shown to promote apoptosis
of HSCs and exert antifibrotic effectd[31]. Other pharmacological agents such as gliotoxin, sulfasalazine, benzodiazepine ligands, curcumin and tanshinone I have been
explored for their effects in inducing HSC apoptosis[27].

Complementary and alternative medicine
Evidence indicates that some traditional Chinese herbal
medicines are effective in the treatment of liver fibrosis
and cirrhosis, and have thus gained popularity worldwide[188,189]. These herbal medicines include the following categories: pure compounds (e.g., salvianolic acid
B[190] and oxymatrine[143]). The mechanisms by which
tetrandrine[191], glycyrrhetinic acid[192] and curcumin[193]),
single agents (e.g., Salvia miltiorrhiza[194] and Ganoderma lucidum[195]), and composite formulae (e.g., Fuzheng Huayu
Capsule[196], Biejiajian[197], Yi-Gan-Kang granule[198] and
Qinggan Huoxuefang[199]). Chinese herbal medicines exert
antifibrotic effect are far from clear but may include antiviral and anti-inflammatory effects, immune regulation,
inhibition of HSC activity, and promotion of collagen
degradation. Further randomized controlled clinical trials are needed and the possible adverse effects should be
carefully evaluated.

Protect liver function and promote hepatocyte
regeneration
The hepatoprotective agent silymarin has been widely
used in the management of chronic liver diseases and
cirrhosis [129,169]. Ursodeoxycholic acid and tauroursodeoxycholic acid have shown protective effects against
hepatocyte organelle injury, and have been confirmed as
effective agents for the treatment of primary sclerosing
cholangitis[170,171]. Calcium channel blockers (e.g., verapamil) also show hepatoprotective and antifibrotic effects
by stabilizing the hepatic cellular membrane[172] and lowering the portal vein pressure.
Hepatocyte apoptosis is a common event in liver
injury and contributes to fibrogenesis and development
of cirrhosis. Hence, preventing the hepatocytes from
undergoing apoptosis and promoting hepatocytes regeneration can be useful therapeutic strategies for liver fibrosis and cirrhosis. Hepatocyte growth factor (HGF), an
antifibrotic growth factor that induces apoptosis in HSCs
and stimulates hepatocyte regeneration[173,174], has been
attempted as a therapeutic agent for liver cirrhosis. In
this respect, infusion of bone-marrow-derived cells and
mesenchymal cells have been reported as a potentially effective method for the treatment of liver cirrhosis[175-177],
because these cells can differentiate into hepatocyte-like
cells in the liver and stimulate proliferation of hepatocytes by secreting some growth factors such as HGF.
Furthermore, HGF-overexpressing human umbilicalcord-blood-derived mesenchymal stem cells have shown
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CONCLUSION
In summary, the etiology of cirrhosis is multifactorial and
the mechanisms underlying pathogenesis of cirrhosis are
far from being clarified. Further studies, particularly with
appropriate animal models, to unveil the molecular mechanisms leading to liver fibrosis and cirrhosis are essential
for the development of effective therapeutic approaches.
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Core tip: Autophagy is a mechanism involved in cellular homeostasis. In this review the current knowledge
on the role of autophagy in non-alcoholic fatty liver
disease (NAFLD) is summarised, with emphasis on the
current controversy on the lipolytic vs lipogenic function in hepatic lipid metabolism. Furthermore the role
of autophagy in the pathophysiology of insulin resistance, hepatocellular injury and fibrogenesis is reviewed
to better understand its importance in NAFLD.
Kwanten WJ, Martinet W, Michielsen PP, Francque SM. Role
of autophagy in the pathophysiology of nonalcoholic fatty liver
disease: A controversial issue. World J Gastroenterol 2014;
20(23): 7325-7338 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7325.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i23.7325

Abstract
Autophagy is a mechanism involved in cellular homeostasis under basal and stressed conditions delivering
cytoplasmic content to the lysosomes for degradation
to macronutrients. The potential role of autophagy in
disease is increasingly recognised and investigated in
the last decade. Nowadays it is commonly accepted
that autophagy plays a role in the hepatic lipid metabolism. Hence, dysfunction of autophagy may be an
underlying cause of non-alcoholic fatty liver disease.
However, controversy of the exact role of autophagy in
the lipid metabolism exists: some publications report a
lipolytic function of autophagy, whereas others claim a
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INTRODUCTION
The term autophagy has been introduced by De Duve et al[1]
over forty years ago to define a process of vacuolisation for the transport of intracellular material to the
lysosomes for degradation. The knowledge and number
of autophagy-related publications increased exponentially in the last decade, as the importance of autophagy
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in (patho)physiology became recognised. Indeed, autophagy is progressively acknowledged as an important
regulator of intracellular homeostasis. Dysfunction of
this process has been linked with cardiovascular, respiratory, neurodegenerative and metabolic diseases and with
cancer[2,3].
Non-alcoholic fatty liver disease (NAFLD) is characterised by macrovesicular fat accumulation in more than
5% of the hepatocytes in the absence of known causes
of secondary steatosis [4,5]. This accumulation ranges
from scarce to panacinar steatosis and usually starts in
Rapaport’s zone 3[6]. It is important to distinguish nonalcoholic fatty liver (NAFL, also known as simple steatosis) from non-alcoholic steatohepatitis (NASH), which is
diagnosed when macrovesicular steatosis is accompanied
by both hepatocyte ballooning degeneration and lobular
inflammation[5,6]. Simple steatosis has a low risk for the
development of advanced disease, while NASH is associated with an increased risk of hepatic and non-hepatic
co-morbidities and mortality. NAFLD is epidemiologically linked with obesity and diabetes, and is currently
considered as the hepatic manifestation of the metabolic
syndrome. Given that the prevalence of these metabolic
disorders rises, the prevalence of NAFLD and hence its
clinical impact, is rising too[4,7].
A growing body of evidence indicates that autophagy
and lipid metabolism are correlated. Dysfunctional autophagy may therefore contribute to the pathogenesis of
NAFLD. However, controversies still exist and the exact
role of autophagy in the hepatic lipid metabolism is not
entirely elucidated yet. This review aims at summarising
current knowledge on autophagy in NAFLD.

microautophagy is used. In CMA, proteins that contain a
special targeting motif, recognised by heat shock cognate
protein 70 (HSC70) and co-chaperones, will be selectively delivered to lysosomes where they are internalised via a
lysosomal-associated membrane protein 2A (LAMP2A).
Among the three types of autophagy, macroautophagy (hereafter called autophagy) is considered to
play the most important role in pathophysiology and is
well studied in recent years. Even though autophagy was
initially believed to be a non-selective bulky degradation
pathway, selective forms such as “mitophagy” (selective
autophagy of mitochondria), “peroxiphagy” (peroxisomes), “ribophagy” (ribosomes) or “xenophagy” (invading microbes) are also acknowledged[2,3,8,12].
The formation of autophagosomes is a dynamic and
highly regulated process (Figure 1). It is regulated at the
molecular level by autophagy related (Atg) genes. These
genes were originally identified in yeast, but many orthologues in higher eukaryotes have been found[2]. A central
regulator in autophagy is the mammalian target of rapamycin (mTOR)[13]. This protein complex inhibits the initiation of autophagosome formation by phosphorylating
UNC51-like kinase 1 (ULK1). The class Ⅰ phosphatidyli
nositol 3-kinase (PI3K)/AKT pathway stimulates mTOR
in response to growth factors, such as insulin. However,
under conditions of low energy status the AMP/ATP
ratio increases, leading to adenosine 5’-monophosphateactivated protein kinase (AMPK) activation and mTOR
inhibition, thereby activating autophagy [2,13]. The beclin-1/VSP34 (a class Ⅲ PI3K)-interacting complex mediates nucleation of the phagophore[2,13]. Two ubiquitinlike conjugated complexes take care of elongation of the
formed phagophore into an autophagosome: the ATG5ATG12-ATG16L1 complex and light chain 3-Ⅱ (LC3Ⅱ). An E1-like protein, ATG7, is a necessary mediator
of both conjugation processes, hence an interesting
target for the study of autophagy[14]. LC3 (also known
as MAP1LC3) is the major mammalian orthologue of
ATG8 and also one of the key regulators in autophagosome formation[3]. The active conjugated form of LC3,
LC3-Ⅱ, is frequently used as a marker for autophagy
in studies[15]. For further extensive review of autophagy
regulation, see references[11,16].

AUTOPHAGY
Autophagy is derived from the Greek “auto” and “phagos” and literally means “self-eating”. Basal autophagy
serves as a housekeeper in the continuous turnover of
cellular contents, thereby removing damaged or dysfunctional cellular contents and supplying substrates
for energy production. Autophagy can be induced in
response to oxidative or metabolic stress[8,9]. Starvation is
commonly used to induce autophagy in research settings.
Moreover, liver tissue and hepatocytes are frequently
used in research and as such were involved in many major discoveries[9].
There are three types of autophagy identified in
mammalian cells: macroautophagy, chaperone-mediated
autophagy (CMA) and microautophagy[2,10,11]. In macroautophagy, cytoplasmic material (e.g., organelles or protein aggregates) is sequestrated in a double membrane
structure, the autophagosome (Figure 1). This process
initiates the formation of a phagophore (also known as
isolation membrane), which subsequently lengthens to
create an autophagosome. The autophagosome fuses
with a lysosome to form an autolysosome where its
content will be degraded. When a small portion of cytoplasm is engulfed directly by the lysosome, the term
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AUTOPHAGY IN LIPID METABOLISM
Singh et al[17] were the first to convincingly correlate autophagy with the lipid metabolism. They considered it as
a novel selective pathway in lipid breakdown and called it
‘lipophagy’, even though the first clues pointing towards
a potential role of autophagy in lipid metabolism were
already seen a couple of decades earlier[18]. In contrast,
Shibata et al[19] claimed that autophagy was necessary for
the genesis of lipid droplets (LDs) rather than being
involved in the breakdown of LDs. Currently, several
papers with supporting evidence for both theories have
been published. In this section, some common findings
will be discussed, followed by reviewing both the oppos-
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Figure 1 Macroautophagy. A: Schematic overview of macroautophagy. Macroautophagy starts with the formation of a double-layered membrane, the phagophore
(isolation membrane). Phagophore formation is regulated by the ULK1 complex (initiation), which is under control of the mammalian target of rapamycin (mTOR)
complex, and the beclin-1/VSP34 interacting complex (nucleation). Two major ubiquitine-like conjugated complexes take care of the elongation of the double membrane: light chain 3 (LC3)-Ⅱ and ATG5-ATG12-ATG16L1. ATG7 is one of the proteins necessary for formation of both elongation complexes. When an autophagosome is formed, it will fuse with a lysosome. The inner membrane of the autophagosome and the sequestered cytoplasm will be degraded and macromolecules can
subsequently be (re-)used. Macroautophagy can be non-selective (random uptake of intracellular material) or selective [uptake of specific cargo, e.g., mitochondria,
endoplasmic reticulum (ER)]; B: Transmission electron microsocopy (TEM)-image of a normal mouse liver fasted overnight. The arrows indicate autophagosomes, the
arrowheads indicate autolysosomes. N: Nucleus.

tween autophagy and the lipid metabolism in the liver
deserve to be mentioned.
First, a close relationship between LDs and LC3 has
been demonstrated. A notable portion of LC3-positive
structures, as demonstrated by immunofluorescence microscopy, co-localised with markers for LDs in liver tis-

ing theories and the contextual alterations of autophagy
in the lipid metabolism.
Common findings in autophagy and lipid metabolism
Despite the contradictory results in the recent literature,
some common findings supporting the relationship be-
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sue[19] and in cell lines[20-22]. Likewise, immunohistochemistry revealed positive LC3B dots localised on the surface
of LDs[23]. Co-localisation could also be confirmed by
LC3 immunogold staining transmission electron microscopy (TEM) and suggests a LD-regulating function of
autophagy[17,19,20]. This co-localisation was not influenced
by inhibition of autophagosome-lysosome fusion or
knockout of autophagy, suggesting that conjugation to
the active form of LC3 (LC3-Ⅱ) occurs on the surface
of LDs and not only on autophagosomes[17].
Secondly, steatosis is most of the time present in
acinar zone 3[6]. In parallel with this histological finding,
immunohistochemical staining for autophagy (staining
of LC3) is more localised around the central veins[23,24].
Zonal distribution of autophagy is also postulated from
a theoretical point of view, based on findings in glutamine metabolism[25]. It is assumed that low rates of
autophagy occur in periportal areas and constitutive high
levels of autophagy pericentrally in well-nourished conditions. This assumption serves as a potential explanation for the pattern of steatosis in the liver.
Thirdly, LDs have shown to be associated with lysosomes. Immunofluorescence microscopy reveals increased co-localisation of LDs with lysosomal markers
such as LAMP1[17] or lysotracker[22] in fat-loaden cells.
Co-localisation decreases after inhibiting autophagosome formation pharmacologically or by knockdown
techniques[17].

duced ATG7 protein levels (although the mRNA expression is comparable) as well as decreased levels of
autophagy[27]. Autophagy induction via liver-specific overexpression of Atg7 in ob/ob mice improves the metabolic
state and reduces the steatosis significantly. These findings further support a lipolytic function of autophagy.
Unfortunately, the effects of induced autophagy on lipid
metabolism were only reported in ob/ob mice and not in
high fat diet (HFD)-fed animals.
When blocking autophagy pharmacologically, a decrease in the oxidation of FFA and in the VLDL production was observed, whilst stimulation of autophagy
resulted in opposite effects[28,29]. In vivo results also showed
a change in the distribution of lysosomal lipases (LAL)
towards the autophagosome fraction after starvation,
suggesting an increase in the autophagy-mediated lysosomal lipolysis[28].
Defects in forkhead box class O (FOXO) transcription factors are linked to steatosis and dyslipidaemia[30].
Mice with a liver-specific triple knockout of FOXO1/3/4
(LTKO) demonstrate steatosis and hypertriglyceridemia[31].
Reduced autophagy in these mice confirm FOXO1 mediated regulation of the key autophagy genes[32]. Of note,
Atg14 is regulated by the FOXO transcription factors 1
and 3. Knockdown of hepatic ATG14 increases hepatic
and serum TG, whereas overexpression in HFD-fed
animals decreases steatosis. In LTKO mice, overexpression of Atg14 was able to counteract lipid disturbances
including steatosis [31]. In contrast with these experiments, an increase rather than a decrease of FOXO1
levels was described in a small cohort of patients with
NASH[33].
One of the latest contributions in the knowledge of
autophagy regulation is the discovery of transcription
factor EB (TFEB), which seems to be a master regulator
of autophagy[34]. TFEB is involved in the lipid metabolism as its overexpression inhibits and its suppression
induces steatosis, respectively[35]. The effects on the lipid
metabolism were mediated by the stimulation of the
peroxisome proliferator-activated receptor γ coactivator
1 α-peroxisome proliferator-activated receptor α (pgc1α-PPARα) pathway as well as by autophagy. Overexpression of TFEB could not counteract steatosis caused
by the disruption of autophagy, implying dependency of
TFEB function on the autophagy mechanism[35].
It is generally known that antiretroviral therapy
can induce steatosis. In an in vitro study, it was shown
that the thymidine analogues zidovudine and stavudine
inhibit the autophagic flux of hepatocytes in a dosedependent manner, thereby inducing the accumulation
of lipids and mitochondrial dysfunction[36]. Though not
yet used for the treatment of steatosis, glucagon like
peptide-1 (GLP-1) analogues were able to reduce endoplasmic reticulum (ER) stress and fat accumulation in
vitro and in vivo by the activation of autophagy[37]. Carbamazepine and rapamycin induce autophagy and show to
be effective in reducing steatosis in models of alcoholic
and non-alcoholic fatty liver disease[38]. Very recently,

Autophagy as a lipolytic mechanism
Considering autophagy as a lipolytic mechanism is an
attractive theory, because it helps explaining the ability
of the liver to mobilise free fatty acids (FFA) rapidly, if
needed, taking into account that hepatocytes have relatively low concentrations of cytosolic lipases[26].
Pharmacological inhibition, silencing or knockdown
of autophagy (by targeting ATG5) in hepatocytes results
in an increased hepatocyte triglyceride (TG) level and
accumulation of LDs when cultured in the presence of
an exogenous or endogenous lipid stimulus[17]. It was
shown that this increase was due to impaired lipolysis
(to fuel β-oxidation) and not to increased TG synthesis.
Additionally, the opposite happened after pharmacological induction of autophagy: lipid stores in hepatocytes
decreased. The development of hepatocyte-specific
autophagy-deficient mice (by targeting Atg7) could confirm the in vitro results. Indeed, these mice develop hepatomegaly with increased TG and cholesterol content,
compared to their wild type countermates[17]. Autophagy-deficient and -competent mice that were starved for
24 h showed an increased presence of TG in their livers
(the so-called fasting-induced steatosis). In wild type
mice this accumulation was less pronounced. Moreover,
TEM demonstrated an increase of lysosomes and lipidcontaining autophago(lyso)somes, supporting lipolysis.
These findings were even more pronounced with prolonged fasting.
Obese mice (either genetically or dietary) show re-
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caffeine was shown to induce autophagy with increased
lipid clearance[22]. Other possible mechanisms parallel to
changes in autophagy that might explain the observed
effects are formally not excluded, however, are less
likely.
Data in humans are scarce. Studies in human liver
tissue are limited partly by experimental restrictions,
e.g., the impossibility to use specific pharmacologic interventions or to perform consecutive biopsies. Some
currently used markers, such as LC3, do not allow good
identification of autophagosomal structures unless the
target protein is overexpressed[23]. Moreover, immunohistochemical markers are a snapshot of a dynamic state
and are not able to discern between increased autophagy
versus decreased degradation of autophagosomes[15,23].
Nonetheless, a small immunohistochemical study on
post-mortem liver tissue demonstrated decreased LC3
and increased p62 staining with an increased degree of
steatosis, suggesting decreased autophagy in more severe steatosis[24]. Likewise, patients with proven NAFLD
demonstrate increased numbers of autophagic vesicles
and p62 accumulation on their liver biopsy[39].
Finally, two clinical observations in patients with
NAFLD deserve attention. First, hypothyroidism was
found to be more frequent in patients with NAFLD[40-42].
Thyroid hormone (T3) is a known regulator of the basal
metabolism and acts on different mechanisms. Recently,
T3 was shown to be a powerful inducer of autophagy in
vitro and in vivo, and autophagy accounted for a crucial
portion of T3 stimulated β-oxidation[21]. As a result, autophagy may provide the explanation for this association.
Secondly, patients with NAFL have an increased
prevalence of hypovitaminosis D[43]. Vitamin D prevents
the development of steatosis, whereas knockout of
its receptor (VDR) promotes steatosis[44]. Others have
shown that vitamin D acts as a potent inducer of autophagy[13]. Indirectly, these two facts together are in line
with lipophagy, but hitherto the hypothesis that these
effects are directly mediated via autophagy has not been
investigated.

in number and size and the total TG content in the liver
is lower. This lack of fasting-induced steatosis was first
seen in very young mice (twenty-two days old), but was
confirmed in eight to twelve week old mice[19,23,47]. Autophagy is therefore implicated in LD formation and
growth. The co-localisation of LC3 (necessary for autophagosome formation) with LDs in starved wild type
mice further supports these findings[19].
Subsequent in vitro research confirmed these findings
in different cell lines (including hepatocytes)[20]. Cells
subjected to knockdown of LC3 form less LDs and
have less TG content compared to their controls. Neither FFA uptake, nor TG synthesis or TG breakdown
are influenced in LC3 knockdown cells, suggesting an
impaired ability to preserve synthesised TG within these
cells[20].
Very recently, an improved metabolic profile was
observed in both hepatocyte- or skeletal muscle-specific
autophagy-deficient mice[48]. Adult mice with a deficiency
in hepatic autophagy[47,48] and fed a control diet show
reduced fasting-induced steatosis. Moreover, lipid accumulation did not develop[48] or increase[47] after feeding
a HFD. Gene expression of proteins involved in fatty
acid and TG synthesis was lower compared to control
littermates. On the other hand, gene expression of proteins involved in β-oxidation and TG secretion was also
reduced[47,48]. It is not clear whether these findings are
epiphenomena or directly involved in preventing steatosis. The “mitokine” fibroblast growth factor 21 (FGF21),
induced by mitochondrial stress, was held responsible as
a central mediator of the metabolic alterations[48].
Decreased autophagy has been reported in dietary
and genetic models of obesity, whereas overexpression
of Atg7 had beneficial metabolic effects[27] as discussed
above. Nevertheless, suppressing ATG7 expression in
lean mice increases hepatic glycogen content, but fails
to alter lipid accumulation in the liver (as well as TG or
FFA in serum)[27]. This study is therefore non-conclusive
about a lipolytic or lipogenic function of autophagy.
Contextual variability of autophagy in lipid metabolism
Besides the duality in autophagy as a lipolytic or lipogenic process, there are also differences described depending on its context. In most cases these differences were
found in experiments supporting autophagy as a lipolytic
mechanism.
Based on in vitro experiments, basal autophagy is
supposed to be a more important pathway for lipid
metabolism than induced autophagy[17]. Hepatocytes in
culture did not demonstrate signs of induced autophagy
in response to lipid stimuli. Moreover, in contrast with
endogenous lipid load, these hepatocytes were unable to
adjust the autophagic flow to a sudden increase in the
external lipid load. In line with this in vitro finding, the
external lipid load by prolonged HFD decreases the efficiency of autophagy[17,27,29,37]. Intriguingly, a biphasic time
course is observed with an increase in the autophagic
flux and mRNA of autophagic markers after two weeks

Autophagy as a lipogenic mechanism
In fasting conditions, the body’s energy supply is maintained by adaptive mechanisms. As insulin levels decrease, lipolysis in the adipose tissue (AT) is no longer
inhibited and FFA are released in the serum. These FFA
are captured by the liver and either used for formation of ketone bodies, or temporary stored as TG in
LDs[19,45]. In rodents this mechanism may cause substantial accumulation of TG in the liver, known as fastinginduced steatosis. C57Bl/6 mice showed to be very
prone to develop steatosis in fasting conditions[45]. Also
in humans, the liver fat content increases on imaging
(with 1H-magnetic resonance spectroscopy) after 36h
fasting[46].
Mice with a hepatocyte-specific autophagy deficiency
do not show fasting-induced steatosis as compared to
wild type animals. The remaining LDs are much smaller
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HFD and a decrease afterwards (ten weeks HFD) [29].
Recent data (only presented as an abstract) suggest that
autophagy decreases on short term HFD (three days)
and normalises after long term HFD (ten weeks) [49].
Instead of a decrease, eight weeks of a diet high in fat
load generates an increase in autophagy[50]. Paradoxically, a further increase of autophagy by a compound
found in garlic decreases the lipid content, possibly by
autophagy-independent mechanisms that have to be further elucidated. All together, it seems that alterations of
autophagy are dynamic in states of overnutrition.
The term lipotoxicity covers all detrimental effects of
fatty acids on the cellular integrity[51,52]. Hence, it is not
surprising that lipids as such can influence autophagy.
Short chain fatty acids are able to induce autophagy in
vitro[53]. Unsaturated fatty acids (e.g., oleic acid) stimulate
autophagy and protect against apoptosis, whilst saturated
fatty acids (e.g., palmitic acid) inhibit autophagy and promote apoptosis[37,54,55].
Not only fatty acids, but also the lipid composition
of membranes or vesicular compartments can influence
autophagic behaviour. A long exposure to high lipid
concentrations alters the membrane composition and
diminishes the fusion capacity of autophagosomes and
lysosomes[56]. This may explain the altered autophagy
after prolonged fatty diets. Attenuation of CMA was
also observed after lipid challenge[10]. However, some
authors did not observe an attenuated fusion capacity in
ob/ob mice Instead they report a decrease in clearance
of autophagosomes due to a disturbed acidification of
lysosomal compartments[57] and/or down-regulated cathepsin expression[39,57].
Variation of autophagic behaviour has also been
reported with respect to tissue type. For example, autophagy is indispensable for adipogenesis and transdifferentiation of white AT[58,59], contradicting a potential
lipolytic function in AT. These findings are in contrast
with findings of autophagy in the liver, which mainly
claim a lipolytic function of autophagy (as discussed
above). In addition, an increased level of autophagy in
AT of patients with metabolic syndrome or type 2 diabetes mellitus is observed[60-62].

ments[48]. This explanation, however, is even so not likely
to offer a solution. Most of the experiments were performed on a C57Bl/6 background, which is an inbred
strain. Moreover, tracing back the cited resources of the
hepatocyte-specific Atg7 knockout mice that were used,
leads to the same origin of the mice: Atg7 flox mice (used
by[17,23,65-67]) were created by Komatsu et al[14] and albuminCre mice (used by[17,23,48,66]) were created by the group of
Magnuson[68]. Furthermore, in vitro experiments on hepatocyte cell lines also showed conflicting results[17,20,36,37].
Thirdly, many different methods can be used to examine lipid accumulation and autophagy. Liver steatosis
can be induced by fasting, by genetic and/or by dietary
alterations. Different genetic modifications or pharmacological interferences can also alter autophagy. Whereas
papers claiming a lipolytic role use a wide range of methods (e.g., in vitro methods, pharmacological interference,
genetic modifications) (see 3.2), articles claiming the
opposite mainly use in vivo knockout models and fastinginduced steatosis (see 3.3). However, one of the caveats in knockout models is the potential of influencing
developmental stages, e.g., transdifferentiation of white
adipocytes requires autophagy[58,59]. This implies that the
observed differences in autophagic lipid handling might
be due to the method of inducing fat accumulation or
an altered maturation of hepatocytes.
Fourthly, distinction is made between basal and induced autophagy. Basal autophagy is supposed to be the
most important type of autophagy in the pathogenesis
of NAFLD[17,69]. However, most studies are performed
after total blockage of autophagy, making it difficult to
discern between the two. A Bcl-2 knock-in model is able
to selectively block stimulus-induced (i.e., by exercise or
starvation) autophagy[70]. These mice have an impaired
glucose-uptake during exercise and an impairment of the
exercise-induced protection against glucose-intolerance
and increased serum lipid levels caused by HFD. The
liver and pancreas morphology did not alter after HFD,
supporting the importance of basal autophagy in the
lipid metabolism. Further elucidating the role of basal
vs induced autophagy, including the relationship towards
the lipid source, may provide a possible explanation for
the divergent findings in the lipid metabolism.
Moreover, when studying autophagy, it is sometimes
difficult to distinguish whether the observed effects are
a secondary/adaptive process or directly casused by autophagy[59,71]. Furthermore, autophagy not only influences lipid metabolism, other organelles and cellular
systems are also influenced by dysfunctional autophagy
and may partly explain observed differences in the liver
metabolism (e.g., ER stress and dysfunctional mitochondria[44,72,73]). Disturbance of very low density lipoprotein
(VLDL) production might also be implicated, as autophagy can degrade apoB, a necessary protein for the
VLDL formation[71]. There even may be non-autophagic
(and autophagy-independent) functions of ATG-proteins[26,27,74] in the lipid metabolism.
Inversely, the lipid metabolism is not solely depen-

Discrepancies and hypotheses
A clear-cut explanation for the aforementioned discrepancies in autophagy and lipid metabolism is currently
lacking. Several hypotheses, however, have been put forward.
Because autophagy declines with age[63], some concerns were raised about the age of the laboratory animals[64]. Sometimes, juvenile rather than adult mice were
used in experiments[19], which may be less dependent
on autophagy. However, additional experiments with
younger and older mice provide similar results[19,23,47,48],
suggesting that the observed differences cannot be explained solely by age.
Secondly, small variances in the mouse strains might
be responsible for different outcomes in in vivo experi-
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dent on autophagy alone. Cytosolic lipases still account
for a substantial part of the lipolysis[51]. For example,
after total blockage of lipolysis by diethylumbelliferyl
phosphate (DEUP), the cellular TG content increases
more than after blocking autophagy alone[17]. Additionaly, if LD-formation is autophagy-dependent, small LDlike bodies are observed on TEM in autophagy-deficient
cells, suggesting that the lumenally-sorted LD production (i.e., LDs formed out of the ER) is not affected[19].
Finally, while the resolution limit of microscopical
techniques does not allow to visualise the smallest LDs
in living cells[75], it is possible that the observed effects
of autophagy only reflect LD modulation after the
formation of LDs. Autophagy might be a dynamically
active process which controls LD size and the amount
of lipotoxic FFA in the cytoplasm. The behaviour of autophagy will be context-dependent and drives the main
outcome of autophagy in the lipid metabolism[51]. In this
view, lipolysis and lipogenesis are no longer mutually exclusive and in fact co-exist.

The subsequent increase of cellular stress, with emphasis
on ER stress, might be the mechanism behind IR[27].
Hepatic IR appears to be the result of ER stressmediated processes[72], therefore ER stress secondary to
decreased autophagy might be a plausible underlying
mechanism for IR. Intracellular saturated fatty acids can
also contribute to IR by an increase in ER stress, but
also via an ER-stress independent mechanism[72]. On the
other hand, ER stress stimulates autophagy[16,77], thus
autophagy potentially acts as an escape mechanism to
prevent cell injury and IR in particular.
Recently, Kim et al[48] described a novel endocrine and
metabolic function of autophagy. Defective mitophagy
causes cellular stress, inducing a stress response regulated by activating transcription factor 4 (ATF4), which
promotes the expression of FGF21. FGF21 has several
beneficial metabolic effects in lean and HFD-fed animals
including an improved glucose tolerance and insulin
sensitivity[48,78]. In human subjects, however, a positive
correlation was observed between plasma FGF21 levels,
IR[79] and steatosis[80]. This apparent paradox might be
explained by the resistance to FGF21 (as with increasing levels of FGF21 less IR is actually expected, based
on experimental data) or can either be explained by an
adaptive increase of FGF21 after establishment of IR.
In this study, mitochondrial dysfunction is no longer
seen as detrimental, but rather as beneficial by reducing
the fasting-induced steatosis and improving the glucose
metabolism.
Finally, inhibiting and stimulating effects of protein
kinase C (PKC), an important effector enzyme in several
signal transduction cascades, on autophagy have been
described[81,82]. Several isoforms of PKC are known and
many of them can be activated by diacylglycerol (DG).
Insulin resistance is also linked to PKC[83]. As DG is an
intermediate as well as a product of lipolysis, these findings may indicate an additional crosslink between IR and
autophagy. Not all DG is able to activate PKC due to
differences in stereoisomers. DG produced by lipolysis
does not show bioactivity, and therefore potential crosstalk is less likely[51,83]. On the other hand, active stereoisomers of DG (i.e., 1,2-diacyl-glycerol) can be generated
in lipid synthesis and interference with insulin signalling
can still occur.

AUTOPHAGY AND INSULIN RESISTANCE
The liver plays a central role in the glucose metabolism
and an impaired insulin signalling is an important feature
of NAFLD[4]. Autophagy substantially contributes to
maintain the glucose homeostasis and is strictly regulated
by insulin[76]. Similarly to the lipid metabolism, the exact
interactions between the action of insulin and autophagy
are not entirely clarified yet. An overview of the current
knowledge is given in Figure 2.
Insulin stimulates mTOR via the class Ⅰ PI3K /AKT
pathway, and thus inhibits autophagy[2,16]. In case of a
normal insulin sensitivity of the liver, insulin-dependent
stimulation of this pathway is a possible mechanism of
reduced hepatocellular autophagy in hyperinsulinemic
states. Furthermore, an alternative pathway was found,
which could explain the reduced autophagy in case of
insulin resistance (IR)[32]. In HFD-induced IR, a downregulation of autophagy was noticed due to a reduced
FOXO1-mediated expression of key autophagy genes.
The authors suggested that IR was a consequence of the
reduced clearance of dysfunctional/aged mitochondria
via mitophagy, as oxidative stress and altered mitochondrial integrity (and mass) are related to IR[32]. The impact
of other dysfunctional organelles on IR was not investigated, but could also contribute to these findings.
Reduced autophagy was also linked to IR in a study
with HFD and ob/ob mice[27]. In contrast to the aforementioned study, IR was not the cause but the result of
decreased autophagy. Knockdown of autophagy in lean
mice induced severe IR, while overexpression of Atg7 in
obese mice improved the insulin sensitivity and glucose
tolerance, decreased the hepatic glucose production and
decreased steatosis. An increased level of the calciumdependent protease calpain 2, which can cleave several
autophagy-related proteins, was observed and was held
responsible for the decreased protein level of ATG7.
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AUTOPHAGY AND HEPATOCELLULAR
INJURY
In some patients, steatosis leads to cellular injury and inflammation (NASH) with a subsequent risk for progression to cirrhosis and eventually for hepatocellular carcinoma (HCC) in a subset of patients[4]. Because damaged
organelles are removed by autophagy, dysfunction of
autophagy likely will result in cellular injury. In line with
this hypothesis, stimulation of autophagy could indeed
reduce liver injury in animal models of ethanol-induced
steatohepatitis[38,84]. Carbamazepine-induced autophagy
also demonstrated a tendency to reduce cell injury in a

7331

June 21, 2014|Volume 20|Issue 23|

Kwanten WJ et al . Autophagy in pathophysiology of NAFLD
mTOR ↑
Calpain 2 ↑

induced oxidative stress. Furthermore, CMA as such also
provides protection to menadione-induced cell death,
but through a different mechanism[69].
Comparable to menadione, TNF-induced hepatic
injury also causes increased cell death, JNK/c-JUN overactivation and activation of the mitochondrial death
pathway in hepatocyte-specific autophagy-deficient mice.
However, primary mitochondrial dysfunction followed
by oxidative stress or impaired energy homeostasis is not
responsible for cell injury in this model[47,65].
The protein p62/SQSTM1 selectively guides proteinaceous aggregates to autophagosomes and accumulates
in autophagy-deficient cells. Presence of this protein
contributes significantly to hepatocellular injury caused
by autophagy deficiency, as double knockouts of autophagy (Atg7) and p62 (DKO) diminish hepatocyte
injury compared to autophagy knockout (Atg7) only[67].
Nevertheless, p62 is believed to be a beneficial adaptive
response to promote formation of relatively harmless
aggregates. Toxic intermediates are formed during the
aggregate formation and are considered responsible for
cell injury. Furthermore, p62 also aids nuclear translocation of the beneficial transcription factor NF-E2 related
factor 2 (NRF2), which induces transcription of various
detoxifying enzymes[67]. Of note, despite the alleviation
of cellular injury by DKO, a complete abolishment of
the cellular injury comparable to control levels cannot be
achieved as turnover of disturbed organelles is still not
corrected.
Autophagy is linked to the inflammatory cytokines in
adipocytes. When p62 is knocked out in adipocytes, an
increased invasion of macrophages and production of
pro-inflammatory cytokines in AT is observed[85]. Moreover, knockout of p62 in AT also causes obesity and
glucose intolerance, whereas knockout of p62 in hepatocytes does not. Whether these inflammatory changes
also occurred in liver tissue was not investigated. A direct
inhibition of autophagy in human or mice adipocytes increases the production of pro-inflammatory cytokines[62]
as was described in other tissues as well[86].
The role of autophagy in tumourigenesis is dual
and depends on the stage of tumour development. Autophagy acts as a tumour suppressor in normal tissue
and prevents the development of malignant neoplasia.
Once a tumour is developed, autophagy drives survival
of tumour cells by supplying nutrients[2]. An extensive
discussion of the role(s) of autophagy in liver tumour
development can be found in ref.[9].

Insulin ↑
FOXO1 ↓

Autophagy ↓

1

FFA

Dysfunctional
mitochondria ↑

TG
ER-stress ↑
DG
2

PKC ↑

FGF21

Insulin resistance ↑

Whole body
metabolism

Figure 2 Current knowledge of autophagy and insulin resistance. Autophagy and insulin resistance (IR) seem to influence each other reciprocally. On
one hand, an increased level of calpain 2 reduces autophagy and increases IR
by increasing endoplasmic reticulum (ER) stress. The amount of dysfunctional
mitochondria will also increase and contribute to IR. On the other hand, secondary hyperinsulinism due to IR can decrease autophagy if the insulin sensitivity
remains present. Furthermore, autophagy can also be suppressed via an IRmediated reduction in forkhead box class O 1 (FOXO1). Free fatty acids (FFA)
can induce IR directly or by increasing ER stress. Correct stereoisomers of diacylglycerol (DG) can induce protein kinase c (PKC) dependent IR. Controversy
exists on how autophagy influences the level of FFA and if subsequent correct
stereoisomers of DG can be formed. Dysfunctional mitochondria can increase
the level of fibroblast growth factor 21 (FGF21), which is able to reduce IR.
FGF21 and IR interact with whole body metabolism. Arrows indicate a consequence of a certain alteration, bar headed arrows denote an inhibition. Doubleheaded arrows present a reciprocal influence. The dashed and double-headed
arrow denotes the uncertain relation between FFA and autophagy. 1: ER stress
actually increases autophagy; 2: Only right stereoisomers induce PKC. mTOR:
Mammalian target of rapamycin; TG: Triglycerides.

mouse model of NAFLD[38].
A potential role exists for mitophagy since mitochondrial dysfunction leads to the production of reactive oxygen species (ROS), causes oxidative stress and is
involved in the pathogenesis of NASH[73]. Many of the
aforementioned studies do report damaged mitochondria
when autophagy is defective[14,23,36,48,54,66]. In one study
defective autophagy was accompanied by an increased
production of ROS[36]. Knockdown of autophagy makes
hepatocytes more susceptible to cell death caused by
menadione-induced oxidative stress[69]. This type of cell
death is caspase-dependent and activated via the mitochondrial death pathway due to c-JUN N-terminal kinase (JNK)/c-JUN overactivation. CMA is upregulated
as a compensatory mechanism, but fails to overcome the
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AUTOPHAGY IN LIVER FIBROSIS
The knowledge on autophagy in fibrogenesis is scarce,
but available evidence suggests an elementary role in different fibrogenic cells[87]. Autophagy seems to provide
nutrients to fuel the processes involved in the activation
of these cells.
Hepatic stellate cells (HSCs) are considered major
fibrogenic cells in the liver. A central observation in the
transdifferentiation from a quiescent state to active myo-
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fibroblasts is the depletion of lipid stores, in HSC typically mainly composed of vitamin A[88].
Autophagy in HSC activation was first evidenced in
2011[89]. In this study, an increased autophagic flux was
observed during HSC activation. Pharmacological inhibition of autophagy inhibited the activation of HSCs.
Autophagy also interfered with the LD metabolism
after stimulation by platelet derived growth factor BB
(PDGF-BB), a known mitogen of HSCs, as shown by
co-localisation of LC3B with LDs. Interestingly, autophagy seems to affect only larger LDs and co-localisation
became absent once HSCs were activated.
The importance of autophagy in HSC activation was
confirmed in another study using pharmacological and
genetic tools to inhibit autophagy in vivo and in vitro[90].
The results showed an energy-supplying role (via delivery of FFA out of LDs for β-oxidation) of autophagy
needed for the transdifferentiation of HSCs. Administration of oleic acid in autophagy-deficient stellate cells
could partly restore the activation, but did not augment
fibrogenesis in autophagy-competent cells.
In line with the aforementioned results, one may
expect an increase in fibrosis when inducing autophagy.
Paradoxically, reduced hepatic fibrosis is observed after
administration of rapamycin, a known potent inducer of
autophagy. The involvement of autophagy was, however,
not specifically tested in these studies[91-93]. Rapamycin is
known to have a complex mode of action. Hence, studies with other autophagy-inducers may clarify whether
the rapamycin-induced reduction in hepatic fibrosis is
due to autophagy-related mechanisms.

posed of many different cell types (e.g., endothelial cells,
HSCs and Kupffer cells[94]). More extensive research on
whole liver tissue may be useful as several cell types are
also involved in the development of steatohepatitis[4,88]
or may influence each other. Moreover, potential zonal
differences of autophagy in liver tissue should be investigated and correlated with the already known different
functions of the acinar liver zones[25].
The liver is not a “cavalier seul” in the metabolism,
but one of the central players of the whole body metabolism. The role of autophagy is site-specific. For
example, in AT stronger evidence exists for a lipogenic
action of autophagy[58,59] contrary to the results in hepatocytes. In order to understand the complex role of
autophagy, other tissues and other metabolic pathways,
including the glucose and protein metabolism, must be
incorporated in the research projects.
Ultimately, if knowledge on autophagy in NAFLD
increases, therapeutic interventions can be developed and
tested. Systemic therapy will potentially be hampered if
context- and tissue-dependent behaviour of autophagy
appears to play an important role in the pathogenesis of
the metabolic syndrome. Several clinical trials are already
ongoing, almost exclusively in oncological settings (www.
clinicaltrials.gov). Investigators should be stimulated to
include repetitive evaluation of the metabolic parameters
in their study as secondary objectives.

CONCLUSION
Autophagy is an important factor in the lipid metabolism, but its exact role has not yet been fully clarified and
appears to be context- and tissue-specific. Increasing
knowledge on its exact role in the complex pathophysiology of metabolic disturbances and NAFLD might
make autophagy a target for treatment of the metabolic
syndrome or NAFLD. We should, however, always keep
in mind that altering a key cellular process such as autophagy might lead to a better metabolic state, but that
this not automatically equals a better general health.

FUTURE PERSPECTIVES
Further research is clearly needed to elucidate the exact
role of autophagy in NAFLD. Fortunately, the increasing
research interest in NAFLD and the growing awareness
of autophagy as a pathophysiological mechanism will
most likely result in new discoveries in the next decade.
The major issue to be resolved is the apparent paradoxical behaviour of autophagy in the lipid metabolism
as discussed in this review. At this moment, evidence
towards a pro-lipolytic function in the liver is more
solid and outnumbers the evidence against this theory.
However, the evidence for a lipogenic role cannot be
ignored. It has to be addressed whether the two roles
might co-exist or whether one role dominates in the
hepatocyte, and how their balance and/or function is
regulated exactly.
Contextual differences were noted, but not fully understood. Detailed knowledge of basal and induced autophagy may resolve a part of this puzzle. It would be
very interesting if future research can more specifically
and separately investigate the role of basal and induced
autophagy in liver metabolism. Additionally, the relationship with other cellular observations such as dysfunctional mitochondria should be clarified.
Most studies perform experiments on one specific
cell type (i.e., hepatocytes), although the liver is com-
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Core tip: In this review, we examine all the available
data on the association between diet, nutrients and
the Mediterranean diet in association with onset and
severity of non-alcoholic fatty liver disease.

Non-alcoholic fatty liver disease (NAFLD) represents
the most common chronic liver disease in Western
countries, being considered as the hepatic manifestation of metabolic syndrome. NAFLD has a common
pathogenic background to that of metabolic syndrome,
and shares many risk factors such as obesity, hypertension, insulin resistance and dyslipidemia. Although
there is no currently available evidence-based established treatment for NAFLD, all the recommendations from the medical associations indicate that the
most effective treatment is to reduce weight through
lifestyle modifications. Diet, indeed, plays a key role
in the management of NAFLD patients, as both the
quantity and quality of the diet have been reported
to have a beneficial role in the onset and severity of
the liver disease. Among all the diets that have been
proposed, a Mediterranean diet was the most effective
dietary option for inducing weight loss together with
beneficial effects on all the risk factors associated with
metabolic syndrome and NAFLD. Over the last few
years, research has demonstrated a beneficial effect
of a Mediterranean diet in NAFLD. In this review, we
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in industrialized countries,
and is characterized by increased hepatic fat accumulation in individuals not consuming excessive alcoholic
beverages (typically a threshold of < 20 g/d for women
and < 30 g/d for men is adopted)[1]. NAFLD is emerging as one of the most common causes of liver disease
worldwide[2], particularly in Western countries such as
the United States where approximately 30% of the population now has NAFLD[3]. It refers to a wide spectrum
of liver disorders ranging from simple steatosis (more
than 5% hepatocytes showing fat accumulation), to nonalcoholic steatohepatitis (NASH), which increases the
risk of end-stage liver disease, namely liver cirrhosis and
hepatocellular carcinoma[4].
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The true prevalence of NAFLD is unknown because only a liver biopsy can distinguish simple steatosis
from NASH, but it is unethical to perform liver biopsies
on unselected asymptomatic patients from the general
population. However, various strategies including unexplained alanine aminotransferase (ALT) elevation or
fatty liver on ultrasound in nondrinking but otherwise
unselected patients gives an estimated prevalence of
NAFLD in the adult population of around 15%-30%[5].
Moreover, the problem is not limited to adults only because nearly 10% of obese children may have NAFLD[6].
Actually, NAFLD is considered as the hepatic manifestation of metabolic syndrome, sharing a common pathogenic background and with similar disease states such as
obesity, type 2 diabetes mellitus, insulin resistance and
dyslipidemia[1-4].
Several studies have recently shown the association
of NAFLD with cardiovascular disease (CVD)[7]. In a
study of biopsy-proven NAFLD with a follow-up of
about 21 years, the main causes of death in patients with
NAFLD were CVD and malignancy[8]. In addition, several studies showed that NAFLD might itself contribute
to the increased CVD risk. The possible explanation for
such a relationship between CVD and NAFLD includes
the occurrence of many risk factors including insulin
resistance, obesity, dyslipidemia, and an altered inflammatory state in both pathologies[7].
Cornerstones of NAFLD therapy are lifestyle interventions, and especially diet. These interventions are
effective not only for improving NAFLD itself, but also
associated conditions such as metabolic syndrome, type
2 diabetes, and the related risk of CVD[9].
In this review, we report data supporting the role of
dietary approaches, including a Mediterranean diet, on
the management of patients with NAFLD.

induced by diet is able to reduce liver enzymes and hepatic steatosis. One of the most relevant studies has
been conducted in NASH patients, where a dietary intervention study demonstrated that weight loss led to an
improvement in liver histology and enzymes[12]. Patients
were randomized into two groups, a combined lifestyle
intervention group and a control group. At the end
of the intervention period, patients who followed the
lifestyle recommendations had an average weight loss
of about 10% compared with only 0.2% in the control
group. Interestingly, patients who lost more than 7% of
their body weight had significant improvements in terms
of activity score and inflammation, suggesting that the
reduction in body weight resulting from lifestyle changes
was beneficial in reducing the severity of NAFLD. The
rapidity of weight loss is also extremely important in
NAFLD treatment. It has been demonstrated that only
modest weight loss (about 1 kg per week) is significantly
associated with a decreased incidence of metabolic syndrome and improvement in the histological features of
NAFLD, whereas fast weight loss, as seen in bariatric
surgical procedures, often worsen the clinical features of
NAFLD[13].
Quality modifications of dietary composition can
also directly influence the clinical course of NAFLD
beyond the “simple” caloric restriction. Indeed, diet
composition, with modulation of either macro or micronutrients, can significantly affect most of the risk factors
associated with fatty liver such as hypertension, serum
lipids and insulin[10,11].
Carbohydrates and non-alcoholic fatty liver disease
As regarding carbohydrates, data from the literature report that a diet high in carbohydrates might worsen the
clinical conditions of patients with NAFLD[14]. Actually,
hepatic triglycerides showed a greater decrease among
individuals treated with a carbohydrate-restricted diet
than with an energy-restricted one, whereas a diet rich
in carbohydrates may lead to increased levels of insulin,
contributing to high levels of triglycerides and blood glucose. In an intervention study, Ryan et al[15] randomized
NAFLD patients to hypocaloric diets containing different proportions of carbohydrates. After 16 wk, patients
receiving a low percentage of calories from carbohydrates (40%) showed lower levels of liver enzymes compared to those receiving a high-carbohydrate diet, despite
equal weight loss. Similarly, another intervention study
using two energy-restricted diets with equal energies, but
different proportions of carbohydrates, showed similar
weight loss but a greater decrease in triglycerides in the
group with a lower proportion of carbohydrates[16]. The
type and quality of carbohydrates appear to be relevant
for the occurrence of NAFLD, because the glycemic index seems to play a relevant role in the pathogenesis of
NAFLD. Thus current recommendations of many scientific associations indicate a carbohydrate intake > 50%
of the total energy, and choosing whole grain and low-

DIET AND NON-ALCOHOLIC FATTY
LIVER DISEASE
Dietary habits are significantly linked with health state. A
correct dietary intake, associated with a healthy lifestyle,
may in fact contribute to the maintenance of a healthy
status. Conversely, poor dietary habits may favor the occurrence of various disease states such as cancer, obesity,
diabetes, dyslipidemia and hypertension, the combination of which may lead to metabolic syndrome that in
turn increases the risk of death from cardiovascular and
other chronic degenerative diseases.
Diet and lifestyle can significantly affect the clinical
picture of NAFLD since most patients with NAFLD
have excess body weight and other cardiometabolic risk
factors, such as hypertension, dyslipidemia and diabetes[10,11]. Although promising pharmacological treatments
are emerging, only a significant and sustained weight loss
is the basis of any treatment plan for patients suffering
from NAFLD[9].
Some intervention studies reported that weight loss
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glycemic index foods[9].

MEDITERRANEAN DIET AND
NON-ALCOHOLIC FATTY LIVER-RELATED
CONDITIONS

Dietary fats and non-alcoholic fatty liver disease
Patients with NAFLD often have a high-fat diet that may
be an independent risk factor for the development of the
disease[17]. In a study by Yamamoto et al[18] the reduction
of fat consumption for 6 mo induced a decrease in liver
enzymes. Moreover, an increased fat intake in the diet has
been linked to many components of metabolic syndrome
and NAFLD. In particular, saturated fatty acids (SFA)
have been reported to have deleterious effects on both
lipid and glucose metabolism. A randomized, doubleblind, crossover study examined the effects of three different diets in 86 healthy men: a control diet (14% SFA),
the National Cholesterol Education Program Step I diet
(9% SFA), and the National Cholesterol Education Program Step II diet (6% SFA). Although all reduced-fat diets
decreased low-density lipoprotein (LDL)-cholesterol, they
also decreased high-density lipoprotein (HDL)-cholesterol
and increased triglycerides after 6 wk compared with the
control diet. Furthermore, in response to the 6%-SFA
diet, subjects with insulin resistance and higher body fat
showed smaller reductions in LDL-cholesterol, larger reductions in HDL-cholesterol and increases in triglycerides
as compared to subjects with normal insulin sensitivity[19].
The quality of dietary fats plays a key role in the
pathogenesis of NAFLD as shown by the beneficial
effect of monounsaturated fatty acids (MUFA). The replacement of carbohydrate and SFA with MUFA leads
to reductions in glucose and blood pressure and to an
increase in HDL-cholesterol in patients with diabetes.
A MUFA-rich diet (40% of energy as fat) has also been
demonstrated to decrease VLDL-cholesterol and triglycerides, and to be more acceptable to patients with
diabetes than a high-carbohydrate diet (28% of energy
as fat). Therefore, an increase in the intake of MUFA,
particularly as a replacement for SFA and as a higher
proportion in the diet in lieu of carbohydrates, may be
beneficial for NAFLD patients[20].
Accordingly, polyunsaturated fatty acids (PUFA) may
also have beneficial effects in patients with NAFLD. In
a recent human dietary intervention study, we showed
positive effects of n-3 PUFA administration in NAFLD
patients[21]. Moreover, a meta-analysis demonstrated that
n-3 PUFA have substantial beneficial effects in ameliorating liver steatosis and its related components[22].
More recently, we reported a significant amelioration in
lipid variables, insulin and adiponectin levels as well as
in the severity of fatty liver by introducing a n-3 PUFAenriched olive oil into the diet of patients with NAFLD,
thus indicating that PUFA might represent a therapeutic
option for treating NAFLD[23].
In line with such evidence, recommendations in the
recent guidelines in terms of dietary fats suggest a total
fat contribution < 30%-35% of the total daily energy intake, with preference for MUFA and PUFA rather than
SFA (recommended to be < 7% of total energy)[9].
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Over the past decades, several dietary models have been
proposed as the ideal diet for preventing NAFLD and
metabolic-related conditions. However, among all the diets that have been proposed, only the Mediterranean diet
demonstrated a beneficial effect according to scientific
data.
Mediterranean diet was firstly discovered in the early
1960s by Ancel Keys who invented this term after the
results of an epidemiological study, the “Seven Countries’ Study” which demonstrated that the populations
bordering the Mediterranean Sea (Italy and Greece) had
a reduced incidence of cardiovascular disease and cancer
in comparison to the other populations. In this study,
the dietary profile of 12763 subjects aged between 40
and 59 years living in different countries of the world
were analyzed: the United States of America, Finland,
the Netherlands, Italy, Greece, the former Yugoslavia
and Japan. The results of this study were that countries
bordering the Mediterranean basin had the lowest rates
of mortality and incidence of cardiovascular disease in
comparison with the other countries. After these first
results, other studies have confirmed these findings and
the Mediterranean diet were recognized all over the
world as a healthy diet, effective in reducing the risk of
cardiovascular disease and cancer[24].
Mediterranean diet and cardiovascular disease
Much of the available data supporting the beneficial effect of Mediterranean diet on health derive from studies
linking diet with CVD, the leading cause of mortality
and morbidity all over the world and closely related to
NAFLD. With regard to the primary prevention, the
most relevant study is the EPIC-Elderly Prospective
Cohort Study, a multicenter study that analyzed subjects
living in 10 different European countries. In a paper
published in the New England Journal of Medicine by
Trichopoulou et al[25] a score of adherence that takes into
account the main dietary variables, divided into food
groups, typical of the Mediterranean diet was computed.
This adherence score, based on food groups typically
present in the Mediterranean diet (bread, pasta, fruit,
vegetables, fish, legumes, moderate red wine consumption, and olive oil), gives a positive score to people consuming more than the median of the overall population
in term of “Mediterranean” typical foods, and a negative score to those who consume a higher amount of
foods which are not typical of the Mediterranean diet. A
2-points increase of this score was significantly associated with a 33%-reduced risk of mortality from cardiovascular causes (RR = 0.67, 95%CI: 0.47-0.94)[25].
Recently, a large intervention study conducted in
Spain confirmed the beneficial effects of a Mediterra-
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nean diet on the risk of CVD in primary prevention[26].
In a sample of 7747 adults (age range: 55-80 years) at
high risk of cardiovascular disease but without a manifest disease who were followed for an average of 4.8
years, three different dietary interventions were tested.
The participants were randomly assigned to a Mediterranean diet supplemented with extra-virgin olive oil, a
Mediterranean diet supplemented with nuts or a control
diet with a low contribution from fats. At the end of
the follow-up, subjects who had followed the Mediterranean diet with either supplementation of extra-virgin
olive oil or mixed nuts demonstrated a reduced risk of
CVD. The hazard ratios were 0.70 (95%CI: 0.54-0.92)
and 0.72 (95%CI: 0.54-0.96) for the group assigned to a
Mediterranean diet with extra-virgin olive and the group
assigned to a Mediterranean diet with nuts, respectively,
versus the control group.
Alongside, Mediterranean diet has been also found
protective versus cardiovascular disease in non-Mediterranean populations, such as in the United States In
two large United States cohort studies, Mediterranean
diet was found to ameliorate the cardiovascular risk profile[27,28]. The first, published by Mitrou et al[27], analyzed
over than 200000 people aged between 50 and 71 years
for a median follow-up period of 10 years; a greater
adherence to the Mediterranean diet demonstrated a
22%-reduced risk of cardiovascular mortality in men (RR
= 0.78; 95%CI: 0.69-0.87) and 29% in women (RR = 0.81;
95%CI: 0.68-0.97). The second, conducted in a population of over than 74000 women enrolled in the Nurses’
Health Study confirmed the significant protective role
of the Mediterranean diet, since women ith a higher
adherence to the Mediterranean diet had a reduced risk
of coronary heart disease by 29% (RR = 0.71, 95%CI:
0.62-0.82), and of overall mortality from CVD by 39%
(RR = 0.61, 95%CI: 0.49-0.76)[28].
Our group conducted two systematic reviews and
meta-analyses of prospective epidemiological studies
that evaluated the adherence to the Mediterranean diet
through the adherence score score in relation to different
health outcomes[29,30]. In the updated analysis a 2-points
increase of the adherence score to the Mediterranean
diet resulted in a 10% reduction in the incidence and/or
mortality from CVD (RR = 0.90, 95%CI: 0.87-0.93, P <
0.0001)[30].

0.65, 95%CI: 0.44-0.95). These data were confirmed also
in some intervention studies. In the first, Esposito et al[32]
studies 215 patients with a new diagnosis of diabetes.
Patients were randomized to a Mediterranean diet and a
low-fat diet. It was reported that the Mediterranean diet
ameliorates the glycemic status of these subjects, helps
controlling the cardiovascular risk factors, and posticipates the need for hypoglycemic therapy when compared
with a diet low in fat and low in carbohydrates. Another
study, conducted by Estruch et al [33] reported similar
results since 772 patients asymptomatic for CVD were
randomized to a low-fat diet or to a Mediterranean diet.
After only 3 mo of follow-up, subjects who followed the
Mediterranean diet reported a significant reduction of
blood glucose.
Moreover, the datum was also reported in a large
case-control study, comprising about 340000 subjects enrolled in the EPIC study. The authors were able to demonstrate that a higher adherence to the Mediterranean
diet was associated with a 12%-reduction of diabetes (OR
= 0.88, 95%CI: 0.79-0.97)[34].
Mediterranean diet and obesity
The role of the Mediterranean diet in the development
and/or modification of overweight-obesity has always
been of great interest in clinical research. Recently, a
sub-analysis of the EPIC study analyzed a cohort of
497308 people, by showing that a higher adherence to
the Mediterranean diet was associated with a significantly
lower body mass index and waist circumference within 3
years[35]. These results were confirmed by other studies in
different populations. Indeed, a Spanish study conducted
on over than 3000 men and women showed a significant
inverse relationship between Mediterranean diet and
obesity[36]. Likewise, the SUN study demonstrated that
subjects reporting low adherence to the Mediterranean
diet had a higher weight gain during follow-up than
those who had followed the principles of the Mediterranean diet more strictly. Notably, a greater adherence
to the Mediterranean diet was associated with a reduced
risk of obesity (OR = 0.76, 95%CI: 0.64-0.90).
Finally, similar results were also obtained from a further study in a large Spanish population[37].

MEDITERRANEAN DIET AND
NON-ALCOHOLIC FATTY LIVER DISEASE

Mediterranean diet and diabetes
A Mediterranean diet has also been proposed as a valid
and effective non-pharmaceutical option for diabetes mellitus treatment. In a Spanish cohort study, that
comprised a large number of participants analyzed for
a period of 4 years, the possible association between
adherence to Mediterranean diet and diabetes has been
investigated[31]. This study demonstrated that patients
with greater adherence to the Mediterranean diet had a
concomitant reduction of developing diabetes by 83%.
Furthermore, it was reported that a 2-points increase of
the score was also related to a 35%-reduced risk (RR =
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Recently, the interest of investigators on the possible
association between a Mediterranean diet and fatty liver
disease has increased (Table 1). Although there is limited
data linking a Mediterranean diet to NAFLD risk and severity, there is strong evidence from clinical studies supporting the hypothesis that such a diet might be beneficial for NAFLD-related disease states such as metabolic
syndrome, CVD, and their risk factors[10,11].
In 2008, a post hoc analysis of an open label, quasirandomized, controlled trial evaluated the possible influ-
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Table 1 Studies investigating a Mediterranean diet and non-alcoholic fatty liver disease
Study

Country

Fraser et al[38], 2008

Tzima et al[39], 2009

Pérez-Guisado et al[42],
2011
Ryan et al[40], 2013

Kontogianni et al[41],
2013

Israel

Study design

n

Patients

Post hoc analysis of a Obese with
quasi-randomized trial
diabetes

259

Outcome

Intervention

Reduction of
3 diets:
liver enzymes ADA diet
through diets Low-GI diet
Modified MD
Greece
Cross-sectional study
Healthy
1514 M Association
None
1528 F of MD with
(The ATTICA Study)
subejcts
liver enzymes
and MS
Spain
Prospective study
Obese with
14
Effect of
SKMD
NAFLD
SKMD on
NAFLD
Australia Randomised cross-over Non-diabet12
ImproveMD
Low-fat/
dietary intervention
ic NAFLD
ment of liver
High-carnbosteatosis
hydrate diet
Greece
Cross-sectional study
NAFLD
73
Adherence
None
to MD and
severity of
NAFLD

Follow-up

Results

12 mo

MD determined the
greatest reduction of liver
enzymes at 6 and 12 mo

-

Greater adherence to MD
determines a moderate
association between liver
enzymes and MS
SKMD determines reduction of liver enzymes and
severity of steatosis
MD reduces liver steatosis and improves insulin
sensitivity

12 wk

6 wk

None

Greater adherence to MD
is associated with less
severity of NAFLD and
lower degree of insulin
resistance

ADA: American Diabetes Association; GI: Glycemic index; MD: Mediterranean diet; MS: Metabolic syndrome; SKMD: Spanish ketogenic Mediterranean
diet; NAFLD: Non-alcoholic fatty liver disease.

Further evidence of the beneficial role of a Mediterranean diet on fatty liver came from the recent study
by Ryan et al[40] The authors carried out a randomized,
crossover dietary intervention study in 12 diabetic
subjects with NAFLD. All patients had biopsy-proven
NAFLD and were randomized to either a Mediterranean
diet or control diet for a duration of 6 wk in random
order, interposed by a wash-out period. At the end of
the intervention period, mean weight loss was similar
between the two groups of patients but a significant
reduction in liver fat content was found with magnetic
resonance imaging only after the Mediterranean diet
phase with respect to the control phase. Moreover, patients improved their insulin sensitivity, measured via a
hyperinsulinemic-euglycemic clamp, and their circulating
levels of insulin only after the Mediterranean diet phase
and not during the control phase. Of interest, no significant differences in AST and ALT values were observed.
This intervention study is of extreme importance for the
management of NAFLD, despite the low number of patients considered.
Very recently, adherence to a Mediterranean diet was
investigated in association with the severity of NAFLD
in a group of 73 patients[41]. Adherence to a Mediterranean diet was estimated through the MedDietScore
and severity of NAFLD was measured through transient
elastography in 58 out of 73 patients and through liver
biopsies in 34 patients. In addition, 58 healthy controls
were compared with the study population. A significant
negative correlation between the MedDietScore and
ALT, insulin levels, stage of fibrosis, and severity of
steatosis was evidenced in the group of patients with
NAFLD. In addition, logistic regression analysis showed
that one unit increase in the MedDietScore was associ-

ence of three different diets on liver enzymes of 259
obese patients with type 2 diabetes [38]. Patients were
randomized to a diet recommended by the American
Diabetes Association, a low glycemic index diet and a
modified Mediterranean diet. The three dietary profiles
had a similar proportion of total fat but different proportions of carbohydrates and MUFA, as the Mediterranean diet had a higher intake of unsaturated fat and a
lower percentage of energy coming from carbohydrates
than the other two diets. In addition, the Mediterranean
diet was modified in order to obtain all low-glycemic
index foods. At 6 and 12 mo of follow-up, ALT levels
decreased more significantly in the modified Mediterranean diet arm than in the other two dietary profiles, with
mean values reduced from 19.8 to 14.4 U/L. Moreover,
after adjustment for some traditional risk factors, including change in body mass, triglycerides, HOMA-IR and
waist-to-hip index from baseline, ALT values were confirmed to be significantly reduced in the Mediterranean
diet group with respect to the other groups. Although
there were limitations related to the sample size and to
clinical measurement that was limited to liver enzymes,
this trial suggested for the first time that a Mediterranean
diet could have a beneficial effect on ALT levels, and
that this was not mediated by weight loss or decreases in
other circulating biomarkers.
Later, the beneficial effect of a Mediterranean diet
on liver enzymes was confirmed by the ATTICA study,
that evaluated the prevalence of metabolic syndrome
among over 3000 Greek adults[39]. The authors analyzed
adherence to the Mediterranean diet through a scoring
system named “MedDietScore”, and found a slight but
significant positive correlation between the AST/ALT
ratio and the MedDietScore itself (R = 0.17).
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Figure 1 Beneficial properties of a Mediterranean diet on non-alcoholic fatty liver disease. PUFA: Polyunsaturated fatty acids.

ated with a 36% lower likelihood of having NASH after
adjustment for confounders.
The Mediterranean-style diet is not a specific diet,
but rather a collection of eating habits traditionally followed by people in the different countries bordering the
Mediterranean Sea. It refers to a dietary profile commonly present in the Mediterranean regions in the last
century and is characterized by a high consumption of
fruit, vegetables, legumes, and complex carbohydrates,
with a moderate consumption of fish and the use of olive oil as the main source of fats, and a low-to-moderate
amount of red wine during meals. This eating pattern
has been promoted worldwide as a model for healthy
eating and has been reported to contribute to a favorable health status and to a better quality of life, as well
as allowing an optimal intake of antioxidant vitamins,
polyunsaturated fats and other beneficial nutrients for
the prevention of chronic degenerative diseases[24]. In
terms of NAFLD prevention, the beneficial effects of
such dietary habits can be explained through several
mechanisms that can vary from an effective dietary approach for weight loss, to a model diet that is plentiful in
some beneficial nutrients such as MUFA and vitamins,
to the presence of olive oil as the main contributor of
fats (Figure 1). Indeed, olive oil has been demonstrated
to have several different beneficial effects on metabolic
syndrome and NAFLD, by improving glucose and lipid
metabolism and preventing atherogenesis[20]. All these
factors likely contribute, as a whole, in determining the
preventive and therapeutic role of a Mediterranean diet
on fatty liver disease.

tions including metabolic syndrome, cardiovascular and
neoplastic diseases. Over the last few years, an interesting
inverse association with NAFLD has also been reported
in some studies, indicating the Mediterranean dietary
pattern as a new therapeutic option “right around the
corner”. To date, few studies have been conducted with
the aim of investigating adherence to a Mediterranean
diet in relation to the occurrence of NAFLD. Further
studies are warranted to confirm these preliminary data
and to suggest a reliable and easy-to-use tool for determining the adherence to the Mediterranean dietary pattern in a large population of patients affected by fatty
liver disease.

REFERENCES
1

2

3

4

5

CONCLUSION
In conclusion, a Mediterranean diet has recently been
promoted as a healthy eating pattern for many condi-

WJG|www.wjgnet.com

6

7344

Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G.
A position statement on NAFLD/NASH based on the EASL
2009 special conference. J Hepatol 2010; 53: 372-384 [PMID:
20494470 DOI: 10.1016/j.jhep.2010.04.008]
Masuoka HC, Chalasani N. Nonalcoholic fatty liver disease: an emerging threat to obese and diabetic individuals.
Ann N Y Acad Sci 2013; 1281: 106-122 [PMID: 23363012 DOI:
10.1111/nyas.12016]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P,
Horton JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence
of hepatic steatosis in an urban population in the United
States: impact of ethnicity. Hepatology 2004; 40: 1387-1395
[PMID: 15565570 DOI: 10.1002/hep.20466]
Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F,
Carucci P, Musso A, De Paolis P, Capussotti L, Salizzoni M,
Rizzetto M. Expanding the natural history of nonalcoholic
steatohepatitis: from cryptogenic cirrhosis to hepatocellular carcinoma. Gastroenterology 2002; 123: 134-140 [PMID:
12105842 DOI: 10.1053/gast.2002.34168]
Levene AP, Goldin RD. The epidemiology, pathogenesis and
histopathology of fatty liver disease. Histopathology 2012; 61:
141-152 [PMID: 22372457 DOI: 10.1111/j.1365-2559.2011.04145.
x]
Bozic MA, Subbarao G, Molleston JP. Pediatric nonalcoholic

June 21, 2014|Volume 20|Issue 23|

Sofi F et al . Mediterranean diet and NAFLD

7

8

9

10

11

12

13

14

15

16

17

18

19

20
21

fatty liver disease. Nutr Clin Pract 2013; 28: 448-458 [PMID:
23917437 DOI: 10.1177/0884533613489153]
Ahmed MH, Barakat S, Almobarak AO. Nonalcoholic fatty
liver disease and cardiovascular disease: has the time come
for cardiologists to be hepatologists? J Obes 2012; 2012:
483135 [PMID: 23320150 DOI: 10.1155/2012/483135]
Dam-Larsen S, Becker U, Franzmann MB, Larsen K, Christoffersen P, Bendtsen F. Final results of a long-term, clinical
follow-up in fatty liver patients. Scand J Gastroenterol 2009;
44: 1236-1243 [PMID: 19670076 DOI: 10.1080/0036552090317
1284]
Loria P, Adinolfi LE, Bellentani S, Bugianesi E, Grieco A,
Fargion S, Gasbarrini A, Loguercio C, Lonardo A, Marchesini G, Marra F, Persico M, Prati D, Baroni GS. Practice guidelines for the diagnosis and management of nonalcoholic
fatty liver disease. A decalogue from the Italian Association
for the Study of the Liver (AISF) Expert Committee. Dig
Liver Dis 2010; 42: 272-282 [PMID: 20171943 DOI: 10.1016/
j.dld.2010.01.021]
McCarthy EM, Rinella ME. The role of diet and nutrient
composition in nonalcoholic Fatty liver disease. J Acad Nutr
Diet 2012; 112: 401-409 [PMID: 22717200 DOI: 10.1016/
j.jada.2011.10.007]
Zivkovic AM, German JB, Sanyal AJ. Comparative review
of diets for the metabolic syndrome: implications for nonalcoholic fatty liver disease. Am J Clin Nutr 2007; 86: 285-300
[PMID: 17684197]
Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns
M, Wands JR, Fava JL, Wing RR. Randomized controlled
trial testing the effects of weight loss on nonalcoholic steatohepatitis. Hepatology 2010; 51: 121-129 [PMID: 19827166 DOI:
10.1002/hep.23276]
Luyckx FH, Desaive C, Thiry A, Dewé W, Scheen AJ, Gielen
JE, Lefèbvre PJ. Liver abnormalities in severely obese subjects: effect of drastic weight loss after gastroplasty. Int J
Obes Relat Metab Disord 1998; 22: 222-226 [PMID: 9539189]
York LW, Puthalapattu S, Wu GY. Nonalcoholic fatty liver
disease and low-carbohydrate diets. Annu Rev Nutr 2009;
29: 365-379 [PMID: 19575599 DOI: 10.1146/annurev-nutr-070208-114232]
Ryan MC, Abbasi F, Lamendola C, Carter S, McLaughlin
TL. Serum alanine aminotransferase levels decrease further
with carbohydrate than fat restriction in insulin-resistant
adults. Diabetes Care 2007; 30: 1075-1080 [PMID: 17351275
DOI: 10.2337/dc06-2169]
Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess SC. Short-term weight loss and hepatic triglyceride
reduction: evidence of a metabolic advantage with dietary
carbohydrate restriction. Am J Clin Nutr 2011; 93: 1048-1052
[PMID: 21367948 DOI: 10.3945/ajcn.110.007674]
Vilar L, Oliveira CP, Faintuch J, Mello ES, Nogueira MA,
Santos TE, Alves VA, Carrilho FJ. High-fat diet: a trigger of
non-alcoholic steatohepatitis? Preliminary findings in obese
subjects. Nutrition 2008; 24: 1097-1102 [PMID: 18640006 DOI:
10.1016/j.nut.2008.05.017]
Yamamoto M, Iwasa M, Iwata K, Kaito M, Sugimoto R, Urawa N, Mifuji R, Konishi M, Kobayashi Y, Adachi Y. Restriction of dietary calories, fat and iron improves non-alcoholic
fatty liver disease. J Gastroenterol Hepatol 2007; 22: 498-503
[PMID: 17376040 DOI: 10.1111/j.1440-1746.2006.04548]
Lefevre M, Champagne CM, Tulley RT, Rood JC, Most MM.
Individual variability in cardiovascular disease risk factor
responses to low-fat and low-saturated-fat diets in men:
body mass index, adiposity, and insulin resistance predict
changes in LDL cholesterol. Am J Clin Nutr 2005; 82: 957-963;
quiz 1145-1146 [PMID: 16280425]
Assy N, Nassar F, Nasser G, Grosovski M. Olive oil consumption and non-alcoholic fatty liver disease. World J Gastroenterol
2009; 15: 1809-1815 [PMID: 19370776 DOI: 10.3748/wjg.15.1809]
Capanni M, Calella F, Biagini MR, Genise S, Raimondi L,

WJG|www.wjgnet.com

22

23

24
25

26

27

28

29
30

31

32

33

7345

Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R,
Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty
acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study.
Aliment Pharmacol Ther 2006; 23: 1143-1151 [PMID: 16611275
DOI: 10.1111/j.1365-2036.2006.02885]
Parker HM, Johnson NA, Burdon CA, Cohn JS, O’Connor
HT, George J. Omega-3 supplementation and non-alcoholic
fatty liver disease: a systematic review and meta-analysis.
J Hepatol 2012; 56: 944-951 [PMID: 22023985 DOI: 10.1016/
j.jhep.2011.08.018]
Sofi F, Giangrandi I, Cesari F, Corsani I, Abbate R, Gensini
GF, Casini A. Effects of a 1-year dietary intervention with
n-3 polyunsaturated fatty acid-enriched olive oil on nonalcoholic fatty liver disease patients: a preliminary study.
Int J Food Sci Nutr 2010; 61: 792-802 [PMID: 20465434 DOI:
10.3109/09637486.2010.487480]
Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health. Biofactors 2013; 39: 335-342 [PMID:
23553669 DOI: 10.1002/biof.1096]
Trichopoulou A, Costacou T, Bamia C, Trichopoulos D.
Adherence to a Mediterranean diet and survival in a Greek
population. N Engl J Med 2003; 348: 2599-2608 [PMID:
12826634 DOI: 10.1056/NEJMoa025039]
Estruch R, Ros E, Salas-Salvadó J, Covas MI, Corella D,
Arós F, Gómez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra
J, Lamuela-Raventos RM, Serra-Majem L, Pintó X, Basora J,
Muñoz MA, Sorlí JV, Martínez JA, Martínez-González MA.
Primary prevention of cardiovascular disease with a Mediterranean diet. N Engl J Med 2013; 368: 1279-1290 [PMID:
23432189 DOI: 10.1056/NEJMoa1200303]
Mitrou PN, Kipnis V, Thiébaut AC, Reedy J, Subar AF,
Wirfält E, Flood A, Mouw T, Hollenbeck AR, Leitzmann
MF, Schatzkin A. Mediterranean dietary pattern and prediction of all-cause mortality in a US population: results
from the NIH-AARP Diet and Health Study. Arch Intern
Med 2007; 167: 2461-2468 [PMID: 18071168 DOI: 10.1001/
archinte.167.22.2461]
Fung TT, Rexrode KM, Mantzoros CS, Manson JE, Willett
WC, Hu FB. Mediterranean diet and incidence of and mortality from coronary heart disease and stroke in women.
Circulation 2009; 119: 1093-1100 [PMID: 19221219 DOI:
10.1161/CIRCULATIONAHA.108.816736]
Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence
to Mediterranean diet and health status: meta-analysis. BMJ
2008; 337: a1344 [PMID: 18786971 DOI: 10.1136/bmj.a1344]
Sofi F, Abbate R, Gensini GF, Casini A. Accruing evidence
on benefits of adherence to the Mediterranean diet on
health: an updated systematic review and meta-analysis.
Am J Clin Nutr 2010; 92: 1189-1196 [PMID: 20810976 DOI:
10.3945/ajcn.2010.29673]
Martínez-González MA, de la Fuente-Arrillaga C, NunezCordoba JM, Basterra-Gortari FJ, Beunza JJ, Vazquez Z,
Benito S, Tortosa A, Bes-Rastrollo M. Adherence to Mediterranean diet and risk of developing diabetes: prospective cohort study. BMJ 2008; 336: 1348-1351 [PMID: 18511765 DOI:
10.1136/bmj.39561.501007.BE]
Esposito K, Maiorino MI, Ciotola M, Di Palo C, Scognamiglio P, Gicchino M, Petrizzo M, Saccomanno F, Beneduce
F, Ceriello A, Giugliano D. Effects of a Mediterranean-style
diet on the need for antihyperglycemic drug therapy in patients with newly diagnosed type 2 diabetes: a randomized
trial. Ann Intern Med 2009; 151: 306-314 [PMID: 19721018
DOI: 10.7326/0003-4819-151-5-200909010-00004]
Estruch R, Martínez-González MA, Corella D, Salas-Salvadó J, Ruiz-Gutiérrez V, Covas MI, Fiol M, Gómez-Gracia
E, López-Sabater MC, Vinyoles E, Arós F, Conde M, Lahoz
C, Lapetra J, Sáez G, Ros E. Effects of a Mediterranean-style
diet on cardiovascular risk factors: a randomized trial. Ann
Intern Med 2006; 145: 1-11 [PMID: 16818923 DOI: 10.7326/00

June 21, 2014|Volume 20|Issue 23|

Sofi F et al . Mediterranean diet and NAFLD

34

35

36

37

03-4819-145-1-200607040-00004]
Romaguera D, Guevara M, Norat T, Langenberg C, Forouhi
NG, Sharp S, Slimani N, Schulze MB, Buijsse B, Buckland G,
Molina-Montes E, Sánchez MJ, Moreno-Iribas MC, Bendinelli B, Grioni S, van der Schouw YT, Arriola L, Beulens JW,
Boeing H, Clavel-Chapelon F, Cottet V, Crowe FL, de Lauzon-Guillan B, Franks PW, Gonzalez C, Hallmans G, Kaaks
R, Key TJ, Khaw K, Nilsson P, Overvad K, Palla L, Palli D,
Panico S, Quirós JR, Rolandsson O, Romieu I, Sacerdote
C, Spijkerman AM, Teucher B, Tjonneland A, Tormo MJ,
Tumino R, van der AD, Feskens EJ, Riboli E, Wareham NJ.
Mediterranean diet and type 2 diabetes risk in the European
Prospective Investigation into Cancer and Nutrition (EPIC)
study: the InterAct project. Diabetes Care 2011; 34: 1913-1918
[PMID: 21788627 DOI: 10.2337/dc11-0891]
Romaguera D, Norat T, Mouw T, May AM, Bamia C, Slimani N, Travier N, Besson H, Luan J, Wareham N, Rinaldi
S, Couto E, Clavel-Chapelon F, Boutron-Ruault MC, Cottet
V, Palli D, Agnoli C, Panico S, Tumino R, Vineis P, Agudo A,
Rodriguez L, Sanchez MJ, Amiano P, Barricarte A, Huerta
JM, Key TJ, Spencer EA, Bueno-de-Mesquita HB, Büchner
FL, Orfanos P, Naska A, Trichopoulou A, Rohrmann S,
Kaaks R, Bergmann M, Boeing H, Johansson I, Hellstrom
V, Manjer J, Wirfält E, Uhre Jacobsen M, Overvad K, Tjonneland A, Halkjaer J, Lund E, Braaten T, Engeset D, Odysseos A, Riboli E, Peeters PH. Adherence to the Mediterranean diet is associated with lower abdominal adiposity
in European men and women. J Nutr 2009; 139: 1728-1737
[PMID: 19571036 DOI: 10.3945/jn.109.108902]
Schröder H, Marrugat J, Vila J, Covas MI, Elosua R. Adherence to the traditional mediterranean diet is inversely
associated with body mass index and obesity in a spanish
population. J Nutr 2004; 134: 3355-3361 [PMID: 15570037]
Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-

38

39

40

41

42

Martínez M, Sánchez-Villegas A, Martínez JA, MartínezGonzález MA. Adherence to the Mediterranean diet, longterm weight change, and incident overweight or obesity:
the Seguimiento Universidad de Navarra (SUN) cohort.
Am J Clin Nutr 2010; 92: 1484-1493 [PMID: 20962161 DOI:
10.3945/ajcn.2010.29764]
Fraser A, Abel R, Lawlor DA, Fraser D, Elhayany A. A modified Mediterranean diet is associated with the greatest reduction in alanine aminotransferase levels in obese type 2 diabetes
patients: results of a quasi-randomised controlled trial. Diabetologia 2008; 51: 1616-1622 [PMID: 18597068 DOI: 10.1007/
s00125-008-1049-1]
Tzima N, Pitsavos C, Panagiotakos DB, Chrysohoou C,
Polychronopoulos E, Skoumas J, Stefanadis C. Adherence to
the Mediterranean diet moderates the association of aminotransferases with the prevalence of the metabolic syndrome;
the ATTICA study. Nutr Metab (Lond) 2009; 6: 30 [PMID:
19642977 DOI: 10.1186/1743-7075-6-30]
Ryan MC, Itsiopoulos C, Thodis T, Ward G, Trost N, Hofferberth S, O’Dea K, Desmond PV, Johnson NA, Wilson
AM. The Mediterranean diet improves hepatic steatosis and
insulin sensitivity in individuals with non-alcoholic fatty
liver disease. J Hepatol 2013; 59: 138-143 [PMID: 23485520
DOI: 10.1016/j.jhep.2013.02.012]
Kontogianni MD, Tileli N, Margariti A, Georgoulis M,
Deutsch M, Tiniakos D, Fragopoulou E, Zafiropoulou R,
Manios Y, Papatheodoridis G. Adherence to the Mediterranean diet is associated with the severity of non-alcoholic
fatty liver disease. Clinical Nutrition 2013; In press [DOI:
10.1016/j.clnu.2013.08.014]
Pérez-Guisado J, Muñoz-Serrano A. The effect of the Spanish Ketogenic Mediterranean Diet on nonalcoholic fatty liver
disease: a pilot study. J Med Food 2011; 14: 677-680 [PMID:
21688989 DOI: 10.1089/jmf.2011.0075]
P- Reviewers: Gonzalez-Reimers E, Milic S
S- Editor: Wen LL L- Editor: Cant MR E- Editor: Liu XM

WJG|www.wjgnet.com

7346

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7347-7355
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI:10.3748/wjg.v20.i23.7347

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Pediatric fatty liver disease: Role of ethnicity and genetics
Pierluigi Marzuillo, Emanuele Miraglia del Giudice, Nicola Santoro
in the predisposition to fatty liver. In fact, since 2008
several common gene variants have been implicated
in the pathogenesis of fatty liver disease. The most
important is probably the patatin like phospholipase
containing domain 3 gene (PNPLA3 ) discovered by the
Hobbs’ group in 2008. This article reviews the current
knowledge regarding the role of ethnicity and genetics
in pathogenesis of pediatric fatty liver.

Pierluigi Marzuillo, Emanuele Miraglia del Giudice, Department of Women and Children and General and Specialized Surgery, Seconda Università degli Studi di Napoli, 80138 Naples,
Italy
Nicola Santoro, Department of Pediatrics, Yale University
School of Medicine, New Haven, CT 06520, United States
Author contributions: The authors conceived and wrote the
manuscript.
Supported by The American Heart Association (13SDG14640038)
and 2012 Yale Center for Clinical Investigation cholar award to
Santoro N; This publication was also made possible by CTSA
Grant Number UL1 RR024139 from the National Center for
Advancing Translational Science, a component of the National
Institutes of Health (NIH), and NIH roadmap for Medical Research, Its contents are solely the responsibility of the authors
and do not necessarily represent the official view of NIH
Correspondence to: Nicola Santoro, MD, PhD, Department
of Pediatrics, Yale University School of Medicine, 330 Cedar
Street, PO Box 208064, New Haven, CT 06520,
United States. nicola.santoro@yale.edu
Telephone: +1-203-7376356 Fax: +1-203-7856421
Received: October 8, 2013 Revised: January 4, 2014
Accepted: January 20, 2014
Published online: June 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non alcoholic fatty liver disease; Ethnicity;
Patatin like phospholipase containing domain 3 gene;
Obesity; Insulin resistance; Glucokinase regulatory
protein; Apolipoprotein C3 gene; Farnesyl-diphosphate
farnesyltransferase 1
Core tip: The prevalence of hepatic steatosis varies among different ethnic groups. Ethnicity with the
greatest prevalence of non-alcoholic fatty liver disease
(NAFLD) is the Hispanic one followed by Caucasian
and then African-Americans. NAFLD exhibits tight
links with insulin resistance and metabolic syndrome.
Several gene variants have been so far identified by
Genome Wide Association Studies or by a candidate
gene approach as associated with fatty liver disease.
The PNPLA3 rs738409 and the GCKR rs1260326 are
the strongest variants associated with fatty liver in
paediatrics.

Abstract
Non-alcoholic fatty liver disease (NAFLD) comprehends
a wide range of conditions, encompassing from fatty
liver or steatohepatitis with or without fibrosis, to cirrhosis and its complications. NAFLD has become the
most common form of liver disease in childhood as its
prevalence has more than doubled over the past 20
years, paralleling the increased prevalence of childhood obesity. It currently affects between 3% and
11% of the pediatric population reaching the rate of
46% among overweight and obese children and adolescents. The prevalence of hepatic steatosis varies
among different ethnic groups. The ethnic group with
the highest prevalence is the Hispanic one followed by
the Caucasian and the African-American. This evidence
suggests that there is a strong genetic background
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a wide range of conditions, encompassing from fatty
liver or steatohepatitis (NASH) with or without fibrosis,
to cirrhosis and its complications (e.g., hepatocellular
carcinoma and portal hypertension )[1,2]. The NAFLD
diagnostic criteria are similar in adults and children: infiltration of more than 5% of hepatocytes, as confirmed
by liver histology, in patients with no or low daily alcohol
utilization and in absence of either viral, autoimmune or
drug-induced liver disease[3-5]. NAFLD has become the
most relevant form of liver disease in childhood[6] and
its prevalence has highly increased over the past 20 years
because of the increased obesity prevalence in children.
It currently affects between 3% and 11% of the pediatric population[7,8] reaching the rate of 46% among overweight and obese children and adolescents[6]. Therefore,
the screening for NAFLD should be recommended to
overweight and obese children[9-11]. The liver histology is
the gold standard for NAFLD diagnosis, but to perform
biopsies isn’t possible in all the cases. Liver enzymes values [aspartate aminotransferase (AST), and alanine aminotransferase (ALT)] are usually slightly elevated in children with steatosis without other causes of fatty liver[12].
Therefore, high serum AST and ALT levels, although they
frequently do not well represent the grade of intrahepatic
damage, are used as a non-invasive screening for pediatric
NAFLD[13] along with liver ultrasound (US), that can detect the disease when steatosis involves > 20% of hepatocytes[14]. Although it does not represent the imaging gold
standard, performing liver ultrasound has different advantages as screening : (1) relative cheapness; (2) massive
expansion among pediatricians; and (3) practicability in
the pediatric population[15]. Furthermore, very recently,
in a large prospective pediatric cohort, it has been shown
a good correlation between ultrasonographic steatosis
score and the grade of fatty liver assessed by hepatic
histology[14]. Computed tomography (CT) scan is not
recommended in pediatric population because of the
unjustifiable radiation related to the process. Magnetic
resonance spectroscopy (MRS) and magnetic resonance
Imaging (MRI) have been demonstrated to be the best
methods to assess and quantify the amount of lipids
present into the liver[16].
We reviewed the literature concerning the role of
ethnicity and genetics in the pathogenesis of pediatric
fatty liver disease.

ropean prevalence (20%-30% in Japan and 15%-30% in
China, respectively)[18]. In India, the fatty liver prevalence
in urban populations encompasses from 16% to 32%;
but in rural India, where there are traditional diets and
lifestyles, the prevalence is lower (about 9%)[18]. About
the prevalence of NAFLD in Africa there are few data.
A Nigerian study estimated the prevalence to be about
9%[18]. This evidence suggests that a sedentary lifestyle
and globalization of Western diet could be associated
with an increase in the fatty liver prevalence in developing nations.

RISK FACTORS
The principal risk factor for fatty liver in childhood is
the obesity. In fact, the pediatric prevalence of NAFLD
is particularly high in those countries where childhood
obesity is widespread[6,19]. Pediatric NAFLD is also highly
correlated with insulin resistance and type 2 diabetes
mellitus[20,21]. A high percentage (from 20% to 80%) of
children with NAFLD may show associated hypertriglyceridemia and high LDL levels [22]. The prevalence
of NAFLD increases in pre-diabetic children, and the
subjects affected by NASH have an higher grade of
insulin resistance than the individuals with simple fatty
liver[8]. The NAFLD can also affect very young children,
but its prevalence is higher in adolescents[23]. In fact, sex
hormones and insulin resistance in puberty [24,25] and,
moreover, the increased propensity for unhealthy food
choices and sedentary lifestyle typical of the adolescents[26] can justify the higher rate of NAFLD in adolescents. In all the ethnicity, NAFLD is more prevalent
in boys than in girls[22] with a male to female ratio of
2:1. This may be explained by the liver-protective role
of estrogens, as well as by the potentially negative role
of androgens in aggravating NAFLD[27,28]. Another risk
factor that can promote the development of fatty liver
is the excessive fructose consumption, in particular the
fructose contained in the most common soda[29]. Substantial links have been demonstrated between increased
fructose consumption and obesity, dyslipidemia, and insulin resistance (IR). The link between fructose ingestion
and NAFLD is mainly explained by an increased hepatic
de novo lipogenesis[30].

ROLE OF ETHNICITY IN DETERMINING
HEPATIC STEATOSIS

PREVALENCE OF NAFLD AMONG ETHNIC
GROUPS

The prevalence of hepatic steatosis varies among different ethnic groups. As previously shown, ethnicity
with the greater prevalence is the Hispanic one followed
by Caucasians and African-Americans[17]. NAFLD exhibits tight links with insulin resistance and metabolic
syndrome (MS). It is, therefore, surprising that AfricanAmericans, despite showing a similar or even higher degree of IR than Caucasians and Hispanics, have a lower
prevalence of NAFLD[31] and a lower propensity for development of NASH[32]. The dissociation between fatty

Considering the global population in United States, Browning et al[17] described that the prevalence of NAFLD is the
highest in the American Hispanic population (45%) and
the lowest among African Americans (24%), with the
Caucasians showing a midway prevalence (33%). The
fatty liver prevalence in Europe, Australia, and Middle
East encompasses from 20% to 30%[18]. On the basis
of recent studies the NAFLD prevalence in Japan and
China, such as Latin America, is comparable to the Eu-
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liver and insulin resistance in African-Americans suggests that this group is protected from hepatic fat accumulation even in presence of IR. Browning et al[17] demonstrated that the ethnic differences in the prevalence of
hepatic steatosis were not due to differences in the presence of risk factors for NAFLD such as increased body
mass index (BMI), reduced insulin sensivity or ethanol
ingestion. On the other, although there are no differences in the prevalence of risk factors among ethnicities,
there are evident differences in body fat distribution especially concerning the three major fat depots (intraperitoneal, abdominal subcutaneous, and lower extremity)[33].
In fact, African Americans tend to accumulate less intravisceral fat, but more subcutaneous and mainly more
gluteal fat than the other ethnic groups. Different is the
association between regional adiposity and hepatic fat
content. In fact, intra-peritoneal and lower extremities
adiposity are strongly correlated with intra-hepatic fat,
regardless of ethnicity[33].
While subjects with African ancestries have a low
propensity to develop fatty liver, there are other ethnicities/races with a higher propensity to liver fat accumulation such as the subjects with Japanese descents. In
fact, in a recent study, Azuma et al[34] considered ethnic
difference in liver fat content among Japanese American
in Hawaii, Japanese in Japan, and non-Hispanic whites
in United States. Despite of a very similar BMI, compared with non Hispanic whites, Japanese-Americans
had higher liver fat content which tended to become
more significant with increasing BMI[34]. On the other
hand, compared with Japanese, Japanese-Americans had
a lower liver fat content, regardless of BMI[34].
What determines ethnic differences in hepatic steatosis is actually unknown.
In conclusion, insulin resistance and metabolic syndrome play a pivotal role in determining hepatic steatosis
but they cannot explain such diversity among ethnic
groups. In fact, as previously reported[17], the different
ethnic predisposition to accumulate regional fat could
partially explain the different ethnic prevalence of hepatic
steatosis, since African-Americans have lower intraperitoneal fat accumulation than Hispanics and Caucasians.
Therefore, the crucial issue to be resolved is why there is
no association, in African-Americans, between the degree
of IR and the degree of intra-hepatic fat. Is it possible
that the hepatic steatosis does not play such an important
role as we believe in developing IR? Why African-Americans despite high degree of IR have lower prevalence of
NAFLD than other ethnic groups? Are there gene polymorphisms that could explain these paradoxes?

single nucleotide polymorphism (SNP) is a non-synonymous variant, represented by a cytosine to guanosine
substitution which encodes an isoleucine to methionine
substitution at the amino acid position 148 (I148M) and
was showed associated with NAFLD in a multiethnic
cohort of adults [35] and children [36,37]. The PNPLA3
encodes for the adiponutrin an enzyme present in the
liver and adipose tissue showing both a lipogenic and
lipolytic activity in vitro. The prevalence of the PNPLA3
rs738409 minor allele (G) is 0.460 in Hispanics, 0.305 in
Caucasians and 0.186 in African Americans[35].
It has been shown that this variant interacts with
environmental factors (i.e., obesity[37,38] and alcohol consumption [39]) that can themselves promote steatosis.
In fact, these stressors seem to reveal the association
between the rs738409 minor allele (G) and hepatic damage in populations in whom it is otherwise hidden[40]. It
is interesting to underline that the same interaction appears with some nutrients. Indeed, the total carbohydrate
and high omega (n)-6 to n-3 polyunsaturated fatty acids
(PUFA) ratio can enhance the association between steatosis and PNPLA3 variant[41].
Since the association between the PNPLA3 rs738409
and fatty liver has been shown[35], a few researches tried
to demonstrate this association physiopathology. Probably, this variant may lead to a gain of function of the
protein, which could act as a lipogenic factor [42]. In
fact, there is evidence that, administrating the mutated
PNPLA3 to knock-out mice for PNPLA3 through viral
vectors[43,44], the knock-out mice obtain a higher susceptibility to fatty liver[42]. Consistently, it was also shown that
sterol regulatory element binding transcription factor 1
(SREBP-1c), activated by carbohydrate feeding, transcriptionally activates PNPLA3 and other genes which encodes enzymes implicated in the fatty acid biosynthetic
pathway[45]. Other researches demonstrating an interaction between the carbohydrates intake and the PNPLA3
rs738409 in developing of NAFLD appear to support
this mechanism[41]. However, the lack of association of
the PNPLA3 variant with increased plasma triglycerides
is in contrast with this hypothesis[35,36].
Probably more interesting are the data deriving by
evidence on the hydrolytic action of the PNPLA3 given
that the PNPLA3 along with the acylglycerol transacetylase activity also has a triacylglycerol hydrolase function[46]. In fact, it has been recently showed that the rare
allele could cause a lack of the PNPLA3 hydrolytic
function[46] reducing the protein capacity in hydrolyzing
the n-9 of about 15%[46]. The n-9 are the most common
fatty acids deriving from the diet (meat, olive oil, sesame
oil, almonds, and avocados) but they can derive also being synthesized from essential polyunsaturated fatty acids such as the n-6[47]. In addition, Perttila et al[48] demonstrated that the PNPLA3 148M allele significantly slows
down the triglycerides hydrolysis and then increases the
cellular accumulation of triglycerides in presence of an
excess free fatty acids (FFA). This might also explain
the association between the PNPLA3 variant and the

ROLE OF GENETICS IN DETERMINING
HEPATIC STEATOSIS
PNPLA3 rs738409
The most important gene involved in determining hepatic steatosis is the patatin like phospholipase containing domain 3 gene (PNPLA3). The PNPLA3 rs738409
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Table 1 Gene variants associated with fatty liver disease identified by Genome Wide Association Studies
Ref.

Gene

Polymorphisms

Chromosome

Number of subjects studied

Romeo et al[35]
Speliotes et al[71]
Petersen et al[60]

PNPLA3
GCKR
APOC3

22
2
11

3383
7176
258

Speliotes et al[71]
Speliotes et al[71]
Speliotes et al[71]
Adams et al[73]
Adams et al[73]
Adams et al[73]
Adams et al[73]
Kitamoto et al[72]
Kitamoto et al[72]

NCAN
LYPLAL1
PPP1R3B
GC
LCP1
SLC38A8
LPPR4
SAMM50
PARVB

19
1
8
4
13
16
1
22
22

7176
7176
7176
928
928
928
928
1326
1326

Chalasani et al[66]

FDFT1

rs738409
rs1260326
rs2854116
rs2854117
rs2228603
rs12137855
rs4240624
rs222054
rs7324845
rs11864146
rs12743824
rs2143571
rs6006473
rs5764455
rs6006611
rs2645424

8

236

tory Protein (GCKR) gene [54] which encodes for the
glucokinase regulatory protein (GCKRP). The GCKRP
inhibits the glucokinase (GCK) activity competing with
the glucose, substrate of GCK[55-57]. The rs1260326 in
the GCKR gene is a functionally relevant SNP consisting of a C to T substitution encoding for a proline-toleucine substitution at position 446 (P446L). It has been
demonstrated that the GCKRP L466 variant encodes
for a protein that has decreased regulation by physiological concentration of fructose 6 phosphate. This
results indirectly in a constant increased GCK activity[58].
The increase in GCK hepatic activity leads to enhancement of the glycolytic flux, and then promotes hepatic
glucose metabolism and raises the concentrations of
malonyl coenzyme A, a substrate for de novo lipogenesis
(DNL). DNL may contribute for about 20% in liver fat
accumulation[59]. The GCKR SNP rs1260326 minor allele
(T) frequency was 0.466 in Caucasians, 0.129 in African
Americans, and 0.355 in the Hispanics (P < 0.0001)[54].
This allele is associated with higher fat content in the liver among all ethnic groups[54]. Therefore, the possibility
exists that the lowest prevalence of PNPLA3 rs738409
minor allele and GCKR rs1260326 minor allele (T) in African Americans could explain the lowest prevalence of
hepatic steatosis in this ethnic group regardless of the
unfavourable metabolic profile.

dietary lipids in modulating liver injury[49]. More recently,
Li et al[50], generating mutant PNPLA3 mice for I148M
polymorphism, showed that the PNPLA3 variant is associated with an increased formation of fatty acids and
triacylglycerol and relative depletion of triacylglycerol
long-chain polyunsaturated fatty acids. Metabolic studies
in the transgenic mice showed that high level expression
of PNPLA3 I148M only in the liver and not in adipose
tissue, affected both hepatic triacylglycerol (TAG) synthesis and catabolism. Also, it is interesting to note that
PNPLA3 I148M transgenic mice develop steatosis on a
sucrose diet but not on a high-fat diet[51].
Interestingly, Speliotes et al[52] showed, among patient
selected for NAFLD, that the G allele of the PNPLA3
rs738409 polymorphism is associated with a favourable
metabolic profile including decrease triglyceride levels,
BMI, waist circumference and weight. These results argue strongly against rs738409 PNPLA3 polymorphism
increasing risk of NAFLD indirectly through an effect
of these components of metabolic syndrome[52]. Despite
this evidence, the effect of this polymorphism on liver
damage is driven by the amount of visceral fat[37], and it
has been demonstrated that weight loss reduce the effect of this polymorphism in obese children[53]. For this
reason, the possibility exists that the association between
the PNPLA3 rs738409 SNP and NAFLD is modulated
by the degree and the distribution of adiposity; this
might explain the differences observed in the rs738409
PNPLA3 phenotype.
Therefore, the PNPLA3 I148M polymorphism increases the risk of NAFLD without a strong effect on
metabolic syndrome components[52] but the abdominal
fat, strictly correlated to metabolic syndrome components, can drive the effect of this polymorphism on liver
damage. The weight loss, in fact, reduces the effect of
this polymorphism[53].

APOC3 rs2854116 and rs2854117
Apolipoprotein C3 gene (APOC3) variants are also involved, probably, in determining NAFLD. Petersen et
al[60] showed that two SNPs in APOC3 (rs2854117 and
rs2854116 codifying for C-482T and T-455C respectively) are associated with NAFLD and marked insulin
resistance in 95 healthy, non-obese, Asian Indian men.
The rare-allele carriers and wild-type homozygotes had
a NAFLD prevalence of 38% and 0% respectively (P
< 0.001). The subjects with NAFLD had marked insulin resistance[60]. The mechanism suggested was that
the above mentioned APOC3 variants lead to higher
plasma concentrations of apolipoprotein C3. The apo-

GCKR rs1260326
Another gene that acts together with PNPLA3 in determining hepatic steatosis is the Glucokinase Regula-
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Table 2 Proposed mechanism of action of each genetic variant associated with fatty liver disease
Gene

Proposed mechanism of action

PNPLA3

The PNPLA3 encodes for the adiponutrin, an enzyme expressed in the liver and adipose tissue showing both a lipogenic and lipolytic
activity. This variant could cause both a gain of function of the enzyme (which could have a lipogenic activity in the liver) and a loss
of function (that could predispose to steatosis by decreasing triglyceride hydrolysis in hepatocytes)
GCKR
The gene product is a regulatory protein that inhibits glucokinase in liver and pancreatic islet cells. The polymorphism could lead to
increased hepatic glucokinase activity. This enhance the glycolytic flux and then promotes hepatic glucose metabolism and elevates
the concentrations of malonyl coenzyme A, a substrate for de novo lipogenesis
APOC3
APOC3 variants could increase the plasma concentrations of apolipoprotein C3. The apolipoprotein C3 could then inhibit the lipoprotein lipase reducing the clearance of triglycerides. Consequence of reduced clearance of triglycerides is the increase of chylomicronremnant particles that confer a predisposition to both fasting and postprandial hypertriglyceridemia. Higher circulating levels of
chylomicron-remnant particles are then especially cleared by the liver through a receptor-mediated process, resulting in NAFLD and
hepatic insulin resistance
NCAN
NCAN encodes for a chondroitin sulfate proteoglycan thought to be involved in the modulation of cell adhesion and migration. NCAN
is a risk factor for liver inflammation and fibrosis, suggesting that this locus is responsible for progression from steatosis to steatohepatitis
LYPLAL1
LYPLAL1 encodes for a lysophospholipase and it is associated with increased hepatic steatosis probably preventing breakdown of
triglycerides
PPP1R3B
This gene encodes the catalytic subunit of the serine/theonine phosphatase, protein phosphatase-1. The encoded protein is expressed
in liver. It is associated with computer tomography–assessed liver attenuation but not histology-proven NAFLD
GC
GC gene is expressed predominately in the hepatocytes where it encodes for VDBP. VDBP is the main vitamin D carrier, which has
been implicated in the development of obesity and diabetes. In fact, low vitamin D concentrations could increase adipocyte intracellular calcium, stimulating lipogenesis, whereas vitamin D supplementation improves insulin resistance and down-regulates inflammatory cytokines such as tumor necrosis factor-a and interleukin-6 in cell models. Vitamin D levels are influenced by GC genetic
polymorphisms
LCP1
LCP-1 is an actin bundling protein expressed especially in hematopoietic cells and is involved in leukocyte activation and tumor cell
proliferation. Its pathogenic role in NAFLD is unknown
SLC38A8 LPPR4 SLC38A8 protein product is a putative sodium-coupled neutral amino acid transporter whose expression is limited to the brain,
whereas LPPR4 catalyzes the dephosphorylation of biologically active lipids and is expressed especially in the hypothalamus. While
the functional significance of neuronally expressed genes such as SLC38A8 and LPPR4 with NAFLD is not apparent, there is convincing evidence that the nervous system and particularly the hypothalamus play an important role in lipid homeostasis in the liver
SAMM50
SAMM50 gene encodes for Sam50 a protein that may be involved in mitochondrial dysfunction. The subsequent decreased removal of
reactive oxygen species could lead to progression of NAFLD
PARVB
The PARVB gene encodes parvin-b, which forms integrin-linked kinase-pinch-parvin complex. Integrins are a large family of heterodimeric cell surface receptors that act as mechanoreceptors by relaying information between cells and from the ECM to the cell interior.
Since integrin receptors directly bind to ECM components to control remodeling, they are thought to play a crucial role in the evolution and progression of liver fibrosis. Overexpression of parvin-b leads to a concomitant increase in lipogenic gene expression
FDFT1
The FDFT1 gene, situated on chromosome 8, is an important modulator of cholesterol biosynthesis[67,68]. It codifies for the Squalene
Synthase, an enzyme which converts two molecules of farnesyl pyrophosphate into squalene, a precursor to cholesterol. An hypothesis could be that this SNP is in linkage disequilibrium with a variant in the promoter of squalene synthase gene that through the
enhancement of its expression, could lead to an increased activation of the enzyme and to the intra-hepatic accumulation of cholesterol
VDBP: Vitamin D binding protein; NAFLD: Non-alcoholic fatty liver disease; ECM: Extracellular matrix; LCP-1: Lymphocyte cytosolic protein-1; SLC38A8:
Solute carrier family 38 member 8; LPPR4: Lipid phosphate phosphatase-related protein type 4 gene; GC: Group-specific component.

lipoprotein C3 could then inhibit the lipoprotein lipase
reducing the clearance of triglycerides. Consequence
of reduced clearance of triglycerides is the increase of
chylomicron-remnant particles that confer a predisposition to both fasting and postprandial hypertriglyceridemia. Higher circulating levels of chylomicron-remnant
particles are then especially cleared by the liver through
a receptor-mediated process[61-63], resulting in NAFLD
and hepatic insulin resistance. Other data available in
literature on correlation between APOC3 and NAFLD
are contrasting[64,65]. The differences could be due to the
anthropometric profile of subjects included in different
researches. Petersen et al[60] studied a cohort without any
risk factor of metabolic syndrome and with relatively
lower body mass index (BMI) of 24.7 ± 3.6 and 24.1 ±
2.9 kg/m2 in Indian and non-Indian groups, respectively;
it is important to underline that a BMI of 24.7 may indicate overweight in Indians but normal body weight in
European. In comparison, other works studied larger
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numbers of subjects with overweight/obesity, dyslipidemia and with the criteria of metabolic syndrome.
FDFT1 rs2645424
A SNP in the farnesyl-diphosphate farnesyltransferase
1 (FDFT1) gene has been associated with the degree
of liver injury: the rs2645424. This variant, in fact, has
been showed to be associated with NAFLD activity
score by a GWAS study. This study examined 236 nonHispanic white women with fatty liver[66]. The FDFT1
gene, situated on chromosome 8, is an important modulator of cholesterol biosynthesis [67,68]. It codifies for
the Squalene Synthase, an enzyme which converts two
molecules of farnesyl pyrophosphate into squalene, a
precursor to cholesterol. The rs2645424 is an intronic
variant and therefore it is difficult to explain how it may
affect the enzyme activity; an hypothesis could be that
this SNP is in linkage disequilibrium with a variant in
the promoter of squalene synthase gene that through
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to gut-derived toxic factors[74]. The joint between gut
microbiota and the development of fatty liver has been
demonstrated both in murine model and in humans. In
mice, Bäckhed et al[75] observed that the transplantation
of normal caecal microbiota to germ-free mice induced,
15 d later, a 60% increase in body fat along with a more
than two-fold increase in hepatic triglyceride content.
For these reasons several researchers are now investigating the role of the gut flora in determining and influencing non-alcoholic fatty liver disease.

the enhancement of its expression, could lead to an
increased activation of the enzyme and to the intra-hepatic accumulation of cholesterol. Evidence in animals
has, in fact, shown that transient over-expression of the
FDFT1 gene in the liver of both wild-type and LDL
Receptor knockout mice led to higher de novo cholesterol
biosynthesis, over-secretion of cholesterol-rich LDL, increased cholesterol concentrations and a 37% enhancement in liver weight compared with controls related to
hepatocyte proliferation[69]. This hypothesis would also
be in agreement with recent researches demonstrating
the role of intra-hepatic cholesterol accumulation in the
pathogenesis of NASH[70].
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Incretin based therapies: A novel treatment approach for
non-alcoholic fatty liver disease
Kristina Blaslov, Tomislav Bulum, Karin Zibar, Lea Duvnjak
logues might have beneficial effect on hepatic steatosis
acting as insulin sensitizers and directly by stimulating
GLP-1 receptors expressed on hepatocytes. The use
of DPP-4 inhibitors also results in hepatic fat reduction
but the mechanism of action remains unclear. There is
growing evidence that incretin based therapies have
beneficial effects on hepatocytes, however further
study analysis are needed to assess the long term effect of incretin based therapies on NAFLD.
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Core tip: Insulin resistance is considered a fundamental problem in the genesis of hepatic steatosis and the
pathophysiology of its development. In this review we
discussed the role of incretin based therapies, including glucagon like peptide-1 (GLP-1) analogues and
dipeptidyl peptidase-4 (DPP-4) inhibitors as a potential
novel agents in non-alcoholic fatty liver disease treatment comprising experimental and clinical data available so far which generally suggest that GLP-1 analogues as well as DPP-4 inhibitors might be involved in
direct pathways of liver fat elimination. To the best of
our knowledge, this is the first review comprising all
the data about incretin based therapies in fatty liver
treatment.

Abstract
Non-alcoholic fatty liver disease is considered a hepatic
manifestation of metabolic syndrome (MS). The current
treatment of non-alcoholic fatty liver disease (NAFLD)
principally includes amelioration of MS components by
lifestyle modifications but the lack of success in their
implementation and sustainment arises the need for
effective pharmacological agent in fatty liver treatment. Incretins are gut derived hormones secreted
into the circulation in response to nutrient ingestion
that enhances glucose-stimulated insulin secretion.
Glucagon-like peptide-1 (GLP-1) is the most important
incretin. Its receptor agonist and inhibitors of dipeptidyl peptidase-4 (DPP-4) are used in treatment of type
2 diabetes mellitus. DPP-4 serum activity and hepatic
expression are shown to be elevated in several hepatic
diseases. There are several experimental and clinical
trials exploring the efficacy of incretin based therapies
in NAFLD treatment. They suggest that GLP-1 ana-
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account for such activity in humans[20]. The incretine
effect comprises enhancement of insulin biosynthesis
and secretion in glucose-dependent manner, pancreatic
β cell mass increasment, appetite suppression and delay
in gastric emptying[21]. However, as it was established
that metabolic effects of GIP are blunted in T2DM and
the GLP-1 effects are preserved, only GLP-1 remains
in a great interest of T2DM and related disorders treatment[20]. As circulating GLP-1 has a half-life about 1-2
min due to rapid degradation by enzyme dipeptidyl
peptidase-4 (DPP-4), GLP-1 receptor agonists with
increased DPP-4 resistance and DPP-4 inhibitors have
been developed[22]. Recent studies suggest that GLP-1
receptor agonists and DPP-4 inhibitors might be agents
of great interest for hepatic fat reducement so in this review we present the pleiotropic effect of incretin based
therapies for NAFLD.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the
most common liver disease affecting up to 30% of the
general population worldwide[1,2]. It is defined as a chronic liver condition characterized by hepatic fat accumulation in the absence of other identifiable cause such as
alcohol abuse, viral or autoimmune hepatitis, alpha-1 antitrypsin deficiency, medications like corticosteroids and
estrogens, and other conditions[3]. In a certain percentage of patients it might occur in a more serious form of
the disease, non-alcoholic steatohepatitis (NASH) and
10%-15% of the patients with NASH develop cirrhosis
or even hepatocellular carcinoma[4-6]. NAFLD, previously
named also as a diabetic hepatitis, is highly associated
with several components of metabolic syndrome (MS),
particularly obesity, increased plasma lipid levels (primarily triglycerides), insulin resistance and concomitant glucose intolerance and type 2 diabetes mellitus (T2DM)[4,7,8].
The current treatment of NAFLD principally includes
ameliorating MS components including weight loss and
insulin sensitivity improvement by lifestyle modifications[9-11]. The use of insulin sensitising agents such as
metformin and thiazolidinediones has been investigated in numerous clinical trials whose results suggest
that this approach has modest efficacy for NAFLD
treatment[12,13]. A recent meta-analysis by Musso et al[14]
suggests that the use of TZDs might improve hepatic
steatosis both in non-diabetic and diabetic patients but
they also emphasise the possible limit of TZDs action in
histological liver injuries more severe than NAFLD, such
as NASH and also arise the question about importance
of insulin sensitivity improvement and its histological
benefits per se. Moreover, several studies indicate that the
use of antioxidants such as vitamin E could improve
histological features of NAFLD and NASH[15,16] which
was recently confirmed by Sanyal et al[17]. Their study results suggest the vitamin E might have better effects on
NASH than placebo and even when compared to TZDs
but also that TZDs might be superior to vitamin E when
NAFLD is concerned. According to all, the Association
for the Study of Liver Diseases (AASLD) guideline for
diagnosis and NAFLD treatment states that metformin
has no significant effect on liver histology and it is not
recommended in treatment in adults with NASH, while
the use of pioglitazone (TZD) is recommended with a
certain degree of precaution because of the unknown
long-term outcomes[18]. Thus, the increasing prevalence
of NAFLD and the lack of success in implementing and
sustaining lifestyle modifications arises the need for effective pharmacological agent in fatty liver treatment and
incretin based therapies might fulfil its role.
The incretines are intestinal mucosa-derived hormones which are secreted into the circulation in response to nutrient ingestion that enhance glucosestimulated insulin secretion[19]. Glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1
(GLP-1) are two identified incretine hormones so far.
They each contribute equally to incretine effect and fully
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GLP-1 RECEPTOR AGONISTS
GLP-1 receptor agonists represent a novel class of therapies for T2DM treatment that reflect glucoregulatory
effects of endogenous incretin peptide GLP-1. This
class of agents usually includes twice daily and once
weekly formulation of exenatide and once daily liraglutide which are already implemented in routine clinical
practice as well as several agents in earlier stages of clinical development such as lixisenatide, taspoglutide and
albiglutide[23-26]. Exenatide was the first GLP-1 receptor
agonist introduced in the clinical practice. It is originally
derived from the salivary glands of the Gila monster and
has 53% homology with human GLP-1. It is administered up to 60 min before morning and evening meals
as indicated as an adjunct to diet and exercise or as an
add-on ≥ 1 oral hypoglycaemic agent (OHA) therapy[27].
Clinical trials with twice-daily exenatide demonstrated
reductions of glycated haemoglobin A1c (HbA1c) averaging 1.1%[28-30]. Results from four separate open-label
studies comparing exenatide therapy with starter insulin
suggest that twice-daily exenatide at doses of 10 μg was
similarly effective to either titrated basal or analog mix
insulin[31-33]. Once weekly exenatide therapy results in a
greater mean HbA1c reduction compared to twice-daily
formulation as well as when compared to titrated insulin
glargine[34].
The once-daily human GLP-1 receptor agonist liraglutide was approved by US Food and Drug Administration (FDA) in the 2010[35]. It has 97% homology with
human GLP-1 with a single amino acid substitution
extending its half-life up to 13 h[24]. Data from Liraglutide Effect and Action in Diabetes (LEAD) program
have demonstrated that liraglutide, when used either as
monotherapy or as an add-on in combination with ≥1
OHA, lowers HbA1c by 0.84% to 1.48%[36,37]. Moreover,
data from LEAD-6, the head-to-head trial versus exenatide, 1.8 mg liraglutide once daily resulted in a significant
greater reduction in HbA1c than exenatide 10 μg bid
(-1.1% vs -0.8%, P < 0.0001)[38]. So far only exenatide is
FDA approved for the use in combination with basal
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insulin. A case-controlled analysis of addition exenatide
to insulin therapy resulted in a mean HbA1c decrease
of 0.6% but also enabled the reduction in insulin dose
which resulted in weight reduction[39]. Body weight reduction, beneficial itself, might also exert favorable effects on insulin action, cardiovascular disease risk factors
such as blood pressure and plasma lipids and hepatic fat
accumulation. A 52-wk study with once-weekly exenatide
showed a 6-mm Hg systolic blood pressure reduction
and improvements in the lipid profile in patients with
T2DM[40]. Sathyanarayana et al[41] examined the effects of
combined pioglitazone (peroxisome proliferator-activated receptor-γ (PPAR-γ) agonist) and exenatide therapy
on hepatic fat content in patients with T2DM and suggested that combined pioglitazone and exenatide therapy
was associated with a significantly greater decrease in
hepatic fat (12.1% ± 1.7% to 4.7% ± 1.3%) and plasma
triglyceride (38%) vs pioglitazone therapy despite the
lack of a significant change in body weight (Δ = 0.2 kg).
However, whether these favourable effects on MS components are associated with body weight reduction or are
a result of treatment alone warrants further study investigation. Furthermore, although glucagon-like peptide-1based therapy is now routinely used therapy for T2DM,
there are concerns about risks for pancreatitis and pancreatic and thyroid cancer. Previous larges administrative database studies in the United States reported that
treatment with the GLP-1-based therapies sitagliptin
and exenatide was associated with increased odds of
hospitalization for acute pancreatitis[42,43]. GLP-1 receptors are expressed in the exocrine pancreas, and GLP-1
based therapy has been shown to increase pancreatic
ductal turnover and acinar to ductal metaplasia[44,45]. In
addition, low-grade chronic pancreatitis, which increases
risk of pancreatic cancer, was noted in rats treated with
exenatide[46,47]. However, in a recent study GLP-1 analog
liraglutide did not induce pancreatitis in mice, rats, or
monkeys when dosed for up to 2 years and at exposure
levels up to 60 times higher than in humans[48]. In addition, study including patients with adenocarcinoma and
with and without diabetes found that insulin-stimulating
medications such as incretin mimetics did not appear to
accelerate pancreatic adenocarcinoma development[49].
There was also an increase in reported thyroid cancer as
an adverse event related to exenatide or sitagliptin therapy compared to other oral therapies. In animal models,
GLP-1 therapy has been shown to lead to C-cell hyperplasia, but it is unknown what effects GLP-1 therapy has
on the human thyroid gland[43].

of native GLP-1, have been developed but only few of
these agents (sitagliptin, vildagliptin, saxagliptin, linagliptin, alogliptin) are available for clinical use[50]. Either
as monotherapy or an add-on to oral agents, DPP-4
inhibitors reduce mean HbA1c by approximately 0.5%
to 0.8%[51-55], a clinical effect somewhat less than that reported with the GLP-1 receptor agonists. DPP-4 inhibitors lower blood glucose without a significant increase
or reduction in body weight (0.2 to 0.8 kg)[54,55]. Data
demonstrating extraglycemic effects of DPP-4 inhibitors
such as benefits on lipids, blood pressure, or markers
of inflammation are very limited. There is no evidence
that DPP-4 inhibitor therapy results in significant body
weight, appetite, or food intake reductions. Trials with
vildagliptin have shown modest improvements in triglycerides and high-density lipoprotein cholesterol (4.8%
and 10.6%, respectively, in combination with a thiazolidinedione), as well as reductions in systolic and diastolic
blood pressure[55]. On the opposite to GLP-1 receptor
agonists, DPP-4 inhibitor therapy is generally well tolerated, with no significant gastrointestinal or systemic
side effects having been reported in clinical trials. A
favorable tolerability profile means that DPP-4 inhibitor therapy can be safely administered to patients with
a range of comorbidities. However, dosage adjustments
of sitagliptin are recommended in patients with moderate- to end- stage renal disease[56], because it is cleared
by the kidney while both sitagliptin and vildagliptin are
contraindicated in patients with severe hepatic dysfunction but no sitagliptin dosage adjustment is needed in
patients with mild-to-moderate hepatic insufficiency[57].
Postmarketing reports of sitagliptin-associated serious
hypersensitivity reactions, including anaphylaxis, angioedema, Stevens-Johnson syndrome, and hepatic enzyme
elevations have been noted[50,57]. On the other hand, the
elimination of another oral DPP-4 inhibitor linagliptin,
that was approved in the United States and Europe, is
primarily non-renal and dose adjustment is not required
even in patients with mild, moderate or severe hepatic
impairment[50].

PATHOGENESIS AND METABOLIC
CHANGES IN NAFLD
The pathogenesis of NAFLD comprises a spectrum of
genetic factors in combination with obesity and consumption of products with high glycaemic index and
rich in saturated fat which also represents a underlying
mechanism in insulin resistance development[58-60]. Inability of insulin to suppress the lipolysis in white adipose tissue is defined as insulin resistance and is closely
associated with hepatic fat accumulation[61,62]. The lack
of lipolysis suppression leads to increased plasma concentration of free fatty acids (FFA) which then disrupts
the hepatic balance in FFA influx and oxidation and
becomes the main source of hepatic triglycerides in
NAFLD[63]. Therefore, insulin resistance in white adi-

DPP-4 INHIBITORS
DPP-4 inhibitors are being used clinically in combination with most other oral antidiabetic agents (including
sulfonylureas, thiazolidinediones, and metformin) in
patients failing to achieve adequate glycaemic control, or
who wish to limit weight gain. A number of inhibitors
of the enzyme DPP-4, which regulates the bioactivity
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pose tissue might contribute to hepatic fat accumulation.
Additionally, the use of insulin sensitizers thiazolidnediones, the peroxisome-proliferator-activated receptors γ
(PPARγ) agonists has shown to decrease liver fat content
by 40% despite the unaltered liver PPARγ in NAFLD[64].
Hepatocytes in human NAFLD contain high amount of
saturated fatty acids and saturated fatty acid containing
triglycerides which cannot all be contributable to FFA
increased influx[65] but also to hepatic de novo lipogenesis
which is significantly increased in NAFLD[63]. Higuchi
et al[66] revealed that hepatic gene expression of sterol
regulatory element-binding protein (SREBP) 1c, which
is the key transcriptional activator of lipogenic genes as
well as acetyl-CoA carboxylases (ACCs) and fatty acid
synthetase (FAS), is increased in subjects with as compared to those without NAFLD while Kotronen et al[65]
reported that the activity of lipogenic enzyme stearoylCoA desaturase 1 (SCD1) is increased which leads to
decrease in long polyunsaturated fatty acid content.
In addition to white adipose tissue and skeletal
muscle, the liver is the main site of insulin action[67].
Insulin resistance in liver usually accompanies insulin
resistance in white adipose tissue and can be observed
in the glucose and lipid metabolism. In the fasting state
insulin restrains hepatic glucose production in order to
maintain glucose concentration homeostasis. In insulin
resistance state the ability of insulin to inhibit hepatic
glucose production is impaired leading to higher fasting
plasma glucose concentration and consequent hyperinsulinemia[67,68]. Another insulin action in liver is to restrain
the production of very low density lipoprotein (VLDL)[69]
so the insulin resistant liver overproduces triglyceride
rich VLDL in the fasting state[61,70] which then leads to
hypertriglyceridemia and low high density lipoprotein
(HDL) concentration that can be found in subjects with
MS and NAFLD[71,72]. In accordance with previous, insulin resistance is the central pathophysiological phenomenon of MS associated with the development of type 2
diabetes and NAFLD[73]. Moreover, although insulin resistance is not a underlying cause of some other disease
like autoimmune type 1 diabetes, the presence of insulin
resistance in those subjects are independently associated
with markers of NAFLD[74] (Figure 1).

GLP-1 receptor activation in hypothalamus reduces appetite and leads to weight loss[79]. When administered as
mono-therapy, exenatide is associated with weight loss
of approximately 3 kg over 24 wk of treatment in obese
T2DM population[80] while 52-wk liraglutide monotherapy provided dose dependent reduction in mean body
weight of 1.9 and 2.3 kg, respectively[36]. Similar effect
was observed with non-diabetic healthy population treated with exenatide[81] and it was shown that even modest
weight loss of 5%-10% of body weight decreases liver
fat up to 40%-80% in non-diabetic subjects and T2DM
patients[82-85]. On the opposite, DPP-4 inhibitors show no
significant effect on weight loss[52,84] and the assumption
that they cannot provide this indirect beneficial effect on
hepatic fat reduction becomes obvious. As we already
discussed, insulin resistance in white adipose tissue is
one of the main steps in NAFLD development. Data
from the study of Klonoff et al[85] as well as Buse et al[86]
suggest that exenatide treatment in T2DM patients leads
to significant alanine aminotransferase (ALT) and intrahepatic fat reduction in correlation to insulin resistance
decreasment.
There are several studies suggesting that GLP-1 receptor analogues directly affect peripheral insulin sensitivity;
Egan et al[77] used modified clamp and demonstrated that
GLP-1 infusion increases glucose uptake without significant rise independent of changes in insulin secretion
in ten healthy obese volunteers while the experimental
results suggest the neutral action on lipolysis in white
adipose tissue which then diminishes the possibility
of their beneficial effect on NAFLD pathogenesis per
se[87]. Treatment with DPP-4 inhibitors vildagliptin and
sitagliptin have also demonstrated favourable effects on
postprandial elevations of triglycerides, ApoB-48 and
FFA levels[88,89]. The DPP-4 inhibition was also reported
to enhance the antilipolytic effect of neuropeptide Y
(NPY) in human abdominal adipocytes which could
have indirect mechanism on hepatic fat reducing FFA
influx in hepatocytes[90]. However, it should be kept in
mind that NPY causes abdominal fat accumulation, one
of the major steps in hepatic insulin resistance development[91]. It is possible that DPP-4 inhibitors might have
indirect mechanism in inhibition of hepatic fat accumulation serve as local endogenous GLP-1 concentration
enhancer because they have no influence on gastric emptying or weight loss (Figure 1).

INCRETIN BASED THERAPIES-AN
INDIRECT ACTION
GLP-1 receptor agonists (exenatide, liraglutide) are agents
developed for T2DM treatment with a primarily role of
maintenance of glucose homeostasis. However, their
pleiotropic effect on appetite, weight, blood pressure,
cardiovascular function and central nervous system have
been reported[75]. The indirect action of GLP-1 receptor
agonists on NAFLD pathophysiology might be observed
from at least two aspects: the appetite suppression and
weight reduction as well as direct and indirect improvement in insulin sensitivity since it has been proposed that
weight reduction might improve insulin sensitivity[36,76-78].
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INCRETIN BASED THERAPIES-A DIRECT
ACTION
The implementation of GLP-1 agonists in clinical practice, primary in treatment of T2DM, revealed data suggesting their potency in intrahepatic liver fat and biomarker reduction independently of glycaemic or weight
reduction[40,92,93]. However, it was unclear whether this
effect could be contributable to GLP-1 agonists itself
because there was no evidence of molecular mechanism that could explain this beneficial effect of GLP-1
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Figure 1 The pathogenesis of non-alcoholic fatty liver disease and the possible effect of incretin system components in treatment. Modified according to
Dowman et al[63]. ACC: Acetyl-CoA carboxylase; DPP-4: Dipeptydil peptidase-4; GLP-1: Glucagon-like peptide-1; FFA: Free fatty acid; FAS: Fatty acid synthetase;
SREPB1c: Sterol regulatory element-binding protein.

the insulin receptor substrate-2 (IRS-2) in hepatocytes.
They suggest that GLP-1 based proteins should be analysed as insulin sensitizing agents in hepatocytes and that
higher dose distribution of GLP-1 analogues should be
considered in T2DM patients in order to reduce hepatic
steatosis. There is also evidence that GLP-1 receptor
agonists could improve hepatic steatosis by modulating
fibroblast growth factor-21 (FGF-21) signalisation. In
rodents, FGF21 is predominantly produced in the liver,
where it enhances hepatic fat oxidation reduces triacylglycerol levels and hepatic steatosis but also increases adipocyte insulin sensitivity and regulates lipolysis in white
adipose tissue, and improves glucose tolerance[100]. It has
been suggested that these changes may occur through
the effects of FGF21 on AMP-activated protein kinase
(AMPK) activity. In the liver AMPK activates fatty acid
oxidation via activation of PGC1 α as well as its effects on other enzymes of lipogenesis described above
(e.g., SREBP and FAS)[101]. Dushay et al[102] have shown
that liver FGF21 protein levels and RNA are increased
in association with hepatic steatosis in obese humans
with NAFLD. In mouse models of obesity, circulating
FGF21 levels are elevated and FGF21 signalling in the
liver and white adipose tissue is impaired[103]. Samson et
al[104] suggested that exenatide treatment in T2DM patients and a diet induced obese mouse is associated with
a decrease in FGF21 and hepatic fat, and an increase in
hepatic AMPK and ACC phosphorylation explained as a
possible sign of improved FGF21 resistance in the liver.
Therapy with another GLP-1 agonist, liraglutide, in subjects with metabolic syndrome and T2DM is also associated with improvement of liver inflammation, alteration
of liver fibrosis, and reduction of body weight[105,106].
Recent data indicate that endoplasmic stress is a major
player in the progression of fatty liver to more aggressive lesions and treatment with liraglutide reduces steatosis and endoplasmic stress in high fat diet fed mice and

agonists. Several mouse models of NAFLD, based on
genetic mutations or diet, were developed in order to
serve as a preclinical platform to evaluate GLP-1 actions
in liver[94]. Ding et al[95] suggested that GLP-1 analogue
exendin-4 improves insulin resistance in ob/ob mice and
significantly reduces hepatic lipid stores evaluated by
histological improvement and improved of ALT values.
They also revealed that exendin-4 has direct action on
hepatocytes and subsequently results in a gene profile
that is conducive in reduction in fatty acid synthesis and
triglyceride storage in hepatocytes: increased mRNA for
both PPARα along with decreased mRNA expression
for SREBP-1c and ACC1. In support to those data Samson et al[96] demonstrated in diet induced obesity model
mice that exendin-4 treatment reverses hepatic steatosis
and decreases hepatic expression of genes involved in
de novo fatty acid synthesis, including ACC1, fatty acid
synthase (FAS) and SCD1. The question arises whether
GLP-1 impairs hepatocyte de novo lipogenesis and/or enhances β -oxidation of fatty acids. Svegliati-Baroni et al[97]
reported that exendin-4 treatment improves the expression of PPARα and its downstream target genes: acylCoenzyme A oxidase (ACOX) and carnitine palmitoyltransferase 1 A (CPT1A) in hepatocytes isolated from
rats with non-alcoholic steatohepatitis. ACOX is the rate
limiting enzyme in peroxisomal β oxidation while CPT1A is the key enzyme in initial transport of fatty acids
into mitochondria for β oxidation. However, it was still
unclear whether GLP-1 receptors were present in human liver and whether they were biologically active. Lee
et al[98] reported that exendin-4 increases expression of
GLP-1 receptor in a dose dependent manner in human
hepatoma cell lines while Gupta et al[99] demonstrated
that GLP-1 receptor is present in human hepatocytes
and also provided molecular mechanism to explain the
signal effectors of GLP-1 in its potential role in hepatocyte TG reduction by up regulating key elements of
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enhance lipoautophagy in liver[107].
Firneisz et al[108] reported a link between the serum
DPP-4 activity and NAFLD in a small cross-sectional
study whose results showed correlation of sDPP-4 activity with liver tests ALT, γGT, and less significantly ALP.
Surprisingly, they reported that sDPP-4 activity was not
increased in the T2D patients and there was no correlation between sDPP-4 and HbA1C values nor between
sDPP-4 and fasting plasma glucose that were reported
earlier in T2DM patients[109,110]. The positive correlation
found among γGT, ALT and serum DPP-4 activities
in NAFLD suggested that the excess DPP-4 found in
the serum is of hepatic origin. Later on hepatic DPP-4
mRNA expression levels was analysed by real-time PCR
using liver biopsy samples from 17 NAFLD patients and
10 healthy subjects by Miyazaki et al[111]. They showed
that hepatic DPP-4 mRNA expression was significantly
greater in NAFLD patients than in control subjects and
that DPP-4 expression levels negatively correlated with
homeostasis model assessment-estimated insulin resistance (HOMA-IR) index and positively correlated with
serum cholesterol levels which clearly implicated hepatic
DPP-4 in this disease. In addition, serum DPP-4 activity
and hepatic DPP-4 expression are shown to be correlated with hepatic steatosis and NAFLD grading which
indicates that it might be associated with hepatic lipogenesis and liver injury[112]. Iwasaki et al[113] evaluated the
effect of sitagliptin administered in dose of 50 mg/body
per day for 4 mo in 30 NAFLD patients with T2DM
and reported a significant improvement of the serum
levels of HbA1c and liver enzymes at 4, 8, 12 and 16
wk after the start of sitagliptin treatment and therefore
concluded that sitagliptin might be considered as a novel
therapeutic agent for NAFLD treatment. Moreover,
it was recently reported that sitagliptin, DPP-4 inhibitor, ameliorated hepatic steatosis in 67-year-old Asian
woman with refractory NAFLD after 3 mo treatment[114].
Considering some previously reported data about DPP-4
deficient rats showing lower levels of hepatic proinflammatory and profibrotic cytokines which often represents
a “second hit” in NAFLD development[115], the role of
DPP-4 inhibition in NAFLD treatment seams uncontested whether based on direct effect of DPP-4 inhibition or enhancement of endogenous GLP-1 action[116]
(Figure 1).

improvement. Those, as well as DPP-4 inhibitors might
also be involved in direct pathways of liver fat elimination. A growing body of literature suggests that GLP-1
and DPP-4 activity have numerous effects on the cells
of various organs. The data regarding GLP-1 and DPP-4
inhibitors action on hepatocytes are convincing, but
so far only T2DM patients with NAFLD/NASH have
been studied with incretin analogues or DPP-4 inhibitors, therefore, the conclusions of this review only can
be applied to T2DM patients suffering for NASH, and
not for the nondiabetic-NAFLD patients. further study
analysis are needed in order to aces the long term effect
of incretin based therapies on NAFLD.
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Effects of resveratrol and other polyphenols in hepatic
steatosis
Leixuri Aguirre, Maria Puy Portillo, Elizabeth Hijona, Luis Bujanda
fat accumulation under different steatosis-inducing
conditions. The results reported clearly show that this
group of biomolecules is able to reduce fat accumulation, but further studies are needed to establish the
optimal dose and treatment period length. With regard
to the potential mechanisms of action, there is a good
consensus. The anti-lipidogenic effect of polyphenols
is mainly due to reduced fatty acid and triacylglycerol synthesis, increased in fatty acid oxidation, and
reduced of oxidative stress and inflammation. As a
general conclusion, it can be stated that polyphenols
are biomolecules which produce hepatoprotective effects. To date, these beneficial effects have been demonstrated in cultured cells and animal models. Thus,
studies performed in humans are needed before these
molecules can be considered as truly useful tools in
the prevention of liver steatosis.

Leixuri Aguirre, Maria Puy Portillo, Nutrition and Obesity
Group, Department of Nutrition and Food Science, University
of Basque Country (UPV/EHU) and Centro de Investigación
Lucio Lascaray, 01006 Vitoria, Spain
Leixuri Aguirre, Maria Puy Portillo, Centro de Investigación
Biomédica en Fisiopatología de la Obesidad y Nutrición (CIBERobn), Instituto de Salud Carlos Ⅲ, 01006 Vitoria, Spain
Elizabeth Hijona, Luis Bujanda, Department of Gastroenterology, University of the Basque Country (UPV/EHU), Donostia
Hospital and Biodonostia Institute, 20014 San Sebastián, Spain
Elizabeth Hijona, Luis Bujanda, Centro de Investigación Biomédica en Enfermedades Hepáticas (CIBERehd), Instituto de
Salud Carlos Ⅲ, 20014 San Sebastian, Spain
Author contributions: Hijona E and Bujanda L wrote the paragraphs concerning the introduction and the physiopathology of
liver steatosis; Aguirre L and Portillo MP wrote the paragraphs
concerning the effects of polypehnols on liver steatosis; and
Portillo MP was responsible for the general and final revision of
the manuscript.
Correspondence to: Dr. Maria Puy Portillo, Nutrition and
Obesity Group, Department of Nutrition and Food Science,
University of Basque Country (UPV/EHU) and Centro de Investigación Lucio Lascaray, Paseo de la Universidad, 7, 01006
Vitoria, Spain. mariapuy.portillo@ehu.es
Telephone: +34-9-45013067 Fax: +34-9-45013067
Received: October 24, 2013 Revised: December 4, 2013
Accepted: January 19, 2014
Published online: June 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Polyphenols; Resveratrol; Quercetin liver;
Steatosis; Non-alcoholic fatty liver disease
Core tip: Recently the beneficial effects of polyphenols
in the prevention and treatment of liver steatosis have
been reported. These biomolecules present hepatoprotective effects because they reduce liver fat accumulation, mainly by reducing lipogenesis and by increasing
fatty acid oxidation, and decrease oxidative stress and
inflammation, the main factors responsible for liver
damage. To date, these beneficial effects have been
demonstrated in cultured cells and animal models.
Thus, studies performed in humans are needed before
these molecules can be considered as truly useful tools
in the prevention of liver steatosis.

Abstract
Non-alcoholic fatty liver disease covers a wide spectrum of liver pathologies which range from simple
steatosis to non-alcoholic steatohepatitis. Polyphenols
are members of a very large family of plant-derived
compounds that can have beneficial effects on human
health, and thus their study has become an increasingly important area of human nutrition research. The
aim of the present review is to compile published data
concerning the effects of both isolated polyphenols as
well as polyphenol extracts, on hepatocyte and liver
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Physiopathology of liver
steatosis
The exact pathogenic mechanisms of liver steatosis are
not yet fully known. Steatosis, liver inflammation and
fibrosis has been associated with an excessive triglyceride
accumulation in the liver, insulin resistance and increases
in visceral adipose tissue, mediated by increased free radical formation and free oxygen radical species, and modulated by genetic susceptibility[11,12]. There is evidence
supporting the theory that these genetic factors account
for considerable variability in susceptibility to NAFLD.
Since the introduction of genome-wide association studies (GWASs) to investigate genomic variations, there
have been significant advances in our understanding of
human genome and its clinical effects over a range of
diseases. A large number of single nucleotide polymorphisms (SNPs) related to NAFLD has been documented
by candidate gene studies. The SNPs may increase or decrease the function of the target genes and their encoding proteins. Genes such as patatin-like phospholipase
domain-containing protein 3 (PNPLA3), neurocan core
protein (NCAN), glucokinase regulatory protein (GCKR)
and lysophospholipase-like protein 1 (LYPLAL1) have
been implicated in an increased risk of NAFLD[13]. Lipid
peroxidation and free oxygen radical species can deplete
antioxidant enzymes (glutathione, vitamin E, beta-carotene and vitamin C) and activate proinflammatory citokines, inflammatory mediators and activation of natural
killer cells among others. Others factors as iron, leptin,
adiponectin and resistin may contribute to the NAFLD.
In the last years intestinal microbes have been implicated
as a potential source of hepatotoxic oxidative injury.
Intestinal bacterial overgrowth and increased intestinal
permeability were observed in patients with NAFLD[14].
Mechanisms by which intestinal bacteria may contribute
to hepatocellular injury include endotoxin production,
deconjugation of bile salts and inactivation of hepatic
lipotropes, such as choline.
As explained above, the most frequent etiology of
NAFLD is overweight and obesity. In the following lines
an attempt will be made to explain the steps involved in
the progression of NAFLD to NASH under this metabolic situation. Adipocyte insensitivity to insulin (insulin
resistance), frequently observed in obese patients, overrides the brake to lipolysis in adipose tissue, thus leading
to the release of a large amount of free fatty acids. The
excessive supply of free fatty acids to the liver is the primary mechanism of NAFLD production. Furthermore,
increased amounts of insulin usually found under insulin
resistance conditions produce a decrease in hepatic synthesis of apolipoprotein B-100 and the increase in hepatic synthesis of fatty acids. Consequently, the amount
of triacylglycerols produced and stored in the liver increases.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) encompasses
a wide spectrum of liver pathologies which range from
simple steatosis to non-alcoholic steatohepatitis (NASH).
NASH is characterized by steatosis plus features of
cellular injury, such as inflammation and hepatocyte
ballooning. Some patients with NAFLD develop liver
fibrosis, with a proportion progressing to cirrhosis and
its complications of liver failure, portal hypertension,
and hepatocellular carcinoma. Currently, cirrhotic stage
NAFLD represents the third or fourth most common
indication for liver transplantation in the United States,
and the second most common indication for liver transplantation in large transplantation centers[1-3]. In addition, the prevalence of NAFLD-related cirrhosis has
markedly increased in recent years as the underlying liver
disease among patients transplanted for hepatocellular
carcinoma in the United States. These data reflect the
high prevalence of NAFLD in the general population,
putting a substantial proportion of individuals at risk of
NAFLD-associated morbidity and mortality[4-6].
Current prevalence estimates for NAFLD range from
20% to 75% depending on ethnicity, body mass index
(BMI) and the presence of others diseases such as diabetes mellitus or dyslipemia[7,8]. Data suggest that 10% to
30% of NAFLD patients meet the criteria for NASH,
with an overall prevalence ranging from 3% up to 25%,
depending on the population studied[9].
The long-term prognosis for individuals with NAFLD
is not the same across the spectrum of the disease. Steatosis when not associated with cellular injury or fibrosis,
follows a relatively benign clinical course, with an overall mortality similar to the general population of the
same age and sex. For instance, < 1% of patients with
simple steatosis progressed to cirrhosis or died from
liver-related complication after a mean follow-up of 15
years in a pooled analysis of several reported series[6].
However, patients with NASH, particularly those with
increased fibrosis, have a worse prognosis as compared
to an age-and sex-matched population. The prevalence
of cirrhosis and death related to liver complications
is about 11% and 7%, respectively, in patients with
NASH during the first 15 years of follow-up[5]. The
most frequent etiology of NAFLD is overweight and
obesity. More than 90% of patients with NAFLD are
overweight or obese[10].
Drug-induced liver disease (for example, amiodarone,
tamoxifen, corticosteroids, methotrexate, etc.), autoimmune or viral hepatitis, and cholestatic or metabolic/genetic liver disease can also cause NAFLD.
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NAFLD patients show increased prevalence of TNF-α
238 polymorphism, which induces the over-expression of
TNF-α in adipose tissue and, in turn, alterations in the
insulin receptor, which causes greater resistance to insulin[15]. Furthermore, several pro-inflammatory adipokines
produced by adipose tissue are elevated in obese patients,
and can contribute to systemic inflammation and liver
damage. By contrast, adiponectin an anti-inflammatory
adipokine which antagonizes excess lipid storage in the
liver and protects it from inflammation and fibrosis[16],
is reduced in these patients and is even lower in patients
with hepatic steatosis or NASH.
Free fatty acids increase the expression of cytochrome
P-450 2E1 (CYP 2E1) [17], an enzyme involved in the
beta-oxidation of long-chain and very long-chain fatty
acids, which causes the formation of reactive oxygen
metabolites in the liver[18]. On the other hand, several
long chain free fatty acids are metabolized in the peroxisomal beta-oxidation. This oxidation produces hydrogen
peroxide in the presence of iron and causes hydroxyl
radicals, which are reactive oxygen metabolites. This
excess of reactive oxygen metabolites consumes antioxidant molecules, such as glutathione and vitamin E, in
the liver and thereby generates an oxidative stress, which
leads to lipid peroxidation[19]. In turn, lipid peroxidation
causes a lesion of the membranes and organelles of hepatocytes, resulting in the phenomena of hepatocellular
degeneration and necrosis. The injury caused by lipid
peroxidation in mitochondria modifies their morphology
(megamitochondria), alters the electron transfer along
the respiratory chain and produces more reactive oxygen
metabolites, which close the circle, thus generating more
oxidative stress[19,20].
The end products of lipid peroxidation, malondialdehyde and 4-hydroxynonenal, have chemoattractant
properties, activate proinflammatory cytokines (TNF-α,
TGF-β, IL-6, IL-8) and stellate cell stimulatory collagenproducer in the liver. This results in a mixed lesion with
hepatocyte degeneration and necrosis, fibrosis and inflammatory infiltrates, in addition to steatosis (NASH)[21].
Also, malondialdehyde and 4-hydroxynonenal covalently
bind proteins and produce aggregates of proteins that
promote immune response. Secondly, antibodies which
can cause an antibody-mediated hepatocellular injury
(autoimmune hepatitis) are produced[22]. The perpetuation of oxidative stress and lipid peroxidation causes
sustained collagen production which in turn leads to a
progression of fibrosis and thus to hepatic cirrhosis. Cirrhosis is the basis of the development of complications
such as liver failure and hepatocellular carcinoma[21,23].

chemical structures. They are classified as flavonoids and
non-flavonoids. Among the flavonoids, various groups
can be distinguished: flavonols, flavan-3-ols, flavones,
isoflavones, flavanones, proanthocyanidins and anthocyanidins. Non-flavonoids included stilbenes and phenolic
acids[24].
Although not essentials as vitamins or minerals, polyphenols can have beneficial effects on human health, and
thus their study has become an increasingly important
area of human nutrition research. A large number of
epidemiological studies have shown that the consumption of diets rich in fruits and vegetables is associated
with a reduction in the risk of suffering chronic diseases,
such as cardiovascular diseases, specific cancers or neurodegenerative diseases[25]. Recently the beneficial effects
of polyphenols in the prevention and treatment of liver
steatosis have been reported.

Effects of resveratrol on hepatic
steatosis
Resveratrol (trans-3,4’,5-trihydroxystilbene) is a stilbene
occurring naturally in several plants and provided in the
diet by various food stuffs such as grapes, berries, red
wine and nuts. It is well known for its health benefits,
such as improvement of insulin sensitivity and glucose
tolerance, reduction of plasma lipids, enhancement and
suppression of inflammation and oxidative stress[26]. In
recent years, it has proved able to modify lipid metabolism, and more specifically to induce a reduction in liver
triacylglycerol content. In this context, both in vitro and
in vivo studies have been carried out in order to show its
effects on the prevention and the treatment of liver steatosis (Tables 1 and 2).
In vitro studies
Few studies address the potential hepatoprotective action
of resveratrol under in vitro conditions. In these studies
different cell models have been used. In hepatocytes isolated from rat liver and incubated with 25 μmol/L resveratrol for 30 min, Gnoni and Paglialonga[27] observed
40% reduction in triacylglycerols and decreased acetylCoA carboxylase (ACC) activity, without changes in fatty
acid synthase (FAS) activity. Based on these results, the
authors suggested that resveratrol reduced de novo lipogenesis, thus decreasing the availability of fatty acids,
and consequently the synthesis of triacylglycerols.
Wang et al[28] used a cell model of steatosis induced
by palmitate treatment. This treatment induces maximal
fat over-accumulation with minimal cytotoxicity. The
inclusion of 40 μmol/L of resveratrol for 24 h in the
incubation medium reduced triacylglycerol accumulation induced by palmitate almost to basal values, due
to a decrease in both the expression and the activity of
sterol regulatory element binding protein 1c (SREBP-1c),
which is the most important transcription factor for de

Effects of polyphenols on hepatic
steatosis
Polyphenols are members of a very large family of plantderived compounds that show an extensive variety of
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Table 1 In vitro studies performed with polyphenols
Ref.

Animal
model

Polyphenol dose and
treatment period length

Effects

Mechanisms

Gnoni et al[27], 2009

HepG2 cells

↓ Triacylglycerols

Zang et al[29], 2006

HepG2 cells

25 μmol/L resveratrol
30 min
10 μmol/L resveratrol

↓ ACC activity
= FAS activity
↑ phosphorylation AMPK (activation)
in liver
↑ phosphorylation ACC (inhibition)
in liver
↑ phosphorylation AMPK liver (activation)
↓ mRNA de SREBP1c and FAS liver
↓ SREBP 1c
↑ SIRT 1

Prevent lipid accumulation

24 h
Shang et al[30], 2008

HepG2 cells

50 μmol/L resveratrol

Wang et al[28], 2009
Vidyashankar et al[53], 2013

Human
HepG2 cells
Hep G2 cells

24 h
40 μmol/L resveratrol
24 h
10 μmol/L quercetin
24 h

Guo et al[60], 2011

Hep G2 cells

Baselga-Escudero et al[61], 2012

FAO cells

Pil Hwang et al[62], 2013

Hep G2 cells

Liu et al[65], 2011

HepG2 cells

Lee et al[67], 2012

BALB/c
normal liver
cells
Steatosis
produced by
acetaminophen
HepG2

Wang et al[66], 2012

Anthocyanin Cy-3-g
1, 10, 100 μmol/L
24 h
Proanthocyanidins
10, 25, 50, 100 mg/L
1h
3-caffeoyl, 4-dihydrocaffeoylquinic acid
1, 3, 10 μmol/L
1h

↓ Triacylglycerols

↓ Triacylglycerols
↓ Triacylglycerols
↓ Insuline resistance
↓ Oxidative stress
↑ Superoxide dismutase, catalase and
glutathione peroxidase activities
↓ Triacylglycerols

↓ MiR-122 at 25,50,
100 mg/L
↓ MiR.122, FAS with time (1, 3 h. 25
mg/L)
↓ Fat accumulation in a dose-dependent manner

Blueberry extract
↓ Triacylglycerols accumulation
20, 40, 60, 80 and 100 μg/mL 80 μg/m L ↓ 60% of triacylglycerols
24 h
accumulation
Extract of Hibicus sabdariffa L
↑ Cell viability

Inhibit translocation of GPAT1
↓ GPAT, mtGPAT1 activity
25 mg/L, ↓ FAS (5 h) protein expression

↓ SREBP1c, FAS mRNA and protein
expression
= LXRα mRNA expression
↑ Activating AMPK
↑ SIRT1

↓ p-JNK and AIF, tBid and Bax protein expression

0.05, 0.1, 0.5, 1 mg/mL

↓ Lipid peroxidation

48 h

↑ Catalase and GSH

Extract of Ginkgo biloba
200 μg/mL in vitro
24 h

↓ Triacylglycerols

↑ CPT-1a, ACO mRNA expression
↓ FAS, Acac-β mRNA expression
↑ CPT-1a protein expression

↓: Decrease; ↑: Increase. RSV: Resveratrol; ACC: Acetyl CoA carboxylase; FAS: Fatty acid synthase; AMPK: AMP-activated kinase; SREBP1c: Sterol regulatory element binding protein 1c; SIRT1: Sirtuin 1; Q: Quercetin; GPAT1: Glycerol-sn-3-phosphate acyltransferase 1; mtGPAT1: Mitochondrial glycerol-sn3-phosphate acyltransferase 1; LXRα: Liver X receptor α; pJNK: Activated c-Jun N-terminal kinase; AIF: Apoptosis inducing factor; GSH: Glutathione; CPT1a: Carnitine palmitoyltransferase 1a; ACO: Acyl-coenzyme A oxidase 1; Acacβ: Acetyl-coenzyme A carboxylase β.

accordance with the study published by Shang et al[30]
where HepG2 hepatocytes were exposed to high concentrations of glucose and insulin to get a cell steatosis
model. A dose of 50 μmol/L of resveratrol reduced triacylglycerol accumulation. This polyphenol prevented the
decline of phosphorylated AMPK induced by steatosis,
followed by the down-regulation of SREBP-1c and FAS.
In summary, the studies performed in different
models of rodent and human hepatocyte steatosis demonstrate that resveratrol show anti-lipidogenic effects at
doses in the range of 10-50 μmol/L. There is a good
consensus concerning the mechanism of action underlying this effect because all the above mentioned reports

novo lipogenesis, via deacetylase sirtuin 1 (SIRT1).
Other studies have been performed using human
cells. With similar results to those observed in rat hepatocytes, Zang et al[29] showed that incubation of cultured
human HepG2 hepatocytes exposed to high concentrations of glucose, with 10 μmol/L of resveratrol, a
concentration lower than those used in other studies
conducted in rat hepatocytes, for 24 h prevented lipid
accumulation. The authors found a decreased activity of
the lipogenic enzyme ACC. Moreover, they observed an
activation of AMP-activated protein kinase (AMPK), and
concluded that this activation was required for the lipid
lowering effect of resveratrol. These results are in good
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Table 2 In vivo studies carried out with resveratrol
Ref.

Animal model

Resveratrol dose and
treatment period length

Effects

Mechanisms

Baur et al[31], 2006

Male C57BL/6NIA mice fed a 0.04% in the diet (estimated
↓ Lipid droplets in liver
↓ Acetylation status of PGChigh-fat diet
22.4 mg/kg bw per day)
1α protein in liver
6 wk
186 mg kg bw per day
↑ Mitochondrial number
6 wk
Kasdallah-Grissa et al[39], 2006 Male Wistar rats fed a stan- 0.04% in the diet (estimated
↓ Oxidative stress
dard diet
300-450 mg/kg bw per day)
3 g ethanol/kg bw per day
6 wk
↓ Lipid peroxidation
Ahn et al[32], 2008
Male C57BL6/J mice fed an 0.0125% in the diet (estimat- ↓Total lipids and triacylglycer↓ Expression lipogenic enatherogenic diet
ed 10 mg/kg bw per day)
ols in liver
zymes
8 wk
Ameliorated necroinflammation
↑ Expression enzymes involved in fatty acid oxidation
↑ SIRT1 mRNA expression
Ajmo et al[40], 2008
Male C57BL/6J mice fed a low200 mg/kg bw per day
↓ Liver weight
↓ SREBP-1c mRNA and profat diet
tein expressions
Ethanol added to account 29% 400 mg/kg bw per day 4 wk
↓ Lipid droplets
↓ FAS, SCD, ACC, ME mRNA
of total calories
↓ Triacylglycerols
↑ PGC-1α mRNA
↑ ACO, CPT-1a mRNA
↑ Fatty acid oxidation
Activation
AMPK/SIRT1 axis
Bujanda et al[37], 2008
Male Wistar rats
10 mg/kg bw per day
↓ Liver fat infiltration
Steatosis induced by feeding
4 wk
↓ Oxidative stress
rats ad libitum for four days
↓ ALT
per week and then fasting
them the remaining three days
Kim et al[33], 2008
C57BL/6J mice a high fat diet 0.4% in the diet (estimated
↓ Liver weight
↓ Triacylglycerols
400 mg/kg bw per day)
10 wk
Shang et al[30], 2008
Male Wistar rats fed a high-fat,
100 mg/kg bw per day
↓ Triacylglycerols
↑ AMPK phosphorylation
high-sucrose diet
10 wk
(activation)
↓ Lipid droplets
↓ SREBP-1c and FAS mRNA
Rivera et al[42], 2009
Male fa/fa Zucker rats fed
10 mg/kg bw per day
↓ Triacylglycerols
↓ ACC activity
AMPK activation
standard diet
8 wk
Cho et al[34], 2012
Male C57BL/6J mice fed a
0.005% in the diet (0.5 mg/
0.5 mg/kg bw per day
↓ PAP = Enzymes involved in
high-fat diet
kg bw per day)
fatty acid oxidation
10 wk
↓ Triacylglycerols
↓ Number and size of liver fat
↓ FAS and ME activities
droplets
0.02% in the diet (2 mg/kg
2 mg/kg bw per day
↓ PAP = Enzymes involved in
bw per day)
↓ Triacylglycerols
fatty acid oxidation
10 wk
↓ Number and size of liver fat
droplets
Gómez-Zorita et al[43], 2012
Male fa/fa Zucker rats fed a
15 mg/kg bw per day
15 and 45 mg/kg bw
= Lipogenic enzyme activity
45 mg/kg bw per day
↓ Liver weight
↑ Activity of enzymes instandard diet
volved in fatty acid oxidation
↓ Triacylglycerols
6 wk
↓ Oxidative stress
15 mg/kg bw
↓ Transaminases
Poulsen et al[35], 2012
Male Wistar rats fed a high-fat
100 mg/kg bw per day
Normalized triacylglycerols
↑ UCP2
8 wk
diet
No hepatic inflammation
↑ Mitochondria number
Alberdi et al[36], 2013
Male Sprague-Dawley rats fed 30 mg/kg of bw per day
↓ Triacylglycerols
↑ Activity of enzymes in6 wk
a high-fat, high-sucrose diet
volved in fatty acid oxidation
= FAS, G6PDH, ME activities
↑ Phosphorylated ACC/total
ACC (inhibition)
↑ Phosphorylated AMPK/total AMPK (activation)
= PPAR-α, SREBP-1c, SIRT1,
PGC-1α, TFAM, COX2, and
HNF-4α,
↓ Acetylated PGC-1α /total
PGC-1α (activation)
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Franco et al[38], 2013

Lactating Wistar rats

30 mg/kg per day
4 wk

↓ Triacylglycerols
↓ Oxidative stress

↓: Decrease; ↑: Increase. BW: Body weight; PGC-1α: Peroxisome proliferator-activated receptor-c coactivator 1 α; SIRT1: Sirtuin 1; SREBP-1c: Sterol regulatory element binding protein 1c; FAS: Fatty acid synthase; SCD: Stearoylcoenzyme A desaturase; ACC: Acetyl CoA carboxylase; ME: Malic enzyme; ACO:
Acyl-coenzyme A oxidase 1; CPT-1a: Carnitine palmitoyltransferase 1a; AMPK: AMP-activated kinase; ALT: Alanine aminotransferase; PPAR-γ: Peroxisome proliferator-activated receptor γ; C/EBP: CCAAT/enhancer binding protein; LXR: Liver X receptor; PAP: Phosphatidate phosphohydrolase; UCP2:
Mitochondrial uncoupling protein 2; G6PDH: Glucose-6-phosphate dehydrogenase; PPAR-α: Peroxisome proliferator-activated receptor α; TFAM: Mitochondrial transcription factor A; COX2: Cyclooxygenase 2; HNF-4 α: Hepatocyte nuclear factor 4 α.

show decreased de novo lipogenesis.

mals received 0.5 mg/kg body weight per day or 2 mg/
kg body weight per day for 10 wk. Resveratrol significantly reduced hepatic triacylglycerol content, although
not in a dose-dependent manner. Consistent with these
results haematoxylin and eosin staining of liver sections
indicated that resveratrol caused a marked decrease in
the number and size of liver fat droplets. In this case the
lower dose appeared to be more effective than the higher dose. In order to examine the mechanism of action
of resveratrol under these experimental conditions the
activity of hepatic lipid-regulating enzymes was assessed.
The high dose of resveratrol significantly decreased
the hepatic activity of fatty acid synthase and glucose6-phosphate dehydrogenase, two lipogenic enzymes
and both doses decreased the activity of phosphatidate
phosphohydrolase, an enzyme that catalyzes the synthesis of triacylglycerols. The enzymes involved in fatty acid
oxidation remained unchanged.
By using a high-fat feeding model, but in this case
working with rats instead of mice, Shang et al[30] observed
that resveratrol, at a dose of 100 mg/kg body weight
per day, orally administered, reduced hepatic triacylglycerol content after 10 wk of treatment. This effect was
confirmed by histopathological analysis. Moreover, rats
treated with the polyphenol showed increased AMPK
phosphorylation and reduced SREBP-1c and FAS gene
expressions. The authors concluded that resveratrol protected the liver from NAFLD and that the activation of
AMPK was involved in the mechanism underlying the
reduction in triacylglycerol accumulation.
By using the same dose of resveratrol (100 mg/kg
body weight per day), Poulsen et al[35] reported that resveratrol prevented liver triacylglycerol accumulation induced by high-fat feeding in rats after 8 wk of treatment.
The semi-quantitative microscopical steatosis grading
revealed severe microvesicular steatosis in the high-fat
fed group, but only slight changes in rats treated with
resveratrol. These findings were consolidated by chemical extraction of hepatic lipid, as the triglyceride content
was significantly lower in resveratrol-treated rats than in
control animals. This effect was related to the increase in
liver mitochondria number. The authors also observed
an increase in uncoupling protein 2 (UCP2), as results
that seems to be related to reduced oxidative stress.
Another study conducted in rats fed a high-fat diet,
but using clearly lower dose of resveratrol, was that reported by Alberdi et al[36]. Rats receiving this polyphenol
in the diet in amounts that assured a dose of 30 mg/kg
body weight per day for 6 wk, showed increased activi-

In vivo studies
The in vivo studies reported have been carried out in rodents (mice and rats) by using different models of liver
steatosis (diet-induced steatosis, ethanol-induced steatosis, genetic steatosis, etc.). These studies have revealed
that this polyphenol reduces liver weight and triacylglycerol content. To explain this effect several mechanisms
of action have been proposed.
One of the most frequently used models of liver
steatosis is high-fat feeding. The first study conducted in
this rodent model was reported by Baur et al[31]. C57BL/
6NIA mice were treated with 22.4 mg resveratrol/kg
body weight per day for 6 wk. Histological examination
of liver showed that resveratrol administration reduced
the accumulation of large lipid droplets. In another cohort of mice supplemented with 186 mg resveratrol/kg
body weight per day for 6 wk the authors observed
that treated animals showed increased number of mitochondria than the controls. This effect was mediated
by deacetylation, and thus activation, of PGC-1α the
co-activator of PPAR-α, the transcription factor which
regulates fatty acid oxidation.
Ahn et al[32] described that the addition of 0.0125%
of resveratrol to an atherogenic diet (a type of high-fat
diet) led to a reduction in total lipids and triacylglycerols
in liver from C57BL/6J mice after 8 wk of treatment.
This amount of resveratrol in the diet corresponded to
a dose of 10 mg/kg body weight per day in this study,
lower than that used by Baur et al[31]. Histological analysis
of liver sections confirmed that resveratrol significantly
ameliorated both hepatic steatosis and necroinflammation. These changes were accompanied by a reduction
in the expression of genes related to lipogenesis and
an increase in the expression of genes related to fatty
acid oxidation. Moreover, resveratrol increased hepatic
expression of SIRT1. Therefore, the authors suggested
that the beneficial effects of resveratrol on liver lipid
metabolism can be exerted by SIRT1 activation.
Kim et al[33] also reported a reduction in liver weight
and triacylglycerols in C57BL/6J fed a high-fat diet supplemented with 0.4% resveratrol for 10 wk. This amount
of resveratrol represented 400 mg/kg body weight per
day in this study, a very high dose. Potential mechanisms
of action for resveratrol concerning this action were not
proposed in this study.
Cho et al[34] compared the effects of two doses of
resveratrol in C57BL/6J mice fed a high-fat diet. Ani-
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ties of palmitoyl transferase 1a (CPT-1a) and acyl-CoA
oxydase (ACO), two enzymes involved in fatty acid
oxidation, and decreased activity of the lipogenic enzyme ACC. The conclusion was that resveratrol partially
prevented the increase in liver fat by increasing fatty
acid oxidation and reducing lipogenesis. The potential
involvement of the AMPK/SIRT1 axis was proposed.
High-fat feeding is not the only model of dietaryinduced steatosis. Bujanda et al[37] analyzed the effects
of resveratrol in a model obtained by feeding rats ad
libitum for four days per week and then fasting them the
remaining three days. This cycle was repeated four times.
After 4 wk of treatment, resveratrol, administered by the
oral route through an orogastric catheter, at a dose of
10 mg/kg body weight per day significantly reduced fat
infiltration in liver. Moreover, oxidative stress, which is
believed to play an important role in the pathogenesis of
NAFLD, was significantly reduced in resveratrol-treated
rats. Finally, serum concentrations of alanine aminotransferase (ALT), an indicator of hepatocyte damage,
were significantly reduced in treated rats.
Franco et al[38], worked with another model of steatosis in rat pups. At birth, lactating rats were randomly
assigned to each one of these groups: early weaning
group (pups from dams which were wrapped with a
bandage to interrupt lactation in the last 3 d of lactation)
or control group (dams whose pups had free access to
milk throughout lactation for 21 d). Pups from the early
weaning group developed fatty livers among other metabolic alterations. The administration of resveratrol, by
gavage, at a dose of 30 mg/kg body weight per day for
one month significantly reduced liver triacylglycerols and
oxidative stress.
Ethanol-induced steatosis is another commonly used
model of fatty liver. Kasdallah-Grissa et al[39] induced
steatosis in rats by administering intraperitoneally 3 g
ethanol/kg body weight, a dose which shows moderate
toxicity. Rats were fed a diet supplemented with 0.5%
of resveratrol for 6 wk. Taking body weight and food
intake of the animals into account the dose of resveratrol was approximately 300-450 mg/kg body weight per
day. Resveratrol treatment attenuated lipid peroxidation
induced by ethanol which indicates that resveratrol reduced oxidative stress and thus showed hepatoprotective properties.
Along the same lines, Ajmo et al [40] reported that
supplementation with resveratrol at doses of 200 and
400 mg/kg body weight per day protected against ethanol-induced steatosis, reducing liver weight and hepatic
triacylglycerols in male C57BL/6J mice. With regard to
the potential mechanisms of action underlying these effects, the authors reported that resveratrol reduced gene
and protein expression of SREBP-1c. This change was
paralleled by a reduction in FAS, stearoyl-CoA desaturase (SCD), ACC and malic enzyme (ME). These results
demonstrate that reduction in lipogenesis was involved
in the anti-lipidogenic effect of resveratrol. Futhermore,
resveratrol increased mRNA levels of peroxisome pro-
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liferator-activated receptor-c coactivator 1 α (PGC-1α),
ACO and CPT-1a. When fatty acid oxidation was measured, mice treated with resveratrol showed increased
values, as expected. Finally, adiponectin, an adipokine
that promotes fatty acid oxidation, was also increased.
These results show that increased fatty acid oxidation
also participated in the effect of resveratrol on liver fat
reduction. All these effects were observed with both
doses with no dose-response pattern. The authors suggested that this protective action of resveratrol was, in
whole or in part, mediated throughout the up-regulation
of SIRT1-AMPK signaling system.
Another model of liver steatosis is the fa/fa Zucker
rat, a genetically obese rat, which shows many human
metabolic syndrome features such as insulin resistance,
dyslipidemia, hyperinsulinemia and hypertension. Peripheral insulin resistance in obese Zucker rats enhances
the mobilization of peripheral fat and the serum level of
free fatty acids. However, liver oxidation or utilization of
free fatty acids is inhibited. Thus, the liver in this rodent
model synthesizes an excess of triacylglycerols and oxidizes a small amount of fatty acids, leading to strong fat
infiltration of the hepatic parenchyma[41].
By using this animal model, Rivera et al[42] demonstrated that the administration of resveratrol at a dose
of 10 mg/kg body weight per day for 8 wk induced a decrease in liver triacylglycerol accumulation. The authors
suggested that this effect was related to the increase of
phosphorylation of AMPK and ACC.
In previous studies from our group, also conducted
in obese Zucker rats, assessed the effect of two doses of
resveratrol (15 and 45 mg/kg body weight) on liver triacylglycerol content as well as on the activity of enzymes
involved in two key metabolic pathways in the control
of hepatic fat accumulation, lipogenesis and fatty acid
oxidation[43]. After 6 wk of treatment, liver weight and
triacylglycerols were decreased, oxidative enzyme activities were increased and lipogenic enzyme activities
remained unchanged in both resveratrol-treated groups,
with no differences between them. These results suggest
that the decrease in liver steatosis was due to increased
fatty acid oxidation. In this study, resveratrol significantly
decreased hepatic thiobarbituric acid reactive substances
(TBARS) formation, indicating an antioxidant effect and
protection from the oxidative stress induced by obesity
and steatosis in Zucker rats. Also, the high dose was able
to diminish the amount of oxidized glutathione (GSSG)
as well as to increase the GSH/GSSG ratio, a sensitive
and reliable measure of the overall level of oxidative
stress. These results suggest that the glutathione redox
state became less pro-oxidizing due to supplementation
with resveratrol. However, the reactive oxygen species
(ROS) scavenging enzyme superoxide dismutase (SOD)
did not seem to be involved in the resveratrol-induced
reduction of oxidative stress.
Summary
There is a general consensus concerning the positive ef-
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fects of resveratrol on liver steatosis in animal models.
The range of doses used in experiments carried out on
mice has been very huge (0.5-400 mg/kg per day). All
the doses analyzed have been shown to be effective. In
the experimental design of the studies described above,
while the lowest doses (0.5 and 2 mg/kg body weight
per day) were used in longer treatments (10 wk), the
highest doses (200-400 mg/kg body weight per day)
were used for shorter periods (4 wk). Thus, based on the
reported data it is not possible to known whether low
doses would be effective over shorter periods of treatment. As far as rats are concerned, the range of doses
used has also been huge, although less than in mice
(10-450 mg/kg body weight per day). The treatment periods were similar to those used in mice (4-10 wk). Due
to the fact that very low doses have not been used in rats
it is not possible to know whether this animal species in
less responsive to resveratrol than the mouse. All these
results suggest that more studies are needed to establish
the best combination of dose-experimental period.
In the vast majority of the experiments described
in the present review resveratrol was administered to
animals at the same time as the factor which induced
liver steatosis (high-fat feeding, ethanol intake, etc.). This
means that resveratrol is able to prevent liver steatosis;
this effect was observed independently of the etiology
of this metabolic situation. Moreover, this polyphenol
also ameliorated steatosis when this alteration was prior
to the treatment, as observed in genetically obese rats.
These rats showed steatosis before being treated with
resveratrol and then showed reduced liver fat accumulation. These facts demonstrate that resveratrol is useful
not only in the prevention of liver steatosis but also in
its treatment.
Only two of all the studies reported used more than
one dose in the same experiment. In the case of Ajmo
et al[40] who used 200 and 400 mg/kg body weight per
day, no dose-response effect was found. By contrast, in
the case of Cho et al[34], the low dose (0.5 mg/kg body
weight per day) appeared to be more effective than the
higher dose (2 mg/kg body weight per day), most likely a
phenomenon of hormesis.
Altogether data reported concerning the mechanisms
of action of resveratrol underlying its liver anti-lipidogenic effect demonstrate that this polyphenol decreases
de novo fatty acid synthesis, as well as triacylglycerol
synthesis, and increases fatty acid oxidation. Moreover,
the reduction of oxidative stress also contributes to this
positive effect. The activation of AMPK and SIRT1 mediates these changes.

treatment compared to the placebo group. Intrahepatic
lipid content was lower after 30 d of resveratrol supplementation in comparison to placebo. This was paralleled
by lower plasma ALT value, both indicating improved
liver function[44].

Effects of quercetin on steatosis
Quercetin is a natural polyphenol belonging to a group
with a variable structure, known as flavonoids. It is found
in onions, broccoli, tomatoes, apples and berries[45].
It has been reported that quercetin exhibits a wide
range of biological functions, including antioxidant, anticarcinogenic and anti-inflammatory activities[46-50]. More
recently, beneficial effects on blood pressure and heart
disease have been described [50-52]. Since 2006, several
studies have shown the interesting properties of this flavonoid in the prevention of liver steatosis (Tables 1 and
3).
In vitro studies
Vidyashankar et al[53] carried out a study with HepG2
cells rendered steatosis by incubation with oleic acidbovine serum albumin complex. These cells were then
treated with a dose of 10 μmol/L of quercetin for 24 h.
Decreased triacylglycerol accumulation, insulin resistance
and inflammatory cytokine secretion, and increased cellular antioxidants were observed. The study suggested
that quercetin was an effective molecule reversing the
symptoms of NAFLD.
In vivo studies
As in the case of resveratrol, different animal models
have been used in in vivo studies. Ying et al[54] used gerbils fed a high-fat diet as a model of steatohepatitis, and
treated them with three doses of quercetin, 15, 30 and
60 mg/kg body weight per day for 2 wk. The lowest
dose was ineffective. By contrast, both 30 and 60 mg/kg
body weight per day reduced liver triacylglycerols, liver
lipid droplet size, serum transaminases and proinflammatory mediators, such as TNF-α and IL-6 in a doseresponse pattern. Only the highest dose reduced liver
collagen.
The rest of the studies reported were conducted in
mice. Kobori et al[55] conducted an experiment in BALB/
c mice showing streptozotocin (STZ)-induced diabetes.
When quercetin was added to the diet at 0.5% for 2 wk,
animals showed a reduction in oxidative stress, as well as
in liver injury produced by STZ.
The same research group carried out another study
by means of a different experimental design[56]. C57BL/
6J mice were a high-fat diet supplemented with 5 g quercetin/kg diet for 20 wk. Treated mice showed a reduction in liver triacylglycerol accumulation. Moreover, the
increase induced by the diet in the expression of peroxisome proliferator activated receptor γ (PPAR-γ), cluster
of differentiation 36 (CD36), SREBP-1c and FAS, genes
which promote lipid accumulation, was normalized.

Human studies
With regard to human beings, there is only one published study so far. Healthy, obese, male volunteers
without a history of diabetes or any other disorder
received 150 mg resveratrol/d or placebo for 1 mo in a
randomized double-blind crossover design. Plasma ALT
concentration was significantly lower after resveratrol
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Table 3 In vivo studies carried out with quercetin
Ref.

Animal model

Kobori et al[55], 2009

BALB/c mice with STZ-induced
diabetes and steatosis fed a standard diet
Kobori et al[56], 2011 C57BL/6 J mice fed a high-fat diet

Marcolin et al[58,59],
2012, 2013

Male C57BL/6J mice fed a diet deficient in methionine and choline

Panchal et al[57],
2012

Male Wistar rats fed a high-fat diet

Jung et al[50], 2013

C57B1/6 mice fed a high-fat diet

Ying et al[54], 2013

Gerbils fed a high-fat diet

Quercetin dose and
treatment period length

Effects

0.5% in the diet
2 wk

↓ Oxidative stress
↓ Liver damage

0.5% in the diet

↓ Triacylglycerols

Mechanisms

Normalized gene expression of
PPAR-γ, SREBP-1c, FAS, CD36
20 wk
↓ Oxidative stress
↑ PPAR-α mRNA expression
0.005% in the diet
↓ Macro/micro vesicular steatosis ↓ Proinflammatory ond profibritic
4 wk
↓ Balloning
gene expression
↓ Serum transaminases
↓ Oxidative stress
↓ DNA damage
0.8% in the diet (50 mg/kg
Attenuated steatosis
↑ Nrf2
bw per day)
8 wk
↓ NF-kβ
↑ CPT-1a
0.025% in the diet
↓ Liver weight
↓ FAS, Acaca, Apoa4, Abcg5, Fdft1
↓ Triacylglycerols
and GPAM mRNA expressions
8 wk
↓ Lipid droplet size
15, 30, 60 mg/kg bw per
All doses
↓ Triacylglycerols
day
2 wk
↓ Lipid droplets size
↓ Serum transaminases
60 mg/kg bw per day
↓ Liver collagen

↓: Decrease; ↑: Increase. STZ: Streptozotocin; PPAR-γ: Peroxisome proliferator activated receptor γ; SREBP-1c: Sterol regulatory element binding protein 1c;
FAS: Fatty acid synthase; CD36: Cluster of differentiation 36; PPAR-α: Peroxisome proliferator activated receptor α; BW: Body weight; CPT-1a: Carnitine
palmitoyltransferase 1a; Acaca: Acetyl-coenzyme A carboxylase α; Apoa4: Apolipoprotein A-Ⅳ; Abcg: ATP-binding cassette, subfamily G, member 5; Fdft1:
Farnesyl-diphosphate farnesyltransferase 1; Gpam: Glycerol-3-phosphate acyltransferase, mitochondrial.

Another interesting effect was the increase in the expression of peroxisome proliferator activated receptor α
(PPAR-α), a transcription factor which control fatty acid
oxidation, reduced by high-fat feeding. Finally, oxidative
stress was reduced by quercetin.
Panchal et al[57], also working with a model of steatosis induced by high-fat feeding, observed attenuated
steatosis in rats treated for 8 wk with quercetin at a dose
of approximately 50 mg/kg body weight per day (0.08%
quercetin in the diet). The authors suggested that this effect was related to the down-regulation of NF-kB, a transcriptional factor that stimulates inflammation, and the
up-regulation of Nrf2, which prevents oxidation. Moreover, quercetin treatment resulted in increased expression
of CPT-1a, a key enzyme of fatty acid oxidation.
Jung et al[50] reported a reduction in liver weight due
to a decrease in the amount of triacylglycerols and lipid
droplets in C57BL/6J mice fed a high-fat diet supplemented with 0.025% of quercetin for 8 wk. In this study
the authors also analyzed the effects of quercetin on the
expression of genes related to lipid metabolism in liver,
such as FAS (involved in de novo lipogenesis), Acetylcoenzyme A carboxylase α (Acaca), apolipoprotein A-Ⅳ
(Apoa4), ATP-binding cassette, subfamily G, member 5
(Abcg5), Fdft1, farnesyl-diphosphate farnesyltransferase
1 (Fdft1) (involved in the synthesis of saturated fatty acids) and glycerol-3-phosphate acyltransferase mitochondrial (GPAM), (involved in triacylglycerol synthesis and
related to SREBP-1c gen). All these genes were down-
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regulated in quercetin-treated mice.
Marcolin et al [58] analyzed the effect of quercetin
(0.005% in the diet) in the protection against steatosis
induced in C57BL/6J mice fed a diet deficient in methionine and choline. In this study, a lower degree of
steatosis and a reduction in transaminases and oxidative
stress were observed in mice treated with quercetin for
4 wk. Moreover, proinflammatory and profibrotic gene
expression was reduced. Later on, in the same cohort of
animals, they observed a reduction in macro/microvesicular steatosis, ballooning and DNA damage induced
by quercetin treatment[59].
Due to fact that the authors of the studies described
above did not provide data concerning food intake, it is
not possible to know the dose (mg/kg body weight per
day) provided to animals in order to be compared with
other reports.
Summary
The number of studies performed with quercetin is lower
than that of studies carried out with resveratrol. The most
commonly used animal model in these studies was mice.
It is important to point out that a low dose of this polyphenol (0.005%) is able to prevent liver steatosis in a quite
short experimental period (4 wk). The only study which
analyzed different doses of quercetin[54] showed a dose
response pattern. As far as the potential mechanisms of
this polyphenol are concerned, quercetin similarly to resveratrol decreases de novo fatty acid synthesis.

7374

June 21, 2014|Volume 20|Issue 23|

Aguirre L et al . Polyphenols and steatosis
Table 4 In vivo studies carried out with other polyphenols
Ref.

Animal model

Polyphenols dose and
treatment period length

Effects

Mechanisms

Guo et al[60], 2011

Male KKAy mice fed
a standard diet

↓ Triacylglycerols
↓ Lipid droplets

↓ GPAT1 activity

Baselga-Escudero et al[61], 2012

Male Wistar rats fed a
standard diet and 2.5
mL of lard oil/kg BW
Male C57BL/6 mice
fed a methionine
and choline-deficient
high-fat diet

Anthocyanin Cy-3-g
0.01% in the diet
12 wk
Proanthocyanidins
250 mg/kg BW
3h
Theaflavin
30 mg/kg BW
by intraperitoneal injection
48, 24, and 2 h before
induction of steatosis by
ischemia-reperfusion

↓ Triacylglycerols

↓ FAS mRNA
↑ miR-122 mRNA

Luo et al[64], 2012

Yoshimura et al[63], 2013

KKAy mice fed a
high-fat diet

Ellagic acid
0.1% in the diet
68 d

↓ Cell ballooning
↓ Microvesicular and
macrovesicular
steatosis
↓ ALT
↓ Oxidative stress
↓ Hepatocyte apoptosis
↓ F4/80-positive cells
(inflammatory cells)
↓ Serum ALT, AST,
↑ FAS mRNA expression
↓ Macrovesicular steatosis = Acaca, SREBP-1c mRNA expression
↓Triacylglycerols
= ACO mRNA expression
↑ CTP-1a, PPAR-α mRNA expression

↓: Decrease; ↑: Increase. GPAT1: Glycerol-sn-3-phosphate acyltransferase 1; BW: Body weight; FAS: Fatty acid synthase; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; Acaca: Acetyl-CoA carboxylase α; SREBP-1c: Sterol regulatory element binding protein 1c; ACO: Acyl-coenzyme A oxidase; CPT-1a: Carnitine palmitoyltransferase 1a; PPAR-α: Peroxisome proliferator activated receptor α.

3g, Guo et al[60] conducted an in vivo study with KKAy
mice fed a standard diet supplemented with 100 mg/kg
of this anthocyanin or not, for 12 wk. The study showed
a reduction in triacylglycerol content and lipid droplets
due to an inhibition in translocation of GPAT1 and a reduction in the synthesis of triacylglycerols. These results
are in good accordance with their own results obtained
in cultured cells.
In the same animal model, but using a high-fat diet
supplemented with 0.1% ellagic acid or not for 68 d, Yoshimura et al[63] observed a decreased in serum free fatty
acids, triacylglycerol, ALT, aspartate transaminase (AST)
and resisitin concentrations, without changes in leptin
and adiponectin. Moreover, a decrease in macrovesicular
steatosis and hepatic triacylglycerol was shown. CPT-1a
and PPAR-α mRNA expression was increased but Acaca, SREBP-1c and ACO mRNA expression remained
unchanged. Surprisingly, the mRNA expression of FAS
was increased.
Luo et al[64] carried out a study with C57BL/6 mice
fed a methionine and choline deficient high-fat diet and
treated with 30 mg of theaflavin /kg body weight by intraperitoneal injections 2, 24 and 48 h before induction
of steatosis by ischemia-reperfusion. They observed that
theoflavin reduced cell ballooning, micro and macrovesicular steatosis, hepatocyte apoptosis, oxidative stress
and inflammatory cells in liver, as well as serum transaminase concentrations.
Baselga-Escudero et al[61] conducted a study with Wistar rats fed ad libitum with a standard diet. The rats were
orally gavaged with lard oil (2.5 mL/body weight) or 250
mg of proantocyanindins dissolved in the lard oil. After 3
h a reduction in serum and hepatic triacylglycerol content

Effects of other polyphenols in
hepatic steatosis
In addition to resveratrol and quercetin, other polyphenols such as antocyanin Cy-3-g, proanthocyanidins,
teaflavin (a flavan-3-ol) and ellagic acid (a tannin) have
studied as potential agent for both prevention and treatment of hepatic steatosis (Tables 1 and 4).
In vitro studies
Guo et al[60] performed a study in HepG2 cells incubated
with 3 doses of anthocyanin cy-3-g (1, 10, 100 μmol/L)
for 24 h. A reduction in triacylglycerol content was observed due to an inhibition in glycerol-sn-3-phosphate
acyl transferase 1 (GPAT1), a key enzyme in the synthesis of triacylglycerols.
In FAO cells, a rat hepatoma cell line, Baselga-Escudero et al[61] studied the effect of proanthocyanidins on
hepatic lipid metabolism. 25 mg/L of these polyphenols reduced FAS and miR-122 expression. miR-122 is
a novel class of non-coding RNA that regulates genes
involved in fatty acid and triacylglycerol synthesis. Moreover, the protein expression of FAS was also decreased.
Pil Hwang et al[62] conducted a study where HepG2
cells were treated with 3 doses (1, 3 and 10 μmol/L) of
3-Caffeoyl, 4-dihydrocaffeoylquinic acid for 1 h. The
study showed that this polyphenol inhibited fat accumulation in a dose dependent manner due to a decrease
in SREBP-1c and FAS gene and protein expressions,
through the activation of AMPK and SIRT1.
In vivo studies
After analyzing the in vitro effects of anthocyanin Cy-
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also conducted an in vivo experiment in BABL/c mice
showing liver damage produced by acetaminophen. Mice
were treated with 3 doses of extract of Hibicus sabdariffa
L. (0.01, 0.02 or 0.03% in the diet) for 2 wk. The study
showed that this polyphenol extract reduced transaminases in a dose-dependent manner, and oxidative stress.
Moreover, decreased liver damage and steatosis were
shown by histopathological analysis.
Beltrán-Debón et al[68] administered an aqueous extract of Aspalathus linearis L. (rooibos; aspalathin, orientin, rutin) (10 g/L drinking water) for 14 wk to LDLr-/mice, which is a model of metabolic alterations that
resembles human metabolic syndrome in some aspects.
This extract reduced serum triacylglycerols and free fatty
acids. Moreover, histopathological analysis showed that
steatosis degree was also lower in mice supplemented
with rooibos extract.
db/db mice fed a standard diet were used in the
study reported by Tsuruta et al[69]. Animals were supplemented with an extract of Nelumbo nucifera L. (lotus root;
proanthocyanidins, carechin, gallocatechin) at a dose of
0.5% in the diet for 3 wk. Lotus root extract reduced
liver weight by 15% and triacylglycerol accumulation by
62%, but these changes did not reach statistical significance. Transaminases, which are hepatic injury markers,
also tended to be lower (-24% ALT and -17% AST). In
addition, the activity of lipogenic enzymes FAS and ME
were decreased and CPT-1a, an enzyme related to fatty
acid oxidation, remained unchanged.
In order to assess the effect of green tea, Axling et al[70]
carried out a study with C57BL/6J mice fed a high-fat
diet supplemented with 4% for 11 and 22 wk. Green
tea (catechins) reduced serum triacylglycerols and ALT.
In liver, this polyphenol extract reduced weight and the
amount of triacylglycerols. All these results were observed during both treatment periods. In order to analyze the potential mechanisms of action, gene expression
of SREBP-1c, PPAR-γ and ACC was assessed, but only
in the group treated for 22 wk. All these genes showed
down-regulation induced by green tea.
The effects of an extract of grape skin were tested
by Park et al[71]. C57BL/6J mice were fed a high-fat diet
supplemented with 0.15% of this extract for 10 wk.
They showed decreased serum free fatty acids and leptin
and increased adiponectin concentrations. With regard
to liver, a reduction in triacylglycerols was observed. In
order to determine the potential mechanisms of action,
gene expression and activity of enzymes related to hepatic triacylglycerol metabolism were analyzed. Both the
expression and the activity of enzymes involved in de
novo lipogenesis, such as FAS, glucose-6-phosphate dehydrogenase (G6PDH) and ME and triacylglycerol synthesis, such as phosphatidate phosphohydrolase (PAP), were
decreased. Accordingly, gene expression of PPAR-γ was
also reduced. CPT-1a and PPAR-α mRNA levels, as well
as β-oxidation were increased. Surprisingly, no changes
were observed in CPT-1a activity.
Feillet-Coudray et al[72] carried out a study using Wistar rats fed a high-fat diet supplemented (0.2%) with

was observed. Similar to what these authors observed in
cultured cells, increased miR-122 mRNA levels accompanied by decreased FAS mRNA levels were found.
Summary
It is not possible to compare the above described studies because important differences in terms of type of
polyphenol used, dose and animal model exist among
them. Nevertheless, the reported results show that all the
polyphenols tested, belonging to different families, show
an anti-lipidogenic effect. As in the case of resveratrol,
the potential mechanisms that justify this effect are decreased synthesis of fatty acids and triacylglycerols and
increased fatty acid oxidation.

Effects of polyphenol extracts in
hepatic steatosis
In addition to studies conducted with individual polyphenols, several works have used polyphenol extracts
with different origins and compositions. Although using
polyphenol extracts makes it quite complicated to assign
the beneficial effects observed to a specific molecule,
they have two clear advantages. On the one hand, they
better mimic the real situation in our dietary patterns.
On the other hand, additive or synergic effects can be
observed. In this context, sometimes combinations of
molecules present beneficial effects that are not shown
when they are administrated separately (Tables 1 and 5).
In vitro studies
There are few studies analyzing the effect of polyphenols extracts in vitro. Liu et al[65] studied the effect of
blueberry phenolic compounds (anthocyanins, flavanols)
at different doses (20-120 μmol/L) in HepG2 cells for
24 h. An inhibitory effect was observed in triacylglycerols accumulation in a dose-dependent manner. The maximum inhibitory value (approximately 60%) was reached
at a concentration of 80 μmol/L.
Wang et al[66] analyzed the effect of 200 μmol/L of a
Ginkgo biloba extract (quercetin, kaempfenol) for 24 h in
HepG2 cells. This extract reduced triacylglycerols content due to the up-regulation of CPT-1a, ACO, FAS and
Acetyl-CoA carboxylase β (Aca-β) gene expression and
CPT-1a protein expression.
Lee et al[67] studied the effect of an extract of Hibiscus
sabdariffa L. (including 8.83% protocatechuic acid, 9.97%
catechin, 10.23% epigallocatechin, 20.20% epigallocatechin gallate, 18.10 caffeic acid) in BALB/c liver cells
damaged with acetaminophen. Cells were treated with
different doses of this polyphenol extract (0.05, 0.1, 0.5
or 1 mg/mL) for 48 h. The results showed that Hibiscus
sabdariffa L. reduced triacylglycerol content. Moreover, it
was able to eliminate the release of intermembrane proteins and to reduce cell death.
In vivo studies
Lee et al[67], in the study described in the previous section,
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Table 5 In vivo studies carried out with polyphenol extracts
Ref.

Animal model

Polyphenols extract, dose and
treatment period length

Effects

Feillet-Coudray et al[72], Male Wistar rats Provinol®, a polyphenol extract
2009
fed a high-fat
obtained from red wine
0.2% in the diet
diet
6 wk
Aoun et al[73], 2010
Male Wistar rats Provinol®, a polyphenol extract
fed a high fat
obtained from red wine
0.2% in the diet
diet
6 wk

Beltrán-Debón et al[68],
2011
Tsuruta et al[69], 2011

Axling et al[70], 2012

Lee et al[67], 2012

Wang et al[66], 2012

Park et al[71], 2013

Yui et al[74], 2013

LDLr-/- mice
fed a standard
diet
db/db mice fed a
standard diet
C57BL/6 J mice
fed a high fat
diet
BABL/c mice
fed a standard
diet
Steatosis
produced by
acetaminophen
Male Wistar rats
fed a high-fat
diet
C57BL/6 J mice
fed a high-fat
diet

OLETF rats fed
a standard diet

Mechanisms

↓ Macroesteatosis
↓ Lipid droplets
↓ Lipid peroxidation
↓ Triacylglycerols
↓ Macroesteatosis
= Fatty acid composition

↑ SIRT protein expression

= SCD1, pAMPK, SREBP-1c, FAS,
HNF-4 α, PGC1α and CPT-1a protein
expression
↑ AMPK protein expression

Aspalathus linearis L. (rooibos)
Lower steatosis degree
10 g/L drinking water
14 wk
Nelumbo nucifera L. (lotus root)
↓ 15% Liver weight (tendency)
= CPT-1a activity
0.5% in the diet
↓ 62%Triacylglycerols (tendency)
↓ FAS, ME activity
3 wk
↓ Transaminases (tendency)
Green tea
↓ Liver weight
↓ SREBP-1c, PPAR-γ, ACC mRNA (22
4% in the diet
↓ Triacylglycerols
wk)
11 and 22 wk
↓ Serum ALT
Extract of Hibicus sabdariffa L
↓ Liver damage
↓ p-JNK and AIF, tBid and Bax protein
0.01%, 0.02% or 0.03% in the
↓ Liver steatosis
expression
diet
↓ Serum ALT, AST (dose dependent)
2 wk
↓ Oxidative stress

Extract of Ginkgo biloba
0.25% in the diet

↓ Triacylglycerols

(160 mg/kg bw per day)
10 wk

↑ Serum adiponectin

Humulus lupulus L. (hop pomace)
1% in the diet
70 d

↓Liver weight (tendency)

↑ CPT-1a activity
↑ CPT-1a, Acaa1, Slc25a20, Hadh, ACO,
PPAR-α, RXR-α mRNA expression,
↓ FAS mRNA expression
↓ FAS, SCD1, PAP
↑CPT-1a, PPAR-α mRNA expressions
and activities
↓ PPAR-γ,
↑ PPAR-α, CPT-1a mRNA expressions
↑ β oxidation,
= CPT-1a activity
↓ de novo lipogenesis

↓ Triacylglycerols (tendency)

= ACO, CPT-1a activity

12 wk
Extract of grape skin
0.15% in the diet

↓ Triacylglycerols
↓ Serum leptin

↓: Decrease; ↑: Increase. SIRT: Sirtuin 1; SCD1: Stearoyl-CoA desaturase; AMPK: AMP-activated kinase; pAMPK: Phosphorylated AMP-activated kinase;
SREBP-1c: Sterol regulatory element binding protein 1c; FAS: Fatty acid synthase; HNF-4α: Hepatocyte nuclear factor 4 α; PGC-1α: Peroxisome proliferatoractivated receptor-c coactivator 1α; CPT-1a: Carnitine palmitoyltransferase 1a; ME: Malic enzyme; ALT: Alanine aminotransferase; PPAR-γ: Peroxisome
proliferator activated receptor γ; ACC: Acetyl CoA carboxylase; pACC: Phosphorylated acetyl CoA carboxylase; AST: Aspartate aminotransferase; p-JNK:
Activated c-Jun N-terminal kinase; AIF: Apoptosis inducing factor; Acaa1: acetyl-coenzyme A acyltransferase 1; Slc25a20: Solute carrier family 25, member
20; Hadh: Hydroxyacyl-coenzyme A dehydrogenase; ACO: Acyl-coenzyme A oxidase; PPAR-α: Peroxisome proliferator activated receptor α; RXR-α: Retinoid X receptor α; PAP: Phosphatidate phosphohydrolase.

of Provinol ® (46.0% proanthocyanidols, 21.0% prodelphinidol, 6.1% anthocyanins, 3.8% cathechin, 3.0 %
epicatechin gallate, 1.8% OH cinnamid acid, 1.4% quercetol; 0.15% resveratrol, 0.09 free anthocyanins) which
is a polyphenol extract obtained from red wine for 6 wk.
The histological analysis revealed a decrease in macroesteatosis and fat droplets in treated animals. A reduction in
hepatic lipid peroxidation was also observed. The potential
mechanisms of action underlying these effects were further
reported by this research group[73]. Provinol® increased
protein expression of SIRT1, without changing SCD1,
SREBP-1c, FAS, hepatocyte nuclear factor 4 α (HNF4 α ), PGC-1 α , CPT-1a and phosphorylated AMPK.
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Moreover, a decrease in phosphorylated ACC was observed. Therefore, the authors suggested that the reduction in liver triacylglycerol accumulation was, at least in
part, regulated by the inhibition of ACC, the limiting
enzyme in de novo lipogenesis, probably through the activation of SIRT1 deacetylase.
Finally, Yui et al[74] carried out a study with OLEF rats
fed a standard diet supplemented with 1% Humulus lupulus L. (hop pomace; flavonoids, procyanidins) for 70 d.
Liver weight and hepatic triacylglycerol content showed
a tendency towards reduced values. A reduction in de
novo lipogenesis was observed, without changes in ACO
and CPT-1a activity.
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Summary
All the polyphenol extracts analyzed were able to reduce
liver fat accumulation. As expected, the mechanisms underlying this effect were those reported in studies carried
out with isolated polyphenols.

10

11

CONCLUSION

12

As a general conclusion, it can be stated that polyphenols are biomolecules which present hepatoprotective
effects because they reduce liver fat accumulation and
decrease oxidative stress and inflammation, the two main
factors responsible for liver damage. To date, these beneficial effects have been demonstrated in cultured cells
and animal models. Thus, studies performed in humans
are needed before these molecules can be considered as
truly useful tools in the prevention of liver steatosis.
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Role of gut microbiota and Toll-like receptors in
nonalcoholic fatty liver disease
Kouichi Miura, Hirohide Ohnishi
parameters in obesity and NAFLD. In children, the levels of Escherichia were significantly increased in nonalcoholic steatohepatitis (NASH) compared with those in
obese control. Escherichia can produce ethanol, which
promotes gut permeability. Thus, normalization of gut
microbiota using probiotics or prebiotics is a promising
treatment option for NAFLD. In addition, TLR signaling
in the liver is activated, and its downstream molecules,
such as proinflammatory cytokines, are increased in
NAFLD. To data, TLR2, TLR4, TLR5, and TLR9 have
been shown to be associated with the pathogenesis of
NAFLD. Therefore, gut microbiota and TLRs are targets
for NAFLD treatment.
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Abstract
Emerging data have shown a close association between
compositional changes in gut microbiota and the development of nonalcoholic fatty liver disease (NAFLD).
The change in gut microbiota may alter nutritional
absorption and storage. In addition, gut microbiota are
a source of Toll-like receptor (TLR) ligands, and their
compositional change can also increase the amount of
TLR ligands delivered to the liver. TLR ligands can stimulate liver cells to produce proinflammatory cytokines.
Therefore, the gut-liver axis has attracted much interest, particularly regarding the pathogenesis of NAFLD.
The abundance of the major gut microbiota, including
Firmicutes and Bacteroidetes , has been considered a
potential underlying mechanism of obesity and NAFLD,
but the role of these microbiota in NAFLD remains unknown. Several reports have demonstrated that certain
gut microbiota are associated with the development of
obesity and NAFLD. For instance, a decrease in Akkermansia muciniphila causes a thinner intestinal mucus
layer and promotes gut permeability, which allows the
leakage of bacterial components. Interventions to increase Akkermansia muciniphila improve the metabolic
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Core tip: The gut-liver axis has attracted much interest
particularly regarding the pathogenesis of nonalcoholic
fatty liver disease (NAFLD) because gut microbiota
contribute to nutritional absorption and storage. In addition, gut microbiota are a source of Toll-like receptor
(TLR) ligands, which can stimulate liver cells to produce proinflammatory cytokines. To date, TLR2, TLR4,
TLR5, and TLR9 have been shown to be associated
with the pathogenesis of NAFLD. The present article
reviewed the current understanding of gut microbiota
and TLR signaling in NAFLD and potential treatment
targeted at gut microbiota and TLRs.
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and interferons. However, sustained elevation of these
cytokines injures the host; thus, continuous stimulation
of TLR signaling does not always provide a benefit for
the host. Recent data demonstrate that TLR signaling
enhances hepatic injury in NASH, alcoholic liver disease,
and chronic viral hepatitis [14-16]. Among the 13 TLRs
identified in mammals, the pathogenesis of NASH is associated with TLRs including TLR2, TLR4, TLR5, and
TLR9[14,17-20], which recognize lipopolysaccharide (LPS),
peptidoglycan, flagellin, and bacterial DNA, respectively.
Table 1 summarizes the results of TLR mutant mice fed
a diet that induce NAFLD. Although other TLRs may
contribute to the development of NAFLD, no solid data
are available.
TLR4 is a receptor for LPS, which is a cell component of Gram-negative bacteria. Circulating LPS levels
are elevated in rodent NAFLD induced by a high-fat (HF)
diet, fructose-rich diet, methionine/choline-deficient
(MCD) diet or choline-deficient amino acid-defined
(CDAA) diet[9,11,19,21]. Although the mechanism by which
these diets induce steatosis is different, these diets modify the gut microbiota and gut permeability[22,23]. Wild type
(WT) mice on these diets show steatosis/steatohepatitis
with increased expression of TLR4 and proinflammatory cytokines. LPS injections in NAFLD mice further
increased proinflammatory cytokines and promoted liver
injury[24,25]. Even in WT mice on standard laboratory
chow, continuous infusion of low-dose LPS resulted in
hepatic steatosis, hepatic insulin resistance, and hepatic
weight gain[21]. Supporting the role of the LPS-TLR4
pathway in the development of NAFLD, TLR4 mutant
mice are resistant to NAFLD[9,19,26], even though LPS
levels are equivalent to those in WT mice. Consistent
with histological findings in the liver, the expression of
proinflammatory cytokines was suppressed in TLR4 mutant mice. Because 80% of intravenously injected LPS
accumulates in the liver within 20-30 min[27,28], the liver is
a target of LPS. In humans, plasma LPS levels are also
elevated in metabolic syndromes including diabetes[29,30]
and in NAFLD patients[31,32]. As in rodents, an HF diet
elevates plasma endotoxin concentrations and endotoxin activity in humans[33,34]. Total parenteral nutrition
and intestinal bypass surgery can increase plasma LPS
levels. Under these conditions, hepatic steatosis occured
without metabolic syndrome[35-37]. Antibiotics treatment
to kill Gram-negative bacteria decreased plasma LPS
levels and attenuated the steatosis in these patients[35-37].
Thus, LPS is closely associated with the development of
NAFLD, and TLR4 signaling is a key pathway for the
progression of NAFLD in humans as well as rodents.
TLR9 recognizes DNA containing an unmethylatedCpG motif, which is rich in bacterial DNA[12,13]. TLR9
expression in the liver is increased in several types of
nonalcoholic steatohepatitis (NASH) models[14,38,39], and
bacterial DNA is detected in blood and ascites samples
from advanced cirrhosis patients[40,41]. We have demonstrated that bacterial DNA is detectable in the blood in
CDAA-fed mice but not in control diet-fed mice[14]. To

INTRODUCTION
The gut-liver axis has attracted much interest regarding the pathogenesis of nonalcoholic fatty liver disease
(NAFLD), in which the balance between nutritional absorption and energy storage and expenditure is impaired.
The gut is an organ that absorbs a variety of nutritional
components from food; gut microbiota plays an important role in humans as well as rodents[1-3]. In addition,
gut microbiota contribute to energy storage in the liver.
Bäckhed et al[4] clearly showed that conventionally raised
mice had a 42% higher body fat as well as hepatic triglyceride content than germ-free mice despite the fact that
conventionally raised mice consuming fewer calories.
Supporting the role of gut microbiota in nutritional absorption, germ-free mice in which gut microbiota from
conventionally raised mice were transplanted produced a
57% increase in body fat within 2 wk. Certain gut bacteria are able to ferment complex carbohydrates, which are
not digested by mammalian enzymes. Short-chain fatty
acids (SCFAs), which are digested products of complex
carbohydrates, account for 10% of dairy energy intake[5]
and also stimulate de novo lipogenesis[6]. Thus, gut microbiota contribute to the development of NAFLD.
In addition to nutritional absorption and energy storage, the gut microbiota are a source of Toll-like receptor
(TLR) ligands, which induce inflammation under certain
conditions. Although bacterial components are potent
TLR ligands, the liver has a high tolerance to TLR ligands because hepatic cells express minimal TLRs in
normal liver. In contrast, TLR signaling is activated and
downstream molecules are increased in NAFLD because
the tolerance has been disrupted[7]. Altered gut microbiota and increased gut permeability are potential causes
of the breakdown of tolerance. Indeed, circulating
bacterial components and hepatic TLR expression are
increased in human NAFLD patients as well as in animal
models[8-11]. Thus, gut microbiota and TLRs are potential
targets for NAFLD treatment.
The exact mechanisms by which gut microbiota contribute to NAFLD are poorly understood, although the
role of gut microbiota in the development of NAFLD is
well documented. Here, we first review the role of TLRs
that are associated with NAFLD. Then we describe the
function of gut microbiota observed in metabolic syndromes including NAFLD.

TLRS ARE ASSOCIATED WITH THE
DEVELOPMENT OF NAFLD
TLRs are pattern recognition receptors that perceive
bacterial and viral components[12,13]. TLR signaling is
suppressed in healthy liver but is activated when pathogenic microorganisms and bacteria-derived molecules are
delivered to the liver. This TLR signaling is the first line
of defense against the invading pathogens through the
production of anti-bacterial and anti-viral cytokines such
as tumor necrosis factor (TNF) α, interleukin (IL)-1β,
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Table 1 Toll-like receptor mutant mice and nonalcoholic fatty liver disease
Mice
TLR2 KO
TLR2 KO
TLR2 KO
TLR2 KO
TLR2 KO
TLR4 mu
TLR4 KO
TLR4 mu
TLR4 mu
TLR5 KO
TLR9 KO

Diet

Duration

Steatosis

Inflammation

Fibrosis

Ref.

MCD
MCD
CDAA
HF
HF
MCD
MCD
HF
Fru
ST
CDAA

5 wk
8 wk
22 wk
20 wk
5 wk
3 wk
8 wk
22 wk
8 wk

Identical
Worsen
Identical
Improved
Improved
Improved
Improved
Improved
Improved
Worsen
Improved

Worsen
Worsen
Improved
Improved
Improved
Improved
Improved
N/A
Improved
Worsen
Improved

N/A
N/A
Improved
N/A
N/A
N/A
Improved
N/A
N/A
N/A
Improved

[17]
[18]
[48]
[46]
[47]
[9]
[19]
[26]
[10]
[20]
[14]

22 wk

Assessment of toll-like receptor (TLR) mutant mice were compared with control (WT) mice. CDAA: Choline-deficient amino-acid defined; Fru: Fructoserich; HF: High fat; MCD: Methionine and choline deficient.

report on TLR5 showed that a lack of TLR5 in mice
resulted in spontaneous colitis[49], indicating that TLR5
plays a protective role in the intestinal epithelium. A
rederived line of TLR5 KO mice developed obesity and
steatosis[20]. A striking finding in TLR5 KO mice is the
alteration in gut microbiota at the species level. Transfer
of TLR5 KO microbiota to WT germ-free mice reproduced the metabolic syndrome. On the other hand,
TLR5 deficient mice from different animal colonies
show no basal inflammation and metabolic syndrome
under normal conditions[50]. These data suggest that the
interplay between TLR5 and specific gut microbiota
contributes to the development of metabolic syndrome.

investigate the role of TLR9, WT mice and TLR9 deficient mice were fed a CDAA diet to induce steatohepatitis. TLR9 deficient mice on the CDAA diet showed less
steatosis, inflammation, and liver fibrosis compared with
their WT counterparts. In addition, insulin resistance and
weight gain induced by the CDAA diet were suppressed
in TLR9 deficient mice[14]. A TLR9 ligand evokes inflammasome-associated liver injury[42,43], which is activated
in human NASH compared with chronic hepatitis C[44].
Consistent with the in vivo experiments results, TLR9
signaling is associated with inflammasome expression in
WT macrophages[14,45], resulting in the production of IL1β. These data indicate that TLR9 signaling promotes
the progression of NASH.
TLR2 perceives components of Gram-positive bacterial cell walls such as peptidoglycan and lipoteichoic
acid[12,13]. The levels of Firmicutes, which are Grampositive bacteria and a major component of the gut
microbiota, are increased in mice on an HF diet, suggesting that TLR2 ligands are rich in gut microbiota
in obese mice. Blockade of TLR2 signaling prevents
insulin resistance induced by an HF diet in mice[46,47].
We have shown that TLR2 deficient mice are resistant
to CDAA-induced steatohepatitis [48]. TLR2 deficient
mice on a CDAA diet showed lower expression of proinflammatory cytokines such as TNFα and IL-1β. In in
vitro experiments, TLR2 ligands induced proinflammatory cytokines in WT macrophages.
In contrast, TLR2-deficient mice on an MCD diet
exhibit equivalent or more severe steatohepatitis as a result of hypersensitivity to LPS[17,18]. Although the MCD
diet induces typical features of steatohepatitis, metabolic
parameters are completely different; mice on MCD lose
weight with increased insulin sensitivity, whereas mice
on an HF or CDAA diet gain weight accompanied by
insulin resistance. The difference in gut microbiota may
account for the contrasting results in the role of TLR2
ligands.
TLR5 is a receptor for bacterial flagellin. Although
the role of hepatic TLR5 expression remains unknown,
its expression on intestinal mucosa plays critical roles
in the development of metabolic syndrome. The first
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PROINFLAMMATORY CYTOKINES IN
NAFLD
Proinflammatory cytokines such as TNFα and IL-1β are
downstream targets of TLRs and have been shown to
promote the progression of NAFLD in animal models.
For instance, TNFα signaling deficiency was resistant
to NAFLD induced by an HF diet[51] or MCD diet[52].
Additionally, mice that were deficient in IL-1β signaling were protected from HF diet-induced fatty liver[53]
or CDAA diet-induced NASH [14]. In addition, mice
that were deficient in inflammasome components and
caspase-1, which converts the pro-form of IL-1β to its
active form, were also resistant to steatosis/steatohepatitis in NAFLD models[54,55]. These data indicate that
TNFα and IL-1β are important mediators in the development of NAFLD. Because NAFLD patients show
increased expressions of these cytokines as well as their
receptors[56-58], these molecules are potential targets for
NAFLD treatment.
TNFα regulates lipid metabolism and hepatocyte
cell death. TNFα impairs insulin signaling by inhibiting insulin receptors and insulin receptor substrate-1[59],
resulting in insulin resistance with elevated insulin levels.
Insulin resistance increases fatty acid release from adipose tissue and inhibits free fatty acid (FFA) uptake in
adipocytes. On the other hand, elevated insulin concen-
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matory cytokine production.

Table 2 Classification of gut microbiota based on Gram staining
Gram-positive bacteria
Actinobacteria
Firmicutes
TM7

Gram-negative bacteria

Unclassified

Bacteroidetes
Cyanobacteria
Verrucomicrobia

Deferribacteres
Tenericutes

COMPOSITIONAL CHANGE IN GUT
MICROBIOTA IN OBESITY AND NAFLD
Because gut microbiota are a source of TLR ligands,
their compositional change is a potential trigger in the
activation of TLR signaling in the liver. Thus, there has
been extensive research aimed at identifying the specific
bacteria changes that lead to NAFLD. At least following
nine microbacteria phyla reside in the gut: Actinobacteria,
Bacteroidetes, Cyanobacteria, Deferribacteres, Firmicutes, Proteobacteria, Tenericutes, TM7, and Verrucomicrobia. Of them,
Bacteroidetes and Firmicutes are major components of
gut microbiota at the phylum level in rodents and humans[71]. Table 2 shows the classification based on the
Gram staining. Proteobacteria, Actinobacteria, and Verrucomicrobia are minor phyla compared with Bacteroidetes and
Firmicutes. Currently, there is insufficient information on
TM7, Deferribacteres, Cyanobacteria and Tenericutes in metabolic syndrome.
Most studies have shown that the levels of Firmicutes are increased whereas those of Bacteroidetes are
decreased in obesity and its related diseases[72-74] in humans as well as rodents; thus, an increased Firmicutes/
Bacteroidetes ratio is a potential phenotype of obesity.
In addition, the levels of Bacteroidetes were increased
by interventions aimed at weight reduction, including
prebiotics treatment[75] and Roux-en-Y gastric bypass
(RYGB) surgery[76] in obese mice. These data suggest
that Bacteroidetes are likely to have beneficial effects
on obesity. On the other hand, transplantation of commensal Bacteroides thetaiotaomicron into germ-free mice
induced a 23% increase in body fat[4]. It remains unclear
whether the compositional change is a cause or result of
obesity. To date, the role of Bacteroidetes in metabolic
syndrome remains unknown. If a high Firmicutes/Bacteroidetes ratio is a feature of obesity, one may speculate
that a larger amount of TLR2 ligands is delivered to
the liver because Firmicutes are Gram-positive bacteria.
Indeed, TLR2 deficient mice were resistant to NAFLD
induced by an HF diet, which increases Firmicutes. On
the other hand, mice on an MCD diet, a NASH model
that exhibits weight loss, showed an increase in the levels of Gram-negative bacteria of the Bacteroidetes fragilis
group[22], suggesting that TLR4 ligands are increased.
As expected, TLR4 mutant mice were protected from
NASH induced by an MCD diet[9,19]. Although the Firmicutes/Bacteroidetes ratio is likely to be correlated with the
amount of TLR2 and TLR4 ligands, the association between gut microbiota and TLRs is not so simple. For instance, TLR4 deficient mice are also resistant to NAFLD
induced by an HF diet, which increases the levels of
Gram-positive bacteria. Detailed analysis showed that an
HF diet increased the abundance of some minor Gramnegative bacteria such as Desulfovibrionaceae and Enterobacteriaceae[21,77]. Although both of these bacteria belong
to a minor phylum, Proteobacteria, they are a potential

tration facilitates FFA flux into hepatocytes and hepatic
lipogenesis[60]. Moreover, TNFα promotes cholesterol
accumulation in hepatocytes by increasing cholesterol
uptake through LDL receptors and by decreasing the efflux through lipid transporting genes such as ABCA1[61].
Lipid-accumulated hepatocytes are more sensitive to
TNFα-mediated cell death[62,63]. Although TNFα does
not induce apoptosis in normal hepatocytes by inducing nuclear factor κB (NF-κB)-related anti-apoptotic
genes[64], excessive lipid levels in hepatocytes alter the cell
survival signals. For instance, lipid-accumulated hepatocytes generate reactive oxygen species[62] and show increased gene expression of ASK-1 and c-Jun N-terminal
kinase (JNK)[63], which drive cell death signaling.
IL-1β also mediates the features of NAFLD including steatosis[14,53] and hepatocyte death[14]. IL-1β regulates
lipid metabolism by suppressing PPARα and its downstream molecules, resulting in hepatic accumulation of
triglycerides[65]. On the other hand, IL-1β increases the
expression of diacylglycerol acyltransferase 2, an enzyme
that converts diglycerides to triglycerides[14]. Thus, IL-1β
promotes triglycerides accumulation in hepatocytes. IL1β contributes to hepatocyte death when hepatocytes are
laden with lipids. Pro-apoptotic genes such as Bax are
induced in lipid-accumulated hepatocytes upon IL-1β
stimulation, whereas anti-apoptotic genes are increased
in normal hepatocytes[14].
A major source of these proinflammatory cytokines
is macrophages in the liver because macrophage depletion by liposomal clodronate causes low expression
of TNF α and IL-1 β [9,66]. In addition, mice deficient
in TLR2, TLR4, and TLR9 exhibit low expression of
proinflammatory cytokines even when these mice were
fed a CDAA or MCD diet[9,14,48]. For a detailed analysis
of hepatic macrophages, we generated chimeric mice in
which WT mice and TLR2 deficient mice were reconstituted with TLR2 deficient macrophages and WT macrophages, respectively. Using a combination of macrophage depletion and bone marrow transplantation, more
than 90% of the macrophages were successfully reconstituted by transplanted macrophages[11,15,67]. Chimeric
mice reconstituted with TLR2 deficient macrophages
reduced inflammation and liver fibrosis[48]. These data indicate that TLR2 on macrophages contribute not only to
inflammation but also to liver fibrosis. Recent data show
that TNFα and IL-1 produced by hepatic macrophages
contribute to liver fibrosis by promoting the survival of
activated hepatic stellate cells[68]. Indeed, IL-1β induces
pro-fibrogenic genes in hepatic stellate cells[14,69,70]. These
data indicate that hepatic macrophages contribute to the
pathogenesis of NAFLD by TLR-mediated proinflam-
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source of LPS[78,79]. In addition, Desulfovibrionaceae can
disrupt the gut barrier[80], suggesting that these bacteria
contribute to the pathogenesis of NAFLD, even at low
levels. In vitro experiments indicate that LPS stimulates
TLR4 at low concentrations compared with a TLR2
ligand. Thus, minor populations of gut microbiota may
participate in the hepatic inflammation in the setting of
an HF diet.
Proteobacteria, a phylum of Gram-negative bacteria,
includes several pathogenic bacteria such as Escherichia
coli, Salmonella, Vibrio parahaemolyticus, and Helicobacter pylori. In obese humans and mice, the levels of Proteobacteria are increased in their abundance. On the other hand,
the Proteobacteria phylum was also increased after RYGB
surgery[76]. Because the Proteobacteria phylum includes both
non-harmful and pathogenic bacteria, further investigation is required to determine the role of Proteobacteria in
the development of NAFLD.
The Verrucomicrobia phylum includes mucin-degrading
bacteria Akkermansia muciniphila residing in the mucus
layer of the intestine, which represents 3%-5% of the
microbial community of healthy humans[81,82]. Recent
studies showed that the proportion of Akkermansia
muciniphila was decreased in the obese and was inversely correlated with body weight in rodents and humans[75,83-85]. Cani et al[75] intensively investigated the role
of Akkermansia muciniphila in obese mice. Probiotic treatment significantly increased the abundance of Akkermansia muciniphila and improved metabolic parameters in
obese mice models. In addition, Akkermansia muciniphila
treatment reversed fat gain, serum LPS levels, gut barrier
function, and insulin resistance by increasing endocannabinoids and gut peptides. Shin et al[86] reported that
metformin, an anti-diabetic agent, increased the abundance of Akkermansia muciniphila, in which Treg cells
improve insulin signaling. Furthermore, RYGB surgery
increases the levels of Akkermansia muciniphila[76]. These
data suggest that Akkermansia muciniphila has potential
as a probiotics.

of the Proteobacteria phylum. Among the Proteobacteria phylum, the levels of Escherichia were significantly increased
in NASH compared with those in obese children.
They also found higher plasma ethanol levels in NASH
children. They speculated that Escherichia produced
ethanol in the gut because in vitro experiments showed
that Escherichia could generate ethanol. However, it is
unclear whether an increase in Escherichia is a common
mechanism of adult NASH. RYBS surgery increased the
abundance of Escherichia in the gut, although obesity and
metabolic parameters were improved. Thus, the effect of
Escherichia on the development of NASH may be different between children and adults. Similarly, the abundance
of Desulfovibrio, a source of LPS, was decreased in obese
children[84] whereas this species was increased by an HF
diet[21,77].

PROBIOTICS AND NAFLD
Probiotics are live microorganisms that have beneficial
effects on health. Bifidobacterium and Lactobacillus are
widely used as probiotics because these bacteria can
inhibit an expansion of Gram-negative pathogenic bacteria by producing lactic acid and other antimicrobial
substances. Although these probiotic bacteria generally
reside in the gut, the population of probiotic bacteria
decreases in pathogenic conditions. Indeed, the levels
of Bifidobacterium, a member of the Actinobacteria phylum,
are decreased in rodent NAFLD models[21,22,77] as well
as in humans [89]. Thus, probiotic supplementation is
expected to reverse the phenotype of gut microbiota,
leading to improved health. There are many reports on
the beneficial effects of probiotics such as Bifidobacterium spp. in rodents. Administration of Bifidobacterium
spp improves metabolic parameters including cholesterol
levels, visceral fat weight, and insulin resistance[91,92]. The
Lactobacillus casei strain Shirota, a member of Firmicutes,
protects against NASH induced by an MCD diet in
mice[22] and steatosis induced by a fructose-rich diet[93].
VSL#3 is a probiotic that consists eight strains of bacteria including Lactobacillus and Bifidobacterium species.
VSL#3 administration ameliorates the grade of NAFLD
in ApoE-/- mice or HFD-fed rats[94,95]. Probiotics suppress inflammatory indicators including serum LPS
levels and hepatic TNFα expression in rodents[22,94,95].
In addition to compositional changes in gut microbiota,
probiotics regulate gut permeability, which is enhanced
in NAFLD. There are several junctions between intestinal epithelial cells to control barrier functions, including
tight junctions, adherence junctions, gap junctions, and
desmosomes. Of them, the tight junction is thought to
play a central role in intestinal barrier function[5]. The
expression of tight junction proteins such as ZO-1 and
occludin decreased in murine models of NAFLD[96,97].
Several probiotic bacteria can strengthen barrier function by increasing the expression of tight junction proteins. For instance, the probiotics Bifidobacterium lactis
420, Escherichia coli Nissle 1917, and Lactobacillus plantarum

GUT MICROBIOTA IN OBESE CHILDREN
The incidence of NAFLD in children is also considerably increasing worldwide[87]; therefore, examination of
gut microbiota has been extended to children. Mixed
data were shown regarding Firmicutes and Bacteroidetes between normal and obese children: Xu et al[88] reported an
increased levels of Firmicutes and an increased Firmicutes/
Bacteroidetes ratio in obese individuals, whereas Zhu et al[89]
showed increased levels of Bacteroidetes and an increased
Bacteroidetes/Firmicutes ratio. These studies were conducted in different countries, i.e., China and the United
States. A report from Egypt further demonstrated different results[90], suggesting that the composition of gut
microbiota may depend on the environment, particularly
in children.
Zhu et al[89] further investigated the compositional
changes in gut microbiota and focused on the function
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Figure 1 Gut-liver axis in the development of nonalcoholic fatty liver disease. Under healthy conditions, commensal microbiota inhibit the expansion of pathogenic bacteria and maintain the barrier function of the intestinal epithelium. In nonalcoholic fatty liver disease (NAFLD), the levels of pathogenic bacteria may increase,
and the barrier function is disrupted by multiple mechanisms, leading to a translocation of bacteria components [toll-like receptor (TLR) ligands] into the portal vein.
TLR ligands stimulate TLR expressing cells, such as macrophages, to produce proinflammatory cytokines including tumor necrosis factor a (TNFa) and interleukin1b (IL-1b), which promote lipid accumulation as well as hepatocyte cell death. TLR ligands also stimulate macrophages to produce chemokines such as MCP-1, which
recruits inflammatory macrophages. These proinflammatory cytokines and certain TLR ligands directly stimulate hepatic stellate cells to produce fibrogenic factors. In
contrast, treatments with probiotics or prebiotics protects against the translocation of TLR ligands and the expansion of pathogenic bacteria. In addition, probiotics/prebiotics stimulate immune cells to produce anti-inflammatory cytokines.

and MCP-1[104], which are mediators that promote the
progression of NASH[66]. On the other hand, most probiotic bacteria are not able to produce TLR9-mediated
IFN- γ in myeloid dendritic cells except for limited
strains[105], suggesting that the response to TLR9 ligands
in immune cells may differ among bacteria. Collectively,
the TLR ligands derived from probiotics may suppress
inflammation partially through the production of antiinflammatory cytokines.

increased tight junction proteins and preserved barrier
function in DSS-induced colitis [98-100]. Probiotics also
suppress the production of proinflammatory cytokines
including TNFα, IL-1, and IFN-γ, which can disrupt
tight junctions[101].
A question arises as to whether probiotic treatment
may also supply TLR ligands including TLR2 and TLR9.
Lactobacillus and Bifidobacterium are Gram-positive bacteria and contain TLR2 ligands such as peptidoglycan
and lipoteichoic acid. Interestingly, probiotic treatment
increased anti-inflammatory cytokines in a TLR2-dependent manner[102]. Clostridium butyricum induced IL-10
production from intestinal macrophages in acute experimental colitis through TLR2[103]. These data suggest that
TLR2 has a dual function: TLR2 ligands from probiotic
bacteria direct an anti-inflammatory state, whereas TLR2
ligands from obesity-related bacteria induce inflammation. Probiotic bacteria also contain an unmethylatedCpG motif, which is a TLR9 ligand. Indeed, the CpGmotif, which is abundant in Bifidobacterium species, can
drive a murine macrophage cell line to produce TNFα
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PREBIOTICS AND NAFLD
Prebiotics are indigestible food ingredients including inulin and fructooligosaccharides, which have beneficial effects by altering the composition of gut microbiota, lipid
metabolism, and gut barrier function. Although mammalian enzymes cannot digest complex carbohydrates, certain gut microbiota are able to ferment the carbohydrates
to SCFAs such as acetate, propionate, and butyrate. These
SCFAs are used as energy[106,107] as well as molecules to
stimulate lipogenesis and gluconeogenesis. Interestingly,
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SCFAs protect mice from obesity induced by diet or gene
modification[108-110]. Acetate is a substrate for middle- to
long- chain fatty acids[107] that stimulates hepatic lipogenesis, and the incorporation of acetate to these fatty acids
did not occur under fasting conditions[111].
SCFAs can strengthen the barrier function of the intestine. For instance, butyrate restores the mucosal barrier in heat- or detergent-induced colonic injury[112]. In addition, treatment with MIYARI 588, a butyrate-producing probiotics, suppressed gut permeability by increasing
the expression of tight junction proteins in mice fed a
CDAA diet. As a result, elevation of LPS was inhibited,
and steatohepatitis was ameliorated[23]. The probiotic
Lactobacillus plantarum 299v showed beneficial effects by
elevating butyrate concentrations in patients with recurrent Clostridium difficile-associated diarrhea. Although the
levels of butyrate-producing bacteria in NASH remain
unknown, the relative proportion of butyrate-producing
bacteria is decreased in type 2 diabetes[113,114].
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PERSPECTIVES
Accumulating evidence demonstrates that gut microbiota and TLR signaling are closely associated with the
development of NAFLD. Figure 1 summarizes the
association between gut microbiota and TLRs and potential effects of prebiotics and probiotics in NAFLD.
To data, inconsistent data have been generated regarding the composition of gut microbiota at the phylum
level in NAFLD patients because of environmental and
interindividual diversity. In addition, studies that show
beneficial effects of probiotics and prebiotics are based
on small sample sizes. Because certain gut microbiota
are likely to contribute to the development of NAFLD
by regulating the intestinal barrier function, additional
analyses should be performed to confirm their role in
NAFLD. In the near future, further information will be
provided by metagenomic analysis of gut microbiota in
NAFLD. This information will inform NAFLD treatments through worldwide trials.
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Radiologic evaluation of nonalcoholic fatty liver disease
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transplantation. Magnetic resonance spectroscopy and
magnetic resonance imaging are now regarded as the
most accurate practical methods of measuring liver fat
in clinical practice, especially for longitudinal followup of patients with NAFLD. Ultrasound elastography
and magnetic resonance elastography are increasingly
used to evaluate the degree of liver fibrosis in patients
with NAFLD and to differentiate NASH from simple steatosis. This article will review current imaging methods
used to evaluate hepatic steatosis, including the diagnostic accuracy, limitations, and practical applicability
of each method. It will also briefly describe the potential role of elastography techniques in the evaluation of
patients with NAFLD.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a frequent
cause of chronic liver diseases, ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH)-related
liver cirrhosis. Although liver biopsy is still the gold
standard for the diagnosis of NAFLD, especially for the
diagnosis of NASH, imaging methods have been increasingly accepted as noninvasive alternatives to liver
biopsy. Ultrasonography is a well-established and costeffective imaging technique for the diagnosis of hepatic
steatosis, especially for screening a large population at
risk of NAFLD. Ultrasonography has a reasonable accuracy in detecting moderate-to-severe hepatic steatosis
although it is less accurate for detecting mild hepatic
steatosis, operator-dependent, and rather qualitative.
Computed tomography is not appropriate for general
population assessment of hepatic steatosis given its
inaccuracy in detecting mild hepatic steatosis and potential radiation hazard. However, computed tomography may be effective in specific clinical situations,
such as evaluation of donor candidates for hepatic
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Core tip: Ultrasonography is a cost-effective imaging
technique for the diagnosis of hepatic steatosis in clinical practice. Magnetic resonance spectroscopy and
magnetic resonance imaging are the most accurate
and reliable methods of quantifying liver fat, especially
for longitudinal follow-up of patients with nonalcoholic
fatty liver disease. Ultrasound elastography and magnetic resonance elastography are promising imaging
methods to evaluate the degree of liver fibrosis and to
differentiate nonalcoholic steatohepatitis from simple
hepatic steatosis.
Lee SS, Park SH. Radiologic evaluation of nonalcoholic fatty
liver disease. World J Gastroenterol 2014; 20(23): 7392-7402
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i23/7392.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i23.7392
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INTRODUCTION

A

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver diseases in Western countries, occurring in approximately 30% of the
general population[1,2]. NAFLD consists of a spectrum
of diseases, including simple steatosis, nonalcoholic steatohepatitis (NASH), liver fibrosis, and liver cirrhosis[3,4].
Although the exact risk or incidence of progression
from simple hepatic steatosis to advanced stages of fatty
liver disease has yet to be determined, the progression
of simple hepatic steatosis to cirrhosis through the development of steatohepatitis (NASH) and fibrosis has
been established[2,5-11]. NASH, characterized by hepatocyte injury, inflammation, and fibrosis, is a clear risk
factor for progression to cirrhosis, and such progression
has been reported in up to 25% of patients[6,7,9]. NASH
is also associated with an increased risk of liver cancer
and death from cardiovascular diseases or liver-related
causes[2,6,9,10,12]. NAFLD is closely related to obesity, insulin resistance, hypertension, and dyslipidemia and is now
regarded as a hepatic manifestation of the metabolic
syndrome[4,13,14]. NAFLD also adversely affects disease
progression and response to treatment in patients with
viral hepatitis C[15] and has negative effects on the prognosis of hepatic transplant recipients[16].
Liver biopsy is regarded as the gold standard for the
assessment of NAFLD and is the only reliable method
for differentiating NASH from simple steatosis. This
method, however, is invasive and is, therefore, unsuitable for screening large numbers of subjects at risk, or
for follow-up of patients with NAFLD after therapeutic
intervention. Furthermore, as liver biopsy samples are
small in size, they are subject to sampling variability[17,18].
The clinical importance of NAFLD and the limitations
of liver biopsy have increased the need for accurate and
noninvasive imaging methods to evaluate NAFLD. To
date, various imaging methods have been utilized to evaluate patients with NAFLD, including ultrasonography
(US), computed tomography (CT), magnetic resonance
imaging (MRI), and magnetic resonance spectroscopy
(MRS), with these methods mostly used to quantify hepatic steatosis. Each imaging method has its own advantages and disadvantages which are summarized in Table
1. More recently, several imaging methods that measure
liver stiffness have been investigated for their usefulness
in assessing inflammation and fibrosis in patients with
NAFLD. This article will review the imaging methods
currently utilized for the evaluation of NAFLD and discuss their practical applicability.

L

B

L

K

Figure 1 Ultrasonography evaluation of hepatic steatosis. A: Ultrasonography (US) image of a normal liver, showing that the echogenicity of liver parenchyma (L) and kidney cortex (K) is similar; B: US image of a steatotic liver,
showing increased echogenicity of the liver parenchyma (L) which is clearly
brighter than the kidney cortex (K).

US evaluation of hepatic steatosis typically consists of
a qualitative visual assessment of hepatic echogenicity,
measurements of the difference between the liver and
kidneys in echo amplitude, evaluation of echo penetration into the deep portion of the liver, and determination of the clarity of blood vessel structures in the liver
(Figure 1). Severity is usually graded clinically using
a four-point scale, as follows: normal (grade 0), mild
(grade 1), moderate (grade 2), and severe (grade 3)[19-21].
The diagnostic performance of US in detecting hepatic
steatosis has been reported to vary, depending on the
exact definition of steatosis and the presence of coexisting chronic liver disease. In patients without coexisting
liver disease, US offers a fairly accurate diagnosis of
moderate-to-severe hepatic steatosis (i.e., defined as histologic degree ≥ 30% or 33%), with reported sensitivity
ranging from 81.8% to 100.0% and specificity as high as
98%[19,20]. In contrast, US was not accurate in diagnosing hepatic steatosis when all degrees of steatosis were
considered (i.e., ≥ 3% or 5%), with a reported sensitivity ranging from 53.3% to 66.6% and specificity ranging
from 77.0% to 93.1%[19,21-23]. As hepatic fibrosis may
also increase hepatic echogenicity[24,25], the presence of
underlying chronic liver disease may reduce the accuracy
of US in the diagnosis of hepatic steatosis. For example,
one study that included hepatitis C patients[25] found that
US had a sensitivity of 60% and a specificity of 73% in
detecting histologically proven moderate-to-severe he-

US for evaluating hepatic
steatosis
Hepatic steatosis on US appears as a diffuse increase in
hepatic echogenicity, or “bright liver”, due to increased
reflection of US from the liver parenchyma, which is
caused by intracellular accumulation of fat vacuoles.
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Table 1 Advantages and disadvantages of imaging techniques for evaluating hepatic steatosis
Techniques
US

CT
MRI
MRS

Advantages

Disadvantages

Widely available, easy to
perform, less expensive

Clinical applications

Operator dependency, limited accuracy in diagnosing mild hepatic steatosis, rather qualitative
nature
Widely available, easy to
Potential radiation hazard, limited accuracy in
perform
diagnosing mild hepatic steatosis
Highly accurate and reproduc- High cost, long examination time
ible for measuring hepatic fat
Highly accurate and reproduc- High cost, long examination time, evaluation of
ible for measuring hepatic fat small portion of the liver, expertise required for
data acquisition and analysis

Population screening, initial examination for subjects
with suspected nonalcoholic fatty liver disease
Detecting moderate-to-severe hepatic steatosis in donor
candidates for liver transplantation
Follow-up of response after therapy in practice or clinical trials
Follow-up of response after therapy in practice or clinical trials

US: Ultrasonography; CT: Computed tomography; MRI: Magnetic resonance imaging; MRS: Magnetic resonance spectroscopy.

patic steatosis.
One major limitation of US is the substantial intraand inter-observer variability. A retrospective study of
168 US examinations showed intra- and inter-observer
agreements of 54.7%-67.9% and 47.0%-63.7%, respectively, when assessing the severity of hepatic steatosis
using the traditional four-point visual grading system[26].
These findings are consistent with the results of a prospective study of 161 potential liver transplant donors[19],
in that the results of 21.7% US examinations differed
between two independent readers, with the two radiologists differing significantly in diagnosing hepatic steatosis by US[19]. These results indicate that US is highly
dependent on the operator. Another limitation of US
is the qualitative nature of the current four-point grading system. Although this grading system is the most
widely used for US evaluation of hepatic steatosis in
practice, it is too simplistic to account for small alterations in steatosis severity on follow-up. Thus, US may
be inadequate for evaluating patients with NAFLD after
therapeutic intervention. To overcome the limitations of
US, computer-assisted quantitative US techniques were
developed for the assessment of hepatic steatosis[27-29].
These techniques employ dedicated post-processing
software programs to analyze US echo amplitude, attenuation, and/or texture-based information. The most
robust parameter is the computerized hepatorenal index,
defined as the ratio of the echo intensities of the liver
and renal cortex. The results of two related studies were
very promising, with this index demonstrating sensitivities of 92.7% and 100% and specificities of 91% and
92.5% in diagnosing hepatic steatosis ≥ 5%[28,29].
In summary, US is an established imaging technique
for screening subjects at risk of NAFLD, with acceptable sensitivity and specificity in detecting moderate-tosevere hepatic steatosis. As US is easy to perform and
less costly than other imaging methods, US is probably
currently the most widely used imaging method for
detecting hepatic steatosis in asymptomatic patients
with elevated liver enzymes and suspected NAFLD[30].
However, because of its low accuracy in detecting mild
steatosis, its operator dependency, and its qualitative nature in the absence of dedicated image post-processing,
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US may not be an adequate tool for monitoring NAFLD
patients after therapeutic interventions. Computerized quantitative analysis methods for US may be able
to overcome these limitations, but they require further
clinical validation.

CT FOR EVALUATING HEPATIC
STEATOSIS
CT evaluation of hepatic steatosis is based on the attenuation values of the liver parenchyma, evaluated as
Hounsfield units (HUs), and dependent on tissue composition. As the attenuation value of fat (i.e., approximately -100 HU) is much lower than that of soft tissue,
hepatic steatosis lowers the attenuation of liver parenchyma. Although a few studies reported that contrastenhanced venous phase CT and unenhanced CT scan
had comparable diagnostic accuracy in the diagnosis
of hepatic steatosis[31,32], unenhanced CT scans are usually preferred to avoid the potential errors in contrastenhanced CT caused by variations in liver attenuation
related to contrast injection methods and scan timing.
Several quantitative CT indices have been used to assess
hepatic steatosis, with the two most frequently used being the absolute liver attenuation value (i.e., HUliver) and
the liver-to-spleen difference in attenuation (i.e., CTL-S)
(Figure 2). Despite HUliver showing a stronger correlation
with histologic degree of hepatic steatosis than CTL-S,
HUliver may be subject to errors resulting from variations
in attenuation values across CT scanners from different
vendors[33,34]. This error can be avoided, however, by using CTL-S, which incorporates spleen attenuation as an
internal control[33].
Although the accuracy of CT in diagnosing hepatic
steatosis was found to vary, CT was quite accurate
for the diagnosis of moderate-to-severe steatosis but
was not as accurate for detecting mild steatosis. The
threshold values of CT indices for the diagnosis of
hepatic steatosis were also quite variable, depending on
the methods and populations used[19,21,35]. In one study,
which included 154 potential living liver donor candidates[35], a threshold CTL-S value of -9 had a specificity
of 100% and a sensitivity of 82% in detecting moderate-
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Figure 2 Computed tomography evaluation of hepatic steatosis using computed tomographyL-S index. A: Computed tomography (CT) image of a normal liver,
showing that its attenuation (65 HU) measured using regions-of-interest (white circles) was higher than that of the spleen (50 HU), and the CTL-S value was 15 HU,
which lies within the normal reference range; B: CT image of a steatotic liver, showing hepatic attenuation (10.5 HU) much lower than that of the spleen (51 HU), making the CTL-S value -40.5 HU, far below the normal reference range and indicating moderate-to-severe hepatic steatosis.

it may be useful in evaluating hepatic steatosis in specific
clinical scenarios. For example, CT can be used successfully to detect moderate-to-severe hepatic steatosis in
donor candidates for liver transplantation[35,36,41], and CT
measurement of fat in the liver may be useful for patients at risk of metabolic syndrome[42,43].

to-severe hepatic steatosis. Another study reported that
a threshold CTL-S of 3.2 had a sensitivity of 72.7% and a
specificity of 91.3%[19]. The variability in these reported
threshold values limits the ability to generalize from the
results of previous studies. To establish a more generalized threshold value of CT indices for the diagnosis of
hepatic steatosis, a normal reference range for CTL-S (1-18
HU) was established using histologically proven, nonsteatotic healthy livers[36]. An HUliver of 48 and a CTL-S of
-2 were found to be threshold values for a 100% specific
diagnosis of moderate-to-severe hepatic steatosis.
Several factors other than hepatic fat can influence
liver attenuation on CT, including the presence of excess
iron in the liver and the ingestion of certain drugs such
as amiodarone[33,36,37]. Unlike conventional CT, dual-energy CT can differentiate among several chemical components in tissue, by using X rays at two different energy
levels. This method has been applied to the evaluation
of hepatic steatosis because it may more accurately
evaluate hepatic steatosis in the absence of other factors
affecting CT hepatic attenuation. To date, however, the
theoretical advantage of dual-energy CT has not been
established clinically. A recent study in animals using an
up-to-date, dual-source, dual-energy CT scanner reported that the use of duel-energy CT did not improve the
accuracy of conventional single-energy CT in assessing
hepatic steatosis[38], reconfirming the results of a similar
study in humans[39].
The low accuracy of CT in detecting a mild degree
of hepatic steatosis suggests that this method may not
be suitable for the evaluation of NAFLD because patients with NAFLD frequently have a mild degree of
steatosis[9,40]. Moreover, the potential hazard of ionizing
radiation makes CT unsuitable for use in children or
for longitudinal monitoring of patients with NAFLD.
CT for longitudinal follow-up of hepatic steatosis is
also uncertain, due to a lack of knowledge about the
reproducibility of serial CT measurements and the assay
sensitivity of CT indices in detecting small changes in
the severity of hepatic steatosis. Therefore, CT may not
be appropriate for the evaluation of NAFLD, although
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Magnetic resonance methods for
evaluating hepatic steatosis
Unlike CT and US, which evaluate hepatic steatosis
through proxy parameters (echogenicity and attenuation,
respectively), MRI and MRS can more directly measure
the quantity of hepatic fat. MRI and MRS both measure proton density fat fraction (PDFF), defined as the
amount of protons bound to fat divided by the amount
of all protons in the liver, including those bound to fat
and water. The basic magnetic resonance (MR) physics
used in both techniques to differentiate protons in fat
from those in water is the chemical-shift phenomenon,
i.e., the difference in MR frequency between the protons
in fat and water. The chemical-shift effect is directly visible on MRS spectra, displaying signals at their respective
resonance frequencies. Moreover, the chemical-shift effect is used in a number of MRI techniques to generate
MR images, with signal intensities reflecting the magnitude of protons bound to fat. Accurate quantitative
measurement of hepatic steatosis using MRS and MRI
premises that MR signal intensities from fat and water
are entirely created by proton densities of fat and water without any influence from other factors. However,
in reality, the differences in T1, T2, and T2* relaxation
times between fat and water inevitably affect the signal
intensities of fat and water on MRS and/or MRI. Therefore, various techniques have been developed to minimize the confounding effects. Several clinically feasible
MRS and MRI techniques are introduced in the following sections.
MR spectroscopy: Technical aspects
MRS measures proton signals as a function of their res-
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liver can be performed successfully with a single acquisition[45,46]. Therefore, MRS of the liver with a single acquisition can be performed in a short time during a single
breath-hold, effectively avoiding respiratory movementrelated problems; this method is currently preferred[47-51].
For unbiased fat quantification, MRS sequences
should be optimized to minimize relaxation effects. A
long repetition time (TR), i.e., typically longer than 3000
ms at 1.5T, can minimize T1-relaxation effects. T2-relaxation effects can be reduced by using the shortest possible echo times (TEs). However, multi-echo MRS, which
corrects for T2-relaxation effects using multiple spectra
acquired at different TEs, allows for a more complete T2
correction[49,52]. Multi-echo MRS techniques are typically
performed within a single breath-hold, with five single
averaged spectra acquired at five different TEs[47,48,50,52].

Water

Measurable fat
3
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Figure 3 Magnetic resonance spectroscopy spectrum of hepatic fat. Water
and fat peaks are displayed at different frequencies; water appears as a single
peak at 4.7 ppm, whereas fat appears as four peaks, including the dominant
methylene (CH2) peak at 1.3 ppm (3), a methyl (CH3) peat at 0.9 ppm (4), an
α-olefinic and α-carboxyl peak at 2.1 ppm (2), and a diacyl peak at 2.75 ppm (1);
the areas of these four fat peaks and the water peak can be measured by spectral tracing. Proton density fat fraction can be calculated as (sum of fat peaks) ÷
(sum of fat peaks + water peak)[45,82].

MR imaging: Technical aspects
Several different MRI methods have been introduced
to quantify hepatic fat, including chemical-shift imaging (CSI), fat saturation, and fat-selective excitation approaches[45,53,54]. The CSI approach is most widely used
because of its easy applicability and higher accuracy. Unlike MRS, which shows signals from fat and water at different locations on frequency domains, MRI displays the
signal intensity of an image pixel as the vector sum of all
signals from fat and water. CSI techniques separate MR
signals into water and fat components based on the same
MR physics as MRS (i.e., the chemical shift between fat
and water), but in a different way by using the chemicalshift-induced signal interference between the protons in
fat and water.
The difference in resonance frequency between the
dominant fat peak (i.e., the methylene peak at 1.3 ppm)
and the water peak (4.7 ppm) is 3.4 ppm, indicating that
the water peak resonates 3.4 ppm faster than the methylene peak. Therefore, the protons in both methylene and
water oscillate regularly and are positioned in opposed
phase (OP) or in in-phase (IP) at certain TEs. The TEs
corresponding to OP and IP depend on field strength:
at 1.5T, the first OP and IP occurs at 2.3 ms and 4.6
ms, respectively, and OP and IP repeat at multiples of
4.6 ms after their first occurrence. At IP, the signals of
methylene and water add constructively but, at OP, their
signals cancel each other. Therefore, the difference in
signal intensities between OP and IP images reflects the
amount of fat (Figure 4).
Since their initial description[55], OP and IP imagebased CSI techniques have improved. Dual-echo CSI
utilizes a pair of OP and IP images for fat quantification. Although this technique is widely used for clinical
MR imaging of the liver, fat quantification using dualecho CSI is subject to bias from T1-and T2*-relaxation
effects. In addition to the proton densities of fat and
water, the difference in T1-relaxation times between fat
and water affects the signal intensities on IP and OP images. Because of the difference in TEs between OP and
IP, T2*-related signal decay during the interval from OP

onant frequency and displays multiple peaks at different
locations, according to the chemical structure of protons
in these frequency domains. On MRS spectra of the
liver, where fat and water are the most abundant protoncontaining materials, most of the identifiable peaks are
derived from water and fat, with water appearing as a
single peak at 4.7 ppm and fat as multiple peaks due to
the presence of various chemical bonds between the
protons and adjacent atoms in fat, e.g., a methylene (CH2)
peak at 1.3 ppm and other smaller peaks at various locations (Figure 3). The signal intensities of fat and water
peaks can be directly quantified by the spectral tracing
of each peak, and PDFF can be calculated as the ratio
of the sum of the signal intensities of the fat-derived
peaks divided by the sum of the signal intensities of all
fat- and water-derived peaks.
For hepatic fat quantification, MRS data is usually
collected from a single voxel (typically 2 cm × 2 cm ×
2 cm to 3 cm × 3 cm × 3 cm in size), manually placed
in the liver parenchyma using 3-plane localizing images. Shimming is necessary to achieve a homogeneous
magnetic field across the voxel. Either a stimulated
echo acquisition mode (STEAM) or a point-resolved
spectroscopy (PRESS) sequence can be used to acquire
MRS spectra, with PRESS sequences providing a higher
signal-to-noise-ratio (SNR) than STEAM sequences.
STEAM, however, is considered more appropriate for
fat quantification, as this sequence is less susceptible to
a J-coupling effect and results in more reliable PDFF
quantification[44,45]. As water and fat peaks are acquired,
water or fat suppression must not be used to quantify
liver fat using MRS. Unlike brain MRS, which requires
multiple acquisitions of data to achieve a sufficiently
high SNR to detect minute metabolites, MRS of the
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Figure 4 Dual-echo opposed-phase and in-phase chemical shift images of steatotic liver. A: At opposed-phase (OP) (echo time = 2.3 ms at 1.5T), the protons in
water and those in methylene (the largest fat moiety) are placed in opposite directions, so that the signals of these two components cancel each other. Therefore, the
liver appears dark (i.e., decreased signal); B: At in-phase (IP), the protons in water and those in methylene are positioned in the same direction so that their signals
are added. Liver fat fraction can be calculated based on signal intensities on OP and IP images as (signal at IP - signal at OP) ÷ 2 × signal on IP; the signal fat fraction
calculated with dual-echo chemical shift images was not corrected for the T2* effect, and therefore may not accurately determine proton density fat fraction.

to IP also causes signal differences between OP and IP
images. As these relaxation effects may lead to inaccurate quantification of fat[47,56,57], various techniques have
been developed for correction. The T1 effect can be
minimized with a low flip angle, whereas the T2*-effect
can be corrected with triple or multiple echo acquisitions. Triple-echo CSI acquires a second IP echo in addition to the pair of first OP and IP echoes. The signal
intensities of the first OP and IP echoes are corrected
for the T2* effect using the T2* time estimated from
the signal decay between the first and second IP echoes,
followed by a calculation of the T2*-corrected PDFF.
Multiple-echo CSI acquires three or more consecutive
pairs of OP and IP echoes. Through signal modeling of
multiple echoes, this technique allows for the estimation
of the T2* time of the liver and T2*-corrected PDFF.
These T1-independent, T2*-corrected CSI methods
have shown higher accuracies in fat quantification than
the classic dual-echo CSI method, resulting in unbiased
fat quantification even in the presence of excess hepatic iron deposition[47,50-52,58,59]. Recently, an algorithm
for accurate spectral modeling of fat was developed
and implemented in the T1-independent T2*-corrected
multi-echo CSI technique. This technique is based on
fat having a complex chemical spectrum, consisting of
multiple peaks with different resonance frequencies, and
models the signal intensities on OP and IP images using
the signal interferences among water and multiple fat
peaks, not between water and a single methylene peak.
Since all the aforementioned OP and IP image-based
CSI methods use only the signal intensity information
on images without phase information, they cannot deter-
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mine whether fat or water is dominant in tissues. Thus,
the signal intensities of OP and IP images are nearly the
same for tissues containing 30% and 70% fat. Therefore,
the dynamic range of PDFF is 0%-50% hepatic steatosis
for these OP and IP image-based CSI methods.
The IDEAL (iterative decomposition of water and
fat with echo asymmetry and least-squares estimation)
method is a chemical-shift-based, water-fat separation
method using both magnitude and phase information.
To separate water and fat signals, this technique measures the local field map and demodulates it from the
signal in the source images using three or more echoes at
different TEs. Although technically complex, the use of
phase information for the IDEAL method allows PDFF
to be measured over a full dynamic range of 0%-100%
hepatic steatosis. Following its initial development, the
algorithms for reducing T1- and noise-related bias, for
T2*-correction, and for spectral modeling of fat, were
implemented with the IDEAL method, allowing for T1independent, T2*-corrected estimation of PDFF[48,60-62].
CSI with MRI and MRS measures the same physical
quantity (i.e., PDFF) for the assessment of hepatic steatosis. Therefore, provided that CSI with MRI and MRS
are correctly performed and interpreted, the PDFFs
measured by the two techniques should be the same. As
MRS estimates PDFF by directly measuring each water
and fat peak, whereas CSI indirectly estimates PDFF using the signal interference between water and fat peaks,
MRS has been considered more accurate than CSI in
measuring PDFF. The feasibilities and accuracies of CSI
methods were, therefore, initially validated by comparison with PDFF measured with MRS as the reference
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standard. The results of these studies demonstrated
that PDFF estimated using CSI techniques with T2*correction and spectral fat modeling algorithms resulted
in the most perfect agreement with MRS-derived PDFF,
for both image-based and IDEAL-based approaches.
Dual-echo CSI has been reported to generally underestimate PDFF, especially when excessive iron deposition is
present[50-52,63]. These findings were recently reconfirmed
by comparing PDFFs measured by CSI techniques and
MRS with the histologic degree of hepatic steatosis[47,64].
This comparison found that multiple-echo CSI with
T2*-correction and spectral fat modeling was as accurate as MRS in fat quantification, with no confounding
effects of subjects’ demographic factors and coexisting
histologic abnormalities[47,64]. In contrast, dual-echo CSI
was less accurate than MRS and multi-echo CSI in fat
quantification and is confounded by the degree of hepatic iron deposition[47].

of steatosis, including visual determination of percent
hepatocytes containing fatty vacuoles or percent hepatic
parenchymal area replaced by fat, is subject to large inter-observer variability[17] and may not accurately reflect
the physical quantity of hepatic fat[66-68]. In addition, the
traditional histological cutoffs categorizing the severity
of steatosis (5%, approximately 30%, and approximately
60%) may be too blunt, especially in longitudinal followup. These findings and the inherent limitations of liver
biopsy, including its invasiveness and ability to obtain
very small samples, suggest that MRS and MRI may be
the methods of choice, both as reference standards in
research studies and in clinical practice, especially in the
longitudinal follow-up of patients with hepatic steatosis after therapeutic intervention[69-74]. A recent study
has validated the efficacy of MRI- or MRS-determined
PDFF as an imaging biomarker to quantify changes in
the amount of liver fat and to assess the effects of drug
therapy in patients with NAFLD[71].
From a practical viewpoint, MRI appears to have
several advantages over MRS. The acquisition and analysis of MRS data requires expertise and is time-consuming. Single-voxel MRS, the typical MRS method use to
assess hepatic steatosis, collects data from a small portion of the liver (within a voxel ≤ 3 cm × 3 cm × 3 cm),
which may be subject to sampling error, although it is
much larger than a biopsy sample. By comparison, MRI
is widely available, easily applicable, and can evaluate the
entire liver within a short breath-hold. Since the scale of
MRS- or MRI-determined PDFF (%) differs from the
histologic degree (%) of hepatic steatosis (although both
use percentages), clinical thresholds for MRS- or MRIdetermined PDFF are needed. The largest MRS study
to date, involving 2349 subjects in a general population,
suggested that a PDFF value of 5.56% was the upper
normal margin, as determined from the 95th percentile
of PDFF in 345 subjects with no identifiable risk factors
for hepatic steatosis[1].

Clinical application of the MR techniques
Previous studies have compared the accuracies of MR
techniques and other imaging modalities in the assessment of hepatic steatosis, with histologic grading as
the reference standard[19-21]. These studies consistently
demonstrated that MRS and MRI outperform CT and
US in the diagnosis and grading of hepatic steatosis,
even when MRS and MRI were performed without
any of the sophisticated corrective methods described
above (i.e., correction of T2 or T2* effects)[19,21]. The
MRI sensitivities and specificities in detecting histologic
steatosis ≥ 5% were 76.7%-90.0% and 87.1%-91%,
respectively, and the corresponding MRS performances
were 80.0%-91.0% and 80.2%-87.0%, respectively[19,21].
MRS and MRI have several additional advantages over
CT and US in the assessment of hepatic steatosis. MRS
and MRI can evaluate hepatic steatosis in an objective
manner using the quantitative index (i.e., PDFF). PDFF
measurements using MRS and MRI have been reported
very reproducible[1,50,51,65]. In one study, the standard deviation of PDFF values over repeated measurement was
less than 1% for both MRS and MRI[51]. Another study
found that the reproducibility of PDFF measurements
was high across scanners with different field strengths
and from different vendors: the 95% Bland-Altman
limits-of-agreement between MRI-determined PDFF on
1.5 and 3.0T scanners were approximately 2%-4%[65].
Although histologic degree of hepatic steatosis has
been used as the “gold standard” for comparisons, recent studies suggest that MRS- and MRI-derived PDFF
can actually serve as a better reference standard for the
amount of fat in the liver than histological evaluation,
due to the high accuracy and reproducibility of these
MR techniques[66-68]. Studies assessing fat content in liver
samples by computerized analysis of microscopic images
or biochemical lipid assays found that the fat content in
these liver samples was better correlated with MRI- or
MRS-determined PDFF than with the pathologist’s assessment of hepatic steatosis[66-68]. Histologic assessment
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Imaging diagnosis of NASH and
elastography
Hepatic steatosis can progress to fibrosis and cirrhosis through a development of steatohepatitis (NASH),
which is a clear risk factor for liver cirrhosis and liver-related mortality[9,10,75]. Therefore, it is clinically important
to diagnose the development of steatohepatitis in patients with NAFLD. In general, no imaging examinations
have been found to accurately diagnose NASH, making
liver biopsy the only reliable method of distinguishing NASH from simple steatosis. US elastography and
MR elastography, however, are emerging as promising
methods to diagnose NASH. US elastography and MR
elastography evaluate liver stiffness by measuring the velocity of shear wave using US (US elastography) or MRI
(MR elastography). Several US elastography techniques
have been described, which differ in methods of shear
wave generation and/or detection, including transient
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A

B

Figure 5 Supersonic shearwave elastography of simple steatosis vs nonalcoholic steatohepatitis. A: Supersonic shearwave elastography image of the liver
with simple steatosis shows a mean liver stiffness value of 2.9 kpa, which lies within the normal reference range; B: Supersonic shearwave elastography image of the
liver with nonalcoholic steatohepatitis shows an elevated mean liver stiffness value of 11.6 kpa.

elastography, acoustic radiation force impulse elastography, supersonic shearwave elastography (Figure 5), and
real-time tissue elastography. These techniques were first
applied to the evaluation of liver fibrosis in patients with
chronic viral hepatitis, and their clinical application has
recently been expanded to other liver diseases, including
NAFLD. US elastography techniques have demonstrated
very promising results for the diagnosis of liver fibrosis
in NAFLD[76-80]. They have shown a stepwise increase in
liver stiffness as the severity of histologic liver fibrosis
increased, and have been highly accurate in differentiating advanced liver fibrosis from mild liver fibrosis, with
sensitivities ranging from 88.9% to 100% and specificities ranging from 75.0% to 100%[76-80]. Liver stiffness
value did not correlate with the degree of hepatic steatosis or with hepatic inflammation[76-80], indicating that US
elastography can assess hepatic fibrosis associated with
steatosis without confounding by steatosis but would
not be able to assess hepatic inflammation[76-80]. A study
of MR elastography in 58 patients with NAFLD showed
that liver stiffness in patients with steatosis and lobular
inflammation was significantly higher than in patients
with steatosis only, and significantly lower than in patients with steatosis and fibrosis[81]. Taken together, these
results indicate that US elastography or MR elastography
may play a potential role in screening for NASH and/or
advanced fibrosis in patients with NAFLD.

aging method used to diagnose hepatic steatosis. MRI, if
performed and analyzed correctly, has a comparable accuracy to MRS, is more practical, and can cover the entire liver. Technical optimization of MRS and MRI may
result in accurate and unbiased hepatic fat quantification.
Both MRS and MRI are very reproducible and accurate
in quantifying hepatic fat and may replace liver biopsy as
the reference standard for research studies. US elastography and MR elastography can diagnose liver fibrosis associated with NAFLD and may play a role in identifying
NASH or NAFLD patients who are at greater risk of
progressive liver disease.
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are many. Examples include its extreme slow growth,
lack of cell wall, low abundance, and its mycobactin
dependency. In this review article, data from 60 studies showing the detection and isolation of MAP by PCR
and culture techniques have been reviewed. Although
this review may not be 100% comprehensive of all
studies, clearly the majority of the studies overwhelmingly and definitively support the role of MAP in at least
30%-50% of CD patients. It is very possible that lack
of detection of MAP from some CD patients may be
due to the absence of MAP role in these patients. The
latter statement is conditional on utilization of methodology appropriate for detection of human MAP strains.
Ultimately, stratification of CD and inflammatory bowel
disease patients for the presence or absence of MAP
is necessary for appropriate and effective treatment
which may lead to a cure.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Crohn’s disease (CD) is a chronic inflammatory condition that plagues millions all over the world. This debilitating bowel disease can start in early childhood and
continue into late adulthood. Signs and symptoms are
usually many and multiple tests are often required for
the diagnosis and confirmation of this disease. However, little is still understood about the cause(s) of CD. As
a result, several theories have been proposed over the
years. One theory in particular is that Mycobacterium
avium subspecies paratuberculosis (MAP) is intimately
linked to the etiology of CD. This fastidious bacterium
also known to cause Johne’s disease in cattle has infected the intestines of animals for years. It is believed
that due to the thick, waxy cell wall of MAP it is able to
survive the process of pasteurization as well as chemical processes seen in irrigation purification systems.
Subsequently meat, dairy products and water serve
as key vehicles in the transmission of MAP infection to
humans (from farm to fork) who have a genetic predisposition, thus leading to the development of CD. The
challenges faced in culturing this bacterium from CD

Key words: Mycobacterium paratuberculosis ; Crohn’s
disease; Culture; PCR; Johne’s disease; Inflammatory
bowel disease
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Core tip: The review manuscript describes the past,
present and predicted future research accomplishments
in the area of Crohn’s disease and Mycobacterium avium
subspecies paratuberculosis. This is a highly debated
area and Dr. Naser’s thoughts described in this review
will fuel interest and discussions in inflammatory bowel
disease research. The manuscript has been in preparation for a couple of years and it is of high quality.
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was indicated that the disease is clinically represented by
certain common symptoms similar to ulcerative colitisfever, diarrhea, and even weight loss[5]. Dr. Crohn et al[5]
also witnessed that the ulcers associated with the mucosa
were accompanied by a non-uniform connective tissue
reaction of the remaining walls of the involved intestine,
a process which frequently leads to the narrowing of the
lumen of the intestine, and this has been known to be
associated with the formation of multiple fistulas. Other
physicians reported of similar concurrent observations,
but these reports cited the involvement of a number
of different parts of the gastrointestinal (GI) tract. For
instance, the first case reporting evidence of inflammation present in the colon and not just in the ileum was by
Colp in 1934[6]. His report is considered as the first case
detailing of ileocolitis which described that this inflammatory process could also extend to the cecum and the
ascending colon[6]. In addition, several years later granulomatous lesions were also found in the skin[7]. As a result,
it was becoming quickly apparent that CD is a chronic
inflammatory disease that can affect any region of the GI
tract ranging from the mouth to the anus, the ileum being
the most commonly targeted site. In 1938, Penner and
Crohn observed that 8 out of 50 analyzed patients suffering from regional ileitis displayed anal fistulae as a possible complication. They were initially unaware that anal
and perianal fistulae could present such a complication
of ileitis[8]. In 1952, Wells[9] introduced the term segmental
colitis while delivering a lecture at the Royal College of
Surgeons of England. According to Wells, this condition
is associated with the formation of fibrous tissue on the
bowel wall leading to its increased thickening as well as
the presence of ulcers of the mucosa. These ulcers have
a patchy pattern of spreading and are therefore known
as “skip lesions”[9]. Most importantly this condition was
observed in patients without lesions present in the ileum
or jejunum. Wells presumed that segmental colitis is a
form of colonic CD, but this was never acknowledged by
Crohn himself[9].
At present, research on CD has partitioned it into
three categories: inflammatory, obstructive, and fistulating[10]. The inflammatory and obstructive types tend
to occur simultaneously and cause obstructions of the
bowel due to thickening of the intestinal wall as a result
of inflammation. The fistula types are commonly associated with erosion of the bowel walls including perianal
fistulas and enteroenteric fistulas[10]. Depending on the
locations of these erosions the disease is called Crohn’s
or granulomatous colitis if symptoms occur in the large
intestine, Crohn’s enteritis if symptoms occur in the small
intestine, or Crohn’s ileitis if symptoms occur in the ileum[11]. Furthermore, it has been documented that some
patients suffer with inflammation of fat cells under the
skin (erythema nodusum), or in large joints (peripheral
arthritis)[10]. It is important to note that CD is quite similar to another IBD known as ulcerative colitis (UC). The
latter affects only the colon whereas CD can affect any
region of the GI tract[12].

INTRODUCTION
One of the earliest documented descriptions of Crohn’s
disease (CD) was described in 1769 by Giovanni Battista,
an Italian physician. He described the results of an autopsy
of a man who had suffered from chronic bowel movements throughout his life and subsequently died from
diarrhea and fever[1]. This may have been the first account
of granulomatous inflammatory bowel disease (IBD).
Several years later in 1813, Combe and Saunders observed
a patient who suffered from an abnormally narrow and
thickened ileum[1] and Abercrombie had reported a case in
1828 whereby a patient suffered from an inflamed ileum
(ileitis) as well as skip lesions affecting certain segments
of the ascending colon and cecum[1]. There were several
medical publications made in the 20th century which provided further insight into the characteristics and features
of CD. For example, some such cases were reported by
Braun (1901), Koch (1903), Lesniowski (1903), Wilmanns
(1905), Moynihan (1907), and Proust (1907)[1]. In 1913 a
surgeon by the name of Dalziel (1861-1924) had reported the symptoms of several of his patients that closely
resembled clinical manifestations in cattle suffering from
Johne’s disease[2]. He is credited as being the first scientist to hypothesize that the causative agent of Johne’s
disease, Mycobacterium avium subsp. paratuberculosis (MAP),
may in fact be responsible for chronic intestinal inflammation observed in the intestines of humans. In 1923
Moschcowitz and Wilensky[3] had reported four cases of
young patients suffering from non-specific granulomata
of the intestine. In these patients they observed what
appeared to be tumor-like masses that were hard, thick,
and associated with all four coats of the large intestine
which caused stricture of the lumen. Based on these observations it was originally believed that these structural
changes were confined to the colon. However, it was
found that such lesions could also be located in the small
intestine which was later seen in one patient[4]. In fact, it
is interesting to note that all four of the patients had a
history of appendicitis and appendectomy.
In 1932 acknowledgement of CD as an official medical entity was as a result of an article published by Drs.
Burrill Crohn, Leon Ginzburg, and Gordon G. Oppenheimer, who all worked at Mount Sinai Hospital in
New York at the time. Their article entitled “Regional
ileitis: A Pathological and Clinical Entity” had appeared
in the Journal of the American Medical Association in October
1932[5]. The title “Crohn’s disease,” has been coined after
Dr. Burrill B. Crohn, a gastroenterologist who presented
the above named paper at the annual American Medical
Association in May 1932. The study described a disease
that exclusively affected the terminal ileum of 14 patients
from a pathological and clinical standpoint[5]. The patients
were primarily young adults of ages ranging from 17 to
52 years, but only two of them were older than 40 years[5].
It was expressed that this was a moderately acute disease
that was associated with inflammation characterized by
rapid necrosis throughout the affected tissue, and by inflammation associated with scar tissue[5]. Furthermore, it
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unknown. However, there have been several theories that
have been proposed to explain this phenomenon. For
example, the leading theories suggest that CD can be
caused by certain environmental factors or by a dysregulated immune response in a genetically susceptible host.
Many believe a milieu of environmental factors such as
diet and certain infectious agents may trigger this disease.
For example, it has been found that a diet of refined
sugars, fatty acids, fast foods, and minimal consumption
of fruits, vegetables, and fibers can contribute to triggering the disease[20]. Certain foods play a pivotal role in
influencing the microbiome composition of the human
gut. In fact, a “Westernized” diet is believed to change
the microbiological environment such that there is an
increased susceptibility for the development of intestinal
bowel disease[20]. Some of the infectious causative agents
studied in connection with CD include viruses, yeast,
and bacteria including Escherichia coli, Listeria monocytogenes,
Chlamydia trachomatis, Pseudomonas maltophilia, Bacteroides
fragilis, Mycobacterium kansasii, and MAP. Fortunately, it is
almost universally accepted that a host genetic predisposition is critical for development of CD[21].
In recent years, the amount of interest and research
data in support of a possible infectious etiology for CD
has been well noted. More specifically, the forerunner of
the proposed infectious causative agents is MAP. However, there are several critics and skeptics who still discredit
this theory. Therefore the goal of this review article is to
shed light on this current predicament with the intention
to further clarify our understanding of the pathogenesis
of CD from the perspective of an infectious agent such
as MAP.

WHO IS AFFECTED BY IBD?
Statistical evidence has indicated that the highest prevalence of CD and UC is in North America, northern Europe, and the United Kingdom. These diseases are beginning to rise in southern Europe, Asia, Africa, and Latin
America. In fact, as much as 1.4 million persons in the
United States and approximately 2.2 million individuals
worldwide cope with IBD on a daily basis[13]. However,
in one epidemiological study of CD based on ethnicity, it was revealed that CD is least prevalent in African
Americans, Asians, and Hispanics. The rate of prevalence
for African Americans was 29.8 per 100000, for Hispanics it was 4.1 per 100000, and for Asians it was 5.6 per
100000[14]. It has also been found that the occurrence of
IBD is higher in industrialized countries such as North
America and Europe vs under developed or developing
countries. Therefore, this suggests that the pathogenesis
of IBD may be caused by certain environmental factors[15]. This indicates that genetic susceptibility alone
cannot account for the prevalence of CD. In addition,
the incidence and prevalence of CD is essentially equal
among men and women. Unfortunately, CD is a lifelong
debilitating disease which can start in early childhood
and continue into late adulthood. Most cases of CD are
usually reported or initially diagnosed when the patient
is in his or her late teens or early twenties. Recent studies
have indicated that in the last few decades the number
of CD patients diagnosed before the age of 40 years has
increased to 80%[16]. This therefore emphasizes the young
adult and adolescent age group as a primary target of this
disease. Understanding the etiology of CD may facilitate
the development of rapid and cost effective methods for
disease diagnosis.

MAP AND JOHNE’S DISEASE
It was in 1895 when Johne and Frothingham first identified MAP as the causative agent of chronic inflammation
in the gut of a cow[22]. Johne’s disease was later coined
after Johne for his work in identifying this chronic inflammatory enteric disease in cattle, but this disease has
also been observed over the years in several different
animals such as sheep, goats, rabbits, monkeys, and even
chimpanzees[22]. MAP belongs to the Mycobacterium avium
complex (MAC) which consists of at least M. avium and M.
intracellulare[23]. Through DNA sequence analysis it is possible to evaluate the similarities and differences among
mycobacterial strains. It has been documented that MAP
shares certain sequence similarities with other strains of
MAC. For example there is a 16S-23S rDNA internal
transcribed spacer (ITS) that is approximately a 280 base
paired region located on the rRNA operon of mycobacteria[24]. It was found that ITS sequence analysis of
MAP taken from 3 different mammalian species-bovine,
primate, and human did not indicate much sequence
variation between them and in 17 strains of MAC[24].
Thus, the connection between MAP and other mycobacterial strains is observed through this highly conserved
sequence similarity. In addition, mycobacteria can be
broadly classified as either an environmental or parasitic

DIAGNOSIS OF CD
The most accurate and effective examination for the diagnosis of CD is a full colonoscopy along with intubation
of the ileum[17]. This type of endoscopic examination
allows the physician to clearly visualize the colon, ileum,
and even certain parts of the lower regions of the small
intestine. Physicians can also take multiple biopsies of all
the segments of the colon as well as the terminal ileum[17].
Dye-based chromoendoscopy is an advanced imaging
technique which allows for the visualization of subtle
changes in the lining of the intestine. An alternative imaging method that can be utilized is capsule endoscopy,
which is usually selected when there is no evidence of
stricture or stenosis[18]. Other technology detects inflammation of the distal ileum such as enhanced gadolinium
magnetic resonance imaging which has been proven to
be very effective in distinguishing between inflammatory
diseases of the GI tract, is non-invasive, and does not
produce any radiation[19].

WHAT IS THE ETIOLOGY OF CD?
Unfortunately, the etiology or cause(s) of CD are still
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have been reported on MAP chromosome[37] and have
been found to be similar to a few protein-coding genes
found in Mycobacterium tuberculosis. These protein-coding
genes are drrA, drrB, and drrC, are located at Rv2936Rv2938, and have been commonly associated with the
pathogenic phenotype observed in M. tuberculosis[38].

species on the basis of their epidemiological and pathological nature[25]. Environmental mycobacteria such as the
other strains of MAC can be considered as opportunistic
bacteria that are found in a variety of habitats. Some of
these environments include wet soil, rivers, agricultural
slurry, the intestines of birds, ruminants, humans, and
even within protists[26,27].
MAP is an obligate parasitic mycobacterium that
causes chronic inflammation in the gut of several mammalian species and is considered to have three major genetic differences that serve to separate it from other nonpathogenic MAC. These differences are the presence of
an insertion element designated as IS900, the presence
of a genetic element known as “GS”, and the presence
of a unique MAP gene (hspX) located in a specific genomic region. MAP contains a highly conserved insertion
sequence (IS) or IS element referred to as IS900, which
is repeatedly found in its genome approximately 15-20
times[28]. IS900 contains 1451 base pairs and harbors neither terminal inverted repeats nor flanking direct repeats
normally found in other classical IS elements[28]. As a
result, IS900 is grouped in a family of insertion elements
that is specifically found in certain microorganisms. Some
of these IS elements include IS901 and IS902 found in
Mycobacterium avium subsp. silvaticum[29], IS116 present in
Streptomyces clavuligerus[30], and IS1110 located in M. avium[31]. It has been documented that the pathogenic nature
of several microorganisms has been linked to the presence of IS elements[32]. IS900 is able to take control of
the translational machinery of MAP and thereby affects
the expression of certain genes. It achieves this task by
encoding for a putative transposase of 399 amino acids
in size called p43 on one strand[33]. On the complementary strand IS900 encodes for a very unique gene called
the hed (host-expression-dependent) gene[34]. This gene is
quite unique in that upon entry into the MAP genome it
requires a promoter, termination codon, and ribosome
binding site (RBS). Previous studies have indicated that
IS900 enters the genome of MAP at a specific consensus
target sequence such that it is located between the RBS
and start codon of the target gene in one specific direction[33]. As a result of this alignment, the hed ORF comes
under the control of the mycobacterium host promoter
thereby allowing for the translation of the Hed protein[33].
Thus, this is one probable explanation for how the insertion element IS900 may assist in the pathogenic phenotype of MAP compared with the other strains of MAC.
The second major genetic difference between MAP
and other mycobacterial strains of MAC is that MAP contains a genetic element designated as “GS”, which contains a low guanosine and cytosine (G + C) content[35]. GS
is a 6496 bp element which possesses six genes-gsa, gsbA,
gsbB, gsc, gsd, and mpa[36]. In addition, it has been found
that the mpa gene of the GS element in MAP is a putative acetyltransferase, and has mpa homologues present in
other microorganisms such as oafA and oac of Salmonella
typhimurium and Shigella flexneri, respectively[37-39]. Other
virulence regions including “pathogenicity islands” or Pais
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TRANSMISSION OF MAP TO HUMANS
THROUGH COW’S MILK
The real concern for the transmission of MAP from cattle to humans is that MAP-infected cows remain asymptomatic in a lengthy subclinical phase[39]. As a result of
this, infected cows are not removed and may continue to
be harvested for milk and meat, and the spread of MAP
can go unnoticed through fecal matters to the rest of the
herd[40]. There have been several cases reporting the culture and isolation of MAP from the milk of subclinical
or asymptomatic cows[39].
There has been a plethora of documentation about
the number of cases in several countries reporting outbreaks of human illness due to improper ‘heat-treated’
milk and dairy products. It has been observed that certain pathogens such as Campylobacter species, Salmonella
species, L. monocytogenes, and even Y. enterocolitica have
been found in pasteurized milk, powdered milk, and
even cheese, thereby contaminating these products and
causing human illness[41]. Thus, it is apparent that milk
can serve as a means of transmission of these pathogens. Similarly because MAP is found to a large extent in
dairy herds and domestic livestock, it can be inferred that
it may be present in raw milk. It is assumed that the pasteurization process will destroy any viable pathogens including MAP. However, there have been numerous case
studies indicating the thermal-resistant characteristics of
MAP thereby enabling its survival after pasteurization.
Chiodini and Hermon-Taylor simulated pasteurization
methodologies under laboratory conditions as defined by
the Public Health Service, US Food and Drug Administration[42]. They performed the high-temperature, shorttime (HTST) method of pasteurization in which the
milk samples were heated to 72 ℃ for 15 s in accordance
with commercial pasteurization techniques[43]. The results
indicated that approximately 3%-5% of strains of MAP
survived this process. Also, the pasteurization of MAP
obtained from human tissues suspended in milk showed
to have a higher survival rate (38.7% and 26.2%) than
the bovine samples (8.7% and 9.0%)[43]. Grant et al[44]
reported that MAP was not completely destroyed after
pasteurization if it was already present in the milk at a
concentration greater than 104 cfu/mL. In other studies,
Sung et al[45] were able to statistically determine the D values for various strains of MAP tested which estimated
that MAP can survive HTST pasteurization methods
when initially present at a concentration greater than 101
organisms/mL of milk. However, there have been some
critics who have dismissed the validity of the previous
studies because they claimed that the HTST pasteuriza-
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potent vehicle for the transmission of MAP to humans.

tion method performed in the laboratory setting cannot
simulate commercial pasteurization conditions such as
the turbulent flow of milk[44]. For example, Stabel et al[46]
challenged the validity of these previous studies and
reported that there was no evidence indicating the presence of viable MAP after the performance of HTST
pasteurization simulated with an Armfield HTST laboratory pasteurizer. However, Grant et al[44] defended the
studies previously performed in the field and criticized
the methodology selected by Stabel et al[46]. She indicated
that Stabel et al[46]. had frozen and sonicated MAP prior
to its addition to raw milk. Grant et al[44] also expressed
that MAP will not under normal circumstances naturally
undergo such treatments prior to contaminating milk
samples. Furthermore, freezing and sonicating MAP will
only make it more susceptible to heat shock As already
indicated by Richards et al[47] in 1977, freezing (-70 ℃)
of bovine fecal samples contaminated with MAP substantially reduced the viability of MAP. Also, it was Sung
et al[45] who reported the decreased thermal resistance of
declumped MAP cells compared to clumped MAP cells,
thereby highlighting the changes caused by the sonication
of MAP cells. It is without a doubt that milk can serve as
a vehicle for the transmission of MAP from animals to
humans through consumption of diary and meat products from infected animals.

MAP CHALLENGES IN THE LABORATORY
From the outset, MAP is an obligate intracellular bacterium which presents multiple challenges in the laboratory
with respect to its cultivation from tissue samples from
both CD patients and even Johne’s disease in animals.
Unfortunately this fastidious bacterium is very slowgrowing and often requires the cultures to be incubated
for an extended period as much as 16 wk at a time[55]. As
a result it has become quite problematic over the years to
isolate and culture it through conventional means. Furthermore, MAP has very specific growth requirements
which must be met for its survival. For example, this
intracellular bacillus is unable to synthesize iron-chelating
compounds, and therefore its host must provide iron for
MAP to survive. Furthermore, due to its high mycolic
content mycobacteria can easily adapt to intracellular
growth in macrophages and may even become drug resistant[56]. In addition, MAP in CD assumes a cell-wall deficient spheroplast-like form which complicate culture requirement and void the use of the golden standard ZiehlNeelsen mycobacterial staining test. For this reason, MAP
in its spheroplastic form cannot be identified by light
microscopy which adds to the challenges of confirming its presence in a laboratory setting[57]. Due to these
difficulties, MAP-specialized scientists looked towards
better techniques for the detection and characterization
of microorganisms. This led them to the utilization of
IS900 polymerase chain reaction (PCR) for the detection
of MAP and later on the development of appropriate
culture media. Nevertheless, some challenges remain
including standardization of the methodology, and most
importantly spreading the awareness to clinicians and scientists that standard methodology is not appropriate for
the detection of MAP in humans[58].

PREVALENCE OF MAP IN THE
ENVIRONMENT AND IN WATER
One of the major contributors to the spread of MAP in
the environment is through the feces of infected cattle.
Both subclinically and clinically infected cows excrete
massive amounts of MAP through their feces on various
pastures and farmlands[48,49]. This is a serious problem
because it has already been documented that MAP can
persist in the environment for long durations[50]. MAP is
capable of surviving in fecal matter and in the soil for up
to 12 wk[51]. Muskens et al[52] conducted a study investigating whether infected cattle could transmit MAP to other
animals such as sheep grazing on the same pastures. They
reported that 20% (10/50) of sheep showed evidence
for the presence of MAP in their tissues. Subsequently,
MAP can spread and infect other animals which come in
contact with infected cattle. Furthermore, the prevalence
of MAP in the environment is not only due to infected
cattle, but can be due to other infected animals such as
rabbits and deer which can also spread MAP abundantly
through their feces[53]. Unfortunately, this is only part of
the problem. In most cases the cow’s fecal matter is used
to make manure which is subsequently distributed across
agricultural lands as fertilizer and thus contaminating
ground water, rivers, and other surface bodies of water[36].
It will be just a matter of time before the accidental host
(human population) is infected with MAP. MAP has been
shown to resist chlorine disinfection treatment at concentrations similar to those used to disinfect public drinking
water systems[54]. Clearly, it is apparent that water is a very
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INVESTIGATING MAP ASSOCIATION
WITH CD
It was in 1913, when Dalziel (1861-1924), a surgeon at
Glasgow reportedly characterized 13 cases of chronic
intestinal enteritis in humans[2]. Upon histological and
clinical examination of nine patients, Dalziel specifically
noticed that different parts of the gastrointestinal tract
were affected: the jejunum, transverse and sigmoid colon,
as well as the mid-ileum[2]. He reported that these symptoms closely paralleled clinical findings observed in cattle
suffering from Johne’s disease, a chronic inflammatory
disease of the gut. As a result, Dalziel speculated that
paratuberculosis, the then known causative agent of Johne’s
disease, could be a potential etiological agent responsible
for the observed symptoms in his patients[2]. It was not
until 1932 when Crohn’s disease was first introduced as a
clinical entity was it possible to connect the pathological
and clinical findings described in CD to Dalziel’s observations in 1913. However, much skepticism and uncertainty
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Table 1 Studies supporting mycobacterium avium subspecies
paratuberculosis association with Crohn’s disease by Culture
n (%)

Table 2 Studies not supporting mycobacterium avium
subspecies paratuberculosis association with Crohn’s disease
by Culture n (%)

Study

Control

Ref.

3 (33)
13 (26)
NP
3 (6.3)
1 (1.8)
0 (0)
1 (7.7)
0 (0)
1 (16.7)
0 (0)
0 (0)
2 (5.6)
3 (10.3)
6 (27.3)
5 (12.5)
0 (0)

Clarkston et al[83]
Dumonceau et al[105]
Graham et al[84]
Kallinowski et al[75]
Kreuzpaintner et al[85]
Parrish et al[73]
Ricanek et al[74]

Crohn’s disease

Bull et al[63]
Chiodini et al[82]
Chiodini et al[59]
Collins et al[64]
Gitnick et al[65]
Kirkwood et al[66]
Markesich et al[61]
Mendoza et al[67]
Moss et al[68]
Naser et al[69]
Naser et al[58]
Schwartz et al[62]
Sechi et al[57]
Singh et al[70]
Singh et al[71]
Wall et al[72]

14 (33)
16 (26)
3 (100)
15 (19)
4 (14.8)
4 (40)
12 (50)
30 (100)
6 (33.3)
2 (100)
14 (50)
10 (37)
19 (63.3)
4 (80)
29 (50)
6 (20)

0/21 (0)
0/31 (0)
6/19 (31.5)
0/21 (0)
0/23 (0)
0/130 (0)
2/75 (2.7)

Control
NP
0/22 (0)
7/17 (41)
0/24 (0)
0/23 (0)
0/130 (0)
2/135 (1.5)

NP: Not performed.

the advent of PCR, RT-PCR and nested PCR had facilitated the detection of MAP IS900 in cultures from CD
patients[53,57,58,64,66,68,69,72]. Table 1 lists a total of 16 studies
which strongly support the association between MAP
and CD. The development of mycobacterial growth indicator tube (MGIT) sparked a new wave of interest led by
Saleh Naser team who supplemented MGIT media with
additives essential for survival of cell wall-deficient in vitro
and restoration of the cell wall. Consequently, Schwartz et
al[62] reported a higher frequency of MAP in CD patients
at 37% (10/27) vs healthy controls at 5.6% (2/36). What
is truly insightful in this study is the fact that MAP was
found at a higher percentage (86%) in surgically resected
tissue samples than in tissue biopsies (20%) taken from
CD patients[62]. These results alluded to the supposition
that MAP may in fact be located below the mucosal layer
instead of found on the apical surface area[62]. Naser et
al[69] further employed the same culture condition to study
whether or not MAP is present in human milk. They
reported the presence of MAP in 100% (2/2) of breast
milk samples taken from lactating CD mothers who had
just given birth, compared to 0% (0/5) of healthy lactating controls. Thus, this study provides critical evidence to
support the similarity between Johne’s disease and MAP
infection in CD. MAP was later on detected from breast
milk from additional CD patients (data not shown). Most
interestingly, Naser et al[58] were able to culture viable
MAP from the buffy coat of blood sampled from CD
patients at a significant percentage 50% (14/28). These
intriguing results are further substantiated based on the
fact that there was no evidence for the culture of MAP
from the blood of the healthy control groups 0% (0/15).
Other scientists reported the presence of MAP in 14/33
(42%) bowel-pinch biopsies of CD patients (14/33) compared to 3/33 (9%) non-IBD controls. It was Kirkwood
et al[66] who sought to investigate if there was an association between MAP and CD in children who were symptomatic of this disease at an early stage. They revealed
that 40% (4/10) of the cultured mucosal biopsies from
the CD patients contained viable MAP, whereas 0% (0/4)
of the healthy non-IBD controls showed no evidence
for the presence of MAP. Consequently, these findings
clearly indicate the possible association between MAP
and CD, and according to Kirkwood et al[66] these results

NP: Not performed.

persisted with respect to the etiology of Crohn’s disease.
Furthermore, confidence in this mycobacterial hypothesis over the years has suffered tremendously due to the
substantial difficulty and failure in culturing mycobacteria
from CD tissues and the reliance on methodology which
were not appropriate for MAP from humans. MAP association with CD theory was revived when Chiodini et al[59]
in 1984 reported the isolation of uncharacterized mycobacteria from tissues of three CD patients. They proposed that the bacterium existed in a cell-wall defective
form which was later characterized as MAP[60]. Similar
results were reported from studies out of David Graham
and John Hermon-Taylor laboratories (discussed below).
Advancements in cultural techniques and PCR assays
unique to MAP by Naser’s team (discussed below) fueled
and renewed interest in investigating a possible etiological
connection between MAP and CD.

CULTURE OF MAP FROM CD PATIENTS
In this review, data from a total of 23 peer review studies
which investigated the presence of MAP in CD specimens using culture techniques were reviewed. As shown
in Table 1, the results from 16 (70%) studies supported
the association between MAP and CD. Only 7 (30%)
studies did not support such association (Table 2). Much
of the difficulty in culturing or isolating MAP stems from
the fact that this fastidious organism has very specific
nutritional requirements and is a very slow growing bacterium[59,61,62]. Culture of MAP in liquid or agar-based media requires weeks to months of laboratory incubation[22].
The presence of MAP in a cell wall-deficient spheroplastic form in humans adds additional challenges to growing
it in the laboratory. Many investigators reported the recovery of MAP in a cell wall-deficient form from the tissues of CD patients at a higher occurrence than control
groups consisting of non-IBD patients[59,61-72]. Certainly,
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of which 75 of these biopsies were collected from CD
patients and 135 were collected from non-IBD patients.
After long-term culture of MAP it was reported that only
2.7% (2/75) of CD patients and 1.5% (2/135) of nonIBD patients showed the presence of MAP[74]. Similarly,
Kallinowski et al[75] documented the inability to culture
MAP from a variety of sources such as stool, sera, and
even gut tissue samples. They reported that 0% (0/21)
of CD patients and 0% (0/24) of healthy controls had
MAP through culture[75]. The results from these studies
should not be surprising since MAP is extremely fastidious and requires specialized culture media to grow which
is contrary to culture media used in these studies. Other
studies which failed to detect MAP in CD have depended
on traditional standard methodology designed to culture
and detect bacillary MAP from Johne’s disease animals or
other Mycobacterium species. It is important that investigators realize that M. avium subspecies paratuberculosis is not the
same as M. avium or M. tuberculosis. Moreover, tissue and
blood specimens collected from patients with active antibiotic treatment should be used for attempts to culture
MAP in the laboratory. Rarely did the studies described
in Table 2 allotted to whether the subjects used in their
studies had antimicrobial agents prior to submission of
the specimens.

Table 3 Studies supporting mycobacterium avium subspecies
paratuberculosis association with Crohn’s disease by
polymerase chain reaction n (%)
Ref.

Crohn’s disease

Autschbach et al[76]
Bentley et al[86]
Bull et al[63]
Collins et al[64]
Dell’lsola et al[87]
Erasmus et al[88]
Fidler et al[89]
Gan et al[90]
Ikonomopoulos et al[91]
Kirkwood et al[66]
Lisby et al[92]
Mendoza et al[67]
Mishina et al[78]
Moss et al[68]
Murray et al[93]
Naser et al[69]
Naser et al[58]
Romero et al[77]
Ryan et al[94]
Sanderson et al[95]
Scanu et al[96]
Sechi et al[57]
Singh et al[70]
Singh et al[71]
Tiveljung et al[97]
Tuci et al[98]
Wall et al[72]

52 (100)
122 (33.8)
34 (92)
14 (42)
15 (19)
13 (72)
10 (38)
4 (12.9)
17 (47.2)
7 (35)
22 (39)
8 (16)
11 (46)
18 (60)
8 (100)
6 (33.3)
2 (22)
2 (100)
13 (46)
10 (83)
6 (50)
26 (65)
20 (87)
25 (83.3)
4 (80)
28 (96.6)
3 (27)
21 (68)
6 (20)

Control
5 (100)
43 (21.5)
9 (26)
3 (9)
3 (6.3)
7 (29.2)
4 (11)
0 (0)
3 (15)
NP
6 (15)
0 (0)
3 (11)
0 (0)
0 (0)
1 (16.7)
0 (0)
0 (0)
3 (20)
1 (17)
0 (0)
5 (12.5)
3 (15)
3 (10.3)
5 (22.7)
NP
0 (0)
11 (48)
0 (0)

DETECTION OF MAP DNA BY PCR
A total of 52 studies investigating MAP DNA in CD have
been reviewed. Table 3 lists a total of 27 studies providing evidence in support of MAP association with CD by
PCR. On the contrary. Table 4 lists 25 studies which present data in contradiction of MAP-CD association.
One of the studies showing a strong connection between MAP and CD has been performed by Autschbach
et al[76]. They reported that a staggering 52% (52/100) of
tissue from CD patients were found positive for the presence of MAP DNA compared to only 5% (5/100) of the
non-IBD patients. Similarly, Romero et al[77] had examined
several surgical tissue samples from 20 individuals by performing nested PCR specific for the IS900 sequence. The
results from Naser’s lab indicated that a substantially high
percentage 83% (10/12) of CD patients were positive
for the presence of MAP, while a much smaller percentage 17% (1/6) of non-IBD patients were positive for
MAP[77]. In addition, there was another compelling study
conducted by Bull et al[63] in 2003 in John Hermon-Taylor’
s laboratory, which presented data in support of MAP
as a causative agent for CD. Fresh ileocolonic mucosal
biopsies were collected and analyzed for the presence of
MAP by the performance of PCR specific for IS900. The
results revealed that 92% (34/37) of CD patients were
positive for the presence of MAP DNA compared to a
significantly diminished number of healthy controls 26%
(9/34)[63]. In this same study Bull et al[63] had cultivated
MAP using MGIT cultures described by Naser et al[58] and
Schwartz et al[62]. After twelve weeks of incubation, PCR
was performed with these cultures which again indicated

NP: Not performed.

imply that MAP maybe implicated with the early-onset of
CD in children. Sechi et al[57] also reported a particularly
strong association between MAP and CD based on their
population study which involved the analysis of people
in Sardinia diagnosed with and without CD. According to
their results it was found that MAP DNA was detected in
intestinal mucosal biopsies of approximately 63% (19/30)
of CD patients compared to 10.3% (3/29) of control patients.
Contrary to the above data, there have been some
studies providing evidence for the dismissal of MAP as
a causative agent of CD (Table 2). For example, Parrish
et al[73] conducted a study analyzing blood samples taken
from 260 individuals who consisted of 130 CD patients
and 130 healthy individuals. After culturing MAP, the results revealed that none of the CD patients 0% (0/130)
as well as the healthy controls 0% (0/130) showed evidence for the presence of MAP[73]. Only one patient was
reported having a positive result by PCR[73]. Due to the
fact that MAP and MAP DNA are present in the food
chain and the fact that MAP DNA has been detected
in the blood of patients with CD and type Ⅰ diabetes
mellitus and in less frequency in the blood of healthy
controls, most scientists in the field may question the
protocol used in this study. In another study, Ricanek
et al[74] collected bowel biopsies from 321 individuals,
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and MAP DNA are found in the food chain including
dairy and meat products as well as in drinking water,
it is difficult to accept that MAP or MAP DNA is not
detected even accidently in some specimens. The methodology used in many of these studies must have lacked
essential steps to recover the low abundance of MAP in
CD specimens and must have not been able to reduce
the laboratory loss of some MAP or MAP derivatives.
Whether the loss of MAP occurred at the specimen collection level or during the analysis, it should be avoided.
Tissue specimens must be collected appropriately and
adequately from active ulcerated sites. Specimens should
be transported promptly and appropriately by avoiding freezing and use of anti-microbial solutions. Blood
should be withdrawn into tubes with anticoagulants,
transported without freezing, and promptly, to avoid lysis
of leukocytes and loss of MAP. DNA extraction conditions should be optimized to recover single MAP genome
which is also free from PCR inhibitors such as hemoglobin. Earlier study in our laboratory suggested that MAP
from CD patients contained limited IS900 copies compared to bovine MAP strains. Nested PCR consisting of
two amplification rounds is necessary for sufficient detection of MAP DNA. For reasons mentioned above and
other unknown factors, standard PCR based on a single
amplification should not be used for detection of MAP
in CD.

Table 4 Studies not supporting mycobacterium avium
subspecies paratuberculosis association with Crohn’s disease
by polymerase chain reaction n (%)
Ref.

Crohn’s disease

Al-Shamali et al[99]
Baksh et al[100]
Bernstein et al[101]
Cellier et al[102]
Chiba et al[103]
Clarkston et al[83]
Dumonceau et al[104]
Domonceau et al[105]
Ellingson et al[106]
Frank and Cook[81]
Gibson et al[107]
Kallinowski et al[75]
Kanazawa et al[108]
Kreuzpaintner et al[85]
Lozano-Leon et al[109]
Parrish et al[73]
Ricanek et al[74]
Riggio et al[110]
Quirke[21]
Rowbotham et al[80]
Sasikala et al[79]
Suenaga et al[111]
Toracchio et al[112]
Tzen et al[113]
Wu et al[114]

0 (0)
0 (0)
0 (0)
0 (0)
2 (4)
0 (0)
0 (0)
1 (4.8)
17 (47)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
10 (100)
10 (100)
1 (5)
0 (0)
0 (0)

Control
0 (0)
0 (0)
NP
6 (21.4)
2 (10)
0 (0)
0 (0)
0 (0)
13 (57)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (0.77)
1 (0.28)
0 (0)
0 (0)
1 (3.8)
0 (0)
14 (87.5)
14 (87.5)
NP
3 (27.3)
NP

CONCLUSION

NP: Not performed.

In this review, data has been presented in the form of
tables providing evidence for and against an association between MAP and CD by PCR and culture. It was
revealed that MAP can be detected and isolated from
the tissues, blood, and milk of many CD patients. Based
on this information, MAP is definitively involved in the
pathogenesis of some CD cases even though other studies have not acknowledged this association as represented
in Tables 2 and 4. It must be emphasized that much of
the controversy concerning MAP and CD stems from
the inconsistent methodologies that have been used in
the detection and isolation of MAP, which have questioned the causal relationship between this bacterium and
CD. These observed discrepancies result from the fact
that the methods that were designed for the detection of
MAP in animals with Johne’s disease are inappropriate
for the detection of MAP in humans. Consequently, the
need for more sophisticated and optimized methodologies are required so that there can be accurate detection
and isolation of MAP in CD patients. One such methodology has been developed in our laboratory, and success
has been achieved based on key principles shown in Figure 1. Other factors that may also limit the detection of
MAP in clinical samples from some CD patients include
the stage of the disease, and prior treatment with antibiotics or drugs with antimicrobial activity. For example,
negative detection of MAP in peripheral blood samples
could be correlated with a localized intestinal CD com-

a higher frequency of CD patients 42% (14/33) positive
for MAP DNA vs only 9% (3/33) of healthy controls[63].
This data strengthens the support of MAP in connection
with CD. Mishina et al[78] analyzed mucosal specimens using RT-PCR for the detection of MAP RNA where they
found MAP in 100% (8/8) of CD patients and 0% (0/2)
in non-IBD. This study is of particular importance because MAP RNA was amplified (without culture) adding
more support to the presence of viable MAP in CD[78].
At the same time, many studies based on PCR techniques have failed to detect MAP DNA in CD and concluded the lack of association between MAP and CD
(Table 4). For example, Sasikala et al[79] indicated that 0%
(0/93) of CD patients showed the presence of MAP
and 0% (0/97) of healthy controls were also negative
for the presence of MAP. Similarly, Rowbotham et al[80]
reported that none (0/68) of CD patients were positive
for the presence of MAP and just 3.8% (1/26) of healthy
controls had MAP. Lozano-Leon et al[109] indicated the
absence of MAP in the blood of 73 CD patients and 73
healthy controls. Frank and Cook in 1996 also reported
the absence of MAP in both CD and control subjects[81].
The investigators in these studies should be commended
on their interest to question whether or not MAP is associated with CD, and for including impressive numbers
of specimens in their studies. Due to the fact that MAP
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Peripheral
leukocytes

Plasma

Measure anti-MAP IgG

MGIT culture with
supplements

Bacterial
DNA
extraction
Incubate for 3 to 6 mo
at 37 ℃

IS900-Based
Nested PCR

First round of PCR (nested 1) 398 bp
P90 primer 5’-GTTCGGGGCCGTCGCTTAGG-3’
P91 primer 5’-GAGGTCGATCGCCCACGTGA-3’
Second round of PCR (nested 2) 298 bp
AV1 primer 5’-ATGTGGTTGCTGTGTTGGATGG’3’
AV1 primer 5’-CCGCCGCAATCAACTCCAG-3’

M

Negative control Negative patients

Positive patients

+

400 bp
200 bp

Figure 1 Schematic illustration of successful Mycobacterium avium subspecies paratuberculosis detection in clinical samples. Coded EDTA blood samples
were collected from patients for investigating the presence of Mycobacterium avium subspecies paratuberculosis (MAP). Blood plasma was analyzed by measuring the concentration of anti-MAP IgG antibodies. Peripheral leukocytes were analyzed for the presence of MAP. In the first method, DNA was extracted followed by
IS900-based nested polymerase chain reaction (PCR) using MAP-specific primers. In the second method a mycobacterium growth indicator tube (MGIT) liquid culture
system with supplements was used to culture MAP lacking cell wall followed by 3 to 6 mo incubation and IS900-based nested PCR analysis.

pared to cases with advanced disease associated with
systemic complications. The latter is most likely to lead to
the presence of MAP in circulation.
Finally, it is also worth noting that it is a fact that CD

WJG|www.wjgnet.com

is a syndrome with multifactorial etiology. It is very possible that lack of detection of MAP in clinical samples
from some CD patients may be due to the absence of
MAP role in these patients. The latter statement is con-
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ditional on utilization of methodology appropriate for
detection of human MAP strains. Stratification of CD
and IBD patients for the presence or absence of MAP is
necessary for appropriate and effective treatment which
may lead to a cure.
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Core tip: Despite current antibiotic treatments, Clostridium difficile infection (CDI) is a growing epidemic

with increasing rates of recurrence, severity and mortality. The treatment of recurrent CDI thus represents
a real challenge. This article simultaneously focuses
on current guidelines for CDI treatment, the role of
gut microbiota in CDI recurrence and current evidence
about fecal microbiota transplantation (FMT) efficacy,
adverse effects and acceptability. According to studies
published to date, FMT use for recurrent CDI is associated with high resolution rates compared with standard
antibiotic treatment. Further studies are needed to confirm FMT effectiveness, and to determine the long-term
consequences and good administration practices.

Abstract
Clostridium difficile infections (CDI) are a leading cause

Zanella Terrier MC, Simonet ML, Bichard P, Frossard JL. Recurrent Clostridium difficile infections: The importance of the intestinal microbiota. World J Gastroenterol 2014; 20(23): 7416-7423
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i23/7416.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i23.7416

of antibiotic-associated and nosocomial diarrhea. Despite effective antibiotic treatments, recurrent infections
are common. With the recent emergence of hypervirulent isolates of C. difficile , CDI is a growing epidemic
with higher rates of recurrence, increasing severity and
mortality. Fecal microbiota transplantation (FMT) is an
alternative treatment for recurrent CDI. A better understanding of intestinal microbiota and its role in CDI
has opened the door to this promising therapeutic approach. FMT is thought to resolve dysbiosis by restoring gut microbiota diversity thereby breaking the cycle
of recurrent CDI. Since the first reported use of FMT for
recurrent CDI in 1958, systematic reviews of case series and case report have shown its effectiveness with
high resolution rates compared to standard antibiotic
treatment. This article focuses on current guidelines for
CDI treatment, the role of intestinal microbiota in CDI
recurrence and current evidence about FMT efficacy,
adverse effects and acceptability.
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INTRODUCTION
Clostridium difficile (C. difficile) infection (CDI) are the leading cause of nosocomial diarrhea, representing 20%-30%
of diarrhea caused by antibiotics, and mortality is estimated at 2%[1,2]. Recent data from 28 community hospitals in
the United States suggest that C. difficile has become the
leading cause of healthcare-associated infection ahead of
methicillin-resistant Staphylococcus aureus[3]. The increasing
incidence of CDI among hospitalized and outpatients is
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Table 1 Independent risk factors for Clostridium difficile
[9]
infections (adapted from )
Antibiotic use (especially 3rd generation cephalosporins,
fluoroquinolones)
Patients older than 60 yr
Admission in previous 60 d
Use of proton pump inhibitors and histamine-2 blockers
Use of anti-motility agent
Mechanical ventilation
Hypoalbuminemia

Table 2 Clinical presentation of Clostridium difficile
[44]
infections (adapted from )

Figure 1 Colonoscopy showing typical yellow pseudomembranes that
cover superficial mucosal ulcerations.

a real public health challenge with an increasing incidence
from 30 per 100000 in 1996 to 84 per 100000 in 2005 in
American acute care hospitals[4]. Indeed this is associated
with an annual cost in the United States of an estimated
1 billion dollars[5]. Recent occurrence of severe C. difficile
disease and higher mortality rates have been associated
with the emergence of strains with increased virulence,
the so-called ‘‘hypervirulent’’ isolates that belong to the
BI/NAP1/027 category and which are fluoroquinoloneresistant[6].
The main C. difficile virulence factors are two exotoxins, the enterotoxin TcdA and the cytotoxin TcdB: their
actions on the cytoskeleton and tight junctions result in
decreased transepithelial resistance, fluid accumulation,
and destruction of the intestinal epithelium. They also
cause the release of inflammatory cytokines and promote
neutrophil chemotaxis, thereby contributing to the mucosal injury[7].
Regardless of the treatment provided, and despite
its effectiveness, more than 25% of patients will have a
recurrence within 1 to 3 mo[8]. Taken together, CDI treatment today represents a therapeutic challenge because
of the high prevalence of CDI, a significant rate of
recurrence, and the recent emergence of the hypervirulent strain BI/NAP1/027. Considering the recent better
understanding of gut microbiota and the importance of
dysbiosis in the pathophysiology of recurrent CDI, there
is growing interest in alternative therapeutic approaches,
such as fecal microbiota transplantation (FMT) for patients in whom standard antibiotic therapy has failed. In
this article we will review the current guidelines for CDI
treatment, the importance of gut microbiota and its imbalance in CDI, and current evidence about FMT use in
CDI treatment.

C. difficile diarrhea

C. difficile colitis

Laboratory and imaging
studies

Diarrhea
Abdominal pain
+/- fever
Diarrhea
Abdominal pain

Colonoscopy: unremarkable

Leukocytosis
Colonoscopy: patchy or
diffuse erythematous colitis
Fever
without pseudomembranes
Pseudomembranous
Diarrhea
Leukocytosis
Abdominal pain Colonoscopy: pathognomonic
colitis
pseudomembranes (yellow
Fever
plaques 2-20 mm)
Fulminant colitis
Profuse diarrhea
Leukocytosis
or ileus
(sometimes white blood cell
count > 4 × 109/L)
Abdominal pain
Elevated serum lactate
Fever
Sigmoidoscopy:
pseudomembranes
+/- signs of
Abdominal computed
shock
tomography scanner:
megacolon, +/- bowel
perforation
C. difficile: Clostridium difficile.

Fluoroquinolones and beta-lactams are particularly associated with CDI, and the risk increases with antibiotic
duration and dose[9].
Clinical presentation of CDI
The diagnosis of CDI is based on (1) clinical evidence
(presence of moderate to severe diarrhea or ileus); and (2)
microbiological detection of C. difficile in stool [C. difficile
toxin detection by PCR (sensitivity 90%; specificity 96%)
or stool culture] or compatible endoscopic appearance or
histopathologic evidence[1] (Figure 1). The presence of
diarrhea should raise suspicion of CDI and further investigations should only be undertaken in the case of strong
clinical suspicion owing to the high prevalence of asymptomatic carriers among hospitalized patients (7%-20%)[2].
C. difficile infections include a broad spectrum of clinical presentations. Assessing the severity of an episode
is of particular importance because it will determine
the choice of treatment (Tables 2 and 3). There is no
consensus about the definition of a severe episode, but
American and European experts agree that a severe CDI
is associated with one or more of the following features:

CLOSTRIDIUM DIFFICILE INFECTION
Risk factors
A retrospective study published in 2003 identified independent risk factors for CDI occurrence, as listed in Table 1[9]. Among them, the use of antibiotics was identified
as the most important. Indeed, over 90% of patients with
CDI received an antibiotic within 14 d prior to infection.

WJG|www.wjgnet.com

Clinical
manifestations
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[1,10,11]

Table 3 Severity of Clostridium difficile (adapted from
Severity criteria according to
American experts
Severity criteria according to
European experts

Non severe CDI
Severe CDI
Severe and complicated CDI
Severe CDI

)

White blood cell count < 15 × 109/L and creatinine level < 1.5 × baseline
White blood cell count > 15 × 109/L or creatinine level > 1.5 × baseline
Hypotension or shock or ileus or megacolon
Age > 65 yr or severe comorbidities or intensive care admission or immunodeficiency
or
Presence of ≥ 1 of the following criteria:
Fever ≥ 38.5  ℃
Shivering
Hemodynamic instability
Signs of peritonitis
Signs of ileus
White blood cell count > 15 × 109/L
Creatinine level > 1.5 × baseline
Elevated serum lactate
Pseudomembranous colitis (colonoscopy)
Distension of large intestine (computed tomography, CT scan)
Colonic wall thickening (CT scan)
Pericolonic fat stranding (CT scan)
Ascites not explained by other causes

CDI: Clostridium difficile infection; CT: Computed tomography.

First episode

General measures:
Contact precautions
Stop offending antibiotic
Stop anti-motility agent

Non severe CDI

Severe CDI

Possible oral therapy

Impossible oral therapy

Possible oral therapy

Impossible oral therapy

Metronidazole orally
500 mg tid for 10-14 d

Metronidazole iv
500 mg tid for 10-14 d

Vancomycine orally
125 mg qid for 10-14 d

Metronidazole iv
+ vancomycine by NGT
± vancomycine by enema
in case of ileus for 10-14 d

Figure 2 Algorithm for treatment of Clostridium difficile infections (adapted from[1,10,11]). iv: Intravenously; NGT: Nasogastric tube; CDI: Clostridium difficile infection.

clinical signs of severe colitis, an increase in serum creatinine of more than 50% of baseline, leukocytosis greater
than 15 × 109/L, advanced age (≥ 65 years old) and serious comorbidities[1,10].
Treatment response is present when either stool
frequency decreases or stool consistency improves, parameters of disease severity improve and no new signs
of severe disease develop; treatment response should
be evaluated after at least three days[11]. After clinical
response, it may take weeks for stool consistency and
frequency to become entirely normal. After resolution of
an episode, CDI recurs in about 25% of cases, regardless
of the treatment provided (metronidazole or vancomycine) and its effectiveness[8]. Recurrence is defined as the

WJG|www.wjgnet.com

return of symptoms within 8 wk after successful treatment[1]. Some factors are associated with a high risk of
recurrence: patient’s age (older than 65 years), further use
of antibiotics, a low rate of anti-toxin A IgG, and a prior
episode of CDI (the risk increases with the number of
recurrences: 45% following the second episode and 65%
after the third)[8].
Current treatment
The European Society of Clinical Microbiology and Infectious Diseases and the Infectious Disease Society of
America have proposed recommendations for CDI treatment[1,10,11]. First, they offer some general measures such
as stopping any offending antibiotic and anti-motility
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fully understood but likely involve two mechanisms: the
resistance of C. difficile to metronidazole and vancomycin,
and most importantly, the phenomenon of dysbiosis. The
risk of recurrence is approximately 25% after a first CDI
episode and dramatically increases with subsequent CDI
recurrences[8]. Half of cases is considered as a relapse
(C. difficile spores are not destroyed by antibiotics and can
germinate to vegetative forms after antibiotic therapy),
and the other half as a re-infection (infection by a new
strain)[8].
Until recently, the lack of resistance of C. difficile to
vancomycin and metronidazole seemed to be well demonstrated. However, recent studies have shown some resistance mechanisms of C. difficile thanks to new analytic
methods able to stabilize and study C. difficile taken out of
the gut[20].
Gut microbiota and its imbalance, called dysbiosis,
has a crucial role in the pathophysiology of CDI recurrence. Over the last decade, an emerging consensus has
formed about the importance of the intestinal microbiota, which has been considered similar to an organ.
Gut microbiota is composed of more than 100 to 1000
microbial species that live in a host-microbe symbiotic
relationship[21]. Among all gut bacterial phyla, Bacteroides
and Firmicutes predominate[22]. The main functions of
the microbiota can be classified as protective (commensal bacteria offer a resistance to colonization by enteric
pathogens), metabolic (e.g., some bacteria contribute to
the catabolism of carbohydrates and to the synthesis of
some vitamins), and immunologic (e.g., some bacteria can
activate regulatory T cells and induce a tolerance to innocuous antigens)[21,23,24].
Dysbiosis is associated with a number of diseases
such as antibiotic-associated diarrhea, irritable bowel syndrome, inflammatory bowel diseases (IBDs)[25] and CDI
recurrence.
Concerning CDI recurrence, antibiotics generate dysbiosis that is characterized by a reduced diversity of the
microbiota, development of opportunistic species (e.g.,
Escherichia coli, Proteus mirabilis, and Enterococcus faecalis),
loss of resistance to colonization and increased synthesis
of pro-inflammatory cytokines[26]. These disturbances
promote colonization and infection with C. difficile, which
further contributes to the dysbiosis (Figure 4)[27]. Standard
antibiotic treatments and recurrent episodes contribute to
the development of a vicious cycle.
Although there is an association, but no clear causeeffect relationship between dysbiosis and some gastrointestinal diseases, there is great interest in therapeutic
approaches that could restore the equilibrium of the gut
microbiota and improve these conditions. Probiotics are
defined as “live micro-organisms which, when administered in adequate amounts as part of food, confer a
health benefit on the host” (Joint FAO/WHO Expert
consultation 2001)[28]. A meta-analysis concluded that the
use of probiotics in combination with antibiotics in CDI
treatment had no clear benefit in terms of recurrence risk
compared to antibiotics alone[18]. However, according to
preliminary results of an ongoing randomized placebo-

Recurrence

First recurrence

Same antibiotic
regimen as the
first episode, for
10-14 d

≥ two recurrences

Vancomycin orally
125 mg qid for 7-14 d
then 125 mg bid for 7 d
then 125 mg od for 7 d
then 125 mg eod for 7 d
then 125 mg every 3 d for 7 d

Figure 3 Algorithm for treatment of recurrent Clostridium difficile infections (adapted from[1,10,11]). eod: Every other day.

agents and establishing contact precautions[1,10]. For the
treatment of a first non-severe episode, metronidazole is
the first-line treatment. Indeed, randomized controlled
trials have shown that metronidazole is as effective as
vancomycin, and its use would prevent the appearance of
vancomycin-resistant Enterococcus[12,13] (Figure 2). For the
treatment of a first severe episode of CDI, vancomycin
is used[14].
According to guidelines, the first recurrence should be
treated with the same antibiotic as for the first episode[15]
(Figure 3). For the second and any subsequent recurrences, metronidazole should not be used because of its
potential neurotoxicity, so a taper regimen of vancomycin
is employed for 35 to 42 d. This later recommendation is
based primarily on the results of an observational study
of 163 patients with recurrent CDI which compared metronidazole and different regimens of vancomycin. The
highest success rate was achieved with a taper regimen of
vancomycin (69% vs 30%-57% for other treatments)[16].
Recently, the FDA approved the use of fidaxomycin
for the treatment of recurrent CDI. Fidaxomycin is a
macrocyclic antibiotic characterized by little or no systemic absorption after oral administration and a narrow
spectrum of activity against Gram-positive aerobic and
anaerobic bacteria. This treatment is comparable to vancomycin in terms of resolution (88% vs 86%, respectively), but is associated with a lower risk of recurrence 4 wk
after cessation of treatment (13%-15% vs 25%-27%)[17].
However, there is no prospective randomized controlled
trial that investigated fidaxomicin’s efficacy in patients
with multiple recurrences of CDI; vancomycin is preferably administered using tapered regimen[11].
Concerning the use of probiotics, a meta-analysis
concluded that probiotics composed of Saccharomyces
boulardii or Lactobacilli could be used to prevent antibioticassociated diarrhea[18]. A Cochrane systematic review
concluded that even if the efficacy of using probiotics
together with antibiotics seems to be superior for CDI
treatment, there is not yet sufficient evidence to systematically recommend their use[19].
The importance of microbiota in CDI recurrence
The pathophysiologic features of recurrent CDI are not
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Gut microbiota

Intestinal lumen
(A)
Antibiotic exposure
Enterocytes
(B)
Homeostasis

Transient dysbiosis

(D)
Fecal microbiota
transplantation

C. difficile exposure

(C)

Permanent dysbiosis - C. difficile infection

Figure 4 Perturbation of intestinal microbiota by antibiotics allowing Clostridium difficile infection and fecal microbiota transplantation effect (adapted
from[27]). A: Antibiotic use destroys some sensitive bacteria and reduces the microbiota diversity and resistance to colonization by opportunistic pathogens; B: In the
absence of opportunistic infection, microbiota usually recover its homeostasis; C: Clostridium difficile (C. difficile) infection can lead to persistent dysbiosis; D: Fecal
microbiota transplantation restores microbiota diversity and colonization resistance and allows the elimination of C. difficile.

controlled trial, patients do appear to have less recurrent
C. difficile diarrhea and early symptomatic improvement
when using the probiotic Lactobacillus GG in combination with standard antiobiotics[29]. As for probiotics, the
purpose of FMT is to resolve dysbiosis by restoring the
phylogenetic diversity of intestinal flora and the resistance to colonization by C. difficile, thus allowing a return
to normal colonic function (Figure 4). Unlike probiotics, which are only associated with a short-term change
of the microbiota (10-14 d), FMT is able to significantly
modify the recipient microbiota for at least 24 wk[30].

standard therapy after 48 h.
Fecal microbiota transplantation procedure
To date, there is no standardized protocol for microbiota
transplantation although the Fecal Microbiota Transplantation Workgroup published some recommendations in
2011[31].
Donors are screened for exclusion criteria such as
antibiotic use during the last 3 mo, intestinal infection,
inflammatory bowel disease, a history of neoplasia and
presence of some infectious diseases (in particular, stool
testing for C. difficile, Salmonella and Shigella and serologic
testing for human immunodeficiency virus, hepatitis B virus, and hepatitis C virus)[31]. Donors are usually relatives
or household members, as there is likely to be reduced
risk of transmission of an infectious agent (since donors
and recipients should share the same infectious risks).
One systematic review showed that this strategy was associated with a higher resolution rate (93%) compared
to the use of stools from an unrelated donor (84%)[32].
However, contrary to this report, a recent meta-analysis
showed that there was no significant difference whether
the donor was a relative or not[33].
Donor stools are collected within 6 h before transplantation; they are generally mixed with a saline solution and
the supernatant is filtered. After having received a bowel
lavage solution, the recipient receives via upper or lower
gastrointestinal route 500 mL of the suspension (given
in small amounts of 25-50 mL). Lower gastrointestinal
delivery via colonoscopy or enema seems to be more ef-

Fecal microbiota transplantation
Definition
FMT consists in the instillation of a suspension of stool
from a healthy donor via the upper gastrointestinal route
(usually nasoduodenal or nasojejunal tube) or lower gastrointestinal route (colonoscopy or retention enema).
Indications
Current indications of FMT for CDI treatment are[31]:
(1) recurrent CDI: at least 3 episodes of mild to moderate CDI and failure of a 6- to 8-wk taper regimen of
vancomycin, with or without an alternative antibiotic (e.g.,
rifaximin, nitazoxanide); or at least 2 episodes of severe
CDI resulting in hospitalization and significant morbidity; (2) moderate CDI not responding to standard therapy
(vancomycin) for at least a week; and (3) severe (and perhaps even fulminant C. difficile colitis) with no response to
WJG|www.wjgnet.com
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Table 4 Characteristics of some recent studies concerning fecal microbiota transplantation in recurrent Clostridium difficile infection
treatment
Study type

Patients (n )

FMT delivery modality

Success rate

Follow-up

Retrospective study

40

Review

115

73% after 1 instillation
83% after 2 instillations
89.6%

10 wk

Burke et al[36], 2013

Gough et al[32], 2011

Review

317

Kassam et al[33], 2013

Meta-analysis

273

Gastroscope
Colonoscope
Naso-enteric tube
Gastroscope
Colonoscope
Retention enema
Naso-enteric tube
Gastroscope
Colonoscope
Retention enema
Naso-enteric tube
Gastroscope
Colonoscope
Retention enema
Naso-duodenal tube

Ref.
Garborg et al[35], 2010

Van Nood et al[38], 2013 Randomized controlled trial

43

2 mo to 5 yr

89% after 1 instillation
92% after ≥ 2 instillations

3 d to 5 yr

89%

2 wk to 8 yr

81.3% after 1 instillation
93.8% after 2 instillations

10 wk

FMT: Fecal microbiota transplantation.

fective[33]. The amount of stool has not been standardized.
Transplantation of more than 50 g of stool seems to be
associated with a higher resolution rate than transplantation of less than 50 g (86% and 82% respectively)[32]. Similarly, administration of more than 500 mL may also be associated with a higher resolution rate than administration
of less than 200 mL (97% and 80% respectively)[32].

31%). Three patients experienced recurrence despite one
infusion and a second transplantation allowed resolution
(increasing resolution rate to 94%)[38]. The diversity of
recipients’ gut microbiota after FMT was significantly
improved, with an increase of Bacteroides and some Clostridium species and a decrease of Proteobacteria[38]. Note
that there is an association between the modification of
gut microbiota composition, the resolution of dysbiosis
and the resolution of recurrent CDI.

Current evidence about fecal microbiota transplantation
From 1958, when the use of FMT for treatment of
pseudomembranous colitis was first described by Eiseman et al[34], until 2011, published studies on the effectiveness of FMT have largely consisted of case reports
or reviews on case series[35]. These studies suggest that
FMT is effective for treating relapsing CDI in adults and
children[36,37].
A systematic review published in 2011 studied 317 patients treated with FMT for recurrent CDI between 1958
and 2011[32] (Table 4). This review showed that 85%-90%
of patients treated with FMT did not develop recurrence
during the follow-up period (which varied from 3 d to 5
years), again pointing to FMT as an effective treatment
for recurrent CDI[32].
A meta-analysis published in 2013 confirmed the efficacy of FMT for recurrent CDI, showing resolution in
89% of cases, while a subgroup analysis showed a trend
towards significant higher resolution rate when FMT was
provided via lower gastrointestinal route[33] (Table 4). Another retrospective study confirmed a high resolution rate
after a follow-up of 90 d[26].
In 2013, Van Nood et al[38] published the first multicentric, prospective, open-label, randomized controlled
trial that included 43 patients with CDI recurrence
(Table 4). The primary outcome was resolution without
recurrence within 10 wk after treatment. FMT via nasoduodenal tube, in association with a shortened treatment
of vancomycin (5 d), was significantly more effective
than vancomycin alone for 14 d (resolution rate 81% vs
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Adverse effects, safety issues
Concerning short term adverse effects, Van Nood et al[38]
observed diarrhea (94% of patients), cramping (31% of
patients) and belching (19% of patients) immediately
after FMT. During the subsequent weeks of follow-up,
19% of patients reported constipation. A recent case report described a flare of ulcerative colitis after treatment
of recurrent CDI with FMT[39].
There are still unanswered questions regarding the
short and long term consequences of FMT. The few
published studies describe microbiota modifications
after a short follow-up period (10 wk in Van Nood et al
study[38], 24 wk in Grehan et al[30]). So far, we still do not
know whether FMT could pose a risk for the development of some diseases from the donor. Even if there is
no clear cause-effect relationship but only associations
between gut microbiota composition and some diseases
(cardiovascular diseases, IBDs, diabetes, non alcoholic
fatty liver disease, obesity for example), to date no study
has assessed the risk of developing one of these conditions after FMT. While donors are primarily screened
for infectious diseases or digestive neoplasia, we still
do not know whether they should also be screened for
other diseases (immunologic or cardiovascular diseases
for example).
Despite encouraging results of FMT in recurrent
CDI, further studies are needed to confirm its efficacy
and also to define “good practices” for donor selection,
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stool preparation, the method of administration, and the
indications of this treatment. Thus, because FMT meets
the legal definition of a drug and a biological product,
the FDA is attempting to regulate the multiple steps of
FMT[40].

2
3

Future challenge and future directions
Given its effectiveness, 97% of patients who received
FMT would repeat the treatment[26]. A recent survey conducted among 192 healthy patients confirmed that in a
hypothetical case of recurrent CDI, 81% would choose
FMT over antibiotics alone when informed of the effectiveness of each treatment. This rate rose to almost 90%
if the administration of feces was odorless or given as a
pill[41].
Despite this high acceptance rate, the development of
an optimal formulation and pharmaceutical form is a current challenge. There is growing interest in fecal extracts
or multistrain preparations. Petrof et al[42] developed a
stool substitute preparation, containing 33 bacterial isolates, made from purified intestinal bacterial culture from
a healthy donor. With this preparation, they successfully
treated recurrent CDI in 2 patients. A recent retrospective study showed that use of a multistrain mixture of
probiotics in combination with antibiotics could allow
complete resolution of CDI[43]. The best composition of
stool substitutes or multistrain mixture of probiotics and
their efficacy still needs to be confirmed.

4
5

6

7

8

CONCLUSION

9

The incidence of CDIs and their recurrences are increasing despite effective treatment. Recurrence risk is about
25% after the first CDI episode and more than 45% after
the first relapse. Metronidazole and vancomycin are recommended for the treatment of a first episode, and their
efficacy has been well demonstrated in non severe and
severe cases respectively. The recommended treatment
of the second and subsequent recurrences is a taper regimen of vancomycin. Considering the high recurrence
rate of CDI and the associated morbidity and mortality,
there is growing interest in developing new therapeutic
approaches. The association between gut microbiota imbalance, dysbiosis, and CDI recurrence has motivated the
use of FMT to restore the microbiota equilibrium and
resolve recurrent CDI. According to studies published
to date, resolution rates of recurrent CDI seem to be
higher when using FMT associated with antibiotics than
antibiotics alone. The effectiveness of this treatment is
promising, but further studies are needed to confirm
these results, to define “good practices” of FMT and to
identify any long term effects.
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Core tip: Upper gastrointestinal endoscopy and colonoscopy are the techniques of choice for the study of
the pathologies of the upper and lower digestive tracts.
Despite their many advantages, these techniques can
be unpleasant and uncomfortable for the patient and
may even require sedation, with the potential disadvantages that might imply. In this scenario, capsule
endoscopy (PillCam ESO for the study of the esophagus
and stomach and PillCam Colon mainly for the study of
colonic diseases) is an alternative to conventional endoscopy, as it has demonstrated its usefulness, an adequate diagnostic yield and good tolerance by patients.

Abstract
Capsule endoscopy is nowadays the diagnostic technique of choice in the study of small bowel pathologies,
allowing the non-invasive study of the entire mucosa.
This has led, together with new technical advances,
to the creation of two new models (PillCam ESO and
PillCam Colon) for the study of esophageal and colonic
diseases. These two new capsules offer an interesting
alternative to conventional endoscopy in the study of
the upper and lower digestive tracts, because traditional endoscopy is often unpleasant and uncomfortable for
the patient, can be painful, often requires moderate or
deep sedation and is not without complications (hemorrhage, perforation, etc .). PillCam Colon is particularly
important for its usefulness in the diagnosis of colonic
polyps, and is a potentially useful tool in cases of incomplete colonoscopy or in colorectal cancer screening,
even more when most patients are reluctant to undergo screening programs due to the said disadvantages
of conventional colonoscopy. This article discusses the
advantages of capsule endoscopy over conventional
endoscopy, its current application possibilities and
indications in routine clinical practice. In the various
sections of the work, we assess the application of
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INTRODUCTION
Upper gastrointestinal endoscopy (UGE) and colonoscopy represent the gold standard and the preferred
endoscopic techniques for the study of diseases of the
upper and lower digestive tracts. Their advantages and
diagnostic and therapeutic yield have been clearly demon-
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strated. However, although minimally invasive, they can
be unpleasant/painful for the patient, require sedation
and are not free of complications; these are why they are
not indicated for some patients in many diagnostic procedures. This is particularly important in colorectal cancer
screening, where the rate of adherence to such programs
is low, given the reluctance of patients to have colonoscopy performed.
In 2000, capsule endoscopy (CE), a new non-invasive
method that allowed the complete and direct study of
the small bowel (SB), was born[1]. This technique has
revolutionized the diagnosis and therapeutic algorithm
of intestinal pathologies, so that, today, it is considered
the technique of choice to study the diseases of the small
bowel[2-8].
Its development contributed later to the birth of other devices. Since October 2004 there has been a new capsule available, the esophageal capsule endoscope (PillCam
ESO), capable of studying esophageal diseases in detail.
Years later, as the study of colonic diseases through
colonoscopy can be unpleasant/painful for the patient,
incomplete in 5%-20% of cases and not free of potential
complications in up to 2% of procedures (due to perforations, hemorrhage, infections, vasovagal responses, etc.),
a new device, the colonic capsule, was created in order to
allow the study of colonic diseases by capsule endoscopy.
The different models of capsule endoscopy mentioned above and currently available on the market (SB
capsule, esophageal capsule and colon capsule) are unique
in being able to explore different areas of the gastrointestinal tract; they are direct, noninvasive, painless for
patients and without need for sedation; they offer also
a high diagnostic yield and high reliability, which make
them a diagnostic method chosen by many patients refusing conventional endoscopy.
In this article we discuss whether the different models
of capsule endoscopy can be an alternative to conventional endoscopy in patients who refuse the latter.

PillCam ESO1, that captured 2 images per second at each
end, and later with the use of PillCam ESO2, capturing
seven images per second).
Sanchez-Yague et al[11] showed that esophageal capsule
could be useful in patients with suspected esophageal diseases who refused conventional endoscopy.
Most published series comparing PillCam ESO to
UGE establish a high specificity and negative predictive
value of the capsule for the screening of BE. However,
the sensitivity was remarkably low, with high interobserver variability and low yield in short-segment BE,
making it impossible to recommend this technique for
these patients[12,13].
A subsequent meta-analysis of more than 600 patients with GERD concluded that ECE had a moderate
sensitivity and specificity for the diagnosis of BE and
that UGE should remain the gold standard technique in
patients with BE[14].
Later, Chavalitdhamrong et al[15] showed, in a study
including more than 500 patients, that esophageal capsule
obtained high quality images from patients with symptoms of GERD in a non-invasive way, demonstrating
that it could be an alternative screening test for the diagnosis of BE.
The main disadvantages of esophageal capsule in
this subgroup of patients are the following: (1) difficulty
to fully visualize the Z-line, partially improved with the
patient in right lateral decubitus position; (2) inability
to use local staining techniques, unlike those used with
UGE; and (3) inability to take biopsies and therefore to
know the degree of dysplasia associated with intestinal
metaplasia.
In short, although patients mostly prefer the PillCam
ESO to conventional endoscopy, larger studies are needed with larger number of patients (probably only possible
through multicenter studies) to assess the actual role of
ECE in patients with BE. Until then, UGE, preferably
with magnification techniques and histological examination of the biopsies obtained, should be considered the
gold standard technique for these patients[16].
With regard to the diagnostic yield for the screening
of esophageal varices in patients with portal hypertension, the initial studies and meta-analysis of esophageal capsule proved its usefulness in the assessment
of esophageal varices, in the detection of varices with
significant size suggestive of primary prevention of varicose bleeding and in the diagnosis of portal hypertensive
gastropathy[17-20].
Subsequently, Ishiguro et al[21] evaluated the role of
esophageal capsule in the detection of varices, red spots
and high risk varices in Japanese cirrhotic patients; the
results showed that the capsule had a higher diagnostic
yield than conventional endoscopy, indicating that the
capsule is a useful technique for the screening and management of this population.
Table 1 shows the main studies published on the role
of PillCam ESO in the screening/management of esophageal varices in cirrhotic patients, its sensitivity, specificity

ESOPHAGEAL CAPSULE ENDOSCOPY
Initial studies of the esophagus performed with the SB
capsule had a low diagnostic yield[9], with the exception
of the study carried out by Ramirez et al[10] with a stringcapsule using the PillCam SB, that achieved a high diagnostic yield (close to 100%), although it was not validated
by subsequent studies.
For this reason, a new capsule, esophageal capsule endoscope (ECE), was specifically created to study this section of the digestive tract; it was named PillCam ESO, by
Given Imaging, a company based in Yokneam, Israel; the
dimensions of the capsule are 26 mm × 11 mm, with two
lenses and a higher capacity to capture images. Due to
the usefulness of the capsule, it was soon recommended
to study chronic gastroesophageal reflux disease (GERD)
[mainly for diagnosis purposes and for the management
of Barrett’s esophagus (BE)] as well as for the screening
of esophageal varices in portal hypertension (first using
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A

Table 1 Main studies published on PillCam Colon in
esophageal varices
n

Ref.
[17]

Eisen et al , 2006
de Franchis et al[18], 2008
Lapalus et al[19], 2009
Ishiguro et al[21], 2012

S

E

32 100% 89%
288 88% 84%
120 77% 86%
29 95% 84%

1

Accuracy of treatment
NA
91%
92%
85%

1

Accuracy for indicated prophylactic treatment.

A
B

B
Figure 2 Esophageal varices seen with PillCam ESO. A: Large esophageal
varices with red spots; B: Large esophageal varices in distal esophagus.

be leaving relevant pathologies undiagnosed. Thus, the
exploration of the entire stomach using an EC is impossible with the currently available models.
However, if we were able to remotely control the endoscopic capsules available, we would be able to visualize
the entire gastric mucosa. This control would allow us
to take more pictures, from more angles and at different
distances, improving the diagnostic yield of the EC in the
stomach[22].
Initial experimental studies performed in animals have
shown that the remote control of EC is a possibility that
can be developed first in healthy volunteers and then in
patients[23,24].
Thus, Swain et al[25] evaluated the effectiveness of
remotely controlling a PillCam Colon modified with the
inclusion of magnetic materials, in the esophagus and
stomach of a healthy volunteer, by means of an external
magnetic field repeatedly moved and rotated in different directions, observing that a larger number of images
could be obtained. The authors demonstrated that an EC
could be externally controlled with a magnetic field in a
simple, safe and effective way, controlling its movements
by viewing through a flexible gastroscope. There were no
complications and the procedure was not painful or unpleasant for the patient.
Later, Rey et al[26] evaluated the diagnostic accuracy
of a new magnetically driven EC (Olympus-Siemens)
in healthy volunteers and patients with epigastric pain
and/or symptoms of reflux. Low level magnetic fields
were used to control a dual sensor capsule in the stomach
of the patients included in the study with an air-water

Figure 1 Suspected Barrett’s esophagus seen with PillCam ESO. A: Suspected
long Barrett's esophagus; B: Ectopic tissue mucosa ascending from Z line.

and safety in predicting patients requiring prophylactic
treatment. Some representative images of our experience
with PillCam ESO are shown in Figures 1 and 2.
As a result of the publishing of the previously mentioned studies, nowadays, the only clearly accepted indication for esophageal capsule (until the appearance of new
technological advances) is the screening and management of esophageal varices, given its role in patients with
GERD being more controversial.

GASTRIC AND ESOPHAGEAL CAPSULE
ENDOSCOPY
Regarding the gastric cavity, nowadays, there is no capsule
specifically designed to study gastric diseases. While using
a capsule at this level could help to obtain many images
and to diagnose existing pathologies, the morphology
of the gastric cavity as well as its high volume makes it
impossible to be sure that all areas of the stomach would
be visualized, especially the gastric fundus, and we could
WJG|www.wjgnet.com
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interface provided by the ingestion of 1300 cc of water
one hour before the test time. In analyzing the results,
they found that the gastric mucosa could be technically
visualized in all cases except one (98%). In the remaining
52 patients, the antrum, body, fundus and cardia could
be completely visualized in 98%, 96%, 73% and 75% of
cases, respectively. There were no complications.
Similarly, Keller et al[27] studied the gastric mucosa
by means of a PillCam Colon modified by the inclusion
of magnetic material to allow for remote control in 10
healthy volunteers. The entire gastric mucosa could be
observed in 75% of cases. As limitations to this experimental technique, it could be noticed that small amounts
of fluid limited the visibility of small areas in the most
apical parts of the fundus and gastric distension produced was not enough to evaluate all folds. Therefore,
the visualization of the gastric mucosa in the patients included in the said study was good, although not complete
in all of them.
Undoubtedly, these studies open the door to new
technological developments that will likely succeed in the
future to explore the whole of the gastric mucosa in an
easy, safe and effective way[28].
Thus, new especially designed capsules could be created to study the esophagus, stomach and the first portions
of the duodenum, having in this case a “new PillCam
ESO” modified for remote operation.
Recently, two studies have proposed the use of
the esophageal capsule for two pathologies previously
considered to be “alien” in publications related with
the PillCam ESO. Chandran et al[29] assessed its role in
stratifying the risk of upper gastrointestinal bleeding,
noticing that its major limitation was the low rate of
duodenal visualization and the discord between the capsule and conventional endoscopy. However, when the
PillCam ESO made proper assessments of the duodenum, the concordance between both tests was excellent.
Moreover, Shah et al[30] concluded after studying a small
group of patients who were to undergo bariatric surgery
that there were no significant differences between the
findings made by PillCam ESO and those observed by
conventional endoscopy.

ileum. Recording and downloading of data are similar to
those for small-bowel capsule endoscopy[31].
Recently, a second-generation colon capsule (CC2)
has been developed to improve the sensitivity for detection of colonic changes. The new PCC-2 is bigger (11.6
mm × 31.5 mm) and two new characteristics have been
introduced: (1) the view angle from both the imagers has
been widened to 172 degrees; and (2) in order to further
enhance the colon coverage, the capsule is equipped
with an adaptable image acquisition rate depending on
the speed of progression of the capsule along the colon;
CC-2 captures 35 frames per second while it is moving
and 4 frames per second when it is stationary. Also, there
is a new data recorder that guides the medical staff and
the patient through the procedure. In fact, it buzzes and
vibrates and displays instructions to alert the patient to
continue the preparation according to the protocol previously explained to the patient. The new RAPID software
develops a flexible spectral imaging color enhancement
(FICE) technology to allow a more detailed analysis of
the mucosal surface and also has a polyp size estimation
tool.
Colorectal cancer (CRC) is the second most frequent
cause of cancer-related death in Western countries.
Nevertheless, no more than 25% of compliance has
been achieved in screening programs, because of different problems but, without any doubt, because of
people´s resistance to conventional colonoscopy[32]. The
high-priority objective and indications for CCE are the
“screening” of colorectal cancer in the risk population.
In addition, it appears to be a promising new modality
for colonic evaluation, not only adenomas, and it could
be a good alternative in patients refusing conventional
colonoscopy, to complete colon examination in patients
with no conclusive incomplete colonoscopy, or when it is
contraindicated[33].
In order to assess the sensitivity and specificity of
CCE1 compared to colonoscopy in screening colorectal cancer, some studies were performed[34-36]. The most
important study published about CCE is a prospective,
multicenter study comparing capsule endoscopy with
colonoscopy in the detection of colorectal polyps or
cancer in a group of patients with known or suspected
colonic diseases[34]. A total of 328 patients were included
in the study. Sensitivity and specificity of CCE to detect
polyps of 6 mm in size or larger were 64% and 84%, respectively. It is important to comment that of 19 cancers
detected by colonoscopy, 14 were detected by capsule
endoscopy. These results are similar to those of the two
European studies published[35,36]. In these studies, the sensitivity was 69% and 76%, specificity was 81% and 64%,
the positive predictive value (PPV) was 74% and 83% and
the negative predictive value (NPV) was 78% and 54%
for polyp detection. We recently published our results that
are similar to the above mentioned, although specificity is
lower[37]. Compared to colonoscopy, the rate of agreement
was 75.6%, the sensitivity was 84%, the specificity was
62.5%, PPV was 77.7% and NPV was 71.4%. Two meta-

COLON CAPSULE ENDOSCOPY
PillCam COLON capsule endoscopy (CCE) (Given Imaging Ltd, Yoqneam, Israel) is a new capsule that has been
designed to explore the colon. Two models have been developed: the first generation of CCE (CC1) is similar to
the conventional capsule but has two cameras which are
able to record video images from both ends. The device
measures 31 by 11 mm and acquires images at a rate of 4
frames per second. The pre-programmed “sleep” mode
allows recording of images from the esophagus and the
stomach for 3 min and after the capsule switches to sleep
mode for 1 h 45 min, so that it saves battery. During this
period, the capsule is likely to transit most of the small
bowel and reaches approximately the level of terminal
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Table 2 Results of main colon trials using PillCam Colon 1
PillCam Colon C1

Year

n

S

E

PPV

Results for polyps (any size)
Eliakim et al[35]
2006
91 69% 81%
74%
Schoofs et al[36]
2006
41 76% 64%
83%
Van Gossum et al[34]
2009 328 64% 84%
60%
Results for significant polyps (> 6 mm or > 3 polyps > 3 mm)
Eliakim et al[35]
2006
91 63% 94%
67%
Schoofs et al[36]
2006
41 60% 73%
46%
Van Gossum et al[34]
2009 328
64
84

Table 3 Results of main colon trials using PillCam Colon 2

NPV

PillCam Colon C2

78%
54%
86%
91%
83%

n

S

E
84%
64%
89%
95%

alization of the mucosa affected in UC is essential for
many aspects of disease management (including drug
dosing and duration and the decision to deliver intravenous medication or undergo surgery) and can predict
recurrence rates and complications related to UC according to the degree of mucosal healing[43]. Also, patients
with UC have an elevated risk of developing colon cancer, which can be attributed to the length of time since
disease onset and the extent of colon affected by UC[44].
As such, it is recommended in patients who have had UC
for 8-10 years (or 15 years of disease in patients with leftsided colitis) that annual or biannual surveillance colonoscopy should be conducted[45,46]. Consequently, CCE could
play a role in patients with UC. To date, a few preliminary
studies have demonstrated the feasibility of CCE for the
management of patients with known UC, suggesting
that CCE may be useful to monitor inflammation and
to screen for colorectal cancer in patients with UC[47,48].
Nevertheless, Meister et al[49] showed a significantly better
assessment of disease activity by standard colonoscopy
than by CCE. Furthermore, compared with colonoscopy,
the extent of UC was underestimated when evaluated
by CCE. In contract, Ye et al[48] reported a good correlation in the severity (k = 0.751) between CCE and colonoscopy but a moderate correlation in the extent of the
inflammation, perhaps because it is not easy to determine
the precise location of disease by CCE and the experience of the physician with CCE evaluation in this study
was limited. We performed a pilot study using CCE-2 and
observed that there was a good correlation between CCE
and colonoscopy in assessing the disease severity and extent of inflammation[50].
Some representative images of our experience with
PillCam colon are shown in Figures 3, 4, 5 and 6.
On the other hand, CCE preparation must be exhaustive because all the faecal remains cannot be removed by
CCE opposite to colonoscopy. Even small amounts of
residual stool may prevent an accurate visualization of
the colonic mucosa by CCE. The colon preparation for
CCE has two aims: to provide a clean colon and clear
images and to promote capsule propulsion first through
the entire small bowel and then through the colon to the
rectum. Preparation is really important because as Spada
et al[51] have demonstrated when an adequate preparation
is obtained, accuracy of CCE tends to be higher and
comparable with that of colonoscopy.
To address the above issue, a specific preparation for
CCE was designed using polyethylene glycol (PEG) and

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

analyses have been recently published and confirm that
CCE is a reasonable method for screening asymptomatic
individuals for colorectal polyps. It may be particularly
useful for patients with “incomplete” colonoscopy, those
with contraindications for conventional colonoscopy, and
those unwilling to undergo colonoscopy because of its
perceived inconvenience and discomfort[38,39].
To date, two studies have evaluated CCE-2. An Israeli multicenter trial was the first one[40]. In this study,
CCE-2 was prospectively compared with conventional
colonoscopy as the gold standard. Colonoscopy was independently performed after capsule ingestion. A total
of 98 patients were enrolled. Patients were considered
to have a significant finding when polyps at least 6 mm
in size or masses were detected. Sensitivity for polyps at
least 6 mm in size was 89%, and at least 10 mm in size
was 88%, with specificities of 76% and 89%, respectively. Recently a European, prospective, multicenter trial
including eight European sites was published by Spada et
al[41]. A total of 109 patients were enrolled. Sensitivity for
polyps at least 6 mm in size was 84%, and at least 10 mm
in size was 88%, with specificities of 64% and 95%, respectively. CCE-2 correctly classified 35 and 28 of these
patients, corresponding to a detection rate of 90% for
neoplasia at least 6 mm in size, and 93% for adenomas
at least 10 mm in size. Similarly to the Eliakim study, in
this study the low specificity for polyps at least 6 mm in
size was explained by a substantial rate of false-positive
polyps because of size mismatch. It must be considered
important that the CCE-2 is able to detect more small
lesions than colonoscopy.
Tables 2 and 3 summarize the main studies on PillCam Colon 1 and PillCam Colon 2 in the detection of
colonic polyps, respectively.
Although the main objective of CCE must be colon cancer screening, CE should be considered a new
technique able to detect colonic lesions in patients with
special indications for colorectal cancer screening such
as ulcerative colitis (UC) or patients who refuse conventional colonoscopy or with incomplete colonoscopy.
CCE after incomplete colonoscopy appears to yield
significant findings, guide further workup, and have high
patient acceptance[42].
UC is a chronic inflammatory condition that causes
continuous mucosal inflammation of the colon. Visu-

WJG|www.wjgnet.com

Year

Results for significant polyps (> 6 mm or > 3 polyps > 3 mm)
Eliakim et al[40]
2009
98
89%
Spada et al[41]
2011
109
76%
Results for significant polyps (> 10 mm)
Eliakim et al[40]
2009
98
88%
Spada et al[41]
2011
109
88%
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A

B

Figure 3 Diverticulosis coli.

A

Figure 5 Colorectal cancer. A: Ulcerated sigmoid neoformation; B: Partially
stenosing sigmoid neoformation.

B

NaP with 1 liter of water when the capsule has entered
the small bowel, and a second booster of 15-25 mL NaP
with 0.5 liter of water 3 h later if the capsule has not been
excreted) or instead of this booster PEG booster has been
proposed. Also the volume of PEG has been reduced[52].
PEG solutions are safe and effective, but require
consumption of large volumes of fluid, generally 4 liters.
The 2 L PEG solution plus ascorbic acid (PEG + Asc) is
also effective and safe, and the volume is reduced. Some
studies have studied these points. In a study by Ell et al[53],
it is concluded that the PEG + Asc bowel preparation
reduces the volume patients have to drink, so it was more
acceptable to patients, and should, therefore, improve
effectiveness in routine practice. In another study PEG
+ Asc provided effective bowel cleansing, which was
equivalent to that of sodium picosulphate + magnesium
citrate in terms of grading cleansing as overall success
or failure[54]. Nevertheless, it is important to consider the
split dose. In this sense the cleansing results are worse if
patients receive the full dose PEG + Asc the evening before the procedure compared to the split dose[55]. A colon
cleansing procedure using PEG + ascorbic acid for CCE
yielded an adequate cleansing level in > 80% of patients,
and good accuracy for detecting polyps[56]. This procedure
may be considered as an alternative, particularly for patients in whom sodium phosphate-based preparations are
contraindicated. Based on these data, we have performed
a study that demonstrated the efficacy of 2 L PEG[57].
The main aim was to compare the level of cleansing with
two different regimens. It was a prospective and blinded

Figure 4 Severe (A) and pseudopolyps in inactive (B) ulcerative colitis.

two boosters of sodium phosphate (NaP). The main role
of the NaP booster is to accelerate CCE transit through
the small and the large bowel so that the colonic mucosa
could be seen before the end of the battery. This conventional preparation was first evaluated in two initial
pilot studies. In a study by Eliakim et al[35], the overall
cleanliness of the colon was rated as excellent or good in
84.4% of the cases. In the second pilot study the results
are better; an excellent or good preparation was achieved
in 90% of the cases[36]. In a recent study published by our
group with the same preparation the grade of cleanliness
was good or excellent in 65.6%[37].
In recent times, for CCE-2, some changes of the regimen of CCE have been proposed. Low doses of NaP are
now included in the regimen of preparation for CCE-2 to
reduce the risk of adverse events (one booster of 30 mL

WJG|www.wjgnet.com
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A

Table 4 Bowel preparation schedule
Schedule
Day-2
Day-1

Exam Day

Intake
All day
Evening

Morning

Approximately 10 am
1st Boost
Small bowel detection

B

2nd boost
3 h after 1st boost
Suppository
2 h after 2nd boost

Sennosides 80-160 mg
Clear liquid diet
2 L PEG
or
1 L PEG + ascorbic acid
2 L PEG
or
1 L PEG + ascorbic acid
Capsule Ingestion
30 mL NaP and 1 L water
or
0.5 L PEG
15 mL NaP and 0.5 L water
or
0.5 L PEG
10 mg bisacodyl

PANENDOSCOPY
As shown above, various studies published on PillCam
Colon have demonstrated its usefulness in the detection
of colonic polyps, with better sensitivity and specificity
levels, as well as better positive and negative predictive
values directly related to the increase in the learning curve
and with the latest colonic capsule prototype, the PillCam
Colon 2.
Moreover, by analyzing the different colonic studies
we have been able to realize that thanks to the PillCam
Colon ability to produce images of other extracolonic
locations, it was able to identify lesions and pathologies at
these locations.
By panendoscopy we mean the ability to obtain images of the digestive tract from the esophagus to the
hemorrhoidal plexus without interruptions and, therefore, to explore the entire gastrointestinal tract wirelessly
and noninvasively.
Our group has conducted a preliminary descriptive
study (not yet published) in which, in view of the results
obtained and acting cautiously given the absence of
previously published data, PillCam Colon allows recording the entire digestive tract in most patients, making it
possible to find relevant pathologies in other sections of
the digestive tract, especially in the small bowel, although
technical and procedural improvements are necessary
to achieve the correct visualization of the stomach and
esophagus (Figure 7).
Thus, in patients with indications for colonoscopy
for suspected colonic disease who refuse to undergo
this technique, the PillCam Colon helps explore not only
this intestinal segment but also the whole digestive tract
through panendoscopy.

C

Figure 6 Polyps. PillCam Colon-2 using polyp size estimation tool. A: Senile
ascending colon polyp; B: Millimetric descending colon polyps; C: Semipediculated polyp greater than 1cm in the sigmoid.

study. In the first group (A) patients were prepared with
2 L of PEG plus ascorbic acid and in the second group (B)
4 L of PEG was used. In group A, “excellent and good”
preparation was more frequent than in group B, and also
in the cecum, right colon and transverse colon, although
there was no significant difference. We can conclude with
these preliminary results that PEG 2 L could be better
than PEG 4 L in the colonic preparation for patients that
will undergo capsule colonoscopy, although more studies
must be conducted with more patients.
Table 4 shows the main bowel preparation regimens
used nowadays.
In conclusion, although many studies must be done
to develop and improve the sensitivity and specificity of
CCE, it is a new endoscopic tool that can be used for
screening colon cancer in patients who refuse conventional colonoscopy, or in cases where it is contraindicated
or it has been incomplete.

WJG|www.wjgnet.com

CONCLUSION
In patients refusing conventional endoscopy, capsule endoscopy allows the direct and non-invasive study of the
upper and lower digestive tracts. Unlike colonic segments,
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A

7

8

B
9
10

11

Figure 7 Suspected Barrett’s esophagus (A) and esophageal varices seen
(B) with PillCam Colon.

12

where PillCam Colon allows visualizing the mucosa with
a high diagnostic yield, in esophageal and gastric sections
(with the exception of the screening of esophageal varices) a larger number of studies and improvements in the
procedures with capsule endoscopy are needed in order
to achieve comparable efficacy to conventional UGE.
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Core tip: Human tissue transplantation is a current
practice that still represents a risk for hepatitis B virus
transmission (HBV). HBV detection is included in the
routine screening tests for cell and tissue donors. The
implementation of methods involving nucleic acid amplification has increased the sensitivity and specificity
of the screening tests. The aim of this review is to update the knowledge of the risk of hepatitis transmission
through tissue transplantation and critically analyze
current screening tests.

Abstract
More than 2 million human tissue transplants (bone,
tendon, cartilage, skin, cornea, amniotic membrane,
stem cells, heart valve, blood vessel, etc. ), are performed worldwide every year. Cells and tissues are
shared between countries which have different regulations and laboratory equipment and represent a risk of
hepatitis B virus (HBV) transmission that has become
a global safety concern. While the risk of transfusiontransmitted HBV infection from blood donations has
been estimated, the rate of HBV transmission from
donors to recipients of allografts is unknown and varies between different tissues. There are various important ways of reducing the transmission risk, but
donor screening and donor testing are still the main
factors for preventing HBV transmission. HBV detection is included in the routine screening tests for cell
and tissue donors. The standard test for preventing
transplant-transmitted hepatitis B is the hepatitis B surface antigen. The implementation of methods involving nucleic acid amplification and the new generation
of reactives to detect viral antibodies or antigens with
an immunoassay, has increased the sensitivity and the
specificity of the screening tests. The objective of our
research was to review the literature and critically analyse the different steps for avoiding HBV transmission in
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INTRODUCTION
More than 2 million human tissue transplants (bone,
tendon, cartilage, skin, cornea, amniotic membrane, stem
cells, heart valve, blood vessel, etc.), are performed worldwide every year. Cells and tissues are shared between
countries with different regulations and laboratory equipment, and represent a risk for hepatitis B virus (HBV)
transmission that has become a global safety concern.
While the risk of transfusion-transmitted HBV infection per blood donations has been estimated[1], the rate
of HBV transmission from donors to recipients of allografts is unknown and varies among different tissues.
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Infectious disease transmission occurs in less than 1% of
solid organ recipients and is believed to be at a lower rate
for tissue and cell recipients[2,3]. In fact, the level of safety
in tissue transplantation has been significantly increased
and disease transmission can be considered a rare event
when comparing reports of infection and the number of
allografts transplanted per year. This outcome has been
achieved as a result of the experience gained over the last
50 years in this field.
The presence of hepatitis B surface antigen (HBsAg)
and HBV DNA has been described in corneas from
HBsAg-positive donors. Nevertheless, controversial
results have been reported on their potential for disease transmission[4-7]. Morris et al[8] showed in 1990 their
experience using aortic valve allografts from HBsAgpositive donors. The reason for accepting these donors
was the scarcity of heart valve donors and the relatively
high prevalence of HBV infection in their own country.
In the case of HBsAg-positive and anti-HBe-negative
donors, they used prophylactic administration of hepatitis B immunoglobulin and/or hepatitis B vaccine. In
their series, only 1 of 9 recipients seroconverted to HBV
(positive for anti-HBc, anti-HBs and anti-HBe, but negative for HBsAg).
In a recent paper, Hinsekamp et al[9] have reviewed the
adverse reactions and events related to musculoskeletal allografts which is the most demanded tissue. They analyzed
medical literature, reports from professional organizations
and tissue banks. Wang et al[10] used FDA’s MedWatch
reporting system to review reports on adverse events attributed to allografts of several kinds of tissue, during
2001-2004. No cases of hepatitis B transmission were
reported. The review of the literature by Pruss et al[11]
considered this risk as very rare. Nevertheless, Mallick et
al[12], reported 9 cases of hepatitis B transmission from
tissue allografts. This last article showed the importance
of the implementation of Current Good Tissue Practice
rules in the task of reporting infections.
In the last 20 years, stocks of human tissues in tissue
banks have been significantly increased and refined strategies for the assessment of HBV transmission risk have
been developed. A balance between safety and availability
must be achieved but tissue availability must never jeopardizes biosafety. The adoption of algorithms for decision making must be based on medical evidence, avoiding
the unjustified loss of products in tissue banks[13,14].

and donor testing remain as the main issues for preventing HBV transmission.
Donor screening
This is the first factor for preventing hepatitis B transmission. It includes different sources of information to assess donor suitability: medical history, physical examination, social behaviour, and other available medical records
considered as relevant risk factors[15]. HBV infectious risk
is inferred from the donor’s medical and social history
and based on guidelines for preventing HIV transmission
through tissue and organ transplantation[16].
Generally, for living donors when the femoral head (as
a source of cancellous bone for use in impaction grafting
procedures) is obtained from elderly patients undergoing
hip surgery, the donor selection is assumed by health personnel in the orthopedic surgery department (nurses or
surgeons who obtain data directly from the donor themselves), who are sometimes untrained in this task or with
limited time available.
For deceased donors, this function is performed by
the transplant procurement manager, who is a professional trained in the field of donor selection and responsible for the coordination of donation-transplantation
activities, which implies health care professionals and
services from a variety of specialties. Collecting data on
medical and behavioural history is an essential step in
analyzing risk factors, but, sometimes, in asymptomatic
patients, hepatitis is difficult to detect.
Donor testing: General considerations
HBV transmission is due to the collection of cell and
tissues from window period donors. However, in recent
years, the HBV transmission risk has been significantly
reduced with a greater accuracy in the performance of
serological assays for infectious disease testing and the
inclusion of DNA-based techniques. Human error has,
therefore, become a major cause in cases of disease
transmission and efforts addressed to avoid it must be
increased.
The final objective of donor testing is the detection
of potentially transmissible disease. This task will become
ineffective if other relatively simple issues are not considered. Some additional important considerations related to
the characteristics of the donor’s blood sample include: (1)
Quantity: insufficient sample volume to complete testing; and (2) Quality: hemolysed or samples that are too
diluted, which may influence the reliability of the results,
especially in phases when the viral load is low (e.g., due to
the infusion of blood, colloid and crystalloid solutions
in patients with massive blood loss who finally become
cadaveric tissue donors) and before the antibodies are detectable (window period)[11,14,17,18]. In the case of deceased
donors, if the pre-mortem specimens are not available
and the only alternative is to use post-mortem blood, an
increase in false serological results can be expected (especially for false positive cases)[19]. Not all available systems
for serological testing are validated for use with samples

CRITICAL POINTS TO REDUCE HBV
TRANSMISSION RISK BY CELL AND TISSUE TRANSPLANTATION
What are the most important areas in which particular
attention has been given in order to reduce transmission
risk? Figure 1 shows several potential sources of transmission: donor, tissue allograft, surgical team (during collection or transplant), processing team and other tissues
(during processing or storage). However, donor screening
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Figure 1 Activities and professionals to take into account
when assessing risk factors for disease transmission associated to tissue transplantation. Arrow heads show the
interactions among elements.
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from post-mortem blood samples. Baleriola et al[20] compared the efficacy of viral marker detection in paired preand post-mortem samples and did not find a reduction
of sensitivity between them. Traceability: unlabelled or
not clearly identified samples cannot be associated with a
donation.
In cases of deceased donors, an important number of
tissues may be obtained from each one. The implementation of strategies to minimize the incidence of unsuitable
samples will then improve the activity of the tissue bank.
Kitchen et al[14] have proposed the use of a sequential serology screening algorithm in order to reduce the number
of tissues which are rejected due to non-specific screen
reactivity. Using this strategy, they have improved the
specificity of serology screening, significantly decreasing screening losses. For these authors, when comparing
blood donors with deceased tissue donors, in terms of
infection risk, the latter should be considered as first time
blood donors. Zou et al[21] reported a higher estimated
probability of undetected viremia among tissue donors
than among first-time blood donors but lower than those
attributed to the general population. They point out that
the donor selection procedure for tissue donors (medical history, physical examination, and interviews with the
next of kin) is not as effective as the face-to-face interview that is carried out with blood donors.

HBsAg at concentrations lower than 0.1 ng/mL and 0.62
ng/mL[22].
The probability of finding a tissue donor with undetectable viremia by immunoassay testing has been calculated from human immunodeficiency virus (HIV), hepatitis B virus (HBV) and hepatitis C virus (HCV)[23] using
the incidence-window period model[24]. The risk of detecting a negative serology test in an infected tissue donor
has been shown to be higher for these two viruses with
lower incidence rates and longer window periods (HBV
and HCV), than for the HIV virus (higher incidence rate
and shorter window period (HIV)[21].
The implementation of methods involving nucleic
acid amplification (NAT) and the new generation of
reactives to detect viral antibodies or antigens with immunoassay, has increased the sensitivity and the specificity of the screening tests. The window period length
for HBsAg test has fallen from 59 d[23] using enzymoimmunoassay (EIA) to 36-38 d[24] using the new EIAs and
chemolumynoimmunoassay (ChLIA) tests. Anti-hepatitis
B core antigen (anti-HBc) arises between one and two
weeks later that HBsAg[25] while HBV DNA, measured
by nucleic acid testing in individual donation (ID-NAT),
arises around 21 d after the donor becomes infectious
and 15 d before the serologic testing detects the HBV
infection[26].
Despite the continuous progress in screening tests,
three causes of transfusion and transplant-transmitted
hepatitis B remain: window period donation, donor carrying an occult hepatitis B infection (OBI) and virus with
mutations that are undetectable by the available screening
tests[27]. NAT, especially ID-NAT, provides the shorter
window period and defines the OBI [28] (HBV DNA
presence, without HBsAg and with or without anti-HBc

Donor testing: Specific HBV tests
HBV detection tests are included in the routine screening
tests for cell and tissue donors. The standard test for preventing transplant-transmitted hepatitis B is hepatitis B
surface antigen (HBsAg)[11]. Since this immunoassay test
was introduced in 1971 its analytical sensitivity has now
improved dramatically, and the current tests can sense
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and/or anti-hepatitis B surface antigen, anti-HBs). There
are two types of window period (early infection and what
occurs after acute infection, with undetectable HBsAg),
three OBI types (only with DNA, with DNA and antiHBc, with DNA and anti-HBs) and two chronic infection
types (NAT+ and NAT-). Every variety of HBV related
conditions, except chronic infection NAT-, is detectable
by NAT, while the HBsAg test does not detect five of
the conditions, while the anti-HBc test does not detect
three of them[27].
Once the advisability of HBV NAT testing for
screening of the cell and tissue donations is well established, it is mandatory to decide whether it should be in
ID-NAT or in minipool (MP-NAT). Since HBV NAT
is available, we are aware that the repeat testing results
of a sample with low DNA concentration are often
discordant, even in the same watch[29]. Recently, a donation with west nile virus (WNV) and low concentration
RNA included in a minipool with a positive result, was
negative in individual retesting, and its transplantation
caused WNV transmission with a fatal outcome[30]. It is
well known during the last few years that the length of
the window period with ID-NAT is shorter than MPNAT[31]. Since the prudent attitude seems to be to wast
every donations included in a MP-NAT that is initially
reactive, NAT screening as ID-NAT must be performed.
Once established that HBV ID-NAT is mandatory,
the need to maintain serologic tests is an interesting question. In the case of an affirmative answer, which serologic tests should be performed? In order to resolve this
question, it has to be realized that the analytical sensitivity
of VHB ID-NAT is 10 IU/mL (50 copies/mL)[32] and a
concentration as low as 1 copy/20 mL can transmit HBV
infection[26].
HBsAg becomes positive about two weeks later than
ID-NAT tests and, by definition, is negative in OBI. So,
one could envisage the scandalous possibility of removing HBsAg as a mandatory test in HBV screening if
HBV ID-NAT is performed[33]. Both anti-HBc and IDNAT tests cover serologic window periods and the vast
majority of NAT negative VHB chronic infections. In
countries with a prevalent high HBV infection it is feasible to minimize the tissue loss by adding the anti-HBs
determination, so that donations ID-NAT negative, antiHBc positive with anti-HBs > 10 IU/L can be delivered[34]. If ID-NAT is not performed, the anti-HBs concentration to allow tissue delivery must be > 100 IU/L[35].
In summary, the optimum screening HBV tests
should be adapted to current knowledge. Until the HBV
NAT with an analytical sensitivity around 1 copy/20 mL
becomes available, anti-HBc must be performed, allowing
for the delivery of NAT negative, anti-HBc negative and
the NAT negative, and anti-HBc positive with anti-HBs
> 10 IU/L donations. On the contrary, NAT positive and
NAT negative with anti-HBc positive and anti-HBs < 10
IU/L donations must be discarded. The HBsAg determination is not useful if ID-NAT is routinely performed. In
fact, several studies have concluded that NAT should be
a routine test for donations and confirmed the value of
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maintaining anti-HBc for the detection of low-level HBV
DNA-positive donors and observed that HBsAg screening showed no blood safety value[11,21,36,37].
In the case of living donors (i.e., femoral head), if
NAT testing is not used, tissue can be quarantined for
at least 180 d[38], until the donor is retested for serological markers. Sometimes this retesting is not possible (it
entails additional discomfort for elderly patients) and the
tissue must be rejected. Westby et al[39] calculated the cost
comparison between 180 d retesting and NAT testing,
concluding that NAT implementation was much more
cost effective.
Surgical teams
Tissue collection and tissue transplant are highly dependent on human intervention. The professionals participating in these activities can be the source for hepatitis
B transmission. Some cases of hepatitis B transmission
from a surgeon have been reported[40,41].
Processing
One of the most frequently reported acquired infections
by laboratory staff is the HBV infection as it is several
times greater in laboratory staff than the general population and is one of the most frequently reported laboratory acquired infections[42].
In the mid 50’s, when the first tissue banks begun
operating, the effect of freezing on viruses was not
clear. It was suggested that after long-term storage (> 5
years) viruses could become inactive[43]. This last reference is considered as the first report of the transmission of hepatitis by frozen bone. Since then, it has been
really difficult to find more cases of this disease due to
tissue transplants. As an alternative to freezing, some
tissues (such as cancellous bone) can be dehydrated, using freeze-drying or chemical agents. These dehydrated
tissues have the advantage of being stored at room temperature. The dehydration process and the importance of
water in the maintaining of a viral envelope could explain
the reduction of viral infectivity observed in some cases,
hindering the fusion with the cell membrane[44]. Several
authors have reported cases of disease transmission with
organ and fresh-frozen tissue transplantation but not
with processed tissues from the same donor[45]. In addition, dehydrated/lyophillized tissues undergo secondary
sterilization (e.g., gamma irradiation). However, for some
tissues, the level of radiation must be limited to avoid
undesiderable effects on their biological and/or biomechanical properties[46-48].
Nevertheless, the low temperature and the addition
of cryoprotective agents which maintain the stability of
lipidic membranes (e.g., albumin and sucrose), can enlarge
the infective period (even for lyophillized tissues)[49,50].
DNA is more stable than RNA and, hence, more resistant to the effects of environmental conditions. Baleriola
et al[51] have observed a significant loss of HBV load in
samples stored at -70  ℃ for 9 years. However, the viral
titter after storage was adequate for the detection of
HBV nucleic acid with NAT. Bond et al[52] have deter-
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mined that HBV can survive and remain infectious on
environmental surfaces for up to 7 d.
Tissues are processed in tissue banks inside flow cabinets placed in clean rooms, with stringent environmental
monitoring. During this phase, measures to avoid crosscontamination among tissues from different donations
must be implemented.

the outcomes of the patients receiving their tissues,
which is an important issue in order to detect adverse
events from their use. Sometimes, the reason is the difficulty in confirming the association between an infectious disease with the transplanted tissue. The development of measures to solve the problem of this lack
of communication requires efficiency on the part of
the various participants: organ and tissue procurement
organizations, tissue banks, transplant centers, professional organizations, public health agencies. Examples
of this collaboration are the Transplantation Sentinel
Network (TSN) in United States, and in Europe, the
SOHOVS (Vigilance and Surveillance of Substances of
Human Origin) Project[9,12,56-59].
As previously mentioned, the knowledge of adverse
reactions and events associated with tissue allografts has
led to risk management analysis and the implementation
of corrective actions, which have significantly improved
the safety of tissue transplantation. The systems for surveillance and the creation of communication networks
for reporting incidences related to disease transmission
have been the best source for acquiring the experience
necessary in risk management. In 2010, as a consequence
of the Sixty-third World Health Assembly, the World
Health Organization launched Project Notify. The aim of
this project was to provide a global interface for the vigilance and surveillance of substances of human origin[59].
Dhakal et al[60] have proposed an interest in using
Medicare data to facilitate the access to information related to tissue allograft outcomes.
In this scenario, tissue banks appear as the link for
providing the information generated from donation to
transplantation, ensuring traceability in both trace-back
and trace-forward analysis. Indeed, tissue processors are
the main source of reports.

Storage
Nitrogen is commonly used in cell and tissue banks in order to achieve ultralow temperatures to ensure long term
storage, avoiding significant changes in the stored products. However, the liquid phase of nitrogen (-196  ℃) has
been reported as a vehicle for hepatitis B transmission
thus the vapour phase has been recommended to prevent
it[53-55]. In addition, the use of double-bagging protects
stored material against cross-contamination risk in case
of leakage.
Information and quality system
Sometimes, the lack of a system to share data among
professionals implied within the different activities performed from donation to transplant, is the cause of
delivery of non-conforming tissues. The importance of
rapid communication was showed in the case described
by Tugwell et al[56] in which tissues from a hepatitis C
positive donor were transplanted in spite of some tissues
from this donor, who a year before had been shown as
the origin of disease transmission (but these infections
were not reported).
Considering the significant improvement achieved
in the detection of viral markers, the incidence of human errors has emerged as the main risk for hepatitis B
transmission. Taking advantage, therefore, of the broad
experience accumulated in the field of allograft transplantation, the implementation of a quality system especially in tissue banks and surgical units, as well as a risk
management system based on preventive action (proactive
criteria), have contributed to minimizing this risk. Failure mode and effect analysis (FMEA, FMECA) are two
widely used approaches to identify and eliminate events
which can lead to adverse events, before they occur. Both
strategies are based on the quantification of the ability to
note the cause of the failure (detectability) and the probability of taking place (occurrence). The main difference
between them is that FMECA incorporates a classification for the severity of the consequences. This system
yields a hierarchization which enables decision making regarding the priorities to adopt. The EUSTITE (European
Union Standards and Training for the Inspection of Tissue Establishments) Project has provided useful grading
for the parameters to be considered in risk assessment.

Authorization/inspection/audit
Public health care authorities have the competence to
develop regulations regarding activities performed from
donation to transplantation, with special attention given
to cell and tissue banking. In addition, control measures
must be implemented in order to ensure compliance with
these regulations.
This task should be supported with the incorporation of ethical and technical standards developed from
scientific associations involved in the different activities
(donor selection, donor testing, tissue procurement, tissue processing, tissue storage, tissue transplant, quality
control, data management, communication system, risk
management).
As an example, the EQSTB (European Quality System for Tissue Banking) project has been developed with
the aim of analysing the factors that may influence the
quality and safety of cells and tissues for transplantation[61]. A useful guide for auditing tissue establishments
was developed as a result of this project. In the United
States, the FDA has edited guides for good tissue practices with recommendations.

FOLLOW-UP OF CELL AND TISSUE
RECIPIENTS
In general, tissue banks have shown an inability to track
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CONCLUSION
HBV transmission risk remains as a problem in tissue
and cell transplantation, whose incidence is unknown.
Although recipient HBV infection can occur by different
means, HBV transmission is mainly due to the collection
of cell and tissues from window period donors. Donor
screening protocols should be designed in order to minimize the infectious risk. The optimum screening HBV
tests should be those adapted to the current knowledge.
In summary, we suggest the following strategies be
considered in order to minimize the risk of hepatitis B
transmission: Centralization of expert knowledge pertaining to the donor selection process in transplant procurement management and the use of stringent donor selection procedures. Centralizing donor testing, especially in
cases of deceased donors, in an expert laboratory. Double bagging of products during storage. Avoiding pooling
and cross-contamination during processing. Ensuring the
use of assays suitable for samples from deceased donors.
Implementing algorithms to distinguish true infections
(confirmed positive results) of non-specific reactivity. Establishing a quarantine for at least two weeks for lyophillized tissues. Depending on epidemiology, to include
anti-HBc, anti-HBs and HBV nucleic acid tests in donor
testing. Establishing efficient communication systems to
report adverse events. Developing of surveillance measures for data management: identification of donor, tissue and associated samples, and transcription of results.
Developing programs for operator training. Establishing
multidisciplinary work teams for risk assessment.
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Protective effect of bone marrow mesenchymal stem cells
in intestinal barrier permeability after heterotopic intestinal
transplantation
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factor-α (TNF-α), interferon-γ (INF-γ), interleukin-10
(IL-10), and transforming growth factor-β (TGF-β)
were detected by enzyme-linked immunosorbent assay. Ultrastructural change of tight junctions (TJs) was
observed under transmission electron microscope.
Expression levels of the TJ proteins occludin and zona
occludens (ZO)-1, affected by the inflammatory factors, were measured using real-time polymerase chain
reaction and Western blotting.

RESULTS: The pathological score at each time point
after surgery indicated significantly less serious injury
in the BM MSCs-treated group than in the rejection
group (P < 0.05). In the former, graft levels of DAO
and D -LA were reduced, and TNF-α and INF-γ production was inhibited (at day 7: 10.6473 ± 0.0710
vs 17.2128 ± 0.4991, P < 0.05; 545.1506 ± 31.9416
vs 810.2637 ± 25.1175, P < 0.05). IL-10 and TGF-β
production was increased greatly (at day 7: 125.7773
± 4.7719 vs 80.3756 ± 2.5866, P < 0.05; 234.5273 ±
9.3980 vs 545.1506 ± 31.9416, P < 0.05). There was
increased expression of occludin and ZO-1 protein (at
day 7: 0.2674 ± 0.0128 vs 0.1352 ± 0.0142, P < 0.05;
at day 5: 0.7189 ± 0.0289 vs 0.4556 ± 0.0242, P <
0.05) and mRNA (at day 7: 0.3860 ± 0.0254 vs 0.1673
± 0.0369, P < 0.05; at day 5: 0.5727 ± 0.0419 vs
0.3598 ± 0.0242, P < 0.05).

Abstract
AIM: To explore the protective effect of bone marrow
mesenchymal stem cells (BM MSCs) in the small intestinal mucosal barrier following heterotopic intestinal
transplantation (HIT) in a rat model.

CONCLUSION: BM MSCs can improve intestinal barrier permeability, repair TJs, and increase occludin
and ZO-1 protein expression. With altered cytokine
levels, they can protect the intestinal mucosa after
transplantation.

METHODS: BM MSCs were isolated from male Lewis
rats by density gradient centrifugation, cultured, and
analyzed by flow cytometry. The HIT models were
divided into a non-rejection group, saline-treated rejection group (via penile vein), and BM MSC–treated
group (via penile vein). Intestinal mucosal barrier
injury was estimated by diamine oxidase (DAO) and
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transmembrane proteins interact with cytoplasmic peripheral membrane proteins, including zona occludens
(ZO)-1, -2, and -3[18-20], and two distinct transmembrane
proteins: occludin and claudin[21,22], which are linked to
the actin-based cytoskeleton[23]. TJs function as occlusion
barriers by maintaining cellular polarity and homeostasis
and by regulating paracellular space permeability in the
epithelium[24]. Occludin and ZO-1 proteins play crucial
roles in TJ assembly and maintenance[25-27]. In this study,
we established a heterotopic intestinal transplantation
(HIT) model in rats to explore the protective effect of
BM MSC transplantation in the small intestinal mucosal
barrier and the possible mechanisms thereof.

rier; Occludin; Zona occludens-1
Core tip: Rejection and sepsis after small intestinal
transplantation (SITx) is a serious and common complication. The small intestinal mucosal barrier plays
an important role in the progression of postoperative
complications. This study demonstrated that in rats,
implantation of recipient-derived bone marrow mesenchymal stem cells decreased intestinal permeability
and preserved intestinal mucosal barrier function after
SITx via a mechanism linked to the balance between
graft inflammatory cytokine levels and increased expression of the intestinal tight junction proteins occludin and zona occludens-1.

MATERIALS AND METHODS

Zhang W, Shen ZY, Song HL, Yang Y, Wu BJ, Fu NN, Liu
T. Protective effect of bone marrow mesenchymal stem cells
in intestinal barrier permeability after heterotopic intestinal
transplantation. World J Gastroenterol 2014; 20(23): 7442-7451
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i23/7442.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i23.7442

Animals and rat HIT models
Seventy-six inbred specific pathogen-free Brown Norway
(BN) and 30 Lewis (LEW) male rats weighing 200-220
g were used as donors in the homologous and isologous
experimental groups, respectively. One hundred and
six LEW male rats weighing approximately 220-250 g
were used as recipients. Additionally, 25 male LEW rats
weighing 100-120 g were used for BM MSC extraction.
All animals were purchased from the Chinese Academy
of Military Medical Sciences (Beijing, China). The use
of animals and animal experimental procedures in this
study was approved by the Ethics Committee of the
Chinese Academy of Military Medical Sciences.
All rats were fasted for 12 h with free access to water
before surgery and randomly assigned to a non-rejection
group (A, LEW-LEW, n = 30); saline-treated rejection
group (B, BN-LEW, via penile vein, n = 43); and BM
MSC-treated group (C, BN-LEW, via penile vein, n =
33). The operations were performed using standard sterile technique under general anesthesia with 5% chloral
hydrate (50 mL/kg).

INTRODUCTION
Small intestinal transplantation (SITx) has become the
definitive treatment for patients with end-stage intestinal
failure who cannot tolerate parenteral nutrition[1]. However, SITx is difficult due to the strong expression of
histocompatibility antigens, large numbers of resident
leukocytes, and micro-organism colonization. Rejection
and sepsis following SITx is a serious and common complication that affects both patient and graft survival[2].
Bone marrow mesenchymal stem cells (BM MSCs)
are pluripotent adult stem cells. BM MSCs give rise to
mesoderm cells [3,4] and differentiate into osteoblasts,
chondrocytes, adipocytes, myocytes, and liver and neural
cells[5-7], which have potential for use in treating various
diseases. Allogeneic MSCs that were transplanted into
primates via an intravenous route and distributed to the
gastrointestinal tract proliferated[8]. Due to the secretion of several growth factors, BM MSCs also exhibit
immunomodulatory capabilities[9-13]. BM MSCs reduce
intestinal ischemia-reperfusion (I/R) injury in rats[14,15]
and contribute to significant prolongation of composite
tissue allotransplant survival[16] and promotion of graft
revascularization[17].
The intestinal mucosa is the physical, chemical, immunological, and biological barrier against toxins and
pathogens in the gut lumen. The intestinal mucosal barrier is composed of mucosal fluid, microvilli, epithelial
mucosal cell tight junctions (TJs), and other special
structures. TJs are the most important structures in the
intestinal mucosal barrier. They are composed of multiple proteins, including transmembrane proteins such
as occludin, tricellulin, claudins, and junctional adhesion
molecule (JAM). The intracellular portions of these
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Donor operation
The small intestine was visualized via a pubis-xiphoid
midline incision. The small intestine was retracted to the
left and packed in saline-moistened gauze. All tributary
branches of the mesenteric artery and vein were visualized, ligated with 5-0 silk, and divided. The small intestine itself was cut just distal to the duodenum and proximal from the cecum. The mesenteric artery was freed
from the surrounding tissue by dissecting the colon. The
tissue connecting the small intestine to the colon was
dissected. Lactated Ringer’s solution (5 mL) containing
125 U heparin was then administered systemically to the
donor animal before the graft was removed from the donor and placed in cold lactated Ringer’s solution (0-4 ℃)
after being flushed via the mesenteric artery with the
same solution. Grafts were perfused with cold saline at
low pressure.
Recipient operation
The abdomen was opened, and the small intestine of
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the recipient packed in saline-moistened gauze inside the
abdominal cavity, and retracted to the left. The aorta was
freed distal to the left renal artery. An oval aperture was
cut in the occluded part of the aorta, and an end-to-side
anastomosis with the graft aorta attached to the mesenteric artery was created. In the same fashion, an anastomosis was created between the recipient portal vein
and the donor postcaval vein. For both anastomoses, a
continuous 10-0 silk suture was done under × 20 magnification. The proximal end of the donor small bowel
was anastomosed to the stoma on the abdominal wall.
Saline (1 mL, 0.9%) or culture media (1 mL) containing
5 × 106 BM MSCs was injected via the penile vein. The
abdomen was closed and the animals were allowed to
recover with free access to tap water and standard pellet
rat chow. Only for surviving animals, HIT was included
in the analysis. After transplantation, all animals were
euthanized at 1, 3, 5, 7 and 10 d. The graft was removed
from each animal and stored at -80 ℃ until analysis. Intestine samples were fixed for histopathological analysis
and transmission electron microscopy.

lamina propria; and 5: degradation and disintegration
of the lamina propria, hemorrhage, and ulceration. The
summation of six randomly chosen fields from each rat
was evaluated and averaged to determine the degree of
mucosal injury.
Enzyme-linked immunosorbent assay
The graft levels of diamine oxidase (DAO), D-lactic acid
(D-LA), tumor necrosis factor-α (TNF-α), interferon-γ
(INF-γ), interleukin-10 (IL-10), and transforming growth
factor-β (TGF-β) were determined using the kits from
R&D Systems, Minneapolis, MN, United States, according to the manufacturer’s protocol.
Detection and observation of intestinal mucosal
ultrastructure
Ultrathin (70-nm) sections were prepared using standard
techniques and examined under a transmission electron
microscope (Hitachi H-600, Tokyo, Japan).
Western blotting of tissue occludin and ZO-1
Intestinal tissue samples were homogenized and lysed
in buffer [50 mmol/L Tris-HCl (pH 8.0), 150 mmol/L
NaCl, 100 μg/mL phenylmethylsulfonyl fluoride, 1%
Triton X-100] for 30 min on ice. Then, 50 μg protein
samples were boiled for 5 min in sample buffer, separated by 10% and 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred onto nitrocellulose membranes. Nonspecific reactivity was blocked
using 5% non-fat dry milk in TBST [10 mmol/L TrisHCl (pH 7.5), 150 mmol/L NaCl, 0.05% Tween-20]
for 1 h at room temperature. The membrane was then
incubated with a rabbit anti-rat polyclonal occludin and
ZO-1 antibody (1:500; Santa Cruz Biotechnology) at
4 ℃ overnight. After three washes in TBST, the membranes were incubated with horseradish peroxidaseconjugated goat anti-rabbit IgG (1:2000; Santa Cruz
Biotechnology) for 2 h at room temperature. Reactive
protein was detected using an ECL chemiluminescence
system (Boster, Wuhan, China).

Isolation and characterization of BM MSCs
BM MSCs were isolated from the femur and tibia of male
LEW rats (100-120 g). Red blood cells were lysed using 0.1 mol/L NH4Cl; the remaining cells were washed,
resuspended, and cultured for 4 wk in DMEM/F12
(Gibco, Carlsbad, CA, United States) containing 100 U/
mL penicillin, 100 mg/mL streptomycin, and 15% fetal
bovine serum. BM MSCs were cultured in an incubator
at 37 ℃ in 5% CO2 with saturated humidity. The medium was changed every 72 h. When the third-passage
cells reached 80% confluence, cells were trypsinized,
washed, centrifuged, and resuspended at 1 × 107/mL in
phosphate-buffered saline.
BM MSCs were stained using antibodies against
CD29, CD90, RT1A, CD45, RT1B (BioLegend, San Diego, CA, United States), and CD34 (Santa Cruz Biotechnology, Santa Cruz, CA, United States), and analyzed by
flow cytometry (FACSCalibur; BD Biosciences, Alaska,
MN, United States). The proportion of CD29-, CD90-,
and RT1A-positive cells and CD34-, CD45-, and RT1Bnegative cells was > 98%. BM MSCs were also confirmed as spindle-shaped, plastic-adherent cells under
standard culture conditions by microscopy. The purity
of BM MSCs was > 95% (Figure 1).

Real-time PCR detection of occludin and ZO-1 mRNA
RNA was isolated with TRIzol (TakaRa, Japan). Reverse
transcription (RT) to complementary DNA was performed with 12 μg RNA by Moloney murine leukemia
virus-RT at a final volume of 10 μL according to the
manufacturer’s instructions. The reaction volume was increased to 20 μL and the dilutions used in the reactions
were always performed in accordance with the β-Actin
content. Product specificity was determined using 2%
agarose gel electrophoresis. The sequences of the primers used are listed in Table 1.

Diagnosis and evaluation of rejection
A pathologist blinded to the source analyzed the slides.
The degree of histopathological changes was graded
semiquantitatively using the histological injury scale described by Chiu et al[28]: 0: normal mucosal villi; 1: development of a subepithelial space, usually at the villi apex,
with capillary congestion; 2: extension of the subepithelial space with moderate epithelial lifting from the lamina
propria; 3: massive epithelial lifting down the sides of
the villi and ulceration at the villous tips; 4: denuded villi
with dilated capillaries and increased cellularity of the
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Statistical analysis
SPSS version 13.0 (SPSS, Chicago, IL, United States)
was used for statistical analysis. Values reported are the
mean ± SD. Different groups of data were compared by
analysis of variance. P < 0.05 was considered statistically
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Figure 1 Morphology and flow cytometry results of Lewis-derived bone marrow mesenchymal stem cells. A: First-passage bone marrow mesenchymal stem
cells (BM MSCs); B: Second-passage BM MSCs; C: Third-passage BM MSCs (× 200 magnification); D: The proportion of CD90+ and CD450- cells was approximately
95.48%; E: The proportion of CD29+ and CD34- cells was approximately 99.82%; F: The proportion of RT1A+ and RT1B- cells was approximately 99.87%.

Table 1 Sequences of primers for occludin, zona occludens-1, and β-actin
Tested gene product
Occludin

Upstream
Downstream
Upstream
Downstream
Upstream
Downstream

ZO-1
β-Actin

Primer sequences

Fragment

5’-CCTGTTTAGTTAGGTGAAG-3’
5’-TTCCTGAGAAGGGTTATG-3’
5’-GGGGGATTTATAACTTGGG-3’
5’-CTGGTTGGATGTCTGTGG-3’
5’-GCGTGACATTAAAGAGAAGCTG-3’
5’-AGAAGCATTTGCGGTGCAC-3’

156 bp
321 bp
500 bp

ZO-1: Zona occludens-1.

significant.

respectively. We observed no significant abnormal activities; the rats were only slightly sluggish 1 d after surgery.
Subsequently, they became frequently irritable, and
there was an abnormal increase in secretions from the
nose and mouth, reddened ears, and liquid stools at 3 d
after surgery. On day 5, there were obvious pathological symptoms of severe rejection, relative sluggishness,
weight loss, liquid stools, and abdominal mass; physical
examination revealed a macerated peristomal site with
surrounding erythema, induration, and serosanguineous
drainage. The condition of the rats worsened over time
(Figure 2). The general condition improved at each time
point in group C, and the pathological scores were mitigated (Table 2).

RESULTS
BM MSC extraction
Cells were confirmed as BM MSCs based on their spindle-shaped morphology, adherence to plastic, and flow
cytometry results (Figure 1). Most of the third-passage
adherent cells were CD90-, CD29-, and RT1A-positive
and negative for the MSC markers CD45, CD34, and
RT1B. Furthermore, the percentage of CD90 + and
CD45- cells rapidly increased from 80% to > 98% over
the first three passages.
General condition of the rats, graft histopathology, and
grade of intestinal mucosal injury after HIT
Following small intestinal transplantation, all rats in
group A survived for 10 d; in group B, two rats died
by day 5, four rats died by day 7 and six rats died by
day 10; and in group C, one rat died by day 7 and two
rats died by day 10. The 10-d death rate was 0 (0/30),
30.23% (13/43), 9.09% (3/33) in groups A, B, and C,
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Small intestinal mucosal barrier function changes
following transplantation
At each time point, the graft DAO levels in group B
increased more than twofold compared to that in group
A (P < 0.05). However, the graft DAO levels in group C
were significantly lower than that in group B at each time
point (P < 0.05) (Table 3).
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A

B

C

D

E

F

Figure 2 Graft histopathology at different time points after heterotopic intestinal transplantation (HE staining, × 200). A: Normal intestine with normal villous architecture and glands in group A; B: Intestinal mucosa degradation and hemorrhage of the lamina propria, ulceration, decreased ratio of villus height and crypt
height, aggravated lymphocyte infiltration, partial gland epithelial necrosis in group B at day 5 after operation; D: There were decreased intestinal mucosal villi with
mild deformity and interstitial infiltration of inflammatory cells; E: The condition was aggravated 7 d after heterotopic intestinal transplantation, and there was epithelial
degeneration, intestinal wall thinning and necrosis, and interstitial inflammatory cell infiltration in great quantities; C, F: Recovery of the damaged mucosa in group A at
(C) day 5 and (F) day 7.

Table 2 Grade of intestinal mucosal injury following heterotopic intestinal transplantation
Group
A
B
C

D1

D3

D5

D7

D 10

8.26 ± 0.65
17.4 ± 1.76a
12.17 ± 1.17c

9.37 ± 0.92
30.64 ± 3.62a
24.00 ± 1.54c

10.36 ± 0.78
41.6 ± 2.27a
30.17 ± 0.41c

12.65 ± 0.65
67.2 ± 2.57a
41.83 ± 2.93c

13.14 ± 0.86
81.74 ± 3.52a
52.33 ± 1.03c

All values are mean ± SD (n = 6; the summation of six randomly chosen fields from each rat were evaluated and averaged to determine the degree of mucosal injury). A: Non-rejection group; B: Rejection group; C: Bone marrow mesenchymal stem cells therapy group. aP < 0.05 vs group A; cP < 0.05 vs group B.

Ultrastructural characteristics of the intestinal mucosa
and TJs
In group A, the epithelial cells and TJs remained intact.
By contrast, there was TJ and villi disruption, loose microvilli, and swollen organelles with decreased electron
density in group B at 5 d after surgery. At the same time
point, the TJs and endothelial cell mitochondria and microvilli in group C remained undisrupted (Figure 3).

TGF-β levels were decreased significantly at day 7 in
group A (P < 0.05); graft TNF-α and IFN-γ levels were
decreased significantly and graft IL-10 and TGF-β levels
were increased significantly at day 7 in group C (P < 0.05)
(Figure 6).

DISCUSSION
Although the HIT model does not represent the physiological state of small intestinal function, it is used for
investigating immunological reactions such as rejection. Additionally, the survival rate of the HIT model is
higher and it involves a simple technique[29]. In this study,
we explored the mechanism of intestinal mucosal barrier protection following HIT in rats through BM MSC
implantation. In injured tissues, BM MSC transmigration
across the endothelium is a useful tool for cellular therapy. MSCs develop tight cell-cell contacts and integrate
into the endothelial wall of the capillary vessel[30]. Based
on its simplicity and safety, saline or BM MSCs were injected via the penile vein postoperatively.
Postoperatively, the general condition of the rats
worsened over time. At the same time, the grade of

Expression of occludin and ZO-1 protein following HIT
Occludin and ZO-1 expression decreased more significantly in group B than in group A; however, occludin
and ZO-1 expression was significantly higher in group C
than in group B (Figure 4).
Expression of occludin and ZO-1 mRNA following HIT
The expression of occludin and ZO-1 mRNA decreased
more significantly in group B than in group A. Occludin
and ZO-1 mRNA expression was significantly higher in
group C than in group B (Figure 5).
Graft TNF-α , IFN-γ , IL-10, and TGF-β levels
Compared to group B, graft TNF-α, IFN-γ, IL-10, and
WJG|www.wjgnet.com
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A

B

C

D

Figure 3 Ultrastructural characteristics of intestinal mucosa and tight junctions following heterotopic intestinal transplantation (magnification × 30000).
A: Epithelial cells and tight junctions (TJs) (arrows) were intact in group A; B: Intestinal microvilli and TJs (arrows) were disrupted, and some microvilli were loose; C:
Organelles were swollen with reduced electron density at day 5 after transplantation in group B; D: Microvilli and mitochondria of the endothelial cells were almost
normal and TJs (arrow) were not disrupted at day 5 after transplantation in group C.

Table 3 Levels of graft diamine oxidase and D -lactic acid following heterotopic intestinal transplantation

DAO (U/mL)

D-LA (g/L)

Group

D1

D3

D5

D7

D 10

A
B
C
A
B
C

10.15 ± 1.10
22.36 ± 2.82a
18.69 ± 2.17c
4.12 ± 0.53
6.32 ± 0.46a
3.08 ± 0.32c

12.86 ± 1.35
34.74 ± 5.59a
29.79 ± 2.49c
6.13 ± 0.57
8.65 ± 0.62a
4.08 ± 0.30c

15.76 ± 1.33
44.54 ± 2.77a
36.15 ± 3.98c
8.62 ± 1.67
10.46 ± 0.98a
5.031 ±0.18c

18.55 ± 1.77
51.61 ± 1.70a
40.13 ± 1.21c
10.78 ± 0.72
12.74 ± 0.68a
7.25 ± 0.51c

21.83 ± 1.21
68.02 ± 2.46a
59.87 ± 4.34c
11.67 ± 1.56
17.74 ± 1.75a
12.81 ± 0.47c

All values are mean ± SD (n = 6). A: Non-rejection group; B: Rejection group; C: Bone marrow mesenchymal stem cells therapy group. aP < 0.05 vs group A;
c
P < 0.05 vs group B. DAO: Diamine oxidase; D-LA: D-lactic acid.
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Figure 4 Occludin and zona occludens-1 protein expression after heterotopic intestinal transplantation. Occludin and zona occludens (ZO)-1 protein expression was significantly lower in group B than in group A (aP < 0.05 vs group B at day 5: 0.2082 ± 0.0582 vs 0.5477 ± 0.0284; aP < 0.05 vs group B at day 7: 0.3415 ±
0.0128 vs 0.6387 ± 0.046). Occludin and ZO-1 protein expression was significantly higher in group C than in group B (aP < 0.05 vs group B at day 7: 0.2674 ± 0.0128
vs 0.1352 ± 0.0142; aP < 0.05 vs group B at day 5: 0.7189 ± 0.0289 vs 0.4556 ± 0.0242). A: Group A (non-rejection); B: Group B (rejection); C: Group C (bone marrow mesenchymal stem cells therapy). β-actin was used as the loading control. Values shown are the mean ± SD.
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Figure 5 Occludin and zona occludens-1 mRNA expression after heterotopic intestinal transplantation. Occludin and zona occludens (ZO)-1 mRNA expression was significantly lower in group B than in group A (aP < 0.05 vs group B at day 5: 0.3135 ± 0.0168 vs 0.7011 ± 0.0128; aP < 0.05 vs group B at day 7: 0.2101 ±
0.0279 vs 0.5345 ± 0.0136). Occludin and ZO-1 mRNA expression was significantly higher in group C than in group B at day 5 (aP < 0.05 vs group B at day 7: 0.3860
± 0.0254 vs 0.1673 ± 0.0369; aP < 0.05 vs group B at day 5: 0.5727 ± 0.0419 vs 0.3598 ± 0.0242). A: Group A (non-rejection); B: Group B (rejection); C: Group C (bone
marrow mesenchymal stem cells therapy). β-actin was used as the loading control. Values shown are the mean ± SD.
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Figure 6 Graft tumor necrosis factor-α, interferon-γ, interleukin-10, and transforming growth factor-β levels. Graft tumor necrosis factor-α (TNF-α),
interferon-γ (INF-γ), interleukin-10 (IL-10), and transforming growth factor-β (TGF-β) levels in group B were significantly decreased compared to that in group A at
day 7 (17.2128 ± 0.4991 vs 12.8364 ± 0.7131, P < 0.05; 810.2637 ± 25.1175 vs 555.3763 ± 17.9702, P < 0.05; 80.3756 ± 2.5866 vs 59.9878 ± 2.1521, P < 0.05;
130.8756 ± 3.3428 vs 109.9878 ± 9.7968, P < 0.05). Graft TNF-α and IFN-γ levels in group C were significantly decreased compared to that in group B at day 7 (10.6473
± 0.0710 vs 17.2128 ± 0.4991, P < 0.05; 545.1506 ± 31.9416 vs 810.2637 ± 25.1175, P < 0.05); graft IL-10 and TGF-β levels in group C were significantly increased
compared to that in group B at day 7 (125.7773 ± 4.7719 vs 80.3756 ± 2.5866, P < 0.05; 234.5273 ± 9.3980 vs 545.1506 ± 31.9416, P < 0.05). A: Group A (nonrejection); B: Group B (rejection); C: Group C (BM MSC therapy). All values are mean ± SD (n = 6). aP < 0.05 vs group B.

histopathological changes increased. The graft levels of
DAO and D-LA increased with the rejection reaction,
indicating impaired intestinal barrier function. DAO and
D-LA are sensitive markers of intestinal permeability[31].
Furthermore, we observed disrupted intestinal microvilli
and TJs, some loose microvilli, and swollen organelles
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with reduced electron density (Figure 3). However, the
clinical symptoms improved after the BM MSC injection.
The DAO and D-LA levels in group C also decreased
more significantly than that in group B.
TJs are multi-protein complexes composed of transmembrane proteins, peripheral membrane (scaffolding)
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tion remains high. According to the Intestinal Transplant Registry, the cause
of death after SITx is 51% within one year and remains 41.7% after one year.
Under physiological conditions, the small intestinal mucosa is a barrier against
toxins and pathogens in the gut lumen. Ischemia-reperfusion (I/R) and rejection
damage of the intestinal mucosa after heterotopic intestinal transplantation (HIT)
easily lead to bacterial translocation and endotoxemia. Bone marrow mesenchymal stem cells (BM MSCs) reduce intestinal I/R injury in rats and contribute
to significant prolongation of graft survival. However, the mechanism is unclear.
Although previous studies have provided insight into the molecular structure of
tight junctions (TJs), considerably less is known about their functionality under
physiological or pathophysiological conditions. Few studies have described the
intestinal mucosa ultrastructure or TJ changes after HIT. In this study, the authors used a rat model of HIT to investigate the effect of BM MSCs on intestinal
mucosa ultrastructure, with emphasis on the mechanisms of intestinal barrier
dysfunction.

proteins, and regulatory molecules that include kinases.
The most important transmembrane protein is occludin,
which defines several aspects of TJ permeability. Peripheral membrane proteins such as ZO-1 and ZO-2 are
crucial to TJ assembly and maintenance, partly because
these proteins contain multiple domains for interaction
with other proteins such as claudins, occludin, and actin[32]. Occludin and ZO-1 expression decreased more
significantly in group B than in group A, particularly
at 5 and 7 d; however, occludin and ZO-1 protein and
mRNA expression was significantly higher in group C
than in group B, particularly at days 7 and 5 (Figures 4
and 5), and was consistent with the ultrastructural changes. Based on the above results, we concluded that BM
MSCs can protect the intestinal mucosal barrier, improve
TJ permeability, repair TJ ultrastructure, and promote
occludin and ZO-1 protein and mRNA expression.
BM MSCs do not express costimulatory molecules
and are potent inhibitors of T cell proliferation in mixed
lymphocyte cultures, prolonging allograft survival in
rodent models[33-37]. BM MSC treatment favors the reestablishment of cellular homeostasis by both increasing
endogenous proliferation processes and inhibiting the
apoptosis of small intestinal epithelial cells. The effects
of BM MSCs stem from their ability to improve the renewal capability of the small intestinal epithelium[38]. BM
MSCs produce growth factors that play a critical role
in healing damaged tissues. Growth factor production
by BM MSCs in response to the wound microenvironment suggests that they might augment wound healing
through the responsive secretion of growth factors that
enhance angiogenesis and promote wound repair [39].
TNF-α can increase intestinal epithelial cell paracellular
permeability[40], reduce expression of the ZO-1 gene
promoter[41] and ZO-1 protein[42], and can cause abnormal distribution of ZO-1 protein. TNF-α can cause TJ
relaxation and depolymerization, and exhibits a synergistic effect with IFN-γ[43]. TGF-β can both stimulate
and inhibit cell proliferation by a two-way regulatory
function[44]. After BM MSC injection, graft TNF-α and
IFN-γ levels decreased significantly, and that of graft
TGF- β and IL-10 increased significantly. Therefore,
we inferred that BM MSCs protect and repair damaged
intestinal barrier function following HIT by activating
paracrine IL-10 and TGF-β, and that IL-10 and TGF-β
exhibit sufficient immunomodulatory capabilities and
protect intestinal epithelial cells and TJs, suppressing
paracrine TNF-α and INF-γ.
In conclusion, BM MSCs can protect and repair damaged intestinal mucosal barrier function following HIT,
and cytokines are involved in this effect. The mechanism
of BM MSCs is complex and requires further study.

Research frontiers

In this study, the authors demonstrated that BM MSC implantation decreased
intestinal permeability and preserved intestinal mucosal barrier function after
HIT in rats. The mechanism was linked to reduced tumor necrosis factor-α and
interferon-γ levels, increased interleukin-10 and transforming growth factor-β
levels, and increased protein and mRNA expression of the intestinal TJ proteins
occludin and zona occludens (ZO)-1.

Innovations and breakthroughs

This is believed to be the first study to report that BM MSCs reduce rejection
after HIT, occludin and ZO-1 downregulation, and TJ disruption via a cytokineregulated mechanism.

Applications

By understanding how BM MSCs protect the intestinal mucosal barrier, this
study may represent a future strategy for therapy or prevention of rejection and
sepsis after SITx, which is a serious and common complication.

Terminology

TJs are the most important structures in the mucosal barrier. They are composed of multiple proteins, including transmembrane proteins such as occludin,
tricellulin, claudins, and junctional adhesion molecule. The intracellular portions
of these transmembrane proteins interact with cytoplasmic peripheral membrane proteins, including ZO-1, -2, -3, and two distinct transmembrane proteins:
occludin and claudin, which are linked to the actin-based cytoskeleton. TJs
function as occlusion barriers by maintaining cellular polarity and homeostasis
and by regulating paracellular space permeability in the epithelium.

Peer review

This paper demonstrates the impact of BM MSCs on rat small intestine after
HIT. This study will be of interest and the paper is clearly written.
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factor (TGF)- β1 and platelet-derived growth factor
(PDGF) were measured using the polymerase chain reaction. The protein levels of liver p70s6K and p-p70s6k
were determined using Western blotting. α-SMA ex+
++
pression was lowest in the BDL /Rapa group. TGF-β1
and PDGF expression levels in the rapamycin-treated
group were lower than those in the un-treated group
and higher than those in the control groups (TGF-β1:
0.23 ± 0.00 vs 0.34 ± 0.01, 0.23 ± 0.0 vs 0.09 ± 0.00,
P < 0.0001; PDGF: 0.21 ± 0.00 vs 0.34 ± 0.01, 0.21
± 0.0 vs 0.09 ± 0.00, P < 0.0001). The p70s6k and
p-p70s6k levels decreased in the treated groups and
+
++
were lowest in the BDL /Rapa group (p70s6k: 1.05 ±
0.17 vs 1.30 ± 0.56, 0.40 ± 0.01 vs 1.30 ± 0.56, P <
0.0001; p-p70s6k: 1.40 ± 0.5 vs 1.67 ± 0.12, 0.70 ±
0.01 vs 1.67 ± 0.12, P < 0.0001).

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CONCLUSION: The results of our study indicate that
rapamycin has inhibitory effects on liver fibrosis, and
the treatment is most effective in the early stages of
fibrosis.

AIM: To investigate and compare the inhibitory effects
of rapamycin in the different stages of liver fibrosis.

Key words: Liver cirrhosis; Sirolimus; Transforming growth
factor beta; Platelet-derived growth factor; Ribosomal
protein S6 kinases

METHODS: We performed bile duct ligation (BDL) in
male Wistar rats (n = 24). The experimental rats were
+
classified into four groups: the BDL /Rapa group (un+
+
treated control, n = 4), the BDL /Rapa group (treated
+
++
14 d after BDL, n = 8), the BDL /Rapa group (treated
on the day after BDL, n = 8), and the BDL /Rapa
group (un-treated, sham -operated control, n = 4).
+
+
+
++
The BDL /Rapa and BDL /Rapa groups were administered rapamycin (2 mg/kg) for 28 d. The liver tissues were tested by immunohistochemical staining for
α-smooth muscle actin (α-SMA) and cytokeratin.

Core tip: Liver cirrhosis is a serious disease causing significant mortality, but a curative treatment has not yet
been developed. Therefore, there is great interest within the field of drug development in developing agents
capable of inhibiting the progression of hepatic fibrosis.
Rapamycin is an immunosuppressive agent that is also
expected to attenuate the progression of liver fibrosis.
We therefore aimed to investigate the inhibitory effects
of rapamycin in the early and late stages of fibrosis,
with the goal of contributing to the development of
novel fibrosis treatments.

RESULTS: The liver mRNA levels of transforming growth
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α-SMA can be used to identify and quantify activated
HSCs in liver fibrosis[19-21].
Cytokeratin 19 (CK 19), is involved in cytoskeleton
formation, is expressed in bile duct cells and their related
carcinomas. Although this protein shows almost no expression in hepatocytes, it has emerged as an important
marker of liver stem cells[22].
The aim of our study was to investigate the inhibitory effects of rapamycin in BDL-induced liver fibrosis
in rats. We classified the treatment animals into 2 groups,
the BDL and control groups, and administered rapamycin to both groups to determine the efficacy of its inhibitory effects according to the degree of liver fibrosis.

Kim YJ, Lee ES, Kim SH, Lee HY, Noh SM, Kang DY, Lee
BS. Inhibitory effects of rapamycin on the different stages of
hepatic fibrosis. World J Gastroenterol 2014; 20(23): 7452-7460
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i23/7452.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i23.7452

INTRODUCTION
Liver cirrhosis, which is the end result of the fibrosis
that accompanies several chronic liver diseases, can yield
deadly complications in affected patients.is accompanied
by complications that are often the cause of death of cirrhosis patients. Bile duct ligation (BDL) has been widely
used as a model of liver fibrosis in animal models[1-4].
Transforming growth factor beta 1 (TGF-β1) and
platelet-derived growth factor (PDGF) are key cytokines involved in the healing process that occurs following acute or chronic liver damage[5]. TGF-β1, which
is a 25-kDa dimeric protein that is secreted in its latent
form, is converted into its active form after liver injury.
This molecule is a pro-fibrogenic cytokine, the serum
and tissue levels of which increase in models of chronic
liver disease. In various tissues, such as the liver, kidney,
lung, bone marrow, and skin, TGF-β1 is involved in the
recovery of damaged tissues, playing an important role
in fibrotic processes[6-8].
PDGF is a potent proliferative cytokine that is involved in the promotion of cell division and angiogenesis. It is associated with fibrosis, atherosclerosis, and
malignant disease[9-12].
The 70-kDa ribosomal S6 kinase (p70s6k), which is
activated by growth factors and hormones through the
phosphatidylinositol 3-kinase (PI3K)-dependent signaling pathway, is a downstream molecule of the mammalian target of rapamycin (mTOR) and is involved in
protein synthesis and cell cycle control. Phospho-p706k
(p-p70s6k) is the active form of p70s6k and plays an
important role in the G1/S cell cycle transition. The role
of p70s6k in cell cycle control has been assessed in previous studies in the presence of rapamycin, also known
as sirolimus[13].
Rapamycin is a bacterial macrolide antibiotics that
blocks cell proliferation by inhibiting the G1/S transition
in several cell types. In particular, several studies have
shown that rapamycin delays the G1/S transition of fibroblasts, making it of potential use in the treatment of
fibrotic diseases. Rapamycin is used clinically as an important immunosuppressive drugs to prevent rejection
after organ transplantation. It also inhibits the growth
of mammalian cells, such as B and T lymphocytes, by
suppressing the activation of p70s6k and inhibiting
mTOR[14-18].
The levels of alpha smooth muscle actin (α-SMA), a
marker of activated hepatic stellate cells (HSCs) and myofibroblasts, increase after chronic liver damage. Therefore,

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals and ethics
Normal male Wistar rats (approximately 100 g body
weight) were kept in 12-h light/dark cycles with free access to food and water. All the animal experiments were
approved by a state-appointed animal ethics board. All
institutional and national guidelines for the care and use
of laboratory animals were followed.
Induction of fibrosis and sham surgery
The BDL procedure was performed on 20 rats. Before
surgery, the rats were anesthetized using 0.2 mL of a 1:4
mixture of ketamine (Huons Co., Korea) and Rompun
(Byer Co., Germany). In the BDL group, the middle
part of the bile duct was cut and the 2 ends were tied.
The control group (BDL-/Rapa-) rats (n = 4) underwent
sham laparotomies.
Rapamycin administration in the treatment groups
Four of the 20 rats that underwent BDL were allocated
to the BDL+/Rapa- group(non-treatment group), and the
remaining 16 rats were given rapamycin. A sonde was
used for the daily oral administration of the drug at a
certain time, and the administration occurred at different
time points. Eight rats were given with 2 mg/kg Rapamune (Wyeth Co., Puerto Rico, United States) 14 d postBDL (BDL +/Rapa +, 2 wk post-BDL), and the other
8 rats given the drug immediately after BDL (BDL+/
Rapa++, immediately after BDL). The drug administration period was 28 d for all subjects.
Hepatic tissue and blood sample collection
The survival times of the 4 groups were 42 d and all
rats were sacrificed after the treatment of the BDL+/
Rapa + group was completed. The hepatic tissue was
stored at -70 oC for the polymerase chain reaction (PCR)
and Western blot analyses. Blood samples were collected by puncturing the heart under anesthesia and were
centrifuged (3000 rpm, 10 min). Aspartate transaminase
(AST), alanine transaminase, total protein (TP), albumin
(Alb), and total bilirubin (TB) levels were measured
using a measuring device (FUJI FILM, DRI-CHEM
4000I, Japan).
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Haematoxylin and eosin staining and masson trichrome
staining
For the hematoxylin and eosin (HE) staining, the tissues
were fixed in formalin, stained with Harris’s hematoxylin
for 5 min, washed with tap water for 5 min, treated with
1% acid alcohol for 30 s, and then washed under running water for 1 min. This procedure was followed by
staining with eosin for 2 min, dehydrating with alcohol,
and sealing with xylene.
For the Masson Trichrome (MT) staining, the tissue
that was fixed in formalin was incubated for 30 min with
Bouin’s fixatives at 56 ℃, stained with Weigert’s hematoxyline for 10 min for nuclear staining, and washed with
running water for 10 min. Biebrich scarlet-acid fuchsin
was used to initiate the reaction or 10 min, after which
time each sample was incubated in phosphomolybdicphosphotungstic acid for 10 min for mordant treatment
and discoloration. The tissue was incubated with aniline
blue for 10 min and, then treated with acetic acid for 3
min to allow time for the discoloration of the uncombined aniline blue. Finally, the tissue was washed in running water for 2 min.

Table 1 Primer sequences for the polymerase chain reaction
Gene

TGF-β1 Forward 5'-TACAGGGCTTTCGCTTCAGT-3'
Reverse 5'-TGGTTGTAGAGGGCAAGGAC-3'
PDGF
Forward 5'-GTCGAGTCGGAAAGCTCATC-3'
Reverse 5'-GTCACCCGAGTTTGAGGTGT-3'

Product size
(bp)
394
416

TGF-β1: Transforming growth factor-β1; PDGF: Platelet derived growth
factor.

95 ℃ for 25 s, 54.5 ℃ for 25 s, and 72 ℃ for 25 s, followed by a final extension step of 72 ℃ for 5 min. The
PCR products were analyzed by electrophoresis on 1.5%
agarose gels. GAPDH was used as a housekeeping gene
control. The primer sequences used are listed in Table 1.
Western blotting
The frozen tissue was pulverized with a precooled mortar
and pestle and then homogenized at 4 ℃ in 1 × radioimmunoprecipitation assay buffer (Sigma-Aldrich). Following centrifugation of the homogenates at 13000 g
for 20 min at 4 ℃, the pellets were discarded and the supernatants were either used immediately or stored at -70
℃. The TP was measured using a Bradford dye-binding
protein assay kit (Thermo Scientific, MA, United States).
An aliquot of the supernatant was kept for protein determination and Laemmli sample buffer (Bio-Rad, CA,
United States) containing β-mercaptoethanol was added
to the remainder of the supernatant. The samples were
boiled for 5 min, and 50 μg of the TP samples were
loaded onto a 10% polyacrylamide gel after cooling. The
samples were electrophoresed in a Mini-Protean TetraCell electrophoresis assembly (Bio-Rad) under constant
voltage. The proteins were then transferred to polyvininylidene fluoride membranes using a Mini-Protean transblot semidry transfer cell for 2 h at 4 ℃. Non-specific
binding sites were blocked by incubation in 1 × phosphate buffered saline (PBS) containing 5% skim milk
and 0.1% Tween 20 (PBSTM) for 1 h. The membranes
were then incubated overnight at 4 ℃ with an antibody
targeting p70s6k (1:250) or, p-p70s6k (1:250). After
washing with 1 × PBSTM, the membrane was incubated
for 1 h at room temperature with goat anti-rabbit IgGhorseradish peroxidase (1:2000) and then washed for
5 min in 1 × PBSTM a total of four times. The membranes were also probed with an anti-actin monoclonal
antibody (1:1000) as an internal control. Immunoreactive
proteins were detected and visualized with a chemiluminescence reagent (Daeillab service, Seoul, Korea) and
the scanned films were quantified using a gel documentation system (Dongjinsa, Seoul, Korea). All antibodies
were purchased from Santa Cruz Biotechnology (CA,
United States) or Cell Signaling Technology (MA, United
States).

Immunohistochemistry
α-SMA was used for the staining of the monoclonal
mouse anti-human smooth muscle actin (DAKO Co.,
Denmark). First, paraffin-removed tissue sections were
treated with a 0.1 mol/L citric acid solution (pH 6.0) for
antigen retrieval. The antibody was treated with dilutions
in multiples of 1:40-1:80.
CK 19 also involved the use of paraffin-removed tissue sections for antigen retrieval with a PT link (DAKO
Co., Denmark). This antibody (DAKO Co.) was diluted
in multiples of 1:250 and then stained using the DAKO
stain.
RNA extraction, cDNA generation and PCR
To extract the total RNA from the control and BDL rat
livers, 1 mL of Trizol (Invitrogen, CA, United States)
was added to the tissues, and the resulting samples were
homogenized. The homogenates were mixed with 200
μL of chloroform. After incubation for 5 min at room
temperature, the homogenates were centrifuged at room
temperature for 10 min at 13200 g. The supernatants
were transferred to clean tubes containing 1000 μL of
isopropyl alcohol (Sigma-Aldrich, St. Louis, MO, United
States) followed by centrifugation at 13200 rpm for 30
min. The resulting supernatant was mixed with 500 μL
of DEPC-treated water and centrifuged at room temperature for 10 min at 13200 g. The resulting supernatant
was discarded, and the pellet was dried at room temperature, dissolved in DEPC-treated water (Sigma-Aldrich,
St. Louis, MO, United States), and stored at -75 ℃. The
quality and integrity of the RNA were confirmed by
agarose gel electrophoresis. A total of 1 μg of the RNA
was used to prepare the cDNA by random priming using
a First-Strand cDNA Synthesis Kit (Enzynomics, Daejeon, Korea). The PCR conditions were as follows: initial
denaturation at 95 ℃ for 5 min followed by 35 cycles at
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Primer sequence

Statistical analysis
After measuring the total weight and liver weights, calcu-
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Table 2 Basal characteristics and results of blood chemistry
Treatment group
TBWt (g)
Liver Wt (g)
Liver Wt/TBWt
AST (U/L)
ALT (U/L)
TB (mg/dL)
TP (g/dL)
Alb (g/dL)

+

BDL /Rapa
(n = 4)

-

323.25 ± 85.84
20.49 ± 2.68a
0.065 ± 0.011a,c
254.50 ± 143.79
47.00 ± 17.87
9.15 ± 2.16a
5.48 ± 1.28
2.65 ± 0.85a

+

BDL /Rapa
(n = 7)

+

351.28 ± 55.42
23.55 ± 4.90a
0.069 ± 0.017a
244.43 ± 97.56
50.86 ± 21.97
8.74 ± 0.92a
5.37 ± 0.33
2.81 ± 0.41a

+

BDL /Rapa
(n = 7)

++

338.57 ± 21.16
21.53 ± 3.10a
0.064 ± 0.010a,c
293.57 ± 89.67
52.00 ± 17.58
11.17 ± 2.11a
5.74 ± 0.61
3.43 ± 0.43a

-

BDL /Rapa
(n = 4)

-

276.25 ± 15.9
10.85 ± 0.38
0.040 ± 0.003c
86.75 ± 10.69
34.25 ± 2.63
0.50 ± 0.14
5.48 ± 0.38
3.83 ± 0.33

P value1
0.136
< 0.0001
0.010
0.023
0.429
< 0.0001
0.773
0.008

1

Statistical significances were tested by one-way analysis of variances among groups and statistically significant results are indicated by P values. aP < 0.05
vs BDL-/Rapa-; cP < 0.05 vs BDL+/Rapa+ based on Scheffe multiple comparison test. Basal characteristics and results of blood chemistry in bile duct ligation
(BDL+/Rapa-), bile duct ligation with rapamycin (BDL+/Rapa+, BDL+/Rapa++) and sham-operated (BDL-/Rapa-) groups. Each values indicate mean ± SD.
TBWt: Total body weight; Wt: Weight; TP: Total protein; Alb: Abumin; AST: Aspartate transaminase; ALT: Alanine transaminase; TB: Total bilirubin; Rapa:
Rapamycin; Rapa+: Rat administered rapamycin for 28 d from the 14th day post-BDL; Rapa++: Rat administered rapamycin for 28 d beginning the first day
post-BDL.

lating the ratio of the total weights to the liver weights,
and averaging the blood test results, a one-way analysis
of variance (ANOVA) was performed to examine the
between-group significance. PCR and Western blot
bands were examined using the IMT i-solution program
to calculate the multiples of the densities and areas. In
addition, we measured the ratio of GAPDH (control
protein) to actin twice. The results are reported as the
mean ± SE. SPSS 20.0 was used for the one-way ANOVA. We compared the P-values to assess the statistical
significance. A P value of less than 0.05 was considered
significant.

reaction (moderate to severe periportal activity). The
BDL+/Rapa+ rats, which received drug treatment 14 d
after BDL, exhibited a moderate expansion in their portal area, with marked ductular proliferation and a mild
to moderate inflammatory reaction (mild to moderate
periportal activity). The BDL+/Rapa++ rats, which received drug treatment immediately after BDL, exhibited
a mild in their portal areas, with mild ductular proliferation and a mild inflammatory reaction (mild periportal
activity) (Figure 1A). The MT staining results revealed
showed marked portal-portal fibrotic septa formation
and collagen deposition (blue) in the BDL+/Rapa- group.
Reduced fibrotic septa formation was observed in the
BDL+/Rapa+ and BDL+/Rapa++ groups, and the BDL+/
Rapa ++ group exhibited the lowest levels of fibrotic
septa formation and collagen deposition (Figure 1B).

RESULTS
The baseline characteristics and blood chemistry of the
experimental groups
One rat in each of the rapamycin-treated groups (the
BDL+/Rapa+ and BDL+/Rapa++) died on the second
and third days after the 28 d of drug administration.
Thus, 4 rats in BDL+/Rapa-, 7 rats in the BDL+/Rapa+,
7 rats in the BDL+/Rapa++, and 4 rats in the BDL-/
Rapa- group completed the experiment. A total of 22
rats underwent anesthesia for blood collection, and their
total weights and liver weights were measured before
performing the autopsies. The experimental animals
were killed 6 wk after BDL, and the liver tissues were
collected. According to the one-way ANOVA, there was
no difference in the total weights between groups (P =
0.136), but a significant difference was found in the ratio
of the liver weights to the total weights (liver wt/TB wt)
between the groups (P = 0.010). Similarly, the AST levels were significantly different between the groups (P =
0.023), as were the TB and Alb levels (P < 0.0001 and, P
= 0.008, respectively) (Table 2).

Immunohistochemical staining of α -SMA and CK 19
The results of the α-SMA staining in the BDL+/Raparat livers revealed strong staining (dark brown) in the
portal-portal area compared with the BDL-/Rapa- rat
livers. The treated BDL+/Rapa+ and BDL+/Rapa++ livers
showed relatively decreased expression, especially in the
BDL+/Rapa++ group, in which the rapamycin was administered immediately following BDL (Figure 1C). CK
19 protein staining confirmed the presence of greater
bile duct proliferation in the BDL+/Rapa- group (dark
brown) compared with the BDL-/Rapa- group, as well
as a decreased ductular reaction in the BDL+/Rapa+ and
BDL+/Rapa++ groups (Figure 1D).
TGFβ 1 mRNA expression
The inhibitory effect of rapamycin on fibrosis was
confirmed by the expression levels of TGFβ1 mRNA,
which increased with fibrosis. According to the results
of the one-way ANOVA, the TGFβ1/GAPDH ratios
exhibited significant differences between the groups,
as shown in the figures and by the densitometry results
(P < 0.0001). According to Scheffe’s multiple comparison test, the BDL +/Rapa - rats exhibited significantly

HE and MT staining
HE staining demonstrated that the portal areas of the
BDL+/Rapa- rats were markedly expanded with evidence
of ductular proliferation and a severe inflammatory

WJG|www.wjgnet.com

7455

June 21, 2014|Volume 20|Issue 23|

Kim YJ et al . Role of rapamycin in hepatic fibrosis
+

-

BDL /Rapa

+

+

BDL /Rapa

+

++

BDL /Rapa

-

-

BDL /Rapa

A

B

C

D

Figure 1 Comparison of histological findings between the groups that underwent bile duct ligation (BDL) with/without rapamycin treatment and the
control. A: Hematoxylin and eosin (HE) staining. The bile duct ligation (BDL)+/Rapa++ group showed the smallest expansion of portal areas, with the least amount
of ductular proliferation and the most mild inflammatory reaction among the BDL groups; B: Masson-Trichrome staining. The BDL+/Rapa++ group showed the lowest
degree of fibrotic septa formation and deposition of collagen among BDL groups (blue); C: α-smooth muscle actin (α-SMA) staining (dark brown). The BDL+/Rapa++
group showed the lowest amount of staining among BDL groups; D: Cytokeratin 19 (CK 19) protein expression (dark brown). The BDL +/Rapa++ group showed the
lowest amount of staining among BDL groups. Rapa: Rapamycin; Rapa+: Rat administered rapamycin for 28 d from the 14th day post-BDL; Rapa++: Rat administered
rapamycin for 28 d beginning the first day post-BDL. Original magnification: × 100(a-d).

tion. Its expression was therefore compared with that of
a control protein (actin).
The BDL+/Rapa+ and BDL+/Rapa++ groups showed
a significant decrease in the expression of p70s6k compared with the BDL +/Rapa - group (P < 0.013, P <
0.0001). The BDL+/Rapa++ group was found to have a
significantly decreased p70s6k expression level compared
with the BDL+/Rapa- group ( with no drug administration) and the BDL+/Rapa+ group (with drug administration at a different time ) (P < 0.0001, P < 0.0001).
Based on the analyses of p-p70s6k protein expression, the treated BDL+/Rapa++ group showed a significantly decreased expressions compared with the BDL+/
Rapa+ (P = 0.005) and BDL+/Rapa- (P = 0.001) groups.
These results demonstrate that p-p70s6k has different
expression levels according to the time of drug administration, making the effects of drug administration at
each time predictable (Figure 3).

increased expression compared with the controls (P <
0.0001), and the difference in expression between the
BDL+/Rapa+ and BDL+/Rapa++ rats was also significant
(P < 0.001 and P < 0.0001). Decreased expression was
found in the BDL+/Rapa+ and BDL+/Rapa++ groups
compared with the BDL+/Rapa- group, further, suggesting that rapamycin has an inhibitory effects on fibrosis
(Figure 2A).
PDGF mRNA expression
In the PDGF band and density one-way ANOVA, the
PDGF/GAPDH values showed statistically significance differences between the groups (P < 0.0001). The
BDL+/Rapa+ and BDL+/Rapa++ group showed significantly decreased level of PDGF expression compared
with the BDL +/Rapa - group (P = 0.001, P = 0.001)
(Figure 2B).
mTOR down-stream molecules p70s6k and p-p70s6k
The protein p-p70s6k is the active form of p70s6k and
is involved in the mTOR signaling pathway, the action
site of rapamycin, cell cycle control, and HSCs prolifera-
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DISCUSSION
In our study, we aimed to determine whether rapamycin
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Figure 2 Transforming growth factor β1 and platelet-derived growth factor mRNA expression was assessed by polymerase chain reaction analysis. A:
Transforming growth factor β1 (TGFβ1); B: Platelet-derived growth factor (PDGF). BDL: Bile duct ligation; Rapa: Rapamycin; Rapa+: Rat administered rapamycin for
28 d starting the 14th day after BDL; Rapa++: Rat administered rapamycin treatment for 28 d starting the 1st day after BDL; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. aP < 0.05 vs other group; cP < 0.05 vs BDL+/Rapa++ group.
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Figure 3 Western blot analysies showed the p70s6k and p-p70s6k expression levels in the advanced liver fibrosis samples. A: 70-kDa ribosomal S6 kinase
(p70s6k); B: p-p70s6k. BDL: Bile duct ligation; Rapa: Rapamycin; Rapa+: Rat administered rapamycin for 28 d beginning the 14th day post-BDL; Rapa++: Rat administered rapamycin for 28 d beginning the first day post-BDL. aP < 0.05 vs other group; cP < 0.05 vs BDL+/Rapa+ group; eP < 0.05 vs BDL+/Rapa- group.

has an inhibitory effects on liver fibrosis. We examined
changes in relevant cytokines when this drug was administered to early and more progressed cases of liver fibrosis in animal models of liver fibrosis that was induced
by BDL. We administered rapamycin for 28 d during the
different stages of fibrosis.
Liver fibrosis develops from the excessive deposition
of extracellular matrix as proliferation-promoting cytokines and growth factors lose their regulatory control.
This occurs after chronic liver damage as in the cases

WJG|www.wjgnet.com

of viral hepatitis, alcoholic fatty liver, and non-alcoholic
steatohepatitis[23,24]. Liver cirrhosis is the most advanced
stage of liver fibrosis and can yield complications such
as esophageal varices, hepatic encephalopathy, and peritonitis. Cirrhosis patients eventually die because of these
complications. Rapamycin is mainly used to prevent
rejection after transplantation; it inhibits cell proliferation and is used in coronary artery stenting to treat cardiovascular diseases[25,26]. Following additional studies on
the inhibitory effects of rapamycin on the liver, the lung,
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expression compared with the BDL+/Rapa- group, thus
confirming the inhibitory effects of rapamycin (Figure
2A). The P values of the BDL + /Rapa + and BDL + /
Rapa++ groups compared to the BDL+/Rapa- group were
statistically significant, at 0.001 and 0.0001, respectively.
These results correspond to those of Bierker et al[18],
suggesting that rapamycin has inhibitory effects on cell
proliferation following liver damage.
PDGF- β is the strongest known mitogen and is
auto-secreted in HSCs. In our comparison of the density of PCR bands between the experimental groups,
the BDL+/Rapa- group showed the greatest increase in
PDGF mRNA expression (P < 0.0001), and the treated
groups (BDL+/Rapa+ and BDL+/Rapa++ ) showed a statistically significant decrease in the expression of PDGF
mRNA compared to the BDL+/Rapa- group (P = 0.001).
These results demonstrate that rapamycin stops the production of cytokines and decreases their expression in
chronic liver damage.
p70s6k is a downstream protein of the PI3K-Akt signaling system, and its secretion is stimulated by various
hormones and growth factors. p70s6k controls protein
synthesis, proliferation, and the cell cycle. Activation of
p70s6k occurs when serine or threonine is phosphorylated, and this active form is inhibited by rapamycin[33-35].
In our experiment, p70s6k/Actin showed significantly
decreased expression levels in the BDL +/Rapa + and
BDL+/Rapa++ groups compared with the BDL+/Rapagroup (P = 0.013, P < 0.0001). The BDL+/Rapa++ group
exhibited significantly decreased expression compared
with the BDL+/Rapa+ group (P < 0.0001). With regard
to the p-p70s6k expression, the BDL +/Rapa + group
showed slightly decreased expression levels compared
with the BDL+/Rapa- group, although this finding was
not statistically significant (P = 0.117). However, compared with the BDL+/Rapa++ group, there was a statistically significant decrease in the expression (P = 0.005).
The BDL +/Rapa ++ group was observed to have decreased expression level compared with the BDL+/Rapagroup (P = 0.001) the BDL+/Rapa+ group (P = 0.005),
(Figure 3).
The observed differences in p70s6k and p-p70s6k
protein expression are consistent with the results of
previous studies investigating the effects of rapamycin
inhibition on p70s6k phosphorylation. However, the differences in p70s6k expression between the BDL+/Rapa+
and BDL+/Rapa++ groups are not consistent with the
results of Biecker et al[18] and Zhu et al[36]. These authors
predicted that different mechanism was involved in the
mTOR pathway. The inhibition of these two proteins is
believed to inhibit cell proliferation. The BDL+/Rapa++
and BDL+/Rapa+ groups showed significant differences
in their expression levels of p70s6k and p-p70s6k, suggesting that the administration of rapamycin is more effective in the early stages of fibrosis.
We confirmed the inhibitory effects of rapamycin
on fibrosis, including partially progressed fibrosis, and
determined that these effects were greater during the

and renal fibrosis, it is expected that rapamycin will be
deemed suitable as next anti-fibrosis treatment[27]. Several
human studies have evaluated the antifibrotic effects of
rapamycin on fibrosis and cirrhosis in humans. McKenna et al[28] described the impact of sirolimus in reducing
the extent and progression of fibrosis in liver transplant
recipients with recurrent HCV[29]. Kelly et al[30] suggested
that sirolimus-based immunosuppression is associated
with a lower risk of significant graft fibrosis following
liver transplantation in HCV-infected recipients.
In this study, we confirmed the effects of rapamycin
on the inhibition of fibrosis in a BDL rat model. In the
previous studies of rapamycin, the drug was administered immediately after BDL through either intraperitoneal or subcutaneous injections. Non-oral administration
has different absorption routes compared with the current route for rapamycin in humans. Our study used the
same drug delivery mechanism as that used in humans to
compensate for this limitations. The rapamycin used in
this study was ground into a powder, mixed with water,
and provided through a small-diameter tube (sonde) at
the same time every day directly into the stomach of the
rats. Drug administration was initiated at a different time
points to enable partial progression of fibrosis.
Liver tissues stained with HE and MT were used for
the analysis, and depositions of the extracellular matrix
in the treated BDL+/Rapa+ and BDL+/Rapa++ groups
were found to be decreased compared with those in the
BDL +/Rapa - group. In particular, the BDL +/Rapa ++
group exhibited less collagen deposition than the BDL+/
Rapa+ group. This result demonstrates the potential of
rapamycin to inhibit liver fibrosis. In addition, the effects
were greater in the animals in earlier stages of fibrosis.
HSCs, portal fibroblasts, and myofibroblasts are involved in liver fibrosis. α-SMA is a marker of HSCs and
myofibroblasts, which were compared in this study to
confirm the difference in their expression levels in the
portal veins and interface zone. The BDL+/Rapa- group
was found to exhibit strong staining, and the treated
BDL+/Rapa+ and BDL+/Rapa++ groups showed significantly decreased staining compared with the BDL+/Rapagroup (Figure 1C). This finding is interpreted as a demonstration of the anti-fibrosis capacity of rapamycin.
CK 19 is expressed in normal epithelial cells, and its
expression is increased during ductular reactions in biliary sclerosis[31]. Decreased CK 19 staining was found in
the BDL+/Rapa+ and BDL+/Rapa++ groups compared
with the BDL+/Rapa- groups (Figure 1D).
TGF-β1 is a marker of the active form of HSCs and
functions as a key cytokine in the progression liver fibrosis. Once tissue healing after damage is complete, its
production is terminated for an unknown reason; however, in the case of chronic and repeated damage, this
self regulation is lost[32]. The results of this study also
showed increased expression in the BDL+/Rapa- group
compared with the control. However, the BDL+/Rapa+
and BDL+/Rapa++ groups were found to have decreased
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Terminology

early stages of fibrosis. Therefore, the results of this
study should be useful in developing drugs to inhibit or
reduce fibrosis in patients with chronic liver diseases.
One limitation of this study is the fact that rapamycin is
insoluble in water. We therefore ground it into a powder
mixed with water to enable administation directly into
the stomach of the rats through small-diameter tubes.
Given this experimental setup, it is possible that residual
drug remained inside the tube, potentially decreasing the
dosage to less than 2 mg/kg per day. However, this possible error was minimized by injecting air into the tube
after drug administration.
In conclusion, this study confirmed that rapamycin,
which is an immunosuppressant used in the treatment
of transplant patients, has inhibitory effects on liver fibrosis. Importantly, these effects are more pronounced
when the drug is administered immediately after the start
of liver fibrosis or before progression of fibrosis. Our
results showed that better treatment effects can be expected when rapamycin is administered during the early
stages of fibrosis. However, administration of this drug
after the progression of fibrosis is also effective. No severe side effects or adverse events due to the administration of rapamycin were noted in this study.
Therefore, the treatment of chronic liver disease patients with rapamycin is likely to inhibit the progression
of liver cirrhosis while improving fibrosis is more progressed cases.

Fibrosis represents is the endpoint of a fibrogenic process that accompanies
chronic liver injury in cases of viral hepatitis and other diseases. The complications of fibrosis are the cause of death in many cirrhotic patients. Rapamycin
is a bacterial macrolide antibiotics that blocks cell proliferation. It is a clinically
important immunosuppressive drugs used to prevent rejection after organ transplantation.

Peer review

The authors examined the immunohistochemical staining of α-smooth muscle
actin in liver tissues, transforming growth factor and platelet-derived growth factor mRNA expression levels, and p70s6k and p-p70s6k protein levels in the experimental groups. The treated groups (BDL+/Rapa++ and BDL+/Rapa+) showed
decreased staining and expression levels compared with the un-treated BDL
group (BDL+/Rapa-). These results suggested that rapamycin has an inhibitory
effect on liver fibrosis and is therefore a potential treatment drug.
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Core tip: Recent research showed that tissue factor (TF)
and tissue factor pathway inhibitor (TFPI) are associated with inflammatory reactions, and they are expressed
in many kinds of tissue and cells. There are few reports
about the relationship between TF and TFPI and ulcerative colitis (UC). In this study, we performed immunohistochemical staining for TF and TFPI expression in
tissue of UC and normal colon, to determine their association with UC and their significances in pathogenesis.
The study results suggest that TF and TFPI may play
an important role in the pathogenesis of UC.

Abstract
AIM: To investigate the clinical significance of expression of tissue factor (TF) and tissue factor pathway inhibitor (TFPI) in ulcerative colitis (UC).

He HL, Zhang JB, Li Q. Clinical significance of expression of tissue factor and tissue factor pathway inhibitor in ulcerative colitis.
World J Gastroenterol 2014; 20(23): 7461-7461 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i23/7461.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7461

METHODS: Thirty UC specimens taken by colonoscopy
from patients with active UC treated at the Department
of Pathology, Central Hospital Affiliated to Shenyang
Medical College from February 2010 to January 2012
were included in an experimental group, and 30 normal
colon tissue samples taken by colonoscopy from nonUC patients were included in a control group. Expression of TF and TFPI in UC and normal colon tissue
samples was detected by immunohistochemistry.

INTRODUCTION
Ulcerative colitis (UC) is a chronic, nonspecific intestinal
inflammatory disease of unknown causes, with the main
clinical symptoms being abdominal pain, diarrhea, and
blood and mucus in the stool. The etiology and pathogenesis of UC is very complex and not yet completely
understood. A better understanding of the pathogenesis
of UC will bring new clues to UC treatment. In recent
years, many studies have shown that there is a correlation
between UC and hypercoagulable states. Microthrombus
formation may be one of the important mechanisms

RESULTS: The positive rate of TF in UC was significantly higher than that in normal colon tissue (63% vs
2
33%, χ = 5.41, P < 0.05). The positive rate of TFPI in
UC was also significantly higher than that in normal co2
lon tissue (43% vs 17%, χ = 5.08, P < 0.05).
CONCLUSION: Positive rates of TF and TFPI expres-
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responsible for the pathogenesis of UC, and ongoing hypercoagulable states may promote the development and
progression of inflammation and be related to UC progression[1]. Studies have found that the pathological process and clinical complications of diseases with thrombosis are closely associated with tissue factor (TF) and tissue
factor pathway inhibitor (TFPI)[2,3]. Several studies have
demonstrated the presence of TF and TFPI in many human diseases with thrombosis[4,5]. Recent studies revealed a
correlation between TF and TFPI and inflammation[6]. TF
and TFPI are expressed in a variety of tissues and cells[5].
Currently, there have been few reports on the correlation
between TF and TFPI and UC. In the present study, immunohistochemistry was used to detect the expression of
TF and TFPI in UC to reveal their relationship with UC
and to elucidate their role in the pathogenesis of UC.

and stored in a refrigerator.
Immunohistochemistry
After dewaxing and hydration, paraffin sections were
soaked in phosphate-buffered saline for 5 min. Antigen
retrieval was then achieved using the microwave method,
and endogenous peroxidase activity was inhibited by
incubation with an endogenous peroxidase blocking
agent (reagent A in the SP Kit) at room temperature for
10 min. After washing with PBS 3 times for 3 min each
time, nonspecific binding was blocked by incubation with
normal goat serum (reagent B in the SP Kit) at room
temperature for 10 min. Sections were then incubated
with primary antibody TF or TFPI overnight at 4 ℃. After washing, sections were incubated with a biotinylated
secondary antibody (reagent C in the Universal SP Kit)
at room temperature for 10 min, followed by incubation
with horseradish peroxidase-labeled streptavidin (reagent
D in the Universal SP Kit) at room temperature for 10
min. After washing again, the signal was developed by
incubation with AEC reagent for 5-10 min. Nuclei were
counterstained with hematoxylin, and mounted on slides.

MATERIALS AND METHODS
Subjects
Thirty UC specimens taken by colonoscopy from patients
with active UC treated at Department of Pathology,
Central Hospital Affiliated to Shenyang Medical College
from February 2010 to January 2012 were included in an
experimental group, and 30 normal colon tissue samples
taken by colonoscopy from non-UC patients were included in a control group. The pathological diagnosis of UC
was made by a pathologist. The experimental group contained 12 males and 18 females, and the control group
contained 16 males and 14 females. The subjects ranged
in age from 35 to 52 years, with a mean age of 49 years.
In the experimental group, there were 3 cases of entire
colon lesions, 8 cases of left-sided colon lesions, 15 cases
of sigmoid lesions, and 4 cases of rectal lesions. UC was
diagnosed based on the diagnostic criteria in “Analysis
on Chinese Consensus on Standard Diagnosis and Treatment of Inflammatory Bowel Disease” developed by the
Inflammatory Bowel Disease Collaborative Group of the
Chinese Society of Gastroenterology[7]. The study protocol was approved by the Ethics Committee of Central
Hospital Affiliated to Shenyang Medical College, and all
subjects signed informed consent.

Immunostaining evaluation
(1) evaluation criteria for positive TF expression: TF was
localized in the membrane and cytoplasm of cells in the
mucosal tissue around the ulcer, and positive immunohistochemical signals were brown. Ten typical high power
fields (HPF × 400) were selected from each slide for evaluation. The extent of the immunohistochemical signal was
divided into 4 levels: 0%-5% (-), 5%-10% (+), 10%-40%
(++), > 40% (+++); (2) evaluation criteria for positive
TFPI expression: TFPI was localized in the cytoplasm
of cells in the mucosal tissue around the ulcer, and positive immunohistochemical signals were yellowish brown.
Ten typical HPF (× 400) were selected from each slice for
evaluation. The extent of the immunohistochemical signal
was divided into 4 levels as above; and (3) positive rate:
Ten HPF were observed for each case. The percentage of
positive cells were divided into 4 levels as above.
Statistical analysis
Statistical analyses were performed using SPSS 11.0
for Windows software (SPSS Inc., Chicago, IL, United
States). Percentages were compared using the χ 2 test. P
values < 0.05 were considered statistically significant.

Main reagents and equipment
Rabbit anti-human TF monoclonal antibody and mouse
anti-human TFPI monoclonal antibody were purchased
from Boermei (Shenyang, China). SP kit and AEC kit
were purchased from Zhongshan Golden Bridge Technology (Beijing, China). An optical microscope (Olympus
BX40) and microtome (Shandon AS325) were also used.

RESULTS
Expression of TF in UC and normal colon tissues
The positive rate of TF expression in UC was 63%
(19/30), significantly higher than that in normal colon
tissues (33%, 10/30) (P < 0.05, Table 1, Figure 1A and B).

Intestinal mucosal specimen collection
Intestinal mucosal tissues were obtained during colonoscopy from the lesion having the most severe inflammation in patients with active UC. For patients in the control group, tissue samples were taken from a site showing
no abnormalities (25 cm from the anus) in the sigmoid
colon. Four tissue samples were taken from each patient
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Expression of TFPI in UC and normal colon tissues
The positive rate of TFPI expression in UC was 43%
(13/30), significantly higher than that in normal colon
tissues (17%, 5/30) (P < 0.05, Table 2, Figure 2A and B).

7462

June 21, 2014|Volume 20|Issue 23|

He HL et al . TF and TFPI in Ulcerative Colitis
Table 1 Expression of tissue factor in ulcerative colitis and
normal colon tissues
Group

Number of
total cases

Number
of positive
cases

30
30

19
10

Experimental
Control

Table 2 Expression of tissue factor pathway inhibitor in
ulcerative colitis and normal colon tissues
Group

Number of Positive rate
negative
cases
11
20

Experimental
Control

63%
33%

The data indicated that the positive rate of tissue factor expression in
ulcerative colitis was higher than that in normal colon tissues. χ 2 = 5.41, P
< 0.05 vs control.

Number of Number of Number of
total cases positive cases negative
cases
30
30

13
5

17
25

Positive rate

43%
17%

The data indicated that the positive rate of tissue factor pathway inhibitor
expression in ulcerative colitis was higher than that in normal colon
tissues. χ 2 = 5.41, P < 0.05 vs control.

A

A

B

B

Figure 1 Positive expression of tissue factor in ulcerative colitis (A) and
normal colon tissue (B). Magnification, × 400.

Figure 2 Positive expression of tissue factor pathway inhibitor in ulcerative colitis (A) and normal colon tissue (B). Magnification, × 400.

DISCUSSION

important mechanism in the pathogenesis of UC. Persistent hypercoagulable states may be related to the clinical
progression of UC[1], and have a role in promoting the
development and progression of inflammation. In this
study, immunohistochemistry was used to detect the expression of molecular biomarkers TF and TFPI in UC
tissues to provide further information in the elucidation
of the pathogenesis of UC.
Studies have found that the pathological process and
clinical complications of diseases with thrombosis are
closed associated with TF and TFPI. Studies have demonstrated the presence of TF and TFPI in many human
diseases with thrombosis. Recent studies have also found
that there exists an association between TF and TFPI and
inflammation.
TF is a protein with 236 amino acids, and contains
an extracellular domain, a transmembrane domain and a
cytoplasmic domain. It is now clear that the extracellular

The etiology and pathogenesis of UC are very complex
and are still not very clear. It is currently believed that
inflammatory processes elicited by mucosal immune system abnormalities caused by multiple factors, including
environmental, immunological and genetic factors, play
an important role in the pathogenesis of UC[8,9]. In recent
years, the incidence of UC has increased, and there are
more reported cases of critically ill patients. Clinical studies indicate that there exist hypercoagulable states and a
potential risk of thrombosis in UC patients. UC complicated with thromboembolic diseases are not uncommon,
and autopsies revealed that up to 39% of UC patients
have thromboembolic diseases. Thromboembolic diseases have become the third leading cause of death in
patients with UC[10,11]. Intestinal multifocal infarction
caused by microvascular inflammation has become an
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domain is critical for the binding to FVII and the initiation of the extrinsic coagulation pathway, and has procoagulant activity and proteolytic functions[12]. The TFinitiated coagulation process was formerly known as the
extrinsic coagulation pathway. Research advances over
the past decade have shown that this is a start-up phase
of coagulation, and the intrinsic coagulation pathway
belongs to the maintenance phase of coagulation. TF has
important significance in physiological hemostasis and
pathological thrombosis and participates in the inflammatory response. The transmembrane domain may also
play a role in signal transduction, but the function of the
intracellular domain has been a hotspot of TF research
in recent years. The phosphorylation of 3 serine residues
in the terminus of the cytoplasmic domain can mediate
intracellular signal transduction and promote the transcription and synthesis of vascular endothelial growth
factor (VEGF)[13,14]. Ollivier et al[15] found that, in human
pulmonary fibroblasts, TF-dependent VEGF expression requires binding between FVII and TF, and binding of FVII with inactivated active sites and TF inhibits
VEGF production. Bulut et al[16] suggested that VEGF
is involved in the pathogenesis of UC and is related to
disease severity. TF binding to its receptor FVIIa triggers intracellular signal transduction mechanisms and
induces the upregulation of matrix metalloproteinases
(MMPs), which are involved in tissue repair and have
very important significance in inflammatory diseases. A
large number of studies have confirmed that MMPs are
involved in basal inflammatory tissue repair, angiogenesis
and leukocyte chemotaxis in UC patients, and MMPs are
highly expressed in UC tissues and are enhanced with
the aggravation of inflammation[17,18]. The results of the
present study showed that the positive rate of TF expression in UC tissue (63%) was significantly higher than that
in normal colon tissue (33%) (P < 0.05), indicating that
the expression level of TF differs between UC tissue and
normal colon tissue. This finding suggests that TF may
be associated with the occurrence of UC, and hypercoagulable states and intestinal microthrombosis may mediate the role of TF in UC. In addition, TF, as an indirect
inflammatory mediator to stimulate the release of other
inflammatory mediators and induce inflammatory responses, may be involved in this process.
As the only physiological inhibitor of TF-FVIIa complex, TFPI inhibits TF-induced thrombus formation. It
depends on the feedback inhibition of FXa to regulate
the extrinsic coagulation pathway, preventing the unlimited expansion of clotting[19]. TFPI plays an important
role not only in the extrinsic coagulation pathway[20,21], but
also in inflammatory responses. In the process of inflammatory responses, when endothelial cells contact with
tumor necrosis factor (TNF), endotoxin and thrombin,
TFPI output on the cell surface significantly increases,
and TF activity is increased[22]. Animal experiments and
clinical studies showed that TFPI has anti-inflammatory
effects, and it can inhibit leukocyte activation as well as
the synthesis and expression of inflammatory mediators
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including TNF-a, interleukin (IL)-6 and IL-1. These inflammatory mediators have a clear association with the
occurrence of UC and are important in the pathogenesis
of UC[23,24]. TFPI not only has inhibitory effects on the
TF-FVIIa complex, FXIa and cathepsin G[25], as well as
serine proteases, plasmin, trypsin, chymotrypsin, plasma
kallikrein and FXa[26], but also is an indirect inhibitor of
MMPs in the extracellular matrix[27]. Studies have demonstrated that the expression of MMP-3 and MMP-9 is significantly increased in the mucosal inflammatory area in
UC patients, and is enhanced with aggravation of inflammation. Clinical trials showed that blood levels of TFPI
were significantly higher in UC patients than in normal
controls, and in patients with active UC than in those
with the disease in the remission period. The results of
the present study showed that the positive rate of TFPI
in UC tissue (43%) was significantly higher than that in
normal colon tissue (17%) (P < 0.05), indicating that the
expression level of TFPI differs between UC tissue and
normal colon tissue. This finding suggests that TFPI
may have a role in the occurrence of UC, possibly by
inhibition of TF-induced thrombosis and suppression of
inflammatory mediator release to inhibit inflammation.
Therefore, the application of recombinant TFPI to inhibit the activation of inflammatory cells and the release
of inflammatory mediators can be considered a strategy
to treat UC[28], and this may provide a new avenue for the
treatment of UC.
In the present study, immunohistochemistry was used
to investigate the expression of TF and TFPI in UC tissue, and the results may help understand the molecular
mechanisms of pathogenesis of UC. Clinical detection
of TF and TFPI may be helpful in the diagnosis of UC.
The present study explored the mechanisms of pathogenesis of UC from another perspective, and the results
obtained are expected to be able to guide the selection of
reasonable treatment regimens and provide new ideas for
the clinical treatment of UC. However, due to the limitations of experimental conditions and funding, the present
study did not conduct a deeper exploration of UC pathogenesis. Future studies are required to further explore the
pathogenesis, diagnosis, treatment and prognosis of UC.
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CASE CONTROL STUDY

Association of MYO9B gene polymorphisms with
inflammatory bowel disease in Chinese Han population
Jing Hu, Qiao Mei, Jian Huang, Nai-Zhong Hu, Xiao-Chang Liu, Jian-Ming Xu
tion was found with ulcerative colitis in the comparison
between the subgroups, the frequencies of rs962917
and rs1545620 were different in the Crohn’s disease
(CD) subgroup with ileocolitis (CC vs CT and TT, P =
0.014; and AA vs AC and CC, P = 0.022, respectively).
rs1545620 variants appear to be the genetic susceptibility factor for perianal disease in CD patients (AA vs
AC CC, P = 0.029). In addition, the L/M ratio was significantly higher in IBD patients than in controls (0.065
± 0.013 vs 0.020 ± 0.002, P = 0.02), but no association was found between the MYO9B gene and the L/M
ratio in IBD patients.
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CONCLUSION: MYO9B gene polymorphisms may influence the sub-phenotypic expression of CD in China.
No association between these MYO9B polymorphisms
and intestinal permeability in IBD patients was found.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; MYO9B; Genetic susceptibility;
Intestinal permeability

AIM: To explore the association of MYO9B gene polymorphisms with clinical phenotypes and intestinal
permeability of individuals with inflammatory bowel
disease (IBD) in China.
METHODS: A total of 442 IBD patients and 402 healthy
volunteers were genotyped for two single nucleotides
(rs962917 and rs1545620) using the ligase detection
reaction and polymerase chain reaction. Allelic and
genotype frequency analyses were performed for the
two groups. Intestinal permeability was evaluated using lactulose (L) and mannitol (M) excretion. The association of MYO9B gene polymorphisms with intestinal
permeability between the normal and high intestinal
permeability groups was analyzed.

Core tip: An association between MYO9B gene polymorphisms and inflammatory bowel disease (IBD) in
the Chinese Han population has not yet been confirmed. The authors aimed to explore the association
of MYO9B gene polymorphisms with the clinical phenotypes and intestinal permeability of IBD in China. The
results suggested that MYO9B gene polymorphisms
may influence the sub-phenotypic expression of Crohn’
s disease but failed to confirm an association between
the MYO9B polymorphisms and intestinal permeability
in Chinese Han IBD. These findings indicate that the
MYO9B gene may differ among IBD patients of various
races from various regions.

RESULTS: Overall, there was no significant difference
in the genotypic and allelic frequencies of MYO9B between IBD patients and controls. Although no associa-

Hu J, Mei Q, Huang J, Hu NZ, Liu XC, Xu JM. Association
of MYO9B gene polymorphisms with inflammatory bowel
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Table 1 Demographic and clinical characteristics of inflammatory bowel disease patients and controls, n (%)

Total (n)
Sex (F/M)
Age at diagnosis

INTRODUCTION

A1 (< 16 yr)
A2 (17-40 yr)
A3 (> 40 yr)
Disease location, CD
L1 (terminal ileum)

Inflammatory bowel disease (IBD), which includes Crohn’
s disease (CD) and ulcerative colitis (UC), is a chronic
recurrent inflammation of the gastrointestinal tract of unknown origin[1]. Environmental influences, immunological
factors, and genetic background may play important roles
in its etiopathogenesis[2-4]. Since the initial identification
of CARD15 as a CD susceptibility gene in 2001, genetic
studies have shown that there are numerous genetic susceptibility factors for IBD[5-10]. The genetic background
of IBD may be different in Asian individuals compared
with Western populations. For example, variations in
OCTN or CARD15 are generally accepted to be associated with susceptibility to CD in Western populations[11,12]. However, these associations have not been
confirmed in Chinese individuals[13].
Studies have provided evidence that IBD may result
from a genetic predisposition that leads to defects in
mucosal immune regulatory cells, barrier leakage, and
susceptibility to environmental triggers, including luminal
bacteria and specific antigens[14,15]. The complex interaction of genetic, microbial, and environmental factors may
result in continuous activation of the mucosal immune
system, leading to IBD[15]. MYO9B variants have been reported to potentially be involved in IBD pathogenesis[16].
The MYO9B gene, encoding myosin IXB, was first identified as a susceptibility gene for celiac disease in a Dutch
cohort study[17]. This gene is a single motor protein with a
Rho GTPase activating domain, and is involved in epithelial cell tight junction assembly and cytoskeletal remodeling[18,19]. Cooney et al[16] recently genotyped 8 MYO9B
single nucleotide polymorphisms (SNPs) in 652 CD patients, 650 UC patients, and 1190 controls and reported
a significant association between genetic variants in
MYO9B and IBD, which indicated that MYO9B variants
may be involved in IBD pathogenesis. This involvement
may be due to defects in MYO9B-dependent intestinal
epithelial cells because IBD is often characterized by increased permeability of the intestinal epithelium[20-22].
These findings have not been confirmed in China.
Therefore, it is necessary to explore the association of
MYO9B gene polymorphisms with IBD in the Chinese
Han population and to assess the impact of MYO9B genetic variations on intestinal permeability in IBD. Most
studies on the MYO9B gene polymorphisms associated
with intestinal permeability mainly investigated rs962917
and rs1545620 [23,24]. Therefore, our study genotyped
these two MYO9B SNPs to investigate the association of
MYO9B gene polymorphisms with IBD clinical features
and with the permeability of the intestinal mucosa in the
Chinese Han population.

WJG|www.wjgnet.com

CD

UC

Controls

207
91/116

235
106/129

402
196/206
Mean age
40.21 ± 5.37

10 (4.8)
133 (64.3)
64 (30.9)

4 (1.7)
127 (54.0)
104 (44.3)

75 (36.2)

L2 (colonic location)
L3 (ileocolitis)
L41 (upper gastrointestinal tract)
Disease behavior, CD
B1 (inflammatory disease)
B2 (structuring disease)
B3 (penetrating disease )
P2 (perianal disease)

Proctitis
71 (30.2)
42 (20.3) Left-sided
103 (43.8)
90 (43.5) Extensive
61 (26.0)
18 (8.7)
63 (30.4)
85 (41.1)
59 (28.5)
47 (22.7)

1

L4 is a modifier that can be added to L1-L3 when concomitant upper gastrointestinal disease is present; 2Perianal disease was categorized as P, that
could be added to B1-B3 when concomitant perianal disease is present.
CD: Crohn’s disease; UC: Ulcerative colitis.

MATERIALS AND METHODS
Patients and controls
IBD patients were consecutively recruited from the Department of Gastroenterology, the First Affiliated Hospital of Anhui Medical University between February 2006
and May 2012. Diagnosis of IBD was based on established clinical, endoscopic, radiological, and histological
criteria[1]. The study cohort consisted of 235 UC patients
(129 men; mean age: 42.14 ± 10.69 years) and 207 CD
patients (116 men; mean age: 37.15 ± 9.25 years). The
phenotype of these patients was classified based on age
at diagnosis, location, and behavior of disease according
to the Montreal classification of IBD[25]. Demographic
and clinical characteristic data are presented in Table 1.
The control group (206 men; mean age: 40.21 ± 5.37
years) was recruited from healthy individuals from the
medical examination center. There were no significant
differences between the case and control groups with respect to age or sex. The Han ethnic group, with a population of 1225932641 (according to the 6th Population
Survey of China in 2010), lived in most provinces of
China. In this study, both patients and controls were of
Han ancestry and were unrelated inhabitants in Anhui
province. Approval of the protocol was obtained from
the Ethics Committee of the First Affiliated Hospital of
Anhui Medical University.
Measurements gene determination method
Venous blood (5 mL) was collected from each patient
and control. DNA was extracted in accordance with the
kit’s instructions (Axygen Corp., CA, United States) and
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preserved at -20 ℃. Two mononucleotide polymorphic
sites of the MYO9B gene, rs962917 and rs1545620,
were detected by polymerase chain reaction (PCR)/ligase detection reaction (LDR). Primers and probes
were synthesized by Shanghai Biotech Corp. (Shanghai, China). For rs962917, the sequence of the forward
primer was 5′-CCTCCTGCCTCATACCGTAA-3′,
and the sequence of the reverse primer was 5′-AATCCACGTCACGAGACGAC-3′; the LDR probe set
included a fluorescent probe (P-CGTCACCTGTTTATTGCTGCTTTTTTTTT TTTTTTTTT-FAM) and
a pair of detection probes (5′-TTTTTTTTTTTTTT
TTGCAGGGCTCAGCGACTCCCTCCG-3′ and 5′
-TTTTTTTTTTTTTTTTTTG CAGGGCTCAGCGACTCCCTCCA-3′). For rs1545620, the sequence of
the forward primer was 5′-GCGGATGATGCTCTGTTTCT-3′, and the sequence of the reverse primer was
5′-AAGTAGACGTCCTTCACGG-3′; the LDR probe
set included a fluorescence probe (P-CGTCACCTGTTTATTGCTGCTTTTTT TTTTTTTTTTTT-FAM)
and a pair of detection probes (5′-TTTTTTTTTTTTT
TTTTTGGCTGCCGTGTACCTCCAGGCCT-3′ and
5′-TTTTTTTTTTTTTTTTT TTTGGCTGCCGTGTACCTCCAGGCCG-3′). Then, 20 μL of the multiple
PCR mixture was prepared for multiple PCR amplification, which included 2 μL of 1× buffer solution, 3.0
mmol/L MgCl 2, 2 mmol/L dNTPs, 0.4 μ L each of
the positive and negative primers, 0.4 μL of Tag polymerase 1U (Qiagen Corp., Hilden, Germany), 4 μL of
1× Q-solution, and 50 ng of genomic DNA. Double
distilled water was added to the final volume. Then we
performed initial denaturation at 95 ℃ for 2 min, 35
cycles of 94 ℃ for 30 s, 62 ℃ for 90 s, and 72 ℃ for 60
s, and final extension at 72 ℃ for 10 min. 3% agarose gel
electrophoresis was used to detect the PCR products.
In addition, 10 μL of multiple LDR mixture was
prepared for the multiple LDR, which included 1 μL of
1× buffer solution, 1 μL of the probe mix (0.05 pmol/
L/each), 0.05 μL of Taq DNA ligase (NEB Corp., Beijing, China), and 2 μL of the PCR products (50 ng/μL).
Double distilled water was added to the final volume.
After sufficient mixing, the solution was centrifuged for
the LDR, which consisted of the following steps: initial
denaturation at 95 ℃ for 2 min, followed by 30 cycles of
denaturation at 94 ℃ for 15 s and annealing at 50 ℃ for
25 s. The LDR product was sequenced with a 377 DNA
Sequencer (ABI Corp., United States).

and M were measured by high-pressure liquid chromatography with pulsed electrochemical detection (HPLCPED)[26]. Intestinal permeability was evaluated based on
the ratio of the concentrations of L and M (L/M) in the
urine[27]. As previously described, intestinal permeability
was considered normal when the L/M ratio was less
than 0.03[23].
Statistical analysis
SPSS 13.0 (SPSS Inc., Chicago, IL, United States) statistical software was used for data analysis. Qualitative
variables are expressed as percentages, and quantitative variables are calculated as the means. To compare
groups, we used χ 2 tests. Haploview Software ver. 3.2
(http://www.broad.mit.edu/mpg/haploview) was used
for testing the Hardy-Weinberg equilibrium, linkage disequilibrium, and transmission disequilibrium. Logistic
regression was applied to model the association of SNPs
with the sub-phenotypes. Odds ratios (OR) with 95%CIs
were determined. For all allelic and genotype analyses,
Bonferroni’s correction for the number of SNPs tested
was used to correct for multiple testing and a P value <
0.05 indicated statistical significance.

RESULTS
Demographics and clinical features
A total of 442 patients (245 male, 197 female) with
IBD and 402 healthy controls, all of Han ancestry from
China and none with a positive family history of IBD,
were enrolled. There were no significant differences in
age and sex between the two groups (Table 1). The age
at diagnosis, disease location, and the behavior of IBD
disease are shown in Table 1. According to the Montreal
classification[25], the most frequent disease location in our
UC patients was the left side of the colon (43.8%), followed by the rectum (30.2%) and extensive colon (26.0%).
In the CD patients, 43.5% exhibited ileocolitis, 36.2%
exhibited pure ileitis, 20.3% had disease in the colon
region, and only 8.7% had upper intestinal tract involvement. In addition, 41.1% of the CD patients had stricturing disease, 30.4% had nonstricturing nonpenetrating
disease, and 28.5% had a penetrating phenotype, with
concomitant perianal disease in 22.7% patients.
Association of MYO9B variants with IBD
A total of 442 IBD patients and 402 controls were genotyped for two MYO9B gene polymorphisms, rs962917
and rs1545620 (Tables 2 and 3). Both allelic and genotypic frequencies in the IBD and control groups were
evaluated for Hardy-Weinberg equilibrium (P > 0.05). In
the IBD patients, the rs962917 genotype frequencies of
CC, CT, and TT were 8.6%, 36.9%, and 54.5%, respectively. For rs1545620, the genotype frequencies of AA,
AC, and CC were 14.3%, 28.9%, and 56.8%, respectively.
No significant differences in the allelic and genotypic
frequencies were observed between the controls and
IBD patients for either SNP. When the CD and UC patients were analyzed separately, no association was found

Evaluation of intestinal permeability
Intestinal permeability was evaluated using the lactulose
(L) and mannitol (M) excretion test in all patients and
healthy controls. After an overnight fast, the subjects
drank 100 mL of the test solution containing 10 g of L
and 5 g of M. No food or drink other than water was
allowed until completion of the test. Urine samples over
the following 6 h were collected in a plastic tube containing 2% thimerosal as a preservative. The total volume
was recorded, and 20 mL of each sample was stored at
-20 ℃ until analysis. The urinary concentrations of L
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Table 2 Allele and genotype frequencies of the MYO9B SNPs rs962917 in inflammatory bowel disease patients vs controls, n (%)
Control (n = 402)
GF
CC
CT
TT
AF
C
T

IBD (n = 442)

CD (n = 207)

OR (95%CI)

P corr

UC (n = 235)

OR (95%CI)

P corr

OR (95%CI)

P corr

27 (6.6)
173 (42.5)
207 (50.9)

38 (8.6)
163 (36.9)
241 (54.5)

1.23 (0.79-1.65)
0.87 (0.52-1.24)
1.07 (0.82-1.41)

0.64
0.26
0.97

21 (10.1)
79 (38.2)
107 (51.7)

1.52 (0.63-2.17)
0.81 (0.47-1.33)
1.02 (0.85-1.24)

0.09
0.24
0.83

17 (7.2)
84 (35.8)
134 (57.0)

1.09 (0.82-1.40)
0.83 (0.69-1.14)
1.12 (0.67-1.46)

0.75
0.31
0.48

227 (27.9)
587 (72.1)

239 (27.0)
645 (73.0)

0.92 (0.66-1.71)
1.02 (0.81-1.30)

0.52
0.77

121 (29.2)
293 (70.8)

1.06 (0.75-1.41)
0.98 (0.61-1.59)

0.66
0.49

118 (25.1)
352 (74.9)

0.86 (0.67-1.35)
1.14 (0.82-1.33)

0.38
0.29

IBD: Inflammatory bowel disease; GF: Genotype frequencies; AF: Allele frequencies; OR: Odds ratio; CI: Confidence interval; SNP: Single nucleotide polymorphism; CD: Crohn’s disease. Genotype and allele frequencies in patients and controls were compared using the χ 2 test; Pcorr: Corrected P value.

Table 3 Allele and genotype frequencies of the MYO9B SNPs rs1545620 in IBD patients vs controls, n (%)
Controls (n = 402)
GF
AA
AC
CC
AF
A
C

IBD (n = 442)

CD (n = 207)

OR (95%CI)

P corr

UC (n = 235)

OR (95%CI)

P corr

OR (95%CI)

P corr

42 (10.4)
135 (33.6)
225 (56.0)

63 (14.3)
128 (28.9)
251 (56.8)

1.47 (0.56-3.85)
0.86 (0.62-1.94)
1.03 (0.37-2.19)

0.43
0.29
0.71

26 (12.6)
63 (30.4)
118 (57.0)

2.01 (0.71-5.66)
0.91 (0.27-2.49)
1.35 (0.33-2.19)

0.21
0.07
0.57

37 (15.7)
65 (27.7)
133 (56.6)

1.26 (0.31-3.25)
0.82 (0.57-2.61)
1.14 (0.61-3.77)

0.61
0.37
0.84

219 (27.2)
585 (72.8)

254 (25.9)
727 (74.1)

0.96 (0.44-2.91)
1.07 (0.56-2.28)

0.61
0.77

115 (27.8)
299 (72.2)

1.09 (0.39-2.46)
0.92 (0.49-3.17)

0.37
0.42

139 (29.6)
331 (70.4)

1.16 (0.57-3.14)
0.92 (0.77-2.51)

0.57
0.39

IBD: Inflammatory bowel disease; GF: Genotype frequencies; AF: Allele frequencies; CD: Crohn’s disease. Genotype and allele frequencies in patients and
controls were compared using the χ 2 test; Pcorr: Corrected P value.

Table 4 Genotype frequency of rs962917 and rs1545620 SNPs in Crohn’s disease phenotypes, n (%)
CD (n = 207)
Age, CD
A1 (< 16 yr)
A2 (17-40 yr)
A3 (> 40 yr)
Disease location, CD
L1
L2
L3
L4
Disease behavior, CD
B1
B2
B3
P

rs962917

rs1545620

CC (21)

CT (79)

TT (107)

AA (26)

AC (63)

CC (118)

1 (4.7)
14 (66.7)
6 (28.6)

4 (5.1)
51 (64.6)
24 (30.3)

5 (4.7)
68 (63.6)
34 (31.7)

1 (3.9)
16 (61.5)
9 (34.6)

3 (4.7)
41 (65.1)
19 (30.2)

6 (5.1)
76 (64.4)
36 (30.5)

9 (42.8)
6 (28.6)
6 (28.6)1
2 (9.5)

28 (35.4)
15 (19.0)
36 (45.6)
7 (8.9)

38 (35.5)
21 (19.6)
48 (44.9)
9 (8.4)

11 (42.3)
7 (26.9)
8 (30.8)2
2 (7.7)

22 (34.9)
12 (19.0)
29 (46.0)
6 (9.5)

42 (35.6)
24 (20.3)
52 (44.1)
10 (8.5)

6 (28.6)
9 (42.8)
6 (28.6)
5 (23.8)

24 (30.4)
32 (40.5)
23 (29.1)
18 (22.9)

33 (30.8)
44 (41.1)
30 (28.1)
24 (22.4)

8 (30.8)
11 (42.3)
7 (26.9)
3 (11.5)3

19 (30.2)
26 (41.2)
18 (28.6)
16 (25.3)

36 (30.5)
48 (40.7)
34 (28.8)
28 (23.7)

Genotype frequencies in patients and controls were compared using the χ 2 test; 1P = 0.014 CC vs CT TT; 2P = 0.022 AA vs AC CC; 3P = 0.029 AA vs AC CC.
CD: Crohn’s disease.

subgroup of perianal disease (AA vs AC and CC, P =
0.029) in CD (Table 4). However, in the UC patients, no
significant association with any specific sub-phenotype
was observed.

for the two IBD phenotypes.
Association of MYO9B variants with disease phenotype
The contribution of the different genotypes of the two
SNPs in IBD patients was investigated to verify whether
the MYO9B variants affected the clinical features. In
the CD patients, the genotype frequencies of rs962917
and rs1545620 appeared to be differently distributed in
ileocolitis (CC vs CT and TT, P = 0.014; and AA vs AC
and CC, P = 0.022, respectively). Of note, an association
was identified between the rs1545620 genotypes and the

WJG|www.wjgnet.com

Association of MYO9B variants with intestinal
permeability in IBD
The L/M ratio was significantly higher in IBD patients
than in controls (0.065 ± 0.013 vs 0.020 ± 0.002, P =
0.006). The IBD patients were divided into two groups
according to intestinal permeability (L/M ≥ 0.03 or
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Table 5 Genotype frequencies of rs962917 and rs1545620 SNPs in ulcerative colitis phenotypes, n (%)
UC (n = 235)

rs962917

Age, UC
A1 (< 16 yr)
A2 (17-40 yr)
A3 (> 40 yr)
Disease location, UC
Proctitis
Left-sided
Extensive

rs1545620

CC (17)

CT (84)

TT (134)

AA (37)

AC (65)

CC (133)

0 (0)
9 (52.9)
8 (47.1)

1 (1.1)
49 (58.4)
34 (40.5)

3 (2.2)
69 (51.5)
62 (46.3)

1 (2.7)
17 (45.9)
19 (51.4)

1 (1.5)
37 (56.8)
27 (41.5)

2 (1.5)
73 (54.9)
58 (43.6)

4 (23.5)
7 (41.2)
6 (35.3)

23 (27.4)
39 (46.4)
22 (26.2)

44 (32.8)
57 (42.6)
33 (24.6)

11 (29.7)
16 (43.2)
10 (27.1)

20 (30.8)
28 (43.1)
17 (26.1)

40 (30.1)
59 (44.4)
34 (25.5)

χ 2 test was applied to compare the number of genotypes between patients and controls; All P values were > 0.05.

Table 6 Association of MYO9B variants with intestinal permeability in IBD, n (%)
IBD

rs962917

UC (n = 235)

L/M ≥ 0.03
L/M < 0.03

CD (n = 207)
L/M ≥ 0.03
L/M<0.03

rs1545620

CC (17)

CT (84)

TT (134)

AA (37)

AC (65)

CC (133)

10 (58.8)
7 (41.2)
CC (21)
9 (42.9)
12 (57.1)

38 (45.2)
46 (54.8)
CT (79)
42 (53.2)
37 (46.8)

71 (53.0)
63 (47.0)
TT (107)
59 (55.1)
48 (44.9)

16 (43.2)
21 (56.8)
AA (26)
12 (46.2)
14 (53.8)

30 (46.2)
35 (53.8)
AC (63)
33 (52.4)
30 (47.6)

73 (54.9)
60 (45.1)
CC (118)
65 (55.1)
53 (44.9)

χ 2 test was applied to compare the number of genotypes between patients and controls; All P values were > 0.05. IBD: Inflammatory bowel disease; CD:
Crohn’s disease.

L/M < 0.03), as previously described[23]. The analysis
showed no significant differences in the genotype frequency between the normal and high intestinal permeability groups.

nal mucosal permeability may lead to the displacement
of intestinal antigenic substances, induce and aggravate
intestinal inflammation and immunoreactivity, further
damage the intestinal mucosal barrier, and increase intestinal mucosal permeability[31]. Büning et al[32] found
that the permeability of the small intestine significantly
increased in 89 UC cases in the remission stage. We used
L and M to evaluate intestinal mucosal permeability and
found that patients with CD or UC had markedly higher
L/M ratios than controls, which indicates that intestinal
permeability in IBD patients is increased.
The changes in intestinal permeability are associated
with closely linked intestinal epithelial cells and myosin
contraction[33]. MYO9B, the gene encoding myosin, has
been shown to be associated with diseases in the digestive system[17]. van Bodegraven et al[34] studied eight SNPs
in the MYO9B gene, including six loci associated with
digestive diseases, and found that the MYO9B gene is
closely related to IBD and that the rs1545620 locus has
a marked association with UC. Nunez et al[35] also found
that MYO9B gene polymorphisms were correlated with
UC, but not with CD, in a study in a Spanish population. In a study in an Italian population, the MYO9B
gene and IBD were closely associated, indicating that
the rs1545620 and rs962917 genotypes may increase the
susceptibility to IBD[23]. Few studies of MYO9B gene
polymorphisms in IBD patients are available in China.
Shi et al[36] studied candidate genes for UC in a Chinese
Han population and selected two polymorphic loci of
the MYO9B gene. Their study observed an association
of the TT genotype of rs1545620 in MYO9B with UC
(P = 0.0169, OR = 0.29, 95%CI: 0.11-0.78). However,
our study failed to find a significant difference in the

DISCUSSION
Genetic susceptibility is a key factor in the pathogenesis
of IBD[28]. A focus on the genetic background of IBD in
different geographic areas or races may provide insight
into possible etiologic factors. Genetic variation in the
MYO9B gene might produce an effect on epithelial cell
tight junction assembly and cytoskeletal remodeling[29,30].
Because IBD is often characterized by increased permeability of the intestinal epithelium[21,22], MYO9B gene
polymorphisms are a very valuable target for the study
of IBD. Our research suggested that MYO9B gene polymorphisms influence the sub-phenotypic expression of
CD. The frequencies of rs962917 and rs1545620 were
significantly different in the CD subgroups according to
disease location. In particular, when patients with CD
were divided into perianal or non-perianal lesion groups,
an association was identified between rs1545620 genotypes and the subgroup of perianal disease (P = 0.029)
(Table 5). Although the L/M ratio was significantly higher in the IBD patients than in the controls, there was no
association between the MYO9B gene and the L/M ratio
in the IBD patients (Table 6).
The pathologic process of IBD involves many factors, including immune dysfunction of the intestinal
mucosa, infection, heredity, and the environment[2-4]. Intestinal mucosal barrier dysfunction is an essential component of IBD pathogenesis[15]. The increase in intestiWJG|www.wjgnet.com
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tion in China. These findings indicate that MYO9B gene polymorphisms may
play a small role in changing the intestinal mucosal permeability in Chinese Han
IBD patients.

genotype frequency and allele frequency distributions
of rs962917 and rs1545620 between IBD patients and
normal controls. rs962917 and rs1545620 gene polymorphisms were not distributed differently in the UC
clinical subgroup in our study. Furthermore, the study
by Amundsen et al[37] failed to support the notion that
MYO9B is a susceptibility gene in UC.
An association study of the MYO9B gene in Italian
patients with IBD reported that the allele frequencies of
MYO9B SNPs were different in CD subgroups according to disease location, with a trend towards an increased
frequency of upper gastrointestinal involvement (P
= 0.057) and perianal disease (P = 0.042)[23]. Our research also found that the frequencies of rs962917 and
rs1545620 were significantly different in the CD subgroups according to disease location.
Whether MYO9B gene polymorphisms affect intestinal permeability remains unknown. Latiano et al[23] reported that MYO9B gene polymorphisms were not significantly related to intestinal mucosal permeability. We
used L and M to evaluate intestinal mucosal permeability. These sugars are not involved in metabolism and are
urinated in prototype. Their excretion rate in the urine
can reflect changes in intestinal mucosal permeability.
HPLC-PED, which was adopted to detect the concentrations of L and M, is highly efficient and sensitive. This
study confirmed that patients with IBD have markedly
higher L/M ratios than controls, indicating increased intestinal permeability in IBD patients. However, we failed
to find a correlation of MYO9B genotypes with intestinal permeability.
In summary, a significant association between genetic variants in MYO9B and IBD has been reported,
which indicates that MYO9B variants may be involved
in IBD pathogenesis in Western populations. However,
our study suggested that MYO9B gene polymorphisms
may influence the sub-phenotypic expression of CD but
did not find an association between these MYO9B polymorphisms and intestinal permeability in IBD patients
from a Han population in China. These findings indicate
that IBD patients from different races and regions may
express distinct clinical IBD characteristics and that the
influence of MYO9B gene polymorphisms differs.

Applications

The conclusions of this study involving MYO9B gene polymorphisms in IBD
patients from a Han population in China were different from those of studies in
Western populations. Studies of the genetic background of IBD in different geographic areas or races may provide insights into possible etiologic factors.

Peer review

This is a study from China aiming to explore the association of MYO9B gene
polymorphisms with the clinical phenotypes and intestinal permeability of IBD.
The study, which possesses a logical presentation of facts with regard to the
description of the patient cohort, the performance of experiments, and the analysis of data, will provide more information about MYO9B gene polymorphisms
in IBD to other authors.
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RESULTS: At the time of diagnosis, mean IgG was
2473 ± 983 mg/dL, with three (18.8%) patients showing normal levels. All of the patients had elevated
serum levels of antinuclear antibody (≥ 1:640). Liver
histology from one patient showed diagnostic pathological changes, including massive necrosis and plasma
cell infiltration. Four patients survived (18.2%) and 18
died (81.8%) without liver transplantation. The results
showed that patients with low admission Model for
End-Stage Liver Disease (MELD) scores (21.50 ± 2.08
vs 30.61 ± 6.70, P < 0.05) and corticosteroid therapy
(100% vs 16.7%, P < 0.05) had better prognosis. A
total of seven patients received corticosteroid therapy,
of whom, four responded and survived, and the other
three died. Survivors showed young age, shorter duration from diagnosis to corticosteroid therapy, low MELD
score, and absence of hepatic encephalopathy at the
time of corticosteroid administration. Six patients who
were administered corticosteroids acquired fungal infections but recovered after antifungal therapy.

Abstract

CONCLUSION: Early diagnosis and corticosteroid
therapy are essential for improving the prognosis of
patients with AIH-induced liver failure without liver
transplantation.

AIM: To investigate the clinical features, response to
corticosteroids, and prognosis of autoimmune hepatitis
(AIH)-induced liver failure in China.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Autoimmune hepatitis; Liver failure; Autoantibody; Prognosis; Corticosteroid therapy

METHODS: A total of 22 patients (19 female and 3
male; average age 51 ± 15 years) with AIH-induced
liver failure treated in our hospital from 2004 to 2012
were retrospectively analyzed. Clinical, biochemical
and pathological characteristics of the 22 patients and
responses to corticosteroid treatment in seven patients
were examined retrospectively. The patients were divided into survivor and non-survivor groups, and the
clinical characteristics and prognosis were compared
between the two groups. The t test was used for data
analysis of all categorical variables, and overall survival
was calculated by the Kaplan-Meier method.
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Core tip: We describe the clinical characteristics and
prognosis of autoimmune-hepatitis-induced liver failure
in China. Early diagnosis and initiating corticosteroid
therapy at an early stage may be essential for improving the prognosis of patients with AIH-induced liver
failure without liver transplantation.
Zhu B, You SL, Wan ZH, Liu HL, Rong YH, Zang H, Xin SJ.
Clinical characteristics and corticosteroid therapy in patients
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In this regard, the clinical features and prognosis of
patients with AIH-induced liver failure were retrospectively analyzed in our hospital from 2004 to 2012. The
management of corticosteroid therapy was also examined.

with autoimmune-hepatitis-induced liver failure. World J
Gastroenterol 2014; 20(23): 7473-7479 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i23/7473.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i23.7473

MATERIALS AND METHODS
INTRODUCTION

Patient population
The retrospective study was carried out at the Liver
Failure Treatment and Research Center of 302nd Military Hospital, Beijing, China between January 2004 and
December 2012. A diagnosis of AIH was made based
on the presence of anti-nuclear antibody (ANA) and/or
anti-smooth muscle antibody (ASMA), and on the criteria defined by the International Autoimmune Hepatitis
Group (IAIHG)[17,18]. A definite diagnosis required a
pretreatment score > 15, while a probable diagnosis required a score between 10 and 15. The criteria for liver
failure were used according to the Diagnostic and Treatment Guidelines of Liver Failure suggested by the Liver
Failure and Artificial Liver Group, Chinese Society of
Infectious Diseases of Chinese Medical Association[19].
Acute liver failure (ALF) was defined as the presence of
coagulopathy [prothrombin activity (PTA) < 40%] and
hepatic encephalopathy (grade 2) within 2 wk of the first
symptoms without previous underlying liver disease. The
patients with subacute liver failure had similar syndromes
as acute liver failure (ALF) patients, but the duration of
disease was 2-26 wk. Acute on chronic liver failure (ACLF)
was defined as acute liver decompensation on the basis
of chronic liver disease with mandatory jaundice [total
bilirubin (TBil) > 171.0 µmol/L or a rapid rise > 17.1
µmol/L per day], coagulopathy (PTA < 40%), and recent
development of complications.
For all patients, there was no evidence of concurrent HBV, hepatitis C virus, hepatitis D virus, hepatitis
E virus, or human immunodeficiency virus (HIV) infection, and no evidence of drug-induced, alcoholic liver
disease or Wilson’s disease. Other conditions that can
lead to liver failure were excluded in this study. All of the
patients were followed up until 24 wk or death. A total
of 22 patients (19 female and 3 male; average age 51.1 ±
14.5 years) were enrolled in this study.
The protocol was approved by the Ethical Committee of 302 Military Hospital. All procedures were performed in accordance with the ethical standards of the
responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration
of 1975, as revised in 2008 Written informed consent
was obtained from each patient before entering the study
protocol.
Before corticosteroid therapy was initiated, an absence of sepsis was confirmed by negative cultures of
blood samples, ascites fluids, and urine specimens, and by
chest X-ray.

Autoimmune hepatitis (AIH) is a liver disease of unknown etiology that is characterized by chronic hepatic
inflammation, presence of autoantibodies, and hypergammaglobulinemia[1]. AIH has protean manifestations that
often affect young women, with the majority of patients
presenting with subclinical or chronic disease. In many
cases, cirrhosis is already established when diagnosis is
made at the first presentation of symptoms. The disease
may also occur acutely with jaundice in some patients; a
subset of whom may develop acute and subacute liver
failure[2,3].
Although there are a large number of AIH patients,
only a few cases develop liver failure. In a survey in the
United States carried out between 1998 and 2008, the
major etiology of fulminant hepatic failure (FHF) in 1147
patients was acetaminophen overdose (46%), with only
5% of cases being induced by AIH[4]. Similar data were
reported from Europe where 2%-5% of cases of FHF
were induced by AIH[5,6] There were 19 (0.5%) patients
with liver failure induced by AIH in our survey from
2002-2011, due to a high incidence of chronic hepatitis
B virus (HBV) infection[7]. Although the incidence of
AIH-induced liver failure is low, the prognosis of these
patients remains poor, with a reported survival rate of
only about 20% in those who do not undergo liver transplantation[7-9]. However, there are insufficient data for the
clinical features and prognosis of AIH-induced liver failure in China.
Preferred treatment for patients with AIH is immunosuppression, including corticosteroids and azathioprine,
and up to 70% of patients can achieve remission. Longterm treatment with azathioprine, with or without prednisolone, can prevent relapse[10,11]. However, the usefulness of immunosuppressive therapy in AIH-induced liver
failure has not been well demonstrated. The management
of corticosteroid therapy is controversial in these patients.
Earlier studies have established the beneficial effects
of corticosteroids in patients with acute severe (fulminant) AIH[12-14]. Responders to corticosteroids have been
shown to have improvement or stabilization of bilirubin
and International Normalized Ratio. In contrast, a survey
from Ichai et al[15] reported that the initiation of corticosteroid therapy did not prevent liver transplantation in
most patients, and empirical therapy in acute liver failure
may delay or complicate liver transplantation. Moreover,
the decision to initiate immunosuppressant drugs must
be counterbalanced by the risk of septic complications[16].
Unfortunately, data on the use of corticosteroid therapy
for patients with AIH-induced liver failure remain poorly
described in China.
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Clinical parameters evaluation
History of alcohol consumption, drug intake, blood
transfusion, and medication in all patients was carefully
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Table 1 Clinical features of patients at the time of diagnosis
Case Age/sex (yr) TBil (mg/dL)

PTA

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

28%
27%
12%
38%
32%
39%
30%
33%
19%
36%
20%
30%
31%
5%
19%
39%
38%
26%
23%
38%
35%
31%

36/F
50/F
66/F
48/F
44/F
42/M
33/F
19/F
67/M
58/F
59/F
75/F
56/F
41/F
72/M
45/F
45/F
39/F
72/F
52/F
65/F
40/F

13.9
10.1
21.3
26.6
21.7
32.8
29.0
15.6
25.5
27.9
24.0
19.6
29.8
32.5
27.4
11.1
19.0
23.0
23.3
17.1
17.7
27.1

ALT (IU/L) ALP (IU/L) Creatinine (mg/dL) MELD Liver cirrhosis
300
326
452
374
280
791
139
234
145
274
138
725
268
99
400
512
557
147
337
197
134
76

185
107
275
158
134
144
148
439
54
212
150
173
420
81
195
162
290
35
123
168
32
92

0.77
0.63
0.77
1.37
0.83
1.32
0.93
2.87
0.87
1.23
1.50
0.86
0.80
1.87
1.54
0.58
0.87
0.75
1.41
0.76
0.66
1.67

22
29
30
27
32
31
24
36
29
30
41
23
31
44
38
22
22
21
36
19
19
31

Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
No
Yes
Yes
No
No
Yes

HE

SIRS

Liver failure type

No
No
No
No
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
Yes
No
No
Yes
Yes
No
No
No

No
No
Yes
No
No
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No

ACLF
ACLF
ACLF
ACLF
Subacute
Subacute
Subacute
ACLF
ACLF
Subacute
ACLF
ACLF
Subacute
ACLF
Acute
ACLF
Subacute
ACLF
ACLF
Subacute
Subacute
ACLF

HE: Hepatic encephalopathy; SIRS: Systemic inflammatory response syndrome; TBil: Total bilirubin; PTA: Prothrombin activity; ALT: Alanine
aminotransferase; ALP: Alkaline phosphatase; MELD: Model for end-stage liver disease; ACLF: Acute on chronic liver failure.

reviewed. Serum autoantibodies, including ANA, ASMA,
liver kidney microsomal antibody (LKM)-1 and antimitochondrial antibody (AMA), were tested using indirect
immunofluorescence with the standard methods (EUROIMMUN, Germany), with a dilution of ≥ 1:100 considered as positive. Immunoglobulin assay was performed
with the method of immunological turbidimetry (Roche
Diagnostics GmbH, Germany). The standard biochemical tests for the assessment of liver diseases, including
alanine transaminase (ALT), alkaline phosphatase (ALP),
serum creatinine, plasma PTA, and TBil were routinely
performed in the Central Clinical Laboratory of the
302nd Military Hospital. Liver biopsy was performed in
one case for definite diagnosis, and the biopsy specimen
was examined in the Pathology Department of the 302nd
Military Hospital.

suffered from hepatic encephalopathy. Four patients had
systemic inflammatory response syndrome (SIRS). Laboratory data at admission reflected severe hepatic dysfunction, with mean TBil of 22.5 ± 6.5 mg/dL, ALT of 317
± 236 IU/L, and PTA of 29% ± 8%. The average serum
creatinine level was 1.13 ± 0.54 mg/dL.
All of the patients underwent ultrasound (US) examination, and 16 had computed tomography (CT). Both
hepatic necrosis and liver regeneration were present in
those patients who showed hypoattenuation and hyperattenuation areas on US and/or CT scans. Thirteen patients
showed characteristics of liver cirrhosis, including echo
coarseness, liver surface nodularity, and splenomegaly.
Immunoserological features and AIH scoring
The immunoserological features of patients are shown in
Table 2. All of the patients had positive ANA (≥ 1:100):
> 1:1000 in 16 (72.7%), 1:640 in six (27.3%). AMSA was
positive (≥ 1:100) in six (27.3%) patients. Two patients
were positive for LKM-1. A total of 16 patients underwent immunoglobulin G (IgG) assay. The average serum
level of IgG was 2473 ± 983 mg/dL, which was about
1.5-fold higher than normal (1660 mg/dL). The IgG
level was normal in three (18.8%) patients. Percentage
of γ-globulins was available in cases 3, 5, 8, 9 and 17 enrolled before 2008.
The AIH scoring system proposed by the International Autoimmune Hepatitis Group[17] was used to score
all patients. The AIH score ranged from 11 to 19 (14.5 ±
1.9) before treatment. Four (18.2%) patients were diagnosed with definite AIH and 18 (81.8%) with probable
AIH. Seven patients (31.8%) were administered corticosteroid therapy.

Statistical analysis
The results were expressed as mean ± SD. Continuous
variables were compared using Student’s t test. Categorical data were compared using Fisher’s exact test. P < 0.05
was considered statistically significant. Data processing
was carried out with SPSS for Windows (SPSS Inc., Chicago, IL, United States).

RESULTS
Clinical features of enrolled patients
The clinical features of the 22 patients at the time of diagnosis are shown in Table 1. Thirteen (59.1%) of the patients had ACLF, one (4.5%) had ALF, and eight (36.4%)
had subacute liver failure. All of the patients with ACLF
had liver cirrhosis. At admission, nine (41%) patients
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Table 2 Immunoserological features and outcomes of enrolled patients
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

ANA (fold) ASMA (fold) LKM-1 (fold)
> 1000
640
> 1000
> 1000
640
640
640
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
> 1000
640
640
1000

80
160
1000
320
160
1000
-

UD
UD
320
UD
UD
UD
UD
160
-

AMA IgG (mg/dL) AIH score
-

2807
5140
36%
1140
20%
1300
2118
54%
30%
2026
2358
1983
3014
2167
UD
2823
23%
3553
3474
1456
1768
2776

17
16
15
13
13
11
15
15
12
14
14
14
15
14
12
15
13
18
19
14
14
15

Simplified AIH
score

Corticosteroid
therapy

6
6
6
4
4
6
6
6
6
6
6
6
6
6
4
4
5
6
8
6
6
6

Yes
No
No
No
No
No
Yes
No
No
No
No
Yes
No
No
No
Yes
No
Yes
Yes
Yes
No
No

Outcome Weeks from onset
to death
Survival
Death
Death
Death
Death
Death
Survival
Death
Death
Death
Death
Death
Death
Death
Death
Death
Death
Survival
Death
Survival
Death
Death

/
11
10
11
3
6
/
5
5
8
3
22
2
3
2
19
6
/
11
/
12
8

Cases 3, 5, 8, 9 and 17 presented percentage of γ-globulins. UD: Undetermined. ANA: Anti-nuclear antibody; ASMA: Anti-smooth muscle antibody; LKM:
Liver kidney microsomal antibody; AMA: Antimitochondrial antibody; AIH: Autoimmune hepatitis.

Outcomes and corticosteroid therapy in patients with
AIH-induced liver failure
The outcomes of patients were evaluated at 24 wk. Four
(18.2%) patients survived, and 18 (81.8%) died without
liver transplantation. The average time from onset to
death was 8.2 ± 5.6 wk (Table 2). Possible factors associated with survivors and non-survivors are shown in Table
3. The survivors were younger than non-survivors (40.0 ±
8.37 years vs 53.56 ± 14.58 years, P = 0.041). The Model
for End-Stage Liver Disease (MELD) score was 21.50 ±
2.08 and 30.61 ± 6.70 in survivors and non-survivors, respectively (P = 0.015), suggesting that non-survivors had
a higher disease severity at the time of diagnosis. Comparison between survivors and non-survivors showed that
corticosteroid treatment significantly improved survival
rate (P = 0.002). However, there were no significant differences between survivors and non-survivors in biochemical parameters, ANA titer, IgG level, plasma exchange,
and complications at the time of diagnosis. It should be
mentioned that in non-survivors, eight patients had hepatic encephalopathy at the time of diagnosis and 10 had
hepatic encephalopathy during the 24-wk follow-up. In
survivors, only one patient had hepatic encephalopathy at
the time of diagnosis of liver failure, with no increase during follow-up.
Seven patients were administered an initial dose of
20-50 mg/d prednisolone or methylprednisolone (Table
4). In order to improve treatment efficiency, azathioprine
was added in cases 1, 12 and 16. Other patients were
not treated due to hemocytopenia. The survival curve
of the relationship with corticosteroid therapy is shown
in Figure 1. The median survival time was significantly
increased in patients with corticosteroid therapy com-
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pared with those who were not treated (P = 0.007). The
survival rates were 57.1% and 0% in patients with or
without corticosteroid therapy, respectively (P = 0.0218),
suggesting that patients with corticosteroid therapy had
better prognosis.
Clinical characteristics of patients receiving
corticosteroid therapy
The clinical characteristics and outcomes of the seven
patients who received corticosteroid therapy are summarized in Table 4. All of the patients were female.
Four (57.1%) patients survived and three (42.9%) died
without liver transplantation. The mean age was 41 years
(range, 33-52 years) and 64 years (range, 45-72 years) in
the survivors and non-survivors, respectively. The median period from diagnosis to corticosteroid application
was 26 d (range, 16-35 d) and 91 d (range, 67-105 d) in
survivors and non-survivors, respectively. The average
MELD score before corticosteroid treatment was 21 and
29 in survivors and non-survivors, respectively. Infection
occurred in six patients during corticosteroid therapy,
including oral and pulmonary fungal infection. The patients recovered after newly developed antifungal therapy
(caspofungin and voriconazole).
Only one patient underwent liver biopsy. Diagnostic
pathological changes, including interface hepatitis, massive necrosis, and plasma cell infiltration were observed
in that patient.

DISCUSSION
There is a paucity of published data on patients with
AIH-induced liver failure; consisting mostly of small case
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Table 3 Possible factors associated with survivors and non-survivors
Variables

Survivor (n = 4)

Non-survivor (n = 18)

P value

40.00 ± 8.37
0 (0)
2 (50)
0/2/2
20.75 ± 6.67
195.75 ± 74.09
30 .50 ± 5.26
21.50 ± 2.08
1 (25)
2 (50)
4 (100)
2483.50 ± 901.45
4 (100)
1 (25)

53.56 ± 14.58
4 (22.2)
11 (61)
1/6/11
22.94 ± 6.58
340.11 ± 205.69
28.17 ± 9.87
30.61 ± 6.70
8 (44)
14 (78)
18 (100)
2344.88 ± 1119.46
3 (16.7)
3 (16.7)

0.0411
0.6852
0.4961
0.2681
0.9961
0.0151
0.4632
0.2802
0.5911
0.0012
1.0002

Age (yr)
SIRS (yes), n (%)
Cirrhosis (yes), n (%)
Acute/subacute/ACLF
TBil (mg/dL)
ALT (IU/L)
PTA (%)
MELD score
Hepatic encephalopathy (yes), n (%)
Ascites (yes), n (%)
ANA (> 1:100)
IgG (mg/dL)
Corticosteroid treatment
Plasma exchange, n (%)
Mann-Whitney test; 2χ2 test. ANA: Anti-nuclear antibody.

1

Table 4 Clinical characteristics of patients receiving corticosteroid treatment
Case

Treatment

Loading dose of
Duration (d)
corticosteroid (mg/d)

1

MELD

2

Hepatic
2
encephalopathy

Creatinine
2
(mg/dL)

Adverse events

Outcome

None
Oral fungal infection
Oral fungal infection
Oral fungal infection, pulmonary
fungal infection
Oral fungal infection, pulmonary
fungal infection
Oral fungal infection
Oral fungal infection

Survival
Survival
Survival
Survival

1
7
18
20

mPSL
PSL
mPSL
mPSL

30
50
32
32

16
26
35
21

23
24
19
20

None
None
None
None

0.77
0.93
0.75
0.76

12

mPSL

24

105

25

None

0.86

16
19

mPSL
PSL

24
30

101
67

26
36

None
Yes

0.58
1.41

Death
Death
Death

1

Days from diagnosis to corticosteroid therapy; 2At corticosteroid application. PSL: Prednisolone; mPSL: Methylprednisolone.

series[13,15,20]. Thus, the clinical characteristics, response
to immunosuppressants, and outcomes without liver
transplantation of this cohort remain poorly described.
Unfortunately, the previous criteria[17,18] were designed
to differentiate AIH from other causes of chronic liver
disease, rather than to address diagnostic considerations
of ALF. Recently, clinical and histological criteria for
autoimmune ALF have been suggested by groups in the
US and Japan[21,22]. In our study, the patients who met the
IAIHG criteria for AIH and the criteria for liver failure
were diagnosed with AIH-induced liver failure.
The prevalence of AIH-induced liver failure differs
according to geographical location. From 2004 to 2012,
22 patients were diagnosed with AIH-induced liver failure
in our hospital. The 22 patients only accounted for 0.6%
of liver failure in our survey. The incidence was significantly lower than that reported before[6,23], due to a high
incidence of chronic HBV infection and cryptogenic
liver failure[7]. Our previous study showed that AIH comprised 5.3% of patients with cryptogenic liver diseases[24].
The American Association for the Study of Liver Disease
(AASLD) suggests performing liver biopsy when AIH
is suspected as the cause of ALF and autoantibodies are
negative[25]. However, liver biopsy may be difficult or impossible for patients with liver failure because of the severity of the hepatic insult. Thus, it is likely that the cases
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of AIH-induced liver failure were confused with those of
unknown etiology.
Our study showed that, similar to other studies[9,14],
AIH-induced liver failure was more common in female
patients, with a female:male ratio of roughly 6: 1. Serum
autoantibodies have been established as biomarkers for
the diagnosis of AIH. In our study, all patients had a high
titer of serum ANA. IgG was the predominant immunoglobulin that was elevated in the serum of AIH patients.
Thirteen of 16 patients had elevated levels of IgG, with
an average of 2473 ± 983 mg/dL, which was about
1.5-fold higher than the normal serum level. A previous
study has reported that immunoparesis is commonly seen
in patients with liver failure in whom both autoantibodies and/or elevated IgG concentrations may be absent[26].
However, elevated serum levels of ANA and/or IgG were
still critical markers for diagnosis of AIH-induced liver
failure when liver biopsy was not performed in our study.
The outcome of liver failure induced by AIH is poor.
In a recent series of 12 patients with fulminant forms
of AIH reported by Fujiwara et al[9], two (17%) survived
without liver transplantation, one (8%) survived with
liver transplantation, and eight (67%) died without liver
transplantation. In a Japanese nationwide survey between
1998 and 2003, the survival rate of patients with fulminant hepatitis and late-onset hepatic failure without liver
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1.0

fects young women. The majority of patients present with subclinical or chronic
disease. However, a subset of patients may develop acute and subacute liver
failure. Although the incidence of AIH-induced liver failure is low, the prognosis
of these patients remains poor in the absence of liver transplantation.

Without therapy
With therapy

0.8

Cum survival

Research frontiers

The use of corticosteroid therapy is controversial. To date, there are insufficient
data regarding the clinical features, response to corticosteroids, and prognosis
of AIH-induced liver failure in China.

0.6

Innovations and breakthroughs

0.4

The authors described the clinical characteristics and prognosis of AIH-induced
liver failure in China. Twenty-two patients with AIH-induced liver failure from
2004 to 2012 were enrolled. The results showed that AIH-induced liver failure is a life-threatening liver disease with a survival rate of 18% without liver
transplantation. Seven patients received corticosteroid therapy, of whom, four
responded and survived and three died. Survivors showed young age, shorter
duration from diagnosis to corticosteroid therapy, low Model for End-Stage Liver
Disease score, and absence of hepatic encephalopathy at the time of corticosteroid administration.

0.2

0

0

10
20
Follow-up period (wk)

30

Figure 1 Survival curves for patients receiving or not receiving corticosteroid therapy by Kaplan-Meier method. Total, n = 22; with therapy, n = 7;
without therapy, n = 15.

Applications

The results suggest that early diagnosis and initiation of corticosteroid therapy
at an early stage may be essential for improving the prognosis of patients with
AIH-induced liver failure without liver transplantation.

Terminology

transplantation was 17.1% in AIH[27]. In accordance with
previous studies, the survival rate was 18.2% (4/22) in
patients without liver transplantation in our study. The
results also showed that patients with low admission
MELD scores and corticosteroid therapy had better
prognosis.
Whether corticosteroids increase the risk of septic
complications in patients with severe liver disease is subject to an ongoing debate because liver failure itself is associated with an increased risk of bacterial and fungal infections[28]. In the study of Ichai et al[15], 42.3% of patients
developed a septic event. In our study, among seven patients who received corticosteroid therapy, six developed
fungal infections: of which, there was oral fungal infection in six and pulmonary fungal infection in two patients.
These patients with fungal infections recovered because
of early diagnosis using serum (1, 3)-β-D-glucan determination and use of newly developed antifungal agents,
such as caspofungin and voriconazole[29,30]. Fungal infections seemed not to be related to prognosis in our study.
Therefore, it is necessary to determine potential infections
in the context of corticosteroid therapy and initiation of
effective antifungal therapy as soon as possible.
In conclusion, patients with AIH-induced liver failure
comprise a small proportion of those with liver failure in
China. We should be aware of the possibility that cryptogenic liver failure is induced by AIH. The outcomes
of patients with AIH-induced liver failure without liver
transplantation are poor. Their prognosis might be improved by the introduction of sufficient immunosuppressive therapy either at an early stage or in patients with less
disease severity. Multicenter studies with a large number
of patients are also needed to clarify the clinical features
of AIH-induced liver failure and define the treatment
strategies.

A diagnosis of AIH-induced liver failure was based on the presence of antinuclear antibody and/or anti-smooth muscle antibody, and the criteria defined by
the International Autoimmune Hepatitis Group. The criteria for liver failure were
those of the Diagnostic and Treatment Guidelines of Liver Failure suggested by
the Liver Failure and Artificial Liver Group, Chinese Society of Infectious Diseases of Chinese Medical Association.

Peer review

This was a good descriptive study with the strengths of a large sample assessed over a long period of time. It is the first study of the field done in China.
The conclusions drawn from the analysis are reasonable and well considered.
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PROSPECTIVE STUDY

Synchronous and metachronous neoplasms in gastric
cancer patients: A 23-year study
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Joanna Raszeja-Wyszomirska, Andrzej Białek, Katarzyna Karpińska-Kaczmarczyk, Teresa Starzyńska
age, sex, symptom duration, family history of cancer,
tumor site, stage (early vs advanced), histology, and
blood group. GC patients with and without a second
tumor were compared in terms of the same clinicopathological features.
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RESULTS: Of 862 GC patients, 58 (6.7%) developed a
total of 62 multiple primary tumors, of which 39 (63%)
were metachronous and 23 (37%) synchronous. Four
(6.9%) of the 58 multiple GC patients developed two
or more neoplasms. The predominant tumor type of
the secondary neoplasms was colorectal (n = 17), followed by lung (n = 9), breast (n = 8), and prostate
(n = 7). Age was the only clinicopathological feature
that differed between GC patients with synchronous vs
metachronous malignancies; GC patients with synchronous neoplasms were older than those with metachronous neoplasms (68.0 ± 10.3 years vs 59.9 ± 11.1
years, respectively, P = 0.008). Comparisons between
patients with and without a second primary cancer
revealed that the only statistically significant differences were in age and blood group. The mean age of
the patients with multiple GC was higher than that of
those without a second primary tumor (63.4 ± 11.4
years vs 59.5 ± 13.0 years, respectively, P = 0.026).
GC patients with a second primary tumor were more
commonly blood group O than those without (56.2%
vs 31.6%, respectively, P = 0.002).

Abstract
AIM: To determine the prevalence and characteristics
of additional primary malignancies in gastric cancer
(GC) patients.

CONCLUSION: GC patients may develop other primary cancers; appropriate preoperative and postoperative
diagnostic modalities are thus required, particularly if
patients are older and blood group O.

METHODS: GC patients (862 total; 570 men, 292
women; mean age 59.8 ± 12.8 years) diagnosed at
the Department of Gastroenterology at Pomeranian
Medical University over a period of 23 years were included in this retrospective analysis of a prospectively
maintained database. Mean follow-up time was 31.3 ±
38.6 mo (range 1-241 mo). The following clinicopathological features of patients with synchronous tumors
were compared to those with metachronous tumors:
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tics of additional primary malignancies in GC patients
in a Polish population and to compare GC patients with
and without second primary tumors.

malignancies in gastric cancer (GC) patients was 6.7%.
The predominant tumor type of the secondary neoplasms was colorectal cancer, followed by lung, breast,
and prostate. GC patients with synchronous neoplasms
were older than those with metachronous neoplasms.
GC patients with second primary tumors were significantly more likely to be blood group O and older than
those without. This suggests a need for additional procedures, such as colonoscopy, chest X-ray, mammography and computed tomography, particularly for those
who are older and blood group O.

MATERIALS AND METHODS
Subjects
Between January 1988 and December 2011, data were
collected from 862 patients with histopathologically confirmed GC who were diagnosed at the Department of
Gastroenterology at the Pomeranian Medical University
in Szczecin, Poland. The following clinical and pathological data were collected: patient sex, age, family history
of cancer, duration of symptoms, tumor site, stage (early
vs advanced), histology, blood group, and previously or
subsequently histologically verified second primary malignancy other than GC. In the current study, we retrospectively analyzed a prospective maintained database.

Ławniczak M, Gawin A, Jaroszewicz-Heigelmann H, Rogoza-Mateja W, Raszeja-Wyszomirska J, Białek A, Karpińska-Kaczmarczyk K, Starzyńska T. Synchronous and metachronous neoplasms in gastric cancer patients: A 23-year study.
World J Gastroenterol 2014; 20(23): 7480-7487 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i23/7480.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7480

Tumor classification and follow-up
The stage and histological type of GC were assessed by
routine histopathological examination. Histological types
were classified according to the Lauren classification[18].
Early GC was defined as invasive cancer that invades
no more deeply than the submucosa, irrespective of
lymph node metastasis. In patients who did not undergo
surgery and distal metastases or tumor infiltration were
confirmed by diagnostic procedures (e.g., computed
tomography, ultrasonography, biopsy) the stage was classified as advanced. The criteria of Warren et al[1] were
used to classify synchronous and metachronous tumors.
If the time interval between the appearance of the two
neoplasms did not exceed 6 mo, they were defined as
synchronous, and if the interval time was longer than 6
mo, they were classified as metachronous. Tumor location was classified as proximal (cardiac region) or other
(truncus, antrum, entire stomach, or anastomosis).
The mean follow-up time for the GC patients was
31.3 ± 38.6 mo (range 1-241 mo). The group of metachronous GC patients (n = 34) was compared to the
synchronous GC patient group (n = 22). Two patients
were excluded from this comparison because they developed both metachronous and synchronous cancers. The
group with multiple GC (n = 58) was compared to the
group without a second cancer (n = 804).

INTRODUCTION
The first systematic study of this of multiple malignancies phenomenon was published in the 1930s by Warren
and Gates[1]. These authors proposed the first working
definition of multiple primary neoplasms: (1) both tumors should be confirmed histologically as malignant; (2)
each cancer must be anatomically separate and distinct;
and (3) the second tumor must not be a recurrence or
metastasis of the first cancer. Multiple tumors may develop synchronously or metachronously. The phenomenon
of multiple primary neoplasms is increasingly being discussed in the literature due to the increased survival time
of cancer patients after treatment and because of advances in diagnostic methods. It is estimated that multiple
neoplasms affect about 10% of all cancer patients[2-4]. Estimates of the incidence of multiple primary neoplasms
in patients with gastric cancer (GC) range from 1.7% to
8.0%[5-12]. A few reports suggest that the development of
multiple primary neoplasms in patients with GC is even
more frequent. Green et al[13] reported that this phenomenon affects approximately 8% of advanced GC patients
and 32% of early GC patients. Studies in Japan and Italy
estimated that 9%-11% of early GC patients develop
other malignancies[14,15]. Kim et al[16] described 113 patients
with multiple primary cancers at three or more sites; 41
(36.3%) of these patients had GC.
Most studies of multiple malignancies have found
colorectal cancer as the second tumor in GC patients[6-8,10,16,17].
The other sites of second tumors include breast, lung,
prostate, uterus, small intestine, liver, esophagus, and
kidney[6,8-11,16,17]. Many studies of multiple malignancies
have been conducted in Asia; only a few have been conducted in Europe. To the best of our knowledge, none
have been conducted in Poland, where GC is diagnosed
in > 5000 people every year. The purpose of the present
study was to determine the prevalence and characteris-
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Statistical analysis
For statistical analysis, we used χ ² or Fisher’s exact tests
for categorical variables, and Student’s t-test and MannWhitney U-test for continuous variables. P < 0.05 was
considered to be statistically significant. All statistical
analyses were performed with the statistical software
STATISTICA 10.

RESULTS
Characteristics of the gastric cancer patients
The baseline characteristics of the GC patients included
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Figure 1 Mean ages (A) and blood groups (B) of the gastric cancer patients with (multiple gastric cancer) and without (gastric cancer) multiple tumors.
GC: Gastric cancer; MGC: Multiple gastric cancer.

tives, of whom 35.8% also had neoplasms other than
gastric cancer. In 18% of patients with a family history
positive for cancer, cancers of the gastrointestinal tract
excluding the stomach (e.g., colon, pancreas, and esophagus) were noted. In addition, 41.8% of patients reported
other cancers (e.g., leukemia, uterus, skin breast, lung,
and larynx) in close family members. Twenty six (49%)
of 53 multiple GC patients reported cancer in their firstor second-degree relatives; almost half (46.2%) of these
relatives had GC.
GC surgery was performed on 598 patients; one
underwent mucosectomy and the rest underwent exploratory surgery or were treated nonsurgically because
of advanced GC or general contraindications. Of the
total patients with GC and a known stage of disease (n
= 727), 119 (16.4%) had early GC. Of the 119 patients
with early GC, 13 (10.9%) had multiple GC tumors.
In 181 (21%) of the total 862 cases, the tumor site
was the cardia and fundus or the cardia and the upper
part of the truncus (classified as the proximal site). In
the remaining patients, the tumor site was classified as
other localization, as follows: 376 (43.6%) truncus, 253
(29.4%) antrum, 39 (4.5%) entire stomach. In 13 (1.5%)
cases, the tumor was located in the anastomosis after a
previous operation to treat ulcers.
The main histological type of gastric cancer was diffuse (48.3%), followed by intestinal (43.4%) and mixed
(8.3%). The most common blood group in all GC cases
was group A (37.2%), followed by group O (33.7%),
group B (18.7%), and group AB (10.4%).
A comparison between the groups of patients with
or without a second primary tumor indicated that the
only significant differences occurred in age and blood
group. The mean age of multiple GC patients was higher
than that of those without a second primary tumor (63.4
± 11.4 years vs 59.5 ± 13.0 years, respectively, P = 0.026)
(Figure 1A).
GC patients with a second primary tumor were more
commonly blood group O than those without a second
primary tumor (56.2% vs 31.6%, respectively, P = 0.002)
(Figure 1B). The following characteristics were not sig-

Table 1 Comparison of clinicopathological features of gastric
cancer patients with and without a second primary cancer n (%)
Characteristic
Gender
Male
Female
Total
Age1 (yr)
DS (mo)
FHC
No
Yes
Total
Location2
Proximal
Other location
Total
Histology
Intestinal
Diffuse
Mixed
Total
Stage
Early
Advanced
Total
Blood group
A
B
O
AB
Total

Total

Gastric cancer

Multiple
gastric cancer

570 (66.1)
292 (33.9)
862
59.8 ± 12.8
25.1 ± 46.4

534 (66.4)
270 (33.6)
804
59.5 ± 13.0
25.1 ± 46.5

36 (62.1)
22 (37.9)
58
63.4 ± 11.4
26.3 ± 46.3

369 (52.6)
333 (47.4)
702

342 (52.7)
307 (47.3)

27 (50.9)
26 (49.1)

181 (21)
681 (79)
862

171 (21.3)
633 (78.7)

10 (17.2)
48 (82.8)

260 (43.4)
289 (48.3)
50 (8.3)
599

234 (42.2)
272 (49.1)
48 (8.7)

26 (57.8)
17 (37.8)
2 (4.4)

119 (16.4)
608 (83.6)
727

106 (15.7)
568 (84.3)

13 (24.5)
40 (75.5)

211 (37.2)
106 (18.7)
191 (33.7)
59 (10.4)
567

198 (38.1)
98 (18.9)
164 (31.6)
59 (11.4)

13 (27.1)
8 (16.7)
27 (56.2)
None

P value
0.499

0.026
0.433
0.806

0.467

0.116

0.100

0.002

1

Data are expressed as mean ± SD; 2Tumor location. DS: Duration of symptoms; FHC: Family history of cancer.

in the study are shown in Table 1. The median age of all
862 patients (570 men and 292 women) was 59.8 ± 12.8
years (range 15-89 years). The mean duration of symptoms from the first alarming symptoms was 25.1 mo
(range 0-480 mo). In 21 cases, there were no symptoms
and gastric cancer was diagnosed during emergency endoscopy due to gastrointestinal bleeding. Among GC
patients with a family history positive for cancer, 40.2%
reported gastric cancer in first- or second-degree rela-
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Table 2 Comparision of the clinicopathological features of
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Figure 2 Mean ages of the gastric cancer patients with metachronous and
synchronous neoplasms. M: Metachronous; S: Synchronous.

nificantly different between the two groups: sex, duration of symptoms, family history of cancer (negative history vs positive history), disease stage (early vs advanced),
site of GC (proximal vs other localization), and histology
(Table 1).
Characteristics of multiple gastric cancer patients
The baseline characteristics of the patients with multiple
GC who participated in the study are shown in Table
1. Fifty-eight (6.7%) of the 862 GC patients developed
another primary malignancy. Of the 58 multiple GC
patients, 36 (62.1%) were men and 22 (37.9%) were
women. The median age at diagnosis for these GC patients was 63.4 years ± 11.4 years (range 33-89 years).
Four (6.9%) of the 58 patients developed two or more
additional neoplasms, yielding a total of 62 multiple primary tumors other than GC, including 39 (63%) metachronous and 23 (37%) synchronous neoplasms. Of
the 58 cases, 22 (38%) had synchronous and 34 (58.6%)
had metachronous malignancies, while two patients
developed two metachronous neoplasms. Two patients
(3.4%) were diagnosed with both metachronous and
synchronous cancers. One was diagnosed with three tumors (synchronous skin cancer and metachronous colon
cancer at two different sites), while the second patient
developed synchronous lung cancer and metachronous
prostate cancer.
Of the 39 diagnosed metachronous neoplasms, 26
(66.7%) malignances were diagnosed before GC and 13
(33.3%) were diagnosed after GC. Of the patients with
metachronous tumors, 25% developed a stomach malignancy after receiving chemotherapy or radiotherapy to
treat the first primary neoplasm. Seven patients (19%)
developed metachronous neoplasms after chemotherapy
to treat GC, and one patient developed metachronous
neoplasms after radiotherapy alone.
A comparison of the clinicopathological features of
GC patients with synchronous and metachronous neoplasms yielded a statistically significant difference for patient age. GC patients with synchronous neoplasms were
older than those with metachronous neoplasms (68.0 ±
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Total

Metachronous Synchronous

P value
0.139

34
22
56
63.1 ± 11.3
27.3 ± 46.9

18 (52.9)
16 (47.1)
34
59.9 ± 11.1
31.7 ± 44.0

16 (72.7)
6 (27.3)
22
68.0 ± 10.3
22.1 ± 54.0

26
25
51

14 (53.8)
18 (72.0)

12 (46.2)
7 (28.0)

10
46
56

7 (70.0)
27 (58.7)

3 (30.0)
19 (41.3)

24
17
2
43

16 (66.7)
12 (70.6)
1 (50.0)

8 (33.3)
5 (29.4)
1 (50.0)

13
38
51

7 (53.8)
24 (63.2)

6 (46.2)
14 (36.8)

13
8
25
None
46

9 (69.2)
4 (50.0)
15 (60.0)
None

4 (30.8)
4 (50.0)
10 (40.0)
None

0.008
0.217
0.249

0.724

0.835

0.553

0.675

1

Two patients were excluded from this comparison because they developed both metachronous and synchronous cancers; 2Data are expressed
as mean ± SD; 3Tumor location. DS: Duration of symptoms; FHC: Family
history of cancer.

10.3 years vs 59.9 ± 11.1 years, respectively, P = 0.008)
(Figure 2). The following characteristics were not significantly different between the synchronous and metachronous neoplasm groups: sex, duration of symptoms, family history of cancer (negative history vs positive history),
disease stage (early vs advanced), site of GC (proximal vs
other localization), histology, and blood group (Table 2).
Site distribution of second cancer
An analysis of the site distribution in the 58 GC patients with multiple cancers (n = 62) showed that the
most common site was colorectal (n = 17, 27.4%), followed by lung (n = 9, 14.5%), breast (n = 8, 12.9%), and
prostate (n = 7, 11.3%) (Figure 3). In men, the most
common site was colorectal (n = 10), lung (n = 8), and
prostate (n = 7). In women, the most common site was
breast (n = 8) and colorectal (n = 7). Among the 23
synchronous tumors, the most common primary sites
were colorectal (n = 10, 43.5%), lung (n = 4, 17.4%),
and prostate (n = 3, 13.1%). For the 39 metachronous
cancers, the dominant types were colorectal cancer (n =
7, 17.9%) and breast cancer (n = 7, 17.9%), followed by
lung cancer (n = 5, 12.8%) (Table 3).
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Figure 3 Site distribution of additional primary cancers in 58 gastric cancer patients.

A group of Japanese researchers[21] reported that about
5% of 1070 early GC patients developed multiple malignancies after surgical treatment; however, the authors
described only metachronous tumors in their prospective
study. Similarly, other Japanese researchers[22] reported ten
(9.1%) patients who died due to primary cancers other
than the original GC in a group of 109 early GC cases.
We found that the incidence of multiple tumors in early
GC cases was 10.9%, which remains consistent with data
from Asia. Because early GC patients have a longer survival and thus are more likely to develop other neoplasms,
it seems that multiple tumors would be expected to occur more frequently in early GC patients. The data from
Green et al[13] confirms this. The authors estimate that this
phenomenon may affect up to 32% of early GC patients,
which seems to be a very high percentage considering that
the authors analyzed only 28 patients.
Our data show that GC patients with synchronous
neoplasms were older than those with metachronous
neoplasms (68.0 ± 10.3 years vs 59.9 ± 11.1 years, respectively, P = 0.008). However, there were no statistically
significant differences between these two groups in terms
of sex, family history of cancer, duration of symptoms,
tumor site in the stomach, histology, disease stage (early
vs advanced), or blood group. This finding is consistent
with the findings of Dinis-Ribeiro et al[10], who analyzed
a group of 2668 GC patients and found 78 (3.4%) cases
with primary tumors other than GC. They also found
that patients with synchronous neoplasms were older
than those with metachronous neoplasms. They, too,
found no statistically significant differences with regard
to sex, GC location, and TNM staging. Taken together,
these results indicate that after a diagnosis of GC, older
patients in particular should be investigated for second
malignancies.
In our series, the most common types of synchronous and metachronous neoplasms were colorectal
cancer, followed by cancers of the lung, breast, and
prostate. Our data seems to be similar to the findings of

Table 3 Sites of additional synchronous and metachronous
cancers in gastric cancer patients n (%)
Site
Colorectal
Lung
Breast
Prostate
Lymphoma
Skin
Urinary bladder
Kidney
Larynx
Non Hodgkin
Lymphoma
Head
Ovary
Pancreas
Uterus

No. tumors

Metachronous

Synchronous

n = 62

n = 39

n = 23

17 (27.4)
9 (14.5)
8 (12.9)
7 (11.3)
4 (6.5)
4 (6.5)
3 (4.9)
2 (3.2)
2 (3.2)
2 (3.2)

7 (17.9)
5 (12.8)
7 (17.9)
4 (10.3)
2 (5.1)
2 (5.1)
3 (7.7)
1 (2.6)
2 (5.1)
2 (5.1)

10 (43.5)
4 (17.4)
1 (4.3)
3 (13.1)
2 (8.7)
2 (8.7)
1 (4.3)
-

1 (1.6)
1 (1.6)
1 (1.6)
1 (1.6)

1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)

-

DISCUSSION
The main finding of the current study was a rate of
6.7% for the occurrence of multiple cancers in a group
of GC patients in Poland. This rate is slightly higher
than those reported by studies conducted in Italy, Portugal, and Sweden, in which the estimated rates were
1.9%-3.4% [9,10,19] in analyses of groups that included
more than 34000 patients. In a study of more than 4500
patients in Korea who underwent surgery for GC, Eom
et al[8] reported an incidence of multiple cancers of approximately 3.4%. Luciani et al[3] looked at 1503 consecutive GC patients and estimated that the overall prevalence of multiple malignances was 10% and that it was
higher in patients ≥ 70 years old compared to younger
patients (15% vs 6%, respectively). Our findings are similar to those of Kim et al[20], who analyzed 5778 patients
with GC in Korea and found that 423 (7.3%) had been
diagnosed with synchronous and metachronous double
primary cancers.
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others, who also reported that colorectal cancer is the
most frequent neoplasm in GC patients with multiple
malignancies[6,8,10,17,20,23], followed by lung, uterus, breast,
and prostate cancers[6,8,10,11,17,24].
Our observations are somewhat surprising when one
considers that in the Polish population, the most common type of cancer is lung cancer, while colon and rectal
cancer are the fourth and seventh most common types
(according to registration of new cases of cancer sites
in men). However, in women, lung cancer is the second
most common cancer after breast cancer, while colon
cancer is the fifth and rectal is the eighth most common
cancer (according to registration of new cases)[25]. The
high incidence of colorectal cancer in GC patients may
be due to the same environmental factors that affect the
gastrointestinal tract; strikingly, however, in our study
group, none of the GC patients had esophageal carcinoma. In contrast, other researchers have found that the
esophagus is one of the more common sites for second
primary tumors in GC patients[6,21,23]. It is difficult to interpret this difference in findings among studies, because
carcinogenesis is such a complex and poorly understood
process. Previous anticancer therapy is considered to
predispose patients to developing additional malignancies. In the current study, 27.6% of the GC patients with
multiple metachronous primary cancers had been treated
with cytotoxic agents or radiation therapy for a first
cancer regardless of whether GC was the first or second
tumor.
A comparison between the groups of patients with
or without a second primary tumor indicated that the
only significant differences were in blood group and age.
GC patients with second primary tumors were more
commonly group O than those without (56.2% vs 31.6%,
respectively, P = 0.002). However, out of our entire
group of patients with GC, only 4.8% had both blood
group O and multiple tumors. In GC patients with multiple malignancies, more than half were blood group O,
27% were blood group A, and almost 17% were blood
group B. None of the patients were AB, although 40%
of the Polish population are blood group A, 32% are
O, 19% are B, and 9% are AB. In a previous study, we
found that of 195 GC patients, 45% were blood group A,
27% were blood group O, 18% were blood group B, and
10% were blood group AB[26]. Previous studies reported
that blood group A is associated with GC[27-29]. Furthermore, Wang et al[30] indicated a significantly higher risk of
GC in individuals with blood group A; moreover, these
patients were more likely to be infected with Helicobacter
pylori than individuals with other ABO blood types.
Other studies have found associations between pancreatic cancer and breast cancer and blood groups[31,32]; thus,
this may not be a random association, and it may merit
further investigation. To the best of our knowledge, our
results represent the first investigation of these associations, and they indicate that patients with GC who have
blood group O should be controlled for the development of second primary tumors.
The mean age of patients with multiple tumors was
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higher than that for patients without a second primary
tumor (63.4 ± 11.4 years vs 59.5 ± 13.0 years, respectively, P = 0.026).
Ikeda et al[17] found that patients with a second tumor
tended more frequently to be males and elderly than
those without a second tumor. Eom et al[8] indicated that
the mean age of patients and the proportion who had
early GC were both higher in patients with a second cancer than in those without. Both studies were conducted
in Asia and were carried out in larger groups.
Comparisons of clinicopathological features other
than age and blood groups indicated that GC patients
with and without a second cancer did not differ in terms
of sex, tumor site, family history of cancer, stage, and
histology. Despite the lack of statistically significant differences between GC patients with and without a second
tumor in terms of family history of cancer, one observation is noteworthy: Almost half (49%) of the GC
patients with multiple malignancies reported cancer in
their first- or second-degree relatives; almost half (46.2%)
of these relatives had GC. The only previous report
of a similar finding came from Muela Molinero et al[19],
who observed that 56% of GC patients diagnosed with
multiple malignant primary neoplasms had a history of
cancer in first-degree relatives. In our previous study of
a group of 218 GC patients, a positive family history of
cancer was noted in 36% of cases; of these cases, 46%
had GC[26].
In conclusion, we confirmed the phenomenon of
multiple malignancies in a group of GC patients in Poland. Specifically, we found that almost 7% of GC patients in our population had additional neoplasms. The
most common additional malignancies were colorectal,
breast, lung, and prostate cancers. Based on our findings, we believe that after a diagnosis of GC, the attending physician should be vigilant and perform additional
procedures as appropriate, such as colonoscopy, mammography, chest X-ray, and abdominopelvic computed
tomography. This may be particularly relevant for GC
patients who are blood group O and are older.
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because of advances in diagnostic methods. It is estimated that multiple neoplasms affect about 10% of all cancer patients. In the study, 6.7% developed a
total of 62 multiple primary tumors. The predominant tumor type of the secondary neoplasms was colorectal, followed by lung, breast, and prostate. The present paper is one of only a few European reports, it is the only study from Poland
to explore this subject.

Research frontiers

Gastric cancer patients may develop other primary cancers; appropriate
preoperative and postoperative diagnostic modalities, such as colonoscopy,
mammography, chest X-ray, and abdominopelvic computed tomography are
thus required, particularly if patients are older and blood group O. It seems that
future investigation will decide on their clinical suitability.

Innovations and breakthroughs

The current study shows not only the occurrence of multiple tumors in patients
with gastric cancer, as has been reported by others, but also investigates as-
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sociations between this phenomenon and the following clinical features: blood
groups, duration of symptoms, and family history of cancer. The results represent the first investigation of these associations, and they indicate that patients
with gastric cancer who have blood group O should be controlled for the development of second primary tumors.
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Applications

Patients with gastric cancer patients may develop other primary tumors, particularly those who are blood group O and of advanced age. Appropriate additional preoperative and postoperative diagnostic modalities may be needed for
patients with gastic cancer who have a higher likelihood of developing synchronous and metachronous tumors.
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Peer review

The authors presented the data of prevalence and clinical characteristics of
gastric cancer patients with additional primary malignancies and found that
patients with older age and blood O were more likely to develop other primary
cancers beyond gastric cancers. Those findings were not reported in other similar articles. This is an interesting observations and study has been performed
nicely. However, it would be more useful for clinical practice to find more clinical
parameters valuable in identifying gastric cancer patients with multiple cancers.
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= 69) or a hand-sewn (n = 3) technique.

Abstract

CONCLUSION: The complications following IPAA can
be treated successfully. Favorable long-term outcomes
were achieved with a lower pouch failure rate than reported in Western patients.

RESULTS: Thirty-one (43.1%) patients had early complications, with 12 (16.7%) patients with complications
related to the pouch. Pouch bleeding, pelvic abscesses
and anastomosis ruptures were managed conservatively. Patients with pelvic abscesses were treated with
surgical drainage. Twenty-seven (38.0%) patients had
late complications during the follow-up period (82.5 ±
50.8 mo), with 21 (29.6%) patients with complications
related to the pouch. Treatment for pouchitis included
antibiotics or anti-inflammatory drugs. Pouch-vaginal
fistulas, perianal abscesses or fistulas and anastomosis
strictures were treated surgically. Pouch failure developed in two patients (2.8%). Analyses showed that an
emergency operation was a significant risk factor for
early pouch-related complications compared to elective
procedures (55.6% vs 11.1%, P < 0.05). Pouchitis was
related to early (35.3%) and the other late pouch-related complications (41.2%) (P < 0.05). The complications did not have an effect on pouch failure nor pouch
function.

AIM: To investigate the outcomes of treatments for
complications after ileal pouch-anal anastomosis (IPAA)
in Korean patients with ulcerative colitis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Between March 1998 and February 2013,
72 patients (28 male and 44 female, median age 43.0
years ± 14.0 years) underwent total proctocolectomy
with IPAA. The study cohort was registered prospectively and analyzed retrospectively. Patient characteristics, medical management histories, operative findings,
pathology reports and postoperative clinical courses, including early postoperative and late complications and
their treatments, were reviewed from a medical record
system. All of the ileal pouches were J-pouch and were
performed with either the double-stapling technique (n

WJG|www.wjgnet.com

Key words: Ulcerative colitis; Ileal pouch-anal anastomosis; Complications; Pouch failure; Pouch function
Core tip: There has been a recent increase in the number of ileal pouch-anal anastomosis (IPAA) procedures
conducted to treat ulcerative colitis in Asian countries,
including Korea. However, the reports on the outcomes
of IPAA have been lacking. This study investigated the
treatment outcomes for complications associated with
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ileal pouch formation, including pouch failure. The early
postoperative complications included pouch bleeding,
pelvic abscess, and anastomosis rupture. The late complications included pouchitis, pouch-vaginal fistula, perianal abscess or fistula, and anastomosis stricture. The
post IPAA complications were treatable either medically
or surgically with a lower pouch failure rate than previously reported from Western countries.

MATERIALS AND METHODS
Patient population and surgical procedure
Between March 1998 and February 2013, 72 consecutive patients underwent IPAA for UC by a single surgeon
(Park KJ) at our institution with extensive experience in
the colorectal division. The prospective registered patient
cohort was analyzed retrospectively. This study was approved by our Institutional Review Board (IRB approval
number: H-1107-044-368). Patient characteristics, medical management histories, operative findings, pathology reports, postoperative clinical courses, including
complications and their treatments, and stool frequency
presented as bowel movements/d were reviewed from
an electronic medical record system. The criteria for elective operations were medical intractability, dysplasia or
malignancy. The criteria for emergency operations were
massive bleeding, fulminant colitis or toxic megacolon.
Medical intractability was defined as an inability to remain in remission despite long periods of medical antiinflammatory treatment. Dysplasia or malignancy was
confirmed by routine colonoscopy. Massive bleeding was
defined by a continuous necessity for more than four
units of packed red blood cells in 24 h or bleeding that
put the patient at risk of developing shock. Fulminant
colitis was suspected when sepsis resulted from an aggravation of the colitis and peritonitis despite the initial
attempts at medical management. Toxic megacolon was
diagnosed by radiologic examinations. The surgical procedure was composed of a proctocolectomy and IPAA
with or without a loop ileostomy. All of the ileal pouches
were generated by the J-pouch procedure, and most of
the anastomoses were performed by the double-stapling
technique. A few patients required hand-sewn anastomoses, and all of these procedures were performed from the
anal side. Only after confirming the security of IPAA,
through radiological imaging of the loopogram using a
water-soluble dye, was the loop ileostomy taken down.

Ryoo SB, Oh HK, Han EC, Ha HK, Moon SH, Choe EK, Park
KJ. Complications after ileal pouch-anal anastomosis in Korean
patients with ulcerative colitis. World J Gastroenterol 2014;
20(23): 7488-7496 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7488.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i23.7488

INTRODUCTION
Ulcerative colitis (UC) is characterized by a chronic
course of recurrent relapse and remission and the need
for long-term medical management. However, 20%-30%
of patients undergo surgical treatment and are successfully treated by total colectomy[1]. Since the first introduction of ileal pouch-anal anastomosis (IPAA) in 1978,
the procedure has become a standard surgical method
for treatment of UC while avoiding a permanent ileostomy[2]. The J-pouch is a popular method, and many
surgeons have accepted IPAA as a safe procedure with
favorable functional results and improvements in quality
of life[3-6].
Many complications may be encountered after IPAA
and several reports presented significant morbidity and
mortality rates[7,8]. Early postoperative complications, such
as small bowel obstruction, pouch bleeding, leakage and
pelvic sepsis, may be detrimental to the patient’s health.
Late complications can often cause troublesome results,
reducing the satisfaction of surgical treatments. Pouchitis
is one of the late complications and readministration of
anti-inflammatory treatment is required. Pouch stricture
or fistulas can develop, resulting in functional problems
such as frequency, incontinence or sexual dysfunction,
leading to further distress. These complications are difficult to manage and require complex treatments including
various medications and surgical procedures. In 5%-10%
of the patients, complications cannot be resolved resulting in a pouch failure[9,10].
In Asian countries, including Korea, there has been
an increase in the number of UC cases, consequently increasing the number of surgical treatments[11]. However,
there has been a lack of reports regarding the long-term
treatment outcomes for complications of IPAA. This
study describes the early and late complications associated with IPAA for UC, as well as the outcomes of the
corresponding treatments, including the rate of pouch
failure.

WJG|www.wjgnet.com

Classification of complications
Postoperative complications were classified into three
categories based upon the post-surgery period in which
they occurred. The first category included early complications, which occurred during the postoperative recovery
period after IPAA, usually within 30 d of surgery. The
second category included complications related to the
ileostomy takedown, and the third category included late
complications that occurred during the follow-up period.
Pouch failure was defined as excision of a total pouch or
a nonfunctioning pouch requiring permanent diversion
with ileostomy as a result of failure to manage the pouchrelated complications.
Statistical analysis
The treatments and outcomes of the postoperative
complications were investigated, and the risk factors for
complications were analyzed using SPSS for Windows,
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Table 1 Clinical characteristics of the patients and operations

Table 2 Early complications after ileal-pouch anal anastomosis

n (%)

n (%)

Characterisitics

Complications

Sex
Male
Female
Age
≥ 40
< 40
BMI
≥ 25
< 25
Co-morbidity
Hypertension
Diabetes
Liver disease
Cerebrovascular disease
Idiopathic thrombocytopenic purpura
Disease extent
Left colon
Transverse colon
Whole colon
Operation
Elective
Emergent
Indications
Medical intractability
Dysplasia or malignancy
Fulminant colitis
Toxic megacolon
Massive bleeding
Anastomosis
Double stapling
Hand-sewing

Early complications
Pouch related
Pouch bleeding
Pelvic abscess
Anastomosis rupture
Pouch unrelated
Wound infection
Ileus
Intra-abdominal bleeding
Pneumonia
Deep vein thrombosis

28 (38.9)
44 (61.1)
47 (65.3)
25 (34.7)
10 (13.9)
62 (86.1)
21 (29.2)
12 (16.7)
5 (6.9)
4 (5.6)
2 (2.8)
1 (1.4)

Operations
Total proctocolectomy was performed on 71 (98.6%)
patients. Remnant proctectomy was performed on one
(1.4%) patient who underwent total colectomy and ileorectal anastomosis due to the uncertainty in a preoperative diagnosis of colitis. This patient was eventually
diagnosed with UC and underwent remnant proctectomy
and IPAA. Most of the patients underwent IPAA using
a double stapling technique, but hand-sewn anastomosis
was also performed in three (4.2%) patients. Of these
three, two patients had serious tearing on the distal stump
subsequent to stapling, and the other patient had a negative margin of low rectal cancer. Diverting loop ileostomy was performed in 71 (98.6%) patients. One patient
underwent surgery for dysplasia and inflammation of the
colon followed by a loop ileostomy a month later due to
the development of a pouch-vaginal fistula. The characteristics of operations are described in Table 1.

18 (25.0)
27 (37.5)
27 (37.5)
63 (95.8)
9 (12.5)
56 (77.8)
7 (9.7)
5 (6.9)
2 (2.8)
2 (2.8)
69 (95.8)
3 (4.2)

BMI: Body mass index.

version 18.0 (SPSS Inc., Chicago, IL, United States). Univariate analysis was performed using Pearson’s χ 2 test and
Fisher’s exact test. Multivariate analysis was performed
using logistic regression for the factors with P values of
< 0.25 by univariate analysis. A Mann-Whitney test was
performed for comparison of the values of stool frequency. Data are presented as median ± the standard deviation. Statistical significance was accepted for P values
of < 0.05.

Treatments for early postoperative complications after
IPAA
Thirty-one (43.1%) patients experienced early postoperative complications (Table 2). One patient (1.4%), who
underwent emergency surgery, died due to pneumonia.
Pouch-related complications occurred in 12 (16.7%)
patients. Most of the early complications were treated
conservatively, for example with transfusion for pouch
bleeding, antibiotics or percutaneous drainage for pelvic
abscess or anastomosis rupture. One patient was treated
surgically with irrigation and drainage through the anal
side to treat a pelvic abscess and an anastomosis rupture.

RESULTS
Clinical characteristics
The median age at surgery was 43.0 ± 14.0 years [range:
11-67 years; interquartile range (IQR): 33.5-55.5]. The
median age at diagnosis of UC was 39.0 ± 14.0 years
(range: 5-67 years; IQR: 26.0-49.0), and the median duration from the diagnosis to surgery was 52.0 ± 65.0 mo
(range, 1.0-260.0 mo; IQR: 23.3-118.8). All of the patients had taken at least one anti-inflammatory drug, such
as 5-aminosalicylic acid, azathioprine or steroids. The
median body mass index (BMI) was 21.7 ± 3.6 (range:
12.9-31.1; IQR: 19.4-24.2). The clinical characteristics of
the patients are described in Table 1.

WJG|www.wjgnet.com

31 (43.1)
12 (16.7)
6 (8.3)
4 (5.6)
3 (4.2)
26 (36.1)
13 (18.1)
6 (8.3)
6 (8.3)
2 (2.8)
2 (2.8)

Treatments for complications related to ileostomy
takedown
Diverting loop ileostomies were closed in 71 (98.6%)
patients after a median period of 4.4 ± 3.4 mo (range:
2.0-23.0 mo; IQR: 3.6-6.7). Only one patient died due to
an early postoperative complication after IPAA. The 12
(16.9%) patients with pouch-related early complications
underwent an ileostomy takedown after 7.1 ± 5.4 mo
(range: 4.0-23.0 mo; IQR: 4.8-7.7), whereas the remaining
patients underwent takedown after 4.3 ± 2.5 mo (range:
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Table 3 Complications related to ileostomy take-down n (%)

Table 4 Late complications after ileal-pouch anal anastomosis

n (%)

Complications
Complications at ileostomy take-down
Wound infection
Ileus
Enterocutaneous fistula
Intra-abdominal abscess
Cardiac problems

Complications

17 (23.6)
9 (12.5)
8 (11.1)
2 (2.8)
1 (1.4)
1 (1.4)

Late complications
Pouch related
Pouchitis
Pouch vaginal fistula
Perianal abscess or fistula
Anastomosis stricture
Pouch unrelated
Ileus
Incisional hernia

2.0-13.0 mo; IQR: 3.4-6.0) (P < 0.05). Seventeen (23.9%)
patients had complications related to ileostomy takedown
(Table 3) that were managed conservatively. No patients
were lost following the ileostomy takedown.

27 (37.5)
21 (29.2)
17 (23.6)
5 ( 6.9)
4 ( 5.6)
2 ( 2.8)
12 (16.7)
10 (13.9)
2 ( 2.8)

15
17
11
21.5
17
18.5

analysis, emergency operation and pouchitis were significantly related to pouch-related early complications (HR =
19.1, 95%CI: 3.1-119.7, P < 0.05, and HR = 6.4, 95%CI:
1.4-30.5, P < 0.05, respectively) (Table 5). Pouchitis was a
significant risk factor for other late pouch-related complications in univariate (P < 0.05) and multivariate analyses
(HR = 10.0, 95%CI: 2.1-47.0, P < 0.05). There was no
significant risk factor for pouch failure.

Treatment for late complications during the follow-up
period
Seventy-one patients were followed-up and the median
follow-up period was 82.5 ± 50.8 mo (range: 2.0-179.0
mo; IQR: 35.5-136). Twenty-seven (38.0%) patients had
late complications, and complications related to IPAA
were found in 21 (29.6%) patients (Table 4). Pouchitis
was the most common late complication, and occurred
at a median of 15.0 ± 29.4 mo (range: 2.0-90.0 mo; IQR:
5.9-46.8) after IPAA. Pouchitis was managed by antibiotics or anti-inflammatory drugs. Pouch-vaginal fistulas
developed at 17.0 ± 22.7 mo (range: 1.0-58.0 mo; IQR:
3.0-42.0), and were treated by a transanal advancement
flap in three patients or diverting loop ileostomy in two
patients. One patient, who had undergone a transanal
advancement flap experienced recurrent fistulas, and an
ileostomy was consequently performed. However, a fistula recurred again after the ileostomy was taken down,
and a transanal rectal advancement flap was repeated.
The patient eventually underwent pouch removal and reformation of the IPAA, but suffered from a recurrent
pouch-vaginal fistula and severe incontinence. As a result,
a pouch excision with permanent end ileostomy was
performed. One of the patients, who had a rectovaginal
fistula treated with an ileostomy, underwent an ileostomy
takedown after closure of the fistula, while another patient requested a permanent ileostomy. Perianal abscesses
or fistulas were treated by conventional procedures of
incision and drainage, fistulotomy or seton placement.
Anastomosis stricture was managed by anal strictureplasty
or manual dilatation. As a result, pouch failure developed
in two (2.8%) patients due to pouch excision following
a re-pouch formation for recurrent pouch-vaginal fistula
and a refusal of ileostomy takedown, respectively. The
outcomes of treatments for the pouch-related complications are described in Figure 1.

Pouch function at the last follow-up
The median stool frequency, an indication of pouch
function, was 6.0 ± 2.2 bowel movements/d (range: 3-10
movements/d; IQR: 5.0-8.0) at the last follow-up visit.
Patients with early pouch-related complications (n = 12)
had 7.0 ± 2.3 bowel movements/d (range: 3-10 times/d;
IQR: 4.3-8.5), and early pouch-related complicationfree patients (n = 59) had 5.0 ± 2.2 bowel movements/d
(range: 3-10 movements/d; IQR: 5.0-8.0) (Figure 2A). Patients with late pouch-related complications (n = 21) had
7.0 ± 2.4 bowel movements/d (range: 3-10 movements/d;
IQR: 5.0-10.0), whereas late pouch-related complicationfree patients (n = 50) had 5.0 ± 2.1 bowel movements/d
(range: 3-10 movements/d; IQR: 4.8-8.0) (Figure 2B).

DISCUSSION
IPAA is considered a safe procedure due to low mortality (< 1.0%) with most patients having a long-term
satisfactory functional pouch and a pouch failure rate of
5%-10%[12]. However, the morbidity rate varies greatly
(30%-60%) with pouch-related complications distressing
both the patient and surgeon. In some cases, a permanent ileostomy is needed for severe refractory pouchitis,
fistula, incontinence or stenosis[13]. Recently, laparoscopy
has been reported as a safe procedure with a significantly
lower rate of early complications. However, laparoscopy
is a challenging procedure, and long-term results should
be further evaluated[14].
In this study, early postoperative complications occurred in 43.1% of patients, and late complications occurred in 38.0% of patients. Pouch failure developed in
2.8% of patients, with complete pouch failure developing
in one patient who developed recurrent pouch-vaginal
fistulas. The pouch failure rate was relatively lower than

Risk factors for pouch-related complications and pouch
failure
In a univariate analysis, emergency operation was a statistically significant risk factor for pouch-related early
complications (P < 0.05), which were related to the
development of pouchitis (P < 0.05). In a multivariate
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No pouch-related complications
(n = 45)

IPAA for UC
(n = 72)

Early pouch-related complications
(n = 12)

Bleeding
(n = 6)

Transfusion
(n = 6)

Pelvic abscess
(n = 4)

Open irrigation
(n = 1)

Late pouch-related complications
(n = 21)

IPAA rupture
(n = 3)
Pouchitis
(n = 17)

PCD
(n = 5)

Medical Tx
(n = 17)
Pouch-vaginal fistula
(n = 5)

Transanal advancement flap
(n = 3)

Ileostomy
(n = 2)

I and D
(n = 3)

Perianal abscess/fistula
(n = 4)

Fistulotomy
(n = 1)

Seton
(n = 1)

IPAA stricture
(n = 2)

Stricturoplasty
(n = 1)

Dilatation
(n = 1)

Transanal advancement flap and ileostomy
(n = 1)

Pouch removal
(n = 1)

Permanent ileostomy
(n = 1)

Figure 1 Treatment outcomes for pouch-related complications following ileal pouch-anal anastomosis in Korean patients with ulcerative colitis. Most of the
pouch-related complications were treated successfully and pouch failure developed in two patients. IPAA: Ileal pouch-anal anastomosis; UC: Ulcerative colitis; PCD:
Per-cutaneous drainage; Tx: Treatment; I and D: Incision and drainage.

fully, though some of the patients with pouch failure still
had unresolved late pouch-related complications. Thus,
prompt and targeted treatment for pouch-related complications is important to prevent future pouch failure.
Early pouch-related postoperative complications
were significantly related to pouchitis, which was also
a significant risk factor for the other late pouch-related
complications in this study. One explanation is that extensive delays of diverting loop ileostomy takedown for
treatment of pouch-related complications could lead to
inflammation of the mucosa. The inflammation may be
a result of changes in pH, bacterial flora or oxygen content, and consequently increase the rate of chronic pouchitis[16]. Patients with early pouch-related complications
delayed ileostomy longer than others in this study. Pouch
bleeding may also be an early sign of acute pouchitis[17,18],
but in this study, the acute pouch bleedings during the
immediate postoperative periods most likely originated
from the ileal mucosa of the anastomosed staple lines.
Based on the correlation with subsequent pouch-related
complications, previous reports have recommended early
and long-standing maintenance and treatment for pouchitis[19]. Although both antibiotics and topical steroid en-

in some Western reports despite a similar incidence
of complications. Although the pouch failure rate can
increase during the duration of the follow-up period,
our long-term results were still comparable to those of
Western counterparts. A meta-analysis study published
by a Dutch team, which pooled data from more than 40
Western studies, reported a pouch failure rate of 6.8%
in a 36.7-mo follow-up period. The pouch failure rate
increased to 8.5% in a follow-up period of > 5 years[8].
The differences in pouch failure rates between the present and Western studies may be due to ethnic and dietary
differences between Asian and Western patients. Earlier
Japanese studies also reported a lower rate of pouch failure, suggesting that Asian countries might achieve better
outcomes with IPAA treatment of UC. However, further
studies are necessary to confirm this statement. Another
explanation for the lower pouch failure rates in this study
is a lack of patients with indeterminate colitis. The IPAA
treatment outcomes for indeterminate colitis or Crohn’
s disease are poorer than for preoperatively confirmed
UC[15]. The rate of success in this study may be due to the
aggressive and methodical treatments for the complications. Most of the complications were treated success-
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Table 5 Analysis of risk factors for pouch related complications and pouch failure
Variables

Early complication

Sex
Male
Female
Age
≥ 40
< 40
Overweight
BMI ≥ 25
BMI < 25
Co-morbidities
Yes
No
Disease extents
Lt colon
Beyond lt colon
Operation
Emergent
Elective
Anastomosis
Double stapling
Hand sawing
Pouchitis
Yes
No
Early complications
Yes
No
Late complications
Yes
No

Late complication

Pouch failure

4 (14.3)
8 (18.2)

6 (21.4)
15 (34.1)

0 (0.0)
2 (4.5)

9 (19.1)
3 (12.0)

11 (23.4)
10 (40.0)

1 (2.1)
1 (4.0)

1 (10.0)
10 (17.7)

2 (20.0)
19 (30.6)

0 (0.0)
2 (3.2)

4 (19.0)
8 (15.7)

7 (33.3)
14 (27.5)

1 (4.8)
1 (2.0)

3 (16.7)
9 (16.7)

6 (33.3)
15 (27.8)

0 (0.0)
2 (3.7)

5 (55.6)
7 (11.1)

2 (22.2)
19 (30.2)

0 (0.0)
2 (3.2)

11 (15.9)
1 (33.3)

20 (29.0)
1 (33.3)

2 (2.9)
0 (0.0)

6 (35.3)
6 (10.9)

7 (41.2)1
4 (7.3)

1 (5.9)
1 (1.8)

6 (50.0)
15 (25.0)

0 (0.0)
2 (3.3)

P value (univariate)
(early/late/failure)

P value (multivariate)
(early/late)

0.755/0.249/0.518

/0.998

0.524/0.140/1.000

/0.534

1.000/0.713/1.000

0.737/0.618/0.501

1.000/0.653/1.000

0.005/1.000/1.000

0.002/

0.426/1.000/1.000

0.028/0.0021/0.419

/0.095/1.000

2 (9.5)
0 (0.0)

0.016/0.0021

/0.998

/0.082

1

Analysis with late complications except for the pouchitis. BMI: Body mass index.

B

10

Stool frequency (bowel movements/d)

Stool frequency (bowel movements/d)

A

8

6

4

10

8

6

4

Yes
No
Early pouch-related complications

Yes
No
Late pouch-related complications

Figure 2 Stool frequencies after ileal pouch-anal anastomosis. A: Bowel movements/day was compared between patients with early pouch-related complications (n
= 12) and early pouch-related complication-free patients (n = 59) (7.0 ± 2.3 movements/d vs 5.0 ± 2.2 movements/d); B: Bowel movements/day was compared between
patients with late pouch-related complications (n = 21) and late pouch-related complication-free patients (n = 50) (7.0 ± 2.4 movements/d vs 5.0 ± 2.1 movements/d).

emas have been shown to effectively treat pouchitis, antiinflammatory or immunosuppressive drugs might still be
required in severe cases. Recently, infliximab was shown
to be effective in some patients[20], and probiotics may
also be beneficial in acquiring a prophylactic effect[21].
Cuffitis is a complication comparable to pouchitis
that can arise from the remnant columnar cuff 2-3 cm
above the anal margin after double-stapling IPAA [22].
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Cuffitis, which can cause pouch-related symptoms, can
be treated with topical anti-inflammatory suppositories[23].
We performed most of the IPAAs using the doublestapling technique because of its simplicity and feasibility
compared to hand-sewn anastomosis. Furthermore, the
double-stapling technique is known to have lower postoperative complications with better functional outcomes
against anal incontinence[24]. As minimal cuff length is
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the critical factor for the prevention of cuffitis and development of dysplasia or cancer, a surgeon should make
every effort to avoid insufficient resection of the distal
rectum.
Pouch-vaginal fistula is one of the most devastating
complications and has a high recurrence rate following
local repair[25]. In certain cases, either a long-standing diverting ileostomy might be necessary, or more a complex
procedure, such as a gracilis muscle flap, should be performed[26]. Pouch-vaginal fistulas are more frequent and
more complex in Crohn’s colitis than in UC, resulting in
a 48% IPAA failure rate[27-29]. However, there are reports
of pouch-vaginal fistulas developing in UC patients with
pelvic sepsis or when a surgeon encountered technical
problems[4,30]. Thorough histologic reviews, performed
on the five patients who had pouch-vaginal fistulas, confirmed UC. The conclusion was based on the presence
of diffuse chronic inflammation without ileal inflammation and diffuse crypt changes with atrophy, distortion
or villiform surface, all favoring a diagnosis of UC over
Crohn’s disease[31]. Most of our patients presented with
relatively simple fistulas and were treated with either a
transanal advancement flap or ileostomy. Only one patient had a pouch failure from recurrent fistulas despite reformation of the IPAA resulting in a complete pouch excision. We hypothesize that the fistula may have been due
to severe pouchitis. Although favorable results have been
reported in some cases, a re-pouching procedure may be
difficult due to intra-abdominal adhesions from previous
laparotomies, severe inflammation around the pouch and
difficulty in finding the deep lower fistula opening[32,33].
The performance of an emergency operation was
found to be a risk factor for early pouch-related complications, and was conducted in patients with a more
severe status. Massive bleeding, fulminant colitis or toxic
megacolon could deteriorate the general physical conditions of the patients, and many reports have asserted that
pouch surgery should be avoided under these circumstances[34]. However, we performed pouch procedures in
emergency surgeries with low mortality despite the significant morbidity of early pouch-related complications.
Emergency operations were not related to late pouchrelated complications, and there were no pouch failures in
these patients. Although there are few reports stating that
IPAA is a safe procedure in severe emergency cases[35,36],
we considered IPAA to be a reasonable procedure if performed by an experienced colorectal surgeon. Nonetheless, further studies are necessary to verify its safety.
Long-term pouch function and quality of life have
been reported to be satisfactory in many patients, and
we previously reported good functional outcomes of
IPAA[37,38]. In this study, stool frequency in the patients
with early and late pouch-related complications was
slightly higher, but there was no significant difference
when compared to pouch-related complication-free patients. The conclusion is that successfully treated complications can lead to good pouch function and, therefore,
better quality of life. The two major limitations of this
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study are retrospective data analysis and a small sample
pool. Nevertheless, due to an increase in number of UC
cases in Korea, it is important to investigate the outcomes
of IPAA and identify treatments for long-term follow-up
periods.
In conclusion, conducting IPAA for UC is a safe and
successful procedure despite the potential for complications. Early detection and aggressive medical and surgical
treatment for pouch-related complications are critical in
achieving lower rate of pouch failure and better functional outcomes. Furthermore, meticulous effort by the
surgeon is required to prevent recurrent complications,
especially during technically demanding procedures.
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Ileal pouch-anal anastomosis (IPAA) is a safe procedure for treatment of ulcerative colitis (UC). However, the reported rate of complications from this procedure is 30%-60%, with pouch failure developing at a rate of 5%-10% in Western
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study as compared to Western reports. Both aggressive surgical and medical
treatment of the complications are necessary to lower the rate of pouch failure
and obtain better functional outcomes.

Applications

Differences between the Korean and Western patient outcomes may be due to
differences in ethnic or dietary factors. Furthermore, Japanese studies also had
lower incidences of pouch failure suggesting that if ethnic and dietary factors
are the key players, similar outcomes may be achieved in other Asian countries.
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Early complications occur during the IPAA postoperative recovery periods,
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periods. Pouch failure was defined as an excision of the total pouch or a nonfunctioning pouch, which required permanent diversion with ileostomy.
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Association between orofacial granulomatosis and Crohn’s
disease in children: Systematic review
Marzia Lazzerini, Matteo Bramuzzo, Alessandro Ventura
26.0% of children at the time of OFG diagnosis. Overall, 70/173 (40.4%) children received a concomitant
diagnosis of Crohn’s disease. In about half (51.4%)
of the cases the onset of OFG anticipated the diagnosis of Crohn’s disease, with a mean time between the
two diagnoses of 13.1 ± 11.6 mo (range: 3-36 mo).
Overall, 21/173 (12.1%) of the children with OFG had
perianal disease, while 11/173 (6.4%) had a family
history of Crohn’s disease. Both perianal disease and a
family history of Crohn’s disease were significantly associated with a higher risk of Crohn’s disease diagnosis
in children with OFG [relative risk (RR) = 3.10, 95%
confidence interval (CI): 2.46-3.90; RR = 2.74, 95%CI:
2.24-3.36, P < 0.0001 for both). Treatment of OFG
included steroids (70.8% of children) and other immunosuppressive drugs (42.7%), such as azathioprine,
thalidomide and infliximab.
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CONCLUSION: High prevalence of Crohn’s disease in
children with OFG suggests that OFG may be a subtype
of Crohn’s disease.

Abstract
AIM: To review pediatric cases of orofacial granulomatosis (OFG), report disease characteristics, and explore
the association between OFG and Crohn’s disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Orofacial granulomatosis; MelkerssonRosenthal syndrome; Cheilitis granulomatosa; Crohn’s
disease; Children; Systematic review

METHODS: We conducted a systematic review according to the PRISMA guidelines. We searched Medline,
LILACS, Virtual Health Library, and Web of Knowledge
in September 2013 for cases of OFG in the pediatric
age range (< 18 years), with no language limitations.
All relevant articles were accessed in full text. The
manual search included references of retrieved articles.
We extracted data on patients’ characteristics, disease
characteristics, association with other diseases, and
treatment. We analyzed the data and reported the results in tables and text.

Core tip: This systematic review of children with orofacial granulomatosis (OFG) resulted in the following main
findings: (1) 40.4% of children with OFG were affected
by Crohn’s disease during their life; (2) 12.1% of children with OFG had perianal disease; (3) 6.4% had a
positive family history for Crohn’s disease; (4) both OFG
and Crohn’s disease were more prevalent in boys; and
(5) both diseases had a long-term course, and treatment resembled the treatment used for Crohn’s disease.
Taken together, these findings suggest that OFG may be
a subtype of Crohn’s disease.

RESULTS: We retrieved 173 reports of OFG in children.
Mean age at onset was 11.1 ± 3.8 years (range: 2.0-18
years). Prevalence in males was significant higher than
in females (P < 0.001), with a male:female ratio of 2:1.
Gastrointestinal signs or symptoms were present in
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We retrieved 18 case series[7-23] and 35 case reports[24-56],
for a total of 173 children with OFG. One article could
not be found in full text[57].
The mean age at OFG onset was 11.1 ± 3.8 years
(range: 2.0-18 years). Although not all reports detailed
the sex of the patients, OFG appeared to be significantly
more prevalent in boys than in girls (P < 0.001, Table 1),
with a male to female ratio of 2:1. The disease was reported more commonly in children of Caucasian origin.
The primary clinical feature of children with OFG
was lip swelling (93.3%), with involvement of either
one or both lips (Table 2). About half of the children
presented some intraoral manifestations, such as ulcers,
gingival hyperemia or hypertrophy, oral cobble-stoning
lesions, or tongue abnormalities. Both angular cheilitis
and perioral swelling were each present in about 20% of
children. Gastrointestinal signs or symptoms (perianal
disease, and/or abdominal pain, diarrhea, or intestinal
bleeding) were present in 26.0% of the cases at time of
OFG diagnosis.
The diagnosis of OFG was made more often by a
team comprising different specialists (65.3%), rather than
by one single type of physician (24.7%, P < 0.001, Table
3). Stomatologists and dentists were the specialists who
were more frequently involved in the diagnosis of OFG
(64.7%), followed by gastroenterologists (49.7%), while
dermatologists and pediatricians were involved in the
diagnosis in only 22.0% and 18.5% of cases, respectively.
A consistent delay (months to years) in reaching the final
diagnosis of OFG was frequently reported, with a single
patient reporting up to 5 years delay[18,42,52].
Differential diagnosis of Crohn’s disease was considered in 79.2% of children, while sarcoidosis and tuberculosis were investigated in 20.8% and 14.4% of cases,
respectively. Crohn’s disease was diagnosed in 70/173
(40.4%) children with OFG, either at time of presentation of OFG, or during the following months or years
(mean time: 13.1 ± 11.6 mo, range: 3-36 mo). In contrast,
only three children (1.7%) were diagnosed with tuberculosis[33-35], two (1.1%) with sarcoidosis[16], and 19 (10.9%)
with allergy/atopy.
Overall, 21/173 (12.1%) of the children with OFG
had perianal disease, while 11/173(6.4%) had a family
history of Crohn’s disease. Both perianal disease and a
family history of inflammatory bowel disease were significantly associated with an increased risk of Crohn’s disease in children with OFG [relative risk (RR) = 3.10, 95%
confidence interval (CI): 2.46-3.90; RR = 2.74, 95%CI:
2.24-3.36, P < 0.0001 for both, Table 4].
There was heterogeneity in the reported incidence of
Crohn’s disease and of perianal disease among different
case series, with those reported by gastroenterologists[7,11],
describing a significantly higher incidence of Crohn’s
disease than other series. In Campbell et al[7], the largest OFG case series available including both adults and
children (207 patients, of which 22% were children), the
incidence of Crohn’s disease was similar in children and
adults with OFG, but in children the occurrence of OFG
anticipated the onset of Crohn’s disease significantly
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INTRODUCTION
The term orofacial granulomatosis (OFG) is conventionally used to describe patients with granulomatous
lesions affecting the orofacial tissues[1,2]. The disease is
uncommon but is increasingly being recognized. Lip
swelling and facial swelling are the most common clinical signs of OFG, often presenting with a spectrum of
other features (Figure 1)[3,4]. Over time the majority of
patients tend to develop additional lesions, and the lip
or facial swelling can become indurated, permanent, and
significantly debilitating[1-4].
The pathogenesis of OFG is still uncertain. Different
theories suggested a possible role for allergy, infections,
and genetic predisposition[1,2].
More recently, it has been hypothesized that OFG
may be a subtype of Crohn’s disease. This hypothesis is
based on the following data: (1) histologically OFG is
characterized by noncaseating epithelioid cell granulomas
that are indistinguishable from the features of Crohn’s
disease[1,2]; (2) concurrent intestinal Crohn’s disease has
been described in 20-50% of adult patients with OFG[5,6];
and (3) both OFG and Crohn’s disease have a similar
clinical course, that is, long-term with a series of recurrent attacks[1-4].
To the best of our knowledge, no systematic review
of pediatric cases of OFG has previously been published. The objective of this work was to systematically
review pediatric cases of OFG, and evaluate the association between OFG and Crohn’s disease.

MATERIALS AND METHODS
This systematic review was conducted according to the
PRISMA guidelines[6]. We searched Medline, LILACS,
Virtual Health Library, and Web of Knowledge in September 2013 for cases of OFG in the pediatric age range
(< 18 years), with no language limitations. The search
strategy is reported in Table 1. All relevant articles were
accessed in full text. The manual search included references of retrieved articles. We extracted data on patients’
characteristics, disease characteristics, association with
other diseases, and treatment. We analyzed the data and
reported the results in the tables and text. Cases of granulomatous perioral dermatitis, Melkersson-Rosenthal syndrome (i.e., cases characterized by facial nerve palsy), and
OFG-like lesions after organ transplant were excluded
from this review.

RESULTS
The process of study selection is reported in Figure 2.
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Figure 1 Case 1, swelling of both lips and gingival lesions (A and B); Histological examination showing typical noncaseating granulomas (arrows) and
inflammatory infiltrate (C and D).

ceived two and three or more treatment attempts, respectively (Table 5). A combination of two or more drugs in
the same treatment attempt was reported in 53.7% of
children. Steroids were prescribed in 70.8% of children.
Other immunosuppressive or immunomodulatory drugs
were administered to 42.7% of children, and among
these, azathioprine/6-mercaptopurine (6MP; 12.3%),
thalidomide (10.1%) and infliximab (9.1%) were the most
frequently prescribed. Eight (9.1%) children underwent
surgery.

Table 1 Demographic characteristic of children with orofacial
granulomatosis n (%)
Patient characteristics
Age, mean ± SD (range, yr)
Sex
Male
Female
Unspecified
Ethnic group
Caucasian
African
Indian
Unspecified

Value (n = 173)

P value

11.1 ± 3.8 (2-18)
69 (39.9)
34 (19.6)
70 (40.5)

< 0.0011

19 (11.0)
3 (1.7)
2 (1.2)
149 (86.1)

< 0.0011

DISCUSSION
This review of the pediatric literature highlights the fact
that OFG is a disease that can occur during childhood
and adolescence. The exact prevalence of the disease in
children is unknown, and cannot be derived from this
review. Reports from specialized centers suggest that the
real prevalence of the disease may be higher than what
has been reported so far in the literature[7]. Results from
the present review also suggest that OFG in children is
still not a well-known disease among physicians, and that
there is uncertainty in respects to its diagnosis, with possible diagnostic delay.
This review highlights some important findings regarding Crohn’s disease and OFG. First, Crohn’s disease
was diagnosed in 40.2% of children with OFG. This
rate could be underestimated due to several factors: (1)
Crohn’s disease was not systematically assessed in all children with OFG; (2) on average, children were followed

1

Indicate similarities with Crohn’s disease.

more often than in adults (84% vs 27%, P = 0.0003)[7].
Ulcers and raised C-reactive protein were more frequent
in patients with OFG and Crohn’s disease than in those
with OFG alone (respectively 49% vs 15%, P = 0.001 and
73% vs 49%, P = 0.01)[7]. Cases with intraoral involvement, perianal disease and intestinal Crohn’s disease were
more likely to occur in those with childhood onset of
OFG compared to those with adult onset (44% vs 24%, P
= 0.09)[7].
When Crohn’s disease was diagnosed in children with
OFG, oral and perioral lesions were not considered a
metastatic manifestation of Crohn’s disease, but an expression of the disease in the digestive tract.
Although the duration of follow-up was short in
most reports, overall, 26.4% and 17.6% of children re-
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Articles identified
from electronic search
n = 305

Table 2 Clinical manifestations in children diagnosed with
orofacial granulomatosis n (%)
2

Value (n = 104)

Clinical features
Lips
Present
Lip swelling
Only upper lip
Only lower lip
Both lips
Preset but unspecified
Angular cheilitis
Intra-oral manifestation1
Present
Oral ulcerations
Gingival hyperemia/hypertrophy
Tongue abnormalities
Oral cobble-stoning lesions
Facies
Perioral/cheek swelling
Neck
Cervical lymphadenopathy1
Gastrointestinal
Present
Perianal disease1
Abdominal pain1
Diarrhea1
Intestinal bleeding1
Nutritional status
Impaired growth1
Obesity
Ocular
Conjunctivitis1
Genitalia
Vulvar oedema1
Scrotal swelling1

Additional papers from
references
n = 11

Total articles
evaluated
n = 316

Excluded as not original report
of OFG in children = 260
Excluded as not available
in full text = 3

Included
Case series = 18
Case reports = 35
Total children with OFG = 173

Figure 2 Flow diagram of studies selection. OFG: Orofacial granulomatosis.

up for a short time, while this review highlights that gastrointestinal signs and symptoms may appear at a later
stage (on average, 13 mo later); (3) Crohn’s disease may
be subclinical or silent, as observed in reports in adults,
showing that a considerable percentage of patients with
OFG without intestinal symptoms were diagnosed with
Crohn’s disease after ileoscopy or radiolabeled white cell
screening[58]; (4) patients with OFG were treated with steroids or other immunosuppressive drugs that could have
silenced the intestinal symptoms of Crohn’s disease; (5)
publication bias may have affected the characteristics of
reported cases; and (6) there is some confusion between
the diagnosis of OFG and oral Crohn’s disease[59], and
this may have affected the number of cases reported as
OFG. Although some of the above-mentioned factors
may have affected the prevalence of Crohn’s disease in
OFG by overestimating it, most factors may have led to
an underestimation of the actual prevalence of Crohn’s
disease in OFG.
Second, 6.4% of children with OGF also presented
a family history of inflammatory bowel disease. Such a
percentage is much closer to what is reported in the population with Crohn’s disease, than in those not affected
by inflammatory bowel disease. Perianal disease, which
is already a recognized subset of Crohn’s disease, was
detected in 12.1% of children with OFG overall. Intraoral lesions and perianal disease often occur together in
Crohn’s disease[60], and cohort studies have showed that
both manifestations are important predictors of Crohn’s
disease severity[59,60].
Third, this review highlights other similarities between
Crohn’s disease and OFG: both OFG and Crohn’s disease[58-60] are more prevalent in boys; both diseases have a
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104 (100.0)
97 (93.3)
27 (26.0)
15 (14.4)
26 (25.0)
29 (27.9)
22 (21.1)
50 (48.1)
24 (23.1)
22 (21.1)
8 (7.7)
8 (7.7)
19 (18.3)
6 (5.8)
27 (26.0)
21 (20.2)
7 (6.7)
7 (6.7)
6 (5.8)
5 (4.8)
1 (1.0)
1 (1.0)
2 (2.0)
1 (1.0)

1

The asterisks indicate similarities with Crohn’s disease; 2All cases with
a detailed description of clinical signs and symptoms are reported in the
table.

long-term course; and treatments used for OFG resemble
those used for Crohn’s disease. Even the list of other diseases diagnosed in association with OFG (i.e., erythema
nodosum, and alopecia), although the number of cases
was limited, resembles the list of immunological diseases
usually associated with Crohn’s disease.
All the above findings suggest that OFG and Crohn’
s disease may be two variants, if not just two different
localizations, of the same chronic inflammatory disease.
Other authors have proposed this hypothesis, based on
the high (20%-50%) reported prevalence of Crohn’s disease in adults with OFG[5,6].
To the best of our knowledge no systematic review
of adult cases of OFG has been carried out so far, and
cases reported in adults suffer from the same risk of
bias as cases reported in children (e.g., short follow-up
time). More studies in an adequate sample of patients
with OFG (both children and adults) with a systematic
evaluation for Crohn’s disease and long follow-up time
are needed to explore further the hypothesis that OFG
is a subtype of Crohn’s disease or even one of its manifestations.
So far, based on existing literature, Crohn’s disease
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Table 3 Diagnostic process in children reported with
orofacial granulomatosis n (%)
Characteristics

Table 5 Treatments of children with orofacial granulomatosis

n (%)

Value (n = 173)

Treatment characteristics

Physicians involved in the diagnosis
Stomatologist/dentist/maxillo surgeon
112 (64.7)
Gastroenterologist
86 (49.7)
Dermatologist
38 (22.0)
Pediatrician
32 (18.5)
Otorhinolaryngologist
13 (7.5)
Allergologist
4 (2.3)
Plastic surgeon
3 (1.7)
Internal Medicine
1 (0.6)
Composition of the team
One single specialty
60 (34.7)
More than one specialty
113 (65.3)
Differential diagnosis considered at time of OFG presentation
Crohn’s disease
137 (79.2)
Sarcoidosis
36 (20.8)
Tuberculosis
25 (14.4)
Allergy
19 (11.0)
Infection
17 (9.8)
C1q esterase deficiency
10 (5.8)
Melkersson–Rosenthal syndrome
4 (2.3)
Autoimmunity
3 (1.7)
Vasculitis
1 (0.6)
Foreign body
1 (0.6)
Enteropathic acrodermatitis
1 (0.6)

A treatment was prescribed2
Yes
No
Unspecified
Number of treatment attempts reported2
One
Two
Three or more
Unspecified
More than one drug in the same treatment attempt2
Yes
No
Unspecified
Type of treatments prescribed2
Antibiotics
Anti-histaminic
Steroids-total
Topical
Intralesional
Oral
Other immunosuppressive-total
Azathioprine/6MP
Thalidomide
Infliximab
Dapsone
Tacrolimus (topic)
Methotrexate
Tacrolimus (systemic)
Hydroxychloroquine/chloroquine
Colchicine
Other treatments
5ASA
Chlorhexidine (topic)
Enteral nutrition
Fumaric acid esterase
Surgery

OFG: Orofacial granulomatosis.

Table 4 Concomitant diseases diagnosed in children with
orofacial granulomatosis and associated characteristics n (%)
Disease

Value
(n = 173)

Crohn’s disease
Total children
70 (40.4)
At presentation
34 (19.6)
During follow-up
36 (20.8)
Time from OFG diagnosis to Crohn’s 13.1 ± 11.6 (3-36)
diagnosis (mean ± SD, range)
Presence of perianal disease
Total
21/173 (12.1)
In children with Crohn’s
21/70 (30.0)
In children without Crohn’s
0/103 (0)
Familiarity for inflammatory bowel
diseases
Total
11/173 (6.4)
In children with Crohn’s
11/70 (15.7)
In children without Crohn’s
0/103 (0)
Allergy/atopy
Any allergy
19 (10.9)
Asthma
7 (4.0)
Atopy
6 (3.5)
Rhinitis/rhinoconjunctivitis
6 (3.5)
Eczema
6 (3.5)
Hives
1 (0.6)
Other diagnosis
Tuberculosis
3 (1.7)
Sarcoidosis
2 (1.1)
Other diseases
10 (5.7)
Erythema nodosum
3 (1.7)
Insulin dependent diabetes
1 (0.6)
Celiac disease
1 (0.6)
Alopecia
1 (0.6)
Low CD4/CD8 ratio
1 (0.6)
Epilepsy
1 (0.6)
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Value
1
(n = 104)

RR
(95%CI), P

89 (96.7)
3 (3.2)
12 (11.5)
38 (55.8)
18 (26.4)
12 (17.6)
21 (23.5)
36 (53.7)
31 (46.2)
22 (24.7)
26 (29.2)
10 (11.2)
63 (70.8)
27 (30.3)
24 (27.0)
39 (43.8)
38 (42.7)
11 (12.3)
9 (10.1)
8 (9.0)
4 (4.5)
4 (4.5)
3 (3.4)
3 (3.4)
2 (2.2)
2 (2.2)
13 (14.6)
4 (4.5)
2 (2.2)
1 (1.1)
8 (9.0)

1

All cases that provided a detail description of clinical signs are reported in
the table; 2Percentages are calculated on the number of children for which
the treatment was specified. 5-AZA: 5-aminosalicylic acid.

3.10
(2.46-3.90),
0.0001

should be considered in the differential diagnosis of every child with signs of OFG; in particular, if other signs
of systemic, gastrointestinal or perianal involvement are
present. If Crohn’s disease is not diagnosed at the time
of OFG presentation, patients with OFG should be
closely followed up for any sign of intestinal Crohn’s disease, including perianal disease.
If OFG and Crohn’s disease are two different clinical
entities, more precise diagnostic criteria should be developed to differentiate between the two diseases.
In conclusion, OFG has been considered a different
entity from Crohn’s disease due to its presentation (lip
and buccal involvement) and to the absence of systemic
signs and symptoms[1-5]. The findings of our systematic
review on children with OFG suggest that OFG may be
a subtype of Crohn’s disease. Mores studies with a systematic evaluation of patients and with adequate followup are needed to confirm this hypothesis. Based on the
existing evidence, Crohn’s disease should be considered

2.74
(2.24-3.36),
0.0001
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in the differential diagnosis of children with unexplained
OGF. These children should be also followed up in the
long term, because intestinal Crohn’s disease may develop
after several years.
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patients with granulomatous lesions affecting the orofacial tissues. So far, OFG
had been considered a different entity from Crohn’s disease, although the hypothesis that OFG may be a subtype of Crohn’s disease has been proposed.
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s disease in children with OFG, and other common features between the two
diseases, suggest that OFG may be considered a subtype of Crohn’s disease.
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Crohn’s disease should be considered in the differential diagnosis of children
with OFG. Children with OFG should be also followed up in the long term, because intestinal Crohn’s disease may develop after several years.
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OFG is a rare granulomatous disease that affects the orofacial tissues. Lip
and facial swelling are the most common clinical signs, often presenting with a
spectrum of other features. Over time the majority of patients tend to develop
additional lesions, and the lip or facial swelling can become indurated, permanent, and significantly debilitating.
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RESULTS: Eight eligible studies were included in the
present meta-analysis. The outcomes showed that patients with CHC and hypertension were at higher risk of
IAR (48/189 vs 96/455, RR = 1.90; 95%CI: 1.15-3.15,
P < 0.05). Patients with DM receiving interferon (IFN)based therapy for CHC infection may be at higher risk
for IAR (18/72 vs 60/256, RR = 1.56, 95%CI: 1.11-2.20,
P < 0.05); however, the outcome was not stable. There
was no significant difference in IAR risk between genotype-1-infected patients and non-genotype-1-infected
patients (RR = 1.09, 95%CI: 0.64-1.87, P > 0.05).
Comparable incidences of IAR were also found between
patients treated with pegylated interferon (PIFN) α-2a
and those treated with PIFN α-2b (RR = 0.84, 95%CI:
0.56-1.24, P > 0.05) and between patients treated
with IFN α and those treated with PIFN α (RR = 1.04,
95%CI: 0.72-1.50, P > 0.05).
CONCLUSION: Patients with hypertension have a
higher risk of retinopathy when receiving IFN-based
therapy for CHC.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the association of hypertension
and diabetes mellitus (DM) with interferon-associated
retinopathy (IAR) risk in chronic hepatitis C (CHC).

Key words: Hepatitis C infection; Interferon-associated
retinopathy; Hypertension; Diabetes mellitus; Interferon
Core tip: This meta-analysis demonstrated that patients
with hypertension were at higher risk for developing
retinopathy when receiving interferon-based therapy
for chronic hepatitis C infection. Further studies are
needed to clarify the association between diabetes mellitus and interferon-associated retinopathy.

METHODS: Two investigators independently searched
PubMed and Embase for eligible articles published prior
to December 2013; additional studies were identified
by reviewing the bibliographies. Only case-control or
cohort studies that evaluated the association between
hypertension and/or DM and IAR incidence in CHC
patients were included. IAR was characterized by the
presence of cotton-wool spots and/or retinal hemorrhage, and was defined as the primary efficacy measure. Pooled relative risks (RRs) with 95% confidence
intervals (CIs) were estimated using data extracted
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Fields]) AND (“interferons” [MeSH Terms] OR “interferons” [All Fields] OR “interferon” [All Fields]) AND
(“hcv” [All Fields] OR “hepatitis c” [MeSH Terms] OR
“hepatitis C” [All Fields]), and (“retinal diseases”/exp
OR “retinal diseases” OR “retinopathy”/exp OR “retinopathy”) AND (“interferons”/exp OR “interferons”
OR “interferon”/exp OR “interferon”) AND (“hepatitis
C”/exp OR “hepatitis C”), respectively. In addition, we
also reviewed the bibliographies of relevant articles that
were not found by database searches. Disagreements
were resolved by discussion and consensus between the
two reviewers.

DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7505

INTRODUCTION
Chronic hepatitis C (CHC) infection, which affects > 170
million people worldwide[1], may eventually lead to cirrhosis and/or hepatocellular carcinoma (HCC)[2,3]. According
to recent guidelines, the combination of pegylated interferon (PIFN) α and ribavirin is still regarded as the standard chemotherapy for CHC[4]. Two new direct-acting
antiviral agents (DAAs), telaprevir and boceprevir, specifically inhibit the activity of the hepatitis C virus (HCV)
NS3/4A protease and have been recently approved for
HCV genotype 1 infection[5,6]. This new treatment regimen clearly led to a 20%-30% increase in the sustained
viral response (SVR) rate of genotype-1-infected patients[7,8]. However, triple therapy that includes interferon
(IFN) α and the two DAAs has some limitations. First,
triple therapy is only used in genotype-1-infected patients.
Second, the cost of treatment is increased, and 40% of
the treated patients show additional side effects, such as
cutaneous rash and anemia[7,8]. Moreover, triple therapy is
associated with the rapid onset of drug resistance[9,10]. Although many other direct antiviral therapies and IFN-free
regimens are in development, these therapies are unlikely
to reach clinical application in the next few years. For the
reasons given above, we may safely conclude that IFN α
plus ribavirin will remain the central therapeutic option
for several years[5,6]. Thus, the clinicians must continue to
manage side effects related to treatment with IFN α.
Various adverse effects, including ophthalmological
side effects[11-17] have been reported with the use of IFN.
The most commonly documented ocular complication is
retinopathy which is characterized by cotton-wool spots
and/or retinal hemorrhage[11,13,16]. Several studies have
investigated the possible risk factors for retinopathy in
patients with CHC during antiviral therapy using IFN α
and/or PIFN α. However, the results have been controversial. Some studies have suggested that diabetes mellitus (DM) and hypertension are possible risk factors for
interferon-associated retinopathy (IAR)[11,18,19], and others
have not identified these risk factors[20-22]. Therefore, the
question of whether ophthalmologic screening should
be recommended for CHC patients with hypertension
or DM before, during, and after treatment is controversial. To address this issue, we performed a meta-analysis
of studies that assessed the association of hypertension
and/or DM and IAR risk among CHC patients.

Inclusion and exclusion criteria
The following inclusion criteria were used when collecting published studies: (1) evaluation of the association
between IAR incidence and hypertension and/or DM;
(2) a case-control or cohort study; (3) sufficient information for estimating the relative risks (RRs) and their 95%
confidence intervals (CIs); and (4) English or Chinese
publications. The exclusion criteria were as follows: (1) a
case report, review, conference abstract, comment or editorial letters; (2) a lack of control groups; (3) overlapping
articles or articles with duplicate data; and (4) an inability
to obtain the necessary data.
Data extraction and definition of end-points
Two investigators independently extracted the following
information from each study: name of first author, year
of publication, ethnicity, type of IFN, numbers of cases
and controls, length of follow-up, and end-points and
risk estimates (or the relevant data needed to calculate
them). We calculated the duration of follow-up from the
start of IFN therapy and discarded pre-existing retinopathy at baseline. Whenever possible, we contacted the authors to inquire about insufficient data. Any disagreement
was resolved by consensus between the reviewers.
Retinopathy was used as the only end-point for this
analysis, which was defined as the presence of any of the
following lesions: cotton-wool spots, retinal hemorrhage,
or microaneurysms.
Quality assessment
For observational cohort studies, the methodological
quality was assessed independently by two authors using
the Newcastle-Ottawa Scale (NOS)[23] based on the following criteria: (1) selection of cases and controls (or cohort); (2) comparability of cases and controls (or cohort);
and (3) ascertainment of exposure/outcome. Studies
with an overall score ≥ 6 were classified as high quality.

MATERIALS AND METHODS

Statistical analysis
The RRs and corresponding 95%CIs were used as the
effect measurements. All unadjusted RRs were calculated
using available data. To combine crude risk estimates, a
quantitative meta-analysis was performed using STATA
version 12.0 (STATA Corporation, College Station, TX,
United States). Both Cochran’s Q test and I2 measure-

Search strategy
Two investigators independently searched PubMed and
Embase (up to December 31, 2013) to collect all eligible
papers. The search strategies for PubMed and Embase
were as follows: (“retinal diseases” [MeSH Terms] OR
“retinal diseases” [All Fields] OR “retinopathy” [All
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568 of records identified through
database searching
(PubMed n = 96; Embase n = 472)

0 of additional records identified
through other sources

481 of records after duplicates removed
393 excluded after title screening
372 not relevant to HCV
19 case reports
2 reviews
88 abstract retrieved
72 studies excluded after abstract review
17 not provide the concerned data
16 not published in Chinese or English
36 case reports
2 reviews
1 conferrence abstracts
16 full-text retrieved
8 studies excluded after abstract review
5 no valid data available
3 not cohort studies

8 studies included

Figure 1 Flow chart illustrating the process of article selection.

ments were performed to evaluate intra-study heterogeneity. Substantial heterogeneity was indicated if the P
value was ≤ 0.10 or I2 was ≥ 50%. However, irrespective
of the presence of significant heterogeneity, a randomeffect model was utilized to allow comparisons among
different pooled risk estimates. Publication bias was evaluated by Egger’s test[24]. P ≤ 0.10 indicated the presence
of publication bias. Sensitivity analysis was performed to
evaluate the validity and reliability of the primary metaanalysis. Subgroup analysis was also conducted to evaluate the effects of study design, ethnicity, and treatment
duration on the incidence of IAR among CHC patients
with or without hypertension or DM. We also pooled the
unadjusted risk estimates of IAR for age, type of IFN,
and HCV genotypes to evaluate whether old age, PIFN
treatment, or genotype 1 infection portends an increased
risk of IAR.

examinations were performed by ophthalmologists in all
the studies except one[19], which did not provide the information on who performed the examination. Baseline
ophthalmic examination in one[20] study was performed
within 12 wk of initiating therapy, while in the remaining studies it was performed before the start of therapy[11,18,19,21,22,25,26]. Follow-up ophthalmic examinations varied among the studies. The two retrospective studies[20,21]
might have underestimated the incidence of retinopathy,
because only patients with reported symptoms underwent
a follow-up eye examination. According to the scoring
system, five studies[19,20,22,25,26] were of high methodological quality and three[11,18,21] were not. All the articles were
published in English as full-text articles (Table 1).
Hypertension and IAR
The incidence of IAR was compared between CHC
patients with and without hypertension in all studies. Although four studies[11,20-22] did not demonstrate a significantly increased risk of IAR in patients with CHC and
concomitant hypertension, the remaining four[18,19,25,26]
reported a significantly increased risk of IAR in patients
with CHC and concomitant hypertension. The metaanalysis showed that the incidence of IAR was significantly higher in CHC patients with than in those without
hypertension (48/189 vs 96/455, RR = 1.90, 95%CI:
1.15-3.15, P = 0.013) (Figure 2A). Significant intra-study
heterogeneity was observed among the included studies (I2
= 70.6%, P = 0.001) (Figure 2A). No evidence of publication bias was found by Egger’s test (P = 0.28).
Significant intra-study heterogeneity was observed
among the included studies, therefore, the data were
subgrouped with the aim of removing the heterogeneity. In the subgroup analysis of the association between
hypertension and IAR in CHC patients by study design,

RESULTS
Search results and characteristics of included studies
Of the 568 references identified, 87 duplicates were deleted. Screening of the title, abstract, and full text yielded
eight studies involving 606 patients (Figure 1)[11,18-22,25,26].
Among these studies, two[20,21] were retrospective cohort
studies, and the remainder[11,18,19,22,25,26] were prospective
cohort studies. Two studies each were conducted in Japan[11,19] and the United States[20,21], and one report each
was published in Egypt[22], Canada[26], France[25] and South
Korea[18]. Conventional IFN, PIFN, and a combination
of IFN and PIFN were used in two[11,19], three[20,22,26],
and three[18,21,25] studies, respectively. The patients in one
study[19] were followed for 24 wk, while the patients in
the other studies[11,18,20-22,25,26] had a longer follow-up. The
mean follow-up time was 46.50 ± 13.51 wk. Ophthalmic
WJG|www.wjgnet.com
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Table 1 Main characteristics of the studies included in the meta-analysis
Ref.

Year

Country

Study design

Type of IFN

Kawano et al[11]

1996

Japan

Prospective cohort

Natural IFN α,
recombinant IFN α-2a/2b
Recombinant IFN α-2b
IFN α, PIFN α
Consensus IFN, PIFN
α-2a/2b
PIFN
PIFN, conventional IFN
PIFNα-2a/2b
PIFN α-2a/2b

Okuse et al[19]
2006
Japan
Prospective cohort
d'Alteroche et al[25] 2006
France
Prospective cohort
Panetta et al[21]
2009 United States Retrospective cohort
Mehta et al[20]
Kim et al[18]
Vujosevic et al[26]
Mousa et al[22]

2010 United States
2010 South Korea
2012
Canada
2013
Egypt

Retrospective cohort
Prospective cohort
Prospective cohort
Prospective cohort

No. of HCV (+) IAR (+)
Reported
cases/HCV (+) IAR (-) controls end-points

Follow- Study
up
quality

17/49

Retinopathy

48 wk

5

18/56
11/133
114/48

Retinopathy
Retinopathy
Retinopathy

24 wk
72 wk
48 wk

6
6
5

26/39
13/22
22/66
40/42

Retinopathy 48 wk
Retinopathy 36 wk
Retinopathy 36/60 wk
Retinopathy 48 wk

4
8
8
6

IFN: Interferon; PIFN: Pegylated interferon.

the pooled RR was only significant in prospective studies (RR = 2.38, 95%CI: 1.46-3.87, P = 0.000) and not
in retrospective studies (RR = 0.74, 95%CI: 0.16-3.33,
P = 0.690) (Table 2). The subgroup analysis by ethnicity showed that the pooled RR was significant only in
Asians (RR = 1.56, 95%CI: 1.07-2.27, P = 0.021) and
not in Caucasians and Africans (for Caucasians: RR =
1.96, 95%CI: 0.78-4.92, P = 0.154; for Africans: RR =
2.21, 95%CI: 0.15-33.50, P = 0.567) (Table 2). Subgroup
analysis by ethnicity was not reliable for Africans due to
the fact that only one study was performed. In addition,
the subgroup analysis by ethnicity indicated that studies conducted on Caucasians were the main source of
heterogeneity (I2=84%, P = 0.000) (Table 2). Finally, we
stratified the studies by treatment duration and found
that the pooled RR was significant only in patients
treated for 24 wk (RR = 1.56, 95%CI: 1.07-2.27, P =
0.021) and not in patients treated for 48 wk (RR = 2.00,
95%CI: 0.85-4.68, P = 0.112) (Table 2).

= 0.001) in these studies. Egger’s test did not detect the
presence of publication bias (P = 0.335).

DM and IAR
The incidence of IAR was compared between patients
with CHC with and without DM in six studies[11,18-22]. The
meta-analysis showed that there was an increased risk of
IAR among CHC patients with DM (18/72 vs 60/256,
RR = 1.78, 95%CI: 1.33-2.38, P = 0.000) (Figure 2B).
This association remained significant after the removal
of three small studies (RR = 1.55, 95%CI: 1.04-2.32, P =
0.033). No significant heterogeneity was observed among
the included studies (I2 = 0.0%, P = 0.518). The sensitivity analysis showed that the result changed significantly
(RR = 1.50, 95%CI: 0.82-2.76, P = 0.192) after the study
of Kawano et al[11], which clearly carried the most weight,
was omitted from the analysis, suggesting that the outcome was not stable.

Age and IAR
One study[27] identified age as an independent predictor
of IAR by multiple logistic regression analysis. However,
only three[18,19,26] of the included studies reported that the
adjusted odds ratios (ORs) or hazard risks (HRs), which
could not be combined in our meta-analysis because
there were only two ORs (one study did not provide
the 95%CI) and one HR. Although the three studies reported a positive association between hypertension and
IAR risk, no association was found between DM or age
and IAR risk when adjusted by factors such as sex, levels
of viremia, levels of alanine aminotransferase (ALT),
and response to therapy. Moreover, none of the studies
included in this meta-analysis were age-matched studies.
Therefore, we could not evaluate the association of age
with IAR in CHC patients with hypertension or DM.

Type of IFN and IAR
The incidence of IAR was compared between the PIFN
α-2a and PIFN α-2b treatment groups in three studies[11,20,21], and four studies[11,18,21,25] had results on the
incidence of IAR in patients who received IFN α and
PIFN α therapies. Comparable incidences of IAR were
observed between patients treated with PIFN α -2a
and those treated with PIFN α-2b (RR = 0.84, 95%CI:
0.56-1.24, P = 0.374) and between patients treated with
IFN α and those treated with PIFN α (RR = 1.04,
95%CI: 0.72-1.50, P = 0.845) (Figure 2D). No substantial
heterogeneity was found (PIFN α-2a vs PIFN α-2b: I2 =
8.6%, P = 0.335; IFN α vs PIFN α: I2 = 0%, P = 0.792)
in these groups. No evidence of publication bias was
found by Egger’s test (PIFN α-2a vs PIFN α-2b: P =
0.694; IFN α vs PIFN α: P = 0.458).

HCV genotypes and IAR
Three studies[18,19,25] provided sufficient data for evaluating the effect of HCV genotypes on the development of
IAR. We found comparable incidences of IAR between
genotype-1-infected and non-genotype-1-infected patients (RR = 1.09, 95%CI: 0.64-1.87, P = 0.746) (Figure
2C). Significant heterogeneity was found (I2 = 84.7%, P
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DISCUSSION
Ocular side effects are well-recognized complications of
the current standard chemotherapy for hepatitis C; the
most common of which is ischemic retinopathy. Most
patients developed retinopathy within 2 mo after IFN
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A

Study ID

RR (95%CI)

Kawano T 1996
Okuse C 2006
d'Alteroche L 2006
Panetta JD 2009
Kim ET 2009
Mehta N 2010
Vujosevic S 2012
Mousa N 2013
2
Overall (I = 70.6%, P = 0.001)

1.63 (0.97, 2.76)
2.33 (0.89, 6.10)
4.03 (2.60, 6.24)
0.28 (0.05, 1.49)
1.20 (0.62, 2.31)
1.33 (0.67, 2.65)
4.00 (1.95, 8.19)
2.21 (0.15, 33.50)
1.90 (1.15, 3.15)
0.1

B

1

RR (95%CI)

Kawano T 1996
Okuse C 2006
Panetta JD 2009
Kim ET 2009
Mehta N 2010
Mousa N 2013
2
Overall (I = 0.0%, P = 0.518)

1.87 (1.34, 2.61)
2.33 (0.42, 13.08)
0.18 (0.01, 3.25)
1.33 (0.54, 3.29)
1.63 (0.55, 4.82)
4.00 (0.38, 41.63)
1.78 (1.33, 2.38)

C

1

RR (95%CI)

d'Alteroche L 2006
Okuse C 2006
Kim ET 2009
2
Overall (I = 84.7%, P = 0.001)

D

1.19
0.68
1.73
1.09
1

(0.85,
(0.50,
(1.08,
(0.64,

1.67)
0.92)
2.75)
1.87)

RR (95%CI)

Kawano T 1996
Panetta JD 2009
Kim ET 2009
d'Alteroche L 2006
2
Overall (I = 0.0%, P = 0.792)

1.31 (0.66, 2.60)
1.13 (0.07, 18.77)
1.38 (0.38, 5.01)
0.89 (0.56, 1.43)
1.04 (0.72, 1.50)

1

RR (95%CI)

Kawano T 1996
Mehta N 2010
Panetta JD 2009
2
Overall (I = 8.6%, P = 0.335)

1.09
0.64
0.56
0.84

1

% Weight
34.31
35.11
30.58
100.00

% Weight
28.88
1.72
8.11
61.29
100.00

10

PIFN 2a vs PIFN 2b
Study ID

0.1

76.90
2.87
1.02
10.45
7.21
1.55
100.00

10

IFN vs PIFN
Study ID

0.1

% Weight

10

Study ID

0.1

16.76
11.73
17.73
6.36
15.19
14.81
14.47
2.94
100.00

10

Study ID

0.1

% Weight

(0.66,
(0.36,
(0.11,
(0.56,

1.80)
1.13)
2.82)
1.24)

% Weight
51.86
42.23
5.91
100.00

10

Figure 2 Forest plot. A: RRs for the association of IAR and hypertension. Squares represent the study-specific RR. Diamonds represent the summary relative risks
(SRRs). Horizontal lines represent 95%CIs. A random-effect model was used. An overall tendency toward the right side of the reference line (RR = 1) indicated that
hypertension could increase the incidence of IAR; B: RRs for the association of IAR and DM. Squares represent the study-specific RR. Diamonds represent the SRRs.
Horizontal lines represent 95%CIs. A random-effect model was used. An overall tendency towards the right side of the reference line (RR = 1) indicated that DM could
increase the incidence of IAR; C: RRs for the association of IAR and HCV genotypes. Squares represent the study-specific RR. Diamonds represent the SRRs. Horizontal lines represent 95%CIs. A random-effect model was used. The contact of overall diamond with the reference line (RR = 1) indicated that there was no difference
in IAR incidence between genotype-1-infected and genotype-2-infected patients; D: Effect of different types of IFN on IAR risk. Squares represent the study-specific
RR. Diamonds represent the SRRs. Horizontal lines represent 95%CIs. A random-effect model was used. The contact of overall diamond with the reference line (RR = 1)
indicated that there was no difference in IAR incidence between the PIFN α-2a group and the PIFN α-2b group or between the IFN α group and the PIFN α group.

treatment[11-14,28,29]. Several studies[13,16,30] showed that no
retinal lesions were detected in any sample from patients
with CHC who were not undergoing IFN therapy. These
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results further support the hypothesis that IFN treatment
induces retinopathy in patients with CHC. Cotton-wool
spots and retinal hemorrhage were the most common
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Table 2 Summary relative risks for the association of hypertension and interferon-associated retinopathy risk by study design,
ethnicity
Subgroup

Ref.

Z (P value)

RR (95%CI)

Heterogeneity of study design

χ
HTN

Study design
Prospective
Retrospective
Ethnicity
Asian
Caucasian
African
Treatment duration
24 wk
48 wk
Overall

2

Df (P value)

I2

[11,18-20,25,26]
[20,21]

2.38 (1.46-3.87)
0.74 (0.16-3.33)

3.49 (0.000)
0.40 (0.690)

13.62
2.99

5 (0.018)
1 (0.084)

63.30%
66.50%

[11,18,19]
[20,21,25,26]
[22]

1.56 (1.07-2.27)
1.96 (0.78-4.92)
2.21 (0.15-33.50)

2.31 (0.021)
1.43 (0.154)
0.57 (0.567)

1.33
18.69
-

2 (0.514)
3 (0.000)
-

0.00%
84.00%
-

[11,18,19]
[20-22,25,26]
[11,18-22,25,26]

1.56 (1.07-2.27)
2.00 (0.85-4.68)
1.90 (1.15-3.15)

2.31 (0.021)
1.59 (0.112)
2.50 (0.013)

1.33
18.67
23.82

2 (0.514)
4 (0.001)
7 (0.001)

0.00%
78.60%
70.60%

HTN: Hypertension; -: Could not be calculated.

manifestations of IAR[11,18-22,25,26], whereas decreased visual acuity and subjective symptoms were rare. In most
patients who have retinopathy, the treatment can safely be
continued in close collaboration with an ophthalmologist.
However, serious complications, such as a severe decrease
in visual acuity due to retinal vein occlusion and vitreous
hemorrhage, have been reported in some cases[31-33], especially in individuals with risk factors for retinopathy. Patients with retinopathy were reported to drop out of IFN
treatment in all the included studies. The present study
examined the association between hypertension, DM,
HCV genotype, type of IFN, and risk of IAR in CHC
patients receiving IFN therapy.
Our meta-analysis revealed that the risk of IAR in
CHC patients with hypertension was elevated 1.90-fold,
as compared with that in CHC patients without hypertension, even when any individual study was removed.
However, significant heterogeneity was found among the
included studies. The subgroup analysis by study design
suggested that the two retrospective studies[20,21] underestimated the incidence of IAR, because these studies
did not include appropriate eye examinations. One of
the two studies [20] described the performance of the
ophthalmic examinations within 12 and 24 wk of initiation of therapy. Another limitation of the study was that
patients who did not undergo follow-up evaluations after
their eye examinations were not actively pursued. The
other study[21] conducted ophthalmic examinations only
when the patients complained of symptoms. However,
retinopathy occurred in most patients, which was often
asymptomatic.
As stated previously, the prevalence of chronic hepatitis is higher in Asia, including South Korea and Japan,
than in Europe or the United States[18]. Additionally, it
appears that there may be geographic differences in the
incidence of IAR[34]. Therefore, we stratified the included
studies by ethnicity to evaluate the effect of ethnicity
on the incidence of IAR among CHC patients with or
without hypertension. The results showed that the association between hypertension and IAR was significant
in Asians but not in Caucasians or Africans. This result
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may be attributed to the limited number of studies. Only
a single study was performed on Africans, thus, the subgroup analysis on ethnicity might not have been reliable
for the African population. Additional studies based on
African patients should therefore be performed to reevaluate the association between hypertension and risk of
IAR in this population. According to the results of the
subgroup analysis by treatment duration, the association
between hypertension and IAR was significant in patients
who were treated for 24 wk, but not in those treated for
48 wk. However, the only studies including patients who
were treated for 24 wk were conducted on Asian patients.
Therefore, the effect of treatment duration on IAR incidence could not be determined. The subgroup analyses revealed that the substantial heterogeneity might be
due to the studies performed in non-Asian populations.
Taken together, our results suggest that hypertension was
associated with a significantly increased risk of IAR in
CHC patients.
Six studies compared the incidence of IAR among
CHC patients with or without DM. However, the number
of patients with DM in three[18-20] of the six studies was
too small. The pooled results revealed that CHC patients
with DM have a significantly high risk of IAR. When
several small studies were removed, the high risk of IAR
in CHC patients with DM remained very significant.
However, the overall trend was altered when the study
of Kawano et al[11] was excluded. These results suggest
that the outcome is not credible, therefore, the analyses
should be reinvestigated in the future.
Additionally, our meta-analysis revealed that PIFN
did not increase the incidence of IAR compared to IFN,
which was different from the results of d’Alteroche et al[25].
Further studies are needed to identify the underlying cause
of this inconsistency. This result may help us to exclude
the influence of the different types of IFN used in each
study on the incidence of IAR in patients with hypertension or DM. We also found that HCV genotype had no
effect on the development of IAR. However, we cannot exclude the effect of patient age on IAR incidence
among patients with hypertension or DM, due to a lack
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of data.
IAR likely occurs due to disturbances in retinal microcirculation[35]. Guyer et al[36] speculated that IFN therapy
may cause deposition of immune complexes in the retinal vasculature; this leads to leukocyte infiltration with
subsequent retinal ischemia, which then leads to capillary
non-perfusion, retinal hemorrhage, and cotton-wool spot
formation. An ischemic insult, similar to that observed in
patients with hypertension and diabetes, could be regarded as a potential mechanism. Therefore, previous retinal
arteriole and venule anomalies may constitute susceptibility to retinopathy. Endothelial cells are known to play an
important role in microcirculation[11]. There is evidence
that IFN inhibits the proliferation and migration of vascular endothelial cells in vitro and inhibits experimental intraocular neovascularization[37,38]. Additionally, studies[30,39]
have demonstrated high circulating levels of plasma-activated complement component 5 (C5a), which is a potent
intravascular aggregator of granulocytes in patients receiving IFN therapy for hepatitis C. Complement activity
associated with high C5a levels may cause retinal capillary
infarction, manifesting as capillary non-perfusion, cottonwool spots, and retinal hemorrhage. Compared with each
individual factor, a combination of these factors may lead
to greater effects during IFN α therapy.
Our study showed that patients with hypertension
were at particular risk for developing retinopathy during
IFN therapy, and this is most likely related to the preexisting disturbances in their retinal microcirculation.
Chronic hypertension is associated with thickening of
the arterial and small arteriolar walls[40]. Therefore, systemic hypertension predisposes patients to IAR. The fact
that hypertensive retinopathy induces the formation of
flame-shaped hemorrhage and white cotton-wool spots,
which are also observed in IAR, indicates that systemic
hypertension and IAR may be related to each other.
Consequently, in these high-risk patients, severe retinal
damage carries a risk of visual loss; thus, ophthalmic
evaluations should be recommended prior to and during
IFN therapy.
There were several limitations to this study. First,
heterogeneity and confounding factors, such as patient
age and response to chemotherapy, might have affected
our meta-analysis. However, we are unable to account
for these differences because of a lack of data. Second,
we primarily studied the risk of IAR in CHC patients
with DM in this meta-analysis. However, the association
between DM and IAR in CHC patients remains unclear,
owing to the limited data available in published studies.
Therefore, further studies should be conducted to assess
the association between DM and IAR in CHC patients.
Finally, the effect of different antihypertensive drugs and
the compliance of patients on IAR could not be evaluated in the current study due to the lack of data. In our
meta-analysis, although some of the included studies indicated that hypertension and DM were well controlled,
others did not provide the related information.
In conclusion, our meta-analysis suggests that patients
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with hypertension are more susceptible to the development of retinopathy. The influence of ethnicity and
treatment duration on the incidence of IAR among CHC
patients with or without hypertension should be re-evaluated. Moreover, further studies are needed to clarify the
association between DM and IAR in patients with CHC.
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Background

Retinopathy is an adverse effect of interferon (IFN)-based therapy for chronic
hepatitis C (CHC) infection; cotton wool spots and retinal hemorrhage are the
most common manifestations of interferon-associated retinopathy (IAR). Some
studies have suggested that hypertension and diabetes mellitus (DM) are
possible risk factors for IAR, and others have not identified these risk factors.
Therefore, the question of whether ophthalmic screening should be recommended for CHC patients with hypertension or DM before, during, and after
treatment is controversial.

Research frontiers

Over the past two decades, many studies have been performed to identify the
possible risk factors for retinopathy in patients with CHC undergoing antiviral
therapy with IFN α and/or pegylated IFN (PIFN) α. These studies aimed to
determine whether ophthalmic screening should be recommended for CHC
patients with hypertension or DM before, during, and after treatment.

Innovations and breakthroughs

Discordant results have been reported regarding the influence of hypertension
and DM on the development of IAR. To address this issue, authors performed a
meta-analysis of studies that assessed the association of hypertension and/or
DM with IAR risk among CHC patients. Authors showed that patients with
hypertension are at higher risk for developing retinopathy when receiving IFNbased therapy for CHC infection. However, further studies are needed to clarify
the association between DM and IAR.

Applications

This study provides a theoretical basis for determining whether ophthalmic
screening should be recommended for CHC patients with hypertension or DM
before, during, and after treatment.

Terminology

IAR is an adverse effect caused by the use of IFN, which manifests as cottonwool spots and petechiae of the retina, perfusion abnormalities in the capillary
system, microaneurysms, and retinal vein occlusion. Clinically, decreased visual
acuity and subjective symptoms are rare. By contrast, in some case reports,
cotton-wool spots (indicating a precapillary arteriolar occlusion) were symptomatic or were associated with other symptomatic ischemic signs of retinopathy,
such as papilledema, retinal artery occlusion, and retinal vein thrombosis, and
were sometimes responsible for a definitive decrease in visual acuity.

Peer review

This meta-analysis aimed to assess the association of hypertension and/or DM
with IAR risk among CHC patients. The results are interesting and the issue is
important. The authors found that patients with hypertension, but not those with
DM, are at higher risk for developing retinopathy when receiving IFN-based
therapy for CHC infection. This study was the first meta-analysis of relevant
studies to examine retinopathy in patients with hypertension, and the results will
be helpful for determining whether an ophthalmic screening should be recommended for CHC patients with hypertension or DM before, during, and after
treatment.

REFERENCES
1
2
3

7511

Lavanchy D. The global burden of hepatitis C. Liver Int
2009; 29 Suppl 1: 74-81 [PMID: 19207969 DOI: 10.1111/
j.1478-3231.2008.01934.x]
Lauer GM, Walker BD. Hepatitis C virus infection. N Engl
J Med 2001; 345: 41-52 [PMID: 11439948 DOI: 10.1056/
NEJM200107053450107]
Afdhal NH. The natural history of hepatitis C. Semin Liver
Dis 2004; 24 Suppl 2: 3-8 [PMID: 15346240 DOI: 10.1055/

June 21, 2014|Volume 20|Issue 23|

Xue JH et al . Risk of interferon-associated retinopathy

4

5

6

7

8

9

10

11

12

13

14

15
16

s-2004-832922]
European Association for the Study of the Liver. EASL
Clinical Practice Guidelines: management of hepatitis C
virus infection. J Hepatol 2011; 55: 245-264 [PMID: 21371579
DOI: 10.1016/j.jhep.2011.02.023]
Ferenci P. Safety and efficacy of treatment for chronic hepatitis C with a focus on pegylated interferons: the backbone of
therapy today and in the future. Expert Opin Drug Saf 2011;
10: 529-544 [PMID: 21345149 DOI: 10.1517/14740338.2011.55
5079]
Ghany MG, Nelson DR, Strader DB, Thomas DL, Seeff LB.
An update on treatment of genotype 1 chronic hepatitis C
virus infection: 2011 practice guideline by the American Association for the Study of Liver Diseases. Hepatology 2011; 54:
1433-1444 [PMID: 21898493 DOI: 10.1002/hep.24641]
Bacon BR, Gordon SC, Lawitz E, Marcellin P, Vierling JM,
Zeuzem S, Poordad F, Goodman ZD, Sings HL, Boparai N,
Burroughs M, Brass CA, Albrecht JK, Esteban R. Boceprevir
for previously treated chronic HCV genotype 1 infection.
N Engl J Med 2011; 364: 1207-1217 [PMID: 21449784 DOI:
10.1056/NEJMoa1009482]
Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie
AM, Reddy KR, Bzowej NH, Marcellin P, Muir AJ, Ferenci P,
Flisiak R, George J, Rizzetto M, Shouval D, Sola R, Terg RA,
Yoshida EM, Adda N, Bengtsson L, Sankoh AJ, Kieffer TL,
George S, Kauffman RS, Zeuzem S. Telaprevir for previously
untreated chronic hepatitis C virus infection. N Engl J Med
2011; 364: 2405-2416 [PMID: 21696307 DOI: 10.1056/NEJMoa1012912]
Kwo PY, Lawitz EJ, McCone J, Schiff ER, Vierling JM,
Pound D, Davis MN, Galati JS, Gordon SC, Ravendhran N,
Rossaro L, Anderson FH, Jacobson IM, Rubin R, Koury K,
Pedicone LD, Brass CA, Chaudhri E, Albrecht JK. Efficacy
of boceprevir, an NS3 protease inhibitor, in combination
with peginterferon alfa-2b and ribavirin in treatment-naive
patients with genotype 1 hepatitis C infection (SPRINT-1):
an open-label, randomised, multicentre phase 2 trial.
Lancet 2010; 376: 705-716 [PMID: 20692693 DOI: 10.1016/
S0140-6736(10)60934-8]
McHutchison JG, Manns MP, Muir AJ, Terrault NA, Jacobson IM, Afdhal NH, Heathcote EJ, Zeuzem S, Reesink
HW, Garg J, Bsharat M, George S, Kauffman RS, Adda N, Di
Bisceglie AM. Telaprevir for previously treated chronic HCV
infection. N Engl J Med 2010; 362: 1292-1303 [PMID: 20375406
DOI: 10.1056/NEJMoa0908014]
Kawano T, Shigehira M, Uto H, Nakama T, Kato J, Hayashi
K, Maruyama T, Kuribayashi T, Chuman T, Futami T, Tsubouchi H. Retinal complications during interferon therapy
for chronic hepatitis C. Am J Gastroenterol 1996; 91: 309-313
[PMID: 8607498]
Hayasaka S, Fujii M, Yamamoto Y, Noda S, Kurome H,
Sasaki M. Retinopathy and subconjunctival haemorrhage
in patients with chronic viral hepatitis receiving interferon
alfa. Br J Ophthalmol 1995; 79: 150-152 [PMID: 7696235 DOI:
10.1136/bjo.79.2.150]
Saito H, Ebinuma H, Nagata H, Inagaki Y, Saito Y, Wakabayashi K, Takagi T, Nakamura M, Katsura H, Oguchi Y,
Ishii H. Interferon-associated retinopathy in a uniform regimen of natural interferon-alpha therapy for chronic hepatitis
C. Liver 2001; 21: 192-197 [PMID: 11422782 DOI: 10.1034/
j.1600-0676.2001.021003192.x]
Kadayifcilar S, Boyacioglu S, Kart H, Gursoy M, Aydin P.
Ocular complications with high-dose interferon alpha in
chronic active hepatitis. Eye (Lond) 1999; 13 (Pt 2): 241-246
[PMID: 10450390 DOI: 10.1038/eye.1999.59]
Tokai R, Ikeda T, Miyaura T, Sato K. Interferon-associated
retinopathy and cystoid macular edema. Arch Ophthalmol
2001; 119: 1077-1079 [PMID: 11448335]
Schulman JA, Liang C, Kooragayala LM, King J. Posterior segment complications in patients with hepatitis

WJG|www.wjgnet.com

17

18

19

20

21

22

23

24
25

26

27

28

29
30

31

7512

C treated with interferon and ribavirin. Ophthalmology 2003; 110: 437-442 [PMID: 12578794 DOI: 10.1016/
S0161-6420(02)01741-4]
Rubio JE, Charles S. Interferon-associated combined branch
retinal artery and central retinal vein obstruction. Retina
2003; 23: 546-548 [PMID: 12972771 DOI: 10.1097/00006982-20
0308000-00019]
Kim ET, Kim LH, Lee JI, Chin HS. Retinopathy in hepatitis
C patients due to combination therapy with pegylated interferon and ribavirin. Jpn J Ophthalmol 2009; 53: 598-602 [PMID:
20020238 DOI: 10.1007/s10384-009-0738-8]
Okuse C, Yotsuyanagi H, Nagase Y, Kobayashi Y, Yasuda K,
Koike K, Iino S, Suzuki M, Itoh F. Risk factors for retinopathy associated with interferon alpha-2b and ribavirin combination therapy in patients with chronic hepatitis C. World J
Gastroenterol 2006; 12: 3756-3759 [PMID: 16773695]
Mehta N, Murthy UK, Kaul V, Alpert S, Abruzzese G, Teitelbaum C. Outcome of retinopathy in chronic hepatitis
C patients treated with peginterferon and ribavirin. Dig
Dis Sci 2010; 55: 452-457 [PMID: 19242801 DOI: 10.1007/
s10620-009-0721-8]
Panetta JD, Gilani N. Interferon-induced retinopathy and
its risk in patients with diabetes and hypertension undergoing treatment for chronic hepatitis C virus infection. Aliment Pharmacol Ther 2009; 30: 597-602 [PMID: 19549263 DOI:
10.1111/j.1365-2036.2009.04071.x]
Mousa N, Besheer T, Gad Y, Elbendary A, Mokbel T, AbdelAziz A. Is combination therapy interferon and ribavirin in
patients with chronic hepatitis C infection toxic for eyes? J
Ocul Pharmacol Ther 2013; 29: 345-348 [PMID: 23113644 DOI:
10.1089/jop.2012.0169]
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos
M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
Available from: URL: http:// www.ohri.ca/programs/
clinical_epidemiology/oxford.asp
Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ 1997;
315: 629-634 [PMID: 9310563 DOI: 10.1136/bmj.315.7109.629]
d’Alteroche L, Majzoub S, Lecuyer AI, Delplace MP, Bacq Y.
Ophthalmologic side effects during alpha-interferon therapy
for viral hepatitis. J Hepatol 2006; 44: 56-61 [PMID: 16223542
DOI: 10.1016/j.jhep.2005.07.026]
Vujosevic S, Tempesta D, Noventa F, Midena E, Sebastiani
G. Pegylated interferon-associated retinopathy is frequent
in hepatitis C virus patients with hypertension and justifies ophthalmologic screening. Hepatology 2012; 56: 455-463
[PMID: 22331668 DOI: 10.1002/hep.25654]
Nagaoka T, Sato E, Takahashi A, Yokohama S, Yoshida
A. Retinal circulatory changes associated with interferoninduced retinopathy in patients with hepatitis C. Invest
Ophthalmol Vis Sci 2007; 48: 368-375 [PMID: 17197556 DOI:
10.1167/iovs06-0182]
Jain K, Lam WC, Waheeb S, Thai Q, Heathcote J. Retinopathy in chronic hepatitis C patients during interferon treatment with ribavirin. Br J Ophthalmol 2001; 85: 1171-1173
[PMID: 11567959 DOI: 10.1136/bjo.85.10.1171]
Savant V, Gillow T. Interferon-associated retinopathy. Eye
(Lond) 2003; 17: 534-536 [PMID: 12802361 DOI: 10.1038/
sj.eye.6700391]
Sugano S, Suzuki T, Watanabe M, Ohe K, Ishii K, Okajima
T. Retinal complications and plasma C5a levels during
interferon alpha therapy for chronic hepatitis C. Am J Gastroenterol 1998; 93: 2441-2444 [PMID: 9860406 DOI: 10.1111/
j.1572-0241.1998.00701.x]
Perlemuter G, Bodaghi B, Le Hoang P, Izem C, Buffet C,
Wechsler B, Piette JC, Cacoub P. Visual loss during interferon-alpha therapy in hepatitis C virus infection. J Hepatol
2002; 37: 701-702 [PMID: 12399242 DOI: 10.1016/S01688278(02)00243-X]

June 21, 2014|Volume 20|Issue 23|

Xue JH et al . Risk of interferon-associated retinopathy
32

33
34

35

36

Nadir A, Amin A, Chalisa N, van Thiel DH. Retinal vein
thrombosis associated with chronic hepatitis C: a case series
and review of the literature. J Viral Hepat 2000; 7: 466-470
[PMID: 11115059 DOI: 10.1046/j.1365-2893.2000.00245.x]
Tu KL, Bowyer J, Schofield K, Harding S. Severe interferon
associated retinopathy. Br J Ophthalmol 2003; 87: 247-248
[PMID: 12543766 DOI: 10.1136/bjo.87.2.247]
Fouad YM, Khalaf H, Ibraheem H, Rady H, Helmy AK. Incidence and risk factors of retinopathy in Egyptian patients
with chronic hepatitis C virus treated with pegylated interferon plus ribavirin. Int J Infect Dis 2012; 16: e67-e71 [PMID:
22115957 DOI: 10.1016/j.ijid.2011.09.022]
Abe T, Nakajima A, Satoh N, Koizumi T, Sakuragi S, Ono T,
Komatsu M, Masamune O. Clinical characteristics of hepatitis C virus-associated retinopathy. Jpn J Ophthalmol 1995; 39:
411-419 [PMID: 8926649]
Guyer DR, Tiedeman J, Yannuzzi LA, Slakter JS, Parke D,
Kelley J, Tang RA, Marmor M, Abrams G, Miller JW. Interferon-associated retinopathy. Arch Ophthalmol 1993; 111: 350-356
[PMID: 8447745 DOI: 10.1001/archopht.1993.01090030068041]

37

38

39

40

Miller JW, Stinson WG, Folkman J. Regression of experimental iris neovascularization with systemic alpha-interferon. Ophthalmology 1993; 100: 9-14 [PMID: 7679482 DOI:
10.1016/S0161-6420(93)31712-4]
Chisholm JA, Williams G, Spence E, Parks S, Keating
D, Gavin M, Mills PR. Retinal toxicity during pegylated
alpha-interferon therapy for chronic hepatitis C: a multifocal electroretinogram investigation. Aliment Pharmacol
Ther 2005; 21: 723-732 [PMID: 15771758 DOI: 10.1111/
j.1365-2036.2005.02365.x]
Sugano S, Yanagimoto M, Suzuki T, Sato M, Onmura H,
Aizawa H, Makino H. Retinal complications with elevated
circulating plasma C5a associated with interferon-alpha
therapy for chronic active hepatitis C. Am J Gastroenterol
1994; 89: 2054-2056 [PMID: 7942735]
Sharrett AR, Hubbard LD, Cooper LS, Sorlie PD, Brothers
RJ, Nieto FJ, Pinsky JL, Klein R. Retinal arteriolar diameters
and elevated blood pressure: the Atherosclerosis Risk in
Communities Study. Am J Epidemiol 1999; 150: 263-270 [PMID:
10430230 DOI: 10.1093/oxfordjournals.aje.a009997]

P- Reviewers: El-Raziky MESH, Ikura Y, Lee MH, Lin CW,
Parvez MK, Quarleri J S- Editor: Wen LL
L- Editor: Kerr C E- Editor: Zhang DN

WJG|www.wjgnet.com

7513

June 21, 2014|Volume 20|Issue 23|

World J Gastroenterol 2014 June 21; 20(23): 7514-7517
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i23.7514

© 2014 Baishideng Publishing Group Inc. All rights reserved.

BRIEF
CASEARTICLE
REPORT

Case of acute pancreatitis associated with Campylobacter
enteritis
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culture. Lower gastrointestinal endoscopy performed on
hospital day 8 revealed diffuse aphthae extending from
the terminal ileum to the entire colon. Based on the
findings, pancreatitis associated with Campylobacter
enteritis was diagnosed. In the present case, a possible
mechanism of onset of pancreatitis was invasion of the
pancreatic duct by Campylobacter and the host immune responses to Campylobacter .
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Core tip: A 25-year-old man was admitted with infectious enteritis. During the hospital stay, although the
symptom of enteritis was improved, the patient developed epigastric pain and increased blood levels of the
pancreatic enzymes, and was diagnosed acute pancreatitis. The patient passed fresh blood stools, and Campylobacter jejuni/coli was detected by culture. Based
on the findings, pancreatitis associated with Campylobacter enteritis was diagnosed. Bacteria that cause
gastroenteritis can also be causative agents for pancreatitis. When upper abdominal pain or increased levels
of pancreatic enzymes not consistent with the course
of gastroenteritis are observed, we need to consider
concomitant pancreatitis.

Abstract
A 25-year-old man was admitted with the chief complaints of right flank pain, watery diarrhea, and fever.
Blood tests revealed high levels of inflammatory markers, and infectious enteritis was diagnosed. A stool
culture obtained on admission revealed no growth of
any significant pathogens. Conservative therapy was
undertaken with fasting and fluid replacement. On
day 2 of admission, the fever resolved, the frequency
of defecation reduced, the right flank pain began to
subside, and the white blood cell count started to decrease. On hospital day 4, the frequency of diarrhea
decreased to approximately 5 times per day, and the
right flank pain resolved. However, the patient developed epigastric pain and increased blood levels of the
pancreatic enzymes. Abdominal computed tomography
revealed mild pancreatic enlargement. Acute pancreatitis was diagnosed, and conservative therapy with fasting and fluid replacement was continued. A day later,
the blood levels of the pancreatic enzymes peaked out.
On hospital day 7, the patient passed stools with fresh
blood, and Campylobacter jejuni/coli was detected by
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INTRODUCTION
Infection is one of the diverse causes of pancreatitis.
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Bacteria that cause gastroenteritis can also be causative
agents of pancreatitis. We encountered a rare case in
which acute pancreatitis occurred during the course of
Campylobacter enteritis.

Table 1 Hematological examination on admission
WBC
Neut
Lymp
Hb
Plt
TP
Alb
T-Bil
D-Bil
AST
ALT
LD
ALP

CASE REPORT
A 25-year-old man was admitted with a 3-d history
of right flank pain and watery diarrhea. He had eaten
chicken liver and steamed chicken at a restaurant 4 d
earlier. On the day prior to admission, he had developed
a fever of approximately 38 degrees C, and Clostridium
butyricum preparations and acetaminophen had been
prescribed at a neighborhood clinic. However, because of
the persistence of diarrhea at a stool frequency of more
than 20 times per day and fever, the patient was referred
and admitted to our hospital for detailed examination.
None of his friends who had eaten the same meal with
him had similar symptoms.
On admission, a fever of 39.1 degrees C and tenderness of the right flank were noted; however, there was
no rebound tenderness or muscle guarding. The white
blood cell count was elevated to 13120/μL, and the serum C-reactive protein level was increased to 11.58 (Table
1). A stool culture obtained on admission revealed no
growth of any significant pathogens. As abdominal ultrasonography (US) revealed thickening of the wall of the
ascending colon, infectious enteritis was diagnosed, and
conservative therapy with fasting and fluid replacement
was undertaken. Although no antimicrobial agent was administered, the fever resolved by day 2 of admission. The
frequency of defecation and the white blood cell count
began to decrease, and the right flank pain began to subside. On hospital day 4, the stool frequency decreased to
approximately 5 times per day, and the right flank pain
resolved completely. However, the patient developed epigastric pain. The plasma levels of pancreatic amylase and
lipase were elevated to 341 IU/L and 660 IU/L, respectively (Table 2). Computed tomography (CT) revealed
mild pancreatic enlargement (Figure 1). Acute pancreatitis was diagnosed, and conservative therapy with fasting
and fluid replacement was continued. On the following
day, the pancreatic enzyme levels peaked. On hospital day
6, oral intake was resumed. On hospital day 7, the patient
passed stools containing fresh blood, and a stool culture
yielded growth of Campylobacter jejuni/coli. Lower gastrointestinal endoscopy performed on hospital day 8 revealed
diffuse aphthae extending from the terminal ileum to the
entire colon (Figure 2). Subsequently, the bloody stools
resolved, and the clinical course was favorable. The patient was discharged on hospital day 12.

γ-GTP
CK
P-AMY
Lipase
CRP
BUN
Cr
Na
K
Cl
Tcho
TG
BS

25 U/L
132 U/L
24 U/L
660 U/L
11.58 mg/dL
10 mg/dL
1.1 mg/dL
133 mmol/L
3.6 mmol/L
97 mmol/L
89 mg/dL
106 mg/dL
118 mg/dL

WBC: White blood cell; Neut: Neutrophil; Lymp: Lymphocyte; Hb:
Hemoglobin; Plt: Platelet; TP: Total protein; Alb: Albumin; T-Bil: Total
bilirubin; D-Bil: Direct bilirubin; AST: Aspartate transaminase; ALT:
Alanine aminotransferase; LD: Lactate dehydrogenase; ALP: Alkaline
phosphatase; γ-GTP: Gamma-glutamyl transpeptidase; CK: Creatinine
phosphokinase; P-AMY: Pancreatic amylase; CRP: C-reactive protein;
BUN: Blood urea nitrogen; Cr: Creatinine; Na: Sodium; K: Potassium; Cl:
Chloride; Tcho: Total cholesterol; TG: Triglyceride; BS: Blood sugar.

Table 2 Hematological examination on hospital day 4
WBC
Neut
Lymp
Hb
Plt
TP
Alb
T-Bil
D-Bil
AST
ALT
LD
ALP

5420/μL
76.0%
14.0%
14.8 g/dL
27.9 × 104/μL
7.0 g/dL
4.1 g/dL
0.52 mg/dL
0.19 mg/dL
24 U/L
16 U/L
231 U/L
186 U/L

γ-GTP
CK
P-AMY
Lipase
CRP
BUN
Cr
Na
K
Cl

28 U/L
83 U/L
341 U/L
438 U/L
4.07 mg/dL
7 mg/dL
0.94 mg/dL
134 mmol/L
4.0 mmol/L
96 mmol/L

WBC: White blood cell; Neut: Neutrophil; Lymp: Lymphocyte; Hb:
Hemoglobin; Plt: Platelet; TP: Total protein; Alb: Albumin; T-Bil: Total
bilirubin; D-Bil: Direct bilirubin; AST: Aspartate transaminase; ALT:
Alanine aminotransferase; LD: Lactate dehydrogenase; ALP: Alkaline
phosphatase; γ-GTP: Gamma-glutamyl transpeptidase; CK: Creatinine
phosphokinase; P-AMY: Pancreatic amylase; CRP: C-reactive protein;
BUN: Blood urea nitrogen; Cr: Creatinine; Na: Sodium; K: Potassium; Cl:
Chloride.

immunodeficiency virus. The bacteria reported to cause
pancreatitis include Mycoplasma, Legionella, and Leptospira species, as well as those causing gastroenteritis, such
as Salmonella typhi, Campylobacter jejuni, Yersinia enterocolitica, and Yersinia pseudotuberculosis[1]. Although the
mechanisms by which bacteria cause pancreatitis remain
unknown, possible mechanisms include the direct spread
of inflammation from adjacent organs, such as the small
intestine, to the pancreas[2]; invasion of the bile duct[1]
and pancreatic duct[3] by bacteria; dissemination through
the blood and lymphatic vessels[1]; and immune responses
of the host to bacterial invasion of the pancreas[2].
In regard to pancreatitis caused by Campylobacter enteritis, the reported age at onset ranges widely, from 9 to

DISCUSSION
Infection is one of the diverse causes of pancreatitis. Viruses that are known to cause pancreatitis include mumps
virus, coxsackievirus, hepatitis B virus, cytomegalovirus,
varicella-zoster virus, herpes simplex virus, and human

WJG|www.wjgnet.com

13120/μL
94.0%
1.0%
15.8 g/dL
22.2 × 104/μL
7.4 g/dL
4.5 g/dL
0.66 mg/dL
0.21 mg/dL
22 U/L
13 U/L
229 U/L
222 U/L
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A

B

Figure 1 Abdominal computed tomography on hospital day 4 revealed
mild pancreatic enlargement.

88 years, and there is no gender difference. The interval
from the onset of enteritis to the occurrence of pancreatitis ranges from 3 to 7 d. In terms of the severity,
there are many cases of mild pancreatitis. Campylobacter
enteritis has been reported to be both treated and not
treated with antimicrobial agents[2-8]. However, it remains
unclear whether antimicrobial agents are effective for the
treatment of pancreatitis associated with Campylobacter
enteritis.
In the present case, there was no apparent cause of
acute pancreatitis, except for Campylobacter enteritis. The
patient drank socially and was not on any regular medication. No gallstones were detected by US or CT. Additionally, there was no evidence of hypertriglyceridemia.
Thin-slice CT revealed no apparent abnormalities of the
pancreatobiliary junction. Even a single administration
of acetaminophen can cause pancreatitis, but according
to previous case reports, pancreatitis occurs within 24
h of taking the drug[9]. In our case, because pancreatitis
occurred 5 d after the patient had taken acetaminophen,
acetaminophen was unlikely to have been the cause of
the pancreatitis. Moreover, because the levels of antinuclear antibodies and immunoglobulin G4 were within
the normal range, autoimmune pancreatitis was unlikely.
Thus, our patient was diagnosed as having pancreatitis
associated with Campylobacter enteritis. As for the mechanism of the onset of pancreatitis in this patient, invasion of the bile duct by Campylobacter was unlikely because the blood levels of biliary enzymes were normal.
CT revealed no increase in the adipose tissue around
the pancreas, and the inflammatory findings around the
intestine were also mild. These findings made the direct
spread of the inflammation from the intestine to the
pancreas also unlikely. Thus, it is assumed that invasion
of the pancreatic duct by Campylobacter or an immune
response of the host to invasion of the pancreas by
Campylobacter was the mechanism of the onset of pancreatitis in our patient.
We encountered a rare case in which acute pancreatitis occurred during the course of Campylobacter enteritis.
Bacteria that cause gastroenteritis can also be causative
agents of pancreatitis. When upper abdominal pain or

WJG|www.wjgnet.com

Figure 2 Lower gastrointestinal endoscopy performed on hospital day 8
revealed aphthae in the terminal ileum (A) and descending colon (B).

increased levels of pancreatic enzymes that are not consistent with the course of gastroenteritis are observed,
concomitant pancreatitis needs to be kept in mind.

COMMENTS
COMMENTS
Case characteristics

The patient was admitted with a 3-d history of right flank pain and watery diarrhea, and on hospital day 4, the symptom of enteritis was improved, but the
patient developed epigastric pain.

Clinical diagnosis

Pancreatitis associated with Campylobacter enteritis was diagnosed.

Differential diagnosis

There was no apparent cause of acute pancreatitis, except for Campylobacter
enteritis, because the patient did not have a history of alcohol abuse or regular
medication, additionally, gallstones, abnormalities of the pancreatobiliary junction, hypertriglyceridemia, and high levels of antinuclear antibodies and immunoglobulin G4 were not detected.

Laboratory diagnosis

On admission, the plasma level of pancreatic amylase was not elevated; however, on hospital day 4, when the patient developed epigastric pain, the plasma
levels of pancreatic amylase and lipase were elevated.

Imaging diagnosis

Lower gastrointestinal endoscopy performed on hospital day 8, which revealed
diffuse aphthae extending from the terminal ileum to the entire colon.

Treatment

We performed conservative therapy with fasting and fluid replacement, no antimicrobial agent was administered for either Campylobacter enteritis or acute
pancreatitis.

Experiences and lessons

When upper abdominal pain or increased levels of pancreatic enzymes that
are not consistent with the course of gastroenteritis are observed, concomitant
pancreatitis needs to be kept in mind.
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Peer review

4

This was a rare case in which acute pancreatitis occurred during the course
of Campylobacter enteritis. Infection is one of the diverse causes of pancreatitis. Many viruses and bacteria can cause acute pancreatitis. But pancreatitis
caused by Campylobacter enteritis was rare. So in clinical work, when upper
abdominal pain or increased levels of pancreatic enzymes not consistent with
the course of gastroenteritis are observed, concomitant pancreatitis needs to
be considered in mind.
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Core tip: Cronkhite-Canada syndrome (CCS) is a rare
noncongenital gastrointestinal polyposis syndrome,
characterized by skin hyperpigmentation, hair loss and
nail atrophy, associated with high morbidity. This case
report summarizes the characteristics of six CCS patients, and reviews the literature. Comprehensive treatment led by corticosteroids can improve prognosis, and
long-term follow-up is necessary.
Wen XH, Wang L, Wang YX, Qian JM. Cronkhite-Canada
syndrome: Report of six cases and review of literature. World J
Gastroenterol 2014; 20(23): 7518-7522 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i23/7518.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i23.7518

Abstract
Cronkhite-Canada syndrome (CCS) is a rare nonfamilial
polyposis syndrome characterized by epithelial disturbances in the gastrointestinal tract and skin. The aim
of this study was to investigate the clinical features
and potential therapies for CCS. Six patients with CCS
admitted from December 1992 to July 2008 to Peking
Union Medical College Hospital were evaluated. All
patients had clinical manifestation of nonhereditary
gastrointestinal polyposis with diarrhea, skin hyperpigmentation, alopecia, and nail dystrophy. Fecal occult
blood was positive in all six cases. Serum hemoglobin,
potassium, calcium and protein were below the normal
range in two cases. Anti-Saccharomyces cerevisiae and
antinuclear antibodies were present in three cases.
Multiple polyps were found in all patients by gastroscopy and colonoscopy, with only one in the esophagus.
Histologically, there were hyperplastic polyps in five
cases, tubular adenoma in three, and juvenile polyp
in one with chronic inflammation and mucosal edema.
Comprehensive treatment led by corticosteroids can result in partial remission of clinical symptoms, and long-
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INTRODUCTION
Cronkhite-Canada syndrome (CCS) is a rare noncongenital gastrointestinal polyposis syndrome, characterized by
ectodermal dysplasia, skin hyperpigmentation, hair loss
and nail atrophy. Since CCS was first reported in 1955[1],
more than 400 cases have been reported worldwide. CCS
has high morbidity but its etiology is still unknown and
there is no consistently recommended treatment. In order
to gain a detailed understanding of this rare disease, we
reviewed the literature and reported on six CCS patients.

CASE REPORT
Data collection
We collected data from the patients with CCS admitted to
Peking Union Medical College Hospital from December
7518
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1992 to July 2008, who were diagnosed by history, physical examination, endoscopic findings of gastrointestinal
polyposis, and histology, including diffuse polyposis of
the gastrointestinal tract; ectodermal dysplasia, cutaneous
hyperpigmentation, dystrophic changes of fingernails,
and alopecia; diarrhea, weight loss, and abdominal pain.
All six patients met the diagnostic criteria, with adult onset and no family history of polyposis.
Patients with Peutz-Jeghers syndrome, juvenile polyps, familial polyposis of the colon, Gardner syndrome,
Turcot syndrome; and Menetrier’s disease were excluded.

A

General information
The six cases comprised three male and three female patients aged 24-69 years (mean: 54.67 years).

B

Clinical manifestations and physical examination
Three patients had used hair dye or topical pharmaceuticals, and two had intestinal ascariasis. The time between
onset and diagnosis was 2-7 mo (mean: 4 mo). The most
common symptoms were diarrhea (n = 5) and anorexia
(n = 6, including 1 each with hypogeusia or dysgeusia)
with different degrees of weight loss. Diarrhea often occurred several times per day, sometimes > 10 times. Patients also suffered hair loss (n = 6), nail changes (n = 6),
and skin hyperpigmentation (n = 4) (Figure 1). Hair loss
occurred on the scalp, eyebrows, eyelashes, axilla, pubic
areas, and limbs. Scalp hair was the most predominant
type of hair loss reported. Nail changes were described
as thinning, splitting, and onycholysis. Skin hyperpigmentation was mainly manifest as brownish patches with
a clear boundary with colored spots occurring on the
limbs, face, body, palms, and soles of the feet. Two patients had lower limb edema.

C

Laboratory examination
Fecal occult blood was positive in all six cases; maw
worm eggs were positive in the feces in two cases; and
indistinguishable bacilli were cultivated in the feces from
one case. Laboratory data indicated that all kidney and
liver functions were normal. Serum hemoglobin, potassium, calcium and protein were below the normal range in
two cases, and eosinophilic cells and IgE were elevated in
one case. Circulatory anti-Saccharomyces cerevisiae antibody
(ASCA) was positive in two cases, antinuclear antibody
(ANA) was present in one case, and thyroid function decreased in one case.

Figure 1 clinical presence, cutaneous symptoms. a: Hyperpigmentation of
palm; b: Onychodystrophy; c: Alopecia.

Treatment
All patients underwent comprehensive therapy, including glucocorticoids, nutritional support, antibiotics, and
polypectomy. Five patients underwent a 2-wk to 1-mo
course of prednisone at a dose of 1 mg/kg per day before reducing the dose if necessary. Within 2-8 wk after
initiation of treatment, symptoms including nail atrophy,
anorexia, diarrhea, and skin pigmentation gradually resolved. When prednisone was discontinued or decreased
in dose, diarrhea relapsed in two patients but retreatment resulted in remission. In the course of therapy,
endoscopy showed that polyps were unchanged in two
cases, aggravated in two, and relapsed after remission in
two. Polyps of 5-40 mm were resected by endoscopic
polypectomy.
Four patients were treated with parenteral nutrition,
such as replacement and supplement therapy with blood,
albumin, vitamins, amino acids, and lipids with clear improvements. Three patients were treated with antibiotics

Imaging and pathology
Multiple polyps were found in all patients by gastroscopy
and colonoscopy, with only one in the esophagus, varying in size from 2 to 40 mm (Figures 2 and 3). Endoscopy results revealed diffuse sessile or pedunculated polyps with either a smooth or rough surface. Radiology of
the gastrointestinal tract showed polyposis in the small
bowel in two cases. Histology of these polyps showed
hyperplastic polyps in five cases, tubular adenoma in
three, and juvenile polyp in one with chronic inflammation and mucosal edema.
WJG|www.wjgnet.com
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A

B

B

C
C

Figure 2 Endoscopy results. A: Numerous polyps in the stomach; B: Mucosal
edema in the descendant duodenum; C: Multiple polyps in the colon.

Figure 3 Histology of the biopsy (a), hyperplastic polyps (b) and juvenile
polyps (C). The mucosa showed cystically dilated glands in the edematous
stroma with eosinophilia and lymphocyte infiltrated.

(albendazole and sulfasalazine). No patient underwent
surgery (Table 1).

efficacy of corticosteroids provides the strongest evidence of an inflammatory cause of CCS[3,4]. All the above
signs indicated that autoimmunity might play an important role in CCS. The second factor is infection. Two of
the present cases had combined infection with two or
more pathogens, but the relationship of these pathogens
with diarrhea and CCS was difficult to determine. It was
suggested the Hp might be a causative factor[5]. The third
factor is allergies; after stopping the use of inducers (hair
dye and topical medications), IgE and eosinophils were
decreased and symptoms improved.
CCS is reported worldwide, with 75% of cases in Japan. The average age of onset is 60 years and the male to
female ratio is 3:2. With a relatively acute onset, it typically takes 3 mo to 1 year from onset to diagnosis[6]. There
are no clear diagnostic tools for CCS. Diagnosis is based
on history, physical examination, endoscopic findings of
gastrointestinal polyposis, and histology. The most com-

DISCUSSION
CCS is a rare nonfamilial polyposis syndrome characterized by epithelial disturbances both in the gastrointestinal
tract and epidermis. At present, the pathogenesis of CCS
is unknown, but the following factors may be relevant.
The first is immune abnormalities: many studies have
shown that patients with CCS are positive for ANA[2].
All six cases in the present study had positive immune
parameters; two were positive for ASCA and one was
positive for ANA. Hormonal therapy was effective for all
three patients, especially in a significantly shorter time for
the ANA positive patient. For patients with CCS, their
skin and nail changes were similar to the appearance of
the ectoderm in autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) syndrome. The
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Table 1 Therapy and prognosis for all six patients
Patient

Therapy

Prognosis

M/65

Prednisone, PPI, antibiotics, 5-ASA, Lactobacillus, and
nutrition nutritional therapy
Prednisone, nutritional therapy, and antacid drugs

Diarrhea, skin hyperpigmentation, atrophic nail remission

F/54
M/54
F/69
F/24
M/62

Prednisone, antibiotics, nutritional therapy, antacid
drugs, and polypectomy
Prednisone, nutritional therapy, and antacid drugs
Albendazole , antibiotics and sulfasalazine
Prednisone, albendazole, antibiotics, sulfasalazine and
polypectomy

Diarrhea, appetite, atrophic nail remission
Gastrointestinal polyps unchanged 1 mo later
Diarrhea, abdominal pain remission
Gastrointestinal polyps unchanged 1 mo later
Diarrhea, skin hyperpigmentation, atrophic nail remission, gastrointestinal
polyps reduced 1 yr later
Diarrhea, appetite remission, atrophic nail, and alopecia aggravated
Diarrhea, atrophic nail and polyps resolved 8 wk later
Prednisone was discontinued after 3 yr, and all symptoms relapsed

5-ASA: 5-aminosalicylic acid.

cases of CCS, 8 were treated with hormonal and nutritional therapy, seven of which showed varying degrees
of improvement[9]. In our six patients, four achieved
general remission after hormonal and nutritional therapy.
However, the symptoms of CCS have different hormonal responses. In our group of patients, diarrhea and
abdominal pain were more easily corrected in five cases,
while the improvement of ectodermal symptoms was
relatively slow. Hormones played a limited role in gastrointestinal tract polyps. Two cases achieved no improvement in polyps after treatment, one became worse, and
one had recurrence after 3 years of full remission. Fossati et al[12] have reported that after 4 years of hormonal
maintenance therapy, one patient had improved clinical
symptoms, including ectodermal changes, but endoscopic
review did not show improvement in polyps. At present,
polyps are mainly subject to endoscopic resection to prevent cancerous development. Treatment is still challenged
by repeated occurrence of CSS. Two of our six patients
experienced recurrence at one-year follow-up. It was reported that immunosuppressants are useful in maintaining remission[3]. However, further clinical observation is
needed.
Salazosulfapyridine and 5-aminosalicylic acid are used
in patients with gastrointestinal symptoms. Nutritional
support, antibiotics, histamine receptor antagonists,
cromolyn sodium and surgery can be used to improve
symptoms such as diarrhea, weight loss, and ectodermal
symptoms[5]. Successful treatment by immunosuppressants for steroid-resistant CCS has also been recently
reported[13].
In conclusion, CCS is a rare disease with major symptoms of gastrointestinal polyps, diarrhea, skin hyperpigmentation, and hair/finger (toe) nail atrophy. Comprehensive treatment led by hormonal therapy can lead to
partial or full remission of clinical symptoms. Long-term
follow-up is necessary for further results.

mon clinical manifestations are diarrhea, gustatory loss,
weight loss, hair loss, nail atrophy, skin hyperpigmentation, edema, anemia, and glossitis[7]. The condition of the
present group of patients was generally consistent with
that reported previously. Goto[6] has divided this disease
into five types according to its onset. Type Ⅰ: diarrhea
as initial symptom (35.4%); Type Ⅱ: abnormal gustatory
sense as initial symptom (40.9%); Type Ⅲ : dominated
by dry mouth (6.4%); Type Ⅳ: initial symptoms include
hair loss and nail atrophy (9.1%); and Type Ⅴ: initial loss
of appetite and general malaise, followed by nail atrophy,
hair loss and abnormal gustatory sense but no diarrhea
(8.2%). In our group of patients, Type Ⅰ dominated,
and other types were relatively rare. One case was Type
Ⅱ, which was mainly characterized by abnormal salt and
sweet taste, accompanied by tongue atrophy.
CCS polyps are distributed through the whole digestive tract, being common in the stomach and colon, less
common in the small intestine and rectum, and uncommon in the esophagus [3]. In most circumstances, the
polyps are found simultaneously in the stomach and intestines. Polyps usually are nodular or irregular in shape,
differently sized, and diffusely distributed. The pathology
of CCS is not specific. There are four histological types:
hyperplastic polyps, tubular adenomas, juvenile polyps,
and inflammatory. The present group of patients met
the characteristics above. Cancer arising from polyps is
an important cause of death, and 12.5% of patients with
polyps develop cancer[8], thus close monitoring or removal of polyps is important.
There were some limitations to our study. It was a
retrospective study. CCS is a rare disease, so there are no
prospective randomized controlled studies. From our
experience and review of the literature, comprehensive
treatment, mainly with glucocorticoids, is the most effective option at present. Currently, comprehensive treatment includes corticosteroids, polyp electrocision, and
enteral/parenteral nutrition, and the recent literature
suggests that it could improve prognosis and quality of
life[4,9-11]. The currently recommended high-dose hormonal therapy (prednisone ≥ 40 mg/d) was initiated[4], with
a treatment course of 6-12 mo, with the longest maintenance period of up to 4 years. In most circumstances,
a slow reduction of dosage is suggested. In 26 Chinese
WJG|www.wjgnet.com
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Cronkhite-Canada syndrome (CCS) is a rare nonfamilial polyposis syndrome
characterized by epithelial disturbances in the gastrointestinal tract and skin.

Clinical diagnosis

CCS is diagnosed by nonfamilial adenomatous polyposis (diffuse polyposis of
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the gastrointestinal tract); ectodermal dysplasia (cutaneous hyperpigmentation,
dystrophic changes of fingernails, and alopecia); diarrhea, weight loss, and
abdominal pain.

3

Differential diagnosis

Peutz-Jeghers syndrome, juvenile polyps, familial polyposis of the colon, Gardner syndrome, Turcot syndrome, and Menetrier’s disease.

Laboratory diagnosis

4

Fecal occult blood was positive in all six cases. Serum hemoglobin, potassium,
calcium and protein were below the normal range in two cases. Circulatory antiSaccharomyces cerevisiae antibody and antinuclear antibody were present in
three cases.

5

Imaging diagnosis

Multiple polyps were found in all patients by gastroscopy and colonoscopy, with
only one in the esophagus.

Pathological diagnosis

6

Histological assessment showed hyperplastic polyps in five cases, tubular adenoma in three, and juvenile polyp in one with chronic inflammation and mucosal
edema.

7

Treatment

All patients underwent comprehensive therapy, including glucocorticoids, nutritional support, antibiotics, and polypectomy.

Related reports

8

Term explanation

9

Experiences and lessons

10

Peer review

11

There is no prospective randomized controlled study. From their experience and
review of the literature, comprehensive treatment mainly with glucocorticoids is
the most effective treatment to date.
Comprehensive treatment includes corticosteroids, polyp electrocision, and
enteral/parenteral nutrition etc.
CCS has high morbidity, but detailed understanding and comprehensive treatment could improve prognosis and quality of life.
This article describes the clinical features, pathophysiology and potential therapy of CCS.
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TO THE EDITOR
In spite of increasing advances in the management of
acute variceal bleeding in patients with cirrhosis, it often
remains fatal with a 6-wk and 1-year mortality rate of
approximately 20% and 60%, respectively[1]. In a comprehensive review recently published in the World Journal
of Gastroenterology, Loffroy et al[2] summarized the key role
of transjugular intrahepatic portosystemic shunt (TIPS)
for the treatment of acute variceal bleeding. Notably, a
randomized controlled trial indicated that an early decision for TIPS with polytetrafluoroethylene-covered stents
could significantly reduce the incidence of variceal rebleeding and improve survival in cirrhosis patients with
a Child-Pugh score of 7-13 (i.e., high-risk patients) and
acute variceal bleeding[3]. The survival benefit of the early
use of TIPS was mainly because no fatal episode of early
rebleeding occurred in the TIPS group, as compared with
the pharmacotherapy-endoscopy group in which five patients died of recurrent variceal bleeding[3]. This remarkable finding has potentially challenged the therapeutic
strategy recommended by the current practice guidelines
that a combination of pharmacological and endoscopic
therapy is the most rational approach in the treatment of
acute variceal hemorrhage[4]. However, as described by
Loffroy et al[2], TIPS is still not considered as a primary
treatment option due to the limited evidence, but as a rescue treatment for bleeding esophageal varices that have
failed pharmacological and endoscopic treatments. In line
with their comments, the application of early TIPS in all

Abstract
Hepatic venous pressure gradient (HVPG) is an independent predictor of variceal rebleeding in patients
with cirrhosis. After pharmacological and/or endoscopic
therapy, the use of a transjugular intrahepatic portosystemic shunt (TIPS) may be necessary in HVPG non-responders, but not in responders. Thus, HVPG measurement may be incorporated into the treatment algorithm
for acute variceal bleeding, which further identifies the
candidates that should undergo early insertion of TIPS
or maintain the traditional pharmacological and/or endoscopic therapy. The potential benefits are to reduce
the cost and prevent TIPS-related complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute variceal bleeding; Transjugular intrahepatic portosystemic shunt; Hepatic venous pressure
gradient; Liver cirrhosis
Core tip: If hepatic venous pressure gradient could be
measured before a transjugular intrahepatic portosystemic shunt for the treatment of acute variceal bleeding, the invasiveness of treatment strategy would be
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patients with acute variceal bleeding may be excessive,
and combined drug and endoscopic treatment may be
effective in a proportion of high-risk patients with acute
variceal bleeding. Furthermore, hepatic venous pressure
gradient (HVPG) measurement can be incorporated
into the algorithm for identifying the candidates for early
TIPS in the treatment of acute variceal bleeding.
HVPG measurement within 24 h after admission has
been recommended as the best predictor of a poor outcome in patients with cirrhosis with variceal bleeding[1].
Patients with acute variceal bleeding are treated with
pharmacological and endoscopic therapy, therefore, the
risk of variceal rebleeding with the first 5 d of admission
is four times greater in patients with HVPG ≥ 20 mmHg
than in those with HVPG < 20 mmHg[5]. Based on these
findings, the patients who experience rebleeding after
combined drug and endoscopic therapy are considered
HVPG non-responders and may be appropriate for early
use of TIPS. By contrast, patients without rebleeding may
be HVPG responders and inappropriate for early TIPS
insertion. Accordingly, to achieve the goal of a minimally
invasive treatment strategy, HVPG should be measured
before TIPS placement is considered for the treatment of
acute variceal bleeding. In this setting, the candidates for
the early use of TIPS may be further identified, thereby

decreasing the cost and avoiding the long-term complications of portosystemic shunting.
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Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
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Hepatocellular carcinoma: Surgical perspectives beyond the
barcelona clinic liver cancer recommendations
Alfredo Guglielmi, Andrea Ruzzenente, Simone Conci, Alessandro Valdegamberi, Marco Vitali,
Francesca Bertuzzo, Michela De Angelis, Guido Mantovani, Calogero Iacono
this review was to evaluate the role of surgery beyond
the BCLC recommendations. Safe liver resection can
be performed in patients with portal hypertension and
well-compensated liver function with a 5-year survival
rate of 50%. Surgery also offers good long-term result
in selected patients with multiple or large HCCs with
a reported 5-year survival rate of over 50% and 40%,
respectively. Although macrovascular invasion is associated with a poor prognosis, liver resection provides
better long-term results than palliative therapies or
best supportive care. Recently, researchers have identified several genes whose altered expression influences
the prognosis of patients with HCC. These genes may
be useful for classifying the biological behaviour of different tumours. A revision of the BCLC classification
should be introduced to provide the best treatment
strategy and to ensure the best prognosis in patients
with HCC.
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Abstract
The barcelona clinic liver cancer (BCLC) staging system
has been approved as guidance for hepatocellular carcinoma (HCC) treatment guidelines by the main Western
clinical liver associations. According to the BCLC classification, only patients with a small single HCC nodule
without signs of portal hypertension or hyperbilirubinemia should undergo liver resection. In contrast, patients
with intermediate-advanced HCC should be scheduled
for palliative therapies, even if the lesion is resectable.
Recent studies report good short-term and long-term
outcomes in patients with intermediate-advanced HCC
treated by liver resection. Therefore, this classification
has been criticised because it excludes many patients
who could benefit from curative resection. The aim of
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Core tip: The present review reports the results of surgery beyond the barcelona clinic liver cancer recommendations. Recent studies have reported that surgical resection can result in good short- and long-term
survival in patients with early hepatocellular carcinoma
(HCC) with portal hypertension and in patients with
intermediate-advanced HCC. A careful preoperative
evaluation, including liver function and remnant volume assessment, is mandatory before liver resection
in HCC patients. An understanding of the biological
behaviour of these tumours through molecular biology
studies may be useful in choosing the optimal treatment strategy.
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BCLC 0-A HCC WITH PORTAL
HYPERTENSION (RECOMMENDED
LIVER TRANSPLANTATION OR
PERCUTANEOUS ABLATION)
According to the BCLC classification, the best treatment
for BCLC 0-A HCC patients with portal hypertension
(PH) is liver transplantation[24,38-40], which involves the
resection of the entire potentially tumour-bearing liver
and the removal of underlying liver disease. However, the
limited availability of donors, high costs, and long wait
period increases the demand for alternative treatment
strategies for early HCC with portal hypertension.
The surgical indications for HCC patients with PH remain a matter of debate. Portal hypertension is associated
with a high risk of postoperative liver failure[41]. Thus, it
is consider a contraindication to surgery in the EASL/
EORTC/AALSD guidelines[21,22,24]. In Eastern countries,
however, PH is not considered a contraindication to liver
resection due to the low rates of postoperative mortality
and morbidity that can be achieved if a careful preoperative liver function evaluation is performed[12,42]. Nevertheless, several Western authors have also advocated for liver
resection in cases of HCC with PH[43-45]. In recent years,
authors have reported mortality and morbidity rates from
0.5% to 4.5% and 38% to 43%, respectively, in patients
with PH and from 0.0% to 6.1% and 34.8% to 38.5%,
respectively, in patients without PH. Considering longterm outcomes, the 5-year overall survival rates after liver
resection varies from 48% to 51.5% in patients with PH
and from 61.5% to 65% in patients without PH[44,45].
Similar results were reported in 2011 by Ruzzenente et
al[46]. In fact, in a surgical series of 44 HCC patients with
PH, the postoperative mortality and morbidity were of
4.6% and 37%, respectively, and the 3- and 5-year overall
survival rates were 48.7% and 44.9%, respectively. Furthermore, the authors evaluated the prognostic value of
the relationship between the extent of liver resection and
PH in Child-Pugh A patients. In patients who underwent
limited liver resection (wedge or one segment), no significant differences were found between patients with or
without PH, and the 5-year survival rates were 72.4% and
61.4%, respectively (P = 0.458)[46] (Table 1).
Many studies have compared the survival rates between percutaneous ablation and liver resection for
BCLC A HCC patients[47]. In patients with early HCC
(single nodule larger than 2 cm), the survival rates
are higher after surgery than after percutaneous ablation[11,48,49]. In patients with very early HCC (single nodule
≤ 2 cm), the long-term results of percutaneous ablation
are comparable to liver resection, but percutaneous ablation is less invasive[49,50]. Therefore, portal hypertension
should not be considered an absolute contraindication to
limited liver resection in BCLC 0-A HCC patients with
well-compensated liver function.

INTRODUCTION
Hepatocellular carcinoma (HCC) is ranked as the sixth
most common cancer and the third leading cause of
cancer-related deaths worldwide[1]. The incidence of
HCC is rising in Western countries, likely as a result of
the epidemic incidence of chronic liver disease and, more
recently, as a result of hepatopathy related to metabolic
syndrome[2-5]. Curative treatments, including liver transplantation, surgical resection or percutaneous ablation,
are able to achieve a long-term survival of more than
50% at 5 years; however, only a small group of patients
with early-stage HCC are eligible for these therapies[6-11].
Despite the increased frequency of surveillance programs, in Western countries, the majority of patients have
an advanced HCC at diagnosis.
Thus, in the past decades, several HCC staging systems based on tumour burden and liver function have
been proposed to guide therapeutic decisions[12-17]. The
barcelona clinic liver cancer (BCLC) staging system has
been validated by Western and Eastern groups[18-20] and
has been approved as guidance for HCC treatment algorithms by the European Association for the Study of
Liver (EASL), the European Organization of Research
and Treatment of Cancer (EORTC) and the American
Association for the Study of Liver Disease (AASLD), but
not by the main Asian associations for the study of liver
diseases[21-23]. This staging system currently recommends
curative treatments for very early- or early-stage HCC
(BCLC stage 0-A), palliative therapies such as transarterial
chemoembolisation (TACE) for intermediate-stage HCC
(BCLC stage B), sorafenib administration for advancedstage HCC (BCLC stage C), and supportive care for endstage HCC (BCLC stage D)[24]. According to the BCLC
classification, liver resection should be performed only in
patients with a small single HCC nodule without signs of
portal hypertension or hyperbilirubinemia.
According to recent surgical series, the 5-year overall
survival rate after liver resection ranges from 61% to
91% with postoperative mortality approaching 0%[25,26].
Based on the BCLC classification, patients with multiple,
large and macrovascular invasive HCC should undergo
palliative treatments with unsatisfactory long terms results even if the lesion is resectable[27-29]. However, recent
studies have reported that surgical resection can lead to
good short- and long-term survival in these patients[30-33].
Therefore, this classification has been criticised because it
excludes many patients who could benefit from curative
resection[34-37]. The aim of this review is to evaluate the
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Table 1 Results of liver resection in a recently published surgical series (after 2005) in which surgery was performed beyond the
beyond barcelona clinic liver cancer recommendations
Ref.
BCLC 0-A HCC with portal hypertension
Capussotti et al[43]
Ishizawa et al[51]
Cucchetti et al[44]
Ruzzenente et al[46]
Santambrogio et al[45]
BCLC A-B multiple HCCs
Ishizawa et al[51]
Ruzzenente et al[33]
Ho et al[59]
Huang et al[57]
Torzilli et al[25]
Zhong et al[29]
BCLC B large HCC
Pawlik et al[64]
Pandey et al[62]
Cho et al[63]
Ruzzenente et al[33]
Yamashita et al[65]
Zhong et al[29]
BCLC C HCC with macrovascular invasion
Pawlik et al[32]
Le Treut et al[84]
Ruzzenente et al[33]
Inoue et al[81]
Ban et al[82]
Chok et al[79]
Wang et al[76]

Year

Patients (n )

Mortality/morbidity

5-yr survival

2006
2008
2009
2011
2013

66
136
79
29
63

6.1%/34.8%
-/10%
4.5%/38.5%
2.2%/33.7%
0.5%/28.6%

40.80%
56.00%
56.50%
57.3%(72.4%)1
48.00%

2008
2009
2009
2010
2013
2013

126
30 (≤ 3 nodules)
97 (≤ 3 nodules)
26 (≤ 3 nodules)
54 (> 3 nodules)
58 (> 3 nodules)

-/15%
-/-/0%/27.8%
-/3.1%2/28.0%2

58.00%
46.00%
40.00%
69.20%
12.00%
24.00%

2005
2007
2007
2009
2011
2013

300 (≥ 10 cm)
166 (≥ 10 cm)
61 (> 5 cm)
46 (> 5 cm)
53 (≥ 10 cm)
199 (> 5 cm)

5.0%/3.0%/30.0%
1.6%/-/3.8%/24.5%
3.1%2/28.0%2

27.00%
28.60%
52.90%
29.00%
35.00%
41.00%

2005
2006
2009
2009
2009
2013
2013

102 (PVTT and HVI)
26 (PVTT and HVI)
17 (PVTT and HVI)
49 (PVTT)
45 (PVTT)
88 (PVTT)
25 (HVI)

5.9%/11.5%/38.5%
-/0%/0.0%/21.1%-23.1%
3.4%/37.1%
0.0%/40.0%

10.00%
13.00%
20.00%
39%-41%
22.40%
11.2%-14.3%
13.50%

1

5-year survival rate after limited liver resection in Child-Pugh A patients; 2Mortality and morbidity rates in BCLC B patients with both multinodular and
large HCCs. PVTT: Portal vein tumour thrombosis; HVI: Hepatic veins invasion; BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular carcinoma.

confirmed by a subsequent randomised control trial. In
patients with multifocal HCC meeting Milan Criteria, the
authors reported a 5-year survival rate after liver resection
and radiofrequency ablation of 69% and 45% (P = 0.042),
respectively[57].
Furthermore, a Japanese nationwide survey reported
that liver resection has an advantage over local ablative
therapies because it can prevent recurrence in individuals
with less than 3 HCC nodules that are ≤ 3 cm[58]. Liver
resection also appears to provide better long-term survival than percutaneous ablation in patients with less than
3 HCC nodules that are > 3 cm[11].
In selected patients with multinodular BCLC B (more
than 3 nodules) HCC and preserved liver function, liver
resection yielded better long-term results than TACE
with 5-year survival rates of 36%-37% and 11%-14%,
respectively[29,59]. The results of liver resection in patients
with multiple HCCs are shown in Table 1.
Although further studies are needed to confirm these
results, liver resection seems to offer satisfactory longterm result in patients with multiple HCCs, especially for
patients with small oligonodular HCCs.

BCLC A-B MULTIPLE HCCS
NOT SUITABLE FOR LIVER
TRANSPLANTATION (RECOMMENDED
PERCUTANEOUS ABLATION OR TACE)
Liver resection in the presence of multiple HCCs is still
controversial[51,52]. According to BCLC, all patients with
multiple HCCs should be scheduled for percutaneous
ablation or TACE if liver transplantation is contraindicated[24].
Despite the guidelines, in the literature there are
several surgical series that include patients with multiple
HCCs with 5-year survival rates varying from 25% to
58%[51,53,54].
Some authors have reported that the presence of
multiple nodules is an independent risk factor of recurrence after liver resection[37,55].
Poon et al[56] reported a 5-year survival rate of 60%
after liver resection in patients with less than 3 HCC nodules ≤ 3 cm. Ruzzenente et al[33] conducted a study on
464 HCC patients from a multi-institutional database and
found that patients with less than 3 nodules who underwent liver resection had a higher survival rate than those
who were treated with local ablative therapies (including
percutaneous ablation and TACE) with a median survival
of 58 and 20 mo (P < 0.01), respectively. These data were
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BCLC B LARGE HCC (RECOMMENDED
TACE)
There is no a univocal definition of “large” HCC in the
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PVTT and HVI are 2.7 and 5 mo, respectively[75,76]. The
reported survival of these patients after Sorafenib treatment is 6 mo[77].
In recent surgical series including HCC patients with
MVI, the postoperative mortality and morbidity ranges
from 3.4% to 7.7% and from 30.8% to 37.1%, respectively[32,78,79]. In a multicentric study on 102 HCC patients
with MVI treated by surgical resection, Pawlik et al. reported a 5-year survival rate of 10%[3]. In our surgical series published by Ruzzenente et al[33], the median survival
after liver resection for patients with HCC and MVI was
10 mo with a 5-year survival rate of 20% (Table 1).
In the literature, better survival rates are reported for
selected patients with PVTT, with a 5-year survival rate
ranging from 11% to 42%[79-82]. In PVTT cases, two different surgical techniques have been reported with similar
short- and long-term outcomes[79]. One is the anatomical en-block resection of the liver segment involved and
portal vein bifurcation with or without the main trunk[80].
The other is thrombectomy using the peeling-off technique[83].
Recently, Chok et al[79] described the following three
approaches for patients with PVTT based on the extension of the tumour thrombosis: group 1, HCC with
ipsilateral PVTT resected in a hepatectomy; group 2,
HCC with PVTT extending to or beyond the portal vein
bifurcation, treated by en bloc resection followed by portal vein reconstruction; group 3, PVTT extending to or
beyond the portal vein bifurcation, treated by thrombectomy.
The short and long-term results were similar among
the three groups with a 5-year overall survival rate of
11.2%, 12.5% and 14.3%, respectively[79].
The reported survival after surgery for HCC patients
with HVI or with caval invasion is approximately 13% at
5 years with a median survival of 9-19 mo[76,84].

BCLC classification. In the first algorithm proposed in
1999, a single nodule greater than 5 cm was considered
BCLC B, but this in subsequent updates[12,21,24]. Tumour
size is not a clear limiting factor for liver resection, but it
remains an important prognostic factor likely because the
incidence of macrovascular invasion and distant metastases is related to size[60]. Furthermore many patients with
large HCC should undergo major hepatectomy, which is
considered a high-risk procedure especially in cirrhotic
patients[21,22]. Nevertheless, recent surgical series indicate
that over 20% of patient with large HCCs (> 5 cm) are
treated with surgical resection[33,25].
In the last decades, with improvements in surgical techniques and careful preoperative evaluation, the short-term
results for patients with large HCCs have been similar to
patients with smaller tumours, with mortality rates from 3%
to 5% and morbidity from 30%-35%[61,62] (Table 1).
In the literature, the 5-year survival rates after liver
resection ranges from 29% to 53%[33,63] for HCC nodules
> 5 cm and 27% to 35% for nodules ≥ 10 cm[64,65]. A
recent paper comparing liver resection to TACE in over
350 HCC BCLB B patients demonstrated that surgery
is as safe as TACE and results in better overall survival.
In particular, the 5-year overall survival rates for patients
with a single large HCC nodule (mean size 8.8 cm) was
41% and 18%, in the liver resection and TACE groups,
respectively (P < 0.01)[29] (Table 1).
In patients with large HCC, in which the presence
of negative prognostic factors is frequent, the indication
for preoperative TACE should be to improve the results
of surgical resection. However, recent data did not show
a survival benefit in the use of the combined approach
preoperative TACE + surgery compared to surgery alone
in patients with resectable large HCC[66,67].
Recently, metabolic syndrome related liver disease has
been increasingly identified as a risk factor for HCC[4,5,68].
HCCs associated with metabolic syndrome are larger, frequently more well differentiated and arise in a less fibrotic
liver than HCCs associated with cirrhosis[69].
Therefore, liver resection in patients with large HCCs
and preserved liver function is likely to increase in patients with metabolic syndrome.

PREOPERATIVE EVALUATION
The expansion of the indications for liver resection in
HCC patients increases the risk of post-hepatectomy liver
failure (PHLF) with a subsequent increase in postoperative morbidity and mortality[85]. PHLF is closely related to
the volume and function of the remnant liver, and these
two variables are the major determinants of the adequacy
of the future remnant liver (FRL) after resection[86]. Thus,
a meticulous preoperative assessment that includes an
evaluation of liver volume and the function of the remnant liver is crucial before liver resection, especially in cirrhotic patients beyond the BCLC recommendations[87].
Liver function assessment includes conventional liver
function tests (laboratory parameters), scoring systems
(Child-Pugh and MELD) and qualitative tests (99-TCGSA scintigraphy, indocyanine green test, MEGX and
LiMAX). Of the proposed qualitative tests, the indocyanine green (ICG) test is considered the most powerful
predictive test of operative mortality after a liver resection[88,89]. The 15 min ICG retention rate (ICGR15) is also

BCLC C HCC WITH MACROVASCULAR
INVASION (RECOMMENDED SORAFENIB)
Macrovascular invasion (MVI) is one of the strongest
predictors of survival in patients with HCC because it
is related to an increased risk of intrahepatic or extrahepatic metastases[70,71]. The incidence of portal vein
tumour thrombosis (PVTT) and hepatic veins invasion
(HVI) reached 62% and 26%, respectively, in an autopsy
series, and 5%-15% and 3%-4%, respectively in surgical
series[32,72-74]. The resection of HCCs with macrovascular
invasion is technically challenging with limited survival
benefit. However, surgical resection has a higher survival rate than nonsurgical strategies or best supportive
care[32,33]. The median survival of untreated HCC with
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the most frequently used parameter in the decision-making protocol before hepatectomy in Western countries.
There is no clear consensus on the cut-off value of ICG
retention with a predictive value of postoperative hepatic
insufficiency, but an ICGR15 equal or greater than 14%
is indicative of inadequate clearance with limited hepatic
reserve[90,91].
Different methods of estimating liver volume have
been introduced, and the two most frequently utilised in
the literature are the 3-D volume computed tomography
calculation and the calculation of standardised liver volume using body surface area or body weight[92,93]. According to the date in the literature, the FRL volume limit for
safe liver resection in cirrhotic patients is 30%-40%[87].
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Core tip: Hepatitis C virus can be frequently associated
with potentially malignant and malignant oral diseases
and could be a triggering factor of some of those
disorders or at least influence their outcome. The association is very robust for oral lichen planus, while for
Sjogren’syndrome it is strongly suspected and in oral
squamous cell carcinoma indicated by recent large epidemiological data.

Abstract

Carrozzo M, Scally K. Oral manifestations of hepatitis C virus
infection. World J Gastroenterol 2014; 20(24): 7534-7543 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i24/7534.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i24.7534

Extrahepatic manifestations (EHMs) of hepatitis C virus
(HCV) infection can affect a variety of organ systems
with significant morbidity and mortality. Some of the
most frequently reported EHM of HCV infection, involve
the oral region predominantly or exclusively. Oral lichen
planus (OLP) is a chronic inflammatory condition that
is potentially malignant and represents cell-mediated
reaction to a variety of extrinsic antigens, altered selfantigens, or super antigens. Robust epidemiological
evidence support the link between OLP and HCV. As
the virus may replicate in the oral mucosa and attract
HCV-specific T lymphocytes, HCV may be implicated
in OLP pathogenesis. Sjögren syndrome (SjS) is an
autoimmune exocrinopathy, characterized by dryness of the mouth and eyes and a multitude of other
systemic signs and symptoms. SjS patients have also
an increased risk of non-Hodgkin lymphoma. Patients
with chronic hepatitis C do frequently have histological signs of Sjögren-like sialadenitis with mild or even
absent clinical symptoms. However, it is still unclear if
HCV may cause a disease mimicking SjS or it is directly
responsible for the development of SjS in a specific
subset of patients. Oral squamous cell carcinoma is the
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INTRODUCTION
Hepatitis C virus (HCV) is one of the major causes of
chronic liver disease worldwide as the global estimated
prevalence of HCV infection is 2.2%, representing approximately 170 million infected people worldwide. The
lowest prevalence of anti-HCV antibodies (0.01%-0.1%)
is in the United Kingdom and Scandinavia, whereas
the highest prevalence is reported in Egypt (15%-20%)
and intermediate rates (1.5%-3.5%) are found in United
States, Japan, Spain and Italy[1]. An estimated 27% of cirrhosis and 25% of hepatocellular carcinoma worldwide
occur in HCV-infected patients[2] .
Extrahepatic manifestations (EHMs) of HCV infection were first reported in the early 1990s[3] and can affect
a variety of organ systems with significant morbidity and
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mortality. Forty to 75% of patients with chronic HCV
infection exhibit at least one clinical EHM[3,4].
Because of the paucity of specific symptoms and
signs caused by HCV, EHM could represent the first signal of this infection. Moreover, extrahepatic tissues might
act as reservoir for HCV and this may have a profound
effect on HCV transmission, morbidity and treatment[5].
The association of some EHM with HCV is very close,
while for others it is strongly suspected and in other cases
only slightly indicated by anecdotal data[6]. Some of the
most frequently reported EHM of HCV infection, involve
the oral region, predominantly or exclusively. The present
review aims to report an update on these disorders.

The putative pathogenetic link between OLP and
HCV is still under investigation but molecular mimicry
between the virus and host epitopes is unlikely, as well
as viral factors such as genotype or viral load[19]. Clinically and histologically, HCV-related OLP is the same as
“idiopathic” OLP[20], however the Th1 cytokine environment sustaining the oral lesions may be due to the HCV
immunologic pressure and not genetically driven, as in
idiopathic OLP[21].
Notably, HCV may replicate in the oral mucosa and
may attract specific T cells. Indeed, in situ hybridization
and extractive polymerase chain reaction (PCR) techniques revealed the presence of replicative intermediate
HCV-RNA in skin and oral mucosa from patients with
LP (Table 2). When high quality techniques were employed, positive and negative strands were detected by
PCR in 75%-100% and 21%-100% of LP tissue specimens respectively and generally were more commonly
found in OLP specimens (Table 2).
Pilli et al[25] found HCV specific CD4+ and CD8+ T
cells more readily in oral lesional biopsy specimens than
peripheral blood in LP patients with HCV infection.
CD4+ T cell clones present in the oral mucosa showed
a different T-Cell Receptor-Vb chain usage than those
circulating in the peripheral blood, suggesting a specific
compartmentalization at the site of the OLP lesions.
Contrarily, HBV-specific T cells could not be found in
the oral mucosa of patients with OLP and chronic HBV
infection even if they were detectable in the peripheral
blood[25]. This suggests that HCV-specific T cells among
the lichen-infiltrating lymphocytes were not recruited as a
result of the liver inflammation and may play a role in the
pathogenesis of some OLP cases.
In conclusion, there is quite strong and convincing
evidence that HCV is associated with OLP and possibly
involved in its pathogenesis whereas similar evidence is
not completely available for skin LP.
It would be thus prudent to at least ask OLP patients
whether they have risk factors for having HCV and to
screen those with significant risk with an ELISA for
HCV antibodies[16]. However, risk factors for HCV acquisition differ substantially among countries and sometimes
within the same country (for example in Italy). Indeed,
whereas intravenous drug use accounted for 92.5% of
infections in United Kingdom, it was the cause of transmission in just 27.8% of the cases in Italy where nosocomial infections were frequent, particularly in the south[35].
Moreover, some risk factors, for example dental procedures, seem to be peculiar to some countries like Spain,
Romania and Turkey[35].
Because there is some evidence that OLP-HCV-ve+
patients might be at higher risk of malignant transformation[9] (see also below) and that anti-HCV treatment [particularly interferon alpha (IFN-α)] could worsen or even
trigger OLP[36,37], it could also be worthwhile to screen
HCV-ve+ patients for OLP presence. Individual screening strategies may need although to be developed in different countries to identify high risk patients.

ORAL LICHEN PLANUS
Lichen planus (LP) is an inflammatory mucocutaneous
condition which most commonly affects middle-aged
adults of both sexes, with a slight predominance in women[7]. The prevalence of skin lichen planus is unknown,
but it is estimated to occur in < 1% of the population. It
is thought to be significantly less frequent than exclusive
oral LP (OLP) that affects approximately 1%-2% of the
population[8]. Whereas in the majority of instances cutaneous lesions of LP are self-limiting and cause itching,
lesions in OLP are chronic, rarely undergo spontaneous remission, are potentially malignant, rarely undergo
spontaneous remission and are frequently a source of
morbidity[7,9].
A large body of evidence supports a role for immune
dysregulation in the pathogenesis of LP, specifically involving the cellular arm of the immune system[7,10]. Probably, LP is a stereotype cell-mediated reaction to a variety
of extrinsic antigens, altered self-antigens, or super antigens. Among the extrinsic factors, several infective agents
including some viruses and Helicobacter pylori have been
linked with LP but apparently on the basis of equivocal
data[7]. An association between LP and HCV was first
reported in 1991, whereas the first OLP cases possibly
linked to HCV were published in 1994[11,12]. Case-control
studies from around the world produced seemingly contradictory evidence about the validity of the association.
Three recent independent meta-analyses[13-15] provide
robust evidence that LP and HCV are associated (Table
1). The pooled OR and 95%CI of HCV exposure in LP
patients vs controls ranged from 2.8 (95%CI: 2.4-3.2) to
5.4 (95%CI: 3.5-8.3) mainly because of differences in
statistical methods and study inclusion criteria (Table 1).
A similar OR of having LP was found in HCV patients
vs controls[13,14]. The positive association was noted in
studies across all the world but was more evident in East,
Southeast Asia and South America and in Mediterranean
countries[16]. Subgroup analyses[13,14] indicated that OLP
was strongly associated with HCV (OR = 5.6, 95%CI:
3.5-8.8 and OR = 4.8, 95%CI: 3.0-7.7, respectively). The
association between the isolated cutaneous type of LP
and HCV was heavily skewed toward a positive association (OR = 10.2, 95%CI: 0.4-274)[13].
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Table 1 Main summary of the recent 3 meta-analyses on lichen planus and hepatitis C virus
Ref.

Country

Shengyuan et
al[15]

Lodi et al[13]

Petti et al[14]

China

Italy

Italy

Cases/controls
Studies
included in the
meta-analysis

Period
covered by
search

Type of
studies
included

NA

Case control
or controlexisting
studies

70

Clinical or
histological
LP diagnosis

58 on HCV
prevalence in
LP

HCV status
diagnosed by
serology or
PCR
Controlled
studies

12 on LP
prevalence in
HCV+

Clinical and
histological
LP diagnosis
HCV status
diagnosed by
serology
Crosssectional or
case- control
studies

33 on HCV
prevalence in
LP; 6 on LP
prevalence in
HCV+

Jan 1966Nov 2007

NA

39

Main results

Quality assessment of
the included studies
Tool used

2

4987/65022

The prevalence of HCV
Yes
According to
exposure among patients
Robinson et al[17]
with LP was higher than
in control participants (OR
= 5.4; 95%CI: 3.5-8.3)
3
5570/139120
The risk of LP among
patients with HCV was
higher than compared
controls (OR = 2.5; 95%CI:
2.0-3.1)

2

2544/2860

3

44

955/1242

NA

Clinical or
histological
LP diagnosis.
Any HCV
testing

1

Quality
assessment of
the systematic
review process
High

LP patients have
significantly higher risk
than controls of being
HCV seropositive (OR =
4.85; 95%CI: 3.58-6.56)
HCV patients have an
increased risk of having
LP (OR = 4.47; 95%CI:
1.84-10.86)

Yes

Characteristics
of the study
group,
appropriateness
of the control
group,
prospective
design

High

The overall risk for OLP
among anti-HCV positive
subjects was significantly
higher than controls (OR =
2.8; 95%CI: 2.4-3.2)
The fraction of global OLP
cases associated with HCV
(population attributable
fraction) was 2.1% (95%CI:
1.9%-2.2%)

No

NA

Uncertain

Modified from Baccaglini et al[16]. 1According to PRISMA (Moher et al[18]); 2LP vs controls; 3HCV+ vs HCV-; NA: Not available; LP: Lichen planus; HCV:
Hepatitis C virus.

ies against RNA-binding proteins Ro and La and upon
the observation of inflammatory infiltrates in the affected
exocrine glands[38]. However, triggering factors are poorly
understood but viral infections are highly regarded[38].
Diagnosis of SjS can be challenging, particularly in
mild cases and still the discrepancy in diagnostic criteria
led to substantial confusion in research publications and
clinical-trial reports[38-43].
The first study reporting an association between
salivary gland disorders and hepatitis C was published in
1992 and found that 57% of HCV- associated chronic
liver disease patients exhibited characteristic SjS histological changes in the salivary glands[44]. Subsequent studies
noted that, in contrast to SjS, lymphocytic infiltration in
HCV+ve patients was pericapillary rather than periductal,
with no destruction of the SG ducts, and that lymphocytic capillaritis resembled an early stage of disease[45].
Further studies[3,4,44-56] have shown controversial results but up to 80% of HCV-infected individuals may
have some salivary or lacrimal abnormality, frequently

SJOGREN-LIKE SIALADENITIS
Sjögren syndrome (SjS) is an autoimmune exocrinopathy,
characterized by dryness of the mouth and eyes resulting from a chronic, progressive loss of secretory function of the salivary and lacrimal glands[38]. SjS can cause
consistent oral and dental findings: increased caries rate,
mucosal dryness, soreness, increased infections (both
fungal and bacterial), altered properties of saliva (thicker,
opaque, or viscous secretions), and enlargement of the
salivary glands[38]. But, SjS is also associated with systemic visceral involvement, including pneumonitis, renal
tubular acidosis, pancreatitis, myositis, and occasionally
lymphocytic proliferation and a variety of neurological
complications[39-41]. Patients with SjS have an excess mortality caused by haematological cancer, particularly nonHodgkin lymphomas[42].
The pathogenesis of SjS is not completely clear but is
generally considered to be a consequence of autoimmunity because of the presence of characteristic autoantibod-
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Table 2 Hepatitis C virus detection in lichen planus lesional tissue n (%)
Ref.

n

Patients
HCV
positive

Sansonno et al[22]
Mangia et al[23]
Carrozzo et al[24]

7
19
12

0
19
12

NA
0
12

0 (0)
0 (0)
10 (83)

Fresh
Fresh
Fresh

Pilli et al[25]
Femiano et al[26]
Nagao et al[27]
Kurokawa et al[28]
Arrietaet al[29]

4
25
14
3
23

4
25
14
3
23

4
25
14
2
23

3 (75)
0 (0)
13 (93)
3 (100)
23 (100)

Lazaro et al[30]

5

5

0

5 (100)

Erkek et al[31]

5

5

4

5 (100)

United
Roy et al[32]
[33]
Kingdom Boyd et al

27
27

0
2

27
NA

0 (0)
0 (0)

4

4

1

0/0

Fresh
Unclear
Fresh
Fresh
paraffinembedded
paraffinembedded
paraffinembedded
NA
paraffinembedded
paraffinembedded

Country

Italy

Japan
Spain

Turkey

United
States
Total

Harden et al[34]
OLP (%)
LP (%)

85
21

Patients Detection of HCV Tissue sample
with oral in specimens of
lichen planus
lesions

56 (66)
7 (33)

Technique

Ratio of +/- Oral mucosa/skin HCV RNA
strands
Genomic
Negative
strand
strand

IHC
rTth RT-PCR
rTth RT-PCR, 1-64 Various
SA, PhA
rTth RT-PCR
RT-PCR
PCR, SA
rTth RT-PCR
ISH
-

10 (83)

4 (33)

3 (75)
0 (0)
13 (93)
3 (100)
23 (100)

0 (0)
NA
3 (21)
3 (100)
23 (100)

ISH, IHC

-

5 (100)

5 (100)

RT-PCR

-

5 (100)

NA

RT-PCR
IHC

-

0 (0)
-

NA
-

RT-PCR

-

0 (0)

NA

56
7

32 (58)
6 (85)

Modified from Baccaglini et al[16]. NA: Not available; IHC: Immunohistochemistry; ISH: In situ hybridization; PCR: Polymerase chain reactions; rTth: Recombinant Thermus thermophilus; SA: Sequence analysis; PhA: Phylogenetic analysis; LP: Lichen planus; HCV: Hepatitis C virus; RT-PCR: Real-time reverse
transcription-polymerase chain reaction.

bling sialadenitis noted in humans[44,93]. Nests of lymphatic infiltrates were also noted in the LGs, but they occurred later and were less extensive than those found in
the SGs. This mode clearly suggests a possible direct role
of the viral proteins in the pathogenesis of HCV-related
sialadenitis. The pathogenesis of this sialadenitis in transgenic mice is however unclear: it seems indeed unlikely
to be induced by an immune reaction against ductal cells
expressing viral antigens, as only one out of 20 transgenic
mice showed a weak antibody reaction to E1 protein[93].
Interestingly, human La antigen (also called SS-B)
which is an RNA-binding protein of 50/52-kDa, and is
a typical target of SjS-autoantibodies, plays a functional
role in internal initiation of translation of the polyproteins of the HCV RNA stimulating HCV internal ribosome entry site-mediated translation[94,95]. La protein is a
potent regulator and enhancer of HCV replication[96] and
the expression of this autoantigen is significantly reduced
after the administration of IFN-α in a dose-dependent
manner. However, there are no studies on the role of
La in HCV-related sialadenitis. Data about the effects of
anti-HCV treatment on sicca symptoms are also patchy
and controversial[97,98].
In conclusion, the epidemiologic and pathogenetic
role of HCV in SjS development and the characteristics
distinguishing classic SjS from HCV-related sialadenitis
are still controversial and further studies are clearly warranted. The virus could cause a disease mimicking primary SjS or alternatively HCV might be directly responsible for the development of SjS in a specific subset of
patients. Some patients may present a triple association

represented by histological signs of mild sialadenitis.
However, clinical evidence of dry mouth and mainly of
dry eyes is often absent[57,58].
Several studies seem indeed to indicate that this sialadenitis may be significantly different from that of SjS.
There is no female predominance, no specific antinuclear
anti-Ro and anti-La antibodies, a frequent association
with the HLA-DQB1*02[59] rather than with HLA-DR3
allele, milder histopathology (with a CD8+ rather than
a CD4+ T-cell predominance), and apparently fewer
clinical symptoms[45,48,58] (Table 3). On the other hand,
from 0% to 19% of patients with frank SjS can be HCVinfected, the frequency varying with the geographical
region, the HCV test and the SjS diagnostic criteria used
(Table 4)[6]. The confusion about epidemiological data is
enhanced by the fact that whereas the most recent American-European classification criteria for SjS the presence
of HCV is considered an exclusion criterion[83,85], the
term of “SjS-secondary to HCV” has been proposed for
those patients with chronic HCV infection who fulfil the
same criteria[86].
Available data on direct HCV replication of SGs are
also scanty and controversial[51,52,87-90] and two recent studies suggest that sialadenitis in patients with chronic hepatitis C is not directly related to HCV[91,92].
An animal model of transgenic mice carrying the
HCV envelope genes E1 and E2 has been constructed[93].
The mice developed an exocrinopathy involving the SGs
and lachrymal glands (LGs) in 84% of cases. Initially,
pericapillary lymphocytes were found, but soon focal
infiltrates of small lymphocytes appeared, closely resem-
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Table 3 Main clinical, serological, histological, genetic differences between sialadenitis in Sjogren’s syndrome and hepatitis C virus
+ve patients
Variable
Sicca symptoms
Parotid swelling
Extra-glandular manifestations
Histology
Infiltrating lymphocytic
phenotype
Autoantibodies

Sjögren's syndrome

Hepatitis C virus

Commonly present
Moderate to severe
Mainly pulmonary, gastrointestinal, renal, and
neurologic involvement
Periductal lymphocytic infiltration
Predominantly CD4+ T cells

Usually absent or modest
Mild to moderate
Mainly gastrointestinal and musculo-skeletal involvement

High-frequency RF, ANA, anti-Ro/SSA and
anti-La/SSB, alpha-fodrin antibodies

High frequency of RF, ANA, alpha-fodrin, low prevalence of
anti-Ro/SSA and anti-La/SSB antibodies, high frequency of
cryoglobulins
DQB1*02
Affecting both liver and salivary glands

HLA association
Lymphomagenesis

B8, DR2 and DR3
Preferentially affecting salivary glands

Pericapillary lymphocytic infiltration
Mixed CD4+/CD8+ T cells

Modified from Vitali[60]. Sicca symptoms: Dry eyes/dry mouth. ANA: Antinuclear antibodies; RF: Rheumatoid factor; HLA: Human leukocyte antigen.

between HCV, SjS-like sialadenitis and salivary glands
lymphoma and the virus may be involved in the lymphomagenesis[99].

study from Taiwan reported that the incidence of oral
cavity cancers was 2.28-fold higher among patients with
HCV alone than non-viral hepatitis group (6.15 vs 2.69
per 10000 person-years). After adjusting for socio-demographic factors, HCV alone was significantly associated
with an increased risk for oral cavity cancer (HR = 1.90,
95%CI: 1.20-3.02). This positive association was highest
among individuals in the 40-49-year age group (HR =
2.57, 95%CI: 1.21-5.46)[116].
Despite some potentials limitations, this study strongly suggests that, at least amongst Chinese ethnicity, HCV
could represents a etiologic agent of OSCC and further
perspective cohort studies are certainly warranted.
Notably, both positive and negative HCV-RNA
strands were detected in oral cancer tissues[103], but further data are required for these preliminary observations
to be confirmed.
In conclusion, HCV might be involved in oral carcinogenesis and more studies are needed to clarify this association.

ORAL SQUAMOUS CELL CARCINOMA
Oral cavity cancer comprises of 2% to 3% of all malignancies and oral squamous cell carcinoma (OSCC) is the
most common type of oral malignant tumours[100]. The
identified risk factors of OSCC include tobacco use, alcohol consumption, chewing of betel leaves and areca nuts,
low socioeconomic status[100]. Also viruses are supposed
to potentially be involved in oral carcinogenesis[100,101].
Six human viruses have been considered by the International Agency for Research on Cancer as being
carcinogenic based on sufficient evidence supporting
their etiologic association with human cancers: they are
Epstein-Barr virus, HBV, several types of human papilloma virus (HPV), human T-cell lymphotropic virus type
1, HCV, and Kaposi’s sarcoma-associated herpesvirus[102].
Oral verrucous and squamous cell carcinomas have
been reported in HCV-infected patients with or without
OLP[9,103-109], although the epidemiological relevance of
this observation is unclear and HCV is a common cause
of liver cirrhosis, which may itself represent an independent risk factor for the development of oral cancer[110].
Apart from OLP, HCV prevalence is generally not
increased in patients with other potentially malignant oral
lesions such as leukoplakia or dysplasia[111-113].
A study conducted at a veterans administration medical centre in New Orleans reported that 21.2% of 99
patients with squamous cell carcinoma of the head and
neck were co-infected with HCV, which was significantly higher than previously published data (9.9%) (P =
0.004)[114]. Contrarily, in another study from Japan assessing the prevalence of HCV in 4402 patients requiring oral
surgery, HCV antibody was more prevalent in patients
with oral cavity cancer than in those with impacted teeth
(OR = 2.433; P = 0.05), but this difference was reversed
after age adjustment (OR = 0.443; P = 0.05)[115].
Recently, a nationwide, population-based, cohort
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OTHER DISEASES
Other disorders commonly causing oral lesions such as
paraneoplastic pemphigus and pemphigus vulgaris and
Behcet’s disease have been only anecdotally linked to
HCV[117-125].

CONCLUSION
At least three of the most studied EHM of HCV infection, involve the oral region predominantly or exclusively.
Convincing epidemiological evidence support the association between OLP and HCV. As HCV may replicate in
the oral mucosa and attract virus-specific T lymphocytes,
it may be implicated in OLP pathogenesis. Conversely,
the epidemiologic and pathogenetic role of HCV in SjS
development and the characteristics distinguishing classic
SjS from HCV-related sialadenitis are still controversial.
Emerging recent data highlight a possible link between
OSCC and HCV and further studies are clearly warranted.
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Table 4 Prevalence of hepatitis C virus infection in patients
with Sjögren’s syndrome
n

Country

Ref.

France

de Bandt[61]
Loustaud-Ratti et al[56]
Mariette et al[62]
Barrier et al[63]
Vidal et al[64]
Wattiaux et al[65]
Boscagli et al[50]
Jorgensen et al[66]
Potthoff et al[67]
Vitali et al[68]
Szodoray et al[69]
Wanchu et al[70]
Aceti et al[71]
Vitali et al[68]
Frisoni et al[72]
Ceribelli et al[73]
Masaki et al[74]
García-Carrasco et
al[75]
Coll et al[76]
Fernandez-Campillo
et al[77]
Selva-O’Callaghan et
al[78]
Verbaan et al[52]
Porter et al[79]

Germany
Greece
Hungary
India
Italy

Japan
Spain

Sweden
United
Kingdom
United
States
United
States

King et al[80]
Marrone et al[81]

20
26
20
22
28
109
23
62
73
22
213
23
26
44
26
305
98
90

NA
NA
1
Fox Ⅰ
NA
1
Fox Ⅰ
European
NA
European
2
AECG
Vitali
European
European
1
Fox Ⅰ
Vitali
NA
2
AECG
NA
European

10
8
10
9
14
3
5
19
18
5
6
4.4
0
5
4
3
11
14

31
26

European
European

10
19

98

European

7

53
18

Copenhagen
European

2
0

44

NA

0

Fox Ⅱ

1

100

6

SjS Diagnostic HCVve+ (%)
Criteria

3

7
8
9

10

11

12

13

14
[6] 1

[82]

Modified from Carrozzo . Fox et al . In contrast to the Fox (San Diego)
classification system, the European-proposed (including Vitali and Copenhagen) criteria can be fulfilled without a requirement for histologic or
serologic abnormality; 2American-European Consensus Guidelines (AECG)
(Vitali et al[83]): in this classification the presence of HCV is considered an
exclusion criterion for SjS; 3Fox and Saito[84]: The last Fox classification excludes patients with a history of pre-existing diseases such as hepatitis C,
lymphoma, sarcoidosis, or other causes of lymphocytic infiltrative disease.
SjS: Sjögren’s syndrome; HCV: Hepatitis C virus; NA: Not available.
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Hepatitis c virus associated glomerulopathies
Abdullah Ozkok, Alaattin Yildiz
renal disease: (1) antiviral therapy to prevent the further direct damage of HCV on kidneys and synthesis
of immune-complexes; (2) B-cell depletion therapy to
prevent formation of immune-complexes and cryoglobulins; and (3) nonspecific immunosuppressive therapy
targeting inflammatory cells to prevent the synthesis
of immune-complexes and to treat cryoglobulin associated vasculitis. In patients with moderate proteinuria
and stable renal functions, anti-HCV therapy is advised
to be started as pegylated interferon-α plus ribavirin.
However in patients with nephrotic-range proteinuria
and/or progressive kidney injury and other serious
extra-renal manifestations, immunosuppressive therapy
with cyclophosphamide, rituximab, steroid pulses and
plasmapheresis should be administrated.
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Abstract
Hepatitis C virus (HCV) infection is a systemic disorder
which is often associated with a number of extrahepatic
manifestations including glomerulopathies. Patients
with HCV infection were found to have a higher risk of
end-stage renal disease. HCV positivity has also been
linked to lower graft and patient survivals after kidney
transplantation. Various histological types of renal diseases are reported in association with HCV infection
including membranoproliferative glomerulonephritis
(MPGN), membranous nephropathy, focal segmental
glomerulosclerosis, fibrillary glomerulonephritis, immunotactoid glomerulopathy, IgA nephropathy, renal
thrombotic microangiopathy, vasculitic renal involvement and interstitial nephritis. The most common type
of HCV associated glomerulopathy is type Ⅰ MPGN associated with type Ⅱ mixed cryoglobulinemia. Clinically,
typical renal manifestations in HCV-infected patients
include proteinuria, microscopic hematuria, hypertension, acute nephritis and nephrotic syndrome. Three
approaches may be suggested for the treatment of
HCV-associated glomerulopathies and cryoglobulinemic
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Core tip: Hepatitis C virus (HCV) infection is found to be
frequently associated with proteinuria, various glomerulopathies and higher risk of end-stage renal disease.
HCV positivity has been linked to decreased graft and
patient survivals after kidney transplantation. Treatment
of HCV infection is a great clinical challenge in kidney
transplant patients and in patients with diminished kidney function. In this review, we aimed to review kidney
involvement in the course of HCV infection and treatment of HCV-associated glomerulopathies.
Ozkok A, Yildiz A. Hepatitis C virus associated glomerulopathies.
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vasculitic renal involvement and interstitial nephritis[13-15].
Type Ⅰ MPGN associated with type Ⅱ mixed cryoglobulinemia (MC) is the most common HCV-associated glomerulopathy.
The typical renal manifestations in HCV-infected patients include proteinuria, microscopic hematuria, hypertension, acute nephritis and nephrotic syndrome. However,
mostly the renal disease is asymptomatic, and thus patients
with HCV infection should be screened for proteinuria,
hematuria, hypertension and cryoglobulinemia[12,16].

INTRODUCTION
Incidence of hepatitis C virus (HCV) infection has been
reported to be 3-4 million per year and it is known that
3% of the world’s population is currently infected with
HCV[1,2]. HCV infection should be considered as a systemic disorder which is often associated with a number
of extrahepatic manifestations such as porphyria cutanea
tarda, lichen planus, seronegative arthritis, type 2 diabetes
mellitus, lymphoproliferative disorders, cryglobulinemia
and glomerulopathies[3]. Almost 40% of patients with
HCV develop at least one extrahepatic manifestation
during the course of the disease[1]. HCV infection is
known to be associated with proteinuria[4]. After kidney
transplantation, HCV infection has been considered as
a prognostic factor for the long-term renal allograft and
patient survival[5]. Herein, we aimed to review kidney involvement in the course of HCV infection and treatment
of HCV-associated glomerulopathies.

PATHOGENESIS OF HCV-RELATED
KIDNEY DISEASES
HCV is able to bind and penetrate into the renal parenchymal cells via the CD81 and SR-B1 receptors[17]. HCV
RNA has been found in mesangial cells, tubular epithelial
cells, and endothelial cells of glomerular and tubular capillaries[18,19]. HCV-related granular protein deposits located
in the mesangium were found to be related to higher degrees of proteinuria[19].
Mixed cryoglobulins are serum proteins reversibly
precipitating in 4 ℃. Two types of MC are present - type
Ⅱ and Ⅲ. Polyclonal immunoglobulin G (IgG) is bound
to another immunoglobulin, which is an antiglobulin and
acts as an anti-IgG rheumatoid factor (RF). In type Ⅱ
MC, the antiglobulin is monoclonal, whereas in type Ⅲ
MC, it is polyclonal. MC may be associated with infections, systemic autoimmune diseases, lymphoproliferative
disorders and HCV infection[20,21]. HCV is known to be
the cause of 80%-90% of MC. In general, HCV is associated with type Ⅱ MC, however it has also been reported to be associated with type Ⅲ MC[22,23]. The pathophysiological mechanism of HCV-related MC probably
involves E2-CD81 interaction. The E2 protein of HCV
interacts with CD81, the cellular receptor for HCV that
is required for infection of hepatocytes. CD81 is also expressed on B lymphocytes and the E2-CD81 interaction
leads to monoclonal proliferation of B lymphocytes and
eventually HCV-related MC[24].
Cryoglobulins are deposited in the glomerular capillaries and mesangium and they appear as intense subendothelial IgM deposits by immunofluorescence microscopy.
Cryoglobulins are also usually associated with histologic
signs of vasculitis and downstream fibrinoid necrosis[17].
Cryoglobulin associated nephrotoxicity is suggested to be
due to affinity of the IgM-RF for cellular fibronectin in
the mesangial matrix[25,26]. Cryoglobulins may also induce
endothelitis via anti-endothelial activity and complement
activation leading to increased expression of VCAM-1
and platelet aggregation[17]. Actually cryoglobulinemic
vasculitis is a systemic vasculitis that involves mostly
small-sized arteries and veins in which immune complexes composed of RF, IgG, HCV RNA and complements
are deposited on endothelial surfaces. Unlike the pattern
seen in cutaneous vasculitis, HCV RNA is not the predominant component in immune complexes of kidney
lesions[27].

KIDNEY INVOLVEMENT IN THE COURSE
OF HEPATITIS C VIRUS INFECTION
A significant relationship between HCV and proteinuria
was suggested in otherwise healthy individuals[4,6-8]. The
risk of proteinuria in patients with human immunodeficiency virus (HIV)-HCV co-infection was also found to
be higher than in those with HIV infection alone[9]. Additionally, anti-HCV antibody positivity was observed to be
significantly associated with proteinuria[4]. But no association could be found between HCV seropositivity and estimated glomerular filtration rate (eGFR)[6]. However, in
a retrospective cohort study including more than 470000
adults, patients with HCV infection had higher risk of
end-stage renal disease (ESRD) (4.3/1000 person-year)
than patients without HCV infection (3.1/1000 personyear)[10]. Furthermore, in patients with an eGFR ≤ 30
ml/min per 1.73 m2, HCV sero-positivity was related to
a nearly threefold higher risk of ESRD. These findings
were in parallel to the findings of a recent study concluding that patients with HCV-positivity had a 40% higher
likelihood of renal insufficiency (serum creatinine levels
[11]
≥ 1.5 mg/dl) compared to seronegative patients . With
all these data in mind, it may be suggested that subclinical
and under-diagnosed glomerulopathy is frequently present in the course of the HCV infection. Supporting this
hypothesis, in a recent study, protocol renal biopsies were
performed on patients with cirrhosis due to chronic HCV
infection at the time of liver transplantation and immune
complex-mediated glomerulonephritis was found in most
of the patients (25 of 30 patients)[12].
Various histological types of renal diseases are reported in association with HCV infection including
membranoproliferative glomerulonephritis (MPGN),
membranous nephropathy (MN), focal segmental glomerulosclerosis (FSGS), proliferative glomerulonephritis,
fibrillary glomerulonephritis, immunotactoid glomerulopathy, IgA nephropathy, renal thrombotic microangiopathy,
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Renal biopsy shows a pattern of MPGN[35]. Inflammatory cells infiltrate the glomerular capillaries. Mesangial matrix expansion, intracapillary accumulation
of eosinophilic material and monocyte infiltration with
double contours of the basement membranes may be observed[20]. Moreover, one-third of these patients may have
vasculitis of small renal arteries. Extracapillary crescents
are rarely seen[43]. Immunofluorescence microscopy may
reveal C3, IgM and IgG depositions on the capillary wall
and mesangium. Intraluminal and subendothelial deposits may have a fibrillary pattern on electron microscopy
probably representing cryoglobulin deposition[40].

Toll-like receptors (TLR) may also have a role in
HCV-associated renal injury[28]. TLR3 expression was
found to be increased in the mesangial cells of patients
with HCV-related MPGN[29]. TLR4 is constitutively expressed by podocytes. Glomerular expressions of TLR4
and fibronectin were found to be upregulated in a murine
model of cryoglobulinemic glomerulonephritis[30].

DIAGNOSIS OF HCV-INDUCED
GLOMERULAR LESIONS
HCV-positive patients should be screened annually for
microalbuminuria, microscopic hematuria, RF, cryoglobulinemia, complement factors and hypertension. If cryoglobulinemia is suspected, serum should be kept warm
and tests should be carried out at 37 ℃. A kidney biopsy
is required for patients with proteinuria, impaired renal
function and cryoglobulinemia. Vice versa, patients with
MPGN or MGN should be screened for HCV infection.
HCV serology with a third-generation enzyme-linked immunosorbent assay and investigation of HCV RNA in
the serum should be performed for this purpose[31].
In renal biopsies, electron microscopic detection of
viral like particles has been reported in a few studies
performed on HCV-infected patients[32,33]. However the
diagnostic value of the electron microscope is questionable. In the study by Sabry et al[33], viral like particles
were found within the immune complexes. HCV-related
virus-like particles were about 30-45 nm in diameter and
located in electron-dense deposits in the paramesangial
areas[33].

MPGN
Type Ⅰ MPGN is the glomerulonephritis most strongly
associated with chronic HCV infection. It should be investigated in anti-HCV-positive patients with proteinuria,
cryoglobulinemia and hypocomplementemia. MPGN is
mostly associated with type 2 MC[35,44]. The prevalence of
MPGN is higher in HCV patients with cryoglobulinemia.
HCV RNA has been reported to be present in 80% of
cases of cryoglobulinemia-related MPGN but only in
25% of MPGN cases without cryoglobulinemia[45].
MPGN lesions are characterized by endocapillary proliferation, monocytic infiltration, double contour in basement membranes, large eosinophilic and PAS-positive
intraluminal deposits and vasculitis of small and medium
sized renal arteries[46]. On electron microscopy, subendothelial deposits are usually present and may have tubular
and crystalline patterns similar to that of cryoglobulins[47].
In an autopsy study performed on 188 patients with
HCV infection, the prevalence of glomerular deposition
of immune complexes was found to be 54% which was
significantly higher than the prevalence of symptomatic
glomerulonephritis[16]. In this study, MPGN was the most
common type of glomerulonephritis with a prevalence
of 11%.

CRYOGLOBULINEMIC
GLOMERULONEPHRITIS
Patients with HCV-induced MC usually have no symptoms or clinical manifestations[34]. Renal involvement is
reported in at least one third of patients with type Ⅱ MC
having a prevalence ranging from 20% to 56% in various
series[35,36].
The triad of purpura, asthenia, and arthralgia is present in 30% of these cases[37]. Cryoglobulinemic vasculitis
is seen in only 2%-3% of patients[38,39]. Patients with
HCV-associated cryoglobulinemic glomerulonephritis experience nephrotic or acute nephritic syndrome with deterioration of renal function in 20% and 30% of patients,
respectively[40]. Patients with HCV-associated cryoglobulinemic glomerulonephritis present with oliguric acute
renal failure in 5% of cases[20]. Most of the patients (80%)
have severe hypertension. The serum levels of C4 and
C1q are usually very low. Alanine aminotransferase levels
are increased in 70% of patients. The majority of such
patients are RF-positive[41]. The extra-renal manifestations are usually accompanied by the recurrence of renal
disease. Renal disease generally shows an indolent course,
and ESRD requiring dialysis treatment is relatively uncommon (10% of cases)[42].
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MN
Several cases of MN have been described in HCVinfected patients[48,49]. The clinical presentation and the
histological findings of HCV-associated MN are similar
to idiopathic MN. Usually serum complement levels are
normal and cryoglobulins and RF are absent in the serum. Yamabe et al[44] found that 8% of MN patients were
anti-HCV-positive or HCV RNA-positive compared to
less than 1% of patients with other types of glomerulonephritis, excluding MPGN. In a study performed on
kidney transplant recipients with HCV infection, 3.6%
of the patients developed MN after kidney transplantation[50]. HCV RNA was detectable in all of these patients.
Cryoglobulinemia, hypocomplementemia or RF were
absent. The clinical presentation and histological picture
were similar to posttransplant idiopathic de novo MN. In
fact, 18.2% of renal biopsies of HCV-positive patients
revealed MN compared to that of 7.7% in HCV-negative
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patients. Thus HCV infection may be suggested to be related to MN after kidney transplantation.

After kidney transplantation, HCV infection has been
identified as a predictive factor for DM[64]. Gentil and
coworkers[65] found that patients with HCV positivity had
higher prevalence of DM after kidney transplantation.
However, a large cohort study of 33479 kidney transplant
recipients included in the United States Renal Data System
showed no association between HCV and diabetic nephropathy as a cause of ESRD[66]. The incidence of DM
following kidney transplantation was found to be higher
with the use of donor HCV-positive kidneys compared to
the other types of post-transplant HCV positivity[67].
In the previous study by our group, we found that
HCV infection was independently associated with posttransplant DM[64]. On the other hand, auto-antibodies
such as anti-glutamic acid decarboxylase (anti-GAD) and
islet cell antibody (ICA) were not increased in patients
with HCV infection, suggesting that non-immunological
mechanisms were responsible for post-transplant DM.
It was suggested that impaired insulin sensitivity and
beta-cell dysfunction contributed to glucose intolerance
and insulin resistance in HCV-positive patients[68]. HCV
core protein directly reduces the expression of insulin
receptor substrate proteins (IRS) 1 and 2[69]. In study by
Aytug et al[70], HCV infection resulted in a 2- to 3-fold
increase in insulin receptor and IRS-1 compared to subjects without HCV infection. However, insulin-stimulated
IRS-1 tyrosine phosphorylation was found to be decreased 2-fold in HCV-infected subjects. In the study
by Shintani et al[71], insulin resistance was investigated in
mice that were transgenic for HCV core protein. These
mice had increased serum insulin and glucose levels in response to insulin injection. In this study, tumor necrosis
factor-α has been considered to cause insulin resistance
through inhibition of tyrosine phosphorylation of IRS-1
and IRS-2.
Insulin resistance and hyperinsulinemia cause increased intrarenal production of insulin-like growth factor-1 and transforming growth factor-β and the expression of angiotensin Ⅱ receptors in mesangial cells, thus
enhancing the harmful effects of angiotensin Ⅱ in the
kidney. Furthermore, increased endothelin-1 and oxidative stress and reduced nitric oxide synthesis contribute
to renal injury in the setting of insulin resistance[72]. In
patients with diabetic nephropathy, the slope of serum
creatinine was significantly greater in HCV-positive patients compared to that of HCV-negative patients [58].
Hence, HCV infection was suggested to be related to the
progression of diabetic nephropathy[73].

FSGS
There are several reports about the association between
HCV and FSGS[51,52]. Shah et al[52] reported a patient with
HCV-associated FSGS who presented with nephrotic
syndrome and renal failure. Treatment with pegylated
interferon-α (PEG-IFN-α) monotherapy resulted in
sustained virological response (SVR) with a clinical remission of nephrotic syndrome and stabilization of renal
function and patients continued to remain in remission
even 5 years after treatment. Combination therapy with
IFN-α and ribavirin was reported to cause stabilization
of HCV-associated collapsing FSGS[51].

IgA NEPHROPATHY
Association of IgA nephropathy with HCV infection has
also been reported in several reports[53-55]. Some researchers described a case of HCV-related IgA nephropathy
successfully treated with IFN-α. Dey et al[55] reported
a case of HCV-associated IgA nephropathy in which
marked improvement with IFN therapy was observed.

FIBRILLARY/IMMUNOTACTOID
GLOMERULOPATHY
Fibrillary-immunotactoid glomerulopathies may be associated with systemic disorders such as lymphoproliferative disorders, adenocarcinomas, connective tissue
diseases and infectious diseases[56]. Six cases of fibrillaryimmunotactoid glomerulopathies associated with HCV
infection have been described[15,57,58]. Most of the patients
with fibrillary glomerulopathy presented with hypertension, edema, microscopic hematuria and nephrotic proteinuria. All patients had detectable HCV antibody titers.
Fibrillary and immunotactoid glomerulopathies are characterized by extracellular deposits of microfibrils within
the mesangium and glomerular capillary walls which do
not stain for Congo red[59]. Furthermore, immunofluorescence microscopy reveals IgG, especially IgG4, and C3
in the lesions[56]. On electron microscopy, fibrils with diameters of 16 to 28 nm and 33 to 45 nm were observed
in fibrillary glomerulonephritis and immunotactoid glomerulopathy, respectively[60].

DIABETIC NEPHROPATHY

KIDNEY TRANSPLANTATION AND HCV
INFECTION

A link between HCV infection and type 2 diabetes mellitus (DM) has been proposed. The prevalence of HCV
positivity in type 2 diabetic population ranges between
1.7% and 12.1%[61]. Mehta et al[62] reported that HCVinfected patients older than 40 years of age had 3 times
higher risk for type 2 DM than the people without HCV
infection. A high prevalence of HCV infection has also
been observed in patients with diabetic nephropathy[63].
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The most frequently reported HCV-associated adverse
events after kidney transplantation are chronic allograft
dysfunction, HCV-related glomerulopathy and posttransplant DM[74]. After kidney transplantation, renal diseases
that have been reported in HCV-infected patients include
the recurrent or de novo MPGN, MN, minimal change
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disease, renal thrombotic microangiopathy, FSGS, acute
and chronic transplant glomerulopathies (CTG)[50,75,76].
MPGN was found to be the most common glomerulopathy after kidney transplantation in patients with HCV
infection, at rates ranging from 5% to 54%[75]. Poorer
patient and graft survival and higher proteinuria were
reported to be associated with the de novo HCV-related
nephropathy after kidney transplantation[66,76-78].
The presence of anti-HCV antibodies before kidney
transplantation was found to be a predictive factor for
the occurrence of proteinuria and reduced graft survival
after the transplantation[77]. Cosio et al[79] also reported
that patients with CTG had higher prevalence of HCV
positivity. However, in another study, the prevalence of
CTG was found similar in biopsies of HCV-positive and
HCV-negative patients[14].
Zylberberg et al[80] investigated the impact of kidney
transplantation on the course of HCV infection. They
retrospectively compared 28 HCV-positive renal transplant recipients with 28 HCV-negative controls. HCVpositive patients had no antiviral therapy. The liver histology worsened in renal transplant recipients but minimally
changed in controls in the 7 years of follow-up. Kidney
transplantation may have adverse effects on the progression of liver disease in HCV-positive patients.
In the study by Mathurin et al[81], 834 renal transplant
patients with positive serologic markers for hepatitis B
virus and/or HCV were included. A total of 706 patients
were HCV positive. At 10 years, among patients with
HCV screening, the presence of HCV antibodies was
found to be an independent prognostic value in patient
survival. The case-control study showed that anti-HCV
positivity was independently associated with both patient
and graft survivals.

independent risk factor for CKD together with DM and
hypertension[84]. If ESRD develops, kidney transplantation may be successfully performed to the HCV-positive
liver transplant patients[85].

TREATMENT OF HCV-ASSOCIATED
GLOMERULOPATHIES AND
CRYOGLOBULINEMIC RENAL DISEASE
Three approaches may be suggested for the treatment of
the HCV-associated glomerulopathies and cryoglobulinemic renal disease: 1- antiviral therapy to prevent the further direct damage of HCV on kidneys and synthesis of
immune-complexes; 2- B-cell depletion therapy to prevent
formation of immune-complexes and cryoglobulins; and 3nonspecific immunosuppressive therapy targeting inflammatory cells to prevent the synthesis of immune-complexes and to treat cryoglobulin associated vasculitis[34,40].
Proteinuria and hypertension are the main clinical features of HCV-associated glomerulopathies, thus renoprotection with anti-hypertensive and anti-proteinuric agents
such as renin-angiotensin system inhibitors (angiotensinconverting enzyme inhibitors and/or angiotensin Ⅱ receptor blockers) should be applied as needed[86].
In the very recent Kidney Disease: Improving Global
Outcomes Clinical Practice Guideline for Glomerulonephritis, in patients with moderate proteinuria, stable renal
functions and mild to moderate histological lesions at
renal biopsy, anti-HCV therapy is advised to be started
with PEG-IFN-α plus ribavirin[87-89]. However in patients
with nephrotic-range proteinuria and/or progressive kidney injury and other extra-renal manifestations such as
cutaneous ulcers, intestinal ischemia, severe neuropathy
or alveolar hemorrhage, immunosuppressive therapy with
cyclophosphamide (2 mg/kg per day for 2-4 mo), rituximab (375 mg/m2 once a week for 4 wk), steroid pulses
(0.5-1 g/d for 3 d) and plasmapheresis (3 L of plasma
thrice weekly for 2-3 wk) should be administered [87].
Since IFN-α may exacerbate cryoglobulinemic vasculitis, it should be started only after the acute phase of the
disease is controlled with immunosuppressive agents[90].
For HCV-associated glomerulopathy with CKD Stages
3-5 (not yet on dialysis), monotherapy with PEG-IFN-α
was suggested with doses adjusted to the level of kidney
function.
HCV genotype should be determined before antiHCV therapy because patients infected by genotype 1
and 4 have a poor response to IFN therapy which may
also predict a poor renal response[91]. The recommended
duration of therapy according to some experts is 1
year[87]. However treatment duration should be adjusted
for HCV genotype and virological response to treatment
and it may vary from 24 to 72 wk[92].
Since there is no standardized classification of severity for HCV-related cryoglobulinemic glomerulonephritis,
recommendations for the management of this disease
are based on small uncontrolled studies, case reports, and

RENAL DISEASES AFTER LIVER
TRANSPLANTATION
Renal diseases may have adverse effects on the outcome
of liver transplantation in HCV-infected patients. MPGN
and cryoglobulinemia have been previously reported after
liver transplantation in patients with chronic HCV infection[82,83]. All of these patients had preexisting detectable
cryoglobulins before the transplantation. This finding
was also confirmed by the study by Abrahamian et al[82].
They found that the prevalence of cryoglobulinemia
was higher in HCV-positive patients compared to HCVnegative patients after liver transplantation (19% vs 0%
respectively). In the study by Kendrick et al[83], slope of
creatinine clearance was found to be similar in HCVpositive and HCV-negative liver transplant recipients.
However HCV-positive patients were significantly more
likely to have proteinuria when compared to HCV-negative patients. MPGN was also found to be more common
in HCV-positive patients. Chronic kidney disease (CKD)
may be considered to be a complication of liver transplantation. In a study performed on non-renal transplant
patients, presence of HCV infection was found to be an

WJG|www.wjgnet.com

7548

June 28, 2014|Volume 20|Issue 24|

Ozkok A et al . HCV-associated glomerulopathies

phritis. In a study by Kimmel et al[102], after IFN therapy,
immune complexes containing IFN were found in the
circulation and renal tissue in a patient with MPGN. Foot
process effacement may also be a factor in the pathogenesis of IFN-induced proteinuria[100].

experts’ opinions.
The recommended therapeutic regimen for cryoglobulinemic vasculitis consists of a 48-wk course of onceweekly Peg-IFN-α-2a (180 µg) or Peg-IFN-α-2b (1.5
µg/kg) combined with 1000-1200 mg of daily ribavirin
for patients with genotypes 1 and 4, and a 24-wk course
of Peg-IFN-α combined with 800 mg/d of ribavirin for
patients with genotypes 2 or 3[93].

Nonspecific immunosuppressive agents
Cyclophosphamide is indicated in HCV-associated glomerulopathies because it is an effective agent for inhibition of B lymphocytes and thus cryoglobulin production.
Cyclophosphamide has been used successfully in this
patient population; however the possibility of flare up of
HCV infection and increase in HCV RNA levels should
always be kept in mind[103].
Mycophenolate mofetil (MMF) is more selective than
cyclophosphamide in inhibiting lymphocyte proliferation
and functions. MMF may be a less toxic alternative to cyclophosphamide for the induction of remission in mixed
cryoglobulinemic vasculitis[104].
In the presence of severe mixed cryoglobulinemia
manifestations, corticosteroids may be used at high oral
doses (e.g., prednisone 0.5-1.5 mg/kg per day) or intravenous pulses (methylprednisolone 0.5-1.0 g/d for 3 d followed by oral prednisone). However, corticosteroids may
also favor HCV replication and worsen liver disease.

Anti-viral agents
The antiviral therapy in HCV-associated glomerulopathies
is administered to eliminate the virus and thus reduce the
generation of HCV-related immune complexes. The best
parameter for long-term prognosis is SVR. Combination
therapy (ribavirin + IFN-α) has the most favorable outcome with higher SVR and lower proteinuria. In a recent
meta-analysis investigating the efficacy and safety of antiviral vs immunosuppressive therapies (corticosteroids ±
cyclophosphamide) for the treatment of HCV-associated
glomerulopathies, IFN-α was found to be more successful at lowering proteinuria[94]. However, both treatment
groups failed to improve renal dysfunction.
Combination therapy with IFN and ribavirin has been
found to be successful in the treatment of HCV-associated glomerulopathies[95]. Alric et al[96] reported that longterm therapy of HCV-related cryoglobulinemic MPGN
with combination anti-viral treatment was associated with
a SVR in 67% of patients. After treatment, proteinuria
and cryoglobulin levels decreased significantly.
In the meta-analysis by Feng et al[97], antiviral treatment based on IFN-α was found to decrease proteinuria
in HCV-positive CKD patients. The decrease in proteinuria following antiviral therapy was associated with
HCV-RNA clearance. Serum creatinine levels were not
significantly decreased with anti-viral treatment; however
stabilization of serum creatinine was achieved. Patients
receiving combination therapy with IFN plus ribavirin
achieved a higher SVR than those with IFN monotherapy
regardless of HCV genotype.
In a recent study investigating the efficacy and safety
of IFNα/ribavirin/protease inhibitor combination in
HCV-induced-MC, telaprevir and boceprevir were found
to be highly effective[98]. Moreover, all patients with kidney involvement improved significantly. However telaprevir and boceprevir should be used carefully in patients
with a high risk of renal impairment because very recently, these drugs were found to be related to a significant
decrease in glomerular filtration rate[99].
IFN-α has been reported to exacerbate proteinuria
in some patients with glomerulopathies[100]. IFN therapy
has been used for the treatment of various diseases and
causes proteinuria as an adverse effect in approximately
20% of subjects[101]. However, the mechanism of proteinuria induced by IFN is not fully known. One of the immunologic effects of IFN is the alteration of the balance
of T helper cells type 1 (Th1) and T helper cells type 2.
IFN-induced Th1-dominant immune response may be
involved in the exacerbation of underlying glomerulone-
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B-Cell depletion therapy- rituximab
Rituximab is a B-cell depleting monoclonal antibody
against CD-20. It interferes with the synthesis of cryoglobulins and monoclonal IgM. It has also been used in
the treatment of HCV-associated glomerulopathies with
or without cryoglobulinemia[105,106]. Such patients had
a significant decrease in proteinuria with the rituximab
therapy[106]. In a prospective controlled trial performed
on patients with HCV-associated mixed cryoglobulinemic vasculitis, combination therapy with rituximab
plus PEG-IFN-α-2b/ribavirin was found to be superior
to PEG-IFN-α-2b/ribavirin in terms of the rate of
complete response to kidney disease (81% vs 40%)[107].
In an observational study performed on patients with
HCV-associated vasculitis, rituximab was administered
without antiviral therapy and HCV RNA levels remained
stable[108]. Rituximab seemed to be safe in patients with
HCV infection in other studies[109]. It should be noted
that rituximab may rarely form a complex with IgMRF and lead to increased cryoprecipitation[110]. Thus, to
prevent this potential severe side effect, rituximab should
be administered after plasma exchange in patients with
high baseline cryoglobulin levels[94]. When compared to
cyclophosphamide, rituximab may be suggested to be the
prefered agent in the treatment of HCV-associated glomerulopathies because it is at least as efficient as cyclophosphamide in inhibiton of the synthesis of immunecomplexes and cryoglobulins, and it does not seem to
cause flare of HCV infection[109].
Plasmapheresis
Plasma exchange therapies are performed in the acute
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hemolytic anemia may occur[95]. Taribavirin, a prodrug
of ribavirin, does not significantly accumulate in erythrocytes, and has shown an antiviral efficacy similar to that
of ribavirin, with a lower occurrence of anemia[118].

phase of the disease to remove circulating immunecomplexes and cryoglobulins from the plasma [111]. It
is suggested that removing immune-complexes from
the circulation may also retard the accumulation of the
immune-complexes into the kidney. The usual dose of
plasmapheresis in the treatment of HCV-associated glomerulopathies is the exchange of 3 L of plasma 3 times/
wk[31]. Plasmapheresis is especially effective in the setting
of rapidly progressive glomerunephritis[112]. It should be
combined with immunosuppressive therapies to prevent
the re-accumulation of immune-complexes and cryoglobulins.

Treatment of HCV infection after kidney transplantation
Antiviral therapy after kidney transplantation is not generally preferred because IFN has limited efficacy and
increases the risk of renal graft rejection in 15%-64%
of cases by inducing T lymphocytes[119]. However in the
open pilot study by Pageaux et al[120], PEG-IFN-α-based
treatment achieved significant SVR with a low risk of renal dysfunction in kidney transplant patients.
HCV RNA levels are known to increase in kidney
transplant patients after anti-thymocyte globulin [75].
Among calcineurin inhibitors, cyclosporin was found to
specifically inhibit HCV in hepatocytes; however this effect was not observed with tacrolimus[121]. Furthermore,
progression of liver fibrosis was less severe in kidney
transplant patients treated with cyclosporin[80,115]. Thus,
cyclosporin may be a better choice as a component of
the immunosuppressive therapy in kidney transplant patients with HCV infection.

Potential future therapies
Low-dose interleukin 2 (IL-2) has been recently suggested as an alternative treatment for HCV-associated
mixed cryoglobulinemic vaculitis[113]. IL-2 is hypothesized
to promote regulatory T cell (Treg) survival and function.
In this prospective open-label, phase 1-phase 2a study, 10
patients with HCV-induced vasculitis refractory to current treatment modalities received low-dose IL-2. Reduction in cryoglobulinemia and improvement of vasculitis
were observed in most of the patients. Furthermore it led
to a prominent inhibition of inflammation and oxidative
stress mediators. These favorable effects of IL-2 were
considered to be related to Treg recovery.
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Core tip: This review aims to cover recent updates on
the impact of major hepatitis C virus (HCV) genetic factors, including HCV genotype, mutations in amino acids
70 and 91 of the core protein and sequence heterogeneity in interferon (IFN) sensitivity-determining region
and IFN/ribavirin resistance-determining region of Nonstructural proteins 5A, on virological responses to IFNbased therapy.

Abstract
Hepatitis C virus (HCV) is a major cause of liver disease
worldwide. HCV is able to evade host defense mechanisms, including both innate and acquired immune responses, to establish persistent infection, which results
in a broad spectrum of pathogenicity, such as lipid and
glucose metabolism disorders and hepatocellular carcinoma development. The HCV genome is characterized
by a high degree of genetic diversity, which can be associated with viral sensitivity or resistance (reflected by
different virological responses) to interferon (IFN)-based
therapy. In this regard, it is of importance to note that
polymorphisms in certain HCV genomic regions have
shown a close correlation with treatment outcome. In
particular, among the HCV proteins, the core and nonstructural proteins (NS) 5A have been extensively studied for their correlation with responses to IFN-based

WJG|www.wjgnet.com

El-Shamy A, Hotta H. Impact of hepatitis C virus heterogeneity
on interferon sensitivity: An overview. World J Gastroenterol
2014; 20(24): 7555-7569 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i24/7555.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7555

INTRODUCTION
Since its discovery in 1989[1,2], hepatitis C virus (HCV) has
been the subject of intense research and clinical investigations as its major role in human disease has emerged.
Globally, HCV is estimated to infect 180 million people,
who represent about 3% of the world’s population. HCV
is a major cause of chronic liver disease, such as chronic
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hepatitis, liver cirrhosis and hepatocellular carcinoma
(HCC)[3-6]. HCC is the third most common cause of cancer-related mortality worldwide[7]. In particular, HCV infection accounts for 30%-90% of HCC cases in Western
Europe, United States and Asia[8]. Although the treatment
of HCV infection is available, it is costly and requires
long-term medical support and follow-up. Moreover, current therapies are still impractical for a substantial proportion of HCV-infected patients. The development of a
protective vaccine remains a distant prospect.
HCV is an enveloped virus with a positive-strand
RNA molecule of approximately 9600 nucleotides. HCV
lacks a DNA intermediate; thus, it is incapable of integrating into host chromosomal DNA. Despite this, unlike
most RNA viruses, HCV is capable of establishing persistent infection. This ability is central to HCV pathogenesis because it allows chronic infection to occur in 60%
to 90% of infected individuals, and virtually all clinically
significant HCV-related liver damage takes place during
the chronic phase of infection[9,10].
The HCV genome encodes a single open reading
frame that encodes a large polyprotein of approximately
3000 amino acids (aa). The polyprotein is processed by
host cell peptidases and viral proteases to generate three
structural (core, E1, E2) and seven non-structural (p7,
NS2 to NS5B) proteins[11]. Both ends of the HCV genome contain highly conserved untranslated regions (5’and 3’-UTRs) that are critical for genome replication and
viral protein translation[12,13]. The 5’-UTR contains the
HCV internal ribosome entry site (IRES), an RNA structural element that mediates ribosome binding for translation in a cap-independent manner, while the 3’-UTR is
required for HCV RNA replication[14-17].
HCV displays a high nucleotide mutation rate that is
estimated to be 1.44 × 10-3 nucleotide changes per site
per year over the whole genome[18,19]. This mainly arises
from the error-prone nature of its RNA-dependent RNA
polymerase, which lacks 3’-to-5’ exonuclease proofreading activity. This has resulted in diversification of HCV
into distinct genotypes and subtypes. HCV exists in the
host as quasispecies, which are a dynamic distribution
of non-identical but closely related genomes[20,21]. This
genetic diversity plays a vital role in HCV’s ability to establish persistent infection and to evade the various selective pressures exerted by immune responses and antiviral
therapy. Also, different HCV genotypes exhibit different
treatment responses and different pathogenicity. Consequently, the impact of sequence heterogeneity within
particular regions of the HCV genome, such as the core,
E2, NS3 and NS5A, on treatment responses has been a
subject of interest for many researchers. In this review,
we will discuss the updated information about major
HCV genetic factors, including viral genotype and sequence heterogeneity within certain regions of the HCV
genome, in particular the core and NS5A regions, that
influence the outcome of interferon (IFN)-based therapy.
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HCV GENOTYPE AND SUSCEPTIBILITY
TO IFN-BASED THERAPY
HCV exhibits genetic variability at several different levels.
Most obvious is the genetic divergence of the main genotypes of HCV. Phylogenetic analysis of nucleotide sequences recovered from infected individuals in different
geographical regions has classified HCV into seven major
genotypes and series of subtypes[22]. HCV genotypes
differ in 30%-35% of nucleotide sites over the whole
genome, while the subtypes within a given genotype differ in 20%-25% of their nucleotide sites, with more sequence variability concentrated in such regions as the E1
and E2 glycoproteins, while more sequence conservation
is found in the 5’- and 3’-UTR, the core gene and some
of the nonstructural protein genes, such as NS3[23].
HCV genotypes differ in three major properties that
highlight the importance of genetic diversity among the
different HCV genotypes: (1) the prevalence of certain
HCV genotype is frequently associated with certain geographical ranges; for example, HCV genotype 1 is prevalent in North America and Japan, genotype 3 is most
common on the Indian subcontinent, genotype 4 is the
most common genotype in Africa and the Middle East,
genotype 5 can be found in South Africa and genotype 6
in Southeast Asia[24]; (2) the pathogenicity of HCV infection varies among the different genotypes; for example,
HCV genotype 3 infection is associated with a higher degree of liver steatosis[25-27] and genotype 1 infection associated with a higher risk of HCC development[28,29]; and (3)
the response rates to IFN-based therapy vary significantly
between the different HCV genotypes[30-34].
To date, IFN represents the backbone of HCV therapeutic options. Pegylated-IFN and ribavirin (PEG-IFN/
RBV) combination therapy is the standard of care for
the treatment of chronic hepatitis C infection of different HCV genotypes. Recently, new direct-acting antivirals
(DAAs) have been introduced to the treatment of HCV
genotype 1 infection[35,36]. HCV genotype is an important
determinant of both treatment strategy and outcome.
HCV genotype 1 and genotype 4 infections need longer (48 wk) treatment period than genotypes 2 and 3
(24 wk); HCV genotypes 1 and 4 are less responsive to
PEG-IFN/RBV treatment, with a sustained virological
response (SVR) rate hovering around 50%[30,37-41], while
the SVR rate in HCV genotype 2 and genotype 3 infections approaches 80%[30,37]. These differences in the SVR
rates observed among different HCV genotypes (Figure
1) have suggested that viral genome variability could play
a role in determining treatment outcome. However, it is
still unclear which genetic element(s) within the HCV genome accounts for the difference in treatment response
rates among different HCV genotypes. Interestingly, a
series of detailed phylogenetic analyses have shown that
there is a significant correlation between the relative
evolutionary age of HCV genotypes and the response
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limited region of the first 45 to 60 nucleotides of the
core gene, together with the 5’-UTR, is required for IRES
function that initiates translation of the HCV polyprotein[14-17,43]. At the protein level, the HCV core is an RNAbinding protein that forms the capsid shell to protect
the HCV genome while the virus passes from one cell
to another or from one person to another. Furthermore,
the core protein plays an important role(s) in the pathogenicity of HCV by modulating host cellular signaling
pathways through interaction with a variety of cellular
proteins. The core protein has been implicated in IFN
resistance, liver steatosis, insulin resistance and hepatocellular carcinoma[44-49].
The HCV core protein shares high homology among
different HCV genotypes. There are, however, certain
polymorphisms, which are closely associated with the
clinical outcome of IFN-based therapy. Akuta et al[50] first
reported that aa mutations at positions 70 and 91 of the
HCV genotype 1b (HCV-1b) core protein were associated with virological responses to PEG-IFN/RBV treatment. They found a significant correlation between core
mutations at aa 70 (Arg70 to Gln70/His70) and/or aa 91
(Leu91 to Met91) and poor treatment response. Gln70/His70
and/or Met91 were found in 100% of ultimate resistance
cases, who tested positive for HCV RNA at the end of
48-wk PEG-IFN/RBV treatment, but in only 42% of
responders. Subsequently, several clinical studies were
conducted by the same investigators and others, including our group, on Japanese patients infected with HCV1b to follow up this observation. Most of these studies
corroborate the initial observation that identified the aa
mutation at position 70 of the core protein as a negative
predictive marker for resistance to PEG-IFN/RBV treatment[51-60]. The polymorphism at aa 70 is also a useful determinant for the virologic response to extended 72-wk
PEG-IFN/RBV treatment[61]. However, it is worth noting that although the significance of the point mutation
at aa 70 (Gln70) in prediction of poor treatment response
is consistent among most clinical studies, the possible significance of the mutation at aa 91 is contradictory.
Since the discovery of their importance in IFN resistance, mutations at aa 70 and 91 have been the subject
of intensive investigation for different aspects of chronic
HCV infection including disease progression and pathogenesis. In HCV-1b infection, Gln70/His70 and/or Met91
were significantly associated with severe insulin resistance[62], the severity of liver disease, elevated gammaglutamyl transpeptidase (γ-GTP) levels, low platelet count
and low albumin levels[63]. More importantly, Gln70/His70
and/or Met91 (non-wild core) are significantly associated
with an increased risk of HCC development[64-69]. Notably, Gln70 is the only HCV point mutation associated with
both an increased risk of HCC and IFN treatment failure
in multiple studies. Because increased HCC risk and IFN
treatment failure are associated with the same viral point
mutation, it is possible that both adverse outcomes result
from disruption of the same cellular pathway, specifically,
the IFN signaling pathway that is involved in both anti-
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Figure 1 Average values of sustained virological response to pegylatedinterferon and ribavirin combination therapy in patients infected with
different hepatitis C virus genotypes. Average of sustained virological
response (SVR) rates were calculated based on SVR rates achieved in clinical studies cited in references for genotype 1 (GT1)[30,31,37,152-154], GT2[32,155-160],
GT3[32,155-158,160], GT4[30,38-40,161-163], GT5[164,165] and GT6[166-172]. In those studies,
standard 48-wk treatment regimens were used for GT1 and GT4, and 24-wk
treatment regimens were used for GT2 and GT3. Since the treatment regimens
for GT5 and GT6 have not been established yet, the treatment duration varied
among different studies where it ranged from 24 to 52 wk. HCV: Hepatitis C
virus.

rates to IFN-based therapy[42]. In these analyses, HCV
genotype 2 branched first, genotypes 1 and 4 branched
last, and genotypes 3, 5 and 6 branched in between. Thus,
it has been hypothesized that genotypes that emerged
earlier exhibit better treatment outcomes, while newlyemerged genotypes have higher rates of resistance to
IFN-based therapy than their ancestors. This correlation
might be attributable to selective pressures generated by
the host immune system, which the IFN-based therapy
relies on to a large extent.

MUTATIONS IN GENOMIC REGIONS OF
HCV AND RESISTANCE TO IFN-BASED
THERAPY
As stated above, the response rates to IFN-based therapy
vary between different HCV genotypes. More importantly, the sensitivity to IFN also varies between different
HCV isolates of a given genotype and subtype. This has
further highlighted a possible role for certain viral genetic
factors in determining IFN responsiveness. In this context, genetic variations within two genomic regions, the
core and NS5A, have been widely discussed for their correlation with treatment outcome. We will cover updated
information regarding the impact of sequence heterogeneity within the core and NS5A regions of different HCV
genotypes on treatment outcome, as described below.

CORE PROTEIN
At both the RNA and protein levels, HCV core plays a
critical role in the virus life cycle. At the RNA level, a
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Figure 2 Probability of different aa residues at positions 70 (A) and 91 (B) of the core protein of different hepatitis C virus subtypes. The probability was
estimated based on the core protein sequences available in hepatitis C virus (HCV) database (http://hcv.lanl.gov/content/index). The length of an aa symbol-letter represents its probability for a given HCV subtype. R: Arginine; Q: Glutamine; H: Histidine; L: Leucine; C: Cysteine; M: Methionine.

Swedish[76] and Saudi patients[75] infected with HCV-1b
to investigate the possible correlation between mutations
at aa 70 and 91 and IFN treatment outcome. In those
studies, the point mutation at aa 70, but not at aa 91, was
significantly associated with PEG-IFN/RBV treatment
outcome. Overall, the results thus far obtained suggest
that the mutation at codon 70 of the HCV core protein
can be used as a predictive marker of IFN treatment outcome in only HCV-1b (and possibly HCV-5a) infection,
regardless of host ethnicity.
As observed with the standard PEG-IFN/RBV
combination therapy, Gln70 of the core protein is also
significantly correlated with poor response to the recently
approved triple therapy of PEG-IFN/RBV/protease
inhibitor (telaprevir) for HCV-1b infection[78-81]. Interestingly, Gln70 showed significant linkage disequilibrium
with minor genotypes (T/G and G/G) of the rs8099917
single nucleotide polymorphism (SNP) near the IL28B
gene, which has recently been proposed as the strongest
host genetic factor that is associated with poor response
to PEG-IFN/RBV combination therapy in HCV genotype 1 infection[78,80,82].
Despite accumulated clinical evidence that strongly
supports the correlation between HCV-1b core protein

proliferative and antiviral functions.
It is important to note that the majority of the studies
that demonstrated the importance of aa 70 and 91 mutations of the core protein were carried out on Japanese
patients infected with HCV-1b. This raised two important
questions: (1) is the significance of these viral mutations
commonly observed among other HCV genotypes/subtypes; and (2) is the significance of these viral mutations
commonly observed among other host ethnicities? To
answer the first question, the correlation between the
core protein mutations and IFN treatment outcome was
investigated in non-HCV-1b infections, such as HCV-1a,
-2a, -2b and -4a[70-76]. There was no significant correlation
between these mutations and IFN treatment outcome in
non-HCV-1b infections, where sequence patterns were
quite conserved at these positions. The probability with
different aa residues appear at positions 70 and 91 of the
core protein of different HCV genotypes is shown in
Figure 2. In contrast, point mutations at positions 4 and
110 of the core protein of HCV-2a were significantly
associated with responses to PEG-IFN/RBV treatment[70,71]. As for the second question regarding host ethnicity, to the best of our knowledge, there are only three
independent studies that were carried out on American[77],
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extensively studied among all the HCV proteins for its
relationship with IFN responsiveness. We review recent
information regarding the clinical implication of NS5A
sequence heterogeneity in predicting treatment outcome
of IFN-based therapy.

IFN SENSITIVITY-DETERMINING REGION
OF NS5A
Initially, in the era of IFN monotherapy, Enomoto et al[90,91]
gained a key insight into the clinical influence of NS5A
sequence heterogeneity on responses to IFN treatment.
In their study, they amplified an NS5A fragment by RTPCR from sera of HCV-infected patients, determined
their sequences at both the nucleotide and amino acid
levels, and compared them with a standard (reference)
sequence of a given HCV subtype (Figure 3) to determine the number of amino acid substitutions in a sample
of a given patient. By comparing the data obtained from
patients who successfully responded to IFN therapy
and those who did not, the authors identified a region
called the IFN sensitivity-determining region (ISDR)
spanning from aa 2209 to 2248 of NS5A of HCV-1b,
whose sequence heterogeneity was closely associated
with IFN treatment outcome. They found that Japanese
patients infected with HCV-1b isolates having four or
more mutations in the ISDR (ISDR ≥ 4) compared to
that of the HCV-1b prototype (HCV-J) successfully responded to IFN therapy whereas patients infected with
viral isolates having ISDR ≤ 3 were non-responders.
Since this discovery, the ISDR has been the subject of
intense clinical and experimental investigations. Although
subsequent studies conducted in Japan were consistent
with the initial ISDR report[92-95], results obtained from
studies conducted in Europe and North America were
quite controversial[96-99]. This might be explained in part
by the fact that HCV isolates in western countries have
lower overall degree of sequence heterogeneity, particularly in the ISDR, than HCV isolates circulating in Japan;
the prevalence of HCV isolates with ISDR ≥ 4 is lower
in western countries than in Japan. Host genetic differences between western and Japanese populations and the
difference in treatment regimens may also contribute, at
least partially, to the apparent discrepancy. Despite this, a
meta-analysis conducted by Pascu et al[100] on 1230 ISDR
sequences obtained from European and Japanese patients
infected with HCV-1b clearly confirmed the importance
of the ISDR in determining IFN treatment outcome. In
this connection, it should be noted that, in the majority
of studies dealing with the ISDR heterogeneity, nested
RT-PCR followed by direct sequencing of the amplified fragments, without subcloning each sequence of
quasispecies, was adopted to obtain the ISDR sequences,
which, in general, identifies the most dominant population of quasispecies but may miss minor populations of
quasispecies present in the patients.
The predictive value of ISDR initially described in the
era of IFN monotherapy continues to be significant also

Figure 3 Sequence alignment of interferon sensitivity-determining region
of major hepatitis C virus subtypes. References of aligned sequences are:
hepatitis C virus (HCV)-1b, Enomoto et al[90]; HCV-1a, AF009606; HCV-2a and
-2b, Murakami et al[104]; HCV-3a, GU814263; HCV-4a, El-Shamy et al[73]; HCV5a, AF064490; HCV-6a, DQ480512. ISDR: Interferon sensitivity-determining
region.

mutations and responses to IFN-based treatment, the
molecular mechanism underlying this correlation is still
obscure. Three experimental attempts aimed primarily to
investigate this issue; however these studies produced conflicting results. In two of the studies, there was no significant difference in IFN resistance between the wild-type
core protein and mutants at aa 70 and 91[83,84], while in the
third study, there was a strong association between the
core protein polymorphisms and IFN resistance via IL6-induced and SOCS3-mediated suppression of IFN signaling[85]. These contradictions may, in part, be attributable
to the different experimental models used by each study.
Furthermore, Eng et al[86] identified a novel family of HCV
core isotypes, referred to as minicores, which contain the
C-terminal portion of the classical core protein, but lack
the N-terminal portion. Interestingly, the N-termini of
two major minicore proteins are at or near aa 70 and 91,
and importantly, mutations in aa 70 and 91 regulate the
expression levels of 70 and 91 minicores. Accordingly, it
was hypothesized that these clinically important mutations
at aa 70 and 91 of the core protein alter HCV function
through altered expression levels of minicores, which
might lead to IFN resistance. Further investigations using
biologically relevant experimental models are needed to
elucidate the molecular mechanism(s) underlying the role
for the core protein mutations in HCV pathogenesis.

NS5A
The NS5A protein has generated a wide range of interest in HCV research because of its ability to modulate
host cell functions, including responses to IFN. NS5A
is multifunctional phosphoprotein that is found in a basally phosphorylated form of 56 kDa and a hyperphosphorylated form of 58 kDa[87,88]. NS5A modulates HCV
replication through interaction with other viral proteins
and certain host proteins to form the HCV replication
complex. Moreover, NS5A has been implicated in various
forms of viral pathogenesis through interactions with
a wide variety of cellular proteins. Thus, NS5A clearly
plays multiple roles in mediating viral replication, hostcell interactions, and viral pathogenesis[89]. NS5A is most
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Figure 4 Sequence alignment of interferon/ribavirin resistance-determining region and its vicinity of major hepatitis C virus subtypes. The residues in interferon/ribavirin resistance-determining region (IRRDR) are written in bold face letters. References of aligned sequences are: hepatitis C virus (HCV)-1b, El-Shamy et
al[122]; HCV-1a, AF009606; HCV-2a and -2b, Murakami et al[104]; HCV-3a, GU814263; HCV-4a, El-Shamy et al[73]; HCV-5a, AF064490; HCV-6a, DQ480512.

in the era of PEG-IFN/RBV therapy[58,59,101,102]. However,
the original criterion of ISDR ≥ 4 to predict SVR was
substituted by ISDR ≥ 2. This might result from the selective impact of IFN monotherapy, whereby the prevalence of sensitive isolates with ISDR ≥ 4 was decreased
while that of HCV isolates of ISDR ≤ 3 was increased.
Subsequently, those IFN monotherapy-resistant isolates
with ISDR ≥ 2 were selected by PEG-IFN/RBV as
sensitive isolates and those with ISDR ≤ 1 as resistant
ones[52,58,102,103]. As for the different genotypes, the degree
of sequence heterogeneity in ISDR was significantly
correlated with SVR rate in Japanese patients infected
with HCV-2a, the second most prevalent genotype in
Japan[71,104,105]. In contrast, ISDR sequence heterogeneity
did not associate with treatment outcome in patients infected with HCV-2b, -3a or -4a[73,104,106]. Whether the value
of ISDR varies with different HCV genotypes and host
ethnicity needs further investigation.
The molecular mechanism of ISDR-mediated IFN
resistance is still unclear. Some studies have revealed that
NS5A binds to and suppresses the function of the IFNinduced double-stranded RNA-activated protein kinase
(PKR)[107-109]. PKR is known to inhibit viral replication by
inhibiting viral protein synthesis through phosphorylation of eukaryotic initiation factor (eIF)-2. The PKRbinding domain (PKR-BD) of NS5A, spanning from aa
2209 to 2274, consists of the ISDR and its downstream
region of 26 aa. The NS5A-PKR interaction was shown
to be weakened by the ISDR mutations observed with
IFN-sensitive HCV isolates, which would result in weaker
suppression of PKR activity. In this context, a significant correlation between sequence variation in PKR-BD
and IFN responsiveness was also reported[110-112]. On the
other hand, we and other investigators have proposed
that NS5A may also play a role(s) in IFN-resistance in
an ISDR-independent manner. We have reported that
an N-terminal portion of NS5A (aa 1-148) that lacks the
ISDR and PKR-BD physically interacts with and inhibits
the antiviral activity of 2’,5’-oligoadenylate synthetase
in cultured cells[113]. It has also been demonstrated in
vitro that NS5A induces the expression of IL-8 at both
the mRNA and protein levels. IL-8 is known to inhibit
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IFN-α signaling pathway. In agreement with this experimental observation, clinical data were reported that IL-8
levels in pretreatment sera were significantly higher in
non-responders than in SVR patients[114,115].

IFN/RBV RESISTANCE-DETERMINING
REGION OF NS5A
Despite the controversy about the ISDR concept in the
era of IFN monotherapy, correlation between NS5A sequence heterogeneity and IFN responsiveness continued
to be the subject of interest for many researchers. In this
context, by using the same methodology as that for the
ISDR analysis, a correlation between sequence heterogeneity of variable region 3 (V3) in a C-terminal portion
of NS5A (aa 2356-2379) and responses to IFN-based
therapy was also reported[110,112,116-120]. Our group further
expanded this observation and gained a key insight when
we identified a new region near the C-terminus of NS5A
of HCV-1b spanning from aa 2334 to 2379, which we referred to as the IFN/RBV resistance-determining region
(IRRDR)[121,122]. The IRRDR consists of the V3 region
and its flanking upstream region, pre-V3 (aa 2334-2354).
The reference sequences of different HCV subtypes are
shown in Figure 4. In our initial study carried out on
47 Japanese patients infected with HCV-1b, we found
that a higher degree of IRRDR sequence heterogeneity
was closely associated with an early virological response
(EVR) at week 16 of the 48-wk PEG-IFN/RBV treatment course[116]. Most importantly, in a follow-up study,
the degree of sequence heterogeneity of the IRRDR was
significantly associated with SVR. In particular, 16 (76%)
of 21 SVR, but only 2 (8%) of 24 Non-SVR, had HCV
with 6 or more mutations in the IRRDR (IRRDR ≥ 6).
Accordingly, IRRDR ≥ 6 could predict SVR with a positive predictive value of 89% (16/18), while IRRDR ≤ 5
could predict non-SVR with a negative predictive value
of 81% (22/27). Thus, we proposed that the degree of
sequence heterogeneity of the IRRDR would be a useful
positive and negative predictive marker for PEG-IFN/
RBV treatment outcomes in HCV-1b infection [121,122].
Following this report, several reports were published by
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other groups and ours that support the initial idea of the
importance of IRRDR in the prediction of treatment
outcome[52,53,123]. In a pilot study conducted on patients
who underwent liver transplantation, the value of viral
genetic factors, including sequence polymorphisms in the
core protein, ISDR and IRRDR, in prediction of PEGIFN/RBV treatment outcome after transplantation was
investigated[124]. Interestingly, IRRDR ≥ 6 was the strongest viral genetic factor associated with SVR. Moreover,
in a well executed viral genome wide associated study
that scanned the whole HCV genome for polymorphisms
at certain amino acids or in genomic regions that are
significantly associated with PEG-IFN/RBV treatment
outcome in HCV-1b infection, a high degree of IRRDR
sequence heterogeneity (IRRDR ≥ 4) was selected in
multivariate analysis as the strongest factor to predict
SVR among various host and viral genetic factors and
baseline demographic parameters[125].
Also, it is important to point out that the cutoff
number of mutations in IRRDR that is associated with
treatment outcome might possibly vary with different
geographical regions: In certain geographical regions
where HCV isolates with a high degree of sequence heterogeneity are predominant, a higher cutoff number of
IRRDR mutations (such as 6 mutations) is applicable[51,53]
whereas a lower cutoff number of IRRDR mutations
(such as 4 mutations) is better applicable in regions where
HCV isolates with a low degree of sequence heterogeneity are predominant[52,125].
While the predictive value of the IRRDR was initially
identified in Japanese patients infected with HCV-1b, its
predictive value was also confirmed in HCV-2a infection,
the second most prevalent HCV genotype in Japan[74].
Furthermore, we investigated for the first time the impact
of viral genetics, including the core protein and NS5A
polymorphisms, on PEG-IFN/RBV treatment outcome
in Egyptian patients with HCV genotype 4 infection. The
result clearly demonstrated that the degree of sequence
heterogeneity in the IRRDR was the only viral factor
that was significantly associated with PEG-IFN/RBV
treatment outcome[73]. Therefore, we proposed that the
IRRDR would be a useful positive and negative predictive marker for treatment outcome in Egyptian patients
infected with HCV genotype 4. Collectively, a series of
our studies and others have suggested the significance of
IRRDR sequence heterogeneity predicting treatment outcome in different ethnic populations infected with different HCV genotypes.
The clinical correlation between IRRDR sequence
heterogeneity and virological responses to IFN-based
therapy in HCV infection can be linked to an experimental observation by Tsai et al[126] that an HCV subgenomic
RNA replicon containing NS5A of HCV-1b exerted
more profound inhibitory effects on IFN activities than
the original HCV-2a replicon, and that domain swapping between NS5A sequences of HCV-1b and -2a in
the V3 and/or a C-terminal region including the IRRDR
resulted in a transfer of their anti-IFN activities. Consistent with this observation, Kumthip et al[127] found
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that the overexpression of either HCV genotype 1 or
genotype 3 NS5A proteins significantly inhibited IFNinduced signaling of IFN-stimulated response element,
STAT1 phosphorylation and IFN-stimulated gene expression compared to the respective controls. NS5A of
HCV genotype 1 exhibited stronger inhibitory effects on
IFN signaling than did that of genotype 3. Furthermore,
NS5A of HCV genotype 1 bound to STAT1 with a higher affinity compared to genotype 3. Interestingly, domain
mapping revealed that the C-terminal region of NS5A,
including ISDR and IRRDR, conferred these inhibitory
effects on IFN signaling. Whereas IRRDR is among the
most variable sequences across the different genotypes
and subtypes of HCV[87], its upstream and downstream
sequences show a higher degree of sequence conservation (Figure 4). We speculate that whereas the upstream
and downstream sequences are conserved to maintain the
capacity of NS5A to participate in RNA replication and
virion production across all the HCV genotypes, IRRDR
sequences have a genotype-dependent or even a straindependent modulatory function(s)[128-130]. Therefore, the
sequence heterogeneity of the IRRDR and its significant
correlation with IFN responsiveness suggest the possibility that the IRRDR is involved, at least partly, in the viral
strategy to evade IFN-mediated antiviral host defense
mechanisms. The IRRDR sequence heterogeneity also
suggests genetic flexibility of this region and, indeed,
a short stretch of sequence in a C-terminal portion of
NS5A was shown to tolerate sequence insertions and deletions. This means that the short stretch of sequence is
not essential for virus replication in cultured cells. It does
not exclude the possibility, however, that the same region
might play an important role in modulating the interaction with various host systems, including IFN responsiveness. It is also possible that the genetic flexibility of this
region, especially the IRRDR, is accompanied by compensatory changes elsewhere in the viral genome and that
these compensatory changes affect overall viral fitness
and responses to IFN therapy. We hypothesize that the
IRRDR functions as evolution-adaptation machinery for
HCV to cope with changes in the surrounding environment. For example, when sequence evolution of NS5A
was investigated during IFN treatment, most of the evolutionary mutations were accumulated in the C-terminus,
including the IRRDR[119,131]. Furthermore, in a recent
retrospective study we investigated sequence evolution
of the core protein, NS3 and NS5A (IRRDR and ISDR)
during the follow-up period from chronic hepatitis to
HCC development by comparing the sequences between
pre- and post-HCC isolates[69]. The results showed that
IRRDR sequences tended to be more polymorphic at the
time of HCC occurrence. The frequency of HCV isolates with IRRDR ≥ 6 was significantly higher in patients
with HCC than in those without HCC, and also higher in
post-HCC isolates than in pre-HCC isolates. This might
imply the possibility that HCV utilizes IRRDR evolution
to accommodate certain selective pressures encountered
during the course of HCC development. Further studies
are needed to elucidate the issue.
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E2 AND NS3

CONCLUSION

E2, one of the two envelope proteins, is the viral component that is required for direct contact with the cellsurface receptors[132]. The first 27 amino acids (aa) of
E2 were identified as hypervariable region 1 (HVR1)
because of its significant sequence variability and have
been reported to be an immunodominant target for neutralization antibodies. Sequence variations in this region
might contribute to immune evasion and thereby the persistence of viral infection[133-135]. Also, a region of 12 residues between aa 659-670 of E2, designated as PKR/eIF2α phosphorylation homology domain (PePHD), has
been reported to interact and inhibit the antiviral activity
of PKR[136,137]. Accordingly, sequence variations within
the PePHD were suspected to influence responses to
IFN-based therapy. However, data obtained from clinical
studies investigating this issue were controversial[103,138-142].
The NS3 region of the HCV genome is less variable
compared to E2 and NS5A, but still displays significant
sequence diversity[143]. In a previous study, we demonstrated that polymorphisms in the secondary structure of
an N-terminal region of NS3 of HCV-1b were associated
with different virological responses to PEG-IFN/RBV
therapy and proposed that the viral grouping based on
the NS3 polymorphism could be used to predict the
outcome of the therapy[144]. In addition, we have recently
found that a particular combination of point mutations
in aa 1082 and 1112 of NS3 (NS3-Tyr1082/Gln1112) is
closely associated with HCC development in HCV-1b infection. We have also noticed that a combination of NS3Tyr1082/Gln1112 and core-Gln70 is more strongly associated
with HCC development than is the mutations of NS3
alone or the core protein alone[69]. Therefore, we propose
that NS3-Tyr1082/Gln1112 and core-Gln70 would be independent predictive markers for development of HCV-1bassociated HCC.
Apart from the IFN responsiveness, NS3 has been
an intense focus of attention since the introduction of
NS3 protease inhibitors as DAAs for treatment of HCV
infection. Mutations in four positions in the NS3 protease domain are known to be associated with resistance or
reduced sensitivity to telaprevir; R155K/T/S/M, A156T/
V/S, V36A/M and T54A[145-148]. Three mutations, T54A,
V170A and A156S, conferred low to moderate levels of
resistance to boceprevir while variants with the A156T
mutation are highly resistant[145-149]. Deep sequencing
analysis using “next-generation” sequencers revealed that
those DAA-resistant mutations were present even before
the initiation of treatment in patients who did not achieve
SVR. Thus, the prevalence of the DAA-resistant variants
is determined by their replicative fitness and selective pressure of the DAAs[150,151]. In this connection, deep sequencing analysis is also useful to study the possible importance
of a viral factor(s) in disease manifestations, including
IFN resistance, especially when the target variant(s) constitutes a minor population in the sample and, therefore,
undetectable by ordinary direct sequencing.

HCV is an interesting virus to study because of its ability to evade host defense mechanisms, including both
innate and acquired immune responses, so as to establish persistent infection, which causes a wide spectrum
of pathogenicity, such as lipid and glucose metabolism
disorders and HCC development. The HCV genome is
characterized by a high degree of genetic diversity that
can be associated with the viral sensitivity or resistance
(reflected by different virological responses) to IFNbased therapy. In addition to the IL28B SNP as the most
important host factor that governs the IFN responsiveness of the patients, a point-mutation at position 70 of
the core protein and sequence heterogeneity of the ISDR
and IRRDR in NS5A of HCV have significant impact on
the outcome of a standard regimen of PEG-IFN/RBV
combination therapy. Currently, the HCV therapeutic
field is heading towards IFN-free treatment where there
are several ongoing clinical trials testing new specific
DAAs against HCV. Whether these DAAs can overcome
the HCV genetic diversity barrier without the emergence
of resistant variants should be carefully monitored and
properly assessed. New technologies, such as second and
third generations of deep sequencing technologies that
are currently available, will open up new doors to further
understand the impact of HCV genetics on HCV pathogenesis and treatment responsiveness in more detail.
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Core tip: This review deals with the role of negative
affects in pathophysiology and clinical expression of irritable bowel syndrome (IBS). Depression, anxiety, and
anger play a key role in dysregulation of the brain-gut
axis, contributing to the majority of pathophysiological
and symptomatic correlates of IBS. Research efforts to
integrate different knowledge provide further insight
into the pathways linking negative psychological states
to health and disease, leading to identification of individual vulnerability and susceptibility factors, including
subsyndromal conditions, which should be addressed
to promote better health in the population and more
effective and efficient prevention and treatment of IBS.

Abstract
Irritable bowel syndrome (IBS) is regarded as a multifactorial disease in which alterations in the brain-gut
axis signaling play a major role. The biopsychosocial
model applied to the understanding of IBS pathophysiology assumes that psychosocial factors, interacting
with peripheral/central neuroendocrine and immune
changes, may induce symptoms of IBS, modulate
symptom severity, influence illness experience and
quality of life, and affect outcome. The present review focuses on the role of negative affects, including
depression, anxiety, and anger, on pathogenesis and
clinical expression of IBS. The potential role of the autonomic nervous system, stress-hormone system, and
immune system in the pathophysiology of both negative affects and IBS are taken into account. Psychiatric
comorbidity and subclinical variations in levels of depression, anxiety, and anger are further discussed in
relation to the main pathophysiological and symptomatic correlates of IBS, such as sensorimotor functions,
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INTRODUCTION
Irritable bowel syndrome (IBS) is a disorder of the lower
gastrointestinal tract characterized by a set of gastrointestinal (GI) symptoms such as abdominal discomfort
or pain[1], bloating or feelings of abdominal distension,
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alterations in bowel habits (constipation and/or diarrhea), and altered stool passage (urgency or feeling of
incomplete evacuation)[2]. Diagnosis of IBS depends on
symptom-based criteria such as the Rome criteria, after
excluding the presence of any organic GI diseases[3]; beyond diagnostic criteria, clinical routine biopsies and examinations have shown that the number of lymphocytes,
mast cells, enterochromaffin cells, and nerve fibers are,
at least in IBS subtypes, increased[4-7] and an increased
amount of nerve-activating mediators is released from
the colonic mucosa in IBS patients[8]. Estimated prevalence of IBS in the general population varies from 5.8%
to 26.1%[9] and much of the variability in prevalence
rates is probably due to different symptom-based diagnostic criteria, sample selection, access to health care,
and/or cultural factors. In clinical samples, IBS accounts
for approximation 3% of all general practice[10] and up
to 70% of referrals to gastroenterology clinics[11].
Regarding sex differences, a higher prevalence is
found in women, with a female-to-male ratio close to
2[12]. As predominant bowel pattern, women more commonly report functional constipation, defined as persistent symptoms of difficult, infrequent, or seemingly incomplete defecation[13], with no other apparent etiology,
and abdominal pain[14]. Furthermore, women are more
likely than men to seek medical assistance[15]. The onset
of IBS usually occurs between the ages of 15 and 65
years, and the mean age at presentation is the mid 30s,
although in a number of subjects, symptoms may date
back to childhood. The course of the illness is chronic,
fluctuating, and relapsing; in some cases, symptoms can
spontaneously resolve and the syndrome may have a
good prognosis, as documented by long-term, follow-up
studies[16,17].
The etiopathogenesis of IBS is complex and not yet
completely understood. IBS may be better conceptualized as the resultant of the complex interactions of a
number of factors such as abnormal colonic motility,
visceral hypersensitivity, enhanced pain perception[18,19],
low-grade inflammation involving mast cells[20], dietary
intolerance[21], alteration of microbiota, the intestinal microbial community[22,23], abnormalities in the autonomic
nervous system[24,25], and stress[26,27].
A major contribution to the understanding of the
pathogenesis of IBS has come from the hypothesis of
the hyper-reactivity of the brain-gut axis; a model describing bidirectional pathways among central nervous
system (CNS), autonomic nervous system (ANS), and
enteric nervous system (ENS), thus linking emotional
and cognitive areas in the CNS with visceral afferent
sensation and intestinal function[28,29]. A growing body
of evidence indicates that IBS is viewed as being caused
by dysregulation of the brain-gut axis, involving neural,
endocrine and neuroimmune pathways that are affected
and often disrupted by psychosocial and environmental
stressors, including life events, or by physical stressors
(infection/inflammation)[30,31].
The biopsychosocial model of illness and disease[32]
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has provided a conceptual framework that is helpful for
understanding the bidirectional relationship between
mind and body, integrating biological science with individual features. According to this model, illness and
disease result from simultaneously interacting systems
at multiple levels (cellular, tissutal, organismal, interpersonal, and environmental), and research in this field is
oriented to determine the ways in which biological, psychological, and environmental factors interact to explain
illness onset, course, and outcome[33]. The biopsychosocial model applied to the understanding of IBS pathophysiology assumes that psychosocial factors, interacting
with biological mechanisms such as peripheral/central
neuroendocrine and immune changes, may induce and
aggravate symptoms of IBS, modulate symptom severity
and persistence, influence illness experience and quality
of life, and affect treatment response and outcome[34].
However, it remains unclear which psychological factors
are the most relevant in explaining these outcomes.
The natural history and risk factors of IBS suggest
that the disease may begin in early life. The quality of
the early family environment can provide a main source
of strength or vulnerability in later life[35]. Mothers represent a major source of interaction and regulation of
physiological and psychological processes, therefore,
maternal care influences the physiological and psychological development of the child, whereas inadequate
maternal care is related to developmental problems both
in human infants and in rats[36]. In rodent models it has
been shown that the early postnatal stage is a crucial period for the healthy development of pups; alterations in
early experiences are thought to have long-lasting consequences for stress responsiveness and emotions[37]. An
extension of this model postulates that adverse events in
early life, experimentally reproduced with the use of the
maternal separation procedure, are associated with maladaptive behavioral and hormonal responses to stress
and may contribute to increase vulnerability to disease
in later life. Maternal separation (MS), a model of early
life stress, has been used in rodents for understanding
the effects of early life stress on the development of the
CNS and across a variety of systems including the braingut axis[38].
Thus, the multiple alterations across the regulation
of the brain-gut axis animal models provide strong
evidence for a deep understanding of stress-related GI
disorders also in humans. It has been suggested that
problems during the perinatal period may contribute to
the susceptibility to develop IBS in humans; events such
as prenatal undernutrition and painful experiences might
interfere with GI physiological maturation[39].
Over the past decade the significant interplay among
psychopathological factors, psychiatric comorbidity,
chronic emotional distress as possible associated features
or co-factors in IBS onset, course, and clinical expression has gained attention by research strategies pursued
by different specialties, such as psychiatry, psychology,
neurobiology, and pain.
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In this review we focus on the role of negative affects, including depression, anxiety and anger on the
pathophysiology and clinical expression of IBS, taking
into account that association between emotions and GI
health is bidirectional and effects can accumulate over a
long period of time. The focus on affective traits is congruent with the line of research whose effort is to target
those basic dispositions relevant to psychopathology
that may affect the development, course and outcome
of IBS, possibly influencing the search for individualized
and integrated treatment strategies oriented to improve
individual outcomes.

Both PA and NA can be conceptualized either as a
transient state or as a trait, defined as individual differences in general affective level. Affective traits are stable
dispositions to experience the corresponding mood
factors (positive or aversive emotions). Hence, hightrait NA subjects are more likely to experience pervasive
and intense states of negative affect, whereas high trait
PA individuals report generally higher levels of positive
affect, maintaining a generally high activity level. High
NA individuals usually experience significant levels of
distress and dissatisfaction across time and in everyday
life situations, even in the absence of objective stressors;
they are also more introspective, suffer from poor selfesteem and tend to focus on the negative side of self,
others, and the world in general. Moreover, high NA
individual tend to be hyper-reactive in front of stressful
events[46].
More recently, the constructs of PA and NA, along
with a dimension defined as physiological hyperarousal
(HA), have been included in the tripartite model, which
aims to assess distinctive and overlapping features of depression and anxiety. The core assumption of the model
is that both disorders share a general distress factor;
however, depression should be characterized by a mixed
state of high NA and low PA, whereas anxiety should
be a state of high NA and HA[47]. Accordingly, NA is
thought to be the underlying construct for both depressive and anxiety disorders.
Whether PA and NA should constitute the extreme
and opposite poles of the mood dimension has been
a matter of debate in the emotion literature. Although
their names seems to suggest that they are opposite
poles of the same continuum, PA and NA appear to be
highly distinct dimensions; as stated by Zautra et al[48]
“most of us believe that positive feelings are the opposite of negative feelings, and that a person who is
unhappy is also sad. These statements are truisms in the
language of feelings, affects, and emotions. Most of the
time, positive and negative feeling states are independent
of one another”. This issue has not only theoretical
implications, but also impacts on clinical research; as
highlighted in a review on the influence of PA on health:
“If PA and NA are bipolar ends of the same construct,
benefits of PA may merely reflect the absence of NA
rather than the presence of positive feelings. Alternatively, should the two be mutually independent, PA could
provide benefits independent of NA levels”[49].
The conceptualization of PA and NA as independent
dimensions has received support from neurobiological
and brain-imaging studies that have demonstrated the
existence of separate cerebral circuits and anatomical
systems mediating positive and negative affectivity[40]
and, further, that the propensity toward one or the other
type of affect reflects individual dispositions probably
grounded in neurobiological differences. In terms of
the brain centers involved, the frontal lobes of the right
hemisphere have been implicated in NA and behavioral
inhibition (withdrawal tendencies), whereas the frontal

AFFECTIVE STYLES: POSITIVE VS
NEGATIVE AFFECTS
The term affective style refers to a range of individual
differences in different parameters of emotional reactivity, involving valence-specific features of emotional reactivity and affective processing and regulation. In keeping
with its main role in defining mental health and quality
of life, affective style has been studied in detail. From a
psychophysiological point of view, several parameters
of affective style can be objectively measured including:
(1) threshold to response; (2) magnitude of response;
(3) rise time to peak of response; (4) recovery function
of the response; and (5) duration of response, where
the last three parameters refer to different aspects of
affective chronometry or the time course of emotional
responding[40].
Evidence from both animal and human neurobiological and brain imaging studies shows that the key brain
regions contributing to the supposed emotion processing circuit are the prefrontal cortex (PFC), amygdala and
extended amygdala/ventral striatum, including nucleus
accumbens, hypothalamus and anterior cingulated cortex
(ACC)[41].
Beyond detection and evaluation of emotionally
salient stimuli, emotion processing also involves the
experience, regulation and expression of the affective response; the capacity to regulate effectively negative emotions and to decrease the duration of aversive affects
is considered one of the key components of affective
style[42].
A large amount of research shows that emotional
experience is dominated by two core and broad dimensions accounting for the variability in individual levels of
psychological well being and distress: positive affect (PA)
and negative affect (NA)[43,44]. PA can be defined as an
affective construct that reflects a level of pleasurable engagement with the environment and that involves both
emotional and cognitive components, such as joy, enthusiasm, happiness, high energy levels, interest, motivation,
and mental alertness[45]; low levels of PA are characterized by poor energy and fatigue.
In contrast, NA is a dimension of subjective distress
including a range of aversive mood states, such as sadness, anger, disgust, guilt, fearfulness, and depression.
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lobes of the left hemisphere have been implicated in PA
and approach behaviors[40]. The existence of two separate systems and brain circuits for PA and NA has powerful implications for clinical work, because therapeutic
approaches may focus on decreasing negative affective
experiences or increasing positive ones.
From a personality perspective, NA as a trait is the
core component of two similar personality constructs,
neuroticism, and type D (distressed) personality. Neuroticism, defined as “a broad dimension of individual
differences in the tendency to experience negative, distressing emotions and to possess associated behavioral
and cognitive traits”[50], is characterized by overstated
reactivity to physiological changes, by emotional instability with overwhelmingly negative emotions. Neuroticism
has been related with a broad range of physical health
problems, included IBS[51,52], even when depression and
other risk factors are controlled. Type D personality, a
concept derived from empirical and theoretical research,
is regarded as consisting of two stable broad traits: NA,
and social inhibition (SI), which refers to a tendency to
suppress and inhibit the expression of emotions[53,54].
Type D personality seems to confer a specific vulnerability to chronic stress, and it has been associated with
high rates of medical comorbidity, unfavorable clinical
courses, both medical and psychological, and low subjective and physician-assessed health ratings[55].
Overall, affective styles, also conceived as personality traits in different theoretical models of personality,
represent stable and chronic attributes of individuals
and thus they may have predictive value; in this sense,
NA is related to long-term emotional distress, general
maladjustment, and with a broad range of subjective
complaints and reported physical symptoms.

psychopathology and affective disorders. As suggested
by recent research, behavioral inhibition is recognized as
an early temperamental precursor of later anxiety disorders[58], whereas low PA is an acknowledged risk factor
for depression[59].
It has been hypothesized that, on an inherited temperamental basis that predisposes vulnerability to withdrawal tendencies/behavioral inhibition, the expression
of an affective style characterized by preponderant NA
is ultimately determined by environment. A number
of environmental factors possibly playing a role in the
formation of a negative affective style have been identified: negative parenting styles, insecure parent-child attachment, parental anxiety, and adverse life events may
interact with behavioral inhibition in maintaining the
pathways toward psychopathology and mental distress[58].
On a neurobiological level, it has been suggested that
adverse events in early childhood affect experience-depending maturation of structures on those brain systems
underlying emotional functioning[60].
A growing line of research is converging on epigenetics, the study of heritable changes in gene expression that occur without changes in DNA sequence. Epigenetic mechanisms can change genome function under
exogenous influence; moreover, epigenetic changes allow
for the stable propagation of gene activity states for generations afterwards[61].
From an epigenetic point of view, among environmental factors, early life experiences are associated with
different outcomes in life-long health and behavioral
pathways both in animals and in humans[62]. It has been
demonstrated that differences in maternal care in rats
during the first weeks of life are associated with longterm effects on behavior and brain function persisting
into adulthood, mainly via alterations in the stress response[63]. Similarly, in humans, childhood maltreatment
is significantly associated with psychopathological outcomes in adult life[64].
Moreover, maternal emotional states, such as anxiety,
psychological distress, and depression, are associated
with child health, and parental functioning problems,
such as restricted emotional expression, poor emotional
supportiveness, and role conflicts, are associated with
poorer psychological and physical well being of children
with chronic illnesses[65].

ROOTS OF NA: TEMPERAMENT,
EPIGENETICS, AND CHILDHOOD
ANTECEDENTS
Temperament has been defined as biologically based
individual differences in reactivity and regulation that
are almost stable over time; probably in part heritable, it
shapes the propensity to approach or withdrawal from
novel and unfamiliar situations and, ultimately, the way
individuals adapt[56]. Such individual differences appear
early in life, and have been biologically connected with
differences in emotional responsivity, as approach tendencies/behavioral activation are related to PA, whereas
withdrawal tendencies/behavioral inhibition are linked
to NA. Accordingly, infants and children characterized
by behavioral inhibition show high NA, and low levels of PA, social interactions, and approach behaviors;
moreover, they are fearful in unfamiliar contexts [57].
Temperament dimensions are normally distributed in
the general population, but it is widely accepted that certain temperamental features, such as NA and behavioral
inhibition, may have a role in the development of later
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NEGATIVE AFFECTS AND IBS:
POTENTIAL LINKS
The effect of negative affects and emotions on health
has been long recognized; particularly, the physiological
consequences associated with affect and emotion arousal
provide one potential mechanism by which emotional
states may influence physical health, leading to increased
vulnerability to illness[66]. In general, negative affects are
related to unhealthy patterns of physiological functioning, while positive affects are associated with better
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health, although the role of other potential mediators of
this association, such as healthy lifestyles, stronger social
networks, more positive social interactions, frequency of
stressful events, and a putative role of PA as stress buffer need to be further investigated[49].
From a neurobiological point of view, CNS pathways
(outflows from cortico-limbic-pontine networks) to gut
form the emotional motor system (EMS) that can be
viewed as an extension of the limbic system into the gut,
involved in the modulation of autonomic and neuroendocrine pathways, and pain[67]. The tonic modulation
exerted by the EMS include serotonergic, noradrenergic
and opioidergic descending spinal pathways. The most
studied pathways in IBS is the serotonin (5-HT) neurotransmission system, and it has been hypothesized that
the co-occurrence of NA and IBS may be related to
serotonergic hypofunction both in the ENS and CNS.
Thus, affective and emotional symptoms should be considered as specific and integral to the illness, rather than
causal factors or consequences of IBS[68]. We discuss
here further mechanisms that may subtend the link between NA and IBS, and in particular the potential roles
of autonomic nervous system, stress-hormone system
and immune system.

is that top-down sympathetic and parasympathetic activity from brain to gut is thought to mediate affectrelated patterns of regional changes in motor, secretory
and perhaps immune activity in the GI tract, and these
changes are similar to the changes in facial expressions
and body postures induced by emotional states[72]. Accordingly, long-lasting alterations in ANS output to the
gut may induce changes in peripheral target cells (e.g.,
adrenergic and serotonergic receptors) with subsequent
feedback from gut to brain and possible effects on those
brain regions that receive this prolonged input, as highlighted by neuroimaging studies[69]. Thus, the hypothesis
of ANS dysfunction may provide a stimulating theoretical frame for better understanding the association between changes in brain-gut signaling and NA.
Stress-hormone system: hypothalamic-pituitary-adrenal
axis
With the term “stress”, Selye defined the physiological adaptive responses of the organism to emotional or
physical threats (“stressors”), whether real or perceived[74].
Stress evokes adaptive “fight or flight” responses aimed
to maintain the stability of the internal environment and
to ensure survival; these responses are driven by the activation of the hypothalamic-pituitary-adrenal (HPA) axis.
Corticotropin-releasing factor (CRF) is a crucial neuropeptide in the regulation of the HPA axis, and the final
common pathway in the stress response. It has several
central effects, including cardiovascular by sympathetic
activation leading to increased arousal, alertness, rapid
heart rate and respiration, cerebral blood flow regulation, and stress-induced analgesia[75]. Glucocorticoids and
catecholamines secreted in response to stressor represent
the primary mediators in the chain of hormonal events
triggered in response to stress; cortisol, the hormonal
end-product of the HPA axis, is one of the most potent
endogenous feedback compound on the pro-inflammatory signal transduction machinery[76]. Negative feedback
involving the activation of neural, neuroendocrine and
immune mechanisms limits the stress response, leading
the organism back to a state of homeostasis; thus, the
“ideal” stress response should be time limited. However,
if the stressor persists and becomes chronic, the adaptive
system becomes defective or excessive, and the prolonged
activation of the HPA axis and ANS lead to alterations in
mood and affects, a loss of cognitive and affective flexibility, and inhibition of those vegetative processes that
are likely to impede survival of the organism during a
life-threatening situation, like appetite control, digestion,
sleep, sexual activity, and endocrine programs for growth
and reproduction[75]. Stress is considered a significant
factor involved in illness and well-being; stress-induced
disorders affect the whole body, including the GI tract,
which is a sensitive target[77], and is strongly related to
psychiatric disorders. Regarding depression, research has
focused on a central role of a pathologically dysregulated
HPA axis; stress-induced hypercortisolemia leads to the
central downregulation of glucocorticoid receptors, im-

ANS
The ANS can be considered the neural interface conveying top-down and bottom-up signals. The same cerebral
regions (amygdala, hippocampus, and prefrontal cortex)
implicated in the modulation of gut function are also
involved in the regulation of affectivity, mood, and emotions, and, thus, in the development of social behavior
and coping strategies [69]. At the ANS level, a relative
hyperfunction of the sympathetic activity along with a
relative hypofunction of the parasympathetic activity
(low vagal tone) has been described in mood and anxiety disorders[70]; similar findings have been described in
IBS, and increased sympathetic tone has been shown to
enhance visceral hypersensitivity[71]. The processing of
sensory information, mainly of noxious stimuli, strongly
relies on emotional, motivational, and cognitive components, all of which are likely affected by affective styles.
ANS output can be activate by ascending interoceptive
signals from the gut, by descending cognitive or emotional influences, or in response to external or internal
demands. Depending on the class of stimuli (threats to
body homeostasis, severe environmental stressors, as
well as strong emotions such as anger, fear, and sadness),
ANS output can override local ENS function[72]. The
effect of sympathetic outflow to the gut is inhibitory,
thus it slows GI transit and secretion, whereas parasympathetic activity on the gut is excitatory, and also mediates the release of 5-HT from enterochromaffin cells[73].
Autonomic dysfunction, mainly lower parasympathetic
activity, may account for the burden of extraintestinal
symptoms and overlapping chronic pain disorders in
IBS, such as chronic pelvic pain, headache, fibromyalgia,
and psychiatric disorders[28,30]. An intriguing hypothesis
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pairing negative feedback of cortisol and enhancing levels of CRF and adrenocorticotrophic hormone[78]. Early
stressors are thought to predispose individuals to adultonset depression via a stable hyperactivity of the HPA
system. It has been demonstrated that individuals with
both depression and antecedents of early-life trauma
exhibit structural reductions in regions involved in HPA
axis regulation, whereas individuals with depression alone
do not. A recent study has shown that smaller hippocampal volume is observed before the manifestation of clinical symptoms of depression in at-risk adolescents; particularly in those who experienced high levels of adversity
during childhood[79]. The authors suggested that smaller
hippocampal size may be an inherited trait predisposing
individuals towards the development of those psychiatric
disorders that are triggered or worsened by stress, thus
partially mediating the effect of early-life adversity on depression during longitudinal follow-up. Increased HPAaxis activity, documented by cortisol awakening response,
is also found in anxious people[80] and, in healthy adults,
it has been associated with changes in experimentally induced NA[81].
Regarding IBS, a major role of stress in the pathophysiology, symptoms severity, visceral pain, and treatment outcome has been documented[82]. Similar to that
found in depression, epidemiological data have shown
that a history of early trauma (sexual or physical abuse,
and neglect) in genetically predisposed subjects can be a
key predisposing factor for the development of IBS in
adulthood; however, it occurs in only a minority of all
IBS patients. The mechanisms by which early trauma can
affect susceptibility to stress-related disorders are the
induction of persistent changes in the responsiveness of
HPA axis to further stressors[83], and possibly, epigenetic
changes in glucocorticoid receptor expression[84]. Important insights on the role of early stress on later development of GI symptoms come from animal models. The
impact of maternal separation on the brain-gut axis and
on GI function has been extensively studied: separated
rats show alterations in both central and peripheral neurotransmitter systems, mainly 5-HT and glutamate, activation of the HPA axis with changes in the CRF system;
alterations in pain pathways and visceral hypersensitivity
with stress-induced hyperalgesia and increased colonic
motility; GI immune changes, with aberrant activation
of both colon- and systemic-mediated immunity; intestinal barrier dysfunction, with increased permeability
and inflammatory cell infiltration in the lamina propria;
and disrupted microbiota persisting into adulthood[85].
Based on the literature, it appears difficult to determine
at which level of the HPA axis the primary dysfunction
is located; nevertheless, there is sufficient evidence that,
in susceptible individuals, alterations in the central stress
circuits mediated by early-life adversity and NA play a
major role in the pathogenesis and clinical expression of
IBS.

physiological systems and susceptible to the effects of
hormones, neurotransmitters, and other mediators. Direct anatomical and functional links between the CNS
and the immune system provide a biological pathway
by which affects, emotions, and psychological distress
may influence immunity. Chronic stress is associated
with altered immunity and an increased susceptibility to
a number of diseases[86], and there is emerging evidence
that positive affects can moderate the negative impact
of stress on immunity. PA as a trait has been associated
with increased cellular immune competence, greater NK
cell cytotoxicity, and increases in secretory IgA responses
to antigen challenge, increased number of helper T cells,
and antibody levels[87]. Conversely, a growing body of
research has found that negative affects and emotions
are associated with immunological dysregulation in experimental paradigms aimed to evoke transient mood
changes. NA as a stable personality dimension with
related coping styles such as repression, rejection, and
sensitivity, has been associated with altered leukocyte
counts in peripheral blood and dysregulated cellular immune function[88]. Individuals high in hostility, a stable
personality disposition derived from anger, exhibit significant increases in NK cell cytotoxity when compared
with those who are low on hostility[89]. The relationship
between depression and immunity is complex, because
depression has been alternatively associated with both
immune suppression and immune activation. A recent
study has shown that depression and melancholia are
associated with activation of cell mediated immunity
(CMI); the linked CMI and inflammatory responses are
also associated with the onset of depression and with
the melancholic cluster symptoms of depression. Exposure to previous depressive episodes seems to amplify
the size of CMI responses, possibly increasing the recurrence of depressive episodes[90]. However, markers of
impaired cellular immunity, mainly diminished NK cell
cytotoxicity, have also been associated with depression[91].
Nevertheless, the significant associations of findings of
both immune suppression and immune activation with
depression raise serious questions concerning the validity of the construct of depression as a homogeneous
disorder.
The associations between immunity and GI function
are unequivocal, because up to 80% of the immune cells
of the whole organism are contained within the gut mucosa and the gut-associated lymphoid tissue[78]. Accordingly, the gut represents a key structure in maintaining
the balance between tolerance and immunity[78], but it
also is a target for unbalanced immune processes. There
is increasing evidence suggesting a role for immune activation in IBS[92].
Findings from a study aimed to examine associations
between depression, fatigue, and immunity in IBS patients vs healthy controls demonstrate that IBS samples
are characterized by higher numbers of mast cells in the
gut lamina propria compared to controls; moreover, fatigue and depression ratings are correlated with mast cell
counts[93]. Evidence for a low-grade inflammatory state

Immune system
The immune system is highly connected with other

WJG|www.wjgnet.com

7575

June 28, 2014|Volume 20|Issue 24|

Muscatello MRA et al . Negative affects and IBS

in both IBS, depression, and anxiety is discussed in the
section related to inflammation as a feature of IBS.
Based on the literature, it is clear that dysfunctional
affective and behavioral patterns are main factors in the
activation of immune pathways linking to IBS, taking
into account that communication between the brain, immune system and gut is bidirectional.

aimed to investigate the prevalence, comorbidity and
risk correlates of IBS and generalized anxiety disorder
(GAD) in a general population (n = 2005) showed that
about one in six people with IBS in the community had
comorbid GAD that added to the severity and impairment of IBS, also associated with core depressive symptoms[103]. It is also recognized that patients with IBS or
other functional GI disorders tend to have additional
functional disorders in various other organ systems (e.g.,
unexplained pain, weakness, and sexual complaints), and
complaints of multiple drug sensitivities and allergies.
Moreover, they make twice as many health-care visits
per year as age-matched controls, undergo excessive
diagnostic tests and surgical procedures, use many overthe-counter and prescription medications, and become
refractory to treatment[104]. Thus, the implications for
health economics are significant: IBS patients incur
substantially more direct health-care costs than non-IBS
patients, and 66% of these excess costs are for non-GI
indications, and mainly for psychiatric comorbidity[105].
It must be stressed that the comorbidity between IBS
and psychiatric disorders seems to be bidirectional; also,
the prevalence of IBS in psychiatric patients who seek
treatment is high, with a prevalence of 19% in schizophrenia, 29% in major depression, and 46% in panic disorder among other disorders[106]. The prevalence rate of
IBS is particularly high in patients diagnosed with double
depression (major depressive episode plus dysthymia, a
chronic depressive condition), and 57.6% of patients with
double depression met the criteria for IBS when compared with controls[107]. These patients are also more likely
to complain of symptoms of weakness, nocturnal bowel
movements, and GI symptoms related to stress[107]. Furthermore, in 50% of patients, the psychiatric disease preceded the onset of the bowel disease, whereas in 37.5%
of patients the bowel symptoms appeared first; significantly more patients with double depression also reported
a family history (61.5% vs 22.5%) of IBS than controls
did[107]. Anxiety sensitivity and illness attitudes and intrusiveness are predictive of elevated IBS symptoms[108].
Maladaptive affective experiences are distinguished
from their adaptive counterpart by several indexes, such
as frequency, intensity, duration, and inappropriateness[109]. Although they represent a main part of psychiatric disorders (e.g., depressed mood is fundamental
to clinical depression, as well as anxiety, and is the main
symptom of GAD), they should be not be considered
identical[109].
As underlined in the previous sections, symptoms of
depression and anxiety, related emotional disorders, individual differences in the tendency to experience negative
affect, and related personality traits may reflect a chronic
psychological characteristic rather than a discrete, identifiable psychiatric condition. This distinction is important
because diagnosable psychiatric disorders, characterized by full, severe symptoms, occur occasionally in
the population, whereas subclinical affective symptoms
and personality traits involving depression and anxiety,

PSYCHIATRIC COMORBIDITY, NEGATIVE
AFFECTS AND IBS: WHAT IS THE
EVIDENCE?
The issue of comorbidity among psychiatric disorders
and IBS is well documented. The prevalence of psychiatric disorders in IBS patients is high, with up to 60%
of patients diagnosed as having a comorbid psychiatric
disorder[94]. Results from a prospective, randomized controlled trial aimed to investigate the relationship between
bowel symptoms, psychological variables and rectal sensitivity in severe IBS, showed that 44% of IBS patients
had psychiatric comorbidity[95]. The higher rates of comorbidity refer to patients seen in referral centers, and it
remains unknown whether those rates of psychiatric disorders are as high in the community of non-consulters,
or whether they apply exclusively to those subjects who
have sought treatment[2]. Other authors have suggested
that excess comorbidity characterizes only a subset of
IBS patients who show a tendency to noticing somatic
sensations and a lower threshold for consulting a physician; although, psychopathological factors in IBS have
been considered to be related to inducing illness behavior rather than being causally related to the condition itself[96]. Nevertheless, there is a growing body of evidence
supporting an association between psychological distress,
environmental stress, and IBS.
A population-based nested case-control study[97] demonstrated that psychosocial distress was significantly associated with the presence of a functional GI disorder,
although it was not explained by health-care utilization.
Studies conducted on university students have highlighted the role of depression and anxiety in predicting
IBS status[98], and in community subjects, depression,
anxiety, sleep disorders, and somatic symptoms such as
headache, and backache were more frequently associated
with IBS independent of other variables such as age, sex,
education level, marital status, smoking, alcohol use, and
BMI[99].
No specific psychiatric disorder has been associated
with IBS, but mood disorders (major depression and
dysthymia), anxiety, and somatoform disorders have
been the most frequently diagnosed conditions[100]. In
some authors’ opinion, high rates of psychiatric disorders in IBS probably reflects referral bias[96], although
recent evidence has shown that psychiatric comorbidity
is not only present in tertiary care, but also in primary
care[101] and in non-help-seeking community-based patients[102]. A random community-based telephone survey
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besides being more common, may be associated with
worse health outcomes, and with increased susceptibility
to illness just as the full-blown affective disorders[110].
Here, we summarize research that has evaluated negative affects or affective symptoms in IBS, specifically addressing depression, anxiety and anger. These constructs
overlap substantially with more general constructs such
as psychological distress and with trait features of negative affect.
Although it may seem rather obscure, from a psychopathological point of view, depressive and anxious
affects are included in the same section, because the vast
majority of clinical-based research and review papers
have not investigated these two affective dimensions
separately. Plausible explanations are that depression
and anxiety are the most common mental disorders in
the general population, often comorbid and overlapping
conditions, and mainly, they are categorical psychiatric
disorders with a precise set of diagnostic criteria. In
contrast, anger, despite its wide diffusion in the general
population, has received little attention from psychiatry
and clinical psychology, and anger has not been studied
in as much depth in its connection to IBS.

arousal, and conditioning on visceral hypersensitivity and
pain sensitivity, not only in subjects with IBS, but also
in those with subtle GI symptoms within the general
population. Anxiety and depression scores are elevated
in subjects who report abdominal pain and are positively
correlated with pain duration[115]. Moreover, subjects with
abnormal anxiety and depression scores have generally a
higher burden of abdominal pain, and this association is
most prominent in women[115]. The influence of depressive symptoms on rectal sensitivity in different subtypes
of IBS patients (diarrhea/constipation-predominant
vs alternating subtypes) has also been investigated. Depression levels are negatively correlated with rectal pain
threshold, but only in the alternating subtype of IBS,
suggesting that depression might affect pain thresholds
differently according to the subtype of IBS[116]. Other
authors have not found a relationship between rectal
sensitivity and negative affects, anxiety, depression, and
neuroticism[117].
Attempting to elucidate to what extent affective disturbances contribute to disturbed neural responses to
visceral stimuli, brain imaging findings in healthy subjects have documented increased brain activity during
negative affects in posterior cingulate cortex, thalamus
and somatosensory cortex in the rectal distension paradigm[118]. It has indeed become clearer that the emotional
context affects the neural processing of visceral stimuli
even in healthy subjects[19]. Brain imaging studies[119] have
shown that IBS patients, in response to visceral pain
stimulation, present differential brain activations in ACC
and insular regions, and in prefrontal and limbic regions,
such as the amygdala and hippocampus; brain regions
that play a major role in the central pain matrix, besides
being involved in the affective component of pain. A
functional magnetic resonance imaging study [120] has
demonstrated that patients with IBS experience significantly more pain and discomfort upon rectal distension,
despite unaltered rectal sensory thresholds. Depression and anxiety scores are associated with subjective
stimulus ratings, but not with rectal sensory thresholds.
Furthermore, depression symptoms are correlated with
activation of the PFC and cerebellar areas, whereas anxiety scores are significantly associated with pain-induced
activation of the anterior mid-cingulate cortex and
pregenual anterior cingulate cortex. The above brain regions are involved in the processing of visceral afferent
information, in emotional arousal and in cortical modulation. This study was particularly interesting because the
examined sample of IBS patients was characterized by
relatively minor psychopathological symptoms, although
intriguing implications about the role of negative affects
rather than that of psychiatric disorders can be inferred.
Depression, anxiety, stress, anticipation, and the recall of
painful memories can enhance the perception of visceral
pain, whereas relaxation and distraction can decrease
it[29].
Intestinal motility patterns, such as enhanced gastrocolic reflex, altered gastric emptying, increased small

ROLE OF DEPRESSION, ANXIETY AND
ANGER IN IBS
In the following sections we review the research that
has examined the negative affects depression, anxiety
and anger in relation to the main pathophysiological and
symptomatic correlates of IBS such as sensorimotor
functions, gut microbiota, inflammation and immunity,
and symptoms reporting.
Visceral and pain hypersensitivity and abnormal colonic
motility
Perceptual hypersensitivity to experimental and physiological gut signals in IBS patients has been systematically
demonstrated since the first studies on this issue[111,112],
and it has been proposed as a reliable biological marker
of the illness. Nevertheless, it is not clear whether this
may reflect a true hypersensitivity or rather a central affective alteration of the processing of normal or even
reduced gut signals[72].
Recent studies have shown that the hypersensitivity for rectal distension in IBS is largely determined by
hypervigilance for visceral stimuli, anticipation, and a
marked tendency to label visceral sensations as painful
rather than being a true hypersensitivity; namely an enhanced detection of visceral stimuli[113]. Recent studies
on IBS patients have directly assessed hypervigilance
by the use of the emotional Stroop test - a measure of
emotional interference and attentional bias - and results
have shown that IBS patients present attentional biases
to GI pain-related, and social threat words[114]. A good
deal of research has increased knowledge about the
strong influence of negative affects, cognitive processes,
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current psychiatric disorder or emotional disturbance[127].
Nevertheless, a subsequent study of depression, anxiety
and anger in subtypes of IBS subjects has shown that
patients with IBS-C compared with IBS-D are characterized by higher levels of trait anger; a stable dispositional
feature that includes a general tendency to experience
and express anger, along with higher levels of depression and anxiety[68]. Findings from a study aimed to compare levels of self-reported trait and suppressed anger
and recalled childhood abuse in patients with IBS (n =
75) or Crohn’s disease (n = 76) showed that IBS patients
were more prone to experience and suppress anger in
everyday situations than patients with Crohn’s disease[128].
However, only trait anger remained elevated in IBS patients after controlling for other psychological variables;
moreover, childhood sexual abuse was more prevalent in
IBS than Crohn’s disease patients but it was unrelated to
trait anger[128].
Together, these studies highlight the contributioin
of negative affects in mediating the pain experience and
altered bowel motility in IBS.

intestinal transit, and small bowel contractions following
stressful events are present in 25%-75% of patients with
IBS[100]. Patients with diarrhea-predominant IBS (IBS-D)
have shorter small-bowel and colonic transits than those
with constipation-predominant IBS (IBS-C), who exhibit
slowed whole-gut transit. Psychological distress can elicit
an enhancement of colonic motility and diarrhea [15].
This effect is particularly pronounced in IBS patients,
who tend to have a greater colonic motor response to
both psychological and physical stress in comparison to
healthy controls. In a large sample (n = 1021) of university students, participants with IBS were more likely
to have clinical anxiety and reported higher levels of
anxiety sensitivity, neuroticism, and trait worry than their
asymptomatic counterparts[121]. In this group, anxiety
was specific to visceral sensations, and this measure was
the strongest predictor of IBS diagnostic status[121]. The
authors have suggested that IBS may reflect a vicious
cycle of anxiety response in which fears and negative
beliefs about GI sensations lead to increased vigilance
toward bodily sensations, and in turn, the visceral sensations themselves may further increase as a result of
anxiety. Taken together, these results suggest that while
predisposing vulnerability factors such as NA or neuroticism and enhanced stress responsiveness contribute
to the development of anxiety problems, they may also
predispose the individual to anxiety-related visceral sensations, thereby increasing IBS risk. A recent study comparing the distribution of symptoms and psychological
parameters in adult patients with different functional GI
disorders has demonstrated that depression and anxiety
are related to the anatomical extent of the problem, such
as the number of sites of complaint[122]. Moreover, sex
differences were found: in male subjects, the extent of
sites of functional GI disorder is strongly related to trait
anxiety, whereas in female subjects it is strongly related
to depression[122].
Evidence of the association of anger and IBS symptoms is incomplete, although this negative affect seems
to have a role in altering colonic motility. IBS patients
exposed to experimentally induced anger-provoking conditions became angrier than healthy controls and have
increased colonic motor activity[123]. A further study by
the same research group has shown that, during angerprovoking paradigms, IBS patients show a decrease of
antral motor activity, whereas in controls the same activity is increased[124]. Suppression of anger, namely the
cognitive and behavioral efforts to restrain angry feelings, is associated with prolonged gastric emptying and
delayed gut transit in IBS patients[125]. Moreover, there is
an association between anger control or repression and
IBS symptoms such as abdominal pain and increased
postprandial colonic motility[126]. A study by our research
group has shown no significant differences in anger and
defense mechanisms between IBS patients and controls,
and thus we suggest that anger experience and expression, as well as defensiveness, do not seem to play a
critical role in IBS patients who do not manifest a con-
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Abnormal gut microbiota
The GI microbiota is a rich microbial ecosystem crucial
to health and disease; it colonizes the human gut immediately after birth, and plays a key role in maintaining
physiological functions of the host, such as digestion and
metabolism, trophism, and the development of the mucosal and systemic immune systems[129]. A link between
the intestinal microbiota and IBS has been suggested; the
composition (reduction in lactobacilli and bifidobacteria)
and temporal stability of the GI microbial community
is altered in IBS patients compared with controls[130].
Furthermore, several IBS symptoms, such as abdominal
pain and bloating may be related to excessive production of gas by bacterial fermentation in the distal bowel
and colon. In previous studies, small intestinal bacterial
overgrowth (SIBO), characterized by the presence of an
abnormally high number of bacteria in the small bowel,
has been associated with IBS, although with conflicting
results. In a sample of IBS patients scoring significantly
higher on psychological distress variables including depression, anxiety, and somatization, there were no differences in psychological distress between SIBO+ and SIBO
–
patients; the authors concluded that a possible influence
of psychological distress on the association between
SIBO and bowel symptoms was unlikely[131].
Recently, the construct of the brain-gut axis has been
recently expanded to include gut microbiota in a bidirectional way[132], and knowledge in this field is rapidly
expanding.
In rodents, a putative role of the gut microbiota in
emotional behavior has been hypothesized, even though
little is known about the possible mediating signaling
mechanisms. The induction of depression- and anxietylike behaviors influences the composition of the microbiota by enhanced activation of the stress response
and disruption of the microbial habitat via alterations in
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colonic motility[133]. Although there appears to be some
conflicting findings, preclinical data indicate that an
altered or absent microbiota can influence the development and functioning of the CNS, and modulate behavior. Beyond the evidence, it seems premature to translate
preclinical work on animal models to the clinic. A recent
study[134] on a large cohort of IBS subjects showed that
the majority of IBS patients presented changes in microbiota composition when compared with controls;
however, some of the IBS samples had no microbial abnormalities. This latter subsample showed a prevalence
of 40% depression, which was significantly higher than
the overall rate of 22% found in the study. Moreover,
the depression rate in the IBS cohort with altered microbiota was comparable to that of the general population.
The hypothesis of the possible association between altered microbiota composition and NA actually relies on
animal models, and further clinical studies will allow us
to better understand the putative role of microbiota in
the gut-brain axis in humans.

samples. Nevertheless, this study is particularly interesting because it was the first to report the influence of
negative affects (depression and anxiety) on inflammatory parameters in IBS-D.
Negative affects have recognized common pathways
with inflammatory conditions and confer increased risk
for disorders with an inflammatory etiology [139]. Depressed mood has been linked with increased levels of
proinflammatory cytokines and other inflammatory mediators, such as acute phase proteins, cellular adhesion
molecules, and chemokines[140]. Cytokine production is
associated with the so-called sickness behavior, due to
the impact of proinflammatory cytokines on the brain,
and characterized by a number of behavioral symptoms
such as weakness, depressed mood, anhedonia, lethargy,
loss of appetite, feelings of depression, and cognitive
deficits. The strict similarity between sickness behavior
and depression has led to the cytokine hypothesis of
depression, whose main assumption is that both psychosocial and internal stressors may trigger depression via
inflammatory processes via changes in neuroendocrine
and neurotransmitter systems[91].
In contrast with the large body of research examining the association between depression and inflammation, less is known about the relationship between
anxiety, anger and inflammation. Anxious subjects have
higher levels of the proinflammatory cytokine IL-6[141].
Higher levels of IL-6 and C-reactive protein (CRP)
among individuals with high anger and lower levels of
the same inflammation markers among those with high
anger control have been found[142]. Moreover, trait anger and hostility vary positively with levels of CRP and
IL-6[143], suggesting that angry tendencies may confer
much of the variability in inflammation associated with
negative emotions.

Inflammation and immunity
In physiological conditions, the gut is in a chronic state
of inflammation, with a balance between commensal
microbes and the immune system. Although colonic
biopsy specimens are usually normal in IBS patients,
direct evidence for a role of inflammation and immune
activation in IBS has been provided[3]. It is estimated
that postinfectious IBS may represent up to 30% of all
IBS cases[135], and sustained immune activation has been
found in this sub-group of patients[9]. Furthermore, lowgrade immune activation in IBS patients in the absence
of an episode of acute gastroenteritis is reported[136].
Inflammatory mediators, including cytokines, prostaglandins, bradykinins, nerve growth factors, adenosine,
and serotonin (5-hydroxytryptamine), are all substances
involved in visceral hypersensitivity, alterations in motility, increased gut secretion, and possibly contributing to
diarrhea[2]. Studies focusing on cytokine measurements
have shown increased levels of the proinflammatory
cytokines interleukin (IL)-6 and IL-8 in IBS patients,
whereas the presence of extraintestinal comorbidity,
including depressive states, is associated with increased
levels of IL-1β and tumor necrosis factor-α[137]. A recent
study of the correlation between anxiety-depression
status and cytokines in a small sample of patients with
IBS-D has shown that IBS-D patients who meet the
anxiety-depression criteria have increased IL-1β levels,
and decreased levels of IL-10, an anti-inflammatory cytokine, when compared with controls[138]. The authors
have suggested that anxiety-depression status may cause
changes in the IL-1β and IL-10 levels of IBS patients,
resulting in an imbalance of the proinflammatory and
anti-inflammatory cytokines, thus leading to aggravation of IBS[138]. The sample size (IBS-D group: n = 12;
anxiety-depression IBS-D group: n = 16; control group:
n = 15) does not permit us to make robust inferences
from the findings, which need to be replicated in larger
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Health care-seeking behavior
From an epidemiological point of view, GI symptoms
are remarkably frequent in the general population, with
up to 70% of individuals reporting one or more symptoms [15]. Moreover, only a percentage of individuals
affected by IBS in the general population ever seek the
attention of the health care system for their symptoms.
Part of the variation in rates of health care-seeking behavior is possibly attributable to characteristics associated with the health care system of a particular country
or region, and another explanation might be due to social learning in early childhood[2]. In psychological terms,
social learning of illness behavior takes place through
reinforcement, when parents respond to abdominal
complaints of their children with increased attention, or
through modeling, when parents affected by IBS behave
in a way that reveals a concern with illness. The effects
of social learning on illness behavior in IBS have been
highlighted: children of mothers with IBS have more
non-GI as well as GI symptoms, more school absence,
and attend more medical examinations for GI symptoms than children of non-IBS mothers [144]. Beyond
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accessibility to the health care system, and social learning, psychological distress, psychiatric comorbidity, and
NA have been indicated as significant factors in use of
health care by IBS adults. It has been shown that in adult
IBS patients, health-care-seeking behavior and treatment
outcome are adversely associated with anxiety, chronic
social stress, acute stressors, and maladaptive coping
style[145]. The majority of IBS patients who seek medical advice for GI problems have an associated affective
disorder. Anxiety in particular has been designated as an
important determinant of medical consultation among
patients with IBS[146]. In contrast, it has been suggested
that negative emotions may not always facilitate careseeking. The co-occurrence of nonspecific physical
symptoms and stressful life events may lead to the misattribution of symptoms to the stressor, and thus, to delay
the decision to seek medical attention[147]. A recent study
on a community sample of university students with
IBS-like symptoms compared with a non-IBS reference
group has shown that health care utilization is mainly
associated with IBS symptom severity, and not with
emotional distress[148]. As reviewed in previous sections,
rates of negative affects and psychiatric comorbidity in
IBS patients are higher than in the general population[94].
Moreover, these high rates are not encountered only
in health-care-seeking IBS patient samples, but also in
community-based samples, suggesting that affective disturbances in IBS patients are involved in the pathophysiology of the illness rather than merely a determinant of
health care use[99]. Furthermore, the timing of onset of
psychological factors, the shared assumption that NA
encompasses temperamental features and stable personality traits, and the bio-psychosocial frame in which IBS
is actually viewed, further suggest the influence of NA
in IBS development that goes beyond a possible role
only in the use of health services[149]. It seems plausible
that health-care-seeking behavior in IBS patients might
be influenced by many factors; among these, symptom
severity, especially pain, duration of illness, and somatization may have some role[150].

range of available drugs and the high prevalence of the
disease, to date, no single drug or particular combination
strategy has been shown to be superior to the others[151].
Severe IBS, characterized by high levels of pain, diminished quality of life, and/or comorbidity with mood
and anxiety disorders is frequently resistant to first- and
second-line therapies[152].
Within the frame of the bio-psychosocial model of
IBS, and taking into account the bidirectional communication between the brain and the gut, centrally acting
treatments, such as psychopharmacological or psychological treatments, can be used to reduce the impact of
the GI symptoms.
Psychotropic drugs, mainly antidepressants, are commonly prescribed for IBS.
The rationale for prescribing tricyclic antidepressants
(TCAs) is that these drugs have demonstrated efficacy in
modulating pain perception via central regulatory mechanisms, and for this effect they are also used to treat
chronic neuropathic pain and other chronic pain conditions[153]. Selective serotonin reuptake inhibitors (SSRIs)
have a lower side effect profile than TCAs, although
their efficacy as antinociceptive agents is questionable[2].
Moreover, the prokinetic effect of SSRIs (e.g., stimulation of small-intestinal motility and induction of nausea)
can intensify certain IBS symptoms[154].
Anxiolytic agents, particularly the benzodiazepines
(BZDs), combined with antispasmodics, have been
one of the most common treatment strategies for IBS
patients. However, such therapies have not received
supportive evidence from high-quality clinical trials[155],
and the potential role of BZDs in the treatment of IBS
needs further evaluation[156], taking into account the risk
of tolerance, the potential for dependency, and rebound
after withdrawal.
Considering the partial benefits of pharmacotherapy,
a significant amount of research has evaluated psychological and psychosocial treatments for IBS. The effect
of various techniques of psychotherapy, such as cognitive behavioral therapy, interpersonal psychotherapy,
hypnotherapy, and relaxation/stress management on IBS
has been evaluated. Nevertheless, as demonstrated by a
recent meta-analysis[157], psychological interventions are
not superior to placebo, and there is no convincing evidence that treatment effects are sustained in long-term
follow-up. IBS treatment thus requires complex and
multidisciplinary management, and the establishment of
a positive and empathic doctor-patient relationship to
provide individualized treatment and the education and
support needed to help patients to deal with what is often a lifelong disorder.

INTERPLAY BETWEEN GUT AND BRAIN:
TREATMENT IMPLICATIONS
Current treatments for IBS are based on symptom representation and comorbid conditions such as lifestyle,
diet and stress disorders. Dietary changes, such as a stepwise food exclusion approach, as well as fiber and/or
probiotic supplementation, have been proposed when
symptoms are mild. For moderate symptoms, pharmacological treatments, including antispasmodics, prokinetics
(5-HT3 antagonists and/or 5-HT4 agonists, dopamine
antagonists), antibiotics, and bulking agents, can be
considered. Medications are mainly symptom directed,
because the pathophysiological mechanisms for development of IBS are complex and multifactorial.
It is well known from the literature that the efficacy
of pharmacotherapy for IBS is weak. Despite the wide
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CONCLUSION
Previous research has suggested that negative emotions
and attitudes have detrimental effects on health, and a
number of behavioral and biological mechanisms could
underlie these associations.
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Growing evidence supports the hypothesis that negative affects are a major component of the biopsychosocial
model of IBS, because they play a key role in dysregulation of the brain-gut axis, contributing to the majority of
pathophysiological and symptomatic correlates of IBS.
Beyond temperament and affective dispositions, there is
strong support, both from preclinical and clinical studies,
for the psychosocial role of the environment in altering
behavior and influencing nervous, autonomic and immune
functions. Furthermore, early life adversity produces epigenetic changes in those brain regions that influence behavior, affective attitudes, and process information about
potentially threatening or harmful environments.
As highlighted in the present review, major contributions to advancing our understanding of the role of NA
in IBS have come from different research disciplines,
such as gastroenterology, stress medicine, psychiatry,
psychology, and neurobiology. Future focus in this research field should move towards the development of
integrative research strategies involving these apparently
divergent, yet complementary disciplines. In our opinion,
efforts aimed to integrate different fields of knowledge
will provide further insight into the pathophysiological
pathways linking negative psychological states to health
and disease, leading to the identification of individual
vulnerability and of those susceptibility factors, including subsyndromal conditions, that should be addressed
to promote better health in the population and more effective and efficient efforts at prevention and treatment
of IBS.
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if these digestive disorders contribute to or cause the
symptoms of IBS. Research studies show that a proper
diagnosis and effective dietary intervention significantly
reduces the severity and frequency of gastrointestinal
symptoms in IBS. Thus, diagnosis of malabsorption of
these carbohydrates in IBS using a breath test is very
important to guide the clinician in the proper treatment
of IBS patients.

Abstract

Core tip: Bloating and distention are often attributed
to dietary factors by patients with irritable bowel syndrome (IBS). Recently, small intestinal bacterial overgrowth (SIBO) has been advocated as a pathogenetic
factor of IBS. Sugar malabsorption in the bowel can
lead to bloating, cramps, diarrhea and other symptoms
of IBS as well as affecting absorption of other nutrients.
The breath test is now a well-established noninvasive
test for assessing malabsorption of sugars in the small
intestine. The glucose breath test has been reported as
a better diagnostic method for determination of SIBO.
Therefore, this review highlights the role of breath tests
in diagnosis and management of IBS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bacterial overgrowth; Breath test; Carbohydrate malabsorption; Irritable bowel syndrome; Lactulose breath test; Small intestine; Sorbitol breath test

Breath tests are non-invasive tests and can detect H2
and CH4 gases which are produced by bacterial fermentation of unabsorbed intestinal carbohydrate and
are excreted in the breath. These tests are used in
the diagnosis of carbohydrate malabsorption, small
intestinal bacterial overgrowth, and for measuring the
orocecal transit time. Malabsorption of carbohydrates
is a key trigger of irritable bowel syndrome (IBS)-type
symptoms such as diarrhea and/or constipation, bloating, excess flatulence, headaches and lack of energy.
Abdominal bloating is a common nonspecific symptom
which can negatively impact quality of life. It may reflect dietary imbalance, such as excess fiber intake, or
may be a manifestation of IBS. However, bloating may
also represent small intestinal bacterial overgrowth. Patients with persistent symptoms of abdominal bloating
and distension despite dietary interventions should be
referred for H2 breath testing to determine the presence or absence of bacterial overgrowth. If bacterial
overgrowth is identified, patients are typically treated
with antibiotics. Evaluation of IBS generally includes
testing of other disorders that cause similar symptoms.
Carbohydrate malabsorption (lactose, fructose, sorbitol) can cause abdominal fullness, bloating, nausea,
abdominal pain, flatulence, and diarrhea, which are
similar to the symptoms of IBS. However, it is unclear
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INTRODUCTION
Breath tests are inexpensive, simple and non-invasive,
inexpensive tests which can be used for (1) detection of
excess bacteria in the small intestine; (2) evaluation of carbohydrate maldigestion; and (3) estimation of intestinal
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Figure 1 Principle of breath testing.

transit time. In order to diagnose irritable bowel syndrome
(IBS), all the above parameters should be ruled out.
In 1970s, breath hydrogen (H2) was used to estimate
lactose malabsorption. Lactose malabsorption was also
studied by Newcomer and associates [1] using 14CO 2labeled lactose, breath H2 and blood sugar changes. In
1978, it was observed that not all disaccharides were hydrolyzed and absorbed in the small intestine during the
digestion of foods with help of breath H2[2].
Breath testing consists of measurement of H2/methane (CH4) produced by bacterial fermentation of unabsorbed carbohydrate that is ingested by subjects (Figure 1).
Subsequent breath samples are collected atspecific time
intervals (i.e., every 15 or 30 min) for 2-5 h. These breath
samples are analyzed using the SC Microlyser (Figure 2)
to measure amount of exhaled H2 and CH4. H2 and CH4
gases exhaled in the breath are generally the end result of
fermentation of carbohydrate ingested by bacteria in intestine[3]. CO2 is produced by all cells during metabolism,
but only bacteria produce H2 and CH4 as metabolic byproducts. Thus, if either H2 and/or CH4 are produced
in body, this proves that a substrate has been exposed to
intestinal bacteria with leading tobacterial fermentation[4].

GLUCOSE BREATH TEST
Under physiological conditions, glucose is straight away
absorbed in the small intestine[5]. However, if there is
bacterial overgrowth in small intestine, bacterial fermentation of glucose leading to production of H2 can
take place prior to the absorption of glucose, which is
measured by increase in H2/CH4 concentration. Thus,
any increase ≥ 10 ppm in H2/CH4 concentration in two
consecutive readings above the basal value is to be considered as significant and indicates about SIBO.

LACTULOSE BREATH TEST
Lactulose is a simple disaccharide. Generally, there is
no lactulase enzyme in the small intestine to hydrolyze
this sugar, therefore it is transported intact to the colon
where it is metabolized by colonic bacteria. End products
of its metabolism include H2 and CH4. The time interval
between ingestion of lactulose and rise in breath H2/CH4
concentration ≥ 10 ppm in two consecutive readings
above the basal value is measure of orocecal transit time.

LACTOSE BREATH TEST

TYPES OF BREATH TESTS

Lactose intolerance is prevailing throughout the world.
Subjects generally avoid milk and other dairy products to
improve their symptoms. For effective utilization, lactose
requires hydrolysis by the enzyme lactase. An increase
in H2/CH4 concentration ≥ 20 ppm in two consecutive
readings above the basal value is considered lactose in-

Breath tests are most frequently used for diagnosis of
lactose, sorbitol and fructose malabsorption, the glucose
breath test (GBT) for small intestinal bacterial overgrowth (SIBO) and the lactulose breath test for orocecal
transit time.
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Figure 2 Gases released can be detected by Breath analyzer.

tolerance. The breath test is now being considered to be
the most practical and dependable method to diagnose
malabsorption of lactose.

a change in frequency of defecation; and (3) onset associated with a change in form (appearance) of stools.
IBS is characterized by impaired defecation, abdominal discomfort and bloating. IBS is functional gastrointestinal disorders in which a variety of factors, including
abnormal visceral sensation, psychosocial factors and
altered motility interact to cause symptoms. Although
mechanisms underlying IBS are not fully known, a best
possible explanation of symptoms may be that 92% of
IBS patients suffer from bloating[7]. Some investigators
have reported increased H2 gas production following
administration of fermentable substrates in subjects
with IBS compared with healthy controls[8]. A possible
explanation for these observations has been that certain
individuals who meet diagnostic criteria for IBS may
actually have SIBO, due to colonization of the proximal
small bowel with fermenting bacteria or intolerance to a
carbohydrate.

FRUCTOSE BREATH TEST
This test can help to determine if individual has any problem in fructose digestion. Individuals with fructose intolerance may show symptoms like gas, diarrhea, gas, bloating
and cramping. Fructose occurs as simple sugar in fruits,
vegetables, and honey. When fructose comes in contact
with normal bacteria in the intestine, H2 and/or CH4 gas is
expired. Usually, a dose of 25 g of fructose is used. An increase in H2/CH4 ≥ 20 ppm in two consecutive readings
above the basal value indicates fructose intolerance.

SORBITOL BREATH TEST
Sorbitol is found in stone fruits, and also used as an artificial sweetener in sugar-free gum and mints. It is poorly absorbed in small intestine. Sorbitol breath test determines
if an individual can absorb small amount of sorbitol. This
can help to decide if dietary restriction of sorbitol can
lead to improvement in gastrointestinal symptoms.
The various types of breath tests for H2/CH4 measurement are shown in Figure 3.

SIBO IN IBS PATIENTS
Exact prevalence of SIBO in newly diagnosed IBS is not
known. Variable data are reported in the literature which
reflect different sensitivity and specificity of methods,
either biochemical or microbiological, used for diagnosis of SIBO. An exact estimation of SIBO prevalence
should have important therapeutic implications as SIBO
and symptoms related to it (i.e., abdominal bloating) can
be successfully treated bynon-absorbable antibiotics[9,10].
Breath tests are not only easy to perform but are also
non-invasive compared with jejunal aspiration. These also
give quicker information in comparison to jejunal aspiration[11]. SIBO occurs in wavering frequencies in IBS[12,13].
It varies according criteria used to measure SIBO and

ROLE OF BREATH TESTS IN IBS
IBS is incessant condition of intestine. According to the
Rome Ⅲ criteria[6], it is defined as recurrent abdominal
pain or discomfort at least 3 d/mo in last 3 mo associated
with two or more of the following: (1) improvement in
abdominal pain with defecation; (2) onset associated with
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Lactulose breath test

Fructose breath test

Glucose breath test

Types

Sucrose breath test

D-xylose breath test

Lactose breath test

Sorbitol breath test

Figure 3 Types of breath tests.

geographical area. The GBT has been reported as a diagnostic test for SIBO[14,15]. It is the most extensively used
test, as the substrate is inexpensive, and glucose is fermented by small intestinal bacteria into H2/CH4 and CO2.
Kerlin and Wong[16], have reported that GBT performed
for 2-h had a sensitivity of 93% and a specificity of 78%
in SIBO identification against the gold standard of a jejunal aspirate. The jejunal aspirate culture has been used
as the gold standard to diagnose SIBO but limitations of
this test include the challenges posed by attempting to
culture all strains and species, possibility of contamination and the most important being its invasiveness[17,18].
Therefore, breath tests (lactulose or glucose breath tests)
are most commonly used[19]. The different patterns observed in glucose and lactulose breath tests for detection
of SIBO are shown in Figure 4.
Prevalence of SIBO in IBS patients was found to
be 4% (based on the definition of ≥ 105 CFU/mL of
bacteria in jejunal aspirate) which is similar to that observed in healthy individuals[20]. However, Lupascu et al[21]
observed that positive GBT was found in 31% (20/65)
of IBS patients compared with 4% (4/102) in a control
group. In comparison to this, a study was performed by
Pimentel et al[22] in 111 IBS subjects using the lactulose
breath test. He reported a prevalence of SIBO of 84% in
IBS compared with 20% in healthy individuals. Additionally, the administration of neomycin significantly pacified IBS symptoms. The sensitivity and specificity of the
GBT for SIBO were 62.5% and 82%, respectively, and
of the lactulose breath test were 52% and 86%, respectively[23]. Another study also found a higher percentage
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of SIBO (76%) in IBS patients using the lactulose breath
test[24]. The variation in lactulose and GBTs may be due to
differences in the nature of the substrate and diagnostic
method used. Another practice of breath sample analysis
utilized substrates such as D-xylose or glycocholic acid
labeled with 13C and 14C isotopes, followed by analysis by
mass spectrography or scintillation counting of breath
samples for isotopic CO2[25-27]. 14C-labeled substrate however are not applicable for testing children and pregnant
women.

STUDIES RELATED TO SIBO IN IBS IN
DIFFERENT POPULATIONS
Cuoco and Salvagnini[9] reported that 46% of 96 patients
in North Italy with IBS had positive breath test after
oral lactulose administration. European investigators
reported increased gastrointestinal bacterial flora in 43%
of IBS patients in comparison to 12% of controls[20].
United States-based clinicians have also reported positive test in around 80% of IBS patients[28-30]. In a study
using a lactulose H2 breast test and whole-gut scintigraphy in IBS patients, radio-labeled material almost always
reached cecum before H2 breath content rose by > 20
ppm[28,30]. This study provided convincing evidence that
lactulose H2 breath testing reflects variations in orocecal transit time rather than a diagnosis of SIBO. A metaanalysis in patients with IBS found that prevalence of
positive lactulose or glucose H2 breath test was 54% and
31%, respectively, with significant heterogeneity between
studies[12]. Park et al[31] also observed that lactulose breath
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Figure 4 It shows pattern of breath test with bacterial overgrowth in duodenum and jejunum (A), more colonic type of bacteria in small Intestine (B) and
more bacteria in duodenum, jejunum and colon showing 2 peaks with lactulose administration (C).

test was not useful for discriminating IBS patients from
controls. A recent study by Meyrat et al[32] also observed a
high percentage of positive lactulose breath tests among
IBS patients (71%). IBS-associated symptoms improved
following 2 wk of treatment with rifaximin. The authors
concluded that rifaximin treatment pacifies symptoms in
lactulose breath test-positive IBS patients. Similar results
were observed by other authors in relation to SIBO and
its treatment with rifaximin in IBS patients[33-37]. Law et
al[38] observed that therapy with PPI did not affect production of H2 on lactulose breath tests in IBS patients.
Parodi et al[39] showed that GBT is useful to identify a
subgroup of IBS-like patients, whose symptoms are a
result of SIBO. Normalization of the GBT after antibiotic therapy was found to be associated with a significant
improvement in symptoms. In a study from Pakistan,
the lactose H2 breath test was used to diagnose SIBO
in IBS patients[40]. SIBO was observed by the lactose H2
breath test in 14% (32/234) cases. It was positive in 19%
(22/119) diarrheal type IBS (IBS-D) patients, while 9%
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(10/115) patients had chronic non-specific diarrhea. In
another study, sucrose was used as a substrate to diagnose
SIBO[41]. The authors observed that 32.9% (52/158) patients with IBS had abnormal breath tests compared with
17.9% (6/34) of controls while SIBO+ve and SIBO-ve
patients did not differ in prevalence of IBS subtypes. Sachdeva et al[42] also showed that SIBO was more prevalent
in IBS patients 23.7% (14/59) than healthy controls [2.7%
(1/37)] using GBT. Patients with D-IBS suffered from
SIBO more frequently as compared with non-D-IBS
patients [37% (10/27) vs 12.5% (4/32)]. Constipationtype IBS (C-IBS) had the lowest number of patients with
SIBO (9%, 1/11) among all IBS subgroups. The prevalence of SIBO in children affected by IBS was studied
by Scarpellini et al[43]. They observed that an abnormal
lactulose breath test was significantly higher in IBS patients (65%, 28/43) than in control subjects (7%, 4/56).
The study conducted in our laboratory on SIBO in IBS
patients showed that the prevalence of SIBO in IBS
patients from North India was approximately 11.1%[44],
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Figure 5 Mechanism of lactose intolerance.

using GBT, SIBO was significantly higher (P < 0.01) in
patients than in controls. Thus, we concluded that the
lactulose breath test was not a good test to discriminate
SIBO in IBS patients from controls[45]. Various studies[46-48] have demonstrated the disadvantages of using
lactulose in diagnosing SIBO, mainly because of the high
rate of false positive results. Table 1 also clearly shows
that the percentage of SIBO in IBS patients is high with
the lactulose breath test compared with the GBT.
By analyzing the above literature, it can be concluded
that the GBT is a better diagnostic test for SIBO in IBS
patients compared with the lactulose breath test, and that
occurrences of SIBO in IBS patients varies among different populations.

Table 1 Comparison of glucose and lactulose breath tests for
diagnosis of small intestinal bacterial overgrowth in patients
with irritable bowel syndrome
Year
2005
2007
2008
2009
2010
2011
2012
2008
2011
2003
2005
2007
2008
2009
2009
2010
2012
2013

Ref.
Lupascu et al[21]
Majewski et al[35]
Rana et al[45]
Parodi et al[39]
Reddymasu et al[15]
Sachdeva et al[42]
Rana et al[44]
Grover et al[41]
Yakoob et al[40]
Pimentel et al[22]
Nucera et al[79]
Madrid et al[24]
Bratten et al[47]
Scarpellini et al[43]
Peralta et al[33]
Park et al[31]
Meyrat et al[32]
Scarpellini et al[36]

Substrate
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Glucose
Sucrose
Lactose
Lactulose
Lactulose
Lactulose
Lactulose
Lactulose
Lactulose
Lactulose
Lactulose
Lactulose

% age of
SIBO + ve
31
46
11.1
16
36
23.7
6.2
32.9
14
84
65
76
67
65
56
56.3
71
66

Number of
patients
65
204
225
130
98
59
175
158
234
111
98
367
264
43
97
555
150
50

LACTOSE INTOLERANCE AND IBS
Lactose intolerance has been known for over a century.
Figure 5 explains the mechanism of lactose intolerance.
The lactose H2 breath test[49] extensively used as test for
lactose intolerance. Pattern of the breath test observed in
lactose-tolerant and lactose-intolerant patients is shown
in Figure 6A.
The lactose H2 breath test is not sufficient for the diagnosis of lactose intolerance because lactose malabsorbers
can also give negative H2 breath test. It has been observed
that individuals with methanogenic flora, measurement
of breath CH4 may improve accuracy of the lactose H2
breath test in analysing lactose malabsorption[50].

SIBO: Small intestinal bacterial overgrowth.

which is lower than the reported prevalence in Western
countries[12]. GBT was found to be a more appropriate
test for the SIBO detection than lactulose breath test
as per thestudy performed in our laboratory. SIBO was
positive in 34.3% (60/175) patients with lactulose and in
6.2% (11/175) patients using GBT. In controls, lactulose
breath test was positive for SIBO in 30% (45/150) and
in 0.66% (1/150) using GBT. It was also observed in this
study that a positive lactulose breath test for SIBO was
not significantly different in patients and controls; while
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STUDIES SHOWING INTERDEPENDENCE
OF IBS AND LACTOSE INTOLERANCE
IBS and lactose intolerance have similar symptoms and

7592

June 28, 2014|Volume 20|Issue 24|

Rana SV et al . Irritable bowel syndrome

B

60
Lactose tolerant

Hydrogen (ppm)

50
40

25 g lactose

30
20
10

C

0

60

90

120
t /min

150

180

210

Fructose intolerant

40
30

25 g fructose

20

0

240

Sorbitol tolerant
> 20 ppm rise

30
25
20

5 g sorbitol

15

30

60

90

120

150

180

< 20 ppm rise

10

30

60

90

120
t /min

240

D-xylose tolerant
D-xylose intolerant

> 20 ppm rise

40
30
5 g D-xylose

20

< 20 ppm rise

10

50
0

210

60
50

Sorbitol intolerant

35

0

t /min

D

45
40

Hydrogen (ppm)

30

50

0

Fructose tolerant

10

Hydrogen (ppm)

0

60
50

Lactose intolerant
Hydrogen (ppm)

A

150

180

210

0

240

0

30

60

90

120

150

180

210

240

t /min

Figure 6 Pattern of lactose (A), fructose (B), sorbitol (C) and D-xylose (D) and tolerance and intolerance using lactose breath test.

both of them are common all over the world[51,52]. It is
approximated that 4%-74% of healthy individuals in
different geographic regions[53,54] and 4%-78% IBS patients[55,56] may have lactose intolerance. Symptoms of
LI may be influenced by the type of diet taken by an
individual like the type and amount of polysaccharides,
caffeines, intake of fluid and the type of gut flora of that
individual[57]. Lactose intolerance patients are at more
risk of developing IBS[52] as they have higher visceral
sensitivity to effect of lactose in the luminal as compared
with lactose-tolerant subjects[58]. Studies have shown
that lactose maldigestion affected 24%-27% of IBS patients by lactose breath test[59,60]. In study by Alpers, it
was documented that 45% of IBS patients have lactose
intolerance. However, only 30% were able to relate their
symptoms with milk and other dairy products[61]. Strikingly, some IBS patients who did not suffer from lactose
maldigestion complained about symptoms of lactose
intolerance. Thus, this shows that lactose intolerance
should be measured in IBS patients.
Studies have revealed the presence of lactose malabsorption patients suspected with IBS by H2 breath
testing[60-64]. One study observed that 23% (256/1122)
patients with suspected IBS showed lactose malabsorption with 25 g of lactose[63]. In another study, 50 g of
lactose was used to assess 186 patients with suspected
IBS. They also observed that occurrence of LI in IBS
was 25.8% (48/186)[64]. In a succeeding publication, authors showed that patients with lactose malabsorption
had no significant relationship with their gastrointestinal
(GI) symptoms compared with patients without lactose
malabsorption[65]. Böhmer and Tuynman[56] also indicated
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similar lactose malabsorption i.e., 24.3% by H2 breath
testing in IBS patients. In contrast to these findings,
Tolliver et al[65] showed significant improvement in IBS
symptom scores in 75% of IBS patients with lactoseintolerant after specific dietary intervention 5 years. In an
North Indian study by Gupta et al[66], it was observed that
persistence of lactose intolerance was similar IBS patients
of IBS (72%, 89/124) and healthy controls (60%, 32/53).
However, IBS patients more frequently complained
about symptoms following lactose intake even though
levels of breath H2 were similar to healthy individuals[66].
Prevalance of lactose intolerance in IBS-D patients was
commensurable to that in patients with other types of
IBS. Their results further advocated that self-reported
milk intolerance has 81% positive and 23% low negative
predictive values for lactose intolerance diagnosis. Therefore, absence of such self-reported lactose intolerance
should not be used to exclude lactose intolerance in IBS
patients. These results are in similar lines with previous
report from Italy[67]. In this study, LI was analyzed by selfreported symptoms with positive and negative predictive
values observed to be 75% and 31%, respectively. In a
recent study[68], however, production of H2 and distention
were similar among IBS patients and healthy controls using lactose breath test. However, lactose intolerance was
more common in IBS (53.8%) than in controls (28.1%).
A study was also conducted in our laboratory to
observe lactose intolerance in different types of IBS
patients from north India[54]. 44% (11/25) patients were
of D-IBS, 28% (7/25) patients of spastic and remaining seven (28%) patients had characteristics of both
types of symptoms. Abnormal lactose H2 breath test was
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observed in 82% (9/11) D-IBS which was significantly
higher than controls. Furthermore, patients with D-IBS
had a higher incidence of lactose intolerance compared
with patients with spastic type or features of both types.
Furthermore, Yang et al[69] observed that malabsorption
of 40 g lactose was observed in 93% of controls and
92% of patients with D-IBS. Fewer controls than D-IBS
patients were intolerant to 10 g lactose (3% vs 18%), 20
g lactose (22% vs 47%), and 40 g lactose (68% vs 85%).
Self-reported lactose intolerance was more frequently
observed in D-IBS (63%) than controls (22%), and thus
ateless dairy products.
In children, lactose intolerance was also found to be
linked with IBS. Gremse et al[70] showed that lactose maldigestion may be an important contributory factor in IBS
children.Lactose avoidance in these patients may reduce
medication use to relieve symptoms.
The relationship of the lactose breath test with
methanogenic flora has also been investigated in various
studies. Vernia et al[71] showed that after an oral dose of
lactose less H2 is excreted by patients with predominant
fasting CH4 low CH4 producers (LMP). Lower prevalence
of grave lactose intolerance and its symptoms during the
test in predominant CH4 producers (PMP) may be associated with lower and slower H2 excretion. Thus, taking
only H2 excretion as effective means to quantify carbohydrate malabsorption is unrelaible in PMP. CH4-producing
patients are expected to have a increased false negative
rate of lactose intolerance compared with LMP after lactose ingestion. As symptoms are related to the amount of
gas produced in colon, lactose breath test recognizes patients with lactose intolerance irrespective of presence of
lactose malabsorption and helps in predicting effect of a
lactose-restricted diet. Similarly, we observed that lactose
breath test was present in 50% (77/154) of IBS patients
and in 49.6% (142/286) of controls. It was also observed
that the lactose breath test was negative due to PMP in
6.49% (5/77) of IBS patients and in 20.14% (29/154)
controls. The effect was more plausible in healthy subjects than in IBS patients[72]. However, in a recent study,
Lee et al[73] observed that CH4 and H2 are not associated
with specific symptoms in IBS patients.
Thus, it can be concluded that measurement of lactose intolerance using the lactose breath test is essential
in IBS patients to modify their diet for improvement of
symptoms. It also indicates the importance of CH4 measurement along with H2 gas to detect lactose intolerance.

of fructose and lactose malabsorption in populations
with and without IBS was comparable. 33% of both
groups had lactose malabsorption, fructose malabsorption or both. Both populations also had similar results
with diets. IBS patients had 77% compliance and 72%
in patients without IBS. However, patients without IBS
showed improvement in symptoms with dietary changes
than IBS patients. This advocates that IBS symptoms are
not dependent on carbohydrate maldigestion, and dietary
changes may not improve symptoms in patients with IBS.

COMBINATION OF SUBSTRATES AND
IBS SYMPTOMS
Lactose[75], fructose[76] and sorbitol malabsorption[77,78]
have also been blamed for symptoms present in IBS
patients. In a study in IBS patients[79], SIBO was present
in 65% (64/98) using the lactulose breath test. SIBOpositive patients further showed significantly higher
prevalence of malabsorption by lactose breath test (83%
vs 64%), fructose breath test (70% vs 36%) and sorbitol
breath test (70% vs 36%) when compared with the SIBO
negative IBS patients. SIBO eradication caused significant
reduction in lactose, fructose and sorbitol positive breath
tests.They concluded that SIBO positivity should always
be assessed first, before analyzing for carbohydratemalabsorption and specific carbohydrateelimination diets in
IBS patients. Fructose, sorbitol and lactose breath tests
could become a useful diagnostic approach in SIBOnegative patients with refractory symptoms. Sugar malabsorption could be primary (congenital enzymatic/carrier
deficiency) or acquired due to damage in intestine due to
acute gastroenteritis, celiac disease, Crohn’s disease or due
to medications[80]. When carbohydrates malabsorption
occurs, their passage in bowel causes production of short
chain fatty acids and gas with initiation of syndrome
characterized by abdominal pain, diarrhea and meteorism,
thus mimicking IBS symptoms. In a study by Moukarzel
et al[81] breath H2 tolerance tests with lactose, sucrose and
apple juice in the amount patients normally consumed
were positive in 32%, 0%, and 50%, respectively. They
concluded that some individuals with IBS have symptoms
depending upon malabsorption of carbohydrates present
in apple juice, pear nectar and may improve with correct choices of fruit juice. Moreover, in a recent study by
Wilder-Smith et al[82], it was observed that intolerance due
to fructose intolerance was more frequent than lactose
intolerance in all subgroups of functional gastrointestinal
disorders. However, in an IBS-constipation subgroup, lactose intolerance was found to be more common. Table 2
summarizes the incidence of lactose intolerance reported
in IBS patients by various authors.

CONTROVERSIAL STUDIES ON LACTOSE
INTOLERANCE IN IBS PATIENTS
Farup et al[53] observed that IBS and lactose malabsorption were found to be unrelated disorders. A usual test
for lactose malabsorption seems unnecessary in persons
with IBS in an area with a low lactose malabsorptionprevalence. Milk-related symptoms and symptoms after
lactose intake were inaccurate predictors for lactose malabsorption. In a study by Corlew-Roath et al[74], incidence
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FRUCTOSE INTOLERANCE AND IBS
It has been advocated that fructose malabsorption was
present in 36% of European population[83]. The symptoms include both intestinal complaints as well as extrain-
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Table 2 Lactose Intolerance in irritable bowel syndrome
patients using lactose breath test

Table 3 Fructose Intolerance in irritable bowel syndrome
patients using fructose breath test

Year
1994
1994
1998
2001
2001
2002
2004
2006
2007
2009
2009
2012
2013
2013
2013

Ref.

% age of lactose
intolerance

Number of
patients

Year

34.4
25.8
23.0
24.3
82.0
32.0
75.6
45.0
72.0
50.0
33.0
64.7
53.8
47.0
37.8

32
186
1122
70
11
28
475
150
124
154
66
406
277
60
90

1986
2000
2003
2010
2013

Corazza et al[50]
Tolliver et al[64]
Vesa et al[63]
Böhmer et al[56]
Rana et al[54]
Moukarzel et al[81]
Vernia et al[55]
Alpers et al[61]
Gupta et al[66]
Rana et al[72]
Corlew-Roath et al[74]
Knudsen et al[67]
Zhu et al[68]
Yang et al[69]
de Roest et al[105]

Rumessen et al[87]
Goldstein et al[78]
Choi et al[85]
Reyes-Huerta et al[92]
de Roest et al[105]

% age of fructose
intolerance

Number of
patients

40.0
44.0
73.0
52.0
75.6

10
94
183
25
90

criteria with both positive breath test and symptoms for
practical working definition. Effect of dietary treatment
for fructose malabsorption in IBS patients is also very
significant. Fernández-Bañares et al[94] reported that after
fructose-free diet, symptom improvement was present at
1 mo and 12 mo in 81% and 76% of patients with Rome
Ⅱ criteria of functional abdominal bloating and gas-related symptoms. Shepherd and Gibson[95] advocated that
77% patients improved with restriction in diet. Better response was seen in in those that were adherent (85%) to
diet restriction than non-adherent (36%). Another study
on dietary restriction by Choi et al[91] observed significant
improvement in belching, pain, fullness, bloating, diarrhea
and indigestion with diet. However, Berg et al[96] observed
that the fructose breath test did not discriminate between
patients with and without a response to a diet restricted
with fructose. Even in the group with a negative fructose
breath test, a significant improvement in symptom scores
was observed. A summary of fructose intolerance in IBS
patients is presented in Table 3.

testinal symptoms such as depression[84]. In studies with
an uncontrolled diet, occurrence of malabsorption due to
fructose was higher in IBS patients (30%-70%[85,86]) than
in healthy subjects (0%-50%[87,88]). However, no difference was observed in a diet controlled study[89]. Goldstein
et al[78] reported that, among patients with IBS or functional abdominal complaints, 44% suffered from fructose
malabsorption based on consumption of 50 g fructose,
and 56%-60% improved on a low-fructose diet. Improvement with a fructose-reduced diet has also been observed
in other uncontrolled studies[90,91]. The association between IBS and fructose malabsorption is thus far from
settled. Most likely, the diverging data can be explained
by the fact that there is no general agreement on the
criteria for diagnosis of fructose malabsorption. Finally,
from a pathophysiological viewpoint, it would be matter
of concern to further determine response to a fructoserestricted diet in IBS patients and the correlations with
both the daily intake of fructose and the fructose absorption capacity of IBS patients. However, further studies
are needed for validation. All data taken together indicate
that fructose malabsorption should be kept in mind while
managing IBS patients. A study by Reyes-Huerta et al[92]
observed that 52% (13/25) IBS patients had fructose intolerance compared with 16% (4/25) control subjects (P
= 0.01). They concluded that intolerance in fructose may
be responsible for gastrointestinal symptoms in at least
half of IBS patients, especially in the group of IBS-D
patients. The pattern observed for fructose tolerance and
intolerance using the fructose breath test is shown in Figure 6B.
80% of functional bowel disease patients suffered
from fructose malabsorption. However, few randomized
controlled studies advocated that there is lower prevalence
of fructose malabsorption among IBS patients compared
with healthy individuals[89,93]. The number of patients in
these studies was small, but there was general agreement
that IBS patients reported more frequently. This again
highlights the problem with identifying specific diagnostic
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SORBITOL INTOLERANCE AND IBS
Sorbitol is not completely absorbed and lead to osmotic
diarrhea if large amounts (20-50 g) are ingested. A positive breath test can be seen observed with a dose as small
as 5 g in healthy subjects. Most participants experienced
mild gastrointestinal symptoms after 10 g of sorbitol
but after 20 g severe gastrointestinal symptoms[97]. In
this method, H2 or CH4 are measured in end-expiratory
breath samples every 30 min for 4 h. An increase ≥ 20
ppm in 2 consecutive readings is considered a positive
test.

FRUCTOSE AND SORBITOL AS
SUBSTRATE FOR IBS SYMPTOMS
Small bowel transit is accelerated due to mixture of
fructose (25 g) and sorbitol (5 g)[98]. Precise mechanism
of this phenomenon is not known but there is some
evidence that bacterial fermentation products may lead
to activation of feedback pathways that play a role in
regulation of gut motility[99]. Limited data have suggested
that SIBO and fructose malabsorption might have a bidirectional cause and effect relationship. On one hand,
fructose may cause survival of intestinal bacteria in distal
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small intestine as easily available metabolic substrate for
the synthesis of fructans as adherence factors. There
is no direct evidence supporting or rejecting that these
events occur in distal small intestine. By eliminating all
potential metabolic substrates for bacteria by feeding
patients with an elemental diet resulted in loss of features of SIBO along with improvement in symptoms of
IBS[100]. On the other hand, patients with presumed SIBO
abolished fructose malabsorption when treated with antibiotics along with reduction in associated symptoms[79].
Recently, Yao et al[101] observed that sorbitol was completely absorbed by similar proportion of IBS patients
(40%) and healthy subjects (33%). Although IBS patients
absorbed more mannitol (80% vs 43%). Production of
breath H2 was similar in both groups after lactulose but
it reduced in IBS patients after ingestion of both polyols.
Overall GI symptoms significantly increased after consumption of both polyols in IBS patients only. However,
symptoms were independent of malabsorption of both
polyols.
Thus,data in literature shows possible association between fructose, sorbitol and lactose malabsorption with
IBS, suggesting that an exclusion of appropriate carbohydrate from diet may improve symptoms in IBS patients
who have positive breath test with respect to that specific
carbohydrate.However, need for breath testing to recognize individuals with specific carbohydrate malabsorption
prior to dietary changes has been debated.

with high FODMAP diet in volunteers and IBS patients,
increased levels of H2 breath was produced. However,
breath CH4 were reduced in 10 healthy subjects but not
in patients of IBS. Thus, they concluded that FODMAPs
in diet induce increased H2 production in intestine, influence CH4 production and thus, induce gastrointestinal
symptoms in IBS patients. Similar observations were
seen in a recent study by de Roest et al[105]. Fructose malabsorption (75.6%), lactose malabsorption (37.8%) and
SIBO (13.3%) was present in patients in this study. 75.6%
patients who were adherent to diet, showed improvement in IBS symptoms. They further concluded that diet
with less FODMAP is better for IBS patients. Thus, the
current techniques of testing breath and dietary advice
forms a good basis to manage IBS patients.
The patterns observed for sorbitol and D-xylose
intolerance during respective breath tests are shown in
Figure 6C and D, respectively.

CH4 IN IBS PATIENTS
In humans, CH4 is mostly produced by Methanobrevibactersmithii (M. smithii) as a result of the conversion of 4 mol
H2 and 1 mol CO2 to 1 mol CH4, competing for H2 with
sulfate reducing bacteria. This process occurs mainly in
the left colon[106,107]. It is an important reason for measuring both gases by breath tests (Figure 7). There is proof
of slow transit time in CH4 producers[108]. In one study,
it has been reported that mean of transit time in CH4
producers was 84.6 h and in non-producers was 48.6 h.
Thus, indicating that some association may exist between
delayed gut motility and CH4.

D-XYLOSE INTOLERANCE AND IBS
When D-xylose is absorbed incompletely, enteric bacteria
metabolize the non-absorbed D-xylose in the colon, or
in the small bowel with bacterial overgrowth, yielding H2,
which can be measured in the breath. The direct measurement of breath H2after oral intake of D-xylose avoids
necessity of using radioactive tracers[14]. Most breath H2
is formed in colon due to carbohydrate fermentation
by the indigenous flora, which allows measurement of
intestinal transit[102]. Increased rates of H2 production occur in small intestine when bacterial overgrowth is present. Study by Lembcke et al[103], showed that H2 breath
test with 25 g D-xylose was of no clinical relevance for
diagnosis of celiac sprue. D-xylose tests were indicative
of the IBS in 5 out of 10 (50%) patients. However, the
diagnostic impact of this needs further investigation.

CONSTIPATION-DIARRHEA-CH4: ANY
RELATIONSHIP?
Studies have advocated that production of CH4 and
constipation are strongly related. A study[109] showed
that when patients with constipation and increased CH4
production at fasting state and after intake was glucose
were treated with rifaximin, their breath CH4 levels were
reduced and constipation symptoms were also improved.
CH4 excretion mean was found to increase along with
reduction in bowel movements in C-IBS patients using
lactulose H2 breath test[110,111]. However, apprehension
remains as to whether CH4 causes constipation or rather
is result intestinal hypomotility. In contrast, patients suffering from diarrhea generally have higher excretion of
breath H2, during fasting state and after glucose intake[13].
CH4 was observed to be associated with presence and
degree of constipation in a study on 87 patients of
IBS. 24% (20/87) produced CH4 in lactulose H2 breath
test[112]. In a study by Kajs et al[113] it was found that low
CH4 producers had a significantly higher breath H2 than
high CH4 producers on consumption of basal diet and
after ingestion of sorbitol (27.1 ± 2.7 ppm vs 15.8 ± 3.6
ppm) or oat fiber (13.1 ± 0.08 ppm vs 9.6 ± 1.2 ppm).
Low producers of CH 4 showed extremely increased

FERMENTABLE OLIGOSACCHARIDES,
DISACCHARIDES, MONOSACCHARIDES
AND POLYOLS IN IBS
It is apparent from the available literature that the consumption of fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) may
result in symptoms in some IBS patients. In a study by
Ong et al[104], breath test was performed after intake of a
FODMAP diet. They observed that over the entire day
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been shown to be of more importance than breath test
using only H2 measurement for carbohydrate malabsorption and SIBO diagnosis; (3) GBT is a better diagnostic
test for SIBO than the lactulose breath test, which gives
false positive results; (4) breath tests are non-invasive,
simple and safe alternatives to more invasive procedures
such as obtaining aspirates for culturing and/or biopsies;
(5) some errors may exist. In carbohydrate malabsorption
false positive tests for SIBO may occur due to colonic
fermentation and production of gas. In gastrointestinal
motor disorders, delayed gastric emptying may cause
false negative tests, and rapid transit through small bowel
may result in false positive breath tests; (6) false positive
results may also occur if the subject does not adhere to a
low fiber diet the day before the test. Thus, patient is advised to reduce fiber intake prior to test, as this will effect
a significant reduction in H2 production in the intestine,
thus creating better testing environment; (7) accurate
results are also not obtained if the patient has taken antibiotics, which change intestinal flora and are thus avoided
within 4 wk prior to testing; and (8) laxatives and enemas
also result in decreased transit time through the intestine,
leading to reduced time for bacterial fermentation or loss
of bacteria producing H2 or CH4.

Methanogenic flora
4H2 + CO2

CH4 + 2H2O

Figure 7 Production of methane by methanogenic flora.

cramping and bloating after ingestion of sorbitol and increased bloating after fiber ingestion. However, high CH4
producers showed no such symptoms. Thus, they concluded that methanogenic flora is linked with decreased
symptomatic response to ingestion of non-absorbable,
carbohydrates in healthy individuals. This indicates that
normal flora manipulation could be of therapeutic value
in non-methanogenic IBS patients.
Experiments in animals[114] have also suggested an active role for CH4 in affecting intestinal motility, while other human investigations have shown that slow transit may
facilitate growth of methanogenic bacteria[115,116]. However, it cannot be excluded that methanogenic organisms
lead to constipation indirectly through the modification
of the luminal environment, by producing active substrates or by competing with other bacterial species[117-119].
Recent study has advocated that degree of CH4 production in breath testing may be related to constipation in
IBS patients. Therefore, CH4 testing may be useful for
identification of candidates with constipation for antibiotic treatment to pacify IBS symptoms[120]. Moreover
in a Spanish study[121], it was observed that patients of
IBS who had low production of H2 were 6 times more
frequently constipated in lactulose breath test.In another
study on subjects of IBS by Pimentel et al[114], fasting motility index in CH4-producing subjects was significantly increased compared with H2-producing subjects. Testing of
H2 alone overlooks the importance of CH4 as a fermentation product[119]. 30%-50% of human population are
producers of CH4. Synthesis of CH4 mostly consumes
large amounts of H2, this may waiver diagnostic accuracy
of breath testing when alone H2 is considered[122]. In a
similar study by Lasa et al[123], it was observed that patients
having low level of breath H2 excretion after lactulose
ingestion had significantly greater abdominal bloating
than those with increased level of breath H2 excretion.
Kim et al[124] further observed in C-IBS patients with CH4
on breath testing, M. smithii is predominant methanogen.
They reported that number and proportion of M. smithii
in stool is well correlated with breath CH4 in their study.
It is apparent from the above-mentioned literature
that CH4 should also be measured during breath testing
in IBS patients so that manipulation of gut flora can be
performed in these patients.

CONCLUSION
This review summarizes the use of breath tests, not only
to direct about dietary interventions but they also to
provide prognostic information. These breath tests can
help in the diagnosis of SIBO and carbohydrate malabsorption in IBS patients. Further studies analyzing H2
and CH4 concentrations in breath samples may improve
diagnostic criteria for carbohydrate malabsorption in IBS
patients. Moreover, area-under-the-curve analysis of the
change in H2/CH4 concentration in breath samples over
time after administering lactulose as a substrate may in
future help to analyze the bacterial level in the bowel.
Breath testing is also a useful to the low-FODMAP
diet in IBS patients. In most cases of food intolerance,
diagnosis is difficult. Thus, breath testing provides accurate, reliable and a non-invasive measure of absorption
of a test sugar by assessment of breath H2/CH4 levels.
Breath tests are performed to determine whether fructose and/or lactose and/or sorbitol are FODMAPs for
an individual who has IBS symptoms. Thus, it can be
shown whether an individual can or cannot completely
digest fructose, lactose and sorbitol. This can be helpful
to patients as well as physicians to formulate a particular
diet which may help to reduce gastrointestinal symptoms
present in IBS patients.

RECOMMENDATIONS FOR USE OF
BREATH TESTS FOR IBS PATIENTS
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palliative care and end-stage colorectal cancer
management: The surgeon meets the oncologist
Renato Costi, Francesco Leonardi, Daniele Zanoni, Vincenzo Violi, Luigi Roncoroni
mally symptomatic) and severely symptomatic patients
needing aggressive management, including emergency
cases. In asymptomatic patients, new CHT regimens
allow today long survival in selected patients, also exceeding two years. The role of colonic resection in this
group has been challenged in recent years, as it is not
clear whether the resection of primary CRC may imply
a further increase in survival, thus justifying surgeryrelated morbidity/mortality in such a class of shortliving patients. Secondary surgery of liver metastasis
is gaining acceptance since, under new generation
CHT regimens, an increasing amount of patients with
distant metastasis initially considered non resectable
become resectable, with a significant increase in long
term survival. The management of CRC emergency
patients still represents a major issue in Western countries, and is associated to high morbidity/mortality.
Obstruction is traditionally approached surgically by
colonic resection, stoma or internal by-pass, although
nowadays CRC stenting is a feasible option. Nevertheless, CRC stent has peculiar contraindications and complications, and its long-term cost-effectiveness is questionable, especially in the light of recently increased
survival. Perforation is associated with the highest
mortality and remains mostly matter for surgeons, by
abdominal lavage/drainage, colonic resection and/or
stoma. Bleeding and other CRC-related symptoms (pain,
tenesmus, etc. ) may be managed by several mini-invasive approaches, including radiotherapy, laser therapy
and other transanal procedures.
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Abstract
Colorectal cancer (CRC) is a common neoplasia in the
Western countries, with considerable morbidity and
mortality. Every fifth patient with CRC presents with
metastatic disease, which is not curable with radical intent in roughly 80% of cases. Traditionally approached
surgically, by resection of the primitive tumor or stoma,
the management to incurable stage Ⅳ CRC patients
has significantly changed over the last three decades
and is nowadays multidisciplinary, with a pivotal role
played by chemotherapy (CHT). This latter have allowed for a dramatic increase in survival, whereas the
role of colonic and liver surgery is nowadays matter
of debate. Although any generalization is difficult, two
main situations are considered, asymptomatic (or mini-
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Core tip: Colorectal cancer is a common neoplasia with
considerable morbidity/mortality. Every fifth patient
presents with metastatic disease, which is usually not
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the other main endpoint of management is the “quality of residual life”, which can be severely affected by
surgery, CHT, and any other palliative treatment. From
such a changed point of view, individual, psychological,
ethical issues gain importance in deciding for the best
management of any singular patient.

resectable. In asymptomatic patients, new chemotherapy regimens allow long survival and, potentially,
conversion of non resectable liver metastasis in resectable ones, with a significantly improved prognosis.
Obstruction is traditionally approached by colonic resection, stoma or internal by-pass, although nowadays
stenting is a feasible option. Perforation is associated
with the highest mortality and is mostly managed surgically, by lavage/drainage, colonic resection and/or
stoma. Bleeding and other symptoms (pain, tenesmus)
are managed mini-invasivally by radiotherapy, laser
therapy and other transanal procedures.

Evolving concepts and “gray zones” between curative
and palliative
Traditionally used to define the management of patients
with CRC disease not curable with radical intent and
inevitably leading the patient to death in a matter of
months/few years, the concept itself of “palliative” has
changed in recent years, following the progress of CHT
and surgery of CRC and distant metastasis.
The multimodal approach to initially non-resectable
liver metastasis, including systemic CHT[12,14,15], intraarterial CHT[16,17], portal embolization[18,19] and secondary
surgery[20,21], and its impact on survival[22], will be treated
in a dedicated paragraph.
Extrahepatic CRC metastasis do not systematically
imply a palliative management anymore, either. Synchronous/metachronous lung metastasis are nowadays
considered suitable of surgical resection[23-25]. The indication to resection of CRC liver metastasis with local
lymph node involvement is currently under debate[25],
but specialized centers report patients with liver pedicle
node involvement to have a 25%-5-year-survival after
surgery[26]. The indication to surgical resection of other
extrahepatic CRC disease, in particular peritoneal metastasis, is also matter of debate: peritoneal carcinomatosis,
once considered a prognostic criterion of dismal prognosis and a contraindication to surgery[27,28], may be nowadays managed by a multidisciplinary approach including
cytoreductive surgery and perioperative intraperitoneal
chemotherapy[29,30], thus achieving a 5-year-survival rate
of 10%-30%[30-32].
Significantly, the latest version of the National Comprehensive Cancer Group [33] and very recent guidelines[25,34], propose a systematic re-evaluation for “conversion to resectable” every 2 mo during CHT course
of patients with initially unresectable synchronous liver
and/or lung metastases. Although such new perspectives
and modalities of treatment have a potentially curative purpose and are not treated in the present paper,
nevertheless, they represent the paradigm of a “moving
frontier” between curative and palliative management of
advanced CRC patients.

Costi R, Leonardi F, Zanoni D, Violi V, Roncoroni L. palliative care and end-stage colorectal cancer management: The
surgeon meets the oncologist. World J Gastroenterol 2014;
20(24): 7602-7621 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i24/7602.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7602

INTRODUCTION
Epidemiology and background
Colorectal cancer (CRC) is the third most common cancer (estimated 1.23 million cases per year) and the fourth
cancer-related cause of death (609 thousands deaths per
year) in world population[1]. Ten-fold differences in incidence between the different regions of the world, being the highest in Australia, Western Europe and North
America, are reported[1].
Although death rates of CRC continue to decline
since the late eighties, approximately 18%-20% of patients affected by CRC present with distant metastasis[2,3],
with slight increase in the last two decades[3]; of them,
only 16%-21% are suitable for potentially curative management by resective surgery and neodjuvant/adjuvant
therapy[4,5].
Traditionally managed surgically, by resection of the
primitive tumor, intestinal bypass or stoma[6-8], the palliative approach to incurable stage Ⅳ CRC patients has
significantly changed over the last three decades and is
nowadays multidisciplinary, with a pivotal role played by
chemotherapy (CHT)[9-11]. Such a multimodal management of incurable CRC is responsible for a significant
increase in survival of patients affected by incurable
CRC in general, which has passed from 8 to 14 mo over
the last two decades[3], but has been reported to exceed
two years in selected populations following the sequential use of various lines of treatment including the newest chemotherapeutic agents[12,13].
Differently from potentially curable patients, where
overall survival and disease-free survival are the main
outcome and measured variable of any treatment, the
short residual life of these patients radically change the
perspective. Although the overall survival (or “quantity
of residual life”) is still one of the main endpoint of any
palliative treatment, indeed, it should be emphasized that
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Assessment of resectabilty (or palliation)
Although it is not among the aims of the present paper,
imaging modalities for resectability assessment are briefly summarized. Liver assessment is usually performed
by several examinations, including Magnetic Resonance
Imaging (MRI), computed tomography (CT), contrastenhanced ultrasounds (CEUS), 18F-fluorodeoxyglucose
Positron Emission Tomography (PET) and PET/
CT[35-38], as surgical decision-making requires informa-
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tion from multiple imaging modalities. MRI is reported
to be superior to CT in the preoperative evaluation of
colorectal metastasis both in normal liver[35], where it
has higher sensitivity (95.6% vs 74.8%) and specificity
(97.2% vs 81.1%), and in post-CHT liver[36], where MRI
is reported to have a sensitivity of 85.7% compared to
69.9% of CT. MRI also shows the best effectiveness in
nature characterization of hepatic lesions together with
CEUS[37]. PET, PET/CT and transparietal US are also
diffusely used for diagnosis, staging and follow up[35,36].
Usually diagnosed endoscopically, primary CRC resectability is normally assessed by CT[38], endoscopic ultrasound[39] and MRI[40], these two latter having a pivotal
role in defining the resectability of rectal cancer. Identifying peritoneal metastasis by imaging is one of the
major issues in advanced CRC. Although recent efforts
in defining new radiologic criteria for diagnosis[41], the
performance of CT scan[42,43] and PET/CT[43] is limited
in the absence of ascites and obvious supra-centimetric
tumor deposits on the peritoneum. Thus, peritoneal metastasis is still, often, an intraoperative diagnosis.
Other extrahepatic, extrapulmonary disease is normally diagnosed by organ-specific imaging modalities,
although whole-body CT[44], PET[44,45] and PET/CT[46]
have been proposed to systematically rule out distant
metastases.

sions concerning the best approach to incurable stage Ⅳ
patients, in particular concerning the role of palliative
resection of the primary CRC.
Clinical relevance and management of incurable CRC
Patients with incurable CRC may be asymptomatic or
present with a variety of symptoms and clinical scenarios
ranging from moderate anaemia to digestive troubles, to
lower gastrointestinal (GI) bleeding to life-threatening
conditions, including obstruction and perforation, needing emergency management.
In order to allow a rational and practical organisation of the present review, here we present two flow
charts (figures 1 and 2) based on clinical relevance of
CRC at presentation, since the approach to the patient
changes radically. In fact, in asymptomatic patients, the
management is aimed to slow down cancer progression, thus prolonging long-term survival and preventing
cancer-related complications. Differently, in emergency
and severely symptomatic patients, it is focused in solving cancer-related complications, which may be rapidly
fatal or imply intolerable symptoms. Obviously, the two
proposed managements are not indefinitely exclusive, as
an emergency patient may become asymptomatic after
a life-threatening condition has been treated, and, conversely, an asymptomatic patient may become severely
symptomatic under CHT.
This simplification does not to consider rarer, non
emergency symptoms that may become invalidating and
finally lead to surgery, including hyperpyrexia or pain due
to compression (“bulk-effect of tumor”) or infiltration
of nervous plexuses or contiguous organs (ureters etc.).
Moreover, this review does not consider comorbidities,
which can finally play a determinant role in deciding the
management, and does not consider that the majority of
patients presents with an intermediate clinical picture,
where often the greatest challenge is “to decide the right
timing” to turn to a more aggressive management, indeed. This paper is aimed to address the issue of “what”
to do according to a specific clinical situation, whereas
“when” to proceed is still (and probably will ever be) a
medical decision on a case by case basis.

Limits of past and present literature
First appeared in scientific literature in the mid-twentieth
century[46,47], the management of incurable metastatic
CRC still represent a matter of debate among oncologists, and surgeons. Through seven decades, several
“surgery-focused” papers addressed the issue of efficacy of primary CRC resection in prolonging survival.
Unfortunately, most of those papers were single-center,
small-sized, retrospective series, extremely heterogeneous concerning patients, clinical scenarios and setting,
metastatic pattern, primary tumor location, and management (surgery, CHT, stenting etc.)[27,47-53]. In the absence
of randomized trials, in recent years, the efficacy of
colonic resection has been assessed by larger retrospective series, metanalysis and literature reviews[54-56]. More
recently, since the late eighties, the introduction of new
chemotherapic agents in stage Ⅳ patients has given rise
to a prolific “CHT-focused” literature, evaluating CHT
regimens by high-quality, multi-centric, prospective randomized trials[9,11-13,57].
Interestingly, in “surgery-focused” papers, also owing
to the retrospective nature, CHT is often analysed as one
of the possible variables potentially affecting survival, but
it is usually considered as a whole (regardless of the CHT
regimen administered)[5,27,50,58-62]. On the contrary, “CHTfocused” articles do not even report whether patients
undergo surgery (resective or non-resective) of primary
CRC, and consequently do not evaluate surgical resection
as a parameter potentially prolonging survival[9-13].
As a matter of fact, such a various literature on the
subject, prevent even nowadays from definitive conclu-
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ASYMPTOMATIC (OR MINIMALLY
SYMPTOMATIC) PATIENTS
Role of surgery
In recent times, the main role in the management of
non-emergency patients affected by incurable CRC has
passed from surgery to CHT. Accordingly, international
guidelines suggest nowadays to avoid surgery in the case
of patients with incurable metastasis from CRC, unless
in the presence of (or in the imminent risk of) complications such as obstruction or significant bleeding[33].
Nevertheless, the approach to patients with incurable
CRC is extremely various, as two thirds of them undergo
surgery in United States[63], whereas they are mostly nonoperated on in the Netherlands[64]. Probably, several fac-
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Chemotherapy

If KRAS-MT

If KRAS-WT

1

First line

Second line

FOLFIRI ± Bevacizumab
or
FOLFOX ± Bevacizumab
or
FOLFOXIRI ± Bevacizumab

FOLFOX ± Bevacizumab
or
FOLFIRI ± Bevacizumab
or
FOLFIRI ± Aflibercept
or

1

Third line

Regorafenib ± other CHT
or
No standard option

(If KRAS-WT and NRAS-WT)
FOLFOX ± Panitumumab

FOLFIRI ± Cetuximab

Periodic multidisciplinary re-evaluation (2-3 mo)

Elective surgical resection (primary CRC and liver metastasis) if:
Response to treatment

Patient susceptible of conversion therapy (resectable CRC and liver metastasis)

(any time) Emergency management of primary CRC (see Figure 2) if:
Surgical complications of primary CRC due to:

Cancer progression
CHT-related complications: perforation/bleeding (Bevacizumab,..)

Figure 1 Algorithm for the management of incurable asymptomatic (or minimally symptomatic) stage Ⅳ colorectal cancer patients. 1depending on the regimen previously administered. KRAS-WT: KRAS-wild type; KRAS-MT: KRAS-mutation; FOLFOX: 5-Fluorouracil + Oxaliplatin; FOLFIRI: 5-Fluorouracil + Irinotecan;
NRAS-WT = NRAS-wild type; CRC: colorectal cancer; CHT: Chemotherapy.

tors play a role in deciding to explore surgically (and to
resect the tumor, if feasible) patients with such a dismal
prognosis, including the belief/perception of prolonging survival, preventing complications, improving quality
of life, and having a positive psychological effect on the
patient[27].
Although the purpose of the paper is not technical,
here we present a brief summary of the surgical procedures performed for palliation.

biopsy of primary CRC, nodes or carcinosis) aimed to
better define CRC stage/histology and further therapeutic strategy. Although, in these cases, laparotomy just addresses the first purpose of surgery (diagnosis/staging),
nevertheless, it generally implies a general anaesthesia
and an abdominal incision (port-site incisions for laparoscopy), which are not negligible acts in end-stage CRC
patients. Since healing process may be poor in end-stage
CRC, and neoplastic ascites may predispose to eventrations and early ventral hernias, the abdominal wall
should be accurately closed plane by plane. In general, it
should be reminded that any complication, even minor,
may significantly affect the short residual life. Laparoscopy may be as effective as laparotomy[65] with better
early outcome and less long-term complications[66,67].

Non-resective procedures
Non-resective procedures performed for advanced CRC
may be summarized in so-called “exploration” laparotomy/laparoscopy, stomas and internal by-passes.
Laparotomy/laparoscopy exploration: Usually performed in the midline, laparotomy is aimed to verify the
correctness of preoperative CRC diagnosis/staging and
to manage cancer. Not rarely, laparotomy is performed
as the last “diagnostic tool” before renouncing to any
other procedure[27,28] and eventually results in the only
surgical act performed (as the indication to surgery is
not confirmed intraoperatively). Laparotomy may allow
for intraoperative diagnostic procedures (such as US or
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Stomas: Stomas are usually fashioned as “loop stomas”
(one exception is after Hartmann procedure) by pulling
the ileum or the colon through a full-thickness incision
preferably passing through the rectum muscle. It is ideally placed at an adequate distance from the umbilicus,
the superior iliac spine and the 10th rib, where it carries
the lesser risk of parastomal hernia/prolapsus and allows for the best postoperative management.

7605

June 28, 2014|Volume 20|Issue 24|

Costi R et al . Palliative care of colorectal cancer

Stoma

Obstruction
Non-resective

Internal by-pass

Surgery
Resective (colectomy)
Stenting

Laser therapy

Perforation

Resective surgery (+ lavage/drainage)

Intra-abdominal,
“free”, high-flow
perforation

Stoma (+ lavage/drainage)
Extraperitoneal,
“covered”, low-flow
perforation

Bleeding
or other symptoms
(pain, tenesmus, etc .)

Observation (± transparietal drainage)

Radiotherapy (rectum)
Surgery

Colectomy
Transanal resection (rectum)

Laser therapy

Argon plasma coagulation

Figure 2 Algorithm for the management of severely symptomatic incurable stage Ⅳ colorectal cancer patients (including emergency cases).

Resective procedures
Resective surgery for palliation[27,47,70,71] include classic
procedures performed for CRC, such as right colectomy,
left colectomy, Hartmann procedure (left segmental
colectomy associated with proximal stump colostomy
and closure of the distal stump), proctocolectomy, low
anterior resection and abdominoperineal resection. Since
technical standards for palliative CRC resection are not
the same as for curative ones, limited colonic resections
(including ileocecal resection and segmental colectomy)
are generally accepted, being margin-free, R0 primary
CRC resection the main criterion to be respected. Moreover, D2 lymphadenectomy required for oncological
reasons and correct staging, including the dissection of
vascular pedicles at the origin and the total mesorectal
excision (for rectal tumors), is not needed in the case of
palliation.
Nevertheless, the “safety rules” to perform a leakagefree anastomosis have to be respected. The vascularisation of the colonic remnant must be respected, and any
manoeuvre aimed to avoid any tension at the anastomosis-site should be performed, including colonic dissection and inferior mesentery vein division, if needed.

Differently from ileal stomas, that present the main
drawback of high volume, very irritating, liquid stools,
colonic stomas have the advantage of lower-volume,
solid stools, are normally easier to manage postoperatively and have lower morbidity, thus representing the
ideal solution for palliation[68]. Normally performed in
the transverse colon or sigma, stoma fashioning may
be preceded by laparoscopic exploration, which can
facilitate the dissection of the chosen segment and the
identification of the colostomy placement[69]. Whenever
general anaesthesia is contraindicated, stomas may also
be performed under spinal or loco-regional anaesthesia
in the lower abdomen.
Internal by-passes: Internal by-passes are usually performed for colon cancer through laparotomy by manual
(or partially mechanical) latero-lateral anastomosis between the ileum/colon proximal to obstructing tumor
and the colon distal to tumor. Since colonic obstruction
is normally associated to ileal and/or colonic distension,
performing laparoscopically such an anastomosis should
be considered a very demanding procedure and reserved
to experienced laparoscopic surgeons[66].
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The anastomosis should be performed avoiding any contamination of the abdomen and abdominal wall, which
should be adequately protected, since both neoplastic cell
dissemination and infectious complications may occur.
Extended resections for CRC infiltrating contiguous
organs, including anterior and posterior pelvic exenteration[72,73], and hemicorporectomy[74] are not indicated in a
palliative context anymore.
Transanal procedures are discussed in the paragraph
dedicated to bleeding and other symptoms.

ditions, the main question is whether they may benefit
from primary CRC resection or a less aggressive management should be preferred.
Since 1949[6], the debate as to the real effectiveness of
palliative resection of primary CRC in prolonging survival has not given a definitive answer. Although, in the
pre-CHT era, most authors[8,47,79,80] described a 10.6-15
mo and 3.4-7 mo mean survival after resective and nonresective management, respectively, selection biases challenge the validity of those results, since non-resective
procedures were mostly performed whenever resective
surgery was not technically feasible or contraindicated by
poor general conditions, thus resulting as being the only
option allowed[6,8,29,47,79-81]. In order to overcome such
bias and answer the question regarding the indication to
surgical resection when possible, our group selectively,
although retrospectively, compared the overall survival
of primitive CRC resection vs non-resective procedures
in resectable patients, finding that resection was related
to a 46% 1-year-survival (vs 17%)[28].
Since the nineties, the massive introduction of CHT
in this class of patients, and the development of more
and more effective CHT regimens, has rekindled the
debate regarding the indication to palliative surgery in patients already undergoing a potentially non-inferior, less
aggressive management. Significantly, in their systematic
review of papers comparing survival of patients undergoing the resection vs non-resection of the primary tumor,
Verhoef et al[82] found that the resection of primary CRC
was related to better prognosis in all papers including no
(or very few) patients undergoing CHT[27,47,79], whereas
results were more ambiguous in series including patients
undergoing CHT, where resective surgery resulted as being related to survival in some papers[50,83-85] but not in
others[48,52,53,61,70,86]. Since then, other papers specifically
addressing this issue (is CHT + resective surgery superior
to CHT alone?) somehow confirmed such an incertitude,
concluding in favour[5] or against[62] the use of surgery in
such a class of patients. In particular, our group[62] analysed the prognosis of four groups of patients selected
by coupling type of surgery (resective/non-resective) and
CHT policy (CHT/non-CHT); interestingly, resective
surgery associated to CHT did not show any advantage
over CHT alone in terms of survival. Since the results
were confirmed in “technically” resectable patients, we
concluded that, even when feasible, surgical resection is
not indicated in asymptomatic patients. An ongoing randomized controlled multicenter trial (SYNCHRONOUS
- ISRCTN30964555)[87] is now addressing the issue of
short- and long-term outcome after the resection of the
primary tumor vs no resection prior to systemic therapy
in patients with colon cancer and synchronous unresectable metastases (UICC stage Ⅳ).
Differently from procedures achieving an R0 resection (no residual neoplastic tissue left after resection),
leaving residual neoplastic tissue (R1, R2) is related to
the same dismal prognosis as no resection[5]. Since, in
this latter case, the patient should suffer the drawbacks

Strategy in surgical palliation: Several variables play a
role in deciding the procedure, including patient’s status,
clinical scenario and setting, need/availability/timing
of adjuvant treatments, R0 resectability of the primary
CRC, site of primary CRC, attitude and beliefs of medical team. Importantly, if the non-resectability is due to
distant metastasis, technical difficulty of resection is
comparable to curative surgery, whereas, if the reason
of non resectability is the primary, surgery may results
in a very challenging situation. CRC site also influences
the surgical strategy also concerning the type of surgery
(resective vs non-resective). In fact, clinical impact and
morbidity of CRC resection are generally considered to
increase from proximal to distal, being maximum for the
lower third of the rectum. Palliative ileocecal resection
is considered a low-complexity, short-lasting procedure
which may be accomplished even under spinal anaesthesia, thus reducing the stress of surgery. On the contrary,
left-sided procedures are more time-consuming and associated to higher morbidity[75], including leakage and
pelvic abscess[76].
Rectal cancer deserves a particular mention. Also owing
to intrinsic technical difficulty and morbidity of surgery,
and the fact that stoma is often necessary (thus cancelling one advantage of resection), deciding to perform
a palliative resection of low rectal tumors should be
carefully pondered. The resective options are: Hartmann procedure (HP), low anterior resection (LAR),
and abdomino-perineal resection (APR). Since APR
implies a perineal wound which is associated to healing
complications in roughly one half of the patients[77],
sphincter-preserving techniques are generally preferred.
Differently from HP and APR, which imply a colostomy,
this latter is not systematically performed after LAR
for cancer of the upper rectum, whereas it is preferably fashioned (with protective purpose) after high-risk,
“low” colorectal anastomosis. According to Fazio[78], in
any case stoma is not avoided, the indication to resection
should be carefully pondered against palliative stoma
(without resection) whenever patient’s supposed survival
is not superior to 6 mo. For all these reasons, the general
attitude is to be more aggressive for proximal tumors,
and more oriented towards non-resective procedures for
distal tumors.
CRC extirpation and survival: In patients presenting
without significant clinical symptoms or emergency con-
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of both major colonic resection (high morbidity) and
non-operative management (short survival), the abstention from CRC resection should be strongly recommended whenever an R0 resection may not be achieved.
Several others criteria have been found to be related
to a poor prognosis or poor surgical outcome, thus
being considered to be arguments against major surgical resection. Major liver involvement[5,8,50,86], otherwise
described as extensive (bilobar) liver involvement [27],
hepatic parenchymal replacement by tumor > 25%[88]
or > 50%[47], and old age, variously intended as ≥ 65
years[27,88], ≥ 70 years[3], ≥ 80 years[89], have been related
to a poor survival and are currently proposed as a strong
contraindication to major colonic surgery. Other parameters, including poor differentiation[5,25], high serum
levels of CEA[47,88] or lactic dehydrogenase[85,88] have been
also related to poor outcome.

CRC management.
Indeed, when deciding whether to resect or not, morbidity/mortality of surgery should be compared to the
complication-rate due to primary tumor progression in
patients not undergoing surgical resection as initial treatment (but just CHT). Interestingly, CRC-related morbidity results as being 11.7%-29% in patients not undergoing
surgery, intestinal obstruction being the most frequent
(range 8.7%-21.7%)[48,50,52,53,102], whereas there is obviously
no surgery-related mortality.
Moreover, it should be considered that surgical resection of the primary CRC may affect the following management by modifying CHT administration schedule: on
one hand, complications of surgery may lead to a delay
in CHT administration, in some cases out of the “therapeutic window” of CHT after surgery (usually 4 to 6
wk), with the consequent potential impact on survival;
on the other hand, in the case of an uneventful recovery
after surgery, the patient may be supposed to avoid any
primary CRC-related complication during CHT administration, when a suspension of CHT may lead to a reduced response and an emergency procedure may carry
the highest perioperative risk. Pros and cons of operative and non-operative attitudes are difficult to assess, as
they are likely to be related to the peculiar characteristics
of the patient, tumor, and planned surgery.
In general, from the comparison of those numbers,
it seems realistic to consider that the “price” of surgical
resection in patients with an incurable CRC is a death
every 15-20 patients and a morbidity not inferior to that
of a non-operative management. Although perioperative
morbidity of surgery and long-term morbidity of a conservative management are not homogeneous and therefore difficult to compare, nevertheless, we believe that
surgical resection is not systematically indicated in asymptomatic patients in general, and may be ideally proposed to selected patients, in particular those so-called
“long-term survivors”. Based on our and other authors’
experience[5,8,50,86,89], patients with old age and major liver
involvement, should be at least accurately evaluated before an elective primary tumor resection, since they are
“short-survivors”.

Perioperative mortality and morbidity: Higher perioperative mortality and morbidity of CRC resection represent the counterpart of a supposed longer survival. Such
an issue may be supposed as being even underestimated,
since an intrinsic distress due to major colonic surgery
with respect of clinical observation is undeniable (although
never measured) and may be supposed to significantly affect the residual life. Excluding emergency surgery, perioperative mortality for colonic resection for incurable CRC
is reported to vary widely, ranging from 0% to 14%[5,27,47,53
,59,79,90]
, and exceeding 8% in several studies[27,47,59,90,91]. Morbidity of elective resective surgery varies widely through
series, too, ranging from 18% to 50%[27,48,53,79,85,86].
Since 2000, laparoscopic surgery has been widely adopted in order to reduce the aggressiveness of surgery
in incurable CRC patients[92-99]. Although a minimally
invasive approach may seem intuitively not the main issue in patients with dismal prognosis, on the contrary,
a prompt recovery during the weeks following surgery
may significantly improve the quality of residual life. As
already observed in other fields of laparoscopy, a recent
systematic review [56] found that laparoscopy allowed,
in front of a prolonged operative time time (median
180.5 min vs 148 min), lesser blood loss (127.5 cc vs 180
cc) and a shorter hospital stay (9.3 d vs 15 d). Although
only two of reviewed papers[96,97] found a difference in
postoperative complication-rate, the pooled odd ratio allowed the authors to report a significantly lower morbidity after laparoscopy (19.5% vs 26.9%), whereas mortality
was the same[56]. Altered anatomy and tissues due to
advanced CRC disease (and intrinsic technical limits of
laparoscopy in dealing with them) represent a potential
critical issue of laparoscopy, potentially increasing the
rate of procedures “converted” to laparotomy, with the
following significant reduction in the benefits of a miniinvasive approach. Interestingly enough, although in
some cases it is reported to reach 26.5%[93], the median
13% conversion-to-laparotomy rate is consistent with
the 14%-17% reported for “curable patients”[100,101], thus
confirming that laparoscopy may have a role in advanced
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Secondary surgery after CHT-induced “conversion”
from non-resectable to resectable liver metastasis:
Although curative management is not the aim of this
review, nevertheless, the possibility to switch from a palliative context to a curative one is the most intriguing aspect of metastatic CRC management and will be briefly
treated. Since, in 2004, Adam et al[20] first showed that the
5-year-survival rate of patients undergoing secondary
resection was comparable to that of primary resection,
resectability of liver meatastasis has become one of the
purpose of new CHT agents. Since, liver metastasis resectability has been reported to increase to 30%-32% under doublet regimens (FOLFOX or FOLFIRI)[20,103], to
36% under FOLFOXIRI[14], to 40% when bevacizumab
is added to XELODA (oxaliplatin and capecitabine)[104].
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Conversion rate of non-resectable, non-WT-KRAS patients was retrospectively reported to be as high as 60%
when Cetuximab is added to FOLFIRI[105], but more
recent randomized trials have reported a more realistic
16%-27.9% when Cetuximab is associated to FOLFOX/
FOLFIRI/XELODA regimens[106,107].
Other than systemic CHT, also intraarterial CHT[16,17]
may allow reducing CRC metastasis in number and size,
thus allowing for downstaging, whereas portal vein
branch embolization/ligature of liver segments affected
by CRC metastasis may lead to hypertrophy of the remaining parenchyma whenever non-resectability is determined by a too small (< 25%-30%) liver remnant, thus
allowing delayed resection[18,19].
Finally, the improvement of liver surgery[20,21] has allowed a 20%-64% morbidity and 0%-2% mortality of
secondary resection of CRC metastasis on post-CHT
liver, which is comparable to those achieved after primary surgery. Significantly, 5-year-survival of patients
undergoing secondary liver surgery after downstaging is
comparable, although not the same, to that of primary
surgery of resectable disease (33% vs 46%) according to
an international database[22], although very wide ranges
of 5 years survival (33%-50%), disease-free survival
(8.7-17 mo) and overall survival (36-60 mo) are reported
in the literature following various CHT regimens[21].
Such a radical change of perspective on the subject
has evident implications in patients’ management and
expectations, as a 4.2%-22.5% of “supposed palliative”
patients may finally survive[21,22]. The price of such a
“never say never” attitude is a bi-monthly, multidisciplinary re-evaluation of liver metastasis under CHT by
CT scan, MRI or US[33,34], as resectability has become the
primary aim of treatment[34].

sidered as a palliative treatment and was administered
only when surgery was no longer possible due to the
presence of locally advanced or metastatic disease.
After years of attempts and modulation of approaches
with fluoropyrimidines, a turning point was determined by
the introduction of new drugs to be administered in association. The exploration of the activity of chemotherapeutic doublets with irinotecan and 5-FU was performed
since the early 2000s in large randomized phase Ⅲ trials[10,113-115], establishing a new survival standard for metastatic CRC. Douillard et al[113] and Saltz et al[10,114] showed
the superiority of FOLFIRI regimen compared to 5-FU
bolus plus FA[10,113] and to irinotecan alone[114] in terms of
PFS and OS. Saltz et al[114] reported a PFS of 7 mo and a
mOS of 14.8 mo (ORR = 39%), whereas, similarly, Douillard et al[113] obtained a TTP of 6.7 mo, an OS of 17.4 mo
and an ORR of 35% and Fuchs et al[115] reported a PFS of
7.6 mo and a mOS of 23.1 mo.
At the same time, de Gramont et al[11] compared the
association of oxaliplatin and fluoropyrimidines (oxaliplatin plus 5-FU/FA or FOLFOX) with 5-FU/FA
alone, showing a significant RR increase of 50.7% and
PFS prolonged to 9 mo, with a mOS of 16.2 mo (without reaching statistical significance on mOS endpoint).
Few years later, Goldberg et al[116] found a superiority of
FOLFOX regimen compared to irinotecan/oxaliplatin
and bolus Ⅳ 5-FU, both considering effectiveness and
safety. In more recent years, capecitabine was evaluated
in association with oxaliplatin (XELOX) as an orallyadministrated alternative to 5-FU in order to improve
patient’s compliance, showing similar effectiveness and
safety than FOLFOX regimen[117,118].
Through the first decade of 2000s, the choice concerning which one between oxaliplatin- or irinotecanbased regimens should have been employed as first or
second line became a matter of debate. Several studies
confirmed FOLFOX and FOLFIRI treatment as being
equally effective as first line treatment, with comparable
RRs and PFSs[57,119]. Colucci et al[119] compared FOLFIRI
with FOLFOX as first line, reporting no differences
in OS, ORR and toxicity; Tournigand et al[57] compared
FOLFIRI and FOLFOX regimens in first and second
line of treatment in order to identify the best sequence:
although no significant difference in effectiveness and
safety was recorded, the two regimens showed a different toxicity profile, FOLFOX being more often associated to neurotoxicity whereas FOLFIRI to mucositis,
alopecia and diarrhoea.
In 2007, Falcone et al[14] first compared the association of 5-FU, irinotecan and oxaliplatin (FOLFOXIRI)
with FOLFIRI, showing an increased RR (66% vs 41%),
PFS (9.8 mo vs 6.9 mo) and OS (22.6 mo vs 16.7 mo), in
spite of a slightly increased toxicity (mostly neurotoxicity, neutropenia and diarrhea). Interestingly, a significantly higher number of patients undergoing FOLFOXIRI regimen underwent secondary resection of pretreatment non-resectable liver metastasis (36% vs 12%).
Such a study represented a turning point, suggesting

Role of chemotherapy
Medical treatment for colon cancer has been radically
modified in its aims and modalities in the last 30 years:
the dramatic evolution of researches and discoveries in
this field led to significant improvements on overall survival (OS) (Figure 3) and strongly modified the concept
of curability of the disease.
From the eighties to the nineties, with studies on fluoropyrimidines, some steps have been made towards a
chemotherapeutic regimen active in advanced CRC[9,108-111].
These trials analyzed the use of infusional or bolus
5-fluorouracil (5-FU) combined with folinic acid (FA)
or levamisole, with different modulations; the results
showed an enhanced effectiveness of 5-FU when combined with high-dose folinic acid, finally identifying a
bimonthly schedule with continuous infusion of 5-FU
after bolus as the more effective and less toxic schedule[111]. The same trials showed an overall response rates
(RR) of 39%-54.1% with a median overall survival (mOS)
of 12-18 mo and a progression free survival (PFS) of
14.5 mo[9,108-111]. A further trial showed the equivalence
between oral 5-FU (capecitabine) and infusional 5-FU[112].
During this long period of time, chemotherapy was con-
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BSC

4-6 mo

5-FU/LV

12-14 mo
15-16 mo

IFL or FOLFIRI
FOLFOX or CAPEOX

19-20 mo

IFL + Bevacizumab

20.3 mo

FOLFOX6

21.5 mo
24 mo

FOLFIRI + Bevacizumab

28 mo

FOLFIRI + Cetuximab
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Figure 3 Improvement of survival after various chemotherapic regimens for incurable stade Ⅳ colorectal cancer patients through the last three decades.
BSC: best supportive care; 5-FU: 5-Fluorouracil; FOLFIRI: 5-Fluorouracil + Irinotecan; FOLFOX: 5-Fluorouracil + Oxaliplatin; IFL: 5-Fluorouracil bolus; CAPEOX:
Capecitabine + Oxaliplatin; FA: Folic acid (Leucovorin); OS: overall survival.

biomarker. This latter result was confirmed by a pooled
analysis[123], which also reported a significant improvement in OS (HR = 0.81; p = 0.0062), PFS (HR = 0.66;
p < 0.001) and ORR (OR = 2.16; p < 0.0001). Some
new evidence in favour of cetuximab in a prospectively
selected series of WT-KRAS patients emerged from a
very recent study presented at the American Society of
Clinical Oncology 2013 Annual Meeting[13]. From this
large trial, the combination of cetuximab and FOLFIRI
resulted more effective than the combination of bevacizumab and FOLFIRI in a population of WT-KRAS
metastatic colon cancer patients, both considering ORR
and OS (28.7 mo vs 25 mo).
An alternative agent proposed in the first line therapy
for WT-KRAS patients is panitumubab[107], which has
been observed to prolong overall survival from 20.2 mo
in the FOLFOX4-alone group to 26.0 mo in the panitumumab-FOLFOX4 group.

this regimen as a valid option to improve the outcome
of a selected group of patients with good performance
status, also by converting metastatic disease from nonoperable to operable.
From target to tailored therapy: In the last decade,
the intrinsic and acquired resistance of metastatic colon
cancer to chemotherapy, on one hand, and the evolution
of target identification through translational medicine, on
the other, are paving the road to patient-tailored therapy
for metastatic CRC, aiming to cure patients basing on the
complex interactions among patient’s characteristics, disease physiopathology and drugs’ metabolism.
The understanding of biological mechanisms at the
basis of the disease and the discovery of molecular
pathways leading to CRC progression have led to the
development of new targeted drugs against CRC. In
particular, bevacizumab (a humanized antibody anti-circulating vascular endothelial growth factor - VEGF-A)
and cetuximab (a recombinant antibody anti- epidermal
growth factor receptor - EGFR) have been introduced
in advanced CRC in association with poli-chemotherapic
regimens. The first performed trials evidenced statistically significant and clinically meaningful improvement
in terms of OS, PFS and RR, by adding bevacizumab to
oxaliplatin- or irinotecan-based regimens with an easily
manageable additional toxicity[15,120,121]. Hurwitz et al[15]
first studied the association of bevacizumab with 5-FU
bolus with FA (vs 5-FU bolus with FA alone), showing
an increase in RR (44.8% vs 34.8%), PFS (10.6 vs 6.2)
and mOS (20.3 mo vs 15.6 mo). Saltz et al[120] also showed
an increase of PFS following the administration of bevacizumab in patients receiving FOLFOX.
Since 2009, the association of cetuximab with FOLFIRI[12] or with FOLFOX regimens[122] was reported to
increase PFS whereas the increase of OS did not reach
statistical significance in metastatic colon cancer. More
recently, the OPUS study[106] showed that the benefit
was limited to patients with KRAS wild-type (WT) tumors, confirming KRAS mutation status as a predictive
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Future development and open issues: New agents
have already showed promising results after the failure
of conventional CHT. Aflibercept[124], a soluble fusion
protein with high affinity for VEGF-A, -B and PlGF, has
been associated to a 1.5-mo-increase of OS after first
line FOLFIRI. Regorafenib[125], a multi Tyrosin Kynase
Inhibitor (TKI), in association with FOLFIRI has been
found to prolong survival by 1.4 mo in heavily treated
patients: trials are ongoing to identify the best management of these drugs.
The extensive study of genoma in CRC is ongoing.
Several genes, including BRAF[101], NRAS[126], PI3K[126,127],
MEK 1/2 [127] and PTEN [128] are currently studied as
their mutation seems to be related to poor prognosis in
CRC patients undergoing CHT. New agents, including
pimasertib, have been evaluated by preclinical studies,
showing promising results[127].
As a natural consequence of the recent trend towards
multifaceted treatment and patient-tailoring, different
strategies and sequencing of chemotherapy have been
explored in the advanced disease. “Treatment until pro-
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gression or unacceptable toxicity” has been the standard
practice until now, but a new approach is challenging this
paradigm[129], proposing to temporarily quit CHT administration until clear progression, with no difference in
terms of OS and better quality of life.
The encouraging and continuously improving results of CHT in advanced CRC management has led to
extend its use to earlier CRC classes, including stage Ⅲ
[130]
and, more recently, stage Ⅱ[131,132], in accordance with
the hypothesis that recurrence was likely to be due to
residual cancer existing at microscopic stage. Since 1990,
Moertel et al[130] reported an overall recurrence rate reduction of 41%, establishing infusional 5-FU and FA as the
new standard of care for adjuvant CRC therapy, thus hypothesizing that CRC was a more chemosensitive disease
than previously thought. In 2004 the MOSAIC trial[131],
recently updated[132], showed an increase of 5-year DFS
rates (from 67.4% to 73.3%) and 6-year OS rates (from
76% to 78.5%) when oxaliplatin is added (bolus + infusional) to 5-FU (FOLFOX) in resected stage Ⅲ colon
cancer. Those encouraging results in stage Ⅲ CRC seem
to suggest a similar benefit of fluorouracil-based adjuvant chemotherapy in Stage Ⅱ, high risk patients (T4,
< 12 lymph nodes harvested, emergency setting)[132,133],
whereas targeted therapy seems useless in this setting[134].

proximal tumors, whereas other options are available
and may be preferred in the case of CRCs located in the
sigmoid or rectum[136], including stenting[137,138] and laser
ablation[139,140].
Surgery: Even more than in asymptomatic patients, the
main issue of incurable CRC resection performed for
colic obstruction, is not a complete lymphadenectomy,
but removing the obstruction as soon as possible not
causing any colonic leak in order to avoid any dissemination of neoplastic cells and infectious complications.
The choice of derivative surgery also depends on tumor
characteristics and location indeed, being any internal
by-pass non possible for tumors arising distally to the
sigmoid colon. Resective surgery is usually preferred in
proximal CRC, where colostomy is not an option and
internal by pass by ileo-colonic (transverse or sigmoid)
anastomosis is performed for locally infiltrating tumors
or carcinosis. For obstructing distal tumors, the choice
between CRC resection and stoma (usually in the sigmoid/transverse colon) is more challenging (see above).
In some cases, colonic obstruction distal to the cecum usually causes a distension of the cecum itself (according to the law of Laplace), which may be increased
by the continence of the ileo-cecal valve: in such a case,
a concomitant ischemia/perforation of the proximal
colon due to distension may occur and require multiple/
extensive colonic resections or stomas. Although CRC
palliative resection performed in such a setting implies
the highest mortality (up to 18%[47,51,59,79,90,91]), it is often
the option preferred by the surgeon especially in presence of a concomitant perforation and consequent pericolonic abscess/stercoral peritonitis (see below).

EMERGENCY/SEVERELY SYMPTOMATIC
CRC
The most commonly reported life-threatening complications of advanced CRC are obstruction and perforation[27,51], but also bleeding and other minor symptoms
will be discussed. Indeed, unless the patient presents the
typical features of acute obstruction or acute diffuse peritonitis by colonic perforation, it is often difficult to assess
the real threaten to life and consequently the real need
and timing of emergency surgery in the case of patients
with a very limited life expectancy. Therefore, it is difficult to make any generalization and any patient should
be evaluated on a case by case basis. Moreover, data from
literature are extremely debatable and non-concordant, as
study series are non-homogeneous concerning patients,
tumors and management; nevertheless, for practical reasons, those conditions are discussed separately.

Stenting: Since the mid-90s, self-expanding metallic stents have shown to be more effective than other
treatments (argon laser, plastic stent) and have been
proposed in the management of colorectal stenosis in
order to avoid emergency surgery[141]. Since then, stent
use has been proposed with three purposes: (1) allowing
a delayed, elective (rather than emergency) colonic resection in the case of “curable CRC patients”; (2) allowing a
definitive, palliative solution for “non-curable patients”;
and (3) avoiding a stoma. Modern self-expandable metallic stents are conceived to be incorporated into the
tumor by exercising a pressure and inducing a partial
necrosis in surrounding neoplastic tissue. In order to
anchor the stent and to prevent any migration, colonic
stents are usually clepsydra-shaped and may have various diameters and length in order to fit any neoplastic
stricture. The reported rate of successful positioning of
the stent is 75%-98%[137,142-146], being the main cause of
failure the impossibility to pass a guidewire through the
tumor, whereas the effectiveness in relieving a neoplastic
obstruction is as high as 93.1%-98.7%[143-145].
Short-term complications are reported up to 14.8%[143]
of cases, with a median perioperative perforation rate of
3.9%-4.5%[137,138]. Although not the most frequent, per-

Obstruction
Obstruction is the most frequent condition requiring an
aggressive management of patients with incurable CRC,
being reported in 10%-26% of metastatic CRC[27,51,135].
This complication is typical, albeit non exclusive, of leftsided CRC (sigmoid and rectum), both for the lesser
diameter of colon and different modality of growth of
tumors towards stenosis. Interestingly, obstruction is less
frequent in series reporting only rectum tumors[135], probably also owing to an easier access to clinical examination
and diagnostic tools allowing for an earlier diagnosis.
The management of obstructing CRCs varies according to site of primary, being mostly resective for
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foration is the most relevant, since it could give rise to a
life-threatening acute peritonitis, with a 20%-100% mortality[138,144]. Moreover, perforation may cause the transcelomatic diffusion of CRC by dissemination of neoplastic
cells[143]. According to clinical picture and entity of perforation, the management of such complication include
surgery (stoma, resection) unless contraindicated by prohibitive general conditions. Other common perioperative
complications are stent migration/occlusion (1.8%-9%),
and bleeding (0.5%-4%), normally managed endoscopically by stent replacement and hemostasis[138,143].
Long-term morbidity of palliative stents may exceed
40%[143,144,146], with a rehospitalisation rate of 34%, and include bleeding (21%[143]) stent migration (12.5%-22%[143,144])
or occlusion (9.4%-17%[137,143,144]), whereas perforation is
3%-7%[143,144]. Late stent occlusion is usually due to cancer
progression and colonization of stent neo-lumen, and
therefore is manageable endoscopically and suitable of restenting or laser ablation. Abdominal pain and tenesmus are
also observed both perioperatively and as a late complication, and are generally managed conservatively[138,143,144].
When compared to palliative, emergency surgery,
CRC stenting has showed a lesser perioperative mortality
(0%-4.2% vs 5%-10.5%), lower perioperative morbidity,
shorter hospital stay (9.5-10 d vs 15-18.8 d)[137,143,145] and
lower rate of stoma formation (54% vs 12.7%)[145]. Nevertheless, it should be remarked that every fifth patient
undergoing palliative stenting finally needs some other
reintervention, including re-stenting, laser ablation or colonic surgery[137,146]. Although encouraging, the retrospective nature of present literature on the subject prevents
from definitive conclusions. Significantly, a high rate of
severe complications following stage Ⅳ CRC stenting
led to the early closure of a multicenter trial[147].
Although it may be considered a fine mini-invasive,
low morbidity option for patients with limited life expectancy, nevertheless, stents’ use still has some open issues
to be addressed. First, the success rate and morbidity of
stenting seems to be different between the sigmoid-rectum and the remaining colon, where the intraperitoneal
location and anatomic variability may be supposed to
cause lower success rate and higher morbidity, including
perforation[143]. The fact that, in their extended review of
patients treated by stenting, Watt et al[137] found only 2%
and 1% with transverse and right-sided CRCs, somehow
confirms a more common use for left tumors. If we add
that, owing to technical reasons, it may be difficult or impossible to stent low rectum cancers approaching to the
anus, we can deduce that a not negligible part of CRCs
are not suitable for stenting. Second, the long-term effectiveness of CRC stenting still have to be confirmed on a
long-term basis. Stent-patency has generally been evaluated within few mo from positioning, whereas its median
duration is three and half mo (106 d)[137]. Indeed, in preCHT era, the short life expectancy of advanced CRC
led to consider stent positioning an effective, definitive
palliation[48], allowing the prompt start of CHT. Nowadays, the reported long survival associated to new CHT
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regimens, rekindle the debate about long-term effectiveness of stents, which are also associated with a high late
morbidity, also exceeding 40%[143] or even 50%[144]. Significantly, a recent meta-analysis[145] shows how the early
morbidity rate is significantly higher after surgery (13.7%
vs 33.7%) whereas late complications are more frequent
after stenting (32.35% vs 12.7%). Such long-term results
of stents prompt a double dilemma: (1) should palliative surgical resection to be preferred to stent, at least
in supposed long-survivors[146]? and (2) should elective
palliative surgery be considered after successful stenting,
or should simple observation be preferred? This latter
hypothesis may become even more interesting if we
consider that emergency (rather than elective) surgery
notably carries higher colostomy rates and that rates
of primary anastomosis after elective surgery following
stenting are at least twice that of those after emergency
surgery [137]. The recent development of a sequential
management of obstructing CRC by “bridge stenting”
followed by laparoscopic colonic resection[148,149] may be
considered as a feasible mini-invasive option somehow
fitting the need of advanced CRC patients.
Last but not least, the positive psychological effect
of not having a temporary or permanent colostomy is
another positive effect of stent positioning[150].
Laser therapy and endocavitary radiation: Initially
proposed for small polyps, bleeding[151] and palliation[152]
in the late 70s, Neodymium yttrium-aluminum-garnet
(Nd:YAG) laser therapy (also called high-powered diode
laser therapy) is decreasingly proposed for the palliative
treatment of obstructing rectal cancer (by vaporizing
neoplastic tissue) and bleeding (by inducing coagulative necrosis) in patients unfit for surgery. Laser therapy
normally needs up to 5 session to be effective and has
a 78%-91% success rate in treating obstruction[139,140]. A
2%-5.3%[138-140] morbidity and 1.8% mortality[140] have
been reported, being colonic perforation the most feared
complication. Somehow accordingly, lower morbidity
and no mortality are observed when only rectal tumors
are examined [139]. Some concern has been expressed
about long-term results of palliation, since obstruction is
reported to recur at a median of 24 wk after initial treatment, thus requiring delayed surgical palliation[139]. Such
a consideration may gain interest in the light of longsurvival recently observed with last generation CHT.
Endocavitary Ir-192 irradiation has been proposed
since the late 70s for the palliative management of
rectal cancer including obstruction[153]. During the 90s
such an approach has been associated to laser therapy
with 79%-100% success and 16%-44% total complications[154,155], including acute perianal pain, perianal abscess, rectovaginal fistula, suggesting that endocavitary
radiation may prolong rectal lumen patency when compared to laser therapy alone[154].
Perforation
Colonic perforation is mostly a potential life-threatening
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Bleeding and other invalidating symptoms (pain,
tenesmus)
Although usually it is not an emergency situation, bleeding may represent a major issue of advanced CRC, especially in patients needing anticoagulant/antiaggregant
therapy for any reason. Pain and tenesmus are typical
symptoms of rectal tumors but are rarely treated by
surgical resection, since they are usually associated to a
locally infiltrating, already non resectable rectal cancer.
If we consider that those symptoms are also reported to
reduce under CHT[160,161], we can understand why they
are usually managed conservatively by radiotherapy or
transanal procedures.

condition requiring emergency surgery. The mechanism
of perforation in advanced CRC includes tumor necrosis[48,156,157], colonic (usually cecum) distension secondary
to obstruction by distal CRC[156,157], other treatment complications, including stenting[143,144], laser therapy[139,140],
transanal resection[158,159]. Such a complication has a significant mortality rate[138,140,143,156,157]. Indeed, colonic perforation may present with a wide variety of clinical scenarios, ranging from ongoing acute stercoral peritonitis
to more ambiguous clinical pictures, whenever the perforation is limited or “covered”[156,157]. Although symptoms
and management vary widely, also owing to site and
mechanism of perforation, here we describe such two
extreme scenarios. In general, sudden onset abdominal
pain is a key-symptom, and should be investigated in
any patient with advanced CRC even in the absence of
signs of acute peritonitis or hyperpyrexia. CT scan is
mandatory, possibly associated with contrast mean rectal
administration, unless plane X-rays has already shown
“free” intra-abdominal air.

Surgery: Resective surgery, obviously allows definitively
treating chronic haemorrhage and other CRC -related
symptoms by extirpation of tumor. The pros, cons and
timing of resective surgery need to be discussed with the
patient and in multidisciplinary meeting. Surgery intrinsic
morbidity/mortality[27,47,59,90,91] and the possible spontaneous reduction of non-emergency symptoms owing
to CRC response to CHT[55,160,161] should be balanced
with the risk of performing a late, possibly emergency
procedure after CHT has started, when it may carry the
highest risk of complications. As reported before, resection is generally proposed for proximal tumors, whereas
it is attentively pondered for rectal tumors (see above for
surgical options).

Surgery: Colonic perforation may occur as “free” perforation causing an acute, diffuse stercoral peritonitis,
which is normally associated with symptoms of generalized sepsis. Such a picture needs emergency surgery by
laparotomy. Obviously, the main purpose of surgery for
colonic perforation is not avoiding colonic leak, since
stools have already diffused in the abdomen, nor performing an oncologically complete lymphadenectomy.
In the case of perforation, surgeon’s first concern is
removing the cause of acute peritonitis by resecting the
perforated segment and cleaning the abdomen by lavage.
It should not be forgotten that obstruction by CRC may
turn into acute peritonitis by perforation of proximal
colon (usually the caecum) following long-term distension[156,157]. Moreover, performing an anastomosis after
the resection of perforated CRC in a generalized peritonitis context carries a high risk of postoperative leakage,
and deciding to perform a temporary stoma is often the
preferred option. Alternatively, the anastomosis may be
fashioned together with a so-called “protective”, proximal loop stoma. As this option normally implies a second surgery in order to close the stoma, it is rarely performed in a palliative setting (potential “long-survivors”).
In some cases, colonic perforation is small-sized or
“covered” by other organs or perirectal fat, thus stools
spilling results as being limited. In such cases, signs/
symptoms of acute peritonitis may be localized, reduced
or even absent, if the perforation site is deep in the abdomen or in the under-peritoneal rectum. In the absence of
deteriorating septic state, perforation may be managed by
conservative treatment (including antibiotics) and/or derivative procedures (stomas) rather than major resections.
Perforations resulting in localized abscesses may also be
managed by surgical drainage of the collection or US- or
CT-scan guided procedure. Obviously, high ASA score
patients or short-survivors may be supposed to benefit
most by such a low mini-invasive attitude.
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Radiotherapy (RT): RT is one of the mostly adopted
treatment for rectal bleeding and other invalidating
symptoms. Although it is reported to relief in particular
pain and bleeding in 75%-80% of patients[162,163], unfortunately, the results of studies are difficult to compare,
as RT is often part of a multimodal treatment including
surgery and CHT, patients are heterogeneous as well as
administered RT doses, varying from 10 to 80 Gy[162,163].
Bae et al[162], analysing a series of patients with advanced
symptomatic (mostly pain and bleeding) CRC undergoing various managements, including surgery, CHT and
RT, found the association between CT and RT to be
significantly associated to symptoms’ control[162]. The
main limitations of RT is the recurrence of symptoms in
roughly one half of the patients within 6 mo[59,162]; thus,
it is best indicated in short survivors[59].
Laser therapy: Success rate of Nd:YAG laser (see above
for general principles of endoscopic laser treatment) in
managing rectal bleeding is 73%-97%[140,151,164]. Since the
median symptom-free survival after the procedure(s) is
10 mo[164], its effectiveness in long-survivors is also questionable.
Transanal resection techniques: Various techniques
for transanal resection have been proposed for the palliative treatment of symptomatic rectal cancer, including endoscopic transanal resection (ETAR)[156,165-167] and
transanal endoscopic microsurgery (TEM)[159].
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Performed since the early 1990s with various approaches, ETAR consists in the endorectal management
of rectal tumor complications by several manoeuvres,
including tumor resection/debulking and haemostasis.
ETAR is reported to have a 73%-87% overall success
rate in achieving symptoms relief[165,166], with a specific
50% success rate for incontinence, rectal pain and tenesmus, 66% for bleeding and 77% for diarrhoea[167].
Chen et al[156] found ETAR to be related to the same long
term outcome as traditional surgery (LAR/APR) with
lower morbidity (4% vs 24%), although others reported
an higher 8%-17% complication rate [165,166]. Such low
morbidity and a 15%-23% rate of colostomy finally performed[156,165,166] led to consider ETAR as a feasible option in palliative management of rectal cancer.
More recently introduced[168], TEM implies the fullthickness resection of the rectum including the perirectal mesorectum until reaching the recto-vaginal septum
or the prostate capsule (anteriorly) or the mesorectal
fascia posteriorly, followed by rectum closure. Although
it is nowadays mostly reported for the management of
T1-T2 rectal tumors[158,169], TEM has been also proposed
for the palliative management of advanced rectal tumors[159,170]. Overrall, a 6.3%-21% morbidity is reported
(mostly due to urinary retention) with a 2.3%-5% rate
of severe complications requiring management[158,159,170].

“curative” surgery may nowadays be planned after new
CHT regimens have converted irresectable liver metastasis into resectable ones.
Moreover, prolonging survival, CHT is somehow
changing the perspective concerning the best long-term
management of primary CRC complications, possibly
challenging the role of short-lasting, mini-invasive approaches (stenting, local treatments,...). Other than survival prolongation, disease control and better quality of
life are gaining importance as primary endpoints of palliative management of incurable CRC.
The so-called “small gray zone” between curable and
incurable management of patients affected by CRC, has
increased to “larger gray zone” through the last decades.
In such a rapidly changing evolution of standards of
care, oncologists, surgeons and other care-takers should
be aware of the necessity of patients’ multidisciplinary
discussion/management, the periodic re-evaluation of
any singular case, the timely information/implication of
the patient and his relatives in the treatment.
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calibration approaches make the time of origin and divergence of the various genotypes and subgenotypes
largely uncertain. It is hypothesised that HBV evolutionary rates are time dependent, and that the changes depend on the main transmission routes of the genotypes
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Core tip: This review describes the main evidence concerning the global phylodynamics and phylogeography
of hepatitis B virus (HBV) genotypes and subgenotypes,
concentrating particularly on the ubiquitous A and D,
and the more restricted E and F genotypes. The lack
of consensus on the HBV evolutionary rate make it difficult to reconstruct the timescale of the virus origin.
In order to reconcile the possibility of a long evolution
and the high evolutionary rate in recent populations,
we propose the hypothesis that HBV evolutionary rates
are time dependent, and are influenced by the different
population dynamics of the viral genotypes.

Abstract
Hepatitis B virus (HBV) is the leading cause of liver
disease and infects an estimated 240 million people
worldwide. It is characterised by a high degree of genetic heterogeneity because of the use of a reverse
transcriptase during viral replication. The ten genotypes
(A-J) that have been described so far further segregate
into a number of subgenotypes which have distinct
ethno-geographic distribution. Genotypes A and D are
ubiquitous and the most prevalent genotypes in Europe
(mainly represented by subgenotypes D1-3 and A2);
genotypes B and C are restricted to eastern Asia and
Oceania; genotype E to central and western Africa; and
genotypes H and F (classified into 4 subgenotypes) to
Latin America and Alaska. This review summarises the
data obtained by studying the global phylodynamics
and phylogeography of HBV genotypes, particularly
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INTRODUCTION

Table 1 Subgenotypes, sub-types and geographical origin of
hepatitis B virus

Hepatitis B virus (HBV) is a major health problem and
chronically infects an estimated 240 million people worldwide. In highly endemic areas such as east Asia, subSaharan Africa and the Amazon basin, the HBV carrier
rate is > 8%. In Europe, the highest prevalence rates are
in Turkey, Romania, Bulgaria, Greece, Albania and southern Italy[1,2].
HBV is an enveloped DNA virus that belongs to
the Hepadnaviridae family, and infects the hepatocytes of
a wide range of animals: the genus avihepadnavirus infects birds (such as ducks, geese, herons, storks, cranes
and parrots), and the genus orthohepadnavirus infects
mammals (such as squirrels, woodchucks, primates and
bats)[3-5].
The viral genome, a circularised, partially doublestranded DNA of about 3.2 kilobases (the minus strand
is incomplete within the virion), encompasses four partially overlapping genes (PreS/S, PreC/C, P and X) that
encode at least seven proteins: the three surface proteins
(the small, large and middle S proteins), two core antigens
(HBcAg and HBeAg), the polymerase (encoded by the P
gene), and the small regulatory X protein[6].
Despite the constrained nature of its genetic evolution[7], the HBV genome is characterised by considerable
variability because of the use of an RNA intermediate
and reverse transcriptase during replication. On the basis of the sequence divergence established by analysing
the entire viral genome, HBV has been classified into
ten genotypes (A-J) and various subgenotypes (indicated
by numbers), with a mean nucleotide difference of ≥
8% between genotypes and 4%-7% between subgenotypes[8-10]. These viral strains partially correspond to the
previously described serotypes based on the presence of
two pairs of mutually exclusive antigenic determinants
(d/y and w/r) in the HBV surface antigen[10].
HBV genotypes have a characteristic ethno-geographic distribution. Some are ubiquitous, such as genotype
A, which is present in north-western Europe, North
America and central Africa[10], and genotype D, which has
been found throughout the world, although its highest
prevalence is in the Mediterranean area, the Middle East
and southern Asia[10,11]. Genotypes B and C are only present in Asia[12]; genotype E is found in sub-Saharan Africa[10,13], and genotype F in South and Central America[10].
Genotype G has been found in France and the United
States[14], whereas genotype H seems to be confined to
the northern part of Latin America[8] (Table 1).
A ninth genotype (I) has recently been proposed after
being found in north-western China[15], eastern India[16],
Laos[17], and Vietnam[17,18]. Even more recently, a genotype
J has been isolated in a Japanese patient with hepatocellular carcinoma[19].
The two genotypes responsible for the majority of infections in Europe are genotype A (mainly subgenotype
A2) in the north-west, and genotype D (mainly subgenotypes D1, D2 and D3) in the north-east and the Mediterranean basin[4].
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A

Subgenotype

Sub-type

A1 (Aa, A’)
A2 (Ae, A-A’)

adw2, ayw1
adw2, ayw1

A3 (Ac)
A4
A5

B

C

A6
A7
B1 (Bj)
B2 (Ba)
B3
B4
B5
B6
B7-B9
C1 (Cs)

C2 (Ce)
C3

D

C4
C5
C6
C7
C8-C16
D1
D2
D3
D4
D5
D6
D7
D8
D9

E
F

F1a
F1b
F2
F3
F4

G
H
I
J

I1
I2

Geographical origin

Africa, Asia, South America
Northern Europe, North
America, South Africa
Cameroon, Gabon, Rwanda
Mali, Gambia
Nigeria, Rwanda, Cameroon,
Haiti (African pop.)
Congo, Rwanda
ayw1, adw2, ay
Cameroon, Rwanda
adw2
Japan
adw2, adw3
Asia without Japan
adw2, ayw1
Indonesia, Philippines
ayw1, adw2
Vietnam, Cambodia
Philippines
Alaska, Northern Canada,
Greenland
Indonesia
adrq+, ayr, adw2,
South-east Asia (Vietnam,
ayw1
Myanmar, Thailand, Southern
China)
adrq+, ayr
Far East (South Korea, Japan,
Northern China)
adrq–, adrq+
Pacific Islands (Micronesia,
Melanesia, Polynesia)
Australia
Philippines, Vietnam
Indonesia, Philippines
Philippines
Indonesia
ayw2, adw1,
Europe, Middle East, Asia,
ayw1
Tunisia, Egypt
ayw3, ayw1
Europe, Morocco, India
ayw3, ayw2,
South Africa, Asia, Europe,
ayw4
United States, Northern Canada
ayw2, ayw3
Australia, Japan, Papua New
Guinea
East India, Japan
Indonesia
Tunisia
Niger
Eastern India
ayw4, ayw2
Sub-Saharan Africa, United
Kingdom, France, Saudi Arabia
adw4, ayw4
South and Central America
adw4
Argentina, Japan, Venezuela,
United States
adw4
South America (Brazil,
Venezuela, Nicaragua)
adw4
Venezuela, Panama, Columbia,
Bolivia
adw4
Bolivia, France, Argentina
adw2
United States, Germany, Japan,
France, Mexico
adw4
United States, Japan, Nicaragua
adw2
Laos, Vietnam, North-west China
ayw2
Laos, Vietnam
ayw
Japan

PHYLODYNAMICS AND
PHYLOGEOGRAPHY OF VIRUSES
The concept of “phylodynamics” was first introduced
by Grenfell in 2004, and describes how microbial genetic
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D1
D2
D3
D4
D5
D6
D7
D8

Figure 1 Distribution of hepatitis B virus-D subgenotypes D in Eurasia and the Mediterranean basin. The countries are coloured on the basis of their prevalent
subgenotypes.

variation is modulated by host immunity, transmission
bottlenecks and epidemic dynamics that determine the
wide variety of pathogen phylogenies observed at scales
ranging from an individual host to a population[20].
The use of improved molecular clock models (strict
or relaxed) for estimating the evolutionary rates and divergence times of heterochronous sequences (sequences
sampled over relatively long periods of time) have recently made it possible to develop coalescence-based
methods for studying the dynamics of viral populations
at intra- and inter-host level on a calendar time scale. The
coalescent describes the relationship between the demographic history of a large population and the genealogical
tree of individuals randomly sampled from it[21].
Human demography, such as population subdivisions
and movements, play an important role in determining
the shape of the genetic structure (phylogeny) of viral
populations, which is why phylogeography (the study of
the spatial subdivision of viral strains) is a crucial part
of the phylodynamic characterisation of an infection[22].
Statistical methods for reconstructing the geographical
and spatial spread of a virus on the basis of the sampling locations of viral isolates were originally based on
maximum parsimony, which finds the minimum number
of migrations justifying the entire phylogeny[23]. More
recently, methods that accommodate phylogenetic uncertainties have also been developed. In particular, a Bayesian statistical inference framework incorporating coalescent models allows the simultaneous reconstruction of
the temporal and spatial history of an epidemic on the
basis of isolates randomly sampled at known times and
in different places[24].
These “phylodynamic” and phylogeographical ap-
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proaches have been used to study the past/recent epidemiology of infections due to highly variable viruses such
as human immunodeficiency virus (HIV)[25,26], or hepatitis
C virus (HCV)[27,28].
This review will concentrate on the phylodynamics and
phylogeography of the HBV genotypes for which such
studies are available, particularly the two ubiquitous genotypes A and D, and the more restricted genotypes E and F.

PHYLODYNAMICS OF GENOTYPE D
HBV genotype D is the most prevalent genotype in
north-eastern Europe, the eastern and central Mediterranean, northern Africa, and the Middle East; furthermore,
it is highly prevalent in the Indian sub-continent and a
group of islands in the Indian Ocean with high endemic
levels of HBV (Nicobare and Andaman)[29], and has also
been identified in Oceania[10].
Nine HBV-D subgenotypes (D1-D9) have so far
been described (Figure 1): D1 is the most prevalent subgenotype in Greece, Turkey and north Africa[30,31]; D2 in
north-eastern Europe (Russia, Belarus, Estonia) and Albania[32,33]; and D3 in Italy and Serbia[34,35]. D4 is the dominant subgenotype in Oceania[10]; D5 in primitive tribes
living in India, where a number of different D subgenotypes are also found[36]; D6 in Papua and Indonesia[37],
and D7 in Tunisia and Morocco[38,39]. Finally, the recently
described D8 and D9 subgenotypes found in Nigeria and
India have respectively been recognised as recombinant
forms of HBV-D with HBV-E[40] and HBV-C[41].
Two preliminary studies carried out in different places
(Italy and Japan), but using similar approaches, suggested
a relatively recent origin of genotype D in the early
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XX century[42,43], and showed the exponential growth
of the epidemic due to this genotype in the 1940s and
1950s. Interestingly, both studies recorded a plateau in
the number of infections starting in the 1980s, which
is in line with the decrease in the incidence of acute
HBV infections in developed countries that has been
reported since then[43-45]. In Italy, HBV-D3 is associated
with parenteral exposure and drug addiction[34,46], and the
virus isolated from intravenous drug users (IVDUs) is
characterised by a number of S and P gene mutations[34]
and has been described also in IVDUs living in other
industrialised countries[10,42,47]. Analysis of the dated tree
suggested that the ancestor of this strain originated in
the 1950s or 1960s, and rapidly spread among IVDUs
generating a typical founder effect[43]. Zehender et al[43]
also investigated the phylodynamics of the second most
important European subgenotype (HBV-A2), which has
been shown to be highly prevalent in Italy among people
acquiring the infection as a result of sexual transmission,
particularly men-having-sex-with-men (MSM). The authors found that the HBV-A epidemic in Italy began later
and grew until more recently than that due to HBV-D3.
These observations suggested that the spread of HBV in
Italy coincided with two distinct epidemic waves: the first
occurred at the time of World War II, when the HBV epidemic grew rapidly and was mainly due to subgenotype
D3; the second occurred in the 1960s and 1970s, involved
subjects at high behavioural risk, and was characterised
by the import of new viral strains or the expansion of
pre-existing variants (such as the IVDU-associated strain)
via different transmission routes.
A further study aimed at investigating the phylodynamics of HBV genotype D in Albania (one of the European countries with the highest level of HBV endemicity) showed that the most prevalent HBV subgenotype
was D2 (highly prevalent in north-eastern Europe), and
that the epidemic sharply increased between the mid1980s and the mid-1990s, a period that was characterised
by a number of dramatic outflows of Albanians as a
result of major socio-economic crises. A recent temporal
reconstruction of the epidemiological history of genotypes D and A in Bulgaria[48] estimated a similar period of
time for the penetration of subgenotype D1 and showed
that, as in Italy, subgenotype A2 entered Bulgaria later
than genotype D.
However, a recent and comprehensive reconstruction
of the phylogeography of HBV genotype D in Europe
and the Mediterranean basin[49] indicates that it originated
in the second half of the XIX century in India, and that
subgenotype D5 (an indigenous Indian subgenotype)
was probably the first to diverge. Then subgenotypes
D1-D3 diverged in central Asia and (between the 1930s
and 1940s) spread to Europe and the Mediterranean area
by means of at least two pathways: a south-western route
(mainly due to the diffusion of subgenotype D1) that
crossed the Middle East and reached north Africa and
the south-eastern Mediterranean; and a second northwestern route (closely associated with D2) that crossed
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the former Soviet Union and reached eastern Europe and
the Mediterranean through Albania[50].
This reconstruction makes it possible to hypothesise
that the Second World War played a crucial role in the
spread of HBV-D from India to the rest of the world.
However, the further dispersion of the genotype was
probably sustained by the unsafe medical use of injections in medical practice[51-53].
It seems that the epidemiological dichotomy of
Europe (which makes genotype D the most prevalent
in eastern and southern Europe where HBV is highly
endemic, and genotype A the main strain in central and
northern Europe where HBV is less widespread) could
be due to differences in their main transmission routes[43]:
predominantly parenteral transmission in highly endemic
areas (unsafe injections, and intra-family transmission),
and hetero- and homosexual transmission in less endemic
areas[2,54,55].

PHYLODYNAMICS OF GENOTYPE A
Genotype A is the second most ubiquitous HBV genotype, being present in Africa, Asia, Europe, and United
States. The isolates have so far been classified into
seven distinct evolutionary groups. Subgenotype A1 is
widespread in southern and eastern Africa (South Africa, Uganda, Malawi, Tanzania, Congo, Somalia) and
southern Asia (India, the Philippines, Bangladesh, Nepal)[10,36,56-58] and South America (Brazil - see above), and
subgenotype A2 is the most widespread in Europe and
North America[10,56] and has also been isolated in South
Africa[59]. Hannoun has suggested that genotype A originated in Africa and hypothesised the import of HBV-A2
from Africa to Europe by Portuguese sailors in the XVI
and XVII centuries, and the arrival of A1 in Asia as a
consequence of trade and travel between eastern Africa
and southern Asia[60]. The more recently described subgenotypes are A3 in Pygmies and Bantus living in Cameroon and Gabon[61,62]; a “tentative A4” from Mali; and
subgenotype A5 isolated in patients from Nigeria[63]. Interestingly, HBV-A5 has also been found in Haiti, which
suggests that it was the dominant subgenotype in an area
near current Nigeria (former Bight of Benin) before the
time of the slave trade (between the XVIII and XIX
centuries), when it was probably exported to Haiti. It was
only recently that HBV-A5 was replaced by genotype E
and subgenotype A3, which are now the most prevalent
strains in the same area[64]. An HBV-A6 has only been
reported in African-Belgian patients[47], and a new “tentative subgenotype A7” has been isolated in Cameroon[65].
It has recently been proposed that A3, “tentative A4”,
A5 and “tentative A7” should be classified within a single
subgenotype called “quasi subgenotype A3”[47,66].
The first study addressing the origin and population
dynamics of HBV genotype A (particularly subgenotype
A2)[43] reported the existence of a single phylogenetically
homogenous strain that was prevalent among Italian
HIV-positive MSM and had a mean time of the most
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A1
A3, A4, A5
D
E
A1, A2, D
A3, A4, A5, E

Figure 2 Distribution of hepatitis B virus genotypes in Africa. The countries are coloured on the basis of their prevalent genotypes/subgenotypes.

recent common ancestor (tMRCA) going back to 1966,
thus suggesting that subgenotype A2 spread largely as
a result of sexual transmission between the end of the
1960s and the beginning of the 1980s.
Interestingly, a single HBV genotype A2 variant has
also been isolated from MSM living in The Netherlands[67], a country with a low level of HBV endemicity
(0.3%-0.5%) in which sexual transmission is the main
route of infection[55]. Using a Bayesian skyline approach,
the authors observed that, after a considerable decrease
in the incidence of HBV in the early 1980s, there was
no subsequent change up to 2003. This trend, which is
similar to that of HIV during the same period, probably reflects changes in sexual behaviours due to the
HIV/AIDS epidemic[55]. A further study performed in
The Netherlands is particularly important because it
represents the first attempt to apply the phylodynamic
approach to monitoring the efficacy of a targeted vaccination programme for MSM living in Amsterdam[68]. The
authors claimed that the use of coalescent analysis provided important information for assessing the impact of
vaccinations but, while recognising that the study opened
up new ways of assessing the effectiveness of intervention programmes, Halloran et al[69] pointed out that the
study was limited by its small sample size and a possible
sampling bias. A more recent study designed to assess the
efficacy of the selective vaccination programme in The
Netherlands extended the analysis to nationwide population-based surveillance between 2004 and 2010, and
observed a significant decrease in the effective number
of infections due to subgenotype A2 among the MSM,

WJG|www.wjgnet.com

which was corroborated by a parallel decrease in the incidence of acute HBV infections[70].
It has also been found that HBV-A2 is highly prevalent and shows relatively low genetic diversity among
MSM in Japan[71], thus suggesting a distinct and recent
worldwide HBV-A2 epidemic among MSM.
There is still a lack of phylogeographical studies of
the spatial distribution of genotype A. The only exception is a recent study by Kramvis and Paraskevis[72], who
used a maximum parsimony method to reconstruct the
worldwide dispersion of subgenotype A1. They concluded that HBV-A1 most probably originated in Africa, and
that the slave trade and colonisation played a major role
in its global dispersion: in particular, the Arabian East
African slave trade from Africa to India (until the late
XIX century), the Belgian colonisation of the Congo (in
the first half of the XX century), and the European slave
trade (until the XIX century).

PHYLODYNAMICS OF GENOTYPE E
Genotype A is widespread in southern and eastern Africa, but genotype E is the most prevalent strain in central and western Africa (Figure 2), and is essentially an
African genotype insofar as it has only been isolated from
people born in Africa[73]. However, although it is found
over a large area, it is interesting to note that it has a very
low degree of genetic diversity: the isolates studied by
means of phylogenetic analysis do not segregate into distinct subgenotypes, but are included into a single monophyletic group[74]. This observation suggests that it has
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it has been present in western Africa for longer[79]. Forbi
et al[81] found a high prevalence of HBV infection (mainly
due to HBV-E) in two remote Nigerian communities.
They found a high degree of intra-host heterogeneity
and a high frequency of inter-host variant sharing. This
suggests the relatively recent introduction of HBV-E and
support the view that the explosive spread of HBV-E in
Africa must have been due to a new and highly efficient
route of transmission, probably the unsafe use of needles
during numerous mass-vaccination campaigns (against
yaws, sleeping sickness, smallpox and measles), which
were particularly frequent in west and central Africa between the 1920s and 1960s[79,81].

H

A1

PHYLODYNAMICS OF GENOTYPE F
F1a

Genotype F is indigenous to America, and the most prevalent HBV genotype in Central and South America, and
among the Amerindians of the Amazon basin[82,83]. Genotype F is classified into four subgenotypes (F1-F4) that
are further sub-divided into different clades. As shown in
Figure 3, F1 is highly prevalent in Central America (clade
F1a), Alaska and south-east America (clade F1b)[84,85]; F2
is highly prevalent in Venezuela (clades F2a and b), and is
also present in Brazil (only clade F2a)[84]; F3 is present in
central (Panama) and northern Latin America (Colombia
and Venezuela); and F4 is present in Bolivia and Argentina (where it co-circulates with F1b)[86].
The main problem in reconstructing the phylodynamics of the HBV-F genotype is the lack of agreement
concerning its substitution rate. Torres et al[86] estimated
it using a Bayesian molecular clock and obtained a mean
value of 1.67 × 10-4 (Table 2), with a root tMRCA of 284
years, and tMRCAs for the different subgenotypes and
clades ranging from 23 (F1b) to 70 years (F2). Nevertheless, coalescent analysis based on this timescale showed
a very recent increase in the number of infections starting about 15 years ago. Given the presence of HBV-F
among the Amerindian population, which suggests the
long evolution of this strain, the authors considered the
estimated evolutionary time scale epidemiologically highly
unrealistic and decided to use different mean substitution
rates covering the range of those previously estimated
(from 0.6 × 10-6 to 7.7 × 10-4 s/s per year). In particular,
the authors chose an arbitrary “intermediate” value of
1 × 10-5 s/s per year, and obtained a tMRCA of 4400
years for the entire tree and 700-800 years for the different F subgenotypes/clades. Under these conditions, the
exponential increase in the number of infections would
have started about 300 years ago which suggests the preColumbian origin of HBV-F and its subgenotypes, some
of which would have disappeared during the conquests
of the XVI and XVII century as a result of the extreme
decline in population numbers. The epidemic would then
have expanded because of the rapid increase in the Latin
American population since the XVIII century[86].
In their study of the molecular epidemiology and
evolutionary dynamics of HBV-F in Colombia, Alvarado

F1b
F2a
F2b
F3
F4

Figure 3 Distribution of hepatitis B virus-F subgenotypes in Latin America. The countries are coloured on the basis of their prevalent genotypes/subgenotypes.

a relatively recent evolutionary history among humans
and, despite the forced immigration of western African
slaves[74], the absence of any significant spread among Afro-Americans indicates that it was probably rare in west
Africa at the time of the slave trade and before the XIX
century. The only one documented finding of its presence in America is that of Alvarado Mora, who in 2010
identified nine HBV-infected subjects carrying genotype
E in the relatively isolated Afro-American community of
Quibdò, Colombia[75]; all of these strains were identified
by means of their two-nucleotide synapomorphy in the
S region, thus forming a highly significant monophyletic
group. The time-scaled phylogeny reconstructed by directly estimating the evolutionary rate (a mean of 3.2 ×
10-4 s/s per year) using 51 dated sequences retrieved from
public databases indicated a tMRCA of about 29 years,
thus suggesting the very recent introduction of HBV-E
within this community[75]. The use of a slower evolutionary rate (1.5 × 10-5 s/s per year) previously calculated by
others in HBeAg-positive carriers[76] gave a tMRCA for
the Colombian clade within a period consistent with the
transatlantic slave trade (between 257 and 738 years ago),
but this evolutionary rate was the lowest limit estimate
based on a retrospective comparison of mother to child
isolates in cases of presumed vertical transmission[77,78].
On the contrary, HBV genotype A is widely represented among Afro-American communities[79,80] and is
more genetically diverse than genotype E, which suggests
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Table 2 Hepatitis B virus genotype substitution rates estimated using different methods
Genotype
A
A2
A2
C
D

D3
D1
E

F

Root

Evolutionary rate
0.90 × 10-4
8.6 × 10-4
0.91 × 10-4
3.23 × 10-5
2.72 × 10-4
2 × 10-4
3.73 × 10-4
6.3 × 10-4
4.4 × 10-4
1.21 × 10-4
4.30 × 10-4
3.67 × 10-4
3.29 × 10-4
5.4 × 10-5
4.2 × 10-4
9.29 × 10-4
2.4 × 10-4
3.2 × 10-4
1.67 × 10-4
1.67 × 10-4
2.60 × 10-4-1.5 × 10-5
7.7 × 10-4
2.2 × 10-6

95%HPD

TMRCA

0.12 × 10-4-1.7 × 10-4
4.3 × 10-4-14.3 × 10-4
0.11 × 10-4-1.7 × 10-4
5.6 × 10-8-9.0 × 10-5
1.73 × 10-4-5.8 × 10-4
5.4 × 10-4-3.61 × 10-4
4.8 × 10-4-7.8 × 10-4
2.6 × 10-4-6.2 × 10-4
1.83 × 10-4-2.27 × 10-4
1.16 × 10-4-7.26 × 10-4
2.8 × 10-4-4.5 × 10-4
2.9 × 10-4-3.7 × 10-4
4.0 × 10-5-7.21 × 10-5
3 × 10-4-6.6 × 10-4
0.18 × 10-4-20.2 × 10-4
0.55 × 10-4-5.54 × 10-4
2.2 × 10-4-4.5 × 10-4
0.94 × 10-4-2.37 × 10-4
0.94 × 10-4-2.37 × 10-4
0.84 × 10-4-8.61 × 10-4
1.5 × 10-6-3 × 10-6

95%HPD

Ref.

237

29-455

62

12-112

96
84
128

23-271
55-110
66-210

66
85
70
104
46

26-140
67-103
61-79
139-79
20-67

[43]
[106]
[43]
[71]
[48]
[106]
[107]
[49]
[49]
[106]
[107]
[43]
[43]
[42]
[48]
[106]
[81]
[75]
[86]
[89]
[87]
[107]
[94]

58
29.6
284
255
229
33600

40-83
16-52
120-501
224-282
150.9-2418.4
64-580
22000-47000

Evolutionary rates are expressed as mean substitutions/site per year (s/s per year), with confidence intervals as 95%HPD. The times of the most recent
common ancestor (tMRCA) are also indicated with confidence limits.

Mora et al[87] found that HBV-F3 was the most prevalent
subgenotype in Colombia, and suggested it originated in
Venezuela and was probably the oldest F subgenotype as
it is closely related to genotype H[84,87].
Mello et al[88] studied the phylodynamics of HBV-F in
Brazil, and found that subgenotype F2a was highly prevalent. They concluded that, like F3[87], F2a most probably
originated in Venezuela, and reached Brazil following a
north-to-south viral flow.
Godoy et al[89] have recently studied the selection pressure acting on the viral proteins of the complete genome
of 126 HBV-F and HBV-H isolates retrieved from public databases, and observed an excess of synonymous
mutations in the younger branches of the tree that may
explain the high evolutionary rates measured in recent
samples.

non-human primates have the same divergence as that
observed among human genotypes, and their phylogenetic patterns show that some human genotypes are more
closely related to non-human viruses than to other human genotypes, thus suggesting different viral leaps from
primates to humans and vice versa and excluding the idea
of virus/primate co-divergence[22]. A third hypothesis is
that HBV was present in anatomically modern humans
and spread as a result of their migrations over the last
100000 years or so[9,13].
These conflicting theories raise a fundamental doubt:
how fast is the evolution of HBV and its genotypes? Is
HBV a lazy but dangerous ancient travelling companion
of primate evolution (co-divergence), or a recent and
unexpected encounter between a rapidly evolving parasite
and an evolutionarily stable primate host? As said above,
the main obstacle to inferring the time course of the
evolution of HBV is the lack of agreement concerning
its substitution rate. Studies based on external calibration
approaches[76,94] suggest that HBV is a slowly evolving
virus, whereas those based on internal calibration indicate that it is a highly variable virus that evolves at a rate
comparable with that of other retroviruses. The use of
inappropriate calibration procedures may cause errors
in time-scale reconstructions[89]. Table 2 shows the mean
values and confidence intervals of the substitution rates
obtained by various authors using different approaches,
and the root tMRCA estimates for the different HBV
genotypes. Most of these methods (using heterochronous
sequences or pedigree estimates) agree on a relatively
high evolutionary rate and mean genotype tMRCAs not
exceeding 300 years.

HBV ORIGIN AND EVOLUTION
A number of conflicting hypotheses have been put
forward concerning the origin of HBV. It has been
proposed that it originated in the New World and then
spread globally as a result of European colonisation over
the last 400 years[90], but this conflicts with the observation of its widespread distribution among wild Old
World apes (chimpanzees, orang-utans and gibbons). A
second hypothesis proposes a co-divergence of HBV and
its primate hosts over a period of 10-35 million years[91],
but this implies a very slow evolutionary rate (about
3-4 × 10-9 s/s per year) that is incompatible with current molecular clock estimates indicating a faster rate of
evolution[43,77,92,93]. Interestingly, the viruses isolated from
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Figure 4 Maximum clade credibility tree of hepatitis B virus-D P gene sequences. The numbers on the internal nodes represent posterior probabilities, and the
scale at the bottom of the bottom of the tree the number of years before the present. The clades corresponding to the main hepatitis B virus-D subgenotypes (D1-D5
and D7) are highlighted. The intravenous drug users-associated D3 sub-clade is coloured pale blue.

One recent study[94] using an external calibration approach, correlated the pattern of HBV dispersion with
human migrations, and estimated its time-scale on the
basis of this hypothesis. The authors calibrated the root of
genotypes F and H (the Amerindian-specific HBV strains)
to the coalescence times of the Amerindian population (estimated to be 13-20 kiloyears ago, KYA)[94], and suggested
that the virus originated about 33600 years ago (95%HPD
22-47.1 KYA) and estimated a mean evolutionary rate of
2.2 × 10-6 s/s per year (95%HPD: 1.5 × 10-6-3.0 × 10-6),
one of the slowest ever proposed for HBV (Table 2).
The phylogeographical reconstruction of the history
of genotype D suggested an ancient origin (7-16 KYA)
of this genotype and dated the spread of the currently
circulating subgenotypes (D1-D7) to about 5-6 KYA ,
which conflicts with our previously described spatio-temporal reconstruction of the past epidemiological history
of the same genotype[49]. The considerable difference
between these two reconstructions is probably due to the
fact that the rate of evolution calculated on the basis of
heterochronous sequences (4.4 × 10-4-95%HPD: 2.6-6.2
× 10-4 s/s per year) is at least two logs faster than that calculated by means of external calibration. For this reason,
we decided to investigate the possibility of using a different evolutionary time-scale based on external calibration
and running a new analysis of our original data set with
the addition of a group of HBV-D3 isolates from Italian IVDUs that form a highly significant sub-clade[43].
To this end, we used the previously estimated tMRCA
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of subgenotype D4 in remote Oceania (median estimate
6.2 KYA; 95%HPD 2.4-11.0 KYA) and the tMRCA of
the root of the entire HBV-D tree (median 10.7 KYA;
95%HPD: 6.6-16.4 KYA)[94]. As shown in Figure 4, we
obtained tMRCA estimates for the origin of genotype D
and its subgenotypes ranging from about 9000 to about
5000 years ago (95%HPD: 14269-3804 for the tree root),
whereas the mean tMRCA of the IVDU-associated subclade dated back to 2841 years ago (95%HPD: 4918-885).
As mentioned above, our original analysis indicated that
the ancestor of the IVDU-associated strain probably
emerged in the 1950s and 1960s, and subsequently spread
rapidly within the IVDU population[43], thus reflecting the
known history of the IVDU epidemic. On the contrary,
it is very difficult to explain the nature of this sub-clade
(which mainly involves IVDUs) assuming its origin more
than 2000 years ago.
In an attempt to account for the apparent discrepancies in the evolutionary rate estimates, it is possible to
hypothesise that the rapid evolutionary dynamics characterising modern HBV do not reflect its evolution on
a deeper time scale. All of the methods used to date the
tree presume that the evolutionary rate does not change
over time; however, this is not true and what we call the
evolutionary rate is an average of the values existing at
different times.
It is well known that substitution rate estimates
change frequently depending on the calibration approach:
they are faster when recent calibration points are used
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over a period of a few years (as in the case of heterochronous sampling), and slower when based on more remote
events (such as fossil or paleoanthropological data)[89,95].
This time dependency of evolutionary rates[96] may be
due to calibration errors, model mis-specifications or
mutational saturation[97], and particularly to the fact that
not all of the currently existing mutants will remain fixed
in the population. The current substitution rate is higher
than that measured over a longer time span, because it
also includes mutants that are destined to become extinct
as a result of purifying selection or genetic drift. For the
same reason, the substitution rates measured over very
long times are underestimated when applied to the analysis of more recent evolutionary events. These disparities
can obviously affect our estimates of tMRCAs, leading to
a possible underestimate of deeper nodes in the case of
heterochronous sampling calibration[89], and a consequent
overestimate of short-term nodes when fossil calibration
is used for organisms with a high rate of evolution. It is
therefore inappropriate to use a short-term evolutionary
rate to study events that are distant in time (such as the
origin of viral genotypes in humans or other animals),
and similarly inappropriate to use long-term substitution
rates to calculate the time-scale of recent events such as
intra-genotype evolution. As pointed out by Ho et al[98],
molecular ecological and epidemiological studies deal
with intra-specific (intra-genotype) data that have evolved
on the genealogical rather than the longer phylogenetic
time-scale, and using deep fossil calibration and inter-specific data could therefore lead to erroneous conclusions.
Another reason for the differences in the rate of virus
evolution at different times depends on the demographic
history of the viral population, which frequently reflects
the dynamics of the host populations and the ecological/
epidemiological characteristics of the infection.
The main support for the hypothesis of the long coevolution of human HBV genotypes comes from HBV-F
and its subgenotypes. These are distributed in different
areas and aboriginal tribes[99] in which the prevalence of
infection is very high (up to 30%)[100,101], thus suggesting
that they have been generated by viral evolution in small
and isolated populations. On the basis of genetic studies, all aboriginal Americans came from a population that
originated in the region between the Altai mountains and
the Amur river, and reached Beringia 30-22 KYA and
North America 16.6 KYA[102]. This founding population
probably consisted of fewer than 5000 people[103], divided
into bands of probably less than 100, who reached North
America in successive waves over a period of 1500 years
or more[104]. In some of these small, numerically stable
and isolated groups, HBV might have easily become
hyper-endemic and prevalently transmitted vertically. The
resulting immunotolerance at population level due to
prevalent immature children infections and to the high
prevalence of HBeAg positivity, which is a prerequisite
for efficient vertical transmission[105] and is associated
with slower viral evolutionary rates[106], may support the
ethno-anthropological hypothesis of the pre-Columbian
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introduction of HBV into the Americas.
On the contrary, the penetration of HBV into large,
fast-changing, highly mobile and susceptible populations
depends on other (mainly horizontal) routes of transmission, which may also be responsible for higher evolutionary rates. Its main circulation in large populations of
immunocompetent adults would explain the more rapid
evolution of the virus due to stronger selective pressure
and the reduced effects of genetic drift.

CONCLUSION
In order to reconcile a long evolution of HBV in humans
with the evidence indicating a high evolutionary rate in
recent populations, it is possible to advance a two-(or
multiple-) speed hypothesis according to which the evolutionary rate of HBV changed over time depending on
particular contingencies. In particular, it would be slowed
in small, numerically stable, isolated and hyper-endemic
populations in which vertical transmission prevails, and
accelerated in large and rapidly growing populations in
which the virus is mainly transmitted horizontally.
On the basis of all of these observations, it can be
hypothesised that some HBV genotypes are widespread
in and between continents and have an “epidemic” distribution: this may be due to rapid and mainly parenteral
transmission leading to a high prevalence of infection in
the general population and among risk groups (genotypes
D and E), or the result of sexual transmission in hypoendemic countries in which a sufficient number of adults
are still susceptible to infection (subgenotype A2).
Other strains, such as genotype F, have an “endemic”
pattern. They are found in geographically more restricted
areas, have circulated for longer in their respective populations, and mainly spread as a result of vertical or intrafamiliar transmission.
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Epidemiology of acute and chronic hepatitis B and delta
over the last 5 decades in Italy
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the decreased endemicity of HBV and HDV infection
in Italy paralleled the improvement in screening blood
donations, the higher standard of living and impressive
reduction in the birth rate associated with a marked reduction in the family size. A further contribution to the
decline in HBV and HDV infections most probably came
from the media campaigns to prevent the spread of human immunodeficiency virus infection by focusing the
attention of the general population on the same routes
of transmission of viral infections such as unsafe sexual
intercourse and parenteral exposures of different kinds.
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Core tip: Although an impressive reduction in the
spread of hepatitis B virus (HBV) and hepatitis delta
virus (HDV) infection has been observed over the last
few decades, these infections are still a heavy burden
for the Italian Health Care System. This review article
analyzes these epidemiological variations in relation to
the changing impact of the single risk factors for the
acquisition of both infections and to the most important
socio-economic events contributing to the progression
to lower levels of HBV and HDV endemicity. The paper
also identifies strategies for maintaining and possibly
further reducing the low level of endemicity reached in
recent years.

Abstract
The spread of hepatitis B virus (HBV) infection has
gradually decreased in Italy in the last 5 decades as
shown by the steady reduction in the incidence rates
of acute hepatitis B, from 10/100000 inhabitants in
1984 to 0.85/100000 in 2012, and by the reduced
prevalence of hepatitis B surface antigen (HBsAg)positive cases among chronic hepatitis patients with
different etiologies, from 60% in 1975 to about 10%
in 2001. The prevalence of HBsAg chronic carriers in
the general population also decreased from nearly 3%
in the 1980s to 1% in 2010. Linked to HBV by its characteristics of defective virus, the hepatitis delta virus
(HDV) has shown a similar epidemiological impact on
the Italian population over time. The incidence of acute
HDV infection decreased from 3.2/100000 inhabitants
in 1987 to 0.8/100000 in 2010 and the prevalence of
HDV infection in HBsAg chronic carriers decreased from
24% in 1990 to 8.5% in 2006. Before the beneficial
effects of HBV mass vaccination introduced in 1991,
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with HBV infection (co-infection) or to people who are
already chronic HBV carriers (super-infection)[16]. It has
been estimated that 15-20 million people worldwide have
a chronic HDV infection, with substantial geographical
differences[17,18]. The highest prevalences are found in
the Mediterranean basin, the Middle East, central and
northern Asia, western and central Africa, the Amazon
basin (Brazil, Peru, Venezuela, and Colombia), the Pacific
islands[19] and Vietnam[20]. HDV infection can be acquired
at birth from positive mothers, or sexually transmitted or
through a parenteral route[21].
As a consequence of the decrease in the HBV endemicity, the spread of HDV infection has dramatically
decreased in Italy in the last 15 years[22,23]. However, due
to the high rate of progression to chronicity of HDV
infection acquired as a superinfection, in Italy about 7%
of patients with HBsAg-positive chronic hepatitis are still
coinfected with HDV.
Changes in HBV and HDV epidemiology, documented in Italy by several seroepidemiological surveys both
in cohorts of hospitalized patients and in the general
population by independent groups of investigators, by
the national surveillance program for acute viral hepatitis
of the National Institute of Health (Sistema Epidemiologico Integrato Epatite Virale Acuta-SEIEVA) and by
the annual reports of the National Institute of Statistics
(ISTAT), are extensively analyzed in this review article.
The SEIEVA national surveillance program, coordinated
by the Istituto Superiore di Sanità, was set up in 1985[24];
nearly 60% of cases of acute viral hepatitis occurring in
Italy are notified to this surveillance system through the
local public health units[25]. ISTAT, the National Institute
of Statistics for Italy, analyzes for the Italian Government
all data registered in Italy, including all diseases, and publishes an official report every year.

INTRODUCTION
Hepatitis B virus (HBV) infection is a major public health
problem in most countries, with approximately 2 billion
people worldwide showing exposure to the virus, nearly
300 million people carrying an HBV chronic infection
and with over 1 million deaths per year from HBV-related diseases such as cirrhosis and liver cancer[1-5]. HBV is
an enveloped Hepadnavirus with an incomplete doublestranded DNA genome of 3.2 kb[6]. Eight genotypes
have been identified so far, with a distinct geographical
distribution.
The prevalence of chronic HBV infection is about
5% worldwide, but it differs between regions, 0.1%-2.0%
in the United States and western Europe, 2.0%-8.0% in
Mediterranean countries and Japan, and 8.0%-20.0% in
Southeast Asia and Sub-Saharan regions[1,7].
Risk factors for HBV infection include transfusion of
unscreened blood, sexual promiscuity, sharing or re-using
syringes among injection drug users, tattooing, working or
residing in a health-care setting, living in a correctional facility, renal dialysis, and long-term household or intimate
non-sexual contact with an hepatitis B surface antigen
(HBsAg)-positive individual.
The majority of HBsAg-positive individuals acquire
HBV infection at birth or in the first decade of life in
highly endemic areas, whereas in countries with a low
endemicity level HBV transmission mostly occurs in
adulthood due to unprotected sexual contact or sharing
syringes with HBsAg carriers[1,7-9]. HBV genotypes have a
distinct geographical distribution: genotype A is prevalent
in northwestern Europe and the United States, genotypes
B and C in Asia, genotype D in the Mediterranean basin,
Middle East, and India, genotype E in west Africa, genotype F in South and Central America, genotype G in the
United States and France and genotype H in Mexico and
South America[10].
In Italy, HBV genotype D was responsible for nearly
95% of the cases of acute and chronic hepatitis for decades[11]. In the last two decades, however, Italy has became a land of immigration, mainly from Africa, Eastern
Europe and Eastern Asia and HBV genotypes other than
D have been introduced and found to be responsible for
nearly 40% of cases of acute hepatitis[12,13].
The epidemiology of HBV has largely changed in
Italy over the last 50 years, with a substantial, progressive reduction in the endemicity levels. The main reasons
for this change are due to the improvement in socioeconomic conditions associated with a better standard of
hygiene, a reduction in family size, the educational and
media campaigns against human immunodeficiency virus
(HIV) infection and, finally, the mass vaccination campaign against HBV started in 1991 for all newborn babies
and all 12-year-old children[14].
Hepatitis delta virus (HDV), first discovered in Italy
some 30 years ago, is a small defective RNA virus which
requires the helper function of HBV for its replication
and transmission to anti-HDV-negative individuals[15].
HDV infection can be transmitted either simultaneously
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ACUTE HEPATITIS B
The clinical presentation of acute hepatitis B varies according to the age at acquisition: in newborns and young
children it is usually asymptomatic and progresses to
chronicity in most cases; in the adult population it is
usually symptomatic, but is self-limiting with HBsAg
seroclearance in most cases and with a fulminant course
in less than 1%. Fulminant hepatitis is characterized by a
mortality rate around 70% and requires orthotopic liver
transplantation in most cases[1,7,26].
Before the surveillance SEIEVA program on acute
viral hepatitis started in 1985, the only available epidemiological data consisted of the yearly incidence of acute
viral hepatitis (AVH) of different etiologies registered all
together by ISTAT under one single entry. The introduction of serum aminotransferase determination for the
diagnosis of acute hepatitis in the 1960s was followed
by a substantial increase in the number of cases notified
of acute hepatitis of different etiologies, which rapidly
reached an incidence of 98 per 100000 inhabitants per
year. A slow decline in this rate was observed starting
from 1970, but a marked reduction in this incidence
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was recorded from 1985 to 1987, from 40/100000 to
20/100000 inhabitants[14].
The first attempt to define AVH by etiology was
made by Giusti et al[27] in Naples in 1980, who found a
60% prevalence of acute HBV among hospitalized patients with acute hepatitis of different etiologies. This
prevalence was 45% in Genoa between 1974 and 1979[28].
Data on the incidence of acute hepatitis B in the
general population are available only from 1985, after the
start of the SEIEVA program of the Italian National Institute of Health.
Before showing and interpreting the changes in the
incidence of acute HBV and the changing impact of different risk factors for its acquisition, we should comment
on two important events occurring in Italy between 1985
and 1991 that affected the spread of HBV infection:
the educational campaign against HIV infection and the
introduction of the national program of mass vaccination against HBV infection. The national educational
campaign against HIV infection, which started in 1985 in
Italy and strongly advised the use of condoms for unsafe
sexual intercourse and the avoidance of sharing syringes
for intravenous drug use (IDU), certainly contributed
to the reduction in the spread of HBV[29]. The selective HBV vaccination program that started in 1983 on
a regional basis and targeted people at increased risk of
infection because of their lifestyle (i.e., intravenous drug
users, male homosexuals, individuals with multiple sexual
partners, healthcare workers, household contacts of HBsAg carriers and newborn babies born to HBsAg-carrier
mothers)[16] had little or no success in reducing HBV
endemicity in Italy. This induced the Italian government
to rule in 1991 on mandatory universal vaccination on a
national scale for infants and 12-year-old adolescents (for
the latter restricted to the first 12 years of the application
of the law). At the same time, HBV vaccination continued to be offered free of charge to people at increased
risk of infection[30,31]. The overall coverage rate has always
been around 95%[32] and nearly all Italian people under 34
years have now been vaccinated against HBV infection.
All this contributed to the downward trend in the
incidence of acute HBV, particularly in the age class
15-24[33] as demonstrated by the SEIEVA surveillance
program. The incidence of acute HBV gradually decreased from 12 cases per 100000 inhabitants in 1985 to
0.9 in 2012. This reduction, however, was already evident
before the introduction of the HBV mass vaccination
program, which stresses the great impact of the improvement in socio-economic and hygiene conditions. In fact,
this incidence decreased from 10.4 cases per 100000
inhabitants in 1987 to 5.4 per 100000 in 1990[34] (Figure
1A). The yearly incidence of acute hepatitis B was also
analyzed by age and three age classes, 0-14, 15-24 and
25 or more, were considered. In 1985 the incidence rate
was 6 cases per 100000 inhabitants in the age class 0-14,
41 cases in the age class 15-24 and 7 in the aged 25 or
more. A steady decline was observed in subsequent years
in all age classes: 1, 17 and 4 cases per 100000 inhabitants, respectively, in 1990; 1, 6 and 3 cases, respectively,
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in 1995; 0.1, 2 and 2 cases, respectively, in the year 2000;
0, 0.5 and 1.8 cases, respectively, in 2005 and 0, 0.5 and
1.2 cases per 100000 inhabitants, respectively, in 2011. In
addition, males predominated in all age classes and over
time. Thus, the national HBV mass vaccination program,
covering at present the Italian population aged 0-33 years,
strongly contributed to the impressive reduction in the
incidence of acute hepatitis B in Italy in recent years.
The decrease was observed both in the north and in the
south of the country, i.e., an acute HBV incidence of
1.03/100000 inhabitants in northern and central Italy and
0.23/100000 in the south of the country and the islands
of Sardinia and Sicily, with a moderately higher incidence
still evident in males[35].
Before HBsAg screening during pregnancy or at the
time of delivery and active/passive immunoprophylaxis
of newborn babies of HBsAg-positive mothers became
mandatory, vertical transmission of HBV was one of the
main routes of HBV transmission in Italy. Sexual transmission of HBV infection also had an important role,
due to the infrequent use of condoms in unsafe sexual
intercourse[33-36]. Parenteral transmission of the virus
was also frequent in household contact with an HBsAg
chronic carrier, in the use of improperly sterilized medical and surgical instruments, blood transfusions, IDU,
and for men shaving at a barber’s shop.
After 1991, the epidemiological impact of risk factors showed a tendency to change in Italy, and the most
important risk factors in the 1990s were IDU, cosmetic
treatment with percutaneous exposure (piercing, tattooing, manicure, pedicure, and acupuncture) dental therapy
and promiscuous sexual activity[37-40].
By 2012 the percentage of persons with acute HBV
reporting IDU had decreased dramatically, a beneficial
effect of the HBV mass vaccination which to date covers nearly all the Italian population aged 0-33 years, and a
lesser decrease was observed for household contact with
an HBsAg carrier[32-38].
Besides these beneficial effects, HBV mass vaccination of the younger population has generated new clinical and virological problems. Acute HBV occurs almost
exclusively in non-vaccinated subjects aged over 33
years with a high probability of severe clinical presentation and an increased risk of fulminant hepatitis, clinical
conditions frequently requiring early treatment with a
nucleos(t)side analogue[32]. In addition, recent studies have
shown antiviral resistance mutations or viral mutants in
the antigenic “a” determinant of HBsAg in patients with
acute hepatitis B[13,41,42], the clinical impact of which requires further investigation.

ACUTE HEPATITIS DELTA
Acute hepatitis delta may be due to an HDV infection in
HBsAg chronic carriers (superinfection) or to a simultaneous HBV/HDV infection (coinfection). Nearly 95%
of patients with acute HBV/HDV co-infection show a
self-limiting course of the illness, but there is a high risk
of a fulminant course (3%-4% of cases), whereas in most
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HBsAg chronic carriers HDV superinfection becomes
chronic[43-45].
Due to the biological link of HDV to HBV, characterized by the necessary helper function of HBV for HDV
replication, the epidemiology of HDV infection closely
mimics that of HBV infection and, consequently, the
changes over time in the HBV epidemiology are mirrored by concurrent variations in the HDV epidemiology.
Two sera collections from patients with acute hepatitis B
obtained in Naples in 1972 and 1974 were retrospectively
evaluated, and for the first time the IgM to anti-HDV was
discovered and detected in more than 90% of cases. Most
of the anti-HDV IgM-positive patients were also hepatitis B c Antigen (HBcAg) IgM-positive, suggesting an
epidemic of HBV/HDV coinfection in Naples in those
years[46].
The epidemiological data on acute HDV collected
from 1974 to 1986 are scanty, since the SEIEVA project
evaluated the yearly incidence of acute HDV infection
only from 1987. The incidence of primary HDV infection in the general population progressively declined from
3.2/100000 inhabitants in 1987 to 0.2 in 2010. In this
period, however, three peaks of HDV epidemics were
registered, in 1990 and 1993 in the age classes 14-25 and
25 or more and in 1997 only in the age class 15-24, due
to the spread of HDV infection among intravenous drug
users[36] (Figure 1A). IDU was recognized as the main risk
factor in these periods, but also household contact with
an HBsAg chronic carrier was considered to have contributed. Apart from these three peaks, the incidence of acute
HDV infection declined over time from 1987 to 2010,
paralleling the trend observed for acute HBV infection[47].
In 1992-1994, IDU, household contact with an HBsAg
chronic carrier, promiscuous sexual activity, unsafe sexual
intercourse, cosmetic treatment with percutaneous exposure and dental therapy were considered the risk factors
responsible for the high epidemiological impact, whereas
in 2008-2010, the risk factors most frequently reported by
the patients were dental therapy, cosmetic treatment with
percutaneous exposure and promiscuous sexual activity.
The marked decrease between the periods 1992-1994 and
2008-2010 in the percentage of patients with acute HDV
infection reporting IDU, household contact with an HBsAg carrier and unsafe sexual practices was most probably
an effect of the mass vaccination which had covered all
Italian citizens aged 0 to 31 years by 2010[48].

improvement in hygiene standards and living conditions,
the reduction in the mean size of families, the use of
disposable syringes instead of non-disposable glass syringes, screening of pregnant women to detect circulating
HBsAg and the prophylaxis procedures for their newborn babies, universal vaccination against HBV infection
introduced in 1991 and the national media campaigns
against HIV infection are considered the main reasons
for such an impressive reduction. In the nineties, the
most important risk factors were IDU (stated by 24.9%
of patients with acute hepatitis B), cosmetic treatment
with percutaneous exposure (i.e., piercing, tattooing, manicure/pedicure, and shaving at a barber’s shop, as well as
acupuncture, stated by 29.9% of patients), dental therapy
(27.9%) and promiscuous sexual activity (27.1%). More
recently, from the year 2000 to the present, cosmetic
treatment with percutaneous exposure (stated by 32.4%
of patients with acute hepatitis B), dental therapy (stated
by 34%) and promiscuous sexual activity (by 27.2%) have
been recognized as the risk factors with a high epidemiological impact[36]. Also for the acquisition of HDV
infection the epidemiological impact of risk factors has
changed substantially over time: the most important risk
factors were IDU, promiscuous sexual activity, cosmetic
treatment with percutaneous exposure and dental therapy
in 1992-1994, whereas in 2008-2010 only cosmetic treatment with percutaneous exposure, promiscuous sexual
activity and dental therapy played a prominent role in the
spread of HDV[36].

CHRONIC HEPATITIS B
Chronic hepatitis B is a dynamic process that is usually
schematically divided into five phases, not necessarily
sequential: an “immune tolerant” phase characterized by
HBeAg positivity, high levels of HBV replication, normal
or low aminotransferase levels, mild or no liver necroinflammation and no or slow progression of liver fibrosis;
an “immune reactive phase” still characterized by HBeAg
positivity, but with a lower level of HBV replication and
increased or fluctuating aminotransferase levels, moderate or severe liver necroinflammation and a more rapid
progression of fibrosis; an “inactive HBV carrier state”
characterized by very low or undetectable serum HBV
DNA levels and low or normal aminotransferase levels
and in most cases detectable seroconversion to anti-HBe;
a phase called “HBeAg-negative chronic hepatitis B”
characterized by a pattern of fluctuating HBV DNA and
aminotransferase levels and by histological features of
active hepatitis, linked to an e-minus HBV variant with
nucleotide substitutions in the pre-core and/or the basal
core promoter regions that is unable to express HBeAg
or expresses it at low levels[2,49-52]. A possible fifth phase is
“occult HBV infection” characterized by the loss of HBsAg and low-level HBV replication detectable in the liver
and in some cases in the blood. The clinical impact of
“occult HBV infection” is still unclear and needs further
investigation[53-55].

TRENDS IN HBV AND HDV RISK
FACTORS IN ITALY
The epidemiological impact of the risk factors for the
acquisition of HBV infection has changed substantially
over the last 5 decades. During the seventies and eighties, perinatal transmission from infected mothers to
their newborn babies, household contact with an HBV
chronic carrier, the use of improperly sterilized medical
and surgical instruments, blood transfusions and IDU
were identified as the main risk factors[33,36-40]. The general
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At the end of the 1970s, HBV endemicity in Italy
was intermediate, with an estimated prevalence of HBsAg chronic carriers in the general population just over
3%[56,57] and with an increasing gradient from the north to
the south of the country, where this prevalence reached
5%[58,59]. Enclaves with high levels of HBV endemicity
were also described, with prevalences of HBsAg chronic
carriers above 10% in Afragola[60], a town near Naples,
and in two cities in northern Italy, Bergamo and Brescia[56-61]. At that time there was a large proportion of
HBeAg-positive cases among HBsAg chronic carriers,
reaching 40% in some studies[62]. IDU and living in a large
household with an HBsAg chronic carrier were identified
as the major risk factors for developing chronic HBV infection. The most active routes of HBV transmission inside the family, associated with a high rate of progression
to chronicity of HBV infection, were the transmission
from mothers to newborn babies at the time of delivery
and the spread among siblings in large families[63].
New sero-epidemiological investigations were carried
out in the late 1980s and important changes were observed. An impressive reduction in the HBsAg-positive
prevalences in children and teenagers was documented
in several Italian regions between 1987 and 1989. This
decline was well documented in the city of Naples, where
in a primary school the HBsAg-positive prevalence in
children aged 7-12 years decreased from 2.2% observed
in 1980 to 0.8% in 1988[64]. This decline was associated
with a considerable improvement in socio-economic
conditions, a decrease in the family size, and with the
introduction of disposable syringes instead of re-usable
glass syringes. The decline in HBsAg chronic carriage was
confirmed in studies performed in the second half of the
1990s in pregnant women at delivery[65], in young males at
their enrolment for mandatory military service and in the
general population[66]. At present, nearly 1% of subjects
in the open population are HBsAg positive.
Other studies investigated the prevalences of HBsAgpositive cases among patients with chronic hepatitis of
different etiologies observed in Italian hospitals as inpatients or outpatients. The HBsAg-positive prevalences
were 61% in 1975[67], 44% in 1980, 34% in 1989[68] and
12.2% in 2001[69-71] (Figure 1B).
In the last two decades Italy has become a country of
immigration prevalently from African, eastern European
and Asiatic countries, geographical areas of high or moderate endemicity levels for HBV infection. At present,
nearly five million immigrants live in Italy, most of whom
have not received HBV vaccination and 250000 of whom
are estimated to be HBsAg positive with an HBeAgpositive prevalence of almost 30%[72]. The continuous
increase in the number of immigrants not vaccinated for
HBV could impair the favorable results obtained in the
Italian population in the last three decades.

quire HDV by superinfection. Chronic HDV infection is
frequently associated with an active chronic hepatitis that
leads to cirrhosis in almost 70% of patients in 5-10 years.
The incidence of cirrhosis is estimated as three times
higher in patients with HBV/HDV chronic coinfection
than those with chronic HBV monoinfection, with a
higher risk of early decompensation and the development of hepatocellular carcinoma[44,73,74].
Multicenter epidemiological studies carried out in
Italy in the 1980s showed a high prevalence of anti-HDV
positivity in HBsAg chronic carriers, 24.6% in 1981[75]
and 23.4% in 1987[23] (Figure 1B), and the spread of
HDV infection in intravenous drug users[16]. In the 1987
study, the prevalence of anti-HDV positivity in HBsAg
chronic carriers was higher in southern than in northern
Italy (26.6% vs 19.1%) and increased with the increase
in severity of liver disease, from 3.8% in asymptomatic
carriers to 42.5% in patients with cirrhosis. This prevalence was higher in the south than in the north of the
country also in 1992 both in patients with chronic active
hepatitis and in those with cirrhosis[23]. The HDV endemicity dramatically declined in the 1990s (Figure 1), with
an anti-HDV-positive prevalence of 14% in 1992 and
8.3% in 1997. In those years, the greatest reduction in the
percentage of anti-HDV-positive cases was found in HBsAg chronic carriers aged 30 to 50, whereas it remained
almost unchanged in subjects over 50, and as occurred in
1987, the highest prevalence of anti-HDV-positive cases
was found in patients with cirrhosis[48]. However, the
hope that hepatitis delta was a vanishing disease in Italy
proved futile, as in 2000-2001 the prevalence of antiHDV positivity was 9.7%[22], a prevalence confirmed in a
subsequent study[18] (Figure 1).
Although reduced to a low level of endemicity in the
Italian population[28], a new increase in HDV infection
cannot be excluded, since Italy has become a country of
immigration prevalently from sub-Saharan Africa and
Eastern Europe, where several countries have a high level
of HDV endemicity[72]. Studies on HDV epidemiology in
immigrants are few and inconclusive, but it has been estimated that nearly 6% of the 5 million immigrants living
in Italy, most of whom are not vaccinated against HBV
infection, are HBsAg positive. The Italian Healthcare Authorities should carefully consider an urgent HBV mass
vaccination campaign for the immigrant population.

CONCLUSION
The epidemiology of HBV and HDV infection has decreased in Italy over the last 50 years. The main contribution to the downward trend in the incidence of acute
HBV and acute HDV infections, particularly in the age
class 15-24 years, and of their consequent chronic sequelae can be attributed to the improvement in socioeconomic and hygiene conditions, the educational and
media campaigns against HIV infection and HBV mass
vaccination introduced in 1991[14]. As a consequence,
acute HBV infection now occurs mostly in non-vaccinat-

CHRONIC HEPATITIS DELTA
Nearly 90% of patients with chronic hepatitis delta ac-
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Figure 1 Epidemiological data on hepatitis B virus and hepatitis delta virus infection in Italy from 1975 to 2012. A: Incidence of acute hepatitis B and acute
hepatitis delta; B: Prevalence of chronic hepatitis B among patients with chronic hepatitis of different etiologies (black); Prevalence of chronic hepatitis delta among
hepatitis B surface antigen chronic carriers (white).

ed subjects aged over 33, who frequently show a severe
clinical course.
The epidemiological impact of risk factors for the
acquisition of HBV infection has changed over the last
five decades in Italy. Due to the introduction of mass
passive/active immunization of newborn babies, vertical
transmission is no longer a frequent route of transmission of HBV infection. Also the role of IDU has been
more recently impaired by the gradual extension of the
HBV vaccination to older subjects. Besides HBV mass
vaccination, the impressive reduction in the size of families, particularly in southern Italy and the main islands,
has reduced HBV transmission through household con-
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tact with an HBsAg chronic carrier. Other risk factors
with a dramatic reduction in their epidemiological impact
are the use of improperly sterilized medical and surgical
instruments, blood transfusions, the use of glass syringes
and for men shaving at a barber’s shop. Sexual transmission of HBV infection plays a major role in HBV transmission nowadays, due to the infrequent use of condoms
by the Italian population in unsafe sexual activity, whereas
a more marginal role is played by cosmetic treatment with
percutaneous exposure (piercing, tattooing, manicure,
pedicure, and acupuncture) and dental treatment[35].
At present, due to the improved epidemiological and
socio-economic conditions, the incidence rate of acute
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hepatitis B in Italy is less than 1 per 100000 inhabitants,
higher in males than in females and in northern-central
regions than in the south, most cases being non-vaccinated individuals aged over 33 years with unsafe sexual
habits[32]. Also the prevalence of HBV chronic carriers in
the general population has undergone a steady decrease
and is at present less than 1%.
Although several studies have provided important
information on HBV and HDV epidemiology in the
last 5 decades in Italy, our knowledge is still limited. The
SEIEVA surveillance system, which is one of the most
informative surveillance systems in the world, covers
about 70% of the Italian territory at present and, therefore, the possibility that some relevant local information
may be unaccounted for cannot be excluded. In addition,
no study has been carried out on the prevalence of HBV
and HDV chronic infections in the general Italian population and the information available is from multicenter
studies on inpatients and outpatients observed at clinical
centers of the National Healthcare System, the last study
dating back to 2001.
Finally, limited information is at present available on
the immigrant population permanently living in Italy,
who constitute about 8.5% of the Italian population and
frequently come from countries with high or intermediate endemicity of HBV and or HDV infection. The
importance of screening the immigrant population is
also underscored by a recent multicenter study of the
Italian Association of Infectious and Tropical Diseases
(SIMIT)[72], which enrolled 3760 HBsAg-positive subjects
observed at 72 units of infectious diseases in Italy, of
whom 24.8% were immigrants. The possibility that the
increasing rate of immigration from geographical areas
with high levels of endemicity of both HBV and HDV
infection will bring about a deterioration in the current
epidemiological conditions in the native Italian population should induce the National Healthcare Authorities
to extend the national HBV vaccination program to the
immigrant population.
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ing to HBeAg negative chronic hepatitis B (CHB) with
high viremia levels (reactivation phase). The prevalence
of HBeAg negative CHB has been increasing over the
last few decades and has become the commonest type
of HBV infection in many countries of the world. This
probably reflects the aging of existing HBV carriers and
the effective prevention measures restricting new HBV
infections. Frequent acute exacerbations accompanied
by high viral replication, elevated alanine aminotransferase levels and histological activity are a common feature of HBeAg negative CHB leading to cirrhosis much
faster than in HBeAg positive CHB patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Precore stop codon variants, basal core promoter variants; hepatitis B e antigen negative chronic
hepatitis B; Re-activation; Hepatitis B virus-DNA replication
Core tip: Chronic hepatitis B virus infection can in turn
go through the immune tolerant, the immune clearance, the inactive or low replicative and the reactivation phases. hepatitis B e antigen (HBeAg) positivity
characterises the first two phases. Seroconversion from
HBeAg to the corresponding antibody is the result of
the appearance of the precore and basal core promoter
variants, which either abrogate or lead to reduced
HBeAg levels. The absence of HBeAg eliminates its
tolerogenic effect on the immune system which thus
becomes activated, leading to seroconversion. The reasons why some patients then enter into the reactivation
phase during which the variants are the dominant virus
present remain unexplained.

Abstract
Molecular virology methods including polymerase chain
reaction, cloning and sequencing have revolutionised
our understanding of viral genome variation. In the
case of hepatitis B virus (HBV), sequencing studies have
identified a number of virus variants normally found
during the natural course of chronic infection. The appearance of the precore stop codon (with G-for-A substitution at position 1896) and basal core promoter (BCP)
(with A-for-T and G-for-A, at positions 1762 and 1764,
respectively) variants which reduce or abrogate hepatitis B e antigen (HBeAg) production, heralds the initiation of the seroconversion phase from HBeAg to antiHBe positivity. The gradual removal of the tolerogenic
effect of HBeAg leads to the awakening of the immune
response (immune clearance phase). Most patients after HBeAg seroconversion become “inactive HBsAg carriers”. However during the course of infection precore
and/or BCP variants may emerge and be selected lead-
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Immune
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Non-replicative Re-activation

ALT

Time (yr)

Figure 1 Course of the natural history of hepatitis B virus infection
showing the four possible phases of disease. These are referred to as the
immune tolerant, the immune clearance, the non-replicative (inactive) and the
reactivation phase characterized by increased viral replication and liver damage
(shaded area). During the first two phases the patient is hepatitis B e antigen
(HBeAg) positive and negative during the last two. Moreover, the wild type
hepatitis B virus (HBV) is dominant in the Immune tolerant and immune clearance phases, whilst the precore and basic core promoter variants are the main
isolates seen in patients during the reactivation phase, and such patients constitute the HBeAg negative chronic hepatitis B group. Patients in the immune
clearance and the reactivation phases are at greater risk of developing cirrhosis
and eventually hepatocellular carcinoma. ALT: Alanine aminotransferase.

open reading frames (ORFs, S, C, X and P)[14], which
encode for the HBsAg (S), the core protein or HBcAg
(C), the X protein (X) which is essential for viral replication and has transactivating potential also, and finally the
polymerase (P) which functions as a reverse transcriptase,
DNA polymerase and possesses RNase H activity also.
HBeAg is a soluble protein derived from its precore/core
precursor following proteolytic processing. It is therefore
a non-structural protein, is not essential for viral replication, is used as a marker of infectivity and has tolerogenic
and immune modulating activity that plays a significant
role in viral persistence.
The amino-acid sequence of the S protein has allowed the identification of at least 8 genotypes of the virus plus two additional putative ones, the most common
of which are genotypes A-F. Genotype A is seen mostly
in Northern Europe, D is prevalent in Southern Europe,
the Middle East and Indian subcontinent[15,16], genotypes
B and C in the Far East, whilst genotypes E and F are
found in Africa and South America respectively[17].
Genomic mutations
Natural stable variants of the virus give rise to wellrecognised serological subtypes and genotypes as already
mentioned[18]. However, HBV has a higher mutation rate
than other DNA viruses (2 × 10-4 base substitutions per
site per year)[19], through error prone steps in the replication cycle of the virus. As a result, HBV circulates in
blood as a mixture of variants known as quasispecies. A
lot of these mutations are lethal to the virus, but those
which offer it a replication advantage, facilitate immune
escape or cause resistance to antiviral drugs can be preferentially selected. However, two main stable variants
have been identified which arise during the natural course

VIROLOGY
Virus and its genome
The mature virion is spherical measuring 45nm in diameter and consists of an envelope comprised of HBsAg
and an internal nucleocapsid formed by the core protein
(HBcAg). The latter encloses the relaxed circular, partially
double stranded DNA genome of 3.2 kb in length. The
genome is organised in 4 partially or totally overlapping

WJG|www.wjgnet.com

Immune
clearance

NBV-DNA

It is estimated that worldwide well over 350 million individuals are chronically infected with hepatitis B virus
(HBV)[1] and these patients are at increased risk of developing cirrhosis, hepatic decompensation and hepatocellular carcinoma (HCC). Conservative estimates suggest that
about 1 million people die per year as a result of HBVrelated liver pathologies[2]. HBV infection accounts for
30% of cirrhotic patients and 53% of those with HCC[3].
Following acute HBV infection, the risk of progression to chronicity is age dependent with 5% of adults,
and almost 95% of children born to chronically infected
mothers, becoming chronic carriers[4-6]. The natural history of chronic hepatitis B (CHB) may progress through
four well recognised phases known as the immune tolerant, the immune clearance, the inactive or non-replicative
and the re-activation or immune escape phases (Figure 1).
These phases do not occur in all individuals and this may
depend on the age and route of exposure, and may not
be sequential[7].
Patients who are exposed to the virus at a young age
first go through the immune tolerant phase, which may
last for 20-30 years, and is characterised by hepatitis B
e antigen (HBeAg) positivity, high HBV-DNA levels (>
20000 IU/mL), normal or near normal alanine aminotransferase (ALT) levels, normal/minimal histological
activity and high hepatitis B surface antigen (HBsAg)
levels ranging from 4.5-5 log IU/mL[8-11]. The immune
clearance phase is also characterised by HBeAg positivity,
but elevated serum ALT levels are associated with histological damage, fluctuating HBV-DNA levels and lower
levels of HBsAg (4.3 log IU/mL)[12,13]. These changes
are the result of the immune awakening of the host culminating in seroconversion from HBeAg to anti-HBe,
selection of the precore and core promoter (BCP) variants mentioned later and entry into the immune control
or non-replicative phase. During this phase extremely low
or undetectable HBV-DNA, normal ALT levels and normal or near normal liver histology with numerous ground
glass hepatocytes are the norm. However for reasons
that remain unknown, a subset of patients reactivate viral
replication and form the reactivation or immune escape
phase characterised by HBV-DNA levels > 2000 IU/mL,
fluctuating ALT levels once again and HBsAg levels of
around 3.5 log IU/mL. These patients are referred to
also as the HBeAg-negative CHB group and nowadays
constitute the vast majority of patients seen in outpatient
clinics in most countries of the world.

HBeAg-/anti-HBe+
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Figure 2 Protein products encoded by the precore/core open reading frames in wild type and precore stop codon variant isolates. A: The 3.2 kb in length
HBV DNA genome in linear form (normally circular as cccDNA) and the two longer than genome length precore mRNA and pgRNA, the transcription of which is under
the control of the BCP. The transcripts encoding for HBsAg and HBxAg are not shown. The precore mRNA encodes for the precore/core protein (grey open reading
frame) and the pgRNA for the core and polymerase (red and orange open reading frames); B: Effect of the precore stop codon mutation on HBeAg production in comparison to that of the wild type virus. The precore/core protein is the precursor of HBeAg and consists of the precore region (in brown) and the core encoding region (in
pink). HBeAg is formed through proteolytic cleavage of both its amino- and carboxyl-ends (see text). The presence of the stop codon mutation leads to the abrogation
of HBeAg production as a result of pre-mature termination of the synthesis of the precore/core precursor as shown. HBcAg synthesis on the other hand which utilises
the pgRNA transcript remains unaffected, thus permitting continued virion production. Please note that the proteins share complete amino acid homology over the
overlapped regions. Yet, HBeAg and HBcAg display different antigenic epitopes. ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus;
HBsAg: Hepatitis B surface antigen; BCP: Basic core promoter; HBcAg: Hepatitis B c Antigen; HBxAg: Hepatitis B x Antigen.

of chronic infection and are predominant in patients with
HBeAg negative CHB. These are the precore stop codon
and BCP variants.

variant which is selected during seroconversion and becomes dominant, whilst the wild type virus is cleared.
This variant has a G to A substitution at position 1986 of
the precore region (denoted as G1896A or A1896) (Figure 2B) which converts the codon for tryptophan (TGG,
codon 28) to a translational stop codon (TAG)[21]. Other
mutations that have the same phenotypic effect are loss
of the precore/core protein translation start codon (ATG
to ACG or CUG), mutation of the second codon to a
stop codon, and frameshifts and deletions resulting in the
synthesis of nonsense proteins. A G1899A substitution
often accompanies the A1896 change.
The stop codon mutation is not favoured in genotypes A, C and F, whilst genotypes B, C, D and E with a
T at this position are more amenable to the emergence
of the precore stop codon mutation. This relates to constrains on the secondary structure of the pgRNA which
constitutes the replicative intermediate used as template
for the synthesis of the negative sense DNA strand by
reverse transcription during the replication of the virus.
The precore sequence forms the epsilon encapsidation
signal, the secondary structure of which is critical for encapsidation but also for binding of the viral polymerase

Biology of the precore/core gene
The precore/core ORF has two in frame initiation (AUG)
codons, which lead to the synthesis of two co-terminal
proteins, namely the precore/core protein which is the
precursor of HBeAg (Figure 2A) using the first AUG, and
the nucleocapsid or core protein (HBcAg), from the second one. The two proteins are synthesized from different
transcripts known as the precore mRNA and pregenomic
(pg) RNA, respectively. The first 19 amino acids of the
precore/core protein constitute a signal peptide that directs
the protein to the endoplasmic reticulum (ER)[20], where
cleavage of this peptide frees the remainder of the protein into the ER lumen, where further processing of the
carboxy-terminal end results in the formation of HBeAg.
This is subsequently released in the blood circulation.
Precore variants
The HBeAg-negative phase of hepatitis B viraemia is
characterised by the presence of the precore stop codon
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and synthesis of a short DNA primer that initiates DNA
synthesis. Genotypes (A, C, F) which possess a C at position 1858 form a canonical Watson-Crick pair with the G
at position 1896 as seen in wild-type strains. The remaining genotypes with U at 1856 can form a classical base
pair with the precore change A1896 without compromising the epsilon structure.
Biology of the core promoter region: The BCP has
a pivotal role in the replication of the virus by directing
the synthesis of both the precore and pgRNAs. The BCP
overlaps with the 3’ end of the X ORF and the 5’ end
of the precore region, and contains cis-acting elements
that can independently direct transcription of the precore
mRNA and pgRNA, both of which are about 3.5 kb in
length[22]. The pgRNA starts 3’ to the precore AUG and
is translated into the core and polymerase proteins, but
in addition serves as the template for the synthesis of the
negative DNA strand of the virus by reverse transcription as stated above (Figure 2)[23]. The precore mRNA,
which is slightly longer than the pgRNA and is initiated
upstream of the precore start codon, is the template for
the translation of the precore/core protein for HBeAg
production, as already described. Mutations in the core
promoter region may have repercussions on viral gene
expression and/or replication, with a concurrent impact
on viral pathogenesis.
Basic core promoter variants: A double mutation in
the BCP leading to substitutions A1762T and G1764A[24]
has been associated either with HBeAg negativity or
reduced HBeAg production, as demonstrated by transfection studies[25,26]. There is evidence to suggest that
the double BCP mutation results in decreased levels of
precore mRNA and therefore diminished production of
HBeAg, whilst increased viral replication has been reported as a result of upregulation of pgRNA production,
promoting encapsidation and core protein production[27].
The latter finding however remains controversial. The
BCP mutations are thought to affect the nucleotide motif
of a transcription factor binding site which in turn leads
to the differences seen in transcript levels.
The BCP double mutation has been found in patients
regardless of HBeAg status. In anti-HBe-positive patients
this mutation is often accompanied by a change at position 1753, from T to C or G. Other point mutations upstream and downstream of T1762/A1764 have also been
described, occurring either alone or in combination with
the double mutation, and in different settings, including
chronic hepatitis, fulminant hepatitis B and HCC. Such
mutations include T1753C and/or C1766T. Site-directed
mutagenesis studies have shown that combined mutations of 1762/1764/1766 and 1753/1762/1764/1766
resulted in higher replication rates and lower HBeAg expression than the 1762/1764 mutations alone[28].

reported that HBV could replicate in the absence of
HBeAg. This finding was subsequently attributed to the
presence of the T1896A mutation in the precore region
of the viral genome[21]. The precore variant frequency
varies worldwide and is determined by the prevailing virus genotype[30]. In Mediterranean countries where HBV
genotype D is predominant, practically all HBeAg negative CHB patients harbour the precore variant[31-33]. In
China, where genotypes B and C predominate, 38% of
the HBeAg patients harbour the precore variant, 42% the
BCP variant and 12% both[34]. The prevalence of HBeAg
negative CHB has been increasing over the last few
decades probably reflecting the aging of existing HBV
carriers and the effective prevention measures restricting
new HBV infections[35,36]. In a previous study from Italy,
HBeAg negative CHB prevalence rose from 41% during
the 1975-1985 period to 90% during the 1990s[33,37]. The
predominance of HBeAg negative CHB nowadays has
also been supported by a French study[38].
The precore variant emerges during the course of
HBV infection particularly in patients infected at birth
or in the early years of life from infected family members[30,39]. Thus, the development of HBeAg negative
CHB caused by the precore variant is a multivariate process depending on the age and mode of transmission,
duration of the infection and sex[30,40]. In Greece, the age
of acquisition of HBV infection cannot easily be defined,
but it seems that intrafamilial spread during the early
years of life is the most common mode of transmission[30]. In this respect, 40% of siblings of HBeAg negative CHB patients are also HBsAg/anti-HBe positive,
while drug addicts, homosexuals and multiply transfused
patients with a different mode of transmission are rarely
HBsAg/anti-HBe positive[31]. In HBeAg negative CHB
patients, male sex predominates with male to the female
ratio varying between 4.6-17[30].
Epidemiological studies have shown that HBeAg
negative CHB with the precore variant can take years
or decades after HBeAg seroconversion to become predominant[30,41]. Hence the age of HBeAg negative CHB
patients ranges from 40 to 55 years[42,43], much older than
HBeAg positive CHB patients from the same region.
The epidemiology of precore and basal core promoter
variants and their correlations with distribution of HBV
genotypes are shown in Table 1.
Emergence and selection of precore mutants: The
precore variant is either co-transmitted in acute infection
or it emerges and then coexists in very small amounts
with the predominant wild type virus during the latter
period of the HBeAg positive phase (immune tolerant
phase) of the disease[30,40,44]. It is selected at, or after, seroconversion to anti-HBe (immune clearance or seroconversion phase), whilst the HBeAg-producing strain gradually diminishes and is eventually cleared. This process can
take years, during which time a mixture of both strains is
usually seen[45,46]. Most patients after HBeAg seroconversion become “inactive HBsAg carriers” (immune control
or “inactive HBsAg carrier” phase)[47]. However, some of

CLINICAL SIGNIFICANCE OF HBeAg
NEGATIVE VARIANTS
Precore stop codon variant
Epidemiology: In the early 1980s, Hadziyannis et al[29]
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cording to the endemicity of HBV in a particular area,
age of spontaneous HBeAg seroconversion, mode and
age of transmission, HBV genotype and viraemia levels
at entry in the study[39,47]. The duration of the inactive
HBsAg carrier state usually lasts for years to decades but
some patients progress directly from HBeAg positive
to HBeAg negative CHB[62]. The HBeAg negative CHB
stage is also characterized by older age as it represents
the later phase in the course of chronic liver disease, high
HBV DNA levels but lower than HBeAg positive CHB,
liver necroinflammation and positive HBcAg staining in
the liver[66]. Many of them have cirrhosis at the time of
first presentation[7,62,37,64].
During the natural course of chronic HBV infection, HBsAg serum levels decline progressively from
the immune tolerant to the low replicative phase[10,11]. A
positive correlation was observed between HBsAg titer
and serum HBV DNA or intrahepatic cccDNA levels in
HBeAg positive patients. In HBeAg negative patients all
three parameters decrease compared to HBeAg positive
patients. However the correlation between HBsAg titer
and serum HBV DNA or intrahepatic cccDNA levels
weakens in HBeAg negative patients because in such
patients HBsAg is either virion-associated, forms subviral HBsAg particles or is produced from integrated sequences[67]. Thus additional markers such as HBV DNA
are used in combination with HBsAg quantification to
differentiate inactive carriers from patients with chronic
hepatitis. Genotypes may also play a role in HBsAg levels
and it is evident that B/C genotypes have lower HBsAg
levels than A/D ones[68].
Differentiating HBeAg negative patients into two
groups i.e., those with chronic hepatitis and inactive carriers, is very important as the former could benefit from
treatment. Recently, many investigators by using HBsAg
quantification alone or in combination with HBV DNA
levels, have tried to diagnose accurately inactive carriers
from active disease and identify those who are going to
clear HBsAg[12].
Thus, HBsAg levels < 1000 IU/mL and HBV DNA
< 2000 IU/mL at a single time point assessed in Italian
patients with genotype D identified inactive carriers with
a positive predictive value of 88%[69]. In addition, HBsAg levels < 100 IU/mL predicted clearance of HBsAg
with high specificity and sensitivity during follow-up[68].
In a recent report where 129 HBeAg negative CHB patients with normal ALT at baseline and genotypes A-E
were included, applying combined HBsAg levels > 1000
IU/mL and HBV DNA > 200 IU/mL cutoffs at a single
time point, accurately differentiated patients who reactivated[70]. The utility of HBsAg quantification with or
without HBV DNA level determinations in asymptomatic HBeAg negative CHB in predicting either those who
are going to seroclear HBsAg or those who are going to
reactivate are listed in Table 2.
During follow-up, there are two patterns of HBeAg
negative CHB activity: (1) persistently high viral replication
and elevated ALT/AST without periods of remission; and
(2) episodes of exacerbation and remission. During peri-

Table 1 Epidemiology of precore and basal core promoter
variants and their correlation with hepatitis B virus genotype
[15-18,30]
distribution
Genotype
B, C
A
D
E
F

Region

Precore
variant

Basal core
promoter variant

East and South East Asia
Northern Europe, North
America, Central Africa
Southern Europe, Middle
East, Indian subcontinent
West and Sub-Saharan
Africa
Indian Population of Central and South America

Yes
No

Yes
Yes

Yes

No

Yes

No

No

No

these patients after HBeAg seroconversion develop high
viraemia accompanied by necro-inflammatory activity on
liver biopsy (reactivation phase)[48].
It is noteworthy that in patients with high viral replication and normal aminotransferases during the HBeAg
positive phase, the precore/core encoding sequence on
analysis shows only very few, if any mutations[49-51]. Core
protein amino-acid substitutions within T helper cell epitopes are involved in the control of the infection, while
those in B cell epitopes may influence the re-emergence
of the precore variant and reactivation of the infection[52].
During the reactivation phase of HBV infection, amino
acid substitutions in the core protein are frequent[53-55].
Some investigators have suggested that an important
selection pressure in HBeAg negative CHB is the presence of anti-HBe in the absence of an adequate CTL
response, that renders the precore variant less vulnerable
to immune clearance compared to the wild type virus[56].
However, others have demonstrated increased overall
CD4+ T cell responses in patients with HBeAg negative
CHB, comparable to those of acute hepatitis B[57].
Clinical presentation and prognosis of HBeAg
negative CHB patients: HBeAg negative CHB patients
are usually asymptomatic. CHB is diagnosed incidentally
either after screening for HBsAg for blood donation or
after diagnosis of CHB in a family member or because
of detection of elevated AST/ALT values. Some patients
are not aware of their CHB status until they have developed cirrhosis with complications or hepatocellular carcinoma. Clinically overt exacerbations with jaundice may
also occur[30,48].
The definition of “inactive HBsAg carrier” requires
the presence of serum HBV DNA levels below 2000
IU/mL and persistently normal serum aminotransferases
(below 40 IU/mL) at least every 3-4 mo for 1 year[58].
The “inactive carrier” state may persist indefinitely and
has excellent prognosis for survival. However, longterm longitudinal studies of adult inactive carriers have
reported that loss of the inactive state and progression
to CHB, usually HBeAg-negative, may occur with a cumulative rate varying from 10% to more than 30% with
an annual frequency ranging from 0.9% to 3%[59-65]. The
frequencies of reactivation during follow-up vary ac-
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Table 2 Clinical importance of hepatitis B surface antigen quantification in hepatitis B surface antigen negative patients in either
predicting hepatitis B surface antigen seroclearance or differentiating inactive carriers from chronic hepatitis patients
Ref.

Studies predicting HBsAg seroclearance
Study design

Chan et al[68]

Genotype B/C, longitudinal study
for 11 yr
Longitudinal study for 99 ± 16 mo

Chan et al[85]
Tseng et al[86]
Tseng et al[87]

Follow-up at 1 yr after spontaneous
HBeAg seroclearance
Genotype B/C follow-up of 11.6 yr

HBsAg levels

Reliability of prediction

HBsAg < 100 IU/mL

75% sensitivity and 91% specificity

HBsAg levels < 1000 IU/mL and HBV
DNA < 2000 IU/mL
HBsAg < 100 IU/mL vs 100-999 IU/mL

Cumulative probability of 9% and 21% at 5 and 8
yr respectively
Hazard ratio 24.3 vs 4.4 for HBsAg seroclearance

HBV DNA < 2000 IU/mL and HBsAg <
10 IU/mL
Martinot-Peignoux Follow-up of 1 yr
HBsAg < 1000 IU/mL, annual decrease >
et al[70]
0.3 log IU/mL
Differentiation of inactive disease from chronic hepatitis
Brunetto et al[69]
Genotype D, Follow-up for 34.5 mo HBsAg levels < 1000 IU/mL and HBV
DNA < 2000 IU/mL
Martinot-Peignoux Follow-up of 1 yr
HBsAg levels > 1000 IU/mL and HBV
et al[70]
DNA > 200 IU/mL
Larsson et al[88]
Single time point evaluation of ALT, HBsAg levels < 1000 IU/mL and HBV
histological score
DNA < 10000 IU/mL
Park et al[89]
Genotype C follow-up > 48 mo
HBsAg levels > 850 IU/mL and HBV
DNA > 850 IU/mL

Adjusted hazard ratio of HBsAg loss was 13.2
95%NPV and 89% PPV

88% NPV and 97% PPV to identify inactive carriers
96% NPV and 92% sensitivity to identify
reactivation
96% PV to identify inactive carriers
85% diagnostic accuracy to identify reactivation

HBV: Hepatitis B virus; NPV: Negative predictive value; HBsAg: Hepatitis B surface antigen; PPV: Positive predictive value.

ods of exacerbation, AST/ALT elevation is preceded by
a rise in HBV DNA to high levels. AST/ALT elevations
usually resemble acute hepatitis episodes and are accompanied by jaundice and high anti-HBc IgM levels[30,48]. In
the absence of a previous CHB diagnosis these episodes
may therefore be misconceived as de novo acute hepatitis
B. The periods of remission may be short or long lasting.
In the latter case, the patient may be misclassified as an
“inactive HBsAg carrier”. The 20%-30% of patients with
histologically documented CHB have normal ALT/AST
at the time of presentation[7]. However spontaneous sustained remissions of the disease activity are rare[64].
The incidence rate of cirrhosis in HBeAg negative
CHB patients is 2.8 and 9.7 per 100 person-years in East
Asian and European countries respectively and the corresponding 5-year cumulative risk for cirrhosis is 13% and
38%[60,62-64]. The corresponding rates for HBeAg positive
CHB are 1.6 and 3.8 per 100 person-years and the corresponding 5-year cumulative risk for cirrhosis 8% and
17%[62,64,69,70]. The higher rates of cirrhosis development
in HBeAg negative CHB reflect the advanced stage of
liver disease at presentation and diagnosis.

increased viral replication as a result of upregulation
of pgRNA production, promoting encapsidation and
core protein production have been described[26]. HBeAg
negativity with the BCP mutations has been associated
with severe liver disease[75-78]. In addition BCP mutations
are more frequently associated with genotype C than
genotype B[77,78] and this finding partly explains the association between genotype C and more severe liver histological findings[79]. The double mutation is associated
with increased risk of developing hepatocellular carcinoma[70] independently of HBV genotype[78,80,81] and viral
load[81,82]. The overlapping of the BCP A1762T/G1764A
mutations with the HBx protein encoding region may
explain this association as the protein has oncogenic
properties[83,84]. A combination of the A1896 mutation,
BCP A1762T/G1764A mutations and pre-S deletions
has been found with high prevalence in patients with
chronic liver disease[80].

CONCLUSION
HBeAg negative chronic hepatitis B constitutes the predominant patient group with chronic hepatitis B nowadays. The ‘‘inactive carrier” and reactivation state are two
sides of the same coin as the former may persist indefinitely or progress to chronic hepatitis B during long-term
carriage. The differentiation of inactive carriers from
HBeAg negative chronic hepatitis B patients is important
as the former have a low incidence of cirrhosis and hepatocellular carcinoma while the latter are associated with
a high risk of developing cirrhosis and hepatocellular
carcinoma and therefore may benefit more from timely
antiviral treatment.

Basal core promoter variants
The biological significance of the double A1762T/
G1764A mutation is still under investigation, particularly in relation to the precore stop-codon mutation.
The presence of the double mutation is clearly associated with down-regulation of HBeAg production[71-73],
as demonstrated by transfection studies. The double
BCP mutation results in decreased levels of the precore mRNA and therefore diminished production of
HBeAg[27,74]. Despite the low levels of precore mRNA,
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Abstract

Core tip: Understanding the frequencies and clinical
implications of Hepatitis B virus (HBV) mutations may
contribute to improvement of diagnostic procedures,
more proper planning of immunization programs and
creating the most efficient therapeutic protocols. This
paper brings an overview and latest research results
on the most important, clinically relevant, HBV mutations. The covered topics include mutations involved in
vaccine-escape phenomenon, resistance to currently
available antiviral drugs, development of “occult” hepatitis, hepatocellular carcinoma, fulminant hepatitis and
hepatitis B e antigen-negative hepatitis, as well as the
problem of these mutations in HBV/human immunodeficiency virus and HBV/hepatitis C virus co-infected
patients.

Hepatitis B virus (HBV) infection is a major cause of
acute and chronic hepatitis, and of its long-term complications. It is the most variable among DNA viruses,
mostly because of its unique life cycle which includes
the activity of error-prone enzyme, reverse transcriptase, and the very high virion production per day. In
last two decades, numerous research studies have
shown that the speed of disease progression, reliability of diagnostic methods and the success of antiviral
therapy and immunization are all influenced by genetic
variability of this virus. It was shown that mutations in
specific regions of HBV genome could be responsible
for unwanted clinical outcomes or evasion of detection by diagnostic tools, thus making the monitoring
for these mutations a necessity in proper evaluation
of patients. The success of the vaccination programs
has now been challenged by the discovery of mutant
viruses showing amino acid substitutions in hepatitis B
surface antigen (HBsAg), which may lead to evasion of
vaccine-induced immunity. However, the emergence of
these mutations has not yet raised concern since it was
shown that they develop slowly. Investigations of HBV
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and X protein from 0.8 kb RNA.
The 3.5-kb transcript (pgRNA) also serves as template for reverse transcription of the viral genome. This
begins by binding of the polymerase to the packaging
signal, epsilon, at the 5′ end of the pgRNA. This reaction creates a signal for the assembly of nucleocapsids in
which the reverse transcription will occur. The first step
is negative strand DNA synthesis, while the pregenomic
RNA is gradually degraded by the RNAse H activity of
the polymerase. A positive DNA strand is then synthesized by the polymerase, using the negative strand as
template. The synthesis of positive strand continues until
it reaches 50%-70% of the length of the negative strand.
The newly formed nucleocapsids either deliver their content into the cell nucleus or assemble with envelope proteins and enter the secretory pathway. The return of new
DNA in the nucleus is used to yield additional cccDNA
molecules[8]. However, most nucleocapsids assemble with
envelope proteins and form mature virions either in the
cytosol or in the endoplasmatic reticulum. The details of
HBV virion assembly and release are not yet well understood[4], but it was suggested that complete virions are
exported by exocytosis via multivesicular bodies[9].

INTRODUCTION
Hepatitis B virus (HBV) infection is a major cause of
acute and chronic hepatitis, and of its long-term complications. About 350 million people are currently infected
with HBV worldwide and approximately 1 million die of
liver failure, cirrhosis and hepatocellular carcinoma (HCC)
each year[1].
HBV is the most variable among DNA viruses, mostly
because of its unique life cycle which includes the activity
of error-prone enzyme, reverse transcriptase, and the very
high virion production per day (as many as 1012 viruses/
d[2]). In last two decades, numerous research studies have
shown that the speed of disease progression, reliability of
diagnostic methods and the success of antiviral therapy
and immunization are all influenced by genetic variability
of this virus.
However, despite high mutational rate for DNA viruses (1.4 × 10-5-3.2 × 10-5 per site per year[3]), HBV mutations that are clinically relevant arise slowly, mostly due
to constraints imposed by overlapping reading frames in
the genome and the host immune response.

HBV MORPHOLOGY AND LIFECYCLE

HBs antigen mutations

The human HBV is prototype member of the family
Hepadnaviridae, which includes a variety of similar avian
and mammalian viruses. Its partially double-stranded, circular DNA genome is contained in an icosahedric capsid,
itself enveloped by a lipid bilayer bearing three different
surface proteins: large (L), middle (M), and small (S). All
known coding information is on the minus DNA strand
and is organized into four open reading frames (ORF):
longest Pol encodes the viral polymerase, three envelope
proteins are encoded by the same region (Pre-S1, Pre-S2
and S region) but in a frame-shifted manner and partially
overlapping with previous are core (C) and X ORFs.
The mechanisms by which HBV and other hepadnaviruses infect hepatocytes are still not well understood.
The HBV lifecycle starts with virion attachment to an
unknown specific receptor complex. It has been shown
that the Pre-S1 domain is required for receptor binding
and initiation of infection[4]. After entry and uncoating of
virions, nucleocapsids are transported to the cell nucleus[5,6]. In the nucleus, viral DNA is repaired to yield a fully
double-stranded DNA molecule which is then supercoiled to form covalently closed circular DNA (cccDNA).
cccDNA has a very long half-life, despite the fact that it
is not integrated into the cellular genome and it acts as
the major transcriptional template for the virus[7].
HBV contain four promoters that control the transcription of 4 RNAs: the 3.5-kb pre-C and pregenomic
(pg) RNA and the subgenomic 2.4, 2.1, and 0.8 kb RNAs,
PreS1, S, and X, respectively[4]. These mRNAs are transported to and translated in the cytoplasm to produce viral
proteins. The longest transcript of 3.5-kb is translated
into HBV core antigen (HBcAg), solubile hepatitis B e
antigen (HBeAg) and Pol protein. The three viral envelope proteins are translated from 2.4 and 2.1 kb RNAs
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The HBV surface antigen (HBsAg) is the major envelope
protein and includes the regions involved in the attachment of the virus to the hepatocyte, and also the main
epitopes recognized by neutralizing antibodies. Central
core of HBsAg, comprising amino acids 99-169, which
is referred to as the major hydrophilic region (MHR),
is exposed on the surface and is involved in binding to
antibodies directed against HBsAg. Antibodies found in
vaccinated people and those used in immunoassays for
HBsAg, are directed against this region; in particular, to
a cluster of B-cell epitopes called the ‘‘a’’ determinant,
which comprises two loops of amino acids 124-147[10].
When “a” determinant is affected by mutations,
caused by selection or natural variation, important changes with regard to immunity and protection from HBV
infection may arise. These changes could affect antigenicity of HBsAg and were shown to be responsible for: (1)
false-negative results by some commercial assays for HBsAg; (2) evasion of anti-HBV immunoglobulin therapy;
and (3) evasion of vaccine induced immunity.
The hepatitis B virus vaccine has become an essential
part of global infant immunization programs. The current vaccine used in most programs is a yeast-derived
recombinant HBsAg, containing only the small S protein.
In 1988, the authors from Italy[11] reported results of a
follow-up study of childhood vaccination and revealed
that vaccinated children with strong antibody response to
HBsAg could still become HBsAg positive. Soon other
similar reports followed and the conclusion was that the
incidence of this phenomenon was rare, involving about
2% of the children of HBsAg-positive mothers or HBsAg-positive family contacts[11,12]. More detailed analysis
of virus from one patient revealed that “vaccine-escape”
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phenomenon was associated with a point mutation, i.e.,
substitution of glycine by arginine residue at position 145
(G145R)[11]. This mutation has since become the most
widely reported “vaccine-escape” mutant[12-20]. It was
shown that G145R was stable over time[11,21] and that its
horizontal transmission was also possible[22,23].
Many other substitutions in the “a” determinant
(T116N [24], P120S/E [17,18,25], I/T126A/N/I/S [19,25-28],
Q129H/R[26,29,30], M133L[29,30], K141E[16,26,28], P142S[19,20,26,28],
D144A/E[19,25,26,30], G145R/A[11-20]) have since been associated with escape from vaccine induced immunity. Interestingly, the number of studies reporting substitution of
Gly by Ala rather than by Arg at position 145 is increasing in recent years[31-37].
The “vaccine-escape” mutants are more common in
countries with high rates of endemic infection and universal immunization programs[14,31,32,38]. To date, the emergence of these mutations has not had a known negative
effect on the immunization programs throughout the
world[39] but it is conceivable to expect that mutant strains
may become dominant in certain populations in more decades of vaccine utilization. Mathematical modeling predicts that it will take over 50 years before any “vaccine-escape” mutant become predominant[40]. Recent researches
confirm that the risk of newly acquired HBV infection in
vaccinated individuals is a rare event and that associated
“vaccine-escape” mutations belong to “a” determinant
region of HBsAg. Study from 2010[41] on efficacy of the
universal HBV vaccination program in Taiwan reported
only 0.009% HBV infected schoolchildren two years after vaccination. Vaccine escape was documented in only
3 isolates displaying mutations within “a” determinant
(M133L, P134I). Similarly, authors from Australia [42]
report only four cases (out of 138) of transmission to
newborns from HBsAg positive mothers where only one
was found to be associated with “vaccine-escape” mutant
(D144E). In recent study from Iran[43], which included 6
newborns of HBsAg positive mothers, who developed
HBV infection despite complete immunoprophylaxis,
true vaccine escape phenomenon was observed in 2. The
2 isolates were considered “vaccine-escape” since they
were not shown to be inherited from mothers (by transuterine transmission) and in both cases the mutations
were found within the “a” determinant (Q129R in one
and G145A in other).
In the era of sensitive techniques for detection of
HBV DNA, a significant proportion of patients were
reported to be HBV DNA positive in the absence of
detectable HBsAg. The persistence of HBV DNA in the
liver (with detectable or undetectable HBV DNA in the
serum) of individuals testing HBsAg negative by currently
available assays is termed occult HBV infection (OBI)[44].
One proposed mechanism of OBI development was
infection with HBV mutants with defective replication
activity or synthesis of S proteins[45]. However, in the majority of cases, “occult” HBV isolates were shown to be
replication-competent viruses. The other explanation of
OBI is infection with S gene variants (“diagnostic-escape”
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mutants) which produce a modified HBsAg that is not
recognized by commercially available detection assays.
OBI is one of the most challenging and widely investigated topics in the field of viral hepatitis in recent
years. The clinical relevance of OBI is mostly associated
with problems in transfusion medicine since the strains
from OBI patients pose a potential threat for the safety
of blood supply. The prevalence of OBI among blood
donors from different European countries ranges from
0.0002% to 0.084%[46-50], while in China, a highly HBVendemic region, it is as high as 0.18%[51]. Many studies
do not provide enough information on mutations correlated with occult HBV infection because usually only
limited parts of the genome is investigated and reported.
According to recent study (2012)[50], the prevalence of
specific OBI associated mutations ranged from 8.3% to
20.8% in patients with OBI, while it was only 0%-3.7%
in patients with overt hepatitis. The comparison of mutational rates between the studies proved to be difficult
because of number of differences in what is considered
to be OBI-associated mutation and whether they include
only “a” determinant or whole MHR.
In the study of Svicher et al[50], twenty mutations,
mostly within “a” determinant but also in other parts
of HBsAg, were found to strongly correlate to occult
infection in genotype D strains (Y100S, Q101R, P105R,
T115N, T116N, P120L, R122P, T123N, T126I, P127H/L,
Q129P, M133T, Y134C, S143L, S167L, R169H, S174N,
L175S, V177A). Since the reported mutations were completely different from those reported to be associated
with OBI in genotypes B and C[52], it was suggested by
the authors that OBI associated mutations are unique for
each HBV genotype. Indeed, several studies comprising
genotypes B and C identified G145R/A to be among
major mutations responsible for OBI[51-53].
The results of study by Huang et al[51] suggested a
potential association between MHR mutations and decreasing serum HBsAg levels. The study revealed that 4
mutations (C124R, C124Y, K141E, and D144A) strongly
decrease the analytical sensitivity of seven commercial
HBsAg immunoassays, and that 10 mutations (G119R,
C124Y, I126S, Q129R, S136P, C139R, T140I, K141E,
D144A, and G145R) significantly impair virion and/or S
protein secretion in vitro.
The study by Cassini et al[54], which was conducted in
order to better characterize the molecular basis of occult
HBV infection, report C695T nucleotide change leading to stop codon at amino acid 181 of the HBs gene, in
strains from liver samples. The novel HBs gene stop codon could be responsible for reduced production leading
to undetectability of HBsAg. The authors recommend
testing peripheral blood mononuclear cells and liver samples for diagnosis of serum-negative OBI because they
found evidence of HBV low replication levels in both
sites.
Finally, it was suggested that deletions in Pre-S region
may also play significant role in OBI development since
they can affect the expression, synthesis, and secretion of
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Table 1 Hepatitis B virus mutations and their clinical implications
Type of mutation
HBsAg mutations

Clinical implication
Vaccine-escape

OBI

Basal core promoter
/precore mutations

X gene mutations
Antiviral drugresistant mutations

HBeAg-negative
hepatitis
HCC
Fulminant hepatitis
HCC
LAM/L-dTresistance
ADF-resistance
ETV-resistance
TDF-resistance

Mutation
[24]

[17,18,25]

[19,25-28]

T116N , P120S/E
, I/T126A/N/I/S
, Q129H/R[26,29,30], M133L[29,30], K141E[16,26,28], P142S[19,20,26,28],
D144A/E[19,25,26,30],
G145R/A[11-20,31-37]
Y100S[50], Q101R[50], P105R[50], T115N[50], T116N[50], G119R[51], P120L[50], R122P[50], T123N[50], C124R/Y[51],
T126I/S[50,51], P127H/L[50], Q129P/R[50,51], M133T[50] Y134C[50], S136P[51], C139R[51], T140I[51], K141E[51], S143L[50],
D144A[51], G145R/A[51-53], S167L[50], R169H[50], S174N[50], L175S[50], V177A[50], Q181STOP[54]
T1753C[62], A1762T[59,60], G1764A[59,60], C1766T[62], T1768A[62], G1896A[63,64], G1899A[63,64]
C1653T[68], T1753C[68], A1762T[66-68], G1764A[66-68], G1896A[68], G1899A[68]
A1762T[70], G1764A[70], G1862T[69,70], G1896A[70]
3’-HBx deletion[82]
rtL80V/I[84], rtI169T[84], rtV173L[84], rtL180M[84], rtA181T/V[105], rtT184S/G[84], rtS202I[84], rtM204V/I[84],
rtQ215S[84]
rtA181T/V[96,105], rtI233V[97,98], rtN236T[96]
rtL180M[85], rtT184G/S[85], rtS202I/G[85], rtM204V[85,108], rtM250V[85]
rtP177G[103], rtA194T[102], rtF249A[103]

HCC: Hepatocellular carcinoma; OBI: Occult HBV infection; LAM: Lamivudine; L-dT: Telbivudine; ADF: Adefovir; ETV: Entecavir; TDF: Tenofovir;
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

the S protein[53,55].
Clinically relevant HBsAg mutations mentioned in the
text were listed in Table 1.

HBV DNA levels, BCP mutants were shown to enhance
viral replication in cell culture[61,62]. The replication activity is further increased when they are accompanied with
any of 3 additional BCP mutations (T1753C, C1766T,
T1768A)[62]. HBeAg-negative hepatitis was often associated with more severe liver disease which may be the consequence of this enhanced viral replication in liver cells[61].
The most prevalent among precore mutations is a
G to A switch at position 1896 (G1896A), that leads to
a translational stop codon at amino acid position 28 in
the sequence of HBeAg, resulting in the inhibition of
the protein synthesis[63,64]. This mutation was found to
be often accompanied by missense mutation of codon
29-G1899A. The prevalence of the 1896 stop codon
mutation appears to be significantly associated with HBV
genotypes harboring a T nucleotide at position 1858
(genotypes B, D, E and part of genotypes C and F) and
this has been explained on a structural basis. The region
essential for pgRNA encapsidation (packaging signal
region, epsilon) overlaps with precore and has loop-like
secondary structure. Therefore, a G to A mutation at nucleotide 1896 can stably pair with nucleotide at position
1858 in genotypes which posses a T at 1858 but not in
those which posses a C[65]. This can also explain initially
observed dominance of these mutants in Mediterranean
region where genotype D is predominant.
Basal core promoter and stop codon mutants appear
to be frequently associated. It was observed that BCP
mutations were detectable in the late HBeAg positive
phase of infection, whereas precore mutations emerged
during anti-HBe seroconversion[62]. Therefore, the suggested order of events would be that the virus first reduces HBeAg expression through BCP mutations and
then abolishes entirely HBeAg expression with precore
mutations[10].
Many recent studies are addressing the possible association of BCP and Pre-C mutations with more severe
outcome of liver disease, namely with appearance of ful-

BASAL CORE PROMOTER AND PRECORE
MUTATIONS
Both core and precore proteins are coded by the Pre-C/
C ORF, precore starting from the first and core from
the second initiation site. The precore protein therefore
initially contains all of the core protein sequence plus 29
amino acids at its N-terminus. The first 19 of those 29
amino acids serve as the signal peptide to direct the protein to the endoplasmic reticulum where it is cleaved off.
During transport to the cell surface, this protein is further matured and eventually secreted as a soluble antigen,
HBeAg[4,10,56]. The role of this antigen is not yet understood but it is possible that it could be in modulating the
immune response and facilitating the establishment of
chronic infection.
Ever since serology markers became crucial for diagnosis of HBV infection, it was believed that the loss of
HBeAg was a marker of the end of active viral replication and resolution of the hepatitis. However, it was first
described in Mediterranean region[57] that HBeAg loss
may be followed by active viral replication and progression of liver disease. Today, HBeAg-negative hepatitis is
a worldwide known phenomenon[58] that does not represent a separate disease entity but arises due to selection
of specific basal core promoter (BCP) and precore mutations in the HBV genome. Mutations occurring in BCP
region modulate HBeAg secretion at the transcriptional
level and those occurring in the precore region, block
HBeAg production at the translational level.
A typical double mutation often found in the BCP,
A1762T and G1764A, is responsible for decreased precore mRNA synthesis[59,60]. Despite the fact that HBenegative hepatitis is characterized by several logs lower
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observed in most chronic hepatitis samples and in 86.4%
of HBV-related HCCs[80]. Upon integration of HBV
DNA in host genome, the 3’-end of the HBx is often
deleted[81]. This truncation of C-terminal region of HBx
protein was shown to play an important role in HCC
development through promotion of oxidative stress and
induction of mitochondrial DNA damage[82].

minant acute hepatitis or development of HCC.
It is now believed that HBV-induced HCC involves
a complex interaction between the viral factors and multiple host factors. HBV mutations associated with this
disease outcome were mapped to different regions of the
genome. Several studies demonstrated that patients who
harboured A1762T/G1764A double mutation or mutations in the precore region were more predisposed to
HCC than those with the wild type infection[66,67]. Recent
meta-analysis[68] indicated that precore mutation G1896A
is significantly associated with the increased risk of HCC
and the progression of liver disease, especially among
Asians. Also this study demonstrated correlation of other
frequent precore mutation G1899A, common mutations
in BCP- A1762T/ G1764A, T1753V and C1653T, as
well as pre-S1 and Pre-S2 deletions with increased risk of
HCC.
Traditionally, a fulminant course of HBV infection
has been ascribed to abnormal host immune response
rather than to the features of the virus. Nevertheless,
all regions of viral genome are widely investigated for
possible association with this disease outcome. Hou et
al[69] indicated that one, not so commonly investigated,
precore mutation G1862T was 5 times more often found
in fulminant hepatitis patients than in chronic carriers. In
the study by Inoue et al[70] the fulminant HBV strain, that
was isolated from 5 cases of consecutive fulminant hepatitis, comprised BCP double mutation A1762T/G1764A,
precore stop mutation G1896A and also G1862T, located
within the bulge of the epsilon, packaging signal region.
The study demonstrated in cell culture, that investigated
HBV strain, retained the core particles and the core particle-associated HBV DNA in the cells. The authors concluded that all found mutations might work together for
the observed retention and that these findings may have
important implications for understanding the mechanism
leading to fulminant hepatitis.
Clinically relevant BCP/precore mutations mentioned
in the text were listed in Table 1.

ANTIVIRAL DRUG-RESISTANT
MUTATIONS
The ultimate goal of antiviral therapy in chronic hepatitis
B is to clear the virus from the host and to prevent the
progression of liver disease to cirrhosis and HCC. However, chronic HBV infection cannot be completely eradicated due to the persistence of cccDNA in the nucleus
of infected hepatocytes.
Reverse transcriptase (RT) domain of HBV polymerase represent a target for nucleoside/nucleotide analogs (NAs), drugs currently available to treat hepatitis B:
lamivudine (LAM), telbivudine (LdT), entecavir (ETV),
adefovir (ADV) and tenofovir (TDF).
All currently available NA drugs exert their anti-HBV
actions by targeting at one or more of three steps: the
priming reaction (synthesis of the short negative DNA
strand), reverse transcription from pgRNA to negative
DNA strand, or DNA-dependent DNA replication[83].
Nucleoside/nucleotide analogs have a similar structure to
the natural nucleotides but with modification in the sugar
ring or base group, so that the analog can compete with
the natural nucleotides in binding to the polymerase.
The causes of viral persistence and resistance to antiviral drugs include combination of different viral and
host factors where major are: long half-life of infected
hepatocytes (30-100 d) and natural genetic variability of
HBV that leads to formation of mutations and their archiving in cccDNA[84,85]. It is believed that single mutants
exist in the overall viral population even before therapy
begins. Different variants or mutants, i.e., viral quasispecies, are selected within the same host in response to immune response or antiviral therapy during the course of
infection[85]. Two types of mutations have been associated
with resistance to NAs: primary resistance mutations,
which are directly responsible for drug resistance, and
secondary (compensatory) mutations, which promote or
enhance replication competence of resistant strain.
The replacement of wild type virus in liver cells by a
dominant mutant is a slow process. As resistant mutants
mainly infect uninfected cells, the efficient spreading of
the dominant mutant depends on the availability of free
liver space for its propagation and replication[86]. This can
partly explain the difference in incidence of resistance
among different NAs. LAM has the worst resistance
profile since resistance starts to develop within the first
year of therapy and increases over time at an annual rate
of 15%-25%[87] while it reaches > 80% after 5 years[88].
The rate of resistance for ADF and L-dT can be defined
as intermediate: for L-dT it is 10%-25% after 2 years of

X GENE MUTATIONS
X is an enigmatic HBV protein, necessary for efficient
infection and replication in vivo. HBx is known to exhibit
a transcriptional transactivation function for many viral
and cellular genes and is therefore required for efficient
transcription of viral RNAs from cccDNA in infected
hepatocytes[4,71,72]. Since it has no DNA-binding activity,
its transactivation function is manifested through interaction with cellular factors.
It was suggested that HBx protein had a role in HBVinduced carcinogenesis by number of different mechanisms[73-77]. However, the role of specific mutations in
the X gene is not yet well characterized. Some of X gene
mutants and also deletions of this region have been described in patients with hepatocellular carcinoma[78,79].
Integration of HBV genomic DNA into cellular chromosomes commonly occurs during the viral life cycle and is
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administration[89] and for ADF about 30% after 5 years[90]
and even higher for patients already resistant to other
NAs. The antivirals with the highest barrier for resistance
mutations currently are ETV, with a resistance rate of
1.2% after 5 years[91], and TDF, with still no resistance
reported after 4 years[92]. However, the chance of emergence of entecavir resistant HBV is as high as 51% in
patients with pre-existing lamivudine resistant mutations
after five years of entecavir treatment[93]. Also, in patients
with LAM-resistant mutations, cases of viral breakthrough with TDF have been reported in HBV/human
immunodeficiency virus (HIV) co-infected patients[94].
Modern techniques like ultra-deep pyrosequencing, reveal
that low-prevalence resistance mutations can be found
in patients much sooner than by direct PCR sequencing
methods and probably years before they become clinically significant[95].
Investigation of molecular mechanisms reveals that
resistance tends to be NA structure (sugar residue) specific. So far, five resistance pathways are recognized: (1)
the pathway for L-nucleosides; (2) the pathway for alkyl
phosphonates; (3) the pathway which is shared between
the L-nucleosides and alkyl phosphonates; (4) the D-cyclopentante pathway; and (5) multidrug resistance.
L-nucleosides (LAM and L-dT) have a similar molecular structure and target site of action, and therefore
similar patterns of antiviral resistance mutations. The
L-nucleoside pathway is recognized by well-known substitution at position 204 of YMDD motif (rtM204V/I),
the catalytic site within reverse transcriptase. This mutation alone is sufficient to result in resistance but is very
often associated with compensatory mutations rtL80V/I,
rtI169T, rtV173L, rtL180M, rtT184S/G, rtS202I and
rtQ215S[84]. The role of compensatory mutations is to
restore the viral polymerase function to near wild-type
levels. When found alone these mutations are associated with very low level resistance in vitro. With various
patterns of mutations leading to LAM resistance and
very high resistance rates, this drug is no longer rec
ommended as a first-line agent for naïve patients with
chronic hepatitis B.
The pathway for alkyl phosphonates (ADF and TDF)
is recognised by existance of mutations outside YMDD
motif, in the B and D domain of RT. There are two
primary resistant mutations belonging to this pathwayrtA181T and rtN236T[96]. Another mutation rtI233V has
been identified in ADF-resistant HBV variants[97]. The
true significance of this mutation remains contradictory
since some authors confirmed[98] and some denied[99]
its role in ADF resistance. It was reported by the latest
study which was using three dimensional model of HBV
polymerase/RT, that substitution of isoleucine to valine
at position 233 did not appear to affect the catalytic sites
of the RT and that it might not independently affect the
antiviral action of adefovir[100].
The emergence of mutation rtA194T was associated
with resistance to TDF, though clinical significance of
this mutation is still unknown, as strains with this muta-
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tion did not seem to confer resistance to TDF in vitro[101].
The subsequent in vitro study by Amini-Bavil-Olyaee et
al[102] reported that rtA194T polymerase mutation was
associated with partial tenofovir drug resistance but
that it negatively impacted replication competence of
HBV. Similarly, the newly published study by Qin et al[103]
failed to detect sufficient replication capacity of HBV,
in the presence of the rtA194T substitution, to be able
to evaluate susceptibility to TDF, both in vitro and vivo.
However, this study revealed that strains with aa substitutions rtP177G and rtF249A showed reduced replication
capacity but enhanced resistance to TDF in both in vitro
and in vivo analysis. The accurate molecular mechanisms
leading to TDF resistance by these aa substitutions,
remain still to be determined. On the other hand, consistent with previous evidence of no TDF resistance in
clinical settings, Kitrinos et al[104] demonstrated that TDF
monotherapy could maintain effective viral suppression
for period of over 6 years of continuous therapy, without the selection of any mutation significantly associated
with TDF resistance.
Mutations in the B domain of RT, rtA181T/V, were
shown to confer resistance to both L-nucleosides and alkyl phosphonates[105]. The mutation rtA181T also encode
a stop codon in the overlapping envelope proteins at aa
172 in the S region (sW172*) resulting in truncation of
these proteins. As Warner and Locarnini (2008)[106] emphasized, the rtA181T/sW172* variant had a secretory
defect and exerted a dominant negative effect on wildtype HBV virion secretion. This could result in a missed
diagnosis of drug resistance if viral load was used as the
only criterion for drug failure. Also, the accumulation of
the truncated HBsAg in infected cells was demonstrated
to favor the onset of hepatocellular carcinoma through
the transactivation of cellular promoters[107].
The resistance to D-cyclopentante group, i.e., ETV,
can be manifested only in the case when at least three
mutations are present: rtL180M + rtM204V and either
rtT184G/S or rtS202I/G or rtM250V [85]. Therefore,
mutations classically associated with lamivudine resistance are necessary for the development of virological
breakthrough to entecavir. In the absence of LAMresistant mutations, the ETV resistance develops very
slowly. However, in case of ETV utilization in patients
with LAM treatment failure, the development of ETV
resistance is more to be expected. Recent study by Lee
et al[108] (2013) confirm that patients who harbor M204V
strains were significantly more prone to ETV resistance
than those who harbor other LAM resistance mutational
patterns -rtM204I or rtA181T.
Apart from rtA181T/V which is the example of
single mutation involved in resistance to more than one
NA, multidrug resistance including more than one mutation was described. Usually, it occurs in case of sequential
monotherapy with different NAs when new resistance
mutations are added to already resistant strain[109]. Analysis of clones obtained from patients with dual resistance
(to LAM and ADV or ETV) has revealed the presence
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of mutations conferring resistance to both drugs located
in the same viral genome, resulting in resistance to both
drugs. Also, a patient with triple-drug-resistant HBV
strains was reported[110]. The recent study[111], involving
clonal sequencing, revealed that the rtA181 mutation reemerged in the majority of patients who had developed
sequential resistance to LAM, ADV, and ETV during
LAM plus ADV salvage therapy. The rtA181T/V mutation emerged after reversion to wild-type HBV from the
strains harboring ETV-resistant mutations during therapy
and existed in different genomes from LAM- or ETVresistant mutations. The co-localization of multidrug mutants to the same genome of virus was rare.
Antiviral drug-resistant mutations mentioned in the
text were listed in Table 1.
Finally, due to the overlapping of polymerase and
envelope genes in HBV genome, NA therapy can lead
to the emergence of complex HBV variants that harbor
mutations in both the reverse transcriptase and the envelope proteins. Antiviral-drug-associated S gene mutations
(ADASMs) can lead to three different consequences[112]:
amino acid substitution mutations in the surface proteins,
nonsense mutations resulting in truncated surface proteins and silent mutations. Also, there are ADASMs that
cannot be explained by gene overlapping but which are
probably the result of lower or reverse ratio of HBsAg
to anti-HBs during long-term efficient viral suppression.
As HBsAg mutations found in treatment naïve patients,
the possible clinical impact of ADASMs is in altered antigenicity, viral fitness and oncogenic potential.
It was shown that triple HBV mutant (rtV173L +
rtL180M + rtM204V) causes two amino acid changes in
the overlapping surface gene (sE164D + I195M), that
have an effect comparable to vaccine escape mutant
sG145R[113,114]. Following LAM treatment, many patients
harbor strains with S gene “vaccine-escape” mutations P120T and G145R. They produce changes in RT,
rtT128N and rtW153Q, which were found to partially
restore the in vitro replicative capacity of LAM resistant
strain, therefore serving as compensatory mutations[113].
The latest study by Cento et al[115] identified additional 10
HBV RT mutations, beyond those currently known as
classical resistance mutations (rtN53T, rtS78T, rtS85F,
rtS135T, rtA181I, rtA200V, rtK212Q, rtL229V/F, rtM309K), which could contribute to the development of
drug-resistance in vivo. Some of them showed a direct impact also on HBsAg-protein, inducing the development
of mutations or stop-codons that might potentially affect
HBV pathogenicity and oncogenic potential.

than in HBV monoinfected patients since it is suggested
that HIV interferes with the natural history of HBV infection by enhancing HBV replication[116]. Also, there is
evidence that HIV infection and its associated immune
suppression, may influence the molecular variability of
the co-infecting HBV. Interestingly, HBV/HIV co-infected patients had lower HBV quasispecies diversity and
evolutionary rate when compared to HBV monoinfected
patients[117]. It was assumed, in a subsequent study[118],
that low CD4 count might help the HBV isolates to retain their wild type characteristics.
The recent study from France (2013)[119], using prospective data from HBV/HIV co-infected patients during
9-year follow-up, reported incidence rates and characteristics of vast array of Pol and S gene mutations. An increase of incidence was observed in all mutation classes,
especially in L-nucleoside-associated Pol gene. Therefore
the subsequent ADASMs known to pose potentially serious public health problems approached over 10% of
the study population by the end of follow-up. Among
different investigated host and viral factors, LAMtreatment surfaced as a major risk factor for ADASMs
since they were directly involved with the overlapping
LAM-resistant Pol mutations. This link was less obvious
when correlation of LAM-exposure and only immuneassociated S mutations was analyzed. On the other hand,
TDF-treatment was associated with a reduction in the occurrence of immune-associated S gene mutations. All the
findings imply the need to use more potent antivirals and
close follow-up for co-infected patients.
The problem of occult HBV infection in HIV-infected patients is still not well characterized. The reported
prevalence of OBI among these patients varied significantly from 0%-89%[120-122]. Study conducted in Brazil[123]
found that immune suppression in HIV-infected patients
was not a determining factor for development of OBI.
On the other hand, the previously mentioned study by
Italian authors[54] showed that in HIV-infected patients,
OBI was significantly more frequent when HBV DNA
was searched for in samples other than serum.
The chronic HBV/HCV infection is generally considered a condition favoring the progression of liver fibrosis
and the establishment of cirrhosis and also represents
one of the most important risk factors for the development of HCC. Studies have suggested that an interplay
must exist between the two viruses in cases of dual
infection. It was shown that the HCV core protein can
act as a gene-regulatory protein and negatively influence
the expression of HBsAg[124,125]. Indeed, some authors
confirmed that HCV co-infection can play an important
role in development of OBI[126], while others reported
absence of OBI in HCV co-infected patients[127].
The inhibitory effect of HCV on HBV can also limit
the emergence of HBV mutations because the decreased
replication would produce less mutant genomes. This
was, so far, confirmed for BCP/precore mutations which
were found less frequently in HBV/HCV co-infected
than in HBV monoinfected patients[128-131].

HBV MUTATIONS IN HBV/HIV AND
HBV/HCV CO-INFECTED PATIENTS
HBV infection is common among HIV-infected individuals due to shared transmission routs of these viruses. So
far, available data on the prevalence of clinically relevant
HBV mutations in HBV/HIV co-infected patients is
relatively scarce. This prevalence is believed to be higher
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CONCLUSION

10

Investigations of HBV genetic variability and clinical implications of specific mutations have resulted in significant advances over the past decade, particularly in regard
to management of resistance to antiviral drugs. Determination of resistance profile is crucial in choosing the right
antiviral agent to initiate therapy. In the era of drugs with
high genetic barrier for resistance, on-going monitoring
for possible resistance is still essential since prolonged
therapy is often necessary.
The success of the vaccination programs has now
been challenged by the discovery of mutant hepatitis
B viruses showing amino acid substitutions in HBsAg
which may lead to evasion of vaccine-induced immunity.
However, the emergence of these mutations has not
yet raised concern since it was shown that they develop
slowly. It was shown that mutations in certain regions of
HBV genome could be responsible for unwanted clinical
outcome or evasion of detection by diagnostic tools, thus
making the monitoring for these mutations a necessity in
proper evaluation of patients.
Understanding the frequencies and clinical implications of viral mutations may contribute to improvement
of diagnostic procedures, more proper planning of immunization programs and creating the most efficient
therapeutic protocols.
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Core tip: Hepatitis B virus (HBV) is an infectious agent

affecting humans worldwide. Other HBV-related strains
infect mammalian species of primates, rodents and bats,
in addition to birds. Evidence of HBV infection in African,
Asian and Neotropical primates draws attention to potential
cross-species transmission of these viruses to man. Mounting evidence suggests humans may also be a source of
viral infection to other mammals, particularly to domestic
animals like poultry and swine. We list evidence of HBV
and HBV-like infection of nonhuman mammals and discuss
their potential roles as donors/recipients of these viruses to
humans and to other closely-related species.
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Abstract
The hepatitis B virus (HBV) is a cosmopolitan infectious
agent currently affecting over 350 million people worldwide, presently accounting for more than two billion infections. In addition to man, other hepatitis virus strains infect
species of several mammalian families of the Primates,
Rodentia and Chiroptera orders, in addition to birds. The
mounting evidence of HBV infection in African, Asian and
neotropical primates draws attention to the potential crossspecies, zoonotic transmission of these viruses to man.
Moreover, recent evidence also suggests the humans may
also function as a source of viral infection to other mammals, particularly to domestic animals like poultry and
swine. In this review, we list all evidence of HBV and HBVlike infection of nonhuman mammals and discuss their
potential roles as donors or recipients of these viruses to
humans and to other closely-related species.

GENETIC DIVERSITY AND
GEOGRAPHICAL DISTRIBUTION OF
HEPATITS B VIRUSES
Hepatitis B is a serious public health problem worldwide
because over two billion people have been already infected and more than 350 million are currently chronic
carriers of the hepatitis B virus (HBV), accounting for
one to two million deaths per year[1-4]. It is estimated that
over half of hepatocellular carcinomas (HCC) worldwide
are caused by HBV infection[5], a condition with an unfavorable prognosis representing the sixth most common
malignancy worldwide and the third most frequent cause
of death due to cancer[2]. Among chronic hepatitis B car-
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riers, approximately 75% live in Asia[4] and 11 million in
Latin America[6]. About one third of chronic hepatitis B
carriers develop cirrhosis and HCC[7].
HBV prevalence varies worldwide, with countries
showing high (> 8%), intermediate (2%-8%) and low
(< 2%) estimates. In areas of high prevalence, approximately 70%-90% of the population has been infected
by HBV before the age of 40 and 8% are chronic carriers[8,9]. Approximately 45% of the world population
live in areas of high endemicity[2,8], including southeast
Asia, the Pacific (excluding Japan, Australia and New
Zealand), sub-Saharan Africa, Amazonia, Middle East
regions, Central Asian republics, the Arctic and some
east European countries. Low prevalence regions include North America, western and northeastern Europe,
Australia and some parts of South America while the
remaining world regions show an intermediate prevalence[2,9]. Among indigenous populations of the United
States, Canada, New Zealand and Australia, HBV prevalence has been found to be above 5%[3].
HBV classification followed a historical chronology
since its initial identification in humans. The first criterion
of classification was based on the viral surface antigen,
hepatitis B surface antigen (HBsAg). The determinant “a”
(HBsAg amino acid residues 124 to 147) is common to
all human HBV isolates and does not provide discriminating information. On the other hand, residues 122 and
160 are used to classify the second and the third determinants, and their combination is used for determining
HBV subtypes. The four major subtypes are further subdivided, adding up to a total of ten described subtypes:
ayw1, ayw2, ayw3, ayw4, ayr, adw2, adw3, adw4q-, adrq+
and adrq-[10].
Currently, HBV classification is based on viral genotypes and clades derived from phylogenetic analyses of
partial or full-length nucleotide sequences. When whole
genomes are compared, the established nucleotide divergence must be of at least 7.5% for defining a genotype
while a classification exclusively based on the S gene
requires at least a 4% divergence[11]. To present, eight
different HBV genotypes have been described based
on full-length sequences, named A to H[1]. Genotype I
has been proposed for HBV samples found in Laos and
Vietnam[12] but its formal recognition is still controversial.
Another new genotype, named J, has also been recently
described in a Japanese individual[13] but it has not been
consensually accepted.
Genotypes diverging between 4% and 7.5% are further subdivided in to sub-genotypes A1 to A5, B1 to B8,
C1 to C7, D1 to D7 and F1 to F4. A sub-genotype D8
has been recently proposed, resulting from a recombination event between HBV/D and HBV/E genotype, and
circulating in Niger[1]. Two F sub-genotypes are further
divided in two clades, F1 (a-d) and F2 (a and b)[11].
HBV genotypes predominate in different geographic
regions. HBV/A and HBV/D are worldwide distributed
while HBV/B and HBV/C are prevalent in Asia, Oceania and North America, HBV/E in Africa, HBV/F in

WJG|www.wjgnet.com

Latin America, HBV/G in Central America and Europe,
and HBV/H in Central America[11]. Genotypes A, D and
F are the most prevalent among HBV carriers in South
America[14,15], and only in Latin America the conjoint
circulation of these three genotypes occurs in a large
scale[14].
Many HBV genotypes co-circulate in different regions
where an increased risk of co-infections has been observed, particularly with HBV/B and C and with HBV/A
and D. As viral recombination necessarily presumes coinfection with at least two different genotypes, areas of cocirculation show increased rates of HBV genomic recombination[1,13]. Recombination often occurs in the pre-C/C
genomic region and several recombinants have been described between HBV genotypes A and D, B and C, and A
and C. In the case of B/C recombinants, two divergent viral strains with different geographic distribution have been
identified and assigned to different B sub-genotypes[16].
HBV infection in nonhuman hosts
HBV belongs to the Hepadnaviridae family comprising
two genera: Orthohepadnavirus and Avihepadnavirus,
the former infecting mammals and the latter infecting
birds. Orthohepadnaviruses have been identified in several mammals, including the woodchuck (Marmota monax),
the ground squirrel (Spermophilus beecheyi), the artic ground
squirrel (Spermophilus parryii), the pig (Sus scrofa), the neotropical wooly monkey (Lagothrix lagothricha), and Old
World primate genera like Gorilla, Pongo, Hylobates, Nomascus and Pan (Table 1, Figure 1). Like most hepadnaviruses,
HBV only replicates in specific hosts, although crossspecies transmission between hosts of different species
has been constantly occurred, representing a matter of
concern in view of the ability of HBV to cross species
barriers despite its genetic divergence[17,18]. Evidence of
recombination between human and ape HBV and different nonhuman primate variants suggested that these
viruses are capable of sharing hosts in natura[19-21].
A short genome length with overlapping coding regions and genome replication with an intermediate RNA
molecule that is retrotranscribed by a viral reverse transcriptase are singular characteristics of hepadnaviruses.
It might be initially assumed that these characteristics
might restrict HBV of evolving too drastically despite its
large host diversity. A combination of two, non-exclusive
models can be proposed for HBV evolution: host-viral
co-evolution and cross-species transmission. The divergence observed in avian and mammalian hepadnaviruses
and the exclusive characteristics of each group, like the
(doubtful) presence of the X gene in avian hepadnavirus
(Avihepadnavirus)[22,23], suggested an early split between
these viral groups without cross-species transmission
events between mammals and birds. The same can be
proposed for the HBV found in primate, rodent and bat
hosts where the observed divergence did not suggest
interspecific transmission between mammals of different
orders. On the other hand, transmission between closelyrelated species has been proposed for primate HBV.
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Table 1 Mammals found with productive or resolved infection by hepatitis B virus
Taxa

Pos/Tot

Order primates
Family hominidae
Pan paniscus
Pan troglodytes
Pan troglodytes
Pan troglodytes
Pan troglodytes schweinfurthi
Pan troglodytes troglodytes
Pan troglodytes troglodytes
Pan troglodytes troglodytes
Pan troglodytes troglodytes
Pan troglodytes vellerosus
Pan troglodytes verus
Pan troglodytes verus
Pongo pygmaeus
Pongo pygmaeus
Pongo pygmaeus
Pongo pygmaeus
Gorilla gorilla
Gorilla gorilla
Gorilla gorilla
Family hylobatidae
Hylobates lar
Hylobates agilis
Nomascus gabriellae
Hylobates agilis
Hylobates concolor
Hylobates concolor
Hylobates concolor
Hylobates lar
Hylobates lar
Hylobates lar
Hylobates lar
Hylobates lar
Hylobates leucogenys
Hylobates leucogenys
Hylobates moloch
Hylobates muelleri
Hylobates pileatus
Hylobates pileatus
Hylobates pileatus
Hylobates pileatus
Nomascus concolor
Nomascus gabiellae
Nomascus gabriellae
Nomascus leucogenys
Nomascus leucogenys
Family cercophitecidae
Cercopithecus aethiops
Lophocebus albigena
Macaca fascicularis
Mandrillus sphinx
Papio ursinus orientalis
Family atelidae
Lagothrix lagothricha
Order chiroptera
Family vespertilionidae
Subfam. miniopterinae
Miniopterus fuliginosus
Family hipposideridae
Hipposideros cf. ruber
Family rhinolophidae
Rhinolophus alcyone
Family phillostomidae
Subfam. sternodermatinae
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5/27
11
7/57
1/4
6/62
2/8
1/46
7

HBV strain

chHBV
gibIHBV
chHBV
chHBV
chHBV
chHBV
chHBV
chHBV
chHBV

3
1
8/38
7/28
40/53

gibHBV

83/195

gibHBV

2/11
4/36
1

chHBV

Locality

Ref.

Captive
Wild caught and captive
Germany captive
Captive
East Africa
Cameroon wild born
Southwest Cameroon
Wild Gabon
Congo, Cameron, Gabon wild
South-eastern Nigeria
Cameron wild born
Gabon captive
Captive
Taiwan captive
Thailand, prov. Ratchaburi, KhaoPratub Chang
Wildlife Breeding Center
Indonesia, E Kalimantan, W. Orangutan Reintroduction Center, captive and wild born
Cameroon wild born
Captive
Cameroon wild born

Heckel et al[43]
Hu et al[40]
Grethe et al[28]
Heckel et al[43]
Vartanian et al[17]
Lyons et al[21]
Starkman et al[45]
Makuwa et al[42]
Makuwa et al[41]
Starkman et al[45]
MacDonald et al[29]
Makuwa et al[41]
Heckel et al[43]
Huang et al[47]
Sa-nguanmoo et al[78]

Paignton Zoo-captive born
Taiwan
Taiwan
Taiwan captive
Thailand, Duit
Thailand, Duit
North Vietnam and Central China
Germany captive
Thailand, Patas
Taiwan captive
Thailand wild and captive born
Bangkok, Dusit zoo
Thailand, Duit
Vietnam, Cuc Phuong,
Germany captive
Taiwan captive
France captive
Thailand wild and captive born
Bangkok, Dusit zoo
Thailand (originally from Vietnam and China)
Bangkok, Dusit zoo
Taiwan captive
Taiwan captive
Bangkok, Dusit zoo

Starkman et al[45]
Starkman et al[45]
Starkman et al[45]
Huang et al[47]
Grethe et al[28]
Grethe et al[28]
Noppornpanth et al[48]
Grethe et al[28]
Grethe et al[28]
Huang et al[47]
Noppornpanth et al[48]
Sa-nguanmoo et al[78]
Grethe et al[28]
Grethe et al[28]
Grethe et al[28]
Huang et al[47]
Grethe et al[28]
Noppornpanth et al[48]
Sa-nguanmoo et al[78]
Huang et al[47]
Noppornpanth et al[48]
Sa-nguanmoo et al[78]
Huang et al[47]
Huang et al[47]
Sa-nguanmoo et al[78]
Heckel et al[43]
Lyons et al[21]
Dupinay et al[54]
Lyons et al[21]
Dickens et al[51]

5/22

9/19
1
2
4/7
3
1
3/10
11/72
1/2
1
1
1
1/3
1
12/20
2/6
At least 1
4/7
1/1
1/2
3/7
5/6

gibHBV
gibV HBV
gibIV HBV
gibHBV
gibIIHBV
gibIIIHBV
gibHBV
gibHBV
gibIVHBV
gibVHBV
gibIVHBV
gibIIIHBV
gibHBV
gibHBV

gibHBV
gibHBV
gibHBV

Warren et al[36]
Lyons et al[21]
Heckel et al[43]
Grethe et al[28]

1
1/5
31/120
2/9
15/69

HBV genA2

Captive
Cameroon wild born
Mauritius Island (introduced)
Cameroon wild born
S Africa, W, E Cape and Limpopo prov.

13/16

WMHBV

United States, Louisville Zoo. Garden captive

Lanford et al[56]

22

TBHBV

Kachin State, Myamar

He et al[24]

4/51

HBHBV

Gabon

Drexler et al[26]

1/16

RBHBV

Gabon

Drexler et al[26]

HBV genD
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Uroderma bilobatum
Order rodentia
Family sciuridae
Marmota monax
Otospermophilus beecheyi
Spermophilus parryi kennicot
Sciurus carolinensis pennsylvanicus
Domestic animals
Gallus gallus domesticus
Sus scrofa
Sus scrofa

5/54

37/129
266/416
3

TBHBV

Panama

Drexler et al[26]

WHV
GSHV
ASHV
THBV

United States captive
United States, California
United States, Alaska
United States, Philadelphia

Summers et al[67]
Marion et al[71]
Testut et al[72]
Feitelson et al[74]

Human HBV

China, Beijing
China, Beijing
Brazil

Tian et al[59]
Li et al[18]
Vieira et al[60]

Human HBV

HBV: Hepatitis B virus; Pos/Tot: Number of HBV positive animals/total number of animals analyzed for the presence of HBV infection; ASHV: Arctic
squirrel HBV; BtHV: Bat (Miniopterus fuliginosus) hepatitis viruses; chHBV: Chimpanzee HBV; GSHV: Californian ground squirrel HBV; gibHBV: Gibbon
HBV; HBV genA: Human HBV genotype A; HBHBV: Horseshoe bat HBV; RBHBV: Roundleaf bat HBV; TBHBV: Tent-making bat HBV; THBV: Tree
squirrel HBV; WHV: Woodchuck HBV; WMHBV: Woolly monkey HBV.

eastern common chimpanzee (P. troglodytes schweinfurthii),
and P. troglodytes vellerosus (Figure 1)[37-39]. Wild chimpanzees still dwell in several forested regions of the lowest
latitudes of sub-Saharan Africa[39]. This species has been
the primary experimental model of HBV infection and
they host indigenous nonhuman primate HBV strains[40].
Viral infection is widespread throughout the entire
range of chimpanzee habitats; all four subspecies being infected with HBV-like viruses, collectively termed
chHBV[17,20,28,29,31]. Strong associations between chHBV
strains and their host geographic distribution have been
found[20,41]. Chronic HBV infections usually result from
perinatal infection and the presence of chHBV sequences in wild newborn chimpanzees suggests that natural
perinatal transmission is responsible for their infection[40].
The finding of HBV in fecal samples collected from wild
P. t. troglodytes showed that HBV detected in captive apes
were related to viruses circulating in the wild[42]. Contacts
between human and chimpanzees via the bushmeat trade,
as family pets and caretakers, together with the number of viruses harbored by chimpanzees, pointed that
these animals constitute putative reservoirs of infectious
agents[17]. High prevalence rates of chHBV, of up to 25%
in some wild communities (Table 1), further enhances the
risk of cross-species transmission events.
Gorillas are apes of the Hominidae family belonging to the genus Gorilla comprising two species: Gorilla
beringei with two subspecies (G. b. beringei and G. b. graueri), and Gorilla gorilla with two subspecies (G. g. gorilla
and G. g. diehli)[37]. Gorillas are ground dwelling, predominantly herbivorous apes inhabiting the tropical or
subtropical forests of central Africa (Figure 1). Evidence
of past HBV infection was found in 11% to 30% of
tested gorillas[43,44], none of which reported with current
infection. Until now, only one western lowland gorilla
(Gorilla gorilla gorilla) from Cameron has been reported
with an HBV-like infection[28]. Whether this gorilla HBV
sequence differed from that of chimpanzee HBV has
remained unknown although some studies showed their
close relationship[28,42,45]. The last authors suggested that
sympatry of these two primate taxa, in the forests of
west Africa, makes the possibility of cross-species transmission likely[42].

Comprehensive phylogenetic analyses including avihepadnaviruses and orthohepadnaviruses clearly showed a
high divergence at the nucleotide level between these two
groups[24-26]. These analyses also revealed three groups of
mammalian HBV, each associated with a different mammalian order: Rodentia, Chiroptera and Primates.
HBV infection in old world primates
Active and resolved HBV infections have been found in
several species belonging to the genera Pan, Gorilla, Hylobates, Nomascus and Pongo[17,27-29]. Prevalence of infection
in these animals is comparable to those found among
humans in endemic areas[21]. Specific HBV strains were
found in gorillas[30], chimpanzees[31] and gibbons[27,28]. Recent findings showed occurrence of recombination between HBV strains of human and chimpanzee[32], human
and gibbon[33], and gorilla and chimpanzee[21], confirming
the ability of HBV to cross species barriers. These findings suggested that transmission from humans to nonhuman primates or vice-versa were likely to occur wherever
their habitats overlap.
Orangutans are apes of the Hominidea family with
two extant species, Pongo pygmaeus and Pongo abelii (Figure
1). They are the only great apes found outside Africa,
in the islands of Borneo and Sumatra[34]. Orangutans
are highly endangered as a result of poaching and widespread destruction of their habitats resulting from human intrusions in their rainforest habitat. The accumulation of relatively solitary orangutans in reintroduction
centers also increases the potential of transmission of viral pathogens, either of orangutan or human origin. Previous studies have shown the role of Pongo pygmaeus as an
HBV host[35,36], carrying a specific HBV strain[30] and with
individuals potentially becoming chronic HBV carriers[33].
In some places, prevalence of HBV in orangutans was
as high as 59%, with 10% of them representing chronic
carriers[35].
Chimpanzees are apes of the Hominidea family
comprising two extant species, the gracile chimpanzee or
bonobo (Pan paniscus), and the robust or common chimpanzee Pan troglodytes (P. troglodytes) with four subspecies:
the western common chimpanzee (P. troglodytes verus), the
central common chimpanzee (P. troglodytes troglodytes), the
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Figure 1 Geographic distribution of hepatitis B virus hosts. Primates: 1: Pan troglodytes verus; 2: P. t. vellerosus; 3: P. t. troglodytes and Gorilla gorilla gorilla; 4:
P. t. schweinfurthii; 5: Hylobates lar; 6: Hylobates moloch; 7: Hylobates pileatus; 8: Hylobates agilis; 9: Nomascus gabriellae; 10: Nomascus leucogenys; 11: Nomascus concolor; 12: Pongo pygmaeus; 13: Papio ursinus; 14: Lagothrix cana; 15: Lagothrix poeppigii; 16: Lagothrix lugens; 17: Lagothrix lagothricha. RODENTIA: 18:
Sciurus carolinensis; 19: Marmora monax; 20: Otospermophilus beecheyi; 21: Spermophilus parryii. Chiroptera: 22: Uroderma bilobatum (partial distribution); 23: Hipposideros ruber; 24: Rhinolophus alcyone; 25: Miniopterus fuliginosus. HBV: Hepatitis B virus; ASHV: Arctic squirrel HBV; BtHV: Bat (Miniopterus fuliginosus) hepatitis
viruses; chHBV: Chimpanzee HBV; GSHV: Californian ground squirrel HBV; gibHBV: Gibbon HBV; HBV genA: Human HBV genotype A; HBHBV: Horseshoe bat HBV;
RBHBV: Roundleaf bat HBV; TBHBV: Tent-making bat HBV; THBV: Tree squirrel HBV; WHV: Woodchuck HBV; WMHBV: Woolly monkey HBV.

types found in the great apes with human specific HBV
genotypes. However, analyses carried out with different
HBV genomic regions showed a more complex picture,
where recombination events between genotypes were
demonstrated[19,21,30].
Recombination events between human HBV genotypes are frequently reported and some sub-genotypes
clearly result from recombination events between different genotypes[49]. These events were also hypothesized as
part of the evolutionary history of HBV genotypes from
Homo sapiens, Pan, Gorilla, Pongo and Hylobates. In these
cases, there is evidence that recombination has been a relevant process[21] although it is not clear whether recombination events occurred before or after the initial infection in each species. An interesting case was reported by
Tatematsu et al[13], showing that the new human genotype
J found in one patient resulted from a recombination
event between human HBV/C and gibbon HBV. No
other man or gibbon was found infected by this virus.
Zhou and Homes[50], analyzing recombination events with
different algorithms, suggested that recombination between HBV genotypes more frequently occurs between
the positions 1627 and 3252. Lyons et al[21], who analyzed
recombination between human HBV genotypes and
between great ape HBV genotypes, found similar results
and showed evidence that recombination has recurrently
taken place during evolution of HBV genotypes.
Baboons are social monkeys of the Cercopithecidae
family, with five Papio species commonly recognized
despite controversies on their bona fide status as valid species or subspecies. These comprise Papio ursinus, or the

Gibbons are lesser apes belonging to the Hylobatidae family, comprising four genera, Hylobates, Nomascus,
Hoolock, and Symphalangus, and distributed in tropical and
subtropical rainforests from northeast India to Indonesia
and northern to southern China, and the islands of Sumatra, Borneo and Java (Figure 1)[46]. Phylogenetic analysis of complete HBV surface (S) gene sequences revealed
that gibbon viruses clustered separately from hepadnaviruses of other hosts[48]. Several species of Hylobates and
Nomascus were found to be infected by at least four different HBV strains[28,33,47]. An HBV isolate from a Nomascus
leucogenys found in Thailand was phylogenetically separate from those found in Hylobates pileatus and Hylobates
lar, and was almost identical with an HBV isolate from
Hylobates concolor, confirming the circulation of several
HBV strains in gibbons[29]. Evidence for horizontal and
vertical transmission in captive gibbons was been found,
and HBV DNA has also been detected in the saliva of
gibbon HBV carriers[48]. Some gibbon species have been
shown to become chronic HBV carriers[33]. A previous
study showed a high prevalence (ca. 41%) of infection by
HBV in captive and possible horizontal transmission between infected gibbons in Taiwan[47]. In this study, saliva
samples of HBV carrier gibbons tested positive for HBV
DNA, demonstrating a potential infection through contact with bodily fluids.
Phylogenies based on complete HBV genome sequences of different primate species suggest that interspecific transmissions might take place between man and
closely-related genera (Pan, Gorilla, Pongo, and Hylobates).
This can be deduced from the grouping of HBV geno-
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chacma baboon (Figure 1), Papio papio, or the Guinean
baboon, Papio hamadryas, or the hamadryas baboon, Papio
anubis, or the olive baboon, and Papio cynocephalus, or the
yellow baboon. The practice of daily grooming with several related and unrelated individuals, including offspring,
indicate that horizontal baboon-to-baboon transmission
of HBV has been likely, and the well-documented interactions between humans and baboon make cross-species
transmission of this virus plausible[51]. Despite previous
hypothesis of a lack of susceptibility of baboon to HBV
infection[52], later studies showed that Papio ursinus orientalis
was capable of been infected with HBV[53]. More recently, Papio ursinus liver samples from specimens caught
in South Africa were found to be naturally infected with
HBV DNA subgenotype A2, with evidence of lifelong
persistence of this virus and occurrence of occult HBV
infections[51]. The overall prevalence (21.7%) of HBV in
baboons has been found to be similar to other nonhuman
primates in areas to which HBV is highly endemic[33,51].
Dupinay et al[54] detected the presence of the human
HBV sub-genotype D3 in serum and liver samples of
Macaca fascicularis from the Mauritius Islands. HBV DNA
prevalence of 25% in serum samples of 120 specimens
and 42% of liver samples from 50 specimens was reported.
These reports described the likely occurrence of
HBV transmission from humans to monkeys demonstrated by similarities between HVB isolates from these
species and human sub-genotypes, accounting for 98%
for Macaca fascicularis and HBV/D3, and 99% for Papio
ursinus orientalis and HBV/A2. Interestingly, although the
Papio/Macaca lineage split from Homo/Pan/Gorilla/Hylobates ca. 30 million years ago[55], Papio ursinus orientalis and
Macaca fascicularis have been capable of maintain a chronic
or occult infection caused by a human HBV virus lineage.

ing and producing virions in human liver cell lines but
experimental infection using the spider monkey (Ateles
geoffroyi) as a model did not result in permanent infection,
with viral clearance 16 wk after infection[57]. Phylogenetic
analyses showed that WMHBV divergence occurred before the radiation of the remaining primate HBV genotypes, with a nucleotide sequence similarity ranging from
62% to 86% in different open reading frames between
different genotypes. WMHBV was not detected in wild
specimens, a reason why it is unclear whether this HBV
might actually infect wild populations of wooly monkeys.
HBV infection in domestic animals
Research on HBV-like viruses in domestic animals has
been carried out since 1985[58]. Recently, liver of captive
swine and chickens were found to be naturally infected
with HBV in China[18,59]. These findings, together with the
known ability of HBV to cross species barriers[19], suggested that human and nonhuman HBV variants might
share hosts in nature. Recently, serological data from several samples from swine from Brazil and partial genome
sequencing (252-365 bp) of three of these samples confirmed HBV infection, with sequences sharing 93%-96%
of identity with human HBV[60]. Although there is no
evidence that human populations have been so far infected with HBV variants of animals used for food, animal
source foods deserve a closer attention[59].
HBV infection in bats
Bats (order Chiroptera) are a source of a wide variety
of emerging pathogens, including coronaviruses, filoviruses, Hendra and Nipah paramixoviroses, lyssaviruses
and HBV[61]. A recent study provided strong evidence
of circulation of orthohepadnaviruses in Miniopterus fuliginosus bats from Myanmar[24]. Miniopterus fuliginosus was
initially considered a junior synonymous of M. schreibersii,
but molecular studies inferred from mitochondrial cytochrome b sequences showed that M. fuliginosus was a valid
species[62]. The virus found in this bat species differed
from currently known members of the genus Orthohepadnavirus, representing a new species. Prevalence of bat
hepatitis viruses in Miniopterus fuliginosus from two localities was 2.2% and 4.7%, respectively, indicating that this
species was likely a natural reservoir of BtHV[24]. These
bats are widely spread and host other viruses, including
coronaviruses and betaherpesviruses[63-65].
A screening of 3080 bat specimens belonging to 54
species and 11 families showed ten specimens (0.3%)
from Panama and Gabon carrying unique hepadnaviruses
in co-ancestral relation to HBV, putatively classified as orthohepadnavirus species[26]. Infected livers showed histopathologic alterations compatible with hepatitis. Phylogenetic analyses carried out with generated virus sequences
suggested that bat HBV was more closely-related to primate HBV than to those of other mammalian orders.

HBV infection in neotropical primates
Wooly monkeys belong to the Lagothrix genus, a neotropical primate taxon of the Atelidae family. Lagothrix
comprises at least four species: Lagothrix lagotricha, Lagothrix poeppigii, Lagothrix lugens, and Lagothrix cana (Figure 1).
They are the only neotropical monkeys found to host a
specific HBV[56]; 81% (13/16) of animals from the Louisville Zoo colony showed signs of ongoing or previous
infections with wooly monkey HBV (WMHBV). Nine
polymerase chain reaction (PCR)-positive animals showed
consistent profiles with either acute or chronic infection.
PCR analysis of archived sera showed that many infections were chronic and had been present in the colony for
at least 9 years prior to the study[56]. Data of WMHBV
infections in the Louisville colony were consistent with
vertical transmission. At the time of that study, Lagothrix
was considered to be a monotypic genus with a single
species L. lagothricha. The current taxonomic arrangement
splitting L. lagothricha in four species does not allow us to
know which species was identified as the HBV reservoir.
WMHBV is the only HBV so far described in
neotropical primates and was only detected in captive
animals[57]. The WMHBV genome is capable of replicat-
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family, is distributed in Canada and United States, including Alaska (Figure 1)[66]. This species is common and
territorial, with highly variable densities ranging from 0.1
to 3.3/hectare and with loosely structured populations
in burrow systems without spatial clusters[66]. Viruses
similar to HBV were found in a laboratory population of
woodchucks and designated woodchuck hepatitis virus
(WHV)[67]. Subsequently, WHV was found in a natural
population of woodchucks from southeastern Pennsylvania, central New Jersey, and north central Maryland[68].
Spermophilus beecheyi, currently known as Otospermophilus
beecheyi (ground squirrel), is a rodent of the Sciuridae family distributed in United States and Mexico (Figure 1)[69,70].
This species lives in rocky habitats and is widespread and
locally abundant in most of its habitats, including agricultural areas, but can be rare in other places[70]. The ground
squirrel hepatitis virus shared many of the unique characteristics of HBV, and has been found in Beechey ground
squirrels of northern California[71].
Spermophilus parryii kennicottii, currently known as Urocitellus parryii kennicottii (arctic ground squirrel), is a rodent
of the Sciuridae family. Urocitellus parryii is distributed in
Canada, Alaska in United States, and Russia (Figure 1)[70].
This species lives in colonies with complex system of
shallow burrows (up to 1 m) with several entrances and
nests[69]. Testut et al[72] found that 14% of the 56 analyzed
animals were positive for ASHB (artic ground squirrel
HBV).
The tree squirrel Sciurus carolinensis, a rodent of the
Sciuridae family, occurs in United States and Canada
(Figure 1), while S. c. pennsylvanicus occurs in the northeast
of this distribution[73]. Based on histological evidence of
hepatitis in 14 of 94 samples of tree squirrel livers, DNA
polymerase and cross-reactive surface antigen activities
in 3 of 14 livers, a virus similar to, but different from
HBV was identified, named tree squirrel hepatitis B virus
(THBV)[74].

nate with successful establishment of infection leading to
virus replication and pathogenesis. The higher physical
stability of HBV-like viruses (e.g., compared to HIV)[78]
may enhance such scenario of successful establishments
in the human host.
The dynamic interplay between the host and the virus
depends on viral facts such as viral genetic variation and
viral genotype[25]. The increase in reports on the circulation of HBV in different species of mammals and birds
has stimulated interest in identifying new reservoirs and
genotypes, indicating the need for additional studies to a
greater understanding of the dynamics of transmission
of HBV to humans and other species susceptible to the
virus. Although transmission of human hepatitis B virus
variants to nonhuman primates is well documented, it remains to be elucidated whether nonhuman primate HBV
and those from other vertebrate species are transmissible
to man.
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Hepatitis B virus reactivation in patients with hepatocellular
carcinoma undergoing anti-cancer therapy
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setting and justified such an approach before the start
of therapy. Given the tumors and underlying cirrhosis,
long-term use of antivirals with high potency and low
risk of resistance is recommended in patients with HCC.
This topic review will summarize the epidemiology,
pathogenesis, and clinical issues related to HBV reactivation in HCC patients, and will discuss proper management against HBV reactivation during anti-cancer
therapy for HCC.
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Core tip: Hepatitis B virus (HBV) reactivation is a serious hepatic morbidity during anti-cancer therapy. The
principal concern relating to reactivation is that a substantial proportion of patients with reactivation suffer
from liver dysfunction, which often leads to disruption of planned, potentially life-prolonging treatments,
adversely affecting the patients’ final outcome. Given
the tumors and underlying cirrhosis, awareness of the
management of reactivation is crucial for patients with
hepatocellular carcinoma (HCC). This topic provides a
summary of the literature and discusses clinical issues
of HBV reactivation in HCC patients that are distinct
from those in other cancer patients.

Abstract
Patients with hepatocellular carcinoma (HCC) often
experience hepatic morbidity. Hepatitis B virus (HBV)
reactivation is well documented as a serious hepatic
morbidity during anti-cancer therapy. Reported rates of
HBV reactivation in chronic carriers with HCC undergoing chemotherapy range from 4%-67%. Apart from
chemotherapy, HBV reactivation has been increasingly
identified in settings of hepatectomy and local ablation therapies. The rates of HBV reactivation vary with
different levels of immunosuppression and depend on
treatment, viral factors, and patient characteristics. The
principal concern relating to reactivation is that a substantial proportion of patients with reactivation suffer
from liver dysfunction during therapy, which often leads
to disruption of planned, potentially life-prolonging
treatments, adversely affecting the patients’ final outcome. The first step in the management of HBV reactivation is identification of patients at risk of reactivation
by testing for HBV serology prior to commencing anticancer therapy. Although it is a serious complication,
HBV reactivation is preventable with prophylactic antiHBV drugs. Multiple publications have shown the benefit of prophylactic or preemptive antiviral therapy in this
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INTRODUCTION
Cancer patients often get viral infections that may be fa-
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roles in inducing viral reactivation in these patients. Not
all patients with viral reactivation develop hepatitis; with
the same treatment, some patients with reactivation develop severe hepatic injury while others do not. In this
situation, the degree of immunosuppression induced by
treatment is highly implicated in the frequency and severity of HBV reactivation[1,2]. This notion is supported by
reports of severe reactivation following more aggressive treatments such as with the use of rituximab, organ
transplantation, or concurrent chemo-radiation[3-7].
Reactivation of HBV is common in HBsAg-positive
individuals who are undergoing chemotherapy, but it can
also occur in patients with resolved hepatitis B in whom
serological tests are negative for hepatitis B surface antigen (HBsAg), but positive for antibody to hepatitis
B core antigen (anti-HBc) with or without antibody to
HBsAg. Such de novo HBV-related hepatitis is reportedly
most common in patients undergoing rituximab-containing regimens or hematopoietic stem cell transplantation,
in which host immunity is extremely down-regulated
and immune-suppression is much prolonged[3,4]. Thus, it
should be stressed that HBV reactivation is not limited
to chronic HBsAg carriers, but can take place in HBsAgnegative individuals with prior exposure to HBV who are
under any intensive treatment.
The risk and severity of HBV reactivation among
patients with various cancers appears to be proportionate
to the degree of immunosuppression and the intensity
of cancer chemotherapy (Figure 1). When the type of
malignancy is categorized according to the risk of reactivation, HBsAg-positive chronic carriers with hematologic
diseases or organ transplantation are at the highest risk
of developing HBV reactivation during therapy. The reported incidence of HBV reactivation in this high risk
group ranges from 40% to 50% or more[3,4]. Patients with
HCC, lung cancer, and nasopharyngeal cancer undergoing
chemotherapy fall within the intermediate risk category,
in which HBV reactivation during therapy ranges from
10% to 30%[3,8]. The low-risk group includes patients with
gastrointestinal malignancies receiving 5-fluorouracilbased therapy. This group is at low risk (< 10%) of viral
reactivation, mainly due to the use of anti-cancer therapy
with lower immuno-suppressing property[3,9]. For patients
with HCC, the feature of HBV reactivation varies with
treatments; the risk of developing reactivation is high on
intensive chemo-radiotherapy, but low on local ablation
therapy (LAT).

High risk
Intermediate
risk
Low risk

Treatment intensity
Risk of HBV reactivation

Figure 1 Role of treatment intensity and the degree of immunosuppression in hepatitis B virus reactivation during cancer therapy. The risk of
hepatitis B virus (HBV) reactivation is proportionate to treatment intensity and
the degree of immunosuppression.

tal, either directly due to the impaired host immunity that
is accompanied by the underlying malignancy or indirectly due to immunosuppressive anti-cancer therapy. Among
the viruses, hepatitis B virus (HBV) reactivation is one
of the most serious complications of chemotherapy
and is associated with morbidity and mortality in cancer
patients. A substantial proportion of patients suffering from HBV reactivation experience liver dysfunction
during anti-cancer therapy; liver dysfunction may lead
to disruptions in scheduled treatments, thus potentially
affecting patient outcome. Although earlier reports of
HBV reactivation focused on patients with hematologic
malignancy, reactivation is now increasingly seen in patients with other malignancies. In cancer management
using more complex treatment protocols, HBV reactivation occurs in varying clinical instances and appears to be
more common.
Over the past decade, there has been a growing body
of evidence on HBV reactivation in patients with hepatocellular carcinoma (HCC). Pooled data suggest that
the reactivation of HBV is not infrequent in chronic
HBV carriers with HCC who are undergoing anti-cancer
therapy. For patients with HBV-related HCC, HBV reactivation and subsequent hepatic morbidity are among negative prognostic indicators for HCC survival. Awareness
of prevention and management of HBV reactivation in
patients with HBV-related HCC is crucial so that patients
may continue to receive potentially life-saving treatments.
In this review, the author introduces the epidemiology,
pathogenesis, risk factors, and clinical manifestations of
HBV reactivation in HCC patients that are distinct from
those in other cancer patients and discuss the proper management of HBV reactivation during anti-cancer therapy.

CLINICAL MANIFESTATION AND
PATHOGENESIS OF HBV REACTIVATION
The clinical spectrum of reactivated hepatitis B varies from a slight elevation of alanine aminotransferase
(ALT) to fatal fulminant hepatitis, sometimes leading to
death. The incidence of HBV reactivation in HBsAgpositive patients with HCC ranges from 4% to 67%, with
mortality rates reaching up to 18%[3,8,10]. Despite the rare
incidence of reactivation in HBsAg-negative patients,

HBV REACTIVATION AND DEGREE OF
IMMUNOSUPPRESSION
Although reactivation of HBV can occur spontaneously,
it commonly occurs following chemotherapy or immunesuppressive therapy. This implies that the dampening of
immune mechanisms by anti-cancer therapies plays key
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the prevalence of severe hepatitis leading to fulminant
hepatitis is reportedly higher in HBsAg-negative than
HBsAg-positive patients[4]. Different manifestations of
reactivation are related to the type of cancer, treatment
protocols, baseline viral replicating activity, and underlying liver diseases.
Reactivation typically starts with the increase in viral
replication that occurs after initiating immune suppression or chemotherapy. During the immunosuppression,
HBV replication is enhanced leading to widespread
hepatocyte infection by the virus. When the chemotherapeutic drugs are withdrawn, restoration of host immune
function results in the rapid destruction of infected hepatocytes, and hepatocellular injury arises[1,11]. Although
immune-mediated lysis of infected cells by cytotoxic T
lymphocytes is generally implicated in the mechanism of
hepatitis due to reactivation, a direct cytopathic effect of
increased HBV replication during immunosuppression
cannot be fully excluded[12,13]. Thus, the development of
reactivation hepatitis is best understood in the context of
a complex interplay between the virus and host immunity.
In a typical case of hepatitis due to HBV reactivation,
serum HBV DNA levels increase several weeks prior to
increases in ALT levels. Because ALT flares lag behind
the increase in HBV DNA levels, serum HBV DNA levels may be declining or undetectable when patients with
flares are evaluated for reactivation. Thus, it should be
noted that the diagnosis of HBV reactivation may be neglected or underestimated when testing for serum HBV
DNA is performed in the recovery phase of reactivation,
making estimates of the actual incidence of HBV reactivation in patients on chemotherapy a challenge. Indeed,
in a prospective study, “serial HBV DNA monitoring”
done intensively at less than monthly intervals improved
the accuracy of diagnosing HBV reactivation when compared with “conventional monitoring”, which only measured HBV DNA at the time of clinical hepatitis[14]. This
highlights the importance of close monitoring of HBV
DNA levels in determining the accurate estimation of
HBV reactivation during chemotherapy.

ed to negatively affect survival of HCC patients. Indeed,
a recent study involving 1609 patients who underwent
hepatectomy demonstrated that HBV reactivation was
independently associated with shorter overall and recurrence-free survival[16]. Furthermore, when reactivation
occurs, scheduled treatment for HCC should be delayed
until the deteriorated liver function recovers. Two prospective studies showed that reactivation resulted in delay
or premature termination of treatment schedules for
HCC[15,17]. Patients with reactivation experience significantly more frequent disruptions in treatment schedules
than those without[14]. The overall findings suggest that
HBV reactivation is an independent factor that adversely
affects the final outcome of patients as it causes not only
direct hepatic damage, but also disruptions in treatments
of HCC, ultimately precluding therapeutic benefit from
scheduled treatment.

DIAGNOSIS OF HBV REACTIVATION
When HBV reactivation is suspected in chronic carriers,
HBV DNA testing is the mainstay in the diagnosis of
HBV reactivation, because many cases of reactivation occur without changes in serologic markers such as HBsAg
or HBeAg. The critical issue is to demonstrate whether
a patient with viral reactivation actually has “hepatitis”.
Histological examination by liver biopsy may be the best
diagnostic tool for hepatitis, but sampling liver tissues
may be difficult, because patients suffering from HBV
reactivation frequently have severe hepatic injury including coagulopathy. Thus, despite the lack of consensus on
diagnostic criteria, it is generally accepted that hepatitis
due to HBV reactivation is diagnosed when there is an
abrupt increase in serum ALT to > 3 times the baseline
level in case of HBV reactivation, which is defined as an
increase in HBV DNA levels to > 10 times the baseline
level. It has been reported that histological proof of reactivation hepatitis using liver biopsy is not needed using
these criteria[18]. Nevertheless, because the presentation
of ALT levels varies with underlying liver diseases, the
optimal cut-off value for the diagnosis of hepatitis due
to reactivation remains to be confirmed.
HBsAg-negative patients undergoing rituximab-containing chemotherapy or transplantation are also at risk
of developing HBV reactivation. In these patients, occult
HBV infection is implied as the origin of reactivation[19].
Reversion of HBsAg or a decrease in the titers of antiHBs often precedes an increase in the HBV DNA level.
Thus, the definition of HBV reactivation for HBsAgnegative patients is made when there is a reappearance of
HBsAg or HBV DNA in the serum[18,20].

IMPORTANCE OF HBV REACTIVATION IN
THE TREATMENT OF HCC
In a study of patients with HBV-related HCC, hepatitis
following treatment of HCC was reported in 60% of patients. Most of the hepatic events were attributed to HBV
reactivation, which has a 30% mortality rate[15]. Such high
morbidity and mortality rates from HBV reactivation call
for physicians’ awareness and appropriate management
to prevent reactivation in patients undergoing treatment
of HCC, especially considering that HCC patients with
reactivation are more prone to have severe hepatic damage due to underlying liver cirrhosis.
HBV reactivation in HCC patients is linked directly
with poor HCC survival. Given that hepatic functional
deterioration is a leading cause of death in patients with
HCC, the development of HBV reactivation is anticipat-
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RISK FACTORS OF HBV REACTIVATOIN
IN HCC
Several risk factors identified for HBV reactivation in
patients undergoing cancer chemotherapy have been
broadly categorized into host, viral, and treatment factors

7677

June 28, 2014|Volume 20|Issue 24|

Jang JW. HBV reactivation in HCC
Table 1 Results of hepatitis B virus reactivation in patients with hepatocellular carcinoma receiving chemotherapy n (%)
Ref.

1

No of patients

Chemotherapy

No of sessions

HBV reactivation (hepatitis)

[29]

33

TAI

24%

3 died

Jang et al[27]
Nagamatsu et al[10]

146
17

TACL
TAI

33.7% (21.7%)
67%

25 resolved, 3 died
3 died of HBV reactivation

Yeo et al[15]

102

(36%)

Twelve died of HBV reactivation

Park et al[31]

89

Systemic
chemotherapy
TACE

Weekly
infusion
5 (2-14)
bi-weekly
infusion
3-weekly
intervals
1

4.3%

Jang et al[17]

73

TACL

Kim et al[6]

91

TACE + RT

1-monthly
intervals
NA

3 resolved, 1 had tumor-related hepatic
failure
One died of HBV reactivation

Lao et al[32]

172

TACE

1.3/person

Jang et al[7]

205

Lao et al[30]

320

LAT, TACL,
TACL + RT
TACE

1-2 monthly
intervals
4-10 weekly
intervals

Nagamatsu et al

40.5% (29.7%)
21.8% (a rebound of HBV DNA
to > 100 × baseline)
14.5%

Morbidity/mortality

4 (12.5) developed CHB exacerbation

30.2%

12.1% in the reactivation group had CHB
exacerbation
10 developed decompensation, 1 died

17.5%

26 (8.1) had liver functional deterioration

1

The rates of hepatitis B virus (HBV) reactivation were the frequencies in antiviral-untreated patients. Modified from Jang et al[8]. HCC: Hepatocellular
carcinoma; TAI: Transarterial infusion chemotherapy; TACL: Transarterial chemo-lipiodolization; TACE: Transarterial chemo-embolization; RT:
Radiotherapy; LAT: Local ablation therapy.

The type of treatment can contribute to the differential risk of HBV reactivation. The reported incidences of
HBV reactivation in patients undergoing systemic chemotherapy, transarterial therapy, LAT, and surgical resection were approximately 40%, 15%-35%, 5%-10%, and
15%-30%, respectively (Tables 1-3). Radiation therapy
leads to viral reactivation by actively suppressing the immune system, as evidenced by the decrease in the number
of immune cells as well as by a bystander mechanism
involving interleukin (IL)-6 released during radiotherapy[6,7,23]. A previous study comparing HBV reactivation
between various loco-regional therapies indicated that
there is a high risk of HBV reactivation with concurrent
chemo-radiation therapy, an intermediate risk with conventional transarterial chemoembolization (TACE), and a
relatively low risk with LAT[7].
Taken together, the key element that determines the
risk of HBV reactivation during cancer therapy is the
degree of immunosuppression induced by individual
treatment options. As all chemotherapeutic agents have at
least some immune suppressive effect, the varying risk of
HBV reactivation with different treatments reflects the
distinct levels of immunosuppression on host immunity
contributed by each treatment.

Viral factors
High viral load
HBeAg positivity
Intrahepatic cccDNA
Precore/core promoter mutation

Treatments
Treatment intensity:
(Chemo-RT > TACE, OP > LAT)
HSCT, transplantation
Rituximab
Corticosteroids, anthracycline

Host and others
Type of malignancy
Younger age
High ALT level
Male

Figure 2 Risk factors of hepatitis B virus reactivation in chronic hepatitis
B virus carriers with or without hepatocellular carcinoma. Modified from
Jang et al[8]. ALT: Alanine aminotransferase; RT: Radiotherapy; TACE: Transarterial chemoembolization; OP: Operation; LAT: Local ablation therapy; HSCT:
Hematopoietic stem cell transplantation.

(Figure 2). These risk factors are not different for patients
with HCC and with other malignancies.
Given that highly replicating HBV is a key factor for
the development of HCC[21], it is speculated that HBV
itself in patients with HCC is more prone to reactivate
under the circumstances of immunosuppression. Although other viral factors including HBeAg seropositivity
and molecular variants in the HBV genome, such as basal
core promoter or precore mutations, are sporadically
reported to predispose reactivation, a high viral load has
been most strongly associated with reactivation in multiple publications[17,18,22].
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HBV REACTIVATION IN PATIENTS WITH
HBV-RELATED HCC
HBV reactivation following chemotherapy or
radiotherapy
In East Asian countries such as Korea, in which HBV
infection is endemic, more than two thirds of patients
diagnosed with HCC have evidence of chronic HBV infection. Because HBV-related liver morbidity can be in-
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Table 2 Results of hepatitis B virus reactivation in patients with hepatocellular carcinoma receiving hepatectomy n (%)
Ref.

No of patients

HBV reactivation

25
164
84
93
121

28.0%
21.1%
31.8%
14.0%
15.7%

[36]

Kubo et al
Huang et al[35]
Huang et al[37]
Dan et al[38]
Lao et al[30]

1

Morbidity/mortality
24% had postoperative hepatitis
No patient developed liver failure postoperation
8.3% had postoperative liver insufficiency
25% developed hepatitis, None of them developed hepatic failure
26 (8.1) had liver functional deterioration

1

The rates of hepatitis B virus (HBV) reactivation were the frequencies in antiviral-untreated patients.

Table 3 Results of hepatitis B virus reactivation in patients with hepatocellular carcinoma receiving local ablation therapy
Ref.
[7]

Jang et al

Yoshida et al[39]
Dan et al[38]

1

No of patients

Therapy

HBV reactivation (hepatitis)

43

7 with PEIT and 36
with RFA
RFA
RFA

0% vs 9.1% in patients with low and high
viremia, respectively
(5.6%)
5.6%

104
125

Morbidity/mortality
None of the patients developed hepatic
decompensation
Not specified
None of the patients developed hepatic failure

1

The rates of hepatitis B virus (HBV) reactivation were the frequencies in antiviral-untreated patients. RFA: Radiofrequency ablation.

tensified with the underlying cirrhosis of these patients,
HBV reactivation remains a critical issue in the management of HBV-related HCC. Nevertheless, it is paradoxical that HBV reactivation in patients with HCC has been
recognized only recently, approximately 30 years after
the first description in 1975 of cases of reactivation in
patients with hematologic malignancies[24]. Reactivation
of HBV in patients with HCC was first reported in 2003
in case reports; in these instances flares of hepatitis
associated with HBV reactivation developed after transarterial chemo-infusion and resolved after lamivudine
administration[25,26].
Unlike systemic chemotherapy, TACE may not directly contribute to HBV reactivation because it has little
systemic effect on host immunity. However, TACE does
have a systemic effect through arterio-venous shunt or
peritumoral microcirculation, by which host immune
regulation is often compromised. This notion is supported by a body of evidence showing that TACE itself
is directly associated with an increased rate of HBV reactivation[3,10,27]. The chemotherapeutic agent chosen for
treatment of HCC may also stimulate HBV reactivation.
As a putative mechanism of reactivation, anthracyclines
have been experimentally shown to stimulate HBV DNA
secretion from HCC cell lines in a dose-dependent manner[28]. That anthracyclines such as doxorubicin are commonly used as part of intra-arterial chemotherapy for
HCC may explain the increased risk of HBV reactivation
in patients undergoing doxorubicin-containing TACE.
Table 1 summarizes the results from studies on HBV reactivation during intra-arterial or systemic chemotherapy
for HCC, which will be mentioned below.
In one of the earliest reports, Nagamatsu et al[29]
showed that 24% of patients receiving weekly infusions
of intra-arterial chemotherapy had HBV reactivation,
and the presence of hepatitis B e antigen (HBeAg) was
associated with hepatic damage during the therapy. The
same group of investigators subsequently recruited 17
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HBeAg-positive patients and investigated the efficacy
of prophylactic lamivudine. In that study, three patients
expired, and exacerbation of liver damage was detected
in six of the nine patients who did not receive lamivudine
therapy, providing a presumed rate of HBV reactivation
of 67%. None of the 8 patients receiving lamivudine had
liver damage. Although the number of patients was small
and only HBeAg-positive patients were included in analysis, this study was the first to suggest any beneficial effect
from antivirals in patients with HBV-related HCC[10].
A study by Jang et al[27] involving 146 Korean patients
also showed a higher incidence of hepatitis due to HBV
reactivation with TACE than with other local therapies
[21.7% (18/83) vs 1.6% (1/63), respectively]; the authors
found varying incidences of HBV reactivation according
to individual treatments for HCC. In a study by Yeo et
al[15], which prospectively followed 102 patients receiving systemic chemotherapy, 59 (58%) patients developed
hepatitis; 37 (36%) of these cases were attributable to
HBV reactivation, with 12 deceased cases. More recently,
a large Chinese study by Lao et al[30] revealed that 17.5%
of patients treated with TACE developed HBV reactivation, with a liver deterioration rate of 8.1%. In contrast,
they demonstrated that only 1.5% of antiviral-treated
patients developed HBV reactivation following TACE.
Reactivation of HBV during radiotherapy with or
without TACE has also been examined in several studies.
Kim et al[6] conducted a retrospective analysis of 48 Korean patients who underwent radiotherapy and compared
them to a control group of 43 chronic carriers with
HCC or CHB who did not undergo any specific therapy.
Among the antiviral-untreated patients, viral reactivation
occurred in 21.8% (7/32) after radiotherapy, which is
significantly higher than that of those receiving lamivudine (0%, 0/16) or of controls (2.3%, 1/43). However,
this study adopted far stricter criteria for HBV reactivation, defined as > 100-fold increase in HBV DNA levels.
Thus, the incidence of HBV reactivation would be higher
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when using the generally proposed criteria for reactivation, defined as > 10-fold increase in HBV DNA levels.
Another Korean study looked at HBV reactivation
in 205 prospectively recruited HBsAg-positive patients
receiving various loco-regional therapies[7]. In the study,
the hazard ratios for HBV reactivation were shown to be
1.0 for LAT, 2.45 for TACE using a single agent, 4.19 for
TACE using combined agents, and 10.17 for combined
TACE with radiotherapy. This study further confirmed
that the level of immunosuppression affected by cancer
therapy is the main factor for HBV reactivation in patients with HCC.
Some other studies have provided conflicting results
as to the risk of HBV reactivation after chemotherapy
among patients with HCC. In a Korean study that prospectively followed 89 patients (69 with TACE vs 20
controls), Park et al[31] showed that the risk of HBV reactivation was low after one session of TACE, with a 4.3%
(3/89) rate of reactivation. Another study by Lao et al[32]
involving 172 patients indicated varying patterns in serum
HBV DNA levels before and after TACE. In their analysis of 228 total sessions of TACE, HBV reactivated in 33
(14.5%), remained stable in 152 (66.7%), and decreased
in 43 (18.8%) sessions. Finally, a study by Ahmad et al[33]
from the United States showed no cases of reactivation
after TACE. However, that particular study lacked the
detailed definition and data of HBV reactivation and included both HBV and HCV-infected patients. The results
from this study therefore will not be discussed. Although
the above results showed relatively low rates of HBV reactivation, it should be noted that these studies provided
short-term data. With regard to the time to reactivation,
hepatitis due to reactivation has been reported to occur after a median of 3.5 cycles following initiation of
TACE[17], suggesting that HBV reactivation generally occurs not after the first cycle, but after repeated cycles of
chemotherapy enough for leading to host immune suppression. In addition, the treatments in these studies were
performed at longer TACE intervals, with lower doses of
drugs, and so the interpretation is complicated.

of 25 surgical patients; since then, emerging data have
consistently shown that reactivation of HBV after resection is common, calling for appropriate management
of HBsAg carriers undergoing resection. Huang et al[35]
also examined reactivation among all 164 study cohorts
who underwent hepatectomy. With ten patients (6.1%)
developing HBV reactivation within 1 mo after hepatectomy, reactivation occurred in 21.1% (8/38) of antiviraluntreated patients, which was significantly higher than
that of antiviral-treated patients (1.6%, 2/126). The same
investigators subsequently conducted a prospective study
to evaluate the efficacy of preemptive antiviral therapy
in patients undergoing resection[37]. In that study, HBV
reactivation developed in 14 (31.8%) of the 44 control
patients without antiviral therapy.
A retrospective study by Dan et al[38] involving 93 surgical patients with or without antiviral therapy showed an
overall reactivation rate of 14.0% (13/93) post-resection.
With subgroup analysis, the incidence of viral reactivation appeared to be higher in the antiviral untreated
group vs the treated group (20.7% vs 2.9%). Another
study by Lao et al[30] from China showed that of the 121
patients without antiviral therapy, 19 (15.7%) developed
HBV reactivation following resection of HCC.
The final and the largest study by Huang et al[16] examined HBV reactivation in 1609 patients undergoing
hepatectomy. HBV reactivation happened in 308 (19.1%)
patients within 1 year after partial hepatectomy for HCC.
Reactivation of HBV was common even in patients with
preoperative low HBV-DNA levels (< 200 IU/mL),
with a 16.7% (218/1303) incidence rate of reactivation,
although it was lower as compared to 29.4% (90/306) in
those with high HBV DNA levels (> 200 IU/mL). One
of the most important findings emerging from this study
was that HBV reactivation is significantly associated with
post-hepatectomy liver failure, disease-free survival, and
overall survival (all were statistically significant). The
authors concluded that antiviral treatment should be routinely given before hepatectomy.
HBV reactivation following local ablation therapy
There is only limited information on HBV reactivation
in patients treated with LAT (Table 3). The incidence of
HBV reactivation following LAT was partly documented
in an earlier Korean study, in which none of the 9 patients with percutaneous ethanol injection therapy (PEIT)
experienced reactivation[27]. The same investigators subsequently examined 43 patients [7 with PEIT and 36
with radiofrequency ablation (RFA)] among whom HBV
reactivation was a rare incident (3.9% at 6 mo). However,
its incidence varied depending on viral replication status;
reactivation rates were 0% and 9.1% in patients with low
and high viremia, respectively, indicating a higher risk of
reactivation in the high viremia group[7].
Another study from Japan involving 71 patients undergoing RFA showed that 4 (5.6%) patients developed
reactivated hepatitis, which was defined as redetection of
HBV DNA and an ALT elevation higher than twice the

HBV reactivation following surgical resection
Surgical resection of HCC elicits profound changes in
the metabolic and immune systems; these changes collectively constitute the “stress response”. Acute release
of stress hormones and cytokines including cortisol,
C-reactive protein, and IL-6 in response to surgical stress
predispose patients to develop HBV reactivation during transient immunosuppression[34]. Additionally, partial
hepatectomy potentiates reactivation of viral replication
due to immunosuppression by blood transfusion and
ischemic injury[35]. Thus, deficient immune responses and
a skewed balance between pro-inflammatory and antiinflammatory cytokines may cause increased replication
of HBV in patients who undergo HCC resection. The
following studies show the data on HBV reactivation after hepatectomy (Table 2).
Kubo et al[36] reported HBV reactivation in 7 (28.0%)
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Table 4 Clinical trials of preemptive antiviral therapy for hepatitis B virus reactivation in patients with hepatitis B virus-related
hepatocellular carcinoma
Study type

Cancer therapy

No of patients
(Tx vs control)

Antiviral therapy

HBV reactivation
(Tx vs control)

P value

Nagamatsu et al[10]
Jang et al[17]
Kim et al[6]
Huang et al[35]
Dan et al[38]

Retrospective
RCT
Retrospective
Prospective
Retrospective

TAI
TACL
TACE + RT
Hepatectomy
Hepatectomy, RFA

17 (8 vs 9)
73 (36 vs 37)
48 (16 vs 32)
164 (126 vs 38)
218 (68 vs 150)

LAM
LAM
LAM
LAM, ETV, ADV, TBVD
LAM, ETV, LAM + ADV

Huang et al[37]
Huang et al[16]

RCT
Retrospective

Hepatectomy
Hepatectomy

84 (40 vs 44)
1609 (150 vs 1459)

TBVD
LAM, ETV, ADV

0% vs 67%
2.8% vs 29.7%
0% vs 21.8%
1.6% vs 21.1%
2.9% vs 20.7%1
0% vs 7.6%2
2.5% vs 31.8%
4.7% vs 20.1%

  0.009
  0.002
  0.048
< 0.001
  0.027
NS
  0.001
< 0.001

Ref.

1

Data following hepatectomy; 2Data following RFA. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; Tx: Treatment; RCT: Randomized controlled
trial; TAI: Transarterial infusion chemotherapy; TACL: Transarterial chemo-lipiodolization; TACE: Transarterial chemo-embolization; RT: Radiotherapy;
LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; TBVD: Telbivudine; NS: Not significant.

upper limit of normal[39]. Additionally, a study by Dan et
al[38] following Chinese patients who underwent RFA or
hepatectomy for small HCC revealed that 7 (5.6%) of
the 125 patients treated with RFA developed HBV reactivation, indicating a lower rate of reactivation with RFA
compared to hepatectomy (5.6% vs 14.0%).
Collectively, analyses show that the incidence of HBV
reactivation after LAT is relatively low when compared
with other treatment options such as systemic or intraarterial chemotherapy or hepatectomy. Reactivation
following PEIT appeared to be less frequent than that
following RFA. Although the reason for the lower risk of
reactivation after RFA is not fully understood, it has been
suggested that RFA can cause immune activation[40] and
thus may have a potential effect on immune control of
HBV infection[38]. This hypothesis, however, should be
confirmed in future studies.

studies.

MANAGEMENT OF HBV REACTIVATION
IN PATIENTS WITH HCC
All patients with HCC who are to receive anti-cancer
therapy should be screened for HBV markers and monitored against a flare of HBV-related hepatitis. Early recognition and prompt administration of antiviral therapy
is of paramount importance to reduce HBV reactivationassociated liver diseases. One potential means for minimizing the events is a deferred approach, which means
a close monitoring for HBV markers and the use of
antiviral drugs only when there is evidence of HBV reactivation. The deferred approach seems to be reasonable
without unnecessary treatment. However, clinical data do
not favor this approach because the effects of antiviral
therapy take time and may not prevent liver injury when
a flare has already developed. Recently, multiple reports
have suggested a beneficial effect to patients from an
early preemptive approach using antiviral drugs (Table 4).
The most experience has been with lamivudine.
The first study of 17 HBeAg-positive Japanese patients assessing the prophylactic role of lamivudine revealed that while none [0% (0/8)] with lamivudine had
reactivation, as much as 67% (6/9) without lamivudine
had exacerbation of liver damage, and 3 of them died of
progressive liver failure due to HBV reactivation[10]. In
another study of 48 patients undergoing combined TACE
with radiotherapy, HBV reactivation was observed in none
(0%) of the 16 lamivudine-treated patients vs 7 (21.8%) of
the 32 untreated patients[6]. The prophylactic effect of lamivudine in this study did not reach statistical significance,
due to the small number of patients analyzed.
Recently, a series of studies indicating preemptive
therapy to be of benefit in decreasing the risk of reactivation have emerged from patients who underwent
hepatectomy. A study by Huang et al[35] involving 164
patients with resection of HCC showed that HBV reactivation was significantly lessened with antiviral therapy,
with an incidence rate of 1.6% (2/126) vs 21.1% (8/38)

HBV reactivation following targeted therapy and
immunotherapy
Apart from aforementioned therapies, sorafenib can be
opted for the treatment of HCC. This multikinase inhibitor has been the first approved systemic agent for HCC
and is indicated as an option for advanced HCC[41]. It
has been suggested that sorafenib can augment the host
immunity through the action of immune modulation of
effector T cells and regulatory T cells as well as induction of type 1 helper T cell dominance[42,43]. Immunotherapy has recently been tested as an alternative option
for advanced HCC. In one case report, IL-2 therapy in
a patient with HCC resulted in a decrease in HBV DNA
levels that subsequently continued to remain undetectable until 3 mo following the last IL-2 cycle[44]. IL-2 has
been shown to stimulate immune cells and increase the
levels of proinflammatory cytokines[44,45]. Based on their
role in immune activation, it is assumed that sorafenib
or immunotherapy appear to be associated with a low
risk of HBV reactivation. However, there are no detailed
data focusing on viral reactivation during these therapies.
Thus, until such time as convincing information becomes
available, the effect of these new options on HBV reactivation remains unknown and awaits evaluation in future
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in the antiviral and non-antiviral groups, respectively.
Another Chinese study also provided similar results, in
which antiviral therapy cut the risk by 86% compared to
observation, with reactivation rates of 2.9% vs 20.7%, respectively[38]. Additionally, the investigators evaluated the
preventive role of antiviral therapy against reactivation
following RFA. Although the antivirals obviously protected against reactivation, their results did not reach statistical significance probably due to the overall low risk of
HBV reactivation in the RFA group (0% in the antiviral
vs 7.6% in the non-antiviral groups). Of note in this study
is that the lack of antiviral therapy was an independent
predictor of HBV reactivation. Recently, a large cohort
study of 1609 Chinese patients demonstrated a clear benefit from preemptive antivirals post-resection[16]. In this
study, HBV reactivation was a negative factor for all postoperative liver function, disease-free survival, and overall
survival, while prophylactic use of antivirals significantly
reduced post-operative viral reactivation, thereby carrying
a protective effect for post-operative outcomes. Viral reactivation was common even in patients with low viremia.
Thus, the authors emphasized that routine prophylactic
antiviral treatment should be given for all patients before
hepatectomy.
Two randomized controlled trials of preemptive antiviral therapy have been performed in patients with HCC.
The first trial by Jang et al[17] included 73 patients undergoing TACE who were randomly assigned to lamivudine
or observation groups. A flare of hepatitis due to HBV
reactivation was observed significantly more often in the
observation group [29.7% (11/37) vs 2.8% (1/36)]. The
frequency and severity of overall hepatitis were also significantly greater in the observation group. A serum level
of HBV DNA more than 10000 copies/mL was independently predictive of a flare.
In the second trial, Huang et al[37] recruited 84 patients
with low viral load undergoing hepatectomy, who were
randomly assigned to telbivudine or observation. They
determined that telbivudine significantly lessened the
occurrence of viral reactivation following hepatectomy
compared to the observation group [2.5% (1/40) vs
31.8% (14/44)]. Recovery of liver function or postoperative liver insufficiency was not different between the two
groups. However, this study included only patients with
low viremia, who have a low probability of developing
post-operative liver insufficiency. Thus, the lack of significance likely does not contradict the beneficial effect
of preemptive therapy.
Overall, the studies looking at antiviral prophylaxis
demonstrate clear evidence that preemptive antiviral
therapy prevents HBV reactivation in patients with HBVrelated HCC undergoing anti-cancer therapy. The preemptive strategy provides potential additional advantages
to reducing overall hepatitis from all causes, discontinuations or disruptions of the anti-cancer treatment, and
HBV-related mortality. A potential concern with the
preemptive use of lamivudine is the occurrence of drug
resistance. However, resistance will likely become uncom-
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mon because of the current availability of potent antiviral
agents such as entecavir and tenofovir with very low risk
of drug resistance. An unresolved issue for prophylactic
treatment is when to stop antiviral therapy. Although no
study to date has addressed this issue in patients with
HCC, given the underlying cirrhosis and shorter survival
of HCC patients it seems reasonable to keep patients on
antivirals without interruption for a long-term period,
probably until HBsAg seroclearance.

POSSIBILITY OF HBV REACTIVATION IN
HBSAG-NEGATIVE PATIENTS WITH HCC
Although documented mostly in HBsAg-positive patients, HBV reactivation can also occur in patients with
prior resolved hepatitis B, who are identified by the presence of anti-HBc and/or anti-HBs. Occult HBV infection or low-level viremia that persists in the liver and
blood for decades after a recovery from acute infection
have been implicated as the origin of HBV reactivation[19]. Such de novo hepatitis B or HBsAg sero-reversion
is most common in the setting of rituximab-containing
chemotherapy or hematopoietic stem cell transplantation, with incidence rates ranging from 2.7% to 45%[3-5].
Given that patients with HCC have a high prevalence of
anti-HBc positivity or occult HBV infection, it is speculated that HBV presents in the liver or blood of HBsAgnegative HCC patients and is prone to reactivation when
the host immune system is severely compromised by
intensive therapy.
Recently, Peng et al[46] investigated HBV reactivation
in 43 HBsAg-negative patients undergoing TACE. Four
patients (9.3%) developed hepatitis associated with HBV
reactivation, but all had resolution of hepatitis after
initiation of lamivudine. In our own unpublished data,
a similar incidence rate of reactivation was observed following TACE. Although no mortality related to reactivation was found in either study, the results consistently
indicate that HBsAg-negative patients, especially those
with resolved HBV, are still at risk of developing viral
reactivation. As such reactivation potentially results in
higher morbidity and mortality[47,48], appropriate management for this particular group needs to be determined in
the future.

SPECIAL ISSUES ON HBV REACTIVATION
IN PATIENTS WITH HCC
International guidelines recommend prophylactic antiviral therapy for HBV carriers undergoing immunosuppressive or cancer chemotherapy[49-52]. However, emphasis
must be placed on the HCC patient where the issue is
distinct and much more complex. The degree of ALT
elevation following HBV reactivation is more affected by
hepatic reserve, so that the absolute ALT level in patients
with HCC is often normal or only minimally elevated
even if there is severe liver damage. Hepatic decompen-
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sation can be more common due to underlying cirrhosis
in HCC patients compared with those without cirrhosis.
The severity of hepatitis flares is multifactorial, affected
by treatment itself, tumor progression, and/or multiple
other factors in these patients. Because of the relatively
short survival of HCC patients, it is difficult to determine
the long-term effect of reactivation. With no generalized
practice guidelines, a variety of treatment options with
different protocols among institutions are in use for HCC
patients at the same stage. All of these remain critical
challenges for the estimation of actual risk of reactivation and establishment of consensus on the prophylactic
management in patients with HCC.

3

4

5

6

CONCLUSION
Reactivation of HBV is a common and a life-threatening
complication in patients with HBV-related HCC. Patients
who are to receive anti-cancer therapy for HCC should
be routinely screened for HBsAg and anti-HBc before cytotoxic therapy is performed. Screening for serum HBV
DNA should be performed for all HBsAg carriers and is
also helpful in the identification of occult HBV infection
in HBsAg-negative/anti-HBc positive patients. Since a
substantial proportion of HCC patients with reactivation
experience morbidity and mortality, which often lead to
discontinuation of potentially life-prolonging treatments,
preemptive antiviral therapy should be given to all HBsAg carriers with HCC who are to undergo anti-cancer
therapy. Reactivation can also occur in HBsAg-negative
patients with a history of past HBV on intensive treatment of HCC. Close monitoring and prompt antiviral
therapy upon evidence of HBV reactivation should be
administered for these patients until an early prophylactic
approach can be clearly defined.
The optimal duration of anti-HBV therapy has not
been determined. International guidelines recommend
that antivirals be maintained for several months after
completion of treatment[49,50]. However, these recommendations may not be applicable to HCC patients with
underlying cirrhosis. Long-term use of highly potent
antivirals with less resistance (i.e., entecavir or tenofovir)
seems logical in patients with HCC, although the efficacy
of these drugs has yet to be confirmed. The adequate
control of viral replication is of great importance in the
management of HCC patients, not only to prevent HBV
reactivation, but also to offer additive benefits within the
microenvironments of tumors and liver tissues, likely
ameliorating the inflammation and cancer-promoting
properties of the virus.
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Serum hepatitis B surface antigen levels predict treatment
response to nucleos(t)ide analogues
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treatment; it has been estimated that full HBsAg clearance can require decades of NA treatment. However,
a rapid HBsAg decline during NA therapy may identify
patients who will show clearance of HBsAg. Currently,
there is no consensus on the clinical utility of serum HBsAg monitoring for evaluating patient responses to NA
therapy. This review focuses on recent findings regarding the potential application of HBsAg quantification in
the management of CHB patients receiving NA therapy.
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Core tip: Patients receiving nucleos(t)ide analog (NA)
treatment typically exhibit slow declines in serum hepatitis B surface antigen (HBsAg), with many patients
requiring decades of treatment to achieve HBsAg clearance. However, a low baseline HBsAg level or a rapid
reduction in HBsAg during NA therapy may identify patients who will show HBsAg clearance, and predict virological response or hepatitis B e antigen (HBeAg) loss/
seroconversion in HBeAg-positive patients. Viral breakthrough due to drug resistance can increase HBsAg titers. Among Asian patients, HBsAg levels of < 100-200
IU/mL at the end of treatment may predict lower risk of
hepatitis B virus relapse and cessation of treatment can
be considered in HBeAg-negative patients.

Abstract
Quantification of hepatitis B surface antigen (HBsAg)
has been suggested to be helpful in the management
of chronic hepatitis B (CHB) patients. Nucleos(t)ide
analogs (NAs) are the therapy of choice for CHB and
are used in the majority of CHB patients. NAs are able
to induce hepatitis B virus (HBV) viral suppression, normalization of alanine aminotransferase (ALT) levels, and
improvement in liver histology. Automated quantitative
assays for serum HBsAg have recently become available, facilitating standardized quantification of serum
HBsAg. This has led to increased interest in the clinical
application of quantitative serum HBsAg for predicting therapeutic response to NAs. Recent studies have
shown that a decline in serum HBsAg levels in patients
receiving peginterferon may signal successful induction
of immune control over HBV, and can therefore be used
to predict therapeutic response. NA treatment typically
induces a less rapid decline in HBsAg than interferon
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INTRODUCTION

CHB patients treated with NAs.

Chronic hepatitis B (CHB) is an important global health
problem, affecting over 350 million people worldwide[1].
Chronic hepatitis B virus (HBV) infection may be asymptomatic in carriers, or may progress to severe chronic
liver disease, including cirrhosis and hepatocellular carcinoma[2-4]. Since the discovery of hepatitis B surface
antigen (HBsAg) by Blumberg in 1965, HBsAg has been
used as a diagnostic marker for overt HBV infection[5].
Automated quantitative assays for serum HBsAg have
recently become available, facilitating standardized quantification of serum HBsAg. This has led to increased
interest in the clinical application of quantitative serum
HBsAg levels for predicting therapeutic response[6,7]. Our
previous study in asymptomatic carriers found a correlation between HBsAg and HBV DNA levels[8]. Similarly,
changes in intrahepatic covalently closed circular DNA
(cccDNA) levels were found to be correlated with reduced serum HBsAg titer in patients receiving adefovir
monotherapy or peginterferon plus adefovir or lamivudine therapy[9-11]. Further, a positive correlation has been
observed between HBsAg titer and serum HBV DNA
and liver cccDNA in hepatitis B e antigen (HBeAg)positive patients[12]. In recent years, many studies have
been performed to evaluate the use of serum HBsAg
levels to predict treatment response in CHB. Several
studies have shown that reduction in serum HBsAg levels
in patients treated with peginterferon may signal the successful induction of immune control over HBV, and can
consequently be used to predict treatment response[13-15].
Nucleos(t)ide analogs (NAs), the therapy of choice for
CHB, are well tolerated and have a good safety profile. To
date, the NAs lamivudine, adefovir dipivoxil, entecavir,
telbivudine, and tenofovir have been approved for therapeutic use in most countries. NAs are able to induce suppression of HBV viral activity, normalization of alanine
aminotransferase (ALT) levels, and improvement in liver
histology. In patients with advanced liver disease, NA
therapy has been shown to suppress viral replication and
prevent hepatic decompensation[16-19]. However, emerging
antiviral drug resistance is a major obstacle to the success
of NA therapy for HBV[20-22]. These compounds vary
considerably in their potency and their ability to suppress
the emergence of resistant strains. Long-term entecavir
and tenofovir therapy have been shown to improve fibrosis in patients with CHB[23,24]. NA therapy works by
competitively inhibiting HBV polymerase activity, which
is part of a viral replication pathway that is separate from
HBsAg production[25]. Although treatment with NAs can
induce a marked reduction in HBV DNA levels, the effect on serum HBsAg levels is indirect and may be very
limited. Consequently, the decline in HBsAg during NA
treatment is considerably slower than that observed for
HBV DNA[13,26,27]. At present, there is limited agreement
regarding the clinical utility of serum HBsAg monitoring
during and after cessation of NA therapy. In this review,
we summarize recent findings concerning the use of HBsAg quantification for predicting therapeutic response in

Comparison of HBsAg kinetics in patients receiving
interferon vs NA therapy
A number of studies have compared the effects of interferon and NA on HBsAg kinetics[13,15,28]. For example,
Brunetto et al[13] examined HBsAg kinetics in a cohort of
386 HBeAg-negative CHB patients treated with peginterferon alfa-2a, with lamivudine, or with both agents. A
significant on-treatment decline in HBsAg was observed
during treatment with peginterferon alfa-2a, alone or
combined with lamivudine (mean reduction at week 48
was -0.71 and -0.67 log IU/mL, respectively). No significant reduction was observed during treatment with
lamivudine alone (-0.02 log IU/mL, P < 0.001). In addition, a significantly higher proportion of patients treated
with peginterferon alfa-2a (21%) or peginterferon alfa2a plus lamivudine (17%) achieved HBsAg levels of <
100 IU/mL at the end of treatment, compared with the
lamivudine-only group (1%)[13]. Manesis et al[15] compared
the rates of on-treatment decline in HBsAg levels in
patients receiving lamivudine treatment (median duration of 33 mo) vs interferon treatment. Patients treated
with interferon showed a more rapid decrease in serum
HBsAg than those treated with lamivudine. Based on
these results, it was estimated that 5.4 years of sustained
response to interferon or 10.6 years of effective lamivudine therapy would be required to achieve clearance of
HBsAg[15]. Reijnders et al[26] compared HBsAg kinetics in
CHB patients receiving either peginterferon or entecavir
monotherapy. Their data showed that, in HBeAg-positive
patients, peginterferon treatment induced a more rapid
decline in HBsAg than entecavir treatment (mean reduction of 0.94 log IU/mL vs 0.38 log IU/mL, respectively,
at week 48, P = 0.07). In HBeAg-negative patients, peginterferon induced a significant decrease in HBsAg, while
entecavir treatment did not significantly decrease HBsAg
(0.56 log IU/mL vs -0.10 log IU/mL, P < 0.001)[15].
The above studies suggest that HBsAg reduction
during NA therapy is slower and less pronounced than
during interferon treatment, despite the marked effect of
NA therapy on HBV DNA levels. This is because NA
blocks only the viral reverse transcriptase, which inhibits
HBV DNA synthesis, but does not directly affect either
cccDNA or HBsAg. In contrast, interferon has both direct and immune-mediated antiviral activity. It seems likely that the immune modulating effects of interferon are
responsible for its dramatic effects on HBsAg production
and secretion[6] (Table 1).
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Use of HBsAg to predict virological response or HBeAg
loss/seroconversion during NAs therapy
In recent years, many studies have showed that the ontreatment level or the dynamics of HBsAg may be used
to predict treatment response in peginterferon-treated
CHB patients[13-15]. However, it remains unclear whether
this finding is also applicable in the context of NA treatment. In a small study, HBsAg was measured in 20 CHB
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Table 1 Comparison of hepatitis B surface antigen kinetic between interferon and nucleos(t)ide analogues
Interferon vs NA
Peginterferon alfa-2a + lamivudine vs lamivudine
Peginterferon alfa-2a vs lamivudine alone
Peginterferon vs entecavir

HBeAg status

Mean decline of HBsAg (log IU/mL) at week 48

HBeAg (-) patients
HBeAg (+) patients
HBeAg (-) patients

0.71 vs 0.02
0.67 vs 0.02
0.94 vs 0.38
0.56 vs -0.10

P < 0.001
P < 0.001
P = 0.07
P < 0.001

Ref.
[13]
[26]

NAs: Nucleos(t)ide analogues; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen.

patients before and during lamivudine treatment[28]. In
this study, an increase in HBsAg titer was found to precede the emergence of drug-resistant variants[28]. Another
study analyzed 42 HBeAg-negative patients who received
long-term lamivudine monotherapy[29]. HBsAg levels
decreased only in long-term on-treatment responders,
whereas no significant change was observed in patients
with lamivudine-resistant mutant HBV. Failure to achieve
a decrease of 0.7 log IU/mL in HBsAg at month 6 of lamivudine therapy had a positive predictive value of 92%
for developing virological breakthrough, and a negative
predictive value of 100%[29]. In HBeAg-positive patients
with serum HBV DNA levels of < 2000 IU/mL after 6
mo of NA therapy, a baseline HBsAg level of ≥ 20000
IU/mL was the only risk factor significantly associated
with virological breakthrough[30]. The available evidence
suggests that monitoring of serum HBsAg concentration
during treatment is helpful for evaluating patient response
to lamivudine treatment, as well as for early detection of
lamivudine-resistant strains.
The NAs entecavir and tenofovir are now recommended as first-line treatment for CHB, due to their high
potency and high genetic barrier to resistance. Given
their clinical importance, it is of interest to determine
whether HBsAg levels or kinetics can be used to predict
either VR or HBeAg loss/seroconversion during entecavir or tenofovir therapy. In one study, HBsAg levels
were analyzed in 95 CHB patients treated with entecavir
for 2 years[31]. For the HBeAg-positive group of patients
(60%, n = 57), a baseline HBsAg cutoff value of 9550
IU/mL yielded the highest predictive value for VR, with
a sensitivity of 86.8% and a specificity of 78.9%. However, neither baseline HBsAg nor reduction in HBsAg
were predictive of VR in HBeAg-negative patients[31].
Another study analyzed HBsAg in 101 treatment-naïve
CHB patients who received entecavir for 24 mo[32]. In
HBeAg-positive patients, a HBsAg level of < 3000 IU/
mL at 3 mo of treatment was found to be an independent predictor of HBeAg loss/seroconversion at 12 mo.
After 24 mo of treatment, HBsAg level at baseline was
an independent predictor of HBeAg loss/seroconversion, while a HBsAg level of < 3000 IU/mL at 3 mo of
treatment was an independent predictor for achieving
VR. However, in HBeAg-negative patients, HBsAg was
not a significant factor for predicting VR[32]. Another
study examined a cohort of 50 treatment-naïve patients
who were treated with entecavir therapy for more than 2
years. All patients carried HBV genotype C, and almost
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half (n = 24) were HBeAg-positive. Interestingly, low
baseline HBsAg levels were the most significant predictor of VR at year 2 of treatment, for all patients, regardless of HBeAg status[33]. In a study involving 82 HBeAgpositive CHB patients who received entecavir therapy for
≥ 3 years, patients who achieved VR had higher levels
of HBsAg, both at baseline and during treatment, than
those who did not achieve VR. However, HBsAg reduction from baseline was not significantly different between
the VR and the non-VR groups. In contrast, patients who
achieved HBeAg seroconversion had higher baseline levels of HBsAg and showed more marked HBsAg decline
on-treatment than those who did not achieve HBeAg
seroconversion[34]. Another analysis involved 55 CHB
patients who received entecavir for more than 2 years,
23 of whom were HBeAg-positive. Patients with a high
baseline HBsAg level (> 10000 IU/mL) had a lower rate
of VR at year 1 (37.5% vs 89.7%, P < 0.001) and at year 2
(56.2% vs 94.9%, P = 0.001). However, a substantial (> 1
log) reduction in HBsAg from baseline to 6 mo was not
predictive of HBeAg loss in HBeAg-positive patients, or
of VR in all patients[35]. Another study analyzed HBsAg
in 104 patients coinfected with HBV and human immunodeficiency virus (HIV) who received tenofovir as
part of a highly active antiretroviral therapy (HAART)
regimen. Of these patients, 66 were HBeAg-positive.
In this study, patients with HBeAg loss exhibited more
marked reductions in HBsAg, compared to patients who
remained HBeAg-positive (2.5 log IU/mL vs 1.8 log IU/
mL, P < 0.001) after 6 years of therapy. However, no significant difference was observed in baseline HBsAg levels
between HBeAg-positive and HBeAg-negative patients[36].
Fung et al[37] analyzed HBsAg levels in 166 CHB patients (68 of whom were HBeAg-positive) over 2 years
of entecavir treatment. At year 2, 102 patients (61%)
showed no significant change (< 0.5 log IU/mL difference) in HBsAg, 50 (30%) showed a significant decline (≥
0.5 log IU/mL decrease), and 14 (9%) showed a significant increase (≥ 0.5 log IU/mL increase). Early reductions in HBsAg levels at 12 or 24 wk were not associated
with HBV DNA suppression or HBeAg seroconversion
after two years of treatment[37]. Another recent study
involved 70 patients who were continuously treated with
lamivudine for at least 10 years and maintained favorable
VR (HBV DNA < 2000 IU/mL) throughout the course
of therapy. The median rate of HBsAg reduction in this
cohort was 0.104 log IU/mL per year. No significant
differences were found when comparing either HBeAg-
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Table 2 Hepatitis B surface antigen predict virological response or hepatitis B e antigen loss/seroconversion during nucleos(t)ide
analogues therapy
NAs

Treatment duration

Case number

Entecavir

2 yr

95

Entecavir

2 yr

Entecavir

More than 2 yr

Tenofovir

6 yr

Comments

Ref.

HBeAg (+) patients: baseline HBsAg cutoff level of 9550 IU/mL yielded the highest
predictive value in predicting the VR
HBeAg (-) patients: baseline HBsAg or HBsAg decline levels could not predict VR
101
HBeAg (+) patients: HBsAg level at baseline was an independent factor of HBeAg loss/
seroconversion
HBsAg level < 3000 IU/mL at 3 mo of treatment was an independent factor for achieving
VR
HBeAg (-) patients: HBsAg levels could not predict VR
50
Low baseline HBsAg levels were the most significant factor for achieving VR at year 2 of
treatment
104 HBV + HIV
A higher level of HBsAg decline in patients with HBeAg loss compared to patients
remaining HBeAg-positive (2.5 log IU/mL vs 1.8 log IU/mL, P < 0.001)
Baseline HBsAg levels could not predict HBeAg loss

[31]

[32]

[33]
[36]

VR: Virological response; NAs: Nucleos(t)ide analogues; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HIV:
Human immunodeficiency virus.

positive vs HBeAg-negative patients, or those with detectable vs undetectable viremia during therapy[38].
For lamivudine treatment, there is evidence that monitoring of serum HBsAg concentrations is helpful for the
early detection of drug-resistant strains. For entecavir and
tenofovir treatment, the majority of studies indicate that
monitoring of serum HBsAg levels may be useful for
predicting VR or HBeAg loss/seroconversion in HBeAgpositive patients, but not in HBeAg-negative patients.
The lack of predictive value for HBeAg-negative patients
could be due to the very high rates of VR obtained after
2 years of entecavir or tenofovir therapy. Whether baseline HBsAg levels or rates of HBsAg reduction during
treatment can be used to predict treatment response in
HBeAg-positive patients is still an open question. Additional studies will be needed to resolve this issue (Table 2).

HBsAg reached 7% in patients with HBsAg levels of <
10 IU/mL (HR = 13.2, 95%CI: 8.1-21.5 when compared
to those with HBsAg levels of ≥ 1000 IU/mL). These
large-scale studies provide evidence for a relationship between HBsAg levels and HBsAg loss during the natural
course of HBV infection[45].
To achieve sustained viral suppression, a prolonged
period of NA treatment is usually required. The rate of
HBsAg clearance induced by oral NA treatment is low
and loss of HBsAg is generally only seen after many years
of therapy[46,47]. Several groups have investigated the use
of the decline in HBsAg levels to predict the duration of
continuous treatment required to clear HBsAg. Estimates
of time to HBsAg clearance span several decades. For example, one longitudinal study followed 30 CHB patients
treated with different NAs until their HBV DNA levels
became undetectable (median duration of 102 mo)[48].
The mean HBsAg level at the time when HBV DNA became undetectable was 3.29 ± 0.49 log IU/mL, and the
mean slope (representing the rate of HBsAg decline) was
-0.007 ± 0.007 log IU/mo. Thus, the predicted median
time to HBsAg loss was 52.2 years[48]. Another recent
study analyzed HBsAg decline in 75 CHB patients with
VR to entecavir or tenofovir. The decrease in HBsAg 2
years after VR was most pronounced in HBeAg-positive
patients (0.81 log IU/mL), compared with HBeAg-negative patients (0.15 log IU/mL). The predicted median
time to HBsAg loss was 36 years for HBeAg-positive patients and 39 years for HBeAg-negative patients[49]. Thus,
most patients receiving NA treatment are likely to require
decades of therapy to achieve HBsAg loss.
Another key issue is whether quantitative HBsAg levels could be used to predict HBsAg loss during NA treatment. Wursthorn et al[50] analyzed HBsAg in 162 HBeAgpositive patients treated with telbivudine for at least 3
years. All patients maintained HBV DNA levels of < 60
IU/mL after 2 years of therapy. Nine patients (6%) developed HBsAg loss (genotype A, n = 2; genotype C, n =
5; genotype D, n = 2). A rapid HBsAg decline of > 1 log

Use of HBsAg to predict HBsAg loss during NA therapy
There is evidence that CHB patients who show loss of
HBsAg may achieve more favorable outcomes[39,40]. Previous longitudinal studies have estimated the annual rate
of HBsAg loss at approximately 0.4%-2.3%, depending
on age and status of liver disease[41-45]. In a longitudinal
study conducted in Taiwan, which involved a total of
1965 HBeAg-negative patients with normal ALT levels,
Chu et al[42] reported an annual HBsAg loss rate of 1.15%.
A large community-based cohort study also found that,
in adult patients with an undetectable viral load (< 60
IU/mL), the annual rate of HBsAg loss was 5.76%[43]. A
number of studies have attempted to address whether
quantitative HBsAg levels can be used to predict HBsAg loss during the natural course of HBV infection. A
recent study showed that serum HBsAg levels of < 100
IU/mL or 100-999 IU/mL at 1 year after spontaneous
HBeAg seroconversion were associated with higher HRs
of HBsAg loss (24.3 and 4.4, respectively) than higher
HBsAg levels[44]. Another study analyzed data for 688
HBeAg-negative patients who had HBV DNA levels of
< 2000 IU/mL at baseline. The annual clearance rate of
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Table 3 Hepatitis B surface antigen predict hepatitis B surface antigen loss during nucleos(t)ide analogues therapy
NAs
Telbivudine
Tenofovir
Tenofovir
Lamivudine
Lamivudine as
their first drug

Treatment duration

Case number

Condition of HBsAg predict HBsAg loss

Ref.

more than 3 yr
3 yr
6 yr
more than 10 yr

162 HBeAg (+)
263 HBeAg (+)
104 HBV + HIV
70

[50]
[51]
[36]
[38]

9 yr

791

HBsAg decline ≥ 1 log after 1 yr of treatment
Steeper declines in HBsAg (-2.41 log10 IU/mL vs -0.20 log10 IU/mL) at month 6
HBsAg decline ≥ 2 log IU/mL at month 6
Baseline HBsAg < 1000 IU/mL and on-treatment reduction of HBsAg > 0.166 log
IU/mL per year
HBeAg (+) patients: HBsAg decline ≥ 0.5 log IU/mL within 6 mo
HBeAg (-) patients: HBsAg decline at 6 mo and baseline HBsAg levels of < 730 IU/mL

[53]

NAs: Nucleos(t)ide analogues; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HIV: Human immunodeficiency
virus.

after 1 year of treatment was predictive of HBsAg loss
during telbivudine treatment. Eight out of 32 patients
with a rapid HBsAg decline vs none out of 56 patients
with steady HBsAg levels, achieved HBsAg loss at year
3 (p = 0.0024)[50]. Similarly, in a registration study of tenofovir, Heathcote et al[51] found that 20 of 263 HBeAgpositive patients (genotype A, n = 12; genotype D, n =
7; genotype F, n = 1) who achieved HBsAg clearance
after 144 wk of treatment experienced a greater median
change from baseline in HBsAg levels at week 24 (-2.41
log10 IU/mL vs -0.20 log10 IU/mL). Marcellin et al[52] also
reported that patients with HBsAg loss tended to have
higher baseline HBsAg levels and a more rapid decline
in HBsAg levels as compared to those who failed to lose
HBsAg on 4-year tenofovir treatment. Another study
analyzed 104 patients coinfected with HBV and HIV
who received tenofovir as part of a HAART regimen[36].
Five (8%) of the 66 HBeAg-positive patients in this
cohort (genotype A, n = 3; genotype D, n = 1; undetermined genotype, n = 1) achieved HBsAg seroclearance.
A decline in HBsAg of ≥ 2 log IU/mL at month 6 was
highly predictive of HBsAg seroclearance; 71% of these
patients achieved HBsAg seroclearance, whereas none of
the patients with a decline of < 2 log IU/mL achieved
seroclearance[36].
Two recent studies also concluded that low baseline
HBsAg levels and rapid HBsAg decline were predictive
for HBsAg loss during long-term lamivudine treatment.
Seto et al[38] analyzed data for 70 patients who were continuously treated with lamivudine for at least 10 years
and maintained favorable VR (defined as HBV DNA
< 2000 IU/mL) throughout therapy. Seven (10%) patients achieved HBsAg seroclearance (genotype B, n = 2;
genotype C, n = 4; undetermined genotype, n = 1). Baseline HBsAg levels of < 1000 IU/mL and on-treatment
HBsAg reductions of > 0.166 log IU/Ml per year were
found to be optimal cutoff levels for predicting subsequent HBsAg seroclearance. Hosaka et al[53] analyzed
data for 791 patients who received lamivudine as their
first drug for 9 years; 442 of these patients were HBeAgpositive at baseline. HBsAg clearance was observed in
18 (4.1%) of the HBeAg-positive patients and 20 (5.7%)
of the HBeAg-negative patients (genotype A, n = 8;
genotype B, n = 3; genotype C, n = 25; genotype D, n =
1; undetermined genotype, n = 1). For HBeAg-positive
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patients, previous interferon therapy, HBV genotype A,
a ≥ 0.5 log IU/mL reduction in HBsAg level within 6
mo, and clearance of HBeAg at 6 mo were independent
factors predictive of HBsAg loss. For HBeAg-negative
patients, HBV genotype A, a decline in HBsAg at 6 mo,
and a baseline HBsAg level of < 730 IU/mL were independent factors found to be predictive of HBsAg loss[53].
However, in a German study of 95 CHB patients on
NA therapy, an early HBsAg decrease after 6 mo of NA
therapy was not associated with HBsAg loss. In contrast,
42% of patients with a HBsAg decline of > 0.5 log IU/
mL in the 2 years after VR (defined as HBV DNA levels
of < 100 IU/mL) subsequently achieved HBsAg loss[54].
Most of the studies described above suggest that an
early decline in HBsAg levels may predict immune control in patients treated with NA, and that this decline may
be predictive of subsequent HBsAg loss. Some studies
suggested that low baseline HBsAg levels might also be
predictive of subsequent HBsAg loss. However, there is
currently no consensus on the optimal cut-off values for
baseline HBsAg (e.g., < 1000 IU/mL) or early HBsAg decline (e.g., 1 or 2 log IU/mL). Most patients who achieved
NA-induced HBsAg loss had HBV genotype A or D
infections. NA-induced HBsAg clearance appears much
rarer and requires a longer duration of treatment in Asian
patients with genotype B or C infections (Table 3).
Use of HBsAg to predict HBsAg loss and HBV relapse
after cessation of NA therapy
Oral NA therapy is very effective for viral suppression
and normalization of liver enzymes. However, virological relapse is common despite the ability to achieve and
maintain on-treatment viral suppression[17,55-57], because
of the persistence of cccDNA in the nuclei of infected
hepatocytes after cessation of therapy. In a recent study,
13 (72%) of 18 HBeAg-negative patients who achieved
a sustained response after cessation of adefovir therapy
also showed successful clearance of HBsAg [58]. This
suggests that long-term anti-viral therapy may not be
necessary in all cases. Due to the cost of long-term oral
antiviral therapy, cessation of NA treatment may be considered in a subgroup of patients. Therefore, it will be
important to identify useful parameters that can aid in the
decision to stop NA therapy, thereby reducing the burden
of long-term therapy. It will be also of interest to identify
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suitable cut-off values for both serum HBsAg reduction and HBsAg levels (baseline or on-treatment), that
indicate effective immune control. This may help identify
cases in which termination of antiviral therapy is possible
with low risk of reactivation.
In a study of 17 HBeAg-positive patients who received telbivudine treatment for 104 wk, serum HBsAg
levels of < 100 IU/mL at the end of treatment were
found to be highly predictive of sustained response after
2 years off-treatment. HBsAg reductions of > 0.8 and
> 1 log IU/mL from baseline to weeks 24 and 52 of
treatment were found to be more predictive of sustained
response than HBV DNA decline [59]. Another study
analyzed 51HBeAg-positive CHB patients who achieved
HBeAg loss/seroconversion and completed ≥ 12 mo
of additional therapy[60]. Sustained virological response
(SVR) was defined as maintenance of HBV DNA at <
10000 copies/mL until 6 or 12 mo off-treatment, without
reappearance of HBeAg. In this study, neither HBsAg
levels at baseline or on-treatment, nor HBsAg decline
were significant predictive factors for SVR at 12 mo offtreatment[60].
The frequency of virological relapse appears variable.
In a study conducted in China and Hong Kong, 84 CHB
patients (69 treatment-naïve and 15 lamivudine-resistant
cases) who stopped oral antiviral therapy (lamivudine,
adefovir or entecavir) in accordance with 2008 Asian
Pacific Association for the Study of the Liver (APASL)
guidelines were analyzed. Only 1 of the 11 patients who
had achieved HBsAg levels of < 2 log IU/mL at the end
of treatment experienced virological relapse (HBV DNA
levels of > 1000 copies/mL)[61]. In another study from
Hong Kong, 53 HBeAg-negative patients on lamivudine
treatment for a mean of 34 mo were analyzed. Levels
of HBsAg, but not HBV DNA, were more strongly associated with attainment of SVR (HBV DNA ≤ 200
IU/mL) at 12 mo off-treatment. All five patients who
had HBsAg levels of ≤ 100 IU/mL and HBsAg reduction of > 1 log at the end of treatment achieved SVR at
12 mo off-treatment; in contrast, all 40 patients who had
HBsAg levels of > 100 IU/mL and HBsAg reduction
of ≤ 1 log did not achieve SVR at 12 mo off-treatment.
The end-of-treatment HBsAg response was also predictive of SVR and HBsAg loss up to 5 years after stopping
lamivudine therapy[62].
In our recent study[63], we analyzed 188 treatmentnaïve CHB patients (83 HBeAg-positive, 105 HBeAgnegative patients) treated with lamivudine. Post-treatment
HBV relapse was defined as a serum HBV DNA level
of > 2000 IU/mL. We found that, at the end of treatment, a HBsAg cutoff value of < 300 IU/mL was able
to predict HBsAg loss in 55.6% (5/9) of HBeAg-positive
patients. HBsAg was not a significant predictor for posttreatment HBV relapse in HBeAg-positive patients. In
HBeAg-negative patients, HBsAg cutoff values of < 120
and < 200 IU/mL predicted off-treatment HBsAg loss in
79.2% (19/24) of cases and sustained response in 93.3%
(28/30) of cases, respectively[63]. Entecavir is a potent NA
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with high genetic barrier to drug resistance. In our recent
study[64], a total of 142 CHB patients (46 HBeAg-positive,
96 HBeAg-negative patients) treated with entecavir were
analyzed, to determine whether HBsAg quantification
could predict HBV reactivation after cessation of treatment. Treatment duration was 153.6 ± 43.9 wk, and all
patients fulfilled the APASL 2012 stopping criteria. In
HBeAg-positive patients, a baseline HBsAg level of <
4000 IU/mL was the optimal cut-off value for predicting
virological relapse (HBV DNA levels of > 2000 IU/mL)
and clinical relapse (HBV DNA levels of > 2000 IU/mL
and ALT levels of more than twice the upper normal
limit). In HBeAg-negative patients, end-of-treatment HBsAg levels of < 200 and < 500 IU/mL were the optimal
cut-off values for predicting virological and clinical relapse respectively. HBsAg decline from baseline to month
12 or end of treatment was not a significant predictor for
virological relapse.
A recent study from Taiwan analyzed data for 95
patients who were treated with entecavir for a median
duration of 721 (395-1762) d, and who fulfilled the 2012
APASL stopping criteria. In this study, neither HBsAg
levels at baseline or end of treatment nor HBsAg decline
were capable of predicting clinical relapse after one year
off-treatment[65].
Given the studies discussed above, HBsAg levels at
the end of treatment may be useful in HBeAg-negative
patients for predicting HBsAg loss or HBV reactivation
after cessation of NA treatment. End-of-treatment cutoff values of HBsAg < 100 or < 200 IU/mL have been
used in many of the existing studies, with reasonable
success. However, it remains unclear whether baseline or
end-of-treatment HBsAg levels are able to predict HBV
reactivation in HBeAg-positive patients after cessation of
NA treatment. In addition, it remains to be determined
whether the kinetics of HBsAg decline can predict HBV
reactivation off-treatment. To date, most studies have
been conducted in Asian populations, in which the HBV
genotypes B and C are predominant. It is unclear whether
the same HBsAg cut-offs are applicable to other HBV
genotypes (Table 4).

Other issues
Boglione et al[66] have examined HBsAg kinetics in 134
treatment-naïve patients treated with different NAs (lamivudine, adefovir, telbivudine, entecavir and tenofovir)
for at least 2 years. All patients had similar characteristics:
HBeAg-negative, HBV genotype D, and persistently
undetectable HBV DNA levels. Tenofovir treatment
resulted in the best serological response with respect to
HBsAg reduction (0.45 log IU/mL after 2 years), while
entecavir produced a moderate serological response (0.38
log IU/mL). Telbivudine showed the poorest serological
response overall (0.12 log IU/mL), while adefovir exhibited a better serological (0.22 log IU/mL) than virological
response. These results suggest that, in order to induce a
substantial decrease in HBsAg, HBeAg-negative patients
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Table 4 Hepatitis B surface antigen predict hepatitis B virus relapse after stopping nucleos(t)ide analogues therapy
Patients

NAs and treatment duration

Definition of HBV relapse or
sustained response (SR)

Comments

Ref.

telbivudine for 104 wk

SR: HBV DNA < 300 copies/mL,
HBeAg seroconversion, ALT
normalization at 2 yr off-treatment
SR: HBV DNA levels < 10000
copies/mL until 6 or 12 mo offtreatment without reappearance of
HBeAg

HBsAg levels < 100 IU/mL at the end of treatment and
HBsAg decline of > 0.8 and > 1 log IU/mL at treatment
weeks 24 and 52 were predictive of SR
A decline in HBsAg of 0.5 log IU/mL at 6 mo was the
independent factor for SR at 6 mo off-treatment
A decline in HBsAg was not a significant factor for SR at
12 mo off-treatment

[59]

17 HBeAg (+)
patients
51 HBeAg (+)
patients

lamivudine, adefovir or
entecavir
Stop treatment: HBeAg loss/
seroconversion and ≥ 12 mo
of additional therapy
41 HBeAg (+), 43
lamivudine, adefovir or
Virological relapse: HBV
HBsAg levels < 100 IU/mL at the end of treatment was
HBeAg (-) patients
entecavir
DNA > 1000 copies/mL after
predictive of SR
Stop treatment: according to
discontinuation of treatment
the 2008 APASL guidelines
53 HBeAg (-)
Lamivudine for 34 ± 23 mo
SR: HBV DNA ≤ 200 IU/mL at 12 Combined HBsAg ≤ 100 IU/ml and HBsAg reduction >
patients
mooff-treatment.
1 log at the end of treatment were predictive of SR
83 HBeAg (+), 105 Lamivudine for 89.3 ± 35.9 wk SR: serum HBV DNA to ≤ 2000
HBeAg (+) patients: HBsAg (cut-off value of < 300 IU/
HBeAg (-) patients
IU/mL after discontinuation of
mL) at the end of treatment was predictive of HBsAg loss
HBeAg (-) patients: HBsAg (cut-off values of < 120 and
treatment
< 200 IU/mL) at the end of treatment was predictive of
HBsAg loss and SR respectively.
46 HBeAg (+), 96
Entecavir for 153.6 ± 43.9 wk
Virological relapse: HBV DNA >
HBeAg (+) patients: HBsAg (cut-off value of < 4000 IU/
HBeAg (-) patients
2000 IU/mL.
mL) at baseline was predictive of virological and clinical
relapse
Fulfilled the stopping criteria Clinical relapse: HBV DNA > 2000 HBeAg (-) patients: HBsAg (cut-off values of < 200 and
of the APASL 2012
IU/mL and ALT > 2 X ULN
< 500 IU/mL) at the end of treatment were predictive of
virological and clinical relapse respectively

[60]

[61]

[62]
[63]

[64]

HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; APASL: Asian pacific association for the study of the liver; ALT:
Alanineaminotransferase; ULN: Upper limit of normal.

infected with HBV genotype D should be treated with
more potent NAs, such as entecavir or tenofovir[67].
A recent study analyzed data for 142 Asian CHB
patients who received tenofovir, with or without lamivudine, for up to 3 years[67]. Patients also had at least 6
mo exposure to other NAs. Compared to patients with
baseline HBsAg levels of < 3 log IU/mL, patients with
baseline HBsAg levels of ≥ 3 log IU/mL showed a
greater median rate of HBsAg reduction over 3 years
of tenofovir treatment. Among patients with 3 years of
treatment, there was a significantly higher median rate of
HBsAg reduction during the first year than during the
second and third years. This pattern of HBsAg decline
could partially explain the rarity of HBsAg seroclearance
during NA therapy in the Asian populations studied[67].

patients who will achieve virological response or HBeAg
loss/seroconversion. An increase in HBsAg titer may be
indicative of viral breakthrough, which is generally due to
drug resistance. Among Asian patients (most of whom
carry HBV genotypes B and C), an end-of-treatment HBsAg level of < 100 or < 200 IU/mL may predict a lower
risk of HBV relapse, and cessation of treatment can be
considered in HBeAg-negative patients. However, it remains unclear whether HBsAg levels, either at baseline
or at the end of treatment, are also capable of predicting
HBV relapse in HBeAg-positive patients after cessation
of NA treatment. Since HBsAg kinetics is known to
be influenced by HBV genotype, it will be important to
validate these findings in larger cohorts that provide data
for various HBV genotypes. Monitoring of serum HBsAg levels at baseline and during treatment can provide
complementary information to HBV DNA measurements, and may help to improve the prediction of initial
treatment response, HBsAg loss and/or sustained offtreatment response to NA therapy.

CONCLUSION
Although NAs are the preferred therapy for CHB infection, their effect on serum HBsAg levels is indirect and
relatively slow. It has been estimated that HBsAg clearance on NA treatment may require decades of therapy.
In addition, the decline in serum HBsAg induced by
NA treatment often does not correlate with changes in
HBV DNA levels. However, there is evidence that a low
baseline HBsAg level and/or a rapid decline in serum
HBsAg levels during NA therapy are characteristics that
may identify patients who will show clearance of HBsAg. These two factors may also predict HBeAg-positive
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Abstract
Persistent hepatitis B virus (HBV) infection is a significant public health problem because it is a major cause
of chronic liver disease, cirrhosis, and hepatocellular
carcinoma (HCC). Roughly one-third of the world population has been infected with HBV and there are about
350 million (5%-6%) persistent carriers. HBV causes
80% of all liver cancer cases and is the second most
important carcinogen, after smoking tobacco. There
is an approximate 90% risk of becoming a persistent
carrier following perinatal infection in infants born to
e antigen positive carrier mothers and a 30% risk in
pre-school children. Only 5%-10% of adults become
persistent carriers following infection. Of individuals
persistently infected with HBV, 10%-30% will develop
liver cirrhosis and HCC. These highly variable outcomes
in both clearance rates and disease outcomes in persistently infected individuals cannot be fully explained
by differences in immunological, viral or environmental
factors. Thus, differences in host genetic factors may
affect the natural history of hepatitis B.

INTRODUCTION
The consequences of acute and chronic hepatitis B virus (HBV) infections are a major public health problem
worldwide. Approximately 5% of the world population
(350 million persons) has chronic HBV infection, which
is the leading cause of chronic hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC)[1]. It is estimated that
one to two million people die annually of HBV-related
liver disease.
HBV is transmitted by percutaneous or permucosal
exposure to infectious body fluids, by sexual contact
with an infected person, and perinatally from an infected
mother to her infant. Approximately 45% of the world
population live in areas where the prevalence of chronic
HBV infection is high [8% of the population are positive
for HBV surface antigen (HBsAg)], 43% in areas where
the prevalence is moderate (2% to 7% of the population
are HBsAg positive), and 12% in areas of low endemic-
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ity (< 2% of the population are HBsAg positive). Of
individuals persistently infected with HBV, 10%-30% will
develop liver cirrhosis (LC) and HCC. The mechanisms
underlying different outcomes are not yet well understood, but are generally attributed to: (1) immunological factors: HBV clearance relies on an effective host
immune response. The cellular and humoral immune
responses to HBV infection are complex. Most studies
suggest that HBV is not directly cytopathic to infected
hepatocytes and that the cellular response to several viral
proteins correlates with the severity of clinical disease and
viral clearance[2]. It is believed that the antibody response
to viral envelope antigens contributes to clearance of the
virus and that cytotoxic T cells mediate viral clearance by
killing infected cells. In addition, it has been shown that
cytotoxic T lymphocytes inhibit HBV gene expression
through the secretion of antiviral cytokines and that the
expression of these cytokines may be the principal mechanism of viral clearance during HBV infection[3]. It is hypothesized that chronic infection is related to a weak T-cell
response to viral antigens; (2) viral factors: many papers
have reported that HBV viral loads[4], genotypes[5] and
variants[6,7] are associated with HBV infection outcomes;
(3) environmental factors: alcohol and aflatoxin are two
important environmental exposures that affect the progression of chronic hepatitis B. Alcohol consumption
may act by increasing the severity of liver disease[8,9] and
increase risk of liver decompensation[10]. Patients with
chronic hepatitis B and exposure to aflatoxins are at an
increased risk of HCC[11]; and (4) Host genetic factors: a
number of polymorphisms in candidate genes have been
tested for associations with HBV persistence and disease
outcomes. These include MHC class Ⅰ loci and class Ⅱ
loci, cytokine, chemokine and vitamin D receptor genes.
Gneome wide association studies (GWAS) using very
large sample sizes have identified genetic loci that are associated with clearance and clinical outcomes in chronic
infection. Therefore, this review focuses on recent genetic advances in both candidate gene and whole genome
association studies that have identified promising genetic
loci associated with outcome of HBV infection and discuss the implications and translation of these findings to
clinical care.

sociated with HBV persistent infection in an European
population. Wu et al[13] showed that HLA-B*4001 was
associated with HBV clearance in Taiwan Aborigines,
but not in the Chinese Han population. Albayrak et al[14]
reported that HLA-B35 and HLA-CW4 were risk factors
for persistent HBV infection in an eastern Turkey population. Hu et al[15] showed that HLA-C (rs3130542A) was
associated with HBV persistent infection in a Chinese
Han population.
CD4+ T cell proliferative responses in acute HBV
infection are significantly more vigorous than those seen
in persistent HBV infection, suggesting that MHC class
II polymorphisms influence susceptibility to persistent
infection. Several MHC class II alleles have been identified in association with clearance or persistence of HBV
infection.
Ramezani et al[16] and Kummee et al[17] showed that
DRB*13 was associated with viral clearance in Iran and
Thailand populations. Thio et al[12], Thursz et al[18], Höhler
et al[19] and Cho et al[20] found that DRB1*1302 was associated with viral clearance in Europeans, Gambia children,
German and South Korea adults. Recently, Kamatani et
al[21] performed a GWAS and identified that HLA-DPA1
and DPB1 were associated with HBV clearance in the
Japanese population. An et al[22], Guo et al[23], Cheng et
al[24], Yan et al[25], Wong et al[26], Li et al[27], Hu et al[28] and
Hu et al[15] further confirmed that HLA-DPA1 rs3077 T
and HLA-DPB1 alleles/haplotypes (rs9277535 non-G,
rs9277378 A, rs3128917 T) were strongly associated with
viral clearance in a Chinese population. Another GWAS
also confirmed that HLA-DPA1 (rs3077) and HLADPB1 (rs9277542) were associated with viral clearance
in Japan and Korea populations[29]. However, there were
two studies, which indicated different mRNA expression
levels for HLA-DPA1 and HLA-DPB1. O’Brien et al[30]
showed the mRNAs of both of HLA-DPA1 (rs3077
GG) and HLA-DPB1 (rs9277535 GG) were lowly expressed in liver cells and monocytes in non-Hispanic
Europeans, while Thomas et al[31] showed the mRNA
level of HLA-DPB1 in subjects with rs9277534 (not
rs9277535) GG genotype was significantly higher than
that in subjects with AA and AG gentotypes in B cells, in
which it was associated with HBV clearance in EuropeanAmericans and African-Americans.
Thio et al[32] showed that DQA1*0501, DQB1*0301
and DQA1*0501-DQB1*0301-DRB1*1102 were associated with persistent infection in adult AfricanAmerican injection-drug users. Almarri et al[33] found
DR7 to be a risk factor and DR2 to be protective in
Qatarian adults. Albayrak et al[14] showed that HLA-DQ2
and DQ8 were associated with persistent HBV infection in an eastern Turkey population. In the Japanese
population, a GWAS showed that HLA-DQ rs2856718
and rs7453920 SNPs, and DQA1*0102-DQB1*0604
and DQA1*0101-DQB1*0501 haplotypes were protective, and DQA1*0102-DQB1*0303 and DQA1*0301DQB1*0601 were risk factors[34]. Hu et al[28] also reported
that HLA-DQ rs2856718 and rs7453920 were associated

GENETIC FACTORS INFLUENCING
OUTCOMES OF HBV INFECTION
HLA
MHC class Ⅰ genes encode glycoproteins which bind
viral peptides for presentation to CD8+ cytotoxic T
lymphocytes (CTLs). Upon recognition of antigenic
peptides, CTLs induce lysis or apoptosis of the infected
hepatocytes. CTLs are readily detectable in the peripheral
blood of patients with acute HBV infection and antiHBs seroconversion and are found to be polyclonal and
multispecific. Thio et al[12] showed that HLA-A*0301 was
associated with HBV clearance and B*08, A*01-B*08DRB1*03, B*44-Cw*1601 and B*44-Cw*0501 were as-
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HBV infection. Shin et al[62] reported that SPP1 -1800T/1627T/4645C/5806T/6139A haplotype was associated
with HBV clearance and HCC development.
Granulysin (GNLY) is a substance produced by
CD8+ cytotoxic T cells. It is expressed in cytolytic granules with perforin and granzymes and functions to create
holes in target cell membrance and destroy it. It is able to
induce apoptosis and antimicrobial action. Park et al[63] reported that GNLY polymorphisms were associated with
persistent HBV infection in a South Korean population.

with HBV clearance and decreased HCC development
in the Chinese population. Fletcher et al[35] showed that
HLA-DRB1*0701 was associated with persistent HBV
infection in the South Indian population. Corrêa Bde et
al[36] showed that HLA-DRB1*08 and DRB1*09 were
associated with peraiatent HBV infection in the Brazilian
population.
Cytokines
Tumor necrosis factor (TNF)-α is a pro-inflammatory,
anti-viral cytokine, and is located within the class III
region of the MHC complex, which has been shown
in transgenic mice to inhibit the replication of HBV[37].
Patients persistently infected with HBV have increased
levels of TNF-α and upregulated TNF- α receptors.
There are two polymorphisms in the TNF-α promotor region at positions -308 and -238 that alter TNF-α
expression[38,39]. However, a study showed that the -308
polymorphisms did not influence TNF-α expression in
healthy people[40]. The -238 promotor variant was significantly associated with HBV persistence in German
patients [41]. -308G/-238G haplotype[42] and -1031C/863A/-857C/-308G/-238G haplotype[35] were found to
be associated with persistent HBV infection in Korean
and South Indian populations. However, -1031C or T/863A or C/-857C/-308G/-238G/-163G haplotypes
in Koreans [43], -863C/-308G/-238G in Thais [17] and
-1031T/-863C/-857C/-308G/-238G[44] in the Chinese
population were associated with HBV clearance. There
were also several meta-analysis studies that showed that
-238A[45] and -308G[46] were associated with HBV persistent infection in European and Chinese populations, respectively; -857T[47] in Asians and -863C[17] in Thais were
associated with HBV clearance.
Interleukin-28B (IL-28B) plays an important role in
clearance of hepatitis C virus. However, there were many
reports that indicated IL-28B polymorphism(s) did not
influence the outcome of HBV infection[48-53]. However,
Al-Qahtani et al[54] showed that IL-28B polymorphisms
were associated with HBV clearance. And also, Seto et
al[51] showed that IL-28B polymorphisms were associated
with HBsAg seroconversion. In addition, L-28B polymorphisms were also associated with HBeAg and HBsAg
seroconversion in response to interferon treatment[55,56];
however, Holmes et al[57] showed that this might not apply
in the Asian population.
Interleukin 10 (IL-10) is another important cytokine
that influence CD4+ cell proliferation. IL-10 promotor
polymorphisms -1082, -819 and -592 haplotype ATA
was associated with persistent HBV infection in Japanese
and Chinese populations[58,59]. A meta-analysis showed
that IL-10 -1082A and -592A were associated with HBV
clearance in the Chinese population[60]. Li et al[61] showed
that interleukin 18 rs1946518A (-838A) was associated
with persistent HBV infection in a Chinese population.
Secreted phosphoprotein 1 (SPP1) is also a cytokine
that upgulates expression of interferon-gamma and interleukin-12, and therefore, it may influence the outcome of
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Chemokines
Chemokines are 8-10 kDa proinflammatory proteins
involved in the regulation of leukocyte trafficking. Although chemokines are produced by many cell types,
CD8+ T cells are a major source[64]. CXC (a) chemokines,
such as IL-8 and IP-10, and CC (b) chemokines, such as
RANTES, MIP-1a and MIP-1b, have been shown to be
dependent on TCR triggering by MHC class Ⅰ/peptide
complex engagement[65-68]. IP-10 and monokine induced
by IFN-γ (MIG), which selectively attract activated lymphocytes, are IFN-γ inducible[69,70]. Chemokines and their
receptors can regulate T lymphocyte activation or differentiation[71]; TNF-α can also upregulate chemokine
expression. Antigen recognition by CTLs leads to both
direct release and secondary induction of chemokines
at sites of infection. Thus, CTLs can rapidly establish
chemotactic gradients when they encounter their target
antigens. Ahn et al[72] showed that it was CC chemokine
receptor 5 (CCR5) promoter 59029G and 59353T, not
CCR5 Δ32 or RANTES, that were associated with HBV
clearance in a Korean population. However, heterozygosity of CCR5 Δ32 was associated with persistent HBV
infection in an Indian population[73].
Other candidate genes
Mannose binding protein (MBP), also known as mannose
binding lectin (MBL), acts as an opsonin to affect inate
immunity[74]. The HBV envelope contain a monnose-rich
ologosaccharide to which MBP could potentially bind.
There are three mutations in the MBP gene exon 1 (codons 52, 54 and 57). The codon 52 mutation of the MBP
gene in British Caucasians, but not in the Asian population, was associated with persistent HBV infection[75].
The codon 54 mutation was associated with symptomatic
persistent infection in Chinese patients[76], not in the Korean population[77]. In German Caucasions and in Gambians, these MBP polymorphisms were not associated
with chronic infection[78,79]. The mbl2 gene encodes MBL.
Thio et al[80] showed that mbl2 promoter -221C decreased
MBL production and led to HBV persistent infection. A
meta-analysis showed that mbl2 exon 1 polymorphisms
were not associated with chronicity of HBV infection,
but might be associated with disease progression[81].
Vitamin D acting through the vitamin D receptor
(VDR) can act as an immunomodulatory hormone that
inhibits the Th1 response and activates the Th2 response[82,83]. Bellamy et al[84] showed that vitamin D recep-

7698

June 28, 2014|Volume 20|Issue 24|

Clearance
HLA

Associated with
clearance or
persistence

WJG|www.wjgnet.com

7699

China mainland

South Korea

Thailand
United States

Yan et al[25]

Cho et al[20]

Kummee et al[17]
Thomas et al[31]

Taiwan
China mainland

Cheng et al[24]
Hu et al[28]

Hong Kong

Wong et al[26]

Japan

Turkey

Albayrak et al[14]

Nishida et al[29]

Taiwan

Wu et al[13]

United States

Qatar

Almarri et al[33]

An et al[22]

Germany

Höhler et al[19]

Iran
Japan

United Kingdom

Thursz et al[18]

Ramenazi et al[16]
Kamatani et al[21]

United States

Area/country

Thio et al[12]

Ref.

A*0301
DRB1*1302
DRB1*1301
DRB1*1302
DRB1*1302
DRB1*1301-02
DRB1*1302
D2

Allele or haplotype

DR*0406
DR*0701
DR7
Taiwanese Aborigines
B*4001
Turks
CW1
DR13
Chinese
rs3077 T
rs9277378 A
rs3128917 T
Haplotype TAT
Iranian
DRB1*13
Japanese
HLA-DPA1*0103-DPB1*0402
HLA-DPA1*0103-DPB1*0401
Chinese
HLA-DPA1 rs3077 (TT/TC/CC)
HLA-DPB1 rs9277535 (AA/AG/GG)
Japanese, Korean,
rs3077 T
rs9277542 T
Chinese, Thai
rs9277535 (GA + AA)
Chinese
DP rs9277535 (GG/AG/AA)
DQ rs7453920 (GG/AG/AA)
DQ rs2856718 (AA/AG/GG)
DP rs3077 (GG/AG/AA)
Chinese
rs3077 AA
rs9277535 AA
Koreans
DRB1*1302
DRB1*1502
DQB1*0302
DQB1*0609
Thais
DRB1*13
European-American/
DPB1*04:01
rs9277534 (AA + AG)
African-American
European-American
DPB1*04:01
African-American
DPB1*04:01

Han Chinese

Qatarians

German

Gambias

Caucasian

Population

Table 1 Genes associated with hepatitis B virus clearance and persistence

4.0/324
3.1/324
3.1/324
32.8/229
26.67/30
36.67/30
27.6/259
34.0/259
44.6/259
20.9/259
11.67/30
9.6/2100
3.8/2100
(14.0/56.0/30.0)/287
(61/100/63)/224
18.6/564
21.03/561
57.0/100
(31.5/49.9/18.6)/1344
(79.2/19.6/1.2)/1344
(25.8/49.4/24.8)/1344
(46.3/42.9/18.6)/1344
21.9/64
25.0/64
14/80
12/80
20/80
8/80
8.0/100
59.1/421
90.15/406
70.3/320
22.4/85

15.7/342
4.9/342
7.3/218 (children)
26.6/218 (children)
25.6/195
33.3/24
12.5/24
26/31
0.0/98
0.5/98
0.5/98
26.5/138
5.33/75
8.0/75
20.7/500
24.2/500
33.5/500
14.7/500
3.13/64
4.2/1300
1.8/1300
(9.0/40.0/51.0)/1218
(252/546/395)/1193
8.3/751
12.07/646
42.0/100
(43.5/45.4/11.1)/1344
(86.5/13.1/0.4)/1344
(31.5/50.5/18.0)/1344
(51.5/40.5/8.0)/1344
8.6/282
9.6/282
19/384
32/384
49/384
6/384
4.7/150
48.6/241
80.17/232
58.4/185
8.7/46

8.1/194
2.1/194
2.7/185 (children)
16.2/185 (children)
7.5/40
5.7/70
0/70
14/21

Persistence/number

Frequency (%)
Clearance/number

0.057
0.18
0.18
0.65
6.455
6.658
1.41
1.61
1.54
1.64
0.22
0.52
0.57
2.41
0.81
0.46
0.50
1.83
0.60
0.60
0.75
0.81
0.29
0.26
4.34
2.21
2.12
7.24
0.04
0.56
0.37
0.55
0.27

0.10

0.47
0.42
0.35
0.53
0.24
0.12

OR

< 0.001
0.042
0.042
0.045
< 0.05
< 0.05
0.0083
0.83E-2
1.1E-4
0.0013
< 0.03
6.00E-8
0.002
3.47E-10
0.036
4.40E-19
1.28E-15
0.034
1.69E-10
7.61E-7
0.001
0.0083
0.0017
4E-4
2E-4
0.0376
0.0172
0.0006
0.0008
0.003
1E-4
0.01
0.05

0.0005
0.030
0.037
0.012
0.012
0.004
0.018
0.013

P value

Small sample size

Sample bias

Meta-analysis

GWAS-meta-analysis
Healthy control

Small sample size

Small sample size

Small numbers and HLA
serol typing

Small sample size

Several cohorts combined
Limited power
Class I serol typing
Malaria cases unkown

Comments
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Saudi Arabia

South Korea
China mainland
Hong Kong

Al-Qahtani et al[54]

Cheong et al[42]
Zhang et al[46]
Seto et al[51]

Shin et al[62]
Ahn et al[72]

Thio et al[12]

IL-28B

Other genes
SPP1
CCR5

Persistence
HLA

United States

South Korea
South Korea

Thailand
China mainland
China mainland
China mainland

Kummee et al[17]
Zhang et al[46]
Shi et al[47]
Du et al[44]

IL-10

South Korea

Hong Kong

India
Japan

Kim et al[43]

Cytokines
TNF

Seto et al[51]

Fletcher et al[35]
Mbarek et al[34]

Caucasians

Koreans
Koreans

Koreans
Chinese
Chinese

Saudi Arabian

Thais
Chinese
Asian
Chinese

Koreans

Chinese

Indian
Japanese

B*08
B*44
Cw*0501
Cw*1601
DQB1*0201
DRB1*0301
A*0101-B*08-DQA1*0501DQB1*0201-DRB1*0301
B*44-Cw*1601
B*44-Cw*0501
B*44-DRB1*0701
B*44-Cw*1601-DRB1*0701

SPP1-ht2[T-T-C-T-A]
59029G
59353T

12.2/194
19.4/194
12.1/194
5.3/194
27.8/194
15.1/194
8.0/194
5.4/194
10.4/194
7.8/194
4.3/194

2.4/342
5.3/342
4.6/342
2.0/342

37.44/158
19.8/349
19.8/349

2.5/203

30.5/1038
65.9/1038
3.6/1038
6.5/1040
0.1/1040
93.4/1040
31.3/10381
29.1/10382
56.6/150
218/5267
/4929
9.18/196
25.74/196
28.0/824
19.0/824
17/824
7.5/412

8.1/342
11.9/342
6.8/342
2.4/342
20.1/342
9.6/342
5.3/342

45.11/286
29.6/243
29.6/243

0.2/203

23.3/279
74.8/279
1.9/279
11.3/283
0/283
88.7/283
32.6/2761
36.2/2762
70.0/100
83/2012
/2702
17.48/143
37.59/143
23.0/304
27.0/304
22/304
12.7/204

(2.91/28.08/69.01)/6496 (1.01/17.71/81.28)/2665
6.59
1.22
4.77
1.68
25.4/203
19.2/203
3.7/203
6.9/203

rs7453920 (A/G)
DQA1*0102-DQB1*0604
DQA1*0101-DQB1*0501
DP rs3077
haplotype block GAT (rs3077/
rs9277378/rs3128917)
TNF-α-863 (A/C)
TNF-α-863 (C/C)
TNF-α-863 (A/A)
TNF-α-308 (A/G)
TNF-α-308 (A/A)
TNF-α-308 (G/G)
TNF-α (-1031T; -863C; -857C; -308G;
-238G; -163G)
-863 C/C
TNF-a-857 TT
TNF-α-857 T
857 TT
Haplotype GGCCT
rs12979860T
rs12980275 G
rs8105790 C
IL-10 -592 (CC)
-592A
Haplotype block CG (rs12979860/
rs8099917)

12.94/85
1.2/83
(23.16/48.3/28.54)/6486 (36.06/45.57/18.37)/2662

DRB1*03:01
rs2856718 (AA/AG/GG)

0.003-0.006

0.67-0.78

2.23
1.99
1.83
2.21

1.59
1.82
1.81
2.14
1.56
1.66
1.58

1.44
1.71
1.71

0.02
0.006
0.03
0.04

0.03
0.001
0.009
0.03
0.004
0.009
0.09

0.006
0.006
0.006

0.01
0.032
0.008
0.03
0.03
0.0183
1E-4
0.0133
0.003
0.007
0.026

0.01

0.56-0.57

0.46
0.701
0.82
0.48
0.59
1.307
0.642
0.746
0.40
0.799
10.50

0.003-0.004

5.98E-28
3.42E-13
1.06E-5
0.035
0.034

0.007
3.99E-37

1.52-1.58

1.81
0.16
0.39
0.699
2.17

0.08
1.56

Meta-analysis

Meta-analysis
Meta-analysis

HBsAg(-) diseases control

Small sample size
GWAS-meta-analysis
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Cytokines

Turkey

China mainland

Japan

Japan

China mainland

India

Iran
United States

United States

South Korea

China mainland

Albayrak et al[14]

Hu et al[15]

Kamatani et al[21]

Mbarek et al[34]

Li et al[27]

Fletcher et al[35]

Ramezani et al[16]
O'Brien et al[30]

Thomas et al[31]

Cho et al[20]

Guo et al[23]

Brazil

Qatar
Taiwan

Almarri et al[33]
Wu et al[13]

Corrêa Bde et al[36]

United States

Thio et al[32]
DQA1*0501
DRB1*0301
DQA1*0501-DQB1*0301
DQA1*0501-DQB1*0301-DRB1*1102
Qatarians
D7
Han Chinese
B35
DR12
DR*1202
Taiwanese Aborigines
A*0206
Turks
B35
CW4
DQ2
DQ8
Chinese
rs3130542
rs4821116
Japanese
HLA-DPA1*0202-DPB1*0501
HLA-DPA1*0202-DPB1*0301
Japanese
DQA1*0102-DQB1*0303
DQA1*0301-DQB1*0601
southern Chinese
HLA-DP rs2395309 G
rs9277535 G
northern Chinese
HLA-DP rs2395309 G
rs9277535 G
Indian
DRB1*07:01
HLA-B*44
Iranian
A*33
European
rs3077
rs9277535
European-American/
DPB1*01:01
African-American
African-American
DPB1*01:01
Koreans
DRB1*0701
DQB1*0301
Chinese
rs9277535 G
rs2395309 G
rs3077 G
rs2301220 T
rs9277341 C
rs3135021 G
rs10484569 A
rs3128917 G
rs2281388 A
rs3117222 T
rs9380343 T
Brazilian
DRB1*09
DRB1*08

African-Americans

21.2/241
60.9/46
69/384
126/384
498/521
496/521
514/521
509/521
511/521
514/521
514/521
519/521
502/521
511/521
501/521
12.5/64
27.3/64

37.7/85
7/80
17/80
553/571
564/571
562/571
557/571
563/571
566/571
564/571
566/571
556/571
552/571
562/571
3.6/256
12.2/256

42.8/1300
3.6/1300
1.91/748
2.45/748
1367/2107
1195/2107
302/600
206/600
57.83/83
18.07/83
10.16/64

40/31
32/31
27/31
8.5/31
57/21
4.6/98
23/98
16.8/98
8.7/138
46.7/75
44.0/75
28.0/75
25.33/75

14.3/421

34.7/2100
1.8/2100
0.25/614
0.42/614
257/524
208/524
121/304
75/304
24.71/85
3.45/85
0/30

20/60
12/60
11/60
0.8/60
16/31
1.9/324
13.6/324
9.9/324
3.9/229
0.2/30
13.33/30
6.67/30
6.67/30

2.7
0.43
0.55
0.56
0.71
0.64
0.67
1.77
0.78
1.6
1.91
1.66
0.51
0.61
4.2
2.54

1.86

2.6
3.9
3.0
10.7
3.73
2.63
2.1
1.81
2.85
0.286
0.286
0.184
0.211
1.33
0.82
1.45
2.31
19.03
5.02
1.31
1.33
1.2
1.26
3.76
6.23

0.01
0.0458
0.047
5.61E-9
2E-4
6.00E-6
4.44E-5
1.28E-5
3.00E-3
3.20E-6
4.62E-11
4.65E-7
2.70E-11
4.95E-7
0.016
0.031

0.05
0.01
0.005
0.01
0.05
0.034
0.0022
0.024
0.0029
< 0.005
< 0.005
< 0.005
< 0.005
9.49E-14
1.71E-12
5.79E-6
0.002
8.39E-5
7.34E-5
9.63E-7
1.67E-7
0.021
8.37E-5
< 0.005
0.007
< 0.008
3.00E-7
0.001
0.01

Male gender
Aged 39 years or younger

Small sample size
Sample bias

Small sample size
Liver tissues
Gene expression study

Small sample size

GWAS-Meta-analysis

Small sample size

Small sample size

Small sample size
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India

China mainland
China mainland

Germany
South Korea

China mainland
mainland
South Korea

China mainland

South Korea
South Korea

India
United Kingdom
United States

Fletcher et al[35]

Zheng et al[45]
Du et al[44]

Höhler et al[41]
Cheong et al[42]

Zhang et al[46]

Li et al[61]

Shin et al[62]
Park et al[63]

Suneetha et al[73]
Thomas et al[75]
Thio et al[80]

Kim et al[50]

South Korea

Kim et al[43]

Indian
Caucasian
American

Koreans
Koreans

Chinese

Koreans

Chinese

German
Korean

European
Chinese

Indian

Koreans

SPP1-ht2–bearing genotype
rs2886767 TT
rs1561285 CC
rs11127 CC
CCR5Delta32
codon 52
-221C

rs12979860 CC
rs12980275 AA
rs8099917 TT
rs1946518 AA

TNF-α (-1031C; -863A; -857C; -308G;
-238G; -163G)
TNF-rs1800630 AA
TNF-rs1799964 CC
TNF-α-238 (GA + AA)
-238GG
-863CA
haplotypes GGCAT
haplotypes GGTAT
-238 A
TNF-α -308 (GG/GA/AA)
TNF-α haplotype (-308/-238)
TNF-a-308A

37.44/428
2.76/107
1.25/107
2.01/107
0.73/408
4.0/98
17.7/338

85.9/2202
85.6/2432
89.3/2412
60/301

23.2/2761
1.8/2762
4.1/150
15.0/150
/3181
93.01/143
16.08/143
13.72/143
3.46/143
6.0/32
(85.8/13.7/0.5)/204
75.5/204
/2012

45.11/331
10.78/206
2.77/206
10.28/206
4.2/214
27.0/33
23.4/189

93.5/1542
91.1/2032
94.1/2042
141/501

288.8/10381
3.4/10382
11.9/137
20.8/137
/5245
97.96/196
25.51/196
31.40/196
6.93/196
25.0/71
(88.8/10.9/0.2)/412
82.8/412
/5267
0.01-0.02

1.38

1.44
2.44
3.78
3.26

1.573

0.006
0.015
0.008
0.004
0.005
4E-4
0.04

0.013
0.042
0.035
0.009

2.28
< 0.01
2.21
< 0.01
2.22/4.46 0.032/0.002
4.08
0.02
1.79
0.04
2.85
1E-4
4.15
4E-4
< 0.04
0.58
0.039
0.56
0.007
0.585
0.002

1.42-1.46

Meta-analysis

Meta-analysis

Recently, many gene polymorphisms (single neucleotide polymorphisms, SNPs) have been reported to be associated with HBV clearance or persistent infection including some
not mentioned above, such as HLA-DPA1 rs3077 and HLA-DPB1 SNPs[15,21-28], TNF-alpha promoter SNPs and/or haplotypes[43] (Table 1). It is clear that polymorphisms in

CONCLUSION

tor polymorphisms influence susceptability to persistent HBV infection and were associated with HBV clearance in Gambian patients. Suneetha et al[73] showed that VDR a/a
allele was associated high HBV level.
Toll-like receptors (TLRs) were identified as transmembrane signal transduction proteins in recent years. As a group of pattern recognition receptors (PRRs), TLRs play
important roles in the innate immunity by recognizing pathogen associated molecular patterns (PAMPs). PAMPs trigger TLR signaling cascades, leading to the release of proinflammatory cytokines, and play critical roles in infectious diseases. Wu et al[85] showed that TLR 4 rs4986790 was associated with HBsAg seroconversion, and TLR 5 rs5744174
and TLR 9 rs5743836 were associated with HBeAg seroconversion. Al-Qahtan et al[86] showed that TLR 3 rs1879026 and rs1879026G-rs5743313C-rs5743314G-rs5743315A
haplotype were associated with persistent HBV infection in Saudi Arabian patients.
Ubiquitin-conjugating enzyme E2 L3 is a protein encoded by the UBE2L3 gene. It is an important enzyme for degradation of abnormal or shor-lived protein. Hu et al[15]
showed that the UBE2L3 rs4821116 polymorphism was associated with HBV clearance.

Heterozygosity; 2Homozygosity. HLA: Human leukocyte antigen; TNF: Tumor necrosis factor; IL: Interleukin; SPP1: Secreted phosphoprotein-1; CCR5: C-C chemokine receptor type 5; GNLY: Granulysin; MBL: Mannose-binding
lectin; GWAS: Genome-wide association study.

1

CCR5
MBL

IL-18
Other genes
SPP1
GNLY

IL28B

TNF
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several genes contribute to the outcomes of HBV infection, such as HLA-DPA1 and HLA-DPB1. However, it
is difficult to validate in different populations for other
genes. And also, since human traits are inherited polygenically, single gene or SNP cannot fully explain disease
susceptibility. The major strength of genetic association
analysis is that it uses distortions of compared population
genetic frequency distributions to detect disease-associated genes. Yet this advantage is accompanied by potential
pitfalls that can lead to false positive associations as well
as to missing important loci. False positive associations
can arise from sampling errors in sub-structured study
populations, from variation associated with multiple statistical tests, and from linkage disequilibrium of marker
SNPs with the actual disease-associated SNPs. Thus,
optimum studies include: (1) large sample size; (2) replication in different study populations, multicohort and
global coopration studies; (3) functional study relating
the SNP association with gene function; (4) high relative
hazards or relative risks; (5) high attributable risk; and (6)
gene-gene interaction study. Gene-gene interactions influence disease susceptibility, but unfortunately, no reliable
methods are available to detect these interactions in large
datasets now.
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ries of HBV inhibitors may pave the way for regimens
of finite duration that result in long-lasting control of
chronic hepatitis B infection.
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Core tip: Despite the presence of an effective vaccine, chronic infection with hepatitis B virus remains a
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Abstract
Chronic infection with hepatitis B virus (HBV) constitutes a major global public health threat, causing
substantial disease burdens such as liver cirrhosis and
hepatocellular carcinoma, thus representing high unmet medical needs. Currently available therapies are
safe, well tolerated, and highly effective in decreasing
viremia and improving measured clinical outcomes with
low rates of antiviral resistance. However, long-term
management remains a clinical challenge, mainly due
to the slow kinetics of HBV surface antigen clearance.
In this article, we review emerging antivirals directed at
novel targets derived from mechanisms of viral cellular
entry, viral replication, viral assembly, and the host immune response, leading to preclinical and clinical trials
for possible future therapeutic intervention. The recent
therapeutic advances in the development of all catego-
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INTRODUCTION
Despite the availability of an effective prophylactic vaccine, hepatitis B virus (HBV) infection remains a global
public health problem. Worldwide, over 2 billion people
have serological evidence of HBV, and approximately
360 million individuals are chronic HBV surface antigen
(HBsAg) carriers[1]. The spectrum of disease and natural
history of persistent HBV infection are diverse and variable, ranging from an inactive carrier state to progressive
chronic hepatitis B (CHB), which is often associated
with the development of cirrhosis and hepatocellular
carcinoma (HCC)[2,3]. According to the Global Burden of
Disease Study 2010, the total number of deaths in 2010
from HBV-related diseases was estimated to be 786000
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Figure 1 Hepatitis B virus replication cycle and potential drug targets. After hepatitis B virus (HBV) virions enter the hepatocyte, they are uncoated and transported to the nucleus, in which covalently closed circular DNA (cccDNA) is generated by repairing the partially double-stranded genome, followed by transcription of
the cccDNA into the viral RNA gene products. Encapsidation of the pregenomic RNA occurs in the cytoplasm via a complex interaction among epsilon, core particles,
and HBV polymerase. Reverse transcription leading to negative-strand and then positive-strand synthesis occurs within the viral nucleocapsid. After budding into the
endoplasmic reticulum and Golgi apparatus, the nucleocapsid acquires an HBV surface antigen (HBsAg)-containing envelope and is released through the secretory
pathway as progeny virions. Alternatively, nucleocapsids may also recycle their genomes into the nucleus for conversion to cccDNA. Potential inhibitors of the HBV life
cycle include inhibitor of viral entry, small interfering double-stranded RNA (siRNA), inhibitor of nucleocapsid formation, inhibitor of HBV DNA polymerase, and inhibitor
of HBsAg release.

worldwide[4].
In the last decade, therapeutic options for CHB have
dramatically improved, which has resulted in more patients living with the disease in an inactive state. However,
due to the variety of available drugs and the constantly
changing guidelines, the management of HBV can be
complex.
This article focuses on the current treatment options
and various novel antiviral reagents for hepatitis B infection, including HBV life cycle inhibitors and host cellular
target directed antiviral reagents.

attachment, penetration and uncoating. HBV infection
of target cells begins when the virion attaches to the cell
surface through interactions between viral envelope proteins and cellular receptors. Evidence suggests that a peptide derived from the pre-S1 region plays a crucial role in
HBV binding and is an example of a possible therapeutic
target[9]. The host receptor has long remained elusive
although a recent report suggests sodium taurocholate
cotransporting polypeptide, a multiple transmembrane
transporter as a candidate receptor[10]. Following binding,
the viral particle is internalized into the cytoplasm, where
it undergoes a series of transformations involving the
disassembly of the lipid bilayer and dissolution of the nucleocapsid[11,12]. Genomic DNA is transported to the cell
nucleus as a result of a nuclear localization signal on the
capsid protein. Inside the nucleus, the capsid dissociates
and the rcDNA is converted into covalently closed circular DNA (cccDNA)[13]. HBV cccDNA is a unique episomal replicative intermediate that is responsible for the
persistent infection of hepatocytes and that acts as the
template for the transcription of 4 co-terminal mRNAs.
These mRNAs are as follows: 3.5-kb pre-core mRNA
(pre-C) and pgRNA; a 2.4-kb large surface mRNA; a
2.1-kb middle and small surface mRNA; and a 0.7-kb X
mRNA[14,15]. The slightly longer pre-core 3.5-kb mRNA
pre-C mRNA is translated to produce a precore protein

HBV LIFE CYCLE AND POTENTIAL DRUG
TARGETS
HBV, a member of the Hepadnaviridae family of viruses,
is a small, enveloped, hepatotropic virus with an approximately 3.2-kb partially double-stranded, relaxed circular
(rc) DNA genome[5]. The HBV life cycle is dependent on
the reverse transcription of an RNA intermediate copy
of the 3.2-kb DNA genome called pregenomic RNA
(pgRNA). A simplified outline of the HBV replication
cycle, the potential drug targets and the novel antiviral
approaches are shown in Figure 1.
The HBV lifecycle has recently been fully described[6-8]. Early events of the viral life cycle include
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Telbivudine

Table 1 Approved antivirals for hepatitis B
Generic
Names
Interferon
alpha-2b
Pegylated
interferon
Lamivudine
Adefovir
dipivoxil
Entecavir
Telbivudine
Tenofovir
disoproxil
fumarate

Brand Name

Manufacturer
Name

Original approval or
tentative approval date

Intron A

Schering

July, 1992

Pegasys

Roche

13-May-05

Epivir-HBV GlaxoSmithKline
hepsera
Gilead sciences
Baraclude
Tyzeka
Viread

Bristol-myers
squibb
Novartis
Gilead sciences

8-Dec-98
20-Sep-02

1992

1998

2002

IFN

Lamivudine

Adefovir
dipivoxil

2005 2006 2008

Entecavir

Tenofovir
disoproxil
fumarate

PEG-IFN

29-Mar-05

Figure 2 Approval dates for chronic hepatitis B therapeutics. IFN: Interferon.

25-Oct-06
8-Nov-08

CURRENT ANTIVIRAL REAGENTS
The goal of therapy for CHB is to improve quality of life
and survival by preventing progression of the disease to
cirrhosis, decompensated cirrhosis, end-stage liver disease,
HCC and death[21]. This goal can be achieved if HBV
replication can be suppressed with an effective treatment.
The ideal end point is HBsAg loss, which however is
infrequently achievable with the currently available antiHBV agents. A more realistic endpoint is the induction of
sustained or maintained virological remission.
Over the last 20 years, 2 interferon (IFN)-based therapies, both host cellular target-directed antiviral reagents,
and 5 oral nucleoside/nucleotide analogues, all of which
are HBV life cycle inhibitors, have been approved by the
United States Food and Drug Administration for the
treatment of CHB. These agents include IFN, pegylated
interferon, lamivudine (LMV), adefovir dipivoxil (ADV),
entecavir, telbivudine, and tenofovir disoproxil fumarate
(TDF) (Table 1, Figure 2).

that is further proteolytically processed into the HBV e
antigen (HBeAg). In addition to serving as mRNA for viral capsid proteins and DNA polymerase, pgRNA serves
as the template for the reverse transcriptional synthesis
of viral DNA.
The late events in viral replication include viral assembly and release. Following transcription, viral mRNAs are
transported to the cytoplasm where translation of the viral proteins, self-assembly of core protein molecules into
nucleocapsids, and progeny genome replication occurs.
After being transported to the cytoplasm, the pgRNA
encodes the viral capsid protein (also termed core protein) and the HBV polymerase. Replication requires the
encapsidation of the pgRNA by the core particle. This
process is initiated by the interaction of the HBV polymerase with the pgRNA, which triggers encapsidation by
the core protein to form the viral nucleocapsid[16]. Inside
the lumen of the capsids, the viral polymerase serves as
a protein primer to initiate negative-strand DNA synthesis with the pgRNA serving as the template, followed
by synthesis of an incomplete plus-strand DNA. At this
point the mature nucleocapsid is functionally equivalent
to the capsid that entered the cell during primary infection, and has two potential fates. After budding into the
endoplasmic reticulum and Golgi apparatus, the nucleocapsid acquires an HBsAg-containing envelope and
is released through the secretory pathway as progeny
virions[17,18]. Alternatively, nucleocapsids may also deliver
their genomes back to the nucleus, causing amplification
of the cccDNA pool (a process referred to as the recycling pathway)[19].
These multiple complex steps in the HBV life cycle
of cellular entry, disassembly, replication, assembly, and
release are all potential targets for novel therapies. Furthermore, complex host-immune responses to viral infection involving both innate and adaptive immunity offer
immunological targets for viral control[20]. Combination
therapies targeting multiple mechanisms are particularly
attractive. The potential targets of representative new antiviral approaches currently undergoing evaluation in vitro,
in vivo, or in clinical trials are shown in Figure 1.

WJG|www.wjgnet.com

EMERGING ANTIVIRALS FOR HEPATITIS B
Inhibitor of HBV DNA polymerase
Clevudine: Clevudine [1-(2-deoxy-2-fluoro- β -Larabinofuranosyl) thymine, L-FMAU], a thymidine
nucleoside analogue, has potent antiviral activities against
both HBV and Epstein-Barr virus but not human immunodeficiency virus (HIV). It acts as an inhibitor of the
DNA-dependent DNA activity of HBV polymerase, as
well as of reverse transcription and priming. Clevudine
was approved for the treatment of CHB in South Korea
and in the Philippines. However, the use of clevudine has
not been endorsed by AASLD or EASL in their hepatitis
B treatment guidelines[21,22] (Table 2).
Clevudine has demonstrated potent antiviral activity
during therapy and induced a sustained post treatment
antiviral effect for 6 mo after a 12-wk treatment period[23].
A clinical trial of 1-year of clevudine treatment demonstrated it to be effective in suppressing the serum HBV
DNA level and in normalizing the ALT level. Viral breakthrough associated with the rtM204I mutation occurred
in 1 patient after 9 mo of clevudine treatment[24]. The
M204I mutant in HBV RT plays a major role in clevudine
resistance and leads to viral breakthrough during long-
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Table 2 Emerging antivirals for hepatitis B virus treatment
Family/drug name
Nucleoside/nucleotide analogs
Clevudine
MIV-210 (lagociclovir valactate)
Besifovir (LB80380)
Tenofovir alafenamide (GS-7340)
CMX157
AGX-1009
Non-nucleoside antivirals
Myrcludex-B
Bay 41-4109
GLS 4
Phenylpropenamides
REP 9 AC
Nitazoxanide (alinia)
dd-RNAi compound
ARC-520
Immune-based
Zadaxin (thymosin alpha 1)
NOV-205 (BAM 205)
GS-9620
GI-13020
DV-601

Mechanism

Status

Company

Inhibits viral DNA polymerase
Inhibits viral DNA polymerase
Inhibits viral DNA polymerase
Inhibits viral DNA polymerase
Inhibits viral DNA polymerase
Inhibits viral DNA polymerase

Approved in S. Korea and Philippines
Phase Ⅱ
Phase Ⅱb
Phase Ⅰb
Phase Ⅰ
Phase Ⅰ, China

Bukwang/Eisai
Medivir/Daewoong
LG Life Sciences
Gilead
Chimerix
Agenix

Entry inhibitor
Inhibits viral nucleocapsid
Inhibits viral nucleocapsid
Inhibits viral encapsidation
HBsAg release inhibitor
Small Molecule
Gene silencing
RNAigene silencer

Phase Ⅰa, Germany
Phase Ⅰ, Germany
Phase Ⅰ, China
Preclinical
Phase Ⅰb
Preclinical
Preclinical
Phase Ⅰ

Myr-GmbH
AiCuris
Sunshine Lake

Immunomodulator

Orphan drug approval in United
States for liver cancer
Approved in Russia
Phase Ⅰ
Preclinical
Phase Ⅰb

Immunomodulator
TLR7-agonist
HBV antigen
Therapeutic HBV vaccine

REPLICor Inc.
Romark Labs
Benitec/Biomics
Arrowhead Research
SciClone
Novelos
Gilead
Global Immune
Dynavax

HBV: Hepatitis B virus.

term clevudine treatment. In vitro drug susceptibility assays have revealed clevudine-associated mutants to be all
resistant to lamivudine and usually sensitive to adefovir,
entecavir, and tenofovir[25].
In a double-blind study to evaluate the safety and antiviral activity of clevudine (30 mg daily) over a 48-wk period
compared with lamivudine (100 mg daily) in 92 HBeAgpositive CHB patients, clevudine was shown to be superior
to lamivudine by yielding a higher rate of HBV DNA
suppression[26]. In contrast, in a 2-year observational study
comparing the clinical efficacy and safety of clevudine and
entecavir, clevudine not only was no more effective than
entecavir but also was associated with the development of
drug resistance and muscle-related problems[27,28].
Clinical trials of long-term therapy with clevudine
in the United States were terminated due to safety issues, such as drug-induced myopathy[29-31]. Furthermore,
clevudine is more potent than is lamivudine, but does
not seem to be more potent than entecavir or tenofovir.
It has no advantage over the more potent antiviral regimen in current use, and therefore, is unlikely to be more
universally approved in most markets given the safety
concerns and the availability of the more effective drugs
entecavir and tenofovir.

spectrum of anti-HBV activity profiles against wild-type,
lamivudine-resistant, adefovir-resistant, and lamivudineplus-adefovir-resistant HBV mutants[33]. A study to determine the dose-related antiviral efficacy and safety of
MIV-210 in chronically infected woodchucks showed that
oral administration of MIV-210 at 20 or 60 mg/kg of
body weight/day induced a rapid virological response[34].
The clinical development of this agent is ongoing. Following favorable plasma levels of MIV-210 and good oral
bioavailability in phase Ⅰ studies, a phase Ⅱa clinical trial
has been initiated in South Korea.
Besifovir (LB80380): is an acyclic nucleotide phosphonate with chemical similarity to adefovir and tenofovir.
LB80380 is the prodrug of LB80331, which in turn is
metabolized to LB80317, the active metabolite with antiviral effects against HBV after further intracellular phosphorylation to the triphosphate form[35].
In a phase Ⅰb dose-finding study of LB80380 in
treatment-naïve HBeAg-positive CHB patients, the safety,
antiviral activity and pharmacokinetics were assessed[36].
A 3- to 4.2-log reduction of HBV DNA was observed
with doses ranging from 30 to 240 mg daily, and viral
suppression reached the optimal level when besifovir was
administered at dose above 60 mg/d. In a phase Ⅱa clinical study, LB80380 was found to be effective in reducing
the viral load in lamivudine-resistant HBeAg-positive
CHB patients for a period of 12 wk[37]. In both studies,
LB80380 was safe and well tolerated up to a dose of 240
mg daily. In a phase Ⅱb study that compared the safety
and antiviral activity of besifovir with entecavir in Asian
CHB patients for 48 wk, the proportions of patients
who achieved undetectable HBV DNA, HBeAg loss, and

MIV-210 (Lagociclovir valactate): is a prodrug of the
nucleoside analogue 3’-fluoro-2’, 3’-dideoxyguanosine
(FLG) and has high oral bioavailability in humans and
potent activity against HBV[32].
Preclinical in vitro and in vivo data reveal MIV-210 to
be a good candidate for further testing as an agent against
HIV and HBV. In Huh7 cells transiently transfected
with different HBV constructs, FLG exhibits a broad
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sents a rather new and attractive therapeutic concept for
controlling acute and chronic infections. The establishment of the HBV-susceptible cell line HepaRG[43] and systems based on primary human hepatocytes and primary
Tupaia belangeri hepatocytes have facilitated investigations of the cellular and viral determinants involved in
HBV entry and resulted in the discovery of envelope protein-derived entry inhibitors. Both genetic and functional
examination identified one domain in the N-terminusof
HBV preS1 (amino acids 1-47) that is essential for HBV
and hepatitis delta virus (HDV) infectivity.
Myrcludex-B, a synthetic lipopeptide consisting of
the authentically myristoylated N-terminal 47 amino acids
of the preS1 domain of the large viral envelope protein
(L protein), specifically targets hepatocytes and efficiently
blocks de novo HBV infection both in vitro[9,44-46], and in
vivo[47]. Humanized chimeric uPA mice were first injected
with HBV to permit an initial infection establishment,
followed by administration of Myrcludex-B for either 3
d, 3 wk or 8 wk post-HBV inoculation. Myrcludex-B not
only prevented the spread of HBV from infected human
hepatocytes in vivo; but also hindered amplification of the
cccDNA pool in initially infected hepatocytes[48]. A phase
0/1 clinical study to evaluate the safety, tolerability, pharmacokinetics, and immunogenicity of single ascending
doses of Myrcludex-B in healthy volunteers is ongoing[49].
The data to date have shown Myrcludex-B to be very well
tolerated in healthy volunteers for all investigated doses
of up to 5 mg intravenous (iv) injection and 0.8 mg subcutaneous (sc) injection.
The entry inhibitor Myrcludex-B has been shown to
prevent de novo establishment of HDV infection in vitro[50].
Furthermore, in a successfully established uPA/SCID
mice model of HBV/HDV coinfection and superinfection, preclinical antiviral evaluations of the efficacy of
Myrcludex-B in inhibiting the establishment of de novo
HDV infection in vivo were performed[51].
Currently, the potential role of viral peptide-derived
lipoproteins is primarily preventative and limited to postexposure prophylaxis, the prevention of vertical transmission, and graft reinfection after liver transplant.

HBeAg seroconversion were similar in all 3 groups of
patients (besifovir 90 mg daily, besifovir 150 mg daily or
entecavir 0.5 mg daily). Two doses of besifovir (90 mg
and 150 mg) were non-inferior to entecavir 0.5 mg daily
in treatment-naive CHB patients[38]. No antiviral drug
resistance was observed in this study. A phase Ⅲ study
(ClinicalTrials.gov identifier NCT01937806) to assess the
antiviral activity and safety of besifovir 150 mg compared
with tenofovir 300 mg in CHB patients for 48 wk is not
yet open for participant recruitment.
Tenofovir Alafenamide (GS-7340): associated with acyclic nucleotide phosphonates is currently under clinical
development, with the goal of increasing oral availability,
improving antiviral activity, and decreasing the potential
for nephrotoxicity. Tenofovir alafenamide (TAF; formerly
GS-7340) is a prodrug of TDF, achieving higher active
metabolite concentrations in peripheral blood mononuclear lymphocytes and lymphatic tissues[39].
Inside cells, TAF is initially hydrolyzed to the intermediate tenofovir-alanine conjugate (TFV-Ala). TFV-Ala is
converted to the parent tenofovir, which then undergoes
subsequent phosphorylations to yield the active tenofovir
diphosphate (TFV-DP) metabolite[40]. TFV-DP inhibits
the activity of HIV reverse transcriptase by competing
with natural substrates and causing DNA chain termination after incorporation into viral DNA[41]. TAF is being studied for the treatment of HIV infection, and is a
potent inhibitor of hepatitis B virus. A phase Ⅰ study to
evaluate the safety and efficacy of TAF compared with
that of TDF in treatment-naive and experienced adult
subjects with chronic hepatitis B virus infection is currently recruiting participants (ClinicalTrials.gov Identifier:
NCT01940341).
CMX157: is another investigational prodrug of tenofovir that is currently undergoing a phase Ⅰ clinical study.
CMX157 is a hexadecyloxypropyl conjugate of tenofovir with antiviral activity against HIV and HBV. In vitro,
CMX157 is 267-fold more active than tenofovir against
HIV-1 and 4.5-fold more active against HBV. CMX157 is
orally bioavailable and has no toxicity in rats treated for 7
d at doses ranging from 10 to 100 mg/kg per day[42].
A phase Ⅰ study to evaluate the safety, tolerability, and
pharmacokinetics of a single dose of CMX157 in healthy
volunteers has been completed (ClinicalTrials.gov Identifier: NCT01080820). Both TAF and CMX157 represent
second-generation tenofovir analogues which may have
an improved clinical profile.

Inhibitor of nucleocapsid formation
Heteroaryldihydropyrimidines: The HBV capsid plays
an indispensable role in the virus life cycle, participating
in genome packaging, reverse transcription, intracellular
trafficking, and maintenance of a stable infection. HBcAg
serves as the structural unit in the assembly of the viral
nucleocapsid, leading to nucleocapsid formation through
a process of self-assembly. Perturbing HBV assembly,
and thereby altering either the timing or the geometry
of capsid formation, has great potential as an antiviral
strategy. Recently, heteroaryldihydropyrimidines (HAPs),
a family of assembly effectors, have been identified as
highly potent non-nucleosidic inhibitors of HBV replication in vitro and in vivo[52-55]. HAPs act as allosteric effectors to increase the kinetics of assembly and strengthen
dimer-dimer association to prevent the proper formation

AGX-1009: is a novel patented prodrug of tenofovir but
is activated by a different molecular side-chain. Ongoing
preclinical studies demonstrate good efficacy in inhibiting
viral replication, and phase Ⅰ trials are planned for 2013
in China.
Inhibitor of viral entry
Myrcludex-B: Specific inhibition of virus entry repre-
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and hepatitis C virus (HCV)[69].
REP 9 AC is a 40-nucleotide polycytidine (alternating adenosine) amphipathic DNA polymer that inhibits
the release of HBsAg from infected hepatocytes in HBV
infected patients and allows patients to regain durable
immunity by eliminating HBsAg-mediated immunosuppression. This agent is currently in a phase Ⅰ/Ⅱ clinical
trial. The safety and efficacy of REP 9 AC in 8 HBsAg+
patients with HBV DNA levels of 6-12 log10 copies/ml
were evaluated[70]. Interim clinical data demonstrated that
REP 9AC led to rapid clearance of HBsAg from the serum and development of anti-HBs in as early as 7 d and
in no more than 32 wk. Seven of the 8 treated patients
exhibited residual to no levels of serum HBsAg and developed anti-HBs. Three of these 7 patients demonstrated durable immunological control over their infections, as
evidenced by substantial reductions in serum HBV DNA
within 20-27 wk of treatment. REP 9 AC, a modification
of REP 9 AC to reduce pro-inflammatory activity and
improve compound stability, shows similar efficacy with
respect to HBsAg clearance and HBV DNA suppression
with no pro-inflammatory side effects[71]. These results
suggest that APs may become an important new tool in
the treatment of CHB.

of viral capsids. Additionally, at high concentrations,
HAPs misdirect viral assembly[56].
Bay 41-4109, a member of the HAP family, inhibits
HBV replication by inducing inappropriate assembly
and an aberrant transition to yield virus particles no
longer competent for reverse transcription, budding,
and/or nuclear transport[57]. In a humanized uPA/SCID
HBV mouse model, a decrease in the HBV viral load
of approximately 1 log (10) copies/mL was observed
after treatment with Bay41-4109 for 5 d. Viral rebound
was observed within 5 d of treatment cessation. A
phase Ⅰ study is ongoing, but no clinical results have
been reported to date.
GLS4, a small molecular compound that inhibits
HBV replication, is also a member of the HAP family. It
is a potent inhibitor of the replication of both wild-type
and ADV-resistant HBV mutant strains in vitro[58]. GLS4
is currently undergoing a phase Ⅰ study in China to
evaluate its safety, tolerability, and pharmacokinetics, and
it exhibits good pharmacological behavior and tolerance.
These inhibitors have a potential role as part of future
therapeutic regimens against chronic HBV due to their
specific mechanisms of action.
Phenylpropenamides: Molecules of the phenylpropenamide family of compounds, AT-61 and AT-130, have
been shown to inhibit HBV replication in vitro[59,60]. These
compounds are specific to HBV and have no activity
against related viruses such as duck HBV, woodchuck
HBV, and human immunodeficiency virus type 1 (HIV-1).
Both AT-61 and AT-130 were found to be active against
LMV-resistant HBV mutants. Studies with these compounds have shown that the phenylpropenamides appears to effectively inhibit HBV replication by interfering
with the encapsidation process at the level of pregenomic
RNA encapsidation, producing apparently normal capsids that lacked genetic material[61]. Subsequent studies
revealed an assembly effector mechanism underlying the
apparent blocking of RNA packaging[62]. Unlike HAPs,
the effects of the phenylpropenamides are almost entirely
kinetic, affecting only assembly reaction rate and timing
while still producing normal capsids, with very little thermodynamic effects on capsid stability. Although this class
of compounds has a favorable toxicity profile, clinical trials are still required.

Small molecules
Nitazoxanide (alinia): Nitazoxanide, a thiazolide antiinfective agent, is active against anaerobic bacteria, protozoa, and a range of viruses in cell culture models, and it
is currently in phase Ⅱ clinical development for the treatment of chronic hepatitis C. Nitazoxanide was approved
by the United States Food and Drug Administration in
2002 for treating diarrhea caused by Cryptosporidium spp. or
Giardia lamblia in adults and children as young as 12 mo[72].
The antiviral activity of nitazoxanide was discovered by serendipity when patients with AIDS and HBV
or HCV co-infection were treated for diarrhea. Nitazoxanide is potent inhibitor of HBV and displays synergistic interactions with LMV or ADV against HBV in
vitro. Nitazoxanide is also effective against HBV mutants
that are resistant to lamivudine and adefovir[73]. In preliminary open-label studies, nitazoxanide alone has shown
evidence of efficacy in the treatment of CHB over 1-year
course of therapy[74]. Nitazoxanide 500 mg twice daily resulted in a decrease in serum HBV DNA in all 4 HBeAgpositive patients, with undetectable HBV DNA in 2 of
the 4 patients, loss of HBeAg in 3 patients, and loss of
HBsAg in 1 patient. Nitazoxanide and related agents represent a class of small molecules that modulate host antiviral pathways via protein kinase activation, thereby acting
as interferon immune enhancers[75].
Phase Ⅱ clinical trials have demonstrated the efficacy
and safety of nitazoxanide added to peginterferon with
or without ribavirin in treating patients with chronic
hepatitis C. Multiple clinical trials of nitazoxanide for
treating chronic hepatitis C are underway or have been
completed; however, no trials of this drug for treating
CHB are currently registered with ClinicalTrials.gov.

Inhibitor of HBsAg release
REP 9 AC: Phosphorothioated oligonucleotides (PSONs), a novel class of compounds, constitute a promising microbicide approach. Early studies indicated
the antiviral activity of PS-ONs to be independent of
antisense activity but specifically dependent on their amphipathic characteristic[63]. Thus, PS-ONs with sequenceindependent antiviral activity were describedas amphipathic DNA polymers (APs). APs possess broad spectrum
antiviral activity, via multiple mechanisms, against a range
of viruses, including human HIV-1[64], herpes simplex virus[65-67], arenavirus lymphocytic choriomeningitis virus[68],
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Gene silencing
DNA-directed RNA Interference: RNA interference is
an evolutionary conserved mechanism that employs short
RNAs in association with an effector complex, referred
to as the RNA-induced silencing complex, to regulate
gene expression in a sequence-specific manner[76]. Two
classes of small RNAs differing in origin and early processing pathways, mediate this process, namely, microRNAs (miRNAs) and small interfering RNAs (siRNAs)[77].
HBV is a promising target for an RNA interference
approach because its compact genome lacks significant
redundancy. siRNA has shown promise as a potential
therapeutic agent by potently knocking down one or
more viral transcripts (and consequently, antigens), for
prolonged periods, both in vitro and in vivo[78-80].
ddRNAi technology involves inserting a DNA construct into a cell, triggering the production of double
stranded RNA (dsRNA), which is then cleaved into
siRNA as part of the RNA interference (RNAi) process, causing the destruction of the target mRNA and
knocking-down or silencing the target gene expression.
Although challenges remain in drug delivery, the most
advanced nucleic acid-based therapeutics may enter the
clinical realm in the near future.

hepatitis B or C, and HIV). Investigation of Zadaxin’s
mechanism of action at the cellular level has revealed both
immune-modulating and direct-acting effects.
Interest in using Zadaxin for treating CHB has been
based on the drug’s immunomodulating effects, which
can trigger lymphocyte maturation, augment T-cell function, and reconstitute immune defects.
A study revealed that Zadaxin added to lamivudine
was not superior to lamivudine alone and did not prevent
resistance to lamivudine despite increased HBeAg seroconversion[82]. The data from a meta-analysis showed that,
compared with IFN-α, the benefit of thymosin alpha-1
was not immediately significant at the end of therapy but
that the virological, biochemical, and complete response
had a tendency to increase or accumulate gradually after
the therapy[83]. No persuasive data have yet emerged to
suggest a great potential for Zadaxin.
NOV-205 (BAM 205): NOV-205 acts as a hepatoprotective agent with immunomodulating and anti-inflammatory properties and, thus, likely requires treatment
periods longer than 14 d to affect a clinical response. Its
regulatory approval in the Russian Federation under the
trade name Molixan® in 2001 was based on clinical studies in 178 Russian hepatitis B and C patients. When used
as mono-therapy for 1 mo in hepatitis B and for 2 mo in
hepatitis C patients, NOV-205 has been shown to greatly
reduce/eliminate viral loads and to significantly improve
liver function. NOV-205 was also well-tolerated in those
studies.

ARC-520: A siRNA-based therapeutic agent called
ARC-520 is designed to reduce the expression and release of new viral particles and the viral protein load by
the mechanism of RNAi. The siRNAs in ARC-520 intervene at the point of DNA transcription, upstream of
where nucleotide and nucleoside analogues act. In transient and transgenic mouse models of HBV infection, a
single intravenous injection of ARC-520 targeting HBV
sequences caused long-term, multi-log suppression of
HBV RNA proteins, and viral DNA.
In a chimpanzee chronically infected with HBV and a
high viral titer, a single intravenous injection of 2 mg/kg
ARC-520 was well-tolerated and resulted in decreases in
serum levels of HBsAg, HBeAg, and HBV DNA[81].
A phase Ⅰ study of ARC-520 administered intravenously to healthy adult volunteers is being conducted
in Melbourne, Australia. Each dose cohort includes 6
subjects randomized at a ratio of 1:2 (placebo: active) to
receive a single intravenous injection of either placebo or
ARC-520. This phase Ⅰ trial is expected to be completed
in the fourth quarter of 2013, and a phase Ⅱa trial in
chronic HBV patients is expected to begin in 2014.

GS 9620: Toll-like receptors (TLRs) are components of
the innate immune system and serve as a first line of defense against invading pathogens. TLR activation could
represent a powerful and novel therapeutic strategy for
the treatment of chronic HBV infection[84]. GS-9620,
a potent selective TLR-7 agonist, was designed to have
rapid clearance and low systemic levels after oral administration. In chimpanzees chronically infected with HBV,
the effects of immune activation have been investigated
using GS-9620 administered 3 times each week for 4 wk
at 1 mg/kg and a 1-wk rest period, for a second cycle of
4 wk at 2 mg/kg[85]. A detailed evaluation was performed
that included an assessment of the pharmacokinetics of
GS-9620, viral load, IFN-stimulated gene (ISG) expression, cytokine and chemokine levels, and lymphocyte and
NK cell activation, as well as safety and tolerability parameters. Short term administration of GS-9620 provided long-term suppression of serum and liver HBV DNA.
Serum levels of HBsAg and HBeAg, as well as numbers
of HBV antigen-positive hepatocytes, were reduced as
hepatocyte apoptosis increased. In parallel, GS-9620 administration induced the production of IFN-α and other
cytokines and chemokines, up-regulated ISGs expression,
and activated NK-cell and lymphocyte subsets, confirming the activation of TLR-7 signaling.
The safety, tolerability, pharmacokinetics and pharmacodynamics of GS-9620 in 75 healthy volunteers

Immune-based therapies
Zadaxin: Zadaxin (thymosin alpha 1), a synthetic peptide
of 28 amino acids, is a substance found naturally in the
circulation and produced in the body’s thymus gland. Zadaxin has been evaluated for its immunomodulatory activities and related therapeutic potential in several conditions
and diseases, including cancer (such as HCC, lung cancer,
and melanoma) and infectious disease (sepsis, infections
after bone marrow transplant, lung infections including
chronic obstructive pulmonary disorder (COPD), SARS,
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were evaluated with a single ascending-dose up to 12 mg.
GS-9620 demonstrated safety and pharmacodynamic
activity at doses up to 12 mg and induced an antiviral response before systemic adverse events were observed[86].
The novel approach inhibiting HBV replication and
inducing infected cell clearance represents a step toward
the development of a true combination therapy for CHB.

HCC; furthermore, these therapies may improve survival
through robust and rapid viral suppression and the persistence of undetectable levels of serum HBV DNA. Currently, more effective and less resistance-prone antiviral
agents are available to treat the HBV infection. The need
for new antiviral agents that meet the ideal target product
profile remains great. The emerging antivirals will provide
additional and improved choices for optimized regimen
development and will increase the confidence that many
patients in more diverse settings will derive the full benefits of CHB treatment.

GI-13020: HBV-specific T cell responses have been
shown to have a positive association with infectious status in patients with chronic HBV, with the weakest T cell
responses observed in patients with untreated chronic active infection and the strongest T cell responses observed
in patients who have achieved seroconversion or cure.
GI-13020 is a recombinant yeast-based biological product engineered to express a chimera of HBV X, S, and
C antigens. GI-13020 is immunogenic in murine models
and has also been used to stimulate human immune cell
samples ex vivo to elicit HBV specific T cell responses,
which could predict the immune responses in patients
dosed with GI-13020.
A phase Ⅰ a trial assessing the safety, tolerability,
and ability to elicit HBV-specific T cell responses of
GI-13020 at various doses and with various regimens in
healthy adults is ongoing but is not recruiting participants
(ClinicalTrials.gov Identifier: NCT01779505). In the future, GI-13020 could be used in combination with HBV
antivirals in an attempt to improve HBsAg seroconversion rates in patients with chronic HBV infection.
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Nonalcoholic fatty liver disease: Updates in noninvasive
diagnosis and correlation with cardiovascular disease
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lic health burden. Twenty percent of individuals with
NAFLD develop chronic hepatic inflammation [nonalcoholic steatohepatitis (NASH)], which can be associated
with the development of cirrhosis, portal hypertension,
and hepatocellular carcinoma in a minority of patients.
And thus, the detection and diagnosis of NAFLD is
important for general practitioners. Liver biopsy is the
gold standard for diagnosing NAFLD and confirming the
presence of NASH. However, the invasiveness of this
procedure limits its application to screening the general
population or patients with contraindications for liver
biopsy. The development of noninvasive diagnostic
methods for NAFLD is of paramount importance. This
review focuses on the updates of noninvasive diagnosis
of NAFLD. Besides, we review clinical evidence supporting a strong association between NAFLD and the
risk of cardiovascular disease because of the cross link
between these two disorders.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) refers
to the accumulation of fat within hepatocytes and is
becoming a serious public health burden. Some patients with NAFLD develop chronic hepatic inflammation, cirrhosis and hepatocellular carcinoma. Detection
and diagnosis of NAFLD is important and liver biopsy is
the gold standard for diagnosing NAFLD. However, the
invasiveness of this procedure limits its application. The
development of noninvasive diagnostic methods for
NAFLD is importance. This review focuses on the updates of noninvasive diagnosis of NAFLD. Besides, we
review clinical evidence supporting association between
NAFLD and the risk of cardiovascular disease because
of the cross link between these two disorders.

Abstract
Nonalcoholic fatty liver disease (NAFLD) refers to the
accumulation of fat (mainly triglycerides) within hepatocytes. Approximately 20%-30% of adults in the
general population in developed countries have NAFLD;
this trend is increasing because of the pandemicity of
obesity and diabetes, and is becoming a serious pub-
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resonance imaging (MRI) have been used to diagnose
NAFLD. These modalities have the advantages of being
noninvasive and can be repetitively performed over time.
A number of biomarkers have been developed to differentiate between simple steatosis and NASH[19,20]. The
definitions of statistics terms and imaging techniques in
this review article had been demonstrated in Table 1. This
review focuses on the updates of noninvasive diagnostic
methods of NAFLD and the clinical evidence that supports a strong association between NAFLD and the risk
of CVD. Because of the link between the two disorders,
awareness and careful surveillance of these patients has
become important.

Hu KC, Wang HY, Liu SC, Liu CC, Hung CL, Bair MJ, Liu
CJ, Wu MS, Shih SC. Nonalcoholic fatty liver disease: Updates
in noninvasive diagnosis and correlation with cardiovascular
disease. World J Gastroenterol 2014; 20(24): 7718-7729 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i24/7718.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i24.7718

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
chronic liver disease that has a range of clinical presentations ranging from steatosis alone to steatosis with
inflammation, necrosis, fibrosis, or cirrhosis[1]. NAFLD
is now well documented in many countries. The worldwide prevalence of NAFLD in the general population
is 15%-40% in Western countries[2]. According to the
Third National Health and Nutrition Examination Survey of the United States population, the prevalence of
hepatosteatosis and NAFLD was 21.4% and 19.0%, respectively[3-5]. The community prevalence of NAFLD in
the East has been reported at 20% (China), 27% (Hong
Kong), and 15%-45% (South Asia, South-East Asia,
South Korea, Japan, and Taiwan), which is similar to the
data obtained in the Western surveys[6-9].
In earlier studies, the liver prognosis of NAFLD was
rated as remarkably benign[10] and unimpressive[11]. However, recent studies showed that patients with NAFLD,
both adults and children, usually meet the diagnostic criteria for metabolic syndrome, such as abdominal obesity,
hypertension, atherogenic dyslipidemia, and dysglycemia[12]. Metabolic syndrome features are established risk
factors for cardiovascular disease (CVD)[13]. A growing
body of evidence suggests that, in addition to the potential progression of liver diseases, NAFLD is associated
with an increased risk for CVD[14]. Adams et al[15] demonstrated in a retrospective, community-based cohort of
420 patients with NAFLD who were followed up for a
mean of 7.6 years that the rate of death by any cause (the
most common being CVD or cancer) was higher among
patients with nonalcoholic steatohepatitis (NASH) or cirrhosis than in the general population. Rafiq et al[16] found
that CVD was the most frequent cause of death in 173
patients with biopsy-proven NAFLD who were followed
up for 13 years. Due to the clinically significant association between NAFLD and the development of CVD,
we need to identify those subjects at risk of developing
NAFLD.
Although liver biopsy remains the gold standard for
the diagnosis of NAFLD, a pathological diagnosis is
often not possible in community-based research studies
and clinical practice settings because of the invasiveness,
associated discomfort, and risks[17]. Therefore, studies
have focused on whether noninvasive methods can detect clinically significant steatosis, fibrosis, or cirrhosis, or
can discriminate between simple steatosis and NASH in
patients with NAFLD[18]. Imaging studies such as ultrasonography, computed tomography (CT), and magnetic
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Updates in noninvasive diagnosis
of NAFLD
Laboratory biochemistry
Clinicians often suspect NAFLD on the basis of commonly available clinical information and biochemistry
results. Elevated aminotransferase (ALT) and aspartate
aminotransferase (AST) levels are found to correlate with
liver fibrosis in patients with hepatosteatosis, inflammation, or fibrosis, although these levels are uncommonly
> 4 times the upper limit of normal (ULN)[21]. Among
nearly 1000 morbidly obese subjects undergoing gastrointestinal bariatric surgery in Italy, an AST or ALT level >
2 times the ULN had a positive predictive value (PPV) of
21% for bridging fibrosis and a negative predictive value
(NPV) of 93%[22].
Although ALT levels tend to be higher in patients
with NAFLD than in those without NAFLD, population cohort studies have demonstrated that ALT levels
are within normal limits in nearly 80% of patients with
fatty liver[23]. Furthermore, Mofrad et al[24] reported on
histological changes among patients with raised and normal ALT levels. Therefore, the association between ALT
levels and fibrosis is inconsistent and cannot sufficiently
predict fibrosis stage in individual patients. This means
that NASH and advanced fibrosis cannot be excluded on
the basis of a normal ALT level. In contrast, the association between an elevated AST/ALT ratio and fibrosis has
been recognized in chronic liver disease and may reflect
impaired AST clearance by sinusoidal cells in the liver[25].
In patients with NAFLD without advanced fibrosis, the
AST/ALT ratio is typically < 1, but it tends to reverse as
the degree of fibrosis progresses to bridging fibrosis or
cirrhosis[26].
Serum γ-glutamyltransferase (γ-GT) activity is a sensitive but non-specific marker of NAFLD. Four γ-GT
fractions (big, medium, small, and free γ-GT) have been
described in humans. Franzini et al[27] reported that the
big fraction (b-γ-GT) showed the highest diagnostic accuracy for NAFLD, with an area under the receiver operating characteristic curve (AUROC) of 0.85; cut-off, 2.6
U/L; sensitivity, 74%; and specificity, 81%. This report
also showed increasing b-γ-GT levels in NAFLD but
not in chronic hepatitis C. Several series have shown that
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Table 1 Definitions of statistics terms and imaging techniques
Terms

Definition

Area under receiver operating characteristic curve (AUROC)
Accuracy
Negative predictive value
Positive predictive value
Sensitivity
Specificity
Imaging techniques
Ultrasonography-based transient elastography (FibroScan)
Acoustic radiation force impulse
Magnetic resonance imaging-based Proton magnetic resonance
spectroscopy
Magnetic resonance elastography

The AUROC is a measure of how well a parameter can distinguish between two
diagnostic groups (diseased/normal)
Consists of Trueness (proximity of measurement results to the true value) and
Precision (repeatability or reproducibility of the measurement)
Proportion of people with a negative test who are free of the target disorder
Proportion of people with a positive test who have the target disorder
Proportion of people with the target disorder who have a positive test result
Proportion of people without the target disorder who have a negative test
Technique whereby shear waves, at a low frequency of 50 Hz, are created by a
vibrating probe and transducer applied to the skin overlying the liver
Use of shear acoustic waves remotely induced by the radiation force of a focused
ultrasonic beam
Quantifies hepatosteatosis by measuring proton signals from the acyl groups of
hepatocyte triglyceride stores
Obtained by depicting the propagated shear waves, and images of the shear
waves are analyzed and used to generate the elastogram

Table 2 Accuracy of noninvasive diagnosis methods for nonalcoholic steatohepatitis

Biomarkers
Morbidly obese and AST, ALT
big-γ GT
CK-18 M30 antigen
CK-18 M65 antigen
PIIINP
Predictive Models
APRI
FIB-4
Image assessment
Transient elastography
(TE; FibroScan )
ARFI
Combine TE and ARFI
MRE

Cutoff value

AUROC

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Ref.

2 times of ULN
2.6 U/L
121.6 IU/L
243.82 IU/L
6.6 ng/mL

0.85
0.787
0.809
-

74
60
68.9
80

81
97.4
81.6
68

21
83.7
96.4
81.6
60

91
71.2
67.3
68.9
85

[22]
[27]
[48]
[48]
[51]

0.98
1.30

0.85
0.86

75
85

86
65

34
36

93
95

[55]
[59]

6.7 kPa

0.87

77.5

86.7

94.8

54.9

[66]

1.2 m/s
TE > 6.7 kPa ARFI > 1.2 m/s
2.74 kPa

0.84
0.93

76.9
60.5
94

86.7
93.3
73

95.7
96.8
85

54.1
41.4
89

[66]
[66]
[71]

ULN: Upper limit of normal; PIIINP: Terminal peptide of procollagen Ⅲ; APRI: AST-to-platelet ratio index; AFRI: Acoustic radiation force impulse; MRE:
Magnetic resonance elastography; AUROC: Area under receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.

the diagnostic net was expanded to include ALT, alkaline
phosphatase, with an increased sensitivity (53%), but a
decreased specificity to 75% for steatosis and 50% for
steatohepatitis. An elevated transaminase level had a PPV
of 90% for NAFLD and 34% for NASH (Table 2)[28,29].
In summary, although no single laboratory test can
diagnose NAFLD and laboratory biochemistry examination as a population-based screening test has its pitfalls,
it continues to be commonly used in clinical practice to
stratify patients with appropriate risk factors for NAFLD
for further investigations. Most subjects with NAFLD
have an ALT value < 250 IU/L, and values > 300 IU/L
warrant a search for additional or alternative causes of
ALT elevation.

sociated with a chronic and subacute inflammatory state
that is both systemic and focally localized in certain tissues such as the liver. Subjects with NAFLD associated
with inflammation have elevated serum pro-inflammatory
cytokine levels[30]. NASH, a progressive form of NAFLD,
is reasonably easy to distinguish from simple hepatosteatosis using pro-inflammatory biomarkers. Pro-inflammatory and inflammatory markers used to diagnose NASH
in recent studies are detailed below.
Adiponectin
Adiponectin is an insulin sensitizing anti-inflammatory
adipocytokine, and its level is reduced in insulin-resistant
states such as obesity and diabetes. Hypoadiponectinemia
might represent a risk factor for NAFLD. A meta-analysis
of 27 studies including 2243 subjects (698 controls and
1545 patients with NAFLD) was performed. Controls
had higher serum adiponectin levels than patients with
NAFLD or NASH[31]. Adiponectin levels are also de-

Pro-inflammatory and
inflammatory markers
NAFLD has a strong connection with obesity and is as-
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improve the performance of noninvasive scoring of liver
damage in patients with NAFLD. Serum ferritin level is
an inexpensive and convenient clinical test that could be
included in the laboratory evaluation of patients with
NAFLD (Table 3).

Table 3 Analysis of laboratory biomarkers associated with
nonalcoholic steatohepatitis
Biomarkers

OR

Ferritin
Adiponectin
TNF-α
IL-6
HOMA-IR

95%CI

1.5 times of ULN
1.66
1.05-2.62
per µg/mL increased 0.78
0.64-0.96
per µg/mL increased 2.50
1.1-5.7
> 4.81 pg/mL
33.702 1.699-680.668
> 2.04
2.33
1.00-5.42

P value Ref.
0.028
0.020
0.030
0.022
0.050

[37]
[41]
[41]
[43]
[53]

Interleukin-6 and tumor necrosis factor-α
The factors causing the progression of NAFLD to fibrosis and cirrhosis have not been defined in humans; however, a growing body of evidence supports the central
role of pro-inflammatory cytokines, particularly tumor
necrosis factor-α (TNF-α) and interleukin-6 (IL-6), in the
development of NASH[38,39]. TNF-α is a major inflammatory hepatic cytokine that is also secreted by adipose
tissue and antagonizes the effects of adiponectin. IL-6
is another key pro-inflammatory hepatic cytokine that
has been implicated in the pathogenesis of insulin resistance[40]. TNF-α has been found to be associated with
NASH and necroinflammatory grade in Chinese and
Norwegian patients with NASH[41]. IL-6 expression was
markedly increased in the livers of patients with NASH
compared to patients with simple steatosis (P < 0.005)[42].
Multivariate logistic regression analysis identified an IL-6
level of > 4.81 pg/mL (OR = 33.7; 95%CI: 1.7-680.7; P
≤ 0.022) as an independent predictor of the degree of
steatosis and NASH[43].
In summary, a variety of pro-inflammatory biomarkers
such as adiponectin, TNF-α, IL-6, CRP, and ferritin have
been studied for their associations with NASH. Serum
ferritin level could help differentiate between NAFLD
and NASH: specifically, a serum ferritin level > 1.5 times
the ULN may indicate the presence of NASH. The performance of other pro-inflammatory and inflammatory
biomarkers in distinguishing NASH from simple steatosis
might be useful. The fact that the progression of NAFLD
and NASH increases CRP, IL-6, and TNF-α levels and
decreases adiponectin levels in the serum suggested a connection between NAFLD and CVD; therefore, further
evaluation of the association between each pro-inflammatory marker and NASH is mandatory (Table 3).

ULN: Upper limit of normal; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; HOMA-IR: Homeostasis model assessment of insulin resistance.

creased inverse proportionally with increases in NAFLD;
in subjects at high risk of developing NAFLD, adiponectin values were approximately 40% lower than in those
in subjects at low risk of developing NAFLD[32]. However, the association of adiponectin level with NASH or
necroinflammatory activity is inconclusive and the relevance of low adiponectin levels to the development of
NAFLD requires further investigation.
C-reactive protein
C-reactive protein (CRP) is a well-known acute-phase reactant protein with reportedly elevated levels in metabolic
syndrome and type 2 diabetes. Serum CRP levels were
significantly higher in patients with simple steatosis or
hepatosteatosis than in healthy controls (7.5 ± 1.6 mg/dL
and 5.2 ± 2.5 mg/dL vs 2.9 ± 0.5 mg/dL; P < 0.01).
However, the study was limited by the lack of histologic
diagnosis since NAFLD was diagnosed based on elevated
ALT levels and an ultrasound evaluation of fatty liver.
Whether CRP level can be used to differentiate NASH
from simple steatosis is controversial[33]. Furthermore, a
small cohort study reported no correlation of CRP levels
with hepatosteatosis degree, inflammation, or liver fibrosis stage despite significantly higher CRP levels in patients
with NASH[34]. According to the above studies, CRP may
be a marker of hepatosteatosis but not of NASH severity. However, further studies are needed[35].
Ferritin
Increased ferritin but normal transferrin saturation is frequently found in patients with hepatosteatosis. Hyperferritinemia and iron stores have been associated with liver
damage severity in patients with NAFLD, and iron depletion reduces insulin resistance and liver enzyme levels[36].
Kowdley et al[37] demonstrated that the histological features of NAFLD were more severe among patients with
serum ferritin levels > 1.5 times the ULN (i.e., women,
> 300; men, > 450 ng/mL), including steatosis, fibrosis,
hepatocellular ballooning, and the diagnosis of NASH (P
< 0.026). On multiple regression analysis, a serum ferritin
level > 1.5 times ULN was independently associated with
hepatic iron deposition, a diagnosis of NASH, worsened
histological activity, and was an independent predictor of
advanced hepatic fibrosis among patients with NAFLD
(OR = 1.66; 95%CI: 1.05-2.62; P = 0.028). These data indicate that the incorporation of serum ferritin level may
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Cell death marker-cytokeratin-18
Apoptosis is a common mechanism of liver injury. The
apoptotic pathway is composed of two arms: the intrinsic pathway (initiated by cellular stress) and the extrinsic
pathway (stimulated through a death receptor-mediated
process). Both pathways are suspected to be involved in
the pathogenesis of NASH[44]. Cytokeratin-18 (CK-18)
fragments result from the apoptosis of hepatocytes degraded by the enzyme caspase 3. CK-18 fragments can
be identified in liver tissue using immunostaining or in
plasma using monoclonal antibodies. Hepatic apoptosis
is increased in patients with NASH compared to those
with simple steatosis and can be measured in the plasma
through CK-18 fragments[45]. CK-18 fragment levels are
higher in patients with NASH than in those with simple
steatosis, and decreased with weight loss induced by bariatric surgery.
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In this multicenter study, every 50 U/L increase in the
plasma CK-18 level increased the likelihood of biopsydemonstrated NASH by 30%[46]. Different groups have
found that the accuracy of CK-18 fragments (included
M30 antigen and M65 antigen) for determining NASH,
the AUROC being around 0.71-0.93[47-49]. Feldstein et al[49]
recently showed that CK-18 fragment levels are useful
biomarkers for NASH in children. CK-18 levels were
significantly higher in subjects with NASH than in those
without NASH (322.1 ± 104.8 U/L vs 164.2 ± 62 U/L; P
< 0.001). In children, for every 10 U/L increase in CK-18
levels, the likelihood of having NASH increased by 70%
after adjusting for multiple confounders. This means that
in children with NASH, CK-18 levels can reflect greater
liver fibrosis severity. The limitation of this study was its
cross-sectional design, which did not allow the use of
CK-18 to monitor disease progression. Long-term follow-up of this group of younger patients was indicated
to further evaluate the association between CK-18 level
and NASH status (Table 2).

a diagnostic strategy in patients with NASH (Table 2).

Predictive Models of NASH
Since individual clinical or biochemical markers are
not sufficiently accurate for predicting the presence of
NASH, multiple parameters have been combined into
mathematical models to increase diagnostic accuracy.
Homeostasis model assessment of insulin resistance
The homeostasis model assessment of insulin resistance
formula, which is based on fasting glucose and insulin
levels, is a less invasive and labor-intensive method as
well as a reliable substitute for assessing IR. A recent
study showed higher HOMA-IR scores in patients with
NAFLD than in control groups (3.90 ± 2.75 vs 1.65 ±
1.10; P < 0.001)[52]. Using a multivariate analysis, Wang
et al[53] revealed that upper-quartile HOMA-IR scores
were positively associated with NAFLD (OR = 2.33 and
95%CI: 1.00-5.42; P = 0.050) (Table 3). Furthermore,
Shimada et al[54] used combination of serum adiponectin
level, HOMA-IR, and serum type IV collagen 7S level to
predict early-stage NASH, and found a sensitivity of 94%
and specificity of 74%.

Fibrogenesis serum marker-terminal peptide of
pro-collagen Ⅲ
Hepatic fibrosis is a dynamic process that involves a complex interaction between enzymes involved in extracellular matrix synthesis and degradation. Extracellular matrix
components such as hyaluronic acid, collagen components [type 4 collagen and terminal peptide of procollagen Ⅲ (PIIINP)], and laminin circulate in the serum at
low levels and have been examined both in isolation and
in combination as potential predictors of liver fibrosis in
NAFLD[50]. PIIINP is the only marker associated with a
histological diagnosis of NASH in both cohorts (derivation and validation) after multivariate analysis[51]. PIIINP
is also correlated with the total NAFLD activity score
(NAS) and its constituent components (P < 0.001). The
AUROC for PIIINP in discriminating between NASH
and simple steatosis was 0.77-0.82 in patients with F0-2
fibrosis and 0.82-0.84 in patients with F0-3 fibrosis.
PIIINP could discriminate between patients with simple
steatosis and those with NASH or advanced fibrosis
with an AUROC of 0.85-0.87. In the F0-2 portion of
both cohorts, PIIINP at the thresholds of 6.6, 7.2, and
11.0 ng/mL were found to have a sensitivity of 80%,
specificity of 80%, and PPV of 45%-80%, respectively.
The lower threshold of 6.6 ng/mL with 80% sensitivity could be used to exclude patients with NASH and
higher thresholds of 7.6 or 11 ng/mL could be used to
confirm suspected NASH or advanced fibrosis. PIIINP
may discriminate between simple steatosis and NASH or
advanced fibrosis[51].
Comparing pro-inflammatory and inflammatory
markers, CK-18 and PIIINP had better accuracy for
distinguishing NASH from simple steatosis. However,
the methods to detect these two kinds of markers were
expensive and might not be applicable in a large community screening. Noninvasive biomarkers or panels that are
cheaper, reliable, and reproducible are needed to establish
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AST-to-platelet ratio index
Another combination of laboratory tests as a marker
of advanced fibrosis is the AST-to-platelet ratio index
(APRI), which was first proposed as a marker of fibrosis
in chronic hepatitis C. Kruger et al[55] found that APRI
values were significantly higher in advanced fibrosis
group. The AUROC for APRI was 0.85 with an optimal
cut-off of 0.98, giving a sensitivity of 75% and a specificity of 86%. In a group of pediatric patients, the APRI
significantly differed between patients with mild and significant fibrosis (0.67 ± 0.54 vs 0.78 ± 0.38; P = 0.032).
The AUROC of APRI was 0.70, whereas the AST/ALT
ratio was 0.53. APRI was superior to AST/ALT for predicting the presence of advanced fibrosis (Table 2)[56].
Fibrosis-4 score
The fibrosis-4 (FIB-4) score was originally developed
to predict advanced fibrosis in patients co-infected with
hepatitis C and human immunodeficiency virus. The
FIB-4 score is calculated as follows: age (years) × AST
(U/L)/platelet (× 109/L) × ALT [U/L][57]. The FIB-4
score was validated in a database of 541 patients with
NAFLD. Using a cut-off of < 1.30, the PPV was only
43% but the NPV was 90%, suggesting that the FIB-4
index may be useful for excluding patients without advanced fibrosis[58]. The FIB-4 score had the best diagnostic accuracy for advanced fibrosis (AUROC = 0.86). To
exclude advanced fibrosis, liver biopsy could potentially
be avoided in 62% of patients with FIB-4. Similarly, liver
biopsy could have been avoided in > 50% of patients
using the FIB-4 and NAFLD fibrosis scores with similar
accuracy (Table 2)[59].

7722

June 28, 2014|Volume 20|Issue 24|

Hu KC et al . Diagnosis of NAFLD and correlation with cardiovascular disease

a precise, noninvasive assessment of fibrosis in chronic
liver disease while minimizing the number of unreliable
examinations even in patients with a high BMI[65].
Sporea et al[66] combined two ultrasound-based elastography methods (ARFI and FibroScan) and calculated
their respective sensitivities and specificities for diagnosing liver fibrosis in patients with chronic hepatitis
C virus infection. By combining the results of the two
elastography methods for predicting significant fibrosis (F
≥ 2; FibroScan ≥ 6.7 kPa and ARFI ≥ 1.2 m/s), they
obtained a 60.5% sensitivity, 93.3% specificity, 96.8%
PPV, 41.4% NPV, and 68% accuracy, whereas for predicting cirrhosis (FibroScan ≥ 12.2 kPa and ARFI ≥ 1.8
m/s), they obtained a 84.9% sensitivity, 94.4% specificity, 84.9% PPV, 94.4% NPV, and 91.8% accuracy (Table
2). Thus, they suggest that the use of the FibroScan in
combination with ARFI is highly specific for predicting
significant fibrosis. Interestingly, Sporea et al[66] also stated
that the combined use of the two ultrasonography-based
elastographic methods to evaluate liver fibrosis may decrease the need for liver biopsy.

Image assessment of NAFLD
Conventional ultrasonography, CT, and MRI scanning are
reliable for the noninvasive detection of moderate to severe fatty changes in the liver. Hepatic fat causes increased
echogenicity on ultrasound compared with the lower
echogenicity of the spleen or renal cortex. In CT scans,
the fatty liver is hypodense and appears darker than the
spleen. These imaging studies have a good level of accuracy in detecting cirrhosis with portal hypertension. However, they are far less reliable for detecting NASH and the
associated stages of fibrosis. New imaging technologies
such as the ultrasonography-based transient elastography
(FibroScan, Echosens, Paris, France) and acoustic radiation force impulse (ARFI) and MRI-based Proton magnetic resonance spectroscopy (1H-MRS) and magnetic
resonance elastography (MRE) offer promise in determining severity of liver fibrosis associated with NASH.
Ultrasound-based FibroScan and ARFI
The sensitivity and specificity of ultrasonography for
detecting fatty infiltration decreases as body mass index (BMI) increases; thus, they vary (49%-100% and
75%-95%, respectively)[60]. One study recently evaluated
the use of the novel FibroScan (Echosens) for diagnosing
liver fibrosis among a multitude of liver diseases[61]. The
first clinical data from transient elastography were published in 2002[62]. Transient elastography is a technique in
which shear waves, at a low frequency of 50 Hz, are created by a vibrating probe and a transducer applied to the
skin overlying the liver. A meta-analysis study showed the
mean AUROC for the diagnosis of significant fibrosis,
severe fibrosis, and cirrhosis as 0.84 (95%CI: 0.82-0.86),
0.89 (95%CI: 0.88-0.91), and 0.94 (95%CI: 0.93-0.95),
respectively[61].
However, studies have shown that a BMI > 28 kg/m2
is an independent risk factor for failure of the transient elastography measurement of NAFLD. Successful
measurement could only be obtained in 75% of obese
patients with a BMI ≥ 28 kg/m2, leaving 25% of obese
patients without a noninvasive diagnosis with the use of
a standard probe (M probe)[63]. Because of the poor accuracy of the M probe of transient elastography in detecting liver fibrosis in overweight/obese patients, a new XL
probe has been developed and recently evaluated in large
studies[64].
In a group of 274 patients with chronic liver disease
of different etiologies with a BMI ≥ 28 kg/m2, transient
elastography failure occurred less frequently with the XL
probe than with the M probe (1.1% vs 16%), whereas
the XL probe was more reliable (73% vs 50%; both P <
0.00005). The AUROC of the XL and M probes were
similar for ≥ F2 fibrosis (0.83 vs 0.86; P = 0.19) and cirrhosis (0.94 vs 0.91; P = 0.28)[64].
Since a high BMI will affect the accuracy of detecting liver stiffness and transient elastography is expensive,
some authors have suggested the use of other techniques
such as ARFI to screen for NASH. ARFI is easily implementable on standard ultrasound machines and can give
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Magnetic resonance-based - 1H-MRS and MRE
The development of noninvasive 1H-MRS has led to significant advances in the measurement of lean tissue lipid
content. Since NAFLD refers to the accumulation of
fat (mainly triglycerides) in hepatocytes, 1H-MRS quantifies hepatosteatosis by measuring proton signals from
the acyl groups of hepatocyte triglyceride stores[67]. The
measurement is reproducible and correlates well with the
degree of hepatosteatosis determined histologically. In
Johnson’s study, the lipid saturation indices were measured using 1H-MRS. Hepatic triglyceride concentration
(HTGC) and composition were then measured in healthy
lean men, obese men with normal HTGC, and obese
men with hepatosteatosis. The lipid saturation degree was
significantly higher in obese men with hepatosteatosis
and obese men with normal HTGC than in healthy lean
men (0.970 ± 0.004 and 0.944 ± 0.008 vs 0.818 ± 0.025;
P < 0.01). The conventional Dixon in- and out-of-phase
(IOP) method can calculate MRI fat fraction was shown
in previous studies to correlate well with hepatic steatosis. The development of the MRI-determined protondensity fat-fraction technique further improves upon the
Dixon IOP method by minimizing T1 bias and correcting
T2 decay, plus it allows for fat mapping of the entire liver
in which longitudinal individual segment changes of liver
fat can be accurately quantified and small differences can
be detected[68].
MRE combines MRI imaging with sound waves to
create a visual map (elastogram) that shows the stiffness (elasticity) of the body tissues. MRE estimates the
mean degree of liver fibrosis throughout the liver parenchyma by assessing the propagation of mechanical waves
through the tissue. MRE images are obtained by depicting the propagated shear waves, and images of the shear
waves are analyzed and used to generate the elastogram[69].
MRE has been shown to increase systematically along
with fibrosis stage. With a shear stiffness cut-off of 3.05
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kPa, the predicted sensitivity and specificity for differentiating liver fibrosis (F ≥ 2) from mild fibrosis (F1) were
89.7% and 87.1%, respectively. MRE could also discriminate between patients with severe fibrosis (F3) and those
with liver cirrhosis (sensitivity, 100%; specificity, 92.2%)
with a shear stiffness cut-off value of 5.32 kPa[70]. Chen et
al[71] further evaluated NASH using MRE. Liver stiffness
had high accuracy (AUROC = 0.93) for discriminating
patients with NASH from those with simple steatosis,
with a sensitivity of 94% and a specificity 73% using a
threshold of 2.74 kPa. Hepatic stiffness measurements
using MRE can help identify individuals with NASH
even before fibrosis onset (Table 2).

Evidence of the Association
between NAFLD and
Atherosclerosis
Carotid artery disease in NAFLD
The intima-media thickness (IMT) of the carotid artery
can be measured non-invasively by ultrasound techniques.
An increased IMT has been shown to be a risk factor
for myocardial infarction and stroke[75]. One large study
included 4222 participants found hepatic steatosis was diagnosed in 1261 participants (prevalence rate 29.9%). Individuals with fatty liver had more often carotid plaques
than persons without fatty liver (plaque prevalence rate
76.8% vs 66.6%; P < 0.001)[76]. Another meta-analysis of
seven cross-sectional studies confirmed that non- alcoholic fatty liver disease diagnosed on ultrasonography
is strongly associated with increased carotid-artery IMT
and an increased prevalence of carotid atherosclerotic
plaques[77]. They suggested NAFLD patients might carry
an increase of 13% of carotid IMT compared with control. Wang et al[78] study further showed that ALT level is
proportionally associated with the risk of carotid IMT
in subjects with fatty liver. The serum ALT level was
positively associated with carotid atherosclerosis after
adjustment for age, sex, number of metabolic syndrome
components or status of metabolic syndrome (OR =
1.44; 95%CI: 1.09-1.89; OR = 1.45; 95%CI: 1.11-1.91).
NAFLD patients had a markedly greater carotid IMT
(1.14 ± 0.20 mm vs 0.82 ± 0.12 mm; P < 0.001) than
control subjects. Furthermore, the severity of liver histopathology among NAFLD patients is strongly associated
with early carotid atherosclerosis, independent of age,
sex, BMI, smoking, LDL cholesterol, insulin resistance,
and the presence of metabolic syndrome[79].

Suspected correlation between
NAFLD and CVD
Epidemiology of CVD in NAFLD
The relationship between metabolic syndrome and
NAFLD is now recognized, and the possible role of
NAFLD in CVD development has become a concern
to clinicians worldwide. In a long-term observation of
patients with NAFLD, 12.7% died of coronary artery
disease (CAD) over 28 years’ follow-up. CAD is the most
common cause of death in this group of patients with
NAFLD[16]. Ekstedt et al[72] followed 129 consecutive patients with biopsy-proven NAFLD for 13.7 years; mortality from cardiovascular causes was significantly increased
compared to that of a matched reference population
(15.5% vs 7.5%).
A recent epidemiological study found an increased
incidence of major cardiovascular events in subjects with
NAFLD independent of traditional risk factors or the
aspects of metabolic syndrome[73]. One prospective study
of 1637 healthy subjects found that 19% had ultrasound
evidence of NAFLD. At the 5-year follow-up examination, 5.2% of the NAFLD group had experienced an
adverse cardiovascular event compared with 1.0% of the
non-NAFLD group. Multivariate analysis indicated that
the association between NAFLD and future cardiovascular events was independent of metabolic syndrome and
conventional cardiac risk factors (OR = 4.12 and 95%CI:
1.58-10.75; P = 0.004)[73].
Söderberg et al[74] found that NASH was associated
with increased mortality from all causes, whereas mortality in patients with NAFLD was associated with CVD and
liver-related causes over a mean of 21 years. As described
above, an association of inflammatory biomarkers such
as adiponectin, TNF-α, IL-6, and CRP with NASH has
been demonstrated. These kinds of inflammatory markers also play an important role in CVD. Several sources
of evidence suggest a connection between NAFLD and
CVD including carotid artery disease, CAD, and endothelial dysfunction, all of which being more evident in
patients with NAFLD.
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Coronary artery disease in NAFLD
Since coronary artery calcification is a common finding in
patients with myocardial ischemia, multi-detector row CT
(MDCT) has become a more useful modality for evaluating coronary heart disease. Atherosclerosis can now be
assessed and quantified according to the extent of coronary artery calcification in terms of the coronary artery
calcium (CAC) score. Higher CAC scores are seen in
most patients with either symptomatic or silent myocardial ischemia. The CAC score derived from MDCT also
predicts further cardiovascular events. After multivariable
adjustment for clinical variables and lifestyles, Lee et al[80]
showed that the existence of moderate to severe NAFLD
under ultrasound examination was independently associated with an abnormal CAC score.
Chen et al[81] investigated 295 consecutive asymptomatic subjects and found that NAFLD (OR = 2.462;
95%CI: 1.065-5.691) was an independent factor that increased the risk of a > 100 CAC score in binary logistic
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regression. The prevalence of NAFLD also increased
with CAC score severity (≤ 100, 38.1%; 101-400, 58.3%;
> 400, 64.3%; P = 0.03).
When MDCT coronary angiography was used to
detect CAD defined as > 50% stenosis in at least one
major coronary artery, patients with NAFLD showed a
higher prevalence of calcified and non-calcified coronary plaques (67% vs 34% and 52% vs 29%, respectively;
both P < 0.001). NAFLD was also proved to be a strong
predictor of coronary atherosclerosis (OR = 2.0; P <
0.04)[82]. Similar findings were seen in a prospective cohort study[83]. Like the relationship between NAFLD and
carotid atherosclerosis, NAFLD is strongly associated
with CAD independent of the presence of metabolic
syndrome.

pro-inflammatory injuries. The second hit includes
enhanced lipid peroxidation and increased generation
of reactive oxygen species[90]. Animal studies revealed
that inflammasome deficiency-associated changes in the
configuration of the gut microbiota are associated with
exacerbated hepatosteatosis and inflammation[91]. The
mechanism for this might be related to the influx of Tolllike receptor (e.g., TLR4, TLR9) agonists into the portal
circulation, leading to enhanced hepatic TNF-α expression that drives the progression of NASH. This study
also suggested that gut microbiota may play an important
role in the progression of NAFLD and other multiple
metabolic syndrome-associated abnormalities. Further
studies are required to elucidate how NAFLD and NASH
contribute to the development and progression of CVD.

Endothelial dysfunction in NAFLD
The arterial endothelium is a target for the atherosclerotic
process. Atherosclerosis is associated with endothelial
dysfunction in the very early stages of the disease[84]. Endothelial function is usually measured by the continual assessment of end-diastolic brachial artery diameters before
and after a short period of forearm ischemia. Villanova
et al[85] found that NAFLD was inversely correlated with
brachial flow-mediated vasodilation independent of components of the metabolic syndrome. In clinical practice,
the limitations of this test include its lack of a proper
cut-off level between normal and abnormal test results
and that variability in vasodilation can be attributed to an
inconsistent endothelial response. However, the results
of cardiovascular risk profile tools such as Framingham
Risk Score and metabolic risk score were proven to be
highly associated with the presence of NAFLD[80,86].

CONCLUSION
Liver biopsy remains the gold standard diagnostic
method to distinguish between patients with and without NASH. However, the invasiveness of the procedure
limits its function as a tool to screen a large population’s
risk of NAFLD and monitor treatment and disease progression. In this review, we found that serum ferritin level
may be a good candidate biomarker for distinguishing
NASH from NAFLD. CK-18 and PIIINP preliminarily
had better accuracy for detecting NASH than other inflammatory markers. However, larger head to head studies are necessary to establish solid relationship.
In predictive models of NASH, the FIB-4 score
showed the best diagnostic accuracy for advanced fibrosis and spared > 50% of patients with NASH from
liver biopsy. Regarding imaging study of NAFLD, the
combined use of ARFI and FibroScan enhanced the
sensitivity and specificity of diagnosing the liver fibrosis.
The MRI-based image has remarkable progress in recent
years. However, as MRI is not yet widely available because of the high procedure cost and need for expertise
to interpret the results, its usefulness as a tool to screen
for NAFLD is limited.
CVD has emerged as a growing public health problem and early detection of subclinical atherosclerosis is
important and will be beneficial for patients. This review
demonstrated a growing body of evidence supporting
the association of NAFLD/NASH and the occurrence
of cardiovascular events independent of traditional risk
factors and metabolic syndrome. It implicates that in
clinical practice, we should not only focus on the hepatic
situation but also need to survey the possibility of CVD
in patients with a moderate to severe degree of NAFLD/
NASH.
The awareness and recognition of NAFLD is the first
and most critical step toward the initiation of atherosclerosis screening in patients with NAFLD. Further well
designed, large, and randomized trials of patients with
histologically proven NASH are needed to validate the
prognostic value of NASH for diagnosis and outcomes
of CVD.

Possible biological mechanisms underlying CVD in
NAFLD
Some articles have discussed the possible biological
mechanisms of patients with NAFLD who develop
CVD[14,38]. Recent studies have shown that the presence
of an expanded and inflamed visceral fat mass would
induce increasing inflammatory cytokines, free fatty acid
secretion, and insulin resistance as well as affect the liver.
Chronic inflammation would then occur in the liver tissue as evidenced by increasing inflammatory marker levels (CRP, IL-6, TNF-α, and other acute-phase proteins).
These released factors not only aggravate liver disease
but also promote the secretion of pro-coagulant and antifibrinolytic agents. These factors have shown a strong
positive correlation with CVD and the progression of
atherosclerosis[87,88]. These possible biological mechanisms
were supported by the graded relationships of plasma
inflammatory markers (CRP, IL-6, and TNF-α) and procoagulant markers with NAFLD severity as described
above.
The concept of NASH as a double-hit mechanism
has been well recognized[89]. The first hit, hepatosteatosis,
is closely associated with lipotoxicity-induced mitochondrial abnormalities that sensitize the liver to additional
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is the most
frequent outpatient diagnosis in the United States, with
almost 9 million visits in 2009[1]. The typical symptoms
of GERD, heartburn and regurgitation, impair quality of
life, activity, and overall work productivity. Although effective, proton pump inhibitors (PPI) provide incomplete
control of reflux symptoms in up to 40% of patients.
A partial response can occur because these drugs do
not address an incompetent sphincter or prevent reflux.
Consequently, some patients seek alternative treatment if
their quality of life is compromised[2]. Failure of the PPI
treatment to resolve acid reflux symptoms has become
the most common presentation of GERD among gastroenterologists[3]. In patients with non-erosive disease the
pooled symptomatic response rate to PPI once daily is
37%. In patients with erosive esophagitis, which accounts
for 30%-40% of the GERD population, the pooled
symptomatic response rate is 56%. Refractory GERD
implies clinically significant impairment of quality of life
due to episodes of reflux while on PPI therapy. It is important to emphasize that such refractory GERD symptoms may not always reflect the acidity of the refluxate
but may be due to increased refluxate volume, esophageal
compliance and individual sensitivity to acid[4,5].
Radiofrequency (RF) energy application to the lower
esophageal sphincter (LES) (Stretta procedure) is a valuable option for such refractory patients who are not will-

Abstract
One potential option for the management of refractory
gastro-esophageal reflux disease (GERD) is the delivery of radiofrequency energy to the gastro-esophageal
junction (Stretta). This endoscopic therapy is safe, effective, durable, and repeatable if necessary and serves
an unmet need for many GERD sufferers. Stretta could
be effective in decreasing esophageal sensitivity to acid
and in decreasing the gastro-esophageal junction compliance, which in turn contributes to symptomatic benefit by decreasing refluxate volume. Therefore, Stretta
may serve as an endoscopic pain modulator and should
be considered in patients with refractory symptoms despite proton pump inhibitors, as well as in patients with
functional heartburn.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastroesophageal reflux disease; Esophageal sphincter; Lower; Radiofrequency energy; Heartburn; Esophagitis
Core tip: Stretta may serve as an endoscopic pain
modulator and should be considered in patients with
refractory symptoms despite proton pump inhibitors, as
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ing to undergo surgery (fundoplication). Figure 1 depicts
the possible outcomes of PPI therapy in the primary care
management of GERD. Potential candidates for Stretta
would be those with GERD who have breakthrough
symptoms, such as, persistent heartburn and/or regurgitation despite escalating doses of PPI (refractory GERD),
patients with GERD who are symptomatic because they
cannot tolerate PPIs (2% of PPI users), those who desire
to stop drug therapy and those who do not wish to undergo anti-reflux surgery (ARS) or are poor surgical candidates. In contrast, patients with refractory GERD who
have large sliding hiatal hernia (> 3 cm long), very low
LES pressure (LESP < 5 mmHg), no response or change
of symptoms with PPI use, or those with negative pH/
impedance studies and no symptom correlation with acid
events, are not appropriate candidates for either Stretta
or ARS and alternate diagnoses should be pursued[6]. In
general, patients who exhibit complete response to PPI
therapy should not be considered as candidates for Stretta unless there are concerns about the long-term adverse
events with PPI use.
Based on several pivotal animal and human studies,
Stretta was approved by the United States Food and Drug
Administration (FDA) in 2000. This endoscopic technology was originally produced and marketed by Curon Medical, Inc., but the company filed for bankruptcy in 2006. In
2008 Mederi Therapeutics, Inc. (Greenwich, CT) acquired
Curon Medical’s assets and Stretta became commercially
available again in 2010 but concerns about the procedure’
s efficacy, safety and durability have limited its widespread
adoption and clinical use. Herein we address seven key
questions that provide a framework for a reassessment
of the role of Stretta for PPI-dependent, symptomatic
GERD sufferers, as a safe and effective endoscopic alternative or adjunct to medical or surgical therapies.

PPI therapy

Complete
response
(no symptoms)

No response
(no change in
symptoms)

Refractory reflux

Figure 1 Possible outcomes of proton pump inhibitor therapy in the primary care management of gastroesophageal reflux disease. PPI: Proton
pump inhibitor.

mucosa and the power delivery ceases if such mucosal
temperature exceeds 47 ℃.
Patients are prepared for an upper gastrointestinal
endoscopy and they typically require high doses of midazolam and either fentanyl or meperidine, or preferably,
intravenous propofol. Depending on the level of sedation, there may be mild discomfort due to catheter passage and mild-to-moderate discomfort with RF delivery.
An upper gastrointestinal endoscopy is first performed,
and the distance from the incisors to the squamocolumnar junction (Z-line) is measured. The endoscope
is removed, and the RF catheter is passed through the
mouth and positioned 1 cm above the z-line according
to the distance previously determined. The four needle
electrodes are deployed to a preset length of 5.5 mm and
RF delivery is initiated. Each electrode delivers RF energy
for 60 s to achieve a target temperature of 85 ℃. Additional treatment sites are created by rotating and changing
the linear position of the catheter so as to create several
rings over a span of 2 cm above and below cardia. The
catheter is then removed and the endoscopy repeated.
Overall, patients receive RF energy at 56 treatment sites
over a period of 35 min (Figure 2). Stretta can be used in
challenging anatomic situations since it requires minimal
working space and can used to treat the lower esophageal
sphincter of patients who have undergone prior gastric
bypass or subtotal gastrectomy[8].

WHAT IS STRETTA?
Stretta involves an upper gastrointestinal endoscopy with
delivery of thermal energy to the muscle of the lower
esophageal sphincter and gastric cardia for the treatment
of GERD (CPT code 43257). The Society of American
Gastrointestinal and Endoscopic Surgeons has concluded
that Stretta is an appropriate therapy for patients with
GERD who are18 years of age or older with symptoms
of heartburn and/or regurgitation for 6 mo or more,
who have been completely or partially responsive to antisecretory pharmacologic therapy, and who have declined
laparoscopic fundoplication[7]. Stretta’s four-channel RF
generator and catheter system delivers pure sine-wave
energy (465 kHz, 2 to 5 watts per channel, 80 volts maximum at 100 to 800 ohms). Each needle tip incorporates
a thermocouple that automatically adjusts the power
output to a desired target temperature in the muscle layer.
Maintaining target temperatures below 100 ℃ minimizes
any adjacent tissue damage due to vaporization and high
impedance values. Temperature is similarly monitored
with a thermocouple at each needle base abutting the
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Partial response
(breakthrough
symptoms)

IS STRETTA EFFECTIVE?
The primary outcome of GERD treatment should be
rapid and sustained achievement of comprehensive
symptom resolution, because this is associated with
marked improvement - often normalization - in healthrelated quality of life[9]. Other desired outcomes are to
heal esophageal mucosal damage if it is present and
to prevent relapse of erosive esophagitis in the hope
that this will reduce the development of complications.
Adequate treatment of GERD should either prevent
repeated reflux of gastric contents into the esophagus or
reduce the damaging effect of gastric acid. The generally accepted outcome measure of efficacy for GERD
medical therapy, typically based upon the role of PPI, is
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A

B

Figure 2 Endoscopic appearance of the gastroesophageal junction immediately after Stretta. Antegrade view of the squamo-columnar junction (A); retrograde
view of the cardia (B). White coagulation marks are seen circumferentially in both images.

symptom control and/or GERD-related quality of life[10].
Stretta has demonstrated consistent attainment of this
goal in patients who are well-controlled by PPI but do
not wish to take lifelong medications as well as in patients
who have partially responded to PPI therapy and do not
have a specific surgical indication (i.e., large hiatal hernia).
In a cross-over, randomized trial of 64 patients who
were assigned to RF treatment or a sham procedure,
those who had undergone the RF procedure were significantly more likely to experience a > 50% improvement in
GERD-related quality-of-life scores at six months compared with sham-treated patients (61% vs 30%) and were
more likely to be without daily heartburn symptoms (61%
vs 33%). The groups had similar median acid exposure
times, though acid exposure time was significantly improved when responders (> 30% decrease in heartburn
score) were compared with non-responders[11].
In another controlled trial, 36 patients were assigned
to a single session Stretta (12 patients), a sham procedure
(12 patients), or Streta repeated once if GERD healthrelated quality of life (HRQL) was not 75% improved
after four months (12 patients, 10 of whom underwent a
second RF procedure)[12]. Patients who underwent Stretta
had greater improvements in quality of life scores at
12 mo than patients who underwent sham therapy, and
those treated twice showed a greater improvement than
patients who underwent a single treatment. In the single
Stretta group, two patients (17%) normalized their quality
of life scores, in the double Stretta group seven patients
(58%) normalized, and in the sham group no patients
normalized. Similar results were seen in the two Stretta
treatment groups with regard to the number of patients
who were no longer requiring antisecretory drugs.
A nonrandomized, prospective, multicenter study included 118 patients (72 men and 46 women) with chronic
heartburn and/or regurgitation who required daily antisecretory medication and exhibited pathologic esophageal acid exposure, a sliding hiatal hernia (≤ 2 cm), and
esophagitis ( ≤ grade 2) [13]. GERD symptom scores,
quality of life (short form-36, SF-36), and medication use
were assessed at 0, 1, 4, 6, and 12 mo; esophageal acid
exposure, motility, and endoscopy were assessed at 0 and

WJG|www.wjgnet.com

6 mo. At 12 mo, 94 patients were available for followup. There were improvements after 12 mo in the median
heartburn score (4 to 1, P = 0.0001), GERD score (27
to 9, P = 0.0001), satisfaction (1 vs 4, P = 0.0001), mental SF-36 (46.3 vs 55.4, P < 0.0001), and physical SF-36
(40.9 vs 53.1, P = 0.0001); proton pump inhibitor requirement fell from 88.1% to 30% of patients. Esophageal
acid exposure improved significantly (10.2% vs 6.4%, P
= 0.0001). There were 10 (8.6%) complications, none
of which required therapeutic intervention. The authors
concluded that Stretta significantly improves GERD
symptoms, quality of life, and esophageal acid exposure
and eliminates the need for antisecretory medication in
the majority of patients at 12 mo. Follow-up information
was available for 94 patients (80%) at 12 mo. Significant
improvements were observed in the median heartburn,
GERD, and satisfaction scores, and on the mental and
physical components of the Medical Outcomes Study
SF-36. The proportion of patients requiring proton
pump inhibitors fell from 30% to 88%. Esophageal acid
exposure improved significantly (from 6% to 10%). The
authors noted that the degree of improvement in quality
of life was similar to the improvement described following fundoplication. The 24 patients who did not return
their questionnaires were counted as treatment failures in
the analysis. However, all of the patients were contacted
and none had experienced complications. Eighteen of
the patients agreed to undergo additional testing that
included esophageal manometry. No significant change
in any esophageal motility parameter was observed, although there was a trend toward a reduction in the number of transient lower esophageal sphincter relaxations.
In another open trial of 90 patients with non-erosive
or mildly erosive disease, the onset of GERD symptom
relief after Stretta was less than two mo in 70% or two to
six months in 16.7%. The mean GERD-HRQL score was
25.6 (baseline), 7.3 (six months, P < 0.01), and 8.1 (12 mo,
P < 0.01). The mean heartburn score was 3.3 (baseline),
and 1.2 (12 mo, P < 0.05). The percentage of patients
with satisfactory GERD control improved from 31.1% at
baseline to 86.7% after treatment, and patient satisfaction
improved from 1.4 at baseline to 4.0 at 12 mo (P < 0.01).
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Table 1 Putative mechanisms that explain the clinical
effectiveness of Stretta

WHAT ARE THE MECHANISMS OF
ACTION OF STRETTA?

Increased gastric yield pressure
Increased thickness of the lower esophageal sphincter muscle
Decreased gastro-esophageal junction compliance without fibrosis
Decreased transient lower esophageal sphincter relaxations (tLESRs)

The effective use of RF therapy in medicine is extremely
broad and yet often misunderstood. Different frequencies, power outputs and temperatures create a broad array
of therapeutic outcomes. At high frequencies and power
outputs, RF is destructive, and typically used to ablate
aberrant tissue. At low frequencies and power settings
and temperatures, RF can be non-ablative. Stretta therapy
operates at 465 mHz and 5 W of power output. The
treatment range is 65 ℃-85 ℃ in the muscularis propria,
while the maximum mucosal temperature is 49 ℃ due to
constant chilled irrigation of the esophageal and cardiac
mucosa. This chilled irrigation typically keeps mucosal
temperature below 35 ℃. As the muscularis has heat sink
properties and the treatment temperature is below the accepted level of tissue ablation (100 ℃) and the mucosa is
untreated by design, the hypothesis of tissue destruction,
followed by formation of fibrosis is completely unfounded by any published clinical studies. The neuromuscular
control of the LES and the mechanisms for acid clearance are a complex and incompletely understood set of
physiologic functions. Clinical data from several Stretta
trials have defined a number of potential improvements
in the physiologic function of the LES and distal esophagus (Table 1).
One animal study explored the effect of Stretta to the
porcine gastroesophageal junction and its effect on LES
pressure and gastric yield pressure. Twenty pigs underwent esophageal manometry and endoscopic injection
of botulinum toxin (100 units) into the lower esophageal
sphincter. After 1 wk, animals were randomized to either
Stretta (RF, n = 13) or no further intervention (control, n
= 7). At 9 wk, animals underwent endoscopy, manometry,
and gastric yield pressure determination. The mean LES
pressure declined by 3.7 ± 2.6 mmHg (control, P = 0.03)
vs 0.97 ± 5.8 mmHg (RF, P = 0.29) after 9 wk. Mean
gastric yield pressure was 24.9 ± 8.2 mmHg (control),
compared with 43.4 ± 10.7 mmHg (RF) (P = 0.0007).
The authors concluded that Stretta reversed much of the
LES pressure reduction achieved with botulinum toxin
injection and augmented gastric yield pressure by 75%
compared with controls[18].
Another animal study assessed Stretta’s effect to the
gastric cardia on the triggering of transient LES relaxations and GERD in 13 dogs. Esophageal motility and
pH were measured for 1 hour after a standard liquid meal
and air infusion, as well as before and 3 mo after radiofrequency energy treatment. At 7 mo, histologic evaluation
of the gastroesophageal junction was performed. Stretta
reduced the frequency of transient LES relaxations from
4.0 (3.0-6.75) [median (interquartile range)] per hour to 3.0
(2.0-3.0) per hour (P < 0.05). This was accompanied by a
significant reduction in acid reflux episodes and esophageal acid exposure. Basal LES pressure and relaxation
during swallowing were unchanged. There was a 63%

Medication usage decreased significantly from 100% of
patients on PPI therapy at baseline to 76.7% of patients
showing elimination of medications or only as-needed use
of antacids/H2-receptor antagonists at 12 mo[14].
A recent meta-analysis[15] of 18 studies and 1441 patients concluded that: (1) Stretta is very effective in GERD
symptom relief; (2) Is safe and well-tolerated; and (3)
Stretta significantly reduces acid exposure to the esophagus, but does not consistently normalize pH. On this last
point it is important to note that even PPIs do not normalize pH in up to 50% of symptomatically controlled
GERD patients treated with PPIs[16]. Hence, pH normalization is not necessarily an important clinical endpoint to
be applied to Stretta.
Overall, Stretta has been shown to be effective in
32 separate clinical studies and a meta-analysis. The primary endpoint of GERD therapy has been consistently
achieved, that is, a high-rate of symptom control over
and above PPI therapy. Secondarily, a dramatic decrease
or elimination of GERD medication use has also been
consistently shown.

IS STRETTA SAFE?
Thirty-two clinical studies have demonstrated that Stretta
is a safe and well-tolerated treatment for GERD. The total number of patients (2774) treated in these studies and
the exceedingly low complication rates noted in each, as
well as the fact that any noted complications were minor
and transient, mirrors the generally good post-marketing
experience and safety profile as recorded on the FDA
MAUDE website (< 1%). Both numbers are relevant
as clinical studies are typically conducted by more experienced users, but FDA reported complications would
include non-expert users. To date, more than 15000
Stretta procedures have been performed globally without
serious sequela attributable to the procedure[15]. In the
study of 118 patients described above, 10 complications
were observed (9%), none of which required therapeutic
intervention. These included fever (two patients), superficial mucosal injury (three patients), chest pain requiring
opioid analgesic use (two patients), transient dysphagia
(one patient), sedation-related hypotension (one patient),
and submental swelling related to topical analgesia allergy
(one patient)[13]. However, serious complications have
been described, including esophageal perforation in three
patients and two deaths due to aspiration pneumonia[17].
The perforations were attributed to either poor patient
selection or operator error.
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increase in wall thickness at the gastric cardia compared
with that in 2 control dogs, but no gross or histopathologic abnormalities of the esophageal or gastric mucosa
were seen. The authors concluded that RF delivery to the
gastric cardia in dogs inhibits the triggering of transient
lower esophageal sphincter relaxations and thereby reduces gastroesophageal reflux[19].
In a double-blind randomized crossover study of
Stretta and sham treatment in patients with GERD, Arts
et al[20] tested the hypothesis that Stretta alters gastroesophageal junction (GEJ) resistance. Patients underwent
two upper gastrointestinal endoscopies with 3 mo interval, during which active or sham Stretta treatment was
performed in a randomized double-blind manner. Symptom assessment, endoscopy, manometry, 24-h esophageal
pH monitoring, and a distensibility test of the GEJ using
Barostat were done before the start of the study and after
3 mo. Their main outcome measure was Barostat distensibility test of the GEJ before and after administration of
sildenafil. In all, 22 GERD patients (17 females, mean age
47 ± 12 years) participated in the study; 11 in each group.
Initial sham treatment did not affect any of the parameters studied. Three mo after initial Stretta procedure, no
changes were observed in esophageal acid exposure and
LES pressure. In contrast, symptom score was significantly improved and GEJ compliance was significantly
decreased. Administration of sildenafil, an esophageal
smooth muscle relaxant, normalized GEJ compliance
again to pre-Stretta level, arguing against GEJ fibrosis as
the underlying mechanism. The authors concluded that
decreased GEJ compliance, which reflects altered LES
neuromuscular function, might contribute to symptomatic benefit by decreasing refluxate volume.
Tam et al[21] investigated the effects of Stretta on
mechanisms of spontaneous reflux in patients with
GERD. Twenty patients with GERD underwent endoscopy, symptom evaluation, and combined postprandial
esophageal manometry and pH monitoring before and six
mo after Stretta, and 24 h ambulatory pH monitoring before and at 6 and 12 mo after treatment. They found that
Stretta reduced the rate of postprandial transient LES
relaxations from 6.8 (5.7-8.1) per hour to 5.2 (4.2-5.8) per
hour (P < 0.01), and increased mean basal LES pressure
from 5.2 (SE = 0.3) mmHg to 8.0 (SE = 0.4) mmHg (P
< 0.01). The number of reflux events was reduced from
10 (2-15.3)/3 h to 5 (3.5-8.5)/3 h (P < 0.05) and there
was an associated significant reduction in acid exposure
time from 5.4% (0.4-14.7) to 3.9% (0.4-6.6) (P < 0.05).
Stretta significantly reduced ambulatory esophageal acid
exposure from 10.6% (7.8%-13.0%) to 6.8% (3.1%-9.1%)
(P < 0.01) at six mo and 6.3% (4.7%-10.9%) (P < 0.05)
at 12 mo. All patients required acid suppressant medication for symptom control before Stretta. Six months after
treatment, 15 patients (75%) were in symptomatic remission and 13 (65%) at 12 mo. The authors concluded that
Stretta has significant effects on LES function that are
associated with improvement in the antireflux barrier[21].
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DOES STRETTA DESENSITIZE THE LES
AND COULD IT PUT PATIENTS AT RISK
FOR CANCER?
In view of the role of esophageal sensitivity in the symptomatic expression of GERD, decreased esophageal sensitivity could potentially contribute to symptom improvement. Esophageal acid sensitivity depends on multiple
factors, including esophageal exposure to hydrogen ions,
mucosal permeability, number and activation state of
acid-sensitive nerve endings, and central processing of incoming sensory information. Esophageal inflammation is
generally considered a factor that contributes to increased
sensitivity to acid. This last point demands attention, as
there is strong evidence that Stretta heals erosions. A
study by Liu et al[14] showed medication usage decrease
from 100% of patients on PPI therapy at baseline to
76.7% of patients not using medications or using them
only as needed at 12 mo. Also noted was a corresponding
improvement in endoscopic grade of esophagitis in 33
of the 41 patients. All patients either had no erosions or
only mild erosive disease (grade A) at 6 mo.
Several studies have indicated that esophageal acid
sensitivity and hypersensitivity are important contributors
to the symptomatic manifestations of GERD. Indeed,
visceral analgesics, such as a tricyclic antidepressants,
selective serotonin uptake inhibitors, or trazodone, are
used as adjunctive tools in the management of PPIrefractory GERD patients. On the other hand, decreased
esophageal sensitivity might be disadvantageous in severe, symptomatically silent, esophageal erosive disease
but this has not been observed. Therapeutic treatment
with Radiofrequency energy in other diseases/conditions
has the potential to induce nerve ablation, for example
this is the basis for its therapeutic application in chronic
pain or cardiac arrhythmias. One criticism of Stretta has
been the theoretical concern that it induces partial desensitization of the esophageal body through ablation of
sensory nerve endings rather than a reduction in esophageal acid exposure. Esophageal desensitization is another
completely unsubstantiated conjecture, again based
upon the false assumption that Stretta relies upon tissue
destruction for it treatment effect. In fact, the available
clinical data completely refutes this conclusion. Further,
it is ironic that on one hand, visceral analgesics are accepted in the management of refractory GERD without
concerns about desensitization and on the other Stretta
is criticized as potentially harmful. The following studies
provide strong evidence that there is no credible evidence
of desensitization, other than the normal desensitization
that occurs in non-inflamed tissue.
Scholten[10] found that a “normal” esophagus is less
sensitive to acid. These authors state that the exact pathologic process by which this occurs is complex and yet to
be fully characterized. There are two requirements for
heartburn, regardless of erosive or non-erosive disease:
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high acid concentrations within the esophageal lumen (reflux) and a damaged esophageal epithelium. When these
situations co-exist, luminal acid enters the tissue where
stimulation of nociceptors results in the symptom of
heartburn[22]. It has already been demonstrated in numerous studies that Stretta produces significant improvement
in esophageal erosion grade. To suggest that any decrease
in sensitivity is due to a direct effect of Stretta other than
normalizing esophageal tissue is conjecture in the existence of contradictory fact.
Arts et al[23] aimed to evaluate the influence of Stretta
on symptoms, acid exposure, and sensitivity to esophageal acid perfusion in GERD. Thirteen patients with established PPI-dependent GERD (three males; mean age,
51 ± 10 years) participated in the study. Before and 6 mo
after the procedure, symptom scores, pH monitoring and
Bernstein acid perfusion test were performed. The latter
was done by infusing hydrochloric acid (pH 0.1) at a rate
of 6 mL/min 15 cm proximal to the gastro-esophageal
junction for a maximum of 30 min or until the patients
experienced heartburn. Six months after Stretta, the
symptom scores were significantly improved (12.5 ± 2.0
to 7.5 ± 2.1, P < 0.05), seven patients no longer needed
daily PPI, and acid exposure was significantly decreased
(11.6% ± 1.6% to 8.5% ± 1.8% of time pH < 4, P <
0.05). The time needed to induce heartburn during acid
perfusion (as a measure of esophageal sensitivity) decreased from 9.5 ± 2.3 to 18.1 ± 3.4 min (P = 0.01), and
five patients became insensitive to 30-min acid perfusion,
vs none at baseline (P = 0.04). However, esophageal acid
perfusion occurred through a mid-esophageal infusion
port, whereas radiofrequency energy delivery involved
only a narrow area around the LES. As esophageal acid
sensitivity is not limited to this small region, it seems less
likely that sensory nerve ablation sufficiently explains the
changes. Although the underlying pathways are poorly
understood, acid exposure and esophageal inflammation
have also been implicated in esophageal sensitivity and
sensitization. Esophageal acid exposure has been shown
to induce central sensitization of esophageal perceptive
pathways.
Esophageal inflammation is generally considered a
factor that contributes to increased sensitivity to acid,
through disruption of the antireflux and luminal clearance mechanisms. In the Arts study, pH monitoring was
significantly improved 6 mo after Stretta, potentially leading to decreased esophageal inflammation and decreased
esophageal acid sensitivity and, thereby, contributing to
decreased sensitivity to esophageal acid perfusion. Further, Arts found no direct correlation between (changes
in) symptom scores and (changes in) esophageal sensitivity to acid perfusion. In fact, improvement of symptom
scores was related to improvement of esophageal acid
exposure, suggesting that the evolution of symptoms in
this cohort of patients was mainly driven by the evolution of reflux control, and not by esophageal sensitivity.
Improvements of symptom scores were directly related to improvement of esophageal acid exposure and
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not to desensitization in two other clinical studies. In
the first, Triadafilopoulos sought to determine if there
was a correlation between the improvement in GERD
outcomes and esophageal acid exposure after Stretta. He
performed subgroup analyses between “responder” and
“non-responder” groups from the US Stretta open label
trial (n = 118), on the basis of post-treatment responses
for GERD-HRQL heartburn, satisfaction, and proton
pump inhibitor use. Outcomes were analyzed within
and between subgroups. Pearson correlation coefficient
analysis was performed comparing distal esophageal
acid exposure with each of the continuous outcomes
(GERD-HRQL, heartburn, satisfaction). Responder subgroups had significant improvements in esophageal acid
exposure, whereas non-responders had no change or less
improvement in the same. Changes in GERD-HRQL
and heartburn severity were correlated with changes in
acid exposure (r = 0.16, P = 0.12 and r = 0.26, P = 0.01,
respectively). Changes in satisfaction were negatively correlated with changes in esophageal acid exposure (r = 0.23,
P = 0.02) because satisfaction, as expected, increased as
acid exposure decreased[24].
In another similar study to address the same concern,
Richards et al[25] analyzed their postoperative pH data
and showed that all of patients who were failures of the
procedure and were continued on maximal PPI therapy
had pathologic distal esophageal acid exposure. Eighty
percent of the patients who had a complete response to
Stretta and were no longer taking PPIs, had normalized
their pH scores. There were no patients who returned
after Stretta with evidence of esophagitis while they were
improving their GERD symptom scores.
A study by DiBaise et al[26] examined Stretta’s efficacy
and potential mechanism of action. They followed 18
patients for 6 mo after Stretta and did find a trend toward
reduction in the number of tLESRs, but found no adverse effect on abdominal vagal function and no significant change in any esophageal motility parameter. They
concluded that there was no evidence of adverse effects
on either swallow-induced LES relaxation or esophageal
peristalsis. None of their patients demonstrated an abnormal pancreatic polypeptide response to sham feeding
after treatment, suggesting integrity of abdominal efferent vagal function.
In summary, strong evidence exists to support that
symptomatic improvement after Stretta is attributable
to a decrease in esophageal acid exposure and not to
esophageal desensitization or nerve damage. In fact, studies have also noted an improvement in esophagitis, which
would not be possible in a densensitized lower esophagus
that was still exposed to acid.

DOES STRETTA REDUCE INTRAESOPHAGEAL ACID EXPOSURE?
There have been no Stretta clinical trials that used pH
normalization (or even % reduction) as a primary end-
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al[25], the authors also looked at acid exposure post Stretta,
and found that 80% of the patients who had a complete
response to Stretta (no longer taking PPIs) normalized
their pH scores.

point. Therefore, all the pH data acquired have not been
powered to show statistically significant differences.
Nevertheless, the available evidence from multiple studies
shows that Stretta reduces esophageal acid exposure and
normalizes pH in many patients.
Normalization of esophageal acid exposure has been
a controversial outcome in patients with GERD. Despite
effective control of GERD-related symptoms during PPI
treatment, a sizeable percentage of patients have been
shown not to have achieve normalized intra-esophageal
acid exposure[16]. This has raised questions about whether
normalized intra-esophageal pH is a necessary therapeutic goal and how much acid control is necessary to
achieve a good clinical response. Although some studies have shown a correlation between increased healing
of erosive esophagitis and maintaining intra-esophageal
pH > 4, no studies to date have shown that complete
normalization of intra-esophageal pH is necessary for
esophagitis healing or to achieve effective symptom control. Yet, criticism of the use of endoscopic techniques
for GERD (including Stretta) has focused on the fact that
only 30% to 37% of patients achieve normalization of
intra-esophageal acid exposure. Despite these caveats and
despite earlier reports of higher normalization rates and
far more effective (albeit, not absolute) acid control with
PPIs, the results of Milkes’s study show a correlation
between intra-gastric pH and pathologic intra-esophageal
reflux, challenge the appropriateness of targeted normalization of intra-esophageal acid exposure, and leave
us wondering whether intra-esophageal normalization is
necessary for symptom control, healing and for prevention of complications.
Several studies provide strong evidence of significant
reduction of esophageal acid exposure but not consistent
normalization esophageal acid exposure after Stretta.
Both DeMeester scores and acid exposure have been reported to improve significantly in most studies with a few
exceptions. DiBaise et al[26] reported a 72% improvement
in the distal esophageal acid exposure with normalization
of in 4 of 18 patients at 6 mo after Stretta. However,
these results failed to reach statistical significance. Corley
et al[11] reported absence of significant decrease in the
distal esophageal acid exposure in their study population
at 6 mo as well. However, upon stratifying the patients
on the basis of responders and non-responders, they
observed significant improvement in the acid exposure
of the former group after the procedure. This was also
observed by Triadafilopoulos.
In the Stretta meta-analysis[15], pre-procedure and
post-procedure DeMeester scores improved from 44.37
± 9.3 pre-Stretta to 28.53 ± 33.4 post-Stretta over an average period of 13.1 mo in 267 patients across 7 studies (P
= 0.0074). Esophageal acid exposure was reported in 11
studies comprising of 364 patients over a mean follow-up
period of 11.9 mo. Esophageal acid exposure decreased
from a mean of 10.29% ± 17.8% to 6.51% ± 12.5% (P =
0.0003). In the previously mentioned study by Richards et
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DOES THE STRETTA SYMPTOMATIC
EFFECT LAST?
There is strong evidence for the durability of Stretta in
the long-term treatment of GERD. At 48-mo follow
up, Reymunde et al[27] observed the mean GERD-QOL
score to be 2.4 (baseline), 4.6 (36 mo), and 4.3 (48 mo,
P < 0.001). The mean GERD symptom score was 2.7
(baseline), 0.3 (36 mo), and 0.6 (48 mo, P < 0.001). Daily
medication usage was 100% (baseline) and 13.6% (48
mo, P < 0.001). Another uncontrolled, nonrandomized
case series of 109 drug-refractory patients with GERD
found Stretta to be a safe, effective, and durable treatment that produced significant improvements in heartburn and quality of life and decreased medication usage
during a 4-year period of follow-up. Complete long-term
follow-up assessment was available in matched data for
109 patients at 12 mo, 108 patients at 24 mo, 102 patients at 36 mo, and 96 patients at 48 mo. A second procedure was performed in 13 patients. Heartburn scores
decreased from 3.6 to 1.18 (P < 0.001), total heartburn
score (GERD health-related quality-of-life questionnaire)
decreased from 27.8 to 7.1 (P < 0.001), and patient satisfaction improved from 1.4 to 3.8 (P < 0.001). Medication
usage decreased significantly from 100% of patients on
twice-daily PPI therapy at baseline to 75% of patients
showing elimination of medications or only as-needed
use of antacids/over-the-counter PPIs at 48 mo (P <
0.005). There were no long-term complications of the
procedure[28]. In Dughera et al[29], the following outcomes
were observed at 48 mo follow up: Stretta significantly
improved heartburn scores, GERD-specific quality of
life scores, and general quality of life scores at 24 and
48 mo in 52 out of 56 patients (92.8%) At each control
time both mean heartburn and GERD HRQL scores decreased (P = 0.001 and P = 0.003, respectively) and both
mental SF-36 and physical SF-36 ameliorated (P = 0.001
and 0.05, respectively). At 48 mo, 41 out of 56 patients
(72.3%) were completely off PPIs and some using only
occasionally oral antacids.
In a 10-year, open, single center, prospective assessment of Stretta for medically refractory GERD in 99
evaluable patients, a significant and sustained improvement of GERD-specific quality of life scores, patient
satisfaction, and improved PPI use (P < 0.0001 for all
outcomes) validated the long-term usefulness of the
procedure. There was improvement in Barrett’s esophagus and in some cases disappearance of metaplasia and
dysplasia noted following Stretta. There were no cases of
esophageal cancer that developed during this 10 year time
period; however, direct endoscopic confirmation was
only possible in 51 patients[30].
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Refractory GERD

Table 2 Key clinical characteristics of Stretta
An outpatient endoscopic option with unique mechanisms of action
Effective, safe and durable
Distinct from medical therapy (pH control, refractoriness)
Distinct from anti-reflux surgery
(acid and volume reflux control, side effects)
Not precluding anti-reflux surgery
Repeatable

< 2 cm hiatal
hernia

> 2 cm hiatal
hernia

Stretta

LINX or
fundoplication
Combination Rx
(with PPI or Stretta)

Combination Rx (with PPI)
PPI

The "gap"

ARS

Repeat
stretta

LINX or
fundoplication

Re-do
fundoplication

Figure 4 Proposed algorithm for the management of patients with refractory gastroesophageal reflux disease. GERD: Gastroesophageal reflux
disease; PPI: Proton pump inhibitor.

65%-70%

25%-30%

spans the “gap” between PPI responders and surgical
candidates (Figure 3). There is unquestionably an unmet
need for the many sufferers of GERD, particularly the
refractory ones, where Stretta has been shown to offer
significant improvements by both objective and subjective criteria. Stretta is safe, effective, durable, and repeatable if necessary. Further, it does not preclude any other
alternative (repeat Stretta, PPI addition, LINX or fundoplication) and is the least expensive alternative to medical
therapy (Figure 4). Today more than ever, clinicians will
benefit from the addition of Stretta to the treatment armamentarium for their GERD patients.

5%

Figure 3 Stretta is an adjunct in the treatment of gastroesophageal reflux
disease that spans the “gap” between proton pump inhibitor responders
and surgical candidates. PPI: Proton pump inhibitor; ARS: Anti-reflux surgery;
“gap”: % of patients refractory to PPI not pursuing ARS.

CONCLUSION
Overall, GERD is a complex disease caused by any
number of types of reflux (acidic, weakly acidic or nonacidic) into the esophagus. Since Stretta effectively addresses several underlying mechanisms of GERD (such
as tLESRs), it does not discriminate to the type of reflux,
and it may be utilized in those refractory patients who are
not interested in pursuing anti-reflux surgery (Table 2).
Since its introduction in 2000, multiple studies have demonstrated the safety and efficacy of Stretta for GERD
but very few were company-sponsored and most were
investigator-initiated at both academic and community
sites, worldwide. Therefore, data on the procedure’s effectiveness and durability have at times produced mixed
results. Definitive conclusions were problematic because
of the heterogeneity of measured variables in different
studies of variable patient populations.
Nevertheless, as the precise physiologic dysfunction
exhibited by GERD sufferers is not completely understood, it stands to reason that multiple therapeutic modalities - used alone or even in combination - may contribute to symptom control. The abundance of clinical
data on Stretta confirms the following: (1) tissue destruction and creation of fibrosis does not occur; (2) symptom
control in PPI dependent patients occurs consistently;
(3) a variety of functional improvements occur in the
distal esophagus including improved acid sensitivity and
tissue compliance; and (4) the procedure is exceedingly
safe, durable and reproducible. As such, Stretta provides
an invaluable adjunct in the treatment of GERD that
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Percutaneous endoscopic gastrostomy: Indications,
technique, complications and management
Ata A Rahnemai-Azar, Amir A Rahnemaiazar, Rozhin Naghshizadian, Amparo Kurtz, Daniel T Farkas
placement are enteral feeding and stomach decompression. On the other hand, distal enteral obstruction,
severe uncorrectable coagulopathy and hemodynamic
instability constitute the main absolute contraindications for PEG tube placement in hospitalized patients.
Although generally considered to be a safe procedure,
there is the potential for both minor and major complications. Awareness of these potential complications, as
well as understanding routine aftercare of the catheter,
can improve the quality of care for patients with a PEG
tube. These complications can generally be classified
into three major categories: endoscopic technical difficulties, PEG procedure-related complications and
late complications associated with PEG tube use and
wound care. In this review we describe a variety of
minor and major tube-related complications as well as
strategies for their management and avoidance. Different methods of percutaneous PEG tube placement
into the stomach have been described in the literature
with the “pull” technique being the most common
method. In the last section of this review, the reader is
presented with a brief discussion of these procedures,
techniques and related issues. Despite the mentioned
PEG tube placement complications, this procedure has
gained worldwide popularity as a safe enteral access
for nutrition in patients with a functional gastrointestinal system.
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Abstract
Percutaneous endoscopic gastrostomy (PEG) is the
preferred route of feeding and nutritional support in
patients with a functional gastrointestinal system who
require long-term enteral nutrition. Besides its wellknown advantages over parenteral nutrition, PEG offers superior access to the gastrointestinal system over
surgical methods. Considering that nowadays PEG tube
placement is one of the most common endoscopic
procedures performed worldwide, knowing its indications and contraindications is of paramount importance
in current medicine. PEG tubes are sometimes placed
inappropriately in patients unable to tolerate adequate
oral intake because of incorrect and unrealistic understanding of their indications and what they can accomplish. Broadly, the two main indications of PEG tube
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Core tip: Following its introduction in 1980, the percutaneous endoscopic gastrostomy (PEG) tube has become
the modality of choice for nutritional support in patients
who require long-term enteral feeding. In this review
we describe the indications and contraindications of
PEG tube placement. Potential complications of a PEG
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tube as well as their management and preventive measures are discussed in detail. A comprehensive review
of all aspects of the PEG tube, in addition to providing
practical tips in aftercare and management of potential
complications make this review unique amongst similar
articles.

Table 1 Conditions for which patients are commonly referred
for insertion of a percutaneous endoscopic gastrostomy tube
Neurological diseases and psychomotor retardation
Cerebrovascular disease
Motor neuron disease (amyotrophic lateral sclerosis)
Multiple sclerosis
Parkinson’s disease
Cerebral palsy
Dementia
Cerebral tumor
Psychomotor retardation
Reduced level of consciousness
Head injury
Intensive care patients
Prolonged coma
Cancer
Head and neck cancer
Esophageal cancer
Miscellaneous
Burns
Congenital anomaly (e.g., trachea esophageal fistula)
Fistulae
Cystic fibrosis
Short bowel syndromes (such as Crohn’s disease)
Facial surgery
Poly-trauma
Chronic renal failure
HIV/AIDS
Gastric decompression
Abdominal malignancy

Rahnemai-Azar AA, Rahnemaiazar AA, Naghshizadian R,
Kurtz A, Farkas DT. Percutaneous endoscopic gastrostomy: Indications, technique, complications and management. World J
Gastroenterol 2014; 20(24): 7739-7751 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7739.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7739

INTRODUCTION
The primary indication for enteral and parenteral feeding
is the provision of nutritional support to meet metabolic
requirements for patients with inadequate oral intake. Enteral feeding is usually the preferred method over parenteral feeding in patients with a functional gastrointestinal
(GI) system due to the associated risks of the intravenous
route, higher cost and inability of parenteral nutrition
to provide enteral stimulation and subsequent compromise of the gut defense barrier[1,2]. Moreover, it has been
shown that enteric feeding can decrease the risk of bacterial translocation and corresponding bacteremia[3]. Tube
feeding through the GI tract is mainly considered in patients with insufficient oral intake who have a functional
GI system and tube insertion into their alimentary tract
can be safely maintained.
Gastric feeding is the most common type of enteral
feeding. Access to insert the gastrostomy tube can be
achieved by the use of endoscopy, radiological imaging,
or surgical techniques (open or laparoscopic). Percutaneous endoscopic gastrostomy (PEG) was first introduced
in 1980 by the application of endoscopy to insert a feeding tube into the stomach[4]. Due to low cost, less invasive
and no need for general anesthesia in most cases (which
is a challenging factor in debilitated patients in whom
gastrostomy tubes are most commonly placed), PEG is
considered to be a better choice for the introduction of a
feeding tube than surgical methods[5,6]. PEG is currently
the method of choice for medium- and long-term enteral
feeding.
This article reviews the current knowledge on PEG in
the medical literature.

HIV/AIDS: Human immunodeficiency virus infection/acquired immunodeficiency syndrome.

(nasogastric, nasoduodenal and nasojejunal) are usually
reserved for short-term (< 30 d) enteral feeding in patients with intact protective airway reflexes.
Compared to PEG tubes, nasoenteric tubes result
in more complications (irritation, ulceration, bleeding,
esophageal reflux and aspiration pneumonia), lower
subjective comfort and even lower feeding efficacy[7-9].
Hence, PEG tube insertion is usually considered in patients at risk for moderate to severe malnourishment
within 2-3 wk of nasoenteric tube feeding. However,
there are unclear benefits of PEG feeding in certain
patient populations, such as those with diabetes or advanced dementia and in elderly patients aged more than
80 years[10,11]. The decision for tube placement should be
individualized according to the patient’s needs, preferences, diagnosis and life expectancy. The goal is not only
to improve the patient’s survival and nutritional status,
but also to improve their quality of life which is not necessarily correlated with nutritional improvement[12]. Also
the long-term survival rate of some patients is low due to
their underlying disease and this needs to be considered
when deciding on PEG placement[11].
There are a significant number of patients who can
benefit medically from PEG placement (Table 1). In a
4-year prospective study of 210 patients with both malignant and benign underlying diseases, the mean weight
loss in the three-month period before starting PEG tube
nutrition was 11.35 ± 1.5 kg, while the mean weight
gain at the end of 12-mo feeding via PEG tube was 3.5

INDICATIONS AND EFFICACY
Patients with adequate baseline nutritional status can
tolerate up to 10 d of partial fasting (with maintenance
fluids) before severe protein catabolism occurs. However,
longer fasting periods, depending on the patient’s baseline health status, can be unfavorable. To maintain or establish adequate nutrition, enteral feeding is necessary for
patients with insufficient oral intake. Nasoenteric tubes
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± 1.7 kg[13]. This suggests that initiation of PEG tube
nutrition, as soon as the medical necessity is established,
can prevent further weight loss. However, another study
published recently showed that better nutritional and
metabolic parameters in PEG-fed patients are not always
accompanied by improvements in body composition parameters[14].

bulbar palsy[23-25]. These patients frequently have feeding
and swallowing problems that may lead to poor nutritional status, growth failure, chronic pulmonary aspiration and infection. The Epidemiologic Oxford Feeding
Study reported a significant correlation between the
severity of motor impairments and the need for gastrostomy feeding[26].
Dementia
Most patients with advanced dementia are dependent on
others in their daily living activities including eating. In
a prospective study of nursing home residents, 86% of
patients with advanced dementia had eating problems[27].
There are several mechanisms that are responsible for
impaired self-feeding in this population: altered smell and
anorexia resulting in a lack of interest in food; apraxia
interfering with the task of eating, and dysphagia and
loss of airway protective mechanisms leading to choking
episodes and eating avoidance[28-30]. Feeding problems
are usually considered one of the ominous symptoms of
advanced dementia with a 6 mo mortality rate of 25%[27],
a similar life expectancy to some generally considered
poor prognosis diseases such as stage 4 congestive heart
failure[31]. This is consistent with the finding that independent of age, patients with dementia undergoing PEG
have a worse prognosis than other patient subgroups
with a mortality rate of 54% after 1 mo and 90% after
1 year of tube insertion[32]. In another study cited elsewhere, PEG has a higher mortality rate in demented patients who are at least 80 years old[11]. The need for more
aggressive palliative measures to prevent malnutrition in
patients with advanced dementia is an important issue,
however to date, there is no published evidence showing
that PEG feeding can prolong survival or provide palliation in this patient population[33-36]. In a recent study
designed to assess the effect of PEG feeding on pressure
ulcer healing in patients with advanced dementia, patients
with PEG were less likely to heal and more likely to develop new ulcers[37]. Given all these findings, PEG may
not provide any clinical benefit to this patient population
and simple efforts like hand feeding can be a viable alternative[38]. In one study, PEG tube insertion in nursing
home residents with advanced dementia was associated
with a significant increase in annual inpatient health care
costs as well as in hospital and intensive care unit stay[39].

Neurological diseases and
psychomotor retardation
Cerebrovascular disease/stroke
Neurological dysphagia (along with cancer-related reasons) is one of the most common reasons for referral
for PEG tube insertion. Dysphagia is a common finding
after a stroke and it’s incidence is reported to be as high
as 45% among those admitted to hospital[15]. Some experts recommend that patients who are not able to meet
their nutritional needs by oral intake, should be started on
nasogastric (NG) tube feeding in the first 24 h after their
stroke[16]. Nasogastric tube feeding alone may be enough
in patients who need nutritional support for less than
4 wk, but PEG tube placement needs to be considered
for longer periods[17]. PEG feeding provides a safe and
reliable means of nutrition in stroke patients and its superior long-term results over NG tube feeding have been
demonstrated[18,19]. Early PEG nutrition is also desirable
in stroke patients, but the decision must be weighed up
in patients with temporary dysphagia or those with short
life expectancy due to underlying diseases. At least a twoweek wait time for PEG insertion is clinically appropriate to evaluate its medical necessity. After insertion of
the PEG tube, routine follow-up of patients should be
carried out to evaluate regaining their swallowing ability.
PEG tubes can be removed at any time if patients regain
spontaneous swallowing.
Motor neuron diseases/amyotrophic lateral sclerosis
PEG is a standard method of feeding in patients with
amyotrophic lateral sclerosis (ALS). In some patients
the PEG tube placement technique should be modified
in view of associated anatomic deformity. Also gastric
insufflation during and after the procedure should be
minimized due to the inability of these patients to spontaneously lower their raised diaphragm[20]. Although there
are some concerns about the safety of PEG tube placement in patients with restricted pulmonary function,
Czell et al[21] showed that PEG can be performed in these
patients under procedural non-invasive ventilation with
minimal peri- and post-procedural complications. In addition their data showed no significant difference in longterm survival rate among patients with high (> 50%) and
low (< 50%) forced vital capacity (FVC). This finding
was in contrast to the results of other studies showing a
lower survival rate after PEG tube placement in patients
with ALS who had low FVC (< 50%)[22].
The role of the PEG tube has also been described
in the nutritional support of other motor neuron and
dysfunctional motor diseases such as cerebral palsy and
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Psychomotor retardation
Patients with psychomotor retardation are prone to
malnourishment and gastroesophageal reflux due to
pathophysiologic causes inherent in this condition. The
long-term efficacy of PEG tube feeding in improving nutritional status of severely disabled and mentally retarded
adults and children has been shown. However, the use of
PEG in those with aspiration and gastroesophageal reflux
is not recommended[40].
Reduced level of consciousness
The decision to start enteral nutrition in some patients
with severe cerebral injury is challenging, as their recovery
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tube feeding in improving nutritional status and baseline
pulmonary functional status in these patients has already
been described[53-55]. Therefore, some experts recommend PEG tube insertion as an early intervention rather
than as a last resort in malnourished patients with cystic
fibrosis[55].

Table 2 Contraindications
Serious coagulation disorders (INR > 1.5, PTT > 50 s, platelets < 50000/
mm3)
Hemodynamic instability
Sepsis
Severe ascites
Peritonitis
Abdominal wall infection at the selected site of placement
Marked peritoneal carcinomatosis
Interposed organs (e.g., liver, colon)
History of total gastrectomy
Gastric outlet obstruction (if being used for feeding)
Severe gastroparesis (if being used for feeding)
Lack of informed consent for the procedure

time and the final outcome is not clear. Generally, in order to prevent nutrition depletion, enteral feeding should
be started as early as possible to restore physiological
function of the GI system. Some authors advocate that
PEG tube nutrition should be started in severe cerebral
injury patients if they do not recover in 14 d[41].

Crohn’s disease
Enteral nutrition is an important part of the treatment in
patients with Crohn’s disease, especially in children who
require elemental diet. This type of nutrition not only reversed malnutrition and improved weight gain and linear
growth, but also reduced steroid requirements[56]. The
concern of fistula formation has resulted in many physicians refraining from considering PEG tube insertion
in this population, however, over time its safety during
usage and after removal has been reliably demonstrated[57,58]. However, considering the large number of oral
nutritional supplements and other nutritional alternatives
available, it is currently uncommon to insert a PEG tube
for enteral feeding in patients with Crohn’s disease.

Miscellaneous

Contraindications

Cancer
More than 40% of patients with head and neck malignancy have some degree of malnutrition[42]. The underlying mechanisms of this malnutrition include the obstructive effect of the tumor, oropharyngeal mucositis due to
aggressive treatment with high dose radiotherapy and/or
chemotherapy and reduced appetite. The PEG tube can
be inserted either prophylactically or therapeutically in
this setting[43-45]. In a recent study, PEG tubes inserted
prophylactically resulted in a lower complication rate
compared to tubes inserted therapeutically[46]. Recently a
modified transnasal technique was introduced in patients
with oropharyngeal cancer, when the routine method was
unsuccessful[47].

Medical necessity, like any other surgical intervention,
must be clearly established prior to PEG tube insertion.
Some of the absolute contraindications of PEG tube
placement are summarized in Table 2. Besides the absolute contraindications conditions such as the presence of
non-obstructing oropharyngeal or esophageal malignancy, hepatomegaly, splenomegaly, peritoneal dialysis, portal
hypertension with gastric varices and history of previous
partial gastrectomy are also considered relative contraindications.
Special considerations
In patients with prior abdominal surgery, a PEG tube can
be inserted after confirming a “safe tract” with no interposed bowel[59]. In obese patients, PEG can be safely performed with minor modifications, even in patients with
an extreme body mass index (> 60 kg/m2)[60,61].
During pregnancy, PEG tube insertion may be complicated by potential risks of uterine and fetal injury.
However, tube insertion has been reported in pregnant
women up to 29-wk gestation with no major complication after applying special precautions[62-65].
Generally, ascites is considered a relative contraindication for PEG tube placement due to concerns regarding
ascitic fluid leakage. There are some case reports of successful tube insertion, after paracentesis or modifications
of the placement technique, even in patients with massive
ascites[66-68]. However, in a case series of patients with cirrhosis, the patient group with ascites had a higher mortality rate. Therefore, experts have concluded that the risks
of PEG tube insertion in cirrhotic patients with ascites
outweigh its overall benefits[69].
When medically indicated, there is no age or weight
limit in PEG tube placement. The safety of PEG inser-

Gastric decompression
In chronic unresolved gastrointestinal stenosis or ileus,
PEG can be used to drain gastric secretions and resolve
persistent nausea and vomiting[48,49].
Human immunodeficiency virus infection/acquired
immunodeficiency syndrome
PEG tube nutrition in human immunodeficiency virus
(HIV)/acquired immunodeficiency syndrome (AIDS)
patients with wasting syndrome results in significant improvement in body weight and nutritional serum markers
such as albumin and transferrin[50]. In another study, children with AIDS who were fed chronically by gastrostomy
tube gained more weight and had a shorter length of
hospital stay when enteral feeding was started early[51].
Cystic fibrosis
In patients with cystic fibrosis, better nutritional status
is associated with superior survival[52]. The role of PEG
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tube in patients with neurologic dysphagia failed to reduce the risk of aspiration pneumonia[76]. In a study of
stroke patients, 18% suffered from aspiration pneumonia
which was higher than the rate of PEG site infection in
the same study[77]. Aspiration pneumonia is quite common in this patient population and its risk increases with
high-volume feeds and the prone position[78]. A jejunal
extension can be considered in patients with significant
risk of aspiration, but its usage has been associated with
more tube dysfunction and dislocation rates[79].

Table 3 Complications reported
Minor:
Wound infection
Tube leakage to abdominal cavity (peritonitis)
Stoma leakage
Inadvertent PEG removal
Tube blockage
Pneumoperitoneum
Gastric outlet obstruction
Peritonitis
Major:
Aspiration pneumonia
Hemorrhage
Buried bumper syndrome
Perforation of bowel
Necrotizing fasciitis
Metastatic seeding

Internal organ injury
Any intra-abdominal organ, more likely colon[80] and
small bowel[81] and rarely liver[82] and spleen[73], is at risk
of injury during PEG tube placement. Also few cases of
complete laceration of the stomach following tube insertion have been reported in the literature[83]. Iatrogenic
perforation of the bowels during PEG tube insertion is
more common among elderly patients due to laxity of
the colonic mesentery[84]. Patients with bowel injury may
develop the classic signs of peritoneal irritation. However, in some instances, the diagnosis is challenging since
candidates for PEG tube nutrition do not always communicate easily due to their underlying altered mental
status. In addition, the persistence of transient subclinical
pneumoperitoneum occurring during PEG[85] limits the
utility of plain films in the diagnosis of suspected visceral
perforation. A watchful follow-up is important after any
PEG tube insertion and there should be a low threshold for further investigation. Performing a computed
tomography (CT) scan with water-soluble contrast, or
fluoroscopy in the case of hemodynamic instability, is a
useful alternative to confirm gastrointestinal integrity in
this setting. Any evidence of active leakage of contrast
into the peritoneal cavity in the presence of the signs of
peritonitis warrants emergent surgical intervention.

PEG: Percutaneous endoscopic gastrostomy.

tion even in very small (3 kg) and medically complex infants has been determined[70].

Complications
PEG tube insertion is usually considered a safe procedure, however, complications can occur with a variable
rate based on the study population. These complications
can be classified as minor or major (Table 3). Although
there is low procedure-related mortality in most studies,
the mortality rate may increase in patients with underlying comorbidities[71].

Major complications
Major complications are not common but can occur after
PEG tube insertion. As mentioned, mortality after PEG is
very rare and is usually due to underlying co-morbidities.

Necrotizing fasciitis
Necrotizing fasciitis is a very rare, but potentially fatal complication of PEG[86-88]. This complication is an
acute surgical emergency and is characterized by rapidly
spreading infection along the fascial planes resulting in
abdominal fascia necrosis. Traction and pressure on the
PEG tube are two main factors which have been shown
to increase the risk of abdominal wall necrotizing fasciitis
following PEG tube placement[89]. Keeping the external
bumper 1-2 cm away from the abdominal wall can take
the pressure off the PEG wound and potentially prevent
this complication. Treatment requires immediate wide
surgical debridement, broad-spectrum empiric antibiotics
and intensive care support.

Bleeding
Bleeding from the PEG tract, gastric artery, splenic or
mesenteric vein injuries (massive retroperitoneal bleeding)
and rectus sheath hematoma have been reported[72-74]. In
hemodynamically unstable cases, fluid support should be
started immediately with close monitoring of vital signs.
Bleeding can usually be controlled with simple pressure
over the abdominal wound, however, endoscopic or surgical exploration of the bleeding source may be needed
in some cases. Using a standard technique with consideration of anatomical structures and correcting coagulation
disorders before PEG tube insertion can be helpful in
the prevention of bleeding.
Aspiration pneumonia
Aspiration pneumonia is a serious and potentially fatal
complication of PEG tube feeding. Although a PEG
tube is usually preferred over a NG tube in high-risk patients, there is little data available on the comparable risk
of aspiration between these two routes of feeding[75]. In
fact, despite its widespread usage, insertion of a PEG

WJG|www.wjgnet.com

Buried bumper syndrome
Buried bumper syndrome can occur in tubes with an
internal bumper as early as 3 wk after PEG tube insertion[90-93]. Excessive tension between the internal and
external bumpers causes ischemic necrosis of the gastric
wall and subsequently migration of the tube toward the
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abdominal wall. The tube becomes dislodged anywhere
between the gastric wall and the skin along the PEG tract.
This complication can present as feeding problems, periostomal leakage, or pain and swelling at the tube insertion
site[94]. The tube should be removed as soon as the diagnosis is made, as grave complications such as perforation
of the stomach, peritonitis and death may follow without
appropriate management[95]. Depending on the tube type,
a PEG tube can be removed by endoscopy[94,96], surgical
incision[97] or simply by external traction of the tube[98,99].
This complication can be easily avoided by regular checking of the PEG tube position, leaving a small distance
between the external bumper and the resident’s skin and
daily 180-360 degree rotation of the tube.

of persistent infection further investigation is warranted.
Periostomal swabs, although considered to have restricted
results, can be cultured to tailor the systemic or local
antibiotic treatments. The effectiveness of prophylactic
antibiotic administration in preventing systemic and local
infection has been studied in several articles[112-119]. A systematic review of ten eligible randomized controlled trials (RCTs), which evaluated prophylactic antimicrobials in
1100 patients, showed a statistically significant reduction
in the incidence of periostomal infection with prophylactic antibiotics (pooled OR = 0.31, 95%CI: 0.22-0.44)[120].
The current gold standard for antibiotic prophylaxis is
the intravenous administration of a single dose of cephalosporins in the first hour before PEG tube insertion. Recent efforts in exploring other prophylactic alternatives,
found co-trimoxazole administered immediately via a
newly inserted PEG catheter just as effective in preventing periostomal infection[121,122].
The recent emergence of Methicillin-Resistant Staphylococcus aureus (MRSA) as a PEG-site infection pathogen,
generally resistant to cephalosporins, has raised concerns
over the use of prophylactic antimicrobials. Some studies
showed benefits of pre-PEG MRSA screening and nasopharyngeal decolonization of MRSA in reducing periostomal wound infection rate[123,124].

Tumour seeding of the stoma
This is a rare complication of PEG in patients with head
and neck cancer. Generally, it is believed that seeding occurs during the “pull” or “push” method when the tube
is in contact with oropharyngeal cancer during insertion[100-103]. However, some authors consider hematogenous or lymphatic spread of the tumor cells as the main
mechanism of metastasis in some instances[104,105]. The
diagnosis is usually delayed until the metastasis is large
enough to be visible or local disorders such as bleeding
or infection are seen. In the case of suspicion, diagnosis
can be confirmed by biopsy and CT scan[106].

Periostomal leakage
This complication is more common among debilitated
patients, those with previous gastric surgery and in patients with underlying medical conditions that predispose
them to delayed wound healing. Periostomal leakage usually occurs within the first few days after PEG tube placement, although it can occur even in patients with a mature PEG tract. Evaluation of the leakage should include
examination of the patient for any evidence of infection,
ulceration, buried bumper[83] or any other potential causes
such as tube displacement, slowed gastric emptying, excessive gavage or residual, and enlarged gastric fistula.
Intervention generally starts with meticulous prevention
and continues with treatment of specific causes including
underlying disease[125]. Inserting a larger tube through the
same PEG tube tract will create more problems such as
further tissue breakdown resulting in an even larger stoma. In patients with a mature PEG tract, the PEG tube
can be completely removed, allowing the tract to close
completely. When medically indicated, another PEG tube
can then be placed in another location on the abdominal
wall.

Minor complications
Granuloma formation
The development of hyper-granulation tissue around the
gastrostomy tube is a common complication in patients
with a PEG tube[107,108]. Although the exact mechanism
of granuloma formation has not been described, factors
such as friction from a poorly secured tube and excess
moisture due to fluid leakage causing skin breakdown at
the exit site seem to be responsible[107,109]. The presence
of a granuloma is not a life-threatening complication, but
its moist and highly vascularized surface results in patients being prone to wound infection, biofilm formation
and bleeding. While a wide variety of treatment options
from the application of topical antimicrobial agents and
low dose steroids to cauterization by silver nitrate and
surgical removal have been described in the literature,
none have proved to be more effective than others[107,110].
Local wound infection
Tube site infection is the most common minor complication following PEG placement. The prevalence varies
between 5%-25% in different studies, and in some series
it was reported to be as high as 65%[111,112]. Although mild
redness around the stoma site is common due to tube
movement, extension of the redness and addition of
purulent discharge or other signs of systemic inflammation should raise suspicion regarding wound infection.
Minor infections usually resolve with the application of
local antiseptics and daily dressing changes, but in cases

WJG|www.wjgnet.com

Tube dislodgment
Tube dislodgment can occur when the gastrostomy tube
either slides in or out of the gastrointestinal tract. If the
tube slides too far into the gastrointestinal tract it can obstruct the gastric outlet. If the internal balloon deflates or
the external bumper or disc is inadvertently removed, the
gastrostomy tube can slide out. This is one of the common causes of emergency department presentation in
patients with PEG tube and in some studies was reported
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Insertion technique
Since its introduction by Gauderer et al[4], several different
techniques have been developed to insert the PEG tube.
Generally, all of these methods share a common concept
of insertion of the gastrostomy tube through the abdominal wall at a point where the stomach and abdominal wall are in closest contact. Herein, we briefly describe
the 3 most commonly used techniques in clinical practice:
“pull” technique, “push” (guide wire) technique and introducer (Russell) method. Finding the tube insertion site
on the abdominal wall by endoscopic trans-illumination
and one to one indentation is the first critical step in all
these techniques.
The “pull” technique is the method initially introduced
by Gauderer et al[4] and is currently considered to be the
most common technique utilized to insert the PEG tube.
In this method a string is inserted through a needle in the
abdominal wall into the stomach, grasped with endoscopic
biopsy forceps and then taken out through the esophagus
and mouth. Subsequently the string is fixed to the external
end of the feeding tube and the tube is pulled from the
mouth to the esophagus, stomach and then out though
the abdominal wall.
The first section of the “push” technique is similar
to the “pull” technique. A guide wire is inserted into the
stomach and pulled out through the mouth with the endoscope. The feeding tube is pushed over the guide wire into
the stomach and out the puncture site[138]. No significant
differences in complication and efficacy rates between the
pull and push methods have been reported[138,139].
Th introducer (Russell) technique[140] uses the Seldinger method to place a guide wire into the stomach under endoscopic view. Afterwards, a dilating catheter and
sheath are passed over the guide wire and after removal
of the guide wire the feeding tube is advanced through
the peel-away sheath.
Long-term protruding gastrostomy tubes may not be
favorable in some patients due to the risk of periostomal
leakage, inadvertent catheter dislodgment and cosmetic
issues. These regular tubes can be replaced by a skin level
low profile button gastrostomy tube after maturation of
the stoma canal upon request by selected patients[141-143].
Their higher cost and replacement, which is needed every
6 mo, limits their routine use and they are often reserved
for adolescent patients for cosmetic reasons. Although
one-step button gastrostomy tube insertion can be performed similar to the routine “pull technique” PEG tube
placement, it is generally recommended that it is carried
out following complete maturation of the stoma[144].

to occur in up to 12.8% of patients[126,127]. In patients with
a mature abdominal wall tract, e.g., dislodgment of the
tube more than a month after placement, the PEG tube
can be replaced safely through the same tract without
endoscopy. In the case of doubt, a water-soluble contrast study can be performed to confirm the location of
the replaced tube prior to feeding. The remaining cases
should be managed by endoscopic placement of a new
PEG tube either near or even through the dislodged tube
site[110,128].
Gastric outlet obstruction
Although rare, PEG tube migration to the pyloric area
can cause gastric outlet obstruction. Symptoms may include abdominal cramps and nausea and vomiting. This
complication usually occurs when the external bolster migrates away from the abdominal wall, allowing the PEG
tube to slide forward through the PEG tract into the
duodenum[129,130]. Maintaining the position of the external
bumper 1-2 cm from the skin is the key factor in preventing the tube from being pulled into the stomach.
Pneumoperitoneum
Pneumoperitoneum is a common finding after PEG tube
insertion and its prevalence is reported to be as high as
50% in some studies[110,131]. In fact, post-PEG pneumoperitoneum is not generally considered a complication,
because it does not cause any unfavorable consequences.
This condition is usually related to air insufflation associated with the endoscopic procedure and needle puncture
of the abdominal wall. In the absence of peritoneal signs,
the presence of pneumoperitoneum should not prevent
initiation or continuation of PEG feeding. However, the
potential for bowel injury should be considered when
free air (no matter how small) persists after 72 h of PEG
insertion[84,132-134].

Preparation
Informed consent should be obtained from patients or
their legal surrogate decision makers. A considerable
number of patients undergoing PEG tube placement do
not have the required mental capacity to give informed
consent, due to advanced dementia or other underlying medical conditions impairing their cognitive function (stroke, advanced cancer, failure of other internal
organs). Obtaining consent from this population can be
complicated. Several studies suggest that the quality of
informed consent in patients undergoing PEG is inadequate[135,136]. The intention of informed consent is to
enhance the patient’s care by giving the patient complete
information on the benefits and burdens of tube feeding
before PEG insertion.
Patients should fast overnight (8 h) and receive prophylactic antibiotics one hour before PEG tube placement. The current gold standard is intravenous administration of 1-2 g cephazolin in the first one hour before
tube insertion[137].
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Post-insertion Care
After PEG tube insertion adequate pain relief should be
administered. Many patients report abdominal discomfort after PEG insertion due to inflation of the stomach
during the procedure. Traditionally, feeding was delayed
until the next day due to the fear of peritoneal leakage
risk after feeding. Many studies investigated the safety of
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early feeding from 1 h to 6 h after PEG insertion, including a meta-analysis which found that feeding initiated as
early as 4 h after PEG placement is safe[145-150].
The stoma should be examined (for signs such as
pain, discoloration, swelling, exudation, pus and leakage
around the stoma) and cleaned daily. The tube should
be rotated about 180 degrees and moved up and down
about 1-2 cm in the stoma site on a daily basis after the
stoma has completely healed.
The tube should be flushed before and after each
feed and administration of medicine to prevent clogging
of the tube and subsequent blockage. This blockage occurs particularly in small-bore feeding tubes secondary
to feeding with thick formulas, inadequately crushed
medications or incompatibility between medications
and enteral feeds. In addition to regular flushing of the
tube, dissolving medications in water before administration and preferential utilization of liquid forms of
medications over solid-based forms are other preventive
measures that should be taken to prevent clogging of
the tube. If the tube is blocked, attempts can be made
to clear it by attaching a 50 ml syringe filled with warm
water to the tube and carrying out a pull and push technique. Gentle squeezing of the tube can help in some
cases. Using pancreatic enzymes mixed with bicarbonate
solution, prior to flushing with warm water, has been
shown to be an effective method for unclogging the tube
in some studies[110,151].

other techniques are possible or even necessary in certain
situations. Knowing when and how to place PEG tubes,
as well as how to manage and even remove them, is an
important part of the management of many patients.
Quality and safe care of PEG tubes begin at pre-insertion screening and throughout post-insertion aftercare.
Prevention of and proper management of complications
are critical to ensuring successful outcome.
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Capsule endoscopy: Current practice and future directions
Melissa F Hale, Reena Sidhu, Mark E McAlindon
testinal disorders. Oesophageal CE may be used to diagnose oesophagitis, Barrett’s oesophagus and varices
but reliability in identifying gastroduodenal pathology is
unknown and it does not have biopsy capability. Colon
CE provides an alternative to conventional colonoscopy for symptomatic patients, while a possible role in
colorectal cancer screening is a fascinating prospect.
Current research is already addressing the possibility of
controlling capsule movement and developing capsules
which allow tissue sampling and the administration of
therapy.
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Abstract

Core tip: First introduced more than 10 years ago,
capsule endoscopy has been a major technical innovation, directly influencing investigation and management
of small bowel diseases. A vast quantity of research
has been published during this time, firmly cementing
capsule endoscopy as the investigation of choice for
suspected diseases of the small bowel. Technology is
swiftly progressing, supporting the broadening indications and clinical applications of capsule endoscopy.
This review summarises the current position and main
indications for small bowel, oesophageal and colon capsule endoscopy while providing detailed insights into
the future of this exciting field of gastroenterology.

Capsule endoscopy (CE) has transformed investigation of the small bowel providing a non-invasive, well
tolerated means of accurately visualising the distal
duodenum, jejunum and ileum. Since the introduction
of small bowel CE thirteen years ago a high volume of
literature on indications, diagnostic yields and safety
profile has been presented. Inclusion in national and
international guidelines has placed small bowel capsule
endoscopy at the forefront of investigation into suspected diseases of the small bowel. Most commonly, small
bowel CE is used in patients with suspected bleeding or
to identify evidence of active Crohn’s disease (CD) (in
patients with or without a prior history of CD). Typically,
CE is undertaken after upper and lower gastrointestinal
flexible endoscopy has failed to identify a diagnosis.
Small bowel radiology or a patency capsule test should
be considered prior to CE in those at high risk of strictures (such as patients known to have CD or presenting with obstructive symptoms) to reduce the risk of
capsule retention. CE also has a role in patients with
coeliac disease, suspected small bowel tumours and
other small bowel disorders. Since the advent of small
bowel CE, dedicated oesophageal and colon capsule
endoscopes have expanded the fields of application to
include the investigation of upper and lower gastroin-
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INTRODUCTION
The introduction of capsule endoscopy (CE) in 2000 provided a new non-invasive means of imaging the, previous7752
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ly difficult to access, small bowel. A swallowable pill camera acquires images (subsequently converted to a video
format on a computer) as peristalsis propagates it through
the gastrointestinal (GI) tract. It is now established as the
first-line investigation for diseases of the small bowel. Uptake has been swift in the United Kingdom with 91% of
gastroenterologists using CE in a survey in 2010[1]. Promising data from newer capsules to image the oesophagus
and colon suggest that the role and clinical application of
CE will continue to expand, while interactive manoeuvrable capsules able to take biopsies or deliver targeted
therapy are an exciting prospect on the horizon.
Although CE is generally considered a safe and straightforward procedure, there are a few limitations. CE is
contraindicated in patients with swallowing disorders and
known gastro-intestinal obstruction due to the risks of aspiration and retention of the capsule. Capsule retention is
reported in up to 2% of procedures and risk factors include
prolonged use of non-steroidal anti-inflammatory drugs,
previous abdomino-pelvic irradiation and Crohn’s disease
(CD)[2,3]. Occasionally the capsule may be retained in
the stomach as a consequence of gastroparesis; specifically designed “capsule delivery systems” are available to
deliver the capsule directly into the small bowel in such
circumstances[4]. The concern with capsule retention is
that it may lead to intestinal obstruction or perforation.
In fact, it seems capsule retention is mostly asymptomatic
and rarely causes obstruction[5,6]. In some cases one can
follow an expectant approach, although future magnetic
resonance imaging (MRI) examinations are contraindicated[7]. In most cases retrieval is eventually required and
this can be done with medical, endoscopic or surgical
methods[8,9]. There is a theoretical risk of interference
with permanent pacemakers, and implantable cardiac
defibrillators by the radiofrequency of the capsule and
data recorder, however several studies have failed to
demonstrate interference with a wide range of cardiac
devices[10-12]. Finally, CE reporting can be a time consuming exercise for gastroenterologists and despite its worthy
diagnostic potential, CE currently has no biopsy or therapeutic capability.

counterpart to CE, allowing direct visualisation, biopsy or
therapy to abnormal areas already identified and located
by CE. A recent meta-analysis demonstrated that the
yield at DBE is significantly higher (75%) after a positive
CE compared to after a negative CE (28%)[17]. Flat vascular lesions, angioectasia (Figure 1A) and inflammatory
lesions are the most common findings while small bowel
tumours (Figure 1B) account for 5%-9.6% of patients
presenting with obscure gastrointestinal bleeding[18]. Factors associated with a higher diagnostic yield with CE
include low haemoglobin measurements/transfusion
dependence, older age and closer proximity of CE to the
bleeding episode[19-22].
CD
CE can be used to assist with diagnosis of CD or assessment of disease activity and extent in patients with
known CD. CE has superior diagnostic yields to small
bowel barium studies, ileo-colonoscopy, push enteroscopy and CT enterography in both suspected and established small bowel CD[23-25]. CE appears to be better than
magnetic resonance enterography (MRE) at identifying
small bowel mucosal lesions, while MRE is more accurate at diagnosing mural, peri-mural and extra-enteric
manifestations[26,27]. With capsule retention occurring in
5%-13% of those with CD[3], small bowel MR is seen as
the mainstay of investigation for those with established
penetrating or stenosing disease as transmural involvement can be defined in cross section, but CE remains
useful to assess mucosal activity. Radiology may not exclude short strictures in all cases[28] and therefore to confirm functional patency of the GI tract, a dissolving capsule (the same size and shape as the capsule endoscope)
containing a radiofrequency tag has been developed (PillCam Patency capsule, Given Imaging, Yoqneam, Israel).
Absence of the radio frequency signal 30 h post ingestion predicts safe GI transit of the capsule endoscope[29].
CE findings suggestive of CD can be rather non-specific and include ulceration, erythema, mucosal oedema
and strictures (Figure 1C). This presents a significant
challenge to the interpreting physician since minor mucosal breaks may occur in 10%-15% of normal individuals while mucosal erosions are present in two thirds of
patients taking non-steroidal anti-inflammatory drugs[30].
Characteristics of small bowel injury due to nonsteroidal
anti-inflammatory drugs (NSAIDs) include multiple petechiae, loss of villi, erosions, and ulcers with round, irregular, and punched-out shapes, and thus can be difficult
to distinguish from CD endoscopically (Figure 1D)[31].
However, concentric diaphragmatic strictures are considered pathognomonic of NSAID mucosal injury and can
present with obstructive symptoms. Endoscopic balloon
dilatation is an effective strategy for such strictures since
the muscularis propria remains intact leading to a low
perforation rate[32,33].

SMALL BOWEL CAPSULE
obscure gastrointestinal bleeding
The commonest indication for small bowel CE is GI
bleeding (obscure or overt), conventionally after nondiagnostic upper and lower GI endoscopic investigation.
CE identifies pathology in 46%-60%[13] of such patients
and is more sensitive than small bowel barium contrast
radiology, small bowel computed tomography (CT), MRI,
push enteroscopy and angiography[14]. Double balloon
enteroscopy (DBE) has similar diagnostic yields to CE
in this context[15] but is considerably more invasive, procedure times can be lengthy (1-2 h), sedation or general
anaesthesia is often required and completion rates are less
compared to CE (62.5% compared to 90.6% respectively;
p < 0.05)[16]. As such DBE remains the interventional
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Coeliac disease
Typical mucosal changes of coeliac disease such as scal-
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Figure 1 Endoscopy images. A: Multiple angioectasia; B: Metastatic malignant melanoma of the small bowel; C: Ulceration due to Crohn’s disease-deep ulcer
indicated by arrow; D: Circumferential ulceration and stenosis due to non-steroidal anti-inflammatory drug use; E: Typical mucosal changes associated with coeliac
disease; F: Enteropathy associated T-cell lymphoma; G: Peutz Jeghers syndrome; H: Oesophageal varix with associated regenerative nodule; I: Colonic polyp; J:
Colorectal adenocarcinoma.
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loping, nodularity, loss of mucosal folds and mosaicism
can be seen at CE (Figure 1E) with a sensitivity of 89%
and specificity of 95% as reported in a recent meta-analysis[34]. Although CE may be considered in coeliac antibody
positive patients unwilling to undergo endoscopy, duodenal biopsy remains the gold-standard for the diagnosis
of coeliac disease. However, a recent study found CE
useful in equivocal cases of coeliac disease, particularly in
patients with antibody negative villous atrophy in whom
findings either confirmed the suspected diagnosis or provided evidence of an alternative diagnosis such as CD[35].
CE may also be of benefit in those with known coeliac
disease on a gluten free diet with on-going symptoms or
alarm symptoms to exclude complications such as ulcerative jejunitis and small bowel lymphoma (Figure 1F)[36,37].

COLON CAPSULE
Colon capsule endoscopy utilises the concept of a double
headed capsule and a wider angle of view (172°) to enable visualisation behind haustral folds. The problem of
variable, and sometimes rapid transit noted with the first
version of the colon capsule has been addressed in an
updated model, PillCam Colon 2 (PCC2, Given Imaging
Ltd) which adjusts the frame acquisition rate according
to the speed of transit (to between 4 and 35 frames per
second). Bowel preparation is critical and currently most
regimens include an oral pro-kinetic agent and two additional “booster” doses of phosphosoda on top of a
conventional polyethylene glycol-electrolyte solution regimen. Compared to the first colon capsule model, recent
multicentre trials suggest a much improved sensitivity
of PPC2 in detecting polyps of over 6mm of between
84%-89%[45]. (Figure 1I and J) Bowel cleanliness scores
were “good” or “excellent” in 78%-81% of cases. The
position of PPC2 compared to other colonic imaging
modalities remains to be established, but these early data
compare favourably to those for virtual colonoscopy and
even to conventional colonoscopy when performed in
“tandem” or “back to back” colonoscopy trials[46]. Colon
capsule may present a feasible alternative to colonoscopy
based colorectal screening programmes where the invasive nature of colonoscopy limits patient uptake. Indeed
Hassan et al[47] calculated that if a colon capsule based
screening programme were associated with a 30% better
compliance rate, it would be as equally cost-effective as
faecal occult blood screening. The study was performed
using the data from trials of the original colon capsule
model, which had a much reduced sensitivity of 64% in
detecting polyps of over 6 mm.

Small bowel tumours
Most small bowel tumours present with anaemia or obscure GI bleeding, but may present late with abdominal
pain or weight loss[38,39]. They include malignant or potentially malignant (gastrointestinal stromal tumours, adenocarcinoma, carcinoid, lymphoma), benign (haemangioma,
hamartoma, adenoma, lipoma) and metastatic lesions (particularly from melanoma, lung, renal or breast primaries)
(Figure 1F and G). CE is more accurate than small bowel
barium radiology at detecting small bowel tumours and
can also detect smaller lesions in comparison to MRI[3].
CE can miss some lesions which are largely submucosal and thus if there is a high index of suspicion, crosssectional imaging such as a contrast enhanced CT scan
is recommended[40,41]. CE and DBE are comparable for
detecting small bowel tumours, while DBE has the advantage of biopsy plus therapeutic potential, such as stenting,
balloon dilatation and localization prior to surgery[34].

FUTURE DIRECTIONS

OESOPHAGEAL CAPSULE

Technical improvements
Relentless technical progression has allowed considerable
improvements to capsule endoscopes. Superior quality
multi-element lenses and adaptive illumination allow a
wider angle of view and enhanced picture clarity. Power
management strategies have increased the duration and
performance of capsule endoscopes and are imperative
to facilitate other capsule technological advancements.
The CapsoCam SV1 (Capso Vision Inc, Saratoga, United
States) has four side-viewing (as opposed to end-viewing)
lenses allowing a 360° panoramic view to improve mucosal visualisation. In the first study of this new capsule,
100% of small bowel examinations were complete. The
duodenal papilla, identified in only 18%-43% of conventional CE due to its’ angular position, was visualised in
70% of examinations using CapsoCam SV1[48-50].

Now in its second generation, PillCam Eso 2 (Given Imaging, Yoqneam, Israel) was introduced in 2008. Unlike
the small bowel capsule it has a camera at both ends, acquiring simultaneous bidirectional images at a higher rate
(14 compared to 2/s) to overcome rapid transit through
the oesophagus. PillCam Eso has a reported sensitivity of
up to 80% for diagnosing reflux oesophagitis and up to
100% for Barrett’s oesophagus compared to conventional
endoscopy[42]. Although well tolerated the procedure is
limited by poor gastric visualisation and the inability to
take biopsies.
Varices screening appears a more viable indication
with a reported sensitivity of 83% in a recent meta-analysis compared to conventional endoscopy[43]. (Figure 1H)
Detection of varices by CE allows informed decisions
regarding surveillance and primary bleeding prophylaxis
to be made and since oesophageal CE has a favourable
patient tolerability profile[44], it may also improve compliance with screening and surveillance.
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Software and data analysis: Accurate reporting of a CE
examination is time consuming and requires focussed attention since abnormalities may be evident in only a small
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number of frames[51]. This has prompted attempts to
produce software tools to enable a shorter capsule reading time while maintaining diagnostic accuracy. The Suspected Blood Indicator automatically highlights frames
containing multiple red pixels as a marker of bleeding
or vascular abnormalities. However, with a reported
sensitivity of < 60% in the presence of active bleeding
it cannot be recommended as anything more than a supportive tool[52,53]. Quick View allows time efficient capsule
reading by selecting 2%-80% of frames (as set by the
reader), producing a condensed video for review. Results
are promising with excellent lesion detection rates and
significantly shorter reading times[54,55]. Fujinon intelligent
chromoendoscopy enhances surface contrast in three
specific wavelengths (red, green and blue) and appears to
improve the definition and surface texture of small bowel
lesions already detected with white light. Whether this actually influences detection rates or clinical outcomes still
remains uncertain[56,57].
3-Dimensional reconstruction of the GI tract seems
to assist diagnosis at conventional endoscopy by enhancing mucosal textural features and abnormalities[58-60]. A
version for small bowel CE using a software-enabled
technique to convert a 2-D CE image to a 3-D representation has been trialled. It improved visualisation of
a significant proportion of vascular lesions but, surprisingly, was less beneficial for inflammatory and protruding lesions[61]. Encouraging early results have also been
reported from automated tumour recognition software
algorithms[62,63]. Such innovations are not isolated to small
bowel CE. Ankri et al[64] recently reported a new optical
detection method specifically designed for colorectal cancer. The technique uses immune-conjugated gold nanorods to differentiate between normal and cancerous tissue and could be integrated into standard colon capsule
endoscopy systems. Further research is required to define
the utility of these advances in clinical practice.

with a magnetic guidance system similar to standard magnetic resonance imagers have been reported. In this case
the capsule is manipulated using a joystick rather than a
hand held paddle. Promising results were also achieved
with all major areas of the stomach identified in > 85%
of examinations. Comparison with conventional upper
GI endoscopy was also encouraging with 58.3% of gastric
lesions detected by both modalities, while 14 lesions were
missed by MSCE and 31 lesions missed by OGD (that
were seen on MSCE)[67]. The relative high cost of installing such a system is a major drawback to this technique.
Self-propelling capsules: Self-locomotion strategies using paddling, legs, fish-like movement and external magnets have been tried on in vivo models of the stomach and
colon with some element of success. However, extensive
work is required for these to become clinical reality. Most
utilise internal actuation mechanisms to mobilise attached
legs or paddles. An externally connected cable allows a
continuous power supply, steering mechanisms and retrieval of data images[68,69].
Biopsy
Obtaining a tissue sample is the next logical step once the
capsule can be accurately manoeuvred around a lesion
and thus would prevent the need for a flexible endoscopy
and biopsy when an abnormality is noted at CE reporting. The Nano-based capsule-Endoscopy with Molecular
imaging and Optical biopsy (NEMO) project is a collaboration between academic and industry pioneers to
produce a capsule with recognition, anchoring and biosensing capabilities to enable accurate pathology detection and diagnosis. Similarly the Versatile Endoscopic
Capsule for gastrointestinal TumOr Recognition and
therapy (VECTOR) project, funded by the European
Commission, is developing a mini-robot comprising sensors, controls, and a human-machine interface aiming to
detect and intervene in early GI cancer. Other capsules
using “micro-grippers” to fold and grab tissue samples
are also being prototyped[70].

Manoeuverability: The development of steerable capsules represents a major leap in the evolution of capsule
technology. If the capsule motion through the gut was an
active process, areas of interest could be inspected carefully, while interaction with the capsule could allow targeted biopsy or even drug delivery. Furthermore, a steerable capsule could overcome the problems encountered
examining the capacious stomach allowing accurate panenteric examination to become a reality.

targeted therapeutics
With the advent of real-time viewing and external manipulation the notion of targeted drug delivery becomes
feasible. Potentially this could be applied to a number of
clinical situations; localised application of steroid or immunomodulation for isolated CD for instance or targeted
use of haemostatic spray to an actively bleeding lesion.
One prototype can deliver an injection of 1 ml of targeted medication while using a holding mechanism to
resist movement by peristalsis[71]. Whereas the iPill (Phillips
Research, Eindhoven, The Netherlands) uses bowel transit
time and pH sensors to gauge gut location before drug delivery and is being trialled in CD and colorectal cancer[72].

Remote manipulation: Swain et al[65] first reported this
novel technology in 2010, using a modified Pillcam Colon
with one camera replaced by magnets. The magnetically
manoeuvrable capsule appeared to be easily manipulated
in the oesophagus and stomach using a handheld external
magnet. A second study found encouraging results with
> 75% of gastric mucosa visualised in 7 out of 10 patients undergoing the examination and no adverse events
reported[66].
Further studies using a magnetically steerable capsule
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CONCLUSION
Capsule endoscopy is now an invaluable tool for in-
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vestigating the small bowel since it outperforms other
investigation modalities while remaining acceptable to patients. Oesophageal, colon and potentially gastric capsule
examination have some way to go in order to challenge
their traditional investigational counterparts. Ultimately
underlying these issues, the fact remains that intubational
endoscopy is uncomfortable for patients and incurs
risk. Despite having good patient tolerability and safety
profiles capsule examination outside of the small bowel
will need to match these conventional tests in both diagnostic yields and cost-effectiveness in order to compete.
Technology is swiftly advancing and therefore if these
standards can be met CE would have a clear advantage
over conventional endoscopy particularly in the context
of screening.
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cedure can be performed safely even in patients with
peri-ampullary diverticula and surgically altered anatomy. ESLBD is effective and safe in the removal of large
CBD stones, however, small sphincterotomy might be
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Core tip: Endoscopic sphincterotomy followed by large
balloon dilation is actually routinely performed in difficult stones extraction. The efficacy and safety of this
procedure has been evaluated in thirty-two original
studies published in English. Severe adverse events
have been reported. This review describes indications,
efficacy, morbidity and technical aspects of this procedure and tries to provide helpful data to the endoscopists in order to improve patient outcomes.

Abstract
Endoscopic sphincterotomy (ES) is the standard therapy in common bile duct (CBD) stones extraction. Large
stones (≥ 12 mm) or multiple stones extraction may
be challenging after ES alone. Endoscopic sphincterotomy followed by large balloon dilation (ESLBD) has
been described as an alternative to ES in these indications. Efficacy, safety, cost-effectiveness and technical
aspects of the procedure have been here reviewed.
PubMed and Google Scholar search resulted in fortyone articles dealing with CBD stone extraction with
12 mm or more dilation balloons after ES. ESLBD is at
least as effective as ES, and reduces the need for additional mechanical lithotripsy. Adverse events rates
are not statistically different after ESLBD compared to
ES for pancreatitis, bleeding and perforation. However,
particular attention should be paid in patients with CBD
strictures, which is identified as a risk factor of perforation. ESLBD is slightly cost-effective compared to ES.
A small sphincterotomy is usually performed, and may
reduce bleeding rates compared to full sphincterotomy.
Dilation is performed with 12-20 mm enteral balloons.
Optimal inflation time is yet to be determined. The pro-

WJG|www.wjgnet.com

Rouquette O, Bommelaer G, Aberge A, Poincloux L. Large
balloon dilation post endoscopic sphincterotomy in removal of
difficult common bile duct stones: A literature review. World J
Gastroenterol 2014; 20(24): 7760-7766 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7760.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7760

INTRODUCTION
Endoscopic sphincterotomy (ES), introduced in 1974, is
the standard therapy in common bile duct (CBD) stone
extraction[1,2]. The rate of successful CBD stone clear-
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ance after ES approaches 90%[3]. Endoscopic papillary
balloon dilation with biliary balloons has been proposed
as an alternative to ES, with similar CBD clearance rate,
but is associated with an increased risk of pancreatitis[4].
Large CBD stones or multiple stones may be difficult to
remove after ES alone. In case of failure of stone extraction after ES, lithotripsy techniques are used, especially
mechanical lithotripsy (ML)[5]. However, ML is often
technically difficult to perform and time-consuming.
Recently, several teams evaluated large balloon dilation
(≥ 12 mm) without previous sphincterotomy[6-8] for extraction of large CBD stones, but data are very limited.
Endoscopic sphincterotomy followed by large balloon
dilation (ESLBD) was introduced by Ersoz et al[9] in 2004
in removal of difficult CBD stones. Further studies tend
to confirm its effectiveness and safety in more than 1700
patients. In this article, indications, results and technical
aspects of ESLBD will be reviewed.

Table 1 Patient outcomes after endoscopic sphincterotomy
combined with large balloon dilation

LITERATURE REVIEW
A search was performed using the following key words:
endoscopic sphincterotomy, bile duct stones, and balloon
dilation. The databases included PubMed and Google
Scholar Search. A search in the references of the articles
was also performed (2003-September 2013). Only fulltext articles published in English were recorded. Studies
in which balloon dilation diameter was less than 12 mm
were excluded of global analysis. Overall, 41 fully published articles including 32 original studies were selected.

ESLBD INDICATIONS

Success ML (%)
Dilating
Study No.
at index
balloon
type patients
ESLBD diamete (mm) ERCP (%)

Ersoz et al[9]
Bang et al[12]
Espinel et al[55]
Lee et al[13]
Minami et al[28]
Maydeo et al[34]
Heo et al[20]
Kim et al[51]
Attasaranya et al[29]
Misra et al[35]
Itoi et al[15]
Park et al[44]
Kim et al[19]
Itoi et al[27]
Kim et al[42]
Itoi et al[52]
Kurita et al[43]
Youn et al[32]
Kim et al[53]
Itoi et al[54]
Stefanidis et al[17]
Kim et al[16]
Rosa et al[14]
Paspatis et al[48]
Sakai et al[47]
Yang et al[23]
Poincloux et al[45]
Harada et al[25]
Yoon et al[41]
Teoh et al[18]
Hwang et al[56]
Rosa et al[14]

R
P
P
R
R
P
RCT
R
R
R
RA
R
RCT
R
R
R
R
R
R
R
RCT
RA
R
RCT
R
R
R
R
R
RCT
RCT
RA

58
22
22
55
88
60
100
9
103
50
53
6
27
18
70
11
24
101
16
15
45
72
30
124
59
169
62
30
52
73
69
68

12-20
12-15
12-20
15-20
20
15
12-20
12-18
12-18
15-20
15-20
12-15
15-18
15-18
12-18
15-20
15-20
15-20
12-18
15-20
15-20
12-20
12-18
15-20
12-20
12-18
15-20
15-20
12-20
13-15
12-20
12-18

82.8
72.7
100
100
99
95
83
55
95
100
96
33
85
94
97
100
96
92
94
100
98
88
84
86
83.1
95.3
95
97
ND
89
94
82.4

6.9
9.1
3.2
5.5
1
5
8
11
27
10
5.6
50
33
22
1.4
18.2
4.2
6.9
6.3
6.7
0
17.9
20
3.2
13.6
38.6
3.2
10
23
28.8
26.1
14.7

ESLBD: Endoscopic sphincterotomy combined with large balloon
dilation; ERCP: Endoscopic retrograde cholangiopancreatography; ML:
Mechanical lithotripsy; R: Retrospective series; P: Prospective series;
RCT: Randomized: controlled trial; RA: Retrospective analysis; ND: Not
determined.

ESLBD is mainly performed in endoscopic removal of
difficult extra-hepatic stones, such as stones larger than
12 or 13 mm, or multiple stones, and always used in patients with dilated CBD. Case reports demonstrated also
the successful use of ESLBD to treat basket impaction[10]
and Mirizzi syndrome[11].

ES[21]. A randomized controlled trial reports a significant
decrease in the need of using ML in the ESLBD group
vs ES group (28.8% vs 46.2%, P = 0.028), in particular for
stones larger than 15 mm (58.1% vs 90.9%, P = 0.002). In
this trial, ES alone was identified as an independent risk
factor for ML in multivariate logistic regression analysis[18]. The meta-analysis by Feng et al[22] also mention a
decrease in use of ML after ESLBD compared to ES (OR
= 0.51, 95%CI: 0.30-0.86, P = 0.01), but the difference
was not significant in the large stone sub-group, maybe
due to the small number of patients. Use of ML was
correlated with larger stone size in a large retrospective
series; ML rates were 17.6%, 43.4% and 62% for 10-14
mm, 15-19 mm and ≥ 20 mm stones respectively (P <
0.01)[23].
Considering long term outcomes, Kim et al[24] report
no significant difference for CBD stone recurrence after
ES and ESLBD (13.6% vs 11%, P = 0.546) with a 30-mo
follow-up. Nevertheless, cumulative recurrence rate in
two years on Kaplan-Meier curve in patients who un-

PATIENT OUTCOMES
Patient outcomes are summarized in Table 1. After ESLBD, CBD stone clearance rates at index ERCP ranges
from 72.7%[12] to 100%[13]. Three retrospective controlled
studies[14-16] and four prospective randomized controlled
trials[17-20] compared ESLBD to ES. Only two of the
retrospective studies report a significantly higher rate of
stone removal after ESLBD than after ES at index ERCP
(84.2% vs 44.2%, P < 0.001[14] and 87.5% vs 74.0%, P =
0.036[16]). None of the five other studies describes a significant difference on this outcome. Only Rosa et al[14] report a significantly higher overall stone removal rate after
ESLBD compared to after ES (95% vs 70%, P < 0.001)
but such a low rate of CBD clearance after ES alone is
surprising when compared to literature.
In most studies, the need for additional mechanical
lithotripsy is reduced when using ESLBD compared to
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Table 2 Rates of adverse events after endoscopic sphincterotomy combined with large balloon dilation n (%)
Ref.

No. patients ESLBD

PEP

Bleeding

Perforation

Cholangitis

Miscellaneous

Overall AEs

58
22
22
55
88
60
100
9
103
50
53
6
27
18
70
11
24
101
16
15
45
72
30
124
59
169
62
30
52
73
69
68

2 (3.4)
1 (4.5)
0
0
1 (1.1)
0
4 (4.0)
0
0
4 (8.0)
1 (1.9)
0
0
0
1 (1.4)
0
0
5 (5.0)
0
0
1 (2.2)
5 (6.9)
1 (3.3)
4 (3.2)
0
2 (1.2)
2 (3.2)
0
0
2 (2.7)
3 (4.3)
9 (13.2)

5 (8.6)
0
0
0
1 (1.1)
5 (8.3)
0
0
2 (1.9)
3 (6.0)
0
1 (16.7)
0
0
0
0
0
2 (2.0)
1 (6.3)
0
1 (2.2)
0
0
6 (4.8)
1 (1.7)
4 (2.4)
5 (8.0)
0
0
1 (1.4)
0
0

0
0
0
0
0
0
0
0
1 (1.0)
0
0
0
0
0
0
0
0
1 (1.0)
0
0
0
0
0
2 (1.6)
1 (1.7)
1 (0.6)
0
0
0
0
1 (1.4)
0

2 (3.4)
0
0
0
1 (1.1)
0
0
0
0
0
1 (1.9)
0
0
0
0
0
0
0
0
0
0
1 (1.3)
0
5 (4.0)
1 (1.7)
1 (0.6)
2 (3.2)
0
0
1 (1.4)
0
1 (1.5)

0
0
0
0
12 (13.6)
0
1 (1.0)
0
3 (2.9)
0
0
0
0
0
0
0
0
2 (2.0)
0
0
0
0
0
0
1 (1.7)
0
0
0
0
1 (1.4)
1 (1.4)
0

9 (15.5)
1 (4.5)
0
0
15 (17.0)
5 (8.3)
5 (5.0)
0
6 (5.8)
7 (14.0)
2 (3.8)
1 (16.7)
0
0
1 (1.4)
0
0
10 (9.9)
1 (6.3)
0
4,4
6 (8.3)
1 (3.3)
17 (13.7)
4 (6.8)
8 (4.7)
9 (14.5)
1 (3.3)
0
5 (6.8)
5 (7.2)
10 (14.7)

Ersoz et al[9]
Bang et al[12]
Espinel et al[55]
Lee et al[13]
Minami et al[28]
Maydeo et al[34]
Heo et al[20]
Kim et al[51]
Attasaranya et al[29]
Misra et al[35]
Itoi et al[15]
Park et al[44]
Kim et al[19]
Itoi et al[27]
Kim et al[42]
Itoi et al[52]
Kurita et al[43]
Youn et al[32]
Kim et al[53]
Itoi et al[54]
Stefanidis et al[17]
Kim et al[16]
Rosa et al[14]
Paspatis et al[48]
Sakai et al[47]
Yang et al[23]
Poincloux et al[45]
Harada et al[25]
Yoon et al[41]
Teoh et al[18]
Hwang et al[56]
Rosa et al[14]

ESLBD: Endoscopic sphincterotomy combined with large balloon dilation; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis; AE:
Adverse event.

moderate and have been treated conservatively[31,32]. However, a retrospective multicenter study[33] investigating
946 patients reports 9 perforations (0.95%), of which 3
resulted in death. Distal CBD stricture was found to be
an independent risk factor of perforation in multivariate
analysis (OR = 17.083; 95%CI: 3.936-74.132, P < 0.001),
and could be considered as a relative contraindication to
ESLBD.
One of the most common AE remains bleeding.
Self-limiting oozing during ESLBD is common and usually not considered as a complication. Most of bleeding
episodes are described as mild to moderate and managed
conservatively, with blood transfusion, or endoscopic
intervention[34]. But severe arterial bleeding, sometimes
delayed, has been described and required aggressive therapy such as angiographic intervention[29] or surgery[35,36].
Park et al[33] have reported a death after massive delayed
hemorrhage despite angiographic intervention. In this
study, cirrhosis (OR = 8.028; 95%CI: 2.022-31.883, P =
0.003), full ES (OR = 6.222; 95%CI: 2.374-16.307, P =
0.001), and stone size ≥ 16 mm (OR =3.996; 95%CI:
1.978-8.074, P = 0.001) were identified as predictive factors of bleeding.
Acute cholangitis is an exceptional and usually mild
complication[33], severe acute cholangitis have neverthe-

derwent large balloon dilation for recurrent CBD stones
after previous ES was lower than in those who didn’t (P
= 0.039), but the statistical power of this study is limited
since only thirty patients were included[25].

ADVERSE EVENTS
Adverse events are summarized in Table 2. Regarding
Cotton’s consensual criteria[26], rates of overall adverse
events (AEs), pancreatitis, and bleeding after ESLBD
range from 0% to 17%[27,28], 0% to 13.2%[14,29] and 0%
to 8.6%[9,16] respectively after ESLBD, when these rates
are established respectively at 10.3%, 4.3% and 2% after
ES alone[30]. However, the latter data are from a metaanalysis of CBD stones of all size, therefore results are
not directly comparable. Among the four randomized
controlled studies comparing ESLBD to ES [17-20], no
significant difference in overall AEs, pancreatitis, bleeding and perforation was reported in all of them but one:
Stefanidis et al[17] identified less overall AEs after ESLBD
than after ES (4.4% vs 20%, P = 0.049).
The most serious AE after ESLBD is perforation.
Fortunately, this complication is rare: 7 perforations
(0.4%) have been described among 1761 patients in 32
original studies. Most cases were described as mild to
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less been described[37,38].

study, no perforation occurred during seven 18 mm large
balloon dilations following fistulotomy[45].

PROCEDURE AND FLUOROSCOPY
TIMES, COST

Balloon size and inflation time
Enteral dilation wire-guided balloons are used, ranging
from 12 to 20 mm in diameter. The choice of the diameter depends on the size of the largest stone and on the
CBD diameter. Some authors limit balloon size to 15 mm
because of the apprehension of perforation. Hisatomi et
al[46], in an ex-vivo porcine model with non-dilated CBD,
showed that distal CBD lesions are correlated with balloon size: perforation was observed only with 15 mm or
larger balloons. However, one large retrospective study
showed that dilation with balloons larger than 15 mm in
101 patients had a complication rate similar to what is described in literature with smaller balloons[32]. The smallest
balloon should always be chosen depending on stone size
and CBD diameter.
The ideal balloon inflation time remains yet controversial, as studies are heterogeneous regarding this parameter. The major endpoint is the disappearance of the
notch on the balloon under fluoroscopic guidance. Balloon is then kept inflated for different times. When mentioned, inflation time ranges from 0 s to 2 min[45,47]. This
is yet not known if a shorter inflation time is associated
with a higher risk of bleeding. One study compared prospectively 30 and 60 s dilation times, and did not show
any significant difference for CBD clearance or adverse
events[48], which is consistent with the meta-analysis by
Feng et al[22].
Persistence of the notch or continued resistance during balloon inflation could correspond to occult stricture
with a subsequent risk of perforation. Although they
were not identified statistically as risk factors, 3 perforations were reported after ESLBD in these two situations,
and led to death. Lee et al[49] suggested that a persistent
notch or continued resistance during balloon inflation
at 75% of the manufacturer’s maximum recommended
pressure may be considered as contraindication to ESLBD.

In the retrospective analysis of 101 patients, Itoi et al[15]
reported significantly shorter total procedure time (32
min vs 40 min, P < 0.05) and fluoroscopy time (13 min
vs 22 min, P < 0.05) in the ESLBD group than in the ES
group. Procedure time was recorded by Teoh et al[18] in a
randomized controlled trial, and no difference was found
between ES and ESLBD. In stone recurrence after previous ES, procedure time was shorter when using large
balloon dilation (19 min vs 28 min, P < 0.001)[25]. Teoh et
al[18] reported a reduction in direct cost of the procedures
in the ESLBD group compared to ES group (US $5025
vs US $6005, P = 0.034), although no precisions are given
on this secondary endpoint.

TECHNICAL ASPECTS
Size of the endoscopic sphincterotomy
Most of specialized endoscopists perform small or midsize ES (i.e., 1/3 to 1/2 of the distance to the papillary
roof) before large balloon dilation. This step is suspected
to reduce complication rates, especially regarding bleeding risk[33]. However, some retrospective studies describe
normal ES before large balloon dilation with comparable
outcomes[34]. On the other hand, these studies present
a weaker level of evidence due to a small number of
patients. Therefore, normal ES should be used more
carefully than small or mid-size ES. In case of failure of
stone removal after full ES, ESLBD could be used as a
rescue procedure to complete stone extraction without
ML[35,39], keeping in mind that bleeding risk may be increased.
Stone recurrence
In case of stone recurrence after ES, repeating ES is
associated with a higher risk of complication, such as
bleeding[40]. Four studies evaluated large balloon dilation in case of CBD stone recurrence in patients with
previous ES[25,41-43]. ES was not repeated before dilation.
Among 176 patients, only one mild pancreatitis was reported[42]. In three of these studies, CBD clearance after
the first procedure was achieved in 97% and additional
ML was required in 2.4% cases. Unfortunately, the fourth
study did not present the clearance outcome after the
first procedure[41].

Specific conditions
In most studies, demographic characteristics describe
a large proportion of periampullary diverticula (PAD),
up to 57%[16]. No study highlighted an increased risk of
AEs in patients with PAD, in particular for perforation.
A case-control study compared ESLBD with 10-20 mm
balloons in 73 patients with PAD to 66 patients without
PAD, and found no significant difference in terms of
stone removal or complication rates[50].
Surgically altered anatomy can make CBD stone extraction challenging. Three series evaluated ESLBD in 36
patients after ES or needle-knife papillotomy in case of
Billroth-Ⅱ gastrectomy[51-53]. CBD clearance was achieved
in a single procedure in 34 patients, and only one case of
minor bleeding was reported. In 15 patients with Rouxen-Y anastomosis, Itoi et al[54] used single or double-balloon enteroscopy to reach the papilla before introducing

Fistulotomy
Only few data are available about large balloon dilation
after fistulotomy. A case series about 6 patients[44] who
underwent 12-15 mm large balloon dilation after fistulotomy in case of failure of transpapillary biliary cannulation reports 100% stone extraction with no acute
pancreatitis or perforation. One of six patients presented
with minor delayed bleeding. In another retrospective
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a conventional endoscope through the overtube to perform ESLBD. Stone clearance was achieved in all cases
with no complication.

12

13

CONCLUSION
ESLBD has been widely evaluated for the endoscopic
removal of large stones, in dilated CBD. This procedure
is at least as effective as ES in this indication and reduces
the need for additional ML. This technique is safe, but
should be used with caution in case of CBD stricture or
after full ES, due to perforation and bleeding risks.
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Novel treatment options for perforations of the upper
gastrointestinal tract: Endoscopic vacuum therapy and
over-the-scope clips
Rudolf Mennigen, Norbert Senninger, Mike G Laukoetter
ed on the tip of a standard endoscope. By bringing the
edges of the perforation into the cap, by suction or by
dedicated devices, such as anchor or twin grasper, the
OTSC can be placed to close the perforation. For acute
endoscopy associated perforations, the mean success
rate is 90% (range: 70%-100%). For other types of
perforations (postoperative, other chronic leaks and
fistulas) success rates are somewhat lower (68%, and
59%, respectively). Only few complications have been
reported. Although first reports are promising, further
studies are needed to define the exact role of EVT and
OTSC in treatment algorithms of upper gastrointestinal
perforations.
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Abstract

Core tip: The novel technique of endoscopic vacuum
therapy has recently been developed for the closure of
upper gastrointestinal (GI) perforations. A sponge is
connected to a gastric tube, and then endoscopically
placed into the perforation or cavity. The first case series demonstrate excellent healing rates with very low
procedure-related morbidity; it appears likely that this
technique will become the new standard for upper GI
perforations. A second novel endoscopic option is the
over-the-scope clip (OTSC) which allows full thickness
closure of smaller defects and fistulas. Both endoscopic
vacuum therapy and OTSC are valuable contributions to
endoscopic therapy of upper GI perforations.

Endoscopic management of leakages and perforations
of the upper gastrointestinal tract has gained great
importance as it avoids the morbidity and mortality of
surgical intervention. In the past years, covered selfexpanding metal stents were the mainstay of endoscopic therapy. However, two new techniques are now
available that enlarge the possibilities of defect closure:
endoscopic vacuum therapy (EVT), and over-the-scope
clip (OTSC). EVT is performed by mounting a polyurethane sponge on a gastric tube and placing it into the
leakage. Continuous suction is applied via the tube resulting in effective drainage of the cavity and the induction of wound healing, comparable to the application of
vacuum therapy in cutaneous wounds. The system is
changed every 3-5 d. The overall success rate of EVT in
the literature ranges from 84% to 100%, with a mean
of 90%; only few complications have been reported.
OTSCs are loaded on a transparent cap which is mount-
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therapy in the upper GI tract[8-10], several case series with
good success rates were published. The technique appears to have potential as a first line therapy for postoperative upper GI leaks.
The second new option is a novel endoscopic clipping
device, the over-the-scope clip (OTSC; Ovesco Endoscopy AG, Tübingen, Germany)[11]. This device has dramatically increased the possibilities of endoscopic defect
closure, as compared to through-the-scope clips (TTSC).
Much as for EVT, the number of promising case series
being published for OTSC based management of upper
GI leakage is ever increasing.
In this review, we describe both novel endoscopic options. We examine technical aspects, summarize the current literature with a focus on success rates for different
indications, and discuss the role of the new techniques
for management algorithms of upper GI perforations.

Gastroenterol 2014; 20(24): 7767-7776 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7767.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7767

INTRODUCTION
Perforations and fistulas of the upper gastrointestinal
(GI) tract occur as postoperative complications (anastomotic dehiscence or fistula)[1], during diagnostic or interventional endoscopy[2], iatrogenic as a consequence of
other therapeutic measures (e.g., gastric tube placement,
percutaneous endoscopic gastrostomy, transesophageal
echocardiography)[3], or spontaneously (ulcers, tumors,
Boerhaave syndrome, and others)[4]. These perforations
often lead to severe septic conditions which are difficult
to treat and give rise to a high morbidity and mortality,
especially if leading to mediastinitis or peritonitis[1,4].
The management of upper GI perforations depends
on the severity of the complication and on the condition
of the patient. Small leakages or fistulas without septic
complications (Clavien-Dindo classification[5] Ⅰ and Ⅱ)
permit conservative management including the placement
of a nasogastric tube and antibiotic therapy. Grade Ⅲ
perforations, defined by onset of fever or sepsis without
organ failure, require endoscopic, surgical or radiological
intervention. These grade Ⅲ complications are in particular the domain of endoscopic treatment modalities. A
typical example is the partial dehiscence of an esophagogastric anastomosis following esophagectomy, with a vital
gastric tube and a mediastinal cavity developing from the
leakage.
In recent years interventional endoscopy has evolved
as an effective alternative to primary surgery in these cases. The placement of self-expanding fully or partially covered metal or plastic stents (SEMS or SEPS) has become
the first line therapy in esophageal anastomotic leakages
or perforations, if the patient is not in critical septic
condition[6,7]. Due to the success of these techniques and
their avoidance of the considerable risks of emergency
surgery, the indications for endoscopic intervention are
being widened to even encompass grade Ⅳ perforations,
defined by critical states involving single or multiorgan
failure. However, it must be carefully evaluated whether
endoscopic intervention is sufficient to control the septic
condition; surgical revision remains mandatory in cases
of severe sepsis or life threatening conditions.
Although the placement of self-expanding stents has
become the mainstay of endoscopic therapy of upper
gastrointestinal perforations, failure of stent therapy still
occurs in about 15%[6] of cases.
The well-established stent therapy is now being challenged by two relatively new endoscopic options, the first
being endoscopic vacuum therapy (EVT). While it can
already be considered as standard therapy for leakages
of lower colorectal anastomoses, its use in the upper GI
tract only evolved several years later. Yet soon after first
reports of the technical feasibility of endoscopic vacuum
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RESEARCH
A review of the available literature on endoscopic vacuum therapy and over-the-scope clips was performed
with the latest search date being October 15, 2013. References of all articles were searched to identify further
relevant publications. For both novel techniques, the
exact procedure is described in the section “Development and technical aspects”, based on published reports
and the authors’ own experience. The success rates stated
in the literature are summarized in the “Results” section
for each technique. To this end, patient numbers of all
available studies were added and pooled means were calculated. When a center published more than one paper
on their patient series, only the newest publication was
considered. For illustration purposes, a clinical case is
presented from the authors’ institution demonstrating
the use of both EVT and OTSC. Finally, in the section
“Therapy algorithms of upper GI perforations including
the novel techniques”, the potential roles of EVT and
OTSC in clinical practice are critically discussed.

ENDOSCOPIC VACUUM THERAPY
Development, technical aspects
Over the last decade, endoscopic treatment has changed
the approach to intrathoracic leakage after esophagectomy and esophageal perforation. The reported leak rates
after esophagectomy vary widely from 1% to 30%[12,13].
Anastomotic leakage accounts for approximately 40%
of all postoperative fatalities[14] and is highly challenging
to treat: Control of the septic focus is essential, thus the
already critically ill patient often requires intensive additional measures that themselves are associated with high
morbidity, adding to the clinical burden. A number of
competing treatment modalities ranging from conservative to surgical approaches are available for the management of this situation[15]. The surgical treatment options
include revision of the anastomosis, closure of the defect
and perifocal drainage or complete surgical deviation and
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in drainage of wound secretion, improved blood flow,
reduction of edema, promotion of granulation, and
consecutive wound closure. Since its introduction in the
1990s, the number of indications for the VAC system has
steadily increased. Initial reports have shown good results
for endoscopically placed VAC systems in the treatment
of leakage of rectal anastomoses[26,27]. Encouraged by
these results, EVT was then applied in the endoscopically
accessible upper GI tract.
In brief, EVT is carried out by endoscopic insertion
of polyurethane sponges into the leakage induced abscess cavity (Figures 1A and 2), followed by application
of a controlled continuous negative pressure. Negative
pressure is applied via a transnasal gastric tube that is
connected to the sponge. Thus, the vital steps towards
leak closure are achieved: drainage of inflammatory fluids
and induction of tissue granulation. Initial placement and
subsequent changing of sponges can be performed under sedation with midazolam and propofol and adequate
monitoring of the patient.
Since its first description by Wedemeyer et al[10] and
Loske et al[8,28], the above mentioned principle is used by
all authors with only little variations in the procedure.
The polyurethane foam sponge (e.g., VAC® GranuFoamTM, pore size 400-600 μm; KCI® - KineticConcepts,
Inc., TX, United States, and Wiesbaden, Germany) is cut
into shape according to the particular wound size and
geometry as estimated by the endoscopist. The sponge
must be smaller than the wound cavity to promote collapse and subsequent closure. At each session, the size
of the defect is assessed and treated with an individually
prepared sponge, cut to fit the lesion’s dimensions. The
sponge is fixed to the tip of a PVC (polyvinyl chloride)
gastroduodenal tube [e.g., CovidienTM Salem SumpTM,
14 Fr/Ch (4.7 mm) × 114 cm; CovidienTM, MA, United
States] with a suture at the proximal and distal ends of
the sponge[10,28,29]. For successful drainage, it is vital that
the side ports of the tube communicate with the sponge
and that the tube be placed in the middle of the sponge.
Some authors employ ready-to-use sets including an
already connected drainage tube, omitting the need of
manual attachment (e.g., Endo-Sponge system, B. Braun,
Melsungen, Germany)[13,30].
When placing the sponge into the wound cavity, most
authors grasp the sponge with a forceps, pull it close to
the endoscope and place it in the wound cavity under direct endoscopic vision[10,28,29]. We prefer this method, and
in our opinion it is further simplified by the placement of
an additional suture loop at the tip of the sponge (Figure
1A). This loop serves as a purchase for the endoscopic
forceps and facilitates manipulation of the sponge into
difficult-to-access cavities and hollow spaces under direct
vision using a regular orthograde video endoscope. The
sponge drainage system is guided in parallel to the endoscope (“backpack-method”) and placed appropriately.
Other authors use the overtube-technique that has
been frequently described for rectal applications[13,30]. In
this case, the overtube is placed into the cavity, and, after

A

B

Figure 1 Sponge mounted on a gastric tube for endoscopic vacuum therapy (A), and over-the-scope clip mounted on a gastroscope (B). A suture
loop at the tip of the sponge facilitates endoscopic handling (A).

creation of a cervical stoma[15,16]. These procedures are
usually difficult and carry a high risk for severe complications associated with high morbidity and mortality rates.
Therefore re-operation is not always a reasonable option.
In this context, numerous minimally invasive treatment options have more recently become available to
treat a variety of secondary surgical complications. Conservative management may be advantageous if reliable
endoscopic methods are available. Endoscopic clips,
fibrin glue injection[17], absorbable plugs, and endoscopic
suturing (EndoCinch)[18,19] have been used to close smaller
defects. At present, the placement of completely covered
metal or plastic stents is the favored conservative treatment option for esophageal leakage[7,20]. The implantation of these stents has been thoroughly studied and was
proven to be effective[7,21,22]. However, stent implantation
does not always lead to a sufficient sealing of the leakage,
and dislocation rates of up to 40% have been reported[23].
Another important complication is failure of stent extraction due to ingrowth of granulation tissue and/or secondary strictures due to scarring[21,24]. While stents bridge
the defect intraluminally and prevent further leakage, a
continuous local drainage is necessary to prevent inflammatory fluids from remaining in the perianastomotic tissues and maintaining inflammation.
The vacuum-assisted closure (VAC) system device is
an established treatment modality for extensive and infected cutaneous wounds[25]. Negative pressure is applied
to the wound with a vacuum-sealed sponge, resulting
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A

B

C

D

E

F

Figure 2 Dehiscence of an esophagogastric stapler anastomosis with esophago-bronchial fistula in a 65-year old woman: endoscopic vacuum therapy
and over-the-scope clip application. A: Anastomotic dehiscence (after extraction of a covered stent); B: Mediastinal cavity; C: Endoscopic vacuum therapy. Gastric
tube with sponge placed in the defect (center), additional tube placed in the duodenum for enteral nutrition; D: Persistent fistula (below) after endoscopic vacuum
therapy; E: Over-the-scope clip (OTSC) closure of the fistula; F: Eleven months after OTSC closure.

the sponge can be removed without use of an endoscopic
instrument, simply by removing the drainage tube. A subsequent endoscopic exploration of the cavity is obligatory. In accordance with the experience of VAC therapy for
skin defects, the sponge should be replaced twice a week,
until the cavity appears to be clean and firmly closed. The
remaining wound cavity should be smaller than ca. 1 cm
radius × 2 cm depth. After completion of EVT, patients
should be followed up endoscopically once weekly until
complete healing of the defect.

the endoscope has been withdrawn from the overtube,
the sponge is brought down by a pusher.
If the defect entrance is not initially wide enough
to accommodate the endoscope, the opening must be
dilated. If however the cavity itself is too small to be accessed with the scope, the sponge may also be placed in
the esophageal lumen. Over the course of the treatment
and with diminishing defect size, sponge placement can
be changed from its initial intracavitary position to intraluminal position at any time. Moreover, in large leakage
cavities, up to two sponges can be placed separately to
allow rapid and sufficient drainage. After sponge placement, the vacuum drainage tube is diverted through the
nose. Some authors first insert the gastric tube nasally
and extract it orally to connect the sponge and then proceed with the endoscopic placement[10,28].
Continuous suction of 100-125 mmHg generated by a
vacuum pump (e.g., actiVAC® or VACulta® KCI®) is connected transnasally to the drainage tube under permanent
direct endoscopic vision to ensure that the sponge stays
in position. Vacuum containers can be used in lieu of a
pump[13,30]; however, we prefer pumps as they ensure constant pressure which can be modified if necessary. Additionally, a transnasal enteral feeding tube can be placed
in the same session to ensure full enteral nutrition (Figure
2C). In contrast to vacuum therapy for open wounds,
EVT does not require sealing to obtain air tightness[10,28].
Suction must be discontinued for sponge removal. It
is advisable to flush the tube with 0.9% saline solution
to dissolve the granulation tissue from the pores of the
sponge prior to removal. Subsequently, the tube should
be grasped with the endoscopic forceps close to the distal end, retracted from the wound cavity with increasing
force and withdrawn through the mouth. In some cases,
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Results of EVT
A synopsis of studies reporting endoscopic vacuum
therapy for upper gastrointestinal perforations is shown
in Table 1. All patients (n = 101) included in these studies
did not suffer from any intervention related complications. The overall success of closing the leaks by EVT in
these patients was 90% (84%-100%). One patient died
during dilation of a stenosis after complete healing due to
an aorto-esophageal fistula. The available studies and data
indicate that EVT is feasible, safe and effective. The main
complications associated with EVT are stenosis after
completed therapy due to scarring. EVT is well-tolerated,
effective and associated with good short-term and longterm clinical outcomes.

OVER-THE-SCOPE CLIP
Development, technical aspects
In the past decades, endoscopic clip application has repeatedly been used as a minimally invasive treatment option for small leakages and fistulas of the upper GI tract.
Most authors used through-the-scope clips (TTSC) that
were designed for endoscopic bleeding control. How-
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Table 1 Synopsis of studies reporting endoscopic vacuum therapy for upper gastrointestinal perforations n (%)
Ref.

Year

Overall
(n )

Postoperative
(n )

Other perforations
(n )

Overall
success

Complications

Mortality

Stenosis after
completed therapy

Ahrens et al[13]
Brangewitz et al[55]
Kuehn et al[29]
Schorsch et al[3]
Schniewind et al[54]
Wedemeyer et al[56]
Weidenhagen et al[30]
Overall

2010
2013
2012
2013
2013
2010
2010

5
32
9
24
17
8
6
101

5
30
5
17
17
8
6
88

0
2
4
7
0
0
0
13

5/5 (100)
27/32 (84)
8/9 (89)
23/24 (96)

0/5 (0)
0/32 (0)
0/9 (0)

2/5 (40)
3/32 (9)

7/8 (88)
6/6 (100)
76/84 (90)

0/8 (0)
0/6 (0)
0/60 (0)

1/5 (20)1
5/32 (16)
1/9 (11)
1/24 (4)
2/17 (12)
0/8 (0)
1/6 (17)
11/101 (11)

1/18 (6)
1/8 (13)
1/6 (17)
8/69 (12)

1

One patient died during dilation of a stenosis after complete healing (aorto-esophageal fistula).

Table 2 Synopsis of studies reporting over-the-scope clip closure of gastrointestinal perforations n (%)
Ref.

Year

n

Albert et al[33]
Arezzo et al[34]
Baron et al[35]
Jacobsen et al[36]
Disibeyaz et al[37]
Galizia et al[38]
Gubler et al[39]
Hagel et al[40]
Jayaraman et al[32]
Kirschniak et al[11]
Kirschniak et al[41]
Manta et al[42]
Mennigen et al[43]
Mönkemüller
et al[44]
Nishiyama et al[45]
Parodi et al[46]
Pohl et al[47]
Repici et al[48]
Sandmann et al[49]
Schlag et al[50]
Seebach et al[51]
Surace et al[52]
Voermans et al[2]
Von Renteln
et al[53]
Overall

2011
2012
2012
2012
2012
2012
2012
2012
2013
2007
2011
2011
2013
2013

12
14
36
10
9
3
14
17
21
4
19
12
14
7

8/12 (66)
12/14 (86)
24/36 (67)
5/10 (50)
5/9 (56)
3/3 (100)
13/14 (93)
11/17 (65)
12/21 (57)
4/4 (100)
14/19 (74)
11/12 (92)
11/14 (79)
3/7 (43)

2013
2010
2010
2009
2011
2013
2010
2011
2012
2010

13
10
2
2
10
6
7
19
36
4

11/13 (85)
8/10 (80)
1/2 (50)
2/2 (100)
9/10 (90)
6/6 (100)
5/7 (71)
8/19 (42)
32/36 (89)
2/4 (50)

301

Overall success Postoperative

220/301 (73)

5/6 (83)
12/14 (86)
10/14 (71)
5/10 (50)
4/7 (57)
3/3 (100)
2/3 (67)

1/2 (50)
11/12 (92)
10/12 (83)
1/3 (33)

4/6 (67)
1/2 (50)
2/3 (67)
2/3 (67)
7/18 (39)
1/1 (100)
0/1 (0)
81/120 (68)

Acute endoscopic and
Other chronic
interventional perforations leaks and fistulas
2/2 (100)

1/4 (25)

4/5 (80)

10/17 (59)

1/1 (100)

0/1 (0)

13/14 (93)1
7/10 (70)

2/4 (50)

4/4 (100)
11/11 (100)

2/6 (33)

2/2 (100)
3/3 (100)
6/6 (100)
3/4 (75)

19/27 (70)
5/9 (56)
4/8 (50)
3/3 (100)
4/5 (80)
9/15 (60)

Complications

1/3 (33)
12/14 (86)
5/9 (56)
0/1 (0)
1/1 (100)

0/12 (0)
0/14 (0)
2/36 (6)3
0/10 (0)
0/9 (0)
0/3 (0)
0/14 (0)
0/17 (0)
0/21 (0)
0/4 (0)
0/19 (0)
0/12 (0)
0/14 (0)
0/7 (0)

9/9 (100)1
2/2 (100)2
3/3 (100)
4/7 (57)
4/4 (100)
3/5 (60)

4/5 (80)
3/3 (100)

7/9 (78)
4/4 (100)
1/2 (50)

4/4 (100)
4/6 (67)

4/4 (100)

7/8 (88)
6/6 (100)
1/2 (50)
7/15 (47)
20/23 (87)
2/4 (50)

1/1 (100)
31/35 (89)
2/3 (67)
95/106 (90)b

7/9 (78)

Colorectal

1/1 (100)
10/12 (83)
7/8 (88)
8/9 (89)
3/7 (43)

1/2 (50)
2/4 (50)
7/8 (88)
1/1 (100)

Upper GI

32/54 (59)

135/186 (73)

2/2 (100)
2/2 (100)
4/5 (80)
1/4 (25)
12/13 (92)

73/94 (78)

0/13 (0)
0/10 (0)
0/2 (0)
0/2 (0)
0/10 (0)
0/6 (0)
0/7 (0)
0/19 (0)
2/36 (6)4
0/4 (0)
4/301 (1.3)

b

P < 0.01 vs “postoperative” and “other chronic leaks and fistulas”. 1Three patients underwent surgery, however, leak was found to be closed by over-thescope clip (OTSC); 2One patient underwent surgery, however, leak was found to be closed by OTSC; 3 Unintended closure of small bowel lumen by OTSC
in two cases; 4One esophageal perforation, one patient died after delayed operation of colonic perforation with OTSC detached.

ever, the success of these attempts was limited to case
reports[17,31], and endoscopic clipping of perforations did
not reach widespread routine clinical use. The efficacy
of TTSCs is limited by their little wing span and the low
compression force that the clips can apply.
The novel over-the-scope clip (OTSC; Ovesco Endoscopy AG, Tübingen, Germany) has revolutionized
the principle of endoscopic clipping and has overcome
the above-mentioned limitations[11]. Instead of introducing the clip via the working channel, a nitinol clip with
the shape of a “bear claw” is loaded on a transparent cap
that is mounted on the tip of the endoscope (Figure 1B).
Different sizes of caps and corresponding nitinol clips

WJG|www.wjgnet.com

(11-14 mm) are available for different endoscope types
and lesion characteristics. Clips are available with blunt
(s or a type, atraumatic version) or with pointed teeth (t
type, traumatic version). An additional clip type (gc type)
has been added for the special purpose of closing gastric
wall defects during natural orifice transluminal surgery.
The lesion (bleeding ulcer, fistula, or wall defect) is
pulled into the cap; in the case of adequately mobile tissues, this can be accomplished by suction. A special “anchor” is supplied by Ovesco for the treatment of smaller
fibrotic fistulas: the device is introduced into the fistula,
and after opening of the anchor, the fistula as a whole is
pulled into the cap. A further special device is the “twin
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grasper”. This instrument has two lateral branches that
can be opened independently and close against a fixed
central branch. This is especially helpful for adapting the
edges of a larger defect and pulling them into the cap.
However, some endoscopists prefer the use of “nondedicated” conventional endoscopic instruments (e.g., rat
tooth, alligator forceps) being introduced via the working
channel which is possible as well[32].
The method of deploying the clip is similar to that
of devices used for rubber band ligation. A string that is
attached to the clip is pulled through the working channel and is connected to a hand wheel; the clip is fired by
turning the wheel.
The advantages of OTSC over TTSC are: (1) larger
lesions can be closed by one clip (limited by cap diameter
and flexibility of the tissue being pulled into the cap); and
(2) greater compression force. The nitinol OTSC provides constant compression forces of ca. 8 to 9 Newton,
which is necessary for successful permanent closure of
defects[11].

actual success rates. Most studies report initial technical success, i.e., immediate closure of the perforation,
proven by imaging using a contrasting agent. Long term
clinical success was termed to mean lasting closure of
the perforation without need of further endoscopic or
surgical treatment. The reported long term overall success rates for the closure of gastrointestinal perforations,
leakages and fistulas range from 42% to 100% (Table 2).
The pooled overall success rate was 73% (220/301). It
is important to note, however, that follow-up times vary
significantly between the studies, and some authors only
provide short follow-up times.
There was considerable heterogeneity regarding the
classification of gastrointestinal perforations throughout
the investigated studies. For more valid comparison of
success rates, we propose the following classification: (1)
Postoperative leaks and fistulas, including acute anastomotic dehiscence as well as chronic fistulas. A further
stratification into acute vs chronic leaks should be mandatory for future studies, but this information could not
be satisfactorily retrieved from the presently investigated
publications; (2) Acute iatrogenic perforations, i.e., perforations during diagnostic/therapeutic endoscopy and interventional procedures; and (3) Other chronic leaks and
fistulas. Many authors include chronic leaks and fistulas
in their series that do not meet the definitions of categories 1 and 2, e.g., enterocutaneous fistulas, perforated
ulcers, or persistent gastrocutaneous fistulas following the
extraction of a gastrostomy tube.
We classified all reported patients - for which the necessary information was available in the respective publication - into these 3 categories and calculated the success
rates for each category as a whole (pooled overall estimate) and per single study. Finally, we analyzed success
rates for upper GI perforations vs colorectal perforations.
The overall success rate for acute endoscopic and interventional perforations (category 2) was as high as 90%
(95/106), which is significantly higher than the values for
postoperative perforations (category 1) (68%, 81/120),
and other chronic leaks and fistulas (category 3) (59%,
32/54) (χ 2; P < 0.001). From the technical point of view,
the setting of acute endoscopic perforation is optimal
for OTSC use: the lesion is fresh and without fibrotic
alterations or inflammation and usually free from foreign
bodies in the leakage area, e.g., food. Further, due to the
iatrogenic nature of these perforations, the patient mostly
already is in a specialized endoscopy unit, thus enabling
a rapid OTSC closure. In cases of sufficient closure, the
otherwise mandatory surgical intervention can be avoided; some authors have already coined the phrase “sparing
the surgeon” for this process[51]. However, some concerns
remain. Endoscopic therapies with a high risk of perforation should be performed with CO2 insufflation, as the
resulting pneumoperitoneum can resolve much quicker
once the perforation has been closed by OTSC. Massive
pneumoperitoneum and consecutive abdominal pain can
lead to surgical exploration, although the perforation was
sufficiently closed by an OTSC. Gubler et al[39] reported

Results of OTSC closure
A literature search in Pubmed was performed with the
key words “over-the-scope clip” and “OTSC” (latest
search date: 15 October 2013). Case reports, and series
without gastrointestinal perforations (e.g., only reporting
OTSC use in GI bleeding) were excluded from further
analysis. Apart from perforations, gastrointestinal bleeding is an important indication for OTSCs, however, this
was not the focus of this review. From the remaining 24
studies, indications for OTSC application, overall success,
success by indication and leak site, and complications
were extracted (Table 2)[2,11,32-53].
Early reports stem from Europe, where the OTSC
device was available first[11], however, after introduction
of the OTSC to the United States and Japanese market,
several case series signify an increasing use in these countries as well[35,44,45]. The indications for OTSC use and the
obtained results are similar to the early experiences from
Europe.
There are no randomized trials on OTSC application, and most authors provide retrospective case series
with heterogeneous indications and applications. Most
studies included less than 20 patients with gastrointestinal perforations; cases of gastrointestinal bleeding were
excluded from the present analysis. Several publications
report the pooled results of 2 or 3 centers[35,44,52]. The largest numbers of patients with gastrointestinal perforations
treated by OTSC are provided by two multicenter studies.
The first was a prospective European multicenter study
on OTSC application (“the CLIPPER study group”)[2],
the second a retrospective study carried out by 3 North
American tertiary-care referral medical centers[35], both
reporting on 36 patients with gastrointestinal perforations.
Overall, 301 patients with gastrointestinal perforations were included in 24 publications. The etiology of
perforations was highly heterogeneous across all studies;
this must be taken into account when comparing the
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successful closure of acute endoscopic perforations in
13/14 patients. Of note: 3 of the patients with successful OTSC closure were still taken to surgery after OTSC
application. Sufficient closure of the perforations was
then, however, documented in the OR; all of these patients had colorectal perforations. Hagel et al[40] reported
a success rate of 7/10 patients for acute perforations;
however, of the 2 patients with colorectal perforations,
1 underwent surgery which again showed successful
OTSC application. None of the patients with upper GI
perforations treated by OTSC was taken to surgery unnecessarily. It appears that in clinical practice colorectal
perforations tend to prompt a surgical exploration, as
a persistent colorectal leak can lead to a dismal clinical
course. Among the many encouraging reports, one lethal
case from the European multicenter study by Voermans
et al[2] deserves special attention. A patient with initially
successful closure of a colonic perforation deteriorated
several hours later and was taken to the OR. During laparotomy, the OTSC was found to be dislocated and the
perforation reopened. Despite surgical therapy, the patient died. This case illustrates that the successful application of the OTSC should be proven by contrast studies,
patients must be closely monitored, and necessary surgical therapies must not be delayed.
The overall success rate for postoperative leakages
and fistulas is 68% (81/120). There is a wide span of
indications that are summarized in this category; besides
chronic fistulas of gastric sleeve resection, chronic fistulas of esophagogastric or esophagojejunal anastomoses,
chronic fistulas of colorectal anastomoses, some cases
of acute anastomotic dehiscence are included. The numbers are too small to clarify which indications profit the
most from OTSC closure. However, as most leakages
and fistulas were chronic, this likely is the cause for the
lower success rates vs acute endoscopic perforations. The
most frequently mentioned reasons for failure of OTSC
closure are fibrotic alterations of the lesion and active
inflammation - both common features of chronic anastomotic fistulas.
The same is true for the variety of chronic fistulas of
different etiology summarized in category 3. The success
rate in this category (59%, 32/54) is similar to that of
category 1, comprised of postoperative leakages.
Regarding the site of OTSC application, there were
no significant differences between the outcomes of upper
GI (135/186, 73%) and colorectal (73/94, 78%) placement. Both sites seem suitable for OTSC applications.
Complications are infrequent, indeed most authors
did not observe any at all. Only two multicenter studies[2,35] report complications: in the European multicenter
study[2], one OTSC detached from a colorectal perforation leading to a delayed operation (as discussed above),
and one esophageal perforation occurred during the introduction of the OTSC device. In the US study[35], in 2
patients the lumen of the small bowel was occluded by a
misplaced OTSC, leading to surgical management. Taken
together, the complication rate in all reported patients
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was 4/301 (1.3%).

Report of a case demonstrating
successful application of
endoscopic vacuum therapy and
OTSC
In a 65-year-old woman, we performed esophagectomy
with esophagogastric anastomosis using a circular stapler
(Figure 2). The patient developed fever and blood work
showed persisting signs of inflammation, triggering endoscopy and diagnosis of anastomotic dehiscence on
day 5. The anastomosis showed a rather small dehiscence
and the patient was in a stable condition without sepsis.
Therefore we placed a covered stent which remained
in place for 6 wk. Surprisingly, after planned extraction
of the stent, the dehiscence had grown in size (Figure
2A), and endoscopy revealed a large mediastinal cavity
(Figure 2B) with a fistula to the right bronchial system
(demonstrated by contrast study). We initiated EVT of
the cavity, with changes of the sponge every 3-5 d (Figure 2C). During EVT, enteral nutrition was applied via a
second gastric tube which was placed in the duodenum.
After 15 d, the former cavity had shrunk to a fistula of
approximately 3 cm in length and 1 cm in width (Figure
2D). Further closure could not be obtained because of
the bronchial fistula. Finally, an OTSC was placed on
the internal esophageal fistula opening which led to permanent closure (Figure 2E). Endoscopic control at last
follow-up (11 mo) demonstrated that the OTSC was still
in situ (Figure 2F). This case demonstrates how patients
with stent failure can be successfully managed using the
discussed novel endoscopic treatment options.

Therapy algorithms of upper GI
perforations including the novel
techniques
Many centers have established algorithms for upper GI
perforations that include endoscopic stent therapy. This
therapy is reported as effective and safe by a large number of publications, and it is available at most hospitals.
However, the novel techniques have the potential to further enlarge the portion of patients that can be managed
by endoscopy; stent failure rates of about 15%[6] require
the development of a “plan B” beyond stent-placement.
Although the existing reports on both EVT and
OTSC are enthusiastic, the present review of their use
for gastrointestinal perforations has several limitations.
First of all, both novel technical developments were used
as individual, non-standardized therapies in very different
settings. Virtually all publications on these novel techniques include a variety of perforation types, different localizations, and different underlying diseases. Up to now,
there is no controlled trial to evaluate the value of these
methods in comparison to existing standard therapies,
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such as stent placement.
Only a few studies are focused on a special type of
perforation, the vast majority of studies lack this standardization. As shown in Table 2 for application of
OTSC, most studies are very small, with patient numbers
below n = 20, and include very heterogeneous types of
perforations.
In an effort to organize this heterogeneous data pool
on OTSCs, we propose the classification into the three
types of perforation “postoperative”, “acute endoscopic
and interventional perforations”, and “other chronic
leaks and fistulas”, as we are certain that at the very least,
these categories must be separately examined due to the
completely different settings in which they occur. The
same is true for EVT (Table 1): the number of available
studies is even lower, patient numbers are small, and the
largest studies again include postoperative as well as other
perforations. Keeping these limitations in mind, suitable
indications for EVT and OTSC are as follows.
In the setting of acute endoscopic perforations, the
OTSC obviously is a very effective treatment option,
and in our opinion it is clearly superior to the placement
of covered stents. However, comparative studies are not
available, and in regard of the excellent results obtained
by OTSC, it seems unethical to plan such a study. We
propose that OTSC should be the first line therapy for
acute endoscopic or interventional perforations of the
upper gastrointestinal tract.
Endoscopic treatment of chronic fistulas and leaks
can be challenging. Stent therapy, application of fibrin
glue, or closure with TTS clips have shown disappointing results in the past. In our opinion, OTSCs are a very
promising option in these situations. The risk of OTSC
application is very low, it is easy to perform, and success
rates of about 60% are satisfactory, especially as OTSCs
often are used in cases refractory to various other treatment modalities. Furthermore, in case of failure, the
OTSC procedure does not impair further treatment, such
as EVT, or surgery[43].
We believe that EVT will become the new gold standard in the endoscopic therapy of acute anastomotic
dehiscence, especially following esophagectomy and
gastrectomy. Usually, these leakages are associated with
mediastinal cavities. After closure of the leak by stent
placement, the drainage of these cavities can be insufficient. This accounts for many cases of stent failure, as in
our presented case. In contrast to stent therapy, EVT allows optimal drainage of the cavity and additionally the
lesion can be inspected regularly, allowing early detection
of any deterioration. Finally, vacuum therapy leads to
a remarkable debridement of the cavity with ensuing
granulation.
The success rates of defect closure by EVT are excellent and seem to be higher than those reported for stent
therapy. However, there is a paucity of data comparing
EVT to stent therapy: up to date, only two retrospective
studies exist[54,55]. Schniewind et al[54] analyzed the outcomes of 62 patients with anastomotic leaks following
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esophagectomy. After matching for APACHE-Scores at
the beginning of complication therapy, EVT resulted in a
significantly lower mortality (12%) compared to surgically
treated patients (50%) and patients treated by stent placement (83%). Brangewitz et al[55] compared 39 patients
managed by stent placement and 32 patients managed by
EVT. The rate of leakage closure was significantly higher
in the EVT group (84% vs 54%). However, in contrast to
Schniewind’s study[54], no difference was found for hospital mortality.
Although these first data indicate advantages for
EVT, further studies comparing this new technique to
stent therapy are necessary. In the above mentioned studies[54,55], both mortality (83% and 25%, respectively) of
patients treated by stent placement, and defect closure
rate (54%) are dramatically inferior to values published in
current dedicated studies on stent therapy[6]. This might
in part be explained by early discontinuation of stent
therapy in favor of EVT; a bias in patient selection in
these retrospective studies could be another explanation.
Taken together, the advantage of EVT will probably be
lower than these two publications suggest.

CONCLUSION
Both novel techniques, EVT and OTSC application, are
comparatively easy to use, and are safe and effective in
the treatment of upper GI perforations. Anastomotic dehiscence with mediastinal cavity appears to profit intensively from EVT, and EVT has the potential to become
the new gold standard for this indication. OTSC closure
is very effective in acute endoscopic perforations and is
a viable option for small chronic fistulas. However, data
on both techniques are limited, and no controlled studies
exist. Further studies are needed to compare the novel
techniques to other treatment modalities, and to define
their exact place in treatment algorithms of upper GI
perforations.
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Role of endoscopy in the bariatric surgery of patients
Giovanni D De Palma, Pietro Forestieri
include the evaluation of symptoms, the management
of complications, and the evaluation of weight loss failure. It is of critical importance for the endoscopist to be
familiar with the postoperative anatomy and to work in
close collaboration with bariatric surgery colleagues in
order to maximize the outcome and safety of endoscopy
in this setting. The purpose of this article is to review
the role of the endoscopist in a multidisciplinary obesity
center as it pertains to the preoperative and postoperative management of bariatric surgery patients.
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Core tip: Gastrointestinal endoscopists play an integral
role in the multidisciplinary treatment of obese patients
undergoing bariatric surgery, particularly in the treatment of postoperative complications. Endoscopy is
emerging as an effective procedure in the treatment
of bariatric surgery complications in selected patients,
while avoiding invasive surgical reoperation.

Abstract
Obesity is an increasingly serious health problem in
nearly all Western countries. It represents an important
risk factor for several gastrointestinal diseases, such as
gastroesophageal reflux disease, erosive esophagitis,
hiatal hernia, Barrett’s esophagus, esophageal adenocarcinoma, Helicobacter pylori infection, colorectal polyps and cancer, non-alcoholic fatty liver disease, cirrhosis, and hepatocellular carcinoma. Surgery is the most
effective treatment to date, resulting in sustainable
and significant weight loss, along with the resolution of
metabolic comorbidities in up to 80% of cases. Many
of these conditions can be clinically relevant and have
a significant impact on patients undergoing bariatric
surgery. There is evidence that the chosen procedure
might be changed if specific pathological upper gastrointestinal findings, such as large hiatal hernia or Barrett’
s esophagus, are detected preoperatively. The value of
a routine endoscopy before bariatric surgery in asymptomatic patients (screening esophagogastroduodenoscopy) remains controversial. The common indications
for endoscopy in the postoperative bariatric patient
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INTRODUCTION
Obesity is an increasingly serious health problem in
nearly all Western countries. Estimates of prevalence suggest that 7%-15% of subjects in developed countries are
obese[1-8].
Obesity is usually defined in terms of body mass index (BMI, kg/m2). The World Health Organization, the
National Institutes of Health, Healthy People 2010, and
the 2000 Dietary Guidelines for Americans, proposed
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guidelines for the classification of weight status based
on the BMI[9-11]. Accordingly, a BMI of 25-30 is considered overweight, a BMI of 30 to 35 is considered class 1
obesity, 35-40 as class 2, and over 40 as class 3. Morbid
obesity is usually defined as a BMI of over 40 or a BMI
over 35 in combination with comorbidities. Underweight
is usually defined as a BMI of less than 18.5 kg/m2.
Obesity is an independent risk factor for a variety of
chronic diseases such as diabetes, hypertension, coronary
heart disease, knee osteoarthritis, and cancer[12-18]. A recent study on the association between different grades of
obesity and the number of life-years lost indicated that
life expectancy can be up to 20 years shorter in severe
obesity[19].
Intentional weight loss offers substantial benefits to
patients and is associated with an overall reduction in
mortality[20]. Current treatment modalities for obesity
include lifestyle modification, diet, and pharmacologic
agents; however, their effectiveness and durability is limited[21]. Surgery is the most effective treatment to date,
resulting in sustainable and significant weight loss along
with the resolution of metabolic comorbidities in up to
80% of cases[22-24].
The next frontier in the treatment of obesity might
be represented by the development of endoscopic approaches to bariatric procedures[25-31]. Endoluminal surgery, performed entirely by using flexible endoscopes,
offers the potential for less invasive approaches that may
be safer and more cost-effective compared with current
laparoscopic approaches, thus extending surgical indications to those with multiple comorbidities, older age, and
those with mild obesity (BMI: 30-35).
The purpose of this article is to review the role of the
endoscopist in the preoperative and postoperative management of bariatric surgery patients, in the context of a
multidisciplinary obesity center.

for gastric bypass patients [Roux-en-Y gastric bypass
(RYGB)]. Similarly, the recently published guidelines from
the ASGE recommended that EGDS should be performed in all symptomatic patients undergoing bariatric
surgery, and considered in all candidates[33,34]. Symptomatic patients should undergo EGDS (diagnostic) in accordance with accepted practice guidelines, regardless of
whether they are being considered for bariatric surgery or
not.
The value of a routine endoscopy before bariatric
surgery in asymptomatic patients (screening EGDS)
remains controversial[35]. A lack of correlation between
patient symptoms and endoscopic findings has been
documented by many authors, suggesting that routine
preoperative endoscopy might be useful in detecting
both lesions and inflammation[36-40]. However, considering the relatively weak clinical relevance of the majority
of lesions discovered on routine EGDS and the cost and
invasiveness of the procedure, as well as the amount of
secondary unnecessary workup prompted by irrelevant
findings, several authors have instead advocated a nonendoscopic approach for asymptomatic patients[41,42].
One of the concerns of performing routine preoperative upper endoscopy is the risk of sedation. Cardiopulmonary complications are the most serious adverse
reactions associated with conscious sedation at the time
of EGDS, with a mortality rate of 0.03% and a serious
morbidity rate of 0.54%[43]. In cases of morbidly obese
patients, the risk may be higher due to the higher incidence of restrictive lung disease, obstructive sleep apnea,
pulmonary hypertension, and cardiac diseases. It is of
paramount importance that endoscopy procedures in
obese patients are carried out in a fully equipped setting
and by a well-organized team of anesthetists trained in
the use of anesthetic drugs and in the treatment of adverse events.

PRE-OPERATIVE ENDOSCOPY

POST-OPERATIVE ENDOSCOPIC
MANAGEMENT

Obesity is an important risk factor for several digestive
diseases, such as gastroesophageal reflux disease, erosive esophagitis, hiatal hernia (HH), Barrett’s esophagus,
esophageal adenocarcinoma, Helicobacter pylori infection,
colorectal polyps and cancer, non-alcoholic fatty liver disease (NAFLD), cirrhosis, and hepatocellular carcinoma.
Most of these diseases are observed up to 2-3 times
more frequently in obese patients than in normal weight
individuals[32].
Many of these conditions can be clinically relevant
and have a significant impact on patients undergoing bariatric surgery. There is evidence that the chosen procedure might be changed if specific pathological upper GI
findings, such as a large HH or Barrett’s esophagus, are
detected preoperatively.
The published guidelines of the European Association for Endoscopic Surgery state that esophagogastroduodenoscopy (EGDS), or upper-GI series, is advisable
for all bariatric procedures and strongly recommended

WJG|www.wjgnet.com

Several surgical procedures are currently performed to
induce weight loss in obese patients. These procedures
have been simplified into three categories: predominantly
restrictive procedures, predominantly malabsorptive procedures, and combined procedures (Table 1).
The common indications for endoscopy in postoperative bariatric patients include the evaluation of symptoms,
the management of complications, and the evaluation of
weight loss failure.
Of critical importance is for the endoscopist to be
familiar with the postoperative anatomy and work in
close collaboration with bariatric surgery colleagues to
maximize outcomes and the safety of endoscopy in this
setting[44].
Although nausea, vomiting, and abdominal pain are
commonly encountered symptoms after bariatric surgery
and may result from dietary non-compliance, patients
with persistent symptoms should be evaluated, as these
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Table 1 Common bariatric surgery procedures
Predominantly
restrictive
Vertical banded
gastroplasty
Adjustable gastric
band

Predominantly
malabsorptive

Mixed

Biliopancreatic diversion Gastric bypass surgery
Sleeve gastrectomy with
duodenal switch

Sleeve gastrectomy
Gastric plication

Table 2 Upper gastrointestinal post-bariatric surgical
complications
Intervention
Banded gastroplasty
Adjustable gastric banding
Roux-en-Y gastric bypass

Biliary-pancreatic diversion
and duodenal switch

Figure 1 Patient with late hemorrhage after Roux-en-Y gastric bypass:
endoscopic view shows a marginal ulceration with a visible vessel at the
base of the lesion.

Complications
Band erosion
Band erosion
Overinflated band
Gastrointestinal bleeding
Marginal ulceration
Anastomotic leak and fistula
Gastrojejunal stricture
Anastomotic leak, fistula and stricture

symptoms may indicate the development of a complication, especially within the first 6 postoperative months.
Each procedure is associated with specific GI complications (Table 2).
Gastrointestinal complications prompting endoscopy
after surgery may be summarized as follow: acute bleeding and/or anemia, staple-line complications (such as
anastomotic leaks, fistulae, and strictures), band stenosis,
erosion and slippage, bezoars, and choledocholithiasis.
An endoscopy is the preferred strategy, unless there is
a suspicion of leaks or fistulae, in which case preliminary
contrast radiography may be more appropriate.

Figure 2 Multiple erosions in the anastomosed jejunum.

such as stomal stenosis and anastomotic leaks.

role of endoscopy to diagnose and treat hemorrhage
Early upper hemorrhage (within 48 h) are mostly reported after laparoscopic RYGB surgery (1%-4%)[45-49]. The
bleeding lesions are often identified at the staple lines of
the gastrojejunostomy and rarely at the jejunojejunostomy, gastric pouch, or bypassed stomach. Although there
are few published case series, endoscopic management
of hemorrhage from the gastrojejunal anastomosis has
been shown to be highly successful when using standard
hemostatic modalities[50-53]. Late hemorrhage may often
arise from marginal ulcers or erosion (Figures 1 and 2),
and generally requires medical therapy (PPIs) or, in cases
of acute bleeding, endoscopic treatment. Balloon enteroscopy has been reported in patients with GI bleeding
arising from the bypassed stomach, but should be undertaken only with great caution[54-56].

Stricture of the gastrojejunal anastomosis: Stricture
of the gastrojejunal anastomosis resulting in dysphagia,
vomiting, and nutritional deficiencies, is a relatively common late complication of both open and laparoscopic
RYGBP, occurring in approximately 3% to 12% of patients after RYGB[57-61].
There is no formal definition of stricture size, but
generally an anastomosis with a diameter < 10 mm or the
inability to allow passage of a standard upper endoscope
(diameter 8.6-9.8 mm) is considered a significant stricture.
Endoscopic dilation of stomal stenosis via throughthe scope balloon dilation or wire-guided bougie dilation
is safe and highly effective, and should be considered the
primary treatment for this complication[62-67]. The majority of patients can be successfully treated with 1 or 2 sessions, and surgical revision is rarely necessary[62].
A potential risk of stricture dilation is inadvertent
over-dilatation, leading to weight regain. Overall, it appears that stricture dilation to a maximum of 15 mm is
not associated with impaired postoperative weight loss
outcomes[62,68].

role of endoscopy in treating staple-line complications
Endoscopic treatment plays an important role in the
management of a variety of staple-line complications,

Staple-line dehiscence, or leak formation: Staple-line
dehiscence, or leak formation can lead to abdominal pain,
thoracic pain nausea, vomiting, intra-abdominal abscess,

WJG|www.wjgnet.com
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A

B

Figure 3 Patient with fistula after sleeve gastrectomy. A: Endoscopic view of fistula at the upper portion of staple line in a patient after laparoscopic sleeve gastrectomy; a clip is visible on the boundary of the fistulous orifice as a result of a unsuccessful previous attempt at treatment; B: Fully covered removable stent (Taewoong
Niti-S™ esophageal Mega stent) was implanted, promoting healing of the fistula.

A

B

C

D

Figure 4 Different steps of endoscopic Lap-Band extraction. A: Endoscopic view of an almost penetrated band, with only a small tissue bridge holding the device
to the gastric wall; B: Endoscopic view of the AMI gastric band cutter (CJ Medical, Haddenham, United Kingdom) passed around the band after endoscopic resection
of the tissue bridge; C: After the section, the band is grasped at the connection with the port-site, and extracted through the mouth; D: Gastric pouch outlet aspect after
ring extraction (retrovision from the stomach).

and acute peritonitis.
Leak rates vary by type of surgical intervention, with
large series reporting 2.05% to 5.20% for laparoscopic
RYGB, and 1.68% to 2.60% for open RYGB. Sleeve gastrectomy has an associated leak rate of 0.6% to 7%[49,58,59,69-73].
The most common sites for RYGB leaks are at the
gastrojejunal anastomosis, followed by the jejunojejunostomy anastomosis; in sleeve gastrectomy, leaks usually
occur at the proximal border within 2 cm of the angle of
His.
The first step is the treatment of sepsis and supportive care, including total parenteral nutrition and trans-
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cutaneous drainage catheter placement. Some leaks may
resolve with these conservative steps. For stable patients
in whom conservative management has failed, laparoscopic repair should be considered. Additionally, in these
patients, endoscopy is emerging as an effective procedure
in the treatment of anastomotic leakage, while avoiding
invasive surgical reoperation.
Chronic leaks have been successfully repaired endoscopically by using fibrin-glue injection[74-76], clip placement[77], self-expanding stents[78-82], and endoscopic suturing devices[83] (Figure 3).
Although endoscopic therapy for gastric leak manage-
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been used. However, duct cannulation is difficult with the
forward-viewing enteroscope, and precut biliary sphincterotomy is often required. Furthermore, accessories are
limited due to the length of the enteroscope[101-107].

CONCLUSION
GI endoscopists play an integral role in the multidisciplinary treatment of obese patients undergoing bariatric
surgery, particularly in the treatment of postoperative
complications. Direct communication and coordination
with the surgical team is critical in the preoperative and
immediate postoperative setting. Endoscopy is emerging
as an effective procedure in the treatment of bariatric
surgery complications in selected patients, while avoiding
invasive surgical reoperation.

Figure 5 Laparoscopic assisted endoscopic retrograde cholangiopancreatography after Roux-en-Y gastric bypass. A side-viewing endoscope is
inserted through a 15-mm trocar that was previously placed into the excluded
stomach. Subsequently, endoscopic retrograde cholangiopancreatography is
performed in the usual fashion.
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provide information regarding malignant features and
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Core tip: This review shows that endoscopic ultrasound
initially provides differential diagnosis of pancreatic
cystic tumors and subsequently can classify intraductal
papillary mucinous neoplasms of the pancreas into their
different types. With the use of endoscopic ultrasound
(EUS) fine-needle aspiration and other techniques,
such as contrast enhancement, EUS can differentiate
between benign and malignant neoplasms and help the
clinician to implement the proper treatment strategy.

Abstract
Pancreatic cystic lesions are increasingly recognised
due to the widespread use of different imaging modalities. Intraductal papillary mucinous neoplasms (IPMNs)
of the pancreas represent a common, but also heterogeneous group of cystic tumors with a significant malignant potential. These neoplasms must be differentiated from other cystic tumors and properly classified
into their different types, main-duct IPMNs vs branchduct IPMNs. These types have a different malignant
potential and therefore, different treatment strategies
need to be implemented. Endoscopic ultrasound (EUS)
offers the highest resolution of the pancreas and can
aid in the differential diagnosis, classification and differentiation between benign and malignant tumors.
The addition of EUS fine-needle aspiration can supply
further information by obtaining fluid for cytology, measurement of tumor markers and perhaps DNA analy-
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INTRODUCTION
Intraductal papillary mucinous neoplasms of the pancreas (IPMNs) are a well-recognised disease entity since
their first report by Ohashi et al[1] in 1982. They consist
of pancreatic tumors characterised by papillary proliferation of the ductal epithelium which produces mucin and
is accompanied by dilatation of the excretory pancreatic
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ducts. World Health Organization formally differentiated IPMNs from other mucin-producing cystic lesions
of the pancreas in 1996, through a uniform classification
scheme[2]. IPMNs have been reported with increased
frequency, representing 21%-41% of all cystic neoplasms
of the pancreas[3,4]. The increased detection of pancreatic
cystic lesions, including IPMNs, is due to the widespread
use of various abdominal imaging modalities, such as
ultrasound, computed tomography (CT) and magnetic
resonance imaging (MRI)[5].
IPMNs represent a heterogeneous group of neoplasms that are classified according to their anatomic
location into main duct vs branch duct IPMNs. There is
also a mixed-type IPMN which is the combination of the
above two types. IPMNs involving the main duct (MD)
have a higher risk of associated carcinoma, compared to
branch duct (BD) IPMNs[6]. IPMNs also comprise a wide
histologic spectrum that ranges from adenoma to invasive carcinoma with different degrees of aggressiveness[7].
Early detection and precise anatomical and histological
classification are therefore of paramount importance for
the optimal management of these tumors.
Despite advances in CT and MRI, the ability of crosssectional imaging modalities to characterize pancreatic
IPMNs correctly, and to differentiate between benign and
malignant lesions remains limited. Endoscopic ultrasound
(EUS) is an ideal diagnostic tool for the imaging of pancreatic cystic lesions and therefore IPMNs, because of its
high resolution, close proximity to the target-lesion and
ability to take samples, by endoscopic ultrasound-guided
fine needle aspiration (EUS-FNA)[8].
This review focuses on the true prevalence of
IPMNs, the role of EUS in the detection, differential diagnosis and classification of these neoplasms but also the
impact of EUS/EUS FNA on the ultimate management
of these tumors.

of multifocal cystic lesions in different sites of the gland,
sometimes with a complete involvement of the entire
pancreas.
Microscopically, the epithelium is represented by tall,
mucin-producing columnar cells that frequently form
papillary projections and exhibit variable degrees of cellular atypia, even within an individual neoplasm. Noninvasive IPMN is graded according to the most atypical area as IPMN with low-grade dysplasia (adenoma),
IPMN with moderate dysplasia (borderline), and IPMN
with high-grade dysplasia (carcinoma in situ). If an invasive component is present, which occurs in 30%-50% of
cases, the tumor is called an IPMN with an associated
invasive carcinoma[9,14-16]. Progression from adenoma to
carcinoma is estimated to occur within 5-6 years[15,16]. The
frequency of malignancy (in situ and invasive carcinoma)
in MD-IPMNs is high, ranging between 60% and 92%,
with a mean of 70%[6,15-19]. By contrast, in BD-IPMNs the
frequency of malignancy is significantly lower (between
6% and 46%, with a mean of 25%) and that of invasive
cancer ranges from 0% to 30% (mean of 15%)[6,15,17,19-21].
Another unique feature of IPMNs is their association with malignancy in other organs. Breast, colorectal,
lung and prostate cancers are the most common extrapancreatic tumors. The rate of association of IPMNs
with malignant neoplasms in extrapancreatic organs has
been reported to range from 23.6% to 32%[22,23].
EUS for the detection of IPMNs
IPMNs occur most frequently in men during the age of
60-70 years, but they can sometimes concern younger
patients[13,24]. Detection of IPMNs is usually done by
other imaging modalities rather than EUS itself. The
usual clinical scenario is that of a cyst found by abdominal ultrasound, CT, or MRI, either incidentally or during
diagnostic work-up in patients presenting with abdominal
pain, recurrent acute pancreatitis, or chronic obstructive pancreatitis. Pain and pancreatitis are both caused
by mucin-induced obstruction of the pancreatic duct[24].
The reported prevalence of pancreatic cystic lesions is
1.2%-2.9%, when CT is used[12,25], and 13.5%-44.7%,
when MRI is the imaging modality[26,27].
EUS is a more invasive diagnostic procedure which
allows high-resolution imaging of the pancreas. Since the
vast majority of patients will have undergone prior abdominal imaging before presenting for EUS, the latter is
carried out as part of a multi-modality diagnostic evaluation[28].

CLINICAL AND EPIDEMIOLOGICAL
CHARACTERISTICS OF IPMNS
IPMNs account for 1%-3% of all exocrine pancreatic
neoplasms and for 21%-41% of all cystic neoplasms
of the pancreas[9-11]. The exact incidence of IPMNs,
however, is not known because many of them are small
and asymptomatic. Imaging studies revealed that asymptomatic cysts of the pancreas that presumably contain
predominantly small IPMNs were found in 2.8% of 2832
consecutive CT scans performed in a single institution,
and this figure rose to 8.7% in individuals aged > 80
years[12]. IPMNs are typically found in elderly people, with
a median age at diagnosis of 65-70 years. As stated earlier, IPMNs may involve the main pancreatic duct (MDIPMN), in either a diffuse or segmental manner, or may
arise in a branch duct (BD-IPMN). Any combination of
the above two types is designated as mixed-type IPMN.
Most IPMNs arise from the main duct within the head or
the uncinate process of the pancreas and progress along
the duct[13]. BD-IPMNs are characterised by the presence

WJG|www.wjgnet.com

Differentiation between IPMNs and
other pancreatic cystic lesions
by EUS morphology
Cystic pancreatic lesions include pseudocysts, congenital
and simple cysts and cystic neoplasms. Cystic neoplasms
consist of serous cystadenoma (SCA), mucinous cystic neoplasm (MCN) and IPMN. In addition, there are
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Figure 1 multilocular branch-duct intraductal papillary mucinous neoplasms in the uncinate process of the pancreas (communication with the
pancreatic duct is just visible).

Figure 2 branch-duct intraductal papillary mucinous neoplasms communicating with a non-dilated pancreatic duct.

The finding of multiple cysts supports the diagnosis of
BD-IPMN, as these tumors are more frequently multifocal than MD-IPMNs. In mixed-type IPMNs, in addition
to the presence of BD-IPMN, the main pancreatic duct
contains papillary growth of columnar epithelium of
various degrees of dysplasia. Pancreatic parenchymal atrophy is also frequently recognised in both MD-IPMNs
and BD-IPMNs. Since, MD-IPMNs and BD-IPMNs
have significant differences in prevalence of cancer, the
correct classification has prognostic implications[24,31].

pancreatic tumors that contain cystic spaces or cystic
degeneration components, like solid-pseudopapillary
neoplasm, cystic endocrine tumor and ductal adenocarcinoma). Certain morphological features have been used
to predict particular types of pancreatic cysts. A cyst with
accompanying features of pancreatitis, in the absence of
septations and mural nodules, suggests a pseudocyst[29].
Multiple microcysts (< 3 mm) within a cystic lesion, occasionally with a honeycomb-like appearance in an asymptomatic patient strongly suggests serous cystadenoma.
On the other hand, MCNs are usually cysts with septations of variable thickness, a visible wall and peripheral
calcifications in up to 15% of cases[30]. IPMNs are usually macrocystic-type lesions, occasionally accompanied
by parenchymal changes due to obstruction of the duct,
which communicate with the pancreatic duct (Figure 1).
If this communication can be identified by EUS, it definitely distinguishes IPMNs from MCNs or macrocystic
SCAs, which both do not communicate with the ductal
system[29].

Differentiation between benign and malignant pancreatic
IPMNs
Invasive carcinoma has been reported in 33%-60% of
cases in larger series of resected MD-IPMNs[16,19,32,33]. A
pancreatic main duct > 1 cm in diameter, the presence
of mural nodules and/or symptoms (especially jaundice
and diabetes) are risk factors of invasive cancer[15,16,18,34].
A similar incidence of invasive cancer has been reported
in main duct and mixed-type IPMN[34]. Hence, mixedtype IPMN should be considered as a main duct disease.
Based on the high prevalence of malignancy, all patients
fit for surgery with MD- or mixed type-IPMN should
undergo resection[28].
BD-IPMNs harbor invasive carcinoma in 11%-30%
of cases in large series[19,21,32,35]. The presence of mural
nodules, dilatation of the main pancreatic duct > 6 mm, a
growth rate over 2 mm/year, the presence of symptoms
and elevated serum levels of CA 19-9 are all considered
to be risk factors and indications for resection[36-42]. Cyst
size greater than 3 cm has been shown to be associated
with malignancy in a few studies[17]. However, later studies
showed that cyst size alone was not a predictive factor of
malignancy, since cancer was found in smaller lesions[43,44].
Furthermore, it was reported that even cysts larger than
3cm can be followed safely, as long as there are no other
signs of malignancy[45]. Thus, dimension correlates with
the risk of cancer, but there is no safe lower size limit
that completely excludes malignancy[28].
The above data imply that EUS can differentiate
benign from malignant IPMNs by accurately measuring
the size of the cyst, the diameter of the main pancreatic
duct and by detecting the presence of mural nodules.

Classification into MD-IPMN and BD-IPMN by EUS
The identification of a connection between the cystic lesion and the pancreatic ductal system is suggestive of the
diagnosis of IPMN. This is usually feasible with the use
of EUS, which due to its high resolution and proximity
of the transducer to the pancreas, gives an excellent imaging of the ductal system.
EUS findings in IPMNs include segmental or diffuse,
moderate to marked dilatation of the main pancreatic
duct, often associated with intraductal nodules. Dilatation
of the main pancreatic duct ≥ 1 cm strongly suggests
MD-IPMN. However, according to “the international
consensus guidelines 2012 for the mamagement of
IPMN and mucinous cystic neoplasms of the pancreas”,
the threshold of main duct dilatation has been lowered
to > 5 mm without other causes of obstruction[31]. This
change has increased the sensitivity for diagnosis of MDIMPN without losing specificity.
The presence of a cyst communicating with the pancreatic duct without main duct dilatation or with main
duct diameter < 6 mm suggests BD-IPMN (Figure 2).
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Contrast-enhanced EUS (CE-EUS) detects signals from
microbubbles produced by intravenously administered
contrast agents and filters signals originating from tissues by selectively detecting harmonic components. This
technology can detect signals from microbubbles in
vessels with very slow flow without Doppler-related artifacts and is used to characterize vascularity[55]. Different
second-generation ultrasound contrast agents, designed
and optimized with regard to their resistance to pressure,
have been developed for CE-EUS. They consist of microbubbles which are filled with different chemicals, e.g., sulfur hexafluoride (Sonovue, Bracco United Kingdom Ltd.,
United Kingdom) or galactose (Levovist, Nihon Schering
Co., Ltd., Tokyo, Japan), etc. After intravenous injection of
these agents, vascularity is temporarily enhanced, allowing for better morphological evaluation of lesions[51,55,56].
Kitano et al[55] reported that contrast-enhanced endoscopic sonography was a useful tool for characterising
pancreatic tumors. Using contrast-enhanced EUS, Ohno
et al[51] classified mural nodules of IPMN into four types:
type Ⅰ: low papillary nodule, type Ⅱ: polypoid nodule,
type Ⅲ: papillary nodule, type Ⅳ: invasive nodule. The
diagnosis of IPMNs with type Ⅲ or Ⅳ mural nodule had
a sensitivity of 60%, specificity of 92.9% and accuracy of
75.9% for predicting malignancy. Same authors, by using
contrast-enhanced EUS, also showed that the existence
of mural nodules and involvement of the main pancreatic
duct at initial presentation of patients with BD-IPMNs
were significant predictors of malignant transformation[56].
It is sometimes difficult to precisely evaluate the presence of mural nodules, as they can not be easily distinguised from mucous clots. Contrast-enhanced EUS discriminates mural nodules from mucous clots in IPMNs
by evaluating the vascularity of the protrusions: nodules are vascular, whereas clots are not. A recent study
showed that the sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of contrastenhanced EUS for mural nodule detection were 100%,
80%, 92%, 100% and 94%, respectively[57].

Figure 3 main-duct - intraductal papillary mucinous neoplasms with a
mural nodule. This figure shows a dilated main pancreatic duct (short arrow),
with a mural nodule within the duct (long arrow). This patient was found to have
a main-duct - intraductal papillary mucinous neoplasms with an invasive adenocarcinoma.

In a study done to investigate the value of EUS in differentiating malignant from benign IPMN, 51 patients
with IPMN were preoperatively examined by EUS. The
histopathological findings of the resected specimens
were compared with the endosonographic findings. MDIPMN with MD dilatation ≥ 10 mm, BD-IPMN (greater
than 40 mm) with irregular septa, and large mural nodules (greater than 10 mm) strongly suggested malignancy
on EUS[46].
The presence of mural nodules in patients with
IPMNs was shown to be a strong predictor of malignancy
and may help determine whether the treatment strategy
should be surgical resection or conservative management[20,21,45,47,48]. EUS is the most sensitive imaging modality used to detect mural nodules[29,49-51] (Figure 3). Most
BD-IPMNs without mural nodules on EUS remained
unchanged during long-term follow-up, suggesting that
BD-IPMNs without mural nodules could be managed
conservatively[37,45]. A study from Baba et al[50], comparing
EUS with ultrasound, CT and magnetic resinance cholangiopancreatography (MRCP) concluded that EUS was the
most effective in differentiating between benign IPMNs
from malignant tumors, by assessing the height of protrusion of lesion within the cysts. In a study from Hara
et al[52], using intraductal ultrasonography, 88% of lesions
protruding 4mm or more were malignant. A recent study
from Kim et al[53], showed that BD-IPMNs smaller than 16
mm, without main pancreatic duct dilatation can be safely
followed-up with CT or MRCP, while BD-IPMNs greater
than 16 mm or with main pancreatic duct dilatation need
an initial EUS evaluation for detection of mural nodules.
Recently, Kobayashi et al[54] studied 36 patients with BDIPMN and found that the diameter of the mural nodule
of papillary protrusions and the width diameter reliably
distinguished low-risk from high-risk IPMNs (4.3 mm vs
16.4 mm and 5.7 mm vs 23.2 mm, respectively).

role of EUS-FNA
EUS has the advantage of allowing real-time guidance of
FNA of cystic lesions. This is very important considering
that EUS morphology alone has a diagnostic accuracy
of just 50% in patients with pancreatic cysts[3]. The fluid
obtained by EUS-FNA is mainly used for cytology and
measurement of tumor markers. Cytological specimens
in IPMNs may be characterized by abudant mucin, very
little inflammatory cells, neoplastic cells either single, cohesive or forming papillae and mucinous epithelium[58].
Immunostaining can demonstrate cells positive for mucin
1, mucin 2 or mucin 5AC[7] (Figure 4).
The most important differential diagnosis achieved by
EUS-FNA is the distinction between mucinous (including
IPMNs) and non-mucinous cysts. A recent meta-analysis
demonstrated that EUS with cyst fluid cytology could differentiate between mucinous and non-mucinous lesions

Role of contrast-enhanced EUS in IPMNs
Contrast-enhanced harmonic EUS is often used to examine the microvasculature and perfusion in the pancreas.

WJG|www.wjgnet.com

7788

June 28, 2014|Volume 20|Issue 24|

Efthymiou A et al . Pancreatic intraductal papillary mucinous neoplasms

of K-ras mutation was found helpful in the diagnosis of
mucinous cysts with a specificity of 96%[69]. Detection
of K-ras mutations supports a mucinous rather than
malignant cyst. Recent studies indicated that Guanine
nucleotide binding protein (G protein), alpha stimulating
activity polypeptide 1 mutations (GNAS mutations) may
be helpful in distinguishing mucinous cysts from indolent
cysts that can be managed conservatively. GNAS mutations of codon 201 which are unique to IPMNs have
been detected in more than 60% of IPMNs[70,71]. DNA
analysis, therefore accurately identifies mucinous cysts,
including IPMNs.
In summary, EUS-FNA has its limitations in identifying IPMNs, but by combining cytology, measurement of
tumor markers and perhaps DNA analysis where possible, it can definitely aid in the diagnosis of these tumors.
Cytology and measurement of CEA must always be performed in the fluid of a pancreatic cyst, while DNA analysis is still experimental and not widely available. Cystic
fluid analysis alone is not usually adequate for identifying
IPMNs. It’s results should always be interpreted in conjunction with clinical information and EUS morhologic
findings.

Figure 4 fine-needle aspiration of a branch-duct intraductal papillary
mucinous neoplasms. Material obtained was mucinous (Papanikolaou staining) with low cellularity. Mucinous cells did not demonstrate nuclear atypia and
expressed MUC5AC, but not MUC1 or MUC2 on immunostaining, findings consistent with a benign branch-duct intraductal papillary mucinous neoplasms.

with a sensitivity of 54% and specificity of 93%[59], while
fluid’s CEA sensitivity was 63% and specificity 88%[59].
A cut-off of ≥ 192-200 ng/ml is approximately
80% accurate for the diagnosis of a mucinous cyst[31,60,61].
However, a low CEA level does not exclude a mucinous
cyst. Cyst fluid amylase is not uniformly elevated in
IPMN, and MCN may also exhibit elevated amylase levels[61]. Serous cysts typically have low levels of both CEA
and amylase, while pseudocysts have amylase levels > 250
U/L, but low CEA levels[28]. In our experience it is difficult to differentiate between IPMNs and pseudocysts by
cyst fluid markers alone, since there is an overlap between
values of amylase and CEA levels in these two entities.
Fernández-Esparrach et al[62], demonstrated that EUSFNA had a sensitivity of 82%, a specificity of 100%,
positive predictive value of 100%, negative predictive value of 92% and accuracy of 94% in diagnosing IPMNs.
Although cytology can be helpful in the diagnosis of
IPMNs, its sensitivity is limited in many studies by the
scant cellularity of the specimen[60,63,64]. In a recent study
from Lim et al[65], 132 patients with cystic pancreatic lesions underwent EUS-FNA. Pseudocysts and IPMNs
were the predominant lesions in the cohort and cytologic
yield was 47%. However, when a solid component was
present in the cyst, doing more than one pass increased
the diagnostic yield from 44% to 78%.
Cyst fluid analysis can also help in identifying malignancy in IPMNs. In a study from Pais et al[66], the sensitivity, specificity and accuracy of EUS-FNA for the diagnosis of malignancy in IPMNs were 75%, 91%, and 86%,
respectively, while the level of CEA was of limited value.
Similarly, a recent study from Kucera et al[67], showed that
CEA level of cyst fluid is a poor predictor of malignancy
within an IPMN. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of
a cyst fluid CEA concentration greater than 200 ng/ml
for the diagnosis of malignant IPMN was 52.4%, 42.3%,
42.3%, 52.4% and 46.8%, respectively, in the above study.
In cases of small sample size, DNA analysis may be
possible and looks promising[68]. Recently, the presence
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Intraductal ultrasonography
Intraductal ultrasonography (IDUS) has higher resolution
than EUS due to the higher ultrasound frequency. The
probes that are used have a small size (5-10 Fr) and their
scanning frequencies are between 12 and 30 MHz. After
being inserted into the duct, either by free cannulation
or over a guidewire, during standard ERCP, these probes
give an image of the pancreatic duct with one or three
layers[72]. IDUS has been reported as a reliable tool for a
more detailed evaluation of pancreatic tumors, especially
IPMNs[73,74]. Hara et al[52] reported that the combination of peroral pancreatoscopy and IDUS resulted in a
considerably improved differential diagnosis between
malignant and benign IPMN. Yamao et al[75] reported that
the combination of EUS and intraductal ultrasonography showed great accuracy in the diagnosis of invasive
IPMN. IDUS was also found to be useful in preoperative
localization and prediction of extension of IPMN[72].
Kobayashi et al[76] performed IDUS in 24 patients with
BD-IPMN and detected lateral spread of these tumors in
54% of cases. In this group of patients, the main pancreatic duct had a diameter of more than 6 mm. However,
there is an inverse relationship between high ultrasound
frequency and depth of penetration, which means that
these probes have limited utility in the detection of lesions more than a few millimetres away from the pancreatic duct[24]. Preoperative IDUS may therefore be beneficial for the determination of resection line in IPMNs.
In summary, IDUS is helpful in differentiating malignant and invasive IPMNs from benign ones and also in
determining the extent of surgical resection. However,
it is a more invasive and less available procedure than
standard EUS which can only be performed in tertiary
centres and not in routine clinical practice.
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Future EUS developments
5

Existing tumor markers in the cyst fluid have limited
value in the diagnosis of IPMNs and more sensitive biomarkers need to be identified. Proteomics and molecular
analysis are new techniques that may be helpful in the
differential diagnosis of pancreatic cysts and thus, the
identification of IPMNs[77].
In vivo real-time imaging can be performed using confocal laser endomicroscopy. This thechnology involves
the EUS-guided placement of a miniprobe through
a 22G needle inside lesions located near the digestive
tract[78]. It is possible that EUS-guided confocal laser endomicroscopy might be practised soon and possibly aid
in the diagnosis of IPMNs by giving in vivo histologic images of the pancreatic cysts.
Surgical resection is the treatment of choice when
IPMNs meet the criteria mentioned earlier. However,
recent studies showed that pancreatic cyst ablation with
ethanol or ethanol followed by paclitaxel is feasible[79-81].
Studies included patients with IPMNs, but they generally
had a short follow-up of patients for documentaion of
cyst resolution. Therefore, EUS-guided ablation is currently experimental and should be used only in patients
who refuse surgery or are high-risk surgical candidates[82].
Further prospective studies with longer follow-up are
necessary.

6

7

8
9

10

11

CONCLUSION
IPMNs represent an increasingly common diagnostic and
therapeutic challenge. Once a pancreatic cyst is detected,
usually by other imaging modalities, EUS will greatly
help in the differential diagnosis. It can accurately classify IPMNs into MD-IPMNs, BD-IPMNs or mixedtype tumors and also identify features highly indicative
of malignancy. The use of contrast can also point out
malignant features, such as mural nodules, and EUS-FNA
can give further information by providing fluid for cytology, tumor markers and possibly DNA analysis. IDUS, if
available, is useful in the evaluation of IPMNs, allowing
accurate localization and prediction of extension. Therefore, EUS is a valuable tool in the diagnosis and further
management of these intriguing cystic tumors of the
pancreas.

12

13
14

15

16

REFERENCES
1
2

3

4

Ohashi K, Murakami Y, Takekoshi T. Four cases of mucin
producing cancer of the pancreas on specific findings of the
papilla of Vater. Prof Dig Endosc 1982; 20: 348-351
Kloppel G, Solcia E, Longnecker DS, Capella C, Sobin LH.
World Health Organization international histologic typing
of tumors of the exocrine pancreas. In: Classifications of tumors. Berlin, Germany: Springer, 1996: 11-20
Brugge WR, Lauwers GY, Sahani D, Fernandez-del Castillo
C, Warshaw AL. Cystic neoplasms of the pancreas. N Engl
J Med 2004; 351: 1218-1226 [PMID: 15371579 DOI: 10.1056/
NEJMra031623]
Yoon WJ, Lee JK, Lee KH, Ryu JK, Kim YT, Yoon YB. Cystic
neoplasms of the exocrine pancreas: an update of a nation-

WJG|www.wjgnet.com

17

18

7790

wide survey in Korea. Pancreas 2008; 37: 254-258 [PMID:
18815545 DOI: 10.1097/MPA.0b013e3181676ba4]
Pedrosa I, Boparai D. Imaging considerations in intraductal
papillary mucinous neoplasms of the pancreas. World J Gastrointest Surg 2010; 2: 324-330 [PMID: 21160838 DOI: 10.4240/
wjgs.v2.i10.324]
Salvia R, Crippa S, Partelli S, Armatura G, Malleo G, Paini
M, Pea A, Bassi C. Differences between main-duct and
branch-duct intraductal papillary mucinous neoplasms of
the pancreas. World J Gastrointest Surg 2010; 2: 342-346 [PMID:
21160841 DOI: 10.4240/wjgs.v2.i10.342]
Grützmann R, Niedergethmann M, Pilarsky C, Klöppel G,
Saeger HD. Intraductal papillary mucinous tumors of the
pancreas: biology, diagnosis, and treatment. Oncologist 2010;
15: 1294-1309 [PMID: 21147870 DOI: 10.1634/theoncologist.2010-0151]
Brugge WR. The role of EUS in the diagnosis of cystic lesions of the pancreas. Gastrointest Endosc 2000; 52: S18-S22
[PMID: 11115943 DOI: 10.1067/mge.2000.110720]
Kosmahl M, Pauser U, Peters K, Sipos B, Lüttges J, Kremer B,
Klöppel G. Cystic neoplasms of the pancreas and tumor-like
lesions with cystic features: a review of 418 cases and a classification proposal. Virchows Arch 2004; 445: 168-178 [PMID:
15185076 DOI: 10.1007/s00428-004-1043-z]
Allen PJ, D’Angelica M, Gonen M, Jaques DP, Coit DG, Jarnagin WR, DeMatteo R, Fong Y, Blumgart LH, Brennan MF.
A selective approach to the resection of cystic lesions of the
pancreas: results from 539 consecutive patients. Ann Surg
2006; 244: 572-582 [PMID: 16998366]
Lee CJ, Scheiman J, Anderson MA, Hines OJ, Reber HA,
Farrell J, Kochman ML, Foley PJ, Drebin J, Oh YS, Ginsberg
G, Ahmad N, Merchant NB, Isbell J, Parikh AA, Stokes JB,
Bauer T, Adams RB, Simeone DM. Risk of malignancy in
resected cystic tumors of the pancreas & lt; or =3 cm in size:
is it safe to observe asymptomatic patients? A multi-institutional report. J Gastrointest Surg 2008; 12: 234-242 [PMID:
18040749 DOI: 10.1007/s11605-007-0381-y]
Laffan TA, Horton KM, Klein AP, Berlanstein B, Siegelman
SS, Kawamoto S, Johnson PT, Fishman EK, Hruban RH.
Prevalence of unsuspected pancreatic cysts on MDCT. AJR
Am J Roentgenol 2008; 191: 802-807 [PMID: 18716113 DOI:
10.2214/AJR.07.3340]
Farrell JJ, Brugge WR. Intraductal papillary mucinous tumor
of the pancreas. Gastrointest Endosc 2002; 55: 701-714 [PMID:
11979253]
Azar C, Van de Stadt J, Rickaert F, Devière M, Baize M,
Klöppel G, Gelin M, Cremer M. Intraductal papillary mucinous tumours of the pancreas. Clinical and therapeutic
issues in 32 patients. Gut 1996; 39: 457-464 [PMID: 8949654
DOI: 10.1136/gut.39.3.457]
Sohn TA, Yeo CJ, Cameron JL, Hruban RH, Fukushima N,
Campbell KA, Lillemoe KD. Intraductal papillary mucinous
neoplasms of the pancreas: an updated experience. Ann Surg
2004; 239: 788-97; discussion 797-9 [PMID: 15166958 DOI:
10.1097/01.sla.0000128306.90650.aa]
Salvia R, Fernández-del Castillo C, Bassi C, Thayer SP, Falconi M, Mantovani W, Pederzoli P, Warshaw AL. Main-duct
intraductal papillary mucinous neoplasms of the pancreas:
clinical predictors of malignancy and long-term survival following resection. Ann Surg 2004; 239: 678-85; discussion 685-7
[PMID: 15082972 DOI: 10.1097/01.sla.0000124386.54496.15]
Tanaka M, Chari S, Adsay V, Fernandez-del Castillo C,
Falconi M, Shimizu M, Yamaguchi K, Yamao K, Matsuno
S. International consensus guidelines for management of
intraductal papillary mucinous neoplasms and mucinous
cystic neoplasms of the pancreas. Pancreatology 2006; 6: 17-32
[PMID: 16327281 DOI: 10.1159/000090023]
Schnelldorfer T, Sarr MG, Nagorney DM, Zhang L, Smyrk
TC, Qin R, Chari ST, Farnell MB. Experience with 208 resections for intraductal papillary mucinous neoplasm of the

June 28, 2014|Volume 20|Issue 24|

Efthymiou A et al . Pancreatic intraductal papillary mucinous neoplasms

19

20

21

22
23

24

25

26

27

28

29

30

31

pancreas. Arch Surg 2008; 143: 639-46; discussion 646 [PMID:
18645105 DOI: 10.1001/archsurg.143.7.639]
Schmidt CM, White PB, Waters JA, Yiannoutsos CT, Cummings OW, Baker M, Howard TJ, Zyromski NJ, Nakeeb A,
DeWitt JM, Akisik FM, Sherman S, Pitt HA, Lillemoe KD.
Intraductal papillary mucinous neoplasms: predictors of malignant and invasive pathology. Ann Surg 2007; 246: 644-51;
discussion 651-4 [PMID: 17893501]
Salvia R, Crippa S, Falconi M, Bassi C, Guarise A, Scarpa
A, Pederzoli P. Branch-duct intraductal papillary mucinous
neoplasms of the pancreas: to operate or not to operate?
Gut 2007; 56: 1086-1090 [PMID: 17127707 DOI: 10.1136/
gut.2006.100628]
Rodriguez JR, Salvia R, Crippa S, Warshaw AL, Bassi C, Falconi M, Thayer SP, Lauwers GY, Capelli P, Mino-Kenudson
M, Razo O, McGrath D, Pederzoli P, Fernández-Del Castillo
C. Branch-duct intraductal papillary mucinous neoplasms:
observations in 145 patients who underwent resection. Gastroenterology 2007; 133: 72-9; quiz 309-10 [PMID: 17631133
DOI: 10.1053/j.gastro.2007.05.010]
Tanaka M. Intraductal papillary mucinous neoplasm of the
pancreas: diagnosis and treatment. Pancreas 2004; 28: 282-288
[PMID: 15084972 DOI: 10.1097/00006676-200404000-00013]
Sugiyama M, Atomi Y. Extrapancreatic neoplasms occur
with unusual frequency in patients with intraductal papillary mucinous tumors of the pancreas. Am J Gastroenterol
1999; 94: 470-473 [PMID: 10022648 DOI: 10.1111/j.15720241.1999.879_h.x]
Petrone MC, Arcidiacono PG. Role of endosocopic ultrasound in the diagnosis of cystic tumours of the pancreas. Dig
Liver Dis 2008; 40: 847-853 [PMID: 18499542 DOI: 10.1016/
j.dld.2008.03.019]
Berland LL. The American College of Radiology strategy
for managing incidental findings on abdominal computed
tomography. Radiol Clin North Am 2011; 49: 237-243 [PMID:
21333775 DOI: 10.1016/j.rcl.2010.10.003]
Lee KS, Sekhar A, Rofsky NM, Pedrosa I. Prevalence of incidental pancreatic cysts in the adult population on MR imaging. Am J Gastroenterol 2010; 105: 2079-2084 [PMID: 20354507
DOI: 10.1038/ajg.2010.122]
Girometti R, Intini S, Brondani G, Como G, Londero F,
Bresadola F, Zuiani C, Bazzocchi M. Incidental pancreatic
cysts on 3D turbo spin echo magnetic resonance cholangiopancreatography: prevalence and relation with clinical and
imaging features. Abdom Imaging 2011; 36: 196-205 [PMID:
20473669 DOI: 10.1007/s00261-010-9618-4]
Del Chiaro M, Verbeke C, Salvia R, Klöppel G, Werner J,
McKay C, Friess H, Manfredi R, Van Cutsem E, Löhr M,
Segersvärd R. European experts consensus statement on cystic tumours of the pancreas. Dig Liver Dis 2013; 45: 703-711
[PMID: 23415799 DOI: 10.1016/j.dld.2013.01.010]
Lim LG, Itoi T, Lim WC, Mesenas SJ, Seo DW, Tan J, Wang
HP, Akaraviputh T, Lakhtakia S, Omar S, Rantachu T, Sachitanandan S, Yasuda K, Varadarajulu S, Wong J, Dhir V,
Ho KY. Current status on the diagnosis and management of
pancreatic cysts in the Asia-Pacific region: role of endoscopic
ultrasound. J Gastroenterol Hepatol 2011; 26: 1702-1708 [PMID:
21871024 DOI: 10.1111/j.1440-1746.2011.06884.x]
Sarr MG, Carpenter HA, Prabhakar LP, Orchard TF, Hughes
S, van Heerden JA, DiMagno EP. Clinical and pathologic
correlation of 84 mucinous cystic neoplasms of the pancreas:
can one reliably differentiate benign from malignant (or premalignant) neoplasms? Ann Surg 2000; 231: 205-212 [PMID:
10674612 DOI: 10.1097/00000658-200002000-00009]
Tanaka M, Fernández-del Castillo C, Adsay V, Chari S,
Falconi M, Jang JY, Kimura W, Levy P, Pitman MB, Schmidt
CM, Shimizu M, Wolfgang CL, Yamaguchi K, Yamao K.
International consensus guidelines 2012 for the management
of IPMN and MCN of the pancreas. Pancreatology 2012; 12:
183-197 [PMID: 22687371 DOI: 10.1016/j.pan.2012.04.004]

WJG|www.wjgnet.com

32

33

34

35

36

37

38

39

40

41

42

43

7791

Crippa S, Fernández-Del Castillo C, Salvia R, Finkelstein D,
Bassi C, Domínguez I, Muzikansky A, Thayer SP, Falconi
M, Mino-Kenudson M, Capelli P, Lauwers GY, Partelli S,
Pederzoli P, Warshaw AL. Mucin-producing neoplasms of
the pancreas: an analysis of distinguishing clinical and epidemiologic characteristics. Clin Gastroenterol Hepatol 2010; 8:
213-219 [PMID: 19835989 DOI: 10.1016/j.cgh.2009.10.001]
Kim SC, Park KT, Lee YJ, Lee SS, Seo DW, Lee SK, Kim MH,
Jang SJ, Byun JH, Han DJ. Intraductal papillary mucinous
neoplasm of the pancreas: clinical characteristics and treatment outcomes of 118 consecutive patients from a single
center. J Hepatobiliary Pancreat Surg 2008; 15: 183-188 [PMID:
18392712 DOI: 10.1007/s00534-007-1231-8]
Crippa S, Partelli S, Falconi M. Extent of surgical resections for intraductal papillary mucinous neoplasms. World
J Gastrointest Surg 2010; 2: 347-351 [PMID: 21160842 DOI:
10.4240/wjgs.v2.i10.347]
Kanno A, Satoh K, Hirota M, Hamada S, Umino J, Itoh H,
Masamune A, Asakura T, Shimosegawa T. Prediction of
invasive carcinoma in branch type intraductal papillary mucinous neoplasms of the pancreas. J Gastroenterol 2010; 45:
952-959 [PMID: 20383536 DOI: 10.1007/s00535-010-0238-0]
Akita H, Takeda Y, Hoshino H, Wada H, Kobayashi S,
Marubashi S, Eguchi H, Tanemura M, Mori M, Doki Y,
Nagano H. Mural nodule in branch duct-type intraductal
papillary mucinous neoplasms of the pancreas is a marker
of malignant transformation and indication for surgery. Am
J Surg 2011; 202: 214-219 [PMID: 21376305 DOI: 10.1016/
j.amjsurg.2010.06.020]
Maguchi H, Tanno S, Mizuno N, Hanada K, Kobayashi
G, Hatori T, Sadakari Y, Yamaguchi T, Tobita K, Doi R,
Yanagisawa A, Tanaka M. Natural history of branch duct
intraductal papillary mucinous neoplasms of the pancreas: a
multicenter study in Japan. Pancreas 2011; 40: 364-370 [PMID:
21289527 DOI: 10.1097/MPA.0b013e31820a5975]
Pelaez-Luna M, Chari ST, Smyrk TC, Takahashi N, Clain
JE, Levy MJ, Pearson RK, Petersen BT, Topazian MD, Vege
SS, Kendrick M, Farnell MB. Do consensus indications for
resection in branch duct intraductal papillary mucinous
neoplasm predict malignancy? A study of 147 patients. Am
J Gastroenterol 2007; 102: 1759-1764 [PMID: 17686073 DOI:
10.1111/j.1572-0241.2007.01224.x]
Shin SH, Han DJ, Park KT, Kim YH, Park JB, Kim SC. Validating a simple scoring system to predict malignancy and
invasiveness of intraductal papillary mucinous neoplasms of
the pancreas. World J Surg 2010; 34: 776-783 [PMID: 20127242
DOI: 10.1007/s00268-010-0416-5]
Kang MJ, Jang JY, Kim SJ, Lee KB, Ryu JK, Kim YT, Yoon
YB, Kim SW. Cyst growth rate predicts malignancy in patients with branch duct intraductal papillary mucinous
neoplasms. Clin Gastroenterol Hepatol 2011; 9: 87-93 [PMID:
20851216 DOI: 10.1016/j.cgh.2010.09.008]
Rautou PE, Lévy P, Vullierme MP, O’Toole D, Couvelard A,
Cazals-Hatem D, Palazzo L, Aubert A, Sauvanet A, Hammel
P, Hentic O, Rebours V, Pelletier AL, Maire F, Ruszniewski
P. Morphologic changes in branch duct intraductal papillary mucinous neoplasms of the pancreas: a midterm followup study. Clin Gastroenterol Hepatol 2008; 6: 807-814 [PMID:
18304885 DOI: 10.1016/j.cgh.2007.12.021]
Matthaei H, Norris AL, Tsiatis AC, Olino K, Hong SM, dal
Molin M, Goggins MG, Canto M, Horton KM, Jackson KD,
Capelli P, Zamboni G, Bortesi L, Furukawa T, Egawa S,
Ishida M, Ottomo S, Unno M, Motoi F, Wolfgang CL, Edil
BH, Cameron JL, Eshleman JR, Schulick RD, Maitra A, Hruban RH. Clinicopathological characteristics and molecular
analyses of multifocal intraductal papillary mucinous neoplasms of the pancreas. Ann Surg 2012; 255: 326-333 [PMID:
22167000 DOI: 10.1097/SLA.0b013e3182378a18]
Walsh RM, Vogt DP, Henderson JM, Hirose K, Mason T,
Bencsath K, Hammel J, Brown N. Management of suspected

June 28, 2014|Volume 20|Issue 24|

Efthymiou A et al . Pancreatic intraductal papillary mucinous neoplasms

44

45

46

47

48

49

50

51

52

53

54

55

pancreatic cystic neoplasms based on cyst size. Surgery 2008;
144: 677-84; discussion 684-5 [PMID: 18847654 DOI: 10.1016/
j.surg.2008.06.013]
Weinberg BM, Spiegel BM, Tomlinson JS, Farrell JJ. Asymptomatic pancreatic cystic neoplasms: maximizing survival
and quality of life using Markov-based clinical nomograms.
Gastroenterology 2010; 138: 531-540 [PMID: 19818780 DOI:
10.1053/j.gastro.2009.10.001]
Tanno S, Nakano Y, Nishikawa T, Nakamura K, Sasajima J,
Minoguchi M, Mizukami Y, Yanagawa N, Fujii T, Obara T,
Okumura T, Kohgo Y. Natural history of branch duct intraductal papillary-mucinous neoplasms of the pancreas without mural nodules: long-term follow-up results. Gut 2008;
57: 339-343 [PMID: 17660227 DOI: 10.1136/gut.2007.129684]
Kubo H, Chijiiwa Y, Akahoshi K, Hamada S, Harada N,
Sumii T, Takashima M, Nawata H. Intraductal papillarymucinous tumors of the pancreas: differential diagnosis
between benign and malignant tumors by endoscopic ultrasonography. Am J Gastroenterol 2001; 96: 1429-1434 [PMID:
11374678 DOI: 10.1111/j.1572-0241.2001.03794.x]
Sugiyama M, Izumisato Y, Abe N, Masaki T, Mori T, Atomi
Y. Predictive factors for malignancy in intraductal papillarymucinous tumours of the pancreas. Br J Surg 2003; 90:
1244-1249 [PMID: 14515294 DOI: 10.1002/bjs.4265]
Hwang DW, Jang JY, Lee SE, Lim CS, Lee KU, Kim SW.
Clinicopathologic analysis of surgically proven intraductal
papillary mucinous neoplasms of the pancreas in SNUH:
a 15-year experience at a single academic institution. Langenbecks Arch Surg 2012; 397: 93-102 [PMID: 20640860 DOI:
10.1007/s00423-010-0674-6]
Kobayashi G, Fujita N, Noda Y, Ito K, Horaguchi J, Takasawa O, Akaishi S, Tsuchiya T, Kobari M. Mode of progression of intraductal papillary-mucinous tumor of the
pancreas: analysis of patients with follow-up by EUS. J Gastroenterol 2005; 40: 744-751 [PMID: 16082592 DOI: 10.1007/
s00535-005-1619-7]
Baba T, Yamaguchi T, Ishihara T, Kobayashi A, Oshima T,
Sakaue N, Kato K, Ebara M, Saisho H. Distinguishing benign from malignant intraductal papillary mucinous tumors
of the pancreas by imaging techniques. Pancreas 2004; 29:
212-217 [PMID: 15367887 DOI: 10.1097/00006676-20041000000006]
Ohno E, Hirooka Y, Itoh A, Ishigami M, Katano Y, Ohmiya N,
Niwa Y, Goto H. Intraductal papillary mucinous neoplasms
of the pancreas: differentiation of malignant and benign tumors by endoscopic ultrasound findings of mural nodules.
Ann Surg 2009; 249: 628-634 [PMID: 19300203 DOI: 10.1097/
SLA.0b013e3181a189a8]
Hara T, Yamaguchi T, Ishihara T, Tsuyuguchi T, Kondo
F, Kato K, Asano T, Saisho H. Diagnosis and patient management of intraductal papillary-mucinous tumor of the
pancreas by using peroral pancreatoscopy and intraductal
ultrasonography. Gastroenterology 2002; 122: 34-43 [PMID:
11781278 DOI: 10.1053/gast.2002.30337]
Kim YI, Woo SM, Lee WJ, Han SS, Park SJ, Kim TH, Koh
YH, Hong EK. Appropriate indications of initial endoscopic
ultrasound evaluation for detecting mural nodules in branch
duct intraductal papillary mucinous neoplasms of the pancreas. Scand J Gastroenterol 2013; 48: 610-616 [PMID: 23597152
DOI: 10.3109/00365521.2013.782065]
Kobayashi N, Sugimori K, Shimamura T, Hosono K, Watanabe S, Kato S, Ueda M, Endo I, Inayama Y, Maeda S, Nakajima A, Kubota K. Endoscopic ultrasonographic findings
predict the risk of carcinoma in branch duct intraductal
papillary mucinous neoplasms of the pancreas. Pancreatology 2012; 12: 141-145 [PMID: 22487524 DOI: 10.1016/
j.pan.2011.12.008]
Kitano M, Sakamoto H, Matsui U, Ito Y, Maekawa K, von
Schrenck T, Kudo M. A novel perfusion imaging technique
of the pancreas: contrast-enhanced harmonic EUS (with

WJG|www.wjgnet.com

56

57

58

59

60

61

62

63

64

65

66

67

7792

video). Gastrointest Endosc 2008; 67: 141-150 [PMID: 18155437
DOI: 10.1016/j.gie.2007.07.045]
Ohno E, Itoh A, Kawashima H, Ishikawa T, Matsubara
H, Itoh Y, Nakamura Y, Hiramatsu T, Nakamura M, Miyahara R, Ohmiya N, Ishigami M, Katano Y, Goto H, Hirooka Y. Malignant transformation of branch duct-type
intraductal papillary mucinous neoplasms of the pancreas
based on contrast-enhanced endoscopic ultrasonography
morphological changes: focus on malignant transformation of intraductal papillary mucinous neoplasm itself.
Pancreas 2012; 41: 855-862 [PMID: 22481289 DOI: 10.1097/
MPA.0b013e3182480c44]
Yamashita Y, Ueda K, Itonaga M, Yoshida T, Maeda H,
Maekita T, Iguchi M, Tamai H, Ichinose M, Kato J. Usefulness of contrast-enhanced endoscopic sonography for discriminating mural nodules from mucous clots in intraductal
papillary mucinous neoplasms: a single-center prospective
study. J Ultrasound Med 2013; 32: 61-68 [PMID: 23269711]
Salla C, Chatzipantelis P, Konstantinou P, Karoumpalis
I, Sakellariou S, Pantazopoulou A, Manika Z. Endoscopic
ultrasound-guided fine-needle aspiration cytology in the
diagnosis of intraductal papillary mucinous neoplasms of
the pancreas. A study of 8 cases. JOP 2007; 8: 715-724 [PMID:
17993724]
Thornton GD, McPhail MJ, Nayagam S, Hewitt MJ, Vlavianos P, Monahan KJ. Endoscopic ultrasound guided fine
needle aspiration for the diagnosis of pancreatic cystic neoplasms: a meta-analysis. Pancreatology 2013; 13: 48-57 [PMID:
23395570 DOI: 10.1016/j.pan.2012.11.313]
Brugge WR, Lewandrowski K, Lee-Lewandrowski E,
Centeno BA, Szydlo T, Regan S, del Castillo CF, Warshaw
AL. Diagnosis of pancreatic cystic neoplasms: a report
of the cooperative pancreatic cyst study. Gastroenterology 2004; 126: 1330-1336 [PMID: 15131794 DOI: 10.1053/
j.gastro.2004.02.013]
Park WG, Mascarenhas R, Palaez-Luna M, Smyrk TC, O’
Kane D, Clain JE, Levy MJ, Pearson RK, Petersen BT, Topazian MD, Vege SS, Chari ST. Diagnostic performance of cyst
fluid carcinoembryonic antigen and amylase in histologically
confirmed pancreatic cysts. Pancreas 2011; 40: 42-45 [PMID:
20966811 DOI: 10.1097/MPA.0b013e3181f69f36]
Fernández-Esparrach G, Pellisé M, Solé M, Soria MT, Miquel
R, Mata A, Llach J, Bordas JM, Ginès A. EUS FNA in intraductal papillary mucinous tumors of the pancreas. Hepatogastroenterology 2007; 54: 260-264 [PMID: 17419273]
Centeno BA, Warshaw AL, Mayo-Smith W, Southern
JF, Lewandrowski K. Cytologic diagnosis of pancreatic
cystic lesions. A prospective study of 28 percutaneous aspirates. Acta Cytol 1997; 41: 972-980 [PMID: 9250287 DOI:
10.1159/000332775]
de Jong K, Bruno MJ, Fockens P. Epidemiology, diagnosis,
and management of cystic lesions of the pancreas. Gastroenterol Res Pract 2012; 2012: 147465 [PMID: 22007199 DOI:
10.1155/2012/147465]
Lim LG, Lakhtakia S, Ang TL, Vu CK, Dy F, Chong VH,
Khor CJ, Lim WC, Doshi BK, Varadarajulu S, Yasuda K,
Wong JY, Chan YH, Nga ME, Ho KY. Factors determining diagnostic yield of endoscopic ultrasound guided fineneedle aspiration for pancreatic cystic lesions: a multicentre
Asian study. Dig Dis Sci 2013; 58: 1751-1757 [PMID: 23314918
DOI: 10.1007/s10620-012-2528-2]
Pais SA, Attasaranya S, Leblanc JK, Sherman S, Schmidt CM,
DeWitt J. Role of endoscopic ultrasound in the diagnosis of
intraductal papillary mucinous neoplasms: correlation with
surgical histopathology. Clin Gastroenterol Hepatol 2007; 5:
489-495 [PMID: 17350894 DOI: 10.1016/j.cgh.2006.12.007]
Kucera S, Centeno BA, Springett G, Malafa MP, Chen
YA, Weber J, Klapman J. Cyst fluid carcinoembryonic
antigen level is not predictive of invasive cancer in patients with intraductal papillary mucinous neoplasm of

June 28, 2014|Volume 20|Issue 24|

Efthymiou A et al . Pancreatic intraductal papillary mucinous neoplasms

68

69

70

71

72
73

74

the pancreas. JOP 2012; 13: 409-413 [PMID: 22797397 DOI:
10.6092/1590-8577/664]
Shen J, Brugge WR, Dimaio CJ, Pitman MB. Molecular analysis of pancreatic cyst fluid: a comparative analysis with current practice of diagnosis. Cancer 2009; 117: 217-227 [PMID:
19415731 DOI: 10.1002/cncy.20027]
Khalid A, Zahid M, Finkelstein SD, LeBlanc JK, Kaushik N,
Ahmad N, Brugge WR, Edmundowicz SA, Hawes RH, McGrath KM. Pancreatic cyst fluid DNA analysis in evaluating
pancreatic cysts: a report of the PANDA study. Gastrointest
Endosc 2009; 69: 1095-1102 [PMID: 19152896 DOI: 10.1016/
j.gie.2008.07.033]
Wu J, Jiao Y, Dal Molin M, Maitra A, de Wilde RF, Wood
LD, Eshleman JR, Goggins MG, Wolfgang CL, Canto MI,
Schulick RD, Edil BH, Choti MA, Adsay V, Klimstra DS,
Offerhaus GJ, Klein AP, Kopelovich L, Carter H, Karchin
R, Allen PJ, Schmidt CM, Naito Y, Diaz LA, Kinzler KW,
Papadopoulos N, Hruban RH, Vogelstein B. Whole-exome
sequencing of neoplastic cysts of the pancreas reveals recurrent mutations in components of ubiquitin-dependent pathways. Proc Natl Acad Sci USA 2011; 108: 21188-21193 [PMID:
22158988 DOI: 10.1073/pnas.1118046108]
Wu J, Matthaei H, Maitra A, Dal Molin M, Wood LD, Eshleman JR, Goggins M, Canto MI, Schulick RD, Edil BH, Wolfgang CL, Klein AP, Diaz LA, Allen PJ, Schmidt CM, Kinzler
KW, Papadopoulos N, Hruban RH, Vogelstein B. Recurrent
GNAS mutations define an unexpected pathway for pancreatic cyst development. Sci Transl Med 2011; 3: 92ra66 [PMID:
21775669 DOI: 10.1126/scitranslmed.3002543]
Soweid A, Azar C, Labban B. Endosonographic evaluation
of intraductal papillary mucinous tumors of the pancreas.
JOP 2004; 5: 258-265 [PMID: 15254360]
Furukawa T, Oohashi K, Yamao K, Naitoh Y, Hirooka Y,
Taki T, Itoh A, Hayakawa S, Watanabe Y, Goto H, Hayakawa T. Intraductal ultrasonography of the pancreas: development and clinical potential. Endoscopy 1997; 29: 561-569
[PMID: 9342572 DOI: 10.1055/s-2007-1004259]
Yamao K, Ohashi K, Furukawa T, Nakamura T, Suzuki T,
Kanemaki N, Nakamura Y, Teramoto S. [Progress in the instrument used for diagnosis of obstructive jaundice. 1) Ultrasonic endoscope]. Nihon Naika Gakkai Zasshi 1997; 86: 582-587

75

76

77

78

79

80

81

82

[PMID: 9198648]
Yamao K, Ohashi K, Nakamura T, Suzuki T, Watanabe Y,
Shimizu Y, Nakamura Y, Ozden I. Evaluation of various
imaging methods in the differential diagnosis of intraductal
papillary-mucinous tumor (IPMT) of the pancreas. Hepatogastroenterology 2001; 48: 962-966 [PMID: 11490849]
Kobayashi G, Fujita N, Noda Y, Ito K, Horaguchi J, Obana T,
Koshida S, Kanno Y, Yamashita Y, Kato Y, Ogawa T, Sawai T.
Lateral spread along the main pancreatic duct in branch-duct
intraductal papillary-mucinous neoplasms of the pancreas:
usefulness of intraductal ultrasonography for its evaluation.
Dig Endosc 2011; 23: 62-68 [PMID: 21198919 DOI: 10.1111/
j.1443-1661.2010.01063.x]
Ke E, Patel BB, Liu T, Li XM, Haluszka O, Hoffman JP, Ehya
H, Young NA, Watson JC, Weinberg DS, Nguyen MT, Cohen SJ, Meropol NJ, Litwin S, Tokar JL, Yeung AT. Proteomic
analyses of pancreatic cyst fluids. Pancreas 2009; 38: e33-e42
[PMID: 19136908 DOI: 10.1097/MPA.0b013e318193a08f]
Becker V, Wallace MB, Fockens P, von Delius S, Woodward
TA, Raimondo M, Voermans RP, Meining A. Needle-based
confocal endomicroscopy for in vivo histology of intraabdominal organs: first results in a porcine model (with videos). Gastrointest Endosc 2010; 71: 1260-1266 [PMID: 20421104
DOI: 10.1016/j.gie.2010.01.010]
DeWitt J, DiMaio CJ, Brugge WR. Long-term follow-up of
pancreatic cysts that resolve radiologically after EUS-guided
ethanol ablation. Gastrointest Endosc 2010; 72: 862-866 [PMID:
20883866 DOI: 10.1016/j.gie.2010.02.039]
DeWitt J, McGreevy K, Schmidt CM, Brugge WR. EUSguided ethanol versus saline solution lavage for pancreatic cysts: a randomized, double-blind study. Gastrointest
Endosc 2009; 70: 710-723 [PMID: 19577745 DOI: 10.1016/
j.gie.2009.03.1173]
DiMaio CJ, DeWitt JM, Brugge WR. Ablation of pancreatic
cystic lesions: the use of multiple endoscopic ultrasoundguided ethanol lavage sessions. Pancreas 2011; 40: 664-668
[PMID: 21562447 DOI: 10.1097/MPA.0b013e3182128d06]
Zhang WY, Li ZS, Jin ZD. Endoscopic ultrasound-guided
ethanol ablation therapy for tumors. World J Gastroenterol
2013; 19: 3397-3403 [PMID: 23801831 DOI: 10.3748/wjg.v19.
i22.3397]
P- Reviewers: Frider B, Fölsch UR, Fujino Y S- Editor: Ma YJ
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

7793

June 28, 2014|Volume 20|Issue 24|

World J Gastroenterol 2014 June 28; 20(24): 7794-7800
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i24.7794

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (13): Gastrointestinal endoscopy

Molecular confocal laser endomicroscopy: A novel technique
for in vivo cellular characterization of gastrointestinal
lesions
John Gásdal Karstensen, Pia Helene Klausen, Adrian Saftoiu, Peter Vilmann
focal microscope integrated into the distal part of an
endoscope. By adding molecular probes like fluorescein
conjugated antibodies or fluorescent peptides to this
procedure (either topically or systemically administered
during on-going endoscopy), a novel world of molecular evaluation opens up. The method of molecular CLE
could potentially be used for estimating the expression
of important receptors in carcinomas, subsequently resulting in immediate individualization of treatment regimens, but also for improving the diagnostic accuracy of
endoscopic procedures by identifying otherwise invisible
mucosal lesions. Furthermore, studies have shown that
fluorescein labelled drugs can be used to estimate the
affinity of the drug to a target organ, which probably
can be correlated to the efficacy of the drug. However,
several of the studies in this research field have been
conducted in animal facilities or in vitro , while only
a limited number of trials have actually been carried
out in vivo . Therefore, safety issues still needs further
evaluations. This review will present an overview of the
implications and pitfalls, as well as future challenges of
molecular CLE in gastrointestinal diseases.
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Core tip: Confocal laser endomicroscopy (CLE) enables
cellular visualization during on-going endoscopy. Lately,
the method has been further refined by using fluorescent labelled molecular probes for estimation of receptors in carcinomas, illumination of subtle lesions and
assessment of the affinity of drugs to specific lesions.
This article presents the method of molecular CLE and
gives a review of the current applications and drawbacks.

Abstract
While flexible endoscopy is essential for macroscopic
evaluation, confocal laser endomicroscopy (CLE) has
recently emerged as an endoscopic method enabling visualization at a cellular level. Two systems are currently
available, one based on miniprobes that can be inserted
via a conventional endoscope or via a needle guided by
endoscopic ultrasound. The second system has a con-
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depth, whereas the pCLE system can be used on demand
and has applications for the common bile duct and lately
also for extraluminal applications, based on needle guided
CLE (nCLE) fibers[8]. To perform CLE and interpret the
images special training is required for the endoscopist
as well as a close collaboration with a pathologist. When
performed in a research setting, inter- and intra-observer
variability can be estimated by correlating the CLE results
with standard histology from biopsy specimens.
As described, CLE is able to provide a pathological
diagnosis based on the morphology appearance of the
tissue. Finally, molecular imaging of mucosal lesions has
been added using different molecular probes in conjunction with CLE equipment (mCLE). Several techniques
have been applied, all of them aiming at characterizing
the examined lesions on a molecular level and thereby
providing new information in real-time during the endoscopic procedure. Although numerous questions are to be
answered in relation to these techniques, the method has
the potential to evolve into a whole new area of research,
ultimately leading to individualization of anti-angiogenic
or anti-inflammatory treatment (tailored therapy). If a
given agent is aimed at a specific cellular receptor in a
given lesion, a detection and estimation of the representation of the receptor could possibly be correlated to the
efficacy of the agent enhancing individual treatment.
This review will focus on the different techniques
used for mCLE in the gastrointestinal tract, and will give
an overview of the possible molecular and gastrointestinal targets (Table 1).

Karstensen JG, Klausen PH, Saftoiu A, Vilmann P. Molecular
confocal laser endomicroscopy: A novel technique for in vivo
cellular characterization of gastrointestinal lesions. World J
Gastroenterol 2014; 20(24): 7794-7800 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7794.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7794

INTRODUCTION
Flexible endoscopy is crucial in diagnosing and treating
gastrointestinal disorders. The first fiber optical endoscopy was performed in 1955 and during the 1970’s and
1980’s the method became widely accepted and used
for upper as well as lower gastrointestinal indications[1].
Flexible endoscopy is constantly undergoing technical
refinements with chromoendoscopy increasing the ability
of detecting subtle mucosal lesions. The main endoscopy
companies have mimicked this technique by the introduction of narrow band imaging (Olympus, Tokyo, Japan),
Fujinon intelligent color enhancement (Fujinon, Tokyo,
Japan), and i-Scan (Pentax, Tokyo, Japan)[2]. However, a
cellular evaluation is still needed to diagnose subtle mucosal lesions.
Confocal laser endomicroscopy (CLE), initially described in 2004, offers a magnification level of 1000-fold,
which enables examination at a cellular level[3]. A CLE
system consists of a laser source with a defined wavelength of 488 nm. The light is focused on a single spot
at a precise depth in the mucosa and recaptured through
a pinhole as all unfocused light is left out. As CLE is dependent on fluorescence, an intravenous (iv) fluorescent
agent has to be administered prior to the investigation,
with fluorescein being already approved as an off-label
agent for gastrointestinal tract disorders. Alternatively,
acriflavine can be administered topically during the procedure. CLE has been widely approved for identification
of dysplastic lesions in Barrett’s esophagus, for discriminating inflamed from malignant strictures in the common
bile duct and for real-time pathological evaluation of
colorectal polyps[4-6].
Currently, two CLE systems are clinically available.
One is endoscope based (eCLE), where a confocal microscope is integrated in the tip of the endoscope (EC3870CIFKTM, Pentax Tokyo, Japan). The resolution is
high (1024 × 1024 pixels, with a lateral resolution of 0.7
µm) and the depth variable from 0 to 250 µm. The second system is probe-based (pCLE) and has various miniprobes available that all can pass through the working
channel of the endoscope (esophago-gastric, colonic and
cholangio miniprobes). Here, the resolution is somewhat
lower and the depth is fixed at a certain level for the different miniprobes, but a high frame rate makes acquisition of movie sequences possible (8 frames/s). Very few
head-to-head trials have been conducted comparing the
two systems[7], but in daily practice the eCLE system has
the advantage of a superior resolution and the variable
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REVIEW CRITERIA
PubMed, Embase and Web of Science were searched
using the terms “confocal laser endomicroscopy” or
“endomicroscopy” or “mCLE” and “molecular”. Only
gastroenterological full-text papers using CLE were included. Abstracts until United European Gastroenterology Week 2012 and Digestive Disease Week until 2013
were searched, but only abstracts, which could contribute
to this paper were included.

RESEARCH
The idea of molecular imaging during endoscopic examination is not new. During the late 90s several groups
worked intensively at this aim introducing fluorescence,
autofluorescence or laser induced endoscopic methods.
Thus, in 2003, fluorescein-labelled monoclonal antibodies
against carcinoembryonic antigens could be identified examining colonic neoplasias with conventional colonoscopy equipped with a narrow-band filter[9,10]. The trial was in
vivo and no adverse events or immunological side effects
in relation the topical administration of the monoclonal
mouse antibodies were registered. After the introduction
of CLE, the method of using targeted probes evolved,
and the use of fluorescent-labelled antibodies in combination with CLE grew rapidly. The principle is that a
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Table 1 Different techniques used for confocal laser endomicroscopy in the gastrointestinal tract
Ref.

Design

Hsiung et al[11]
Foersch et al[18]
Goetz et al[10]
Foersch et al[37]
Liu et al[23]

No

Target

Composite

In vivo
26
Colorectal adenomas
Animal, and 25 and 14
CRC
ex vivo
Animal and 68 and 16
CRC
ex vivo
Animal and 12 and 4
CRC
ex vivo
In vivo
37
CRC and adenomas

Cârţână et al[27]

Ex vivo

4

CRC

Nakai et al[19]

Animal

2

Healthy esophageal
and gastric mucosa

Hoetker et al[32]

Animal

26

Gastric cancer

Nakai et al[20]

Animal

2

Healthy pancreas

Atreya et al[34]

In vivo

25

Neumann et al[26]

Ex vivo

2

Colonic mucosa in
Crohn’s disease
Colonic mucosa in
Clostridium difficile
associated colitis
Gastric cancer

Li et al[22]
Goetz et al[33]
Neumann et al[25]
Sturm et al[12]

Animal and 20 and 23
ex vivo
Animal
44
Ex vivo
In vivo

N/A
25

CRC
Barrett’s esophagus
Barrett’s esophagus

Administration

Fluorescein-labelled septapeptides
Alexa-Fluor 488-labelled VEGFantibodies
FITC-labelled anti-EGFR-antibodies

Topical
Intravenous and
topical
Intravenous and
topical
Alexa-Fluor 488-labelled
Intravenous and
bevacizumab
topical
Alexa-Fluor 488-labelled anti-EGFRTopical
antibodies
Alexa-Fluor 488-labelled anti-CD31Topical
antibodies
Fluorescein conjugated anti-EGFRSubmucosal or
antibodies and anti-survivintopical
antibodies
FITC-labelled anti-EGFR1-antibodies
Intravenous
or Alexa-Fluor 488-labelled cetuximab
FITC-labelled anti-EGFR1-antibodies
Intravital
or Alexa-Fluor 488-labelled cetuximab
FITC-labelled adalimumab
Topical
Fluorescein-labelled Clostridium
difficile specific probe

Topical

Alexa-Fluor 488-labelled anti-MG7- Intracardial and
Ag-antibodies
topical
FITC-labelled anti-EGFR-antibodies
Intravenous
or Alexa-Fluor 488-labelled cetuximab
FITC-labelled Muc2-antibodies
Topical
FITC-labelled peptides
Topical

CLE system
Probe-based
Endoscope-based
Endoscope-based
Endoscope-based
Endoscope-based
Endoscope-based
Probe-based

Endoscope-based
Needle-based
Endoscope-based
Endoscope-based

Endoscope-based
Endoscope-based
N/A
Probe-based

CRC: Colorectal carcinomas; FLUOS: 5(6)-carboxyfluorescein-N-hydroxy-succinimide ester; CEA: Carcinoembryonic antigen; VEGF: Vascular endothelial
growth factor; FITC: Fluorescein isothiocyanate; EGFR: Epidermal growth factor receptor; N/A: Not available; CLE: Confocal laser endomicroscopy.

fluorescent agent is conjugated to a probe aimed at a target molecule of interest. This composite can either by applied directly in the lesion, topically or systemic. Antibodies have been widely used; they have high specificity and
are easy to label with a fluorescent agent (Figures 1 and
2). Main problems are the immunogenic nature of antibodies, long half-life in serum and slow penetration into
diseased mucosa due to their high molecular weight. In
addition, these will not cross the plasma membrane unless a permeabilizing agent is used. Thus, antibodies are
mainly used for detection of membrane-associated proteins. Furthermore, antibodies are expensive to produce
in high amounts. To overcome these problems, specific
peptides can also be used. Peptides are easy to produce in
large amounts, thus reducing production cost. Identification of a targeted peptide by phage display with preferred
binding to premalignant colonic tissue and subsequent
detection with CLE in vivo was initially reported by Hsiung et al[11]. The identified peptide showed high specificity
towards the malignant cells. Since binding and selection
of the peptide was verified by intact tissue panning, the
specific target was unknown[11]. A recent paper published
by Sturm et al[12] took this technique further and evaluated
a peptide with specific binding affinity towards human
esophageal neoplasia in patients with high specificity
and no adverse effects. The authors have preliminary
identified the target using mass spectrometry. Reports

Figure 1 Molecular imaging with labelled antibodies using the confocal
laser endomicroscopy system. Antibodies (blue) labelled with a fluorochrome
(FITC or Alexa-Fluor 488) (green) bind to a specific target (red triangles) expressed on the plasma membrane of cells in the mucosal layer in the gastrointestinal tract (purple). The confocal laser endomicroscopy (CLE) scope (black
and blue tube) excites the fluorochrome with a defined wavelength of 488 nm
(yellow). Light is subsequently emitted and detected by the CLE scope.
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50 mm

50 mm

Figure 2 In vivo epidermal growth factor receptor staining in a human
colorectal cancer xenograft (SW480) after intratumoural injection of fluorescein isothiocyanate-labelled anti-epidermal growth factor receptorantibody. The edge length is 475 µm. Courtesy of Dr. M. Hoetker and Prof. M.
Goetz, Tuebingen, Germany.

Figure 3 Molecular confocal laser endomicroscopy staining with AlexaFluor 488 labelled anti-CD31 antibodies. As CD31 is an endothelial marker,
the structures seen in the image are microvessels in a colonic adenocarcinoma.

lar method was feasible using needle-based confocal laser
endomicroscopy (nCLE) for extraluminal investigation
of the pancreas in conjunction with topical administration of anti-human EGFR-fluorescein conjugated monoclonal antibodies and anti-human surviving-fluorescein
conjugated monoclonal antibodies. Although the number
of pigs was limited, the technique was feasible[20]. However, resolution of the pictures obtained is rather low and
there are no specificity controls shown for the EGFR
staining. In general, the experience of mCLE using
pCLE and nCLE is limited, mainly due to the relatively
low resolution of the system, especially when applying
the nCLE fibers.
MG7-antigen is a recently identified tumour-associated antigen, which is expressed in the majority of gastric
carcinomas being related to a worse outcome when it is
positive[21]. An estimation of the MG7-antigen could be
made using xeno-models and surgical specimens, when
fluorescently labelled MG7 antibodies were administered
in the lesion and subsequently examined with CLE[22]. In
this way, a possible predictor of worse outcome can be
estimated during the initial investigation of the gastric
lesion. Moreover, in case of a lesion with a large tumour
surface, biopsies can subsequently be targeted to avoid
false negative histology.
All of the procedures mentioned in the above were
conducted either in animal models or in human tissue
ex vivo, but in 2012 Liu et al[23] performed the technique
in vivo, demonstrating that topically applied Alexa-Fluor
488 conjugated anti-EGFR monoclonal mouse antibody,
could facilitate an estimation of EGFR expression in
CRC or adenomas using CLE. And most important, no
immunological adverse events were registered in the 37
patients included and no human anti-mouse antibodies
were found in the serum samples taken from a subgroup
of patients 4-6 wk after the procedure.

describing other probes such as aptamers, affibodies and
nanoparticles are emerging and we are probably just witnessing the beginning of this era[13-16].

CHARACTERIZATION OF NEOPLASMS
One of the obvious applications of mCLE is the opportunity of a precise molecular characterization of a certain
lesion, which can possibly lead to individualization of
treatment. While Muldoon et al[17] presented a study estimating the expression of human epidermal growth factor
receptor 2 (HER-2) and epidermal growth factor receptor (EGFR) receptors in cell cultures using a fiber-optic
miniprobe based microendoscopy system constructed
by the research group, Goetz and colleagues presented
the technique using the eCLE system, which is commercially available today[10]. Using intravenously administered
fluorescein isothiocyanate (FITC)-labelled anti-EGFR
antibodies in a human-mouse colorectal carcinomas
(CRC) xenograft model, a differentiation of the EGFR
expression in tumours could be estimated. Furthermore,
it was demonstrated that the technique could be used for
distinction between neoplastic and non-neoplastic human
tissue, when applying the labelled anti-EGFR antibodies
topically to human colonic specimens ex vivo. For imaging, a rigid handheld CLE endoscope (FIVE1, Optiscan,
Australia) was used. The protype has the same imaging
characteristics as the eCLE systems, but is easier to use in
animal and ex vivo experiments[10]. Another possible therapeutic target is vascular endothelial growth factor (VEGF)
where a trial applying a similar technique as previously
described demonstrated that molecular imaging was possible in murine tumour, xenograft models as well as in
human surgical CRC specimens. The results were controlled by immunohistochemistry (IHC) and fluorescence
microscopy[18].
A small study including two healthy pigs assessed
the distribution of EGFR receptors and survivin in the
esophagus and the gastric mucosa using pCLE[19]. Another study from the same group, evaluated whether a simi-
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between microscopic changes could be further improved
by adding a molecular staining. In Barrett´s esophagus
the mucosal changes can be spread over a long segment
and practically be invisible. Sturm and colleagues sprayed
a FITC-labelled protein specific for esophageal neoplasia on the Barrett’s mucosa while performing a segment
gastroscopy with CLE[24]. The procedure was in vivo and
when using this technique the sensitivity and specificity
for neoplastic lesions in Barrett’s and squamous epithelium was found to be 75% and 97%, respectively[12]. There
were no adverse events in relation to administration of
the protein. Similar results were reported using the FITClabelled MUC2-antibody, which is only expressed on the
surface of goblet cells. The examination was made on
biopsy specimens and in this trial, the accuracy for detection of Barrett’s esophagus was 97.2%[25]. If these results
can be reproduced in vivo, the diagnostic accuracy of the
examination could improve significantly.
In an ex vivo study on colonic biopsies adding a specific
Clostridium difficile (C. difficile) probe, it was found that the
bacteria could be localized and identified. Whether this
trial can improve the diagnostic accuracy, when investigating inflamed colonic mucosa with the suspicion of C. difficile infection remain to be seen[26]. In our group, we used
fluorescently labelled anti-CD31 antibodies, an endothelial
marker, and CLE for identification of vessels in colorectal
adenocarcinomas (Figure 3)[27]. The development of new
vessels plays a vital role in carcinogenesis and we could
clearly visualize the vessels within the tumours and estimate their shape and vascular density within the tumours
in comparison with normal tissue. The trial was performed ex vivo and the technique can be used not only for
discriminating neoplasia from healthy tissue, but possibly
also for monitoring antiangiogenic treatment.

the drug to the membrane bound TNF-alpha receptors in
the bowel and the efficacy of the therapy. The procedures
were in vivo and no serious adverse events were reported
in the 25 patients included in the study. Although only
published in abstract form, the preliminary results from
this trial are promising, as the study is not only aimed at
evaluating the feasibility of the method, but also at the
ability of predicting the outcome of a given therapy.
Bevacizumab, an antiangiogenic drug aimed at the
VEGF receptor, is commonly used in CRC treatment[35,36].
After conjugating the drug to Alexa-Fluor 488 and injecting it in a CRC xenograft model or topically applying it
on fresh biopsy specimens from human CRC patients, the
VEGF expression could be assessed using IHC as a gold
standard[37]. These results are only preliminary, and the final results from the study will show if a strong CLE signal
can predict the outcome of the bevacizumab therapy in
CRC models or human.

PITFALLS AND FUTURE CHALLENGES
In order to implement mCLE, some considerations are
needed. Tumour cells may have higher membrane permeability since cancer cells often have impaired plasma membrane integrity. Thus, the targeted antibodies may possibly
penetrate the plasma membrane in the tumour cells if
there is an intracellular localization of the protein of interest. In addition to expression from the plasma membrane,
mCLE will also detect binding of the labelled antibody
inside the tumour cells and thus generate a higher signal,
which is not due to higher membrane associated expression of the protein. Another consequence of a raised permeability is the possibility of triggering systemic immunological side-effects when topically administering antibody
conjugates. Only a limited number of trials have been
carried out in vivo, therefore attention should be drawn
continuously to possible immunological adverse events.
Furthermore, it is crucial that trials using targeted antibodies have proper controls such as blocking peptides
and isotype controls, in order for mCLE to have a clinical
impact. Although it seems to be a minor problem, registration for autofluorescence before adding fluoresceinlabelled probes must also be required, when examining tissue. This can be easily taken into account by establishing
a proper cut-off for the intensity of the laser light, which
has to minimize tissue autofluorescence. The interpretation of the images obtained by mCLE can be challenging,
thus the endoscopist would benefit from experience with
conventional CLE as well as a close collaboration with a
pathologist.
The administration of peptides seems safe in the
studies published so far[11,12]. While the designed peptides
have a high specificity and affinity for the lesions, it is a
drawback that the precise binding site was unknown in
the work published by Hsiung et al[11]. The report recently
published by Sturm et al[12] preliminarily identified the target protein for the administered peptide and the results
are very promising. Thus, designed peptides may very

ASSESSMENT OF THE AFFINITY TO
SPECIFIC DRUGS
Cetuximab is a monoclonal antibody that specifically
blocks the extracellular component of the EGFR receptor and is currently being used in the treatment of
colorectal neoplasms and in selective cases of gastric
carcinomas[28-31]. In two trials investigating the technique
using cetuximab treatment and cetuximab conjugated to
Alexa-Fluor 488 in murine xenograft models with human
CRC or gastric cancer, it was found that an estimation
of expression was possible using CLE. Moreover, in the
CRC trial, it was found that the tumours with a strong
signal for cetuximab had slower tumour progression and
longer survival. In other words, it was shown that in CRC
as well as in the gastric cancer trial, an early response to
treatment could be predicted[32,33].
The technique of conjugating drugs and estimating
the affinity to a specific target can possibly have a major
impact on treatment stratification. In a clinical phase 1
trial, Atreya et al[34] used topically applied FITC-labelled
adalimumab in Crohn patients naïve to adalimumab therapy and found a strong correlation between the affinity of
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well be the futures probe. Future studies will have to address this issue.

8

CONCLUSION
9

Molecular confocal laser endomicroscopy is a novel
method that allows for visualization of cellular processes
in real-time by combining a variety of either molecular
probes or peptides with fluorescent ex vivo or in animal
models. However, the method has recently also shown
feasible for in vivo human applications and a huge potential for both diagnostic as well as therapeutic gastrointestinal applications has opened up in the near future. Estimation of VEGF and EGFR in colorectal and gastric
carcinomas may be used for tailored oncological treatments as well as for prediction of treatment outcomes of
biological therapy in inflammatory bowel disease. Further
studies are needed to ensure the safety and to establish
the final indications of mCLE.

10
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Abstract
Since its advent in 1980, the scope of endoscopic ultrasound (EUS) has grown to include a wide range
of indications, and it is now being incorporated as an
integral part of everyday practice in the field of gastroenterology. Its use is extending from an adjuvant
imaging aid to utilization as a therapeutic tool for various gastrointestinal disorders. EUS was first used to
visualize remote organs, such as the pancreas and
abdominal lymph nodes. When fine needle aspiration
was introduced, the indications for EUS expanded to
include tissue sampling for diagnostic purposes. At the
same time, the needle can be used to convey a potential therapy to the internal organs, allowing access to
remote sites. In this review, we aim to highlight the
expanding spectrum of EUS indications and uses in the
field of gastroenterology.

INTRODUCTION
Endoscopy, ultrasound, and computed tomography (CT)
have revolutionized the field of clinical gastroenterology
in recent decades. Despite their rapid development, these
modalities do not allow a systematic assessment of the
gastrointestinal tract (GIT) wall and its immediate surroundings. Awareness of this drawback prompted the development of a complementary procedure that would allow clinicians to overcome this problem. By combining a
high-frequency ultrasound probe with an endoscope, the
so-called “echoendoscope” or “endoscopic ultrasound
(EUS)”, clearly detailed imaging of the structures close
to the GIT wall was achieved. In 1980, the first mechanical radial EUS was applied clinically[1,2]. Since that date,
the field of EUS has developed rapidly to encompass a
wide range of indications, and expanded from diagnostic
processes to therapeutic procedures. Here, we will try to
highlight this revolution and to delineate the applications
of EUS and its related practices.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic ultrasound; Endoscopic ultrasound-guided fine needle aspiration; Ablation; Injection;
Drainage; immunohistochemistry; Gastroenterology
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EUS: Diagnostic indications

Table 1 Endoscopic ultrasound: Diagnostic indications

The indications for EUS are determined by the anatomic
conditions and the technical capabilities of the equipment. The high-resolution capacity and low penetration
depth of EUS make it possible to obtain highly detailed
images of the GIT wall and immediate surroundings
to a depth of 4-5 cm[3]. The primary role of EUS is to
delineate GIT lesions that are located beyond the gastric
wall. The major indications are for GIT cancer staging,
and delineation of masses. Table 1 summarizes these indications.

GIT cancer staging
Staging of gastroesophageal cancer
Staging of rectal cancer
Staging of ampullary cancer
Mass imaging and delineation
Pancreas
Gallbladder
Biliary tree
GIT submucosal lesions
Mediastinal and retroperitoneal mass
GIT: gastrointestinal tract.

GIT CANCER STAGING

EUS-elastography

Cancer staging was one of the earliest indications of
EUS. Because it can delineate the component layers
of the GIT wall, EUS is very well suited to classifying
gastrointestinal cancers arising from the mucosa, using
the widely accepted TNM classiﬁcation. It is also useful
for some extra-luminal malignancies, such as pancreatic
cancer[4,5]. Also, one of the more recent indications of its
use is in the characterization of a submucosal tumor that
forms a bulge in conventional endoscopic images, and to
determine its layer of origin, and, hence, its nature[2-5].

Tissue elastic imaging represents a technical mode that
allows calculation and visualization of tissue stiffness for
non-invasive evaluation of fibrosis. The operating characteristics of the technique for detecting malignancy in
pancreatic focal lesions yielded a sensitivity of 93%, and
a specificity of 66%[10,11]. A further evaluation in the near
future may enhance its diagnostic accuracy and help to
avoid the need to obtain tissue for diagnosis.

Safety, Complications and Cost
GIT mass imaging and delineation
The advent of EUS enabled delineation of extra-luminal
lesions with a high degree of accuracy, especially pancreatico-biliary lesions. The characterization of various pancreatic, biliary, and gallbladder (GB) lesions is now widely
accepted and the use of EUS is considered an integral
part of the diagnostic algorithm for these lesions[4,5].
New indications have become familiar to physicians in
the field of gastroenterology, such as follow-up of intraductal papillary mucinous neoplasms of the pancreas,
chronic pancreatitis, suspected pancreatic masses or cysts,
and GB masses[3-5]. Use of EUS imaging also expanded
to areas outside the GIT, e.g., assessment of mediastinal
lymph nodes of unknown etiology[5].

The issue of safety and complications of diagnostic EUS
has been extensively reviewed, and most of the relevant
literature concluded that diagnostic EUS procedures were
safe, and related complications were extremely low[12,13].
Regarding the cost-effectiveness, studies showed that
EUS, when incorporated into a diagnostic algorithm, is
cost-effective, especially in conjunction with fine needle
guided procedures and when compared with other imaging modalities (e.g., CT and magnetic resonance imaging)
and/or surgery[11-14]. However, the survey of Schembre
and Lin, which evaluated the cost of EUS procedures,
stated that maintenance and repair of EUS equipment is
highly expensive, and should be taken into consideration
when managing an EUS unit[15].

Contrast-Enhanced EUS

Forward-viewing EUS

Contrast agents are new adjuvant tools in the field of ultrasound. They consist of gas-filled microbubbles encapsulated by a phospholipid or albumin shell that is injected
intravenously, and its uptake-washout characteristics
through a given lesion is captured by a specific color or
the power Doppler mode of the ultrasound machine[6,7].
Therefore, by using contrast enhanced diffusion-EUS,
clear differentiation of vascular-rich and hypovascular
areas is possible. With development of harmonic imaging methods (contrast enhanced harmonic-EUS), it also
became possible to obtain better visualization of the
microcirculation and parenchymal perfusion, and better
differentiation of tissue enhancement for more accurate
classification[8,9].

Recently, forward-view EUS (FV-EUS) was developed to
overcome the limitations of conventional oblique-view
EUS; for example, the lack of on-procedure evaluation
of the mucosa of the GIT wall, the difficult oblique approach to some target lesions, the diminished penetration
force, and angling of the tip that reduces the possibility of
deploying large bore devices in some positions[16] (Figure 1).
Many recent studies and systematic reviews conducted to evaluate the capabilities of FV-EUS, in comparison
with the conventional type, revealed a similarity in image quality and penetration force, in spite of a narrow
imaging field. Moreover, the interventional procedures
with FV-EUS were easier to perform compared with
oblique-viewing EUS, and operators could reach difficult

WJG|www.wjgnet.com

7802

June 28, 2014|Volume 20|Issue 24|

Mekky MA et al . EUS from diagnosis to therapy

A

Figure 1 Difference between conventional oblique view and
forward-view endoscopic ultrasound. A: Oblique-view endoscopic ultrasound (EUS). Note the maximum angulation and the needle direction;
B: Forward-view EUS. Note the greater angle of retroflexion compared
with conventional EUS.

B

locations, such as the cecum. The main shortcomings
reported were difficulties in intubating the esophagus or
the second part of the duodenum in some patients and
in aspirating pancreatic pseudocysts because of a lack of
fixation of the guide-wire due to the absence of an elevator, but further comparative trials were recommended to
investigate its usefulness in new indications[17,18].

a small list of contraindications should be considered.
In general, EUS-FNA should not be used in situations
in which FNA results would not affect the management
strategy, the presence of bleeding diathesis, and if a high
risk of tumor seeding is suspected. On-procedure, the
inability to clearly visualize a lesion or a vessel interposed
in the path between the needle and target might also be
considered a contraindication[16-22].

EUS-guided Needle Sampling

EUS-guided needle sampling:
Safety and complications

The most fascinating advent in the field of EUS and its
related interventions is needle-guided tissue sampling.
Cytological or histological confirmation of a diagnosis is
often required in order to distinguish between different
scenarios. The idea of a biopsy needle first emerged in
1992 as a modification of those used for variceal injection[19], and the first reported case of EUS-guided biopsy
was in a pancreatic lesion. Subsequently, EUS-guided
needle sampling was studied for safety, accuracy and indications, with different needles and techniques being developed. Nowadays, the most widely used term for EUSguided sampling is EUS-guided fine needle aspiration
(EUS-FNA)[20].

As an interventional modality, the possibility of complications from EUS-FNA must be taken into consideration. Many recent multicenter studies were designed to
thoroughly evaluate this issue and their pooled conclusions considered that the complication rates from EUSFNA in qualified institutes are quite rare[16-23]. In an interesting systematic review, the pooled rates of EUS-FNA
complications in 51 articles (10941 patients) revealed
an overall rate of morbidity of 0.98%, with pancreatitis
and post-procedural pain being the most frequent[24].
However, some major complications were reported in
the published guidelines, such as perforation, infection,
and/or hemorrhage, but fortunately, these complications
were extremely rare[16,18]. The use of careful add-on color
Doppler-EUS examination reduced the risk of some potential complications especially the possibility of blood
vessel injury[18-25]. An exception to this low rate of complications may be in cyst aspiration, where infection has
been reported to occur in up to 15% of cases[26,27].

EUS-guided needle sampling:
Indications
A fundamental principle of EUS-FNA is to obtain information that would have the potential to affect patient
management such as: (1) differentiating between benign
and malignant lesions; (2) staging of cancer; and (3) obtaining histological evidence of malignancy before chemotherapy and/or radiotherapy, or even surgery[21]. Currently, most of the recent guidelines assign EUS-FNA as
an integral part of sampling of the pancreas, mediastinal
lymph nodes (esophageal/lung cancer), celiac lymph
node, intra-abdominal lymph node, peri-rectal lymph
node/mass, posterior mediastinal mass of unknown etiology, and intra-pleural/intra-abdominal fluid. In addition
to these lesions, the indications for EUS-FNA have been
expanded to submucosal tumors, small liver lesions, left
adrenal masses, and suspected recurrent cancers in and
adjacent to an anastomosis[9-22].
In spite of the growing list of EUS-FNA indications,
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EUS-GUIDED NEEDLE SAMPLING:
CYTO-PATHOLOGIC ISSUES
Generally speaking, the main role of EUS-FNA, and
all other interventional biopsy techniques, is to obtain a
sufficient tissue sample amenable to pathological examination and subsequently to formulation of a proper diagnosis. A smear slide is the standard method of preparing
cells obtained from FNA, however, a “cell-block” which
is a preparation of cells placed into a liquid medium or
fixative, is the standard for hematoxylin and eosin (HE)
staining[28].

7803

June 28, 2014|Volume 20|Issue 24|

Mekky MA et al . EUS from diagnosis to therapy

bers of patients; however, the results are promising as its
overall success rate was around 90% (range from 75%
to 100%), and reported major complications, such as
perforation, peritonitis and bleeding requiring surgery are
uncommon[36-38]. There are three known techniques for
EUS-guided BD: (1) EUS-guided transpapillary rendezvous; (2) EUS-guided choledochoduodenostomy (EUSCDS); and (3) EUS-guided hepaticogastrostomy[37,38]. A
brief summary of these procedures will be highlighted
here. However, the detailed techniques of these maneuvers are beyond the scope of this review.
Through the EUS-guided transpapillary rendezvous
technique, double-step endoscopies are performed to
bypass biliary obstruction. EUS rendezvous is used solely
to puncture the obstructed bile duct and pass a guidewire in an antegrade manner through the native papilla
to allow subsequent ERCP. The first step is to perform
EUS-guided puncture of the bile duct through the stomach or duodenum. Then a contrast agent is injected to
visualize the intra-hepatic and extra-hepatic bile ducts.
After confirmation of bile duct puncture, a guide-wire
is pushed through the obstructed segment across the
papilla with fluoroscopic guidance to the duodenum.
The next step is to remove the EUS scope leaving the
guide-wire in place, then a duodenoscope is passed up to
the papilla. Finally, the guide-wire is pulled back out the
working channel of the duodenoscope for subsequent
over-the-wire cannulation, and stent placement. The estimated overall success rate was about 80%, however, the
guide-wire could be advanced across the obstruction in
some difficult cases[33,38,39].
EUS-CDS was first reported by Horký et al[40] in 2001.
Through a multistep technique, an EUS-guided biliary
fistula is induced to connect the bile duct with the duodenum. However, a comparatively high complication rate
(about 15%) has been reported, including biliary peritonitis and pneumoperitoneum[39-41].
The EUS-guided hepaticogastrostomy technique
is broadly similar to EUS-CDS; in which a fine needle
followed by a needle knife or cystotome, were used to
puncture the intrahepatic bile ducts. The procedure was
successful in almost all patients (> 96%)[33,42].

Table 2 Endoscopic ultrasound-guided therapeutic implications
EUS-guided fine needle drainage
Biliary drainage
EUS-guided transpapillary rendezvous technique
Choledochoduodenostomy
Hepaticogastrostomy
EUS-guided cyst drainage
EUS-guided fine needle injection
Celiac plexus block and neurolysis
EUS-guided tattooing
EUS-guided ablation
EUS: Endoscopic ultrasound.

One way to ensure the adequacy of materials obtained from the FNA procedure is the use of immediate
cytologic evaluation (ICE) or that also known as rapid
on-site cytologic evaluation (ROSE). The goal of this
adjuvant option is to provide real-time feedback about
the content and quality of the smears, in order to reduce
the number of non-diagnostic or atypical biopsies and
maximize the efficiency of the procedure. ICE or ROSE
were more likely to result in a definitive diagnosis and less
likely to result in an inadequate specimen[29-32].
Another adjuvant add-on staining procedure is the
application of immunohistochemical stains for the identification of cytoplasmic or nuclear differentiation. Panels
of immunoperoxidase stains can be used to identify a
tumor type, characterize a lesion, or provide information
for prognosis or treatment which enhances the EUSFNA results[33].

EUS-guided Therapeutic
implications
Once a needle reaches a target, the spectrum of EUSguided needle-related maneuvers can be expanded to
endorse many therapeutic rather than diagnostic indications. EUS therapeutics are broadly classified into either
EUS-guided fine needle injections (EUS-FNI) or EUSguided drainage (EUS-FND). Table 2 summarizes these
therapeutic indications.

EUS-guided cyst/abscess drainage: Based on the
same concept of introducing a needle into a known lesion, EUS-guided drainage of an abscess or cyst can be
easily performed. Lesions such as pancreatic pseudocysts
and intra-abdominal accumulations and abscesses are
targets for this technique[43,44]. Many recent reports commented on the success rate of EUS-FND to drain remote abscesses and pseudopancreatic cysts and reported
better outcomes[45,46].

EUS-FND
EUS-guided biliary drainage: The first reported EUSguided-cholangiopancreatography was performed in 1996
by Wiersema et al[34], and subsequently, EUS-guided biliary drainage (EUS-BD) has been used for biliary decompression in patients with inoperable bile duct obstruction.
EUS-BD has been reported as a salvage technique for
failed conventional BD and, in general, it is indicated in
circumstances in which conventional endoscopic retrograde cholangiopancreatography is difficult due to an
altered anatomy or a tumor site that prevents access into
the biliary tree[35-38].
To date, data for EUS-BD is still limited and most
published trials are retrospective studies with small num-
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EUS-FNI
EUS-guided FNI is a modified technique that utilized the
concept of needle guidance to deliver a therapeutic target
into a remote lesion/organ. In addition, this approach is effective in delivering concentrated drugs or chemotherapy[47].
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is expected[54,55].
EUS-guided photodynamic therapy: EUS-guided
needle injection can also be used to deliver a photosensitizing drug, which induces targeted tissue necrosis on
exposure to light of a specific wave length. The feasibility
of this therapy was tested in a healthy swine model and
further studies are examining its cost-effectiveness and
biological side effects[30,56].
EUS-guided fiducial placement and brachytherapy:
A fiduciary marker or fiducial is an object used as a point
of reference in external beam radiation therapy. Gold
fiducials are available to facilitate stereotactic body radiotherapy for the treatment of locally advanced pancreatic
cancer[57,58]. Likewise, implanting radioactive seeds in
the interstitial brachytherapy has shown some beneficial
effects for the local control of malignant pancreatic tumors. These implants emit steady gamma rays that lead to
local ablation[30,59-61]. Placement of such implants with the
guide of EUS-FNI enables a precise targeting and avoids
undue laparotomy. Investigations in this area reported
successful placement in around 90% of patients.

Gastric wall

Figure 2 Endoscopic ultrasound-guided celiac plexus neurolysis. Red arrow: celiac ganglion; blue arrow: Endoscopic ultrasound needle transfixing the
gastric wall.

The most exciting and promising subject in this
context involves the delivery of antitumor agents into
patients with locally advanced cancer, such as cancer of
the pancreas, or esophagus. EUS-FNI has been used for
precise delivery of antitumor agents into the targeted
lesions to achieve a localized rather than a systemic delivery of the chemotherapeutic agents, which, in turn, may
reduce systemic toxicities, maximize the delivered dose to
the targeted lesions, and also reduce the cost[42,48,49]. This
area of medical trials is still primitive and intense research
efforts are needed.
Cystic lesions of the pancreas have also been treated
with EUS-guided ablation through injection of sclerosing
materials or absolute alcohol. However, this intervention
remains investigational, although data have been encouraging[50].
Another use for EUS-FNI is the injection of ganglion
blocking agents for celiac plexus neurolysis or block for
pain relief in patients with pancreatic cancer. Celiac plexus block and neurolysis can improve pain and decrease
the need for analgesics and opioids[51,52]. EUS provides a
more direct and targeted approach secondary to better
delineation of anatomic landmarks, close proximity of
the transducer to the celiac plexus, and visualization of
neural ganglionic structures that are not visible with other
imaging modalities (Figure 2).

CONCLUSION
EUS use is now considered a gold standard tool for many
gastrointestinal diseases, especially pancreatico-biliary
diseases, and adjuvant needle insertion allows access to
remote lesions that were difficult to reach in the past.
With the growing spectrum of indications, the clinical
applicability of EUS has expanded to include therapeutic
applications in addition to diagnostic uses, and some of
these show great promise. Major breakthroughs in the
technical advances of EUS technology were achieved in
the last few decades, especially in scope design, accessory
devices, and add-on facilities, which have placed EUS and
its related maneuvers as a necessary procedure in many
gastrointestinal indications.
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Core tip: Applications of endoscopic ultrasound (EUS) in
pancreatic cancer are emerging. We review the role of
EUS in the detection, diagnosis and staging of pancreatic cancer. The introduction of recent novel techniques
such as contrast-enhanced EUS, elastography and analysis of DNA markers in fine-needle aspiration samples
might improve the accuracy of EUS. In addition, we
review therapeutic application of EUS including celiac
plexus interventions, fiducial and brachytherapy seeds
placement, fine needle injection and EUS-guided biliary
drainage.

Abstract
Since the introduction of endoscopic ultrasound guided
fine-needle aspiration (EUS-FNA), EUS has assumed a
growing role in the diagnosis and management of pancreatic ductal adenocarcinoma (PDAC). The objective
of this review is to discuss the various applications of
EUS and EUS-FNA in PDAC. Initially, its use for detection, diagnosis and staging will be described. EUS and
EUS-FNA are highly accurate modalities for detection
and diagnosis of PDAC, this high accuracy, however, is
decreased in specific situations particularly in the presence of chronic pancreatitis. Novel techniques such as
contrast-enhanced EUS, elastography and analysis of
DNA markers such as k-ras mutation analysis in FNA
samples are in progress and might improve the accuracy of EUS in the detection of PDAC in this setting
and will be addressed. EUS and EUS-FNA have recently
evolved from a diagnostic to a therapeutic technique in
the management of PDAC. Significant developments in
therapeutic EUS have occurred including advances in
celiac plexus interventions with direct injection of ganglia and improved pain control, EUS-guided fiducial and
brachytherapy seed placement, fine-needle injection of
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INTRODUCTION
With the introduction of endoscopic ultrasound guided
fine-needle aspiration of pancreatic masses by Vilmann
et al[1] (EUS-FNA), endosonography has assumed an
increasing role in the management of pancreatic ductal
adenocarcinoma (PDAC). In this review, our objective
is to discuss the various applications of EUS and EUSFNA in PDAC. Initially, its use for detection, diagnosis
and staging, including newly described techniques as
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contrast-enhanced EUS, elastography, and use of DNA
markers will be described. Finally, the use of therapeutic
EUS procedures including celiac plexus neurolysis and
emerging therapies as fine-needle injection, implantation
of fiducials and brachytherapy seeds will be discussed.

patients with clinical suspicion of PDAC and a normal
EUS, Catanzaro et al[14] found that no patient with a normal pancreatic EUS developed cancer during a follow-up
period of 24 mo. Therefore, a normal pancreas by EUS
examination essentially excludes PDAC although followup EUS or other studies should be done in the setting of
chronic pancreatitis due to potentially impaired visualization. Acoustic shadowing caused by an indwelling biliary
or pancreatic stent may also interfere with visualization
of a small pancreatic mass. However, a recent retrospective study by Ranney et al[15] did not show any difference
in the diagnostic yield or technical difficulty of EUSFNA of visualized pancreatic masses in the presence of
a biliary stent (plastic or metal).
Imaging-based technologies such as contrastenhanced EUS (CE-EUS) may be used to differentiate
PDAC from other benign or malignant lesions. In this
procedure, an intravenous contrast agent is administered
at time of EUS and microbubbles are detected in the
microvasculature of pancreatic tumors during real-time
evaluation. Adenocarcinomas show hypo-enhancement
while neuroendocrine tumors and pseudotumoral chronic
pancreatitis are iso- or hyper-enhancing. Numerous contrast agents are available including first generation contrast agents such as Levovist and second generation such
as Sonovue and Sonazoid. In a recent meta-analysis including 1139 patients, the pooled sensitivity and specificity of CE-EUS for the differential diagnosis of pancreatic
adenocarcinoma were 94% and 89%, respectively[16]. This
study found that a hypoenhanced lesion by CE-EUS was
a sensitive and accurate predictor of adenocarcinoma. In
the United States, routine use of CE-EUS is limited by
its high cost and the lack of both agent availability and
expertise with this technique.
Another emerging technology used to differentiate
benign from malignant masses is EUS elastography. This
technology provides real-time evaluation of tissue stiffness
and is based on the premise that there is less strain when
hard tissues are compressed compared to soft tissues[17].
As malignant lesions are generally harder than normal
adjacent tissue, measuring strain might aid classification
of pancreatic masses. Results from 2 recent meta-analyses
demonstrated a high pooled sensitivity of 95%-97% but
a low pooled specificity of 67%-76%, respectively, for
differential diagnosis of solid pancreatic masses[18,19]. Elastography might provide complementary information to
EUS, potentially increasing the yield of EUS-FNA, and
assist endosonographers to improve targeting of FNA[18].
Limitations of this technique include limited availability,
difficulty controlling tissue compression by the endosonographer, presence of motion artifacts, and unclear
stiffness cut-off values for pancreatic masses[19].
Elastography and contrast-enhanced imaging may
be combined during the same procedure. Săftoiu et al[20]
sequentially combined CE power Doppler with real-time
elastography in 21 patients with chronic pancreatitis and
33 patients with PDAC undergoing EUS examination.
The sensitivity, specificity, and accuracy of combined
information provided by both tests to differentiate hypo-

DETECTION AND DIAGNOSIS OF
PANCREATIC CANCER
Detection of pancreatic cancer
EUS is the most sensitive nonoperative imaging test for
the detection of malignant pancreatic lesions, with a reported sensitivity between 87%-100%[2-11]. EUS is markedly superior to transabdominal ultrasound (reported sensitivity between 64%-91%)[2-5,7] and has also been shown
to be superior to computed tomography (CT) (sensitivity
66%-86%) for the detection of pancreatic masses in
studies which compared both techniques[3-8,10,11]. EUS is
clearly superior to conventional CT[3-5,8] and a few studies
comparing EUS and multidetector-row CT (MDCT) for
detection of pancreatic tumors demonstrated the superiority of EUS as compared to 4-row CT[10,11]. Agarwal et
al[10] showed a sensitivity of 100% for EUS in the diagnosis of cancer compared to 86% for MDCT in a retrospective cohort of 81 patients with PDAC. DeWitt et al[11]
reported similar findings in a prospective cohort of 80
patients with PDAC, showing that the sensitivity of EUS
98% statistically superior to MDCT 86% for detection of
PDAC. There are scant comparisons between EUS and
MRI for tumor detection with at least one study showing
superiority of EUS[6] and one study showing superiority
of magnetic resonance imaging (MRI)[9]. Future studies
comparing EUS and 3.0 or higher Tesla MRI are necessary to further define the roles of each imaging modality
in the diagnosis of pancreatic masses.
EUS is particularly useful for identification of small
tumors that are not visualized by other imaging modalities[3,6,10-12] For tumors ≤ 30 mm in diameter, EUS was
found to have a sensitivity of 93% compared to 53% for
CT and 67% for MRI[6]. In a recent retrospective cohort
by Wang et al[12], which included 116 patients with clinical presentation suspicious for PDAC and inconclusive
MDCT findings, EUS showed a sensitivity of 87% and
an accuracy of 92% in diagnosing pancreatic neoplasm.
With thinner slice imaging and precisely timed contrast
administration coupled with multiplanar reconstruction,
pancreas protocol CT may now be able to identify small
pancreatic masses that previously may have been undetected by conventional or even single detector dual-phase
imaging[11]. EUS should be performed in all patients with
obstructive jaundice or unexplained pancreatic and/or
bile duct dilations in whom CT or MRI do not definitively identify a pancreatic lesion, both to detect any tumor
and to exclude non-neoplastic diseases.
EUS may fail to identify a true pancreatic mass in
patients with chronic pancreatitis, a diffusely infiltrating
carcinoma, a prominent ventral/dorsal split or a recent
episode (< 4 wk) of acute pancreatitis[13]. In a study of 80

WJG|www.wjgnet.com

7809

June 28, 2014|Volume 20|Issue 24|

Luz LP et al . Endoscopic ultrasound and pancreatic cancer

ence between the 179 patients included who underwent
preoperative EUS-FNA as compared with the 59 patients
who did not. In addition, in a recent study, the risk of
gastric/peritoneal recurrence after preoperative EUSFNA was evaluated in 256 patients diagnosed with malignant pancreatic neoplasms who underwent surgery with
curative intent, and it was found that EUS-FNA was not
associated with increased needle track seeding[27].
Despite excellent accuracy and a low incidence of
major complications, EUS-FNA of pancreatic masses
has several limitations. Despite excellent sensitivity, negative predictive value of EUS-FNA for pancreatic tumor
remains limited at 55%-65%[10,21]. Therefore, a negative
or nondiagnostic FNA does not completely exclude
the possibility of malignancy. Secondly, the presence of
chronic pancreatitis decreases the diagnostic accuracy of
EUS-FNA[28,29]. The presence of chronic pancreatitis may
also hinder cytological interpretation of pancreatic FNA,
decreasing sensitivity of EUS-FNA[30]. Third, EUS-FNA
for pancreatic cancer has a false-positive rate of 1.1%,
usually in patients with chronic pancreatitis[31].
The presence and experience of an on-site cytopathologist also impacts the accuracy of EUS-FNA[22,32] In a
recent meta-analysis, which included 34 studies and 3644
patients, rapid on-site evaluation was a significant determinant of accuracy of EUS-FNA in the diagnosis of
pancreatic masses[22]. The optimal number of EUS-FNA
passes has been evaluated by 2 studies[32,33], which reported
that at least 5-7 passes for pancreatic masses should be
performed to maximize diagnostic yield. This information
may prove helpful to endosonographers performing EUSFNA when rapid pathology interpretation is unavailable.
A variety of commercially available FNA needles is
available which range in size from 19 to 25 gauge (G). In
a recent meta-analysis, 25-G needle was associated with a
higher sensitivity but comparable specificity to the 22-G
needle in 1292 patients with solid pancreatic lesions[34].
In another meta-analysis, 25-G needles appeared to have
an advantage in adequacy of passes as compared to 22-G
needles, without difference in accuracy, number of passes
or complications[35]. Interestingly, 25-G needles were associated with less technical failures compared to 22-G
needles when sampling pancreatic head and uncinate
process lesions in some studies, and therefore should be
considered first in those cases[36,37].
Due to its inherent rigidity, 19-G needles have been
rarely used in the duodenum. Recently, a needle made of
nitinol has been developed with enhanced flexibility to
overcome these limitations (Flex 19, Boston Scientific,
Natick, MA). The first report on the use of this needle
included 38 patients, 32 of those with pancreatic head/
uncinate lesions. Transduodenal FNA yielded adequate
samples for cytological analysis in all 32 patients, without
technical failures or procedure related complications[38].

CBD
TU
Needle

Figure 1 Endoscopic ultrasound guided fine-needle aspiration of pancreatic mass in a patient with painless jaundice.

vascular hard masses suggestive of pancreatic carcinoma
were 75.8%, 95.2%, and 83.3%, respectively, with a positive predictive value and negative predictive value of
96.2% and 71.4%, respectively.
Diagnosis of pancreatic cancer
EUS-FNA of a pancreatic mass was first described in
1992[1] and is currently the preferred method to sample
pancreatic mass lesions, having largely replaced intraoperative sampling or biopsies under CT or US guidance.
EUS-FNA is performed using the linear array echoendoscope, as the ultrasound transducer at its distal tip allows
needle advancement under real-time guidance once the
target is identified (Figure 1). EUS-FNA of a suspected
metastatic site from PDAC (ascites, distant metastatic
lymph node, omental nodule or a suspicious liver lesion)
should be performed first. If those are negative for malignancy then either the suspected tumor or a regional
lymph node may be sampled.
EUS-FNA has excellent accuracy. Two recent metaanalyses reported a pooled sensitivity for the diagnosis
of malignancy based on cytology of 85% and 89%, and
a pooled specificity of 98% and 99%, respectively[21,22].
EUS-FNA of unresectable pancreatic cancer therefore is
routinely performed where available but its use in patients
with resectable pancreatic cancer remains controversial
when neoadjuvant therapy is not planned.
EUS-FNA of pancreatic masses is overall a safe
procedure. A recent systematic review by Wang et al[23]
of 8246 patients with pancreatic lesions reported complications in 60 (0.82%) patients. Pancreatitis occurred in
36/8246 patients, of which 75% where mild. One patient
with severe pancreatitis died, with an estimated pancreatitis-related mortality rate of 2.78%. The overall rate of
pain, bleeding, fever and infection were 0.38%, 0.10%,
0.08% and 0.02% respectively.
Peritoneal seeding of tumor cells following EUSFNA has been reported in up to 2.2% of patients but
appears to be less than CT-guided FNA (16.3%) [24].
EUS-FNA did not increase the risk of peritoneal carcinomatosis in pancreatic masses in a comparison of 161
patients who underwent Endoscopic retrograde cholangiopancreatography (ERCP) alone with 56 who also
underwent EUS-FNA[25]. Beane et al[26], compared overall
and recurrence-free survival of patients with PDAC who
underwent distal pancreatectomy, and found no differ-
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EUS-FNA with use of DNA markers
In order to improve the diagnostic yield of EUS-FNA of
pancreatic masses, analysis of abnormal genes in EUSFNA samples is being investigated. The most studied
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invasion[59,60]. The sensitivity of EUS alone for the diagnosis of metastatic adenopathy in pancreatic PDAC is
28%-92%[5,6,44,49,51,52,54,55], however most report sensitivities
under 65%. Metastatic lymph nodes that do not have all
four endosonographic features described above[59] may
therefore incorrectly assumed to be benign. Specificity of
EUS alone for the diagnosis of metastatic adenopathy in
PDAC is 26%-100%[5,6,44,49,51,52,54,55], however most report
specificities above 70%. It is presumed that the addition
of EUS-FNA of suspicious lymph nodes may increase
specificity however there are little data that describe the
impact of the addition of EUS-FNA to EUS alone. Routine EUS-FNA of peritumoral lymph nodes with pancreatic head cancers may not be necessary as those nodes are
removed en-bloc with the surgical specimen. As presence
of malignant celiac lymph nodes might preclude surgery,
detailed survey of this region should be done at the time
of preoperative EUS staging.
For detection of non-nodal metastatic cancer, CT and
MRI are superior to EUS due to both anatomic limitations of normal gastrointestinal anatomy and the limited
range of EUS imaging. Although the entire left and caudate hepatic lobes might be seen by EUS imaging in most
patients, a portion of the right lobe may not be visualized
by EUS. EUS clearly cannot replace but may supplement
other modalities for staging of hepatic metastases. EUS
might, however, detect and sample small hepatic lesions
missed by other imaging modalities[61-63]. The sensitivity of EUS-FNA for benign and malignant liver masses
reportedly ranges from 82%-94%[61,64] and the diagnosis
of liver metastases from pancreatic cancer generally precludes surgical resection[64]. EUS may also identify and
sample ascites either previously detected or undetected
by other imaging studies[65,66]. Identification of malignant
ascites and liver metastases by EUS-FNA is associated
with poor survival following diagnosis[67]. Therefore, routine examination of the perigastric and duodenal spaces
for ascites should be incorporated in the staging of every
pancreatic mass.

marker is κ-ras. A prospective study including 394 pancreatic masses found that the combination of κ-ras mutation
analysis with cytopathology increased the sensitivity of
EUS-FNA from 87% to 93% and the accuracy from 89
to 94%[39]. Recently, a meta-analysis of 8 prospective studies (931 patients) assessing the accuracy of k-ras mutation analysis in the diagnosis of PDAC reported a pooled
sensitivity and specificity of 77% and 93%, respectively.
When combined with EUS-FNA alone, the addition of
k-ras mutation testing improved sensitivity from 81%
to 89% but decreased specificity from 97% to 92% for
the diagnosis of PDAC. Among inconclusive EUS-FNA
cases, k-ras mutation analysis reduced the false-negative
rate by 56% and increased false positive rate by 11%[40].
The addition of other somatic mutations as p53 and p16
to K-ras mutation analysis has been shown to increase
the sensitivity of PDAC detection to up to 100% in cases
where FNA was inconclusive in one study[41]. Detection of chromosomal abnormalities by fluorescence in
situ hybridization (FISH) analysis has also been recently
investigated in the detection of pancreatic cancer. In
combination with cytopathology, the use of FISH analysis to detect polysomy of chromosomes 3, 7, and 17 and
deletion of 9p21 improves sensitivity of EUS-FNA from
61% to 85%[42]. Presently, in view of the high accuracy of
standard FNA, together with elevated price and reduced
availability of these genetic tests, it appears that its use in
EUS-FNA samples should be limited to research protocols and in cases with inconclusive specimens.
EUS and staging of PDAC
Suspected malignant tumors of the pancreas should
be assigned a TNM staging based on the most current
American Joint Committee on Cancer staging classification, which describes the tumor extension (T), lymph
node (N) and distant metastases (M) of tumors, respectively. If the tumor is limited to the pancreas, it is either
a T1or T2 lesion. If the tumor is smaller than 2 cm it is
a T1, if it is larger is a T2. In case the lesion extends beyond the pancreas, it is either a T3 or T4 lesion. Tumors
extending to the celiac artery or superior mesenteric
artery are considered T4 lesions, and tumors involving any other of the surrounding pancreatic structures
as portal vein, ampulla or duodenal wall but the celiac
or superior mesenteric artery are classified as T3. The
distinction between T3 and T4 is important, as T4 lesions with involvement of celiac or superior mesenteric
arteries is considered unresectable for curative intent.
Reported accuracies of T staging by EUS range from
63%-94%[4-6,8,11,43-57]. Nodal (N) metastases are classified
as absent (N0) or present (N1); including peripancreatic,
gastro-hepatic or celiac malignant appearing lymph nodes.
The accuracy of EUS for N-staging of pancreatic tumors
ranges from 41%-86%[4-6,8,11,44,58]. Malignant echofeatures
for detection of metastatic lymph nodes include size
greater than 1 cm, hypoechoic echogenicity, sharp distinct
margins, and round shape. If a lymph node has all four
echofeatures, there is an 80%-100% chance of malignant
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THERAPEUTIC EUS APPLICATIONS
EUS and fiducials
Fiducials are inert radiographic markers implanted into
a target tumoral lesion for both localization and tracking during image-guided radiation therapy (IGRT). This
technique depends on reference points by which the lesion is identified and tracked during radiation therapy.
Fiducials have been traditionally implanted by percutaneous or surgical approach. The use of EUS-guided fiducial
placement was first described by Pishvaian et al[68] in a
case series including 13 patients, 7 with PDAC. Technical
success was achieved in 94%. Since then, several series
reported successful EUS-guided implantation of fiducials in the pancreas (Figure 2), including more than 180
patients with technical success > 90%[38,69-73]. Reported
complications were uncommon and included cholangitis
in a case in which prophylactic antibiotics were not used),
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Figure 2 Endoscopic ultrasound guided deployment (A) and view (B) of fiducials in a pancreatic head mass.

third month. The same group also used iodine-125 as a
neurolytic agent in 23 patients undergoing EUS-guided
CPN for unresectable PDAC[78]. At week 2.82% of patients had a reduction in pain score on a visual analogue
scale and the mean narcotic consumption had decreased.
This effect lasted until the study conclusion at 5-mo follow-up when only 2 patients were still alive. The authors
postulate that iodine-125 may be a superior neurolytic
agent compared to ethanol due to its longer half-life and
deeper tissue penetration, although this has yet to be confirmed in a controlled clinical trial. The limited data so far
for brachytherapy is encouraging, as it appears feasible
and safe and might have some benefit in pain control in
patients with locally advanced PDAC. Survival benefit,
however, was not yet shown. Larger studies are needed
to further evaluate this technique, including assessment
of patient safety studies as well as safety of handling and
storing radioactive material at endoscopy suites.

mild pancreatitis, minor bleeding and fiducial migration
requiring repeat procedure.
Traditional fiducials are cylindrical gold seeds that
can be loaded in a 19G needle. More modern coil design
fiducials can be loaded into a 22G needle and in theory
coil design might reduce migration. However, this was
not confirmed in a recent retrospective series including
39 patients with PDAC (103 fiducials). In this study, comparison of both types of fiducials showed no difference
in migration and in addition traditional cylindrical fiducials were significantly more visible during IGRT[73]. In
summary, EUS placement of fiducials appears a feasible
and safe technique; its practice, however, will depend on
local availability of EUS expertise and IGRT.
EUS and brachytherapy
Instead of placing an inert radiologic marker, brachytherapy involves the insertion of a radioactive seed directly
into the pancreatic tumor for localized therapy. Currently the most common radioactive seed used clinically
is iodine-125, which has a half-time of 59.7 d and tissue
penetration of 1.7 cm[74]. Currently there are only 3 case
series reporting EUS-guided brachytherapy in PDAC. In
the pilot study by Sun et al[75], in 15 patients with advanced
PDAC median survival was 10.6 mo, with 27% partial
response and a mean number of 22 iodine-125 seeds per
patient. Technical success was 100%; local complications
including pancreatitis and pseudocyst occurred in 3 patients, also hematological toxicity without clinical sequelae
occurred in 3 patients. In the subsequent series by Jin et
al[76], a median number of 10 seeds were placed in 22 patients with advanced PDAC. Dose calculation was based
on tumor volume from reconstructed three dimensional
CT images. Although placement under EUS guidance
was successful in all patients with no major complications, only three achieved partial remission at 4 wk and
no improvement in survival was shown. However, pain
was significantly reduced 1 and 4 wk after the procedure.
The most recent larger series by Du et al[77] included 100
patients with advanced PDAC who underwent brachytherapy with EUS guided implanted iodine-125 seeds.
Pain scores dropped dramatically after one week post
implantation, and maintained significant lower until the

WJG|www.wjgnet.com

EUS-guided celiac plexus interventions
Patients with PDAC commonly develop abdominal pain
that can be debilitating. Celiac plexus neurolysis (CPN)
is a chemical splanchnicectomy of the celiac plexus that
can be used to treat pain caused by PDAC. It can be
performed by percutaneous, surgical or EUS-guided approach. EUS is well suited for identification of the celiac
plexus due to the close approximation of the gastric wall
with the origin of the celiac artery. EUS-CPN was first
described in 1996 in 30 patients with intra-abdominal malignancy (25 with PDAC) who were treated with injection
of bupivacaine and 98% absolute alcohol. Pain scores
were significant lower compared with baseline at 2, 4, 8
and 12 wk after EUS-CPN[79]. Next, a prospective study
including 58 patients with inoperable PDAC found that
EUS-CPN provided significant decline in pain scores in
78% patients[80]. In a meta-analysis of randomized controlled trials of EUS-CPN for PDAC in 283 patients, Puli
et al[81] reported 80% of patients experienced at least partial pain relief. Although the authors could not determine
whether EUS-CPN reduced narcotic requirements due to
heterogeneous reporting in the included studies, an earlier
meta-analysis by Yan et al[82] reported a significant reduction in narcotic use with non-EUS guided CPN. Similar
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Figure 3 Celiac ganglia identified during endoscopic ultrasound (A) and injected during neurolysis under endoscopic ultrasound guidance (B).

findings were reported in a more recent Cochrane metaanalysis which combined studies evaluating EUS-guided
and percutaneous CPN[83]. In a double-blind, controlled
trial by Wyse et al[84], which included 96 patients with advanced PDAC, early EUS-CPN provided greater pain relief as compared with conventional therapy at 1 mo and
significantly greater at 3 mo. Morphine consumption was
similar in both groups at 1 mo but tended toward lower
consumption at 3 mo in the neurolysis group.
Over the past decade, advancements in echoendoscope designs have permitted the accurate identification
of celiac ganglia and interest has developed in direct ganglia injection to improve the efficacy of CPN (Figure 3A
and B)[85]. In a recent randomized controlled study, celiac
ganglion neurolysis was more effective than celiac plexus
neurolysis in relieving pain (73.5% vs 45.5%, respectively;
P = 0.026)[86].
EUS guided CPN is a safe procedure and complications are uncommon. Diarrhea (4%-15%) and orthostasis
(1%) can occur due to disruption of the autonomic nervous system are usually mild and transient. A paradoxical
increase in pain may occur in up to 9% of cases but generally resolves over several days[80]. Recently, serious complications including paralysis due to anterior spinal cord
infarction[87,88], death from necrotic gastric perforation[89]
or celiac artery thrombosis with infarction[90,91] have been
reported.

gene-deleted replication-selective adenovirus that preferentially targets malignant cells) in 21 patients with locally advanced PDAC without significant liver metastasis.
Patients underwent 8 sessions of EUS-FNI and the final
treatments were given in combination with systemic
gemcitabine. In this study, mean survival was 7.5 mo, and
there were 2 partial regressions, 2 minor responses and 6
patients with stable disease. Nevertheless, there were serious complications including 2 duodenal perforations and
2 patients with sepsis, therefore limiting the use of EUSFNI of this agent.
EUS-FNI of immature dendritic cells was reported
by Irisawa et al[94] in a series with 7 patients with metastatic PDAC who previously failed gemcitabine. Mean
survival was 9.9 mo. There were 3 partial responses,
2 patients with stable disease and no serious reported
complications. Also Hanna et al[95] reported EUS-FNI of
BC -819, a DNA plasmid that has the potential to treat
PDAC that overexpresses H19 gene, in 6 patients with
advanced PDAC. There were 3 partial responses and no
serious reported complications.
TNFerade biologic is a replication-deficient adenoviral vector that expresses tumor necrosis factor α (TNF-α)
under control of the Egr-1 promoter, which is inducible
by chemotherapy and radiation In a phase Ⅰ/Ⅱ study,
EUS or percutaneously guided intra-tumoral TNFerade
biologic with 5-fluorouracil and radiotherapy was well
tolerated and showed promising results in 50 patients
with locally advanced PDAC[93]. Successively, a randomized multicenter trial, TNFerade biologic was compared
with standard of care (SOC) in 304 patients with locally
advanced PDAC. TNFerade was injected intratumorally
by either EUS-guided approach or percutaneous transabdominal approach. Results showed that the addition
of TNFerade to SOC was well tolerated, however did
not prolong survival in patients with locally advanced
PDAC. In addition, in the TNFerade arm of the study,
multivariate analysis showed that TNFerade injection by
EUS approach, rather than a percutaneous transabdominal approach was a risk factor for inferior progressionfree survival. It is possible that greater variability existing
in EUS operator skill across the participating institutions
compared to the more straight forward percutaneous

EUS and fine needle injection
EUS-guided fine-needle injection (EUS-FNI) is an
emerging method, which involves direct intra-tumoral delivery of therapeutic agents into pancreatic tumors under
EUS guidance. This technique offers theoretic potential
to deliver high dose concentration while minimizing systemic side effects.
In the pilot study by Chang et al[92], a single injection
of allogeneic mixed lymphocyte culture (cytoimplant)
was delivered by EUS-FNI in 8 patients with unresectable PDAC. The technique was feasible and not associated with substantial toxicity. In this series, median survival was 13.2 mo and two patients had partial response
and one had a minor response. Subsequently, Hecht et
al[93] reported the use of EUS-FNI of ONYX-015 (a
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transabdominal approach technique might have resulted
in reduced efficacy in the EUS group[96]. EUS-FNI although promising, up to now did not show noteworthy
results in the treatment of PDAC.

peritoneal stent migration and biloma.
Artifon et al[113] reported the first prospective randomized comparison between EGBD (choledochoduodenoscopy) and PTBD, in 25 patients with unresectable malignant biliary obstruction who failed ERCP (13 patients
EGDB vs 12 patients in the PTBD group). In this small
study, both groups had similar technical and clinical success, complication rate, cost and quality of life.
EGBD is a safe and effective alternative after failed
ERCP, whether performed by rendezvous or direct luminal stenting. Although limited data suggests equivalency
to PTBD, larger studies are needed to confirm those results. EGBD ideally should be performed by high skilled
endoscopists trained in both ERCP and EUS, and should
be limited to expert tertiary centers, where surgery and
radiology back-up are available in case of adverse events.

EUS-guided biliary drainage
ERCP is the procedure of choice for bile duct stenting
in obstructive jaundice in patients with advanced PDAC.
When ERCP is not possible due to failed cannulation,
altered upper gastrointestinal tract anatomy, a distorted
ampulla, gastric outlet obstruction, a periampullary diverticulum or in situ enteral stents, EUS-guided biliary
drainage (EGBD) has been used as a minimally invasive
alternative to surgical biliary bypass or percutaneous transhepatic biliary drainage (PTBD)[97].
Two main approaches for EGBD have been used:
direct transluminal stenting (hepaticogastrostomy or choledochoduodenoscopy, without accessing the papilla) and
a rendezvous technique (wire placed into intrahepatic or
extrahepatic biliary duct, passed through the papilla and
retrieved by a duodenoscopy for biliary interventions). A
third approach, EUS-guided antegrade transpapillary biliary stent placement, has also been described[98,99]. Case-series from expert tertiary centers suggest that EGBD can
be performed with high therapeutic success (87%) but
is associated with 10%-20% mild to moderate morbidity
and rare serious adverse events[97,100-110]. Rendezvous technique appears to be the safest[110,111], however can only
be attempted in whom the papilla or choledocho-enteric
anastomosis is accessible by endoscopy. In addition, rendezvous biliary drainage either fail or is not possible in at
least 25% of patients, is associated with prolonged procedure times and may lead to acute pancreatitis[97,102,107,108].
Transluminal stenting can be complicated by stent migration or occlusion, bile leak, cholangitis, hemobilia,
pneumoperitoneum and bile peritonitis[104-106,111,112]. EUSguided hepaticogastrostomy is potentially applicable
to patients with duodenal obstruction or prior gastric
surgery, however it can only be attempted when the left
intra-hepatic system is dilated[111]. EUS-guided choledochoduodenostomy can be attempted only in patients with
a native anatomy (intact duodenal bulb) and an intact biliary tree[112]. EGBD by using either rendezvous or directly
transluminal technique requires needle puncture via an intrahepatic or an extrahepatic route in an non-obstructed
patient with normal upper GI anatomy. It appears that
extrahepatic route is preferable and safer than intrahepatic access, whether EGBD is performed by rendezvous
or direct transluminal stenting[97,105,109,110].
Recently Park et al[110] reported a single-operator, nonrandomized prospective study evaluating technical and
functional success and adverse event rate of a treatment
algorithm using a modified technique of “enhanced
guidewire manipulation” for EGBD, performed at samesession after failed ERCP in 45 patients with malignant
or benign biliary obstruction. Results of this approach
showed a technical and functional success of 95% and
overall adverse event rate of 11%, including pancreatitis,
focal bile peritonitis, limited pneumoperitoneum, intra-
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CONCLUSION
EUS and EUS-FNA are highly accurate modalities for
detection, diagnosis and staging of PDAC. This high accuracy is decreased, however in specific situations most
notably in the presence of chronic pancreatitis. Newly
techniques including contrast-enhanced EUS, elastography and detection of DNA markers are in progress and
might improve the accuracy of EUS in the detection of
PDAC in the setting of chronic pancreatitis. EUS and
EUS FNA have recently progressed from a diagnostic
to a therapeutic technique in the management of PDAC.
Evolving therapeutic applications include celiac plexus
interventions, fiducial and brachytherapy seeds placement, fine needle injection and EUS-guided biliary drainage. The future role of EUS and EUS in management of
PDAC is still emerging.
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Core tip: Implementing the clinicopathological information with molecular characteristics for treatment individualization in pancreatic cancer seems to be one of the
keys to improving survival and response to treatment.
The development of new biomarkers and a better definition of the current ones are radically important. This
review will summarize the most important biomarkers
defined for pancreatic adenocarcinoma and their current development status.
Lamarca A, Feliu J. Pancreatic biomarkers: Could they be the
answer? World J Gastroenterol 2014; 20(24): 7819-7829 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i24/7819.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i24.7819

Abstract
Pancreatic ductal adenocarcinoma (PDA) is known for
its poor prognosis. Most of the patients are diagnosed
with advanced stages, when no curative treatment is
available. Currently, despite extensive clinical research
on PDA, the median overall survival remains short. Diagnosis delay and primary chemo-resistance due to its
intrinsic biological nature may explain the challenges
to improve our results. Our knowledge about the molecular biology of PDA has exponentially increased during the last decades and its use for the development
of biomarkers could help to reach better results in the
clinical setting. These biomarkers could be the clue for
the improvement in PDA clinical research by earlier detection strategies with diagnostic biomarkers, and by an
individualization of treatment approach with prognostic
and predictive biomarkers. This review summarizes the
current knowledge about the molecular biology of PDA
and the status of the most important prognostic and
predictive biomarkers.

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDA) is known for its
aggressiveness and poor prognosis: it is the fourth leading
cause of cancer-related death both in men and women[1].
Approximately 45220 patients are annually diagnosed
with pancreatic adenocarcinoma; almost all are expected
to die from the disease[2]. Five-year survival rate after the
diagnosis is around 5% for all the stages, reaching 20%
for the localized stages and being less than 1% for those
patients diagnosed with advanced disease.
The majority of pancreatic tumours (85%) are classified as adenocarcinomas (PDA), arising from the ductal
epithelium. The diagnosis is mainly made in patients in
their forties and the incidence is higher in men than in
women (ratio 1.3:1). Some risk factors have been suggested for the development of PDA, but no standard screening has been defined yet (Table 1). Five to ten percent of
the patients diagnosed with PDA have a first degree relative with the same disease, which suggests involvement
of familial aggregation and/or genetic factors[4].
Surgical resection is the only option of curative treatment. Nevertheless, because of the late presentation of
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Table 1 Suggested risk factors for the development of pancreatic ductal adenocarcinoma
Hereditary syndromes

Non-hereditary risk factors

Hereditary breast/ovarian cancer (BRCA2, BRCA1, PALB2)
Familial atypical multiple mole melanoma (FAMMM) syndrome (CDKN2A)
Peutz-Jeghers syndrome (STK11)
Familial adenomatous polyposis (APC)
Hereditary nonpolyposis colon cancer (Lynch Ⅱ) (DNA mismatch repair
genes)
Familial pancreatic cancer (gene not identified)
Hereditary pancreatitis (PRSS1, SPINK1)
Ataxia telangiectasia (ATM)
Li-Fraumeni syndrome (p53)

Nonhereditary chronic pancreatitis
Diabetes mellitus, glucose metabolism, and insulin resistance
Cigarette smoking
Obesity and physical inactivity
Diet (high intake of saturated fat and/or meat, particularly smoked or
processed meats)
Coffee and alcohol consumption
Aspirin and nonsteroidal anti-inflammatory drug use
History of partial gastrectomy or cholecystectomy
Helicobacter pylori infection

Table 2 Summary of the most important randomized clinical trials performed in advanced pancreatic ductal adenocarcinoma
Experimental arm treatment
(number of patients included)

Median OS (mo)
(Experimental arm)
(95%CI)

Control arm treatment
(number of patients included)

Median OS (mo)
(Control arm)
(95%CI)

Hazard ratio
(95%CI) (P value)

Ref.

Gemcitabine (63 pts)

5.6 (data not shown)

5-FU (63 pts)

4.4 (data not shown)

Gemcitabine and erlotinib
(285 pts)
Gemcitabine and capecitabine
(267 pts)
FOLFIRINOX (combination
of 5FU, oxaliplatin and
irinotecan) (171 pts)
Gemcitabine and nabpaclitaxel (431 pts)

6.24 (data not shown)

Gemcitabine (284 pts)

5.91 (data not shown)

7.1 (6.2-7.8)

Gemcitabine (266 pts)

6.2 (5.5-7.2)

11.1 (9.0-13.1)

Gemcitabine (171 pts)

6.8 (5.5-7.6)

Data not shown
P = 0.0025
0.82 (0.69-0.99)
P = 0.038
0.86 (0.72-1.02)
P = 0.08
0.57 (0.45-0.73)
P < 0.001

Burris et al[7],
1997
Moore et al[8],
2007
Cunningham et al[9]
2009
Conroy et al[10],
2011

8.5 (7.9-9.5)

Gemcitabine (430 pts)

6.7 (6.0-7.2)

0.72 (0.62-0.83)
P < 0.001

Von Hoff et al[11],
2013

OS: Overall survival.

diagnosed in advanced stages and palliative chemotherapy
is the only option of treatment. The aim of this chemotherapy is to prolong OS and improve the quality of
life. In 1997, gemcitabine was established as the drug of
choice for the treatment of advanced PDA with OS of
5.6 mo compared to 4.4 mo in the arm with 5FU[7]. Since
then, multiple randomized studies with combination
schedules have shown improvement in OS compared to
single agent gemcitabine (Table 2)[8-11]. However, as it is
shown in Figure 1, the impact in the survival achieved in
advanced PDA has never reached the year of median OS.
This is far of being comparable to the results achieved in
other malignancies such as advanced breast or colorectal
cancer.

Experimental arm (median OS, mo)
Control arm (median OS, mo)
Hazard ratio

Overall survival (mo)

12

11.1

10

8.5
7.1
6.24

5.6
5

5.91

6.2

0.82

0.86

6.8

6.7

0.57

0.72

4.4
?
0
Gem vs
5FU 1997

GemErl vs
Gem 2007

GemCap vs FOLFIRINOX vs GemNabPacl
Gem 2009
Gem 2011
vs Gem 2013

Figure 1 Multiple randomized phase III trials have been completed in the
last decades; however, we have not been able to cross the barrier of 12
mo survival in advanced pancreatic cancer.

WHY THESE RESULTS? WHAT ARE THE

the disease, only 15%-20% of patients are diagnosed
early enough to be considered for a potentially curative
treatment. However, the relapse rate after surgery is high
(80%-90%). Looking for a reduction in the relapse rate
and an increase in the overall survival (OS), adjuvant chemotherapy is currently standard of care after resection of
PDA. The most employed adjuvant chemotherapy schedules are gemcitabine or capecitabine[5,6].
Unfortunately, most of the patients (up to 80%) are

Much effort is been employed in trying to improve the
survival of our patients with PDA. The improvement in
the big randomized studies with more than 1800 patients
during the last decades seems to be not enough and the
median OS is still less than one year after diagnosis[12].
When we compare this data with other adenocarcinomas,
for example breast or colorectal adenocarcinoma with
median OS longer than 24 mo, we might wonder: are we
doing the right research? What makes pancreatic cancer
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Table 3 Core signalling pathways involved in pancreatic ductal adenocarcinoma
Involved pathways

PDA with pathway
aberrations

Representative genes

Apoptosis
DNA repair
Regulation of G1/S phase
Hedgehog pathway
Celular adhesion

100%
83%
100%
100%
79%

Integrin signaling
c-Jun N-terminal kinase signaling
KRAS signaling
Regulation of invasion

67%
96%
100%
92%

GTP-ase dependent signaling (not κ-ras)
TGF-β pathway
Wnt/Notch pathway

79%
100%
100%

CASP10, VCP, CAD, HIP1
ERCC4, ERCC6, EP300, RANBP2, TP53
CDKN2A, FBXW7, CHD1, APC2
TBX5, SOX3, LRP2, GLI1, GLI3, BOC, BMPR2, CREBBP
CDH1, CDH10, CDH2, CDH7, FAT, PCDH15, PCDH17, PCDH18, PCDH9, PCDHB16,
PCDHB2, PCDHGA1, PCDHGA11, PCDHGC4
ITGA4, ITGA9, ITGA11, LAMA1, LAMA4, LAMA5, FN1, ILK
MAP4K3, TNF, ATF2, NFATC3
KRAS, MAP2K4, RASGRP3
ADAM11, ADAM12, ADAM19, ADAM5220, ADAMTS15, DPP6, MEP1A, PCSK6, APG4A,
PRSS23
AGHGEF7, ARHGEF9, CDC42BPA, DEPDC2, PLCB3, PLCB4, RP1, PLXNB1, PRKCG
TGFBR2, BMPR2, SMAD4, SMAD3
MYC, PPP2R3A, WNT9A, MAP2, TSC2, GATA6, TCF4

Addapted from Jones et al[19], 2008. PDA: Pancreatic ductal adenocarcinoma.

so hard to treat? Do we know enough about its molecular
biology? Which is the next step?
Several reasons have been postulated for the difficulties in achieving better results in PDA[13]: (1) delay in
diagnosis due to lack of symptoms until advanced stages.
Most of the patients are diagnosed with distant metastases or unresectable locally advanced disease. Moreover,
due to its location in the retroperitoneum, the pancreas is
difficult to access and sample with traditional endoscopic
techniques. This can also raise difficulties for an early
diagnosis; (2) PDA is associated with several comorbidities that could affect patients’ overall health with a worse
impact in the OS of those who develop the PDA (Table
1); (3) limited effect of local therapies. The relapse rate
is far from being acceptable, even with adjuvant chemotherapy or a combination of adjuvant chemo-radiotherapy. One possible explanation is that “field effect” mutations may affect normal appearing cells present in the
residual pancreatic tissue. This, added to the high ability
of spreading, even in early stages, could explain the high
chances of relapse after local radical treatment[14]; and (4)
PDA has been postulated to be primary (innate), rather
than secondary (acquired), resistance to chemotherapy.
Reasons for this could be both, related to the cancer
cell itself and to the stroma surrounding the pancreatic
cancer cells: (1) cancer cell characteristics. Different high
penetrance genetic alterations have been described in
PDA. One of the most frequent ones is activating mutations in κ-ras (present in > 90% of PDA), which is one
of the most potent of all human oncogenes, and able
to induce strong pro-growth, cell motility and invasion
signals; and (2) a defining characteristic of PDA is the
presence of a dense fibrotic proliferation surrounding
the epithelial cells composed of various leukocytes, fibroblasts, endothelial cells and neuronal cells, as well as
extracellular matrix components such as collagen and
hyaluronan[15-17]. Moreover, in contrast to many tumours
that are dependent on neo-angiogenesis, PDA is poorly
vascularised and therefore, poorly perfused, making the
delivery of chemotherapy more difficult into the tumour
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cells.

MOLECULAR BIOLOGY IN PANCREATIC
CANCER: WHAT DO WE KNOW?
PDA is known to be a genetic disease, caused by inherited and acquired mutations in specific cancer-associated
genes[18]. Since the sequencing of the protein-coding
exons from 20661 genes in 24 advanced ductal adenocarcinomas of the pancreas was published in 2008, a better
understanding of the key pathways involved in the development and maintenance of PDA was provided[19]. In
2012 the sequencing of 142 localized and resected PDAs
was also published[20].
The most important genes and pathways involved in
PDA biology are summarized in Table 3.
According to our current knowledge, multiple combinations of all these genetic mutations are commonly
found in PDA, and can be classified as follows[21-24]: (1)
mutational activation of oncogenes: predominantly K-ras;
(2) inactivation of tumour suppressor genes such as
TP53, p16/CDKN2A, and SMAD4; (3) inactivation of
genome maintenance genes, such as hMLH1 and MSH2,
which control the repair of DNA damage. Most of these
mutations are somatic aberrations. However, some germline aberrations were described (BRCA2, PALB2, STK11,
ATM, MLH1 and MSH2) to be involved in the development of hereditary pancreatic cancer (Tables 1 and 3)[25].
During the last two decades, a lot of effort has been
done in the definition of biological pathways involved,
not only in the development/maintenance of PDA cancer cells, but also in the characterisation of the stroma
surrounding the PDA cells[15-17]. As we discussed above,
the characteristics of this particular stroma are one of
the explanations for the difficulties in the treatment of
PDA[26]. Some core pathways [e.g., Hedgehog, Transforming growth factor (TGF)-β and Hepatocyte growth factor
(HGF)-met] have shown to be involved in its development[18,27]. Moreover, some studies are testing the effec-
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Table 4 Biomarkers in pancreatic ductal adenocarcinoma
Biomarker

Prognostic
biomarker

Predictive
biomarker

MUC1
MSLN
6-gene signature

Yes
Yes
Yes

VEGF
p16
TP53
SMAD4

Yes
Yes
Yes
Yes

EGFR
K-ras
RRM1

Yes
Yes

Yes

ERCC1
CTCs
hENT1

Yes
Yes
Yes

Yes

HuR
SPARC

Yes
Yes

CTGF

Yes

Comments and references
Predictive of early cancer-related death[37]
Predictive of early cancer-related death[37]
Expression of FOSB, KLF6, NFKBIZ, ATP4A, GSG1 and SIGLEC11 is related with metastatic
spread[38]
Worse survival in resected PDA[39]
Higher expression was related to poorer prognosis[40]
Relation with tumour dedifferentiation and higher locorregional recurrence[40]
Higher Smad4/Dpc4 was related to bigger tumours, lymph node metastases and shorter survival[40].
Higher relapse rate (distant spread)[41]. Loss of expression correlated with resectability and better
survival after surgery[42]
No predictive/prognostic power[43,44]
Better prognosis in Kras wild-type tumours[43,44]
High expression of RRM1 showed significantly better overall survival[45-47] and worse response to
treatment[47-49]
High ERCC1 expression showed significantly better overall survival[47,50,51]. No predictive power[49]
More studies are awaited[52]
High expression of hNENt1: worse prognosis, higher response to gemcitabine in the adjuvant
setting; unclear impact in metastatic patients[50,53-57]
Low expression of HuR: worse prognosis[58] and better response to gemcitabine[59,60]
Expression of SPARC in the peritumoural stroma is related with worse prognosis[61,62]. No predictive
effect
Preclinical data seem to suggest prognostic impact and potential predictive power for FB-3019[63-66]

VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor; CTCs: Circulating tumour cells; SPARC: Secreted protein acidic and
rich in cysteine; CTGF: Connective tissue growth factor.

tiveness of anti-stroma therapies in pancreatic cancer,
such as Visdemogib (Hedghog pathway inhibitor)[28,29] and
nab-pacliaxel [postulated to be a secreted protein acidic
and rich in cysteine (SPARC) inhibitor][30].

A lot of work has already been done in the development of a compendium of potential PDA biomarkers
worth to be included in future research[36]. Nowadays, the
three biomarker categories are being developed in PDA.
The most important prognostic and predictors biomarkers for pancreatic cancer are summarized in Table 4.

IMPROVING OUR RESULTS THROUGH
THE DEVELOPMENT OF BIOMARKERS

Diagnostic biomarkers
The aim of the development of diagnostic biomarkers is
to improve the rate of early diagnosis. CA19.9 is already
employed as a diagnostic tool in combination with image
techniques[23,30]. The definition of genetic expression and
proteomic patterns could improve the diagnosis of PDA,
currently based on morphological pathology studies only.

A biomarker has been defined as ‘‘a characteristic that
is objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention’’ by the Biomarkers Definitions Working Group[31].
According to this Working group, three categories of
biomarkers can be defined depending on the information
that they provide: diagnostic, prognostic and predictive
biomarkers.
As detailed above, during the last decades, our
knowledge about the PDA molecular biology is increasing exponentially and lots of pathways have been
implicated in this malignancy. However, apart from
CA19.9 for the diagnosis of pancreatic adenocarcinoma,
no other biomarkers are currently being employed in
PDA for improving the clinical management of these
patients[24,32,33]. How can we apply all this new knowledge in the development of new studies looking for an
improvement in OS? According to some experts, better
early detection strategies with diagnostic biomarkers,
treatment decisions based on prognostic biomarkers, and
individualized treatment schedules based on predictive
biomarkers could be the clue for the improvement in
PDA research[34,35].
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Prognostic biomarkers
The potential of classifying the patients into good and
bad prognostic groups could be especially useful after
surgery. We could offer more aggressive chemotherapy
schedule or closer follow-up to those patients with worse
prognosis or more chances of relapse. Moreover, the
capability of defining the relapse pattern (local vs distant
spread) could also improve the chosen image technique
or frequency for the surveillance. See more details below.
Predictive biomarkers
The definition of predictive biomarkers, both for already
employed drugs and for new therapies, could enrich our
prospective studies. We need to improve our ability for
selecting those patients that, according to the tumour
expression of predictive biomarkers in PDA, may have
better response to the chosen treatment and individual-
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p53, and SMAD4/DPC4) with clinico-pathological findings, including survival and patterns of disease progression, in 106 patients with resected PDA[40]. The expression of protein products of these genes was determined
immunohistochemically. Genetic aberrations of these 3
genes were associated with malignant behaviour of PDA:
a significant correlation was found between SMAD4/
DPC4 immunolabeling and tumour size (P = 0.006), lymphatic invasion (P = 0.033) and lymph node metastasis
(P = 0.006); loss of p16 immunolabeling (P = 0.029) and
loss of SMAD4/DPC4 immunolabeling (P < 0.001) were
significantly associated with shorter OS; and abnormal
immunolabeling of p53 was significantly associated with
tumour dedifferentiation (P = 0.022) and the presence of
locoregional recurrence (P = 0.020).
Moreover, the expression of SMAD4 has been analysed to define higher relapse rate and therefore worse
prognosis, in several studies[40-42,67]. A study including
patients with resected PDA analysed the expression of
cell-cycle and cell-signaling involved key proteins using
immunohistochemistry in a subgroup of 129 patients[42].
While aberrant expression of p21(WAF1/CIP1), cyclinD1, p53 or p16(INK4A) was not associated with a
difference in survival; loss of SMAD4/DPC4 expression
correlated with resectability (P < 0.0001) and was associated with improvement in survival after resection (P <
0.0001). In contrast, resection did not improve survival
in patients whose tumour expressed SMAD4/DPC4 (P
= 0.5). The authors concluded that preoperative assessment of SMAD4/DPC4 expression could be useful in
the selection of patients that may benefit from surgical
resection.
In 2011, Crane et al[41] reported the results of a phase
Ⅱ clinical trial to assess the efficacy and safety of cetuximab, gemcitabine and oxaliplatin followed by cetuximab,
capecitabine, and radiation therapy in locally advanced
pancreatic cancer. Diagnostic cytology specimens were
analysed for SMAD4/DPC4 protein expression (by immunohistochemistry). In this study, SMAD4/DPC4 protein expression correlated with local rather than distant
disease progression (P = 0.016).
Finally, Iacobuzio-Donahue et al[67] performed rapid
autopsies on 76 patients with documented pancreatic cancer. The histological features, the status of the
KRAS2, p53 and SMAD4/DPC4 genes were correlated
to the stage at initial diagnosis and patterns of failure (locally destructive vs metastatic disease). SMAD4/DPC4
genetic status was highly correlated with the presence of
widespread metastasis but not with locally destructive tumours (P = 0.007).
SPARC is expressed in the cell matrix and it is involved in cell matrix interactions, wound repair, cell
migration and cancer growth regulation. The high expression of SPARC in the peritumoural stroma was defined as a worse prognostic factor both in localized and
locally advanced patients[61,62]. The expression patterns of
SPARC were characterized by immunohistochemistry in
299 resected pancreatic adenocarcinomas to evaluate the

ize the chemotherapy according to this information. See
more details below.

CURRENT DEVELOPMENT OF
BIOMARKERS IN PANCREATIC CANCER
The most important prognostic and predictors biomarkers for pancreatic cancer are summarized in Table 4.

PROGNOSTIC BIOMARKERS IN PDA
To look for effective biomarkers able to stratify PDA
based on biologic behaviour, a survival tissue microarray
of 137 resected PDAs was analysed[37]. In a multivariate
model, MUC1 (OR = 28.95, 3+ vs negative expression, P
= 0.004) and MSLN (OR = 12.47, 3+ vs negative expression, P = 0.01) were highly predictive of early cancerrelated death. In this study, MUC1 and MSLN were
superior to pathologic features (tumour size, lymph node
metastases, and nuclear grade) in predicting survival.
Stratford et al[38] identified a six-gene signature (FOSB,
KLF6, NFKBIZ, ATP4A, GSG1 and SIGLEC11) associated with metastatic disease. The results from the training
set of 34 patients were validated in an independent series
of 67 patients. The six-gene signature was independently
predictive of survival and superior to established clinical
prognostic factors such as grade, tumour size and nodal
status (HR = 4.1, 95%CI: 1.7-10.0). Patients defined to
be “high-risk” had a 1-year survival rate of 55% compared to 91% in the ‘‘low-risk’’ group.
In 2011 a meta-analysis of immunohistochemical
markers in resected pancreatic cancer was published[39].
The aim of the study was to conduct a systematic review
of the literature evaluating p53, p16, SMAD4, bcl-2, bax,
vascular endothelial growth factor (VEGF) and epidermal growth factor receptor (EGFR) expression as prognostic factors in resected PDA. VEGF emerged as the
most potentially informative prognostic marker (11 eligible studies, 767 patients, HR = 1.51, 95%CI: 1.18-1.92).
Bcl-2, bax and p16 were also related to OS. Neither p53,
SMAD4 or EGFR were found to have significant prognostic value.
The expression of hENT1, involved in the internalization of gemcitabine into the cancer cell, has been
widely explored in PDA (See below, “predictive factors”).
The prognostic value of the expression of hENT1 has
been shown in several studies. Kim et al[32] reported in
2011 a series of eighty-four resected PDAs. Total RNA
was isolated from paraffin-embedded tumours and the
multivariate analysis confirmed the association of low
expression of hENT-1 (P = 0.007) with worse OS and
progression free survival (P = 0.016).
The genes p16, TP53 and SMAD4/DPC4 were included in a study by Jones et al[19] in 2008 as core pathways of PDA development and have been widely studied
in PDA for its potential prognostic prediction.
A retrospective study published in 2013 aimed to
clarify the implications of 3 major genes (CDKN2A/p16,
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Table 5 “Classic” predictive biomarkers for “classic” chemotherapies with potential interest in pancreatic cancer
1

Predictive
biomarker

Drug

Theoretical impact

Thymidylate
synthase
DPD

5FU

When negative, better response to
5FU
When mutation DPD, more 5FU
related toxicity
When positive, better response to
Irinotecan
When positive, better response to
gemcitabine
When negative, better response to
Oxaliplatin
When negative, better response to
Oxaliplatin
Erlotinib effective when EGFR
mutation/kras wild type present
Mitomicin C effective when
PALB2 mutation present
PARP inhibitors effective when
BRCA2 mutation present

Topoisomerase Ⅰ

5FU
Irinotecan

RRM1

Gemcitabine

ERCC1

Oxaliplatin

XRCC1

Oxaliplatin

EGFR/kras

Erlotinib

PALB2

Mitomycin C

BRCA2

PARP
inhibitors

Impact confirmed in
Studies performed
pancreatic cancer?
in pancreatic cancer
(predictive outcome)?
Yes

No

Yes

No

No

No

Yes

Yes

Yes

No

No

No

Yes

Notes

Ref.

Predictive value in PDA [55,72-74]
not validated
Survival benefit with S1
[73]
and DPD mutation
No data in pancreatic
cancer
Low expression correlates [47-49]
with better response
No predictive effect
[49,51]

No

No data in pancreatic
cancer
No predictive effect

[43,44]

No

Yes

Case report

[75]

Yes

Yes

Phase I trial

[76]

1

This impact is suggested in other malignancies.

prognostic significance of tumoural and peritumoural
SPARC expression[61]. In the multivariate analysis, SPARC
expression in the surrounding stroma was a biomarker
of worse prognosis (HR = 1.89, 95%CI: 1.31-2.74),
while the expression of SPARC in pancreatic cancer cells
remained unrelated to prognosis (HR = 1.02, 95%CI:
0.73-1.42). These data have been validated in further
studies[62]. However, in animal models this prognostic impact of SPARC was not verified: the prognosis was worse
in those SPARC knock-out mice[68].
Other prognostic biomarkers are: Kras[43,44] (better
prognosis in Kras wild type tumours), HuR[59,60] (higher
expression of HuR related to worse prognosis; See below
“Predictive biomarkers”), RRM1[45-47] and ERCC1[47,50] (high
RRM1 and high ERCC1 showed significantly better OS).
The analysis of circulating tumour cells is also being
developed in PDA patients. However, further studies are
awaited for a better understanding of its impact[52].
Collisson et al[69] reported in 2011 a study identifying
three PDA molecular subtypes (classical, quasimesenchymal and exocrine-like) both in human tumours and cell
lines, with different profiles of survival and response to
treatment. The subtypes were defined according to the
gene expression profile. These data need to be further
validated but could be useful in the improvement of the
individualize management of PDA[70].

not been prospectively validated in pancreatic adenocarcinoma (Table 5), the rationale for this design is the individualization of first line chemotherapy according to the
molecular expression profile of each tumour.
This idea has been executed in some studies. Von
Hoff et al[71] published in 2012 the results of a clinical
trial, where patients with PDA were treated according to
molecular profiles of their tumour. The molecular analysis included immunohistochemistry, fluorescent in situ
hybridization assays and immediately frozen tissue for
oligonucleotide microarray gene expression assays. From
the 86 patients included, there was a molecular target detected in 84 (98%) and 66 were treated according to the
molecular profiling results. This was a pilot study, and the
authors confirmed the feasibility of this rationale. However, prospective studies are ongoing and data are awaited
for its wide use (NCT01726582, NCT01394120).
Gemcitabine response predictive biomarkers: RRM1,
hENT1 and HuR
Apart from RRM1[47-49], whose lack of expression is predictive of response to gemcitabine (Tables 4 and 5), other
biomarkers were suggested as predictors of response to
gemcitabine in PDA: hENT1[50,53-55] and HuR[59,60].
Human equilibrative nucleoside transporter-1 (hENT1)
was found to be the major gemcitabine transporter into
the cell. Therefore, those cells with low expression of
hENT1 will not transport the gemcitabine into the cancer
cells, avoiding its activity (inhibition of the cell growth).
In contrast, increased hENT1 abundance facilitates efficient cellular entry of gemcitabine and confers increased
cytotoxicity. Nakano et al[77] reported in 2007 a preclinical
study with pancreatic cancer cell lines where expression
of hENT1 changed in the development of gemcitabine
resistance.

PREDICTIVE BIOMARKERS IN PDA
Use of “classic” biomarkers to predict response to
“classic” chemotherapies in pancreatic cancer
Based on data from other subtypes of adenocarcinoma
such as colorectal tumour or breast cancer, some studies
tried to employed “classic” predictive biomarkers to improve the results achieved with standard chemotherapy in
advanced PDA. Although most of these biomarkers have
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However, interpreting these results in human samples
is challenging. In patients receiving adjuvant treatment,
the expression of hENT1 showed to be predictive biomarker for response to gemcitabine. However, this was
not validated in the metastatic setting.
The multicentre ESPAC-3 trial randomized patients
to adjuvant gemcitabine or 5FU after pancreatic adenocarcinoma resection[78]. According to the safety profile,
gemcitabine was chosen as the preferred agent when
compared with monthly bolus (Mayo Clinic) 5-FU/LV
for the adjuvant setting. The samples collected from the
adjuvant ESPAC1/3 randomized trials were employed in
a translational project to define the predictive value of
hENT1[54]. One-hundred and seventy-five gemcitabine
treated and 176 5-FU treated patients were included in
the analysis. In the gemcitabine group a significantly
lower survival (P = 0.002) was noted with low hENT1
[median survival 17.1 (95%CI: 14.3-23.8) mo vs 26.2
(95%CI: 21.2-31.4) mo]. Multivariate analysis confirmed
hENT1 expression as a predictive biomarker of response
to gemcitabine in the adjuvant setting.
However, the findings in metastatic patients are
different. During the 2013 ASCO congress, data of a
new gemcitabine-like drug (CO-101) were presented[57].
CO-101 (also known as CP-4126), a lipid-drug conjugate of gemcitabine, was rationally designed to enter
cells independently of hENT1. The authors presented
the results of a randomized trial comparing CO-101
and gemcitabine in the metastatic setting. The aim of
the study was to determine whether CO-101 improved
survival compared to gemcitabine in patients with low
hENT1 tumours and to test prospectively the hypothesis that hENT1 was a predictive marker of response to
gemcitabine. Unfortunately, CO-101 was not superior to
gemcitabine in patients with low tumour hENT1 expression and, moreover, hENT1 expression did not predict
gemcitabine treatment outcome in this study.
From these data, we conclude that while hENT1
seems to be a predictor of response in the adjuvant setting, this was not reproducible in metastatic patients.
The molecular biology of the metastatic PDA may differ
from the localized tumours, explaining the differences in
the results.
The ubiquitous RNA-binding protein (RBP) HuR
is involved in the control of gene expression, mRNA
stability and translation and cellular response to internal
and external signals[79]. Through its post-transcriptional
effect by targeting mRNAs, HuR can alter the cellular
response to proliferative, stress, apoptotic, differentiation,
senescence, inflammatory and immune signals. The high
expression of HuR has already been defined as a prognostic factor in PDA and some studies postulated HuR
as a predictive biomarker for response to gemcitabine in
cancer cell lines[59,60].
These results were confirmed in a series of 29 localized PDA patients in whom correlation between HuR
expression levels and OS was evaluated[58]. The results
indicated an increase in risk of death in patients with low
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HuR levels compared to high HuR levels among patients
receiving gemcitabine. Authors concluded that HuR was
regulating the key metabolic enzyme for gemcitabine activation (deoxycytidine kinase) and could be a marker for
therapeutic efficacy of gemcitabine based regimens: better response in patients with high HuR expression.
SPARC
As we detailed above, SPARC has prognostic impact in
PDA[61,62]. Nab-paclitaxel is a 130-nm albumin-bound
formulation of paclitaxel particles. Data from the
phase Ⅰ/Ⅱ trial with nab-paclitaxel postulated SPARC
as a predictive factor of anti-stromal therapies[30]. SPARC
status was evaluated in 36 patients and a significant increase in OS was observed in high-SPARC expression
subgroup compared with patients in the low-SPARC
subgroup (median OS, 17.8 mo vs 8.1 mo, respectively;
P = 0.0431). Moreover, some studies in animal models
postulated that the addition of nab-paclitaxel could increase the intratumoural gemcitabine delivery due to anti-stromal effect of nab-paclitaxel[30,80]. However, the predictive impact of the expression of SPARC has not been
clarified in the prospective studies with combination
chemotherapy with gemcitabine and nab-paclitaxel[11,30].
Connective tissue growth factor/CCN2
Also focused in the stroma and the importance in PDA,
connective tissue growth factor (CTGF) expression was
analysed in pancreatic cancer. CTGF is a cysteine-rich
matricellular secreted protein, which regulates diverse cell
functions including adhesion, migration, proliferation,
differentiation, survival, senescence and apoptosis[81,82].
Due to the hypoxic conditions surrounding the PDA,
Eguchi et al[82] analyzed the tumour-stroma interaction
signalling in cell lines of pancreatic cancer in hypoxia
and normoxia using RNA interference techniques. The
results showed that cell invasion was more enhanced
under hypoxia than under normoxia (P < 0.05) and that
CTGF was one of the overexpressed molecules in hypoxic conditions. Moreover, cell invasiveness was reduced
by CTGF knockdown in hypoxic cancer cells (P < 0.05).
The authors concluded that hypoxia induced CTGF expression could be a prognostic factor related to higher
aggressiveness in PDA. This results match with those
from other studies[63-65].
Therefore, the data available shows that CTGF is
overexpressed in PDA and facilitates local desmoplasia,
tumour survival and metastasis. FG-3019 is a human
monoclonal antibody to CTGF, able to control the
tumour growth in cancer cell lines[83] and tumour xenografts[65], without damage to the healthy tissue. Neesse et
al[84] reported data from animal model research to clarify
the antitumour effect of FB-3019. The authors concluded that FG-3019 may have antitumour effect itself,
more than improving the delivery of gemcitabine into the
tumour. First data in humans were presented in ASCOGI 2013 by Picozzi et al[66], showing that the combination
with gemcitabine, erlotinib and FG-3019 was safe in ad-
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vanced pancreatic cancer patients. The authors showed
that baseline CTGF plasma level was related to worse
survival. Further clinical data for the prognostic and predictor relevance of CTGF in humans are awaited.
8

FUTURE, HOW TO IMPLEMENT THE
ACTUAL DATA?
There is no doubt that the knowledge in molecular biology will continue to improve in the following years. New
generation techniques are being employed in PDA research and will give much more data. However, it is crucial
to incorporate this knowledge in a rational way, and this
could be challenging. Moreover, the huge economic cost
of this research needs to be analysed. Some panels of
experts have defined the most suitable way for biomarker
development and its addition to the clinical research in
pancreatic cancer[12,85,86].
In conclusion, a lot of work needs to be done in the
improvement of our understanding in pancreatic adenocarcinoma. Treatment individualization seems to be
one of the keys, implementing the clinicopathological
information with molecular characteristics. In order to
achieve this, the development of new biomarkers and a
better definition of the current ones are radically important. Most of the detailed biomarkers in this review are
available just for research purposes; only Ca19.9 (with
diagnostic and follow-up aim) is employed in the clinical practice. The results of the ongoing clinical trials
with new biomarker research and the selection of the
therapies according to these molecular characteristics are
awaited.
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novel treatment aspects
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methylation, histone acetylation or miRNA (microRNA)
expression, and review the implications on pancreatic
cancer biology such as epithelial-mesenchymal transition, morphological pattern formation, or cancer stem
cell regulation during carcinogenesis from PanIN (pancreatic intraepithelial lesions) to invasive cancer and
resistance development. Epigenetic drugs, such as DNA
methyltransferases or histone deactylase inhibitors,
have shown promising preclinical results in pancreatic
cancer and are currently in early phases of clinical
development. Combinations of epigenetic drugs with
established cytotoxic drugs or targeted therapies are
promising approaches to improve the poor response
and survival rate of pancreatic cancer patients.
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Core tip: Pancreatic cancer represents a devastating
disease with poor overall survival at advanced stages,
and new and effective treatment options are required.
Besides genetic mutations, epigenetic dysregulation of
oncogenes and tumor suppressor genes is recognized
as a novel therapeutic target. Mechanisms underlying
DNA methylation, histone acetylation and microRNA
regulation and their contribution to pancreatic cancer
development and resistance to treatment are highlighted in this review. Potential therapeutic interventions are
discussed.

Abstract
An improvement in pancreatic cancer treatment represents an urgent medical goal. Late diagnosis and high
intrinsic resistance to conventional chemotherapy has
led to a dismal overall prognosis that has remained
unchanged during the past decades. Increasing knowledge about the molecular pathogenesis of the disease
has shown that genetic alterations, such as mutations
of K-ras, and especially epigenetic dysregulation of
tumor-associated genes, such as silencing of the tumor
ink4a
suppressor p16 , are hallmarks of pancreatic cancer.
Here, we describe genes that are commonly affected by
epigenetic dysregulation in pancreatic cancer via DNA
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neous glandular and duct-like, grading-dependent structures, mostly infiltrating the pancreatic parenchyma and
exhibiting a partially prominent desmoplastic stroma.
The widely accepted and routinely used grading system of pancreatic cancer is based on (1) glandular differentiation; (2) mucin production; (3) mitosis (per 10
microscopic high power fields), and (4) nuclear features
(such as nuclear polymorphism, size or arrangement of
the nucleus)[15,16]. So far, no definitive and routinely used
immunohistochemical markers exist, although many biological markers in pancreatic ductal adenocarcinoma were
tested as possible diagnostic and prognostic tools. However, the main limitations arise from the small number of
patients studied and in the heterogeneity of the applied
methods[17]. Further approaches for prognostic grading
focused on different morphological patterns similar to
Gleason’s scoring system[18], included epithelial-mesenchymal characteristics, such as vimentin expression and
tumor budding[19,20], or evaluated several gene expression
signatures including downregulation of ASPM (abnormal
spindle-like microcephaly associated) which could be detected by immunohistochemistry[21].
Detailed morphological analysis revealed prognostic
subtypes of pancreatic cancer, with a group associated
with better survival (colloid and medullary) and a group
with a worse outcome (adenosquamous or undifferentiated)[22] (as described in Table 1).
It is important not only to give the diagnosis “pancreatic cancer”, but to discriminate between tumor entities
for patient communication, and to evaluate a possible
family history of cancer in genetic counselling (as in cases
of medullary carcinoma[23]) as well as to establish tumorspecific therapy modalities, since it is possible to link tumor sub-entities to specific genetic lesions (Table 1).
Pancreatic intraepithelial neoplasia (PanIN), intraductal papillary mucinous neoplasms (IPMN) and mucinous cystic neoplasms (MCN) are considered precursor
lesions[24] (Figure 1). As IPMN and MCN are seen pretherapeutically in radiological investigations, therapeutic
strategies/algorithms were established to weigh up the
extent of surgical resection and patients’ quality of life.
Further molecular analyses of different precursor
lesions and their morphological variants revealed a stepwise model of carcinogenesis and possible epigenetic associations (Figure 1). Interestingly, a huge number of epigenetically regulated genes have been detected by global
gene expression profiles in comparison with classical genetic alterations showing an association with cytological
and architectural atypia of these precursor lesions. The
challenge in the future is to analyze the complex mechanistic crosstalk of these genetic and epigenetic regulatory
mechanisms[25] during pancreatic carcinogenesis for new
drug development and administration, as shown by Breitkreutz et al[26] using network statistics.

BRIEF INTRODUCTION TO PANCREATIC
CANCER AND ITS CURRENT MODEL FOR
PATHOGENESIS
Overall, the incidence of pancreatic cancer is minimally
increasing or stable[1]. Experimental and clinical investigations have been intensified in the last few years (1) to
obtain more pathogenetic insights in this highly life-destructive cancer entity; (2) to improve the early detection
rate of this often concealed disease; and (3) to identify
new therapeutic strategies to improve quality of life and
survival time[2,3]. Nevertheless, the fate of patients with
a diagnosis of pancreatic cancer is miserable even with
maximal application of possible combined therapeutic
interventions such as surgery, radiation and/or chemotherapy[4,5]. The overall survival time of patients with pancreatic cancer is a mean of 1 year after diagnosis[6]. This
leads to the unsettling question of whether patients with
a diagnosis of pancreatic cancer can survive at all[7].
In the last few years, one therapeutic point of attack has been concerned with the role of cancer stemcells and the epithelial-mesenchymal transition under the
influence of epigenetic regulator mechanisms[8]. These
approaches are interesting and promising as they could
explain the chemotherapy refractiveness of most pancreatic cancers. We have shown previously that pancreatic
cancer employs classical pathways of organ development
and embryogenesis such as Hedgehog or WNT (wingless)
signaling[9,10] which, amongst others, could be targets for
novel therapeutic approaches.
In this review, we focus on epigenetic regulation
mechanisms in pancreatic cancer providing possible novel
treatment aspects by highlighting the pathophysiology of
this special tumor entity for pathologists, clinicians and
future therapeutic approaches.
Epidemiologic (re-)view of pancreatic cancer
Pancreatic cancer is associated with a high mortality rate
and represents the 7th most frequent cause of cancer
death, with approximately 265000 deaths and an incidence
of 280000 per year worldwide in 2008[11,12]. Europe and
Northern America have the highest incidence of pancreatic cancer, with slightly more males being affected.
Pancreatic cancer is usually diagnosed at an advanced
stage due to a lack of symptoms in the early stages so
that resection of the advanced tumor is often not possible. The overall 1-year survival rate for pancreatic cancer
is 26%, and the 5-year survival rate is approximately 6%
for advanced cancer and 22% for early stages when surgical removal of the tumor is still possible[13].
Therefore, new therapeutic approaches combining
neoadjuvant chemotherapy and radiotherapy to significantly reduce the tumor size are promising to allow the
option of surgical removal in selected patients[14].

Molecular aspects of pancreatic cancer: Oncogenes and
suppressor genes
Intensive DNA analysis using genome- and epigenomewide screening methods during the last few years have

Morphological aspects under respect of the precursor
lesions
Classical malignant pancreatic tumors show heteroge-
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Table 1 Histomorphologic subtypes of pancreatic cancer related to their genetic/epigenetics and possible prognostic characteristics
Variant
(source)
MC

CC
AC
UC

Morphology

Genetics/epigenetics

Prognosis

Well defined pushing border, syncytial growth Germline or somatic mutations as well as epigenetic
Better
pattern, and poorly differentiated cancer cells silencing by promoter methylation of mismatch repair MC: Overall 2- and 5-yr survival rate
genes MLH1 and MSH2
of 29% and 13%[23]
Suspension of well-differentiated cancer cells in
Unknown
CC: 2-yr and 5-yr survival rate of
extracellular mucin pools (at least 80%)
70% and 57%[153]
Combination of glandular and squamous
K-RAS2 mutations, inactivation of CDKN2A/p16,
Worse
(at least 30%) components
SMAD4/DPC4 and TP53
AC/UC: Median survival of 5 mo
Noncohesive cancer, lacking histological
K-RAS2 gene mutations, loss of E-cadherin protein
after resection[154,155]
features of differentiation
expression (promoter hypermethylation)
Expression of L1CAM, COX2, and EGFR
Subtype with osteoclast-like giant cells shows
mutations like noninvasive precursor lesions

MC: Medullary carcinoma; CC: Colloid carcinoma; AC: Adenosquamous carcinoma; UC: Undifferentiated carcinoma; COX: Cyclooxygenase; L1CAM: L1
cell adhesion molecule; EGFR: Epidermal growth factor receptor; MSH2: MutS homolog 2.

PanIN

IPMN

MCN

Typical histology

200 mm

200 mm

Major morphological
hallmark(s)

Microscopic papillary or flat non-invasive Mucin-producing epithelial neoplasm with
epithelial neoplasm with different cytologic predominant papillary architecture (arising
and architectural atypia
from the main pancreatic duct or branch
duct)
Major genetics
PanIN 1: Telomere shortening ↑, K-RAS2 ↑
Low grade:
depending on grade of
PanIN 2: CDKN2A/p16 ↓
K-RAS2 ↑
dysplasia
PanIN 3: TP53 ↓, SMAD4/DPC4 ↓, BRCA2 ↓
High grade:
CDKN2A/p16 ↓, TP53 ↓
Frequently
hypermethylated genes
[156-161]
(details see
)

100 mm
No connection to the pancreatic ductassociated ovarian-type stroma
(mainly women)
Overall not well defined
Non invasive:
K-RAS2 ↑, p53 ↑
Invasive:
SMAD4/DPC4 ↓

NPTX2, LHX1, RPRM
RELN, TFP2, CADM1/TSLC1, UCHL1
CLDN5: IPMN > PanIN, PENK: IPMN > PanIN
SPARC/ON: IPMN > PanIN, SFRP1/SARP2: IPMN > PanIN
CDKN2A/p16: IPMN, MCN > PanIN

Figure 1 Precursor lesions of pancreatic cancer with their typical morphologic and genetic as well epigenetic characteristics. PanIN: Pancreatic intraepithelial lesions; IPMN: Intraductal papillary mucinous neoplasms; MCN: Mucinous cystic neoplasms; RELN: Reelin.

elucidated some major deregulated gate “drivers”, “passengers” and “keepers” in pancreatic cancer (Table 2)[27-30].
Overall, more suppressor genes than oncogenes are involved in pancreatic cancer.
As recently described in depth by Hong et al[31], the
most frequently mutated oncogene (> 95%) in pancreatic
cancer is K-RAS (Kirsten rat sarcoma viral oncogene
homolog), leading to constitutive downstream signaling
of proliferation, cellular survival, motility and remodeling. On the other hand, the major deregulated suppressor
genes in pancreatic cancer are CDKN2A/p16 (cyclindependent kinase inhibitor 2A), TP53 (tumor protein
p53) and SMAD4/DPC4 (SMAD family member 4)
which are inactivated by 2 different, often independent,
mechanisms. Whereas CDKN2A/p16 and TP53 are

WJG|www.wjgnet.com

mainly involved in cell cycle checkpoint control and arrest, SMAD4/DPC4 plays an important role in signal
transduction of the transforming growth factor (TGF)-β
pathway, and furthermore in cellular proliferation. Finally,
when looking at epigenetically affected genes, it is obvious that the classical and most frequent pancreatic cancer
genes are only partially epigenetically regulated (see Table
2). Interestingly, such cases with epigenetically silenced
MLH1 (mutL homolog 1) genes are associated with the
distinctive medullary phenotype of pancreatic cancer[32-34].
Linking morphology and genetics to epigenetics in
pancreatic cancer
As later described in detail (see Figure 1, Tables 3 and 4),
epigenetics via DNA methylation, histone acetylation or
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Table 2 Activated and deactivated key genes in pancreatic cancer according to hallmark of cancer, frequency as well as to kind of
possible genetic and epigenetic alteration
Gene symbol (source) Associated function according Frequency
1[35,36]
the hallmarks of cancer
Activation
K-RAS2[131]
AKT2[162,163]
BRAF[164]
Deactivation
CDKN2A/p16[165]
TP53[167-169]
SMAD4/DPC4[170,171]
MLH1[23,172]
BRCA2[173]
STK11/LKB1[174]
TGFBR2[175]
MAP2K4[176,177]

Type of genetic alteration

Evidence for epigenetic
regulation (reference)

a, f, g
a, j, g
a, b, g

> 90
10-20
5

Point mutation
Amplification
Point mutation

b, d, i
b, d, i, h
b, c, f
h
a
i
a, f
a

95
50-70
55
3-15
7
5
4
2

Homozygous deletion, intragenic mutation
Intragenic mutation an one allele and loss in the other allele
Homozygous deletion, intragenic mutation
Heterozygote mutations
Heterozygote mutations
Homozygous deletion, intragenic mutation
Homozygous deletion, homozygous frameshift mutation
Homozygous deletion, missense mutation

Yes[166]

Yes[34]

1

Hallmarks of cancer: Sustaining proliferative signaling (a), evading growth suppressors (b), avoiding immune destruction (c), enabling replicative
immortality (d), tumour promoting inflammation (e), activating invasion and metastasis (f), inducing angiogenesis (g), genome instability and mutations (h),
resisting cell death (i), deregulating cellular energetics (j)[35,36].

Table 3 Overview of DNA hyper-/hypomethylation involved in pancreatic cancer
DNA
modification
DNA hypermethylation

Material
Cancer samples

Cell lines

√
√
√

AsPC1, Hs766T, MiaPaCa2, Panc1
AsPC1, BxPC3, CFPAC1, Panc1
Panc1, SW1990
BxPC3, Capan2, CFPAC1, HPACI,
HPAFⅡ, MiaPaCa2, Panc1, PL45
MiaPaCa2
Panc1
AsPC1, BxPC3, Panc1, MIA
PaCa-2
BXPC3, HPAFⅡ, HPAC, hTERTHPDE, Panc1
BxPC3, CFPAC1, Panc1, SW1990

√
√
√
SW1990

p16
RASSF1A
MDFI, hsa-miR-9-1, ZNF415, CNTNAP2, ELOVL4
SOX15
HOP hoemobox (HOPX)
KLF10
hMLH1
miR-34a/b/c
SPARC
FoxE1, NPTX2, CLDN5, P16, TFPI-2, SPARC,
ppENK
SFRP
UCHL1, NPTX2, SARP2, CLDN5, reprimo, LHX1,
WNT7A, FOXE1, TJP2, CDH3, ST14
NPTX2
miR-132
FOXA1/2

[166]
[178]
[179]
[180]
[181]
[182]
[183]
[184]
[185]
[186]
[187]
[30,159]
[188]
[121]
[81]

ARID1B
NPTX2
Dkk3

[189]1
[190]1
[191]

Cldn18

[192]

TNFRSF10C
Neuronal pentraxin Ⅱ (NPTX2)
UCHL1, RUNX3
p16
BNIP3, PTCHD2, SOX17, NXPH1, EBF3, SPARC,
SARP2, TSLC1, RELN, TFPI2, CLDN5, UCHL1
Blood, brush cytology
NPTX2
VAV1
Claudin4, lipocalin2, 14-3-3 sigma, trefoil factor 2,
S100A4, mesothelin, prostate stem cell antigen
MUC4
ABCB1/MDR1, ABCC1/MRP1, ABCG2/BCRP
Pancreatic juice
Pancreatobiliary fluid
PanIN
IPMNs

DNA hypomethylation

Ref.

Other

√
√
√
√
√
√
√
√
√
√
√
√

Gene affected

[193]
[194]
[195]
[196]
[157,197]
[198,199]
[79]
[78]
[77]
[200]

1

Only abstract available.
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Table 4 Overview of miRNAs associated with specific targets/functions in pancreatic cancer
miRNA/function

Cell lines

Target gene(s)

Cellular effects

AsPC1, Capan1, Capan2, MiaPaCa2, Panc1, Patu8988T, Patu8988S, Patu8902
HOXB1, 3
Metastasis ↑
AsPC1, BxPC3, Capan1, Capan2, CFPAC1, Hs776T, H48N, KP-1N, KP-2, KP-3,
HOXA1
Invasion ↑
MiaPaCa2, NOR-P1, Panc1, SUIT-2, SW1990
AsPC1, Capan1, Capan2, CFPAC1, H48N, HS766T, KP-1N, KP-2, KP-3,
Proliferation ↑, invasion
MiaPaCa2, NOR-P1, Panc1, SUIT-2, SW1990
↑, chemoresistance ↑
BxPC3
Proliferation ↑
Capan1, HS766T, MiaPaCa2, MPanc96, Panc1, PL45, SW1990
PTEN, RECK After miRNA inhibition:
cell cycle arrest ↑,
apoptosis ↑
-132, -212
Panc1
Rb1
Proliferation ↑
-155
Capan2, MiaPaCa2, MCF7, MEFs, 293T
TP53INP1
Apoptosis ↓
-194, -200b, AsPC1, A818, BxPC3, Capan1, Capan2, HPAFII, MiaPaCa2, MPanc96, Panc1,
EP300
Metastasis ↑
-200c, -429
Patu8902, Patu8988T, Patu8988S, PT45, Suit 007, Su.86.86, Sut00281
-197
AsPC1, Panc1
p120 catenin
EMT ↑
-210
Panc1, MiaPaCa2, SUIT-2
Migration ↓, vimentin ↓,
snai-1 ↓, membraneous
β-catenin ↑
-221
Capan1, HS766T, MiaPaCa2, MPanc96, Panc1, PL45, SW1990
p27
Chemosensitivity ↑
-224, -486 AsPC1, A818, BxPC3, Capan1, Capan2, HPAFII, Su 86.86, MPanc96, MiaPaCa2,
CD40
Invasion ↑, metastasis ↑
Panc1, Patu8902, Patu8988T, PT45, Patu8988S, Suit 007, Suit 00281
Function
-301a
BxPC3, Hs766T
Bim
Proliferation ↑,
-320c
AsPC1, Panc12
SMARCC1
Chemoresistance ↑
as tumor
SW1990, Panc1
DPC4/Smad4 Proliferation ↑, colony
suppressor -421
formation ↑
-491-5p
AsPC1, Capan1, MiaPaCa2, SW1990
Bcl-XL, TP53 Proliferation ↓, apoptosis
↑, STAT3 ↓, PI-3K/Akt ↓
let-7
BxPC3, Capan1, Capan2, human HPNE (human pancreatic nestin-positive)
Proliferation ↓, K-RAS ↓,
let-7a
cells MiaPaCa2, Panc1
MAPK ↓
AsPC1
RAS
K-RAS ↓,
radiosensitivity ↑
-22
BxPC3
SP1, ESR1
Tumourigenesis ↓
-26a
SW1990, Panc1
HMGA1
Proliferation ↓, invasion
↓, migration ↓, apoptosis
↑
-34
BxPC3, MiaPaCa2
Bcl-2,
Clonogenicity ↓,
Notch-1/2
invasion ↓, apoptosis
↑, cell cycle arrest ↑,
chemosensitivity ↑,
radiosensitivity ↑, CSC ↓
-34a
Panc1
Cell cycle arrest ↑,
apoptosis ↑, migration ↓,
E2F3 ↓, Bcl-2 ↓, c-myc ↓,
cyclin D1 ↓
-34b
AsPC1, MiaPaCa2
Notch-1
Proliferation, apoptosis
Smad3
Progression in vivo ↑
-107
MiaPaCa2, Panc1
CDK6
Proliferation ↓
-126
AsPC1, BxPC3, KLM-1, MiaPaCa2, Panc1
ADAM9
Migration ↓, invasion ↓,
E-cadherin ↑
-132
BxPC3, HPAFII, HPAC, Panc1
Proliferation ↓, colony
formation ↓, Akt ↓
-143
AsPC1, BxPC3, Capan2, HPAFII, MiaPaCa2, Panc1
COX-2
Proliferation ↓, MEK/
MAPK ↓
Panc1
ARHGEF1
Migration ↓, invasion ↓,
(GEF1),
metastasis ↓, E-cadherin
ARHGEF2
↑
(GEF2), K-RAS
-148a
IMIM-PC2
CDC25B
Proliferation ↓, colony
formation ↓
-148b
AsPC1, BxPC3, MiaPaCa2, Panc1, SW1990
AMPKα1
Proliferation ↓,
apoptosis ↑, cell cycle
arrest ↑, invasion ↓,
chemosensitivity ↑,
tumourigenicity ↓
-150
Colo357, HPAF, Panc10.05
MUC4
Proliferation ↓,
clonogenicity ↓,
migration ↓, invasion ↓,
cellular adhesion ↑
Function as -10a
oncogene -21
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AsPC1, BxPC3, Colo357, HPAC, MiaPaCa2, L3.6pl, Panc12

EMT ↓ (ZEB1 ↓, slug ↓, [231]
vimentin ↓)
Proliferation ↓, cell cycle [232]3
arrest ↑, apoptosis ↑
Proliferation ↓, apoptosis [233]
↑, cell cycle arrest ↑

-375
-548d

Panc1

1

Including an orthotopic murine model; 2Gemcitabine-resistant cell line; 3Only abstract available. Based on and updated from Park et al[120] 2011.

Table 5 Overview of Epigenetic mechanisms - see text for details and references
Mechanism

Enzyme

Subclasses/components

Effect on target gene expression

DNA (de-) methylation

DNMT

↓

Histone (de-) acetylation
Histone methylation

DNA de-methylase
HAT
HDAC

DNMT1 (methylation maintenance)
DNMT3A and -3B (de novo methylation)
Not known
e.g., CBP, p300
Class Ⅰ (HDACs-1-3, -8), class Ⅱa (HDACs-4, -5, -7, -9), class Ⅱb
(HDACs-6, -10), class Ⅲ (SIRT1-7), class Ⅳ (HDAC-11)
PRC1: CBX-2, 4, or 9, PHC-1, 2, or 3, BMI1, RING1A/B or RNF2
→ H3-K27-me3 maintenance
PRC2: EZH2, SUZ12, EED
→ de novo H3-K27-me3 maintenance
Several members
2578 mature miRNA (miRBase v20)

PcG→ H3-K27-me3

Post-transcriptional

TrxG → H3-K4-me3
miRNAs

↑
↑
↑
↓

↑
↓

HAT: Histone acetylase; HDAC: Histone deactylase; DNMT: DNA methyltransferase.

interacting regulative microRNAs (miRNAs) could essentially be linked to different morphological and genetic
changes during pancreatic carcinogenesis. Extensive investigations are been carried out on epigenetic changes
in pancreatic cancer precursor lesions, indicating that heterogeneous, non-linked pathways of carcinogenesis are
regulated by epigenetics as summarized in Figure 1 and
Table 3. Detailed analysis of the function of these epigenetically deregulated genes revealed that all hallmarks
of cancer[35,36] such as self-sufficiency in growth signals
(e.g., SFRP1/SARP2; secreted frizzled-related protein
1), insensitivity to anti-growth signals [e.g., CDKN2A/
p16 or RPRM (reprimo)], tissue invasion and metastasis [e.g., SPARC/ON (secreted protein, acidic, cysteinerich (osteonectin)], limitless replicative potential [e.g.,
LHX1 (LIM homeobox 1)], sustained angiogenesis [e.g.,
CLDN5 (Claudin-5)] or evading apoptosis [e.g., RPRM
or CADM1/TSLC1 (cell adhesion molecule 1/tumor
suppressor in lung cancer 1)] are involved in pancreatic
cancer and affected by epigenetic (de)regulation. This
supports our knowledge of the pleiotropic effects of
systemic epigenetic mechanisms. The degree of cytological and architectural atypia correlated with the amount of
methylated genes supporting the hypothesized multiple
step model of pancreatic cancer even in the early disease
stages[31,37].
Additionally, hypomethylation is also recognized in
pancreatic cancer, leading to genomic instability by overexpression of genes and proteins in contrast to hypermethylation by silencing genes and subsequent protein
expression. Serial genes like SERPINB5 (serpin peptidase inhibitor, clade B, member 5), CLDN4, stratifin,
lipocalin-2, trefoil factor2, S100P (S100 calcium-binding
protein P), mesothelin or prostate stem cell antigen are
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hypomethylated which causes uncontrolled or “dys”-regulated cell cycle progression, proliferation, differentiation
or adhesion[31].

EPIGENETICS OF PANCREATIC CANCER
Overview of epigenetic mechanisms
The identification of DNA methylation, histone modification and the action of miRNAs has profoundly
increased the knowledge about the regulation of gene
activity. Epigenetics studies the stable and inheritable
patterns of altered gene expression independent of the
primary DNA sequence[38], and has shown that dynamic
traits of chromatin, reversible covalent modification of
DNA, and post-transcriptional regulation centrally impact
on gene expression and phenotypic characteristics[8,39].
With increasing evidence that tumorigenesis-associated
cellular changes are caused by epigenetic alterations, the
field of cancer research has evolved to incorporate oncogenic mechanisms beyond DNA mutations. Epigenetic mechanisms (see Table 5 for an overview about the
major epigenetic mechanisms) are generally reversible.
Together with the fact that epigenetic alterations may
be even more prevalent than genetic aberrations, this is
highly attractive in the conceptual approach of selecting
and exploiting potential molecular targets for novel cancer therapeutics[8,40].
The methylation of DNA and subsequent silencing of a gene is catalyzed by DNA methyltransferases
(DNMTs) which add a methyl group to the 5’ carbon of
the cytosine pyrimidine ring. This occurs preferably in
regions containing cytosine-guanine dinucleotides (CpGs);
these CpG islands are preferentially located in regions
corresponding to regulatory regions of many genes[41].
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the initially constituted suppression via H3K27-3me by
PRC2 is maintained by PRC1 and allows fine-tuned,
context-dependent regulation of gene silencing.
miRNAs are short (18-25 nucleotides), phylogenetically conserved single-stranded RNA molecules
without protein-coding functions involved in the silencing of messenger RNAs (mRNAs)[52,53]. This posttranscriptional repression is accomplished by (partial)
base-pairing with the respective mRNA causing either
(1) inhibition of translation initiation; (2) inhibition of
translation elongation; or (3) mRNA decay initiated by
deadenylation of the mRNA following recruitment of
a deadenylase complex[54,55]. The functions added a new
layer of regulatory mechanisms affecting virtually all cellular functions[56,57]. The interaction between miRNAs
and their target mRNAs ultimately leads to reduced levels of the regulated mRNA/protein. The current release
of miRBase (v20[58]) lists 2578 mature miRNA sequences
and it is estimated that over 60% of human mRNAs are
direct miRNA targets[59]. miRNAs can function as either
suppressors or oncogenes and their regulatory importance in human tumorigenesis has been demonstrated
for various cancer types[60,61]. While miRNAs are per se
categorized as an epigenetic mechanism, their cancerrelated expression itself may be subject to epigenetic
regulation by the above-mentioned mechanisms of chromatin modulation[62,63].
In the following paragraphs, we focus on their role in
tumorigenesis in pancreatic cancer including their potential therapeutic exploitation by “epidrugs”. For a general
overview on cancer-related epigenetic mechanisms, we
kindly refer the reader to recent comprehensive reviews:
DNA methylation[64-66], histone (de)acetylation[67-70], histone methylation[71-73], and miRNAs[74-76].

While DNMT1 is responsible for maintenance of parental DNA methylation patterns following replication,
de novo DNA methylation is catalyzed by DNMT3A and
DNMT3B enzymes[42]. The identification of DNA demethylases which remove the methyl group and reverse
the action of DNMTs still warrants further research.
DNA methylation was the first type of epigenetic alteration identified as responsible for inactivation of a tumor
suppressor gene[43], and it is suggested that 100-400 hypermethylated CpG islands may exist in a given tumor[44].
Compared with DNA-based epigenetics, alterations in
DNA-associated histones offer a greater variety of covalent epigenetic modifications, including phosphorylation,
methylation, acetylation, ubiquitination and sumoylation,
all with different degrees of modification (e.g., mono-,
di-, and trimethylation)[45,46]. The nucleosome as the core
building block of eukaryotic chromatin comprises histone octamers (dimers of H2A, H2B, H3 and H4, i.e.,
the nucleosome core particle, NCP) and about 146 base
pairs of DNA[47]. Modifications to histones determine
the packing of DNA into either tight and transcriptionally silent heterochromatin or transcriptionally active
and open-structured euchromatin. These modifications
affecting chromatin mobility and stability have been
termed “marks” whose type, position, and combinations
determine whether a given gene is expressed or silenced,
i.e., the histone code[46,48]. This hypothesis postulates that
local histone modifications determine the configuration
of chromatin, alter the binding affinities of non-histone
proteins, and subsequently influence the chromatin
structure and accessibility of DNA for transcription[39,49].
Histone acetylation is thought to activate gene transcription and is catalyzed by histone acetyltransferases (HATs)
which transfer an acetyl group from acetyl coenzyme A
to the ε-amino group of lysine such as CREBBP (cAMP
response element-binding protein binding protein), p300
and p300-CBP-associated factor (P/CAF). The reverse
reaction is mediated by histone deacetylases (HDACs)
which comprise a group of 18 isoenzymes identified
to date. HDACs are classified into four groups (Ⅰ-Ⅳ)
based on their homology to yeast HDACs as summarized
in Table 5[50,51].
The polycomb group proteins (PcG) repress gene
activity by trimethylation of H3-K27 (histone 3 lysine
27) while TrxG proteins (Trithorax group) activate gene
expression via H3-K4 histone trimethylation. The PcGs
have 2 functions: polycomb repressive complex 1 (PRC1)
maintains the silenced (H3-K27-me3, trimethylated)
chromatin state and consists of CBX-2, 4, or 8 (chromobox homologue 2/4/8), PHC-1, 2, or 3 (polyhomeotic
homologue 1/2/3), BMI1 (B-cell-specific Moloney murine leukemia virus integration site 1), and RING1A/B
or RNF2 (RING finger domain protein). PRC2 initiates
the repressive state by de novo trimethylation of H3-K27
and consists of EZH2 (enhancer of zeste homologue 2),
SUZ12 (suppressor of zeste 12) and EED (embryonic
ectoderm development)[39]. Together with other chromatin-modifying enzymes including DNMTs and HDACs,
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Epigenetic mechanisms
DNA methylation in pancreatic cancer: As discussed
in McCleary-Wheeler et al[8] DNA methylation may occur
early during tumorigenesis of pancreatic cancer as some
epigenetic alterations are already observed in the earliest
lesion, i.e., PanIN-1A, and their importance may increase
during further tumor progression[30]. In line with these
findings, mucin 4 (MUC4) gene expression is increased
from normal to precancerous lesions to pancreatic cancer
associated with an increasing frequency of MUC4 promoter hypomethylation[77]. Furthermore, not only DNA
methylation but also hypomethylation and thus aberrantly
high expression of a gene may represent an epigenetic
feature in pancreatic carcinoma[78,79]. Table 3 summarizes
the currently available literature on (deregulated) DNA
methylation in pancreatic cancer.
Aberrant activation of developmental signalling
pathways such as Hedgehog represents a frequently observed trait in human cancers[9]. He et al[80] have shown
that the Hedgehog transcription factor Gli1 (GLI family
zinc finger 1) targets epigenetic modifiers in pancreatic
cancer, namely DNMT1 and DNMT3a. After showing
a concomitantly higher expression of Gli1 and the DN-
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MTs in pancreatic tumor samples, the authors proved by
pharmacological inhibition using cyclopamine, Gli1 overexpression and siRNA (small interfering RNA)-based
Gli1 knockdown, that the DNMT proteins are positive
targets of this oncogenic pathway, suggesting a cross-talk
between aberrantly activated embryogenesis pathways
and activation of oncogenic epigenetic mechanisms in
pancreatic cancer.
Related to the important role of epithelial-mesenchymal transition (EMT) in pancreatic tumor progression,
FOXA1 and FOXA2 (forkhead box A1/2) transcriptions
factor were identified as effective antagonists of EMT in
pancreatic cancer due to their ability to positively regulate E-cadherin expression: in a study by Song et al[81],
FOXA1/2 expression was lost during malignant progression and their promoter was extensively hypermethylated
in a pancreatic cancer cell line. As the demethylation-mediated reactivation of E-cadherin required concomitant
FOXA2 expression, the authors concluded that suppression of FOXA1/2 is necessary and sufficient for EMT in
the progression of pancreatic cancer[81].
From the data summarized in Table 3 and the mentioned examples, it is clear that numerous genes and
signaling targets are epigenetically regulated by means of
DNA methylation in pancreatic cancer. Importantly, not
only does late-stage, malignant pancreatic cancer display
aberrant DNA methylation, but also earlier, pre-malignant lesions. It is important to note that DNA methylation may act in cooperation with other epigenetic mechanisms (histone modification) to achieve stable silencing
of, for example, individual tumor suppressor genes. In
a series of studies, Yamada et al[82-84] have shown that
different mucin variants are regulated by different and
complementary epigenetic mechanisms: MUC1, MUC2
and MUC5AC by DNA methylation and H3-K9 histone
methylation. This fact has to be considered in therapeutic approaches which aim at reversing deregulated DNA
methylation patterns, for example.

tumorigenesis. These studies provided evidence of either
altered/aberrant expression of these epigenetic regulators in pancreatic cancer samples or demonstrated the
potential therapeutic exploitation of these mechanisms
using cell-based in vitro studies.
An interesting cooperation between the ZEB1 (zinc
finger E-box binding homeobox) transcription factor
which is responsible for silencing of the E-cadherin gene
(CDH1) and HDAC enzymes was investigated by Aghdassi et al[88]. In 25 surgical pancreatic cancer specimens,
the authors found neither hypermethylation nor somatic
mutations in the CDH1 gene, but complexes of ZEB1/
HDAC attached to the CDH1 promoter. Knockdown
of ZEB1 prevented this interaction resulting in histone
acetylation and re-expression of E-cadherin. This study
has provided additional insights into how EMT transcription factors cooperate with HDACs to silence E-cadherin,
and thus promote EMT and tumor progression[89]. These
data confirmed earlier results which demonstrated that
downregulation of E-cadherin in metastatic pancreatic
cancer cells is mediated by a repressor complex containing the EMT transcription factor Snail and the HDAC1
and HDAC2 enzymes[90].
The particular role of PRC proteins as epigenetic
mechanisms has only recently become a focus in pancreatic cancer research. In several tumor types, overexpression of the EZH2 gene is associated with poor prognosis, advanced stage, invasion and metastasis - for an
overview see Crea et al[91]. As reviewed in Grzenda et al[39],
EZH2 overexpression promoted survival, angiogenesis,
migration, proliferation and repression of E-cadherin.
For pancreatic cancer, several studies demonstrated an involvement of components of PRC1/2 in malignant progression: Martínez-Romero et al[92] found the expression
of the PRC1 proteins Bmi1 and Ring1b to be upregulated in PanIN lesions (Bmi1) and pancreatic adenocarcinoma (both components). These finding were confirmed
by Song et al[93] showing that Bmi1 is correlated with
lymph node metastasis and poor survival rates; furthermore, stable knockdown of Bmi1 reduced the levels of
cyclin D1, CDK-2/4 (cyclin-dependent kinase), Bcl-2
(B-cell CLL/lymphoma 2) and phosphor-Akt while the
expression of p21 and Bax was increased and associated
with higher susceptibility towards apoptosis induction.
Moreover, Wellner et al[94] showed that Bmi1 and other
“stemness” factors were negative targets of the epithelial
differentiation-linked miR-200c, -203 and -183 suggesting
a possible mechanism for Bmi1 deregulation in pancreatic cancer. Another PRC1 member was investigated by
Karamitopoulou et al[95]: CBX7 was analyzed in 210 ductal
pancreatic adenocarcinomas and its expression was found
to progressively decrease from normal pancreatic tissue,
PanINs and invasive ductal adenocarcinoma-associated
with increasing malignancy and a trend to shorter overall
survival.
Using immunohistochemistry, Ougolkov et al[96] could
show nuclear overexpression of EZH2 in pancreatic
cancer cell lines and in 68% (71/104) of pancreatic ad-

Histone-based epigenetics in pancreatic cancer:
Acetylation and methylation of histones represent the 2
epigenetic mechanisms based on histone modifications
for which currently data exist in the context of pancreatic tumorigenesis. Several studies have demonstrated
the general relevance of HDAC enzymes in pancreatic
cancer by showing that (1) HDAC2 is increased in pancreatic ductal adenocarcinoma, especially in poorly differentiated tumors[85]; and (2) the expression of HDAC7
is significantly increased in pancreatic adenocarcinoma
samples; HDAC7 expression furthermore allows for
discrimination between pancreatic adenocarcinoma from
other pancreatic tumors (serous cystadenoma, IMPN)[86].
The potential of therapeutic targeting of HDACs in pancreatic cancers has been reviewed by Schneider et al[87]. As
discussed in this section, several studies have unequivocally demonstrated the relevance of histone-based epigenetic mechanisms including the (oncogenic) functions
of PRC1/2 protein complexes to contribute to pancreatic
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enocarcinomas and that its nuclear accumulation was
more prevalent in poorly differentiated pancreatic adenocarcinomas (91%, 31/34). Using RNA interference,
genetic depletion of EZH2 sensitized pancreatic cancer
cells to chemotherapy and caused re-expression of p27
[cyclin-dependent kinase inhibitor 1B (p27, Kip1)] and
decreased proliferation. Similar results were obtained by
Toll et al[97] who demonstrated an inverse relationship
between expression of EZH2 and E-cadherin in 54 pancreatic adenocarcinomas, and significantly longer survival
in gemcitabine-treated patients with low expression of
EZH2. Interestingly, inactivation of RUNX3 (runt-related
transcription factor 3), a component of TGF-β signalling, is mediated by at least 2 epigenetic mechanisms,
both EZH2[98] and DNA hypermethylation[99], highlighting their cooperation to convey a malignant phenotype in
pancreatic cancer. Recently, miR-218 was demonstrated
to be negatively regulated by EZH2 in pancreatic ductal
adenocarcinoma[100]. MiR-218 was significantly reduced in
primary tumor samples compared with normal adjacent
tissue, and its silencing was mediated by EZH2 which
binds to the miR-218 promoter, promotes formation of
heterochromatin, and recruits DNMT-1, -3A and -3B.
MiR-218 expression reduces proliferation in vitro and tumor formation as well as metastasis in nude mice[100]. The
inverse regulatory relationship has also been recently observed between EZH2 and pre-miR101. Overexpression
of pre-miR-101 reduced the binding of EZH2 to the
promoter of the E-cadherin gene (CDH1) and increased
the levels of E-cadherin[101].

ing pancreatic and breast cancer cell lines, knockdown of
EZH2 by RNA interference decreased the CSC subpopulation, confirming its role in CSC maintenance, and genes
affected by EZH2 knockdown were inversely correlated
with their expression in enriched CSC subpopulations[108].
The Hedgehog pathway has also been implicated in the
maintenance of CSCs in various models[9,113]; interestingly
a combination of Hedgehog inhibition (SANT-1) and
SAHA (a pan-HDAC inhibitor; suberanilohydroxamic
acid, Vorinostat) synergistically suppressed proliferation
and colony formation in gemcitabine-resistant pancreatic
adenocarcinoma cell lines by increased Bax expression,
activation of caspase-3/7, increased p21 and p27 and
reduced cyclin D1 expression. This study suggests that
combined inhibition of stem cell-associated pathways
(Hedgehog) and epigenetic drugs could be efficient in
targeting the CSC subpopulation in pancreatic cancer[114].
A study by Nalls et al[115] could demonstrate that demethylating agents (5-aza-dC, 5-aza-2’-deoxycytidine) and the
HDAC inhibitor SAHA restored the expression levels
of miR-34a, which is reduced in pancreatic CSCs. These
inhibitors caused a reduction in the EMT-related ZEB1,
Snail, and Slug transcription factors, increased epithelial
marker expression (E-cadherin) and, most importantly,
reduced the number of viable pancreatic CSC, accompanied by reduced migration, colony formation and invasion of these cells.
Based on the above-mentioned functions and properties of CSC which is critical for tumor initiation, metastasis, progression and therapeutic resistance, these findings
are of central importance and warrant further investigation to hopefully develop (epigenetics-based) therapeutic
regimens specifically targeting this tumorigenic subpopulation in pancreatic cancer.

Epigenetics in pancreatic cancer stem cells: An interesting and possibly therapeutically relevant aspect is
the role of EZH2 in maintenance of stemness characteristics in cancer, particular its role in maintaining the
self-renewal capabilities of cancer stem cells (CSC)[102-108].
This subpopulation of cancer cells has been characterized in pancreatic cancer by surface markers CD44,
CD24, CD133, ESA (EpCAM, epithelial cell adhesion
molecule)[109,110] and is thought to represent the population of cancer cells responsible for tumor maintenance,
tumorigenicity, metastasis, and resistance to conventional
chemotherapeutic drugs, as well as recurrence[109,111]. Similar to studies with CSC derived from hepatocellular carcinoma and acute myeloid leukemia[104,112], recent studies
have demonstrated the therapeutic potential of epidrugs
to directly target this tumorigenic subpopulation of pancreatic cancer cells: Avan et al[102] used an inhibitor of the
EZH2 methyltransferase (DZNep, deazaneplanocin-A)
and showed that treatment with DZNep reduced spheroid formation of pancreatic cancer cells and decreased
the CD133+ subpopulation. Furthermore, the combination of DZNep and gemcitabine was shown to be highly
synergistic and was accompanied by a reduced percentage
of G2/M cells, reduced migration, increased E-cadherin
expression and increased apoptosis [102]. The level of
EZH2 has furthermore been suggested as an assay to effectively measure changes in the CSC subpopulation: us-
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miRNA-based epigenetics in pancreatic cancer: Some
reporters[116-119] and Park et al[120] have reviewed the available
publications on differential miRNA expression in pancreatic cancer vs normal tissue culminating in a list of 64,
partly overlapping individual miRNAs which were found
to be deregulated in pancreatic cancer. Of these miRNAs,
overexpression of miR-21, -155, -196a-2, -203, -210 and
-222 was furthermore associated with poor outcome[120].
Table 4 provides an update (based on Park et al[120]
2011) of the currently available literature on the specific
role of individual miRNAs in pancreatic cancer. All of
these studies investigated the cellular/molecular mechanisms of the oncogenic or tumor-suppressive action of
miRNAs, mainly by forced overexpression or knockdown
of the respective miRNAs.
An example of how epigenetic mechanisms are employed to regulate the expression of tumor-suppressive
miRNAs is shown in the study of Zhang et al[121]. From
12 miRNAs differentially expressed in pancreatic cancers
vs adjacent normal tissue, miR-132 was downregulated in
16/20 pancreatic carcinomas accompanied by methylation of its promoter, as shown both in cell lines and tumor tissue. Sp-1 expression was correlated with miR-132
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(e.g., activating mutations of K-ras[131]), evading growth
suppressors (e.g., deletions or mutations of CDKN2A/
p16Ink4A[132]), activating invasion and metastasis (e.g., expression of CXCL12/CXCR4 [chemokine (C-X-C motif)
ligand 12/(CXC receptor 4)[133]], enabling replicative immortality (e.g., telomerase activation via loss of ATRX
in pancreatic neuroendocrine tumors[134]), inducing angiogenesis [e.g., increase in serum vascular endothelial
growth factor (VEGF)[135]] and resisting cell death (e.g.,
overexpression of anti-apoptotic Bcl-2 [136]. Many of
these alterations have been explored as targets for novel
therapies (e.g., anti-angiogenesis using the anti-VEGF
antibody bevacizumab or anti-epidermal growth factor
receptor directed therapies using erlotinib or cetuximab)
achieved only marginal survival benefits in pancreatic
cancer patients compared with standard therapy[137-139]. As
outlined above, recent data also suggest strong roles for
non-genetic events in pancreatic carcinogenesis and resistance to current therapies[8], e.g., by modulating ABC drug
transporters or interfering with cell death pathways (see
Tables 2-4 for details).
Consequently, these regulatory mechanisms could
represent interesting and potent novel targets for therapy
to overcome resistance and to improve treatment outcome further[140,141]. Inhibitors of DNMT are nucleoside
analogues of cytidine and currently azacytidine and
decitabine are available for clinical use (Table 6), although
the number of current trials is very limited. Zebularine is
in preclinical development[142] with promising experimental data in pancreatic cancer[143].
Inhibitors of protein and histone deacetylases have
been established as a novel approach to target hematologic and solid tumors[144]. Several phase Ⅰ studies using the
first-in-class molecule vorinostat (SAHA) are currently
ongoing, especially in combination with cytotoxic agents
or radiotherapy. Other agents like belinostat (PXD-101),
entinostat (MS-275) or panobinostat (LBH-589) are at
various stages of early clinical development, too, with
progression-free survival or maximum tolerated dose
as study endpoints. As described above, in addition to
deacetylases, HATs can also regulate gene transcription.
Here, curcumin (derived from the South Asian plant
turmeric) has been demonstrated to effectively inhibit
the activity of the HAT p300/CBP in cancer cells[145,146].
Although its pharmacokinetic properties are unsatisfying
so far, it demonstrated early signs of clinical efficacy in
pancreatic cancer patients in a phase Ⅱ setting[147].
Other epigenetic modifiers besides DNMT, HAT or
HDAC have been identified and the first lead compounds
are currently being extensively studied preclinically or are
in early clinical phases. However, clinical data for pancreatic cancer is not available[148].
While miRNAs are considered useful tools for diagnosis, prognosis and possibly patient stratification[149],
miRNA-based therapeutics are currently not available.
Although preclinical data suggests that antagomiRs or
miRNA replacement therapy is promising for pancreatic
cancer models, clinical use is hampered by unresolved

expression, and its binding affinity to the miR-132 promoter was significantly lower in pancreatic tumors relative to non-tumor samples.
As recently discussed[120,122], epigenetic features and
especially miRNAs could also serve as biomarkers to allow specific and sensitive diagnosis of pancreatic cancer an important approach as most patients with this disease
remain without symptoms until the lesion has progressed
to an advanced or metastatic stage. In this context, the
use of miR-155 which showed upregulation in most
IPMNs (83% of cases) has been analyzed in pancreatic
juice by Habbe et al[123]. The authors confirmed upregulation of the miR-155 transcript in 60% (6/10) of IPMNassociated pancreatic juice samples but in none of the 5
control cases. Wang et al[124] profiled 4 miRNAs (miR-21,
-210, -155, and -196a) in heparin-treated blood samples
and found a sensitivity of 64% and a specificity of 89%
to distinguish pancreatic cancer patients from healthy
controls using this panel of miRNAs, thus proving the
feasibility of plasma-based miRNA profiling as a potential biomarker for pancreatic cancer. Furthermore, Kawaguchi et al[125] investigated the utility of plasma miR-221 as
a biomarker for cancer detection and monitoring tumor
dynamics in 47 consecutive pancreatic cancer patients:
similar to cancer tissue, plasma miR-221 levels were significantly higher in pancreatic cancer patients and correlated with distant metastasis and non-resectable status.
Also, miR-21 serum levels were shown to be associated
with overall survival of pancreatic cancer patients, and, in
combination with 6 other miRNAs, allowed for correct
classification of clinically suspected pancreatic cancer
with a rate of 84%[126]. Similar results were obtained for
miR-18a in plasma samples of patients with pancreatic
cancer: miR-18a levels were significantly higher in 36
cancer patients compared with 30 healthy volunteers[127].
Kong et al[128] investigated the utility of several miRNAs
as serum markers: while miR-21 distinguished pancreatic
ductal adenocarcinoma patients from chronic pancreatitis and controls, miR-196a could distinguish resectable
(stages Ⅰ and Ⅱ) and unresectable pancreatic ductal adenocarcinoma (Ⅲ and Ⅳ) as well as predict median survival time of pancreatic ductal adenocarcinoma patients
(6.1 mo vs 12.0 mo for high vs low level miR-196a). Recently, miR-21 from pancreatic cyst fluid was investigated
as a potential biomarker and could differentiate between
benign, premalignant and malignant pancreatic cyst neoplasms[129].

POTENTIAL TARGETS FOR EPIGENETIC
THERAPY IN PANCREATIC CANCER
The classic cancer progression model from PanIN to
invasive carcinoma highlights genetic alterations in several oncogenes and tumor suppressor genes[130]. Hanahan et al[35,36] characterized additional distinct features
of malignant tumor cells in their outstanding reviews
on hallmarks of cancer that have also been identified
in pancreatic cancer: sustaining proliferative signaling
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Table 6 Trials using epigenetic agents in pancreatic cancer
Compound
DNMT inhibitors
Azacitidine
Azacitidine
Decitabine
Zebularine
HDAC inhibitors
Vorinostat
Vorinostat
Vorinostat
Vorinostat
Belinostat
Entinostat
Entinostat
Panobinostat
HAT inhibitors
Curcumin
Curcumin
Curcumin
Curcumin
Curcumin
Curcumin

Combination

Phase

+ Gemcitabine

Ⅰ

Ⅰ/Ⅱ

MTD
MTD, PFS

NCT00667082[234]
NCT00948688

Ⅰ

MTD

NCT00983268

Ⅰ

Ⅰ/Ⅱ
Ⅰ

13-cis retinoic acid
+ Bortezomib

Ⅰ
Ⅱ

2
3

1

Survival
TTP

NCT00094445[147]
NCT00192842
NCT00486460

1
1
1

MTD
MTD
MTD

-[237]
-[238]
-[239]

Ⅱ
Ⅲ
Ⅰ

+ Gemcitabine
+ Gemcitabine

Treatment

MTD
NCT00831493
Various stages of development for solid tumors
MTD
NCT00020579[235]
MTD
PFS
NCT01056601[236]

Ⅱ

+ Gemcitabine
+ Gemcitabine
+ Celecoxib

ClincialTrials.gov

MTD
NCT01167816
PFS
NCT01845805
Various stages of development for solid tumors
Preclinical

Ⅱ

+ Marizomib
+ Radiation
+ 5-FU
+ Radiation
+ Capecitabine
+ Radiation

Endpoint

Ⅰ
Ⅰ/Ⅱ

1: Palliative; 2: Postoperative adjuvant; 3: Both. MTD: Maximum tolerated dose; PFS: Progression-free survival; HDAC: Histone deacetylase; HAT: Histone
acetyltransferase.

drug delivery and the fact that one miRNA also has several target mRNAs, thus possibly being too unspecific[150,151].
Overall, as most of the agents highlighted above are
currently in early phases of clinical development, no clear
data on efficacy of epigenetic agents in pancreatic cancer
are available, but promising preclinical[152] and early clinical data warrant further development.
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Abstract
The treatment of advanced pancreatic cancer has not
moved much beyond single agent gemcitabine until recently when protocols such as FOLFIRINOX (fluorouracil,
leucovorin, irinotecan and oxaliplatin) and nab-paclitaxelgemcitabine have demonstrated some improved outcomes. Advances in technology especially in massively
parallel genome sequencing has progressed our understanding of the biology of pancreatic cancer especially
the candidate signalling pathways that are involved in
tumourogenesis and disease course. This has allowed
identification of potentially actionable mutations that
may be targeted by new biological agents. The heterogeneity of pancreatic cancer makes tumour tissue collection important with the aim of being able to personalise
therapies for the individual as opposed to a one size fits
all approach to treatment of the condition. This paper
reviews the developments in this area of translational research and the ongoing clinical studies that will attempt
to move this into the everyday oncology practice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic neoplasms; Molecular targeted
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Core tip: State of art review of genomic developments
in pancreatic cancer that will hopefully lead to a new
treatment paradigm of recognising that pancreatic
cancer is a heterogenous disease. Adequate tissue col-

7849

June 28, 2014|Volume 20|Issue 24|

Sjoquist KM et al . Challenges of personalising pancreas cancer treatment

Tumour and patient profiling are critical in understanding
the disease, developing new treatments, and better selecting patients for existing treatments. The timely, accurate
and appropriate collection of tissue and blood samples
are fundamental to driving future research and evolving
patient care in the era of personalised and precision medicine. Future strategies, including profiling of circulating
tumour DNA[5], may minimise the invasiveness of testing
but at present access to tumour tissue remains important
in developing new treatment strategies and understanding
their failures.
This review highlights recent advances in understanding of pancreas cancer at a molecular level including key
signalling pathways and markers of treatment sensitivity.
The current evidence base for a personalised approach is
summarised, together with relevant ongoing trials.

lection is important to allow biomarker testing and molecular sequencing to allow determination of actionable
mutations so that personalised therapies can be used in
a rational manner.
Sjoquist KM, Chin VT, Chantrill LA, O’Connor C, Hemmings C,
Chang DK, Chou A, Pajic M, Johns AL, Nagrial AM, Biankin AV,
Yip D. Personalising pancreas cancer treatment: When tissue is
the issue. World J Gastroenterol 2014; 20(24): 7849-7863 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i24/7849.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i24.7849

INTRODUCTION
Until recently, progress in understanding of pancreas
cancer has been frustratingly slow. Prognosis remains exceedingly poor, with the majority of patients presenting
with rapidly lethal advanced disease[1,2]. Distinct phenotypes, while clinically recognised, have been difficult to
capture using common diagnostic tests. In addition, the
value of doing so for directing therapy has been minimal,
with limited treatment options and a lack of alternatives
to gemcitabine which has remained the standard of care
for advanced disease until recently.
Advances in technology have recently accelerated
our understanding of the biology of pancreatic cancer
and tumour-host interactions. Recent initiatives such as
Australian Pancreatic Cancer Genome Initiative (APGI,
http://www.pancreaticcancer.net.au/apgi) and International Cancer Genome Consortium (ICGC, http://icgc.
org) have seen major progress in the acquisition of high
quality biospecimens for molecular studies in comprehensive cancer cohorts. Whole genome sequencing has facilitated identification of potentially actionable mutations
with greater sensitivity and specificity. As tissue requirements and costs for genome sequencing decrease, the
potential to select treatments in a “personalised” manner
based on tumour biology moves closer to the clinic[3].
The move towards ‘‘personalised’’ treatment of pancreatic cancer is not without challenges. The anatomical
location of the pancreas and clinical presentation of the
majority of cancers in advanced stages present particular
barriers to diagnostic and exploratory tissue sampling.
The relative inaccessibility of the pancreas, compared to
many other tumour types, limits the ability to collect adequate µ-tissue (for example core biopsies) from primary
lesions. Recent trials have demonstrated that core biopsies are currently feasible in some settings; the Liberal
Education and America’s Promise (LEAP) trial required
core biopsy for trial participation and were able to do this
prior to enrolment in 367 participants with metastatic disease[4]. Patients presenting de novo with advanced disease
can rapidly deteriorate and any additional diagnostic tests
need to demonstrate therapeutic value and provide useful
information with minimal delay to be useful in routine
practice.

WJG|www.wjgnet.com

RECENT ADVANCES IN SYSTEMIC
THERAPY FOR ADVANCED PANCREATIC
CANCER
Very little progress has been made in the systemic treatment of advanced pancreatic cancer until recent years.
Gemcitabine a nucleoside analogue became established
as the standard therapy following the demonstration
of improved survival and clinical benefit (pain, performance status and weight) against 5-fluorouracil[6]. This
led to the subsequent focus on combining other drugs
with gemcitabine to test doublets against gemcitabine
monotherapy. For a time no doublet was clearly superior
to monotherapy. A number of meta-analysis of gemcitabine combination studies have been carried out[7-9].
These have shown an improvement in survival with platinum based combinations as well as fluorouracil based
combinations[10]. There was a suggestion of more benefit
from combination therapy in good performance status
patients and a worse prognosis in poor performance patients with combination therapy[8]. The most recent meta-analysis of 26 studies with a total of 8808 patients has
found that the relative risk of 1 year survival was lower
for monotherapy when compared to combinations with
platinum, fluoropyrimidine and targeted agents respectively but no statistical differences were found[9]. When
median progression free survival and overall survival
were assessed only fluoropyrimidine was statistically superior. The combination therapies were associated with
more toxicity.
A non-gemcitabine based intensive chemotherapy
schedule FOLFIRINOX (fluorouracil, leucovorin, irinotecan and oxaliplatin) in good performance status
patients under 76 years of age has shown clear superiority to gemcitabine monotherapy (response rate 31.6% vs
9.4% (P < 0.001), median survival 11.1 mo vs 6.8 mo (P
< 0.01) and one year survival 48.4% vs 20.6% at a cost
of increased toxicity[11]. Quality of life was assessed in
the study and it was found that the FOLFIRINOX arm
improved global health status and the time until definitive
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deterioration was significantly longer than gemcitabine[12].
A recently reported phase Ⅲ trial demonstrated for
the first time an overall survival benefit with gemcitabine
based doublet therapy. The MPACT trial randomised
gemcitabine vs gemcitabine plus nab-paclitaxel (Abraxane)
found an improvement in median survival from 6.7 to 8.5
mo with 1 year survivals of 22% and 35% respectively (P
< 0.001)[13]. The response rate also increased in the combination arm (7% vs 23%, P > 0.001), although this was
at the expense of higher rates of myelosupression and
peripheral neuropathy with the doublet.
The role of biological agents has been studied in pancreatic cancer. They have generally been tested in combination with the traditional chemotherapy backbone of
gemcitabine. One positive trial was the combination of
gemcitabine with the epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor erlotinib vs gemcitabine
alone[14]. This NCIC phase Ⅲ study found no difference
in response rates or quality of life between the arms but
did find an improvement of median overall survival from
5.91 to 6.24 mo (P = 0.038) with the addition of erlotinib
and the one year survival improved from 17% to 23% (P
= 0.023)[14]. The very modest benefit in median survival (2
wk) raises the question as to whether this is clinically relevant although there is a tail of increased survivors at one
year. Tumour tissue was collected in this study from 184
patients out of 569 patients with only 162 with sufficient
tumour for immunohistochemistry, limiting the power
to detect whether EGFR expression had any effect on
outcome. Although a positive relationship between the
development of rash and survival was observed in this
study suggesting that this may be a identify a favourable
prognostic subgroup, a subsequent study that explored
dose escalation of erlotinib until development of rash
found no added benefit to standard fixed dose erlotinib
when combined with gemcitabine[15]. Also of note, a subsequent SWOG phase Ⅲ trial using the monoclonal antibody cetuximab as an anti-EGFR strategy in advanced
pancreatic cancer found no additional benefit when
added to gemcitabine[16].
Antiangiogenics have been tested in a number of
phase Ⅲ trials in combination with gemcitabine. These
include the anti-vascular endothelial growth factor (antiVEGF) monoclonal antibodies bevacizumab[17,18] and
aflibercept[19] as well as the oral small molecule tyrosine
kinase inhibitor axitinib[20,21]. These trials have been uniformly negative and suggest that targeting VEGF is an
ineffective strategy in pancreatic cancer. Similarly, trials
of the matrix metalloproteinase inhibitors marimastat[22]
and BAY 12-9566[23] have also been negative. A phase Ⅲ
trial of the multikinase inhibitor sorafenib in combination with gemcitabine was also negative[24], as was a study
of enzastaurin a PKCbeta and PI3K/AKT signalling inhibitor[25].
These trials have all taken a ‘‘one size fits all’’ approach
to treatment of advanced pancreatic cancer in enrolling
unselected patients. With the recognition that pancreatic
cancer is a biologically heterogenous disease, a person-
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alised approach would mean selecting out patients into
enriched groups with biomarker or genomic profiles of
activated pathways that are more likely to respond to targeted agents being tested therapeutically[26]. This approach
has been taken with the randomised phase Ⅱ RECAP
trial (NCT01423604) of capecitabine in combination with
placebo or ruxolitinib a JAK1 and JAK2 inhibitor in which
patients with recurrent or treatment refractory pancreatic
cancer has analysed a prespecified subgroup of patients
identified prospectively as likely to benefit from JAK inhibition. Within this subgroup which is half of the randomized population the hazard ratio for survival was 0.47 with
ruzolitinib with 6 mo survival being 42% and 11% for placebo[27]. This trial is yet to be formally reported but a phase
Ⅲ study is expected to be launched soon.
Current understanding of core signalling pathways in
pancreatic cancer
Detailed molecular analysis of pancreatic cancer began
at the beginning of the 21st century, with CDKN2A,
SMAD4, TP53 and KRAS the first candidate genes identified[28-32]. In late 2008 Jones et al[33] published a seminal
paper in Science detailing global genomic analysis of 24
pancreatic cancers. In this paper, the authors made the
case for 12 core signalling pathways that are genetically
altered in the majority of pancreas cancers.
One pathway they highlighted was Wnt/Notch and
Hedgehog signalling. Four years later, thanks to the international genome sequencing efforts described above, Biankin et al[34] published genomic data from 142 early stage
pancreatic cancers. Although substantial heterogeneity
was identified, 16 genes were significantly mutated. Reassuringly, some of these were common to those identified
by Jones et al[33] but additional novel mutated genes were
identified. Of these, the strongest signal was obtained
from the SLIT/ROBO pathway of axon guidance that
was identified previously in 2003[35,36]. Further work on
this pathway to establish its role in tumourigenesis of
pancreatic cancer is ongoing. Clearly the ongoing challenge for biologists in this field is to determine drivers of
pancreas cancer, understanding that there may be different drivers in different cases. Using this method of separating pancreatic cancers into subgroups by driver has
led us to test targeted, personalised treatment in animal
models and also in human subjects.
Potential ‘‘actionable mutations’’ based on molecular
profiling of pancreatic cancers
Several actionable changes have been identified in pancreas cancer; those with greatest potential clinical significance are summarised in Table 1.
Some of these were able to be verified with accredited, confirmatory genomic tests that are available commercially, such as KRAS mutation testing, BRCA1 and
BRCA2 mutation testing and ATM mutation testing. It
is envisaged that the future will see targeted sequencing
panels for pancreas cancer being commercially available,
accredited and clinically applicable with short timelines
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Table 1 Potentially ''actionable'' phenotypes and supporting evidence
Actionable
phenotype

Therapeutic

Rationale

Molecular characterization

Gemcitabine
responsive

Gemcitabine In PC, Phase Ⅲ trials showed benefit in adjuvant (DFS High hENT1, hCNT1, hCNT3
13.4 mo vs 6.9 mo) and palliative setting (MS 5.65 vs Phase Ⅲ data suggested that hENT1 correlated with response to
4.41)[6,87]
Gemcitabine in adjuvant setting in PC[65,88], however this was not
shown in the metastatic population[89]
Anti-EGFR
Erlotinib,
A Phase Ⅲ trial showed that Erlotinib plus
Classical subtype
responsive
Cetuximab Gemcitabine had an overall survival benefit (HR =
PC cell lines with a “classical” subtype were shown to be more
0.82) compared with Gemcitabine alone in PC[14]
sensitive to Erlotinib[90]
Phase Ⅲ data did not show a difference in OS
EGFR expression did not correlate with response to Cetuximab in
when Cetuximab was added to Gemcitabine in an
patients with PC[16]
unselected population with PC[16]
Taxane
nab-Paclitaxel Phase Ⅲ data showed that the addition of nabSPARC expression (stromal)
responsive
Paclitaxel to Gemcitabine increased PFS (HR = 0.69) A phase Ⅰ/Ⅱ study showed that SPARC expression in the stroma
and OS (HR = 0.72) in the metastatic PC population[13] correlated with survival[71]
5-FU
5-Fluorouracil Small phase Ⅲ trials showed activity of 5-FU
Thymidylate Synthase
responsive
containing regimens in the metastatic population in High intra-tumoural expression was shown to correlate with an
PC[91,92]
increased benefit from 5-FU based chemotherapy in pre-clinical[94]
5-FU was shown to prolong survival when used in
and retrospective patient populations[95]
the adjuvant setting in PC (HR = 0.7)[93]
Irinotecan
Irinotecan In PC, a small effect as monotherapy has been shown Topoisomerase 1 expression
responsive
in the second-line setting[96], and a significant effect
High topo 1 expression was associated with a larger benefit from
on OS was shown when used as part of FOLFIRINOX Irinotecan containing regimens in metastatic colorectal cancer[97]
(HR = 0.57)[11]
HER2
Trastuzumab Has shown activity in HER-2 overexpressing breast HER2 amplification
amplified
and gastric cancers[39,98,99]
Pre-clinical studies suggested that HER2 overexpression predicts a
Phase Ⅱ trials do not show a benefit of adding
response to Trastuzumab in PC[100]
Trastuzumab to Gemcitabine in PC (OS = 7 mo),
however, no standardised approach to FISH testing
was used[41,70]
m-TOR
Everolimus, A phase Ⅲ trial of Everolimus in renal cell cancer
P-TEN Deficient, High p-mTOR/p70S6,
responsive
Temsirolimus shows prolongation in PFS (PFS 4 mo vs 1.9 mo)[101]
AKT amplified, STK11/LKB1 deficiency, PI3K mutation
Phase Ⅱ data showed minimal activity (OS = 4.5
Pre clinical studies showed that p-TEN deficient cell lines are
mo) of Everolimus for second line treatment in an
sensitive to m-TOR inhibitors[104]
unselected population of patients with metastatic
Retrospective studies suggested that SK11, p-MTOR, p-70S6,
PC[102]
PI3K and AKT can select tumours that will respond to m-TOR
A case study in a patient with PC and Peutz-Jeghers inhibitors[103,104-110]
syndrome (SK11 deficient) responds to Everolimus[103]
VEGF
Sunitinib, Phase Ⅲ trial showed no benefit with adding
CSF1R up-regulation, High HIF-α expression
inhibitor
Bevacizumab Bevacizumab to Gemcitabine in an unselected
In vitro studies showed CSF-1R up-regulation was associated with
responsive
population of patients with PC[17]
response to Sunitinib in AML[110]
Phase Ⅱ data showed that maintenance Sunitinib
High HIF-α predicted response to Sunitinib in a retrospective
after primary chemotherapy improved 2 yr OS (22.9% cohort in renal cell cancer[111]
vs 7%) in the metastatic PC population[109]
DNA damage
Platinum; In vitro work showed that cells with defects in BRCA2 DDR signature; mutation of DDR genes,
repair
MMC; PARP are preferentially sensitive to PARP inhibitors[112]
BRCA/ATM/PALB2
deficient
inhibitor
Case reports of PC patients with BRCA2 deficient
Loss of BRCA1 was associated with sensitivity to DNA damaging
tumours respond to PARP[113,114]
agents[115]
Multiple clinical trials are on-going assessing the
BRCA2 mutations were associated with improved response to
effects of PARP inhibition
platinum agents[116]
In vivo studies showed PALB2 inactivation was a determinant of
response to DNA damaging agents in PC[114]
SMO inhibitor Saridegib, A phase Ⅱ trial found that Saridegib plus
Gli1 and PTCH1 transcript levels
responsive
Vismodegib Gemcitabine was no better than Gemcitabine alone
GLI1 mRNA may predict response to SMO inhibitors in pancreatic
in an unselected population of metastatic PC patients cancer in vivo[119]
(data not published)[117]
High Gli1/PTCH1 transcript levels were correlated with response
In vivo studies show SMO inhibitors block metastasis to SMO inhibitors in CLL[120]
formation in pancreatic cancer[118]
PC: Pancreatic cancers; EGFR: Epidermal growth factor receptor; VEGF: Vascular endothelial growth factor; DFS: Disease-free survival; OS: Overall
survival.

Her2 as an example of an ‘‘actionable’’ mutation
The HER2 (human epidermal growth factor receptor)/
neu/ERBB2 gene is a member of a family of genes that

and low cost. Others, such as Her2 upregulation, can be
tested for using immunohistochemistry and in situ hybridisation.
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play a role in regulating cell growth. HER2 signalling promotes cell proliferation through the RAS-MAPK pathway
and inhibits cell death through the phosphatidylinositol
3’-kinase-AKT-mammalian target of rapamycin (mTOR)
pathway. Although HER2 overexpression has been described in a variety of human malignant conditions, gene
amplification is uncommon except in breast and gastric
cancer[37]. Anti-HER2 therapy is clinical indicated and effective for both HER2 amplified breast[38] and gastric[39]
cancers. There is growing evidence that HER2 is an important biomarker and key driver of tumourigenesis in
pancreatic cancer.
Recent evidence suggests HER2 amplification occurs in 2% of pancreatic ductal adenocarcinoma, and
may potentially respond to anti-HER2 therapy[37], similar to HER2-amplified breast cancer. On a molecular
level, HER2-amplified pancreatic cancers demonstrated
a mRNA expression profile which clustered with the
HER2-amplified intrinsic subtype of breast cancer using the PAM50 classifier. Clinically, HER2-amplified
pancreatic cancers showed an atypical metastatic pattern
characterized by spread to the lungs and brain with avoidance of the liver, not unlike the pattern of spread seen
in HER2-amplified breast cancer. These findings suggest
that HER2 is likely to be the main driver of tumorigenesis in this subgroup of pancreatic cancer, analogous to
HER2-amplified breast cancer and may respond to antiHER2 therapy.
Three clinical trials have assessed anti-Her2 therapy in
pancreatic cancer. All 3 were single arm phase Ⅱ trials utilising anti-Her2 agents active in other cancers in conjunction with traditional cytotoxics. Only 2 of the trials selected
patients based on Her2 status, and utilised immunohistochemistry alone to detect HER2 overexpression[40-42].
In Safran’s first study patients with HER2 overexpressing metastatic pancreatic cancers were recruited and
showed a response rate of only 6% which was considered as not significantly different from historical controls
of gemcitabine alone[40]. The majority of the patients
recruited however had HER2 2+ tumors. In Safran’s second study lapatinib (a dual HER1 and HER2 inhibitor)
and gemcitabine were given to an unselected population
of patients with metastatic pancreatic cancer[42]. The
study was terminated after 6 mo due to poor response
rate. Harder et al[41] recruited 17 patients with HER2 expressing metastatic pancreatic cancer for trastuzumab
and capecitabine, and this study closed prematurely due
to lower than expected prevalence of HER2 3+ tumours
and therefore slow accrual.
The selection of patients was based on HER2 expression using immunohistochemstry alone and these were
not standardized assays performed in reference laboratories. As a result it is possible that the use of non-standardised assys performed outside accredited reference
laboratories overestimated HER2 positivity. The likely
overestimation of HER2 positivity underpowered the trials and makes a negative result difficult to interpret.
Identifying HER2 overexpressing pancreatic cancers
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(PC) by genomic profiling has the potential to identify a
cohort more likely to benefit from anti-HER2 therapy.
This enrichment strategy is being utilised in the recently
opened IMPaCT (Individualised Molecular Pancreatic
Cancer Therapy) trial (Table 2) of which several authors
are investigators.
Preclinical trials of repurposed drugs in patient-derived
xenografts
In order to maximize benefit to patients clinical trials
should be conducted in populations based on molecular
characteristics[43]. This highlights the importance of biomarker driven therapeutic development. Such trials are
expensive, labour intensive and pose significant logistical
difficulties which in PC, are compounded by the rapidity of clinical deterioration and the small percentage of
patients who are well enough to receive more than one
line of chemotherapy. Using patient derived xenografts
presents an attractive option to test potential biomarkers
and partnered therapeutic interventions.
Xenograft models derived from established tumour
cell lines may not fully recapitulate the complexities of
human disease and therefore may not be the ideal medium with which to test novel therapeutics[44-46]. In addition
the vast majority of cell lines that have been used in the
past do not have associated germline sequence data. As a
consequence, the accuracy of genomic aberrations identified by comparing to a reference sequence is not sufficient for subsequent testing of genotype-guided treatment strategies. Genetically engineered mouse models
(GEMM) will develop PC predictably and can be used to
study pancreatic carcinogenesis[47]. However, Singh et al[48]
showed that the PDAC Pdx1-Cre LSL-KrasG12Dp16/p19fl/fl
GEMM had a greater response to gemcitabine than typically observed in the patient population, suggesting these
models too lack the heterogeneity and complexity of the
human condition.
Primary xenografts are generated directly from engraftment of individual human tumour tissue into severely immunocompromised mice [nonobese diabetic
/severe combined immunodeficiencies IL2rg -/- (NSG)
mice] allowing efficient engraftment of the tumour[49,50].
These have been shown to faithfully represent the histopathological, biological and genomic characteristics of
the primary tumour[51,52]. These models may represent
valuable tools for testing novel therapies. Primary xenograft models have been used to test novel therapies in
childhood leukaemia[53-55] and neuroblastoma[56,57]. More
recently in PC, primary xenografts have been used to test
the efficacy of sorafenib and everolimus alone and in
combination[58].
The generation of primary xenografts provides a renewable and valuable resource with which multiple treatments may be studied. Large pre-clinical trials may be
designed where a specific tumour of interest may be examined for its sensitivity to numerous different therapies
or efficacy of a single novel therapy may be examined in
a range of tumours with different molecular profiles. The
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NCT01586611

NCT01585805

NCT01888978

Gemcitabine Hydrochloride and
Cisplatin With or Without Veliparib
or Veliparib Alone in Patients With
Locally Advanced or Metastatic
Pancreatic Cancer
Study of Gemcitabine vs FOLFOX in
the First Line Setting for Metastatic
Pancreatic Cancer Patients Using
Human Equilibrative Nucleoside
Transporter 1 (hENT1) Biomarker
Testing

Gemcitabine and oxaliplatin in the
management of metastatic pancreatic
cancers with low expression of ERCC1
A Pilot Study of Molecularly Tailored
Therapy for Patients With Metastatic
Pancreatic Cancer

Phase Ⅲ

AHS Cancer Control
Alberta

Georgetown University

University of Hawaii

Pancreatic Cancer
Research Team

Emory University

The Australasian GastroIntestinal Trials Group
Collaborating groups:
Australian Pancreatic
Cancer Genome Initiative
Sydney Catalyst; the
Translational Cancer
Research Centre of
Central Sydney and
Regional NSW

Sponsor

Gemcitabine+oxaliplatin

Gemcitabine + Nab-paclitaxel induction
FOLFIRINOX consolidative
Metformin + targeted agent selected by
biomarkers for maintenance

Patients with actionable phenotypes
randomised 1:1 to Standard
-gemcitabine alone
OR
Personalised Treatment
-allocated based on molecular phenotype:
HER2 positive sub-group - gemcitabine
plus trastuzumab
Homologous recombinant defects
subgroup:
5FU plus
MMC
antiEGFR responsive sub-group:
gemcitabine plus erlotinib
Gemcitabine and cisplatin

Arms

FOLFOX
Gemcitabine

Gemcitabine+oxaliplatin
Gemcitabine + 5FU
Gemcitabine + docetaxel
FOLFOX6
Oxaliplatin + docetaxel
FOLFIRI
Docetaxel-irinotecan
Randomised National Cancer Institute Cisplatin+gemcitabine
phase Ⅱ
+/-veliparib

Phase Ⅱ

Phase Ⅱ

Ⅰ/Ⅱ

NCT01524575

NCT01488552

Ⅱ

Gemcitabine/cisplatin for resected
pancreas cancer: Establishing the role
of ERCC1 in treatment decision
A Phase Ⅱ study of induction
consolidation and maintenance
approach for patients with advanced
pancreatic cancer

NCT01188109

Phase
Ⅱ

Name of study

ACTRN12612000777897 The IMPACT trial: Individualised
Molecular Pancreatic Cancer Therapy
A randomised open label phase Ⅱ
study of standard first line treatment
or personalised treatment in patients
with recurrent or metastatic pancreatic
cancer

Trial
1
identifier

Table 2 Ongoing biomarker directed therapy trials in pancreatic carcinoma

Immunohistochemistry, rt-PCR, and single nucleotide
polymorphism assessment to determine status of
ERCC1 expression and gene
IHC Analysis will be performed on a fresh tissue biopsy
of the tumor after chemotherapy has been administered.
A targeted-based regimen will be determined from the
results of the IHC analysis for the next therapy given to
the patient in the maintenance phase of the study
Low expression of ERCC1 protein and mRNA
expression

Identification of actionable phenotypes based on
molecular phenotype in tumour tissue in one of 3
subgroups:
HER2 positive (HER2/neu amplification) subgroup
Homologous recombination defects (BRCA1, BRCA2 or
PALB2 mutation)
AntiEGFR phenotype subgroup (KRAS wildtype or
KRAS codon 13 mutation)

Biomarker

PFS between arms
in hENT1 high
and hENT1 low
patients

Optimal dose of
veliparib
Response rate

hENT1

BRCA1 or BRCA2 mutation carrier

Timing of biopsy
Selection of doublet treatment on basis of molecular
and treatment
analysis of tumour
Number of days
from study entry to
biopsy to molecular
results to first dose

6 mo overall
survival

Progression free
survival and
overall survival
Complete response
rate

Progression free
survival (initial
pilot phase will
assess feasibility
of personalised
approach)

Primary outcome
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Molecular Profiling to Guide
Neoadjuvant Therapy for Resectable
and Borderline Resectable
Adenocarcinoma of the Pancreas

Study of Individualized Selection
of Chemotherapy in Patients With
Advanced Pancreatic Carcinoma
According to Therapeutic Targets

Phase Ⅱ

Phase Ⅱ

Medical College of
Wisconsin

Centro Nacional
de Investigaciones
Oncologicas CARLOS Ⅲ

Arm A: Physician discretion
Overall survival
Arm B: Therapeutic target guided
Gemcitabine
Gemcitabine + capecitabine
Gemcitabine + erlotinib
FOLFOXIRI
FOLFOX
FOLFIRI
Targeted chemotherapy prior to surgery Resectability rate
Standard FOLFIRINOX chemotherapy
prior to surgery
Gemcitabine after surgery
No additional therapy after surgery
Targeted chemotherapy after surgery
Chemoradiotherapy
(Targeted chemotherapy include the
following schedules: FOLFIRINOX,
FOLFIRI, gemcitabine+irinotecan,
gemcitabine + oxliplatin, gemcitabine
+ cisplatin, gemcitabine+nabpaclitaxel, capecitabine + nab-paclitaxel,
gemcitabine, capecitabine, 5FU)
Molecular profile of tumour will point to particular
chemotherapy treatment

Therapeutic targets expressed in tumour tissue

7855

Identifying biomarkers for patients likely to benefit from radiotherapy treatment
Autopsy studies[59,60] have shown that more than 80% of patients with pancreatic cancer develop distant metastases even in those who have undergone curative resection, suggesting the presence of occult metastases at time of surgery. Therefore, patients who would benefit from local radiotherapy treatment are those less likely to develop systemic
disease. Futures areas of research should not only focus on identifying those patients with locally aggressive disease but also those with radiosensitive tumours more likely to
respond from radiotherapy treatment.
An autopsy study[61] found that positive staining for the intracellular protein DPC4 (or SMAD4) might indicate a patient that was more likely to harbour locally aggressive
disease. Only twenty-two percent of patients with no metastatic disease at autopsy showed loss of expression of DPC4. Conversely, 73% of patients with extensive metastatic
disease demonstrated loss of expression of this protein.

Another important facet of personalising therapy for pancreatic cancer is identifying patients who will derive net clinical benefit from existing treatments. Biomarkers of
potential benefit or toxicity from existing systemic therapies as well as radiation therapy have been identified.

PREDICTING RESPONSE TO TREATMENT/IMPROVING TREATMENT DELIVERY

impact of this is two-fold, with the opportunity for a patient’s tumour to undergo pre-clinical testing to determine the clinician’s choice of therapy having obvious advantages to
patient outcomes but also, that tumours bearing particular biomarkers of interest may be tested extensively against existing and novel therapies to guide the design of molecularly driven human clinical trials.

Trial number prefixes correspond to location of registry/portal. ANZCTRN: Australian New Zealand Clinical Trials Registry; 5FU: 5-fluorouracil; FOLFIRINOX: Fluorouracil, leucovorin, irinotecan and oxaliplatin; MMC:
Mitomycin C; IHC: Immunohistochemistry; ERCC1: Excision repair cross complementation gene-1.
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Identification of a biomarker of radiosensitivity has
been explored in other tumour sites. The XRCC1 (X-ray
repair cross-complementing group 1) protein is involved
in base excision repair. A single nucleotide polymorphism
known as Arg399Gln has been shown to affect radiosensitivity. The ECOG 1201 Phase Ⅱ trial analysed patients
to determine whether the presence of this allele affected
complete response rates after neoadjuvant cisplatin based
chemoradiotherapy in oesophageal adenocarcinoma[62].
Fifty-two percent of patients had the Arg399Gln allele
and only 6% of those had a complete response at time
of surgery 5 wk after completion of their neoadjuvant
treatment. The odds ratio for failing to undergo a complete pathological response in the presence of this allele
was 5.37 (P = 0.062). This did not translate to a reduction
in disease free or overall survival though it does suggest
there are certain patients who are more likely to respond
to radiotherapy.

tive tissue acquisition, further analysis of the available
tissue samples may offer more insight into gemcitabine
responsiveness biomarkers.

nab -Paclitaxel (Abraxane®): Secreted Protein Acid

and Rich in Cysteine (SPARC, also known as osteonectin) regulates extracellular matrix modeling and
deposition and may act as a tumour suppressor or an
oncogenic driver depending on its differential expression in epithelial and stromal compartments in different
cancer types[67]. High stromal and low epithelial expression of SPARC has been shown to be a poor prognostic biomarker in PC[68,69] and based on its hypothesised
function as an albumin “sticker”, it was developed as a
therapeutic target for nab-paclitaxel to enable “stromal
depletion” and in turn, to improve drug delivery. A positive phase Ⅰ/Ⅱ study of gemcitabine plus nab-paclitaxel
demonstrated in a biological sub-study that SPARC
expression in the stroma, but not in the epithelium, cosegregated with improved survival in PC, and hence a
candidate predictive biomarker for nab-paclitaxel responsiveness[70]. This led to the recently reported Phase Ⅲ
MPACT (Metastatic Pancreatic Adenocarcinoma Clinical
Trial) RCT comparing gemcitabine vs gemcitabine plus
nab-paclitaxel which demonstrated the significant addition survival benefit of nab-paclitaxel in patients with
metastatic PC[71]. However, data concerning SPARC as
a predictive biomarker of nab-paclitaxel responsiveness
are not currently available. Although the relationship
between SPARC expression and nab-paclitaxel responsiveness is still evolving, these proof-of-concept data
suggest it warrants further exploration.

Optimising drug delivery with predictive biomarkers
The co-development of novel chemotherapeutic and
therapeutic strategy with companion diagnostics is the
paradigm of modern clinical oncology. Outcomes from
these efforts have been somewhat mixed to date, and the
reasons are many and complex. For the purpose of this
review, the authors will only concentrate on two drugs
that have been approved for use in pancreatic cancer.
Gemcitabine: The putative biomarkers of gemcitabine
responsiveness include nucleoside transporters such as
hENT1, hCNT1/3 and kinases involved in gemcitabine
metabolism such as deoxycytidine kinase[63,64]. The most
studied biomarker of therapeutic responsiveness to date
in PC is hENT1, a membranous equilibrative nucleoside transporter encoded by the SLC29A1 gene. There
is promising evidence to support the role of hENT1 in
gemcitabine responsiveness in PC cells both in vitro and
In vivo, but its precise role as a predictive biomarker in
the clinic has not been well established, with conflicting
results reported. Small cohort studies and retrospective
analysis of large Phase Ⅲ randomised-controlled trials (RCT), such as RTOG 9704 and ESPAC 1/3 have
supported its role as a predictive biomarker of adjuvant gemcitabine responsiveness, where patients with
hENT1 positive tumour had significant survival benefit
from adjuvant gemcitabine as compared to patients
with low hENT1 tumours[65,66]. However, a recent Phase
Ⅱ RCT stratified by hENT1 expression (LEAP: Low
hENT1 and Adenocarcinoma of the Pancreas) comparing gemcitabine vs CO-101 (lipophilic gemcitabine) in
metastatic PC failed to demonstrate this in metastatic
disease[4]. Though the reasons for this are still unclear,
the discrepancy may be due to the use of different
hENT1 antibodies for immunohistochemistry, and/or
perhaps the significance of hENT1 as a predictive
biomarker is different in the metastatic as compared
to the adjuvant setting. LEAP was the first purposely
designed biomarker stratified trial in PC with prospec-
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Improving treatment delivery: Targeting stroma
There is mounting evidence that stromal factors may be
crucially important not only in determining the development and behaviour of carcinoma, but in influencing
treatment response and, ultimately, prognosis. Stromal
and epithelial cells may interact through direct cellcell contact, or via paracrine signaling, and various noncellular components in the stroma may influence either
or both cell types. Many of these factors may contribute
to cancer progression and metastasis through altered cell
adhesion, epithelial-mesenchymal transition (EMT), matrix remodeling (facilitating tumour cell migration), and
neovascularisation. These concepts have been examined
in more detail elsewhere[72].
Individual differences in gene expression have been
demonstrated within the stromal component of breast
tumours, and these different phenotypes correlated with
clinical outcome[73,74]. Differential expression of some of
these same genes at the protein level appears to correlate
with tumour regression in irradiated rectal carcinoma
(Hemmings, unpublished data). One such protein is
SPARC (Secreted Protein Acidic and Rich in Cysteine), a
matricellular protein which modulates cell-cell and cellmatrix interactions, as described previously. Treatment
with SPARC can block fibroblast activation and may
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serve to inhibit angiogenesis[75]. There is some evidence
that SPARC may act as a chemosensitiser by potentiating
apoptosis[76]. SPARC may be upregulated in pancreatic
cancer, and suppressing its expression may inhibit cancer
cell migration, offering a potential therapeutic target[77].
Modulation of other matricellular proteins has also been
shown (at least in a murine model) to alter chemotherapy
response, without directly altering drug delivery[78], and
the addition of agents which modify the tumour stroma
may enhance chemotherapy response in clinical cases of
operable pancreatic cancer[79].
Another important stromal variable is the host immune response to invading tumour cells. Whilst generally
thought to be part of the host’s armamentarium against
cancer, it has become clear that inflammatory cells may
promote the formation and progression of some tumours, and the balance of pro- and anti-tumour effects
varies between individuals as well as between different
tumour types. In pancreatic cancer, tumour-infiltrating
TH17 (lymphoid) cells may act on stroma to induce angiogenesis, as well as activating other tumour-promoting
transcription factors[80]. In one model, tumours which
were resistant to VEGF inhibitors were rendered sensitive by inhibition of TH17 effector function, suggesting
that immunomodulation may improve the efficacy of
antiangiogenic treatments[81]. Similarly, tumour-associated
macrophages (TAMs) may produce various growth factors as well as proteases which degrade the extracellular
matrix, facilitating tumour invasion and angiogenesis[73],
and may promote EMT in pancreatic cancer cells[82].
Transition of normal macrophages to tumour-promoting
TAMs may be induced by IL-4 produced by pancreatic
carcinoma cells[83], again offering a possible therapeutic
target, and other inflammatory mediators may serve as
biomarkers of prognosis in patients with advanced pancreatic carcinoma[84].

sonalized medicine. Human specimens that are analyzed
using these technology platforms are a critical resource
for basic and translational research in cancer because
they are a direct source of molecular data from which
targets for therapy, detection, and prevention are identified. The recent Federal Drug Administration approval
of next generation sequencing platforms for diagnostic
use (http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm375742.htm) and the rapidly
falling costs of whole genome sequencing will bring this
technology into the clinic in the near future.
Biobanking has the potential to be a powerful platform for health innovation and knowledge generation, as
biospecimens represent essential materials that fuel the
advance of technology, scientific and medical research.
This has stimulated a growing demand for appropriately
qualified, well annotated biospecimens world-wide.
However, establishing a biobank of value, presents
unique ethical, logistical, scientific, informational, and
financial challenges in tissue acquisition and resource development. To be of maximum value tissue samples and
analytical methods must be ‘‘fit for purpose’’ and reproducible.
Controlling pre-analytical variables is critical to ensure
that the results of multidimensional high-throughput
profiling are accurate and reproducible. The Australian
Pancreatic Cancer Genome Initiative, an Australian led,
international effort to characterise the genome of pancreatic cancer, has led international efforts to harmonise
and standardize biospecimen collection, processing and
downstream application. Factors critical to the success
of this initiative include using best practice to guide
processes, collection of multiple aliquots of specimens,
ensuring all samples have a reference germline sample
and expanding the repertoire to include the development
of patient derived xenografts and cell lines. It is crucial to
set appropriate standards from the projects initiation, and
the human aspects of this complex enterprise cannot be
underestimated to ensure quality samples that accurately
represent the spectrum of cancer.
Meeting the challenges of biospecimen quality and
interoperability requires a more modern approach to
biobanking. Modern biobanking sees a new type of biospecimen emerge: where biospecimens are collected at
distinct time points, and in a pre-specified clinical context. These samples are comprehensively annotated with
clinico-pathological and treatment data, and linked to
genomic and molecular data sets. Procurement of these
types of samples requires a new organisational structure
that incudes specific clinical disciplines such as interventional radiology and molecular pathology.

DEVELOPING THE EVIDENCE BASE FOR
A ‘‘PERSONALISED APPROACH’’
Many challenges exist in developing the evidence base for
a ‘‘personalised approach’’ to PC treatment. These include:
appropriate design of clinical trials; development, interpretation and accreditation of standardised tests; matching appropriate patients to suitable trials; and minimising
turn around time of new molecular based diagnostic tests
required for trial eligibility and ultimately treatment selection[26,85,86]. A number of clinical trials examining different
aspects of personalised treatment for pancreatic cancer
are ongoing (Table 2). Biobanking of tissue samples
linked to clinical outcomes data is possible within clinical
trials and community cohorts. Such resources hold significant potential for true translational research.

CONCLUSION

Molecular profiling of tumours and the role of biobanks
Next generation sequencing is providing unprecedented
opportunities to uncover the underlying genetic pathways
driving cancer and is accelerating the drive towards per-
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Recent advances in the treatment of pancreatic cancer
have evolved through greater understanding of clinical
tumour biology. None of this would be possible without access to tumour tissues. Biospecimen collection for
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future research is becoming an integral part of trials and
increasingly part of practice. Appropriate methods for
collection, analysis and annotation of specimens are critical for maximising benefit from this valuable resource
and ensuring reliability and reproducibility of results.
There is still much progress to be made in improving
outcomes for patients with pancreatic cancer. Oncologists are increasingly recognising the importance of biospecimen collection to facilitate precision medicine. To
make this a reality in practice, engagement of patients
and other related clinicians( gastroenterologists, radiologists and pathologists) is vital. Acceptability to patients in
routine practice is a crucial step in moving not just from
bench to bedside but from trial to clinic.
The contribution of patients in allowing their specimens to be accessed for research cannot be undervalued.
At both global and individual levels, for contribution to
research and for personalisation of treatment, tissue is
-and will continue to be- an important issue.
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diagnosis could be improved using positron emission
tomography techniques in special conditions in which
CT and EUS are not completely diagnostic. It is essential for clinicians to understand the advantages and
disadvantages of the various pancreatic imaging modalities in order to be able to make optimal treatment
and management decisions. Our study investigates the
current role and innovative techniques of pancreatic
imaging focused on the detection of pancreatic cancer.
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Abstract

Core tip: To improve the survival rate of pancreatic cancer, early detection and optimal treatment with various
imaging modalities is essential. Our study investigates
the current role of pancreatic imaging, including computed tomography (CT), magnetic resonance imaging
(MRI) with magnetic resonance cholangiopancreatography, and biopsy/fine-needle aspiration using endoscopic ultrasound, focused on the pancreatic cancer.
This study introduces rapidly-developing novel imaging
techniques, including dual energy, low-tube-voltage
CT techniques, iterative reconstruction CT algorithms,
functional MRI methods, and hybrid positron emission
tomography/MR, which are expected to become widely
used and to show excellent performance for pancreatic
cancer imaging in the near future.

Pancreatic cancer (PC) remains one of the deadliest
cancers worldwide, and has a poor, five-year survival
rate of 5%. Although complete surgical resection is the
only curative therapy for pancreatic cancer, less than
20% of newly-diagnosed patients undergo surgical resection with a curative intent. Due to the lack of early
symptoms and the tendency of pancreatic adenocarcinoma to invade adjacent structures or to metastasize
at an early stage, many patients with pancreatic cancer
already have advanced disease at the time of their diagnosis and, therefore, there is a high mortality rate.
To improve the patient survival rate, early detection of
PC is critical. The diagnosis of PC relies on computed
tomography (CT) and/or magnetic resonance imaging
(MRI) with magnetic resonance cholangiopancreatography (MRCP), or biopsy or fine-needle aspiration using
endoscopic ultrasound (EUS). Although multi-detector
row computed tomography currently has a major role
in the evaluation of PC, MRI with MRCP facilitates better detection of tumors at an early stage by allowing a
comprehensive analysis of the morphological changes
of the pancreas parenchyma and pancreatic duct. The
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pancreatic cancer have continually become more aggressive and sophisticated, the role of imaging has become
more important, not only for initial diagnosis and staging,
but also for determining both the resectability and the
optimal treatment monitoring of pancreatic cancer[16,17,22].
MDCT is currently the worldwide imaging modality of
choice for evaluation of pancreatic cancer, although ultrasonography, endoscopic US, contrast-enhanced US,
and MRI with MRCP provide complementary, sometimes
even more detailed, information[10]. Each imaging modality has both its advantages and disadvantages according
to the four, different aspects regarding pancreatic cancer
imaging evaluation: (1) identification of the primary tumor; (2) local tumor resectability; (3) distant metastasis;
and (4) treatment monitoring.

INTRODUCTION
Pancreatic cancer is the fourth most common cause of
cancer-related mortality worldwide, with an incidence rate
equaling that of its mortality rate[1-3]. Whereas there have
been great advances in the early detection and treatment
of other malignancies such as colorectal cancer, breast
cancer, and prostate cancer, the prognosis of pancreatic
cancer is still bleak, as the five-year survival rate is less
than 5% and the mortality rate has not declined over the
last few decades[4,5]. Therefore, pancreatic cancer seems to
remain one of the greatest challenges in the fight against
cancer in the 21st century[6]. One of the main causes of
the poor prognosis of pancreatic cancer is the difficulty
of its early diagnosis. As pancreatic cancer typically develops with few symptoms in the early stage and there
are not many specific, well-known risk factors aside from
smoking and family history, the appropriate screening
and early diagnosis of pancreatic cancer is quite challenging[7]. Therefore, only 10% to 20% of diagnosed patients
have a chance of successful resection and possible cure,
and even in patients with resectable disease, the survival
rate is only 23%[3].
Despite the numerous obstacles detailed above, there
is a continued effort to achieve early detection and to
make the appropriate selection of surgical candidates
with pancreatic cancer[8-12]. Furthermore, currently available pancreatic imaging has a key role in the characterization of pancreatic focal lesions, initial staging, surgical
and therapeutic planning, and assessment of the treatment response using various imaging modalities, including ultrasonography (US), computed tomography (CT),
magnetic resonance imaging (MRI), positron emission
tomography (PET), and endoscopic ultrasonography
(EUS)[8-18]. Multi-detector row computed tomography
(MDCT) has a major role in the diagnosis and staging of
pancreatic malignancies. MDCT of the pancreas is favorably complemented by EUS, which is more sensitive for
the early detection of lesions, and allows relatively easy
access to the pancreas for tissue diagnosis using fineneedle aspiration (FNA), as well as providing further important information for use in tumor staging[19].
MRI with magnetic resonance cholangiopancreatography (MRCP) and PET scanning can also have a successful role as a secondary imaging modality under special
circumstances when CT and EUS are not diagnostic. Our
study provides an overview of the current role and innovative techniques of pancreatic imaging for the detection
and treatment of pancreatic cancer.

US
US is frequently the first-line diagnostic tool for patients
presenting with jaundice or abdominal pain, as it is a noninvasive and cost-effective modality. A hypoechoic mass,
dilatation of the pancreatic duct, and dilatation of the
bile duct are typical imaging features of pancreatic head
tumor when seen on US. However, in cases of pancreatic
body and tail cancers, tumor detection is quite difficult
due to the lack of biliary dilatation and the presence of
gas bubbles in the stomach and transverse colon, which
cause posterior shadowing. In this situation, oral administration of water or other contrast agents may help to
delineate the entire organ. The sensitivity and accuracy of
pancreatic US is also highly dependent on the operator’
s experience, the degree of disease progression, and the
body habitus of patients. For these reasons, the US sensitivity for detecting pancreatic cancer is controversial and
has been reported as anywhere between 50%-90%[9,15,23-25].
Using US without contrast media, it is difficult to differentiate pancreatic cancer from other focal lesions, such
as neuroendocrine tumor or chronic pancreatitis, as they
show the same imaging features on conventional US.
Overall, transabdominal US is an acceptable first-imaging
method, although not a reliable method for a confident
diagnosis or the exclusion of small pancreatic tumors,
which are the only ones with even a slight chance for a
cure[26].
CT
In many medical institutions, MDCT is routinely used
as the most important pre-operative examination in patients with suspected pancreatic cancer, as it has good
spatial and temporal resolution with wide anatomic coverage, and thus permits both comprehensive local and
distant disease assessment during a single session[10]. In
particular, among the cross-sectional imaging modalities,
MDCT has shown the best performance for the evaluation of vascular involvement, which is the most important factor for predicting the tumor resectability[27-33].
The reported positive predictive value, sensitivity, and
specificity for predicting the resectability of pancreatic
cancer were 89%, 100%, and 72%, respectively[34]. In

ROLE OF PANCREATIC IMAGING
Although the average survival time of patients resected
for PC is approximately 12 to 20 mo, and there is a high
probability of relapse due to the highly adverse and aggressive nature of the evolving disease, the primary
treatment offering the greatest potential for cure is the
complete, curative, surgical resectioning of the primary
carcinoma[20,21]. As surgical and oncological treatments for
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terms of treatment monitoring following chemotherapy
or surgery, MDCT is the primary imaging modality, and
is used in conjunction with PET/CT [14,18]. However,
MDCT may not depict small metastases to the liver or
peritoneum[30], or even a primary pancreatic tumor showing isoattenuation[35].

characterizing pancreatic masses. MRCP is also a very
successful and classical MR technique for non-invasively
delineating the pancreatic ductal system, as well as a valuable alternative to ERCP[51]. MRCP is also very useful for
detecting subtle ductal narrowing that may suggest the
presence of a small mass. Moreover, MRCP is very useful
for delineating the presence of stones as an alternative
cause of biliary or pancreatic ductal dilatation[17,52,53]. Although MDCT currently has a major role in the evaluation of PC, MRI with MRCP allows more successful
tumor detection at an early stage by allowing a comprehensive analysis of the morphological changes of the
pancreas parenchyma, as well as that of the pancreatic
duct[20].

EUS-FNA
As EUS offers excellent visualization of the pancreas
from the duodenum or stomach and can produce highresolution images of the pancreas, it has been considered
one of the most accurate methods for the detection of
pancreatic focal lesions, especially in patients with small
tumors of 3 cm or less[36,37]. EUS also has the unique ability to obtain specimens for histopathological diagnosis
using EUS-guided FNA. Since its early introduction in
the early 1990s, EUS-FNA has emerged as a safe and accurate imaging technique for tissue diagnosis in patients
with pancreaticobiliary disorders, particularly those with
diagnosed pancreatic cancer. Furthermore, EUS-FNA
has replaced endoscopic retrograde cholangiopancreatography (ERCP) with brush cytology as the endoscopic
test of choice for tissue acquisition due to its higher
success rates and decreased risk of post-procedural
complications, especially in patients without obstructive
jaundice[38]. Although EUS alone has shown slightly disappointing accuracy for differentiating pancreatic cancer
from chronic pancreatitis (i.e., 76% for malignancy and
46% for focal inflammation[37]), the reported sensitivity
and accuracy of conjoined EUS-FNA for detecting pancreatic malignancy usually exceeds 90%[39-44]. According
to a recent meta-analysis covering the years between 1995
and 2008, the pooled sensitivity and specificity of EUSFNA were 86.8% and 95.8%, respectively, for diagnosing
a solid pancreatic mass[38].
In order to improve diagnostic accuracy of EUS,
contrast-enhanced EUS and EUS elastography are valuable new techniques to be considered. By administrating
micro-bubble agents, the diagnostic accuracy of EUS can
be as high as 82% for pancreatic adenocarcinoma[45]. EUS
elastography, one of the most recent advances in gastrointestinal endoscopy, is a non-invasive technique that
measures tissue elasticity in real time using a dedicated
probe and system. A number of recent investigations
have shown promising results of EUS elastography for
diagnosing pancreatic focal lesions[46-49].

PET
PET/CT is an established molecular imaging modality,
with fluorine 18-fluorodeoxyglucose (FDG), a glucose
analogue, being the most widely used radiotracer[14,54].
The reported sensitivity and specificity of FDG-PET
for the depiction of pancreatic cancer are 46%-71% and
63%-100%, respectively[55]. However, FDG-PET is more
sensitive for treatment monitoring following chemoradiotherapy and for depicting tumor recurrence after
resection than MDCT[22,56-59]. Its wide anatomic coverage,
which allows the depiction of all possible evidence of
metastases in the entire body, is one of the advantages of
PET/CT[18], while its inherently low spatial resolution and
false-positive results caused by normal physiologic FDG
uptake are its well-known limitations[60,61].

STANDARD PROTOCOL FOR
PANCREATIC CANCER EVALUATION
In our institution, EUS and PET/CT are not performed
by radiologists. Therefore, we do not deal with the technical protocols of EUS and PET/CT in this section.
US
US examination of the pancreas is performed following
a minimum fast of 6 h. The purposes of the fast are to
improve visualization of the pancreas, limit bowel gas,
and ensure an empty stomach. US scan plans include
transvers, longitudinal, and oblique scans along the pancreatic duct. Bowel gas can be displaced by moving the
transducer and applying compression when necessary.
To obtain complete visualization of all the portions of
the pancreatic gland it is possible, and sometimes convenient, to employ different scanning techniques, such
as filling the stomach with water, examining the patient
with suspended inspiration or expiration, and changing
the patient’s position to erect, supine, and left and right
decubitus. If the pancreas is poorly visualized, the water
technique, using 100 to 300 mL of water through a straw,
may be helpful[62].

MRI
Over the past few years, MRI scanners and imaging
techniques have become more sophisticated, resulting
in improvements in both imaging quality and diagnostic
accuracy. Therefore, MRI with MRCP is currently used
as a problem-solving tool for patients with pancreatic
disease[50]. Given the greater soft-tissue contrast of MRI
compared with that of CT, there are several specific situations in which MRI is superior to CT: small tumors,
hypertrophied pancreatic head, isoattenuating pancreatic
cancer, and focal fatty infiltration of the parenchyma[17].
Therefore, MRI has been proven to be outstanding for
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Table 1 Minimum technical specifications for pancreas computed tomography
Feature

Specification

Scanner type
Detector type
Reconstructed slice thickness
Injector
Contrast injection rate

Mandatory dynamic phases

Multi-detector row scanner
Minimum of four detector rows
Minimum of 5 mm
Power injector, preferably dual-chamber
No less than 3 mL/s of contrast,
300 mg I/mL or a higher concentration,
For a dose of 1.5 mL/kg of body weight
1. Early arterial phase
2. Pancreatic phase
3. Portal venous phase

Comment

Thinner slices are preferable, especially in multiplanar reconstructions (MPR)
Bolus tracking desirable
A saline flush desirable

MPR,
Curved MPR along the pancreatic duct,
Minimum intensity projections are helpful

creatic phase was 19-22 s and that for the portal-venous
phase was 52-65 s following contrast injection. The time
required to reach 100 Hounsfield units in the descending
aorta ranged from 18 to 23 s. For clinical interpretation,
the CT images were reconstructed with a slice thickness
of 2.5-3.0 mm and a reconstruction interval of 1.5-2 mm
for MDCT[69]. The minimum technical specifications for
MDCT of the pancreas are summarized in Table 1.

cally utilizes a thin-section, multi-phase technique with
pre-contrast images and early arterial phase (CT angiography phase) images of the aorta and the superior mesenteric artery (17-25 s after the start of contrast injection),
pancreatic phase (35-50 s after the start of contrast injection), and portal venous phase images (55-70 s after the
start of contrast injection). Pancreatic phase images show
peak pancreatic parenchymal enhancement, and therefore
provide the best lesion to pancreas contrast. Portal phase
images are helpful to assess the extent of venous involvement and to identify possible liver metastases[34,63-66]. The
bolus tracking technique is currently routinely used to
adjust for variations in the cardiac circulation time[34].
With regard to post-processing, a variety of techniques
have been described for pancreatic imaging. The most
commonly-used techniques are multiplanar reformations
(MPR), curved multiplanar reformations (CMPR), and
minimum intensity projections (MinIP)[65,67]. Oblique
coronal or sagittal MPR and CMPR along the pancreatic
duct can clearly demonstrate the relationship between
tumors and the pancreatic duct or adjacent major structures. MinIP images use the lowest density values along
each ray and clearly show low-density structures such as
pancreatic and bile ducts. The recommended MinIP slab
thickness is 3 mm for the pancreatic duct[65,66,68]. Maximum intensity projections are also often used to evaluate
the relationship between tumors and adjacent, enhanced
vessels.
In our medical institution at the time of our study,
quadruple-phase CT images were obtained according
to our biliary-pancreas protocol. First, a baseline, unenhanced scan was obtained from the hepatic dome to the
third portion of the duodenum. After unenhanced scanning, patients received 1.5 mL/kg of iopromide (Ultravist
370; Schering, Berlin, Germany) intravenously for 30 s
using a power injector at a rate of 3-5 mL/s. Triple-phase,
dynamic CT scans were then obtained. The scanning delay for the arterial, pancreatic, and portal-venous phases
was approximately 25 s, 40 s, and 70 s, respectively, after
the initiation of the contrast injection. For MDCT scanners, a bolus-tracking method was used. After reaching
an enhancement of up to 100 Hounsfield units in the
descending aorta, as measured using the bolus-tracking
technique, the scanning delay for the arterial phase was 5-6
s for all MDCT scanners. The scanning delay for the pan-
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MRI
In many medical institutions, patients fast for four to six
hours before MRI examination so that the gallbladder
is distended and the signal from the overlying stomach
and duodenum is decreased. For full evaluation of the
pancreatic parenchyma and the pancreaticobiliary ductal
system, obtaining the following MR sequences is recommended [50]: T1-weighted gradient-echo; T2-weighted
axial and coronal sequences, usually turbo spin-echo; two
dimensional (2D) and three dimensional (3D) MRCP;
and T1-weighted 3D gradient-echo (GRE) before and
after intravenous administration of gadolinium. Diffusion-weighted imaging (DWI) is currently becoming an
increasingly used, optional sequence for the detection
and characterization of pancreatic lesions[70]. The minimum technical specifications for MRI of the pancreas
are summarized in Table 2. In our clinical practice at the
time of our study, unenhanced T2-weighted images are
usually obtained using a single-shot, fast SE sequence or
a half-Fourier rapid acquisition with relaxation enhancement sequence. Unenhanced T1-weighted images are
commonly acquired using in-phase and opposed-phase
spoiled GRE (T1-weighted, dual-echo GRE) techniques.
In addition, the following three MR cholangiographic
methods were used to evaluate biliary anatomy: (1) the
breath-hold, single-section, rapid acquisition with relaxation enhancement technique with fast or turbo SE
sequences; (2) the breath-hold, multisection, single-shot,
fast SE or half-Fourier rapid acquisition with relaxation
enhancement technique; and (3) the respiratory-triggered,
3D, fast SE technique. Dynamic images were obtained
using one of two fat-suppressed, 3D GRE sequences (i.e.,
LAVA [liver acquisition with volume acceleration], GE
Medical Systems and VIBE [volume interpolation with
breath-hold examination], Siemens Medical Solutions)
before and after the administration of gadolinium-based
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Table 2 Minimum technical specifications for pancreas protocol magnetic resonance imaging
Feature

Specification

Scanner type
Coil type
Gradient type
Slice thickness
Breath holding and matrix
Injector
Contrast injection rate
Minimum sequences

Mandatory dynamic phases

Dynamic timing

Comment

1.5-T or greater main magnetic field
Phased-array, multichannel torso coil
Current-generation, high-speed gradients (providing
sufficient coverage of upper abdomen)
5 mm or less for dynamic series,
8 mm or less for other imaging
Approximately 20 s of breath hold with a minimum
matrix of 128 × 256
Power injector, preferably dual-chamber
1.5-2 mL/s of gadolinium chelate
T1-weighted, gradient echo (3D preferable)
T2-weighted, turbo spin echo (axial, coronal)
MRCP (both 2D and 3D preferable)
Post-Gd, T1-weighted gradient echo
Arterial
Portal-venous phase
Equilibrium phase
Arterial: 20-40 s
Portal venous: 45-65 s
Equilibrium: 3-5 min
after contrast injection

Low-field magnets not suitable
Unless patient-related factors preclude the use

Breath hold instructions are very important
Bolus tracking/MR fluoroscopy desirable
Preferably resulting in the vendor-recommended total dose

MRCP: Magnetic resonance cholangiopancreatography.

pear as hypoattenuating masses (Figure 2)[76]. However,
approximately 10% of pancreatic adenocarcinomas are
isoattenuating relative to the background pancreatic parenchyma[35], especially in small tumors 2 cm or less[77],
thus making diagnosis more difficult. In these situations,
indirect (secondary) signs, such as upstream pancreatic
duct dilation or the double-duct sign caused by pancreatic and common bile duct obstruction, are helpful for
diagnosis[76,77]. In addition, the pancreas distal to the tumor usually also appears atrophic. As the tumor grows, it
typically infiltrates the peripancreatic structures and may
result in encasement of adjacent vasculature and in some
cases adjacent organs. Pancreatic cancers can occasionally
appear to be cystic or necrotic, and in rare cases they can
contain calcium[78].
On MRI, pancreatic cancer typically appears hypointense on fat-suppressed, T1-weighted imaging (Figure 3)
and on pancreatic parenchymal phase, dynamically enhanced, fat-suppressed, T1-weighted sequences, whereas
it has a variable appearance on T2-weighted images[79].
Pancreatic cancer also has a variable appearance on diffusion-weighted images. In a recent study of 80 patients, 38
pancreatic cancers appeared hyperintense, 12 isointense,
and 4 hypointense[80].
Pancreatic adenocarcinoma usually manifests as an
area of increased uptake on PET/CT and appears as
a “hot spot” within the pancreas. On the basis of tumor biology and the degree of desmoplastic response,
pancreatic ductal adenocarcinoma may demonstrate a
low level of FDG uptake or none at all[14]. The reported
SUV (standardized uptake value) of pancreatic adenocarcinoma (3.50 ± 1.66) was found to be higher than
that of benign lesions (1.91 ± 0.65) and of the normal
pancreas[81]. In a recent study of patients with suspected
pancreatic cancer, the FDG uptake of malignant tumors

contrast agents (Gd-BT-DO3A, Gadovist, Bayer Schering Pharma AG, Berlin, Germany) at a dose of 0.1 mmol
per kilogram of body weight and with an injection rate
of 1.5-2 mL/s (injection duration approximately 5-8 s).
The arterial phase images were obtained five seconds after the gadolinium-containing bolus was detected in the
abdominal aorta. Acquisition of 3D LAVA or VIBE data
for each phase was completed during a single breathhold at the end of expiration (mean time, 20 s; range,
18-21 s). Arterial, portal venous, and equilibrium phase
images were obtained approximately 20-40 s, 45-65 s,
and 3-5 min, respectively, after injection of the contrast
agent. An additional, fat-suppressed LAVA or VIBE sequence was performed two minutes after the contrastagent injection (between the portal venous and equilibrium phases) on the coronal plane and parallel to the
portal vein bifurcation[71,72].

TYPICAL IMAGING FEATURES OF
PANCREATIC CANCER
Pancreatic adenocarcinoma occurs most commonly in
the pancreatic head (65%) and usually presents on US as
a hypoechoic solid mass with ill-defined margins (Figure
1). Masses in the head of the pancreas cause ductal obstruction with secondary dilatation of both the common
bile duct and the pancreatic duct, and result in the socalled double-duct sign[62]. On Doppler studies, pancreatic
ductal adenocarcinoma shows poor vascularity[73], as well
as poor enhancement on all phases of contrast-enhanced
US[74]. This may be caused by marked desmoplasia, low
mean vascular density, or the possible presence of necrosis and mucin[75].
On CT, pancreatic adenocarcinomas most often ap-
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A

B

C

D

Figure 1 A 58-year-old, male patient with pancreatic body cancer with typical imaging findings. A, B: Endoscopic ultrasonography shows an approximately 3-cm,
hypoechoic mass (arrows) in the pancreatic body with distal pancreatic duct dilatation; C, D: The mass (arrow) shows hypointensity on portal-venous-phase, contrast enhanced MR and hypermetabolism on PET/CT, respectively. MR: Magnetic resonance; PET: Positron emission tomography; CT: Computed tomography.

resectability[30,83]. Therefore, MDCT is still the modality
of choice for diagnosis and local staging of patients with
pancreatic cancer.
Recently, distinct advances in MR technology have
caused great improvements in pancreatic cancer imaging. At the same time, several literature reports have been
published describing the comparable diagnostic performance of MDCT and MR[84-88]. According to a recent
report by Koelblinger et al[85], the mean sensitivity and
specificity of 64-detector row CT and 3.0-T MR imaging
for the detection of pancreatic cancer (mean sensitivity,
95% vs 96%, respectively; mean specificity, 96% for both)
do not differ significantly.

was also distinctly higher than that of benign lesions and
in patients with chronic pancreatitis[55,82].

PERFORMANCE OF CT AND MR
FOR DIAGNOSIS, STAGING, AND
RESECTABILITY
With the continuing substantial improvements in CT
technology, the capacity of MDCT for the detection,
diagnosis, and local staging of pancreatic cancer has
increased. MDCT is very effective for detecting and staging adenocarcinoma, with a sensitivity of up to 90% for
detection and an accuracy of 80%-90% for staging[26].
Determination of the extent of vascular involvement
is usually made by identifying the extent to which the
tumor involves the cross-sectional circumference of a
vessel. This can be done by identifying, with regard to the
circular cross-section of a vessel, the degrees of circumferential involvement, as described by Lu et al[31]. Since
their study was published in 1997, the terms “abutment”
and “encasement” have also been used; abutment refers
to the involvement of 180° or less of a vessel’s circumference, and encasement refers to a greater than 180°
vascular circumferential involvement[79]. As described
above, as MDCT has shown the best performance for
evaluating vascular involvement[27-33] (Figure 4), it is the
most important factor for predicting tumor resectability.
For example, four-section CT has been reported to have
a 100% negative predictive value for vascular invasion
and a 87% negative predictive value for overall tumor

WJG|www.wjgnet.com

NEW TECHNIQUES IN PANCREATIC
IMAGING
Dual-energy CT and low-tube-voltage techniques
Although MDCT has become the modality of choice for
pancreatic cancer imaging and shows excellent performance regarding its diagnosis and staging, the detection
of small pancreatic cancers < 2 cm in diameter or of
isoattenuating tumors (which account for approximately
10% of all pancreatic adenocarcinomas) still remains
challenging[35,77]. For those cases, we can improve the
contrast-to-noise ratio between pancreatic cancer and
normal parenchyma using the dual-energy or low-tubevoltage techniques[89]. A low-tube-voltage CT technique
increases the X-ray absorption of iodine by increasing
the gap between the mean effective energy of the X-ray
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Figure 2 A 73-year-old male with pathologically-proven pancreatic head cancer. A: Approximately 3 cm low attenuating mass (arrow) is noted at the pancreatic
head on the CT scan; B: In pre-contrast T1-weighted gradient echo sequence of MR, this mass (arrow) shows lower signal intensity, compared to the normal pancreatic parenchyma; C: After contrast media administration, the pancreatic head cancer (arrow) has poor enhancement; D, E: DWI with 1000 of b-value and ADC map
reveal the diffusion restriction of the pancreatic head cancer (arrow). CT: Computed tomography; MR: Magnetic resonance; DWI: Diffusion weighted imaging; ADC:
Apparent diffusion coefficient.

spectrum and the k edge of iodine[90]. Clinically, this phenomenon results in improved contrast enhancement of
normal pancreatic parenchyma in order to maximize the
contrast to typically poorly vascularized pancreatic cancers[90,91]. Therefore, dual-energy CT and low-tube-voltage
techniques offer increased detection rates for small or
otherwise isoattenuating pancreatic tumors[89-93].

nostic capability of CT with reduced radiation doses[94].
Currently, several IR methods have been proposed and
are being commercially used for reducing radiation dose
by decreasing the image noise during the reconstruction process (i.e., adaptive statistical iterative reconstruction (ASiR, GE Health-care), model-based iterative
reconstruction (MBIR, GE Healthcare), iterative reconstruction in image space (IRIS, Siemens Healthcare),
sinogram-affirmed iterative reconstruction (SAFIRE,
Siemens Healthcare), and iDose (Philips Healthcare)[95].
Based on its development, many studies have continuously revealed the superiority of IR, compared with routine filtered back projection, across the whole body[94-107].
Regarding the variety of reconstructing algorithms, each
method may show a detailed difference in image quality,

Iterative reconstruction algorithm on MDCT
A new method for CT noise reduction based on iterative reconstruction (IR) algorithms has recently been
developed. Since medical radiation exposure is generally
increasing, one of the greatest concerns for radiologists,
the use of this novel technique has recently been increasing due to its potential to preserve and enhance the diag-
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A

B

C

Figure 3 A 64-year-old male with biopsy-proven pancreatic adenocarcinoma with liver metastasis. A, B: On MDCT, the pancreatic tail mass (arrow) shows isoattenuation, causing distal parenchyma atrophy; C: On pre-contrast, T1–weighted, gradient-echo sequence MRI, the pancreatic tail mass (arrow) is clearly depicted,
as well as the liver metastasis, owing to the increased soft-tissue contrast of MR compared with that of CT. MRI: Magnetic resonance imaging; MDCT: Multi-detector
computed tomography.

A

B

C

D

Figure 4 Post-process of multi-detector computed tomography
for pancreatic cancer. A: In the axial CT scan, an ill-defined pancreatic body cancer invading the celiac axis is identified; B: On the
curved MPR along the pancreatic duct, the relationship between the
pancreatic duct and the cancer can be more easily understood; C, D:
The extent and degree of major vascular involvement caused by the
pancreatic cancer can be comprehensively assessed using MPR and
the maximum intensity projections. MDCT: Multi-detector computed
tomography; MPR: Multiplanar reformations.

techniques could be used for high spatial resolution pancreatic CT imaging, which may provide high quality, 1-2
mm, thin-slice CT images. Optimizing the IR technique

as well as providing abnormal features such as a plastic,
waxy, blotchy, or pixilated texture[104,107]. Considering the
effects of IR techniques on reducing image noise, these

WJG|www.wjgnet.com

7871

June 28, 2014|Volume 20|Issue 24|

Lee ES et al . Imaging diagnosis of pancreatic cancer

A

B

C

D

E

Figure 5 Treatment monitoring of pancreatic cancer using positron emission tomography/magnetic resonance. A, B: A 5-cm mass of biopsy-proven, adenosquamous carcinoma (arrow) in the pancreatic head, as seen due to the strong FDG uptake; C, D: The mass (arrow) shows a marked decrease in size and glucose
metabolism (from 22.0 to 3.8 of mSUV) after six cycles of neoadjuvant concurrent chemoradiation treatment. The specimen obtained during the following surgery revealed complete remission; E: All tumor cells are replaced by a foamy histiocytes collection of cholesterol clefts and multinucleated giant cells. PET: Positron emission
tomography; MR: Magnetic resonance; FDG: Fluorodeoxyglucose; mSUV: Maximum standardized uptake value.

using a study protocol is necessary to balance imaging
distortion, radiation reduction, and image quality, as well
as high spatial resolution, along the z-axis.

significantly lower than those seen in patients with a normal pancreas (P < 0.05), and were, therefore, useful for
differentiating pancreatic cancer from pancreatic neuroendocrine tumors[110].
DWI has also been used to characterize pancreatic lesions of various pathologic entities, such as cystic lesions,
pancreatitis, and malignant tumors[70,111-113]. Although MR
has the great advantage of excellent soft-tissue contrast
for focal lesion detection, small or non-contour-deforming pancreatic adenocarcinomas may lack classic imaging
features and thus may not be detected on conventional
MRI. The use of diffusion-weighted imaging may allow
earlier detection of pancreatic adenocarcinoma, as these
neoplasms have increased signal intensity on diffusionweighted images with high b values (b > 500 s/mm2),
as well as relatively low ADC values because of their

Dynamic, contrast-enhanced-MR, DWI, and gadoxetic
acid-enhanced liver MR for evaluation of liver metastasis
Although there is still technical complexity and room for
improvement in terms of imaging resolutions regarding dynamic, contrast-enhanced (DCE) MR imaging, in
previously published studies the quantitative analysis of
the enhancement patterns and perfusion parameters using DCE-MR imaging has been shown to be both objective and helpful for the evaluation of malignant diseases
regarding both their diagnosis and treatment monitoring[108-110]. In our preliminary data, the K(trans), K(ep),
and iAUC values in patients with pancreatic cancer were
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restricted diffusion associated with fibrosis[70]. The intravoxel incoherent motion (IVIM) model takes these two
sources of signal decay into account, thus providing a
theoretical framework from which to derive diffusion and
perfusion parameters from DWI[114]. Recently, the IVIMapproach with multiple b-values has been applied to
pancreatic imaging, and there have been several reports
showing promising results regarding the differentiation
of pancreatic cancer from a normal pancreas[112,115]. DWI
may also show small metastases that are not so clearly
seen using other sequences and which, therefore, suggest
to radiologists, on the basis of the high-signal-intensity
lesion seen on diffusion-weighted imaging, to more
closely examine the images obtained on other sequences[70,116]. Gadoxetic acid-enhanced liver MR imaging is also
regarded as one of the best imaging tools for detecting
liver metastasis in patients with pancreatic cancer. The
reported sensitivity of gadoxetic acid-enhanced liver MR
is 85% for detecting liver metastasis in pancreatic cancer,
which is significantly higher compared with that of CT
(69%)[117].

2
3
4
5
6
7
8

9
10

Hybrid PET/MR
Integrated PET and MR (PET/MR) scanners have recently become available for use in humans. As MR has
the inherent strength of superior soft-tissue contrast resolution, multiplanar imaging acquisition, and functional
imaging capability, such as that seen in DCE-MR, DWI,
MR spectroscopy, or elastography, PET/MR may exhibit
superior diagnostic performance compared with that of
PET/CT[118]. In our medical institution, PET/MR imaging is now being used for evaluation of staging in patients
with locally advanced pancreatic cancers, as well as for
evaluation of tumor response in patients with pancreatic
cancer undergoing neoadjuvant chemoradiotherapy before and after treatment (Figure 5).

11
12
13

14

15

CONCLUSION
There have recently been notable improvements in
pancreatic imaging using the multi-modality approach,
although each imaging modality has its own role, advantages, and disadvantages, not only for diagnosis, but also
for the treatment and follow-up of pancreatic cancer.
Both radiologists and clinicians should be familiar with
those characteristics of imaging modalities, and apply
them whenever possible. Rapidly developing, novel imaging techniques, including dual energy, low-tube-voltage
CT techniques, IR algorithms, functional MR imaging
methods, and hybrid PET/MR, are expected to become
widely-used and to show excellent performance for pancreatic cancer imaging in the near future.
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REVIEW

Emerging roles of lactic acid bacteria in protection against
colorectal cancer
Li Zhong, Xufei Zhang, Mihai Covasa
disease. LAB also demonstrated a host of properties in
preventing colorectal cancer development by inhibiting
initiation or progression through multiple pathways.
In this review, we discuss recent insights into cellular
and molecular mechanisms of LAB in CRC prevention
including apoptosis, antioxidant DNA damages, immune
responses, and epigenetics. The emerging experimental findings from clinical trials as well as the proposed
mechanisms of gut microbiota in carcinogenesis will
also be briefly discussed.
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Core tip: The gastrointestinal tract inhabits trillions of
bacteria that interact with the host at multiple levels to
maintain its normal functions. Disruptions in this complex cross-talk ecosystem result in physiological changes associated with colorectal tumorigenesis, including
cell proliferation, immune responses and apoptosis.
This review summarizes the role of lactic acid bacteria
as anti-tumorigenic probiotics and suggests the possibility of altering gut microbiota to prevent or halt development of colorectal cancer.

Abstract
Colorectal cancer (CRC) is the third leading cause of
cancer deaths worldwide and the fourth most common cancer diagnosed among men and women in the
United States. Considering the risk factors of CRC, dietary therapy has become one of the most effective approaches in reducing CRC morbidity and mortality. The
use of probiotics is increasing in popularity for both the
prevention and treatment of a variety of diseases. As
the most common types of microbes used as probiotics,
lactic acid bacteria (LAB) are comprised of an ecologically diverse group of microorganisms united by formation of lactic acid as the primary metabolite of sugar
metabolism. LAB have been successfully used in managing diarrhea, food allergies, and inflammatory bowel
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INTRODUCTION
Colorectal cancer (CRC) is one of the major health challenges, representing the second cause of cancer deaths
and the fourth most common cancer diagnosed among
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Table 1 List of lactic acid bacterial strains and their functions
Prevention

LAB strains
Lactobacillus acidophilus

Apoptosis

L. reuteri

Antioxidant
DNA damage
Immune
response
improvement

L. acidophilus and L. rhamnosus
L. acidophilus and L. casei
Bifidobacterium longum and L. acidophilus
Streptococcus thermophilus
L. acidophilus
LTA-deficient L. acidophilus

L. acidophilus, L. casei and B. longum
L. casei Shirota (LcS)
B. adolescentis
Epigenetics
LTA-deficient L. acidophilus
New anticancer Pediococcus pentosaceus FP3
L. salivarius FP25
function
L. salivarius FP35
Enterococcus faecium FP51

Functions
Anti-cancer cell growth and differentiation
Direct induction of Beclin-1 and GRP78
Proliferation (Cox-2, cyclin D1) and cell survival (Bcl-2, Bcl-xL)
Enhances MAPK activities including c-Jun N-terminal kinase and p38 MAPK
Induce Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak
5-fluorouracil apoptosis induction
Antioxidative activity, inhibiting linoleic acid peroxidation
Releasing ROS protective factors
Stimulates DCs to produce inflammatory cytokines IL-12 and regulatory IL-10
Induces IL-10 in DCs, down-regulates IL-12 levels
Increases densities of effector Foxp3+RORγt- Tregs
Enhance the total numbers of T cells, NK cells, MHC class II+ cells, and CD4-CD8+ T cells
Induces cytokines, such as IFN-γ, interleukin-β (IL-1β) and TNF-α
Increases the production of TNF-α
Enhances the expression of tumor suppressor genes
Adhere to colon cancer cells and trigger bioproduction of SCFA

LAB: Lactic acid bacteria; LTA: Lipoteichoic acid; SCFA: Short-chain fatty acid; DC: Dendritic cell; NK: Natural killer; IL: Interleukin; TNF: Tumor necrosis
factor.

men and women in the United States[1,2]. Like other types
of cancers, the resistance to programmed cell death
and uncontrolled proliferation of the cells are main features of CRC influencing therapeutic efficacy. Although
consequential progress in the treatment of cancers has
been made during the last few decades, there are still
many persistent issues chief among them the resistance
to chemotherapy which requires better clinical resolution[3]. Recently, it has become increasingly evident that
the large and complex bacterial population hosted by the
large intestine and known as “gut microbiota” plays an
critical role in colorectal carcinogenesis[4,5]. One group of
them is probiotics which are “live microorganisms which,
when administered in adequate amounts, confer a health
benefit to the host” (WHO[6]). In fact, it is not the general probiotic bacteria that have this biotherapeutic action
but those who have a particular anticancer activity well
beyond the activity of the usual probiotic bacteria[7]. The
most common group of this class of probiotics is lactic
acid bacteria (LAB). Accumulating recent evidence shows
that LAB inhibit initiation or progression of carcinogenesis through various pathways, thus paving the way for
potential therapeutic methods for colorectal cancer (Table
1). In this review, we will discuss emerging findings from
both experimental and clinical studies describing the latest developments of LAB’s role in CRC prevention and
their potential mechanisms of action.

bacterium and Leuconostoc[8]. Their beneficial effects were
initially revealed by E. Metchnikoff (1845-1919), a Russian scientist who proposed that extended longevity of
the people of Balkan could be attributed to their practice
of ingesting fermented milk products[9]. Recent studies
showed that LAB could be successfully used to manage
diarrhea[10,11], food allergies[12], and inflammatory bowel
disease (IBD)[13-15]. The potential role of LAB has been
extensively reviewed elsewhere[8,16], and their beneficial
effects include reinforcement of the natural defense
mechanisms and protection against gastrointestinal disorders[17]. Several publications have indicated that LAB play
an important role in prevention of CRC[16,18]. Although
there is no general consensus on the role of LAB in CRC
treatment, it is generally agreed that specific LAB strains
can beneficially activate anticancer mechanisms, thereby
regulating the host’s immune response[3,18].

APOPTOSIS INDUCTION BY LAB
Apoptosis is a form of genetically programmed cell
death, playing a key role in the regulation of cell numbers (Figure 1)[19,20]. An important pathogenetic event in
many types of cancers is the reduced ability to trigger
apoptosis associated with alteration of control processes
of cell proliferation[21]. The regulation of cell survival
and death at molecular level on the apoptotic process
can have a huge chemopreventive and therapeutic potential[22]. Several studies showed that LAB can play a role in
the regulation of cell apoptosis via intrinsic and extrinsic
pathways which are potentially critical mechanisms in the
prevention of CRC. Chen et al[23] analyzed the effect of
oral administration of Lactobacillus acidophilus (L. acidophilus) on colorectal cancer in mice. Their results indicated
that L. acidophilus reduced the severity of colorectal car-

AN OVERVIEW OF LAB IN DISEASES
As the most common types of microbes used as probiotics, LAB are comprised of an ecologically diverse group
of microorganisms united by formation of lactic acid as
the primary metabolite of sugar metabolism, including
Lactobacillus, Streptococcus, Enterococcus, Lactococcus, Bifido-
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Figure 1 Potential mechanisms of action of lactic acid bacteria via extrinsic and intrinsic pathways of apoptosis[19,20]. The apoptosis signaling pathways can
be activated by lactic acid bacteria (LAB) through the extrinsic and intrinsic pathways. The extrinsic pathway engages Fas/tumor necrosis factor receptors or other
factors to induce caspase related pathway. The intrinsic pathway requires mitochondrial localization and activation of Bax and Bak that can be prevented by anti-apoptotic Bcl-2 family proteins or pharmacologic inhibitors. LAB enhanced the apoptosis induction capacity of 5-fluorouracil (5-FU) and induced the activation of autophagic
cell death promoted directly by the induction of Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak. LAB may act to prevent cancer via
downregulating nuclear factor-kappaB (NF-κB)-dependent gene products which regulate cell proliferation (Cox-2, cyclin D1) and survival (Bcl-2, Bcl-xL).

adjuvants in anticancer chemotherapy[26]. Therefore, an
improved understanding of probiotics-mediated effects
on apoptosis signaling pathways is critical for development of future LAB-based CRC treatments.

cinogenesis and enhanced apoptosis in treated mice. It
has been shown that Lactobacillus reuteri (L. reuteri) may
prevent colorectal cancer via downregulating nuclear
factor-kappaB (NF-κB)-dependent gene products which
regulate cell proliferation (Cox-2, cyclin D1) and survival
(Bcl-2, Bcl-xL)[24]. Furthermore, L. reuteri suppressed tumor necrosis factors (TNF)-induced NF-κB activation
including NF-κB-dependent reporter gene expression in
a dose- and time-dependent manner to slow down cancer
cell growth. Such activities of L. reuteri might be involved
in the extrinsic pathway of apoptosis by which LAB act
to protect against CRC (Figure 1). Other studies reported
that exopolysaccharides of L. acidophilus and L. rhamnosus
were antitumourigenic against HT-29 colon cancer cells
and that this activity was due to the activation of autophagic cell death promoted directly by the induction of Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak[25]. Moreover, the combination of L.
acidophilus and L. casei enhanced the apoptosis-induction
capacity of 5-fluorouracil in colorectal carcinoma cell line
LS513, suggesting that these probiotics may be used as
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ANTIOXIDANT ACTIVITIES OF LAB
The metabolic antioxidant activities of LAB may be
assigned to reactive oxygen species (ROS) scavenging,
enzyme inhibition, and reduction activity or inhibition of
ascorbate autoxidation in the intestine by neutralizing free
radicals[27]. It is assumed that ROS play a key role in IBD
and CRC. Several in vitro studies showed that LAB strains
possess antioxidant properties and inactivate ROS via
enzymatic mechanisms such as coupled NADH oxidase/
peroxidase system and catalase[28-32]. Lin et al[33] showed
that a strain of Bifidobacterium longum (B. longum) and L.
acidophilus display antioxidative activity, inhibiting linoleic
acid peroxidation by 28%-48% which is dominant in lipid
peroxidation process. The heat-killed cells of L. acidophilus 606 and the soluble polysaccharide components of
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Figure 2 Immune responses induced by lactic acid bacteria. Lactic acid bacteria (LAB) can provoke immune responses via two main pathways: inflammation and
anticancer immune response. The inflammation pathways involve lipoteichoic acid (LTA) which can stimulate T cells to release interleukin (IL)-10, IL-12 and increase
effectors Foxp3+RORγt- Tregs. In the anticancer immune response pathway, LAB stimulate the immune cells, such as T cells, dendritic cell (DC), natural killer (NK)
and MHC class Ⅱ cells to induce IL-10, tumor necrosis factor (TNF)-α, interferon (IFN)-γ and IL-1β to inhibit tumor growth.

this strain exhibit potent antioxidative activity[34]. Several
recent studies revealed prevention of oxidative DNA
damage in human derived colon (HT29) cells by LAB[35].
These results indicate that the majority of strains including Streptococcus thermophilus have a protective effect against
oxidative damage by releasing ROS protective factors into
the medium. Furthermore, the obligatory homofermentative lactobacilli display high antioxidant activity whereas
this property is highly strain-dependent among facultative and obligate heterofermentative lactobacilli[36,37]. Taken
together, these studies implicate LAB as key molecules in
antioxidant activity which may prevent CRC.

defense is formed by innate immune cells that confer
protection against acute inflammation[41]. de Visser et al[42]
showed that intestinal inflammation parallels the development of CRC. Probiotics play an important role in this
process, with several studies showing their role in increasing the production of IL-10, an anti-inflammatory cytokine[43-45]. In fact, recent studies showed that L. acidophilus
stimulated innate cells to produce inflammatory and
regulatory cytokines by interacting surface layer proteins
with other cell surface components such as lipoteichoic
acid (LTA) which is a zwitterionic glycolipid found in the
cell wall of several Gram-positive bacterial strains[46-50].
LTA can stimulate DCs through Toll-like receptor 2,
resulting in cytokine release[51,52]. Some specific Lactobacillus species can stimulate DCs to produce IL-12 and
regulatory, inflammatory cytokine IL-10[46,47]. However,
disruption of LTA synthesis resulted in a L. acidophilus
derivative that acts on intestinal immune cells to augment production of IL-10 in DCs, down-regulate IL-12
levels, and significantly mitigate dextran sulfate sodiumand CD4+CD45RBhigh T cell-mediated colitis in mice[53].
These alterations of cell surface components of L.
acidophilus provide a potential strategy for the treatment
of inflammatory intestinal disorders and cancer therapy.
Reinforcing the role of LTA, studies using LTA-deficient
L. acidophilus (NCK2025) strain led to normalization of
innate and adaptive pathogenic immune responses and
caused regression of established colonic polyps. Not only
IL-12 and TNF-α were down-regulated by NCK2025,

IMMUNE RESPONSE IMPROVEMENT BY
LAB
The immune system plays a critical role in control of
tumor promotion and progression[38]. The interaction of
several elements of the immune system, such as antigenpresenting cells (APCs), different subsets of T cells, B
cells, natural killer (NK) cells, and dendritic cells (DCs), is
usually activated by damage, invasion or mutation[39]. Recent studies implicate LAB in immune responses critical
for colorectal cancer prevention and therapeutics[40].
LTA related protection against pro-inflammation during
tumor development
During tumor development, the first line of immune
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in the field of cancer biology, increasing attention has
been given to the role of epigenetic alterations in the
etiology of cancer. A particularly active area of research
involves histone deacetylase inhibitors (HDACi), a well
known class of epigenetic drugs, used not only for cancer
therapy but for cancer chemoprevention through strong
anti-proliferative effects on tumor cells[64-66]. Probiotic
metabolites such as butyrate, a short-chain fatty acid
(SCFA), are therefore an important class of therapeutic
compounds. Waldecker et al[67] reported that butyrate was
one of the most potent HDACi in human colon cancer
cell lines, suggesting an integral role of butyrate as an
anti-inflammatory derivative of microbial fermentation
in the colon. In studies using fecal fermentation, supernatants were found to be rich in butyrate and exhibited
strong HDAC inhibitory properties in several colon
cancer cell lines[68]. The ability of butyrate to de-repress
epigenetically silenced genes in cancer cells, such as cell
cycle inhibitor p21 and the pro-apoptotic protein Bcl-2
homologous antagonist/killer, and to activate these genes
in normal cells, has important implications for cancer
prevention and therapy[69]. It has been hypothesized that
increased colonic concentration of butyrate can be an
important mediator against CRC[70,71]. Recently, Lightfoot
et al[72,73] tested possible epigenetic modifications induced
by LTA-deficient L. acidophilus and found that oral NCK
2025 enhances the expression of tumor suppressor
genes. This indicates that differential epigenetic regulation of CRC-related genes by NCK2025 represents a
potential therapy against CRC.

but also IL-10 in DCs was significantly enhanced and
CD4+ T-cells were activated. The mice acquired significant protection from colitis with increased densities of
effector Foxp3+RORγt- Tregs in response to oral administration of L. acidophilus NCK2025[54] (Figure 2).
Anti-tumor immune effects induced by LAB
Under pathological states, such as colon cancer, probiotics may inhibit disease via modulation of the mucosal and
systemic immune response and by reduction of the inflammatory response to host microbiota[41]. Another possible anti-tumor mechanism is the activation of immunity
by immune cells to fight with the tumor cells, delay the
onset of tumor or increase the survival rate. Galdeano et
al[55] analyzed the profile of cytokines induced by some
LAB strains and observed that the most remarkable effect for all the probiotic strains tested is the increase in
TNF-α, interferon-γ (IFN-γ) and the regulatory cytokine
IL-10. LAB such as L. acidophilus, Lactobacillus casei (L.
casei) and B. longum have been shown to possess immunomodulatory and antitumor effects by suppressing the
proliferation of tumor cells and prolonging survival[56].
The increase in survival was correlated with an increase in
cellular immunity as reflected by the enhancement in the
total numbers of T cells, NK cells and MHC class Ⅱ+
cells, and CD4-CD8+ T cells in flow cytometry analysis.
Several strains of LAB have been shown to exert powerful anti-tumor effects. For example, L. casei Shirota (LcS)
has been shown to exert strong anti-metastatic effects on
transplantable tumor cells and to suppress chemicallyinduced carcinogenesis[57]. Intrapleural administration
of LcS into tumor-bearing mice induced production of
several cytokines, such as IFN-γ, interleukin-β (IL-1 β)
and TNF-α, inhibiting tumor growth and increasing survival[58,59]. Furthermore, oral feeding of LcS significantly
enhanced NK cell cytotoxicity which delayed tumor onset or suppressed tumor incidence[60]. Likewise, a butanol
extract of another LAB strain, B. adolescentis, significantly
increased the production of TNF- α and NO, which
regulate immune modulation and are cytotoxic to tumor
cells[61] (Figure 2). Taken together, these studies provide
convincing evidence demonstrating the important role of
LAB and their byproducts in the protection against carcinogenesis processes.

NEW LAB ANTICANCER DISCOVERIES
In addition to the anticancer properties of LAB discussed above, recent findings showed that LAB also
exerts antiproliferation activities of colon cancer cells
via synergistic actions between adherence to cancer cells
and SCFA bioproduction. To this end, Thirabunyanon
et al[74] investigated probiotic action of LAB in the prevention and biotherapy of colon cancer. Four probiotic
bacteria Pediococcus pentosaceus FP3, Lactobacillus salivarius (L.
salivarius) FP25, L. salivarius FP35, and Enterococcus faecium
FP51 showed antiproliferation properties at the rates of
17%-35%. The proposed mechanism of the proliferative inhibition was assigned to the synergic induction
by directly adhering to colon cancer cells and triggering
bioproduction of SCFA, mainly butyric and propionic
acids. Using cell-free supernatants from LAB L. caseiand L. rhamnosus-treated cells, Escamilla et al[75] showed a
decrease in colon cancer cell invasion in vitro by inducing
matrix metalloproteinase-9 activity and zona occludens-1.
These properties of L. casei and L. rhamnosus GG may
prove useful in designing strategies for CRC prevention
or treatment.

EPIGENETIC TARGETING PRODUCED BY
LAB
The term “epigenetics” is used to describe those mechanisms which are able to modify the expression levels of
selected genes without necessarily altering their DNA sequences, including DNA methylation, histone tail modifications, chromatin remodeling, as well as mechanisms
mediated by non-coding RNA molecules. Epigenetic
modifications are often induced by environmental factors[62]. It is now clear that epigenetic phenomena occur
together with gene mutation and contribute to the progression of normal colonic mucosa to CRC[63]. Recently,
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CLINICAL TRIALS, EMERGING FINDINGS
Clinical trials examining the effect of LAB or probiotics
on cancer are presently ongoing. The SYNCAN project
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funded by the European Union involving a 12-wk randomized, double blind trial of a food supplement containing Lactobacillus GG, Bifidobacterium Bb-12 in adenoma
patients aims at testing colon cancer risk biomarkers[76]. It
is hoped that the results of this study will provide muchneeded information on the cancer protective effects of
these bacterial strains. In randomized clinical trials, probiotics have been shown to decrease postoperative infectious complications in patients with CRC[77]. Similarly,
functional outcome and health-related quality of life were
significantly improved in patients who underwent surgical
resection of CRC following L. acidophilus and Bacillus natto
treatment[78]. Although there are no clinical studies in
which LAB or probiotics are shown to reduce recurrence
of CRC, L. casei has been shown to decrease significantly
the recurrence of other cancers such as superficial bladder cancer[79]. Thus, based on current evidence, the effects
of LAB in CRC are encouraging, although clinical as well
as mechanistic studies are needed to identify the bacterial
products and their interaction with the host in prevention
or treatment of CRC. It is worth mentioning that some
progress has been made in identification of “bacterial
biomarkers” for cancer detection. In this regard, Brim et
al[80] analyzed the SLC5A8 gene, which encodes a transporter of butyrate, in 50 colon adenomas from patients
and found that 82% of these patients displayed a high
level of methylation, pointing to its potential use as a
marker for early detection.

REFERENCES
1

2

3
4
5
6

7

8

9

CONCLUSION

10

It is clear that LAB are of paramount importance in the
prevention of CRC. Insights into the cellular and molecular mechanisms which include apoptosis, antioxidant, immune responses, and epigenetics opened the door for the
development of novel therapeutic approaches. Although a
wide range of studies have shown remarkable potential of
LAB strains in interfering with colorectal carcinogenesis,
conclusive clinical evidence supporting the role of probiotics in CRC treatment is still lacking. More epigenetic
studies on LAB are required to demonstrate their effects
in cancer prevention. Although several mechanisms of
actions of LAB in carcinogenesis have been described in
in vitro and animal model studies, we are still far from pinpointing the exact cellular signaling responsible for their
effects. Nevertheless, the demonstrated functions of LAB
in repairing defective apoptotic processes or controlling
cell proliferation in cancer have made them an attractive
tool for helping treat CRC. For example, based on the
mechanism of apoptosis, one could modify LAB such as
L. reuteri, L. acidophilus and L. rhamnosus to increase their
anticancer effects in vivo. Likewise, the use of individual
LAB like L. acidophilus or combination of different LAB
strains to strengthen the ability of the immune system
against cancer development can prove useful in prevention and treatment. However, it is clear that further investigations are strongly required to uncover the usefulness
of probiotics in CRC treatment in clinical settings.

WJG|www.wjgnet.com

11

12

13

14

15

16
17
18

7883

Tenesa A, Dunlop MG. New insights into the aetiology of
colorectal cancer from genome-wide association studies. Nat
Rev Genet 2009; 10: 353-358 [PMID: 19434079 DOI: 10.1038/
nrg2574]
Garagnani P, Pirazzini C, Franceschi C. Colorectal cancer
microenvironment: among nutrition, gut microbiota, inflammation and epigenetics. Curr Pharm Des 2013; 19: 765-778
[PMID: 23016865]
Daniluk U. Probiotics, the new approach for cancer prevention and/or potentialization of anti-cancer treatment? J Clin
Exp Oncol 2012; 1: 1000e105
Rowland IR. The role of the gastrointestinal microbiota in
colorectal cancer. Curr Pharm Des 2009; 15: 1524-1527 [PMID:
19442169]
Zhu Q, Gao R, Wu W, Qin H. The role of gut microbiota in
the pathogenesis of colorectal cancer. Tumour Biol 2013; 34:
1285-1300 [PMID: 23397545 DOI: 10.1007/s13277-013-0684-4]
Food and Agriculture Organization/World Health Organization. Report of Joint FAO/WHO (Food and agriculture
organization/World health organization) Working group on
drafting guidelines for the evaluation of probiotics in food.
London, Ontario, Canada: Guidelines for the evaluation of
probiotics in food, 2002: 1-11
Fotiadis CI, Stoidis CN, Spyropoulos BG, Zografos ED. Role
of probiotics, prebiotics and synbiotics in chemoprevention
for colorectal cancer. World J Gastroenterol 2008; 14: 6453-6457
[PMID: 19030195]
Masood MI, Qadir MI, Shirazi JH, Khan IU. Beneficial effects
of lactic acid bacteria on human beings. Crit Rev Microbiol
2011; 37: 91-98 [PMID: 21162695 DOI: 10.3109/1040841x.2010
.536522]
Hove H, Nørgaard H, Mortensen PB. Lactic acid bacteria
and the human gastrointestinal tract. Eur J Clin Nutr 1999;
53: 339-350 [PMID: 10369488]
Chouraqui JP, Van Egroo LD, Fichot MC. Acidified milk formula supplemented with bifidobacterium lactis: impact on
infant diarrhea in residential care settings. J Pediatr Gastroenterol Nutr 2004; 38: 288-292 [PMID: 15076628]
Gaón D, García H, Winter L, Rodríguez N, Quintás R,
González SN, Oliver G. Effect of Lactobacillus strains and
Saccharomyces boulardii on persistent diarrhea in children.
Medicina (B Aires) 2003; 63: 293-298 [PMID: 14518142]
Pohjavuori E, Viljanen M, Korpela R, Kuitunen M, Tiittanen M, Vaarala O, Savilahti E. Lactobacillus GG effect in
increasing IFN-gamma production in infants with cow’s
milk allergy. J Allergy Clin Immunol 2004; 114: 131-136 [PMID:
15241356 DOI: 10.1016/j.jaci.2004.03.036]
Bourlioux P, Koletzko B, Guarner F, Braesco V. The intestine
and its microflora are partners for the protection of the host:
report on the Danone Symposium “The Intelligent Intestine,” held in Paris, June 14, 2002. Am J Clin Nutr 2003; 78:
675-683 [PMID: 14522724]
Azcárate-Peril MA, Sikes M, Bruno-Bárcena JM. The intestinal microbiota, gastrointestinal environment and colorectal
cancer: a putative role for probiotics in prevention of colorectal cancer? Am J Physiol Gastrointest Liver Physiol 2011; 301:
G401-G424 [PMID: 21700901 DOI: 10.1152/ajpgi.00110.2011]
del Carmen S, de LeBlanc AM, Miyoshi A, Rocha CS, Azevedo V, LeBlanc JG. Potential application of probiotics in the
prevention and treatment of inflammatory bowel diseases.
Ulcers 2011; 2011: 1-13
Rafter JJ. The role of lactic acid bacteria in colon cancer
prevention. Scand J Gastroenterol 1995; 30: 497-502 [PMID:
7569753]
Bengmark S, Gil A. Bioecological and nutritional control of
disease: prebiotics, probiotics and synbiotics. Nutr Hosp 2006;
21 Suppl 2: 72-84, 73-86 [PMID: 16771075]
Hirayama K, Rafter J. The role of lactic acid bacteria in colon

June 28, 2014|Volume 20|Issue 24|

Zhong L et al . LAB and colorectal cancer

19

20

21
22
23

24

25

26

27

28

29

30

31

32

33

34

cancer prevention: mechanistic considerations. Antonie Van
Leeuwenhoek 1999; 76: 391-394 [PMID: 10532395]
de Vries EG, Gietema JA, de Jong S. Tumor necrosis factorrelated apoptosis-inducing ligand pathway and its therapeutic implications. Clin Cancer Res 2006; 12: 2390-2393 [PMID:
16638843 DOI: 10.1158/1078-0432.ccr-06-0352]
Bucur O, Ray S, Bucur MC, Almasan A. APO2 ligand/tumor
necrosis factor-related apoptosis-inducing ligand in prostate cancer therapy. Front Biosci 2006; 11: 1549-1568 [PMID:
16368536]
Elmore S. Apoptosis: a review of programmed cell death.
Toxicol Pathol 2007; 35: 495-516 [PMID: 17562483 DOI: 10.108
0/01926230701320337]
Fesik SW. Promoting apoptosis as a strategy for cancer drug
discovery. Nat Rev Cancer 2005; 5: 876-885 [PMID: 16239906
DOI: 10.1038/nrc1736]
Chen CC, Lin WC, Kong MS, Shi HN, Walker WA, Lin CY,
Huang CT, Lin YC, Jung SM, Lin TY. Oral inoculation of
probiotics Lactobacillus acidophilus NCFM suppresses tumour growth both in segmental orthotopic colon cancer and
extra-intestinal tissue. Br J Nutr 2012; 107: 1623-1634 [PMID:
21992995 DOI: 10.1017/s0007114511004934]
Iyer C, Kosters A, Sethi G, Kunnumakkara AB, Aggarwal
BB, Versalovic J. Probiotic Lactobacillus reuteri promotes
TNF-induced apoptosis in human myeloid leukemia-derived
cells by modulation of NF-kappaB and MAPK signalling.
Cell Microbiol 2008; 10: 1442-1452 [PMID: 18331465 DOI:
10.1111/j.1462-5822.2008.01137.x]
Kim Y, Oh S, Yun HS, Oh S, Kim SH. Cell-bound exopolysaccharide from probiotic bacteria induces autophagic cell
death of tumour cells. Lett Appl Microbiol 2010; 51: 123-130
[PMID: 20536712 DOI: 10.1111/j.1472-765X.2010.02859.x]
Baldwin C, Millette M, Oth D, Ruiz MT, Luquet FM, Lacroix M. Probiotic Lactobacillus acidophilus and L. casei mix
sensitize colorectal tumoral cells to 5-fluorouracil-induced
apoptosis. Nutr Cancer 2010; 62: 371-378 [PMID: 20358475
DOI: 10.1080/01635580903407197]
Amaretti A, di Nunzio M, Pompei A, Raimondi S, Rossi
M, Bordoni A. Antioxidant properties of potentially probiotic bacteria: in vitro and in vivo activities. Appl Microbiol
Biotechnol 2013; 97: 809-817 [PMID: 22790540 DOI: 10.1007/
s00253-012-4241-7]
Amanatidou A, Bennik MH, Gorris LG, Smid EJ. Superoxide
dismutase plays an important role in the survival of Lactobacillus sake upon exposure to elevated oxygen. Arch Microbiol
2001; 176: 79-88 [PMID: 11479706]
Bruno-Bárcena JM, Andrus JM, Libby SL, Klaenhammer
TR, Hassan HM. Expression of a heterologous manganese
superoxide dismutase gene in intestinal lactobacilli provides
protection against hydrogen peroxide toxicity. Appl Environ
Microbiol 2004; 70: 4702-4710 [PMID: 15294805 DOI: 10.1128/
aem.70.8.4702-4710.2004]
Kullisaar T, Songisepp E, Mikelsaar M, Zilmer K, Vihalemm
T, Zilmer M. Antioxidative probiotic fermented goats’ milk
decreases oxidative stress-mediated atherogenicity in human
subjects. Br J Nutr 2003; 90: 449-456 [PMID: 12908907]
Kullisaar T, Zilmer M, Mikelsaar M, Vihalemm T, Annuk
H, Kairane C, Kilk A. Two antioxidative lactobacilli strains
as promising probiotics. Int J Food Microbiol 2002; 72: 215-224
[PMID: 11845820]
Lee J, Hwang KT, Heo MS, Lee JH, Park KY. Resistance of
Lactobacillus plantarum KCTC 3099 from Kimchi to oxidative stress. J Med Food 2005; 8: 299-304 [PMID: 16176138 DOI:
10.1089/jmf.2005.8.299]
Lin MY, Chang FJ. Antioxidative effect of intestinal bacteria
Bifidobacterium longum ATCC 15708 and Lactobacillus acidophilus ATCC 4356. Dig Dis Sci 2000; 45: 1617-1622 [PMID:
11007114]
Choi SS, Kim Y, Han KS, You S, Oh S, Kim SH. Effects of

WJG|www.wjgnet.com

35

36

37

38

39

40
41
42
43
44

45

46

47

48

49

7884

Lactobacillus strains on cancer cell proliferation and oxidative stress in vitro. Lett Appl Microbiol 2006; 42: 452-458 [PMID:
16620202 DOI: 10.1111/j.1472-765X.2006.01913.x]
Koller VJ, Marian B, Stidl R, Nersesyan A, Winter H, Simić
T, Sontag G, Knasmüller S. Impact of lactic acid bacteria
on oxidative DNA damage in human derived colon cells.
Food Chem Toxicol 2008; 46: 1221-1229 [PMID: 17942208 DOI:
10.1016/j.fct.2007.09.005]
Annuk H, Shchepetova J, Kullisaar T, Songisepp E, Zilmer M,
Mikelsaar M. Characterization of intestinal lactobacilli as putative probiotic candidates. J Appl Microbiol 2003; 94: 403-412
[PMID: 12588549]
Kumar M, Kumar A, Nagpal R, Mohania D, Behare P,
Verma V, Kumar P, Poddar D, Aggarwal PK, Henry CJ, Jain
S, Yadav H. Cancer-preventing attributes of probiotics: an
update. Int J Food Sci Nutr 2010; 61: 473-496 [PMID: 20187714
DOI: 10.3109/09637480903455971]
Uccello M, Malaguarnera G, Basile F, D’agata V, Malaguarnera M, Bertino G, Vacante M, Drago F, Biondi A. Potential
role of probiotics on colorectal cancer prevention. BMC Surg
2012; 12 Suppl 1: S35 [PMID: 23173670 DOI: 10.1186/1471-24
82-12-s1-s35]
Jounai K, Ikado K, Sugimura T, Ano Y, Braun J, Fujiwara D.
Spherical lactic acid bacteria activate plasmacytoid dendritic
cells immunomodulatory function via TLR9-dependent
crosstalk with myeloid dendritic cells. PLoS One 2012; 7:
e32588 [PMID: 22505996 DOI: 10.1371/journal.pone.0032588]
Gabrilovich D, Pisarev V. Tumor escape from immune
response: mechanisms and targets of activity. Curr Drug Targets 2003; 4: 525-536 [PMID: 14535653]
Loredana Baffoni FG, Gioia DD, Biavati B. Role of intestinal
microbiota in colon cancer prevention. Ann Microbiol 2012;
62: 15-30
de Visser KE, Eichten A, Coussens LM. Paradoxical roles
of the immune system during cancer development. Nat Rev
Cancer 2006; 6: 24-37 [PMID: 16397525 DOI: 10.1038/nrc1782]
Pessi T, Sütas Y, Hurme M, Isolauri E. Interleukin-10 generation in atopic children following oral Lactobacillus rhamnosus GG. Clin Exp Allergy 2000; 30: 1804-1808 [PMID: 11122221]
Di Giacinto C, Marinaro M, Sanchez M, Strober W, Boirivant M. Probiotics ameliorate recurrent Th1-mediated
murine colitis by inducing IL-10 and IL-10-dependent TGFbeta-bearing regulatory cells. J Immunol 2005; 174: 3237-3246
[PMID: 15749854]
Madsen K, Cornish A, Soper P, McKaigney C, Jijon H,
Yachimec C, Doyle J, Jewell L, De Simone C. Probiotic bacteria enhance murine and human intestinal epithelial barrier
function. Gastroenterology 2001; 121: 580-591 [PMID: 11522742]
Mohamadzadeh M, Olson S, Kalina WV, Ruthel G, Demmin
GL, Warfield KL, Bavari S, Klaenhammer TR. Lactobacilli activate human dendritic cells that skew T cells toward T helper 1 polarization. Proc Natl Acad Sci USA 2005; 102: 2880-2885
[PMID: 15710900 DOI: 10.1073/pnas.0500098102]
Konstantinov SR, Smidt H, de Vos WM, Bruijns SC, Singh
SK, Valence F, Molle D, Lortal S, Altermann E, Klaenhammer TR, van Kooyk Y. S layer protein A of Lactobacillus
acidophilus NCFM regulates immature dendritic cell and T
cell functions. Proc Natl Acad Sci USA 2008; 105: 19474-19479
[PMID: 19047644 DOI: 10.1073/pnas.0810305105]
Mohamadzadeh M, Duong T, Sandwick SJ, Hoover T, Klaenhammer TR. Dendritic cell targeting of Bacillus anthracis
protective antigen expressed by Lactobacillus acidophilus protects mice from lethal challenge. Proc Natl Acad Sci
USA 2009; 106: 4331-4336 [PMID: 19246373 DOI: 10.1073/
pnas.0900029106]
Goh YJ, Azcárate-Peril MA, O’Flaherty S, Durmaz E, Valence
F, Jardin J, Lortal S, Klaenhammer TR. Development and application of a upp-based counterselective gene replacement
system for the study of the S-layer protein SlpX of Lactoba-

June 28, 2014|Volume 20|Issue 24|

Zhong L et al . LAB and colorectal cancer

50
51

52

53

54

55

56

57

58
59
60

61

62
63

64

65

cillus acidophilus NCFM. Appl Environ Microbiol 2009; 75:
3093-3105 [PMID: 19304841 DOI: 10.1128/aem.02502-08]
Goh YJ, Klaenhammer TR. Genomic features of Lactobacillus species. Front Biosci (Landmark Ed) 2009; 14: 1362-1386
[PMID: 19273135]
Mayer ML, Phillips CM, Townsend RA, Halperin SA, Lee
SF. Differential activation of dendritic cells by Toll-like receptor agonists isolated from the Gram-positive vaccine vector Streptococcus gordonii. Scand J Immunol 2009; 69: 351-356
[PMID: 19284500 DOI: 10.1111/j.1365-3083.2009.02232.x]
Mayer ML, Phillips CM, Stadnyk AW, Halperin SA, Lee SF.
Synergistic BM-DC activation and immune induction by the
oral vaccine vector Streptococcus gordonii and exogenous
tumor necrosis factor. Mol Immunol 2009; 46: 1883-1891
[PMID: 19278729 DOI: 10.1016/j.molimm.2009.02.008]
Mohamadzadeh M, Pfeiler EA, Brown JB, Zadeh M, Gramarossa M, Managlia E, Bere P, Sarraj B, Khan MW, Pakanati
KC, Ansari MJ, O’Flaherty S, Barrett T, Klaenhammer TR.
Regulation of induced colonic inflammation by Lactobacillus acidophilus deficient in lipoteichoic acid. Proc Natl Acad
Sci USA 2011; 108 Suppl 1: 4623-4630 [PMID: 21282652 DOI:
10.1073/pnas.1005066107]
Khazaie K, Zadeh M, Khan MW, Bere P, Gounari F, Dennis
K, Blatner NR, Owen JL, Klaenhammer TR, Mohamadzadeh M. Abating colon cancer polyposis by Lactobacillus
acidophilus deficient in lipoteichoic acid. Proc Natl Acad Sci
USA 2012; 109: 10462-10467 [PMID: 22689992 DOI: 10.1073/
pnas.1207230109]
Galdeano CM, de Moreno de LeBlanc A, Vinderola G, Bonet
ME, Perdigón G. Proposed model: mechanisms of immunomodulation induced by probiotic bacteria. Clin Vaccine
Immunol 2007; 14: 485-492 [PMID: 17360855 DOI: 10.1128/
cvi.00406-06]
Lee JW, Shin JG, Kim EH, Kang HE, Yim IB, Kim JY, Joo HG,
Woo HJ. Immunomodulatory and antitumor effects in vivo
by the cytoplasmic fraction of Lactobacillus casei and Bifidobacterium longum. J Vet Sci 2004; 5: 41-48 [PMID: 15028884]
Takagi A, Matsuzaki T, Sato M, Nomoto K, Morotomi M,
Yokokura T. Enhancement of natural killer cytotoxicity delayed murine carcinogenesis by a probiotic microorganism.
Carcinogenesis 2001; 22: 599-605 [PMID: 11285195]
Matsuzaki T, Yokokura T, Mutai M. Antitumor effect of intrapleural administration of Lactobacillus casei in mice. Cancer Immunol Immunother 1988; 26: 209-214 [PMID: 3133110]
Matsuzaki T. Immunomodulation by treatment with Lactobacillus casei strain Shirota. Int J Food Microbiol 1998; 41:
133-140 [PMID: 9704862]
Takagi A, Ikemura H, Matsuzaki T, Sato M, Nomoto K,
Morotomi M, Yokokura T. Relationship between the in vitro
response of dendritic cells to Lactobacillus and prevention of
tumorigenesis in the mouse. J Gastroenterol 2008; 43: 661-669
[PMID: 18807127 DOI: 10.1007/s00535-008-2212-7]
Lee do K, Jang S, Kim MJ, Kim JH, Chung MJ, Kim KJ,
Ha NJ. Anti-proliferative effects of Bifidobacterium adolescentis SPM0212 extract on human colon cancer cell
lines. BMC Cancer 2008; 8: 310 [PMID: 18950540 DOI:
10.1186/1471-2407-8-310]
Coppedè F. Epigenetic biomarkers of colorectal cancer:
Focus on DNA methylation. Cancer Lett 2014; 342: 238-247
[PMID: 22202641 DOI: 10.1016/j.canlet.2011.12.030]
Migliore L, Migheli F, Spisni R, Coppedè F. Genetics, cytogenetics, and epigenetics of colorectal cancer. J Biomed
Biotechnol 2011; 2011: 792362 [PMID: 21490705 DOI:
10.1155/2011/792362]
Berni Canani R, Di Costanzo M, Leone L. The epigenetic effects of butyrate: potential therapeutic implications for clinical practice. Clin Epigenetics 2012; 4: 4 [PMID: 22414433 DOI:
10.1186/1868-7083-4-4]
Acharya MR, Sparreboom A, Venitz J, Figg WD. Rational

WJG|www.wjgnet.com

66
67

68

69
70

71

72

73

74

75

76
77

78

79

7885

development of histone deacetylase inhibitors as anticancer
agents: a review. Mol Pharmacol 2005; 68: 917-932 [PMID:
15955865 DOI: 10.1124/mol.105.014167]
Marks PA, Richon VM, Miller T, Kelly WK. Histone deacetylase inhibitors. Adv Cancer Res 2004; 91: 137-168 [PMID:
15327890 DOI: 10.1016/s0065-230x(04)91004-4]
Waldecker M, Kautenburger T, Daumann H, Busch C, Schrenk D. Inhibition of histone-deacetylase activity by shortchain fatty acids and some polyphenol metabolites formed in
the colon. J Nutr Biochem 2008; 19: 587-593 [PMID: 18061431
DOI: 10.1016/j.jnutbio.2007.08.002]
Waldecker M, Kautenburger T, Daumann H, Veeriah S, Will
F, Dietrich H, Pool-Zobel BL, Schrenk D. Histone-deacetylase
inhibition and butyrate formation: Fecal slurry incubations
with apple pectin and apple juice extracts. Nutrition 2008; 24:
366-374 [PMID: 18262392 DOI: 10.1016/j.nut.2007.12.013]
Dashwood RH, Ho E. Dietary histone deacetylase inhibitors:
from cells to mice to man. Semin Cancer Biol 2007; 17: 363-369
[PMID: 17555985 DOI: 10.1016/j.semcancer.2007.04.001]
Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, Norat
T, Clavel-Chapelon F, Kesse E, Nieters A, Boeing H, Tjønneland A, Overvad K, Martinez C, Dorronsoro M, Gonzalez
CA, Key TJ, Trichopoulou A, Naska A, Vineis P, Tumino
R, Krogh V, Bueno-de-Mesquita HB, Peeters PH, Berglund
G, Hallmans G, Lund E, Skeie G, Kaaks R, Riboli E. Dietary
fibre in food and protection against colorectal cancer in
the European Prospective Investigation into Cancer and
Nutrition (EPIC): an observational study. Lancet 2003; 361:
1496-1501 [PMID: 12737858]
Scharlau D, Borowicki A, Habermann N, Hofmann T, Klenow S, Miene C, Munjal U, Stein K, Glei M. Mechanisms of
primary cancer prevention by butyrate and other products
formed during gut flora-mediated fermentation of dietary
fibre. Mutat Res 2009; 682: 39-53 [PMID: 19383551 DOI:
10.1016/j.mrrev.2009.04.001]
Lightfoot YL, Mohamadzadeh M. Tailoring gut immune
responses with lipoteichoic acid-deficient Lactobacillus acidophilus. Front Immunol 2013; 4: 25 [PMID: 23390423 DOI:
10.3389/fimmu.2013.00025]
Lightfoot YL, Yang T, Sahay B, Mohamadzadeh M. Targeting aberrant colon cancer-specific DNA methylation with
lipoteichoic acid-deficient Lactobacillus acidophilus. Gut
Microbes 2013; 4: 84-88 [PMID: 23137966 DOI: 10.4161/
gmic.22822]
Thirabunyanon M, Hongwittayakorn P. Potential probiotic
lactic acid bacteria of human origin induce antiproliferation of colon cancer cells via synergic actions in adhesion to
cancer cells and short-chain fatty acid bioproduction. Appl
Biochem Biotechnol 2013; 169: 511-525 [PMID: 23239414 DOI:
10.1007/s12010-012-9995-y]
Escamilla J, Lane MA, Maitin V. Cell-free supernatants from
probiotic Lactobacillus casei and Lactobacillus rhamnosus
GG decrease colon cancer cell invasion in vitro. Nutr Cancer
2012; 64: 871-878 [PMID: 22830611 DOI: 10.1080/01635581.20
12.700758]
SYNCAN. Synbiotics and cancer prevention in humans.
Available from: URL: http://www.syncan.be/
Liu Z, Qin H, Yang Z, Xia Y, Liu W, Yang J, Jiang Y, Zhang
H, Yang Z, Wang Y, Zheng Q. Randomised clinical trial: the
effects of perioperative probiotic treatment on barrier function and post-operative infectious complications in colorectal
cancer surgery - a double-blind study. Aliment Pharmacol Ther 2011; 33: 50-63 [PMID: 21083585 DOI: 10.1111/
j.1365-2036.2010.04492.x]
Ohigashi S, Hoshino Y, Ohde S, Onodera H. Functional
outcome, quality of life, and efficacy of probiotics in postoperative patients with colorectal cancer. Surg Today 2011; 41:
1200-1206 [PMID: 21874415 DOI: 10.1007/s00595-010-4450-6]
Ohashi Y, Nakai S, Tsukamoto T, Masumori N, Akaza H,

June 28, 2014|Volume 20|Issue 24|

Zhong L et al . LAB and colorectal cancer

80

Miyanaga N, Kitamura T, Kawabe K, Kotake T, Kuroda M,
Naito S, Koga H, Saito Y, Nomata K, Kitagawa M, Aso Y.
Habitual intake of lactic acid bacteria and risk reduction of
bladder cancer. Urol Int 2002; 68: 273-280 [PMID: 12053032]
Brim H, Kumar K, Nazarian J, Hathout Y, Jafarian A, Lee

E, Green W, Smoot D, Park J, Nouraie M, Ashktorab H.
SLC5A8 gene, a transporter of butyrate: a gut flora metabolite, is frequently methylated in African American colon
adenomas. PLoS One 2011; 6: e20216 [PMID: 21687703 DOI:
10.1371/journal.pone.0020216]
P- Reviewers: DePaolo RW, Francino MP, Joseph Lau WY, Kuda T,
Santoro GA S- Editor: Wen LL L- Editor: Wang TQ
E- Editor: Wang CH

WJG|www.wjgnet.com

7886

June 28, 2014|Volume 20|Issue 24|

World J Gastroenterol 2014 June 28; 20(24): 7887-7893
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i24.7887

© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Indications, limitations and maneuvers to enable extended
hepatectomy: Current trends
Dimitrios Dimitroulis, Petros Tsaparas, Serena Valsami, Dimitrios Mantas, Eleftherios Spartalis,
Charalampos Markakis, Gregory Kouraklis
revolutionary two-step procedure for extended hepatic
resections. Further clinical studies are required to estimate long-term results and the oncological basis of this
technique.

Dimitrios Dimitroulis, Petros Tsaparas, Dimitrios Mantas,
Eleftherios Spartalis, Charalampos Markakis, Gregory Kouraklis, Second Department of Propedeutic Surgery, Athens University Medical School, “Laiko” Hospital, 11527 Athens, Greece
Serena Valsami, Blood Transfusion Department, Athens University Medical School, Areteion Hospital, 11527 Athens, Greece
Author contributions: Dimitroulis D and Tsaparas P designed
research; Valsami S and Mantas D performed research; Spartalis
E and Markakis C analyzed data; Dimitroulis D, Tsaparas P and
Kouraklis G wrote the paper.
Correspondence to: Eleftherios Spartalis, MD, MSc, PhDc,
Second Department of Propedeutic Surgery, Athens University
Medical School, “Laiko” Hospital, Vasilissis Sofias 49, 11527
Athens, Greece. eleftherios.spartalis@gmail.com
Telephone: +30-69-74714078 Fax: +30-21-07456972
Received: December 20, 2013 Revised: February 11, 2014
Accepted: March 8, 2014
Published online: June 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Extended hepatectomy; Portal vein ligation;
Remnant liver volume
Core tip: All methods developed in order to increase the
volume of the remnant liver are safe and efficient. in
situ liver transection is a novel and revolutionary twostep procedure for extended hepatic resections. Further
clinical studies are required to estimate long-term results and the oncological basis of this technique.
Dimitroulis D, Tsaparas P, Valsami S, Mantas D, Spartalis E,
Markakis C, Kouraklis G. Indications, limitations and maneuvers to enable extended hepatectomy: Current trends. World J
Gastroenterol 2014; 20(24): 7887-7893 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7887.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7887

Abstract
The liver is a solid organ with a wide variety of primary
benign or malignant tumors as well as metastatic lesions. Surgical resection of these tumors remains the
only curative modality. Several limitations, however, do
not allow the performance of these operations. This review evaluates the indications and limitations regarding
these extended hepatic resections, as well as describing all the manipulations that increase the candidates
for such operations. A thorough review of the literature
was performed in order to define indications for extended hepatectomy, as well as to present all methods
that contribute to increasing the volume of the future
remnant liver. The role of portal vein ligation, portal
vein embolization, two-stage hepatectomy, and in situ
liver transection are evaluated in the setting of indications and results. Extended hepatectomies are a necessity due to oncological reasons. All methods developed
in order to increase the volume of the remnant liver are
safe and efficient. in situ liver transection is a novel and
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INTRODUCTION
Complete resection of liver lesions remains the only potential curative treatment modality for primary or metastatic liver disease. Major liver resections are required
both for malignant [hepatocellular carcinoma (HCC),
cholangiocarcionoma, and other rare types of malignant
tumors] as well as benign primary liver tumors (giant
haemangiomas, and adenomas) in order to achieve optimal therapeutic results. A multicenter analysis of 1115
patients with HCC, 539 of whom underwent major resections, concludes that expansion of surgical indications
in order to perform major hepatectomies is justified[1]. In
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mor, although 5-year survival remains poor[11]. An article
reviewing the pertinent literature concludes that adequate
extended surgical resection with adjuvant chemotherapy
provides the best survival rate, while elevated serum
carcinoembryonic antigen with lymph node metastases
associated with advanced disease are negative prognostic
factors[12]. Furthermore, due to the infiltrative tendency
of CCC, the achievement of negative margins, although
significant for survival, remains a challenging technical
issue that requires extended resections. Jonas et al[13] have
recommend extended resections to increase the rate of
curative resections. In their series, 60% of patients underwent extended liver resections and R0 resections were
possible in 71% of the total study group[14].
In addition to HCC and CCC, which are the two major representatives of primary liver malignancies, a variety
of other malignant liver tumors need extended hepatectomy as a curative treatment strategy. This group of malignancies includes liver sarcomas, fibrolamellar tumors,
histiocytomas, hepatoblastomas and other rare tumors
that have been described as case series or case reports
in the literature[15-18]. Hepatic epithelioid hemangioendothelioma is an entity that originates from the vascular
endothelium and has intermediate characteristics between
hemangioma and hemangiosarcoma. Due to its large size
and often diffuse presentation the optimal therapeutic
approach includes extended liver resections or liver transplantation[19,20]. Furthermore, except for these malignant
or marginal tumors, regarding their malignant behavior,
tumors, other benign liver tumors such hemangiomas, hepatic adenomas or focal nodular hyperplasia may present
with a large size. In this cases extended hepatectomies are
performed in order to confirm a questionable diagnosis
or to provide relief from symptoms in the case of large
or bleeding adenomas or giant hemangiomas (KasabachMeritt syndrome)[21-25].
In recent years, the presence of liver metastases was
not a contraindication for surgery. On the contrary, resection of the primary tumor and metastatic liver lesions is
the optimal therapeutic approach. The first example is
the resectability of colorectal liver metastases, which has
reached a rate of > 40% with the introduction of new
chemotherapeutic agents and drug combinations. The
diffuse nature of the metastases or their large size require
extended liver resections in order to achieve no residual
disease, which in combination with adjuvant treatment
results in 5-year survival rate of 35%-50% for selected
cases[26-28]. Other candidates for extended hepatectomies
due to metastastic disease are patients with liver metastases originating from gastro-entero-pancreatic neuroendocrine tumors (GEP-NETs). A meta-analysis provides
evidence supporting the hypothesis that liver resection
increases overall survival in patients with GEP-NETs[29].
The studies included in this meta-analysis compared surgical resection with embolization or other nonsurgical
treatments. Liver transplantation, however, was compared
only in one study and therefore this alternative could
not be included in the meta-analysis. Liver resection for

recent years, there has been a major effort in managing
colorectal liver metastases by performing extended hepatectomies.
Major liver resections are associated with an increased
risk of postoperative morbidity and mortality, mainly
related to postoperative liver failure. The risk for postoperative liver failure depends on the quality and quantity
of the liver parenchyma spared by resection, which is
called remnant liver volume (RLV)[2]. The quantity of
RLV depends on the quality of liver tissue. In the case of
a healthy liver, we can expand the resection up to a RLV
of 25% or equal to 0.5% of the patient’s body weight.
Impaired liver function due to liver disease such as cirrhosis requires a larger RLV. This is a serious issue in
cases of preoperative chemotherapy treatment, because
chemotherapeutical agents have liver cytotoxic properties,
or in cases of colorectal liver metastases where the range
of extended hepatectomy is restricted in comparison to
normal liver tissue[3].
Progress in surgical techniques and imaging technology, as well as the achievements of basic science in every
day clinical practice, has resulted in major and extended
hepatic resections with acceptable mortality and morbidity rates, in order to achieve curative treatment for both
benign and malignant liver disease. This review discusses
liver manipulation techniques that are used to perform
extended hepatectomies in a safe manner.

INDICATIONS AND LIMITATIONS
Several studies have reported the beneficial effects of
surgery for patients with HCC, even with large or multinodular tumors. Advances in the surgical management
of HCC have expanded the indications for curative hepatectomy, including more extensive liver resections[4-6]. As
described above, a multicenter analysis of 1115 patients
with HCC revealed similar 90-d postoperative mortality rates for patients undergoing right hepatectomy and
extended hepatectomy, whereas 5-year overall survival
did not differ significantly between these groups[1]. Furthermore, another observational multicenter survey that
retrospectively investigated the trend in large-volume
hepatobiliary centers for treatment of HCC showed that
surgery is the most favorable treatment modality in eastern and western countries, even for multinodular, large
tumors with macrovascular invasion. The multivariate
analysis, however, identified tumor size and macrovascular invasion as independent negative prognostic factors
for overall survival[7].
The second most common malignancy among primary liver tumors after HCC is cholangiocarcinoma
(CCC), with the highest incidence in Northeast Thailand,
while in Europe and the United States it remains a rare
tumor[8-10]. CCC is classified into three types according
to its location: intrahepatic, perihilar and distal. Surgical
excision of the tumor with clear surgical margins remains
the gold standard, whereas major hepatectomies are required for the intrahepatic or perihilar location of the tu-
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metastatic disease has also increased the survival rates of
some other malignancies in selected cases, for example,
eye melanoma and breast cancer[30,31].
As described above, the role of extended hepatectomy is crucial in a variety of primary or metastatic liver
tumors, for therapeutic as well as diagnostic reasons.
Extended hepatectomy is a challenging procedure, associated with a high rate of complications. More than four
segments of the liver are resected and the remaining liver
parenchyma accounts for only 20%-30% of the total
liver volume. The estimated mortality rate after extended
hepatectomy in high-volume centers is thought to be
6%-8%[32,33]. Several clinical and experimental studies have
been performed in order to evaluate the minimum RLV
needed for safe hepatectomy. In patients with normal
liver function, an estimated RLV > 25%-40% has been
proposed as adequate for major hepatectomy[34-36]. Several
high-volume centers, however, have extended the criteria
for major hepatic resections up to an RLV of 20% of
total liver volume[37].
On the contrary, chronic underlying liver disease such
as hepatitis B and C, alcoholic liver disease or further disorders leading to liver parenchyma damage ranging from
fibrosis to cirrhosis, limit the possibility of extended
hepatectomy and reduce the number of patients that
benefit from these operations. Improvements in surgical
technique and perioperative care have reduced the complications and mortality rate, but at the same time, careful
patient selection is needed in order to achieve optimal
results[38,39].
Liver function assessment is important to ensure
safe surgical procedures in patients with hepatocellular
disease. The liver influences a wide variety of functions,
including protein synthesis and metabolic, immune and
storage functions, no single parameter is sufficient to address adequately all of these functions. Therefore, there
are scoring systems, functional tests, plasma parameters
and imaging modalities used to evaluate liver function.
The Child-Pugh scoring system is the gold standard for
liver disease assessment. In another modification, the
Child-Campbell system, a scoring system similar to that
of Child-Pugh is used, where nutritional status is considered. The liver damage grading system recommended
by the Liver Cancer Study Group of Japan is also useful. Another liver function score is the model for endstage liver disease. The indocyanine green clearance test
is widely accepted, but other assessments have not been
used routinely for clinical evaluations (monoethylglycinexylidide test, galactose elimination capacity test and 13Cliver-function breath tests). The levels of plasma proteins,
including albumin, prealbumin, retinol binding protein,
apolipoprotein, coagulation factors and antithrombin Ⅲ,
represent the liver productivity. Liver fibrotic markers
such as the aspartate aminotransferase-to-platelet ratio
index, collagens and hyaluronic acid also correlate with
liver function. Finally, imaging modalities such as 99mTcgalactosyl serum albumin scintigraphy, 99mTc-mebrofenin
hepatobiliary scintigraphy and transient elastography are
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also available, but future studies are needed to validate
their clinical efficacy[40].
Child-Pugh stage C is considered as an absolute contraindication for liver resection. Yang et al[38] evaluated the
mortality and morbidity in 305 patients with liver cirrhosis or fibrosis who underwent major hepatic resections.
Overall morbidity rate was 37% and overall mortality rate
was 2.8%. Low platelet count and increased intraoperative blood loss were recognized as independent factors
related to high morbidity rates in patients with underlying
liver disease who undergo hepatic resections. The authors
conclude that careful preoperative evaluation in combination with reduced intraoperative blood loss could offer
the opportunity of safe hepatic resection in a selective
group of patients with underlying liver disease[38]. This
conclusion is in accordance with other similar studies in
the literature[41].
Limitations regarding major hepatectomies exist
in the cases of preoperative chemotherapy, mainly for
metastatic liver lesions such as colorectal liver metastases.
Chemotherapeutic agents used in oncology have some
severe effects on the liver. Histological lesions are known
to occur on liver parenchyma after chemotherapy with
the type of lesion being specific for the agent used. Sinusoidal obstructive syndrome is characterized by erythrocytic congestion and can be accompanied by perisinusoidal fibrosis and fibrotic venous occlusion. A further
adverse effect of chemotherapy on the liver is associated
with vascular lesions such as hemorrhagic centrilolular
necrosis. Both these adverse effects are associated with
impaired liver regeneration and bleeding complications
during hepatectomy, so that the extent of liver resection
as well as the time between the administration of chemotherapy and surgery must be carefully selected[42-44].

PORTAL VEIN EMBOLIZATION
The most common method used in order to overcome
the above-mentioned limitations and enlarge the RLV is
portal vein embolization (PVE). In 1920, Rous and Larimore first reported occlusion of one portal branch[45].
Ligation of one branch of the portal vein in rabbits led
to atrophy of the ipsilateral lobe and hypertrophy of the
contralateral. In humans this phenomenon was first described in patients with hilar CCC, which induced portal
vein occlusion by tumor invasion[46]. It was Makuuchi et
al[47] who actually first performed this novel approach for
routinely inducing atrophy and contralateral hypertrophy
in patients with cholestatic liver disease, chronic hepatitis
or cirrhosis. In order to increase the number of patients
amenable to curative hepatic resection his team performed preoperative PVE in patients with hilar bile duct
carcinomas before major hepatectomies. Since then several investigators have extended the indications of portal
vein occlusion for patients with HCC or metastatic liver
tumors[48,49].
A number of materials have been used in order to
achieve maximal effect with gelatin sponge or n-butyl-
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cyanoacrylate being the most commonly used[50]. The
hypertrophy response and the atrophy of the embolized
lobe are estimated by mathematical types on the basis of
computer tomography, while the majority of review articles have concluded that the mean growth of the estimated remnant liver is nearly 40% and the part of the liver
planned to be resected is reduced by nearly 20%[51,52]. The
most common complications of portal vein embolization
(total complication rate of 0.4%) are cholangitis, abscess
formation, and portal or porto-mesenteric thrombosis[53].
There is no consensus about the ideal waiting between
PVE and resection, but the shorter the time between
these procedures, the less the chance of spreading the
disease in the case of metastatic lesions. The majority of patients undergo successful liver resection after
embolization and only 3% have no progress in liver hypertrophy. One to twenty patients develop liver failure
after hepatectomy. The basic cause of cancelling liver
resection after PVE is the presence of peritoneal or distal
metastases and not inadequate hypertrophy. Patients who
received chemotherapy between PVE and hepatectomy
seem to have increased atrophy and a similar hypertrophy
response, except for those who receive platin agents. Fibrotic and cirrhotic livers have poor results compared to
those without an underlying liver disease. Nevertheless,
PVE is a useful method for gaining liver hypertrophy in
cirrhotic patients, so that these patients may become candidates for major surgery[54-56].
In cases of multiple or metastatic liver lesions, the
principle of PVE is surgically extended. In this case there
are two operations performed. During the first operation, the lesions in the lobe with less disease are removed
and the contralateral branch of the portal vein is ligated,
while in the second operation the atrophic liver lobe is
resected. This procedure is most commonly performed
for colorectal liver metastases. There is a debate in the
literature regarding the preferred method for portal
vein occlusion. The majority of the studies conclude
that PVE shows better results. Broering et al[3] have assessed the efficacy of right PVE vs portal vein ligation
for induction of hypertrophy of the left lateral liver lobe
before extended right hepatectomy. They have concluded
that PVE results in a significantly more efficient increase
in liver volume and shorter hospital stay[57]. On the other
hand, Aussilhou et al[58] performed a retrospective comparison of the efficacy of PVE and portal vein ligation in
the setting of gaining liver hypertrophy. The authors have
concluded that both methods result in comparable results
and that during the first laparotomy of a two-stage liver
resection, portal vein ligation can be efficiently and safely
performed.

insufficient hypertrophy of the future liver remnant or
disease progression may cancel curative liver resection in
a significant percentage of these patients[59]. In order to
overcome this obstacle, a combination of portal vein ligation and in situ liver transection, in the setting of a twostage hepatectomy, has been described. The initial idea
for the use of in situ liver transection as a tool to increase
the volume of the remnant liver arose when intraoperative frozen section analysis in a patient scheduled for
right hepatectomy revealed infiltration of segment Ⅳ,
creating an indication for extended right hepatectomy.
This operation, however, led to postoperative liver failure
due to an estimated small volume of the segments Ⅱ and
Ⅲ, according to preoperative imaging. At this point, the
decision was made to transect the liver on the right side
of the falciform ligament. During this procedure all portal branches to the right liver as well as segments Ⅰ and
Ⅳ were dissected and ligated, while the transected liver
retained its arterial blood support. Completion of the
surgery was performed a few days later by dividing the
bile duct, the arterial supply and the right and middle hepatic veins[60-63].
This initial procedure was modified, so that de Santibanes and Clavien proposed the acronym Associating
Liver Partition and Portal vein ligation for Staged hepatectomy to include all these surgical alternatives[64]. The
feasibility and usefulness of this new strategy has still to
be proven. Associating liver partition and portal vein ligation for a staged hepatectomy represents a revolutionary
and promising new two-step technique in liver surgery.
This technique is now used in several high-volume liver
surgery centers worldwide, however, the results of larger
studies are expected to resolve questions raised such as
optimal selection of patients, impact of tumor biology
and long-term survival. Furthermore, there is always
room for surgical issues to be improved so that this technique takes its place in the treatment of patients with
large or multinodular primary or metastatic liver tumors.

CONCLUSION
The liver remains prone to the development of a wide
variety of primary or metastatic tumors, large and diffuse
or multinodular, while the optimal strategy with curative
intent remains surgical resection. Extended hepatectomies for large liver tumors are a necessity for oncological
reasons, according to several studies. These operations,
however, cannot always be performed due to a small RLV
that leads to postoperative liver failure. Several methods,
such as PVE, portal vein ligation and two-stage hepatectomy, have been developed in order to increase the future
RLV. Combination of these methods has been proposed,
and a novel revolutionary two-step liver resection has
been developed, where portal vein ligation and in situ liver
transection are performed during first laparotomy, while
the final operation is completed a few days later. Further
studies are needed to estimate the long-term results.

IN SITU LIVER TRANSECTION
Several methods and combinations in order to obtain sufficient volume of the future remnant liver and increase
the number of patients amenable to profit by major hepatic resections have been described above. Nevertheless,
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DNA methylation, microRNAs, and their crosstalk as
potential biomarkers in hepatocellular carcinoma
Sumadi Lukman Anwar, Ulrich Lehmann
microRNA expression can serve as new therapeutic targets for HCC. Accumulative evidence shows that aberrant DNA methylation of certain microRNA genes is an
event specifically found in HCC which correlates with
unfavorable outcomes. Therefore, it can potentially
serve as a biomarker for detection as well as for prognosis, monitoring and predicting therapeutic responses
in HCC.
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Core tip: A comprehensive review of the literature revealed that epigenetic inactivation of microRNA genes
is a frequent event in hepatocellular carcinoma (HCC).
Hypermethylation of microRNA genes can discriminate
HCC from benign liver tumors and correlates with poor
prognosis, representing a promising new diagnostic and
prognostic marker in HCC. Aberrant DNA methylation of
microRNA genes affects several key signaling pathways
important in hepatocarcinogenesis and for maintenance
of cancer stem cell phenotype.

Abstract
Epigenetic alterations have been identified as a major
characteristic in human cancers. Advances in the field
of epigenetics have contributed significantly in refining our knowledge of molecular mechanisms underlying malignant transformation. DNA methylation and
microRNA expression are epigenetic mechanisms that
are widely altered in human cancers including hepatocellular carcinoma (HCC), the third leading cause of
cancer related mortality worldwide. Both DNA methylation and microRNA expression patterns are regulated
in developmental stage specific-, cell type specific- and
tissue-specific manner. The aberrations are inferred
in the maintenance of cancer stem cells and in clonal
cell evolution during carcinogenesis. The availability of
genome-wide technologies for DNA methylation and
microRNA profiling has revolutionized the field of epigenetics and led to the discovery of a number of epigenetically silenced microRNAs in cancerous cells and primary tissues. Dysregulation of these microRNAs affects
several key signalling pathways in hepatocarcinogenesis
suggesting that modulation of DNA methylation and/or
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INTRODUCTION
Human cancers develop through gradual accumulation
and mutual interaction of genetic and epigenetic alterations[1]. Genetic alterations, both germline and somatic
mutations, have been recognized as an important aspect
in carcinogenesis[2]. Epigenetics, on the other hand, refers
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to inherited modifications that influence gene expression
and phenotype manifestation without any changes in
the DNA sequence. Epigenetic mechanisms consist of
several processes i.e., DNA methylation, histone modification, and expression of non-coding RNA. Recent
findings suggest that epigenetic alterations occur at much
higher rates and more diverse in cancer cells compared
to DNA mutations[3]. Among other epigenetic factors,
aberrant DNA methylation is the longest known and best
studied. DNA methylation cooperates with other epigenetic marks such as histone modifications and non-coding
RNAs in the complex regulation of gene expression[4].
MicroRNAs, a major class of small non-coding
RNAs, are well-conserved very small RNA molecules
(20-22 nucleotides) that can negatively modulate gene
expression post-transcriptionally. Accumulating evidence
over the past decades highlights the importance of microRNAs as key regulators of many important physiological processes such as cell proliferation, differentiation,
apoptosis, and embryonic development[5]. Dysregulation
of microRNA expression has been inferred in numerous diseases as well as in cancer. It has later been found
that the expression of certain microRNAs is regulated
by DNA methylation. This points out that several layers
of epigenetic mechanisms are involved in the regulation
of gene expression[6,7]. Aberrations of DNA methylation
and microRNA expression have been inferred to play an
important role in the initiation and progression of human hepatocellular carcinoma (HCC)[8,9].
HCC is the most common type of primary liver cancer that ranks as the fifth most frequent cancer and the
third leading cause of cancer mortality worldwide[10]. Epidemiological studies have revealed several key risk factors
for the development of HCC such as hepatitis B virus infection, chronic hepatitis and cirrhosis, chronic alcoholic
consumption, exposure of dietary aflatoxin, and cigarette
smoking[11]. HCC is frequently diagnosed at a late stage
in individuals with severe liver dysfunction. Therefore,
options for chemotherapeutic and adjuvant therapies
are often limited. In addition, lack of early detection
markers and drug-resistance may contribute to the high
mortality rate in HCC[12]. Although surgical resection and
liver transplantation provide improvement of the 5-year
survival up to 65%, most HCC cases are diagnosed at an
intermediate or advance stage when surgical procedure is
not an option anymore[11,12]. The understanding of cellular and molecular mechanisms leading to overt malignant
liver tumors is very important in order to develop early
detection markers as well as to improve clinical outcome
and develop new therapeutic targets for patients with
HCC. Over the last decade, the involvement of DNA
methylation and microRNAs in liver carcinogenesis
has been shown in many studies. DNA methylation at
certain genomic loci has been established as a potential
marker for sub-classification, diagnosis, prognosis, and
therapeutic targets in HCC (as previously reviewed[9,13,14])
and so does microRNA expression patterns (as reviewed
in[8,15,16]). In this paper, we focus on the interplay between
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DNA methylation and microRNA dysregulation, the
involved pathways during liver carcinogenesis, and their
potential benefits for certain clinical applications in HCC.

DNA METHYLATION IN LIVER
CARCINOGENESIS
In the mammalian genome, covalent addition of a methyl
group to nucleotides takes place at cytosine located next
to guanine (CpG dinucleotide)[17]. CpG dinucleotides are
frequently enriched in certain genomic regions[18] that
span the range of 0.5-5 kb known as “CpG islands”.
Nearly 70% of annotated gene promoters in the human genome are characterized by a high CpG content[19].
DNA methylation at CpG islands located upstream of
gene promoter is associated with differential expression
of the gene. DNA methylation can mediate gene silencing through direct inhibition of the binding of methylation-dependent transcriptional activators or indirectly by
altering the affinity of proteins involved in the chromatin
remodeling[4,20]. During embryogenesis, DNA methylation plays a role in the regulation of expression of some
genes involved in the differentiation of pluripotent
cells[21]. However, recent evidence shows that non-CpG
methylation is prevalently observed in embryonic stem
cells and during neuronal development[22,23]. Nearly 25%
of DNA methylation in embryonic stem cells is in nonCpG nulceotides that disappears upon differentiation[22].
Aberrant DNA methylation is frequently found in
cancer cells in comparison to healthy cells[24]. Studies in
primary tumor specimens showed that differential DNA
methylation can be found in almost every type of cancer[25]. Methylation changes are manifested as hypomethylation and/or hypermethylation. Loss of methylation
primarily affects repetitive genomic elements and gene
bodies while hypermethylation mostly occurs at the promoters of tumor suppressor genes. Both loss and gain of
DNA methylation are often found concurrently in cancer
and are likely to be driven by different mechanisms involving chromatin reorganization and DNA replication
timing[26].
Almost half of the human genome consists of repetitive elements, in which long interspersed nucleotide
element-1 (LINE-1) and ALU already contribute to
nearly 17% and 11%, respectively[27]. CpG dinucleotides
located within repetitive transposable elements are typically methylated in healthy tissues. DNA methylation at
the repetitive sequence is a natural protective mechanism
to suppress their activation. Global loss of methylation
contributes to the transformation from dysplastic to
malignant nodules and is reported to be gradually altered
during colorectal cancer progression[28,29]. Demethylation
can cause reactivation of transposable elements and
insertion to a new location leading to genetic translocations[30], insertions, exon deletions, and chromosomal
loss[31]. Alterations of DNA repair pathways and errorprone DNA replication have also been described as a
result of LINE-1 demethylation[32,33].
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HCC[9,64]. Also GSTP1, CDKN2A, COX2, HIC1, and
RUNX3 are frequently methylated in dysplastic liver
nodules[9,64,90,110]. Gain of methylation at CDH1, CASP8,
MINT, SFRP2, and TIMP3 genes is observed in early and
late stage of HCC[64,90]. These data support the notion
that DNA methylation aberrations emerge at the early
stage of hepatocarcinogenesis and gradually increase in
combination with accumulation of genetic events such as
P53 mutations and copy number alterations during progression to the advanced stage of HCC.
Concurrent hypermethylation at several genes in
HCC also leads to the emerging concept of CpG island
methylator phenotype (“CIMP”). This concept was originally described in colorectal and gastric cancer illustrating
cancer development through simultaneous inactivation of
tumor suppressor and DNA repair genes by DNA methylation[111]. It was shown that CIMP can be used as an
independent prognostic factor[111]. Although the concept
is still under discussion in HCC given that gene panel for
the classification and definition for the phenotype are not
yet universally accepted, CIMP positive HCCs have been
generally associated with poor clinical outcome[68,71,112,113].
Some reports have also indicated that DNA methylation profiles can be used for molecular sub-classification
of HCC to improve the prognosis and the prediction
of therapeutic outcomes. The future challenges for
routine application in patient-based service will be not
only the definition of a consensus gene panel but also
the standardization of the methodology for methylation
analysis. As shown in Table 1, there is high variation in
the frequency of gene hypermethylation reported among
different cohorts because of various techniques used for
methylation analysis. In addition, many studies do not
define “hypermethylation” or use dissimilar definition for
hypermethylation.

In liver carcinogenesis, hypomethylation of LINE-1,
ALU, and SAT2 seems to play a significant role. Loss
of methylation at SAT2 precedes LINE-1 and ALU
demethylation and occurs at an early stage of HCC[34].
DNA methylation levels of LINE-1 are lower in hepatitis
virus and aflatoxin associated HCC[35,36]. Genome-wide
loss of methylation correlates with chromosomal instability and poorer prognosis in HCC[37]. In addition, hypomethylation of LINE-1 elements in circulating DNA
of HCC patients correlate with the advanced disease and
worse survival[38]. A report involving 305 HCC cases and
1254 healthy individuals revealed that hypomethylation
of SAT2 detected in white blood cells was associated
with increased susceptibility for HCC[39]. Recently, Shukla
et al[40] demonstrated that endogenous LINE-1 retrotransposons can propagate oncogenic activation in HCC. L1
insertion caused MCC (mutated in colon cancer) ablation
leading to activation of β-catening/Wnt signaling and
interrupted inhibition of oncogene ST18.
DNA methylation is mediated by a family of DNA
methyltransferase enzymes (DNMTs). Being widely
expressed in various tissues, DNMT1 has an ability to
induce both de novo and maintenance of methylation.
DNMT3A and DNMT3B are mainly involved in the de
novo methyltransferase[41]. Mechanisms underlying establishment of DNA methylation have been widely known.
However, how methylation is removed from DNA remains to be clarified. Multiple pathways including both
active and passive mechanisms seem to be involved in
DNA demethylation[42,43]. Improper functions of DNMTs and other components of the methylation machinery can lead to aberrant DNA methylation. Compelling
evidences have shown that dysregulation of establishment and removal of DNA methylation is involved in
hepatocarcinogenesis[34,44].
In contrast to hypomethylation, promoter hypermethylation is associated with inhibition of gene expression.
CpG islands located at the gene promoters are commonly
unmethylated. Increased DNA methylation at the CpG
island-associated gene promoters are common features
in cancer cells[45]. Hypermethylation is related to transcriptional inhibition and loss of gene function. In HCC,
hypermethylation mainly affects tumor suppressor genes,
particularly those that are involved in cell proliferation,
cell differentiation, DNA repair, cellular metabolism,
cell adhesion and metastasis. Table 1 summarizes genes
that are frequently hypermethylated in primary HCC
specimens[46-109]. Although alterations in gene body DNA
methylation have been overlooked in the past, it seems
that it is not associated with gene repression. Gene body
methylation is suggested as a mechanism for silencing repetitive DNA elements and regulating exon splicing[46].
Epigenetic aberrations have been inferred as key factors during a multi-step process of HCC development.
Hypermethylation of APC, RASSF1A, and SOCS1
genes has already been detected in chronic hepatitis and
cirrhosis. Both level and the frequency of methylation
continuously increase in dysplastic liver nodules and
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MICRORNAS IN LIVER CARCINOGENESIS
The past decade has witnessed the important discovery
of small non-coding single strand RNAs known as microRNAs that have revolutionized our view of regulatory
networks within eukaryotic cells[114]. MicroRNAs negatively modulate gene expression through binding to target
messenger RNAs, typically in the 3’ untranslated region.
Partial complementary binding of a mature microRNA
affects the stability of the target mRNA leading to transcriptional inhibition. In contrast, complete complementary binding can lead to direct endonucleolytic mRNA
cleavage. Currently, around 1600 human microRNAs
are identified and registered in miRBase (www.mirbase.
org) and are predicted to target almost 30% of the total
human genes[115]. MicroRNAs regulate important physiological processes such as embryonic development, cell
cycle checkpoint, cell proliferation, migration, differentiation, and apoptosis[116,117]. Dysregulation of microRNA
expression is involved in a number of diseases including
developmental disorders, neurological diseases, cardiovascular disorders, as well as cancer.
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Table 1 List of genes commonly silenced by DNA hypermethylation in primary hepatocellular carcinoma tumor samples
Gene
14-3-3 ε
APC
ARHI
ASS
BASP1
BLU
CADM1
CASP8
CAV1
CCND2
CDH1
CDKN2A
CFTR
CHFR
COX-2
CSRP1
DKK1
DKK3
DLC-1
DLEC1
E2F1
FAM43B
FBLN1
FHIT
GSTP1
HAI-2/PB
HDPR1
HINT1
IGFBP-3
KL
KLK10
LIFR
MAGE-A1
MAGE-A3
MAT1A
MT1G
MTM1
MTSS1
MUC2
NORE1B
NQO1
OXGR1
p14ARF
p15INK4B
P16
P21
P27
P300
P53
P73
PCDH10
PER3
PRDM2
PTEN
RASSF1A
RB
RECK
RELN
RIZ1
RUNX-3
SFRP1
SFRP2
SFRP5
SLIT2
SOCS1
SOX1
SOX17

Cellular function

Freq

Ref.

Cell cycle, mitogenic signaling
Cell proliferation, migration, apoptosis
Cell proliferation and invasion
Cell cycle and cell invasion
Apoptosis
Apoptosis
Cell adhesion and cell differentiation
Apoptosis
Cell cycle and proliferation
Cell cycle
Cell adhesion and metastasis
Cell cycle
Intercellular transport
Cell cycle, protein degradation
Immune response, cell migration
Cell proliferation and differentiation
Cell proliferation
Cell differentiation, embryonic development
Cell proliferation
Cell proliferation
Cell proliferation, migration, and differentiation
Cell proliferation
Cell adhesion and migration
Cell proliferation and apoptosis
Cell metabolism and detoxification
Cell proliferation and invasion
Cell proliferation, differentiation, cellular signaling
Apoptosis
Cell proliferation and growth
Cell proliferation and growth
Cell proliferation, survival, and cellular signaling
Signal transduction
Cell differentiation, embryonic development
Cell differentiation, embryonic development
Cell metabolism
Cell proliferation and apoptosis
Cell differentiation
Cell migration and metastasis
Immune system
Cell proliferation and growth
Cell metabolism
Cell growth and metabolism
Cell proliferation and apoptosis
Cell cycle
Cell cycle
Cell cycle
Cell cycle
Cell proliferation and differentiation
Cell proliferation, apoptosis, and DNA repair
DNA repair and apoptosis
Cell adhesion and migration
DNA repair
Cell metabolism
Cell proliferation and migration
Cell proliferation, migration, and apoptosis
Cell cycle, apoptosis
Cell invasion and metastasis
Cell adhesion
Cell proliferation and apoptosis
Apoptosis
Cell proliferation and differentiation
Cell proliferation and differentiation
Cell proliferation and differentiation
Cell migration
Cell growth and survival
Cell proliferation
Cell differentiation and embryonic development

89%
44%-71%
47%
50%
81%
41%
34%
56%
24%-68%
34%
30%-70%
77%-98%
35%
35%
56%
36%
24%-35%
71%
71%
60%
50%
65%
70%-76%
80%
51%
55%
33%
81%
55%
48%
53%
74%
85%
60%
100%
80%
62%
62%
50%
78%
40%-42%
22%-61%
37%-83%
63%
48%
68%
14%
35%
76%
60%
16%-22%
64%-88%
24%-32%
55%
37%
29%-67%
38%-48%
37%-45%
48%-54%
39%
83%
39%-72%
57%
82%

[47]
[48-52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[48,50]
[52]
[49,50,60,61]
[50,62]
[63]
[64]
[59]
[52]
[65]
[52,66]
[67]
[68]
[69]
[70]
[56]
[50,60,61,71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[77]
[68,71]
[71,87]
[48,71,87]
[68]
[68]
[68]
[68]
[71]
[88]
[89]
[90]
[87,91]
[48,51]
[68,87]
[92]
[93]
[48,94,95]
[50-52]
[51,52,96]
[97]
[96]
[98]
[9,48,90,99]
[100]
[101]
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SPARC
SPINT2
SRD5A2
Survivin
TFPI2
TIP30
UCHL1
UNC5C
Vimentin
WIF-1
WT1
ZHX2

Cell growth and invasion
Cell proliferation and growth
Cell proliferation and androgenic physiology
Apoptosis and cell proliferation
Matrix remodelling
Apoptosis and metastasis
Cell metabolism and protein degradation
Cell migration
Cell migration and signaling
Cell proliferation
Cell proliferation and survival
Cell proliferation, differentiation, and development

75%
60%
50%
33%
47%
47%
44%
26%
56%
49%-61%
54%
47%

[102]
[50]
[55]
[58]
[103]
[104]
[105]
[106]
[107]
[52,65,108]
[68]
[109]

Freq: Frequency of hypermethylation.

The contribution of microRNAs in the process of
malignant transformation has been well characterized.
They act as oncogenes or tumor suppressors depending
on the target genes and their cellular functions. In HCC,
a substantial number of reports have shown frequent
and extensive dysregulation of microRNA expression in
different stages of liver cancer progression[118]. With the
availability of tools for genome-wide expression analysis
such as microarray and deep sequencing, profiling of
microRNA expression has also revealed some unique
signatures that are clinically valuable for diagnosis, prognosis, staging, and prediction of therapeutic responses in
the majority of human cancers including HCC[16,119]. In
addition, aberrant microRNA expression has also been
associated with proliferative and self-renewal potential in
liver cancer stem cells[120-122].
Differentially microRNA expression in primary
HCC specimens has been comprehensively reported
and reviewed[16,123,124]. Upregulation of miR-17-92 cluster, miR-21, miR-221, miR-222, and miR-224 is consistently reported in HCC by many studies[16,125,126]. Meanwhile, let-7 family, miR-29, miR-122, miR-124, miR199a/b, miR-200 family are frequently downregulated
in HCC[16,123]. Some important molecular networks such
as Wnt/β-catenin, Ras, transforming growth factor-β
(TGF-β), and JAK/STAT signaling pathways are being
activated due to the changes of microRNA expression
in HCC[16,127]. Recent studies using massive parallel sequencing in HCC cell lines[128] and primary specimens[129]
showed basal microRNA expression in hepatocytes and
healthy liver as well as the deregulation in chronic hepatitis and HCC samples. MiR-122 was most abundantly expressed in liver (approximately 50% of total microRNAs)
and frequently down-regulated in HCC[128,129]. MiR-199a/
b was down-regulated in all HCC patients under study (n
= 40) and significantly correlated with shorter survival[129].
In addition, expression patterns of 3-6 microRNAs
have been suggested to be able to discriminate HCC
from the adjacent liver tissue, chronic cirrhosis, and
benign liver lesions[126,130]. Furthermore, the expression
profile of 20 microRNAs can be used as a metastatic predictor and correlates with survival as well as relapse rates
in HCC[131]. Recent reports showed that different panels
of microRNAs were differentially regulated in metastatic
HCCs[118,132]. Accumulating evidence also shows that dif-
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ferential microRNA expression is of great use for predicting disease survival and recurrence in HCC[133-135]. Patterns of microRNA expression have also been suggested
to have clinical value to predict therapeutic response to
interferon[133,136,137], doxorubicin[138,139], adriamycin and
vincristine[140], 5-fluorouracil[136,141], and sorafenib[142-144]. In
addition, association between microRNA expression and
multidrug resistance in HCC has also been reported[16,145].

CROSS-TALK OF DNA METHYLATION
AND MICRORNA EXPRESSION IN HCC
Differential expression of microRNAs in cancer cells
can be caused by several mechanisms including genetic
instability (amplification, deletion, or translocation). Approximately 50%-70% of microRNA genes are located at
fragile genomic sites that are frequently affected by copy
number alterations[146,147]. Dysregulation of microRNA
expression driven by some oncogenes such as c-Myc is
also evident[148,149]. Myc overexpression modulates the expression of let-7a, miR-100, miR-371, and miR-373 and
the expression patterns of these four microRNAs can
identify a subclass of HCC with aggressive metastatic behavior[150]. In addition, a number of transcription factors
regulate microRNA transcription and their dysregulation
in cancer cells affect in turn the expression of microRNA. P53, for example, has been demonstrated to mediate
repression of miR-125a/b[151] and upregulation of miR519d, miR‑200 and miR-192 family members[152,153].
Mature microRNAs are biologically synthesized
through multi-step processes consisting of transcription,
excision, and nuclear transport as already extensively
reviewed elsewhere[154,155]. Alterations of microRNA biogenesis can contribute to carcinogenesis[156,157]. Disruption of Dicer1 in a conditional knock-out mouse model
revealed the critical roles of Dicer1 and microRNAs for
hepatocyte survival, metabolism, and tumor suppression.
Loss of Dicer1 in addition to other oncogenic stimuli can
induce hepatocarcinogenesis[158]. Expression analysis of
genes involved in microRNA biogenesis in primary HCC
specimens has demonstrated a significant decrease in
DCGR8, p68, p72, DICER1, AGO3, AGO4, and PIWIL4
expression compared to the adjacent liver tissues. Downregulation of those genes correlated significantly with
etiological factors and shorter HCC survival[159].
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Table 2 MicroRNA genes targeted by DNA hypermethylation in hepatocellular carcinoma
MicroRNA

Validated gene targets in HCC

Biological functions

Ref.

miR-1
miR-10a
miR-124

FoxP1, MET, HDAC4
HOXB3, HOXA3, HOXA1, HOXD10, USF2, HOXD4
CDK6, VIM, SMYD3, E2F6, IQGAP1

[164-166]
[167]
[166,168]

miR-1247
miR-125b

ADAM15, CIT, MMP24
PIGF, MMP2, MMP9, SIRT7, LIN28B

miR-129-2
miR-132
miR-203
miR-320
miR-335
miR-596
miR-663
miR-9

SOX4, VCP, Iκ Bα
AKT1, CTNNB1, CCND1
ABCE1, CDK6
NRP1, CTNNB1
ROCK1, MAPK1, LRG1, MYCN
LGALS3BP, FOXP1, IGF2BP2
JUNB, JUND,
MTHFD2, HOXD1, MMP14

Regulates cell growth, replication and clonogenic survival
Regulates embryonic development and cell differentiation
Regulates cell cycle progression (G1-S checkpoint), apoptosis, and
metastasis
Regulates cell proliferation and migration
Regulates cell proliferation, anchorage-independent growth, cell
migration, invasion, and angiogenesis
Regulates apoptosis
Regulates cell proliferation
Regulates cell growth and cell cycle progression
Regulates cell migration, proliferation, and metasatasis
Regulates migration and cell proliferation
Regulates cell growth and induces apoptosis
Regulates cell proliferation
Regulates cell proliferation, invasion, metastasis, and angiogenesis

[166]
[169]
[166,170]
[171]
[168]
[167]
[172]
[166]
[165]
[166]

HCC: Hepatocellular carcinoma.

Aberrant microRNA expression in cancer has also
been associated with epigenetic regulation such as DNA
methylation and histone modifications. Since the first
report about aberrant DNA methylation in a microRNA
locus[6], several epigenetically silenced microRNAs have
been reported across different type of cancers (reviewed
in[160,161]). It is estimated that transcription of 10% of all
microRNA species is controlled by DNA methylation[162].
However, a greater proportion of microRNAs silenced
by DNA methylation has been suggested since 14.3%
(218/1523) are located within 500 bp downstream of a
CpG island[163]. Approaches frequently used for identification of epigenetically deregulated microRNAs in HCC
cells are the treatment of HCC cell lines by epigenetic
drugs such as de-methylating agents (5-aza-cytidine and
5-aza-deoxy-cytidine) and HDAC inhibitors (such as
Trichostatin) as well as knockdown of DNMT family
members followed by expression profiling. MicroRNAs
repressed by DNA methylation in primary HCC specimens are summarized at Table 2. Among those, miR-9
and miR-124 seem to be commonly hypermethylated not
only in HCC but also in other tumors[7,161].
Hsa-mir-1-1 is the first microRNA gene reported to
be targeted by aberrant DNA methylation in primary
HCC specimens[164]. Hypermethylation of hsa-mir-1-1
leads to overexpression of its target genes, FOXP1 and
MET[164]. Transcriptional regulator FOXP1 protein plays
a dual role as tumor promoting or suppressing protein
depending on the tissue type[173]. FOXP1 is commonly
upregulated in leukemia but donwregulated in kidney
and colon cancer. A contribution to carcinogenesis is
suggested by fusion with ABL1 and PAX5 in B‑ALL
and ETV1 in prostate cancer (reviewed in[174]). Elevated
FOXP1 expression in HCC correlates with aggressive
malignant phenotypes and poor survival[175]. In addition,
miR-1 also targets MET, a tyrosine kinase that interacts
with hepatocyte growth factor (HGF) upon external
stimuli to subsequently activate Ras-mitogen-activated
protein kinase (MAPK) and phosphatidylinositol 3-kinase
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(PI3K)-AKT signaling pathways. The canonical c-MET/
HGF pathway is an important player in many physiological functions including cell proliferation, growth, migration and angiogenesis and has been conveyed in liver
development and regeneration as well as in hepatocarcingenesis[176]. Overexpression of c-MET that is observed in
almost 80% of HCCs correlates significantly with worse
clinical outcome[177,178]. Accumulating evidence shows
the efficacy of c-MET inhibitors as alternative targeted
therapy in HCC in which the clinical trials are still ongoing (reviewed in[178]).
Hypermethylation of hsa-mir-10a in HCC has also
been recently reported. It is accompanied miR-10a
downregulation and elevated expression of its host gene,
HOXB4[167]. HOXB4 is widely represented in leukemogenesis acting as a transcription factor that promotes
stem cell renewal[179] and in cervical cancer as a marker
for non-differentiated cells[180]. However, overexpression
of miR-10a was also reported in dysplastic nodules and
HCC samples[181]. A recent study shows an interesting
result since upregulation of miR-10a can promote cell
migration and invasion in vitro but inhibit hepatocellular
carcinoma metastasis in vivo[182]. It is suggested that in vivo,
miR-10a can restrain cell-matrix adhesion directing its
ability to further suppress cell invasion and metastasis[182].
The three genetic loci in the human genome that
encode identical mature miR-124 (Hsa-mir-124-1, Hsamir-124-2, and Hsa-mir-124-3) are surrounded by CpG
islands and are frequently targeted by DNA hypermethylation in HCC. CDK6 and E2F6 are confirmed
as miR-124 gene targets[168]. Furthermore, an important
component of mammalian target of rapamycin (mTOR)
signaling pathway, PIK3CA, has also been reported as
a novel target of miR-124 in HCC. Downregulation
of miR-124 leads to over-activation of PI3K/Akt and
mTOR signaling resulting in increased cell proliferation,
survival, and metastasis[183]. MiR-124 is involved in feedback loop mechanism of liver inflammation mediated by
hepatic nuclear factor-α and introduction of miR‑124
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cell carcinoma[194]. However, a recent report showed no
differential methylation between HCC tumors and the
adjacent liver tissues[166]. Differences in methodology and
the exact location of the CpG sites under study might
explain the discrepancies.
Significant increased DNA methylation at hsa-miR-320
gene has also been reported in HCC tumors[167]. Expression of miR-320 is modulated upon HCV infection leading to alterations of cellular structures and malignant
transformation [195]. Downregulation of miR-320 was
reported in intrahepatic cholangiocarcinoma and contributed to neoplastic transformation by targeting the oncogenes MCL1 and BCL2[196]. Reduced miR-320 expression
was linked with shortened recurrence free survival in
colorectal cancer[197]. Loss of miR-320 functions in stromal fibroblasts was shown to cause oncogenic secretome
release and reprogramming of the microenvironment in
favor of tumor growth[198]. Furthermore, frequent downregulation of miR-320 in prostate cancer was associated
with activation of Wnt/β-catenin pathway and stem-cell
like properties[199].
Located at the intron of MEST gene, miR-335 is
downregulated in 78% of HCC tumors by aberrant
DNA hypermethylation[172]. Loss of miR-335 function is
accompanied by dysregulation of the host gene MEST.
Lower miR-335 expression correlates significantly with
distant HCC metastasis[172]. Tumor suppressive effects
of miR-335 were also demonstrated in breast cancer
by targeting the BRCA1 pathway and downregulation
was observed in distant metastasic cases[200,201]. Frequent
downregulation was also found in prostate cancer and reintroduction of miR-335 in cell lines repressed cell proliferation, invasion, and migration[202].
Aberrant methylation of the hsa-mir-596 gene in
HCC was identified by our group[165,166]. The tumor suppressing effects of miR-596 is mediated in cancer cells
through negative regulation of LGALS3BP, FOXP1
and IGF2BP2 genes. MiR-596 is located at the short arm
of chromosome 8 that is often affected by focal break
points in cancer. A large deletion involving miR-596 was
found in urothelial carcinomas[203]. Hypermethylation of
miR-596 promoter was also found in oral cell squamous
carcinoma lines and primary tissues. Ectopic expression
of miR-596 caused apoptosis and reduced cell growth[204].
MiR-663 is also frequently targeted by DNA hypermethylation in HCC[165]. Proto-oncogenes JUNB and
JUND are putative target genes of miR-663. The functions of miR-663 as an effective suppressor of tumor
growth was shown in gastric cancer cell lines by Pan et al[205]
Transient re-expression of miR-663 altered DNA content,
induced cellular morphology changes and proliferative
blockage[205]. However, functional analysis of miR-663
downregulation in HCC remains to be elucidated.
Mature miR-9 is encoded from 3 independent genomic loci in the human genome, i.e., hsa-mir-9-1, hsa-mir-9-2,
and hsa-mir-9-3. Simultaneous hypermethylation was
frequently found in different cancers including primary
HCC[165,166]. However, how miR-9 contributes to carci-

systemically can inhibit liver carcinogenesis without significant side effects[184]. MiR 124 also regulates epithelialmesenchymal transition (EMT) by directly targeting
ROCK2 and EZH2 genes. Therefore, low expression of
miR-124 in HCC correlates significantly with more aggressive behavior and shorter survival[185].
Hsa-miR-1247 is located at one of the largest microRNA clusters within the imprinted DLK1-MEG3 locus.
However, apart from the other microRNAs located in that
cluster, miR‑1247 is the only one that is transcribed from
3’ to 5’ therefore it might not be affected by the imprint
regulation. Aberrant methylation was first described in
colorectal cancer[186]. In liver tumor, hypermethylation was
reported in 37% of total HCC cases[166]. ADAM15, CIT,
and MMP24 are putative miR-1247 target genes indicating
miR-1247’s role in cellular migration and metastasis[186].
Downregulation of miR-125b in HCC through DNA
methylation has been recently described [151,169]. MiR125b regulates cell proliferation, anchorage-independent
growth, cell migration, metastasis, and angiogenesis by
targeting placenta growth factor, matrix metalloproteinase (MMP)2, and MMP9. Sirtuin7 (SIRT7) that functions
as inhibitor of p21WAF1/Cip1 is also negatively regulated
by miR-125b in HCC[151]. Tumor suppressive roles of
miR-125b during liver carcinogenesis are also mediated
through inhibition of LIN28B [187] and SUV39H1[188].
Downregulation of miR-125b is observed in around 70%
of HCC primary samples and inversely correlated with
expression of Ki-67, a cell proliferation index[187,188].
Hypermethylation at the upstream CpG island of
hsa-mir-129-2 is reported in 60%-90% of primary HCC
samples[166,170]. MiR-129 exerts tumor suppressive effects
in HCC by inhibiting vaccinia virus complement control
protein that forms a complex with p97 for stabilization
of IκBα. Reduced miR-129 expression in HCC cells can
inhibit apoptosis and stimulate cell migration[189]. In addition, DNA methylation at hsa-mir-129-2 is detected in
plasma samples from 85% of stage I HCC patients rendering its potential for alternative surrogate marker for
early diagnosis. In comparison, alpha-fetoprotein (AFP)
that is widely used as a marker in liver cancer can be detected only in 10% of stage I HCC[170].
Repression of miR-132 expression by DNA methylation has also been reported in HCC. The hypermethylation appears to be mediated by interaction with hepatitis
B virus x protein[171]. Meta-analysis of 38 microRNA
profiling studies revealed widespread downregulation of
miR-132 in various human cancers[190]. MiR-132 functions
as an inhibitor of Akt-signaling pathway. As a result, inactivation of miR-132 caused induction of cell proliferation
as well as colony formation in HCC cells[171]. Silencing of
miR-132 by DNA methylation has also been documented
in prostate[191] and pancreatic cancer[192]. Epigenetic silencing of miR-203 in HCC was reported by Furuta et al[168]
CDK6 and ABCE1 were shown as direct target genes of
miR-203 supporting the role of miR-203 as tumor suppressor. Hypermethylation was also reported in hematological malignancies[193] but not in esophageal squamous
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Figure 1 Mature microRNAs silenced by aberrant DNA methylation and their affected target genes and pathways that are important in the development
and progression of hepatocellular carcinoma. PI3K: Phosphatidylinositol-3-kinase; MAPK: Mitogen-activated protein kinase; EGF: Epidermal growth factor; PDGF:
Platelet-derived growth factor; HGF: Hepatocyte growth factor; mTOR: Mammalian target of rapamycin; VEGF: Vascular endothelial growth factor; MMP: Matrix metalloproteinase; APC: Activated protein C; CTNNB1: Beta-catenin.

nogenesis remains controversial. Upregulation of miR-9
induced by c-Myc was shown to prime breast cancer cells
for epithelial-mesenchymal transition by directly inhibiting E‑cadherin[206]. MiR-9 overexpression in HCC cells
(SK-Hep-1) led to induction of cell migration through
E-cadherin suppression[207]. Differential expression of
miR-9 was reported in distant metastatic breast cancer[208]. On the other hand, Selcuklu et al[209] reported that
miR-9 was repressed in primary breast cancer specimens
and ectopic miR-9 expression in MCF-7 cells induced
anti-proliferative and pro-apoptotic effects. In addition,
hypermethylation of miR-9 promoters is observed as a
potential diagnostic or prognostic parameter in head and
neck cancer[210], lung cancer[211], bladder cancer[212], gastric
cancer[213] and colorectal cancer[214]. Our group showed
aberrant miR-9 methylation in HCC using quantitative
methylation analysis[165] and demonstrated their correlation with clinical outcomes[166]. Figure 1 summarizes
gene targets and key pathways affected by aberrant DNA
methylation of microRNA genes in HCC.

ylation analysis have greatly contributed to the advance
of epigenomic studies in liver cancer especially with
the recent application of more comprehensive, highresolution genome-wide methods. We identified 10 studies implementing genome-wide methylation analysis in
primary HCC specimens: a study used methylated CpG
island amplification coupled with CpG island microarray (MCAM, n = 17)[215], two studies used MeDIP (n =
6[216,217], n = 11[217]), 6 studies employed Illumina’s Infinium Human Methylation27 (n = 23[218], n = 66[219], n =
13[220], n = 13[221], n = 63[89], and n = 62[222]), and two studies utilized Illumina’s Infinium HumanMethylation450 (n
= 27[61] and n = 66[223]). Among these studies, however,
only Shen et al[167] specifically addressed aberrant DNA
methylation of microRNA genes. The 27k Bead array
from Illumina contains 254 assays covering 110 intragenic microRNAs located within 64 host genes. Using a
panel of microRNA gene methylation assays in the 27k
array, HCC tumors can be differentiated from the corresponding adjacent liver tissues. More than 20% of the
254 CpG sites showed significant differential methylation
affecting 27 genes. The newly released Illumina 450k has
a greater coverage with almost 99% of RefSeq genes and
96% of CpG islands are included. Using this platform,
Song et al[61] found 10775 CpG sites located within or ad-

GENOME-WIDE STUDIES OF DNA
METHYLATION IN HUMAN HCC
The development of new technologies for DNA meth-
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jacent to gene promoters were differentially methylated
in HCC tumors. Of these CpG sites 493 are associated
with microRNA genes. Using the same array platform,
Shen et al[223] reported 28017 CpG sites (5.8%) to be hypermethylated in HCC tumors. These data indicate that
many more microRNA genes are likely to be targeted by
DNA hypermethylation in HCC and need to be further
studied.

ENRICHED BIOLOGICAL PATHWAYS OF
ABERRANTLY METHYLATED MICRORNA
GENES IN HCC
MicroRNA target genes from the experimentally validated targets (TarBase or miRTarBase) and predicted
algorithms (DIANA, miRDB, and TargetScan) of all
epigenetically silenced microRNAs in HCC were used
for enrichment biological pathway analysis using Kyoto
Encyclopedia of Genes and Genomes and Panther.
Metabolic, PIK3-Akt, MAPK, Wnt, inflammation, angiogenesis, epidermal growth factor receptor, Cadherin, and
TGFβ are the most frequent pathways targeted by these
microRNAs (Table 3 lists pathways and molecular functions regulated by methylation-silenced microRNA gene
targets). Several biological functions such as metabolic,
immune system, cell adhesion, cell communication, and
developmental processes as well as molecular and cellular functions including protein binding, transcriptional
regulator, catalytic and receptor activity are greatly enriched suggesting the importance of these epigenetically
silenced microRNAs in the development of cancer.

MICRORNA AND DNA METHYLATION IN
LIVER CANCER STEM CELLS
In addition to the traditional view that cancer emerges
through accumulation of genetic changes in a clonal
population, another theory postulates a hierarchical organization of tumor cells. The latter suggests that cancer
develops from cells with particular capabilities to selfrenew, produce differentiated progeny, and initiate new
focal tumors. These cells are known as cancer stem
cells[224]. However, rather than representing independent
mechanisms, the two models are believed to be complementary and substantially contribute to the inter- and intra-tumoral heterogeneity. The features of stemness and
pluripotency are ultimately formed by unique epigenetic
signatures[225,226]. Hepatic cancer stem cells can be distinguished from well differentiated tumor cells through their
functional properties and specific surface markers such
as CD133, CG90, EpCAM, and ALDH. Expression of
CD133 is regulated by DNA methylation through modulation of TGFβ/Smad pathway[227]. Side population cells
that represent cancer stem cells in HCC display differential gene expression[228] and unique DNA methylation patterns[229] that regulate pathways involved in pluripotentcy
and self-renewal such as WNT/β-catenin, Hedgehog,
MYC, TGFβ/Smad, Notch, MET, and BMI1[229].
The involvement of microRNAs in the regulation of
cancer stem cells during hepatocarcinogenesis has also
been suggested. MiR-181 is upregulated in EpCAM+ hepatic cancer stem cells through Wnt/β-catenin transcriptional regulation[230]. Differentiation-promoting genes,
CDX2 and GATA6, are revealed as miR-181 gene targets. Cairo et al[150] reported MYC-dependent microRNAs
that featured cell renewal and stemness in HCC. Other
microRNAs, miR-216a/217 were shown to increase
stem-like properties by targeting PTEN and SMAD7.
Consistently, miR-216a/217 upregulation in HCC tissues
correlated with EMT phenotypes, early recurrence, and
shorter disease-free survival[144]. In addition, overexpression of microRNA clusters at the DLK1-DIO3 imprinted
locus correlated with HCC stem cell markers, high AFP
levels, and poor survival in HCC patients[120]. Since imprinting is regulated by DNA methylation, the cross-talk
between DNA methylation and microRNAs during cancer stem cell de-differentiation in HCC may also be present. Some epigenetically-silenced microRNAs also target
transcription factors and signaling pathways that are involved in cell-renewal and stemness phenotypes[164,168,199].
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DIAGNOSTIC, PROGNOSTIC, AND
CLINICAL RELEVANCE OF DNA
METHYLATION AT MICRORNA GENES IN
HCC
Hepatic neoplasm consists of a range of benign and
malignant tumors that differ in histopathology, etiology, disease progression, and clinical behavior. Aberrant
DNA methylation that occurs during tumor initiation
and development is relatively stable in tissues as well
as serum/plasma. Additionally, dysregulation of DNA
methylation and microRNA expression that are involved
in the regulation of cell differentiation and developmental cell lineage is associated with poorly differentiated
cancer and worse outcomes. Therefore, aberrant DNA
methylation at microRNA genes is potentially a useful
parameter for diagnosis as well as classification of human cancers including HCC. Single locus hypermethylation of miR-129-2 has been shown as a highly specific
marker for distinguishing HCC from chronic hepatitis
and healthy liver tissues[170].
Our recent study showed that DNA methylation at
microRNA genes was a specific event detectable only
in malignant liver cells and tissue samples but not in
adjacent liver tissue, benign liver tumors, healthy liver
cells, or in hepatocyte lines. These results indicated that
methylation of microRNA genes might represent a new
biomarker for specific detection of malignant liver tumors. In addition, concordant DNA methylation at certain microRNA loci correlated with poor HCC survival
rendering its potential to be used as prognostic marker
in HCC[166]. Differential methylation at these loci appears
not to be a random event but highly organized during
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Table 3 Pathways and molecular functions regulated by methylation-silenced microRNA gene targets
No.

Panther

GO molecular function1
1
Binding (GO:0005488)
2
Catalytic activity (GO:0003824)
3
Transcription regulator activity (GO:0030528)
4
Receptor activity (GO:0004872)
5
Structural molecule activity (GO:0005198)
6
Enzyme regulator activity (GO:0030234)
7
Transporter activity (GO:0005215)
8
Ion channel activity (GO:0005216)
9
Translation regulator activity (GO:0045182)
10
Motor activity (GO:0003774)
GO Biological process2
1
Metabolic process (GO:0008152)
2
Cellular process (GO:0009987)
3
Cell communication (GO:0007154)
4
Developmental process (GO:0032502)
5
Transport (GO:0006810)
6
Immune system process (GO:0002376)
7
System process (GO:0003008)
8
Cell cycle (GO:0007049)
9
Cellular component organization (GO:0016043)
10
Response to stimulus (GO:0050896)
GO cellular component3
1
Intracellular (GO:0005622)
2
Extracellular region (GO:0005576)
3
Plasma membrane (GO:0005886)
4
Ribonucleoprotein complex (GO:0030529)
5
Protein complex (GO:0043234)
GO protein class4
1
Nucleic acid binding (PC00171)
2
Transcription factor (PC00218)
3
Hydrolase (PC00121)
4
Receptor (PC00197)
5
Transferase (PC00220)
6
Enzyme modulator (PC00095)
7
Signaling molecule (PC00207)
8
Transporter (PC00227)
9
Cytoskeletal protein (PC00085)
10
Kinase (PC00137)
Pathway5
1
Gonadotropin releasing hormone receptor pathway (P06664)
2
Wnt signaling pathway (P00057)
3
Inflammation mediated by chemokine and cytokine signaling
pathway (P00031)
4
Integrin signalling pathway (P00034)
5
Angiogenesis (P00005)
6
EGF receptor signaling pathway (P00018)
7
Cadherin signaling pathway (P00012)
8
Huntington disease (P00029)
9
TGF-beta signaling pathway (P00052)
10
PDGF signaling pathway (P00047)
KEGG
hsa01100 metabolic pathways (434)
hsa05200 pathways in cancer (189)
hsa04151 PI3K-Akt signaling pathway (162)
hsa04010 MAPK signaling pathway (137)
hsa05205 proteoglycans in cancer (134)
hsa05166 HTLV-I infection (123)
hsa04510 Focal adhesion (116)
hsa04810 regulation of actin cytoskeleton (115)
hsa05202 transcriptional misregulation in cancer (100)
hsa04144 endocytosis (100)

Genes

Gene

Contrib

2799
2126
920
696
558
494
418
152
57
53

40.60%
30.80%
13.30%
10.10%
8.10%
7.20%
6.10%
2.20%
0.80%
0.80%

33.80%
25.70%
11.10%
8.40%
6.70%
6.00%
5.00%
1.80%
0.70%
0.60%

3277
2564
1793
1315
1190
956
927
797
630
613

47.50%
37.20%
26.00%
19.10%
17.30%
13.90%
13.40%
11.60%
9.10%
8.90%

20.80%
16.30%
11.40%
8.40%
7.60%
6.10%
5.90%
5.10%
4.00%
3.90%

486
233
86
84
76

7.10%
3.40%
1.20%
1.20%
1.10%

50.40%
24.10%
8.90%
8.70%
7.90%

1144
920
691
690
662
634
481
457
402
316

16.60%
13.30%
10.00%
10.00%
9.60%
9.20%
7.00%
6.60%
5.80%
4.60%

12.60%
10.20%
7.60%
7.60%
7.30%
7.00%
5.30%
5.00%
4.40%
3.50%

159
156
134

2.30%
2.30%
1.90%

4.80%
4.70%
4.00%

116
98
84
80
77
73
74

1.70%
1.40%
1.20%
1.20%
1.10%
1.10%
1.10%

3.50%
3.00%
2.50%
2.40%
2.30%
2.20%
2.20%

1

Total genes n = 6893, total function hits n = 8282; 2Total genes n = 6893, total process hits n = 15740; 3Total genes n = 6893, total component hits n = 965;
Total genes n = 6893, total protein classess n = 9050; 5Total genes n = 6893, total pathway hits n = 3313. Contrib: Contribution; PI3K: Phosphatidylinositol3-kinase; MAPK: Mitogen-activated protein kinase; HTLV: Human T-lymphotropic virus 1; EGF: Epidermal growth factor; PDGF: Platelet-derived growth
factor; TGF-β: Transforming growth factor beta.
4
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initiation and progression of HCC. In addition, several
microRNAs affected by DNA methylation in HCC are
suggested to modulate therapeutic responses upon conventional chemotherapy and or treatment with sorafenib.
However, using a panel of DNA methylation aberrations
in microRNA genes as a new marker for CIMP in HCC
is a great challenge for future research. To evaluate this,
quantitative DNA methylation analysis using diverse samples of liver diseases including adenoma, chronic hepatitis, cirrhosis, early and late stage of HCC in a setting
of retrospective and prospective studies involving multicenter collaboration are needed. Genome-wide DNA
methylation analysis will provide extensive information
not only for microRNA loci but also other regions potentially important as a marker for CIMP. Correlating
methylation status with clinocopathologic and molecular
profiles from large HCC cohort will also strengthen the
use of CIMP as a new classifier for HCC samples.
The involvement of aberrant DNA methylation at
microRNA genes in the pathogenesis and progression
of HCC also provide new insight into the molecular
mechanisms of the disease and emerge as a candidate
for novel alternative adjuvant therapy in HCC. This
is of special importance since many clinical trials for
molecular targeted therapies in HCC are not yet successful[231]. Systemic administration of microRNAs that
are frequently silenced by DNA methylation such as
miR-124 can inhibit the HCC progression in animal
models. Moreover, a therapy using microRNA mimics is
relatively effective and safe without any observed side effect[184]. In addition, miR-1274 that is commonly targeted
by DNA hypermethylation in HCC has been demonstrated as an important regulator in response to therapy
with sorafenib[232].
Demethylating agents such as 5-azacytidine and 5-aza2’-deoxycytidine can induce re-expression of microRNA
genes silenced by methylation. So far, these demethylating agents have been approved as adjuvant therapy in
myelodysplastic syndrome[233]. Therapeutic effects of
demethylating drugs for HCC have been established in
vitro[234,235]. 5‑azacytidine exerts anti-tumor effects not
only by reversing epigenetic aberrations but also by resensitizing cells to apoptotic inducing therapy such as
TRAIL[236]. However, both drugs are integrated into the
replicating DNA and bind to DNMT enzymes irreversibly leading to unspecific biological side effects. A second
generation demethylating agent, Zebularine, provides
reversible binding and exhibit less toxicity. Late stage
HCC patients usually with high degree of methylation
levels are predicted to benefit from zebularine therapy[218].
However, most of demethylating agents cause some adverse events including liver dysfunction[237] that need to
be carefully addressed especially in HCC patients. Adjustment in dose and administration schedule is therefore
required for these agents to provide optimal results in
cancer therapy[238]. Another epigenetic drug, belinostat, is
a potent HDAC inhibit that has already been in phase Ⅰ
/Ⅱ clinical trial for treatment of inoperable HCCs[239].
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CONCLUSION
The discovery of aberrant DNA methylation at microRNA genes during liver carcinogenesis has contributed significantly not only to an understanding of the molecular
pathogenesis of the disease but also provided potential
new markers for diagnosis, prognosis, and prediction
in HCC. Diverse major pathways such as Wnt, mTOR,
MAPK, and nuclear factor kappa B signaling seem to be
affected simultaneously by hypermethylation of those
tumor suppressive microRNAs. Therefore, manipulating
DNA methylation at those microRNA genes and/or their
expression may provide a promising strategy for alternative adjuvant therapy in HCC. In addition, DNA methylation is relatively stable in tumor tissues and body fluids
under many conditions suggesting it as a new promising
biomarker for diagnosis and prognosis in HCC. However,
confirmation with large multicenter HCC cohorts and
using robust techniques for DNA methylation analysis of
microRNA genes are warranted before the application in
clinical practice.
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RESULTS: All three SMI inhibited cell proliferation and
18
F-FDG uptake in a dose-dependent manner and without significant cytotoxic effects. Furthermore, additive
effects of the drugs were observed. Immunoblot analysis showed that sorafenib and sunitib, but not erlotinib,
efficiently blocked activation of the AKT pathway, while
all three drugs displayed little effect on phosphorylation of ERK1/2. Cells treated with sorafenib or sunitinib
expressed less interleukin-6 mRNA as well as less collagen type 1 mRNA and protein. Sorafenib was the
only drug that also upregulated the expression of matrix metalloproteinase-2 and reduced the secretion of
TGF-β1 protein. All three drugs showed insignificant or
discordant effects on the mRNA and protein levels of
α‑SMA.
CONCLUSION: The tested SMI, especially sorafenib,
exert inhibitory effects on activated PSC, which should
be further evaluated in preclinical studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Pancreatic stellate cell; Fibrosis; Erlotinib;
Sunitinib; Sorafenib

AIM: To study if three clinically available small molecule
kinase inhibitors (SMI), erlotinib, sunitinib and sorafenib,
exert antifibrogenic effects on pancreatic stellate cells
(PSC) and analyze the basis of their action.

Core tip: There are no specific therapies available to
treat pancreatic fibrosis, a key feature of chronic pancreatitis and pancreatic cancer. Here we show that
three clinically available small molecule kinase inhibitors (SMI), erlotinib, sunitinib and sorafenib, exert antifibrogenic effects in vitro by inhibiting key functions
of rat pancreatic stellate cells (PSC), the main source
of extracellular matrix proteins in the diseased pancreas. Furthermore, additive effects of the drugs were
observed. Our studies also provide insight into molecular mechanisms of SMI action in PSC. We suggest that
the antifibrotic efficiency of SMI, especially sorafenib,
should be further evaluated in preclinical studies.

METHODS: Cultured rat PSC were exposed to SMI.
Cell proliferation and viability were assessed employing
5‑bromo-2’-deoxyuridine incorporation assay and flow
18
cytometry, respectively. 2-Deoxy-2-[ F] fluoroglucose
18
( F-FDG) uptake was measured to study metabolic
activity. Exhibition of the myofibroblastic PSC phenotype was monitored by immunofluorescence analysis
of α‑smooth muscle actin (α‑SMA) expression. Levels
of mRNA were determined by real-time PCR, while
protein expression and phosphorylation were analyzed
by immunoblotting. Transforming growth factor-β1
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(SMI) have become available that were developed for
the specific treatment of different human malignancies.
Many of these inhibitors (1) target growth factor receptors upstream of Ras-Raf-MEK-ERK and PI 3-kinase/
AKT; (2) directly inhibit kinases of these pathways; or
(3) do both[23-25]. The antifibrotic activity of these substances, however, has not been systematically analyzed
so far.
Here, we have studied the biological and molecular effects of three clinically available SMI, erlotinib, sorafenib
and sunitinib, on activated PSC. One of the three drugs,
the epidermal growth factor receptor (EGFR) kinase
inhibitor erlotinib, has been successfully introduced into
the clinical treatment of advanced PC[26], and although
its benefit with respect to patient survival is small, it represents the only molecularly targeted agent to date that
reached its primary end point in a phase 3 study with PC
patients[27]. Sorafenib is a multi-kinase inhibitor that targets vascular endothelial growth factor receptors (VEGFR-2 and VEGFR-3), PDGF receptor family members
(PDGFR-β and KIT) and Raf kinases[28]. It is used in
the treatment of hepatocellular carcinoma and advanced
renal cancer[29]. Sunitinib represents another multi-kinase
inhibitor and inhibits various receptor tyrosine kinases
that have been implicated in tumor growth and angiogenesis, including PDGFR- α / β , VEGFR-1-3, stem
cell growth factor receptor (KIT), fms-related tyrosine
kinase 3, colony stimulating factor 1 receptor and RET
(rearranged during transfection)[30]. The drug has been
approved for treatment of metastatic renal cancer and
imatinib-resistant gastrointestinal stromal tumors[31,32].
Neither sunitinib nor sorafenib are currently established in the treatment of PC (although they have been
tested in clinical trials[27]), and the efficiency of erlotinib
is limited. The motivation of this study, however, was to
evaluate the antifibrotic efficiency of the drugs, an effect
that has not assessed yet but may be exploited in future
studies that combine agents with activity against cancer
and stroma cells.
The results of our study show that sunitinib and especially sorafenib displayed strong inhibitory effects on
activated PSC, while erlotinib was less efficient. Surprisingly, the biological effects of the drugs correlated with
an AKT- but not ERK pathway inhibition.

Elsner A, Lange F, Fitzner B, Heuschkel M, Krause BJ, Jaster
R. Distinct antifibrogenic effects of erlotinib, sunitinib and
sorafenib on rat pancreatic stellate cells. World J Gastroenterol
2014; 20(24): 7914-7925 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i24/7914.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7914

INTRODUCTION
Pancreatic stellate cells (PSC) are key players in pancreatic wound healing and fibrosis [1]. In response to
pancreatic injury, they transform from a quiescent into
an activated phenotype that secretes large amounts of
extracellular matrix (ECM) proteins. Furthermore, the
cells, which form only 4%-7% of all parenchymal cells
in the healthy pancreas, start to proliferate and to replace
the organotypic tissue[1-3].
Under persistent pathological conditions, specifically
in chronic pancreatitis (CP) and pancreatic cancer (PC),
dysregulated activation of PSC and excessive deposition
of ECM result in organ fibrosis[4,5]. Pancreatic fibrosis,
in turn, contributes to the development of an exocrine
and endocrine insufficiency of the gland[6]. Moreover,
recent studies suggest that the extended stroma reaction
favours progression of PC by various mechanisms[7-9].
Thus, the fibrotic wall surrounding the tumor cells provides a barrier against chemotherapeutics and immune
cells. Stroma cells are also a rich source of cytokines,
chemokines and growth factors that mediate chemoresistance, suppress apoptosis and stimulate proliferation
of the tumor cells[9-13]. Since PC cells, on the other hand,
enhance PSC activation by secreting profibrogenic mediators [e.g., the mitogen platelet-derived growth factor
(PDGF) and transforming growth factor‑β1 (TGF-β1),
the key stimulator of ECM synthesis[10,14]], a vicious cycle
of PSC activation, enhanced ECM synthesis and accelerated tumor growth may establish. In analogy, mutual
paracrine effects of PSC and inflammatory cells contribute to persistent PSC activation in CP[15], which also
represents a main risk factor of the tumor disease.
In recent years, attempts have been made to inhibit
pancreatic fibrogenesis by interfering with PSC activation, suppressing effector functions of activated PSC,
and/or terminating PSC activation through the induction of apoptosis or cellular senescence. Although some
promising substances with antifibrotic activity could
be identified (e.g., ligands of peroxisome proliferatoractivated receptor γ[16,17], interferon-γ[18] and inhibitors of
histone deacetylases[19]), there is still no specific antifibrotic therapy for clinical application available yet.
We and others have previously shown that two intracellular pathways, Ras-Raf-MEK (mitogen-activated
protein kinase kinase)-ERK (extracellular signal-regulated kinase) and phosphatidylinositol (PI) 3-kinase/
AKT (protein kinase B), are crucially involved in PSC
activation by growth factors such as PDGF[20-22]. Most
recently, various new small molecule kinase inhibitors
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MATERIALS AND METHODS
Cell culture
Pancreatic stellate cells were isolated from the pancreas of
male Lewis inbred rats (Charles River Laboratories, Sulzbach, Germany) by collagenase digestion of the organ and
Nycodenz® (Nycomed, Oslo, Norway) density gradient
centrifugation essentially as described before[20]. The cells
were cultured in Iscove´s modified Dulbecco’s medium
(IMDM; Biochrom, Berlin, Germany) supplemented
with 17% fetal calf serum (FCS), 10 mL/L non-essential
amino acids (dilution of a 100 × stock solution), 105
U/L penicillin and 100 mg/L streptomycin (all reagents
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from PAA Laboratories, Pasching, Austria). Upon reaching subconfluency, PSC were harvested by trypsination
and recultured at equal seeding densities according to
the experimental requirements. All experiments were
performed with cells passaged no more than two times.
Trypan blue staining was used to distinguish live from
dead cells and to determine absolute cell counts.

SMI was expressed as percent of controls exposed to
the solvent DMSO only.
Immunoblotting
Protein extracts from equal numbers of PSC (pretreated
as indicated) were prepared and subjected to immunoblot analysis as published before[20], using polyvinylidene
fluoride membrane for protein transfer. The following
primary antibodies (all from New England BioLabs,
Frankfurt, Germany unless specified otherwise) were
employed: anti-β-actin (#4970), anti-GAPDH (#2118),
anti-phospho-AKT (P-AKT) (#4060), anti-AKT protein
(#4691), anti-phospho-ERK1/2 (P-ERK1/2) (#4370),
anti-ERK1/2 (#06-182, Millipore, Billerica, MA, United
States), and anti-collagen Ⅰ (NB600-408, Novus Biologicals, Littleton, CO, United States). The blots were developed using LI-COR reagents for an Odyssey® Infrared
Imaging System as previously described[34]. The signal intensities of the investigated proteins were quantified by
means of the Odyssey® software and the raw data processed as described in the corresponding figure legend.

Quantification of DNA synthesis
To quantify DNA synthesis, incorporation of 5-bromo-2´-deoxyuridine (BrdU) was measured using the BrdU labelling and detection enzyme-linked immunosorbent assay
kit (Roche Diagnostics, Mannheim, Germany). Therefore, cells were plated in 96-well plates at equal seeding
densities and allowed to adhere overnight in complete
culture medium before erlotinib, sunitinib and sorafenib
[Biaffin, Kassel, Germany; solvent: dimethylsulfoxide
(DMSO)] and combinations thereof were added as indicated. After 24 h, BrdU labelling was initiated by adding
labelling solution at a final concentration of 10 μmol/L.
Another 24 h later, labelling was stopped, and BrdU
uptake was measured according to the manufacturer’s
instructions.

TGF-β 1 ELISA
PSC growing in 12-well plates under standard culture
conditions were treated with SMI for 48 h as indicated.
Subsequently, the culture supernatants were collected
and stored at -80 ℃ until assayed. After clearing the
lysates by centrifugation, TGF-β1 concentrations were
measured using a commercial ELISA (#436707, BioLegend, San Diego, CA, United States) according to the
manufacturer’s instructions.

Detection of dead cells and analysis of cellular DNA
content by flow cytometry
PSC growing in 12-well plates were exposed to SMI for
48 h as indicated. Afterwards, the cells were harvested by
trypsination, resuspended in buffer for flow cytometry
(PBS pH 7.4; 0.5% bovine serum albumin; 0.1% sodium
azide) and kept on ice until measurement. Subsequently,
the samples were labelled with propidium iodide (PI:
10 mg/L; Sigma-Aldrich, Deisenhofen, Germany). PIpositive (dead) cells were quantified as previously described[33], using a FACSCalibur cytometer (BD Biosciences, Heidelberg, Germany) and Flowing Software 2.5.0
(Turku Centre for Biotechnology, Finland).

Immunofluorescence detection of α ‑smooth muscle
actin
PSC were seeded onto glass coverslips and allowed to
attach before they were exposed to SMI for 48 h as indicated. Afterwards, cells were fixed with ice-cold methanol followed by staining of the DNA with 4’,6-diamidino-2-phenylindole (DAPI). Next, the cells were incubated with a mouse monoclonal antibody to α-smooth
muscle actin (α-SMA) (#A2547; Sigma-Aldrich). Antibody binding was determined by a fluorescein-labelled
goat anti-mouse IgG (MoBiTec, Göttingen, Germany)
and visualized using a fluorescence microscope (AxioScope.A1, Carl Zeiss, Jena, Germany).

2-Deoxy-2-[18F] fluoroglucose uptake
To analyze the effects of erlotinib, sunitinib and sorafenib
on glucose uptake, PSC were seeded in 24-well plates at
equal seeding densities and allowed to adhere overnight
in complete culture medium. Afterwards, SMI and combinations thereof were added for 24 h. Next, complete
culture medium was substituted by Dulbecco’s modified
Eagle medium (DMEM; Fisher Scientific, Schwerte,
Germany) without FCS, glucose, glutamine and phenol
red (but supplemented with inhibitors as before), and incubation continued for 1 h before 2-Deoxy-2-[18F] fluoroglucose (18F-FDG) (Eckert and Ziegler f-con Europe
GmbH, Berlin, Germany; 0.5 GBq/L culture medium)
was added to each culture well. 30 min later, incubation
was terminated by aspirating the medium and rinsing the
cell layer three times with ice-cold PBS. PSC were solubilized with 100 mmol/L NaOH, and incorporated 18F
activity was determined using a well counter (ISOMED
2100, Nuklear-Medizintechnik Dresden GmbH, Dresden, Germany). 18F‑FDG uptake in cells treated with

WJG|www.wjgnet.com

Quantitative reverse transcriptase-PCR using real-time
TaqMan™ technology
Total RNA from PSC pretreated with SMI for 48 h as
indicated was isolated with TriFast reagent (PEQLAB
Biotechnologie, Erlangen, Germany) according to the
manufacturer’s instructions. After treatment with DNAse
(to remove contaminating traces of genomic DNA), 1 μg
of RNA was reverse transcribed into cDNA by means of
TaqMan™ Reverse Transcription Reagents and random
hexamer priming. Relative quantification of target cDNA
levels by real-time PCR was performed in an ABI Prism
7000 sequence detection system employing TaqMan™
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Figure 1 Effects of small molecule kinase inhibitors on DNA synthesis, 2-Deoxy-2-[18F] fluoroglucose uptake and survival of pancreatic stellate cells. pancreatic stellate cells (PSC) growing in primary culture were harvested, replated at equal seeding densities and treated with erlotinib, sunitinib, sorafenib and combinations thereof at the indicated concentrations for 24 h. Control cultures were exposed to the solvent DMSO only. A: The pretreated cells were labelled with 5-bromo-2’deoxyuridine (BrdU) for another 24 h and proliferation was assessed with the BrdU DNA incorporation assay. One hundred percent BrdU incorporation corresponds to
solvent-treated PSC. Data from n ≥ 17 separate cultures per data point were used to calculate mean ± SE; B: The cells were labelled with 2-Deoxy-2-[18F] fluoroglucose (18F-FDG), and uptake quantified as described in the “Materials and methods” section. One hundred percent 18F-FDG uptake corresponds to solvent-treated PSC (n
≥ 6; mean ± SE); C: Incubation was continued for another 24 h. Afterwards, the samples were subjected to a cytofluorometric quantification of dead [phosphatidylinositol
(PI)-positive] cells, which are expressed as percent of the total cell number (n ≥ 5; mean ± SE). (A-C) aP < 0.05, cP < 0.05 vs cultures treated with either of the two
combined substances alone.

PCR reactions were performed in duplicate, and repeated
5 times with independent samples. The relative expression
of each mRNA compared with Hprt was calculated according to the equation ∆Ct = Cttarget - CtHPRT. The relative
amount of target mRNA in control cells and cells treated
with SMI as indicated was expressed as 2-(∆∆Ct), where ∆∆
Cttreatment = ∆CtSMI - ∆Ctcontrol.

Universal PCR Master Mix and the following Assay-onDemand™ rat gene-specific fluorescently labelled TaqMan™ MGB probes (instrument and reagents: Life Technologies, Darmstadt, Germany): Rn01759928_g1 (Acta2),
Rn00561420_m1 (interleukin-6; Il-6), Rn01538167_m1
(matrix metalloproteinase-2; Mmp-2), Rn00579162_m1
(Mmp-9), Rn00572010_m1 (Tgf-β 1), Rn01463848_m1
(Col1a1), and Rn01527840_m1 (Hprt; house-keeping gene
control). The following PCR conditions were used: 95 ℃
for 10 min, repeated cycles of 15 s at 95 ℃/min at 60 ℃.
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Statistical analysis
Results are expressed as mean ± SE for the indicated
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Figure 2 Distinct effects of erlotinib, sorafenib and sunitinib on phosphorylation of AKT and ERK1/2. Cultured pancreatic stellate cells (PSC) were grown to
subconfluency before the standard culture medium was substituted by fetal calf serum (FCS)-free medium. 16 h later, culture medium was supplemented with (A)
erlotinib, (B) sunitinib and (C) sorafenib at the indicated concentrations and incubation continued for another hour. Subsequently, FCS (at 17%) was added for the indicated periods of time. Afterwards, protein extracts from equal amounts of cells were subjected to Western blot analysis. P-AKT, P-ERK1/2, the respective total proteins
and β-actin (for loading control) were detected using fluorescein (IRDye®)-labelled secondary antibodies. For each inhibitor, one representative Western blot is shown;
D: Fluorescence signal intensities of phosphoproteins (P-AKT and P‑ERK1/2, respectively) and corresponding total proteins were quantified using Odyssey® software.
Subsequently, the ratios P-AKT/AKT protein (left panel) and P-ERK/ERK protein (right panel) were determined. A ratio of 1 corresponds to control cells cultured without small molecule kinase inhibitors (SMI) and FCS. Data of n ≥ 4 independent experiments were used to calculate mean ± SE; aP < 0.05 vs control cultures (no SMI,
same time of FCS stimulation).

number of separate cultures per experimental protocol.
Unless indicated otherwise, statistical significance was
checked using Wilcoxon’s Signed-Rank test for paired
samples and the Mann-Whitney U test in case of independent samples. P < 0.05 was considered to be statistically significant.

not a major cause of the reduced BrdU incorporation and
18
F‑FDG uptake of SMI-treated PSC.
ERK and AKT pathway activity in SMI-exposed PSC
The intracellular signal transduction pathways Ras-RafMEK-ERK and PI 3‑kinase/AKT play a key role in PSC
activation and act downstream of many tyrosine kinases
receptors targeted by the SMI tested in this study[20-25].
We therefore addressed the question how erlotinib, sunitinib and sorafenib affect activation of AKT and ERK
in PSC, using levels of P-AKT and P-ERK1/2 as surrogate markers (Figure 2). Unexpectedly, none of the
three drugs was able to prevent FCS-induced activation
of ERK1/2 (Figure 2D, right panel). In contrast, both
sunitinib and sorafenib efficiently blocked the increase
of P-AKT levels caused by FCS-restimulation of serumstarved PSC, while erlotinib again displayed no effect
(Figure 2D, left panel).
Together, these data implicate AKT in the action of
sunitinib and sorafenib in PSC but point to a negligible
role of the ERK pathway.

RESULTS
Effects of SMI on PSC growth, glucose uptake and
survival
In initial experiments, the effects of erlotinib, sunitinib
and sorafenib on PSC proliferation were determined
by measuring incorporation of BrdU into newly synthesized DNA. At low micromolar concentrations, all
three SMI inhibited DNA synthesis in a dose-dependent
manner (Figure 1A), with sunitinib displaying the highest
potency in this assay. Furthermore, any combination of
two of the drugs exerted stronger effects than the single
substances alone, suggesting an additive action.
To analyse SMI effects on cell metabolism, 18F-FDG
uptake was chosen as a surrogate marker. Again, all three
SMI displayed dose-dependent inhibitory effects, which
were further enhanced when the drugs were combined
(Figure 1B). An inhibition by more than 90% was observed in samples that were exposed to sorafenib at 20
μmol/L (alone or combined with sunitinib and erlotinib,
respectively).
To assess cytotoxity of the drugs, PSC were exposed
to SMI at the same concentrations as before, stained with
PI and subjected to flow cytometry. As shown in Figure 1C, only the combination of erlotinib and sorafenib
caused a significant increase of PI-positive dead cells, but
even in this case more than 93% of PSC remained viable.
Together, these data suggest that general cytotoxicity was
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Effects of erlotinib, sunitinib and sorafenib on PSC gene
and protein expression
Employing real-time PCR, the gene expression profile
of PSC after 48 h of SMI treatment was characterized.
Figure 3 shows the results for a selected panel of genes
that was chosen based on (1) their established role in
PSC function and ECM metabolism; and (2) the results
of pilot experiments.
Sorafenib and sunitinib inhibited expression of type
Ⅰ collagen (Figure 3A) and the pro-inflammatory cytokine IL-6 (Figure 3B), which has previously been implicated in autocrine stimulation of TGF-β1 secretion[35]
and enhancement of α-SMA expression in the course of
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Figure 3 Real-time PCR analysis of gene expression in small molecule kinase inhibitors-treated pancreatic stellate cells. Cultured pancreatic stellate cells
(PSC) were exposed to small molecule kinase inhibitors (SMI) at the indicated concentrations for 48 h. The mRNA expression of collagen type 1 (A), IL-6 (B), MMP-2
(C), MMP-9 (D), TGF-β1 (E), α‑SMA (F) and the housekeeping gene HPRT was analyzed by real-time PCR, and relative amounts of target mRNA were calculated
as described in the “Materials and methods” section. One hundred percent mRNA expression of each gene corresponds to cells treated with the solvent DMSO only.
Data of n = 5 independent cultures were used to calculate mean ± SE. aP < 0.05 vs control cultures.

PSC activation[36]. For type Ⅰ collagen, additional investigations on the protein level were performed and results
that are in line with the mRNA expression data were obtained (Figure 4A, B).
Sorafenib, but none of the other drugs, strongly induced expression of MMP-2 (Figure 3C), while all three
SMI diminished the mRNA level of another collagenase secreted by activated PSC, MMP-9 (Figure 3D).
Sunitinib and erlotinib reduced mRNA expression of
TGF-β1, while, in this case, the effect of sorafenib was
not significant (Figure 3E). However, as shown in Figure
5, the inhibitory effects of sunitinib and erlotinib at the
level of mRNA did not translate into decreased TGF-β1
protein concentrations in supernatants of PSC cultures,
while sorafenib significantly reduced the secretion of the
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cytokine. The latter effect is likely to be due to the antiproliferative action of sorafenib, since the drug diminished the rate of cell proliferation in the course of the
experiment to a similar degree (data not shown).
Finally, we found that sorafenib was the only drug
that displayed a strong inhibitory effect on the mRNA
expression of α-SMA (Figure 3F). At the protein level
(Figure 4A, C), the effects of all three drugs remained
insignificant (P = 0.065 for sorafenib). To gain additional
insight, immunofluorescence studies were performed
and some reduction of stress fibers (bundles of α-SMA
that are typical of activated PSC) in sorafenib-treated
cells was observed (Figure 6). Taken together, the data
nevertheless do not provide unequivocal evidence that
sorafenib treatment was associated with a (partial) re-
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Figure 4 Effects of erlotinib, sorafenib and sunitinib on the expression of type Ⅰ collagen and α‑smooth muscle actin. Cultured pancreatic stellate cells (PSC)
were grown to subconfluency before they were treated for 48 h with SMI at the indicated concentrations. Afterwards, protein extracts from equal amounts of cells were
subjected to Western blot analysis. Type Ⅰ collagen, α-SMA and GAPDH (for loading control) were detected using fluorescein (IRDye®)-labelled secondary antibodies. (A) One representative Western blot for all three SMI is shown. Afterwards, fluorescence signal intensities of collagen Ⅰ (B), α‑smooth muscle actin (α-SMA)
(C) and GAPDH (B and C) were quantified using Odyssey® software. Subsequently, the ratios collagen Ⅰ/GAPDH (B) and α-SMA/GAPDH (C) were determined to
normalize for loading variations. A ratio of one hundred percent corresponds to control cells cultured without SMI. Data of n = 6 independent experiments were used to
calculate mean ± SE. aP < 0.05 vs control cultures.
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the lack of an inhibitory erlotinib effect. In any case,
the molecular basis of the reduced glucose uptake in
erlotinib-treated cells (possibly, a modulation of glucose
transporter expression) warrants further investigation.
The multi-kinase inhibitors sunitinib and sorafenib
displayed higher biological efficacies than erlotinib: At
the maximum concentration tested, each drug inhibited 18F-FDG uptake and DNA synthesis by more than
50%. While sunitinib was the more potent inhibitor of
cell proliferation, sorafenib exerted a stronger effect on
glucose metabolism. Sunitinib and sorafenib target a
partially overlapping set of tyrosine kinase receptors, e.g.,
of the VEGFR family[28,30]. Nevertheless, the combina-
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Figure 5 Transforming growth factor-β1 concentrations in culture supernatants of small molecule kinase inhibitors-treated pancreatic stellate
cells. Cultured pancreatic stellate cells were grown to subconfluency before
they were treated for 48 h with Small molecule kinase inhibitors at the indicated
concentrations. The concentrations of transforming growth factor (TGF)-β1 in
cell culture supernatants were determined by ELISA. Data of n = 6 independent
cultures were used to calculate mean ± SE. aP < 0.05 vs control cultures (oneway ANOVA test).

gression of the myofibroblastic PSC phenotype.

DISCUSSION
The results of this study indicate that three clinically
available SMI, erlotinib, sunitinib and sorafenib, exert
distinct inhibitory effects on activated rat pancreatic stellate cells in vitro.
Altogether, the efficacy of erlotinib was quite lim-
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Control

Sorafenib (20 μmol/L)

Figure 6 Effects of small molecule kinase inhibitors on α‑smooth muscle actin expression and stress fiber formation in pancreatic stellate cell. pancreatic stellate cells growing on glass coverslips were treated for 48 h with sorafenib or the solvent DMSO (control) as indicated. Expression and structural organization of
α‑smooth muscle actin were analyzed by immunofluorescence staining of the protein and documented by fluorescence microscopy (counterstaining: DAPI; original
magnification × 200).

tion of both drugs (as well as their individual combination with erlotinib) revealed additive effects regarding
the inhibition of 18F-FDG uptake and DNA synthesis.
Since only the simultaneous application of sorafenib
and erlotinib was associated with increased cytotoxicity,
combinations of SMI should be further evaluated in
follow-up studies.
In contrast to erlotinib, sunitinib and sorafenib efficiently inhibited FCS-induced activation of AKT. The
finding suggests that serum-dependent activation of
AKT in PSC is predominantly mediated by tyrosine kinase receptors that represent targets of the two multikinase inhibitors. In case of ERK1/2 activation, the
opposite seems to be the case: While sunitinib failed
completely to block ERK1/2 phosphorylation, sorafenib
displayed a small inhibitory effect only, which may reflect
its additional action as a Raf kinase inhibitor. Previous
studies in other types of cells have implicated both PI
3-kinase/AKT and Ras-Raf-MEK-ERK pathways in
sunitinib[38-43] and sorafenib[44-48] action. The conflicting
observations regarding ERK inhibition may either be
caused by peculiarities of the respective cell types, or by
differences of the experimental protocols that were used:
Here, we have focussed on direct effects of the SMI on
the investigated pathways. Therefore, preincubation time
with the SMI (1 h) and time of FCS stimulation (5-60
min) were kept short. Indirect effects of SMI on ERK
pathway activity (effects that require gene expression)
were not addressed and can, therefore, not be excluded.
At least, a prolongation of FCS stimulation for 3 more
hours (4 h in total), did not change our principal findings
(data not shown). In conclusion, we have observed a correlation between the inactivation of AKT (but not ERK)
and the inhibition of glucose uptake and DNA synthesis
by sunitinib and sorafenib. In ongoing studies, we are
analyzing a possible causal relationship by employing specific inhibitors of PI 3-kinase/AKT signaling.
Both sunitinib and sorafenib modified the gene expression profile of PSC in a way that suggests less profibrogenic activity of the cells. Thus, both drugs inhibited
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mRNA expression of IL-6, an autocrine enhancer of
PSC activation[35,36], and strongly diminished both the
mRNA and protein levels of type Ⅰ collagen. Interestingly, sorafenib, in contrast to the other two drugs, had
no effect on the mRNA levels of TGF-β1, but was the
only SMI that significantly reduced the protein concentration of this profibrogenic mediator in cell culture
supernatants. Taken these data together, we consider the
reduction of TGF-β1 protein levels as an indirect effect
of sorafenib that is linked to its antiproliferative action.
The two gelatinases MMP-2 and MMP-9 are both
secreted by activated PSC, although at different levels: In
previous studies, we found that supernatants of cultured
PSC contain much more active MMP-2 than MMP-9[49].
Here, we have analyzed gelatinase expression in order
to assess the fibrolytic activity of SMI-treated PSC. The
results are heterogeneous, since sorafenib triggered the
expression of MMP-2, but all SMI (including erlotinib)
diminished the mRNA levels of MMP-9. The net effects
of different SMI on fibrolysis, therefore, need to be
studied further.
Noteworthy, all three SMI tested in this study showed
insignificant or discordant effects on the mRNA and protein levels of α‑SMA. These data suggest that the drugs
are not capable to reverse the myofibroblastic phenotype
of activated PSC. Instead, they exert their antifibrogenic
effects by inhibiting key effector functions of the cell in
their activated stage.
Although cultures of PSC are considered a suitable in
vitro model of pancreatic fibrogenesis, we do not claim
direct clinical relevance of our findings at the current
stage. One limitation refers to the fact that the in vivo
bioavailability of sorafenib, the drug that showed the
most consistent effects in this study, is limited by its
high protein binding rate[50]. It remains to be shown,
therefore, that antifibrotic effects are also achievable in
vivo under the conditions of CP and PC. At least in experimental pulmonary fibrosis, however, evidence that
sorafenib can ameliorate progression of the disease has
recently been provided[51].
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COMMENTS
Background

5

Pancreatic stellate cells (PSC) are the main source of extracellular matrix proteins in pancreatic fibrosis, which is a key feature of chronic pancreatitis and
pancreatic cancer and considered as an aggravating factor of both diseases.
Inhibition of PSC activation has been suggested as a promising approach to
inhibit pancreatic fibrogenesis, but there is still no specific therapy for clinical
application available yet.

6

Research frontiers

Small molecule kinase inhibitors (SMI) such as erlotinib, sunitinib and sorafenib
have been introduced into clinical oncology in recent years. These drugs interfere with signal transduction pathways that are also involved in PSC activation
and may therefore have an antifibrotic efficiency. This hypothesis, however, has
not been experimentally tested so far.

7

Innovations and breakthroughs

8

The results of this study show for the first time that three clinically available SMI
(erlotinib, sunitinib and sorafenib) inhibit PSC proliferation and glucose metabolism in a dose-dependent manner and without significant cytotoxic effects.
Furthermore, the drugs displayed additive effects. By analyzing SMI effects on
PSC signaling and gene expression, the authors also gained insights into the
molecular mechanisms of SMI action.

9

Applications

Together, the data indicate that the tested SMI, in particular sorafenib, display
antifibrogenic effects in vitro. The authors therefore suggest that the antifibrotic
efficiency of the drugs should be evaluated further in preclinical studies.

Terminology

10

Pancreatic fibrosis represents a process of progressive replacement of pancreatic tissue by connective tissue in the context of chronic inflammation and cancer. Pancreatic stellate cells are fibroblast-like cells that synthesize and secrete
most of the extracellular matrix in the diseased organ. Erlotinib, sunitinib and
sorafenib are small molecule kinase inhibitors that used in the treatment of various human malignancies.

11

Peer review

This study explored the antifibrogenic effects of three clinically available small
SMI, erlotinib, sunitinib and sorafenib on PSC and analyzed the basis of their
action. It is found that these three SMI showed distinct antifibrogenic effects on
PSC. It is showed that sorafenib and sunitib, but not erlotinib, efficiently blocked
activation of the AKT pathway; and erlotinib and sunitinib, but not sorafenib,
significantly reduced the expression of transforming growth factor-β1. It is helpful to evaluate the antifibrogenic effects of the tested SMI in preclinical studies.
This is a well conducted and well written study. The experiments are described
in detail, the results are shown nicely and the figures are impressive.
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AIM: to evaluate the feasibility, safety, and oncologic
outcomes of laparoscopic extended right hemicolectomy (LERH) for colon cancer.
METHODS: Since its establishment in 2009, the Southern Chinese Laparoscopic Colorectal Surgical Study
(SCLCSS) group has been dedicated to promoting patients’ quality of life through minimally invasive surgery.
The multicenter database was launched by combining
existing datasets from members of the SCLCSS group.
The study enrolled 220 consecutive patients who were
recorded in the multicenter retrospective database and
underwent either LERH (n = 119) or open extended
right hemicolectomy (OERH) (n = 101) for colon cancer. Clinical characteristics, surgical outcomes, and
oncologic outcomes were compared between the two
groups.
RESULTS: There were no significant differences in terms
of age, gender, body mass index (BMI), history of previous abdominal surgery, tumor location, and tumor
stage between the two groups. The blood loss was
lower in the LERH group than in the OERH group [100
(100-200) ml vs 150 (100-200) ml, P < 0.0001]. The
LERH group was associated with earlier first flatus (2.7
± 1.0 d vs 3.2 ± 0.9 d, P < 0.0001) and resumption
of liquid diet (3.6 ± 1.0 d vs 4.2 ± 1.0 d, P < 0.0001)
compared to the OERH group. The postoperative hospital stay was significantly shorter in the LERH group
(11.4 ± 4.7 d vs 12.8 ± 5.6 d, P = 0.009) than in the
OERH group. The complication rate was 11.8% and
17.6% in the LERH and OERH groups, respectively (P
= 0.215). Both 3-year overall survival [LERH (92.0%)
vs OERH (84.4%), P = 0.209] and 3-year disease-free
survival [LERH (84.6%) vs OERH (76.6%), P = 0.191]
were comparable between the two groups.
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CONCLUSION: LERH with D3 lymphadenectomy for
colon cancer is a technically feasible and safe procedure, yielding comparable short-term oncologic outcomes to those of open surgery.

MATERIALS AND METHODS
Database and patients
Since its establishment in 2009, the Southern Chinese
Laparoscopic Colorectal Surgical Study (SCLCSS) group
has been dedicated to promoting patients’ quality of
life through minimally invasive surgery. The multicenter
database was launched by combining existing datasets
from members of the SCLCSS group. The clinical data
of 3640 consecutive colon cancer patients who underwent either open (n = 2419) or laparoscopic (n = 1221)
surgery at 11 specialized institutions between January
2000 and June 2009 were recorded in the database[9]. All
data were documented respectively using unified case
report form (CRF) and the data collection protocol was
approved by the local ethics committees. All participants
signed informed consent statements.
A total of 247 patients who underwent extended
right hemicolectomy for cancer located at the hepatic
flexure or within 10 cm distal to the hepatic flexure were
registered from May 2006 to May 2009 in our database.
Twenty-seven patients were excluded from the present
analysis due to advanced stage (stage Ⅳ), recurrent disease, emergency surgery, or palliative surgery. Finally, a
total of 220 consecutive patients who underwent either
LERH (n = 119) or OERH (n = 101) were included in
the present series. The surgical approach was chosen
based on an understanding of the risks and benefits inherent to laparoscopic and open resection, without any
pressure from the surgeon.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Survival
Core tip: This multicenter retrospective study specially
evaluates the feasibility, safety, and oncologic outcomes
of laparoscopic extended right hemicolectomy with D3
lymphadenectomy for tumors located at the hepatic
flexure or within 10 cm distal to the hepatic flexure.
Results suggest that laparoscopic extended right hemicolectomy with D3 lymphadenectomy is a technically
feasible and safe procedure, yielding comparable shortterm oncologic outcomes to open surgery.
Zhao LY, Chi P, Ding WX, Huang SR, Zhang SF, Pan K,
Hu YF, Liu H, Li GX. Laparoscopic vs open extended right
hemicolectomy for colon cancer. World J Gastroenterol 2014;
20(24): 7926-7932 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i24/7926.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7926

INTRODUCTION

Indications and data collection
Extended right hemicolectomy with D3 lymphadenectomy was implemented with radical intention when the
patient was confirmed with colon cancer located at the
hepatic flexure or within 10 cm distal to the hepatic flexure and the clinical stage was Ⅱ or Ⅲ at preoperative
examination by colonoscopy, abdominal enhanced computed tomography, and chest X-ray. The clinical characteristics, surgical outcomes, and oncologic outcomes of
patients in the two groups were compared. The NCCN
guidelines for colon cancer (v.1.2012) were used for clinical and pathological staging.

Laparoscopic colectomy has become accepted as an alternative to conventional open surgery for the treatment
of colon cancer because of the earlier recovery and
comparable long-term results[1-4]. However, most previous studies excluded tumors located at the hepatic flexure or within 10 cm distal to the hepatic flexure because
of the technical difficulty associated with such sites. A
tumor located at or within 10 cm distal to the hepatic
flexure has an increased risk of infra-pyloric lymph node
metastasis[5]. Consequently, open extended right hemicolectomy (OERH) with D3 lymphadenectomy has been
recommended as the optional procedure[6].
Although the feasibility and long-term outcomes of
laparoscopic right hemicolectomy with D3 lymphadenectomy for right colon cancer have been reported in
several previous studies[7,8], the lymphadenectomy did
not include the infra-pyloric lymph nodes. Thus, the role
of laparoscopic extended right hemicolectomy (LERH)
with D3 lymphadenectomy for cancer located at or within 10 cm distal to the hepatic flexure is unknown.
Therefore, the aim of the present study was to evaluate the surgical feasibility, safety, and oncologic outcomes of LERH based on a multicenter dataset from 11
specialized institutions in Southern China.

WJG|www.wjgnet.com

Extended right hemicolectomy with D3
lymphadenectomy
The patient was placed in the supine position with legs
apart during LERH with D3 lymphadenectomy. A
10-mm 30° rigid laparoscope was used through an observational port located at the umbilicus. A 12-mm trocar
located 10 cm below the umbilicus, and a 5-mm trocar
at McBurney’s point were placed for surgeon standing
between the legs. Two other 5-mm trocars, located at
the opposite McBurney’s point and the left subcostal
area, were used for assistance. A medial-to-lateral approach was used during the LERH. In the medial dis-
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Table 1 Clinicopathologic characteristics n (%)

Age1 (yr)
Sex
Male
Female
Body mass index1 (kg/m2)
Previous abdominal surgery
Tumor location
Hepatic flexure
Proximal of transverse colon
Tumor size1 (cm)
T stage
T2
T3
T4
N stage
N0
N1
N2
Tumor stage
Ⅰ
Ⅱ
Ⅲ

Table 2 Operative outcomes n (%)

LERH
(n = 119)

OERH
(n = 101)

P value

61.3 ± 25.3

64.5 ± 24.6

0.832
0.893

66 (55.5)
53 (44.5)
22.3 ± 3.3
12 (10.1)

57 (56.4)
44 (43.6)
22.6 ± 3.5
14 (13.9)

89 (74.8)
30 (25.2)
4.8 ± 1.9

65 (64.4)
36 (35.6)
4.7 ± 1.7

6 (5.0)
64 (53.8)
49 (41.2)

7 (6.9)
60 (59.4)
34 (33.7)

69 (58.0)
37 (31.1)
13 (10.9)

61 (60.4)
31 (30.7)
9 (8.9)

LERH
(n = 119)

Operating time1 (min)
257.8 ± 67.6 173.1 ± 52.0 < 0.0001
Estimated blood loss2 (mL)
100 (100-200) 150 (100-200) < 0.0001
Proximal resection margin1 (cm)
17.1 ± 3.3
17.2 ± 3.2
0.743
Distal resection margin1 (cm)
13.9 ± 2.6
14.3 ± 3.6
0.133
No. of lymph nodes harvested1 (n) 22.3 ± 8.6
21.8 ± 9.4
0.343
Conversions
9 (7.6)
R0 resection
117 (98.3)
100 (99.0)
1.000

0.126
0.387
0.105

Values are mean ± SD; 2value is median (range). LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.
1

0.849
0.483

stage Ⅲ tumor were recommended to receive postoperative adjuvant chemotherapy with 5-fluorouracil-based
regimens. The last follow-up was in September 2009.

0.870

Statistical analysis
Continuous variables were compared using the Student’s t
test and expressed as mean ± SD and variables with nonnormal distribution were reported as the median (range).
Categorical variables were compared using the pearson
2
χ test or the two-tailed Fisher’s exact test as appropriate.
The survival data were analyzed by the Kaplan-Meier
method and compared by the log-rank test. A p value of
< 0.05 was considered statistically significant. All statistical analyses were performed using SPSS (version 16.0).

0.815
6 (5.0)
63 (52.9)
50 (42.0)

7 (6.9)
54 (53.5)
40 (39.6)

1

Values are mean ± SD. LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.

section, the D3 lymphadenectomy involved sequential
dissection (central ligation) at the roots of the ileocolic
vessels, right colic vessels, middle colic vessels, and right
gastroepiploic vessels. The subsequent colon dissection
involved 10 cm of normal bowel distal to the lesion and
at least 10 cm of distal ileum. An extracorporeal functional end-to-end or side-to-side ileotransverse colon
anastomosis was performed via a 3- to 5-cm paramidline
incision.
During OERH, a lateral-to-medial approach was
used for D3 lymphadenectomy and mobilization of colon. A 15- to 20-cm right upper quadrant incision was
used. The resection range of colon and mesocolon and
D3 lymphadenectomy was performed as the same as the
procedures in the LERH. A functional end-to-end or
side-to-side ileotransverse colon anastomosis was then
constructed.
Although there were differences between the centers
in the surgical instruments, vessel occlusion, and the operative approach (lateral-to-medial in LERH) in a minority of operations, the majority of procedures in most of
the centers were implemented as above.

RESULTS
Clinicopathologic characteristics
The patients’ clinicopathologic characteristics are summarized in Table 1. The mean age of patients in the
LERH and OERH group was 61.3 and 64.5 years, respectively. There were no significant differences in age,
gender, body mass index (BMI), history of previous
abdominal surgery, tumor location, and tumor stage between the two groups.
Operative outcomes
The mean operative time was significantly longer in the
LERH group than that in the OERH group (257.8 ±
67.6 min vs 173.1 ± 52.0 min, p < 0.0001). However, estimated blood loss was lower in the LERH group compared with the OERH group [100 (100-200) ml vs 150
(100-200) ml, p < 0.0001]. There were no significant
differences in tumor size, length of resection margins,
number of lymph nodes harvested, or the pathologic
R0 resection. Conversion was required in nine patients
(7.6%) in the LERH group. The reasons for conversion
were technically difficult dissection in four patients, severe adhesion in three patients, and uncontrolled bleeding in two patients (Table 2).

Definitions
A major complication was defined as any complication
requiring reoperation or interventional therapy, and a
minor complication was defined as a complication that
could be managed conservatively. Overall survival was
calculated from the operation date to the date of death
from all causes. Disease-free survival was calculated from
the operation date to the date of recurrence or metastasis. In this study, patients with a high-risk stage Ⅱ or
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OERH
P value
(n = 101)

Postoperative recovery
The mean time to first flatus (2.7 ± 1.0 d vs 3.2 ± 0.9 d,
p < 0.0001), start of a liquid diet (3.6 ± 1.0 d vs 4.2 ±
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were experienced by two patients (1.7%) in the LERH
group (anastomotic stenosis and ileus in one patient
each) and three patients (3.0%) in the OERH group
(anastomotic stenosis, ileus, and hemorrhage in one patient each) (p = 0.663). Minor complications occurred
in 12 patients (10.1%) in the LERH group and 15 patients (14.9%) in the OERH group (p = 0.308). The
mortality rate within 30 d after surgery between the
two groups was comparable (0.8% vs 1.0%, p = 0.907)
(Table 3).

Table 3 Postoperative recovery and complications n (%)

Time to first flatus1 (d)
Time to liquid diet1 (d)
Hospital stay1 (d)
Complications
Wound infection
Ileus
Anastomotic leak
Anastomotic stenosis
Introabdominal hemorrhage
Abdominal infection
Pulmonary embolism
Mortality

LERH
(n = 119)

OERH
(n = 101)

P value

2.7 ± 1.0
3.6 ± 1.0
11.4 ± 4.7
14 (11.8)
4 (3.4)
4 (3.4)
2 (1.7)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)

3.2 ± 0.9
4.2 ± 1.0
12.8 ± 5.6
18 (17.6)
8 (7.8)
4 (3.9)
4 (3.9)
1 (1.0)
1 (1.0)
0 (0.0)
0 (0.0)
1 (1.0)

< 0.0001
< 0.0001
0.009
0.215

Survival outcomes
Seven patients (5.9%) in the LERH group and eight patients (7.8%) in the OERH group were lost to followup. The median duration of follow-up was 30 mo (range
3-60 mo) for the LERH group and 27 mo (range 4-60
mo) for the OERH group (p = 0.632). The 3-year cumulative overall survival was 92.0% in the LERH group and
84.4% in the OERH group (p = 0.209) (Figure 1A). The
3-year cumulative disease-free survival was 84.6% in the
LERH group and 76.6% in the OERH group (p = 0.191)
(Figure 1B).

0.907

1

Values are mean ± SD. LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.

Overall all survival (%)

A
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LERH
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DISCUSSION

40

0

In the present study, LERH showed several short-term
advantages compared with OERH in terms of blood
loss, postoperative hospitalization, and resumption of
gastrointestinal function, with comparable clinicopathologic characteristics and postoperative complications.
The short-term oncologic outcomes were comparable
between the LERH group and the OERH group.
Adequate lymph node dissection is associated with
improved survival[10,11]. Before 2005, the Japanese General Rules for Clinical and Pathologic Studies on Cancer of the Colon and Rectum (JGR) recommended that
colectomy for cancer should be performed with at least
5- to 10-cm long proximal and distal margins and that
the regional arterial vessels should be ligated at their
origins. The Japanese guidelines also recommended
that patients with tumor invasion depth of T3 or deeper should undergo adequate colonic resection with D3
lymphadenectomy[12].
Lymphatic fluid streams from the transverse colon
to lymph nodes along the gastroepiploic vessels[13]. For
a tumor located at the hepatic flexure or within 10 cm
distal to the hepatic flexure, approximately 4% of lymph
nodes along the gastroepiploic arcade at the greater curvature of the stomach and 6% of lymph nodes along
the root of middle colic artery would be involved[5]. The
standard protocol for right hemicolectomy involves resection of the right branch of the middle colic artery with
preservation of the left branch[6,14]. Thus, the rate of locoregional recurrence after right hemicolectomy for cancer
located at the hepatic flexure or within 10 cm distal to
the hepatic flexure is higher[15,16]. This might be attributed to the limited resection that did not remove the
nodes at the root of the common trunk of the middle

P = 0.209
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Figure 1 Survival outcomes. A: Cumulative overall survival rate during a
3-year interval in the LERH and OERH groups (92.0% vs 84.4%, p = 0.209;
Log-rank test); B: Cumulative disease-free survival rate during a 3-year interval
in the LERH and OERH groups (84.6% vs 76.6%, p = 0.191; Log-rank test).
LERH: laparoscopic extended right hemicolectomy; OERH: open extended
right hemicolectomy.

1.0 d, p < 0.0001), and postoperative hospital stay (11.4
± 4.7 d vs 12.8 ± 5.6 d, p = 0.009) were significantly
shorter in the LERH group than in the OERH group.
Postoperative complications occurred in 14 patients
(11.8%) in the LERH group and 18 patients (17.6%)
in the OERH group (p = 0.215). Major complications
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Limitations
This study is subject to several limitations. Firstly, the
retrospective design has the inherent weakness of being
observational or nonexperimental. Secondly, the findings
may lack generalizability due to the relatively short median follow-up time. Nonetheless, this multicenter study
suggests a role of laparoscopic extended right hemicolectomy with D3 lymphadenectomy for the treatment of
cancer located at or within 10 cm distal to the hepatic
flexure.
Results of this study suggest that for colon cancer
located at the hepatic flexure or within 10 cm distal to
the hepatic flexure, LERH with D3 lymphadenectomy is
a technically feasible and safe procedure, yielding comparable short-term oncologic outcomes to open surgery.
However, studies of long-term effects in randomized
clinical trials are warranted.

colic artery or those at the infrapyloric region. Accordingly, when cancer is located at or within 10 cm distal to
the hepatic flexure, extended right hemicolectomy with
D3 lymphadenectomy is appropriate to ensure radicality. However, the surgical safety of LERH was unclear
because of the difficult dissection of the central lymph
nodes along either the root of the middle colic artery or
the right gastroepiploic vessels.
The time to liquid diet and the postoperative hospital stay were longer in this study than in previous
reports[7,17]. These differences might be because a fasttrack recovery strategy was not performed routinely in
the clinical care of most of our centers during the early
period. The extended lymphadenectomy may be another
reason for the relatively late postoperative recovery.
Lower overall morbidity and reduced risk of severe
complications are potential advantages of laparoscopic
colectomy compared with open surgery[18]. Although
there was no statistical significance, in the present study
the postoperative complication rate was lower in the
LERH group compared with the OERH group.
Conversion rates in randomized controlled trials
comparing laparoscopic with open colectomy ranged
from 11% to 25%[19-21] and the main cause of conversion in laparoscopic colectomy for cancer was local
tumor progression[22,23]. Previous studies = have shown
that conversion resulted in increased operating time,
increased hospital stay, and more importantly, increased
morbidity and decreased short-term survival[24-26]. In
the present study, among the nine cases that converted
to open surgery, four were T4a lesions. Both of the
conversions (2/9, 22.2%) due to uncontrolled bleeding
occurred during dissection of the root of the right gastroepiploic artery, which is considered a difficult aspect
of this laparoscopic procedure.
The limited reports on D3 lymphadenectomy for
right colon cancer included only 5 (11.9%) and 32 (18.1%)
cases of hepatic flexure colon cancer; moreover, previous studies only reported extended right hemicolectomy
for hepatic flexure colon cancer without dissection of
the lymph node at the infrapyloric region[7,8]. In the present series, the 3-year overall survival rate was 92.0% in
the LERH group, compared with the reported 83.73%
for laparoscopic surgery without infrapyloric lymphadenectomy[8].
Although a novel concept for colon cancer surgery,
complete mesocolic excision (CME) reported by Hohenberger et al [27] has become a standard procedure.
Both the Japanese procedure of D3 lymphadenectomy
and the European approach of CME for colon cancer
have been reported to be associated with improved
overall survival[27,28], and recent research showed equivalent efficacy between D3 surgery and CME for colon
cancer[29]. During the past two decades, colectomy for
colon cancer performed in most of the medical centers
in China has been based on the Japanese D3 lymphadenectomy principle.
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COMMENTS
Background

Laparoscopic colectomy for the treatment of colon cancer has been accepted
because of the earlier recovery and comparable long-term results based on a
number of randomized controlled trails (RCTs). Laparoscopic extended right
hemicolectomy (LERH) with D3 lymphadenectomy for colon cancer was excluded from majority of the RCTs because of the technical difficulty.

Research frontiers

Laparoscopic surgery has been suggested as an alternative treatment for colon
cancer because of both the short-term advantages and the comparable longterm oncologic outcomes when compared to open surgery. LERH with D3
lymphadenectomy was performed cautiously because it is highly technically demanding. With the improvement in surgical techniques, surgeon’s experience,
and renewal instruments, extended right hemicolectomy with D3 lymphadenectomy has subsequently been attempted in laparoscopic surgery.

Innovations and breakthroughs

LERH with D3 lymphadenectomy is challenging mainly because of technical
difficulty in dissecting the lymph nodes around the origin of the middle colic
vessels and right gastroepiploic vessels, and handling the intricacies of venous anatomy at the gastrocolic trunk of Henle. This multicenter retrospective
study evaluates the feasibility, safety, and oncologic outcomes of LERH with
D3 lymphadenectomy. The superior short-term outcomes and equivalent 3-year
oncologic outcomes suggest that LERH with D3 lymphadenectomy should not
be excluded from the management of the patients with tumor located at the
hepatic flexure or within 10 cm distal to the hepatic flexure.

Applications

The study results suggest that LERH with D3 lymphadenectomy for colon
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cancer is a technically feasible and safe procedure, yielding comparable 3-year
oncologic outcomes to those of open surgery.

Terminology

14

Tumor located at or within 10 cm distal to the hepatic flexure has an increased
risk of infra-pyloric lymph node metastasis. Extended right hemicolectomy with
D3 lymphadenectomy which was defined as the ileocolic, right colic, middle
colic, and right gastroepiploic vessels were ligated at their origins in sequence
and the bowel mobilization was performed at least 10 cm from the margins of
the tumor.

15
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Peer review

The authors reported a well written and interesting paper in the field of miniinvasive right colon surgery. The results are clear and well described.
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CASE CONTROL STUDY

Fecal incontinence in men: Causes and clinical and
manometric features
Teresa Muñoz-Yagüe, Pablo Solís-Muñoz, Constanza Ciriza de los Ríos, Francisco Muñoz-Garrido, Jesús Vara,
José Antonio Solís-Herruzo
tinence studied in our unit and compared these data
with those obtained from 645 women studied for the
same problem. Response to treatment was evaluated
after 6 mo of follow-up.
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RESULTS: Fifteen percent of patients studied in our
unit for fecal incontinence were male. Men took longer than women before asking for medical help. Anorectal surgery was the most common risk factor for
men related to fecal incontinence. Chronic diarrhea was
present in more than 40% of patients in both groups.
Decreased resting and external anal sphincter pressures were more frequent in women. No significant
differences existed between the sexes regarding rectal
sensitivity and recto-anal inhibitory reflex. In 17.8% of
men, all presenting soiling, manometric findings did not
justify fecal incontinence. Response to treatment was
good in both groups, as 80.4% of patients improved
and fecal incontinence disappeared in 13.2% of them.
CONCLUSION: In our series, it was common that
men waited longer in seeking medical help for fecal
incontinence. Ano-rectal surgery was the major cause
of this problem. Chronic diarrhea was a predisposing
factor in both sexes. Manometric differences between
groups were limited to an increased frequency of hypotony of the external anal sphincter in women. Fecal
incontinence was controllable in most patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fecal Incontinence; Gender; Ano-rectal surgery; Ano-rectal manometry; Treatment; Biofeedback

Abstract
AIM: To determine the causes and characteristics of
fecal incontinence in men and to compare these features with those presented by a group of women with
the same problem.

Core tip: In our series of 119 men and 645 women with
fecal incontinence, it was common that men waited
longer in seeking medical help for fecal incontinence.
Ano-rectal surgery was the major cause of this problem in men. Diarrhea was a predisposing factor in both
sexes. Manometric differences between groups were

METHODS: We analyzed the medical history, clinical
and manometric data from 119 men with fecal incon-
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history was made. No patient included in this study suffered from acute diarrhea. All patients included in the
study were living in the community.
After obtaining written informed consent, examination of the anal region in the left lateral decubitus position was performed to detect scars, rectal prolapses,
hemorrhoids, fissures, fistulas, stenosis or deformities.
The degree of voluntary anal contraction was evaluated
by digital examination of the rectum[11].
The manometric study was carried out with a manometry equipment from Synetics Medical (Stockholm,
Sweden), and following the procedure described elsewhere[15,16]. After obtaining the results of the diagnostic
tests performed, we indicated the most appropriated
treatment[1,15,17], usually consisting of hygienic and dietary
measures, the use of bulking agents, loperamide or eventually, laxatives, and rectal cleansing. In 39 female patients with EAS hypotony, biofeedback was performed.
In refractory cases, nerve electrostimulation, anal plugs
or surgery were used.
Patients were clinically evaluated over a six months
period. Clinical outcome was defined as satisfactory if
the Wexner score after treatment was between 0 and 5,
fair between 6 and 10, and poor if the Wexner score was
10 or more[18]. After this time, if no improvement was
obtained, other treatments were considered.

limited to an increased frequency of hypotony of the
external anal sphincter in women. Fecal incontinence
was controllable in most patients.
Muñoz-Yagüe T, Solís-Muñoz P, Ciriza de los Rios C, MuñozGarrido F, Vara J, Solís-Herruzo JA. Fecal incontinence in
men: Causes and clinical and manometric features. World J
Gastroenterol 2014; 20(24): 7933-7940 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7933.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7933

INTRODUCTION
Fecal incontinence (FI) is defined as the involuntary and
recurrent loss of feces through the anus. It represents a
clinical condition that may significantly alter both physically and mentally the quality of life of patients[1-2]. It is
a problem that affects between 1.4% and 15.3% of the
general population[3]. Classically, it has been considered
that FI affects mainly women due to the anal lesions produced during childbirth[4]; however, differences between
the sexes decrease with age[5], and some studies maintain
that prevalence is similar in both genders[3,6]; though in
men, it seems to have some special characteristics[7,8].
Relatively few studies have been published on FI that
focus specifically on men[7-11]. Therefore, the purpose
of the present study was to determine the causes, clinical and manometric characteristics of FI in men and to
compare these features with those found in a group of
women studied for the same disorder.

Statistical analysis
All results were expressed as mean ± SD and percentages. The Statistical analysis was carried out using the SPSS
13.0 statistical package (SPSS, Inc., Chicago, IL). The unpaired t test and the Snedecor’s F distribution were used
to assess the significance of differences between means.
The significance of differences between percentages and
the association between clinic-pathological factors was
calculated using the χ 2 test. P values < 0.05 were considered significant.

MATERIALS AND METHODS
Between May 1998 and May 2010, 764 patients (119
men and 645 women) with FI were studied in our unit
following a previously established protocol. This protocol included demographic data, medical history, risk factors for FI, results of physical examination, manometric
studies, and response to treatment. Informed consent
was obtained according to the institutional regulation.
The retrospective analysis of these data was approved
by the local ethics Committee. Characteristics of FI in
men were compared with those presented by the female
group with the same problem. Inclusion criterion was
the presence of FI defined as the involuntary and recurrent loss of feces through the anus[3]. FI was categorized
as (1) passive when stool discharge occurs involuntary
without awareness of the desire to defecate; (2) soiling
or fecal seepage when the leakage of stool occurs following otherwise normal evacuation; and (3) urge when
the patient was unable to voluntarily contract the external anal sphincter (EAS) and to prevent loss of feces[12].
Severity of FI was quantified using the Wexner score[13],
considering FI as mild when the score was under 10 and
severe when this score was 10 or more[14]. In all cases,
a detailed assessment of the past medical and surgical
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RESULTS
Frequency, severity and type of FI
Seven hundred sixty four patients were studied in our
unit for FI between May 98 and May 2010 of which 119
(15.5%) patients were men. Their age ranged from 18 to
87 years (mean, 57.3 ± 14.7 years), which was not significantly different from the age range in women (range,
19-86 years; mean, 58.2 ± 16.4 years; NS). Men with
FI took longer to seek medical assistance than women.
Thus, while the mean time for women to consult a doctor was 23.7 ± 18 mo, this time was 37.6 ± 36.6 mo (P <
0.001) for men.
In men, FI was classified as moderate to severe (71.4%)
more frequently than in women (41.5%; χ 2 = 17.2; P <
0.001). In fact, the Wexner score was 11.9 ± 4.3 for men
and 8.3 ± 3.5 for women (P < 0.001). In men, the severity of FI was negatively correlated with the time patients
took to seek medical attention (r = -0.5; P = 0.001).
This time was 13.2 ± 8.5 mo for men with severe FI and
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Table 1 Previous medical history of patients with fecal incontinence n (%)
Ano-rectal
Surgery
Total (n = 764)
Men (n = 119)
Women (n = 645)
χ 2 (P value)

Total (n = 764)
Men (n = 119)
Women (n = 645)
χ 2 (P value)

190 (24.9)
46 (38.6)
144 (22.3)
5.72 (< 0.001)
Epidermoid
Carcinoma
1 (0.4)
1 (0.8)
0 (0.0)
0.8 (NS)

Chronic Diarrhea

Hemorrhoids
Others

1

Total

IBD

Irritable Intestine syndrome

Radiotherapy

339 (44.4)
50 (42.0)
289 (44.8)
0.16 (NS)
Constipation

72 (9.4)
10 (8.4)
62 (9.6)
0.09 (NS)
Prolapse

107 (14.0)
11 (9.2)
96 (14.9)
1.99 (NS)
Obstetric

138 (18.1)
22 (2.9)
24 (20.2)
5 (4.2)
114 (17.7)
17 (2.6)
0.96 (NS)
0.39 (NS)
None
Several risk factors

138 (18.1)
20 (16.8)
118 (18.3)
0.08 (NS)

12 (1.6)
2 (1.7)
10 (1.5)
0.01 (NS)

375 (49.1)
0 ( 0.0)
375 (58.1)
81.9 (< 0.001)

75 (9.8)
8 (6.7)
67 (10.4)
0.87 (NS)

401 (52.5)
34 (28.6)
367 (56.9)
16.36 (< 0.0001)

35 (4.6)
7 (5.9)
28 (4.3)
0.26 (NS)
Neurological
disease
39 (5.1)
16 (13.4)
23 (3.6)
6.17 (< 0.01)

1

Other causes of chronic diarrhea (men, women): Billroth Ⅱ gastrectomy (2, 11); Cholecystectomy (3, 26); Small bowel resection (0, 2); Celiac disease (3, 13);
Whipple’s disease (0, 1); Giardia lamblia (1, 8); Pancreatic insufficiency (2, 9); Collagenous colitis (2, 5); Food intolerance (1, 4); Small intestinal bacterial
overgrowth (7, 12); Undetermined cause (3, 23). NS: Not significant; IBD: Inflammatory bowel disease.

urge, 47.8%; mixed, 10.8%; χ 2 = 50.8, P < 0.0001). The
time taken by men to seek medical assistance was associated with the type of FI (χ 2 = 85.5; P = 0.0001). Indeed,
these times were 70.9 ± 52.5, 48.5 ± 39.3, 21.8 ± 42.1,
and 13.9 ± 9.6 mo for men with passive, soiling, urge,
and mixed type of FI, respectively (Snedecor’s F = 3.8; P
= 0.006). In women, these times were 29.3 ± 58.3, 31.0
± 27.5, 25.3 ± 22.5, and 22.1 ± 14.4 mo when FI was
passive, soiling, urge, and mixed, respectively (Snedecor’s
F = 0.9; NS).

Table 2 Previous ano-rectal surgery in patients with fecal incontinence n (%)
Indications for ano-rectal surgery
Hemorrhoids
Ulcerative colitis
Crohn’s disease
Rectal cancer
(Low anterior resection)
Abscess
Anal atresia
Colorectal cancer
Fistula
Fissure
Rectal prolapse
Prostate cancer
Anal dilatation
Total

Men

Women

χ2

9 (7.6)
2 (1.7)
2 (1.7)
12 (10.1)

26 (4.0)
9 (1.4)
12 (1.8)
16 (2.4)

1.18
NS
0.03
NS
0.003 NS
5.06 < 0.05

8 (6.7)
23 (3.5)
3 (2.5)
15 (2.3)
2 (1.7)
9 (1.4)
4 (3.4)
19 (1.4)
2 (1.7)
6 (0.9)
1 (0.8)
3 (0.5)
1 (0.8)
0 (0.0)
0 (0.0)
6 (0.9)
46 (38.6) 144 (22.3)

P

1.06
NS
0.001 NS
0.03
NS
0.854 NS
0.006 NS
0.07
NS
0.8
NS
0.9
NS
5.72 < 0.05

Medical history
Among the medical history that could be related to
FI, we did not find many differences between the two
groups of patients (Table 1). A past history of ano-rectal
surgery was significantly more frequent in men than in
women (37.8% vs 22.3%; χ 2 = 5.72; P < 0.05), while
ORF were the most common causes associated with FI
in women (58.1%). Indications for anorectal surgery are
listed in Table 2. In all patients with neurological diseases, constipation coexisted with FI. Frequency of chronic
diarrhea, constipation, hemorrhoid surgery, inflammatory bowel disease (IBD), rectal prolapse, and radiotherapy were similar in both groups of patients (Table 1).
There was no significant difference in the percentage of
patients in whom no medical history was found to justify
FI (6.7% vs 10.4%; χ 2 = 0.87; NS). Chronic diarrhea was
present in 42.0% of men and 44.8% of women. In 8.4%
of men and 9.6% of women (χ 2 = 0.08; NS), diarrhea
was caused by IBD (Table 1). More than one cause of FI
was found in 28.6% of men and 56.9% of women (χ 2 =
16.4; P < 0.001). ORF were present in 86.9% of women
with several risk factors.

NS: Not significant.

103.0 ± 53.6 mo for those with mild FI (P < 0.001). On
the contrary, among women, differences between these
times were not significant (mild, 29.3 ± 30.4 mo; severe,
26.9 ± 33.2 mo; NS) and they did not correlate with the
severity of FI (r = -0.124; P = 0.212). There were some
differences between men and women concerning the
type of FI. Thus, FI was classified as passive in 20.2% of
men and 16.3% of women (χ 2, NS); soiling was 21.0%
for men and 5.0% for women (χ 2, P < 0.001), urge was
47.9% for men and 57.7% for women (χ 2 = 1.92; NS),
and mixed type was 6.1% for men and 16.6% for women
(χ 2 = 5.48; P < 0.05). Urge was particularly frequent in
women with obstetric risk factors (ORF) (ORF, 60.3%;
no ORF, 33.3%; χ 2 = 14.64; P < 0.001), followed by the
mixed type (ORF, 30.0%; no ORF, 23.5%; χ 2 = 1.08;
NS). The passive type was significantly less frequent
(9.0%) in women with ORF than in those without these
factors (37.1%; χ 2 = 22.3; P < 0.0001). In 4.2% of men
and 4.0% of women, the type of FI was not classified (χ 2
= 0.005; NS).
In men who underwent ano-rectal surgery, the dominant type of FI was urge (passive, 10.8%; seepage, 28.3%;

WJG|www.wjgnet.com

Ano-rectal examination
Inspection of the anal region revealed pathological changes in 28 men (23.5%) and 283 women (43.9%; χ 2 = 8.98;
P < 0.01), particularly scars secondary to childbirth (221
patients).
Digital examination of the anal canal showed that
the tone of the external anal sphincter (EAS) during vol-
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Table 3 Ano-rectal manometry n (%)
Resting pressure
Total (n = 763)
Men (n = 118)
Women (n = 645)
χ 2 (P value)
External anal sphincter pressure
Total (n = 763)
Men (n = 118)
Women (n = 645)
χ 2 (P value)
Rectal sensitivity
Total (n = 763)
Men (n = 118)
Women (n = 645)
χ 2 (P value)
Recto-anal inhibitory reflex
Total (n = 763)
Men (n = 118)
Women (n = 645)
χ 2 (P value)

Normal (60-80 mmHg)
333 (43.6)
65 (55.1)
268 (41.5)
3.70 (NS)
Normal (> 120 mmHg)
322 (42.2)
92 (78.0)
230 (35.6)
64.4 (< 0.001)
Normal
393 (51.5)
54 (45.8)
339 (52.6)
0.92 (NS)
Normal (20-30 mL)
614 (80.5)
102 (86.4)
515 (79.8)
1.55 (NS)

Decreased (< 50 mmHg)
373 (48.9)
42 (35.6)
331 (51.3)
5.02 (< 0.05)
Decreased (< 120 mmHg)
441 (57.8)
26 (22.0)
415 (64.3)
35.7 (< 0.001)
Decreased
97 (12.7)
29 (24.6)
68 (10.5)
6.87 (<0.01)
Decreased or absent (> 60 mL)
69 (9.0)
10 (8.5)
59 (9.1)
0.02 (NS)

Increased (> 80 mmHg)
57 (7.5)
11 (9.3)
46 (7.1)
0.32 (NS)

Increased
273 (35.8)
35 (29.7)
238 (36.9)
1.17 (NS)
Increased (< 10 mL)
80 (10.5)
6 (5.1)
71 (11.0)
2.35 (NS)

NS: Not significant.

untary anal contraction was often decreased, mainly in
women. While this tone was low only in 26.1% of men,
it was decreased in 69.15% (χ 2 = 37.1; P < 0.0001) of
women. This reduced pressure was significantly associated with previous ORF in women (χ 2 = 8.04; P < 0.01).

The recto-anal inhibitory reflex (RAIR) was usually normal (80.5%), but was decreased or absent in 9.0% and
increased in 10.5% of cases; however, differences between women and men were not significant (Table 3).
In 97 patients (12.7%) with FI, 21 men (17.8%) and
76 women (11.8%; χ 2 = 1.43; NS), manometric studies were normal. In men, the most frequent factor associated with FI and normal manometry was diarrhea
(66.7%), caused by IBD in 14.3% of cases. Chronic
diarrhea (42.1%) and ORF (31.6%) were the most common causes of FI found among women with normal
manometry. In both sexes, the most frequent type of FI
found in patients with normal manometry was urge (men,
71.4%; women, 73.7%; χ 2 = 0.13; NS). In five men
(4.2%), there was no previous medical or surgical history
or manometric changes to justify FI. In four of them
with fecal soiling, the resting pressure was increased. In
three of these cases, because of hemorrhoids.
All patients with FI were treated based on the results
obtained from our diagnostic process. We had information on the response to the treatment in 83 out of 119
men and 536 out of 645 women. Thirty-six men and 109
women were not followed-up in our unit, and we have
no information on their response to treatment. Patients
were treated in a stepwise approach according to the
response. Patients with diarrhea (29 men; 238 women)
were treated with: (1) dietary modification and loperamide; (2) resin cholysteramine or codeine phosphate
(5 men; 26 women); (3) otilonium bromide (3 men; 22
women); and (4) amitriptyline (3 men; 21 women). Patients with constipation were started with (1) a fiber-rich
diet and a bulking agent (plantago ovata) (12 men; 90
women); and followed by (2) osmotic laxatives (8 men;
43 women); (3) glycerol suppositories or enemas (3 men;
16 women). Thirty-nine women with decreased EAS
pressure simultaneously underwent biofeedback therapy.

Ano-rectal manometry
Manometry demonstrated that the resting pressure was
more frequently decreased in women (51.3%) than in
men (35.6%; χ 2 = 5.0; P < 0.05) (Table 3). In 11 men,
manometry revealed that this tone was increased. In six
of these men, all with fecal soiling, leakage was associated with the presence of hemorrhoids. Contrary to men,
81.2% of women with soiling had decreased EAS pressure. Anal manometry confirmed what the digital examination had already appreciated in women, i.s. that EAS
tone was more frequently decreased (64.3%) compared
to men (22.0%; χ 2 = 36.5; P < 0.0001) and that this
change was usually associated with ORF (χ 2 = 79.13; P <
0.0001). The study of rectal sensitivity by distension with
a pneumatic balloon demonstrated normal response in
51.5% of patients, decreased (hyposensitivity) in 12.7%,
and increased (hypersensitivity) in 35.8%, but differences
between both sexes were not significant, except for the
case of hyposensitivity that was more common among
men (Table 3). These changes were related to the type of
FI (χ 2 = 80.47; P < 0.0001). In men, an increased rectal
sensitivity was more frequent in patients with diarrhea
(60.5%), ano-rectal surgery (39.5%), and IBD (15.8%).
In women, rectal hypersensitivity was more frequent in
the presence of ORF (53.9%) or diarrhea (49.8%), the
latter caused by IBD in 71.3% of cases. Rectal sensitivity
was mainly decreased in men with neurological diseases
(47.8%) or constipation (55.0%). In women, rectal sensitivity was mostly decreased in patients with neurological
lesions (45.4%), constipation (29.7%), or ORF (17.6%).
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Table 4 Response to treatment n (%)

Total (n = 764)
Men (n = 119)
n = 50
n = 20
n = 12
n = 25
n = 12
Women (n = 645)
n = 289
n = 118
n = 74
n = 32
n = 132
χ 2 (P) (men vs women)

No follow-up

Follow-up

145 (19.0)
36 (30.3)
21 (42.0)
8 (40.0)
5 (41.7)
0 (0.0)
2 (16.7)
109 (16.9)
51 (17.6)
28 (23.7)
18 (24.3)
2 (6.3)
10 (7.6)
4.98 (< 0.05)

619 (81.0)
83 (69.7)
29 (58.0)
12 (60.0)
7 (58.3)
25 (100.0)
10 (83.3)
536 (83.1)
238 (82.3)
90 (76.3)
56 (75.7)
30 (93.7)
122 (92.4)
4.98 (< 0.05)

Treatments:
Chronic diarrhea1
Constipation2
Incomplete evacuation3
Soiling4
Others5
Treatments:
Chronic diarrhea1
Constipation2
Incomplete evacuation3
Soiling4
Others5

Response to treatment
Wexner score after treatment
0-1 WS
2- 5 WS
6-9 WS
257 (41.5)
241 (38.9)
92 (14.8)
28 (33.7)
39 (46.9)
10 (12.8)
4 (13.8)
22 (75.9)
2 (6.9)
4 (33.3)
6 (50.0)
2 (16.6)
2 (28.6)
4 (57.1)
1 (14.3)
18 (72.0)
6 (24.0)
1 (4.0)
0 (00.0)
1 (10.0)
4 (40.0)
229 (42.7)
202 (37.7)
82 (15.3)
129 (54.2)
88 (37.0)
21 (8.8)
48 (53.3)
35 (38.9)
7 (7.8)
18 (32.1)
34 (60.7)
4 (7.1)
22 (73.3)
6 (23.3)
2 (3.3)
12 (9.8)
39 (31.9)
48 (39.3)
1.72 (NS)
1.73 (NS)
0.26 (NS)

≥ 10 WS

29 (4.7)
6 (7.2)
1 (3.4)
0 (0.0)
0 (0.0)
0 (0.0)
5 (50.0)
23 (4.3)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
23 (18.8)
0.78 (NS)

1

Patients with chronic diarrhea were treated in a stepwise approach according to the response: (1) dietary modification and loperamide; (2) resin-cholysteramine or codeine phosphate; (3) otilonium bromide; and (4) amitriptyline; 2Patients with constipation were treated with: (1) a fiber-rich diet and a bulking agent; (2) osmotic laxative; and (3) glycerol suppositories or enemas; 3Patients with incomplete evacuation were treated with bulking agents with or
without glycerol suppositories or enema; 4Patients with soiling started with fiber-rich diet and bulking agents; glycerol suppositories or enema; 5Patients
with inflammatory bowel disease, prolapses, neurological diseases required special treatment including specific therapy, surgery, anal plugs, sacral nerve
electrostimulation, or a combination of several measures. NS: Not significant; WS: Wexner score.

Twenty-three of these women improved more than nine
points on the Wexner score. Evacuation of feces was facilitated in 7 men and 56 women with (1) bulking agents;
(2) glycerol suppositories (3 men; 22 women); and (3) enema (1 man; 14 women). Patients with soiling were started with (1) fiber-rich diet and bulking agents (25 men;
30 women) and followed with (2) glycerol suppositories
(12 men; 14 women), and (3) rectal irrigation (6 men; 8
women). Finally, patients with inflammatory bowel disease (72), rectal prolapses (12), neurological diseases (39)
or perineal trauma (7) received specific therapies, including surgery, anal plugs, sacral nerve electrostimulation or
a combination of these measures. The Wexner score was
five or less in 80.6% of men after treatment and even FI
disappeared in 16.0% of them (Table 4). Likewise, the
Wexner score after treatment was five or less in 80.4%
of women and FI disappeared in 12.7% of them. Only
in a minority of patients (7.2% men, 4.3% women), the
Wexner score did not decrease under 10. Two men who
responded poorly had difficulties following the treatment; four other patients had severe hypotony of both
sphincters, two because of neurological diseases, one
due to serious perineal trauma and another caused by a
low anterior rectal resection. Finally, five women with
poor response underwent sacral nerve electrostimulation. In three of these patients, FI improved. This treatment was also indicated in a man, but the procedure was
refused by the patient.

ground in patients with FI explains why this dysfunction
is apparently more common in women. Thus, in 58.1%
of women, there were problematic obstetric histories
during which the anal sphincter may have been damaged.
However, some studies have questioned whether FI is
really less frequent in men than in women. This was the
case of the study by Perry et al[6], in which, the authors
looked for the presence of FI symptoms in a broad
population of subjects over 40 years living at home. This
study revealed FI in a large number of men who had
never consulted a doctor for that reason and the prevalence of this dysfunction was similar to that found in
women regardless of the severity and age. The apparent
lower frequency of FI in men might be due to the fact
that they consult their doctor far less frequently than
women, particularly, when FI is mild, passive or soiling[8].
Our study shows that severity of FI was significantly associated with the time it took for the males patients to
consult their doctor and, when they did, FI was more
frequently severe than in women. That is, men sought
medical attention only when symptoms of FI seriously
altered their quality of life. It is well known the existing
correlation between the severity of FI and the alteration
of quality of life[14,19]. Another factor that may contribute
to the appearance that FI is less common in men than in
women is that many of the published studies come from
specialized units in FI that collaborate closely with gynecological units[10]. This also occurs in our case. In our
group of men, 28.6% of them had several risk factors
for FI. This percentage was significantly lower than that
found in women. This multiplicity of etiology in women
was likely because ORF were present in most of them.
Soiling was more common in men than in women,
while the urge and mixed types of FI were more frequent in women. These differences may be attributed to

DISCUSSION
In our study, 15.5% of patients with FI were men, that
is, one man for every 5.4 women. This apparent low
prevalence of FI in men is also found in other published
series for FI[9,15]. Analysis of the medical or surgical back-
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the fact that etiology and mechanisms of FI were different in both sexes. Although there is no agreement on the
mechanisms involved in the pathophysiology of soiling
in men, a number of authors found no morphological
or physiological changes in the anal sphincter[7,8,20]. In
fact, all our male patients with soiling had normal or
elevated resting anal pressures. On the contrary, most
women with fecal soiling had decreased EAS pressure.
Urge type of FI has been related to the weakness of the
EAS, which often occurs after childbirth. Therefore, as
our study confirms, urge is the predominant type of FI
among women. Passive FI has been related to the incompetence of the IAS, which may occur in the course
of ano-rectal surgery. Therefore, one might expect that
this type of FI could be more common in men. However, some authors[21] have questioned these concepts. In
fact, in our group of patients that underwent ano-rectal
surgery, the dominant type of FI was urge, which may
be ascribed to the frequent association with diarrhea.
Among women, not only among those with ORF, the
most common type of IF was urge. In addition, considering that mechanisms for FI are not simple but complex
and multifactorial, it seems rational that FI was rather a
mixed type in many of the cases.
Etiology of FI in men is not well established[9]. In
some series, previous history of ano-rectal surgery is
often found among them[8,22]. Prevalence of FI following
rectal resection because of cancer has been estimated
between 6% and 49%[9]. Surgery due to this condition
removes rectal reservoir and often damages IAS. In addition, colon resection and eventually radiotherapy may
contribute to cause diarrhea that favors fecal loss. In our
series, history of previous surgery existed in 38.6% of
men and only in 22.3% of women. Hemorrhoid surgery is a cause of FI, as in this procedure IAS may be
damaged and the fecal contention mechanisms by the
hemorrhoidal vessels may be lost[23]. In some series, this
antecedent is present in 10% to 30% of patients with
FI[23]. Another cause of FI is anal surgery for anal fistulas or fissures[24,25]; in our study, five men had this surgical history (Table 2). Although, the first cause of FI in
men was diarrhea, its frequency was similar to that found
among women. Even though isolated diarrhea does not
usually cause FI, it may facilitate its presentation when it
coincides with other changes in the mechanisms controlling fecal continence[3,15,26]. In our study, diarrhea acted as
a predisposing factor for FI in both sexes.
Other common causes of FI in men were neurological disorders resulting from spinal cord injuries. In our
series, this antecedent was found in 13.4% of men and
in 3.6% of women. In all cases, there was concomitant
constipation. In these cases, both FI and constipation
occur because of the sacral parasympathetic involvement, the loss of somatic innervations of the EAS, the
loss of its tone, and the irregular colonic contraction[27].
In the absence of other diagnostic tests, examination
of the anal and perianal region may provide some helpful data concerning etiology of FI[4,11,28]. In our study,
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23.5% of men and 43.9% of women presented some abnormality detected during inspection of the anal region.
In men, the most frequent findings were postsurgical
scars, deformities, and, to a lesser extent, rectal prolapses
and hemorrhoids. The tone of the EAS was found to be
decreased less frequently in men than in women due to
the damage suffered by this sphincter during delivery.
Ano-rectal manometry confirmed that the EAS tone
was reduced more often in women than in men, which,
as mentioned above, can be ascribed mainly to the obstetric damage suffered by this sphincter.
Measurement of rectal sensitivity with a pneumatic
balloon did not recognize many differences between
men and women. However, this sensitivity was more frequently decreased in men. An increased rectal sensitivity
may explain defecatory urgency and the urge type of FI.
In fact, in our series, rectal sensitivity was significantly
associated with the type of FI. Rectal sensitivity tends to
be increased in patients with proctitis, after rectal surgery
when rectal remnant was small and with limited capacity, after radiotherapy with involvement of the rectal
mucosa, and also in irritable bowel syndrome[1,11,29]. In
our series of men, medical history most often associated
with increased rectal sensitivity was diarrhea and anorectal surgery. On the contrary, megarectum and fecal
impaction are causes of decreased rectal sensitivity[11,30].
In our study, decrease in the rectal sensitivity was more
common in men with constipation and neurological disorders. In women, this dysfunction was found mainly in
association with ORF or constipation. In both men and
women, disturbances of the RAIR were rarely found.
All manometric studies were normal in 17.8% of
men with FI. Although in these cases, FI was usually
soiling, urge was also present, likely because of its association with diarrhea. Mechanisms by which soiling
occurs in these cases are not well understood, but several
explanations have been proposed. Some authors suggest that FI appears in subjects who have a relatively
long anal canal and an increased basal pressure. These
changes determine that feces remain trapped in the canal, from where they can easily escape[7]. Other authors
have ascribed it to a loss of rectal sensitivity[30]. It is well
known that an incomplete emptying of the intestinal
content plays a more important role in the physiology of
fecal escape than the sphincter dysfunction[11,29]. A delay
in the first rectal sensation together with a normal relaxing reflex has also been mentioned[31,32]. Finally, some authors assume the existence of unknown fecal contention
factors[8].
In our patients and based on the results of the diagnostic investigation, we recommended an individualized
treatment[1,11,15,17]. These measures include hygienic and
dietary modification, bulking agents, loperamide, resincholestyramine, otilonium bromide, or amitryptiline in
the cases of diarrhea. Bulking agents, laxatives and rectal
cleansing if constipation or incomplete evacuation was
found. Fiber-rich diet, bulking agents, glycerol suppositories or rectal irrigation were used in cases of soiling.
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Some patients underwent biofeedback, sacral nerve
electrostimulation, anal plugs, surgery or specific therapy
for inflammatory bowel disease. Using these therapeutic
measures, clinical response was good in both women and
men, even with the complete resolution of FI in 13.2%
of patients. The Wexner score after treatment was five
or less in 80.4% of patients. The good results obtained
in the patients included in this series may be ascribed,
at least in part, to the control of the chronic diarrhea
existing in nearly half of the patients. For Whitehead
et al[3], chronic diarrhea is a major risk factor for FI that
can be easily controlled. In a minority of men, treatment
was ineffective. In some of these cases, the failure was
because patients had difficulties following the prescribed
treatment. In other patients, the failure was due to the
severity of FI and to the presence of significant hypotony of both anal sphincters secondary to aggressive anal
or perianal surgery, which finally required bypass surgery.
The use of anal plugs is a good option in some patients
in whom FI is caused by failure of the IAS, which can
rarely be repaired[11], and in FI of neurological origin.
No other therapeutic options were used in the patients
included in this study.
We conclude that it was not common that men consulted for fecal incontinence. Compared to women, FI
was caused more frequently by ano-rectal surgery and it
was frequently severe in men. Men took longer to seek
medical attention. From the manometric viewpoint, there
were no differences between the sexes except that the
resting pressure and the EAS tone were more frequently
decreased in women. Anorectal physiology did not justify FI in men with soiling. Response to the etiologic and
physiopathological treatment was usually excellent.
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RESULTS: Among the five adipokines, only resistin
levels were significantly higher in cases than in controls
(P < 0.001). The case-control study results showed no
association between adiponectin and CRC and a negative association between leptin and CRC. However, the
results of the meta-analysis showed a significant inverse association between adiponectin and CRC (OR =
0.91, 95%CI: 0.83-1.00, P = 0.04) and no association
between CRC and leptin. After stratification by study
design, an inverse association between adiponectin
and CRC was observed in prospective studies only (OR
= 0.90, 95%CI: 0.82-0.99, P = 0.03), whereas the
association between leptin and CRC was inconsistent
(prospective studies: OR = 1.14, 95%CI: 1.02-1.27, P
= 0.02 and retrospective studies: OR = 0.47, 95%CI:
0.29-0.74, P = 0.001). The associations of resistin and
TNF-α with CRC risk were positive, but no association
was observed for IL-6.
CONCLUSION: Our results suggest a negative association of leptin, positive associations of resistin and
TNF-α, and null associations of adiponectin and IL-6
with CRC. However, further studies with larger number
of prospective approaches are needed.

Abstract
AIM: To examine the association between obesityrelated adipokines (adiponectin, leptin, resistin, interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α)
and colorectal cancer (CRC) risk.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Serum levels of adipokines were measured in 100 CRC patients and age- and sex-matched
controls for the data analysis. Unconditional logistic
regression models were used for estimating ORs and
95%CIs related to each adipokine. For the metaanalysis, studies published before July 2013 available
on Medline/PubMed and EMBASE were retrieved. The
analysis included a total of 17 relevant studies (including the present case-control study): nine studies on
adiponectin and eight on leptin. The effect sizes of

WJG|www.wjgnet.com

Key words: Obesity; Colorectal cancer; Cancer risk;
Adipokines; Obesity-related adipokines
Core tip: Evidence from the previous studies indicates
that there is an association of obesity-related adipokines and pro-inflammatory cytokines with colorectal
cancer risk, but the results are inconsistent. In this
study, a case-control study and meta-analysis were
performed to investigate the possible association of
adipokines (adiponectin, leptin, and resistin) and pro-
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growth of colon cancer cells directly or indirectly by increasing IL-6 and TNF-α[16,18]. In contrast, adiponectin
has anti-carcinogenic effects, including inhibition of cell
growth and induction of apoptosis[19].
Due to the bioactivities of adipokines, several prospective and retrospective epidemiologic studies have
examined the association between circulating levels of
adipokines related to CRC risk; however, the results have
been inconclusive. Although few prospective studies[20-22]
have shown an inverse association between low adiponectin and CRC, other studies have found conflicting
results[23,24]. It has been suggested that CRC risk increases
with increased levels of leptin[21,25] and resistin[23,26], yet
this increase is unsupported by other studies[27,28]. Similarly, three prospective studies[21,29,30] on IL-6 and TNF-α,
have reported inconsistent results. Although there are
some discrepancies among studies, it could be speculated
that circulating levels of adipokines are possible candidate biomarkers for CRC risk. Thus, early identification
of such risk factors can be useful for screening purposes
and may help prevent and control CRC.
The aim of the present case-control study is to assess the association of five adipocytokines (adiponectin,
leptin, resistin, TNF-α, and IL-6) with CRC risk and
to perform a meta-analysis using results from different
countries to describe the effect of adiponectin and leptin
on CRC risk.

inflammatory cytokines (interleukin-6 and tumor necrosis factor-α) with colorectal cancer risk. Although
we did not find any significant results, case-control
study and meta-analysis results support a previous report and suggest that obesity-related adipokines could
be risk factors for colorectal cancer; however, further
studies with larger number of prospective approaches
are needed.
Joshi RK, Kim WJ, Lee SA. Association between obesity-related
adipokines and colorectal cancer: A case-control study, and
meta-analysis. World J Gastroenterol 2014; 20(24): 7941-7949
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i24/7941.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i24.7941

INTRODUCTION
Colorectal cancer (CRC) is a major public health concern, as it is one of the leading causes of cancer deaths
worldwide. Although the highest incidence rate of CRC
is observed in developed countries, including Australia,
New Zealand, Canada, and the United States, as well as
countries in North Western Europe, its incidence rate
has been rapidly increasing in developing countries in
the past few decades[1]. In particular, East Asian countries such as China, Japan, South Korea, and Singapore
have experienced a two- to four-fold increase in CRC
incidence in recent decades[2,3]. In South Korea, the incidence of CRC increased from 20.4 per 100000 to 35.9
per 100000 from 1999 to 2010, with a 5.9% annual percentage change in age-standardized incidence rates[4].
Obesity, particularly central obesity, has been consistently identified as the most recognized risk factor
for CRC[5,6]. Furthermore, obesity is significantly associated with a 7%-60% increase in CRC risk compared to
normal weight individuals [body mass index (BMI) < 25
kg/m2][7-9]. However, the etiologic mechanisms underlying this association are not well understood. It is hypothesized that insulin and adipokines are key regulators for
the potential link between obesity and CRC. First, obesity may lead to insulin resistance and hyperinsulinemia,
which consequently reduces IGFBP-1 levels while
elevating levels of IGF-1; it also increases cell proliferation and inhibits apoptosis[10-13]. Second, obesity alters
the level of adipose tissue-derived adipokines, including
adiponectin, leptin, and resistin, and pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). Increased levels of these adipokines can cause initiation, progression, and metastasis of
tumors, with the exception of adiponectin, which has
anti-inflammatory and insulin-sensitizing properties[14,15].
Experimental studies have demonstrated that proinflammatory cytokines such as IL-6 and TNF-α may
promote tumor growth by acting as mitogens for normal
and neoplastic colon cells[15] and by inducing leptin and
resistin production[16,17], which stimulates survival and

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and samples
The specimens used for this study were collected from
the Keimyung Human Bio-Resource Bank, a member
of the National Bio-bank of South Korea, which is supported by the Ministry of Health and Welfare, South
Korea and Kangwon National University Bio-bank. All
of the samples were therefore derived from the National
Bio-bank of South Korea and subject to informed consent under institutional review board-approved protocols. After the study protocols were approved, the study
was conducted at Keimyung and Kangwon National
University Hospital from 2009-2011. Patients from
Keimyung University Hospital who had been newly
and pathologically diagnosed with colorectal cancer by
biopsy using colonoscopy were identified as colorectal
cancer patients. Similarly, age- and sex-matched controls
from Kangwon National University Hospital were identified among individuals who received negative diagnoses
for colorectal cancer by serological blood test. The cases
and controls were then subsequently matched for each
100:100 as selected for the study. The age strata for the
analysis were ≤ 60, 61-70, and 71 ≥ in selected cases
and controls. The study was approved by the National
Bio-bank of South Korea, and all participants provided
informed consent under institutional review boardapproved protocols (IRB No. 2010-10-008).
Measurement of serum adipokines
Blood samples were collected from the patients and age/
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Relevant articles identified from search strategy. [For adiponectin (n = 60) and leptin (n = 77)]

For adiponectin,
41 excluded (9 duplicate; 32 not relevant for the point of the study)
For leptin,
65 excluded (15 duplicate; 50 not relevant for the point of the study)

Eligible for inclusion in meta-analysis
Adiponectin (n = 19)
Leptin (n = 12)

Excluded (not given information to calculate OR/RR for meta-analysis)
Adiponectin (n = 11)
Leptin (n = 8)

Final inclusion,
Adiponectin (n = 8)
Leptin (n = 4) and added 3 more from adiponectin in which both adipokines studied together

Figure 1 Result of literature search for meta-analysis.

as q1 and q2 (reference group) vs q3 and q4 (compared
group). Likewise, if the study group was categorized
by quintile, we rearranged the number as 1st, 2nd and 3rd
quintile (reference group) vs 4th and 5th quintile (compared
group). Next, the pooled odds ratios from the selected
studies were calculated to evaluate the strength of the
association of adiponectin and leptin with CRC, which is
presented as the result of the current meta-analysis. Cochran’s χ 2 test[31] and the inconsistency index (I2)[32] were
used to evaluate heterogeneity across the studies. To calculate the summary OR, a fixed-effect model was used if
P > 0.10 or P ≤ 0.10, but I2 ≤ 50% indicates lack of heterogeneity[33]. Otherwise, a random-effects model was used
when P ≤ 0.10 and I2 > 50%, which indicates significant
heterogeneity[34]. To determine the statistical significance
of pooled the odds ratios, Z-tests were performed and
considered significant when P < 0.05. Additionally, we
performed a stratification analysis of the study designs
(prospective vs retrospective) to explore the association
of adiponectin and leptin with CRC. Finally, potential
publication bias was assessed using Begg’s funnel plot
and Egger’s regression test[35,36]. P < 0.05 was chosen as
the level of statistical significance for publication bias.

sex-matched individuals. Serum separated from the blood
samples was stored at -20 ℃ for further analysis. Serum
levels of adiponectin were determined by enzyme-linked
immunosorbent assay (ELISA) (AdipoMark, South Korea) per the manufacturer’s instructions, with a sensitivity
of 1.39 ng/ml and an intra-assay coefficient of variation of 4.1%-5.9%. ELISA (Enzo Life Science, United
States) was used to measure leptin with a sensitivity of
23.4 pg/ml and an intra-assay coefficient of variation
of 4.4%-13.4%. Resistin levels were measured using a
resistin (human) ELISA kit (Adipogen, Switzerland) with
a sensitivity of 100 pg/ml and an intra-assay coefficient
of variation 2.86%-3.73%. Enzyme Immunoassay (Enzo
Life Science, United States) was used to measure the serum levels of IL-6 and TNF-α. The sensitivities of IL-6
and TNF-α were 6.01 pg/ml and 8.43 pg/ml, respectively, and the intra-assay coefficients of variations were
3.8%-6.4% and 4.5%-3.6%, respectively.
Meta-analysis
To collect the studies for the meta-analysis, we searched
the PubMed/Medline and EMBASE databases using the
following keywords for published papers: “plasma and/
or serum”, “adiponectin and/or leptin” and “colorectal
cancer”. The articles included in this meta-analysis were
all eligible prospective and retrospective studies on CRC
published before July 2013. The studies that included
OR or RR but did not use original data to calculate these
values were excluded. The study selection strategy is
presented in Figure 1. We included a total of eight studies on adiponectin and CRC and seven studies on leptin
and CRC. The number of the cases and controls varied
widely among studies. Therefore, for the meta-analysis
we used median variables; if the study group was categorized by quartile, we rearranged the number by median,

WJG|www.wjgnet.com

Statistical analysis
The baseline characteristics of colorectal cancer cases
and controls were compared using a t test for continuous variables and a χ 2 test for categorical variables. The
association between adipokines and CRC was examined
via unconditional logistic regression model expressed as
univariate odds ratios (OR1s) and multivariate odds ratios (OR2s) with 95%CIs after adjusting for age, sex and
covariates, including the selected adipokines. To calculate
odds ratios, a median value was used for resistin due
to the skewed blood level distribution, and tertiles that
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= 0.01). In contrast, there was no association with adiponectin and IL-6 and CRC risk (Table 2). Additionally,
we evaluated the association among the combined score
of the adipokines and risk of CRC; however we found
no combined effect using the weighted score of each
adipokines (data not shown).
The results of the meta-analysis using prospective
and retrospective studies including the present study
showed adiponectin to be negatively associated with
CRC risk (OR = 0.91, 95%CI: 0.83-1.00, P = 0.04). After
stratification, the association remained significant, predominantly in prospective studies (OR = 0.90, 95%CI:
0.82-0.99, P = 0.03) (Figure 2). For leptin, no significant
association with CRC was observed; however, in an analysis stratified by study design (prospective vs retrospective), a positive association was observed in prospective
studies (OR = 1.14, 95%CI: 1.02-1.27, P = 0.02), while a
negative association was observed in retrospective studies (OR = 0.47, 95%CI: 0.29-0.74, P = 0.001) (Figure
3). Publication bias of the meta-analysis regarding the
association of adiponectin and leptin with CRC was also
examined, but the evaluation of publication bias did not
yield statistically significant results (data not shown).

Table 1 Serum adipokine levels in patients with colorectal
cancer and healthy controls n (%)

Age1
≤ 60
61-70
≥ 71
Sex
Male
Female
Serum levels
Adiponectin
(μg/mL)1
Leptin
(ng/mL)1
Resistin
(ng/mL)1
IL-6 (pg/mL)1
TNFα (pg/mL)

Total

Case

Control

P value

66.5 ± 10.0
39 (19.5)
87 (43.5)
74 (37.0)

66.1 ± 10.0
20 (20.0)
46 (46.0)
34 (34.0)

66.9 ± 10.0
19 (19.0)
41 (41.0)
40 (40.0)

0.67

120 (60.0)
80 (40.0)

60 (60.0)
40 (40.0)

60 (60.0)
40 (40.0)

6.0 ± 4.9

5.7 ± 4.4

6.2 ± 5.3

0.47

7.8 ± 8.9

6.8 ± 9.3

8.8 ± 8.5

0.12

3.9 ± 2.3

4.9 ± 2.3

2.8 ± 1.7

< 0.0001

21.0 ± 103.6
6.0 ± 13.2

11.3 ± 11.8
6.4 ± 12.5

30.8 ± 145.8
5.7 ± 13.9

0.19
0.68

1.00

1

Value is mean ± SD. P value for the comparison of cases and controls by t
test or χ 2 test, as appropriate. TNF: Tumor necrosis factor; IL: Interleukin.

were used for rest of the adipokines. Furthermore, we
performed the analysis assuming all selected adipokines
as continuous variables and as categorical variables in
tertiles to assess the cumulative risk effects of adipokines on CRC. Each adipokines was coded as 1, 2, or 3
for adiponectin and 0, 1, or 2 for other adipokines and
was calculated using the sum of the numbers. Statistical
analyses were performed using SAS statistical software
(version 9.2, SAS Institute) for case-control study analysis and RevMan software (version 5.1, Cochrane Collaboration) and STATA Software (version 10.0) for the
meta-analysis.

DISCUSSION
In our case-control study using a Korean population,
adiponectin was not associated with CRC risk; however,
the overall results of meta-analysis suggest a significant
inverse association of adiponectin with CRC risk, particularly in prospective studies. For leptin, we found a
significant inverse association with CRC in our casecontrol study, although the meta-analysis showed no
association. Furthermore, after stratification by study
design, the association was found to be inconsistent;
negative association was observed in the meta-analysis
using retrospective studies, while a positive association
was observed in the prospective studies. For the other
selected adipokines, including resistin, IL-6 and TNF-α,
we found a significant positive association of resistin
and TNF-α with CRC risk, but no association of IL-6
with CRC risk.
It has been proposed that adiponectin may inhibit
CRC cell growth and proliferation through several pathways, including the STAT3/ NF-κB, AMPK, and MAPK
pathways, resulting in a protective effect on CRC risk[37].
Several epidemiological studies have examined the association between low circulating adiponectin and increased
risk of CRC[28,38,39], but other studies have not supported
this association[23,24]. Thus far, among the several prospective studies that have been conducted[20,21,24,40-42], two
studies from an EPIC[20] and WHI-OS[21] have suggested
that an inverse association between low adiponectin and
CRC was attenuated and did not retain significance after adjusting for BMI and WC. Other studies[40,41] have
proposed that men with the highest concentrations of
adiponectin had reduced risk for CRC compared to men
with the lowest concentrations, even after adjusting for
BMI. However, two studies[24,42] could not confirm the

RESULTS
Table 1 shows the baseline characteristics of case and
control participants. Of the total participants, 60% were
male and 40% were female. The corresponding mean
values for serum adipokines were 6.0 ± 4.9 μg/ml, 7.8
± 8.9 ng/ml, 3.9 ± 2.3 ng/ml, 21.0 ± 103.6 pg/ml,
and 6.0 ± 13.2 pg/ml for adiponectin, leptin, resistin,
IL-6, and TNF-α, respectively. The mean levels of all
examined adipokines were very similar in cases and controls, except for resistin, which was significantly higher
in cases (4.9 ± 2.3 ng/ml) than in controls (2.8 ± 1.7
ng/ml) (P ≤ 0.0001) (Table 1).
The results of the univariate and multivariate logistic
regression analyses for the association between each adipokines and CRC are shown in Table 2. Serum levels of
resistin and TNF-α were significantly positively associated with the risk of CRC; moreover, the association was
increased significantly for both adipokines after adjusting covariates (OR = 6.08, 95%CI: 3.23-11.44 and OR =
41.16, 95%CI: 12.62-134.23; P-trend ≤ 0.01, respectively).
An inverse association was observed between leptin and
CRC, and the association remained consistent even after
adjusting covariates (OR = 0.31, 95%CI: 0.14-0.73; P-trend
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Table 2 Association between each obesity-related adipokine and colorectal cancer risk
Case (n = 100)

Control (n = 100)

OR

OR1

35
28
37

Ref.
1.57 (0.79-3.12)
0.92 (0.46-1.81)
0.80

Ref.
1.76 (0.79-3.91)
0.80 (0.34-1.87)
0.65

21
41
38

Ref.
0.30 (0.15-0.60)
0.36 (0.18-0.72)
0.05

Ref.
0.37 (0.17-0.83)
0.31 (0.14-0.73)
0.01

70
30

Ref.
5.44 (2.97-9.97)
< 0.0001

Ref.
6.08 (3.23-11.44)
< 0.0001

25
42
33

Ref.
0.36 (0.18-0.72)
0.55 (0.27-1.10)
0.82

Ref.
0.46 (0.21-1.01)
0.55 (0.24-1.26)
0.14

54
32
14

Ref.
4.10 (1.92-8.77)
14.33 (6.23-32.95)
< 0.01

Ref.
5.08 (1.84-13.10)
41.16 (12.62-134.23)
< 0.01

Adiponectin (μg/mL)

1st tertile
2nd tertile
3rd tertile
P-trend

31
39
30

1st tertile
2nd tertile
3rd tertile
P-trend

45
26
29

Low
High
P-trend

30
70

1st tertile
2nd tertile
3rd tertile
P-trend

43
26
31

1st tertile
2nd tertile
3rd tertile
P-trend

14
34
52

Leptin (ng/mL)

Resistin (ng/mL)

IL-6 (pg/mL)

TNFa (pg/mL)

OR: Age, sex matched odds ratio; OR1: Odds ratio after adjusting each obesity-related adipokines. IL: Interleukin; TNF: Tumor necrosis factor.

Case
Control
Study
Events Total Events Total
Prospective study
Song et al , 2013
287
889
329
932
Ho et al , 2012
197
613
230
610
Aleksandrova et al , 2012
443
924
763 1488
Stocks et al , 2008
152
427
139
414
Lukanova et al , 2006
205
395
176
367
Wei et al , 2005
62
204
117
330
Sub total
3452
4141
Total events
1346
1754
2
2
Heterogeneity: χ = 7.06, df = 5 (P = 0.22; I = 29%)
Test for overall effect: Z = 2.12 (P = 0.03)
Retrospective study
Chen et al , 2012
94
196
71
173
Otake et al , 2010
19
45
32
58
Current study, 2012
47
100
53
100
Sub total
341
331
Total events
160
156
2
2
Heterogeneity: χ = 4.19, df = 2 (P = 0.12; I = 52%)
Test for overall effect: Z = 0.01 (P = 0.99)
Total
3793
4472
Total events
1506
1910
2
2
Heterogeneity: χ = 11.66, df = 8 (P = 0.17; I = 31%)
Test for overall effect: Z = 2.02 (P = 0.04)

Weight

Odds ratio [95%CI]

21.7%
15.6%
30.3%
9.1%
8.8%
6.2%
91.7%

0.87 [0.72, 1.06]
0.78 [0.62, 0.99]
0.88 [0.74, 1.03]
1.09 [0.82, 1.45]
1.17 [0.88, 1.56]
0.79 [0.55, 1.16]
0.90 [0.82, 0.99]
(P = 0.03)

3.9%
1.6%
2.8%
8.3%

1.32 [0.88, 2.00]
0.59 [0.27, 1.30]
0.79 [0.45, 1.34]
1.00 [0.74, 1.36]
(P = 0.99)

100%

0.91 [0.83, 1.00]
(P = 0.04)

Odds ratio

0.1

0.2

0.5

Favours experimental

1

2

5

10

Favours control

Figure 2 Meta-analysis for the association between adiponectin and colorectal cancer.

of CRC in patients with decreased levels of adiponectin,
predominantly for early cancer, with the risk persisting
even after adjusting for BMI, WHR, or other lifestyle
factors. In contrast, a study[23] conducted in Japan did
not find any association between adiponectin and CRC
among BMI matched cases and controls. In the pres-

significant differences regarding the level of adiponectin
among CRC patients and controls, and they also failed
to describe the association. In retrospective studies, the
results regarding an association between adiponectin and
CRC are also inconsistent. Two case-control studies[43,44]
have consistently reported a significantly increased risk
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Case
Control
Study
Events Total Events Total
Prospective study
Ho et al , 2012
231
614
195
609
Aleksandrova et al , 2012
466
917
663 1341
Stocks et al , 2008
148
424
142
417
Tamakoshi et al , 2005
32
91
26
112
Stattin et al , 2004
194
378
184
378
Stattin et al , 2003
92
251
76
224
Sub total
2675
3101
Total events
1163
1286
2
2
Heterogeneity: χ = 4.62, df = 5 (P = 0.46); I = 0%
Test for overall effect: Z = 2.40 (P = 0.02)
Retrospective study
Otake et al , 2010
16
42
32
59
Current study, 2012
40
100
60
100
Sub total
142
159
Total events
56
92
2
2
Heterogeneity: χ = 0.10, df = 1 (P = 0.76); I = 0%
Test for overall effect: Z = 3.21 (P = 0.001)
Total
2817
3260
Total events
1219
1378
2
2
Heterogeneity: χ = 18.19, df = 7 (P = 0.01); I = 62%
Test for overall effect: Z = 0.56 (P = 0.58)

Weight

Odds ratio [95%CI]

17.4%
19.9%
15.5%
6.9%
15.5%
12.5%
87.7%

1.28 [1.01, 1.62]
1.06 [0.89, 1.25]
1.04 [0.78, 1.38]
1.79 [0.97, 3.32]
1.11 [0.84, 1.48]
1.28 [0.88, 1.86]
1.14 [1.02, 1.27]
(P = 0.02)

4.6%
7.7%
12.3%

0.52 [0.23, 1.16]
0.44 [0.25, 0.78]
0.47 [0.29, 0.74]
(P = 0.001)

100%

1.06 [0.87, 1.28]
(P = 0.58)

Odds ratio

0.1
0.2
0.5
Favours experimental

1

2

5
10
Favours control

Figure 3 Meta-analysis for the association between leptin and colorectal cancer.

association between elevated leptin levels and CRC risk
after adjustment for BMI or WC, whereas one study[49]
reported that leptin is associated CRC risk independently
of BMI. Additionally, the results from our meta-analysis
among Asians and Caucasians, showed a significant positive association between leptin and CRC only among
Caucasians. However, it is difficult to compare the differences between Asians and Caucasians due to the limited amount of available research. It was also found that
circulating leptin levels were relatively higher in Caucasians than Asians[50]. Overall, the inconsistencies in the
literature may be due to variations in sample size, study
design, or adjustment of different confounders.
It has been suggested that high resistin levels are related to cancer-associated chronic inflammation. Resistin
exhibits potent pro-inflammatory properties by up-regulating the expression of IL-6 and TNF-α, thereby enhancing its own activity by positive feedback through the
NF-κB signaling pathway[17]. The studies examining the
association of resistin, IL-6, and TNF-α with CRC are
limited in number. A few retrospective studies[23,26,28,51,52]
have reported that the resistin levels in CRC patients are
higher than those in controls, and a significant positive
association of resistin with CRC was demonstrated in
only two studies[23,26]. Likewise, in our case-control study,
we observed significantly elevated levels of resistin in
CRC patients and an association between those elevated
levels and CRC risk. Previous prospective studies[21,29,30,53]
have indicated that there is no significant association
between IL-6 and CRC. Although two studies, a cohort
from WHI-OS[21] and an HPFS study[53], reported an
association of IL-6 with increased risk of CRC, it was
suggested that the association was likely mediated by in-

ent study, we were unable to find any differences in
adiponectin level between cases and control and did not
observe any association; however, our meta-analysis results showed an inverse association between adiponectin
and CRC risk, which is consistent with another recently
published meta-analysis[45]. Furthermore, after stratifying
by ethnicity, the inverse association between adiponectin and CRC was stronger among Asians compared to
Caucasians (results not shown). The difference in ethnicity, however, must be interpreted with caution due to
the lack of power based on the small number of studies among Asian populations compared to the number
conducted in Caucasian populations. Therefore, further
investigations that include other ethnic groups, including
other Asians, are needed to confirm and expand these
findings.
In contrast to adiponectin, leptin has tumorigenic
bioactivity and regulates angiogenesis or apoptosis
through several signaling pathways, including the PI3K/
Akt pathway via up-regulation of IRS, JAK/STAT3 and
the mitogenic pathway via ERK1/2 or JNK[37]. The association between leptin levels and CRC risk remains
controversial. In the present study, the finding of an
inverse association between leptin and CRC is consistent
with previously published case-control studies [27,28,46].
The results from our meta-analysis indicated that elevated levels of leptin are not associated with CRC risk,
which is consistent with another recent meta-analysis[47].
However, while a negative association between leptin
and CRC risk has been observed in retrospective studies
after stratification by study design, the association has
been positive in prospective studies. In contrast, most
previous prospective studies[21,25,48,49] reported a positive
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sulin[21], and the association was observed predominantly
among lean men (BMI < 25 kg/m2), as opposed to men
with BMI ≥ 25 kg/m2. Our results are consistent with
the findings of previous case-control studies that did not
find any significant association between circulating IL-6
levels and CRC risk[39,54]. Of the published studies, only a
few[21,29,39] have examined the association of TNF-α with
CRC risk and found null results. As this is the first time
that we found a significant positive association between
TNF-α and CRC risk, our findings should be interpreted
with caution. Thus, to improve the understanding of
the association of resistin, IL-6, and TNF-α with CRC,
further investigation with a larger number of cases and
controls and prospective studies are needed to accurately
assess the possibility that circulating levels of these adipokines are associated with increased risk of CRC.
This study describes the simultaneous measurement
of selected adipokines for covariate assessment to evaluate their association with CRC risk because IL-6 and
TNF-α may promote tumor growth as mitogens and
induce leptin and resistin production while reducing adiponectin, which stimulates growth of colon cancer cells
directly or indirectly by increasing IL-6 and TNF- α.
Our case-control study included a higher number of
participants (100:100) than previous case-control studies (number of cases and controls less than 100). Additionally, we conducted a meta-analysis and presented
the overall results of the association of adiponectin and
leptin with CRC according study design; no publication
bias was detected, which indicates that the results should
be unbiased.
Our study has some limitations. In the case-control
study, we used a single measurement of serum adipokines at baseline, which may be susceptible to shortterm variation and could bias results towards the null;
additionally, we did not include confounding factors
such as BMI, smoking status, or alcohol consumption.
Likewise, our meta-analysis was based on unadjusted OR
estimates because we could not match the confounding
factors due to variations in adjusted confounders among
selected studies.
In summary, although the meta-analysis suggested
an inverse association of adiponectin with CRC, we did
not find any association in our case-control study. Leptin
was inversely associated with cancer risk in our casecontrol study, but the meta-analysis did not support this
association. In addition, the serum resistin and TNF-α,
but not IL-6, were positively associated with CRC risk
after adjustment of selected adipokines as covariates. In
conclusion, our results do not show a causal relationship
between obesity-related adipokines and colorectal cancer
risk. Therefore, further studies with larger populations
and prospective approach are needed to support the association between these selected adipokines and CRC.

ies have suggested an association between obesity-related adipokines and
CRC risk, but prospective data are limited and the results are still inconclusive.

Research frontiers

Although several prospective and retrospective studies have demonstrated the
association of various obesity-related adipokines and pro-inflammatory cytokines with CRC risk, the results are still inconclusive. To gain further insight into
the association of adipokines (adiponectin, leptin, resistin) and pro-inflammatory
cytokines [interleukin (IL)-6 and tumor necrosis factor (TNF)-α] with CRC risk,
the authors performed a case-control study and meta-analysis.

Innovations and breakthroughs

In the present case-control study using a Korean population, adiponectin was
not associated with CRC risk; however, the meta-analysis, which included our
results, suggests a significant inverse association of adiponectin with CRC risk.
This case-control study found an inverse association of leptin with CRC, but the
results of the meta-analysis did not indicate any association. For the other adipokines, there was a positive association of resistin and TNF-α with CRC risk,
but no association of IL-6 with cancer risk.

Applications

This study supports the understanding of the association of obesity-related
adipokines with CRC risk, possibly representing a future strategy for large prospective studies, which may lead to improved identification of individuals at risk
of developing CRC.

Peer review

This is a case-control study among 100 cancer patients with age- and sexmatched controls and a meta-analysis of currently available studies, including our study results, on the association of adiponectin and leptin with CRC.
The study addresses the important topic of the association of obesity-related
adipokines with CRC risk. The results are interesting and suggest that further
prospective studies with a larger number of subjects are warranted.
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Enterostomy can decrease the mortality of patients with
Fournier gangrene
Yan-Dong Li, Wei-Fang Zhu, Jian-Jun Qiao, Jian-Jiang Lin
(35.8%) patients required skin grafting with a total of
six debridement procedures. While in the control group,
six (26.1%) patients required four debridement procedures. However, this difference was not statistically
significant. Following surgery, the time to normal body
temperature (6 d vs 8 d, P < 0.05) and average length
of hospital stay (14.3 ± 7.8 d vs 20.1 ± 8.9 d, P < 0.05)
were shorter in the enterostomy group. The case fatality rate was lower in the enterostomy group than that
in the control group (3.6% vs 21.7%, P < 0.05).
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CONCLUSION: Enterostomy can decrease the case
fatality rate of patients with Fournier gangrene.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fournier gangrene; Necrotizing fasciitis; Enterostomy; Surgery; Infection
Core tip: Fournier gangrene presents as a severe disease with a high mortality. In this study, 51 patients
with Fournier gangrene who received enterostomy (enterostomy group) or not (control group) over the past
12 years were included. Their postoperative recovery
and outcomes were compared. Ten patients in the enterostomy group and six patients in the control group
required skin grafting. Compared with the control
group, the time to normal body temperature and average length of hospital stay were significantly shorter,
and the case fatality rate was lower, in the enterostomy group. Enterostomy can decrease the fatality rate
of Fournier gangrene.

Abstract
AIM: To determine the significance of enterostomy in
the emergency management of Fournier gangrene.
METHODS: The clinical data of 51 patients (49 men
and 2 women) with Fournier gangrene who were
treated at our hospital over the past 12 years were
retrospectively analyzed. The patients were divided
into two groups according the surgical technique performed: enterostomy combined with debridement (the
enterostomy group, n = 28) or debridement alone (the
control group, n = 23). Patients in the enterostomy
group received thorough debridement during surgery
and adequate local drainage after surgery, as well as
administration of broad-spectrum antibiotics. The clinical data and outcomes in both groups were analyzed.

Li YD, Zhu WF, Qiao JJ, Lin JJ. Enterostomy can decrease
the mortality of patients with Fournier gangrene. World J
Gastroenterol 2014; 20(24): 7950-7954 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7950.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7950

RESULTS: The surgical procedures were successful
in both patient groups. In the enterostomy group, 10
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INTRODUCTION
Fournier gangrene is a rare necrotizing fasciitis of the
perianal, genitourinary and perineal region, characterized
by perineal pain and swelling at onset with symptoms of
severe systemic toxicity. The condition may also spread to
the abdominal and retroperitoneal area, which is rare, but
extremely dangerous[1-7]. Despite the improvement in outcomes with recent advances in resuscitation, antibiotics,
and anesthesia, combined with adequate surgical debridement, the mortality rates from Fournier’s gangrene are
still high, with reported rates of up to 75%[7,8].
In view of the acute onset and rapid progression of
this disease, emergency debridement is the basic treatment, although the concurrent use of enterostomy is still
controversial[9-12]. To identify the significance of enterostomy in the emergency management of Fournier gangrene,
we retrospectively analyzed the clinical data of 51 patients
with Fournier gangrene, who underwent emergency surgery at our hospital over the past 12 years, to compare
the postoperative recovery and outcomes of patients who
received enterostomy and those who did not.

MATERIALS AND METHODS
General data
Fifty-one patients (49 men and two women), with an
average age of 51.6 years (range: 17-80 years), were admitted to our hospital from January 2002 to January 2013
suffering from Fournier gangrene and were included in
this study. Of these patients, 41 had diabetes, 34 had liver
cirrhosis, and five had renal failure. The initial infected
regions were anal areas in 33 cases, urogenital areas in
12 cases, and unknown areas in seven cases. Fever was
present in all patients to varying degrees, with prolonged
high fever observed in some patients. Perineal and scrotal
swelling was observed, and palpable fluctuations, skin
surface darkening and necrosis, and ulceration and pus
exudate in the perineal area were found in 33 cases.
Routine blood test, liver and kidney function, electrolytes, blood gas analysis and other laboratory tests were
performed, and perineal color Doppler ultrasound was
performed to assess testicular blood flow. Computed tomography (CT) scanning was carried out in patients with
suspected abdominal and retroperitoneal infections. The
Fournier’s Gangrene Severity Index[3] score was determined
based on body temperature, heart rate, respiratory rate,
serum sodium concentration, serum potassium concentration, serum creatinine, hematocrit, white blood cell count
and blood bicarbonate concentration for each patient.

Figure 1 Abdominal computed tomography scan. The scan shows diffuse
edema, thickness of the perineum, and the presence of small bubbles.

antibiotics (carbapenems preferred), and an abdominal
CT scan (including the perineal area) was performed to
identify the extent of inflammation as a guide to surgery
(Figure 1). All patients underwent general anesthesia in
the lithotomy position. Multiple incisions were made at
the lesion sites, with obvious swelling and inflammation
detected by CT, to drain the pus, which was collected for
bacterial culture. All necrotic fascial tissues and skin, up
to the edge of normal structures with adequate blood
supply, were removed. Perianal incisions parallel to the
anal sphincter were made when testicular exposure was
possible, and the testicles were fixed subcutaneously to
the upper or lateral skin during the procedure. The surgical wounds were rinsed with plenty of hydrogen peroxide
and povidone iodine. A drainage tube was placed in the
subcutaneous tunnel between two adjacent incisions for
contra-aperture drainage. End-to-end enterostomy was
performed in the enterostomy group, with a normal
saline flush toward the distal colorectal area during surgery. Postoperatively, the drainage tube was rinsed with
iodophor each day. A repeat debridement was performed
immediately when inflammation was observed in the surrounding tissues. Antibiotics were given based on drug
susceptibility tests. The use of carbapenems was continued until the bacterial culture became negative. Enteral
nutrition was administered soon after the surgery.

Treatment
The 51 patients were divided into two groups according to the surgical technique performed: enterostomy
combined with debridement (the enterostomy group n
= 28), and debridement alone (the control group n =
23). Emergency surgery was performed on each patient
following the routine administration of broad-spectrum
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Statistical analysis
All data were analyzed using SPSS 16.0 software. Measurement data were presented as means ± SD. Inter-
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Table 2 Conditions of patients with Fournier gangrene after
operation n (%)

Table 1 Clinical data of Fournier gangrene n (%)
Enterostomy group
(n = 28)
Gender (M/F)
Age (yr)
Disease course (from the
onset to surgery)
FGSI score
Predisposing factors
Diabetes
Cirrhosis
Renal failure
Initially infected regions
Anal areas
Urogenital areas
Unknown

Control group P value
(n = 23)

27/1
49.3 ± 7.8
5.0

21/1
50.1 ± 8.9
4.7

> 0.05
> 0.05
> 0.05

5.3

5.6

> 0.05

22 (78.6)
19 (67.9)
3 (10.7)

19 (82.6)
15 (54.3)
2 (8.7)

> 0.05
> 0.05
> 0.05

22 (89.3)
3 (10.7)
3 (10.7)

11 (47.8)
9 (52.2)
3 (13.0)

> 0.05
> 0.05
> 0.05

Enterostomy group Control group P value
(n = 28)
(n = 23)
Cases requiring skin
grafting
Cases requiring
debridement procedures
Time to normal body
temperature (d)
Average length of hospital
stay (d)
Case fatality rate

10 (35.8)

6 (26.1)

> 0.05

>6

>4

> 0.05

>6

>8

> 0.05

14.3 ± 7.8

20.1 ± 8.9

> 0.05

> 3.6%

> 21.7%

> 0.05

of diabetes between the two groups (P > 0.05).
The surgical procedures were successful in both treatment groups (Figure 2). In the enterostomy group, 10
(35.8%) patients required skin grafting with six debridement procedures in total, while in the control group, six
(26.1%) patients required four procedures. Following
surgery, the time to normal body temperature (6 d vs 8 d,
P < 0.05) and average length of hospital stay (14.3 ± 7.8
d vs 20.1 ± 8.9 d, P < 0.05) were significantly shorter in
the enterostomy group. Only one death was recorded in
the enterostomy group, compared with five in the control
group (fatality rate: 3.6% vs 21.7%, P < 0.05, Table 2).
According to the bacterial culture results, there were
25 aerobic isolates, including Escherichia. coli, Streptococcus, Staphylococcus aureus, Pseudomonas aeruginosa, and Proteus
mirabilis; and nine anaerobic isolates, including Clostridium
perfringens and Bacteroides fragilis. Growth of both types of
bacteria was found in eight (15.7%) patients. Bacterial
cultures were negative in the specimens from 17 (33.3%)
patients.

FGSI: Fournier’s Gangrene Severity Index.

A

B

DISCUSSION
Although various definitions of Fournier gangrene have
been used in previous reports[1,7,8], in the present study,
this condition is referred to as necrotizing fasciitis of
the perianal, perineal and external genital regions, which
constituted a broader area of the perineum, including the
urinary, genital and anal areas. Fournier gangrene mainly
occurs in 40- to 50-year-old men[13,14]. While primarily
originating in the rectum and urogenital areas, some cases
can also be derived from subcutaneous infection or local
trauma, surgery and infection, with unknown origins of
infection in particular cases. A systemic immunocompromised state may exist before the onset of Fournier gangrene, such as diabetes, cirrhosis, renal failure and the use
of steroids[10,11]. In the present cohort, 80% of patients
had diabetes, which was significantly higher than the incidence reported in previous publications[1,11]. On the other
hand, 66.7% of patients had cirrhosis. While the development of Fournier gangrene has been associated with
cirrhosis[8-10] and alcohol consumption itself may give rise
to alcoholic cirrhosis, the incidence of cirrhosis is significantly lower in other countries compared with China,

Figure 2 Case of Fournier’s gangrene after surgical debridement (A), or
after enterostomy (B).

group comparisons were performed using the t test or
Fisher’s exact test. A value of P < 0.05 was considered
statistically significant.

RESULTS
Of the 51 patients, 28 underwent enterostomy and 23
did not (Table 1). The average FSGI score was 5.4 for all
patients, 5.3 for patients in the enterostomy group and 5.6
for patients in the control group (P > 0.05). Diabetes was
the most common complication (n = 41); however, there
was no statistically significant difference in the incidence
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which could be related to the relatively high incidence of
hepatitis in China.
Fournier gangrene is generally the result of infection
with a combination of multiple aerobic and anaerobic
bacteria[15,16]. The most common strains include Streptococci, Staphylococci, gastrointestinal Streptococcus spp, Bacteroides,
Clostridium and Candida. Two or more species of bacteria
can often be isolated from a single case. In this study,
however, only 15.7% of patients were positive for at least
two species, which was lower than the reported rate in
other studies; negative specimens accounted for up to
33.3%, which could be related to the early use of broadspectrum antibiotics.
Our empirical principles for treating Fournier gangrene include: early surgery to open the lesions, reduce
tension and eliminate the anaerobic environment; removal of necrotic tissues to minimize absorbable toxins
and collect specimens for bacterial culture; topical rinsing
with 3% hydrogen peroxide; complete hemostasis of
wounds and drainage placement, including both a drainage strip and tube connecting the deep lesions to ensure
patent drainage; and postoperative nutritional support
and anti-infection treatment, with carbapenems as the
drug of choice, which can be adjusted according to the
bacterial culture and sensitivity results. Repeat debridement is warranted when necrotic tissue or fluid is found
on postoperative ultrasonography or CT.
Although the need for enterostomy for feces diversion remains controversial[10,15,17-26], 54.9% of the present cohort underwent enterostomy in our hospital.
The results showed significantly lower mortality in the
enterostomy group compared with the control group.
Possible explanations for this may include: (1) fecal diversion could help reduce perineal wound contamination
during the acute inflammatory phase, thereby bringing
the source of infection under control and preventing any
further spread; and (2) the nutritional status is essential
for containing inflammation. As enterostomy helps reduce wound contamination, the systemic inflammatory
response is alleviated and the body burden is thus reduced, enabling more effective support by the provision
of early enteral nutrition resulting in rapid improvement
of nutritional status. Another advantage of choosing enterostomy is that, when patients survive the acute phase,
the diversion results in clean, fresh wounds for large areas
requiring skin grafts during the later phases, which will
ultimately improve the skin graft survival rate. In our hospital, the principles for performing enterostomy include:
(1) a transverse colostomy is always preferred because it
yields solid and formed stools that are easily restricted
and introduces less contamination to the surrounding
skin. On the other hand, an intestinal stoma, which results in liquid stools, could easily lead to dermatitis and
cause new infection of the peripheral area in the event of
overflow, generating a new source of infection that could
aggravate the existing condition; (2) the upper abdomen
above the umbilicus is an ideal area for enterostomy because perineal necrotizing fasciitis often affects the lower
abdominal wall with non-localized infections that require
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repeated debridement. With an initial enterostomy in the
lower abdominal area, a subsequent debridement series
because of extensive inflammation will complicate the
situation; and (3) a single stoma is created to achieve
complete fecal diversion.
In conclusion, the use of enterostomy in the treatment of Fournier gangrene significantly reduced the
mortality of this disease. The limited number of patients
included in this study meant that further research with
a larger sample size is needed to identify the efficacy of
enterostomy in the treatment of Fournier gangrene.
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Fournier gangrene is a rare, necrotizing fasciitis of the perianal, genitourinary
and perineal region, characterized by perineal pain and swelling at onset, with
symptoms of severe systemic toxicity. The condition may also spread to the
abdominal and retroperitoneal area, causing soft tissue necrosis and sepsis.
Despite recent advances in surgical techniques, critical care and development
of newer antibiotics, the mortality rates caused by Fournier’s gangrene are still
high, with reported rates of up to 75%. Emergency debridement remains the basic treatment; however, the concurrent use of enterostomy is still controversial.

Research frontiers

In the diagnosis of Fournier gangrene, besides clinical examination, radiological
examinations are useful to establish the extent of the necrotic process. Treatment of Fournier gangrene involves several modalities. Surgery is necessary
for definitive diagnosis and excision of necrotic tissue. Earlier surgical intervention has been associated with reduced mortality. Emergency treatment includes
aggressive resuscitation in anticipation of surgery. Early broad-spectrum
antibiotics are indicated. Tetanus prophylaxis is indicated if soft-tissue injury
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intensive care. The need for colostomy diversion and multiple surgical debridement have a significant impact on survival. To identify the significance of
enterostomy in the emergency management of Fournier gangrene, the authors
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The use of enterostomy in the treatment of Fournier gangrene significantly
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Terminology
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Seroprevalence and evolutionary dynamics of genotype 4
hepatitis E virus in Shandong Province, China
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Bo Li, Xin-Wei Wang, Jun-Wen Li
prevalent strains (CH-YT-HEV01, CH-YT-HEV02 and CHYT-sHEV01) were determined, and the sequences were
analyzed phylogenetically. In addition, the evolutionary
dynamics of three HEV isolates were determined using
the framework of coalescent analysis in the program
package BEAST, and the time of the most recent common ancestors (TMRCAs) of China-indigenous genotype
4 HEV isolates was calculated.
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RESULTS: The overall viral burden in the general human population was 0.1%, and the positive rates of
anti-HEV IgG and IgM in the serum specimens were
25.1% (509/2028) and 2.3% (51/2028), respectively.
In addition, IgG positivity increased with age. The
phylogenetic analysis based on the full-length nucleotide sequences showed that the strain CH-YT-HEV02
was directly related to CH-YT-sHEV01 with a 94%
identity, suggesting that they were involved in crossspecies transmission. The isolate CH-YT-HEV01 was
close to HB-3 and CHN-SD-sHEV with a bootstrap value
of 100%, sharing a 96.1%-96.4% identity with each
other. Surprisingly, the HB-3 strain was a representative
strain prevalent in swine in Hubei, and the isolate CHNSD-sHEV was obtained from swine in Shandong in a
previous report. TMRCA for the clade of CH-YT-HEV01
and HB-3 was 2003, which was consistent with the TMRCA for the clade of CHN-SD-sHEV and HB-3, and they
were both earlier than the TMRCA for the clade of CHYT-HEV01 and CHN-SD-sHEV (2004).

Abstract
AIM: To investigate the seroprevalence and evolutionary dynamics of hepatitis E virus (HEV) and assess the
ancestor of HEVs in China’s Shandong Province.

CONCLUSION: The strains CH-YT-HEV01, CHN-SDsHEV and HB-3 are involved in trans-regional transmission, and the ancestors of HEVs in Shandong come
from Hubei Province.

METHODS: A total of 2028 serum, 60 fecal and 82 bile
samples were collected from the general human population, patients and swine, respectively. This seroepidemiological study was conducted using an immunnosorbent assay and HEV RNA was detected by the reverse
transcription-nested polymerase chain reaction (RTnPCR) method. Complete genome sequences of the
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involved in cross-species transmission in some cases[12].
Hepatitis E is now recognized as a zoonotic disease, and
pigs are more likely to be reservoirs than other animal
species[13,14]. However, a few reports have shown close
phylogenetic relationships between sequences identified
in swine and in humans[15].
Although molecular and seroepidemiological investigations of HEV have been performed in many provinces
in China[16-20], few studies have shown the relationship
between a strain in swine and an isolate from the human
population in the same area based on complete genome
sequences analysis[21]. The aim of the present study was
to investigate the molecular epidemiology and genetic
history of HEV infection in swine and humans in Shandong Province, China.

Core tip: This is the first study to investigate the genetic history of hepatitis E virus (HEV) based on the
complete genome sequences in China. The results
suggested that the strains CH-YT-HEV02 and CH-YTsHEV01 were involved in cross-species transmission
between swine and humans in Shandong Province. The
strains CH-YT-HEV01, CHN-SD-sHEV and HB-3 were
involved in trans-regional transmission between Hebei
and Shandong, and the coalescent analysis suggested
that the ancestors of HEVs in Shandong come from Hubei Province.
Yang D, Jiang M, Jin M, Qiu ZG, Shen ZQ, Cui WH, Wang DN,
Gong LF, Li B, Wang XW, Li JW. Seroprevalence and evolutionary dynamics of genotype 4 hepatitis E virus in Shandong
Province, China. World J Gastroenterol 2014; 20(24): 7955-7963
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i24/7955.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i24.7955

MATERIALS AND METHODS
Sample collection
We conducted a cross-sectional seroepidemiologic study
of HEV infection in 2011. A total of 2028 serum specimens were collected from the general population (947
males and 1054 females, age range 2-75 years) in rural
communities in Shandong Province, China. Anti-HEV
IgG and IgM levels were determined using commercial
ELISA kits (Beijing Wantai Biological Pharmacy Enterprise Co., Beijing, China). In addition, 60 fecal samples
were collected from hospitalized patients with hepatitis
E from August 2011 to July 2012 in Shandong. The
patients had autochthonous HEV infection and had no
travel history outside Shandong. The diagnostic criteria
for hepatitis E were as follows: an elevation of alanine
aminotransferase (ALT) level (> 2.5 ULN); positive
result for anti-HEV IgM or at least a 4-fold increase
in IgG levels during hospitalization[22]. The experimental protocols were approved by the Animal Care and
Protection Committee of the Institute of Health and
Environmental Medicine. All participants gave written
consent after receiving a full explanation of the study.
Eighty-two swine bile samples were also obtained from
pigs aged 26 to 28 wk in 2011. The swine bile samples
were collected from five farms in Shandong. The patient
fecal and swine bile samples were obtained from Yantai,
Penglai, Haiyang and Laiyang in Shandong. Penglai lies
approximately 65 km from Yantai, Haiyang lies approximately 99 km from Yantai and Laiyang lies approximately 106 km from Yantai.

INTRODUCTION
Hepatitis E virus (HEV), the causative agent of hepatitis
E, is an important public health concern in many parts
of the world. Outbreaks resulting from fecal contamination of drinking water have been reported in developing
countries, and industrialized countries were previously
thought to be free of HEV. However, hepatitis E has also
become an emerging problem in developed areas, with
a number of sporadic cases[1,2]. HEV is non-enveloped
with a single-stranded positive RNA genome of 7.2 kb,
which is capped at the 5’ termini and polyadenylated at
the 3’ termini, and it is the sole member of the Hepeviridae
family and the Hepevirus genus[3]. Phylogenetic analysis of
various mammalian HEV isolates showed that HEV has
at least four genotypes, representing a single serotype[4].
Genotypes 1 and 2 have been identified exclusively in
humans, while genotypes 3 and 4 have been found in
humans and animals[5]. HEV genotypes 3 and 4 are recognized as an emerging pathogen in industrialized countries, and can cause chronic hepatitis in immunocompromised individuals, leading to rapid fibrosis of the liver[6].
The HEV genome contains three open reading frames
(ORF). ORF1 encodes a nonstructural polyprotein with
six conserved domains and one hypervariable region[7].
ORF2 encodes the capsid protein, and ORF3 encodes a
phosphoprotein necessary for infection in vivo[8].
The host range of HEV is ever-expanding. In addition to humans, animal species from which HEV isolates
have been discovered include domestic and wild pigs,
chickens, deer, ruminants, rats, rabbits and many other
animal species which were seropositive for HEV antibodies[1,2,9]. Experimental infections have confirmed the
cross-species transmission of swine strains to humans
and of human strains to non-human primates[10,11]. Accumulating evidence indicated that genotypes 3 and 4 were
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Detection of HEV RNA and phylogenetic analysis
Fecal samples collected from patients were diluted to
obtain a 10% fecal suspension (1 g feces suspended in 10
mL phosphate-buffered saline, pH 7.4), and the suspension was mixed thoroughly and clarified by centrifuging at
10000 × g for 20 min at 4 ℃. The supernatant was stored
at -80 ℃ for RNA extraction. Total RNA was extracted
from 100 μL of patient fecal supernatant or swine bile
using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instruc-
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tions. cDNA was synthesized from 4 μL RNA with a
SuperScriptTM Ⅲ First-strand Synthesis System for the
RT-PCR kit (Thermo, United States) according to the
manufacturer’s instructions, and the first-strand cDNA
was used immediately for PCR. HEV RNA was amplified using nested reverse transcription PCR for the ORF2
gene as described[23,24], and the PCR products were sequenced on amplified strands in both directions using an
ABI model 3730 automatic DNA sequencer (ABI, CA,
United States). Nucleotide sequences were assembled and
analyzed using the MEGA 5.0 software package (version
5.0, http://www.megasoftware.net, Tempe, AZ, United
States). A phylogenetic tree was constructed by the
neighbor-joining method with the aid of the MEGA 5.0
software package. The phylogenetic tree was produced
using the neighbor-joining method with a bootstrap of
1000 replicates.

Table 1 Prevalence of hepatitis E virus antibodies and RNA
in the general human population in Shandong Province, China
in 2011
Type of
antibody
IgG+/IgMIgM+

473/2028 (23.3%), (21-25)
51/2028 (2.5%), (2-3)

0/473, 2/51, (3.9%), (89-100)

HEV: hepatitis E virus.

posterior target distribution had been achieved (effective
sample size > 200), and the program, TreeAnnotator, was
used to construct a phylogeny that best summarized the
set of credible trees, called the maximum clade support
phylogeny[25].

RESULTS

Amplification of entire genome and full-length genome
sequences analysis
Three prevalent strains were designated to determine
the complete genome sequences. The first-strand cDNA
was synthesized with the same kit used for HEV RNA
detection. Nested polymerase chain reactions (n-PCR)
using specific external and internal primer pairs were
performed to amplify the entire viral genome. The 5’
and 3’ ends of the genome were determined using a
rapid amplification of cDNA ends (RACE) kit (TaKaRa,
Dalian, China) according to manufacturer’s instructions.
PCR products were sequenced as mentioned above. The
complete genome sequences and the fragments were assembled using the MEGA 5.0 software. Furthermore, nucleotide sequences and amino acid sequences of ORF1-3
were analyzed and compared with the full-length genome
HEV sequences which were retrieved from GenBank up
to September 2013 using the MEGA 5.0 software package and ALIGNX software (vector NTI package version
11.0, MD, United States). The phylogenetic tree was produced using the same techniques as described above.

Occurrence of HEV
Table 1 shows the prevalence of HEV antibodies and
RNA in 2028 serum samples collected from the general
human population in Shandong Province, China. The 524
serum samples which were positive for HEV antibodies (IgG or IgM) were used for HEV RNA detection by
RT-nPCR. The results showed that 51 (2.5%) individuals
were currently infected (i.e., they were reactive for antiHEV IgM)[3], and 3.9% (2/51) of these infections were
accompanied by viremia (i.e., they were positive for viral
RNA). Therefore, the overall viral burden of subjects
in the present study was estimated to be 0.1% (2/2028).
This probably approximates to the viral burden of the
general human population in Shandong. Phylogenetic
analysis based on the partial ORF2 sequences showed
that these two isolates belonged to genotype 4 (Figure 1,
CH-YT-HEV13, CH-YT-HEV14). In addition, none of
the 473 serum samples which were only positive for IgG
tested positive for HEV RNA. Table 2 shows the agespecific positivity of anti-HEV among the general population in Shandong Province, China in 2011. The 2-19
age group showed the lowest positive rate of anti-HEV
IgG (11.3%), while the 40-59 age group showed the highest prevalence rate of anti-HEV IgG (35.2%), and the
positivity of IgG was found to increase with age.

Coalescent analyses of the three HEV isolates in this
study
The genetic history of the three HEV isolates in this
study was determined using the framework of coalescent
analysis in the program package BEAST with some modifications[25]. In brief, the complete genome sequences
of China-indigenous genotype 4 isolates with known
sampling dates were analyzed. Seven subtype 4a isolates
and nine subtype 4d isolates, including three isolates in
the present study, were added to reconfirm the time of
the most recent common ancestors (TMRCAs) of Chinaindigenous subtype 4a and 4d, respectively. The combination of a strict clock model and the exponential growth
coalescent model was analyzed[26]. Markov chain Monte
Carlo (MCMC) sampling was performed for at least 108
generations, and a tree was sampled every 10000 generations. The program, Tracer, (http://tree.bio.ed.ac.uk) was
used to determine whether appropriate mixing of the

WJG|www.wjgnet.com

Positive samples/total analyzed
Positive samples/total
of HEV antibodies, 95%CI analyzed of RNA, 95%CI

Detection of HEV RNA in human cases and swine herds
and sequences analyses
HEV was detected by RT-nPCR in 20% (12/60) of patient fecal samples and in 4.9% (4/82) of swine bile samples. The 150 bp PCR products of the 16 isolates were
sequenced and designated as CH-YT-HEV01 to CH-YTHEV12, and CH-YT-sHEV01 to CH-YT-sHEV04 (Figure
1). Phylogenetic analysis based on the partial ORF2 sequences showed that these isolates belonged to genotype
4, and the 16 sequences could be clearly grouped into
two main clades (Figure 1), one of which consisted of
10 HEV isolates sharing a 97%-100% identity with each
other. The other clade included six isolates (two in patient
feces and four in swine bile) sharing a 96%-100% iden-
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CH-YT-HEV13
CH-YT-HEV04

Table 2 Relation between age and positivity of hepatitis E
virus-specific antibodies n (%)

CH-YT-HEV14
CH-YT-HEV07

Age (yr) Participants-n IgG positive

CH-YT-HEV08
CH-YT-HEV09

2-19
20-39
40-59
≥ 60
Total

CH-YT-HEV10
CH-YT-HEV03
CH-YT-HEV11
CH-YT-HEV12

453
732
625
218
2028

51 (11.3)
165 (22.5)
220 (35.2)
73 (33.5)
509 (25.1)

95%CI
(8.3-14.2)
(19.5-25.6)
(31.5-38.9)
(27.2-39.8)
(23.2-27.0)

IgM positive 95%CI
17 (2.3)
24 (3.8)
10 (4.6)
51 (2.5)

(1.2-3.4)
(2.3-5.3)
(1.8-7.4)
(1.8-3.2)

CH-YT-HEV06
90

GU361892
CH-YT-HEV01

the phylogenetic tree, the human isolate CH-YT-HEV02
was clustered with the swine strain, CH-YT-sHEV01,
sharing a 94% sequence identity. In addition, the bootstrap value between this cluster and its neighboring isolate
was only 46%, therefore, CH-YT-HEV02 and CH-YTsHEV01 could serve as Yantai-indigenous strains. The
swine isolates HB-3 (GU361892) and CHN-SD-sHEV
(KF176351) were most related to the human strain CHYT-HEV01 in the tree, and they were recovered from
swine in Hubei and Shandong, respectively. Furthermore,
the three isolates clustered with a bootstrap value of
100%, and shared a 96.1%-96.4% identity with each other.

AY594199
AB097811
AB200239

99

AY723745

Genotype 4

AJ272108

DQ450072
EF570133
AB108537
EU676172
DQ279091
AB197673
EU366959
EF077630
CH-YT-HEV02
CH-YT-HEV05

Analysis of ORFs
The predicted ORF1 polypeptides of CH-YT-HEV01,
CH-YT-HEV02 and CH-YT-sHEV01 were 1707 aa,
1706 aa and 1706 aa, respectively. The closest strain to
the CH-YT-HEV01 isolate was CHN-SD-sHEV with a
99.1% identity, and the isolate CH-YT-HEV02 shared
the highest identity of 98.2% at the amino acid level in
this region with the strain CH-YT-sHEV01. These results
were in agreement with the full-length sequences analysis.
When compared with other HEV genotype 4 isolates,
11 and 7 unique amino acid substitutions were found in
ORF1 of the CH-YT-HEV02 and CH-YT-sHEV01 isolates, respectively, and no unique amino acid substitutions
were observed in this region of CH-YT-HEV01. Analysis of the distribution of these substitutions showed that
seven [D728, D735, L744, S753, H754 (CH-YT-HEV02),
G735, Y754 (CH-YT-sHEV01)] were in the hypervariable region (HVR), two [A1004, C1125 (CH-YT-HEV02)]
in the helicase domain, and seven [A1220, A1268, A1565,
M1641(CH-YT-HEV02), T1220, T1466, M1641 (CHYT-sHEV01)] in the RNA-dependent RNA polymerase
(RdRp) domain. Amino acid deletions or insertions
occurred mainly within the HVR, 711-798aa, which
was previously found to show variations in size[19]. The
CH-YT-HEV01 and CH-YT-HEV02 isolates showed
36%-92% and 35%-86% amino acid sequence identity
within the HVR compared with other genotype 4 isolates,
respectively. In agreement with the complete genome
sequences analysis, the CH-YT-HEV01 and CH-YTHEV02 isolates showed the highest identity to the CHNSD-sHEV (KF176351) strain and the CH-YT-sHEV01
isolate within the HVR, respectively.
The ORF2 of CH-YT-HEV01, CH-YT-HEV02
and CH-YT-sHEV01 was 2022 nt in length, with a coding capacity of 674 amino acids. The sequences closest

CH-YT-sHEV03
CH-YT-sHEV01
CH-YT-sHEV02
CH-YT-sHEV04

87

M74506
AF060669
98

AB074918
AF060668

D11093
D10330

96

86 M73218
Avian-AY535004
0.05

Figure 1 Phylogenetic tree based on partial ORF2 sequences. An avian
hepatitis E virus (HEV) strain (AY535004) is included as an outgroup. The
strains CH-YT-HEV01 to CH-YT-HEV12 were isolated from human patients,
and the strains CH-YT-HEV13 and CH-YT-HEV14 were isolated from the general human population. The strains CH-YT-sHEV01 to CH-YT-sHEV04 were
isolated from swine bile.

tity with each other. The endemic strains revealed a close
relationship within the clade. Therefore, the strains CHYT-HEV01, CH-YT-HEV02 and CH-YT-sHEV01 were
designated to determine the complete genome sequences.
Phylogenetic analysis of the complete genomes
The full-length sequences of CH-YT-HEV01, CH-YTHEV02 and CH-YT-sHEV01 have been deposited in the
GenBank database under accession numbers KC163335,
KC492825 and KC692453, respectively. A phylogenetic
tree based on the full-length nucleotide sequences of the
three isolates and all other 69 genotype 4 HEV isolates
retrieved from GenBank up till September 2013 (Figure 2)
was constructed. Sequence analysis showed that CH-YTHEV01 was classified into subtype 4d, CH-YT-HEV02
and CH-YT-sHEV01 fell into subtype 4a. According to
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AB220978
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AB220976
AB220977
AB220979
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AB291967
AB291968
42 AB291959
73 AB291965
82 AB291966
AB481227
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35
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97
45

AB080575
AB097812
AB220971
AB097811

100 AB091395
97 39 AB200239
AB193177
95
AB193176

77

87 AB099347
66 AB193178
AB074915
AB220974
JQ655735
GU188851
GU119961
JQ740781

60
100
94
44

AB369688
AB108537
AB698654
DQ450072

99
21

72

HM439284

43
92

100

AB369690
JF915746

73

56

JQ993308
EF570133

91
100
97
64
79
100

100

KC692453 (CH-YT-sHEV01)
KC492825 (CH-YT-HEV02)

100

Subtype 4a

JQ655733
61

24

AB197674
100

EF077630
FJ763142
AY723745
100

100

31

AB197673
GU119960
HQ634346
EU366959

46
58

99

AB602440
AB602439
AB521805
AB521806

EU676172
JX855794
DQ279091

99

AB253420
100
AB291964
FJ610232
AY594199

38
100
100

52

80

GU361892 (HB-3)
KF176351 (CHN-SD-sHEV)
KC163335 (CH-YT-HEV01)
JQ655736

92
79
44

Subtype 4d

AJ272108
100

GU206559
HM152568

0.01

Figure 2 Phylogenetic tree depicting sub-genotypic status of all 72 genotype 4 hepatitis E virus isolates based on full-length sequences. The Arabic numbers and the Roman letters outside the square bars indicate potential sub-genotypic designations.
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samples were collected from the general population. The
positive rate of anti-HEV IgG or IgM in the serum specimens was 25.8% (524/2028). This probably approximates
to the anti-HEV seroprevalence of the population in this
area. Of the 473 subjects who were only positive for antiHEV IgG, no one had a history of hepatitis E, and none
of the 51 individuals with current infection had been
admitted to hospital. These results indicated that HEV
infection in Shandong (eastern China) was frequently
asymptomatic. Although the age group ≥ 60 years had
the highest positive rate of IgM (Table 2), which was inconsistent with the results of a previous study in central
China[23], a seroepidemiologic study of HEV showed that
the participants’ communities were independent determinants[27]. The IgG anti-HEV antibody was detectable in
nearly half of the patients who had been affected during
a hepatitis E outbreak 14 years previously[4]. Therefore,
infection earlier in life may result in IgG positivity with
increased age. In addition, the HEV burden in swine was
much larger than that in humans (Table 3), suggesting
that the transmission of HEV infection was likely from
swine to humans[24].
In the present study, we used the primers which had
been optimized for genotypes 1 and 4 HEV in China,
and they also afforded sensitive detection of genotype
3[27]. Phylogenetic analysis showed that the isolates all
belonged to genotype 4, suggesting that genotype 4 HEV
is the main genotype prevalent in this area. Currently, the
most widely accepted subtype classification system divides the four major HEV genotypes into 24 subtypes[28].
However, the number of published HEV sequences has
increased significantly during the last few years, and even
the most widely accepted subtype classification system
has led to ambiguous results when new isolates are assigned to particular virus subtypes[29,30]. Furthermore,
the use of short sequences introduced the possibility of
discordant subtyping due to the weak phylogenetic signal
of the short region. Thus, in order to determine reliable
epidemiological results for HEV in Shandong Province, the full-length genome sequences of the endemic
strains were determined and phylogenetic analysis based
on the complete HEV genome was performed. In the
4a cluster (Figure 2), the human strain CH-YT-HEV02
was found to be directly related to swine strain CH-YTsHEV01 from the same area with 94% identity. Zoonotic
transmission of HEV from swine to humans is well accepted[15,21,31], and HEV has a high mutation rate due to
its error-prone RNA-dependent RNA polymerase and is
probably present as a quasispecies in an infected host[32].
These results suggested that the strains CH-YT-HEV02
and CH-YT-sHEV01 were involved in cross-species
transmission between swine and humans in Shandong.
In the 4d cluster (Figure 2), the isolates CH-YT-HEV01,
CHN-SD-sHEV and HB-3 were closely related to each
other, with a bootstrap value of 100% and sharing
96.1%-96.4% identity. The isolates CH-YT-HEV01 and
CHN-SD-sHEV were obtained from patients and swine
in Shandong, respectively. In addition, the HB-3 strain is
one representative genotype 4 strain prevalent in swine in

Table 3 Hepatitis E virus loads in patient fecal samples and
swine bile samples
Sample
origin
Patients
Swine

Positive sample numbers and HEV loads
RT-nPCR (+)/RT-qPCR(+)
4

7

12, 6.81 × 10 -1.53 × 10
copies/mL
4, 4.92 × 106-5.46 × 107
copies/mL

RT-nPCR (-)/RT-qPCR (+)
8, 6.75 × 102-1.35 × 103
copies/mL
-

The HEV loads were detected by RT-qPCR. Only one patient sample’s
HEV load was 1.53 × 107 copies/ml, while the HEV loads of other samples
were less than 4.92 × 106 copies/ml. HEV: hepatitis E virus.

to the isolate CH-YT-HEV01 were the isolates CHNSD-sHEV and HB-3 with an identity of 99.0%. In this
region, the isolate CH-YT-HEV02 was the closest strain
to CH-YT-sHEV01, sharing a 98.7% identity. Compared
with the other HEV genotype 4 isolates, no amino acid
substitution was unique to CH-YT-HEV02 and CH-YTsHEV01, and two amino acid substitutions unique to
CH-YT-HEV01, CHN-SD-sHEV and HB-3 were observed, including Q92P and T619S in this region.
The predicted ORF3 polypeptides of CH-YTHEV01, CH-YT-HEV02 and CH-YT-sHEV01 were 114
aa in length. No unique amino acid substitutions were
observed in this region of the three isolates in this study.
The closest HEV strains to CH-YT-HEV01 and CH-YTHEV02 were HB-3 and CH-YT-sHEV01, with 98.3%
and 96.5% identity, respectively.
Estimation of epidemic history and population dynamics
of CH-YT-HEV01, CH-YT-HEV02 and CH-YT-sHEV01
using a dated complete genomes dataset
Coalescent analyses of the dated complete genomes
dataset were performed in BEAST under the combination of a strict clock model and exponential growth.
The evolutionary rates were 7.56 × 10-3/substitution site
per year (95%CI: 6.38 × 10-3-8.84 × 10-3) and 3.23 ×
10-3/substitution site per year (95%CI: 2.49 × 10-3-4.0 ×
10-3) for all Chinese subtype 4a and 4d isolates, respectively. The evolutionary rate for subtype 4a was higher
than that for subtype 4d. The TMRCAs were calculated
based on the clustering of the maximum clade support
phylogeny. The TMRCA was 1999 (95%CI: 1997-2000)
for all Chinese subtype 4a isolates including sequences
in this study, and 2006 (95%CI: 2005-2007) for the clade
of CH-YT-HEV02 and CH-YT-sHEV01. The TMRCA
was 1979 (95%CI: 1972-1985) for Chinese subtype 4d
isolates including CH-YT-HEV01, and the TMRCA for
the clade of CH-YT-HEV01 and CHN-SD-sHEV was
2004 (95%CI: 2003-2005). Interestingly, the TMRCA for
the clade of CH-YT-HEV01 and HB-3 was 2003 (95%CI:
2002-2004), and the TMRCA for the clade of CHN-SDsHEV and HB-3 was also 2003 (95%CI: 2002-2004).

DISCUSSION
In this cross-sectional seroepidemiologic study, all serum
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Shandong

Hubei

500 km

Figure 3 Map showing the geographic distribution of Shandong and Hubei in China. Shandong Province is located 380 km northeast of Hubei Province.
FJ610232-2008.0318

0.9106

AY594199-2004.0407
HM152568-2008.02

1

GU206559-2008.02

0.6227

JQ655736-20120210

0.636
1

Subtype 4d

AJ272108-2000.0524
GU361892-2008.05
1
KC163335-20120320

0.9851

KF176351-2011
1980.0

1990.0

2000.0

2010.0

2020.0

Figure 4 maximum clade support phylogeny for the dated China-indigenous (subtype 4d) isolates of complete genome sequences. The branch lengths and
node heights are in units of years.

Hubei Province[33] (Figure 3). Recently, Nakano et al[34,35]
reported the historical inflow of subtype 3e isolates from
Europe to Japan using phylogenetic analysis. Therefore,
our results suggest that the strains CH-YT-HEV01,
CHN-SD-sHEV and HB-3 were involved in transregional transmission between Hubei and Shandong.
To further analyze the genetic relationship between
human and swine HEV strains, we determined the similarities in amino acid sequences of the ORF1, ORF2 and
ORF3 proteins between human and swine sequences.
CH-YT-HEV01 shared the highest identity with CHNSD-sHEV or HB-3 in ORFs1-3, while CH-YT-HEV02
shared the highest similarly with CH-YT-sHEV01. These
results were in agreement with the complete genome se-
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quence analysis and suggested that these strains were involved in trans-regional or cross-species transmission. In
addition, when compared with other genotype 4 isolates,
one amino acid (residue 788) deletion was found in the
HVR of subtype 4a strains, including CH-YT-HEV02
and CH-YT-sHEV01. The high quasispecies heterogeneity in the regions encoding the PPR (nt 2137-2340,
L08816) and the macro domain (nt 2341-2829, L08816),
which overlapped with the HVR, was associated with
persistence of HEV, and this association may be due to
the appearance of mutants in the PPR and macro domain
able to modulate the host immune response[36]. However,
there were some special amino acid substitutions in the
HVR of different HEV genotypes and subtypes. There-
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HEV01, CH-YT-HEV02 and CH-YT-sHEV01) were designated to determine
the complete genome sequences. The phylogenetic analysis based on the fulllength nucleotide sequences suggested that the strains CH-YT-HEV02 and CHYT-sHEV01 were involved in cross-species transmission between swine and
humans in Shandong Province, and the strains CH-YT-HEV01, CHN-SD-sHEV
and HB-3 were involved in trans-regional transmission between Hubei and
Shandong. In addition, the coalescent analysis suggested that the ancestors of
HEVs in Shandong entered Shandong from Hubei, and trans-regional transmission may be a risk route for hepatitis E in China.

fore, further investigation is needed to confirm these associations.
In addition, to obtain more information on the genetic history of the three HEV isolates in the present study,
we calculated the TMRCA of subtype 4a and 4d isolates.
The date of the latest subtype 4a and 4d isolates in Chinese were close to each other. However, the TMRCA for
Chinese subtype 4a and 4d isolates was 1999 and 1979,
respectively. Therefore, the earlier TMRCA date for subtype 4a was mainly due to the higher evolutionary rate for
subtype 4a than subtype 4d. The TMRCA was 2006 for
the clade of CH-YT-HEV02 and CH-YT-sHEV01, and
this may shed light on the origin of the Yantai-indigenous
strains. The TMRCA for the clade of CH-YT-HEV01
(KC163335) and CHN-SD-sHEV (KF176351) was 2004,
suggesting that the ancestor of the strains was introduced
into Shandong Province about 10 years ago, and these
strains have persisted since then. Moreover, the TMRCA
for the clade of CH-YT-HEV01 and HB-3 (GU361892)
was 2003, which was consistent with the TMRCA for the
clade of CHN-SD-sHEV and HB-3, and they were both
earlier than the TMRCA for the clade of CH-YT-HEV01
and CHN-SD-sHEV. These results suggest that the ancestor of the HEVs in Shandong entered Shandong from
Hubei province (Figure 4). Nakano et al[34] reported that
the import of pigs from Europe since the 1960s may be
responsible for the introduction of subtype 3e. Therefore, the incident responsible for the introduction of
the HEVs in Shandong will be investigated in our future
study.
In conclusion, the phylogenetic and coalescent analyses suggested the transmission direction or route of
HEV infection, which will be helpful in identifying the
genetic relatedness of HEV isolates circulating in China,
in the South-East Asian region, and finally worldwide.

Applications

The phylogenetic and coalescent analyses suggested that the ancestors of
HEVs in Shandong entered Shandong from Hubei, and trans-regional transmission may be a risk route for hepatitis E in China. Clarification of the transmission direction or route of HEV infection should be helpful in preventing a future
endemic or epidemic of HEV infection.

Peer review

The work determined the HEV seroprevalence and performed phylogenetic
analysis on HEV-4 genotypes circulating in Shandong Province, China. Numerous samples from human beings (serum specimens, n = 2028; and stools, n =
60) and swine (bile samples, n = 82) were tested. The study was well designed,
full-length genome sequences were obtained for three strains (CH-YT-HEV01,
CH-YT-HEV02 and CH-YT-sHEV01), the results are well presented and the
paper is well-written.
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RESULTS: With progressive liver fibrosis, HA, PCⅢ,
and Ⅳ-C levels increased (P < 0.01). As the b value
increased, the ADC value decreased gradually with
the hepatic fibrosis stages. In different groups with b
2
2
values of 500 s/mm and 700 s/mm , the ADC value
decreased significantly as liver fibrosis progressed (P
2
2
< 0.01). With b values of 500 s/mm and 700 s/mm ,
there were negative correlations between ADC and LN,
PCⅢ, HA, and Ⅳ-C. This pattern was observed only for
2
HA and Ⅳ-C at a b value of 300 s/mm .
CONCLUSION: Serum indices of liver fibrosis and
ADC values are useful for diagnosing liver fibrosis, with
some correlations among them.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver cirrhosis; Diffusion-weighted imaging;
Hyaluronic acid; Laminin; Biological marker

Abstract

Core tip: In our present study, we aimed to evaluate
the effectiveness of diffusion-weighted imaging scanning in cooperation with serological examinations for
making the diagnosis of hepatic fibrosis and to examine
their correlations in order to aid in the selection and
reasonable application of noninvasive techniques to improve the evaluation and diagnosis of hepatic fibrosis.

AIM: To compare apparent diffusion coefficient (ADC)
values on diffusion-weighted imaging (DWI) of hepatic
fibrosis patients with those of healthy controls and to
identify their correlations with serum indices of liver fibrosis.
METHODS: Hyaluronic acid (HA), laminin (LN), type
Ⅲ procollagen (PCⅢ), and collagen type Ⅳ (Ⅳ-C)
were measured in 54 hepatic fibrosis patients and 23
normal controls, and ADC values were determined on
2
DWI at different b values (b = 300, 500, 700 s/mm ).
Correlations between serum indices and ADC values at
different liver fibrosis stages were examined, and each
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and interstice gap of 3 or 5 mm) to choose the best entry
point for the biopsy of a site with a known ADC value;
(3) a routine disinfection towel was placed in the area of
the puncture point, and under local anesthesia, the liver
puncture was performed according to the preset angle
and depth of puncture using an 18-G automatic biopsy
gun needle (Cook Company, Bloomington, IN, United
States). Scanning was repeated to confirm the correct
position of the tip, and the patient was asked to hold
his breath during quiet breathing, while the liver biopsy
was taken, usually involving 2 to 3 draws to obtain tissue
strips of greater than 1.0 cm. The specimens were then
fixed with 10% formaldehyde; and (4) after the puncture
was completed, pressure was applied to the puncture
point, and it was bandaged. Local conventional CT scanning was performed, the patient’s vital signs were monitored, and the patient was observed for complications
such as bleeding. The liver biopsy specimens were stained
with hematoxylin and eosin (HE) and Masson stain.
The classification criteria for liver fibrosis (S0-S4) published in the revised “viral hepatitis prevention program”
of the 2000 conference of Xi’an were adopted[12]: (1) S0,
no fibrosis; (2) S1, expanding periportal fibrosis, and limited protrusion and expanding intralobular fibrosis; (3)
S2, fiber septum formation and lobular body retention
around the periportal fibrosis; (4) S3, disordered fiber
structure and no liver cirrhosis; and (5) S4, early liver cirrhosis. This classification was commonly used in China,
which is similar to the METAVIR system[13].

INTRODUCTION
Chronic liver disease is a common disease with complex
causative agents, primarily type B and type C hepatitis virus infections. Hepatic fibrosis is a body repair response
to chronic liver injury that can be attributed to a variety
of causes[1]. In most cases, chronic liver disease progresses to its ultimate culmination in cirrhosis, and liver cirrhosis and its complications pose a serious global health
threat[1-3]. At present, the main diagnostic approaches for
liver fibrosis are serology, pathology, and imaging[4,5]. In
recent years, instead of only conventional liver biopsy,
novel molecular markers and imaging diagnostic techniques have begun to provide accurate evidence for the
clinical diagnosis of liver fibrosis, but more sensitive and
specific indices of morphology in liver fibrosis have not
been identified using traditional imaging methods that
reflect anatomical structure[6,7]. Diffusion weighted imaging (DWI) is an advanced application of magnetic resonance imaging (MRI) used in evaluating the microscopic
structure of tissues, which relies on quantification of the
diffusion of water molecules inside tissues[8,9]. Several
publications had indicated the efficacy of quantitative
apparent diffusion coefficient (ADC) measurement with
this imaging modality in liver fibrosis, especially combining with other noninvasive tests[10,11].
In our present study, we aimed to evaluate the effectiveness of DWI scanning in cooperation with serological
examinations for making the diagnosis of hepatic fibrosis and to examine their correlations in order to aid in
the selection and reasonable application of noninvasive
techniques to improve the evaluation and diagnosis of
hepatic fibrosis.

MRI
Cases and controls were scanned from the dome of
the diaphragm to the liver margin with fat suppression sequences of conventional axial spoiled gradient
recalled-T1 weighted imaging (SPGRT1WI) and fast spin
echo-T2 weighted imaging (FSET2WI), using a GE Signa
HDe 1.5-T MR scanner and body coil (General Electric,
Milwaukee, WI, United States). DWI was performed
using spin echo-echo planar imaging (SE-EPI) and 3
different b values applied to the X, Y, and Z directions.
The scanning parameters were: TR/TE 4075 ms/73.9
ms, FOV 40 × 40, thickness/interstice gap 8 mm/2 mm,
array 128 × 128, Next 6, and b values of 300 s/mm2,
500 s/mm2, and 700 s/mm2. The chemical shift artifact
was removed with fat saturation (FATSTA), and, during
scanning, for each saturated zone in the liver above and
below; FATSTA was applied to eliminate the effects of
pulmonary gas, gastrointestinal tract gas, the heartbeat,
and gastrointestinal peristalsis on image quality. Diffusion
weighted imaging (DWI) post-processing was completed
using the Functool 2 software belonging to the GE
ADW4.3 workstation, and ADC values and pseudo-color
pictures of the exponential apparent diffusion coefficient
(EADC) were automatically generated by the above software. Three levels in the left and right lobes of the liver
were chosen as regions of interest (ROIs), avoiding big
blood vessel branching and artifacts. Each ROI was a
circle of about 1 cm in diameter. The ADC value of each

MATERIALS AND METHODS
Study subjects
A total of 54 consecutive patients (38 males, 16 females)
with hepatitis (49 hepatitis B and 5 hepatitis C) were prospectively enrolled and diagnosed by liver biopsy from
September 2008 to October 2010 in our hospital. Their
average age was 41.27 ± 11.59 years (range, 19-61 years).
The data of a control group consisting of 23 adult volunteers with no evident hepatic pathology (15 males, 8
females; average age 43.28 ± 10.97 years; age range 27-56
years) were also collected. All subjects provided their
written, informed consent. This study was approved by
IRB from our hospital.
Biopsies of areas of liver fibrosis were obtained under
computed tomography (CT) guidance using the following
steps. (1) before performing liver puncture, routine blood
and coagulation tests were performed, respiratory training was completed, and written informed consent was
obtained; (2) patients were placed in the supine position,
and the puncture point was located using a Toshiba Xvision/EX spiral CT (Tokyo, Japan), and a surface marker
was placed using a self-made positioning grid strip; this
was followed by thin layer scanning (with a slice thickness
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Table 1 Serum values of hyaluronic acid, collagen type Ⅳ, type Ⅲ procollagen, and laminin in different stages of liver fibrosis (mean
± SD)
Stage of liver fibrosis
Control
S0
S1
S2
S3
S4
F
P value

Cases (n )
23
13
14
9
11
7

Serum indices
HA (µg/L)

LN (µg/L)

PCⅢ (µg/L)

Ⅳ-C (µg/L)

58.12 ± 13.51
62.72 ± 23.24
84.29 ± 32.96
145.46 ± 87.01
215.36 ± 96.08
300.05 ± 121.95
25.62
0.0000

96.67 ± 21.53
97.47 ± 23.41
111.89 ± 26.35
115.00 ± 43.14
128.64 ± 44.30
129.94 ± 36.36
2.699
0.0573

82.63 ± 11.74
87.23 ± 24.17
106.37 ± 25.45
117.41 ± 28.57
149.33 ± 37.11
168.17 ± 34.27
20.24
0.0000

57.54 ± 19.76
56.59 ± 21.29
61.70 ± 24.83
78.93 ± 46.37
99.65 ± 40.61
131.17 ± 52.51
8.102
0.0000

HA: Hyaluronic acid; LN: Laminin; PCⅢ: Type Ⅲ procollagen; Ⅳ-C: Collagen type Ⅳ.

Figure 1 Diffusion-weighted image. Diffusion weighted image: diffuse restricted tissue and long T2 tissue manifest hyper signal intensity (b = 700 s/mm2).

Figure 2 Diffusion coefficient. Apparent diffusion coefficient image: Tissues
with higher diffuse degree manifest higher signal intensity, while diffuse restricted tissues manifest low signal intensity (b = 700 s/mm2).

ROI was obtained directly, and the average value of the
measured area was calculated.

S1 in 14, S2 in 9, S3 in 11, and S4 in 7.
Serum indices of liver fibrosis
Serum HA, PC Ⅲ, and Ⅳ-C values of the cases and
controls (Table 1) and the liver fibrosis stages showed significant differences (P < 0.01); LN was not significantly
different (F = 2.699, P = 0.0573).

Serum indices of liver fibrosis
All venous blood samples were collected in serum separation tubes after overnight fasting before liver biopsy.
Serum values of hyaluronic acid (HA), laminin (LN), type
Ⅲ procollagen (PCⅢ), and type Ⅳ collagen (Ⅳ-C) were
detected by radio-immunoassay following the manufacturer’s instructions.

DWI results
Conventional upper abdominal MR and DWI scanning
of 77 cases, including liver fibrosis patients and the control group, was completed, and ADC values and EADC
pseudo-color images were obtained (Figures 1-3). As the
b value increased, the signal to noise ratio (SNR) of the
DWI image decreased, deformation of artifacts was aggravated, the liver contour and intrahepatic bile were not
clear, the ADC value and the image signal intensity of
EADC decreased, and the contrast of the liver and intrahepatic duct system became weak. The ADC values of
cases and controls are shown in Table 2. As the b value
increased, the ADC values for different stages of hepatic
fibrosis in the same group decreased gradually; with b
values of 300 s/mm2, 500 s/mm2, and 700 s/mm2 in the
different groups, as the liver fibrosis stage increased, the
ADC value decreased, and the difference was significant
(P < 0.01). With a b value of 300 s/mm2, the ADC value

Statistical analysis
All measurement results are expressed as means ± SD.
Comparisons between groups for continuous data were
made using one-way analysis of variance. Spearman rank
correlation analysis was used to test the correlation between the ADC and serum indices of liver fibrosis at different b values. All data were processed using SPSS14.0
statistical analysis software (SPSS, Chicago, IL, United
States). A probability value of P < 0.05 was considered
statistically significant.

RESULTS
Pathological findings
Based on HE and Mason staining of the liver biopsy
specimens, the liver fibrosis stage was S0 in 13 patients,
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Table 3 Correlation analysis of apparent diffusion coefficient
and serum indices of liver fibrosis at different b values
Serum
index
HA
LN
PCⅢ
Ⅳ-C

b 1 = 300 s/mm2

b 2 = 500 s/mm2

b 3 = 700 s/mm2

r value

P value

r value

P value

r value

P value

-0.853
-0.686
-0.486
-0.946

0.031
0.132
0.328
0.004

-0.991
-0.926
-0.976
-0.981

0.000
0.008
0.001
0.001

-0.951
-0.956
-0.959
-0.925

0.003
0.003
0.002
0.008

HA: Hyaluronic acid; LN: Laminin; PC Ⅲ : Type Ⅲ procollagen; Ⅳ -C:
Collagen type Ⅳ.

to become cirrhosis and even liver cancer, and there is an
early reversible stage of cirrhosis, that, if not treated in
time, may progress to become decompensated cirrhosis
with the complications of end-stage liver disease[14,15].
The underlying pathological mechanism involves cytokine activation of resting hepatic satellite cells (HSCs),
which transforms them into muscle fibroblasts, resulting
in excessive proliferation of myofibroblasts, while a large
amount of collagen, such as extracellular matrix (ECM),
is synthesized in the liver, leading to diffuse and excess
ECM within the liver, particularly collagen deposition,
since its degradation is inadequate[16]. Early diagnosis and
treatment can significantly improve the prognosis, but
the diagnosis of liver fibrosis and early cirrhosis and its
staging has been a difficult clinical problem. Although
liver biopsy is the gold standard of hepatic fibrosis staging and for understanding the extent of liver lesions, in
the clinical diagnosis of liver fibrosis and early cirrhosis,
comprehensive use of molecular markers and imaging
techniques provides an accurate diagnosis without resorting to the traditional technology, and it gives patients
with chronic liver disease with fibrosis new hope for the
diagnosis, treatment, and rehabilitation[17,18].

Figure 3 Exponential apparent diffusion coefficient pseudo-color pictures. Exponential apparent diffusion coefficient image: Diffuse restricted tissues manifest higher signal intensity, free diffuse tissues manifest low signal
intensity, and the effect of filtration efficiency of T2 is excluded (b = 700 s/mm2).

Table 2 Changes in b and apparent diffusion coefficient
values in different stages of hepatic fibrosis (mean ± SD)
Stage of liver
fibrosis

Cases
(n )

-3

b 1 = 300

b 2 = 500

b 3 =700

1.80 ± 0.34
1.93 ± 0.25
1.83 ± 0.25
1.71 ± 0.27
1.79 ± 0.26
1.39 ± 0.21
3.648
0.0054

1.69 ± 0.39
1.63 ± 0.19
1.60 ± 0.17
1.44 ± 0.18
1.36 ± 0.17
1.18 ± 0.16
5.926
0.0001

1.51 ± 0.34
1.49 ± 0.11
1.43 ± 0.14
1.26 ± 0.13
1.20 ± 0.13
1.15 ± 0.22
5.758
0.0002

2

s/mm

Control
S0
S1
S2
S3
S4
F
P

23
13
14
9
11
7

2

ADC value (× 10 mm /s)
2

s/mm

2

s/mm

ADC: Apparent diffusion coefficient.

and liver fibrosis stage showed no significant correlation (r
= -0.771, P = 0.072). When two groups were compared,
with a b value of 300 s/mm2, both S0-S3 and S4 could
be distinguished based on the ADC value; with a b value
of 500 s/mm2, S2-S4 and S0, S2-S4 and S0, and S1 and
S2 could be distinguished; with a b value of 700 s/mm2,
S2-S4 and S0, S0 + S1 and S4, S0 + S1 and S3, S2 and
S0, and S2 and S1 could be distinguished.

Correlations between serum indices and the pathologic
changes of liver fibrosis
Liver fibrosis formation is a very complicated process
that includes liver cell apoptosis, mesenchymal cell proliferation, and deposition of type Ⅰ and type Ⅲ collagens
in the ECM[16,19]. ECM deposition disrupts the normal
histological structure of the liver, ultimately leading to
cirrhosis. Many studies have shown that the available
serum biomarkers, HA, LN, PCⅢ, and Ⅳ-C, which belong to elements of the ECM, can reflect hepatic ECM
degradation. Moreover, the values of the serum indices
(HA, LN, PCⅢ, and Ⅳ-C) increase gradually as the stage
of liver fibrosis progresses, and correlation analyses have
shown that HA, PCⅢ, and Ⅳ-C levels have significant
positive correlations with the pathological stage of hepatic fibrosis, reflecting the dynamic evolution process
of liver fibrosis[20]. HA is the most important glycosaminoglycan component of the ECM, which is secreted by
activated HSC cells and enters into the tubular sinus; it
directly reflects the degree of HSC cell activity and indirectly reflects liver fibrosis progression[19]. The serum
markers in different studies have been shown to fluctu-

Correlations between serum markers of hepatic fibrosis
and ADC values
When the b value was 300 s/mm2, the ADC value was
not correlated with LN and PCⅢ values, and it was negatively correlated with HA and Ⅳ-C values. When the b
value was 500 s/mm2 and 700 s/mm2, the ADC value
was negatively correlated with LN, PCⅢ, HA, and Ⅳ-C
values (Table 3).

DISCUSSION
Early appearance of the pathological changes of liver
fibrosis in chronic liver diseases is related to an imbalance
between formation and degradation of liver fibers, resulting in excessive collagen deposition in the liver. There is
a middle stage that all chronic liver diseases go through
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ate within a certain range[20-22]. The serum PC Ⅲ content
reflects the degree of type Ⅲ collagen metabolism and
liver fibrosis; Ⅳ-C is the major component of the basement membrane, whose synthesis and deposition is increased in liver fibrosis; and LN is a major non-collagen
glycoprotein of the ECM, which forms a basement
membrane-like structure with Ⅳ-C binding and results
in capillarization of hepatic sinusoids. The present study
demonstrated that, although the LN value increased
as liver fibrosis progressed, the changes seen were not
statistically significant for the diagnosis of liver fibrosis
(P > 0.05). Similar changes may be seen in non-specific
markers of liver fibrosis, as these markers also increase in
certain autoimmune diseases, kidney diseases, and pulmonary fibrosis.

ens, resulting in the ADC value approaching its true value. However, as the b value is increased, TE prolongation
and T2-weighted aggravation and signal strength weakening can affect image quality. The results of the present study demonstrated that the ADC value in different
stages of hepatic fibrosis in the same group decreased as
the b value increased. When the b value was 300 s/mm2,
the correlation between the ADC value and the stage of
liver fibrosis was not significant (r = -0.771, P = 0.072),
but when the b values were 500 and 700 s/mm2, as liver
fibrosis increased, the ADC value decreased, and this
was significant (P < 0.01). However, when comparing the
two groups when the b value was 700 s/mm2, the ADC
value was found to provide more information for staging liver fibrosis; this was consistent with the results of
many local and international studies[10,11,25-27]. The present
study also showed that, with a b value of 700 s/mm2, the
image quality was better, and that, with increasing liver
fibrosis limiting the movement of water molecules within
the liver, reducing their diffusion, DWI could be used to
quantitatively analyze the severity of hepatic fibrosis. This
is consistent with the changes that occur during formation of hepatic collagen fibers and reticular fibers, hepatic
sinusoid capillarization, and increased deposition of sinus
space fibers.

Correlations between ADC values on diffusion-weighted
imaging and pathologic changes in liver fibrosis
In recent years, with the development of MR technology, MRI techniques have been used in the detection of
liver disease[23]. In particular, use of the DWI technique
for abdominal MRI scanning has become useful for the
diagnosis of liver fibrosis[10,24]. DWI is a functional imaging method that highlights water molecule diffusion effects for image contrast. It is a new field compared with
traditional MRI and detects the state of motion of tissue
water molecules, which reflects the structural characteristics of tissue organization by linking the incoherent micro motions of tissue protons or water molecules and the
MR signal, since the motions of water molecules differ
between living tissue and water. The motion of water in
living tissue is limited by biological membranes and macromolecules in body fluids, while water molecules diffuse
freely in water. In addition, there are differences in the
degree of motion of water molecules in normal tissue
and pathological tissue. These differences allow one to
evaluate the structure, metabolism, and function of liver
fibrosis with DWI. Liver imaging reflects the motions of
molecules, including diffusion movement of water molecules and the perfusion function of the microcirculation
or capillary network in vivo. Determination of the ADC
value is affected by the intracellular and extracellular
spaces, and when liver fibrosis develops, increases are
seen in the impermeable structures of the cell membrane
between cell gaps, nuclear membrane, organelles, cell
scaffold structure, and matrix. There is also an expansion
of the volume ratio of the intracellular to the extracellular fluid caused by cytotoxic intracellular edema, and
intracellular proton movement decreases. The liver fibrosis leads to limitation of water molecule diffusion in the
extracellular space, and with progression of fibrosis, the
collagen fiber content increases, further limiting proton
movement and decreasing the ADC value. Therefore, the
choice of the value of the diffusion coefficient (b value)
can directly affect the changes in the ADC value. When
the b value is low, microcirculation perfusion has a significant effect on the ADC value, increasing the ADC value;
as the b value is increased, the effect of perfusion weak-
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Correlations between serum indices and the ADC value
in liver fibrosis
The serum markers of hepatic fibrosis and DWI are
both capable of detecting and quantifying liver fibrosis,
and there are significant correlations between several
markers and the stage of liver fibrosis. In fact, LN, PC
Ⅲ, HA, Ⅳ-C, and the ADC values on DWI were capable
of diagnosing liver fibrosis and monitoring its dynamic
changes. It was also found that different diagnostic indices based on different diagnostic methods have different
significances, but whether there is a correlation with various diagnostic indices or an inherent relationship remains
to be determined. Koinuma et al[28] showed a significant
relationship between the serum HA value and the ADC
value on DWI, but correlations between ADC values and
other serum markers have rarely been reported. In the
present study, with b values of 300 s/mm2, 500 s/mm2,
and 700 s/mm2, negative correlations were seen between
the ADC values and HA and Ⅳ-C values, demonstrating decreased diffusion in liver tissue as liver fibrosis
progressed. With a b value of 300 s/mm2, there were no
correlations between the ADC value and LN and PCⅢ
values. However, with b values of 500 and 700 s/mm2,
the ADC value and HA and Ⅳ-C values showed negative
correlations, demonstrating that the main factor affecting
DWI is microcirculation perfusion when these b values
are selected, and that the ADC value cannot reflect the
diffusion characteristics of water molecules in tissue.
When liver fibrosis develops, the dysplasia and deposition
of ECM and the increased ECM metabolites in the blood
increase the serum HA, LN, PCⅢ, and Ⅳ-C values. With
more ECM deposition, the barrier structure of the liver
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extracellular space and the limitation of water molecule
motion within the liver reduce diffusion capacity. The
correlations between the serum markers of hepatic fibrosis and the ADC value reflect the common pathological
and physiological changes that occur with liver fibrosis
and the variations in the contents of ECM metabolites.
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META-ANALYSIS

Roles of Tregs in development of hepatocellular carcinoma:
A meta-analysis
Hong-Qiang Zhao, Wei-Min Li, Zhong-Qiou Lu, Yong-Ming Yao
tish Intercollegiate Guidelines Network (SIGN). The
meta-analysis of association between Tregs and HCC
was undertaken using the random-effects approach, as
described by DerSimonian and Laird. Subgroup analysis
was performed when at least three studies were available. Potential publication bias was assessed by visual
inspection of the funnel plot, and an asymmetric plot
suggested possible publication bias.
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RESULTS: Twenty-three studies with a total of 1279
HCC patients and 547 healthy volunteers as controls
were enrolled. The frequency of circulating Tregs in
HCC patients was 87% higher than in healthy controls
(OR = 1.87, 95%CI: 1.49-2.34). The frequency of Tregs
in the HCC tumor microenvironment was significantly
higher than that in tumor-surrounding tissue and biopsy specimens from healthy livers (OR = 4.04, 95%CI:
2.10-7.79, P = 0.000; OR = 2.869, 95%CI: 2.16-3.82,
P = 0.000). However, subgroup analyses based on
the different types of tumors or patient characteristics
such as tumor size, tumor number or α fetoprotein
(AFP) levels in HCC patients, showed that populations
of Tregs as a whole were not significantly changed between groups (P > 0.05 for all).
CONCLUSION: There is an obvious association between Tregs and pathogenesis of HCC. Further welldesigned clinical studies are warranted to illustrate the
potential role of Tregs in HCC.

Abstract
AIM: To assess systematically the association between
regulatory T cells (Tregs) and hepatocellular carcinoma
(HCC).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Regulatory T
cells; Meta-analysis; Tumor escape; Cellular immunity

METHODS: We searched Medline, Embase and Wanfang databases for literature on the populations of
Tregs in HCC patients and controls, using the pooled
OR and 95%CIs for assessment. There were no limitations with respect to publication date or language. The
references of qualifying articles were also searched.
We excluded studies with unclear data or overlapping
studies. Twenty-three studies met our criteria, and the
quality of these studies was assessed using the Scot-
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Core tip: Association of increased populations of regulatory T cells (Tregs) with impaired immune response in
hepatocellular carcinoma (HCC) patients has been proposed. This study systematically quantified the strength
of this association by meta-analysis. The available literature revealed that HCC patients have more Tregs in
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60% of liver cancer cases in developing countries and <
25% of cases in developed countries. Therefore, it is desirable to establish whether Tregs play a potential role in
the progression of HCC and its clinical significance. We
assume that with more information gathered about the
role of Tregs in development of HCC, the more effective
immunotherapy may become available in the future. This
systematic review evaluated the available evidence for the
functions of Tregs in HCC patients and aimed to establish the clinical importance of Tregs in HCC patients.

the circulation and tumor tissue. However, more welldesigned clinical studies are needed to investigate
further the potential role of Tregs in the pathogenesis
of HCC, because subgroup analyses based on other
tumors or patient characteristics did not show any positive correlation between Tregs and such pathological
states.
Zhao HQ, Li WM, Lu ZQ, Yao YM. Roles of Tregs in development of hepatocellular carcinoma: A meta-analysis. World J
Gastroenterol 2014; 20(24): 7971-7978 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7971.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7971

MATERIALS AND METHODS
Search strategy
Two authors independently carried out a literature search
using Medline (1950 to December 2012), Embase (1980
to December 2012), and Wanfang (1998 to December
2012) databases to identify studies on Tregs in patients
with HCC and in controls. The following medical subject headings (MeSH) and key words were used: “Tlymphocytes, regulatory”, “Tregs”, “regulatory T cells”,
“T regulatory cells”, “CD4 +CD25 +FoxP3 + T cells”,
“CD4+CD25+T cells”, “carcinoma, hepatocellular”, “hepatocellular carcinoma”, “liver neoplasms”, and “liver
tumor”. There was no language limitation. The “related
articles” function was used to broaden the search. All references cited in the studies were also reviewed to identify
additional published articles missed in the retrieval, until
no further relevant studies were identified. We searched
all the publications up to the end of December 2012.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the major
health problems worldwide, resulting in > 600000 patients dying from this disease annually[1]. Accumulating
evidence shows that the tumor is immunogenic. The
frequent finding of tumor infiltrating lymphocytes in this
malignancy suggests that an immune response is triggered by the tumor. Studies have shown that different
types of T lymphocytes exert various functions in the tumor microenvironment. The CD4+ regulatory T lymphocyte (Treg) subsets have been shown to exert a negative
effect on antitumor immunity by suppressing effector T
lymphocytes[2,3].
The same tumor-related immune reaction has also
been found in the HCC microenvironment, suggesting
that it is rational to develop immunotherapy for HCC.
Classic therapies for HCC (such as liver resection, liver
transplantation, radiofrequency ablation, and transarterial chemoenbolization) often do not provide a complete
cure, because half of the treated patients experience tumor recurrence within 3 years; let alone a large number
of patients who are undiagnosed until an advanced stage
has been reached[4]. In view of these facts, new treatment
strategies, such as immunotherapy, are warranted, aiming at providing more efficient and selective targeting of
tumor cells by inducing or boosting the existing tumorspecific immune response. Identification of the exact
roles that various anti-tumor immune cells may play calls
for formation of novel therapeutic strategies.
Tregs, which usually express CD25+, are naturally
present in the immune system, accounting for 5%-10%
of CD4+ T cells. Tregs can result in suppression of
both CD4+ and CD8+ T cell activation and proliferation
both in vitro and in vivo in various ways, including cell-cell
contact and secretion of immunosuppressive cytokines
such as transforming growth factor (TGF)-β, interleukin (IL)-10 and IL-35[5]. The frequency and function of
Tregs have been reported in hepatitis B infection and it
is believed that Tregs are the most important determining factor of prognosis of hepatitis B patients[6]. The
development of HCC is believed to be associated with
hepatitis B virus (HBV). HBV infection accounts for >

WJG|www.wjgnet.com

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) publications in
all languages; (2) appropriate study design: case-control,
cohort, cross-sectional and clinical trial; (3) report of the
frequency of Tregs in peripheral blood or tumor tissue; (4)
study population of HCC patients; and (5) patients who
did not receive any immunotherapy or chemotherapy that
could have influenced their immune reactions. The exclusion criteria were as follows: (1) unclear and confusing
data; and (2) overlapping studies (in studies with overlapping cases or controls).
Data extraction
Two authors independently retrieved the following data
from all eligible studies: first author’s name, publication
year, country of study, type of study, number of patients
included, patient characteristics, frequency of Tregs in
the peripheral blood and/or tumor tissue, and frequency
of Tregs divided by various features of the tumor and/or
patients. In case of doubt, the authors were contacted for
further information to ensure accuracy. When there was
disagreement over eligibility of a study, an additional reviewer assessed the article until a consensus was reached.
Quality assessment
Critical appraisal was done by two reviewers and graded
on strength of evidence using the revised grading sys-
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79 publications identified through database search and screened

Table 1 Baseline information of studies included in the metaanalysis

55 studies excluded after screening titles
and abstracts
6 reviews
49 studies did not meet the criteria

Ref.
Unitt et al[15]
Ormandy et al[16]
Guo et al[17]
Fu et al[18]
Peng et al[21]
Yang et al[20]
Cao et al[19]
Yu et al[22]
Zhang et al[23]
Huang et al[28]
Kuang et al[26]
Wang et al[27]
Yoshizawa et al[24]
Zhang et al[25]
Thakur et al[33]
1
Fan et al[30]
Liu et al[32]
Aleem et al[29]
Feng et al[31]
Wang et al[34]
Yang et al[37]
Wu et al[36]
Chen et al[35]

24 full-text articles retrieved

1 study excluded for duplicated data

23 studies entered into the meta-analysis

Figure 1 Flow diagram showing study methodology for measurement of
regulatory T cells in hepatocellular carcinoma.

tem of the Scottish Intercollegiate Guidelines Network
(SIGN)[7]. If disagreement existed on the assigned grade,
studies were reassessed until a consensus was reached.
Statistical analysis
Statistical analyses were performed using STATA 12
software (StataCorp LP, College Station, TX, United
States). Statistical heterogeneity of results was appraised
using heterogeneity tests including Q2, I2, and τ 2 statistics.
For Q statistics, P < 0.01 was considered significant. I2
values of 25%, 50% and 75% were used as evidence of
low, moderate and high heterogeneity, respectively[8]. We
also used τ 2 statistics because in most subgroups, there
were few articles[9]. According to the results of heterogeneity tests, we selected fixed/random effects models
for meta-analysis with the “metan” command. The ORs
and 95%CIs for determination of Tregs were calculated
using the random-effects approach, as described by DerSimonian et al[10]. Subgroup analysis was performed when
at least three studies were available[11]. The credibility of
outcomes in this meta-analysis was validated by the sensitivity analysis that was performed by sequential omission
of individual studies or by omitting studies without high
quality. Potential publication bias was assessed by visual
inspection of the funnel plot, and an asymmetric plot
suggested possible publication bias[12]. In addition, we
also performed an Egger linear regression test at the P <
0.01 level of significance to assess the publication bias[13].

No. of
controls

25
84
22
123
63
28
33
58
100
93
28
46
57
49
28
138
40
15
42
30
60
78
39

48
21
12
47
40
26
20
15
20
24
26
32
31
25
15
28
10
15
30
20
12
30

Year of Country of study
study
2005
2005
2006
2007
2007
2007
2007
2008
2008
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2012
2012
2012

United Kingdom
Germany
China
China
China
China
United States
China
China
China
China
China
Japan
China
Indian
China
China
Egypt
China
China
China
China
China

1

Study data used for subgroup analysis. HCC: Hepatocellular carcinoma.

was retrieved and reviewed in detail. No relevant publications were found by examination of references attached
to these 24 studies. Duplicate data were identified in one
publication[14] and this was excluded from the analysis.
Finally, 23 studies[15-37] met the predefined inclusion criteria and entered the meta-analysis. A flow diagram of the
search is shown in Figure 1.
Study characteristics
In this study, 1279 HCC patients and 547 healthy volunteers as controls were enrolled. The age of the patients
ranged from 44.5 to 71 years and that of the controls
was 41.1-56 years. Sex distribution of the two groups was
57.1%-91.4% in male and 46.2%-93.3% in female. Information about the year of publication and the country in
which the study was performed is listed in Table 1.
Meta-analysis
The main results of this meta-analysis are listed in Figure 2 and Table 2. Meta-analysis of a total of 22 studies
showed that the frequency of circulating Tregs in HCC
patients was 87% higher than in healthy controls (OR =
1.87, 95%CI: 1.49-2.34, P = 0.000), although there was
significant between-study heterogeneity (P value of Q2 =
0.000, I2 = 96.1%, τ 2 = 0.2741). The frequency of Tregs
in the HCC tumor microenvironment was significantly
higher than that in tumor-surrounding tissue and biopsy specimens from healthy livers (OR = 4.04, 95%CI:
2.10-7.79, P = 0.000; OR = 2.869, 95%CI: 2.16-3.82, P =
0.000). Between-study heterogeneity was also observed (P
value of Q2 = 0.000, I2 = 97.0%, τ 2 = 0.5250; P value of

RESULTS
Search results and study description
Based on the predefined search strategy, 79 potentially
relevant publications were identified. After screening
titles and abstracts, 55 publications were excluded, comprising six reviews and 49 articles that did not meet the
inclusion criteria. Full text for the remaining 24 studies

WJG|www.wjgnet.com

No. of HCC
patients

7973

June 28, 2014|Volume 20|Issue 24|

Zhao HQ et al . Tregs and hepatocellular carcinoma

Study ID

OR (95%CI)

Weight

1
Ormandy et al (2005)
Unitt et al (2005)
Peng et al (2005)
Guo et al (2006)
Yang et al (2007)
Cao et al (2007)
Fu et al (2007)
Yu et al (2008)
Zhang et al (2008)
Huang et al (2010)
Liu et al (2010)
Kuang et al (2010)
Wang et al (2010)
Wu et al (2010)
Kai et al (2010)
Zhang et al (2010)
Thakur et al (2011)
Feng et al (2011)
Wang et al (2011)
Aleen et al (2011)
Yang et al (2012)
Chen et al (2013)
2
Overall (I = 96.1%, P
2
Unitt et al (2005)
Zhang et al (2008)
Wu et al (2010)
Wang et al (2011)
Chen et al (2013)
2
Overall (I = 97.0%, P
3
Yang et al (2007)
Zhang et al (2010)
Thakur et al (2011)
2
Overall (I = 46.9%, P
4
Yu et al (2008)
Zhang et al (2008)
Yang et al (2012)
2
Overall (I = 97.9%, P
5
Peng et al (2005)
Yu et al (2008)
Zhang et al (2008)
Fan et al (2010)
Yang et al (2012)
2
Overall (I = 96.1%, P
6
Peng et al (2005)
Yu et al (2008)
Zhang et al (2008)
Yang et al (2012)
2
Overall (I = 95.1%, P
7
Guo et al (2006)
Yu et al (2008)
Kuang et al (2010)
Yang et al (2012)
2
Overall (I = 99.2%, P
8
Peng et al (2005)
Zhang et al (2008)
Fan et al (2010)
Zhang et al (2010)
Yang et al (2012)
2
Overall (I = 91.1%, P

= 0.000)

4.13 [2.66, 6.40]
0.76 [0.63 , 0.91]
1.51 [1.33, 1.72]
2.03 [1.60, 2.58]
2.43 [1.86, 3.18]
3.13 [2.22, 4.41]
1.81 [1.54, 2.12]
1.87 [1.53, 2.29]
2.52 [2.13, 2.99]
1.87 [1.60, 2.19]
1.36 [1.12, 1.65]
1.35 [1.00, 1.81]
1.31 [1.11, 1.56]
1.42 [1.14, 1.77]
1.43 [1.18, 1.73]
2.04 [1.49, 2.79]
4.00 [2.91, 5.49]
2.02 [1.17, 3.49]
1.81 [1.44, 2.27]
7.45 [3.92, 14.17]
0.48 [0.42, 0.56]
2.72 [2.31, 3.20]
1.87 [1.49, 2.34]

4.12%
4.73%
4.81%
4.63%
4.57%
4.39%
4.77%
4.70%
4.75%
4.77%
4.72%
4.51%
4.75%
4.67%
4.72%
4.46%
4.45%
3.79%
4.65%
3.47%
4.80%
4.76%
100.00%

= 0.000)

4.26 [2.26, 8.02]
5.21 [3.49, 7.77]
1.72 [1.44, 2.05]
4.68 [3.28, 6.68]
6.19 [5.42, 7.07]
4.04 [2.09, 7.79]

17.76%
19.82%
21.08%
20.12%
21.22%
100.00%

= 0.152)

2.43
6.32
2.98
2.87

[1.86,
[2.36,
[2.33,
[2.16,

3.18]
16.88]
3.83]
3.82]

45.20%
7.06%
47.75%
100.00%

= 0.000)

1.27
1.07
3.46
1.67

[1.08,
[0.95,
[2.81,
[0.88,

1.51]
1.21]
4.25]
3.17]

33.34%
33.72%
32.94%
100.00%

= 0.000)

1.10
1.09
0.87
1.00
2.11
1.17

[0.93, 1.29]
[0.93, 1.28]
[0.77, 0.97]
[0.86, 1.17]
[1.84, 2.42]
[0.84, 1.62]

19.78%
19.88%
20.31%
19.92%
20.11%
100.00%

= 0.000)

1.00 [0.86, 1.16]
0.77 [0.66, 0.90]
1.07 [0.95, 1.20]
1.58 [1.41, 1.76]
1.07 [0.80, 1.44]

24.67%
24.52%
25.35%
25.46%
100.00%

= 0.000)

0.62 [0.49, 0.79]
1.78 [1.47, 2.16]
0.74 [0.48, 1.14]
0.21 [0.19, 0.24]
0.65 [0.21, 2.02]

25.07%
25.18%
24.46%
25.29%
100.00%

= 0.000)

0.78 [0.61, 1.01]
1.00 [0.88, 1.13]
1.00 [0.83, 1.21]
3.13 [2.21, 4.42]
1.14 [1.00, 1.31]
1.19 [0.90, 1.56]

19.17%
21.83%
20.63%
16.68%
21.68%
100.00%
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9
Peng et al (2005)

1.10 [0.93, 1.29]

33.25%

Fang et al (2010)

1.00 [0.84, 1.19]

33.19%

Yang et al (2012)

2.81 [2.51, 3.14]

33.55%

1.46 [0.71, 2.98]

100.00%

2

Overall (I = 98.6%, P = 0.000)
Note: Weights are from random effects analysis
0.1

0.5

1

4

8

Figure 2 Integrated forest plot of pooled OR with 95%CI for this meta-analysis (corresponding to Table 2).

Table 2 Summary of odds ratios and 95%CIs in this meta-analysis
Items

OR

Ciculating populations of Tregs between HCC patients and health
controls
Populations of Tregs in the tumor and surrounding tissues
Populations of Tregs in the tumor and the normal liver tissues
Populations of Tregs among HCC patients with different tumor numbers
(one tumor mass or more)
Populations of Tregs among HCC patients with different tumor sizes
(smaller or larger than 5 cm)
6 Populations of Tregs between HCC patients with or without capsule
Populations of Tregs among HCC patients in different TNM stages
(Ⅰ/Ⅱ vs Ⅲ/Ⅳ)
Populations of Tregs between HCC patients with or without HBV
infection
Populations of Tregs among HCC patients with different AFP levels
(lower or higher than 20 ng/mL)

Heterogeneity

OR (95%CI)

P value

Q2

t2

I 2 (%)

P value

1.868 (1.489-2.344)

0

539.28

0.2741

96.1

0

4.040 (2.094-7.794)
2.869 (2.157-3.817)
1.670 (0.879-3.171)

0
0
0.117

133.41
3.77
94.91

0.5250
0.0282
0.3138

97.0
46.9
97.9

0
0.152
0

1.170 (0.844-1.620)

0.346

102.41

0.1325

96.1

0

1.073 (0.798-1.442)
0.646 (0.207-2.021)

0.642
0.453

61.48
365.99

0.0682
1.3338

95.1
99.2

0
0

1.189 (0.904-1.564)

0.216

45.02

0.0856

91.1

0

1.458 (0.714-2.975)

0.3

143.21

0.3916

98.6

0

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; AFP: Alpha-fetoprotein; Tregs: Regulatory T cells.

Q2 = 0.152, I2 = 46.9%, τ 2 = 0.0280). Sensitivity and subgroup analyses were conducted to identify the causes of
significant heterogeneity, however, it was still not possible
to eliminate the observed heterogeneity.
Based on the different types of tumors or patient
characteristics, subgroup analyses were conducted. Our
results showed that the frequency of Tregs between the
groups divided by tumor size, tumor number or AFP levels of HCC patients did not differ significantly between
the groups (P > 0.05 for all).

decade, the results are controversial. Those conflicting
results may partly have been due to the relatively small
sample size of the individual studies and sampling effects.
Thus, it was necessary to carry out a meta-analysis, a statistical procedure for combining results from published
studies to acquire a more precise estimation of the major
effect, and to identify the potential role of Tregs in the
development of HCC.
Tregs, especially CD4+CD25+Foxp3+ Tregs, are one
of the most widely investigated types of immune cells
because of their specific inhibitory function in the pathogenesis of tumors. Several mechanisms contribute to
the negative regulation of immunity in the tumor microenvironment, such as: (1) direct lysis of effector T cells
through release of granzyme B and perforin; (2) induction of apoptosis of effector T cells through deprivation
of IL-2 by high-affinity CD25; (3) modulation of maturation and function of dendritic cells by cell-cell contactdependent mechanisms involving cytotoxic T lymphocyte
antigen-4; and (4) release of inhibitory cytokines including TGF-β, IL-10, IL-35 and prostaglandin E2 to modulate effector cell immune responses[38].
As a potential immunotherapy strategy for HCC,
Treg deletion has been shown to impair tumor growth[39].
However, some critical issues with regard to human Tregs
require further investigation for the purpose of forming
a clinical immunotherapy strategy. One issue is the lack

Publication bias
Funnel plot and Egger’s test were performed to assess
the publication bias of this meta-analysis. As shown in
Figure 3, in the meta-analysis investigating the circulating Tregs populations between HCC patients and healthy
controls, the funnel plot’s shape seemed asymmetrical,
and the P value of the Egger test was 0.036, which was
> 0.01 but < 0.05. In view of the statistical power of the
Egger test when < 25 cases were included, we cautiously
drew the conclusion that publication bias might have
been present in this meta-analysis.

DISCUSSION
Although many studies on the pathogenetic role of Tregs
in the development of HCC have been done in the past
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trols. Populations of Tregs in the HCC tumor microenvironment were significantly larger than those in tissues
adjacent to tumors and healthy liver biopsy specimens.
The subgroup analyses as stratified according to different clinical features in patients with HCC showed no
obvious relationship in terms of circulating populations
of Tregs (all P > 0.05). These features included tumor
size, tumor number, tumor capsule, TNM stage, HBV
infection, and AFP levels. However, it is worthy of note
that most subgroup analyses included no more than five
studies. As a whole, our meta-analyses demonstrated a
definite relationship of Tregs with the pathogenesis of
HCC. Both the circulating and tissue Tregs in HCC patients were increased compared with healthy controls,
and they might have contributed to the immune tolerance
of tumors. The subgroup analyses raised the suggestion
that more well-designed clinical studies are needed to
disclose the clinical roles of Tregs in the different stages
of tumor formation. Our meta-analysis demonstrated the
relationship between frequency of Tregs and pathological state of HCC. Therefore, further studies should pay
more attention to the effect of Tregs on survival of HCC
patients and clinical identification of different subtypes
of human Tregs, as well as their precise role in the development of HCC. They could help with the development
of an immunotherapy strategy directed towards Tregs to
reinforce antitumor immunity and improve life expectancy. In addition, all items mentioned in the subgroup
analyses should be investigated further to improve our
understanding.
Several limitations to our meta-analysis should be
considered. First, all the studies included were retrospective case-control studies, thus, it should not be considered
to be evidence of the highest quality. However, in light
of the scarcity of high-quality evidence in this field, data
from these studies still can be informative. Second, the
degree of statistical heterogeneity between the included
studies cautions against over-interpretation of our results.
Efforts have been made to diminish the influence of
the observed heterogeneity by involving a prior decision
to use the random-effect model and sensitivity analysis.
In addition, variability in the study design and the selection of patients, controls and the immune labels for
Tregs (some studies have identified CD4+CD25+ T cells
as Tregs while others consider CD4+CD25+Foxp3+ T
cells as Tregs) was present in our meta-analysis. Finally,
although a comprehensive literature search strategy and
meticulous document retrieval were performed independently by two authors, the fact that the 23 articles included six graduate theses suggests that publication bias may
not have been revealed by the asymmetric shape of the
funnel plot and the P value of Egger’s test.
In conclusion, the meta-analysis of available data
suggests that there is a significant association between
the high expression of Tregs and the development of
HCC. Nevertheless, more well-designed clinical studies
still need to be done to elucidate the exact relationship
between Tregs and tumor development, and not only the

2

OR

1

0

-1
0.0

0.2
SE of lOR

0.4

Figure 3 Funnel plot for publication bias test in the meta-analysis investing the circulating populations of Regulatory T cells between hepatocellular carcinoma patients and healthy controls.

of specific markers for human Tregs. Transcription factor
Forkhead box (Fox)p3 is believed to be the most important regulatory factor for the differentiation and functional maintenance of CD4+CD25+ Tregs. Therefore, CD4+
CD25high and Foxp3 are regarded as the specific markers
for human CD4+CD25+ Tregs cells. However, with the
discovery of Foxp3 mRNA in activated CD25- T cells,
researchers perceive that not all Foxp3-positive cells are
Tregs[40]. Recent genome-wide analyses have revealed several regions that show different patterns of DNA methylation or histone modification between Tconv cells and
Tregs in humans. It is likely that Foxp3-dependent gene
regulation and Treg cell epigenome-dependent regulation
have distinct roles in determining the whole Treg-celltype gene expression pattern and complement mutually
in the expression of certain specific genes in Tregs. Thus,
it is recognized that together with Foxp3 expression, the
Treg cell-specific DNA hypomethylation pattern can be a
reliable marker for defining functional Tregs as a distinct
cellular entity[41].
Another issue is the plasticity of Tregs. Recently,
human Foxp3 +CD4 + T cells were divided into three
types of cells based on the detection of peripheral
blood CD45RA and CD25, Foxp3 expression, cytokine
secretion, and in vitro inhibitory effects on T cells: (1)
CD45RA+CD25lowFoxp3lowCD4+ T cells; (2) CD45RACD25hiFoxp3hiCD4+ T cells; these two types of cells
have strong immunosuppressive activity in vitro; and (3)
CD45RA-CD25lowFoxp3lowCD4+ T cells; these cells secrete cytokines to promote T cell proliferation, but do
not have immunosuppressive activity[42]. Previous studies
have demonstrated that suppressive activities of Foxp3+
cells are correlated with the DNA methylation status of
the FOXP3 CNS2 region[41].
The present meta-analysis, including 23 case-control
studies with a total of 1279 cases and 547 controls, provides the most comprehensive assessment to date of
the effect of Tregs in the pathogenesis of HCC. The
main results of the meta-analysis of a total of 22 studies
showed that the circulating population of Tregs among
HCC patients was 87% higher than that of healthy con-
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frequency of Tregs either in the circulating or tumor microenvironment.
7
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Background

8

Hepatocellular carcinoma (HCC) is still a major health problem worldwide. Increasing number of studies have revealed the immunogenic role of tumors and
the mechanisms by which malignant cells escape immune attack. Regulatory
T cells (Tregs) play a critical role in tumor escape, but the association between
Tregs and HCC is currently unclear.

9

Research frontiers

10

Over the past three decades, many studies have been performed to understand
the association between the number of Tregs and the pathological stage of liver
cancer. However, there have been no systematic reviews to investigate these
associations.

11

Innovations and breakthroughs

Based on this meta-analysis, both the circulating and tissue populations of
Tregs in HCC patients were found to be higher than in healthy controls. However, subgroup analyses based on tumor size and other features did not show any
difference between the two groups. These findings have not been quantified in
previous studies.

12

Applications

Immunotherapy for HCC has been investigated to fill up the insufficiency of the
classic methods. An exploration of the association between Tregs and HCC
may help us to understand the mechanism of tumor immunity.

13

Terminology

14

Tumor escape refers to the ability of tumors to evade destruction by the immune
system. Theories concerning possible mechanisms by which this takes place
involve both cellular and humoral immunity, and also co-stimulatory pathways
related to CD28 antigens and CD80 antigens. Tregs are a component of the
immune system that suppress immune responses of other cells. Tregs come
in many forms, with the most well-understood being those that express CD4,
CD25, and Forkhead box (Fox)p3 (CD4+CD25+ regulatory T cells, or Tregs).
Mouse models have suggested that modulation of Tregs can treat autoimmune
disease and cancer, and facilitate organ transplantation.
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Peer review

The authors analyzed the role of Tregs in the development of HCC through
a systematic review and meta-analysis, showing that both the circulating and
tissue populations of Tregs are higher among HCC patients. The topic is very
interesting and the report is well written.
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Core tip: Neurofibromatosis type Ⅰ (NF-1) is one of
the most common single gene disorders known for its
phenotypical presentation with café au lait macules
and neurofibromas. Although every organ system can
be involved, the intra-abdominal manifestation is rare.
To the best of our knowledge, this is the first reported
case of a patient with mesenteric involvement of NF-1
manifesting as a volvulus, underscoring the role of surgery in this heterogeneous disease.
Werner TA, Kröpil F, Schoppe MO, Kröpil P, Knoefel WT, Krieg
A. Small bowel volvulus as a complication of von Recklinghausen’s disease: A case report. World J Gastroenterol 2014;
20(24): 7979-7983 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i24/7979.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i24.7979

Abstract
We report the case of a 25-year-old male with Neurofibromatosis type Ⅰ (NF-1), who presented at the time
of admission with clinical findings of an acute abdomen
caused by a mechanical obstruction. Computerized tomography showed a volvulus of the terminal ileum with
mesenteric swirling as the cause of the patient’s symptoms. Consecutive exploratory laparotomy confirmed
the diagnosis and 70 cm of the small intestine was resected due to an affection of the mesentery by multiple
neurofibromas. The gastrointestinal tract is affected in
approximately 10% of patients with NF-1, however the
mesentery is almost always spared. Here we describe
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INTRODUCTION
Neurofibromatosis type Ⅰ (NF-1), also named von
Recklinghausen’s disease after its first describer German
pathologist Friedrich Daniel von Recklinghausen, is a
genetic disorder caused by a mutation of the NF1-gene.
This genetic alteration can either be inherited through an
autosomal dominant lineage, as observed in 50% of the
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cases, or it results through de novo spontaneous mutations
of NF1. Approximately 1 in 3000 persons worldwide is
affected[1]. The mutation results in an inactivation of the
tumor suppressor neurofibromin, which normally functions as a negative regulator of Ras kinase, accelerating
the conversion of activated Ras-GTP to inactivated RasGDP and thereby controlling cellular growth and differentiation[2].
The medical condition of NF-1 is diagnosed according to the National Institutes of Health Consensus Development Conference criteria (Table 1)[3]. The cardinal clinical features are café au lait spots and benign cutaneous
neurofibromas, enabling a visual diagnosis in adulthood.
These clinical findings and phenotypic traits can differ
widely between individuals making it a heterogeneous disease. Other clinical symptoms include axillary or inguinal
freckling, gliomas of the optic nerve, two or more Lisch
nodules of the iris and specific lesions of the skeletal
system, including sphenoid dysplasia and pseudarthrosis,
preferentially affecting the tibia. A first-degree relative
diagnosed with NF-1 is another sign pointing towards the
diagnosis. If two or more of these findings are present
the criteria are fulfilled and the diagnosis established.
Besides the characteristics described above, NF-1 can
affect nearly every organ system and is additionally associated with malignant and benign tumors such as pheochromocytoma and malignant peripheral nerve sheath tumor
(MPNST). The frequency of an intra-abdominal manifestation of the disease varies greatly in the literature, ranging
between 5%-20%. Most of the intra-abdominal findings
are incidental, with only 5% of the affected patients reporting clinical symptoms. Although the vast majority of
patients are asymptomatic, one quarter requires further
surgical intervention in their lifetime, making the intraabdominal manifestation of NF-1 a challenging disease
for both patient and clinician[4].

Table 1 National Institute of Health Consensus Development
[3]
Conference 1988 (modified after )
Diagnostic criteria of NF1
≥ 2 criteria are needed
Six or more café au lait macules
> 5 mm in prepubertal individuals
> 15 mm in postpubertal individuals
Two or more neurofibromas of any type or one plexiform
neurofibroma
Freckling in the axillary or inguinal regions
Optic glioma
Two or more Lisch nodules
A distinctive osseous lesion
Sphenoid dysplasia
Thinning of long bone cortex with or without pseudoarthrosis
A first-degree relative with NF1 by the above criteria
NF-1: Neurofibromatosis type Ⅰ.

A

B

CASE REPORT
A 25-year-old male presented to our department with
worsening abdominal pain, nausea and vomiting for the
past two days. He had a known history of von Recklinghausen’s disease with multiple café au lait spots and
cutaneous neurofibromas as well as axillar and inguinal
freckling. His abdominal condition thus far had been
unremarkable with no prior surgery and no history of
altered bowel habits or abdominal discomfort.
During clinical examination the abdomen appeared
excessively distended with generalized tenderness, but
no signs of muscular guarding or peritonitis. No bowel
sounds were audible. In the ultrasound examination small
collections of free intra-abdominal fluid were seen, together with grossly bloated bowel loops. With the clinical
picture of a mechanical obstruction a computer tomography (CT) was preformed to identify the underlying
pathology. The CT-scan revealed the typical findings of
a mechanical obstruction caused by a volvulus located at
the terminal ileum, showing the characteristic whirlpool-

WJG|www.wjgnet.com

Figure 1 Computer tomography imaging. Coronary (A) and transverse
slice (B) of the abdominal computer tomography scan showing the mechanic
obstruction, tumorous mass (filled arrow) and positive whirlpool sign (dotted
arrow).

sign and prestenotic dilation of the small intestine (Figure
1). In addition, a tumorous mass directly adjacent to the
mesenteric root could be identified as the cause of the
volvulus (Figure 1B).
The patient was taken to the operating theatre and
an exploratory laparotomy was performed. The intraoperative findings confirmed the initial diagnosis. In direct
proximity to the volvulus we found a vast nodular tumorous infiltration within the mesenteric fat involving 60-70
cm of the ileum. The tumorous mass was reaching right
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Figure 2 Pathological findings. A: Resected ileal segment exhibiting a mesenteric manifestation of neurofibromatosis; B: Corresponding histological and immunohistochemical findings. HE: Hematoxylin and eosin; EvG: Elastica-van-Gieson; SYN: Synaptophysin.

up to the mesenteric root, rendering the affected bowel
segment completely immobile. Inspection of the entire
abdominal cavity revealed no other tumorous lesions.
After reposition of the volvulus no visual signs of
ischemia were present. However, because of the fixed anchorage of the mesentery and consecutive inflexibility of
the affected small bowel, a segmental resection including
the infiltrated mesentery with end-to-end ileo-ileostomy
was imperative. The postoperative period was uneventful
and the patient was discharged within eight days.
Pathological examination revealed an area measuring 16 cm × 10 cm × 2.5 cm of affected mesenteric fat
exhibiting nodular lesions respecting the organ margins
and without any signs of infiltration of the adjacent serosa and free resection margins (Figure 2A). Histological
findings were consistent with neurofibromatosis showing
spindle cell-like growth patterns and a positive reaction
for S100 but negative reaction for MIB-1 proliferation
WJG|www.wjgnet.com

marker in the immunohistochemical investigations (Figure 2B). In addition, immunohistochemical staining of
CD34, CD117 and synaptophysin were negative and thus
excluded the differential diagnoses of gastrointestinal
stromal tumor and ganglioneuroma (Figure 2B).
One year after surgery the patient is in a good healthy
condition, showing no signs of post-operative complications. In an ultrasound examination no signs of an intraabdominal recurrence were imminent. In the future
further examinations will be conducted on a regular basis
to ensure an early diagnosis of a relapse or secondary
manifestations of his underlying disease.

DISCUSSION
The abdominal manifestation is present in approximately 10%-20% of the patients with NF-1-associated
neoplasms[5]. They can be grouped into five different
7981
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worsening abdominal pain, nausea and vomiting for the past two days.

categories: neurogenic, neuroendocrine, non-neurogenic,
embryonal and miscellaneous tumours[5]. Previously, for
neurogenic tumors affecting the gastrointestinal tract a
population-based prevalence of 2% has been reported[6].
Neurogenic tumors include localized and plexiform neurofibromas, as well as ganglioneuromas and malignant
peripheral nerve sheath tumour (MPNST). The MPNST
are the most common malignancies associated with NF-1
and arise in 10% from plexiform precursor lesions[2].
Ganglioneuromas on the other hand are benign tumors,
which develop from sympathetic ganglia and are rarely
associated with the intestine and generally found in the
paraspinal region. The neurofibromas originate from
peripheral nerves or the myenteric plexus, consisting of
Schwann cells, fibroblasts and a myxoid matrix[1,7]. They
are mostly found in the upper gastrointestinal tract, affecting the jejunum or the stomach. Their isolated localization at the ileal mesentery is extremely rare[8].
Most of these tumours are asymptomatic and are
often found incidentally. However, when they increase in
size, they can cause a myriad of non-specific signs and
symptoms, with the most common being altered bowel
habits, abdominal pain, chronic anemia due to occult
bleeding or a palpable mass especially in younger patients[9]. Although complications caused by an obstructive
tumor growth have been reported, particularly for intestinal wall associated neurofibromas, to our knowledge,
this is the first report of mesenteric neurofibromatosis
manifesting as a volvulus.
A preoperative CT-scan is a helpful diagnostic tool for
an adequate assessment of the intra-abdominal pathology
in patients with NF-1. Neurofibromas typically appear as
smooth, nodular structures within the organ margins[5].
The imaging characteristics alone though are not specific
enough to differentiate between a benign tumorous lesion and a malignant mass[10].
Surgery is a first line treatment in the management
of complicated neurofibromatosis. Although surgery is
not curative, it can reduce pain, enable normal bowel passage and prevent possible malignant transformation of
plexiform neurofibromas to the MPNST, if the lesion is
fully resected[5]. The plexiform neurofibromas are often
demanding in their removal and a complete resection is
sometimes not achievable, particularly if vital structures
are involved and the growth is advanced[7].
In conclusion, NF-1 is a disease with many presentations, ranging widely in severity and location of manifestation. Since no definitive therapy exists, the prevention
and treatment of its complications is the primary task for
both patient and the clinical team. Here we report the
first case of a patient with mesenteric involvement of
NF-1 manifesting as a volvulus. Although surgery cannot
cure NF-1, it most commonly remains the sole option in
acute complications of this multiorganic disease.

Clinical diagnosis

Excessively distended abdomen with generalized tenderness in the absence of
bowel sounds.

Differential diagnosis

Constipation, intraabdominal adhesions, tumorous mass e.g., gastrointestinal
stromal tumor, malignant peripheral nerve sheath tumor, appendicitis, inflammatory bowel disease.

Laboratory diagnosis

WBC 13.50 × 109/L; HGB 10.20 gm/dL; CRP 15.6 mg/dL, metabolic panel and
liver function test were within normal limits.

Imaging diagnosis

CT-scan showed a mechanical obstruction caused by a volvulus located at the
terminal ileum, displaying the characteristic whirlpool-sign and prestenotic dilation of the small intestine as well as a tumorous mass directly adjacent to the
mesenteric root.

Pathological diagnosis

Histological investigations of the tumor were consistent with neurofibromatosis
showing spindle cell-like growth patterns and a positive reaction for S100 but
negative reaction for MIB-1 proliferation marker in the immunohistochemical
analysis as well as negative staining-results for CD34, CD117 and synaptophysin.

Treatment

After exploratory laparotomy a segmental resection including the infiltrated
mesentery with end-to-end ileo-ileostomy was performed.

Related reports

The intra-abdominal manifestation of Neurofibromatosis type Ⅰ (NF-1) is rare
and normally presents itself with non-specific signs and symptoms like altered
bowel habits, abdominal pain, chronic anemia due to occult bleeding or a palpable mass.

Term explanation

Immunohistochemistry is a laboratory method to detect proteins in tissue specimens using antigen-specific antibodies.

Experiences and lessons

Mesenteric involvement in Neurofibromatosis type Ⅰ is extremely rare but can
lead to life threatening complications that demand urgent and decisive treatment.

Peer review

This case report presents a rare abdominal complication of NF-1 (small bowel
volvulus because of mesenteric neurofibromatosis) and reviews the manifestations, diagnosis and treatment of the disease. It is a good review of a rare complication.
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Core tip: Standard treatments for anastomotic leak
after colorectal surgery are total parenteral nutrition
or temporary ileostomy. The over-the-scope-clipping
(OTSC) system was originally developed to treat intestinal perforation or to close the tissue after natural orifice
transluminal endoscopic surgery. The OTSC system can
be a potential option in the management of anastomotic leaks after colorectal surgery to avoid ileostomy.
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Abstract

INTRODUCTION

An anastomotic leak is one of the major complications
following colorectal surgery. Standard treatments for
anastomotic leak are total parenteral nutrition or temporary ileostomy. The over-the-scope-clipping (OTSC)
system was originally developed to treat intestinal perforation or to close the tissue after natural orifice transluminal endoscopic surgery. Two cases of successful
management of an anastomotic leak after colorectal surgery using the OTSC system are reported. One patient
avoided a temporary ileostomy. In the other, hospitalization was shortened by the use of the OTSC system. The
OTSC system can be a potential option in the management of anastomotic leaks after colorectal surgery.

Colorectal cancer is one of the malignant tumors that is
increasing in Japan[1,2]. Curative resection with lymphadenectomy is a standard treatment for colorectal cancer[3].
An anastomotic leak is one of the major complications
after colorectal anastomosis, which is more common in
low anterior resection than other colonic anastomoses.
Standard treatments for an anastomotic leak are total parenteral nutrition or temporary ileostomy.
The over-the-scope-clipping (OTSC) system was
made of super-elastic Nitinol and a tissue-approximating
double-jaw endoscopic grasper. It was originally developed for closing the gastrointestinal perforation or the
orifice in natural orifice transluminal endoscopic surger[4,5]. The OTSC system consists of an applicator cap
with a mounted OTSC clip, thread, thread retriever and
a handwheel for clip release. The clip is released as the
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Figure 1 Anastomosis after low anterior resection. A: Colonoscopy shows breakdown at the anastomotic ring; B: Breakdown site has been closed by the over-thescope-clipping system.
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B

C

Figure 2 Contrast radiography after low anterior resection. A: Large abscess is seen outside the bowel; B: Breakdown site has been closed by the over-thescope-clipping (OTSC) system; C: Abscess has shrunk two days after closure by the OTSC system.

of the abscess cavity was started from the 7th postoperative day, the abscess cavity was not improved. Closure of
the breakdown site by the OTSC system was performed
on the 22nd postoperative day (Figure 1). Contrast radiography through the drain two days after the OTSC system
procedure demonstrated marked shrinkage of the abscess
cavity (Figure 2). The drain was removed three days after
the OTSC system procedure, and she was discharged
from the hospital four days after the OTSC system procedure.

target bowel wall is suctioned or anchored.
Two patients for whom the OTSC system was useful
in the management of an anastomotic leak after colorectal surgery are reported.

CASE REPORT
Case 1
A 58-year-old female with diabetes mellitus was admitted
due to weight loss. Clinical examinations disclosed large
rectal cancer with bilateral hydronephrosis and paraaortic
lymph node metastases. After placing bilateral ureteral
stents and creating a transverse colostomy, systemic chemotherapy was started.
After six courses of modified FOLFOX 6 plus panitumumab and three courses without oxaliplatin because
of peripheral neuropathy, CT showed a partial response,
and low anterior resection with D3 lymph node dissection was performed. The distance from anal verge to
the anastomosis was 7 cm. The stoma of the transverse
colon was not closed because she had a high risk of
anastomotic leak caused by the diabetes mellitus and her
condition after cytotoxic chemotherapy.
An anastomotic leak developed on the 5th postoperative day. Since she had the stoma of the transverse colon,
conservative therapy was continued. Although irrigation

WJG|www.wjgnet.com

Case 2
A 50-year-old woman with sigmoid colon cancer of
T3N0M0 was referred to our hospital. She underwent
laparoscopic sigmoidectomy with D3 lymph node dissection, and the anastomosis was created by the double
stapling technique. The distance from anal verge to anastomosis was 12 cm. On the 7th postoperative day, a diatrizoate meglumine enema examination that was performed
due to fever revealed a minor anastomotic leak (Figure
3). At that time, she had already started food intake, and
the drain had been removed. Since she did not have any
abdominal symptoms, conservative treatment with total
parenteral nutrition was chosen, and she had neither abdominal symptoms nor fever. After restarting oral food
intake on the 27th postoperative day, fever developed,
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Figure 3 Contrast radiography after sigmoidectomy. A minor leak is shown.

and total parenteral nutrition was continued again until
food intake was restarted on the 35th postoperative day.
However, she developed fever again. Closure of the anastomotic leak using the OTSC system was tried on the 37th
postoperative day (Figure 4). She successfully restarted
oral food intake on the 45th postoperative day and was
discharged on the 51st postoperative day.

DISCUSSION
When patients after colorectal surgery develop an anastomotic leak, it is common to perform total parenteral nutrition or temporary ileostomy. The irrigation of the abscess
cavity through the drain was performed, because the drain
had been inserted in the first patient. Since the abscess
cavity was not improved despite two weeks’ lavage, closure of the anastomotic leak using the OTSC system was
attempted. After this procedure, the abscess cavity shrank
remarkably. One of the reasons for the delay in the improvement of the abscess cavity in this patient would be
her post cytotoxic chemotherapy condition. The OTSC
system procedure for closure of the anastomotic leak may
be useful in patients after chemotherapy.
In the second patient, conservative therapy was chosen
because of the minor leak and the absence of abdominal
pain. However, she developed fever after restarting oral
food intake. Successful closure of the anastomotic leak
was achieved using the OTSC system. The problem in this
patient was removal of the drain. At first, the patient had
a good postoperative course, and the drain was removed
after oral food intake was started. However, an abdominal
abscess around the anastomosis was detected by CT after
drain removal. One of the reasons for the delay in the
improvement of the anastomotic leak might have been
the removal of the drain. When we perform colonoscopy
in patients with an anastomotic leak, air and water may be
diffused into the abdomen, especially in patients without a
drain. Therefore, the insufflation should be minimal, and
carbon dioxide should be used.
Weiland et al[6] reported in their review that the success rate of the OTSC system procedure was 84.6%.
However, the usefulness of the OTSC system for an
anastomotic leak following colorectal surgery has not

WJG|www.wjgnet.com

Figure 4 Anastomosis after sigmoidectomy. A: Colonoscopy shows a reddened area at the anastomosis; B: Reddened area has been closed by the
over-the-scope-clipping system.

been reported, except for the report of Arezzo et al[7]. In
their study, the OTSC system was applied in 14 patients
with anastomotic leaks following colorectal surgery.
Of the 14 patients, eight were acute cases and six were
chronic. Their indications for use of the OTSC system
for the closure of anastomotic leaks were size of breakdown less than 15 mm in diameter, no abscess outside
the bowel, and no bowel obstruction. In our experience,
however, even with an abscess in the abdomen, closure
of the breakdown site using the OTSC system may be
possible when a drain is inserted appropriately.
The OTSC system may have cost benefit compared
with temporary ileostomy. When the patient with anastomotic leak after colorectal surgery undergoes temporary
ileostomy, the expenses of stoma apparatus and stoma
closure must be paid. The OTSC system may reduce the
medical expenses in patients with anastomotic leak after
colorectal surgery. On the other hand, there is a possibility of complications during the procedure of the OTSC
such as perforation and mucosal laceration, because the
tissue is friable under the inflammation. However, the
advantage of OTSC system is full thickness wall closure.
These issues should be clarified in the future.
Two patients in whom an anastomotic leak after
colorectal surgery was successfully managed by closure
using the OTSC system were described. The OTSC
system was useful in shortening the hospital stay and in
avoiding a temporary ileostomy. It is important to accumulate experience regarding the usefulness of the OTSC
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system in patients with an anastomotic leak after colorectal surgery.

2

COMMENTS
COMMENTS
Case characteristics

3

Two patients with anastomotic leak after colorectal surgery were treated with
the over-the-scope-clipping (OTSC) system to avoid temporary ileostomy.

Clinical diagnosis

Anastomotic leak after colorectal surgery.

Differential diagnosis

In these cases, no differential diagnosis was made.

Laboratory diagnosis

Blood tests were within normal limits.

Imaging diagnosis

4

Treatment

5

Contrast radiography showed leak after double stapling technique.
Pathological diagnosis
Both patients had colorectal adenocarcinoma before surgery.
The patients were treated with the OTSC system.

Experiences and lessons

The OTSC system can be a potential option in the management of anastomotic
leaks after colorectal surgery.

Peer review

6
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Abstract

INTRODUCTION

Necrotizing fasciitis (NF) is an uncommon, rapidly progressive, and potentially fatal infection of the superficial fascia and subcutaneous tissue. NF caused by an
enterocutaneous fistula has special clinical characters
compared with other types of NF. NF caused by enterocutaneous fistula may have more rapid progress and
more severe consequences because of multiple germs
infection and corrosion by digestive juices. We treated
three cases of NF caused by postoperative enterocutaneous fistula since Jan 2007. We followed empirically
the principle of eliminating anaerobic conditions of infection, bypassing or draining digestive juice from the
fistula and changing dressings with moist exposed burn
therapy impregnated with zinc/silver acetate. These
three cases were eventually cured by debridement, antibiotics and wound management.

Necrotizing fasciitis (NF) is an uncommon, rapidly progressive, and potentially fatal infection of the superficial
fascia and subcutaneous tissue[1]. NF caused by an enterocutaneous fistula has special clinical characters compared
with other types of NF[2]. We treated successfully three
cases of NF caused by postoperative enterocutaneous
fistula since January 2007. From these three cases, we
learned it was vital to heal NF by eliminating anaerobic
conditions of infection, bypassing or draining digestive
juice from fistula and changing dressings with moist exposed burn therapy.

Core tip: Necrotizing fasciitis (NF) caused by enterocutaneous fistula may have more rapid progress and
more severe consequences because of multiple bacterial infection and corrosion by digestive juices. Treating
with three cases of NF secondary to enterocutaneous
fistula, indicated that it was vital to heal NF by eliminating anaerobic conditions of infection, bypassing
or draining digestive juice from fistula, and changing
dressings with moist burn medical technology.

CASE REPORT
Case 1
A 72-year-old male patient was hospitalized with severe
infection of the abdominal wall. He had undergone distal

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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gastrectomy and duodenal drainage for a gastric ulcer
with pyloric obstruction in another hospital 46 d previously. The first sign of NF was that bile and intestinal
juice continuously flowed out around the drainage tube
since postoperative day 4. He then presented continued
high fever (39 ℃ or more), and inflamed soft-tissue area
of the abdominal wall ranged from the right costal margin to the symphysis pubis. After treatment with antibiotics, drainage and dressing changes for about 1 mo, his
temperature returned to normal. However, a great deal
of pus continuously oozed from the short incisions of
the inflamed area. He had a history of chronic bronchitis
for about 10 years.
On physical examination, the inflamed area of the right
abdominal wall was about 22 cm × 14 cm in size, and yellow-green pus with a bad smell pooled under skin. A CT
scan confirmed a duodenal fistula with digestive juice leakage. His white blood cell (WBC) count was 15.2 × 109/L.
He was immediately treated by abdominal debridement and fistula drainage as soon as the diagnosis of NF
was made (Figure 1A). Liquefactive necrosis was found
with wide extension in the subcutaneous fascia tissue of
the abdominal wall during surgical exploration. Escherichia
coli (E. coli) and Pseudomonas aeruginosa (P. aeruginosa) were
detected from pus culture with high sensitivity to Imipenem, Amikacin and Ceftazidime. After debridement of
the necrotic tissue, fistula drainage, wet compress with
Amikacin and moist exposed burn ointment for about 1
mo, the fistula gradually healed with cicatrization, and the
purulent masses decreased. He then underwent self-skin
split graft (Figure 1B). The skin grafts survived and ultimately inosculated (Figure 1C). The wound then gradually
healed (Figure 1D).

rulent exudates disappeared and the drainage tubes were
removed. The wound gradually healed well.
Case 3
A 67-year-old male patient underwent abdominoperineal
resection for rectal cancer. He presented with a fever of
38.9 ℃ since postoperative 6th day, and a painful, swollen
parastomal abdominal wall that ranged from the left costal margin to the symphysis pubis. Physical examination
revealed an inflamed area of parastomal abdominal wall
that was about 12 cm × 15 cm in size (Figure 3A). His
WBC count was 19.0 × 109/L. A CT scan confirmed that
a parastomal fistula had formed and the soft tissues of
the parastomal abdominal wall were inhomogeneous in
density.
After being diagnosed as NF of the abdominal wall
caused by a parastomal fistula, he immediately was treated
with debridement and drainage of the fistula (Figure 3B).
Liquefactive necrosis was found widely in the subcutaneous fascia tissue of the parastomal abdominal wall during
surgical exploration. Necrotic tissue and about 300 mL
bloody, stinking pus were debrided. E. coli and Enterobacter
cloacae were detected from the pus culture with high sensitivity to Imipenem, Amikacin and Ceftazidime. After
washing the wound with 0.9% saline solution, we employed wet compresses with silver ion dressings and applied moist exposed burn ointment for 45 d (Figure 3C);
the wound finally healed well (Figure 3D).

DISCUSSION
NF caused by an enterocutaneous fistula has special
clinical characters compared with other types of NF.
Intestinal contents containing a large amount of bacteria
and various digestive enzymes are brought into truncal
subcutaneous fascia tissue along the fistula[3]. Thus the
inflammation and necrosis of truncal fascia tissue not
only occurs from multiple bacterial infections, but also
from corrosion by digestive juices and enzymes. For this
reason, the inflammation of NF caused by an enterocutaneous fistula may have more rapid progress and greater
severity.
Aggressive surgical debridement with antibiotic therapy
would profoundly affect outcome of NF. For NF caused
by an enterocutaneous fistula, the purpose of debridement is not only the removal of necrotic tissue, but also
clearing away the anaerobic environment in which anaerobic bacteria survive. Even facultative anaerobic bacteria,
which are commonly found in NF, are suppressed in an
aerobic environment[4]. Drainage or bypass of the fistula
is vital to cure NF caused by an enterocutaneous fistula,
otherwise the intestinal contents along fistula would continuously contaminate the wound and prevent wound
healing.
Skin grafting is an efficient method to accelerate
wound healing[5]. However, the grafted skin finds it very
difficult to survive in the wound of NF. We suggest that
skin grafting should only be performed when the granu-

Case 2
A 46-year-old male patient complained of swelling and
pain in his right buttock and hip for about five months,
with obvious aggravation and a high fever for 1 wk. He
had a history of total colectomy and ileorectal anastomosis for familial adenomatous polyposis 8 years ago.
Physical examination revealed a swollen area with
fluctuation and crepitus in the right buttock was about
20cm in diameter. His temperature was 39.2 ℃, and his
WBC count was 32.2 × 109/L. CT scans showed that the
soft tissue of the right buttock was filled with hydrops
and pneumatosis (Figure 2A). Barium enema examination
revealed a fistula connected to anastomosis within the
soft tissue of right buttock (Figure 2B).
After being diagnosed as NF with abscess, he successively underwent radical debridement, drainage (Figure
2C) and ileostomy. Subcutaneous fascia tissue of his right
buttock showed significant liquefactive necrosis, necrotic
tissue and about 1000 mL yellow pus with stench were
debrided (Figure 2D). Enterococcus faecalis (E. faecalis) and
P. aeruginosa were detected from the pus culture with high
sensitivity to gentamycin. After lavage with 3% oxydol,
the wound was packed with gentamycin saline gauze and
moist exposed burn ointment for about 1 mo. The pu-
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Figure 1 Debridement and drainage of fistula (arrow) (A); fistula healed and skin graft on wound (B); skin graft survived and grew (C); and the wound
gradually healed (D).

A

B

C

D

Figure 2 Computed tomography scan showing that the infection of the right hip had close relationship with rectum (arrow) (A); barium enema examination
showed the fistula toward the right hip (arrow) (B); and placement of incisions and drainage tubes (C); and debridement and dressing change (D).
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D

Figure 3 Inflamed area of the abdominal wall and parastomal fistula (supine position) (A); rinsing the wound with saline solution (right lateral position) (B);
and infusing the wound with moist exposed burn ointment (syringe) (C); and the wound finally healed well (arrow) (D).

Differential diagnosis

lated tissue grows better and the wound is clean without
purulent secretion. Moist exposed burn therapy and
moist exposed burn ointment are better than traditional
dressings[6], because keeping the wound moist can prevent shrinkage of the incision. The main components of
moist exposed burn ointment are zinc acetate and silver
acetate. Silver and zinc ions have strong bacteriostatic
functions toward E. faecalis, P. aeruginosa, Staphylococcus
aureus and Klebsiella. Moreover, as an activating agent of
biological enzymes, zinc ions can accelerate the synthesis
of protein and nucleic acid to promote wound healing[7].

It is critical to promptly differentiate a case of NF from cellulitis or abscesses in
the clinic.

Laboratory diagnosis

Three most commonly cultured organisms in NF were Staphylococcus aureus,
group A Streptococcus, and Escherichia coli.

Imaging diagnosis

Findings of NF found on computed tomography (CT) are fat stranding, along
with fluid and gas collections that dissect along fascial planes. Additionally,
fascial thickening and non-enhancing fascia on contrast CT suggest fascial
necrosis.

Pathological diagnosis

The skin findings of NF are induration and advancing erythema, followed by the
development of overlying blisters and skin necrosis.
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